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JlBB'J'HiICT 

Macrocyclic Pyrrolizidine J,lkaloids 

from .;:C",' r;..;o::...t::.<:.::fJ.:::l;;;,fJ. r i fJ. r 0 sen i i 

by 

Getachew 1,tnafu 

Heflearch lluvisor: Dr. B0rhnnu 11begaz 

Crotolaria rosenii, family Leguminosae, is a poi-

sonous endemic shrub or small slender tree found in 

Iaountain scrub and forest clearings between 2000 and 3000 

m. The powderod le<'ves and flowers of C. rosenii were 

defatted with petroleum ether (60-800 C), extracted \'lith 

r~ethanol (soxhlet) and subjected to acid-base extraction 

to give a raw basic extract containing nine alkaloids. 

Column chromatogr2.phic separn.tion of the raw extract on 

silica gel with chloroform-methanol mixture resulted in 

the isolation of three alkaloids. 'J'he structures of 

these alkaloids were determined by 2-dimensional nuclear 

wagnetic resonanco techniques as well as mass and infrared 

spectra. The three alkaloids were identified as maduren-

sinG, 7-acetyl maclurensine and Crotaflorine. 

11pplication of homo and hetero nucleHl.' shift corre­

lations have enabled unequivocal assignments of the carbon 

chemical shifts of these compounds and pointed out erra-

neous conclusion made by other workers. 
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1. IliTHODUCrcIOH 

CrotRlnrin species belong to the fnmily Leguminose 

sub-family Papilionoicleae. Many of them are small herbs 

or shrubs found besides roads, on erocled soils Rnd as 

weeds betwaen 600 and 3000 m (1). Some 600 species 8xe 

found throughout the tropics and sub-tropics particu18rly 

of the Southern hemisphore. "bout 500 Crotalnria species 

are recorded in trorical j,frica (2). There are 85 spe­

cies of Crotalaril; listed for Ethiopia out of which 15 

are endemic. Crotnlaria rosenii which is also known by 

tho synonyms 2. pieberi, C. raffillii and Erythrina ~­

nii (2) is a poisonous endemic shrub or small, slendor 

troo up to 4 m tall. It is found in mountain scrub and 

forest clearings from 2000 to 3000 m. Its flowors are 

yellow with black und brown tips and markings. 

Plants from the genus Grotalaria are known to con­

tain pyrrolizidine alkaloids. Up to the end of 1985 

about 51 pyrrolizidine allwloids havo be on isolatod from 

over 59 species. The structures of these alkaloids, 

classified accorcUnG to tho type of necine base they con­

tain are given in Table 1. The economic importance of 

pyrrolizidine alk<'.loids is now more widely aPllreciatec1 

because of the increasing number of deaths to livestock 

attributRble to consumpt,ion of plants containing pyrroli­

zidine alkaloids. Many cases of human liver disease ara 

nOli also known to be due to ingestion of pyrrolizidine 

allwloids 0). 



No phytochemical investi(5ntions are reported on 

Crotnlaria roseni:i, prior to the initiation of this pro­

ject. The presence of nine alkaloids hns been establi­

shed nnd the structur~s of three mncrocyclic pyrroliz:i­

dine allwloids were deterI'linnu on the basis of IR, Mass, 

In Hrm and 130 NIvIH spectroscopy. 
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2.1 Pyrrolizidine 1.1kaloids 

Pyrrolizidine alkaloids contain one nitrogen 

atom in the molecule Hnd this is present in a pyrro­

lizidine nuc18us(I), 11 Bystem also knOlVll as l-azabi­

cyclo [O,3,3J-octane. Quite a number of pyrrolizi­

dine allwloids contain eighteen carbon atoms. Most 

of the alkaloids are esters which on hydrolysis 

give alknnolmnines (knOlm as necines) and carboxylic 

acids (known as necic acids). 'i:hey fall into three 

r~ain categories: monoesters of the necine with a 

monocarboxylic necic acid(II), diesters of the necine 

with two different monocarboxylic necic acids(III) 

and raacrocyclic diesters of the necine I'lith a di­

carboxylic necic acid( IV).. Most of them are repo­

rted to have a 1,2-double bond in the necine and 

are known to be nllylic esters (4). The most common 

ring size in the macro cyclic pyrrolizidine alkaloids 

is 11 or 12 membered. However,. fe\~ examples of 13 

membered macro cyclic diesters are known for pla­

tynecine (5-10) and retronecine (11-15). Recently 

a new 14-lGembored derivative of retronecine has 

been reported (11-13) .. 



l~) l' 1o,!) t~ i'J3.rr5.1:LoH nrG knvv-.tn. to eoni;HJ.n. Li,Y r']:'oli. z,'L~i inlj 
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12 and 13 membered macro cyclic rint~s. The 12 membered 

ring have the est8r attachement at C-7 and C-9 while the 

13-roerobered ring have the ester attachement at C-6 and 

C-9. The conformc':tion of the saturated 12-membered ring is 
exo-buckled and is endo for 13-membered ring (21). 

Most macro cyclic pyrrolizidine alkaloids have methyl 

substituents on the a-position of the ester groups but 

in six Crot81ari~ "md three Senecio species pyrrolizidine 

alkaloids having hydroxy methyl substituent on the a-posi­

tion of ester group have been isolated (23,24,25,26,22). 

t1w.crocyclic diesters with epoxide ring in the necic acid 

portion were reported to occur in species of Benecio (18) 

and Crotalaria (2'7). 

2.1.1 Pharmacol~~~ 

Plants containing pyrrolozidine alkaloids have 

been of medicinal interest since the fourth century B.C. 

and there has been reports of their use for treatment of 

tUJaors (30), A recent report confirmed the antitumor 

effect of monocro-Galine (Table 1 section c (3» and this 

pyrrolizidine alkfIloid was re110rted to be more destructive 

to malignant cells than to normal cells (34). 1'he 

H-oxide of indicine(Vr) does display antitumor activity 

with less toxic effect than related pyrrolizidne alkaloids. 

~lhere has been a o.ata on its test on humans (35) 

Many pyrrolizidine alkaloids are found to be toxic 

acting specifically on the liver (31). "ccording to 



1 -'lr.t'o} izitline .- ~ . 

loi.dfl are p;yrro:U, (Ieri vati veE ]"rod uced by helcatic mix cd 

functj.on oxic.ese, In order to forlD those toxic pyrrclic 

in the necine, and be esterified o.t G-9 (16). 

l'yrrolizidine alkaloids were reported in Cow milk 

r;al1ples (36). Tho her;!totoxic "llwloitis s(Jllecionine, 

nl;neciph;ylline ('l'o.1Jle J section c (b», jllcoline(VII) ancl 

jnconine(VIII) fron l?£!!;~.2jo .jflcob,:~ 10, were found in 

transmission of such hepatotoxic nlkoloitis or their neta-

boli ten to COnSllll18ri; throu.ch Deed-. End dairy llroduc·t1J 

V] 
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2.1.2 Biosynthes~~ 

Pyrroliz,idine allmloids occur largely as esters of 

nI'lino alcohols (n,o:oin0s) Hnd carboxylic acids (necic 

acius.) Biosynthc;t;ic. studies have been made on the common 

necine bases nnd necic acids. 

Ornithino(IX) is known to be incorporate>d into a 

variety of plon bases. cehese incluue the pyrroliziuine 

allwloius typified by retronocine. Hetronecine(X) is the 

most common necine and most of tho biosynthetic studies 

reported have been curried. out on this base. Hesul ts from 

the study of feeding labelled ornithine, show that orni-

thine uerived fragments ore incorporated. 

x 
IX 

Nowacki awl Byerrum (58) fed [2_
140J - ornithine 

to Orotalaria spectabilis plnnt [mel obtnined monocro-

taline, which was shown to be rmtioacti ve only in the 
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retronecine portion (necinE, part). Hughes et al (9) 

fed [2_
14

CJ ornithine to Senecio isntideus plant. They 

found necine acti voly at C-9, but no actively rlt C-5 8.nd 

0··3. Instead, the rest of the activity was at C-(7 + 8). 

'!Chese workers concluded that two L~olecules of ornithine 

are incorpore.ted into retronecine. 

Bale (mel Grout (40) have carried out feeding expe­

riments with arginine(XI) and ornithine labelled with 

different isotopes (3H anEl 140 ) rind found out thllt orni-

thine is [] slightly more efficiont precursor thrln argi-

ninG for retronGcine bios;ynthesis. It is probable that 

ornithine is incorporated into retronecine(X) after ue­

cHrboX'Jlation to iYutrescine(XII) since IDbelled putre-

scine has also boon shown to bG specificrllly incorporated 

into retronecino. Iutrescine C[1n be also formed from 

arginine via agmo:cine(XIII) and N-carbmnylputrecine(XIV) 

as shown below. 

NH l\Tl{ 

11 II 
CH2HH2 t 

CH2l\TJ{CHlI2 I 
CH2NHO-NH2 I 

OH2 CH2 OH 
I I I 2 

yH2 CH2 
! 

OH2 
I 

CHNH2 !t CHliIII2 -i CH2l\TJ{2 
I I 
SOOH COOH (XIII) 

(IX) (XI) 1 
EO 

li)H2OH 
CH')HR2 CH2lffiOOmI2 I L I 

\ CIL) OH2 
i~ f---o 

I L 

" I 
CR2 

, CR 

N~/ I I 2 
CH2HH2 CH2NE2 
(XII) (XIV) 
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Robins and Sweeny (41) showed that putrescine(XII) 

sepernidine(XV) ancI spermino(XVI) are efficient precursors 

of retronecine(X) biosynthesis. Degradation of labelled 

alkaloids demonst:cated a BylOmetrical intermediate of the 

type 04-N-04 in the biosynthesis. They have found putren­

scine to be a much more efficient precursor than orni-

thine which suppor'GS tho theory that putrescine follows 

ornithin in the biosynthetic pathway. 

140H NH 
122 

[OH2J2 I _, 
OHHH

2 
• 

1 
002H 

. (IX) 

(XVI) 

(X) 

The acids with which .the necines are esterified are 

[5snernlly not found elsewhere in alkaloids. }!'or some-

til~e, the Rcids which include the 05 monocarboxylic acid, 

an[5elic acid(XVn), the 07 monocarboxylic acid, echimidinic 

acid(XVIII), and a number of 010 dicarboxylic acids such as 

senecic acid(XXII), were thouGht to be acetnte (mevalonate) 

derived (42). Because many of the necic acids contu.in ten 
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oarbonatoms, the;y uere originally believed to be of 

terll8noid origin eventhough tho mode of coupling of the 

U5 units was quite different from those of terpenoid 

coupounds. However, experiments with labelled precursors 

have established tha'v a number of necic acids are formed 

from one or more of 'vhe corQl'lon branched chain amine acids 

threonine(XIX), isoleucine(XX) and valine(XXI) (4-3). Thus, 

Crout (4-4-) has shovm thRt isoleucine is a precursor of 

angelic acid(XVII) and that valine is a specific pre­

cursor of echimidinic acid(XVIII). 

XVII 

OH XIX 

'0 H 2 

HO 

HO 
XVIII 

XXI 
Senecic acid(XXn) has been the most widely studied 

C of 10 acids and belongs to 'vhe main structural type 
found wi thin this group of acicis. It was shown that 
isoloucine(XX) is incroporated into senecic acid by the 
loss of both carboxyl carbons( 4-4-). '['he )Qechanism by 

which the tso isoleucine units are coupled in tho 
serwcic acid biosynthesis is not obvious. 

Crout et al. (4-5) showed by feeding experiment in-
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corporation of two fi·v8 - corbon units cieri ved from iso­

leucine(XX) ond its biological precursor threonineCnX) 

into senecic acicl(X::XII) in Ge~cio magnift~u~. '"ith uni­

formly labelleci [14CJ - L - isoleucine as precursor; the 

fi'<,<e _ carbon com:';JonEmt cor~prising (O_L., -5, -6, -7 and 

-10) of senecio Qcill was Host heavily lRbelled, and it 

\Vos suggested that isoleucine was incorporated according 

to the schem beloV!. 

MeOO H 2 

1 
citric acid cycle 

H..."," 
/,0=0 

\tlfie 6 15 
'00 H 2 

(XXII) 

9Me on 
I 1 
on - 0 - lile 
3 21 8 

002H 

)'F.
Me 

41 
>f:OHOH 

31 
~OH-NH2 
21 
>fCO II 

2 
1 

\ 

OR-l'/ie 

3t 
"CH-1m2 
21 

/ '*co H 
",---~~- 2 

1 

Ccx:) 

Hesults obtained from experiments clone with a wide range 

of labelled compounds (46-~)O) show that the necic acids of 

most pyrrolizidine alkaloids arise by 11 biosynthetic 

pathway involving the coupling of L'letabolites derived from 

isoleucine(XX). 
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2'103 Isolation ond Uh(lracterization 

In the most; common iflolation procedure, the crude 

extr(lct obtained c.fter preliminary processing is purified 

by dissolution in dilute Hciel Hnd filterution from inso­

luble material. 'rhe alkaloids are then reprecipi tated 

liith alkali or extracted I'lith an immiscible solvent from 

an alkali solution. Individual alkaloids are sepRrat8d 

from each other through differences in solubilities of 

the bases and their salts. Many isolation procedures have 

been described fo:!? pyrrolizidine alkaloids in the scree­

ning of various plant materials. 9;he most commonly used 

technique is column chromatography li'ith silica gel (51), 

alumina (52), IdesGlguhr (53) or cellulose (5LI-) and pre­

parative thin-layer chromatography (55). 

J\ consiciernlJle number of improvements to existing 

procedures for tho detection, isolation and separation 

of pyrrolizidine f.'.llwloid mixtures has been reported. 

C0he alkaloids of ton occur naturally in the form of their 

N-oxides, and these aTe usually reduced \lith zinc in 

acidic solution to liborate the free bases. Due to the 

10\v yield obtaineel \' ith zinc acid reduction and the possi­

bility of decomposition another method, 17hich employs a 

rmlox polymer on c.nion exchange resin was developed (56). 

'Chin layer chromatography provides a rapid separation of 

pyrrolizidino allcL'.loids. I{elJreclucible Hf values for 

pyrrolizidine allG).loids \701'0 obtained by using silica 
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(Sel plates impregnatecl I'li th mothonol saturatecl with pota­

ssium chloride (57). A sensitive reagent for cletection 

of pyrrolizidine Glkaloids YlilB developed by direct treat.­

munt of o-chloranil (tetrachloro-o-benzoquinone) followed 

by spraying with the Ehrlich's reagent (p-dimethylamino 

benzaldehyde in absolute utho.nol containing boron tri­

fuloride etherate) ()8). Improved separation of mixtures 

of pyrrolizidine ,I_llwloicls have been obtained by high 

performance liquid chromatography (59-61) and gas chro­

l1atogro.phy (62). 

Jlllmline hyd:colysis of the alkaloids has been emplo-­

yed as a useful det;rado.tive tool in the study of most of 

the allwloids of -;:;lle pyrrolizidine tYl)e, since hydro-

1;)'8i8 gives the necine nml necic acid (or modified necic 

acid) portions which constitute the parent alkaloid. 

s:'he other general clegradati vu procedure \ihich has been 

exceElclingly useful is that of hydrogenolysis of the 

alkaloid to give G modified necine and necic acid. This 

practice of hyclrolysis or hydrogenation of the alkaloid 

to its constituent bosic (necine) and acidic (necic acid) 

moieties, and identifying both portions is not now carried 

out by all 170rkers, sometimes clue to the small amounts of 

naterial available. 

~here has been an increasing reliance on spectro.l 

dai,a chiefly IH 130 nuclear magnetic re80nance (n. m. 1') 

and-mass-spectrometry. Useful informntion on stereo­

chemical cletai18 8_nd conforI'lations have been obtained 
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from X-ray diffrc1ction analysis (23,63-66). The intro­

duction of new techniques such as NOE Rnd two dimensional 

(2-D) Nll'lR spectroscopy have opened possibilities for the 

analysis of spectra and is able to provide information 

previously not accossible. Various techniques of two­

dimensional NMR spectroscopy made possible correlation 

of spectral parameters (chemical shifts, spin-spin coup­

ling constunts) of different nuclei. lVleasurments of 

homonuclear IH_IH shift correlated spectra and hetro­

nuclear 13C_1H shift correlated spectra (CODY) greatly 

af3sisted the assignment of signals and structural determi­

nations (67). 

The mass sPGctra of pyrrolizidine alkaloids are very 

distinctivo and of ton permit structural assignments to 

bo made by comparison with mass spectra of alkaloids of 

known structure. These alkaloids display characteristic 

fragment ions of their nocino base, For exmaple, those 

alkaloids containing otonecine as base (Table 1 section 

D) display charad;oristic fragment ions at m/z 168, 151, 

150, 122, llO and 94 (68,69). The N-oxides of pyrroli-

zidine alkaloids usually show the presence of ions at 

1~-16, M-17, and M-18 (70). 



h ~a~lp~<) j;;yrtoU­

-ddil\(I b~l\e 

Hl~!iJ.):",H2~(:m:. 1l,!~H 

iletu'lln<' 

Cl',,{"o,.·jil1e 

H'Jtl"(ln~'ciIW 

Q. P..!lU;;i£'!M~.1 
Q.~.:!_t~ 

:2. f',~.~_:ll..:!.H .. _~J ~~~ 
§. !.~<;N~':'.B"L'! 

£. ~.!:2F_~..!~ 

~. FEd!..~~~! 

f· ~!':_"'!2:..! 
~. :i,::_r:-~~~ 

£. =~s..".': ,-.­
f· ;:p!£..E..~!:lJJ~ 
(g. ~..£.L~':) 

g. !l!:'l..o;~..!c"'l~ 

~. ii"":-.. ;";z:: 

6-2 
.-.-'> 



jl. ll_I·"I::1:.cr<'4 e)ujc 

dJ,,~t<'rs 

2 

}:) "'R,?.rb~" ,n .. ~J.!,;,,~::­

"E,~I,~f' II ~hll>H:>~ , 
l-il<'·~" .. l1; ·:··,jJ2<!I-c,,,~. 

}.!5~lt(-~S.:. f'.ruci.b.n--c1r.E 

It1 ~R .. ~ R!> ~i, ... ,l';, .f~l ,Jl)-h 

OJC'~bD~ :;V_ct~l,lir.~ Q. J~J~c.!~":!:.!~_L~ 

<f· ~"L~"-_~~;) 
3

1
'"}!q DI'-,;. ~2~t>:J ,R,~ If:; ~ 

li[,-E en)' nrb\J.I;'o< roo 1'!.E~~~"-
Rl ~ H4 ~}(s .l!~ ,f!,~~{'a. H} ~ 

O)-l,P'6~i.~ C)'(1'.Ohr)M' f· E~E~i~ Il 

(Cru-,.,url,l.n.:) 

h1'}l)d.jJ,l/.<'.O;,/'ti,l< .. ~ 

PbLH.}l,;.~Y~",QI JrLHtN £..- L~'lE!.E-Q3_,! 
Q. ~!'!e.£~", 

R
j 
~H}~OH ,R.2~1::l; .ll,~~% ~H 

. P.5~L''''2{'H .u.llllddiM ~. ~EJ!~~ 
}!l-CllO:-n.'~ .[l2·B .. ~OH.R}.)J". 

1l.'i~l!~2tH J:.dll. ... r!-M 

"1 ~C]{J".:tl" I R
2

,,(J'1.H., ~ R .. ~1 

1t5"Ui':;{1l jk.!.,,:qlOd 11 u-iv! 

l"l ~R" ~l'i..s -1';,> ,H2 oH,R", ~O,I 
}>U)Virotl 

21 ~1\"f1!,> "lie .N?~».Ri"Oi-l 
C.r1I;:p,t111~ --

»p<,titw,_' 

C(,-~J1;c.du[if,e 

)/rH3~R;:. ~l.:o: lR~Oli.l!~ .. OH 

~,=,no(; r "t •. 1 illC 

Vol ~RJ"'R!> ~l1e ,1l25H4'-{';P~:(> 
i.Jooocrot.!ll1ni r,t 
}(l ~H;;. -).;5 ~11<'l ,1l.~.CH ,Rq ~ 

OCD(IWe};t. GIOlhaolnr 
Rl ~R> .).!'a,R2~~'I·O-'llfl.J D 

1~"2CJl 7 .. 1dl¢U~6r.111" 

£. ;,~J~'.:!~:;;_!:E 

.q. F...!>!_'l'"-.':l}.:!..~~~ 

9· £..-:!.££~~ 
£. !'!~-'!.!'. 
Q. }'~(.,t9L':.~~ 

.~. E~::!~-:-~..E..!:..~" 
y. i "o~..!::o.....C1_~l_!J 

g. ~~<i~y_':..~ 
g, .~!'~~L<:f~~_~ 

'i? 

'1) 

21 1. 

7B 
n 
I)o.%.n. 
.e.?,B5,H' 
fit 



j? 

Hi. }2-:,:\·cu,; .. ed r.;rd1c 

,11o"Gtcl'a Rl"R}~R5~H'}{2"I\pHD 
li~r,.,( H'nih( 

R.1.' Hr l'H2 • R) '-R5 ·-11 .p..'j ~u~ 
r,,,tt,, ct::,h.. .. l Hp(: 

i'l1"f?:>pH,n,?",Jl/j- ·!.':e ,R5 ~(,:j 
Rt·tr-"rlJil1~ 

fll ) }\2~(1;2' B~~Oa. fl" ~!~-l:, 
H!>"B J{L.ldt<HL",o 

B), "R )~Ulfall.ll.ry.!i~l!I' 
lnt eg~·rr ,\ !~1 nr: 

HI ~Ho1.l{ .K2 MR:> olt<:- .l-l} -01\ 

ti!;,11·.~~in(> (l:u";-oll:,t1n,,,) 

J. !:.~m~~_~IC~ 

~: ~~~:!~~'~~J3 
g. ,~t!",,,~~ 

~~ ~~~.~:~: 

£. '1.~~~!_~':l1d~_~ 
Q. t:"-H:!'s'~~ 

f.. -'2 .. :!."~-~:i'.~.d_ 
f· .!:!:.<;..:1.~2U~ 
£. ).E~_~ 
f!. E:.'JE!.9}iE!~ 

f:. _"J~v_1.f~~ll 

5· ,~S~S~~_"! 

c .. ~.r'_~I.::'ls~ 
r> OJ~I-<l~O:~~.2 

f. ~~~~_;:~.~r!.~ 

)1 .. f'_,PIHC"'-' 

27,19 

21.U'<.ln 

'6 

/"t),r"'.25,e2 
19,£6 



? 

y OH 

f}) ~r<rO 
0'/'0. H f 

<:r> N _____ ~. 

6 

J 

I.l. Otol:cciu!I: Crol,lp 

1- 11~F.id·~h;'d 

cycl1t ME";'!tcf"1; 

't... /b ",.~-"! 
fl'." . '--7(t 

"-CO-

'd !' "'11/> 
l~- . 

I,; 

Cn-'I.'~tr:: "t lu~ 

(JljJc!;-ln~ HcdH.,.) 

Cj'""t'U:;~'-'~J,,,, 

fie t USC-r.ifl/': 

f· ~~-l}'~.JtD.tv 

(£. ~t~~.!'~~) 

f· f'.!::!l2. 

S:. cr~::;:-lE:E 

f· EA!.<{".E~1l.! 
f.. ~:-~"~-;--::';;'~~L~~ 

f· ~!2!.~ 

f· ,~.c~ft!;'C5 
f· ~.~El:~.£!~~~ 

e~ 

HI.8l 

B9.<;'0 



ii. l;:>-c<,ub('r-ed (]cl\e­

d;l""ttecll 

t. Cf ... tnH.~c1r,e [I.roup 

1. l?-::cet:l.E'Nd 

/,;Jc11c dies~<:t't; 

1 

H. 13-<l~ll""nd cyclic 
,11,,;t.-;"& 

R}'F~.n,l!l ~I:" ,R;>"OH, 

».soli ... S~r.'drkille 

l!<(lsen}irtinc 

nl"Il.5~t:1: .f'2~OJC,1I}~P.q .. H 
b-A( oct)' 1 tc ,,k 1_ 

ey.i()" 

H1 "CH20:; ·!l2 "OH,fl}oR<j"»' 

Ii}"!.!'" li...Taro:qr,<':nUr);illl'l 

R} 50H, R2'~}1} ·R~·M .tl~·l:" 

Ceot,,!oJ loe 

1l1"OH ,H?"H:,. -I:e. p.} 011;_r; 
Cr(ll,.1'Ivf'rlue 

il1 "OAC.R20P./f ·te .ft}~\.H 
O-A<:et),1(".ro-­

tFoverillE' 

Rl"R,o.}(.Fl2"~'" 

..o\nl;crotil;e (Cro'tRlll­

burinc) 

Rl".Ac.fI?~};e ,F,-Ii 

6-.:cp.t1!;:}~·;Cfot I ,-::,. 

}(l -ACtIf2"t:, H) -I. ... 

G~~cutrl-t("an"-snn­

rl"otinec 

Rl·ar~" tJ'~_ .R2"H .R} .. U~ 

6-Ant;e] 1'1- t ("lin&-E.OA­

u·ot.ine 

R1o..lC,P.2"1l: 7-:'C<'lJl­

If(;durc,.:;ine 

}l1"U,Jl
2

·OH: Grvt(l_ 

Ollrinc 

£. !abt:rn.l;-~)_~~ 

£.~~ 

f-1E~ 
~. ;::.~\::~.! 

Q. y.!!~~ 

f· _~~~~U-

f· l .. burnl!.0.l! 

f:. £-:: . .!-..i~J' 

f· !.~£I:0_~ 
f. l!!CU1~ 

Q. ~~.~Y.l:.~~!.t: 

f· !!~n_~~ 
.f. )~.?rr, ~ ~cJ_~ 

91,92 

~2.21.27 

.tJ.j: ,~'6 

22 



F ~ Croolbinecine GrGujJ 
I 

G. Miscellaneous group 

1. 7Ij -hydroxy-l-methyl 
pyrroHzidine 

2. I-h;y'drox;yroetbyJ.··l,2-

eppxy pyrI'olb"idine 

j. Methyl esthers of 
supinidhle and. 

retronecine 

- 20 -

AlkaloJ.d 

Cl'onlhidine 

:P1ant sped.e.s 

Q. ,Ell:S:!3 

(2. lOcri!.=n) 

Q. ~?curf2: 
c. .ft~reen~ 
Qo ~y1inddrQ.~· 

carfa 
" -

Q. .!?&~ptica. 

C. .e;!~~iHna 

.It ,"" bleqicaginee. 

Referenc~ 

EC 

72 
, 

72 
83 

63 

18 
Q. :!ipi.f?tiasVUlll 



- 21 -

3. RESULTi.i Ji.ND !)I0CUI3I3ION 

3.1 Extraction and Frnctionation of Crotaloria rosenii 

jt schem8tic flow chart for extraction and fra-

ctionation of the loaves ancl the flowers of Crota-

laria rosenii is given in Figure 1. Defatting the 

powdered le8ves with petroleum ether (60-800 C.) and 

extraction with methanol and subsequent purifi-

cation by acid base extraction gave a raw basic 

extract which showed three alkaloids on t.1.c. 

These alkaloids were labelled CH-l to CH-3 in the 

order of decrepsinf, Hf values. Alkaloid CR-l was 

easily isolated from this mixture by column chro-

matof,raphy on silica gel as detailed in the experi-

mental section. Extraction and purification of tb8 

flowers of Q. ,Eosenii gave a rmv basic extract 

which showec,- nine alkaloids on t .1. c. labelled from 

CH-4 to C-12 in the order of decreasing Hf values. 

Three alkaloids CR-5, CH-7 and CH-9 were isolated 

by column chromatography (see experimental section). 

j,lkaloid CR-l isolated from the lenvcs wns found to 

be identical Ilith CH-5 isolated from the flowers 

(t.1.c, mixed welting point, MI3 and IH lIMH), 

Bince CH-5 end CH-9 were found to be derivatives of 

CH-7, the structure of CH-7 lIill be discussed first. 
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OR-7 is e, colorless crystalline (neeules) alkaloid 

m.p. of 174,-1750 0 (uoc.). It is soluble in acetone, 

chloroform ccrlll methanol. Tho infra'reu spectrum of 

OH-7 (Figure 2) showeu strong estur carbonyl absorption 

at 1720 cm- l anu a banu at 3420 cm- l uue to hyuroxy-

group. '('he structure of CR-7 wns iuentifieu as madu-

ronsine(XXV) based on infor[;lation obtainod from mass, 

IH NIIlR and 130 NIvlR spectra as cliscussed below. 

3.2.1 .l\1ass B]?ectrum of CR-7 

The high resolution mass spectrum of CR-7 

showed a prominent molecular ion of 3;:'10 1687 corres-

ponding to the molecular formula (\8H25N06' The 

most importfmt structural information obtained from 

the mass spectrum is the existence of the trihyuroxy 

amine as tho necine baSE) of the alkaloid CR-7. It 

is already (3[;-Gr>blisheu that the ion fragment8tion of 

macrocyclic pyrroliziuine alkaloids proceeds by ini­

tial cleHvage of the estlJr linkages (94). This is 

then followed by subsequent loss of fragments until 

the necine bCBe remains (21). 

The region of the mass spectrum corresponding 

to the necine base consists of intense ions and pro-

vides useful 1nformntion on the type of substitution 

present on tho pyrrolizidine ring. For example, 

non-·substi tuted necine base retronecine estor alka-
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loi<ls (Table 1 section c) sholJ fragmonts at m/z 138, 136, 

120, 119 (97) whilu crotnnecine estor nllcaloids (Tnble 1 

section e) show frugments at rn/z 154, 152, 136, 135 which 

nre 16 units gre2tGr thnn that retronocine indicating 

hy(lroxyl substi tutod necine bnse of crotanecine ester 

allmloids (2l). 

In tho mass [c;pcctrum of CR-7 ions at m/z 307.1788 

(uil; -44), 264.18lJ·3 O/j+ -87) and 236* (J-Jj+ -H5) are attri­

butable to the loss of CO2 , H2C~C(OH)-COO, and H2C~CH-C 

(CH
3

)(OH)-COO respectively, This sequence is the major 

frngmentation path way for thl> fission of ester linkages 

in pyrrolizidine nllwloids (94). Anacrotine(XXIII) is a 

macrocyclic dies"i:;ol' pyr:c'olizidine alknloid of a trihydroxy 

pyrrolizidine base crotanecino (Table 1 section e). It 

underGoes charactoristio. fraGJ'lentation pattern of the 

crotanecine pyrrolizidine bnse as shown in figure 3 (21). 

Thus, in the low Blass reGion *CH-7 gavo fr[l[,;rnents at m/z 

154, 152, 137, 136, 135, 95, 94 and 93 (l"igure 4) a frag-

montation pattern characteristic of tho pyrrolizidino 

baso of the croti.\lwcine group. Eight crotanecino pyrro-

lizidine alkaloids have boon isolnt(ld from Crotnlaria 

agatiflora (95). Tho structures of these alkaloids appear 

in Table 1 soction e. 

------~----

*Accurate mass not determined 
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cOl'lplex multipletf3 are observed. 'l'hese authors report 

raul tiplets for the Jaagnetically none qui valent OH2-O-OO 

protons, a multiplet for OU-OOOH proton and signals for 

groups, 0!i3-OH (doublet), 01;I3-0-0H (singlet) and 

OH3-0B~0(00)- (quartet) of the esterifying acids. 

It is generally observed that the signal of a eU-OH 

proton moves to lower field I1hen the alcohol is acetylated. 

~he location of the OB-OOOR proton of madurensine(XXV), 

which appears at lower field than the Cti-OH proton was 

determined by Culvenor et al (29) to b~ at C-6 and not at 

C--7 by decoupling experiments which sholVed this proton to 

be vicijal to the C-5 proton. In anacrotine(XXIII) the 

CHOOOH proton was found to be located at C-7 by similar 

decoupling experiment which showed it to pe located vici­

nal to the 0-6 hyc1rogen. There is significant difference 

in chemical shifts of rnadurensine and anacrotine in the 

ethylidene group of the necic acid due to its configuration 

. whJl:1lh is trans with respect to the carbonyl group in madu­

rensine(XXV) due -to the appearance of the olefinic pro-

ton at 7.14 ppm. The dOlVn field shift of the olefinic 

proton is because of the diamagnetic anisotropic effect of 

the ester carbonyl. In anacrotine(XXIII) the olefinic'pro-

ton appears at 5.7L\- ppm due to the .£is configuration. 

'::he 60 MHz spectrum of Madurensine is not sufficiently 

well resolved to allow the assignments of all the protons 

in the molecule. However, the 400 MHz spectrum provides 

ade'luate resolution to permit the complete assignment of 
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the protons. Further experiments involving IH_IH spectral 

correlations permit; the unequivocal aB.signment of IJrotone. 

~he complete assignments of chemical shifts for OH-7 is 

given in Table 2. 

In the spectrum of OH-7 (Figure 5 n) the 0-3-0; pro­

ton appenr at 4.02 ppm (14.4Hz ) as double of multiplets 

nnd 0-3-Hp proton at 3.42 ppm (J3Hz,2Hz) as a double of 

doublets. Similarly the 0-5-':a proton nppear at 3.45 

ppm (dddd, Jl4.4Hz ' 6H , 2H ) and 0-5f,i proton does not z z . 

couple with 0-6-0; proton and as a result appenr nt 2.77 

ppm (J14.4 Hz) as a doublet (Figure 5 c). The mogeneti­

cally non-equivalent protons of 0-9 appenr at 5.81 ppm 

(JIOd Hz) and 4.19 ppm (nod Hz) as doublets (J!'igure 

5 b, 5 d). The appeernnce of the 0-5-t3 proton nt 2.77 

ppm (J14.4 Hz) ni3 a doublet nnd the olefinic proton at 

7.12 ppm (J6.7 Hz) as n qunrt()t (Figure 5 () indicat()s 

0-6 ester liw,age and tr~~9 configuration of the ethyli­

dene group in OH-7. Of the esterifying ncid protons, 

signals at 0.86 ppm (d,J6.7 Hz), 1.38 ppm (s) and 1.78 

ppm (dd, J6.7 H , 1.8 H ) (:lPigur() 5 f Hnd 5 g;) are due to z z 
methyl protons on 0-12, 0-11 and 0-18 respectively. 
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Table 2. In NlllR CllewicDl bhifts of IAmlurellsille(XXV) 

,macrotine(X,-UII) ilnd CH--7. 

b (ppm) 

Proton CH-7 Mauurensine(21) lmacrotine(21) 

0-2-H 6.17,S,H 6.19,s,H 
0--3-Hu 4.02,Jm,H(J14.4H) 

l'> 

0-3-H~ 3.42,dd,H(Jl4.4Hz ) 
0-5-Hu 3.45,dddd,H(J14.4,6, 

2H ) z 
0-5-HiJ 2.77,d,H(Jl4.4H ) z 2.77,d,H 2.6,m,H 
0-6-Hu 4.98 ,t,H(J2.36Hz ) 5.02,H 4-.56,m,H 
0-7-Hu 4.55,m,H 
0-8-Hu 4.26,m,H 
0-9-H, 

it 
5. 81 ,cl,H(JlO.3IIz ) 5.83,m,H 4.05,m,H 

C-9-HB 4.19,CL,H(JlO.3Hz ) 4.2,m,H 5.46,m,H 

O-12-H 1.91,Ill,H 
C-13-H it 2.26, t ,H(Jll. 7Hz) 

C-13-HB 1.73,d,H(Jll.7H ) z 
C-16-H3 1.38,s,3H 1. 42, s, 3H 1.34,5,3H 

C-17-H3 
O.86,d,3H(J6.7Hz) O.89,d,3H O.95,d,3H 

C-18-H 7. 12 ,Q,H(J6.7Hz) 7.14,q,H 5.74,q,H 

C-19-H3 
1.78,dd,3H(J6.7,1.8 

Hz) 1.82,H 1.83,3H 

-OH 3.05-3.1,2H 
, 





, 
; I 

I 
l 

, 
',",,,,,-~ ';'; --'-'~--> ,-,- (,,-1 ~,,;:~_) '5-" .. ;,,,-' 

j I 
II 
i ' ,,11 

jlJ' 
J .,l 



- 34 -

The chemical shifts of fourteen out of eighteen 

carbon resonance signals were unequivocally determined by 

'2-dif1ensional 13C_1H shifts correlated sJ.lectrum (Figure 6). 

Carbon resonance f;ignals for the remaining four quaternary 

carbon atoms were assigned by comJ.laring chel~ical shift 

values with those of similar compounds (96,97). Re-

cently Mody et 0.1. have reported the 13C spectrum of 

Madurensine (98), They assigned chemical shifts of 

carbon resonance signals by comparing acquired values of 

chemicals shifts vd.th those of similar compounds (98). 

Uomparision of values obtained for CH-7 by 2-dimensional 

techniques with those of Mody et 0.1. reveal that their 

data contain misassignments for 0-3, 0-5, 0-6, 0-7, C-8 

and C-9 carbons. 
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Table 3. 130 NMR Ohemical 8hifts for OR-7 and Madurensine(XXV) 

6, ppm 

Oarbon number OR-7 Mailurensine (98) 

1 135·5 129.9 

2 136.2 ].36.1 

3 66.4 59·3 

5 61.5 ,"6.4 

6 75·1 74.7 

7 74.7 73·7· 

8 73.'1 75.2 

9 59.5 61.5 

10. 177.1 176.9 

11 '76.3 76.3 

12 40.5 40.5 

13 27.5 . 2,(.6 

14 129·7 135.6 

15 167.0 167.0 

16 24.5 24.6 

17 10.8 10.8 

18 142.6 142.5 

19 15.0 15.0 

( 
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3.2.4 NOE Difference Spectra:. of OR-7 

NOE experiments wore done on CR-r; to establish' the 

relative stereochemistry of the nocine base at 0-6, 0-7, 

and O-S as well af3 the configuration of the necic acid at 

0-11 and 0-12. T.hese experiments are also used to con-

firm the configurn-cion of the ethylidene group of the 

esterifying acid. NOE difference spectral data for 0-2-H, 

0-7-H, 0-16-H3 , 0-17-H3, 0-lS-H
3 

and 0-19-H3 protons are 

given in Table 4. 

Irradiation of 0-7-Hu (6 4.54 ppm) (Figure 7 a) 

shoIVed NOE on 0-5-Hu, 0-6-Hu and O-S-Hu which requires 

that these protons be on the same side of C-7-Hu confir­

ming the stereochemistry of the necine base at 0-5, 0-6 

Bnd O-S. 

The tr~ configuration of the ethylidene group is 

also supported from the HOE experimental data. Irradia­

tion of O-lS·H (6 7.12 ppm) (Figure 7 b) showed HOE on 

0-19-H3 
and no enhancement lVas obsEJrved for the 0-13 pro­

tons due to the fact that 0-18 and 0-13 protons are not 

in close proximity with one another. This is apparently 

true if the 0-lS proton is away from 0-13 protons as would 

be expected in the ~rans configuration. 

There are two chiral center at 0-11 and 0-12 in the 

necic part of CR-7 which give rise to four possible con­

figurations. These are: 11 sand 12.8 (XXVI) llR and 128, 

(XXVII) 118 and 12R(XXVIII) 11It and 12R(XXIX). 
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Table 4. NOE Difference Spectrill.Data for CH-7 

Irradiated proton 

C-2H(6 6.16 ppm) 
C-7-H(6 4.54 ppm) 

C-16-H3(6 1.38 ppm) 

Cv17-H3(6 0.86 ppm) 

C-18-HCb 7.12 ppm) 

C-19-H3(6 1.78 ppm) 

NOEl. 

C-3Ha (2.4!-) C-3HiJ (2.0/') 
C-5Ha (2.2/), C-6Ha (6.2/), C-8I-Ia 
(7.3/.) 

. C-17-H3 (22.7/), C-12-H (24.4/) 

C-16-H3 (5.3/), C-12~H (8.7/), 
C-13-H (4.7/), C-19-H3 (4.2;') 
C-19-H3 (9.6/) 

C-17-H3 (6.2/), C-13-HJ\.(lO/) 
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Irradiation of C-16-H
3 

(Figure '1 c) showed signifi­

cant NOE ,n C-l,?-H
3 

(22. '1/.) which suggests special pro­

xirni ty of C-16-H
3 

,md C-l ,?-H
3

• Irradiation of 0-1 ,?-H
3 

(l!'igure '1 d) onhanced 0-16-H
3 

and C-19-H3 which requires 

the closo proximity of C-l,?-H
3 

and C-19-H3. In the first 

cOl~iguration(XXVI) C-16-H
3 

and C-l,?-H
3 

are on the same 

side away from C-19-H3 and therefore cannot account for 

the observed NOE effects of C-19-H3 on C-l,?-H
3

" In the 

second configuration(XXVn) C-l,?-H
3 

and 0-19-H3 are not 

in close proximity and C-l,?-H
3 

as well as C-16-H
3 

are 

also on opposite side. Therefore, this configuration is 

not likely. In tho third configuration(XXVIII) oven if 

0-19-H3 and C-l,?-H
3 

are in closo proximity C-l,?-H3 is 

far away from 0-16-H
3 

and cannot explain the 22./. NOE 

effect. The fourth configuration(XXIX) is the most likely, 

because 0-19-H3, 0-1,?-H
3 

and 0-16-H3 are in closo proxi.­

mity and can account for the NOE effect observed. Thero-

fore, configuration of OR-'? at the chiral centers is 

possibly llR and 12R. 

Hrbeck et al (99) rellOrted circular dichroism measur-

aents for madurensine. For madurensine since the ester 

ring attachement is at 0-6 but not at 0-'1, the confor-

mation of the dioster ring system changes drastically. 

They indeed observed this change from the CD (ethanolic 

solution) of madurensine which is of enanthiomorphic 

type to that of the pyrrolizidine alkaloids in which the 

attachement is at 0-'1 with ~-buckled ring. Circular 
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dichroism measurments for OR-7 (Figure 8) were identical 

with values reported for madurensine except the appear--

ance of a fine band at 285 nm for OR-7 which may be due 

to the use of mode:en instrument" \Ie do not Imow whether 

this band is significant or not. 

'rhe ultimate proof for the structure is the direct 

comparison with authentic sample and X-ray. But based 

on mass spectrum, IH NlflR spectrul'l and 130 NIIlR spectrum 

data OR-7 is identified to be raadurensine(XXV)" OR-7 is 

identified to be d.iester of integrrenecic acid with 

crotanecine base (madurensine) 0 'Chere is a possibili-by 

for OR-7 to have an alternate structure. The linkage 

of the diester bond may be as shown(XXV) or the oxygen 

on 0-9 may be joined to the 0-15 carbonyl. OOLOO experi-

ment was done on OR-7 to establish the mode of linkage 

of the ester group. OOLOO experiment ignores all couplings 

greater than 6Hz and only long range coupling is observed. 

In OOLOO spectrum of OR-7 (Figure 7e) coupling was 

ob8erved between proton on 0-9 and 0-10 carbonyl carbon. 

No coupling was observed between proton on 0-9 and 0-15 

carbonyl carbon. Therefore,· this is a proof for the 

structure of OH-? to be the same as that of madurensine 

(xxv) in which the oxygen on 0--9 is attached to the 

0-10 carbonyl not to the 0-15 cl1rbonyL 
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3.3 structure of OR-2 

OR-9 is ~ color188s crystallinE) alkaloid m.p. 

178-1810 0 (clec.). It ill soluble in acetone, chloro-

form and methnllol. Its high resolution mass spectrum 

gave raolucula:c formula 018H25N07 (367.1631). In the 

mass spectrum ions at m/z 323.164Le (M+ -44) <luo to 

lOllS of 002 snc1 280.1580 (M+ -87) which is llue to 

loss of H2C=0(01l)-OOO indicates the major fragmon­

tntion pnth way of ester linkages in pyrrolizidine 

oster alkaloi(ls (94). In the mass spectrum of CR-9 

) 'I' ,(Figure 9 there are fragwflntll at m/~ 137 ., 136, 

135, 95, 94, and 93 which are characteristic of 

crotanecine base (21). 

The IH NNJR chemical shifts assi(jmnents for 

CR-9 wore made fr011 IH_IH shift correlate<l spectrum 

(COSY) (Figure 10). It closely resemble that of 

OR-7 (Table 5, Figure 11 a) in having chemical 

shift for ti'\tl~~ CH3-CH=0-OO at '7.14 ppm (J8.6 Hz) 

(Fi(jure 11 b), non-equivnlent 0-9 protons, a triplet 

at 4.99 ppm (J2.7 Hz) (Figure 11 c) ancl a doublet at 

2.78 ppm (JlLj..7 Hz) for 0-5-HIJ (Figure 11 d). The 

spectrum differs from that of OH-7 in that the 

Binglot for CLI3-G-OH at 1.38 ppm is J'lissing anll is 

replaced by n double of doublets of t\Vo protons at 

3·77 ppm with geminal couplin(j of 21.6 Hz (Fi(jure 

1'1 c). Theso uata nre consistent \Vi th the presence 

of a hydrox;ymothyl (UH20H) e;rouping at 0-11 and 
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Ceo)e.e!!p jn GH~·') L:: ,\ doublet at ;:0" '713 pDfn (Jllr.? if ), 
.... z 

t:w !1iLcrocyclic t'-'.ne; i~; i'or",;e<[ Un'oul;h 'C~Go 'rhe III 

ption at 3)'70 cm-·J. <iUe to the 'Jddi tinned ~·OH 6
ro

ll.l
1

• 

HUl:ther, the IJreD'mce of' udeli tional ",OE e;roup is j.nd.i-

cllted from the difference in moloCular weight between 

CH-9 ami GI1-7 by 16 TnlH;S units. 'CherefoJ'e, CH.-9 is a 

hy<iroxy methyl of CR .. '? at C···ll and the strnCbll'e can 

wri tte.n as (XLX). The IHJsigrlJ)wnt of 130 l'WR duta for 

CH-9 ('Cable 6) wo.s mflde by comparing with. ehemieal 

shift values ,"ssit.;ned for 01(-7. 
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~~ablo 5. IE mm Chemical Lhifts of CH-7(XXV), CH-9(XXX) and 

CrotaflOl'ine 

----~-

I) (ppm) 

Proton CH-7 CH-9 Crotnflorine (95) 

C-2-H 6.17,s,H 6.19,s,H 6.19H 
C-3-Hc:c L".02, (i.1,·, ,H(JlL", 4Hz ) 4.04,drn,H 

(Jl6.8Hz) 
C-3-H!3 3. 42 ,dd,H(J14.4,3Hz) 3.44,dd,H 

(J14.7,3.3 
Hz) 

C-5-Ho: 3.45, (lcldd ,H(J14. 4, 3.46,ddd,H 
6,2Hz) (Jl4.7,2Hz ) 

C-5-Il[j 2.77,cl,H(J14.4Hz ) 2.78,d,H 
(Jl4.7H) 2.79,H(J15Hz) 

C-6-Ho: 1".98, t ,H(J2. 36Hz) 4.99,t,H 
(J2.7Hz) 5.01,H 

C-7-HO: 4.55,m,H 4.56,m,H 
C-8-Ho: 4.26,mH 4.28,m,H 

C-9-H 
1l 

5. 81 ,cl,H(JIO.3Hz ) 5·83,d,H 
(Jl1.5Hz) 

C-9-HB 4.19,cl,H(JIO.3Hz) 4.25,d,H 
(Jl1.4Hz) 

C-12-H 1.91,Hl,H 1.';J8,m,H 

C-13-Ho: 2.26, tH(Jll. ?Hz) 2.29,tH 
(J1203Hz) 

C-13--Hi3 1.73,~,H(Jll,7Hz) 1. 73 ,dE 
(Jl2.3Hz) 

C-16-Il3/H2 1. 38, s,3H 3.75,dd,2H 
(J21.6,lOHz) 3.71,2H 

C-l?-H3 
O.86,d,3H(J6.7Hz) O.81,d,3H 

(J8.6Hz) 0.82,3H 

\ 
\ 
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r~nb10 5. Cont. 

6 (ppm) 

Proton CR-7 CR-9 Crotaf1orine (96) 

C--lS-H 7. 12 ,q,H(J6.7Hz ) 7·11l-,Q,H 
(J8.6Hz ) 7.15,H 

C-19-H3 1. 78, dcl,H(J6. 7), 1.78,d,H 
108Hz) (J7.88Hz ) 1.79·3H 

-OH 3.05 - 3.1,2H 3·0 - 3.1, 
3H 
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Table 60 13C N.MR Chemical Shifts for CH--9 

Carbon number b, ppm 

1 135.L~ 

2 136.3 

3 66.4 

5 61.4 

6 75.2 

7 74.6 

8 73·7 

9 59.8 

10 174.9 

11 81.2 

12 37.2 

13 27.3 

14 129.1 

15 166.9 

16 66·5 

17 11.5 

18 143.0 

19 15.0 
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Grotaflorine (Tnble 1 section e) is [\ crotanecine 

ester alkaloid with moleculnr formuln ClSH25N07 (367) 

isolnted from CrotC1laria agatiflo:!,a (95). This compound 

has a hydroxy mothyl group at tho a-position of the 

enter and macrocyclic ring attachement at C-6. Tho pro-

balJle structure of crotaflorine was assigned by Culvonor 

et HI (95) based only on the partial IH Nlilll uata givon 

in Table 5. \iith high resolution IH NMlI, 13C NMH, and 

US data obtained the structure for CH-9 is correctly 

entBblisheu to be(XXX) which is identical with structure 

reported for crotaflorine (95). 
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3.4 Gtructure of OR--'2 

OR-5 is an alkaloi,l with moleculAr formula of 

020H27N07 (393.1787) as indicated in a high reso­

lution mass f3pectrum. It has typical frngment ions 

At m/z 349.1888 (M+-44), 306.1714 (M+-87) nnd 278 

(W+-115) which 2re also prominent in the spectrum 

of OR-7. ';'11e ion series 196" 194, 178, 153, 137, 

136, 135 (Figure 13) are 42 units grenter than the 

ion series in OR-7 which is chnract(,ristic ion 

series of crotanecine pyrrolizidille base (21). This 

i8 on imlicRtion of u mndurensine type nucleus with 

ncetate group for OR-5. 

The 1H l'HhR chemicnl shift of OR-5 (Table 7, 

l!'igure 14a) shows signals for OH3-0H~GO, OH,,-o-on 
. :; 

anll 0H:7.-0H v:hich are appropriate to integerrinecic 
:J 

acid ester as in madurensine (95). The ester lin-

kage of OR-5 is at 0-6 like in CR-7 (madurensine) 

due to the presence of a doublet at 2.85 ppm (J14.4 

Hz) for 0-5HfJ (Figure 14 b). In NliJR chemical shift 

of OR-7 is identical with OR-5 (':lable 7) except the 

additional nwthyl signal at 2.15 ppm (s,n) (Figure 

14 c) due to the acetyl group. There are nlso clown 

fielcl chemical shifts of protons on 0-6, 0-7 and 0-8 

to 5.25, 5.35 And 4.55 ppm respectively because of 

the acetRte group at 0-7. OR-7 (Hadur81;sine) was 

acetylated \'lith Rcetic anhyclricle in pyridine, Under 

this reaction conJi tion only the secomlary alcohol 

is ncetylatocl to give the [:Jono-acetate. 
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'rable 7. lH Ni;'lR GhCJ~iC[ll Uhifts of CR-'1 and CR- 5 

Proton 

°2-H 

°3-Ho; 

'3-H() 

°5-Ho; 

C5- HiJ 

°6-H 

0'1-'H 

CS-H 

C -Ho; 9 
C

9
-11I) 

C1[H 

C13-Ho; 

C13-H() 

C16-H3 
C17-H3 
C1S-H 

C19-H3 
-OIl 

6 (ppm) 

CR--'1 

6.1'1,s,H 

lj.. 02, dm,H(J14. 4H ) z 

3. 42 ,cld,H(H14.4,3Hz ) 

3.45,clclcld,H(J14.4,6, 
2Hz) 

2. '77, c1 ,H(J14. 4Hz) 

4.98 ,t,H(J2.36Hz) 

4.55,m,H 

4.26,m,H 

5. 81 ,d,TI(J10.3Hz ) 

4.19,d,H(JlO.3Hz ) 

2.26,t,H(Jll.'1Hz) 

1.'13,cl,U(Jll.'1Hz) 

0.86,d,3n(J6.7Hz) 

7. 12 ,Q,H(J6.7Hz) 

1.78 ,dcl,H(J6.7,1.8Hz) 

3.05 - 3.1, 2H 

CR-5 

6.2,s,H 

3. 49,dcl,H(Jl6.2,2Hz ) 

2.85,d,H(Jl4.4Hz) 

5. 23,t,H(J4.2Hz) 

5.35,m,H 

4.45,m,H 

5. 6 ,d,H(JlO.8Hz ) 

3.95,d,H(J10.8Hz) 

2.1m,H 

2.25,t ,H(l2Hz) 

1. 73 ,II 

1. 39, s ,BII 

0.83,d.3II(J6.8Hz) 

7. 06 ,qH(J?4Hz) 

1. 78 ,d, 3H(6. 8Hz ) 

3.2 - 3.3, II 

2.15,s,3H 

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



Table 8. In NMR Chemicnl IJhifts for CU-5, "cetylated CR-7 

and 7·-.t'lcetylmnclurensine 

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

I) (ppm) 
------~--- .... 

Proton CR-5 J,cetylated CR-7 7-"cetyl-modurensine 
(95) 

C2-H 6.2,s,H 6.2,s,H 6.2,H 

C H~ 3. 92,d,n(JI1. 7H) 4.o9,d,H 3-
(Jl2.6H ) z 

-H~ 3.85,m,H 3·92,m,H 

C5-H~ 3. L~9 ,dd ,H(Jl6. 2, 3.45,dd,H 
2Hz) (J2Hz) 

-Hf) 2,85,d,H(JI4.4H) 2.85,d,H 
(JI2.8Hz ) 2.84,H(Jl4.6Hz ) 

C6-H 5. 23,t,H(J4.2Hz) 5.23,t,H 
(J2Hz) 5-3,H 

C H 7- 5.35,m,H 5·35,m,H 

C H 8- L~.45,m,H 4-.45,m,H 

C9-H~ 5.6,d,H(J10,8H ) z 506d ,H(J8Hz ) 

-Hr 3,95,d,H(JIO,8Hz) 3.95,d,H 
(J8Hz) 

C12-H 2.lm,H 2.lm,H 

C13-H~ 2.25,t,H(JI2Hz) 2.25,t,H 
(J9Hz) 

-HI:! 1.73,H 1.72,m,II 

C16-H3 1.39,s,3}! 1. 39, s ,3H 1.4,3H 

CI ?-H3 
O.83,d,3H(J6.8Hz) O.82,d,3H 

(J5. 4Hz) O.83,3H 

CI8-II 7.06,q,H(J7.4Hz) ,?06,q,H 
(J5:1z ) ?08,H 

C19-H3 
1. 78, d, 3H(6 .8Hz) 1. '?8 , d, 3H 

(J5Hz) 1.?9,3H 
C21-H3 2.15,/?,3H 2.15;s,3H 

OIl 3.2 - 3.3 3.6 - 3.7 
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-----
Garbon numbor b, ppm 

1 135.37 

2 136.06 

3 66.51 

5 61.08 

6 '14.45 

7 '16.6 

8 71.51 

9 58.92 

10 1'18.02 

11 75.9 

12 39·62 

13 27.18 

14 131. '19 

15 16'1.28 

16 24.28 

17 10.63 

18 142.09 

19 14.97 

20 170.33 

21 20.78 
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4. COHCLUbION 

1'here ~.[ts been a tremendous r-;rowth in intGrest in 

pyrrolizidine alk~loids due to their increasing economic 

il1portance. Crot~.alaria species are one possible source of 

pyrrolizidine alknloids. Out of 85 species of Crotaloria 

found in Ethiopia only 10 of them were studied. This is 

the first project to study plants of these species in the 

country. This project which is based on the study of the 

cheraicnl composition of Crotalaria rosenii will enable to 

develop methods foJ:' tho study of choPlical composition of 

theBo species. Hunce it opens tho way for further inve­

Btigations. 

The alkaloidal composition of the flowers, leaves 

awl seeds of C. }'(!J:3.enilo have been investigated. It has 

beell found that nine alkaloids were found in the flo'.-.Jers 

and out of these nine two I'lere detected in the seeds and 

tlll'ee in the leavos in different amounts. There Has also 

13easonal variation in the number and type of alkaloids 

found in the leaves. This is evident from the detection 

of tho fourth allce.loid in the sample collected in 

November which is cclJsent from that collected in }l'eburary. 

Tho structuros of the compounds isolated were deter­

mined cheL1ically and spectroscopically. 1'l1e use of new 

spectroscopic teclmiques such as 2-dimensional HMR homo 

ami lwteronuclear shift correlatod spectrn and nccoss to 

high field instrumonts have ennbled to assign the chemical 
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shifts of the; cru-Gcmecine ester alkaloids and to puint 

out some errors in the litrature. 

TIle three alkaloids isolated from Ctotalaria 

rosenii have previously been isolated froly] Crotalaria 

agatiflora. 'l'hese two species arc morpholoc;ically very 

siwilar differinf'; froI'l one another by the size of the 

llfltiole and shapo of the beak of tho keel. They are 

also chemicDlly similar in containing three identical 

alkaloidal which Here isolated and characterized from 

both plants. Four of the eight alkaloids isolated from 

2. agatiflora. are isomers but the nine alkaloids dete­

cted from C. rosenii are not isomers as observed on 

t.l.c. so the isolation and characterization of these 

alkaloids may posrc:ibly show the di.!:'ference in chemical 

conposi tons of the";e tuo plants. 
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lflel ting pointFJ vlere determined on hot stage 13ockmono-· 

Gcope 'M' melting point appnratus. Infrared spectra wero 

determined i.n K13r pellets using a Perkin Elmer model 727 13 

grating spectrometer. Optical rotations \Vere measured in 

chloroform on l'erldn Elmer 241 polarimeter. 'rhe nuclear 

magnetic resonance spectra measurements were perfo~me~ for 

1. 5 Iv! OD013 solutions in 5 nnn NliiH tubes on a 13ru]wr JUI-400 

spectrometer. The chemicRl shiftG were reforenced to the 

deuterochloroform signal (b~7. 24· for IE and 6~77. o for 130 ). 

Mass spectra were recorded on a Varian CH-5 and OH-7 spe-

ctromoter. 

Analytical thin layer chromatography (t.l.c) wer" run 

on a 0.25 mm thick layer silicH gel GF 25L~ (Morcle) and the 

IJroducts Vlere detectud by their. ultraviolet fluorescence 

lind Dragendorff's spray reagent Munier modification. pre­

parati ve thin layer chromatography \\'ere run on 1. 0 mm 

thick layer of silica gel G( tYIJe 60) and the products were 

detected by their 1.l.1traviolet fluo1.'escence. Golumn chro­

matography ,'Jere performed on silica gel 60 (70-230 MeBh) 

(I'/lerck) • 

5.1 Extraction ofL;he Leaves of Crotalaria rosenii 

340 grams of powdered leaves of Orotalaria 

rosenii \'1ilS deJatted llith IJetroleium ether (60-80°0) 
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in a soxhlet ,=,pparetus for 12 hrs. Defatted plant 

materj.nl \VaG nxtracted vii th methanol in a Goxhlet 

apparatus for IJ.8 hrs. The methanolic extract was 

distillod at a-cmoBpheric pressure giving 39.95 gms 

(11.6/) crude extract (GJl-l). 

5.2 Purification of GJi-l 

GA-l was dissolved in 250 ml of 2.51 HCl and 

fil teredo The iiI terate \-ms extracted with 600 ml of 

chloroform.· 'L'he aqueous layer \Vas made allcaline 

(ammonia) and extracted with 500 ml of dichlorome-chane. 

The organic layer was dried with anhydrous sodium 

sulfate. Evaporation of the organic layer gave 1.487 

grams (0.431) of rHII extract (Gi\-2). 

;;;.3 Oolumn Chromatography of Gil-2 

1. 1+5 gms of GA-2 dissolved in 5 ml of chloro-

form rms applied to P. 2.5 cm dimaeter column paclwd 

\lith 85 grams of silica gel. The column I'J[IS eluted 

!lith 300 ml of mcthanol-dichloromethane (4:1) (50 ml 

fractions we:C8 collectfOd). EVP.poration of the 

solvent under }:8ciucecl preGsure gave 100 mg" of brol'lll 

crystalS. Dissolving the crystals in acetone and 

repG2ted fil'ceretion through a micro-pipette gave 20 

mgB (0.0061) of colourless alkaloid crystals (CR-l). 

It gave a single spot CRf 0.72, chloroform: IiJethimol 

(85:15) on t.1.c, m. pt 157-160 (decomp.) The m,ws 
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spectrum shol/od 11 molecular ion pool, at m/z 393. 

400 gms of pOlldered flowers of Crotalnrin rosenii 

Here defatted \'ith petroleum ether (60-800 C) in a 

soxhlet apparntus for 12 hrs.. Defatted plant Jllaterial 

\ms extracted y;i th metlull101 in H soxhlet apparatus for 

48 hrs. The li;othnnolic extract \'las concontrated by 

distilling under reduced prossure gi vinp; 175 gms 

(38.7/) of crucIe extract (GA-3). 

5.5 Purific8tion of G .. \-3 

GA··3 IIHS dissolved in 900 ml of 2.5/ HCl and 

filtered. Tho filtrate Ivns extracted with 1000 ml 

chloroform. ,['he Hqueous lay,)r m10 basified IJi th 

ar~monia 2,nd ()xtracted Iii th 800 wl of diphloromethlme. 

The organic lcc3'or mill drind Iii th anhydrous Bo<.lium 

Bulfa.te. Ev,·,:.)or8tion of the or"anic layor "avo 3.01 

grams (0.75/):caw extract (Gl.-4). 

) .• 6 Colwlln Ce:comcrL~graphy of GA-~ 

) 

3 gms oi' GJl-4 dissolved in 8 ml of chloro.form 

\'/ns applied to a 2.5 cm ciiHmeter column pncke<.l ':Ii th 

100 grams of silica gel. The column \:iaS first eluted 

wi th chloroform and then with chloroform-m,)thnnol 

mixtures. Chloroform containin" 3/ methanol eluted 

35 mg of brol.'ll. (mass) (GJ\-5). Chloroform containing 
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5/ methanol olutod 2;'0 mgs of light bro\'m crystals 

(Git-6). (;hloJ~'oLorrd contnining 30/ methanol eluted 

250 mg of cryt1ta1 (GJ,-7). 

5' 7 Purific0~tionmd Charllcterization of Gj\-5 

35 mgs of Gl,-5 wrw a})plied to n micro-column 

.0c]wd"li th silica gel. 'l.'he column was eluted Vii th , 

chloroform containing 20/ methanol and gave 15 mg 

(0.004/) of colourless alkaloid crystals (CR-5). It 

gave single Sl)ot (Rf ~ 0.73, chloroform methanol 

(85:15) Rf ~ 0.85, chloroform: IVwthlillol: "mmonia 

(85~114:1) on t.l.c, m. pt 158-1600 (decomposition) 

IIhich is the s,'me as that of OH-1. 

5" 7.1 Mass iJ):Gctrum 

H:Lg11- ro[colution mass spectrum gave molecular 

formula of C20H27N07 093.1787) I'li th major fragm(mt 

ions at m/z 350.18L~3, 3ij~9.1888, 306.1714, 196, 19'+, 

179,178,153,137,136, 135, 9L~, 93, and 80. 

5.7.2 Nuclee,l: llmgnotic Hesonance SpoctrulQ 

The IH nmr spuctrlllQ sho\"wd signals (b,ppm):-

0.83 (cl,3H), 1.39 (B,;SH), 1.78 (d,3H). 2.1 (m,H), 

2.25 (t,ll), 2.85 (d,n), 3.49 (dd,n), 3.85 (m,n), 

4.06 (dd,H), 5.23 (t,II), 5.6 (d,n), 6.2 (B,ll), 7,06 

(q,ll). 
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13CNMR nSf3iGnmp,ntG were made from the GuquenC(3S 

in the DEFT f,:puctrum (CCl\ble 9). 

Th IR t J 1 b t · ·-1 e ioI-'ec rum G lO\7e( n sorp -lons nt 1740 cm 

and 3550 cm .. 1 , 

5.7.4 Optic01 Rotation (C~0.2, Chloroform) 

578 5% 436 365 

[o;J22 +68.7 +138.8 +206.'7 

5.7.5 Circular DichroiGD (~,(nm),(\(.) 

Acetonitrile:- +195.5 (~5.78), +213 (-2.65), 

+217 (-2.9), +219.6 (-2.';)8), 22l.6 (-2.96), +224.2 

(-2.94), +245 (+0.48), +2L~7.9 (+0.540). 

5" 8 PurificC'.tion uld Cho.racter.ization of G,,-6 

PrepGro.tive thin layer chromatography of Gj,-6 was 

run with chloroform contRining .15/. methanol giving 110 

mgs (0.027/.) of allmloid componunt (cm-7). It gave a 

single GPot (}if ~ 0.52, chloroform.methanol (85:15) 

R
f 

~ 0.76, chloroform; l'iiethanol: "mIllonia (85: 14: 1) on 

t.l.c., m. pt 174-.175°C (decomposition). 
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Hi~h :cc;,"olution lGnSl> sp,)ctrulll gave molecular 

formula of 018 025 N06 (m/z 351. 087 \'lith roajor 

fragment ions at m/e 307.1'188, 264-.181.3, 262.1'115, 

236, 154-, 152, 13'1, 136, 135, 95, 94, 93, ancl so. 

5.8.2 Nuc1em'. Niagnetic Hesonance 13pectrum 

The 1IlLHiiR spectrum BholVecl signals (b, ppm):-

0.S6 (d,3H), 1.38 (s,3H), 1.'13 (cl,H), 1.78 (clcl,3H), 

1.91 (m,H), 2.26 (t,H), 2.73 (u,H), 3.45 (dclcld,H), 

4.02 (dm,H), 4.26 (ro,l!), 4.98 (t,H), 5.81 (cl,H), 6.2 

(s,H), 7.12 (q,H). 

130 NIViR assignments V78re made from the 

sequences in the DEPI spectrum and hetero nuclear 

spin correlatlon. (Table 3). 

The IR f3pectrurl shol'led f3trong abf3orptions at 

1'120 
-1 ,-1 

em anee 34-20 cm • 

." 589 5'18 546 436 365 
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;5.8.5 Oircular Dichroism ( (nm) , ) 

~cetonj.trile:- +195.4 (+8.04), +22.32 (-2.72), 

+253 (0.L~2), +283.9 (-0.019), +285.9 (-0.022). 

5.9 Purification and Characterization of GA-2 

lJolid crystals of GJI-7 were dillSol ved in chloro-

form and filtered through a micro-pipette to give 

150 mg (0.038/) of colourless crystaline alkaloid 

(OR-9). It gave a single spot (Hf ~ 0.29, chloroform: 

methanol (85:15) Hf ~ 0.5, chloroform: Methanol: Ammo­

nia (85:14:1) on t.l.c, m. pt 178-181°0 (decomp.). 

4.9.1 Mass Spectrum 

High :cBsolution mass spectrum gave molecular 

formula of 018H25N07 (367.1631) with major fragment 

ions at m/z 154, 152, 137, 136, 135, 95, 94, 93, and 

80. 

5.9.2 Nuclear lViagnetic Spectrum 

The ImlMR spectrum showed signals (0, ppm):-

0.81 (d,3H), 1.78 (d,3H), 1.86 (m,H), 1.98 (m,H). 

2.29 (t,H), 2.78 (d,H), 3.46 (ddd,H), 3.75 (dd,2H), 

4.04 (dm,n), L~.28 (m,n), 4.56 (m,ll), L~.99 (t,H), 

5.83 (d,H), 3.19 (s,n) 7.14 (q,H). 

130 NMR assignments \1ere made from the seque­

nces in the DEFT spectrum and hetero nuclear spin 

correlation (Table 6). 
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The IE EpectrUlIl s!lo\l8d absorlltions at 

1730c,cm-1 and 3570 cm-1 • 

578 546 436 365 

+39 +'13.5 +128.5 

5.9.5 UircllLar Dichroism (?-(nm)-,L\'i;.) 

Acetonitri1e:- +195.6 (+5.02), +199.8 

(+4.767), +226.2 (-2.023), +253.2 (+0.5), +284.7 

(-0.016), +286.8 (--0.016), +289.6 (-0.015), +299.4 

(-0.005). 

A mixtu"~e of 10 mg of CH-,?, 1 ml of acetic 

anhydride and 2 drops of Pyridine was stirred with 

a magnetic stirrer at room temperature for 3 days. 

10 mi of icc water was added and the solution 

stirred for 2 hI'S. 'J:he solution \Vas neutralized 

\'lith 25 Illl of saturated NaH00
3 

solution and extra­

cted Vii th 100 Illl of dichloromethano. rche organic 

layer V/8S dried \Vi th nnhydrous sodium-suIfnte. The 

solvent rms evaporated to give 8 mg (80/) of ace-
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tylatod product (J,C-CR-7). It gave a single spot 

(Hf ~ 0.7;~, chloroform: methanol (85:15» which is 

the same as the Rf value for CR-5 on t.l.c. 

Mass spectrum gave molecular formula of 

C20H27N07(393) with mnjor fragment ions at m/e 350, 

349, 306, 196, 179, 178, 153, 137, 136, 135, 94, 93, 

and 80. 

5.10.2 NU5.:~ear Mngnetic Hesonance 

h 1 . (,. ) T e -HNWlH spectrum showeo. s1.gnals 0, ppm :-

0.83 (d,3H), 139 (s,3H), 1.78 (d,3H), 2.15 (m,H), 

2.2 (t,H), 2.85 (d,H), 3.45 (dd,H), 3.95 (d,H), 4.09 

(dd,H), 5.6 (d,H), 6.2 (s,H), 7.05 (q,H). 
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