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POLYFLUOROCYCLOALKENES-VII’ 

FLUORINATION OF AROMATIC POLYFLUORO-COMPOUNDS 
BY COBALTIC FLUORIDE 

J. RIERA* and R. STEPHENS 
Chemistry Department, The University, Edgbaston, Birmingham 

(Receiued 21 January 1966) 

Abstract4baltic fluoride fluorination in the vapour phase of a series of polyfhroroaromatic 
compounds has given polyfluoro cycloalkenes in many cases and negligible amounts of fragmentation 
products in all cases. The reaction provides a useful route to some othenvise difficultly accessible 
polytluoro-olefins. 

VAPOUR-PHASE fluorination of aromatic hydrocarbons with cobaltic fluoride gives 
almost exclusively the saturated polyfluoro-carbons,s e.g., benzene, toluene, benzotri- 
fluoride, naphthalene, o-, m- and pxylene, all give negligible amounts of unsaturated 
products. However, we have now shown that, under comparable conditions poly- 
fluoro aromatics often give almost exclusively polyfluoro-olefins, in agreement with 
the anticipated electrophilic character of cobaltic fluoride. The degree of fluorination 
attained, however, increased with increase in temperature; but the value of the 
process lies in the formation of polyfluoro-olefins which are otherwise difficult to 
prepare. 

A range of aromatic polyfluoro compounds was examined as set out in the 
Table; some fluorinations were carried out at various temperatures but no attempt 
was made to establish the optimum conditions for the formation of the various 
olefins obtained. 

Benzene and pxylene were fluorinated in the same reaction vessel and both gave 
complex mixtures similar to those obtained in the earlier work.2 Hexafluorobenzene 
and cobaltic fluoride at 100” gave dodecafluorocyclohexane (8t), decafluorocyclohexene 
(90) and octafluorocyclohexa-1,4diene(2). Pentafluorobenzenegave lH-undecafluoro- 
cyclohexane (28), 1 H-, 3H- and 4Hnonafluorocyclohexene (53,8 and 11, respectively). 
1,2,3,4_Tetrafluorobenzene gave 1 H-undecatIuorocyclohexane (5), 1 H-nonafluoro- 
cyclohexene (5), lH/2H- and lH,2H/-decafluorocyclohexane (7 and 5, respectively) and 
1 H,2Hoctafluorocyclohexene (77). 1,2,3,5-Tetrafluorobenzene gave undecafluoro- 
cyclohexane (S), 1 H-nonafluorocyclohexene (5), 1 H/3H- and 1 H,3H/decafluorocyclo 
hexane (44 and 10, respectively) and 1 H,5H- and lH,3H-octafluorocyclohexene( 17 and 
15, respectively). 1,2,4,5-Tetrafluorobenzene gave 1 H/4H-decafluorocyclohexane (28) 
and 1 H,4H-octafluorocyclohexene (70). Octafluorotoluene and cobaltic fluoride at 80” 

l Present address: Departamento de Quhnica Organica Patronato de Investigaci6n Cienttfica y 
Tecnica “Juan de la Cierva”, C.S.I.C. Universidad de Barcelona, Barcelona, Spain. 

t These figures are the approx. percentages of the total product. 

t Part VI, G. Camaggi and R. Stephens, Te?rahedron, 1189 (1966). 
* M. Staoey and J. C. Tatlow in Advances in Fluorine Chemistry (Edited by M. Stacey, J. C. Tatlow, 

and A. G. Sharpe) p. 176. Butterworths, London (1960). 
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gave 1-trifluoromethylnonafluorocyclohexene (82), l-trifluoromethylheptafluoro- 
cyclohexa-l+diene (15) and I- or 2-trifluoromethylheptafluorocyclohexa-1,3-diene 
(2). Decaflouro-p-xylene was fluorinated at 110” to give 1,4_bis(trifluoromethyl)- 
octafluorocyclohexene (30) and 1,4-bis(trifluoromethyl)hexafluorocyclohexa-1,4- and 
-1,3diene (45 and 25, respectively). 

1,4-Bis(trifluoromethyl)hexafluorocyclohexa-1,4- and -1,3-diene were charac- 
terized by elemental analysis, mass spectrometry and IR, lsF NMR and UV 
spectroscopy. Both were readily defluorinated by iron gauze at 340” to give 
decafluoro-p-xylene. 

Decafluoro-o-xylene and cobaltic fluoride at 120” gave 1,2-bis(trifluoromethyl)- 
octafluorocyclohexene (80) and 1,2-bis(trifluoromethyl)hexa~uorocyclohexa-l,4_diene 
(17). Both compounds were characterized by elemental analysis, mass spectrometry 
and IR and lsF NMR spectroscopy. 

When the latter olefins were passed over iron gauze at 340” each gave decafluoro- 
o-xylene as the sole product. 

Decafluoro-m-xylene and cobaltic fluoride at 100” gave a liquid product which 
displayed absorptions characteristic of fluorinated double bonds, but the monoene 
and diene components were inseparable mixtures of 1,3- and 1,5-bis(trifluoromethyl)- 
octafluorocyclohexene (84) and 1,3-bis(trifluoromethyl)hexafluorocyclohexadienes 
(14), respectively. 

Octafluoronaphthalene and cobaltic fluoride at 160” gave hexadecafhrorobicyclo- 
(4.4.0)-dec-l-ene (98) and cis- and trans-octadecafhrorodecalin (2). The former olefin 
was characterized by elemental analysis, mass spectrometry and leF NMR spectros- 
copy; its IR spectrum was transparent between 4000 and 1460 cm-l but the presence 
of unsaturation was confirmed by its rapid reaction with potassium permanganate 
in acetone. 

Pentafluorobromobenzene and cobaltic fluoride at 100” gave trace amounts of 
dodecafluorocyclohexane and decafluorocyclohexene, undecafluorocyclohexyl bro- 
mide (74) and an inseparable mixture of bromononafluorocyclohexenes (25) (IR 
spectroscopy indicated the presence of the knowna I-bromo isomer). Pentafluoro- 
toluene under identical conditions gave methyl undecafluorocyclohexane (lo), l-methyl- 
nonafluorocyclohexene (26), fluoromethylundecafluorocyclohexane (26) and 
I-(difluoromethylhtonafluorocyclohexene (29). The last named was characterized by 
elemental analysis, mass spectrometry, IR, ‘H NMR and “‘F NMR spectroscopy. 

Pentafluoroanisole and cobaltic fluoride at 117” gave an entirely saturated product 
of essentially the same composition as that obtained in the analogous fluorination of 
1-methoxy-nonafluorocyclohexene;4 viz., trifluoromethyl-, difluoromethyl-, fluoro- 
methyl- and methyl-undecafluorocyclohexyl ether (4, 36, 54 and 4, respectively). 
The absence of I-methoxynonafluorocyclohexene cannot be explained at present. 

In all cases where fluorinations were carried out at various temperatures it was 
found that the degree of fluorination was increased by increase of temperature, e.g., 
octafluorotoluene at 150” gave pertluoromethylcyclohexane (5) and l-trifluoromethyl- 
nonafluorocyclohexene (95); pentafluoroanisole at 235’ gave trifluoromethyl-, 
difluoromethyl- and fluoromethyLundeca5uorocyclohexyl ether (41, 54 and 4, 
respectively). 
’ S. F. Campbell and R. Stephens, J. Gem. Sm. 7367 (1965). 
4 A. B. Clayton, R. Stephens and J. C. Tatlow, J. C/rem. Sot. 7370 (1965). 
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Compound (& 

Duration of Duration of N, Total 
Temp addition purge (25 l&r) product (n) 

Benzene 
Hexatluorobenzene 
Pentafluorobenzene 
1,2,3,4_Tetratluorobenaene 
1,2,3,5-Tetrafluorobenzene 
1.2,4,5-Tetrafluorobenzene 
Octailuorotoluene 
Octafluorotoluene 
Octatluorotoluene 
pXylene 
Decatluoro-pxylene 
Decafluoro-pxylene 
Decalluoro-pxylene 
Decatluoro-o-xylene 
Decafluoro+xylene 
Decatluoro+xylene 
Decafluoro-o-xylene 
Decafluoro-m-xylene 
Decatluoro-m-xylene 
Decatluoro-m-xylene 
Octafluoronaphthalene 
Octafluoronaphthalene 
Pentafluorobromobene 
Pentafluorobromobe 
Pentafluorotoluene 
Pentafluorotoluene 
Pentafluoroanisole 
Pentafluoroanisole 
Pentafluoroanisole 
Pentafluoroanisole 
Pentatluoroanisole 

(5.6) 100” 10min 45 mill 11.7 
(60) 100 10 45 64 
(5.1) 100 10 60 5.8 
(5.4) 100 10 45 6.3 
(5.3) 100 10 45 6.8 
(3.1) 100 10 60 3.3 
(4.8) 80 10 45 5.3 
(5.2) 100 11 45 5.7 
(5.2) 150 15 45 5.6 
(5.8) 150 10 45 11.9 

(11.4) 110 20 60 11.5 
(6.9) 120 10 45 6.9 
(5.7) 150 10 45 5.5 
(6.5) 90 10 120 6.6 

(10.1) 115 15 60 10.8 
(5.1) 120 6 45 5-l 
(9.1) 130 15 45 9.8 
(5.0) 100 5 60 5.0 
(7.8) 100 15 60 8.2 
(5.3) 115 10 45 5.4 
(5-O) 160 15 45 4.6 
(2.7) 160 10 45 3.2 
(6.5) 100 8 120 7.5 
(5.3) 130 5 45 5.8 
(5.2) 100 10 60 6.1 
(5.4) 150 10 120 6.3 
(5.4) 100 15 45 2.7 
(4.9) 110 15 45 6.2 
(5.3) 117 15 60 5.0 
(4.9) 125 15 35 5.8 
(5.1) 235 10 90 5.9 

EXPERIMENTAL 

Techniques. Analytical gas chromatography was carried out, except as otherwise stated, using 
columns 2 m x 4 mm diam. packed with dinonyl phthalate-kieselguhr (1:2) used at 100” and N, 
flow-rate ca. 1 l&r. For preparative work a column 488 cm x 35 mm(Column A) and one 488 cm x 
75 mm (Column B), with the same packing as the analytical column. were used. IR spectra were 
measured on a Perkin-Elmer Infracord spectrometer over the range 4000650 cm-i. The lgF NMR 
spectra were measured on a Varian HR instrument at 94.1 MC/S; the figures quoted are chemical 
shifts (s) and are in ppm from trifluoroacetic acid as external reference. The H NMR spectra were 
measured on a Varian instrument at 60 MC/S, and the figures quoted are chemical shifts (15) in ppm 
from TMS as external reference. Mass spectra were measured on an AEI MS9 instrument. 

Ffuorination procedure. Fluorinations were carried out in a stream of N, (25 l&r) in a small 
stirred CoF, reaction vessel made of Ni (48 cm x 5 cm diam; it contained ca. 150 g CoF,).’ The 
product was collected at -190” and, after warming to room temp, was washed with water and dried 
(MgSW. 

Products from cobahic fluoride fluorinations 

Hexafluorobenzene. Analytical gas chromatography (63”, NI O-5 l./hr) revealed one major and 
2 minor components and a portion (4.8 g) of the total product was separated by GPC (Column A, 

‘J. Burdon, T. M. Hodgins, R. Stephens and J. C. Tatlow. J. Chem. Sot. 2382 (1%5). 
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70”, N, 15 I.@) to give: (i) a mixture of dodecafbtorocyclohcxane and decafluorohexene (3.8 g); 
(ii) a mixture of decatluorocyclohexene and octafluorocyclohexa-l+diene (0.1 g). Further separation 
of fraction (i) (3.5 g) gave dodecatluorocyclohexane (0.2 g) and decatluorccyclohexene (2.1 g); all 
the fractions had appropriate IR spectra. 

Pentu@crobenzene. Analytical GPC (65”, N, 0.7 l./hr) revealed 2 major and 4 minor components. 
A portion (4.5 g) of the total product was separated by GPC (Column A, 68”, N, 15 l&r) to give: 
(i) unidentified component (trace); (ii) undecafluorocyclohexane (1.0 g); (iii) lH-nonatluorccyclo- 
hexene (l-9 g) containing a small amount of (ii); (iv) mainly 4H-nonatluorocyclohexene (0.4 g> con- 
taining very small amounts of (ii) and (iii); (v) mainly 3H-nonafluorocyclohexene (0.3 g) containing 
very small amounts of (ii) (iii) and (iv); (vi) pentatluorobenzene ( 0.1 g); all fractions displayed 
appropriate IR spectra. 

1,2,3,4_Terru~~orobenzene. Analytical GPC (74”. N, O-5 l./hr) revealed one major and 5 minor 
components. A portion (5.2 g) of the total product was separated (Column B, 80”, N, 30 l&r) to 
give: (i) unidentified fluorocarbon (<O.l g); (ii) undecafluorocyclohexane (0.2 g); (iii) lH-nona- 
fluorocyclohexene (0.2 g); (iv) lH/2H-decafluorocyclohexane (0.3 g); (v) an unidentified component 
(0.1 g); (vi) lH,2Hoctafluorocyclohexene (3.1 g); (vii) lH,2Hdecafluorocyclohexane (0.2 g); all 
fractions displayed correct IR spectra. 

1,2,3,5-TetrapUorobenzene. Analytical GPC (70”, N, 0.5 l./hr) revealed one major and 4 minor 
components which were separated by this technique to give undecatluorccyclohexane (O-5 g), lH- 
nonafluorocyclohexene (0.3 g), lH/3Hdecafluorocyclohexane (2.6 g), lH,5H-octahuorccyclohexene 
(1.0 g), 1 H,3H_octaIluorccyclohexene (O-9 g) and lH,3H/decafluorocyclohexane (0.6 g); all fractions 
had correct IR spectra. 

1,2,4,5-Tetrufluorobenzene. Analytical GPC (70”. N, 1.0 l./hr) revealed 2 major and 3 minor 
components which were separated by this technique (Column A, 78”, N, 15 l&r) to give: (i) dodeca- 
fluorocyclohexane (trace); (ii) undecafluorocyclohexane (trace); (iii) lH-nonatluorocyclohexene 
(trace); (iv) lH/4Hdecafluorocyclohexane (0.9 g); (v) lH,4H-octafluorccyclohexene (2.2 g); all 
fractions displayed correct IR spectra. 

Octufluorotoluene (CoF, at 80”). Analytical GPC (90”. N, 1.0 l&r) revealed 2 major and one 
trace component. A portion (4.8 g) was separated by this technique (Column A, 63”, N, 8 I.@) to 
give: (i) I-trifluoromethylnonafluorocyclohexene (3.3 g) with a correct IR spectrum; (ii) a mixture 
of (i) and l-trifluoromethylheptafluorocyclohexa-l&diene (0.9 g), &. 2100 8, (E 288 in hexane) 
with an appropriate6 IR spectrum; (iii) l- or 2-trifluoromethylheptatluorocyclohexa-1,3diene 
containing very small amounts of(i) and (ii) (0.1 g), A,., 2550 A (E 4280 in hexane). 

Decafluoro-pxylene (CoF, at 110”). Analytical GPC (86”, NI 0.6 l./hr) revealed 3 components. 
A portion (11.3 g) was separated by GPC (Column A. 70”, N,, 9 l&r) to give: (i) 1,4biitrhIuoro- 
methyl)octatluorocyclohexene containing a trace of 1,4-bis(trifluoromethyl)decafluorocyclohexane 
(3-l g) with a correct IR spectrum’; (ii) 1.4-bir(tr@oromethyf)hexafl~orocyclohexu-l,rldiene (4.5 g). 
(Found: C, 29.4; F, 70.5. CsFlr requires: C, 29.6; F. 70.4x), 1,, 2050 A (E, 370 in hexane), 
vrnax 1730 cm-t (-CF=C(CF&), mass spectrometry gave a large peak at 324 (C,F,&, the tSF NMR 
spectrum consisted of three bands at -17.35, 28.21 and 35.79 in the approximate relative intensity 
ratio of 3 :2: 1, respectively; (iii) 1,4-bis(t 3 rr uoronrethyt)hexu~uorocyclohexu-1,3diene (2.5 g). 
(Found: C, 29.3; F, 70.5 O/d, Am, 2490 A (E, 5720 in hexane), vms. 1720 and 1698 cm-’ (--C&F&= 
CFCF==C(CF,>system), mass spectrometry gave a large peak at 324 (C,F,& the tSF NMR spectrum 
consisted of 3 bands at - 17.50.35.05 and 43.48 in the approximate relative intensity ratio of 3 : 2 : I, 
respectively. 

Dejhwrinution of 1,4-bis(tr~~uoromethyl)hexajluorocyclohexa-1,4diene. This diene (1 .O g) was 
passed, during 5 min, over Fe gauze at 340” in the manner described previously@ to give decafluoro-p- 
xylene (0.8 g) with a correct IR spectrum. 

Defluorinution of 1,4-bis(tri~uoromethy[)hexa~Yuorocyclohexu-1,3diene. In the manner described 
previously, this diene (0.9 g) gave decafluoro-pxylene (@8 g) with a correct IR spectrum 

Decujuoro-o-xylene (CoF, at 120”). A portion (4.4 g) of the total product (5.1 g) was separated 
by GPC (Column A, 70”, N, lOl./hr) to give: (i) 1.2-bis(trifluoromethyl)octafluorocyclohexene 

l S. F. Campbell, R. Stephens and J. C. Tatlow, unpublished work. 
’ E. Nield, R. Stephens and J. C. Tatlow, unpublished work. 
) B. Gething, C. R. Patrick and J. C. Tatlow, /. Chem. Sot. 1576 (1961). 
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(3.1 g). (Found: C, 26-S; F, 735. C$F,, requires: C, 26.5; F, 735x), vmaX 1700 cm-r (very weak, 
--C(C!F&=C(CF&-), &,., 2000 A (E, 262 in hexane), mass spectrometry gave a large peak at 362 
(G#F,,), the isF NMR spe&um consisted of 3 bands at - 18.27,3553 and 59.55 in the approximate 
relative intensity ratio of 3:2:2, respectively; (ii) intermediate fraction (@3 g) containing (i) and (ii); 
(iii) i,Z-b~tr~~luoro~~~~~~~exu~~~~~~c~#~e~u-l,,ddiene (05 g). (Found: C, 295; F, 71*O”A), 
vm*x 1795 cm-” (---CF==EF-), &X 2050 A (E, 418 in hexane), mass spectrometry gave a Iarge peak 
at 324 (C,F,$, the i*F NMR spectrum consisted of 3 bands at - 18*26,28*47 and 80X)0 in the approxi- 
mate relative intensity ratio of 3 : 2 : 1, respectively. 

~e~~~~~n~~~~n of 1,2-bisfrripuoromethyl)ocropuorocyclo~xene. In the manner described pre- 
viously, this olefin (1 *O g) gave d~uor~xylene (@7 g) with a correct IR spectrum. 

Defluorination of 1,2-b~tr~uoromethyr)hexo~~rocyc~ohexa-l,~iene. In the same way, this 
diene (@ 16 g) gave decafluoro-u-xylene (O* 11 g) with a correct IR spectrum. 

~ecu~~o~o-m-xy~e~e (CoF, at 100”). A portion (7-2 g) of the total product (8.2 g) was separated 
by GFC (Cohrmn A, 85”, N, 15 I./hr) to give: (i) a mixture of the suspected 1,3- and t,5-bi~t~uoro- 
methyl)octaRuorocyclohexene together with a small amount of perfluoro-1,3-dimethylcyclohexane 
(58 g). (Found: C, 26.5; F, 73.1%). vmSx 1720 cm-t (-CF=C(CF&--), mass spectrometry gave a 
top mass peak at 381 (C,F,*) and a large peak at 362(CsF,,); (ii) a mixture of 1,3-b~~t~uoro~thyl~ 
hexafluorocyclohexadienes (1 *O g). (Found: C, 29.2; F, 70*8%), vmai 1770, 1730 and 1680cm-’ 
(--CF===C(CF,)- systems), dmar 2550 A (E, 1960 in hexane), mass spectrometry gave a large peak at 
324 (CsF,,). 

~~fu~~oro~~hfh~ene (CoF, at 160’). A portion (2.6 g) of the total product (46 g) was separated 
by GPC (Column A, PO“, Ns 131./hr) to give: (i) hexadecufluorobicyclo(4.4.0)-dec-I-ene (1.9 g>. 
(Found : C, 28.6; F, 72.1. CtaFId requires: C, 28.3 ; F, 71.7 %), mass spectrometry gave a large peak 
at 424 (CIDFld), the r*F NMR spectrum consisted of 2 bands of equal intensity at 34.87 and 5P19; 
(ii) he~d~fluorobic~lo(4.4.O~~-l~ne containing about 5 % of octadecahuorodecalin (0.3 g), as 
shown by IR spectroscopy and GPC (75’. N, 05 l&r). 

Pentu~~robro~~~zene (CoF, at 1000). A portion (6.6 g) of the total product (75 g) was 
separated by GPC {Column A, 86”, Ns 12 I./hr) to give: (i) dod~uor~c~ohe~e (a trace) with 
correct IR spectrum; (ii) decafluorocyclohexene (a trace) with a correct IR spectrum; (iii) undeca- 
~uor~ycloh~yi bromide (4.0 g). (Found: C, 20.1; Br, 21.9; F, 58.3. Calc. for C&&F,,: C, 20.0; 
Br, 22.1; F, 57-P%), mass spectrometry gave a large peak at 360 (C,BrF,,); (iv) a mixture of bromo- 
nonafluorocyclohexenes [and a trace of (iii)) (1.4 g) which were not resolved by several stationary 
phases (ok, kel-F oil-, tricresyl phosphate-, silicone-gum-, betray1 diphenyl-celite), (Found: C, 
225; Br, 25.1. C&F, r uires: 

“it 
C, 22.3 Br, 24.7%). prnal 1760 (--CF==CF-) and 17OOcm-1 

(-CF===CBr-), I,*= 2150 (E 1200 in hexane). 
Penfafuorotoluene (CoF, at 100’). A portion (4.9 g) of the total product (6.1 g) was separated by 

GPC (Column A, 70*, Nt 17 l&r) to give: (i) an unidentified component (trace); (ii) methyl undeca- 
fl~or~yclohex~e (0.4 g) with a correct IR spectrum; (iii) a mixture of three components (2.7 g); 
(iv) l-methylnonafluor~yclohexene (I.1 g) with a correct IR spectrum. A portion (1-O g) of fraction 
(iii) was then separated by GPC (a column 488 cm x 35 mm diam packed with keI-F-oil-kieselguhr 
1:4,85”, N, 10 I&r) to give: (i) l~d~~oro~thy~~no~~rocyc~ohexene (O-3 g). (Found: C, 28.7; 
H, 0.4. C,HF%, requires: C. 28.6; H, 0+3%),vmar 1720 cm-’ (--CF===C(CF,H)-), mass spectrometry 
gave a large peak at 294 (C,HF,,), the l*F NMR spectrum consisted of 5 bands centred at 33*74,42-l 
(doublet; --CHF,), 43.86 (vinylic F), 4453 and 5841; in the approximate relative intensity ratio of 
2:2: 1:2:4, respectively, the %I NMR spectrum was a triplet (Jar = 52 c/s) centred at 6.2; (ii) a 
mixture of two components (0.3 g); (iii) fluoromethylund~uor~yciohe~e (0.4 g) with a correct 
IR spectrum.* 

Pe~fa~ffor~~ofe (CoF, at 117”). A portion (62 g) from the combined products (9.3 g) of two 
experiments was separated by GPC (Column A, PP”, N, 15 I&r) to give: (i) trifluoromethyl undeca- 
fluorooyclohexyl ether (0.2 g); (ii) an unidentified component (0.1 g); (iii) di~uoromethyl undeca- 
fluorocyclohexyl ether (1.8 g); (iv) methyl undecafluorocyclohexyl ether (0.2 g); (v) fluorometbyl 
und~uor~~lohexy~ ether (2.7 g); fractions (i) and (iii)-(v) all had correct KR spectra. 

~c~~~~e~e~~f~-~e authors thank Professor J. C. Tatlow for his interest and Drs. J. R. Majer 
and L. F. Thomas for the mass spectral and **F NMR measurements. resp&vely. 

* W. J. Feast, R. Stephens and J. C. Tatlow, unpubIished work. 


