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Spirodienones Part 81. The Direct  Preparation of  Spirodioxole - and 

Spirobenzoxazole  - cyclohexadienones by the Oxidation of  4 - Aryloxyanil ines.  
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Abstract:  Oxidation of 4(2 - hydroxyphenoxy)anilines lb to ld with active manganese dioxide leads 
directly to quinone mono - ketals 2b to 2d in reasonable yield. Similar reaction of 4 (2 - 
sulfonamidophenoxy)anilines 9a, 9b provides an efficient synthesis of 
spirobenzoxazolecyelohexadienones 10a and 10b but treatment with manganese dioxide of alcohol 3 and 
oxime 6 gives respectively azobenzene 4 and terphenyl 7 rather than spirodienones 
© 1997 Elsevier Science Ltd. 

The oxidation of  phenols or of  primary aromatic amines has historically constituted the major route to 

quinones 2. Over the past two decades there has been considerable interest in an extension of  this chemistry, 

in which the oxidation o f  phenols or their ethers is carried out in the presence of  alcohols, resulting in the 

formation of  synthetically useful quinone mono - or bis - ketals 3. 

More recently some attention has been paid to the possibility o f  preparing analogous ketais o f p a r a  - 

quinoneimines by the oxidation on N -  substituted anilines. In the first examples of  this class of  compound, a 

comprehensive range of  sulfonamides derived from 4 - alkoxyanilines yielded N - sulfonyl derivatives o f  

quinoneimine ketals when oxidised electrochemically or with lead tetraacetate4: (it has recently been shown 

that iodosylbenzene is also an effective oxidant for this reactionS). In subsequent studies quinoneimine ketals 

have been prepared in which the imine nitrogen has carried an acyl 6, t e r t  - butoxycarbonyl 7, aryl t, or alkyl s 

substituent. 

It has also been established 4 that sulfonimide ketals can be selectively hydrolysed by alumina to the 

corresponding p - benzoquinone monoketals (exemplified in Scheme 1), thus providing access to the latter 

compounds. 

In an attempt 4 to apply this route to the synthesis of  the benzodioxolespirodienune 2b, (Table 1), 

the sulfonarnidodiphenyl ether l a  was subjected to chemical and anodic oxidation, but no intermediate 
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sulfonimide was obtained. However, it has now been found that treatment of  the aniline l b  with active 

manganese dioxide in refluxing benzene results in the direct formation of  dienone 2b. 

carbon anode, CH3CN " AI203 

or Pb(OA¢)4 

NHSO2AI" NHSO2Ar O 

S c h e m e  1. 

The conversion of  l b  to 2b probably involves the intramolecular coupling of  a diradical intermediate to 

form a quinoneimine, which then undergoes hydrolysis to the dienone. Since in both of  these steps 

polymerisation of  the intermediates is a major competing reaction, the yield of  2b obtained (c. 40%) is 

reasonable, and is comparable with that obtained from oxidation of  2, 4 / - dihydroxydiphenyl ether. 

T a b l e  1. R e a c t i o n  of  4 - ( h y d r o x y p h e n o x y ) a n i l i n e s  w i th  ac t i ve  m a n g a n e s e  d ioxide .  

H 

/ 
R1 RI R2 

l a  - f 2a  - f  

Starting Material Product % Yield 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l a  R1 = R2 =H, R3 = SO2C6H4- 4 - CH3 

lb  R1 = R2 = R3 = H 2b 40 

l c R I = F ,  R 2 = R 3 = H  2c 31 

ld  R1 = CF3, R2 = R3 = H 2d 35 

l e R I = R 2 = F ,  R 3 = H  

l f R 1  =R3  =H,  R2 =CF3 

Manganese dioxide from two commercial sources gave very similar results; both, by Karl - Fischer 

determination, contained about 25% water, sufficient for the hydrolysis of  intermediate quinoneimine. 

Unfortunately, benzene was the only solvent found to afford greater than 10% conversion of  l b  to 2b, 

although volumes of  solvent could be reduced by use of  Soxhlet procedures. 

In view of competing polymerisation, it is not surprising that the formation of  dienone is also sensitive 

to substituents in the anilines undergoing oxidation, with compounds 2c and 2d being obtained in 30% - 35% 

yield from le  and ld  respectively, but with complex mixtures resulting from the oxidation of  the anilines l e  

and I f  which have an electron - withdrawing group ortho to the aniline. 
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3 R = CH2C(CH3)2OH 

R O ~ ~ -  N-~--N--~OR 

4 R = CH2C(CH3)2OH 

O--N 

5 

Support for the intermediacy of a diradical in the conversion of aniline to dienone is provided by an 

attempt to prepare a quinone mono - ketal by the oxidation of the aminophenoxypropanol 3. The sole product 

of the reaction 9 was the azobenzene 4, presumably formed by intermolecular coupling of amino radicals 

following the failure of the tertiary alcohol in the side chain to undergo one - electron oxidation. 

Since spirocyclic dienones have been synthesised by the oxidative cyclisation of phenolic oximes 1°, the 

amino - oxime 6, prepared as shown in Scheme 2, was subjected to manganese dioxide oxidation, with the 

aim of obtaining 5. 

nr  

B(OH)2 NI'ICO2C(CH3) 3 6 

iv 

CHO 

=- ~ P h  

i) Pd0ah3P)4; ii) CF3CO2H; iii) H2NOH; iv) MnO2, C6H6. 

Scheme 2. 

From the reaction was isolated in low yield terphenylaldehyde 7 as the only product II. It has 

subsequently been reported '2 that active manganese dioxide is an efficient reagent for the conversion of 

oximes to aldehydes, and presumably it transformed 6 to the corresponding aminoaldehyde, but it is not clear 

why this aniline, in benzene solution, oxidised to the Gomberg - Hey product, rather than giving an 

azobenzene corresponding to 4. 

~O~R 
C F 3 . . ~ ~ N  NHCOCH~ i, ii, iii 

8 9a. R = CH3 

9b. R = C6H-4 - 4 - CH3 

i) H2 / Pd - C; ii) RSO2CI / pyridine; iii) 2M HCI. 

Scheme 3. 
The oxidation of anilines can, however, be extended to the formation of  spirobenzoxazoledienones 

using a sulfonamide as a phenol equivalent in an intramolecular oxidative coupling 13. The diphenylether 8, 
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readi ly  avai lable  1 f rom 4 - a ce t amidopheno l  and  4 - chloro - 3 - n i t robenzotr i f luor ide  was  conver ted  ( S c h e m e  

3) to the  s u l f o n a m i d o p h e n o x y a n i l i n e s  9a  and  9b,  wh ich  on t r ea tmen t  wi th  m a n g a n e s e  d ioxide  in re f lux ing  

benzene  a f forded  the  sp i robenzoxazo les  10a and  10b,  respect ively,  in 50% yield. The  s t ructures  o f  these  

d i enones  was  c o n f i r m e d  by  their  synthes is ,  in s imi la r  yield, by the  oxida t ion  o f  the  synthet ica l ly  less  

access ib le  s u l f o n a m i d o p h e n o l s  l l a  and  l i b .  Th i s  provides  easy  access  to stable e x a m p l e s  o f  p - 

benzoqu inone  h e m i a m i n a l  ethers ,  the  chemis t ry  o f  wh ich  is present ly  under  invest igat ion.  

I O2R 

9a R = CI-I 3 
9b R = C6H 4 - 4 - CH 3 

? 02R 

10a R = CH 3 
10b R = C 6 H  4 - 4 - CH 3 

I°~ 
C F 3 ~ N H  [ ~  OH 

l l a  R = CI-~ 
l i b  R = C6H 4- 4 - CH 3 

F i g u r e  1. 
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