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CYCLOHEXADIENONES. 3. PREPARATION AND THERMAL DECOMPOSITION 

OF 4-AZ1D0-2,4,6-TR1-~-8UTYL-2,5-CYCLOHEXADIEN-l-ONE 1  

Gouki Fukata, Naoya Sakarnoto a n d  Masashi T a s h i r o  

Research I n s t i t u t e  o f  I n d u s t r i a l  Sc ience,  Kyushu U n i v e r s i t y  86, 

Hako rak i ,  H igash i - ku ,  Fukuoka 812, JAPAN 

A b s t r a c t  - R e a c t i o n  o f  4-bromo-2,4,6-tri-tert-butyl-2,5-cyclohexadien-l- 

one (1) w i t h  sod ium a r i d e  was c a r r i e d  o u t  i n  DMF t o  a f f o r d  4 -az i do -2 .4 .6 - t r i -  

tert-butyl-2,5-cyclohexadien-1-one (t) i n  85% y i e l d .  Thermal decompos i t i on  

o f  2 i n  b o i l i n g  t o l u e n e  g i v e s  6-amino-2,4-di-tert-butylphenol ( 5 ) .  2,4,6,8- 

te t ra - te r t -bu ty lphenoxar in -1 -one  (1) and 2,4,6,8a-tetra-tert-butyl-7-cyano-8- 

oxo-5a.8a-dihydrocyclopentena[2,3-b]benzoxazine ($1. However, t h e  t he rma l  

decompos i t i on  o f  ft was c a r r i e d  o u t  unde r  h i g h l y  d i l u t e d  c o n d i t i o n s  t o  a f f o r d  

2 and 2,4-di-tert-butyl-5-cyano-2,4-cyclopentadien-l-one ($  i n  4 8  and 50% 

y i e l d s ,  r e s p e c t i v e l y .  It was a l s o  found t h a t  t h e  t he rma l  decompos i t i on  o f  $ 

i n  b a i l i n g  t o l u e n e  i n  t h e  presence o f  a c e t i c  a n h y d r i d e  a f f o rded  6-acetoamido-  

2 . 4 - d i - t e r t - b u t y l p h e n o l  (k)  and i n  47  and 50% y i e l d s ,  r e s p e c t i v e l y .  The r e -  

a c t i o n  pathways o f  t h e  f o r m a t i o n  o f  ?, $ and 2 were proposed i n  t h e  p r e s e n t  

pape r .  

It has been p r e v i o u s l y  r e p o r t e d  t h a t  4-bromo-2,4,6-tri-t-butyl-2,5-cyclohexadien-l-one (1) 
r e a c t e d  w i t h  a ~ c a h o l s , ~  sodium pheno la tes3  and m i n e s  such as p i p e r i d i n e  and morpho l i ne4  t o  a f f o r d  

t h e  c o r r e s p o n d i n g  4 - s u b s t i t u t e d  2,4,6-tri-t-butyl-2,5-cyclohexadien-1-on (Z )  wh ich  were e a s i l y  

l eaded  t o  p - s u b s t i t u t e d  pheno l s  (2)  by  t h e  a c i d - c a t a l y z e d  t r a n s -  o r  d e a l k y l a t i o n .  

1  M = H , Z = O R  Z 
M  = H, Z  = NnX (X = 0, CH2) 

u 
M = Na, Z = OAr 

Scheme 1 



When i was t r e a t e d  w i t h  sod iun  a r i d e  i n  DMF a t  room temperature f o r  24 h, the expected 4- 

5 
arido-2,4,6-tri-t-butyl-2.5-cyclohexadien-l-one [ $, mp. 41-42 , pa le  y e l l o w  prisms 1 was ob ta ined  

i n  85% y i e l d .  

Thernal decomposit ion o f  $ was c a r r i e d  o u t  i n  b o i l i n g  to luene  and the r e s u l t s  a r e  summarized 

i n  Table 1 and Scheme 2 

A 
4, 

i n  b o i l i n g  
to1 uene 

Table 1 .  Thermal Decomposition of i n  B o i l i n g  ~ o l u e n e ~ )  

Run Time ( h )  Product (%)  

a )  ' /toluene : '150 ml b)  H i g h l y  d i l u t e d  c o n d i t i o n  

1 
C )  A c e t i c  anhydride (Ac20/ I l )  was added i n t o  to luene s o l u t i o n  be fo re  t h e  r e a c t i o n .  

$ '  

6 
As i s  shown i n  Run 1, t h e  thermal decomposit ion o f  $ a f f o r d e d  6-amino-2,4-di-t-butylphenol ( 2 )  , 
2,4,6,8-tetra-t-butylphenoxazin-l-one [ I ,  mp. 220-221ec, b lue  prisms, l it. .' mp. 2 0 8 ' ~  1 and 
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8  2,4,6,8a-tetra-t-butyl-7-c~ano-8-oxo-5a,8a-dihydroc~clopenteno[2,3-blbenzoxazine [a, mp. 184-185 C, 

orange y e l l o w  p l a t e s ]  i n  15 ,  15 and 50% y i e l d s ,  r e s p e c t i v e l y .  

7 A l though Stegmann and Sche f f l e r  r e p o r t e d  t h a t  t h e  o x i d a t i o n  o f  ji w i t h  a i r  i n  p y r i d i n e  af forded 

o f  mp. 208 C, the sample prepared by t h e i r  method has m e l t i n g  p o i n t  o f  220-221 C which i s  same 

as t h a t  o f  ou r  sample. 

2 a i r  

i n  p y r i d i n e  
Z 

Th is  f i n d i n g  suggests t h a t  t he  t h e  compound ob ta ined  by Stegmann and S c h e f f l e r  must be impure. 

The s t r u c t u r e  o f  was confirmed by  i t s  e lementa l  a n a l y s i s  and s p e c t r a l  data as w e l l  as chemi- 

c a l  convers ions shown i n  Scheme 3.  

Scheme 3 



When a was t r e a t e d  w i t h  a c e t i c  anhydr ide i n  the  presence of s u l f u r i c  ac id ,  N -ace ty la ted  compound 9  

[ Jj,, mp. 189-140 C, c o l o r l e s s  prisms 1 was obta ined.  The r e d u c t i o n  o f  $ w i t h  Zn powder i n  a c e t i c  

a c i d - a c e t i c  anhydr ide a f f o r d e d  2-amino-4,6-di-t-butylphenol d i a c e t a t e d  [ g, mp. 201-202 C, c o l o r -  

l e s s  needles 1 and 3.5-di-t-butyl-2-cyano-2-iyclopenten-I-on0 [ x, mp. 7 8 - ~ Y ' c ,  c o l o r l e s s  pr isms 1 

i n  60 and 65% y i e l d s ,  r e s p e c t i v e l y .  When t h i s  r e d u c t i o n  was c a r r i e d  o u t  i n  CH3COOD, 4,5-d ideutero 

l I 
d e r i v a t i v e  was obta ined b u t  n o t  4 ,4-d ideutero d e r i v a t i v e  g. Th is  f i n d i n g  c a n c e l l e d  s p i r o  s t r u c -  

t u r e  f o r  compound 8. Hydro lys i s  of a f forded 2-carbarnoyl-3,5-di-t-butyl-2-cy~lopenten-l-ane~~ 

[ JJ,, mp. 134-136.5 C ,  c o l o r l e s s  needles ] i n  29% y i e l d .  Brominat ion o f  w i t h  NBS i n  CCI4 gave 

4-bromo-3,5-di-t-butyi-2-cyano-2-cy~lopenten-l-one~~ [ a, mp. 82-84 '~,  p a l e  ye1 low pr isms 1 from 

which hydrogen bromide was r e a d i l y  e l i m i n a t e d  by the  t rea tmen t  w i t h  a s t r o n g  o rgan ic  base such as 

DBU t o  a f f o r d  3,5-di-t-buty1-2-cyano-2,4-cyclopentadien-l-one~~ [ 2, mp. 1 3 0 - l 3 l 0 c ,  redd ish  y e l l o w  

pr isms 1. Reduction o f  2 w i t h  Raney Ni-A1 a l l o y  i n  HCOOH a f f o r d e d  & i n  70% y i e l d .  The r e s u l t s  men- 

t i o n e d  above suppor ted s t r o n g l y  t h e  s t r u c t u r e  proposed t o  compound 8, however, i t s  geomet r i ca l  s t r u c -  

t u r e  (at o r  c o u l d  n o t  be confirmed by a v a i l a b l e  data.  

t !A E. 
17 - 

The therlnal decomposit ion of  $ under h i g h l y  d i l u t e d  c o n d i t i o n s  a f f o r d e d  ;: and 2 i n  48 and 50% 

y i e l d s ,  r e s p e c t i v e l y ,  b u t  n o t  Q,. I t  was a l s o  found i n  the  thermal  decomposit ion of  $ i n  t h e  presence 

of  a c e t i c  anhydr ide t h a t  and 2 were ob ta ined  i n  48 and 50% y i e l d s ,  r e s p e c t i v e l y ,  though the  thenno- 

l y s i s  was n o t  c a r r i e d  o u t  under h i g h l y  d i l u t e d  c o n d i t i o n s .  From the  above r e s u l t s ,  compounds and 

2 seem t o  be in te rmed ia tes  f o r  t h e  format ion of 5. However, r e a c t i o n  of ;: w i t h  2 i n  b o i l i n g  to luene  

d i d  n o t  g i v e  any products  b u t  t h e  s t a r t i n g  compounds were recovered i n  almost q u a n t i t a t i v e  y i e l d s  

5  + 9  A no r e a c t i o n  

Al though d e t a i l e d  r e a c t i o n  mechanism o f  t he  thermal  decomposit ion o f  $ i s  s t i l l  obscure, t h e  

r e a c t i o n  pathway o f  t he  fo rma t ions  of 2, & and 2 might  be proposed as f o l l o w i n g  Scheme 4. Under 

h i g h l y  d i l u t e d  c o n d i t i o n s ,  t he  r e a c t i o n  of  2 w i t h  2 migh t  n o t  progress because a chance of t h e  

c a l l i s i o r l  between 2 and should be ve ry  low. A d d i t i o n  of  a c e t i c  anhydr ide m igh t  a c c e l e r a t e  t h e  

decomposi t ion o f  a f f o r d i n g  n i t r e n e  i n t e r m e d i a t e  ?/1, the re fo re ,  t he  r e a c t i o n  of 2 w i t h  2 migh t  

n o t  occur  i n  t h i s  c o n d i t i o n .  
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Scheme 4 
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1 5. IR (KBr ) :  vmax = 2100, 1660, 1640 cm- . 'H-nmr (CDC13): 6 = 0 .98 (9H, s ) ,  1.27 (18H. s ) ,  6 .65  
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1 8 .  I R  (KBr): vmax = 3340, 2240, 1735 cm- . ' ~ - n r n r  (CDC13): 6 = 0 .95 (9H, S) ,  1 .20 (9H, s), 1.40 

(9H, 5 ) .  1.62 (9H, s ) ,  4 .28  ( IH ,  s ,  d i sappea red  w i t h  D20), 5.23 ( I H ,  s), 6.63 ( l H ,  d, J = 3 Hz),  

6.78 ( l H ,  d, J = 3Hz); I3c-nrnr (CDC13): 6 = 26.1 ( q ) ,  29.4 ( q ) ,  30.3 ( q ) ,  31.6 ( q ) ,  34.4 (s), 

34.7 ( s ) ,  36.9 i s ) ,  38 .2  ( s ) ,  67.4 ( s ) ,  79 .2  ( d ) ,  110.8 ( d ) ,  112.3 i s ) ,  114.5 ( d ) ,  117.6  ( r ) ,  

133.9  ( s ) ,  137.9 ( s ) ,  140.0  ( s ) ,  145.7 ( s ) ,  191.7 i s ) ,  200.4 i s ) .  

9 .  ' ~ - n m r  (CDC13): 6 = 0.79, 1.33, 1.44, 1.56 (each 9H, s ) ,  1.97 (3H, s), 5.43 ( l H ,  s ) ,  7.26 ( l H ,  

d, J = 3 Hz) ,  7.32 ( l H ,  d, J = 3 Hz).  



I 10. I R  (KBr): w a x  = 2225, 1707, 1602 ern- . l ~ - n m r  (CDC13): 6 = 1 .00 (9H. s ) ,  1.40 (9H, s ) ,  2.28 

( IH, dd, J =  6 H z ,  J = 3 . 5 H r ) ,  2.58 ( IH ,  dd, J =  20 Hz, J =  3 . 5 H r ) ,  2.88 ( lH ,  dd, J =  2 0 H r .  

J = 6 Hz);  I3c-nmr  (CDCI3):  6 = 27.2 i q ) ,  28.6 l q ) ,  33.4 ( t ) ,  33.7 i s ) ,  37.1 ( s ) ,  54.5 ( d ) ,  

113.1 ( s ) ,  115.0  ( s ) ,  197.5  ( s ) ,  203.1 ( s ) .  

11 .  ' ~ - n m r  (CDC13): 6 = 1 .00 (9H, s ) ,  1.40 (9H, s ) ,  2.24 (O. lH, b r .  s ) ,  2.58 (0.5H. b r .  s ) ,  2.80 
t 

(0.5H, b r .  s ) .  Mass: m l e  221 ( M  ) .  

12. ' ~ - n r n r  (COCI3): 6 = 0.98 (9H. s ) ,  1.36 (9H, s), 2.18 ( l H ,  dd, J = 3 .5  Hz, J = 6 Hz) ,  2.48 ( I H ,  

dd, J = 3.5 Hz, J = 20 Hz),  2.74 ( l H ,  dd, J = 6 Hz, J = 20 Hz) ,  5.86, 7.08 (each lH ,  b r .  s, 

d i sappea red  w i t h  D20).  

1 13. IR (KBr ) :  m a x  = 2225, 1710, 1590 cm- . ' ~ - n m r  (CDC13): 6 = 1 .00 (9H, s ) ,  1 .52  (9H, s ) ,  2.42 

( l H ,  d; J = l Hz) ,  5.00 ( l H ,  d, J = 1 Hz ) .  

1 14. I R  ( K B r ) :  u n a x  = 2225, 1710 cm- . ' ~ - n r n r  (CDC13): 6 = 1.21 (9H, s ) ,  1 .35 (9H, s ) ,  6.76 ( I H ,  s ) ;  

I3c-nmr  (CDC13): 6 = 27.6 ( q ) ,  28.9 ( q ) ,  32.5 i s ) ,  35.6 ( s ) ,  97.0  ( s ) ,  113.2  (s), 136.1 ( d ) ,  

146.3 ( s ) ,  181.3 ( s ) ,  194.5  i s ) .  
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