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SYNTHESIS OF SUBSTITUTED TETRAHYDROFURANS AND TETRAllYDROPYRANS 1  

OXIDATIVE CYCLIZATION OF p-METHOXYSTYRENE DERIVATIVES WITH DDQ 
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A b s t r a c t  - I n  t h e  c o u r s e  o f  s y n t h e t i c  s t u d i e s  o f  p o l y e t h e r  a n t i b i o t i c s ,  w e  t r i e d  t o  

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

r i n g s .  When p - m e t h o n y s t y r e n e  d e r i v a t i v e s  h a v m g  a h y d r o x y  g r o u p  a t  a s u i t a b l e  p o s i t i o n  

was t r e a t e d  w i t h  D m ,  an o x i d a t i v e  c y c l i r v t i o n  of E - o l e f i n s ,  n o t  Z - o l e f i n s ,  o c c u r r e d  

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

I n  m u l t i s t e p  s y n t h e s i s  of h i g h l y  c o m p l e x  i o n o p h o r e  p o l y e t h e r  a n t i b i o t i c s  s u c h  as  m o n e n s i n ,  1  

l a s a l o c i d  A,' l y s o ~ e l l i n . ~  a n d  s a l i n o m Y c i n , '  i t  is v e r y  i m p o r t a n t  how t o  c o n s t r u c t  s u b s t i t u t e d  

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

g r o u p s  w l t h  c o r r e c t  s t e r e o c h e r n i s t r y ,  b e c a u s e  t h e s e  r i n g s  are e s s e n t i a l  b u i l d i n g  b l o c k s  of t h e  
5 a n t i b i o t i c s .  R e c e n t l y ,  many new s y n t h e t i c  m e t h o d s  o f  t e t r a h y d r o f u r a n s  a n d  t e t r a h y d r o p y r a n s  6 

7 were d e v e l o p e d  a n d  e l e g a n t  t o t a l  s y n t h e s e s  o f  c o m p l e x  p a l y e t h e r  a n t i b ~ n t i c s  have b e e n  r e p o r t e d .  

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

i s o l a s a l o c i d  A,' as w e l l  a s  some m a c r o l i d e  a n t i b i o t i c s  from D - g l u c o s e  by a common m e c h o d a l o g y .  

a n d  our  i n i t i a l  i n t e r e s t  h a s  b e e n  f o c u s e d  on t h e  s y n t h e s i s  o f  s u b s t i t u t e d  t e t r a h y d r o f u r a n  a n d  

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

work  on a n e w  c l a s s  of o x i d a t i v e  c y c l i z a t i o n  of  p - m e t h o x y s t y r e n e  d e r i v a t i v e s  w i t h  DDQ. 

B e n r y l i c  o x i d a t i o n  ( d e h y d r o g e n a t i o n )  w i t h  2,3-dichloro-5.6-di~yan0benz0q~in~ne (DDQ) has been 

w e l l  s t ~ d i e d , ~  a n d  r e c e n t l y  new p r o t e c t i n g  g r o u p s  f a r  h y d r o x y  f u n c t i o n ,  MPM ( p - m e t h o x y b e n r y l )  

a n d  DMPM ( 3 . 4 - d i m e t h o x y b e n z y l )  g r o u p s ,  w h i c h  are r e m o v a b l e  by DDQ o x i d a t i o n  u n d e r  n e u t r a l  c o n d i -  

t i o n s ,  were d e v e l o p e d  i n  t h i s  A l l y l i c  o x i d a t i o n  i n  e l e c t i o n  r i c h  s y s t e m s ,  e.g., 

p - r n e r h o x y s t y r e n e  d e r i v a t i v e s ,  are a l s o  w e l l  knawn.l l  T h e r e f o r e ,  a p - r n e t h o x y s t y r e n e  d e r i v a t i v e  

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

d e r i v a t i v e  (1 ) .12  w h i c h  are c o n v e r t i b l e  i n t o  t h e  c o r r e s p o n d i n g  a l d e h y d e  (i), v i a  an o x i d a t i v e  

c y c l i z a t i o n  of t h e  d e h y d r a t e d  i n t e r m e d i a t e  (2) as shown i n  Scheme 1. S i m i l a r l y ,  a t e t r a h y d r o -  
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pyran derivative may he obtained from a homologous compound. If conformations in the transi- 

tion states can be written as a, 2, 2, and 3, &and 2 with an equatorial R group should be 
favorable giving 2,5-trans-tetrahydrofuran (3) and 2,6-cis-tetrahydropyran (B), respectively 

(Scheme 2). 

When 3 (1.8 : 1 mixture of E and Z-olefins) was treated with a small excess of DDQ in dichlo- 

romethane, only the E-isomer gave a 1.3 : 1 mixture of tetra hydro fur an^.'^ & and z, though in 
poor yield (25%) based on the consumed starting material. No detectable formation of tetra- 

hydropyran derivatives was observed. In acetonitrile, the reaction was accelerated and 

completed within only 1 mi", and the yield was slightly improved. The benryl derivative (2) 
gave a little better result giving & and 9J, which were also derived from & and a, respec- 
tively, by benzylarion. Configurations of Lhe tetrahydrofurans (8, 2) were readily determined 
by their NMR spectra and unequivocally confirmed by converting & and a into the aldehyde (a) 
[ S  9.67 (d, J = 2.0 Hz: H a l  and a hemiacetal (11) [6 4.59 (d, J = 10.0 Hz: equatorial Ha), 4.97 

(dd, J = 6.0. 2.0 Hz; axial Ha)], respectively. Similar1 y, & gave & and %. 
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I n  a c e t o n i t r i l e ,  3 and & a l s o  g a v e  s i m i l a r  r e s u l t s ,  b u t  unde r  weak ly  a c i d i c  c o n d i t i o n s  t h e  

y i e l d  o f  & and 2 from & was s l i g h t l y  improved.  I n  a n a l o g y  w i t h  & a n d  %, c o n f i g u r a t i o n s  of  

8d  and %were conf i rmed  by L h e i r  r e s p e c t i v e  c o n v e r s i o n  i n t o  a n  a l d e h y d e  and a h e m i a c e t a l .  - 
A b e t t e r  s t e r e o s e l e c t i v i t y  was o b s e r v e d  i n  t h e  o x i d a t i v e  c y c l i z a t i o n  o f  s t y r e n e  d e r i v a t i v e s  

b e a r i n g  a me thy l  g roup  a t  t h e  a l l y l i c  p o s i t i o n ,  7f and 3, and t h e  r a t i o s  were 5.0 : 1  and 3.9 : 

1, r e s p e c t i v e l y .  

T a b l e .  S y n t h e s i s  o f  S u b s t i t u t e d  T e t r a h y d r o i u r a n s  from p-Methoxystyrene  D e r i v a t i v e s  

by DDQ O x i d a t i o n  

R1 R' R3 R4 R5  E/Z s o l v e n t  t e m p  t i m e  y i e l d  8/9 
("C) (mi") (%) 

7a H  Me H  Me H  1 . 8  CH2C12 - 0  25 25 1.2 

MeCN 0  1  3 5  1 . 3  

7b Bn Me H  Me H 1 . 7  MeCN - 0  0 .7  57 1 . 5  

7c Bz Me H  Me H 1 . 0  CH2ClZ - rta 8 3 4  2 . 0  

7d H H  Me OBn H 1 .6  MeCN - 0  0 . 8  39 1 . 9  

7e  Bn H  Me OBn H 3 .2  MeCN - 0  0 . 8  3 8  1 .4  

M~CN-ACOH'  0  2  47 1 . 5  

7f  H Me H  Me Me 1 .0  CH2C12 - ita 8 5 0  5 . 0  

3 Bn Me H  Me Me 1 . 0  CH2C12 r ta  8 3 8  3 . 9  

a room t e m p e r a t u r e .  ( 3 0  : 1 ) .  

A homologous s t y r e n e  d e r i v a t i v e  (11; pure  E-isomer) was a l s o  r e a d i l y  o x i d i z e d  t o  g i v e  o n l y  t h e  

2 , 6 - c i s - t e t r a h y d r o p y r a n  (u: 303),  whose s t r u c t u r e  was confirmed a f t e r  c o n v e r s i o n  t o  2 16 3.11 

( d d d ,  J = 1 0 ,  7 ,  3  Hz;  Ha), 2.6h ( d t ,  J = 1 4 ,  8 Hz; H b ) l .  

DDQ i) Ac20 

H 

bH W2C12 ,00C 25 min H+Mp i i )  H2,--C 
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1 2  - 13 - 1 4  - 

S c h e m e  4 

I n  c o n c l u s i o n ,  t h e  o x i d a t i v e  c y c l i z a t i o n  w i t h  DDQ p r e s e n t e d  h e r e  may p r o v i d e  a new and s i m p l e  

method for t h e  s y n t h e s i s  of  s u b s t i t u t e d  and f u n c t i o n a l i r e d  t e t r a h y d r o f u r a n  a n d  t e t r ah idd ropyran  

r i n g  s y s t e m s  found i n  many complex i o n a p h o r e  p o l y e t h e r  a n t i b i o t i c s ,  though bo th  t h e  y i e l d  and 

t h e  s t e r e o s e l e c t i v i t y  a re  s t i l l  u n s a t i s f a c t o r y .  
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