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A leveling of the reactivity was found for intramolecular radical reactions in substituted 
2-oxyphenoxyls in viscous media. A comparison of rate constants in toluene, hexane, 
pentane, and vaseline oil shows that fast reactions are decelerated more rapidly than slow 
reactions. 
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The effect of  molecular  mobil i ty  on chemical  reactiv- 
ity 1 and the leveling of  chemica l  reactivity in compar i -  
son wi th  the  l iqu id  phase  z have been  found  for  
b imolecular  radical  substi tut ion in polymers.  In a quali-  
tative sence, the  leveling manifests  itself in the fact that  
fast react ions are decelera ted  much more  rapidly on 
going to  the  solid phase than  slow reactions. The follow- 
ing empir ica l  re la t ionship is obeyed: 

ks - k y ,  (1) 

where k s and kf are rate constants  of  the reactions in  the 

solid and in the liquid phase,  respectively,  and m = 
0.5+1 (see Ref. 2). In the present work, s imilar  regulari-  
ties for monomolecu la r  reactions are repor ted  for the 
first t ime. 

It was previously shown 3 that  in t ramolecula r  radical 
substi tution in substituted 2-oxyphenoxyIs  is decelera ted 
in viscous media ,  and the t ime of  chemica l  exchange,  
%x = 1/k (k is the monomolecu la r  rate constant) ,  is 
proport ional  to the t ime of  rotat ional  corre la t ion of  the 
radicals, xe. The data available can be semiquani ta t ively 
interpreted in the f ramework of  the mode l  o f  the  indi-  
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RO = 4,6-di(tert-butyl)-2-oxidophenoxyl (6), 2,2,6,6-tetra- 
methyl-4-oxidopiperidinoxyl (7), 
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R = 3,6-di(tert-butyl)-2-oxidophenoxyl (8). 

rect cell  effect. 3 The rate constant  for the react ion ill a 
viscous m e d i u m  can be wri t ten in the following way: 

1/k = 1/kf + Ot0(v0//kf)l/2Tc, (2) 

where v 0 is the universal f requency factor and a 0 is an 
empir ica l  mul t ip l ier  which takes into account  the corre- 
lat ion between various types of  molecular  motion.  Rela-  
t ionship (2) also describes the leveling of  the reactivity. 
In the  l imit ing case of  highly viscous media  (solid, 
kf >> /c), re la t ionship (1) with m = 1/2 follows from (2). 
However ,  at modera te  viscosities, as Eq. (2) indicates, 
the  effective m value should increase,  and for l imit ing 
nonviscous liquids, at k--ekf, m-,,1. 

The purpose  of  the present  work was to find out 
whether  leveling of  the reactivity of  2-oxyphenoxyls  
occurs in in t ramolecula r  radical  substi tution (Scheme 1) 
using the known data  on the rate constants  of  the 
react ions in various media.  

Table 1 lists rate constants  k r for react ions in nonvis- 
cous solvents ( toluene,  hexane,  pentane)  and those in 
vaseline oil, kvo. As can be seen, fast in t ramolecular  

Table 1. Rate constants of intramolecular radical substitution 
reactions, kf and kvo, at 20 ~ 

Radical kf/s -1 kvo/S -1 kf/kvo Reference 

1 

5 

2 

6 

7 

8 

4A -~  4 B  

4 B  -+ 4A 

3 

7.7 10 9 
(pentane) 

4.5 10 9 
(toluene) 

2.0 10 9 
(hexane) 

1.2 10 9 
(toluene) 

1.0 10 9 
(toluene) 

5.3 10 s 
(toluene) 

3.7 106 
(toluene) 

2.6 106 
(hexane) 

1.7 105 
(hexane) 

2.9- 10 s 26.6 3,4 

2.7.108 16.7 5 

1.4.108 14.3 6 

1.1- 10 s 10.9 5 

5.7" 107 17.5 5 

3.6. l07 14.7 3,7 

1.0" 106 3.7 3 

6.7.105 3.9 3 

1.0- 105 1.7 3 

10 log kvo 

i i i 

6 8 10 logkf 

Fig. I.  The dependence between the rate constants of 
intramolecular radical reactions in vaseline oil, kvo, and 
nonviscous liquids, kf, at 20 ~ 

reactions slow down in a viscous med ium more  signifi- 
cant ly than slow reactions. The dependence  between kvo 
and kf presented in Fig. 1 indicates that  the leveling 
effect may be described by relat ionship (1) with m = 
0.78 + 0.07. 

Obviously, this effect should be more  p ronounced  
when the rate constants in nonviscous solutions are 
compared  with those in the solid state. However ,  the 
results obta ined in the present  work indicate  that  the 



Russian Chemical Bulletin, VoL 43, No. 2, February, 1994 315 

leveling of  the  chemical  reactivi ty can also be observed 
rather  reliably on going from nonviscous solutions to 
viscous solut ions at a t empera ture  higher  than  the glass 
t ransi t ion t empera tu re  of  the  solvent. This implies that  
the leveling effect should be taken into account  in 
construct ing theore t ica l  models  of  l iquid-phase  intra-  
molecu la r  processes. 

This work was carried out with the financial  support  
of  the Russian Founda t ion  for Basic Research (Grant  
No. 93-03-4372).  

Experimental 

The radicals studied in this work were prepared by the 
reaction of the corresponding organometallic derivatives with 
3,6-di-tert-butylpyrocatechol in the presence of air followed by 
evacuation accordrug to the previously described procedure. 4,'t 
Multiligand silicon-containing free radicals with pyrocatechol 
ligands were synthesized by the reaction of silicon bis-3,6-di- 
tert-butylpyrocatecholate with the corresponding radicals. 5 ESR 
spectra were recorded on a Varian E-12A spectrometer. 
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The kinetics of decomposition of 15 difluoroamino compounds with NF 2 groups at 
primary, secondary, and tertiary carbon atoms in the liquid state was investigated. Activation 
energies (Ea) for all of the compounds were in the interval 100--120 k J-  mo1-1. The reaction 
rate does not depend on the electronic effects of the substituents and decreases only in the 
case of steric shielding of the NF 2 group. For N-difluorobenzylamine it was shown that the 
gas-phase elimination of HF is characterized by E = 176 kJ" mole - t ,  while the rate of 
decomposition in a solution depends on the dielectric constant of the medium. Based on the 
results obtained, a mechanism for liquid-phase decomposition, which involves heterolysis of 
the N - - F  bonds, is suggested. 

Key words: difluoroamino compounds, thermal decomposition, reaction mechanism. 

The most  c o m m o n  type of  organic compounds  with 
an N - - F  bond  are substances with N F  2 groups at the 
pr imary  and secondary  carbon atoms. Informat ion  on 
the the rmal  decompos i t ion  of  these compounds  is very 
l imited.  Some examples  suggest that  the  gas-phase  

decomposi t ion  of  these substances at modera te  tempera-  
tures occurs as e l iminat ion  of  HF ,  and at higher  t em-  
peratures (400--600 ~ the C - - N  bond c l eaves )  - 3  
For  vicinal compounds ,  abstract ion of  N2F 4 is also 
possible (see Ref. 4)_ 
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