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S Y N T H E S I S  O F  (25. 52)-2. 55BIS(PHENYLMETHYL)PIPERAZINE BY T H E  

R E D U C T I O N  WITH s o D I u n  B O R O H Y D R I D E  USING TITANIUM T E T R A C H L O R I D E  

K e n s o  S o a i , '  H i r o s h i  H a y a s h i ,  a n d  H i t o s h i  H a s e g a i a  

D e p a r t m e n t  o f  A p p l i e d  C h e m i s t r y .  F a c u l t y  o f  S c i e n c e ,  S c i e n c e  

U n i v e r s i t y  o f  T o k y o ,  K a g u r a z a k a ,  S h i n j u k u - k u ,  T o k y o  1 6 2 ,  

J a p a n  

A b s t r a c t - O p t i c a l l y  a c t i v e  p i p e r a z i n e  1 i s  s y n t h e s i z e d  i n  

r e l a t i v e l y  h i g h  y i e l d  b y  t h e  r e d u c t i o n  o f  c y c l q - L - P h e - L - P h e  w i t h  

s o d i u m  b o r o h y d r i d e - t i t a n i u m  tetrachloride. 

D u r i n g  o u r  c o n t i n u i n g  s t u d y  o n  a s y m m e t r i c  s y n t h e s i s , '  o p t i c a l l y  a c t i v e  ( 2 5 ,  5 5 ) - 2 ,  

5-bis(phenylmethy1)piperazine ( 1 )  i s  r e q u i r e d .  C o m p o u n d  1 a l s o  constitutes t h e  m a i n  

s t r u c t u r e  o f  t h e  n a t u r a l l y  o c c u r r i n g  a l k s l o i d  ( 2 )  i s o l a t e d  f r o m  Z a n t h a x ~ l u m  

a r b o r e s b c e n s .  

R e d u c t i o n  o f  t h e  c o r r e s p o n d i n g  d i k c t o p i p e r a z i n e  (-3-L-Phe-L-Phe, 3 )  may  b e  o n e  o f  

t h e  s h o r t e s t  w a y  t o  s y n t h e s i z e  1. H o w e v e r  3 h a s  v e r y  p o o r  s o l u b i l i t y  i n  o r g a n i c  

s o l v e n t s ,  a n d  t h e  y i e l d  o f  its r e d u c t i o n  t o  1 w i t h  l i t h i u m  a l u m i n u m  h y d r i d e 3  i s  o n l v  

a:p H N a B ~ - X C ! 4 ~  DME (=pJ$'o H 

t;] 

3 - 1 * 



m o d e r a t e .  J u n g  a n d  R o h l o f f  v e r y  r e c e n t l y  r e p o r t e d  t h e  r e d u c t i o n s  o f  c h i r a l  

d i k e t o p i p e r a z i n e s  w i t h  b o r a n e - t e t r a h y d r o f u r a n  ( B H ~ - T H F ) . ~  H o w e v e r ,  t h e  y i e l d  o f  1 

f r o m  3 i s  l o w  ( 3 5 % ) .  T h i s  p r o m p t e d  u s  t o  r e p o r t  o u r  r e s u l t  o n  t h e  s y n t h e s i s  o f  1. 

We f o u n d  t h a t  s o d i u m  b o r o h y d r i d e  (NaBH4) r e d u c t i o n  o f  3 u s i n g  t i t a n i u m  t e t r a c h l o r i d e  

( T i c 1 4 ) '  i n  r e f l u x i n g  d i r n e t h o n y e t h a n e  (DME) a f f o r d s  1 i n  r e l a t i v e l y  h i g h  y i e l d  

( 7 8 ~ ) . ~  

E x p e r i m e n t a l  p r o c e d u r e  i s  a s  f o l l o w s :  3 w a s  p r e p a r e d  a c c o r d i n g  t o  t h e  l i t e r a t u r e  

p r o c e d u r e . '  A s u s p e n s i o n  o f  3 ( 2 . 8 5 8 ,  9 . 7  m m o l )  a n d  NaBH4 ( 2 . 4 8 8 ,  6 4  m m o l )  i n  DME 

( 1 0 0  m l )  w a s  c o o l e d  i n  a n  i c e - b a t h ,  a n d  was  a d d e d  T i C 1 4  ( 6 . 0 7 8 ,  3 2  m m o l ) .  T h e  

m i x t u r e  w a s  r e f l u x e d ,  a n d  NaBH4 ( 0 . 4 9 8 g ,  1 3  m m o l )  a n d  T i C i 4  ( 1 . 2 5 8 ,  7  m m o l )  w e r e  

f u r t h e r  a d d e d  3  t i m e s  r e s p e c t i v e l y  e v e r y  1 2  h. T h e n  t h e  r e a c t i o n  w a s  q u e n c h e d  b y  

a d d i n g  H 2 0  T h e  i n s o l u b l e  p r e c i p i t a t e  w a s  f i l t e r e d  o f f .  T h e  f i l t r a t e  w a s  m a d e  

b a s i c  w i t h  2 8 %  a q .  N H 3 ,  a n d  w a s  e x t r a c t e d  w i t h  C H 2 C 1 2 .  T h e  e x t r a c t  w a s  d r i e d  o v e r  

a n h y d r o u s  N a Z S O q  O r g a n i c  s o l v e n t  w a s  e v a p o r a t e d  a n d  t h e  r e s i d u e  w a s  s t i r r e d  

o v e r n i g h t  i n  6M HC1 a n d  MeOH t o  h y d r o l i z e  c o r n p l e t e i y .  A f t e r  t h e  e v a p o r a t i o n  o f  

Meoil, t h e  m i x t u r e  was m a d e  a l k a l i n e  w i t h  1 M  a q .  NaOH. T h e  m i x t u r e  was e x t r a c t e d  w i t h  

CH2C12 a n d  t h e  e x t r a c t  was d r i e d  o v e r  a n h y d r o u s  Na2S0,+,  e v a p o r a t e d  a n d  w a s  t r e a t e d  

w i t h  2.8M m e t h a n o l i c  HCI i n  E t 2 0 .  D i h y d r o c h l o r i d e  o f  1  w a s  o b t a i n e d  i n  7 8 %  y i e l d  a s  

c r y s t a l s ,  m.p. 2 3 0 - 2 3 2 ?  ( d e c o r n p . ) ,  k I z 5  - 2 9 . 7 ~ ~ ( ~  2 . 6 5 3 ,  l 1 2 0 ) .  ( l i t . 3  [d l ; ' -29 .66"  

( C  2 . 7 0 5 ,  H 2 0 ) l .  ' H - N M R  a s  f r e e  1 ( C C 1 4 ,  p p r n ) b 1 . 3 3  ( 2 H ,  s ,  NH),  2 . 8 0 - 2 . 8 7  ( l O H ,  m ) ,  

7 . 2 0  ( l O H ,  s ) ;  I R  a s  f r e e  1 ( n e a t ) :  3 3 0 0 ,  3 0 5 0 ,  3 0 2 0 ,  2 9 2 0 ,  2 7 0 0 ,  1 6 0 3 ,  1 4 9 8 ,  1 4 5 5 ,  

1 3 1 3 ,  1 3 0 5 ,  1 2 2 5 ,  1 1 9 0 ,  1 1 3 0 ,  1 0 8 0 ,  1 0 3 0 ,  9 9 0 ,  8 0 0 ,  7 4 2 ,  7 0 2  c C 1 ;  A n a l ,  a s  s a l t  o f  

3 , h - d i n i t r o p h t h a l i c  a c i d .  Anal. C a l c d .  f o r  C 2 6 H 2 6 0 8 N 4 :  C ,  5 9 . 7 6 ;  H, 5 . 0 2 ;  N ,  1 0 . 7 2 .  

F o u n d :  C ,  5 9 . 6 1 ;  H, 5 . 0 1 ;  N ,  1 0 . 7 6 .  
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