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on the remaining onhe compound. ne cheracterizeéd compounds
are 4-hycroxylonchocargin(45), 4'hydroxyisolonchocarpin(47).
flemichapparin-B(48), calopogonium igsoflavone-~-B(49),
isojamaicin(S0). jamaicin(51i). ichthynone(52) and S-methoxy
curmillone(S53).

Three of the isolated compounds appear to be novel and

.

are identified as S-methoxy durmillone (S . €-dimethoxy-3!,4'~

ethylenedioxy-2',2'*~dimethy lpyrans [Sre 5t .7.81 iscf-
lavone) . isoiamaicin (3~-methoxy-4.5-methylenedioxy— 21%,211~

dimethyipyrano [5'!',6'':7.R] isoflavcne) and 4! ~hydyoxyisc-
sonchocarpin(4!~hydroxy-2!",2' ' ~dimethyloyranrs {5t 61t :7.9]

flavancne).
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1. INTRODUCTION

Millettia (Leguminosae-Papilionoide@)is a large genus
estimated to contain about 200 species in tropical and
subtropical Africa, Asia and Australasia [1]. Although the
number of Millettia species is very large. their
phytochemical investigation has been limited only to a few
cases. Previous examination of a number of species of
Miilettia have shown them to be a rich source of flavonoids
and isoflavonoids typical of the Tephrosiae tribe of the
Papilionoicdea8 [2). This is compatible with th 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 worid. The ground seeds of Millettia pachycarpa Benth.
commonly Xknown as "fish poisoning vines" in China [4],
M. dura Dunn in Uganda [5]. M. barteri Dunn in Gabdn (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. fervruginea (Hochst) Bak.. locally known as Berbera,

is the only species that is fourd in Ethiopia. This endemic
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plant is widely used as fish poison in various parts of the
Country. Two subspecies of Millettia ferruginea are known to
occur [1]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 is believed to be
distributed in 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 rotenone, tephrosin and dehydrodecuélin. Highet and
Highet {9} have also isolated two isof lavones 1.8%
ferrugone and durmillone. A gas chromatographic study by
Ghigilione et al [6]. of the extracts of the seeds <chowed
the presence of steroids such as cholestane., B8-sitosterol
and st:gmasterol.

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 isof lavones and three
rotenoids were previously reported from this plant coupled
with the recent increasing awareness of the biological
significance of isof lavonoids and rotenoids prompted us to
undertake a phytochemical study of this plant.

We report 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 samples from Sidamo are believed to be the
subsp. M.f./darassana, from Gondar the subsp.

f./ferruginea and the samples from Addis Abeba could be
the hybrid of the two forms. Using the various
chromatographic techniques, it was possible to isolate a
chalcone, a flavancone, a pterocarpene along with seven
isof lavonoids. The complete characterization of these
compounds by chemical as well as spectroscopic methods will

be presented.
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2. ISOFLAVONC1DS

In view of the fact that the genus Millettia 1is a
good source of isof lavonoids, the salient features of the
chemigtry of isoflavonoids will be reviewed here albeit

succinctly.

2.1 Digtribution and OQccurrence

Isof lavonoids 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 physiolugical activities attributable to
their isoflavone contents. Gyorgy and co-workers [11] found
47 .6,7-trihydroxy isof lavones to be antioxidative substances
of fermented soyabean.

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

Moraceae. Amaranthaceae, Iridaceae and Podocarpaceae [10].

2.2 Types of Isof lavonoids

Although the 1isoflavoncids are biogenetically related
to the flavonoids. they constitute a distinctly separate
class, Dbecause they contain a rearranged Cis skeleton as

Wtey

shown below.



Fig-1  Structural variants of isoflavonoids
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Structurally isoflavonoidz furnish a great variety of
natura! prcducts such as the isoflavones., iscflavanones,
coumestans. coumaronschromenes. isof lavans. 3-aryl-4-
hydroxy—-coumarins, pterocarpans, rotenoids and their hydroxy

and dehydro variants [(121.

2.3 Biosynthesis of Isoflavonoids

Isof lavonoids differ from the flavonoids in having a
rearranged 1.2-dipheny! skeleton as opposed to a 1,3~
diphenylpropane skeleton of the latter ([13]. Like the
flavonoids, the various types of isof lavonoids are
determined by changes in *the oxidation state of the
heterccyclic ring. Further oxidation, reguction and
alkylation of the basic skeleton may also occur to produce
adéditional structural features [14].

The biosynthetic pathways which lsad to the formation
of isof lavonoids 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 lavonoids results from the convergence of
the acetate / malonate and shikimic acid pathways. The

precursor for the acetate / malonate patnways I1s acetyl Co-A

while 4-coumaroyl Co-A (4) derivad from pharyl alanine (1)

as shown 1in Scheme-. serves as the precursor of the

shikimate route,

b) those sters common to flavonoid and isoflavonoid



biosynthesis.

he transfeormation ‘eading to the formation of
chalcones as shewn in Schem=-2 consists of three successive
condensation sters with ace-ate unils which result in the

elongation of the aliphatic side chain of 4-coumarate by six

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

Scheme —~ 1 Formation of 4-Coumaroyl Co-A
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C) those reactiong unique to the isof lavonoids.
Peeding' experimente by CGrisebach and collaborators [15.16]
demonstrated that the isof lavene skeleton results from the
flavonoid precurscrs by 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
fesding experiments that showed the chalcone rather than the
jsomeric flavonons (3) acted as the substrate for aryl
migration [17.18]1. Thus the proposal that chalcones are the
more immediate precursors of isoflavones enijoys general

acceptance. Indeed, it js probable that only two chalcones

4, 2, 4' - trihydroxychalcone ( isoliquiritigenin ) and



Scheme-2 Siosynthesis of chaicones
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Scheme-3 Proposed pathway for 1,2-aryl migration




Scheme-h Pecssible Riocgenetic Relationship Of Isoflavonoids
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4.2'.4' ,6'-tetrahydroxychalicone (10) normally act as
substrates for aryl migration [19].

As shown in Scheme-3, the presercas of a gara hydroxy!
group on ring B of the chalcone precurscr is essential for
the rearrangement to isoflavenss (14). In the absence of a°
4'-0OH the chalcones themsslves appear as end products (2],
Isof lavones may be further oxidized either at C-2 leading
to 3-aryl-4-hydroxycoumaring or at C-2¢ leading to 2'-
nydroxyigoflavones. The presence of 2'-oxygenation fuaction

(12} s explicit in the majority of isof lavanones,
isof lavans. and complex isof lavans and implicit in the ring
system of pterocarrans. coumestans. and rotencids. The
biogenetic relationship amony the igoflavonsids is shown in

Scheme-4,

l.’i

2.4 io al nificance
goflavonoids are gajning considerable importance due
to recent discoveries of several bioactive substances

longing to this class '20]. These include antioxidative

"h

-
-

(4% ,6,7-trihydroxy-issf lavones in fermented soyabean) .

-~
"
P

antifunca’ (Leutone) and antispasmodic activity

avoniod. mundalone isolated from

..1

e

(Daidzein) [22]1. The isof
Mundu.ea gericea was a.so reported to possess hypotensive
activity [23].

Isof lavonoids show a weak cestrogenic activity and
theirr presence in forage lagumes such as clover (Irifolium

subterraneum)! end red clover (T, pracense) is the cause of



infertility sometimes occurring in animals crazing on these
pasture species [24]. Formononetin, geinistein and biochanin
A are the main oestrogenic isoflavones of subterrarean
clover ([12.24). Coumestrol and other coumestans are also
oestrogenic agents found espesially in clover and aifalfa
£14] .

Rotenoid bearing plants of “he related cencra Derris,
wonchecarpus. Tephrosia, Mundulea, and Milleitiam have been
used by peorle of Asia, Africa. and South America as fish
poison [31. The insecticidal and piscicidal property of
rotenone and related compounds have also been known for a
long time. The major effect of rotenoids on insects as well
as fish is a remarkable decreasc in tte oxygen uptake which

inally results in death {12].

Scme isoflavonoids and in particular pteracarpans ave
sometimes procduced as phy‘csalexins under attack by viral or
fungal agen‘s by rslants. The first known phytoalexin
isof lavonoids are pisatin from pea (Pisum sativum) and

phasec!lin from bean (Phasenlus vulgare) [(13]1. In addition

to the first known phytoalexins, 6a-hydroxyphaseollin,

medicarpgin and maackiain are also known &t occur in
Soyabhean, alfalfa =and red clover respectively ({13!, The

antifuncal arctivity of the prenylated isaflavone, leutone.
feound in Immature fruits of L. albus has been recently

demonstrated and may serve to highlight an important role

for isoflaveonroids in plant rrotection [13].



2.5 Spectral Proparties

Recent developments in the structural study of
isof lavonoids have centered largely on the application of
speciroscoric methods, Tre main steps generally followed in
structure elucidation of arn iscflavonoid are: recognition of
the class to which the compound belongs and determination of
the nature and orientation o* substituent groups in the
aromatic rings. These steps are well served by the

application of UV, IR. NMR and M3 techniques.

2.5.1 LY Adsorrtion Spectroscory

UV absorption speciroscopy 1is a usefy! arectral

techniques used in the structural! elucidation of natural
products. The UV spectra of taturally occurring isoflavonoids
exnibit two absorption peaks (26.26]. These absorption

Peaks are usually referred to as band I (300-550 nm) and

Dard II (240-285 nm).

Table-I UV Absorption of Isoflavonoids 110]
rlééglavﬁg;;;;_-_* -"1*“L" Bﬁnd ; (;m) : Band II (nm)
Isof lavones 300-34C (sh; 245-275
Isof lavanones ~ 310 ~ 270
Isof lavan - ?" 281 and 287
t Pterocarpans e = i
;Coumastans 340-350 intense -
| 300-310 1less i:tense! “ i
| Rotannsida L A TV N e Y | i |




Although coumestans do have absorpiion peaks in the
above mentioned UV range (Table L). their most
characteristics property is an intense biue to violet
flourescence under UV light.

The characteristic feature of an isoflavone is a strong
absorption at band II and rather weak absorption at band I.
The latter band often escares vesolution and appears as a
shoulder. Variatien within these rancges will depend on the
hydroxylation pattern, degres and type of substitution of

the hydroxylis. Increased hydroxylation of isoflavones in the

rh

B-ring does not usually have a significant effect 1in the
absorption of band Il in: §,7-dinydroxyiscflavone (259 nm):
5.7.4'-trihydroxyisof lavone (261 ) and A A LA U
tetranydroxyisof.avone (262 am), nowever band I1 is shifted
bathochromically by increased oxygenation in the A-ring as

shown in Table II [25].

Table-I1 Band II in the UV Svectra of Isof lavones Differing
in their A-ring Oxidation Pattern

ORI & P §0e o+ < M) Ao M LS B — o A tie P g me ol
Isof lavone Oxidation Pattern Band IIl
i e S P i o i

i A-ring B-ring {nm)
e .
| |
Daidzein \ 7 4 240 |
] ‘ |
Genistein | 5,7 4! 261 t}
6-nydroxygenistein i 5.6,7 ! 4: 270 i
| ok

e oy e < ————— i &




Methylation of

7l

ither 7- or 4'-hydroxyl group 1n
iscflavones has little effect. while substitution or loss
of a S-hydroxyl! group causes band shifts +to shorter
wavelength. Additional information on the substitution
pattern of the hydroxyl group can be made using shift

reagents whenever necessary.

%.9.8 *H

NMR spectroscopy can be considered as the most powerful
spectroscopic techniques for the structural alucidation of

natura: roducts. Chemica! shifts as wel.: as splitting

'

patterns ancd coupling constant wvalues grovide wvaluable

substitution of an isof lavonoid.

D

infermation about th

In 5.7-oxygesnated isofoclavones. the osratons located at €
-6 and C-8 of ring-A usually gives rise to two doublets due
to meta coupiing (J-2.5 Hz). As a result of the ortho
chielding effect of the two oxygenated substituent the
signal for H-6 is usually observed at higher field (6.0-6.2
»pm) than the H-8 (6.3-6.5 ppm).

If an isoflavone is oxygenated at the 7- position of
the A-ring, %the (-5 protcn appear as a doublet due to
ortho courpling (J = 9 Hz) with the C-6 proton and occurs at
lower fielé (B ppm) than most aromatic protons are cbserved.
this is due to the grtho deshielding effect of the CT-4 keto
group. 1n a fully substituted A-ring excert at C-5, where
the 6-position 1is oxygenated the C--5 groton appears as a

singlet in the range 7.5-7.8 pem. 1n this case. the ort



deshielding effect is minimized o certain extent by the
ortho shielding effect of the C-6 oxygenated substituent.

The protons of ring-B usually appear in *he range 6.7
=7.0 ppm. Wrich is down field from the region where the A-
ring aromatic protons absorb. The signal pattern for the B-
ring is characteristic for the substitution pattern of the
ring. If the B-ring is oxygenated at C-4'. a 4H resonance of
two doublets (J = 8.5 Hz) is cbserved. The C-3' and C-5'
Protons will be shielded by the C-4' oxygenated substituent
as & result the signal azppears upfie!d in the ranse (6.65-
7.1 ppm) from the (~2' and C-6' protons (7.2-7.5 =2mj .

For a C-3%,4' oxygenated B-ring the NMR spectra wi': he
more comp.ex than the C-4' oxygenated iscflaveones. In such
& case multiplet ¢f ABX pattern in the vregion (6.7-7.1 ppm)
is observed.

A singlet that appears at ca. 7.8 ppm representing the
C-2 proton of ring C is a characteristic feature of an
isof lavone. The presence of methoxy! and methylenedioxy
groups 1s vreadily recognized by the appearance of strong

signals at 3.5-4.1 ppm and at about 6.0 pom resrectively.

2.5.3 *=C NMR Spectroscosy

1=C NMR spectroscopy has not as fully appliied *o *“he
study c¢f isoflavones as it has beer fc:- the flavones. The
carbony! signals of Loth flavones and isoflavones resonate
in the 1regicn 174.5-178.6 rpm. but C-2 and C-3 are

sufficiently different in the two series tc permit an



immediate distinction [27]. In the fiavones the C-2 signal
appear as a singlet (in the oif resonance decoupled
spectrum) at 160.5-163.2 pvm 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 nydroxyl moiety at C-5. The deshielding of
about 6 ppm relative to all other substituted isoflavones
arise from intramolecular hydrogen bonding between C-5
hydroxyl and the C-4 carbony! [20,237.

A 4'-substituted isoflavones ( OH, OCHs) is well
characterized by signal seguences 122 + 2 ppm, 130 + 1 ppPm

(strong), 114 + 1 psm (strong) and 152 + 2 ppm

Takle-I11 Chemical Shift of C-5 Hvéroxylated and C-4'
Substituted Isoflavones.

Isof lavone C-shifts (prm)
Te | vl i
4 12 2'&6*| 3'&5° | 4! ‘Ref._4
e il i it et e i e e Al e

4'.5,7-trihycroxy- | 181.27} 122.90/120.67} 115.82]158.20| 20

isof lavone
(Geniszein)

|
.7411.55.43| 20
|

S=-hydroxy—-4*'. 180.52 113
7-Gimethoxy
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An off-resonance quartet at 55.1 + 0.1 pom is vary
likely due to a 4'-methoxy group while al!l other methoxy
groups of isoflavones resonates near 56 ppm. In case of 6,7-
dimethoxy derivates two clusely spaced methoxy signals at
55.9 (C-6-0CHs) and 56.2 ppm (C-7-0CHs) will be observed
most likely {20]. In a polyoxygenated isofliavones. a
resonance observed at 59-64 ppm will most likely be due to

di-O-substituted methoxy groups (10).



Table - IV Methoxv carbon shifts of isoflavones and flavones

+—

o T~ T N S R

. e
o 5 6 1 8 2 3! 4! 5* 6] Ret
4',6-dimethoxy isoflavone 56.31 55.08 <0
41,7~ e 5 55.488 55.09 20
6,7 s L 55.82 56.28 a0
7,8 Y L 56.43 60.88 20
4',7,8=-trimethoxy isoflavone 56.37 60.95 55.06 20
3", 4%, 8= T 3 56.00 60,13 56.00 20
5,7-dihydroxy-6,2"',4"',5"'- 60.1 55.7 56.2 48
tetramethoxy isoflavone
4',5-dihydroxy-3',6,7~ 80.u 56.3 56.0 ' 29
trimethoxy flavone
3'A',5,6,7-pentanethoxy 62.1 61.95 56.3 06.1 S56.1 28
{lavone .
3',5"~dihydroxy~23"',7,8- 96.5 61.0 §0.2 29
trimethoxy flavone ]

- T -
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2.5.4 Masz Spectrometry [30]

EIMS dastinguishes easily iscflavones bearing . 2'-
hydroxyl or 2'-methoxyl substituents from those that do not.
a) Isoflavones without a 2f-substituent give a
relatively abundant M* along with (M-Hi*, (M-CHz)* and M®*.
Furthermore fragment derived by RDA, cleavage are usually
present and these greatly aid in the identification of the

substitution pattern [31)

b) isoflavones with 2'-hydroxyl and 2'-methoxyl
substituent give some of the above mentioned 1ions in
addition to certain fragments that are unique for the 2'-~
substitution pattern. In RDA process a hydrogen transfer
from the 2'-methoxyl moiety to the A-ring fragment occurs.
The 2'-methoxyl] group can alsc be eliminated to give an (M-

31)* ion as shown below [32].
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3. SECONDARY METABOLITIES OF MILLETTIA

Fhytcchemical investication of a number of Millettia

species have shown them to be a rich source of flavonoids
and isoflavonoids typical of the Tephrosieae tribe of
Papilionoidea (2]. In addition %to the flavonoids. the
prezence of steroids have also heen reported from some
species of the genus.

Flavonoids such as flavones. flaveonols, £lavanons,
dikydroflavonols. chalcones and dihydrochalcones and
isoflavononids such as isoflavones. rotenolds, prLerocarpans,
3-aryl-4-hydroxycownarins, isoflavans and isoflavanquinone
are known to occur in this genus.

Cecordary metabolites go far known from the Millettia
species listed helow are summarized in Table 5-~12 according
to their structural types.

{ Ma M. auriculata Bak., ex Brand

Mdi M. dielsiana Harms

M. dura Dunn

&
E

M. ferruginea (Hechst) Bak.

&

M. hremsleyana

\DE‘lD\JU\EJI'bQJf\J
2

Mn M. nitida Benth
5 Mo M. ovalifclia xurz
Mpa M. vachycarpa Benth
£ Mpe M. pendula Benth
10. NMpu M. suichra Benth
: 3 Mra M. racemnsa Benth




12. Mre M. reticulata Benth

0
=
<
=

rubjgincsa (Wt and Arn)

14 Ms M., stuhlmennii Taub

1.5 Mta M. tajiwaniana Hayata

16. Mth M. thonningii (Schuma and
Thonn) Bak.

3 1 Flavones and Flavonolsg

The flavones and flavonols from this genus 8how the
absence of a S~hydroxyl group (Table-5) . Furanoflavones,
pongaglabrone and Kanjone and furanof lavonols, yaranjin and
pongapin which seem to be restricted to the genera Pongamia
[33.24,35] and lanceclatin B to Tephreosia [36] are also
reported Lo occur In this cenus as well. Moreover .,
pongaglabrona (13). |anceolatin B (16) from M. ovalifolia
[32] and J‘,ﬁ'nmethylwneuzuxr—?—methoxyflavone (17) from M.
hemsleyana (38) can be congidered as the cyclized forms of
the demethylated g-hydroxychalcones, ovalitenone (18) .

pongamo! (i9) and milletenone (20) respectively.
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Table-5 Structures of Flavones and Flavonols

No Flavone Substitution Mol.for M.W. Sou. Ref.
1 Lanceoiatin-8 7.8-0CH=CH- CirHioOs 262 Mo 37
Mh 38

g%

7-0Me; 3! ,4'=0CHz0~ Ci>Hi1=20s 296 Mh 38

3 Pongaglabrone 7,8-0CH=CH-:3,4-0CHz0~ CieHioOs 306 Mo 39
4 Kanjone €~0Me:7,8-0OCH=CH~ CieH1204 292 Mo 739
S Milletenin € 6,7-(0Me)=2;2,.4-0CH20~ CimHia0a 326 Mo 37
6 Poncaflavone 3-0Me; 7,8-0CMeaC=CH- Czi:HiwOa 334 Mh 33
7 Ovalifolin 6-0CH=CH=CMe= ; CzzHie0a 346 Mo 37
7 .8-0CH=CH-
Flavornols
8 Robinetin 3.7:,3" .4 ,5'~(0H)e CimHi00> 302 Ms 40
9 Karanjin 3-OMe: 7.8~0CH=CH- CieH1204 292 Mo 39
10 Pongapin 3-OMe; 3'.4'-0CH=20-: CieoH120a 336 Mo 41

7 .8-0CH=CH-



3.2 Chalcones and Dihydrochalcones

Table €& summarizes chalcones and dihydrochalcones that
are so far kriown to cccur in the genus. !n this series the
furano de) ivaties seem to be more common. Thus, ovalitenin-A
ocurrs in M. ovalifolia seeds along with other { lavencids
having the same A-ring substitution, namely ovalitenin-E,
ovalitenin-C, ovalitenone and pogamol.

Ovalichalcone (21) and ovalichalcone-h (22) isolated

from M. _ovalifolia [42.43] can be considered as having a

phloreglucinol A-ring pattern, where C-prenylaticn and O-
metyiation hae taken place. Ring closure of (21) could

vesult in pongachalcone-1 (22) idsclated from _M. cvealifo-

lia [44].




S

Dihydrochalcones having B-hydroxyl function have been
reported from this genus. Ovalitenin-B (24) occuring in M.
ovalifolia [45] seems to arise from pogamo!l (18) as a result
of reduction of the f-keto~-function fcllowed Dby 0=
methylation. Dihydromilletenone methyl ether (25) and the
dihydroisomilletenone ether (26) are also reported to occur

along with the B-hydroxychalcone milletenone (20) 1in M.

hemsleyana [(38).
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Table-6 Structures of Chalcones and dihydrochalcones

No Cralcone

11 Ovalitenin-A
12 Ovalitenin-C
13

14 Pongachalcone~-l

17

-
Ay

Cvalichalcone

Ovalichalcone-A

Dihydr

Pongamo’

Milletenone

Dvalitenone

‘Ovalitenin-B

1 Dikvdromilleno-

ne mathylether

Dihyéroisomill-
stenone methy!l
ether.

2'~0Me;3' ,4'-CH=CHO~ Ci:mH140s 278

2-OMe:; 3,4-0CH=C~;
3',4'-CH=CHO-

2'-0H;4-0Me:
2.4~CH=CHCMe=0-

2=0H; 6'-OMe;
3',4'~-CH=CHCMe=0-

2'-0H:4',6'-(CMe) =;

3! ~CH=zCH=CMe=

2-0H;4',6'~(0Me) =;
2

.4-0CH=0~;
3'-CHzCH=CMe=

ochalcone

2! =0OMe ; B~CO~;
3',4'-CH=CHO~

2',4'-(0Me) =; B-CO~;

3',4'-0CH=0

2'-0Me; 8-CO~:
3.,4-0CH=0~-:

3',4'-CH=CHO-

2',8-(0Me)=:
3¢ ,4'-CH=CHO-

2',4',9-(0OMe) =:
3.4-0CH=0-

2,%4.8-(0Me}s:

3t , 4" ~OCH20-

c |.OH:.40- 322

CziHzo0a 336

C2:Hz00a 336

CzzHz2a40a 352

CzzHz240a 396

CamHiaOas 294

CieH1e0a 328

CioHia0s 388

CioHiaOa 310

CieHz00a 344

CieoHzol0a 344

Meoa

Mo

Mo
Mo

Mo

Mo

47

44

42

41
37
38

45

45

33

38
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k complex series of C-alkylated flavanones
a) lacking B-ring substitution
b) possessing the 3',4'-methylenedioxy function occuring
along  with the dimethylchromeno flavanones in the seeds of

M. ovalifolia (39.41,44.46]. This susgests that isaloncho-

carpin (29) and ovalichromen=-B (33) are intramolecular
cyclization procducts derived frem ovaliflavanone-B (27)

ané cvaliflavanone-C ¢

—

i) respectively. Ovalichromene (30)
and ovalichromene~A (34) can be considered as the ocyeolized

procducts of the C-6 O-methylated precursors.






Table-7 Structures of Flavanones and dihvdrof lavonols

Nao Flavanons Substitution Mol.for M.W. Scu. Ref.
23 Millsetenin 6—-0OMa:3"' ,4' -OCH=20- CioHi40s 338 Mo 37
7.8-0CH=CH-
24 Milletenin-A 6.7-(CMe)= CimH:a08 312 Mo 37
3‘ '4'-OCH=0—
25 Isolonchoc-
arpin 7 .8-0CMe=zCH=CH- CzoHimOs 306 Mo 47
26 Ovaliflava-
none—-B 7-0H:3-CH=CH=CMe= Ca2oHzo0s 308 Mo 39
27 Ovalichrom— 3',4'-0CH=20-;
ene-B 7 .8-0CMe=CH=CH~- Cz2:HieO= 350 Mo 41
28 Ovzlichromene 6-0Me; Cz1H=200e4 336 Mo 41
7 .8-0CMe=CH=CH~
29 Cviliflavan-—- 7-0H:3',4'-0CH=z0: Cz2:HacOa 352 Mc 46
one—C 8-CH=CH=CMe=
30 Svlichromene-A 6-0Me:3'.4'-0CH20-; CzzHzole 380 Mo 44
7.8-0CMe=CH=CHE~-
31 Ovliflavan- 7-0H: CaxaHaalOs 376 Mo 39
ona—A 6,8~ (CH=zCH=CMe=z=) =
32 ovliflavan- 7-0H;3%,4'-0CH=20~-: CzsHza0s 420 Mo 44
one-D 6 .8-(CH2CH=CMe=z) =
23 Sophoranone 7,4'-(0H)=; CsoHs3Ca 457 Mpu 49
8,3',5'- (CHzCH=CMe=z)=
24 5,7,4'=(0H) =: CsoHs=0a 473 Mpu 49
8,3!',5'- (CHzCH=CMe=)=
35 3,4'-(CH)=: Cz=sHze0= 406 Mpa 50
6,7~ ({CH=CHCMe=0) ;
8-CH=CH=CMe=
36 3.5,4‘-(0“)3; CasHza0a 422 Mpa 51
8-CH=2CH=CMez;
€ . 7-CH=CHCMe=20
37 3,7.4'-(CH) =:
8.3"* .5""(CH2CH"CMG:}:: C=oH==0s 473 '.\pr_' 40
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3.4 isof lavonoids
Table 8-11 summarizes the varicus forms of
isof lavonoids from Millettia species. Among the reparted
islfavonoids from the genus. the isoflavones are the most
common .

The co-occurrencs of a rotenoid (sumatrol-33-) the 2'-
hycCroxyiscef lavenes (auriculatin-36-) and isoauriculatin (37)
and a coumaionochromene (millettin-38-) along with other
‘soflavones within the seeds of M. auriculata is biogeneti-
cally interesting and is consistent with the bicgenetic
scheme suggested by ollis ([52.53] that 2'-hydroxy-

isoflavores are precursors for rotenoids and coumarino-

chromon=s.
The natural co-occurrence of the 3-aryl-4-hydroxycouma-

rin (rechustic acid (293)) with the etructurally corresgonding
isof lavone (alpinum-isoflavone (40)) was reported from the
seeds of M. thonningii (54] by Olivares et. al. This co-
occurrence is certainly of biogenetic interest: and there can
ba little doubt that the biosynthesis of isof lavones and 3~

aryl-4-hydroxy-counarins follow similar pathways.



3
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Table—-8 Structures of Isoflavones

No Isof lavone Substitution Mol.for M.W. Sou. Ref
38 Afformosin 7-04:6.4'-(0Me) = CazHi1a0s 300 Mre 55
39 7"0}'1:8.4"' (OMG]z C:?H;.Og 300 Mre 59
40 Mildurcone 6,7,2'=(0OMe} =: CioHi160» 356 Mdu 5
4',5'-0CH=z0-
41 Alpinumiso- 5.4'-(CH) =; CzoHi>0=s 337 Mth 54
flavone € .7-CH=CHCMe=20-
42 Robustone 5-0H:3' . 4'-0CH=20~-; C=2:H140= 348 Mth 56
6.7~CH=CHCMe =0~
43 5.3"“{0!‘”2;4"‘0”6: C21H1-0s5366 Mth 54
6.7-CH=CHCMe=0~
44 Alpinumisof-
lavone—4'-met- 5-0H: 4'-OMe: CzsHieOzs 351 Mth 54
hylether 6 ,7-CH=CHCMe=0-
45 5-0H:4°* -0OMe ; Cza HzoOs 352 MPG 57
7.8-0CMe=CH=CH~
46 Aurimillone 5.7-(0H)=:8~-0Me: Czi1Hzo0e 368 Ma 58
4! -0OCHz2CH=CMe=
47 Iscaurmillone 5,7-(CH)=;6-0Me; Cz:Hzo0a 368 Ma 59
4t -0OCH=zCH=CMe=
48 Durlettone 7-0Me ; C=21H=104 337 Mdu ~
4'-0OCH=2CH=CMe=
49 Durmillene 6-0Me;3,4!'-0CH=0~: Mf 9
Mdu 5
7.8~-0CMe=CH=CH- C2=zHz2:0e 378 Mru 60
CzzH210s 365 Mth 54

w
o

Alpinumiso-
flavone-dimeth-
yviether

5,4'—(0OMe) =:
6 .7-CH=CHCMe=20-
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Table—~-8 contd.

No Isoflavone Substitution Mol.Sor M.W. Sou. Ref.
51 Ferrugone 2'.,5'-(0Me) =; C==H=2o0> 408 if o
3',4'-0CH=20-
7., 8-0CMoH=CH-
=2 Ichthyrone 6,2'-(CMe ) =: CasHzoO> 408 Mru 60
4% ,5'-0CH=z0-
45 -0CH=20-
7.8-0CMe=CH=CH-
53 wuriculatin 5.2'.4"(0H)=: CzaH:aOb 420 Ma 61
B—CH=CH-CMe=;
6 .7-CH=CHCMe=0-
54 1lscauriculatin 5,.2'-(OH)=: CzsHza0s 420 Ma 62
4'“OCH2CH“CM9=:
6 .7-CE=CHCMe=0-
25 Auriculasin 5,3 ,4'-(0H) =; CzsHza0e 420 Ma 63
B—CH::CH"CMG:'R;
6. 7- CH=CHCMe=0~
5¢ Igocauricula- 5,3~ (0H) =; CzoHzale 420 Ma 63
sin 4'*0CH2CH'CM$2:
6 .7-CH=CHCMe=0~
57 Pomiferin 5.3'.4‘*{0H)3: C2=sH240e 420 Mpa Lo 4
6—CH=CH*CME=:
7,8-0CMe=CH=CH~-
58 &£.8-Di(dimet- 5,7,4*~(0H)=: CasHzaOs 406 Mpa 50
hylailyl) 6.8~ (CHzCE=CMe=2) =2
genistein
59 6,3'-Dif{dimet- 5.7.4'~(0H)=: CzsHzaOs 406 pa 50
hylallyl) 6,3~ (CHzCH=CMe=)=
genistein
50 6,8'-Di{dimet 7.3 ,4'-(0OH)s: CasHzaOa 422 Mpa 55

hylallyl)
orabol

ot

,8-(CH¢CH‘CMB:):
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Table-B contd,

Isof lavone

Substitution

Mol for

62

64

65

66

67

Auriculin

5v7a2I 14’-(CH)4:
6.3'~(CH=CH=CMez) =

5,2'-(0H)=;:4"'~0Me;
8~-CHa2CH=CMe=

5,7.4"=(0H) =:
2'-OMe;
6.3'~(CH2CH=CMez )2

4'-0OH:3'~0Me;
5,6~0CMe2CH2CHa~;
7.3-0CH02CH:CH3‘

2'—0H:4'-0Me;
5.6-0CMeaCHaCHa~;
7.B“OCM93CH=CH=-

5-0H;:3',4'-(0Me) =;
B8-CHz2CH=C (OH) Me=:
6, 7-CHz2CHzCMe 20~

§-0H;2',4'-(0Me) =;
8~CH=CH=2C {OH) Me=;
6 , 7-CH2CH=2CMe 20—

CanHzala 422

C2eHzs0a 433

CaaHzeOs 436

CzatzaOs 436

CzaHze0e 436

Ca-Hs=20> 468

Caz7Hs20- 468

MW, Sou. Raf

Mpu 49

Ma 6L

62

Mza 49

Mpa 51

Mpa 51

Mpa 51

Mpa 51



Table—-9 Structures of Rotenods.

No Rotencid Substitution Mol.for M.W. Scu. Ref

68 Milletone 2.3~-0CH=20~-; CzzHi1e0s 378 Mdu S
8 .9~CH=CHCMe=0-

€9 Rotencne 2,2-(0Me) =: CaxHz20s 394 Mdu 5
8,9~-CH=CH (MeC=CH=) O-

70 Sumatrol 1,1-0H:2.3-(0OMe)=; CasH=220- 410 Ma 61
8,9-CH=CH (MeC=CHz) O—;

71 Rot-2-enonic- 9-0H;2,3-(0OMe)= CzsHz40s 396 Mpa 64

acid 8 .-CHCH=CMe=

12-Hydroxyrotenoids

72 Millettoszin 12a-0H:2.3-0CH20-;: Ca=2H=00- 396 Mdu 5
8-CH=CHCMe=0-

73 12a--hydroxy- 12a-0H;2.3-(0Me) =: CasH=20> 410 Mpa 64

rotenone 8,9-CH=CH (MeC=CH=) O~
74 Tephrosin 12a~-0H;2,3-(0Me) =: CasH220> 410 Mdu 5
8.6-CH=2CH=CHCMe=z0- Mf 9
7% 12a-hydroxy- 9,12a~(CH) =: CzsH=240> 412 Mpa 64
rot-2—-enonic 2.3—-(0Me) ;
acid 8-CH=CH=CMe=
Dehydrorotenoid
76 gehydrodeguelin 6a l2a-dehydro; CasHzoOs 392 Mdu 5
23-(0Me) =: Mf 9

8 ,9-CH=CHCMe=0-
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Table-10 Structures of Petrocarpans & J3-aryl-4-hdroxy-~

Mol.for MW, Sou. Ref

coumarins
No Rotenoid _Substituticn
77 Maackiain 3-0H;8,9~0CH=20~
78 Pterocarpin 3-0Me ; 8, 9~-0CH=20~

79

80

81

82

B3

6a-methoxy- 3,6,-(0Me) =:
hemcpteroc- 8,9-0CH=0~-
arpin

6a-methoxy=- 3,6,9-{0Me)=

homopteroc-
arpin

3-aryl-4-hydroxycoumarin

Roubstic 4-0H;5.4'-(0Me) ;
acid 6 , 7-CH=CHCMe 20~
Thonningii A 4-0H;:5,8~(0Me) a:

3',4'-0CHa0-

Thonningii B 4-OH:5,8,4'-(0Me)a:
; 6,7-CH=C (MeC=CHa) O~

Cralialn 284 "9.
Mpu

CirHia0s 298 Mpu
CieHiaOs 312 Mpu

Cl.HI.& 314 IPU

CanleeOa 380 Mth

CasHiwOe 422 Mth

CasHaoO» 408 Mth

63
49

49
49

49

56

56

S6



m

B6

87

lsof lavan, Isof lavanguinone & Coumaroncchromene

Compound M.f M.w__ Sour

CimHia0Os 242 M.pe

C1aHia0s 286 M. p¢

Ci»Hs o la 316 M.pe

CasHz=20. 418 M.a

Millettin

Ref .

[#]
wm

66



g C27H4. 372 M. { 6

Cheolestiane

89 IT‘:-H..O 400 M.di 67

'”ﬁrr, LN.( 1 C‘ 7

Campestercl
90 Cozy Hmo O 414 M.di 67
M.f 6
M.n 67
M.pa 67
3 M.pe 6B
M.ra 60

g-Sitosterol




CzolHand

Stigmasterol

CscHaanO

92

Taraxerone

93 CaxoHuol

Taraxerol

M.w Sour
412 M.di1
M.f
M.n
M.pa
M.pe
M.re
424 M.da
M.n
426 M.n

&7

J
67
67
68
60

67

&7

67




a4 CzoH=ol 426 M.da &7
M.n 67
M.pa 67

Friedelin

95 CsoHaz0 428 M.di 67
M.n 67

po

Friedelinol
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4. Resultgand Discussion

geveral reports exist in the literature on chemical studies
of Millettia species. To date over 25 flavonoids. S5O
igof lavoncids. 12 chalcones and 8 miscellaneous compounds
have been reported from this genus alone. The genus is well
¥nown for elaborating interesting secondary metabolites such
as the isoflavonoids and rotenoids. 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 lhe corresponding reference.

The seeds of Millettia ferruginea hava been

investigated by Clark in 1943 (gl and Highet and Highet in

1967 (9] and resulting in +he isolation and characterization

of retgnone (4l). tephrosin(42) . dehydrodeguelin (43).

durmillone(44) and ferrugone (43)

During the course of our chemical study on the

steam-bark of this plant except for ferrugone (45) even

traces of other compounés present 1in the seed could not Dbe

detected. The stem—bark contains at least te goupounds of

which nine have been fully characterized and considerable

data has been generated on the remaining one compound. The

compounds were named as compound X, B, 0wl




' =RsH
R Lo
48. ReRFRFRRs !
50 I;E:O'Me; RIS
51, RyzOMe; ReR;R7RSH
52, RyRg: OMe; RFRS Rg=H
53, ReRy OMe; RyR=ReH
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The compounds characterized are:

compound-A (48) f iemichapparin-B
compound-3 (49) calopogonium isof lavonone-B
compound-C (50) lsojamaicin

compound-D (51) jamaicin

compound-E (45) ferrugone

compound-F (46) 4-hydroxy lonchocarpin
compouné—G (33) 5-methoxydurimillone
compound-H (47) 4'-hydroxyisolonchoccrpin
compound-1 (32) ichthynone

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 isolated previously from Derris
flouribunda [691. £lemichapparin-B (48) from Flemingia chap—
lavone-B (49) from _Calopogonium

par [8C1. calopogonium isof

mucconoides [71]. jamaicin (52) and ichthynone (52) from

Piscidia erythrina (72.731.

All compounds Were characterized Dby gpectrscopric

methods MS, *H NMR and in some cases 13C NMR and comparison

3 £ ) ]
with data in the literature. Data in some Oi the Xxnown

« r 1it t therefore
compounds are jpcomplete 1N the literature and herefo

: 5 i
attemcts were made to cenerate the missing data. Thus C

NMR cdata were generated for the first time for 4-hydroxylo-

nchocarpin (46) . ferrugone (43) . jamaicin(51) and ichthvone

(52). However, for 49, it was not possible to generate full

spectral data due to the limited amounts of compound



obtained. The characterizatin of this compound was Dbased
mainly on M3 and *H NMR data. Comparsion with literature was
not possibile due to lack of access to the original sources.
The remaining two izof lavones and one flavanone were
characterizec as novel and have Dbeern agsigned the trivial
names isojamaicin (50) . 5-methoxydurmillone (53) and 4'-

hydroxyisolonchocarpin (47) .

" ) Characterization of 4-hvdroxylonchocarein (46)

The HRMs for this vellow compound analyzes as CzoHimOa
(M.W. 322,1205). The pancs in the IR spectrum at 1590,1520
and 1499 cm? suggest the precence of an aromatic moiety
i74]. The singlet at 14.67 ppm in the s+ NMR and the band

+hat appears at 1640 cm~* in the IR spectrum suggest a

carbonyl group chelated with OH.

The UV spectrum of this compound showed maxima at

226 .272 and 368 nm suggesting a chalcone with a ring-A fused

2 2-dimethylpyranyl ringd {54.75.761. The MS erovided

evidence for the presence of the dimethylpyranyl ring

because of the characterstic ion resulting from +he ioss of

CHs from the molecular ion (m/z 307) as shown in Scheme-5.

Moreover, the base peak at m/z 187 clearly shows & 2,2~

dimethylsyrand ring fused with ring A.
The presence oI & vwand at 3250 em-*in the IR spectrum
and the fact that sddition of NaOMe causes @& pathochromic

d 1 with increased peak intensity of

shift of 64 nm of ban



its UV spectrum indicates a chalcone containing a free 4-
hydroxy SgYoup [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 Hz)
integrating for two protons indicates the B-ring is
symmetrically substituted.
Based on the above spectropic observations, gtructure
46 was assigned to this compound. This structural assignment
was fully supported by the 1=C NMR spectrum (Table-13) 46
turned out to be the known natural product 4-hydroxy loncho-
carpin which was isolated from Qg;;;g_;;ggglgggggg (69]1. The
those

Uv., IR, *H NMR and MS are in good agreement with

reported for 4—hydr0xylonchocarpin (46) .



fragmentation of L-hydrox ylonchocar pin

Scheme-5  MS spectral




Table 13 *=C NMR [(CDs)=CO]

A7~

of 4-hydroxylonchocarpin

|
|

i

. Carbon (ppnn,,%
C=0 193.23
41 *161.71
2! *161.08
4 *160.42
B 145.52
411 132.21
2.6 131.85
6' 129 .22
1 127.56

| « 118.15
3.5 116.31
gt 116.30
1! 115.00

|5 110.00
3 108.84

| 21 78.46

i CHsx2 28 .48

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

The HRVS analyzes for this compound CzoHie0a as its
molecular formula. This suggests a Cis0Oz nucleus of a
flavonoid in association with a Cs-residue.

The *H NMR spectrum showed the resonances typical of the ABX
spin system of the flav wone saturated ring [25] which are
clearly resolved into an AMX system allowing first order
analysis at 5.40 ppm (1H.dd, Ju—zaxst-sax=13.1 HZ. Ju-zan s~
seq=3.1 Hz). 3.01 ppm (1H, dd. Jr-sanss-3eq=16.8 Hz, Ju-

a-uzu-—-znu=13.0 Hz) . 2.80 ppm (:H dd. Jﬂ—::.q/u—:-u"lﬁ.a HZ.

JH—:S-qll-d—gnuga . 2 HZ) .

The doublets that appear at 5.56 and 6.62 ppm (J=10 Hz)
equivalent for one proton each and two singlets at 1.47 and

1.44 ppm eguivalent for three protons each are highly

characterstics of a cis olefinic and gem-dimethyl group of

a 2.2-dimethyl - chromene structure. The MS further

provides evidence for the presence of the dimethyl-chromene

ring because of the characterstic ion resulting from the

molecular ion (m/z 307) as shown in Scheme-&. The base peak

at m/z 187 cleary shows a 2, 2-dimethyl~-chromene ring fused

with ring A. The doublets at 7.74 and 6.49 ppPm integrating

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

of ring A are unsubstituted. This clearly established that

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

positions.



The presence of a four peak pattern of two doublets at
2.36 and 6.89 ppm (J=8.8 Hz) integrating for two protons
each suggest a symmetrically oxygenated B=ring. 4' -hydroxy-
isolonchocarpin (47) was deduced to be the angularly fused
pyranof lavanone 4' -hydroxy-2'',2''—dimethylpyranc (R gy

7.81 flavanone.



Scheme-§ MS spectral fragmentation of 4-hydroxyisolonchocarpin

et 5

|!1'Z'1?0
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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 Ci>Hi20s. The IR
spectrum showed neither —-OH nor carbonyl absorption. A band
at 1660 ocm* indicated olefinic unsaturation. This 1is
reflected in the UV spectrum which showed high intensity
absorption with maxima upto 358 nm (77]. The bands at
1610.1570 and 1470 cm~* in the IR spectrum suggest an
aromatic moiety and at 1230 cm~* a phenylether linkage.

M5 showed (Scheme-7) intense peaks at m/z 295 and m/z
281 due to loss of Hand CHs from the molecular ion
respectively. This suggest a highly stable aromatic skeleton
of a pterocarpene {10].

The *HNMR spectrum cisplayed a two proton singlet at
6.00 ppm cdue to a methylenedioxy group. The aromatic region
contained two isolated 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 18 in turn meta
coupled with a proton at 6.53 ppm. The spectrum also

revealed a singlet representing two aliphatic protons at

5.52 pprm and a three proton singlet at 3.81 ppm due to an

aromatic methoxyl group.

H =i =< .
Based on the above gpectroscoplcC observations.

structure (48) was assigned tO this compound. This

13
structural assignment is fully supported by the C NMR

spectrum (Table-14). 48 truned out to be the known natural



product Fleminga chappar (70). The IR. *H NMR. MS and W

data are 1in good agreement with those reported for

flemichaprparin B.

Scheme-7 MS spectrat fragmentation of flemichapparin-B




Table — 14 33C NMR of Flemichapparin-B

|__Carbon -Shj in
1 120.74
2 107.08
3 160.69
4 94.11
4a 154.77
6 65.30
6a 106 .25
6b 119.03
7 102.39
8 144.75
9 145.61
f 10 93.87
; 10a 15039
i 11a 147 .60
| 11b 109.81
| OCH20 101.27
. OMe 95.26




The HRMS analyzes Cz2i1Hi4Os as the molecular formula for
this compound . The *HNMR spectrum showed a singlet
resonating at 7.93 ppm eguivalent 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
protone suggest the presence of a 2,2-dimethyl - chromene
ring fused with ring A [5]. Furthermore. the MS provide
evidence for the presence of a 2,2-dimethyl - chromene ring
fused with ring A fron the fragment m/z 187 derived from
the (M-CHs)* ion as a result of RDA ring fission as shown
in Schema-8. The ortho courled doublets that appear at 8.05
and 6.86 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 (4.J=1.7 Hz) 6.97

(da.J=8 ,1.7 Hz) and €.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 to be the




known natural product calopogenium 1eof lavone-B which

isolated from Calopogonjum mucgonoides (71

Comparison of data with the literatute was not possible

to lack of access to original source

Scheme-8 MS spectral fragmentotion of calopogoniumisofiovne- B
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4.5 Characterization of Isojamaicin(50)

The HRMS analyzes for this compound CazzH:eOea as 1ts
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 $.72 and 5.80 ppm (J=10 Hz) equivalent for one
proton each and the singlet at 1.50 ppm equivalent for six
protons indicate a 2,2-dimethyl -~ chromene ring fused with
ring A. The MS spectrum further provided evidence for the
presence of the dimethylchromene ring because of the
characterstic ion resulting from the loss of CHs from the
molecular ion (m/z 363) as shown in Scheme §. Moreover. ion
at (m/z 187) clearly shows a 2:2—dimethy1 - chromene ring
fused with ring A. e 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 gsubstituted. This
establishes that the 2,2-dimethyl-chromene ring is angularly
fused at the 7 and & position with ring A.

The presence of two meta coupled aromatic protons (6.80
one methylenedioxy group (6.00

and 6.72 ppm (J=1.5 H2) 1],

ppm) and a methoxyl Sroup (3.94 ppm) suggest a B-ring with

3I‘4='5l_trioxygenation pattern, and isojamaicin was deduced

to be the angularly fused pyranoisoflavone 3' -methoxy-4'.5"'~-

methy‘enedioxv-2",2"-dimet'nv1wran0 (5*'.6'':7,8] isoflav-

one
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Scheme-g  MS spectral
g MS spectrol *fragmentation of IS0 jamaicin




4.6 Characterization of Jamaicin (51}

The HRMS revealed a molecular ion peak at m/z 378
consistent with the molecular formula C22Hie0e. The UV
spectrum of this compound showed absorption maxima at 228
and 261 nm characterstic of an isof lavone in which ring A is
fuseid with a 2,2-dimethylpyranyl ring (54,75.76). This was
supported by MS observations of characterstic fragment 1ons
resulting from the loss of CHsfrom the molecular ion and an
ion at m/z 187 derived from the (M-CHs)*as a result of RDA
ving fission as shown in Scheme-10.

The *H NMR spectrum (Table 15) 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
signals for a 2,2-dimethylpyranyl ring [AB system 6.81,5.71
ppm (J=10 Hz): 6H singlet at 1.50 ppmi.

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 21,4',5" substitution pattern.

The MS spectrum jndicates the iogss of 31 mass units from the

molecular ion. This suggests that the B-ring 1s substituted

by a methoxy Sroup at the C-2°' positions.

Rased on the above gpectroscopic findings., structure

(51) was assigned to this compound. This structural

assignment Was fully supported by the *3C NMR spectirum



A

(Table-16) . (31) is the known natural product jamaicin which

was isolated from root bark of Piscidia erythrina (72). The

1 NMR. MS.IR and UV datas are in good agreement with those
reported for jamaicin (31).

Scheme-10  MS spectral fragmentation of jamaicin
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4.7 Chgragterigatiog of Ichthynone (52)

The UV spectrum of this compound showed absorption
paxima at 229 and 260 nm characterstic of an jsof lavone with
ring A fused to a 2. 2-dimethylpyranyl ring (54,75.761

The IR spectrum showed bands at 1390 and 1330 ocm™*
attributable to the gem—dimethyl group of a 2.2-dimethyl
pyranyl ring system. The band a% 1600 cm? is assignable to
a styrenoid carbon-carbon couble pond. The presence of an
aromatic methoxyl grou? and a methylenedioxy SYOUP is
gerived from the pands at 1040 and 940 cm~* and the band at

1640 cm™* suggests the presence of an, «.B unsaturated

carbonyl grYouf of &r. isoflavone.

The *H NMR gpactrum (Table-15) displayed an isof lavone

H-2 singlet at 7.90 ppm. The AP pattern at 6.81 and 5.73 ppPm

(J=10Hz) due to olefinic protons along with the © proton

singlet at 1.50 ppm Gue to twoe methyl groups confirms the

presence of a 2.2—dimethylpyrany1 ring . The aromatic region

contained three singlets at  7.53. 5.82 and 6.61 ppm

indicating the presence of three isolated aromatic protons.

The spectrum also revealed twWo ginglets representing three

protons each at 3.95 and .73 ppm dua to aromatic methoxyl

groups. The remaining two sroton singlet at 5.97 ppm 1S

assignable to a methylenedioxy group.

- - + v
Basec¢ on the above spectroscopic data, structure 52 was

moound. gupporting avidence for the

agsigned <o this com:
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structure was provided by the 13C NMR spectrum (Table-16).
52 was found th be the known natural product ichthynone
which was isolated from the root bark of Piscidia erythrina
(17). The UV. IR, and *H NMR data are in good agreement with

those reported for ichthynone s

4.8 Characterization of Ferrugone (43)

The HRMS revealed a molecular ion peak at m/z 408
consistent with the molecular formula CasHaoO>. The UV
spectrum of this compound showed absorption maxima at 229
and 260 nm. characterstic of an isof lavne with ring A fused
+o a 2,2-dimethylpyranyl ring (54,75.76].

The MS (Scheme-11) also provided evidence for the
presence of a dimethylpyranyl ring because of the charac—
terstic ion at m/z 393 resulting from the loss of CHs 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-CHs)* ion.
The IR spectirum showed bands at 1390.1375., and 1330 cor?

attributable to the gem-dimethyl group of a 2.2-dimethyl-

pyranyl ring system. Tne pband 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 cur* is due to an a.B - unsaturated carbonyl

gY QuP -



The *h AMR spectrum (Table-15) showed an igcf lavone H-2
°1 ppm. The presence of a 2.2-dimethylpyranyl
ring was deduced from the AB pattern at 6.81 and 5.73 ppm
(J=10 Hz) cue to the cis olefinic protons and the 6 proton

inglet st 1,50 ppm due to the gem-dimethy! group. The

(53]

sroemetic resion of the spectrum revealed one isolated
singlet at 6.52 ppm and two ortho ccupled doublets at 8.05
and 6.806 ppm (J=8.8 Hz). The spectrum also displayed two
aromatic methoxyl oroups at 3.87 and 3.85 ppm eand o
methy lenedioxy group at 6.02 ppm.

Baced on the above gpectroscopic data. three

=

can be asrsicned to the

W
o
=
o
n
e

Iternzgt ive stractures .o




Structure 45 was finally assigned to this compound
based on evidences obtained from *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 jamaicin
resaonates at 95.5%5 ppm. If according to structure 36 there
were a methoxyl substituent para to the C-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 46 was 110.45 ppm. This observation
eliminates 56 as a peossibility.

The resonance for ortho oriented methoxyl carbons in a
polysubsituted aromatic ring are normally expected in the
range of 59-64 ppm [29]. However, *the methoxyl carbon
resonances in 45 appear at 57.01 and 60.Z1 ppm. Alternative
structure 54, where the methoxyl 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. MS and 2*H NMR are in accord with those reported for

ferrugone.
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Scheme-1l MG spectral fragmentation of ferrugone
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Table - 15

(ppm)

153.40
122.08
175.71
126.73
115.15
152.45
109.30
157.31
118.37
117.98
139.19
137.22
136.90
139.05
110.45
115.03
130.29
TT:71
101.82
57.01
28.17

*¥C NMR Data

Ferrugone (45) | Jamaicin (51)

(ppm)

153.71

121.93
175.64
126.71
114.98
152.96
109.20
157.13
118.39

[
p-a
o8}

2.90
152.96

95.53
148.36
141.21
111.20
114.98
136.15

77.58

101.30

Ichthynone (52)

(ppm)

121.52
1735.32
105.40
147 .04
147 .37

110.25

[B=1
[
@
W
o

152.99
8939
148.33
141.21
111.20
115.25
130.50
7499
101 .31

96 .30

153.50

|
|
|
|
f
J
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4.9 Characterization of S-methoxy durmillone

Table - 17 Summary of Physiochemical data _on the novel
Compound

1. TiLC Single spot, Re 0.64.
Solvent: Tol: Hex: EtOAc {3:4:3)

2. K.P, 142-143°=C

3. Colour reaction _ 1% alcoholic FeCls(-Ve)

4. UV ™= nm ' 224,263, 294sh.320sh
remain unchanged by addition of
NaOMe

5. IR :::”cm"‘ 1660.1630.1530.1513.1425.1420.
1375.1360,1290.1180.1075

6. MS Cz:szow(H*-408).Cz.H;.O.(11%)
C:aH;.Or(lOO%).C:oH;:O.(lle
Cs1HsO0s(1%) , CoHaOs(11%)
CoHaO= (100%) .

7. NMR see text

The HRMS spectrum showed a molecular ion peak at mwm/zZ
408 constitent with the molecular formula CasHzaz0-. The

presence of a carbonyl group is derived from twe absorption

band at 1660 cur-tin the IR spactrum. Based on Dbiogenetic

ar formula C2sH140s(0OMe)z 18 possibly

L 1
crounds. the mo.eClu:



compatible with the presence of a Cis02 nucleus of a
f lavonoid or an isoflavonoid in association with an
isoprencid Cs-residue.

The absence of an absorption band above 3000 cm* in
the IR spectrum and the fact that the UV spectrum was
unchanged by base suggests the absence of phenolic hydroxyxl
group in S-methoxy durimillone. The UV spectrum of this

compound showed absorption maxima at 22 and 263 nm,

cheracterstic of an iscflavone with ring A fused to a 2.2-
dimethylpyranyl ring [54.75.76]!. This led tc the considera-
tion of ¢th partial formula 56 for this compound which
immediately indicated that the remaining carbon atom in the

structure of S5-methoxy durmillcene might well be present as a

methylenedioxy group.

HeO-F tOwcltnaa
MeO | | cH
H"‘I - CH
H 1 Ci1=0=
o -0 .
o o
56

The nature of the groups present in the siructure of
S—methoxy durmillone are indicated by its *H NMR spectrum
(Table-18). The .hich field singlets at 3.90 and 3.96 ppm

integrating for three protons each can be assigned to two
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methoxy 2ups. A singlet at 5.98 pem intesrating for two
protons  suugests the presence of one methylenedioxy group.
Moreover. the two doublets at 5.68 and 6.76 ppm (J=10 Hz)
integrating for one proton sach and the singlet at 1.55 ppm
equivalent to s8ix protons are characterstic of the cis-
olefinic and gem~dimethy!lpyrany! ring [73]. The low field
singlet at 7.81 ppm i3 characterstic of an isoflavone H-2,

The IR spectirum further showed some characterstic
features of a 2.2-dimethylpyrany! system. The bands at 1275
and 1360 cm~* are attributable to the gam-dimzthy! greur and
the Dbands at 16CC, 1425 and 1420 cm~* are expected for
styrencid carbon-carbon éoukle Honéd, The bands at 1290, 1180
and 1975 cor?® suggest the presence of an aromatic ether.

The NS provice further evidence for the presence of a
dimethy. pyranylring fused with ring A, The base peak at
m/z 393 originates by the loss of a CHs from the melecular
ion indicating the presence of a gem-dimethyl group. The
peak at m/z 217 is derived from the (M-CHs}* ion as a result
of RDA ring fission of ring A and B (Scheme-12). This
clearly established that the pyrany! ring is fused with ring
A. Further more. the ion a: m/z 146 showed that the B-rin
is only substituted by a methylenedioxy group. This was
suppor-ed by the *H NMR which showed an arcematic ABX systen

at 6.92 (d4.J=8,1.6 Hz). 6.85(d.J=8 Hz) and 7.08(d.J=1.7 Hz)

“he M3 and *H NMR data. it can Dbe cdeduced that

the A-ring of 5- methoxy durmillone is completely




L




This suggests that S-methoxy durmillone contairz a methoxy!
grour peri to the carbory! ané therefore structure 58 could
be eliminated as a possibilitv.

S-methoxy durmillone occurs along with other isof lavones
(49-32), a flavanone (47) and a chalcone (46) in the steam-
bark of this plant. All the iscofliavones and the flavanone
contain an angularly Ffused pyranyl ring at C-7 and B8

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

the biocgenetic precursor for all these compounds. This
hiocenetic arguments ‘9 in favour of structure 53 for

S-methoxy cdurmillone, L

Further support in favour of siructure 53 for S-methoxy
durmiilone was obtained from the *>C NMR spectirum (Table-
19). The methoxyl carbon rescnances acpear at 61.32 and
62.10 ppm. Such resonance are expected for Qr:hy oriented
methoyyl groups [29]. If the methoxyl groups were para
oriented as in structure 57. one would not expect both
methoxyl groups to resonate above § ppm. The remaining
carbon resonances fully ssoport the above structural
assignment.

gg’s,ﬁ-djmethoxy1—3',4'—methylenedich*2".2"-dimathvl

pyrano [5'!',6'':7,8] isoflavonz is a new natural product.







Table - 18 *H NMR of Shifts (ppm) of 53 and 59

2 | 7.81(s) 7.89(s)
2¢ 7.08 (d.J=1.7 Hz 7.03

6t | 6.93 (dd.J=8.1.6Hz) | 6.91 Unresoclved
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Table - 19 33C NMR o

| Carbon | c-snift in (pem)

I3 i 150. 21
3 | 125 .30
4 i 175.02
5 , 151.01
6 | 139.97
7 ' 149 .05
2] : 113.10
8a 153.01
4a 106 .54
11 125.64
2! . 109.96
3 | 147.50
41 :l 147.50
51 108.17

Py | 122.46
i : 114.94
411 : 129.02
6~0CH= | 62.10
5-0CHs i 61.33
OCH=0 100.09
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S. Experimental

5.1 Plant Material

The stem-bark of Millettia ferruginea (Hochst) Bak.

vzed in. this study was collected from three different
localities, in June and Decembey from Sidamc (Aletawondo) in
September 1987 from Addis Ababa and in February 1983 from
Gondar. According to M.Thulin (1] the samples coliected from
Sicamo is believed to be the subsp darassana. whereas the
sample from Gondar is the subsp ferruginea and the sample

r=
&

1rom. Addie Ababa is most likely the hybrid of the two forms.

5.2 Material and Apparatus

i1
1
@
.
o
u
o ]
a4
(8]
3
]
tn
o
O
C
<
4]
~

Melting pointe were determi
capillary melting point apparatus. UV spectera were recorded
en  Perkin-Flmer mocde! 555 UV spectrometer. IR on Perkin-

Elmer model 727 Infra ved scectrometer, 1 NMR:. 90, 250 and

= (2]

260 MHz instruments in CDCls with tetramethylsilanes as an

interna! standard. *=C NMR were recorcec on 22.5 and 90 MHz

corded on a

=
o

instrument in CDCls The mass spectira ware
high resolution mass spectrometer. Analytical thin layer
chromatography (TLC) was run on a 0.2 mm thick layer silica

gel and the spots were detected by their UV flourescence and

by spraying with 0.5% fast hlue salt B sclution followed Dby

5.1 N NaOH (78]. Circula: rreparative layer chromatography
was run o0 a 1 mm silica gel. while preparative thin Layer

Y +h= ] <74 - e hande o
chromatography on a . mm *hick silica gel ana hands were
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detected by their UV fluovescence. Column chromatcgrazhy was

ica gel 60 (70-230 mesh) and sephacdex LH-20. The

pet. ether used through out the study had B.p (60-8B0)°C.

Tabhle~20 Selvent Systems used for Column, Thin and

Preparative Layer Chromatography

W

1 | Toluene: Hexane: EtOAc | 3:4:

2 MeQOH: CHCls ; 131 |

w

=

n
'

e+her: EtCA-s

D
O
>
2

- e NA ~
4 Pet. ethar: EtOAC

e

N ~ | | = »
Pet . ether: EtfAc £5 .

>
(8 )

} No . Solvent System - Ratio
|
1
|
|
|
|
|
5 Pet. ether: EtOAc 80:20

| 6

| - |
W Pet. ether: EtOAc 75:25 |
! ]
I B - ( =T

| 8 Pet. ether: EtOA i 70:3

]




400 g of grounded bark of M.ferruzinca cellested fxeom

- .= - - - A 2
Addis Ababa wae fivst exiracted with cold cer,ather followed

yellowish oily products respectively.

a) The crude ve:—-ather extiract wis applied on Sephadex

™

tE-20 cosumn (7Cg) and eluted with solvent system A total
of 30 fractions each 7 ml were coliected. The first 29
fractions contain fatty material. while +t@he remaining

fractions were crirbined and cancentrated yielding 10 mg that

howed by TLC the presence c{ four compounds. The separation

—-— -

of <he mixture waz mace by circular preparative 1.0 using

‘vent system 1. This reculted in 3 my of compourd-B, 1.5
mg compound-C. 3 mg compound-F and 1 o7 comeound =k,

b) 85 g of the crude chlorof crm extract was applied on
Sephadex. LH-20 (70g} and eluted with solvent Systed By R
eaach were collscted. The first 15
ta contain chiorasghyll anéd £fatty

material and were no* examineZ €urther. The remaining

fractions ware combined A = The above

mentioned procedurs was repeated with another 5 g of crude
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chloroform extract and conzined telding 5 o« of a vyellowis
sticky sunstance. 6 g of the rassidue was aprlied on a silica

i85
2 i.1683

increasing pola

']
it

L |

~f pet ether and EtOAc mixtures. A total of 25 fractions

Lt

= . . - - “5
Fractions (3=7). eluting with solvent system save 120
mg of &n orange colured cormpound-F which was purified Dby

-+ 2 - y g | =}
column: filteration and crystallization from methanol (ME

- . » *A Cmam ¥ vy st ans) r‘.BEQ,.
AR wo of tomround-D which crysta.iiled irol LcLulnod 1
3 A it E ¥ I
! 1 OF J > Oms uag- = ms ) X i
160=C) lecrystallizati f SOmpPOUAC £ >

‘- ns y 24 . ‘ L [ - . &
Tracticas (19-2cC siuti
B - - Al +wa nther in
ixtu ~anbaining one comfound &3 & MAJOY and TWo OLUL
mixture coatalining ONE

siar of the mixture from methanol
ealie - LS A~

s el Y f 142-
ir less neag.e lw _4..




S kg of grounded bark of M.Zarassapna was socked in 8

b

liters of ethano!l for 15 days. The extract was filterad and

upor removal of the solvent under reluced pressure 149 g of

—

a dark vellow sticky, aubstance was obtained. The residue

was fractionated with chlorofeorm and methanol. resulting in

00 and 50 g of extracts resszectiively. The metharal goluble

saréion sontained hizhly polar substances and was not

A 22 g portion of the chilovzlorm extralt wiE puniiad on

% silica gel column (500 g) 1+ was thoroughly washedéd with
pet.ether to remove -“he fally materi 1 I was Shern aluted
Witk jroressing polarities of pet, Aty arns ELCAc mixtures.

A total of 120 fractions esach 220 n) wure collected.

Fractions J+ing with solvent systenm 3 and 4

containsd cnly fatt gubs*ances and were not examined

further.

Fractions (60-63). eluting with solvent system 5 gave a

vaiiowish oily and upor addition of methanol resulted a

precipitats. The Filterate afforded 50 mg of a colourless

~ompounc-A (MP 174-173=C).

= i - 4 - R L T L (aln v -
Fractions (64-791. elucing with ST Vent 9 gave 400 s

£f a wmizture <o compound-D and Z.

&)
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Fractions (80-99). ajy=in T with sclvent svztan 7 gave

1.5 ¢ of compound-G as a maloy compound I which cryestellizes
from methano! as a colourisss needles (MP 142-143<(C) .

Fractions (100-120;. #luting with solvent system 8

vesulted in compound-!. J and caierophyll, The mixture was

in

chroemstosraphed on Sephadex LH-20 using sclvent syatem 2.

A total of 10 fraciisns each 25 ml were collected. The
irst Zfive fractione contain chlorcphyll and the remaining
fractions were combined. Afiter removal of the salven:. the
resilue was opplied on a preparative TLC using solvent
system 1. This resulted ir 40 mg of compound-I (MP 201-

202=C) and 10 mg of compouni~) (MP 230-231eC) crystallizinge

I'om metnang! a2nd acetone resrpectively.

h

5.4 Demethyiation of Comepcond- [723.82!

a 50 ml reund hottom flask containing compound-G

" wte -

)
-

(50 moY. a 10% excess of 48% hvdvokronmic 2sid {23 ml) was

2. The reaction mixture was refluxed for 3 hours. untill

aiie cti

the evolution of methyl Dbromide ceased. The 2uCess
‘Srobremic  aci nde duced pressure. The

hyérobromic acid was removed .ndéer re

eroduc: was then purified Ly chromatography on

eluting with solvent system 4, to give 6
compound, MP 205-297=C (MeOH) .

silaca-gel (10 3)

mg of a vellowish crys:tailines
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5.5 Identificatisn of Compounds

Compouné-A (Flemichapparin-3) (48) R.f 0.93 (solvent system
1) needles from MeCH. M.P (174-174=C) (1it(70) 179-180=C,

Pound: IM]1* 206.0690;: Ci»Hi=0s requires: 296 . 0657

Uymeor nm = 230 int, 250.292.339,358.
IR<® cm—': 1660,1572.1470, 1239
s NMR (0DCls) 7.37 (1H.,2.J = 8.2 §Hz . H-1). 7.02(1H.S.H-

71. 6.72015.8.8B-10) . 6.53 (2H,M,H-2,4), £.00 (2H,S.0-CHa~0).
5.52(2E.8.4-6),2.BL(3H. S, 3~OMe)

BIMS r/z (rel.int): 295[MI=(100), 295(69.3). 28119.7)

Compound-R _(Calopogoniumisoflavone-B) (49)

R.f 0.84 (solvant system 1}

Tound [M1* 2348.1103: CzaHia0s requires: 348 .098

Compound-C (Isojamaicin) (20)

R.f 0.77 (solvent 3ystem 1)

Found [M)* 378.114: CazHieDe requires: 78.1°

iH NMR see “ext.

poas e Tral.int ] B7AIKI66) ; JEBLILOY AIIES) SUBLITL -

187(35) .
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Compoundéd—-D (Jamaicin) (51)

e

R.f 0.7Q (scivent system 1)

Colourless neediss from MsDE MP[(189-.62*C) (13i4(721193-194"=C)

Fourd [M]* 378.112: CazHiaOs requires: 378.1103

Uyrmeos nm = 226. 261.308

mvan

IR“®™ cm3: 1640,1600.1580.1510.1500,1430,1400,:380,122%

T AT

EIMS m/z {rel.int.,) 278(M]*(100).363(62),347(4%). 197712

Cogpound-FE (Ferrugeonel (49)

R.f 0.69 (solvent asvitem 1)

alourtess needles from MeOH MP(164-166°C)

Yourd MI* 408.1220: CzzFzoD»r requires: 40%.1:°0

Uyreor am 229.260.210 sh. 3290 sh

IR:::“ e : 1640.1619.1598.15;?.1475.1440.;435.1390.1373

S T

1360.1320.1280.1240,1205.1160 +1110.1140.

1y 130 NMR see text
EINS m/z (vel.int. 408EM]*(1001.393(981.37?:333' 363(16)

- & e

206(87).187(13.6).

Compound—F {(4-hvéroxylonchesarpiis (47)

H.f 68 (acivent system 1)

L2/

.. san _ 10%
Orange nesdles from MeOH MP(185-132 ©)
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Found M]* 322.1210: CzoHiels requires: 322,

[
~J
(& ]

A

Uyrieo™ nm 226.272.305 sh., 368

I

Uvnum-lm-m- nm 226 Sh. 2?0'4??

T

IRt::u cm—*: 3250.1640.1620.1590.1520.149¢.,1380,1330

1H. *=C NMR ((C0s)2C0) 14.07(1H.S.2'-0OH) ,8.06(1H.d.J=9% HZ.
6'-H) ,7.86(1H.d.J=15.4 HZ.-K.
7.77(i%.4.7=15.4 HZ. -H).7.74(2H.4
,J=8.5 Hz, H-2.6).,6.92(24.4J=8.5 Hz
¥-3.8) .,5.691:8.4,3=10 HZ. H-4'"),

€.36{14.5,3=8.8 HZ,H~3"),

5,71(14,d.J=1C HZ H-3''), 1.44(6H.8S

2V V=) .

Coxpound-H (4'Hydroxyisolenchacareini . (47)
f. 0.62 (sclvent system-1)
Found (M]* 322.1128: Czoliele requires: 322.12C3

1 NMR (CDCls) S 7.74{1H.d.J=8.5 HZ.H-5).7.36(24.4.J=8.3 HZ.

H-24,6') .6.89(2H,d.J=2.8 Hz. H-3'.,5').



0lj-

L4
(=}
¥}
p—
—
[a ¥
=l
II
<
F‘
8]

d-4'*%) ,6.49(1H,d,

J=8.8 .Hz H-61.5.56(1H.4.J=10.3 HZ_H-3'*,

9.40(1H.4d,J=13.2,3.1 HZ.H-2).3.01(1H,
dd.J=16.8.13.0 HZ,H~3a.).2.80(1H.d4d,
<=*16.8,3.2 Hz,H~3ea) .1.47(3H.S5.2' ' ~CHs)
.244(3H,8,2" ' -CHs) .

S, m/z (rel.int.) 322(M1*(67.1),307(86.6),187(102)

Colourless reedls from MeOH MP(201-202=C) (1it(73]203-204=C)

il
e
TR<®-  eom—2: 1640,1600.1580.1540,1360.1330,1280.1200,1110,
e
1040
1y 1=0 N‘MF gsae text
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