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The cobaltic fluoride fluorination of hydrocarbons has been studied extensively
as a method of producing fluorocarbons in good yield (1). The predominant
by-products (other than fluorohydrocarbons) have been considered to arise from carbon
chain breakdown but not from rearrangement. Examples are reported here of major
skeletal rearrangements in the fluorination of bicyclo-(2.2.2)- and -(3.2.1)-octane of a
type which should be common to all fluorinations of bridged ring hydrocarbons.

Bicyclo(2. 2. 2)octane was passed over cobaltic fluoride at 320° and the product
subjected twice more to the same procedure over fresh cobaltic fluoride. The
ultimate highly fluorinated product was a mixture of a clean mobile liquid and a white
crystalline solid, in the ratio of 3:2. Analytical g.l.c. of the liquid (9.2 m. col. of
ucon oil/chromosorb P, 1:4; 22°) indicated the presence of 3 compounds shown to be
tetradecafluorobicyclo-(3.3.0)-, -(3.2.1)- and -(2.2.2)-octane(VII)-(IX), in the ratio of
63:29:8, respectively, together with a number of smaller peaks (presumably derived
from ring opening reactions). The solid product was dissolved in the minimum
volume of perfluoromethylcyclohexane and shown by g.l.c. to contain similar
proportions of the same isomeric tetradecafluorobicyclo octanes (VII)-(IX). Semi-
preparative g.l.c. (9 m. col of ucon oil/chromosorb P, 1:4} separation at room
temperature gave pure specimens of the three isomeric fluorocarbons;
tetradecafluorobicyclo-(3.3.0)- (2) and -(2.2.2)- (3) octanes were identified by a
comparison with authentic specimens which had correct elemental analyses and
consistent IR-NMR- and mass-spectra. Tetradecafluorobicyclo(3. 2, 1)octane was

identified by the same techniques. 5041
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When subjected to an identical fluorination procedure, bicyclo(3. 2. l)octane,
prepared from cisbicyclo(3. 3.0)octane (4), gave a similar product which was shown by
g.l.c. (259 to contain tetradecafluorobicyclo-(3.3.0)-, -(3.2.1)- and -(2.2,2)-octane in
the ratio of 51:41:8, respectively, and a small amount of other products presumably
derived from ring opening reactions.

However, bicyclo(3. 3. 0)octane, prepared from cyclo octane (5), under similar
fluorination conditions gave a liquid product which was shown by g.l.c. (22°) to
contain mainly tetradecafluorobicyclo(3. 3. 0)octane together with a number of smaller
peaks (presumably breakdown products), but none of the isomeric bicyclo-(3.2.1)- and
-(2. 2. 2)-fluorocarbons.

These results can be rationalised on the basis of cobaltic fluoride, acting
either as a strong Lewis acid (6), or as an oxidising species, generating from the
starting hydrocarbon or a very lightly fluorinated derivative, a carbonium ion which

then rearranges as in a sequence such as (I)—s (VI)
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The relative equilibrium concentrations of the hydrocarbon bicyclo octanes in
the presence of aluminium bromide have been established (7) as
(3.3.0) > (3.2.1) > (2.2.2) above 105° and the absence of rearrangement in the
fluorination of bicyclo(3. 3. 0)octane is consistent with equilibrium concentrations
extrapolated to the range 300-320°.

The issue is complicated, however, by the fact that at some intermediate

point in the fluorination process the opportunity for carbonium ion rearrangements
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ceases. It has been established that cobaltic fluoride fluorination of carbomethoxy
heptafluorobicyclo(2. 2. 2)oct-5-ene (3), 2H, 2H, 3H, 3§~octaﬂuorobicyclo(2. 2. 2)oct-5-ene (8),
1H, 2H, 2H, 3H, 3§-heptaﬂuorobicyclo(2. 2. 2)oct-5-ene (8) and 2, 2,3, 3,5, 6-hexafluoro-
bicyclo(2. 2. 2)oct-5-ene (8) all give tetradecafluorobicyclo(2, 2. 2)octane as the only
detectable bicyclo octane fluorocarbon. Presumably in all four systems a free
carbonium ion is markedly destabilised by the fluorine substituents.

It is pertinent to note that although detectable isomerisation products are not
obtained in the fluorination of norbornadiene, since rearrangement retains the
(2. 2. 1)-skeleton, a clear indication that rearrangements can occur in the system is
available. Thus, fluorination of endo-perfluorotricyclo[5. 2. 1. 02’ 6]deca-3, 8-diene (9),
the thermal dimer of hexafluorocyclopentadiene (10), gave a highly crystalline
perfluorodecane (endo-) whereas the analogous hydrocarbon endo-deca-3, 8-diene gave
a liquid perfluorodecane (exo-endo mixture) (11), Clearly the perfluoro-diene should
not favour the production of carbonium ions and hence will not rearrange to give the
exo-system whereas the analogous hydrocarbon endo-diene should give both the exo-

and endo-perfluorodecanes.
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