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ABSTRACT

Macrocyclic Fyrrolizidine alkaloids

from Crotalaria rosenii

by

Getachew atnafu

Rescarch advisor: Dr. Berhanu nbegaz

Crotolaria rosenii, family Leguminosae, is a poi-

sonous endemic shrub or small slender tree found in
mountain scrub and forest clearings:between 2000 and 3000
Me The powdercd leeves and flowers of C. rosenii were
defatted with petroleum ether (60-80°Q), extracted with
‘methanol (soxhlet) and subjected to acid-base extraction
to give a raw basic extract conbtaining nine alkaloids.
Coluun chrométographic separation of the raw extract on
silica gel with chloroform-methanol mixture resulted in
the isolation of three alkaloids. The structures of
these alkaloids were determined by P-dimensional nuclear
magnetic resonance techniques as well as nmass and infrared
spectra. The three alkaloids were identified as maduren—

sine, 7-acetyl madurensine and Crotaflorine.

application of homo and hetero nuclear shift corre-
lations have enabled uneguivocal assignments of the carbon
chemical shifts of these compounds and pointed out erra-

neous conclusion made by other workers.
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le  IITRODUCYION

Crotalaria specics belong to the fanily Leguminose
sub--fanily Papilionoideae. Many of them are small herbs
or shrubs found begides roads, on eroded soils and as
weeds between 600 and 3000 m (1). Some 600 species are
found throughout the tropics and sub-tropics particularly

of the Southern hemisphere. about 500 Crotalaria specics

are recorded in tropical africa (2). There are 85 spe-—
cies of Crotalaris listed for Ethiopia out of which 15

are endemic. Crotalaria rosenii which is also known by

the synonyms C. bicberi, C. raffillii and Lrythrina rose-

nii (2) is a poisonous endemic shrub or small, slender
tree up to 4 m talle It is found in mountain scrub and
forest clearings from 2000 to 3000 ms Its flowers are

yellow with black and brown tips and markings.

Plants from the genus Crotalaria arc known to con-

tain pyrrolizidine alkaloids. Up to the end of 1985
about 51 pyrrolizidine alkaloids have been isolated from
over 59 species. The structures of these alkaloids,
classified according to the type of necine base they con-
tain are given in Table 1. The c¢conomic ilmportance of
pyrrolizidine alkaloids is now more widely appreciabed
because of the increasing number of deaths to livestock
attributable to consumption of plants containing pyrroli-
zidine alkaloids. Many cases of human liver diseasc are
now also known to be due to ingestion of pyrrolizidine

alkaloids (3%).




No phytochemical investigations are reported on

Crotalaria rosenii prior to the initiation of this pro-

jeect. The preéenee of nine alkaloids has been establi-
shed and the structures of three macrocyclic pyrrolizi-
dine alkaloids were determined on the basis of IR, Mass,

L muRr ana 12¢ WMR spectroscopy.
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2¢ THEORERICAL BaCKGROUNWD

Pyrrolizidine ilkalolds

Pyrrolizidine alkaloids contain one nitrogen
atom in the molecule snd this is present in a pyrro-
lizidine nueleus(I), a system also known as l-azabi-~
cyclo LO,3,3]~octane., Quite a number of pyrrolizi-
dine alkaloids contain eighteen carbon atoms. Most
of the alkaloids are esters which on hydrolysis
give alkenolamines (known as necines) and carboxylic
acids (known as necic acids). They fall inbto three
main cabtegories: mnonoesters of the necine with a
nmonocarboxylic nceic acid(II), diesbers of the necine
with two different monocarboxylic necic acids(III)
and macrocyclic diesters of the necine with a di-
carboxylic necic acid(IV). Host of them are repo-
rted to have a 1l,2-double bond in the necine and
are known to be allylic esters (4). The most common
ring size¢ in the macrocyclic pyrrolizidine alkaloids
is 11 or 12 membered. However, few cxamples of 13
nembered mecrocyclie diesters are known for pla-
tyneeine (5-10) and retronecine (11-15). Recently
a new l4-membered derivabtive of retronecine has

been reported (11-13),,
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12 and 1% membered nmacrocyclic rings. The 12 membered
ring have the ester attachement at €-~7 and C-9 while the
13-uwembered ring have the ester attachement at C-6 and

C-9. ©The conformztion of the saturated l2-membered ring is
exo~-buckled and ig endo for l%-membered ring (21).

Most macrocyclic pyrrolizidine alkaloids have methyl
substituents on the o-position of the ester groups butb

in six Crotalaria and three Senecio species pyrrolizidine

allkaloids having hydroxy methyl substituent on the o-posi-
fion of ester group have been isolated (23,24,25,26,22). .
Hacrocyclic diesters with epoxide ring in the necic acid
portion were reported to occur in species of Senecio (18)

and Crotalaria (27).

2.1.,1 Pharmacology

Plants containing pyrrolozidine alkaloids have
been of medicinal interest since the fourth century B.C.
andt there has been reports of their use for treatment of
tunmors (30)s, 4 recent report confirmed the antitumor
effect of moncerotaline (rable 1 section c¢ (%)) and this
pyrrolizidine alksloid was reported to be more destructive
o malignant cells than to normal. cells (34). The
N-oxide of indicine(VI) does display antitumor activity
with less toxic effect than related pyrrolizidne alkaloids.

There has been a daba on its test on humans (35)

Many pyrrolizidine alkaloids are found to be Toxic

acting specifically on the 1liver (%1). snccording to




studies made on 19 pyrrolisidine alkelteids by Culvenoer
(32) end Robertscen (33) hepatotoxic pyrrelizidine
alkaloids have a 1,2-double bond in whe pecine, snd ore
esterified at C-~9, Lubstitution at the -7 hydroxy-
grovp is essociated with increesing toxicity of the
alkaloid. "The tovic metebolites of pyrrolizidine alka-
loids are pyrrole derivatives produced by hepatic mixed
function oxicdese. In order to forms these boxic pyrrelic

metabolites, the wlkaloids must posses 1,2-unsaturation

in the necine, and be esterified st -9 (16).

Yyrrolizidine slkaloids were reported in Cow milk
samples (%6). The hepatotoxic 2lkaloids senecionine,
seneciphylline (fzble 1 secwion ¢ (b)), jacoline(VII) and

Jeconine(VIII) from Senegio jacobmea I, were found in
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2.1.2 Biosynthesis

Pyrrolizidine alkaloids occur largely as esters of
amino alcohols (necines) and carboxylic acids (necic
acids.) Biosynthctic studies have been made on the common

necine bases and necic acids.

Ornithine(T¥) is known to be incorporated into a
variety of plan bases. These include the‘pyrrolizidine
alkaloids ﬁypified by retronecine. Retronecine(X) is the
nost coumon necine and most of the biosynthetic studies
reported have been carried out on this base. Results from
the study of feeding labelled ornithine, show that orni~

thine derived fragmnents are incorporated.

HO

NH2
X
IX
Nowacli and Bycrrum (58) fed {2~1401 — ornithinec

to Orotalaria specbabilis plent and obtained monoCIroO—

taline, which was shown to be radicactive only in the
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rebronecine portion (necine part). Hughes et al (39)

N

Ted [2«1 Cl ornithine to Senccio isstideus plant. They

Tound necine actively at €-9, but no actively at C-5 and
C-%. Instead, the rest of the activity was at ¢-(7 + 8).
These workers concluded that two molecules of ornithine

are incorporated into retronccine.

Bale and Grout (40) have carried out feeding expe-
rinents with arginine(¥{I) and ornithine labelled with
different isotopes (5H and 90) end found out that orni-
thine 1s s slightly more efficient precursor than argi-
nine for retronecine biosynthesis. It is probable that
ornithine is incornorated into retronecine(X) after de-
carboxylation to putrescine(NIT) since lsbelled pubtre—
scine has also becn shown to be specifically incorporated
into retronecingc. Iutresciné can be also formed from
arginine via agmatine(XIIIL) and N-carbamylputrecine(XIV)

a8 shown below.

H NH

?HQNHE ?HBNHENH2 CHENHg—NHg

?Hg ?Ha

CH,, ?He

?HNHE -3 CH,NH,

COOH (X111

(X1) J,

?HENHZ ?HENHGONﬁg

CH., CH,

%Hg S éHz

CH,NH,, CH,NH,,

(XT1) (LIV)




- 9 .

Robins and Sweeny (41) showed that putrescine(XII)
sepernidine(XV) and spermine(XVI) are efficient precursors
of retronecine(X) biosynthesis. Degradation of labelled
alkaloids demonstrated a syunmetrical intermediate of the
type C4~~N—-C4 in the biosynthesis. They have found putren-—
scine to be a much more efficient precursor than orni-
thine which supports the theory that pubtrescine follows

ornithin in the bicsynthetic pathwaye.

1 T CHO
4 N 14 1
(THQNH2 ?H2NH2 |
£?H2J2 [CH, 1, ' CHO
SRR 8 | —
CHNH “ QH,NH ' N -
COH (x11) - i

(IX) /
J i)

| o 1%cH.oH
B, 8(oH, )Wt en, Lon, 12 o wER 2
oN(CHy ) o LCHy 15 ol

]
(xv) R =H ' \'\Tj/\

XVI) R = [CH,].NH o W \../
( 21512 14 14

(x)

The acids with which the necines are esterified are
generally not found elsewhere in alkaloids. Yor some-—
time, the acids which include the 05 monocarboxylic acid,
angelic acid(XVII), the 07 monocarboxylic acid, echimidinic
acid(XVIII), and a number of Cq, dicarboxylic acids such as
senecic acid(XXII), were thought to be acetate (mevalonate)

derived (42)s Because many of the necic acids contain ten




- 10 -

carbon abtoms, they were originally believed to be of
terpenoid origin eventhough the mede of coupling of vhe

05 units was quite different from those of terpenoid
compounds. However, experinents with labelled precursors
have established that a nunber of necic acids are formed
from one or more of the common branched chain amine acids
threonine(XIX), isoleucine(XX) and valine(XXI) (43). Thus,
Crout (44) has shown that isoleucine is a precursor of
angelic acid(¥VII) snd that valine is a specific pre-

cursor of echimidinic acid(XVIII).
CH

1,0
o , HO
\ HO ) g

i B | %
XVIT HO ‘\

NH2

JO-H

OH  wry

B3 xxx

Benecic acid(XXII) heas been the nost widely studied
of ClO acids and belongs to the main structural type
found within this group of acids. It was shown that
isoleucine(XX) is incroporated into senecic acid by the

loss of both carboxyl carbons(44). The mechanism by
which the tso isoleucine units are coupled in the
senecic acid biosynthesis is not obvious.

Crout et als (45) showed by feeding experiment in-
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corporation of two five - carbon units derived from iso-
leucine (XX) and its biological precursor threonine({IX)

into senccic acid(CXII) in Senecio magnificus. With uni-

formly labelled {1401 - I, - isoleucine as precursor; the
fiwe — carbon component comprising (C-4, =5, 65 -7 and
~10) of senecio acid was rost heavily labelled, and it

was suggested that isoleucine was incorporated according

to the schem belows

MeCOQH *Me
o)
W ‘ 2H 'q:i
citric acid cycle —3 CH, *GHOH
b 3| .
| #CH_NH2 10+ GO H
COLH 2}
*00,1 @
1 Ky
*lte
>
*GH?
.4&
CH-lie
|
OMe OH * CH-NH,,
H x # 1 I éi
"G G — CH, — Cli— O - lle :
syg e 15 4 ozl o 8 *C0,H
: COH S
CO~H )
2 1
(XXTI) (0

resulbs obbained from experiments done with a wide range
of labelled compounds (46-50} show that the necic occids of
nost pyrrolizidine alkaloids arise by a biosynthetic
pathway invelving the coupling of metabolites derived from

isoleucine(XX)




24343 Isolation and Characterization

In the most common isolation procedure, the crude
extract obtained after preliminary processing is purified
by dissolution in dilute acid and filteration from inso-—
luble material. The alkaloids are then reprecipitated
with alkali or extracted with an immiscible solvent from
an alkali Solution‘ Individual alkaloids are separabted
from cach other through ditfferences in solubilities of
the hases and their salts. Many isolation proéedures have
been described for pyrrolizidine alkaloids in the scree-
ning of various plant materials. The most commonly used
technique is column chromatography with silica gel (51),
alumina (52), kiesclguhr (53) or cellulose (54) and pre-

parative thin-layer chromatography (55).

A congiderable number of inprovements to existing
:

procedures for the detection, isolation and separation
of pyrrolizidine alkaloid mixtures has been reported.
The alkaloids often occur naturally in the form of their
N~oxides, and these are usually reduced with zinc in
acidic solution to liberate the free baseé. Due to the
low yield obtained with zine acid reduction and the possi-
bility of decomposition another method, which employs a
redox polymer on anion exchange resin was developed (56).
Thin layer chromatography provides a rapid separation of
pyrrolizidine alkoloids. kepreducible Rf values for

pyrrolizidine alkaloids were obbtained by using silica
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pel plates impregnated with methanol saturated with pota-
ssiunm chloride (57)e. 4 sensitive reagenv for detection
of pyrrolizidine alkalolds was developed by direct treat-
nent of o-chloranil (tetrachloro-o-benzoquinone) followed
by spraying with the Ehrlich's reagent (p-dimethylamino
benzaldehyde in absolute cthanol containing boron tri~
fuloride etherate) (58). Improved separation of mixtures
of pyrrolizidine salkalolds have been obtained by high
performance liguld chromatography (59-61) and gas chro-

natography (62).

alkaline hydrolysis of the alkaloids has been emplo-
yoed as a uscful degradative tool in The study of most of
the alkaloids of {the pyrrolizidine type, since hydro-
lysis glves the necine and necic acid (or modifiecd necic
acid) porbions which constitute the parent alkaloid.
The other general degradative procedure vhich has been
exceedingly useful is that of hydrogenolysis of the
alkaloid %o give o modified necine and necic acids. Thisg
practice of hydrolysis or hydrogenation of the alkaloid
to its consbtituent basic (necine) and acidic (necic acid)
noieties, and identifying both portions is not now carried
out by all workers, sometimes due to the small amountg of

naterial avalilable.

There has been an increasing reliance on spectral

. 1. 1% . )

dava chiefly “H ¢ nuclear magnetic resonance (n.m.r
and nags~spectrometry. Useful information on stereo-

chemical details and conformations have been obbained
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from X-ray diffraction analysis (23%,63-66). The intro-
duction of new techniques such as NOE and two dimensional
(2-D) NMR spectroscopy have opened possibilities for the
analysis of spectra and is able to provide information
previously not accessible. Various techniques of two-
dirensional NMR spectroscopy made possible correlation
of spectral paramcters (chemical shifts, spin-spin coup-
ling constants) of different nuclei. Measurments of
hononuclear 1H—1H shift correlated spectra and hetro-
nuclear 150—1H shift correlated spectra (COSY) greatly
asplsted the sssipgnment of signals and structural debtermi-
nations (67).

The mass spoectra of pyrrolizidine alkaloids are very
distinctive and often permit structural asgignments bvo
be made by comparison with mass spectra of alkaloids of
known structure. These alkaloids display characteristic
fragment ions of their necince base, For exanple, those
alkaloids containing otonecine as base (Table 1 section
D) display charactcristic fragment ions at m/z 168, 151,
150, 122, 110 and 94 (68,69). The N-oxides of pyrroli-
zidine alkaloids usually show the presence of ions at

N-16, M-17, and M-18 (70).
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Extraction and ¥Frsctionation of Crotaloria rosenii

4 schematic flow chart for extraction and fra-
ctionation of the leaves and the flowers of Crota-
laria rosenii is given in Figure 1. Defatting the
powdered leaves with petroleunm ether (60—8000) and
extraction with methanol and subsequent purifi-
cation by acid base extraction gave a raw basic
extract which showed three alkaloids on t.l.c.
‘hese alkaloids were labelled CR~1 to CR-3% in the
order of decreezsing Ry values. alkalold CR~1 was
casily isolated from this mixture by column chro-
natography on silica gel as detailed in the experi-
mental sections Kxtraction and purification of the
flowers of C. rosenii gave a raw basic exbract
whiph showed nine alkalolds on t.l.c. labelled from
CR-4 to C-12 in the order of decreasing Ry values.
Three alkaloids CR-5, CR-7 and CR-9 were isolated
by column chromatography (sec experimental section).
slkaloid CR~1 isolated from the leaves was found to
be identical with CR-5 isolated from the flowers
(tel.c, mixed melting point, MG and 1H MNMR).

Bince CR-5 ond CR-9 were found to be derivatives of

CR-7, the structure of CR-7 will be discussed first.
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Structure of CR-7

CR~7 is a colorless crystalline (needles) alkaloid
Mmepe of 174-175°C (dee.). Tt is soluble in acetone,
chlorofiorm and methanol. The infrayped spectrum of
Ck-7? (Figure 2) showed strong estor carbonyl absorpbtion
at 1720 et and a band at 5420 en” T due to hydroxy-
group. The structvure of CR-7 was identificed as madu-~
rensine(XXV) based on information obtained from mass,

lH NMR and 156 NMR spectra as discussed below.

%.2e1l Masg Gpectbrun of CR-7

The high resolution mass spectrum of CR-7
showed a prominent molecular ion of 3%51.168Y7 corres-
ponding to the molecular formula 018H25N06' The
most importent structural information obtained from
the mass specbrum is the existence of the trihydroxy
anine as the necine base of the alkaloid CR-7. It
is alrcady esteblished that the ion fragnentation of
macrocyclic pyrrolizidine alkalolds proceeds by ini-
tial cleavage of the ester linkages (94). This is
then followed by subsequent loss of fragments until

the necine base remains (21).

The region of the mass spectrum corresponding
to the necine base consists of intense ions and pro-
vides usgseful ianformation on the type of substitution
present on the pyrrolizidine ring. For example,

non-gsubstitubed necine base retronecine estoer alks—
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loids (Table 1 secction cj show fragments at m/z 138, 136,
120, 119 (97) while crotanccine ester alkaloids (Table 1 !
section e) show fragments at w/z 154, 152, 136, 135 which |
are 16 units greator than that retronecine indicating
hydroxyl substituted necine base of crotanecine ester

alkaloids (21).

In the mass spectrum of CR-7 ions ab m/z 307.1788
(M* -44), 264.1843 (MY -87) and 236% (Mt -115) are attri-
butable to the loss of GO,y Hy0=C(OH)-CO0, and H,C=CH~C
(CHB)(OH)—OOO respectively. This sequence is the major
fragunentation path way fof the fission of ester linkages
in pyrrolizidine nlksloids (94). anacrotine(XXIII) is a
nacrocyclic diester pyrrolizidine alkaloid of a trihydroxy
pyrrolizidine base crotanecine (fable 1 scction e). It
undergoes characteristio fragmentation pattern of the
crotanecine pyrrolizidine base as shown in figure 3 (21),
Thus, in the low mass region %CR—T gave fragments at m/z
164, 152, 137, 136, 135, 95, 94 and 93 (¥igure 4) a frag-
mentation pattern characteristic of the pyrrolizidine
base of the crotanecine group. Bight crotanccine pyrro-

lizidine alkaloids have been isolated from Crotalaria

agatiflora (95). The structures of these alkaloids appear

in Pable 1 scction c.

¥Accurate mass not determined
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complex multiplets ore observed. These authors repord

multiplets for the nmagnetically noncquivalent OHEHOMCO

protons, a multiplet for CH-OCOR proton and signals for
Eroups , GﬁawCH (cdoublet), anquOH (singlet) and

OHE-OH=G(CO)H (quartet) of the esterifying acids.

It is generally observed that the signal of a CH-0H
proton moves to lower field when the alcohol is acetylated.
“he location of the CH-OCOR proton of madurensine(XXV),
which appears at lower field than the CH~OH proton was
determined by Culvenor et al (29) to be at -6 and not at
C-7 by decoupling experiments which showed this proton to
be vicijal to the ¢-5 proton. In anacrobtine(XXIII) the
CHOCOR proton was found to be located at C-7 by similar
decoupling experiment which showed it to be located vici-
nal to the C-6 hydrogen. There is significant difference
in chemical shifts of madurensine and anacrotine in the
sthylidene group of the necic acid due to its configuration

- whiah is trang with respeet to the carbonyl group in madu-
rensine(XXV) due to the appearance of the olefinic pro-
ton at 7.14 ppm. The doun field shift of the olefinic
proton is because of the diamagnetic anisotropic effect of
the ester carbonyle In anacrotine(XXIII) the olefinic pro-

ton appears at 5.74 ppm due to the cig configuration.

"he 60O MH, spectrum of Madurensine is nob sufficiently
well resolved to allow the assignments of all the protons
in the molecule., However, the 400 MH, spectrum provides

adeguate resolution to permit the conmplete assignment of
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the protons. Turther experiments involving lH—--lH spectral
correlations permit the unequivocal assignment of protons.
The complete assignments of chemical shifts for CR-7 is

given in Table Z,

in the spectrum of CR-7 (Figure 5 a) the C-3-a pro-
ton appear at 4.02 ppm (14.4H, ) as double of multiplets
and C-3-Hf proton at 3.42 ppm (J5H2,2HZ) as a double of
doublets. Bimilarly the C-5-"« proton appear at %.45
ppn (dddd, JL4e M, 5 6H, 4 2HZ) and C-~5§5 proton does notb
| couple with C-6-t proton and as a result appear at 2.77
ppm (J14.4 H ) as a doublet (Figure 5 ¢). The mogeneti-
cally non-equivalent protons of C-9 appear at 5.81 ppm
(J10.3 H,) and 4.19 ppn (J10.3 H ) as doublets (Figure
5 b, 5d). The appearance of the (C-5-B proton at 2.77
ppr (Jl4.4 H,) as a doublet and the olefinic proton at
7.12 ppr (J6.7 HZ) as & quartet (Figure 5 e¢) indicates
C—-6 ester linkage and tpgps configuration of the ethyli-
dene group in CR-7. Of the esterifying acid protons,
signals at 0.86 ppm (d,36.7 H ), 1.38 ppm (s) and 1.78
ppr (dd, J6e7 Hys 1.8 HZ) (Figure 5 £ and 5 g) are due to
nethyl protons on ¢-12, C-~11 and C-18 respectively.
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anacrotine(XXIIT) and CR-7.

H NMR Chemical Shifts of Madurensine(X(V)

6 (ppn)

Proton CR~7 Madurensine(21) anacrotine(21)
G"‘t?"'H 6317’83}1 6.19,S,H
G--3~Ho 4.02,dm,H(Jl4,4H£)
C—3--1p 3042, A, H(T 1y 4H,)
G--5~Ha 3o l5,dddd  H(J 14, 4,6,

2H,,)
C-5-Hj 2.77,d,H(J14.4HZ) 2.77,d,H 2.,6,m,H
C~6-Ho 4.98,t,H(J2.56HZ) 5.02,H 4,56 ,myH
C"?"‘II@ 4‘0 5591351‘1
C-8-Hu o 26 4Ty 1T
C~9-H, 5.81,&,H(J10.5HZ) 5.83,m,H 4.05,m,KE
G"‘9"HB 4‘019,(‘1,}1((]-10-5}{2) 432,{{1,}1 5.46’11191{
G"lg“H 10 91 ,11151’1
C-13-H 2026,t,H(J11n7HZ)
C~1%-My 147%,d,H(JL1. 7H, )
0“16"H5 195895551{ 1.42,8_351{ l°54?593H
C~17-H, 0,86,d,3H(J6.7HZ) 0.89,d,3H 0.95,d,3H
C~18-H 7.12,q,H(J6.7HZ) 7.14,q,H 5¢74,9,H
0—19—H5 1.78,3d,3H(J6.7,1.8

HZ) 1.82,H 1.8%,3H
"“OI{ 5-05"3. 1,2H
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B3e26% C_WMR Spectrum of Cr-?

The chemical shifts of fourteen out of eighteen
carbon resonance signals were unequivocally determined by
2-dinensional l50~1H shifts correlated spectrum (Figure 6).
Carbon resonance signals for the remaining four quaternary
carbon atoms were assigned by conparing chemical shift
values with those of similar compounds (96,97). Re-
cently Mody et als. have reported the 150 spectrun of
Madurensine (98), They assigned chemical shifts of
carbon resonance signals by conmparing acquired values of
chemicals shifts with those of similar conpounds (98).
Conparision of wvalues obtained for CR-7 by 2-dimensional
technlgues with Those of HMody et al. reveal that their
data contain misassignments for ¢-3, C-5, C-6, C-7, C-8

and C-9 carbons.
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ffahle 3.. 150 NMR Chemical Shifts for CR-7 and Madurensine(XXV)

0y, ppm

Carbon number - CR-7 Madurensine (98)
1 135.5 129.9
2 136.2 | 13641
3 664 . 59.3
> 61,5 - 66l
6 95.1 4,7
% Va2V : 737
8 75,7 - 75.2
9. 59.5 61,5
10. 177.1 176.9
11 6.3 76,3
12 40.5 40.5
1% 27.5 276
14 129.7 155.6
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 Differcnce Spectra,, of CR-7

NOE experiments were done on CR-7 to establish the
relative stereochemistry of the necine hase at C-6, (=7,
and C-8 as well as the configuration of the nccic acid at
C-11 and C-12. These experiments are also used to con-
firm the configuratvion of the ethylidene group of the
esterifying acide NOE difference spectral data for C-2-H,

C-7-H, Cm16-H5, G~l7~H5, C-18-H, and G-—l9-—H5 protons are

3
given in Table 4.

Irradiation of C-7-Hu (6 4.54 ppn) (Figure 7 a)
showed NOE on C-5~Hx, C-6-Ho and C-8-Ha which requires
that these protons be on the same side of C-7-Ho confir-
ning the stereochemistry of the necine base at C-5, C-6

&

and C-8.

The tpaps configuration of the ethylidene group is
also supported from the NOE experimental data. Irradia-
tion of ¢-18+H (& 7.12 ppm) (Figure 7 b) showed NOE on
0—19—H5 and no enhancement was observed for the C~13% pro-
tons due to the fact that C-18 and C-1% protons are not
in close proximity with one another. This is apparently
true if the C-18 proton is away from C-13 protons as would

be expected in the trans configuration.

There are two chiral center at C-11 and C-12 in the
necic part of CR-7 which give rise to four possible con-
figurations. These are: 11§ and 123 (XXVI) 11R and 128,
(XAVII) 118 and 12R(XXVIII) 11R and 12R(XXIX).




LXV1

XVII

AXVITT

XXIX

Table 4. NOE Difference Spectral. Data for CR-Y

s et

Irradiated proton NOE/,

0~2H( 6 6.16 ppm) C-BHo (2.4/) C=3Hp (2.0/) -

C-7-H(6 4,54 ppum) C-5Ha (2.2/), C-6Hx (6.2/), C-8Ha
(7.3/)

G~16—H3(6 1.38 ppm) '0-17-115 (22.7/), C-12-H (24.4/)

Cvl?—H5(6 0.86 ppm) C-16-Hy (5.3/), C=12=H (8.7/),
C-1%-H (&4.7/), C-19-Hy (4.27)
0-18-H(d 7.12 ppm) C-19-Hj (9.67)

C-19—H5(0 1.78 ppm) C~17-Hy (6.2/), 0-13-H, (10/)

p——
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Irradiation of 0—16—H5 (Figure 7 c¢) showed signifi-
cant HOE ' n Gwl'?-aH5 (22.7/) which suggests special pro-

xinity of C-=16--H5 and C--17-H Irradiation of C-17-H

5° 5
(Figure 7 &) enhanced 0—16—1{3 and G—l9~-H5 which requires

the close proximity of C-17-H, and 0—19—H3. In the first

3
configuration(XXVI) C—l6~H5 and. C--l?—-H5 are on the same
side away fron C-—l9—H5 and therefore cannot account for

the observed NOE effects of C-19-H, on C—l?—HB. In the

5
second configuration(XNVII) C—-l’?-—H5 and. O—-l9-—H5 are not
in close proximity and C-—l'?--H5 es well as C--16--H5 are

also on opposite side. Therefore, this configuration is
not likely. In the third configuration(XXVIII) even if

0—19—H3 and C=17-H, are in close proxinity O—l'?——H5 is

5
far away from C~16—-H5 and cannot explain the 227 NOE
effect. The fourth configuration(XXIX) is the most likely,
because G-l9~H5, G-l?—H5 and 0—16—H5 are in close proxXi- \
mity and can account for the NOE effect observed. There-

fore, configuration of CR-7 at the chiral centers 1s

possibly 11R and 12R.

‘Hrbeck et al (99) reported circular dichroism measur-
nents for madurensine. For madurensine since the ester
ring attachement is at €-6 bub not at C-7, the confor-
mation of the dicsber 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 pyrreclizidine alkaloids in which the

attachement is at C~7 with egxo-buckled ring. Circular
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dichroism measurments for CR-7 (Figure 8) were identical
with values reporied for madurensine except the appear-
ance of a fine band at 285 nn for (R-7 which may be due
to the use of modern instrument. Ve do not know whether

this band is significant or not.

fThe ultimate proof for the structure is the direct
comparison with authentic sample and X-ray. But based
on mass spectrums lH NER spectrunm and 15C NMR spectrum
data CR-7 is identified %o be nadurensine(XYV). CR-7 is
identified to be diester of integrrenccic acid with
crotvanecine base (madurensine). There is a possibility
for CR-7 to have an alternsate structure. The linkage
of the diester bond may be as shown(XAV) or the oxygen
on C~-9 may be joined to the (¢-15 carbonyl. COLOC experi-
nent was done on CR-7 to establish the mode of linkage
bf the ester group. COLOC experinment ignores all couplings
greater than 6HZ and only long range coupling is observed.
In COLOC spectrum of CR-7 (Figure 7e) coupling was
observed between proton on (-9 and C-10 carbonyl carbon.
No coupling was observed bebween proton on C-9 and C-15
carbonyl carbon. Therefore, this is a proof for the
structure of CR~7 to be the same as that of madurensine
(XXV) in which the oxygen on (-9 is abtached to the

C-10 carbonyl not to the C-15 carbonyl.
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%+%  Structure of CR-9

CR~9 is o colorless crystalline alkalold mepe.
178-181°C (dec.). It is soluble in acctone, chloro-
form and methanol. Its high resolution mass spectrun
gave molecular formula 018H25N07 (367.1631), In the
mass spectrum ions at n/z 32%,1644 (M" ~44) due to
loss of CO, and 280.1580 (M' ~87) which is due to
loss of H,C=C(OH)-C00 indicates the major fragmen-
tation path way of ester linkages in pyrrolizidine
ester alkaloids (94). In the mass spectrum of CR-9
(Pigure 9) there are fraguents aﬁ m/z‘l57*, 136,
135, 95, 94, and 9% which are characteristic of
crotanecine base (21).

1

The "H KMR chenical shifts assignments for

CR-9 woere made fron lH—lH shift correlated spectrum
(cosY) (Figure 10). It closely rescmble that of
CR-7 (Mable 5, Figure 11 a) in having chemical

shift for §rans CH,-CH=C-CO at 7.14 ppm (J8.6 H,)

5
(Figure 11 b), non-equivalent -9 protons, a triplet
at 4.99 ppm (J2.7 HZ) (Figure 11 c¢) and a doublet at

| 2.78 ppm (J14.7 HZ) for C-5-Hp (Figure 11 d). The
spectrum differs from that of CR-7 in that the
singlet for CE5~G~OH at 1.38 ppm is nissing and is
replaced by a double of doublets of two protons ab
3.77 ppm with geminal coupling of 21.6 H, (Figure
11 ¢). These data are consistent with the presence

of a hydroxymethyl (UHQOH) grouping at ¢-11 and
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Pable 5. Iy NiR Chemical Hhifts of CR-2(XXV), CR-9(XXX) and

Crotaflorine
5 (ppm)
Proton CR-Y CR~9 Crotaflorine (95)
C—-2-H 6el748,H 6.19,8,H 6,198
C~-%-Hot 4»02,dm,H(J14=4HZ) 4,04 ,dm, 11
(716.8H,)
C--3-Hp 5.42,dd,H(J14,4,5HZ) 3.44,dd 1
(T1he743.3
H,)
C~5-Ho 3.45,0d0dd ,H(J14. 4, 3,46 ,ddd,H
6,2H,,) (J14.7,2H,)
C-5-H 247750 B(IT14. 41, ) 2.,78,d,H
(T14s7H,,) 2.79,H(J15H,)
C—-6--Ho. 4e 984t H(J24 361, ) 4.99,%,H
(J2.7H,) 5.01,H
C~7~Ho. 4,55 mH 4,56 ymyH
C—-8~-Ho, 426 4 mH 4e28,m,H
0--9-H 5.81,4,H(J10.31,) 5.8%,d,H
(511.5H,)
C-9-Hy 4.19,&,H(J10.5HZ) 4,.25,d,H
(311.4H,)
C-12-H 1.914m,H . 1.98,m,H
C—13--Ha 2,26, 5H(J1L. 7H, ) 2.29,tH
' (J12.31,)
C~13-Hp3 1.7340yH(J11,7H, ) 1.7%,d8
(312.3H,)
0—16--115/112 1.3845,43H 3,75,dd,2H
(321.6,104,) 3.71,2H
C-17-Hy 0.86,d,3H(J6.7H, ) 0.81,d,3H
(38.61,,) 00824 3H
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"able 5. Conb.

& (ppm)
Proton CR-7 CR~-9 Crotaflorine (96)
C--18-H 7.129q,H(56.7HZ) 7 1llyqH
(J8.6HZ) 7.15,H
C-19-H, 1.784d0,H(T6.7), 1.78,4,1
1.8HZ) (37.88H,) 1.79.3H
“'OI{ 5.05 - Bcl,gH 500 - 5-1,

A4
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Table 6. T30 NMR Chemical Shifts for GR-9

Carbon number b, ppm
1 135.4
2 136.%
4 66,4
> 61.4
6 75.2
7 4.6
8 3.7
9 59.8

10 174.9
11 8la.2
12 572
13 2743
14 129.1
15 166.9
16 66.5
17 11.5
18 143.0

15.0

=t
O
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Crotaflorine (Table 1 section ¢) is a crotanccine
rsber alke id with n rcular ol
ester alkaloid with molecular formula 018H25NO7 (367)

isolated from Crotaleria agatiflora (95). This compound

has a hydroxy methyl group at the a-position of the
ester and macrocyclic ring attachenent at ¢-6. The pro-
bable struciture of crotaflorine was assigned by Culvenor
et al (95) based only on the partial i wnk data given

1

in Table 5. With high resolution ~H NMR, 150 WMLy, and

'~

M5 data obtained the structure for CR-9 is correctly
enteblished to be(XxX) which is identical with structure

reported for crotvaflorine (95).




Selt

- 54

Structure of CR-5

CR-5 ig an alkaloid with molecular fornula of
020H27NO7 (%9%,1787) as indicated in a high reso-
lution mass spectrum. It has typical fragment ions
ot m/z 549,1888 (M'-44), 306.1714 (M"-87) and 278
(ut=115) which ere also prominent in the spectrum
of CR-7. ‘4he ilon series 196., 194, 178, 153, 137,
136, 135 (Figure 13%) sre 42 units greater than the
ion series in CR-7 which is characteristic ion
series of crotanecine pyrrolizidine base (21). This
is on indication of a madurensine type nucleus with

acetate group for CR-5.

The 1H N#R chemical shift of CR-5 (Table 7,
Figure l4a) shows signals for GH5—0H=GO, CH5—0~OH
and CH5~OH which are appropriate to integerrinecic
acid ester as in madurensine (95), The ester lin-
kage of CR-5 is at C-6 like in CR-7 (madurensine)

due to the prescnce of a doublet at 2.85 ppn (Jl4.4

‘H,) for C-S5Hp (Bigure 14 b). TH NUR chemical shift

of CR-7 is identical with CR-5 (Table 7) except the
additional methyl signal at 2.15 ppm (s,H) (Pigure
14 ¢) due to the acetyl group. There are also down
field chemnical shifts of protons on C-6, C-7 and C-8
to 5.254 5.%5 and 4.55 ppn respectively because of
the acetate group at C-7. CR-Y (madureﬁsine) was
acetylated with acetic anhydride in pyridine. Under
this reaction condition only the secondary alcohol

is acetylated to give the nono-~acetate.
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Coplinghln (9%} in the wmess spechrws vith the sowme Tropment
-4 I
iens o Ch-Yy  Polsc comparision of (k-9 and acebylated
CR-7 geve identic:l spot with the cane R value of 0.72
ond 085 in solvent systems chloroform: methanol (80:20)
and chloroform: methanol: ewnonia (85:14:1) respectively.
1 Y1 . - .y . - T th

H HER chemical shiilts observed in the specvruin 01 €
natural product (CR-%) (Figure 1) a) were zlso observed in
the spectrum of acotyleted CR-P? (Figure 15). Based on
these results the structure of CR-5 (CR-7 monoacetate)
13

cun be written as (Q¥XI)e 20 WEER chepical shift assign-
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1H NMR Chemical hifts of CR-7 and CR-5

5 (ppm)
Proton CR--"/ CR-5
02~H Hel7y8,H Ge248,H
C5-Hat 4o 02,y dmyH(J14 . 41, ) ' 3.92,dH(J11.7H, )
5~H 5.42,dd,H(Hl4o4,§HZ) %.85,m,H
05—Ha 3o 845,addd H{J14. 4,6,
2H, ) 3.49,dd,H(J16.2,2H, )

Ce-His 2,77,8,B(J14.4H,) 2.85,d, H(J14. 41, )
Cg=H e 98,4, H(J2. 36H, ) 5.2%,t,H(J4.2H,)
G7~H 4455,m,1 5.35,1m,H
08—H L4a264140 4,45,1m4H
CyHar 5¢81,¢,11(J10. 31, ) 5.6,d,H(J10.8H,)
Cg=Hp 4419, &4 H(J10. 3H, ) 3.95,d,H(J10.8H,)
012—H 1,91 yin4H 2elmyH
Gy 5Ho: 202645, H(JLL.7H, ) 2.25,%,8(124, )
cla—Hp 1.75,a,u(J11,7HZ) 1.7%,H1
CpgHy 138,54 2H 1+%9,8,BH |
Oyp-ly 048643, 5H(J67H,) 0.8%,d. 5H(J6.8H,,)
Cqg-H 7.1240,H(J6.71L,) 7.06,qH(J7.4H,)
G191 1478,adsH(J6.7,1.8H,) 1.78,d,3H(6.8H,)
~0H 5,05 ~ %al, 2H 4.2 — 3.3, H

- 2.15,8,%H
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Pable 8. TH NMR Chemical Shifts for CR=5, scebtylabed CR-7
and 7-icetylmadurensine
o (ppm)
Proton CR-5 acetylated CR-7  P-acetyl-modurensine
(95)
C,-H Ba2y84H 6.2,8,H 6.2,H
GB—Ha 5092,d,H(J11.7HZ) 4,09,d,H
(J12.6HZ)
"“I{p 5.85,111,1{ 5.92,'[&,1{
CB“HCYJ _7)9z“9,d.d.,H(Jl602, 5;45,dd,H
21, (J2HZ)
~Hj3 2.85,d,H(Jl4.4HZ) 2.85,4,H
(Jl2.8HZ) 2.84,H(J14.6HZ)
Cg-H 5.25,t,H(J4.2HZ) 5.2%,5,H
(J2HZ) 5.%,H
07—-H 5¢55,my 11 5.35,m,H
08—H Gal5,meH 4,45ym,H
C y--Hot 5.6,d,H(J10,8HZ) 5a6d,H(J8HZ)
~Hp 5:95,d,H(J10,8H,)  3.95,d,H
(J8H,)
Clg"H 20 lm,H 20 1]11,H
Cla—Ha 2.25,t,H(J12HZ5 2.25,%,H
(J9HZ)
"'H‘_J) ln?B,H 1.72,1‘1,1{
016_H5 1059,5,5}1 1-59’8,5}1 l'“’,BH
Crp-iiy 0.83,d;5H(J6.8H,) 0.824d,3H
(J5,4HZ) 0.8%,3H
Cyg~H 7.06,q,H(J7.4HZ) 7.06,q,H
(d54,) 7.08H
019~—H5 1.78,d,5H(6.8HZ) 1.785d,%H
(J5H, ) 1.79,3H
021"H5 2.15,;‘3!’5}1 2-1515,5}1
OH %62 = 3453 3,6 ~ 3,7
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Pable 9« 150 NER Chemical Shift of CR-5

Carbon number 6, ppm
1 135,37
2 136,06
3 66.51
> 61.08
6 ik 45
? 76.6
8 71.51
9 58.92

10 178.02
11 759

12 39.62
13 27.18
14 131.79
15 167.28
16 4. 28
17 10.6%
18 142,09
19 14,97
20 17043%
21 20.78

F
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4. CONCLUSION

\
There las been a tremendous growth in interest in
pyrrolizidine alkaleids due %o their increasing economic

inportance. Crotalaria species are one possible source of

pyrrolizidine alkaloids. Out of 85 species of Crotalaria

found in Ethiopia only 10 of them were studiced. This is
the first project to study plants of these species in the
country. This project which is based on the study of the

chenical composition of Crotalaria rosenii will enable to

develop methods for the study of chemical composition of
these species. Hence it opens the way for further inve-

stigations.

The alkaloidal composition of the flowers, leaves
and sceds off C. rosenii have been investigated. It has
been found that nine alkaloids were found in the flowers
and out of these nine two were detected in the sceds and
three in the leaves in different amounts. There was also
seagonal variation in the number and type of alkaloilds
found in the leavese. This is evident from the detection
of the fourth alksloid in the sample collected in

November which is absent from that collected in Feburary.

The structures of the compounds isclated were deter-
nined chenically and spectroscopically. The use of new
spectroscopic btechniques such as 2-dimensional NMR homo
and heteronuvclear shift correlated spectra and access to

high field instruments have enabled to assign the chemical
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shifts of the crobeznecine ester alkaloids and to point

out sone errors in the litrature.

The three alkaloids isolated from Crotalaria

rosenii have previously been isclated from Crotalaria

agatiflora. Thesc two species are morphologically very

similar differing from one another by the size of the
peblole and shape of the beak of the keel. They are
also chenmicelly similar in containing three idenbical
alkaloidal which were isolated and characterized from
both plantss. Four of the eight alkaliolds isolated from

C. apgatiflora are isomers but the nine alkaloids dete-

cted from C. rosenii are not isomers as observed on

t.l.c. s0 the isolation and characterization of these
aikaloids may possibly show the dirference in chemical

conpositons of these two plants.
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5 BAPBRIAENTAL

Mielting points were delermined on hot stage Rockmono-
scope 'M' melting point apparatus. Infrared spectra werc
deternined in KBr pellets using a Perkin blmer model 727 B
grating spectrometer. Optical rotations were measured in
chloroform on Perkin ¥lmer 241 polarimeter. The nuclear
nagnetic resonance spectra mcasurements were performed for
1,5 M CD015 solutions in 5 mm NER tubes on a Bruker AM-400
spectrometer. The chemical shifts were referenced to the
deuberochloroforn signal (6=7.24 for “H and 6=77.0 for 12G).

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

ctroncter.

inalytical thin layer chromatography (t.l.c) were run
on a 0.25 mm thick layer silica gel GF¥ 254 (Mcrck) and the
products were detectod by their ultraviolet fluorescence
and Dragendorff's spray rcagent liunicr medification. FPre-
parative thin layery chrometography were run on 1,0 mn
thick layer of silica gel G{(type 60) and the products were
detected by their vltraviolet fluorescence. Goluun chro-
natography woere performed on silica gel 60 (70-230 Mesh)

(Merck).

5.1 Bxtraction of the Leaves of Crotalaria rosenii

(102, 103%)

340 grams of powdered lesves of Crotalaria

rosenii was defatted with petroleium ether (6O—SOOG)
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in a soxhlet zppareatus for 12 hrs. Defatted plant
materinl was exvracted with methanol in a cgoxhlet
apparatus for 48 hrs. The methanolic extract was
distilled at atmospheric pressure giving %9.95 gms

(11.6/) crude extract (Ga-1).

Purification of Gi-1

Gia~l was dissolved in 250 ml of 2.5/ HCLl and
filtered. The filterate was extracted with 600 ml of
chloroform.  The aqueous layer was made alkaline
(ammonisz) and extracted with 500 ml of dichloromethane.
The organic layer was dried with anhydrous sodium
sulfate. Evaporation of the organic layer gave 1.487

grams (0.43/) of raw cxtract (Gi-2).

Column Chromatography of Gi-2

1.45 gms of Ga—-2 dissolved in 5 ml of chloro-
form was applied to a 2.5 cm dismeber column packed
with 85 grems of silica gel. The column was eluted
with 300 ml of methanol-dichloromethane (4:1) (50 ml
fractiong were collected), JBveporation of the
solvent under reduced pressure gave 100 mgs of brown
crystals. DOissolving the crystals in acelone and
repeated filteretion through a micro-pipette gave 20
ngs (0.006/) of colourless alkaloid crystals (CR-1).
It gave a single spob (Rf C.72, chloroform: IMethanol

’(85:15) on telec, m. pt 157-160 (decomp.) The nass
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spectrum showed a molecular ion peak at m/z %93.

ILxtraction of flowcrs of Crotalariaz rogenii (102, 103)

400 gms of powdercd flowers of Crotalaria rosenii

were defatted vith petroleum ether (60—8000) in a
soxhlet apparatus for 12 hrs. DbDefatted plant material
was extracted vwith methanol in a soxhlet apparatus for
48 hrs., The mothanolic cxtract was concentrated by
distilling under reduced pressure giving 155 gns

(38.7/) of cruie extract (Ga~3).

Purificetion of Ga--3

Ga=% was dissolved in 900 ml of 2.5/ HCl and
filtered. fYhe filtrate was extracted with 1000 ml
chloroform. "he agueous layer weas basificd with
amnonia 2nd cxtracted with 800 ml of dighloromethanc.
The organic leagrer was dried with anhydréus sodium
sulfate. DLveooration of the organic layer gave 3,01

grams (0.75/) row cxtract (Ga-4).

Column Chromatvography of Gi-4

3 gms of Gu—4 dissolved in 8 ml of chloroform
was applied to a 2.5 cn diameber column packed with
100 grems of silica gel. The column was first eluted
with chloroform and then with chloroform-nethanocl
mixtures, Chloroform containing %/ methanol elubed

35 mg of brown (nass) (Ga-5). Chloroform conbtaining
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5/. methanol cluted 250 mgs of light brown crystals
(Gu~6)« Chlovoform conbaining 30/ methanol eluted

250 mg of crystal (GL-7).

Purification 2nd Charecterization of Ga-b

55 mgs of GA-5 was applied to a micro-column
ocked with silica gel. The column was eluted with
chloroform conbtaining 20/ methanol and gave 15 ng
(0.004/) of colourless alkaloid crystals (CR-5). It
gave single spotb (Rf = 0.7%, chloroform mecthanol
(85:15) Ry = 0.85, chloroform: Methanol: ammonia
(85:14:1) on telec, m. pt 158-160° (decomposition)

wvhich 18 the sceme as that of CR-1.

5.7.1 Mass Spectrun

High resolubion mass spectrum gave molecular
formula of 020H27NO7 (39%.1787) with major fragment
ions at m/z 550.1843%, 349.1888, 306.171L4, 196, 194,
179, 178, 153, 137, 136, 135, 94, 9%, and 80.

5.7.2 Huclear hagnebilc Resonance Spectrun

Phe 1H nmr spectrun showed signals (b,ppm):m
0.8% (d,3H)y, 1.39 (8,3H), 1.78 (d,3H), 2.1 (m,H),
2.25 (t.I), 285 (d,H), 3.49 (dd,H), 3.85 (m,H),
4,06 (dd,H), 5.2% (t,H), 5.6 (dyH), 6.2 (8,H)y 7406

(QsH).
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1% . ) :
§CNMR assignments were made from the scqguences

in the DEFT spectrum (Table 9).

5.7.5 Infrarved Hpectrun

The IR spectrum showed abgorptions at 1740 cmml

and 3550 o™ L,

5.7.4 Opticsl Rotation (C=0.2, Chloroform)

A 589 578 546 436 365
22

(o] +66.5 68,7 +79° +138.8  4+206.7

5.7.5 Circular lLichrodsn (ﬁa(nm),ﬂt)

scetonitrile:— +195.5 (+5.78), +213 (-2,65),
1217 (=2.9), +219.6 (~2.98), 221.6 (~2.96), +224,2
(=2.94), +245 (+0.48), +247.9 (+0.540).

Purificetion ond Characterization of Gi-b

Preparative thin layer chromatography of Gia-6 was
run with chloroforn containing.IB/ nethanol giving 110
ngs (0.027Z) of alkaloid component (CR-7). It gave a
single spot (Rf = 0.52, chloroform.nethanol (85:15)

R, = 0.76, chléroform; liethanol: ammonia (85:14:1) on

I
TeleCay e DL 174w17500 (decomposition).
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5.8.1 Mags pectrum

High regolution mass spectrum gave molecular
formula of 018 025 NO6 (ia/z 351,087 with wmajor
fragment ilons at m/e 307.1788, 264.1843, 262.1715,
256, 1544 152, 1%7, 136, 135, 95, 9%, 93, and 80,

5.8,2 DNucleor Magnetic Hesonance Spectrum

The THINR gpectrum showed signals (&, ppm) i~
0.86 (d43H), 1.38 (8,3H), 1.73 (d,H), 1.78 (dd,3H),
1,91 (myH)y 2,26 (t,H)y 2.7% (dyH)y 3.45 (dddd,H),
4,02 (dmyH), 4426 (m,H), 4.98 (4,H), 5.81 (d,H), 6.2

(5,1)y 7.12 (q,i).

1354 rrr . .
jO WMR assignments were made from the
sequences in the DEFL spectrum and hetero nuclear

spin correlation. (Table 3).

5.80% Infrared OHpectrun

The IR spectrum showed strong absorptions at

1720 et and 3420 cmﬂl.

5.8.4 Optical Kotation (C = 0.2, Ghloroform)

)\ 589 578 546 436 365
200

[oe] +190°% 3199 21° 140 +4°
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5.8.5 Circular Dichroism (  (nm), )

. dcetonitrilei—~ +195.4 (+8.04), +22.32 (~2.72),
+25% (0e42)y +283.9 (~0.019), +285.9 (-0.022).

Purification and Characterization of Gia-Y

Solid crystalg of Ga-7 were dissolved in chloro-
form and filtered through a micro-pipette to give
150 mg (0.038/) of colourless crystaline alkaloid
(CR-9). It pave a single spot (Rf = 0.29, chloroform:
nethanol (85:15) Rf = 0.5, chloroform: liethanol: Ammo-

nia (85:14:1) on t.lec, m. pt 178-1819C (decomp. ).

449.1 lass Spectrum

High resolution nass spectrum gave molecular
formula of C18Ho5N0,) (367.1631) with major fragmnent
ions at m/z 154, 152, 1397, 136, 135, 95, 94, 93, and
80.

5.9,2 MNuclear Magnetic Spectrum

1HNMR spectrun showed signals (0, ppm):—

The
0.81 (ds3H)s 1.78 (d,3H), 1.86 (m,H), 1.98 (m,H)e
2.29 (t,H)y 278 (A H), 3.46 (ddd,H), 3.75 (dd,2H),
4,04 (AmyH)s %4628 (myH)y 4.56 (m,H), 4.99 (t,H),

5.83 (dyH)y 5419 (s8,H) 7.14 (q,H).

1 .
50 NMR assignments were made from the seque~
nces in the DEFT spectrum and hetero nuclear spin

correlation (Table 6).
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5.9.3 Infrared Spectrum

The IR spectrum showed absorptions at |

l?ﬁOccm"l and 3570 cmhl.

5.9.4 Optical Rotation (¢ = 0.2, Chloroform)

& 589 578 546 436 365
22

[oo] +32 +34.5 439 +7245 +128.5

5.9.5 Circular pichroism ( x(nm),A% )

Acetonitrile:- ;195.6 (¢5.02), +199.8
(+4.767), +226.2 (~2.02%), +25%.2 (+0.5), +284.7
(=0.016), +286.8 (~0.016), +289.6 (~0.015), +299.4
(~0.005).

ascetylation of (R-7

A mixture of 10 nmg of CR-7, 1 ml of acetic
anhydride and 2 drops of Pyridine was stirred with
a magnetic stirrer at room temperature for 3 days.
10 ml of ice water was added and the solution
stirred for 2 hrs. The solution was neutralized
with 25 ml of saturated NaH(JO5 golution and exXxbtra-
cted with 100 ml of dichloromethane. The organic
layer was dried with enhydrous sodium-sulfate. The

solvent was evaporated to give 8 mg (80/) of ace-
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tylated product (nC-CR-7). It gave a single spotb
(Rf = 0,72, chloroform: methanol (85:15)) which is

the same as the Rf value for CR-5 on t.l1l.c.

5.10.1 HNass Hbpectrun

Mass spectrun gave molecular formula of
020H27N07(593) with major fragment ions at m/e 350,
349, 306, 196, 179, 178, 153, 137, 136, 135, 94, 93,
and 80,

5.10.2 DNuclear Magnebic Resonance

The “HNMR spectrum showed signals (b, ppm):—
0.8% (d,3H), 139 (s5,3H), 1.78 (d,%H)y 2.15 (m,H),
2.2 (t,H), 2.85 (d,H)y %.45 (dd,H), 3%.95 (d,H)s 4.09
(dd,H) s 5.6 (a,H), 6.2 (8,H)s 7.05 (g,yH)e
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