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Application of a diphosphinidenecyclobutene ligand in the solvent-free
copper-catalysed amination reactions of aryl halidest
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1,2-Diphenyl-3,4-bis[(2,4,6-tri-tert-butylphenyl)phosphinide-
nelcyclobutene was used as an additive ligand in copper-
catalysed amination reactions of halobenzenes with amines in
the presence of base to afford the corresponding secondary or
tertiary amines in good to excellent yields.

Coupling reactions using copper powder or copper salts have long
been known as the Ullmann reaction and are useful for obtaining
diphenyls, ethers, amines, and amides. Conventionaly these
copper-mediated reactions require severe conditions such as high
reaction temperature! and are carried out without using additive
ligands.2 However, the combination of aligand such as phenanthro-
line and a copper sourcein the presence of base has provided agood
methodology. Although palladium-catalysed coupling reactions
have recently been extensively developed,® copper-mediated
reactions remain promising in large and industrial scale reactions
from an economic point of view. More importantly, copper-based
methods have been used in cases where palladium methodol ogy has
failed. For example, the presence of functional groups at the ortho
position in aromatic halides leads to a considerable decrease in
reaction rates, as well as substantially lower overall yields.4

To date, sp2-hybridised phosphorus compounds, i.e. low co-
ordinated organophosphorus compounds,> have rarely been utilised
asligandsfor catalysts dueto the lack of stability. However, owing
to the recent progress in steric protection strategy,® such low
coordinated phosphorus compounds have been prepared and used
in coordination chemistry.” In the course of our studies on low
coordinated phosphorus compounds, we have prepared various
transition-metal complexes of 3,4-diphosphinidenecyclobutene
ligands (DPCB)8 and applied those complexes to severa catalytic
reactions,® since the DPCB ligands are air- and moisture-stable and
have proved to act as efficient w-acceptors. Although a number of
phosphine ligands are reported in the literature,3 there is no report
on low coordinated phosphorus compounds in the copper system.

Mes*—F’j P—-Mes*
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R!

R! Ph Ph <
Ayl—X + _°N—H ~N—An
R Cul, base, 100 °C, 12 h R

X = Br, CI; R'=H, alkyl, aryl; R2= alkyl, aryl; Mes*= 2,4,6-tBusCgH,.

We report here the copper-catalysed amination reactions of aryl
halides in the presence of 1,2-diphenyl-3,4-big(2,4,6-tri-tert-
butyl pheny!) phosphinidene] cyclobutene 1.

Reaction conditions were first investigated in the reaction of 1
equiv of N-methylaniline with bromobenzene (1 equiv) in toluene
inthe presence of 1 (2 mol%), Cul (2 mol%), and t-BuOK (1 equiv)
at 100 °C for 12 h.t When an excess amount of t-BuOK (1.5 equiv)
was used, the yield of N-methyldiphenylamine was dightly
decreased from 80 to 73%. DMF and 1,4-dioxane were aso
evaluated as solvents, however, yields were inferior to those

T Electronic supplementary information (ESI) available: details of general
procedure for the solvent amination reaction; characterisation data of the
productslisted in Table 1 and Table 2. See http://www.rsc.org/suppdata/cc/
b4/b408232j/
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obtained with toluene (54 and 62% vyield, respectively). After
exploring a wide array of reaction conditions we determined that
the best yield was obtained in the absence of solvent (85%, Table
1, entry 16).

Our optimised procedure can be applied directly to amination
reactions with aryl bromides and chlorides as listed in Table 1,
where the scope of the reaction is summarised. The reaction of
aniline with 1 equiv of bromobenzene (entry 1) or bromobenzene
derivatives bearing an electron-donating group at the o- or p-
position (entries 4-9) gave the corresponding diphenylamine
derivatives in good to excellent yields. The reaction of chloro-
benzene with aniline also gave good results (entry 3). It should be
noted that the reaction of aniline with 2 equiv of bromobenzene and
2 equiv of t-BuOK afforded mono-substituted product in 90% yield
(entry 2). A most striking observation was that o-methoxy-
bromobenzene gave an excellent result (entry 4). Primary akyla-
mines reacted with bromobenzene or chlorobenzene in moderate to
good yields (entries 10-14). The long chain 1-hexadecylamine
reacted with bromobenzene to afforded the corresponding product
in good yield (entry 15). Similarly to entry 2, the reaction with 2
equiv of bromobenzene and 2 equiv of t-BuOK afforded only
mono-substituted product (80% vyield) in the reaction with
phenethylamine (entry 13). Reaction of some secondary alkyl- or
arylamines with bromobenzene or chlorobenzene gave the corre-
sponding tertiary amines in good yields (entries 16-22). It should
be noted that the intramolecular amination of o-bromophenethyl-
amine proceeded to give indoline almost quantitatively (entry 23).

Table 1 Amination reaction with aryl bromides and chlorides?

Entry Amine Halide Yield (%)°
| PhNH PhBr 99
2 PhNH PhBre 90
3 PhNH; PhCl 80
4 PhNH; 0-MeOCgH,Br 99
5 PhNH, p-MeOCgH,Br 71
6 PhNH, p-tert-BuCeH4Br 90
7 PhNH; p-MeCgH4Br 78
8 PhNH, p-MeCgH,Cl 60
9 p-MeOCgH4NH, PhBr 71

10 PhCH,NH; PhBr 80

11 p-MeCgH4CH2NH, PhBr 77

12 PhCHzCHzNHz PhBr 88

13 PhCH,CH,NH PhBre 80

14 PhCH,CH,NH PhCl 50

15 C16H33N Hy PhBr 65

16 PhNHMe PhBr 85

17 PhNHMe PhCl 75

18 Piperidine PhBr 94

19 Piperidine PhCl 78

20 Morpholine PhBr 80

21 Morpholine PhCl 70

22 THIQd PhBr 94

23 0-BrCsH,CH,CH,NH, 99e

aReaction conditions: halobenzene (1 equiv), amine (1 equiv), Cul (2
mol%), 1 (2 mol%), t-BuOK (1 equiv), 100 °C, 12 h, no solvent. b Isolated
yield. ¢2 equiv of PhBr and 2 equiv of t-BuOK were employed.
d Tetrahydroisoquinoline. € Indoline was formed.
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It appearsthat activity varieswith aryl halidesin the order Br > Cl.
The chlorobenzene derivatives arelessreactive (entries 3, 8, 14, 17,
19, 21) than the corresponding bromo derivatives. Although we
have discovered that the DPCB-Cul system exhibits unique
reactivity for amination reactions, we observed some limitations.
No reaction was observed at 100 °C with anilines or bromo-
benzenes carrying an electron-withdrawing group e.g. p-EtO-
C(O)CeH4Br, p-MeC(O)CgH4Br, p-NO,CgH,4Br, p-CNCgH,Cl, p-
NO,CgsH4NH>.

1, Cul

base, 100 °C, 12 h
R = alkyl, aryl

Ayl—I  + RNH, RNAyl,

We found that, when 2 equiv of iodobenzene were applied in
place of bromo- or chlorobenzenestogether with 2 equiv of t-BuOK
in this copper-catalysed coupling reaction of primary amines, the
corresponding tertiary amines were obtained in moderate to good
yields, as shown in Table 2 (entries 2-6). It is notable that for the
preparation of tertiary amines, a slight excess of iodobenzene gives
better results, avoiding the formation of amixture of secondary and
tertiary amines (compare entries 4 and 5). Double arylation with p-
tolyl iodide to aniline occurred to afford the corresponding tertiary
amine (entry 6). The reaction of aniline with iodobenzene (entry 2)
did not proceed either at room temperature or on irradiation with
microwaves.

In summary, the copper-catadlysed amination reactions of
hal obenzenes with amines proceed at 100 °C in the presence of 1 (2
mol%), Cul (2 mol%), and t-BuOK without solvent provide an
efficient method for the introduction of one or two aryl groupsinto

Table 2 Amination reactions with iodobenzenes?

Yield
Entry Amine Aryl iodide Equivt Product (%)e
| PhNH; Phi 1 Ph,NH 42d
2 PhNH; Phi 2 PhsN 90
3 p-MeOCsH,NH, Phl 2 p-MeOCgH4NPh, 74
4 PhCH,CH,NH,  Phl 2 PhCH,CH,NPh, 67ef
5 PhCH,CH,NH, Phl 225  PhCH,CH,NPh, 849
6 PhNH; p-MeCgH4l 225  (p-MeCgH,4) NPh 870

a Reaction conditions: amine (1 eguiv), Cul (2 mol%), 1 (2 mol%), 100 °C,
12 h. b Equiv of aryl iodide and t-BuOK. ¢ |solated yield. d PhgN was aso
obtained in 24% yield. © Toluene (2 mL) was added. f PhCH,CH,NHPh was
also obtained in 20% yield. 9 PhCH,CH,NHPh was also obtained in 17%
yield. h p-MeCesH,4NHPh was also obtained in 17% yield.

amines. Using iodobenzenes, the method offers an easy access to
tertiary amines from primary amines.
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