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- R e a e t i a  07 the mion  of synthon 5 with PFBr fottowed by reductive 
deeymvltion gme the key intennediote 8. Ring opsning of 8, a ttreatment with diethy2 
cyanophoephmte, produced 9. Canpowd 8 reacted with K ptua 18-emm-6 i n  THF t o  give a 
9:1 mizture of indoLiaidinee and 11. 

The of ten important b i o l o g i c a l  a c t i v i t i e s  displayed hy the i n d o l i z i d i n e  a l ka lo ids  has s t imula ted 

the development of syn the t i c  s t ra teg ies  f o r  the const ruc t ion  o f  the  b i c y c l i c  r i n g  system nf t h i s  
1 class of compounds . Our i n t e r e s t  i n  the  synthesis of the i n d o l i r i d i n e  a l ka lo ids  from 

dendrobatid frogs a l so  stems form a cons idera t ion  of t h e i r  b i o l o q i c a l  a c t i v i t i e s  and has l e d  us 

t o  invest iga te  the approach i l l u s t r a t e d  i n  scheme 1 as a  roo te  t c  the known a l ka lo ids  - 3 as 

we l l  as s t r u c t u r a l  analogs. I n  essence t h i s  approach can be d i v i ded  i n t o  th ree stages : 

prepara t ion  of the  1.4-dihydropyridine equ iva lent  5 from the appropr ia te  aminoalcohol 4, 
i n t roduc t i on  of the s ide cha in  a t  C-s3, and f i n a l l y ,  con t rac t i on  o f  the tetrahydrn-1.3-oxazine 

system of intermediate 5 producing the p y r r o l i d i n e  r i n g  of the  product molecule. As described i n  

t h i s  comnunication f o r  t h e  synthesis o f  the  gephyrotoxin-223AB isomers g and 11 t h i s  l a t t e r  

t ransformat ion can be achieved i n  two steps i nvo l v i ng  i )  opening o f  thp tetrahydro-1.3-oxazine 
r i n g  o f  5 (R=Pr) t o  g i ve  1, and i i )  r i n g  c losure  by d i r e c t  generation o f  an anion o- t o  n i t roqen 
i n  7 fo l lowed by in t ramolecu lar  displacement of the group OX. 
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A t  the  present  t ime  a l l  our  experiments have been c a r r i e d  o u t  on the  racemic form o f  synthon 3 ,  5 

as the  o-amino a lcoho l  p recursor  t o  t h i s  molecule i s  r e a d i l y  prepared i n  - 60% o v e r a l l  y i e l d ,  on 

a  mu l t ig ram sca le  (scheme 2).5-7 Synthon 5 ,  obta ined by r e a c t i o n  o f  4 w i t h  q lu ta ra ldehyde and 

KCN f o l l o w i n g  es tab l i shed  procedure,' was i s o l a t e d  as a  co lour less  o i l  i n  80% y i e l d  a f t e r  column 

chromatography on s i l i c a - g e l  (hexane:ether ; 1.5 : l ) .  Reaction o f  5 w i t h  x - B u L i  i n  THF-HMPT a t  

-78°C fo l lowed by a d d i t i o n  of PrBr gave compound 8 as a  m i x tu re  of epimers a t  C-9.' I n  o rder  

t o  avo id  unnecessary l oss  o f  these s e n s i t i v e  compounds on contac t  w i t h  column adsorbants the  

m i x tu re  was immediate ly reac ted  w i t h  Na/NH3 l i q . l 0  producinp a  s i n g l e  p roduc t  (R=Pr), i s o l a t e d  

as a  co l ou r l ess  o i l  (57% o v e r a l l  y i e l d  f rom 5) .5  Ana lys is  o f  t h e  20-nmr spectra f o r  t h i s  

compound revea led  t h a t  it possessed a  r i n g  j u n c t i o n  w i t h  the  b u t y l  s i de  cha in  i n  the  a x i a l  

o r i e n t a t i o n .  I n  t h i s  conformation impor tan t  s t e r i c  ( p e r i )  i n t e r a c t i o n s  w i t h  the  C-5 prooy l  

subs t i t uen t  are d iminished.  

For t h e  C ruc i a l  r i n g  opening s tep  d i e t h y l  cyanophoschonate proved t o  be the  reaqent of  cho ice  as 

i t s  r eac t i on  w i t h  5 i n  the  presence of  ZnBr2 ( ca t . )  r e s u l t e d  i n  simultaneous c r e a t i o n  o f  a  new 

a - a m i n o n i t r i l e  cen ter  a t  C-9 and convers ion of t h e  r i m - B  oxygen atom t o  a  "hosphate l eav i ng  

group. Compound 9 was thus  ob ta ined i n  80% y i e l d  a f t e r  column p u r i f i c a t i o n  (a lumina ; e the r ) .  As 

a l l  subsequent at tempts t o  form an anion a t  C-9 f a i l e d  us in?  a l k y l l i t h i u m  o r  amide bases we 

decided t o  exp lo re  t h e  p o s s i b i l i t y  of  us ing  t h e  anion t h a t  i s  generated a- t o  n i t r ogen  on 

r e a c t i o n  of  a -am inon i t r i l e s  under d i s s o l v i n g  metal cond i t i ons  as a  nuc leo i l h i l e  i n  the  r i n o  

c l osu re  step.  To our knowledge t h i s  approach has no t  as y e t  been e x p l o i t e d  i n  syn thes is .  As 

might  be expected, t h e  r e a c t i o n  of  9 w i t h  Na/NH3 l i g .  r esu l t ed  i n  exchange of the  cyano group 

f o r  a  hydrogen before c y c l i z a t i o n  had t ime t o  occur. The p h o s ~ h a t e  e s t e r  group remained i n t a c t  

under these cond i t i ons  however, which encouraged us t o  conduct f u r t h e r  experiments i n  THF as a  

non p r o t i c  so lven t  us ing  potassium metal  i n  combination w i t h  18-crown-6." Under these 

cond i t i ons  decyanation and r i n g  c l osu re  was observed l ead ing  t o  format ion of a  9 : l  m i x t u re  o f  

i n d o l i z i d i n e s  10 and 11 i n  70% combined y i e l d .  The s t r uc tu res  o f  these products, i somer ic  t o  

gephyrotoxin 223, were determined f rom t h e i r  20-NMR spectra,  and f rom a  comparison o f  t h e i r  13c 

chemical s h i f t  values w i t h  these repo r t ed  i n  t h e  l i t e r a t u r e . 1 2  That  the  5.9-I= i n d o l i z i d i n e  

10 w i t h  the  c o r r e c t  C-3.9 r e l a t i v e  s te reochemis t ry  i s  the  major  product  i nd i ca tes  t h a t  t h e  - 
intermed ia te  anion i n  t h e  r i n g  c l osu re  r eac t i on  i s  pyramidal and t r ans -d i ax i a l  t o  the  non 

16 bonding p a i r  o f  e l ec t r ons  on n i t r o g e n  . The s te reospec i f i c  fo rmat ion  o f  6 f rom 8 i s  a l so  

c o n s i ~ t e n t  w i t h  t h i s  model. 10 

Work i s  c u r r e n t l y  i n  progress i n  our  l abo ra to r y  t o  adapt t h i s  r i n g  con t rac t i on  approach t o  the  

syn thes is  o f  t h e  na tu ra l  compounds t o  1, and t o  exp lo re  t h e  scope o f  our new method f o r  . . 
genera t ing  and a l k y l a t i n g  anions u- t o  non s t a b i l i z e d  3-amines." Th is  i n t e r e s t i n g  r e a c t i o n  

provides an "Umpolung" o f  the  r e a c t i v i t y  o f  e l e c t r o n - d e f i c i e n t  iminium ions.  
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