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A general procedure for the preparation of mono-N-methyl anilines has been developed with excellent
yields. This protocol relies on a NaBH3(OAc) reduction of formimidate intermediates that are quantita-
tively generated by treatment of primary substituted anilines with triethyl orthoformate under the
catalysis of MCM-41-SO3H mesoporous zeolite. The newly developed procedure was facile, efficient, and
environmentally benign.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Mono-N-alkyl anilines and their derivatives have been versa-
tile in the applications as the building blocks for the construction
of important organic chemicals, which are widely used in phar-
maceutical, agrochemical, and dyes industries.1 Traditionally,
these mono-N-alkyl anilines were prepared by direct N-alkyl-
ation of primary anilines with alkyl halides or sulfates in the
presence of bases2 or under the catalysis of alkali cation ex-
changes X- and Y-zeolites.3 Recently, in the environmental point
of view, non-toxic alcohols and dialkyl carbonates were also used
as alkylating reagents for the direct mono-N-alkylation of pri-
mary anilines with various heterogeneous catalysts under the gas
conditions.4 Another important alternative of the direct mono-N-
alkylation of primary anilines was reductive amination with
aldehydes or ketones as alkylating reagents.5 Although these
reported methods were widely applied in the mono-N-alkylation
of primary anilines, most of them are not in high selectivity
and often some amount of N,N-dialkylated by products are gen-
erated. Especially, N,N-dimethyl anilines were always obtained as
the major products in the cases of mono-N-methylation of
anilines due to the less steric hindrance of the methyl group.
In order to improve the selectivity of mono-N-methylation,
some reagents, such as, CH(OCH3)3/H2SO4,6 Bi(CH3)3/Cu(OAc)2,7
owm@zjut.edu.cn (W. Mo),
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supercritical methanol,8 methanol/tetraphosphonate cavi-
tand,9 CH3OH/Ph3P/DDQ,10 CH3B(OH)2/Cu(OAc)2,11 have been
developed to use as methylating reagents for the direct mono-N-
methylation of primary anilines. Besides these special reagents,
ionic liquids were also reported as the efficient reaction media
for this transformation.12 However, the chemical selectivity and
the yields of these methods are far from ideal. The difficulty of
over methylation inherent in the direct mono-N-methylation has
led to the development of the indirect mono-N-methylation
methods to improve the selectivity. Of the indirect mono-N-
methylation methods, the most common procedure contains
a multi-step approach, including amine protection, followed by
methylation and deprotection.13 However, the additional pro-
tection and deprotection operations led to the tedious labor
work, loss of yield and also significantly cost increasing. Alter-
natively, reductive methylation has been developed as an effi-
cient method for the indirect mono-N-methylation of primary
anilines. The method was based on the initial introduction of
formacyl, methylene or their equivalents to the primary anilines,
then reduction to form methyl group. Following these
reductive methylation strategies, a number of aniline derivatives
were prepared from primary anilines including N-(arylamino-
methyl)phthalimides,14 N-(arylaminomethyl)succinimides,15 N-
alkoxymethylarylamines,16 N-(arylaminomethyl)benzotriazoles,17

3-methylbenzothiazol-2-(3H)-imines,18 1,3,5-triarylhexahydro-
1,3,5-triazines,19 N-arylformimidates,20 N-arylformamidines,21

N-arylformamides,22 and N-arylcarbamates,23 which were suc-
cessively reduced to obtain mono-N-methyl anilines in high

mailto:mowm@zjut.edu.cn
mailto:xinquan@zjut.edu.cn
www.sciencedirect.com/science/journal/00404020
http://www.elsevier.com/locate/tet
http://dx.doi.org/10.1016/j.tet.2010.06.091
http://dx.doi.org/10.1016/j.tet.2010.06.091
http://dx.doi.org/10.1016/j.tet.2010.06.091


N. Sun et al. / Tetrahedron 66 (2010) 7142e7148 7143
selectivity. Indeed, these modified reductive methylation pro-
vided high selectivity during the preparation of desired mono-N-
methyl anilines for the synthetic chemists. However, some of
these reductive methylation methods required powerful
reducing reagents, such as LAH, or catalytic hydrogenation under
high pressure and/or high temperature. Among them, the
reduction of N-arylformimidates, which was proposed by Blan-
ton and Crochet,20 was one of the most efficient and convenient
mono-N-methylation methods, because the intermediate
N-arylformimidate could be readily prepared from primary ani-
lines and triethyl orthoformate, followed by the reduction with
NaBH4 under mild conditions. No dimethylated byproduct would
occur in this procedure. Moreover, the reagents were commer-
cially available and less expensive. It seemed that this is an ideal
procedure for the preparation of mono-N-methyl anilines. But in
their report, only limited substrates, which mainly focused on
the electron-rich anilines, were described with moderate to
good yields. Due to our interests in this transformation, we de-
cided to scrutinize this procedure for the preparation of mono-
N-methyl anilines. As a result of our current investigation, we
herein reported a highly efficient procedure for preparation of
mono-N-methyl anilines in two convenient steps, MCM-41-SO3H
mediated the quantitative formation of the N-arylformimidate
intermediates from primary anilines and triethyl orthoformate,
followed by the reduction with NaBH3(OAc) under mild condi-
tions in good to excellent yields.
Table 1
Reaction of aniline with triethyl orthoformate in the presence of different catalystsa

Entry Catalyst Time (h) Product (%, by GC) Yieldb (%)

1-1 2

1 None 24 23 77
2 CF3COOH 6 19 76
3 H-ZSM-5 24 16 84
4 MCM-41 24 23 77
5 Amberlyst-15 6 ND 97 95
6 MCM-41-SO3H 3 (Fresh) ND 100 97
7 MCM-41-SO3H 3 (Recycle 1) ND 100 95
8 MCM-41-SO3H 3 (Recycle 2) ND 100 95
9 MCM-41-SO3H 4 (Recycle 3) ND 100 96
10 MCM-41-SO3H 4 (Recycle 4) ND 100 95
11 MCM-41-SO3H 6 (Recycle 5) ND 100 96

a All the reactions were carried out with 20 mmol of aniline, 0.10 g of catalyst, and
10 mL of triethyl orthoformate at 120 �C, and ethanol generated in the reaction was
distilled off via a 10-cm Vigreux distillation column during the reaction.

b GC yield by internal standard method and ethyl benzoate used as internal
standard.
2. Results and discussion

First, the mono-N-methylation of aniline via ethyl N-phenyl-
formimidate was chosen as a model reaction in our study.24 The
process of synthesizing ethyl N-phenylformimidate from aniline
and triethyl orthoformate under the acidic catalysis was already
well described in literature.25 Aniline first reacted with triethyl
orthoformate to form intermediate N,N0-diphenylformamidine
(1-1), which was further reacted with excess triethyl orthoformate
to afford ethyl N-phenylformimidate (2, Scheme 1). Some conven-
tional homogeneous acids catalysts, such as, H2SO4, HCl, HOAc,
CF3COOH, and p-toluenesulfonic acid (TsOH), were already
employed in this reaction. But with either of these acids, the in-
termediate 1-1 was not able to transform completely to ethyl
N-phenylformimidate (2), which resulted in the unsatisfied yields.
Moreover, using of these conventional homogeneous acids brought
tedious separation procedures and some other serious drawbacks,
such as the corrosive problem, hazard handling, and treatment of
toxic waste. In the recent decade, it has become a trend that using
easy recoverable and reusable solid acids replaces the conventional
homogeneous acids as the catalysts in the synthetic chemistry.26

Based on this, we turned our interests to investigate this trans-
formation with the application of some solid acids under the het-
erogeneous conditions. Initially, unsubstituted aniline was selected
as model substrate to react with triethyl orthoformate for the
preparation of N-methyl aniline via ethyl N-phenylformimidate.
Various heterogeneous solid acids, such as, Amberlyst-15 (sulfonic
resin), H-ZSM-5 (aluminosilicate zeolite, Si/Al¼50), MCM-41
(mesoporous zeolite), and MCM-41-SO3H (propylsulfonic acid-
functionalized mesoporous zeolite),27 were chosen to serve as the
heterogeneous solid acid catalysts in the reaction of aniline and
NH2 + HC
OC2H5
OC2H5

OC2H5
N C

1

Scheme
triethyl orthoformate to form ethyl N-phenylformimidate. Mean-
while, CF3COOHwas also employed as the homogeneous liquid acid
catalyst for comparison. The reaction was also carried out in the
absence of catalyst as for the blank test. The results were summa-
rized in Table 1. Complete conversion of aniline was observed in
20 min under the reaction conditions either in the absence or in the
presence of all tested catalysts by GC analysis. But the rate of con-
version of intermediate N,N0-diphenylformamidine (1-1) to the
product ethyl N-phenylformimidate (2) was strongly depended on
the catalysts. Without catalysts, 77% of ethyl N-phenylformimidate
(2) and 23% of intermediate N,N’-diphenylformamidine (1-1) were
observed after 24 h under the reaction conditions (entry 1, Table 1),
and the ratio of 2 and 1-1 showed almost no change even pro-
longing the reaction time. The reaction could be accelerated by
liquid acid CF3COOH but without significant improvement on the
selectivity (entry 2, Table 1), which was consistent with the results
obtained using other liquid acids in the literature.25 The results by
solid acids, H-ZSM-5 and MCM-41, showed no obvious difference
compared to the blank test (entries 3 and 4 vs entry 1, Table 1).
Amberlyst-15 and MCM-41-SO3H, which are sulfonic acid-func-
tionalized solid acids with strong protic acidity, exhibited excellent
catalytic ability (entries 5 and 6, Table 1). Using either Amberlyst-15
or MCM-41-SO3H as the catalyst, no intermediate 1-1was detected
within a much shorter reaction time, and nearly quantitative yield
of ethyl N-phenylimidate was obtained.28 Comparing the results
obtained by Amberlyst-15 and MCM-41-SO3H in Table 1, it seemed
that the catalytic behavior of Amberlyst-15 and MCM-41-SO3H
showed no obvious difference except the reaction rate. Even though
possessing the advantages, such as commercial availability and less
expensive, the fatal limitations of Amberlyst-15, that is, its bad
temperature endurance ability (up to 120 �C during the trans-
formation of 1-1 to 2) and also its weakmechanical strength (partly
smashed during the stirring), drove us to put attention on the po-
tential recycling of MCM-41-SO3H. It is pleased that it could be
reused for up to five times without obvious loss of the catalytic
activity (entries 6e11, Table 1). Therefore, MCM-41-SO3H was
chosen as catalyst in the transformation of anilines to formimidates
for our further researches.
H NH
Catalyst

N CH OC2H5

1-1 2

1.



N. Sun et al. / Tetrahedron 66 (2010) 7142e71487144
We then turned our attention to the preparation of the desired
mono-N-methyl aniline via reduction of ethyl N-phenyl-
formimidate.29 Following the literature procedure, the reduction of
ethyl N-phenylformimidate by NaBH4 was carried out in ethanol
under ambient temperature.20 The reduction results were listed in
Table 2.When ethylN-phenylformimidatewas treated with 3 equiv
of NaBH4 in ethanol after 3 h at room temperature, only 21% of ethyl
N-phenylformimidate was converted and the selectivity of
N-methyl aniline was only 43% (entry 1, Table 2). However, an in-
creased conversion (84%) and selectivity (96%) was achieved after
refluxing the ethanol mixture for 24 h (entry 2, Table 2). The
reduction of ethyl N-phenylformimidate with NaBH4 was also car-
ried out in other solvents, such as THF, 1,2-dichloromethane (DCM),
and DMF, but unfortunately failed (entries 3e5, Table 2). Consid-
ering that the reduction activity of NaBH4 could be modified by
addition of acetic acid to form acetoxyborohydride, which was
widely used in the NaBH4 reduction reactions,30 NaBH3(OAc) was
prepared by addition of equal equivalent of acetic acid to the
NaBH4/ethanol suspension at room temperature, then the in situ
prepared NaBH3(OAc)/ethanol was tested in the reduction of ethyl
N-phenylformimidate. It was pleased to find that a complete
conversion of ethyl N-phenylformimidate was observed in 3 h
under room temperature, but the selectivity of the desired product
was only 56% (entry 6, Table 2). This result greatly inspired us to
optimize the reaction conditions. Again, we screened the above-
mentioned solvents for NaBH4 reduction. To our delight, an excel-
lent result of nearly quantitative conversion and selectivity was
achieved when THF was used as the reaction solvent (entry 9,
Table 2). Then the amount of NaBH3(OAc) was also optimized, and
the results showed that 2 equiv of NaBH3(OAc) was enough to
complete the reduction (entries 9e11, Table 2).
Table 2
Reduction of ethyl N-phenylformimidate under different conditionsa,b

Entry Reductant X equiv
reductant

Solvent Time (h) Conversionc (%) Selectivityc (%)

1 NaBH4 3.0 EtOH 3 21 43
2d NaBH4 3.0 EtOH 24 84 96
3 NaBH4 3.0 THF 3 1.5 0
4 NaBH4 3.0 DCM 3 0 0
5 NaBH4 3.0 DMF 3 1.8 0
6 NaBH3(OAc) 3.0 EtOH 3 100 56
7 NaBH3(OAc) 3.0 DCM 3 99 64
8 NaBH3(OAc) 3.0 DMF 3 99 94
9 NaBH3(OAc) 3.0 THF 3 100(96)e 100
10 NaBH3(OAc) 2.0 THF 3 100(96)e 100
11 NaBH3(OAc) 1.5 THF 3 97 97

a All the reactions were carried out by dropping 20 mmol of ethyl N-phenylformimidate in 10 mL of solvent to the reductant in 40 mL of solvent at room temperature.
b NaBH3(OAc) was in situ prepared by addition of equal equivalent of CH3COOH to NaBH4 in reaction solvent.
c Determined by GC.
d The reaction was carried out under reflux conditions.
e Data in parentheses were the isolated yields.
Consideration that the intermediate ethyl N-phenylformimidate
could partially decompose during the stage of column chromato-
graphic purification to form N-phenylformamide, we tried to
explore the possibility of direct reduction of crude ethyl
N-phenylformimidatewith NaBH3(OAc) in THF. After the reaction of
aniline and triethyl orthoformate catalyzed by MCM-41-SO3H was
complete, the heterogeneous catalyst was filtered off and washed
with THF. Then the filtrate was concentrated in vacuo to recover the
excess triethyl orthoformate. The resulting residual31 was directly
reduced with NaBH3(OAc) in THF under ambient temperature.With
this simplified reduction procedure, the isolated N-methyl aniline
showed no obvious decrease of yield (entry 1, Table 3).
The optimized procedure was then applied to the mono-N-
methylation of substituted anilines by reaction of substituted ani-
lines and triethyl orthoformate and the consequent reduction. The
results were summarized in Table 3. Various primary substituted
anilines were quantitatively converted to their corresponding
formimidate intermediates using MCM-41-SO3H as the catalyst
under the optimal reaction conditions. As can be seen from Table 3,
the reaction rate was remarkably affected by the property and
the position of substituents bearing to the phenyl ring. Except
4-methoxy aniline, all other substituted anilines required
longer reaction time to complete the reaction. Moreover, those
substituents at ortho- or meta-position required relatively longer
reaction time compared to the para-analogues. This could be
attributed to the shape selectivity of the ordered mesoporous
material MCM-41-SO3H. The unsubstituted aniline with the mini-
mum molecular size moved faster in the pores of the MCM-41-
SO3H zeolite than the substituted anilines, and thus required
shorter time to reach the catalytic reactive centers, therefore, the
fastest reaction rate was observed when aniline was the substrate
(entry 1, Table 3). Furthermore, the anilines with substituted group
at para position has higher molecular symmetry than those with
substituents at ortho or meta positions. It was obvious that faster
reaction rateswere obtained for para-substituted anilines (entries 2
and 5 vs entries 3 and 4 and entries 6 and 7, Table 3). Moreover,
anilines with the electron-withdrawing substituted group required
longer reaction times to complete the reaction than those with
electron-donating substituted groups. Probably, this was ascribed
to the weaker nucleophilicity of their electron-deficient property
for the substituted anilines with electron-withdrawing groups.

The obtained formimidate intermediates were then treated
with NaBH3(OAc) in THF at room temperature, the results were
also listed in Table 3. All formimidates can be smoothly converted
to the corresponding mono-N-methyl anilines in a period of 3 h.
The isolated products were all in good to excellent yields. The
results in Table 3 showed that the structural and electronic prop-
erties of the substituted groups attached to the phenyl ring don’t
have obvious effect during the reduction reaction. Interestingly,
the reducible functional groups, such as, COOEt, CN, and NO2, can
endure the reduction conditions (entries 11e13, Table 3). However,
substrate with carbonyl group was partially reduced to hydroxyl
group.32 Under the optimal reaction condition, the developed
process also suited for the preparative scale with high isolated
yield (0.2 mol scale for aniline, datum in parentheses of entry 1,



Table 3
Synthesis of mono-N-methyl anilines via formimidate intermediatesa,b

Entry Substrate Timec (h) Formimidate Product Yieldd (%)

1
NH2

3
N O H

N
93(94e)

2
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5
N O H

N
91

3
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N O
H
N

94

4
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N O H

N
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5
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Cl
8

N O

Cl

H
N

Cl
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6 NH2
Cl

12 N O
Cl H
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7
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N OCl H

NCl
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8
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N O
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9
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N O
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10
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F3C
12

N O

F3C

H
N

F3C

93

11

NH2

C2H5OOC
18

N

C2H5OOC

O H
N

C2H5OOC

86

12

NH2

NC
24

N

NC

O H
N

NC

93

13

NH2

O2N
24

N O

O2N

H
N

O2N

76

a Anilines (20 mmol), 0.10 g of MCM-41-SO3H, and 10 mL of triethyl orthoformate were used for the preparation of intermediate formimidates.
b The formimidates did not isolate and was reduced at room temperature for 3 h with NaBH3(OAc) in 40 mL of THF, which was in situ generated by reaction of 40 mmol of

CH3COOH with 40 mmol of NaBH4 in THF.
c Complete conversion of anilines to formimidates.
d Overall yield based on anilines.
e The reaction was carried out in 0.2 mol scale of aniline, product was separated via vacuum distillation.
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Table 3). It is noteworthy that this process is also suitable for the
preparation of N-propyl and N-phenyl aniline.33 We also attemp-
ted to extend the screened catalyst MCM-41-SO3H in the reaction
of triethyl orthoformate and other type of amine substrates, for
examples, the primary alkyl amine (benzyl amine) and heterocy-
clic amine (4-aminopyridine), however, the reactions were much
complicated compared to the anilines. As for benzyl amine, the
relatively lower conversion and selectivity of desired imidatewere
observed, a sequential reduction only afforded a 45% of isolated
yield of desired N-methyl benzyl amine, while for 4-amino-
pyridine, the selectivity of formation of imidate intermediate was
rather good, unfortunately, the NaBH3(OAc) failed to afford the
desired product.

In summary, we have successfully developed a facile method for
the synthesizing of mono-N-methyl anilines. In this newly method,
the substituted anilines reacted with triethyl orthoformate in
quantitative conversion catalyzed by heterogeneous catalyst,
MCM-41-SO3H. A simple filtration recovered the heterogeneous
catalyst and stripping the excess triethyl orthoformate afforded the
crude formimidate intermediates, which were directly reduced
with in situ prepared NaBH3(OAc) in THF at room temperature to
the corresponding mono-N-methyl anilines in good to excellent
yields. Moreover, the recovered heterogeneous catalyst MCM-41-
SO3H after simple washing can be directly reused and kept for its
catalytic activity even after five recycling runs.

3. Experimental section

3.1. General

Heterogeneous catalyst H-ZSM-5 (Si/Al¼25) and MCM-41
(rav¼3.8 nm, SBET¼1000 m2/g) were purchased from Nankai
University Catalyst Co., Ltd, Tianjin, China, Amberlyst-15 was pur-
chased fromAlfa Aesar Company.MCM-41-SO3Hwasprepared from
MCM-41 by grafting method according to the literature procedure.
The sulfonic acid loading of the MCM-41-SO3H (mmol/g) was
determined by thermogravimetric analysis on a Seiko Pyris Di-
amond TG/DTA instrument and was calculated based on the weight
loss between 260 and 550 �C. The specific surface area and pore-size
distribution of the MCM-41-SO3H were measured by recording
nitrogen adsorption/desportion isotherms at liquid N2 temperature
on a Thermo Micromeritics ASAP 2021C apparatus. The pore-size
distribution was determined from desorption branch of the iso-
therm by the BJH (BarretteJoynereHalenda) method using the
Halsey equation and the pore volume (Vp) was taken at P/Po¼0.97
single point. The ordered mesoporous structure of the MCM-41-
SO3H was confirmed by XRD analysis on a PANalytical X’Pert PRO
diffractometer using Cu Ka radiation and TEM analysis on a Philips
Tecnai G2 F30microscope. All protonNMR spectrawere recordedon
Bruker AVANCE III 500 MHz spectrometer in deuterium solvents
with tetramethylsilane (TMS) as internal standard. GCeMS analyses
were performed in EI mode on Thermo Finnigan Trance DSQ mass
spectrometerwith a 2000 series gas chromatography (HP-5 column,
30 m�0.25 mm (i.d.), 0.25 m). GC analyses were performed on Agi-
lent 6890 instrument with FID detector using an HP-5 capillary
column (30 m�0.25 mm (i.d.), 0.25 m). Flash column chromatogra-
phy was performed with basic Al2O3 (200e300 mesh) with ethyl
acetate/petroleum as eluent. Melting points (uncorrected) were
determined on BUCHI B-545 apparatus. All solvents and reagents
were directly used without further purification.

3.2. Procedure for the preparation of the catalyst MCM-41-
SO3H

MCM-41 (7.0 g) was dried at 120 �C for 3 h under N2 atmosphere
and then cooled down to room temperature. A solution of 3-
mercaptopropyltrimethyloxysilane (14.8 g) in 400 mL of dry tolu-
ene was introduced, and the mixture was refluxed for 24 h. After
the slurry was cooled down to room temperature, the solid was
collected by suction andwashed thoroughly with toluene and dried
at 70 �C for 4 h. The obtained white solid (14.6 g) was treated with
a mixture of 60 mL of 35% H2O2 and 40 mL methanol at room
temperature for 24 h. Again, the solid was collected by suction and
consecutively washed with de-ionized water and ethanol. In order
to confirm that all the sulfonic acid groups are protonated, the solid
material was further suspended in 0.1 M H2SO4 (200 mL) for 4 h.
The solid was then filtered and washed with de-ionized water till
neutral. After dried at 60 �C overnight, 9.2 g of corresponding
SO3H-MCM-41 was obtained. The sulfonic acid loading of the pre-
pared catalyst MCM-41-SO3H was about 1.7 mmol/g. The specific
surface area and pore volume of the catalyst was 560 m2/g and
0.27 cm3/g, respectively. Both XRD and TEM patterns showed that
the hexagonal structure of MCM-41 did not undergomajor changes
after functionalizing with propylsulfonic acid group.

3.3. General procedure for the synthesis of mono-N-methyl
anilines

A mixture of anilines (20 mmol), 0.10 g of MCM-41-SO3H, and
10 mL of triethyl orthoformate was heated at 120 �C and the
co-product ethanol was distilled off through a 10 cm Vigreux
distillation column as it was produced. The progress of the
reaction was monitored by GC or TLC. After the reaction was
finished, the mixture was cooled to room temperature. Then the
catalyst MCM-41-SO3H was filtered off, and washed with THF
(5 mL�3). The combined filtrate was concentrated in vacuo to
recover the excess triethyl orthoformate. The resulting residual
was dissolved in 15 mL of THF and directly performed the
reduction at room temperature by dropwise addition in a period of
ca. 1 h to a suspension of 40 mmol of NaBH3(OAc) (2 equiv), which
was pre-prepared by addition of 2.40 g of CH3COOH (40 mmol) to
a suspension of 1.51 g of NaBH4 (40 mmol) in 40 mL of THF. Then
the mixture was stirred for another 2 h to complete the reduction.
After the reduction completed, the reaction was carefully
quenched by slowly adding 0.1 N NaOH (20 mL) until no gas
emission. The resulting mixture was extracted with CH2Cl2
(50 mL�3), the combined organic layers were dried over anhy-
drous Na2SO4, filtered off, and the solvent was removed under
reduced pressure. The residual was purified by flash column
chromatography on basic Al2O3 (petroleum ether/ethyl acetate) to
afford the desired mono-N-methyl anilines.

3.3.1. N-Methyl aniline. Yield 93%, colorless oil. GCeMS (EI): m/z
107 [Mþ, 100%]. 1H NMR (CDCl3) d 2.84 (s, 3H, NeCH3), 6.61e6.63
(m, 2H, AreH), 6.70e6.73 (m, 1H, AreH), 7.18e7.21 (m, 2H, AreH).

3.3.2. N-Methyl-p-toluidine. Yield 91%, colorless oil. GCeMS (EI):
m/z 121 [Mþ, 100%]. 1H NMR (CDCl3) d 2.24 (s, 3H, CH3), 2.82 (s,
3H, NeCH3), 6.56e6.58 (m, 2H, AreH), 7.00e7.02 (m, 2H, AreH).

3.3.3. N-Methyl-o-toluidine. Yield 94%, colorless oil; GCeMS (EI):
m/z 121 [Mþ, 100%]. 1H NMR (CDCl3) d 2.14 (s, 3H, CH3), 2.90 (s, 3H,
NeCH3), 3.78 (br s, 1H, NeH), 6.62e6.64 (m, 1H, AreH), 6.66e6.69
(m, 1H, AreH), 7.05e7.06 (m, 1H, AreH), 7.14e7.17 (m, 1H, AreH).

3.3.4. N-Methyl-m-toluidine. Yield 91%, colorless oil; GCeMS (EI):
m/z 121 [Mþ, 74%], 120 (100). 1H NMR (CDCl3) d 2.29 (s, 3H, CH3),
2.83 (s, 3H, NeCH3), 6.45e6.47 (m, 2H, AreH), 6.55e6.56 (m, 1H,
AreH), 7.07e7.10 (m, 1H, AreH).

3.3.5. 4-Chloro-N-methylbenzenamine. Yield 92%, colorless oil; GCe
MS (EI):m/z 141 [Mþ, 93%],143 (Mþ2, 31),139 (100). 1H NMR (CDCl3)
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d 2.82 (s, 3H, NeCH3), 6.56e6.68 (m, 2H, AreH), 7.13e7.16 (m, 2H,
AreH).

3.3.6. 2-Chloro-N-methylbenzenamine. Yield 87%, colorless oil; GCe
MS (EI):m/z 141 [Mþ, 78%],143 (Mþ2, 26),139 (100). 1HNMR (CDCl3)
d 2.90 (s, 3H, NeCH3), 4.41 (br s,1H, NeH), 6.62e6.66 (m, 2H, AreH),
7.15e7.18 (m, 1H, AreH), 7.24e7.26 (m, 1H, AreH).

3.3.7. 3-Chloro-N-methylbenzenamine. Yield 94%, colorless oil; GCe
MS (EI):m/z 141 [Mþ, 92%],143 (Mþ2, 29),139 (100). 1HNMR (CDCl3)
d 2.80 (s, 3H, NeCH3), 3.94 (br s, 1H, NeH), 6.47e6.49 (m,1H, AreH),
6.58e6.59 (m, 1H, AreH), 6.66e6.68 (m, 1H, AreH), 7.06e7.09 (m,
1H, AreH).

3.3.8. 4-Methoxy-N-methylbenzenamine. Yield 83%, yellowish oil;
GCeMS (EI):m/z 137 [Mþ, 54%], 122 (100). 1H NMR (CDCl3) d 2.81 (s,
3H, NeCH3), 3.75 (s, 3H, OeCH3), 6.61e6.63 (m, 2H, AreH),
6.80e6.81 (m, 2H, AreH).

3.3.9. 4-Fluoro-N-methylbenzenamine. Yield 87%, colorless oil; GCe
MS (EI):m/z 125 [Mþ, 89%], 124 (100). 1H NMR (CDCl3) d 2.81 (s, 3H,
NeCH3), 3.66 (br s, 1H, NeH), 6.54e6.57 (m, 2H, AreH), 6.88e6.92
(m, 2H, AreH).

3.3.10. N-Methyl-4-(trifluoromethyl)benzenamine. Yield 93%, color-
less oil; GCeMS (EI): m/z 175 [Mþ, 70%], 174 (100). 1H NMR (CDCl3)
d 2.87 (s, 3H, NeCH3), 4.36 (br s, 1H, NeH), 6.12e6.63 (m, 2H,
AreH), 7.41e7.43 (m, 2H, AreH).

3.3.11. Ethyl 4-(methylamino)benzoate. Yield 86%, white solid, mp
63e65 �C (lit.14 mp 65e67 �C); GCeMS (EI): m/z 179 [Mþ, 70%],
134 (100). 1H NMR (CDCl3) d 1.37 (t, J¼7.0 Hz, 3H, eCH2CH3), 2.88
(s, 3H, NeCH3), 4.19 (br s, 1H, NeH), 4.32 (q, J¼7.0 Hz, 2H,
eCH2CH3), 6.54e6.56 (m, 2H, AreH), 7.87e7.90 (m, 2H, AreH).

3.3.12. 4-(Methylamino)benzonitrile. Yield 93%, white solid, mp
90e92 �C (lit.13j mp 86 �C); GCeMS (EI): m/z 132 [Mþ, 76%], 131
(100). 1H NMR (CDCl3) d 2.88 (s, 3H, NeCH3), 4.46 (br s, 1H, NeH),
6.56e6.58 (m, 2H, AreH), 7.43e7.45 (m, 2H, AreH).

3.3.13. N-Methyl-4-nitrobenzenamine. Yield 76%, yellow solid, mp
150e152 �C (lit.13b mp 149e151 �C); GCeMS (EI): m/z 152 [Mþ,
100%]. 1H NMR (DMSO-d6) d 2.80 (s, 3H, NeCH3), 6.60e6.61 (m, 2H,
AreH), 7.30 (br s, 1H, NeH), 8.00e8.02 (m, 2H, AreH).

3.4. Procedure for recovering the catalyst MCM-41-SO3H

After the reaction of aniline and triethyl orthoformate was
complete, the reaction mixture was cooled to room temperature.
The catalyst was filtered off and successively washed with THF
(5 mL�3) and ethanol (5 mL�3), then dried at 100 �C for 2 h. The
recovered MCM-41-SO3H catalyst was then reused directly in the
next reaction.
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