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Abstract. T o  d i p h e n y l g l y c o l u r i l  (2), f o u r  a l i p h a t i c  c h a i n s  w e r e  a t t a c h e d ,  e a c h  w i t h  a  v a n i l ly l  a l c o h o l  

g r o u p  a t  t h e  e n d .  I n  a n  a c i d - c a t a l y z e d  r e a c t i o n ,  t h r e e  o f  t h e  v a n i l ly l  a l c o h o l  g r o u p s  c y c l i z e  t o  f o r m  

a  c y c l o t r i v e r a t r y l e n e  u n i t .  T h e  r e s u l t i n g  c o m p o u n d  (3 )  h a s  a  w e l l - d e f i n e d  c a v i t y  a n d  a  f r e e ,  f u n c -  

t i o n a l i z e d  a r m .  C y c l i z a t i o n  o f  f o u r  v a n i l ly l  a l c o h o l  g r o u p s  (5 )  d o e s  n o t  o c c u r ,  p r o b a b l y  fo r  s t e r i c  

r e a s o n s .

Introduction

O r g a n i c  m o l e c u l e s  c o n t a i n i n g  a n  i n t r a m o l e c u l a r  c a v i t y ,  a s  

w e l l  a s  a  n e a r b y  c a t a l y t i c  c e n t r e ,  a r e  c u r r e n t l y  r e c e i v i n g  a  

g r e a t  d e a l  o f  a t t e n t i o n  a s  s y n t h e t i c  e q u i v a l e n t s  o f  e n z y m e s  

( s o  c a l l e d  s y n z y m e s ) 1. R e c e n t l y ,  w e  s h o w e d  t h a t  s u c h  s y n ­

t h e t i c  s y s t e m s  c a n  b e  c o n s t r u c t e d  f r o m  c o n c a v e  b u i l d i n g  

b l o c k s  c o n t a i n i n g  l i g a t i n g  a r m s 2. C o o r d i n a t i o n  o f  t h e  a r m s  

t o  a  m e t a l  c e n t r e  r e s u l t s  in  t h e  f o r m a t i o n  o f  a  m e t a l l o c a g e  

(F ig .  1). In  t h i s  a p p r o a c h ,  t h e  m e t a l  h a s  a  d u a l  f u n c t i o n :  

(i) it h o l d s  t h e  f r a m e w o r k  o f  t h e  c a g e  a n d  (ii) it is a  p o t e n ­

t i a l ly  r e a c t i v e  s i te .

In  t h i s  p a p e r  w e  d e s c r i b e  a  d i f f e r e n t  a p p r o a c h  t o  t h e  s y n ­

t h e s i s  o f  m o l e c u l e s  c o n t a i n i n g  a  c a v i t y  a s  w e l l  a s  a  c a t a l y t i c  

c e n t r e .  T h e  a p p r o a c h  is o u t l i n e d  in  F ig .  2. I f  o n e  s t a r t s  f r o m  

t w o  c o n c a v e  s u b - u n i t s  w i t h  d i f f e r e n t  n u m b e r s  o f  r e a c t i v e  

g r o u p s  o r  f u n c t i o n a l i t i e s  ( X  a n d  Y  in  F ig .  2 , A ) ,  a  c a g e  m o ­

l e c u le  c a n  b e  a s s e m b l e d  in  w h i c h  o n e  o r  m o r e  o f  t h e s e  

g r o u p s  a r e  u n u s e d .  I n  a  l a t e r  s t a g e ,  t h e s e  g r o u p s  c a n  b e  

c o n v e r t e d  i n t o  c a t a l y t i c  f u n c t i o n s  (F ig .  2 , A ) .  A l t e r n a t i v e l y ,  

o n e  c a n  u s e  a  c o n c a v e  b u i l d i n g  b l o c k  w i t h  r e a c t i v e  g r o u p s  

( P )  a n d  p e r f o r m  a  c y c l o c o n d e n s a t i o n  o r  c y c l o p o l y m e r i s a -  

t i o n  r e a c t i o n .  I f  t h i s  r e a c t i o n  is a  c o n t r o l l e d  p r o c e s s ,  

r e a c t i v e  g r o u p s  w il l  r e m a i n  w h i c h  c a n  t h e r e  b e  t r a n s f o r m e d  

i n t o  c a t a l y t i c  f u n c t i o n s  (F ig .  2 ,B ) .  W e  h a v e  u s e d  p r o c e d u r e  

B t o  s y n t h e s i z e  a  c a g e  c o m p o u n d  w h i c h  i n v o l v e s  t h e  c o n ­

c a v e  b u i l d i n g  b l o c k s  c y c l o t r i v e r a t r y l e n e  (1 )  a n d  d i p h e n y l g l y ­

c o lu r i l  (2)3,4. T h i s  m o l e c u l e  h a s  o n e  f u n c t i o n a l  g r o u p  t h a t  

c a n  b e  t r a n s f o r m e d  i n t o  a  c a t a l y t i c  f u n c t i o n .

x x
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n +

n +

Fig. 1. Formation o f  a metallocage.

I U P A C  n a m e s  o f  c o m p o u n d s :  c y c l o t r i v e r a t r y l e n e  ( 1 )  =

1 0 ,1 5 - d i h y d r o - 2 , 3 , 7 , 8 , 1 2 , 1 3 - h e x a m e t h o x y - 5 / / - t r i b e n z o [ a ,  d , g ] c y -  

c l o n o n e n e ;  v a n i l l i n  (6 ) =  4 - h y d r o x y - 3 - m e t h o x y b e n z a l d e h y d e ;  

v a n i l l y l  a l c o h o l  =  4 - h y d r o x y - 3 - m e t h o x y b e n z y l  a l c o h o l ;  d i p h e ­

n y l g l y c o l u r i l ,  s e e  E x p e r i m e n t a l .
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Fig. 2. Two strategies (A and B) to synthesize a compound 

possessing a cavity as well as a catalytically active centre.

Results and discussion*

T o  d i p h e n y l g l y c o l u r i l ' '  (2), f o u r  - ( C H 2 )6 -  a r m s ,  t e r ­

m i n a t e d  w i t h  v a n i l ly l  g r o u p s ,  w e r e  a t t a c h e d  a s  s h o w n  in  

S c h e m e  1. V a n i l l in  (6) w a s  h e a t e d  in  a q u e o u s  b a s e  w i t h  

1 , 6 - d i b r o m o h e x a n e  u n d e r  p h a s e - t r a n s f e r  c o n d i t i o n s  u s i n g  

m e t h y l t r i o c t y l a m m o n i u m  c h l o r i d e  ( A l i q u a t  3 3 6 )  a s  t h e  

p h a s e - t r a n s f e r  c a t a l y s t  t o  g iv e  c o m p o u n d  7  ( 8 1 % ) .  T h e  

l a t t e r  c o m p o u n d  w a s  c o u p l e d  ( ~ 5 0 % )  t o  2 in  N,N-d\-  

m e t h y l f o r m a m i d e  u s i n g  s o d i u m  h y d r i d e  a s  b a s e .  T h e  

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

s p o n d i n g  b e n z y l i c  a l c o h o l  9  w i t h  N a B H 4 in  d i o x a n e .  A n  

a l t e r n a t i v e  r o u t e ,  in w h i c h  1 , 6 - d i b r o m o h e x a n e  is f i r s t  

a t t a c h e d  t o  2 a n d  s u b s e q u e n t l y  c o u p l e d  t o  v a n i l i n ,  w a s  u n ­

s u c c e s s f u l .

I n t r a m o l e c u l a r  c o n d e n s a t i o n  o f  t h e  v a n i l ly l  a l c o h o l  s u b ­

u n i t s  in 9  w a s  a c h i e v e d  b y  h e a t i n g  in  f o r m i c  a c i d  u n d e r  

h i g h - d i l u t i o n  c o n d i t i o n s .  C h r o m a t o g r a p h i c  w o r k - u p  afiford-

Scheme 1

HQ~ ^ 3 ~ CHQ Br<Q':>6 Pr----Br-(CH2)6- 0 - ^ y C H 0

H jC O  H jC O

6 7

Ph2-GU-[-(CH2)6- 0 - / ^ - C H 20H ]-*

H3C O

Ph2-GU- [-(CH,)6- o ^ Q - cho ]

h3oo

8
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e d  t w o  s o l i d s ,  c o m p o u n d s  3 a n d  4, in  a p p r o x i m a t e l y  3 0 %  

a n d  1 0 %  y i e l d ,  r e s p e c t i v e l y .  C o m p o u n d  3 c o n t a i n s  a  c y c l o ­

t r i v e r a t r y l e n e  s u b - u n i t  a n d  o n e  f r e e  a r m .  I t  w a s  f u l l y  c h a r a c ­

t e r i z e d  b y  e l e m e n t a l  a n a l y s i s  a n d  s p e c t r o s c o p i c  t e c h n i q u e s  

( s e e  E x p e r i m e n t a l ) .  T h e  c y c l o t r i m e r i z a t i o n  r e a c t i o n ,  b y  

w h i c h  3 is  f o r m e d ,  c a n  p r o c e e d  i n  t w o  w a y s  w i t h  r e s p e c t  t o  

t h e  d i p h e n y l g l y c o l u r i l  u n i t ,  l e a d i n g  t o  f o u r  s t e r e o i s o m e r s  

( F i g .  3 ) .  T h e  p r e s e n c e  o f  t h e s e  i s o m e r s  c a n  b e  s e e n  in  t h e  

l3C N M R  s p e c t r u m  w h i c h  s h o w s  m o r e  t h a n  o n e  s i g n a l  f o r  

e a c h  c a r b o n  a t o m  o f  3. T h e  b e n z y l i c  c a r b o n  o f  t h e  f r e e  a r m  

g i v e s  o n l y  o n e  s i g n a l  i n  t h e  l3C  N M R  s p e c t r u m ,  i n d i c a t i n g  

t h a t  t h e  f r e e  a r m  is n o t  i n f l u e n c e d  b y  t h e  s t e r e o i s o m e r s .  S o  

f a r ,  w e  h a v e  n o t  b e e n  a b l e  t o  s e p a r a t e  t h e s e  i s o m e r s .  

B a s e d  o n  t h e  F A B  M S  a n d  ' H  N M R  s p e c t r a ,  w e  a s c r i b e  a  

n o n - c y c l i c ,  t e t r a m e r i c  s t r u c t u r e  t o  c o m p o u n d  4. W e  f o u n d  

t h a t  t h e  r a t i o  3/4 d e p e n d s  o n  t h e  r e a c t i o n  c o n d i t i o n s  u s e d .  

F o r  i n s t a n c e ,  w h e n  a  m i x t u r e  o f  a c e t i c  a c i d  a n d  s u l f u r i c  

a c i d  ( 1 0 0 : 1 ,  v / v )  i s  s u b s t i t u t e d  f o r  f o r m i c  a c i d ,  o n l y  

c o m p o u n d  3 is  f o r m e d .  W e  a s c r i b e  t h i s  t o  t h e  f a c t  t h a t  t h e  

c o n d e n s a t i o n  o f  t h e  v a n i l l y l  a l c o h o l  g r o u p s  i s  a  r e v e r s i b l e  

p r o c e s s 3d '6 . I n  t h e  p r e s e n c e  o f  s t r o n g  a c i d ,  4 is  c o n v e r t e d  

i n t o  t h e  t h e r m o d y n a m i c a l l y  m o r e  s t a b l e  3.
T h e  c y c l i c  t e t r a m e r  5  c o u l d  n o t  b e  d e t e c t e d  in  o u r  r e a c t i o n  

m i x t u r e s .  T h e  F A B  m a s s  s p e c t r u m  o f  3 s h o w e d  a  s i g n a l  a t  

m /z  1 1 6 7  w h i c h  c o u l d  c o r r e s p o n d  w i t h  ( M  +  H ) + o f  5 .  F I o w -  

e v e r ,  w i t h  t h e  a i d  o f  M A I K E  s p e c t r o s c o p y  ( M a s s  A n a l y s e d  

I o n  K i n e t i c  E n e r g y )  i n  c o m b i n a t i o n  w i t h  ' H  N M R ,  

w e  w e r e  a b l e  t o  s h o w  t h a t  t h i s  s i g n a l  is  d u e  t o  a  r e a r r a n g e ­

m e n t  o f  t h e  p r o t o n a t e d  s i d e - a r m  o f  3 ( S c h e m e  2 ) .  O u r  r e s u l t

Me Me
O o

Abbreviated as 

Ph2-GU -H4

Cl b Oil

O OMe

J

Fig. 3. Four stereoisomers

OCHj

Fig. 4. Conform ations o f  cvclotetraveratrylene: the “crow n"  

fo r m  (a) a n d  the "so fa" fo r m  (b).

3 4 5
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s u g g e s t s  t h a t  r in g  c l o s u r e  o f  4 t o  5 is a n  u n f a v o u r a b l e  p r o ­

ce ss .  It is k n o w n  f ro m  th e  l i t e r a t u r e 7 t h a t  c y c l o t e t r a v e r a t r y -  

lene  c a n  h a v e  t h r e e  c o n f o r m a t i o n s :  t w o  r e l a t e d  “c r o w n ” 

f o rm s  ( C 4v, a n d  C 2v, Fig. 4 a )  a n d  a  “ s o f a ” f o r m  ( C 2/l, 

Fig. 4b) .  T h e  l a t t e r  is t h e  m o s t  s t a b l e ,  s in c e  it h a s  o n e  o f  its 

v c r a t r y l  u n i t s  in a  less  s t r a i n e d  u p w a r d  p o s i t io n .  C P K  

m o d e l s  s u g g e s t  t h a t  a  “ s o f a ” fo rm  o f  th e  c y c l o t e t r a v e r a t r y -  

len e  s u b - u n i t  in 5 is n o t  p o s s ib le  for  s t e r i c  r e a s o n s .  

P r e l im in a r y  e x p e r i m e n t s  s h o w  t h a t  t h e  C H . O H  f u n c t io n  o f  

t h e  free  a r m  in 3 c a n  be  ea s i ly  m o d i f ie d .  O u r  e f fo r ts  a r e  

b e in g  d i r e c t e d  t o w a r d s  th e  d e r i v a t i z a t i o n  o f  3 w i th  

im id a z o ly l  f u n c t io n s .  T h e s e  f u n c t io n s  c a n  a c t  a s  a n u c le o -  

ph i l ic  c a t a l y s t  o n  a  s u b s t r a t e  b o u n d  in t h e  c a v i ty  o f  3 o r  

t h e y  c a n  b e  u s e d  to  c o o r d i n a t e  a  t r a n s i t i o n  m e ta l  c e n t r e .

Experimental

G e n e r a l

U n l e s s  o t h e r w i s e  i n d i c a t e d ,  c o m m e r c i a l  m a t e r i a l s  w e r e  u s e d  a s  

r e c e i v e d .  D M S O ,  d i o x a n e  a n d  D M F  w e r e  d r i e d  o v e r  4  A s i e v e s  

a n d  m e t h a n o l  o v e r  3 A s i e v e s  p r i o r  t o  u s e .  D i e t h y l  e t h e r ,  t o l u e n e  

a n d  h e x a n e  w e r e  d i s t i l l e d  f r o m  s o d i u m  k e t y l ,  w h i l e  C H C 1 3 w a s  

d i s t i l l e d  f r o m  C a C l 2 . F A B  m a s s  s p e c t r a  w e r e  r e c o r d e d  o n  a  V G  

Z A B  2 F  s p e c t r o m e t e r  ( m a t r i x :  3 - n i t r o b e n z y l  a l c o h o l ) .  I R  s p e c t r a  

w e r e  m e a s u r e d  o n  a  P e r k i n - E l m e r  M o d e l  2 8 3  s p e c t r o m e t e r .  

' H  N M R  s p e c t r a  w e r e  r e c o r d e d  o n  V a r i a n  E M - 3 6 0 ,  B r u k e r  

A W - 8 0  a n d  B r u k e r  W P - 2 0 0  i n s t r u m e n t s .  C h e m i c a l  s h i f t s  ( 5 )  a r e  

r e p o r t e d  in  p p m  d o w n f i e l d  f r o m  i n t e r n a l  ( C H 3)4Si .  A b b r e v i a t i o n s  

u s e d  a r e  s =  s i n g l e t ,  d  =  d o u b l e t ,  t  =  t r i p l e t ,  q  =  q u a r t e t ,  m  =  m u l -  

t i p l e t  a n d  b r  =  b r o a d .  C o u p l i n g  c o n s t a n t s  a r e  r e p o r t e d  in  H z .  E l e ­

m e n t a l  a n a l y s e s  w e r e  c a r r i e d  o u t  b y  t h e  E l e m e n t a l  A n a l y t i c a l  

S e c t i o n  o f  t h e  I n s t i t u t e  f o r  A p p l i e d  C h e m i s t r y  T N O ,  Z e i s t ,  T h e  

N e t h e r l a n d s .  M e l t i n g  p o i n t s  w e r e  d e t e r m i n e d  o n  a  M e t t l e r  

F P 5 / F P 5 1  p h o t o e l e c t r i c  m e l t i n g  p o i n t  a p p a r a t u s .  S i l i c a  g e l  6 0  

( M e r c k ,  p a r t i c l e  s i z e  0 . 0 4 0 - 0 . 0 6 3  m m ,  2 3 0 - 4 0 0  m e s h ,  A S T M ) ,  

n e u t r a l  a l u m i n a  ( J a n s s e n ,  a c t i v e ,  5 0 - 2 0 0  m i c r o n ,  7 0 - 2 9 0  m e s h ,  

A S T M )  a n d  S e p h a d e x  L H - 2 0  ( P h a r m a c i a )  w e r e  u s e d  in  c o l u m n  

c h r o m a t o g r a p h y .  T h i n - l a y e r  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  u s i n g  

p l a t e s  o f  s i l i c a  g e l  6 0  F 2 5 4  ( M e r c k )  a n d  a l u m i n a  ( M e r c k ,  n e u t r a l ,  

t y p e  E ) .

C o m p o u n d s

T e t r a h y d r o - 3  a , 6a - d i p h e n y l i m i d a z o  [ 4 , 5 -<\] i m i d a z o l e - 2 , 5 (  1 H ,  J H j -  

-d io n e  (d ip h e n y lg ly c o lu r i l )  ( 2 )

T h i s  c o m p o u n d  w a s  s y n t h e s i z e d  a c c o r d i n g  t o  a  l i t e r a t u r e  p r o c e ­

d u r e 5.

4 - ( 6 - B r o m o h e x y l o x y ) - 3 - m e t h o x y b e n z a l d e h y d e  (1 )

A  s o l u t i o n  o f  6 . 0 8  g  ( 4 0  m m o l )  o f  6 a n d  1.6 g  ( 4 0  m m o l )  o f  s o d i u m  

h y d r o x i d e  in  4 0  m l  o f  w a t e r  w a s  v i g o r o u s l y  s t i r r e d  w i t h  9 7 . 6  g  ( 4 0 0  

m m o l ,  61 m l )  o f  1,6- d i b r o m o h e x a n e  a n d  1.5 g  o f  A l i q u a t  3 3 6  a t  

7 0 ° C  f o r  ca .  5 h .  T h e  p r o g r e s s  o f  t h e  r e a c t i o n  w a s  f o l l o w e d  w i t h  

T L C  ( s i l i c a ,  e l u e n t  C H C l 3/ C H 3O H ,  1 0 :1  v / v ) .  T o  t h i s  e n d ,  a  

s a m p l e  o f  t h e  w a t e r  l a y e r  w a s  a c i d i f i e d  t o  p H  6 a n d  e x t r a c t e d  w i t h  

C H C 1 3 . A f t e r  T L C  h a d  i n d i c a t e d  t h e  d i s a p p e a r a n c e  o f  6 , t h e  

o r g a n i c  l a y e r  w a s  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  

T h e  r e m a i n i n g  o i l  w a s  d i s s o l v e d  in  c h l o r o f o r m ,  w a s h e d  w i t h  a

0 .2 5  M  a q u e o u s  s o d i u m  h y d r o x i d e  s o l u t i o n ,  t h r e e  l i m e s  w i t h  a  

s a t u r a t e d  a q u e o u s  s o d i u m  c h l o r i d e  s o l u t i o n  a n d  e v a p o r a t e d  u n d e r  

r e d u c e d  p r e s s u r e .  T h e  c r u d e  p r o d u c t  w a s  c r y s t a l l i z e d  f r o m  e t h e r .  

Y i e l d  1 0 .1 7  g  ( 8 0 . 7 % )  o f  7  a s  w h i t e  c r y s t a l s ;  m . p .  53 .1  ° C .  I R  

( K B r ) :  2 9 2 0  ( C H . ) ,  2 8 5 0  ( O C H 3 ), 2 6 2 0  ( C H O ) ,  1 6 7 0  ( C = 0 ) ,  1 5 8 0  

( A r ) ,  1 2 6 0  ( C O A r ) ,  5 5 0  ( C B r ) c m - ' .  1H  N M R  ( C D C 1 3 ): 6 9 .8 1  ( s ,

1 H ,  A r C H O ) ,  7 . 5 - 6 .8 ( m ,  3 H ,  A r H ) ,  4 . 0 9  ( t ,  2 H ,  C H . O A r ) ,  3 .9 0  

( s ,  3 H ,  O C H 3 ), 3 .4 0  ( t ,  2 H ,  C H 2B r ) ,  2 . 2 - 1 . 2  [ b r  m ,  8H ,  ( C H . ) 4 ].

1 ,3 , 4 .6 - T e t r a k i s / 6 - ( 4 - f o n n y l - 2 - m e t h o x y p h e n o x y ) h e x y l l t e t r a h y d r o -  

- 3 a , 6 a - d i p h e n y l i m i d a z o [ 4 , 5 - d ] i m i d a z o l e - 2 , 5 ( l  H , 3 H ) - d i o n e  ( 8 )

A  m i x t u r e  o f  0 . 5 3  g  ( 2 2  m m o l )  o f  N a H ,  1 .47  g  5 m m o l )  o f  2  a n d  

6 .9 3  g  ( 2 2  m m o l )  o f  7  in  125  m l  o f  D M F  w a s  s t i r r e d  a t  5 0 ° C  f o r  

16 h  u n d e r  a  n i t r o g e n  a t m o s p h e r e .  T h e  r e a c t i o n  m i x t u r e  w a s

a d j u s t e d  t o  p H  7 u s i n g  1 M  h y d r o c h l o r i c  a c i d  w i t h  v i g o r o u s  

s t i r r i n g .  T h e  s o l v e n t  w a s  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  

t h e  r e s i d u e  w a s  d i s s o l v e d  in  c h l o r o f o r m ,  w a s h e d  t h r e e  t i m e s  w i t h  

a  s a t u r a t e d  a q u e o u s  s o d i u m  c h l o r i d e  s o l u t i o n ,  d r i e d  ( M g S 0 4 ), 

f i l t e r e d  o v e r  i n f u s o r i a l  e a r t h  a n d  e v a p o r a t e d  u n d e r  r e d u c e d  

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

t o g r a p h y  ( s i l i c a ,  e l u e n t  C H C l 3/ C H 3O H ,  3 0 : 1  v / v ) .  T h e  p r o d u c t  

f r a c t i o n s  w e r e  c o l l e c t e d ,  s t i r r e d  in  d i e t h y l  e t h e r  f o r  1 h  a n d  t h e n  

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  3 .0 8  g  ( 5 0 % )  o f  8 a s  a  

w h i t e  f o a m ;  m . p .  5 2 . 6 ° C .  I R  ( K B r ) :  2 9 2 0  ( C H . ) ,  2 8 5 0  ( O C H 3 ), 

2 6 0 5  ( C H O ) ,  1 7 2 0 - 1 6 7 0  ( C  =  0 ) ,  1 5 8 0  ( A r ) ,  1 2 6 0  ( C O A r )  c m - ' .  

' H  N M R  ( C D C 1 3 ): 5  9 . 7 8  ( s ,  4 H ,  A r C H O ) ,  7 . 5 - 6 . 5  ( m ,  2 2 H ,  A r H ) ,  

4 . 0 3  ( t ,  8H ,  C H . O A r ) ,  3 .8 9  ( s ,  1 2 H ,  O C H 3 ), 3 . 5 - 2 . 8  ( b r  m ,  8H ,  

N C H 2 ), 2 . 3 - 1 . 0  [ b r  m ,  3 2 H ,  ( C H 2 )4 ]. F A B  M S :  m / z  1231  

( M  +  H ) f ; o t h e r  s i g n a l s  w e r e  o b s e r v e d  a t  m / z  v a l u e s  c o r r e s p o n d ­

i n g  t o  t h e  e q u a t i o n :  1231  -  k  x  8 2  ( a l k y l  c h a i n )  -  /  x  1 5 2  ( v a n i l l y l  

g r o u p ) ,  k  =  1, 2 ,  3 ,  /  =  & , . . . ,  3.

/ .  3 , 4 . 6- T e t r a k i s / 6- / 4 - ( h y d r o x y m e t h y l ) - 2 - m e t h o x y p h e n o x y / h e x y l j  te tra -  

h y d r o - 3 a ,6 a - d i p h e n y l i m i d a z o [ 4 , 5 - d / i m i d a z o l e - 2 ,5 (1  H . i H ) -d io n e  (9)

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

f i n e ly  p o w d e r e d  N a B H 4 in  1 0 0  m l  o f  d i o x a n e ,  1 5 - 2 0  m l  o f  1 M  

a q u e o u s  s o d i u m  h y d r o x i d e  w a s  a d d e d  d r o p w i s e  w i t h  s t i r r i n g .  

D u r i n g  t h i s  a d d i t i o n ,  t h e  t e m p e r a t u r e  r o s e  t o  a p p r o x i m a t e l y  3 0 ° C .  

T h e  r e s u l t i n g  m i x t u r e  w a s  s t i r r e d  f o r  1 h ,  b r o u g h t  t o  p H  6 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  a n d  e v a p o r a t e d  u n d e r  r e d u c e d  

p r e s s u r e .  T h e  r e s u l t i n g  o i l  w a s  d i s s o l v e d  in  C H C 1 3 , w a s h e d  t h r e e  

t i m e s  w i t h  a  s a t u r a t e d  a q u e o u s  s o d i u m  c h l o r i d e  s o l u t i o n ,  d r i e d  

( M g S 0 4 ), f i l t e r e d  o v e r  i n f u s o r i a l  e a r t h  a n d  c o n c e n t r a t e d  in v a cu o .  

T h e  r e m a i n i n g  o i l  w a s  f t i r r e d  in e t h e r  f o r  1 h. T h e  s o l v e n t  w a s  

e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  0 . 8 8  g  ( «  1 0 0 % )  o f  9 

q u a n t i t a t i v e l y  a s  a  w h i t e  f o a m .  I R  ( K B r ) :  3 6 4 0 - 3 1 2 0  ( O H ) ,  2 9 2 0  

( C H . ) ,  2 8 5 0  ( O C H , ) ,  1 6 8 0  ( C  =  0 ) ,  1 5 8 5  ( A r ) ,  1 2 6 0  ( C O A r ) ,  

1 0 9 0 - 9 5 0  ( C O H )  c m - 1. ' H  N M R  ( C D C 1 3 ): 5  7 . 2 - 6 . 4  ( m ,  2 2 H ,  

A r H ) ,  4 . 5 2  ( s ,  2 H ,  C H . O H ) ,  3 . 9 0  ( t ,  8H ,  N C H . ) ,  2 . 1 - 0 . 9  [ b r  m ,  

3 2  H ,  ( C H . ) J ,  b e t w e e n  3 .0  a n d  1.5 ( s ,  4 H ,  C H . O H ) .  F A B  M S :  

m / z  1 2 3 9  ( M  +  H ) \  1221 M  +  H - H . O ) + , 1 1 8 5  ( M  +  H - 3 H . O )  + , 

1 1 6 7  ( M  +  H - 4 H . O )  + .

R in g  c lo su re  to  c o m p o u n d s  3  a n d  4

T o  2 0 0  m l  o f  f o r m i c  a c i d ,  a  s o l u t i o n  o f  2 0 0  m g  ( 0 . 1 6  m m o l )  o f  9 in

1 m l  o f  D M F  w a s  a d d e d  d r o p w i s e  w i t h  v i g o r o u s  s t i r r i n g  a t  

a m b i e n t  t e m p e r a t u r e .  T h e r e a f t e r ,  t h e  m i x t u r e  w a s  h e a t e d  t o  6 0 ° C  

d u r i n g  w h i c h  t i m e  a  g r e e n  c o l o u r  d e v e l o p e d .  W i t h i n  2 \  h ,  t h e  

s o l u t i o n  h a d  b e c o m e  c o l o u r l e s s  a g a i n  a n d  t h e  s o l v e n t  w a s  e v a p o ­

r a t e d  u n d e r  r e d u c e d  p r e s s u r e .  T r a c e s  o f  f o r m i c  a c i d  w e r e  r e m o v e d  

b y  c o d i s t i l l a t i o n  w i t h  t o l u e n e .  T h e  r e s i d u e  w a s  f i r s t  p u r i f i e d  b y  

g e l - p e r m e a t i o n  c h r o m a t o g r a p h y  ( S e p h a d e x  L H - 2 0 ,  e l u e n t  C H C 1 3 ). 

T h e  p r o d u c t  f r a c t i o n s  w e r e  c o l l e c t e d  a n d  r e f l u x e d  in  m e t h a n o l  f o r  

15 m i n .  A f t e r  e v a p o r a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  w a s  

f u r t h e r  p u r i f i e d  b y  c h r o m a t o g r a p h y  o v e r  s i l i c a  ( e l u e n t  e t h y l  

a c e t a t e / c h l o r o f o r m / m e t h a n o l ,  1 0 : 1 0 : 1  v / v / v ) ;  y i e l d  % 5 9  m g  ( 3 1 % )  

o f  w h i t e  3 ;  m . p .  >  1 2 5 ° C  ( d e c o m p . ) .  I R  ( K B r ) :  3 6 4 0 - 3 2 0 0  ( O H ) ,  

2 9 2 0  ( C H . ) ,  2 8 5 0  ( O C H , ) ,  1 7 0 0  ( C  =  0 ), 1 6 0 0  ( A r ) ,  1 2 5 5  

( C H . O A r ) ,  1 0 4 0 - 9 8 0  ( C O H )  c m ' 1. ' H  N M R  ( C D C 1 3 ): 5  7 . 5 - 6 . 2  

( m ,  1 9 H ,  A r H ) ,  4 .8  ( d ,  3 H ,  A r C / Z H A r ,  J  14 H z ) ,  4 .6  ( s ,  2 H ,  

A r C Z / . O H ) ,  4 . 4 - 3 . 3  ( m ,  2 3 H ,  C H . O A r ,  O C H 3 , A r C H / 7  A r ,  J  

14 H z ) ' ,  3 . 3 - 2 . 2  ( b r  m ,  8H ,  N C H , ) ,  2 . 2 - 0 . 7  [ b r  m ,  3 2 H ,  ( C H , ) 4L 

13C  N M R  ( C D C 1 3 ): 5 1 5 9 . 9 - 1 6 0 . 4  ( C  =  0 ) ,  1 5 0 . 7 - 1 4 6 . 1  ( A r ) ,  

1 3 4 . 3 - 1 3 0 . 2  ( A r ) ,  1 2 8 . 9 - 1 2 7 . 3  ( A r ) ,  1 2 2 . 1 - 1 1 0 . 9  ( A r ) ,  8 8 . 8 - 8 8 . 5  

[ N C ( N ) A r ] ,  7 0 . 3 - 6 8 . 8  ( C H . O A r ) ,  6 5 . 2  ( C H . O H ) ,  5 6 . 2 - 5 5 . 7  

( O C H 3 ), 4 4 . 9 - 4 1 . 9  ( N C H . ) ,  3 6 . 5 - 3 6 . 2  ( A r C H . A r ) ,  3 2 . 4 - 2 4 . 2  

[ ( C H . X J . F A B  M S :  m / z  1 1 8 5  ( M  +  H ) + , 1 1 6 7  M  +  H - H . O ) \  

1 0 3 2  ( M  +  H - v a n i l l y l  a l c o h o l  ( C 8H 90 3 )) + , 9 5 0  M  +  H - C H 2 

c h a i n )  + . A n a l ,  c a l c d .  f o r  C 7. H 880 , , N 4 : C  7 2 . 9 7 ,  H  7 . 4 3 ,  N  4 . 7 3 ,

O  1 4 .8 6 ;  f o u n d :  C  7 3 . 1 3 ,  H  7 . 5 8 ,  N  4 . 4 5 ,  O  1 4 . 8 4 % .

Y i e l d  « 1 9  m g  ( 1 0 % )  o f  w h i t e  4 ;  m . p .  >  1 2 0 ° C  ( d e c o m p . ) .  I R  

( K B r ) :  3 6 4 0 - 3 2 0 0  ( O H ) ,  2 9 2 0  ( C H , ) ,  2 8 5 0  ( O C H 3 ), 1 7 0 0  ( C  =  0 ) ,  

1 6 0 0  ( A r ) ,  1 2 5 5  ( C H . O A r ) ,  1 0 4 0 - 9 8 0  ( C O H )  c m - ' .  ' H  N M R  

( C D C 1 3 ): 5  7 . 2 5 - 6 . 3 0  ( m ,  1 9 H ,  A r H ) ,  4 . 7 5  ( s ,  2 H ,  A r C / Z . O H ) ,  

4 . 2 5 - 3 . 4 5  ( m ,  2 6 H ,  C H . O A r ,  O C H 3 , A r C H . A r ) ,  3 . 4 0 - 2 . 3 0  ( b r  m ,  

8H ,  N C H . ) ,  2 . 2 0 - 0 . 7 0  [ b r  m ,  3 2 H ,  ( C H . ) J .  F A B  M S :  m / z  1 1 8 5  

( M  +  H )  + , 1 1 6 7  ( M  +  H - H . O )  + .
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m o l e c u l e  w a s  c o n s t r u c t e d  b y  f o l l o w i n g  p r o c e d u r e  A ,  w h i l e  f o r  

t h e  l a t t e r  t y p e  p r o c e d u r e  B w a s  u s e d ;

b ./. C a n c e i l l , A .  C o l le t , J .  G a b a r d , F. K o t z y b a - H i b e r t  a n d  J . - M .  

L e h n , H e l v .  C h i m .  A c t a .  65, 1 8 9 4  ( 1 9 8 2 ) ;

c ./. C a n c e i l l , L .  L a c o m b e  a n d  A .  C o l l e t , J .  A m .  C h e m .  S o c .  107, 

6 9 9 3  ( 1 9 8 5 ) ;

d A .  C o l le t , T e t r a h e d r o n  43, 5 7 2 5  ( 1 9 8 7 ) .

4 M o c k  a n d  a s s o c i a t e s  h a v e  c o n s t r u c t e d  a  c a g e  c o m p o u n d  b u i l t  

f r o m  6 m o l e c u l e s  o f  g l y c o l u r i l  w h i c h  a r e  l i n k e d  b y  12 m e t h y l e n e  

b r i d g e s ,  s e e :  W . A .  F r e e m a n , W . L .  M o c k  a n d  N . - Y .  S h i h , J .  A m .  

C h e m .  S o c .  103, 7 3 6 7  ( 1 9 8 1 ) .

s A .  R . B u t l e r  a n d  E .  L e i t c lu  J .  C h e m .  S o c . ,  P e r k i n  T r a n s .  I I  103  

( 1 9 8 0 ) .

6a A .  A r c o le o ,  G . G i a m m o n a  a n d  G . F o n t a n o , C h e m .  &  I n d .  8 5 3  

( 1 9 7 6 ) ;

b A .  G o l d u p , A .  M o r r i s o n  a n d  G . S m i t h , J .  C h e m .  S o c .  3 8 6 4  

( 1 9 6 5 ) ;

c G . M .  R o b i n s o n , J .  C h e m .  S o c .  2 6 7  ( 1 9 1 5 ) ;

d B . U m e z a w a ,  O . H o s h in o ,  K .  O h y a m a , S .  M i t s u b a y a s h i  a n d  J .  

S a k a k i b a r a , C h e m .  P h a r m .  B u l l .  17, 2 2 4 0  ( 1 9 6 9 ) .

7n J .  D .  W h i te  a n d  B . D .  G e s n e r , T e t r a h e d r o n  30, 2 2 7 3  ( 1 9 7 4 ) ;

b J .  D .  W h i te  a n d  B . D .  G e s n e r , T e t r a h e d r o n  L e t t .  1591  ( 1 9 6 8 ) .




