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The exteneive liter8ture oonoeming the modification of free r8dio8l re8ctiona by 

treneition metal ealte prompted 8u investigation into the influence of copper s8lte on the 

the& deoompoaition of bemoyl peroxide in benzene. & the absenoe of additive, the therm81 

decomposition of benzoyl peroxide in benzene gives biphenyl and benzoio acid aa major produote 

(eqn. i) iu yields usually below 5C$, together with much high-boiling material. The higher- 

boiling products are formed iu side IW8OtiOnE (particularly dimerieation) of the intermediate 

(=o& + PhB -> Ph* + mcop + co2 (0 

phenyloyolohexadienyl radical (formula&in Scheme I, below) (1). The yield of biphenyl may, 

however, be inoreeaed by oxidiaing the phenylcycloheradienyl r8dic8l by oqrgen (2) or other 

8dditivea (3). 

Table 1 gives Bone of the result6 obtained using cupric benzoate and copper bronze, 8nd 

it is seen that cobalt naphtheuzte produces eimilar improvements in yield6 of benzoio said and 

biphenyL Table 2 shove the rezulte of similar experiments carried cut with ohlorobenzene and 

with en equimolar mixture of benzene end ohlorobenzene. In the experiments with chlorobenzene 

alclEncunsubetituted biphenyl wae detected emong the products. 

In related work, Kochi and Cilliom (4) have already reported the effect of copper salts 

on the decomposition of di+-phenylbenzoyl peroxide. This reaction wae shown to give almost 

quantitative yielde of g-phenylbenzoio acid and benzoooumarin, compared with yielde of ~a 40$ 

in the absence of copper lone. By analogy with their proposed meohaniem, it is euggezted 

that in the thermal decomposition of benzoyl peroxide in benzene the resonance-stabilieed 

phenyloyclohezedienyl radicals (& may be oxidieed by the p aramagnetio divalent copper, az 

shorn in Scheme I. 
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TABL61 

Produote fko3theDeoampoeitionof-oylPeroxide 

(lg.)inBeasene(100iL)*t80~inthe--of~~-* 

H-1 Bellaoio bid 
Additive &la/mole peroxide Mole/mole peroxide 

liil 0.36 0.22 

Ouprio -%w) 
0.06 LO6 

Cobalt yh$la~a 0.66 0.92 

Oopper'kwnee t 0.83 0.90 
(15 w) _ 

'Reactione were carried out under reflux for 36 hr. kolueion of air frw above the boil* 
eolutione had no effeot on the produote. 

tDiaoylPerodde6 areknown to reaatdth copper to give the oorreepondingoopper eeltet e.g. 
G A. Razwaev end V. Ii. Latyaeva, J. Den. Ches U.S.S.R,,~, 2233 (1958). 

Produote from the Decomposition of -0y1 Perodde (1 g.) in Chloro-ene or Equimoler 
-ene-Chlorobenzene Hlxturee at 80. in the Presence of Cuprio Bqneoate and of&* 

-010 Acid ==Yl Ieomer 
solvent Additive 
(lCOmL) 

Hole/iaole Peroxide Hole/mole Peroxide Dietribution of 
[Ratio of Chlorobi 

p" 
enylr Chlorobipbenyle 

to Biphenyl soim-BP. 

PhOl liil 0.42 0.45 53.5; 25.8; 20.7 

PhW= Bil not determined 0.46[Ll31 54.3; 24.7; 2LO 

PhCl (PhCOO)2Cu " 0.70 5&Y; 2x1; le.0 

(5ome) 
PhCl/PhE (Phw,~ " 0.79LL471 50.0; 2&l; 17.9 

(50 w> 
PhCl Hi1 0.35 t 0s LO 5x5; 27.31 17.2 

(under air) 

PhCl/PhE Xi1 not determined 
(under air) 

ce. 0.95t [L301 55.4; 27.4; 17.2 

+ Duplicate reactione were aarried out under reflux for 36 hr. OKv@n=erigo~L 
excluded, exoeptin thelaettwo experiments inwhiohno special preoautione were takenand 
the reaction mkturee were expoeed to dry air. 

t The biaryl yield in these experiments ehowed poor reproducibility; however the iaomer 
ratios end relative reaotivity remained eeneibly oonetant. 
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mLq2 + WI -> P!Lco.ocu(II) + Pm*. 

PllCO*. -> ph. + co* 
--. . 

PlL+Phx-> 70 H .‘.a? (3 

(3;) + Phco.Ocu(II)-> Fh2 + PhO02E + Gu(1) 

SOheDeI 

Bemo~lo.xylation of tolueue by benzoyl perorlde in the presence of copper salts has been 

reported recently by Kovacio and Kurs,(5) who used acetoldtrile as solvent. Tolylbeuzoates 

were forred in fair yield & 0.4 mole/mole peroxide), and the typically eleotrophillo 

substitution pattern (562; l*gg 2696E) led to the suggestion that the reaotive species Is 

PhO02+ (formed by PhO02. + Cu'+ -> PMo2+ + Gu+). Inviewofthereported 

electrophillo nature of hydroxyl (6) , and of Pgitrobeuzoylow (7) radioale, the alternative 

me&anism,also discuseedbylhaoio audKurz,sad whiohis analogous to thatproposedby 

Kochi and Glllior for the formation of benzoooumarin, seems equally possible. 

With aromatic hydxwarbous aud their halogeno-derivatlves as the sole eolvent, the 

oouoentration of copper salt in solution Is limited by its solubility, and IS presumabb 

hadequate to intercept a high proportion of benzoyloxy radicals or their adducts with benzene 

with which they may be in equillbrlum (8) (eqn. ii). Hence decarboxylation ooours, and it is 

Phco.0 .-, 
lwo2.+ FbH c 0 . ‘8 WI 

H __.’ 

the resonenoe-stabillsed phenyloyolohexadienyl radical w &oh is lnteroepted by the auprio 

SaltSO 

l!he partial rate faotors for chlorobenzene are cousisteutvith attack byphenylradioals, 

but do not totally exolude pfwtioipcrtion of the pheaylcation (eqn. iii), ae the latter species 

formed d* oertain dlazonik salt decompositions haa muob radical oharaoter, and, for 

ph- + cu++ -> F%+ + cu+ 
instsnoe, with mixtures of benzene and nitrobenzene, has been reported to favour reaotion with 



beIl%eM w 8 f8OtOr Of Only 2 (9). Hwerer, at the present time 8wbollyzndioal meeobsnism 

appe8rs preferable for the title XaOtiO& 

The importance of r-oomplex folrpetion in 8rom8tio aubatitution hse been the subject of 

muoh discuaeion. The possibility that 8 radical x-oomplex is 8 long-lived intermediate 

which mew be oxidised to 8 cationio ~-complex, 8s in Scheme-II, aleo appews tc be roled out 

by the isomer distribution ps%ters.* However, such 8 meoh8nism is perb8ps lees e8sil.y 

dismissed for the benzoyl~lation experiments of &vaoio 8nd Knrs (5), 8nd it sej 8leo be 

significant th8t tansition met81 salts were present in the hydrorylation experiments of 

Smith end ~onnan (6). On the other hand, electron spin reson8noe d8t8 8re oonsistent rith 

the radical 8dduot of HO* and AI% being 8 ~-complex (10). 

Ph - 

ph* + PhCl -> 

(II b Cl . 

_ 

+ 
x-oomplex 

[&r [JQJ 

Ph 1 --. 

-> + l , 
*-a Cl 

Ic-ocmplex u-oomplex 

-II+ 
-> Ph a Cl 

Scheme II 

The smell changes in the observed isomer ratios of the chlorobiphenyls which 8r~ fouud 

in the copper promoted reaotione now reported mey be signifiasnt when compared with the 

results of Morrison and his COll8boratOlW (11). The latter workers shored th8t oxygen, 

while increasing the yielde of biargl ae muoh 8s three-fold, bed no effeot on the isomer 

distribution of the products. The present series of experiments included anumber in the 

presence of air, as shorn in Table 2; the small effeota noted seem to be outside the limits 
IHk 

of experimental error, andare of the 6ame order 8s those c8wedbyouprio benzoate. Ho 

meohaistio interpretation appears juetified at this juncture. 

* 
We are eprateful to Professor Koohi for w this point. 

All 8ualyses of b-16 were by g8a chrom8to&r8pby of total reaction products, end the 
method w8s cheoked by an8lysis of st8nd8rd ma. 



No.16 1481 

We are pleaeed to aoknowledge Pimnoial 8uppOrt (to 1tS.T.L) from IUngle College, and 

from The Dietillerta Company Limit& We are alma indebted to Dr. A. L, J. Beckwith for 
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