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ADst rac t  - A s i m p l e  s y n t h e s i s  of a new t h i r t y  two membered macrocyc le  i n o l u -  

d i n g  h e l g h t  oxygen a tms ( f o u r  e t h e r ,  f o u r  e s t e r s )  i s  d e s c r i b e d .  T h i s  canpound 

i s  a s t r u c t u r a l  model of m a c r o t e t r o l i d  n a c t i n s  ( i o n o p h o r o u s  n a t u r a l  a n t i b i o -  

t i c s )  

1 
The m a c r o t e t r o l i d e  n a c t i n s  a r e  ionophorous  antibiotics . Frm a s t r u c t u r a l  p o i n t  of  view t h e y  are 

macrocyc les  w i t h  t h i r t y  two l i n k s  i n c l u d i n g  f o u r  e t h e r  n i n c t l o n s  ( f u r a n )  and  f o u r  e s t e r s  ones 

( 1  = rnonact in) .  The t o t a l  s y n t h e s i s  of t h e s e  compounds is l o n g  and Our aim i s  t h e  syn-  
U 

t h e s i s  of s i m p l e  and e a s i l y  a t t a i n a b l e  mode ls  of  t h e s e  n a t u r a l  compounds. I n  a p r e v i o u s  comrnunica- 
4 

t l o n  , we p o i n t e d  o u t  t h e  o b t e n t l o n  o f  a macrocyc le  hav ing  t h e i r  main c h a r a c t e r i s t i c s ,  bu t  i n  which 

t h e  e t h e r  and e s t e r  functions had a d i f f e r e n t  a r r a n g w e n t .  We p r e s e n t  h e r e  t h e  s y n t h e s i s  o f  a new 

model ,  more a l i k e  n a t u r a l  compounds (3. T h i s  s y n t h e s i s  r e q u i r e s  methods r e l a t i v e l y  e a s y  t o  make 

use  o f  ( c f .  scheme 1 1 ) .  Scheme I r e p r e s e n t s  t h e  o b t a i n i n g  of  i n t e r m e d i a r y  p r o d u c t s .  The o r i g i n a l  

compounds : 3 , 3 '  - 0 x i d i p r o p i o n i t r i l a n d  3 , 3 ' - o n i d i p r o p i o n i c  a c i d  a re  d e s c r i b e d  5-6. Because of some 

d i f f i c u l t i e s  t o  prepare t h e  d i a c i d  i n  a r e p r o d u c t i b l e  manner we brought  some m o d i f i c a t i o n s  t o  

t h e  o p e r a t i n g  method. The h y d r o l y s i s  o f  d i n i t r i l e  under  m i l d  c o n d i t i o n s  o f  t e m p e r a t u r e  l e a d s  t o  

t h e  e x p e c t e d  p r o d u c t  w i t h  a good e f f i c i e n c y ,  whereas under  u s u a l  c o n d i t i o n s  15 t o  20 $ of secondary  

p r o d u c t s  are formed which made t h e  p u r i f i c a t i o n  v e r y  d e l i c a t e 7  ( p r o b a b l y  t h e  r e s u l t  o f  t h e  b r e a k i n g  

o f  ca rbon  oxygen e t h e r  bond : NMR data i n d i c a t e s  t h e  p r e s e n c e  o f  a n  e s t e r  t y p e  methy lene  group).  

The b r m o  a l c o h o l  6 can be  o b t a i n e d  th rough  r e d u c t i o n  of t h e  c o r r e s p o n d i n g  b r m o - k e t o n e  5 ,  i t s e l f  
NV 



H# 

+ triton 6 , A .am+. , A H  
0 

CH2=CF b ~ r  

5 
w r  - 6 

Scheme I 

o b t a i n e d  wi th  good y i e l d  by a d d i t i o n  of 3-brmo-1-propanol  on methyl  v i n y l  ke tone .  

The p r e p a r a t i o n  of  d i e s t e r  7 by c o n d e n s a t i o n  of  d i a c i d  c h l o r i d e  upon a l c o h o l  i n  p y r i d i n  can be  made - 
w i t h  a n  average y i e l d .  We p r e f e r e d  S.  TAKIMOTO'S method which e n a b l e  t h e  o b t a i n i n g  oi e s t e r s  

Scheme 11 

from h i n d e r e d  a l c o h o l s  w i t h  good y i e l d s a .  A t  t h e  f i n a l  s t a g e  of  c y c l i s a t i o n ,  t h e  main d i f f i c u l t y  l l e s  

i n  t h e  p u r i f i c a t i o n  o f  t h e  macrocyc le .  T h i s  one i s  o b t a i n e d  f r m  chromatography on s i l i c a  g e l  fol lowed 

by s u c c e s s i v e  e x t r a c t i o n s  wi th  pen tane .  N e v e r t h e l e s s ,  we can p o i n t  o u t  t h a t  t h e  o v e r a l l  y i e l d  i s  good 

f o r  a c y c l e  o f  t h i s  s i z e .  

Exper imenta l  r e s u l t s  f o r  new compounds a re  c o l l e c t e d  i n  t h e  f o l l o w i n g  t a b l e .  O p e r a t i n g  methods a re  

a l s o  d e s c r i b e d .  

3 , 3 '  - Oxydlprop ion lc  a c i d  4  : To 3 , 3 '  - o x y d i p r o p i o n ~ t r i l e  (24 .8  g ,  0.2 rnol . ) ,  6 5  m l  o f  aqueous 
VV 

a c i d  c h l a r l d e  ( d  ; 1.18)  a re  added. The m i x t u r e  i s  s t i r r e d  a t  50' C f o r  24 h ,  and a t  room t e m p e r a t u r e  

f o r  12 h. The mlxture i s  c o n c e n t r a t e d  under  reduced  p r e s s u r e .  300 r n l  o f  d i e t h y l  e t h e r  a re  added ,  and  

t h e  precipitate of ammonium c h l o r i d e  i s  f i l t e r e d  o f f .  The s o l u t i o n  i s  d r i e d  w l t h  magnesium s u l f a t e .  

Evapora t ion  under reduced  p r e s s u r e  g i v e s  24.4 o f  t h e  t i t l e  p roduc t  which c r i s t a l l i z e s  on s t a n d i n g .  

Yield : 1 5  % ; m.p. 60' C ( from petroleum e t h e r  1 d i e t h y l  e t h e r )  ; Ilt .  (6-7)m.p. 60-610 C.  
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~ i c r o a n a l y s i s ' ~ )  

Canpound bp(OC) Yie ld  (%I C H ' H  and  13c N M R  S p e c t r a  
(b) 

2 o i l  2 5  - 8.08 1.25 ( d , 6 H ) ;  1.90 ( r n , 8 H ) ; 2 . 5 2  ( t ,  4H); 2.55 
8.02 ( t ,  4H); 3.45 ( t  large 8H); 3.12 ( t ,  8H); 4.15 

( t ,  4H); 5.02 (sex, 2H) 
19.9 ( t w o  -CH ) ;  28 .6  ( two  -OCH2_CH2CH20-); 34.6 

3 
( two  -OCHCH3CH2CH2-); 34.9 and 35.5 i two 

-OCH2_CH2COOCHCH - a n d  two -OCH2CH2COOCH2-1; 
3 

61.4 ( two  -OCOOC_H2-); 66.0 ( f o u r  -OCH2CH2COO); 

66.8 ( f o u r  -O_CH2CH2CH200C ) ;68 .3 ( two  -COocHCH - )  - 3 
110.6 and 171.0 ( two  + two -C%). 

6.27 2.05 ( q u i n t . ,  2H) ;  2 .17 (s, 3H); 2.65 ( t ,  2HI; 
6.03 3.45 ( t  2H);  3.52 ( t ,  2H) ;  3.70 ( t ,  2H). 

30.2 (-CH ) ;  32.8 (-0CH2CH2CH2Br); 30.6 (-sH2Br); 
3 

43.6 (-CH2CO-1; 65.9 (-0iH2CH2CO-1; 68.2 

(-0_CH2CH2CH2Br) ; 206.2 (-CO-) . 

7.25 1.10 ( d ,  3 ~ ) ;  l . ao  ( d  of d ,  2 ~ ) ;  2.08 ( q u i n t ,  ZH);  
7.62 3.05 ( S ,  1H); 3.47 ( t ,  2H) ;  3.55' ( t ,  2 H ) ;  

3.60 ( t ,  2H);  3.95 (sex ,  1H). 
23.5 (-SH 1 ; 32.9 (-0CH2CH2CH2Br1 ; ,30.3 (-cH2Br) ; 

3 
38.6 ( 0CH2_CH2CHOH-); 65.6 (-CHOH-1; 68.3 and  68.7 

( - ~ H 2 0 ~ H 2 - ) .  

6.62 1.24 ( d ,  6H) ;  1.85 ( q u i n t ,  4H); 2.10 ( q u a d ,  OH); 
6.59 2.52 ( t ,  4H); 3.25 B 3.90 ( 4 t ,  16H); 5.05 (sex,  ZH). 

20.3 ( two  -CH.,); 30.5(two -CH2Br); 32.9 ( two  

- O C H ~ C H ~ C H ~ B ~ ~ ;  35.4 and  36.0 ( two  -OCH2$H2CO- and  

two -OCHOHGH2CH20-1 66.5,  6 7 . 2 ,  68.2, 68.4 ( two  

-EH2CH2COOCHCH3, two -0CHCH 3 -, two -0CH - 2  CH 2 -, 
two -O_CH2CH2CH2Br); 170.8 ( two  -CO-1. 

(a )  F i r s t  l i n e  : c a l c u l a t e d  v a l u e s  ; second l i n e  : e x p e r i m e n t a l  values. ( b ) & p p n l ~ ~ s ,  so1vent:CDCl 3 
( c )  For t h e  macrocyc le  , mass s p e c t r o s c o p y  a n a l y s i s  ( N H  i o n i z a t i o n )  : 548 ( ~ + ) . ( d )  begening of  

3 
decanp. 

9 - (3-brmo~ropoxy)-2-butan~ne 5 : A m i x t u r c  o f  3 - b r m - ( - p r o p a n o 1  ( 3 0  8, 0.216 mol.) and  1.8 m l  
.K 

of a 40 % m e t h a n o l i c  s o l u t i o n  of t r i t o n  B i s  s t i r r e d  f o r  10 m i "  a t  room tempera tu re .  (Note : 

3-brmo-1-propanol  i s  s t o r e d  a t  c o o l  t e m p e r a t u r e  and  t r e a t e d  wi th  s o d i m  c a r b o n a t e  t o  p r e v e n t  a c i d i c  

i m p u r i t i e s ) .  Methyl v i n y l  k e t o n e  (16.6 g ,  0.237 mol.) is added dropwise  a t  such  a r a t e  t h a t  t h e  tem- 

p e r a t u r e  r e a c t i o n  i s  m a i n t a i n e d  t o  15-20•‹ C. The m i x t u r e  i s  s t i r r e d  a t  t h i s  t e m p e r a t u r e  f o r  2 h ,  

and t h e n  d i l u t e d  w i t h  rnethylene c h l o r i d e  (100 m l ) ,  washed wi th  w a t e r  ( 2  x 50 m l ) ,  and  d r i e d  w i t h  ma- 

gnesium s u l f a t e .  The s o l v e n t  is e v a p o r a t e d  and t h e  r e s i d u e  d i s t i l l e d .  

4 - (3-brmopro~ony)-2-butanol 6 : The b r m o  k e t o n e  5 (25.5 g, 0.121 mol.) is d i s s o l v e d  i n  100 m l  
IW 

of methanol .  The s o l u t i o n  i s  coo led  t o  -10' C and  sodium borohydr ide  (3.5 8, 0.0925 mol.) is added 

i n  p o r t i o n s .  S t i r r i n g  i s  c o n t i n u e d  f o r  1 h a t  r o a  tempera tu re .  The unused h y d r i d e  i s  d e s t r o y e d  by 

a d d i t i o n  o f  d i l u t e  h y d r o c h l o r i c  a c i d  a f t e r  c o o l i n g .  The r e a c t i o n  m i x t u r e  i s  poured i n t o  600 m l  of  



s a t u r a t e d  aqueous sodium c h l o r i d e  s o l u t i o n  and t h e  p r o d u c t  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 3  x 300 m l ) .  

The e t h e r  s o l u t i o n  i s  d r i e d  w i t h  anhydrous  magnesium s u l f a t e ,  and  a f t e r  removal of t h e  s o l v e n t ,  t h e  

r e s i d u a l  p roduc t  i s  d i s t i l l e d  Under reduced  p r e s s u r e .  

3 , 3 '  - o x i d i p r o p i o n i c  a c i d  4-(3-bramopropoxy-2-butyl d i e s t e r  I : A m i x t u r e  o f  d l a e i d  4 ( 3 , 3  g ,  

0.0203 mol.) and 15 m l  of  t h i o n y l  c h l o r i d e  i s  s t i r r e d  a t  60•‹ C  f o r  1.5 h.  T h i o n y l  c h l o r i d e  i s  

evapora ted  under reduced  p r e s s u r e  and t h e  a c i d  d i c h l o r i d e  is used a s  such  f o r  e s t e r i f i c a t i o n .  F o r  

t h e  nex t  m a n i p u l a t i o n s ,  r e a c t i o n  f l a s k  i s  p l a c e d  under n i t r o g e n  a tmospher .  To a m l x t u r e  of  b r m o  

a l c o h o l  6  ( 1 . 8  p ,  0.037 mol . ) ,  s i l v e r  c y a n i d e  (5  g. 0.037 mol.)  and  10 m l  of  anhydrous  benzene, a 
-+a 

s d u t i o n  of t h e  a c i d  d i c h l o r i d e  p r i m a r l y  p r e p a r e d  i n  30 r n l  o f  anhydrous  benzene i s  added dropwise  

d u r i n g  a b o u t  1 h  ( t e m p e r a t u r e  : 20-25O C).  The r e a c t i o n  m i x t u r e  i s  s t i r r e d  a t  25O C f o r  2 4  h. 

The p r e c i p i t a t e  i s  f i l t e r e d  o?F, t h e  s o l u t i o n  d i l u t e d  with I00 m l  of benzene,  washed w i t h  a sodiwn 

b i c a r b o n a t e  s o l u t i o n  (10 % i n  u a t e r )  and w i t h  w a t e r ,  d r i e d  on anhydrous  magnesium s u l f a t e .  Evapora- 

t i o n  o f  t h e  s o l v e n t  g i v e s t h e  d i e s t e r .  The c r u d e  p r o d u c t  (95  % p u u i t y )  can b e  used  fo r  t h e  f i n a l  

s t a g e .  An a n a l y t i c a l  sample i s  p r e p a r e d  by c h r m a t o g r a p h y  on  a n e u t r a l  a lumina  column w i t h  c h l o r o -  

form as e l u e n t .  

3 - crown-8 t e t r a e s t e r  2 : A potassium c a r b o n a t e  s o l u t i o n  (20 % i n  w a t e r )  1s added t o  a s o l u t i o n  - 
of d i a c i d  4 (1.72 g ,  0.0106 mol.) i n  10 m l  o f  e t h y l  a l c o h o l  till pH 7  is r e a c h e d .  The s o l v e n t s  are ..,. 
e v a p o m t e d  and t h e  po tass ium d i c a r b o x y l a t e  i s  d r i e d  under  reduced  p r e s s u r e .  The d i b r a n o e s t e r  (5 .8  g ,  

0.0106 "01.) i s  added wi th  200 m l  of  anhydrous  dimethylformamid.  The r e a c t i o n  m i x t u r e  i s  s t i r r e d  

for  18 h  a t  l o 0  C  ( a p p a r a t u s  under  n i t r o g e n  a tmosphere ) .  A f t e r  removal  o f  t h e  s o l v e n t ,  100 m l  of 

chloroform are added and  t h e  p r e c i p i t a t e  f i l t e r e d  o f f .  The ch lo roform s o l u t i o n  is washed w i t h  w a t e r  

(2 x 30 m l ) ,  d r i e d  on anhydrous  magnesium s u l f a t e  and c o n c e n t r a t e d  under  reduced  p r e s s u r e .  T h i s  

gave an o i l y  r e s i d u e  which,  a f t e r  c h r m a t o g r a p h y  over s i l i c a  g e l  ( e l u e n t  : a c e t o n e )  and  s e v e r a l  

e x t r a c t i o n s  wi th  pen tane  a t  room t e m p e r a t u r e ,  gave t h e  pure  macrocyc le  2. Y i e l d  : 1.3 g  (25  %).  ,... 
REFERENCES. 

1 .  Yu. A .  Ovchinnikov,  V.T. Ivanov and  A.M. Shkmb,  " Membrane A c t i v e  C m p l e x o n e s  ", 
E l s e v i e r ,  New York, 1914. 

2. U. Schmidt ,  J .  Ganbos, E. H a s l i n g e r  and H .  Zak, Chem. BeF., 1976, 12, 2628. 

3. H. G e r l a c h ,  X.  O e r t l e ,  A .  Thalmann and  S. S e r v i ,  Helv. Chim. Ac ta ,  1915, 5 8 ,  2036. - 
4. A .  Samat, J .  E l g u e r o  and J .  Metzger ,  Chem. Camrn., 1979, 1182. 

5. H . A .  Bruson and  T.W. R i e n e r ,  J .  Amer. Chem. Soc. ,  1943, E, 23.  

6. R.V. C h r i s t i a n  and  R.M. Hixon, J. Amer. Chem. Soc . ,  1948, 2, 1333. 

7. D.K. La ing  and L.D. P e t t i t ,  J .  Chem. Soc., Da l ton  Trans . ,  1915, 2291. 

8 .  S. Takimoto,  J .  Inanaga, T. K a t s u k i  and M. Yamaguchi, B u l l .  Chem. Soc. Jam", 1976, 49 ,  2335. - 
Received, 29th September, 1981 


