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I.J. HOTCEHKISS, R. STEPHENS AND J.C., TATIOW

Chemistry Devartment, The Universitv »f Birmincham., P.0. Box 363,

Birmineham B15 2TT (Great Britain)

SUMMARY

Hexafluorobenzone has been fluorinated at 0" with elemental
fluorine of low oxvgen content to eive mainly tetradecafluorobicyclohex-
?.2',5,5"-tetra-enyl and a classy nligomer based mainly on the
hexafluorc-1:b-dienyl unit tocether with smaller a~ounts of hexadena-
fluorobicyeclohex-2,2' ,5~tri-envl, decafluorocyclohexene, dodecafluoro-

cyclohavane and frasmentation nroducts.

INTRODUCTICN

It i= now nearly fortv vears since Birelow's classic work on
vapour phase fluorination of hydrocarbons; the vaver (1) indicated the
need for fluorine containine a minimum of oyyeren. Indeed it is nearlyv
twentv vears since Miller and Dittman (2) revorted the oxidation of
tetrachloroethylene with a mixture of fluorine ard oxyeen., Since then
numerous fluorinations usinr elemental fluorine have bheen described and
reviewed (3) but the influence of oxygen in the fluorine used has not
always been closelv examined. BEarlv work in this Dewartment (4) showed
that arnmatic commounds conld be "polymerised" to short-chain oliromers
when dilute fluorine was bubbled through solutions of them in
fluorocarbons. This tyve of process has no: been examined further usine

hexafluorobenzene as substrate.

*
Part of this Paver was rerorted at the 5th Eurovean Symposium on

Fluorina Chemistry, Aviemore, Sentember, 197h4.
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RESULTS AND DISCUSSION

In an earlier study (5) we found that the fluorination of
hexafluorobenzene in the liquid phase at 0° using fluorine diluted
with nitrogen gave substantial amounts of acid fluorides. However,
the fluorine used was generated from an electrolyte melt made with
hydrogen fluoride of unknown water content without special provisions
to exclude moisture.

In the present study a conveniently modified electrolysis cell
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Figure 1 (not to scale) Fluorine Generator

(Fig. 1) was used that produced fluorine of low oxygen content, as
demonstrated by the absence of acid fluorides in its reaction product with
hexafluorobenzene at 0°, However, an independent measure of the oxygen

content of the fluorine generated was not made.
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Hexafluorobenzene reacted smoothly in the liquid phase with a
mixture of fluorine and nitrogen in the approximate ratio of 1:10. The
glass reaction vessel permitted some measure of control over the vigour of
the fluorination. The slow production of fluorine oxide and silicon
tetrafluoride by attack of fluorine on glass was not considered significant
in this study.

The fluorination was continued until fluorine was detected in the
exit gases in appreciable quantities. The reaction vessel then contained
a clear, slightly viscous liquid and the cold trap a clear mobile liquid;
both materials were free of acid fluorides. When subjected to a
combination of distillation and GIC these combined liquids afforded
hexafluorobenzene (I) (20%), dodecafluorocyclohexane (II) contaminated with
perfluorinated fragmentation products (7%), decafluorocyclohexene (III)
(8%), tetradecafluorobicyclohex-2,2',5,5'-tetra—-enyl (IV) (20%),
hexadecafluorobicyclohex-2,2' ,5-tri-enyl (V) (5%) and a mixture of oligomers
based on (06F6)n (VI) (4o%).

The triene (V) and tetra-ene (IV) were characterised by elemental
analysis, mass spectrometry and U.V,-, IR- and 19F NMR - spectroscopy.

The glassy oligomeric material (Vi) was difficult to analyse because of
combustion problems. The carbon and fluorine content (06F7.5) suggested

a higher degree of saturation than the linear structure (VI) (C6F6.2—6.6)
shown in Fig., 2. However, pyrolytic defluorination to hexafluorobenzene
(70%) is good evidence for a substantial proportion of hexafluorocyclohexa-
1l:4-dienyl units in oligomer (VI).

Pyrolytic defluorinations of some of these products were interesting
and structurally useful, Thus, when the tetra-ene (IV) was passed over
iron oxide or glass helices at MSOO it gave hexafluorobenzene as the sole
product. This result is consistent with the structure allocated to (IV)
whether the process of defluorination is ionic or free-radical in
character. Thus, iron oxide might elicit the synchronous  -elimination

depicted by (VII), or act as a "sink" for fluorine atoms generated in the
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Figure 2

homolytic sequence derived from (VIII), This process is essentially the
reverse of its formation from hexafluorobenzene and parallels the known (6)
cleavage of saturated fluorocarbons with C-C bonds involving tertiary
carbons, The fact that the defluorination is observed over glass is

slight evidence for the operation of a homolytic process.

On the basis of such a defluorination process, a purely linear
oligomer of the type depicted by (VI) would be expected to give entirely
hexafluorobenzene when passed over iron oxide at 4500. However, when the
oligomer (VI) was so treated it gave hexafluorobenzene (7 parts) together
with a complex mixture of suspected perfluoro - ter - and quater - phenyls
(3 parts). The latter could arise either from branching points in the
oligomer (VI) or from oligomeric species containing saturated or partially
saturated cyclo hexyl- units both of which might break down to hexafluoro-

benzene less readily,

The possibility of branch-points arising from linear oligomers (VI)
in the fluorination of hexafluorobenzene was indicated by the variation in

yield of the tetra-ene (IV) indicated in Figs. 3 and 4, It will be noted
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Figure 3 Reaction of hexafluorobenzene, with fluorine in an unstirred glass vessel at 0°C

from these experiments that in both stirred and unstirred reaction mixtures
there is an optimisation of the yield of the tetra-ene (IV), This would
suggest a participation of (IV) in the generation of higher molecular
weight compounds., Indeed, when the tetra-ene (IV) was fluorinated in the
manner of hexafluorobenzene it gave a clear glass (IX) as the major
product. When this 012F14 - oligomer (IX) was pyrolysed over iron oxide
at 450° it gave hexafluorobenzene (1 part) and a complex mixture containing
suspected perfluoro - ter - and - quater - phenyls (1 part). The latter
material displayed the same IR spectrum as that of the analogous material
from the defluorination of the C6F6 ~ oligomer (VI):

The high proportion of tetra-ene (IV) and oligomer (VI) is consistent
with the initial formation of a radical intermediate from hexafluorobenzene,
either by reaction with a fluorine atom (3) or a flvorine molecule (7).

The processes giving rice to the products isolated are devicted in Fie. 2.

The absence of products derived from ortho-attack is surprisine but could
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Figure 4 Reaction of hexafluorobenzene with fluorine in a stirred glass vessel at 0°C

nossibly be anticivated from electron spin resonance studies (8), A
similar orisntatinn effect has been noted in other free radical reactions
of hexafluorobenzere (9),

It is of interest tn compare the present study with that of
Grakauskas (10) who reacted hexafluorobenzens in 1,1,”-trichloro-1,7,2-
trifluoroethane at 20° with 3 mol. of fluorine to give perfluorobicyclohexyl
and a nolydecafluorocyclohexene. Presumably this conld be the ultimate
fate of our vproducts in s protracted fluorination. The difference is
mlikely to be a consecuence of the presence of trichloro~trifluorcethane.
In none of our fluorinatiens of hexafluorobenzene did we observe violent
reactions comparable to those reported by Grakauskas (10) . Further, nur
fluorination studies on octaflunrncyclohexa-1,3- and -1,4~diene do not
supvort his sugegestion (10) that octafluorocyclohexadiene can polymerise

with great virour.
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EXPERIMSNTAL

Arparatus

Gas chromatography

Analyvtical work vas carvied ont usineg 1.5 m <lsss crlumns (6 mm
diam.) vacked with din~uvl vhthalate-celite (1:3) (Pve 104 instrvment).
For preparative werk a 9.1 m ~lass c~lumn (A mm diam.) -a< racked with

dinonyl vhthal te-celite (1:3) (¥ve 104 instrumen*).

NMR spectroscony
Srnctra were meacur~d +ith = Perkin-Elmer R12B instrument at
56,01 MH7 with trichloroflucromethane as internal refrrence and cheminal

shifts are ~uoted in v,

Mass srectra

These were mrasnre” on an AEL MSO instrioment.

Fluorine senerator

Fluorine was eenerated by th~ standord electrolvais ~f rotassium
finoride - hydroren flnoride (3:2) at 857 in a mild steel cell fitted with
a norous carbon anode ard illwstrated in A~*ail in Fig. 1.

The teflen disc in the~ bage of the ce’l vermitted an initial
electrolysis of the totally molten electrnlyte withrut hvdArosen enterin:
the ancde compartment. This vnrocednre was followed in an attempt to
preferentially remove as mich water from the system as yossitle, Mixing
of the electrolyte was nromoted by the convection currents gererated by
the geometry of the cell., The electrolyte composition was reriodicelly
restored with hvdroren fluoride containing 260 vpm of water. At all

other times electrnlvsis was mrinta‘ined at ca. 0.5 amv with a continunus

small flow of dry nitroge~ (P £ 1™1) over the electrai+te = =face within
the anode comvartment. A long outlet tube for hydrosrn minimised back
diffusien »f air into the cell.

The mas stream from the anode commartment pasced throurh a 2% cm
copper cylinder (6.5 em diam.) packed with sedium f woride pellets and
two glass traps in series at -180° to ensure removal of hydros-n fluori-de
and condensation of oxides nf fluorine prodnccd by attack on the bindine

agent of the anode.
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Fluorination of hexafluorobenzene with exces= ~f finorine

o -1
Fluorin~ {(pen~rated bv 2,0 amv) and ni*rogen (-5 & h™ ) were

bubbled far 4 h throush hexafluorobenzene (20,05 =) at " in a elass
reaction vessel (25 cms) carrvinr A thermometer pocket and reflux condense
A temporary reduction in the gas flow-rate was found adennate t- moderate
the reaction if sma’l 1ncali-ed flashes of lisht were oherrved in the
reactor, The conde.ser was '"backed" by «lass frars held at -78% and -180°
A elear slichtly viccous liauid (23%.79 g) remained in the reaction
vessel after 4 h and a clear 1imnid (7.76 ¢) coll~cted in th~ tran at
-78%. The totz1 product s shown t~ be devoid of acid flunriies using
IR svectroscony and was distill~d to ive a volatile fraction (19.78 o)
and a residnal clear rl-ass (11,71 ~).
A portinn (8,00 ») of the vnlatile fraction was sevarated by GLC
(95°% W, 6 tn™ ) to mive: (1) a Tgaid (478 @) shown by OLC (507
N, 18 n

2,2% . 5-tri-enyl (V) nc (0.63 &) b.n. 169-170° shown bv GLC (507: 3

) to contain 4 comvonents; (ii) hexadecaflucorobicvelohex—

>

12 171 to be one veak (Found: O, %2.5; F, 67.6 C 5F g renmires

C, .15 F. 67.8%)y) 1730 em” . (CF<CF), m/e 247 (C.F.") 205 (CF,7),
19 maxXe A~ 0 S

its F NMR snectrum consi=ted of nine bands at 112.2 (miltipl=t) (chv_

140.5 (miltiplet) (02,), 145,71 (multinlet) <03,), 148.5 (miltiplet)

(C, and 06), 152.5 (trivliet J 19 Hz) (Cz), 15%.9 (tripl~t, J 19 Hz) (cg),

164.3 (Broad band) (C1,), 166.3 (Broad band) (Cq) and 106-146 (comnlex AB

overlan) (Cy,, C., and Cgv) in th~ relative intensityv ratio of 2:1:1:2:

)
1:1:1:1:6, resnp:tivoly; (iii) tetradecalfluorobicvclohex-2,2',5,5'-tetra-
enyl (IV) ne (2.49 &) b.p. 172° shown by GLC (50°, N, 12 n™ 1) to be
one veak (Found: C, 34.8; F, 64,55 C12F1u requires C, 2%5.1: F. 64.9%),
Vmax, V7% em™ ! (CF=CF), m/e 205 (C6F7+) its | F NMR svectrum consisted
of & bands at 109.3 (§,), 117.9 (SB) (4B, J 15 Hz) (C,, C,,), 153.2
(triplet, J 19 Hz) (C,C..CL,.Cq0)y 145.9 (sinalet) (C,.C0.C5,.Cpy) and
174.0 (singlet) (C1,C1,) in the relative intensity ratio of 2:0:2:1,
resvnectively.

A vortion (3.60 g) of comvonent (i) was sevarated by GLC (50°;
N? 6 21" to give: (a) a liouid (0.65 g) shovn by IR- and 19
NMR-spectroscony to be mainly dodecafluorocyclohexane (II) containing
fragmentation vnroducts; (b) decafluorocyclohexene (III) (0.80 g) with
a correct IR spectrum; (c¢) hexafluorobenzene (I) (.00 g} with a correct

IR spectrim.
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The rlassy vroduct was difficult to characteri=e (Found: C, 31.63

F, 63.8%).

Ortimisation of the yield of tetradecafluorobicyclehex 2,2',5,5'-tetra-

enyl (IV) from hexafluorobenzene and fluorine

Hexafluorobenzene (8 g) at 0° was treated with fluorine and nitrogen
in the manner described previously. Two such fluorinations were conducted;
one with a stirred reaction vessel, the other unstirred. Both fluorinations
were stopped at intervals and the product analysed for the volatile
comvonents, the tetra-ene (IV), the oligomer (VI) and hexafluorobenzene.

The results are expressed in Figs. % and k.

Fluorination of tetradecafluorobicyclohex-2,',5,5'-tetra-enyl (IV)

Fluorine (generated by 2.7 amp) and nitropen (4 & h_1) were
bubbled through the tetra-ene (IV) (5.72 g) at 8% in the apparatus
described previously. After 1% h a very viscous liquid (4.85 g) was
recovered which was distilled to pive: (i) a volatile liquid (1.82 g)
shown by GLC,(950; N2 [ A h-q) and IR spectroscony to contain mainly
the tetra-ene (IV) and the triene (V) in the ratio of (1:4); (ii) a
clear glass (IX) (2.90 g) (Found: C, 31.7, 32.3; F, 68.7, 69.7

012F16.4 reguires C, 20.7; F, 69.3%).

Defluorination of tetradecaflucrobicyclohex-2,”',5,5'~tetra-enyl (IV)

This compound (IV) (2.00 g) was passed over iron oxide in a %0 cm
copper tube (30 mm diam.) at 450° in nitrogen (1 g ™) to give
hexafluorobenzene (1.19 g) with a correct IR snectrum.

Likewise, compound (IV) (1.60 g) was passed through a 30 cm glass

tube (30 mm diam.) containing glass helices at 450° in nitrogen (1 2 h_1)

te rive hexafluorobenzene (0.88 g) with a correct IR spectrum

Defluorination of oligomer (VI)

This mrterinl (6.94 g) was passed over iron oxide in the manner
vreviously described to give a liguid (4.06 g). A vortion (3.88 ¢)
of the latter was distilled to eive hexafluorobenzene (2.63 g) with a

correct IR spectrum and a vellow oil (X) (1.05 g) shown by GLC (95°;
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N?u 2 n" 1) to contain several commonente (Found: C, 34.1, 34.9;

F, 63.3, 6?.5%)0 max 1900 em™ (strong) (polyfluorsaromatic).

Defluorination of the oligomer (IX)

This material (2.10 g) was passed over iron oxide in the mannear
previously described to give a liquid (1.18 g) which was distilled to
give hexafluorobenzene (0.58 ) with a correct IR spectrum and a yellow
0il (0.57 g) with an IR spectrum identical to that of (X).
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