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[14C]SENECIONINE ALVD [14C]lSOSENECIONINE FROM THE 

PYRROLIZIDINE ALKALOID RETRORSINE 

A. Robin Mattocks 
Toxicology U n i t ,  Medical Research Counc i l  L a b o r a t o r i e s ,  
Woodmansterne Road, C a r s h a l t o n ,  S u r r e y ,  SM5 4EF, England. 

SUMMARY 

R e t r o r s i n e  (1) has been  o x i d i z e d  t o  a m i x t u r e  o f  t w o  
e p i m e r i c  c y c l i c  k e t o  esters (2 )  which, [ 14C]methylmagnesium 

i o d i d e  gave [ 18-14C]senecionine (&) and [18-14C] 

i s o s e n e c i o n i n e  (g). 

Key words: P y r r o l i z i d i n e ,  a l k a l o i d ,  h e p a t o t o x i c ,  r e t r o r s i n e ,  

s e n e c i o n i n e ,  i s o s e n e c i o n i n e ,  [14C]methyl i o d i d e .  

INTRODUCTION 

S e n e c i o n i n e  (&) i s  a h e p a t o t o x i c  p y r r o l i z i d i n e  a l k a l o i d  

which o c c u r s  i n  a l a r g e  number of p l a n t  s p e c i e s  o f  the genus 

S e n e c i o  (1). I t  is a m a c r o c y c l i c  d i e s t e r  of  the  amino alcohol 

r e t r o n e c i n e  w i t h  (+ )  s e n e c i c  a c i d  ( 2 ) .  A l k a l o i d s  such  a s  t h i s ,  

s p e c i f i c a l l y  l a b e l l e d ,  are of i n t e r e s t  f o r  metabolic and 

t o x i c o l o g i c a l  s t u d i e s ,  b u t  t h e y  a r e  d i f f i c u l t  to s y n t h e s i z e .  The 

p r e s e n t ,  a l t e r n a t i v e  approach has been  t o  c o n v e r t  the related 

a l k a l o i d  r e t r o r s i n e  (1) t o  s e n e c i o n i n e ,  w i t h  i n c o r p o r a t i o n  of a 

[ l 4 C ]  methyl  group i n t o  the a c i d  moie ty .  

s econd  i n t e r c o n v e r s i o n  of  a n o t h e r  p y r r o l i z i d i n e  a l k a l o i d  to  

s e n e c i o n i n e ;  t h e  l a t t e r  h a s  been  p r e p a r e d  f r o m  r o s m a r i n i n e  by 

Koekernoer and Warren ( 2 ) .  

This r e p r e s e n t s  the 

RESULTS AND DISCUSSION 

The 1 2 , 1 8 4 i o l  group i n  r e t r o r s i n e  ( A )  was v e r y  r a p i d l y  

o x i d i z e d  by sodium m e t a p e r i o d a t e  i n  a c i d  s o l u t i o n ,  to  g i v e  

formaldehyde and the c y c l i c  k e t o  es ter  z. The l a t t e r  b a s e  
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epimer ized  r a p i d l y  i n  s o l u t i o n  t o  g i v e  m i x t u r e s  c o n t a i n i n g  213, as 

confirmed by NMR (Table I ) .  This  could  be minimized, b u t  not 

p r e v e n t e d ,  by e x t r a c t i n g  t h e  p r o d u c t  a t  a l o w  pH and i s o l a t i n g  it 

q u i c k l y ,  below room t e m p e r a t u r e .  The k e t o  ester mixture  w a s  

e x t r e m e l y  s e n s i t i v e  t o  h y d r o l y s i s  by aqueous a l k a l i ,  and it 

decomposed i n  a i r  w i t h i n  a few days ,  b u t  w a s  s table  i f  k e p t  d r y ,  

-- i n  vacuo. 

hydrazones .  The o x i d a t i o n  of 1 w a s  a lso achieved  us ing  lea5 

te t raacetate ,  b u t  i n  poor y i e l d .  

It y i e l d e d  t w o  d i f f e r e n t  2 ,4-d in i t rophenyl -  

The m i x t u r e  2 r e a c t e d  f i r s t  w i t h  i n a c t i v e  methylmagnesium 

i o d i d e  t o  g i v e  a mixture  o f  bases from which s e n e c i o n i n e  (E) w a s  

r e a d i l y  s e p a r a t e d  as it was p r a c t i c a l l y  i n s o l u b l e  i n  a c e t o n e .  

I t  w a s  shown t o  be i d e n t i c a l  w i t h  n a t u r a l  s e n e c i o n i n e ,  and when 

it w a s  hydro lysed  ( 3 )  w i t h  barium hydroxide  it gave r e t r o n e c i n e  

and (+)  s e n e c i c  acid (s). A second c r y s t a l l i n e  base i s o l a t e d  

from the Grignard r e a c t i o n  w a s  named i s o s e n e c i o n i n e .  H y d r o l y s i s  

of t h e  l a t t e r  gave r e t r o n e c i n e  and (-) s e n e c i c  a c i d  (s), which 

w a s  i d e n t i c a l  i n  a l l  r e s p e c t s  w i t h  (+)  s e n e c i c  acid e x c e p t  i n  the 

s i g n  of r o t a t i o n .  An equimolar  mixture  o f  ( + )  and ( - )  l a c t o n e s ,  

d e r i v e d  from these a c i d s ,  formed a racemate, m.p. 141",  a s  

described by Culvenor and Geissman ( 4 )  f o r  ( * )  i n t e g e r r i n e c i c  

l a c t o n e .  To demonst ra te  unequivoca l ly  t h a t  (+)  s e n e c i c  acid and 

the a c i d  f r o m  i s o s e n e c i o n i n e  had o p p o s i t e  c o n f i g u r a t i o n s  a t  C3, 

t h e  C2 op t ica l  c e n t r e s  of b o t h  a c i d s  w e r e  d e s t r o y e d  by o x i d a t i o n  

w i t h  l e a d  te t raacetate  ( 4 )  g i v i n g  c i s - k e t o  a c i d s  (z and z) t h e  

2,4-dinitrophenylhydrazones of which had o p p o s i t e  r o t a t i o n s .  

Hence, i s o s e n e c i o n i n e  is t h e  diastereomer (g) of s e n e c i o n i n e  

(s), w i t h  the o p p o s i t e  c o n f i g u r a t i o n  i n  t h e  a c i d  moiety.  

I t  f o l l o w s  from the f o r e g o i n g  tha t  2, which has the s a m e  

c o n f i g u r a t i o n  a t  C 1 2  and C13 as 1, must have been  formed f r o m  e, 
whereas  2b must have been t h e  p r e c u r s o r  o f  3. Some g was 
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always formed i n  t h e  Gr igna rd  r e a c t i o n ,  showing that  2b w a s  

p r e s e n t  even when 2 w a s  i s o l a t e d  under mi ld  c o n d i t i o n s .  For a 

Gr igna rd  r e a c t i o n  w i t h  an asymmetric k e t o  es te r ,  some 

s t e r e o s p e c i f i c i t y  is expec ted  ( 5 ) .  Y i e l d s  of & and 3d o f t e n  

exceeded 25%, b u t  n o t  both a t  the same t i m e .  

F r e s h l y  p r e p a r e d  2 unexpec ted ly  gave  m o r e  3d t h a n  &, 

whereas 2 which had been  i n  s o l u t i o n  for a short t i m e  gave more 

- 3a. The r e a s o n  f o r  t h i s  w a s  n o t  c lear ,  b u t  p o s s i b l y  & and 

when f i r s t  formed have  a confo rma t ion  f a v o u r i n g  r e a c t i o n  w i t h  

methylmagnesium i o d i d e  to  g i v e  3b and 3d r e s p e c t i v e l y ,  b u t  which 

changes q u i c k l y  t o  one f a v o u r i n g  5 and E. 

TABLE I. IH-NMR chemica l  s h i f t s  (8 ,  ppm i n  CDC13) 

P ro ton  1 
Compound 

3d - 3a - 2 - 

H2 6 .25  6 . 1  6 .25  6.09 

H 7  5.05 5.25 5.20 5.3 

H9g 4.10 4.22 4 .01  4.30 

H9d - 5.55 ( a )  5.45 (b) 5.41 5 .51  5.16 

A H9* 1 .45  1.23 1 .19  1.50 0.86 

8 19 0.85 ( a )  1 .05  (b) 1.09 0.93 0.95 

H2 1 1.86 1 .87  1 . 9 1  1 . 9 5  

- u = U p f i e l d ;  

* D i f f e r e n c e  between B9u and H9d. 

= downf ie ld .  
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Comparing t h e  NMR s p e c t r a  of s e n e c i o n i n e  isomers  and 

( T a b l e  I ) ,  t h e  m o s t  n o t i c e a b l e  d i f f e r e n c e s  l a y  i n  the chemica l  

s h i f t s  of t h e  9-pro tons .  For  i s o s e n e c i o n i n e  ( % ) , A H 9  w a s  

smaller and t h e  downf ie ld  p r o t o n  showed less d e s h i e l d i n g ,  

i n d i c a t i n g  t h a t  t h e  l a t t e r  w a s  f u r t h e r  from t h e  p l a n e  of t h e  

a l l y l i c  double  bond and t h e  ester C 3  t h a n  i n  s e n e c i o n i n e  (z) and 

m o s t  other 1 2  membered macrocycl ic  p y r r o l i z i d i n e  d i e s t e r s  (6,7). 

The 9-protons i n  the k e t o  esters & and also showed 

c o n s i d e r a b l e  non e q u i v a l e n c e .  

The I R  spectrum of E, l i k e  tha t  of *, showed t w o  c a r b o n y l  

bands i n  t h e  s o l i d  s ta te :  t h e s e  merged i n t o  one i n  s o l u t i o n ,  

i n d i c a t i n g  H-bonding between t h e  a l l y l i c  ester CO and t h e  12-OH 

group (8). 

The c o n v e r s i o n  of r e t r o r s i n e  t o  s e n e c i o n i n e  isomers w a s  

a d a p t e d  t o  the p r e p a r a t i o n  of [ 18-I4C] p r o d u c t s .  Condi t ions  for 

optimum chemical  y i e l d  e n t a i l e d  the use  of excess methylmagnesium 

i o d i d e .  

magnesium i o d i d e ,  the l a t t e r  w a s  added i n  between l a r g e r  p o r t i o n s  

of i n a c t i v e  r e a g e n t .  An upper l i m i t  t o  t h e  s p e c i f i c  a c t i v i t y  of  

p r o d u c t  was imposed by th i s  procedure ,  a-nd by the e f f i c i e n c y  w i t h  

which the r e a g e n t  could  be p r e p a r e d  f r o m  [14C]methyl i o d i d e .  I n  

the p i l o t  r u n  described, the p r i n c i p a l  p r o d u c t  ( s e n e c i o n i n e )  

S i n c e  t h i s  w a s  n o t  d e s i r a b l e  when us ing  [14Clmethyl- 

c o n t a i n e d  about  

0.23 m C i / m m o l .  

t o  about  5 f o l d ,  

r e a g e n t  d i l u t i o n  

s m a l l e r  scale is 

18 of the s t a r t i n g  r a d i o a c t i v i t y ,  w i t h  sp. act. 

I t  should  be possible to i n c r e a s e  the la t ter  up 

by u s i n g  less k e t o  ester and d e c r e a s i n g  the 

the i s o l a t i o n  of c r y s t a l l i n e  s e n e c i o n i n e  on a 

n o t  d i f f i c u l t .  An e s t i m a t e d  m a x i m u m  s p e c i f i c  

a c t i v i t y  above 1 m C i / m m o l  should  t h u s  be a t t a i n a b l e .  

EXPERIMENTAL 

Mel t ing  p o i n t s  are corrected. E x t r a c t s  i n  o r g a n i c  s o l v e n t s  

w e r e  d r i ed  w i t h  anhydrous sodium s u l p h a t e .  S p e c i f i c  r o t a t i o n s  
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are for ch lo ro fo rm s o l u t i o n s  u n l e s s  s t a t e d  o t h e r w i s e .  IH-NMR 

s p e c t r a  (Table I )  w e r e  r e c o r d e d  a t  60 MHz w i t h  a P e r k i n  E l m e r  

R12B Spec t romete r .  

R e t r o r s i n e  w a s  e x t r a c t e d  (9) from S e n e c i o  i s a t i d e u s .  

O x i d a t i o n  of r e t r o r s i n e .  ( a )  A s o l u t i o n  of r e t r o r s i n e  (8 g ;  22.8 

mmol) i n  N HC1 (25 ml) and w a t e r  (15 m l )  w a s  mixed q u i c k l y  

r a t  10-15" w i t h  a s o l u t i o n  o f  sodium m e t a p e r i o d a t e  (8 g ;  37 mmol) 

i n  water (40 m l ) .  A f t e r  1 min the m i x t u r e  w a s  a d j u s t e d  to  pH 8 

w i t h  s a t u r a t e d  disodium hydrogen phospha te  s o l u t i o n ,  and 

immediately e x t r a c t e d  w i t h  5 l o t s  o f  ch lo ro fo rm.  ( I f  the p H  w a s  

a l l owed  t o  r i se  above 9 no p r o d u c t  c o u l d  be e x t r a c t e d ,  even a f t e r  

r e a d j u s t m e n t  t o  pH 8). The combined e x t r a c t s  were dried f o r  a f e w  

min, and t h e  ch lo ro fo rm w a s  e v a p o r a t e d  r a p i d l y  ( r o t a r y ) .  The 

r e s i d u e  w a s  rubbed w i t h  ether,  g i v i n g  c r y s t a l s  (6.7 g ;  92%). 

R e c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e - e t h e r  ( q u i c k l y )  gave the 

k e t o  esters 2 a s  b l a d e s ,  m.p. 121", + 22.3" ( c ,  2.75), 

A m a x  212 nm ( e  7650, e t h a n o l ) ,  V(CHC13) 1725 c m - l  (C=O. No OH 

b a n d ) .  (Found: C, 63.7: H,  6.5; N. 4.4. C17H21N05 r e q u i r e s  C, 

63.9: H, 6.6; N, 4.4%). 

The b a s e  formed a p i c r a t e  as b l a d e s  ( f rom e t h a n o l ) ,  m.p. 

199" (Found: C, 50.2; H, 4.55; N, 10.3. C17H21N05:CgH3N307 

r e q u i r e s  C, 50.3; H,  4.4: N, 10.2%). 

W i t h  2,4-dinitrophenylhydrazine i n  d i l u t e  H C l ,  - 2 (835 mg) 

gave two 2,4-dinitrophenylhydrazone h y d r o c h l o r i d e s .  ( i )  F i r s t  

c r o p  (850 mg),  o range  c r y s t a l s  ( f rom aqueous e t h a n o l ) ,  m.p. 223" 

(decomp.) .  ( i i)  Second c r o p  (440 mg), y e l l o w  n e e d l e s  ( f rom 

e t h a n o l ) ,  m.p. 200-210" (decornp.), v a r y i n g  w i t h  r a te  o f  h e a t i n g .  

(Found: (i) N ,  12.4: C1, 6.1 (i i)  N, 12.4; C1, 6.5. 

C25H25N508.HC1.C2H50H r e q u i r e s  N, 12.0: Cl, 6.1%). 

(b )  The r e a c t i o n  w a s  carried o u t  as f o r  ( a ) ,  b u t  the m i x t u r e  w a s  

k e p t  2 min, t h e n  coo led  t o  0 - 5 " ,  a d j u s t e d  to  p H  6.4-6.6, and 
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extracted 7 times with chloroforn a t  the same temperature. The 

combined, dr ied chloroform e x t r a c t s  were concentrated ( r o t a r y )  

below room temperature t o  give crude 2 ( 7 2 % ) .  

( c )  Retrorsine (1 g)  and sodium metaperiodate (1 g )  w e r e  allowed 

t o  reac t  i n  aqueous HC1 ( t o t a l ,  6 m l )  as for  ( a ) .  After 1 min ,  

excess periodate was destroyed by adding ethanediol ( 0 . 3  ml), 

then the  so lu t ion  was cooled ( i c e  b a t h ) .  Crystals  separated of 

the  iod ic  acid s a l t  of 2 (0.94 g; 64%),  which was r e c r y s t a l l i s e d  

from aqueous acetone t o  give colourless  prisms, which decomposed 

a t  143" without melting. (Found: C, 39.9; H, 4.7. 

C17H21N05.HI03.H20 requires  C,  39.75; H, 4 .7%).  This s a l t  was 

f a i r l y  s t a b l e ,  and its solut ion,  which gave the  usual react ions 

of iodates ,  yielded 2 a f t e r  being bas i f ied  t o  pH 8 and extracted 

with chloroform. 

(d)  To retrorsine (0.5 g )  i n  a c e t i c  acid ( 3  m l )  was added lead 

t e t r a a c e t a t e  (0 .5  g)  i n  port ions during 5 min. After heating on 

a steam bath for  1 5  min and cooling t o  room temperature, a 

so lu t ion  of sodium sulphate (1 g) and sodium su lphi te  (1 g) i n  

water ( 5  m l )  was added and, a f t e r  shaking, the lead sulphate was 

removed (cent r i fuge) .  The l iquor was adjusted t o  pH 8 with 

ammonia so lu t ion  and the product extracted with 3 l o t s  of 

chloroform. The combined e x t r a c t s ,  dr ied and concentrated, 

yielded crude 2 (0.133 g ,  29%),  m.p. 95-100". Recrystal l isat ion 

( e t h e r )  gave mater ia l  i d e n t i c a l  ( i n f r a r e d )  with t h a t  described 

under ( a ) .  

Reaction of keto e s t e r s  2. with methylmagnesium iodide. 

so lu t ion  of crude 2 (1.41 g, 4.4 mmol), prepared by method ( b ) ,  

i n  dry ether  (100 m l )  a t  room temperature, was added i n  one l o t  

with s t i r r i n g  a solut ion of methylmagnesium iodide (16 m o l )  i n  

e ther  (30 m l ) .  After 10 min, the  complex w a s  decomposed by 

s t i r r i n g  it with 2 2 BC1 (30 m l ) .  The ether  layer was separated, 

To a 



292 A .  R. Mattocks 

washed with HC1 (10  m l ) ,  and the combined aqueous layer and 

wash l iquor  was washed with e t h e r ,  b a s i f i e d  with ammonia 

so lu t ion ,  and extracted with 5 l o t s  of chloroform. The combined 

chloroform e x t r a c t s  were dr ied,  then concentrated to  a 

semicrystal l ine residue.  This was st irred with acetone and 

e the r ,  and crude c r y s t a l l i n e  senecionine (s) was co l l ec t ed  (625 

mg; 42%). The f i l t r a t e  w a s  concentrated leaving a gum, which 

was re-extracted with seve ra l  l o t s  of e t h e r .  The combined e the r  

e x t r a c t s  were concentrated t o  give a c r y s t a l l i n e  residue (580 mg: 

39%). Recrys t a l l i s a t ion  from e the r  yielded isosenecionine (s) 
as needles, m.p. 1 3 7 " ,  + 11.3" (c ,  3 . 3 ) ,  3 ( C = O )  1710, 1730 

cm-l ( K B r ) ;  1710 cm-I (CHC13). (Found: C, 64.5: H ,  8.0: N ,  

4.0. C18H25N05 r equ i r e s  C, 64.5: H, 7.5: N, 4.2%). No other  

c r y s t a l l i n e  compound could be obtained from the mother l iquors .  

Isosenecionine gave a p i c r a t e  which formed prisms (from 

ethanol-ether) ,  m.p. 91'. (Found: C, 50.7; H, 5.5: N, 8.9. 

C18H25N05.C6H3N307.C2H50H requires  C, 51.1; H, 5.5: N, 9.2%). 

The senecionine produced i n  t h i s  experiment formed hexagonal 

p l a t e s  (from ethanol o r  dioxan),  m.p. 233" (decomp.), [n]6°-51. 5" 

(C, 2.1). (Found: C ,  64.3: H ,  7.5: N, 4.0. CalC. fo r  C18H25N05: 

C ,  64.5; H, 7.5; N, 4.2%). The in f r a red  spectrum was i d e n t i c a l  

with t h a t  of na tu ra l  senecionine (m.p. 233" dec.)  and a mixed 

m.p. was not depressed. I t  formed a p i c r a t e ,  m.p. 186", not 

depressed by au then t i c  senecionine p i c r a t e  (m.p. 186"). After 

hydroysis (3) with aqueous barium hydroxide it gave an acid 

i d e n t i c a l  ( i n f r a r e d )  with natural  senecic acid (*), which formed 

a lactone (needles,  m.p. 150", from benzene) i d e n t i c a l  ( i n f r a red ,  

and mixed rn.p.) with authent ic  i n t e g e r r i n e c i c  lactone (rn-p. 

150-1'). 

The r eac t ion  of methylmagnesium iodide with batches of crude 

ke to  e s t e r  f r e sh ly  prepared by method ( a )  gave higher proportions 
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of  i s o s e n e c i o n i n e  compared w i t h  s e n e c i o n i n e .  

H y d r o l y s i s  of I s o s e n e c i o n i n e .  I s o s e n e c i o n i n e  ( 0 . 3 1  g ) ,  hydro- 

l y s e d  ( 3 )  w i t h  aqueous barium hydroxide ,  gave  ( - )  s e n e c i c  a c i d  

(4&) (0 .184 g )  which formed b l a d e s  ( f rom e t h e r - l i g h t  pe t ro leum,  

b.p. 60-80"), m.p. 145",  [ ~ ] ~ ~ - 9 . 9 "  (c ,  2 . 8  i n  abs .  E t O H ) .  

(Found: C, 55.2, H ,  7.25. C a l c .  f o r  C10H16O5: C, 55.5; H, 7 . 4 % ) .  

( - 1  I n t e g e r r i n e c i c  l a c t o n e ,  p r e p a r e d  by h e a t i n g  t h i s  a c i d  

w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  formed n e e d l e s  ( from 

e t h e r - l i g h t  p e t r o l e u m ) ,  [a]g0-39.4" ( c ,  1 .75 i n  E t O H ) ,  m . p .  

153.5".  When t h i s  l a c t o n e  w a s  r e c r y s t a l l i s e d  w i t h  an e q u a l  

weight  of  a u t h e n t i c  (+ )  i n t e g e r r i n e c i c  l a c t o n e  (m.p. 152",  CalzO 

+ 35.4" ( E t O H ) )  it formed a racemate ( n i l  r o t a t i o n ) ,  m.p. 141".  

( L i t .  ( 4 ) :  m.p. 154" ;  153" and [ a l D  + 39";  -40" for +) and ( - )  

i n t e g e r r i n e c i c  l a c t o n e s  r e s p e c t i v e l y ;  racemate m.p. 142 ' ) .  The 

i n f r a r e d  s p e c t r a  of  t h e  t w o  l a c t o n e s  w e r e  i d e n t i c a l .  

The ( - )  l a c t o n e  w a s  h e a t e d  w i t h  sodium hydroxide  s o l u t i o n ,  

a c i d i f i e d ,  and e x t r a c t e d  w i t h  e t h e r ,  t o  g i v e  ( - )  i n t e g e r r i n e c i c  

a c i d ,  C a l i 0  - 6" (c,  2.17 i n  EtOH) m . p .  148". 

r i n e c i c  a c i d  p r e p a r e d  t h e  same way, had m.p. 147-8" and a n  

i d e n t i c a l  i n f r a r e d  spectrum. 

O x i d a t i o n  of (+) S e n e c i c  Acid and the Acid from I s o s e n e c i o n i n e .  

The a c i d s  from s e n e c i o n i n e  and i s o s e n e c i o n i n e  r e s p e c t i v e l y  w e r e  

o x i d i z e d  w i t h  l e a d  t e t r a a c e t a t e  a c c o r d i n g  t o  Culvenor and 

Gcissman ( 4 ) ,  b u t  us ing  acet ic  a c i d  as s o l v e n t .  2 , 4 - d i n i t r o -  

phenylhydrazones from the r e s u l t i n g  k e t o  acids had (from (+)  

s e n e c i c  a c i d )  + 17.4" ( E t O H ) ,  m . p .  183",  and (from ( - )  

s e n e c i c  a c i d )  [a]:* - 11.6" ( E t O H ) ,  m . p .  183".  

m e l t i n g  p o i n t s  w e r e  n o t  d e p r e s s e d .  ( L i t .  ( 4 )  m.p. 191-2" 

( u n c o r r . )  f o r  t h e  2,4-dinitrophenylhydrazones o f  both the racemic 

and ( - )  k e t o  a c i d s . )  

(+)  I n t e g e r -  

The mixed 
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[18-14C]Senecionine and [ 18-14C]isosenecionine.  [14C]- 

Iodomethane (1 m C i ;  0.034 mmol; Amersham I n t e r n a t i o n a l  p l c )  w a s  

d i l u t e d  i n  vacuo w i t h  i n a c t i v e  iodomethane (157 mg, 1.1 mmol) and 

d i s s o l v e d  i n  e t h e r  ( 2 . 5  m l ) .  This s o l u t i o n  w a s  h e a t e d  under 

r e f l u x  wi th  c l e a n  d r y  magnesium t u r n i n g s  ( 5 0  mg) and a t r a c e  of  

i o d i n e  f o r  2 h, t h e n  cooled  t o  r o o m  t e m p e r a t u r e  and decanted  from 

u n r e a c t e d  magnesium. To a s o l u t i o n  of k e t o  esters (2) (672 mg, 

1.96 mmol), p r e p a r e d  by method ( b ) ,  i n  d r y  e t h e r  (30  m l ) ,  w a s  

added w i t h  a g i t a t i o n  a s o l u t i o n  of i n a c t i v e  methylmagnesium 

i o d i d e  ( 0 . 5  mmol), t h e n  a f t e r  one min the above [14C]methyl- 

magnesium iodide,  t h e n  a f t e r  a n o t h e r  2 min, f u r t h e r  i n a c t i v e  

r e a g e n t  ( 3  mmol) . The m i x t u r e  w a s  k e p t  f o r  2.5 h a t  r o o m  

t e m p e r a t u r e ,  t h e n  2 HC1 ( 1 2  ml) w a s  added w i t h  shaking .  The 

e t h e r  l a y e r  w a s  s e p a r a t e d ,  washed w i t h  v e r y  d i l u t e  HC1 ( 6  m l )  and 

the combined aqueous l i q u o r s  w e r e  washed t w i c e  w i t h  ether, made 

basic w i t h  ammonia s o l u t i o n ,  and e x t r a c t e d  w i t h  5 lots o f  

chloroform.  The combined ch loroform extracts w e r e  d r i e d  and 

c o n c e n t r a t e d ,  and t h e  r e s i d u e  (570 mg) w a s  s t i r r e d  w i t h  a minimum 

TABLE 11. Summary of rad iochemica l  y i e l d s .  

M a t e r i a l  Weight A c t i v i t y  Total  a c t i v i t y  

(mg) (dpm/mg) ( u C i )  

[ I S - ~ ~ C I  ~ e n e c  i o n i n e  165 1.55 x lo6 115 

[ 18-14C]Isosenecionine 44 1 . 5 3  x l o 6  30 

[18-14C]Isosenecionine ( d i l u t e d )  90 4.25 x l o 5  17  

F i n a l  column e l u a t e  (gum) 110 1.85 105 9 

The s p e c i f i c  a c t i v i t i e s  of b o t h  s e n e c i o n i n e  and 

i s o s e n e c i o n i n e  ( S e f o r e  d i l u t i o n )  w e r e  about  230 u C i / m m o l .  
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o f  a c e t o n e  and [18-14Clsenecionine (165 mg; 0.49 mmol; 258) 

c o l l e c t e d ,  m . p .  228" (decomp.) a f t e r  r e c r y s t a l l i s a t i o n  f r o m  

d i o x a n .  

The mother l i q u o r s  w e r e  c o n c e n t r a t e d  and t h e  gummy r e s i d u e ,  

d i s s o l v e d  i n  e t h y l  acetate ,  w a s  p l a c e d  on a short  column of 

alumina ( 1 0  g ;  BDB ch romatograph ic  g r a d e ,  u n a c t i v a t e d )  , and 

e l u t e d  w i t h  e t h y l  acetate (100 ml) . The e l u a t e  w a s  c o n c e n t r a t e d  

t o  a s m a l l  volume, ether was added,  and a f te r  s e e d i n g  w i t h  

i s o s e n e c i o n i n e  almost p u r e  [ 18-14Cl i sosenec ion ine  ( 4 4  mg; 

0.13mmol: 6 . 7 % )  w a s  c o l l e c t e d ,  m.p. 137".  A f t e r  add ing  i n a c t i v e  

i s o s e n e c i o n i n e  (100 rng) t o  the mother l i q u o r s ,  f u r t h e r  ( d i l u t e d )  

~ 1 4 ~ 1 i s o s e n e c i o n i n e  was c o l l e c t e d  (90  mg, e q u i v a l e n t  i n  a c t i v i t y  

t o  25 mq u n d i l u t e d ) .  F u r t h e r  e l u t i o n  of the alumina w i t h  

methanol  gave  a n  i n t r a c t a b l e  gum. The y i e l d s  are summarized i n  

Table 11. 
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