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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 mobility on chemical reactiv-
ity! and the leveling of chemical reactivity in compari-
son with the liquid phase? have been found for
bimolecular radical substitution in polymers. In a quali-
tative sence, the leveling manifests itself in the fact that
fast reactions are decelerated much more rapidly on
going to the solid phase than slow reactions. The follow-
ing empirical relationship is obeyed:

ks ~ k™, 0]

where kg and k; 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, similar regulari-
ties for monomolecular reactions are reported for the
first time.

It was previously shown?® that intramolecular radical
substitution in substituted 2-oxyphenoxyls is decelerated
in viscous media, and the time of chemical exchange,
1w = l/k (k is the monomolecular rate constant), is
proportional to the time of rotational correlation of the
radicals, t.. The data available can be semiquanitatively
interpreted in the framework of the model of the indi-
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R = 3,6-di(tert-butyl)-2-oxidophenoxyl (8)}.

rect cell effect.3 The rate constant for the reaction in a
viscous medium can be written in the following way:

1/k = 1/kg + ag(vo/k 2z, @

where v is the universal frequency factor and oy is an
empirical multiplier which takes into account the corre-
lation between various types of molecular motion. Rela-
tionship (2) also describes the leveling of the reactivity.
In the limiting case of highly viscous media (solid,
k; >> k), relationship (1) with m = 1/2 follows from (2).
However, at moderate viscosities, as Eq. (2) indicates,
the effective m value should increase, and for limiting
nonviscous liquids, at k—k;, m—1.

The purpose of the present work was to find out
whether leveling of the reactivity of 2-oxyphenoxyls
occurs in intramolecular radical substitution (Scheme 1)
using the known data on the rate constants of the
reactions in various media.

Table 1 lists rate constants k¢ for reactions in nonvis-
cous solvents (toluene, hexane, pentane) and those in
vaseline oil, k,,. As can be seen, fast intramolecular

Table 1. Rate constants of intramolecular radical substitution
reactions, k¢ and k,, at 20 °C

Radical kg/s™1 kyo/sT! ki/k,, Reference
1 7.7-10° 2.9-108 26.6 34
(pentane)
5 4.5-10° 2.7-108 16.7 5
(toluene)
2 2.0-10° 1.4 108 14.3 6
(hexane)
6 1.2-109 1.1-108 10.9 5
(toluene)
7 1.0- 109 5.7 107 17.5 5
(toluene)
8 5.3-108 3.6+ 107 14.7 37
(toluene)
4A > 4B 3.7-106 1.0+ 106 3.7 3
(toluene)
4B > 4A  2.6-106 6.7-10° 39 3
(hexane)
3 1.7+ 105 1.0-10° 1.7 3
(hexane)
wh log kv
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Fig. 1. The dependence between the rate constants of
intramolecular radical reactions in vaseline oil, k,,, and
nonviscous liquids, &, at 20 °C.

reactions slow down in a viscous medium more signifi-
cantly than slow reactions. The dependence between k.,
and k; presented in Fig. 1 indicates that the leveling
effect may be described by relationship (1) with m =
0.78 £+ 0.07.

Obviously, this effect should be more pronounced
when the rate constants in nonviscous solutions are
compared with those in the solid state. However, the
results obtained in the present work indicate that the
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leveling of the chemical reactivity can also be observed
rather reliably on going from nonviscous solutions to
viscous solutions at a temperature higher than the glass
transition temperature of the solvent. This implies that
the leveling effect should be taken into account in
constructing theoretical models of liquid-phase intra-
molecular processes.

This work was carried out with the financial support
of the Russian Foundation 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-fert-butylpyrocatechol in the presence of air followed by
evacuation according to the previously described procedure.“v7
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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Structure and thermal stability of difluoroamino compounds
in the liquid state
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The kinetics of decomposition of 15 difluorcamino compounds with NF, groups at
primary, secondary, and tertiary carbon atoms in the liquid state was investigated. Activation
energies (E,) for all of the compounds were in the interval 160—120 kJ - mol™!. 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; group. For N-difluorobenzylamine it was shown that the
gas-phase elimination of HF is characterized by E = 176 kJ-mole~!, 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 common type of organic compounds with
an N—F bond are substances with NF, groups at the
primary and secondary carbon atoms. Information on
the thermal decomposition of these compounds is very
limited. Some examples suggest that the gas-phase

decomposition of these substances at moderate tempera-
tures occurs as elimination of HF, and at higher tem-
peratures (400—600 °C), the C—N bond cleaves.}—3
For vicinal compounds, abstraction of N,F, is also
possible (see Ref. 4).
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