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The easy to prepare dimeric bis(®-iodo)bis[(¹)-sparteine]-
dicopper ([CuI{(¹)-spa}]2 complex) is shown to be versatile
catalyst for O-arylation and O-alkylation with various aryl
halides with phenols and aliphatic alcohols respectively,
including less reactive aryl chlorides, such as chlorobenzene
under mild conditions.

Many synthetically challenging and biologically important
compounds, for example isodityrosin family and derivatives such
as vancomycin and antitumoral bouvardin contain diaryl ether and
aryl alkyl ether groups in their skeletal framework.1 Both diaryl
ether and aryl alkyl ether moieties have been shown to be prevalent
in agrochemicals, pesticides, fragrances, cosmetics, solvents, and
materials.2,3

Traditionally, copper-catalyzed Ullmann coupling reaction has
been used for the synthesis of diaryl ethers by using aryl alcohols
and aryl halides. Unfortunately, these Ullmann coupling reactions
require stoichiometric amounts of copper, high temperatures, and
harsh reaction conditions.4 In addition, these Ullmann reactions are
very sensitive to the substituent groups on the aryl halides and often
give poor yields for the desired products.4 Other protocols involves
palladium-catalyzed synthesis of diaryl ethers from corresponding
aryl halides and aryl alcohols or their sodium salts.5 However, this
methodology suffers from disadvantages such as moisture sensi-
tivity, high oxophilicity associated with phosphine ligands, the use
of expensive palladium metal catalyst, and environmental toxicity.
These disadvantages have rendered palladium-based protocols
unpopular, in particular, for large-scale reactions.6

During last few years, significant improvements have been
made for the synthesis of diaryl ethers using more attractive
copper-catalyzed Ullmann type O-arylation/O-alkylation methods
using external supporting ligand additives. These external addi-
tives are thought to act as ligands to copper, and increase the
efficiency of the Ullmann reaction by increasing the solubility of
the copper salts by preventing their aggregation. In this direction,

many researchers showed copper-catalyzed O-arylation reactions
in the presence of organic additives such as ethylene glycol
diacetate,7a 8-hydroxyquinoline,7b 1-naphthoic acid,7c triphenyl-
phosphine,7d 2,9-dimethyl-1,10-phenanthroline,7e 2,2,6,6-tetra-
methylheptane-3,5-dione,7f (2S,4R)-4-hydroxyproline,7g the tripod
ligand such as 1,1,1-tris(hydroxymethyl)ethane,7h chelating li-
gands like Chxn-Py-Al, salicylaldoxime, dimethyldioxime,7i

silica-supported Cu(II),7j 1,10-phenanthroline,7k ¢-ketoester,7l

phosphazene P4-t-Bu base,7m bipyridyl complex,7n 1,1¤-binaph-
thyl-2,2¤-diol,7o 1,1¤-binaphthyl-2,2¤-diamine (BINAM),7p and
N,N-dimethylglycine,7q,7r and tetraethyl orthosilicate as solvent.8

The above advances in the field of Ullmann coupling are not
sufficient as most of the reactions still require long reaction times,
high reaction temperatures (>120 °C), and in some cases, very
high catalytic loading. In particular, the coupling of aryl bromides
with aliphatic alcohols does not provide the alkyl aryl ether at all
or only provides poor yields or the relative catalyst amount or the
temperature has to be increased to improve the yields.7k,7r Thus,
there are greater needs to develop new and improved catalytic
processes for O-arylation and O-alkylation reactions with aryl
halide and phenol or alcohols as coupling partners to further
improve the efficiency and generality of the copper-catalyzed
coupling of phenols and alcohols with aryl halides.

We have recently identified (¹)-sparteine as new efficient
supporting ligand for copper-catalyzed direct N-arylation reactions
of various NH-heterocycles and aryl halides.9 It is to be noted that
(¹)-sparteine contains tertiary nitrogen atoms, which makes N-
donor site poor ·-donors; which is well-known to result in larger
thermodynamic stabilization of catalytically active lower-valent
Cu(I) species.10 It is very likely that such poor ·-donor character-
istics of the (¹)-sparteine ligand additive play an important role in

Table 1. Screening of Reaction Parameters for Copper(I)-
Catalyzed O-Arylation of p-Bromoanisole and p-Cresol

Catalyst

Base (2 equiv)
Solvent, 80° C, 12 h

Br

OMe

OH

O+ H3CO

Entry Catalyst Solvent Base Yield/%d)

1 CuIa) DMSO K2CO3 85
2 Cu2Oa) DMSO K2CO3 58
3 CuBra) DMSO K2CO3 55
4 CuCla) DMSO K2CO3 50
5 [CuI{(¹)-spa}]2b) DMSO K2CO3 93
6 [CuI{(¹)-spa}]2b) DMSO Cs2CO3 85
7 [CuI{(¹)-spa}]2b) DMSO K3PO4 75
8 [CuI{(¹)-spa}]2b) DMF K2CO3 42
9 [CuI{(¹)-spa}]2b) NMP K2CO3 NDe)

10 [CuI{(¹)-spa}]2b) 1,4-Dioxane K2CO3 NDe)

11 [CuI{(¹)-spa}]2b) Toluene K2CO3 NDe)

12 CuIc) DMSO K2CO3 NDe)

a) Reactions (Entries 1­4) were performed on a 1.0mmol scale
with catalyst (0.1mmol), (¹)-sparteine (0.1mmol), p-bromoanisole
(1.0mmol), p-cresol (1.0mmol), base (2.0mmol) in 3mL solvent
at 80 °C for 12 h. b) Reactions (Entries 5­11) were performed on
a 1.0mmol scale with preformed bis(®-iodo)bis[(¹)-sparteine]-
dicopper(I) complex (5.0mol%), p-bromoanisole (1.0mmol),
p-cresol (1.0mmol), base (2.0mmol) in 3mL solvent at 80 °C for
12 h. c) Reaction (Entry 12) was carried out with cuprous iodide
(0.1mmol) without (¹)-sparteine. d) Isolated yields after silica gel
column chromatography. e) Product not detected.
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promoting the reaction of the copper-catalyzed N-arylation reaction
for a range of aryl halide and N-heterocycle substrate combinations.
Notably, superior performance was observed when a preformed
dimeric [CuI{(¹)-spa}]2 complex (bis(®-iodo)bis[(¹)-sparteine)]-
dicopper) with a discrete Cu2X2 core were employed as catalysts.11

As a natural extension of our studies, herein, we present our
findings that such discrete and dimeric [CuI{(¹)-spa}]2 complexes
efficiently catalyze direct O-arylation reaction (C­O coupling
reactions) between various aryl halides including less reactive
chlorobenzene and phenol or aliphatic alcohol as coupling partners
at much lower temperature, and with larger substrate scope. The
results from these studies form the focus of this paper.

Initially, p-bromoanisole and p-cresol were chosen as model
substrates for optimization studies for theO-arylation reactions, and
these substrates were subjected to various reaction conditions using
copper(I) salts in combination with (¹)-sparteine under in situ
conditions. The results of these studies are summarized in Table 1.
As seen in Table 1, a variety of cuprous salts such as CuI, CuBr,
CuCl, and Cu2O promote coupling reaction with K2CO3 as base in
DMSO at 80 °C. These results showed that the choice of copper

salts has profound effect on the yield of the desired product. The
yield was only moderate when the reaction was carried out with
different cuprous salts such as Cu2O, CuBr, and CuCl (Table 1,
Entries 2­4). However, there was a remarkable improvement in the
yield when the reaction was performed using CuI as the copper
source (Table 1, Entry 1). Further, when preformed dimeric
[CuI{(¹)-spa}]2 complex was evaluated as catalyst for the reaction,
an excellent yield for the desired coupled product (Table 1, Entry 5)
was obtained. Thereafter, further screening studies were carried out
using preformed [CuI{(¹)-spa}]2 catalyst for finding the appro-
priate base for the reaction (Table 1, Entries 5­7). Among various
bases that were screened, for the reaction, a comparatively high
yield of the coupled product was obtained when K2CO3 was used as
base. Similarly, the choice of the solvent also has a profound effect
on the yield of the reaction. For example, the reaction failed to
proceed in solvents like NMP, 1,4-dioxane, and toluene, whereas
only moderate yield was obtained in DMF (Table 1, Entries 8­11).
Notably, yields as high as 93% were obtained when the reaction
was carried out in DMSO (Table 1, Entry 5).

Given these optimized reaction conditions in hand, the direct
O-arylation reactions of phenols with structurally divergent
haloarenes were studied. As depicted in Table 2, this protocol is
rather general in nature for the reactions of electron-rich and
electron-deficient haloarenes with phenols. The reactions of aryl
iodides with phenols were rather fast, and their coupling reactions
gave excellent yields (Table 2, Entries 1­5). The reaction of

Table 2. Direct O-Arylation Reactions of Phenols with Various
Aryl Halides Catalyzed by Bis(®-iodo)bis[(¹)-sparteine]-
dicopper(I)

X OH

O+
[CuI{(−)-spa}]2 (5 mol %)

K2CO3 (2 equiv)
DMSO, 80 °C, 12h

R1
R2 R1

R2

Entrya) Aryl halide Aryl alcohol Product
Yield
/%b)

1 I OHH3C OH3C 91

2 IH3CO OH OH3CO 88

3 I OHH3CO OH3CO 89

4 H3CO I OHH3CO OH3CO OCH3 85

5 IH3C OHH3CO OH3C OCH3 85

6 BrO2N OHH3C OO2N CH3 92c)

7 Br OHH3C O CH3 89

8 BrH3CO OHH3CO OH3CO OCH3 83

9 BrH3CO OHH3C OH3CO CH3 93

10 BrH3C OHH3C OH3C CH3 84

11 BrH3COC OHH3C OH3C COCH3 92

12
Cl

NO2

OHH3CO
O

O2N

H3CO
68

13 ClH3COC OHH3C OH3C COCH3 71

14 Cl OH O 62d)

a) Reactions were performed on a 1.0mmol scale with preformed
bis(®-iodo)bis[(¹)-sparteine]dicopper complex (5.0mol%), phe-
nol (1.0mmol), aryl halide (1.0mmol), K2CO3 (2.0mmol) in
3.0mL DMSO at 80 °C for 12 h. b) Isolated yields after silica gel
column chromatography reaction was carried out at 110 °C for
16 h. c) Reaction (Entries 1­6) was carried out for 8 h. d) Reaction
was carried out at 110 °C for 16 h.

Table 3. Direct O-Alkylation Reactions of Aliphatic Alcohols
with Various Aryl Halides Catalyzed by Bis(®-iodo)bis[(¹)-
sparteine]dicopper(I)

+

Br

R

R1O R
[CuI{(−−)-spa}]2 (5 mol %)

Cs2CO3 (2 equiv)
120 °C, 12 h

R1-OH

R1 = Me. Et

Entrya) Aryl halide Alcohol Product
Yield
/%b)

1 Br MeOH OMe 65

2 O2N Br MeOH OMeO2N 87

3 BrH3C EtOH OEtH3C 62

4 BrH3COC EtOH OEtH3COC 81

5 BrO2N EtOH OEtO2N 86

6 BrH3CO i-PrOH Oi -PrH3CO 61c)

7 O2N Br i-PrOH O2N Oi -Pr 85c)

8 BrH3COC n-BuOH OBuH3COC 78c)

9 O2N Br n-BuOH O2N OBu 79c)

10 BrH3CO PhCH2OH OCH2PhH3CO 75

a) Reactions were performed on a 1.0mmol scale with preformed
bis(®-iodo)bis[(¹)-sparteine]dicopper complex (5.0mol%), ali-
phatic alcohols (1.5mL), aryl halide (1.0mmol), Cs2CO3 (2.0
mmol) at 120 °C for 12 h. b) Isolated yields after silica gel column
chromatography. c) Reaction performed using 15mol% of catalyst.
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electron-deficient aryl halides such as p-bromonitrobenzene pro-
ceeds faster and furnished excellent yield of the product (Table 2,
Entry 6). In contrast, the reaction of electron-rich aryl halides
like p-bromoanisole and p-bromotoluene gave excellent yields
(Table 2, Entries 9 and 10). It is interesting to note that this catalytic
system works fairly for the O-arylation reaction of activated
chloroarene substrates such as o-chloronitrobenzene and 1-(4-
chlorophenyl)ethanone (4-chloroacetophenone) gave good yields
(Table 2, Entries 12 and 13), and difficult unactivated substrates
like chlorobenzene and phenol (Table 2, Entry 14) albeit at slightly
higher temperature (110 °C).

In the hope of broadening the scope of this protocol, we have
checked the efficiency of our catalyst system [CuI{(¹)-spa}]2
with more challenging substrates that are rather difficult to couple
using aliphatic alcohols instead of phenol as coupling partner.
As illustrated in Table 3, the reactions of aryl bromides with
aliphatic alcohols proceed smoothly, albeit at slightly higher
temperature (120 °C). As can be seen from Table 3, in general, the
reaction of activated aryl bromides with aliphatic alcohols afforded
better yields compared to those of electron-rich aryl bromides. For
example, bromobenzene and p-bromonitrobenzene reacted readily
with methanol and give corresponding cross-coupled products in
good yields (Table 3, Entries 1 and 2). Similarly, p-bromotoluene,
p-bromoacetophenone, and p-bromonitrobenzene reacted with
ethanol under optimized reaction conditions and give good yields
for the cross-coupled products (Table 3, Entries 3­5). As was the
case with methanol and ethanol as coupling partners, the reactions
of aryl halides with aliphatic alcohols such as 2-propanol, and 1-
butanol also gave the corresponding cross-coupled products in
excellent yields (Table 3, Entries 6­9). Finally, this method
was successfully applied for the reaction of benzyl alcohol with
p-bromoanisole which gave 1-(benzoyloxy)-4-methoxybenzene in
good yield (Table 3, Entry 10).

In summary, the easy to prepare, dimeric bis(®-iodo)bis[(¹)-
sparteine]dicopper [CuI{(¹)-spa}]2 complex, is shown to be versa-
tile catalyst for C­O coupling reactions of phenols and aliphatic
alcohols with various aryl halides. An important finding is that the
reaction of aryl halides including activated aryl chloride substrates
with various phenols proceeds smoothly and provides good to
excellent yields for the coupled products at temperatures as low as
80 °C with K2CO3 as base in DMSO. Another important finding is
that the present protocol is extendable to less reactive deactivated
aryl chloride substrates such as chlorobenzene for coupling with
phenolic substrates albeit at slightly higher temperature (110 °C).

P.S.N. thanks DST New Delhi for financial assistance.

Supporting Information

General synthesis procedure for O-arylation, O-alkylation
reactions and NMR spectral data for all products are provided.
This material is available free of charge on the web at http://
www.csj.jp/journals/bcsj/.
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