
INEOS OPEN – Journal of Nesmeyanov Institute of Organoelement Compounds of the Russian Academy of Sciences 

 90 

O. N. Gorunova, INEOS OPEN, 2021, 4 (3), 90–102 

 

MODIFICATION OF HETEROCYCLES BY 
AMIDOALKYLATION 

Cite this: INEOS OPEN, 
2021, 4 (3), 90–102 
DOI: 10.32931/io2113r 
 
Received 16 February 2021, 

Accepted 13 April 2021 

 
http://ineosopen.org 

O. N. Gorunova 

Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 

ul. Vavilova 28, Moscow, 119991 Russia 

Abstract 
The functionalized derivatives of heterocyclic compounds 

find extensive application in medicine, agriculture, and many 
fields of chemistry as precursors for more complex products that 
display remarkable biological and catalytic activities. A whole 
range of different heterocycles can be obtained by intra- or 
intermolecular amidoalkylation. This review presents the 
examples of successful application of the reactions of C-
amidoalkylation, in particular, enantioselective reactions for the 
modification of heterocycles and outlines the prospects of their 
further application.  
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Introduction 

Heterocyclic compounds are firmly settled in our everyday 
life owing to their valuable properties. They are used in 
agrochemistry [1, 2], display catalytic activity in different 
reactions [3], find application as luminescent materials [4] and 
in photochemistry [5]. Perhaps, the most important feature of 
heterocycles is their high biological activity. Many heterocyclic 
compounds exhibit prominent antimicrobial, antitumor, 
antimalarial, antituberculosis, antifungal, and antidiabetic 
properties; they are often involved in drugs and are used as 
antidepressants [6–11]. Such a broad spectrum of biological 
activity promotes a continuous search for new available 
representatives of this class of compounds and the development 
of simple and efficient routes for their synthesis. Thus, a whole 
range of heterocyclic compounds can be derived by the Mannich 
reaction or related processes that proceed through the formation 
of N-acyliminium ions. The amidoalkylation reaction, which is 
used as a general method for the formation of С–С and С–Het 
(Het – heteroatom) bonds, is an essential modification of the 
Mannich reaction. Compared to the latter, it has several 
advantages that considerably extend its synthetic potential. First, 
a wide range of available α-amidoalkylating agents opens the 
way to diverse products. Second, owing to the high 
electrophilicity of an N-acylmethylene iminium ion compared to 
a methylene iminium ion, some weak nucleophiles that are 
inactive in the Mannich reaction readily enter the α-
amidoalkylation reactions. Over recent years, particular 
attention has been drawn to enantioselective modifications of 
amidoalkylation [12–15]. 

Of special interest is the C-amidoalkylation of heterocyclic 
systems. Although there are several comprehensive reviews on 

amidoalkylation [14, 16–19], the peculiarities of 
amidoalkylation of heterocyclic compounds have not been 
considered. The examples of successful application of 
amidoalkylation for modification of different classes of 
heterocyclic compounds are presented below. 

Methods for the generation of N-acyliminium 

ions 

In modern synthetic organic chemistry, reactions involving 
N-acyliminium ions have become one of the most efficient 
methods for the creation of carbon–carbon bonds. These reactive 
ions are usually generated in situ from the appropriate 
substrates. The N-acyliminium cation is not formed in a 
stoichiometric amount during the reaction and exists in the 
equilibrium with a covalent adduct (Fig. 1). 

 

Figure 1. Equilibrium between the N-acyliminium cation and its 
covalent form. 

The ratio of the ionic and covalent forms can vary 
depending on the anion nature and reaction conditions [20]. The 
presence of a carbonyl group at the α-position relative to the 
nitrogen atom, which is capable of delocalizing a positive 
charge, enhances the stability of N-acyliminium particles that 
exhibit high reactivity. 

The most popular methods for the generation of N-
acyliminium ions are as follows: (i) reactions of 



INEOS OPEN – Journal of Nesmeyanov Institute of Organoelement Compounds of the Russian Academy of Sciences 

 91 

O. N. Gorunova, INEOS OPEN, 2021, 4 (3), 90–102 

hydroxylactams, methoxy-, hydroxy-, and acyloxyamides with 
protonic or Lewis acids [21, 22] (Fig. 2а); (ii) dipolar 
cyclization resulting in oxazole or thiazole ions [23–25] (Fig. 
2b); (iii) oxidation of amides using electrochemical techniques 
[26, 27] (Fig. 2c); (iv) acylation of cyclic imines at the nitrogen 
atom with acid halides [28, 29] (Fig. 2d); (v) protonation of 
cyclic enamides [30, 31] (Fig. 2e); (vi) addition of amides and 
lactams to aldehydes followed by the dihydroxylation of α-
hydroxy derivatives [32] (Fig. 2f). 

 

Figure 2. Methods for the generation of N-acyliminium ions. 

The methods for obtaining and further transformations of N-
acyliminium ions have been discussed in more detail in a 
number of reviews [12, 14, 16–19, 33, 34]. In particular, 
Mazurkiewicz et al. described the main classes of 
amidoalkylating reagents, their synthetic routes, and reactivity 
towards different nucleophiles [14]. The most common catalysts 
for the amidoalkylation reactions are protonic (e.g., HCO2H, 
AcOH, H2SO4, MeSO3H, trifluoroacetic acid (TFA), p-
toluenesulfonic acid (p-TSA)) and Lewis (BF3–OEt2, SnCl4, 
TiCl4, FeCl3, ZnBr2, MgBr2, etc.) acids. 

Pyridine and its fused analogs 

There are no examples of С-amidoalkylation of pyridine, 
presumably, due to its low activity in electrophilic substitutions; 
however, its fused analogs readily enter this reaction. One of the 
first reports dealt with acridine. Its amidomethylation was 
accomplished under the action of N-hydroxymethylbenzamide 
and N-hydroxymethylchloroacetamide in conc. H2SO4 [35]. 

A more active analog of acridine, 2,7-dimethylacridone 1, 
undergoes amidoalkylation under the action of both N-

hydroxymethylbenzamide 2 and N-hydroxymethylphthalimide 3 
in H2SO4, providing the target products in almost quantitative 
yields [36] (Scheme 1). 

 

Scheme 1 

Efficient amidoalkylating agents for 8-hydroxyquinoline 4 
appeared to be N-hydroxymethyl-3,5-dichloro-2- 
hydroxybenzamide [37] and methylene-bis-acetamide 5 [38], 
which afforded 5-substituted products. Thus, the reaction of 8-
hydroxyquinoline 4 with methylene-bis-acetamide 5 upon 
heating with POCl3 furnished desired product 6 in 84% yield 
(Scheme 2). 

 

Scheme 2 

The application of trichloroethylsulfonamides 7 in reactions 
with 2-aminopyridines 8 opened the way to a series of 
functionalized imidazo[1,2-a]pyridines 9 bearing a 
pharmacophoric sulfonamide group [39] (Scheme 3). The yields 
of the target products varied from low to moderate (21–61%). 
The main advantage of this approach is the selective formation 
of 2-sulfonylamino products without their 3-substituted isomers. 

 

Scheme 3 

Kartsev et al. [40] explored the behavior of alkaloid 
cotarnine derivatives, namely, 1,2-dihydrocotarnine and 
cotarnone 10, in the reaction with N-hydroxymethylacylamides 
11 in H2SO4 (Scheme 4). The acylamidomethyl cotarnine 
derivatives can be used for the production of the corresponding 
aminomethyl derivatives since the Mannich reaction in the case 
of 10 is hardly possible due to insufficient reactivity of a 
benzene ring. 

 

Scheme 4 

Recently, Truscello and Gambarotti [41] showed that the 
reaction of quinoline 12 as well as its methyl- and fluorine-
substituted derivatives with the simplest amides efficiently 
proceeds in the presence of persulfate salts at relatively low 
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temperatures and in the absence of acids or metal-containing 
catalysts over short periods of time (Scheme 5). 

 

Scheme 5 

Along with N,N-dimethylacetamide (DMAA), the 
amidoalkylating agents in use were N,N-dimethylformamide, N-
methylacetamide, and N-methylpyrrolidone. As it could be 
expected, the derivatives of pyridine, for example, 4-
cyanopyridine were less active in this reaction (yield 33%). The 
authors suggested a free-radical mechanism for this 
transformation that includes the initial decomposition of the 
persulfate anion to the corresponding sulfate anion-radical 
through the direct release of hydrogen or electron transfer from 
the amide, resulting in the formation of a nucleophilic 
amidoalkyl radical which, in turn, attacks the heteroaromatic 
ring [41]. The resulting intermediate radical undergoes 
aromatization under the action of persulfate itself, which leads 
to the formation of a new sulfate anion-radical that continues a 
chain. The important advantages of this approach are a reduction 
in the amount of side products and wastes, as well as the lack of 
metals in the target products, which is particularly important 
from the viewpoint of the application in medicine [41]. 

Amidoalkylation of azoles 

In the reactions with pyrazoles 14, (alkylidene)bis-ureas 15 
can be used as the amidoalkylating agents [42]. If position 5 of a 
pyrazole ring is occupied, then the electrophilic attack proceeds 
at another nucleophilic center—position 4 (Scheme 6). 

 

Scheme 6 

The selectivity of the reactions of 1-substituted 5-
aminopyrazoles 14 with (alkylidene)bis-ureas 15 depends on the 
structure of the latter. For example, the application of 15а (R2 = 
H) afforded exclusively product 16, whereas, in the case of 15b 
(R2 = Ph), the reaction was accompanied by the oxidation and 
provided a mixture of products 16 and 17. The yields were not 
high and ranged within 15–50%. 

The amidoalkylation can be used to introduce a new 
heterocyclic moiety into pyrazole derivatives [43]. Thus, the 
reaction of pyrazoles 18 with the derivatives of pyrazolidine 19 
on the surface of an adsorbent in the absence of solvents allowed 
for obtaining pyrazolidinylpyrazoles 20a,b (Scheme 7). 

Based on the green chemistry principles, Dascalu et al. [44] 
developed the cesium-catalyzed amidoalkylation of substituted 
pyrazole 18b in the absence of a solvent at the reduced pressure. 

Thus, under optimal conditions, 5-methoxypyrrolidone 21 
reacted with pyrazole 18b, resulting in bis-heterocyclic 
derivative 22 in good yield (Scheme 8). 

 

Scheme 7 

 

Scheme 8 

The proposed mechanism of this transformation includes the 
following steps. First, CsF interacts with the MeO oxygen lone 
pair, giving rise to an intermediate ion 3,4-dihydro-[2Н]-pyrrol-
2-one. At the next step, this intermediate acyliminium ion 
undergoes nucleophilic attack that leads to the formation of 
multifunctional compound 22. 

An efficient and economical approach to 2-amidoalkylated 
benzothiazoles 24a–f was reported by Wang et al. [45]. DMAA 
was used as a reagent and K2S2O8 was used as a cheap oxidizing 
agent. The reaction was accomplished in the absence of a 
solvent in the air (Scheme 9). 

 

Scheme 9 

The authors suggested a radical mechanism of this 
transformation. The homolytic cleavage of the peroxydisulfate 
dianion results, first, in a sulfate anion-radical S2O8

–. This 
anion-radical abstracts one of the hydrogen atoms in N,N-
dimethylacetamide and the hydrogen atom at the С(2) position 
of the benzothiazole, generating the corresponding radicals that 
form the target coupling products. However, in this case, the 
most probable radical-chain mechanism is excluded. 

Later, Weng et al. [46] suggested a two-component 
photocatalytic system for the С-amidoalkylation of 
benzothiazoles with N,N-dimethylamides in the absence of 
solvents that was mediated by Eosin Y dye under visible light. 
The photocatalyst in use was a cheap and readily available 
xanthene dye Eosin Y; the oxidizing agent was K2S2O8 (Scheme 
10). 

 

Scheme 10 
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Thus, methoxy-substituted benzothiazole 23с underwent 
amidoalkylation with N,N-dimethylacetamide under mild 
conditions, affording target product 24с in high yield. Unlike the 
previous work [45], owing to the application of a two-
component system, the reaction can be carried out at room 
temperature for a broad range of substrates. 

Amidoalkylation of thiophenes 

As the most stable to acids five-membered heterocycles, 
thiophenes readily undergo amidoalkylation. The reagents can 
be not only α-hydroxyalkylamides but also the corresponding 
ethers [47]. The reaction of an excess of thiophene with cyclic 
reagent 25 in the presence of boron trifluoride etherate afforded 
target product 26 in good yield (73%) (Scheme 11). 

 

Scheme 11 

An interesting approach was applied to thiophenes where an 
amidoalkylating agent was glyoxylic acid amide 27 [48] 
(Scheme 12). 

 

Scheme 12 

This approach is of particular significance since it provides a 
high-yield synthesis of nonproteinogenic α-amino acids. It 
should be noted that the use of an acetyl analog of 27 in 98% 
H3PO4 at 45 °С was not so efficient: the yield of the 
amidoalkylation product analogous to compound 28 appeared to 
be half as high. 

Thiophenes can also undergo amidoalkylation under the 
action of cyclic carbamates 29. They result from the 
electrophilic attack of the isocyanate carbon atom at the hydroxy 
group of salicylaldehyde followed by cyclization. The 
subsequent interaction of carbamate 29 with thiophene leads to a 
target product in high yield. The catalyst in use was p-TSA; 
during the reaction, water was removed by the azeotropic 
distillation [49] (Scheme 13).  

The reactions of thiophenes with N-alkylidene sulfonamides 
30 catalyzed by sulfuric acid were also reported [50, 51]. 2-
Chlorothiophene efficiently reacted with sulfonamides 30a,b to 
afford 2,5-disubstituted thiophenes 31a,b in good yields (58–
73%) (Scheme 14). 

 

Scheme 13 

 

Scheme 14 

New heterocyclic derivatives of thiophene were obtained by 
the amidoalkylation with N-acyliminium reagents derived from 
cyclic imines—3,4-dihydro-β-carboline 32 [52] and 3,4-
dihydroisoquinoline 33 [53]. The N-acyliminium intermediates 
were generated in situ from the corresponding cyclic imine and 
acyl or benzoyl chloride upon cooling. The interaction of 
thiophene with 32 and 33 in the presence of BF3–Et2O afforded 
new substituted derivatives of thiophene 34 and 35 in moderate 
yields (Scheme 15). 

 

Scheme 15 

The yield of compound 35a increased to 60% when BF3–
Et2O was replaced for anhydrous AlCl3. 

Over recent years, the amidoalkylation catalyzed by metal 
salts has been widely used for the formation of С–С and С–Het 
bonds. The catalyst choice for these transformations depends on 
the relative ability of metals to form σ- or π-complexes with the 
corresponding substrates [54]. Dutta et al. [55] suggested a 
bimetallic system for the amidoalkylation of C-, N-, O-, and S-
nucleophiles. The authors supposed that the synergistic 
functions of several active centers in the catalyst can afford 
higher activity and selectivity owing to the substrate activation 
by the formation of both σ- and π-complexes. 

The amidoalkylation of 2-methylthiophene with 2-benzyl-3-
hydroxyisoindolin-1-one 36а in the presence of Pd(II)/Ag(I) 
bimetallic catalyst generated in situ under mild conditions gave 
rise to 2-benzyl-3-(5-methylthiophen-2-yl)isoindolin-1-one 37 
(Scheme 16, А). 

 

Scheme 16 

Later, Zhang et al. [56] presented the first example of Ni(II)-
catalyzed intermolecular amidoalkylation involving the same 
reagents, which afforded 3-substituted isoindolinone 37 in high 
yield (Scheme 16, B). The authors proposed that 
Ni(ClO4)2·6Н2О acts as the Lewis acid that facilitates the 
activation and removal of the hydroxy group from the C(3) 
position during the formation of the acyliminium ion. The 
subsequent nucleophile attack at the N-acyliminium ion results 
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in the formation of C–C or C–Het (O, S, and N) bonds followed 
by the deprotonation of the intermediate product that affords 3-
substituted isoindolinones (Fig. 3). 

 

Figure 3. Proposed mechanism of the reaction catalyzed by Ni(II) salts. 

Amidoalkylation of pyrroles 

For many heterocycles, the catalysis by H2SO4 is quite 
efficient, whereas for pyrroles such a reaction medium is 
inapplicable. Ufer et al. [57] studied the amidomethylation of 
substituted pyrroles under the action of N-
hydroxymethylacetamide and N-hydroxymethylchloroacetamide 
in the presence of an alcohol saturated with HCl. De la Hoz et 

al. [58] showed the possibility of application of methyl α-
acetamidoacrylate 38 as an amidoalkylating agent for pyrroles. 
In all cases, the catalysts were applied to silica gel: ZnCl2 
[Si(Zn)], Et2AlCl [Si(Al)], or TiCl4 [Si(Ti)]. Depending on the 
reaction conditions, both the products of amidoalkylation 39 and 
the products of the Michael addition 40 can be formed (Scheme 
17). 

 

Scheme 17 

Thus, the interaction of 38 with pyrrole in the presence of 
AlEt2Cl or TiO4 applied to silica gel resulted in a mixture of 2-
substituted products 39 and 40 with a significant dominance of 
the amidoalkylation product (compound 39) (the yields of the 
compounds in the case of Si(Al) were 51% and 12%, 
respectively). In the presence of ZnCl2, the reaction afforded 
exclusively the Michael addition product (compound 40, 70%). 
It should be noted that the reaction with N-benzylpyrrole under 
any conditions yielded only a 2-substituted product analogous to 
39. 

A series of reports [59–61] were dedicated to the interaction 
of pyrroles with N-alkylidene sulfonamides. Depending on the 
reagent structure and conditions, the reactions afforded 
exclusively the products of mono- or disubstitution (compounds 
41 and 42, respectively). For example, the amidoalkylation of 
pyrrole with sulfonamide 30с at a ~4:1 ratio of the reagents 
resulted in monosubstitution product 41, whereas disubstituted 
analog 42 was formed at a 1:2 ratio; the yields of these products 
composed 85% and 74%, respectively (Scheme 18). 

 

Scheme 18 

Subsequently, the same research group [59] showed an 
opportunity of the interaction of a series of N-substituted 
pyrroles with N-arylsulfonylimines that resulted in the formation 
of the corresponding 2-substituted products of amidoalkylation 
or their mixtures with 3-substituted analogs, depending on the 
structure of the aryl sulfonamide, nature of the N-substituent in a 
pyrrole, and reaction conditions. 

Stremski et al. [62] suggested an efficient one-pot method 
for the modification of pyrrole. For this purpose, the authors 
used a series of azoles as amidoalkylating agents. They were 
reacted with acyl chlorides or alkyl chloroformates to provide 
the corresponding N-acyliminium reagents, which then were 
reacted with pyrrole in the presence of triethylamine. Thus, the 
reaction of pyrrole with benzothiazole 43 under mild conditions 
afforded a series of bis-heterocyclic compounds 44 in high 
yields (Scheme 19). 

 

Scheme 19 

It should be noted that the presence of a bulky thiazole 
moiety in the pyrrole molecule offers an opportunity for the 
application of these compounds as antifungal and 
antituberculosis agents [62]. 

The same research group suggested using the reagents based 
on cyclic imines, namely, 3,4-dihydro-β-carboline 32 [52] and 
3,4-dihydroisoquinoline 33 [53] for amidoalkylation of pyrroles. 
The corresponding N-acyliminium ions were generated in situ 
under the action of acyl chlorides or ethyl chloroformates; 2-
substituted pyrroles 45a–c were isolated in moderate yields. At 
the same time, the yields of 2-substituted pyrroles 46a–c ranged 
from very low (8%, 46а) to good (61% and 72% for 46b and 
46c, respectively) (Scheme 20). It should be noted that the 
reaction with 32 proceeded selectively and resulted only in 
monosubstituted pyrroles 45; at the same time, 33, depending on 
the ratio of the initial compounds, afforded a mixture of mono- 
and disubstituted pyrroles in different ratios. 

 

Scheme 20 

Amidoalkylation of furans 

There are only a few examples of amidoalkylation of furan 
or its derivatives. Shono et al. [63] described the interaction of 
furan with α-methoxyurethanes and α-methoxyamides. For 
example, furan efficiently reacted with α-methoxyurethane 47, 
resulting in 2-substituted furan 48 in high yield (Scheme 21).  

The amidoalkylation of trialkylsilyl-substituted furans with 
N-acyliminium ions generated from 1-benzyloxycarbonyl-2-
alkoxypyrrolidines represents one of the key steps in the  



INEOS OPEN – Journal of Nesmeyanov Institute of Organoelement Compounds of the Russian Academy of Sciences 

 95 

O. N. Gorunova, INEOS OPEN, 2021, 4 (3), 90–102 

 

Scheme 21 

synthesis of alkaloid croomine [64–66]. Tranchant et al. [64] 
used HNTf2 as a more active and less aggressive catalyst than 
the Lewis acids, whereas Martin et al. [65, 66] used a 
conventional catalyst—BF3–Et2O. The interaction of 2-
trimethylsiloxyfuran 49 with carbamates 50 in the presence of 
HNTf2 under mild conditions (room temperature, 5 min) 
provided a mixture of amidoalkylation products 51 in almost 
quantitative yield and remarkable diastereoselectivity de ~76% 
(threo/erythro ratio 8:1) [64] (Scheme 22). 

 

Scheme 22 

The introduction of a bulky triisopropylsilyl (TIPS) group 
into a furan molecule enabled an increase in the 
diastereoselectivity of this reaction (de ~88%, threo/erythro-

15:1) [65]. 
Similar to other five-membered heterocycles, furans also 

readily react with N-alkylidene sulfonamides of type 30 [50, 67]. 
In this case, the catalyst in use was BF3–OEt2 since furan is less 
stable to the action of acids than, for example, thiophene 
(Scheme 23). 

 

Scheme 23 

The amidoalkylation of furan with methyl α-
acetamidoacrylate 38 was shown to produce 2-substituted furans 
of type 39, although the yields were very low (3–18%) [58]. 

Recently, two research groups independently described 
Bi(OTf)3-catalyzed three-component amidoalkylation of 
(hetero)arenes involving amides and aldehydes [68, 69]. The 
aldehydes in use were formaldehyde and a range of alkyl- and 
arylaldehydes. For example, the reaction of benzamide 53 with 
alkylaldehydes 54 and 2-methylfuran catalyzed by bismuth(III) 
triflate under optimized conditions afforded target products 55 
in good yields (Scheme 24). The application of the nontoxic 
catalyst and the formation of water as a single side product 
allows one to attribute this method to green chemistry 
techniques. 

 

Scheme 24 

Amidoalkylation of indoles 

Unlike unfused five-membered aromatic heterocycles, in the 
case of indoles, there is an alternative direction of 
amidoalkylation that involves a benzene ring. It is realized 
indeed in the systems catalyzed by an excess of sulfuric acid 
[70]. 

The protonation of a pyrrole ring leads to the deactivation of 
both benzene and pyrrole rings but the latter is deactivated to a 
higher extent. If the benzene ring does not contain donor 
substituents, then the reactions with the low-active 
amidoalkylating agents such as N-hydroxymethylacetamide and 
N-hydroxymethylbenzamide do not proceed [70, 71]. The 
reactions of 2-methyl- or 2,3-dimethylindoles with N-
hydroxymethyltrichloroacetamide 56 proceeded predominantly 
at the C(5) position (Scheme 25); if the latter was occupied, then 
the substitution proceeded at the С(6) position. At the same 
time, 7-methylindoles reacted by the С(6) position even when 
the C(5) position was free, although the selectivity, in this case, 
was not high [70, 71]. 

 
Scheme 25 

The amidoalkylation of indoles at the pyrrole ring can be 
carried out under the action of almost all the earlier mentioned 
reagents used for five-membered heterocycles; the attack 
proceeds at the С(3) position and when it is occupied, at the 
С(2) position. For example, N-α-chloroalkylamides generated in 

situ from trialkylhexahydro-1,3,5-triazines and acid chlorides 
are efficient reagents for indoles [72]. The amidoalkylation of 
N-methyl-substituted indole in the presence of 1,3,5-
trimethylhexahydro-1,3,5-triazine 58 and acid chloride 59 
proceeded in 1 h at room temperature and led to 3-substituted 
indole 60 (Scheme 26). 

 
Scheme 26 

Mao et al. [73] reported the efficient amidoalkylation of 
indoles in the presence of SmI3 as a catalyst. The reactions of 
indoles with N-(α-benzotriazol-1-yl-alkyl)amides 61 catalyzed 
by SmI3 afforded target 3-indolylarylmethanamides 62 in high 
yields (Scheme 27). N-Substituted indoles also actively enter 
this reaction. 

It should be noted that the application of the Lewis acids, 
namely, ZnCl2, AlCl3, and FeCl3 in this reaction was not 
successful. 

Recently, the possibility of application of dithiocarbamates 
63 as amidoalkylating agents in reactions with indoles in the 
presence of AlCl3 was demonstrated (Scheme 28) [74]. 
Unsubstituted indole as well as its 5-Br and N-Me-substituted 
analogs also efficiently interacted with dithiocarbamates and 
furnished target products of type 64 in high yields (70–82%). 
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Scheme 27 

 

Scheme 28 

Indole and its derivatives can react with the simplest 
dialkylamides 65, for example, under conditions of redox 
catalysis [75]. The oxidation of dialkylamides was accomplished 
under the action of ammonium persulfate in the presence of 
Ru(bpy)3Cl2 at room temperature and afforded the reactive N-
acyliminium intermediate which then interacted with substituted 
indoles (Scheme 29). 

 

Scheme 29 

In general, photocatalysis requires lower temperatures and 
provides higher yields and better selectivity than analogous 
reactions performed upon heating. It should be noted that in all 
cases the reaction proceeded selectively and furnished only 3-
substituted indoles 66a–d. 

Padwa and Waterson [76] suggested a modification of the 
amidoalkylation reaction of indoles that consisted in the 
intramolecular π-cyclization of thio analogs of hemiaminals—α-
thiophenyl lactams 67 obtained by the Pummerer reaction from 
corresponding amidosulfoxides 68, which resulted in the 
formation of polycyclic systems. Thus, indolyl-substituted 
thiophenyl lactam 67 formed the intermediate N-acyliminium 
ion under the action of BF3–AcOH, which subsequent 
cyclization led to target product 69 (Scheme 30). 

It is known that the Plancher rearrangement for indoles is 
possible in an acidic medium [77, 78]. It results in the 
interchange of substituents at positions 2 and 3. The 
amidoalkylation can also be accompanied by this side process 
that sometimes becomes the main one. The rearrangement 
affords a more stable isomer; therefore, in the case of alkyl- and 
arylindoles, 3-substituted derivative rearranges into 2-
substituted one, while for 2-acylindoles an opposite situation is 
observed. Sviridova et al. [79] noted that the reactions of indoles 

 

Scheme 30 

with hydroxypyrazolidines 19 under conditions of 
heterogeneous acid catalysis in some cases lead to the 
substitution at the С(2) position even when it is already 
occupied. The substituent at the C(2) carbon atom migrates to 
the C(3) position (Scheme 31). This rearrangement is facilitated 
when the С(2) position of the pyrrole ring is occupied by a 
readily migrating substituent, for example, benzyl or phenyl 
group; however, in the case of 1,2-dimethylindole, even the 
methyl group migrates. 

 

Scheme 31 

It should be noted that this is one of the first examples of the 
introduction of cyclic hemiamidals into amidoalkylation of π-
donor heterocycles. The application of (hetero)cyclic 
amidoalkylating agents in the reactions with indoles is gaining 
popularity in recent years. It is known that the simultaneous 
presence of two heterocyclic groups in one molecule often 
enhances the biological activity of resulting compounds; this is 
valid for both symmetrical systems and the compounds that do 
not possess molecular symmetry. 

In this respect, of particular interest are the compounds 
bearing indole and γ-aminobutyric acid (e.g., γ-butyrolactone) 
moieties. Sadovoy et al. [80] suggested a simple and efficient 
method for the synthesis of this type of indole derivatives. Thus, 
the reaction of 1-alkyl-5-hydroxypyrrolidin-2-ones 71 with 
indoles featuring a free second position (R2 = H) led exclusively 
to 1-alkyl-5-(indol-2-yl)pyrrolidin-2-ones 72 (Scheme 32, route 
А). If position 2 was occupied, then 1-alkyl-5-(indol-3-
yl)pyrrolidin-2-ones 73 (Scheme 32, route B) were formed in 
moderate yields. 

 

Scheme 32 

Earlier the same research group developed the method for 
amidoalkylation of oxyindoles 74 under conditions of 
heterogeneous phase-transfer catalysis involving 1-acetyl-5-
hydroxypyrazolidines 19 (Scheme 33) [81]. A range of earlier 
unknown 3-(5-pyrazolidinyl)oxyindoles 75 were obtained under 
mild conditions in moderate yields. 

Sviridova et al. [82] revealed that both indole itself and its 
1- and/or 2-substituted derivatives react with 2-alkyl-3-
hydroxyphthalimides 36 at room temperature in the presence of 
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Scheme 33 

catalytic amounts of boron trifluoride etherate; the attack is 
directed at position 3 of the indole ring (Scheme 34). A series of 
2-alkyl-3-(indol-3-yl)-1,3-dihydroisoindol-1-ones 76a–d was 
obtained in good yields. 

 
Scheme 34 

Recently, a bimetallic catalytic system was developed for 
the efficient intermolecular amidoalkylation of indole and its 
derivatives involving the same reagents [55]. Thus, the reaction 
of indole with 2-phenyl-3-hydroxyphthalimide 36f in the 
presence of Pd(II)/Ag(I) bimetallic catalyst generated in situ led 
under mild conditions to amidoalkylation product 76е in 90% 
yield (Scheme 35). 

 

Scheme 35 

The role of AgPF6 is reduced to the formation of a vacant 
position in the palladium coordination sphere and in situ 
generation of catalytically active species, [Pd(MeCN)4]

2+. It 
should be noted that in the presence of only PdCl2(MeCN)2 or 
AgPF6, the amidoalkylation does not proceed [55]. This 
catalytic system appeared to be more efficient than the Lewis 
acids, such as BF3–Et2O, FeCl3, and SnCl4, and the Broensted 
acids, such as HCl, HPF6, or p-TSA (the yields of 76 composed 
only 10–26%). It is noteworthy that the indoles bearing 
substituents in the aromatic ring (R1 = MeO, Br, NO2) also enter 
this reaction and give rise to amidoalkylation products 76f–h in 
63–88% yields (Scheme 35) [55]. 

Sviridova et al. [83] showed the possibility of application of 
a cyclic hemiamidal, 1-phenyl-5-hydroxyimidazolidin-2-one 77 
as the amidoalkylating agent in the synthesis of unsymmetrical 
heterocyclic compounds based on indole. The reaction was 
accomplished under the Lewis acid catalysis, which provided 
appreciable yields of desired products 78 or 79 (Scheme 36). 

The authors note that, despite the known examples of ami- 

 

Scheme 36 

doalkylation of indole at the С(1) and С(5) positions [70], the 
electrophilic attack was expectedly directed at the С(3) position 
of the pyrrole ring of indole. The products of amidoalkylation at 
the С(1) and С(5) positions of indoles were not observed even 
upon application of strong acids such as sulfuric or 
trifluoroacetic acids. The experiments on mouse microglia BV-2 
(CVCL_0182) and human neuroblastoma SH-
SY5Y(ATCCCRL-2266) cell lines revealed that bis-
heterocycles 78a–f exhibit cytotoxicity and anti-inflammatory 
activity. 

Donova et al. [52] described the synthesis of the derivatives 
of alkaloid 1,2,3,4-tetrahydroeudistomin via amidoalkylation of 
indole. Upon interaction with indole, the N-acyliminium reagent 
generated in situ from 3,4-dihydrocarboline 32 and acyl 
chlorides led to polycyclic structures 80 in good yields (Scheme 
37). 

 

Scheme 37 

The authors emphasized the importance of an order of the 
reagents. If Et3N is added simultaneously with indole, then a 
side product of the secondary acylation of a carboline moiety is 
formed. 

The same approach was used for the synthesis of a plant 
alkaloid of the indole series camalexin [84]. A simple two-step 
method was suggested that is based on the α-amidoalkylation of 
indole with N-acylthiazolium reagents followed by the removal 
of the alkoxycarbonyl group via oxidation (Scheme 38). 

 

Scheme 38 

Analogously, benzocamalexin and azacamalexin were 
synthesized in 72–96% yields. The advantages of this approach 
include ease of performance, lack of expensive catalysts and 
sensitive organometallic reagents, as well as high yields of the 
resulting unsymmetrical heterocycles. 
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The benzothiazole reagent was used also in the 
amidoalkylation of 3-acetylindoles [85]. The reactive N-
acyliminium cations were generated in situ and then reacted 
with acylindole, leading to amidoalkylation products 83 
(Scheme 39). 

 

Scheme 39 

Enantioselective amidoalkylation 

In recent years, asymmetric modifications of α-
amidoalkylation have been developed that lead to natural 
products and biologically active heterocyclic compounds 
bearing tertiary or quaternary stereogenic centers. Considerable 
progress in this field is connected with the application of the 
chiral Broensted acids (mainly binol derivatives of phosphoric 
acid) [13–15, 86]) or hydrogen bond donors (mainly ureas and 
thioureas [13, 14, 87]) (Fig. 4). 

 

Figure 4. Chiral catalysts of enantioselective amidoalkylation. 

Below we present the most prominent examples of 
enantioselective amidoalkylation of heterocycles. Thus, Peterson 
and Jacobsen used a chiral catalyst based on thiourea with cyclic 
amide component 85 in the intermolecular cyclization of N-
acyliminium ions obtained from hydroxylactams 86 with indoles 
as nucleophiles (Scheme 40) [87]. 

 

Scheme 40 

A broad range of indole nucleophiles was used as the 
substrates. In the case of electron-donating substituents in the 
indole ring (R = Me, OMe, alkyl, etc.), the reactions proceeded 
with high yields and stereoselectivities (60–93%, ее 80–95%). 
The halogen-substituted indoles (R = F, Cl, Br) required the 
application of BCl3 instead of trimethylchlorosilane (TMSCl); 
the yields of the target products were somewhat lower while the 

enantioselectivities remained high (yields 12–87% and ee 85–
97%). 

Aranzamendi et al. [88] reported the example of 
intermolecular α-amidoalkylation of indole and its 5-substituted 
analogs with racemic hydroxyisoindolo[1,2-а]isoquinolone 88 
catalyzed by chiral phosphoric acid 84a (Scheme 41). 

 
Scheme 41 

After optimization of the reaction conditions, including 
solvent, temperature mode, and catalyst loading, a series of 
isoindoloisoquinolines 89 were obtained in good yields and with 
moderate enantiomeric purity, which in some cases was 
enhanced to 95% by crystallization. The introduction of a strong 
acceptor, such as a nitro group, at position 5 of indole 
completely excludes α-amidoalkylation, presumably, due to the 
low reactivity of the indole ring, whereas the introduction of 
donor groups facilitates the process, and the products are formed 
in good yields even at the low catalyst loadings (up to 2.5 mol 
%). On the other hand, under the same conditions, the reaction 
with 1-methylindole led to a considerable reduction in the yield 
and enantiomeric purity of the reaction product (21%, ee 37%). 
This implies an important role of the indole NH moiety. The 
authors assume that this reaction proceeds through the 
intermediate formation of a chiral ionic pair that consists of the 
N-acyliminium cation and the corresponding anion of 
phosphoric acid (Fig. 5, I). Phosphoric acid can act as a 
bifunctional catalyst, reacting also with the nucleophile through 
a hydrogen bond, which was confirmed by the ESI-MS and ESI-
MS/MS experiments. 

 

Figure 5. Chiral ionic pair. 

The intermolecular stereoselective amidoalkylation of indole 
and its derivatives with 3-hydroxyisoindolin-1-ones 90 was 
reported [89, 90]. For example, it was shown that unsubstituted 
indole interacts with 3-hydroxyisoindol-1-one 90 (R1 = H) in the 
presence of chiral acid 84b, resulting in the formation of 3-
substituted isoindol-1-one 91 (R = R1 = H) in high yield and 
with high enantiomeric purity (ee 83%) which can be enhanced 
to 99% by recrystallization from methanol (Scheme 42). The 
introduction of halogen, alkyl, or alkoxy substituents into the 
indole ring reduces the enantiomeric purity of the reaction 
products (ee 32–72%). 
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Scheme 42 

The same methodology was used by Li and colleagues [91] 
to obtain polycyclic isoindolo-β-carbolines bearing three 
biologically active moieties (tetrahydro-β-carboline, isoindole, 
and indole) with enantioselectivity up to >99%. The reaction of 
amidoalkylation between hydroxylactams 92, the derivatives of 
isoindolo-β-carbolines, and a series of substituted indoles 
catalyzed by chiral phosphoric acid 84с stereoselectively 
afforded isoindolo-β-carbolines 93 (Scheme 43). 

 
Scheme 43 

The highest enantioselectivity was achieved in the reactions 
of 4-Cl-, 5-F-, and 5-Cl-substituted hydroxylactams with 6-Br-
substituted indole. Besides the high stereoselectivity, the 
advantages of this approach are the low catalyst loading (1 mol 
%) and a broad range of substrates. 

The same research group [92] described the intramolecular 
α-amidoalkylation of N-phenyl hydroxylactam 94 catalyzed by 
chiral Broensted acid 84а, which led to corresponding 
pyrroloisoquinoline 95. The methoxy-substituted benzene ring 
of the hydroxylactam acted as an internal π-nucleophile 
(Scheme 44). 

 

Scheme 44 

The bulky substituents (R = 2,4,6-(iPr)3C6H2) at positions 3, 
3' of the catalyst binol moiety provided the high enantiomeric 
purity (ee up to 74%) of pyrroloisoquinoline 95, although the 
yield remained low. The reaction proceeds through the 
intermediate formation of a chiral ionic pair that consists of the 
N-acyliminium cation and the corresponding anion of 
phosphoric acid. The process efficiency was enhanced on 
passing to hydroxylactams based on phthalimides as well as 
upon application of the more active binol derivatives of 
phosphoric acids, namely, triflylamides 84d [93] (Scheme 45). 

 

Scheme 45 

Thus, the intramolecular α-amidoalkylation of 
hydroxylactam 96 in the presence of the strong Broensted acid 
84d led to substituted isoindoloisoquinoline 97 in good yield 
and with high enantioselectivity. Aranzamendi et al. [93] 
supposed that the OH groups in the aromatic ring serve as a key 
factor for the high stereoselectivity since, in the intermediate 
ionic pair, the internal nucleophile is activated through a 
hydrogen bond with the catalyst. An increase in the 
enantioselectivity is facilitated also by the enhanced acidity of 
triflylamidates, which leads to the approaching of the ionic pair 
in the intermediate. 

The intramolecular cyclization followed by α-

amidoalkylation is a key method for the synthesis of 
enantiomerically pure polycyclic heterocycles of the indole 
series. Pereira et al. [94] synthesized a series of 
oxazoloindolinones 98 based on (S)-tryptophan in good yields 
and with high stereoselectivity. The following stereoselective 
cyclization as a result of the intramolecular amidoalkylation at 
the second position of the indole moiety in the presence of BF3–
OEt2 afforded target indolizinoindolones 99 in good yields 
(Scheme 46). 

 

Scheme 46 

Wang et al. [95] reported the efficient asymmetric 
amidoalkylation of indoles with arylaldimines by the Friedel–
Crafts reaction in the presence of bis-prophenol binuclear zinc 
complexes (Trost's complexes) ZnEt2/L as catalysts [96]. The 
derivatives of 3-indolylmethanamine 98 were obtained in 
excellent yields (85–98%) with moderate to high 
enantioselectivities (Scheme 47). 

 

Scheme 47 

It is noteworthy that this approach provides efficient access 
to enantiomerically enriched 3-indolylmethaneamine without the 
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formation of undesirable side products, namely, bis- and 
tris(indolyl)methanes. The authors suppose the following 
reaction mechanism: one of the zinc atoms coordinates with the 
indole nitrogen atom through deprotonation, resulting in the 
formation of an equivalent of ethane, while the second one 
coordinates with the oxygen atom of the sulfonyl group. Then, 
the amidoalkylation of indoles with aldimines by the Friedel–
Crafts reaction takes place. Finally, the proton exchange with 
another indole molecule promotes the catalytic cycle and 
catalyst regeneration. 

As an example, Fig. 6 depicts some complex structures of 
polycyclic heterocycles obtained by the amidoalkylation that 
possess valuable biological properties. 

 

Figure 6. Examples of biologically active compounds obtained by the 
amidoalkylation. 

Conclusions 

Hence, the inter- and intramolecular amidoalkylation is 
gaining popularity in organic synthesis, in particular, with the 
use of chiral reagents and catalysts. This elegant method 
provides the rapid assembly of complex, in particular, 
polyheterocyclic molecules that serve as valuable synthons in 
medicinal chemistry and represents an alternative approach to 
the introduction of new, including pharmacophoric moieties into 
the heterocycle molecules owing to the formation of an 
additional С–С bond. The presented examples of the 
biologically active molecules demonstrate significant 
simplification of the known multistep schemes for the 
production of complex heterocyclic systems. 

The following directions of the further development of this 
field can be outlined: (i) extension of a range of highly active 
reagents for α-amidoalkylation that would lead to the larger 
structural diversity of heterocyclic compounds; (ii) performing 
the amidoalkylation reactions following green chemistry 
principles (microwave assistance without the use of solvents, 
reactions on a substrate surface, use of non-toxic or low-toxic 
solvents, reactions in water, etc.); (iii) widespread use of α-
amidoalkylation for the synthesis of natural and/or biologically 
active compounds; (iv) further elaboration of stereoselective 
reactions of α-amidoalkylation using asymmetric catalysis; (v) 
development of intramolecular reactions of α-amidoalkylation 
that would include the cyclization of N-acyliminium ions. 
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