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An efficient O-arylation of phenols and aliphatic alcohols
with aryl halides was developed that uses an air-stable
copper(I) complex as the catalyst. This arylation reaction can
be performed in good yield in the absence of Cs2CO3. A
variety of functional groups are compatible with these
reaction conditions with low catalyst loading levels.

Aryl ethers are very important structural motifs of numerous
biologically active natural products and important pharmaceuti-
cal compounds and polymers in the material science industries.1,2

The palladium-catalyzed coupling reaction of aryl halides with
phenols or alcohols is one of the two major methods available
for aryl ether synthesis.3 The other one is the copper-mediated
Ullmann ether synthesis. However, palladium-based protocols,
although successful, have some inherent limitations such as

moisture sensitivity, costly metal catalysts, and environmental
toxicity. The harsh classical conditions of the Ullmann ether
synthesis also have limitations in its application because of the
high temperatures required, poor substrate scope, and the use
of stoichiometric amounts of copper reagents.4 During the past
few years, some significant modifications have been made for
the Ullmann ether synthesis. It has been observed that certain
additives, such as 8-hydroxyquinoline,5a 1-naphthoic acid,5b

2,2,6,6-tetramethylheptane-3,5-dione,5c amino acids,5d-f Schiff
base,5g PPAMP,5h phosphazene P4-t-Bu base,5i �-keto ester,5j

tripod,5k and some copper(I) complexes,5l,m can accelerate the
rate of these reactions, and therefore, the reactions can be
performed under milder conditions. In the coupling of aryl
halides and aliphatic alcohols catalyzed by copper systems, both
Buchwald and Ma groups reported that using CuI as copper
source and adding proper ligand could accomplish the
reactions.6a-d Even though most of these systems work reason-
ably well for aryl ether synthesis, the use of moisture-sensitive
Cs2CO3 is crucial to the success of the reaction.5b-i,6a-d Also,
there are few reports that copper-based protocols can be used
for the synthesis of both diaryl ethers and aryl alkyl ethers.

Herein, we report a very active and air-stable copper(I)
complex that can efficiently catalyze the O-arylation of both
phenols and aliphatic alcohols with aryl halides by using
potassium phosphate as base.

After carefully examining all of the reported ligands used in
copper-based Ullmann ether synthesis, it appears that the
selection of bidentate nitrogen ligands or triphenylphosphine
may be crucial for the success of this type of reaction. Based
on this assumption, we prepared three types of copper(I)
complexes 1-3.7 Complex 1 has been reported before,5h and 2
is a close analogue of a reported copper complex catalyst.5i

However, 3,8 according to our knowledge, has never been
applied in this type C-O formation before and can be easily
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prepared by the addition of 2,2′-bipyridyl to a solution of
Cu(CH3CN)4BF4 in acetonitrile at room temperature.

The kinetic study was carried out by using four different
copper catalysts for the synthesis of Ullmann diaryl ether,
bromobenzene, and phenol as model substrates, 5 mol % catalyst
loading, potassium phosphate as base, and DMF as solvent
(Figures 1 and 2). According to the kinetic profiles shown in
Figure 2, CuBr proved to be a better catalyst than complex 1 in
the coupling reaction, which suggested that raising the solubility
of the copper salt might not always enhance the Ullmann diaryl
ether synthesis. One monobipyridyl ligand modified complex,
2, proved to be superior to the simple copper salt CuBr and the
copper complex 1. The most effective catalyst in this coupling
reaction was the bis-bipyridyl ligand modified complex 3. While
the coupling did not approach completion with 1 or 2, 95%
conversion of aryl bromide was achieved after 24 h by using 3.
In our control experiments, both K2CO3 and K3PO4 were found
to be effective bases for the diaryl ether formation. Other bases,
including Cs2CO3, Na2CO3, and some organic bases such as
TMG or Et3N, gave much lower yields.9 Furthermore, with
K3PO4 as base, we were able to use a variety of polar aprotic
solvents (e.g., EtCN, n-PrCN, and NMP).

We expanded our investigation to explore the scope of the
complex 3 as a catalyst in the Ullmann diaryl ether synthesis
of meta- and para-substituted aryl halides. As shown in Table
1, 5 mol % of 3 was sufficient to effect the coupling reaction.
Electron-rich, -neutral, and -deficient aryl halides all provided

products in good to excellent yields. Aryl bromides or aryl
iodides substituted with electron-withdrawing groups, such as
m-nitrile, p-nitro, and p-keto, are particularly good substrates,
which could be coupled with phenol at much lower catalyst
loadings (3, 0.5 mol %) at fairly low temperature (entries 3-6).
We were pleased to note that the coupling of two poor
substrates, 4-iodoanisole and 4-chlorophenol, with complex 3
(entry 2) gave 63% GC yield after 24 h, and a higher yield
(81%) was obtained by prolonging the reaction time to 48 h.

It is known that sterically hindered components are particu-
larly poor substrates for the copper-catalyzed C-O bond
formation.10 With the highly efficient copper catalyst complex
3 in hand, we decided to examine the scope of this coupling
reaction further in the reactions of hindered phenols with
hindered aryl halides (Table 2). The reaction of ortho-substituted
aryl halides was, in some cases, slightly more demanding than
that for ortho-substituted phenols; for example, the coupling of
2-iodotoluene with phenol carried out with 5 mol % of 3 for
48 h gave 70% yield of the desired product, but the coupling
of 2-methyphenol proceeded more readily (entries 10 and 11).

(9) GC yield of the desired product after 24 h for the reactions using another
base: K2CO3 (74%), Na2CO3 (5%), Cs2CO3 (20%), TMG, and Et3N (no more
than 10%).

(10) (a) Altman, R. A.; Buchwald, S. L. Org. Lett. 2007, 9, 643–646. (b)
Mederski, W. W. K. K. R.; Lefort, M.; Germann, M.; Kux, D. Tetrahedron
1999, 55, 12757–12770. (c) Lam, Y. S. P.; Clark, C. G.; Sauber, S.; Adams, J.;
Averill, K. M.; Chan, D. M. T.; Combs, A. Synlett 2000, 674–676.

FIGURE 1. Copper(I) complexes for diaryl ether formation.

FIGURE 2. Comparison in different copper(I) sources. Reaction
conditions: PhBr (1.0 mmol), phenol (1.5 mmol), K3PO4 (2 mmol),
and 5 mol % of copper(I) were added to a screw-capped test tube
followed by the addition of 0.5 mL of anhydrous DMF. The reaction
was stirred at 90 °C under argon. Conversion was measured by GC
using p-methyldiphenyl ether as internal standard.

TABLE 1. The Coupling Reaction of Unhindered Aryl Iodides
and Aryl Bromides with Phenols Using Catalyst 3a

a General reaction conditions: 1.5 mmol of phenol, 1.0 mmol of ArX,
2.0 mmol of K3PO4, 0.5 mL of anhydrous DMF. b 48 h.
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The same trend was also observed in entries 13 and 14. More
sterically hindered phenols such as 2-isopropylphenol and
2-phenylphenol were almost quantitatively coupled with bro-
mobeneze by using this catalytic system (entries 15 and 16).
The synthesis of o,o,o′-trimethyl-substituted diaryl ether rep-
resents a great challenge. Upon loading with 3 mol % of 3, the
coupling of 2,6-dimethylphenol and 2-bromotoluene can be
accomplished in 48 h with 42% yield (entry 17).

Using the copper complex 3-potassium phosphate-alcohol
procedure, we examined the C-O coupling reaction between
aryl iodides and aliphatic alcohols (Table 3). In a preliminary
survey, a variety of different reaction conditions were examined.
Our standard conditions, 5 mol % complex loading, potassium
phosphate as base, and alcohol as solvent, proved to be the best.
It was found that primary alcohols such as butanol could be
successfully coupled with different aryl iodides in excellent
yield. It was not successful when we tried to couple aryl
bromides and aliphatic alcohols, which may be due to the
intrinsic reactivity differences of aryl halides in Cu-catalyzed
reactions (I > Br . Cl > F).1,11 We were able to exploit this
point to couple iodide selectively rather than bromide with an
-OH group (entry 4). The system was also compatible with
alkenyl alcohol; 85% product was obtained after 24 h with no
coupled side products (entry 5).

In conclusion, we have described the use of a new air-stable
copper(I)-bipyridyl catalyst for the O-arylation of phenols and
alcohols, which displays increased reactivity, requires lower
levels of catalyst loading, and does not require the use of more
expensive and moisture-sensitive bases such as Cs2CO3. This
catalytic system is not only capable of coupling hindered
substrate combinations but also tolerates a broad range of a
series of functional groups.

Experimental Section

General Procedure for the O-Arylation of Phenols under
Catalysis of 3. Compound 3 (0.5-5 mol %), phenol (1.5 mmol),
aryl halide (if solid, 1 mmol), and K3PO4 (425 mg, 2.0 mmol) were
added to a screw-capped Schlenk tube under argon. The tube was
then evacuated and backfilled with argon (three cycles). Aryl halide
(if liquid, 1.0 mmol) and dry DMF (0.5 mL) were added by syringe
at room temperature. The reaction mixture was stirred at needed
temperature (90 or 110 °C) for 24 h. The reaction mixture was
allowed to reach room temperature and then diluted with dichlo-
romethane (10 mL). The slurry was filtered, and filter cake was
washed with 10 mL of dichloromethane. The solvent was removed
in vacuo, and the residue was purified by column chromatography
on silica gel to afford the desired product.

(11) For examples of Cu-catalyzed amination reactions, see: (a) Beletskaya,
I. P.; Cheprakov, A. V. Coord. Chem. ReV. 2004, 2337–2364. (b) Kunz, K.;
Scholz, U.; Ganzer, D. Synlett 2003, 2428–2439.

TABLE 2. Coupling Reaction of Hindered Phenol-Aryl Halide
Combinations under Catalysis of 3a

a General reaction conditions: 1.5 mmol of phenol, 1.0 mmol of ArX,
2.0 mmol of K3PO4, 0.5 mL of anhydrous DMF.

TABLE 3. Coupling Reaction of Aryl Iodides with Aliphatic
Alcohols under Catalysis of 3a

a General reaction conditions: 1.0 mmol of ArX, 1 mL of R2OH, 2.0
mmol of K3PO4 under argon in a sealed test tube. b 48 h. c Reaction
temperature of 80 °C. d Cs2CO3 as base.
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General Procedure for the O-Arylation of Aliphatic Alcohols
under Catalysis of 3. Compound 3 (5 mol %), aryl halide (if solid,
1 mmol), and K3PO4 (425 mg, 2.0 mmol) were added to a screw-
capped Schlenk tube under argon. The tube was then evacuated
and backfilled with argon (three cycles). Aryl halide (if liquid, 1.0
mmol) and alcohol (1 mL) were added by syringe at room
temperature. The reaction mixture was stirred at 110 °C for 24 h.
The reaction mixture was allowed to reach room temperature and
then diluted with dichloromethane (10 mL). The slurry was filtered,
and filter cake was washed with 10 mL of dichloromethane. The
solvent was removed in vacuo, and the residue was purified by
column chromatography on silica gel to afford the desired product.

Diaryl Ether (Table 1, Entry 1). 1H NMR (600 MHz, CDCl3):
δ 7.32-7.35 (m, 4H) 7.10 (t, J ) 7.2 Hz, 2H), 7.01 (dd, J ) 9.0,
1.2 Hz, 4H). 13C NMR (600 MHz, CDCl3): δ 157.2, 129.7, 123.2,
118.9. MS m/z 170 (M+), 141, 77, 65, 51, 39. Anal. Calcd for
C12H10O: C, 84.68; H, 5.92. Found: C, 84.56; H, 5.90.

4-Chloro-4′-methoxydiphenyl Ether (Table 1, Entry 2). 1H
NMR (600 MHz, CDCl3): δ 7.23-7.25 (m, 2H), 6.95-6.97 (m,
2H), 6.86-6.89 (m, 4H), 3.80 (s, 3H). 13C NMR (600 MHz,
CDCl3): δ 157.2, 156.1, 149.8, 129.5, 127.3, 120.8, 118.7, 114.9,
55.6. MS m/z 236, 234 (M+), 221, 219, 140, 111, 95, 75, 63, 50.
Anal. Calcd for C13H11ClO2: C, 66.53; H, 4.72. Found: C, 66.49;
H, 4.85.
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