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THE CHEMISTRY OF 1.4-DIOXENE ( 2 . 3 - D I H Y D R O - 1 . 4 - D I O X I N )  . PART V l I I  I +  
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L a b o h a t o i n e  d e  S y n t h t d e  Ohgan ique  - E c o t e  P o L y t e c h n i q u e  

9 1 1 2 8  P n t a i d e a u  C e d e x  - F R A N C E  . 

Abst rac t  - The chemistry of 1,4-dioxene has been reviewed, w i t h  a special  

emphasis on reac t i ons  p o t e n t i a l l y  useful i n  synthesis . 

I N T R O D U C T I O N  

Although dioxene 1 (2.3-dihydro-1.4-dioxin) has been known f o r  many years2, i t s  chemistry and 

app l i ca t i on  t o  synthesis have been explored on l y  i n  r a r e  occasions . 
Dioxene i s  a co lour less  l i q u i d  (b  p : 94°C). spar ing ly  so lub le  i n  water, which can be s tored i n  

a r e f r i g e r a t o r  w i thout  any a l t e r a t i o n  f o r  a t  l e a s t  one year . I t s  ha l f - cha i r  conformation has been 

es tab l ished by  nmr3, and confirmed by ana lys is  o f  i t s  i r  and Raman spectra, as we l l  as by molecu- 

l a r  mechanics ca l cu la t i ons4  . 
I t s  f i r s t  i o n i z a t i o n  p o t e n t i a l  (I.P.) (8.43 eV) has been determined by photoelectron spectroscopy. 

It i s  s l i g h t l y  lower than the corresponding I.P. of dihydropyran (8.84 eV) i n  agreement w i t h  ab 
5 i n i t i o  ca l cu la t i ons  . 

P R E P A R A T I O N  

It i s  extremely easy t o  prepare l a rge  q u a n t i t i e s  of dioxene from d ie thy lene g l yco l  (copper 

chromite - KHS04, 230°C) on the bas is  o f  t h e  f o l l ow ing  reac t i on  : 

A mix ture  o f  dioxene and water d i s t i l l s  off . Due t o  i t s  poor s o l u b i l i t y  i n  water, dioxene can 
6 e a s i l y  be separated and d r i ed  up . 

Two o ther  methods, which are n o t  amenable t o  l a r g e  scale product ion,  have been publ ished 2.7 , 
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A D D l T I O N  R E A C T 1  O N S  

L i ke  any en01 e ther ,  dioxene undergoes very  e a s i l y  a d d i t i o n  react ions  i n  t h e  presence o f  acids . 
Dioxene i s  r e a d i l y  hydrolysed w i t h  a c i d i f i e d  water, being converted i n t o  2-hydroxydioxan, which i s  

i n  equ i l i b r i um w i t h  5-hydroxy-3-oxapentana18 : 

9 
Alcohols add t o  dioxene i n  the  presence of cup r i c  bromide ( r a t h e r  than p-toluenesulphonic 

ac id)  t o  form 1,4-dioxan-2-yl e thers  : 

The pro tec ted alcohol  2 can be regenerated i n  good y i e l d  (HClJwater) . Reactions of dioxene w i t h  

halogens proceed smoothly af fording 2.3-dihal0genodioxanS~~ . T r i e t h y l  or thoformate reac ts  smoothly 

w i t h  dioxene i n  the  presence of BF / E t  0 . The add i t i on  compound J which can be d i s t i l l e d ,  y i e l d s  
3 .  11 

2-formyldioxene 4 under m i l d  cond i t ions  . 
The same aldehyde 4 could be obtained i n  moderate y i e l d  by a Vi lsmeier reaction1' : 

It has been shown by Saylor and sebastian13 t h a t  dioxene can r e a d i l y  be l i t h i a t e d  ( t - b u t y l l i t h i u m  

i n  THF a t  low temperature) . They c a r r i e d  out  some react ions  w i t h  t h i s  new in termedia te  (Scheme 1). 

The scope of t h i s  scheme may e a s i l y  be widened by combining the simple reac t i on  o f  2 -d ioxeny l l i -  

th ium w i t h  the  s p e c i f i c  p rope r t i es  o f  the dioxene r i n g  . I n  f a c t ,  s t a r t i n g  from a ketone o r  an 

aldehyde, i t  i s  poss ib le  t o  g ra f t  a chain conta in ing one o r  carbon atoms w i t h  oxygenated 

f u n c t i o n a l i t i e s  (Chart 1) . 
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(a) Synthesis o f  a-hydroxy and a-keto ac ids  1 

The dioxene r i n g  i s  very  r a p i d l y  cleaved by py r i d i n i um chlorochromate (PCC) . Thus ( ? ) - a t r o l a c t i c  

a c i d  5 was obta ined from acetophenone by t h i s  procedure i n  a b e t t e r  o v e r a l l  y i e l d  than through 

t he  w e l l  es tab l ished cyanohydrin methodl4 : 

Oxidat ion  of  the  dioxene moiety i s  so f as t  t h a t  even a secondary a lcoho l  such as 5 remains 

v i v t u a l l y  unaffected . However, ketone 1 cou ld  a lso  be oxidized, a l b e i t  much more s lowly  than 
1 

t he  corresponding secondary a lcoho l ,  i n t o  a a-keto a c i d  d e r i v a t i v e  8 (Scheme 2) . 

Scheme 2 



(b) Synthesis of u-hydroxymethyl ketones 
15 

The t e r t i a r y  a lcoho l  9 obta ined f rom 17-ke tos te ro ids  and d i o x e n y l l i t h i u m  undergoes an a l l y l i c  

rearrangement under ve r y  m i l d  cond i t i ons  ( s i l i c a  gel  - 5 % o x a l i c  ac i d  ; room temperature) . 
Reduction (LiA1H4) of  t h e  r e s u l t i n g  compound, f o l l owed  by a c i d  hyd ro l ys i s  o f  t h e  en01 e the r ,  

af fords t h e  hydroxymethyl ketone 10 i n  40 % o v e r a l l  y i e l d  (Scheme 3) . 

CHIOH - 
Scheme 3 

lQ 

( c )  Synthesis o f  u,a ' -d ihydroxy ketones 
16 

The in te rmed ia te  9 o f  the  l a t t e r  r eac t i on  sequence can be ox : i d i zed  by m-cl - l lo roperbenzo ic  
a c i d  (MCPBA) i n  methanol . Sodium borohydr ide r educ t i on  and a c i d  hyd ro l ys i s  leads t o  u ,am-d ihy-  

droxy ketone 11 . I n  the  s t e r o i d  ser ies ,  t h e  s i de  cha in  has t h e  17u (non n a t u r a l )  con f i gu ra t i on .  

However, epoxydation i n  dichloromethane o f  the  in te rmed ia te  12 w i t h  MCPBA g ives  d i r e c t l y  t h e  

e thy lene k e t a l  of 17~1.21-dihydrouy-20 ke to  compounds 1317 (Szeme 4) . 

, 38 % from 9 
b) NaBH. 

(d)  Synthesis o f  a-keto t h i o k e t a l s  

1,4-Dioxenyl carb ino ls ,  such as 2 r e a c t  w i t h  1.3-propanedi th io l  i n  t h e  presence o f  boron 

t r i f l u o r i d e ,  and l ead  t o  a-ketopropylene t h i o k e t a l s  . 
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(e )  f unc t i ona l i zed  conjugated dienes 19 

Dehydrat ion of t e r t i a r y  a l coho l s  of  t ype  15 can be achieved w i t hou t  a l l y l i c  rearrangement by 

us i ng  MsCl-Et3N o r  SOC12-PY . The r e s u l t i n g  f unc t i ona l i zed  dienes undergo [ 4  + 21 c y c l o a d d i t i o n  

w i t h  va r i ous  d ienoph i les  . Thus, exposure o f  16 obta ined by D ie l s -A lde r  r e a c t i o n  w i t h  d imethyl  

a c e t ~ l e n e d i c a r b o x y l a t e  (DMAO) t o  OBU fo l lowed by a c i d i c  h y d r o l y s i s  a f f o r d e d  t h e  h i g h l y  functions- 
20 l i z e d  compound 11 (Scheme 6)  . W i t t i g  r e a c t i o n  on 2- formyldioxene Q g i ves  s i m i l a r  d ienes . 

( f )  Miscelaneous r e a c t i o n s  

Some F i r che r - t ype  carbenes have been prepared from d i o x e n y l l i t h i u m  and chromium hexacarbonyl 

They r e a c t  normal ly  w i t h  acety lenes t o  g i v e  s u b s t i t u t e d  benzoquinonesZ1 . 

C Y C L O A D D I T I O N S  

Dioxene r e a c t s  w i t h  o l e f i n s  upon uv i r r a d i a t i o n  and a f f o r d s  s u b s t i t u t e d  dioxanes (Chart  2 )  . 
However, s ince  dioxanes a re  ve r y  r e s i s t a n t  t o  hyd ro l ys i s ,  these compounds have so f a r  no app l i ca -  

t i o n  i n  syn thes is  
22-26 

Paterno-BUchi c y c l o a d d i t i o n  of  dioxene t o  carbonyl  compounds y i e l d s  t h e  expected compounds b u t  

these adducts have n o t  been examined f u r t h e r  y e t  
27-29 

Cyc loadd i t ion  of  d iphenylketene t o  d ioxene has been described30a . I t s  k i n e t i c  has a l s o  been 

studied30b . The r e s u l t i n g  cyclobutanone 2 i s  a lmost  q u a n t i t a t i v e l y  transformed t o  a new 

dioxenyl  ketone by hea t i ng  w i t h  DBU 17 : 



1 A 12 + 21 cyc loadd i t ion  of O2 t o  dioxene gives a dioxetane, which i s  thermal ly  decomposed i n t o  
32 ethylene g l yco l  d i fo rmate3 l  . A photochemical 12 + 31 cyc loadd i t i on  has been mentioned . 

Carbenes a l so  reac t  as expected t o  g i ve  cyclopropanes . For instance, e thy l  d iazoacetate 

decomposes i n  the  presence of f i n e l y  d i v i ded  Copper and dioxene t o  g i ve  19 which upon a c i d i d  

treatement a f f o rds  g33 : 
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