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

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

f u n c t i o n s  in  t h e  c r o w n  e t h e r  r i n g 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  s u b u n i t .

Introduction

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

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

m o l e c u l a r  r e c o g n i t i o n .  T h e  b i n d i n g  p o c k e t  o f  a n  e n z y m e  

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

s u b s t r a t e  is b o u n d  a n d  c o n v e r t e d  e n a n t i o s e l e c t i v e l y  i n t o  

t h e  s p e c i f i e d  p r o d u c t 1. R e c e n t l y ,  w e  h a v e  d e s c r i b e d  a  

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

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

a c t i v e  R h ( I )  c o m p l e x .  T h i s  s y s t e m  w a s  f o u n d  t o  m i m i c  

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

i n g  o f  a  s u b s t r a t e  in  a  c a v i ty  a n d  c o n v e r s i o n  o f  t h e  b o u n d  

s u b s t r a t e  a t  a  c a t a l y t i c a l l y  a c t i v e  c e n t e r 2. In  o r d e r  t o  

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

o u r  s u p r a m o l e c u l a r  c a t a l y s t ,  it  w a s  f e l t  n e c e s s a r y  t o  m o d 

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

t h a t  a  c h i r a l  e n v i r o n m e n t  is  o b t a i n e d .

C h i r a l  r e c o g n i t i o n  r e q u i r e s  a  m i n i m u m  o f  th re e  s i m u l t a 

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

s t r a t e 3. H y d r o g e n  b o n d i n g  a n d  e l e c t r o s t a t i c  a t t r a c t i o n s  

a r e  r e g a r d e d  t o  b e  s in g le -p o in t  i n t e r a c t i o n s ,  w h e r e a s  e.g. 

d i p o l e  s t a c k i n g  a n d  t t -t t  i n t e r a c t i o n s  a r e  m u lt i - p o in t  in  

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

b a s e d  o n  t h e  c o n c a v e  b u i l d i n g  b l o c k  1 ( F i g u r e  l ) 4. E a r l i e r  

w o r k  in  o u r  g r o u p  h a s  s h o w n  t h a t  t h e  b i n d i n g  o f  b e n z e n e -  

d i o l s  in  b a s k e t - s h a p e d  r e c e p t o r  m o l e c u l e s  b a s e d  o n  1 is 

a c h i e v e d  b y  tw o  h y d r o g e n  b o n d i n g  i n t e r a c t i o n s  a s  w e l l  a s  

b y  t t -t t  s t a c k i n g ,  a s  s h o w n  in  F i g u r e  2 5. T h i s  i m p l i e s  t h a t  

in  p r i n c i p l e  n o  a d d i t i o n a l  i n t e r a c t i o n  is r e q u i r e d  t o  a c 

c o m p l i s h  c h i r a l  r e c o g n i t i o n .

S e v e r a l  c h i r a l  h o s t  m o l e c u l e s  h a v e  b e e n  d e s c r i b e d  in  t h e  

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

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

u s i n g  a  c h i r a l  b u i l d i n g  b l o c k  t o  c o n s t r u c t  t h e  h o s t 6. I n  t h i s  

p a p e r  w e  d e s c r i b e  a  b a s k e t - s h a p e d  h o s t  m o l e c u l e  t h a t  is 

in tr in s ic a lly  c h i r a l .  O u r  u l t i m a t e  o b j e c t i v e  is  t o  u s e  t h i s  

m o l e c u l e  t o  a c h i e v e  e n a n t i o s e l e c t i v e  c a t a l y s i s  b y  sh a p e  

r e c o g n i t io n , i.e. o n ly  o n e  o f  t h e  e n a n t i o m e r s  o f  a  r a c e m i c  

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

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

Results and discussion

S  tra  tegy

A s  s h o w n  in  F i g u r e  1, c o m p o u n d  1 c a n  b e  r e g a r d e d  a s  

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

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

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

q u a d r a n t s .  A s  a  r e s u l t  tw o  c h i r a l  c e n t e r s  a p p e a r  o n  t h e  

q u a t e r n a r y  c a r b o n  a t o m s  o f  t h e  g ly c o lu r i l  u n i t ,  a s  i n d i 

c a t e d  b y  a s t e r i s k s  in  F i g u r e  1. A n  o b v i o u s  w a y  t o  d o  t h i s  is 

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

c o m p o u n d s  w h i c h  c a n  b e  s y n t h e s i z e d  f r o m  1. I n  c o m 

p o u n d  2 , o n ly  o n e  o f  t h e  h a n d l e s  is a l t e r e d ,  l e a d i n g  t o  a  

c o m p l e t e l y  a s y m m e t r i c  c o m p o u n d  ( C ,  s y m m e t r y ) .  I n  3 ,  

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

w i t h  C 2 s y m m e t r y .

F i r s t ,  t h e  s y n t h e s i s  o f  b a s k e t  2  is d e s c r i b e d  a n d  a n  a t 

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

A f t e r  t h a t  t h e  p r e p a r a t i o n  o f  b a s k e t  3  is  p r e s e n t e d .  T h i s  

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

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

p r e l i m i n a r y  b i n d i n g  s t u d i e s  o n  3 .

B a s k e t  w ith  C l s ym m e tr y »

T h e  s y n t h e s i s  o f  c o m p o u n d  2  is  s u m m a r i z e d  in  S c h e m e  1. 

B e n z e n e - 1 , 4 - d i o l  w a s  a l k y l a t e d  w i t h  l - b r o m o - 2 - c h l o r o -  

e t h a n e  in  a c e t o n e  u s i n g  K 2C 0 3 a s  a  b a s e  t o  y i e l d  4 - ( 2 -  

c h l o r o e t h o x y ) p h e n o l  (4a) ( 3 0 % ) .  S u b s e q u e n t l y ,  4a w a s  

t r e a t e d  w i t h  2 - ( 2 - c h l o r o e t h o x y ) e t h y l  p - t o l u e n e s u l f o n a t e  

a n d  s o d i u m  h y d r i d e  in  D M F ,  r e s u l t i n g  in  l - ( 2 - c h l o r o -  

e t h o x y ) - 4 - [ 2 - ( 2 - c h l o r o e t h o x y ) e t h o x y ] b e n z e n e  (4b) ( 5 5 % ) .  

R e a c t i o n  o f  a  1 : 1  m i x t u r e  o f  4b a n d  l , 4 - b i s [ 2 - ( 2 - c h l o r o -  

e t h o x y ) e t h o x y ] b e n z e n e  (4c)7 w i t h  t h e  c y c l ic  e t h e r  5 7,8 in  

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

p r o d u c t s ,  v iz . t h e  s y m m e t r i c  t e t r a c h l o r i d e  6 , t h e  m e so  

c o m p o u n d  7 , a  r a c e m i c  m i x t u r e  o f  t h e  t a r g e t  m o l e c u l e  8 

a n d  t h e  r a c e m a t e  9 . T h e  m o l a r  r a t i o  o f  t h e s e  c o m p o u n d s  

a m o u n t e d  t o  a p p r o x i m a t e l y  2 : 1  : 4 : 1 , w h i c h  is  c l o s e  t o  t h e  

t h e o r e t i c a l l y  e x p e c t e d  v a l u e s .  T h e  c o m p o u n d s  c o u l d  b e
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Figure 1. Division o f  com pound  1 in to  fo u r  quadran ts (le ft) and  the X -ray  structure  o f  this com pound  (right)

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

8 w a s  o b t a i n e d  in  3 9 %  y ie ld .  T h e  d i s s y m m e t r y  in  t h e  

m o l e c u l e  is c l e a r ly  v is ib le  in  i ts  'H - N M R  s p e c t r u m .  T h e  

a r o m a t i c  x y ly le n e  p r o t o n s  o n  t h e  s y m m e t r i c  s id e  o f  t h e  

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

a s y m m e t r i c  s id e  a s  a n  A B  p a t t e r n .  T h e  m e t h y l e n e  b r i d g e s ,  

w h ic h  l in k  t h e  x y ly le n e  w a l l s  to  t h e  g ly c o lu r i l  u n i t ,  g iv e  

r i s e  t o  t h r e e  A X  p a t t e r n s ,  p r o b a b l y  b e c a u s e  tw o  o f  t h e m  

c o i n c id e .

D o u b l e  r in g  c l o s u r e  o f  8 w i th  tw o  e q u i v a l e n t s  o f  4 - 

( m e t h o x y m e t h o x y ) b e n z y l a m i n e  u n d e r  d i l u t e  c o n d i t i o n s  in  

a c e t o n i t r i l e  w i th  N a 2C 0 3 a s  t h e  b a s e  g a v e  t h e  r a c e m a t e  

o f  2a (76%). T h e  p r o t e c t e d  p h e n o l i c  h y d ro x y l  g r o u p s  in  

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

p l in g  o f  a  c h i r a l  a u x i l i a r y  g r o u p  o r  a  c a t a ly t i c  c e n t e r 2. In  

t h e  'H - N M R  s p e c t r u m  o f  2a t h e  b r i d g i n g  m e t h y l e n e  

g r o u p s  w e r e  v is ib le  a s  f o u r  A X  p a t t e r n s .  T h e  a r o m a t i c  

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

d i f f e r e n t  A B  p a t t e r n s  a n d  t h e  x y ly le n e  w a l l  p r o t o n s  d i s 

p l a y e d  t h e  s a m e  p a t t e r n  a s  t h o s e  in  8 . F o r  t h e  N C H 2 

m e t h y l e n e  p r o t o n s  in  t h e  r in g ,  c o m p l i c a t e d  s ig n a l s  w e r e  

o b s e r v e d .

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

r e m o v e d  b y  s t i r r i n g  a  s o l u t i o n  o f  2a in  t e t r a h y d r o -  

f u r a n / p r o p a n - 2 -o l  w i th  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 id ,  

r e s u l t i n g  in  2b • 2 H C 1 .

W e  t r i e d  t o  s e p a r a t e  t h e  e n a n t i o m e r s  o f  2a, 2b, a n d  a l s o  

t h o s e  o f  8 o n  a  c h i r a l  H P L C  c o l u m n .  U n f o r t u n a t e l y ,  w e

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

q u e n t l y ,  w e  r e a c t e d  2b w i t h  c h i r a l  r e a g e n t s  in  o r d e r  t o  

o b t a i n  d i a s t e r e o m e r s ,  w h i c h  c a n  b e  s e p a r a t e d  c h r o m a t o -  

g r a p h i c a l l y .  H o w e v e r ,  t h e  c o u p l i n g  o f  2b t o  ( +  ) -1 0 -  

c a m p h o r s u l f o n y l  c h l o r i d e ,  ( R ) - (  +  ) - a - m e t h o x y - a - ( t r i f l u o -  

r o m e t h y D b e n z e n e a c e t y l  c h l o r i d e  ( M o s h e r ’s r e a g e n t ) ,  o r  

( - ) - m e n t h y l  c h l o r o f o r m a t e  d id  n o t  g iv e  s e p a r a b l e  d i 

a s t e r e o m e r s ,  a s  c o u l d  b e  c o n c l u d e d  f r o m  T L C  a n d  H P L C .  

F in a l ly ,  w e  t r i e d  t o  a c h i e v e  r e s o l u t i o n  b y  c r y s t a l l i z a t i o n  o f  

t h e  d i b e n z o y l t a r t a r i c  a c id  s a l t  o f  c o m p o u n d  2a. T h e s e  

a t t e m p t s  w e r e  a l s o  u n s u c c e s s f u l .

B a s k e t  w ith  C 2 s ym m e tr y

T h e  s y n t h e t i c  r o u t e  t o  c o m p o u n d  3 is d e p i c t e d  in  S c h e m e  

2. T h e  m o n o - a l k y l a t e d  b e n z e n e - 1 , 4 - d i o l  d e r i v a t i v e  4 - [2 -  

( 2 - c h l o r o e t h o x y ) e t h o x y ] p h e n o l  ( 4 d )  w a s  c o u p l e d  t o  t h e  

c y c l ic  e t h e r  5 in  1 , 2 - d i c h l o r o e t h a n e  in  t h e  p r e s e n c e  o f  

/ ? - t o l u e n e s u l f o n i c  a c id  a n d  m o l e c u l a r  s i e v e s .  T h e  r a c e 

m a t e  10  a n d  t h e  m e so  c o m p o u n d  11 c o u l d  b e  s e p a r a t e d  

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

t h e  b a s i s  o f  t h e  13C - N M R  s p e c t r a  ( F i g u r e  3 ): t h e  m e so

H

CH

OR

2 a: R = - C H 2-O C H 3 

b: R = -H

3

Figure 2. Schem atic  representation o f  the binding o f  benzene-1 ,3-dio l in 

the basket-shaped  receptor m olecu le  based on 1.



c o m p o u n d  11 d i s p l a y s  tw o  r e s o n a n c e s  f o r  t h e  c a r b o n y l  

f u n c t i o n a l i t i e s  o f  t h e  g ly c o lu r i l  u n i t ,  w h e r e a s  t h e  r a c e m a t e  

g iv e s  o n ly  o n e  s i g n a l  d u e  t o  t h e  C 2 s y m m e t r y  in  t h e  

m o l e c u l e .  T h e  b r i d g i n g  m e t h y l e n e  g r o u p s  in  10 f o r m  tw o  

s e t s  w h i c h  a r e  n o n - e q u i v a l e n t  a n d  t h e r e f o r e  g iv e  r i s e  t o  

tw o  A X  p a t t e r n s  in  t h e  ’ H - N M R  s p e c t r u m .  T h e  s i g n a l s  o f  

t h e  x y ly le n e  w a l l  p r o t o n s  a p p e a r e d  a s  a n  A B  p a t t e r n  a n d  

w e r e  s h i f t e d  ca. 1 p p m  t o  a  h i g h e r  f i e ld  c o m p a r e d  to  t h e  

r e f e r e n c e  c o m p o u n d s  6 - 9 .  T h i s  f e a t u r e  m a y  b e  e x p l a i n e d  

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

g e n - b o n d e d  t o  t h e  c a r b o n y l  g r o u p s  o f  t h e  g ly c o lu r i l  u n i t .  

T h e  h y d r o g e n  b o n d  w il l  b e  o p t i m i z e d  if  t h e  x y ly le n e  w a l l s  

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

t h e  m o l e c u l e ,  a s  is s h o w n  in  F i g u r e  4 . S u c h  a  tw is t  is n o t  

u n l i k e l y  a n d  h a s  b e e n  o b s e r v e d  b e f o r e  in  g ly c o lu r i l  d e r i v a 

t i v e s 9. A n  i n d i c a t i o n  f o r  s u c h  a  tw is t  is f o u n d  in  t h e  

13C - N M R  s p e c t r u m  o f  10. F o r  t h e  c a r b o n  a t o m s  o f  t h e  

p h e n y l  g r o u p s  o n  t h e  c o n v e x  s i d e  o f  t h e  g ly c o lu r i l  u n i t  

s e v e r a l  w e l l - s e p a r a t e d  s i g n a l s  a r e  o b s e r v e d .  N o r m a l l y ,  

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

l a p p i n g  s i g n a l s  (e .g . s e e  c o m p o u n d  11, F i g u r e  3 ) .  I n  10, 

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

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

b e n z e n e  r in g s .  T h e  h y d r o g e n  b o n d s  a r e  b r o k e n  b y  c o o r d i 

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

f a c t  t h a t  t h e  ' H - N M R  s i g n a l s  o f  t h e  x y ly le n e  w a l l s  o f  10 

a r e  n o t  s h i f t e d  in  D M S O - d (r In  t h e  m e s o  c o m p o u n d  11, 

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

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

b u t  t h e s e  h y d r o g e n  b o n d s  c a n n o t  b e  s t a b i l i z e d  b y  a  tw is t
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in  t h i s  m o l e c u l e .  I n  l i n e  w i t h  th i s ,  o n ly  s m a l l  s h i f t s  o f  t h e  

x y ly le n e  w a l l  p r o t o n s  w e r e  o b s e r v e d .

R a c - 10 w a s  t r e a t e d  w i t h  tw o  e q u i v a l e n t s  o f  ( — ) - m e n t h y l  

c h l o r o f o r m a t e  t o  g iv e  a  m i x t u r e  o f  d i a s t e r e o m e r s  (12a a n d  

12b). T h e  ' H - N M R  s p e c t r u m  o f  t h i s  m i x t u r e  d i s p l a y e d  

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

o m e r s .  A f t e r  c h r o m a t o g r a p h i c a l  r e s o l u t i o n  ( 1 3 %  y ie ld  o f  

e a c h  d i a s t e r e o m e r ) ,  t h e s e  s e t s  w e r e  s e p a r a t e l y  v i s ib le  in  

t h e  ' H - N M R  s p e c t r a  o f  e a c h  o f  t h e  d i a s t e r e o m e r s  ( s e e  

e x p e r i m e n t a l  s e c t i o n ) .  T h e  r e m o v a l  o f  t h e  m e n t h y l  g r o u p s  

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

e n a n t i o m e r s  o f  10 in  a n  o p t i c a l l y  p u r e  f o r m  ( 7 4 % ) .  R e a c t 

i n g  t h e s e  e n a n t i o m e r s  w i t h  a  l a r g e  e x c e s s  o f  l - b r o m o - 2 - 

c h l o r o e t h a n e  in  D M S O  w i t h  b a s e ,  r e s u l t e d  in  t h e  q u a n t i 

t a t i v e  f o r m a t i o n  o f  t h e  e n a n t i o m e r s  o f  9 ( [ « ] § ) +  a n d  

- 1 3 . 4 ° ) .  T h e s e  c o m p o u n d s  w e r e  a l s o  o b t a i n e d  a s  a n  

i n s e p a r a b l e  r a c e m a t e  in  t h e  s y n t h e s i s  o f  8 ( s e e  p r e v i o u s  

s e c t i o n ) .  D o u b l e  r i n g  c l o s u r e  o f  9 w i t h  tw o  e q u i v a l e n t s  o f  

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

N a 2C 0 3 a s  a  b a s e  y i e l d e d  b o t h  e n a n t i o m e r s  o f  t h e  c h i r a l  

b a s k e t  c o m p o u n d  3  ( [ a ]20 +  a n d  - 1 6 . 4 ° ,  y i e ld s  7 7 %  a n d  

9 0 % ,  r e s p e c t i v e l y ) .

B in d in g  e x p e r im e n ts

' H - N M R  s p e c t r o s c o p y  w a s  u s e d  t o  e v a l u a t e  t h e  b i n d i n g  

p r o p e r t i e s  o f  t h e  tw o  e n a n t i o m e r s  o f  3 5,10. F i r s t ,  t h e  

b i n d i n g  c o n s t a n t  o f  b e n z e n e - 1, 3 - d io l  w a s  d e t e r m i n e d  a n d  

f o u n d  to  b e  K =  2 0 0  +  25  M “ 1. T h i s  v a l u e  is m u c h  l o w e r
—  S

t h a n  t h e  v a l u e s  n o r m a l l y  o b s e r v e d ' a f o r  t h i s  t y p e  o f  b a s -
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k e t - s h a p e d  c o m p o u n d s ,  viz. K a ~  3 0 0 0  M _ l . T h e  lo w e r  

b i n d i n g  a f f in i ty  m a y  b e  c a u s e d  b y  t h e  b e n z y l  g r o u p s  w h ic h  

p r o b a b l y  p a r t i a l l y  c o v e r  t h e  c a v i ty  o f  3 a s  a  r e s u l t  o f  t h e  

r e s t r i c t e d  f le x ib i l i ty  o f  t h e  h a n d l e s .  A  s i m i l a r  s i t u a t i o n  is 

p r e s e n t  in  a  r e l a t e d  b a s k e t  c o m p o u n d  w i th  s m a l l  h a n d l e s ,  

o f  w h ic h  w e  r e c e n t l y  r e p o r t e d  a n  X - r a y  s t r u c t u r e d  

W e  c a r r i e d  o u t  a  t i t r a t i o n  w i th  t h e  g u e s t  c o m p o u n d  13 to  

i n v e s t i g a t e  w h e t h e r  r e c e p t o r  3 d i s p la y s  a n y  e n a n t i o s e l e c -  

t iv i ty  in  t h e  b i n d i n g  o f  a  c h i r a l  s u b s t r a t e .  C o m p o u n d  13 

w a s  p r e p a r e d  b y  t h e  c o n d e n s a t i o n  o f  2 ,4 - d ih y d r o x y b e -  

n z a l d e h y d e  a n d  ( -  ) - a - m e t h y l b e n z y l a m i n e .  U n f o r t u n a t e l y ,  

t h e  a f f in i ty  o f  13 f o r  b o t h  ( +  )-3 a n d  ( - ) - 3  w a s  v e r y  lo w ; 

t h e  b i n d i n g  c o n s t a n t s  a m o u n t e d  t o  a p p r o x i m a t e l y  K.d ~  

6 0  M “ 1. P r o b a b ly ,  t h e  c a v i ty  o f  t h e  h o s t  is t o o  s h i e l d e d  by  

t h e  b e n z y l  g r o u p s  to  a c c o m m o d a t e  a  b u lk y  s u b s t r a t e  l ik e

13. A n o t h e r  c o m p l i c a t i o n  is t h e  f a c t  t h a t  in  13 a n  i n 

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

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

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

in g .

W o r k  is n o w  in  p r o g r e s s  t o  c o n n e c t  l i g a n d s  t o  t h e  p a ra  

p o s i t i o n s  o f  t h e  b e n z y l  g r o u p s  in  3. O n  c o m p l e x a t i o n  to  a 

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

u p w a r d  p o s i t i o n  w h ic h  o p e n s  t h e  c a v i ty  o f  3 a n d  m a k e s  it 

m o r e  a c c e s s ib le  f o r  s u b s t r a t e  m o l e c u l e s .

E x p e r im e n ta l  se c tio n

G en era 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 iv e d .  H e x a n e ,  T H F ,  d i e th y l  e t h e r ,  a n d  t o l u e n e  w e r e  d i s t i l l e d  u n d e r  

n i t r o g e n  a t m o s p h e r e  f r o m  s o d i u m  k e ty l .  D i c h l o r o m e t h a n e  w a s  d i s 

t i l l e d  f r o m  C a C l 2 . A l l  s o lv e n t s  w e r e  s t o r e d  o n  m o l e c u l a r  s i e v e s  

u n d e r  a n  i n e r t  a t m o s p h e r e .

' 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  B r u k e r  W H - 9 0 ,  B r u k e r  A C - 1 0 0 ,  

a n d  B r u k e r  A M - 4 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 ld  f r o m  i n t e r n a l  M e 4 Si. A b b r e v i a t i o n s  u s e d  a r e  s =  

s in g le t ,  d =  d o u b l e t ,  t r  =  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 .  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  7 0 7 0 E  i n s t r u m e n t ,  

t h e  m a t r i x  u s e d  w a s  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  r e c o r d e d  

o n  a P e r k i n - E l m e r  I R F T  s p e c t r o m e t e r  1 7 2 0 -X . T h e  o p t i c a l  r o t a t i o n s  

w e r e  d e t e r m i n e d  o n  a  P e r k i n - E l m e r  241 p o l a r o m e t e r .

T h e  H P L C  c o l u m n s  u s e d  w e r e  a  M a c h a r y  N a g e l  N u c l e o s i l  C h i r a l - 2 ,  

a  L i C h r o s o r b  S i - 1 0 0 - 1 0 ,  a n d  a  L i C h r o s o r b  R P - 1 8 .  F o r  c o l u m n  

c h r o m a t o g r a p h y  M e r c k  S i l ic a  G e l  ( 6 0 H )  w a s  u s e d  a n d  fo r  t h i n - l a y e r  

c h r o m a t o g r a p h y  M e r c k  S i l ic a  G e l  6 0  F 254 p l a t e s .

E l e m e n t a l  a n a ly s e s  w e r e  d e t e r m i n e d  w i th  a  C a r l o  E r b a  E a  1108 

i n s t r u m e n t .

4 - (2 -C h lo ro e th o x y )p h e n o l  ( 4 a )

A  m i x t u r e  o f  3 g (2 7  m m o l )  o f  b e n z e n e - 1 ,4 - d i o l ,  10 g (7 0  m m o l )  o f  

l - b r o m o - 2 - c h l o r o e t h a n e ,  a n d  10 g (7 2  m m o l )  o f  K 2C 0 3 in 5 0  m l o f  

a c e t o n e  w a s  r e f l u x e d  f o r  18 h. T h e  m i x t u r e  w a s  f i l t e r e d  a n d  th e
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Figure 3. L o w -fie ld  regions (a) a n d  a ro m a tic  regions (b) o f  the  I3C -N M R  spectra  o f  m e s o - 1 1  (ab o ve) a n d  r a c - 1 0  (below )

s o l v e n t  w a s  r e m o v 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 i d u e  w a s  t a k e n  

u p  in 5 0  m l o f  C H 2C 1 2 a n d  t h e  s o l u t i o n  w a s  s u b s e q u e n t l y  w a s h e d  

w i th  I N  a q u e o u s  H C 1, a  s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  N a H C 0 3, a n d  

b r i n e .  T h e  o r g a n i c  l a y e r  w a s  d r i e d  ( M g S 0 4 ) a n d  e v a p o r a t e d  to  

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

e l u e n t :  0 .5 %  M e O H  in C H C 1 3) t o  g iv e  1.41 g ( 3 0 % )  o f  4 a  a s  a  w h i t e  

c r y s t a l l i n e  s o l id .  ' H - N M R  ( 1 0 0  M H z .  C D C 1 3) 5 6 .7 9  ( b r  s , 4 H ,  A r H ) ,  

4 .8 0  (s ,  1 H , O H ) ,  4 .1 7  ( t r ,  2 H ,  C H . O ,  J  6  H z ) ,  3 .7 8  ( t r ,  2 H ,  C H X I ,  J

6 H z ) .

I- (2 -C h lo ro e th o x ) ') -4-12 -(2 -c lilo ro e th o \y )e th o x y J b e n ze n e  ( 4 b )

T o  a  s u s p e n s i o n  o f  0 .4  g (1 0  m m o l )  o f  N a H  ( 6 0 %  d i s p e r s i o n  in o i l )  in

25 m l o f  D M F  w a s  a d d e d  1.73 g  (1 0  m m o l )  o f  4a . A f t e r  t h e  e v o l u t i o n  

o f  g a s  h a d  s t o p p e d ,  2 .7 9  g (1 0  m m o l )  o f  2 - ( 2 - c h lo r o e th o x y ) e t h y l  

p - t o l u e n e s u l f o n a t e 11 w a s  a d d e d  a n d  t h e  m i x t u r e  w a s  s t i r r e d  f o r  18 h 

u n d e r  a r g o n .  T h e  m i x t u r e  w a s  n e u t r a l i z e d  w i th  a q u e o u s  H C 1 a n d  t h e  

s o l v e n t  w a s  r e m o v e d  u n d e r  v a c u u m .  T h e  r e s i d u e  w a s  t a k e n  u p  in 5 0  

m l o f  I N  a q u e o u s  H C 1 a n d  t h e  r e s u l t i n g  e m u l s i o n  w a s  e x t r a c t e d  

t h r e e  t i m e s  w i th  C H 2C 1 2 . T h e  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  w a s h e d  

w i th  a  s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  N a H C 0 3 a n d  b r i n e ,  d r i e d  

( M g S 0 4 ), a n d  e v a p o r a t e d  to  d r y n e s s .  A f t e r  c o l u m n  c h r o m a t o g r a p h y

(s i l ic a ,  e l u e n t :  0 .5 %  M e O H  in C H C 1 3) 1.53 g ( 5 5 % )  o f  4 b  w a s  

o b t a i n e d  a s  a  y e l lo w is h  o il .  ‘ H - N M R  (1 0 0  M H z ,  C D C I 3 ) d  6 .8 4  ( b r  s, 

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

1,4 -B is f2 -(2 -c h lo ro e th o x y )e th o x y ] b en zen e  (4 c )

s

Figure 4. T he o p tim iza tio n  o f  the  hydrogen  b o n d s  in  10 by a tw ist in the  

m olecu le .

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  to  a  l i t e r a t u r e  p r o c e d u r e  

4 -[2 -(2 -C h lo ro e th o x y )e th o x y ]p h e n o l  (4 d )

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  f r o m  0 .4 4  g (4  m m o l )  o f  b e n z e n e -

1 ,4 -d io l ,  1 .19  g (4 .3  m m o l )  o f  2 - ( 2 - c h l o r o e th o x y ) e t h y l  p - t o l u e n e -  

s u l f o n a t e  a n d  0 .1 8  g (4 .5  m m o l )  o f  N a H  ( 6 0 %  d i s p e r s i o n  in  o i l )  in 10 

m l  o f  D M F  a s  d e s c r i b e d  f o r  4b. A f t e r  c o l u m n  c h r o m a t o g r a p h y  

( s i l ic a ,  e l u e n t :  E t O A c : H e x ,  1 : 2  v / v )  0 .1 5  g ( 1 7 % )  o f  4d  w a s  o b 

t a i n e d  a s  a  y e l lo w is h  o il .  ' H - N M R  (1 0 0  M H z ,  C D C 1 3) 8 6 .7 8  (s ,  4 H ,  

A r H ) ,  4 .9 2  (s , 1 H ,  O H ) ,  4 . 1 8 - 3 . 9 8  ( m ,  2 H ,  C H X I ) ,  3 . 9 5 - 3 . 5 3  (m ,  

6 H ,  C H 20 ) .

5 ,7 ,12 ,13b, 13c, 14 -H e x a h y d ro -1 (a n d  1 l ) - (2 -c h lo r o e th o x y ) -4,8 ,11 (a n d  

l ) - tr is [  2 -(2 -c h lo ro e th o x y )e th o x y ] -13b, 13 c-d ip h en y l-6  H , 7 5  H  -5a, 6a, 12a,

13 a - te tra a za b e n z[5 ,6 ]a zu le n o -[2 ,1 ,8 -  i j a ] b en z[ i]a zu len e-6 ,1 3 -d io n e  

( r a c - 8 )

A  s o l u t i o n  o f  2 .3 4  g (6 .2  m m o l )  o f  c o m p o u n d  5 h in  a  m i x t u r e  o f  6 m l 

o f  A c 20  a n d  6 m l o f  t r i f l u o r o a c e t i c  a c id  w a s  s t i r r e d  a t  9 5 ° C  f o r  3 0  

m in .  S u b s e q u e n t l y ,  1 .73 g (6 .2  m m o l )  o f  4 b  a n d  2 .0  g (6 .2  m m o l )  o f  4c 

w e r e  a d d e d  a n d  t h e  s o l u t i o n  w a s  s t i r r e d  f o r  a n o t h e r  3 0  m in  a t  9 5 °C . 

A f t e r  c o o l i n g  to  r o o m  t e m p e r a t u r e  25  m l  o f  m e t h a n o l  w a s  care fu lly  

a n d  slow ly  a d d e d .  T h e  r e s u l t i n g  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  a n d  

w a s h e d  t h r e e  t i m e s  w i th  ice  c o ld  d i e th y l  e t h e r .  T h e  p r o d u c t s  w e r e  

s e p a r a t e d  by  c o l u m n  c h r o m a t o g r a p h y  ( s i l ic a ,  e l u e n t :  E t O A c : C H C l 3, 

1 :3  v / v ) ,  g iv in g  2 .2 5  g  ( 3 9 % )  o f  ra c -8  a s  a  w h i t e  s o l id .  1 H - N M R  (4 0 0  

M H z ,  C D C 1 3) 8 7 .1 4 -7 .0 5  ( m ,  1 0 H ,  A r ) ;  6 .7 4  a n d  6 .7 1  ( 2 d ,  2 H ,  A r H ,  

J  9 H z ) ,  6 .7 3  (s , 2 H ,  A r H ) ;  5 .5 7 ,  5 .5 4 4  a n d  5 .5 4 1  (3 d ,  4 H ,  N C / 7  H A r ,  

J  16 H z ) ,  4 .3 2 -3 .6 1  (m ,  3 2 H ,  N C H / / A r ,  C H , C H , ) ;  F A B  M S  m / z  

9 4 4  ( [M  +  H D ;  A n a l ,  c a l c d .  f o r  C 46H 50N 4O 9C l 4 : C  5 8 .4 8 ,  H  5 .3 3 ,  N  

5 .9 3 ;  f o u n d :  C  5 8 .5 2 ,  H  5 .3 5 ,  N  5 .8 7 % .

R a c e m a te  o f  c o m p o u n d  2 a

C o m p o u n d  2 a  w a s  p r e p a r e d  a c c o r d i n g  to  a  p r e v io u s l y  p u b l i s h e d  

p r o c e d u r e 7 f r o m  0 .8 2  g (0 .9  m m o l )  o f  8, 0 .4 4  g (2 .6  m m o l )  o f
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4 - ( m e t h o x y m e t h o x y ) b e n z y l a m i n e 2a, 4 g o f  N a 2C 0 3 (38  m m o l )  a n d  15 

g o f  N a l  in 4 0 0  m l o f  a c e to n i t r i l e .  T h e  c o m p o u n d  w a s  p u r i f i e d  by 

c o l u m n  c h r o m a t o g r a p h y  (s i l ic a ,  e l u e n t :  C H C 1 3 w i th  1 %  E t 3N  a n d

0 .5 %  m e t h a n o l )  to  g ive  0 .75  g ( 7 6 % )  o f  w h i t e  2a. H - N M R  (4 0 0  

M H z ,  C D C 1 3) 8 7.31 a n d  7 .28  (2 d ,  4 H ,  A r H ,  J  8 .5  H z ) ;  7 .1 7 -7 .0 4  (m , 

10H , A r ) ;  7 .00  a n d  6 .9 9  (2 d ,  4 H ,  A r H ,  J  8 .5  H z ) ;  6 .75  a n d  6 .7 0  (2 d ,  

2 H ,  A r H ,  J  9 H z ) ,  6 .74  (s, 2 H ,  A r H ) ;  5 .68 , 5 .6 5 ,  5 .6 4  a n d  5 .5 8  (4 d ,  

4 H ,  N C / / H A r ,  J  16 H z ) ,  5 .1 8  (s, 4 H ,  0 C H 20 ) ,  4 .1 9 -3 .6 5  (m ,  2 8 H ,  

N C H / / A r ,  C H 2C H 2); 3 .5 0  (s, 6 H ,  O C H 3), 3 .1 5 -2 .8 2  (m ,  8 H ,  C H 2 N). 

F A B  M S  m / z  1133 ( [M  +  H ] + ).

R a cem a te  o f  c o m p o u n d  2b -2H C I

T o  a s o lu t io n  o f  0 .5  g (0 .4 4  m m o l )  o f  c o m p o u n d  2a  in a  m ix tu r e  o f  10 

m l o f  T H F  a n d  10 ml o f  p r o p a n - 2 - o l  w a s  a d d e d  d r o p w is e  2 ml o f  

c o n c d .  a q u e o u s  HC1 (3 0 % ) .  A f t e r  s t i r r i n g  fo r  3 h, t h e  s o lu t i o n  w a s  

e v a p o r a t e d  to  d ry n e s s .  T h e  so l id  m a t e r i a l  w a s  d r i e d  u n d e r  h ig h  

v a c u u m  to  g ive  0 .4 9  g ( 1 0 0 % )  o f  w h i t e  2b • 2H C 1. 1 H - N M R  (4 0 0  M H z ,  

D M S O -d b) 8 10 .2 -9 .8  (b r ,  2 H ,  N +-H ) ,  1.6-6.1  (m ,  2 2 H ,  A r H ) ,  5.1-5.2  

(m , 4 H ,  A r C H / / N ) ,  4 .6 -3 .2  ( b r  m , 3 6 H ,  A r O C H 2, A r C / 7  H N ,  

C H 2 N ). F A B  M S  m / z  1045 ([2b +  H ] + ), 523  [2b +  2 H ]  + ).

C oupling o f  chiral auxiliary groups

A  s o lu t io n  o f  0 .33  g (0 .3  m m o l )  o f  2 b - 2 H C l ,  1.2 m l o f  ( — )- m e n th y l  

c h l o r o f o r m a t e  a n d  0 .2  ml o f  E t 3 N  in 5 m l o f  C H 2C 12 w a s  s t i r r e d  

o v e r n ig h t  a t  r o o m  t e m p e r a t u r e .  T h e  s o lu t io n  w a s  w a s h e d  t h r e e  t im e s  

w i th  a  N a 0 H / N a H C 0 3 b u f f e r  ( p H  =  10), d r i e d  ( M g S 0 4 ) a n d  e v a p 

o r a t e d  to  d ry n e s s .  T h e  c o u p l in g  o f  ( +  ) - 1 0 - c a m p h o r s u l f o n y l  c h l o r id e  

a n d  ( /? ) - (  +  ) - a - m e t h o x y - a - ( t r i f l u o r o m e t h y l ) b e n z e n e a c e t y l  c h l o r id e  

w a s  a c h ie v e d  in a s im i la r  w ay . N M R  i n d i c a t e d  t h a t  th e  p r o d u c t  w a s  

d i s u b s t i t u t e d  w i th  th e  c h i r a l  g r o u p .  A t t e m p t s  to  s e p a r a t e  t h e  d i-  

a s t e r e o m e r s  o n  d i f f e r e n t  c h r o m a t o g r a p h i c  c o lu m n s  w e r e  u n s u c c e s s 

ful.

5 ,7 ,1 2 ,13b, 13c, 1 4 -H e x a h y d ro -l,8  (a n d  4,1 l) -b is (2 -(2 -c h lo ro e th o x y )-  

e th o xyJ -4 ,1 1 (a n d  1 ,8 )-d ihydroxy-13b , 1 3 c -d ip h e n y l-6 H ,1 3 H -5 a ,6 a ,  

12a, 13 a -te tra a za b en z[5 ,6]a zu len o -[2,1,8- ija ]b en z[  f  Ja zu len e -6 ,13- 

dione  ( r a c -1 0 )  a n d  5 ,7 ,1 2 ,13b, 13c, 14 -hexahydro-1,11-bis] 2 -(2-ch loro-  

e thoxy)e thoxy]-4 ,8 -d ihydroxy- 13b, 13c-diphenyl-6  H ,  1 3 H -5 a ,6 a , 12a,

13 a -te traa zab en z[5 ,6 ]a zu len o [2,1,8- ija J b e n z f  f ]azu lene-6 ,13-d ione  

( m e s o - 1 1 )

A  s o lu t io n  o f  12.7 g (6 7 .0  m m o l )  o f  p - t o l u e n e s u l f o n i c  a c id ,  2 .3  g (6.1 

m m o l )  o f  5 a n d  2 .9  g (1 3 .4  m m o l )  o f  4d in 150 m l o f  1 ,2 -d ic h lo ro -  

e t h a n e  w a s  r e f lu x e d  fo r  4 d a y s ,  t h e  c o n d e n s e d  s o lv e n t  r u n n i n g  b a c k  

o v e r  m o l e c u l a r  s ie v e s  4 A . T h e  m ix tu r e  w a s  c o n c e n t r a t e d  to  20  m l. 

S u b s e q u e n t ly ,  C H C 1 3 w a s  a d d e d  a n d  th e  m ix tu r e  w a s  w a s h e d  w i th  

w a t e r ,  s a t u r a t e d  a q u e o u s  N a H C 0 3 a n d  b r in e ,  d r i e d  ( M g S 0 4 ), a n d  

e v a p o r a t e d  to  d ry n e s s .  A f t e r  c o lu m n  c h r o m a t o g r a p h y  (s i l ica ,  e l u e n t :  

2 %  M e O H  in C H C 1 3) 1.75 g ( 3 7 % )  o f  r a c - 1 0  a n d  1.62 g ( 3 4 % )  o f  

m e so - 11 w e r e  o b t a i n e d  as  o f f -w h i te  so l id s .

C o m p o u n d  10. * H - N M R  (4 0 0  M H z ,  C D C 1 3) 8 7 .3 6  (s, 2 H ,  O H ) ;  

7 .25-7 .11  (m ,  10 H , A r H ) ;  5 .93  a n d  5 .5 2  (2 d ,  4 H ,  A r H ,  J  9 H z ) ;  5 .58  

a n d  5 .1 7  (2 d  4 H ,  N C / / H A r ,  J  16 H z ) ,  3 .9 5 -3 .6 7  (m ,  2 0 H ,  N C H / / A r ,  

C H 2C H 2). ’ H - N M R  (1 0 0  M H z ,  D M S O - r f 6) 8 8 .21 (s, 1H , O H ) ;  

7 .3 2 -6 .9 0  (m , 10 H , A r H ) ;  6 .67  a n d  6 .62  (2 d ,  4 H ,  A r H ,  J  9 H z ) ;  5 .4 2  

( b r  d ,  4 H ,  N C / / H A r ,  J  16 H z ) ,  4 .1 9 -3 .4 6  (m ,  2 8 H ,  N C H  / / A r ,  

C H X H , ) .  13C - N M R  (1 0 0  M H z ,  C D C 1 3): 8 159.5 ( C  =  O ) ,  149.1 ,

148.8, 133.5, 129.0 , 128.8, 128.7, 128.5, 127.9, 126.8 , 124.2, 116.9  a n d  

114.6  (x y ly len e  a n d  g ly c o lu r i l ) ,  86 .2  (g ly c o lu r i l ) ,  71 .5 ,  70 .0 , 6 9 .4  ( C O  

c h a in ) ,  4 3 .0  (C C D  38 .0  a n d  37.1 ( N C  g ly c o lu r i l ) .  F A B  M S  m  / z  775 

([M  +  H ]  + ).

C o m p o u n d  11. ‘ H - N M R  (4 0 0  M H z ,  C D C 1 3) 8 7 .5 0  (s, 2 H ,  O H ) ;  

7 .18 -7 .11  (m , 10 H , A r H ) ;  6 .4 0  a n d  6 .3 8  (2 d ,  ~4H, A r H ,  J  9 H z ) ;  5 .56  

a n d  5 .45  (2 d ,  4 H ,  N C / / H A r ,  J  16 H z ) ,  4 .0 4 -3 .6 7  (m ,  2 0 H ,  N C H  / / A r ,  

C H 2C H O .  13C - N M R  (1 0 0  M H z ,  C D C 1 3): 8 158.6  a n d  157.9  ( C  =  O ) ,

149.1, 148.1 , 133.0 , 128.5 , 128.3 , 127.7 , 127.1 , 124.5 , 115.6 , 114.2 

(x y ly len e  a n d  g ly c o lu r i l ) ,  85 .5  (g ly c o lu r i l ) ,  71 .0 , 69 .7 ,  69 .3  ( C O  c h a in ) ,  

42 .5  (CC 1) 36 .9  a n d  3 6 .7  ( N C  g ly c o lu r i l ) .  F A B  M S  m / z  775  ( [M  +  

H ] + ).

5,7 ,12 ,13b, 13c, 1 4-H exahydro -l, 1 1 -b isf 2 -(2 -ch lo ro e th oxy)e th oxy]-4 ,8 -

b is(m en thy lcarbony  lo r ; ) - 13b, 13c-diphenyl-6  H J 3 H - 5 a ,6 a ,  12a, 13a-

te tra a za b e n z l5 ,6 ]a zu le n o ]2,1,8-  ija J b e n z ] f ]a zu le n e -6 ,1 3 -d io n e  ( 1 2 a )

a n d  5 ,7,12,13b, 13c, 14-hexahydro-4 ,8 -b is[ 2 -(2 -ch lo roe th oxy)e th o xy]-

1,1 l-b is (m en th y lca  rbonyloxy) - 13b, 13c-diphenyl-6  W ,1 3 R -5 a ,6 a , 12a,

13 a -te tra a za b en z[5 ,6]a zu le n o ]2,1,8- i j a Jben z]  f  Jazu lene-6 ,13-d ione  

(12b)

c a r e f u l ly  a d d e d  5 m l o f  E t 3N . T h e  m i x t u r e  w a s  a l l o w e d  to  w a r m  to  

r o o m  t e m p e r a t u r e  a n d  s t i r r e d  f o r  18 h. T h e  s o l u t i o n  w a s  w a s h e d  

w i th  w a t e r ,  I N  a q u e o u s  H C 1, s a t u r a t e d  a q u e o u s  N a H C 0 3, a n d  

b r in e .  T h e  o r g a n i c  l a y e r  w a s  d r i e d  ( M g S 0 4 ) a n d  e v a p o r a t e d  to  

d r y n e s s .  P u r i f i c a t i o n  by  c o l u m n  c h r o m a t o g r a p h y  ( s i l ic a ,  e l u e n t :  1 %  

M e O H  in C H C 1 3) g a v e  0 .5  g ( 1 3 % )  o f  12a a n d  0 .5  g ( 1 3 % )  o f  12b as  

w h i t e  s o l id s .  C o m p o u n d  12a * : I  c h a r a c t e r i z e d  by  R { 0 .2 4 .  ' H - N M R  

(1 0 0  M H z ,  C D C 1 3) 8 7 .2 3 -6 .9 5  (m ,  1 0 H , A r H ) ;  6 .9 3  a n d  6 .7 6  (2 d ,  4 H ,  

A r H ,  J  9 H z ) ;  5 .6 7  a n d  5 .0 8  (2 d ,  4 H ,  N C Z / H A r ,  J  16 H z ) ,  4 .5 8  (d  tr ,  

2 H ,  - C H O - ,  J  12 H z ,  J  3 H z ) ,  4 .3 5 -3 .5 5  (m ,  2 0 H ,  N C H  / / A r ,  

C H X H t ) ,  2 .3 0 -0 .7 0  (m ,  3 2  H ,  C H  m e n th y l ) .  C o m p o u n d  12b* c h a r 

a c te r iz e d "  by  R ( 0 .15 .  ’ H - N M R  (1 0 0  M H z ,  C D C 1 3) 8 7 .2 3 -6 .9 5  (m ,  

1 0 H , A r H ) ;  6 .9 9  a n d  6 .7 3  (2 d ,  4 H ,  A r H ,  J  9  H z ) ;  5 .6 6  a n d  5 .1 2  (2 d ,  

4 H ,  N C / / H A r ,  /  16 H z ) ,  4 .6 0  (d  t r ,  2 H ,  - C H O - ,  J  12 H z ,  J  3 H z ) ,  

4 .3 7 -3 .5 6  (m ,  2 0 H ,  N C H  / / A r ,  C H 2C H 2 ), 2 .3 0 -0 .7 0  (m ,  3 2  H ,  C H  

m e n th y l ) .

5 ,7 ,1 2 ,13b, 13c, 1 4 -H e x a h y d r o - l ,8  (o r  4,1 l ) -b is [ 2 - (2 -c h lo r o e th o x y ) -  

e th o x y J -4 ,11 (o r  1 ,8 ) -d ih y d ro x y -  13b, 1 3 c -d ip h e n y l -6 H ,1 3  H  -5a ,6a , 

12a, 13 a -te tra a za b e n z[5 ,6 ]a zu le n o ]2,1 ,8-  ija  J b e n z f  f  Ja zu len e -6 ,1 3 -d io n e  

(Y +  M 0 *  a n d  ( - ) - l O ’ )

A  s o lu t i o n  o f  0 .5  g (0 .4 5  m m o l )  o f  12b in a  m i x t u r e  o f  5 0  m l o f  

M e O H  a n d  10 m l o f  C H 2C 12 w a s  b r o u g h t  to  p H  8 ( w e t  p H  p a p e r )  

w i th  N a O M e  a n d  s t i r r e d  fo r  4  d a y s .  T h e  s o l u t i o n  w a s  n e u t r a l i z e d  

(H C 1 )  a n d  e v a p o r a t e d  to  d r y n e s s .  A f t e r  c o l u m n  c h r o m a t o g r a p h y  

(s i l ic a ,  e l u e n t :  4 %  M e O H  in C H C 1 3), 0 .2 5  g ( 7 4 % )  o f  w h i t e  ( +  )-10 

w a s  o b t a i n e d :  [ « ] § )  + 3 8 ° .  S t a r t i n g  f r o m  12a, t h e  s a m e  p r o c e d u r e  w a s  

fo l lo w e d  to  g ive  0 .2 5  g ( 7 4 % )  o f  ( - ) - 1 0 :  [<*]§) - 3 0 ° .  T h e  s p e c t r a l  

d a t a  o f  ( -f-)-10  a n d  ( - ) - 1 0  w e r e  i d e n t i c a l  to  t h o s e  o f  r a c - 1 0 .

5 ,7 ,12 ,13 b ,1 3 c ,1 4 -H e x a h y d ro - l,8  (or 4,11 )-b is (2 -c h lo ro e th o x y )-4 ,11 (or

1,8 )-b is]  2- (2-ch lo ro e th o xy ) e th o xy  ]  - 13b, 13c-d iphenyl-6H , 13H -5a, 6a,

12a, 1 3 a -te tra a za b en z]  5 ,6] a zu le n o ]  2 ,1 ,8-ija ]b e n z] fJa zu len e -6 ,1 3 -d io n e  

( (  + ) - 9 m a n d  ( ~ ) - 9 * )

A  m ix tu r e  o f  0 .2 5  g (0 .3 2  m m o l )  o f  ( - ) - 1 0 ,  1 g o f  p o w d e r e d  K O H  

a n d  20  m l o f  l - b r o m o - 2 - c h l o r o e t h a n e  in 5 m l o f  D M S O  w a s  s t i r r e d  

o v e r n ig h t .  T h e  s o lv e n t  w a s  r e m o v e d  u n d e r  v a c u u m  a n d  3 0  m l o f  

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

w i th  C H C 1 3 a n d  th e  o r g a n i c  l a y e r  w a s  w a s h e d  w i th  I N  a q u e o u s  H C1 

a n d  a  s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  N a H C 0 3. S u b s e q u e n t l y ,  th i s  

l a y e r  w a s  c o n c e n t r a t e d  to  5 m l a n d  a d d e d  d r o p w i s e  to  h e x a n e  w i th  

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

w a s h e d  w i th  i c e - c o ld  e t h e r .  Y i e l d  0 .2 7  g  ( 9 3 % )  o f  w h i t e  ( +  )-9 : M 20 

+  13.4°. ' H - N M R  (4 0 0  M H z ,  C D C 1 3 ) S 7 .2 1 -6 .9 7  ( m ,  1 0 H ,  A r H ) ;  

6 .6 5  ( b r  s , 4 H .  A r H ) ,  5 .5 8  a n d  5 .5 4  ( 2 d ,  4 H ,  N C / / H A r ,  J  16 H z ) ,  

4 .2 8 -3 .6 0  (m ,  2 8 H ,  N C H / Z A r ,  C H , C H , ) .  13C - N M R  ( 1 0 0  M H z .  

C D C I j ) :  S 157 .8  <C =  O ) ,  151 .2 , 150 .4 ,  133 .9 ,  128 .8 .  128 .6 , 128 .3 ,

128.1 , 115.1 , 114.5  (x y ly le n e  a n d  g ly c o lu r i l ) ,  8 5 .3  (g ly c o lu r i l ) ,  7 1 .6 ,

70 .9 , 7 0 .2  ( C O  c h a in ) ,  4 3 .2  a n d  4 2 .3  (C C D ,  3 7 .0  ( N C  g ly c o lu r i l ) .  F A B  

M S  m  / z  901 ( [M  +  H ] + ). A n a l ,  c a lc d .  f o r  C 44H 46N 40 8C 14 - 1 .5 N a C l :  

C  5 3 .4 7 ,  H  4 .6 9 ,  N  5 .6 7 ;  f o u n d :  C  5 3 .2 7 ,  H  4 .6 3 ,  N  5 .6 0 % .

S t a r t i n g  f r o m  ( H- )-10 t h e  s a m e  p r o c e d u r e  w a s  f o l lo w e d  to  g iv e  0 .2 6  g 

( 9 0 % )  o f  ( — )-9: [<*]§) — 13.4°. T h e  s p e c t r a l  d a t a  a n d  p h y s ic a l  p r o p e r 

t i e s  o f  ( — )-9 w e r e  s im i l a r  t o  t h o s e  o f  ( +  )-9.

C om pound  ( +  ) - 3

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 s  d e s c r i b e d  p r e v i o u s l y 7 f r o m  0 .2 4  g 

(0 .2 7  m m o l )  o f  ( +  )-9, 89  m g  (0 .8 3  m m o l )  o f  f r e s h ly  d i s t i l l e d  b e n z y -  

l a m in e ,  1 g o f  N a 2C 0 3 a n d  2 g o f  N a l  in 110 m l  o f  a c e t o n i t r i l e .  T h e  

c o m p o u n d  w a s  p u r i f i e d  by  c o l u m n  c h r o m a t o g r a p h y  ( s i l ic a ,  e l u e n t :  

C H C 1 3 w i th  1 %  E t 3 N  a n d  0 .5 %  m e t h a n o l )  to  g ive  0 .2 0  g ( 7 7 % )  o f  

w h i t e  ( +  )-3: [ a ] ? 0 + 1 6 .4 ° .  ' H - N M R  (4 0 0  M H z ,  C D C 1 3) 5 7 .3 8 -7 .0 4  

(m ,  2 0 H ,  A r ) ,  6 .7 4  a n d  6.71 ( 2 d ,  2 H ,  A r H ,  J  9  H z ) ,  5 .6 5  a n d  5 .5 5  (2 d ,  

4 H ,  N C / / H A r ,  J  16 H z ) ,  4 .1 7 -3 .6 4  ( m ,  2 4 H ,  N C H  / / A r ,  C H , 0 ,  

N C H i A r ) ;  3 .1 8 -2 .8 4  ( m .  8 H ,  C H 2 N ) .  15C - N M R  ( 1 0 0  M H z ,  C D C l 3):

5 157.3  ( C - O ) ,  151 .5 , 151 .2 , 139 .8 , 134 .7 ,  129 .8 , 128 .8 ,  128 .5 , 128.2 ,

126.9, 117 .1 , 114 .5  ( A r ) ,  8 5 .0  (g ly c o lu r i l ) ,  7 1 .5 ,  6 9 .1 ,  6 9 .0 ,  6 8 .7  ( C O  

c r o w n ) ,  6 1 .0  ( N C A r ) ,  5 4 .5  a n d  5 3 .7  ( C N  c r o w n ) ,  37 .1  a n d  3 6 .8  ( N C  

g ly c o lu r i l ) .  F A B  M S  m / z  9 6 9  ( [M  +  H ] + ). A n a l ,  c a l c d .  f o r

C 58H 60N < A t ' H ^O :  C  7 0 .5 7 ,  H  6 .3 3 ,  N  8 .5 1 ;  f o u n d :  C  7 0 .6 0 ,  H  6 .1 5 ,  

N  8 .4 1 % .

C om pound  ( — J - 3

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  f r o m  ( — )-9 a s  d e s c r i b e d  f o r  ( +  )-3. 

Y ie ld  0 .2 2  g ( 8 5 % )  o f  w h i t e  p r o d u c t :  [<*]§) -  16.4°. T h e  s p e c t r a l  d a t a  

o f  ( ~  )-3 w e r e  i d e n t i c a l  t o  t h o s e  o f  ( +  )-3. A n a l ,  c a lc d .  f o r

T o  a  c o o le d  s o lu t io n  (0 °C )  o f  2 .63  g (3 .4  m m o l )  o f  r a c - 1 0  a n d  5 g (23  

m m o l )  o f  ( - ) - m e n t h y l  c h l o r o f o r m a t e  in 5 0  m l o f  C H 2C 12 w a s
A n  a s t e r i s k  i n d i c a t e s  t h a t  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  c o m 

p o u n d  is u n k n o w n .



C58H 60N6O8 • H t O: C 7 0 .5 7 ,  H  6 .3 3 ,  N 8 .5 1 ;  f o u n d :  C  6 9 .4 3 ,  H  5 .9 4 ,  

N 8 .3 7 % .

Recueil des Travaux Chimiques des Pays-Bas, 114/02, February 1995

( S ) -N - (2 ,4 -D ih y d ro x y  b en zy lid en e )- l-p h en y  let h y lam in e  (1 3 )

A  s o l u t i o n  o f  1 g (7 .2  m m o l )  o f  2 , 4 - d i h y d r o x y b e n z a l d e h y d e  a n d  1.4 g 

(1 1 .6  m m o l )  o f  ( S ) - ( -  ) - a - m e t h y l b e n z y l a m i n e  in  5 0  m l o f  1 ,2 -d ic h lo -  

r o e t h a n e  w a s  r e f l u x e d  f o r  1 ^  h. T h e  r e a c t i o n  v o l u m e  w a s  r e d u c e d  to  

a p p r o x .  2  m l a n d  a d d e d  d r o p w i s e  t o  5 0  m l o f  h e x a n e .  T h e  r e s u l t i n g  

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

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

Y i e l d  1.3 g ( 7 3 % )  o f  a  y e l lo w  p o w d e r :  [ a ] ? 0 320° .  ’ H - N M R  (1 0 0  

M H z ,  C D C 1 3) 8 8 .0 0  (s , 1 H ,  C H  =  N ) ,  7 .3 4  ( m ,  5 H ,  A r H ) ,  7 .0 0  (d ,

1 H ,  A r H ,  J  '8.9 H z ) ,  6 .2 8 -6 .2 1  (m ,  2 H ,  A r H ) ,  4 .6 2  (q ,  1 H ,  C H ,  J  6 .8

H z ) ,  1.65 (d ,  3 H ,  C H 3, J  6 .8  H z ) .
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