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Abstract

A wide range of alkyl aryl ethers are synthesized from the corresponding aryl iodides and aliphatic alcohols through Ullmann-type
intermolecular coupling reactions in the presence of a catalytic amount of easily available BINAM-Cul complex. Less reactive aryl
bromides have also been shown to react with aliphatic alcohols under identical reaction conditions to give good yields of the alkyl aryl

ethers without increasing the reaction temperature and time.
© 2008 Published by Elsevier Ltd.
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Alkyl aryl ethers constitute a very important class of
organic compounds and solvents, playing a significant role
in the production of fragrances, cosmetics, pharmaceuticals
and materials.! Palladium-catalyzed alkyl aryl ether forma-
tion from the corresponding aryl halide and aliphatic alco-
hols is a recent progress in the area.” However, the high
costs of palladium salts, high oxophillicity associated with
phosphine ligands and tedious multistep processes involved
in the synthesis of these ligands have rendered Pd unpopu-
lar, particularly for large scale reactions.’
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The copper-mediated Ullmann-type coupling reaction is
an alternative for the palladium-catalyzed reactions for
alkyl aryl ether synthesis. However, harsh reaction condi-
tions, requirements of alkoxide bases or sodium hydride,
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stoichiometric quantities of copper salts and poor reaction
conditions limited the scope of this reaction. In fact, only in
the last few years have considerable efforts been taken to
improve the efficiency of this reaction with the use of cop-
per salts with several ligands such as 1,10-phenanthroline®
and KF-Al,0j; as base,” octanuclear copper clusters,® N,N-
dimethylglycine’ and 3,4,7,8-tetramethyl-1,10-phenanthro-
line.® It is thought that these ligands increase the efficiency
of the Ullmann reaction by increasing the solubility of the
copper salts by preventing their aggregation.

However, this advance in the field of Ullmann coupling
is not sufficient as most of the reactions still require long
reaction times (more than 24 h), high reaction temperatures
(more than 110 °C) and in some cases, high catalytic load-
ing. In particular, the coupling of aryl bromides with ali-
phatic alcohol does not provide the alkyl aryl ether at all
or only provides poor yields,*” or the catalytic loading or
temperature has to be increased to improve the yields.®
Therefore, a mild, economic and efficient catalytic system
is still desirable for this process.

As a part of our ongoing research towards copper-
catalyzed oxidation chemistry,” very recently we reported
1,1'-binaphthyl-2,2'-diamine (BINAM)-Cu(OTf), as an
efficient catalyst for the synthesis of diaryl ethers via
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Ullmann coupling. '® Thus, it was a natural extension for
us to investigate the BINAM-copper catalyzed Ullmann-
type of coupling of aliphatic alcohols with aryl halides
(Scheme 1).

In the preliminary studies, we used 10 mol % of 1,1'-
binaphthyl-2,2’-diamine 1 (BINAM) ligand with 5 mol %
of Cul for the coupling of p-methoxyiodobenzene with eth-
anol (1.5 mL, also as solvent) at 110 °C and the reaction
provided a 37% yield of the corresponding alkyl aryl ether
in 30 h (Table 1, entry 1). Increasing the catalytic loading
decreased the reaction time, and at the same time the iso-
lated yield was increased gradually. The use of 20 mol %
of ligand 1-Cul complex gave a maximum 96% isolated
yield (entry 4) for the coupling reaction. When ligand 1
was replaced with other binaphthyl diamine ligands 2-4,
the yields decreased to 66-75%.

The reaction was screened with several copper salts, sol-
vents and bases to optimize the efficiency of the coupling
reactions and the results are summarized in Table 2.
Although several copper salts catalyzed the reaction, Cul
turned out to be the copper salt choice in view of isolated
yield (Table 2, entry 1). When the reaction was carried
out in other solvents such as dioxane, DMF, DMSO,
etc., the reaction did not take place or it gave very poor
yields of the alkyl aryl ether. Cs,COj5 as base gave the best
yields of product in comparison with bases such as Na,CO;
and K2C03.

By using the above mentioned optimized conditions, we
initiated our investigation into the scope of the BINAM-
Cul catalyzed Ullmann-type coupling of aryl halides with
aliphatic alcohols and the results are summarized in Table
3. Various aryl iodides reacted with aliphatic primary alco-
hols, cyclic secondary alcohols and allylic alcohols to give
the corresponding alkyl aryl ethers. In the aryl iodide com-
ponent, the presence of both electron-releasing groups such
as methoxy or electron-withdrawing groups such as nitro
was tolerated to give the corresponding alkyl aryl ether in
moderate to very high yields. In general, the yield increased
as the number of carbon in the alcohol decreased except for
ethanol, which gave a higher yield than methanol in one
case (entry 1 vs 2). In the case of iodobenzene, the presence
of an electron-releasing group at the para position such as
methoxy resulted in the highest yield of alkyl aryl ether
(entry 1), whereas the presence of an electron-withdrawing
group such as nitro at the para position reduced the yield of
the corresponding ether to 78% (entry 5).

The presence of an electron-releasing methoxy group in
iodobenzene at the meta position decreased the yield of the
coupling reaction (entries 1 vs 8), whereas the nitro group

X

BINAM-Cu o
X , (Cat.) _ | X R
‘/ P + ROH Cs,CO; (2 equiv.) AP
R 110 °C, pressure tube R
X=1lorBr
Scheme 1.

Table 1
The effect of the ratio of ligand and Cul

ligand-Cul

Cs,CO3(2 eq.)
EtOH (1.5 mL)

110 °C, pressure tube

MeOOOEt

Entry Ligand Cul (mol %) Time (h) Yield®* (%)
1 1 (10 mol %) 5 30 37
2 1 (10 mol %) 10 18 64
3 1 (10 mol %) 20 15 66
4 1 (20 mol %) 20 12 96
5 2 (20 mol %) 20 13 66
6 3 (20 mol %) 20 14 75
7 4 (20 mol %) 20 11 70

# Isolated yield; all the reactions were carried in a pressure tube.

Table 2
The effect of various Cu salts, solvents and bases

MeO@—| MeO@OEt

BINAM (20 mol %)
Cu salt (20 mol %)
Cs,CO3(2€q.)
solvent, 110°C

Entry Cu salt Solvent Time (h) Yield®* (%)
1 Cul EtOH 12 9
2 CuBr EtOH 10 66
3 CuCl EtOH 24 61
4 CuCl, EtOH 26 50
5 Cu(OAc), EtOH 24 20
6 CuSO0, EtOH 24 25
7 Cu(OTf), EtOH 24 0
8 Cul Dioxane 24 o°
9 Cul DMF 24 22°

10 Cul DMSO 24 40°

11 Cul CH,;CN 36 0°

12 Cul Toluene 24 0°

13 Cul EtOH 26 0°

14 Cul EtOH 26 254

# Isolated yield; all the reactions were carried out in a pressure tube.
® 1.2 equiv of EtOH was used.

¢ Na,COj; was used as base instead of Cs,COs.

4 K,CO; was used as base instead of Cs,COs.

at the meta position increased the yield of the alkyl aryl
ether by 10% (entry 6 vs 10). Even in the presence of an
ortho substituted iodobenzene (which is capable of provid-
ing scope for steric bias), the reaction proceeded smoothly
to give 73% and 55% isolated yields (entries 11 vs 14).
We were pleased to note that under our optimized reac-
tion conditions, aryl bromides also reacted with aliphatic
alcohols to provide the corresponding alkyl aryl ethers.
Both electron-releasing and -withdrawing groups on bro-
mobenzene such as methoxy and nitro reacted with ali-
phatic alcohols to give the corresponding alkyl aryl ethers
in good isolated yields (entries 21-23). It is very important
to mention that in general, aryl bromides are less reactive
than aryl iodides and require much more drastic reaction
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Table 3
The coupling of aryl halides with aliphatic alcohols in the presence of BINAM—Cul catalyst
X
BINAM (20 mol %) ,
2 " R-OH ™ ¢,C0; (2 equiv,) S
R 110 °C, pressure tube R
Entry Aryl halide Alcohol Time (h) Product® Yield® (%)
1 Meo—Q| EtOH 12 MeOOOEt 96
2 MeO@I MeOH 15 MeOOOMe 80
3 Meo—©—| )\ 19 Meo—@o/Y 74
OH
4 Meo—©—| 7 oH 2% MeO—@oW -
Et
5 oZN—Q—l EtOH 10 OZNOOEt 78
6 OZN—©—| MeOH 12 OzNOOMe 81
7 ozN—©—| —\ 20 OZN@fO/\( 70
OH
8 /@\ EtOH 12 /@\ 79
MeO | MeO OEt
9 /@\ EtOH 11 O\ 81
O,N [ O,N OFEt
10 /@\ McOH 1 /@\ 91
O,N | O,N OMe
| OEt
11 @E EtOH 24 ©: 73
OMe OMe
12 Meo—©—| \/\OH 12 MeOOOM 79
13 OZNQI \/\OH 18 O2N4©70/\/ 64
14 ©i NoH 2 ©: 55
OMe OMe
15 Meo—©—| "BuOH 14 MGOOOM 78
16 02N©—| 20 60

(continued on next page)
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Table 3 (continued)
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Entry Aryl halide Alcohol Time (h) Product® Yield® (%)
17 02N©—| "BuOH 2% OQNOO/\/\ "
18 @—I MeOH 30 OMe 75
19 veo—{ Vi {)-on 28 veo— N0~ ) 57
20 Meo—©—| _~_OH 14 MeOOOM 82
21 ozN—QBr MeOH 12 OZN—OOMe 88
22 ogN@Br EtOH 11 OZNOOB 70
23 Meo—QBr MeOH 24 Meo—QOMe 63

@ All the alkyl aryl ethers gave satisfactory spectral data.
® Isolated Yield."

conditions for coupling. However, in the presence of the
BINAM-Cul catalyst even aryl bromides reacted with ali-
phatic alcohols to give good yields of the expected alkyl
aryl ethers without increasing the reaction temperature,
time or catalytic loading.

In summary, we have developed an efficient, experimen-
tally simple and economically attractive copper-catalyzed
O-arylation of aliphatic alcohols with aryl iodides and
bromides. Efforts to expand the utility of our new catalytic
system to other classes of nucleophiles will be reported in
due course.
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Typical representative experimental procedure: An oven-dried screw-
cap pressure tube fitted with a septum was charged with Cs,COj3
(325mg, 1mmol), Cul (19mg, 0.1 mmol), BINAM (28.4 mg,
0.1 mmol), p-methoxyiodobenzene (117 mg, 0.5 mmol) and a mag-
netic stir bar. The pressure tube was evacuated and back-filled with
anhydrous nitrogen. Ethanol (1.5 mL) was added and the reaction
mixture was stirred at 110 °C for 12 h. (The progress of the reaction
was followed by TLC), After the complete disappearance of p-
methoxyiodobenzene (by TLC), the reaction mixture was allowed to
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cool to room temperature and the crude product was purified by
column chromatography on a silica gel using ethyl acetate/hexane
solvent mixture to give 4-ethoxyanisole'? (73 mg, 96%) as a white
solid; Ry 0.46 (in hexanes); FTIR (neat) 1229, 2929, 2980 cm™'; 'H
NMR (400 MHz, CDCl;) ¢ 1.38 (t, J= 6.8 Hz, 3H), 6 3.75 (s, 3H),
3.97 (q, J = 6.8 Hz, 2H), 6 6.82 (s, 4H); '3C NMR (100 MHz, CDCl;)
0 14.92, 55.7, 64.06, 114.6, 115.5, 153.1, 153.7.

. Siegman, J. R.; Houser, J. J. J. Org. Chem. 1982, 47, 2773-

2779.
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