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ORGANIC PREPARATIONS AND PROCEDURES INT. 5 ( 1 ) ,  45-48 (1973)  

A NEW IMPROVED SYNTHESIS OF 8-PHORONE 

John N. Mam 

Department of Chemistry 
Texas Tech Univers i ty  
Lubbock, Texas 79409 

0-Phorone (111). a v a i l a b l e  by t h e  a c t i o n  of methylmagnesium bromide 

and f e r r i c  ch lo r ide  on isophorone”‘ has  proved t o  be  a va luable  i n t e r -  
3 mediate f o r  t h e  syn thes i s  of caro tenoids  and r e l a t e d  n a t u r a l  p roducts ,  

s i n c e  i t  has  f u n c t i o n a l i t y  a t  the  d i f f i c u l t y - a c c e s s i b l e  4-posi t ion.  The 

o r i g i n a l  syn thes i s  is d i f f i c u l t  t o  dupl ica te .  Recent improvements’ a l low 

111 t o  b e  prepared reproducibly i n  50-55% y i e l d s  b u t  a t  least seven o the r  

v o l a t i l e  products  (vpc) a r e  formed. The major contaminant is isophorone,  

produced e i t h e r  i n  t h e  r eac t ion  o r  by subsequent i somer iza t ion  of 111. 

We have repor ted4  some chemistry of 4-bromoisophorone ( I ) ,  t h e  only 

o t h e r  4-subs t i tu ted  product r ead i ly  ava i l ab le5  from isophorone. Although 

nucleophi les  a t t a c k  I wi th  rearrangement,4 w e  have found t h a t  reduct ion  of 

I wi th  bu f fe red  chromous acetate g ives  f3-phorone (111) i n s t a n t l y  as t h e  

I 
major product .  This  reduct ion ,  which m u s t  proceed through t h e  d i e n o l a t e  

11, gives  a 5 : l  r a t i o  of 0-phorone and isophorone as the  only products ,  

from which 0-phorone can b e  obtained i n  

t i on .  This r a t i o  seems t o  r ep resen t  t h e  k ine t i ca l ly -con t ro l l ed  r a t i o  of 

pro tona t ion  of t h e  eno la t e  I1 a t  t h e  2- and 4-posi t ions r e spec t ive ly ,  

70% y i e l d  by c a r e f u l  d i s t i l l a -  
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s i n c e  i n  a number of experiments  under vary ing  c o n d i t i o n s ,  i t  was o f t e n  

obta ined  b u t  never  s u r p a s s e d ,  e i t h e r  by reduct ion  o f  4-bromoisophorone by 

Cr(OAcI2 o r  C r C 1 2 ,  o r  by t h e  Grignard deconjugat ion  o f  isophorone.  

A number of o t h e r  methods t o  g e n e r a t e  111 f a i l e d . ’  These inc luded  

t rea tment  of  isophorone w i t h  NaH and then  a c i d ,  and h y d r o l y s i s  of t h e  mix- 

t u r e  of dienamines6a o r  d i e n o l  acetatesbb d e r i v a b l e  f r v m  isophorone.  

The Cr(OAc)2 r e d u c t i o n  of I thus  r e p r e s e n t s  a marked improvement over  

t h e  o r i g i n a l  s y n t h e s i s  of  t h e  r a t h e r  u n s t a b l e  8-phorone s i n c e  i t  proceeds 

from a s t a b l e  c r y s t a l l i n e  p r e c u r s o r  i n  a much c l e a n e r  r e a c t i o n .  For  t h e  

s y n t h e s i s  of  4-hydroxyisophorone and related compounds ,’ t h e  r e a c t i o n  mix- 

t u r e  need n o t  b e  p u r i f i e d  u n t i l  l a t e r  s t a g e s ,  s i n c e  isophorone is i n e r t  t o  

t h e  epoxida t ion  r e a c t i o n  normally used. 

8 A f t e r  t h i s  work w a s  complete ,  a new r o u t e  t o  B-phorone appeared.  

This i n v o l v e s  displacement  of t h e  base-catalyzed e q u i l i b r i u m  between B- 

phorone and isophorone by slow d i s t i l l a t i o n  of t h e  6-phorone, and is re- 

p o r t e d  t o  g i v e  e s s e n t i a l l y  pure  B-phorone. However, i n  o u r  exper ience ,  

much p a t i e n c e  i s  r e q u i r e d  t o  opt imize  c o n d i t i o n s  t o  g e t  6-phorone i n  rea- 

s o n a b l e  p u r i t y ;  i n  a d d i t i o n ,  t h e  y i e l d  is low. s i n c e  most of t h e  i s o -  

phorone is converted i n t o  n o n - v o l a t i l e  products .  Thus, f o r  convenience 

and r e p r o d u c i b i l i t y ,  t h e  p r e s e n t  method is  s u p e r i o r  t o  e x i s t i n g  s y n t h e s e s  

of 6-phorone. 

EXPERIMENTAL 

To a s t i r r e d  suspens ion  of 128.0 of Zn and 7.6 g of HgO i n  150 m l  of 

H 0 i n  a t h r e e  necked f l a s k  w a s  added 24 m l  of conc. HC1. After 5 min, 

t h e  amalgamated Zn w a s  washed s e v e r a l  t i m e s  w i t h  H 0 by d e c a n t i n g ,  then  

t h e  f l a s k  was f i t t e d  w i t h  two dropping funnels  and a n i t r o g e n  i n l e t  t o  t h e  

bot tom of  t h e  f l a s k .  The sys tem w a s  f l u s h e d  w i t h  N then  64.0 g of 

CrC13-6H20 i n  250 m l  of  H20 w a s  added.’ A f t e r  15 min, 48.0 g of NaOAc i n  
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A NEW IMPROVED SYNTHESIS OF 8-PHORONE 

150 m l  of H20 w a s  added t o  the b r igh t  blue so lu t ion  and the mixture cooled 

i n  an i c e  bath. Then 20.00 g of 4-bromoisophorone (obtained i n  66% y ie ld  

by the method of Edgar, Harper and K a ~ i , ~  but  using 1.1 eq of NBS) i n  100 

m l  of acetone w a s  added t o  the  red mixture during 2 min, s t i r r i n g  was con- 

t inued 1 min fu r the r ,  then the blue-green mixture decanted and the  Zn res- 

idue washed t w i c e  with petroleum e the r  (40-60'). The aqueous layer  W ~ B  

washed twice with petroleum e the r ,  then a l l  f ract ions were combined and 

washed twice with water and the solvent removed t o  give 11.12 g (90%) of a 

an o i l  showing a 5: l  r a t i o  of 6-phorone : isophorone by vpc (5% SE-30 on 

chromasorb G at 100') o r  by nmr. 

Careful d i s t i l l a t i o n  through a vacuum-jacketed Vigreux column gave 8.91 g 

(70%) of B-phorone of 3 98% puri ty ,  bpOs2 32-35' and 1.72 of isophorone, 

beos2 45-47'. Red i s t i l l a t i on  gave a sample with no detectable  impuri t ies .  

No other  products could be detected. 

I n  another run on a s m a l l  scale, t he  chromous chlor ide w a s  made as 

above, then t ransferred by syr inge t o  a 10 m l  Erlenmeyer f l a sk  f i l l e d  with 

N protected by a septum. A layer  of petroleum e the r  was placed over the 

reagent, then an acetone so lu t ion  of 4-bromoisophorone w a s  i n j ec t ed  i n t o  

the aqueous phase by syringe, the f l a sk  immediately shaken once, t he  

layers allowed t o  separate ,  and the organic layer  withdrawn and analyzed. 

Contact t i m e  w a s  estimated a t  not over 5-10 sec, but t he  r a t i o  of 6- 

phorone t o  lsophorone w a s  5:l.  

2 
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