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Abstract  - Dieckmann c y c l i s a t i o n  o f  (S)-N,Z-di(carboethoxymethyl)pyrrolidine, 

made from (S)-pro l ine,  gave (85)-1-carboethoxypyrrolizidin-2-one, which was 

then converted i n t o  ( - ) - isoret ronecanol ,  (-1-trachelanthamidine, and ( - ) -  

supin id ine.  

Much e f f o r t  has been spent on developing syntheses o f  the necine bases which character ise the 

p y r r o l i z i d i n e  a lka lo ids .  However, so f a r  as we are aware, these syntheses have a l l  Y ie lded race- 

mic products, which requ i red  reso lu t ion ,  w i t h  two exceptions: Robins and Sakdarat'sl preparat ion 

o f  the (+)-, and ( - ) - isomers o f  isoret ronecanol  (i), trachelanthamidine (z), and supin id ine (z),  
a11 o f  b e t t e r  than 80% o p t i c a l  p u r i t y ,  from (ZS,4R)-4-hydroxyproline ( i n  which the  hydroxyl func- 

t i o n ,  as a f o n a t e  es te r ,  was used t o  c o n t r o l  the  stereochemistry of a c a t a l y t i c  hydrogenation, 

a f t e r  which i t  was removed); and a r e c e n t l y  described preparat ion by Takano e t  a1.2 of (+)- t rache-  

lanthamidine, o f  33% o p t i c a l  p u r i t y ,  from an a c h i r a l  precursor  (us ing camphor-10-sulphonate t o  

achieve c h i r a l  i nduc t ion  i n  a c y c l i s a t i o n ) .  

It appeared t o  us t h a t  ( s ) - ~ r o l i n e  might prov ide a convenient s t a r t i n g  mate r ia l  f o r  the c h i r a l  

synthesis o f  (&)-necine bases ( e .g .  3-2) and we now r e p o r t  the  successfu l  a p p l i c a t i o n  o f  t h i s  

idea t o  the preparat ion of (-)-is (-)-$, and ( - ) - 2 ,  a l l  o f  h ioh o p t i c a l  p u r i t y .  
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Guided by the Geissman-Waiss synthesis  o f  (+ ) - re t ronec ine3 ,  we decided t o  (lain en t ry  t o  the 

p y r r o l i z i d i n e  system by Dieckmann c y c l i s a t i o n  of the  d i e s t e r  x. O f  c r u c i a l  importance was the  

hamalogation of the  ac id  side-chain o f  (S ) -p ro l ine  w i thou t  loss  o f  c h i r a l i t y .  Using comnerc ia l ly  

a v a i l a b l e  N-Cbz-(S)-prol ine (Q) we achieved t h i s  by two conventional procedures: (a )  Arndt- 

E i s t e r t  homologation, and ( b )  a reduction-tosylation-cyanide displacement-ethanolysis sequence 

(see Scheme I ) .  O f  these, the second was f e l t  t o  be safest, i n  terms o f  r e t e n t i o n  of c h i r a l i t y ,  

(s ince borane-dimethyl su lphide reduc t ion  of a-amino ac ids i s  known t o  take p lace w i thou t  race- 

misation',  whereas the  Arnd t -E is te r t  rou te  was more questionable i n  t h i s  regard) .  I n  fact ,  both 
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(bp 96-7'C (0.03 m), 92%) (mp 109-10•‹C, 82%) (oil, 99%) 

(i) (COCI),, DMF cat.; (ii) CH2N2; (iii) Ag20, EtOH; (iv) BH3.Me2S; ( v )  TsCl, Py; 

(vi) NaCN, OMSO; (vii) Pd-C/H2; (viii) (a) HClIEtOH, (b) H,O, (c) HCIlEtOH; (ix) 

BrCH,CO,EtINa,CO,; ( x )  NaOEt; (xi) AcOH/H,O. 

procedures gave optically pure5 product, isolated as the crystalline hydrochloride (70% 

from 2 by either route). This material was converted to the diester and then cyclised 

under equilibrium control conditions6 to give the desired pyrrolizidine keto-ester, which 

appears to exist predominately in the enol-form and which was isolated as 3 (75% from a). 
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Scheme I1 
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( o i l ,  60-80%, p i c r a t e  mp 114-5'C) 
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( o i l ,  30-15%) 

CH,OH 
19 
0 

( o i l ,  79%, p i c r a t e  mp 184-5Y)  ( o i l ,  73%, p i c r a t e  mp 180-1'C) 

+ ' ~. 

mp 39-4OSC, bp 85-90Y (0.05 mn) 

CHzOH p i c r a t e  mp 194-5OC [lit. h p  l W 5 ' C I  

[a]?-62.5" ( c  2.1 EtOH) 3 [lit.' [0 ]~7-78 .20  ( c  2.8 EtOH)] 

2 
0 

3 
JVI 

bp 60-70DC (0.05 mn), 61% bp. 80-90DC (0.05 mn) ,  64% 

p i c r a t e  rnp 176-7T,  [lit.' mp 178-9'CI p i c r a t e  mp 144-PC, [ l i t . ' O  mp 144'C) 

[o ]?- l2 . l0(c  2.6 EtOH) [,IF-9.7" ( c  2.5 EtOH) 

[lit.' [elD -13.S0(c 1.28 E t0H) I  [lit.Io [m1:-10.3' ( C  1.65 EtOH)] 

( i )  Rh/A1203 5%. 30-50 p s i .  AcOH/H,O I:]; ( i i )  NaBH3CN/H20; ( i i i )  NaOEtIEtOH; ( i v )  MsClINEt3, A; 

( v )  LiAlH*; ( v i )  i-BuJAlH. 

The keto e s t e r  ( J J )  was regenerated f rom and then converted i n t o  l, e, and 2 as shown i n  

Scheme 11. C a t a l y t i c  hydrogenations gave mixtures of and 8, separated by column chromatography 



( s i l i c a  gel ,  CHC1,-MeOH-NH, 80:5:1-80:15:1). The endo-stereochemistry of JJ, was confirmed by i t s  

ready epimer isat ion7 t o  t h e  more s t a b l e  ero-isomer (B), and the LAH reduc t ion  of U t o  (-)-&,and f i  
t o  (-)-x, whose i d e n t i t i e s  wereconfirmed by comparison w i t h  lit. data f o r  t h e  na tu ra l   base^^^^,'^. 

As thus p ~ e p a r e d  these twa bases had d i a s t e r e m r i c  p u r i t i e s  o f ?  95%. and enant iomer ic  excesses o f  

2 80%. 

Conversion of t o  ( - ) -3  was c a r r i e d  out  as described by T u f a r i e l l o  and Lee" f o r  t h e  ( * I -  

System. or a l t e r n a t i v e l y  by the sodium cyanoborohydride reduc t ion  o f  Jj,, which proceededslowly b u t  

s t e r e o s p e c i f i c a l l y  t o  (an in termediate l i k e  ;l& o f  p o t e n t i a l  value f o r  t h e  preparat ion of 2-hy- 

droxy lated necines) and thence t o  (-1-2. By e i t h e r  process ( - ) - 2  was obta ined i n  a s t a t e  of h igh  

o p t i c a l l y  p u r i t y .  (? 88% e.e. ) .  

In  summary we have demonstrated t h e  f e a s a b i l i t y  of the c h i r a l  synthesis  o f  some necine bases 

from (S) -p ro l i ne  i l l u s t r a t e d  by t h e  c h i r a l  syntheses o f  ( - ) - isoret ronecanol ,  ( -1- t rachelanthamid ine,  

and ( -1-supin id ine.  
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