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SUMMARY 

The thermal decomposition of benzoyl peroxide in a 

range of polyfluorobenzenes at 80' gives biaryls arising from 

both the displacement of fluorine and hydrogen. Phenyl- 

defluorination predominated only in the attack of 1,2,3,4- 

tetrafluombenzene and of pentafluorobenzene, but was 

evident even in the attack of o-difluorobenzene. The relative 

rates of displacement, as shown by the isomer distributions, 

were generally well reflected by the application of partial 

rate factors found in the phenylation of fluorobenzene; 

however, phenyldefluorination wa8 not so easily amenable to 

this treatment, e possible consequence of complex formation 

between radical precursor and substrate. 

INTRODUCTION 

591 

The decomposition of benzoyl peroxide in benzene and in 

mono-substituted benzene6 provides biaryls by the displacement 

of hydrogen [I3 although fluorine displacement predominates when 

the reaction is carried out in hexafluorobenzene [2j or in 
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pentafluorobenzene C3;. The mechanism of fluorine diaplacement 

has been proposed c43 to involve hydrogen bonding between amic 

acids formed concomitantly and the expelled fluorine atom. Other 

instances of similar halogen displacement are rare. The small 

yield of decafluorobiphenjrl formed in the thenrial decomposition 

of bin(pentafluoro)benzoyl peroxide in hexafluorobenzene suggests - 

that quite subtle factors are involved in determining biaryl yields 

15; in these aryldefluorination processes, and the unexpected 

forma.tion of phenyl pentafluorobenzoate in the thermolysis of 

this peroxide in chlorobenzene or bromobenzene [6i shows that 

displacement of chlorine or bromine from aryl systems may also 

occur. 

In principle, aryidefluorination should also occur with 

eryldehydrogenation in the attack of fluorobenzene, although 

we have not observed it in either phenylation c7i or penta- 

fluomphenylation [8’j. In the phenylation of pentafluorobenzene, 

however, c3; both types of res.ction were evident. We now report 

a study of the phenylation of a number of derivatives of fluoro- 

benzene to determine the generality of aryldefluorination in 

more simply substituted benzene systems. 

DISCUSSION 

Table 1 shows the relative yields of biaryls from the 

thermolysis of benzoyl peroxide in the various substrates. 

These biaryls usually comprised the major products (50-90;) 

of the decomposition, as well as the largest amount of the 

steam-volatile material; their high yields make it unlikely 

that selective volatilisation has altered the isomer 

distributions. 

In the attack of hexafluorobeneene by phenyl radicals 

from benzoyl peroxide, the yield of 2,3,4,5,6_pentafluoro- 

biphenyl could be raised from 35-4C$ [4] by pyrolysis of the 

higher-boiling residue formed at the same time [2, 93. This 
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Table 1 

Hoiar yields of polyfluorobiphenyls frcm the thermolysis of benzoyl peroxide 

(0.2-0.4E; %O; 5-10 half-lives) in polyf'luorobenzcne:; 

_____~-__-- ;5-------- -~- 
Folyfluorobenzcne Biaryl (yield in parenthesis) Isorler ratio .* 

Cexp.1 Ccalc.1 
_-__---- ___-_-___ ---- 

Fluor.xbensene ;._ r"luorobiI:henyl (";:.7) 

7-;~u~lr~biphenyl (34.!+) ,, -_ 

4-?luorobiphcnyl (y3.3) 

o-Difluorobenzene 2-Fluox-obiphenyi (Y.1) 

2,3-Difluorobiphenyl (42.5) 

3,4-Difluorobiphenyl (19.1) 

n;-Difluorobeneene 3-Fluorobiphenyl (4.7) 

2,&Difluorobiphenyl 

2,6-Difluorobiphenyl 

3,5-Difluorobiphenyl 

E-Difluorobenzene 2,5-Difluorobiphenyl 

1,2,4-Trifluoro- 2,4-Difluoxobiphenyl 

benzene 2,5_Difluorobiphenyl 

3,4-Difluorobiphenyl 

(25.7) 

(23.3) 

(16.6) 

(56.C) 

(3.7) 

(3.7) 

cc31 

1,3,5-Trifluoro- 

benzene 

1,2,3,4-Tetra- 

fluorobenzene 

1,2,3,5-Tetra- 

fluombenzene 

1,2,4,5-Tetra- 

fluorobenzene 

2,3,5-Trifluorobiphenyl (16.11 

2,4,5_Trifluorobiphenyl (12.1) 

2,3,6-Trifluombiphenyl.(2@.5) 

3,5_Difluorobiphenyl (<2) 

2,4,6-Trifluorobiphenyl (22) 

2,3,4-Trifluorobiphenyl (4.9) 

2,3,6-Trifluox-obiphenyl (13.9) 

2,3,4,5-Tetrafluorobiphenyl (8.3) 

2,3,5-Trifluorobiphenyl (4.2) 

2,4,6-Trifluorobiphenyl (10.8) 

3,4,5_Trifluorobiphenyl (CO.71 

2,3,4,6-Tetrafluorobiphenyl (16.2) 

2,4,5_Trifluorobiphenyl (15.0) 

2,3,5,6_Tetrafluorobi?henyl (44.2) 

gc: 
r 

‘L 

14 

13 

60 

27 

7 

38 

35 

20 

105 

6 

7 

<': 

27 

20 

34 

ce 

92 

14 

.54 

32 

12 

32 

(2 

54 

26 

74 

51 
r 

pJ 

14 

17 .I 
J 

5 1; 

31 

8 

39 

35 

24 

94 

> 

t 

4 

27 

21 

37 

13 

57 

14 

Cl 

25 

16 

Y 

5 

72 

21 

79 

- 

('1 (Moles of biaryl per mole of peroxide decomposed) x 100 

(*"I Using partial rate factors derived from arylation of fluorobenzene; 

see text for details 
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pyrolysis occurred, to some extent, dllr-i.ne 8.1.~. [IO: but '&as 

minimisad by isolatin: the biaryls by steam distillation [IIJ. 

The present yields of hiarjl are similarly expecter: to be only 

carginall:~ affected by such r;econdnry decompositions, and may 

be held to reflect the relative extents of primary phenylation 

in ea..h case. 

In the trifluorohenzenes, phenyldehydr,ogenation is preferred 

over phenylZelluorinntioJ1 although there are eqilal numbers of 

hydrousi? <and fluorine atoms which may be displaced. C&y in 

:-he more fully fluorinated substrates is phenyldefluorination 

favoured as a source of hiaryls, anti this a1lparentl.y arises 

from the statistical factor. In pentaf!.uorobcnzer:a, where the 

3_ an:: A-positions are approxi:nately equally affected by the 

other fluorine substituents (presupposing the effect of m- 

fluorine to be small, in keepi.ng with homolytic and heterolytic 

mechanisms [12, ?3d), hydroyen displacement proceeds with three 

times the ease of phenyldefluorination [3i, as Juc'ged by the 

yields of the relevant hiaryls. 

However, phanyldefluorination occurs even in the attack of 

g- and m-difluorobenzenen, although in small amount. The 

2-fluorobiphenyl found in the former process is uncontaminated 

by the j-isomer; nor are any other monofluorobiphenyls found 

along with 3-fluorohiphenyl in the attack of m-difluorobenzene. 

In the latter case, horJever, the certain identification of the 

J-fluorobiphenyl is not assured, since other absorptions occurred 

in the same area of the n.m.r. spectrum. Fhenyldefluorination 

in such systems must therefore involve primary attack at the 
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carbon atoms bearing fluorine, and 110~s not arisa from an 

addition-elinination sequence in which the aryl radical initially 

attacks a prs>ton-bearing axjmatic site: 

F 

\F 

0 
‘, 

0 
I> 

F 

0 
I ; Ph 

Fig. 1 Sequences of phenyldefluorination of o-difluorobeneene -_- 

Hydrogen uptake (Fig. I) is precluded in systems which are 

hydrogen-rich by the ease with which the radical may undergo 

dimerisation or oxidation. Aryldefluorination of polyfluorobenzenes 

becomes significant partly because of the reduced incidence of the 

competing oxidation reactions, on statistical grounds, and perhaps 

because of the reversibility of dimerisation of the appropriate 

intermediate radicals [ 9, 101. This process, although not 

observed in hydrogen-rich systems, is well known in the phenylation 

of hexafluorobenzene where the formation of pentafluorobiphenyl 

can become thermodyanically preferred, and this process is 

presumably a general reaction of the radical intermediates in 

homolytic aromatic substitution involving fluorine displacement. 

Orientation - The orientation of attack of fluorobenzene by 

phenyl radicals (Table I), combined with the observed [I] 

relative rates of phenylation of ftuorobenzene and of benzene 

give partid rate factors (&_F, 1.62; &_F, 1.17; f 
-p-F' 0.91) 
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which can be used successfully to predict the relatives rates of 

attack of polyfluorobenzenes at hydrogen-bearing sites. We have 

already warned [3, 14: of the contribution which may arise from 

the formation of complexes between competing substrates and 

radicals or their precursors. The effects of this, clearly seen 

in pentafluorophenylation [Iti and in the arylation of derivatives 

of pentafluorobenzene [32, are to add another contribution to the 

selection process and to cause the additivity principle to fail. 

When the substrates (benzene, fluombenzene) and the reagent 

(benzoyl peroxide).have similar electron densities, such a 

complication is unlikely to be serious; also the results have 

been applied only within a single molecule, where we have noted [l&I; 

that selection appears to be free. 

These same partial rate factors may be used to reflect the 

(small) extent of aryldefluorination occurring in attack of the 

di- and tri-fluorobenzenes. In this case, an empirical factor 

of 0.27 must be incorporated. The numerical value is that needed 

to correlate the experimental figures with the partial rate factors, 

and has no particular physical significance except to point to the 

greater difficulty of aryldefluorination vith respect to aryldehydrogen- 

ation. The more fully fluorinated substrates show a greater 

divergence between calculated and experimental figures, although 

a reversal of order only occurs in one case. 

The partial rate factors for aryldefluorination which may 

be deduced by comparing the rates and orientation of attack of hexa- 

and penta-fluorobenzenes [33 are rather different (f,_F, 2.47; 

f m_F, 0.82; f p-F' 1.69) from these. 
They give some measure of the 

relative rates of aryldefluorination of the tetrafluorobenzenes, 

but then become rapidly and increasingly less correct in their 

predictions as they are applied to less fully fluorinated systems. 

For this reason we have not shown their predictions in Table 1, for 

the parent partial rate factors, having been derived from studies 

of attack of penta- and hexa-fluorobenzenes, must be subject to all 

the errors which we have found c3, Ik; in such systems. 
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The relatiVe r8teS of ar~ld~fluc,rinati( n atic‘ arylrlehydrr~(;en- 

ation within the same molecule ;>re 02nditione; 11y two terms. i'lif? 

ref'lc*cts the inherent reactivity of the aromatic site to aryl ri.,:jccl 

attec!;; the second invol.veu the relative g.irl,l~ of c: ch blat~l from 

their ::ppx>priate rillical intcLT-red,s:e. -' 1116, rel;ctive ralrs of 

fcrmatic;n of these biaryls, shic,h deter, ':;~a th+ir yields, ii l-e 

2epeni'errt upon not only the individual rs'c constc;nt..- associate<: 

with aromntisrttior (&h and &P belob 1 and the r,el;ltive ~oncentmtion5 

of the two radical intermediates (u p and a ;! bu j: also the I 
concentrations of the appropriai.e aromatising reagents 

F.CCH4.H + Ph' 4 

Ph H 

.-. Q i.’ 

Ph I= 

(of.) 

U’ 
H 

+ BzO' (BzPCP) 4 Biaryl(1) + BzC'H (+ YzC') 

dTBFaryl(I):/d_L = k+.ro$:Bz2C2Z and/or <.~o$;BzC~'; 

a- + 
F 

BsCII--_j Biaryl:II) (+ HP) 

d[iiiaryl(II);/d~ = +.Co;;CBzCHj 

(:) 

(2) 

(3) 

(4) 

(5) 

In the attack of A polyfluorobertzene such as tetrafluorobenzetle 

the amount of hydrogen displacemer~t must necessarily be influenced 

by the relative paucity of available sites. The yield of benzoic 

acid which is formed in this way is therefore considerably less 

than that found in the phenylation of fluorobeneene. As it is 

this benzoic acid, however, which is held [4; to be the essential 

reagent in the defluorination of intermediates such as U* F in (41, 

a fall in the concentration of this species must cause a corresponding 

diminution in the extent to which defluorination can compete with 

dimerisation as a fate of this intermediate radical. The discrepancies 

which we have observed throughout the series may arise from this 

simple fact, and have no deep mechanistic significance. In contrast, 

the failure of the additivity principle c3; in these systems cannot 

arise from such a simple source, and suggests a more complicated 

selection process than that previously envisaged. 
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EXPERIMENTAL 

Fluorobenzene, o-, m-, and p-difluorobenzcne, ',2,L- and 1,3,5-tri-- 

fluorobenzene, 1,2,j,:- and 1,2,4,5-tetra_KLuorobenzel:F: i~ere ::11 

supplied by Bristol Crganics Ltc:.: 1,2,j,I;-tetrofluombeilzene was 

a product of Fluorochem Ltd.. Each substrate 1~~s analysed by 5.1.~. 

and by 19 F-nmr spectroscopy, and was substantially pure (>9$). 

Benzoyl peroxide was purified by crystallisation from chlorofom 

methanol mixtures; m.p. 105-106'. 

The decompositions were carried out using weighed amounts of 

benzoyl peroxide in 5ml. or IOml. quantities of the fluorocarbon, 

together with a known weight of a marker by which the yieldti of 

the various biaryls could be assessed. Compounds were selected 

on the bases (a) that they had similar volatilities to the expected 

products (b) that they showed no tendency to overlap with these 

products either under g.1.c. conditions or in the 19 F-nmr spectrum. 

Three compounds were used as markers; 4-fluorobiphenyl, 3-fluoro- 

1,2,4,5-tetrachlorobenzene, and 1,4-dibromotetrafluorobenzene. 

The yields of these biaryls are therefore certain. The identification 

of the biaryls was made on a number of bases: (a) that the number 

and relative intensities of the absorptions in the 19 F-nmr spectrum 

are consistent with the assignment (b) that the chemical shifts 

and coupling constants agree with those predicted (c) that, where 

the same compound was found in two different systems (e.g. 2,4,6- 

trif'luorobiphenyl, formed in reactions in both 1,3,5-trifluombenzene 

and 1,2,3,Stetrafluorobenzene), the detailed 19 F-nmr spectra agreed 

in each case. Finally, a number of the biaryls were av&iXabfe 

by unambiguous synthesis. 

The crude reaction mixtures, obtained after 50-100 hours in 

an oil thermostat at 80', were cooled and evaporated under reduced 

pressure at room temperature. The steam-volatile materials from 

exhaustive steam-distillation were then combined and examined, as 

a solution in fluorochloroform, by g.1.c. (Pye 104) and IgF-nmr 

using a Perkin-Elmer R12B instrument operating at 56.4 MHz. 
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Ikble 2 

1g F-A,lR shifts us& in (a) 
L c n enalysis of fluorinated biphenyls 

Substituents S(ppm, upfield of CFC13) 

2-Fluoro- 118.2 

3-Fluoro-- 113.3 

4-Fluoro- 116.1 

2,3-Difluoro.- F 2, 144.2 (142.7); F3, 138.6 (137.8) 

2,4-Difluoro- 
F2' 

113.5 (113.9); Fan, 112.2 (112.3) 

2,5-Difluoro- F2, 124.2 (124.4); F,v, 126.1 (120.2) 

2,6-Difluoro- F 2' 114.8 (114.3) _ 

3,4-Difluoro- F3, 13P..1 (138.0); F4, 139.9 (14G.7) 

3,5-Difluoro- F 3 (109.4) 

2,3,4-Trifluoro- F2, 139.3 (139.3); F,, 16G.7 (162.2); F4, 136.5 (137.0) 

2,3,5-Trifluoro- P2' 149.0 (149.2); F' 3, 133.5 (134.3); F5, 116.2 (175.5) 

2,3,6-Trifluoro- F 2, 138.1 (138.2); F3, 142.8 (142.7); FL, 120.1 (120.4) 

2,4,5-Trifluoro- F 2, 120.1 (119.9); F4, 135.7 (135.9); F5, 143.5 (143.5) 

2,4,6-Trifluoro- F2, 111.5 (111.5); F4, 109.8 (?lO.l) 

3,4,5-Trifluoro- F3 (134.3); F4 (165.9) 

2,3,4,5-Tetrafluoro- F2, 143.8 (144.3); F3, 156.2 (156.0); F4, 158.5 (158.0) 

F5, 140.5 (140.4) 

2,3,4,6-Tetmfluoro- F2, 135.8 (136.3); F 3, 16g.F; (166.0); F4, 134.1 (134.2); 

F6, 118.5 (118.3) 

2,3,5,6-Tetrafluoro- F2, 144.5 (144.3); F3, 140.0 (139.9) 

(a) Fie;ures in parenthesis refer either to values found for samples of 

authentic material., or to values derived from assuming additivity of 

substituent effects (A60_F, 24.5; A6m_F, -3.9; Abp_F, h.1 ppm, 

difluorobenzenes) upon the figures for the monofluorobiphenyls 
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