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[IpencraBienbl pe3yJabTaThl HCCAENOBAHMS PEAKIIMH
AJTKUITMPOBAHUST 2-MeTUIAHUITITHA METAHOJIOM, 3TaHO-
JIOM ¥ TTPOMIAHOJIAMH B IPOTOYHOM PEAKTOPE C HETOJI-
BIIKHBIM CJIOEM TaJutauii-moaudunuposanioro H-
MopzenuTa. IIpm WcCHOJNb30BAaHUM B  KayecTBe
AJTKUJIIPYIONIETO areHTa MeTaHoJIa TTOTy4aloT METHII-
TOMOJIOTH 2-aHWJIMHA, A B CJTy4Yae dTaHO0JIa TIPU B3aNMO-
NeWCTBUY C TIPONIAHOJIAMU — STUJIbHbBIE TIPOU3BOJIHbIE
0-TOJIYU/INHA, & TAK)KE MPOIMUJIbHbIE M U30MPOMUJIb-
Hble MPOM3BOJHBIe. B KaTamuTHueckoM Ipoiecce
aJ1eKTpodrIbHOE 3aMeleHue IPOUCXOINT HA a30THBIX
(N-) u yrneponnbix (C-) yuyacTkax MOJIEKYJIbI 2-MeTH-
JIAHWJIMHA, U B 3aBUCHMOCTH OT YCJIOBUI PEAKIINU 9TU
MeXaHU3Mbl KOHKypupyoT. O6a HallpaBIeHUsI peasu-
3YIOTCSI TIOCPENICTBOM ITOCJIE/IOBATENBHOTO MEXaHU3MA.
B peaknuu asKuIMpoBanus 2-MeTUIAHUIIITHA OPTOCe-
JIEKTUBHOCTD TIPEOOIIANAET BO BCEX CIIUPTAX M yBEJIH-
YUBAETCSI C TTOBBINIEHNEM TeMIepatypsl. OIHaKO 1O
Mepe YBeJMYeHUs MOJIEKYJISIPHOI MacChl CITUPTA OISt
0-aJIKUJINPOBAHMSI YMEHbBIIIAETCsT, a 06pa3oBaHue Ipy-
TUX U30MEPOB MTOCTENEHHO yBeanunBaercs. [IpoBenen
CPaBHUTEJIHBII aHAJIN3 TIOKA3aTeJieil, XapaKTepu3yIio-
MHUX PEAKIUI0 AJKUIUPOBAHUS 2-MeTUJIAHUINHA
crupramu Cy—Cs, BBIIBUBIINI KaTAIUTHYECKHUE CBO-
CTBAa KQK/IOTO CIIUPTA U ONPEIETTMBIITII UX TPAKTHYEC-
KOe 3HaUYeHue B CHHTE3€e ATKUJITIPOU3BOHBIX apOMa-
TUYECKUX AMUHOB.

Kmouesuvie cnosa: AJIKUJINPOBaHUE; 2-MeTI/IJIaIII/IJII/III;
MOP/EHUT; E)JIGKTPO(bI/IJII)IIOG 3aMelleHue

Low molecular weight alkyl derivatives of
analine are valuable intermediates in the production
of a number of important products, including dyes,
acid corrosion inhibitors, and antioxidants. Some
alkoxy- and halogenated derivatives of these
compounds have a wide range of liquid crystalline
mesophases and high dielectric constants and optical
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The results of the study of the alkylation reaction of 2-
methylaniline with methanol, ethanol and propanols in
a flow-type reactor with a fixed-bed palladium-
modified H-mordenite catalyst are presented. When
methanol is taken as the alkylating agent, methyl
homologues of 2-aniline are obtained, and in the case of
ethanol, ethyl derivatives of o-toluidine are obtained
by the interaction with propanols, and propyl and
isopropyl derivatives are obtained. In the catalytic
process, electrophilic substitution occurs in the 2-
methylaniline molecule at nitrogen (N-) and carbon in
the nucleus (C-), and depending on the reaction
conditions, these mechanisms are in competition. Both
directions occur by a sequential mechanism. In the
alkylation reaction of 2-methylaniline, ortho-
selectivity prevails in all alcohols and increases with
increasing temperature. However, as the molecular
weight of the alcohol increases, the share of o-
alkylation decreases and the formation of other
isomers gradually increases. As a result, a comparative
analysis of the indicators characterizing the alkylation
reaction of 2-methylaniline with C;—Cj alcohols was
carried out, the catalytic properties of each alcohol
were revealed and their practical importance in the
synthesis of alkyl derivatives of aromatic amines was
determined.

Key words: alkylation; electrophilic substitution;
2-methylaniline; mordenite

anisotropy. Therefore, these valuable intermediates
are used in various types of display structures =3
successfully.

In the synthesis of methyl-, ethyl-, propyl- and
isopropyl derivatives of aniline, along with other
alkylating agents, monoatomic alcohols are taken and
the application of effective catalytic systems is
preferred. Based on analogous technology and with
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the participation of such universal catalysts, it is
possible to increase the range of synthesized products
by changing the alkylating reagent (alcohol) and
achieve the synthesis of valuable alkylanilines with a
simple technological operation under selected
reaction conditions.

The article presents the results of the study of
the alkylation process of 2-methylaniline with
methanol, ethanol and propanol, the results of the
comparison and obtained results obtained of analysis.
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The experiments were carried out in a
laboratory setup reactor with a fixed-bed catalyst.
The volume of the zeolite catalyst in the reactor was
10 cm?, and the duration of the reaction was 1 hour.
The reaction products were analyzed in a gas-liquid
chromatograph (chromium-5). In the chromatograph
column, 6% SE-30 (silicon elastomer) impregnated
on chromate N-AW was used as a phase, the detector
was of the flame-ionization type. The relative error is
not more than 3.0%.

The Spectral analysis of the obtained alkylanilines
was performed on a German Bruker AV-300 (300 MHz,
H'NMR) device. Some of the results of the analysis are
given in Tab. 1. They basically coincide with those
known in the literature 4 and unambiguously confirm
the structure and composition of the synthesized
alkylanilines.

The modulus value of Pd,H-mordenite was 25, and
the palladium concentration was 10% mass. This
catalytic system was synthesized by known methods 6.

The results of the alkylation of 2-methylaniline
with methanol, ethanol and propanol are reflected in
Tab. 2.

As can be seen from the comparison of the
results of the alkylation of 2-methylaniline with
C—Cj alcohols in the presence of a Pd,H-mordenite
catalyst, the main reaction products, regardless of the
structure and composition of the alcohol, include N-

alkyl-2-methylaniline, N,N-dialkyl-2-methylaniline,
2-alkyl-6-methylaniline, 2-methyl-4-alkylaniline, a
mixture of 2-methyl-3-alkyl- and 2-methyl-5-
alkylanilines, and dialkyl-2-methylaniline. When
methanol is taken, methyl derivatives of 2-
methylaniline are obtained, and in the presence of
ethanol, ethyl derivatives of o-toluidine are obtained.
When propyl and isopropyl alcohol interact with 2-
methylaniline, the alkylation products are its propyl
and isopropyl derivatives, respectively. The scheme
of the interaction of 2-methylaniline with C;—Cj
alcohols is given above. In the alkylation process,
electrophilic substitution occurs at the nitrogen (N-)
and carbon (C-) sites in the 2-methylaniline
molecule, and they compete depending on the
temperature. On the other hand, alkylation at the N-
and C-sites occurs in both cases according to a
sequential mechanism. In other words, at low
temperatures (300 °C), N-alkyl-2-methylanilines
(50-92.0 %) are first formed from N-alkylation, while at
340 °C, N,N-alkylmethyl and diethyl derivatives of o-
toluidine are formed (15.5-18.0 %). In this case, the
selectivity of N-monoalkyl-2-methylanilines decreases
significantly (20.0-30.0 %). Unlike methanol and
ethanol, the selectivity of N,N-dialkyl-2-methylanilines
obtained when alkylating with Cs alcohols changes
little with the above-mentioned increase in temperature
in the case of p-propanol and is only 2.0%. In the
alkylation process with 2-propanol, N,N-diisopropyl-2-
methyl anilines are practically not obtained. This can be
explained by the fact that the process proceeds in
different directions depending on the acid-base
properties of the catalyst, the structure and composition
of the alcohol. Raising the temperature to 380 °C also
significantly reduces the share of sequential alkylation
due to nitrogen in other alcohols and reduces it to zero
in the case of ethanol.

Alkylation of 2-methylaniline with low
molecular weight alcohols due to the carbon in the
benzene nucleus is also observed with different
indicators depending on the composition, structure
and reaction temperature of the alcohol.

First ortho-selectivity prevails in the alkylation
reaction of 2-methylaniline in all alcohols and this
indicator increases with increasing temperature.
However, as the molecular weight of the alcohol
increases, the share of o-alkylation decreases.
Although the selectivity of o0-alkyl-2-methylalkyls is
higher compared to other alkyl isomers, the
selectivity of the process for m- and p-alkyl isomers
gradually increases due to the decrease in its share.
Thus, the selectivity of 2,6-dimethylaniline obtained
from methanol at 380 °C is 78.5%, and the selectivity
of 2-ethyl-6-methylaniline formed when ethanol is
taken is 41.0%. When alkylation is carried out with 2-
propanol, the calculated yield of 2-isopropyl-6-
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Table 1

Results of PMR spectra of some synthesized alkylanilines

Ne Chemical shift of protons of proton-withdrawing groups and aromatic nucleus, J, m.h.
e (50 —_ —_ —
T = —_
e 5 2l o2 R 2l ElE|E
Alkylaniline % + 8 %) o 5 O 5 c & e S
& z u z £ ot Q | = T T T
o T 0 < o £ & [N & o 5
o £ o o 13 O (&) o o
1 CHj
" 3.5 (c) - - - 2.2(c) - - - | 6.90 | 6.65 | 6.90 -
Hs
2.6-dimethylaniline
2 .
H-CHs 3.50 (c) | 2.82(c) - - 2.22(c) - - - | 695 | 6.80 | 6.95 | 6.65
2.N-dimethylaniline
3 .
O T 354 (0) - ?(’kf’/()’ 1&2;‘ 220(c) | - - | - |693| 68 |6.93] 660
2-methyl-N- P
ethylaniline
4 o
”°°‘©;“”2 3.64 (c) - - - 2.18(c) - - - | 7.05 - 7.05 | 6.62
2,4-dimethylaniline
5 HC. Hz
@N’*z 3.65 (c) - - - 2.20(c) - - - - 6.70 | 7.00 | 6.58
2,3-dimethylaniline
6 Hy-CHy
) 3.50 - - - 2.20(c) | 250 [1.2(tp)| - | 6.60 | 6.90 | 6.60 -
2-methyl-6-
ethylaniline

methylphenol obtained based on the converted o-
toluidine is only 37.0%. In the latter case, the
selectivity for 2-methyl-4-isopropyl and 2-methyl-3-
isopropyl anilines is 29.0 and 18.5 %, respectively.
The selectivities of formation of o- and p-alkyl-2-
methylanilines in the alkylate obtained from the
alkylation of 2-methylaniline with ethanol at a
temperature of 380 °C are 41.0 and 49.0 %,
respectively, which is a different result compared to
other alcohols. Although o-selectivity (52.5%)
prevails in the alkylation process of 2-methylaniline
with 1-propanol, the selectivity of formation of 2-
methyl-4-propyl-aniline is quite high (35.0%).

Most likely, in the presence of Pd,H-mordenite,
whose acid-base properties are regulated, as the
molecular mass of the alcohol increases, its partial
conversion into an olefin and its participation in p-
alkylation cannot be ruled out. On the other hand,
increasing the temperature not only increases the
rate of p-alkylation, but also accelerates the
isomerization of alkyl derivatives of 2-methylaniline
in the reaction mixture.

The rate of sequential alkylation increases with
temperature and branching of the molecular weight

of the alcohol and the structure of the C5 alcohol.
Thus, while the selectivity of dialkyl-2-methyl-
anilines obtained when normal alcohols are taken is
3.0%, the calculated yield of dialkyl o-toluidine in
alkylation with 2-propanol with respect to the
converted 2-methylaniline increases by 7.0% with an
increase in temperature of 80 °C to 12.0%.

In general, the side transformations of alcolols in
catalytic alkylation also vary depending on their
composition, structure and reaction conditions. In
the case of methanol, diethylether is obtained, in the
case of ethanol and {1-propanol, diethylether,
dipraylether, ethene and propane are obtained, and in
the case of 2-propanol, mainly propane and party 2-
propanol, mainly propane and parthy 2-
izopropylether are obtained, and with increasiky
temperature, the formation of olefins increases. With
increasing temperature and the stable operation of
the catalytic system in the stationary mode, it also
decreases somelishat.

In general, the side reactions of alcohols in
catalytic alkylation also vary depending on their
composition, structure and reaction conditions. In
the case of methanol, diethylether is obtained, in the
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Comparative results of the alkylation of 2-methylaniline

with alcohols in the presence of Pd,H-mordenite
Reaction conditions: v=1.0st"!, v=1:3 mol/mol

Table 2

Name methanol ethanol 1-propanol 2-propanol
Temperature, °C 300 340 380 | 300 | 340 | 380 | 300 | 340 | 380 | 300 | 340 | 380
Conversion 77.0| 90.5 [98.0 | 82.0|94.0/99.0 | 91.0 | 95.0| 100 | 88.0 | 100 | 100
of 2-methylaniline
Yield of reaction products calculated based on converted 2-methylaniline, %:

N-alkyl-2-methylaniline 92.0 ] 30.0 75 190.0 250 | 5.0 [ 80.0 20.0] 4.0 |50.0f205] 2.0
N, N-dialkyl-2methylaniline 7.0 18.0 20 | 6.0 | 155| 1.0 | 4.0 | 2.0 - - - -

2-alkyl-6-methylaniline 0.5 55.0 | 785 | 2.5 | 38.0[41.0|13.0|48.0|52.5|38.0]295]| 37.0
2-methyl-4-alkylaniline - 3.0 7.0 - 1751490 | 1.0 | 25.0|135.0| 3.5 | 25.0 | 29.0
2-methyl-3-alkylaniline * - - 1.0 - 2.0 ] 5.0 - 1.5 1 40 | 2.0 [13.0] 185
dialkyl-2-methylanilines - 2.0 3.0 - - 3.0 - 1.0 | 3.0 | 5.0 [105]12.0

* Mixture with 2-methyl-5-alkylaniline

case of ethanol and 1-propanol, diethylether,
dipropylether, ethene and propene are obtained, and
in the case of 2-propanol, mainly propene and partly
2-isopropylether are obtained, and with increasing
temperature, the formation of olefins increases. With
increasing temperature and the stable operation of
the catalytic system in the stationary mode, it also
decreases somewhat.
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Thus, as a result of the conducted, studies a
comparative analysis of the indicators characterizing
the alkylation reaction of 2-methylaniline with C;—
C; alcohols was carried out, the catalytic properties
of each alcohol in the alkylation process were
revealed, and their role and impertance in the
synthesis of alkyl derivatives of aromatic amines was
determined.
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