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Abstract 

The presented work summarizes and systematizes the results of scientific 

research in the field of using ionic liquids in aminomethylation reactions 

leading to the synthesis of Mannich bases. It has been shown that ionic 

liquids are liquids with relatively low melting points and high viscosities and 

thermal stability. In recent years, they have become a real "green" alternative 

to molecular liquids, which are traditionally used as solvents in fine organic 

synthesis. Due to their advantages, ionic liquids have found a very wide 

application as environmentally friendly catalytic systems in various organic 

reactions. However, the high cost of ionic liquids is currently the only 

obstacle to their widespread use in catalysis. This review presents the main 

types of ionic liquids used in the aminomethylation reaction, and considers 

their influence on the course of chemical reactions, as well as on the yield and 

enantioselectivity of the resulting adducts. In addition, the results of the 

author's own research are shown. The reaction of animnomethylation in the 

presence of two ionic liquids (N-methylpyrrolidonium hydrogen sulfate and 

1,4-dimethylpiperazine dihydrosulfate) with the participation of norbor-

nenylmethanol, formaldehyde, and secondary amines, leading to the synthesis 

of norbornene-containing Mannich bases, is considered. The effect of the 

nature of the ionic liquid on the yield of synthesized aminomethoxy 

derivatives of norbornene was shown. It is noted that N-methylpyrrolidonium 

hydrogen sulfate exhibits relatively higher catalytic activity in this reaction as 

compared to 1,4-dimethylpiperazine dihydrosulfate. In addition, the author 

has shown that the ionic liquids used in this work are superior in their 

catalytic activity to the previously used metal salts in the aminomethylation 

reaction with the participation of norbornenylmethanol, formaldehyde, and 

secondary amines 

Keywords: aminomethylation reaction, ionic liquids, Mannich bases, norbornenylmethanol, 

secondary amine 

Ionic liquids (IL) are liquids containing only ions. In the broad sense of this concept, IL is 

any molten salt, for example, molten sodium chloride at temperatures above 800
0
C. At present, 

the term "ionic liquids" most often means salts, the melting point of which is below the boiling 

point of water, that is, below 100
0
C. IL in a solid state are powders or waxy substances of white 

or yellowish color. In a liquid state, they are colorless, or with a yellowish tint, which is due to a 
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small amount of impurities. One of their characteristic properties is their high viscosity, which 

makes them difficult to work with. The main characteristic of ILs is their low melting point due 

to the steric hindered structure, which will complicate crystallization. 

Due to their unique properties, IL – salts with a melting point below 100°C, having 

practically zero partial pressure even at elevated temperatures and thermally stable up to 300-

400°C, are a real "green" alternative to molecular liquids, which are traditionally used as 

solvents in thin organic synthesis. The undoubted advantages of ILs as reaction media also 

include a significantly greater variety of chemical processes, including catalytic ones, than when 

using another type of environmentally friendly solvents – supercritical fluids. Meanwhile, the 

wide practical use of ILs is hindered by their high cost, due to the relatively low demand for 

these solvents. Therefore, in recent years, in heterogeneous catalysis, a new approach to the use 

of ILs in the form of their ultrathin layers, adsorption or covalently immobilized on porous 

carrier matrices and containing dissolved active components – salts or complexes of transition 

metals - has begun to develop very successfully. In addition to significant savings in the IL itself, 

such systems allow carrying out catalytic processes not only in a batch mode, but also in a more 

technological continuous mode. 

Thus, ILs have found very wide application as catalytic systems for various chemical 

processes, and this work presents the results of studies in the field of aminomethylation reactions 

proceeding in the presence of IL. 

Thus, in [1], several acidic Bronsted ILs were synthesized and successfully used as 

solvents and catalysts for three-component Mannich reactions of aldehydes, amines and ketones 

at 25°C. Bronsted acid ILs used include 1-butyl-3-methylimidazolium hydrogen sulfate 

([Bmim]
+
[HSO4]

-
), 1-butyl-3-methylimidazolium dihydrogen phosphate ([Bmim]

+
[H2PO4]

-
), 1-

methylimidazolium p-toluenesulfonic acid ([Hmim]
+
TC

–
) and 1-methylimidazolium 

trifluoroacetic acid ([Hmim]
+
TF

–
). Higher yields were obtained in the presence of [Hmim]

+
TFa

–
 

in comparison with other acidic Bronsted ILs. IL [Hmim]
+
TF

–
 was reused four times without 

significant loss of activity. The process can be represented by the following scheme: 

. 

Acidic IL of Bronsted containing the nucleophile 1-methylimidazole and 

triphenylphosphine with 1,4-butanesultone and inorganic anions, p-toluenesulfonic acid and 

trifluoroacetic acid smoothly catalyzes the Mannich reaction to obtain β-aminocarbonyl 

compounds in excellent yield and for a short duration [2]. The authors investigated the effect of 

adding two drops of water on the product yield and the effect of IL anions and cations on the 

reaction rate. IL was easily separated from the reaction mixture by water extraction and 

recirculated four times without loss of activity.The reaction scheme and the ILs used are 

presented below: 
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, 

, 

. 

 

The review work [3] presents the results of extensive studies of the field of application of 

ILs in various multicomponent reactions, including the Mannich reaction.  

It is reported that Bronsted geminal acid ILs with quaternary ammonium based on 

zwitterionic 1,2-bis-[N-methyl-N-(3-sulfopropyl)-alkylammonium]ethane (where the number of 

carbon atoms in the alkyl chain is 4, 8, 10, 12, 14, 16 or 18) and p-toluenesulfonic acid 

monohydrate. Catalytic ILs were used in three-component Mannich reactions with aldehyde, 

ketone, and amine at 25°C in water. The effects of the type and amount of catalyst and the 

reaction time as well as the scale of the reaction were investigated. The results showed that IL 

containing 14 carbon atoms in the alkyl radical has excellent catalytic activity and the possibility 

of repeated use. The catalytic procedure was straightforward and the catalyst could be reused 

seven times by a simple separation process without noticeably degrading catalytic activity. The 

authors note that Mannich reactions using classical catalysts often suffer from drawbacks, 

including long reaction times, harsh reaction conditions, and difficult product separations. Rapid 

deactivation and a decrease in the number of active sites per area to some extent limit the use of 

solid catalysts. Therefore, new green catalysts based on IL are of great interest in this area. It is 

emphasized that in connection with the increased attention to green synthesis in recent years, 
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ILs, including functionalized ones, have attracted much attention of researchers. ILs are called 

"designer solvents" because their physical and chemical properties can be controlled by varying 

the cation and anion. These valuable materials not only dissolve many organic and inorganic 

substances, but are also easy to recycle. Moreover, the properties of IL can be tuned to solve 

specific chemical problems [4]. 

In [5], it is reported that in recent years the interest in ILs used as a reaction medium for 

homogeneous enantioselective catalysis has exponentially expanded. In many cases, the use of 

IL provides a number of advantages over reactions in organic solvents in terms of activity and 

enantioselectivity. More importantly, the immobilization of the catalyst in IL allows one to avoid 

its leaching and, therefore, to facilitate its reuse. This work reviews recent advances in the study 

of these new solvents in asymmetric catalysis, including the asymmetric Mannich reaction. 

The synthesis of methoxy-substituted pyridine-type ILs by a non-toxic and easy method 

has been described [6]. The catalytic behavior of the synthesized IL was investigated at various 

concentrations for the Mannich reaction. The authors observed that methoxy- and dimethoxy-

substituted pyridinium bromides showed better catalytic behavior than other ILs. 

. 

It was found that economical acidic ILs containing an alkanesulfonic acid group in the 

morpholinium cation are effective catalysts for Mannich reactions of various types of aromatic 

aldehydes, acetophenone, and aromatic amines under mild reaction conditions. Satisfactory 

results were obtained with short reaction times, good yields of Mannich bases and simplicity of 

the experimental procedure. These ILs can be recycled and reused up to five times without a 

significant decrease in catalytic activity [7]. 

In [8], the three-component Mannich reaction of acetophenone or 4-iodoacetophenone with 

various substituted anilines and benzaldehyde, catalyzed by diethanolammonium chloroacetate, 

was carried out under mild conditions. Mannich foundations, five of which are new, have been 

received from good to excellent. All compounds were characterized using elemental analysis, 

NMR and IR spectroscopy. In addition, the authors presented for the first time detailed 

experimental and modeled spectral characteristics of these compounds in the UV and visible 

regions. The in vitro antioxidant potential of the synthesized compounds was assessed using the 

2,2-diphenyl-1-picrylhydrazyl radical and a density functional theory (DFT) thermodynamic 

study. It was shown that compounds with an anisidine moiety have moderate antioxidant 

activity. The organic Mannich reaction mechanism has been extensively investigated using DFT. 

The reaction proceeds by a mechanism involving hydrogen bonds. In addition, the proposed 

stage, which determines the reaction rate, is the elimination of water during the formation of the 

iminium ion. 
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The authors of [9] note that a special IL at room temperature of N,N,N-trimethyl-N-

butanesulfonic acid ammonium hydrogen sulfate [TMBSA] HSO4 was synthesized as a cheap 

and recyclable catalyst for the three-component Mannich reaction in a one-pot mode in water. 

Sixteen β-aminocarbonyl compounds were obtained in good yields under mild conditions. The 

products could simply be separated from the catalyst and water, and the catalyst itself could be 

reused at least 7 times without a noticeable decrease in catalytic activity. The reaction proceeds 

as follows: 

 

. 

 

It is noted that currently, the efficiency of chemical synthesis can be measured not only by 

parameters such as selectivity and overall yield, but also raw materials, time, human resources 

and energy requirements, as well as the toxicity and hazard of chemicals and techniques. The 

development of multicomponent reactions (MCR) in the presence of special ILs, which are used 

not only as environmentally friendly reaction media, but also as catalysts, is a new approach that 

meets the requirements of modern chemistry. The purpose of the review presented by the authors 

was to highlight the synergistic effect of the combined use of MCR and IL for the development 

of new environmentally friendly methodologies of heterocyclic chemistry [10]. The authors 

present the results of studies on the use of IL in Mannich and other MCR reactions. 

Some advances in the development of catalysis in IL are described in [11]. The use of 

ionophilic ligands and ion-tagged catalysts is also presented and discussed. Due to the 

importance of IL, some physicochemical properties of interest and their supramolecular 

organization are described. The authors present the results of studies on the use of IL in various 

chemical processes, including the Mannich reaction. 

In [12], new ILs based on a mesoporous silica base were obtained, which are successfully 

used as a heterogeneous catalyst in Mannich reactions. Excellent recyclability of the supported 

catalyst, mild reaction conditions, good to excellent yields, low catalyst loading, and ease of 

operation are important features of this methodology. 
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. 

IL, as a special class of organic compounds, has attracted ever-growing interest in recent 

years. They have been used in many organic transformations as a green alternative to volatile 

organic solvents and as a catalyst to alter catalytic activity and reusability. Recent developments 

have shown that ILs can also have many benefits for asymmetric responses. In this review [13], 

the authors consider the use of ILs in asymmetric transformations, including their use as reaction 

media in asymmetric reactions, chiral catalysts labeled with ILs for use in asymmetric synthesis, 

and supported ionic liquid catalysts in asymmetric transformations, in particular, in 

aminomethylation reactions.  

In the article [14], it is noted that the Mannich reaction is one of the most important 

reactions of the formation of a carbon-carbon bond in organic synthesis. Traditional methods 

require a large number of non-green catalysts or much longer reaction times, which limits their 

scope. Thus, a recyclable catalyst with high activity and selectivity is highly valued, and very 

short reaction times are also very attractive. The authors report that an efficient and simple 

method for the preparation of a number of β-aminocarbonyl compounds was discovered using 

Mannich reactions catalyzed by Bronsted acid ILs based on caprolactam under ultrasonic 

irradiation. It was shown that [Capl][BF4] was the most effective catalyst in the Mannich 

reaction, and good yields were obtained within 2-6 hours. The activity and stability of the 

catalyst was maintained very well even after five times of use, and ultrasound can effectively 

shorten the reaction time and increase the output in ambient conditions. In the studied reaction at 

room temperature in the presence of 0.2 mol.% IL and the duration of irradiation of 2-6 h, the 

yield of the adduct was 87%, and in the absence of irradiation, only 53%. The reaction proceeds 

according to the scheme: 

. 

It was shown that ILs appeared as an environmentally friendly alternative to volatile 
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organic solvents. As designer solvents, they can be modified according to the reaction 

conditions, hence they are called "ionic liquids for specific tasks". Although they are mainly used 

as solvents, they currently find applications in various fields such as catalysis, electrochemistry, 

spectroscopy and materials science, to name just a few. This review is aimed at studying the use 

of ILs in catalysis as acidic, basic, and organic catalysts, as well as soluble catalyst carriers. In 

this review, the authors show the prospects for the use of ILs as catalysts in various reactions, 

including the Mannich reaction [15]. 

In [16], IL [Et3NH][HSO4] was synthesized, which turned out to be a particularly effective 

catalyst for the synthesis of β-aminocarbonylpyrimidines via the Mannich condensation reaction 

of substituted pyrimidin-2-(1H)-ones, cyclohexanone, and 4-fluoro-(chloro-)benzaldehyde with 

ultrasonic irradiation at room temperature. The reaction proceeds according to the scheme below: 

. 

The methodology proposed by the authors has a number of advantages such as excellent 

yields, simple procedure, and mild conditions. The authors cite the results of studies of the 

Mannich reaction with the participation of aromatic aldehydes and ketones and show the effect 

of the catalytic activity of the synthesized IL on the adduct yield (Tab. 1). 

Table 1. Influence of the catalyst on the adduct yield 

R
1 

R
2 

R
3
 R

4 
Тmelt., 

0
С 

Yield, % 

(without IL) 

Yield, % 

(with IL) 

Н H H 4-F 123 40 83 

Н H ОСН3 2-Cl 117 39 83 

Н H Cl 2-Cl 127 45 85 

ОСН3 H H 4-F 161 35 88 

ОСН3 H ОСН3 4-F 118 52 90 

ОСН3 H Cl 4-F 140 49 90 

ОН H ОСН3 4-F 138 41 78 

ОН Cl H 4-F 145 37 75 

Сl H ОСН3 4-F 112 43 88 

Сl Cl H 4-F 107 42 89 
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The article [17] is devoted to the synthesis and description of a new IL using 

environmentally friendly products, such as tetrabutylammonium chloride and 2-acrylamido-2-

methylpropanesulfonate through the anion metathesis reaction. It was characterized by 
1
H NMR. 

. 

In addition, this IL has been used to catalyze Mannich reactions in the absence of a solvent 

to give the corresponding aminocarbonyl compound (Mannich base) in excellent yields in a 

shorter period of time than conventional methods. The reaction proceeds according to the 

scheme below: 

. 

This work has proven to be a very efficient and selective protocol for the Mannich reaction 

as it involves simple handling, no by-products, reusability of the catalyst, and the use of 

environmentally friendly chemicals. The authors studied the effect of the catalyst on the yield of 

the Mannich base (Tab. 2, 3). 
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Table 2. Influence of IL catalyst on the yield of Mannich base 

№ Aldehyde Amine Ketone 
Duration, 

h  

Yield, 

% 

1 3-Bromobenzaldehyde Aniline Acetophenon 1.5 95 

2 3-Bromobenzaldehyde Aniline Cyclohexanone 1.5 90 

3 3-Bromobenzaldehyde Aniline Cyclohexanone 1.5 92 

4 Benzaldehyde Aniline Acetophenon 1.0 90 

5 Benzaldehyde Aniline Cyclohexanone 1.0 92 

6 3-Chlorobenzaldehyde  Aniline Acetophenon 1.5 93 

7 Benzaldehyde Bromoaniline Acetophenon 1.0 95 

8 Benzaldehyde N-methylaniline  Acetophenon 1.0 96 

9 Benzaldehyde N-methylaniline Cyclohexanone 1.0 95 

10 Benzaldehyde Bromaniline Cyclohexanone 1.0 93 

As you can see from the table. 2, the best yields (95-96%) are observed in the case of the 

aminomethylation reaction involving benzaldehyde, aniline, and acetophenone in the presence of 

the used IL. 

Table 3. Output of the Mannich base in the absence of IL 

№ Aldehyde Amine Ketone 
Duration, 

h  

Yield, 

% 

1 3-Bromobenzaldehyde Aniline Acetophenon 2.0 90 

2 3-Bromobenzaldehyde Aniline Cyclohexanone 2.5 83 

3 3-Bromobenzaldehyde Aniline Cyclohexanone 2.0 90 

4 Benzaldehyde Aniline Acetophenon 1.5 87 

5 Benzaldehyde Aniline Cyclohexanone 2.0 89 

6 3-Chlorobenzaldehyde  Aniline Acetophenon 2.0 90 

7 Benzaldehyde Bromoaniline Acetophenon 2.0 90 

8 Benzaldehyde N-methylaniline  Acetophenon 2.0 92 

9 Benzaldehyde N-methylaniline Cyclohexanone 2.5 90 

10 Benzaldehyde Bromaniline Cyclohexanone 2.0 89 
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It was shown that the salts of sulfonated poly(4-vinylpyridine) heteropoly acid acted as a 

heterogeneous catalyst for efficient catalysis of one-pot synthesis of β-aminocarbonyl 

compounds through the Mannich reaction between aromatic aldehydes, aromatic ketone, and 

aromatic amines. The authors of the work note that the catalyst can be easily removed by 

filtration and reused six times without significant loss of catalytic activity [18]. 

It is reported that the three-component Mannich reaction of ketones, aromatic aldehydes, 

and aromatic amines is catalyzed by four acidic Bronsted compounds [19], which are ILs 

consisting of iodide and borate at room temperature. IL was used as a catalyst and solvent to 

obtain some Mannich bases in high yield (75%) and shorter reaction times (20 minutes). The 

work was facilitated by simple water extraction to recover the IL for reuse within four cycles 

without any significant loss of activity. The reaction proceeds according to the scheme: 

 

 
A = J, B(OH)4,   n = 1, 2. 

. 

In the presence of a catalytic amount of RuCl2(PPh3)3, the cross-linking of 3-butene-2-ol 

with aldehydes and imines developed through tandem migration of olefins – aldol condensation 

– Mannich reaction in IL bmim[PF6]. In the presence of In(OAc)3 as a cocatalyst, α-vinylbenzyl 

alcohol and aldehydes undergo similar coupling reactions. Compared to aqueous and other 
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organic solvents, additional diastereoselectivity was observed with IL as a solvent. The 

IL/catalyst system can be reused at least five times without loss of activity [20]. 

A series of new acidic Bronsted ILs, consisting of a chelated potassium cation aza-crown 

ether and various anions, were developed, synthesized, and characterized by FT-IR, NMR and 

mass spectrometry, thermogravimetric differential thermal analysis (TG-DTA), and elemental 

analysis. These new Bronsted acidic ILs of azacrown ether complex cations have been used as 

catalysts for the Biginelli reaction, the Mannich reaction, and the synthesis of bis-(4-

hydroxycoumarin-3-yl)methanes. It has been shown that these reactions proceed in good yields 

under mild reaction conditions. Moreover, these new IL catalysts can be reused several times 

[21]. 

, 

X = Br, BF4, PF6, HSO4, TFA. 

It is noted in [22] that proline-catalyzed direct asymmetric Mannich reactions of N-para-

methylphenols and α-iminoethylglyoxylate with various aldehydes and ketones in IL, forming 

derivatives of α- and β-amino acids with excellent yields and enantioselectivity, providing easy 

product isolation and recycling the catalyst, and significantly improving the reaction rate, about 

4-50 times. Three-component Mannich reactions with the participation of other imines also 

proceed well in IL. 

It is noted that the three-component Mannich reaction of ketones, aromatic aldehydes, and 

aromatic amines is catalyzed by four acidic Bronsted IL containing iodide and borate at room 

temperature. IL was used as a catalyst and solvent to obtain some Mannich bases in high yield 

(75%) within a much shorter reaction time (20 minutes) [23]. The reaction proceeds as follows: 

 

. 
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A three-component Mannich-type reaction of aromatic aldehydes, ketones, and amines is 

catalyzed by a new acidic IL based on choline. The proposed catalyst was a Lewis-Bronsted 

double acid as a moisture resistant catalyst. β-Aminocarbonyl compounds were obtained at room 

temperature in moderate to high yields ranging from 63 to 98%. After the reaction, the catalyst 

can be regenerated and reused for up to five uses without any apparent decrease in activity. In 

addition, the catalyst was environmentally friendly with a significant biodegradation rate [24]. 

The reaction proceeds according to the scheme: 

, 

, 

X = BF


4 ; CF3S


3
; PF 

6
. 

In [25], new dimeric ILs were synthesized from simple, environmentally friendly solvents 

and readily available starting materials. The authors tested the catalytic activity of these ILs in 

the Mannich reaction and observed higher yields and a decrease in reaction time. The authors 

established a good effect of the synthesized IL on cyclic voltammetric studies. 

Work [26] describes a three-component reaction of anilines with ketones and aldehydes, 

leading to the formation of β-aminocarbonyl compounds in the presence of sulfated MCM-41 as 

a solid acid catalyst suitable for secondary processing. This method has several advantages, such 

as simple and easy working procedures with shorter reaction times and high yields of Mannich 

bases. 

In our works [27-29], a three-component aminomethylation reaction was studied with the 

participation of norbornenylmethanol, formaldehyde (benzaldehyde) and secondary aliphatic 

amines (diethylamine, dipropylamine, dibutylamine, dipentylamine, dihexylamine) in the 

presence of IL – N-methylpyrrolidonium hydrogen sulfate.  

N-Methyl-2-pyrrolidone is an organic compound composed of a 5-membered lactam. It is a 

colorless liquid, although impure specimens may be yellow in color. It is miscible with water and 

with most common organic solvents. It also belongs to the class of dipolar aprotic solvents. 

. 
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Dimethylpiperazine is a dimethyl derivative of cyclic diamine – piperazine. 

 

. 

Both of these compounds are capable of forming IL, which can be used as catalysts in 

various chemical processes. 

, 

X = H, C6H5; NR2 = N(C2H5)2, N(C3H7)2, N(C4H9)2, N(C5H11)2, N(C6H13)2, piperidino, 

morpholino, azepano; cat. = N-methylpyrrolidonium hydrogen sulfate, 1,4-dimethylpiperazine 

dihydrosulfate. 

The reaction was carried out in a benzene solution at 78–80°C for 0.5–1.0 h at an 

equimolar ratio of the reagents; the catalyst was used in an amount of 1 wt.%. The 

physicochemical properties of the obtained compounds were determined, their composition and 

structure were confirmed using the data of elemental analysis, IR, 
1
H and 

13
C NMR 

spectroscopy. The effect of the nature of the IL used as a catalyst on the yield of the target 

adduct was studied. The research results are presented in Tab. 4. 

Table 4. Influence of the nature of the IL used on the yield of synthesized Mannich bases 

X NR2 

Yield of compounds (%) in the present of different catalysts 

N-methylpyrrolidon 
hydrosulfate 

1,4-Dimethylpiperazine 
dihydrosulfate  

H N(C2H5)2 87 86 

H N(C3H7)2 80 77 

H N(C4H9)2 87 84 

H N(C5H11)2 94 93 

H N(C6H13)2 90 91 

H Piperidino 78 75 

H Morpholino 87 82 

H Azepano 86 82 

C6H5 N(C2H5)2 81 78 

C6H5 N(C4H9)2 90 88 

C6H5 N(C5H11)2 92 92 

C6H5 N(C6H13)2 94 93 

C6H5 Piperidino 83 79 

C6H5 Morpholino 86 82 

C6H5 Azepano 82 79 
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As you can see from the Tab. 4, when N-methylpyrrolidone hydrogen sulfate is used, the 

yield of synthesized Mannich bases is slightly higher than when 1,4-dimethylpiperazine 

dihydrosulfate is used. In addition, we have shown that the ILs used by us in the same 

aminomethylation reaction lead to higher yields of Mannich bases compared to other used 

catalysts, in particular, metal salts (copper, samarium). 

The presented analysis of the results of studies in the field of aminomethylation reactions 

in the presence of ionic liquids, as well as the results of our own studies, lead to the conclusion 

that there are broad prospects for the use of these compounds both in the Mannich reaction and 

in many other reactions of organic synthesis under green chemistry conditions. Environmental 

cleanliness, ease of design and the possibility of repeated use through regeneration create 

significant prerequisites for the effective use of ionic liquids in the Mannich reaction. Thus, the 

presented article confirms the undoubted both scientific and theoretical interest in terms of 

organic and petrochemical synthesis. The aminomethylation reaction in the presence of ionic 

liquids allows one to obtain the target products (Mannich bases) in higher yields and 

stereoselectivity. 
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