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1. Introduction

Arylamines are an important class of compounds that pos-
sess a range of significant biological and pharmaceutical activi-
ty [1-4]. Extensive research efforts have been directed towards
developing effective new methods for the synthesis of com-
pounds of this type, with particular emphasis on the transi-
tion-metal-catalyzed N-arylation of amines. Traditional proto-
cols available for the construction of C-N bonds include the
copper-mediated Ullmann and palladium-catalyzed Buch-
wald-Hartwig reactions [5-11]. The application of these meth-
ods, however, can sometimes be limited by their requirement
for elevated temperatures, which can be as high as 150 °C, and
a high-boiling point polar solvent such as N,N-dimethylforma-
mide (DMF) [12], dimethyl sulfoxide (DMSO) [13], nitroben-
zene or N-methylpyrrolidone [14-16]. In addition, the toxic and
air-sensitive palladium catalysts required of the Buch-

wald-Hartwig reaction can be damaging to the environment.
These drawbacks have undoubtedly limited the wider applica-
tion of aryl amination strategies for the construction of
N-arylamine. Following on from Buchwald’s discovery that the
Cu-catalyzed N-arylation of nitrogen-containing heterocyclic
with aryl halides could be achieved in good yields under mild
reaction conditions in the presence of bidentate N,N-ligands
[17,18], there has been considerable interest in the develop-
ment of novel and more efficient ligands for these
cross-coupling reactions. As a result, a variety of different lig-
ands have been reported in the literature as effective catalysts
for this type of C-N bond forming reaction, including organic
phosphanes [19], diamines [20,21], diols [5], salicylamides
[22], imines [23], amino acids [24], amino phosphates [25],
N-containing aromatic heterocycles [26], triols [27],
[-diketones [28], rac-binols [7], Fketo esters [29], and diaza-
phospholanes [30]. It is noteworthy, however, that the con-

* Corresponding author. Tel: +86-25-58139970; Fax: +86-25-58139369; E-mail: hanshiging@njut.edu.cn
This work was supported by the National Natural Science Foundation of China (20942006 and 21072095), the National High Technology Research
and Development Program of China (863 Program, 2011AA02A209), and the Program for Changjiang Scholars and Innovative Research Team in

University (IRT1066).

DOI: 10.1016/S1872-2067(12)60623-8 | http://www.sciencedirect.com/science/journal/18722067 | Chin. J. Catal, Vol. 34, No. 9, September 2013



Ming Jin et al. / Chinese Journal of Catalysis 34 (2013) 1651-1655

struction of the external ligands described above can some-
times be time-consuming and expensive. The development of
analogous reactions that do not require a ligand or additive,
therefore, represents an attractive challenge to organic chem-
ists.

In recent years, chemists have developed an interest in us-
ing water as a solvent for copper-catalyzed N-arylation reac-
tions, and several methods have been reported in this area
involving the use of phase-transfer catalysts or microwave ra-
diation to facilitate the reactions [31-34]. Procedures that op-
erate in aqueous media offer significant advantages over those
that are conducted in organic solvents, in terms of their overall
cost, safety, and large-scale industrial application.

We recently became interested in developing a mild and ef-
fective method for the N-arylation of amine derivatives [35,36].
Based on the structural characteristics of some N,0-containing
coordinative substrates, it was envisaged that amino alcohols,
which are small bi-soluble (inorganic and organic) molecules,
could play an additional role as ligands in this N-arylation pro-
cess. Our recent work demonstrated that the copper-catalyzed
N-arylation of amino alcohols and diamines with aryl halides
could be accomplished in good to excellent yields under lig-
and-free and solvent-free conditions, although the requirement
of this procedure for three equivalents of the amino alcohols
represented a significant limitation to the general application of
this approach [35]. Herein, we describe the development of a
new catalytic system that can be applied to the N-arylation of
amino alcohols using Cul in water according to a sub-
strate-promoted action, without the need for an additional
ligand or phase transfer catalyst.

2. Experimental

Copper(I) iodide (97%, fine powder) was purchased from
Shanghai Sinpeuo Fine Chemical (Shanghai, China). Potassium
hydroxide was purchased from Sinopharm Chemical Reagents
(Shanghai, China). All of the aryl iodides and amines were pur-
chased from Aladdin Chemistry Co. Ltd. (Shanghai, China). All
of the commercially sourced materials were used without fur-
ther purification. Flash column chromatography was per-
formed with silica gel (230-400 mesh). 1H and 13C NMR spectra
were recorded on a Varian 300 or 500 MHz instrument (Palo
Alto, America) with chemical shifts reported relative to the
residual deuterated solvent peaks. All of the yields reported in
the current study represent an average of at least two inde-
pendent runs. The known compounds were characterized by
comparing their 1H NMR data with those previously reported in
the literature.

The general procedure for the N-arylation of amino alcohols
with iodobenzenes was as follows.

lodobenzene (1.0 mmol), amino alcohol (1.2 mmol), Cul (0.1
mmol), KOH (2.0 mmol), and H20 (1 ml) were added to a
screw-capped test tube, and the resulting mixture was stirred
at 100 °C for 12 h. Upon completion of the reaction, determined
by TLC, the reaction mixture was cooled to ambient tempera-
ture and extracted with ethyl acetate (3 x 5 ml). The combined
organic phases were then dried over anhydrous NazSO4 before

being concentrated under reduced pressure to give the crude
product as a residue, which was purified by flash column
chromatography over silica gel to afford the desired products
3a-3m.

2-Phenylamino-1-ethanol (3a) [37] TH NMR (500 MHz,
CDCls) 67.22 (t, 2H,] = 7.8 Hz), 6.78 (t, 1H, J = 7.3 Hz), 6.71 (d,
2H,]=7.8Hz),3.85 (t, 2H,/ = 5.3 Hz), 3.33 (t, 2H,/ = 5.3 Hz).

2-(4-Bromophenylamino)ethanol (3b) 1H NMR (500 MHz,
CDCl3) 67.25 (m, 2H), 6.52 (m, 2H), 3.82 (t, 2H, ] = 5.2 Hz), 3.26
(t 2H, J = 5.2 Hz); 13C NMR (75 MHz, CDCls) 46.3, 70.0, 109.8,
115.0,132.0, 146.7.

2-(3-Bromophenylamino)ethanol (3c) tH NMR (500 MHz,
CDCl3) 67.00 (t, 1H, ] = 8.0 Hz), 6.82 (m, 1H), 6.74 (t, 1H,J = 2.0
Hz), 6.52 (m, 1H), 3.76 (t, 2H,J = 5.2 Hz), 3.21 (t, 2H, ] = 5.2 Hz);
13CNMR (75 M Hz, CDCls) 45.7, 60.9, 111.9, 115.6, 120.5, 123.2,
130.5,149.3.

2-(3-Tolylamine)ethanol (3d) H NMR (300 MHz, CDCl3) &
7.05 (t, 1H, J = 7.6 Hz), 6.55 (d, 1H, J = 7.4 Hz), 6.44 (d, 2H, ] =
7.5 Hz), 3.75 (t, 2H, J = 5.2 Hz), 3.22 (t, 2H, ] = 5.2 Hz), 2.26 (s,
3H).

2-[(4-Methoxyphenyl)amino]ethanol (3e) [33] 'H NMR
(500 MHz, CDCl3) 66.81 (s, 4H), 3.85 (t, 2H, J = 5.2 Hz), 3.74 (s,
3H), 3.30 (t, 2H, /= 5.2 Hz).

3-Phenylamino-1-propanol (3f) [38] tH NMR (300 MHz,
CDCl3) 67.17 (t, 2H,] = 7.5 Hz), 6.71 (t, 1H, J = 7.5 Hz), 6.62 (d,
2H,] =7.5 Hz), 3.74 (t, 2H, ] = 6.1 Hz), 3.22 (t, 2H, ] = 6.1 Hz),
1.82 (m, 2H).

4-Phenylamino-1-butanol (3g) [39] tH NMR (300 MHz,
CDCls) 67.16 (t, 2H,J = 7.8 Hz), 6.7 (t, 1H, J = 7.8 Hz), 6.59 (d,
2H,] = 7.8 Hz), 3.64 (t, 2H, ] = 6.1 Hz), 3.14 (t, 2H, ] = 6.1 Hz),
1.67 (m, 4H).

1-Phenylamino-2-propanol (3h) 1H NMR (500 MHz, CDCls)
0717 (t,2H,J=7.5Hz),6.72 (t, 1H,/ = 7.5 Hz), 6.64 (d, 2H, ] =
7.5 Hz), 4.00 (m, 1H), 3.20 (d, 1H, /= 12.0 Hz), 2.98 (dd, 1H, ] =
8.5 Hz, J = 12.0 Hz), 1.24 (d, 3H, J = 6.2 Hz); 13C NMR (75 MHz,
CDCls) 20.7,51.4,66.1,113.1,117.6,129.1, 148.0.

2-Phenylamino-1-butanol (3i) [32] 'H NMR (500 MHz,
CDCl3) 67.14 (t, 2H, ] = 7.8 Hz), 6.68 (t, 1H, J = 7.8 Hz), 6.63 (d,
2H,J=7.8Hz),3.72 (dd, 1H,/=5.1 Hz,J = 10.9 Hz), 3.5 (dd, 1H, ]
=5.1 Hz,J=10.9 Hz), 3.38 (m, 1H), 1.56 (m, 2H), 0.94 (t, 3H, ] =
7.5 Hz).

2-(3-Bromophenylamino)-1-butanol (3j) tH NMR (300 MHz,
CDCl3) 66.99 (t, 1H, ] = 8.0 Hz), 6.82 (m, 1H), 6.78 (t, 1H,J = 2.0
Hz), 6.55 (m, 1H), 3.72 (m, 1H), 3.53 (m, 1H), 3.35 (m, 1H), 1.57
(m, 2H), 0.96 (t, 3H, ] = 7.5 Hz); 13C NMR (75 MHz, CDCl3) 10.5,
24.7,56.5,63.8,112.2,116.1, 120.4, 123.3, 130.5, 149.3; ESI-MS
Mr/Z7244.9/246.9 (1:1) [MH"].

2-(3-Tolylamino)butan-1-butanol (3k) 1H NMR (300 MHz,
CDCl3) 67.05 (m, 1H), 6.54 (d, 1H,/= 7.6 Hz), 6.46 (d, 2H,/=7.6
Hz),3.72 (dd, 1H,/ = 4.2 Hz,J = 10.8 Hz), 3.5 (dd, 1H,/=5.9 Hz, ]
=10.8 Hz), 3.38 (m, 1H), 2.28 (s, 3H), 1.54 (m, 2H), 0.95 (t, 3H,/
= 7.5 Hz); 13C NMR (75 MHz, CDCls) 10.5, 24.9, 29.7, 56.7, 64.1,
110.8, 114.5, 118.8, 129.2, 139.0, 148.5; ESI-MS Mr/Z 180.2
[MH+].

N,N-Dimethyl-N’-phenylethylene-1,2-diamines (31) [40] 1H
NMR (500 MHz, CDCl3) 67.19 (d,] = 7.5 Hz, 1H), 6.77 (t, ] = 7.2
Hz, 1H), 6.73 (d,] = 7.9 Hz, 1H), 4.09 (t,] = 6.8 Hz, 1H), 3.67 (d,]
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=5.1Hz, 1H), 3.31 (t,/ = 5.3 Hz, 1H), 2.86 (s, 3H).

2-(Phenylamino)phenol (3m) [41] 'H NMR (500 MHz,
CDCl3) 67.19 (m, 3H), 7.09 (t,] = 8.0 Hz, 1H), 6.98 (d, ] = 8.0 Hz,
1H), 6.87 (m, 2H), 6.77 (d, ] = 7.6 Hz, 2H), 5.76 (br, 1H), 5.24
(br, 1H).

2-Phenoxybenzenamine (3m') [41] H NMR (300 MHz,
CDCls) 65.29 (br, 2 H), 6.14 (dd, 1H,J = 6.8, ] = 2.4 Hz), 6.19 (d,
1H, ] = 2.4 Hz), 6.33 (d, 1H, J = 8.0 Hz), 6.97-7.01 (m, 3H), 7.09
(t, 1H,J=7.2 Hz),7.36 (t, 2H,] = 7.6 Hz).

3. Results and discussion
3.1. Optimization of conditions

The current work focused initially on the coupling of
2-amino-1-butanol with iodobenzene as a model reaction to
optimize the reaction conditions. A variety of different bases (2
equiv.) and Cu sources (10 mol%) were screened against the
standard coupling procedure, which involved the reaction of
iodobenzene (1 equiv.) with 2-amino-1-butanol (1.2 equiv.) in
water (1 ml). The results of these screening experiments are
shown in Table 1.

Our initial work focused on screening different bases
against the model N-arylation reaction in the presence of Cul
(0.1 equiv.). Pleasingly, the reaction proceeded well when KOH
was used as the base and gave the desired product in a yield of
75% following 12 h at 85 °C (Table 1, entry 5). Unfortunately,
the use of other bases such as K3POs, K2C03, Cs2C03, and NaOH
resulted in lower yields (Table 1, entries 1-4). Several readily
available copper salts, including Cul, Cuz0, CuBr and CuCl, were
then evaluated under the KOH conditions (Table 1, entries
5-8), and Cul was found to provide the best results (Table 1,
entry 5). We then proceeded to investigate the effects of the
temperature and the reaction time on the outcome of the reac-
tion (Table 1, entries 8-10). Pleasingly, when the reaction was
conducted at 100 °C, the desired amination product was ob-
tained in 89% yield (Table 1, entry 9), representing a signifi-
cant increase from the yield obtained when the reaction was

Table 1
Screening of the reaction conditions for the N-arylation of 2-amino-1-
butanol with iodobenzene.

catalyst 10 mol%
base 2.0 eq.
Ol e L
I NH, H,0 N OH
H

Temperature (°C) Time (h) Yield? (%)

Entry  Catalyst  Base

1 Cul K3PO4 85 12 36
2 Cul K2CO03 85 12 31
3 Cul Cs2C0s3 85 12 43
4 Cul NaOH 85 12 61
5 Cul KOH 85 12 75
6 Cu20 KOH 85 12 61
7 CuBr KOH 85 12 67
8 Cucl KOH 85 12 72
9 Cul KOH 100 12 89
10 Cul KOH 100 20 89

Reactions performed with iodobenzene (1.0 mmol) and 2-amino-1-
butanol (1.2 mmol) in water (1 ml).
aJsolated yield.

Table 2
N-arylation of amino alcohols with iodobenzenes in water.

R? R}
Cul 10 mol%
N R R KOH20eq R\ X
Ry ]+ w —_— QNH OH
I mN om H0.100°C —
12h
1 2 3a-3m
. Aryl Yield 2
Entry Amine (2) halide (1) Product (3) %)
1 HN A~y 93
I N/\/OH
H
3a
G T O 86
I N/\/OH
H
3b
3 N~y Br Br 90
[ELI [ )\N/\/OH
H
3¢
4 HoN~on 86
I N/\/OH
H
3d
5 HN A~y Me0\©\ Me0\©\ 84
I N/\/OH
H
3e
6 H,N" > 0H ©\ 91
H
3t
7 NSO ©\ 67
1 N/\/\/OH
H
3g
8 HN @ 76
HO 1 II:II/\rOH
3h
9 NH,
OH 1 ©\N OH 89
H
3i
NH, Br 92

10 Q\/OH

11 NHz
Q\/OH

HoN o~ ~
12 N

13 @NHz
OH

S VAR Vel VAl VAR VAR VAR Y

H
3j
64
L (65%>,
N o 98%¢)
3k
95%°)
(19%,
m
L0
NH,
3m'
alsolated yield.

N~ 46
o
18
96%¢)
Reactions performed with Arl (1.0 mmol) and amino alcohols (1.2
bConversion of the substrate.

Qo
N
(48%,
31
H
N
Suely-
OH
3
mmol) in water (1 ml).
cSelectivity for the product.
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R, R, Ry Ry
ArX
- .
HN_ O HN, _OH
SCa H Oxidative addition Cu,
Ar X
A B
R, R, Reductive R, R,
elimination + KOH
Ar~NH OH H,N  OH
-
R, Ry (NuT)
2 ¥
HN. _OH
Cu

Scheme 1. Proposed substrate-promoted mechanism for cop-
per-catalyzed N-arylation of amino alcohols.

conducted at 85 °C (Table 1, entry 5). The extension of the re-
action time to 20 h, however, did not result in any further in-
crease in the reaction yield (Table 1, entry 10). Taken together,
these results therefore indicated that the optimized procedure
for the N-arylation of 2-amino-1-butanol required the applica-
tion of Cul as a catalyst and KOH as a base in water at 100 °C
(Table 1, entry 9).

3.2.  Substrate scope of amino alcohols and aryl iodides

With the optimized reaction conditions in hand, we pro-
ceeded to investigate the scope of this reaction using a variety
of different amino alcohols and aryl iodides. The results of this
work are summarized in Table 2. All of the products resulting
from these experiments were characterized by tH NMR and MS,
and were consistent with the literature data. The results in
Table 2 clearly demonstrate the broad scope of the current
procedure, with a variety of different amino alcohols, such as
ethanolamine and 3-amino-1-propanol, giving the desired
products in high yields (Table 2, entries 1-6). When
4-aminobutanol was used as a substrate, a lower yield of 67%
was obtained (Table 2, entry 7). Even amino alcohols bearing
branched alkyl chains afforded the desired products in high
yields (Table 2, entries 8-11). As for the aryl iodides, a range of
different substituents was tolerated, including bromo, methyl],
and methoxy groups. When 2-aminobutanol was subjected to
the optimized reaction conditions, significant electronic effects
were observed for the electron-poor and electron-rich substi-
tuted aryl iodides (Table 2, entries 10 and 11). The presence of
an electron-donating methyl or methoxy group led to lower
levels of reactivity than that observed in the presence of an
electron-withdrawing bromo substituent. Based on these in-
teresting results, the decision was taken to further investigate
the scope of the reaction using different substrates. Thus, when
N,N-dimethylethlenediamine was used as substrate, 31 was
obtained in 46% yield (Table 2, entry 12). In addition, when
2-aminophenol was selected as a substrate, the corresponding
N-arylation product 3m and O-arylation product 3m' were
obtained in yields of 12% and 6%, respectively (Table 2, entry
13). Morpholine, imidazole and benzimidazole were also inves-
tigated as substrates. In these cases, however, no products

were obtained likely because of the poor water solubility of
these substrates, which would make it difficult for them to co-
ordinate to the Cu center.

3.3.  Mechanistic consideration

Based on the results provided above, we have proposed a
substrate (amino alcohol)-promoted catalytic mechanism for
the current ligand-free aqueous-phase reactions (Scheme 1).
Thus, the amino alcohol is bis-nucleophilic and capable of
forming chelator A with Cul. Subsequent oxidative addition of
an aryl halide to chelator A would lead to the formation of in-
termediate B, which could undergo nucleophilic substitution in
the presence of base to give complex C. Reductive elimination
of C could then give rise to the N-arylation product [42].

4. Conclusions

We have successfully developed a new method for the
aqueous phase copper-catalyzed N-arylation of amino alcohols
that does not require an additional ligand, phase-transfer cata-
lyst, or microwave irradiation. The reactions proceeded
smoothly and efficiently in most cases to afford the N-arylation
products in high yields under mild reaction conditions with
only a small excess of the amino alcohol. Further studies aimed
at expanding the scope of this protocol to other nitrogen nu-
cleophiles, as well as developing a deeper understanding of the
reaction mechanism, are currently underway in our laboratory.
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