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The room temperature reactions o f  some activated ary l  and v i n y l  halides w i t h  acetone solutions o f  copper(1) 
trifluoromethanesulfonate, ammonia (aqueous or dry), and various quanti t ies o f  copper(I1) tr i f luoromethanesul- 
fonate have been studied. Condit ions have bee3 found for the  fol lowing conversions in good yield: o-bromonitro- 
benzene t o  2,2'-dinitrobiphenyl, nitrobenzene, or o-nitrophenol; methy l  o-iodobenzoate t o  methy l  salicylate or 
methy l  benzoate; d ie thy l  iodofumarate t o  trans,trans- 1,2,3,4-tetracarbethoxy-1,3-butadiene or diethy l  fumarate; 
d ie thy l  iodomaleate t o  d ie thy l  maleate. Reductive dehalogenation and phenol  format ion are favored, respectively, 
by the presence o f  ammonium tetraf luoroborate and a substantial quant i ty  of cupric ion. T h e  retention o f  config- 
urat ion observed for the protolysis products of the  organocopper intermediates derived f rom the v i n y l  iodides has 
been interpreted as ru l ing  out v iny l  radicals as intermediates. 

I t  was recently reported from this laboratory that  the 
Ullmann coupling,' which is usually performed with copper 
powder a t  elevated temperatures, can, in the case of certain 
activated aryl halides, be performed a t  room temperature 
in homogeneous solutions containing copper(1) trifluoro- 
methanesulfonate2 (triflate) dissolved in equal volumes of 
acetone and 5% aqueous a m m ~ n i a . ~  For example, while p -  
nitro- and o-fluoroiodobenzene failed to  react, o-iodonitro- 
benzene and 2,4-dinitroiodobenzene coupled in a few min- 
utes to form 2,2'-dinitrobiphenyl (2) and 2,2',4,4'-tetrani- 
trobiphenyl, respectively. However, with o-bromonitroben- 
zene (1) as substrate, under the same conditions, the reac- 
tion took far longer (about 24 hr) and only produced a 15% 
yield of biaryl (2) in addition to o-nitroaniline ( 5 ) ,  the 
other significant product. Methyl o-iodobenzoate (6) was 
about as reactive as o-bromonitrobenzene (1) but, under 
these conditions, it  produced mainly methyl anthranilate 
and no discernible coupling product. We summarize here a 
survey of reaction conditions for bromide displacement in 
o -bromonitrobenzene (1) and we report satisfactory condi- 

tions for the formation of good yields of any of the fol- 
lowing products: biaryl (2), o-nitrophenol (a), or nitroben- 
zene (3). Conditions for halide displacement reactions in 
methyl o-iodobenzoate (6),  diethyl iodofumarate ( lo) ,  and 
diethyl iodomaleate (13) are also reported. 

We have found that in the case of o-bromonitrobenzene 
far better yields of biaryl can be obtained by using a small- 
er volume of more concentrated aqueous ammonia. The 
yields can be further enhanced by the presence of a small 
quantity of copper(I1) triflate. On the other hand, the pres- 
ence of a much larger quantity of copper(I1) triflate leads 
to a 74.6% yield of o-nitrophenol (4). A selection of our re- 
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Table I 
Reaction of o-Bromonitrobenzene with Copper ( I )  Triflate 

in Acetone Containing Aqueous Ammoniaa 

Yieldsb-d 
ml 20% mmol 
aq NH, CuII Ar, ( 2 )  ArH ( 3 )  ArOH (4) ArNH, ( 5 )  

25 0.20 
5 0.20 
4 0.20 
2 0.20 
5 0.42 
4 3.46 
4 5.19 
4 11.1 
513 0.20 
5h 0.42 

17.5 
70.0 
80.7 
62.6 
89.8 
21.6 
18.2e  
10.2f 
40.1 
16.4 

56.0 
9.2 
6.4 
0.8 
7.8 
2.6 
2.8e 
3.u 
7.2 
80.4 

2.5 20.5 
18.3 3.2 
9.7 2.6 
32.9 
1.2 0.7 
74.6 
50.8e 
4.lf 
50.2 1.2 

i 0.9 
aIn all runs, 25 ml of acetone and 1.25 ml of acetonitrile 

were used and, unless otherwise stated, the reactions were 
run for 24 hr at room temperature; for other reaction con- 
ditions, see text. b Ar = o-nitrophenyl. CGas chromatog- 
raphic yields. dunless otherwise indicated, not more than 
1% of o-bromonitrobenzene remained unreacted. e28% 
of unreacted aryl bromide remained. f82.3% of unreacted 
aryl bromide remained. gFive hours at reflux. h2.0 mmol of 
NH,BF, was present; ref 5. iNot determined. 

sults utilizing different quantities of 20% aqueous ammonia 
and of cupric triflate is shown in Table I; in all cases the 
copper(1) triflate was prepared by reducing 2.70 mmol of 
copper(I1) triflate hydrate with 2.50 mmol of copper pow- 
der in a refluxing mixture of 25 ml of acetone and 1.25 ml 
of acetonitrile [which is required in order for the produc- 
tion of copper(1) to proceed], the aqueous ammonia, any 
extra copper(I1) triflate, and the aryl bromide (0.250 mmol) 
were then added and, unless otherwise stated, the solution 
was stirred for 24 hr. Similar yields of biaryl could be ob- 
tained by using the optimum conditions of Table I [5 ml of 
ammonia water and 0.42 mmol of copper(II)] but replacing 
the acetone with 2-propanol or diglyme. A mechanistic 
study of the present reaction has revealed that, as in the 
heterogeneous Ullmann ~oupl ing, ' ,~  there is an organocop- 
per intermediate which is capturable by p~otonat ion;~  thus, 
the presence of only 2.0 mmol of ammonium tetrafluoro- 
borate causes the production of nitrobenzene in 80% yieldj 
(last entry in Table I). Finally, in a preparative run, start- 
ing with a 20-fold greater quantity of o-bromonitroben- 
zene, a 90% crude yield and a 79% yield of recrystallized 
2,2'-dinitrobiphenyl were obtained. 

Methyl o -iodobenzoate (6), which previously yielded 
methyl anthranilate in the presence of 5% a m m ~ n i a , ~  was 
found to provide mainly methyl salicylate (7), along with 
some dimethyl diphenate (9), in the presence of 20% aque- 
ous ammonia. When the same reaction was performed in 
the presence of 3.46 mmol of copper(I1) triflate (in 31.25 ml 
of solvent), this phenol was essentially the only product 
and was formed in 94% yield (GLC). In the absence of ex- 
cess copper(I1) triflate, but in the presence of 10.0 mmol of 
ammonium tetrafluoroborate, the product was entirely 
methyl benzoate (8), formed in 98% yield (GLC). 

6 7, Y = O H  CO,Me 
8. Y = H  9 

I t  has been shown recently that  diethyl iodofumarate 
(10) couples to form the trans,trans tetraester 11 in good 
yield when heated with copper powder for 12 hr a t  

Under the optimum conditions for coupling of o -bromoni- 
trobenzene (fifth entry of Table I), 10 gives very little cou- 
pling product (11); the overwhelming product was diethyl 
fumarate (12). However, when the 25 ml of acetone and 5 
ml of 20% aqueous ammonia was replaced with 20 ml of ac- 
etone and 5 ml of acetone saturated with ammonia gas, a 
95% yield (GLC) of trans,trans- 1,2,3,4-tetracarbethoxy- 
1,3-butadiene (11) was formed in 2 hr. From a scale-up run, 
this ester was isolated in 90% crude yield, from which 80% 
of pure crystalline material could be obtained. The crude 
material contained none of the geometrically isomeric 
dienesS6 
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When diethyl iodomaleate (13) was subjected to the suc- 
cessful coupling conditions used for the iodofumarate ester 
(dry ammonia) for 20 hr, 54.5% of 13 remained unreacted 
and 30% of diethyl maleate (14) was produced along with 
8.6% of cis,cis-tetracarbetlioxy-1,3-butadiene (15) and 2.1% 
of the trans,trans ester (11). When the same experiment 

\ /z I 

C U I .  acetone II - 
dry ?;H, 

13 

C 
I1 +z7c 

14 15 

z = COIEt 
11 

was performed for 10 hr a t  40°, reaction was complete to 
yield 86% (GLC) of diethyl maleate (14). I t  is of interest 
that  the reactivity sequence (trans > cis) and the stereo- 
selectivity of the coupling process are rather comparable to 
those of the corresponding heterogeneous Ullmann cou- 
pling of these iodoestem6 

Our recent mechanistic study5 of the homogeneous U11- 
mann coupling of o-bromonitrobenzene revealed that an 
arylcopper(II1) intermediate, which is reversibly produced 
by oxidative addition of the CBr bond to copper(I), is capa- 
ble of reacting with another aryl bromide molecule to form 
biaryl or of competitively becoming protonated by the me- 
dium. If these two processes are slow, it seems likely that a 
ligand (L) such as water or ammonia could displace the 
bromide in the intermediate to give another copper(II1) 
compound which would undergo reductive elimination of 
copper(1) to produce the protonated phenol or aniline 
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(ArL). This reductive elimination is analogous to the re- 
verse of the first step and such processes appear to be com- 
mon in the mechanisms of the displacements of aryl and 
vinyl halides with the anions of copper(1) salts.7 More work 
will obviously be required before reliable predictions can be 
made concerning the different reaction paths of the inter- 
mediate in an unstudied case. 

Ari 
ArXf 

ArX + CUI ArCu"1X 
H+\ 

ArH 

ArCuJIIX + L - X- + ArCulI'L ---t ArL + Cu' 
Nevertheless, some synthetically useful generalizations 

have apparentl!~ been established. The replacement of 
halogen by hydrogen can be readily accomplished a t  room 
temperature by performing the reaction in the presence of 
ammonium ion, although in some cases this additive is not 
necessary; furthermore, in the case of the isomeric vinyl io- 
dides studied, the reductive dehalogenation occurs with 
complete retention of configuration. Phenol production is 
encouraged by the presence of a fairly high concentration 
of copper(I1). Finally, in the absence of these additives, ex- 
cept for a small. quantity of copper(II), reductive coupling 
can be accomplished a t  room temperature in some cases, 
but, a t  least under the conditions we have investigated, not 
in others. 

These results also provide valuable mechanistic informa- 
tion. Our recent mechanistic study provided strong evi- 
dence that the o-nitrophenyl radical is not an intermediate 
in the homogeneous Ullmann coupling of o-bromonitro- 
benzene.5 The stereospecific reductive dehalogenation of 
the iodofumarate and iodomaleate esters under the same 
conditions constitutes completely independent evidence for 
the absence of radical intermediates since vinyl radicals are 
extremely unstable stereochemically.6s8 The same stereo- 
chemical result obtains in the reductive dehalogenation of 
these esters by copper metal a t  elevated temperatures in 
the presence of benzoic acid.6 Finally, an organocopper 
species has been shown to be an intermediate, not only in 
biaryl formation, as was demonstrated in our mechanistic 
study? but also in phenol formation; this follows from its 
diversion to methyl benzoate by ammonium ion in the case 
of 6 which ordinarily giGes mostly phenol 7. However, the 
role of copper(l1) in phenol formation has not yet been 
clarified. 

Experimental  Sectiong 

Preparation of Solutions of Copper(1) Triflate. The proce- 
dure was the same in each case. The quantities of ingredients used 
in preparative experiments are specified under each preparation. 
The quantities that were used in gas chromatographic analytical 
experiments are included in the following description. A magneti- 
cally stirred mixture of copper(I1) triflate (the light blue salt, 
Cu(CF3S03)2.5.5Hz0,3 obtained by drying the freshly prepared 
hydrate2 for 1 hr at room temperature in a vacuum desiccator, 1.24 
g, 2.70 mmol) and copper powder (0.159 g, 2.50 mmol) in 25 ml of 
acetone (except for the experiments using anhydrous ammonia, in 
which 20 ml of acetone was used) and 1.25 ml of acetonitrile was 
heated at reflux for 1 hr under a nitrogen atmosphere. The light 
blue mixture, which had become homogeneous, was then cooled to 
room temperature. 

Analytical (Nonpreparative) Experiments. In all the experi- 

ments summarized in Table I, o-bromonitrobenzene (0.0506 g, 
0.250 mmol, Eastman), the gas chromatographic standard 4,4'-di- 
nitrobiphenyl (0.035 g, 0.125 mmol), and appropriate quantities of 
20% aqueous ammonia and Cu(CF&303)~.5.5HzO were added to 
the solution of cuprous triflate and, unless otherwise specified in 
Table I, the solution was stirred under nitrogen for 24 hr at room 
temperature. In the other analytical experiments, methyl o-iodo- 
benzoate (0.117 g, 0.500 mmol), diethyl iodofumarate (0.25 g, 0.80 
mmol), or diethyl iodomaleate (0.25 g, 0.80 mmol), copper(I1) tri- 
flate (0.10 g, 0.22 mmol or 1.50 g, 3.26 mmol, as specified in the Re- 
sults section), and 5.0 ml of either 20% aqueous ammonia or ace- 
tone saturated with. gaseous ammonia were added and the solution 
was allowed to stir under nitrogen for the specified time. 

The solution was separated into ether-soluble and aqueous 
phases by a thorough extraction procedure and the ether extracts 
were dried (magnesium sulfate), the solvent removed, and the resi- 
due dissolved in acetone. The acetone solution was submitted to 
gas chromatographic analysis on a 10 ft X 0.125 in. column packed 
with 3% OV-17 on Gas-Chrom Q 100/120 with a program of 50- 
300' at 10°/min; the relative flame ionization detector response of 
the standard and products had been previously determined utiliz- 
ing an electronic integrator. The products were identified by com- 
paring their gas chromatographic behavior (by coinjection) with 
that of authentic samples. The products in the case of experiments 
with diethyl iodofumarate and iodomaleate were available from 
the previous study.6 Other ester products were either commercially 
available or readily prepared by esterification (CHsOH, HC1) of 
the commercially available acids. 

Isolation of 2,2'-Dinitrobiphenyl. To a solution of copper(1) 
triflate, prepared from 3.72 g (8.10 mmol) of copper(I1) triflate, 
0.477 g (7.50 mmol) of copper powder, 75 ml of acetone, and 3.75 
ml of acetonitrile, were added 1-bromo-2-nitrobenzene (1.01 g, 5.00 
mmol) and 20% aqueous ammonia (15 ml) and the mixture was 
stirred under nitrogen for 24 hr. The mixture was separated into 
ether-soluble and aqueous phases by a thorough extraction proce- 
dure. Evaporation of the dried (magnesium sulfate) ether extract 
yielded 0.54 g (90%) of an orange-yellow solid; recrystallization 
from methanol provided 0.47 g (79%) of 2,2'-dinitrobiphenyl, mp 
127.5-128.0' (MIo  mp 127-128O). 

Isolation of traos,traos-l,2,3,4-Tetracarbethoxy-1,3-buta- 
diene. To a solution of copper(1) triflate prepared from 2.5 g (5.4 
mmol) of copper(I1) triflate and 0.32 g (5.0 mmol) of copper pow- 
der in 35 ml of acetone and 2.5 ml of acetonitrile were added 1.00 g 
(3.3 mmol) of diethyl iodofumarate and 12 ml of dry acetone which 
had been saturated with gaseous ammonia. The solution was 
stirred under a nitrogen atmosphere for 4 hr. Work-up as in the 
preparation of 2,2'-dinitrobiphenyl yielded 0.51 g of a light yelllow 
oil (89% crude yield); crystallization from hexane yielded 0.46 g 
(80%) of the trans,trans ester, mp 41.5-43.0O (identical with that of 
an authentic sample6). The gas chromatogram of the crude materi- 
al showed a single peak alone or when coinjected with an authentic 
sample of the trans,trans ester. The NMR spectrum of the crude 
product was also identical with that of the authentic sample. 

Registry No.-1, 577-19-5; 2, 2436-96-6; 3, 98-95-3; 4, 88-75-5; 

63-7; copper(1) triflate, 42152-44-3; copper(I1) triflate, 34946-82-2; 
copper, 7440-50-8. 
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