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A new, green, safe, cost-effective and highly efficient electroche-

mical approach for the methoxymethylation of alcohols and phe-

nols was successfully developed. The methodology was also

applied to the synthesis of substituted acetals.

The protection of functional groups plays an important role in
organic synthesis, especially in the synthesis of complex mole-
cules such as natural products. Among the plethora of protect-
ing groups available to protect hydroxyl groups, methoxymethyl
(MOM) ethers have proven to be a popular choice to protect
alcohols and phenols due to their high tolerance toward a wide
range of reaction conditions.1–4 Besides their protective group
usage, methoxymethyl ethers are also formal synthons equiva-
lent to formaldehyde that could be used to promote further
transformations. Methoxymethyl ethers are usually prepared by
reacting an alcohol, or a phenol, with an excess of chloromethyl
methyl ether (MOMCl) under basic conditions.5–7 Even though
this approach leads to the formation of the desired MOM ether
in high yields, the extremely high carcinogenicity of MOMCl is
a major drawback which makes this approach hazardous and
unpractical, especially on a larger scale.8 In order to circumvent
the toxicity of MOMCl, formaldehyde dimethyl acetal has been
introduced as a surrogate.9–14 However, there are some disad-
vantages associated with the use of this new reagent due to its
inherent low reactivity. Lewis acids and harsher conditions using
high temperatures and longer reaction times have now to be
used. Tedious workup and purification procedures are also very
often required. Alternatively, methoxymethyl-2-pyridylsulfide
(MOM-ON) has been introduced as a new reagent for the

methoxymethyl etherification of alcohols and phenols.15

Although it circumvents some of the previous issues, there is
still an urgent need for greener and safer alternatives to MOMCl.

Synthetic organic electrochemistry takes its roots from
Faraday’s16 and Kolbe’s17 classic works on electrolysis of ali-
phatic carboxylic acids. Although numerous transformations
have been developed ever since18–23 and many of them have
been successfully used in several industrial processes,22,24 the
potential of preparative organic electrochemistry remains
underestimated even though electrosynthesis represents one
of the safest and greenest methods to perform organic redox
reactions. Hopefully, the new commercially available Electrasyn
2.0 electrolysis setup will facilitate the use of electrosynthesis in
organic synthetic laboratories.25 Herein, we would like to dis-
close a new efficient and environmentally benign anodic meth-
odology for the methoxymethylation of alcohols and phenols
relying on the Hofer-Moest decarboxylation of a-alkoxy car-
boxylic acid derivatives (Scheme 1).26–29

A series of a-alkoxy carboxylic acids were prepared in excel-
lent yields, by treating the corresponding alkoxide with a
bromoacetic acid derivative (Table 1).30

The preparation of the a-alkoxy carboxylic acids 3 follows a
simple and robust procedure that could be performed at a
gram-scale level without showing any significant decrease in
yields. As seen from Table 1, a wide variety of alcohols, includ-
ing phenol, were converted into their corresponding a-alkoxy

Scheme 1 Methoxymethylation of alcohols and phenols via
electrosynthesis.
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The impact of several electrolysis parameters on the fate of
the electrochemical reaction was then investigated and salient
results are summarised in Table 2. To perform the anodic
decarboxylation, carbon graphite was chosen as the electrode
material since this specific type of carbon is known to adsorb
organic molecules, and therefore promotes multielectron
transfers.31,32 The electrochemical oxidation of compound 3a
was carried out in an undivided cell equipped with two 6 cm2

graphite electrodes, spaced 5 mm apart, at room temperature.
The addition of a catalytic amount of base at the initial stage of
the electrolysis generates a small amount of carboxylates that
provides the necessary conductivity to the medium.33 Since the
reaction is carried out in an undivided cell, methoxide ions are
continuously formed at the cathode at the same rate as the
carboxylate ions are consumed at the anode during the electro-
lysis. When submitted to these electrolytic conditions, car-
boxylic acid 3a was converted into its corresponding MOM
ether 4a. Much to our surprise, neither the current density
(entries 1, 7 and 8) nor the nature of the base (entries 1 and 6) is
shown to have an impact on the fate of the reaction. As
expected, the use of a homemade electrolysis setup or Electra-
syn 2.0 led to the same results (entries 7 and 8). However, the
presence of methanol is shown to be critical. Decreasing the
amount of methanol led not only to lower yields and but also to
longer reactions times (entries 2 to 5).

With the optimal conditions in hands (Table 2, entry 1), the
scope and limitations of the methodology were explored by
anodically oxidising the previously prepared a-alkoxy carboxylic
acid derivatives. The results are summarised in Table 3.34 In
each case, the desired MOM ether was obtained in a good to
excellent yield (75–93%) without the need to perform any
purification other than a simple workup. Steric hindrance does
not seem to have an impact on the reaction since primary
(entries 1–4), secondary (entries 5 and 6) and tertiary (entry 7)
derivatives are all giving high yields of the desired adduct 4.

Table 1 Synthesis of a-alkoxy carboxylic acidsa

Entry Alcohol 1 Carboxylic acid 3 Yieldb (%)

a The reaction was conducted with 10 mmol of alcohol 1. b Yield of
pure and isolated 2. c 2-Bromohexanoic acid was used. d Yield over two
steps (etherification and ozonolysis).

Table 2 Influence of the electrolysis parametersa

Entry

Solvent (%)

Base J (mA cm�2)
Chemical
yieldb (%)

Faradic
yield (%)MeOH THF

1 100 0 NaOMe 100 90 0.15
2 50 50 NaOMe 100 87 0.15
3 25 75 NaOMe 100 71 0.15
4 10 90 NaOMe 100 60 0.06
5 5 eq. B100 NaOMe 100 Degradation 0.01
6 100 0 KOH 100 90 0.10
7 100 0 NaOMe 50 90 0.15
8c 100 0 NaOMe 50 90 0.15

a Reaction conditions: 2-(octyloxy)acetic acid 3a (1.87 mmol), solvent
(50 mL), base (0.46 mmol); graphite electrodes (2 cm � 3 cm); the
electrolysis was conducted at constant current until the total consump-
tion of the starting material was reached. b Quantified by GC. c Per-
formed using Electrasyn 2.0.

carboxylic acid derivatives. Only alcohols bearing a ketone 
moiety are shown to be problematic due to the inherent acidity 
of the hydrogen atoms in the a position to the carbonyl 
position. A way to circumvent this limitation was to use an 
alkene, as a surrogate for the ketone, such as 1j, and to submit 
its a-alkoxy carboxylic acid derivative to ozonolysis conditions 
in order to generate the desired ketone (Table 1, entry 10, see 
the ESI‡).



methodology was also successfully applied to the synthesis of
substituted acetals (entries 10 and 11).

As mentioned earlier, besides being a protecting group, the
MOM group could be used as an oxonium precursor.35,36 As a
proof of concept, the electrochemically prepared 4k was easily
transformed into the tetrahydropyran 5, in the presence of TiCl4.
The synthesis of such tetrahydropyranic fragments is particularly
relevant since this motif is found in numerous natural products
and biologically relevant molecules (Scheme 2).12

In conclusion, using a homemade electrolysis setup or the
commercially available Electrasyn 2.0, we have developed a
new, environmentally friendly, safe and cost-effective electro-
chemical methoxymethylation methodology that does not rely
on the use of the carcinogenic MOMCl. The desired MOM
ethers were obtained in high yields without requiring any
purification, and the same result was observed, even when
the reaction was carried out at a gram-scale level. The same
methodology has also been used successfully for the synthesis
of substituted acetals that could be used as building blocks in
the synthesis of bioactive products. Ongoing efforts are now
directed toward the transfer of this methodology to flow-cell
electrochemistry.
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