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A b s t r a c t  - C y c l i c  e t h e r s  were found t o  r e a c t  r e a d i l y  w i t h  

phenyl  d i ch lo rophospha te  and sodium i o d i d e  t o  g i v e  d i i o d o  

compounds under  mi ld  r e a c t i o n  c o n d i t i o n s .  

Recent ly ,  we obse rved  t h a t  p-diketones  gave r i s e  t o  p-chloro-a , @ - u n s a t u r a t e d  

k e t o n e s ,  when s u b j e c t e d  t o  t r e a t m e n t  w i t h  l i t h i u m  h y d r i d e ,  phenyl d i c h l o r o -  

phosphate  and l i t h i u m  c h 1 0 r i d e . l ' ~  The method can,  i n  p r i n c i p l e ,  be  extended t o  

t h e  p r e p a r a t i o n  o f  t h e  p- iodo ana logs  u s i n g  sodium i o d i d e  - i n  p l a c e  o f  l i t h i u m  

c h l o r i d e .  Th i s  e x p e c t a t i o n  was e x p e r i m e n t a l l y  shown t o  be  v a l i d . 3  S e v e r a l  

d i k e t o n e s  were r e a d i l y  conver t ed  t o  t h e  co r respond ing  B- iodo  enones when exposed 

t o  t h e s e  r e a g e n t s .  I n t e r e s t i n g l y ,  when t e t r a h y d r o f u r a n  was used a s  a  s o l v e n t ,  

1 .4 -d i iodobu tane ,  r e s u l t i n g  a p p a r e n t l y  from t h e  c l eavage  of t e t r a h y d r o f u r a n ,  was 

also i s o l a t e d .  We have  under taken a s t u d y  of t h i s  unexpected and p o t e n t i a l l y  

u s e f u l  f i n d i n g  and now wish t o  r e p o r t  a f a c i l e  c l eavage ,  under remarkably mild 

c o n d i t i o n s ,  o f  c y c l i c  e t h e r s  l e a d i n g  d i r e c t l y  t o  d i i o d o  compounds4 which a r e  o f  

b road  s y n t h e t i c  u t i l i t y .  

A s  one  would a n t i c i p a t e  from t h e  h y p o t h e t i c a l  mechanism o u t l i n e d  i n  Scheme 1, 

b o t h  phenyl  d i c h l o r o p h o s p h a t e  and sodium i o d i d e  were found t o  be e s s e n t i a l  t o  

i n d u c e  t h e  c l e a v a g e  of t h e  t e t r a h y d r o f u r a n  r i n g ,  whereas l i t h i u m  h y d r i d e  was no t  

r e q u i r e d  as a r e a g e n t .  Treatment of an excess of t e t r a h y d r o f u r a n  w i t h  phenyl 

d i c h l o r o p h o s p h a t e  ( y i e l d - l i m i t i n g  a g e n t )  and sodium i o d i d e  ( 5  e q u i v . )  a t  r e f l u x  

f o r  24 h  r e s u l t e d  i n  an 85% y i e l d  o f  1 .4-di iodobutane .  

The g e n e r a l i t y  o f  t h e  r e a c t i o n  i s  apparen t  from t h e  r e s u l t s  summarized i n  Table 1 

f o r  t h e  seven e t h e r s  examined. Apart  from o p e r a t i o n a l  s i m p l i c i t y ,  un i fo rmly  
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high yields of products, and virtually neutral conditions, a further salient 

feature of the reaction lies in its applicability to rings of various sizes. 

Tetrahydropyran (Entry 2 )  and oxepane (Entry 3 )  were converted smoothly to 1.5- 

diiodopentane and 1.6-diiodohexane respectively under similar reaction condi- 

tions. Equally effective was the cleavage of substituted cyclic ethers. 

Excellent results were obtained for a number of selected examples (Entries 4-71, 

regardless of the substitution pattern. 

Although the mechanism of the reaction remains to be ascertained, it is clear 

that hydriodic acida is not responsible for the ether ring cleavage. This is 

evident from the observation that the reaction of tetrahydrofuran with phenyl 

dichlorophosphate and sodium iodide in the presence of 1 equimolar calcium 

hydride also gave rise to a high yield (88%) of 1.4-diiodobutane. Experimental 

results also suggested that either phenyl chloroiodophosphate (PhOPOClI) or the 

corresponding diiodo compound (PhOPO12) generated in situ served as the 

activating agent, since neither phenyl dichlorophosphate alone nor its combina- 

tion with lithium chloride/bromtde was found to be effective. Moreover, when the 

reaction of 2-methyltetrahydrofuran was worked up prior to completion (4 h), 

three products, 1.4-diiodopentane, 5-iodo-2-pentanol and the corresponding phenyl 

halophosphate [I(CH2)3CH(CH3)0PO(OPh)X (X = C1 or I)], were isolated in nearly 

equal amount. This observation is consistent with the hypothetical pathway 
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Table 1 .  Transformation of cyclic ethers to diiodocornpounds 
with phenyl dichlorophosphate and sodium iodide. 

Entry Ether Time (h)a Product % yieldb 

aAll reactions were carried out at reflux~ng temperature 

b ~ i e l d s  are based on phenyl dichlorophosphate 



d e p i c t e d  i n  Scheme 1 and f u r t h e r  i n d i c a t e s  t h a t  t h e  e t h e r  r i n g  opening p rocess  is  

SN2 i n  n a t u r e .  

The g e n e r a l  expe r imen ta l  p rocedure  i s  i l l u s t r a t e d  below wi th  t e t r a h y d r o f u r a n .  

To a  s o l u t i o n  o f  phenyl  d i ch lo rophospha te  (706 mg. 3 .35 mmol) i n  t e t r a h y d r o f u r a n  

( 5  m l )  under  an  atmosphere o f  argon,  was added sodium i o d i d e  (2 .509 g ,  16.73 

m r n o l ) .  The r e a c t i o n  mixture  was h e a t e d  t o  r e f l u x  i n  dark  f o r  24 h .  It was t h e n  

c o o l e d  t o  room tempera tu re  and f i l t e r e d .  The r e s i d u e  was tho rough ly  washed wi th  

pe t ro leum e t h e r .  Concen t ra t ion  of t h e  f i l t r a t e  gave a  ye l low l i q u i d  which was 

s u b j e c t e d  t o  column chromatography on s i l i c a  g e l .  E l u t i o n  w i t h  pe t ro leum e t h e r  

gave 1 .4 -d i iodobu tane  (878 mg: 85% y i e l d ) .  
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