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Abstract

Flavonoids of Tephrosia Pumila

by
Bekele Dinku

Research Advisor Dr. Ermias Dagne

The Chloroform extract of Tephrosia pumila ( Lam.) Pers.

(Leguminosae) revealed the presence of eight flavonoids.
Out of these three flavonoids were isolated. The major
component was identified as the known praecansone A
that requided structural revision based on 130 NMR and
other spectroscopic data. The second component was
characterized as a new isoflavune that is given the

triv®ial name pumilaisoflavone A.



Introduction

Tephrosia Pers. ( Leguminosae - Papilionoideae)is a large

tropical and sub-tropical genus estimated te contain about
300 species,l most of which are herbs. Several species

are of immortance in tropical agriculture as green manure
crdps, cover crops or for contour hedges to check soil
erosion. Various Tephrosia species in Latin America,

Africa and Asia beside their use in traditional system of
medicine are also used as insecticides, arrow and fish
poisons.z’3 Some species are also reported to have toxic
effects en goats.h About twe dozen specie§ have been recorded
as used by natives in different parts of &he world for stupe-
fying and capturing fish.3 Among the better known of of the-

se are Tephrosia verginiana in North America, T.vogelii

Hook.f. in Tropical Africa, T. macropoda Harv. in South

Africa, T. toxicaria in Tropical America and T. piscatoria

in Hawaii.

Some of the species in use as pesticides have been shown to
possess marked insecticidel, pesticidal and anti-cancer’

5,6

properties, Toxicity to insects is ascribed mainly to the

2
presence of rotenones.

Chemical studies on a number of taxa have revealed rotenoids,
and a range of isoflavanones, chalcones, flavonols and flav-
ones.7 In Ethiopia so far 27 Tephrosia species are known to

sccur in places up to 2000m above sea level. Of these three
a
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Table 1 Some mmwoomoa examples of bio active flavonoids,

Flavonoid Type

i

d Source

Reported bio-

activity

Luteone

Lupinus albus

Anti-fungi

Hispaglabridin A

3

tlycyrrhiza glabra

Anti-bacteri:

al

Iscdidimocarpin

- j
Hispaglabridin B " " " "
glabridol " " " "
glabridin " " c "
Didimocarpin Lidymacarpus

pedicellata " "
" n " "

6-hydroxy kaempferol
4-smethylether 3,7-
dirhamoside

Tephrosia

———————— e —

candida

Anti-cancer

Radioprotective

silymarin

Anti-hepatoxi

1cC

Toxitolin

Anti-hyp

rtensive

Quarcetin
Rutin

'

Anti-hypertens

HqupwwdHJv

ummwmmndw)w
blood plate
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Ul

lates

u, A«ﬂ ﬁt.

Isop

ntenyl oﬁmwoogi

b.;dw peptic ulcer




2.1. Flavenoid Types

Flavonéids occur in a varity of forms. All contain fifteen
carbon atoms in their basic sucleus and these are arranged

in a 06—03—06 manner, that is, two aromatic rings linked by

a three carbon unit which may or may not form a third ring.lo’
For convenience the rings are labelled as A, B and C and the
individual carbon atoms are referred to by a numbering system

which utilizes ordinary numerals for the A ring (1). For

chalcones a modified numbering system is used(2).

. 3
%§;E§N@f ) 2‘ N4
2y 4’/}\\\ 7 Zs

0. 5 ~ 2
17 , 6
L s h O/ﬂ 6 éd\cﬁflk7 I
6’ yO‘% 3 61
3
The various types of flavonoids differ from each other by

no

the state of oxidation of the three carbon link, that is,

ring C.

The main types of monomeric flavonoids are:

Flavenes Isoflavanones
Flavonols Isoflavones
Flavanones . Catechines
Dihydroflavonols Flavan-3, L-diols
Chalcones Aurones

Dihydrochalcones Anthocyanins
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2.1.1. Flavonoid glycosides

Flavonoids occur as flavonoid glycosides in which one or more
sugar units are attached to the flavonoid nucleus. Glucose i
the sugar most commonly involved; galactose, rhamnose, xylose

and arabinose are uncommon but are known to occure.

Flavonoid glycosides may be eithdr O-glycosides or C-glycosi-
des. O-glycosides such as the representative example compoun:
(3) are distinguished by the ease with which they are hydroly:

ed by acids.

Apigenin 7-0-B-D
glugopyranoside

C-glycosides are flavonoids in which sugars are attached
directly to the aromatic ring by a carbon bond which is acid
resistant, C-linked sugars have been found only at 6 or 8

positions on she flavonoid nucleus 5}0

Rha

Volubilin23
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2,1.2, Flavonoid _.eulphates

Flavonoid Sulphates contain one or more sulphate residues

attached to a phenolic or sugar hydroxyl moiety. The occuren
of these compounds appears to be restricted to the angiosperm:
especially to those angiosperms which have an ecological asso-

ciation with aquatic habitats.lo

2.2, Tephrosia Flavonoids

The genus Tephrosia is distinguished by the production of

a special group of 7-oxygenated or 5/7 oxygenated flavonoids.
The B ring is usually unsubstituted. The C-8 or C-6 position:s
commonly bear substituents derived from a prenyl group,7’2h

which has in many cases undergone complex processes of furthe:
substitution and cyclization. O-prenylated flavonoids such a:
compound 5 are not common while C-prenyl substituted flavonoic

are common in the genus and are likely to be potential ®axono-

mic markers.

2
5 - maxima isoflavone J ? O-prenylated. )

At present it is possible to recognise three series of

C-prenyl flavonoids.7



a) C-6 prenylated (6)
b) C-6/C-8 prenylated (7)

C) C-8 prenylated (8)

-

Fulvinervin 827 ( C-prenylated)

-
b

S
\?W
o

; H{)

<

Obovatin methylether28

(C-prenylated



2.3 Biosynthesis of Flavonoids

The flavonoid variants are all related by a common bio-
synthetic pathway which incorporates precurrors from both
the shikimate and acetate malonate pathwey.zh’29 The flavo-
noid initially formed in the biosynthesis is thought to be
the chalcone and all other forms are derived from this. The
precursor for the acetate malonate pathway is acetyl Co-A,

L - Coumaroyl Co - A, which is derived from phenyl ;lanine,

is the very precursor for the shikimate route.

H
b //\\
{ —_— | p—
-
HOOC 1, 2 HOO : o HOOU~ 11 |
Phenyl alanine trans-Cinnamic acid L-Coumarate
.. OH ‘L
ety
HOOC
12
L-Coumaroyl Co-A R: H,OH, OCH

Scheme 1: Formation of 4-Coumaroyl Co- Azh

The transformations leading to formation of chalcones, con-
sist of 3 successive condensation steps with acetate units
which result in the elongation of aliphatic side chain of
L-coumarate by six carbon atoms which then cyclizes to give

(24,29)

the aromatic ring A.



The isoflavomoids share a ¢ommon biosynthetie pathway with
the other flavonoids as far as chaleone intermediates, but
then a 1,2 aryl migration cceurs to give the eharacteristic

rearranged skeletem,

/@,01{ ' OH

| e |
. 'H,€0-SCoA Coks
a S
002 ,COASH 14
13
Ko co0™
4-Coumaroyl CoA }JHQCO__SCOA

60, )

2 ,CoASH 4’

CoA S
NN
o b
12
00~
H, C0-8CoA
‘) ~_OH
P
€05 . coasH | T
/\\./
CoAS ﬂ
Y ¥ ¥ ¥
Co0™ e
611200-800;1

) .
C0, GoaSH /\‘f '
' AN

HO




Bicgenetic relationship of flavonolds
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2.4, Spectral properties of Flavonoids

2ol Ultraviolet-Visible Abserption Spectroscopy

UV abscrption spectroscopy is one of the mcst useful tachni-
ques for flavonoid structure analysis. The speectrum typeca-
1lly consists of two absorptior. maxima in trg region 300-560nm
(Band I) and 240-285 nm ( Band II)19:30 mhe position and
intensities of thesemaxima give valuati® information about
the nature of the flavonoid and its oxygenation pattern.
Band I is associated with ring B while band II is associated
with ring A.30 Changes in the substitution of the A ring
result in changes of band II while alteration of the B and
C rings affects band I absorption. The position of band I
provides vagluable information about the type of flavonoid

and its oxygenation pattern.

Table 3 UV-Visible &)scrption wanges of flavonoids.lo
y  Band II(nm) Band I(nm) Flavonoid Types
250-280 310-350 Flavone
250-280 330-360 Flavonol
i 2L7=275 310-330( shoulder) Isoflavone
275=295 300-330(shaulder) _.Flavanone
' 230-275 340-390 Chalcone
(low intensity)
i 230-270 340-390 Aurone
(low intensity)

I 270-280 4L65-360 Anthocyanins




Band I is considered to be due to absorption of she B ring
cinnamoyl system(27)and band II with absorpw®ion invelving

the A ring benzoyl system 28

The introduction of electron donating groups such as hydroxyl
in the B ring increases the relative resonance contributien
of 27 and consequently preduee considerable bathochromic shi-

fts of band I ( see Table 4)

Table 4 Band I in the UV speetra of flavonols differing

in their B ring oxygenation pattern.39
Plasonol Oxygenation pattern Band I
A and C ring B ring (nm)
- - —- e
| Galangin 2947 —— 359
' ;
Kaemrf 2rol | Ly b 367
| Quercetin 25 .7 3.4 : 370
Myricetin Bud 27 b SIY LES s M 374
RS gy AL B —

The chief chromophoric systems in chalcones the benzoyl and

cinnamoyl groupings, are shown by structure 29 and 30 respe-

ctively.




Substitution of hydroxyl or methoxyl groups on "B" ring
produces bathochromic shifts on band I. Methylation of a
2' hydroxyl group prevents its chelation with the carbonyl

group and results in hypsochromic shifts.31

In isoflavone the phenyl ring at pesition 3 is not conjug-
ated with the carbonyl group. Consequently, band I, which
in flavones is associated with conjugated "B" ring, is

30

either absent or considerably diminished in intensity.
Isoflavones therefore, show one intensity maxima at 250-
270 nm band II and a pesk or inflection of very low

intensities for band I.

As with isoflévones, the B ring of flavanones is not con-
jugated with carbonyl group. Consequently flavanones absorb
most strogly in the 270-290 nm ( band II), but band I is an

inflectien of low intensity.

2.4.2 Shift reagents in UV-Visible_study of

flavonoids

The oxygenation pattern of a‘flavonoid nucleus may be estab-
lished by adding " Shift reagents" to the sample solution
and observing the resultant shifts in the absorptien
peak%?’BO’Bl
Some of the shift reagents used are:
- AlClB/HCl
- Sodium acetnte,

-~ Boric acid - Sodium acetate



e, 7S

A&Clg has the ability of forming acid stable complexes
between hydroxyls and neighbouring keto group and acid
labile complexes with ortho dihydroxy groupslo as shown

belew,

The reagents can therefore be used to detect the presence
of both groupings on the flavonoid nucleus. The A1013
spectrum represents the sum effects of all complexes on the
spectrum, that is, a bathochromic shift due to all of the
complexes formed. Im the A1013/HGI spectrum, however, only
the effect of thé acid stable complexes, i.e the hydroxy-
keto complexes, will be observed because the acid labile
complexes ( complexes formed by ortho hydroxy groups) are
destroyed by the acid. The AlClB/BCl spectrum therefore
indicates the presence of 3 or 5 hydroxy groups in the
flavone nucleus and 2' or 6' hydroxyl groups in chalcones

resulting in bathochromic shifts.

Sodium acetate is a weaker base than NaOMe and ionizes the
most acidic of the flavonoid hydroxyl groups,lo that is,
hydroxyl groups at position 3, 7 and 4' of the flavone
nucleus, and is consequently used to confirm presence of

hydroxyl groups at these positions. Due to the ionization
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of the hydroxyl groups the availability of the lone pair .-
electrons on the oxygen atom to enter in the conjugation
system increases and a bathochomic shift of the flavonoid

spectrum will be observed.

NaOAc/H3B03 chelates with ortho dihydroxyl groups on the

flavonoid nucleus.31 As shown below. oH
OH o'B/‘OH
H l X b
Z 5O P -
FaOAn 35

H,B0,

Due to this chelate formation a bathochromic shift on the
spectrum will be observed. Therefore, the reagent is used
to detect the presence of ortho dihydroxyl groups on the

flavonoid nucleus.

NaOMe is a strong base capable of ionizing all phenolic
hydroxyl groups.10’3o’31 It is therefore generally a good
"finger print" indicator for the presence of free hydroxyl

groups on a flavonoid nucleus.

2.,4.3 Proton NMR spectroscopy of Flavonoids

Proton NMR spectroscopy is one of the most important tosls
for the structural elucidation of organic componnds.
Present structure elucidation of flavonoids also rely on
NMR techniques to a considerable extent. Chemical shifts

as well as coupling patterns and coupling constant values



Shi

provide information about the substitution pattern of

flavcnoids.

The protons of ring A located at C-6 and C-8 of flavones,
flavonols and isoflavones, which contain the common 5,7 =
dihydroxy subsg}tution pattern give rise to two doublets
(J:2.5 Hz in the range 6.0-6.5 ppm)31 due to meta coupling.
The H-6 doublets occur consistently at higher field than the
signal for H-8, This is due to tﬁe ortho effect of the two
hydroxyl groups on H-6. Attachemen® of sugar residue at

C-7 causes a down field shift for H-6 and H-8 signals.

i

Table 5 H NMR Chemical shift renges Of H-6 and H-8

31

in flavones, isoflavones and flavonols,

Type structure H-6 H=8
ppm ppm

6-0"6-2 6-3"605
5:75—5-95 509"'6.1

The protons of ring B usually appear in the range 6.7-7,9
ppm31 which is down field from the region where she A ring

protons absorb, The signal pattern observed for the Bring



el

protons 1s ‘tharacteristic for the substitution of the ring.

In addition it suggests the oxygenation level of ring C.

If the B ring is in conjugation with a double bond of ring

C as in the case of isoflavone, flavone and chalcones H-2',

and H-6' appear together and likwise H-f, and H-4' appear

with H-5'. If ring B is oxygenated at C-4' a typical four-peak
pattern of two doublets ( J: 8.5Hz) is observed.Bl The doubl-
ets for H-3' and H-5' always appear upfield from the H-2' and
H-6' protons because they will be shielded by the C-4' oxygen ¢

substitution.

Considerable variation is found in the chemical shifts of
the C-ring protons among the different flavonoid classes
depending upon the oxygenation level of the C-ring. The

C - 3 proton in flavones gives a sharp singlet near 6.3 ppm
while the 8- 2 ﬁroton in isoflavone which is in the beta
position to the C - 4 keto function, occurs in the range
7.6 — 7.8 pom downfield from where most aromatic proton
signals appear.Bl Thus ring C proton chemical shift values

aid in differentiating flavone from isoflavone.

The H -9¢and H - B protons of chalcones occur as doublets
( J=17 Hz ) in the range 6.4 - 7.4 ppm ( H =) and 7.3 -
7.4 ppm ( H - B).31 The aurone benzylic proton appears as

a singlet between 6.5 - 6.7 PPmBl-



=18~

The signal for H - 2 proton of flavanones appears as a
double doublets with Jcis 5 Hz and J trans 11 Hz near
9.2 ppm. The geminal protons of C - 3 usually appearing
at 2.8 ppm ( J =17 Hz) in addition to their spin spin

interaction with H-2.

Table 6 Chemical shifts of C = 2 and C - 3 protons
31

in flavanones and dihydroflavonols.

H-2 H-3
5-505appm 2'8b
L. 8-5 ppm b.1-4.3°

a : quartet J 2z 5, 1l
b :.. two-guartets J =17, 5 ;5 J =1

6 : doublet J = 1l
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13C INMR of Flavonoids

The different types of aglycones are not dis®inguishable on

the basis of the aromatic carbon resonance alone, but chemical

shifts for the central three:earbon units are often quite

distinctive.

32

130 NMR Chemieal shifts of the central

Table 7
¢ y 2L
3 Carbon atoms in Flavonoids.
Lypes ot C - 2 (ppm) C -3 (ppm) | c=0 (ppm)
Flavonoid

Chalcones

136.9-145,4(d)

116.6-128,1(d)

188.6-194.6(s)

Flavanones

'

75-80.3(d)

L2,8-LL4.6(t)

L
t

189.5-195.5(a)

Flavones

160.5-165}s)

103.0-114.8(d)

176.3-184(s)

Isoflavones

149,8-155.4(d)

122.3-125.9(s)

Aerones

146.1-147.7(d)

=CH-
111.6-111.9(d)

In chalcones

¢ = 2 and C, - 3 are C—B and C-w«respectively
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Flavanones

In the 13C NMR spectra of flavanones the carbonyl signal
comes in the region 189.5 - 191.631ppm except when a 5-0H
group is present that shifts the peak to lower field due to
hydrogen bonding. The C - 3 methylene garbon singnal is
characteristic and is at 42.8 - L44.6 where as the C - 2
oxymethine carbon resonates at 75 - 8032ppm. The aliphatic
¢ arbon signals of flavanones are easily identified and the
characterintic chemical shifts of ¢ - 2 and C - 3 can be used
to distinguish it from other types of flavonoids such as

isoflavones and flavones.

Flavones and Isoflavones

The carbonyl carbon signals of both flavones and isoflavones
come in the region 174.5 - 178.6 ppm but C -2 and C - 3 are
sufficiently different in the two series to permit an immed-
iate distinction. In the flavones the C - 2 signal appears
as a singlet ( in the off-resonance decoupled spectrum) at
160.5 - 163.2 ppm and that of C - 3 as a doublet at 104.7-
111.8 ppm where as in isoflavones the C - 2 resonance is
seen as a doublet at 149.8 - 155.4 and that of C - 3 as a

singlet at 122.3 - 125.9ppm ( in the off resonance decoupled
33

spectrum).

Chalcones

In the 3¢ NMR spectra of chalcones the ~arbonyl e arbon

signals come between 188.6 - 194.6ppm. The presence of a



2' hydroxy- group moves this signal downfield due to hydrogen
bonding. The & and B Carbon atoms give rise to signals at

116.6 - 128.1 and 136.7 - 145.4 ppm respectively.32

2eh.5 Mass spectroscopy of flavonoids

The first objective in interpreting a flavonoid MS is to
identity the unfragmented molecular ion and then to relate
other major fragments to it by rationalizing the loss in

moleculer weight using recognized fragmention path way.

Molecular ion (M*). The molecular ion normally appears
as a major peak in the MS of aglycones. Therefore it is
simple to get the elemental composition of aglyccnes.

(M - l)+ which is loss of hydrogen is common in most

(33)

flavonoids.

A and B ring Fragmentation

Fission of the M*ion into A and B ring eontaining fragments

allows identification of the substitution pattern of the A

(34,35,36,37)

and B ring. The fragmentation usually involves.
I) Retro-Diels-Alder fission.

II) Path I1

/
A-and C-ring l -[jiD
Z RO AP | st sk 35 20 (\.T? N
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3, Experimental

3.1, Plant material

Literature search on the Tephrcsia species of Ethiopia
revealed that a number of species have not been examined
for their chemical composition at all. Because of the
potential economic importance of the genus and the recent
world wide revival of interest in plants known to contain
flaveneids, we set out to study the chemistry of Tephrosia
»f Ethiopia. This is the first of a series of such studies
and we would be reporting here the results of our investig-
ation with one of the indigeneous Tephrosia species namely

Tephrosia pumila,(Lem,) Pers. This plant, although known

to occur in many parts of Tropical Africa, Asia and Central
America, has so far not been investigated at all 7, purila is
found in abundance in the Gibey valley and is also reported
to occur in the provinces of Tigria}, Gondar, Wellega,
Hararghe, Illubabor, Gamu Gofa and Sidamo? The pods leaves
and roots were collected from Gibey valley in August 19¢6.
The plant was identified by Mr Michael Gilbert and a voucher

sample was kept in the National Herbarium, Addis Ababa.

3,2 Materials and apparatus

Melting points were determined on Kofler hot stage apparatus.

ik e caatudl
IR spectra were measured on P :rkin Elmer infra T

model 727B, UV on Perkin- Elmer model
on a 360

spectro- photometer-

555 spectrometer, 'H NMR spectra on Jeol 9OMHz and

MHz instruments in CDCij with tetramethyl silan€ as an

13C NMR were measured on Rruker * 90.13MHz.

Kt e T il il



The mass spectra were recorded on a high resolution AEI
MS 902 spectrometer. Analytical thin layer chromatography
(TIC) were run on a 0,.2mm thieklayer of silca gel and the
products were detected by their UV fluoreseence and by
spraying with 0.5% fast blue salt B solution followed by
0.1N NaOH.38 Preparative layer chromatography were run on

1 mm thick layer of silca gel and the product was detected

by their UV fluorescencé. Column chromatography were

performed on silca gel 60(70 - 230 mesh) and Sephade LH - 20.

Table 9
Solvent system used for column, thin and

preparative layer chromatography.

No Solvent System Ratio

Toluene : Hexane : EtOAc 5 I

[AS I

MecOH: CHCl3
Benzene : EtOAc

Benzene : EtOAc

H W O
ol L I T

N )

Hexane : CHCl3

l

"

3.3. Extraction,fractionation and isolation

Pods of T. pumila ( 300g) were extracted on Soxhlet apparatus

using petether followed by chloroform. The petether extract

gave b6g of greenish sticky product ( T-1) while the chloro-

form yielded 6g of crude extract ( T=2 ). All of the latter

extract ( T-2 ) was applied on a silca gel { 100p) column and

. R 3 I kcnﬂfh(«/EtOAC 9:1'
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Five fractions, each 100 ml, that were eluted with solvent
system 3 were combined based on their TLC similarities and
-concentrated to give 2g of greenish oil ( T - 3), Three

fractions, each 100ml, that were eluted with solvent system

L, were combined to give a greenish 2il ( T - 4 ).

T - 3 was re-chromatographed, on Sephadex LH-20, to remove
chloropyll and fats using solvent system 2 as eluent. A
total’, of fifteen fractions each 50 ml were collected. The
first few fractions contained only chlorophyl and fats,
Fractions L4-6 were combined and concentrated to give 70mg
of yellowish oil ( T-5) which on addition of methanol gave
a precipitate ( T-6). The filtrate afforded a2 yellow

oil { T<%}s

Chromatography of T-4 on sephadex LH -~ 20 using solvent

system 2 afforded reddish oil ( T-8 ).

T-6, T-7 and T-8 separatly”and repeatedly were column

filtered to remove fats and other impurities using solvent
system 5 as eluent. Finally they were purified using prep
TL'} developed by solvent system 1 and final purification

by Sephadex Lii-20 usimg solvent systen 2e

T-8 yielded 6 mg of as yet unknown compound designated as

Tp-5, T-6 gave llmg of the novel compound that we named

pumila iso-flavone-A36, T-7 gave 50 mg of an oil identified

o was
initially byepectroscopic means as Praccansonc A which



T TH

first isolated from Tephrosia preecans by Camele et al
1980. Based on the Spectroscopic data, particularly lBC.KlR
and MS, arguments for revising the structure of praecansone-

A to 23 1s presented in section 4.2

It was not possible from TLC of the crude extract to
establish the total number of flavonoids present in the
pods, due mainly to masking by the chlorophyll and the
fats. However after the fractionation it was possible to

determine that 8 flavonoids were present labelled as Tp-1

to Tp-8.
Table 10
Rf value of the components using
solvent system L
Spots Rf Compound
Tp-1
Tp=2 O.064 Pumila-isoflavone-a
Tp=-3 0.46 Praccansone A
Tp-4
Tp-5 0.31 Unknown
| Tp-6 |
 Tp=7 |
Tp-8
e S0

S - A & e ¢ aying

Spots of Tp-3 and Tp-4 were not sensitive to the spraying
Jotia sd colours when sSpriycd.

reagent while the other spets developed colou PLEy
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L, Resultg and discussion

Lel., Characterization of pumila-isoflavone-A

Table 11
Summary of Physicochemical data of
Pumila-igoflavone-p
{5
Single spot, Rf 0.€L using
I TLC

solvent system 1

2 Colour reaction FeClB(greenishP; NaOH (yellow,
Shinoda test (-ve) and conc.-

HyS0, (yellow)

3 Ms C27H2807M+ : L6l4, major frag-
ments at m/z ( relint.!*héh(Q)
L49(5), 396 ( M - C§H8)— 086),
381(100), 203(4), 177(2),142
(2)

L Mp 197 - 200%

5 NMR, UV, IR See text.

Pumilaisoflavone-A36: The UV spectrum of pumila-isoflavone=A

(Fig.1) gave single absorption peak at 280nm which 1s

S bt p suse T A1Cl, and
characteristic of an isoflavone mucleus. The Al 3
AlClB/HCl spectra showed pathochromic shift indlcating

yid cleus.
the presence of OH at position 5 of the flavonold nucie

P " € > .fi 44 1
The phenolic nature of the compund was further conllrmec

by the <ve reaction with 1% F»:ClB solution.



Th: IR spectrum ( Fig.2) shewed no OH absorption but a
- . = sy g "l .
cholated keto group at 1630cn showing that the 5 hydroxyl

roup mey be chelated.

fhe TH NLE spectrum (Fig 3) showed a deshielded phenolic
proton singlet at 15:135 ppm. Signals st 6.8(d) and 5.5
ppu{d) which integrate for one proton each, correspoad to
the vinyiic protons H-4" and H-1" respectively%o A singlet
apeared at 7.8ppm which is characteristic of an isoflavone
proton, H-2. Three dd's at 6.22 (J=17.5, 10.8Hz), 5.1
(J=17.5, 10.8Hz) and at 4.98ppm ( J=10.8, 1.2Hz) of d-3 ,
{-5" (_tigns) and H-2" ( cis) respectively support tae
-dimsthyl allyl nature of the prenyl side chain. A singlet
at Z.8lppm (6H) indicated the presence of two equivaleant
mwetooxy groups. Two singlets at 1.47 and 1.46 ppm ( 6 pro-
tons each) indicated the presence of 2lie groups on the cnromene
ring wnd two on the prenyl side chain. Two equivaleat arom-
atic protcens at 6.71 ppm suggested the B ring to be symmetr-

ically substituted.

The high resolution MS of this co mpound yielded Car/- ’50‘ con-
firuwing en isoflavonoid rucleus, attached to two preayl unite
three methoxy and one hydroxy groups. Furthcrmore tus lon

at m/z 177, resulting from Retro Diels slder fission of the

A and B rings, suggested the attachment of the two metnoXy and
tne O-prenyl side chain to be on the B ring. i major padk ot
L XICUp

w/z 395 (et —-051{9/ can be best accounted for if the pro. i

X o o s laal > (!
1s ortho to the methoxy groups. This is because the cleavage

——



D= with _:",1{}1.5+HCI
‘t c=with ;—".LCI-{,.
i

. .

260 2580 200 320 340 360 330 401

, i sof1lavone=-A
Fig,1, UV apsorptien of pumilai
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C H s AY‘ 18 Oc‘sj b e Sho“}n i N Sch ":)me Z 2 ly .
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e

structures i.e
res i.e 36 to 39 , for pumila-isoflavone -A

£ 7CH of

The L3¢ wnw .
C NMR of this compound showed, presence O
hich two are methoXy s

Wh'lch 2 A CH £
are e,qul valent y 6 3 o W
The

terminal CH2 group.

13 S o e
quaternary carbons and one
14, The rela-

13
C meac -

easurement gata is presented in Table
ot at 131+o7 ppm FQQUiI‘LS

tively shield
ely shielded position of C-
q1so confirme

ortho oxygenati t, Thi
ygenation at C-3' and C-5" This
e methoXY EFOUPSe
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The 13c spectral analysis is perticularly useful in dist-
inguishing from the two remaining proposed structures 36
and 37. The linear structure 36 is prefered by the prese-
nce of shielded aromatic tertiary carbon at 94.7 ppm in
the 130 NMR of the compound which is typical of C-8 in
C-6 substituted 5,7 oxygenated flavonoids, like that of

'zngustone24 Co 40 ( See table 12)

Table 12 30 NMR data of C—6 and C-8 in C-6 and C-8

Substituted flavonoids

C-8 Substituted C-6(ppm) C-8(ppm)
Moracenin 845 98.5 108.0
Kuwanon C¥° 98.9 106.9
C-6 Substituted

Angustone o 128.9 9k.6
Wighteone®¥ 111.2 93
Luteone 111,2 93




H-2m+

H-3" ( trans )
B30 [ gim )
3'-Ole, 5'-OMe

e
2"-Me,

%3 A —Mcz

> 13
lH NMR assignment of pumila-isoflavone-A 36
Proton ppm
4‘:?-

o= UH 1313010, e )

H-2 7,86 (1H, s)

H-L " 6.72 ( HH, d, J =101}

H-3" 5,61 ( 1H, 4, J=10.1 )

(2H, s )
(1 H, s)
(1 H, dd, Jal7.5, 10.8Hs )

6.71
6453
6.22

5,11 (1 H, dd, Jal7.5, 1.2 HE )

L.98
Yo B2 4 B s)
1.47, 1.46 (2 x 60, 28

(1 H, dd, J210.8, 1,2H2 )




Table

1L

1 = 8
30 NMR assignment of pumlila-isoflawone -A

Carbon

ppm
J,W_Mez, 21 = Me 2644, 28.2
3'-0Me, 5'-OMe 55.9

Go= 111.9

b 9k
C-2'C-6 106.3

D - S5 115.3

e 128.1

G o Lk 1

C -2 15249
Co-2 78.0
B 82.5

C - 10, C =6 105.7, 106.0
G o= 3 123.7

0 - Tt 126.2

f = &3 134.7

C - 3!, C-= 5' 155.1
C-5,0=9 156.9, 157.1
G - 2 159.7

C - 4 180,68

B
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L.1. Rewision of the structure of preecansone A
: san 39 o
Camele et al in 1980, isolated from Tephrosia praecans,
52

Leguminosae) the chalcone,”” which they named as praecansone.
A, The structural assignment was based on UV, IR, MS anu
AUNMR as well as chemical degradation data, Thus the UV
displayed a maximum absorptdon at 284nm, a carbonyl absor-
ption appeared in the IR at 1660 cm_l, the MS gave in
addition to the molecular ion, a base peak at 349(M-31)

and interestingly a peak at 105 ( PhCO+). Based on these

data structure 52 was assigned to praecansone A,

Waterman and Mahmoud recently also isolated from'lﬁlf_fg_?'

carpus constaricensis ( leguminosae ), a B-hydroxy chalcone

20, which in chloroform was found to equilibrate with the

diketo tautome rl‘l+ 51,

51

13 ces of
: sonan
Tentatlve assignments were given to the “SES

igned
2 and 51. Accordingly most of the resonances assign
wel"@;
ll
1 2/6 3/5 bo oy g
50 135.0  129.7 127.5 13k

03.8
51 137.9 129.€ 128.9 132'9 »



*

An interesting observation reported for compound 51 was the
chemical shift of the methoxy group ¢in the 1HNMR which was
L.50 ppm a8 opposed to 3.90. Waterman and Mahmoud did not
e¢laborate how they ruled out the alternative structure (not
shown here) for 50, Pelter et glhB during a study of the

130 NMR of chalcone 54 and some model synthetie eompounds,
55 and 56 raised questions regarding the validity of the
proposed structure of praecansone-A, by only reinterpreting
the data given by Camele et al and with out studying the
compound itself. Particular emphasis was given by these
workers to the appearance of a peak in the MS at m/z (M—Bl)‘
and 105, both these can not be accounted for by structure 52,
as can be surmised from schemes 4.5 and L.b. We have during
the course of this work isolated sufficient amount of a
compound which was identical in all respects to that repo-
rted by Camele et al for praecansone A. We have generated "~
130 data on the compound for the first time and these enable
use to suggest a revision of the structure of the title

compound to the alternative structure 23.

Teble 15
Physicochemical date on praecansone A.

Light yellow oil

M
- Redish conc==

colour reaction FeCIB(—ve), NaOH ( )
i gt (~VE
HZSOh(deep yellow), Shinoda test!
TLC Rf, d.46 ( solvent system 1)
2
1S sgo(mt ) , 365 ( rel. int 31), 350(24),

349(100), 105(15), 77(11)
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The UV spectrum showed as in in retl, /30, absorption at

28l nm and did not change upon addition of AlClB, indicat-
ing absence of OH groups at the 2' and 6' positions of the

chalcone, further confirmed by the negative FeCl3 test,

The IR spectrum showed epsorption at 1650 cm‘l attributed
to the presence of an alpha, beta unsaturated carbonyl

1H NMR: Two doublets

group. Outstanding signals in the
at 6,45 and 5.43 ppm characteristic psscnance for the two
olefinic protons of the chromgne ring, H"Lp" and H-B"
respectively; three each three proton singlets at 3.85,
3,69 and 3.64 due to three methoxy groups; a two proton dd
at 7.21 due to H-2 and H-6 would resonate at such low

fields only if they are adjacent to a carbonyl functionality

ac in 53 but not 52,

Table 16

T4 spectral data of praecansone A (53)
H-2, H-6 7.81 (2M, dd,=J 8, 2Hz)
H-3, H-4, H-5 7.41-7,3 (38-n)
Hely 6.45 (18, d; J = 90
H,3 5,43 (1H, d, J=9,6)
E- o 6,4 (1H, s)
H-51 6.13 (1, s

3,85, 3469 3,64 (3 X s)

2'-OMe, 6'-0Me, p-Ole

2" - Me 4,39 (6H,8)

2
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Table 17

Carbon
10
21,31’51, 61

2n
3 "
Ll—"

&




The peaks in the MS, worthy of note, are the signals at

m/z 105 and 349 which could arise only if the carbonyl

is attached to the B ring,.rathar than, as suggested
originally, to the A ring. The fragmentation patterns are
shown Scheme 4.5 and 4.6. Further evidence in support of
structure 53 for praécansoned—k is provided by the 130 NMR
spectrum, The 130 data of praecansone-A is given in Table
1p. The DEPT. programmed -2C NMR of this compound showed the
presence ofA 5 methyl groups of which three are methoxy, 9 CH
(two of the peaks each represent 2 equivalent CH) and 9
quaternary carbons. C-1 resonates at 139-9ppm which is due

to the carbonyl group attached to it.

Pelter et al have shown that a phenyl carbon directly attache

ed to a carbonyl ( as in acetophenone) is expected to have a

chemical shift 4-5 ppm at lower f£4€1d than the one attached

i nsmi-
to an olefin ( as in styrene)., The effect is also tra

: ndin
tted to some extent to the para carbon and 2 corresponding

two U s
difference of 1 or 2ppm is expected for the above ype

of compounds for their resonance at C-L.

Be accounted
The 130 resonance values of praecansone—A can

o the phenyl ring s

for Best if the carbonyl is attached t
for the alterm=

: 21lues
in 23 and differs considerably from Ve lue

ative models.



Table 18

Chemical shifts of 53, 5k,

6 53 g o 56
L 131.2 131.84 129.61 130.1

1' 107.5 118.48 119.13 138.0

*For the sake of simpilicity the number

chalcones is not followed for the cmef
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4.3 Preliminary data on Tp-5

In the course of this work an additional compound disignated
here as Tp-5 isoflavonoid has been isolated from T, pumila,

The compound has been submitted for HRMs and high resolution
NMR stwdies and conclusive results, it is hoped, will be for-

th coming:

MP 126.109%
TLC single spot, Rf 0.31 ( solvent system)

Colour reaction FeCl3 (greenish), conc, HZSOL

(yellow) Shinoda test (-ve), NaOH

(yellow)

The clacs of this compund can be predicted from the data

collected.

maxima at 280 nm

The UV spectrum gave & single absorption
ot 1620 cm >

asd the IR spectrum showed & Strong absorption

and no OH absorption indicating the presence of chelated

carbonyl group.

In the proton NMR a singlet at 3¢ PPMs & characteristic

strongly suggests

absorption of an isoflavone proton; H =%
The

Tp-5 to be an isoflavonoid, bearing & hydroxyl 2t c-5-
the desh-

chelacked OH group can be substantiated further by

leled singlet at 13.13 ppme



1,

30

10,
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