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A b s t r a c t  - Kukoamine A, t h e  a c t i v e  c o n s t i t u e n t  of O r i e n t a l  med ic ine  " J i k o p p i "  f o r  

hyper tens ion ,  has been syn thes ized  employ ing a new methodology f o r  non-spermine-based 

polyamine c o n s t r u c t i o n .  

The u s e f u l  chemical r e a c t i v i t y  t h a t  l u r k s  i n  f a m i l i a r  2-methyl-5,6-dihydro-4H-1 ,3-oxazine (1) has 

been r e v e a l e d  r e c e n t l y  (Scheme I ) . '  Among t h e  p roduc ts  a c c e s s i b l e  through t h i s  t r a n s f o r m a t i o n ,  

N-3-az idopropylacetamide seems t o  serve as a p o t e n t  b u i l d i n g  b l o c k  f o r  polyamines. I n  o r d e r  t o  

p u t  such s t r a t e g y  t o  t e s t  i n  making n a t u r a l  p roduc ts  which belong t o  a f a m i l y  o f  spermine and 

spermid ine  a l k a l o i d s ,  kukoamine A (1) was taken  up as a t a r g e t .  T h i s  a l k a l o i d  was i s o l a t e d  from 

r o o t  ba rks  o f  Lycium chinese by H i k i n o  and coworkers who have d i s c l o s e d  as w e l l  t h a t  kukoamine A 

i s  r e s p o n s i b l e  f o r  a n t i h y p e r t e n s i v e  a c t i ~ i t y , ~  one o f  remarkable p h y s i o l o g i c a l  a c t i v i t i e s  be ing  

e x h i b i t e d  by t h e  above O r i e n t a l  medic ine o f  c l i n i c a l  i n t e r e s t . '  

kukoamine A 1 

2 - X= N3, C 1 ,  SPh, SePh 

Scheme 1. 

The f i r s t  t o t a l  syn thes is  o f  kukoamine A has been desc r ibed  by Chantraproma and  ane em,^ developing 

a s e l e c t i v e  a c y l a t i n g  methodology f o r  t h e  t e r m i n a l  amino groups of spermine.' u n l i k e  t h i s  

approach, we w i l l  p r e s e n t  here a new approach t o  t h e  polyamine d e r i v a t i v e  r e l y i n g  o n  t h e  above- 

ment ioned s t r a t e g y  wh ich  i n v o l v e s  e s s e n t i a l l y  t h r e e  t r a n s f o r m a t i o n s  as f o l l o w s :  a l k y l a t i o n  of 

azaenolate o f  2, n u c l e o p h i l i c  r i n g  opening o f  t h e  oxaz ine  mo ie ty  by hydrogen a z i d e  and subsequent 

r e d u c t i o n  o f  t h e  a z i d e  group t o  amino group, and c o u p l i n g  r e a c t i o n  o f  thus -ob ta ined  aminopropyl -  



amide w i t h  1,4-dibromobutane (Scheme 2 )  

5: X= NH, 

6: X- NHTs 

a) LDA ( 1  e q j 1 ~ H F l - 7 8  'C, 1 h ;  b )  p i p e r o n y l  c h l o r i d e  
(1 eq)/THF/-78 'C * r t ;  c j  MesSiN, (1.05 eq)/MeOH 
(1.06 e q ) i D ~ F l 6 0  OC, 4 h ;  d )  H2/Pd-CaC03/E~0H/r f ,  0 . 5  
h ;  e )  TsCl ( 1  eq)/EtiN (1.01 eq)/CH2C12/0 'C, 0.5 h ;  
f )  Br(CH2)rBr (0.5 mo l  eq)/KZC03 (5.9 eq) /CH3CN/ref lux 
24 h; g )  + ~ ~ - / M ~ o H - C H ~ C N ( ~ : ~ ) - M ~ , N C ~ - ( P ~ - H ~ ) / ~ ~  (see 
re fe rence  15) 

Scheme 2 .  

Thus, a raeno la te  d e r i v e d  from L~ (LDA/THF/-78 T )  was a l k y l a t e d  e f f i c i e n t l y  w i t h  p i p e r o n y l  c h l o -  

r i d e 7  ( -78 'C, 0 .5  h - r t )  t o  g i v e  2-(3,4-methylenedioxyphenylethyi)-5.6-dihydo-4H-l ,3-oxazine 

which, w i t h o u t  any p u r i f i c a t i o n ,  was d i s s o l v e d  i n  d r y  DMF and t o  t h i s  s o l u t i o n  were added 

c h l o r o t r i m e t h y l s i l a n e  and methanol, success ive ly ,  a t  0  'C. The r e s u l t i n g  m i x t u r e  was heated a t  

60 "C f o r  4  h t o  f u r n i s h  an expected azidoamide (4) i n  75% y i e l d  f rom 1 a f t e r  r e c r y s t a l l i z a t i o n  

( e t h e r ,  -78 " c ) . ~  The az ido-group was, then,  reduced t o  amino-group by t h e  a i d  o f  L i n d l a r  c a t a -  

l y s t  (H2/EtOH/rt,  0.5 h ) l O ,  g i v i n g  r i s e  t o  N-(3-aminopropy1)amide d e r i v a t i v e  (5) i n  97% y ie ld . ' '  

A t  t h i s  s tage ?was r e a c t e d  w i t h  1,4-dibromobutane i n  a two-to-one mole r a t i o .  A l though  a v a r i e t y  

of combinat ions f o r  b o t h  s o l v e n t  and base were searched, no d e s i r e d  c o u p l i n g  r e a c t i o n  was e f f e c t e d ,  

o n l y  g i v i n g  p y r o l i d i n e  d e r i v a t i v e  i n  every  case. There fo re ,  ?was  t o s y l a t e d  i n  a usual  manner 

(TsC1/Et3N/CH2CI2/O 'C,  0.5 h )  t o  a f f o r d  tosy lamide  d e r i v a t i v e  ( d l  i n  82% y i e l d  a f t e r  p u r i f i c a t i o n  

by r e c r y s t a l l i z a t i o n  o f  ch romatograph ica l l y  pure & (benzene-ethy l  a c e t a t e - e t h e r )  .12 Obv ious ly  5 
seems t o  a l l o w  a l k y l a t i o n  o f  t h e  t e r m i n a l  n i t r o g e n  atom w i t h  a usual  a l k y l  h a l i d e .  Thus, c o u p l i n g  

r e a c t i o n  o f  b w i t h  1,4-dibromobutane i n  a two-to-one fash ion  was s u c c e s s f u l l y  per formed by t h e  use 

o f  weak base (K2C03) suspended i n  a c e t o n i t r i l e  ( r e f l u x ,  24 h )  t o  g i v e  s o l e l y  t h e  d e s i r e d  p r o d u c t  

( I )  i n  97% y i e l d  a f t e r  p u r i f i c a t i o n  by s i l i c a g e l  A carbon-13 nmr spectrum o f  

t h i s  symmetr ica l  mo lecu le  e x h i b i t e d  twenty s i g n a l s  r e f e c t i n g  t h e  s t r u c t u r e  as such. 

An a t tempted  d e t o s y l a t i o n  from u s i n g  a conven t iona l  r e c i p e  ( N a / l i q  NH3) r e s u l t e d  i n  t h e  forma- 

t i o n  o f  complex m i x t u r e .  However, an e l e c t r o r e d u c t i v e  p r o t o c o l  gave a s a t i s f a c t o r y  s o l u t i o n  t o  

t h i s  problem.14 Thus, a  s o l u t i o n  of l i n  CHJOH-CH3CN ( 9  : 1 )  c o n t a i n i n g  tetramethylammonium c h l o -  

r i d e  as an e l e c t r o l y t e  was e l e c t r o l y z e d  u s i n g  Pt-Hg e l e c t r o d e s  i n  a d i v i d e d  c e l 1 . l 5  Four- faraday 
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e l e c t r i c i t y  was enough t o  e f f e c t  t h e  d e s i r e d  t r a n s f o r m a t i o n ,  g i v i n g  a p r e c u r s o r  of kukoamine A (8) 

i n  90% y i e l d .  A carbon-13 nmr spectrum o f  8 showed f i f t e e n  s i g n a l s  whose chemical s h i f t s  a r e  

f u l l y  c o n s i s t e n t  w i t h  those repor ted .  16 

As a convers ion  of 8 t o  kukoarnine A has been a l r e a d y  known,4 a formal t o t a l  s y n t h e s i s  o f  1 has 

been e s t a b l i s h e d  based on non-condensat ive,  non-spermine-based polyamine c o n s t r u c t i o n  methodology 

which fea tu res  2 as amide b u i l d i n g  b l o c k .  In v iew o f  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  the key 

i n t e r m e d i a t e  6 pres.int s t r a t e g y  would be a p p l i c a b l e  t o  t h e  t o t a l  s y n t h e s i s  o f  o t h e r  a l k a l o i d s  of 

t h i s  f a m i l y  and make easy access t o  these p o s s i b l e  which i s  now i n  p rogress .  
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