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Abstract-The exhaustive fluorination of the isomeric dichlorobcnzenes gives mixtures of dodeca- 
Buorocyclohexane, cbloroundecafluorocyclohexane, the isomeric dichlorodeca!Iuorocyclohexanes, 
and the isomeric trichloroaonafluorocyclohcxanes. These products have been separated and mixtures 
of two latter sets of isomers have been reduced with LiAMI to give fluorocyclohexanes of known 
structure. The fluorinations of these starting materials arc evidently accompanied by extensive 
intra- and intermolecular migration of chlorine, and by some displacement of chlorine. The pyro- 
lytic dehalogenation over iron of chloroundecafluorocyclohexane gives decafluorocyclohexene in 
good yield. From the dichIoro_ and trichIorosyclohexanes, octafluorocyclohexadienes, and mixture 
of new chloronona.tluorayclohexcncs, hexafluorobenzene and pentafluorobenzcne, have been 
formed on pyrolysis over iron. 

EARLIER work in these laboratories1 showed that the products of fluorination of 
o-dichlorobenzene over cobaltic fluoride contained dodecafluorocyclohexane, 
chloroundecafluorocyclohexane, and what was later shown to be a mixture of 
dichlorodecafluorocyclohexanes.l~8 A more detailed study of the fluorination 
of dichlorobenzenes has been carried out, both in order to discover more about 
the migration and displacement of chlorine that occurs during the reaction, and in 
order to study the pyrolytic behaviour of the reaction products. 

The fluorination of a-, m- and p-dichlorobenzenes with cobaltic fluoride yields 
mixtures of the same group of products, but the proportions of these depend on the 
nature of the starting material. The mixtures obtained have been separated by 
fractional distillation and preparative gas chromatography to give dodecafluoro- 
cyclohexane, chloroundecafluorocyclohexane, a mixture of dichlorodecafiuorocyclo- 
hexanes, and a mixture of trichlorononafluorocyclohexanes. Under the conditions 
used for fluorination only trivial amounts of other products were obtained. The 
mixtures of the isomeric chlorofluorocyclohexanes could not be separated using 
various stationary phases on gas chromatography, or by any other means.8 The 
products of fluorination had the compositions given in Table 1. These results demon- 
strate that extensive migration of chlorine has taken place during fluorination. 
Although the reaction conditions used were similar, the migration of fluorine was 
the more extensive in the fluorination of odichlorodecafluorocyclohexane. Com- 
parison of the yields of several chlorotluoro-compounds shows that the extent of loss 
of chlorine was least in the fluorination of odichlorobenzene. This observation is 
consistent with the trends shown by the weights of crude products recovered from 
the fluorinations. The fIuorination of 1,2-dichlorocyclohexane also shows extensive 
L R. E. Worthington and J. C. Tatlow, J. Gem. SC. 1251 (1952). 
* J. Roylance, R. E. Worthington and J. C. Tatlow, J. Gem. SOC. 4426 (1954). 
* R. D. Chambers, J. Heyes, and W. K. R. Musgrave, Temhe&on 19,891 (1963). 
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A fuller examination of the products from the d~~hiorobe~~~e was made by 
reducing the Chlori~e-~o~~iR~ng compounds to the ~orresFonding hyd~~n-co~~~n- 
ing compounds by reaction with lithium a~~~~~urn hydride,” The produets of 
reduction of the mixture of dichtoradecaffnoro~y~~ohexane were separated by gas 
~h~omato~pby into the fo~Iowi~g fractions: (i] f HI2H-d~~uo~~c~clo~exane; 

(ii) a mixture of W/3H- and lH/4H_deeafluorocy~lohexanes; (iii) 1~~4~~~d~- 
fluoroey&~ohe~~ne ; (iv) t W,2HJ_decafluor~y~loh~~ane; and (v) 1~~~~~-~~~ 
ff ~~~~~~~~~~~~~~. The second of these fr~t~o~s was a~~ysed for its two ~rnF~~e~~s 
by measuring tbo areas under the respective NMR peaks. On the justifiable assump- 
tion that no migration occurs in the replacement of chlorine by hydroge~s the mixtures 
of di~hlorod~a~uoro~y~~ohexa~es obtained by the ~uor~nat~on of the different 
starting rna~r~a~s were shown to have the ~orn~s~~~ns given before derno~stmt~~ 
that extensive ~~trarn~lec~~ar rn~~atiu~ of chlorine had emotively taken place during 
fl~~rina~o~. The indicated proportions of 1,2-, 1$3- and l~~dichloro-com~o~ads 
were 54,2t, 2~5%~ 28,40,327$ and 2L, 26 and 537$ from o-% m- a~d~dich~oro~n~e*es 
T~sp~~t~ve~y. 

Like r~du~t~o~ of the mixtures of ~sorner~~ trieh‘forononaftuoro~y~~ohe~a~es 
obtained from the ~nor~~ation products gave mixtures of nona~uoro~ycl~hex~nes. 
These mixtures were separated by gas chromatography into the following 
fractions: (i) iN,4H/2N-nona~~orocydahe~a~es (ii) a mixture of lH,2H/3H- and 

~#ro~~~oh~xa~es ; (iii) fH,2Hf4H-nanaftuorocohexa~e~ (iv) 
I W12H,4W_nonaffuor~y~Iohexanit; ; (Y) 1 H,ZH,4H~-~~uafluor~~~ohexane ; (vif 
lH,2H,3IIf_nonaffuorocyclahexane; and (vii) a mixture of uni~ent~~ble products 
(about 1$-2@$&). No ~roduGts~risi~g from r,3,5-tricbforonanaflu~rocy~lohex~es were 
~dent~~~_ These may be endued in the mixture of ~o~de~t~~ab~e products From 
the quantities of products isolated and ~de~t~~~ it is e~dent that about f6%, 14% 
and 9% arise from 1,2,3-tri~hloro~on~~~rocy~lohexa~es in the ~uori~atio~ products 
of O-, m- and ~di~hIorobenzenes respectively, and that the remainder arise from 
1,2,4_trichloronoaaftuctrocycfcthexanes, 
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has been reported. 6 Dehalogenation over heated iron of chloroundecafluorocyclo- 
hexane gives almost exclusively decafluorocyclohexene, and this reaction proceeds 
more readily at lower temperatures than does the defluorination of dodecafluoro- 
cyclohexane. Although further defluorination of decafluorocyclohexane is possible, 
it proceeds only with difficulty and inefficiently. 6 Mixtures of dichlorodecafluoro- 
cyclohexanes defluorinate readily over heated iron to give mixtures of decafluoro- 
cyclohexene, small amounts of isomeric octaffuorocyclohexadienes and of 
chloronontiuorocyclohexanes, and larger amounts of hexafluorobenzene. Pentafluoro- 
benzene is also formed, presumably by reduction of chlorine in the reaction inter- 
mediates by hydrogen adsorbed in the pyrolysis tubes, since the product was formed 
despite the absence of hydrogen from the starting material. Although hydrogen- 
containing materials have been found in the products of pyrolysis under like conditions 
of pertluorocyclohexanes the amounts have been very small. Chlorine thus appears 
to be more readily reduced than does fluorine in such compounds. This is consistent 
with some findings in the reduction of simpler halogenated compounds using hydrogen 
with palladium catalysts.’ 

Mixtures of trichlorononafluorocyclohexanes are readily dehalogenated over 
heated iron to give a mixture of compounds. The products formed at lower tempera- 
tures are, with the omission of decafluorocyclohexene, which would not be an 
anticipated product from these starting materials, the same as those obtained from 
dichlorodecafluorocyclohexanes. At higher temperatures hexafluorobenzene and 
pentafluorobenzene are formed almost exclusively. The dehalogenation of these 
compounds must be determined not only by their content of chlorine, but also by 
the disposition of the substituent atoms. Compounds containing the 1,2-dichloro- 
group are likely to be dechlorinated readily to a cyclohexene structure. If this were 
to be decafluorocyclohexene, further dehalogenation would be difficult. 

EXPERIMENTAL 

Ffuorinafions. These were carried out in the manner described previously,a using, however, in 
some cases a larger reactor (containing 6 kg CoF,). The products were condensed in Ni traps cooled 
with solid Co,, and were separated, after washing with water, by fractional distillation followed by 
preparative gas chromatography using dinonyl phthalate, silicone gum, or Kel-F oil as stationary 
phases. The fluorination of 340 g o- and g-dichlorobenzenes at 300” gave respectively 680 and 560 g 
crude product. Similarly 330 g m-dichlorobenzene gave 510 g crude products, 

Reduction of chfuro@ora-compounds. Reduction of the several fractions of chlorofluorocyclo- 
hexanes were effected with LiAlH I,p The crude products, dissolved in ether were separated by 
preparative gas chromatography using dinonyl phthalate as stationary phase. The separated com- 
ponents were identified by comparison of their IR andNMR spectrawith those of authentic specimens. 

Pyrolytic dehalogenation of chlorapuor~cyclohex~~s. Portions of the compounds (I-10 9, were 
passed through a Ni tube (length 3’, diam 2)‘) contained in a furnace and packed with pieces of 
Fe gauze. The products were collected in traps immersed in liquid air, and were separated by pre- 
parative gas chromatography using dinonyl phthalate as stationary phase. Examples are given 
below. 

Chloroundecafluorocyclohexane (52 9, was passed in a stream of N, (flow rate 2 I/hr) through 
the pyrolysis tube heated to 400”. Of the products (3.7 g) a portion (3.3 g) was separated to give 
decafluomcyclohexene (2.8 g). At temps above about 400” extensive destruction of compound 
took place, and at lower temps appreciable amount of starting material was recovered. Thus at 

b R. H. Mobbs and W. K. R. Musgrave, Chem. & Ind 1268 (i%l). 
’ P. L. Coe, C. R. Patrick and J. C. Tatlow, Tetrahedron 9, 240 (1960). 
’ J. R. Lather, A, Kianpour, F. Oelting and J. D. Park, nuns. Furud, Sot. 52, 1500 (1956). 
8 A. K, Earbour, G. B. Barlow and J. C. Tatlow, J. Appl. Chem. 2, 127 (1952). 
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250” only 10% conversion to decafluoroeyclohexene was effected, and the balance of the unreacted 
chloroundecafluorocyclohexane was recovered in good yield. 

A mixture of dichlorodecatluorocyclohexanes (5 @ was passed through the pyrolysis tube in a 
stream of N, (flow rate 21/hr) at 250”. Of the products (4*Og) a portion (I-7 g) was separated to 
give decatluorcqclohexene (0.52 9>, and a mixture of octafiuorocyclohexa-l&dienc and chloro- 
nonafluorcqclohexen (0.56 g). The separation of the Iatter mixture is described below. 

At 300”, using the same flow rate of N,, dichlorodecafluoroqclohexane (5g) gave a mixture 
(Z-8 g), a portion of which (2.7 g) was separated to give decaSuorqclohexene (08 8), cctafluoro- 
cyclohexa-l&diene (0.1 g), and the mixture of chlorononafluorocyclohcxene and octafluorocyclo- 
hexa-1.3-diene mentioned above (05 g). Similarly at 450” the dichlorocompound (10 gI gave a 
mixture (3.8 g), a portion of which (2% g) was separated to give decafluorocyclohexene (08 g), 
hexafluorobenzene (0.8 @ and pentafluorobenzene (0.3 g). 

Trichlorononafluorccyclohexane (5 g) passed through the tube in a stream of N1 (flow rate 
2l/hr) at 300” gave a mixture (2.8g) which was separated to give cctafluorocyclohexa-1,4-diene 
(0.3 g), and the mixture of octafluorcqclohexa-1,3-diene and chlorononafluorocyclohexene described 
below (I.4 g). TrichIorononafIuorocyclohexane (5 g) in a stream of N, (10 l/hr) at 400” gave a mix- 
ture (2-6 g) which was separated to give octafluorqclohexa-1 &diene (0.4 g), a mixture of octafluoro- 
cyclohexa-1,3diene and chforononafluorocyclohexene (O-7 g), hexatluorobenzene (@4 9, and 
pentafluorobenzcne (0.1 g). 

Separation of mixtures of octaflrcorocyclohexa-I ,3-diene and chioronona@orocycbhexene. Mix- 
tures of these two compounds were separated from the products of a number of pyrolysis experiments 
such as those described above. The two components could be separated using Kel-F oil (M.M.M. 
Co.) as stationary phase in gas chromatography. The proportions of the two components in the 
mixtures depended on the sources of the mixtures. Chloronontiuorocyclohexene (almost certainly 
a mixture of isomers) was characterized by its analysis (C, 25.8; F, 60.9; Cl, 12.3. C,F,Cl requires: 
C, 25.8; F. 61.4; Cl, 12.7%), and its mass spectrometric cracking pattern (principal mass peaks 
278, C,F,CI; 259, GF,Cl; 243, C+F& 
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