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ABSTRACT

DIMERIC ANTHRANOIDS FROM THE LEAVES OF

SENNA MULTIGLANDULOSA and SENNA SEPTEMTRIONALIS

Sennc mul iiglanduleosa and Senna septemtrionalis are two of

the eighteen Sernrui species found in Ethiopia.

The chloroform extract of & multiglandulosa leaves, after
repeated chromatography, have vielded four dimeric
anthranoids. Three of these were identified to be
anhydropvhlegmacin-9,10-quinone {61}, floribundone-1 (64), and
torosanin-9,10-guinone (93). The structure of T-55-2, a

fourth compound was partially established.

From the leaves of S, segtemirionalis, the two dimeric
compounds , anhvdrophlegmacin-9,10-quinone {61) and

torosanin-9,10-quinone {93) were isclated.

To our knowledge Torosanin-9,10-guinone is reported here as a
natural product for the first time, and there 1is only one
report on the isolation of anhydrophledgmacin-9,10- guinone
from higher plants. Floribundone-1 was isoclated earlier from

both plants.



1 INTRODUCTION

1.1 General

Pilants have been utilized since thousands of vears as sources
of medicinals, spices, cdyves, poisons, etc. The chemical
compounds responsible for these activities are often the
secondary metabolites of plants or natural products as they

are usualliy referred to.

Natural products are still untapped reservoir of felklorie
medicines, Especially in the developing countries they are
well known substitutes to modern drugs which may be
unavailable or unaffordable. It is also important to note

that about 40% of modern drugs are of natural origin [11].

The study of natural products is a multidisciplinary activity
embracing chemistry and a number of areas 1in biological
gsciences., Natural product chemistry involves isolation,
characterization and the svnthesis of compounds of natural

origin.

Except for some speculations [2,3] 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

chemotaxonomy,

1.2 Sennd specics

The genus Senna in the Leguminosae family is known to have
about 240 species distributed throughout the tropics and
sub-tropics (41, Senna  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 known senna purgatives. Further applications of
Senng species in traditional medicine are well documented in

the literature {5-10].

1.3 Ethiopian Senna species

Ethiopian plant species which were belonging to the genus
Cassia 111, according to a recent survey of the flora of
Ethiopia, are regrouped into three genera namely: Casstig,

Senng and Chamecrista. Accordingly, the new genus Sennag



contains the following eighteen species, Synonyms are
indicated in brackets. Senna petersiana (Cassia petersiana),
S, septemtrionalis (€. septemirionalis, €. laevigata, C.
floribunda), 5. sgingueang (C.  singueanc, C. sabak, C.
goratensis), 5. baccarinii {C. baccarinit), 5  occidenatlis
(C. occidentalis ), S. sophera (C. sophera), S.oblustfolia
{C. obtusifolia, C. tera), 5. stansa (L. siamea), s.
didymobotrya (C. didymobotrya), S. ruspoliil (C. ruspolii}, S.
longlracemosa (C. longiracemosal), 5. elliséae (C. ellisiue),
5. truncata (L. truncata), S ttalica (€. ttalica), 5.
holosericea (C. holosericeal, S. mul tiglandulosa  (C.
multiglandulosa, 5.tomentosa, C. tomentosa? 3. alexandriana
(C. alexandriana, C. zenna, C. angusiifoliad, 5. bicopsularis

CC. biecapsularis).
1.4 Objective of the study

The biclogical activities of Sennd species are mostly
believed to be due to anthranoids, Hence, the objective of
this work is to extend further, earlier studies {12-141,
dealing with the isolation and characterization of anthracene

derivatives, which may have pharmacological as well as



chemotaxonomic values., The plants considered in this study

are 5. septemirionalis and 5. nultiglandulosa.

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, nultiglandulosa is an
ornamentsgl shrub or tree, cultivated 1in Wolega, Shewa and

Sidamo regions.

1.5 Anthragquinones and related compounds

1.5.1 Occurrence and distribution

Anthraguinones are by far the largest group of the natural
gquinones. They have been isolated from fungi, lichens
bacteria, as well as some species of insects. Anthragquinones
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 [16]. In the
Leguminosae family, anthraguinones appear to be confined

mostly to few genera. Anthragquinones of the Leguminosae are



listed in Appendix 1. The other anthranoids known to occur
in the family, include anthrones (Appendix 2y,
pre-anthraguinones {(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 c¢laim [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 anthragquinones by intestinal micro flora [17].
Other Dbioclogical activities of anthraguinones include
antiviral [18,19], antihelmintic ({[20] and antifungal [21]

properties,




1.5.3 Biogenetic relationship

Generally, the biosynthesis of anthraguinones is believed to
follow two routes, the acetate-malonate pafhway and the
shikimate-mevalonate pathway [22]1. Based on their structure
and biosynthesis, anthraquinones are classified into either
the emodin-type or the alizarin-type. Those anthraquinones
with substituents on both benzenoid rings, follow the
acetate-malonate biogenetic route, and are of the emodin
type. Anthraquinones of the alizZarin-type are totally devoid
of substituents on one benzenoid ring and they arise by the

shikimate-mevalonate pathway.

Anthraquinones of the LegUminosae have substituents on both
rings with the exception of rubiadin (10) and domnacanthal
(i1). The most plausible biogenetic route for anthragquinones
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.



in lower rlants the biogenetic relationship of
anthragquinones and related compounds is proposed [24,55] to

be as shown in Scheme 1.

The co-occurrence [26,427}, of torosachrysone (47), physcion
{3) and physcion anthrone (46) with phlegmacins {60},
anhydrophlegmacin{62} anhydrephlegmacin-9,10-gquinone {61) and
toréganin (63) in £. teorosa suggests that, similar biogenetic

route, which involves the conversion of pre-anthraquinones to

anthraquinones may be followed in higher plants too.

Scheme I Biogentic relationship of anthranoids



Experimental evidence indicated [26] that, in the seedlings
of (. tornsa, germichrysone (50) is not derived from
anthraguinone, but it is a product of dé¢ nove biosynthesis.
Thusg, it is possible to infer that, in plants the reduction
of anthraquinones to pre-anthraquinones is least likely to

occur,

Anthraaquinones 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 oxvgen,
alkylation (notably with methyl}, glycosidation, and
dimerization,

1.5.4 Identification of Anthrancids

i. Color reactions

Color reactions are useful particularly at the Dbeginning of

an investigation where crude extract or even tissues may

yield information of value. The maceration of powdered plant



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, ig hydroxy
anthraquinones are present [28]. This test 1is general for

all quinones with free hydroxyl groups.

The orientation of hydroxyl groups of hydroxy anthraquinones
can also be predicted by the c¢olor c¢change observed in
alksaline solution or when they are treated with methanolic

magnesium acetate [297.

{{. Ultraviolet-visible spectra

The spectra of anthragquinones is dominated by the influence
of hydroxyl substituents. The absorption spectrum of
anthraquincenes congists of intense benzenoid absorption at
240 - 290 nm, medium absorption at 320 - 330 nm, and a strong
guincnoid absorption at 405 nm. These areas of absorption
are characteristic and the patterq in the ultraviolet region

is not seriously affected by substitution.

Several surveys of the wultraviolet-visible spectra which may
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help in structire determination of anthragquinones are

documented in the literature [30~33].
111. Infrared spectrs

The carbonyl frequency of anthraquinones are useful
diagnostic aids in structrue determination. The carbonyl
absorption of 9,10-anthraquinones with no a-hydroxyl dgroup
falls at around 1678 cmnl. Hydrogen bonding, substitution
either in the quinonoid or an adjacent benzenoid ring with +I
or +M groups and separation of the carbonyl functiOn so that
the quinonoid conjugation extends through more than one ring
results in lower frequency. A second carbonyl band at lower
frequency can be cbserved if the anthraquinone contains a
hydroxvl group in the «o- position due to chelation and
conjugation. The results of Bloom and co-workers [34] can
also be used for correlation between the carbonyl freguency

range and the da-hydroxyl groups.

Anthraquinones with one hydroxyl group in the fB-position on

the nucleus or attached to a substituent group have one
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hydroxyl stretching band. The appearance of more than o¢ne
hvdroxyl band between 3600 cmwl and 3150 cm_l indicates more

than one such hydroxyl group.

ty. Proton magnetic resonance spectra

In 9,10-anthraguinone the - and [3-protons give multiplets
centered at 8.07 and 7.67 ppm, respectively and are modified
by substitution, Hydroxyl groups at positions 1, 4, b and 8
are easily distinguished by their sappearance 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 syvstem can be cobtained from the chemical shift
positions of aromatic protons. In this connection, since
many quinones are phenclic, c¢alculation 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 gsubstituents.
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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, metd coupling constant (Jn) is 2 -~ 3 Hz and para
coupling constant (Jp) is c¢. 1 Hz. 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 c¢hrysophanol +type show ortho-meta
{doublet of doublet) and di-erthe (broad triplet) pattern for
the protons at positions 5 or 7 and 6, respectively. Emodin
or physcion type anthraquinones have simpler spectra and show

meia (narrow doublét) multiplicity pattern.



2 RESULTS AND DISCUSSION
2,1 Senna multitglandulosae leaves
2.1.1 General

There are two conflicting chemical reports on s,
mul tiglandulosa. 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.

Qur investigation of the chloroform extract of the leaves of
S, multiglandulosg, after repeated chromatography, (see
Experimental) has resulted in the isolation of four dimeric
anthracene derivatives, T-85-1, T-556-2, T-55-3 and T-55-4,

T-85-1 is characterized to be floribundone-l (64), isvlated

earlier from the same plant [13]. T-65-3 1is found to be
anhvdrophlegmacin-9,10-quinone {(61). This 1is 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
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compound as oxidation product and named it
torosaninnB,iOﬂquinone(QS). This is the first report. of
torosanin-9,10~quinone as a natural product,. Tbe structure
of T-55-2 is established partially, 1Its small quantity (2

mg) hindered complete structure elucidation.
2.1.2 Torosanin~9,10-quinone (93)

Compound 93, a dark red pigment, had an Rf value  of 0.50
(Silica gel, CHClalMeOH, 100:1). It showed a color change
from vellow to pink when the TLC plate was sprayed with

ethanolic KOH (5%). This is a c¢haracteristic color change

for hydroxy anthraquinones. The IR spectrum showed

41
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absorption bands due to a hydroxvl group (3400 cmul), a
non-chelated carbonyl group (1670 cmhl) and a chelated
carbonv] group (1640 cm_i). The UV spectrum absorption
maxima at 235, 278 and 407 nm suggested a auinonoid

chromophore in 93,

The 1H NMR spectrum of 93 revealed the presence of the
following groups: four chelated and one non-chelated hydroxyl
groups, five aromatic protons, two methoxyl groups, one
aromatic methyl, one non~aromatic methyl and +two methylene
groups. A monomeric anthranoid unit could not asccommodate all
the above substituents, and hence, this compound is proposed

to be a dimer,

The chemical shifts of 93 were suggestive of the presence of
physcion {(3) and torosachryvsone {(47) moieties (Table 1).
This was further established by alkaline sodium dithinnite
cleavage of 93 which produced kphyscion. The CIMS of 93
showed a base peak at m/2 5463, presumably as a result of loss
of water from the molecular ion. Comparison of the 1H NMR of
93 with that of 47 revealed that, the signal in the spectrum

of 93 due to H-7' was shifted downfield by 0.3 ppm and the
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signal of H-10’ was shifted upfield by 0.54 ppm as compared
to the corresponding signals in 47, The signal for H-56' on
47 had disappeared in the spectrum of 93. Thus the physcion
moiety is linked to ¢-5' of the torosachrysone moiety, The
chemical shifts of +he physcion moiety of 93 closely
resemble those of physcion except for the absence of the
gignal attributed to H-7., This sugsgested a linkage between
the two monomeric units at C-6' of the torosachrysone and C-7

of the physcion moieties,

Base treatment of 93 {see Experimental) vielded
7,5'-biphyscion (64), which was identical to an authentic
sapple of 64 by co-TLC 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,GDCls), 61 and 93 (270

MH=z, CDClS, Hvalues)

Assignment 3 47 61 93
2-H 7.04 7.12 7.11
3-Me 2.45 2.49 2.48
5-H 7.32 7|58 7058
6-0OMe 3.92 3.71 3.89
T~H 6.60 - -
8-OH 12.05 12,01 12,10
1~CH 12,286 12.42 12,34
2’"CH2'— 2:80 20?2 2081
3'~Me 1.30 1.35 1.38
3’-0on 2.00 - 1.56
4-CH,, - 2,98 2.85¢ 2,92

J=18
5'-H 6.60 6.07 -
6'-OMe 3.84 3.89 3.83
7°-H 6.40 6.53 6.70
8'-0H 9.87 10.23 10.26
9’ -0H 15.88 16.72 16.41
10’-H 6,956 ~ 6.41

*
Taken from ref. [38]
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Floribundone-1 (64), was isolated from the leaves of 5,

mut ttglandulosa and 5. septentrionalis by Alemayehu et «al.
[13,14], From the co-occurrence of 64 and 93, it can be
presumed that 93 1is a bhiogenetic precﬁrsor, which upon

biological oxidation is converted to 64, 93 is optically

23
active with a specific rotation, [a] © = +60°.

Kitanaka et al. [38] reported the first 7,5'- linked dimeric
anthracene derivative, torosanin (63), which was isolated
from Cassia toroga,., Oxidation of torosanin resulted in the
formation of torosanin-9,10-quinone, for which structure 93
was assigned. Spectroscopic data reported for
torosanin-9,10-quinone closely agree with that generated for
93, This is the first report of torosanin-9,10-quinone (93)

as a natural product.
2.1.3 Anhydrophlegmacin-9,10-quinone (61)

Compound 61, a dark red pigment, had an Rf value 0.51 (Silica
gel, CHClglMeOH, 100:1), It gave a positive color reaction

for hyvdroxyv 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 i630 cmhl, caugsed by a

hydroxyl, a non-chelated quinonoid carbonyl and a chelated

carbonyl groups, reapectively.

Structure 61 was assigned to this gompound based mainly‘ oﬁ
the following 1H NMR évidences., The singlets at 16.72 andA
10.23 ppm indicate ¥he pregence of a pre-anthragquinone
moiety.. The former signal 1is attributable to a doubly

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

hydroxyl group.

1

The aromatic region displayed five aromatic proton resonances
at 7.61, 7.58, 7.12, 6.53 and 6.07 ppnm. In addition to
these, the presence of one aromatic methyl group (&62.48),an

aliphatic methyl group (51.36), two methylene groups (52.72
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and 2.85) and two methoxyl groups(63.89 and 3.71) were also
evident from the 1H NMR spectrum. As in compound 93, the
above discussed lH 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
torogachrvsone {47) as the monomeric units, The presence of
these two moieties was further supported by the alkaline
sodium dithionite cleavage of 61, which yielded phvscion (3).
The proton decoupled 136 NMR spectrum indicated 32 carbon
resonances out of which 7 aﬁpeared below 71 and 25 above 99
pem (Table 2) in consistence with the proposed structure 61,

The CIMS of 61 also showed a molecular ion peak at m7z 571 in

good agreement with the presence of the two moieties.
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Table 2 13CMR data* for 61 (CDCIS, 75 MH=z).

C Svalue ¢ Svalue
1’ 202.56 1 161.38
2’ 50,39 2 1256.11
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
i 99.57 5 103.62
6’ 167,82 6 164.64

6'-OMe 656,61 6-OMe 55.34
7’ 100.16 7 111.48
8’ 164.25 8 163.08
8a’ 108,17 8a 108.33
g’ 161.90 9 191,64
9a’ 120.48 Ja 113.80
10’ 118.63 10 182,49
10a’ 149.22 10a 136.52

The assignment was done by comparison

[25]

with

reported data
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Furthermore, the 1H NMR of 61 revealed a meta coupling
pattern between the signals at 6.07 and 6,53 ppm attributable
to H-5' and H-7' of the torosachrysone moiety, respectively.
This ruled out the possibility of C¢-5' and ¢-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 €-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
observation realized from the 1H NMR spectrum of 61 was that,
the ¢-2° mefhylene protons signal at 2,72 ppm appeared as a
singlet while the 0—4; methylene protons signal appeared as a
quartet centered at 2.85 ppm with a geminal coupling constant

of 18 Hz., The above presented spectroscopic argument allows



_23_
the identification of this compound as anhyvdrophlegmacin-

9,10-quinonei{ i),

Two pairs of dimeric anthracene derivatives rossessing
similar gtructure are known. One pair was isolated from
higher fungus [57], and are the ({-)-stereoisomers. Their

enantiomers, the (+)-stereoisomers, were reported {[27] fronm

Cassia torosa. The specific rotation of 61, [a]ﬁz =+ 400.
This supports the idea of Takhashi et al. [27] who proposed
that, the biosyvnthesis of the monomeric wunit torosachrysone
t47) proceeads stereospecifically to produce

(+)~torosachrysdne in higher plants and {-)-torosaschrysone in

the fungus,

2.1.4 Floribundone-1 (64)

The positive color change using ethanolic XOH (95%) coupled
with the UV absorption maxima at 443, 360, 476 and 236 nm
suggested an anthraquinone chromovhore. The H NMR spectrum
of this compound revesled the presence of four chelated
hydroxyl groups, six aromatic protons, two methoxyl groups
and two aromatic methyls suggesting a hianthragquinone

1
strycture. 1T-55-1 and physcion (3) have similar H NMR
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spectra. The difference between the gpectrum of T-65-1 amd
that of physcion is the presence of two singlets at &7.57
and 6.83 in the spectrum of T-66-1, whereas the corresponding
signals in the spectrdm of physcion appear as doublets at
57.32 and 6.60 (J = 2.5 Hz), The 1latter signals represent

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

64

~ar

consistent with a 5,7'- coupled biphyscion, Spectrosgcopic
data as well as direct comparison with an authentic sanmple
showed that T-55-1 is floribundone-l (64), isolated from the
same plant [13). The chemical shifts for .the protons of
T-66-1 were assigned using the data for physcion [27] and

floribundone-1 [14].



2.1.5 Compound T-55-2

The UV spectrum of this compound had absorption maxima at
243, 272 and 468 nnm suggesting a quinonoid chromophore. The
proton resonance signals at 17.286 and 10.37 ppm, could be
assigned to a doubly chelated and a phenolic hvdroxyl groups,
respectively. The aromatic region of the 1H NMR spectrum

displayed six proton signals ocut of which three at 7,16, 7.69
and 7,58 ppm are assignable to H-2, H-4 and H-5 of a physcion
moiety,respectively. The remaining three aromatic signals

suggest the presence of another aromatic group.

The CIMS of coumpound T-55~2 had a base peak at n'z &9,
Based on these spectroscopic data three possible structures
94, 95 and 96 are proposed, Structure 95 has molecular
weight 566, which did not appear in the NS or could not
rationalized by any of the ion peaks. Moreover the chemical
shift position at 6.79 ppm is downfield than expected for
such a proton., The hydroxyl sigsnal at 17.25 pprm suggests
torachrvosne (97) like structure,. Structure 96 has this
group. But, its molecular weight 514, although appears in

the MS, its relatioen to the major iJjon peaks could not be
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accounﬁed for. Biogghetic consideration of 96 alao suggesty
a methyl group at the linkage pogition of the torachrféone
like part, which is not possible in 96, The molecular welight
of 94, 568, agrees with the base peak in the CIMS, which
appeared at m/z 569..All protons have signals in the 'IH NMR

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

appea: Ceo. 4,3-4.6 ppm,
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2.2 Senna septentrionalis leaves

2.2,1 General

Chemical reporfs in the literature indicate the pods, roots
and seeds of §. septemirionalis have vielded 8-mono- and di-
galactosides of physcion as well as chrvsophanol and emodin
[40-42], Flavonoids including ombuin and guercetin have been
reported from the 1roots, leaves and seeds [43-451}. In
addition, the isolation of Nl,Ng—dibenzoylspermidine, and

the dimeric anthracene derivatives floribundone-1 (64) and
floribundone-2 {685) from the leaves, have alsoc been reported
f143. In this study, the chloroform extract of the leaves of
5. septemtrionalis was chromatographed +to result in two
pigments, S-32-2a and S-33-1 (see Experimentall), The

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

5-33-1 was ildentified as 61,

2.2.2 Compound S8-32-2a(93)

The molecular ion peak in the EIMS of this compound appeared

at m”2 670 and the base peak was at m/2 552 as a result of
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loss of water from the molecular jon. The UV spectrum had
absorption maxima at 421, 281 and 231 nm suggesting an
anthraquinone c¢hromophore, The 1H NMR spectrum showed
signals for +two methyl groups, two groups of methylene
protons and two methoxyvl sgroups. The aromatic region
dispiaved 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 were indicative of a torosachrysone

1
moiety. A ¢lose analysis of the H NMR spectrum showed

§-32-2a 1o be a dimer of 3 and 47. In the 1H NMR spectrum
there are no sighal assignable to H-7 of the physcion part
and H-5’ of the torosachrysone moiety, thereby establishing
the 7,5’-linkage of the two monomeric units. Color reactions
as well as spectroscopic data (see Experimental) of 5-32-2a

were gsimilar to those obtained for compound 93, Hence, the

structure of this compound is established to be 93,
2.2,3 Compound $-33-1 (61)
The presence of anthraguinone chromophore, in this compound

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

1
nm. In the H NMR spectrum a doubly chelated hydroxyl group
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{16.7ppm) and a phenolic hyvdroxyl group (10.3 ppm) were
indicative of a pre-anthraguinone like skeleton. Signals at
12,0 and 12.4 ppm were Suﬁgesting hvdroxyl groups peri— to a
carbonyl, The 1H NMR spectrum also showed proton resonance
signals due to tyo nethyls, two methylenes, and two
methoxvls, The aromatic region of the spectrum, when
expanded, displayved five aromatic protons. The 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 are
asstgnable 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
7.88ppm, sattributable to H-2, H-4 and H-5, respectively. The
EIMS of this compound had a molecular ion peak at ms2 670
confirming the presence of the two monomeric units. In the
1H NMR spectrum, signals assignable to H-10' and H-7 were not
displayed., This establishes the structure of 8S-33-1 +to be

61. This was confirmed by close comparison of spectra of

5-33-1 with those acquired for 61 {see Experimental).



3 EXPERIMENTAL
3.1 General

Instruments. Melting points were determined by Kofler block
hot stage melting point apparatus and are uncorrected, IR
spectra were taken on a Perkin—-Elmer 727 B Spectrophotometer.
Milton Roy Spechtronic 1001t instrument was used to record the
UV absorption maxima. Optical rotation were measured on
. . 1 . .
Perkin-Elmer 241 polarimeter. HNMR data were obtained using
13 .
Bruker 270 MHz. CNMR spectrum was acquired on Bruker 75

MHz instrument.

Chromatography, Analytical TLC were performed using silica
gel (Merk) coated on aluminium foil (0.256 mm thickness).
Preparative TLC were run on s8ilica gel (Merk) precoated glass
plates with 0.25 mm thickness. For column chromatography and
Vacuum Liquid Chromatography (VLC), =ilica gel {Merk)

impregnated with 0,56 N oxalic acid was used,
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3.2 Senna nultiglandutosa leaves

Flant matertal. Senna multiglandulosa leaves were collected
on the road from Addis to Ambo in December 1980, Voucher
specimen (MB-2) is deposited in the National Herbarium, Addis

Ababa University.

Extraction and i(solation., 400 g leaves were dried and

powdered, The ground leaves were then socaked in 5% acetic

acid {1.5 1) for 24 hrs. After drying the acetic acid
treated ieaves were defatted with petrol (6 1). The marc was
then extracted with chloroform (10 1), ‘The solvent was
removed to vield 15 g extract. The chloroform extract was

applied on VLC, eluted with petrql/EtOAC {16:1) (56 1) and
chloroform (5 1), successively. The chloroform extract 2.5 g
black semi solid,; showed more than four anthranocids on TLC,
Its separation on Sephadex LH-20 (MeOH/CHCl3, 1:1) resulted
in three fractions. The first fraction contained only- green
pigments and was discarded. The third {fraction showed one
major vellow spot which was identified to be 'emodin by TLC

comparison. The second fraction had the four major and other
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trace anthranoids. Preparative TLC, eluted with CHClslﬂeOH
(100:2) of this fraction vielded four pigments, 61, 64, 93

and T-55-2.

3.3 Characterization of the pigments of Senna multiiglandulosa

Anhydrophlegmacin-9,{0-quinone (61). Dark red pigmeni, mp.

187—1890 {Lit [27] 192~36)UV Kzzzl3 nn {(loge): 409(4.21),
. KBR -1
306(4.21), 273(4.76), 236(4.97); IR pmay cm @ 3400, 2960,
1
1675{sh), 1630, 1610, 1280, 1220, 1170, 1150; H NKNMR: See
Table 13 130 NMR: See Table 2 CIMS ({(iso-butane) m/e

' +

(rel.int.): 571 [M+¢H1T (13), 553 [M+H-H,01"  (100), 539
fM+H~OMe}+ (29), 285 [M+H~286]+ {24y, 271 (4797); Optical

\ 22 0
rotation: [a]D + 40 (CHCl3, ¢ = 0,001),
Reduct ive cleavoge of 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 was then acidified and
extracted with CHCls, dried and chromatographed on micro

column {81 gel, Benzene/ EtQAc 19:1) to give physcion.
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- . . . 0
forogsanin~2,{0~gquinone (93). Dark red pigment; mp. 222-5

(Lit.[381 230-3"); uv Aigils nm (log =2):  407(3.84),

N KBR -1
330(3.36), 305(3.84), 278 (4.32), 236(4.88); 1R v ' cm
3450, 2950, 1675(sh}, 1640, 1480, 1400, 1340, 1280, 1220,

1 | \
1120; H NMR: See Table 1; CIMS{iso-butane) m/2 {(rel., int):

653 [M+H-H,0] (100), 639 (M+H-OMe 1™ (66), 299 [M+n-27017(6)
+ | _ , 22 o
285 [M+H-286] (13), 291 (17); optical rotation: {aD ] + 60

(CHClq, c = 0.001),

Reductive cleavoge of 93, The same procedure as in 61

resulted in physcion

Oxitdation of 93, 5 mg of 93 was dissolved in 5% NaOH and
left for 24 hrs. The solution was then acidified and

extracted with GHZClZ' After the solvent has been removed

the resulting extract was chromatographed on a micro colunmnn

{8i. gel, Bengzene/EtCAc, 19:1) to yvield floribundone-1i (64).

Floribundene~f {(64), Orange pigment; mp. 290—3000 (Lit (141

5260); UV xﬁzil3 nm  (loge): 443 (4.27), 360 (4.05), 276

(4.54), 236 (4.96); 1H NMR (270 MHz, CDC]S): 52.35 (3H, s,

3"“8), 2!47 (3II, E""‘. 3""}18), 3.83 (3H' 3; “UMG}, 3-88 {3H| S,
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-OMe), 6.81 (1H, &, 7-H), 7.05 (1B, ¢, 2-H), 17.08 (lH, s,
2’-HY, .41 (1B, &, 4-H), 7.55 (iH, &, 6'-H), 7.67 (1H, =,
4’-H), 12.06 (14, s, 8-0H), 12,12 (iH, s, 1-OH}), 12.20 (1iH,
¢, 1'-0H), 13.04 (iH, s, 8’-0H).

Compourcl~-T-56-2, Dark brown pigment; mp. 188—1920; uv REEEIS
nm: 480, 316(Sh), 272, 250, 243; lH NMR {270 DMH=, CDCl3):
62,34 (8H,s), 2.49 {(3H,s), 3.83 (3H,s), 3.86 (?,s), 6.19 (1H,
£), 6,79 (1iH, &), 6,95 (iH, =), 7.10 (1H, <), 7.58 (1H, s),
7.69 (1H,=), 10.37 (1H,=), 12,04 (1H, =), 12.25 (1H, s},
17.26 (1H, £); CIMS (iso-butane) m/2 (rel. int.): 569 (100),

285 (73), 271 (26),
3.4 Senna seplemtirionalis leaves

Plant matertal. Senna septemirionalis leaves were 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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Extraction and tselation. The air dried and powdered

leaves {300 g) were soaked in 6% acetic acid (1 1) for 24
hrs. and dried. The acetic acid treated leaves were defatted
with petrol(7 1). After being defatted the marc was
extracted wusing chloroform (10 1), The extract was

concentrated to yield 20 g black waxy solid. The chloroform
extract was filtered on VLC, eluted succesively with
petrol /EtOAc, (19:1) and chloroform, The chloroform eluted
fraction gave 15 g gummy material, Subsequent application of
this material on column chromatography using c¢hloroform as
eluent could not result in good separation of the pignents,
All fractions collected were combined and the resulting
concentrate (10 g) was subjected to separation on Sephadex
LH-20, eluted with CH013/MeOH {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 TLC, eluted with GHClS/MeOH

(100:2) resulted in the isolation of compounds 61 and 93
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3.6 Characterization of the pigments of Senna septemirionalis

Compound-5-32-2a (93), Dark red pigment; mp. 225—300; uv
Rzing nm {loge): 421 {(4.18}), 340 (3.68), 303 (4.17), 281
(4.64), 235 (4.95); HNMR (270 MHz, CDCly): 1.4 (3H, s,
3°-Me), 2.5 (3H, 5, 3-Me), 2.8 (2H, d like, 4’~CH2—), 2.9
(2H, s, 2’—CH2"), 3.8 (33, £, ~OMe), 3.9 (3H, 8, -OMe), 6.4
(1#, s, 10’-H), 6.7 {1H, 5, 7’-H), 7.1 (1H, s, 2-H), 7.6 (1H,
¢, 5-H), *.7 (14, s, 4-RB), 10.3 (iH, 5, 8’-0H), 12.1 {(1H, =,
8-ou), 12.3 (1H, s, 1-OH), 16.4 {1H, =, 9’-OH); EIMS 70 eV

+
m/z (rel. int.}: 570 [M1' (4), 552 (M-H,01" (100), 521 (15),

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

Compound $-33~i, Dark red pigment, mp. 185*?0; uv Kiing

{loge): 411 (4,16}, 307 (4,16), 277 (4.61), 236 (4.95); 1HNMR
(270 MHz, CDClS): 51.4 (3H, s, 3'-Me), 2,5 (3H, s, 3-Me), 2.8
(2H, =, 2’—CH2—), 2.9 (2H, ¢, J = 18 Hz, 4’“CH2~), 6.04 (1H,
d, J = 2.2 Hz, b’-H), 6.49 (1H, ¢, J = 2,2 Hz, T'-H), 7.1
(1H, &, 2-H), 7.6 (1H, s, 5-H), 7.7 (1H, &, 4-H), 10.2 (1H,
s, 8’'-0H), 12.0 (1H, ¢, 8-OH), 12.4 (1IH, & ,1-0H), 16.7 ({1H,
s, 97-OH); EIMS 70 eV m/z (rel.int): 570 ([M]' (4), 552
IM—H20]+ (100), 521 (15), 872 (77), 296 (31}, 276 (23), 239

(233, 213 (27), 172 (31},



mdix ¢ Anthraguinones of the Leguminosae

Name Structure Source Ref.

g! r? 3 RA R R R RS

thrysophanol OH H Me H H H H . O©OH Cassia spp.. Abrus {12,461
contoniensis

‘modin OH H Me H H OH H OH Cassia spp. L1573

“hyscion OH H Me H H CHe ¥ - OH Lassia s3pp.. Abrus (15,46
cbntonlepeis. Catanus cailan.
Despodiun puichellus

loe—emodin OH H CH,0H H H H H CH L£as=sia spp. {151

ihein OH H COOH | H H H H 0% Cassia spp. [15,46

Bitusifolin OMe OR fﬂe H H H H OH EL obiusifolig £avl

wurantico—-obtusin OMe QOH Me H H OH OMe OH C. obtusifolia | 1473

‘btusin OMe ou Me H H  OMe OMe OH C. obtusifolia £473

chryso—obtusin OMe OH tie H H oMe OMe OMe C. obtusgifolia £471

the Table C.= Cassia



Rubiadin
Camnacanthal
Isochrysophanol
Chrysophanol
8~methyl ether

B-Hydroxy rubiadin

Questin

Emcdin &,8-dimethyl-
ether

Citreorcssin 6,8-
dimethyl ether

Istandicin
Helmihosporin

T 7-Hydroxyemodin-6.
dimethyl ether

S5-dydrxyenodin

© Xawthorin

1.4, 5 Trihydroxy-7-
nethoxy-3-methyl-
arnthraguinone

1.3.5-Trihydroxy-8~

OH

OMe

OH

OH

OH

OH

OH

OH

OH

OH

CH

OH

OH

CH

OH

Me

CHO

Me

Me

Me

OH

OH

Ne

OH

Me

Me

CH,OH

" Me

Me

Me

Me

Me

Me

OH

OH

T - o =

OH

OH

OoH

OH

OH

OH

OMe

OMe

OMe

OH

OMe

H H
H H
H OH
H OMe
H OH
H OMe
H OMe’
H OMe
H OH
H OH
OH QMe
H OH
H OH
OMe H
H OMe

C. multijuga
Derris brevipes

. altata

(9]

speciosa,
muitijuga

obstrusifolia

|20

alata, C.multijuga.
.spectobilis

btysifoli
Helanocxvylion braunia

2 e

Melanoxylon braunia

C, occidentalis

Q

. occidentalis

a—

Melanoxylon braunis

C. javanica

C.occadentalisg, C.torosa,
C. obtusifolia

O

. occidentalis

|

I

. alata

t46]

[46]

£4631

[ 463

[463

(463

£4el

£46)

L46]
{461

£463]

£463

[46.4

(4613

{461



; 1,3.8-Tr thydroxy-6- OH
me2thoxy—-2-methyl-
anthraguinone

1.8-Dihydroxy-3,6-di- OH
nethoxy-2-methyl-7-vinyl-
anthraguinone
1,3-Dihvydroxy-6,8-di- OR

zethoxy~-2-methyl-
anthraguinone

- 2,.7-Dihydroxyenod:in
8-methyl ether OH

2.7-Dihydroxyenodin OH
6,8~ dimethyl ether
2

.7-Dihydroxyenodin OH
7.8-digethyl ether

. 1-De-0-rpethylchryso~- OH
ohtusin

1-De~0O-nethyl-obtusin OH

1-De-0O~methylaurantio~- OH
obtusin

1,3,5-Trihydroxy-56,7~- OH
2imethoxy-c-methyl-
anthraguinone

trimethoxy-2-methyl-
anthraacuinaone

He

Me

Me

OH

OH

OH

OH

OH

OH

Me -

Me

OH

OHe

OH

e

Me

Me

Me

He

Me

OH

OHMe

H

OH

ON¥e

OMe

OMe

OH

OMe

oH

OHle

OH

Okte

CH =CHZ

oH
OH

OMe
OFre

OMe

OMe

Quo

OMe

OH

OMe

OMe

OMe

C.cmmhe=s

C.‘mnitijugg

Melanorvylon braunia

c.

sorrara

C.30nr~ra

S Pt

vC.ohtusifolin

i

|2

obtucsifglia
obtugsifolia

tora

renigera

{4631

R

{463

L46l

[493

{5031

£4&]

L4613

fa&l

[46]

£49]



36

37

38

39

a0

42
43
44

1,2-Dihydroxy-5,7-8~ OH
trigmethoxy-Z-methyl
anthraguinone

1,3,5%,8-Tetrahydroxy- OH
&6,7-dinethoxy—~2-nethyl
anthraguinone

Sopheranin OH
Fallacinci OH
Parietinic acid OH
Parietinic acid ester OR
Natazloe—enodin OH
Rhein methyl ester 0] -1

1,3,6.7.8-Pentahydroxy—~ CH
f-methoxy-2-aethyl-
anthraguinone

Me

Me

Me

e i il o s =

OH

OH

CH

CH,OH

_COOH

CoOHe

Me
COoOMe
OH

{OMe

OMe

b G+ oS + S

bo oS e

OMe

OH
OMe
OMe

OMe

CH

OMe

OMe

CH=CH,

OH

- CH

OMe

CH

OH
OMe
OH
OH
OH

OH
OH

C.sophera

L

'U)

|2

|alnfn

renigera

. ophera

didymobotry

didymobotry:

didvmobotrv:

longeracegos
didymobotrva

javanica



21X Z2Anthrones ¢of the Leguminosae

Name

g!

Zhrysophanol-9S-anthrone OH

“hyscion—-S~-anthrone

OH

Structure

R o2
B H
H "

sSource

CH C. sianea

OH C. torosa

kRef.

£15]

463



Appendix 3 Pre-anthragquinoses of the Leguminosase

No

47

45

50

Name

Torosachrysone

Sermi toroscne

Methyligermitorosone

Bermichrysone

Structura

Me

Me

Source

. torosa,

C. didymodbotrva,
L. Ssingusans

C. torosa

£. terosa

. torosa

Re+.

£483
£iz23
L3523
L9541
£551

551



Appendix'A Anthranoid dimers of the Leguminosae

No

=}

52

53

85
56
87
58
59
50

51

Cassiamin O (2,2 —-bichrysophanol)

Cassiamin & (2,2°~-Chrysophanol-

D H DB

gloe—emodin—10,10-bianthrane
FPalamidin I {(chrysophanol—-physcion—
lO,iO'mbianthrone)

h Do

Cassiamin B (2,2 '-biembdin)
Chrysophanol-1¢ .10 ~bianthrone

Siamianin {4,483 '~bichrysocphanol)

500D

Chrysophanal—-9,9  —bianthrone

Rhein—9,9 ~bianthrone

Fhlegmacines AE and BE (7,10 -bitorosa~-
chrysgne)

Anhvdrophlegmacin—9,10—~guinones A

{7,100’ —physcion—torosachrysone)

Source

=1 come
occidentalis
ST oneo
oreidentalis
LETLTY

occlidentalils

Longiracenosa

sioea

. garrat it idng

oceldantal L5

garrat tiand

Cassiao spp.

L. torosa

torosa

Ret.

£561

[S6]
L1513
£133

[563
£4613
R
463
LiS]

273
127l



Appendix & (éontd.)

No

&2

53
64

B85

57

658

&g

Name

Anhydrophlegmacin B

Torosanin (7,5’-physciconanthrone—torosachrysone

2

{7,10'—physcionanthrone-

torosachrysaons)

Floribundone—1 (7,3’-biphyscion)

Floribundone—-2 (7,3’'-physcionanthrone—physcion)

Chrysophanoi-isophyscion—10,10’~bianthrone

Physcion—-10,10’~bianthrone

10—-Hydroxy-5,7 ' —{chrysophanolanthrons) -

chrysophanol

Siamiadin {4,4’—-chrysocphanoi—-emodin

Source

L. torosa

¢ toresa
& septamtrionalis

S.multiglendulosa

L. saptemirionalis

5. longiracencsco
. torosa

5. longiracemoso
=

Llongilracenosa

O, siamsaa

Ref.

[381

[383
£131]
L1432
£izgl
£i=3
L2333
£iz3
£123

L4 3



Appendix 5 Anthranolid glycosides of the Leguminosae

No

70
71
72

73

74

5

77
T8

78

MName

Aloe—-enodin-8-mono—~D-giucose

Rhein—-8-mono-D—glucose

Sennpsides A and B (Birhein-9-anthrone—-8,8"~
diglucoside)

Sennoscides C and 0 {Aloe-emodin-rhein-

bianthrone—B,B '~diglucoside)

Chrvsophanol—1—-0-f~genticbiside

Cassialin(10-hydraxy—-10-C-0O—

glucosylchrysophanol-,anthrone)
Physcion—1-0-D—glucoside

Physcion—i—gliucosylrhamnoside
Physcion—-8-gentiobiaside
Physcion—8—galactoside

Physcion—-8—-digalactoside

Desmodiun pulchel lum
C.
C.

.

Source

Caesin SPP.
L.occustifolia

Cossia SpPE. -~
C. emgustifolia

L. tora

C. gerrettiang

i
Ca=sstia sSpp .
torosa
lasvigata

loevigatea

‘Re¥.

L1533
L1537
Lis1

[15]

[463
L3571

[4&613
L4673

[a6l



Appendix 5 {(contd.)

No

a1
82

83

84

85

86

87

88

Name

S—-Hydroxideemodin—8-0-rhamnoside
1,3.5-Trihydroxy-B-methoxy-2—-methyli-
anthraguinone-2-0—-h~glucoside

1 43,8 Trihydroxy-b—methoxy-2-methyl-
anthraguinone—-3-J-rutinoside
1,3-Dihydroxy—6—,8—dimethoxy-c—-methyl—
anthraguincne—i-0—glucoside
1,2,5,8-Tetrahydroxy—6&,7-dimethoxy—2-
aethylanthrageinone-rhamnoside
1,3-dibhydroxy—&6,8-dimethoxy—2-mnethyi-
anthraquinone~1—0~rutinoside

145 ,8-Trihydroxy—6,7—dimethoxy—-2—methyl-

anthragquinone-3-U-a-L—-{-}rhamnopyranoside

i~Hydroxy-8—methoxy—-2—-methylanthragquinore-

2-0—a—L—~ (=} rhamneopyranoside

C.

Source

Javanica

alate

mul bty juga

mul tl juga

renigera

maal bl Fuga

rent gera

rentgera

-~

Re¥f.

Lae3
463

L4613

L4el

£4q&3

£4el

£433

£493



Appendix S {(conid.)

NG

84

o
a1
o2

MName

1,5-Dihydroxy—&4,7-dimethoxy-2~-methyl—
anthraguinone—3-0-L (-} rhamnoside

Physcion-E-0—o—L—xyviopyranoside

Emodin~8-0-o~L~arabinopyranoside

i.2-Dihvydroxy—S2—-mathylanthraguinone—
g—L—o—arabinopyrancside

ey

t“s

Source

Javanion

moarainata
moyEinaty

morpinata

Re+.

£S21

L4393
{593
£493
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