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s ract 

Flavonoids of Tephrosia ~ ~ila 

y 

Bekele Dinku 

Research Advisor Dr . Ermias Da nc 

The Chlor oform extrac of Tephrosia pumila ( Lam . ) Pers . 

(Leguminosae) revealed the presence of eight flavonoids . 

Out of these three flavonoids were isolated . The major 

componen was iden ified as the known praecansone 

that r equided structural revision based on l3 C NMR and 

other spec r oscopic data . The second component was 

cha acterized as a new isoflavune ha is given he 

t~i~l 1 name pumilaisoflavone A. 



Tephro s " a Pers . ( L uminosae ._-~P-=a=.::::..=..:::..;;..:.:..::;..:;::.=:€ fr ) is a large 

ropical and sub-tro ical genus es ima ed 0 ~on ain abou 
1 300 species mos of which are her s . Several species 

are of im ortance in tropical agriculture as green manure 

crops , cover rops or for contour hedges 0 check soil 

er osion . Various Tephrosia species in Latin Americ a , 

Afri ca and Asia beside heir use in r adi ional sys em of 

medicine are also used as ins c icides , arrow and fish 

" 2 , 3 S " pOlsons . om ~ specles are also reported to have oxic 

effects ~ n goa s . 4 Abou W0 ozen species hav@ been recorde t 

as used y nativ s in different parts of ttbc '-Jorl for stupe­

fy ing and cap uring fish . 3 Among he b tter known of of the-

se are Tephrosia verginiana in No r h America , T.v gelii 

Hook . f . in Tr opi cal Africa , T. macropoda Harv . i Sou h 

Africa , T. oxicaria in Tr opical America and T. piscatori a 

in Hawaii . 

Some of he spe i es in us a s pest icides have een ho\ n 0 

possess mark d insec icidal , pe s icidal and an i - can cr 

roper ies . 5 , 6 Toxici y 0 insec s is ascribe mainly to he 
2 presence of rotenones . 

Chemical s dies on a n er of xa have revealed ro enoi s , 

nd a r ange of isoflavanones chalcones fla onols a d lav­

ones . 7 In 1 hiopia so ar 27 Tephro "a sp cies ar known 0 

') cc r in plac s o 2000m ov sal vel . Of hese thre 
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2 . 1 . Flavr noi Type~ 

Flavon ids occur in a varity of form~ . All contain fif een 

carbon atoms in their basic ~L cleus an ' hes are arranged 

in a C6- C
J

- C6 manner , hat is , two aroma ic rings linked by 

a three carbon unit which mayor may not form a hird ring . 10 , : 

For convenience the rings are labelled as A, Band C and t he 

i ndi vi dual carbon atoms are referr ed to by a numbering system 

which uti l i zes ordin8ry numerals for he A ring (1) . For 

chalcones a modified numbering system is used(2) . 

2 

The various types of f1avonoids differ from each other by , 

the state of oxi dation of the three carbon link , that is , 

ring Co 

The main types of monomeric flavonoi s are : 

Flavr- nes Isoflavanones 

Flavo ols Isof1av nes 

F1avanones Ca echines 

Dihydroflavono1s Flavan- J , 4- i ls 

Chal on s Aurones 

Dihydro hal cones An ho yanins 



t;trJ~t- -I'" 

FJ n'/r, I" 

;1; hydl'j~ nvor •• 1 

In'/'1nl'-;'I-·'l «,r ~ .. clll fl'» 

r .. h - lr_ 

r. I 

Jr-)-CH-
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.A.f......../ 
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""-../<ry'" 
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r°-v/ 
/. r-"OH 

OH 

,A;/ 
'I l 

;; ':~' OH 

,.,;,,)0 
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2 . 1 . 1 . }lavo es 
~~~~~--~~~~~ 

lavonoids occur as flavo oi ?lycosiaes in which on o~ more 

sugar uni s ar at-ache o he lcvonoi nucleus . Glucose i : 

he sugar most commonly involved ; galac ose , rhamnose xylose 

and arabinose are uncommon t are know to occur . 

Flavo oid glycosi es may be ei hdr O- glycosi -es or C- glyc si -

des . O- glycosi cs s ch as the re r esen ative example com ounl 

(1) are dis inguished by the ease wi h which they are hydro l y: 

e. by acids . 

o Apigenin 7- 0- B- D 
gluoopy anosi 0 

C- glycosi d s are flavonoids in which sugars are attached 

direc ly 0 he aromatic ri g by a carbon bond whi h is acid 

resist an . C- linked s ugars have been fo nd only at 

p sitions on . he flavonoid ucle s 

Rha 

1 "1 " 23 o u l In 

10 

or 8 
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2 . 1 . 2 . Flavonoi es 

Flavonoid Sulphates co ai one or more sulp a e resi ues 

attached to a phenolic or sugar hydroxyl moie y . The occure c 

of hese compounds appears 0 e restric ed to he angiospermE 

especiaJly to those angi sperms which havE an ecolo ical asso ­

ciation with aqua ic habi a s . lO 

2 . 2 . Tephr sia Flavonoids 

The genus Tephrosi a is distinguished by the produc ion of 

a s ecial group of 7- oxygenated or 5/ 7 oxygen ted flavonoids . 

The B ring is usually nsubstituted . The C- $ or C- 6 positionf 

ommonly bear substituents derived trom a prenyl gr oup , 7 , 24 

whi h has in many cases undergone com lex processes of furthe l 

substitution and cyclization . O- prenylat flavonoids such a! 

compo nd 2 are no common while C- preny su sti ted flavonoi< 

are commo n in the genus an are likely to b potential t axono-

mic markers . 

( 

3 

2 - max'rna isofla one J2( 0- enyla ed . ) 

A pr sen i is possible 0 recog ise hree series of 

C- prenyl flavonoi s . 7 



1 

-7-

a) c- 6 prenyl ed (£ ) 

b) C- 6/ C- 8 pr6nyla e ( ) 

C) C- 8 pr ,nyl ed (~) 

6 

elonga in 26 

~0 
/0 0 
? I If '0 

"-
I 

OH 

Fulvinervin B27 ( C- prenyla ed) 

o 0 a n me hylether 28 {C - prenyla ed 
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The flavo oid variants a r all elated by a commo bio-

synthe ic pathway which in corpora es precurrors from 0 h 

he shikima e and aceta e malonate athw8y . 24 , 29 The flavo -

noid initially formed in he biosynthesis is though o be 

the chalcone and all otaer forms are erived from this . The 

precur so fo r he ace ate malonate pa hway is ace yl Co - A. 

4 - Coumaroyl Co - A, which is derived from pheny alanine , 

is he ver y precursor for the shikimate rou e . 

HOOC 

(l 
(~ 

9 
2 -

Phenyl alanine 

CAe - C' 
'b 

"~) >J I 
j 

HOO 2.Q 

rans - Ci nnamic aci d 

< . 

13 OOC 

4- Coumaroyl Co- A 

Scheme 1: Forma ion of 4- Coumaroyl Co-

Hoac 11 

4- Cournara e 

IDH ~ 

12 

R: H, OH OCB 

24 

The transformations leading 0 forma ion of chalcones , con-

sis of 3 successiv ondensation s eps wi h aceta e ni s 

which result in the elongation of ali ha ic si e c in 0 

- coumarate by six ca bon a oms which hen cyclizes 0 giv. . 

he aroma ic ring (24 29) . 



Th isof13 ono i ds sh r a ~ m on i osynt e i . a hya y 

the ot her fl~ vonoids as f~r s 1 ne i ntermed i a t s b 

t hen a 1, 2 aryl m gr a ti n c C .u s tc ive t he ~ _a a cte s 

rearra ng d sk~le t . m . 

~OH 

II 
C OAS-~ 

° 
13 

4- Coumaroyl CoJ.,. 

CO 
CH. ~0-8CoA C oJ.,.8 

Co ~=;:. 

CO 2 , CoA SH 

COO-

o H2CO_8CoA 

00 2 COAsn
d 

, 

CoA 8 

CO2 , COA8H 

y 
o 

COO-

H2CO ,Co! 

CO2 Col.SII 

EO 

) 

j 

H 

~~';(OH 
\ j 
~ 

'6 

OH 
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I 

('t I I ; 

, 1 

j (IX 

:.;) - r I aVOllo] 

23-·f1avon<! 

'I 
I 
i 

V 

.... ' 

. 

t 1.. V idl L' :5, 1-rj )I, I ,., , 
('.Jl\Ocf 1 Il:" , t nllllt.'O:H.:d t '"111rl~ 
i\lIlilu,y"nd,n 
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2 . 4 . 1 Ul - -- opy 

UV abs ( rp ion SP( r oscopy is one of h ~ mcs sef ac ni -

qU(S for fl avonoid s ruc ure an'lysis . Th ' spc trum ype a -

lly consi sts of wo a sorptio~ maxima in r ~ r egio 300- 5·0nm 

(Band I) and 240- 285 nm ( Ban _ II) ~0 , 30 Th posi io an 

in ensiti es of hesemaxima give valua ~ ~ in orma ion a ou 

h na ure of hE flavonoid and i s oxygenation a e rn . 

Band I is associated with rin B while ban J II is asso ia e 

with ring A. 30 Changes in he subs itution of he A r i n 

r esul in changes of band II while alt eration of the Band 

C ings affects band I absorption ~ The position of an I 

provides v~luabl informa ion about he ty ~ of flavonoid 

and i s oxygenation pattern . 

Tabl 3 UV- fi~sc rption - ----'---

B~.nd II( nm) 

250- 280 

250- 2 e 

247- 275 

275- 29 5 

230- 275 
( OVI 'n ensity) 

230- 270 

(low int E::n it f) 

270- 2 0 

B'1nd I( nm ) 

310- 350 

330- 360 

310- 330( ho dcr) 

300- 330(should 

340- 390 

340- 390 

I 4 5- 360 

of flavonoids . 10 

TypE:s 

Fla on 

Flavonol 

Isoflavon E: 

F a nnone 

alcont.. 

Auron 

n hocyanin 

--1---- -- - ---'-----



Ban I i s Gons ' de 0 be ue 0 orp~ io 0 h ri g 

cinnamoyl s s emili) r:l d banc. II "h a sor .. ion inv lvi 

the A rin enzoyl sys em 28 

+ o:c ? 
0 

/y :::-.... .,.;'; 

27 2:-
0 

The int r oduction of electron don ting group such as hydroxyl 

in thE; B ring increases the r elative r esonance con ribut · . 

. f ~ and consequ ntly prSQ C 

fts of band I ( s ee Table 4) 

onsid8rabl ba hochromic sh' -

Table 4 Band I in th UV s e e~ra of flavonols differing 

in the i r Bring xyg€na ion p trn . 3Y 

I Fl 1 Ox ne ion p at t rn J B< n I .. vono -------

~---------r A <nd ~ng +-~_~'2--+_(~~L __ _ 
I Galangi n I 3 , 5 , 7 --- I 359 

\

' K:Jemr 2rol I 3 , 5, 7 4 1 I 367 
, I 

G~:~::: ~n ______ l_ ;~~ : ~ __ k3~ ' ~~ I ~~: ___ I 
The chief chromophoric syst ms i chnlcon€~ h 

innnmoyl groupings , <-.re shown by structure 2 3 

ctively . 

an 



S bstit tion of hydroxyl or me hoxyl . ou s 0 o ri 

produ es b~ hochromi shi t s on b' d I. M hy t':'on 0 

2 1 hy roxyl gr o pr v nts i' chelo'io Ii h cnr onyl 

gr oup and r esul s in hyp sochromic shif s . 31 

In isoflavon€ he ph nyl ring 0 pesi ion 3 i s no conjug­

at ed wi h the car bonyl group . Cons quen ly , Jnd I , which 

in fla vones i s assoc i a ed with conj ga ed 'B ri g , is 

e i h r bs en or consider a ly diminish d in in ensi y . 30 

Isoflavones herefo e , show one in 6nsi mv.ximo 0 250-

270 nm band II nd a p€Jk or inflec ion of er y low 

i nt ensiti es for band I . 

As with isoflavones , he Bing of flavanon6s i s not con-

'ugated wi h car bonyl group . Consbq en ly fla a onES abso r 

mos strogly in thb 270- 290 nm ~nd II) , ut ban I is an 

inflec i . n of low in ~si y . 

2 . 4 .· Shift r co. 
=~~ .. 

lnvonoi s 

ThG oxygen a ion pa t6 rn of a fl vo oid llu cl s m,y b ·s 

lished y adding 1 Shif rea n s 1 to he S'.m 1'8' solu io 

and 0 serving ht r esul an shif s in h 

pcak~? , 30 , 31 

Som of h shi r RP.: n,s u 

- A C1
3

/HC 

So iu ac 

ar 

Bo i i So i m c to'" 

sorp i n 



_ l _ 

~Cl~ has thG ~bi li y of fo mi i 5 bl compl x s 

b t WcLn hy roxyls n ighbo rin ke 0 ro 'n ci 

11.bile omplE. xbs with ortho dihyaroxy bro slO as .Jho . 

b81~w . 

OH 
.-Al 

~O!l ~j HO r '-../ (--- HO / 0 /. ) JI .:--.,. Y AIC1
3 

I 1 H 

OR 0 ~ HC l 
~ 33 

3 1 

The r e gents C Q her ef or e e sed 0 dE. ~c he presence 

of both groupi ngs on t he fl Avonoid nucl us . Th AIC1
3 

spect rum r epr esents he sum ef e s of 1 compl xes 0 he 

spectrum , tha it:' , a b3 ho chromi sh i t U t; to '111 of h 

complexes fo r med . I . he l C1 3/H OJ sptctrum , however 0 ly 

h E. ef fe c of he a i s abl complexes , L t;; h hy r oxy-

keto compl~ xe s , wi ll b~ obs rVLd b 1US the ~cid la ilL 

compl~x~s ( omplcxLs form~ by or h hydr xy gr o ps) are 

dest royed by he 3cid . T c AI C13/ EC spLctr hcrefor 

indi r a ~s the prGsen c ~ of 3 or 5 hyd oxy rou s in h 

fl avone n cleus and 2 or 6 ' hydroxyl Er o ps i ch~lconc 

r esulting in b ~thochromic sh i fts . 

Sodium "cet1.t is weak r ns han 'lOll ~n ion z 5 th 

mo s 1cidi 0 he In ono hy rox 1 ha is 

hydroxyl ro s 8 po i·ion 3 
,., 

" 0 h 1 vo 

nucle s "nd is onseq en ed 0 on m r n 0 

h droxyl oups .q hes osi ion .... . 0 h io i 
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of h~ hydroxyl g ou S h~ av~iln ility of h 10 C P "r ~ 

elc rons 0 he oxyg a om 0 n e r i h conju -tion 

sys ern inc eases and a ba hochomi sh "f of 

s ec r um will b obs t r ved . 

f a onoid 

NaOA c/H3B03 ch lat Gs with ~ho dihydroxyl groups 0 th 

flavono i d nucl us . 31 As shown blow . 

OR 
H 

It ' 

H 

34 

Due to this chel at formation ( a hochromic shif on the 

spectrum will be observed . ThE..refort , he agcn s us 

to dete ct the presenc e of or ho dihy roxyl ~roups 0 he 

fl avonoid nucleus . 

N~OMe is a stron, bqs capa le of io izing all h~noli 

hydroxyl gr ou s . 10 , 30 , 31 I is her fore r lly ~ 00 

'finger pr int !! indica or or he presence 0 fr et..; hydroxyl 

gro ps on a flavonoid nucl -us . 

2 . 4 . 3 r oto _______ s~ _____ ~~~~ __ __ 

Pro on lR spectroscopy i s on of he moe I s 

f or he s ructural el cidatio 0 org~ i c po n 

Pr sen s uc ure l~ ci n i n of flavono " "lso r lyon 

MR Lchniq soc consi r x Ghc ic 1 shif..,s 

as well as co ling p t Lrns nd c pl"n ons 1 cs 
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r ovi L informativn about h SU)s i~ 'ion p of 

fl avcnoids . 

The protons of ring A loc d ~t c- ~n c- of fla ro 5 

flavonols and i soflavon~s , ~hich c0ntain e cornm n 5}7 -

dihydroxy subs itu ion pa er giVL rise ) V O ou 1 5 

(J : 2 . 5 Hz in h~ r ange 6 . 0- 6. 5 ppm)3 1 uc 0 me a co pling . 

Th€ H- 6 doubl ets occur consis ently high~ r fi Id th~n he 

signal fo r H- S. This is due 0 he ortho ffec of hE we 

hydroxyl gr oups n H- 6. A chemen\ ) sugar r sidue 

C- 7 causes a down fi eld s if for H- 6 an H- S si n~ls . 

Table 5 IH TMR Ch mical shif rp ne r n of H- 6 "'n 

i n f lavo es , i sofla ones ani flavonols . 31 

Type structur e H- 6 H- S 
m 

6. 0- 6 . 2 .3- 6. 5 

.75- 5.95 5.9- 6.1 

The r o ons of ring B usu lly a pca i h . 7- 7 . 

ppm]l which is dJ n i e1 ri 

pro ons a s rb . Th i nal r 0 r he 
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protons i s ' elwra c cr~ tjc fo r h su s i u ':"vn of \I ri 

In addi i on i suggcs s h0 oxy~(n~ io 1 1 ()f ri g 

If the B r ing i s i n con j u a i on with a d, lc 0 d 0 ri 

C as in the cas e of i sof lavonc , fl~vone ~n chclcones H- 2 

and H- 6 ' app a r t .g ther and l i kw i se H-f, ~nd H- 4 ap ~ 

wi t h H- 5 ' . I f r ing D i s oxygena d a C- 4 a ypical four-p~ak 

patte rn of tw o doublet s ( J : 8 . 5Hz ) is vbscrved 31 T e dou 1-

ets f or H- 3 ' and H- 5 ' a lw ays appear pfi cld rom t 

H- 6 protons becaus e t h y will e shield d by the C-

subst itut i on . 

I-i - 2 and 

oxyge 

Cons i der able variat i on i s foun in he chemical shifts of 

the C- ring prot ons among th di ff8ren 1avonoi c1a scs 

dependi ng upon the oxyg na i on 1 v 1 cf hb C- ring . The 

C - 3 pr oton in flavones giv s a shar single near . 3 m 

whi l e h 9 - 2 proton in i sofltvO 'Ihich is i he be: a 

pos i t i on t o he C - 4 ke 0 f nc ion , 0 curs in he ran e 

7 . 6 - 7 . 8 pDm downfi el o f r om whcr mos aromt ic pro on 

si na l s appear . 31 Thus r ing C pro 0 chcmi 1 shi 

aid in di ffe r ent i at i ng fl avon fr om is 1 von . 

vc11u s 

The H - · and H - . pr o ons of chalconcs occur as ou lc s 

( J;;:: 17 Hz 

7 . 4 ppm 

a single 

in hI:; r ange 6 . 7 . 4 ppm ( H - - ) 

) . 31 Th a ron b zylic pro 0 

31 betw en 6 . 5 - 6 . 7 pm . 

.3 

pl.rtrs 5 
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The signal f or H - 2 pr oton of flav anones appe~rs as a 

double double s with Jci s 5 Hz and tr~ns 11 Hz near 

~. 2 ppm . The geminal pr otons of C 3 usuplly appearing 

at 2 . 8 ppm ( J :: 17 Hz) i n addi tion 0 h0ir spin spi 

int eract i on wi t h H- 2 . 

Table 6 Chemica l shi fts of C - 2 and C - 3 pro ons 

in f lavanones and ihydr oflavonols . 31 

H- 2 H- 3 

1Q/ 5- 5. 5ap m 2. 8b 

1\1 4. 8- 5 p m 4. 1- 4 .3 c 

a quarte J ;: 5, 11 

two ar ts J 7 5 . 7 11 

oubl t J 11 



I 
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The diffe r ent types of aglycones ar~ not ' s ~ ing i~ Ie on 

he bns i s of the aromatic carbon r esonance alone , bu h~mi c 1 

shi fts f or the central thr ee c rbon uni s are 0 en qui t 

d ' , t ' 32 lstlnc lye . 

Table 7 13c NMR Chemi t a l 

3 Carbon atoms in F1avonoids .24 

Typ es of C - 2 (ppm) C - 3 (ppm) C=O (ppr. ) 
Flavono i d 

Cha1cones 136 . 9- 145 . 4( d ) 116 . 6- 128 . 1(ct) 188 . 6- 19 . 6( s) 

I 

F1avanones ; 75 - 80 . 3 (d ) 42 . 8- 44 . t( ) 1 . 5- 195 "5(q) 

F1avones 160 . 5 -165 ~ s) 103 . 0- 111. 8(d) 17 .3- 1 (s) 

122 .3- 125 .9(5) 174 . 5- 1 1(5) I 
Isof1avones 149 . 8- 155 . 4( d ) 

::. CH 
A. rones 146 . 1- 147 . 7(d) Ill. - I I. ( .) 1 2 . 5- 82 . '7 

In chn1cones C - 2 nd C - 3 re C- l.n c- r 5 I::C i • 
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Flavanoncs 

13 In thE C NMR s pe ctra of f lavanones he carbon jl si"nal 

comES in the r egi on 189 . 5 - 191 . 631ppm excep whe ~ 5-0H 

gr oup is pres ent that shifts the peak 0 lower fi IJ U 0 

hydrogen bonding . The C - 3 methylene g.lr bon singn'll is 

char a ct eristic a nd is at 42 . 8 - 44 . 6 where as he C - 2 

oxymethine carbon r esonat es at 75 - 8032ppm . The a1 iph ic 

c .lrbon s i gnals of fl avanones or easily i entified a he 

char a cten.-c tit chemic a l shifts of J - 2 and C - 3 can SE.. 

to dist inguish it from other ypes of fl avonoi ds s ch DS 

isoflavones and fl avon s . 

Flavones and I soflavones 

The carbonyl ca rbon signal s of both flavon~s 'nd isofla on 5 

come in the r egi on 174 . 5 - 178 . 6 ppm but C - 2 and C - 3 nr 

suffici ent ly differ ent in thE.; two seriLs to pt;rmi '.n mme ­

i at e distinction . In the fl~vones he C - 2 sig '1 ~ppe~rs 

as a s inglet ( in he off-resonune~ deeD l~d spec r .) "t 

160 . 5 - 163 . 2 ppm and that of C - 3 as a do bl~' a 104 .7-

111 . 8 ppm wher e as in i soflavones he 

s een a s a doublet at 149 .g - 15 5. 4 n 

- 2 r so 11 C i5 

t 0 - 3 Cl.5 a 

singlet at 122 . 3 - 125 . 9ppm ( in he off r 50 a c co 

s pe c rum))3 

Chalcones 

In he 13C NMR spec r a of eh Cl.1con 5 h " .r ony r 0 

s i gnals come be we~n 18 . 6 - 194 6p m. Th r nc 0 
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2 ' hydroxy- group moves this s i gnal dow fi 1 ue 0 hy roge 

bonding . The ~ and Carbon atoms c:-ivc ri 0 sign:lls 

116 . 6 - 128 . 1 and 13 6 . 7 - 145 . 4 ppm r - spectiv~ly . J2 

2 e4 . 5 Mass spectroscopy of f lavonoi s 

The first ob j ective in int erpret ing a flavonoid MS i s 0 

i dent ity the unfr agment ed molecular i on rnd en 0 rela e 

other major fr agments to it by r tionalizing he loss i 

moleculer wei ght using r ecognized fragmen i on a h way . 

Mo l ecula r i on (M~ ) . The molec l ar i on normally a c"'lrs 

as a majo r peak in the MS of aglycones . Ther~fore i s 

simple to get the elemental composition of aglycrrres . 

(1\1 - 1) + which i s loss of hydrogen is common in mos 

f lavono i ds . (3J) 

A and B ring Fragmentation 

Fission of the Mf ion into A nd Bring r )n ~i ing f r o. ents 

a llows identific ation of he s ubs i u io po. r of he 
° (34 35 J6 37) 

and B ring . The fr agmenta i on usu811y lnvolv~s . 

I) Retro- Di el s - Alder fissi on . 

II) Path 11 

r _-=-_ _ 0;-

. / 1 

~ 

- and C-

o. 
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3 . 1 . P13nt material 

Lit er atur E:. search on the Tephrcsia species ,) f t.th i J ia 

revealed that a number of spec i es hove n0 been ex ~. 'n€ 

f or their chemi cal comp os i ti 0n at all . Becaus~ f he 

pot ent i a l e c ~ nomic import anc e of the genus and he r scen 

world wide r eviva l of int er est in plan s known 0 c ' n qi n 

fl avcnoi ds , we s et out t o study the chemi s ry )f Tt phrcsi a 

~f Ethi opi a . This i s the first of a s ries ·f such s udies 

and we would be r eporting here he results of u inves g-

ation with one of th~ indi geneous Tephrosia s e i s n~81y 

Tephrosia pumi l a . (Lam . ) Pe r s . Thi s plan , ~l hough k 

t o occur i n many part s of Tr ,)pic nl Africa , A i', an C ntral 

Arneri ca , has s o f a r not been investiga ed a c.l - • urr.il~ 

f J und i n abundance in the Gibey valley and is ~lso 

to occur in the pr ovinces of Ti gric ~ , Gon a r lIe 

Har a r ghe , Illubobor , Gamu Gofa and SidJ.ITlo . Th po 

"lnd r oots wer e collect ed from Gibey valley i A g 

The plant was i dent ified by M~ Micha .1 Gilb r 'n 

s emple was kept in he Nati(, nal Herb1.rium , Aa is A 

Melting points were deter mined on Kofl ho' 

IR spe ctra wer e measure on P ,rki 

spectro- photomet er - mod 1 727B , U 0 

1m r ' nfra -

P rki -

555 s pe c r ome e r , ' H NMR sp c r a on J 1 90 Hz 

MH z ins rumen s in CDC1) wi h . 

~ 1- ~ ~~~' ~ ....... ,-l .......... c." 13 C ~iv we 

r amc hy 

m CIS r 

s 

s' 

par e 

.... 

1 . ves 

19 
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Th~ mass spe ctra were r e cor de on high r eso u ' 0 A1 

NS 902 sp e ctromet er . Analyt i ccl thi n l ayer chr vma ograph 

(TIC) vJe r E- run un c 0 . 2mm thi (!]r l:.lyt:; r of s ilcn gIn 

products wer e det ec t ed by their UV fluor esce ce a d by 

spraying with 0 . 5% f as t blue salt B solutio f ollowed by 

O. l N NaOH .
38 

Prepar at i ve layer chromat ogr phy were r n 0 

1 mm thick l aye r of s ilca g 1 ancl th e product was d BC 

by their UV flu or escence. Column chromat ogr aphy were 

performed on s i lca ge l 60(70 - 230 mesh) and S pha e LH - 20 . 

Table 9 

Solvent syst em used f or column , 

prepar atiy§ 1 yer chr Jma~ Qgraphy . 

I No Sol vE: nt Syst Em Ra i o 
;--- - -

1 To luene Hex,:me E OAc 

2 MeOH : CEC1
3 

3 Benzene B,tOAc 

~-
BEnzene Lt OAc 

Hexane CHC1
3 I 

3 . 3 . Extra cti on , fractiona.~i~o~n~R~n~d~~~~ __ 

Pods ~f 1 . pumila ( 300g) w r c ex r~c ld 0 

3: 4 : 

1: 

9 : 

3 : 

So hl 

using pet ether f ollowed by chlorofo 

gave 6g of gr eenish s icky produc 

Th P 

T- 1) whil 

fo m y i e lded 6g 0 crude ,.,x r a c T- 2 ) . 11 0 

( ) app l i ed 3 silCfl - 1 100 ex r "l C T- 2 was on 

, --"'- , -C'..! ___ .1.... 
-, ~ .... '" 'henry nf- IE OA 9 : 1. 

3 

2 

1 

chlo 

h 1 

col "l 

s 
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Five fr2ct i ons , each 100 ml , that were elut e wi 

system 3 were combined bas Gd on their TLC simil ri 

so 'e t 

5 D. 

. concent r ated to give 2g of greeni sh oil ( T - 3) . hre:c 

fractions , each 100ml , that \\} E; r e e lu ed i h sol v n 5 S em 

4 were combined to give a gr eenish 0il T - 4 ) . 

T - 3 was r e- chr omatogr aphed , on Sa hade x LH - 20 , 0 remo e 

chloropyll and f ats us ing solvent system 2 as clue t . A 

tot al ", of fift een fractions each 50 ml wer e collect d . Th 

first f ew fr a ct i ons cont ained only chlor ophyl and f3tS . 

Fractions 4- 6 we r e combi ned and conc ent r at ed 0 giv 70m 

of yel lowish oil ( T- 5) vJhich on addition of me hemol g 'e 

a precipitate (T- 6) . The filtrate aff or ded ~ yellow 

oil ( T- 7) . 

·Chrom ,'.ltography of T- 4 on sephadex LH - ° using solVe t 

system 2 afforded r eddi sh oi l ( T- 8 ) . 

T- 6 , T- 7 and T- 8 separ at ly" 'and r epeatedl w r column 

filtered to remove f ats and other imp riti -s using ~ol 

system 5 as eluent . Finally they wer e urifi si g 

1 t 1 ~nd final p rif"c eve l oped by so vent sys em u 

by Sephadex Ll:- 2 ".! uSi lllg s olvel sy ~en 2. 

T- 8 yielded 6 mg of ye unknm'm compou d si as 

Tp- 5, T- 6 gave Ilmg of the nov ·l com ou 

pumila iso- flavone -A2..Q , T- 7 gc'.V8 50 0 

initially bYspe ctroscopic means DS P ::tec" so 

o 
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first i so l at ed from Tephrosi a praecans by Camel e 11 - '-
19S0 . Based on the spectros copi c data , par ic l arly l3 C. 

nd IVIS , ar guments f or r evisi ng the s r ucture of praeea so 

A t o 22 i s pr esent sd in section 4 . 2 . 

It was not possible f r om TLC of the crude ex rae 0 

establi s h the total number of flavonoi ds present in he 

pods , due ma i nly to ma ski ng by the chlor ophyll an t c 

f ats .• How e ver aft er the fractionat i on it was possibl o 

determine that S fl avono i ds were pr esent labelled s p- l 

t o Tp- S . 

Table 10 

Rf value of the comp~nents using 

solvent system L 

Spots Rf Compound 

Tp-l 

Tp- 2 0, . 64 Pumila- i sofl avone-

Tp- 3 0 . 46 Pra canson " 

Tp- 4 

Tp-5 0 . 31 Unknown 

Tp- 6 

Tp- 7 

Tp- S 

Spots of Tp-3 and T - 4 w r e no s nsi iv 0 s ~y 

re agent while the othe r spots devel op eo 
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4. Res ulta a nd di scu s§i cn 

4 . 1 . Cha r a ct eriz ation of 

Tabl e 11 
Summary of Physicochemi cal da a of 

Pw.:.nila- isofla vonc-11 

I TLC 
Singl e spot , Rf 0 . [ 4 using 

sol vent syst em 1 

2 Co l our r ea ction FeC13 (t r eenish ) , aOH ( y~11ow ) 

Shi noda t est (- ve ) and conc . -

3 IVIS 

4 Mp 

15 NMR, UV , IR 

C27 H2 807Iv1+ 464 , ma j or fra -

ment s at m/ z ( r e1i t . ) 46 (9 ) 
+ 

449( 5) , 3), 6 ( M - C~ H 8 ) - 1$6) , 

381 (100) , 203 (4) , 177(2 ) 142 

(2 ) 

See t ex . 

Pumilei sofl avone - A36 ; The UV spec rum of pumi 1~ -iso 

(Fi g . l ) gave s ingle absorpt i on Lnk , 80nm w ich is 

char act eris tic of an i s cf l avon e ~u c 1e s . Th C1) 

AlC1
3

/ HC l sp e ctra s how ed bat hochromic shi f indic 

th e pr esence of OH a pos i tion 5 0 
e f1rwonoi 

The phenol ic natur e of the co un wns r h co 

by he ~ve r ea ction wi h 1% FeCI) solu ion . 

I 



Ttl ,; IH s:p(;ctrum ( F i g . 2 ) sheJt!d no o:a U 50 tion' t 

- 1 ch.)l .ltGd keto gr oup l.lt 1630cm i)ho~linl3 h< 1 e 5 y r J 

6rouP m6Y b e chelat ed . 

es i e e P c 
, , 

Ok 

pro tc)ll s ingl e t a t 1 3 : 1 3 ppm . t) i f:;na15 at 6 . 8( ) an .J . 

ppm(d) which integrat e f or one proton 0o..cl , corre ?o_ to 

th e vin;:(Lic p r otons H- 411 and H- :,II r esp ctively . O 

dP-3.J.r E:; d at 7 . 8ppm v/hi ch i s charl.lcteri "tic of an i..,,)f v 110 

proton , E- 2 . Thr oe dd ' s a t 6 . 22 (J=17 . 5 , 10 . 8H1.) , J . 

(J=l?:; , l O. 8Hz ) and a t 4 . 98ppm ( J=lO . 8 , 10 2Hz) 0 

'{_ j ill ( --.!I~S) llild H- 2" ( c i s) re5p ,~ctively ort t 

- dim,_ th;yl CLllyl nai:;ur e of tlw pr8nyl 5i t;; chain . . ~ ;3i 

:J..t :) . tUPPIL (6 n ) , _u_ i nd icated the presence of , 0 8( uiv 

Int:tDUX;Y- g re,ups . Tvvo s inglets a t 1. 47 and 1. 6 Pl.) ( 

"tOLlS each) indicat ed the p r e s.enc e of 1-:Ie r o 

dt i c protcns a t 6 . 71 ppm sug~es t8 he 1. rir:g 0 e 

i c~lly subs titut ed . 

T' c:; n i gh r e solut i on M of t h i s cnmpo n 

fir ming c::.D i sofl avono i d J.1uc1 0 s , attacht.;: to 0 

t llr ~0 methoxy and one hydr ox' gro p s . l! r 

a t m/z 177 , r esult i ng from Retro J i el s ~l ~r fi s 

" dnd B rings , s UGgGsted t he . tt, ch en 0 

e 13 i1 g . tne G-prenyl side chain to ~ on 

!>l/Z )'j5 (Iil+ - C
5

H
9

) con be b es 1 c !J 

i s or~~ to t hG methoxy gr oups . ~ i f' is s 'e 

13 

6 

II 

1'0 -

Cl 

i 

d 
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c.L C
5
H9 group is possibl e , shown i n scheme 4. 2 0 ly i 

O- prenyl side cha in is or;tbo to the methoxy r oups . 1 , 2 

The chroIDQn e r i ng may fie linearly linke to B ring as 

shown i n ~ or angularly as i n n . From the abo v 

it i s po ssible to cons ider at this stage f our 01 

struct ures i . e l2. to l2. , for pumila-isoflavom_ - . 

13 of 7 H of The C NMR of this compound showe I presenc~ 

wh O h 6 CH o ~ which two ar e m 
lC 2 a r e eq uival ent , , J 

1 
0 1 CH

2 
gro p . 

3 quaterna ry car bons and one t erffilna 

hoxy 

T 

13 C mea sure~eDt data i s presented in Table 14. 
r 

t ively shi e l ded position of C- 4' at 134 .7 

Qrtho oxygenat i on at C- 3 ' and c- 5'· 
This also co 

.-
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The 13 C spectrc::l analysi s is pert i cularly usef 1 in dis _ 

inguish i ng from the two r emai ni ng proposed str c urE:S 6 

and 21. The line ::: r structur e 36 is preferE:d by hE; res €: ­

nce of shielded aromatic t erti ary carbon at 94 . 7 pm . 

the 13 C NMR of the compound which is typical of C- $ i 

c- 6 substit uted 5 , 7 oxygenated flavonoids , like h'1 of 

angustone24 C. 4~ ( See t able 12) 

Table 12 13 C NMR data of c- 6 and C- $ in c- 6 and C- $ 

Subst i tut ed f l avonoi s 

, 
C- 8 Substituted C- 6(ppm) C- $(ppm) 

Moracen in B45 98 . 5 108.0 

Kuwanon C45 98 . 9 106 .9 

C--6 SUbst itut ed 
r- ; 

Angustone C24 128 . 9 94 . 6 

Wi ght eone24 111 .2 93 
I 

Lut eone 111.2 93 
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\ ,0 / 0 _ v '- ,,/' '" , -
I ! III 

Table 13 

,,:://~,,,/ )0" . 
bE l J O. 

40 H ;r: < OR 

')l 

1H NlVlR a ssignment of pumila -isofl avone- 6 

Proton ppm 

5- .on 13 . 13 (lH , s ) 

H- 2 7 . 86 (i H, s) 

H- 4 rt 6 .72 ( 11 H, d , J = 10 . 1) 

H- 3 YT 5 . 61 ( 1 H, d , J = 10 . 1 

H- ? ! 
~ , H- 6 ' 6 . 71 (2H , s 

H- 8 6 . 53 (1 H, s) 

H- 2 II' 6 . 22 ( ~ H, dd , J ::17 : 5, 10 . 

H- 3 TfI ( trans 5 . 11 (1 H, d , J: 17 . 5, 

E 
J 

~ 

Hz 

H- 3 rtf ( ) 4 . 98 (1 H, dd , J ~10 . , . 2H .. ) 
cis 

3 T - GrllIe 5 f - OMe 3 . 82 ( 6H , s ) , 
2 YT - Me 

11 • 1 .46 ( 2 x 6H , Z . 
1 - Me 1. 47 , 

2 ' 2 
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Table 14 

13 C NlvIR ass i gnment of purnlila-i sofla. e -

Carbon ppm 

-J 

lITLfvIe2 ) 2 " :: Me
2 26 . 4, 28 .2 

3 ' - OMe , 5 t - OMe 55 .9 

C - 3 III 111.9 

C - S 94 .7 

C - 2 ' C - 6' 106.3 

c _ ,n 115 .3 

C - 4!t 128 .1 

C - 2 '" 144.1 

C - 2 152 .9 

tt 7 ' .0 
C· - '2 

ITI 82 . 5 
C - 1 

105.7, 106.0 
C - 10 , C - 6 

C - 3 
123 · 

126.2 
C - I T 

C - 4' 
134 .7 

155 .1 
C - 3 ' , c-- 5' 

156 .9, 57 . 
c - 5, c - 9 

159 .7 
c - 7 

C 4 
1n .. 
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4 . 1. Relrision of the st ruct ure of praecansonE: 

Camele et3.l in 1980 , 39 isolated f r om Tephr osi a pra cans . 

(Legumi nosac ) the chJ.l cone , 52 whi ch they named as praecanso . 

A. Th e st ru ct ur~l ass i gnment was bas ed on UV IR S , , "nu 

"\ HNIVlR a s well a s chemical degr adat i on dat a ~ Thus the 

di spl ayed Cl maximum C) bsorpttdlO n at 284nm, a car bonyl absor-

- 1 pt i on appeared in the IR at 1660 cm , t he iVlS gave i n 

addi tion to the mo l e cular i on , a bas e peak at 3 49 ( I~I-31 ) 

and int e r est ingly a peak at 105 ( PhCO+) . Based on th se 

dat a structurc' 52 was a ss i gne d to prae cansone A. 

Waterman and Mahmoud rec ently a l so i sol at ed f r om ~­

ca,~p us constaric s I].sis ( l egumi nos ae ) , a B- hydroxy chalco 

50 , which in chloroform was f ound t o equilibr at e wi th th 

di kEt o tr',utome r 44 21. 

5 

T the l 3C r esona C€5 0 
ent ative a ssignments wer e given t o 

2Q and 5l. 

wer e; 

50 

51 

. t 

h r es onanc es as 5 1 
According l y mos t of t e 

1 

135 . 0 

137 .9 

2/6 
129 .7 

l 29 . t 

3/5 
127 . 5 

128 . 9 

4 
134 . 0 

132 .9 

10) • 

10 • 



An i nt s r esting obse r vat i on r epor t ed f or compo 

chemi 81 shift of the msthoxy gr oup l i n the I 

4 . 50 ppm as opposed to 3 . 90 . 

el aborate how th ey ruled out the alt ernat iv 

shown h e r e ) for 50 , Pe l ter et a143 during a s t: y 0 

13C NlVIR of cha.lcon e 2li an d some model synth ic 

.2i an d 2.2. rai sed quest ions r egarding th validi y 0 

propose d structur e of prae cansone - A, by only n: in 

h 

e 

the dat a. given by Came l e et a l and with out study' ng e 

compound itself . Particula r emphas i s was given by hese 

t 

s , 

h f ."'· 1)6 ,"k l· n the r:~ s .... m/z (.~.-J ). wo r kers to t e appe a rance 0 ~ _ ~ q u 

and 105 , both the se can not be accounted f or by 

as can b e surmised from schemes 4 . 5 and 4. 6 . ~ e h, v 

the course of t hi s work isol at ed suffici ent amount 0 tl 

comp ound which was i dent ica l in a ll r espe cts 0 hl 

t d b C 1 1 f A I e hc."ve gen ro. r e y arne e e t Q....- or prae cansone . c.. 

13 C data on the compound f or the f irst t ime an hes 

us e to suggest a r evision of the structure 

compound to the a lt e rnative structure 22· 

Physico chemica l date on praecanso 8 

yellm" oil 

1e 

l\1p 

colour reac tion 

Light 

FeC1
3

(- ve) , OH ( HI;; i sh 0 

TLC 

l\1S 

H SO (de ep yellow) , Sh' od 
2 4 

'" 46 (solven sys em Rf , (J . 

3RO(M-t ) , 365 ( r eI. i 

349( 100) , 105(15) , 77(11) 

(-

0(2 

2, 
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, 

The UV sp e ct rum show ed as in i n ref! 39 , absorp i o a 

284 nm and d i d not cha nge upon addition of AI Cl 3' in ' ct} -

ing absenc e of OH g r oups at the 2! and 6 ' posit i ons 0 e 

chalc one , furthe r confirmed by the negat i ve FeC1
3 

es . 

The IR spec trum showe d 2b sorpt i on at 1650 cm - 1 att rib € 

to the presence of o.n a lpha , beta unsat ur at ed carbo yl 

gr oup . Outsi;a 1O.d i ng s i gna ls i n the IH NMR : Two double 5 

at 6 ~ 45 and 5 . 43 ppm char act er i st i c :t' '=f' C'!1 2.nc e fo r thE. /0 

It II 

olefinic p r ot ons of the chrom~ne r i ng , H-4 and H- 3 

r espe cti vely ; thr ee e eh thr ee proton singlets at 3. 5, 

3 069 and 3 . 64 due to three methoxy groups ; a two pro on d 

at 7 0 Pl due to H- 2 (lnd H- 6 would r esonat e at such I m-! 

fi e lds only if they a r e ad j a cent to a c.3 rbonyl func i o 1 

a ~ in 53 but not 5 2 ~ 

Table 16 

i H NMR sp e ctra l dat a of pr ae cansone A (531 

H- 2 , H- 6 

H- 3 , H- 4 , H- 5 
!l 

H-4 
11 

H. 3 

[ - ()<: 

7 . 81 (2M, dd ,:=J , 2 

7 . 41-7~3 (JH- m) 

6 ~ 45 ( lH , J .- 9,6) 

5 , 43 (lH , d , J := 9. ) 

6, 4 ( lH , s) 

6.13 ( lH , s) 

z) 

H- 5 ' 

85 3 . 69 , 3. 6 
6 '-OMe , p- OMe 3. , 

x 5) 

2 '-OMe , 
It 

2 - IvJ.e 2 
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Table 17 

13 C NI'1IL~11~rr!-.:!-~ al_ shift values fo r 

Pr ae cansone A (511 

Carbon ppm 

l' 139 .9 

2 y 3 ' 5' , , , 6' 127 . 6, 

4' 131.2 

1 107 . 5 

2, 6 154. 6, 

3 11m . 5 

4 157 .7 

5 96.0 

211 76.3 

311 116 .7 

4" 126.7 

.. '<: 101.4 

B 165 .7 

2 '-OMe 61.9 

127 . 8 

155 . 6 

6 'OtIo i B-oI1e 
55 . 6, 55 .8 

21l - Me 27 . 8 
2 

C -= 0 189 .9 



- 46-

The pectks in the MS , wo r t hy of not , ar e h€ si 

m/z 105 and 349 which coul d arise only i 

i s attached to the B r i ng " r athar than , as 

origina lly , to t h e A r ing . The fragment i o 

shown Scheme 4 . 5 and 4. 6. Further evi dence i 

structure 53 for pr ae cansone- A is provi d d by 

sp ectrum . The 13 C data of prae cansone- A i s giv 

17· The DEPT . pr ogrammed 13C NIVIR of t hi s 

presence of 5 methyl gr oup s of whi ch thr 

(two of th e peaks ePl ch r epr esent 2 equi val en 

~ s 

s 

i 

quat ern2ry ca rbons . C- l r esonat es at 139-9pp" S I 

t o the carbonyl gr oup at t ached to i t . 

Felt er 21. a l have shown that a phenyl carbo ir !.1 

ed to a ca rbony l ( 2 S i n a cetophenone ) i s exp 

chemica l shift 4- 5 ppm at lower fi eld than he 0 e 

to an olefin a s i n styr ene ) . The eff ec i s .11so 

tt ed to some ext ent t o the par a carbon ad;;' co 

differen ce of 1 or 2ppm i s expect ed for 

of compounds fo r t heir r esonance at C- 4. 

The 13 C r e sonance va l ues of pr a canso 

f or best if t he car bonyl is at t ached o 

i n 21 and diff ers consi der ably f r om v ~l 

ative mode l s . 

e a 0' t. ;o . 

h 

c 



53 

r·- - . 
/ --- i 

54 55 

56 57 

Table 18 

Chemi cal shifts of 53 " 54, 55 , 56, 57 , 

c ~ -+ 

53 34 55 56 57 

1 139 . 9 139 . 76 135 . 48 134. 7 137 .1 

4 131 . 2 131 . 84 129 . 61 130.1 13 2.9 

I' 107 . 5 118 . 48 119 . 13 13 8. 0 

+ F or the s ~ke of s i mp i 1ici tY the numbering sys e 

ch,'} lcones i s not fo11oVJ d fo r the compoun ds . 

The MS and 13C NMR dat a ar e thus in accor 

53 f or pr ae cansonc - A, hence our Suggestio 

5 • 

5 
1 . 
127 . 

0 



p 

0 
.. ;-1 :$. 

, > :) -.. 
....;-- --_._--

.- t:-' 
'D 

0 1 
:::.. C' 

ry. 

'~ ;! 
)" ;, 

r' 
0 (3 ., -l 

lJ' .~, 

'Il 

0 ,..:, 
...:;..----~ D 

r", ~ 
b 9 

...n 

" 



-49-

4.3 Pr e limiDary dat a on Tp- 5 

In the courss of this work an additional compou 

her e as Tp- 5 isoflavonoi d has been ~.olat e d from I.. p ... 

The compound hns been submitt ed f or HRMs Clnd high r eso 

NMR st . di es and conclus ive r esult s , i t i s hOPed, wil b 0 -

th coming : 

MP 126;;.1- 9 0 c 

TLC singl e spot , Rf 0 . 31 (solvl:. sys:"') 

Colour r eact i on Fee1
3 

(gr eeni sh) , con , H2 0 

(yellow) S' hinoda e" (- v ) , 0 

(yellow) 

The class of thi s compund can be predi cted from 

col lected . 
. . :l 1 

The UV s pect rum gave a s ingl e absorptlon maXl 

i.~ the IR spe ctrum showed a st r ong absorption n 

and no OH absorption indicating the presence of 

car bonyl gr oup . 

at 't2 . In the NMR s ingl et ppm , <1 
proton a 

absorpt ion pr oton , H - 2/ s r o 
of an i sofl avone 

Tp- 5 to i sofl avonoi d , beari ng a hydrox 1 
be an 

chelaci ed OH gr oup can be subst ant i at d f 

i e l ed s inglet at 13 . 13 ppm . 

h r 

. 

280 

1620 

a 

ri c 
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