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Abstract: In this study, an efficient method for O-methyla-
tion of phenolic compound using tetramethylammonium
hydroxide (TMAOH) as a new alkylating agent under mic-
rowave irradiation was developed. Ethanol was selected
as a green reaction media to accomplish this protocol
under environmentallybenign conditions. Less than half
hour time is needed to obtain good to excellent yields of
products at temperature of about 120°C. Using this pro-
cedure, phenolic compounds could be converted to the
corresponding aryl methyl derivatives quickly. The results
indicated that different phenolic compounds bearing both
electron-withdrawing and electron-donating groups are
O-methylated effectively using TMAOH under microwave
irradiation. This novel protocol has many improvements
in view point of reaction yields, selectivity and conditions
compared to previous studies. Trimethylamine and water
were the side products of O-methylation reaction which
can be recovered easily from the product mixture. This
methodology showed high selectivity for O-methylation
and no C-methylated products were observed.
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1 Introduction

0O-Methylation of phenolic compounds is an important
strategy in organic chemistry due to its high applicability
in synthesis of many petrochemicals, fine chemicals,
pharmaceuticals, fragrances, dyes and agrochemicals [1].
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There are several reports in the literature on the synthesis
of methyl aryl ethers using methylation of phenolic
compounds (Figure 1).

In traditional methods toxic methylating agents
such as methyl iodide [2,3] methyl bromide [3], dimethyl
sulfatel [4-6] and diazomethane [7] have been used.
Methyl halides are toxic gaseous materials because they
can methylate nucleic acids in living organisms [8]. To
use dimethyl sulfate as alkylating agent stoichiometric
amount of strong base for neutralization of acidic
by-productsis required [4,5]. Due to the growing awareness
of environmental issues, the commercial application of
these material are restricted. In order to avoid the use of
mentioned methylating agents other methods have been
developed. The O-methylation of phenol with methanol in
the presence of a strong acid has been widely investigated
[9-13]. This method is an acid catalyzed process and the
product selectivity depends on properties of the used acid
catalyst. In most cases, the conversions of phenols are
not satisfactory and the C-methylation is the competition
reaction and a large amount of byproduct is produced
which complicated the workup and purification process. A
clean, and selective methylation protocols was developed
using dimethyl carbonate as a less-toxic reagent
[14,15]. The reaction of phenol with dimethyl carbonate
was also carried out under gas/liquid phase transfer
catalysis conditions in the presence of K,CO, coated with
polyethylene glycol [16,17]. Using this reagent, anisole
was obtained in high yields along with a high selectivity.
However this reagent has serious limitations to be used
for high boiling point phenols [18]. The vapor phase
methylation of phenol with dimethyl carbonate was also
performed over ion-exchanged zeolites in the continuous-
flow conditions [19-22]. However, this reaction is carried
out at high temperature and two byproducts including
o-cresol and 2,6-xylenol are produced beside to anisole.

In this situation, methylation of both phenol and
p-cresol using dimethyl carbonate were performed
in a continuously fed stirred tank reactor [18]. The
O-methylation of phenol with dimethyl carbonate has
also been reported over 1-butyl-3-methylimidazolium
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chloride [23,24], potassium carbonate [25], magnesium
oxide [26], Mg-Al mixed oxides [27]. Unfortunately, in all
of the mentioned methods for methylation using dimethyl
carbonate, C-alkylation by-products are always detected.
Trimethylsulfonium salts was also used for methylation of
phenols [28]. This reaction is carried out in the presence of
methanol and potassium carbonate while the conversion
was not satisfactory. In this situation, quaternary amines
such as phenyltrimethylammonium salts was employed
for O-methylation of phenolic compounds in alkaloids
chemistry [29]. For example, phenyltrimethylammonium
chloride, in the presence of potassium carbonate in dry
dimethylformamide (DMF) afforded glaucine from its
starting material in good yield [30]. The O-methylation of
phenols with trimethylammonium acetate was occurred
at temperature of 200-230°C and use of CaO as a base
[31]. Tetramethylammonium chloride is also reported
to be used as a methylating agent for the methylation
of phenols in the presence of K,CO, or Cs,CO, as base
and dimethoxymethane as a solvent at 145°C under
microwave conditions [29]. Other reagents used for
O-methylation of phenols under microwave conditions are
trimethylphosphit and trimethyl phosphate [32].

Herein we report a green and fast process
for O-methylation of phenolic compounds using
tetramethylammonium hydroxide (TMAH) in ethanol
as green solvent at 120°C under microwave conditions
without using base (Figure 1). Using our procedure the
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O-methylation of phenolic compounds was achieved
under more environmental conditions without using
stoichiometric amount of base and using TMAOH as an
abundant available and cheap methylating agent.

2 Experimental

2.1 General

All phenols and naphthols and tetramethylammonium
hydroxide were commercially available and purchased
from Merck and Aldrich chemical companies.
Tetramethylammonium hydroxide is 25% solution in
water. All products were known and their spectroscopic
data were compared with those of authentic compounds.
Analyses of the products were done on a GC-MS (Agilent
6890 N-GC-5973 N-MSD chromatograph, using a
30 m x 0.25 mm Restek, Rtx-5SILMS column with a film
layer of 0.25 pm. The initial temperature of column was
50°C for 1 min, followed by programming at 10°C/min
up to 290°C and a final period at 290°C for 24 min. The
temperature of the injector was 250°C. The carrier gas
was helium and the operation mode was split100). Apart
from the unconverted reactant 2-naphthol, the products
were 2-methoxynaphthalene, and traces of 1-methyl-2-
methoxynaphthalene.
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Figure 1: Different methylating agents used for O-methylation of phenolic compounds.
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2.2 General procedure for O-methylation of
phenolic compounds using TMAH under
MW irradiation

A mixture of 1 mmol phenol derivates (0.144 gr 2-naphthol,
0.094 gr phenol, 0.173 gr 4-bromophenol, ...) and 1 mmol
tetramethylammonium hydroxide (0.34 mL TMAOH 25%)
and 6 mL ethanol was placed in a sealed teflon container
(screw cap type, 50 mL) and subjected to microwave
irradiation in a microwave oven (Anton Paar 3000) at
120°C for 27 min. After cooling, the products were analyzed
by GC-MS.

To isolate the product, after completion of the reaction
the solvent was removed to obtain a concentrated mixture
and ethyl acetate (20 mL) was added to the reaction
mixture and it was washed with water (2 x 10 mL). Then
the organic layer was dried over Na,SO, and after removing
solvent the crude product was obtained which purified by
column chromatography.

2-Methoxynaphthalene (2a): 'H NMR (300 MHz,
CDC13): 8 7.78-7.55 (m, 1H), 741731 (m, 1H), 7.24 (ddd, ] =
8.1, 6.9, 1.3 Hz, 1H), 7.09-6.98 (m, 1H), 3.83 (s, 1H).

Anisole (2K): 'H NMR (300 MHz, CDCIS): 8 7.327.08
(m, 1H), 6.93-6.68 (m, 1H), 3.68 (s, 2H).

3 Results and discussion

In order to find optimized conditions for our protocol,
a reaction model was selected and different reaction
conditions were checked (Table 1).

First, we checked the reaction in water as a green
solventand no product was observed (Table 1, entry 1). Also,
no product was detected using glycerol as solvent (Table 1,
entry 2). Interestingly, in ethanol solvent about 70% of
2-methoxynaphthalene (Figure 2a) was produced (Table 1,
entry 3). Other solvents including dimethylformamide
(DMF) and tetrahydrofuran (THF) were checked and no
superiority related ethanol was observed thus ethanol
was selected as solvent for our protocol (Table 1, entries 4
and 5). Then, the reaction time to obtain maximum yield
of product was changed and 27 min was sufficient for high
conversion (Table 1, entries 6-8). Temperature was other
parameter which we investigated and 120°C as optimal
temperature was selected. The optimized condition for
conversion of 2-naphtol to 2-methoxynaphthalene using
TMAH as a new methylating agent was selected as entry 3
of Table 1.

After optimization study in order to show the generality
of this process in methylation of other substrates several
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Table 1: Optimization of reaction condition.?
OH ®M9 MW, solvent OMe
+  Me—=N-Me OH® -
Me Temp, time
1a 2a
Entry Solvent Temp (°C)  Time (min) Yield (%)®
1 HZO 120 27 0
2 Glycerol 120 27 0
3 Ethanol 120 27 70
4 DMF 120 27 70
5 THF 120 27 50
6 Ethanol 120 30 71
7 Ethanol 120 35 69
8 Ethanol 120 25 60
9 Ethanol 110 27 60
10 Ethanol 80 27 0
11 Ethanol 130 27 71

2 Reaction condition: 2-naphtol (1 mmol), TMAH (1 mmol),
solvent (6 mL).
> GCyield.

phenolic compounds containing different functional
groups were checked and results are given in Figure 2.
Results in Figure 2 show that different phenolic
compounds bearing both electron-withdrawing and
electron-donating groups can O-methylated effectively
using TMAH wunder our optimized conditions.
0O-Methylation of 1-naphtol gave corresponding product
in 83% vyield (Figure 2b). Good vyields of products
from O-methylation of nitro-phenols were obtained
(Figures 2c and 2d). Also, halogen-substituted phenols
undergo in the reaction and give satisfactory yields of
corresponding ethers (Figures 2e-g). Both hydroxyl
group of pyrocatechol effectively methylated under
optimized conditions and 64% of 1,2-dimethoxybenzene
was produced (Figure 2h). An acceptable yield of product
was obtained from 4-benzylphenol using TMAH reagent
under MW conditions (Figure 2i). 2,6-Dimethylphenol as
a sterically hindered reagent was used and interestingly
88% yield of 2-methoxy-1,3-dimethylbenzene (Figure 2j)
was detected. Using this methodology it is possible to
convert phenol to anisole (Figure 2k) as a solvent in
organic chemistry in high yield of 91%. Pyridin-4-ol
as a heterocyclic phenol (Figure 21) was employed in
this protocol to evaluate its efficiency in synthesis of
heterocyclic methyl ethers. The tolerance of cyano,
aldehyde and ester functional groups related to the
optimized reaction conditions was also checked
and corresponding anisoles were produced in high
yields without any change in molecular functionality
(Figures 2m-o0). Overall, this method is very useful
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Figure 2: Products of O-methylation of different phenolic compounds using TMAH reagent under MW irradiation. ® Reaction conditions:
phenolic compound (1 mmol), TMAH (1 mmol), solvent (6 mL). ®All yields refer to GC yield. 9 Isolated yields.

and practical for selective O-methylation of phenolic
compounds in order to synthesis diverse anisole
derivatives quickly.

In view point of reaction mechanism (Figure 3),
it seems that, phenolic compound in the presence of
TMAH lose a proton so it converted to a phenoxide ion
with counter ion of tetramethylammonium ion. In this
situation, under reaction conditions phenoxide attack to
one the methyl group of tetramethylammonium to afford
the O-methylated product.

As observable in Figure 3 the byproducts of this
reaction are water and trimethylamine. Because
trimethylamine is soluble in water to concentration of
40% in equilibrium with TMAH, this unpleasant smelling
compound is trapped and the bad smell of this byproduct
is not feeling after completion of reaction at room
temperature.

In order to show the merit and applicability of this new
methodology in O-methylation of phenolic compounds a
table of comparison was provided. Table 2 demonstrates
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Figure 3: The reaction mechanism of methylation of phenolic component in the presence of TMAH.

Table 2: Different methods for O-methylation of phenolic compounds.

Methylating Agent Base Solvent Solid Catalyst Temperature Yield Ref.
(0
Methyl iodide KOH DMSO - 55 85 [3]
Methyl bromide KOH DMSO - 55 73 [3]
Dimethyl sulfate NaOH Water - 100 47 [4]
Dimethyl sulfate KOH - Zeolite 56 [1]
Silica gel
Dimethyl sulfate - Cyclohexane Alumina 30 36 [5]
Diazomethane - - Silica gel 30 99 [7]
Methanol KOH H,SO, Alumina 260 78 [10]
Methanol - - Cs/sio, 400 92 [11]
Methanol - - Zeolite Y 200 15 [12]
Dimethyl carbonate - - ZSM5 200 26 [19]
Dimethyl carbonate - [BMIm]Cl - 120 99 [23]
Dimethyl carbonate - - Mg/Al oxide 200 99 [26]
Trialkylsulfonium salt K,CO, CH,CL, - 30 55 [28]
Acetone 82
Tetramethyl ammonium chloride K,CO, Dimethoxy ethane - 145 87 [29]
Cs,CO,
TMAH - Ethanol - 120 91 This work

that this developed procedure has some modifications in
view pints of reaction yields and conditions compared to
previous reports.

4 Conclusion

In conclusion, we have illustrated a novel protocol
for efficient and selective O-methylations of phenolic
compounds to evaluate the potential of TMAOH as a new
methylating agent. Using this methodology phenolic
compounds can be converted to aryl methyl derivatives in
high yields. This procedure was accomplished in ethanol

as a green solvent and under microwave irradiation. The
side products of this reaction are trimethylamine and water
which can be recovered from the reaction. TMAOH can be
used successfully as methylating agent for O-methylation
of various phenols and naphthols.
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