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ABSTRACT 

DnlERIC ANTHRANOIDS FROH THE LEAVES OF 

SENNA l1UL1'IGLANDULOSA and SENNA SEPTENTRWNALIS 

Senna mui t i.e~a:,du~o5a and Senna septemtr-ional. i.s are two of 

the eighteen Ser,r.a species found in Ethiopia. 

The chloroform extract of 5. 1ll.111 t ;:'~1andul.osa leaves, after 

repeated chromatography, have yielded four dimeric 

anthranoids. Three of these were identified to be 

anhydrophlegmacin-9,10-quinone (61), floribundone-l (64), and 

torosanin-9, 10-quinone (93). The struc ture' of T-55-2, a 

fourth compound was partially established. 

From the leaves of S. septemtrionalis, the two dimeric 

compounds, anhydrophlegmacin-9,10-guinone (61) and 

torosanin-9,10-quinone (931 were isolated. 

To our knowledge Torosanin-g,10-quinone is reported here as a 

natural product for the first time, and there is only one 

report on the isolation of anhydrophlegmacin-9,10- quinone 

from higher plants. Floribundone-l was isolated earlier from 

both plants. 



1 IN1'RODUCTION 

1.1 General 

Plants have been utilized since thousands of years as sources 

of medicinals, spices, ((yes, poisons, etc. The chemical 

compounds resPDllsible for these activities are often the 

aBcondary metaholites of plants or natural products as they 

are IlsualJy re Yerred to. 

Natural products are still untapped reservoir of folkloric 

medicines. Especially in the developin. countries they are 

well known Sllbstitutes to model'n drugs whibh may be 

unavailahle or unaffordahle. It is also important to note 

that about 40% of modern drugs are of natural origin [1]. 

The study of natural products is a multidisciplinary activity 

fOmbracing ehemistry and a number of areas in biological 

sciences. Natural prodllct chemistry involves Isolation. 

characterization and the synthesis of compounds of natural 

ori~in. 

Except for some specnia t ions r 2,3 J the function of secondary 
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metabolites in plants is not well defined. On the other hand 

the study of structural inter-relationships, distributions 

and biogenetic origins of natural products is the basis of 

chemotaxonomv. 

1.2 Senn,:! speciQ" 

The genus Senn.a in t.he Leguminosae family is known to have 

about 240 species distributed throughout the tropics and 

sub-tropics 141. Sen.na species have received a lot of 

attention on account of their medicinal properties. They are 

mostly used in the treatment of skin diseases and are sources 

of the well knOlm senna purgatives. Further applications of 

Senna species in traditional medicine are well documented in 

the literature [5-10J. 

1.3 Ethiopian Senna species 

Ethiopian plant species which were belonging to the genus 

Cassia Ill], according tq a recent survey of the flora of 

Ethiopia. are regrouped into three genera namely: Cassia, 

Senna and Chamecrtsta. AccordingLv, the new I'!enus Senna 
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contains the following eighteen species. Synonyms are 

indicated in brackets. Senna peterE!1:ana (Cassia petersiana), 

S. septemtriona~ is (C. septelT1-t:tional, is, C. ~ael)ieata, C. 

nori.bv.nda) , 5. sinev.eana (C. sinev.eana, C. sabo.k, C. 

e·oratensis). S. baccarir,i i (C. baccarini. i), 5. occidenat tis 

(C. occidentaUs ), :>. sophera (C. sopher-a), 5.obtU5i/o~io. 

(C. obtusifol, ia, C. (ora), S. siamea (C. si.arr.ea) , s. 

didymobo tryo. (C. didYloobotrya) , S. rv.spo I, U (C. rv.spo U i.), 5. 

I,oneiracemosa (C. Loneiracell<osa) , S. eLUsiae (C. eLUsiae), 

S, tnlncata 

hol,osericea 

(C, 

(C, 

trv.ncata) , S. 

hol,oserieea) , 

i (.0.1, iea (C, itaLica) , S, 

(C. 

mv.1, t ieLandv.Losa, S. tomentosa, C, tOlTl-entosa) S, a Lexandr iana 

(C. aLexandriana, C. senna, C, anev.sti/ol.ia), S. bicapsv.~o.ris 

(C, bicapsv.~ari5), 

1.4 Objective of the study 

The biological acti vi ties of Senna spec ies are mostly 

believed to be due to anthranoids. Hence, the objective of 

this work is to extend further, earlier studies [12-14], 

dealing with the isolation and characterization of anthracene 

derivatives, which may have pharmacological as well as 



- 4 -

chemotaxonomic values. The plants considered in this study 

are S. septemtrionaLis and S. muLtigLanduLosa. 

Senna septemtrionaLis is a woody herb, shrub or small tree 1 

- 5 m high, distributed between altitudes of 1700 and 2400 m. 

In Ethiopia it is found in Arsi, Hararge, Illubabor, Kefa, 

Sidamo and Shewa regions. S. m.uL t igLanduLosa is an 

ornamental shrub or tree, cultivated in Wolega, Shewa and 

Sidamo regions. 

1.5 Anthraquinones and related compounds 

1.5.1 Occurrence and distribution 

Anthraquinones are by far the largest group of the natural 

quinones. They have been isolated from fungi, lichens 

bacteria, as well as some species of insects. Anthraquinones 

and related compounds in higher plants, are located in almost 

every part of the plant including root, heart wood, bark, 

leaves, seeds, and often occur as glycosides [15]. In the 

Leguminosae family, anthraquinones appear to be confined 

mostly to fe\~ genera. Anthraquinones of the Leguminosae are 
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listed in Appendix 1. The other anthranoids known to occur 

in the family, include anthrones (Appendix 2 ) , 

pre-anthraquinones (Appendix 3), compounds formed by the 

union of two monomer units of anthracene derivatives 

(Appendix 4) and glycosides (Appendix 5). 

1.5.2 Biological activities 

Anthraquinones and their derivatives have been implicated as 

the purgative principles of senna. Chathartic action 

increases in the order anthraquinone, anthrone, bianthrone. 

Glycosides are more effective than aglycones in their 

purgative action. Many also claim (16), that both free 

anthraquinones and their glycosides are pharmacologically 

inactive and the pharmacologically important compounds are 

anthranols. The latter are believed to arise from the 

reduction of anthraquinones by intestinal micro flora (17). 

Other biological activities of anthraquinones include 

antiviral [18,19), antihelmintic (20) and antifungal (21) 

properties. 



- 6 -

1.5.3 Biogenetic relationship 

Generally, the biosynthesis of anthraquino'nes is believed to 

follow tlqO routes, the acetate-malonate pathway and the 

shikimate-mevalonate pathway [22]. Based on their structure 

and biosynthesis, anthraquinones are classified into either 

the emodin-type or the alizarin-type. 'l'hose anth1'aquinones 

with substituents on both benzenoid rings, follow the 

acetate-malonate biogenetic route, and are of the emodin 

type. AnthraquinQnes of the alizarin-type .re totall, devbid 

of substituents on one benzenoid ring and they arise b, the 

shikimate-mevalonate pathway. 

Anthraquinones of the Leguminosae have substituents on both 

rings with the exception of rubiadin (10) and domnacanthal 

(11). The most plausible biogenetic route for anthraquinones 

in the Leguminosae, therefore, appears to be of the 

polyketide origin. This is supported by labelling experiment 

[23), which showed that, in higher plants, the biosynthesis 

of the emodin type anthraquinones proceed via the poly 

acetate pathway. 
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In lower plants the biogenetic relationship of 

anthraquinones and related compounds is proposed [24,25] to 

be as shown in Scheme I. 

The co-occurrence [26,27), of torosachrysone (47)~ physcion 

(3) and physcion anthrone (46) with phlegmacins ( 60) , 

anhydrophlegmacin(62) anhydrophlegmacin-9,10-quinone (61) and 

torosanin (63) in C. torosa suggests that, similar biogenetic 

route, which involves the conversion of pre-anthraquinones to 

anthraquinones may be followed in higher plants too. 
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Experimental evidence indicated [26] that, in the seedlings 

of C. torosa, germichrysone (50) is not derived from 

anthraquinone, but it is a product of de n.ovo biosynthesis. 

Thus, it is possible to infer that, in plants the reduction 

of anthraquinones to pre-anthraquinones is least likely to 

occur. 

Anthraquinones of the emodin type take their start at 

carbon-oxygen skeleton generated from joining of acetate 

units, in head-to-tail linkage, which then undergo subsequent 

structural modifications. These modifications may be 

principally the introduction and removal of oxygen, 

alkylation (notably with methyl) , glycosidation, and 

dimerization. 

1.5.4 Identification of Anthranoids 

i. Color reactions 

Color reactions are useful particularly at the beginning of 

an investigation where crude extract or even tissues may 

yield information of value. The maceration of powdered plant 
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material with organic solvents followed by filtration and 

addition of aqueous ammonia or sodium hydroxide, leads to the 

formation of pink, red or violet color, hydroxy 

anthraquinones are present [28]. This test is general for 

all quinones with free hydroxyl groups. 

The orientation of hydroxyl groups of hydroxy anthraquinones 

can also be predicted by the color change observed in 

alkaline solution or when they are treated with methanolic 

magnesium acetate [29). 

ii. Ultraviolet-visible spectra 

The spectra of anthraquinones is dominated by the influence 

of hydroxyl substituents. The absorption spectrum of 

anthraquinones consists of intense benzenoid absorption at 

240 - 290 nm, medium absorption at 320 - 330 nm, and a strong 

quinonoid absorption at 405 nm. These areas of absorption 

are characteristic and the pattern in the ultraviolet region 

is not seriously affected by substitution. 

Several surveys of the ultraviolet-visible spectra which may 
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help in struoture determination of anthraquinones are 

documented in the literature [30-33]. 

iii. Infrared spectra 

The carbonyl frequency of anthraquinones are useful 

dirignostic aids in structrue determination. The carbonyl 

absorption of 9,10-anthraquinones with no a-hydroxyl group 

-1 
falls at around 1678 cm . Hydrogen bonding, substitution 

either in the quinonoid or an adjacent benzenoid ring with +I 

or HI groups and separation of the carbonyl function so . that 

.the quinonoid conjugation extends through Dlore than one ring 

results in 10101er frequency. A second carbonyl band at lower 

frequency can be observed if the anthraquinone contains a 

hydroxyl group in the a- position due to chelation and 

conjugation. The results of Bloom and co-workers [34] can 

also be used for correlation between the carbonyl frequency 

range and the a-hydroxyl groups. 

Anthraquinones with one hydroxyl group in the r-position on 

the nucleus or attached to a substituent group have one 
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hydroxyl stretching band. The appearance of more than one 

-1 -1 
hydroxyl band between 3600 ern and 3150 em indicates more 

than one such hydroxyl group. 

iv. Proton magnetic resonance spectra 

In 9,10-anthraquinone the C\- and (l-protons give multiplets 

centered at 8.07 and 7.67 ppm, respectively and are modified 

by substitution. Hydroxyl gl'OUpS at positions 1, 4, 5 and 8 

are easily distinguished by their appearance at unusually low 

field resonance between 11 and 14 ppm, a shift accounted for 

by the chelation of hydroxyl groups with 9,10-keto groups. 

Information about orientation of substituents around the 

aromatic ring system can be obtained from the chemical shift 

positions of aromatic protons. In this connection, since 

many quinones are phenolic, calculation of theoretical 

chemical shifts by the use of shielding parameters compiled 

[35] for phenolic compounds can be used to predict the 

chemical shift of the aromatic protons and hence orientation 

of substituents. 
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Splitting patterns and coupling constants have also 

diagnostic value for the determination of orientation of 

substituents. Ortho coupling constant (Jo) is usually around 

7 - 9 Hz, meta coupling constant (Jm) is 2 - 3 Hz and para 

coupl ing constant (Jp) is ca. 1 liz. Zanger [36] has pointed 

out that any single aromatic proton may exhibit only one of 

the seven possible first order splitting patterns. Of these, 

anthraguinones of the chrysophanol type show ortho-meta 

(doublet of doublet) and di-ortho (broad triplet) pattern for 

the protons at positions 5 or 7 and 6, respectively. Emodin 

or physcion type anthraquinones have simpler spectra and show 

meta. (narrO\; doublet) multiplicity pattern. 



2 RESULTS AND DISCUSSION 

2.1 Senna mu~tte~andu~osa leaves 

2.1 • 1 General 

There are two conflicting chemical reports on s. 

mUL t te~andt!tosa. One of these claims the absence of hydroxy 

anthraquinones [37], while the other describes [13] the 

isolation of floribundone-1 (64), a hydroxy bi-anthraquinone. 

Our investigation of the chloroform extract of the leaves of 

S. mutt i.eLandu~osa. after repeated chromatography, (see 

Experimental) has resulted in the isolation of four dimeric 

anthracene derivatives, T-55-1, T-55-2, T-55-3 and T-55-4. 

T-55-1 is characterized to be floribundone-l (64), isolated 

earlier from the same plant [13]. T-55-3 is found to be 

anhydrophlegmacin-9,lO-quinone (61). This is the second 

report of this pigment from higher plants. The molecular 

structure of T-55-4 is identified to be 7,5'-physcion­

torosachrysone (93). Early workers [38] have obtained this 

- 13 -
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compound as oxidation product and named it 

torosanin-9,10-quinone(93). This is the first reporL. of 

torosanin-9,10-quinone as a natural product. The structure 

of T-55-2 is established partially. Its small quantity (2 

mg) hindered complete structure elucidation. 

2.1.2 Torosanin-9,10-quinone (93) 

Compound 93, a dark red pigment, had an R
f 

value of 0.60 

(Silica gel, CHC1
3

/MeOH, 100:1). It showed a color change 

from yellow to pink when the TLC plate was sprayed with 

ethanolic KOH ( 5%) . This is a characteristic color change 

for hydroxy anthraquinones. The IR spectrum showed 

MeO 
a 

OH 
3 

• 

L06-H 0 

"" '" 
MaO "" "" I OH 

M. 93 

4'1 
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absorption bands due to a hydroxyl 

non-chelated carbonyl group 11670 

~roup 

-1 
em ) 

(3400 

and 

-1 
em ), a 

a chelated 

carbonyl group 11640 
-1 

em ) . The UV spectrum absorption 

maxima at 235, 278 and 407 nm suggested a quinonoid 

chromophore in 93. 

1 
The H NMR spectrum of 93 revealed the presence of the 

following groups: four chelated and one non-chelated hydroxyl 

groups, five aromatic protons, tl'lO methoxyl groups, one 

aromatic methyl, one non-aromatic methyl and tIVO methylene 

groups. A monomeric anthranoid unit could not accommodate all 

the above substituents, and hence, this compound is proposed 

to be a dimer, 

The chemical shifts of 93 IVere suggestive of the presence of 

physcion (3) and torosachrysone (47) moieties (Table 1). 

This IVas further established by alkaline sodium ditbj~ntl8 

cleavage of 93 IVhich produced physcion. The elMS of 93 

sholVed a base peak at 111,/3 553, presumably as a result of loss 

of IVater from the molecular ion. Comparison of the IH N~lR of 

93 IVith that of 47 revealed that, the signal in the spectrum 

of 93 due to H-7' IVas shifted dOIVnfield by 0.3 ppm and the 
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signal of H-IO' \~as shifted upfield by 0.54 ppm as compared 

to the corresponding signals in 47. The signal for H-5' on 

47 had disappeared in the spectrum of 93. Thus the physcion 

moiety is linked to C-5' of the torosachrysone moiety. The 

chemical shifts of the physcion moiety of 93 closely 

resemble those of physcion except for the absence of the 

signal attributed to H-7. This suggested a linkage between 

the t\W monomeric units at C-5' of the torosachrysone and C-7 

of the physcion moieties. 

Base treatment of 93 (see Experimental) yielded 

7,5'-biphyscion (64), which was identical to an authentic 

sample of 64 by co-'l'LC comparison. This supports the 

proposed 7,5'-coupling of the monomeric units in 93. 
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1 * * Table 1 H NMR data of 3, 47 (100 MHz,CDC1
3

1, 61 and 93 (270 

MHz, CDC1
3

, 6valuesl 

Assignment 3 47 61 93 

2-H 7.04 7.12 7.11 

3-He 2.45 2.49 2.48 

4-H 7.57 7.69 7.68 

5-H 7.32 7.58 7.58 

6-0Me 3.92 3.71 3.89 

7-H 6.60 

8-0H 12.05 12.01 1.2.10 

1-0H 12.26 12.42 12.34 

2' -CH -
2 

2.80 2.72 2.81 

3'-He 1. 30 1. 35 1. 38 

3'-OH 2.00 1. 55 

4'-CH -
2 

2.98 2.85q 2.92 

J:;18 

5'-H 6.60 6.07 

6'-OHe 3.84 3.89 3.83 

7'-H 6.40 6.53 6.70 

8'-OH 9.87 10.23 10.26 

9 '-OH 15.88 16.72 16.41 

10'-H 6.95 6.41 

* Taken from ref. [38] 
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Floribundone-l (64), was isolated from the leaves of S. 

m:ut i ieLandutosa and 5. sepiemirionaL is by Alemayehu e t at. 

[13,14]. From the co-occurrence of 64 and 93, it can be 

presumed that 93 is a biogenetic precursor, which upon 

biological oxidation is converted to 64. 93 is optically 

active with a specific rotation, 
o 

+60 . 

Kitanaka ei at. [38] reported the first 7,5'- linked dimeric 

anthracene derivative, 1;orosanin (63), ,qhich ,qas isolated 

from Cassia I.or-osa. Oxidation of torosanin resulted in the 

formation of torosanin-9 ,IO-quinone, for which structure 93 

was assigned. Spectroscopic data reported for 

torosanin-9,10-quinone closely agree with that generated for 

93. 'l'his is the fi rst report of torosanin-9,lO-quinone (93) 

as a natural ~roduct. 

2.1.3 Anhydrophlegmacin-9,10-quinone (61) 

Compound 61, a dark red pigment, had an H
f 

value 0.51 (Silica 

gel, CHCla/MeOH, 100:1). It gave a positive color reaction 

for hydroxy anthraquinone. The UV spectrum had absorption 

maxima at 236, 273 and 409 nm. The IR spectrum showed 
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absorption bands at 3400, 1660, and 1630 cm-
1 

caused by a 

hydroxyl, a non-chelated quinonoid carbonyl and a chelated 

carbonyl groups, respectively. 

structure 61 was assigned to this compound baaed mainly on 

the following IH NMR evidences. The singlets at 16.72 and 

10.23 ppm indicate the presence of a pre-anthraquinone 

moiety. The former signal is attributable to a doubly 

chelated c-9 hydroxyl group and the latter to a phenolic C-8 

hydroxyl group. 

MaO 

.... ~,-. 

61 

.. 

The aromatic region displayed five aromatic proton resonances 

at 7.61, 7.58, 7.12, 6.53 and 6.07 ppm. In addition to 

these, the presence of one aromatic methyl group (62.49),an 

aliphatic methyl group (01.36), two methylene groups (62.72 
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and 2.85) and two methoxyl groups(63.89 and 3.71) were also 

1 
evident from the H NMR spectrum. As in compound 93, the 

above discussed IH NMR spectrum clearly suggests that, 

compound 61 also to be a dimeric molecule. A close 

comparison of the 1H NMR chemical shifts of 3 and 47 with 

that of 61 led to the identification of physcion (3) and 

torosachrysone (47) as the monomeric units. The presence of 

these tl<O moieties was further supported by the alkaline 

sodium di thioni te cleavage of 61. lihich yielded physcion (3). 

13 
The proton decoupled C NHR spectrum indicated 32 carbon 

resonances out of which 7 appeared below 71 and 25 above 99 

ppm (Table 2) in consistence with the proposed structure 61. 

The CHIS of 61 also showed a molecular ion peak at m/z 571 in 

/(ood a/(reement with the presence of the tliO moieties. 



- 21 _. 

Table 2 
1:{ * CMR data for 61 (CDCl

3
, 75 MHz). 

c ovalue 6value 

1 ' 202.5 1 161.38 

2 ' 50.39 2 125.11 

3 ' 70.52 3 135.52 

3'-Me 28.85 3-Me 22.09 

4 ' 41. 4 4 121.79 

4a' 139.92 4a 134.41 

5 ' 99.5'/ 5 103.62 

6 ' 167.82 6 164.64 

6'-OHe 56.61 6-0Me 55.34 

7' 100.16 7 111.48 

8 ' 164.25 8 163.08 

8a' 108.17 8a 108.33 

9 ' 161.90 9 191.64 

9a' 120.48 9a 113.80 

10' 118.63 10 182.49 

lOa' 149.22 lOa 135.52 

* The assilnment was done by comparison with reported data 

[25] 
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1 

the H NHR 
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of 61 revealed a meta coupling 

pattern betl""en the signals at 6.0'/ and 6.53 ppm attributable 

to H-5' and H-7' of the torosachrysone moiety, respectively. 

This ruled out the possibility of C-Ii' and C-7' as coupling 

positions. Besides, the absence of an aromatic proton signal 

assignable to H-10' established C-10' of the torosachrysone 

moiety as the linkage point. The signals at 7.12, 7.69 and 

7.58 ppm are assignable to H-2, H-4 and H-5 of the physcion 

moiety, respectively. In the physcion moiety, therefore, the 

only possible coupling position is C-7. 

The signals for H-4' and H-5' of the torosachrysone moiety 

are upfield shifted by 0.13 and 0.53 ppm relative to the 

corresponding signals in torosachrysone, respectively. A 

possible cause for this upfield shift may be the conformation 

of the dimer which would result in the shielding of these 

protons by the physcion moiety. Another interesting 

1 
observation realized from the H NMR spectrum of 61 was that, 

the 0-2' methylene protons signal at 2.72 ppm appeared as a 

singlet \.;hile the C-4' methylene protons signal appeared as a 

quartet centered at 2.85 ppm I.;i th a geminal coupling constant 

of 18 Hz. The above presented spectroscopic argument allows 
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the identification of this compound as anhydrophlegmacin-

9,10-quinone!S1). 

Two pairs of dimeric anthracene derivatives possessing 

simi] ar structure are knolin. One pair lias isolated from 

higher fungus [571. and are the I-)-stereoisomers. Their 

enantiorners, the (+l-stereoisomers, were reported 127] from 

Cassia tor-osa. The specific rotation of 61, IC(J~2 = + 40°. 

This supports the idea of Takhashi et aL. [27] liho proposed 

that, the biosynthesis of the monomeric unit torosachrysone 

( 47 ) proceeds stereospecifically to prodUce 

(+ ) -torosachn'sone in higher plants and (-) -·torosachrysone in 

the fungus. 

2.1.4 Floribundone-l (64) 

The positive color change using ethanolic KOH (5%) coupled 

with the UV absorption maxima at 443, 360, 276 and 236 nm 

suggested an anthraquinone chrornophore. 
1 

The H NMH spectrum 

of this compound revealed the presence of four chelated 

hydroxyl groups, six aromatic protons, tliO methoxyl groups 

and two aromatic methyls suggesting a bianthraquinone 

structure. T-55-1 and physcion ( 3 ) have similar IH NMR 
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spectra. The difference between the spectrum of T-55-1 and 

that of physcion is the presence of two singlets at 67.57 

and 6.83 in the spectrum of T-55-1, whereas the corresponding 

signals in the spectrum of physcion appear as doublets at 

67.32 and 6.60 (J ~ 2.5 Hz). The latter signals represent 

the H-5 and H-7 of physcion, respectively. This is 

MeO 

Meo 

consistent with a 5,7'- coupled biphyscion. Spectroscopic 

data as well as direct comparison with an authentic sample 

showed that T-55-1 is floribundone-l (64), isolated from the 

same plant (13). The chemical shifts for the protons of 

T-55-1 were assigned using the data for physcion [271 and 

floribundone-l [14). 
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2.1.5 Compound T-55-2 

The UV spectrum of this compound had absorption maxima at, 

243. 272 and 468 nm suggesting a quinonoid chromophore. The 

proton resonance signals at 17.25 and 10.37 ppm, could be 

assigned to a doubly chelated and a phenolic hydroxyl groups, 

respectively. The aromatic region of the IH NHR spectrum 

displayed six proton signals out of which three at 7.10, 7.69 

and 7.58 ppm are assi.«nable to H-2, H-4 and H-5 of a physcion 

moiety,respeutively. The remaining three aromatic signals 

suggest the presence of another aromatic group. 

The CHIS of compound T-55-2 had a base peak at m/z 569. 

Based on these spectroscopic data three possible structures 

94, 95 and 96 are proposed. Structure 95 has molecular 

l~eight 566, which did not appear in the NS or could not 

rationalized by any of the ion peaks. Horeover the chemical 

shift position at 6.79 ppm is downfield than expected for 

such a proton. The hydroxyl signal at 17.25 ppm suggests 

torachryosne (97) like struct·ure. Structure 96 has this 

group. But" its molecular weight 514, although appears in 

the HS , its relation to the major ion peaks could not be 
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accounted for. Biogenetic consideration of 96 also suggests 

a methyl group at the linkage position of the torachrysone 

like part, which is not possible in 96. The molecular w~ight 

of 94, 568, agrees with the base peak in the elMS, which 

appeared at m/z 569. All protons have signals in the .1 H NHR 

spectrum, except for one proton at C-4', which is expecte4 to 

appear Ca. 4.3-4.6 ppm. 

, 

Me 

85, 

_, _ ,t,l-

MaO 

Me 
o 
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2.2 Senn.a septemtri,ona~is leaves 

2.2.1 General 

Chemical reports in the literature indicate the pods, roots 

and seeds of S. septemtri,ona~is have yielded 8-mono- and d1-

galactosides of physcion as well as chrysophanol and emodin 

[40-42]. Flavonoids including ombuin and quercetin have been 

reported from the roots, leaves and seeds [43-45). In 

addition, the isolation of N
1

,N
8
-dibenzoylspermidine, and 

t.he dimeric anthracene derivatives flori bundone-l (64) and 

floribundone-2 (65) from the leaves, have also been reported 

[14]. In this study, the chloroform extract of the leaves of 

S. septemtrionalts was chromatographed to result in two 

pigments, 9-32-2a and 9-33-1 (see Experimental). The 

structure of 8-32-2a was established to be 93 and that of 

9-33-1 was identified as 61. 

2.2.2 Compound 9-32-2a(93) 

The molecular ion peak in the EIHS of this compound appeared 

at m/e 570 and the base peak I"as at rrv:3 552 as a result of 
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loss of water from the molecular ion. The UV spectrum had 

absorption maxima at 421, 281 and 231 nm suggesting an 

anthraquinone chromophore. The NMR spectrum showed 

si«nals for two methyl groups, t,w groups of methylene 

protons and two methoxyl «roup~. The aromatic region 

displayed three signals at 7.7, 7.6 and 7.1 ppm, assignable 

to a physcion moiety. The other two signals in the aromatic 

region at 6.7 and 6.4 ppm lolere indicative of a torosachry'sone 

moiety. A close analysis of the 
1 

NMR spectrum showed H 

8-32-2a to be a dimer of 3 and 47. In the IH NMR spectrum 

there are no signal assignable to H-7 of the physcion part 

and H-5' of the t,orosachrysone moiety, thereby establishing 

the 7,5'-linkage of the two monomeric units. Color re~ctions 

as well as spectroscopic data (see Experimental) of S-32-2a 

,qere similar to those obtained for compound 93. Hence, the 

structure of this compound is established to be 93. 

2.2.3 Compound 8-33-1 (61) 

The presence of anthraquinone chromophore, in this compound 

,qas evident from the UV absorption maxima at 411, 277 and 236 

nm. In the IH NHR spectrum a doubly chelated hydroxyl group 
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(16.7ppm) and a phenolic hydroxyl group (10.3 ppm) were 

indicative of a pre-anthraquinone like skeleton. Signals at 

12.0 and 12.4 ppm were suggesting hydroxyl groups per~- to a 

carbonyl. 
1 

The H NHR spectrum also showed proton resonance 

signals due to two methyls, two methylenes, and two 

methoxy.ls. The aromatic region of the spectrum, when 

expanded, displayed five aromatic protons. 'fhe signals at 

6.04 and 6.49 ppm are doublets with a meta coupling constant, 

J = 2.2 Hz. Hence, the signals at 6.04 and 6,49 ppm 8re 

assignable to H-5' and H-7' of a torosachrsone moiety, 

respectively. The presence of a physcion moiety was also 

derived from the proton resonance signals at 7.08 7.68 and 

7.55ppm, attributable to H-2, H-4 and H-5, respectively. The 

ElMS of this compound had a molecular ion peak at m/z 670 

confirming the presence of the two monomeric units. In the 

1 
H NMR spectrum, signals assignable to H-10' and H-7 were not 

displayed. This establishes the structure of 8-33-1 to be 

61. This was confirmed by close comparison of spectra of 

S-33-1 with those acquired for 61 (see Experimental), 

! 
! 



3 EXPERIMENTAL 

3.1 General 

Instruments. Melting points l'let'e determined by Kofler block 

hot stage melting point apparatus and are uncorrected. IR 

spectra Here t.aken on a Perkin-Elmer 727 B Spectrophotometer. 

Milton Roy Spectronic 1001 instrument Has used to record the 

UV absorption maxima. Optical rotation Here measured on 

Perkin-Elmer 241 polarimeter. 1HN~1R data l'lere obtained using 

k 13 . d Bru 'er 270 MHz. CNMR spectrum l'laS acquIre on Bruker 75 

MHz instrument. 

Chr·omatoero.phy. Analytical TLG Here performed using silica 

gel (Merk) coated on aluminium foil (0.25 mm thickness). 

Preparative TLC l1ere run on silica gel (Nerk) precoated glass 

plates l1ith 0.25 mm thiokness. For column chromatography and 

Vacuum Liquid Chromatography (VLC), silica gel (Merk) 

impregnated Hith 0.5 N oxalic acid Has used. 

- 30 -
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3.2 Senna /l1,v.L t ieLandv.tosa leaves 

fLant I1eate'1'ia./.. Senna m,l1L t igLanduLosa leaves "ere collected 

on the road from Addis to Ambo in December 1990. Voucher 

specimen (MB-2) is deposited in the National Herbarium, Addis 

Ababa University. 

£xtrac t ion and isoLation.. 400 il leaves 'vere dried and 

pOlvdered. The grollnd leaves "ere then soaked in 5% acetic 

acid (1.5 1) for 24 hrs. After drying the acetic acid 

treated leaves "ere defatted with petrol (5 1) • The marc "as 

then extracted ,dth chloroform (10 1 I • 'rhe solvent lVas 

removed to yield 15 g extract. The chloroform extract was 

applied on VLC, eluted \dth petrol/EtOAC ( 19: 1 ) ( 5 1) and 

chloroform (5 II, sllccessively. The chloroform extract 2.5 g 

black semi solid, showed more than four anthranoids on TLC. 

Its separation on Sephadex LH-20 (MeOH/CHC1
3

, 1:1) resulted 

in three fractions. The first fraction contained only green 

pigment,s and Nas discarded. The third fraction sholVed one 

ma.ior yelloN spot .,hich lVas identified to be emodin by TLC 

comparison. The second frac·tion had the four major and other 
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trace anthranoids. Preparative T1,C, eluted with CHCI 3/MeOH 

(100:2) of this fraction yielded four pigments, 61, 64, 93 

and T-55-2. 

3.3 Characterization of the pigments of Senna muLtieLanduLosa 

Anhydz-ophLeemacin-9.tO-quinone (61). Dark red pigment" mp. 

nm ( loge) : 409(4.21), 

KBR -1 
306(4.21),2'13(4.76),236(4.97); IR v em 3400, 2960, 

max 

1675(sh), 1630, 1610, 1280, 1220, 1170, 1150 ; See 

Table 1; 
13 

C NMR: See Table 2 GIMS (iso-butane) 

(reI. int.): 571 fMtH]t ( 13 ) , 553 (100), 539 

[NtH-OMel
t 

(29), 285 [MtH-286l
t 

(24), 271 (47); Optical 

rotation: [al~2 t 40° (CHCI
3

, c = 0.001). 

Reductive cLeavaee ('}/ 61. To a solution of 61 (2 mg) in 

2 ml aqueous NaOH (5%), sodium dithionite (10 mg) was added 

and left for 24 hrs. The solution l~as then acidified and 

extracted "ith GHCl
3

, dried and chromatographed on micro 

column (Si gel, Benzene/ EtOAc 19:1) to give physoion. 
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Tor-osanin-9,10-qui.nonr;· (93). Dark red pigment; mp. 222-5° 

o 
230-3 ); uv "CHGI 3 

max 
nm (log 407 ( 3.84 ) , 

330(3.35), 305(3.84), 278 (4.32), 236(4.88): IR 
KBR 

p 
max 

-1 
cm 

3450.2950. 1675(sh), 1640, 1480, 1400, 1~{40, 1280, 1220, 

1120; 1H NMR: See 'I'able 1; CHIS(iso-butane) mJ-z (rel. int): 

553 [M+H-H
2
0] (l00), 539 r~I+H-mlel+ (65), 299 fM+H-270]t(6) 

285 [NtH-286j+ (13), 271 (17); optical rotation: [CX
D

22
] + 60° 

(CHCl" c = O.OOll. a 

Reductive cLeatJae;e of 93. The same procedure as in 61 

resulted in physcion 

Oxidation of 93.5 mg of 93 lvas dissolved in 5% NaOH and 

left for 24 hrs. The solution was then acidified and 

extracted with GH
2

C1
2

. After the solvent has been removed 

the resulting extract was chromatographed on a micro column 

(Si. gel, Benzene/EtOAc, 19:1) to yield floribundone-l (64). 

FLodbl1ndone-l (64), Orange pigment; mp. 290-300° (Lit [141 

CHCl 
>260); UV" 3!lm (loge); 443 14.27), 360 (4.05), 276 

max 

(4.54),236 (4.96); IH NNR (270 MHz, CDC1
3

); 62.35 (3H, s, 

3-Me), 2.47 13H, s, 3'-He), 3.83 (3H, $, -ONe), 3.88 (3H. s, 
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-OMe), 6.81 (IH, 5, 7-H), 7.05 (tH, 5, 2-H), 7.08 (tH, s, 

2'-HI, 7.41 (lH, s, 4-H), 7.55 (lH, s, 5'-HI, 7.67 (lH, s, 

4'-H), 12.06 (lH, 5, 8-0lI) , 12.12 (HI, 5, 1-0H), 12.20 flH, 

s, l' -OH ), 1:1.04 (1 H, s, 8' -OH I . 

Compound-T-5!5--2. Dark brown pigment: mp. 188-192°: UV "A
CHCI

3 
max 

nm: 480, 310(sh), 272, 250, 243; lH NMR (270 MHz, cnClal: 

62.34 (3H,sl, 2.49 (3H,s), 3.83 (311,s), 3.86 (?,5), 6.19 (tH, 

s), 6.79 (Ill, s), 6.95 (Ill, $),7.10 (Ill, s), 7.59 (111, $), 

7.69 (Ill,s), 10.37 (IH,s), 12.04 (lH, s), 12.25 (111, s), 

17.25 (IH, s): CHIS (iso-butane) mJz (reI. int.): 569 (100), 

285 (73), 271 (26). 

3.4 Senna septemtrionaLis leaves 

PLant In.ateriaL _ Senna septemtrionaL is leaves l~ere collected 

from the experimental garden, Department of Chemistry, Addis 

Ababa University in February 1990. Voucher specimen (MB-1) 

is deposited in the National Herbarium, Addis Ababa 

University. 
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Extr'ac (ion and iso Lat l:on. The air dried and pOlidered 

leaves (300 g) were soaked in 5% acetic acid 11 1) for 24 

hrs. and dried. The acetic acid treated leaves were defatted 

with petrol17 1). After being defatted the marc was 

extracted using chloroform (10 1). The extract was 

concentrated to yield 20 g black waxy solid. The chloroform 

extract was filtered on VLC, eluted succesively lvi th 

petrol./Et.OAc, 119: 1.) and chloroform. The chloroform el uted 

fraction gave 15 g j;(ummy material. Subsequent application of 

this material on column chromatography using chloroform as 

eluent could not result in good separation of the pij;(ments. 

All fractions colleoted were combined and the resulting 

concentrate (10 g) was subjected to separation on Sephadax 

LR-20, eluted with CHOI
3

/HeOR (1:1) to give three fractions. 

The first fraction showed no anthranoids and was discarded. 

The third fraction contained emodin. The second fraction 

contained two major and other trace anthranoids. This 

fraction applied on preparative Tl.C, eluted with OH01
3

/MeOR 

1100:2) resulted in the isolation of compounds 61 and 93 
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3.5 Characterization of the pigments of Senna septemtrionaLis 

CompOtmd-S-.3c-ca (93). Dark red pigment; mp. 225-30° ; UV 

CHCI 
~ 3 nm (loge); 421 (4.18), 340 (3.68). 303 (4.171, 281 

max 

(4.64). 235 (4.95); IHNMR (270 ~lHz, UDCI
3

); 61.4 (3H, 5, 

3' -Me). 2.5 (3H, 5, 3-Me), 2.8 (2H, d I ike, 4' -CH
2 

- ) , 2.9 

(2H,5, 2'-CH
2
-), 3.8 (3H, 5, -OMe), 3.9 (3B, 5, -OMel, 6.4 

(IH, 5, 10'-H), 6.7 (IH, s, 7'-H), 7.1 (lH, 5, 2-H), 7.6 (IB, 

s, 5-H), 7,7 (IH, 5, 4-H), 10.3 (IH, 5, 8'-OH), 12.1 (IH, 5, 

8-0HI, 12.:i (IH, 5, 1-0B), 16.4 (lB, s, 9'-OH)j EHIS 70 eV 

m/z (reI. int.); 570 fMl+ (4), 552 fM-B201+ (100), 521 (15), 

372 (77), 296 (31), 276 (23), 239 (23), 213 (27), 172 (31). 

COliipo'Und 5-33-·1. Dark red pigment, mp. 185-7°; UV ACHCl
3 

max 
nm 

(loge); 411 (4.16), 307 (4.16),277 (4.61), 236 (4.95); lHNMR 

(270 MBz, CDCI
3

) ; 01.4 (3H, s, 3' -Me) , 2.5 (3H, 5, 

(2H, 5, 2' -CH -) 
2 ' 

2.9 (2H, q, J = 18 Hz, 4'-CB -) 
2 ' 

d, J = 2.2 Hz, 5' -H) , 6.49 (lH, d, J = 2.2 Hz, 

(lH, 5, 2-H 1 , 7.6 (lH, 5, 5-H) , 7.7 (IH, 5, 4-H) , 

5, 8' -OH) , 12.0 ( 1 H, s, 8-0H 1 , 12.4 ( lH , 13 , 1-0H) , 

s, 9'-OH); ElMS 70 eV m/3 (rel.int); 570 
+ 

[ ~I] 

3-Me) , 2.8 

6.04 ( IH, 

7' -H) , 7.1 

10.2 (lH, 

16.7 ( 1H, 

( 4) , 552 

[M-H
2

01+ (100),521 (15), 372 (77), 296 (3ll, 276 (23), 239 

(23),213 (27), 172 (31). 



,ndlX , Anthraquinones of the Leguminosae 

Name Structure Source .. Ref. 

---"'-~ 

f?l " 'R' 

R2 

R" 

,,1 R2 ~ e4 ,,5 R6 rl FlS 

;hrysophanol OH H Me H H H H OR Cassia spp .• !.:tJr:U:;i [15.463 
contoniensis 

,mod in OH H Me H H OH H OH Cas_s_ta s pp • US] 

"'hysc ion OH H Me H H OMe H OH Cassia spp .• Abrus [15.46 
;;;bntonle!:l~ls. CalanUS calan. 
DesIDodium DulcheUUlll 

,1 oe-emod in OH H CH 20H H H H H OH CasSla spp. US) 

<hein OH H COOH H H H H OH Cassia spp. [ 15.46, 

)btusifol in OMe OH Me H H H H OR 
... 
~ obtJlsi fol i a (473 

'luran tio-ob tus in OMe OH Me H H OH OMe OR f(", pbtWLU_oLul, [47J 

:,btusin OMe OH Me H H OMa OMe OH C. ObtuslfpU" [47] 

:hryso-obtusin OMe OR Me R H OMe OMe OMe ~ ob tus 1 foLLa [47) 

the Table C.= Cassia 



RUb la,:lln OH Me OH H H H H H c. mul t,l1uga (46J 

Damnacanthal OMa CHO OR H H H H H Den; II brevipes (46) 

Isochrysophanol OH Me H H H H H OH C. arata (46) 

Chr-ysophanol OH H Me H H H H OM.e C. speciosa. [46J 
8-methyl ether C. mul tijuga 

C. obstrusifol ia 

8-Hydroxy rubladln OH Me OH H H H H OH C. alata. C.multi;uqa. [46] 
c: spec tobiTi; .... 

Questin OH H Me H H OH H OMe C. oJ:Uuslfo) ja (46J 

Emodin 6.8-dimathyl- OH H Me H H OMe H OMe' Me lan_o XY_IQO b.LaJJ1l.ia (46) 
ether 

C1treorosein 6.8- OH H CH 20H H H OMe H OMe Melanoxylon braunia (46J 
dimethyl ether 

Islandlcin OH H Me OH H H H OH C. occldentalis [46] 

Relmihosporin OH H Me R OR H H OH f.: occ iden tails [46J 

7-Hydroxyemodln-6. OH H Me H H OMe OH OMe Melanoxylon braunis (46) 
dlmethyJ ether 

5-Hydrxyemodin OH H Me H OR OR R OR C. javanica (46] 

Xa",thorin OR H Me H OR OMe R OR C.occldental is. £, toros_a. (46. ~ 
C. obtusifol ia 

1.4.5-Trlhydroxy-7- OH H' Me OR OR H OMe H C. occidentalls [46J 
methoxy-3-methyl-
anthraquinone 

1.3.5-Trlhydroxy-8- OR Me OR R OH H H OHe £. alata (46) 



1.3.8-Trlhydroxy-6- OH Me OR R ! OMe H OR S rnu'·~· -.~ (46) 
methoxy-2-methyl-
anthr-aquinone 

1,S-Dihydroxy-3,6-di- OR Me OMe R .I OMe CH=CIl2 OR C ~ -.- ..... ~,-"'\ (46) . .. . 
methoxy-2-methyl-7-vinyl- ----
anthraquinone 

1.3-Dihydroxy-6.8-di- OR Me OR H II OGe H OMe C. 'l:l!1. ti jug~ (46J 
methoxy-2-methyl-
a'1 thraquinone 

2.7-DihydroxYemodln 
8-methyl ether OH OR Me H H OR OH OMe Melanol-ylon braunia (46) 

2.7-Dihydroxyemodin OR OH Me R H OMe OH OMe C. sCfr}->..,r~_ [ 49) 
6.S- dimethyl ether 

2.7-Dihydroxyemodin OH OR Me H II OB OMe Otje C'~_:::ll (SOJ 
7.S-dimethyl ether 

I-De-O-methylchryso- OH OR Me H H ot1e Or.e 0::3 , C. oh tu~ ito l).2 (46) 
obtusin 

I-De-O-methyl-obtusin OR OR Me R H 0" .. OMe O.:e f.. obtu<::i"alia (46] 

l-De-O-methyJaurantlo- OH OB Me B E OH OMe eH C. Qb_j:J..!s_,-f~ (46) 
obtusln 

1.3.5-Trlhydroxy-6.7- OH Me OH H OH OMe O~? OR C. tora [46) 
dimethoxy-2-methyl-
anthr-aquinone 

1.8-Dihydroxy-3.5.7- OH Me OMe H OMe H OMe R C. renigera (49) 
trimethoxy-2-methyl-
~nthr~nllin()nA 



36 1. 3-Dinydroxy-S. 7-8- OH Me OH H OMe H OMe OMe £: sopbera 
trimethoxy-Z-methyl 
an thraquinone 

37 1.3.5.8-Tetrahydroxy- OH Me OH H OH OMe OMe OH C. reniqera 
6.7-dimethoxy-Z-methyl 
an thraquinone 

38 Sopheranin OH Me OH H H OH CH=CH2 OH C. ophera 
, 

39 Fallaclnol OH H CH 20H H H OMe H OMe .§.... didymobotrv 

40 Par ietin ic ac id OH H COOH H H OMe H OH S. dldymobotry, 

41 Parietlnic acid ester OR H COOMe H H OMe H OH §... d idYJUQ_bJ;LtJ::TI 

42 Nataloe-emodin OH H Me H H H OH OH §... lQDg~r$S;;;~mQ~ 

43 Rbein methyl ester OH H COOMe H H H H OH ..§... didymobotrya 
44 1.3.6.7.8-Pentahydroxy- OH Me OH OMe H OH OH orr C. javanica 

4-methoxy-2-methyl-
anthraquinone 



,dlX '2.Anthrones of the'Legumlnosae 

Name 

R' 

:hrysophanel-9-anthrone OH 

?hyscion-9-anthrone OH 

R2 

H 

H 

R'. 

R". 

rf 
Me 

Me 

Structure 

R' " OR' 

Ff 

H 

H 

RS 

H 

H 

R2 

R3 

R6 

H 

OMe 

R7, 

H 

H 

R6 

OH 

OH 

Source 

~ siamea 

.f: terosa 

Ref. 

ElS) 

(46) 



APPE-y,dix 3 Pl'E--ant.hraquinoes at: t.he LeguminosaE-

No Name 

47 Torosachrysone 

4.8 Germitorosone 

49 Methylgermitorosone 

50 Germichrysone 

Structure 

Z~H (l30 
R 9' 9'RI 

M.O '" "" 1 OH 
Me 

Rl R2 R3 

H H H 

H Me H 

OH Me Me 

. "" '" t&5l
H OH 

HO I h h M. 

Source 

C. t.oro-sa" 

C. didymabot:r-ya.. 

C. s i l"t8,-"" .. :t><a. 

C. to:r-o:sa. 

C. tO~"'Dsa 

C. tor-o:sa. 

.. 

Re-f. 

[48J 

(12J 

[53J 

(54] 

[55] 

[55] 



Appendix 4 Anthranoid dimers of the Legumdnosae 

No Name 

51 Cassiamin C (2,2'-bichrysophanol) 

52 Cassiamin A (2,2'-Chrysophanol­

emodin) 

53 Aloe-emodin-10,lO'-bianthrone 

54 Palamidin D (chrysophanol-physcion-

10,iO'-bianthrone) 

55 Cassiamin B (2,2'-biemodin) 

56 Chrysophanol-10,10'-bianthrone 

57 Siamianin (4,4'-bichrysophanol) 

58 Chrysophanol-9,9'-bianthrone 

59 Rhein-9,9'-bianthrone 

60 Phlegmacines A2 and B2 (7,10'-bitorosa­

chrysoneJ 

61 Anhydrophlegmacin-9,10-quinones A2 and B2 

(7,10'-physcion-torosachrysone) 

Source 

C. ::siamea. 

C. occidental is 

C. sit!:tlt'l.ea. 

C. occiden.tal is 

C. senna. 

C. occidentaL is 

S. LOY'-8iracemasa 

C. si~a 

C. earre t t ic1n.a. 

C. DCC iden.tal i.s 

C. ea.>'re t t iana 

Cassia spp. 

C. torosa 

C. torosa 

.. 

Ref. 

[56] 

(56] 

U5) 

(13J 

[56J 

(46] 

[46J 

[46J 

(15J 

C27J 

(27) 



Appendix 4 (centd.~ 

No Name Source Re-f. 

62 Anhydrophlegmacin B2 (7,10'-physcionanthrone- C. ter-esa. (381 

torosachrysone) 
, 

63 Torosanin (7,5'-physcionanthrone-torosachrysone C tor-esa. (38) 

64 Floribundone-l (7,5'-biphyscion) S.septe~tr-iona.Lis (13) 

S.~uLtieLa.nduLOSa. [14J 

65 Floribundone-2 (7,5'-physcionanthrone-physcion) S. septem.tr-ionaL is (13) 

66 Chrysophanol-isophyscion-l0,10'-bianthrone S. Lenelr-a.cemDsa. (13J 

67 Physcion-l0,10'-bianthrone C. tor-esa. (38] 

S. I. enet.r-a.<;emDsa. r13j 

613 10-Hydroxy-5,7'-(chrysophanolanthronel- S. l.aneir-a.cemDsa. (13J 

chrysophanol 

69 Siamiadin (4,4'-chrysophanol-emodinl C. si~a. (46J 



.. 
App~ndix 5 Ant.hr-anoid glycosides of" t.h~ Leguminosa", 

No Name 

70 Aloe-emodin-8-mono-~D-glucose 

71 Rhein-S-mono-~D-glucose 

72 Sennosides A and B (Birhein-9-anthrone-S,8'­

diglucosidel 

73 Sennosoides C and D (Aloe-emodin-rhein­

bianthrone-S,8'-diglucoside) 

74 Chrysophanol-l-0-~gentiobiside 

75 Cassialin(lO-hydroxy-l0-C-D­

glucosylchrysophanol-,anthrone) 

76 Physcion-l-0-~D-glucoside 

77 Physcion-l-g1ucosylrhamnoside 

78 Physcion-8-gentiobioside 

79 Physcion-S-galactoside 

SO Physcion-8-digalactoside 

Source Ref. 

Cassia spp. (15) 

C. occust i.fo~ ta (15) 

Cassia spp; , (15) 

C. a:rz.eugt tfo~ ia US) 

C. tor-a (46] 

C. eer-r-et t i.ana [57) 

Cassia spp. (46) 

DesmcdiiJm. pukheL I.wn. [46J 

C. tor-osa 

C. Lae'Ul.eata 

c. Lae'ULlfata 

[46J 

[46J 

[46] 



Appendix :5 (contd .. ) .. 
No Name Source Ref. 

81 5-Hydroxideemodin-8-0-rhamnoside C. javani.ca (46) 

82 1,3,:5-Trihydroxy-8-methoxy-2-methyl- c_ aLata [46] 

anthr4quinone-3-0-~D-glucoside 

83 1,3,8-Trihydroxy-6-methoxy-2-methyl- C. m:uL t tj'uea (46) 

anthraquinone-3-0-rutinoside 

84 1,3-Dihydroxy-6-,8-dimethoxy-2-methyl- C '- lll..'UL t tj'Uea [46] 

anthraquinone-l-0-g1ucoside 

85 1,3,5,8-Tetrahydroxy-6,7-dimethoxy-2- C_ r-enteer-a [46] 

methylanthraquinone-rhamnoside 

88 1,3-dihydroxy-6,8-dimethoxy-2-methyl- C_ lll..'ULt tj'U5a (46) 

anthraquinone-i-O-rutinoside 

S7 1,5,8-Trihydroxy-6,7-dimethoxy-2-methyl- C_ r-enteer-a (49) 

anthraquinone-3-0-~-L-(-)rhamnopyranoside 

SS l-Hydroxy-8-methoxy-2-methylanthraquinone- C_ r-eni.8e r-a [4'9] 

3-0-~-L-(-}rhamnopyranoside 



.. 
Appendix 5 (co~td.) 

No Name Source Ref. 

89 1,5-Dihydroxy-4,7-dimethoxy-2-methyl- c. javanica [52) 

anthraquinone-3-0-L(-)rhamnoside 

90 Physcion-S-O-orL-xylopyranoside C. m.a:r. e i n.a t a (49J 

91 Emodin-S-O-orL-arabinopyranoside c. mt:1:1.'ei. n.a U:J. (493 

92 1,3-Dihydroxy-2-methylanthraquinone- c. m.t:t.reinata (49J 

8-0-~-arabinopyranoside 
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