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A recyclable Cu/Al-HT catalyst for amination of aryl chlorides
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Abstract—A simple Cu/Al-HT catalyzed amination of aryl chlorides with primary and secondary aromatic amines has been devel-
oped. This ligand-free heterogeneous Cu/Al-HT catalyst, in conjunction with base, also efficiently works for the amination of aryl
chlorides with cycloalkylamines. This method tolerates a variety of functional groups and does not require an expensive additive.

© 2007 Published by Elsevier Ltd.

N-Arylation of amines is an important reaction in chem-
ical synthesis because N-arylated compounds have wide
utility in pharmaceuticals and agrochemicals.! Their
widespread importance has led to the development of
many synthetic methods for the formation of aryl-nitro-
gen bonds. Amongst them, the classical copper-mediated
Ullmann and recently developed palladium(0)-catalyzed
aryl coupling are commonly used methods.? It has been
recognized that development of a clean N-arylation
method is an important challenge in green chemistry.
The most frequently used method for coupling reactions
is still the classical copper-mediated Ullmann type reac-
tion. The contributions of Buchwald and co-workers?
and Taillefer and co-workers* in the development of cat-
alytic N-arylations with bromo- and iodo-arenes using
copper in the presence of ligands such as amino acids,’
diamines,® diimines,’ diols® and thiolate’ has generated
significant interest in industry. N-Arylation of hetero-
cycles with chloroarenes using copper oxide coated
copper nanoparticles and by palladium catalysis in the
presence of strong bases have also been reported.'® Solid
supports such as KF/ALL,O;!' and Cu—Fe-hydrotalcite
have been used for N-arylation in recent years.'?

Heterogeneous catalysis is particularly attractive as it
allows the production and ready separation of large
quantities of products with the use of a small amount
of catalyst.

Hydrotalcites (HTs) are a class of layered materials
of current interest. They are represented by the general
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formula, [M(II),  M(III) (OH),] A}, -yH,O, where
M(II) and M(I1I) are divalent and trivalent cations such
as Cu®", Mg?" and AI’*, respectively. The countera-
nions may be OH™, CI~, NO,~, CO,>", etc.!31°

Recently, we reported the preparation of recyclable
heterogeneous Cu-exchanged fluoroapatite and copper
exchanged tert-butoxyapatite catalysts, by incorporating
the basic species F~/-BuO~ in apatite in situ by co-pre-
cipitation and subsequent exchange with Cu(II) for the
N-arylation of imidazoles and other heterocycles with
chloroarenes and fluoroarenes, with good to excellent
yields.!® In continuation of our work on N-arylation
reactions, we herein report Cu/Al-HT catalyzed amina-
tion of aryl chlorides with benzylamine, dibenzylamine
and cycloalkylamines at 100-160 °C in the presence of
base.

To identify the best system for the amination of para-
nitrochlorobenzene, 1a, with benzylamine, we employed
Cu/AI-HTA (Cu:Al, 3:1), Cu/Al-HTB (Cu:Al, 2.5:1),
Cu-HAP, and Cu-FAP as catalysts and it was found
that Cu/AlI-HTB with K,CO3 (1.2 equiv) afforded a
good yield of N-arylated product (77%) at 160 °C. The
only by-product observed in this reaction was nitrobenz-
ene (5%). Several solvents were screened for the amina-
tion of 1la with benzylamine, and it was observed that
high boiling polar solvents such as DMSO and DMF
were found to be less effective. Although N-methylpyrr-
olidine (NMP) was found to be effective (60%), benzyl-
amine (benzylamine used as the reagent as well as
the solvent) was found to be more effective (77%) with
negligible amount of Cu leaching. A control reac-
tion conducted under identical conditions devoid of
Cu/AI-HTB gave no coupled product. Cu/Al-HTB
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Table 1. Cu/Al-HTB catalyzed amination of aryl chlorides with benzylamines®

Entry Aryl chloride Production Time (h) Yield® (%)
1 .
OQNOCI ZN\QNH—CHZPh 16 717, 77°
2a
NO, NO,
d
2 as (e 8 o
2b
3 OHC@CI HOOCONH-CHzPh 16 68
2¢
cl NH—CH,Ph
4 C @ 12 69
OHC cl
5 HOOCOQ HOOCONH—CHzPh 16 46
2e
oN CN
6 @Cl @NWCHQPh 8 32
2f
7 no—(_ ) on—(_ )t 16 45
29
N02
NO2 CH,Ph
g @N' 2 14 76
Cl "CH,Ph
3b
: o - r -
10 MeOOCI — 16 _

#Reaction conditions: 20 wt % catalyst, 3.60 mmol (~1.1 equiv) K,COs, 3.17 mmol aryl chloride, 1.5 ml amine, temperature 160 °C.
®Isolated yield. All the products were characterized by '"H NMR and mass spectroscopy and compared with the literature data (Ref. 19).

“Recycled catalyst used (isolated yields %: 77, 77, 76, 76).
4 Using NMP as solvent.
¢ Using dibenzylamine.

was recovered quantitatively by simple filtration and re-
used, and gave consistent activity even after the fourth
cycle (Table 1, entry 1). Moreover, the absence of cop-
per in the filtrate was confirmed by ICP-MS, which reit-
erated that no leaching of copper had occurred during
the reaction and provided evidence for heterogeneity
throughout the reaction.

We chose a variety of substituted chloroarenes possess-
ing a wide range of functional groups for our study
(Scheme 1) to demonstrate the scope and the generality
of the Cu/AI-HTB catalyzed amination of chloroarenes
with K,CO; as base, and the results are summarized in
Table 1. Chlorobenzenes with electron-withdrawing
groups, such as 4-nitro-chlorobenzene, 4-chlorobenzal-
dehyde and 4-cyano-chlorobenzene provided moderate
to good yields (Table 1, entries 1, 3 and 7). Interestingly,
ortho-substituted electron-withdrawing groups on the
aryl chloride provided good yields in shorter times (Ta-
ble 1, entries 2, 4, 6 and 8) compared with 4-substituted
chlorobenzenes. When chlorobenzene and 4-chloroani-
sole were employed in the reaction, no product forma-
tion was observed (Table 1, entries 9 and 10). In the
case of 2,4-dichlorobenzaldehyde, the chloro group at
the ortho position was N-arylated (entry 4). The ortho

Y z HoN
_ Cu-HTB/K,CO;
X: Cl +
" 1e0°Cieh w
1a-g

a:X-NOy, Y-H, Z-H; b: X-H, Y-H, Z-NOy; ¢:X-CHO, Y-H, Z-H

d:X-CHO, Y-ClI, Z-H; e:X-COOH, Y-H, Z-H; f:X-H, Y-H, Z-CN
g:X-CN, Y-H, Z-H.

NO, / /7 { )
Cu-H B/K2003
Ccl + H

N O
160°C/16 h
Scheme 1.
Y. A Y. z
Cu-HTB/K,CO3
X Cl+ HON-R ————— X NH—R
100°C/8 h
1a-f 4a-f, 5b

a:X-NO,, Y-H, Z-H; b:X-H, Y-H, Z-NO,; ¢:X-CHO, Y-H, Z-H
d:X-CHO, Y-ClI, Z-H; e:X-COOH, Y-H, Z-H; f:X-H, Y-H, Z-CN
4: R-Cyclohexyl; 5:R-Cyclopentyl

Scheme 2.
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Table 2. Cu/Al-HTB catalyzed amination of aryl chlorides with cycloalkylamines®

Entry Aryl chloride Production Time (h) Yield® (%)
1 OZN@CI OzN@NH@ 9 71
4a
NO, NO,
2 O- OO 8
c 4b
3 om@m HOOC@NHO 8 29
4c
O
4 8 56
Cl CHO cl CHO
ad
_ e

2, G,

CN
OO 9 ’
Cl N
4f
NO,
6 93
: Crw=
5b

#Reaction conditions: 20 wt % catalyst, 3.6 mmol (~1.1 equiv), K,COs3, 3.17 mmol aryl chloride, 2 ml amine, temperature 100 °C.
®Isolated yield. All the products were characterized by "H NMR and mass spectroscopy and compared with the literature data (Ref. 18).

“Recycled catalyst used (isolated yields %: 91, 91, 90, 90).

effect of the chloro group can be visualized when com-
pared with para-chlorobenzaldehyde. The C-N coupling
product bearing an aldehyde group is oxidized to an
acid while in the case of 2,4-dichlorobenzaldehyde, no
oxidation of the aldehyde group occurred (Table 1, en-
try 3 vs 4). In the case of the secondary amine, dibenzyl-
amine, the reaction proceeded in a similar manner
without the formation of nitrobenzene (entry 8). Benzyl-
amines with electron-donating and electron-withdraw-
ing moieties were found to be inactive in this reaction.

In order to expand the scope of this methodology, the
Cu/AI-HTB catalyzed amination protocol was extended
to aliphatic amines and cycloalkylamines!” (Scheme 2).
Cycloalkylamines were found to react at relatively low
temperature and in short periods of time. A variety of
substituted chloroarenes possessing a wide range of
functional groups were successfully coupled with cyclo-
alkylamines (cyclohexylamine and cylopentylamine) to
give the corresponding N-arylated products in excellent
yields and the results are summarized in Table 2. The re-
sults on the amination of various aryl chlorides with
cycloalkylamines are impressive and reported for the
first time.'8

In conclusion, we have developed a simple and efficient
method for the amination of aryl chlorides using Cu/Al-
HTB as a heterogeneous catalyst. Various aryl chlorides
were coupled with benzylamine, dibenzylamine and
cycloalkylamines to yield the corresponding N-arylated
products in good to excellent yields (45-93%). The cata-
lyst can be readily recovered and reused.
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