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Abstract

Investigaticn of Flavonoids from Berbera

({ Millettia ferruginea )

Amha Belkele

Research Advisor Dy . Ermias Dagne

y known as

Berbera is a plant endeamic to Ethiepsia. Phytochemical

investigation of the sten-barie ¢f thiz plant resulted in the
isolation of 12 comp2unds of which nins have been generated

on the remaining one compound. The chaeracterized compounds

are 4-hydroxylonct (45)Y, 4*hydroxyisoloachecarpin{(47).
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flerichapparin-B(48),. caicopogonium izof lavone—-B(49) .,
isojamaicin(50), Jamaicin(51}. ichthynone{32) and S—-methoxy
durmililone(S3).

Three of the isolated compounds aprear Lo be novel and
are identified as S-methoxy durmillone (& .6-dimethoxy-3!.4'-
methylenedioxy-2°,2'=dimethylryranz (5 62 F .81 iscf-
lavone) . isocjamaicin (2-methoxy-4.5-methylenedioxy— 2%% ,2V'-
dimethylpyrance [5'! ,6'':7.8] iscflaveone) and 4!-hydroxyisc-
ionchocarpin{4!-hydroxy-2*'"*' 2 =-dimethylpyrans [(5%! 6% .7.8]

f lavanone) .
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1. INTRODUCTION

Millettia [Leguminosao—Papilianoidség)is a large genusg
estimated to contain about 200 species in tropical and
subtropical Africa, Asia and Australasia [l}. Although the
number of Millettia species is very large, their
phytochemical investication has been limited only to a few
cases. Previous examination of a number of species of
Millettia have shown them to be a rich source of flavonoids
and isoflavonoids typical of the Terhrosiae tribe of the
Papiliconoidea8, [2)]. This 1is compatible with the various
claims that some Millettia species show Insecticidal and
piscicidal activities [3].

The various reports on the genus show that a number of

Miliettia species are used as fish poisons in many parts of

the world. The ground seeds of Millettia pachycarpa Benth.

commonly known as "fish peisoning vines" in China [4].

M. dura Dunn in Uganda [5]. M. barteri Dunn in Gabon [6] and

the root of Millettia taiwaniana Hayata in Formosa (7] have
long been used to paralyze fish. Similar uses are ascribed
to other leguminous plants belonging to the genera Derris,
Lonchocarpus. Tephrosia and Mundulea {3]. Phytochemical
investigation on the above mentioned genera have revealed
the presence of rotenone, which is claimed to be responsible
for their toxicity [3].

M. ferruginea (Hochst) Bak.. locally known as Berbera,

is the only specises that is fourd in Ethiopia. This endemic



plant is widely used as fish pvoison in various parts of the

Country. Two subspecies of Millettia ferruginea are known to

occur [1]. These are subsp. ferruginea which is restricted

to northern Ethiopia and subsp. darassana (Cuf) Gillet which
occurs in the southern provinces. particularly in Sidamo.
The hybrid of the two subspecies 1is believed to be
distributed 1in the central and western parts of the
Country.

Previous phytochemical study on the seeds of the plant
by Clark [8] indicates the presence of three rotenoids
namely rotencne, tephrosin and dehydrodecu&lin. Highet and
Highet [9] have also isclated two isoflavones 8.
ferrugone and durmillone. A gas chromatographic study by
Ghigilione et al [6]. of the extracts of the seeds showed
the presence of steroids such as cholestane, B-sitosterol
and stigmasterol.

The main objective of the present work is to investigate
other parts of this plant namely the stem-bark. leaves and
roots. The fact that only two isoflavones and three
rotenoids were previously reported from this plant coupled
with the recent increasing awareness of the biological
significance of isoflavonoids and rotenoids prompted us to
undertake a phytochemical study of this plant.

We 1report here the results of our phytochemical
investigations on the stem bark which was collected in June
and December of the 1987 from Sidamo (Aleta-Wondo) in

September of 1987 from Addis Ababa and February of 1988 from



Gondar. The samplez from Sidamo are believed to be the

subsp. M.f./darassana, from Gondar the subsp.

M.f./ferruginea and the samples from Addis Abeba could be

the hybrid of the two forms. Using the various
chromatographic techniques., 1t was possible to isolate a
chalcone, a flavanone, a pterocarpene along with seven
isof lavonoids. The complete characterization of these

compounds by chemical as well as spectroscopic methods will

be presented.



2. ISOFLAVONOIDS

In view of the fact that the genus Millettia is a

good scurce of iscoflavonoids, the salient featurezs of the
chemigtry of igoflavonoids wil! be reviewsd here albeit

succinctly.

2.1 Distribution and Qcgurrence

Iscflavonoids are believed to be predominantly found in
one group of plants. the subfamily Papilionoideae of the
Leguminosae [10]. Their chief source of occurrence 1is in
leguminous plants, some of which are very much in use as
food materials. Moreover, leguminous plants sometimes
exhibit remarkable physiological activities attributable to
their isoflavone contents. Gyorgy pnd co-workers [11] found
47 ,6,7-trihydroxy isof lavones to be antioxidative substances
of fermented soyabean,

They also occur occasionally 1in the subfamily
Caesalpiniodeae and in a few other families namely Rosaceae,

Moraceae, Amaranthacease, iridaceae and Podocarpaceae [10].

2.2 Types of Isoflavonoids

Although the isoflavonocids are biogenetically vrelated
to the flavonoids, they constitute a distinctly separate
class, because they contain a rearranged Ci=s gkeleton as

shown below.



Fig-1 Structural varignts of isoflavonoids
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Structurally isoflavonoids furnish a great variety of

natural products such & the isoflavones, iscof iavanones,

[£)]

coumestans. couwmaronochromenes, isof lavans. 3-aryl—-4-
hyvdroxy—-coumarins, pterccarpans, 1rotenoids and their hydroxy

and dehydro variants [12].

2.3 Biogynthesis of Isofliavonoids
Isoflavonoids differ from the flavoncids in having a

rearranged 1.2-dipheny! skeleton 83 opposed to a 1,3-

diphenylpropsane skeleton of the latter {13]. Like the
flavoneids, the various types of igsof lavonoids are
determined by <changes in *the oxidetion state of the
heterccyclic Ying. Further oxidation, reduction and

alkylation of the basic skeleton may also occur to produce
additional structural feastureg [14].

The biosynthefic pathways which lead fto the formation
of isoflavoncids may be divided into three parts.

a) those early pathways shared with other secondary
metabolites.

The essential Cis molecular framework of both
flavonoids and isof laveonoids résu}ts from the convergence of
the acetate / malonate and shikimic acid pathwavs. The
precursor for the acetate / malonaite pathways iIs acetyl Co-A
while 4-coumaroyl Co-A {4) derived from rhery! alanine (1)
as shown in Scheme-I serves as the precursor of the

shikimate route.

b) those stevs commcon to flaveonoid and isof lavonoid



biosynthesis.

The trensformation 1xading to the formation of

i
)

chalcones as shown 1n Scheme-2 consist of three successive
condensation =teps with acetate units which result in the
elongation of the aiiphatic side chain of 4-ccoumarate by giX

carbon atoms which then cyclizes to give the aromatic ring A.

Bcheme — 1 Tormation of 4-Coumaroyl Co-A
H H
AR .Y
Wy

H N >
=0 -3 'qo

& CoAS

: 3 4

C) those reactions unigue to the isof lavonoids.
Feeding = experiments by Grisebach and collaborators [15,16]
demonstrated that the isoflaveone skeleton results from the
flavonoid precurscrs Ly a 1,2-aryl migration of the B-ring.
This shift is believed to take place after the formation of
the C-15 chalcone (8) intermediate. This was established by
feeding experiments that showed the chalcone rather than the
isomeric flavonone (29} acted as the substrate for aryl
migration [17,18]. Thus the proposal that chalcones are the
more immediate precursors of isoflavones enjoys general
acceptance. Indeed, it is probable éhat only two chalcones

4, 2., 4' - trihydroxychalcone { isoligquiritigenin } and
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',4',6'-tetrahydroxychaicone (19) normally  act as
substrates for aryl migration [19].
As shown y Schemme~3., the presence of a garae hydroxyl

group on ring B of the chalicone precurscr is essential for

4'-0H the chalcunss bthemselves avspear as end producis (2]
Isof lavones may he further oxidized either at C-2 leading
to 3-aryli-4-hydroxycoumarins or at C--2¢ leading to 2'=-

nvdroxyvisoflavones., The presence of 2'-oxygenaticn function

ra oy

P s @expiicit in the malority of isof lavanones,

18

isof lavans. and complex iscfiavans and implilicit in the ring

system of pterocarpans. coumestan and rotencids. The

fP

biogenetic relationship among the igoflavonsids is shown in

T

Isnflavonoids are gaining considerable Importance due
recent discoveries of several bioactive substances

to
hel

longing +to this class (20 These inciude antioxwidative
(4t ,6,7-trihydrovy-issflavaones in [armentar soyabean) .,
antifungal (Leytone: (233 and antizspasmodic activity

Tsof lavonoids show a weak wowestrogenic activity and
*heii- rresence in forage _acumes =uch as clover (Trifolium

subterraneun) and red clovaer (T. pgratense) ig the cause of
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nfertility som=etimes occurring in animals grazing on these

[oh

rasture species 24 . Formonconetin, geinistein and biochanin
A are the mnain cestrogenlc isoflavenes of subterrarean
clover {12.24). Coumestraol and other coumestans are also

ceslrogenic agenbs found especially in olover and alfalfa

iy

£14] .

Rotenonid bearins plants of the related gennra Derris,

wonchocarpus. Lephrosia, Mundulea. and Millettia have been

used by peorie of Asia., Africa. and Socuth Bmerica as fish
poison [31. The insecticidal and piscicidal! property of
rotenone and relaled compounds have also Deen known for a
long time. The major effect of rotenoids on insects as well
as fish is a remarkable decreass in the oxyvwen uptake which
finally results in death [12].

Some isoflavonoids and in particular pterocarpans are

ttack by viral! or

3
0
o
=
(a7
1l
b
3
[}

sometimes produced as shytoalerd

fungal agents by plants. The first known phytoalexin
isof lavonoilds are pisatin from pea (Pisum sativum) and

e

4
:

Tl

\=da

gare) {13]1. In add

Phasecllin from bean (Phaseolus vulg

o the first known phytoalexins, Sa~hydroxyphaseollin,
medicarrin and maackiain are also known tao occur in

a and red clover regpectively [131. The

Tty

soyabean, alfal
antifungal activity of the prenyliated iznflavone. leutone.
found in iImmature fruits of L. albus has bszen recently
demonstrated and may serve fo highlight an dimportart role

for isoflaveonoids in plant protecticon [13].



2.5 Spectral Properties

Recent developments iIn trhe structural study of
isof lavonoids Thave centered iargely on the application of
spectroscopic methods., The main steps generally followed in
structure elucidation of an iscflavoneoid are: recognition of
the class to which the compound belongs and determination of
the nrature and orientation of substituent groups in the
aromatic rings. Trese steps are well served by the

application of UV, TR. NMR and ¥3 techniques.

2.5.1 UV Absorption Spectroscoey

UV absorption spectrascopy 1is a usefiul Fne:

A&

Y]

tra

]

in the structural elucidation of natural

products. The UV szpsctra of paturally occurring iscoflavonoids

Table-I UV Abscrption of Isoflavonoids [10]
s TR e ey A ek et sttt
Isoflavonoids Band I (nm) | Band II (nm)
Isof lavonaes 300-34C (shi | 245275
Isof lavanones o~ 310 ~ 270
Isof iavans = %” 281 and 287
|
Pierocarpans G “ ¥
| Coumestans 340-330 intense -
300-310 less intense =
Rotenoids ~ 315 (sh) 280—300%

e e v e i——— b —— 1 47t S £ & A e o 0 S O WY T e &



Although coumestans do have absorpiion peaks in the
ahove mentioned Y range (Table Iy, their most
characteristics property 1is an intense blue to violet
flourescence under UV light.

The characteristic feature of an iscflavone is a strong
ezbsorption at band II and rather weak absorption at band 1I.
The latter band offen escarces vesolution and aprears as a
shoulder. Variation within thess ranges will depend on the

hydroxylation pattern, degree and type of substitution of

the hydrowyvis. Increased hydroxyiabtion of isoflavones in the
B-ring does not usually have a significant effect 1in the
abscrption of band II1 in: B5,7-dihydroxyiscflavene (259 nm) :

5.7.4'~trirydroxyisaof lavone {261 nm) and 5.7.3",4—

tetrahyvdroxyiseflavone (262 oml, rhiowevery band IT is shifted

bathochromically Dby increased oxvgenatiorn in the A-ring as

shown i Table II [25].

Table-~II Band II thae UV Syectra of Isoflavones Differin

in their A-ring Oxidation Pattern

st i g e s s, W i T e B e TR o S e e e g s e e LSS REE a

Izof lavone ! Oxidation Fattern Band I1I
e e et Sk i i S — $ e A v e S B r e : b L A S Ity s
t_ i-ring B-ring (nm)
Daidzein 7 4 240

6-nydroxvgenistein 5.6.,7 4: 270G i

i
Senistein 1 LT 43 261
{
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Methylation of either 7- or 4'-hydroxyl group 1in
igef lavones hags littie effect. while substitution or loss
of a S-hydroxyl group causes bdand shifts *ro shiorter
wavelengih. Additional information on the substitution
pattern of the hydroxyl group can be made using shift

reagents whenever necessary.

2.5.2 *H NMR Svectroscopy (251

NMR spectroscopy can he considered as the most powerful

gpectroscopic techiniquas for the atructural slucidation of

oot
n
b
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n
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s |
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ot
for)
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natura. vroducts. Chemicsa
patterns anc couprling constant wvalues grovide wvaluable
infermation aboul the substitutisn of an isof lavenoid.

in 5.7-oxygenated isofclavones. the =rotons located at ©

-6 anéd C-& of ring—-A usually gives rise to two doublets due

e

to meta coupling {(J-2.2 Hz). As a result of the orthe
shielding effect of the two oxygenated substituent the
signal for H-6 is usually obssrved at higher field (6.0-6.2
ppm} than the H-8 {(6.2-6.5 ppm).

If an isoflavone is oxygenated at the 7- positiorn of
the A-ring, the (-5 protcn appear as a doublet due (o

9 Hz) with the C-6 proton and occurs at

iy

~

4
i

orthe couplin
loweyr field (8 ppm) than most aromatic protons are chserved.
this is due o the ortho deshielding effect of the T-4 keto
na fulliy substituted A-ring except at C-5, where
-3 sroton ap2ears as a

singlet in the range 7.5-7.8 ppm. In this case. the ortho



G

deshielding effect Is minimized to certalin extent by the
ortho shielding effect of the C-f oxygenated substituent.

The protons of ving-B usually appear in the range 6.7
-~7.0 ppm. Wrich is down field from the region where the A~
ring aromatic protons abscrb. The signal pattern for the B-
ring is characteristic for ths substitution pattern of the

- -

ring. If the B-ring is owygenated at C-4¢, a 4H resonance of

two doublets (J = 8.5 Ee) is chgerved. The C-3¢ and C-5°¢

a cacge multipiet of ABX pattern in the region (6.7-7.1 ppm)
is observed.

A singleat that appears at ca. 7.8 ppn representing the
C-2 proton of ring C is a charecteristic feature of an
igoflavone. The presence of methoxyl and methvylenedioxy

grours is readlily reccgnized by the arpearance of strong

signais at 3.5-4.1 =pm and at about 6.0 pom respectively.

1=C NMR spechtroscosy has not 23 fully appliied to the

study c¢f isoflaveones as it has beer forr the filavones. The

0

carbony! signals of Loth filaveones and iscflavones resonate

+ =
£

S=178.6 @pm, but €-2 and C-3 are

FAS

in %h region

(13

sufficiently different 1in the two serieszs Lo rmit an

"y
@



immediate distinction [(27]. In the fliavenes the C-2 signal

inglet (in the ofif resonance decoupled

i "':

aprear as a

spectrum) at 160.5-163.2 pprm and that of C~3 as a doublet at
104.7-121.8 ppm, whereas in iscflavones they occur as a
doublet at 149.£8-155.4 and that of C-3 az & singlet at
122.3=125.9 ppm.

A carbonyl resorance of 181 + 1 ppm clearly indicates
the presence of a nydroxvl moliety at C-~%5. The deshielding of

te all other substituted isoflavones

i

about & ppm relativ

&rise fyom intiranolecuizyr hydrogen bonding between C-5

hydroxyl and the C-4 carbony! {20,231,
A 4'-substituted isoflavones ( 0H, OCHs) is well
characterized by signal seguences 123 + 2 ppm., 130 + 1 ppm

{strong), 114 + 1 pgom (octrong) and 152 + 2 ppnm.

)
o
22
[ S
M
1
[
1t
(=]
e
5
4
3
J.
y
)
85 ]
e
ot

of C-% ydroxylated and C-4!

Cibstituted Isoflavoracs.

Isof lavone | C-shiftz (ppm) |
s o e . mosindbine | 3O T
; .\ = l . i
4 ' ! 1 .'&6'33'&5' P4t Ref.J
[t ity | caas . PO, il
4t ,5,7-trihydrexy— , 181.27 122.%0; 139, °7§115.82i158.20 20
| ‘.
| | | | :
isoflavone L , i i !
(Genistein) i | i ‘
i ‘ |
: ¢ ? -
S~-hyéroxy-4!'. . 180.52 1ﬁ2.91'130.13i113.74 159.43| 20
| i 1 ]
- | : l !
7—-cimethoxy i I !
. | i :
isof lavone | | ' : |
g : ! 1
Wighteone ilBO.i? 1?1.53i130.30!115.20;151.50 29
b : . i i)

e e



An off-resonance quartet at 55.1 + 0.1 ppm 1s wvary
likely due to a 4'-methoxy group while all other methoxy
groups of igof lavones resonates near 56 ppm. In case of 6,7-
dimethoxy dsrivates twn closely srpaced methoxy signals at

55.9 (C-6-0CH=) and 56.2 ppm (C-7-0CHs) will be observed

most likely [201. In a poilvoxygenated isoflavones. a
resonance observed at 59-64 pom will most likely he due fo

di-0O-substituted metheoxy groups [101.



Table - IV sethoxy carbon

shifts of isoflavones and flavones

PR

B 5 6 i 8 2 3¢ 4° fi 6 | Bet
1  4',6-dinmethoxy iscilavons 56.31 5%.9% | 40
3 {4r,7- » " 55.88 55.08 |20
3 18,7 = K D3.824 56.48 28
4 17,8 it o 56.43 60.98 - { 40
{ & 14,7 ,8=trive hoxy isoflavone 56.37 60.95 55.06 l PRy
6 | 3,4 ,5'~- " P 56.00 50,13 56.00 ol
| 7 |5,7-dihydroxy~-6,2",4"',5"- £0.1 55.7 56.2 28
; tetramethoxy isoflavone
! 5 4" .5-dihydroxy-3',6,7- 60.u 56.3 56.0 29
% trivethoxy flavone
j & | 3¢4',5,8,7-pentamethoxy 62.1 81.5 56.3 56.1 56.1 29
iluvone
ilﬁ 3*,5'=dihydroxy-2"',7 8~ 6.5 61.0 60.4 29
j trimethoxy ilavone !
A

o b e iR A

—-61:—



EIMS distinguisn 9=
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hydroxyl oy 2'-methoxyl substituvenls from thoze that do not.
al Taonf iavones without & Z'-substituent give a
relatively abindant M® along with (M-Hy~, {M-CH=}" and M=".

Furthermore fragment derived by RIA. cleavags are ugsually

+

present and these greatly aid in the identification of the

G

substitution pattern [31]

SN il
\ fi: aundiﬁf
RN g i:f‘
G :
e -

Ag B

H) Isof lavones with 2f-hvdroxyl and 2'-mathoxyl

substituent give soms of the above mantioned ions 1in
addition to ceritain fragments that are unigue for the 2'-—-

attern. in RDA procezg a hvdrogen transfer

Y

substitution p

o

from the Z -methoryl moilety o the A-ring fragment occurs.
The 27-methoxyl group zan alsc he eliminated Lo give an (M-

313 ion az shown below [321.
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3. SECONDARY METABOLITIES OF MiLLETTIA

Phytcchemical investigcation of a number of Millettia
species have shown them to ke a rich source of flavonoids
and isoflavoncids typical of the Tephrosieae tribe of

Papilionoidea {21]. In additicn to the flavonoids, the

I,

roids Thave also been reporited from some

-+
(k1)

presence of =
species of The genus.

Flavoneids such as £lavones, flavonols, flavancne,

dihydraof lavoncls, chalcones and dihydérochalcones and
isof lavonoids such as isoflavones. rotenoids. plierocarpans.

F—aryl-4-hydroxycounarins, isoflavane and isoflavanguinone
are known to oocguy in fthis genus.

Eeceorndary metabolites s0 fer known from the Milliettia
species listed below are summarized in Table 5-12 according
te thelr structural types.

i Ma auriculata Bak.. ex Brand

dielisiana Harms

. =

8]

‘ Mdi

3. Mdu . dura Dunn
A

=
(=N
==

ferruginea (Heochst) Bak.

S Mh M. hemsleyana

5 Mn M. nitida Benth

7 Mo M. ovalifcolia kurz
8. Mpa M. pachyecarpa Benth
9 Mpe M. pencula Benth

13 Mpi M. puichra Benth




12 Mre M. reticulata EBenth

13, Mru M. _rubiginoga (WL and Arn)
14, Ms M. stuhlmannii Taub
13, Mta M. Laiwaniana Havata
16. Mth M. thonningii {(3chuma and

Thonn) Bak,

Z.1 Flevgnes and Flavonols

The flavones and flavonols from this genus show the
absence of a S—-hyvdroxy! group (Table-5). Furanoflavones,
pongag labrone and kanjone and furanoflavonols, karanjin and
pongapin which seem Lo be restricied to the genera Pongamia
[33.34,35] 2nd lanceclatin E to Tephrosia [36) are also

reported Lo occur in this genus as well. Moreover,

rpongaglabrone (15). lanceolatin B (16) from M. ovalifolia

[32] and 3',4'-methylenedioxy-7-methoxyflavone (17) from M.

hemslevana ([(38] can be considered as the cvclized forms of

the demethylated B-hydroxychalcones, ovalitenone (18},

-

pongamol (19) and miiletenone (20) respectively.
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Table~-5 Structures of Flavenes and Flavonols

No Flavone Substitution Mol.for M.W. Sou. Ref.
1 Lanceclatin-8 7.8~0CH=CH- CizHio0s 262 Mo 37
Mh 38
2 7-OMe; 3' , 47 —-0CH20~ C17H1=20= 296 Mh 33
3 Pongaglabrone 7,.8-0CH=CH-:3,4-0CH=z0~ CieH100s 306 Mo 39
4 Kanione 6-0Me : 7, 8—-0OCH=CH~- CisHi=20a 292 Mo 29
5 Milletenin € 6,7—{(0Me}=2:3,4-0CH=20~ CisHiaDe 326 Mo 37
6 Pongaflavone 3-0Me; 7,8-~0CMe=C=CH-~ Cz:1His0a 334 Mh a8
7 Ovalifelin G~0CH=2CH=CMe= ; CezHiela 346 Mo a7
7 . 8--0CH=CH-
Flavonols
8 Robinetin 3.7.3.4',5'-(0H)= CieHio0O» 302 Ms 40
9 Karaniin 3~-OMe: 7,8-O0CH=CH- CieH120a 292 Mo 39
10 Fongapin 3-OMe: 3',4'-0CH=0-: CisH120a 336 Mo 41

7.8-0CH=CR-



3.2 Chalcones and Dihydrochalcoones

Table 6 summarizes chalconess and dihvdrochalcones that
are =o far krnown to cccur in the cenus. Ir. this series the
furano der ivaties seem te be more common., Thus, ovalitenin—a

ocurrs 1in M, ovalifolia seeds alcng with other flavonoids

having the same A-ring substituticon. namely ovalitenin-B,
ovalitenin—C, ovalitenone and pogamol.
Ovalichalcone (21) and ovalichalcone-A (22) isclated

from M. ovalifolia [42,43] can be considered as having a

phloroglucinel A-ring pattern. where C-prenylation and O-
metylation has taken place. Ring closure of (21) could

cone-1 (22) isclated from M. ovelifo-

[

iit ponEacha
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Dihydrochalzones heving B-hydroxvi function have heen
reported from this genus. Owvalitenin—B (24) occuring in M.

ovalifolia [(45] seems to arise from pocamol (1Y) as a result

of reducticn of the fB-keto-function f£fclliowed by O-
methylation. Dihydromilletenone methyl ether (25) and the
dihydroisomilletenone ether (26) are also reported to occur
along with the B-hydroxychalcone milletencne (20) in M.

hemslevana [38].
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Table-6 Structures of Chalcones and dihydrochalcones

Chalcone Substitution Mol.for M.W. Sou. Ref.

Ovalitenin—-A 2'-0OMe: 3% ,4*' —CH=CHC~ CisHi1a40x 278 Mc 45

Ovalitenin-C 2-0Me: 3,4-0CH=C—; CisH140s 322 Mo 46
3% ,4'-CH=CHO-

2'—0H;4-0Me : Cz1H=00a 336 Mpa 47
2.4~CH=CHCMe=0-

Poncachalccone-I 2-0H: 6'-0Me; Cz:Hza0a 336 Mo 44
3%,4-CH=CHCMe=0-

Cvalichalcone 2'-0H;4',6'-(0OMe}=; C==H=za0a 352 Mz 42
3 ~CH=CH=CMe=

Ovalichalcone~A 2-0H:4!.,6'-(0OMe) =: Cz=H=240s 395 Mo 473
2.4-0CH=0-;
3 —-CHz{H=CMe=
Dihydrochalcone
POE".Q’&I{‘AO: 2} =0Me : 8~CO-; CamHi1a0as 294 M2 41
3t ,4'~-CH=CHO- Mo 37

Milletenone 2' 4= (OMe)=;B-C0-;: CieHi1.0. 328 Mh 38
3% ,4*-0CH=0

Dvalitenone 2'-0Me; B—-CO-; CieoH1a0s 388 Mo 45
3.4-0CH=0-:

3! . 4'=CH=CHO~

"Ovalitenin—-B 2',8~(0Me) =: CieHie0a 310 Mo 45
3',4*-CH=CHO-- '
Dikvdromilleno— 2'.,4',3-(0Me)=: CioHzoDa 344 Mh 38

ne methylether 3,4-0CH=0-

Ditwdroisomill- 2,4.8-(0OMe)=; CioHzolOa 344 Mh 38
etenone methyl

ather. 3,4 -0CH=0-
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3.3 Flavanonas and Dihydroflavonols

L complex gervies of C-alkyvlated flavanones
a) lacking B-ring substitution
b) rpossessing the 37 .,4'-methvlenedioxy function occuring
along with the dimethylchromeno flavancones in the seeds of

M. ovelifclia [39.41,.44.46]. This sugsgests that isoloncho-

carpin (29) and ovalichromene-B (337 are intramolecular

cyclization procducitis derived from ovaliflavanone—-B (27)

and cvaliflavanone-C {(3l) rezspectively. Ovalichromene (30)

[

and ovalichromene—~A (24} can be considered as the ocvolized

products of the C-G O-methyviated precursors.
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Table-7 Structures of Flavanones and dihvdrof lavonols
Na Flavancns Substitution Mol . for M. W. Scu. Ref.
23 Milletenin D“OMu:B 4' -DCHz0- CiwHi1a0e 338 Mo 37
7.8-0CH= CH—
24 Milletenin-A 6.7-({0Me)= CigHieOs 312 Mo 37
3,4 -0CCH=0~
25 Isolonchoc-
arpin 7 . B8—-0CMe=CH=CH- CeoHiel= 306 Mo 47
26 Ovaliflava—
nons—B 7-0H: 8-THzCH=CMe= CzoHze0x 308 Mo 39
27 Ovalichrom— 3% ,4'—-0CH=0—;
ernie-B 7 .B8-0CMe=CH=CH~ CeiHiels 350 Mo 41
28 Cwvalichromene 6-0OMe: Cz1HzaDa 336 Mo 41
7 . B8-0CMe"H=CH-
29 Ovliflavan— 7-0H; 3! .4'-0CH=0; Cz:Hz2a0s 352 Mo 45
cne—C 8—CH=CH=CMe=
30 2vlichromene-A 6-0Me;37,4'-0CH=z0~;: Cz=zH=2e0sa 380 Mo 44
7.8~-0CMe=CH=CH-
31 ovliflavan—- 7—0H: Cz=Hze(0= 376 Mo 39
one—A 5,8~ {CHzCH=CMe=) =
32 Oovliflavan-— 7— OT—{ =l —OCH._O—: CamH=als 420 Mo L&
orie—D 6,8- (CHZCH CMe=)=
23 ECorhoranone 7.4 -(0H)=; CxoH==xCa 457 Mpu 49
8,3',5' - (CH=CH=CMe=)=
34 5,7,4*—=(0H) = CzoHx=0a 473 Mpu 49
8,3',5'—- (CH=CH=CMe=) =
35 3,4~ (CH) =: ComHzaO=s 406 Mpa 50
6, 7- {CH=CHCMe=0) ;
8-CH=CH=CMe=
36 3,5.4"-(0H) =; CosHzele 422 Mpa 51
8-CH=CH=CMe=;
£, 7-CH=CHCMe=0
37 3,7,4'—(CH) =;
8,3!'.5"-(CHzCH=CMe=) = CxoH==0s 473 Mpu 40
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3.4 Isoflavonoids

Table g-11 summarizes the varigus forms of

of lavonoids from Millettia species. Among the reported

islfavonoids from the genus., the isoflavones are the most
COMmMMmon .

The co-occurrencs of a rotenoid (sumatroi-35-) the 2'-~
hycroxyiscflavenes (auriculetin-36-) and iscauriculatin (37)
and & coumaronochromene {(millettin-38-) along with other
isoflavonss within the seeds of M. auriculata is biogeneti-
cally interestirg and is consistent with +the Dbiogenetic
scheme suggested by ollis ({52,531} that 2'-hydroxy—
isof lavones are precursors for rotenoids and coumarino-

chromonas .
The natural co-occurrence of the 3-arvyl-4-hydroxycouma-—

rin (rchustic acid {39)) with the structurally corresponding

isoflavone (alpinun-isoflavone (48)) was repcrted from the
seeds of M. thonningii [54 by Olivares et. al. This co-

occurrence is certainly of biogenetic interest and there can
be little doubt that the khicsynthesis of isoflavones and 3—

aryl—-4-hydrowy~-coumarins follow similar pathways.
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Table—-8 Structures of

.

(]
i~h

No Isof lavone Subgstitution Mol.for M.W. Sou. Ref
38 Affcrmosin 7-0H:6.4'—-{0Me) = CizHia0Os 300 Mre 53
39 7-0H:8.,4'-{0Me)} = CawzH10= 200 Mre 55
40 WVildurcne £.7.2'-({0Me)} =: CioHi10-» 356 Mdu 5
4% 5 -0CH=20-
4% Alpinumiso- 5,4'-(CH)Y = ; CeoHi>0s 337 Mth 54
f lavone €&, 7-CH=CHCMe=0-
472 Robustone 5-0H:3¢,47-0CH=0~; Cz:H:10= 348 Mth 656
6.7-CH=CHCMe =C-
473 5,3 (0H)=;4*"—0Me; C=21Hi=s01366 Mth 354
6,7-CH=CH Me=0-
44 Alpinumisof-
lavone—-4'—-met~- 5-0H: b —QMe C21His0s 351 Mth 54
hylether 6,7- CHCMezo-
45 5-0E:4'-0OMe ; Cz1Hza0s 352 Mpa 57
7 .8-0CMe=CH=CH~
46 RAurimillone 5.7-{0CH)=;8-0Me; Cz2:H=00. 368 Ma 58
4! -CCH=CH=CMe=
47 Isocaurmillone 5.7-(0CH) =;6-0Me; Cz1Hzolse 358 Ma 59
4! -0OCH-CH=CMe=
48 Marlettone 7-0Me ; C2:H=10- 337 MNdu 5
4 ~0CH=CH=CMe=
49 Durmillone 6—-0Me;3,4'-0CH=0—: Mf 9
: Mdu 5
7.8~-0CMe=CH=CH- ComH210. 378 Mru 60
50 Alpinumiso— 5,4'-(0OMe)} = Cz=H=10= 365 Mth 54

flavone-
viether

dimeth— &,7-CH=CHCMe=0-



Table—8 contd.

No Isoflavone Susstitubtion Mol.for M.W. Gou. Ref.
51 Ferrugone 2'.,5'-(OMe ) =: Cz=H=c0-» 408 e a
3',4'-0CH=0-
7,8-0CMe-CH=CH-
52 Ichthyrcne 6,2 (0Me)=; CexHzc0+ 408 Mru 60
4% ,5*-0CH=z0-
4: 5 -0CH=0-
7. 8-0CMe-(H=CH~
53 Auriculatin 5.,2",4'—(CH) = CezsHza0s 420 Ma 61
8—CH=CH=CMe=;
& .7-CH=CHCMe=0-
54 Isoauriculatin 5.2’-(01‘1)2: CasHza0s 420 Ma 62
4 -0CH=CH=CMe=;
6.7-CE=CHCMe=0-
55 Auriculasin 5,3 ,4'"—(0H) =; CzsHza0s 420 Ma 63
8~CH=CH=CMex=;
6.7 CH=CHCMe=0-
56 Iscauricula- 5,3"-(0H) =; Cz=Hzale 420 Ma 63
sin 43 ~0OCH=CH=CMe=;
& .7-CH=CHCMe=0-
57 Pomiferin 5.3',4'—(CH) =; CzsHz240e 420 Mpa 57
6—CH=CH=CMe=;
7. 8-0CMe=CH=CH-
S8 €£.8-Di(dimet- 5.7.4'-(0H)=: CozsHzeO=s 406 Mpa 30
hylallyl) 6.8-(CH=CE=CMe=)=
genistein
59 6.,3'-Dif{dimet— 5.7.4'~(0H)=x; CzsHzale 405 Mpa 50
hylallyl) 6,3 '~ (CH=zCH=CMe=}=
genistein
60 6.8'-Di(dimet 5.7.3'.4'-(0H)a: CesHze0s 422 Mpa 35
hylallyl) 6,8-(CHzCH=CMe=) =

orobol
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Table-8 contd,

No Isof lavone Substitution ol .for M. W. Sou. Ref

61 5.7.2',4'-(CH) a: CaosHaelu 422 Mou 49
6,.3"=(CH=CH=CMe=) =

62 Auriculin 5.2'={0CH)=z:;4'-0Me: CzaHo=s0. 433 Ma E€&L
8-CH="H=CMe= 62

63 5,7.4"=(0H) =: Cz2eH=a0s 436 Msa 49
2t =0OMe ;
6,3'—(CH=CH=CMe=)=

64 41 -0H:3'~0Me; Cealizals 436 Mpa 52
g .6~0CMe=CH=CH=—:
7 .,.8-0CMe=CH=CH=-

65 2'—0H; 4% -0OMe : CealHzala 436 Mpa 51
5.6-0CMe=CHzCH=—;
7 H B*OCM62CH2CH2-

66 5-0H;37 ,4'-(0Me)=; Cz=>H==0- 468 Mpa 31
8-CH=CH=C (OH) Me=:
G, 7=-CHzCH=zCMe=0-

67 5-CH.2'.,4'-(0OMe) =; CorzH==0- 468 Mpa 51

8~CH=CHE=C (OH) Me=;
6 .7-CHzCH=CMe=0-



Table-9 Structures of Rotenods.

No Hotencid Substitution Mol.for M.W. Sou. Ref

68 Milletone 2 5 S—OCH-.:O-; szH;aO.;, Mdu 5
8.8~CH=CHCMe=0-

69 Rotencne 2,3~-(0Me) = Cz=H==0s Mdu 5
8,9-CH=CH(MeC=CH=) O—-

70 Sumatrol ,1-0H:2.3-(0Me) =: Caz=sH=20+ 410 Ma

@ +o

71 Rot-2-enonic~ O9-CH;Z2,3-(0Me)=
acid 8.,~CHCH=CMe=

1Z2-Hydroxyrotenoids

72 Milletteoszin 12a-CH: 2. 3-0CHE:0-:
8-CH=CHCMe=0-
73 12a-hydroxy- 12a—0H:2.3-(0Me) =;
rotenone 8,9~-CH=CH (MeC=CH=) O-
74 Tephrosin 12a-0H:2,3—-(0Me) =;

8.6—-CH=CE=CHCMe=0-

75 12a~-hydroxy— %,12a—(0OH) =:
rot—-2-enonic 2.3-{0OMe) ;
acid 8—CH=CH=CMe=

Dehydrorotenoid
76 pehydrodeguelin 6a l2a-dehydro;

23-(0Me) =:
8, 9-CH=CHCMe=0-

, 9-CH=CH (MeC=CH=) O—;

Cz=Hza0s

CzzH=z=0-> 410

Cz=H=240- 412

Mpa

CezHza0» 396 Mdu

Mpa

Mcu
Mf

Mpa

Mdu
ME

w0 Ui
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Table—-10 Structures of Petrocarpans & 3Z-arvi—-4-hdroxy-

coumarins
No Rotenoid Substitution Mol.for M.W. Sou. Ref
77 Maackiain 3-0H:;:8,5-0CH=0- Ci1eH1=20= 284 Mpe 65
Mpu 49
78 Pterocarpin 3-0Me ; 8, 9-0CH=0- Ci7H1a40= 298 Mpu 49
79 Sa-methoxy- 3,.6,—-(CMe)=; CioHi160= 312 Mpu 49
hemorteroc— 8,9-0CH=0-
arpin
80 6a-methoxy- 3.6.9-({0Me)= CieHiels 314 Mpu 49
homopteroc—
arpin
3-aryl—4-hydroxycoumarin
81 Roubstic 4-0H:5,4'~(0OMe) ; Cz2H200s 380 Mth 56
acid 6, 7-CH=CHCMe=0—-
82 Thonningii A 4-0H;5.8-(0Me)=: Cz=His0s 422 Mth 56
3! ,4'-0CH=0~
83 Thonningil B 4-0H;5,8,4'-(0Me)=; C=zH=zo0-> 408 Mth 56

6,7-CH=C (MeC=CHz) O~



Tabhlie—-1] isoflavan, Isoflevanguinone & Couinar oroch-onone

CimHiaOx 242 M. pe

h
| ]

T12aHi1a0x 286 M. e 65

Ci»H:0s 316 H.ps a5

CasHz20a 418 M.a 66

Miilettin



2.5 Stercids

Table-12 Eteroids

Ng Compound M.f M.w Sour . FKef.

88 CzzHea 372 M.f 6

Cholestane

| 89 Combaal 400 M.di 67
’I'Im“ M.n 67
¥ ﬁ
Campesterol

90 CazepHea 414 M.ds 67
M.f =3

M.n 67

M.pa 67

’ M.pe 68

M.ra 60

B~Sitosterol



{h

No Compound K.£ M.w __ Sour. Ref.

88 CovHea 372 M.f 6
Cholesiane

89 Combaa( 400 M.da 67

! ”{;"“ M » X1 57

W )
Campesterol

a0 CzeH=ol 414 M.di 67

M.f &

M.n 67

M.pa &7

W ! M.pas &8

M.ra 60

p~Eitosterol



Table-1Z Contd.

No Compound M.f _  Mw Sour . E

43 34
a

Stigmasterocl

92 CacBaal 424

==
=

Taraxerone

93 CsoH=e( 426 M.n

Taraxerol

67

67
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4. Resuitgand Discussion

Several reports exist in the literature on chemical studies
of Millettia species. To date over 25 flavonoids. 50
igoflavoncids, 12 chalcones and 8 miscellaneous compounds
have been reported from this genus alone. The genus is well
known for elaborating interesting secondary metaboclites such
as the isoflavonoids and rotenolds. An attempt has been made
here to list all compounds so far isolated from Millettia
species. To our knowledge so far only 16 Millettia species
have been subjected to phytochemical study. The compounds
so far isolated are given in Tables 5-12 indicating the
source, species and the corresponding reference.

The seeds of Millettia ferruginea have been

investigated by Clark in 1943 [8! and Highet and Highet in
1667 (9] and resulting in the isolation and characterization
of retgnone (41). tephrosin(42;), dehvdrodeguelin (43).
durmillone(44) and ferrugorne (45)

PDuring the course of our chemical study on the
steam-bark of this plant except for ferrugone (45) even
traces of other compounds present in the seed could not be
detected. The stem-bark contains at least te gowpounds of
which nine have been fully characterized and considerable
data has been generated on the remaining one compound. The

compounds were named as compound A,B,....I.J.
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i -0,\*; =R=R=R=H
2; ;‘-:%’ OHER%-?%EE%:H
8. ReRgRIReR
50. 5 Oe; ReRRyfst
51 ROMe; Ry RyRg
52, R35R5= OMe; ReR5R;=H
83, RI;-% OMe; R3=R4=RS‘-H
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The compounds characterized are:

compound-A (48) fiemichapparin-B

compound-8 (49) calopogonium isof lavonone-B
compound-C (350) lsojamaicin

compound-D (51) jamaicin

compound-E (45) ferrugone

compound-F (46) 4-hydroxylonchocarpin
compound-G {33) S5-methoxydurimillone
compound~H {(47) 4' ~hydroxyisolonchocarpin
compound-1 (52) ichthyncone

The known compounds (46,48.49.51.52) are described here

for the first +time to occur in the genus Millettia. 4-

hydroxylonchocarpin (46) was isclated previously from Derris

flouribunda [69]. flemichapparin-B (48) from Flemingia chap-

par [80]., calopogonium isoflavone-B (43) from Calopogonium

mucconoides (71}, Jjamaicin (32) and ichthynone (52) from

Piscidia erythrina [(72.731.

All compounds were characterized by spectrscopic
methods MS, *H NMR and in some cases *=C NMR and comparison
with data in the literature. Data in some of the Xknown
compounds are incomplete in the literature and therefore
attempts were made to generate the missing data. Thus *=C
NMR data were generated for the first time for 4-hydroxylo-
nchocarpin{48), ferrugone(45), Jjamaicin(3l) and ichthyone
(52) . However, for 49, it was not possibie to generate full

spectral data due to the limited amounts of compound



obtained. The characterizatin of this compound was Dbased
mainly on MS and *H NMR data. Comparsion with literature was
not possible due to lack of access to the original sources.
The remaining two isof lavones and one flavanone werse
characterized as novel and have been assicgned the trivial
names isojamaicin (50), S-methoxydurmillone (53) and 4'-

hydroxyisolonchocarpin (47).

4.1 Characterization of 4-hvdroxylonchocarpin (4§}

The HRMs for this vellow compound analyzes as Cz=ocHiala
(M.W. 322,12085}. The bands in the IR spectrum at 1590,1520
and 1490 om~* suggest the precence of an aromatic moiety
i741. The singlet at 14.67 ppm in the *H NMMR and the band
that aprears at 1640 cm™* in the IR specirum suggest a
carbonyl group chelated with OH.

The UV spectrum of this compound showed maxima at
226,272 and 368 nm suggesting a chalicone with a ring—-A fused
2.2-dimethylpyranyl ring [54.,73.,76]. The MS provided
evidence for the presence of the dimethylipyranyl ring
because of the characterstic ion resulting from the loss of
CH= from the molecular ion (m/z 307) as shown in Scheme-5.
Moreover, the base peak at m/z 187 clearly shows a 2,2-
dimethylpyraro ring fused with ring A.

The presence ¢f & band at 3250 cm~*in the IR spectrum
and the fact that addition of NalMe causes a Dbathochromic

shift of 64 nm of hand I with increased peak intensity of



L5~

its UV spectrum indicates a chalcone containing a free 44—
hydroxy groﬁp {77}

The two ortho coupled doublets at 8.06 and 6.36 ppm
(J=9 Hz) suggest a substituted A ring except the C-5' and C-
6! positions. The doublets at 7.74 and 6.92 ppm (J=8.5 Hz2)
integrating for two protons indicates the B-ring is
symmetrically substituted.

Based on the above spectropic observations, structure
46 was assigned to this compound. This structural assignment
was fully supported by the *¥C NMR spectrum (Table-13) 46
turned out to he the known natural product 4-hydroxyloncho-

carpin which was isolated from Derrisgs flouribounda [69]. The

UV, IR, *H NMR and MS are in goond agreement with those

reported for 4-hydroxylonchocarpin (46€).
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Table 13 *=C NMR [(CD=)=C0] of 4-hydroxylonchocarpin

i Carbon (ppm) A%
C=0 193.23
4t *161.71
2! *¥161.08
4 *160.42
8 145,52
41 132,31
2.6 131.85
6t 129 .22

P ¥ 127 .56

| 118.15
3.5 116.31
3 116.30
1! 115.00
51 110.00
31 108.84

| 20 78.46

% CH=x2 28.48

* Interchangeable.
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4.2 Characterization of 4°'-hvdroxyisolonchocarpin (47)

The HRFMS analyzes for this compound C=oHi1s0a as its
molecular formula. This suggests a Ci=0= nucleus of a
flavonoid in association with a Cs-residue.

The *H NMR spectrum showed the resonances typical of the ABX

25] which are

e

gpin system of the flav 1one saturated ring
clearly resolved into an AMX system allowing first order
analysis at 5.40 pprm (1H,dd,Jhv—zanxst—=ax=13.1 Hz. Ttz mse £ b1
~eq=3.1 Hz)., 3.01 »opm (i1H., dd. Ju-zmax t-=aq=16.8 Hz. Ju-
sensri—zax=13.0 Hz) ., 2.80 ppm (iH, dd. Ju—mwa m-=ox=16.8 Hz,
JH—:s-q/H—znu=3 s HZ) =«

The doublets that appear at 5.96 and 6.62 ppm (J=10 H=z)
equivalent for one proton each and two singlets at 1.47 and
1.44 ppm egquivalent for three protons each are highiy
characterstics of a cis olefinic and gem—-cdimethyl group of
a 2.2-dimethyl - chromene structure. The M5 further
provides evidernice for the presence of the dimethyl-chromene
ring because of the characterstic ion resulting £from the
molecular icon (m/z 307) as shown in Scheme—&. The base reak
at m/z 187 cleary shows a 2,2-dimethyl-chromene ring fused

with ring A. The doublets at 7.74 and 6.4% ppm integrating

[N

for one proton each indicate that the (-5 and C-6 positions

o

1 A

ituted. inig cliearly establistied tLthat

¢t

of ring A are unsubs

the chromene ring is angularly fused with ring A at 7 and 8

positions.



shg.

The presence of a four peak pattern of ftwo doublets at
7.36 and 6.89 ppm (J=8.8 Hz) integrating for two protons
each suggest a symmetrically oxygenated B~ ring. 4'-hydroxy-
isolonchocarpin (47) was cdeduced to be the angularly fused
pyranof lavanone 4!'-hydroxy-2'!,2''—dimethylpyranc [(5'!', 6'':

7.81 flavanone.
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4.3 Characterization of Flemichapparin-B (48)

The HRMS revealed a molecular ion peak at m/z 296
consistent with the molecular formula CizHiz2z0s. The IR
spectrum showed neither —OH nor carbonyl absorption. A band
at 1660 cm* indicated olefinic unsaturation. This is
reflected in the UV spectrum which showed high intensity
absorption with maxima uwpto 358 mm ([771. The Dbands at
1610,157C and 1470 cm™* in the IR spectrum suggest an

aromatic moiety and at 1230 cm™* a phenylether linkage.

£

MS showed (Scheme-7) intense peaks at m/z 295 and m/z
281 due <to logss of H and CHxz from the molecular ion
respectively. This suggest & highly stable aromatic skeleton
of a pteroccarpene {[101].

The *HNMR spectrum displayed a two proton singlet at
6.0C ppm due to a methylenedioxy greoupr. The aromatic region
contained two isclated singlets at 7.02 and 6.73 ppm. The
doublet at 7.37 ppm (J=8.2 Hz) is ortho coupled with the
doublet of doublets at 6.53 ppm which is in turn meta
coupied with a proton at 6.53 ppm. The spectrum also
revealed a singlet representing two aliphatic protons at
5.52 ppm and a three proton singlet at 3.81 ppm due to an
aromatic methoxyl group.

Based on the above speciroscopic observations,
structure (48) was assigned to this compound . This
structural assignment 1is fully supported by the 2*=C NMR

spectrum (Table-14}) . 8 truned out to he the known natural



product Fleminga chappar {70). The IR. *H NMR. S and UV

data are 1in good agreement with those reported for

flemichaprparin B,

Scheme-7 MS spectral fragmentdtion of flemichapparin-B




Table — 14 2*=C NMR of Flemichapparin-B

Carbon C-Shift in (ppm)
1 120.74
2 107.08
3 160.69
4 94.11
4a 154.77
6 65.30
6a 106.25
6D 119.03
7 102.39
8 144.75
9 145 .61
10 93.87
10a 150.35
11a 147 .60
11b 109.81
| OCH=0 101.27
; OMe 55.26




4.4 Characterization o caogoniun Isof lavone-BE (49

The HRMS znalyzes Cz1Hi.0s as the molecular formula for
this compound. The *HNMR spectrum showed a singlet
regonating at 7.93 ppm equivalent for one proton. This
suggests that the compound is an isoflavone (Table 15). The
doublets at 6.81 and 5.72 ppm (J=10 Hz) integrating for one
proton each and a singlet at 1.50 ppm equivalent for six
protons suggest the presence of a 2,2-dimethyl - chromene
ring fused with ring A [5]. Furthermore., the MS provide
evidence for the presence cof a 2,2-dimethyl - chromene ring
fused with ring A fron the fragment m/z 187 derived from
the (M-CH=)™ ion as a result of RDA ring fission as shown
in Scheme-8. The ortho coupled doublets that appear at 8.05
and €.86 ppm ( =8.8 Hz) integrating for one proton each
suggest a C-5 and C~-6 unsubstituted A-ring. This will place
the 2,2-dimethyl - chromene ring at C-7 and C-8 positions
fused with ring -A.

A singlet resonating at 5.99 ppm equivalent for two
protons indicates a methylenedioxy group. The signals with
an ABX pattern resonating at 7.09 (d4,.J=1.7 Hz) 6.97
(dd,J=8 ,..7 Hz) and €6.86 ppm (d,j=8 Hz) integrating for one
proton each suggest a 3',4' substituted B-ring.

Based on the MS and *H NMR spectroscpy. structure (49)

was assigned for the compound. 49 turned out tc be the



known natural procduct calovegoniwn 1zof iavone~H which was

1]

isolated from Calopogonium mucconcides [71].

Comparison of data with the literatute was not possible due

to lack of access to original source,

Scheme-§ MS spectral fragmentation of calopogeniumisofiovne- B
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4.5 Characterization ¢f Isojamaicin(50)

The HREMS analyzes for this compound CzzHieOae as its
molecular formula. In the *H-NMR spectrum. the singlet
resonating at 7.95 ppm ( Table 15 ) that integrates for one
proton is characterstic of an isoflavone (H-2). The doublets
resonating at 5.72 and 5.80 ppm (J=20 Hz) equivalent for one
proton each and the singlet at 1.5C ppm equivalent for six
protons indicate a 2,2-dimethyl - chromene ring fused with
ring A. The M5 spectrum further provided evidence for the
presence of the dimethvlichromene ring because of the
characterstic ion resulting from the loss of CHz from the
molecular ion (m/z 363) as shown in Scheme 9. Moreover, ion
at (m/z 187} clearly shows a 2.2-dimethyl — chromene ring
fused with ring A. The doublet resonating at 8.05 and 6.87
pPm (J=8.8 Hz) integrating for one proton each indicate the
C-5 and C-6 positions of ring A are not substituted. This
establishes that the 2,2-dimethyl-chromene ring is angularly
fused at the 7 and 8 position with ring A.

The presence of twe meta coupled aromatic protons ([6.80
and 6.72 pem (J=1.5 Hz)], one methylenedioxy group (6.00
pem} and a methoxyl group (3.94 ppm) suggest & B-ring with
3*,4' ,5'-trioxygenation pattern, and isojamaicin was deduced
to be the angularly fused pyranoisoflavone 3'-methoxy-4',5'-
methylenedioxy-2'',2'"'-dimethylpyrano [5'',6'':7,8] isoflav-

one
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4.6 Characterization of Jamaicin (51)

The HRMS revealed a molecular ion peak at m/z 378
consistent with the molecular formula Czz2HieO.. The UV
spectrum of this compound showed absorption maxima at 228
and 261 nm characterstic of an isoflavone in which ring A is
fused with a 2,2-dimethylpyranyl ring [54,75.76]. This was
supported by MS observations of characterstic fragment ions
resulting from the loss of CHxfrom the mclecular ion and an
ion at m/z 187 derived from the (M-CHs)*as a result of RDA
ring fission as shown in Schems-10.

The *H NMR spectrum (Table 135) displayed two ortho
coupled aromatic protons at 8.04 and 6.85 ppm (J=8.8 Hz), an
isof lavone H-2 singlet at 7.91 ppm and the characterstic
gignals for a 2,2-dimethylpyranyl ring [AB system 6.81,5.71
ppm (J=10 Hz): 6H singlet at 1.50 ppm].

The presence of two relatively shielded singlets at
6.62 and 6.85 ppm and a methylenedioxy signal at 5.96 ppm
suggest that the B-ring has a 2',4',5' substitution pattern.
The MS spectrum indicates the loss of 31 mass units from the
molecular ion. This suggests that the B-ring is substituted
by a methoxy group at the C-2' positions.

Based on the above spectroscopic findings, structure
(51) was assigned to this compound. This structural

assignment was fully supported by the *=C NMR spectrum



-5

m

(Tahle—-16). (51) is the known natural product jJamaicin which

was izolated from root bark of Piscidia erythrina [721. The

*H NMR, MS,IR and UV data are in goocd agreement with those

reported for jamaicin (51).

Schene-10  MS spectral freomentation of jamaicin
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4.7 Characterization of Ichthvncne (52)

The UV spectrum of this compound showed absorption
maxima at 229 and 260 nm characterstic of an isoflavone with
ring A fused to a 2,2-dimethylpyranyl ring [(54,75,76]

The IR spectrum showed bands at 1390 and 1330 cm™?
attributable to the gen~dimethyl group of a 2.2-dimethyl
pyranyl ring system. The band a%t 1600 cm* is assignable %o
a styrenoid carbon-carbon double bond. The presence of an
aromatic methoxyl group and a methylenedioxy group is
derived from the bands at 1040 znd 240 cm™* and the band at
1640 cm™* suggests the presence of an. a.B unsaturated
carbonyl group of an isoflavone.

The *H NMR gpectrum (Table-15) displayed an isoflavone
H-2 singlet at 7.90 ppm. The AR pattern at €.81 and 5.73 ppm
(J=10Hz) due to clefinic protons along with the 6 proton
singlet at 1.5C ppm due to two methyl groups confirms the
presence of a 2,2-dimethylpyranyl ring . The aromatic region
contained three singlets at 7.53, 6.82 and 6.61 ppm
indicatiny the presence of three isolated aromatic protons.
The spectrum also revealed two singlets representing three
protons each at 3.95 and 3.73 pom due to arcomatic methoxy!l
groups. The remaining two proton singlet at 5.97 ppm is
assignable to a methylsesnedioxy group.

Baseé on the above spectroscopic data., structure 32 was

assigned t¢ this compound. Supporting evidence for the
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structure was provided by the *=C NMR spectrum (Table—-16).
52 was fcund th be the known natural product ichthynone

which was isolated from the root bark of Piscidia erythrina

f17). The UV, IR, and *H NMR data are in good agrzement with

those reported for ichthynone 52.

4.8 Characterization of Ferrugone {45)

The HRMS revealed a molecular ion peak at m/z 408
congsistent with the molecular formula CzxH=00-. The UV
spectrum of this compound showed absorption maxima at 229
and 260 nm. characterstic of an isoflavne with ring A fused
to a 2,2-dimethyipyranyl ring [54,75,761].

The MS (Scheme-11) also provided evidence for the
presence of a dimethylpyranyl ring because of the charac—
terstic 1ion at m/z 393 resulting from the loss of CH= from
the molecular ion and an ion at m/z 187 derived from the
retro Diels—Alder ring fission of rings A and B from the
(M-CH=)™* ion.

The IR spectrum showed bands at 1390.1375, and 13320 cor?
attributable to the gem-dimethyl group <f a 2,2-dimethyl-
pyranyl ring system. The band at 1600.1580 and 1510 suggest
an aromatic moiety. The band at 1280,1210.1160 and 1040 cm™?*
suggest the presence of a phenyl ether linkage while the
band at 1640 cmr?® is due Lo an «.8 — unsaturated carbonyl

gYyoup.



The *H WNMR spectrum {(Table-15%) showed an iscflevone Hfﬁ
singlet at 7.%1 ppm. The presence c¢f &8 2.2-diuvzihyipyrany!

ring was deduced from the AB pattern at 6.81 and 5.73 ppm

"{J=10 Hz) due to the cis olefinic protons and the & proton

singlet at 1.50 ppm dues to the gem—dimethy! group. The

o)
L

aromatic region of the spectrum revealed ona igolate

I8}

sinalet at 6.52 ppm and two ortho coupled doublets at B.O
and 6.86 ppm {J=8.8 Hz). The spectrum also displaved two
aromatic methoxyl groups at 3.87 and 2.85 pprm and a

methylenedioxy group at €.02 ppm.

Based on the above spectroscopic data, three
alternative siructures 4£2.54 and 55 can be amsizped 1o the

compound.
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Structure 45 was finally assigned to this compound
based on evidences obtained from 2*=C NMR spectrum.
Particularly helpful in the structural assignment was the
comparison made between the *=C NMR spectra of 46 and that
of jamaicin (52) (Table-16). The C-3 carbon in Jjamaicin
resonates at 95.55 pepm. If according to structure 56 there
were a methoxyl! substituent para to the (-3' carbon., one
would expect an upfield shift of the C-3'carbon resonance as
compared to that of jamaicin. However, the resonance for the
unsubstituted carbon in 45 was 110.45 ppm. This observation
eliminates 56 as a possibility.

The resonance for ortho oriented methoxyl carbons in a
polysubsituted aromatic ring are normally expected in the
range of 59-64 ppm ([29!. However. *he methoxyl carbon
resonances in 45 aprear at 57.01 and 6C.21 ppm. Alternative
structure 54. where the methoxy! groups are ortho to each
other can thus be eliminated based on the above argument.

45 was found to be the known isoflavone ferrugone

isolated from the seeds of Millettia ferruginea [9]. The UV,

IR, M5 and 2*H NMR are in accord with those reported for

ferrugone.
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Table — 16 *=C NMR Data

o . r ;
Carbon- Ferrugone (45) Jamaicin (51) Ichthynone (52)

(pPm) (ppm) {(ppm)
2 153. 40 153.71 | 153.50
3 122.08 121.93 12152
4 175.71 175.64 | 175.32
5 126 .73 126 .71 | 105.40
£ 115.15 114.98 | 147.04
7 152.45 152.96 YR
| 8 109.30 109 .20 11028 |

' 8a 157.31 157.13 ' 154.00
4a 118.37 118.39 . 118.39
1! 117.98 112.90 113.18
2 139.19 152.96 | 152.99
3t 137.22 95.53 95.55
4 136.90 | 148.736 f 148.33
5 139.05 | 1a1m . 141.21
6 110.45 111.20 | 111.20
301 115.03 114.98 i 115.25
ey 130.29 | 130.15 | 130.50
20 77.71 77.58 | 77.99
OCH=0 101.82 101.30 ; 101.31
OMe 57.01 = . 56.30

CH=x2 28.17 ' 28.01 é 21.95
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4.9 Characterization of S—-methoxy dwrmillone

Table - 17 Summary of Physiochemical data on the novel

Compound

[RnY

TLC . Single spot, Re 0.64.
Solvent: Tol: Hex; EtOAc (3:4:3)
2: M.E. 142-143=C
3. Colour reaction ‘ 1% alcoholic FeCl=(-Ve)
4. UV :'°H nm 224,263,29430.320shn
remain unchanged by addition of
NaOMe
S. IR ™= cm—* 1660,1632.1530.1510C.1425.1420.
1375.1360,129C,1188,1075
6. MS C2xH2207 (M*=408) .C=21H104 (11%)
CzoHi120> (100%) , CzoH1x0s (12%)
C11H=s0s(1%) . CoHaO=(11%)
CoHeaO= (100%) .

7. NMR see text

The HRMS spechirum showed a molecular ion peak at mwm/z
408 constitent with the molecular formula C=zsH==0-. The
presence of a carbonyl! croup is derived from the abscrption
band at 1660 cur*in the IR spactrum. Based on bicgenetic

crounds, the molscular formula CaiH1a0=s(0OMelz is possibly



compatible with the presence of a Cis0z= nucleus of a
flavoncid or an isoflavonoid in association with an
isoprencid Cs-residue.

The absence of an abscorption band above 30CC cn™* in
the IR sgpectrum and the fact that the UV spectrum was
unchanged by base =2uggssts the absence of phenclic hydroxyxl
grou in S-methoxy durimillons. The UV spectrum of this
compound showed absorptien m;xima at 224 and 262 nm.
characterstic of an iscflavone with rinc A
dimethylpyranyl ring [94,75.75). This led £o the considera-

iecn of the partial fermula Z6 for this compound which

r

immediately indicated that the remaining carbon atom in  the
structure of S-methoxy durmillicrne might well Le present as a

methylenedioxy group.

MeO - -0 —CMe=
MeO - | ~ CcH

H C1=0= :

The nature of the grouos present in the sitiructure of
S-methoxy durmillone are indicated by its *H NMR spechtrum
(Table-18). The hich field sincglets at 2.90 and 3.96 ppm

integrating for three protons each can be assigned to two
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protons  suugests the presence of one methylenedioxy group.
Moreover. the *two doubleis at 5.€8 and €.76 ppm (J=10 Hz)
integrating for one proton each and the singlet at 1.55 ppm
equivalent to six pretons are characterstic of the cis-

olefin gem~dimethyipyranyl ring [73]. The low field

ks
A
I
o]
e,
o]

singlet at 7.82 ppm is characterstic of an igsoflaveone H-2.
The IR specitrum further showed some characterstic

features ¢f a 2.2-dimethylpvranyl system. The bands at 1275

e

tributanle Lo the gem—dimethy! greour and
142% and 1420 cm™* are expected for
2 carbon-carbon Zdouble Zenéd. The bands at 1290, 1180

and 1073 cir? suggest -the prezgence of an aromatic ether.
The ME8 provide further evidence foir the presence of a

dimethy. opyranvliring fused with ring A. The hase peak &t

he loss of a CHx from the molecular

rt

m/z 3293 originates by

ien indicating the presence of a gem—dimethyl group. The
\

peak at m/z 217 is derived from the (M-CHx)})™ ion as a result
of RDA ying figzion of ring A and B (Scheme-12). This

3y ly established that the pyranyl ring is fused with ring

A. Further mor=. the Ion at m/z 14¢ showed that the B-ring
+ P P | ~ 3 T - o ™ =
igs only substituted by a methyleredicxy group This was

supported by the *H NMR which showed an araomatic ABY svstem
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lone occurs along with cother isof lavones
), a flavanone (47) and a chalcone (46) in the steam—
this plant. 11 the iscflavones and the flavanone
contain an angularly fused pyranyl ring at -7 and B8

positions. It is hichly prchable that the chalcone (46) is

the Dbiogenetic precursor for all these compounds. This
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Further support in favour of structur
durmillone was cbtained from the *=C NMR spectrum (Table-
19)Y. The methowyl carbon rescnances arpear at 61.33 and
62.10 ppm. Such resonance are expechted for Orthas oriented

methoxvyl groups (281, If the methowyl oroups were ara

Y

(&}

oriented as in structure 57. one would not expect Dboth

ct

methoxyl groups to resonate above 5 ppm. The remaining
carbon resonances fuilly swibport +the above structurai
agsignment.

53.5.5-dimethouy1-3! ,4'—-methylenedioxy-2'"' , 2" —-dimethy!l

pyrano [5'!,6'':7,8] iscfiavons is a new natural product.
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Table - 18 *H NMR of Shifts (ppm) of 33 and s9
H ; 53 59 i
T |
| f
2 | 7.81(s) : 7.89(s) !
2° g 7.08 (d.J=1 7 Hz) ; 7.03 i
61 é 6.93 (dd.J=8.1.6Hz) ; 6.91 Unresolvedi
5 ; 6.85 (d.J=8 Hz) . 6.91 |
gt i 6.76 (d.J=10 Hz) % 6.71 (d.J=10 Hz) %
3 5 5.68 (d,.J=10 Hz) % 5.62 (4,J=10 Hz}
OCH=0 ; 5.93 (s) | 6.00 (s |
OMe : 3.96 (3) ? -
OMe ; 3.90 (s) i 3.91 (s) f
CH=x2 i 1.55 (3) j 1.54 (s}
~CH | - 12.98 (s)
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Table - 19 *=C NMR of S-methoxy durmillone

Carben C—Shift-inhzg;;;:
2 150.21 |
E 3 125.30 |
4 175.02 |
5 151.01
N 139.97
7 149 .05
8 113.10
fa 153.01 .
' 4a i 106.54
g 125.64
2 109 .96
v 30 147 .50
} 4 147.50
- 5 108.17
6 122.46
311 114.94
g 129.02
" 6-OCHs 62.10 |
| 5-0CH= 61.33 |
.~ OCH=0 100.00 ;
E i

P
|



5. Exverimental

5.1 Plant Material

The stem-~bark of Millettia ferruginea (Hochst) PRak.

used in this siudy was c¢ollected from three different
localities. in June and December from Sidamo (Aletawondo) in
Septembeyr 1987 from Addis Ababa and in February 1683 from
Gondar. According to M.Thulin {l1] the samples coliected from
Sicamo is helieved to be the subsp darassana. whereas the

Gondeyr is the subsp ferruginea and the sample

0]
5
‘o
bt
(0]
tn
s
Q
&
I~

fron. Addis Ababa Is most likely the hybrid of the two forms.

Melting points were determined using Tromas Hoover
capillary melting panint apparatus. UV spectera were recorded
cnn Perkin-EFlmer mcde! §853% 1V spectrometer. IR on Perkin-

Lo i

Elmer mndal 727 Infra ved scectrometer, 3H NMR. 90, 250 and

J}

260 MHz instruments in CDCl= with tetramethyisilane as an

internal standard. I=C NMR were racorded on 22.35 and 20 MEz

high resolution mass spectrometer. Analvtical thin layer

]

chromﬁtography (TLC) was run on a 0.2 mm thick laver silica
gel and the spois were cdetected by their W fliourescence and
by sprayving with 0.5% fast hlue zalt 5 sclution followed Dy
0.2 N NaQHE 178!, Circulear preparative layer' chromatography

was run on a 1 mm silica gel., while pregarative thin layer

chromatogiraphy on a 1 mm thick silica gel! and bands were
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detected by their UV flucregcence. Column chromatcgrashy was

done on silica gel 6C (70-230 mesh) and sephacdex 1LB-20. The

pet . ether used through out the study had B.p {(60-B80)°9C.

Talle~-20 Scivent Svstems used for Coluumn, Thin and
Preparative Laver Chromatography
s ek et e e e it B £ e e v, SRS R A ,H{hu“,_‘__. EE—
No ; Soclvent System ; Ratio
i '
| | .
1 | Toluene: Hexane: EtCAc | 3:4:3
! 1
2 : MeOH: CHCls | 334
| l o LA i
i 3 i Pet. ether:; Et(CAz | 8535
i i
4 ! Pet. ether: Et0Ac- i 90:10 |
5 Pet. ether: EtfAq i 85:15

Pet. ether: EiGAc

ether: EtOAc

w NN o>
e
1]
ot

Pet. ether: EtDA-

]

5 R p
PJ
(6)]




400 g of grounded bark of M.ferrugsinca Tollacted fram

.

vt extracted with cold ver.ather followed

‘ewish oily wroducis respectively.
a) The crude wnei-athsry ewtract was op2'ied on Sevhadaex

TE-Z22 golurmn (70g) and eluted with solvent system 2. A total

of 130 fractions each 7 rl were cullected. The first 20
fractions contain fatty material. while the remalning

fractions were copbined and concentrated vielding 10 mg that

1

howed Iy TLC the oresence of fouwr compounds. The separation

of tThe mixture waz macde by circgular Prezarative TLC using

" = e o s — T a9 = T T (N - | -y L R — -~ e g oy e P '}

go.vent systsm 1. Thig resulted in 2 mo of compound-B. .5
i g = -~ ~ P T ] =] b vl 1 - xT

mg compcungd-C. 3 my comeoinde-l 1 ows =i

material &nd were rnot 2manined  further The 1remaining

&)
Xe]
Q)
h
1
hi
=t
o8
@
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5

ar

gel column {2T0 g). was eluted with inrr

of znd EtQRC mixtures. A total
each 1iCC ml were rcollected,

Fracticons {(3-7). eluting with soivent

ured copmpoun

and crv=tallizatio

g rf a vellowish
»lied on & silica

easing polarities
of 285 fractions
syastemn 3 gave 120

purified

methanol (MP

Fractionz {8-12} elutine with gsolvent syster 4, gave
40 g of comround-D which crwstallizes from methanol (159-
160=C) . Recrystallization of compound-D 140 mz) fron
methanol aised ite meltino point {(MP 1808-191<C).

Fractions (12-1B), eluting with socivent system S5,
resulted Iin a mixture of ogomoound=l and = Reseated
chromacosrerhy ¢f the nixture cave 45 7o of compoun?~-E that
crystallizes in wethans?! (MP 154-1652C).

Fracticns (12-28). =luating.with sslvent system 5 gave a
mixture containing one comround as a major and two other in
trace amounts crystallizetion of the mixture from methanol
resulted in compound-% as a colourless nesdle (MP 142~
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5.5 Identificaticn of Compoitnds

-2y (4 Z.E 0.92 (salvent system

Pound: (M]™ 296 .0690: Cir»Hi=z0= regquires: 285 .068%

Uymmots om = 230 36E. 250,.32%2.389,358.
T

IRFRE eppet ;. 1660, 15%70.1470.%233
ST

TH WM (60015) P07 H,8.d = 8.2 Hx M1y, 7.00{(LH, 8.0

7. 8, P18, 8. 85105 . .83 (EH.M.F-2.4), 6.00 (ER.B.O-CHa0) .
2. 52{2E.E.5-6) . 2.80(3H, 8. 3~-0Ma}

EINS m/z {rei iat)y 398N (100) . 295(60.4) . 281{9.7)

Compoundc-2 Calopogoniumisoflsvone-B} (49)

R.f .84 (zolvent system 1)
Found [IMI* 34R.1103: CeiHi.0= requires: 348 . 0698

*H MNVYR (TD(C1z) see text,
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Compound--0 (Jamaicin} (51}

R.f 90.70 (scolvent system 1)

Compoundé-T (Ferrugone) (43)
R.E 0.689 (solvenrt svaten 1)

- - d —— - . 2 - - - . sy et ~ y o *~ o
Colouriess needles from MesQH MP164-1662T)

Pound Mi* 408.1220: {zaleels requires: 4021779,

et nm 209.280.330 sh. 320 3n

e

IR® o2 1640.1610.1590C.15.0.1475, 2440 ,1405,1380,

e dul -t

LR 1T DAY TS AEM AL RPN 2
1360 .1320.1280.1249 _1305.1360.20.30.,3240,

1Y, ¥FC NMR ses text

EIMS m/z {rel.int.} 4CB[MI*(100).393(98) .377(30). 36

2CE(87) .187(13.6}) .

w

]-,
N
e
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Found M1+ 322.121 CzoHiela veguires: 322.12725

ieaaereore pin 226 sh. 270,432

b T R

IRtB: ooz 3250.1640.1520,1990,1920.1498.,1380_ 1330
*H. *=C NMR ((CO=x)=CO} 14.07(1H,S.2'-OH).8.06(1H.4.J=% HZ.
'=H).7.86(1H,d, J=15. 4 HZ.-EH.
7.7274:8,.8.,d=15 4 HE, ~H).7.74(2H;9
~A=B.3 Hz, B-2.6Y,6.92(29.47=8.5 Hz
.89 104 .8, 0=10 EE. H-4%1},

6.36(31H.4,J=8,8 HZ.8-5"%),

5.71{1H.d4.3=10 HZ, H-3**), 1.441{6H.E

1= NMT zee hext.

FIMS /2 (el

A

Compound-H (4'Hydroxyiscicnchecareinl . (&7

R.f. 0C.62 (solvent system—-1)
Found [(M]* 322.1128: CzoHie0e reguires: 322.12C5
AH NMR (CDCls) 8§ 7.74{1H.d.J=R.5 HZ.H-5Y.7.36(24.4.J=8.3 HZ.

H-2% ,6%Y ,6.8902H.4.0=8.8 Hz. H-3Y,5').
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6.62(1H.d.J=10 -3 1) ,6.49 (1H.d.

(1.4 .3=-10.3 HEZ HB-3'7,
540018 .64, =13.1,3.% HL.H-2) .3 .01 (1H.
JH~3an) . 2.80(1H.dd.

Her

8.3.2 Hz, H-Jaaql .1 .47(3H,5, 2" *—CHs}

22 I+ (67.1) . 307(86.6Y . 38711001 .

M=o nm 226,260,305,

TN

!_' RKEU"

T PC

M.

1ED

L

cn?

}'\‘ ME

needle from MeCH MP(201-202°C) (1it(73]1203-204=C)

1640,1500.15802.1540,
1040

see text.
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