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A study of the mechan i sm of the reac t ion  of quinobromide compotmds (bromoeyclohexadienones)  with 
nucleophil ic agents  is pa r t  of a study of organic  reac t ions  involving one e lec t ron [1]. The reac t ion  of 
quinobromide compounds with amines  is a convenient model for  studying the e l emen ta ry  acts  of the p ro ce s s  
and determining the effect  of var ious  f ac to r s  on the kinetic p a r a m e t e r s .  Thus, phenoxyl radica ls ,  quin- 
amines  and a number  of other  compounds a re  obtained when quinobromide compounds a re  r eac t ed  with 
amines ,  in which connection the i r  fo rmat ion  could be explained as being due both to the s imul taneous 
p r o g r e s s  of pa ra l l e l  r eac t ions  and the success ive  t r ans fo rma t ion  of the b i rad ica l  "cage,"  which is f o rmed  
as the resu l t  of the initial  t r a n s f e r  of an e lec t ron f r o m  the nucleophile to the quinobromide [2] 
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The kinetic data of the p resen t  paper  a re  in good agreement  with the one rad ica l  mechan i sm for  the 
reac t ion  of quinobromide compounds with amines  and co r robora t e  the hypothesis  of the determining ro le  
played by the t r a n s f e r  of one e lec t ron in the e l emen ta ry  act of this p roce s s .  The kinetic m e a s u r e m e n t s  
were  made by two methods:  by the accumulat ion of amine hydrobromide  (method A) and of the phenyl rad ica l  
(method B), the use  of which made it poss ib le  to de te rmine  the effect ive r a t e  constant for  the reac t ion  of 
quinobromides with amines  (ki) and the r a t e  constant for  the format ion  of phenyl r ad ica l s  (k2), and to 

TABLE 1. Rate  Constants for  React ion of 4 - B r o m o - 4 - m e t h y l - 2 , 6 -  
d i - t e r t -bu ty l -2 ,  5-cyclohexadienone with Amines  in Various Solvents 
at 40~ 

Solvent 

CCh 

Heptane 

Benzene 
THF 
Dioxane 

Amine 

Morpholine 
H 

n 

k 1 �9 10 8, liter 
/M. rain 

6,t 

5,5 

6,1 
15,0 
i8,0 

Amine Solvent 

Diisopropyl- �9 
amine 

tert:-Butyl.- 
amine 

Diethylamine 
Triethylamine 
Piperidine 

Benzene 

u 

kl,- 108 , 

liter/M, min 

2,3 

0,4 

t9,0 
45,0 
43,0 

Insti tute of Chemical  Phys ics ,  Academy of Sciences of the USSR. Institute of Heteroorganic  
Compounds, Academy of Sciences of the USSR. T r a n s l a t e d  f r o m  Izves t iya  Akademii  Nauk SSSH, Ser iya  
Khimicheskaya,  No. 5, pp. 1212-1214, May, 1972. Original a r t ic le  submit ted  June 25, 1971. 

�9 i972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $1s 

1174 



uJ -,'0~ min "I I 
4 

0, q 1, 2 C, M/liter 

IX], M/liter tg[X] 
o,z 

o 

o,1 f ,z 

20 FO 100 
rain 

Fig. 1 Fig. 2 

Fig. 1. Relative react ion ra te  of (I) with morpholine as a 
function of the concentration of the quinobromide (1) and the 
amine (2). Benzene, 40~ 

Fig. 2. Kinetic curve (1) and its semilogar i thmic  anamor -  
phosis (2) for the react ion of (I) with morpholine. [Quino- 
bromide]=  0.195 M/ l i t e r ,  [morpholine] = 3.2 M/ l i te r ,  ben- 
zene, 40 ~ . 

TABLE 2. Rate Constants, Preexponential  Factors ,  
Activation Energies,  and Yields of Quinamines in the 
Reaction of 4-Bromo-2 ,4 ,  6 - t r i - t e r t -bu ty l -2 ,  5-cyelo-  
hexadienone with Amines (in Benzene 

Method Amine 

A Morpho - 
B lin~ 

A Piperi- 
dine 

B 

28 8. t0 v 

i~,9 7,2, {0 v 
7.10 s 

t2 1,2.t0 9 

d 
o .  

15,i+_0,5 93 85 

i6,8+0,5] 
16,7~0,5 

i7,2~0,5] 33 t2 

*From [2]. 

est imate the probabil i ty of the radicals  escaping f rom the cage that is formed after  cleaving HBr f rom the 
molecules of the quinobromide and the amine. 

The l inear  charac te r  of the re la t ive  react ion ra te  of 4 -b romo-4-me thy l -2 ,  6 -d i - te r t -butyI -2 ,  5-ey clo-  
hexadienone {I) with morpholine as a function of the concentration of these components (Fig. 1) testif ies to the f i rs t  
o rder  of the react ion in each component. Fig. 2 shows a typical kinetic curve for the react ion of quinobromide 
(I) in execs s morpholine and its semilogar i thmic  anamorphosis ,  F r o m  the slope of the straight  line the b imole-  
cular ra te  constant k 1 was calculated. The rate  constant for  the react ion of quinobromide {I)with morpholine 
increases  slightly with increase  in the solvating capacity of the solvent and is quite dependent on the nature 
of the amine (Table 1). In the example of the react ion of quinobromide (I)with diethylamine and its n i t rogen-  
deuterated analog* it was shown that the isotope effect is not detected in this reaction.  

The lfinetics of the react ion of 4-bromo-2,4 ,  6 - t r i - t e r t -bu ty l -2 ,  5-cyclohexadienone (II) with morpholine 
and piperidine (in benzene) was studied on the basis of the accumulation of the amine hydrobromide and 
2 ,4 ,6- t r i - te r t -butylphenoxyl  {III). Since phenoxyl (III) r eac t s  with amines [3], but at a, much slower rate, 
then the ra~e based on radical  OII) was determined f rom the initial l inear section of the kinetic curve. In 
Table 2 are  given the kinetic p a r a m e t e r s  for the react ion of quinobromide (II) with amines, which were 
calculated using methods A and B. A divergence in the values of the ra te  constants and activation energies 

*Based on the ~R spec t rum the enrichment  of the sample was 85-90~. 
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for the react ion of quinobromide (II) with morpholine (and piperidine) is associated with the fact that phen- 
oxyl (III) is a secondary  react ion product and is formed only in the case of the radicals  escaping f rom the 
cage. If the probabil i ty of escape f rom the cage is taken as equal to ~, then the formation of radical  (III) 
should proceed,with a constant of k 1 q~. In harmony with this, the quantity (1-  ~) should correspond to the 
yield of the quinamines, which actually does correspond to the experimental  data [2]. A difference of 
1-2 k c a l / M  in the values of the activation energy for the same reaction, but determined by different meth-  
ods, can be attributed to the diffusion of the radicals  f rom the cage. 

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

The kinetic measurements  relat ive to the amine hydrobromide were run in thermosta t ted  test  tubes, 
and the amount of salt  was determined by weighing. The e r r o r  of the method did not exceed 15%. The 
kinetic measurements  on the change in the concentration of 2,4, 6- t r i - ter t -butylphenoxyl  were run on a Rt}- 
1301 spect rophotometer  in evacuated ampuls [4]. 

CONCLUSIONS 

The mechanism of the react ion of quinobromide compounds with amines was studied by the kinetic 
method. 
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