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Ccpper-prBted orgsnio reaotions of more than one kind (1) are liable to coour 

slultaneously, as when, for aamplo, aryl halide6 and nuclecphilio reagents &r@ heated In l 

solvent with a suspension of ouprcus oxide. Using a system of this type with the cbjeot of 

prepwing diary1 ethers (2), we frequently observed ocmpetitlon between the desired nuoleophilic 

substitution by a phenol (A), and substitutive reUuoticn (B), also duo to the phenol; ccupllng 

of the halide (C) coourred exoepticnally, as 8 minor reaction, when pbromon itrcbenzene was 

used: 

2&n81+2Ar'OH+Cu20 + 2&O&' + 2CuHal + H20 (A) 

2ArHsl + xAr*On + Cu20 -_j 2&H + 2(w1al + Hz0 + dohydrogenation 

products of Ar'OH (8) 

2ArHal + Cu20 j Ar*Ar + Cuo + CuHS12 Cc) 

Other investigations have been ouried out (31, with a variety of potential hydrogen donors, 

to discover whether reduction of the halide, similar In type to (S), could be aohioved as the 

principal reaction. Because rbrcmonitrcbenzone is relatively easily thus reduoed (giving 

nitrcbenssne), It was convenient to use this halide to test the reduoing c8paeity of reagents. 

and in suah experiments it regularly afforded the biaryl (2,2'-dinitrobiphonyl) as a by-produot. 

Among the other halides then under exsminetlon, only p-brcmcnltrcbensene behaved sirlluly. 

We have locked more clcsely 8t the possibility of preparing biuyls with the aid of ouprous 

oxide, partly because It Is unusual for ocppw(I) qeoios to sot as reduatants in Ullmann-type 

eoupllng reactions, awl partly beowse the-rmkaticn shtws ocnsiderable sensitivity to catalytio 

UId solventlnfluonoes. 

Thus, char the reduotion exper%monts we performed with boiling dimethylaoetsmide (at 

ISSo) U solvent. the yield of bpproduot (2,2'-dlnitrcbiphenyl) was only l-S% (averago, a) 
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In 19 cases, but there was unexpectedly a significant increase (to 11-172) when phenylhydrazine 

Or bensslaniline happened to be used as hydrogen donors. Likewise, when ths solvent was 

boiling 2,4,6-collidine (at 1700), the yield of the biaryl was 2-J% in 8 cases, but increased 

signifioantly (to 16-20%) in the presence of a particular donor, 2,6-di-t-butyl4-methylphenol. 

Experiments which happened to be aarried out in boiling pyridine (at 115O), in the absence of 

a hydrogen donor, afforded the biaryl in 30-35% yield. By contrast, the yield was only 6-15s 

when c-bromonitrobensene was treated with cuprous oxide at -195 
0 , without either,a solvent or 

a hydrogen donor being present, i.e., under aonditions similar to those conventionally used for 

the Ullmann coupling of halides (4) with copper metal. 

From these incidental observations it aould be concluded that for particular halides, in 

particular solvents, ouprous oxide is oapable of effecting a reasonable degree of coupling, and 

that the reaotion may be oatalysed. Subsequent results substantiate these views. Pyridlne 

is the best solvent so far discovered, and in this medium coupling appears to be a general 

reaction of g-nitroaryl bromides or iodides, with a varying amount of competition from reduction 

(giving the dbhalogenated nitro-compound) or from nucleophilic substitution (giving, e.g., 

nitrophenols). 

Even when particular compounds had not been added to the reaction system, the possibility 

of catalysis was indicated by observations that the rate of coupling varied with the salnple of 

pyridine used, and that reaction rates were slower in the purer samples. For example, after 

24 hr. at the boiling point, the yield of 2,2'-dinitrobiphenyl was 75% In one sample of pyridine, 

but attained only about 36% in this period of time when purer grades were used. The higher 

yields could be attributed to adventitious catalysts, since the addition of small amounts of 

certain substances, such as n-octylamine or phenylbydrazine, was found to stimulate coupling 

in the purer samples of pyridine. The amount of catalyst to be added is somewhat Critical, 

probably because it may also participate in the competing reaCtionS. 

Cohen and his co-workers (5) have recently observed catalytic effects by pretreatment of 

copper metal, which was then used for the Ullmann coupling of e-iodotoluene, carried out without 

solvent. The characteristics of our reaction system seem to be different from theirs, since 

we find catalysts to be effective in the liquid reaction medium, but not when used in prior 

treatment of the copper species. Also, the effect of oxygen appears to be different in the 

two systems. 
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Some oonclusions may be drawn: 

(a) Our observations, considered in conjunction with others which have recently been reported 

(6) for the related process of biphenylene production from halides, demonstrate a need to modify 

the traditional view that Ullmann coupling (4) necessarily requires copper metal, whereas the 

biphenylene synthesis (7) necessarily requires cuprous oxide. 

(2) The demonstrated susceptibility to catalysis may be at least part of the explanation 

for the poor degree of reproducibility which frequently attends both biaryl and biphenylene 

preparations (6). 

(2) Although certain favourable effects of a solvent or catalyst in Ullmann reactions, when 

previously observed, have be'en attributed to cleansing of the surface of the copper (5,9), ie 

suggest that these species could also be more intimately involved, e.g, as participants in 

induoed reactions or as ligands in intermediate copper complexes. Some mechanistic aspects 

of Ullmann-type coupling (1,4,10) are at present being studied here. 
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