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of aryl halides with aliphatic/aromatic amines
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bstract

The Ullmann coupling of amines with aryl iodide and bromides has been carried out efficiently using Pd(OAc)2/1,2-bis(diphenylphosphino)

thane [DPPE] in toluene as a solvent. The effects of various parameters such as temperature, solvent, base, catalyst loading and metal–ligand ratio
n the reaction system were studied. The reaction is applicable to a wide variety of substituted aryl amines and alkyl amines with different steric
nd electronic properties.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Amines constitute an important class of compounds, which
s useful in day-to-day life. Lower aliphatic amines are used as
rganic intermediates for the synthesis of drugs, bactericides,
erbicides, rubber accelerators, corrosion inhibitors, extraction
gents in the production of penicillin, surface active agents, etc.
1]. Fatty amines and its derivatives are useful softening agents,
etting agents, dye fixers, asphalt emulsifiers, pigment dispers-

ng agents, petroleum additives, ore floatation agents and addi-
ives for cosmetic preparations [2]. Especially aryl amines are
mportant substructures in natural products and organic materi-
ls [3]. They are found in biologically active compounds such
s pharmaceuticals [4] and agrochemicals [5]. Traditionally the
reparation of aryl amines has been carried out under Ullmann-
ype conditions, which involve the coupling of amines with aryl
alides [6]. Although these copper promoted reactions are use-
ul, they require higher temperatures.

The palladium catalysed coupling [7–15] of amines with aryl

alides devised by Buchwald and Hartwig offers a milder route
owards the synthesis of such amines. The reaction system is
omposed of a palladium precursor along with a variety of phos-
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hines and a base. There are several reports for such coupling
eactions depending upon the type of metal precursor and lig-
nds used, such as Pd(dba)2/P(t-Bu)3 [16], Pd(OAc)2/DPEPhos
17], Pd2(dba)3/phospho-adamantane [18]. Apart from these,
arious tailor made ligands are also employed for the coupling
f amines with aryl halides. Solvent free reactions [19] and
icrowave techniques [20] have also been reported for the ami-

ation reactions. Most of this work has focused on the reaction
f industrially relevant aryl chlorides and bromides. It is also
mportant to develop appropriate reaction conditions for aryl
odides, as they are widely used as substrate for palladium catal-
sed cross coupling reactions.

Many of the reaction systems reported are not useful for the
oupling of aryl iodides and hence this study aims to develop a
uitable catalyst system for the amination of aryl iodides as well
s bromides. The present reaction system deals with amination of
ryl iodides and bromides using Pd(OAc)2/DPPE as the catalyst,
aOMe as a base and toluene as a solvent.

. Experimental

.1. General
Palladium acetate was made available from commercial
ources. Triphenylphopshine, DPPM, DPPE, DPPP, DPPB were
urchased form Lancaster. Amines and aryl halides were pur-
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Table 1
Pd (DPPE) catalysed reaction of aryl halides with primary amines

Entry Aryl halide Amine Product Isolated
yield (%)

1 82

2 84

3 74

4 79

5 83

6 77

7 76

8 72

9 71

10 77

11 67

12 65

R
1
t
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hased from S.D. Fine Chem. Ltd. and used without fur-
her purification. The conversions were based on GC analysis
Eshika). The isolated products were characterized by spectral
nalysis (NMR spectra recorded on Varian).

.2. General procedure for arylation of amines

In a typical experimental run, 0.05 mmol (11 mg) of
d(OAc)2, 0.1 mmol (39 mg) of DPPE and 5 ml toluene was

aken in a 50 ml two neck round bottom flask and stirred for
0 min at 110 ◦C. Then 1 mmol of iodobenzene and 1 mmol
f aniline in 5 ml of toluene was added to the round bottom
ask, followed by 1.1 mmol of NaOMe and stirred for 24 h. The
eaction was cooled to room temperature and the solvent was
emoved by rotary evaporator. The product was isolated by sil-
ca gel chromatography using (8:2) hexane/ethyl acetate system.

The typical 1H NMR values for the products are:

Diphenylamine: 1H NMR (400 MHz, CDCl3) δ 7.33–7.29 (td,
J = 8.0, 2 Hz, 4H), 7.12 (d, J = 8.0, 4H), 6.99–6.95 (td, J = 8.0,
2 Hz, 2H), 5.73 (br s, 1H).
4-Methoxydiphenylamine: 1H NMR (400 MHz, CDCl3) δ

7.24 (d, J = 7.5 Hz, 2H), 7.11 (d, J = 7.5 Hz, 2H), 6.87 (m,
5H), 5.51 (s, 1H), 3.84 (s, 3H).
4-Methyldiphenylamine: 1H NMR (400 MHz, CDCl3) δ

7.30–7.28 (dd, J = 7.6 Hz, 8.8 Hz, 2H), 7.14 (d, J = 8.4 Hz,
2H), 7.02–7.06 (m, 4H), 6.91 (t, J = 7.2 Hz, 1H), 5.63 (br s,
1H), 2.34 (s, 3H).
N-Phenylbenzylamine: 1H NMR (400 MHz, CDCl3) δ 7.38
(m, 5H), 7.30 (m, 2H), 6.83 (t, J = 7.3 Hz, 1H), 6.74 (d,
J = 7.7 Hz, 2H), 4.32 (s, 2H), 4.06 (br s, 1H).

. Results and discussion

This work aims at developing a suitable catalyst for the cou-
ling of aryl iodides/bromides with aliphatic or aromatic amines
s shown in Scheme 1.

The scope of the palladium catalysed aryl amination was
xplored by using Pd(OAC)2 as the metal precursor, DPPE as
he ligand, NaOMe as the base, and toluene as the solvent. The
esults obtained are as shown in Table 1. The coupling reaction of
ryl halides with various primary amines was carried out using

his catalyst and the desired amination products were obtained
n moderate to good yields. Electron deficient and electron rich
nilines and iodobenzene were found to give good yields of the
esired product. The system also permits the use of sterically

Scheme 1. N-Arylation of amines.
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eaction conditions: 0.05 mmol Pd(OAc)2, 0.1 mmol DPPE, 1.1 mmol NaOMe,
mmol aryl halide, 1 mmol amine, 10 ml toluene, temperature = 110 ◦C,

ime = 24 h.

indered amine such as o-toluidine (entry 8), which gave good
ield. Both hexyl amine (entry 10) and benzyl amine (entry 4)
lso reacted to a considerable extent. To check the overall com-
atibility of the reaction, aryl bromides were also used as the
ryl source. The reaction of aniline with bromobenzene gave
1% yield of diphenylamine (entry 9). Benzyl amine gave 65%
ield of the desired product when reacted with bromobenzene.
he amination products obtained were exclusively secondary
ryl amines. No diarylation product was observed. This was

onfirmed when secondary amine was taken as a substrate and
o reaction occurred under above conditions. Thus a method-
logy, which selectively gave secondary aryl/aryl alkyl amines,
as developed.
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Table 2
Influence of temperature

Entry Temperature Conversion (%)

1 50 22
2 80 46
3 110 85
4 130 88
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Table 4
Influence of base

Entry Base Conversion (%)

1 NaOMe 85
2 KOtBu 75
3 K2CO3 69
4 KOH 60
5 K3PO4 52
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fair conversions were obtained. The increase in the ratio to
eaction conditions: 0.05 mmol Pd(OAc)2, 0.1 mmol DPPE, 1.1 mmol NaOMe,
mmol iodobenzene, 1 mmol aniline, 10 ml toluene, time = 24 h.

.1. Influence of temperature

Temperature effect on coupling of aniline with iodobenzene
s shown in Table 2. It was observed that at 50 ◦C the reaction
as very slow and conversion of iodobenzene was found to be
2%, while at 80 ◦C, an increase in conversion upto 46% was
bserved. Whereas a further increase in the temperature 110 ◦C
85%), 130 ◦C (88%) significantly improves the conversion.

.2. Influence of solvent

The effect of various solvents on the reaction system was
nvestigated as shown in Table 3. It was observed that toluene
nd xylene were effective providing higher conversions whereas
olar solvents like NMP, DMF, dioxane showed no conversion.
t has been observed that after prolonged exposure of the catalyst
t higher temperature, i.e. above 100 ◦C in polar solvents leads
o decomposition of homogeneous Pd–DPPE catalyst and Pd(II)
ets reduced to Pd(0) particles. The aryl halide, which is one of
he starting materials, dehalogenated to the corresponding arene
onfirmed by gas chromatographic analysis. Such undesired side
eaction is a common feature in Heck reaction using Pd–TPP
atalysts, which resembles with current catalyst. Similar obser-
ation is also reported elsewhere [21]. Such decomposition is
ot observed in toluene and catalyst remains homogeneous.

.3. Influence of base

The effect of various organic and inorganic bases on the reac-
ion system was studied and the results are presented in Table 4.
t was observed that inorganic bases like potassium carbonate,
otassium hydroxide and potassium phosphate were also effec-

ive, but gave lower conversions. While the organic bases like
aOMe, KOtBu provided higher conversions. The probable rea-

on for the difference in the results obtained due to the use of
rganic and inorganic bases may be due to the higher solubil-

able 3
nfluence of solvent

ntry Solvent Conversion (%)

Toluene 85
Xylene 75
NMP –
DMF –

eaction conditions: 0.05 mmol Pd(OAc)2, 0.1 mmol DPPE, 1.1 mmol NaOMe,
mmol iodobenzene, 1 mmol aniline, 10 ml solvent, time = 24 h.
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eaction conditions: 0.05 mmol Pd(OAc)2, 0.1 mmol DPPE, 1.1 mmol base,
mmol iodobenzene, 1 mmol aniline, 10 ml toluene, time = 24 h.

ty of alkoxide bases in organic solvents. While the inorganic
ases like KOH will require proper choice of catalyst, reaction
edium and phase transfer catalyst to carry the hydroxide ion to

he corresponding organic phase, which would assist in the rate
f deprotonation of the intermediate amido complex. Similar
esults were also obtained by Zim and Buchwald [9].

.4. Influence of ligand

Owing to the fact that the ligand plays a key role, various
hosphine ligands were screened as shown in Table 5. It was
bserved that monodentate ligand like triphenylphosphine gave
2% conversion. In a number of transition metal complexes,
he use of chelating bisphosphine ligand has been found to
nhibit beta-hydride elimination from the Pd-amido interme-
iate. Hence, further studies were carried out using chelating
identate phosphine ligands. When a bisphosphine ligand like
,2-bis(diphenylphosphino) methane (DPPM) was used, it gave
ncrease in conversion up to 58%. 1,2-Bis(diphenylphosphino)
thane (DPPE), improved conversion up to 75%. However,
igands like 1,2-bis(diphenylphosphino) propane (DPPP) and
,2-bis(diphenylphosphino) butane (DPPB) did not have much
ffect on the conversion and showed conversion similar to that
f DPPM.

.5. Influence of metal–ligand ratio

In the process of optimization, the effect of ratio of Palladium
ctetate to the ligand was investigated as shown in Table 6. Ini-
ially when the metal: ligand ratio of 1:1 and 1:1.5 was used,
:2 favours the formation of Pd/DPPE complex significantly
mproving the conversion upto 85%. However, further increase
n the ratio to 1:3 did not have much effect on the reaction.

able 5
nfluence of ligand

ntry Ligand Conversion (%)

DPPE 75
DPPB 63
DPPM 58
DPPP 54
PPh3 52

eaction conditions: 0.05 mmol Pd(OAc)2, 0.1 mmol ligand, 1.1 mmol KOtBu,
mmol iodobenzene, 1 mmol aniline, 10 ml toluene, time = 24 h.
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Table 6
Influence of metal:ligand ratio

Entry Ratio Conversion (%)

1 1:3 85
2 1:2 85
3 1:1.5 57
4 1:1 51

Reaction conditions: 0.05 mmol Pd(OAc)2, DPPE, 1.1 mmol NaOMe, 1 mmol
iodobenzene, 1 mmol aniline, 10 ml toluene, time = 24 h.

Table 7
Influence of catalyst concentration

Entry Concentration
(mol%)

Catalyst
(mmol)

Conversion
(%)

TON TOF (h)

1 7.5 0.075 87 11.6 0.48
2 5 0.050 85 17 0.70
3 2.5 0.025 55 22 0.91
4 1 0.010 53 53 2.2

Reaction conditions: Pd(OAc)2, 2 equiv. DPPE with respect to Pd(OAc)2,
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.1 mmol NaOMe, 1 mmol iodobenzene, 1 mmol aniline, 10 ml toluene,
ime = 24 h. TON: moles of reactant consumed/moles of catalyst, TOF: moles
f reactant consumed/moles of catalyst takens/h.

.6. Influence of catalyst concentration

In an effort to evolve the best concentration of the catalyst,
arious catalyst concentrations were studied as shown in Table 7.
t was found that, optimum results with respect to conversion
85%) were obtained when 5 mol% of Pd(OAc)2 was used with

espect to the reactants. Thus an increase in the conversion was
bserved with an increase in catalyst concentration. However,
ON and TOF are better with the lower catalyst concentration
s shown in Table 7.

Scheme 2. Reaction mechanism.

[

[
[
[

[

atalysis A: Chemical 259 (2006) 46–50 49

.7. Mechanism of reaction

The probable mechanism for the amination of aryl halides
s as shown in Scheme 2. It is similar to that for the reac-
ion catalysed by BINAP–palladium complexes [19a]. Initially,

ixing DPPE with Pd(OAc)2 leads to the formation of com-
lex (DPPE)Pd(OAc)2 (2) which then undergoes dissociation
o give (DPPE)Pd. Oxidative addition of aryl iodide to the
bove complex gives (DPPE)Pd(Ar)(I) (3). Co-ordination of
he amine to (3) followed by deprotonation forms amido com-
lex (DPPE)Pd(Ar)(HN)R (5) which then undergoes reductive
limination to form the desired product and to regenerate the
orresponding Pd(0) catalyst.

. Conclusions

Thus a detailed investigation of N-arylation of aliphatic and
romatic amines was carried out using Pd(OAc)2 and DPPE
nder homogenous conditions. The methodology was success-
ully applied to a wide variety of substrates. The reaction is
articularly useful in the selective preparation of secondary
ryl/aryl alkyl amines.
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