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Abstract 

Multicomponent reactions (MCRs) serve as a promising and constructive tool for the efficient synthesis of versatile 
heterocycles in a one-step fashion. Among the various heterocycles, 2-aminopyridines enjoy a unique position owing 
to their remarkable biological and pharmacological activities. The present report incorporates an overview of the 
literature pertaining to the synthesis of 2-aminopyridines employing the multicomponent strategy. The reported 
results have been classified on the basis of the number and nature of the components. The literature of the last 10 years 
has been included. This study will be helpful in the development of newer and improved methods for the synthesis of 
2-aminopyridines and their analogues.
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Introduction 

Multicomponent reactions (MCRs) constitute a synthetic 
methodology, wherein three or more commercially 
available or readily accessible constituents react to form 
a product, with almost all of the synthons contributing to 
the newly formed product (Fig.l) (Heravi and Zadsirjan, 
2020). Indeed, MCRs play a prominent role in combina
torial chemistry (Mironov, 2010) and drug discovery 
(Weber, 2002) since they offer fast and easy accessibility 
to a wide ranging collections of organic compounds with 
multifaceted substitution patterns. In many cases, MCRs 
outperform conventional reactions with respect to 
convenience, efficacy, precision, divergence, and atom 
economy (Bienayme et al., 2000; Ganem, 2009). Hence, 
the utilization of MCRs has also been discovered as a 
promising technique in pharmaceutical industries to 
make highly functionalized heterocycles. 

In the last two decades, 2-aminopyridines have piqued 
the interest of researchers due to the numerous pharma
cological actions associated with their powerful vicinity 
on target molecules. There are several drugs, such as 
delavirdine (as an anti-HIV drug), piroxicam, 
tenoxicam, sulfasalazine (with anti-inflammatory 
properties), tripelenamine (as an antihistamine), and 
sulfapyridine (as an antibacterial agent) that contain 2-
aminopyridine residue (Marinescu, 2017). Conse
quently, simplistic or convoluted structures comprising 
a grafted 2-aminopyridine moiety have shown a diverse 

array of biological activity, namely antitumoral, 
antidiabetic, antiviral, anti-inflammatory, antimalarial, 
anticonvulsant, anti-Alzheimer, antimicrobial, analge
sic, antiparasitic as well as antihistaminic properties 
(Perrier et al., 2000; Anderson et al., 2004; Levy et al., 2005; 
Chen et al., 2005; Cocco et al., 2005; May et al., 2007; 
Younis et al., 2012). They also exhibit PKC inhibitory, 
CXCRl/2 inhibitory, n-NOS-inhibitory, JNKl inhibi
tory, Renin-inhibitory, Syk inhibitory and sometimes 
cardiac action (Hagmann et al., 2000; Murata et al., 2004; 
Deng et al., 2007; Mantri et al., 2008; Huang et al., 2013). In 
view of this, there are consistent efforts to develop new 
protocols to obtain differently substituted 2-
aminopyridines. 

In this mini review, we aim to report recent literature in a 
systematized form for the synthesis of 2-aminopyridines 
employing the MCRs strategy. It is anticipated that the 
review may induce interest for the development of 
newer and ameliorated techniques for synthesizing 2-
aminopyridines as well as their analogues that could 
offer better and varied biological activities. 
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USU•-------------------------------------------

. -•l'r'"*Corresponding Author Email: pragya.sinha@iisuniv.ac.in 
26 



Synthetic Approaches 

(a) Using Malononitrile as one of the components

Kibou et al. (2011) reported the synthesis of 2-amino-3-
cyanopyridines (3) under solvent-free conditions from 
condensation of methyl ketones with primary amines to 
obtain the products in moderate yields ( 48-73 % ) (Scheme 
1). 

Davoodnia et al (2011) obtained 2-amino-4-aryl-3-cyano-
6-(3,4-dimethoxyphenyl)pyridines in very good yields 
(90%) by carrying out MCR of an aldehyde, ammonium 
acetate, malononitrile and 3,4-dimethoxyacetophenone 
in the presence of 3-methyl-1-(4-sulfonylbutyl) 
imidazoliumhydrogensulfate [HO

3
S(CH

2
)
4
MIM][HSO

4
] 

as the catalyst (Scheme 2). 

A similar strategy was followed for the synthesis of 2-
amino-3-cyanopyridine derivatives (9) by using 
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ytterbiumperfluorooctanoate [Yb(PFO)
3
] as the catalyst 

(Scheme 3). This methodology was found to tolerate the 
majority of substrates and has the attributes of simple 
protocol, excellent yields (77-95 % ), eco-friendly and 
recyclable catalyst (Tang et al., 2011). Sheibani et al (2011) 
performed the same reaction with high surface area 
using MgO in dimethylformamide (DMF) (Scheme 4). 
The products were obtained in good to high yields (70-
87%). 

Thimmaiah et al. (2012) instead employed a metal
organic framework (MOF) of Zn(II) or a Cd(II) as the 
heterogeneous catalyst for the MCR of malononitrile, 
thiophenols and aldehydes for synthesis of 2-amino-3,5-
dicarbonitrile-6-thio-pyridines (11) in good to excellent 
yields ( 61- 88 % ) (Scheme 5). Ghomi et al. (2012) carried 
out this same reaction in the presence of calcium oxide 
nanoparticles giving 70-92 % yield (Scheme 6). 
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Mansoor et al. (2012) employed an ionic liquid, 1-butyl-3-
methylimidazoliumtetrafluoroborate ([Bmim][BF

4
]) as

the catalyst for the MCR of malononitrile, ammonium
acetate, aromatic aldehyde and methyl ketone to give 2-
amino-3-cyanopyridine (12) in 78-94 % yields (Scheme 7).
Khaksar et al. (2012) improved the yields to 80-95% by
using trifluoroethanol (TFE) as the solvent (Scheme 8),
while Niknam et al. (2012) obtained the products in 65-

90% y ie lds  on  us ing  s i l i ca -bound N-propyl
triethylenetetraminesulfamic acid (SBPTETSA) as the
catalyst (Scheme 9). However, an ultrasound-assisted
MCR of the above mentioned four-components under
catalyst-free conditions and using water as a green
solvent afforded the products in 75-99% yields (Scheme
10) (Safari et al., 2012).
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Ghorbani et al. (2013) described the synthesis of 2-amino-
3-cyanopyridine employing tetrabromobenzene-1,3-
disulfonamide (TBBDA) or Poly(N-bromo-N
ethylbenzene-1,3-disulfonamide) (PBBS) without using
solvent. Also, the yield obtained by the former method
was 85-94% while the latterwas79-90% (Scheme 11).

A titanium promoted single-pot synthesis of 2-amino-3-
cyanopyridines has been reported in the presence of 
primary amines, alkynes, malononitrile and isonitriles 
leading to the formation of isolable 2-imino-1,2-

CHO 0 

CN 
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dihydropyridine intermediate giving rise to the rear
ranged product in 43-68% yield (Scheme 12) 
(Dissanayake et al., 2014). 

Huang et al. (2015) revealed ZnC1
2
-catalyzed explicit 

cyclization of varied benzylidenemalononitriles and 
arylamines affording a wide array of novel 2-amino-3,5-
dicyano-4-ary l-6-aryl-aminopyridines. These com
pounds utilized milder reaction conditions with diverse 
functional group inclusiveness and reasonable product 
yields (67-88%) (Scheme13). 
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A microwave-abetted approach towards the synthesis of 
steroidal and nonsteroidal 2-aminopyridine derivatives 
using p-halo-a,p-unsaturated aldehydes  via
Knoevenagel condensation was developed with 63-83 %
yield of the product (Scheme 14). A Vilsmeier
formylation synthetic pathway had been utilized to
proficiently generate the P-halo-a,p-unsaturated
aldehydes from their homologous ketones. This method
ology even facilitated the formation of 2-aminopyridine
fused steroidal compounds (Gogoi et al., 2015).

CN CN 
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+ 

NH2 R3 
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Khalifeh and Ghamari (2015) carried out a four
component coupling reaction with 2 mol % copper 
nanoparticles on charcoal (Cu/ C) as a heterogeneous 
catalyst system and with high yield (83-94 % ) (Scheme 
15). This synthetic protocol was conveniently applicable 
to a large variety of aldehydes and ketones. It was also 
observed that the catalyst in the given method was 
recovered and reused at least eight times with no 
conspicuous loss in catalytic activity. 
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An ultrasound irradiated MCR of benzeneselenol, 
aldehydes and malononitrile in polyethylene glycol 
(PEG-400) was also demonstrated to synthesize 2-
aminoselenopyridine derivatives (Scheme 16). A diverse 
set of aromatic, heteroaromatic and aliphatic aldehydes 
underwent this MCR affording moderate to good yields 
i.e., 67-90% (Khan et al., 2015).
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Kibou et al. (2016) reported an efficient technique for the 
synthesis of 2-aminopyridines using a combination of 
ethyl 2-( ( dimethylamino )methylene )-3-oxobutanoate, 
primary amine and malononitrile under microwave 
irradiations (Scheme 17). This solvent-free technique has 
several advantages like notably facile manipulation, 
excellent product yields (80-93%), short reaction dura
tions and avoidance of hazardous solvents. 
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Scheme 15: Synthesis of 2-amino-3-cyanopyridine derivative 
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Reddy et al. (2016) carried out an ultrasound irradiated 
FeF

3 
catalyzed four-component reaction using 

benzaldehyde, acetophenone, malononitrile and amine 
to prepare N-substituted 2-aminopyridines conferring 
50-92 % yield (Scheme 18). The fusion of catalyst FeF

3 
and

PEG-400 was noticed to be most suitable and the meth
odology did not require the use of an inert or anhydrous
atmosphere.

Zolfigol et al. (2017) and Kalili et al. (2016) individually 
described MCRs comprising malononitrile, ketones, 
aldehydes and ammonium acetate under different 
reaction conditions. The former one carried out this 
reaction in the presence of a nanomagnetic heteroge
neous catalyst, namely Fe

3
Q

4
@TiO

2
@O

2
PO

2
(CH

2
) 

NHSO
3
H proffering 82-92% yield (Scheme 19) whereas 

the latter used graphene oxide as a heterogeneous 
catalyst and water as a green medium yielding 75-97% 
product (Scheme 20). 

A slightly modified version of the above synthetic route 
was elaborated, where they synthesized 2-amino-3-
cyanopyridines through one-pot condensation of 

)) ) 

malononitrile, aldehydes and acetophenones with in situ 

generation of NH
3 
by the dissociation of urea and the 

yield obtained was 60-85% (Scheme 21). It was found 
that ammonium salts supported the enzymatic urease in 
the bio-production of ammonia, whilst trace amounts of 
heavy metal ions such as Pb2+, Hg2+

, and Ag
+ 

hindered 
these particular reactions and significant! y decreased the 
yields (Tamaddon et al., 2016). 

Mobinikhaledi et al. (2016) performed a triethylamine 
catalyzed three-component synthesis of 2,6-diamino-
3,5-dicarbonitrilepyridine derivatives via reaction of 
ammonium acetate, aldehydes and malononitrile 
without the use of solvent (Scheme 22). Aromatic 
aldehydes with both electron-rich and electron-deficient 
groups resulted in good yields (76-91 % ) whereas the 
aliphatic aldehydes did not avail yields. An akin three
component condensation reaction was executed in the 
presence of ZnO nanoparticles. They executed this 
reaction in the concoction of water and methanol as 
solvent under classical heating yielding 72-82% product 
(Scheme 23a) as well as using microwave heating 
offering 75-88% yield (Scheme23b) (Patiletal.,2017). 
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Simultaneously, Amer et al. (2017) and Balaswamy et al.

(2017) independently developed a facile method for the 
synthes i s  o f  cyanopyr id ine  der iva t ives  v ia  
acetophenones, ammonium acetate, malononitrile and 
aromatic aldehydes. The former carried out this reaction 
using ethanol and under both microwave (72-84 % yield) 
and thermal reaction conditions (68-82% yield) (Scheme 
24), while the latter used Polyethyleneglycol (PEG-400) 
as a phase transfer catalyst under aqueous conditions 
giving 75-86 % yield (Scheme 25). 

Concurrently, Mahmoud et al. (2018) investigated the 
synthesis of 2-amino-4-ary 1-6-substitu ted pyridine-3 ,5-
dicarbonitrile derivatives leveraging various primary 
amines, malononitrile and aromatic aldehydes under the 
fusion conditions without the use of solvents or catalysts 
and the yield obtained was about 76-95% (Scheme 26). 
The synthesized pyridine compounds were rated as 
good corrosion inhibitors, and also the rate of inhibition 
was found to be concentration-dependent. 
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Maleki et al. (2018) revealed a MCR among malononitrile, 
aldehydes and ammonium acetate in solvent-free 
conditions at 110°C in the proximity of nanomagnetic 
Fe

3
O

4
@SiO

2
@ZnCl

2 
as a heterogeneous reusable catalyst 

and about 79-88 % yield was obtained (Scheme 27). 

An one-pot four-component reaction for the synthesis of 
substituted 2-aminopyridines using Cu@imineZCMNPs 
yielding 85-96% product (Scheme 28) as well as SrFe

12
O

19 

magnetic nanoparticles (Scheme 29) as a catalyst offering 
86-91 % yield were elaborated by Yahyazadeh et al. (2018)
and Kheilkordi et al. (2018) respectively where they
utilized ammonium acetate, various aldehydes,
acetophenone and malononitrile. In the next year, this
same reaction was carried out using eggshell
nanoFeP

4
@Ca(HSO

4
)2 giving 53-89% yield (Scheme 30).

In this protocol, they converted the eggshell that was
discarded as hazardous waste by European Union
regulations into a valuable catalyst. They even
investigated its catalytic property via anomeric-based
oxidation (ABO) (Akbarpoor et al., 2019). Similarly, the
aforementioned synthetic route has also been
demonstrated using magnetic nanoparticles with
morpholine tags conferring 81-95% yield (Scheme 31),
cobalt(II)nitratehexahydrate obtaining 82-93% yield
( S c h e m e  3 2 )  a n d  F e

3
O

4
@ S i O

2
@ ( C H

z
)

3
- u r e a 

benzimidazole sulfonic acid proffering 70-92 % yield
(Scheme 33) as catalysts correspondingly (Kalhor et al.,
2019; Pejmanet al., 2019; Torabiet al., 2019).

A four-component reaction of triethoxymethane, 
various primary amines,  acetophenone,  and 
malononitrile has been developed utilizing several 
surfactant-possessing mesoporous catalysts such as Si
MCM-41, Al-MCM-41 and Ga-MCM-41 (Scheme 34). 
According to the catalytic reaction, Si-MCM-41 turned 
out to be the best one yielding 75-92% product due to the 
presence of higher density of the siloxy groups (Nouali et

CN 
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al.,2020). 

Simultaneously, Benzenine et al. (2020) synthesized 2-
aminopyridine derivatives by combining acetophenone, 
aldehydes, malononitrile and ammonium carbonate 
under solvent-free conditions and without catalyst 
(Scheme 35). The yield obtained was 80-95 % . 

Synthesis of 2-amino-3-cyanopyridine derivatives using 
aromatic aldehydes, ammonium acetate, malononitrile 
and acetophenone derivatives in the presence of 
Cu(OAc)

2 
has been reported conferring 85-97% yield 

(Scheme 36) .  The compounds have also been 
investigated against a wide spectrum of pathogens 
including fungi, gram-negative and gram-positive 
bacteria (Mirjalili et al., 2020). 

Allahi and Akhlaghinia (2020) elaborated a water extract 
of banana peels ash (WEB) catalyzed synthesis of 2-
amino-3 ,5-dicar boni trile-6-thio-pyridinesderi v a ti ves 
through condensation of malononitrile, aromatic 
aldehydes and aromatic or aliphatic thiols offering 80-
90% yield (Scheme 37). Aryl and heteroaryl aldehydes 
including 2-naphthaldehyde (bulky aldehyde) were 
revealed to be immensely coherent to the present 
reaction affording excellent yields and short reaction 
times. It had been also revealed that, since the WEB 
features a basic nature, so it enables the reaction to 
progress under moderate circumstances. This same 
reaction was performed in the following year using Mg
Al hydrotalcite as a solid base catalyst (Scheme 38). In 
this protocol, aldehyde containing electron donating 
groups achieved moderate yields whereas electron 
withdrawing groups imparted good yields because they 
increase electrophilicity of the carbonyl carbon, which is 
more susceptible for nucleophilic attack hence 
enhancement of yield is observed (Kale and Surve, 2021). 
The yield obtained was 61-82 % . 
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(b) Using 1,1-enediamines as one of the components

Synthesis of fluorinated 2-aminopyridine compounds 
have been reported with benzaldehyde derivatives, 1,3-
dicarbonyl compounds and 1,1-enediamines (EDAMs). 
Through this protocol, a wide variety of highly 
functionalized 2-aminopyridines libraries were reported 
by carrying out the reaction in by Et

3
N at 110°C under 

solvent-free conditions. Alternatively, use of propylene 
carbonate stimulated by piperidine at same above 
temperature has also been reported yielding 80-94 % and 
70-94% products respectively (Scheme 39). In this
method, the nitro group of EDAMs was initially devised
as an activating and orienting group to synthesize 2-
aminopyridines (Du et al., 2014).

(c) Using Cyanoamides or Cyanoacetates as one of the
components

A cascade reaction of easily accessible 4-oxo-

R�

:

i
: 

A
:

HO 

H 2 

35 36 

4Hchromene-3-carbaldehydes with cyanoamides or 
cyanoacetates and aromatic or aliphatic amines without 
solvent and catalyst was also proposed (Scheme 40). 
Using this protocol, a plethora of multisubstituted 2-
aminopyridine analogues were synthesized obtaining 
84-92 % yields (Baral et al., 2016).

( d) Using Enaminonitrile as one of the components

A novel steroidal 3-cyano-2-aminopyridines were 
synthesized under solvent-free conditions from different 
primary amines and enaminonitrile offering 45-85% 
yield (Scheme 41). The adjoining amine and nitrile 
groups in the end products were found to possess the 
potency for late-stage functionalization providing a 
proficient approach to steroidal compound libraries 
with structural distinctness (Zhang et al., 2016). 
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Table 1. Synthetic routes employing aldehydes, malononitrile, ammonium acetate and acetophenone 
derivatives as precursors 

REACTION OUTLINE R� 
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+ + _I_R2 
+ NH40Ac -

I 
x
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� Rl H2N N 

I 
R2� 

CATALYST OR REAGENT REACTION CONDITIONS 

[Bmim][BF4] 60 ·c
Catalyst-free TFE, reflux, 6h 
SBPTETSA Solvent-free, 100 °C 

Catalyst-free Ultrasound, water, 50 ·c
TBBDA or PBBS Solvent-free, 100 °C 

Cu/C Acetonitrile, reflux 
Fe3O4@TiO2@O2PO2(CH2)NHSO3H Solvent-free, 90 °C 

Graphene oxide H2O, 80 °C, Sh 
Catalyst-free EtOH, mw and reflux 

PEG-400 Water, 80 ·c, 6h 
Cu@imineZCMNPs Solvent-free, 80 °C 

SrFe12O19 Solvent-free, 100 °C 
Eggshell nano-Fe3O4@Ca(HSO4)2 Solvent-free, 90 °C 

Magnetic nanoparticles with morpholine tags Solvent-free, 80 °C 
Co(NO3)2 Solvent-free, 100 °C 

Fe3O4@SiO2@(CH2)3-urea-benzimidazole sulfonic acid Solvent-free, 70 °C 
Cu(OAch EtOH,reflux 
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Conclusions 

During the last decade a significant development has 
been made on the MCR synthesis of 2-aminopyridines. 
The current available reports indicate the preferential 
reaction pathway employing aromatic aldehydes, 
malononitrile as well as acetophenone derivatives as the 
coupling partners in most of the cases (Table 1). 

exhibited potent biological activities in the products 
(Fig.2). 

It was also revealed that the use of malononitrile 

In addition to the above, alkynes, amines, ketoximes and 
acetate derivatives have also been used as precursors in 
various methods thus increasing the structural diversity 
and novelty of 2-aminopyridines. With this mini-review 
we hope to help readers to discover improved synthetic 
routes for the synthesis of 2-aminopyridines and its 
analogues. 
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