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1. INTRODUCTION 

Mi llettie (Legu.minosae-Pap ilionoid~~ ) is a Idrge g"nU$ 

estimated to contain about 200 spec ies in tro pical and 

subtropical Afri ca, Asia a nd Australasia [1 ]. Although the 

number of Mil let tia species is very large . t he ir 

phyt ochemical inve s ti gati on has ~een l i mit ed only t o a 

cases. Previous exam ina ti on of a r.umber of species 

tew 

ot 

Millettia have shown them to be a ri ch sOur ce o f flavon o ids 

and isoflavonoids ty p i c~l of the Te?~rosiae tribe of the 

Papj 1 ionoieea@. [ 2 1 . Th i s i s compat:i.b!e wi th t he va!~ ious 

claims that s ome tltl l le t t f a spec ies show insec t icidal and 

p i s cic idal a c tivit j es [31. 

The var i ous ~e po ~ ts on t he genus show that a n~~er of 

Miilettia s pecies are used as fjs~ poisons in many parts of 

the worid. Tne ground seeds of Millett]a pachycar ea Benth. 

common ly known as "fi sh poisoning vi nes " in China [4]. 

M. dura Dunn in Ugandd {5J. M. barteri Dunn in Gabon [61 and 

the root of Milletti ", taiwaniana Hayata in Formosa (7J have 

long been used to paralyze fish. Similar uses are ascribed 

t o o t her l eguminous plants belonging to the genera Derris. 

Lonchocarpus. Te phrosia a nd Mundulea ~3 ] . Phytochemical 

investigation on the above mentioned genera have revealed 

the presence of otenone . which is cl aimed to be respo nsible 

for their toxic ity [31 . 

M. ferruginea (Hochst ) Bale. local ly k nown as Berbera. 

is the onlY spe~ies that i s f ou~d in Ethi opia. Tnis endemic 

, 
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plant is wi dely used as f ish poi s~n in various pa rts of t h e 

Country. Two subspecies of Mi l let tia felTUginea are known t o 

occu!;'" [lj. These arl3 s ubs? , ferrugine a w~ ich is r estricted 

to northern Eth iopia and subsp, dar-ossooa (Cu!) Gillet which 

occurs i n the southern provinces. particular Iv in S idomo. 

The hybrid of t h e t wo subspecies i s believed to be 

distributed i n the central and western parts o f the 

Country, 

Previous phy t ochemical study o n the seeds of the p lant 

by Clark. (8 1 i nd icates the presence o f three rotenoids 

name i Y r o t enone. t ephrosin and dehydrodeguelin . Highet and 

Highet (9 ! have a l so isol ated two isof l avones i. e. 

fe r rugone a~d durmilione. A gas chromatogr aphic study by 

Gh j gi lione et al (61 . o f the extracts of t ne seeds showed 

the presence of steroids such as cho les t 3ne. S-s itosterol 

and s t: gmasterol. 

The main object ive of the Pl"eS ent work i s to investigat e 

otr.el" parts of this plant namely the stem-bar k, 

roots. The f act that on 1 y t wo isof lavones 

leaves and 

and three 

rotenoids were previously reported from th i s p lant coupled 

wi th the recent increasing awareness of the b i olog ica l 

sign ificance o f isoflavonoids and rotenoids prompted us to 

undertake a phytoche~ical study o f t h is plant. 

We report here the results o f our phytochemical 

investigations on the st~m bark which w~s cOllected in June 

and December of t he 1987 f rom Si damo (Aleta-Wo ndo) i n 

September of 1987 f r om Add is Abab a and February o f 1988 fr om 

~-----------------------.... 
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Gondar. Th~ samples from Sidamo are be li eved to be the 

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

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

the hybrid o f the t wo f orms. Using the variouB 

chromatog r aphic techniques . it was possi b le to isolate a 

chalcone . a flavanor.e . a pt~rocarpene along with seven 

isoflavo:1o ids. The comple t e charact e rizat i on of 

compounds by chemi cal as we l l as spectroscopic methods 

be prese:1ted . 

these 

wi 11 

, 
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2 . ISOFLAVONOJDS 

In view of the fa ct that the genus Mll!ettia is a 

good source of iso! lavonoids. the sal lent fE.J.'- ~re3 of Ule 

chemistry of lsoflavonoids will be revl ewed her~ albeit 

succinctly. 

2.1 Distributlon and Qccurrence 

lsoflavonoids are believed to be predominantly found in 

one group of plants. the subfamilY Papilionoideae of the 

Legumirlosae (lO}. Their chle f source of occurrence is in 

legwninous plants. some of Wh lCh are very much ln use as 

food materials. Moreover. leguminous plants somet i mes 

exhibit remarkable physiolv91ca l activll ies attributabl e t o 

their isoflavone contents. Gyorgy and co-workers [i l l f ound 

4' .6.7-trihYdroxy i30f lavonos to be antiox idative substances 

of fermented soyabean, 

They also occur occasionally in the Hubf ami 1 y 

Caesalpiniodeae and in a few other families namely Rosaceae. 

Morac~ae. Amaranthaceae. Iridaceae and Podocarpaceae 110}. 

2.2 Types of Isoflavonoids 

Although the isoflavonoids are biogenetlcolly related 

to the fl avonoi ds. they constitute a dist inctly separat e 

class , because they contajn a rearranged C~~ skeleton as 

shown below. 
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Fig - 1 structu ral variants 01 isollovOnoids 

lsotlo\I(Jnone PterocarPon 1sollovon 

~ 

I soflovone '£0, 11o-dehdro pt erocarPon 50-hYdroxy Pterocorapan 

}-aryl-/.- hdrox ycoumarin Rotenold 

Coumaronochromone Coumeston 12-h Ydroxyrotenoid 6o)2o-dehYdrorote noid 
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Structu~ally isof~dvon~ ide f urn ish a great v eriety o f 

natt:.l-a: prccuct.s such as the i s.J f lavones. iscflavanones . 

coumestans . c oumaronoc-:-.romen~3 . iso f l avans. 3-aryl-4-

hydr9xy- coumari i,S, p:erocarpons. r o teno:!.ds 6.:1d the ir hydroxy 

a nd dehydro variants (12 1 . 

2.3 BiosYnthesis of IS9fl avonoi~s 

! soflavonoiGs diffe~ f row the flavonoids in having a 

l'~arTa:iged 1. 2-dip:-teny ! eke 1 elon as opposec. t o a 1 .3-

dipheny:propa :te skele~c'r, o f t~~ l a tter (13]. Like the 

f iavoo(': c.s. the vari o us types ~~ fS uf ~avono::c.s are 

deterr:t:iol3d by cha:'lg(?s in ':.he o :-:tde.t':on 3<:ata o f the 

!"letercc'c lie f;,.lrther oxidatjon. reduction and 

alkyia':.:'on of t 1-.e basic ske!et:on rflay dl s o occur to prod ... ce 

ad c! i ti ("'na l sr!~uctural fe 6tLAreS (14]. 

The bi osYnth;:>tlc pat hways whi ch le",d tr; the for-mation 

of i sof i avonl)icis may be divided ~nto three parts. 

a) t hose early pathwdYS shared with other seco nda ry 

metabolite s . 

The essent ial CI~ molecular framework of both 

flavonoids and isof lavonoids results from the convergence of 

t he acetate / mal onate and 5hi~ire ic acid pa t hways. The 

precursor f o]- the ac e tate I !:lalor-.ate pat.nways :s acetyl Co-A 

whi l e 4-CQu:n.dl'Oyl Co- A ( ~) de r ivoJd :ror.1 pl"'.:ory: I!:.lanlneo (.1"> 

as shown i n Scneme-: serves as the pro;'cm-so!- of the 

s h ikimate ~oute. 

b) those steps co~~on to flavonoic ar.d isofiavonoie 
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r ct. 

e eng at::. on u! U.f: ,.: 1 f hd £' at- cr.."in 01 4-cou: .• drate by six 

corbon atOJilS v,tn 'h trlen l,;""fclizC'3 to 9 ve the ~romatic rJng A. 

Scheme - 1 FOlrr.atJon of 4-CouInoroyl Co-A 

I 0 -'> :-.' ;-..... ~ 

,,~ 
l~L H 

-0 = • 

0_ I 
Co AS 

1 2 1 
, 

C) ~_h05e rf'Oc· t.>1l[. UI "ique t.o the lSO! lavonoid~ . 

• Feedlns exper-lr..e", 5 n,' GrlseboC"h ",nd collaborators ( 15.161 

demonstrated t.ho"- the .sofldvone skelet<>n results from t he 

flavonOld precurs 1'5 by 0; 1.2 tHY} migrat lon of the B-ring . 

Tni.s shift is believed to take place after t.he forma t ion o f 

the C-15 c'halcc,Ine (~) Intermedlate ThlS was establis'hed b y 

feeding expe riments t hat showed the chalcone rather than the 

isomerlC f 1 a'lonon~ (~.> acted as the substrate for a r y l 

migration [17.18]. Thus the proposal that cha lcones are t he 

more immedi~te precursors of isoflavones enjoys ge ne r al 

acceptance . Indeed. it is probable that only two chalcones 

4. 2. 41 - tr'hydroxych~lcone ( isollquiritigenin ) and 



Scheme-2 8osynthes;s of cr.olcones 
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Scheme-3 ProJl)sed pot"woy for 1,2-01)ll m 19'0 on 
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Scheme-h Pcssib l e Biogenet i c Kelationship Of I sofla vonoi ds 
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4 . 2 ! .4 ' . 61 - t: e tr a:lYdroxY c'1~:co:le nor:n.!ll l y a ct as 

substrat es for aryl ~:g~ation ( 19 ]. 

'\S shown in Sr:hfJ!:'II!-J. the P!e3 -:or.C-'J' o~ 11 e3r", h yc!rcyy l 

s;rc".lp 0 :1 r: ng B o! the ena ~ cone prec u!"scr i s essent j a 1 f or 

It'. the e,!;.sence of a' 

!sof : avones r.1ay !Joe !L;.rthel~ (.:<:d:lzed 1!'1thel" at C- 2 le ading 

t o 3-a r v :-1-:-,Ydr:):wcol.<r':'lrins !)r 1": C .,,2 ' leadi ng tv 2'-

r. ydroxyi s o! l avones 7h~ plese nce of 21-oy'ygenati~n fUletion 

1n tr.e ~a~~rity o f :sc.flavanonee. 

i soflavd:1s . a nd co~plex isofiavans and imp i icit In the r ing 

syst€~ of pteroC6rp ans . coumestans. and rote no ids . The 

bi ogene t ic ;;el d tioil ~(1.1 p OJi'<:n,.; thO? :sot"ld.v 'jn-:;ids is a ho w:1 i n 

Scheme - 4. 

to rece r t di scover ies of sev~ral .' ~ . 
E;.1 I. ... a.: ... l ve subs ':. anc~s 

6n tiox i d atlve 

r '"\' 1 , .:. ~ , a •. c c.ntispasmod l <; ac tivity 

rw:und~!;ea s~!"' : (.' ea WftS ~ :sv repor~ed to possess :-"ypotensive 

~ c t i v ity [23', 

~ 30f:avono.c.s s :-"'ow a wcoa.'..: v~s :l"'Qg~n i c a.ctivity 4:1C, 

rrcosenc:e i;-, fO!' dge :""gt.:.."il<;s s'..;ct: as Clover (T!" lf ol ium 

' .,:. ' .9 :: he cause o f 



r -12-

in f ~rtility som<9~:'m~'3 ) cc'.lrring l' <!!. nin~ls grazing 0n thes~ 

cleve-T 112.24 1 . C'our.le~t~·" 1 and ('t~er CClunes tans dre a 1 so 

oestrogenic dgents ~ound eSPG:ia!~y i n ~love~ and alfalfa 

[ 14] . 

Rote no id bea!~ i~ ',; p~ant'S of t he t"Eltated g-e:i.ora Df?!t"ris, 

used by people of As~a. Af ric1. and S,;uth Am~ric~ as fish 

The :in.secticjdai and Plscjcida! property o f 

rotenone and n?~a: ed c ompou:1ds have also :::'een know:1 f or a 

10:15: t:~e. T.,e ::najo;·r ef fect o~ rC"tenOl..1s on :n:::ects as well 

f~ ~a!: y r~su:ts i~ de~tt (121 . 

son:etirr;es Pl-oG.t.lCec. 0.$ plw" oa: e>~ins und~r ~ttock by v:ra l or 

fung~ l age~:s by rlan:s. Th,;. :irst k'",.')wn phytoalexin 

(Pisl.!.!!!. sat:iVllml ar.d 

In addition 

t o H, ' ... e f: r st K:1I. ... wn p:;ytoa: exi r.5. 6d -t.ydroxyp~aseo 11 in, 

medica!":;-ii1 ~nd !T.aack iain ar~ o.i.S I:) K"C' Wn in 

alfa!fa ~:1i !~ed c: c·ver r~spect~ve!y f13? " The 

entifu~gdi activ:ty of t~e p~eny lated isof!avone. :eutone. 

fOL.nd in :~~": ur~ ~ruHs Q~~. ai.:'us :-:'as been recently 

demor.st:-a:ec. an.:! iT.O"'- s e !'"ve to highli.:;!"lt a:1 important !"'"oie 

f o:~ lsof!evor.oic!s ::1 .,!a.-.t t:·!"o tection [ 13;. 
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i50flavono ids ~a ..... e C'en~erec :arge : y on ::h~ .3f'?li r: a t i r.r:. o f 

spec :' !~Qscopic Ir.et;,oc.s . 'j1-,e mai n s t e ps ge :1e ~al! y f ol l owed in 

str ucture eluc i da ti on of an isof l avono id are: re c ogn i tion of 

t h e c l ass to whi c~ t he compound bel ongs and determinat ion of 

the nd t u~e and ori e n ta t ion 0: subst:tuent gro~ps in t;,~ 

T~ese s t eps a~e wel l served by t he 

app l i c a tior. o f UV, :R. [\~ !!.:v! ~S te ch:-. :ques . 

2 . 5.1 Vy A ~sO!~ F t i on SFE' c :rc'BC' 0 EY 

UV absorpt ion spectrosco PY i s a IJs~ f u : 

t,,=,c:'!1i C! ~e s us ed ': n t !1e s t n :.c tura: e bc j dl!tt: o~ of natura ! 

pr oduc ts. :'"le ;;V s?ec ": ~ lt o ~ n~turdl ' v occurr i ng . F l" 1'30 •• e,Vo nOl G.S 

o:> x:-.i b : t t wo [25 . 26 ~ . T."les e ~bsorp tj on 

peaX s ar e uS~l\ I !y !""ef ~!T~d to ~s :and ! (30 0- 55 0 run) and 

::Jar.d II ( 240- 285 rll::!) . 

Tab l e - ! 

r-;-~~; l-.vonOid~- ---T 
I I s o f l a vones 

uv Abso ~' p t i on of I sof 1 o.vono ~ ds LiD 1 

Band I ( run) ----~ -d IT ( nm~1 

I ... 2~5-275 
300-340 (sh ) 

, I I sof l avanones 

I 
! s o E 1 a V<l ::S 

fit '? l-OCd!"pans 
I 
I Coumes~ans 

I 
j . R:t e.nO j ~~. 

- 310 

'34 C-350 i n te-,sc 

300-31 0 l es s litense 

I - 27 0 

! - 281 and 287 

.. 

'" 3 15 ( s hl 280-300 j 

- -------
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A.t thoug;-I cou:nestans d.j have absl)rp t '!.on pe dk.s in the 

a!:-ove me:1tioned \IV range (Table thei!'" mos t 

charac teris:i cs ?rop~rty is ar. ince nse b lue t o vi o let 

floure sce :1ce under UV l ig~t. 

Tne char acteri stic fea tu r e of an i s oflavo ne is a strong 

absorption a t band II and rather weak absorption at band I . 

The lattel~ !)a nd o : ten I):3 CI1PI?S ::- 8so 1utio n a nd ap pears as a 

shoulder. VariatlO:1 w:thin thes~ range S will ce pend on the 

hydroxy lat ion patte~r. . degree a nd typ~ of s~b~~ i t~tion o f 

the r.yd:-oxy 1 s. ! ncreased :,yc.!~ox·/: a": :. -:..:1 c f i S,? ~ ! aVO;"le s in t he 

B- ring c oes ,v,t usu&lly ~ave a sig:1:'fica:lt ef:ect i :-. the 

a~sorpt:'on o~ ba:1c !l i n : 5,7-d j:wdl"Oxyisof!avone (25 9 nm): 

5.7,4 · -tri ~ydroxyiso f lavo:1e ( 261. and 5 .7.3 ' . 41-

t.etrahydroxyi s of :av'JnE' ( 262 nm). however bond ;1 is st.ifted 

bathoc~romic~ ~ : y by increased oxygen~tio~ i n the ~-ri ng as 

s~own ir. Table 11 [25 ]_ 

Table-II Bond II i n ~~7 UV S~ ec tra of Iso~lavone5 Dif f er i ng 

in the i r "II. l~ ing Oxication Pattern 

---- --------- --
OXld;h lon p"t ,- .;r~ Band I I 

---] ---- :-:-- --,-------- -1------ ---
\---- ---------- ------ - - - - ---- --- ----- ---

! A-ring B-r i n g ( run) 

I sof 1 avor.e 

Dai dze:n 

Genistei n 

\ 
I 

I 
\ 

7 

5.7 

5_6.7 
___ .1 ____ _ 

4' 

4 ' 

4 ' 
\ --------

24 0 

26 1 

270 



/ 

I 
I 

-lS-

Me thyla:ion Q~ ~i':her 7- or 4 ' -hydroxy : group In 

i sof lav~nes has l ittl~ eff~ct. while substitutlon or l oss 

of a 5-hvdroxy! grt)up Coluses band Sh lf ts to shorter 

weve~ ength . 

patter-n of 

Additional l nformat j on on th~ subst i tution 

t he hydroxyl g~oup can he maGe using shift 

reagents whe;;ever necessary. 

2.5.2 I H NXR Sc- ;: ctn,?sr.vP¥ ;251 

:t-.TMR spect?"oscOpy co.:! be c ons:ic.err:-d as t:;',~ m('st powerful 

spect r os c o?i c .:. p. chniqUds fo r t!-~ S~J'lJ.c t ura t ~l ... ; : da.tjo"1. ") f 

natura: products. C~e~ical Shltt~ as we~: as spl: t ti:1 9 

pat tS!'"ns ar:.c. coup 1 irs cor:.star.t va 1 ues ~rov ide v a Iua!) ~e 

l r.f ol~ati on aDo~t t~~ zu~stit~ti o~ of an lS0f ~ avono id . 

r n 5 . 7-o;..:y;~r:a':e'::' :.so[o lavo;:e:3. the- '?r '.)to .. s located at C 

- 6 Br.C. C- 6 of r:ng- A '.lsJ.elly 9:VP.R l~ ise 'to t W? QOL.bl'3 ts due 

to meta cOl.:pl i n:; (':-2,5 P.z). " '3 a l'~SU 1 t of the ortho 

shie ld:ng ef f ect of the two oxygenated substituent the 

signal for H- IS is usuol ly observed at higher f ield (6.0 - 6.2 

~pm) t han t ~e H-8 (6 .3-6. S ppm) . 

If an j s ofl avc.ne is oxyge nated at the 7- positio~. of 

the A-r::19 . ~:'1e C-5 p~-otcn app..,ar as a Gou::;,l et ol.:.e to 

orth.) couo:: I. :r:.:; ( J ,. 9 Hz ) wit':'! t!"le C-6 prO;:O:1 "nc. occurs at. 

i.ower fie:c ( 8 p pr.-,) tr.a:; ~ost dT Ij:nett.ic Pl~O:'O!'!S ~!·e cbserved. 

this is due to t~e orth9 deshiel~ i ~g ef:e~: ~ f t~e ( -4 keto 

Q!"'Ol<p. :~ a ~ u:~y subst:t~tec A-r:ng ey' CeF~ aL C- 5, where 

the 6 - posi : :,o:1 i s .:'!xyge:1,,-ted ~he (··5 ::-~ot on a p t'~ars as ~ 

':: th::'s case. the o r-tho 
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desh i e lding effec~ ~s r.llnim ized te, ce tai n exte :1 t by the 

ortho s:-:iel d i:19 e ff eC't of the C-6 oXygenated substl tuent. 

The prQtons o f ring-B usually ap pear In the rang~ 6.7 

-7.0 ppm . ~ich is down f ield from th~ region where the A-

ring aromatic protO:t3 abs o rb. The signal r;lat::'ern f or the B-

rir.9' is c:-ta r acteris ':. ic £O!~ tho:. substit ";,Jt:!on po!'.tt ern o f the 

r ing. I f thF.) B-ri n g is o:<yg en,"':ec. at C- 4 ' I a 4H re90n~nce o f 

t wo do~blets (2 - 9 .5 P.z ) is ob£erved. ~e C-3' and C-5 1 

;''l~otor,s w,il! ~e s;'je lc.ec. by the C-4 ' oxyge natec. substituent 

as I! resu~t t;,e Si9!1d] e.ppee..rs uP! le~c :n t he ranse 16 .65-

7 .1 ppm) ~rom th~ C-2 ' anc. C-6 ' protons (7. 2-7. 5 ~?m) 

For a C-3; . 4' oxyger-"'ltec. B - ~l nq the NMR s?-?c : ra w: !: be 

more cc~p;~x t~an t!1e C- 4 ' oxyge~atec 130:1avones. 

a case mu l tiplet ~t ABX pette rn j n the ~e~ion (6.7-7 .1 ~pm) 

is obse rvJ'!'d. 

A singlet t ~at appears at ca. 7.8 PP I:1. re;? r es(! nting the 

C-2 p: oto~ of rJn~ C 13 a char~cterjstjc fea t ure of a n 

isoflavone. 7te presence o f me thoxy l a~e methy l enediox~ 

gr01.4FS i s rea':') Iy l~ecognized by the appear ance o f st r o ng 

sisna:s a t 3.5-4 .1 ?PJl .,..,d a:: a.bOlJt 6.0 P?m re:spectiveiy. 

2.5.3 1~C b~R Spectros co?Y 

I 
study cf : s ofl~vo~es as :it h;as b-eer. f r;.:~ ~he < • 

~l~vones. The 

c arbony! slgn,,- :s.:o f ~ ... \nh flavone':3 anc :so~:avc,;:es resonate 

jn the reg::'cf!. ':"7~ . !3-178 . 6 :;Pii:. b l_t C-2 and C- 3 are 

suff icien~!y ~if f~rent in :he t wo 5e ~ i ~s t o Permit an 

I 
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immediate distlnct i o~ [271. In ~~e fl ~vones th~ C-2 signal 

appear as a sing~et (in the off resonance decoup led 

spe c tram) at 160.5-163.2 ppm and that of C-3 as a du:Jb let a t 

104.7-1~1.8 ppm. where as iii jsC ~ldVOilf' S th-ey occur as a 

doublet at 149 .8-t55 . ~ and that of C-3 a z 0 sl~qlet ~t 

122.3-125.9 ppm. 

A carbonyl res.)r.!\:1-~ f) ~ 18::. .I. 1 PP"!'. c :early ind icates 

'the ;:,)"esence of a hy.:!roxy! f:'l -:-.ie"y !'It C-5. Th~ c09shieldi nq o f 

a.ris,=" fraIT. intl"a:nolecu:(1.r hydrCos-en bond:ir.g b'9:.ween C- 5 

hydrc.xy 1 d.~d t h-3 (:-4 Cd r bony • : 20,23' . 

A 4'-sab5titut~d lsof:avo:1es OH . OC~) is we 11 

c~(u-ac~er ~zed by sig::a: sAque:1Ce's 123 -+ 2 ppm . 130 -+ 1 ppm 

(strong), 114 i 1 ~?m (s t r ong) dnd 152 ~ 2 pp~ 

C;'em iC"~·. S'!1if t of C 5 P.yc.roxxlated and C- 4' 

~\'!bs t it vt~C! . ...l.§ . .o: 1 avor.es . 

------T----
__ C-Sh i f~S _ ( PP::II _ I ---1 
__ ~n 11-'- j~' ~~J::'~5' ~ ':' _ JRet 
:8.1 . J~ 122. 9':' ~ 130.97, 115. 821158 .20 20 

I I 

I sot 1 avone 

4 r .5. 7-~r i lwc.n)x·{-

: I I 
I , 1 

180.52 122.91 '1' :3Q.1311~3 . 7~ :59.41 

I ! 

j . 

. ., l s o ... aVO:1e 
(Genis:ei:-I) 

20 5- hycroxy_ .:;r 

7-dirnet:-:oxy 

iaof la·.;or.e 

I 
! . , 

180.4~ 121.5°1110.301 ~15.20;151.5 0 
__ _ I _ _~_-'-__ .L---' 

29 Wi ght ".:!o r,e - --



An off-resonance qUdrtet at 55 .1 + 0.1 ppm is v~ry 

like I y due t o 6 4 I -met!Loxy group wh il e a ~ 1 "the!" methoxy 

groups of isoflavones resonates ne~r 56 pp:n. In C ~ 6e o f 6.7-

dimethoxy derivatB's tW() c :OS(~ :y sPd.c~d Lnet :,.oxy signa ls dt 

55.9 (C- 6- 0CH3) a nd 56 .2 ppm (C-'l-OC~) will be o bserved 

mos t likely 120} . In 1! pojYo;.;Ysenatoed isot :avones. a 

r esonanc e obs~ rvec a ': 59-64 PI?;';". w il~ mO'3"t likely b~ ·:iue to 

di-O-substit.utec. mE-t~..,y'y groups (lO~. 



'lable - I V !dethox~' carbon bbifts of i~oflavoD.es a.n" flavoncs 
----

T 
I 5 6 7 6 2' 3 ' 4 ' ~ ,Ir.et I 
t ---1-1 

1 4' ,G -d~.thoxy 1sotlavone £'('.31 55.09 .0 I 
2 4. ',7- " " 5 5 .08 55.09 ~o 

3 6,7 " " 55.8~ a6.28 ~O 

4 7, 8 " " 56.43 60 . 98 .0 

5 4 ' ,7,8 -tri~tboxy lsof lavone 56.37 60 . 95 55 . 06 20 

6 3' ,4' ,5 ' - " " 56 . 00 GO.13 56.00 20 

7 5,7-dlhydroxy-6,2 ' ,4' ,5 ' - 60.1 55. 1 50.2 ,8 

tet ramethoxy lsotlavone 
29 I • ~ c 

8 I 4' , S- dihydroxy-3' ,6,7- 60.u 56 . 3 56.0 • 

tr1methoxy flavone 

9 3 '11 ' ,5,6, 7-pentamethoxy 162. 1 61.5 56 . 3 56 .1 56.1 29 

flavone 

10 3' ,~ I-d1hydroxy-3" ,7,8- 56.5 61.0 60 .2 .9 

t.r1metboxy flavone 
--

\ 
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ElM" d13tir.gulshe!:S eaSl Y ~s .... f o' nes bearing 2,'-

nydroy-yl or 2 ' -methoxyl ~~v~tll . '..3 ! 

a) Isoflavones wlthout a 2'-~ub9t l tu~nt glve a 

relat ivel y abundant M- along wlth (t-l-Hl-, 

Fu! thel-more fragment der)ved by RDA.. cleavage are usually 

present and these g re a t ly Iud In the Idel\tiflcDt lon of the 

subst Itut ion pattern (31) 

+ 

'" -fl > cq 3.(1cilo .... 

Z 

AJ. f>l 

bl Isoflavones with 2' -hydro .Y 1 .nd 2'-methoxyl 

substltUf'nt give some of the above m~ntloned l ons i n 

dddltion to certaln fragnents that are unique f or the 2'-

substltution pattern. In RDJ\ process a t.ydro9'en transfer 

from the 2'-me thoxyl mOIety .... 0 the A-rlrcg f ragment occurs. 

The 2 ' -methoxy] 9roup can olsv bu elimineted to give a n (M-

311- Ion as shown below {32, 

) 

mil. (M- .31) ~ 
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3. SECOND ARY MSTAEOLITloS OF M,LLETTI A 

Phy tcch emicai investlgation of a number o f Milletti ~ 

spe ci es have shown them to be d rich source of flavono ics 

a nd isof lavonoids t yp ical of the Tephl-osi eae t ribe of 

P apj 1 i onoidea (21. (n add it io, to the flavol1 o ids . the 

pre~e:1c e Qf st~roids have 41so !:>t'('il reported from some 

spec ies of the ge~us. 

Flavono id::! sucl) ·~s flavo"~3. f :avo!':(,lls, !:avdnQf'~. 

diryd r')f ~ a v eno ~ s. chalcones anc. d i ::Yc! l~vcha 1 ("ones and 

i s oflavo:1.oids s:.1ch ~s iso::avor..=,s !,",;::~~oic.s , ?r:erocarp,):1S, 

3-ary 1·-4- hydl-oxycou:nar i ~S , i so: : evans d'1d j so t 1 avanq:; i none 

are k n0Wn te, occt:r j:l thlS genus. 

£~cc~c~ry metabo::tes ~o f~r kr.owr. fr om the Milietti a 

species l isted ~e!ow are s~~ari zed in Tab:e 5-12 a~cord inq 

to t heir structural types. 

1 . Ma :-I . auricula~a Ba]<. ex Br-and 

2. Mdi M. dielsiana Harms 

3. Mdu M. dura D;;:-'H 

4 . ~f M . fe:!""ru.sinea (Hochst) Balc 

5. Mh M. r .e;ns 19(0:-.6-

6 Mn tt. :1~t: ':'11 Benth 

7. Mo Yt. ovaLif0::0 A . n: 

8. Mp a M. C'oc:"1xcarpa B~!'lt~ 

9. Mpe M. eencu.:a Be:'.:h 

1.0. Kp\..: ~. pu:'cn!"ti. Be:1t!1 

1l. M:-a :-I . raCp.T.Q5 ,~ BA:1::h 



-
I" l"r< ~ t L-r; ... <5! F~rtt-

. , 1(", ~ ru I 'lit lind Arn ) 
Ut·~ 

• t~s M- S" h lme'lO) 1 ,!,~ub 

~ J,~t " M.~jwanJaoo Hayeta 

16 t-'.t h 11· thQnn lng U. (Schumo end 

Thonn) Bah. 

3 1 Fl~vor\s a nd F gvono l ; 

The f l a v cme3 tlnd f l a v onols f rom th i S g enuS show t h e 

abs€nce of a 5 twd ">XY\ I1roup , Ta b le-51 . F u rano! lavo nes . 

p"!l!?apln wtoJctl Gl:'ell t., bf" restrI c ted t o the ge ne ra po ng am!.A 

133 "'4 . ~r ) and I., I e III '1 B to Tt f.,hr Clfl i a {36 1 are a lso 

r epor ted l~ oc 'r n th i 9 qenus as we 11 . More over . 

pong e.g 1 ~bror)f1 (~) 
lanceolatin B 1§.1 fr om M. ova l 1!ol io. 

[32\ one \' ,.1' fl'Ieth II Jul .,'1 7-j .• e l "'.oXY ! lavane I ll) from t1.... 

h emslf'yana { 3 B} Cd-I"). h CV ,Bld~red as the C)'C ll Z
eo d f o rms of 

t he d emethylated 6_hydroxy;:halcones. ova litenone (ll!> . 

• p o ng amo l (:9) and m' l l ete nvne (1.Q.) r e specti vely, 

I 

MeO 

• 

Jl 
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Tab l f;t-5 Structures of Flavon"s and fle-vonots 

No Flavo ne Substitution Mo l , for MoW. SOY. Ro t. 

1 Lanceo l atin-S 7. 8-0CH-CH- C.,..Hl o /ls 262 Mo 37 
Mh 38 

2 7-0Me; 3' .4 ' -OCH~O- C ~ 7H.::cO;:l 296 Mh 38 

3 Pon;agl abr o ne 7.8-0CH-CH-,3. 4- OCa.O- C ~ .H :a oo. 306 Mo 39 

~ K~njone 6-0~e:7. 8-0CH-CH- C .. oH. :zO .. 292 M·) ,9 

5 Mi l leter..in C 6.7-(OMe) :z ;3.4-0CH20- C •• H ..... O. 326 Mo 37 

6 Po.,gaf lavvn oe 3-oMe; 7.6-OCMe:zC-CH- C::z . H • • O .. 334 Mr. 3B 

7 Cva:H o :jn 6-0CH-.zCi-CMe:z ; C2:zH~ . 0 .. 346 Me. 37 

7.8-0CH- CH-

F :avor.ols 

8 Robi .,etir. 3. 7.3 ' .4 ' . 5 ' -(OH) e C .. o H1 0 0:r 302 Ms 40 

9 i<brd:l~ in 3- 0Mo, 7 . 8-0CH-CH- Ct.H. :;rO ... 292 Mo 39 

10 ?ongdP jn 3-0Mo; 3 ' . 4 ' -0CH~O-: C •• H. :zO. 336 1'10 41 

7 . 8-0CH- CH-

I 



I 
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[. } n l! 

fal j.r ........ n t" O( CUl irl the ~ n f 1,e 

cc.~, n Tlu'. ovolltenin· ].. 

C!,..lTS n r ovaljfoll0 seods al r9 ~lt~ tl'er flav nOlds 

r,o' in9 U.~ sarno<: ), -Ylng subsUtutl n. 

ovalltE:'r .. -C. Qval:itenone OIIJ pooa • • 

na!Tle 1 y OVtlll ten) n-B. 

Ovallch o lcone (21) and OV~dlCl lr:c,ne-A 1. lat ... d 

fron' ¥, o'"alifo l io [4 2. 43 ] can bE' con ldered 0.0 bbvlnlJ a 

where C 1 E r,y ~t H nand 0-

Ir,f;tyluf. j n tlae to.1<(:n place 
, f;D ) C( u Id 

~ ~ljr 

11 a [.;.~ 1 

Me 
Zl 
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Di hydrocha 1 C01:eS havlng 6-hydrvxyl fun tlon have bee I 

reported from this genus Ovalltenin-B (l4) occuring in ~~ 

oval1 f olia (45) set'"'£; to arlse from pogalilo (ll) as 0. result 

of reduct jon of the 6 }relo- functlon followed by 0-

methylatJon. Dlhydromilletenone methyl ~ther (~) and the 

dihydroisomilletenone ether (~) are also report ed to occur 

a l ong w:i th the 6-hydroxYcha I cone nl1 J lctenone (l,Q) 

hemsleya na 13B)_ 

Mea 

26 
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T~ble-6 S cructur es of Ch~lcones and dihydrochalcones 

No C;-=a 1 cone 

11 Ov alite n in-A 

12 Ov alitenin-C 

13 

2-0Me,3.4-0CH20- , 
3' . 4' - CH- CHO-

2 ' -OH;4-0Me; 
3.4-CH-CHCMe-aO-

Mo l .f or M.W. SQU. Ref . 

C:u 1-600.. 336 Mpo 47 

14 P-:.r.gachaico:1e-! 2-0H; 6 ' -OMs; C::u lhoO.04 336 Mo 44 
3 ' .4 1-CH~ C~CMe20-

:5 Cv~ ~ich a: Cvne 2 ' -OH;4 ' .5 1-IOMe) ,; C~2H240~ 352 K~ 42 
3 ' -CP.:;zCH-CMe:::l: 

:6 Ova ~ ic~alco~e-A 2-0H;4' , 6' -( O~e)2; Cz3Hz . O. 396 Mv ~3 
3.4-0CH:zO-; 

3' - CH.:z:CH-CMez 

Dihycroc:halcone 

17 p • 2'-OMe;6-CO- ; C .. . Hs. O ... 294 14,;, 41 • ongamo_ 
3 ' .4 I -CH-CHO- Mo 37 

18 M::i 11eteno :19 2 ' .4'-(OMel z;S -CO- ; CSQ HI."'O. 328 Mh 38 
3 I • 4 1 -OCHozO 

19 Ova : i tenone 2 ' -OM., B-CO-, CS~ H l"' O. 388 1010 45 
3.4-OC~0-, 

3 ' . 4 '-CH-CHO-

20 ' Ova! i tenir.-B 2 ' .8- (OtJ:e)::z; C l . HI.~ 310 Mo 45 
3' .4 I -CH-CHO-

21 0: ~Y.il- 0;'!!:i 1 j eno- 2' .4'. g-IOMe) C .'VH~oO .. 344 Mh 38 
~e m':"':..~"1y~ethe:~ 3.4-0C<I,.O-

2c Di hyc.ro i soml:'l- :! . ~. e- (OMe };:s : C . q~oO .. 344 Ml'. 18 
~t'3none ;nethyl 
et~er. 3 1 .41 -OCP..:zO-



-

- 27 -

3.3 F lavo.nl..' nes 0.::.::. : ihydryf lavonols 

J.. c or.:;p! -e x ser ~es o f C-a lky: atec! f 1 avanones 

a) lacking B-ri ng substitution 

b} ~ ossessj ng t he 3 1 .4 1 - methy lened ioxy f unction occuring 

l:.long w:lr. the djmethYlchl~Omeno flav anones 1n the seed s of 

M. o vc>.l i f o l io ( 39. 4 1 .44.46] . Thi s suggests that iso lonc:"o­

carp i n {29 ) a nd c ·Ja : ic:l l-,,;.:r.eno:- - B (~j are intramolecular 

e y e 1 iza t ~ or. pror!uc-.:.s ce l.:' i ved frem ov a 1 if l avanone-S 

a!lc. ov~:if!lJ.vanor.e-C {3! } l-l!'e ?e~t.:!velY. Ova l iC:11'omene ( .1Q) 

d:id ova l ic!1r" mene-';!I" (34) can f! cC'i:s:derec! as the Cy ,:- ~:.z~c 

P~-'-Jc. '..: ct s o f t~e C-6 O-!!le t hy: at~c! preCL:.rsors. 



H 



Tab le- 7 S t r uctu!"'t>s o f Flav,.no~es dna d_ hYdro ~e. ·.J .,n..,l s 

No F l av .s.nor. ~ 

23 Mt l :e t e" i :1 

24 Mi l l o:'t ~ n i n-A 

25 r s o l onchoc ­
arpi n 

26 Ova l i f l ava-
non.:-B 

27 Ova i. i Chl· Om­
e ne-B 

28 Ov~l : c~romene 

29 Cvl'i f:ava n­
one-C 

30 ~v li chromene-A 

310vllf l avan­
on~-A 

3 2 Ov 1 if 1 dv an­
o ;".e-D 

33 Sophoranone 

34 

35 

36 

37 

Su~st i t l.lt i on MQl .~ oY" raL W. SQu. Re f . 

6 -0~~ :3 ' .4 · -OC~O-

7. S-0CH- CH-

6.7·-{OMe l :z 
3 ' ,4 1 - OCH:.zO-

3 1 ,4 1 - OCH-:zO-: 
7.B-OCMe2CH- CH-

6-0I-1e ; 
7. B- OCMe2CH-CH-

7-0H; 3 ' . 4 ' -OCP~O ; 
8- CH:zCH- CMe:z 

6- 0Me ;3 ' , 4'-OCH:zO-; 
7 . B- OCMe2CH- CH-

7-0H; 
6 . 8- (CH2CH- CMe-:z) -:z 

7- 0H; 3' . 4'-OC~O- ; 
6 . 8- (CH:.zCHwCMe-:z ) -:z 

C:.zoH,.~ 306 Mo 47 

C2 o l-kO(b 308 Mo 39 

C2 • HusQ, 350 t"lo 41 

C-:z .. H:20 00 35 2 1-10 46 

7 .41 - (OH l 2 : C30~~O~ 457 Mpu 49 
8 .3 = . 5 ' - { C~CH~CMe:.z ) 3 

5.7 . 4' - (OH)"3 ; C30~30" 473 !-1pu 49 
8 , 3 ' . 5 1 - ( CH2C~-CMe :.z } 3 

3 , 4 ' - (OH):.z; C:.ze~.Q, 406 Mpa 50 
6 , 7-(CH-CHCMe :.zO) : 
8-CH2CH-CMe:.z 

3 . 5 . 4 '-(OHl3 : C:.z~ H:.z.o. 422 Mpa 51 
8-CH:.zCH- CMe :.z : 
c.7- CH-CfiCMe20 
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3 .4 l s o f l aV9:lo i d~ 

:-a !) le 8- 1 1 vari vus f Oll!'lS of 

isof l avono ic.:; f r ore rot } l lett i.." s?ec::'~s. A~C" :)g t~e :- '~ ? ort p.d. 

:sl : a\-c, r. o id~ f .!~orn the genus . t~ e is>:! f l avone s a re th~ most 

common. 

The CO-0r.curren(" ~ 0 : a r o ':. e no i d ( sumat t-o l -~-) t he 2 ' -

h Vc:.F".J Xy jsof : av c.:1es ( ai.! : ~~ c u l e.tin-36 -1 a nd i s o auriculatin (37) 

and Q. C 0 Uf.131 C'r,ochroruo::n ~ (mi : le: t i n-38-1 al o ng with o ther 

:svf l l:.vo !'",es within t he s e ec.s o f M. a uriculata is: biogeneti -

ca l l y in~e:!"'e5t:'r.g a nd i s cons i s t e nt 
... 

Wl ... n the b ioge net"!c 

5che:r.e sugges~ed b y o l lis {52. 5 3 ) t ha t 2 ' -hydroxY-

isof : avor.es are precurSOJ-S for !"'o t eno i d s and eoumari no -

• ch r omono:>s . 
The ~atural co-occu:rence o f t he 3-3ryi -4-hyc r oxycouma-

r 3!"! (ro!)\.lst:'c a c id (39 » with t h e stl-"C':. <.JJ"a lly co!"~~e s;:. ondi ng 

i sof l avone 

s e eds vi M. t ~'1onn i n g : i !54 ) by O li vel~es e- t . 09 1. Th : s co-

occur re nce i s ce l~t a :in l Y o ~ b ioge :1e t ic i:"!.r.e !~es t a rC. t~ere c.,).:": 

b <;! } i t ~_ l e c. o:; b'~ t~a t t h e ;, ~ o s y nt ;~es i s o f i so f 1 lS v ones and 3-

, 

I 



31 

y 

H 

H 

• 

---------



= 

-32-

Tab le--8 S:nlc'.: ures 0: Is"'fla'/'? r.~s 

No Isof lav one Substitut ion -.MQ l.f or M.W. Sou. R.f 

38 Aff or-Ir.·')sin 7-0H:6.4'- (OMe ) :z C.7" H ... C6 300 Mr. 55 

39 7-0H:8,4'- (OMe) z C • .,..H ..... O~ 300 Mr. 55 

·~o X i 1 d'-lrone 6.7 , 2'-(OMe~:s: C . ... H 1t~.O.,.. 356 ~cu 5 
4' ,5 ' -OCHzO-

4: Al p :: m~.'T:i 50- 5 . 4' -(C'HJ2; C:zoH. 7' 0::. 337 Mth 54 
f l avO:"l6 6. 7-C'::I-Cr.CMezO-

~2 R0busto~e 5-0H ; 3 ' .4 ' - OCH20-; C2 LH .u.~ 348 Mth 56 
6 .7-CH-CHC!10z0-

43 5.3 ' -(OH):z ; 4' -OMe; Cz,H ... O . .. 366 !~th 54 
6.7-CH-C:fCMe:zO-

44 11.1 p i nuroi sof-
l avone-4 ' -met- 5-0H, 4' -OMe: C:z s H ... ~ 351 Mt h 54 
hy!ether 6. 7-C!-!"CHCMe:zO-

45 5-0H:4'-OMe ; C::t.lhoCb 352 Mp a 57 
7.8-0CMezCH-CH-

~6 At.:.r:Ir:;:; 1 :one 5.7-(OHJz,8 - 0:.le, Cz s i-boO..,. 368 M. 58 
4' - QCH2CH-CMe:z 

47 I SOQur-:ni 11 O:le 5.7-(OHJz,6-0Me, C::;u t-r-20 o. 368 M. 59 
4' - OCH:z CH-CMe:z 

48 ~Ul-: ettone 7- 0/0\e, c::z.~ ... o ... 337 Md'.l 5 
4'-OCH.:z CH-CMe :z 

~9 :>u:""ID i l ~ or.e 6-0Me:3,4' - OCH20- ; M! 9 
Mdl.< 5 

7.e-OCMezC~-CH- C22H::u 0. 378 M~u 60 

50 Jt..lpinu.,niso- 5,4'-(OMe)2: C:z2H:;u~ 355 Mth 54 
f!avone-di!:1e t!1- 6.7-C!l-CHCMezO-
yle ther 

7 
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Table--8 conte._ 

t!o Isof!avo !"':.B Su:.,'Stitution Y!:ol. ~ !) r M.T,,'. GO)!. .~ f . . . 

51 Fe 1'Tug·:me 2' .5 ' -f OMe ) :z: C:z~H:ZOO7 408 Pt.: 9 
3' .4 ' -OCH:::.O-
7.B-OCr.!e~CH-CH-

~2 T ).,_' • c .. ~ nyrone 6.2 ' -(OMe) :z: C:Z31boO,. 40B Mru 50 

4' .5' -OCH20-
4' 5'-OGl-bO-
7. B-OO!e2CH-CH-

53 Auri-:-t:lat:':1 5.2 ' ,4 '- (OHl3: GZSH240. 420 M. 61 
8-CH~CH:IICMe:z; 
6.7-CH-CHCMe:zO-

.' !s.:JaL::·icul~t:i n 5.2' -(OHl:z; C:z~H.:z ... O. 420 M. 52 
o~ 

4' - OCHzCH-CMe,;;o ; 
6.7-CH-CHCMe20-

55 AU!- lculasin 5.3 ' .4 1 -{OHl=s: CzO'H:z .. O. 420 M. 63 

8-CH:zCH-CKe:z; 
5.7- CH-CHCMe20-

56 Isoat;.rlcu 1a- 5.3'" (OH)z; C:Z:3 H:t. .. 0. 420 M. 63 

sin 4' - OCH:zCH-CMe:z: 
6.7-CH- CHCMezO-

57 Pc.miferin 5.3 ' , 4'-(Q}!):;s: C:Z:::ilk: ... Ooe. 4 20 Mpa 57 

6-CH::r.:CH- CMe:z: 
7.B-OCM02CH-CH-

58 ~ . 8-D:. ( c.:;net- 5.7.4'-(OH)3' C:Z~ Hz. C>.s 406 Mpo 50 

~w:t.~lyl) 6.8-(CHzCH~CMe:z) :z 

gl3 n jstein 

59 :5.3 1 -Di (dimet- 5.7.4 ' - -(OH)3; C:zs H:z. O. 406 Mpa 50 

hyl3.11y l) 6 ,3 1 - (CHzCH- CMe2 ) 2 
ge:1istein 

50 6,8 1 -Di(dirnet 5 . 7,3 1 , 4 1 - (OHl .. : ~'::I tb. O. 422 M?d 55 

hla!lyl) 6.8-(CH2CH- CMe2 ) 2 
orobol 
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Table-8 contr:. 

No Isof l ",vone Sl..t~$t i tut ioo K21, , .,!" M,W, S04· R': ' 
6 1 5.7.2 ' .4 ' -{OH) ... : Ca'OH.:z ... O •. 422 Mpu 49 

6.3' - (CH2CH-CMe~)~ 

62 A;;ricu!in 5.2 ' - (OH):z;4 ' -OMe : C!f; .~!,>O ... 433 11> 5~ 

8-CH:z':H-CMe;:t 62 

53 5. 7 .4'-COH)::r. : C:z ... lk.coO .. 436 M;:a 49 
2 ' -OMe ; 
6 .3 ' - (O b CH-CMe2 ) ::a 

64 4' ·OH :3'-OMe; ~ ... l-b . O. 436 Mpa 51 
5.6-0CMe:zCH:zCH2- : 
7 . 8-0CMe2CH~CH2-

65 2 ' - OH: 4 ' -OMe; c:u. t-b. 0. 4 36 Mp. 51 
5 .6 -0CMe2CH.:zC~- : 
7 . 8- 0CMe-:zCtbCH:z-

66 5-0H ;3' , 4 ' -(OMe) :z: C:z.,.}b:zO.,. 468 Mp. 51 
8-CH:zCH:zC (OH) lJJe":lt : 
6. 7-CH:zCH:zCMe:zO-

67 5 - 0H;2 ' .4' -{OMe ) :z ; C:z.,.lb-zO., 468 Mpa 51 
8-CH:zCH:zC (OH)Me:z: 
6.7-CH7.C~CMe:zO-

I 
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Tabl e - 9 St ructur~s o f Rotenods. 

No Roteno id Substituti on Mo l . for M. W. Sou . Re f 

68 Mi l le tone 2 . 3-0Cfk O-; C2 2 H ... . 0 ... 378 Mdu 5 
8.9 - CH- CHCMe-:zO-

69 Rotenone 2.3-(OMe)2; C:z::sl-b2 0. 394 Mdu 5 
8. 9-CH2CH(MeC-CH2 iO-

70 Samat!-o 1 1.1-0H:2.3-(OMe) 2; ; C::Z3~207 41 0 M. 61 
e. 9- CH2CHCMeC-CH2; ) 0-: 

71 Kot-2-enonic- 9- 0H;2.3-(OMei 2 C:z::s Hz .. o. 396 Mp. 64 
ac i d 8 .-CHCH-CMh 

12-}iydroxyrotenoids 

72 Millettosin 12a-OH: 2. 3-0CrhO-; C:z:z l'koo,. 396 Mdu 5 
8-CH-CHCMe20-

73 :1 2a-·hy dro;.:y- 12 a-OH:2.3-(OMe) 2 ; C:z::sH.:z2o,. 410 MplI 64 

!-ot enone 8.9-CH2CH: MeC-C~ iO-

74 Tephrosin 12a-OH; Z. 3-(OMe }2; ; C2:srk:zO.,.. 410 M!!.u 5 
8 . 9-CH2 CH- CHCMe20- f'if 9 

75 .!.:!a-hydroxy- 9 . 12.-(OHi2; C:z::s lk .. 0,.. 412 Mp. 64 

!-ot- 2-enonic 2.3- (OMe) : 
ac i d 8-CfkCH-CMe2 

De~ydroroteno id 

75 behydrodeguelin 6. 12a-dehydro; C:A::S ibn 0. 392 Md u 5 

23-(OMei2; Mf 9 
8.9-CH-CHCMe20-

rr 
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T.ble-l0 Struc ure3 o f Pe rocarpa". &. 3-.rvl ~ .. dro'CY-

cowne.rins 

NQ Rote noi,{ SubstItution M?l, for M,W. SOU. R.C 

77 M:aat'ki ~1n 3-0H : 8 . 9 - OClhO- C •• H. , 284 Mpi 6' 
Y.p u 49 

78 PterocarPln 3-0Me.8.9-0CK.o- C.,..H .... O& 298 M,u 49 

79 6a-methoxy- 3 .6. -(OMeh: C ... H. a. 12 Mpu 9 
hemopteroc- 8.9-0CH~0-
arpi n 

80 6a-:neth.:lxy- 3.6 , 9- (01-:0" C . _ H. ~ 314 MPu 49 

homopteroc-
arp in 

3-aryl-4-hydroxYCO~drln 

81 Roubstl C 4-0H:' .4'-(OMol: C:.:ltl-bo 380 MO.}", '6 
acid 6.7-CH-CHCMe20-

82 Thonni ngi j A 4-0H :5. 8-(OMel • . C'2. H ... 0. 422 ~ !'. , 
3 ' .4 ' -OCH20-

83 Thonningij B 4- 0H:5. 8 . 4' -( .e) 3 ; C.:.tb.o 408 Mth '6 
6.7_~_C(XeC-CH2)o-
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C I~H ,,,, Ch 242 M.rE 

Equo l 

8, r f' t5 

C 1 aL.£:sE'Qui none 

M. j.:E: 
86 

Pendul one 

M.d 66 
87 • 

Mil ettin 
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2.5 StHOH!S 

To11~-12 SteroiGs 

88 
372 

Choleslane 

89 
C:z .H...o 400 

Campestero l 

90 
c.. .. KsoO 414 

B-Sito!lterol 

M.f 

M,dl 
M.o 

M.dl 
M.f 
M.n 
M .pe, 
M.pe 
H .ra 

6 

67 
67 

67 
6 

67 
67 
68 
60 
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r;~"o _____ Comi O'.l:I.:! ________ .Jft.,.:.J. f 

91 c: .. H. .. oO 

'''-./ 

Stigmasterol 

92 

Taraxerone 

93 

Taraxerol 

412 

424 

426 

M d, 
H.i 
M. fI 
,0\. p~ 
M. pe 
M. t'O 

!wi d: 
~ n 

M n 

• • 

, 7 
6 

67 
67 
(0 
60 

67 
67 

67 



94 

Fried~lln 

95 

Friedelinol 

j 

42" 

428 

M 0.1 

l-! n 
N r~ 

M .dj 
1-1. n 
M p. 

0, • 
e- ~ "" 

67 
07 
67 

67 
67 
67 



4 . Re sul t&and Discu3sion 

Several report s ex i st in t he lite r ature on chemical studies 

o f Mi l! ettia specie3. To date over 25 f lavonoids . 50 

isoflavono i ds. 12 cha lcones and 8 miscellaneous compounds 

have been reported from this genus al one . The genus i s well 

}r.no .. m to r- e l dDorati ng interest:ing secondary metabo 1 i tes Buch 

as the iso: lavonoi ds and r ote no ids. An a t tempt has been made 

h~ re to list al l compounds s o far isolated f rom Mi lletti a 

s pecies. To o~r knowlecqe s o far on ly 16 Millettja spec ies 

have been subjected to phytoc~emica l study. The compounds 

so f a r i solat~d are gi ven i n Table s 5-12 i ndi cat i ng t he 

source. s pecie s and lhe corresponc ing re f erenc e . 

The seed s of M ~lJiJIJIJeut;.!" t;"llc" aL_.!:f!locrr:Ir:1u!jgLiU°1!';tOa bee" 

i nvestigated by Cl ark in 1943 [8 ! and Highet and Highet in 

1967 [ 9 1 and resu l t i ng in th~ i sol ation a nd charac t ~r izat i on 

o f r et@ ;1one (11) . tephrosin (42 ). dehydroc.egueli n ( !i1) . 

durmillo~e ( 44) and ferrugone( 45) 

During t he cours~ of our c~emica l study on the 

steam-bar k o f t h is pl ant except f or ferrugone (~) eve:"l 

tl:"aces of other compounds proesent in t he seed cou ld no t be 

de t ected . Tne stem-bar k conta ins at least te g oupounds o f 

wh ich nine have beer. t ull Y characterizec and considerable 

data has been generated on the reoaining one compou~d. The 

compouncs were named as compound A.B . . ... I.J . 
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44. tyCJl.ttj RJRJ't·~H 
45. 'Y!%'OM. j ~'Rz'R:!'H 
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51, f)'OM.j~~'\'fls'H 

52. RfR!>'OM.j RfRfR(H 
pl. R{Rj OM.j ~'1'1:Rs'H 
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The compounds charac terized are: 

c ompou nd- A (48) flemichapparin-B 

compound-B 112.) calopogonium isoflavonone-B 

COi!:.po\,;.nd- C (5 0) lsojamaic in 

cOIDPound- D Ill) j amaie in 

compo;.;.nd-E ( 45) f e l~rugone 

cOffiPound-F' ( 45) 4_hydroxy lonchocdr pin 

compo;,;.nc-G '53 ) 5_m~thoy'ydurimillone 

compound- :-i (47) 41_hydroxyiso lonchocarpin 

compound - ! ( 52 ) ichthynone 

The known compounds (16 .48. 49 . 51.52) are described he r e 

f o r the first time to occur j n the genus Mj l lettio . 4-

hydroxy l onchocarpin (46) was iso lat ed previously from Derri~ 

f louri bunda [69 J . flemichdPpari n-B (48) f rom Fl emingia ch ae-

par [80 1. calo~ogonium isof l avone- B (49 ) from 
Ce.i opogq nium 

ml.!cconoides : 7 1]. jamaicin (2l ) a nd jcht 1w none (52) from 

Pisc idi a ervthrina (72 . 731. 

Al l compounds were characterized by 
s ?ectrscop ic 

methods ~S . 1H NMR and in s ome cases 13C NMR a~d compar iso~ 
with dat a in the l'iteratUJ~e. Data 'in s ome o f t h E' ~nown 

heref or e 
compouncs are incomplete in the l iteratur e a nd 

a tte~pts were made t o generate the mi ss ing data . Thus 13C 

NMH d a+:a were generDted fo!~ t he f i rst time f or 4- hvdroxylo­

nchocarp in (46). f err u9"one( 4S). j Or:loi c in CSll o:1d ichthvo
ne 

(21) . However. for 49. it was no t possi!:lle t o generate full 

spe c tral d ata due t o the limited amounts of compound 
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obtained. 
compound was based 

and ~ H NMR dat a. Comparsion with literature was 

The character izatin of this 

mai:1ty on MS 

not possible due t o lack of access to the origina l sources . 

The rema in ing t wo isof lavones and one fl avanone were 

character-i z ed _~s novel and have been assigned the trivi al 

names isojamaici.n (50) . 5 _methOxydurmill one (53) and 4 1-

hydroxyisolo:lchocarp in (47 ) . 

4. 1 Cher ac te r'zat i on f 4-h drox lonchoca r in {1§.~ 
1:1e Hrut!.S fer thi s ye l :ow compvund ana! yzes as C::zoH .. . O .... 

(M.W. 322 .1205) _ The bar,cs in the !R spectru.rn at 1590 . 1520 

and 1490 emi l Sugge st the precence of on a r omatic moiety 

:74j . :r:~e si nglet at 14.67 ppm in the l H ~~ and the band 

that aPFears at 164 0 cm-\ in the IR spec trum su~gest a 

cd!""bony 1 group che lated wi th OH . 

The UV spectrum of this compound showed maxima at 

226.272 and 368 nm Suggestin; a cha icone with a ring-A fused 

2 , 2_d i methylpyranyi ri ng [54 .75 .76 1. The MS pr ovided 

~vidence f or th~ presence of the dimethyipyrany l ring 

because of the characterstic ion resulting from tha ~oss of 

C~ from the molec~lar ion (re/Z 307 ) a5 shown i n Sch.me-~ . 
¥.oreover. the base peak a~ m/z 187 c learly S~oW9 a 2. 2-

dimet hyl?yra::.o r:ng : used with ri ne; A. 
Tn.:- t:ll-es

ence 
c~ a band at 3250 cm- J. i n t he l R spectru.on 

and th~ tact that aceit ion o f NaOMe causes a bathochromic 

shif t o f 54 !"\11\ of band I with i nc~ea5ed peak intensity of 
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its UV s pect rwn ind i cat es a cha l cone cont a i ning a f ree 4-

hydroxy group (77) . 

The two or tho coup i ed doub lets a t B.06 and 6 .36 ppm 

(J - 9 Hz) s uggest a subs tituted A ring except the C-5 ' and C-

6 ' positions. The doublets at 7.74 and. 6.92 ppm {J-8.5 Hz l 

i ntegrati:1S for t wo protons ! ndicates the B-r ing i s 

symmetrically Sub3tit '..:.tec.. 

Ba s ed on the above spectropi c observa~io~3 . st r ucture 

~6 was assigned to this compound , This structura l assignment 

was fully sappo~tec by the l ~ C NMR spectr~~ (Ta~l e-1 3 ) 46 

tur:1ec out to be the known natural product 4-hydroxyloncho­

carpin which was isolat ed from Derris f~ouribou r.d~ (691. The 

UV. ! R. l H t-..TMR and MS are i n good agr eement with those 

reported for 4_hydroxylonchocarp in (~). 
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Tdble 13 ~3 C NMR (Cn,)~CO] of 4-hydroxyl oncnocarpin 

I m 

C-O 193.23 

4' *1 61.71 

2 ' '161.08 

4 ·160.42 

6 145 .52 

4' , 132 . 21 

2.6 131. 85 

6 ' 129 . 22 

1 127 .56 

118.15 
ex 

3.5 
116.31 

3' , 116 . 30 

I ' 
115 .00 

5 ' 
110 . 00 

3' 
108.84 

2' , 78 . 46 

I Cli.x2 
28 . 48 , 

L --

• Interchangeable . 



-L8'-

4 . 2 Characterization of 4 1 -hydroxyi solo~chocarp in (47) 

The 

mo lecul ar 

HRYS ana lyz es for this compound C~oH ~ .O~ 

fonnula. This suggests a CUIO:z nucleus 

f l avonoid i n associati on wi th a C~-residue. 

as 

of 

its 

a 

The 1H NMR s?ect r~~ show~d the resonanc es typical of the ABX 

s p in system of t he flav lone s aturat ed ri ng [25 1 wh ich are 

clearly resolved into ~n ruY.X s ystem a l lowing f i rs t order 

ar:a l Y5i s at 5.40 ppm (lH.dd,JH_2 . ...... H_;:s .. ,.-13.1 Hz. J ... _ 2 .. ....... · . _ 

~_q - 3.1 Hz) . 3.01 ppm (lH. dd. JH_~ ... ....... _;:s_q -16. 8 Hz. JH-

~_~/H_2.~ - 13.0 Hz) . 2 .80 ppm ( lH. dd , JH_~_~ .... ... _ ;:s .... - 16 .8 Hz . 

J H_ ;:S_Q/ H_2_"-3.2 Hz). 

The doublets that ap pear at 5.56 and 6. 62 ppm (J - 10 Hz ) 

equiva lent for o ne proton each and t wo singlets at 1. 47 &nd 

1.44 ppm equi valent f or three protons each are high ly 

cnaract.erstics of a ci s olefinic &nd gem-dimethyl group of 

a 2,2-dimethyl _ chrome ne s t ruct ur e . The MS furthe r 

P!'"'ov l d es ev i dence for the presence of t he dimethY l-chrome ne 

ri ng because of ~he characterstic ion result i ng from the 

mol ecular ion (m/z 307) as shown in Sch.m.- 6 . The base pe ak 

at ~/ z 187 clearY showS a 2 , 2_dimethyl-chr omene r i ng fused 

wi th ring~. The doublets a t 7 .74 and 6.49 ppm i nt egrat ing 

f or o ne prot on each i;:dicate tha t the ( -5 &nc. C-6 positi ons 

of ring A are unsu bs t i t~ted. Th i s c!ear l y es tabl i s hed tha t 

t.h e chromene r:ng is angular ly fus ed wi th :-i ng A at 7 and 8 

positions. 
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The presence cf a four pe ak pattern of two doublets at 

7.36 and 6.89 ppm (J=8.B Hz) ir.tegrating for two protons 

each suggest a Syr!U1letrically oxygenated B.· ring. 4 ' -hydroxy­

isolonchocarpin (47) was deduced to be the angularly fused 

pyranoflavanone 4 ' -hydroxy-2' I ,2l' - dimethylpyrano [5 1" 6
11

: 

7 , 8 } f l avanone. 
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4.3 Char ac ter izat ion of flemichepporin-B (48) 

The HRMS revea led a mo l ecul ar i on pe ak at m/ z 296 

c onsiste nt with the mo lecu l ar f ie H ormu d 1.7 I.:2:0e . The IR 

s pe ctrum showed n&ither - OH nor carbonyl absorp t ion . A band 

at 1660 em- I. indicated olefin i c unsoturati on . Th i s is 

r e f le c t e d in t'ne UV spectrum which showed h i gh intens ity 

ab~or? ti on with max ima upt o 358 nm [77J. The bands at 

1(, 10 .1570 and 1470 em- I. i n the I R s pect r um sugges t an 

aromat ic moiety a nd a t 1230 em- I. a pheny leth~r l inkage . 

Ms~show&d (Schema-7 ) inte nse peaks at m/z 295 and m/z 

281 due to los s of H and C~ froo the mo lecul ar ion 

rcs?ect ivel y . lois B~ggest a h i ghl y st able aromatic skele t on 

o f a pterocarpe ne ( lOi. 

The l. HNMa spectrum d i splayed a t wo proton s i nglet at 

5. 00 p pm due t o a me t hy l ened ioxy gl"OUP . The aroma t i c reg i on 

contained two isolated singl ets at 7 . 02 and 6 .73 ppm. The 

doublet at 7.37 ppm (J - 8.2 Hz) i s orthQ coup l ed wi t h the 

doublet of double t s a t 6 .53 ppm w"nich is in t urn ~ 

' d "t h t t 6 53 ppm The spectrum also coup ~ e Wl a pro on a . . 

revealed a sing l et r e Pl-ese nt i ng t wo a l i?hatic protons at 

5.5 2 pp~ a nd a three proton s ingle t a t 3 .81 ppm due t o an 

aromat i c me thoxyl gro uP . 

Based on t he above s pectroscoP ic obsdt Va: ions. 

structure (48 ) was assigned to this compound. Th i s 

struct~ra l ass i gnment i s f ul~Y supported by the ·~ C NMR 

s pe c trum (Tab l e-14}. 48 tl"uned out to be t he known na tural 



.. product Flem lngo chappar 170]. The IH SH NMR. and IN 

da ta are in good agreement wl th those reported t OY 

flemich6Ppari n B. 

Scheme- 7 MS spectral f rogmentC!\ ioo of ftemich oppo rin - B 

49 

/ M'295 
• 

) ..........,> 

rryz 281 rryz 295 
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Tabl e - 14 l ~C NMR of Flemi c hap parin- B 

COl-bon C-Sh H t in (p pm) 

1 1 20. 74 

2 107 . 08 

3 16 0 . 69 

4 94 .11 

4a 154 .77 

6 65 . 30 

6. 106 . 25 

6b ;19.03 

7 102 .39 

8 144 . 75 

• 9 145 . 6 1 

10 93 . 87 

l Oa 150 . 35 

11a 147 . 60 

l1b 109 . 81 

OelkO 101 . 27 

OMe 55.26 
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4.4 Characteri z aUoo of ~a lQPQqOgOnlUn I s of l avone-E ( 49 ) 

The HRMS analyzes C21H &.0s as the mol ecular f ormula for 

this compound. The ) HNM..~ s pe c tru."YI showed a singlet 

re s ona t i ng at 7.9 3 ppm equivalent for one proton. Th i s 

suggests that the compol:.nd is an isof lavcne (Tab le 15). The 

doupl ets dt 6.81 and 5,72 ppm (J-10 Hz ) integrati ng: f or one 

proton eac'rt and a s i nglet at 1 .50 ppm equivalent for six 

proton~ suggest t he presenC6 o f a 2 .2-d i methy l - chromene 

ring fused with ring A (51. Furthe rmore. the MS provide 

evide~ce f or the prese nce of a 2.2-dimethyl chromene ring 

fus ed w i t ~ ring A f ron t h e fragment m/ z 187 derived from 

t h e ( M· · CH~) - ion as a result of RDA ring fissi on as shown 

in Scheme-S o The ortho coup ied doublets that a ppe ar at 8. 05 

and 6.86 ppm ( -8.8 Hz ) intc;-ratin.g f or one proton each 

5uggest a C-5 and C-6 unsubs t it uted A-~ ing . This will p l ace 

the 2.2- d lme thyl chromene ring at C-7 and C-8 pos itions 

fused with ring - A. 

A singlet resonat in~ at 5.99 ppm aqulvale nt f or t wo 

pr o tons indicates a methylenedi oxy group. The signa l s with 

an AB X pattern resona ting a t 7 . 09 (d .J-l.7 Hz ) 6.97 

(dd .J~8 .:.7 Hz ) and 6.86 ppm (d . j -8 Hz ) integrating f or one 

proton each suggest a 3 1 .4 1 substitut.ed B-ring. 

was 

Based on the MS and tH NMR spectroscpy. struc t ur e (12) 

assigned f or the compound. 49 t urned out t o he the 
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." 

known :"I~tUl al ~roduct celot'o ;.I.J £' vo 

150Jo.led from Calopogonium mUC£YDo.;!,,;' ("1 

Comparlson ot dat a wlth the Jlt~~4tU 

t o lack of acc e s s t o OY)9 10o.1 80U}~e 

w 

Sct-e'no-8 MS spectral !rogmon tolton 01 calopogon ium,soflovne- B 

+ 

rr{z3J3 

1 

rr{z 187 
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4.5 Charac terization of Isojamai cin (SQ) 

The HPMS analyzes for thl"S d C H 0 c omp9un 22 ••• a. its 

molecu. lar f ormula . I n the I.H-NMR s pactrum. the singlet 

resonating at 7.95 ppm ( Tab l e 15 ) t ha t integrates for one 

proton is characterst ic of an iso flavone (H- 2). The doublets 

resonati ng at 5.72 and 5.80 ppm (J-1 0 Hz) equivalen for one 

prot on each and the si nglet at 1.50 ppm equivalent fo r six 

protons indicate a 2,2-dime thy ] - chromene ring tused wi th 

ring A. The MS spec trum further provided evidence f or the 

pr esence of the dimethylchr omene r ing because of the 

character st i c ion result ing f rom the l oss of C~ fr om the 

mol ecu l ar j on (m/z 363) as shown i n Sch.me 9 . Moreover. i on 

a t (m/z 187) cl e ar lY S~OW5 a 2.2-dimethyl - chromene ri ng 

fused wi th ring A. The doublet resonating at 8.05 a nd 6. 87 

ppm (J=8 .8 Hz ) 'integra ting for one proton each i ndica e the 

C-S and C-6 positions of ring A are not s ubstituted. Th13 

estab l ishes that the 2.2-d imethy l -chrome ne ri ng is angular l y 

fused at the 7 a nd 8 posi t i on with r ing A. 

Tne preser.ce of t wO meta coupled aromat ic pro t ons {6 .80 

and 6.72 ppm (J - l .S Hz) }. one methylenedioxY group (6.00 

ppm) and a methoXyl group (3.94 ppm) suggest a B-r i ng wi th 

3
1

.41 .5
1
_tri oxygenation pattern. and isoj a.-nal ci n was deduc ed 

to be t he angul arly f us ed pY l~anoisoflavone 3'-metho xy-4' . 5
1

-

methylenedioxy-2 11 .2" _dimethyl Pyr ano [5" . 6' 1 :7. B1 iso flav-

one 
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Scheme-9 MS spedro fragmentation 0' Isolamalc," 

Me 

+ 

mlz 303 

• 

rr{z 333 
I 

1 
• 

"'IZ187 

n 
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4.6 Cha r acteri zati on of Jamal c in (51 ) 

The "!RMS reveal ed e. molecu l a r i on pe ak a t. m/ z 378 

consistent wi th the mo l ecu l ar f or mu l a C:z:zH,.O • . The UV 

s pe ctrum of th is compound showed abs orption max i ma at 228 

a nd 261 om cha r acters tic of an i sof l avone i n whi ch r i n \l ~ ; s 

f u sed wi t h a 2 .2-d i me thy l pyr any l !~ ing (54 , 7 5 . 761 . Th i s wae 

suppor ted by VS obse r vat ions of chara cter s ti c f r agme nt i one 

res ulti ng fr om t h e los s of Cf6. f r om the mol ecular ion and a n 

ion at re/ z 187 der ived from t he ( M-C~) + as a resu l t of RD A 

r i ng f i ss i on as shown in Sch.~e-l 0 . 

The ' H ~ryffi s pe c t rl® (Tabl e 15) d i sp l ayed t wo orthQ 

c OUPled aromat ic protons a t 8 . 04 and 6. 85 ppm (J-8 . 6 Hz) . an 

isof l avone H- 2 si nglet a t 7 . 91 ppm and t he characte r-sti e 

signa l s fo r a 2 ,2- dimelhylPyranyl ring f ~B system 6.81 .5 .71 

ppm (J:0010 Hz ) : 6H s ingl et a t 1.50 ppm J. 

The presence of t wo rela ti vely shielded si ng lets at 

6 .62 and 6.85 p pm and ~ methy l enedi oxy signa l at 5. 96 ppm 

s uggest t ha t the B-ri r.g has a 21. 4 1 . 5 1 subs titution Pdttern. 

The MS spectrum indi cates t he 10s 5 of 31 masS uni t s from t he 

mol e cul a r ion. ThiS Sugges ts that t he B-ring :9 s~bst:tuted 

by a rnethoxy group a t the C-2' posi tions . 

Based on t he abovoe s pectroscopic findings. structur e 

([1) wa s aS9 i g~ed t o th l S compound. 
Th is structural 

ass i gnment wa s fu l ly s upperted by the ·~C NMR spect r um 



lotu .... ." l product J a: o:c n W;llct, 

.I H h1t;R 1>';$ lR and J\r da~a ate 1n OC .. ", ag)-eCmenl "' It t. n.ose 

r(;j:o l ted .1.0 1" jamalc l n (51). 

Sd,eme-l0 MS spect raL fragmentation 0' jamalcln 

mjz 363 
) 

rryz 347 

mJz 187 
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4.7 Cha!"acteri zat ion of ! chthYnone (5.1l 

The UV spectr~~ of th i s compound showed absorption 

:naxima at 229 and 260 r.m characterstic of an isof levone with 

ring A f used to a 2.2-dimethyl pyranyl ring (54.75.761 

The IR s pectrum showed bands a t 1390 and 1330 cm- ~ 

ottributabll3 to the geo- dimethy l grouP of a 2.2-di methyl 

pyranyl ring sy~tem. The ba~d a: 1600 Cm- l i s assignabl e to 

a sty~e nold car bon-carbon double bone . The presence of an 

aromatic methoxyl grout> a:1d a methylen..:.-diox'I grouP is 

derived from ~he bands at 1040 and 940 cm-
1 

and the band at 

1640 em- . suggests the presence o f an. a . a unsaturated 

ce.rbo;..,y 1 g;'"ot:.P of ~r. isef lavone. 

The l H NMR spectrum ' Ta~ te-15) displaye an isoflav one 

B-2 si nglet e~ 7.90 ppm. The AB patter n at 6 .81 and 5.73 ppm 

(J "'10Hz) due to 0 l~f in:;,c protons a long wi th the 6 proton 

singlet at 1 . 50 ppm due to two methyl grouPS confirms the 

presence of a 2 . 2_dimethylPyranyl ring. The aromatic reglo
n 

contained 
three singlets at 7.53. 6.82 and 

6.61 ppm 

i ndicating t he presence of t~ree isolated ar omatiC protons. 

The spectrum a l sO revealed t·.I0 s:!.:1; : ets !"ep!"esenting three 

protons each at 3.95 od 1.73 pp~ due to aromatic methoXyl 

groups . The remain;"" two praton s;ng ; .t at 5. 97 ppm ;s 

ass i g nable t o a methylen~diOXY g!"cuP. 

Basec. on the above spec rc.5COP:'C data. str·..1cl
ure 

52 was 

. d . 'h · ca o'.und Su"",""'o:-ti:19 evid~nce f Ol th~ 
a951g ne t.O ,-, lS r. .. v . rr 

• 
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structure was provided by t he ~3C NMR spect r um (Toble-16). 

52 was f ound t h be the known n~turol product ichthynone 

which was isolated fro~ t he root bdrk of Piscidi a erythrina 

[171 . The UV . lR . and l H NMR data are in good aqr~ement with 

thase reported f or ichthynone 52. 

4.8 Character izat ion of Ferrugone (45) 

The HRMS revealed a molecula l~ ion peak at m/z 408 

cons iste-nt with t h o; :no lecu~ar formu la C,:3:3H:zOo,. . The UV 

spectj:-u:n of this compound showed absorpti on rr.aXlma at 229 

a nd 260 rum . characterstic of an isoflavne wi t h ring A fuse d 

to ~ 2.~-dimethy l pyranyl ring (~4,75.761. 

Th~ ~S (Scheme-tt l also prov ided evide nce for the 

terstic ion at m/z 393 resulting from the loss of CI-b. fr om 

the molecular ion and an ion a t m/z 187 derived f rom the 

pi-ese-Dce of a djmethylpyranyl ring bec ause of the charac-

retro Diels-Alder ring fissi on of ri ngs A and B from t he 

(M- CH,:,: ) + ion. 
The IR spect rum showed bands at 1390 . 1375 . and 1330 cmr

1 

atU-jbutabl e to the gem- dimethyl group c ! a 2.2-dimethyl­

pyranvl ring s ystem. The band at 1600.1580 a ~d 1510 SUggest 

a n al-omat:'c moi ety. The band at 1280,121 0, 1160 and 104 0 cm- '" 

sugges t the presence of a phenyl elher lir~ age while the 

band a t 1640 cur ' is due t o an a,e - unsaturated c arbonyl 

group _ 



1 
, . 

r ~R spect r u;l. I Te11e- ... Sl s ho,,"'ej on H:c.t lav ... l f: ii- 2 

~, l r . • ,Q::" ppm . 

11 r.g Ir".C: G dl'ced frO!.1 tr. AB pat t ~r n o!!lt 6.81 and 5 . 73 ppm 

(~"'lO H::,I u,~e to t he C1S old i nlc pro tons dnd Hie 6 p oton 

5 fl?h-t at l. 5 0 ppm due t o t he gem- d l me t hy. grOu P . TIL 

.Ci'::otjc re"Jion of t he spec t r um revealed one lsolated 

il.91et at 6 . 52 ppm and t wo orthQ c c,upied doub l ets at 8.05 

ond 6.86 ppm (J .. e.8 Hz ) . Th e spectrum also di !" p l aycd two 

at ,r,lliU ('" il ~ thoxy 1 gl OUrS a t 3.87 and 3 .85 PPIT. and a 

r.w-th).lu,edJ0xy g l-OUP at 6.02 ppm 

Ba~~~ or. the abov~ ~ r ec tl-oscop j c data. .. 

Me 

7 



Structure 45 was fino 11 y ass igned to this compound 

based on evidences obtained from &3C NMR spectrum . 

Particularly helpful in the structural assignment was the 

comparison made between the &!S C NMR spectra of 1§. and that 

of jamai cin (52) (Table-16l . P.le C-3 carbon in jamaicin 

resonates at 95.55 ?pm. If according to structure ~ there 

were a methoxYl substi t ue nt p~ra t o the C-3 ' carbon, one 

would expect an up fi elc s hift of the C-3 ' carbon resonance as 

compared to that c.. f ja:naicin. nowever. t he resonance for the 

unsubstituted car~n in 46 was 110 . 4? ppm. This ob3ervatio~ 

eiiminates ~ as a possibi li t y. 

The r esonance fo r Qrtho c,ri ented me t hoxy 1 carbor.s in a 

po lysubsituted a r omat i c ring are normally expec ted in the 

range of 59-64 ppm (29 1. However , ~ he methoxyl carhon 

resonances in 45 arpear ot 57.01 and 60.21 ppm. Alte rnative 

structure 54 . wher e the methoxy l groups are orthQ t o each 

other can thus be e 1 imi na ted based on the above argument . 

45 was found to be the known i soflavone fe rrugone 

isol ated from the seeds of M:ill~tti a ferru!Iin~a {9 J • The UV . 

IR. MS and &H NMR are i n ac cord with those reported f or 

:errugone . 
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Table - 16 J 3 C mm Data 

~' ~---. 

I I jCa,.boc · Ferrugone (45) Jamaici:1 (51 ) IchthYnone (52)1 , ( ppm) (ppm) I ( ppm) r ;---.--. ----.----1 - --- J 

153. 40 153.71 153.50 
! , 

3 122.08 

I 
121. 93 121.52 

4 175.71 175.64 175.32 

5 126.73 126 .71 105.40 

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. 13 154 . 00 

40 11.8.37 118.39 118.39 

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. 21 141.2 1 

6 ' 110.45 111 .20 111 . 20 

3' , 115 . 03 114.98 115 . 25 

4' , 130.29 130.15 130.50 

2= I 77.71 77 .58 77 . 99 

OCH20 101. 82 101.30 10 . 3 !. 

OMe 57 . 01 56.30 

Clh x2 28.17 28. 0 : 21. 95 
, -
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4.9 Characteri z at i on of ? - . e t hQxy durmi llone 

Tab le 17 Summary of Phys i ochemical data o n the novel 

Compound 

1 . TLC Sing l e s pa . R4 0 .64 . 

Solvent : Tol : Hey.: ~tO c (3:4 : 3) 

2. M.P. 

3 . CO I OU1~ reac t ion 1% a l cohol i c FeC l, (-Ve ) 

4 . W .... O M run 
, 

224 .253.294". 3 20 oh -_ ... 
r ema i n ~nc~anged by ~ddit i on of 

KaOMe 

5. I R K IIP" cm- · 1660 . 1630.1530 . 1510 . 1425 . 1420 . 

1375.1360 . 129 0 . 1180 .1 075 

6. MS 

C.H. o, (100%) . 

7. NMR 
see text 

The HR~ s p~c trum snowec a mol ecular i on eak ~t m/ z 

408 cons t i t en t wi th the mo lecu lar for mu l a C':I3H.:z:a0"7 . The 

pr esence of a c ar bonyl groUP :i s deri ved fr om t~e absorpt ion 

ba nd at 16 6G cnr ' in the tR s ?e c trum . Baaed ~n bioqer.e t ic 

- -------
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compat~b : ~ with the prese nce of a C 100~ nucleus of a 

f lavonoic. or a n isofl avonoid i n association wi h on 

isopre no id C=o - r esidue . 

The absence of an absorptio~ ~and a~ove 3000 cmr1 in 

t~e IR spo?ctrum and t!le f oct t;"at the lJV spectrum was 

unch a nged by base 9UggSSt3 t~e absence o f ph-enol ic hvdro:<yxl 

group in 5-methoxy durim i 1 ~one. The tN spectl~um of th i s 

compou nd shc.wed abs~rp tion maxim.1 at :12t;. and 261 nm. 

cnaracterstlc of a n iso~lavore wlth ri~g A !used to a 2.2-

d ime t~y :pyra~yl ri~g [54.75 75:. This ied : 0 the cons:dera-

::on o~ t t',e ¥arl:al fon:.ula.:.2. t Ol~ t~is COMPound which 

i~edio t~l y ~ndicated ttat ~h~ remaining c~r~on at o~ i n the 

structur e of 5-methoxy durmillc.nE' might well be present as a 

methylenedi oxy gro~p. 

Me O - I 
, 

MeO I 
H 'I 

I H • 

H --, 

o - CMe:z 
1 I 

' 0 

o 

CH 

CH 

The nature of th~ qroups present in the s~ruc~~re v! 

5-~et ~oA~ d~rtt:l:o~e are indica~ec by it s ' H NMR spectrur.. 

T!1e .r.i£h !ie~d sin~~"? ts at 3 . 90 a'ld 3.96 ppm 

i ntegrating ! or ~hree protons each can be a33iqned to t wo 
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m~t ~oxY gr·-:-!.:ps. A s:r.glel at. 5 98 P?tl ~r':.03 ... rd:l ~g for two 

prot 0:15 sut:~ests the P esence- of one methy le:1edi o).,:y ~roL.p . 

Moreov~r. the two douclet3 at 5.68 and 6.76 ??m (J-!O Hz ) 

inte~ratjr:g tor one pro~on ~ach anc the slng!et ~t 1.55 ppm 

equivalent to six protons are charactersti c o ~ t~~ C!S-

olef"-ni c and ge:n-djm(t.~Y~¥"Yl~a:1Y~. ri ng ;73J. The low field 

s~owed so::.e charact~r9tic 

features of 0. 2 .2-di ~e t hy:pyr~r".yl :3Y3':em. :-:-.E." ba;'\':l'3 at 1'J7~ 

tr:e :'cnds at 16CC. :425 ~~. j : 420 cm- 1 are e:~pect ed fc!'" 

styrE'!lc:': ::e.!-bor.-carb"n cou!:!~ .:c;c.. T!1.e band~ at 1290. 1180 

TI':€' KS p:;ovic.e t"c.rth('!'" e'Ji c-ence fer t~e presence of a 

dir!l~thy: pyrar.ylrir,g fu sed with rlng 1\ . The base peak at 

m/z 393 orig:nates by !ie loes of a C~ from the molecular 

ion :ndicati:1l!. t~.e rresenC'~ o~ a gem-d imethyl group. The 

peak at. m/z 217 is derived from t~'3 (M-C!-1.;,. }- i on as a result 

and B (Sc hema-12 ) . This 

ClN,!"~Y E" s t abl ie:-'ed thllt t"!1e pyranyl r ing is ~ used with !'"ing 

A. F;lrtr.er mor'~. :h'3 :0:1. d: m/ z :"4(; s:'o\o,'e.i t":.~t :;,e 3-!'"i~q 

~ . 
••• )9 was 

at 6.93 (::i ~,J ... 8.1 .6 P.z). 6.8~td.J"S Hz) enc. 7.0S{c.J-l.? Hz) 

ppm . 

t~e Cit 5- net'":oxy Iju~·m: llo;'","! :is completely 
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This sugges:::;:; t~a t: 5-!T.~th?y.'1 d ... rrn.i Ilene cont.," r' • 'h • ., rr.~ .. OXy. 

g!·ou;> Fe!"i to the carbor:y: anc ~!1f: refore str~ct~re ~ coul d 

be e li min~te c. as a pos3 ibi !it~' . 

5 -;r.-:; t.hoxy durmi 110ne occurs ~ long w j t;, ot!1er lsot lav"nes 

(49·,5 2) . a f lavanO:1e (47 ) and a chalcone (46 ) in th03 steam-- -
bark of thj s plant. A 11 the isc! i avones a:'le the flavanone 

cont ain an angularly f used pyrarwl ring at C-7 .!lnt! 8 

posit ions. It is highly probable that the ch~lcone (~) i. 

t he biogenqtic pr~curs o~ for ~!l th~se compounds. 7hiG 

5-met~oxy curmi~: on~. 

durrr.i 11":>:1.;' was obtained. fl·OIl! :'he t:;;s c NMR S?eC'Tu."':l ( Tab~e-

: 9 ) . T"1e !Ii.'?tl'1o;.:yl carb(ln l·eSO:'1dnceS .!l;.pear at 61.33 and 

62 . 10 P?m. =:uc~ re9:md",\ce are expe.::,:e'i for Or ::'') or~e:1te 

metho;.:y 1 g l"OLP S ( 29 ) " ! f the ::l~thoxy 1 groups wel' e para 

oriented as In struc tul~e 57. or~ wou Id r,o t I?-X?13C: both 

:nethoxy l g:~oups to resonate above 59 ppm. The n~mainlng 

c ar!)o n resona:1ces fully s"i"port t~.e above structural 

a ss:i grment . 

53 . 5 . 6- dimetho:.:yl-3 1 .4' -me thy len~dioxy-21 I .2 = I -dimethy 1 

pyrone [5" . 6**:7 .81 iso!'~a '~'on", is a new natural produc t. 
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Tab l e - 18 1H ~~ of Shifts (ppn) o f 53 and ~ 

;-----.--,----- - ----- _ .. _. -;-- ._.- ------
H 53 59 

2 7 . 81(.) 7 . 89 (5) 

2' 7.08 (d.J- I 7 !{z l 7. 03 
, 

6' 6.93 (dd.J-9. 1.6!{z ) 6 . 9 1 Unr e s ol ved ! 

5' 6 .85 (d .J - 8 Hz) 6 . 91 

4' , 6.76 (d . J-IO Hzl 6 . 71 (d .J-IO Hz) 

3 ' , 5 .68 (d.J-I O Hz) 5.62 (d. J-lO Hz ) 

OCH::J:O 5 . 9 3 (5l 6.00 (9 ) 

OM. 3.96 ( s ) 

OMe 3 .90 (5) 3. 9 : (5 l 

(,H~x2 1.55 (5) l. 54 (5 l 

-CH 12 . 98 ( 5 l 
- ------ - - - --------
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Table - 19 l::J C mr.R of 5-methoxy du~.jl1one 

Carbo:1 

2 

, 3 

4 

, 5 

6 

7 

B 

Sa 

4 a 

1 ' 

2' 

, 3' 

4 ' 

5 ' 

6' 

3 ' , 

4' , 

6-0Cfh 

5-0CP.3 

OCRzO 

CH::J x2 

C-ShHt i n (ppm) 

150.21 

125.30 

175.0 2 

15 1.01 

139.97 

149 .05 

11 3 . 10 

153.01 

106.54 

125.64 

109 . 96 

147 .50 

147.50 

10B.17 

1 22. 4 6 

114 .94 

129.02 

62.10 

61. 33 

100 . 00 

2B .O: 
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5. Experiment.,: 

~ .l P!3nt ~aterial 

T!1e stem-ba::-k of ~ ; :\ettle. fern.;ginea (Hochetl Bak . 

L:sed in trdrs :;;tudy was co! !~cted from three differe nt 

loc a lities. in June and Dec~mbe!'" rom Sidamo (Aletawondo) i n 

Sept~rr.ber 1987 f rom Ac!dis Ababa and in February 1983 from 

Gondar. Accor:! i ng to M. Thulin (!.l the s amples co l lect~d from 

Sicamo is beli dved to be t he 9ubsp darassana. whereas t he 

sampl e from Gor.d~r is the Bubsp f erruq i nea and the 9~~p le 

fro:r. A.dd':'s Ab~bl1 :s most l:ikely t!'1-e hybr:i d o f the t wo f orms . 

Melt:ng- points were c!etel-mined l.:.Slr.g nomos Hoover 

cn P€ ::"k in-E lmf'r mcde: 555 UV spec':l~ometer . !R on ?erkin-

Elmer mode: 727 !r.~ra ':"cc. sf.ec~romete!". JH NMR. 90. 250 anc! 

360 KH:z instruments in ('DC b . with etra"':lethylsi~~nl) as an. 

j nterna ~ st andard, 13C NMR \<I~re recol'~.ec on 22,5 a:\d 90 MHz 

:instr'.:..-r.e nt i n CDCb . The ma!'!l9 st'ec .. ra were recorded O~ 4 

:ngh r e so : utjon :nass s?'?clrometer, Ane !ytical thin 14yer 

ch r o;natography fTLC) was .'1,.;.0 on e 0.2 mm thick layer silica 

ge: and the s pots were ce:ected by tteir UV f lourescencc end 

by spraying w:th 0.5% !as': ~:ue 3·,\1: :3 sclu:.: on f ollowed 'by 

').!. N NaOH !78j. C::--cu:e.. iTE'P(lrat ;ve : ayoer c!1r~matography 

was run 0:1 0. ! 
, • . 1 

!r_'":1 91.!C.l go •. 
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• 

detecte'i by ,:~e:r lJV f !:..t.Q~~ 9c ence . Col"..!.rnn c!:ro::.l tcgrap:-.y w~s 

UQne on si!ic3 gel 60 (70-230 me9~) and ge p~acex ~H-20. Tr.e 

pet. ~thE"r us~d ~hrough ou: t!1e st l.: y :.ad B.p {GO-80) Oe. 

Ta~le- 20 Sc lven t Systems used f or Co l l.lmn , Thin (ind 

Preparative L,,-ye=- Chrom."t ogr*2~Y 

So~ v-ent Systt"m 

Toluene: Hexane: EtOAc 

MeOH: CHC1~ 

?et. e~her : EtC A; 

Pet. e:lv~ r : ::: t .c 

5 Pet. ether: Et r A-:: 

6 Pet. et h~l~ : EtOAc 

1 7 (le t. 
I , 

" e " E ~ !1 l\ -. e ~1I .: --

, 
I 
r 

\ 8 Pet. 

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

Ratjo 

90:10 

85, 15 

80 , 2C 

75,25 

70, 30 
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of 30 f r ac tions C il C:'1 7 rd wG:"e c.,:,llec: ed The f i r s t 20 

• w'!1 1: e t..:,e rema lning 
f ~ o.-:: :.i o:-:.5 

fracti ons we r~ c .... ll' ri :ie C a:1d ,=".)I".c~nt.:' " t<:>d yield. i ng :0 mg t ho.t 

o f 
1.5 

end w~r~ 

frac':.:'ons 
crude 
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1-. tot o~ o! 25 f rac tions: 

F r ;! c ti o ns (3-7). eillcino; w: t ~ 30i ve n t sy~ t e;n 3 r,r'lV,) 120 

mg ,:,f ~!1 ,;.r c.:v;'.;o co l :lr -:. d ccpmpc und.-F whl c h was pur if 'ied by 

ccl wn:1 f: lt e ra:1 0'i c:1d cryst ol ~i za t i o:1 from :netha;'!.o 1 (M? 

189- 192e>C} . 

Frac t i on3 (3 : ~ ~ . 

16 :Jc'C ) . 
! rc,r': 

me t ha:"JO i !'a is ,=,c. ~ : ~ :ne l Un~ poi ..... t (XP :S9-i.9 1e>C) . 

f!'" ac': i ons ( 13-· 18 ) . el~':~ ~9 wit ~ solven~ 9YS em 5 . 

resl.!~t ~d in a :':'lixtl.:rlO' 

" " . " ", v.P '." 64-.' 56- C) " CI'"-rst-!l l llZO:> <:; i r ~:;OJ.''';'. \', 

{TY5ta~ !'zc t:' C" r. Co f t he i!lix ... ~r e f rom rnetheno l 

r esu l 't e c.. :. n c ompound - G as a co ~ o lj:-l ess (M? 142-
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in 

l iters c f -=th6. 110t :or :'5 1ay;. 

B 

0 -·' ... 
' .. ?':';. l' <;-:"l):-va', c.. f th o:! ;.0 1 vE'~t • nde,f 4' E' :!uC'~c. preesure 149 g o f 

3u!;,st J r.ce ';''''13 (·btained. 

l-esU 1 t i ng in 

;:.: . .. - '.:.:. e.!:.~te.r.C<2'S 4 ' ,d wes not 

,-." .. : .. ...,. ... .. -

pet:. e':her t o ~ e .r:y ... e ':.h'" ~." .... f 

, 

f ur ther. 

-. 

, ' . . . ! 

.~ .. j 

Fractions (60-6' ) . e~:Jti;lg ..... :n. so: ve~: syc-er.'t 5 g.l ..... ~ a 

y~ i.: ow:zh o l l y d:1C ,-,')0:- adc:':: i o:"\ of :ne ~t.ano l re:su! ted a 

pre-=ipita ts . -:-he ::: :. te:-Jte 1!~ ~ 'J!'dec 50 ~i' .)f ~ co oL!!"l es:3 

(64-71 . . ei ... '.'1..j w .. -!": 

of '.i. ',': .:t ... ~ -~ - .. .;;.:>;:1.::, ... J:1.:1-0 ~r.d :: . 

- - ' ..... ~ .. 
J • ~ -

r:.-



• 

J -

Frac t io::s ~e:)-1)9 1 . 

!)Ys tem 8 

fractions were comhir.ec to. 
~·es:'::..1€ WcS ,,?p!:i ed on a r~tPl1rati ve TL .. C us'n; solv~nt 

syst~m 
, .. -" . 1. . 15 (~ 21) ! -

cr ystt.1 1 ~ z 1:-'-' 

evo! u~i on o t .... ,::. .. ;",_, I 
.11 .. '" " • 

Th • 

hy-:'ro ::::~--::n iC" odd .... as reooved ,,: .. -:c~l"· red~ced pr-E" S5ure .. The 

den'3t!"-.y la t:e J.. ..10 n PU'_ .·.'."c· '.y c·.--.':r:-.a" c,""repl'w on ~!·O':.tlC .. ..... ,15 .• l';-, ... - 7 

to gI ve 6 



!.) :1eedle'3 f rOJ1 !-'ie-C·H. x. . ? 1.!. 7~ -17~OC) (lit(70) !79-1SC-C. 

UV..,_OH nm"" 230 ir,t. 25 0 . 292.3'39.358. 

I RK EoO ..- -:qr ' : 166C .1570 . 1470 . : 23,) 

5.::2 (:E. E". ~-f ~ .? :: : (3H . S . 3-0M-':! ) 

ElMS r.:/z ( l'~1.:' i"!tl ~96r X ! "' (lOO), 29~(6 .?l. 29119.7\ 

R . f 0 .84 fsolve:l: SY!3 te::'.l) 

:-:-',md (M] + 3413 . 110'3 : C::u Hu,Cb req Lil r~3 ' '348 C98 

::::1 :-':::: ~/ = t!~~ ~ . i •. t.l 348 [Mi + (98 .7) . 33(1 0C).le7~4~ ;), 

C'';'':":':?C'.l:,:c. - C (: soj ~r.aic: ::n) (5 0) 

R.t 0.77 (so lv~n ·. ~ ysteI:1"!.) 

r:: ~s :;J:: :i~i?i.i~':..! 
36 'C,"'I"\ ' .,"':1,.,0::-, "'''':'':111:) 378 1Y. j - (56). ~ _ l •• · •• • .. L .... • ",\~..J • 

!87(35 ) . 
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R. f 'J. 70 (SC>: ',;-:'nt sys ~em 1) 

Colourle3s needl s 3 fr ,:.o Ma0X i'{? ~! 8?-:'Cj~C) (lit!12 1!93- 1'i4- C) 

F our.d 1M) '" 378.112 ; C~:zH , . OOlo req",:. r "s: 378 .l1CJ 

-...... ... 
1 ~II;I... cm- l : 1640.16 00 .1580 . 15!. 0 . 15 00. !43'"'. :4':.') ,: " 9~. :. "'? '" 

"' ... .. .. 

R.E 0.69 ! ao! v~~ ~ 3YS ~~~ ~ ) 

~"0ur:d ~ M l "" 408.1 220: r.:z~ !-I20 o,. requi:-es: 40~ . i ::'J~ . 

• 

...... ....... 
13~O.1320.1280.124Q.l~05.1160 . ! - :C. ~ ~40 . 

' H . , ~C ~R sl?'e t,=,x.: 

206(671.187(13.61. 

'h .i ~J. "Se (scl v€':1t system 1) 



j 
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F t".JU;"ld ~!'::i '" 322 .1210: C~oH I .O .... re 'l:.J.iree: 3:2.12')3 

VV ..... OH • N .... O ... . run 226 sh. 270.4:1 
- ..... .. 

IR"'e- cm- ' , 325 0. 1640.1620 .159C.1520.1<;?C . . 1380. 1330 

' H . >3 C NMR « CQ. b CO) 14 .07 ( lH.S . 2 ' -OH) .8 . 06(l H.d. J-9 HZ. 

6' - H) . 7 . 86Il H.d . . J-1S. <: HZ .-E. 

7 77('!1.c .. ' - !5.·1 HZ. - H) .7.74(2H. d 

:-:-2.~ } .5 . £9 : ~ .! . ~·: C POZ . H-4 ' ' 1. 

& ~€ : :M.~.J.8 . e HZ .H- 5'). 

5.7:'..(!!! . d.J-1C HZ.H-3 1 ' ). 1. 44~6~.= 

2 " - CH:,. ). 

r::l"':'S :r:/'Z ~~~ ~ l .ir: t . J 32~i M ! " (53) .307(6:" ~87{!a:- . 

See t e xt 

R.f. 0 .6 2 {solvent system-I} 

Found [MJ- 322.1128: C2oH •• O. reqUir ~3: 322.! 2C5 

1M NMrt (CDC b ) S 7 . 74 ~ lH . d.J -'3.S HZ.~{-5~.7 36(2~ . d . J-8 . 3 HZ. 

H-2 '. 6' 1 .6 . 89 (2H.d.J-e B H~. H-J ' . S'). 



a 

~ ,­... , .... [reI. i nt.) 
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6 . 62(1H.d .J"' 10 Hz. H~'1 " ) .6.49C1H.d. 

J"8 . 8.:l:z . H-6 1.5.'j6::' H .d.J_~O.3 HZ. H-3". 

5.4C(lH. dd.J- 13.: .3. 1 :'iZ .H-:) 3 . 01(1H. 

dd .J-1S. 8 .13.0 HZ. Po-3_" ) .2 . 80( ~ H .dd . 

~~ 1 6 . 8.3.2 HZ.H-3. Q ).1 .47( 3H,S.2 ' ' -CH3 } 

32Z( M}- (67 . 1).307( 6.6) .187( :0" 

120(36.5) . 

R.f :) .4~ (S·JI Vei.: SY!3T;.~:!1 1) 

UV"'-OH nm 229.26 0 . 306. 3TJ . 344 3~ . .......... .. 
: ~B'" COl- I : 16 4 0.150~.15e0.!5";'O.1)9~ 1330.::80.1200 . 111.0 . ....... .... 

1040 

l H. ,~ c f\7.l\ see tex.~ . 
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