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Abstract--Four alkaloids, ligularlzine, senklrkme and seneclonine N-oxide, were isolated from S galhcus Apart from 
florosenlne, a new alkaloid was Isolated from S. adonid(ohus and Identified as 12,13,19-trlhydroxy-15,20-epoxy-15,20- 
dlhydro (12S,15R,20R) senecionan-11,16-dione. 

Two dimensional spectroscopic correlation experiments QH-~H and t3C-aH) were performed, permitting the 
unequivocal assignation of the 1H and 13C NMR spectra of the alkaloids and enabling us to correct some of the data 
appearing in the literature. 

INTRODUCTION 

In recent years considerable attention has been directed 
towards the study of pyrrolizldine alkaloids I-1] mainly in 
view of their hepatotoxlcity and to losses in hverstock 
numbers owing to the ingestion of plants containing such 
alkaloids Certain earlier studies relating to S. gallicus 
revolved the study of flavonolds [2], alkaloids I-3], aceto- 
phenones and terpenolds 1-4] The present work reports 
on the isolation and identification of four pyrrohzidlne 
alkaloids. Concerning S adomdlfohus, a previous study 
1-5] examined polyphenols and another 1-6] reported on 
alkaloids Here, we descrlbe the Isolation and identific- 
ation of two pyrrolizldlne alkaloids, one of which is 
described for the first time. 

RESULTS AND DISCUSSION 

The aerial part of S. gallicus was extracted with ethanol 
at room temperature and chromatography of the alkal- 
oid fraction afforded 1-4. 

The 1H NMR spectrum of 1 (Table 1) showed signals 
that were characteristic of a pyrrohzldine alkaloid with a 
senectonane skeleton. The complete assignment of the 
signals appearing in its XH NMR spectrum was conduc- 
ted by ~H-XH homonuclear two-dimensional correlation 
experiments. The physical and spectroscopic properties 
of the compound coincide with those described in the 
hterature [7] for senectonine. We also performed x sC-tH 
heteronuclear two-dimensional correlation experiments 
which allowed us to assign inequivocally the signals of 
the ~3C NMR spectrum. 

The alkaloid 2 had a 1HNMR (Table 1) showing 
signals at 6 21 (t, J =  1.46 Hz, H-2), 5.10 (t, J = 2  9 Hz, H- 
7), 5.26 (d, J = 11.2 Hz, H-9a), 4 29 (d, J = 11.2 Hz, H-9b), 
similar to those of 1 though the signal corresponding to 
H-8 did not appear However, there was a signal at 62.01 
(s, 3H) of a N-Me grouping, which suggested the presence 
of seco-seneclonane skeleton. There were also signals of a 
proton gemlnal to an oxyranic ring at 63.02(1H, q, J 
=5.4 Hz, H-20), 1.10(3H, d, J=6.3  Hz, Me-18), 1 48(3H, 

d, J=5.4  Hz, Me-21), 1 38(3H, s, Me-19) and 2.03 (3H, s, 
acetoxyl). 

Assignment of the signals was performed by 1H-1H 
homonuclear correlation experiments. The shift of Me-2 t 
and H-20 in the 1H NMR spectrum allowed us to assign 
a fl-stereochemistry to the epoxlde [8]. Furthermore, the 
shift of Me-18 was in agreement with a (12S)- 
stereochemistry [8], and hence 2 was Identified as hgular- 
lzine. 

Compound 3 was also an alkaloid with a seco-sene- 
clonane skeleton. The physical and spectroscopic pro- 
perties of 3 coincided with those reported for senkirkine 
[9] However, homonuclear and heteronuclear (normal 
and long-range) two dimensional experiments were con- 
ducted and these permitted the complete and unequivo- 
cal assignation of the signals of the XH and ~3CNMR 
spectra (Tables 1 and 2) and allowed us to correct data in 
the literature for this compound [9]. 

The more polar compound 4 had a 1H NMR spectrum 
very similar to that corresponding to 1 except in the shift 
of H-8 (1 64.27 and 4 64.83) and C-8 (1 677 67 and 4 
697 15). This suggested that 4 was the N-oxide of senecio- 
nine. Oxidation of 1 with m-chloroperbenzoic acid af- 
fords 4. 

Two alkaloids 5 and 6 were isolated from the ethanol 
extract of S adomd~folius Compound 5 had a 4,8-seco- 
senecionane skeleton as may be deduced from ItS XH and 
~3C NMR spectra. There were also signals that are char- 
acterlstlc of an oxyranlc ring at C-15, C-20, at 62.95 (1H, 
q, J=5.4  Hz, H-20), 1.17(3H, d, J=5 .4  Hz, Me-21) and 
acetoxyhc group 2 0 (3H, s). 

According to the shxfts of H-20 and Me-21, an ct 
stereochemlstry was Inferred for the epoxlde [8] and 
from the shift of Me-18 a (12R)-stereochemlstry was 
deduced [8] such that compound 5 was Identified as 
florosenine [-10] 

Assignment of the signals in the ~H and 13CNMR 
spectra was performed by two dimensional experiments. 
These allowed an unequivocal assignment and correction 
of the data in the literature (11) Compound 6 was 
purified by crystalhzatlon in acetone; its ~HNMR and 
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Table 1 ~H NMR data of pyrrohzJdme alkaloids 

H 1 2 3 4 5 6 

2 6 19 br ~ 621 t 6 0 7 t  622 br s 611 t 
(1 461 (2 4) (2 44) 

3a 3 94 ddd 3 54 br d 3 39 dd 4 62 d 3 37 d 
(1563,439,244)(1904) (1855,19) (62) (180t 

3b 3 40 ddd 3 31 br d 3 17 ddd 4 52 dd 3 23 d 
(156,64,  16) (1904) (1855, 19,29)  (62,24)  (180) 

5a 3 2 6 t  2 9 0 m  281 ddd 392ddd 2 8 7 m  
(831J (29 ,586 ,122)  (1(/7,73 19l 

5b 253 m 2 9 0 m  268ddd ~64m 2 5 6 m  
(391, 122, 122) 

6a 2 37 dd 2 65 m 2 45 m 2 96 m 2 60 m 
t14 1, 5 8~ 

6b 213 m 2 0 5 m  2 4 5 m  2 4 5 m  

7 502dd  510 t  491 t 5 4 5 m  
(5 8, 3 4) (2 93) (2 3) 

8 4 27 m 4 83d 
(4 9) 

9a 5 50 d 5 26 d 5 35 d 5 49 d 
(11 7) ~11 23) (11 2) (122) 

9b 404 d 429 d 428 d 4 14 d 
(11 07) (11 23) (11 2) (12 2) 

14a 2 1 6 m  221 hrd  233 rn 2 1 4 d  
~132) (132) 

14b I 75 m 082 dd 200 m I 78 m 
(11 72, 1308) 

Me-18 1 32 s 138 s 127 s 1 30s 
Me-19 0 9 3 d  1 10d 0 8 4 d  0 8 8 d  

(6 4j (6 35) (6 37) (6 56) 
20 572 dq 3 0 2 q  579 dq 581 q 

(7 20, 1 32) (5 37I (1 5, 7 3) (7 32) 
Me-21 1 84 dd 1 48 d I 84 dd 1 84 dd 

(7 2, 1 6) (5 37) (1 7, 7 3) (7 2, 4 1) 
Me-C=O 2 01 
Me-4 2 10 s 202 s 

*6 shows H-19a 3 75, dd (J = 12 21 and 1 46 Hz) H-19b 3 71, d 13= 12 21 Hz) 

2 IOdd 
(I07, 24) 
4 92 m 

5 22 d 
(11 23) 
431 d 
(11 23) 
239 d 
(146) 
121 m 

163,~ 
l l 0 d  
(6 35) 
2 9 5 q  
(537) 
l 1 7 d  
(537~ 
200 s 
201 s 

6 11 m 

3 9 7 d  
(15 6) 
3 22 m 

3 3 m 

261 dd 
(64, 93, 16) 
2 12 m 

2 1 2 m  

552 t 
(3 42t 
425 m 

529 d 
111 721 
425 d 
Ill  72) 
2 12 m 

2 1 2 m  

156s  

347 q 
(6 35) 
136d 
(6 35) 

~ac N M R  spec t ra  (Tables  1 and  2) s h o w e d  signals  char -  
actemst~c of  an a lkalotd  of  the  r e t rocenme  type 

Apar t  f rom the stgnals  c o r r e s p o n d i n g  to the re t roce-  
n ine  ring, tts ~ H N M R  spec t rum showed  signals  of  the 
fol lowing a p r o t o n  cen t red  at J3  47 (q, J = 6  35 Hz) that  
was coup led  to a methyl  doub le t  at I 36 ( J = 6  35 Hz), 
sugges t ing  an epox lde  g r o u p i n g  at C-15/C-20,  a methyl  
g e m m a l  to an oxygena t ed  func tmn  (61 56, 3H, s) and  a 
- C H z O H  g r o u p  (AB system. ~3.75, dd, J =  12 21 and  
1 4 6 H z a n d  371,  d , J = 1 2 2 1  Hz) 

The  r ema in ing  signals  of  fls 1 3 C N M R  spec t rum cor-  
r e s p o n d e d  to five q u a t e r n a r y  ca rbons  (two c a r b o n y h c  
and  three b o u n d  to an oxygena ted  functmn),  one  meth-  
yne (673 70), two me thy lenes  (one of  them at 63 17 b o u n d  
to a hydroxy l  group)  and  two  me thy l  g roups  C o m p a r i -  
son  of  the  shifts o f  H-20 (~ H N M R )  and  of  Me-21 (~H and  
~ 3 C N M R )  with  the  values found  for 5 and  wtth the da t a  
a p p e a r m g  m the h te ra tu re  [8]  showed  tha t  the s tereo-  
chemis t ry  of  the epox lde  was [3 Also by c o m p a r i s o n  with 
the  1H and  1 3 C N M R  da ta  for Me-18 wtth those  ap-  
pear ing  m the h te ra tu re  [8] and  with those  co r r e spon-  
d m g  to c o m p o u n d  !, it was poss ib le  to conc lude  that  the 
s t e reochemls t ry  at C-12 ts S The  h y d r o x y m e t h y l e n e  

g r o u p  is loca ted  at C-13 acco rd ing  to  the  da t a  found  for 
~H- ~H h o m o n u c l e a r  t w o - & m e n s m n a l  co r r e l a tmns  car-  
n e d  out  for 6 m which ~t was seen tha t  one  of  the H-19 
p r o t o n s  was cor re la ted  with H-14a and  H-14b 

The  da t a  of  the ~3C N M R  spec t rum were assigned by 
~ C  ~H he te ronuc lea r  two-d~mensmnal  cor re la t ton  ex- 
pe r imen t s  Wt th  these da t a  it was poss tble  to assign to 
c o m p o u n d  6 the s t ruc ture  12,13,19-tnhydroxy-15.20- 
epoxy-  1L20-d lhydro  (12S~15R,2OR)-senectonan- 11, 16- 
drone,  t hough  the s le reochemls t ry  at C-13 r e m a m s  un- 
k n o w n  

EXPERIMENTAl, 

Mps uncorr, t H N M R  200 MHz, CDC1 z TMS as mt stan- 
dard, 13CNMR 5 0 3 M H z  

E~ctra~tlon and tsolauon oJ the all, alold~ Dry and ground 
pomons  of the plant were Immersed m EtOH for 4 weeks, the) 
were then filtered and EtOH evapd off The ethanohc extract 
was dlwded into 2 parts, one of them was fractlonated without 
reduction and the other was reduced with Zn powder 

O) Fractumatum of the non-reduced e,ctra~t The hexane-sol- 
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uble part was removed from the EtOH extract and suspended in 
1 M H2SO4 The acid soln was extracted with CHCI 3 and the 
remaining H2SO4-soluble part was made alkaline with NH4OH 
to pH 9, it was then extracted with CHC13, thus obtaining the 
free bases 

(u) Fractionation of the reduced extract The hexane-soluble 
part was removed from the EtOH extract and suspended m 1 M 
H2SO4. This acid soln was stirred for 12 hr with an excess of Zn 
powder Following this it was filtered, made alkaline to pH 9 
with NH4OH and extracted with CHC13. The CHC13 extract 
was dried and evapd, thus obtaining a mixture of  alkaloids (free 
bases plus reduced N-oxides) 

Senecio oallicus was collected at Valparaiso (Zamora, Spain), 
and was extracted with EtOH at room temp. (14% extract with 
respect to the weight of the plant) The extract was fractionated, 
to isolate the alkaloids, using the above method to obtain the 
following free bases 1 73% (with respect to the weight of the 
EtOH extract) and 2 70% of the reduction product (with respect 
to the weight of the EtOH extract) 

The free-base fraction was chromatographed on slhca gel, 
obtaining 1 (10%) (CHCI3-MeOH, 19 1 and crystallization in 
Me2CO), 2 (4mg) (CHC13-MeOH, 19 1), 3 (70%) 
(CHCI3-MeOH, 9.1 and crystallization in Me2CO ) and 4 (10%) 
(CHC13-MeOH, 4 1) The product of reduction with Zn was 
chromatographed on silica gel, obtaining 1 (31 1% 
CHCla -MeOH,  19 1) and 3 (67, 1%, CHCI 3 MeOH, 9 1) 
showing that 1 is found free and in the form of N-oxide 4 

S adonidtfolius was collected at Puerto de Villatoro close to 
the municlpahty of Vdlanueva del Campdlo (Avila, Spain). It 

Table 2 i 3 C N M R  data of pyrrohzodme alkaloids 

C 1 3 4 5 6 

1 133 28 134 39 129 23 133 79 131 29 
2 13655 13737 13684 13798 13597 
3 62 89 58 52 79 07 59 15 60 55 
4 40 51 40.35 
5 5304 53 18 6945 53 18 5374 
6 3484 3629 33 18 3685 3520 
7 75 00 78 11 73 53 78 95 77 92 
8 77 67 192 41 97 15 189 78 78.80 
9 6068 6445 6023 6432 6735 

11 178 18 17797 17798 17091 16991 
12 7672 7779 7686 8372 7406 
13 38 42 38 60 38 64 40 16 65 39 
14 3837 3774 3820 3511 4084 
15 131.66 131 94 131 87 63 77 61 57 
16 167 50 166 41 166 58 167 84 167 48 
18 2501 2459 2498 21 30 1544 
19 11 14 1015 1102 1293 6317 
20 133 95 136.99 131 87 55 90 73 70 
21 14 96 15 23 15 16 13.53 14A9 
C - M e  169 69 

21 30 

was allowed to dry in air and was extracted with EtOH at room 
temp. The EtOH extract (7 03%) was fractionated by the above 
procedure, obtaining a fraction of free bases (0 56% with respect 
to the ethanolic extract) and the product of reduction with Zn 
(0 60% with respect to the EtOH extract) 

The free-base fraction was chromatographed on silica gel, 
obtaining 5 (10 4%) (CHCla-MeOH,  19 l and later chromato-  
graphy on neutral a lumina of act I), and 6 (520%) 
(CHCI3-MeOH, 9 1 and crystalhzatlon in Me2CO ) The pro- 
duct of  reduction with Zn was chromatographed on silica gel, 
isolating 5 and 6 in approximately the same proportions as m 
the free-base fraction, from this it is inferred that they are not 
found In the form of the N-ox]de 

Oxidation of 1 with meta-chloroperbenzotc acid. A soln of 
0 029 g of m-chloroperbenzolc acid in 1 ml of CHC13 was slowly 
added to 56 4 mg of l in 5 ml of CHCla, cooled with ]ce The 
mixture was stirred for 3 hr, during which it warmed to room 
temp Following this, ]t was passed through a column of basic 
alumina (20 fold the weight of the product) and eluted with a 
mixture of CHCI3-MeOH (9' 1), thus providing a mixture of 1 
and 4 which was separated by chromatography on silica gel, 
obtaining 30 nag of 4 (CHC13-MeOH , 4 1) 

12,13,19- Trihydroxy-15,20-epoxy-15,20-dihydro, (12S,15R,20R) 
senecionan- 1 l, 16-dione (6) Mp = 200 ° [crib = + 84 74 ° (MeOH, c 
078%) I R v ~  cm -1 1750, 1260, 1140, 1005, 990, 962, 836 and 
820 1H N M R  and 13C N M R  (Tables 1 and 2) (Found C, 56.37, 
H, 643; N, 358, CIsH25NO8, requires C, 5639, H, 653, N, 
3 65%) 
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