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Quincbromide  compounds,  belonging to the c lass  of s t e r i ca l ly  hindered cyclohexadienones,  have a 
number  of ~pecific p rope r t i e s  that a r e  de te rmined  by the s t ruc tu re  of the molecule  as  a whole, a high 
e lec t ron  affinity, and a compara t i ve ly  low stabi l i ty  of the C - B r  bond [1-3]. In view of these  pecul ia r i t i es ,  
quinobromide compounds a r e  capable  of r eac t ions  involving one e lect ron,  in which connection one of the 
c r i t e r i a  of the m e c h a n i s m  involving the t r a n s f e r  of one e lec t ron  is  the appea rance  of phenoxyl r ad ica l s  
in the reac t ion  mix tu re  as a r e su l t  of the i r  escape  f r o m  the r eac t i on"cage"  [4]. 

The p resen t  paper  is devoted to a study of the reac t ion  of quinobromide compounds with amines .  The 
fo rmat ion  of quinamines could be expected during this reac t ion  p rocess ;  up to now these  a r e  compounds 
that  have rece ived  l i t t le  study and mos t  of them have not been  obtained. On the example  of the reac t ion  of 
4 - b r o m o - 4 - m  e t hy l -2 ,6 -d i - t e r t - bu t y l -  2 ,5-cyclohexadienone (I) and 4 - b r o m o - 2 , 4 , 6 - t r i - t e r t - b u t y l - 2 ,  5 - cyc lo -  
hexadienone (II) with a number  of p r i m a r y ,  secondary,  and t e r t i a r y  amines  it  was  shown that the reac t ion  
p roceeds  by the m e c h a n i s m  of one -e l ec t ron  t r a n s f e r ,  in which connection the amines  a r e  the e lec t ron  
donors  in t~Le given example  
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The fo rmat ion  of phenoxyl r ad ica l s  as  the r e su l t  of the reac t ion  of quinobromide compounds (I) and 
(II) with amines  was proved by the EPR method. Despi te  the single m e c h a n i s m  of al l  of the studied r e a c -  
t ions,  the end r e su l t s  a r e  impor tan t ly  dependent on the nature  of the amine,  while the yields  of  the individual 
reac t ion  products  change substant ia l ly  with change in the solvent.  Thus,  the reac t ion  of quinobromide  (I) 
with morphol ine ,  piperidine,  pyrrol idine ,  and methy lamine  gives the cor responding  quinamines  in yields 
ranging f r o m  15 to 85%, whereas  quinamines  a r e  p rac t ica l ly  not obtained when (I) is  r eac ted  with d imethy l -  
amine,  diet:hylamine, d i i sopropylamine ,  and propylamine,  and the pr incipal  r eac t ion  product  is 4 - (4 -  
hydr oxy-3,5 -d i - t  e r t  - bu t y l benzy l ) -4 -m e t hy l -2 , 6 -d i - t e r  t -bu ty l -2 ,5-cyc lohexadienone  (I1D 
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The p::edominant fo rmat ion  of cyclohexadienone (III) occurs  due to the recombina t ion  of 4 - m e t h y l - 2 , 6 -  
d i - te r t -buty lphenoxyl ,  which escapes  f r o m  the reac t ion  "cage,"  with i ts  i s o m e r i c  benzyl radica l ,  the 
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T A B L E  1. R e a c t i o n  P r o d u c t s  of A m i n e s  w i th  4 - B r o m o - 4 - a l k y l - 2 , 6 -  
d i - t e r t - b u t y l - 2 , 5 - c y c l o h e x a d i e n o n e s  ( Q u i n o b r o m i d e  c o m p o u n d s )  

- ~uino~ Stilbene. 
Quino - Quinamine Phenol :III) 1" | quinone 

~romide; Amine NR~ .i 
4-R yield, % retention yield, % retention yield, % 

time * time * 

CHa H N C4HsO 85 t0,0 1 t 3 ,35  - -  
CHs HNC~Hm 64 5,33 i t  3,35 6 
CHs HN C~Ha 61 --  t 6 3,35 4 
CHs H~NCHa 15 6,35 t2 3,35 6 
CHs HN (CHs)~ ~ - -  10 3,35 8 
CH~ HN (C~H0~ --  - -  i8 3,35 7 
CHs HN (CaH~)~ --  - -  t2 3,35 4 
CHs H~N CaH~ - -  - -  t6 3,35 6 
C (CHs)a HNC~HsO 72 --  25 3,20 - -  
C (CiIa)s HN (CH0~ t4 - -  80 3,20 - -  
C (CHs)a HNC~Hm --  - -  88 3,20 - -  

�9 in the study we used a Khrom-31 chromatograph, equipped with a flame-ionization i 
detector, while Celitc C-22 [15%poly(ethylcne glycol adipate)] was used as the filler. 
"~ivIp 156-157". From[6]: mp 154-156 ~ 

T A B L E  2. 4 - N , N - D i a l k y l a m i n o - 4 - a l k y I - 2 , 6 - d i - t e r t - b u t y l - 2 , 5 - c y -  
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I  oP.o  
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Empirical 
formula 

C~oH3aON 

C19HaION 

C19HmO~N 

C16H~70N 

C~H370~N 

C2o H850 N 

Calc., % 

C H N 

78,89 [0,791 4,8 

74,71 [0,321 4,6 

77,05 i0,881 5,6 

76,0~ 10,781 4,2 

78,6! 1i,531 5,8 

f o r m a t i o n  of w h i c h  i s  a p p a r e n t l y  f a v o r e d  by  the  r e a c t i o n  m e d i u m .  T h e  m a x i m u m  y i e ld  of the  q u i n a m i n e s  
w a s  o b t a i n e d  w h e n  the  r e a c t i o n  w a s  r u n  i n  e x c e s s  a m i n e  w i thou t  a s o l v e n t .  

One  of t he  p r o d u c t s  f r o m  the  r e a c t i o n  of q u i n o b r o m i d e s  (I) and  (II) w i th  a m i n e s  i s  the  4 - a l k y l - 2 , 6 -  
d i - t e r t - b u t y l p h e n o l ,  w h i c h  i s  f o r m e d  due  to t he  r e a c t i o n  of t he  phenoxy l  r a d i c a l ,  w h i c h  e s c a p e s  f r o m  the  
" c a g e , "  w i th  e x c e s s  a m i n e ,  i n  w h i c h  c o n n e c t i o n  t h i s  r e a c t i o n  a l s o  p r o c e e d s  w i th  the  i n v o l v e m e n t  of one  

e l e c t r o n ,  w h i c h  w a s  s h o w n  p r e v i o u s l y  [5] 

0 OH 
(CHs)s C I C (CH0s NRs' (CHs)a C I C (CHa)a 

I i 
R R 

In  h a r m o n y  wi th  t h i s ,  w h e n  q u i n o b r o m i d e  (H) i s  r e a c t e d  wi th  a m i n e s ,  due  to the  s t a b i l i t y  of the  i n t e r -  
m e d i a t e l y  f o r m e d  2 , 4 , 6 - t r i - t e r t - b u t y l p h e n o x y l ,  a s u b s t a n t i a l  i n c r e a s e  i n  the  y i e ld  of the  pheno l  o c c u r s ,  i n  
w h i c h  c o n n e c t i o n  2 , 4 , 6 - t r i - t e r t - b u t y l p h e n o l  i s  p r a c t i c a l l y  the  s o l e  p r o d u c t  w h e n  (II) i s  r e a c t e d  w i th  p i p e r i -  

d ine .  

The  s t r u c t u r e  of the  o b t a i n e d  q u i n a m i n e s  was  c o r r o b o r a t e d  s p e c t r o s c o p i c a l l y .  In  the  IR s p e c t r a  of 
t h e s e  c o m p o u n d s  i s  p r e s e n t  a d o u b l e t  a t  1640-1660  c m  -1 due to  t he  v i b r a t i o n s  of a c o n j u g a t e d  e a r b o n y l  
g roup ,  w h i l e  the  a b s o r p t i o n  m a x i m u m  in  the  235 n m  r e g i o n  t e s t i f i e s  to t h e i r  p - q u i n o l i d e  s t r u c t u r e .  
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EXPERIMENTAL METHOD 

A mix tu re  of e i ther  0.01 mole  of quinobromide (I) or  (II) and 0.1 mole  of the amine  was kept in an 
a rgon  s t r e a m  for  25 rain at 25~ a f t e r  which the reac t ion  mix tu re  was diluted with 30 ml  of hexane, washed 
with water ,  the solvent was vacuum-dis t i l l ed ,  and the res idue  was chromatographed  (TLC) on A1203 in the 
s y s t e m  of ~'mlvents: b e n z e n e - h e p t a n e ,  1 : 1. The yields,  physical  constants  and e lementa l  ana lys i s  data for  
the quinam[nes a r e  given in Tables  1 and 2. 

C O N C L U S I O N S  

A study was made  of the reac t ion  of 4 - b r o m o - 4 - m e t h y l - 2 , 6 - d i - t e r t - b u t y l - 2 , 5 - c y c l o h e x a d i e n o n e  and 
4 - b r o m o - 2 , 4 , 6 - t r i - t e r t - b u t y l - 2 , 5 - c y c l o h e x a d i e n o n e  with amines .  

1, 

2. 

3. 

4. 
5. 
6. 

L I T E R A T U R E  C I T E D  

A. A Volod'kin, V. V. Ershov,  V. I. Volodrkina, D. G. Pobedimski i ,  and D. Kh. Rasuleva ,  Izv. 
Akad. Nauk SSSR, Ser. Khim., 2311 (1969). 
D. tC~I. Rasuleva ,  A. A. Volod'kin, V. V. Ershov,  A. I. Prokoftev,  and S. P. Solodovrdkov, Izv. 
Akad Nauk SSSR, Ser. Khim.,  1659 (1970). 
A. A Volod'kin,  V. V. Ershov,  A. I. P rokof ' ev ,  S. P. Solodovnikov, and D. Kh. Rasuleva ,  Izv. 
A k a d  NaukSSSR, Ser.  Khim., 856 (1971). 
V. D. Pokhodenko and N. N. Kalibabchuk, Zh. Organ, Khim.,  5, 1794 (1969). 
V. D. Pokhodenko and N. N. Kalibabchuk, Zh. Teor .  i Eksperi~n. Khim.,  6, 124 (1970). 
C. Orlando, J. Org. Chem., 33, 2516 (1968). 

2661 


