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We have recently provided evidence that the displacement of aromatic halogens by benzoatez,
halide3, or cyanide3 by use of the corresponding cuprous salts proceeds by arylcopper intermediates.
The latter are believed to include arylcbpper(III) species formed by oxidative addition of the
aryl halide to copper(1)3. The substituent effects reported for such exchanges4 are remarkably
gimilar to those reported for the Ullmann biaryl coupling which is usually performed by heating
the aryl halide, with or without solvent, to a high temperature in the presence of copper metal.5
Furthermore, both reactions proceed via arylcopper intermediates,6’7 both occur stereospecifically

7,8

with retention of configuration when applied to vinyl halides and both can occur without the

intervention of radicals.3’7’9

It is therefore tempting to suggest that the first step in the
Ullmann coupling also involves oxidative addition to copper(I) on the surface of the metal; indeed,
pretreatment of the copper with various complexing agents, a process believed to expose the
copper(I) on the metal surface, considerably increases the activity of the copper in the Ullmann
couplinglo and solid cuprous oxide is sometimes used successfully in place of the metals’11

These considerations suggest that Ullmann couplings may be possible in homogeneous media
containing copper(l) ions. Copper(I) trifluoromethanesulfonatelz(triflate) was prepared, un-
doubtedly as an acetonitrile complex, by heating under nitrogen 1.24 g (2.70 mmol) of the hydratedl3
copper(11) saltl2 and 2.50 mg atom of copper powder at reflux for one hour in the reaction solvent

(25 ml) and enough acetonitrile (1.25 ml) to allow the redox reaction to proceed to completion.

There was no perceptible reaction after 24 hours between o-iodonitrobenzene Qi; X=I, 0.25 mmol)

143



144 No. 2

and the copper(I) triflate in the following solvents at reflux: acetonitrile, sulfolane, 2-propanol,
and acetone. However, when the latter reaction mixture was stirred with 25 ml. of 5% aqueous
ammonia, the aryl iodide coupled in less than 5 minutes]‘4 at room temperature (nitrogen atmosphere)
to produce a 92% yield (glpec) of 2,2'-dinitrobiphenyl gs)ls 1-Iodo~2,4-dinitrobenzene behaved in a
similar fashion. With o-iodonitrobenzene isopropyl alcohol or acetonitrile could be used in place
of acetone but the reaction was somewhat slower; tetrakisacetonitrilecopper(I) perchloratel6 was

17 No reaction occurred during one hour when

found to be as effective as copper(I) triflate.
cuprous oxide was used in place of cuprous triflate or when‘s (X=I) was stirred for one hour in

acetone with copper powder at ambient temperature.
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o-Bromonitrobenzene (5; X=Br), under the successful conditions described above, was not quite
completly used up after 24 hours and only 15% of‘g was produced; the other major product was o-
nitroaniline Qg). Under reflux conditions, the mixture produced a black precipitate, the yield of
biarylgg) remained the same, and o-nitrophenol gl; X=0H) became the major product. At room
temperature, using 20% rather that 5% ammonia, o-nitroaniline was the major product, followed by
nitrobenzene Si); very little biaryl was produced.

When methyl o-iodobenzoate gé) was treated at room temperature with cuprous triflate in
acetone and 5% aqueous ammonia, the substrate was almost used up after 24 hours and about 80% of
methyl anthranilate gg) was produced; the only other product was methyl salicylate {Z). The
following aryl iodides failed to react at room temperature: p-iodonitrobenzene, o~iodofluorobenzene,

o-iodoanisole, iodobenzene.
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The reactivity order is identical to that of conventional Ullmann biaryl couplings.5 The

mildest conditions ever reported for such a reaction are those of o-iodonitrobenzene (1; X=I); a
~/
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near quantitative yield of biaryl was produced after 60 hours at 60°.18 The present conditions
are by far the mildest and the reaction time the shortest for any reported Ullmann coupling; the
practical advantage of this procedure is obvious. It is not yet known whether, as in the con-

ventional Ullmann coupling,5 high yields of cross-coupled product can be obtained from a mixture

of an activated and an unactivated aryl halide. The coupling reaction nicely complements that of

Semmelhack and co—workers19 who have found that aryl halides which lack nitro groups can be

coupled in good yield by the use of a nickel(0) complex at 33-60° for 11-90 hours. Finally, it
should now be possible for the first time to perform kinetic measurements on Ullmann-type coup-
lings in homogeneous solution and thus to probe the mechanism by a more direct technique than
methods heretofore available.

The rapidity of oxidative additions is thought to be related to the nucleophilicity of the
metal.20 The relative ineffectiveness of copper(Il) when complexed with acetonitrile and its
great effectiveness when complexed to ammonia becomes understandable on the basis that the latter
ligand is a strong sigma donor while not being capable of accepting d electrons from the metal,
whereas acetonitrile is a weak sigma donor and an accepter of d electrons by backbonding. The
apparent catalysis by n-octylamine and phenylhydrazine of the coupling of o-nitrobromobenzene
induced by cuprous oxide in pyridine11 can possibly be explained in the same way.

The formal nucleophilic displacement of halide in’é by ammonia at room temperature in one
hour is also unprecedented. Copper induced ammonolyses at much higher temperatures are well
known;21 these are undoubtedly related to the above mentioned displacement reactions involving
cuprous salts. The competition between coupling and ligand exchange (ammonolysis) may be largely
controlled by the fact that coupling is of a higher order in aryl species than is the exchange.
The coupling may occur between two arylcopper molecules or between one such species and an aryl
halide;5_7 in either case coupling would be favored by more reactive aryl halides and that is
what is found here.

Acknowledgement. We wish to thank the National Science Foundation for partial support of this
work through Science Development Grant GU-3184.

References
1. Taken from the MS Thesis of John G. Tirpak, University of Pittsburgh, 1974.

2, T. Cohen and A, H. Lewin, J. Amer, Chem. Soc., 88, 4521 (1966).

3. T. Cohen, J. Wood and A. G. Dietz, Jr., Tetrahedron Lett., in press.




No.
146 0, 2

R. G. R. Bacon and H. A. 0. Hill, J. Chem. Soc.,1097 (1964).

P. E. Fanta, Chem. Rev., gg, 139 (1964); P. E. Fanta, Synthesis, 9 (1974).
6., A. H., Lewin and T. Cohen, Tetrahedron Lett., 4531 (1965).

T

R

. Cohen and T. Poeth, J. Amer. Chem. Soc., 94, 4363 (1972).
. Lapouyade, M. Daney, M. Lapenue, and H. B;:;s—Laurent, Bull. Soc. Chim. France (2),
720 (1973); J. J 1, Bull. Soc. Chim. Belges, 46, 199 (1937).
9., T. Cohen and A. G. Dietz, Jr., unpublished obser;;£ions.
10. A, H. Lewin, M. J. Zovko, W. H, Rosewater, and T. Cohen, Chem. Commun., 80 (1967).
11. a) R. G. R, Bacon, S. G. Seeterram, and 0. J. Stewart, Tetrahedron Lett., 2003 (1967);
b) R. G. R. Bacon and S. G. Pande, J. Chem. Soc. (C), 1967 (1970).
12, C. L, Jenkins and J. K. Kochi, J. Amer, Chem Soc., 94, 843 (1972).

13. The light blue salt obtained after drying in an evacuated desiccator at ambient temperature
for one hour analyzed for C20682F6Cu-5.5 HZO'

14, The reaction is 85% complete at the end of one minute.

15. A scale-up involving 4.96 g (10.8 mmol) of cupric triflate, 10 mg atoms of copper, 100 ml of
acetone, 5 ml of acetonitrile, 10 mmol of aryl iodide, and 100 ml of 5% ammonia led to an
80% isolated yield of biaryl.

16. B. J. Hathaway, D. G. Holah, and J. D. Postlewaite, J. Chem. Soc., 3215 (1961); M. Kubota
and D. L. Johnson, J. Inorg. Nucl. Chem., 29, 769 (1967) .

17. With both copper(I) triflate and perchlorate, a small amount of sediment was present during

the reaction but did not appear to influence the rate or yield. A completely homogeneous

reaction solution could be attained only in the case of the triflate by filtering the acetone

mixture of the cuprous triflate in a glove bag under nitrogen, diluting the filtrate with
20 ml of acetone and proceeding in the usual manner.

18. M. D. Rausch, J, Oxg. Chem., 26, 1802 (1961).

19. M. F. Semmelhack, P. M. Helquist, and L. D, Jones, J. Amer. Chem. Soc., 22’ 5908 (1971).

20, F. A. Cotton and G. Wilkinson, '"Advanced Inorganic Chemistry", 3rd ed., Wiley~Interscience,
New York, N, Y., 1972, p 772; R. Ugo, A. Pasini, A. Fusi, and S. Cenini, J. Amer. Chem. Soc.
54, 7364 (1972).

21, A. J. Quick, J. Amer. Chem. Soc., 42, 1033 (1920); P. H. Groggins and W. U. Wirth, "Unit
Processes in Organic Synthesis", P. H. Groggins, Ed., McGraw-Hill Book Co., New York, N. Y.
1958, pp 388-485.



