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SUMMARY 

The autoxidations of aryIcopper(1) compounds (R=phenyl-, o-, m-, p-tolyl-, 
cr-anisyl) have been studied in several solvents, and the yields of the main products 
have been determined. The results are compared with those obtained for the corre- 
sponding copper(I) lithium-ate complexes and lithium derivatives. Possible mech- 
anisms of the autoxidation are discussed. 

INTRODUCTION 

Although the reactions of organometallic compounds with molecular oxygen 
have been studied systematically for the derivatives of many elements’, very little 
is known about organocopper autoxidation. Information is limited to a study of the 
autoxidation of methylcopper in methano12, a brief account of the behaviour of 

fluorinated arylcopper compounds3’4, and a few papers OE the oxidative coupling 
of copper(I) lithium-ate complexes in the presence of organic halides’*6. 

This paper is concerned with the behaviour of suspensions of phenylcopper, 
o-, m-, p-tolylcopper and o-anisylcopper in ether, hydrocarbons, methanoi and 
pyridine when treated with molecular oxygen. The study was mainly confined to 
determination of the reaction products, since the heterogeneous systems are not 
suitable for kinetic investigation. The autoxidations of ethereal solutions of some 
=ate” complexes of the above compounds and of the corresponding lithium derivatives 
are also considered. Aryllithium autoxidations have been studied several times previ- 
ously7, but the different experimental conditions precluded useful comparison with 
our results. 

RESULTS AND DISCUSSION 

(1). Autoxidation products 
The autoxidation products consist of both soluble organic compounds and 

insoluble copper-containing compounds. The average yields of the,main products 
in different solvents, their ratios, and the total combined yield of identifed aromatic 
products are listed in Tables 1 and 2. 

The main soluble products from the arylcopper autoxidations are diarenes 
(RR), arenes (RH), and diary1 ethers (RzO), along with traces of other compounds. 
Reactions in methanol give, in addition, anisole, methylanisoles, and o-methoxy- 
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anisole. Diary1 ethers are formed in only very small amounts from “ate” complexes, 
and never from aryllithium compounds ; the latter give numerous unidentified 
additional by-products. 

At the end of the reaction copper is present as copper(U), in insoluble form. 
The IR spectra of the suspensions isolated after autoxidation of arylcopper derivatives 
in ether or hydrocarbons show clear analogies with those of copper phenates8, 
while the solid residue isolated after autoxidation in methanol is mainly Cu” methox- 
ide. Cupric oxide and tars are also present among the solid products. 

Tars are formed in significant amounts, especially in the autoxidations of 
the pyridine or&ho-substituted phenyl derivatives, in agreement with the rather low 
total combined yields of identified products from the aromatic radical. Their LR spec- 
tra and solubilities suggest that they could be mixtures of polyhydroxy and polymeric 
phenols*. 

On hydrolysis of the oxidized suspensions, large amounts of phenols (ROH) 
are liberated ; aryllithium compounds give also (methyl)(aryl)carbinols (MeRCHOH) 
and ethanol*-. From a quantitative point of view the principal feature of the results 
for the organocopper compounds is the dramatic decrease in dimer formation when 
ortho-substituted compounds are used, whatever the solvent. Aryl ether yields, on 
the contrary, are at a maximum for the o&o-derivatives. The best phenol yields are 
obtained in ether. “‘Ate” complexes and iithium derivatives** give comparable 
phenol yields, higher than those of arylcopper compounds, but differ clearly in that 
the ratios of diarenes and arenes are inverted. 

(2). Autoxidation rate 
Typical oxygen uptakes for phenylcopper, o-, m-, p-tolylcopper and o- 

anisylcopper in ether are plotted against time in Fig. 1. Radical scavengers (l-2 
mmoles 74 of hydroquinone or N-tetramethyl-p-phenylendiammine) do not much 
affect the reaction rate, which largely depends on the purity of the sample : the purer 
the reacting compounds, the slower the autoxidation. LiBr (but not LiCl or LiI), 
added to the pure organocopper compound suspended in ether eliminates the in- 
duction period, and increases the initial autoxidation rate markedly. 

The order of the reaction rate, uiz., p-tolyl > m-tolyl > o-tolyl 9 phenyl b o- 
anisyl, applies also in the other solvents, with a decreasing rate in the order : pyridine > 
MeOH > xylene > ether > pentane. In pyridine and MeOH, however, arylcopper 
compounds clearly undergo competing solvolyses. 

The autoxidations of ethereal solutions of “ate” complexes and lithium 
derivatives are complete in a few minutes. However, it should be noted that, having 
been prepared in situ, they both contain large amounts of LiBr, which may exercise 
a considerable influence. 

(3). Oxygen uptake 
Average oxygen uptake values for the autoxidation of arylcopper compounds, 

* Pyrocatechol was identified among the products from the phenylcopper reaction. while the tar 
isolated from p-iolylcoppcr contained also at least two oxygen atoms for each aromatic ring. 

ff The formation of products of this kind has been reported frequently in the autoxidation of lithium 
deriva:ivesg” or Grignard reagentsgb. 

ft* Under the experimental conditions used, the reported difference between the behaviour of phenyl- 
and tolyllitbium compounds’0 was not observed. 

J. Organometai. Chem, 46 (1972) 
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L-4 /CC4 
080 - 

0.50 - 

0.40 - 

0.30 - 

a20- 

aio 

Fig. 1. The variation of the oxygen uptake with time for RCu in ether: R =a) p-tolyl, b) m-tolyl, c) o-tolyl, d) 
phenyL e) o-anisyl 

TABLE 3 

A. Average oxygen uptake: [O,]/[Cu], in RCu oxidation in di,rerent soluents at CP 

R Ether Pentane Xylene MeOZ Pyridine 

Phenyl 0.52 0.55 0.62 0.51 bO.60 
o-Tolyl 0.53 0.58 0.71 0.47 > 0.96 
m-Tolyl 0.60 0.63 0.73 0.54 >0.84 
p-Tolyl 0.61 0.58 0.72 0.48 >0.91 

E. Average oxygen uptakp: [OJ/[Li]*, . m “ate” complexes and lithium derivatives in ethereaI solutions at 
0” (not isolated compounds) 

CuBr + 2 Phenyllithium (0.50) 0.49 Phenyllithium (0.41) 0.39 
CuBr + 2 o-Tolyllithium (0.52) 0.48 o-Tolyllithium (0-N) 0.39 
CuBr + 2 m -Tolyllithium 0.47 m-Tolyllithium (0.41) 0.39 
CuBr + 2 P -Tolyllithium 0.48 p-Tolyllithium (0.40) 0.39 
CuBr + 2 o -Anisyllithium 0.46 o-Anisyllithium (0.40) 0.39 

o The absorption curves show a maximum indicated by the value in parentheses. * Original concentration 
of organic lithium= [Cu] t [Li] in “ate” complexes. 

“ate” complexes and lithium derivatives are listed in Table 3. In inert solvents they 
amount to about 0.6 moles of oxygen for each metal atom in the organocopper 
compounds, while lower values were found for the other derivatives, probably owing 

J. Organometal. Chem., 46 (1972) 
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to competing side-reactions with the solvent (e.g., methylcarbinol formation in the 
case of lithium derivatives). In most of the reactions, the oxygen uptake clearly shows 
two steps. The point of inflection corresponds experimentally to the disappearance 
of the organometallic compound in solution; however, at this point large amounts 
of arene are still formed on hydrolysis. After this stage the oxygen uptake increases 
again, but the gas is partly used in secondary reactions,.which show up in tar for- 
mation. 

(4). Azttoxidation mechanisms 
The autoxidation of organometallic compounds has often been assumed to 

proceed by a polar mechanism, involving coordination of oxygen to the metal, 
followed by a nucleophilic rearrangemen,, + to form first, an organoperoxymetallic 
derivative and then, in the presence of an excess of the original product, an alkoxide’ I. 
Recently, however, to account for the formation of RH and RR, which has been 
repeatedly observed in these processes, it has been suggested that the reaction takes 
place wholly or partly by a free radical mechanismi2, and this is confirmed by recent 
new evidence13. The reaction of the free radicals with themselves or with the solvent 
becomes particularly important for arylmetallic derivatives, because either oxygen 
does not add to aryl radicals or any aryl peroxides formed undergo rapid decom- 
position. 

Both homolytic* and polar mechanisms are probably involved in the autoxi- 
dation of organocopper compounds w_ For arylcopper derivatives in inert solvents, 
neglecting diary1 ether formation, the reaction has the following approximate stoichio- 
metry : 

6 CuRf$ O2 - ~RR+CU(OR)~+~ CuO 
In some experiments, samples were analyzed at various times before completion of 
the oxygen uptake. In pentane (Table 4) and in the other solvents, the diarenejphenol 
ratio was found to be high at the beginning of the reaction and to decrease with 
time. The amounts of arene, on the other hand, are constant during the whole process, 
and hence not relevant to the autoxidation. The amount of RH is-negligible in com- 
parison with that of the dimer, which suggests the existence of an intermediate com- 
pound between at least two arylcopper molecules and 02, from which aryl groups 
would be expelled in pairs to give diarene. The evidence is not sufficient, however, 
to indicate whether the dimer and phenol are formed in consecutive or competing 
reactions-. 

“Ate” compIexes and lithium derivatives show very similar patterns of oxygen 
uptake, which implies that similar mechanisms are probably involved. Arenes and 
methylcarbinols, which are formed in large amounts from the aryllithium compounds, 

* The negligible influence of radical scavengers on the reaction rate does not rule out a free radical 
mechanism, because they may be ineffective in reactions with the chain-carrying species and/or be de- 
activated by direct reaction with the organocopper compounds. 

* Ligand transfer oxidations” may also be involved in the side-reactions, e.~? in the formation of 
methoxy derivatives in methanol, which requires the intermediate formation of Cu” dimethoxide. 

*ft Note added in proof On the basis of a recent StNCtUId study ts there could be a cluster of six copper 
atoms in a distorted octahedral arrangement_ The non equivalence of the axial and planar metal atoms 
could explain, in quantitative agreement with the experimental results, the different fate of the aryls bonded 
to them. 
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are, however, formed in only very small or undetectable amounts from the “ate” 
complexes. They are probably formed by a free radical mechanism, and in the “ate” 
complexes, in which two R's are bonded to the same metal atom, the dimer formation 
will be favoured by cage effect *. With both arylcopper compounds and “ate” com- 
plexes, the dimer formation thus appears to occur preferentially within the organo- 
metallic compound, without intervention of long-lived free radicals. 

The increase in the reaction rate for the arylcopper in the presence of LiBr 
is probably due to partial formation of an easily oxidizable mixed “ate” complex. 
In agreement with this, the mixture obtained from ethereal suspensions of the organo- 
metallic in the presence of the halide shows a marked basic reaction after hydrolysis, 
and the ratios of the autoxidation products are shifted towards the values obtained 
for “ate” complexes. 

EXPERIMENTAL 

MateriaIs 
Arylcopper compounds were prepared and isolated as previously described’ 5_ 

Lithium derivatives were not isolated, but the solutions were filtered before use. 
“Ate” complexes were prepared in situ by the reaction at 0” between copper(I) 
bromide and aryllithium compounds in l/2 ratio. The absence of an excess of lithium 
derivative in the “ate” complexes was confirmed by the Gilman test16. 

Dry, freshly redistilled solvents were used. Research-grade oxygen was 
further purified and dried by passage through a column of KOH pellets and through 
a vessel cooled in an acetone/CO, bath. 

Autoxidation procedure 
The organocopper compounds (3-4 mmoles) were suspended with vigorous 

stirring in 5 ml of solvent*. After cooling at --SO” the container was evacuated, 
immersed in ice and connected to a thermostatted burette, containing oxygen at 
atmospheric pressure. Reactions were carried on until the oxygen uptake became 
negligible. The uptake of gas with time was measured. Corrections were made for 
the amount of oxygen necessary to saturate the solvent. 

During the reactions the yellow colour of the arylcopper suspensions turned 
to brown-black, or to blue-grey in methanol, while the viscosity increased, reaching 
a maximum corresponding with the point of inflection (see Fig. 1) and then decreased 
slowly_ With the “ate” complexes, black suspensions were immediately formed, 
while solutions of lithium derivatives became deep yellow. 

Analytical part 
The oxidized sample was analysed by GLC. It was then quenched with 2 ml 

of watee, and the analysis was repeated in order to ascertain which low boiling 

* Autoxidation in absence of solvent caused explosions. 
* Direct hydrolysis with HCl gave also small amounts of chioro derivatives. Since they aie not 

formed from the original organocopper compounds, they probably come from secondary reactions of the 
phenols”. 

- Note udded in proof: This suggestion is confirmed by the first newly reported structure ofa copper(I)- 
lithium-ate complex’g. 
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products had been formed by hydrolysis, and to check the amount of arene, which 
increases in incomplete reactions. 10 ml HCl l/l were subsequently added, the 
aqueous layer was extracted four times with 20 ml portions of ether, and the extracts 
were subjected again to GLC, to determine the nature of the high-boiling hydrolysis 
products. 

The main products were separated chemically or by .GLC, and identified by 
elemental analysis and/or IR spectrophotometry. In particular the identity of 
diarenes, cresols, o,o-ditolyl ether, and p-methylanisole was confirmed. The other 
components were identified by TLC and GLC by comparison with the retention 
times of authentic samples on two columns of different polarity_ 

Quantitative analyses were carried out with 2 m columns of Carbowax 20M 
or Silicone OS 200, with a temperature-programmed C. Erba Model GT gas chromato- 
graph in the range 120-200°. Suitable internal standards were used, and response 
factors determined for the major components. 

The total amount of copper in the sample was determined by weighing the 
organometallic compound before the autoxidation, a check of the copper content of 
the stock having been previously made. 
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