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Abstract: DI- and tn-hsl- undergo rpso_subst~tut~on 011 reaction W&I benzyl rekels, generated by tbeamolysis of dibeozyl 

mercury, to gwe bait- ~IKI diMod~pbu~ylme&anea respechvely. ‘Ibe reletwe reactwihes of the dibelobeames aodof 12.4- 

tncblorobeozoe are coo&tea wrtb tbe reachoos proceedmg vie a bansitioo state wtb sqMcant cbqe hnnsfex dun&r to gwe 

cyclobexadrenyl radicals. 

In the course. of the study of the decomposition of ketone cyclic dipenMJes, the thermolyses of 3.6 
dibenzyl-3&lim&yl- and 3,6di-t-butyl-3,6-dimethyl-tetraoxa-l,2,4,5cyclohe.xanes in o-dichlorobenzene were 
investigated] O-Dichlombuuen ewasusedinthebeliefthatitwouldactasaninathighboilingsolvent These 
reactions were found to give low yields of o-chkaudiphenylmethaoe and o-chlorc&MyW respectively, in 
addition to the expected products, bibenzyl, ethylbenzene and benzyi methyl ketone. It seemed probable that these 
products were formed as a consequence of the ipso-substitution of a chlorine by a benzyl and t-butyl radicals 
respectively. 

Cl a R* 1; - 
Cl a c Cl 

R 

R = PhCl+, But 

Then is some evidence that decomposition of these peroxides leads to excited radicals and hence the question 
arises as to whether these ipso-substituted products are derived from reactions of the excited radicals, 

This paper describes an investigation of the reaction of o-dich.iorobenzne and other dihaltizenes with 
benzyl radicals generated, in the main, by decomposition of dibenzyl mercury in a large excess of the 
dihalhnzene. Dibenzyl merauy has been shown by Jackson to be an excellent source of benzyl radicals* 
ThereisnoQubtthatthesebenylradicalsarenotinanexcitedstate. Thereactionswerecaniedoutinsealed 
tubes in wzcw and the products analysed by GLC (see Table 1). No traces of dichlo~~%phenylmetha~, as a 
result of ‘normal’ homolytic aromatic substitution, were obtained This reaCton is reminiscent of the reactions of 
dihalobenzenes with cyclohexyl radicals which was shown to result in the formation of ipso-substituted product as 
well as cyclohexylated dihalw 3A There are no reported cases of substitution of monosubstituted 
benzenes by benzyl radicals though anthracene has been found to react with benzyl radicals at the 9-position 
presumably because the mtermediite cyclohexadienyl radical is considerably more stable than the analogous 
radical from reactions of simple benzenoid compounds5 Indeed it has been stated that substitution reactions of 
substituted benzenes is most unlikely to occur.* ipso-Substitution does not occur in reactiolls of phenyl radicals 
with o-di~hlorobenzene.~ These results suggest that there is a significant difference in mechanism in reactions of 
o-dichlorobenzene with benzyl and cyclohexyl radicals on the one hand and with methyl and phenyl radicals on 
theotherhand 
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Table. Products obtained tiom the Decomposition of Dibenxyl mercury (0.2 mmol) in Dihalobenzene (20 

tnmo0. 

O-Dichlorobentene 

m-Dichlorobenzene 
pDichlorobenxene 
pDibromobenzne 
o-ChlorobtWnobenxene 

Dihal- 1200 

0.106 

0.070 

0-Diflllm 
r- 0.075 

0.028 
0.107 0.067 
0.129 0.05!+ 
0.062h 0.03ob 
0.069c 0.W 
0.028d 0.0154 

I - 

O-ChlOfOflU- 0.029t 

0-BKhllofluaobenzene I. O.Ol7e 
pChlorofluaobenzene 0.017f 0.006f 

0.114= 0.061e 0.03oe 
pBrOnlofluorobenzene I 0.02Y I 

- ___* 
O.OlW 

_ ___r 

0.009t 

llodiphenylmeths 
npeaatuteofmac 

1600 

0.104 
0.03 1 
0.045 
0.093 
0.098 
O.tW 
0.05 1c 
0.0244 
0.008 
0.022 
O.OlOf 

me- 

*0-&lorodipheny1methane Co-~ylmethane b p-chlorodiphenyhnethane 
dpbKmmdiphenylmethane eo-flucuodiphenylmethane fpfluorodiphenylmethane 

The ipso-substitutiou reaction of m with cyclohexyl mdicals has been postulated to psoceed 
via a transition state, in which them was significant electron transfer, which then led to the u-cyclohexadienyl 
radical. Aparal~elprocesscanbeconsideredforthereactionundastudyisdepictedinSchemel. Supportfor 
the involvement of a transition state in which there is a significant degree of electmn transfer comes from the 
observaticm that no i~~substitution occurs in mactions of monohalobeazenes nor in mactions of diiobenzenes 
with phenyl ladicals.6 MonohalobenzzM are leas elecbon deficient than dihal&enxenes and hence their radical 
anions would be less stable than dihalobenzene radical anions. The redox potentials of halobenxenes has been 
shown to decrea~ with &easing number of Megens.’ The extent electnm transfer would be anticipated to be 
greater in the proposed transition state in reactions ofnucleophihc mdicals including cyclohexyl and benxyl 
radicalSthWliflreactiOllSOftkCl~ phenylradic&. Theprefezenceforattackattheipso-positionin 
these reactions is attributed to the charge density in the halobenz;ene radicalanionbeinggmatestatthepositions 
bearing the halogen atoms7 

Thefdlowingconcl~cenbedrawnfromtheresultspresentedinTablel. 
l the extent of ipso-substitution fw the isomenic dichiorobenxenes is in the order: orrho > pum > meta, 
l theeeseof~mentofhalogenisintheorder:bromine>chlorine>fluorine, 
l the proportion of ipsctsubstitution dwxeases with increasing reaction temperahue. 

The intermediate cyclohexadienyl mdicals resulting fnnn attack at the ottho- andpom- positions the unpaired 
electron can be delocalised by the chlorine substituents. This is not possible for the menu-substituted u-radical. 

Thegreataexbentofreactionofo-hatobenzenesthan~pam-isomerscanbea~~~~oreliefofstrainon 
fonnaticn of the cr-cyc1ohexadieny1 mdical intmmediate. The onho-isomers am mom polar than their metu- and 
pare-isomers and hence if a charge-uansfff process were involved then the degree of substitution would be 
expected to be greater. The degree of ipso-substitution of the o&o-isomer was also observed to be larger in 
cyclohexylations of the isomexic dihalobenzenes.45 
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PhC& 

Scheme 1 

The order of the ease of replacement of the different halogens is in lii with the bond eneqies of carbon- 
halogen bonds and would suggest that the rate-limiting step of the reaction is not loss of halogen. Ben@ chlcxide 
was detected in the products from the reaction of o-dichlombenzene indicating that the loss of halogen may 
involve abstraction by a benxyl radical from the u-cyclohexadienyl radical. The ease of displacement of halogens 
in reactions of cyclohexyl radicals with djhahknxenes was F > I > Br > Cl. The difking ease of dispkement of 
halogen in reactions of cyclohexyl and benxyl radicals is inkqxeted in terms of a different interplay of electtonic 
and bond energy effects in the two mactions. 

We have previously proposed that the formation of cyclohexadienyl radicals in normaI homolytic aromatic 
substitutions is a reversible proces~.~~tt ‘lhat less ipso-substitution occurs at higher temperatums is consistent with 
the formation of the radical (2) also being reversible. 

ipso-Substitution of o- andpdichl ombenzenes was also observed when a mixture of dihalobmzne(O.05 
mol), toluene (0.2 mol) and di-t-butyl Peroxide (0.01 mol) was heated at 1 KPC in a nitrogen atmosphere for 5 
days. Reaction of toluene with t-butoxyl radicals pwides an ahernative source of benxyl radicals which reacted 
with the dihalobenxene.9 

We have also examined the reaction of benxyl radicals with 1&4-tichlaobenzene with a view to 
investigating the regioselechvity of reaction. The relative yields of 2,4-, 2,5- and 3,4dichlc~od@~ny~ (6, 
7 and 8) were found to be Xl?&, 39% and 11 X, i.e. the relative reactivities at the l-, 2- and 4-positions were 4.7 : 
3.7 : 1 respectively. The cyclohexadienyl radical (3) is predicted to be the more stable than the isotic radicals 
(4 and 5) as it will be stabilised by the resonance interaction of two chlorines while the other mdicals would only 
be stabilised by a single chlorine. 

The results again show that the extent of ip~~substitution is greater when the chlorine substituted is ortho 
to a second chlorine, i.e. the extent of reaction at C-2 is greater than at C-4 though nominally the stabilities of the 
cyclohexadienyl radicals leading to these two Products should be similar in that they are respectively stabilised by 
one o&o- and one puru-chlorine. This can be attributed to the relief of strain on formation of the u- 
cyclohexadienyl radical intermediates as was suggested above to account for the degtee of ipso-substitution being 
greater in reactions of o-dichhnobenzne than p-dichlorobenzene. 

The relative proportions of ipso-substitution : bihenxyl formation for 1,2,4-ttichlo&en~~~ at 1600 is 1 : 
4 while for o-dichlotobenzene tt was 1 : 9.6 demonstrating that the extent of ipso-substitution is kxeased by the 
number of electronegative substituents supporting the postulate that the transition state far the rmction has 
significant charge-transfer character. 
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Cl 

(6) 

(50%) 

Cl 

(7) 

(39%) 

Scheme 2 

CWh 
(8) 

(11%) 

It is worth noting that there are significant differenas between ipso-substitu?ions of dihalobenxenes With 

cyclohexyl and benzyl radicals and of di- and tri-nitrobenzene s with adamantyl radicals, genemted by oxidation of 

adaman~neca&oxyli acid with peroxydisulphate lo In the latter reactions, displacement of a nitro group orrho to 

another group did not take place Nevertheless a similar mechanism involving partial electron transfer in the 

transition state was proposed. 

EXPERIMENTAL 

GLC analyses W= carried out on a Perkin Elmer Fl 1 gas chromatogmph fitted with a flame ionisation 

detector using a column tilled with 5% Apiezon on sihconised celite at 1700. Yields of pro&ts were determined 

using phenyl benzoate as an internal standard. 

Afoterials. Dibenxyl mercury was prepared by reaction of benxylmagnesium chloride with memu.ry(~l) chloride a~ 

colourless crystals, m.p. 109 -1lCPC (lit.11 1100). 

The halodiphenylmethanes were obtained by reduction of the corresponding benzophenones usmg the Wolff- 

Kishner reduction (for 0- and nr-chlorodiphenylmethanes), Clemmensen reduction (forpchlcrdphenylme.thane) 
or by reduction with red phosphorus and hydriodic acid(for the remaining halodiphenylmethanes). 
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