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Abstract 

Investigation of Flavonoids from Berbera 

( Mi llettia ferr~~inea ) 

Arr.:-la Beke 1 e 

Research Ad-"!:'s ')r D;-- _ Ermias Dag:-\I? 

Mi ~letti a f-?rr ;~~~in~a (Hcc:--'!s-:) BAK .. : ·:> ca.l:y known as 

Berbera is a pla~t ~~ ~ ·~~ic to ~thi0?:a. P":1ytochemi c~!l.l 

ir-:ve.=t'::7a+_ic-:1 of t~·;,:: st.eI:l-!:H:1!.-}-: cf ·.:.~:ls I.J :a.!it r-es:..tlted in the 

isolativ~'" ':. f 2C Gl1mp-;".u'.dz ,)f w~ic~: :--.:ne b -;J.ve b~~ :1 s-~nel-ated 

on t~e remaini~g 0~~ C0~~0~~d . ~e c~oracter izec ("ompounds 

are 4-hyG.!"'oxy: o:-'.chocar;· in (4'5) . 4 I hydroxyis01o:1chccdr'pir'..(47 ) ~ 

fle:1'icnappa::5!'1-B(48) , calopogoniurn isofl avone-B(49). 

i s oj arna i ci!'1 (5 G) jamaicird511. ichthynone( 52j a:-.d 5-methoxy 

durn: il one (53) . 

Three o f the i501 ated comp ounds appea;~ to be nove 1 ar.d 

are ide::.t i f ied as 5-rr.et:,,)x)' d~.lr!U.i llo.:lc (5. 6--c.imethoxy-3 ' .41-

met~y 1 enedioxy-2 ~ .2: I -dimet~y: ~'{ra.~ ::,. [5 " ,6 " : 7 .8 ~ isc.f-

lavo:1e:. iS0jamo.icin (3··-m.eth0Xy·-~·.5-~nt?tr:ylen'?d:oxy- 2 1 : .2 1 1-

dimethylpyrano [5 1' ,6 1 1: 7.81 150: ~avcne1 a:1G.. 4 : - ~yd.':"oxyi.s G--

:or:ch.:)car-pin(4' -hydrc.xy-2: I, 2 1 '-di:netr.y:pyt'"a~ .... :) {5:' .6 t ::7 .81 

flavar.one) . 

, 
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1. INTRODUCTION 

Millettia (LegUIDinDgaQ-P~ilionoid~) 19 ~ largQ 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 

phyt ochemical investigation has been limited only to a few 

cases. Previous examination of a number of species of 

Miilettia have shown them to be a Lieh source of flavonoids 

and iS0flavonoids typical of the Tephrosiae tribe of the 

Papil ionoidea~. [2] . This is compatibie with the various 

claims that some Mi llettia species show insecticidal and 

piscicidal activities (3). 

The various reports on the genus show that a number of 

Millettia species are used as fish poisons in many parts of 

the world. The ground seeds of Millettia pacnycarpa Benth. 

common ly known as "fish poisoning vines" in China [4). 

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

the root of Mi l lettia taiwaniana Hayata in Formosa [7) have 

long been used to paralyze fish. Similar uses are ascribed 

to other leguminous plants beionging to the genera Derris. 

Lonchocarpus . Tepnrosia and Mcmdulea [3]. Phytochemical 

investigation on the above mentioned genera have revealed 

the presence of rotenone. which is claimed to be responsible 

for their toxicity [3J. 

M. ferruginea (Hochstl Bak .. 10c6.1ly known as Berbera. 

is the only species that is fOu~d in Ethiopia. This endemic 

" 
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plant is widely used as fis h pois~n in various parts of the 

Country. Two s ubspecies of Millettia ferruqinea are known to 

occur [1]. These are s~bsp. ferruginea whicn 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 

name 1 y rotenone, tephros i ,. and dehydrodegu~l in. Highet and 

Highet [9 ] have also isolated two isoflavones Le. 

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 obj ect i ve of the present work is to invest igate 

other parts Qf this plant namely the stem-bark, leaves and 

roots. The fact that only two iscflavones 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 phytochemi cal study of this plant. 

We report here the results of our phytochemical 

invest igat ions on the st",m bark whi ch ;~as co llected in June 

and December of the 1987 from Sidamo (Aleta-Wondo) in 

September of 1987 from Addis Ababa and February of 1988 from 

" 
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Gondar. The samp les from Sid.'ill!o are be 1 ieved to be the 

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

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

the hybrid of the two forms. Using the various 

chromatographic techniques. it was possible to isolate a 

chalcone. a flavanone. a pterocarpene along with seven 

isoflavonoids. The complete characterization of these 

compounds by chemical as well as spectroscopic methods will 

be presented. 
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2. ISOFLAVONOIDS 

In view of the f~ ct that the genus Mil!ettia is a 

good source of isoflavonoids . the salient features of the 

chemistry of isoflavonoids will be reviewed here albeit 

succinctly. 

2.1 Distribution a nd Occurrence 

Isoflavonoids are believed to be predominantly found in 

one group of plants. the subfamily Papilionoideae of the 

Leguminosae [10J. Their chief source o f occurrence is in 

leguminous plants. some of which are very much in use as 

food materials. Moreover. leguminous plants sometimes 

exhibit remarkable physiologic~l activities attributable to 

thei r isoflavone contents. Gyorgy and co-workers [11] found 

4'.6 .7-trihydroxy isoflavones to be antioxidative substances 

of fermented soyabean. 

They also occur occasionally in the subf ami ly 

Caesalpiniodeae and in a few other families namely Rosaceae. 

Moraceae . Amaranthaceae. Iridaceae and Podocarpaceae [10]. 

2.2 Types of Isoflavonoids 

Although the isoflavonoids are biogenetically related 

. to the flavonoids. they constitute a distinctly separate 

cl ass, because they contain a rearranged C'B skeleton as 

shown below. 



-.----~--'- -- ,----

1'--lg-1 structural variants of iSOflcvonoids 

o '/ 
I Ii 

---l...V 
lsotio\l(lnone PterocorPon Isoflovcn 

~ ~-~ 
Isoflovone be,llo-dehdroPterocorPan 5a-hYdroxy Pterocorapon 

<.r1 

(00 
I ' 

:-..... '" .....-1 

}-o rYi-L. - hdrox ycoumorin Rotenoid 

Coumaron ochrom one Coumestan 12-hYdroxyrotenoiq 6a)2.G-dehydrorote noid 
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Structurally isoflavonoids furnish a great variety of 

nat~ral products such as the is~flavones. isoflavanones, 

coumestans. cOl.unaronochr omene3 . isoflavans . 3-aryl-4-

hydroxy-coumari r.s, pi:erocarpans, r otenoids and the ir hydroxy 

and dehydro variants (121. 

2 . 3 Biosynthesis of Isoflavonoids 

Isoflavonoic.s differ from the flavonoids in having a 

rean-anged L 2-dipherwl skeleton as opposed to a 1,3-

dipheny lpro?a:~e skl~le:on of t~B lat ter (13}. Like the 

f 1 ay('·no:' c.s ~ the various types of iSIJf lavonoids are 

determined by· changes in the oxidation state of the 

hetel'oc~c Ii c ring. F~rther oxidatjon, reduction and 

alkylation of tr.e b,:\'sic skelet:c,n may also occur to :?l"oduce 

additional struct~ral features {14]. 

The b i osynth~?tic tJa.t~1~layS which lead to the formation 

of isoflavon0ids may be divided into three parts. 

a} those early pathways shared with other secondary 

metabolites. 

The essential C1 ~ molecular framework of both 

f I av.)noids and isof 1 avonoids resu 1 ts from the convergence of 

the acetate / malonate and shik.imic acid pathways. The 

precursor fo!- the acetate .I malo"ate pathways :s acetyl Co-A 

wh i Ie 4-courndroyl Co- A. (~) de .r-.ived :rom pher:yl ,:tlanine (.J) 

as shown in Scheme- ~ serves as the precm-sor of the 

shikimate ,oute . 

b) those steps cOP.U'11cn:o flavonoic. a.nd isoflavonoic.. 



biosy ntt,eslS 

The t r C. '- ~:-f c.n!l(~t 1 (). i t,3.:~ " t c th e fcr":,,.:tt l (,n of 

chalcones as shown 1 ft S('r- ep;F'-2 cr.Jq~.js t -3 o f tfl ! -BE: su ,:cE'sslve 

c ondensation 2 t" r,,~ ~"·h o.Cr':"·5 tB Ufl~ ts · .... · .. hJ.cl~: r E:-;? ult i n the 

elongation of the a: h " latic s i de cha in 01 4-cc.urnar atE: by six 

carbon atorns \/hieh U.en cyc l izcs t v glve the aromatic ring A. 

1 

Scheme - 1 

--=:::. 
-..::: 

.~~ 
' H 
=0 

Fonlla t i on of 4-Cournoroy I Co-A 

------;> f . ff ") 

"0 
6_ 

=0 

;> 3 

:=0 
I 

CoAS 

" 
C) those react i ons un i que to the isof lavonolds . 

• Feeding experime nts by Grisebach and collaborators [15.16J 

demonstrated that the isof lavone skelet<>n results fr om the 

flavonoid precursors by a 1.2-aryl migration of the B-ring. 

This shift is belleved t o take place a f ter the formatio n of 

the C-15 cha leone (§) i ntermedi ate. TI,is was es tab I ished by 

feeding experiments that showed the chalcone r ather than the 

isomeric fl avonone ( 2.) acted as t he substrate for aryl 

migration [17.18J . Thus the proposal that chalcones are the 

more immediate pr ecur sors of isof lavones enjoys general " 

acceptance . Indeed. i t is probab le that only two cha lcones 

4. 2. 4' - trihydroxychaleone isol iquir itigenin ) and 
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Scheme-h Possible Biogenetic Relationship Of Isoflavonoids 

Chalcones 

%
OH 

~I v 

~I 
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4 .2 ' ,4 ' ,6'-tetrahydrox¥chaico:1e (10) nor-ma 11 y 3.,- Po as 

substrates for aryl ::l:gr-at i on [19) 

As shown irl Scher::e'-3 ~ the pre:5':'r.Cf? 0: a F-).·cC!. l"lyc.rGxy: 

~rcup on ring B of tl1e chalcone precurscr is essential for 

the rea~r-ang~:ner.t ~o isof 1 ,~v~n '3s (:"4) In the a~ser.ce of a ' 

4 : -OR the cr~a lC(I ~les t.hei:1s~ l v.:ts ,:t;,'p~.:l.r ·:ocs e~d P2-0rlUC':'s t 2 j 

!sof:avones may ~~ ~~rther (.x ~djze~ either at C-2 leading 

to 3-ary l-·4·-1~yd.roxycoL!r1arins or' ,3.t C--2' leading to 2'-

h y droxyisoflavones. 7he presence of 2= -oxygenat icn fU :lction 

Z12; :5 ex;:<i.:;it ir: the :T. r:;.jOY':'ty of :soflavanones, 

isoflava:-ts. and comple:< isoflavans and implicit ii1 the ring 

syste~ of pteroC6rpans. COl.lmest.ans, and. l"oteno ids . The 

bi ogenet ie re latioi15cti!=' <.\.t";~i)~~; t~r:' is()f !\~v t)n-:;ids is show:: in 

Scheme--4. 

2.4 B"iojosica: Signif.:ic ,:t~ .";.? 

Is~~lavonoids are gaining c~n9~derab ~e i~porta~ce due 

to recent disco ve r ies of sev~r~l bioactive subs ~_ a.r,.c~s 

be l ongi r:g to ~:-ds c? aSS 
..... 1";, 

.:.... ".; " These i nc: l '~ ';:e 8:!:'ioxidative 

(4 t .6. 7-tr i hydroxy·- is): 1 avc~""'7 S f !;- ~-;..€'::. t: '-:1d s o y ,:" be,3.7':) • 

ant i fu.1Lga : C_~ :.;tO:!6 } : 2: ~ ar-.;.G a.!ltisp8smodic: activity 

(Da idz8 i 11) r .) 'i 1 " ........ ~ T~e i30Elav0~iot. nlundalo~A iGol~~ed f,om 

Mundu: ea sey--: C6g wa!:.~ 0.: so l-BP':lr:.eci to possess hypotens ive 

activity ,23: . 
~soflavon()ids s:---:ow d weak .)estl'ogo?i1ic activity dad 

-:'heil~ F}~ t?sen::."€; ir; fOl~age ~,?glJ:-t'l~"S s'_~cj': as t; l ':Y\/~ l- (TY'ifoli um 

subt er'1"a.neu:n~ c.:1,:" re(.l I." ~ 0\/;=.::" f~ '.l:.. . P ~"":\::;3 :'.s~) is the cause of 
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infertility sometimes occurring in animals grazing on these 

pas t l...:.!-e sPE:cies C24 J . Formononeti:1. geinist"?in and biochan i n 

A are the main oestrogenic iso~lavones t)f subte~ra~ean 

clover [12 . 24) . Coumestro 1 and ·')ther coumestans r3.re a 190 

oestrogenic dg~nt3 f01~nd eSP0sia!ly in clover and alfalfa 

[14] . 

Rotenoi6. be,3.rir.-; plants of :he rel.:tted gencr~l Del'ris~ 

:"'oncnocarpU8. Tepr~o)sia~ Munduleg~ ar.d Millettia have been 

used by peo91e of As ia. Afr ied . . and South Americ,,,- as fish 

poison . ., , 
, ,J j • The insecticidal and piscicidal property of 

rotenone and .:,-ela:ed compou:1ds have also been known for a 

long t:'r:e. The r;!aj(',r e:fect of rotenoids ()n insects as we l l 

as fish is .'1 rem.)' l"'Katl>:' c~e(';re,.,.s(l· in tr:e oxyge:-'. upta.k.e whiGh 

fi na~ ~y l'"Bsults ir: death [12]. 

Some isof la.v.):loid·3 a ~11:l:. ~r. part: icu ~f:lt~ P-:01'~OG .::tr.pa.ns ·:l.::~e 

sometimes produced as phytoa:exins under attack by v~ral or 

fungal agen~ 5 by plants. Th~? :irst kn:Jwn ph':r'to,'!\lexin 

isoflavonoids are p~satin from pea (piSUI!! sa:tiv'..1.m) ajjd 

phaseolliE from bean (P~/!.$!.~(.)lu.s v :.;. l;; /J.Y'e) ~131 . 1:1 widition 

to t?1e L,st known phytoa:exi~s. 6a-hydroxyphaseollin, 

medic,:\r;,i.~ ,3..nd !l:aackiain <9.rf3 c1.1SO knC' ~-ln to ~)c cur in 

soyabean . alfalfa and ~ed c~over' respectively [1.31. The 

ant ifungal activity of the p~enyiated isoflavone. ·l eutone. 

fOL4nd in irn:nature fruits 0: 1-...:.. albus has been recently 

demonstra-::ed a.nd il1ciY s~'!.~ve t,:) hig:--: 1 ight a::. irnp.')r-tar:t role 

foy isoflavonoids ~n pla~~ rr'otection [13:. 

, , 
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2 . 5 Sc~ct ra l Pl·oPBrties 

Recer;t d-ev€ l opmer~t.s in tte s tyu ct urcI 1 study of 

isof lavonoids ~i3.."e cen~ereG. la!"'ge:y o n. t he o.ppllGation of 

SPi?c~r''Jscopic rr,e t~oc.s . TI,"3 n~ain steps gene~ai ly followed in 

structure elucidat ion of an isof lavono id are: recognition of 

the class to which t he compound bel ongs and de te rmi nat ion of 

the Eat u~- e and orientation 0:: substituen :' groups in the 

aromatjc ri ngs. 'r;~.ese steps a::-e we 11 served by t he 

app lic a.t ioa o f UV~ : R. f'..I1J!:i. a.ne ~S techniqu.es. 

2 . 5.1 tJV A~sorpti on SpectroscoPY 

UV absorption S!?BctrosCopy i s a !).s~fu: s,!)~c~ 1- " 1 

t8c~ni qu~s used ~n t~e s truc tur al el~:c idet~o~ of netura ! 

produc ts. The :;V sPB c~ra 0: n.-:ttural Ly occu.rr ing isof lavor..o i ds 

I?xr-~i ;;:t t~~1'0 ~:03c: !,p ti0;' pea1..:s 

peaxs a lA€- JJS1..~n. l l\l l-ef e !~red 

;:'ar.Q I I (240-285 m-:l). 

~-1.. ' ..i 

[ 25.26~ . ~~ese absorption 

dS ba nd I (300-550 run) a nd 

Table-! UV Abso::ptjon of IS"Jt lavo:1o i ds [1 0] r-····- .----.. - ----...... ····· ·---l - ·- -·- - .-..... ... -.... - ... --.... - .. -. . -- .--------.---.-. 
I Isof lavono ids I Band I (nm) I Ba;:d II (nm) I 
I I I 

! I I I I sof 1 avones I 300- 340 (s11 ) i 
I I I 

245-275 
I 

- 270 I I Isoflavanones i -310 i 

I !sofl av~ns I i- 28 1 c!.n d 287 

Pteroca!-pans 

Counv~stans 

Rotenoids 
-,---- .. - - ~ - - - - - -

I 
I 

" " 

340-.350 i ntc;":se 

300-32.0 less j ;""itense 

A" 3 15 ( s ~) 280-300 i 

_ ._ . - -_ ... _---_._- _ .. _- _ . . _- --_._. 
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A 1 thCrugr~ co Lt!"nest ans do ha""'0 ed)sorp J.: l on pea.1(s in the 

above ment.:ioneci I.N range ('T' ' , \ .la;) ... e :) . the ir most 

characteris~ic5 ?roperty is an intense b lue to violet 

flourescence under ~I light. 

Tne char'acteristic feature of a!1 iSQflavone is a strong 

~.bsorption at band I I and rather weal( absorption at band I. 

The latter ~and o:te~ essap8:S ~esolutiO!1 and appears as a 

ShOi..llder. Val~iatic·:-~ w:thin these. ranges will de pend on the 

hydroxYlatio rl patte~!i .. df~gre.~ a!1d tYPB of s ;"ll)s~it~tion of 

the hydroxyls. !ncr'e.3.sed hyc.roxylaJ::':j:-~ of isr.<~lavones in the 

B--ring dCles not u.sua. llY ~ave -3. Sig::l.ifice::t effect i r-. t {:.>? 

abs.::>r;:>tion of bane. ,r :n, 5.7-dihydl'oxyisof:avo!1e (259 nm); 

5 ~ 7~4'-trihydroxyisoflavo~e (261 p~) ~nd 5.7.3 ' ,4'-

tetrahYCl"Oxyisof :a.vone (262 i.1IP.), n0wEver bar:d I I is shifted 

bathochromic:ll:v by increased. oxygenatior: in tOne A-ring a.s 

showp- ir: Table II [25J. 

Table-II Band II in ~h~ UV Spec t ra of Isoflavones Differing 

in their A-ring Oxidation Pattern 

~
. ---.-.-.. --.--...... --.----.. -...... --.... -, .. -.. -.--- - '-" '---'-'-'--'---' -.-- ---··1--·--··-·-·---··----I 

Iaoflavor.e I Oxid"t ion Pil.tt~rr: Band II j' 
--- _ ._ .. __ ._--_._ .. _._---.--_.- ._ .. .• _.\_._--- _ .. _-- -_ ..• , -- .. _. - _. __ . _ . '-'--- '- '-- . _. - ---. _. ---_ . . __ .•. _--

I A-ring ~-ring (nm), 

Dai dzein 

Genistein 

6-hydroxyge~~stein 

\--·------ 1 ·--·----1--·-------1 
I 4' I 240 ! 7 

I 
5.7 1 

4' 261 

i 5 . 6 . 7 i 4' ,270 i 
___ ._ .. _. -_._----_ ._1. _ .. __ .. ____ ,_._. ___ . ___ ____ .. _ ........ ___ .... _________ .... , I 

L.~. 
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Methylatio~1 .?: either 7- or 4'-hydroxy: group it!. 

isof 1 ave·nes has 1 it tl8 ef feet. whi Ie subst i tulion or loss 

of a 5-1wdroxy! "roup causes b.lnd shifts to shorter 

we.ve;ength. Additional information on the substitution 

patte,n of the hyc1xoxyl grOl\p can be maG.e using shift 

reagents whei"!ever necessary. 

2.5.2 lH ~rrvrR $ 08ctrosc0 .:lY ~251 

NMR spect::'''0sCOPY ca!'l be cons:ic.ert?d as t.:':1e mc·st Fowerful 

spectroscopic t~c~niquds foe t~e s~r~ct~~at ~Iu c idation ~f 

na":.~.ra : products. C~emical s hifts as weI: as spl~tting 

Patterns ar..c.. coupl:i["~g cljnst.ar:~ values ;t~ovide vt3.1uabl03 

infcrmat:ion c.b'~ut the s;..t~st.:ituti:: :-! of Cii: iS0f : avonoid . 

In 5 . 7-oxyg0~ated isofolavones . the ?r~tons located at C 

-6 ar:c. ('·-8 of Y:'ng~·A lJ.5:J.a lly gives rise t;o tw\~ dOL:.blets due 

to meta c01.'.pling {";-2.5 Hz). As a J:r~sul t of thl3 Qrtho 

shielding effE:ct of ~:he tw.) oxyg'enated substituent t h e 

signal for H·-6 is usually observed at higher field (6.0-6.2 

?P~) than the H-8 (6.3-6.5 ppm). 

If an isoflavone is oxygenated at the 7- positio~ of 

the A-rj ;1g . :'~e C-5 P!-otcn app.?al- as Il. doublet due to 

orth'J coupl:r~g (J 9 Hz) with the C-6 pro~ on and occurs at 

lO\"ler fie~c (8 pprri) tha::: ltiOst ar0!ndtic J;'l~o-:ons are c-b~;erved. 

this is due to the ortho deshield i ~g effec: of t~e C-4 keto 

g::!-Olip. :n 0 fu:;y st.:bstit:~tec A--ring ezcep: at C-5, where 

the 6-posit~o~ is ~ xyg~~ated ~he ~-'5 ?roton appears as a 

sjng:et in ~he ra~ge 7.5--7.8 ppm. :n this caSE, the ortho 
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deshielding ef:ect is ~inimi2ed ~o ce: tain e~tent by tha 

ortho shielding effecE of the C-6 oxygenated substItuent. 

The protons of ring-B usually appear in the range 6.7 

-7.0 ppm . W':ich is d.own f ield from the region where the A-

ring aroma t ic proto;1s absQrb. The signal patJ:.ern for t he B-

ring is character is ~ ic for the substitut i on pattern of the 

ring. If the B-r .ing :s ") :{yge!1.I:t~eci at C-.G~ .. a 4H re s on.:\i1ce of 

t wo ~oublets (J - 8.5 Ez) is obgerved. The C·-3' and C-5' 

prot oriS will be s~ie l~ed by the C-4! oxygena~ee s~bst~tuent 

as a resul t the signa l appe~~s upfie~d in the ra~~e (6 .65-

7.1 ppm) ~r om th8 ( --2 ' and C-6; protons (7.2-7 . 5 ??~) 

For a C-3: .. 41 oxygeZ1.litec. ~ ~!:"inq th8 NMR sPr:?G~ra. wi: ~ ~')e 

more ccmp~ e:': t~a !1 the C-4 ' oxyge~atec isoflavones . I ~ s~: ch 

. !l case muJ.t:p'et of ABX p atte rn : ,1 the re;;ion (6 .7-7.1 ppm) 

is obsen:ed . 

A singlet t~a: ap~ecrs at ca. 7 . 8 p?~ represe nting the 

C-2 pl oton of rins C is a charac~eristic feat ure of an 

isoflavone. :-te preser,ce of methoxyl a •. d met hylenedio:;.,:y 
, 

groups j S reae. i 1 y recognized by the appear a nce of strong 

signals at 3.5-4.1 ??~ a~d a~ a~out 6.0 ppm respect ively . 

2.5.3 1::3C },o/2-~ S 2eC: '~ rOscQoy 

13C NM..q sPBc!:rc'Sco?y has not ,~s f u tly .:t??lie,:: to ~he 

study c.f :. sof 1 avo1:.':'s as : t has beEr: f o:' : ~ : he f 1 a..vones . The 

carbony! si~na~s ~f ~0 t~ f!avones and iso~:av0nes resonate 

j n -:;lE l~egic, r! ~74 . . S-178.6 :::"Pi:: ~ but C-2 and C-3 are 

sufficiently differ'e r1t in ~he two ser"ies tc permit a n 
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imme::iiate distinctio:, (271. 1n t :"le f'O\v.~nes th'3 (-2 signal 

appear as a sing~et (in th~ off reS0nance decoupled 

spectr~h'11) t~t 160.5-163.2 p;)m ;;J.!1d thCl.t of C-·3 as a doublet at 

104 .7-1:1.8 ppm, whereas in isc: lavo;'l€\ S they occur as a 

d oublet at 149.8-155.4 and that of C- 3 as a sing le t at 

122 . 3-125.9 ppm. 

A carbonyl re sl~r a ~~e o ~ 18: + 1 pp~ c: ear l y i~dicates 

t he presen.ce of a hydY oxyl moie ty ,::t t C-·S. 7 1"1 1) d.esllielding of 

about 6 ppm r e~dtive to al: o~~er s~~st i tllt~d isoflavones 

arisE- fl"' orr~ intra:nol€c:u~;.}.Y hy.:'rogen bondir:g be~ween C-·S 

hydrclxyl .~i.~d t n'2- C-4 caroQny: (20, 23 ~. 

A 41-substitutt~d iSQfia.vo i"':~s OR, OCR,. ) is well 

characterized by si gnal sequences 123 + 2 pp~, 130 + 1 ppm 

(strong). 114 + 1 P?ffi (strong) and 152 + 2 PP<:l . 

Tat}€:-III r"l.fT.; '::~: S]';"L9f C-S Ey ,:'J:·')X¥ lated and C-4' 

f lbE,t i t ute(_I s ,=, : lavor~~..!.. 

Isoflavone I C-shift :: (PPZl) 
I . r---- -·'---- -T-- -~ -- ·: ;-:---- i . ;.-'~~;'i~,&~,-;--~~T;~~J 

14I,5'7--tl'ir-YC:l '-' :'~'{ -- : - ;~;-~;; -1;;-. ;-8:-:3l·:;/~15. ~ 2i 158 .20 i 20 I 
I , '" _ I! ! 
~so~~avone i I 

(Ge nis-::e i n) I ii I I 
'8" "'21'''),,) 91 ',3" 1 ~ ' 1 '~ 7- " 5~ '3 120 5-hydJ"'oXY-~ t • 

7-c. irnetl-.oxy 

I isof la·.;or.e 

! Wighteor,e 

i IJ . :J -to ,, -,- . , _ ...J •. _.oJ! .t....J . "'"t . ;. Ij.'i; . 

I i,' I : I 
i I , j 

. '. ' I 
, '0"1 "') 1~1 ,,~" 1"''' ";)" '15 ' I '" 151 50 29 , .l..ov.: r_ . -.Jv, _·v . oJ' ..;. .wV! . I 
I ! ; ; t 
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An off-resonance quartet at 55.1 + 0.1 ppm is very 

likely due to a 4'-met':oxy group while all other methoxy 

groups of isoflavones resonates near 56 ppm. In case of 6.7-

d imethoxy derivates twn c:osely spaced ~ethoxy signal s at 

55 . 9 (C- 6-0CJ{", ) and 56.2 ppm (C-,;"-OC1","=) wi 11 be obs<,rved 

most likely [20j . In.=:. PO; ~Y'oxYgenated isof} avones. a 

resonanc e observe~ at 59-64 pp~ will most likely b8 due to 

di -O-substitute~ methcxy groups [ 10]. 



Table - IV ~ethoxy carbon shifts of isoflavones and flavones 
~r- ---r-- "'- ! , I 

I ~ 6 7 8 II' 3 ' 4' 5 ' I:i ! l:ef -L-i- -------------J..--' ----- --.--------
1 4.'. 6-din.etb.oxy iscilavone 56.31 5~.O£ ~LJ 

2 4' ,1- " " 55.88 ~;5 .. U9 20 

'3 6,1 " " 55.82 56.28 ;)0 ,. 7,0 " " :56. ~,3 6il.98 ;w 

5 4',7 ,S-trilla -boxy isof .!tVODE< I 56.31 60.95 55.05 :J(i 

6 3' 4',5'- liP, 56.00 {,u.13 56.00 :c,c 
7 I 5, - -dihydro,.;r-6 ,2 ' ,4' . :; • - I t:O.l 55.1 ;'6.2 :.>$ 

! tetramethoxy isoflavone I I ,... 

:; 1 4 ' : 5-dihydroxy-3' ,6,7- I_ ftO.u 56.3 56.0 29 
'f 

tr4~etboxy flavone I 
IS 3\4',5.6,1-pentamcthoxy 62.l 31.5 56.3 56.1 56.1 29 

I ,f ll1. vone I 
1 .. 0 I 3' ,5 I -dihydro"l(y-2 ' • '{ ,8--- I 

:;;6.5 61.0 60.2 29 

i I t, -'-netho;,y ila170ne 
I _________ ... 1-____ , 

~ -_._--_. __ ._-
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~ 5.4 !j",C'2 .. 2L:S, .. t! ~S!l"'.';Y:t [30 L 

ElMS dlstjngu i shes easil'J ls~flaV0nes bearing 2'-

hydroxyl 0" 2'-methoxyl SIJIJStitC:Pll3 "i,:,m thc3e that do not. 

a) Js'.)fl&vones wi thout d ~21-'Sl.lb6tituent give a 

relatively flbilnda.nt M- [i.long ,-lith 1M-H) .... , .'/<!-CH. ... )- and W~ . 

Furthermore fragment. derived by RDA. cleavage are usually 

present anu th~sc greatly aid in the identifIcation of the 

substitution pattern [31] 

11 
,~~, ~ 1..1 CJ 1 

" 

-+ 

~
/ 3.J,cllor 

l~;, I 
~ 

Ai 
.:t 

Bl 

bl IS0fla~ones wj ~ ~ 2=-hvdroxyl and 2'-methoxyl 

substituent YIV~ some of the above m~ntloned ions in 

adc.ition co CEJ .<'LlI1 l'yagment£: that: arE: unique f or the 2 '-

5ubstitut ";on patt,E':n . In RDI, ;n ccess a hvdrogen transf er 

fr'om the 2'-metLo:·cyl moiety tc, the A-ring fragment occurs . 

The 2'-meCfl')xyl £rOlljJ ·::an als,) h8 ellmin,'\ted to give an (M-

31,- ion as shoy.fj) beloW' f 32} . 

to;\. 

~ 
bH3 

7' 
./:'. r/ ! 
~~/; 

+ 

,../1. (f"1- ~1) t 
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3. SECONDARY l'ETABOLITIES OF MILLETTIA 

Phytochemical investigation of a number of Millettia 

spe des have show;') them to be a rich SOl.trce of f lavonoic.s 

and isoflavonoids typical of the Tephrosieae tribe of 

Papilionoidea [2J. In additio;1 to the f lavonoids, the 

presence of steroids nave also been reported from some 

species of the ge~"'!.us. 

Flavonoid::) such ·:tS f lavo:1t:::3, f lavo'"lOls. f : avanor~0 , 

d~hydroflavoncl s. c~-:a.l cones a~1d dihydrochalcones and 

isof lavonoids such ·:lS isof lavo!'"\es . r(::er..oids, pterocarp ;:lns~ 

3-aryl-4-hydroxycou~ari~s . isof!avans and jsoflavanquinone 

are known to OCCl~.r i:-'. thi s g0ltUS, 

Secc~eary metabo:ites so far k~own from t.he Millettja 

species list~d Zielow are s1..lIP:nariz,,=,d i n Tab:e 5···12 according 

to their structural types. 

1. Ma M. auriculata B~~ .. ex BrC'.l1cl 

2 . Mdi M. dielsiana Harms 

3. Mdu M. dura D·..:. :-,n 

4. Mf M. fe:rruginea (j{ochst) B~1< . 

5. Mh M. hems lezanci 

6 Mn r~ . ll: t iQij. Eenth 

7. Mo M. oval ifo 1 i 9. 1<: :_tl' Z 

8. Mpa r~ . PdC:,YCdl"pa B'? nth 

9. Mpe IV' , . f,~nc:.'-~l a B'3r'.th 

1 " - '- ' . Mpu :rv!. pulcnrci Bent~ 

11- Nc"d ~. ri;\("en:t)SI~. B(:':l.th 



12. 1'--:-;- !: t!" .."'U'£!LLdt.~ E'''T,th 

13. M, u , _'blJlj.r{)~ (Wt b.:'I":, Arn) 

14. 1>15 M=--~t.j.DlmJnnli T~ub 

15. Mt" ~. ~~iwan i ana H6~ata 

16. Mtr N ... t honnl n9 i 1 (3;;~,uma and 

Thonn) Bak. 

~.1 Fl~Jone5 and Flavonols 

The f lavo"1es and f lavon·;:>ls from this genus show the 

absence of a 5-hydroxyl group (Table-51. Furanoflavones. 

pongaglabronc and k&njonl and fu!·anoflavonols. karanjin and 

pongapln which seerr to be restri c ted to the genera Pongamia 

[33. 34.35J end l bflCeo]"cFI l3 t.o Te phrosia [36J are also 

report ed to .":'-ccu:r- ::.n this genus as we 11 . Moreover. 

pongagl"hrone C1 .. ;?) lMIC€o]atin'li (1.§.) from M. ovalifoli a 

[32J and 3' . 4' '''meUwJenedi0);y-7-methoxyf lavone (17) from M..,. 

hemsleyana (33 ) cc.!1 b<e considered as the cyc!ized forms of 

the demethylated B-hydroxychal cones. ovalitenone 

pongamol (12) and mlJlctenone (20) respectively. 

~ '\+ R.,=- '-QCHp­

~. R"=~l.:=H 

MeO 

11 

Me 

!§ RJ+~ :;: -oCHp-
19 R.;;:R :H - '" ~ 

~ 

(18) , 

, 
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Tabl~-5 Structures of F l avones and Flavono l s 

No Flavone . SlJ.bst i t u t iQn Mo 1 . for M . 'W • Sou. Ref. 

1 L3nceolati n-8 7. 8-0CH=CH- C'7H. o o::' 262 Mo 37 
~fu 38 

2 7-0Me ; 3: .4 ' -OCH",O-' C'7H.:z0", 296 Mh 38 

3 PongaglCl!)l-one 7.8-0CH=CH-:3.4-OC}!"'0- C, .. HH'O", 306 Me 39 

4 Kanjone 6-(l~e:7.8-0CH=CH- C.cH':20.. 292 M.) '39 

5 Mi l Jeter.i!l C 6. 7- (OMe) 2; 3.4-0CH",O- C' S H,4.0", 326 Mo 37 

6 P.:,ngaf 1 avone 3-0Me; 7.8-·0CMe2C=CH- C"",E'30" 334 Mr. 3 8 

7 OV.3 lifcli n 6-0CH2CH=CMe:::z: ; C:z:zH ... O .. 346 M(· 37 

7 .8-0CH=CH-

F:avonols 

8 Robi r';e"t i r. 3 .7 . '3 ' .4 ' . 5 : - (OH) '" C.sH.oo.,. 302 Ms 40 

9 Karanj in 3-0Me: 7.8-0CH=CH- C.eH':20 .. 292 Mo 39 

10 Pongapin 3-0Me; 3 ' .4' - OCH:z0-: C'9H.:z06 336 Mo 41 

7 . 8-0CH=CH-

~ 
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3.2 ChalconE's and pirJ'r~_<l.12~~:.b:~1...:.,_~ 

Tnblp 6 surrl..'-Iarlzes chol·~on.ss und c.:ihy(iloctlal c onc-~ tho.t 

al'e 5C' f b. l' k ,:Jwn to CCCU l in th~ se;lu~. ~r. th~F- serlE'S t11E:-

fur-an a dE'l ivat;.ps seem to be more C(.1ITtl'Tj(fn. Thus, ovalitenin-A 

ocurrs in M oval ifolja seeds a}cng with other fla,ronoj ds 

ho 'v" i ng tLe same A-ring subst"ltut)on. nc=...ro\:.l/ O'v'a llten :i n -B , 

ovallt e nirJ-C . ovalitenone and pogamol. 

Ovallchalcone (21) and 0v llllchalcone- A (22) isolat ed 

fro~ M. ova lifolia [42.431 can be considered as having a 

phlorog lucino l A-ring pattern. where C-p re nylat ion and 0 -

rr.ety i"ti'.,n has taken place. Ring clc'su. e of (21) could 

1'"0:2, :": ~ t :. 1. t·-c.,rl~: eCho. } con€-l C.~1) js,~Jilt£d fr')m M. (",'o.Li f (\~: 

lia. [ 4·1] 

Y" 
M e O---,,;::"~~ MeO, 

II I 

Me 
1.1 '22 

D 
23 -
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Di hydroch"l .::or,,," 5 r.eVlng fl-hydroxyl f'llctlOn have been 

reported from this genus. Ovalitenir:-B (;24) occuring in M.,.. 

o valifolia [45J seems to arlse fr om pogamol Cl2.) as a result 

of reduct ion of the B-ke t o-function followed by 0-

methy la tion . Dihyctn.mi 1 ;etenone me thyl ethe r (25) and the 

di hydroisomilletenone ether (26) are also reported to occur 

along with the ll-llydroxyc h alco n e rnilletencne (20) 

hems l eya no. [38 J. 

'l!! 

01 
~ 

25 

Me Me 

26 

in !1.,. 
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T ab l e - 5 S t~uc:,u~'es of Ch'3.1c,')nes and d ihydl~Ocha lc '~ne s 

No Chalcone SUDst i t t-tt:i ,:,n Mo 1 . for M. vi. Sou. Ref. 

11 Ovali t e n i n -A 2'-OMe ; 3' ,4'-CH=CHO- C'BH .... ~ 278 Me 45 

12 Ova l ite:l in--C 

13 

2-0Me ; 3,4-0ClkO-; 
3' ,4 ' -CH=CHO-

2'-OH;4-0Me: 
.3.4-CH=CHCMe""O-

C1~H'40e 322 Mo 46 

C"".lkoO ... 336 Mpa 47 

14 Pong'a c'la iccne -c 2-0H ; 6' - OMi') ; C",.lkeO ... 336 Me 44 
3' ,4' - ("}I ~C:rCMe",O-

150va licha : c0ne 2' - OH ; 4 ' ,6' - (OMe)",; C",,.,H240 ... 352 M·? 42 
3 ' - CH",CH=CMe .... 

16 Ov a;i cta l ce:"le- A 2-0H:4' , 6 " -(OMe )::z; 
3 . 4-0CH",0- ; 

3' --CH",CH=CMe"" 

D ihydrocha lcone 

17 POng iilllo : 2' -OMe; S-·CO-; 
3' ,4' -CH=CHO'-

18 Mill e tenen e 2',4 ' -(OMe):z;8-CO- ; 
3 ' ,4 ' -OCH",O 

19 Oval i tenene 2'-0Me;8-CO-; 
3.4- 0CH:zO-; 

3' , 4 ' -CH=CHO-

20 ' Ova.! i ten in-B 2' .S-(OMe)",; 
3 ' .4 ' - 'CH=CHO--

2 1 Di ;:ydl-Omi 1] eno- 2' . 4' ,3- tOMe) "' ; 
:1e m~t'hy : €the~ 3 .4-0CH",O-

22 Dihyc.r o i somil l- 2, .:; , B- (OMe h , ; 
et e no ne methyl 
ether. 3' .4 ' - OClkO-

C",,,,H,,, ... O ... 396 Mo 43 

CS.SH1 40"" 294 Me) 41 
Me 37 

C ... H .... O .. 328 Mh 38 

C19H1 .... 06 388 Mo 45 

C.~H ... O ... 310 Mo 45 

C ... H200 ... 34 4 Mh 38 

C191-keO .. 344 Ml"l 38 
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3.3 FlavarK'ne.s <..1.:10. ~ihydr.:, f lav(l n()ls 

A COffiP 1 ex sel~ ~es of C--a lky; ated f 1 avanones 

a) lack ing B-ring substitution 

b) possessing the 3 ', 4'-methy lenedioxy function occLlring 

along w~lh the dimethy]chromeno flavanones in the s e eds of 

M. ovalifolia (39.41-44,46]. This suggests that iso loncho-

car-pin (29) and 1:,\/5 : i cl-: r (;:r:e :l,:.- -·B (3.3 ~ aloe intramo l ecular 

cyclizat~on pro~uct3 del'ived frcm ovaliflavanone-B 

and. cva l if lavanor!e-C ( 31) l~esper;tively . Oval i c;1romene 

( 27) 

( 30) 

and ova 1 i chr omene--·A (3C:) can b8 cor:s :'derec:. as the C:y i:-l :zr?c. 

J::'1~0dl.lct s of t~le C--6 O-!:lethy ~ ated preCL:rsors. 



I ........ 
./ 
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Table-7 Struc tures of Flav~nones dnd d ihvdroflavonols 

No Flavanone Su:x;:t, i t u. t jon Mol.f or M.W . So u. Ref. 

23 Mi 1 :eteni:l 

24 Milletenin-A 

25 r so lonchoc­
arpin 

26 Oval if lava-

6 - 0111['0: 3' ,4' -OCfhO-
7.8-0CH=CH-

6 . 7·- (Df.'Ie l:z 
3' ,4' -OCJ-l""O-

7,8-0CMe:zCH=CH-

none-B 7-0H:8-CfkCH~CMe~ 

27 Ovalichrom- 3' ,4'-OCH",O-; 
ene-B 7 .8-0CMe:zCH=CH-

28 Ova 1 i chroil,ene 6-0!-1e; 
7 . 8-·OCMe",CH=CH-

C19H1 ... 0 .. 338 Mo 37 

C,eH'6~ 312 Mo 37 

C2oH,e~ 306 Mo 47 

C",ofko~ 308 Mo 39 

C:Z1H,e~ 350 Mo 41 

C21 H:zoO... 336 Mo 41 

290vli!::avan- 7-0H;3' ,4' - OCfkO; C"21IhoO", 352 He 46 
one-C 8 - CH."2CH=CMe2 

30 'Jvlichromene-A 6-0Me;3' ,4'-OCH",,0-; C:z:zH:zoO .. 380 111[.:. 44 
7.8- 0CMe:zCH=CH-

31 Ovliflavan- 7-0H; C:z",H2S0", 376 Mo 39 
one-A 6,8-· (CH",CH=CMe:z) '" 

32 Ov,i flavan- 7-0H;3' ,4 '-OCfkO-; C""",H2eO", 420 Mo 44 

?? 
~v 

34 

35 

36 

37 

one-D 6,8-(CH:zCH~CMe2):Z 

So phOl-anone 7,4= - (OH)-;z; C30I-'6",0 ... 457 Mpu 49 
8,3' .5'-(CR2CH=CMe:z)", 

5.7.4: - (OH) 3 ; C",o}b",O... 473 Mpu 49 
8.3' ,5'- (CH2CH=CMe2)'" 

3 . 4'-(OH):z; C2",fk6~ 406 Mpa 50 
6,7-(CH=CHCMe:zO) ; 
8-CH:zCH=CMe:z 

3.5.4'-(OH)",; C:z",fk .. O .. 422 Mpa 51 
8-CH",CH=CMe",; 
6 ,7- CH=CI-lCMe20 

3.7.4'- (OH)",; 
8.3' . 5 ' - (CH2CH=C~1e2) '" C",o}b",O", 473 MPL 40 

.? 
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3.4 Isoflavono i ds 

Tab le 8-11 S\..I.nm!Ctr:: zes t:-i€ va.rious forms of 

isoflavonoic2 from Mil1ettia s?ec: ~s. AmC':1g the ~~ ~ ?") l~ted 

is If avor:oid,,· f rom the genus . t~e isof l avones are the most 

common. 

The co-vcc u!'re nc :~ o ~ a Y'c:.":.eno "id (sumat r o 1-35-) t he 2'-

hyC:roxy isof : avc:-les ( aJ:-ic l.: la~:in-~6·- ) a nd isoaUl-iculat in (37) 

and 0 c ouradl o!)ochrom~ne (rr. i ! lettin-.38-) along wi i: ~ other 

:s0flavo!16S wi thin t i1€ s ~~ ecs of J~. aUl"icu l ata is biogeneti-

cally i~te~esti~g and is cons i s tent wit h the bioge netic 

scheme sugges~ed by 011 is [52 ,53 ! that 2'-hydroxy-

isof:avor:es are precursors fer !"'oteno i ds and c oumarino-

chromOIV='S. 
The natural c r:i-OCC U:-l~ence of thi? .3 ·-aryl -4-hydrox,:{col..lrna-

ri n (rCi:"~tstic ac id (39 ) ) with the str~ct'Jrally co!"!~es ~·ondi ng 

isoflavone (a~ p:nL~:n-i soflavone (40 ;) was rf7Po~~teri from th~ 

se eds of M. thonn i ng ii f54~ by Oliveres et. a1 This c o-

oc currence is cer ta in ly of bioge~etic i ~t erest a~d t~ere can 

be litt le ~o~bt that the biosynthesis of i s of lavones and 3-

ary l -4-1:.Yci~·'):(y-r; 0u..'T_a.ri ns fo: : ow s i .rr. : lar ;)athw~ys. 



• 

I r 
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Table-8 Struc t u~es o ~ I sof 1 avones 

No Isoflavone Subst i tution Moi . f or M.W. Sou. Ret 

38 Aff o!"'mosin 7-0H:6.4'-(OMe )", C17H16~ 30G Mre 55 

39 7-0H;8,4'- (OMe):z C'7H ... O", 300 Mre ~j5 

40 ~i Idarone 6,7 ,2'- (OMe)",: C ... H..,.O.,. 336 Yldu 5 
4' .5 ' - OCJ-l:zO-

41 ".lpinw"TIiso- 5 , 4 ' - (OH) ,. ; C",o!-l • .,.c)" 337 Mth 54 
f l avo;~e 6 , 7-C'!1=CHCMe...,O-

42 Rool.lstor..e 5-0::1;3 ' , 4 ' -OCH",O-; C, .. H ... O", 348 Mth .56 
6.7-Cl-l=CHCMe:zC-

43 5 .. 3 ' - (OH) '" ; 4 ' -OMe ; C,,,H.sO ... 366 I-1th 34 
6 .7-CH=CBCMe20-

44 JUpi nu.mi sof-
lavone-4 1 - met - 5-0H: 4'-OMe: C2. H ... o,. 351 Mth 54 
hylether 6 ,7-CH=CHCMe",O-

45 5-0H;4' - OMe ; C",.!ho c)" 352 Mpa 57 
7 . 8-0CMe:zCH=CH-

<;,6 Auri mi llone 5.7- (ORl2 ; 8- 0Me: C2 .!hoO ... 368 Ma 58 
4' - OCF=CH=CMe", 

47 I soaurm i 11 one 5 . 7- ( OH) '" ; 6 -OMe ; C",.!hoC .. 368 Ma 59 
4' -'OCH",CH=CMe:z 

48 :Jur:ettone 7- 0Me; C, .. H:z.O .. 337 Mdu 5 
4 ' -OCH2CH=CMe"" 

~9 Du:.-mi 12 ,~ne 6-'OMe; 3,4' - OCH"O-; Mf 9 
Mdu 5 

7,8-0CMe""CH=CH- C22!h.0 .. 378 mru 60 

50 Alpi n'..lmiso- 5,4'-(OMe):z; C2:z!h. c),. 365 Mth 54 
f] avone-tii:net!1- 6. 7-C:~=CHCMe20-
ylether 



-33'-

Table-8 contc .. 

t)o Isof!avo r.~ Su::"stitution ~Jiol.: o r M. W. SOl.:.. Ref . 

51 Fe!,"l-Ugone 2' . 5 ' - ( OMe ) '" : C.:",H",oO.,. 408 M" .. 9 
3' . 4 ' -·OCH",O-
7.8-0CMe""CH=CH-

52 I chthyr-.c·ne 6 • 2 ' - (oMe) '" : C2:sH",oO.,. 408 Mru 60 
4' .5 ' - OCH",O-

4' 5 ' -OCH,;zO-
7.8-0CMe",CH=CH-

53 Aur"icul atin 5.2'.4' -(OH):s: C,z .. R", ... O ... 420 Ma 61 
8-CH",CH=CMe2: 
6 . 7-CH=CHCMe-zO-

5.<; lsoauriculatin 5.2'-(OH)2: C",,,,H,;z .. O ... 420 Ma 62 
4' -OCH"CH=CMe2: 
6.7-CH=CHCMe",O-

55 Auriculasin 5 . 3' . 4 ' - ( om '" : C" .. H" ... o... 420 Ma 63 
8-CH2CH=CMe",: 
6.7-·c}I=CHCMe",O-

56 Isoauricu:a- 5 . 3 ' - (Om" : C", .. fk ... O ... 420 Ma 63 
sin 4 ' -OCH2CH=CMe2: 

6.7-CH=CHCMe"O-

57 Pomiferin 5.3' .4' - (OR) ,.: C"",H", ... O ... 420 Mp<l 57 
6-CH",CH=CMe",: 
7.8-0C'Me:zCH=CH-

58 £.. 8·-Di 'd :met ~- 5.7.4' - (OH) :s .: C",,,,fk ... O::. 406 Mra 50 
!-"iY ~ a 11 y 1) 6.8-(CH",CH=CMe-z)", 
ge n istein 

59 6.3' -Di (dimet- 5.7 ,4' _. (ORb: C",,,,fk ... O... 406 Mpa 50 
hylallyl) 6 . 3' - (CH",CH=CMe" ) ,,, 
genis tein 

60 6.8'-Di(dimet 5.7.3' ,4' - (OH) ... : C",,,,H,;z ... O ... 422 Mpa 55 
hy la 11 y 1) 6. 8-(CH",CH=CMe",)'" 
orobol 



No 

61 

62 

63 

64 

65 

66 

67 
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Table-8 contt:'.. 

I sof 1 a.vone 

Auriculin 

Sl.l:'stitut ion M~) 1 . f or M.W. SO~. R=f 

5.7 .2' .4' - (OHl .. ; C",."H2"'O... 422 Mpu. 49 
6. 3'-(CH,.CH=CMe,.l'" 

5 . 2 ' - (OH)';,; 4' -OMe .: C",,,,H,.,,,O .. 433 ~b 6: 
8-CH",CH=CMe", 62 

5.7.4'-(OH)~: C", .. H,.aO .. 436 M?~ 49 
2' -OMe; 
6. 3 ' - (CihC:1=CHe2)" 

4' - OH; 3 ' -OMe; C", ... PasO ... 436 Mpa 51 
5 . 6-0CMe",ClhCH",-; 
7.8-0CMe",CH",CH",-

2 ' -·OH; 4: -OMe ; C2 ... H:zaO ... 436 Mpa 51 
5.6-0CMe:zCH",CH2-; 
7 . 8- 0CMe:zCH",CH:z-' 

5-0H;3'.4'-(OMe)",; C"'7H3",07468 
8-CH,.CH",C(OR)Me:z; 
6. 7-CH",CH,.CMe:zO-

Mpa 51 

5 -Or{; 2' . 4 ' .- (OMe ) '" ; 
8- CH",CH2C (OHlMe2; 
6 . 7-CH",c}bCMe:zO-

C"'7P=:zO, 468 Mpa 51 
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Table-9 Structures of Rotenods. 

No Rotenoid Substitution Mol . f or M.W. Sou. Ref 

68 Mi lletone 2, 3-0C}kO-; C,.:zH ... O.. 378 Mdu 5 
8.9-CH=CHCMe:zO-

69 Rotenone 2,3-(OMe):z ; C:z",lk:zO .. 394 Mdu 5 
8,9-CH:zCH(MeC=Clk)0-

70 SillIlatrol 1,1-0H:2 . 3-(OMe):z; C:z:sH:z:z07 410 Ma 61 
8,9-CH:zCH(MeC~CH:z)O-; 

71 Rot-2- eno;', i c- 9-0H;2,3- (OMe):z C:z",lk ... O.. 396 Mpa 64 
acid 8.-CHCH=CMe:z 

12-Hydroxyrotenoids 

72 Mi llet tosin 12a-OH.: 2. 3-0ClkO- ; C:z:zlko~ 396 Mdu 5 
8-CH=CHCMe:zO-

73 12a-'hydroxy- 12a-OH;2.3-(OMe):z; C:z",H:z:z07 410 Mpa 54 
rotenone 8,9-CH:zCH:MeC=CH:z)0-

74 Te;ohrosin 12a-OH; 2,3-(OMe ):z ; C:z",H:z:z07 410 Mdu 5 
8. 9-CH:zCH=CHCMe", 0- Mf 9 

75 12a-hydroxy- 9, 12a- (OH)';' ; C:z:slk ... ~ 412 Mpa 64 
rot-2-enonic 2.3- (OMe ) ; 
acid 8-CH:zCH=CMe:z 

Dehydrorotenoid 

756ehydrodeguelin 6a 12a-dehydr o ; C .. ",H:zoO.. 392 Mdu 5 
23- (OMe) 2; Mf 9 
8,9-CH=CHCMe:z0-
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Table-10 Structure s of ?etr o car pans & 3-aryl-4-hdroxy-

cownarins 

No Rotenoid Subst i t l~ ticn Mol.for M.W. Sou. Ref 

77 Maacxiain 3-0H;8.9-0C]k0- C •• H.",O.. 284 Mpe 55 
Mpu 49 

78 Pterocarpin 3-0Me;8 . 9-0CH",0- C..,·H .... O'" 298 Mpu 49 

79 5cr-methoxy- 3.5.-(OMe)",; C ... H,.o.. 312 Mpu 49 
hemopteroc- 8.9-0CH",O-
arpin 

80 6a-methoxy- 3.5 . 9- ( OM~b C,sH. s o.. 314 Mpu 49 
homopteroc-
arpin 

3-aryl-4-hydroxycoL~arin 

81 Roubstic 4-0H;5.4'-(OMe); C"'2IkoO .. 380 Mth 56 
acid 6.7-CH=CHCMe",O-

82 T!'lonningii A 4-0H;5.8- (OMe)",; C"'3H ... O", 422 Mth 56 
3' . 4 ' -OCH",O-

83 Thonningii B 4-0H;5.8.4'-(OMe)3; C"'3H",o07 408 Mth 56 
6. 7-CH=C (MeC=CH",) 0-



Tablp. 1 J IS0flavan . 150/"}c' 3 :1qU!nc> n·~ [,. ':"r·u:;~ . . ) 

N0 _'::-C'-~'2.;.!YL _____ _ 

85 

J-/, 

86 

8 7 

Equo i 

Clausseq u inoot! 

Pendulone 

Mi l lettin 

(I 

:x: ..... 

t'ly 
,J 

~ 

If.{ 

__ 1,--,':,,-, f _______ .M.-.!i _ .. _::~Y~L .. _Ref . 

C,,,,H •• Ch 247 M.pE 65 

C, ... H, .. o" 28(, M. rlE' 65 

C.?' H •• O.. 3 16 M.pe 6.5 

C", .. lk", 0.. 418 M.a 66 

• 



T~ble-12 Stel·oi~3 

No Comrou1 .d 

88 

Cholestane 

89 

y.,' 

Campestero 1 

90 

a-Sitosterol 

2. 5 S t€')-OlC:~-:; 

}: , f ),:, w. SO~,L-,-_Fe f " 

C"'7f4 .. 372 

C",. fI-4.0 'lOJ 

C:z.P."oO 414 

1-1, f 

M.di 
M.n 

M,d' 
M. t 
M,n 
M.pa 
M.pe 
M.ra 

6 

67 
67 

67 
6 

67 
67 
68 
60 



2.5 Ste·'c.lc:S 

Tbble-12 Stel~ oids 

No Comroui_d r-:. f N. w S9_ur. Ref '. 

88 C"',.FL. .. 372 M. f 6 

Cholestane 

, 

89 c"' .. FL. .. O 'lOJ M.d i 67 
M.n 67 

Campestero 1 

90 C", .. H..oO 414 M.d; 67 
M.f 6 
M.n 67 

\-I M.pa 67 
M.pe 68 
M . ra 60 

B-Sitostero l 



Table-12 (-"tel. 

~o COW1..2.1lS~:l __ __ . ______ .f'.1-:J _ ._. __ 1'>1. w 

I 
91 rr~~/ rC' C:z'9 H ..... .u0 412 

....... ~ 

r'0~ .~ 

St 1 gnlClstero 1 

92 C:soH..-.e:\ 424 

TC.raxr:rone 

93 C:so l'bo 0 426 

\-\ 
Taraxerol 

~;;).L; ._t-sJ_ 

M.di 
!>l. f 
M.n 
!>l. Pc 
M.pe 
M. l·a 

M.di 
M.n 

M.n 

~7 

6 
67 
67 
68 
60 

67 
67 

67 



L<; 
L9 
L9 

lid ·W 

u· i~ 
(p · W 

L9 9d .;~ 

L ) U ·1-< 
Tp· L~ 

~6 

17 6 

~ • I, ,f 
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4. Resu l taand Discussion 

Several reports ex i st in the literature on chemi cal studies 

of Mil lettia species . To date over 25 flavonoids. 50 

isoflavonoids. 12 cha lcones and 8 miscellaneous compounds 

have been reported f,om this genus alone . The genus is we l l 

xnown for elaborating interesting secondary metabolites such 

as the isoflavonoi ds and roteno ids. An at t empt has been made 

here to lis t ali compounds so far isolate d from ~ill ettia 

species. To our knowledge s o far on ly 16 Mi llettia 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 Mi l l etti Q ferruginea have been 

investigated by Clark in 19<;,3 [8~ and Highet and Highet in 

1967 (9J and result i ng in the isolation and characterizat ion 

of ret~ilone (41) . tephrosin(42). dehydrodeguelin (43) 

durmillone(44) and ferrugone(45) 

During the course of our chemical study on the 

steam-bark of th is plant except for ferrugone (45) eve" 

tl-aces of other compounds present in the seed could not be 

detected. Tne stem-bark contains at least teo @owpounds of 

which nine have beer. fully charac ter ized and considerab le 

data has been generated on the remaining one compotll!d. The 

compounds were named as compound A.B ... .. r.J. 



)\ 
. J,,~'0y/'" 

/~ I ..... ·l./ -- . I 

41 

48 

, 
'-

Me 

1.1. 

e 

'Me 

) 

.-... 
L... ....... "'" , I 

l ... 

'0---........, . 
H 

42 Me 

~\ H H _ 

I 

46 

~, 

44. tyOMe; RJR.3=~=~H 
45. ,\=%,OMe j Rt=R,tR.3=H 
49. ~=Ri~=R(~ H 

50. ~OMe; RrRlRJRsH 
5), R.3=OMt'j ~=Rz=~=Rs'H 

52. ~=Rs"OMt!jRFRi~"H 
p3. R,=Rt OMe; Rj~=RifH 

H 
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The compounds characterized are: 

compound-A ( 48) flemichapparin-B 

compoLlnd-B (49) calopogoniLlm isoflavonone-B 

cOl'!\Pound-C (50 ) Isoj amaic in 

compoLlnd-D ( 51) j amaicin 

compound-E (45) fel'rUgOne 

compound-F (45) 4-hydroxylonchocarpin 

compound-G (53) 5-m'lthoxydUl'imi 1 lone 

compound - H (47) 4'-hydroxyisolonchocarpin 

compound-I (52) ichthynone 

The known compounds (~6 . 48 ,49.51. 52) are described here 

for the first time to occur in the genus ~jllettia. 4-

hydroxylonchocarpin (46) was isolated prev iously from Derris 

flouribunda [69J. flemichapparin-B (48) from Flemingia cnap-

par [80J. calopogonium isoflavone-B (49) from Ce.lopogonium 

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

Piscidia erythrina [72. 73 J. 

All compounds were characterized by spectrscopic 

methods MS. 1H NMR and in some cases 13C NMR and comparison 

with data in the literature. Data in some of the known 

compounds are i ncomp lete in the 1 i terature and therefore 

attempts were made to generate the missing data. Thus ""c 

NMR data were generuted [01' the first time for 4-hydroxylo-

nchocarpin (45). ferrugone(~5) jamaicin(51) and ichthyone 

(52 ). However. for 49 . it was not possible to genE<rate full 

spectral data due to the limited amounts of compound 
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obtained. The characterizati~ of this compound was based 

mainly on MS and 1H NMR data . Comparsion with literature was 

not possible due to lack of access to the original sources. 

The remaining two isoflavones and one flavanone were 

characterized as novel and have been assigned the trivial 

names isojamaicin (5 0) , 5-methoxydurmillone (53) and 4'­

hydroxyiso10nchocarpin (47 ) 

4.1 Characterization of 4-hydroxy lonchocarpin (46) 

The HRMs ~>:;r t.his yeLow compound analyzes as C:ZOH1 .. 04 

(M.W. 322.1205) . Th e bands i~ the IR s?ectrum at 1590.1520 

and 14 90 cm- 1 suggest the precence of an aromo.tic mo i ety 

[74]. The singlet at 14.67 ppm in the 1H }Wffi and the band 

that appears at 1640 cm-' in the IR srec;:rum suggest a 

carbonyl group chelated with OH. 

The UV spectrum of this compound showed max :ima a t 

226,272 a.nd 368 nm suggestin~ a cha lcone with a ring-A fused 

2.2-dimethylpyranyl ri ng [S4.7S.76j. The MS provided 

evidence for th~ presence of the dirnethylpyranyl ring 

because of the ch.aract erstic ion resulting from t.h'3 :085 of 

CH:,. from the molecular ion (rdz 307) as shown in Scheme-5 . 

Moreover. the base peak at m/z 187 clearly shows a 2.2-

dimetlwl pyrac:c, ring fused with rin,;- A. 

The presence o f ." lIand at 3250 cm- 1 in t he!R spectrum 

and the f act that aCG i tiOD of Nil.OMe Ca1.;3eS a bati'-.ochromi c 

shift of 64 !'lm of band I with iroc,-eased peak intensity of 
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its UV spectrwn indicates a cha lcone containing a free 4-

hydroxy group [77 J . 

The two ortho coupled d oublets 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 a nd 6.92 ppm (J=8.5 Hz) 

integrati:lg f or two protons indicates the B-ringis 

symmetrical ly substit '..;ted . 

Based on the above spect r opic observations , structure 

46 was ass igned to this compound. This stn.lctural assignment 

was fully sapported by the ""'C NMR spectrum (Ta.ble-13) 46 

tur:1ed out to be the known natural product 4-hydroxy loncho­

carpin which was isolated from Derris f louribounda [691. The 

UV , IR .. 'H NMR and MS are in good agreement with t hose 

reported for 4-hydroxylonchocarpin (46) 
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Table 13 ""'c Nri'~q [{C'b l:zCO] o f 4 - hydroxyloncnocarp i n 

, 
~carbon (ppm) 

193.23 I C=O 

I 4 ' *161.71 

2' *161.08 

4 *160 . 42 

B 145.52 

4' , 132 . 21 

2.6 131.85 
i I 6' 129 . 22 

I 1 127.56 

I 
I a 118.15 

I 116. 31 I 3,5 

I 3" 116 . 30 

1 1' 115.00 , 
I 5' 110.00 

3' 108 . 84 

2' , 78.46 

, CH",x2 I 28.48 .>.-

L. ___ .. __ . _____ ._. _ _ __ 

* Interchangeabl e. 
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4.2 Characterization of 4'-hydroxy isolonchocarpin (47) 

The HRtVS analyzes for thjs compound C,.oH,eO... as its 

molecul-3.r formula. This suggests a C,,.O,. nucleus of a 

flavonoid in association with a C,.-residue . 

The 'H NMR spect.rum show'3d th" resonances typical of the ABX 

spin system of the flav 10ne saturat8d r ing [25J which are 

clearly resolved into an AMX system allowing first order 

ana l ysis at 5.40 ppm (lH,dd,JH-2_'''/H-~.a..) .. =13.1 Hz. JH-' :Z_""/~'­

~_q =3.1 Hz) . 3.01 pp~ rlH. dd. JH-~AM/H-3_q=16.8 Hz. JH-

~ __ /H- 2_H=13.0 Hz), 2.80 ppm ( l H. dd . J .... _3_ ... / ... __ 3_,.=16. 8 Hz . 

J H-3_q/H-2a,...=3.2 Hz) 

The dou.blets that appear at 5.56 and 5 . 52 ppm (J=10 Hz ) 

equivalent for one pl-otan each and two singlets at 1 . 47 and 

1 . 44 ppm equivalent for three protons each are high l y 

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 t he characterstic i on result ing from the 

molecular ion rm/z 307) as shown in Scheme- 6. The base peak 

at m/z 187 cleary shows a 2.2-dimethyl-ch,omene ring fused 

wi th ri ng A. The doub lets at 7.74 and 6 . 4 9 p"m i nt egr ati ng 

for one pr otor, each indicate that the (-5 anc. C-5 positions 

of ring A are unsubs ~i t~ted. 711is c : ear ly established that 

the chromene rjng js angularly fused with ring A at 7 and 8 

pos i tions. 
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The presence cf a four p eru, pattern of two 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-

i solonchocarpin (47) was d.educed t o be the angularly fused 

pyranoflavdnone 4 ' -hydroxy-2 " ,2' ' -dimet hylpyrano [5" 6 ' , 

7 , 8 ] f l avanone. 
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4.3 Characterization of Flemichapparin-B (48) 

The HRJ'.!S revealed a molecular ion peak at m/z 296 

consistent with the molecular formula C17H12<k.. The IR 

spectrum showed neither -OH nor carbonyl absorption. A band 

at 1660 cm- 1 indicated olefinic unsaturation. This is 

l"eflected in t'ne UV spectrum which showed high intensity 

absorption with maxi ma upto 358 nm [77] The bands at 

1610,1570 and 1470 cm- 1 in the IR spectrum suggest an 

aromatic moiety and at 1230 cm- 1 a phenyle the r linkage. 

MS"showed (Sc:heme-7) intense peaks at ~/z 295 and m/z 

281 due to ioss of Hand C!1-3 from the molecular ion 

res?ectively. This st.:ggest a h ighly stable aromatic skeleton 

of a pterocarpe ne [101. 

The "HNMR spectn.an dispiayed a two pro ton singlet at 

6.00 ppm due 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 is in turn meta 

coupled 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 spectroscopic observations_ 

structure (48) was assigned to this compound , This 

structural assignment is ful ly supported by the 1:SC NMR 

spectrum (Table-14). 48 tnmed Ol..it to be the known natural 
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product FJeminga chappar {70] . The JR . 1H Nl'rR . MS and UV 

data are in good agreement wi t h those reported for 

flemichapp arin B. 

Scheme-7 MS Spectral trogmentdlion of flemicha pporin-B 

"-1e 
• 

~ 

/ M'296 '~ 
/>-teo 

~ 

) ) 
rryz 281 rryz 295 
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Table - 14 1 3 C NMR of Flemichapparin-B 

C rbon C-Shift in ml 

1 120.74 

2 107.08 

3 160.69 

4 94.11 

4a 154.77 

6 65.30 

6>J. 1 06 .25 

6b 119.03 

7 102.39 

8 144.75 

9 145.61 

10 93.87 

lOa 150.35 

11a 147.60 

llb 109.81 

OClkO 101.27 

OMe 55.26 
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4.4 Characterization of Calopoqoqoniun Isoflavone-B (49 ) 

The HRMS c.nalyzes C::uH1 .. 0 .. as the molecular formula for 

this compound. The 1HNMR spectr~~ showed a singlet 

resonating 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 eacll and a singlet at 1.50 ppm equivalent for six 

protons suggest the presence of a 2.2-dimethyl - chromene 

ring fused with r·ing A [5]. Furthermore. the MS provide 

evidence for the presence of a 2.2-dimethyl chromene ring 

fused with ring A fron t"e fragment m/z 187 derived from 

the (M·-CH:,,)- ion as a result of RD A ring fission as shown 

in Scheme-So The ortho coupled doublets that appear at 8.05 

and 6.86 ppm ( =8.8 Hz) integrat ing for one proton each 

suggest a C-5 and C-6 unsubst.ituted 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 

prot.ons indicates a methylenedioxy group. Tne signals with 

a n ABX pattern resonating at 7.09 (d.J=1.7 Hzl 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 1H NMR spectroscpy, structure (49) 

was assigned for the compound. 4~ turned out to be the 



'" 

known na.tural p:'cduct calo:c3"or.)u.Hi l ~ ,f if:o'./Oljr~-.,F'. ',·thieh y..;as 

isolated from C~jopogor.iU!n . ..lillL:;.£Qlli-,-,lf;_ (7,'. 

Comparison of dat a with the Jllelatute wns not possib le d ue 

to lack of access to original SQu,ce. 

Screme-8 MS spectral fragmentation of caLopogcniumisoflovne- B 

49 

!T/Z 333 

I-'{ 31,8 

~) 

~ + 

l 
rryzi46 

rr/z 187 
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4.5 Characterization of Isojamaicin (5 0 ) 

The HPMS analyzes for this compound C22H.sO. as its 

molecu.lar formula. In the 'H-NMR spectr l~m. the singlet 

resonating at 7.95 ppm ( Table 15 ) that integrates for one 

proton is characterstic of an isoflavonE: (H- 2). The doublets 

resonat.ing at 5.72 and 5 . 80 ppm (J<O 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 tbe dimethYlchromene ring because of the 

characterstic ion resulting from the loss of CHb from the 

molecular ion (m/z 363) as shown in Scheme 9. Moreover . ion 

at (m/z 187) c learl y s~ows a 2. 2-aimethy 1 - chromene ring 

fused wit h ring A. The doublet resonating at 8.05 and 6.87 

ppm (.1=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 t wo meta coupled aromatic protons [6.80 

and 6.72 ppm (J=1.5 Hz)]. one methylenedioxy group (6.00 

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

3' .4' .5'-trioxygenation pattern. and isojfu~aicin was deduced 

to be the angularly fused pYl'anoisoflavone 3'-methoxy-4' .5'­

methylenedioxy-2".2' '-dimethylpyrano [5 " .6" :7.81 isoflav-

one 



• 

9Ll z/w 
E9E zl-u 
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4.6 Charac terization of Jamaicin (51) 

The HRMS revealed a molecular ion peak at m/z 378 

consistent with the molecular formula C22 H1a06. The UV 

spectrum of this compound showed a~sorption maxima at 228 

and 261 nm characterstic of an isoflavone in which ring A is 

fused with a 2.2-dimethylpyr anyl !-ing (54,75,76J. This was 

support ed by MS observations of characterstic fragment ions 

resulting from the loss of CH"fr'om the moleCL:lar i,o!1 and an 

ion at rr./z 187 derived from t!1e ( M-CH::.)~as a result of RDA 

r 'ing fission as shown in Scheme-l0, 

The "H NMli. spectrum (Table 15) displayed two ortho 

coupled aromatic pr'otons at 8.04 and 6 . 85 ppm (J=8.8 Hz), an 

isoflavone H-2 singlet at 7.91 ppm and the characterstic 

signals for a 2,2-dimethylpyranyi ring [ AB system 6.81.5.71 

ppm (J=10 Hz ) : 6H singlet at 1.50 ppmJ . 

The presence of two relatively s h ielded singlets at 

6.62 and 6.85 ppm a nd 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. inis suggests that the B-ring is substituted 

by a methoxy grout' at the C-2' positions. 

Based on the above spectroscopic findings, structure 

(51) was assig;led to this compound, This structural 

assignment was fully supported by the 13C NMR spectrum 
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(Table - 10). (~l) is t"-lE, },I,OW'I natu:-al product )ama i Cln WhlCr. 

was iso l dtEd from l oo t bark 0! P~~("idia erythrina [72 1. The 

'H NJ';n. MS .IR and UV aatu are 1n good agreement witt; those 

repol'ted for j ar·.la i C) n (~J 

Scherne-10 MS spe;:tral fragmentation of jamaicin 

+ 
M 378 

q "'--" 
51 

~ 
j 

+lJ 

mjz 363 ) 
rnjz 347 

rnj1. 187 

8 
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4.7 Cha!'acterization of Ichthynone (52) 

The UV spectru:tl of this compound showea absvrptio n 

maxima at 229 and 260 P.In characterstic at 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 geLl- 'd ime thyl gro:.;.p of a 2,2-dimethyl 

pyranyl ring system. The ;)and at 1600 cm- 1 is assignable to 

a st.yrenoid carbon-carbon d ouble bond. The presence of an 

aromatic methoxyl g::'"vU P and a rne l::1yle:-:.~cl i. 0x·1 g~:oup is 

der ived f r om ~he bar.ds at 1040 and 940 cm-' and the band at 

1640 cm- 1 suggests the presence of an. a.B unsaturated 

carbo;'!'}'l g1' 0 ... :P of a.r;. ::'sof lavone. 

The "H NMR epectru.In CTab:e·-15) displayed an isoflavone 

H-2 singlet at 7.90 ppm. The AB patterr, at 6.81 and 5.73 ppm 

(J=10Hz) due to olefinic protons along with the 6 proton 

singlet at : . 50 ppm ciue to two methyl groups confirms the 

presence of a 2,2-dimethylpyranyi ring. The aromatic reglon 

contained three singlets at 7.53, 6.82 and 6.61 ppm 

indicating the presence of three isolated aromatic protons. 

The spectrur:l a l so !-evealed two singlets rep!-esenting three 

protons each at 3.95 and 3.73 !'?m due to aromatic methoxyl 

groups. The remaini~g two proton single t at 5 . 97 ppm is 

ass~gnable t o a methylenedi oxy g,oup. 

Basee. on the above spectrcscopic data . structul-e 52 was 

assigned to this compcound. Supporti ng evidence for th", 
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structure was provided by the .3C NMR spectrum (Table-161. 

52 was found th be the known natural product ichthynone 

which was isolated from the root bark of Piscidia erythrina 

[17). The IN. IR. and 'H NMR data are in good agr~ement with 

those reported for ichthynone 52. 

4.8 Characterization of Ferrug-one (45) 

Th!O HRMS re·vealed a mole culal- ion pea..1{ at 

consiste:1t with tr.~ :nc- lecular formula CZ3lkoo:". 

m/z 

The 

408 

UV 

spectr1..4'11 of this compound showed absorption maxima at 229 

and 260 r.m. c:'ar·:\cterstic of an isof lavne with ring A fused 

to a 2.2-dimethylpyranyl ring [54.75.76). 

The MS (Sc:heme-ll) also provided evidence for the 

pl-esenca of a dimethy lpyrany 1 ring because of the charac­

terstic ion at m/z 393 resulting from the loss of Clh from 

the molecular ion and an ion at m/z 187 derived from the 

retro Diels- Alder r ing fission of rings A and B from the 

(M-CRs) + ion. 

The IR spectrum s;,owed bands at 1390.1375, and 1330 em-' 

attributable to the gem-dimethyl group c·: a 2.2-dimethyl­

pyrany! ring system. :-:'le band at 1600 . 1580 anti 1510 suggest 

an aromatic moiety. De band at 1280.1210.1160 dnd 1040 cm-' 

suggest the presence of a pheny: !Other 1 inkage whi Ie the 

band at 1640 cm-' is due Lo an a.e - unsaturated carbonyl 

group. 
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TIle l.H lH1R spectruIiI (Tab. e-15 ) showed ~n iz-c.,.f 1 iOL .;, i1-2 

singlet ilt 7.91 ppm. The ,,'n- senee cf B. 2 .2-dh _U;Y;P Y;'<'tf,y 

r jng was deduced from thp AS patt ern at 6,81 ilnd 5 , 73 ppm 

(J-l0 Hz ) due to the c is olefin ic protons and the 6 pralon 

singlet at 1.50 ppm du (; to the gem-d'methy ! group, 'D,e 

aromat i c l'egio n of t he s ~' ec:.r um revE;aled one jsolated 

singlet at 6,52 ppm and two ortho coupled doublets at 8,05 

and 6.86 ppm (J=8 . 8 Hz ) . The spectrum also di l? P]fJYed two 

aromatic lnethoxyl 9lOUpS at 3.87 a nd 3.85 ppm and a 

methylenedjoxy group at 6. 02 ppm. 

Based on the above srect rosc:.pic j.,ta. -: 'hl f:::t 

olt€1-[,c. t...i\··:, ~: ructu~-E' ~- ~:, 54 one 0;0 
. -

c("iTip ound. 

~5 

Car"! be i;1~';: ·:~.;l?-d ~ 0 ~ r. f" 

54 

C(~~~L.d 
\ O :~ 
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Structure 45 was finally assigned to 

on evidences obto.incd from 1"'C 

this 

NMR 

Particularly helpful in the structural assignment 

compound 

spectrum. 

waa the 

comparison made between the 1:SC NMR spectra of 46 and that 

of jamaicin (52) (Table-16). The C-3 carbon in jamaicin 

resonates at 95.55 ppm. If according to structure 56 there 

were a methoxYl substit uent para to the C-3' carbon, one 

would expect an upfield shift of the C-3'carbon resonanc e as 

compared to that of jamaicin. However. the resonance for the 

unsubstituted carbo!'. i n 46 was 110 . 4 :5 ["pm. This observation 

eliminates 56 as a possibility. 

The reSOrl ,::mce for ,-'rtho oriented methoxy\ carbor.s in a 

polysubsituted aromatic ring aye normally expected in the 

range of 59-64 ppm (291. However.. the methoxy 1 carbon 

resonances in 45 appear at 57.01 and 60.21 ppm. Alternative 

structure 54, where the methoxyl grOUPS are or tho 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 1H NMR are in accord with those reported f or 

ferrugone. 

, 
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Table - 16 13C NMR Data 

- - -_ •. -.~ j "" 

! Carb o~ " Ferrugone (45) j Jamaicin (51 ) I Ichthynone (52)1 
(ppm) (ppm) I (ppm) ------r·- -·-- .------ -. -.---"- .. __ ___ --.J. ___ . __ ._. ____ . __ J 

2 153 . 40 I 153 .71 ! 153 . 50 I 
3 122. 08 121 .93 II 121.52 I 
4 175. 7 1 175.64 175 . 32 

5 126.73 126.71 I 105.40 

6 115 . 15 114.98 147 . 04 

7 152 .45 152.96 147 . 37 

8 109 . 30 109.20 110 . 25 

8a 157.31 157.1.3 154 . 00 

4a 118 . 37 118.39 118.39 

l' 117.98 112.90 113 . 18 

2' 139 .19 152.96 152 . 99 

3' 137.22 95.53 95.55 

4' 136 .90 148.36 148.33 

5' 139. 05 141.21 141 . 21 

6 ' 110.45 111 . 20 111 . 20 

3 ' , 115.03 114.98 115 . 25 

4' , 130.29 130.15 130.50 

2' , 77.71 77 .58 77 . 99 

OCH", 0 101.82 101 . 30 101.3l 

OMe 57.01 56 . 30 

CIhx2 28.17 28.0: 21.95 

------- .. -- - --_._--
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4.9 Characterization of 5-rnethoxy durmillone 

Tabl e 17 SUl'lllllary of Physi o chemical data on the novel 

Compound 

1. TLC Single spot, R~ 0.64 . 

Solvent : Tol : Hex ; EtOAc (3:4:3 ) 

2 . M. P. 142- 143°C 

3. Colour reaction 1% alcoholic FeC1 3 (-Ve) 

4. VV M_CU-1 nm 224,253.294s~ . 320sh --m_ .. 
remain unchanged by addition of 

NaOMe 

5. IR t<Br cm-:l 1660 , 163J. 1530,1510.1425.1420. 
"m_,.. 

1375.1360 , 1290.1180.1075 

6. MS C23H2207' (M+=408). C::uH ... O .. (11%) 

C2oH'907'( 100% ) ,C2oH130 .. (12%) 

C •• H~O~( 1% ), C9HeO~(11%) 

C9H .. O", (10 0%) . 

7. NMR see text 

The HRMS spectrum showed a molecala, ion peak .:It m/z 

408 constitent with the molecular formu la C23 H2:z07'. The 

presence o f a cctrbonyl group is derived frorfl t:ie absorption 

band at 1660 cm- 1 In the IR sp r3ctrcu:i. g.3.sed e n bioger .. e ti c 

groutlds. t~e mO:<:3cu}ar f ':,lmul& C21H:l40=s(OMeL2 is possibly 
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compatjh:e wi th the presence of a C .~02 nucleus of a 

flavonoid or a n isoflavono id in association wi th an 

isopreno id t . -residue. 

The absence o f an absorpt io,. ~.':lnd above 3000 cm-' in 

tl, e I R spect2"um a;'Jd t~e fa ct t: h a t the UV spectrum was 

unchanged b y base s t~ggest '3 :~e abser..ce o f ph-:-nc, 1 i (' hyd~'o :(yx 1 

group :in 5-methoxy dUY"imi 1 :O D-=- . The UV spect!~um of tll is 

• 
compot.li:d sh0wed abs?rption may.ima c.t 22~ and 263 nm ~ 

characterstic of an iso~~avo~~ wjth ri~g A fused to a 2.2-

d imet~y: pYl-a.::.yl rir..g I 5·:±.75 . 7'5:. This lee. to the c o ;--;si der .'i-

tion of tr~e pal' t ia l fOl-r:..u.l-:t 56 f02" t:-1is com~ound wh ich 

imrnediatp.ly indicl3.tec~ tho.;: "':r>3 !~err.il:Di ng c: a :;-b')n ato~ in the 

strl.lctu:':-e L) f 5-methoxy dU.l-mi llc.~E' might we! 1 be present as a 

me thylenedioxy gro,-,p . 

MeO .. 

MeO ... ; , 
i 

H -'1 
I 
I 

H -
i 

H --- , 
I 

H _.: 

C.:;O", 

56 

i· O - -CMe", 
! 

' 0 

. 0 

CH 

CH 

The nat.ure (I : th,?- gr')U 9S present i.n the 5 ~ ruc:'l.lre of 

5-:nethoxy dl..l.l-mi 1 }one al:~e indica:' ed by its:1H NMR spectrum 

(Table - 18) The hiqh fie:d sinq:ets at 3.90 a nd 3 . 96 ppm 

integrating for three proto~s e ach can be as signed to t wo 
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met~oxy g~:):'iP S , A s:nt::'l:~t .:I.t 5 . 98 P?;:i ~ :· ·.+: eg1"atir!.g f or two') 

?r(:~tc<ns SI';Us'3Sts 'the presence of Or"ie methylenedioxy grot;.p. 

More over. the two douclets at 5 . 68 .::tnd 6.76 pt:'m (J=2.0 Hz) 

inte!;rating for onB proJ;:,on each anc. the sing:et at 1.55 ppm 

equivalent to 81>: pr()::o r'~s are :~ha!'acterst lc of t:-r€' cis-

ol~flni(' ar~d qe:n-djmE-:.:-:Y ~ i:-yra~1Y~. ring ~73 j . The low field 

singlet at 7.8 ~ ppm is char~cterstic cf a~ ~ soflavone H-2. 

7!"le IR S?EC' :'Y'.j:n f l...! :" t.:--.. er' sr-:0wed s ,xne characte!-stic 

featur"es o f a 2.2-di~et~y:pyra~yi sY3~em. ~~e ba~d~ at l375 

£t :-id :360 cm- 1 are att!.- ·!bll:e.0~e ~c' :: h e gem-'ii:lF::~hyl gr(:-u:.:' ·3.!1d 

tte bends at 1 5CC~ 2.4 2.5 ·='~ld 1420 cm-1. are expected f or 

s;t YY'E'!1.-:: 1: C"e.r :!:lon-c '~ 2"'b ") !1 couj-: !~ ::c:-:c.. The bandr::.; at 1290> 1180 

a nd 1875 c-:::-' sug;rest -the ;· ~-~ 3 l?nCe :) f t'.n t\roi:1c:.ic ether. 

T:"1e r.~s pr·ovic.e fC.r~her evid,3nc e f cr t:v~ pl'esence of a 

diI!~ethy: pyrar.ylr-ir\g fused with ring A. . The base peak at 

m/z 393 originates by the loss of a CIb: from the mf)iecul.'J.r 

ion :ndicati:1g t:'e presence 0: a gem-dimethyl group. The 
\ 

pee'.z at m/z 21.7 is deri "ed from the O.t!-C?",,) + . ion as a resu 1 t 

of ~A l~ i :-lg :: S.'3j or. ~)f ?:i :1g 'A. and B (Sc:heme-12 1 . This 

clea:· l y e2tabijs~ed t~at t~e pyrany! r ing is fused with ring 

A . FU.rt r.e r mo-.:-·: . th'3 :0:1 d: m/z ;'4(, s~:)we ,:l. ·t:---.at the B-ring 

is (iDly sub s :. : t:.!t e .... .::. by a :-neti-.yler.-::.dio:'{y 91~OUP. -:1"". j s was 

suppor:' eo. by th.e 1H N~1R whic"!l showed .3.:-'. d.~~(,:~a.t: c A3X s y ste::1 

at 6.93 (1~. J=8.1.6 Ez) . 6 .85Cd.J=8 Hz ) ene 7.08{d.J=1.7 Hz) 

PPi7l . 

Based. CIt) J.: ::r:' MS and 1I-I f'..""MR :,:l;;:.ta. i.~ ::;c.r. ~e c. edl.:c ;~C~ t~,o.t 

t"te JI..-ri n :?" 0f 5- D' E" t ~.,:,)XY d.u~~m: 1 lo: .... e is completely 
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Th is s Ugges t 3 t ho.t 5-rr'.et:, ::;,):y d~_i. rmi l l c:te c on tai r s a me-thoxy: 

g!""o up ~ri t o the carbo r:y 2 a nc. t :l€:refore stl"':Jc t ure 5 8 could 

b e eliminat ed as a p os3ibi l it ~ . 

5-m~+~hoxy du!"mi 11 o ne occur s a l ong wi t~ o t.her- i sot 1 avones 

(49 - 52 ) , a f l ava ;".o:::e (47 ~ and a c~1alcone (45} in th~ steam-

b ark of t h i s p lant. All the iscf l avone s a :1d the f l avano ne 

c o n t ain an angular l y f '.!-sed pyra rw l , ing at C-7 .;nd 8 

positi O!1s . It is h ': gl!! y p:!-oD c.b 1e tha t t he chalcone ( 4 6 ) i s 

the b i oge ngtic p re c~~sor fo r ~! l t h e se compounds . Th i s 

~~ og·?.r:et i r: C'l !"g 'J!1:.€: :;ts ~s l r: favo ~lr .:-! st:n.! c t ure 5 3 f o r 

5-met 1". oxy c. ur ro i ~ : one . 

Fur ther su?p(',rt : r:. fav:y .lZ" 0 : 5 ~ r u :;:ul"e 53 for 5-metto xy 

durn:i 11 0ne was c btained from ':h e " " C NMR spe::: '.:rum (Tab l e-

: 9 ) . '!'~e ffie t h0XY 1 Car b 0 p. reSO:1 anc es ,~? pear at 6 1 . 33 and 

62 . 10 p;;m . Suc~ r e soria~ce are expe~t e~ f or Ort~~ or iented 

rneth o x y 1 g l-Ot..:.pS r 29 ] . I f t he m~thoxy 1 groups W€l-e para 

oriented as 1 :1 struc ture 5 7 . 0~0 wo uld no t expec t both 

:ne t hoxyl g!~Co'';'ps to resona t e above 59 ppm. The remaini ng 

car!::>on res o rl.:l \i.c es f u 11 y s~ih p ort ~ r.e above stru ctural 

ass i gmnent. 

5 3 , 5, 5 -dimetho:~yl-3 ' ,4' - methyleneriioxy-2' , .2' , -d imethy 1 

py rano [5 1 1 ,6 ' 1 :7,8J i sof: avo n.:: is a :le w na ~·. u ~- a l p roduc t. 
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Tab le - 13 • H NMR of Shif ts (ppm) of '; 3 ",. ~d 59 

-' ------------------.~.-------- -- --- . . '- -"- " - " --_. ----------

H 53 59 

r------.-+----------- --- --.----~---
i 

----------

2 7.81(s) 7.89(s) 

2 ' 7.08 (d.J=l 7 Hz ) 7.03 

6' 6.93 (dd . J=8.1 .S Hz) 6.91 Unresolved 

5' 6.85 Cd. J=8 Hz) 6.91 

4' , 6.76 (d.J=10 Hz) 6 . 71 (d.J=lO Hz) 

3' , 5.68 (d •. J=lO Hz) 5.62 (d.J=10 Hz) 

OCH:zO 5.93 (s) 6.00 (sj 

OMe 3.96 (s) 

OMe 3.90 (s) 3. 91 (s) 

C'H:"x2 1.55 (s) 1. 54 (s) 

-CH 12 . 98 (s) 
___ ______ J _ __ _ _ . _______ . _____ __ ____ ____ . 

-----------------. ------------
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Table - 19 13C NMR of 5·-methoxy durriliilone 

~ t Carbon 

! 2 
i 

3 

4 

5 

6 

7 

8 

8a 

4a 

1 ' 

2 ' 

3' 

4' 

5 ' 

6 ' 

3' , 

4' , 

6-·OCIh 

5-0CR" 

OCH20 

CH"x2 

T------· -... --.. ------, 
C-Shift in (ppm)~ , 

, 150. 2 1 

I 
125.30 

175.02 

151. 01 

139 .97 

149.05 

113. 10 

153.01 

106.54 

125.64 

109 . 96 

147.50 

147.50 

108.17 

1 22 .46 

114.94 

129.02 

62.10 

61 . 33 

100.00 

29.01 
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5. Experimenta~ 

5 . 1 P:ant Material 

T:1e st ,~m-bark of !'Ji :~. ~t=.d.:tia fel"-rl.~qir..ea iHoch:st 1 Bak. 

~s ed in ttlis study wes col!ected from three differ~nt 

localities~ in June and DeGe!nbe~ from Sidamo (Aletclwondo) in 

Sept",rr.ber 198"7 fi-om Acdis Ababa and in February 1983 from 

Gondar. According t o M.Thulin [2. ] the samples coliec:ed from 

S}camo is belidved to be t~e subsp darClssana. whereas the 

sample from Gor.dex " co .- :'he subsp f errugi ne....§: and ~he samp le 

flhCTI", Addis Abi5.Du :'5 most ~ i !...:e l y t'je r!ybr~d of the two f orms . 

5.2 Material and Ap~ayat~6 

Melti~g points we r e determi:-:.ed L.:.sir:g T;-·omas Hoover 

cap: llary rt.elting fh')ir: t ap par2\!:us . IN Si? Bc t er"a ~"'~:~ e !"e corcied 

on Perkin·-El;ne:- rr:ode : 5 ~, 5 UV spec': l"" ':)meter. IR on Perk1n-

Elmer mode : 727 I~~ra ~e~ s~e c~ r0met e r. 1 H NMR: 90. 250 anc 

360 rmz instn.;!nents in CDCb with tetra"!let1wisi:ar:," ·:\s ':'\f"'\ 
~ .. 

:i ntel:~na: s t andard. 1 ~c rITviR Here re C01~(~.e(:' on 22.5 a:l d 90 'MHz 

j . ns trl..~.~T.ent ir: CDCLs . The mass sr,'ectra were recordec. 0;-: a 

high reso:ution ~ass sP€ c t r omet er. Ana!ytical thin layer 

chroma':ography (TLe ) was l ' ~""l on a 0.2 "'J!l l: h icJ< iayer s11iea 

ge: and t he spots we r e c.e ~ eeted by their UV flourescence and 

by spraying w:.th 0.5% fast blLlf~ :3il tt B s c lu:'i o ~ f() ~ low8d ~y 

~. :.. N NaOH [78:. c: rC1.l ~ e:: .... r~:i·€ r-·,:l1-a t ~ ve ~ a YBl': chYoma.tography 

was r'u.n :,) :' a. 1. !:_':1 51 ~ ic,-'!. gl?:. w~: le P ~- 8;:·)'1~;:t ': .i.V i~ t ~i :1 i ·3.Y B:--

chr orr.a t og:"a,p hy on .a [!'I.m th i ck si : ic a. ge ~ i:J.nc b a:1ds wer'e 
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detected by t~eir' UV f : ul)~e Scence. Column Chl .... O::',.:tt('gre~?~y was 

Qor:.e on s~lica gel 60 (70-230 me sr:) and sep'cac.ex :'R-20. The 

pet. ether used through ou~ the st~dy had B.p (60·,-SO)OC. 

Ta~ le-- 20 Solvent Systems used for C01 1J.!nl: . Thin and 

Preparative Laye~ Chromatography 

r "~~ - , . -1" --" 
I Ratio i 

c:. ~ ,-,0 l ven ,_ System 
.L - i "T , 

i 

1 

2 

3 

4 

5 

6 

; 

j 
I 
I 

i 
i 

Toluene, Hexane, EtOAc 

MeOH, CReb 

?et. et.~er: EtCA:; 

Pet. e:h~r! E':':01\.c 

Pet. et.he:;:~: Et0Ar; 

Pet. eth8~- : EtOAc 

! 
I 

3,4 , 3 

1:1 

95:5 

90:1 0 

ti5: 1·5 

80:20 

7 i "'e~ Pt' "~I" "'tnAc ..,,, . "'5 ! l .. - . _ . ; l ,_ . .l....o .' I ... . .:;.,. ~ 

8 I °el- ~~-'-e ~ ' I'~"A- 7'''' ' 3 '1 j, _. <::"'- 1 ........... ...., .,.! . '. L', " ' ... 
I , 
i_ . ____ _ . ___ 1 _ __ _ _ .. .. __ ... ______ _ ... _ ... ___ ..... __ . .L_. _ __ . ___ __ . __ . 

, 
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S. 3 ~U:..r .~. C'_~~~.o.D~ .. ;".:',:,.r.~~ ':£:"~.'~~]';}_lI.': ~B~_~ ~i:"~ 

5.::! .: YI:_~ :'e./::'i.5. : ~:".~:-1:JJ.:i 2 J. {ba.rk 

40 0 g of gro'..ln..ier:1 b~lrk :.: ~~. f(l...LrL~,?:i.~ ::ol ~e ,:-:p(~ f r(;'\.: 

A~d!s ~~~~a wa~ ~i~s~ e :( ~~ected wi~~ col~ ~~r,~ther' follow~d 

by chloro:orm ,:Ir! a {'::~);( :;' :~7* 3cP I}().l"'u:':LS yi·e :.c.ing 3 ar!c! : 0 q of 

ye:~~w~s~ 0j~y ?r0d~7ts respective l y . 

a) T1:-10 ct' :..tde ~)f:::. ·- .-~t~:'?r E-:·.:tr"::\ i:-t ~rl'::'S ;"\r--7 1 "i f:?::! ()n S7?'h.::d ;;::..-: 

:!:E-LJ '>:<u:::.n (7Cg) a:""i.d. e~:j~e!:" with s() lven-l::. system 2. A total 

of 30 fractiollS e~c~ 7 et we~e C'011ec,:cd. '"!"he first 20 

f~.>3,~·": 10::5 co~~ai~ fatty !:at~ 2-ia~ " . \ \oI' •. l ,e t~l e l-el!1a j n i ng 

fractions were c~~tine~ and c.)~c2~~r ~ted yield i ng :0 mg t hat 

sn'JWE'G. by TLC the F<;:-eSenc.E: ·:f f,:, ... tr' C(~;!·.PQ'J;)~.:=:. T~ ... e sep a r.:lt ion 

()f -:~le =nizt~"~..i.'l"? ~ ... ''; :: r;.·:lc:t by ·:':'rc.' .. : : i3, · ::"1 ~2 :':"·3.r ':'l.·: 1'lf7- 'T~., (' 'J.S 1 ~: '.; 

SO : V"::':lt s'!st .:;:·rr, ., T~':l~i YC;;::'..;ite( :.r. ~~ !Y:~' of c·:':'fi~o;..:.r:d-B . 1.5 

mg' CiX!\?c:..~n~··· :~. 3 rr.:;' C:-ri':.;9.::U. ..... CL·-f l:l::-!. i "" rr:; (>:,!\.~J ':'_';1~~-P. 

'-I -' , 5 g ,') f the cr.Jc.e chl':'l' ,)f':: :!~:n e:-~~:"a(" t W ·]S c.ppl i ed on 

S ephCld€x. LH-·20 :70g~ ~n1 e:~ted wit ~: so:v,?:~t SyS:~~j "' A 

~::-.:6~ ,~· f 45 :::·a(:::"~ · !1S 7 :r:; ':~ 6.':::! ~.;€ ::.~~ c '::-·::. :?: cted. The ::irst 15 

f !'" 5.c: lc<-a we~' (;' f r:'1.:':l.ri !,: ,;, con:: ,7\~ r' '.'h :'Ol'~~':::~':'y': : ;:'1.:"1. r:" f :: ci: .. y 

:Tlat e::~: a: c.nd v.7 ·?l"~ r.,:-,J: ~xa~inp~ f~rt~0r. ""'P "'.;. . .. l"ema i ni r.g 

frac:::ions W i~rt=; 1: ' ~IG.;b i i.~ ': a~~ Cl)~C~!·~~·6~0 .~, 
~, 

1 ii9 ab0V~ 

!;.;e7'lt j o:-'.€C:. pl-c c ed~re was repe ete~ w~~~ another 5 g of crude 
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chlorofor:n e.::<f:r·:u:-t l~ r:(':' r;r)7:lbi.::e:::. -Y-:f? lc.ing 5 r- ," 'y;:; l l ,:'l~..v i s':; 

st i ~ky S~~S~~!~c ~. 6 9 cf ~ ~ e '~3 sidue was app!ied on ~ s i lica 

g-e:' Cf) 1 U~:-·. f.-;. C;Q g1 , -- , . , , W~3 e:u~ed ~~th i~c:e~5~~g polarities 

' . ... ne~.0t~0:- ~~d E:OA c ~~x~~1-e5. A tGta : of 25 fractio!1s 

each iCC ~l w~~e ~~l~~ct~d. 

Fract ions (3-7 ). eluting with solvent syste~ 3 g3ve 120 

mg ::·,f c;!1 \)rc.n9~ col:lrE:d cc.pm~.::G.nd.-· F whi ch ':'las purified by 

co lum~ f:' 1 ter :J.t i0~ and crY:3t.:d: iZution fre·m :netn,'J.~1f)l (M? 

189-192°C) . 

Fraction3 ~S-:2}. el~~ _.~~ ~T~t~·~ S o~\'e~~ syste~ 4. g- .:l,ve 

4C r:.f: (: (; ·::·:r.;-o0::..d-I) .\"!>~::\. -:-~-· ·lst:. e: ~~:: 'f'3 :::--(m: 1':'!.ethar!o~ [ 159-

160o C) . Recr '/s: a 11:!. Z·"-: 1,:' : '. ·)f 
. ~ c o:~~) ~)~.! :-~d. - . \.! ~ ~·O ii't·;-) f i-Crr: 

methc.:Joj ~ · ·ais~c.. :!.:.=- :n~ltj1l9 r oi::.t f~ :89-~91°C). 

r~ac~i OllS I 'I ":1 ._." 1.1: ' 
\ .:. .•• .l.. '-' I • ei~~~~g wit~ solvent system 5. 

resuLti3G in c. ~iZtl_:.1A;:. ::> f ':: / :' tnF·:-:.~:-:d - J f:t :-,:,:'. 7;" R~· Fe0.~ ,::, .:~ 

·:..-:-:~-:·:·.;a~·:;-1_ ':"~· ·-I·i .:' "f t:-;~ r: '-;'~'-.:.~ ~ € :;-;::.\'6 4.5 ::~G r:·f c 'J~;I ',}:Jn:'_-E that 

c!"yst ·:llliz>:'s i r-:c ~_! ·?t!'_ .~.r!=': ~M.P :"..64 --':"66o.C) . 

~l~act:: (;.::1::: I -; ,"') _ .... c:: \ 
, ~ - ' ..;..~. ~~ ~~:~?wit~ 5:]ve~t 2ystem 5 gave a 

mixture ~o~ t ~i~in~ O~~ ~o~;oun~ a3 a major a~d two 0ther in 

tree(=' c:"''"r.o')t.:;::ts. crysta:lizat~ c~ o f the mixt~re from cetheno l 

resL:.lteC=~ 
. . ~ 

: n COmp'.)ll r1(t -,: as a. cl.)~ou~~ll3sS n,;:t~dle [M? 142-

!43o C) . 
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Fract i c~3 ~8J-a91. ~ ~ ·.t ': i r~~ ~"P:' tl .... S·- ~ '18 i1 t ',:::·v.~~.: ·; :r. -., ':;-~. '..I~ :' 

1 . 5 g :::>f (:C>r:'i!='::'l.:r~ d-'G ,).5 a :nc..~ ·~r· c omF :-·u:-:d \.:~ .... ~. c-:-: ':::~Y 3" ta : 1 :zes 

fro!':', meth . ."no~ ·;.s a. c <:d c · .~::18 S"3 :leed:p.3 nCJ '~ 4 2 -·1.. 43°C ) 

:r.:::-t. .~ :1:;'3 f ~~ OC '- l2~~ .~ \~~~~S \q it~ solvent syst. eT!l 8 

r-esu.: te<':' i r : C' r:':~·\ ;:'':.:'':.::.i - ! .J .::'L. C. ·1 ':-:-:: 2';" .-)";: :1')" i .!. T1'v? :":l. j : c:. ·_t :~ e " . 0.:3 

,:h::~ :. !~', ·,;;t. (·£ !· ,::.l-':-:O::- (: G:-~ Se :q 'l!.C:':: ·;> x :'E·-?O i':'S1!!~1 6(' l\/e:-:t ~:yst€Ll 2 , 

A tota:" of ·~C fr-.3.'.-:::·:-~ 3 ")"l:~:", 25 ru _ t,! -= r'8 c ;:;: >:ct2d . TllE' 

7: ~,!-s.l_ ~ ~\'e fl"ect i c~~ ~0~ta in ch]0~cp~yll ~~d t~~ r e r:1a in i ng 

fractions wer e G,)r:;."'si :~ei5,. Af: eT :::-er.-.. ,:'lv.9.! ,, <' 
'- - tr.'? S:)~"/e:~ ;: , t.ne 

:.:. e s : d. : .. If: 

sys t '3m , 
~ 

h'eS -3PP:iEd on a r;':' e };lCiJ:'"at i ve 'T', r' 
.:. !..... '- 'uSlng 

---l-, '-1. .. L":> ! "7:3 :";' ~ : r:' I:!. it· . .-:;0 :ng .:' : r~' :)r:! !=l-):..\ r.d · -: 

solvent 

fM!" 2 !)1-

202~C} a:"d , " _u \!1.; 0 1: ('OIT::':' I:·:M'.:Lt .. : : ~:? ')' ~j. '~ J ~QC) crystall iz1:":'.; 

fl~.:':~~ :l:le "!:::~c, r:c· ,:.:;c a:'~:(' :--J~ l' · es!~''?ctive.~ y, 

5.4 D.em~;' t tu:lat ~2L~·':-~~:~"':r.:; .. Lt~~-G '7 ? 2'] 

1 -. ['i 50 r.ll ,.~.~ ... _::,c.;. D,:.,ttOr.: "f :. ~.s:·: C '):-'. t. ';'j !.':' ?"i 9 ' :;·:\!!.p ound-G 

(50 :::g) ,3. lO't 0:-·: :": 1;- -3::::: (~'~ ,:.~'3 't. ::-::! C_':"("':·: !.."·:: ': .. ~ ~ ':. '-: 11.1 { ]'3 ::~ . ~ ) H,lS 

Cl,::CE'(:. -:i'i.E l"E-.J,c:t':c:-. ;.;:i:-: .. ,:.·;.rE- 'wet'.:' ;. -?f ~\.:xel: £ t:' l" 3 ~1():"::"s . \,: r;ti 11 

the evolu':.ion ()f r!i.!': :: ; ...• / 1 '.J l~ :)~: 1 c..;' .~ .? .:'_:3~? .:,t . Th'~ ,? :·::~e 33 

~Y':"l~o:;!·':.:r,i c· .:l c id w~s l"er:l':J\ 'e:: ",:,:-:C--?l- :ced.=..:..:-e d p !"r;o ssure. The 

den8: thylat:.ed !:"'1"0~.r.t('t H,:\S ':. f :':;- l1 PU:"i:::0C~ ::'1' C .:--.::'l:.:~.;;l:Og~~~;·hy Oi: 

:3:i!lca,"';el (10 ;) e:u.~_in~: \.V':~h. 3:'~V~:-:t SYS:'e~ ~~ t o give 6 

mg of a ye! ~ow i;:.::-, .: ::. · ... 3:: .. :,.:;, 1 i:1'~ ::-o~t>:JJl"'.~~: . . NP 205 - :")7°C (MeOH) 
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5.5 I 1-ent:. f i ,:",~ i ::.;. __ Q!_ C('~r.·_0 ;_~ndfl. 

t.:: C~:';·li:': O~:-:0:~a.. {r~-:! :i: ~ c r:a"';'" ' .:..r i :--..:..3) (:18~ ::{.i 0 .9 3 (s;.,lvent s yetem 

1) :-',eedle3 f,.:,m ~e::'E-;. Y . !' 1:,7';'- 174°C) (litf70) !79- ~80°C. 

: ound; ~M]+ 296 .0690: C17H12~ reQ c.1 1' 12S : 29-::' .:Jf:':-.: 

UVM-Ol-t l:t:'.. 2'30 int. 230 . 2::1: . 339.338_ 
..... "".><f 

IRKBr cm--:t 16 f5 C ~ 1578 . 147[j . ;<~3:J 
..... "'.)<1. 

1 H ~"'MR ~(':' :'~.:s.) 7.'.:..17 {lB , 'i . ] 8 , '"*1 :·I7..~· -· ~. 7 . r.:~ ~ :. E ~ S . ~- . 

'0 , , , ':, "':"',." I ', ~ - ~ ~ ,,:·r 1 C-~ '3 .5:? ::=·~-L?v: . ~ ~-<2 . . ~~. '5. JC: (?!-l .. S.O-Clk-O) , 

s . :.:? ( ::1:. . 2' . ~-:- f ~ , ~' , 3: ( ?H, S " 3 - 0M.s) 

EII'-'1S r.'./z ~-.:: ~i .: :: t ) :95 [ ~ ~ ·(lOO). 295(6~.~). 281f9.7) 

13C NMR (Sl:? '7 ":r?xt) 

CI)i:nEG!_:nc - ·p. (Ca:,J.£Qqi)niu:p~st:l f 1 Civ,:-rne-·B} (49) 

R.f 0.84 (solve:l t SY3tem 1) 

ptY.lnd [)J! } .... 34 8 . 11. 03: 1-:'2:1 H1 ~05 reqL~. ir'?3: 348.098 

:I H t~ (CDC:::=-) ~:'H~".? t..-:·x:: 

El~~~ -:;A./= t2 · ·:: ~ . i:--.:. ; 348 fM} +( 98.7), 33(10(}) . "L87(i±S.J) . 

C:.:-;-r:-·r:u:-:c.-C (:.soj c.lT..5ic:ir:) (50) 

R.f 0.77 (SO iV~;l~ ~Y3t~m!) 

F·:: :Alfj':1 fMJ -+ :378. 1.:4: C2zH1S06 r8C1u i r~s: 378 . 1. ~. J ') 

1H NMR S€' .:"" "· e:~:t:. 

:2I~S ;;j:.: ::.~ ·=-l .i:~ t .\ 37B fKj - (6f5: . 363(:r.~; ,;';'3"25: .2~>5(35) . 

187 (35) _ 
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Comp Ollr;.d- -~) (.] ':,!"{,~·3.~C ~ ri) (5'",- i 

R.f 0. 70 (s0 1~ent s ystem 1) 

Colourle3s n;~8dl !s ,3: rr,:.'n YieO~ ~r.?~l89 ·'·:92c.C) ( lit f72J :!..93-19 4°C) 

Found fMl + 378.112; G22Hss06 !'equi r-'3s : 378 . 11C:3 

UVMe OH :1rr: 225. 26 : . .308 
..... nl .... >< 

I R"'B~ cm- 1 1640 , 160C. l52!) . 152.~.~500 . ~43C.:4S8.::"38:J,:;?:: 
..... "' .. n 

ElMS n:/z {_~t:-l . in: .) ?78:X; .... {lCC) . . Jt:3(['2~,J47 ·::;4). :87"~7 . fJ) 

C.C·:rJF<·,·_~.:.')d."·2 ~ ?erI';'G-c :.e~. (.42) 

R.E C) . 59 (,.:;:\:..~.V (~:--· ·": .3 ~.'?. -: I ::'~:: _: 

C':' >:":';':<E'5S !1·::ec..~q·s :1' -::'::1 !V:eOE MP { :6 ·~-:6 6c>C) 

:-"'CUl":d ~Mj"" 408.1220: (:z~.I·I2o~ r-equi!'"'es: 48g .12'J9 . 

UVM~OH nm 22 9 . 26C.,? ~~ C r=:':"i . '32 8 3D 
...... ""'e ~ 

I RO<"~ em-I: 1640 .1 6'i0 . :59 0 .15:'0 . ~";7 .5 . ::.:"}.;o .1 ';'Q5 .l 'J'.? D. 1375 
"m . ... 

:360.1320 . ~ 28 0 .124a . 12 ')5.1168.~ : :Q . i~4J. 

:lB. 1 3C NMR Sf?e CE:<·.::' 

E:~S rn/ z fl" E~ .'int.) 4C8r~i]""(100) .393(98 ) .377 { ~3 J; . 3i5 .1~::6) 

2CG ( S7~ . 187(13.6) . 

Co(rlPvLi. ~".d..:-F (':;-~~C~~ L (I;( i lt):~ .. : £-l ( :::'~;~i:..t;: .~ (47) 

a.f 8 .68 (sclve~t system 1) 

Orange n,=~d:-2s ~l 'ZfL }l~~J~ MP{ :SS--l92o C) 
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Found ~~J- 32~.12:(): C.:zoH1e04 ~ · eq'J.il- es: 3:2.12')3 . 

INMtaoOH ~':...-n. 226.272.305 811. 36 8 
· ..... maM 

UVMUOW+N_OM_ nm 226 sh. 270.432 
~m_M 

I RKBr cm-': 3250.1640.1520. l.S<)C . :"520. 149C .• 2.380. :330 
vm_M 

1H. 13C NMR (C'hl::zCO) 14.07(lH.5.2'-OH) .8.06(lH.d .,;='} HZ. 

6'-H).7.86(lH.d.J=15 . 4 HZ.-E, 

7 . 77( ~ ~, ~ .J= :5_·~ HZ. -H) .7 .74(2H~d 

.J-8.S Hz. S-2 . 61.6.9:(2~.dJ=B.5 Hz 

!--1 .. 3 .5) .:'. t 9 f :::1. c.. ,J =: G EZ. H-4 t , ) , 

6 . 36 ( :g.d.J=8.9 HZ.H-5~), 

5.71rlH~d.J=10 HZ,H-3 1t
), 1.44(6H.S 

2"-C8,.). 

13C m~ S {~E' t:.::x :: , 

r:~s :r../z ( ~.- t":,l.ir;~ . . ) 322(M} + (53) .307(67 ~ . 187f1.0C'} . 

CO:r.P-,)'..i.:1C G (S - rrl-e:.no: ... :z d!.l !."xi. } lon,= ) (5~) 

See te:--:t 

Cc·:-npou~d-1i (4 'Hydrozyisotcnc~:.e.ca~9i ;,. ;, f~7 ) 

R.f . 0 . 62 (sGlvent system-i) 

Found [Ml+ 322.1128: C20H1&06 reqUir~3: 322 . ~2G5 

'H NMrt (CDCb) 5 7.74:1H.d.,;-8.'5 r:Z.~{ -5) .736(2':t . d.J=8.3 HZ. 

H·-2 '.6') .6.89 ( 2E.d .. ]=8 . 8 H.:. H-J' .5 ') . 
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6.62(lH.dJ-10 Hz. H--4 ' ') .6.49(lR . rl . 

J=8.S.Sz.H-61 .S . 56 {l H. d.J;:O.3 HZ.H-3 t
! . 

5 .4. 0 ( 1 P. . <,cd. J =:. 3 . : . 3 . :'.. :~Z. H -- 2) • 3 . Ol( 1 H • 

dd.J-16.S . 13.0 HZ.H-3 __ 1 .2.S0[!H .dd . 

,> 1 <5 • 8 . 3 . 2 Hz.:{-3_ .. I . 1 . 47 ( 3H . S . 2 I I -Cfh) 

. :'" ~ {3H. S. 2 ' ' ·-CIbI . 

:::IMS. ~ / z (rel.int..) 322(!-1}-(67.1)~3C7(86.6';,187[~OJ ·\ 

120 ( .36.5) . 

C' ,:,)~:~.; ,jr-.:.r.(~-! t r C' ~t~'JY:"lone) (5 3) 

R. f 8.44 (s o lve :1 ~ sys t e m 1) 

Ct:,: (y.\ :.~ ~~ss i."! E'ed l ·E' fl-cm M~OE MP(201-202o C) (:it[7312C3-204c>C) 

UV..,·OH nm 229.260 . 306.330. 34 .:i s;-, 
.... m_" 

I~Br- C:01- 1 ; 1640~150'J.158 ;'.!.:540.1390 . L? 3 0,,1:::8r'. j 2DJ .l1~. O. 
vrn_K 

104 0 

:t ~-L :t .'3 C !\1IIR S '3!€' tex·: . 
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