
T H E R M A L  D E C O M P O S I T I O N  OF 2 , 6 - D I - t e r t - B U T Y L - p - B E N Z O Q U I N O N E  

D I A Z I D E  I N  A M I N E S  

L .  G. P l e k h a n o v a ,  G. A.  N i k i f o r o v ,  UDC 541.11+542.92+547.567 
a n d  V.  V.  E r s h o v  

P rev ious ly  we had shown that the t he rma l  decomposi t ion of 2 ,6 -d i - t e r t -bu ty l -p -benzoqu inone  diazide 
in alcohols  and acids  [1], a r o m a t i c  hydrocarbons  [2], olefins [3], andace ty l enes  [4] p roceeds  via. the step 
of fo rming  carbene,  which then r eac t s  with the medium.  The decomposi t ion ra te  of the s ta r t ing  quinone 
diazide is quite dependent on the reac t ion  t e m p e r a t u r e .  The p r o c e s s  goes with sufficient speed at t e m p e r a -  
t u r e s  above 70 ~ [1]. 

In the p r e s e n t  p a p e r  was studied the decomposi t ion of 2 ,6 -d i - t e r t -bu ty l -p -benzoqu inone  diazide (I) 
in solutions of a r o m a t i c  and al iphat ic  amines .  The t he rma l  decomposi t ion of quinone diazide (I) in aniline 
solution gives two pr inc ipa l  compounds: 4 -N-phenylamino-2 ,  6 -d i - te r t -bu ty lphenol  (II) and N-phenyl-2,  6- 
d i - t e r t -bu ty l -p -benzo iminoqu inone  (HI). Bes ides  this, f r o m  the reac t ion  mix tu re  were  isolated,  in smal l  
yield, 4 - (4 ' - aminophenyI ) -2 ,6 -d i - t e r t -bu ty lpheno l  ( IV)and i ts  oxidation product ,  nemely,  2 , 6 - d i - t e r t - b u t y l -  
diphenoiminoquinone (V) 
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The fo rma t ion  in the reac t ion  mix ture  of quinoid compounds (III) and (V) is obviously a s soc ia t ed  with 
the dehydroge~nation of phenols  (II) and (IV) by the carbene,  which is suppor ted  by the p r e s e n c e  of 2 ,6-di-  
t e r t -buty lphenol  in the reac t ion  mixture .  

Somewhat different  r e su l t s  were  obtained when the reac t ion  was run in N-methylani t ine  solution. 
In this case  the product  of addition to the ni t rogen a tom of the amine  could not be obtained. F r o m  the r e -  
act ion mix tu re  we re  i so la ted  N-pheny l -4 -hyd roxy -3 ,5 -d i - t e r t - bu ty lbenzy l amine  (VI) (57% yield) and 4- 
(4T-N-methylaminophenyl ) -2 ,6-d i - te r t -buty lphenol  (VII) (34% yield) 
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Fig. 1. NMR spec t r a :  a) 4 - (4 ' -N ,N-d ime thy l amino -  
pheny l ) -2 ,6 -d i - t e r t -bu ty lpheno l ;  2) 4 - ( 4 ' - N - m e t h y l -  
aminophenyl ) -2 ,6 -d i - t e r t -bu ty lphenol ;  c) N-phenyl- 
4 -hydroxy-3 ,5 -  d i - t e r t -bu ty lbenzy lamine .  Solvent 
= CC14, s tandard  = hexamethyldis i loxane.  

The s t ruc tu re  of the obtained compounds 
was conf i rmed by chemical  and spec t r a l  me th-  
ods. Thus, the reduct ion of benzoiminoquinone 
(III) and diphenoiminoquinone (V) with zinc in 
glacial  ace t ic  acid gave the cor responding  phenol 
der iva t ives  (II) and (IV). Acylat ion of benzyl-  
amine  (VI) with acet ic  anhydride in glacia l  ace t ic  
acid gave the cor responding  N-acetyl  der iva t ive .  
In this connection the spec t r a l  c h a r a c t e r i s t i c s  
of the compound also change. If in the IR spec-  
t r u m  of benzylamine  (VI) a r e  p r e sen t  the ab-  
sorpt ion bands of the OH (3610 cm -i)  and NH 
(3400 cm -1) groups,  then for  the acety l  de r iva -  
t ive the band of the OH group does not change, 
but the band of the NH group d isappears ,  and a 
band, cor responding  to the absorpt ion  of the 
carbonyl  group, appea r s .  The NMR spec t rum 
of benzylamine  (V'I) contains s ignals  f r o m  the 
pro tons  of the t e r t -bu ty l  groups (5 = 1.56 ppm), 

the methylene group (6 = 2.88 ppm), a b road  signal  f r o m  the NH group (5 = 3.9 ppm), the OH group (6 = 5.16 
ppm),  and s ignals  f r o m  the phenyI pro tons  (6 = 6.58, 6.65, 6.70, 6.77, 6.98, and 7.59 ppm).  

The spec t r a l  c h a r a c t e r i s t i c s  of phenol (VII) fully co r respond  to i ts  s t ruc tu re .  In the UV s p e c t r u m  is 
obse rved  an absorp t ion  m a x i m u m  at 280 nm, which is cha r ac t e r i s t i c  for  diphenyl der iva t ives  [2]; the IR 
s p e c t r u m  contains absorp t ion  bands of the OH (3510 cm -1) and NH (3375 cm -1) groups,  while the NMR spec-  
t r u m  contains the s ignals  of the pro tons  of the t e r t -bu ty l  groups  (5 = 1.56 ppm),  methyl  group (6 = 2.89 
ppm),  NH group (5 = 3.48 ppm),  OH group (5 = 5.01 ppm),  and the s ignals  f r o m  the phenyl p ro tons  (5 = 6.52, 
6.60, 7.26, and 7.35 ppm).  In Fig. 1 a r e  given the NMR spec t r a  of benzylamine  (VI) and phenol (VII), and, 
a l so  for  compar ison,  of 4-(4t-N, N-d imethylaminophenyl ) -2 ,6-d i - te r t -bu ty lphenol ,  obtained p rev ious ly  by 
the decomposi t ion of quinone diazide (I) in dimethylanil ine [2]. 

In the IR spec t r a  of (l-I) and (IV) a r e  p r e s e n t  the absorp t ion  bands of the OH (3640 cm -1) and NH (3400 
cm -1) groups.  The absorp t ion  m a x i m u m  in the UV spec t rum of phenol (VI) has a shape and posi t ion that 
a r e  c h a r a c t e r i s t i c  for  diphenyl d e r i v a t i v e s  [2], whereas  the UV spec t rum of (II) coincides with the spec-  
t r u m  of 4 -hyd roxy -3 ,5 -d i - t e r t - bu ty lbenzy l amine .  The IR spec t r a  of the oxidation products  of these  phenols,  
namely,  (III) and (V), contain the doublet bands of a conjugated earbonyl  group in the 1650 cm - I  region, 
which coincides with the i r  quinoid s t ruc tu re .  

When studying the decomposi t ion  of benzoquinone diazide (I) in solutions of a l iphat ic  amines  we used  
d i i sopropylamine ,  d i -n -Pr0py lamine  , and d i -n -bu ty lamine  as  solvents .  The se lec t ion of the amines  was 
de te rmined  by the i r  boiling point,  s ince benzoquinone diazide (I) decomposes  with sufficient speed, with 
the fo rmat ion  of carbene and mo lecu l a r  nitrogen,  at t e m p e r a t u r e s  above 70 ~ In al l  th ree  cases  we were  
unable  to i so la te  the expected 4 -N,N-d ia lky lamino-2 ,6 -d i - t e r t -bu ty lpheno l s .  The end react ion  products  
were :  2, 6 -d i r t e r t -bu ty lpheno l  (VIII), 3, 3 T, 5, 5 ' - t e t r a - t e  r t-butyldiphenoquinone (IX), and 2, 6 -d i - t e r t - bu ty l -  
p-benzoquinone (X). The fo rmat ion  of the indicated products  during the t he rma l  decomposi t ion of (I) can 
be depicted by Scheme 1. 

As can be seen  f r o m  Scheme 1, diphenoquinone (IX) is f o rmed  as  the resu l t  of the d imer iza t ion  of 
both the in t e rmed ia te  ca rbene  and the 2, 6-d i - te r t -buty lphenoxyl ,  with subsequent  dehydrogenation of the 
diphenyl der ivat ive .  As is known [5], phenoxyl rad ica l s  in the s e r i e s  of s t e r i ca l ly  h indered phenols  p o s s e s s  
dehydrogenat ing p rope r t i e s .  Evidently, under  the react ion conditions the 2 ,6-d i - te r t -bu ty lphenoxyl  can 
dehydrogenate  the amine,  used  as  solvent,  and the subst i tuted phenols  with the format ion  of phenol (VIII). 
On the other  hand, this  phenoxyl rad ica l  can reac t  with the radica l  R2N', giving the 4 -N,N-d ia lky l -2 ,6 -  
d i - te r t -buty lphenol .  The la t ter ,  on dehydrogenation by carbene or  the phenoxyl radica l  in the p r e s e n c e  
of oxygen, is conver ted  to p-benzoquinone (X). 

E X P E R I M E N T A L  M E T H O D  

T h e r m a l  Decomposi t ion of 2 ,6 -Di - t e r t -bu ty l -p -benzoqu inone  Diazide (I) inAnil ine Solution. A solution of 
0.5 g of the quinone diazide (I) in 15 ml  of f r e sh ly  dis t i l led anil ine was heated on the boiling wa te r  bath for  1 h. T hen 
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the  e x c e s s  a n i l i n e  was  r e m o v e d  in vacuo,  the  r e s i d u e  was  d i s s o l v e d  in  e the r ,  and  the e t h e r  so lu t ion  was  
w a s h e d  wi th  2% HCl so lu t ion  and  then  wi th  w a t e r .  A f t e r  d ry ing ,  the  e t h e r  was  r e m o v e d  in vacuo,  and the 
r e s i d u e  was  d i s s o l v e d  in the  m i n i m u m  amoun t  of hexane  and  c h r o m a t o g r a p h e d  on a th in  l a y e r  of a l u m i n u m  
ox ide  in the  s y s t e m :  h e x a n e -  e t h e r  (97 : 3 by  vo lume) .  A f t e r  r e m o v a l  of the  s o l v e n t  in vacuo  we ob ta ined :  
1) pheno l  (II), y i e l d  46%, mp 134-135 ~ ( f rom hexane) .  Found:  C 80.86; H 9.39%. C20H27ON. C a l c u l a t e d :  
C 80.76; H 9.49%; 2) q u i n o n i m i n e  (III), y i e l d  18%, mp 76-77 ~ ( f rom [6]: mp 77-78~ 3) pheno l  (IV), y i e l d  
10%, mp 66-67  ~ Found:  C 80.65; H 9.40%. C20H27ON. C a l c u l a t e d :  C 80.76; H 9.49%; 4) im inoqu inone  (V), 
y i e l d  8%, mp 120-121 ~ Found:  C 81.23; H 8.61%. C20H25ON. C a l c u l a t e d :  C 81.31; H 8.53%. 

T h e r m a l  D_e__compositipn 0f _2 ,6 - :D iVte r t -bu ty l -p -benzoqu inone  D i a z i d e  (I) in N - M e t h y l a n i l i n e  Solu t ion .  
A so lu t i on  of 0.5 g of the  qu inone  d i a z i d e  (I) in  15 ml  of N - m e t h y l a n i l i n e  was  h e a t e d  on the  b o i l i n g  w a t e r  ba th  
fo r  1 h. A f t e r  the  s a m e  t r e a t m e n t  of the  r e a c t i o n  m i x t u r e  a s  b e f o r e  we ob ta ined :  1) b e n z y l a m i n e  (VI), y i e l d  
57%, mp 148-149 ~ ( f rom hexane) .  Found :  C 80.94; t t  9.38%. C21H29ON. C a l c u l a t e d :  C 80.98; H 9.38%; 2) 
compound  (VII), y i e l d  34%, mp 101-102 ~ ( f rom hexane) .  Found :  C 81.00; H 9.20%. C21H29ON. C a l c u l a t e d :  
C 80.98; H 9.38%. 

N - A c e t y l - N - p h e n y t - 4 - h y d r o x y - 3 , 5 - d i - t e r t - b u t y l b e n z y l a m i n e .  To a s o l u t i o n  of 0.33 g of b e n z y l a m i n e  
(VI) in 10 ml  of g l a c i a l  a c e t i c  a c i d  was  a d d e d  0.5 ml  of a c e t i c  a n h y d r i d e .  The  m i x t u r e  w a s  h e a t e d  at  70 ~ 
fo r  30 rain,  a f t e r  which  30 m l  of w a t e r  was  added,  and  the m i x t u r e  was  r e f l u x e d  un t i l  the  a c e t i c  a n h y d r i d e  
had  d e c o m p o s e d  c o m p l e t e l y .  The  r e a c t i o n  m i x t u r e  was  coo l ed  and  e x t r a c t e d  wi th  e t h e r .  The e t h e r  e x t r a c t s  
w e r e  w a s h e d  wi th  w a t e r  and  d r i e d .  A f t e r  r e m o v a l  of the  s o l v e n t  in vacuo  we o b t a i n e d  0.3 g (86% of t heo ry )  
of the  a c e t y l  d e r i v a t i v e ,  mp 143-144 ~ ( f rom hexane) .  Found:  C 78.10; H 8.90%. C23H3102N. C a l c u l a t e d :  
C 78.15; H 8.84%. 

T h e r m a l  D e c o m p o s i t i o n  of 2 , 6 - d i - t e r t - b u t y l - p - b e n z o q u i n o n e  D i a z i d e  (I) in D i i s o p r o p y l a m i n e  Solut ion .  
A so lu t i on  of 0.5 g of the  qu inone  d i a z i d e  (I) in 20 m[ of d i i s o p r o p y l a m i n e  was  h e a t e d  on the  bo i l i ng  w a t e r  
ba th  fo r  2 h. Then  the  e x c e s s  a m i n e  was  r e m o v e d  in vacuo,  whi l e  the  r e s i d u e  was  d i s s o l v e d  in the  m i n i m u m  
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amount of hexane and chromatographed  on a thin l aye r  of a luminum oxide in the sys tem:  h e x a n e - b e n z e n e  
(9 : 1, by volume).  After  r emova l  of the solvent  we obtained: 1) 0.23 g (52~ of theory)  of phenol (VIII), mp 
36-37 ~ (sublimation).  F r o m  [6]: mp 36.5~ 2) 0.07 g (16% of theory) of diphenoquinone (IX), mp 246 ~ F r o m  
[7]: mp s176 3) 0.15 g (31% of theory)  of compound CK), mp 67-68 ~ (sublimation). F r o m  [8]: mp 67-68 ~ 

Analogous products  were  obtained when solutions of benzoquinone diazide (I) in d i -n -p ropy lamine  and 
d i -n -bu ty lamine  were  heated. 

C O N C L U S I O N S  

A study was made of the t h e r m a l  decomposi t ion of 2, 6 -d i - t e r t -bu ty l -p -benzoqu inone  diazide in solu-  
t ions of a r o m a t i c  and al iphat ic  amines .  
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