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STRUCTURE OF IRNIINE, A PYRROLIDINE ALKALOID FROM 
ARlSARUM VULGARE 

AHMED MELHAOUI,’ AKINO JOSSANG, and BERNARD BODO* 

Labmatoire de Chimie, URA 401 CNRS, M u b m  National $Histoire Natureile, 
63,  rue Buffon, 75005 Paris, France 

ABSTRACT.-A toxic pyrrolidine alkaloid, irniine 111, was isolated from Arirarurn mlgare 
tubers, and its structure was elucidated by 2D COSY spectroscopic methods. 

Arisamm wlgareTarg.-Tozz. (Araceae), 
is widespread in Morocco and is named 
“irni”; the starch-containing tubers were, 
in the past, eaten by people during periods 
of scarcity. The consumption of large 
amounts induced several toxicologic 
manifestations, such as irritation of the 
mucous membranes, gastro-enteritis, and 
allergic symptoms, mainly dermatitis 
and pruritis, and sometimes led to death 
(1,2). Previous investigations on this 
plant report the presence of lipids, pro- 
teins, and non-specified alkaloids (2,3). 
We investigated the toxic components 
in the tubers of A. vulgare by using a 
bioassay employing the larvae of brine 
shrimp Artemia salina (4) .  The alkaloid 
fraction of the MeOH extract of the tubers 
demonstrated toxicity in this bioassay. 
We report here the isolation and struc- 
ture elucidation of the main alkaloidal, 
toxic, component which is new and which 
is named irniine. 

RESULTS AND DISCUSSION 

The MeOH extract of the ground 
fresh tubers was made basic with aque- 
ous NH, and was extracted with 
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CH,CI,. The extract containing al- 
kaloids was toxic to the brine shrimp. 
The usual way of purifying alkaloids 
failed, due to the lipophilic nature of the 
alkaloids. The toxic fraction was further 
purified by repetitive cc monitored by 
the bioassay. The toxic compound, ir- 
niine 111, was isolated as a colorless opti- 
cally active oil, [a]”D -35” (c=0.2, 
CH,CI,). 

The eims of 1 exhibited a molecular 
ion EM}’ at mlz 287, and the hrms 
was consistent with the molecular for- 
mula C,,H,,N (mh 287.2595, calcd 
287.2613). The 13C nmr displayed sig- 
nals for twenty carbons, which were dis- 
tributed into six aromatic carbon atoms 
(five methines and one quaternary), one 
methine at 6 66.41, twelve methylenes, 
one at 8 57.11 being linked to an 
heteroatom, and one Me group at 6 
40.21. The 13C chemical shifts of this 
Me, the methylene 6 57.11, and the 
methine groups suggested that they 
were bound to the nitrogen atom. 

The ‘H-nmr spectrum showed 33 non- 
exchangeable protons, among which five 
were aromatic protons, and the N-Me 
group appeared as a singlet at 6 2.28. 
Analysis of the ‘H-’H COSY and ‘H- 
13C COSY spectra allowed us to define 
the following structural subunits: a mono- 
substituted benzene ring, a linear chain 
of methylenes -(CH2)9-, and a 2-substi- 
tuted pyrrolidine ring. The methylene 
proton at 62.57 (H,-9’) was coupled to a 
methylene multiplet at 6 1.58 (H,-8’) 
which was further coupled to a methylene 
at 6 1.31 (H2-7’). The non-equivalent 
protons of the methylene at 6 3.06 and 



July 19927 Melhaoui et al. : Pyrrolidine Alkaloid 95 1 

2.11 (H2-5) were vicinal to a methylene 
at 6 1.75 and 1.60 (H,-4) which was 
further coupled to a methylene at 6 1.90 
and 1.40 (H2-3). The N-methine at 6 
1.95 (H-2) was coupled to this later 
methylene and to another one having 
non-equivalent protons at 6 1.62 and 
1.20 (H2- 1’) and which in turn showed a 
cross peak in the ‘H-’H COSY with a 
methylene at 6 1.26 (H2-2’). 

These structural subunits were con- 
nected on the basis of the long range 
heteronuclear ‘H- 13C COSY optimized 
for a coupling constant JCH = 7 Hz. The 
aromatic carbon atoms at 6 142.74 (C- 
10’)and6 128.22 (C- l l ’ ,  -15’)showed 
’J and ’J connectivities, respectively, 
with the -CH,- group at 6 2.57 (H,-9’) 
which was also correlated with carbon 
atoms at 6 31.40 (C-8’, ’J)and 6 29.19 
(C-7’, 9). The carbon atom at 6 26.58 
(C-2’) was correlated with the methylene 
at 6 1.62and l.20(H2-1’). Themethine 
carbon at 6 66.41 (C-2) showed ’J con- 
nections with the protons of the N-Me at 
6 2.28 and the methylene at 6 3.06 (Ha- 
5) and, finally, the carbon at 6 2 l .  60 (C- 
4) with the protons at 6 1.95 (H-2), 
1.90, and 1.40 (H,-3). The results 
agreed with an N-methyl, 2-substi- 
tuted-pyrrolidine ring system. 

The eims spectrum exhibited a base 
peak at mlz 84 corresponding to 
[C5HloN]+. This fragment arose from 
the cleavage of the chain, p to the nitro- 
gen of the N-methylpyrrolidine ring, as 
expected. From these data, structure 1, 
N-methyl-2-(9’-phenylnonyl)-pyrrolidine, 
was proposed for irniine. The absolute 
configuration of the asymmetric center 
was not determined. Nevertheless, 2-al- 
kylpyrrolidine (n-butyl to heptyl) pre- 
pared by different enantioselective syn- 
thesis (5-7) display negative rotations 
(taken in CH,CI, or CHCl,) for the R 
absolute configuration at their unique 
chiral center, and positive for S enan- 
tiomers. It is therefore suggested that 
the absolute configuration at C-2 of irni- 
ine is R due to its negative optical rota- 
tion value. 

Irniine was toxic in the brine shrimp 
bioassay, showing an LC,, 1.0 kg/ml. 
This structure has some similarities with 
the alkyl pyrrolidine active constituents 
of the venom of several species of ants 
(8). Other toxic substances from the 
same plant and the cellular target of ir- 
niine are under investigation. 

EXPERIMENTAL 

Nmr spectra were recorded at 300 MHz for ’H 
and 75 MHz for I3C on a Bruker AC 300 spec- 
trometer. Ei and ci mass spectra were obtained 
with a Nermag Sidar V 3.0 mass spectrometer 
and the hrms with a V.G. Analytical ZAB-HF 
mass spectrometer. The ir spectrum was regis- 
tered on a Perkin-Elmer 88 1 ir spectrophotome- 
ter. Optical rotation was measured on a Perkin- 
Elmer 141 polarimeter. 

GENERAL EXPERIMENTAL PRCCEDURES.- 

PLANT MATERIAL.-A. vulgare was collected 
at Ain S h ,  Oujda region, Morocco, in Sep- 
tember 1989 and identified by Dr. El Ismaili. A 
voucher specimen was deposited at the Her- 
barium of the “MusCum national d’Histoire 
narurelle” (No. 2 1- 1992 Laboratory of Phanero- 
gamy) Paris, France. 

EXTRACTION AND IsoUTION.-The fresh 
tubers (5.94 kg) ofA . uulgare were ground and ex- 
tracted with MeOH. The red crude extract was 
made basic with aqueous NH,, and the solution 
was extracted with CH,CI,. The organic phase 
yielded a residue (14.4 g) which was purified by 
repetitive cc on Sephadex LH 20 [MeOH-CH,CI, 
(7:3)], and the alkaloid fraction (2.6 g) was 
further chromatographed on Si gel [MeOH- 
CH2C12 (1:9)] to give irniine 111 (30 mg). 

IRNIINE [ l ] . -~o~or~ess  oil: [a]”D -35” 
( ~ ~ 0 . 2 ,  CH2C12); ir (KBr) Y max cm-’ 3024, 
2928, 2856, 2777, 1596, 1457, 1359, 1248, 
1165, 1120, 1040,747,700;eims(70eV, 200’) 
mlz (rel. int.) IM)t  287 (75), 252 (7), 210 (6), 
186 (15). 134 (22), 121 (95), 110 (64), 104 (60), 
84 (100); cims (NH,) m/z (rel. int.) IM f HI+ 
288 (loo), 91 (5). 84 (56); hrms m h  [MIf 
287.2595, calcd for C2,H,,N, 287.2613; ‘H 
nmr (CDCI,, 300.13 MHz) 7.24 (H-.12’ and H- 
14’, m), 7.15 (H-11’ and H-15’. m), 7.14 (H- 
13’, m), 3.06 (H,-5, ddd, 7.0, 7.0, 2.3), 2.57 
(H,-9’, t ,  7.2), 2.28 (N-Me, s), 2.11 (Hb-5, 
ddd, 8.9, 7.0, 7.0), 1.95 (H-2, m), 1.90 (H,-3, 
m), 1.75(Ha-4,m),  1.62(Ha-1’, m), 1.64(Hb- 
4, m), 1.58 (H2-8’, m), 1.40 (Hb-3, m), 1.31 
(H2-7‘, m), 1.26(H2-2’ to-6‘, m); l.20(Hb-L’, 
m) (overlapping systems have been measured on 
2D spectra); ”C nmr (CDCl,, 75.47 MHz) 
142.74 (C-10’). 128.22 (C-11’ and C-15’). 
128.05 (C-12’ and C-14‘), 125.38 (C-13’), 
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66.41 (C-2), 57 .11  (C-5), 40.21 (N-Me), 35.85 
(C-9’), 33.48 (C-l’), 31.40 (C-8’), 30.59 (C-3), 
29.87, 29.49, 29.40, 29.36, 29.19 (C-7‘1, 
26.58 (C-2‘), 21.60 (C-4). 
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