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ABSTRACT

Fl avonoi ds of Lupinus al bus and Lupi nus princei

Dy
Asf aw Debel | a

Research Advisor: Dr, Ermias Dagne

This thesis covers the phytochem cal investi.
gation of two Lupinus species ( Lsguni nosae), nanely

L,” al bus and L, princei,

L. albus L' known locally as "Gebto" ((Arharic)
io a plant which grows widely in Gojjam province
Cheni cal investigation of this plant afforded four
known i sof | avonoi ds, nanely genistein, 2 .hydroxy-
geni stein,” 2'a hydroXydai dzein 2 Hydroxydal.[i"'

¢ ”

dzein is a new record for the’ anus"L anus< }ﬁ ﬁb L
Vfll

1
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in Sidanb province. The phytochenfcali|nvest|gat|0n
of this plant was carried out for the first tine
resulting in the isolation of 4 isoflavonoids and
a triterpone,” The conpounds are genistein, 2 .hydro.
xygeni stein, |uteone, 2'.hydroxyisolupslbigenin and
B-sitosterol, This is the second report of 2 .hydro.
i sol upal bi genin, which was recently ( 1909) discovered
to occur in the roots of L. albus,

The structures of the isolated conpounds were

princi pal |y deduced by spectroscopic techniques, .
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1.. | NTRODUCTI ON

The genus Lupinus is one o? the largest and
widely distributed of the 600 genera in the
fam |y Legumi nosae subfam |y Papilionadeae, It
has about 200 species and is found predom nantly
in Mediterranean region, Asia, North and South
Anerica, Tropical and Equatorial region of Afri ca/\

A fewof the species notably L, albus L., L. luteus L.

and L, angustifolius |, are widely cultivated for

use as forage crop, as source of edible oil and

as food/>/N\ A nunber of Lupi nus species are al so
used in folk nedicine of many countri ed A

I n Ethiopia six Lupinus species are known to
occur’®', four of these have been introduced into
the country recently and these include L, |uteus L.,
k- angustifolius L., L. nutabilis sweet and
L. tnoxicanus Cerv. ex Lag, "Gebto" or L. albus L.
(L terms forsk) was probably introduced to
North Ethiopia by the Egyptians many centuries
back and cultivated in Gojam for fodder and for
its edible seeds, The ripe seeds have a bitter
taste which is renoved by boiling. The only
truely indigenous menber of the genus is L, princei
Harms which has so far been found only in Sidanp
probi nce near Mega,

This species is also known to occur in
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. (5) :
Kenya and Tanzanias Nearly 30 species Of
Luninus hove so far been investigated for

their chomical constituents. The most studied

species are L, angustifolius, L. luteus,

L. arboreus, L. albus, L. polyphyllus, These

phytochemical study have resulted in the
isOIatibn and characterization of nearly 45
alkaloids, 75 flavonoids and 10 miscellaneous
compounds. The recent study on the roots of

L, MAGA (source of material = Experimental
farm) resulted in the isolation of 17 isoflavo-

noids 13 of which turned out to be novel.

The aim of this project is to perform
chemical investigation on the roots of L. albus
and k. Princei of the two, literature reports are
available only on L, albus which was grown in an
experimental farm, On the contrary no prior

report is avilable in the literature on L. princei,




2 LI TERATURE BACKGROUND

2,1 Flavonoids of Lupinus Species

phyt ochem cal investigation on roots and
above ground ports of several species bel onging
to tho genus Lupinus ( Leguni nosae - Papiliono-
i dsae, tribe Genisteae, subtribe Lupininae)
have shown this genus to be a rich source of
f1 avonoi da and i sof | avonoi ds, (7}

Htherto nearly 75 flavonoi ds have been
isolated and structurally elucidated, A Iist
of the flavonoids, so far known from Lupi nus
speci es, their structure, distributions and
literature references ore given in the Appendix.

2,2 The Flovonoid

Fl avonoi ds constitutes one of the |argest
groups of naturally occuring phenols./\) I n
plants flavonoids exist as oglycones ( flovonoid
wi t hout attached sugars), glycosides, sulfates
and bi f1avonoi ds. ()

2.2 1 Cassification of Flavonoids

Fl avonoi ds contain fifteen carbon atonms in

their basic skeleton and these are arranged in




a Cé.C%.CE manner in which the Cﬁ units |inks
two aronatic rings which may Or may not forma

Ay Aany

third ring,* "' For convenience the rings
are labelled as A, Band G The oxidation
state of the c; fragment (ring Q) and the size
of this ring is involved in, form the basis for

the classification of flavonoids to the major
classes/ 11 12|

2,2.2 |soflavonoids

.In view of the fact that the genus Lupinus
is a rich source of isoflavonoids, A brief
review of the chemistry of isoflavonoids will be
presented bel ow

Distribution and Cccurrence

| sof | avonoi ds ( agl ycone + gl ycosi des) of
plant origin are known to be predoninantly
produced by species belonging to the |arge
( about 430 genera; 12C/0 species) and taxo-
nmoni cal | y advanced subfz ai 1y Papilionoi deae
of the Leguninosae/A/\ lieir chief source of
occurrence is in |egumnous nlants, sone of
which are very much in use as ‘ood materials,
Mor eover, |egunminous plants so - tines exhibit
remar kabl e physiol ogical activ:ties sonetines
attributable to their isoflavc.ie content,
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2.2:3 Types of | aefXsvonoi ds

Al though iaof | avonoi ds are biogentleally related to
the flavonoi de, they constitute a distinctly separated
cl ass, because they possess a 1,2 di phenyl propane
skel eton Fig, 1 formed by the rearrangement of the
flavonol d skel eton, the Bering being attached to the
3 position of the hetro ring,/\/\

Figs io ffasic structural unit of ieoflavonoid.

The branéhga Cg-Cpa Cy skeleton(Fig, 9 ie
characterised by its chemcal flexibility, the various
di stinct isoflavonoid groups considered in Fige 2 arise
via conparatively sinple stepw se oxidative and »f
reductive raodification at one or nore of several central,
or near central, nolecular sites, Thus, despite their
conparatively restricted distribution within the plant
kingdom the | aof | avonoi do as a whal ® display a qU|t©
remarkabl e array of structures,!® '
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2.3 Bioloaiecal Significance.of Flavonolds

The flavonoide sre remarkable in that they display
an exceedingly diverse range of biologi%asl properties,
some of whichég;a particulerly charscteristic of
cartain cémpouﬁdﬁo Rotenoue and many ralated retenaid
derivatives aré.highly effactive fiéh poisons, an.
attribute not ganerally associated with other typas

of isoflavoncide. ¥n faect, rotenoid containing planie

balonging to genera such as Derris, Lonchocarpus,
piscidia aend Fophrosis have long been used se fish
poisons by tribal groups in parts of South Americe,

tropical Afriea and'hﬁiaofiz)
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A considerable number of pterocarpans
and isoflavans as well as certain isoflavones
and isoflavanones especially those with iso-
prenoid substituents are extremely toxic to
saprophytic and plant pathogenic fungi.(13)

A areat many species of the Leguminosae,
typically produce isoflavonoid phytoalexins
(de novo antifungal compounds) following
infection of their leaves and other tissues by
non pathogenic fungi. The first known phyto-
alexin isoflavonoids are pisatin from pea

(Piaum satium) and phaseollin from bean

(Phasceolus vulgarq).(14) In contract, phyto-

alexins were apparently not produced by the
fungus infected leaves or other tissues of
Lupinus species, these species were characterized
by the presence of constitutive antifungal iso-

flavones.(is)

The antifungal activity of the prenylated
isoflavones wighteone and luteone, found in a
number of Lupinus species have been recently
demonstrated and may serve to highlight an
important role for isoflavonoids in nrotecting
plants against potentially pathogenic fungi.
Apart from their action on fungi, it has been
shown that a few isoflavonoids are potant
feaeding deterrent to certain larvae species,

The isoflavan vestitol in Lotus pedunculatus




and the isoflavone anqustone-~A in Lupinus

anqustifolius are found to have high insect

feading deterrant activity to feeding inscct
larvae. The isoflavones luteone, Licoisoflavone-A,

licoisoflavone-3 of L. angustifolius show the

association of high antifungal activity, this
suggests a dual defensive role for isoflavonoids

in legumes against both insects and fungi.(is)

Certain nlants commonly used for pasture
qrazing contain isoflavonoids that mimic the
activity of animal oestrogens, regular ingostion of
thase substances for periods of 6 months to several
years leading to the development of severe infe-
rtility nroblcems in the female, which is often
refarred to as "clover disease" the legumec most
responsinle for "clover disease” is Trifolium

subtorraneum (Subterranean clover). The cause

was located in the isoflavone content of this
nlant, which includes formonontin, genistein and

hiochanin-A,

Some additional activity of isoflavonoids
include antispnsmodic activity (daidzein), anti-
arthritic activity‘(pseudobaptigenin), antiulcer
activity (forwononotin, 3'-methoxydaidzein,
genistein), diuretic activity(tectorigenin),

hypotensive activity (orbol, iristectorigenin~A.(13)




Rutin a flavone glycosidc has been used
with henefit in the coagulation of blood., It
has been shown to have thaerapeutic effect for

. 17
certain persons with thrombocytogenlcpurpura.( )

2,4 DBiosynthasis of Flavonoids

All cla=sas of flavonoid are closely related
by a common biosynthetic pathway which incorporate
precoursors from both the shikimate and acotate

malonate pathWay,(ia)

The flavonoid initially
formed in thc biosynthesis is thought to be the
chalcone and all other forms are dorived from
this, It has been established that ring-A ié
formed by a head to tail condensation of three
acaotate units and ring-3 as well as carbon atoms
2,3 and 4 of the heterocyclic ring-C arisc from

phenylalanine.(lg)

The transformation leading to formation of
chalcone, consists of 3 successive condensation
steps with acetate units which result in the
elongation of alinhatic side chain of p-coumarate
by six carbon atoms which then cyclizes to give

the aromatic ring—A.(ls'zo)

The isoflavanoids share a common biosynthetic

pathway with the other flavonoids as fap as




chalcone intermediates, but then a 1,2 aryl
migration occurs to give the characteristic
rearranged skeleton, The biosynthetic pathways
which lead to the formation of isoflavonoids

may be divided into three parts.

I. Those early pathways shared with other
saccondary mcotabolites. The essential C,g molecu~
1ar frame work of both flavonoids and isoflavon-
oids results from the convergence of the acetate/
nalonate and shikimic acid pathways, The pre-
cursor for the acetate/malonate pathways is
acetyl Co-A while P-coumaroyl Co-A (10) derivad
from phenylalanine (6) as shown in Scheme-1

serves as the precursor of the shikimate route,

=+  Those steps common to flavonoid and
isoflavonoid biosynthesis, The transformation
leading to the formation of chalcones as shown
ih Scheme-2 consists of three successive conden-
sation steps with acetate units which results
in the elongation of the aliphatic side chain
of p-coumarate by six carbon atoms which then

cyclizes to give the aromatic ring A.

11T. Those reactions unigue to the isofla-
vonoids. Feaeding experiments by Griseabach and

Derr demonstrated that the isoflavone skeleton
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results from the flavonoid precursors by a
1,2-aryl miiration of the B-ring. This shift
is be’ieved to take place after the formation
of tha C chnlcone (14) intermcdiate, this
15 P

was csatablished by feeding experiments that
shovwiod the chalcone rother than the isomecric
flavenone (%g) ncted as a substrate for aryl

(14,21) Thus the nroposal that

miqgration,
chalcones are the more immediate precursors of
isoflavones enjoys fqeneral acceptance, Indeed,
it is probable that only two chalcones 4,2,4) &'~
trihydroxy chalcone and 4,2,4:#h ~totrahydroxy
chalcone (14) normally act as a substrates for
aryl migration.(zz) As shown in Schome-3 the
presence of a para hydroxyl group on ring-B of

the chalcone nrecursor is essential for the

rearrangemcent to isoflavone (18).

1soflavones may be further oxidized gither
at C=2 leading to 3-aryl-4-hydroxy coumarins or
at C-2' leading to 2'-hydroxy isoflavones, The
nresence of 2'-oxygenation is explicit in the
majority of isoflavanones, isoflavans and comnlex
isoflavans and implicit in the ring system of

pterocarpans, coumestans and rotenoids.(ie)
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Scheme-3  Progosed pathway for 1 2-aryl Migration

2°5 gpoctral Preperties af flevensids

The mein steps genarally followed in tha structural
slucidation of flavonoids are recognition of the: Glaaa

to which the cumpound belongs and deterﬁinatien af the
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peture and orientation of substitusnt groups in the
aromatic rings. Thess steps are well served by the

application of UV, IR, NMR and M3 spectroscopic

techniques,

2.5,1 Ylera-Violet-visible Absorption Spectroscopy

i absorptioﬁISpeetroscopy is one of the most ﬁsefui
tachniqueé for flavonoid structural analysis, The
apectrum exhibits fwo ebsorption maxima in the ragion
300550 nm (Band.l) and 240-28% nm (Band-II). The
position and intenaitiéé of these maxime give valuable
information about the nature of the flavonoid and ite
-oxygenation pattern, Changes in the substitution of
the A-ring, result in changes of Band-1i while alteration
of the § and C rings affect BandeI abeorptioﬁ.(g'ig"-
fand-I is considersd to be dus to absorption of tha}.
‘Bgring cinnanoyl eystem {I} and Band=II with absorption

involving the A~ring banzoyl system (x1).




The introduction of electron donating groups

such as hydroxyl in the B ring increases the
relative resonnance contribution of (I) and
consequently produce considerable bathochromic
shift of Band-I, 1In isoflavones the phenyl

ring at position 3 is not conjugated with the
carbonyl group consequently, Band-I, which in
flavones is assoclated with conjugated "3" ring,
is either absent or considerably diminishaed in
intensity., Isoflavones therefore, show one
intensity maxima at 250-270 nm (B3and-II) and a
peak or inflection of very low intensities for
Bandul.(iz) tncreased hydroxylation of isoflavones
in the B-ring does not usually have a significant
effect in the absorption of Band-I1I, in 5,7 dihyd-
roxy isoflavone (259 nm), 5,7,4'~trihydroxy
isoflavone (261 nm) and 5,7,3',4'-tetrahydroxy
isoflavone (262 nm), However, Dand-II is shifted
bathocbromically by increased oxygenation in the
A—ring;(23) Additional infermation on the substi-
tution pattern of the hydroxyl group can be made

using shift reagents,

shift reagents in UV-visible study of flavonoids

The oxygenation pattern of a flavonoid nutleus
may be established by adding "shift reagents" to
the sample solution #nd observing the resultant

shift absorntion naaks.(g’ig'ZS)
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Somea of the shift resgents used are:

1) £1C1 5/HOL (2) NaOde {3) Kﬁﬂoﬁ/ﬂaOAa

4) WaOMe

Alﬁla has the ability of forming acid etadble
complexes bLelween hydroxyls and nelghbouring keto

group and acid labile complexes with ortho dihydroxy

groups as shown below.

-

The meagent can therefore be used to debect the presence
of both groupings on the flavonoid nuelens. Thal&lCla

spectrun represents a bathocbromiec shifi due to all of o
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the complex formed. In A1015/H01 spectrum, however.
only the hydroxy keto tomplexes, will be obsarved
because the acid labile complexes (ccmpléxea formed
by ortho dihydroxyl groups) are destroyed by the
acid. The AlClﬁ/HGI spoetrum thevefore indlicatea the
presgnce of % or 5 hydvoxy groups in the flav@noids
nucleus and the presence of orthe dihydroxy group

in the B-riog of flavoncids can be detected by a
comﬁarison of the %pectrum of the flavonoid in the

presence of ALCL, with that obtained in A1013/H01,(9’25)

5
NaOAc is a weaker base than NaOMe and joniges
.the most acidic of the flavanoid hydroxyl groups that
is, hydroxyl groups at position 3,7 and 4' of
flavancid nucleus. ITonizstion of.7~0H group mainly
affect Band~-Il. NaOAc ie useful diagnostic reagent
for %the apecific detection of hydroxyl group at
position 7,(9r23) v

s 54

NaOAc/H, B0, chelates with ortho dihydroxy group

on the flavonoid nueleus a8s shown below,
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Due to this chelate formation a bathochromic shift
on the spectrum will be observed thercfore, the
reagent is used to detect the presence of ortho

dihydroxyl groups on the flavonoid nucleaus.(9'23)

NaOMo is a strong base and ionizes to some
extent all hydroxyl groups on the flavonoid
nucleaus, Addition of NaOMe to flavonoids
usually produce bathochromic shift in all absor-
ption band, a large bathochromic shift of Band-I
without a dacrease- -in intensity confirm the

presence of free 4'-hydroxyl group.(zs)

2.,5.2 Infra-red Spectroscopy

Infra-~red spectroscopy is the primary probe.
for the detoction of functional groups and elec-

tronic conjugation in a molecule.

The IR spectra of all the flavonoida and

isoflavonoids show absorption bands in the region

1500~ 1600 cm"1

dus to aromatic rings, along with

a carbonyl band at 1620-1670 cm “1, The presence

of hydroxyl group in hydroxy flavonoids is evidenced
by absorption in the region 3300-3450 cm"l. An
absorption at ca. 925 cm"1 is indicative of a
methylenedioxy group and the presence of a gem -
dimethyl group is indicated by the appearance of

a band of ca, 1400 cm'i. The glycosidic nature




of a flavonoid is reflected by broad bands at

(24)
a. 3250 and 1060 cm"i

acle

2,5.3 1H NMR Spectroscopy

he structural elucidation of flavonoids also
rely on MMR techniques to a considerable extent,
Chemical shifts as well as coupling patterns and
coupling constant values provide information

about the substitution pattern of flavongids,

The proton of ring-A located at C-6 and C-8
of flavones, flavonols and isoflavones, which
contain the common 5,7-dihydroxy substitution
pattern give rise to two doublete (2 = 2,5 Hz) in
the range of 6,0-6.5 ppm due to meta coupling, As
a result of the ortho shielding effect of the two
oxyganated substituent the signal for H-6 is
usually ohserved at higher field (6.,0-6.2 ppm)
than H=8(6,3-6.5 ppm) . Attachment of sugar
residue at C-7 causeés a down field shift for H-6
and H—é signals;(23) 1f a flavonoid is oxygenated
only at the 7 position of the A-ring, the C-5
proton appear as a doublet due to ortho coupling
(J = @ Hz) with the C-6 proton and occurs at

lowar fieiu (v ,::' +han the most aromatic protons
are observed, this is due 0 THv =niis deshielding

offect of the C-4 keto groupe in a fully substi-

tuted A-ring except at ¢c-5, where the 6 position
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is oxygenated the C-5 proton appears as a singlet
in the range 7,5-7,.8 ppm. In this case, the
ortho deshielding effect is minimized to certain
gxtent by the giigg_shielding effect of the C=6

oxygenated substituent,

The protons of ring-B8 usually appear in the
range of 6,7-7.9 ppm which is down field from the
region where the A ring proton absorb. The signal
pattorn observed for the B-ring protons is chara-
cteristic for the substitution of the ring., If
the B-ring is in conjugation with a double bond
of ring-C as in the case of isoflavone, flavone
and chalcone, H=2' and H=86' appcar together and
jikewise H~3* and H-4' appear with H-5'. 1f ring
B is oxygenatod at C-4' a typical four peak
pattern of two doublets (J = 8,5 Hz) is observed,
The doublete for H-3' and H-5' slways appear up
field (6.65~7.,1 ppm) from the H=2' and H-6*
protons (7.2-7.5 ppm) because they will be
shielded by the C-4' oxygen substitution, For a
C-3', 4'~oxygenated B-ring the NMR speoctra Qill
be more complex than the C-4' oxygenated isofla=-
vones. In such a case multiplet of ABX pattern

at the region (6,7-7.1"ppm) is observed,

Considerable variation is found in the
chemical shifts of the C-ring protons among the

different flavonoid cléss denending upon the
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oxygenation 1avel of the C-ring. The C~-3 proton
jg flavones gives a sharp singlet near 6.3 ppm
while the C-2 profton in isoflavona which is in
the heta position to the C-4 keto function,
occurs in the range 7.6-7.8 ppm down field from
where most aromatic proton signal appear. Thus
ring-C proton chemical shift valucs nid in

differentiating fliavone from isoflavone,

The pirosence of a methoxyl and methylene
dioxy groups is readily recognized by the appea-
rance of strong signal at 3,5-4,1 ppn and at

about 6,0 ppm r‘ESpectiVely.(23)

2.5.4 130 NMR Spectroscopy

13, MR spectroscopy aids for elucidation of
the structure of flavonoids and related compounds.
All fifteen signals due to the flavonoid nucleus
rgsonate in a region 90-200 ppm in the case of
2,3-unsaturated f1avonoids and isoflavonoids
whereas 2,3-saturated f1avonoids and jsoflavonoids
possess only thirteen signals in this region, the
two oadditional signals resonating at higher field,
The flavaﬁoids, pterocarpanoids and chalcanes
possess three alirhatic resonances and twelve
aromatic resonances in above mentioned chemical
shift range, Tne presence of many signals in

the 60-80 ppm region is generally indicative of
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glycosidic carbons. (%%

The carbonyl signals of both flavone and
isoflavone resonate in the region 174-178 ppm but
c=2 and C-3 are sufficiently different in the two
sories to permit an immediate distinction. In the
flavone the C-2 signal appear at 160-163 ppm and
that of C-3 104-118 ppm, whereas in the isofla-
vones the C.2 rasonance is seen at 149-155 ppm
and that of C-3 122-123 ppm. A carbonyl resonance
of 181 X 1 ppm clearly indicates the presence of a

hydroxyl moiety at 0-5.(25) '

A At-substituted isoflavones (OH OCHS) is
well characterized by signal sequences 12342 ppm,
130+1 ppm (etrong) 114+1 ppm (strong) and 152+2 ppm.
55 ppm resonance is very likely due to a A'wmethoxy
group while all other methoxy groups of isoflavones

resonates nenr 56 ppm.(zs)

2,5.5 Mass Sncctrometry

Mass spectrometry is one of the most useful
spectroscopic techniques used for flavonoid struc-
tural elucidation, The main application of MS in
structural analysis of flavonoids areg:

1) Determination of molecular weight of the

compound,
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2)  Establishment of the distribution of
substitucnts hetween the A and B rings,

3) Detormination of the nature and site of
attachment of the sugar in flavonoid C and
0-glycosides, The first objective in interpre-
ting a flavonoid MS is to identify the unfragmen-
ted wolocular ilon (M+), and then to relate other
major fragments to it by rationalizing the loss
in molecular weight using recognized fragment-
ation pathways.(g) The commonly encountered
frogements in the MS of flavonnids are:

A) The molecular ion (M*) appears as a
major peak in the M8 of aglycones and the exact
mass measurment of this permits calculation of
the elemental composition of the aglycone.

B) mt.1 1oss of hydrogen is common in.most
flavonoid containing 3-0OH or 6-OH group and
flavone methyl ethers which have an OMe group at
either the 3 or 5 position, becauss these give
rise to a stable quinonoid ions,

C) 1*-15 For flavonoids containing a
methoxyl at C-6 or C-8, the loss of CH 4 producas
an intense ion which may be more intense than
M¥, lower intensity M-15 ions can originate from
flavonoids D-~methylated at other sites.

D) M*.17 loss of OH is indicated by the
presence of M-17 ions, this usually involves

internal ring formation and is commonly associated




with 2'-hydrexylatien in flavones, flavonols, isoflavonssg
etc, A loss of 31 mass unit may indicets lose of 'OCH,
from 2'-methoxylatsd iasoflavones that are unigque for

the 2*'-substitution pattern,

‘.
s TV W

- Seheme ~4

* gn similar way 2°,3.dihydroxy flavone (4) wes ghovm
to lose 17 mass unite to give as its bese pesk an

ion of postulated structure (J), suggesting that

§

thié fragmentation might be diagnoatic for 2*,3-dihy

droxy fiévonaao(g'27)

E) M'-18 losa of H,0 is common in a flavens,

flavan 3%,4~diels and c-glycesides.
B) Mt.28(29) indicates loss of GO{CHQ) irama

4 keto functien te form a 5 membered ring (gapegﬁftﬁfj;
with %-hydroxy flavones and dihydroflavenels).
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G) n+~45 The 1ass .02 CHy in cenceﬁz with CO (is.
0H500) nay alse scour in methexglated flaveneids
leading te a less ef 43 mams unita, it is mest intenss
in the spsotra of G-methexy flavenes and iserlavonea.

1) mn*-55 (56) These iens may indioate the presence
of a prenyl (scﬂgwcﬁwc(cﬁa)z).aubgt%tuant.aad’xelaue te
the less of s pertien of the substituent,.

I) A and B ring fragnents - Eisaiéﬁfef the M*
jen inte . A ond B ring centaining fraguents ef ten aid tn
the identification of the substitubien pattern, these B
fragmentatien usvally invelve ane ef thé'ﬁwe eempeting

‘pathways, I (retre~Diels Alder) and II (See Scheno~5).
The deminant pathway is determined by the aglyceno typa,

"alﬁheugh en sccasiona neither pathways praducea eignifi~

_pant fragmantaacgu)
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Flavones and isoflavones tend to produce
A1+(A1+H+) plus Bi+ fragments; flavonols (A1+H')+
plus GE fragments; flavanones, (A1+, A1+H+) plus

(Bl+2H+) fragments,

Chaleconas tend to produce fragments derived from
cleavage either side of the carbonyl, although
2'-hydroxychalcones may isomerize to flavones and

produce typical flavone fragments instead.(g)

The useful diagnoistic RDA fragmentation is
almost antirely absent in the spectra of flavones
with four cxygen substituents (OH or OMe groups),
and the spectra are dominated by such ions as the
molecular ion, the (M-15) ion, the (M-28) ion and

the (M-43) ion.(27)




v

I

ﬁ:ﬁsut:rs AHB nxssussxeﬂ

the rootsa Lg 'albﬁa an{# ;ﬂ ;
showad 9 apete fer thé fomsr ané .10'
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As shown in Fig. 3 the comnounds isolated
from L. albus and L. princei were named as A',
B*, ¢+, b* and A, B, C, D, E respectively,
based on increasing TLC Rg values, Comnound
A' znd C' that correspond to 2'-hydroxygenistein
(%@) and genistein (2) isolated from L. albus
ware reisolated from L, princei as compound A and

e

The characterization of these compounds have
haen done mainly by spectroscopic methods, The
spectral end physical data of the known compounds
isolatod have heen compared with those reported
in the Titerature, 1In some cases characteri-
zation was augmented by direct comparison with

authentic samples,

3.1 Compounds Isolated from L. princei

3,1,1 Charactaerization of Compound-A as 2'-hydro-

xygenistein (13)

This yellow amorphous solid, MP 223 -
225% dec) showed a strong molecular ion peak at

m/z 286 in its low resolution MS,

The IR spectrum showed the presence of

an OH (3250 cm"i) and a chelated carbonyl
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(1645 cn™

}« The UV spectrum displayed an
absorption maximum at 262 nm (MeOH). A batho-
chromic shift with NaOAc (+8 nm), ALCl,(+7 nm)
and NaOMe (+7 nm) revealed a 5,7-dihydroxy iso-

1H NMR showed an isoflavone

flavone (28), The
H-2 singlet ( #7.9). The meta coupled doublets

(3 = 2 Hz) at 6,30 and 6,50 suggest the presence
of a hy:tiroxyl group at 5 and 7 position of ring A,
The presence of a peri OH group was further astab-
lished by the DMSO-dg NMR spectrum which displayed
a singlet at & 12,71, The 2* ,A'-dihydroxylation
nature of ring B was evident from the proton re-
sonancas at & 6,45 (incomplaote doublet, H=3'}),
6.40 (dd,J = 7.8 and 2,2 Hz, H-5'), 7.10 (d,

7 = 7.8 Hz, H-6') in the

4 NMR which is comparable
with tha reported data (30). Furthermore, the
charactaristic fragment ion pealks caused by usual
retro-PNiels Ader cleavage with H transfer were
apparent at m/z 153 (100%) (A ring derived fragment
with dihydroxylation)., Support the meta dispo-
sition of the two hydroxyls in ring B is obtained

130 NﬁR spectrum (Table 3) which shows diag-

from
nostic signals at 159.4 and 159,9 ppm due to meta
carbons bearing hydroxyl substituent, The presence
of four hydroxyl groups was provided by the
formation of a tetracetyl derivative (zg) which
displayed four methyl signals (2.2, 2,3, 2,41,
2,42),6.5-6.6 (unresolved dd, H-6 and H-8),

6.8-6,9 (unrgsolved d, H-5' and H-®) and 7,8

(5, H~2) in its 1H NMR spectrum,







- 32 -

Table -~ 1

13 spoctral data of Compound % (2'-hydroxy-

qenistein)

(22,5 MH,, ODCly - CDZ0D (1:1)

Carbon ppm
2 156,2
3 129,1
4 182,7
5 163,12
6 100.6
7 165,7°
3 95,1
9 157, 4
10 111,4
1 122.8
21 159, 4°
3 105, 4
At 159.9b
5 108.9
G 132.6

Note: a,b assignment mey be interchanged,
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3,1.2 Characterization of Compound-n as

Genistein (9)

Compound-B is a pale yellow amorphous
solid, MP 220-223%(dec), a homogenous on TLC
(R 0.54 solvent system 1A) that turned brown
when sprayed with 0,5% aq., fast blue B followed
by 0.1 N NaDOH. The IR spectrum disnlayed absor-
ption bands at 3350 cm™ 1 (OH) and 1620 cm™ 1
(chelated carbonyl) (24), The UV spectrum
showed absorption maxima at 261 nm (MeOH). A
bathochromic shift with NaOAc (+9 nm); A1C13
(+6 nm) and MaOMe (+10 nm) revealed that this
comnound is a 5,7-dihydroxy isoflavonei(za) The
presence of two meta coupled doublots (3 = 2 H,)

at 6,30 and 6,40 in the 1

H NMR spectrum further
supported the UV finding discussed ahove, Apart
from the isoflavone H-2 singlet (& 7.9) the 1H
NMR spectrum consists of two pairs of ortho
coupled proton at % 7,25 (H-2* and 6') ¢+ 6,92
(H=3' and 5') this fact recquired the placement.
of an OH at 4'Cposition. This was further

130 NMR spectrum (Table - 4), The

sunported hy
chemicel shifts of C-2¢ and &' (& 129.8) and
C-3' and 5' (¢ 115.2) are comparable with the
chemical shifts reported for carbon atoms

( ¢ 130.0 and 115.2) in sinilar compound,(29)
The location of two hydroxyls on ring A and the
mono hydroxy substituent on ring B, was apparent

from the MS. RDA fragments ware observed at

m/z 152 (64%), 153 (RDA with H transfer 4209 and



P

118 (32%) and a rationalization of their formation is

given in Scheme 7.

-

135 \MR, IR, WV

Based on these information (1H NMR,
EIMS) structure-g could be assigned to compound 8, This
structure corresponds to a natural product genistein

that has been isolated from some plants belonging .to

the genus Lupinus,
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MS spectral fragmentation of
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Table 2

1

-
“C_NMR Spectral Data of Compound-B

(genistein)

(22,5 MH_, CD40D = CDCl, (1:1)

3

Carbon

C-Shift in

ppm

&34 LN N [X]

@ N O

10
11
o
3t
Al
5
61

182,5
124,2

162,0%%
93,7
163,9%%
99,1
157,0%
105, 2
122,2
129.8
115,2
156,8%
115,2
129,8

Mote:

X . .
x'xlnter‘changeable pairs

Carhbonyl carbon (C-4) signal was not

ohserved,




3,2.,3 Charactarization of Compound-C as

Luteone (17)

This pale amornhous solid, Mp 190-192°
showed in its IR spectrum on OH absorption

(3400 cm"i) ant a chelated carbonyl (1630 et

)
tand, The presence of a dimethyl allyl substi-
tuent was evident from the proton resonances at §
1.7 (3H, s), 1.30 (3H, s), 3.41 (24, brd, J = 6.8
H)) and 5.3 (41, brt, 3 = 6.8 1_) in the 'H NMR
spectrum (Table 6). 1In addition, the singlet at
“ 6.58 ond 7.9 ppm are assignable to H-2 and K-8,
The placement of the prenyl group at C-6 was
supported by the fast and intense blue colour

. ‘
1) In the EIMS, the

formation of Gibb's test.(
fragment ion peaks at m/z 299 (100%) and 311 (78%
muét originate from fragmentation with the loss

of the prenyl side chain from the molaecular ion.
The ion at m}z 220 (79) pnresumably originates from
a RDA cleavage of ring A and thcrefore sugjests

the placement of the prenyl group together with

two Ol group on ring A, A rationalization of the
mass spcctral fragmentation is given in Scheme 8,
The UV spectrum displayed absorption maxima at

261 nm (MeCH), a bathochromic shift with MaOAc

{(+11 nm) and ALC1; (+6 nm) revealed a 5,7-dihydroxy

isoflavone,



The 2',4'sdih?§roxylatiun naturs of ring B wae

evident from the i

signals at 6,41 (d,0 = 1,8 Moo H=3%)t 6,5 (dd,J » 8 and

H NMR- spectrum which displayed

1.8 H,, H=5'} and 7,10 (d,2 = 8 H,¢ H=6'), Moreover,

a minor MS fragment at m/z 134 (5%) which presumably
originates from a hDA cleavage of_ring B through loss of
ring A further supports the 2° ,4'wdihydroxylation of ‘
ring B, The ion at m/z 337 which originates from the
molecular ion by loss of OH 1s aiso characteristic of

2'whydroxylated iso%lavonoids,

The above presented evidence is consistent with
the structure assigned for luteone (}Z). Luteone (i
has previously besn repwrted from some plants belonging

to the genué ;ugiqgg.(7‘#0)




Scheme—8  MS spectrol fragmentolion of
{uteone

e 20(3%)  mg 13406%) I
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3.1.4 Characterization of Compound-D as 2'-hydro~

xyisolupalbigenin (26)

Compound~D was isolated as partly solidified
gum, homogeneous on TLC (Rf 0,45, solvant system
2A) and turned to light brown when sprayed with
0,59% aq. fast blue B followed by 0,1 N NaOH, The
IR spectrum rcvealed on OH absorption band
(32200m"1) and a chelated carbonyl band (1640 cm"l).
The UV gpectrum showed absorption maxima at 266 nm
(MeOH) . A bathochromic shift with NaOAc (+6 nm),
AlCl3 (+6 nm), could be due to the presence of
hydroxyl aroups at position 5 and 7. The 1H NMR
spectrum (Table G) revealed two hydroxyl singlet
at § 12,85 and 8,18, an isoflavone H-2 singlet
( 2 7.91) and the characteristic signals for two
methylena, two olefinic methine nand four non equi~
valaent terminal methyl protons of two 3,3-dimethyl

allyl sicde chains,

The presence of two set of aromatic protons was
evident from the proton resonances at 6,9 (d,J =
8.1 H)), 6,45 (d,J = 8.1 H,) and 6,40 (s). This
allows the placement of the prenyl groups at ring
A and ring 3, From the above data two alternative

structures 26 and 27 could be assigned to compound-D,



Structure 26 could be suggested to compaundnu based

on comparison with the u NMR date of Angustone-A (27)
(2'«hydrexylupalbimanin} and 2‘-hydroxyieﬂlupalbiganin {26’
(Tabls 3), The signal st § 6,40 (e) in the M MMR
spactrum of compound=-D asgsignable to M-8 more closely
resembled the corrasponding signal in 5;7adzhydroxy-8n f
pr&nyi Leoflaveme than 1te 6 prenyl fsomer luteone (17)
{8H at § 6,53, .as an isoletusd signel). This is further
supported by the slow and lesa intéﬁse blue colour fore
mation of cowpound«D on Gibbes test‘la’.which is in
agresnent with the placemont of the prenyl siﬁa chaire
of ving A at ena;'

Baead on the above spactroscopic oshsérvatione,
stPructure 26 YEs assigned to compoundeil, This structure
corresponds to 2'<hydroxyisolupakbigenin which wee esrlier
iaslateé from the roots of Lo albggnfs) ‘ » :
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Table 3
Am NMR data of Angustone-A Mm_:wqauox%wdmedMMwawv, 2'-hydroxyiso-
lupalbigenin and ooB@oﬁbala.mwuwuv
m*lwwawox%wmowdwmwl Compound~D 2'-hydroxylupalbigenin
Proton bigenin (structure-26) (Structure-26) (Structure-27)
100 MH_, Acetone-d ¢ MH_, CDC1 80 MH_, DMSO-4
z 3 Z 3 Z 5)

Nlm m...mw mm.uv ﬂo@@ MMV moO@ Amu

5-0H 12.46 (s) 12.85 (s) 1%.09 (s)

6-H 6.4% (1H,s) 6.40 (1H,s) -

8-H - - .47 (1H,s)
S'-E 6.51 (1H,d,8.3) .45 (1H,d,8.1) 6.38 (1H,8J7, 8 mmu
6'-H 6.96 (1H,¢,8.3) m.wA_mgm,g,m.Av .77 (1H,4,d,8 mwv

A or B ring .
Attachement
1" Ha .44 brd (2H %.37 brd (2H 3,30 (4H, m)
Hb 3.40 brd (2H 2.41 brd (2H

2"-H 5.32 brt (2H 5.23 brt (2H 5.19 (2H, m)
4N.H 1.78 (s,6H) 1.81 (s,GH) 1.74 (6H,brs)
5"-H 1.65 (s,6H) 1.71 (s,6H) 1.65 (6H,brs)
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3.,1.5 Identification of Compound-E as B.sitosterol (76)

Compound-8 is a coleurless crystalline, MP 128.130°C
and homogensous on TLC (R; 0.65 aolvent system-1A), that

turned purple when sprayed with vanillig-sulfuric acid
and heatedg(32)

Tt gave & rathsp complax 1H NMR apectrum which
however, suggested’fo be & stercl, Idantification of
this compouiid @8 Beeitastrel (76) was based on
direct comparison {CO-TI.GC, mixed melting point, IR,

iH NMR} with authentic sample,

]
[,
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3,2 Compounds Isolated from L. albus

3,2,1 Identification of Compound~A' as qgenistein (2)

It is pnle yellow amorphous solid, MP 217~
21¢P (dec) homogenous on TLC (R 0.51, solvent
system—-1A), that turned brown when sprayed with
0.5% ag., fast blue B followed by 0,1 i NaOH,
Tdentification of this compound as genistein (9)
was based on direct comparison (1H MMR, CO-TLC)

with genistein isolated from L. princei,

3,2.,2 Identification of Compound-C' as 2'~hydro~

kygenistein (;;)

This yellow amorphous solid, MP 218-222%(dec)
has similar CO~TLC, 1H NMR, IR, UV data with

2' -hydroxygenistein isolated from L. princei.

2,2,3 Charactarization of Compound-B' as 2'-hydro-

xydaidzein (77)

Compound-r; was isolated as grey amorphous
solid, Mp 180-184°, (dec)., The IR spcctrum
revealed an OH absorption band (3450 cm”l) and a
non-chelated band (1665 Cm"l); The H NMR snectrum
rovealed an isoflavone H-2 singlet at & 7.82,

The sim aromatic proton resonances appeared as

two ABX systems with signals at > 6.96




(d, D = 7.4 H,, H=6'), 6,46 (d, J » 1,8 H,, H3") and
6,24 {dd, J = 7,24 Hz,and 1.8 M, H=5t') assignable te
ring-8 protens by cemparigén with the cerresponding
B.ring ptroton resonsnces ef 2 hydroxygenistein, The
typical down fleld doublet at b 7.7 (3 = 7.4 H,) could -
be assigned for H-5 and the double doublet at$ 6.7

(3 = 7.4 and 1,8 Hz); ths doublet at § 6.3 (Slu 1.6 Hé)
are attributable to H-6 snd H-8 respectively, The UV
spectrum shoedd an abgsorption maxiﬁum 8T 2%¢ nm (MeOH) .
A bathochromic shift with NaOAc (+11 nm could be due to

the presence of OH at position 7.

gassd on the above grounds structure 77 wee o9tabe
lished for GOMpounde’; This structure corresponds to a.

S-dsoxy isoflavons known ae 2*-hydroxydaidzein which was

earlier isolated from Phaseolus vulggriao(;4) This
therafors, 1s the first¢ report on the presence of

2t .hydroxydaidzein in the genus Lupinus.
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3,2,4 Characterization of Compound=-D* as lupinslin-A (gg)

This pale yellow aﬁorphous sokid, MP 219.223 (deci,
showad in its IR gpectrum an OH absorption (3220 cm"1)
and a chelated carbonyl (1620 cm"i) band, The UV speécw
trum displayed absorption maximum at 256 nm (MeOH), Batho-
chromic shifts with NaOAc (+6 nm) end AlCl, (+6 nm) are
indicative of 5.7udihydroxylation°(28) The aromatic in
the T R spectrun were evidant as two meta coupled
doublets ( § 6.50, M, J = 1.8 H, end H 6.45, 1H, J = 1.8
H,) which were assigned to the H-6 and H.8 A ring protons
of §,7-dioxygenated isoflavone, An ABX system ( § 6,94 dd,
4, 3 = 7.4 and 1,8H_ ;b 7,0 d, M, J = 1,8 H, and
b 7.8 d, 3 = 7,4H,) is attributable to the B ring protons

of sn isotibvens with 2 ,4*-dioxygenation, However, the
spectrun lacks a charecteristic M«Z ®z.s1ar and hence this

compound must possess a modified isoflavone type skeleton,:

The above spectroscopic dats allow for the assignment
of atructure 69 for this compound, Lupinabin-A (63) 1o &
coumarnochromone which was earlier isolated from the root

of L. albus;‘ao)
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Table 5 UV spectral data of compound-i~D of L. princei and compournd B' and DY of L. albus
UV max(am) .
Compound MeOH ,PHQHw .ﬁ,oww\mou. NaQic | NeOMe _zmo‘PO\mwwow

A 262,329(sh) 269, 311(sh) 269,311(sh) 278,222 | 269,318 | 262,286(sh)
328(sh) 367(sh) 375

B 261,329(sh 267,378 268,374 270,374 271,308 | 260,329(sh)

C 261,32%9(sh) 267, 364 270,374 272,336 276,324 | 262,330(sh)

D 266,324 (sn) 272,%26(sh) 271, 324(sh) 272,337

B! 256.9,332 257.74335 257.6,334 268,342

D! 256, 284, 262,284 263,284 262,292
335(sh) 377 379 246




4, EXPERIMENTAL

A,1 plant Material

The roots of L. albus in this study were

collected near Debre Markos, Gojam province in
August 1989 at an altitude of 2400 m, The roots of
L. Qrincei ware collected near Mega, Sidamo province
in October 1988 at an altitude of 1950 m, 3oth
specics viere identified by Dr, Sebsibe Nemissew of
the Mational Herbarium, Voucher gpcecimen represen-
ting L. albus (voucher No 012423) and L. princei
(voucher Mo 045733)were deposited at National

Herbarium, Addis Ababa University,

4,2 Matsrial and Apparatus

Melting point were determined usiné Thomas
Hoover capillary melting point apparatus, UV
spectral were recorded on 3eckman DU-65 spoctro-
meter in methanol. IR spectrg were run on
Perkin-Flmer model 727 infrared spectrometer on
KBr disc, FIMS was run at 70 ev, 1H NMR speactra
were measured on Joel FX 90 at 90 MR and chemical
shifts are given in . values with TMS as internal
standard, 130 MR spectra were recorded on Joel
FX 90 at 22,5 M, in CDCl,-CD,0D (1:1). Analytical
thin layer chromatography (TLC) were run on 0,2 mm

silica gel plates and the spots were detcctoed by
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their UV fluorescence and by spraying with 0.5%

aq, fast Hlue B solution followed by 0.1 N

NaOH.(ZE)

Circular preparative thin layer chromato-
graphy (CPTLC)'was run on 1 mm thick silica gel
and bants were detected by their UV fluorescence.
Vaccum liguid chromatography (VLC) was carried out on

PTI.C grade silica gel. Column chromatogranhy was

done on silica ael (70-230 mesh] unw weaiaday

LH=-20 (CHCL ;-MeOH, 1:1). All solvents ware distilled
prior to chromotegraphy. The pcetrol used through

out the study has 3.,P (60-800-).

Table 6. Solvant Systems — The following solvent

systems were used for thin layer, nreparative layer
and column chromatography.

No . Solvent System Ratio
1-A Benzaene - EtOAc 7:3
n nenzane - EtOAC 1:1
2=A Chloroform ~ Methanol 9,5:0,.5
3 Chloroform - Methanol 9:1
c Chloroform ~ Methanol 1:1
A petrol - EtOAcC 95:5
3 petrol - EtOAC a0 :10
C patrol - EtOAcC 80 :20
D Petrol - EtOAc 70 :30
é patrol - EtOAC 60 140

I petrol - EtOAc 50 ;50
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4.7 Extraction and Fractionation of L. princei Root

The air driad and ground roots (120 g) were
first extracted with chloroform and the marc was

then further oxtracted with [thanol,

The oily rosiduc (3 g) obtmained from the
chloroform extract after removal of solvent was
apnlied on a silicagel column (60 g) and eluted with
petrol-EtOAc mixtures of increasing polarities
fractions were monitored by TLC and a total of 23

fractions each of 150 ml were collected,

Fraction 6 eluted with solvent system 33
afforded compound~E (18 mg) which was crystalized

from Me'! as colourless needle,

Fractions 11-15 eluted with solvent system 3D
and F gave compound-D (6 mg), which was further

purified by CPTLC using solvent system 2A,

The EtOH cextract was concentrated and the
residue (10 g) was apnlied on silica gel column
and eluted with petrol-FtOAc mixtures of increasing
pnolarities fractions were monitored by TLé and a

total of 30 fractions each of 150 ml were collected,

Fractions 12-18 cluted with solvent system 3E
gave a mixture of compound A,3 and C, The mixture

was separated by repeatitive application on CPTLC




using solvent system 2A and 28 to qive compound-C

{upper zone, 20 mg) ; comnound-A (lower zone,

240 mg, compound-B (middle zone, 50 mg).

4,4 Extraction ond Fractionation of L. albus Root

The air dricd and ground roots (623 g) were
percolated with FtOH at room temperature for 6
days, The extract was then filt:red and concentrated
under reduced pressure to give a 22 g syrupy residue
wnhich was fractionated into petrol soluble (2 g)
and chloroform soluble (20 g) portions. The chloro-
form soluble portion (20 g) was subjected to vaccum
liguid chromatography (VYLC) and eluted with petrol-
EtOAC mixtures of increasing polarities, Twelve
fractions ecach of 250 ml were collected and the
pure compounds were obtained from the combined
fractions after further purification by CC followed
by prep, TLC and chromatography on Senhadex LH~20
(CHC1~MeOH, 1:1)

Fractions 5-7 eluted with solvent system 3D
and E gave a mixture of compounds A' and D', The
mixture was separated by multiple development on
prep. TLC in solvent system-1A to give comnound-D*
(upper zone, 12 mg) and compound A' (lower zone,

i4 ITKJ) .

Fractions 8~11 eluted with solvent system
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3E and F gave a mixture of compounds B' and C*,
The mixture was chromatographed on Saphadex
LH~-20 (CHClj-MeOH, 1:1) to give compound-B!

(50 mg) and compound-C (13 mg) which was further

crystalized from dichloromethane,

4,5 rcetylation of Comphound-A

A mixturc of 5 mg compound-3, 1 ml of acctic-
anhydride and 2 drops of pyridine vas heated with
stirring at 60-70° for 4 hrs, 5 ml of ice water
was added and the mixture stirred for 30 minutes,
The sotution wrs neutralized with 20 ml of saturated
sodium bicarbonate solution and extracted with 80 ml
of chloroform., The organic layer was Qashed wi th
0.1N HC1l and «dried with anhydrous sodium sulpate,
The solvent was evaporated to give 4 mg of the
acetylated product. This product wns homoegencous
on TLC Re 0.6, solvent system-2A and did not give
colour when spraved with 0,59 ag fast blue 3

followed by 0O,1M NaOH,

4,6 Physicochemical Data

4,6.1 Comrounds of L. princei

Genistein (8). Re 0,54 (solvent system 1A),
pale yellow amorphous solid, Mp 220-223?6&@0), uv

(254) fluorcscence, nurple. Gibbs aest; (+), slow,

blue, Fast blue B: (+), brown, UV ‘Amax MeOl nm
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(see Table 7) IRV, KBE en” 3358, 1620,
4560, 1440, 130A, 1080, 940. 4 WMR (see Table
6y, 13c miR (see Table 5). EIMS m/z (vel. int.):
no(H* 100), 153 (42D, 152(67), 135(1), 124(16),
118(32), 96(6), 69(16). ‘

o1 _hydroxygenisteln (13). Ry 9.%8 (solvent
system 14), yellow amorphous solid, WP 203-22%°
(dec). yve2ss) fluorescence, deep purple. Gibbs
test: (+), fast, dark purple, fast blue B(+),
dark browmn. UV M pax MeOH (see Table 7). IR
Vi KBT o~s 3250, 1680, 1645, 1520, 1330
1260, H MR (sec Table @), 135 yMR (see table &4).
wTMS m/z (rel. int.), sa6 (M7 96), 274(24), 269(18) ,

153(100) , 152(11) 124(13), 124.(53), 69(53), 56(19)-

£
' 0
pale amorphous solid, YIP 190-192; Uy (254) flue-

Tuteone (17). R 0.a4 (golvent system 14)
—~

regcence, dark purple. Gibbs test: (+), fast, plue.
Fast blue B: (+), brown. VU N i MeOH (see Table
7). IR V gax FBT s~ 3800, 1630, 1568, 1400,
A%00, 1200, 1120, 960. 14 NAR (see Table 6).

e1ms wyz (els int.) 354(H7 470, 339(9) 237(9) s
%41(78) , 299(100) , 294(48) , 220(7), 134(4), 124(7)
115(7), 91(7)s 68(11). '

2'-hgdroxyisolupalbigenin (26). Ry 0.45
(solvens system 2A), partly golidaified gum, UV

(274, %6@) fluorescence, dark purple. Gibbs
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test: (+), 8LOW, plue., Fast piue:(+), 1ight

brown. UV A‘max MeOH (see Table 15). IR

ma
920. 1 NMR (see vable 1Y,

V' KBr on: 3220, 2950, 1640, 1560, 1500, 4100,

i sitosterol (Z@). Re 0.42 (solvent
gystem 1A), colcurless crystalline, MP 128—1500 .
Uv: non fluoresing, Yapillin-sulfuric acid:  (+),
purple. IR Vtmax KBr cm#1:'5460, 3000, 2960,
1480, 1300, 960- g MR (CDOLz): 0.65(3H,8,
Me-18), 8.7(6Hyd J = g, Me-26, o7y, 0.9(3H, brd,
Mo=20), 1.0(3H, 8, Me-31), 1.25(3H, S, Me-19)
6.95(m), 1.2(m), A.b-2.4(m).

2',4'5,7-tetraacety1genistein (zg). Ry 0.51
(solvent system-14), UV (254) fluorescence, deep
purple, fast blue Bi(~). H NMR (op0l 5, 90 MH,)
§ 0.0, 2.3, 2.4, 242 (§, 4XCOOCH) 1.8(s,H-2)
6.8-6.9 (unresolved doublet, H-5' and 6'), 6.5-

6.6 (unresolved ad, H-6 and 8).

4.6.2 Compounds of L. albus

Genistein (2), R 0.54 (solvent gysten 1A),
pale yellow amorphous solid, MP oq7-21% (dec)-
uv (254) fluorescence, purple. Fast blue B: ),
prown. VE NMR (0DC15-0DZ00 (1:1):6 785

(H, s, B-2); 6.30(d, 7 = 2.1 H ) H-6); 6:42

(4, § = 2.7 Hys H-8); 7.2% (&, J = 8.4 H,, H~2'




and 6'); 6.91(d, J = 84 H , H-8' and 5').
/

2'-hydroxygenistein (1%). R, 6.39 (solvent
system 1A), yellow amorphous solid; MP 2485225)
(dec). UV (254) fluorescence, purple. Gibb's
test: (+), fast, dark purple, fast blue B: (+),
dark -brown. UV )‘max MeOH 261, 286, %23 (sh);
+ Nabhc, 272, 372; + ALCly, 268, 304 (sh), 368;
+ A1C1,/HCL, 270, 371; + NaOMe, 273, 321 (sh).
IRV, KBr en~: 3250, 1620, 1560, 1320, 1240,
oue. H NMR (ODO1,-CD,0D, 1:1) 7.91(z, H-2)
6.%68(d, J = 2.2 H , H-6 ); 6.5(d, J = 2.2 H,,
B -8); 6.41(d, J = 2,2 H , H-3'); 6.38(d, J = 8.8

and 2.2 H,, H-5'); 7.08(d, J = 8 H,, H-6')."

71
2'~hydroxydaidzein (Z§)° Ry 0.43 ( solvent

system 1A), pale amorphous solid, MP '180—’[8»l{r0(dec)o
UV (254) fluorescence, purple. Fast blue B: (+),
light brown. UV A__ . MeOH (see Table 7). IR
Vg KBr em™1: 3450, 1665, 1620, 1528, 1360,
1

1260, 1080, 9468. 'H NMR (see Table 6).

Lupinalbin-A (ég)" Re 0,40 (solvent system 44A),
)
pale amorphous solid, MP 219-223.(dec), UV (254)
fluorescence, purple. Fast dblue B: (+), brown.
-1
UV A___ MeOH (see Table 7). IR V, . KBr cm
%220, 1620, 1560, 1540, 1380, 1320, 1380, 1060,

/I

a40, H NMR (see Table 6).
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Appendix 1. LISTS OF FLAVONES AND FRAVONOLS ISOLATED FROM LUPINUS SPECILS

No. Compound F MW Str. No. Plant-Sourse Referenees
41 | Apigenin OAwonom 270 1 E. oolyphyllus 35
L. luteus 52
L. albus 55
L. angustifelius 35
L. hirsutus 26
2 | Acacetin o;mmgmom 284 2 L. Luteus wm‘
L. polyphyllus | 35
L. albus 35
L. angustifolius 35
3 | Luteolin oAmmgoom 286 3 L. luteus 37
L. angustifolius 35
L. arborwus 28
L. albus 35
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e

No. Compound MFE MW Str. No. Plant-Source References
4 Kaempferol oAmonom 286 4 L. luteus 35,39
L. albus 55
L. angustifolius 35
L. polyphyllus 35
L. birustus 36
5 Chrysoeriol oAmmAmom 3C0 5 L. iluteus 35,39
L. albus 55
L. angustifolius 35
L, polyphyllus 35
© Diosmentin oAmmAmom 300 ) & L. polyphyllus 35
L. albus 55
L. angustifolius 35
L. luteus 35
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Gompound MF MW Str. No. Plant-Souree Referenoes

Quercetin G\Gm\_oo.M 302 7 L. albus 25

L. lubteus 55,29

L. polyphyllus 25

L. angustifolius 35
Iscorhamentin ogmm;m0ﬂ 316 8 L. albus

L. luteus 35,37,39

L. pelyphyllus 35

L. angustifolius 37
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Appendix 2. SIMPLE ISOFLAVONES
No. Compound ME MW Str. No. Plant-Source Reference
9 |Genistein 05Hs005 | 279 9 L. luteus 35,40
L. polyphyllus 35
L. hirustus 26
L. angustifolius 35
L. albus 35
10 | 5,7,3"'-tri-
hydroxyiso-
£lavone Cygiag0s | 270 10 I. hirustus 36
11 S-methoxy
genistein oAmmAmom 284 11 L. luteus 35
L. albus 25
L. polyphyllus 35
L. angustifolius 35
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!
}
Compound MF MW Str. No. Plant-Sourse References
Crbol OAngoom 286 12 L. polyphyllus 35
L. albus . 35
L. luteus 35
L. angustifolius 35
2'~hyd roxy-
genistein o;mmgoom 286 13 L. albus 7,30
L. mutabilis 7
L. angustifoiius 7,29
L. luteus 40
A4 —meth-~
ylienedioxy
orbol oAmonom 298 14 L. polyphyllus 35
L. luteus 55
L. albus 35
L. angustifeolius 35
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Appendix 3. PRENYLATED FLAVONE AND ISOFLAVONES
No. Corpound MF MW Str. Nc. Plant-Source References
15 | Wighteone omomAmom 238 15 L. angustifolius 7
L. albus 31
L. mutabilis 7
L. luteus 40
16 Lupiwighteone omomgmom 338 s L. luteus 40
17 | Luteocne Contasg 334 17 L. luteus 7,40
L. angustifolius 7
Wo albus ﬂuwoum\._
L. mutabilis 7
18 | Licoisofla~-
vone-i Coolagls 354 18 L. albus 241
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Ne Compound ME MW Str. No. Plant-Source References
49 Lupiweighteone-~

hydrate CogHogOg | 356 19 L. luteus 40
20 Lupiscflavone OmAmmoom 368 2C L. albus 7

L. luteus 7

2 Topazin omAMMoom 368 21 L. luteus 33
22 Hydroxyweigh-

teone Co Hs40, | 369 22 L. luteus 40
23 2,%-dehydro-

kievetone

hydrate omomw00ﬂ 372 23 L. luteus 40
24 Topazine-

hydrate omAMNNOQ 286 24 L. luteus 2%
25 Lupalbigenin ommMmmom 396 25 L. albus 7
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Compound MF MW Str. No. Plant-Source References

2'-hydroxyiso-

lupalbigenin ommMmmom 422 26 L. albus S

2'-hydroxyi-

lupalbigenin

(Angustone—A) ommmmmom 422 27 L. angustifolius 29
L. albus €,31

Tupinisol-4 ommmmmom 422 28 L. albus S

Lupinisol-B i Ommmmm0ﬂ 438 29 L. albus S

albus 6

Le

Lupinisol-C ommmmmOﬂ 438 30




- 71 -
Appendix 4. TFLAVONE AND ISOFLAVONE GLYCOSIDES

Compound NF MW Str. No. Plant-Source References

Apigenin-7/-6-8

D-glucoside omAMmovo 432 31 L. polyphyllus 41,42
Vitexin omgmmovo 432 32 L. arboreus 38
mobwmdmwb|ﬂ104w

glucoside omAMmovo 4zp Z3 Lo polyphyllus 41,42
Genistein-4'-g .

O-glucoside omAMNOOAO 432 A4 L. luteus 43
Genistein-8-C-

# -D-glucoside ONAMNOOAO 432 35 L. luteus 44
Isoguercitrin omAmmAOAO 433 Z6 L. luteus 37
Cystiosoide ommmmNOAO 446 37 L. arboreus %8
Orientin omgmNOOAJ 0448 Z8 _W..mmwmmmmm 38
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No. Conmpound MF MW Str. No. Plant~Source References
29 | Luteolin-4'-0-

giucoside omAMNOQAo 448 39 L. polyphyllius 41,42
40 Orbol-7~0- 2

glucoside omgmmooAg 448 40 L. luteus 43
41 A3, 4'-methyl-

enedioxyo="

rbol-7-0- D-

glucoside ommMmgoAg 461 41 L. polyphyllus 42

Wu luteus Wﬂqb.wok.m

42 | 4-0O-methyl-

orientin CrslsrsOag 452 42 L. arboreus 38
4% 1 Acacetin-7/-

0-/2 -D-glu-

coside ommmNMOJA 4oz 43 L. polyphyllus 4.2




Compound MFE MW Str. No. Plant-Source References
Quercetin-3-0-
glucoside omAmmAOAA 465 L4 L. arboreus 42
Rutin om_wmmmfm 6712 45 L. luteus 327
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PYRANO SUBSTITUTED ISOFLAVCONES

No.- vompound MF MW Str. No. Plaznt-Source References
46 Isoderrone omomAmom 236 46 L. albus &
4.7 Alpinum
isoflavone QNOMAmOm 336 47 L. albus 7
L. luteus 7
48 Parviscfla-
vone B omomAmom 352 48 L. albus 31
L. lubeus 40
49 Licoiscfla-
vone B omOEAmom 352 49 L. angustifolius 7
L. albus 7
L. luteus 7
50 BHydroxypara~
visoflavone omom\_mo.N 368 50 L. luteus 40
51 {. Isochandalone ommMm#om 404 51 L. albus S
52 Chandaloune Ommmmkom 404 52 L. albus 3]
53 Angustone-B ommmm#om 404 53 L. angustifolius 29
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No. Compound MF MW Str. No. Plant-Source References
54 Angustone-C ommmm#om | 420 54 L. angustifolius 29
L. albus 6
55 L mwﬁwm0|=
lone~4A ommMmmom 422 55 L. albus &
56 Lupiniso-
lone-B Ommmmmom 422 56 L. albus o
- 57 | Lupinise-
ione-C owmmmm0ﬂ 438 57 L. albus 6
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Appendix 6. DIHYDROFURANO SUBSTITUTED ISOFLAVONES
No. Compound ME Mw Str. WNo. Plant-Source References
58 Lupinisoflavone-A omomAmom 352 58 L. albus 31
L. luteus &0
59 Lupinisoflavone-C OmomAmom A54 59 L. albus 31
60 | Erythrinin-C omomAmom 354 &0 L. albus 30
61 | Lupinisoflavone-B Omom\“mo_M 370 61 L. albus 21
&2 | Lupirisoflavone-D omom4m0ﬂ 370 62 L. albus 31
63 | Lupinisoflavone~G omwmmmom 422 63 L. albus ©
64 | Lupinisoflavone-d ommmm00ﬂ 438 &4 L. albus 31
65 | Lupinisoflavone-E ommmm00ﬂ 428 65 L. albus 6
66 | Lupinisoflavone-H ommmmmOQ 438 66 L. albus &
67 | Lupinisoflavone-1 ommmmmOﬂ 438 o7 L. albus 31
o8 Lupinisoflavone~F ommMmmom 454 &8 L. albus o
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Appendix 7. COUMARNOCHROMONES

o. Compound ME MW Str. No. Plant-Source Reference
69 | Lupinalbin-A C \_mmmom 284 69 L. albus 20
70 | Lupinalbin-B Cooflq 0 | 352 70 L. albus 30
71 | Lupinalbin-D Cootae% | 352 71 L. albus 20
72 | Lupinalbin-C Cool A@Oﬂ 268 72 L. albus 3G
7% { Lupinalbin-E omom\_mwyM 268 7% L. albus 20
74 | Lupilutin Cootiggln | 369 74 L. luteus 40
75 | Lupinalbin-F ommmm#om 420 75 L. albus | 6
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Appendix— 8
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