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Hexafluorobenzqne has been flllorinated at nm with el-mental 

fluorine of low oxygen content to oivs mainly trtradPcaflllorobicvclohex- 

3.2' .5.5'-tetra-enyl and a zlassv qliqomnr based -ainly on the 

hexafluoro-1:4-dienyl unit topether with smaller a-ollnts of hexadern- 

fluorobicyclohex-2.?',5-tri-envl, decafh~nrocrclohax~n~, dodecafluoro- 

cyclohcxane and frapmpntation nroducts. 

INTRODIICTJCt; 

It ic no';: nearly fnrtv years since Biffelnw's classic work on 

vaoour phase fluorination of hydrocarbons; the Daner (I) indicated the 

need for fluorine containinr a minimum of orgren. Indeed it is nearly 

twentv vaars s;nce Miller an6 Dittman (2) renortnd the oxidation of 

tptrachloroethylene with a mixture of fluorine all4 oxypen. Since then 

numerous fluorinstions us4nm elemental fluorine have bpen described and 

reviewed (5) but the influence of oxygen in the fluorine used has not 

alwavs been cl0sel.v examined. Earls work in this Demrtmnt (4) showed 

that aromatic cownounds co1114 be "poly~erisrd" to sb;ort-chain oli~rlpr? 

when dilute fluorine 

fluorocarbons. This 

hexafluorobpnzene a= 

* 

was buhbled through solutions of them in 

tyYPP 01 arocess has no': been examined f'lrther usinm 

substrate. 

Part of thin PaneT was r"?orted at the 5th Euronean Symposium on 

Fluorine Chemi--try. AviDTore, Sentenber, 1974. 
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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. iiowever, 

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) FI uori ne 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:lO. 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 GLC these combined liquids afforded 

hexafluorobenzene (I) (2@&), dodecafluorocyclohexane (II) contaminated with 

perfluorinated fragmentation products (B), decafluorocyclohexene (III) 

(8%). tetradecafluorobicyclohex-2,2',5,5'-tetra-enyl (IV) (2C%), 

hexadecafluorobicyclohex-2,2',5-tri-enyl (V) (!?$%I and a mixture of oligomers 

based on ( C6F6)n (VI) (4&). 

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 (C F 6 7.5) suggested 

a higher degree of saturation than the linear structure (VI) (C6F6 2 6 6) 
. 

shown in Fig. 2. However, pyrolytic defluorination to hexafluoroienzene 

(7C$%) is good evidence for a substantial proportion of hexafluorocyclohexa- 

l:'t-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 450' 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 w -elimination 

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

F F F F F F F F 

(VII) (VIII) 
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ALL UNMARKED SUBSTITUENTS ARE FLUORINE 

(i) F - or F2 (ii) C6F6 

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 

hexafluorobenxene when passed over iron oxide at 450'. 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 cycle 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 hexafluorobenxene 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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20 40 60 80 100 120 

Time of fluorlnatlon (mln) 

Figure 3 Reaction of hexafluorobenzene, with fluorine in an unstirred gloss vessel atOT 

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 C12F14 - oligomer (IX) was pyrolysed over iron oxide 

at 450' it gave hexafluorobensene (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 CgFg - oligomer (VI). 

The high proportion of tetra-ene (IV) and oligomer (VI) is consistent 

with the initial formation of a radical intermerJiate frqm hexafluorobtwzene, 

either by reaction with a fluorine atom (3) OF a fluor'nr mo’eCllle (7). 

The processes CivinP: rj=e to thr uroducts isolatpd are denictad in Fip. 2. 

The absence of products dprived from ortho-attack is surprisine but could 
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Time of fluorlnatlon (mln) 

Figure 4 Reaction of hexafluorobenzene with fluorine in a stirred glass vessel at 0°C 

?o,cqibly bn nnt,;cinatsd f-om elrct,rcn snin resonance r;tlldies (8). A 

?imi.lar nri-ntotinn effect ha,= been note? in nthpr free radical rwctions 

of hexafl~~orobwzere (9). 

It ix of intprrst tn cnmriire the present study with that of 

Grakausk?,? (10) who reacted hexnflnorobenzPn~ in 1,1,3-trichloro-1,2,2- 

triflunroethane at 20' with 3 mol. of fluorine to givr perfluorobicpclohexyl 

and a -ol~dPcafluorocyclohexenp. Presumably this col:ld bs the ultimate 

fatF= of ollr aroducts in a nrotracted fluorination. ThP diffPrencf3 is 

Iln!ikcly to be a consenuence of the presence of trichloro-trifluoroethane. 

In none of oup fluorinatinns of hexafluorobenzenn did WC observe violent 

reactions comparable to those reported bv Grakauskas (10) . Further, our 

f! unrinati on _;tudi er; on octafluorncyclohexa-I,+ and -1,4-diene do not 

supoort his sugcrestjon (IO) that octafluorocyclohexadiene can uolymerise 

with great vi-our. 
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EXP7RIWWTAL 

ATparntus -- 

I'NR snnctroscmnv .-__ 

Srnctr-i wern mwwr-r? %si.th ID Prrkin-Elma- R12B jnctrumw+ at 

56.1~ MH wjtl-1 trichloroflucromethane ac jntprnal -efrrppcc an4 chn-i-al 
7, 
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rY%ctor. Thp condc:srr way "backed" bv frlasq tr?:‘s held at -79o and -1%" 

k clnar sl;&tly vi-cous ljnuid (73.79 F) remained in the> reaction 

VP-S"~ aft-7 4 h and ? c!^ar li?llid (7% p.) cell-ctcd in thr tran at 

-7so. The to+?1 nrodl!ct ~s-i shown t- br devoid nf acid flrlqri2@s uqinp 

IR nnectroscnny a::4 .'a.? di-till-d to ojvn a volstilp fractirln (IO.?8 i') 

and a residllal clear ~rl-~r; (11.71 *). 

A nortjqn (8.00 n) of the v~Jat-:~c fraction was ?nn~rnted by GLC 

(95'; N;, 6 Qh-'1 to irivn: (i) a liq~l;d (4.28 g) qhown bv GLC (Wn: 

N;, 1 Q h-l) to contain 4 comnonpnts; (ii) h “xa~ncafluo-ohicyc!ohrx- 

7.7',5-trs-wyl (V) nc (0.63 a) b.n. 169-170' shown bv GLC (50": :‘d> 

1 Q h-l) to b- one nrak (Found: C, x3.1;; F. 67-h C,?F16 rrl!jj-0= 

C, 33.1: F. h7.8%)\) max. 17K, cm-'. (CF=CF). m/c 21~7 (C6Fq') 2n5 (CGCr,,*), 

its 
19 

F NMR .snectrllm consi-ted of nine b:indq at 112.2 (mllltirl~-t) iC41, 

140.5 (multiplpt) CC,,), 145.1 (multinlet) (Cj,), 145.5 (muItj,lat) 

(C, and C h , 152.5 (trinlPt J 19 Xz) (CT), 153.9 (tripJ-t, J 19 Hz) (q5), ) 

164.3 (Broad band) CC_,,), 166.3 (Broad band) CC,,) and 106-l% (cnmnlex AB 

ovarian) (C4,, C,, and C6,) in th? relstiva intensitv rlt+o of 3:1:1:3: 

1:1:1:1:6, resnPct.ively; (iii) trtrad~cafluorobicvcl~h~x-2.~'.5,~'-tPtr~- 

pnyl (IV) nc (2.4a p.) b.p. 172” shown by GLC (50'. N, 1 a. h--l) to be 

one wak (Found: C, 34.8; F, 64.55 C 
1zF14 

reouires C, 35.1: F. 64.9%). 

-‘l 
?max. 

1750 cm (CF_,CF), m/e 205 (C6F7') its '9 F NMH snectrum conyi sted 

of 4 bands at 10’3.j ($,), 113.9 (Ijg) (~3, J 315 Hz) CC,, C,+, :, 153.2 

(trinket, J 19 Hz) (C1,C5.C3,,C5,), 145.9 (singlet) (C,.C6.C,,,Ch,) and 

174.0 (singlet) (C,,,Cl,) in the relative intensitv ratio o+" >:?:?:I. 

resnectively. 

A nortion (3.60 e) of comnonent (i) was sewrated by GLC (50'; 

NT 6 Q h-l) to Five: (a) a liriuid to.65 E) sho1.m by IR- and 
lo 

F 

NMR-spectroscoay to be mainlv dodecafluorocyclohexane (II) containing 

fragmnntation nroducts; (b) decafluoroc~clohexenp (III) (0.80 g) with 

a correct IR spectrum; (c) hexafluorobenzene (I) (2.00 g) with a correct 

IR soectrlrm. 
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: c. 31.6: The Tlassy nrodllct was difficult t.q characterice (Found 

F, 63.8%). 

Ontimisation of the yield of tetradPcafhlorobic;vcl~hox 2,?',5,5'-tetra- .-_-----_----_-.,^-~-~~_----- -I- - .._- _ 

s_ (IV>. from hexafluorobenzene and fluor+ne _- *-_-._I-_-_-._~~ _----1 

Hexafluorobenxcne (8 g) at 0' was treated with fluorine and nitrogen 

in the manner described previously. Two such f'uorinations were conducted; 

one with a stirred reaction vessel, the other unstirred. Both fluorinationR 

were stormed at intervals and the product analysed for the volatile 

comnonents, the tetra-ena (IV), the oliqomer (VI) and hexafluorobeneene. 

The results are expressed in Figs. i and 4. 

Fluorination of tetradecafluorob~lohex-2,>',5,5'-tetra-9 (IV) --------I-__- -- --___ ..--- 

Fluorine (generated by 2.2 amp) and nitropen (4 9+ h-l) were 

bubbled through the tetra-ene (IV) (5.72 a) at 8' in the aonaratus 

described previously. After 1s h a very viscous liquid (4.85 g) was 

recovered which was distilled to rive: (i) a volatile liquid (1.82 F;) 

shown by GLC .(95'; N2 2 Y. h-l) and IR spectroscony tn contajn mainly 

the tetra-ene (IV) and the triene (V) in the ratio oc (l:k): (ii) a 

clear glass (IX) (2.90 g) (Fdund: C, 31.7, 52.3; F, 68.7, 63.7 

C12F16.4 
renuires C, 30.7; F, 69.3%). 

Defluorination of tetradecafluorobicyclohex-2,7',5,5'-tetra-envl (IV) ---- _---- 

This comDound (IV) (2.00 e;) was nassed over iron oxide in a 30 cm 

copper tube (30 mm diam.) at 450' in nitrogen (I ,E h -I) to give 

hexafluorohen7ene (1.19 g) with a correct IR spectrum. 

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

tube (30 mm diam.) containing glass helices at 450' in ni+ropen (I 9. h-l) 

tc -iv0 hexafluorobenzen@ (0.88 P) with a correct IR nnrctrum 

Defluorination of oli~omer (VI) 

This materi*, (6.94 g) was passed over iron oxide in the manner 

oreviously described to give a 1iquj.d (4.06 g). A nortion (3.88 P) 

of the Iqtter was distilled to qive hexafluorobenzenr (2.63 ~(1 with a 

correct IR spectrum and a yellow oil (X1 (1.05 EZ) shown by GLC (95'; 
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NT4 il h-l) t o contain cgveral comnon~nt~ (Found: C, ‘4.1, 34.9; 

F, 63.3, 67.5%)\3m,x 150@ cm-’ (strong) (~ol~fluoroaro~atic). 

Defluorination of the olwer (IX) ~___~._~_. ._..--- 

This material (7.10 F) was pass-d over iron oxide in the m?cnlr 

previou,%ly d-scribed to give a liquid (1.18 p) which was distilled to 

Rive hexafluorobenzene (0.58 p.) with a correct IH spectrum and a yellow 

oil (0.57 9) with an IR spectrum identical to that of (X). 
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