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A semi-aquatic plant, Polygonum glabrum willd. of the family

polygonaceae was reported in traditional medicine of Sudan as anthelmintic

and as a remedy against intestinal colics. The literature reported the isolation

and structure elucidation of the bioactive agents as being sequiterpenes.

The flavonoids of the Sudanese species were not investigated before.

The present work consisted of a phytochemical study of the leaves of

Polygonum galbrum willd. Before experimentation, a thorough authentication

of the plant was done to correct previously reported errors. In the first stages

a phytochemical screening was made which confirmed the presence of

flavonoid compounds in higher amounts than the other classes of natural

products present in the plant.

Different chromatographic techniques of isolation were assayed but the

fractionation of flavonoids was successflly done with preparative thin layer

chromatographic techniques.

Yellow crystals, namely (two compounds) were obtained in pure form

and identified as being flavonoids.

Spectral studies were performed on Infra-Red and Ultra-Violet

spectrophotometers.

The computerized Ultra-Violet spectrophotometer allowed us to obtain

complete data about the studied compounds.

Structure elucidation was attempted and the structures of the isolated

flavonoids were suggested as being Isorhamnetin and Diosmetin.

IV





Polygonaceae

1. This one - family order occupies an isolated position. It has about 40
genera and 800 species.Genera include Rheum (50 species), Rumex (about 180
species). Fagopyrum (15 species), Coccoloba (150 species.) and Polygonum.(1)

They are, herbs, shrubs, climbers or rarely trees. Leaves simple , alternate
or rarely opposite with stipules which are often dated into a membranous tabular
sheath (ocrea). flower hermaphrodite or unisexual, actinomorphic, small. Sepals
3-6, imbricate, often enlarged and becoming membranous in fruit. Petals absent.
Stamens 6-9 or rarely "more, free or united at the base. Disk annular or central.
Ovary superior, sessile 1-locular, styles 2-4 usually free, ovule solitary, basal,
fruit 3-angled or 2-sided nut.

Base of calyx accrescent and becoming nut-like or base of calyx not
accrescent..Sepals more or less equal. Stipules forming a tabular sheath (ocrea)
within the petiole, often with a long bristles at the apex.
Or inner sepals much enlarged and membranous in fruit, stipules more or less
adnate to the petioles, not bristly(2)

(1) Polygonum glabrum:

In a Zande language and the Vernacular name is a moronabiti(3).
Polygonum glabrum willd. Timsahiya (Khartoum). Arab.

Erect, glabrous, perennial, marsh herb 3-4 feet high. Leaves oblong
Lanceolate up to 8 inch long; ocreae large, membranous. Spikes dense, 2 inch
long; calyx pink, stamens 6-8; styles 2, nut lenticular, orbicular(2). The glabrous
(glabrous means there is no hair) leaves have no apparent sticky oily residue on
the surface hence it is named glabrum.

The genus polygonum includes 150 species. According to geographical
origin, the literature reports different synonyms for the plant.
Polygonum glabrum willd of Asia is similar to that of Tropical Africa and Egypt,
but the Asian species has absolutely glabrous leaves with eciliate margins. It is
absent in Europe. The genus found in Sudan is morphologically similar to that
found in India. Polygonum senegalense meisn. (syn. Polygonum glabrum willd.)
is found in Senegal; the leaves are glabrous with the limb surface exuding a
viscous yellow liquid, occasionally, young leaves having deciduous tomentous
pubescence(4) Eleven of these species are found in Kenya. They are growing in
wet areas, specially on the banks of rivers, streams, dams, and lakes, Volygonum



senegalense is represented by two forms, Polygonum senegalense forma
senegalense, distinguished by dark green leaves with a yellow sticky oily residue
covering the surface, and Polygonum senegalense forma albotomeniosum,
characterized by white hairs on the leaves.

( 2 ) Distribution of Polygonum glabrum

Nubia, Dongola province .(saikot); between Khartoum and Shendi, Blue
Nile province; (Bagras, Dinder-River), Fung province. (Jongl's Past); white Nile
province; Kordofan province; Darfur province (J. Marra; wadi Gindi, 7300 feet),
Bahr Elghazal province ( Wau in Jur)(3)

A number of species of polygonum have been reported to be poisonous
previously. Polygonum barbatum has been used as a fish* poison; both vegetative
and reproductive organs are said to have yielded hydrocyanic acid, Polygonum
pulchrum is reported as the cause of death of an African girl and has been under
suspicion in Kenya as toxic(5). and Polygonum salicifolium and Polygonum
setosulum are used for medicinal purposes by the Masai and Zulu(5) Polygonum
hydropiper L has served as a spice in Africa and Japan and has also been used
in traditional medicine. It has been found to have e.g. antimicrobial, cytotoxic
and caused antifeedant properties(6).

In Sudan Polygonum glabrum is eaten only by camels. It is used in
traditional medicine. The leaves of this plant are used to treat roundworm and
tapeworm infections, while in India are used for colic pain(7).

1.2 The flavonoids:-

The flavonoids are the largest group of naturally occurring phenols. They
are recognized by their hydrophilic nature and by their common origin from
shikimic acid.(8)

COOH



Flavonoids are C15 compounds (Exclusive of O-alkyl groups and secondary
substitution) composed of two phenolic nuclei connected by a three-carbon unit.
Some may exhibit neutral or acidic character due to the absence of free phenolic
group or the presence of an acidic group (9).

Of the many different types of flavonoid compounds, the coumarines,
which are derivatives of a - pyrone, are known. The flavones and the
anthocyanins are sap soluble and have y - pyrone ring.(1>.

8

Benzo - >$ pyrone ( chromone)

Flavones are often yellow (Latin flavus, yellow). They are widely distributed in
nature but are more common in higher plants and in young tissues where they
occur in the cell sap.

The flavonoids which occur both in the free state and as glycosides are the
largest group of naturally occurring phenols. The sugar is glucose or rhamnose.
More than 2000 of these compounds are now known, with nearly 500 occurring
in the free state. Most are O-glycosides but a considerable number of C-
glycosides flavonoids are known. Dimeric compounds involving a 5'-8-carbon_
carbon linkage are also known (biflavonyls).

The glycosides are generally soluble in water and alcohols but insoluble in
organic solvents.

Flavonoids generally dissolve in alkalis, giving a yellow solution (phenates)
which on addition of acid becomes colourless.

The flavonoids are generally yellow compounds and the intensity of their
yellow colour increases with the number of OH groups and with increase of the
PH of the medium. Flavonoids contain a conjugated aromatic system and thus
show intense absorption bands in the ultra-violet and visible region of spectrum.

Flavonoids are present in all vascular plants but some classes are more
widely distributed than others. Flavonoids occur in all parts of the plants, the
root, heartwood, sapwood, bark, leaf, fruit and flower, and the method of
isolation depends to some extent both on the source material and the type of



flavonoid being isolated. Flavonoids occurring in the surface oils or waxes, may
be obtained simply by scraping or washing the surface with an appropriate
solvent.

The flavonoids are known for their anti-inflammatory and anti-allergic
effects, for antithrombitic and vasoprotective properties, for inhibition of tumour
promotion and as a protective for the gastric mucosa. These effects have been
attributed to the influence of flavonoids on arachidonic acid metabolism. Many
flavonoid containing plants are diuretic or antispasmodic. Some flavonoids have
antibacterial and antifungal properties.

1.2 ( I ) Chemistry and Distribution:-

The flavonoids are all structurally derived from the parent substance
flavone,(8). Which occurs as a white mealy farina on primula plants.

Flavonoids are mainly water soluble compounds. They can be extracted
with 70% ethanol and remain in the aqueous layer . Flavonoids are phenolic and
hence change in colour when treated with base or with ammonia; thus they can
be easily detected on chromatograms or solution.

Flavonoids are present in all vascular plants but some classes are more
widely distributed than others. While flavones and flavonols are universal,
isoflavones and biflavonyls are found in only few plant families. Flavonoids
occur in ferns and higher plants but not in lichens, mosses, algae, fungi, or
bacteria01}.



Table ( 1 )
Properties of the Different Flavonoid Classes

Flavonoid
class

Anthocyanins

Leucoantho-
cyanidins

Flavonols

Flavones

Glycoflavones

Biflavonyls

Chalcones and
Aurones

Flavanones

Distribution

Scarlet, red, mauve, and
blue flower pigments;
also in leaf and other
tissues.

Mainly colourless, in
heartwood and in leaves
of woody plant

Mainly colourless co-
pigments in both cyanic
and acyanic flowers,
widespread in leaves.

As Flavonols

As Flavonols.

Colourless, almost
entirely confined to the
gymnosperms

yellow flower pigments;
occasionally present in
other tissues.

Colourless, in leaf and
fruit (specially in citrus)

Characteristic Properties
-

Water soluble, visible max. 515
to 545nm, mobile in BAW
(butanol-water-acetic acid) on
paper.

Yield anthocyanidins (colour
extractable into amyl alcohol )
when tissue is heated for o.5 hr in
2MHCL.
After acid hydrobysis, bright
yellow spots in ultra- violet light
on Forestal chromatograms;
spectral max. 350 to 386 nm.

After acid hydrobysis, dull
absorbing brown spots on
Forestal chromatograms. Spectral
max. 330 to 350 nm.

Contain C-C linked sugar ;
mobile in water unlike normal
flavones.
On BAW chromatograms dull
absorbing spots of very high Rf

value.

Give red colours with ammonia
(colour-change can be observed
in situ), visible max. 370 to 410
nm.
Give intense red coluors with
Mg/HCl; occasionally an intense
bitter taste.



( 2 ) Classifcation of the flavonoids:
Preliminary classification of a flavonoid type in plant tissues is based on

the solubility properties and colour reactions(l()).



Table ( 2 )
Colour properties of Flavonoids in visible and ultra-violet light

Visible
colour

Orange
Red
Mauve

Bright
Yellow

Very pale
yelow

None

Colour in ultra-violet light

alone

Dull orange,
red or mauve

fluorescent
yellow cerise
or pink

Dark brown or
black

Brihgt yellow
or yellow-
green

Darck brown

Dark mauve

Faint blue

Dark mauve

with ammonia

blue

blue

dark brown or
black

dark red or
bright orange

Bright orange or
red

Brihgt yellow or
yellow brown

Vivid yellow-
green, dark
brown

Faint brown

Intense blue

Pale yellow or
yellow-green

Flavonoid present

A n t h o c y a n i d i n 3 -
glycosides
most anthocyanidin 3, 5-
diglycosides

6-hydroxylated
flavonoids and flavones,
some chalcone gly-
cosides.

Most chalcones

Aurones

Most f lavonol
glycosides

Most flavone glycosides
biflavonyls and
unusually substituted
flavones

Most isoflavones and
flavonels

5- deoxyisoflavones and
7 , 8 - d i h y d r o x y -
Flavanones

Flavanones and
flavanonol 7-glycosides



For convenience, flavonoids are divided into classes, depending on the
level of oxidation of the central ring. Anthocyanidines, flavones, flavonols and
flavan -3, 4 -diols, are common in nature , flavanones, chalcones, aurones and
isoflavones, have less frequent occurrence.

Isoflavone ( 3-phenyl - (j chromone)

H

Flavanone



In the basic structure a flavone with an OH group at carbon 3 is a flavonol. Wjhien
there is no double bond between C2 - C3 it is flavanone.

R

OH

Ravones apigenin R = H , R = H
3

Luteolin , R = OH , R = H

Orientin , R = OH , R = Glycosyl

OH O

Isoflavones: genistein , R = H

Orobol R = OH

HO

OH O

Flavonols Kaempferol, R = R~= H

Quercetin , R = OH , R = H

Myricetin , R = R = OH

Isorhamnetin , R = Me , R = H

HC O

Flavanones; Naringenin . R = H

Eriodictyol, R = OH



3H O

Flavanoli Dihydrokaempferol, R = H

Dihydroquercetin , R = OH

OR

AnthQcyanjdines: Delphindin , R = R = H

Petunidin , R = Me , R = H

Malvidin , R = R = Me

C ~ CH

O

AjJXOnes Sulphuretin , R = H

Aureusidin , R = OH

Chalcones: Butein, R = H

Okanin , R = OH

10



Table (3 )
Flavone derivatives

Type

Flavone

Flavone

Flavone

Flavone

Flavone

Flavonol

Fiavonone

Flavonone

Flavonol

Chalcones

Xanthone

Compound

Chrysin

Butin
•

Apigenin

Luteolin

Fisetin

Quercetol

Eriedictyol

Liquiritigenin

Kaempferol

Unstable
isomer, of
flavonones.
Gentisin

Nature

Dihydroxy,5,7

Trihydroxy7,3 ,4~

Trihydroxy 5,7,4"

Tetrahyrdroxy
5,7,3-,4-
Tetrahyrdroxy
3,7,3-,4"
Pentahydroxy
3,5,7,3-,4".
Tetrahydroxy3,5,7
,4.
Dihydroxy 7,4 .

Tetrahydroxy
3,5,7,4".

1,7, Dihydroxy-
3methoxy

Occurrance

Heartwood of populus
and primus
Butea monosperma seeds
(Antifertility activity)
Parsley

Reseda Luteola

Yellow cedarwood and
dyestuff sumac.
As glycoside rutin q.v.

Yerba santa
(Hydrophyllaceae).
Liquorice.

Senna.

Family Rutaceae and
liquorice

Gentiana and Swertia
species

Three groups of flavonoids are of particular interest in plant physiology. These
are the anthocyanins, the flavonols and the flavones.

( a) The anthocyanins

The anthocyanins are the most important and widespread group of
colouring matters in plants. These intensely coloured water soluble pigments are

l l



responsible for nearly all the pink, scarlet, red, mauve, violet and blue colours in
the petals, leaves and fruit of higher plants.

The anthocyanins are all based chemically on a single aromatic structure,
that of cyanidin, and all are derived from this pigment by addition or subtraction
of hydroxyl group or by methylation or by glycosylation.(12)

-oH

OH OH

)H

Cyanidin (Athocyanidin)

Anthocyanins are structurally related to flavonols by reducing quercetin to
cyamdin.(11).

( b ) The flavonols

Flavonols are very widely distributed in plants, both as co-pigments to
anthocyanins in petals and also in leaves of higher plants. They occur most
frquently bound to sugar as glycosides (i.e aglycone with a sugar moiety). The
suger is either glucose or rhamnose or the combination of the two. A flavonoid
aglycone may occur in a single plant in several glycosidic combinations.(8).

Over a hundred flavonol aglycones known only three are of common
occurrence ; kaempferol, quercetin and myricetin. The other known flavonols are
mostly simple structural variants of the common flavonols and are of limited
natural occurrance. These three flavonols corresponding in hydroxylation pattern
to the anthocyanidins pelargonidin, cyanidin and delphinidin respectively. These
can be separeated on paper chromatography.

There is a number of quercetin O-methylated derivatives, the 3'-
methylether (isorhamnetin) and the 5-methylether- (azaleatin). Addition of a
hydroxyl in the 8-position to the structure of quercetin gives gossypetin, one of
the few flavonols which are pigments in their own right, providing yellow flower
colour in the pirmose, and in cotton plant.(13)

There is a considerable range of flavonol glycosides present in plants.Over
seventy different glycosides of quercetin alone have been described. The

12



commonest one is quercetin 3-rutinoside, known as rutin, which is of
pharmaceutical interest in relation to the treatment of capillary fragility in man.

13



Table(4)
Properties of Common Flavonoids and Flavones

Flavonoid

Kaempferol

Quercetin

Myricetin

Isorhamnetin

Gossypetin

Azaleatin

Apigenin

Luteolin

Chrysoeriol

Tricin

RfX(100)In

Forestal

55

4 1 •

28

53

26

49

83

66

77

72

BAW

83

64

48

74

31

48

89

78

82

73

Phenol

58

29

13

66

12

50

88

66

90

87

Colour in
UVand
UVplus
Ammonia

Bright
yellow

Dull black

Fluorescent
yellow

Dull ochre
Bright

yellow or
yellow
green

Spectral
maximum in
Ethanol
(nm)

268,368

255,374

256,378

254,369

262,278
341,368

254,369

269,336

255,268,350

252,269,350

248,269,355

Shift
with
sodium
borate

0

+

+

+

+

+

0

+

0

0

Water

Vitexin

Isovitexin

Orientin

Iso-orientin

Kayaflavone

06

16

02

09

00

42

56

31

41

98

63

79

43

50

99

Dull ochre
-Bright

Yellow or
yellow-
green

Dull brown

269,336

269,336

255,268,350

255,268,350

269,336

0

0

+

0

Solvent key: Forestal= conc-HCl-HOAc-H2O (3:30:10);
BAW= n-BuOH-HOAc-H2O; PhOH= PhOH-H2O (3:1)

14



The flavones:

Flavones differ from flavonols in lacking a 3- hydroxy substitution; this
affects their UV absorption, chromatographic mobility and colour reactions.
There are only two common flavones apigenin and luteolin, corresponding in
hydroxylation pattern to kaempferol and quercetin. The flavone tricetin
corresponding to myricetin is known but it is of very rare occurrrence. More
common are two methyl ethers:
Chrysoeriol, the 3'-methyl ether of luteolin, and tricin, the 3',5'-dimethyl ether of
tricetin (13).

Flavones occur as glycosides but the range of different glycosides is less than
in the case of the flavonols.A common type is the 7-glycoside, luteolin.

7glucoside. Flavones may be with sugar bound by a carbon - carbon bond. One
example is, the 8 - C- glycoside of luteolin, the orientin,. The carbon - carbon
bond is very resistant to acid hydrolysis. So we can distinguish them from the
easily hydrolysed O - glycosides - Dimeric compounds formed of two flavones
(usually apigenin) are also formed by carbon - carbon or carbon - oxygen
coupling. Most of them also carry O - methyl substituents, a typical example
being kayaflavone. Biflavonyls occur almost exclusively in the gymnosperms, but
they have been found occasionally in angiosprms.

OMe

OMe

Luteolin 7 - gluceside , R = GLC , R = H
l X

Orientin , R = H , R = GLC
I -X.

OH

Kayaflavone

15



R HO

O O

Apigenin , R = H

Luteolin , R = OH

Tricetin , R = H

Tricin , R = Me

Chrysoerio!, R = OMe

Most of the flavones and flovonols are yellowish or ivory - coloured pigment
and like the anthocyanins, they often contribute to the colour of flowers. Even
those flavones and flavonals that are not coloured nevertheless absorb ultraviolet
wavelength and therefore affects the spectrum of radiation visible to bees or other
insects that are attracted to flowers containing them. These molecules are also
widely distributed in leaves, specially in the chloroplast, where they are
apparently synthesized. They apparently function there as feeding deterrents and,
since they absorb ultraviolet radiation, they also could protect the plant against
ultra-violet rays(13).

1.3. Minor Flavonoids, Xanthones and Stilbenes
(1) Chemistry and Distribution:-

The chalcones, aurones, flavanones, dihydrochalcones, and isoflavones
known as the "minor flavonoids", because these classes are of limited natural
distribution . Occurrence is either sporadic (e. g. The flavanones) or limited to a
very few plant groups (e. g. Isoflavones to the leguminosae and Iridaceae)(13)..

Chalcones and aurones known as the "anthochlors" are yellow pigments which
can be detected by a change to orange or red colour when a yellow petal is fumed
with the alkaline vapour of cigarette or with a vial of ammonia. These compounds
occur characteristically in the compositae (specially in coreopopsis), but they
have also been recorded in over ten other families. A typical chalcone is butein
and a common aurone is aureusidin, both occur as glycosides.

Dihydrochalcones have a different distribution pattern from chalcones, being
mainly confirmed to the Rosaceae and Ericaceae. The dihydrochalcone
phloridzin, isolated from the apple, is associated with disease resistance in this
plant. The chalcones give intense deep brown UV colours when chromatographed

16



on paper, on fuming the paper with ammonia, the colour may change to rich deep
red, although a few chalcones fail to respond in this way. Chalcones aglycones
can be distinguished from their glycosides, since only the latter pigments are
mobile on paper in water(13).

(a) Aurones:
These like chalcones, appear on paper chromatogrm as yellow spots in day

light .hi the UV, they are very different; their colour is an intense bright yellow,
changing with ammonia to a bright orange - red(l3).

(b) Flavanones:
Are isomeric with chalcones and the two classes are interconvertible in vitro.

Chalcones are frequently found in nature together with the flavanones analogues,
but the converse is not always true. e. g. Flavanones, accumulate in quantity in
citrus fruits without being accompanied by chalcones. Some flavanones have
important taste properties, e. g naringin of the Seville orange is very bitter. They
are colourless , detected by UV light.

Some flavanones give bright yellow - green or light blue colours on paper,
when examined in UV light with the help of ammonia vapour.

(c)Isoflavones:
Isoflavones, of which over sixty are known, are isomeric with the flavones but

of much less occurrence. They occur almost entirely in one sub-family (the
lotoideae) of the leguminasae. Isoflavonoids can be divided into three classes
depending on their physiolgical properties. Compounds such as 7,4'-dihydroxyis-
flavone (daizein), and 5,7,4~- trihydroxyisoflavone( genistein) which are weak
natural estrogens are prpesent in clover. Complex isoflavones such as rotenone
are powerful natural insecticides (13).

Isoflavones are difficult to characterize, since they do not respond specilly
to any one colour reaction. Some isoflavones (e.g- daizein) give a brilliant light
blue
colour in UV light in the presence of ammonia, but most others (e. g - genistein)
appear as dull purple absorbing spots, changing to dull brown with ammonia.
Isoflavone identifications can be confirmed by spectral measurements.
(d) Xanthones:

Xanthones are yellow phenolic pigments, similar in colour reactions and
chramatographic mobility to flavonoids, but chemically are different and they are
distinguished from them by their characteristic spectral properties.

17



Four botonical families in which xanthones are found: The Guttiferae,
Gentianaceae, Moraceae and polygonaceae. Mangiferin xanthone is C-
glycosylated and is widespread, occurring in ferns as well as in higher plants and
it is water soluble. Xanthones can be detected on UV light with or without
ammonia or by using a general "phenolic" spray.(13).

(e) Hydroxystilbenes:
They are biogenetically related to the chalcones but have one less carbon

atom in the basic skelton, which is C6 - C2 -C6 . They are heartwood constituents
in relatively few plants. A dihydrostilbene carboxylic acid is an important growth
inhibitor in liveworts and algae. In these plants lunularic acid replaces the
sesquiterpene abscisic acid, which functions as the major dormancy hormone in
all other plant groups.

Stilbenes show intense blue fluorescence in UV light.(13).

18



Table ( 5 )
Properties of MinorFlavonoids(n)

Compound and
class

Chalcones
Isoliquiritigenin
Butein
Isoliquiritigenin
4'-glucoside
Isosalipurposide

Aurones
Sulphuretin
Auresusidin
Auresusidin4-
glucoside
Auresusidin6-
glucoside

Flavanones
Naringenin
Hesperitin
Hesperidin
Naringin
Dihydroquercetin

Dihydrochalcon
Phloridzin
Isoflavones
Daidzein
Genistein
Xanthone
Mangiferin

Rf(xlOO)
BAWwater phenol

89 00 90"
78 00 66
61 06 .80

i

67 04 36
30%

HoAc
80 19 701
57 10 29J
49 25 45

28 16 35

water
89 66 161
89 67 111
48 85 501
59 87 621
78 67 28

75 73 30
water TLC*

92 08 361
94 04 41)

45 12

Colours in
UV plus
ammonia

dark
brown
deep
red

bright yellow

orange

red

faint purple

light yellow-
green
faint pruple

faint yellow

see text

apricot-*
yellow-green

Spectral max. in
Ethanol

235,372
263,382
240,372

240,369

275,279,399
254,269,399
255,267,405

272,322,405

224,290,325
226,288,360
225,286,330
226,284,330
228,289,325

224,285,315t

250,260,302
263,325t

224,258,316,364

Alkaline
+k

+70
unstable
+53 ,

+72

+65
unstable
+45

+85

+37
+40
+77
+143
+25

+41

+30
+10

*TLC on silica gel in 11% methanol in chloroform.,t Inflection
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HOX

Chalcone: Butein

HON / /

OH

Aurone: Aureusidin

-oH

OH
CH
I *
CH

c-
GLC-O O

Dihydrochalcone: Phloridan

Rha- O - GLC-Q

OH

Flavanone : Naringin

Isoflavonee : Daidzein ( R = H )

Genlstein ( R = OH )

OMe

Isoflavonoid: Rotenone
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o

GLC

Coumestan : Pisatin Xanthone : Mangiferin

OH

Dihydrostilbene : Lunularic acid

1.4 Synthesis of Flavonoids

Theoretically, there are at least four ways of forming the C6 - Q -Q
flavonoid skeleton from simple starting materials, but actually there are two
methods used in the laboratory:
(I) Condensation of a C6 C2 unit (2-hydroxyacetophenone) with a C6 C, unit

(aromatic aldehyde)

Scheme A

c + c

8

3

: c

(2) Acylation of phenols ( C6 unit) with a cinnamic acid derivative or its
equivelent (C6 C3 unit).
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+ c-

Also many flavonoids can be prepared by modifying existing C15

structures by oxidation, reduction, isomerization, partial O- and C- alkylation,
dealkylation, selective glycosylation or partial hydrolysis.(14)

Synthesis of Acetophenones:
The acetophenones are prepared by the acetylation of phloroglucinol,

pyrogallol or resorcinol by Friedel-Craft reaction, or with acetonitrile, co-
methoxy- or oo-benzoyloxy- acetophenones by Houben and Hoch reaction. Prior
to acylation, additional hydroxyl groups can be introduced into the nucleus by
oxidation with nitric acid e.g 1 or via nitration. In the acetophenone series,
hydroxylation is only possible in the position para to the existing 2- OH group.
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OH OBz

OH OBz y \ OBz
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BzO
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OMe

BzO
OBz

OMe

OMe

BzO
OH

OMe

OMe

BzO

Bz = Benzyl

OMe

BzO

BzO

OH
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1.4.1. Chalcones and dihydrochalcones

The chalcones are important intermediates in the synthesis of flavonoids
by scheme A, they are obtained by the acid or base-catalysed aldol condensation
of 2-hydroxyacetophonones with substituted benzaldehydes. Since the cyclization
of chalcones to flavanones is favoured by acid, the acid -catalyzed reaction
results in the formation of pairs of chalcone-flavanone isomers, or even of
flavanones alone. The formation of a flavanone is inhibited by the presence of a
free OH- group at position 4 of the chalcone.

The preparation of chalcones according to scheme B is of less practical
importance. Methoxylated chalcones can be obtained from the isomeric
flavanones by ring opening in alcoholic potassium hydroxide and precipitation in
cold with dilute acid. In the synthesis of of chalcones, the trans isomers are
always produced. These can be converted to the cis isomers by UV irradiation.

The hitherto little known dihydrochalcones are obtained by condensation
of phenols with alkylated dihydrocinnamic acid derivatives, or from the chalcones
or flavanones by zinc/glacial acetic acid, or palladium/charcoal-catalysed
hydrogenolysis.(14)

1.4.2 Flavanones:

The flavanones, which are isomeric with the chalcones, are obtained from
the latter by acid- or alkali catalyzed ring closure. Preparation of flavanones by
the reduction of flavones has no practical importance. Ring closure is favoured
by an OH group in position 6' of the chalcone and by the presence of a
phloroglucinol structure. Flavanones substituted in position 8 can only be
prepared with difficulty from the isomeric chalcones. The preparation of 8-
methoxy and 8- hydroxy flavanone requires the addition of 25% alcoholic
hydrogen chloride. Chalcone O- glucosides are isomerized under mild reaction
conditions.

Debenzylation and partial demethylation may be achieved during the
cyclization process, e.g in the conversion of 2'- hydroxy - 3,4' 6'- trimethoxy- 4-
benzyloxy chalcone (1) , or 2'-hydroxy-4,4',6'-trimethoxy -3- benzyloxy chalcone
(2) into (±) -7,3' - , or 7,4' - di -0- methyleriodictyol (3). (4) respectively, with
hydrobromic acid in glacial acetic acid.
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MeO

Me'

( 1 ) R'= Bz ; R = Me

( 2 ) R = Me , R = Bz

( 3) R(= H ; R = Me

(4 ) R = Me , R = H
I X

The C- methyl flavanones, strobopinin (7) and cryptostrobin (8) are
synthesized in one step by the condensation of 2- hydroxy -4,6- dibenzyloxy 3-
methyl acetophenone (5),or 2,4- dihydroxy-6-methoxy-5-methylacetophenone(6)
with benzaldehyde in ethanolic potassium hydroxide, followed by cleavage of the
protecting groups.

OR

( 5 ) R = Me , R = H , R = R = B

(6)R = H ,R~=Me , I? = HV, R = Me

OH

( 7 ) R = Me , R = H Strobopinin

(8 ) R = H , R = Me Cryptostrobin

1.4.3.FIavones:

Flavones can be synthesized from chalcone, or from flavanones or they can
be synthesized from simpler percursors by the condensation methods of Baker
and Venkataraman or Allan and Robinson.

Allan - Robinson condensation:
In which flavones are obtained in one step by the condensation of an o-

hydroxyacetophonone with the anhydride of an aromatic acid in the presence of
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the salt of the same acid, or in the presence of trimethylamine or pyridine as a
catalyst at oil bath temperature. Partially or competely alkylated flavones in the
side phenyl can be prepared by melting together phloroglucinol and benzyloxy-
or methoxy-benzoyacetic acid ethyl esters, e.g the preparation of the 7',4',
dibenzyl ether of luteolin, the 41 - O - monobenzyl ether of apigenin and
corymbosin(14).

OMe

HCk OH

OMe

OMe

OMe

MeO OMe

OMe

OH O

Corymbosin

1.4.4. 3- hydroxy flavones (flavonols) and 3- methoxy flavones:

The most frequently used methods are the oxidative conversion of 2-
hydroxychalcones into flavonols according to Algar and Flynn and Oyamada
(AFO reaction) and the Allan - Robinson method, which is used primarily for the
synthesis of 3- methoxy flavones (14).

AFO Reaction:

A 21- hydroxychalcone is oxidized in one step to the corresponding
flavonol with H2O2 in alkaline medium. The AFO reactions proceed via a
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chalcone epoxide and a trans-2,3- dihydroflavonol. Depending on the substitution
of the chalcone and the reaction conditions, this reaction can also result in the
formation of benzal- coumaranones (aurones) as well as 2- benzyl- 2-hydroxy-
di-hydrobenzofuran- 3-ones and 2- arylbenzofuran- 3-carboxylic acids, either as
the main products or as by products. The chalcones with an OH- group in
position 2 or 4 and lacking a 6'- methoxy group yield primarily flavonols, where
as chalcones with 6'- methoxy group and lacking a 2- or 4- OH group are also
able to form aurones in addition to flavonols. The formation of aurones is
favoured by oxidation in the cold, where as high temperatures favour the
production of flavonols.

The best yields of flavonols are obtained by a modification of the AFO
method. The polyhydroxy chalcone, completely protected except for the 2- OH
group, are oxidized for upto fifteen minutes, with a solution containing 5-30%
H2O2 and 10-20% sodium hydroxide, or the corresponding amount of sodium
peroxide. The preferential formation of aurones is avoided, if the AFO oxidation
is carried out on 2'- hydroxa- x- methoxychalcones. The best yields are then
obtained by performing the reaction in the cold for a period of 12-48 hours. If
there is a methoxy group at position 6', the main product is a 2-(a-hydroxybenzyl)
-2- methoxy coumaran -3-one), where as the same chalcones lacking a
subistituent at position 6' yield the flavonol.(14).

Also oxidation of hydroxy-chalcone. Chalcones (cinnamoyl benzenes) are
readily prepared by aldol condensations. They are easily isomerized to flavanones
which can be dehydrogenated or nitrosated to yield flavones or flavonols.
Alternatively, the chalcone epoxide may, in suitably substituted cases, undergo
intramolecular ring-opening to the 3-hydroxyflavanone which can be oxidized to
the flavonol.

This synthetic approach closely resembles the biosynthetic route as shown
below(14).
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A hydroxy-chalcone

HO
x 2

Ar

RONO, Base

O H

H+, HO

O H O H

A 3 - hydroxyflavanone

28



1.4.5 AURONES:

They are prepared by the condensation of coumaran-3-ones with aromatic
aldehydes (Farkas and Pallos, 1967). ,using alkali or hydrochloric acid as
condensing agent and these fails with 4,6- dihydroxy coumaran-3-ones
(phloroglucinol) type. The acids can be used when the components have sugars
attached to them. The general applied method is the condensation in boiling acetic
anhdride without the use of a catalyst, and it has an advantage of giving the
catalyst directly except for leptosin which was prepared by coubling the 6-
hydroxy-3'-4'- dibenzoyloxy aurone with acetobromoglucose. The natural aurone
glycosides have been synthesized by the condensation of the appropriately
glucosylated components in acetic anhydride.

GLC-0

OH

AcO

Ac GLc - O

OAc

OAc

C — C

H

Maritimein - heptaacetate

GLC means glucose attached through O - ester bond.
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1.4.6. Isoflavones:

Methods for the preparation of isoflavones are often served as key
intermediates in the synthesis of isoflavanones, isoflavones and pterocarpans. The
3-phenyl benzopyrone ring system of isoflavones can either be formed from C^
or C15 compound by ring closure of phenylbenzyl ketones and oxidative
transformations of chalcone or by joining C7 and Q units as in the enamine
acylation method. The ring closure of phenylbenzyl ketones is preferred.

o

CH ( OEt

Zn

HCONMe

POCL

HCO Et '

Na

The conversion of chalcones to isoflavone with acid (H ) or lewis acid
catalysed rearrangement of 2'-benzyloxychalcone epoxides. In the synthesis of
formononetin we have the migration of the benzyloxy group and ring closure to
isoflavone.
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OH CHO

OMe

H

OMe

Fomnononetin

The presence of an electron releasing group in an ortho- or para- position
of the non-migrating phenyl ring is necessary in order to obtain isoflavones.
Isoflavones with a phloroglucinol type oxygenation patterns can not be obtained
by this method.

Oxidation and rearrangement of chalcones takes place simultaneously
when 2-benzyloxychalcones are treated with thallium (III) acetate in bioling
methanol.

1.4.7. Homoisoflavanones:-

They are prepared by condensation of chroman-4-ones with aldehydes. The
use of strong alkali or of hydrochloric acid in acetic acid are useful for the
preparation of fully alkylated derivatives of the natural products. The natural
homoisoflavanones such as 4-o-methylpunctatin can be prepared by using boiling
acetic anhydride as condensing agent.

1.5. Flavonoids of polygonum origin:

Antioxidative flavonoids and a flavonoid glucoside were isolated from the
leaves of Polygonum hydropiper, a culinary herb.

The flavonoids were identified as 7,4'-dimethyl quercetin,3'-methyl-
quercetin and quercetin, and the flavonoid glucoside was isoquercitrin. The
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antioxidant activities measured by a ferric thiocyanate method was isoquercitrin
>7,4'-dimethyl qiiercetin>quercetin>3'-methyl quercetin (15)

Quercetin-3-me ether, quercetin -3-glucose, quercitin-3-rutinoside,
kaempferol-3-me ether, kaempferol-3-glucoside, chrysine,|3-sitosterol, P-
hydroxybenzoic acid, vanillic acid, gallic acid, and protocatechuic acid were
isolated from Polygonum cognatum.(16)

Several flavonoids were isolated from the leaves of Polygonum filiforme
neofiliforme, Polygonum fluccidum, Polygonum blumei, Polygonum
yokusainum, and Polygonum senticosum Their structrues were identified as
myricetin 3- rhamnoside, quercetin 3- (2-O galloyl-rhamnoside, isorhamnetin,
quercetin 3- rhamonside, kaempferol 3- glucoside, isorhamnetin, qurectin, and
apigenin 7- (glucuronide 6- methyl ester.(17)

Nine highly oxygenated flavonoids, having eight oxygen functional groups,
at C-3,3',4',5,5',6,7 and 8 were isolated from Polygonum orientale..

Seven of these compounds were reported to be new and their strucures
were determined on the basis of spectral evidence as 3,3',5,6,7,8- hexamethoxy-
4', 5-methylene dioxy-, -5- hydroxy -3,3' ~ 6,7,8- penta -methoxy-4', 3'-
methylene- dioxy-3'-hydroxy- 3,4',5,5' ~ 6,7,8- heptamethoxy- 3,3',5,8-
tetramethoxy-4',5',6,7-bis (methylene - dioxyl - ,3' hydroxy - 3,4',5,5,8 and
3',5,dihydroxy- 3,4',5,5',8 tetramethoxy- 6,7- methylene- dioxyflavone.(18)

Four known flavonoids were reported from Polygonum sieboldi and
Polygonum filiforme, with a new flavonoid glycoside from Polygonum filiforme.
The structure of the new compound was determined as quercetin 3-rhamonside
2"- gallate (1) by chemical and spectroscopic data.(19).

Powdered leaves of Polygonum tomentosum were extracted with hot
ethanol and the residual mass after ethanol evaporation was refluxed with
petrolium ether for defatting, then extrated with acetone. In the concentrated
ethanol extract of the acetone extract two compounds were found, one was
identified as quercetin and the other as rhamnetin. The residual acetone extract
contained two flavonoids, identified as quercitrin and rutin (20).

Four flavonoids were found in aerial parts of Polygonum officinale. Two
of them were identified as quercetin glycosides and the others as kaempferol
glycosides. Sugar components were glucose and rhamnose for the first flavonoid,
rhamnose for the second, glucose for the third and glucose and rhamnose for the
fourth(21).

The following compounds were identified in Polygonum convolvulus,:
volatile oils, proazulenes, coumarinic derivatives, flavones, catechuic tannin,
other flavonic and anthracenic derivatives, rutinoside, and frangula emodin. From
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the leaves and flowers quercetol, kaempferol, hyperoside, quercitoside,
avicularoside and rutinoside were chromatographically seperated (22).

The petroleum ether extraction of seeds of Polygonum persicaria yielded
5,7-dihydroxy-chromone, quercetin 3- galactoside, kaempferol 3-gaIactoside,
quercetin, kaempferol and sistosterol(23).

Quercetin, avicularin, quercitrin, hyperin, and two other unidentified
quercetin flavonoids were found both in leaves and flowers of Polygonum
coriarium (24).

Extract of Polygonum acre showed antiheamorrhagic effect.
The following compounds were isolated from the plant: quercetin,

isorhamnentin, kaempferol, and four monoglycosides of these aglycones and the
following acids: p- hydroxybenzoic, protocatechuic, gallic, vanillic, p-
hydroxycinnamic, oxalic, and tartaric. The tannin content was 5.5%.(25)

From a methanolic extract of Polygonum coriarium leaves, three
flavonoids were obtained by adsorption chromotogrphy. Data obtained after alkyl
destruction, reduction, acid hydrolysis, spectral study in the UV range by using
ionizing and complex formation reagents, and IR spectra indicated the presence
of quercetin, m.p312°, Rf 0.07 in 15% AcOH, avicularin (quercetin 3-a-L-
arabinofuranoside), m.p.216-17°, (a) D22-172-5 (0.68, MeoH), RfO.46, quercitrin
(quercetin 3-a-L-rhamnofuranoside), m.p. 183-5°,(a) D22-160-6° (0.74, MeoH)
RfO.6.(26)

Quercetin 0.05, isoquercetin 0.11, and hyperoside 0.03% were isolated
from Polygonum persicaria leaves. Paper chromatography was used for
seperation, and standard chemical and spectroscopic methods were used for
identification and quantitative estimation of the compounds.(27)

Polygonum alpinum contained myricetin (I) quercetin (II) and kaempferol
(HI) in the leaves and blossoms, (II) and (III) in the blades, and no aglycons in the
roots. Most flavonoids occured during the long blossoming period. Paper
chromatography in iso- PrOH- HCO2H-H2O (2:5:5) and n-BuOH-AcOH-
H2O(40:12:28) disclosed the presence of 8 glycosides containing I , II and III(28).

Fresh pant (2kg) of Polygonum thunbergv, was extracted twice without
application of heat with 4L. each of methanol, the extract concentrated to 300 cc.
and extracted with ether, the residue left for five days gave 27g. of persicarin (1)
(k salt of isorhamnetin 3-sulphate)(28).

Four flavonoids were isolated from the leaves of Polygonum senegalense
growing in Egypt. They were identified as luteolin, quercetin, luteolin-7-O-
glucoside, and quercetin-3-O-galactoside(30).

The polyphenols of stem and seeds (admixed with flowers) of Polygonum
glabrum of India were identified as vanillic, syrngic, p-hydroxybenzoic,
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protocatchuic, gallic, cis and trans p-coumaric acid; kaempferol and quercetin.
Hyperin was also identified(7).
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1.6. Scope of the present Investigation:

The wide distribution of flavonoids in the plant kingdom and their use in

modem medicine stimulates the present investigation.

The objective of the present work was to perform a phytochemical study

of the leaves of Polygonum glabrum willd, used in traditional medicine in Sudan.

The subject matter of the work included the following:

1- A botonical study of the leaves of Polygonum glabrum willd, so as to

authenticate the plant material.

Some previous studies were reported on other species of polygonum with

confusing results, since the genus polygonum in Sudan contains very similar

species.

Previous studies in some Sudanese Research Institutes were done on

samples plant, but different species.

The leaves were collected during the non flowering season where the

biosynthesis of the plant constituents seems to be incomplete; these authers

reported the absence of the compounds we were able to isolate from samples

collected during the flowering seasons.

Some literature reports were done on wrongly authenticated plant material;

the polygonum species found in Sudan are very similar. Confusion could be with

the species Polygonum hydropiper or Polygonum avicularim.

The criterion used to do the correct authentication, was the observation that

hairs in the ocrea of Polygonum glbrum species are always absent.

2- A systematic phytochemical study of the dried leaves including preliminary

screening, solvent, chromatographic fractions and characterization of the different

fractions were done on the fractions containing flavonoids.
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MATERIALS AND METHODS

2.1.1. Solvents and chemicals:

Ammonia solution 25%, Aluminium chloride, Benzene (crystalizable) 99%,
Ethanol 95%, Ethyl acetate99.5%, Potassium hydroxide 85%, Sodium metal
Analar and Vanallin Analar were obtained from, British Drug House (BDH),
England.

Sulphuric acid 98%, Acetone 99%, Chloroform 99.4%, Petroleum ether
60-80 C, Methanol 99.8%, and Boric acid were obtained from Riedal Haen.
Iodin 99.8% and Sodium hydroxide solution 32% were obtained from Hopkin

and Williams, England.
Hydrochloric acid (concentrated) 98% was obtained from Merck, West

Germany.
Ferric chloride 99% and normal Hexane 98% were obtained from Vikers

laboratory, England.

2.1.2 Spectrophotometeric apparatus:
The ultra-violet and visible spectra were recorded on a perken elmer;

Model: perken elmer Lambda 9 UV/Visible/ Near infra-red spectrophotometer.
Ordinate mode: Absorbance (ABS)
wave maximum: 3200nm
wave minimum: 185
Abscissa accuracy: ±0.2nm (UV/vis range)

±0.8nm (NIR range)
Abscissa repeatibility: ±0.05nm (UV/vis range)

±0.2nm (NIR range)

The infra-red spectra were recorded on a perken elemer,
Model: 157 specification (2)
Pellets: KBr pellets
Scan times: Approximately one and five minutes for the full wavelength range.

2.1.3. Preparation of plant material
Samples were obtained on the River Nile Banks in Khartoum Province,

near the Faculty of Science, University of Khartoum where the plant grows partly
covered with water in alluvial soil. Several collections of leaves were done during
and after the long period flowering season from December 1993 until August
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when the plant is totally immersed in water. The material was authenticated.(3I)

The leaves were shade dried and finely powdered.

2.2.1 Phytochemical screening
2.2.1. (1) Test for Flavonoids:

The prepared plant material (50.0gm) was macerated with 95% ethanol
(250ml) for 24hours and then percolated dropwise till the colour of the extract
faded. It was then evaporated to dryness on a water-bath, cooled and the residue
was defatted by extractions with successive portions of petroleum ether.

The defatted residue was redissolved in 95% ethanol (30.0ml) and filtered.
The filterate was used for the following tests:
(a) To the filterate (3.0ml) in a test tube was added Aluminium chloride solution
(5%) (1.0ml). The formation of a yellow colour indicates the presence of
flavonols, flavones and/or chalcones.
(b) To the filterate (3.0ml) was added potassium hydroxide (5%) (1,0ml), a dark
yellow colour indicates the presence of flavonoid compound.
© To the filterate (3.0ml) were added concentrated hydrochloric acid (0.5ml) and
few Magnesium turnings. Production of a red colour which changes to pink is
taken as an evidence that flavonoids are present (Shinoda's test),
(d) To the filterate (3.0ml) were added concentrated hydrochloric acid (0.5ml)
and few drops of amyl alcohol and shaken, production of a red colour indicates
the presence of flavonoids glycosides.

2.2.1 .(2) Test for Tannins
The prepared plant material (2.5gm) were boiled with water (50.0ml) for

five minutes, filtered and then evaporated to dryness. The residue was extracted
several times with normal hexane and filtered. The insoluble residue was stirred
with hot saline (10.0ml) (0.9% W/V of Sodium chloride in freshly prepared
water). The mixture was cooled, filtered and the volume of filterate was adjusted
to 10ml with more saline solution. To this solution (5.0ml), few drops of ferric
chloride test reagent were added. The formation of blue-black or green colours
indicates the presence of tannins.

2.2.1.(3) Test for Saponins
Distilled water (10.0ml) was added to the prepared plant material

(0.5gram) in a stoppered test tube. The tube was shaken vigorously for about
30seconds, then allowed to stand. Formation of froths that fill all the tube and
persist at least half an hour was taken as an evidence for the presence of sponins.
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2.2.1. (4) Test for Anthraquinones:
Brontroger Test for the free Anthraquinones derivatives

The prepared plant material (l.Ogram) was boiled with methanol/water
(50%) (50.0ml) for 5minutes. It was filtered while hot, through the cotton wool.
Hot methanol/water (50%) was also passed. The filterate was cooled and divided
into two portions.

One portion of the alcoholic extract was extracted in a separatory funnel
with benzene (15.oml.) in three successive times. The benzene layer was shaken
with ammonia solution (10%) (5.0ml.) The ammonical layer was separated in a
test tube. A yellow colour which developes, on standing for few minutes gave
rose-pink to cherry- red colour taken as an evidence for the presence of free
anthraquinones derivatives.

2.2.1. (5) Test for Anthraquinones Glycosides
The second portion of the alcoholic extract was acidified with sulphuric

acid (20%) (5.0ml.) and boiled for about 5minutes. It was filtered while hot and
cooled and extracted with benzene (15.0ml.) in three successive portions. The
benzene layer was shaken with ammonia solution (10%) (10.0ml.) and the
ammonical layer was separated for testing. A rose-pink to cherry red colour
indicated the presence of anthraquinones glycosides.

2.2.1. (6) Test for Aloin type or C-glycosides
The prepared plant material (lgram) was mixed with ferric chloride

solution (15.0ml.) and dilute hydrochloric acid (50.0ml.) It was heated in a
boiling water-bath for about 5minutes, filtered, and then cooled under tap-water.

An equal volume of carbon tetrachloride was added and shaked gently for
a minute. The organic layer was pipetted of, into another flask and to half of its
volume, dilute ammonia solution was added, and shaken gently then allowed to
separate.

A rose pink to cherry-red colour in the ammonical layer indicated the
presence of Aloin-type or C-glycosides.

2.2.1. (7) Test for flavonoids in flowers
A dried powdered flowers material (1 .Ogram) extracted with ethanol (95%)

(25.oml.) by maceration. Aluminium chloride (5%) (1.0ml.) was then added to the
extract.

A yellow colour indicates the presence of flavonoids.
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2.2.2. Chromatographic methods
Development reagents
1) Vanillin-Sulphuric acid spray reagent was prepared as 1% W/V solution of
vanillin in sulphuric acid.
2) Aluminium chloride was prepared as 5% W/V Aluminium chloride in methanol
spray reagent.
3) 1% W/V Potassium hydroxide in methanol spray reagent.
4) 5% Ammonia solution.

2.2.3. Preparation of extracts
An assay of extraction on the freshly collected leaves was attempted to

detect the eventual presence of flavonoids on the surface of fresh material.
Freshly collected leaves were immersed in chloroform. No change of colour was
observed in the solvent. A yellow coloration of solvent could have indicated a
positive result. Hence we prepared all other extracts from dried plant material.

2.2.3. (a) Methanolic extracts
(I) The prepared plant material (1 .Okg.) was extracted with methanol (70%) using
percolation method as recommended by the British pharmacopoeia 1973.

The plant material was moistened with sufficient methanol (70%) and
allowed to macerate for 24hours in a well closed percolator. Percolation was
allowed to proceed slowly until the percolate became very high brown in colour.
The marc was pressed, the expressed liquid was mixed with the percolate. The
percolate was then evaporated under reduced pressure to give a dark brown
gummy residue (50. Ogram).

The dried dark brown gummy residue (3xl0grams) has been extracted with
petroleum ether (60-80°), chloroform, ethyl acetate respectively and evaporated
under reduced pressure and has been examined by TLC for the presence of
tannins.

The dark brown gummy residue was also examined by TLC for the
presence of flavonoids.
59 gram of the prepared plant material were exhaustively extracted by methanol

(99.8%) using a soxhlet extractor. It was concentrated under reduced pressure
and then examined by TLC for tannins and flavonoids.

(b) Ethanolic extract
The prepared plant material (2.0kg.) was extracted exhaustively with

ethanol (95%). The alcoholic extract was filtered through celite to remove
chlorophyll. The filterate was concentrated under reduced pressure to a thick
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viscous mass (fraction B= 20gram) which was defatted with hexane. The defatted
extract was extracted with acetone. The acetone extract was concentrated under
reduced pressure to a lib-lib mass, which was dissolved in cold water and kept
in a refrigerator for a week where-upon a deposit was obtained which was
separated by filteration. The solid mass so obtained was fractioned by column
chromptography.

2.2.4. Column Chromatography of the ethanolic extract
The dried ethanolic extract (5.0gram) of Polygonum glabmm leaves was

chromatographed over slica gel. The extract was coated onto silica gel (2.0gram)
on a water-bath to give a fine/dry powder and added to the top of a dry-packed
column.

A graded elution system was used. Elution commenced with hexane and
the polarity was gradually increased as shown in table (6)

Fractions (110) were collected and analyzed by TLC.
Simiar fractions were joined together.
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Table (6)

Fraction
Number

1-10

10-20

20 — 30

30-40

40-50

50-60

60-70

70-80

80-90

90 - 100

100-110

Eluent

Hexane

10% Ethyl acetate in Hexane

20% Ethyl acetate in Hexane

30% Ethyl acetate in Hexane

40% Ethyl acetate in Hexane

50% Ethyl acetate in Hexane

60% Ethyl acetate in Hexane

80% Ethyl acetate in Hexane

100% Ethyl acetate

5% Methanol in Ethyl acetate

100%Methanol

Amount of eluent
used

500ml

550ml

500ml

600ml

750ml

600ml

500ml

500ml

500ml

500ml

1000ml

2.2.5. Preparative Thin Layer Chromatography
The column fractions were further purified by preparative thin layer

chromatography. Silica gel H254 360 was used for coating the plates, and hexane
/ethyl acetate; 1:1 (V/V) for elution with one or two drops of formic acid to
remove the tailing.

Each portion of collected fractions was subjected three times to
preparative thin layer chromatography. The pure compounds were then
isolated and recrystallized from methanol.

The Rf values of the compounds were calculated in three different
solvent systems; and the purity of the crystallized compound was confirmed by
a sharp decomposition melting point.
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2.2.6. Spectroscopic methods for the identification of the isolated compounds.
Each of the isolated compounds was dissolved in spectroscopic

methanol and itsUV and IR spectra were then recorded.
Recordings of the absorbance by the UV spectrophotometer were done

as follows:-
a first recording was done immediately after the addition of prepared

sodium methoxide to the sample and,
a second recording was done five minutes later.

Measurements of the absorbance were also performed after the addition
of Aluminium chloride (A1C13), Aluminium chloride and hydrochloric acid
(A1C13+HC1), sodium acetate (NaOAc), sodium acetate and Boric acid
(NaOAc+H3B3O) reagents to the sample.

IR spectra was recorded using potassium Bromide (KBr) pellets, for the
crystallised compound.
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Results and Discussion

3.1.1. Preliminary phytochemical screening of the plant extracts

A general screening for different classes of secondary metabolites was
done on the prepared plant samples, at different seasons of collection during
the growth period of the plant. We used solvents of variable polarities mixed
at different ratios.

Results are summarized in table (7)
Tannins were detected in the water extract of the prepared plant

material.

Hard trials were made to isolate tannins from the 70% methanolic and other
extracts prepared with other different solvent systems mixed in variable ratios;
but no significant amount of tanninswas isolated due to the difficulties
encountered during isolation and recrystallization of this complex natural
product.

Thin layer chromatographic studies confirmed the high content in
flavonoids of the samples collected in December at the beginning of the long
flowering season; flavonoids were detected in the 70% methanolic and 95%
ethanolic extracts.

The flavonoids content diminished progressively to become absent in
the thin layer chromatograms of samples collected by the end of season, before
the plant has been completely immersed in the water of the River Nile.

Hence we oriented our efforts towards the isolation of flavonoids due to
their abundance in the plant material and the very successful isolation and
recrystallization from common solvents, of this important class of compounds.

3.1.2. Isolation of flavonoids
Flavonoids were isolated from two different extracts using the solvents:

95% ethanol and 70% methanol. We proceed with 95% ethanol.
The 95% ethanolic crude extract together with the column

chromatographic fractions of this extract oftenly contained a noticeable
amount of chlorophyll as an impurity which is difficult to get rid off. But we
had to continue with this method, since some flavones of a neighbouring
polarity to chlorophyll, could be obtained.
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In the 70% methanolic extract, chlorophyll was not an obstacle and two
distinct spots were visible in the chromotogram with or without a negligeable
amount of chlorophyll.

TLC chromatogram of 95% ethanolic extract (a), 70% methanolic
extract (b) and quercetin using hexane/ ethyl acetate (1:1)
Detection system:
5% Aluminium chloride
Adsorbent: silica gel 60(merck)
Reference sample: quercetin

(a) (c)

In the thin layer chromatogram, we were able to detect two distinct spots of Rf

values as follows Rf (F2) = 0.58,0.67,0.57 in development systems 1:1 (V/V) ,
Benzene-ethyl acetate, Hexane-ethyl acetate, and Toluene-ethyl acetate
respectivily.

The spots showed all the characteristics of a flavonoid compound:-
They are yellow in the visible light, and they are quenched when

examined under ultra-violet light.
After being sprayed with the following reagents the spots appeared in

the chromatograms as follows:
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5% Aluminium chloride gave spots which became yellow when examined
under ultra-violet light.

1 % Vanillin in concentrated sulphuric acid gave light pink colour.
Alcoholic potassium hydroxide (5%) gave a dark yellow colour.

3.1.2. (1) Column chromatographic Fractionation
Two compounds were isolated through column chromatographic

separations. A graded elution system was used, starting with hexane and
increasing the polarity by mixing with ethyl acetate.

With silica gel the frations were highly contaminated with chlorophyll
pigments. The first ten fractions contained a smaller amount of flavonoids, but the
contamination in chlorophyll diminished towards the last fractions which
contained an increasing ratio of the compounds.

In a second fractionation we used Magnesol as column packing which gave
a better separation with less taling than in the silica gel system. The first ten
fractions were contaminated with chlorophyll, which diminished in subsequent
fractions.

Flavonoid (¥{) has a lower polarity (high ,R value) , was followed by
flavonoid (F2) which is more polar (low Rf value). These fractions were further
purified by thin layer chromatography.

In the subsequent thirty fractions thuss processed, both flavonoids (F, and
F^ were obtained. The following twenty fractions to these, contained more of F2)
compound than F,.

In the last twenty fractions the compounds examined were not flavonoids.
The use of column chromatographic separations, was not pursued further

due to fractions and non uniformity with hexane as a mobile phase. However, thin
layer chromatographic techniques allowed an excellent fractionation of extracts.

3.1.2. (2) Preparative thin layer chromatographic fractionation.
Preparative thin layer chromatography was performed with the eluent:

hexane/ethyl acetate 1:1 (V/V) with one drop of formic acid added to minimize
tailing .

The fractionation with this technique was repeated for three times, thus we
successfully obtained two types of isolates:

A yellow gummy type of crystals corresponding to compound F,;
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A cluster of yellow needles which were recrystalized from methanol,
corresponding to compound F2. This compound was obtained in a larger
amount than Fv

The flavonoid F2 has a sharp melting point: 230-230.8°C
Thin layer chromatography monitoring comparative studies showed that

F2 has larger Rf values than that of quercetin, in different developing systems.
F2 has shown a weaker polarity than quercetin which is a pentahydroxy

flavonoid. This regression in polarity of F2 may be due:
either to the tetrahydroxy nature of the compound,
or to the presence of a larger number of substituted methyl groups than

quercetin.
This fact seemed to be evident during the spectral studies of the

compound IR spectral analysis and UV spectral shifts in table (8).
Ultra-Violet absorption spectra:
The Flavonoid (F2)

In Methanol, it exhibited a band of maximum absorbance at 368.6nm,
which indicates the flavonol nature of that compound and it has a free 3-
hydroxyl group.
Another band at
A200.6nm, which
is band II i

(Benzoyl Cinnamoyl)

A shoulder appears on band II which indicates the presence of two
oxygen atoms in B ring.
A study of the effect of ionizing and complexing reagents on the U.V. spectra
(Table 8) revealed the following:
1 - A characteristic bathochromic shift in band I (+57) with NaOMe indicating
the presence of a free hydroxyl group at carbon 4'
2- The degeneration of the spectrum is an indication to the presence of 3 and
4 hydroxyl groups.
3- The bathochromic shift in band II (+12) with NaOAc is a useful diagonostic
reagent for the presence of 7- hydroxyl group.
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o

4- The degeneration of the spectrum is an indication for the presence of
3,3 ,4 hydroxyl groups, 3 may be a methoxyl.group
5- A bathochromic shift of (+27) in band I is an indication for the presence of
ortho-dihydroxyl group at 3 ,4 - in the presence of both sodium acetate and
boric acid.
6- A hyposochromic shift of (+9) on the addition of HC1 to the
Methanol/Aluminium chloride is an indication for the presence of 4 - hydroxyl
group and 3 - methoxyl group.

O ,GM£

o

7- A bathochromic shift on addition of Aluminium chloride which is less than
that in the presence of 5- deoxy, 3- hydroxy, together with the 3- hydroxy is on
indication that a 3,5- hydroxy may be present.
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8- There is no bathochromic shift of 10-20 in band I, on the addition of HC1 to
the methanolic solution, which indicates the presence of sulphate group.
9- Band II intensity is high so the 8-O- substituent is not present.
10- Other positions which do not affect the spectra may be occupied by
methoxyl groups, which we can not detect.

The proposed structure for the compound is:

OMe

OH O

Isorhamnetin

The Flavonoid ( F ^
In methanol, it exhibited a band of maximum absorbance at 340.4nm

which indicates the flavone (304-350nm) band I. At 204,4,203.4 we have
band II.

There is no bathochromic shift at 10-20nm , on addition of HC1 to the
methanoicl solution, which indicates the presence of a sulphate group at
position 3.

(Benzoyl Cinnamoyl)

A study of the effect of ionizing and complexing reagents on the UV
spectra (Table 5) revealed the following:
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1- A bathochroming shift but less than in the presence of 4 - hydroxyl group
was observed on the addition of NaOMe.
2- There is no clear degeneration, in the spectrum on addition of NaOMe so the
3,4 hydroxyl system is absent.
3- The bathochromic shift in band II (+13) with NaOAc is a useful diagonostic
reagent for the presence of 7- hydroxyl group.
4- A small bathochromic shift (+9) on the addition of boric acic to the
methanol/sodium acetate is a useful diagonostic reagent for the presence of 3 -
OH,4'-OCH3groups.
5- A small bathochromic shift on addition of HC1 to the AlCl3/MeOH is an
indication for the presence of 3 -OH, 4 OCH3 groups.
6- A bathochromic shift on addition of A1C13, 3- hydroxyl group is absent, is
an indication for the presence of 5-OH group.
7- Other positions which do not affect the spectrum can be occupied by other
groups.

The proposed structure for the compound (Fx)

Diosmetin

IR spectroscopy:
IR spectroscopy shows a carbonyl group C=O and hydroxyl group

and the presence of methoxy group in agreement with the UV spectra. Their
positions are as follows:(23-33)

1600-1650 (Carbonyl group)
2850-2950 (Methoxy groyp)
3200 - 3400 (Hydroxyl group
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Table (7)

Extract of
the plant

leaves

Water
extract

95%
ethanolic
extract

70%
methanolic
extract

99.8%
methanolic
extract

50%
methanolic
extract

Classes of natural products

Flavonoids

+++

+++

+++

+++

+++

Tannins

+++

-•—

Saponins

+++

Anthraquinones

+++

+-H-

+-H-

Anthraquinone
glycosides

+++

+++

+++

Anthraquinone C-C
glycsides

Table ( 7 ): Preliminary phytochemical screening of the leaves of Polygonum galbrum wiUd
means that the class is present in the extract,
means that the class is absent in the extract.



Table ( 8)
UV spectral data for the Identification of Flavonoids

Compound

F2

F,

Bands

I

II

I

II

A, max in
methanol
nm

+368.6
(1.371)

200.6**
(1.726)

+340.4
(1.157) .

205.4
(2.809)
203.6
(3.361)

A X max (nm)

JVaOMe
Immediately

+57
-63*

+46"*
-47

©

NaOMe
after-£
uniut,

+59
dec

—

ALCI3

+44e

+38*

®

AICI3+HCI

+35*

+34*

NaOAc

+29"*

12*
-6*

+44*

13*

-T

NaOAc+
Boric
acid

+56"*

13*
-5*

+50**

16*

-6*

Hd

-3"*

dec

© means there is an increase in the intensity of absorption, - means minus
* means one shoulder ** means two shoulders , _ means no change , dec means degenercy

s/



Flavonoids are present in polygonum species of the family
polygonaceae, in form of aglycones or glycosides of these aglycones. The type
of flavonoid present depends on the species and the geographical distribution
of that species. Similar compounds may be found in different species growing
in the same biological region.

Polygonum galbrum willd. {Willman ex Del) of Asia is similar to that of
tropical Africa and Egypt, but the Asian species has absolutely glabrous leaves
with eciliate margins. Polygonum senegalense Meisn. (Synonym Polygonum
willd.) is found in Senegal (Hutchinson and Dalziel 1963; Berhaut 1967).

In India, the species of Polygonum galbrum will'd. has practically a
similar morphology to that found in Sudan, but the constituents are variable
due to factors like a difference in the type of soil on which the plant grows.

Anthraquinones are present in the family polygonaceae.(34) Preliminary
assays done on the sample gave strong positive results indicating the presence
of anthraquinones.

As a future work we intend to investigate these compounds in the leaves
of'Polygonum galbrum willd, we are encouraged by the highly positive thin
layer chromatographic results.

Preliminary assays showed positive test for the presence of saponins.
We were able to suggest structures for compounds isolated from the

leaves of Polygonum galbrum willd. according to UV and IR spectral analysis.
However, in order to confirm the structures, modern spectroscopic techniques
as (NMR,MS) should be applied, when materials are available.
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