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a b s t r a c t

An efficient synthesis of alkyl ethers has been developed for o-deactivated aryl halides and 1-halote-
tralenes. The method shows good regioselectivity towards ortho substituted halides. Alkali metal carbon-
ates (Li2CO3/Na2CO3/K2CO3/Cs2CO3) have been used without a transition metal co-catalyst and ligand.
The method is simple, straight-forward and proceeds to afford products in good isolated yields. The
method holds potential for future applications in organic synthesis.

� 2015 Elsevier Ltd. All rights reserved.

Alkyl–aryl ethers are an important class of compounds possess-
ing diverse biological and physical properties.1–3 Generally, these
are prepared through etherification of aryl halides, which is an
important reaction in synthetic chemistry.4–6 A variety of strong
nucleophiles including OH�, OR�, NH2

�, RS� and some cases neutral
nucleophiles like NH3 and RNH2 undergo this reaction. The forma-
tion of aryl–oxygen bond via cross coupling reactions is an impor-
tant aspect to prepare pharmaceutically important drugs or other
biologically important compounds. Aryl–alkyl ethers have many
applications ranging from pharmaceuticals, cosmetics, solvents,
paints and varnishes, etc.1–3

Previously, several methods were developed to prepare alkyl–
aryl ethers of aryl halides using Cs2CO3–CuI, Cs2CO3–Pd(OAc)2,
Cu(OAc)2, t-BuOLi, t-BuONa, t-BuOK–CuI, NaOMe–CuBr, Ag2SO4–
BaF2, AgF–AgO3ScF3, CuBr–NMP, Zinc salts, etc.7 Copper catalysed
Ullmann coupling is one of the most powerful coupling reactions
to achieve this bonding.8,9 But, harsh reaction conditions, insolubil-
ity problem with copper salts, long reaction times, stoichiometric
amount of Cu salts and unsuitability to up-scale are some of the
drawbacks of this reaction.9 However, use of suitable ligands–Cu
complexes have resolved insolubility problem to a great extent.8,9

Now, a few ligand free copper catalysed reactions have also been
reported with moderate to good yields of ethers.10 Use of palla-
dium catalysts is another approach to prepare aryl–alkyl-ethers

through Buchwald–Hartwig coupling reaction.1,2,11–16 All these
methods are involved with tedious reaction conditions, expensive
catalysts, low yields of products and requirement of ligands.
There is continued effort to achieve simpler and economic synthe-
sis of alkyl–aryl ethers. Present Letter describes a simpler, straight-
forward and economic etherification process for aryl halides
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Scheme 1. Etherification of aryl chlorides, indenes, tetralenes and heterocyclic
system in the presence of metal carbonates.
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without the use of any co-catalyst. This is the first Letter of
preparation of alkyl–aryl ethers in the presence of alkali metal
carbonates (Li2CO3/Na2CO3/K2CO3/Cs2CO3) without the use of any
co-catalyst and ligand (see Scheme 1).

Initially, 2-formyl-aryl chlorides were treated with various alco-
hols in the presence of Na2CO3 to obtain 1-alkoxy-aryl aldehydes.
Methanol was treated with 1-chloro-2,3-diformylnaphthalene (3,
Table 5 entry 4) in 2 mol % of sodium carbonate at 65 �C. The reac-
tion was complete in 6 h giving 1-methoxy-2,3-diformylnaph-
thalene as the exclusive product (22a, Table 5 entry 4) in 89%
yield. However, the yield of 1-ethoxy-2,3-diformylnaphthalene
(22b, Table 5 entry 5) was relatively low (52%).

The detailed optimization of the reaction conditions for ether-
ification of 1-chloro-2,3-diformylnaphthalene (3) as model sub-
strate varying from type of alcohol, metal carbonate (Table 1),

mol % of reagent (Table 2) and reaction time (Table 3) is shown .
The optimization study with various alkali metal carbonates
(Li2CO3/Na2CO3/K2CO3/Cs2CO3) from table 1, the etherification of
1-chloro-2,3-diformylnaphthalene (3) with sodium carbonate
(2 mol %) gave the best results. Reaction did not proceed in the
absence of alkali carbonate.

The optimum mol % of sodium carbonate was found to be
2 mol % (Table 2). Lower mol % gave reduced yields while higher
mol % did not improve the yield. The reaction was run up to 12 h
and there was no significant improvement in the yield of the ether
product (22a). Hence, 6 h time was optimum for this reaction
(Table 3). We tried to extend this reaction with various alcohols
but the reaction goes well with methanol and ethanol only
(Table 4). With n-propanol and n-butanol yields were very poor.

After optimizing reaction conditions various aryl halides
(Table 5, entries 1–6), tetralenes (Table 5, entries 14–21), indenes
(Table 5, entries 23–25) and some heterocyclic compounds
(Table 5, entries 12, 13 and 22), were used as substrates to general-
ize the reaction.17,18 A few diverse substrates were used to know
the limitations of this simple and convenient etherification
reaction.

It is clearly evident that the reaction proceeded only for o-halo
products (X = Cl/Br) with at least an aldehyde group in the ring and
did not occur in case of p- or m-substituted halogens (Table 5,
entries 1, 7 and 8) thus, gives regioselective product. The presence
of a second aldehyde in the aromatic ring enhanced the yield of the
product in the aromatic system. The reaction did not proceed in the
absence of aldehyde (Table 5, entry 9) or when the aldehyde was
replaced with other withdrawing groups like nitro or cyanide
(Table 5, entries 10 and 11). The reaction proceeds better in the
case of methanol and the yields were relatively low in case of etha-
nol. The etherification of olefinic compounds was more favourable
than the aryl halides by this method.

Alkylation of haloalkenes or aryl halides is an important reac-
tion to get alkyl ethers. There are several methods previously
reported but their usage is limited due to the use of co-catalysts
and ligands, tedious reaction conditions, expensive reagents and
poor yields. The present method provides a straight-forward ether-
ification method with simple reaction conditions. However, in case
of aryl halides aldehyde group should be present ortho to halide
group.

In summary, we have discovered a simple, straight-forward and
efficient etherification method to achieve methyl or ethyl ethers
from 1-chloro/bromo-2-aldehydes of aromatic and olefinic sys-
tems. Various aryl halides and olefinic halides have been explored
for this etherification. The regioselectivity in case of dihalo sys-
tems, cheap reagent (Na2CO3), mild reaction conditions and opera-
tional simplicity make this process acceptable in synthetic
chemistry.

Table 1
Suitability of reagent (metal carbonate)

Cl
CHO

CHO

OCH3
CHO

CHO

2mol% M2CO3

MeOH/6h/65oC
3 22a

Entry Metal carbonate (alkali carbonate) Solubility Yield* (%)

1 Li2CO3 Cloudiness 52
2 Na2CO3 Partially soluble 89
3 K2CO3 Fully soluble 84
4 Cs2CO3 Fully soluble 81

* Isolated yield of 22a.

Table 2
Optimization of molar ratio of the reagent

Cl
CHO

CHO

OCH3
CHO

CHOMeOH/6h/65oC

Na2CO3

3 22a

Entry % Mol of Na2CO3 Yield (%)

1 No Not detected
2 0.4 42
3 1 53
4 2 89

Table 3
Optimization of reaction time

Cl
CHO

CHO

OCH3
CHO

CHO

2mol%Na2CO3

MeOH/6h/65oC
3 22a

Entry Time (h) Yield

1 1 29
2 2 42
3 4 57
4 6 89
5 12 91

Table 4
Reaction with various alcohols

Cl
CHO

CHO

OR
CHO

CHO

2mol% Na2CO3

R-OH

3 22a: R=CH3 ;
22b: R=C2H5

Entry Alcohol/phenol Reaction time (h) Yield (%)

1 MeOH 6 89
2 EtOH 6 52
3 n-PrOH 6 3
4 n-BuOH 8 2
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