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Abstract 

This review addresses recent multicomponent synthesis to assemble biologically active cyclic cyanoguanidine compounds featuring 
cyanoiminopirimidine core. Accordingly, the most relevant one-pot chemical methods and important aspects of their bioactivity are highlighted here.
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Introduction
The cyanoimine motif (=NCN) has recently gained ground 

as a relevant precursor in the field of organic synthesis and 
pharmaceutical development due to its unique bioactivity and 
chemistry properties. Its ability to function as a bioisosteric 
replacement for the carbonyl group has led to the development 
of potent therapeutic acyclic drugs capable of modulating 
the histamine H2 receptor (cimetidine) or potassium channel 
(pinacidil), just to name a few. Furthermore, due to its peculiar 
chemical reactivity, it can lead to the generating molecular diversity 
(appendage diversity or scaffold diversity) to give rise to libraries 
of structurally diverse and functionally important azaheterocyclic 
compounds [1]. However, despite this growing interest in this class 
of drug development, efficient general multicomponent methods 
for the synthesis of diversely decorated 2-cyanopminopyrimidines 
as well as their O-bridged derivatives are still lacking, and only a 
limited number of successful synthetic routes has been reported. 
Consequently, efficient methods for the synthesis of different  

 
chemotypes of cyanoiminopyrimidines from readily available 
building blocks are in high demand but remain a challenging 
synthetic task. For this reason, this document reviews the most 
relevant works published in the field of multicomponent chemistry 
field for the assembly of said compounds (Figure 1).

Discussion
It should be noted that several chemotypes of cyclic 

cyanoguanidines (Figure 1, Box A) have been recognized as key 
ligands in diverse physiological processes, standings out as human 
immunodeficiency virus type 1 protease inhibitors (HIV-1 PI) 
and promising drug candidate 1 [2], Kv+1 channel modulator 2, 
arthropodicide 3 [3] and antagonists of human A2B adenosine 
receptor (A2BAR) 4 intended to development of novel drugs or drugs 
candidates to treatment of various pathologies, including prostate 
cancer and diabetes [4]. The most promising A2BAR antagonist based 
on 2-cyanoimino-3,4-dihidro-1H-pyrimidine scaffold 5 assembled 
by a novel multicomponent reaction design is SY1KO-24, which was 
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initially identified as highly selective and potent nonxhantine A2BAR 
antagonist but is now screening as anticancer agent able to arrest 
key functions during tumor proliferation, metastasis, angiogenesis, 
immune suppression and chemoresistance [5]. Access to this novel 
privileged bioactive scaffold was successful achieved from the 
cyanamide-based Biginelli reaction by increasing the (n+1) CR 
chemical dimensionality, consisting of the catalyzed condensation 
of an (Het)aromatic aldehyde, a β-ketoester and a bifunctional 
d2a1 component as a surrogate of the 1,3-dinucleophile (Figure 
1, pathway B) [6]. Notably, the single reactant replacement design 
shows the complex nature of the transformation, which depends 
on multiple factors. As the amount of cyanamide introduced into 
the reaction increases, the 4-cyanoimino-2-imino-3H-5,6-dihydro-
1,3,5-oxadiazine 5a is obtain as the only product. Conducting the 
reaction with salicylaldehyde leads to the formation of the hydrated 
product O-bridged structure, 5,6-dihydro-2H-2,6-methano-
1,3,5-benzoxadiazocin-4(3H)-one 5b. In this regard, when an 
functionalized Michael acceptor as (E)-4-(2-hydroxyphenyl)but-
3-en-2-one react with a excess of cyanamide under solventless 

condition in presence of piperidine (Figure 1, pathway C), the 
insecticide 4-cyanoimino-2,3,5,6-tetrahydro-2,6-methano-1,3,5-
benzoxadiazocine 3 is synthesized, along with two additional 
O-bridged cyanocompounds 3a-b as major side products [2]. 
Meanwhile, 4-alkenyl derivatives of 2-cyanoiminopyrimindines 8 
have been synthesized in a 3-steps sequence by reacting  -tosyl-
substituted N-cyanoguanidines with a β-ketoester according to the 
approach disclosed by Shutalev et. al. (Figure 1, Pathway F) [7]. In 
addition, the Shutalev group has taking advantage of this approach 
to synthesize 4-amino-2-cyanimino-1,5-dihydro-2H-imidazoles 
by the orthodox route. In this sense, 2-cyanoguanidine has also 
been incorporated as a key building block in a three-component 
reaction to assemble the framework of the azaheterocycle 6 
under solventless condition at 150°C, as well as the 2-cyanoimino-
3,4-dihydro-1H-pyrido[2,3-d] pyrimidines scaffolds (Figure 1, 
Pathways D-E) that featuring the core structure of promising drugs 
for the treatment of life-threatening diseases [8,9].

Conclusion

Conclusion
The cyclic cyanoimine motif is considered an important precursor 

in organic and medicinal chemistry due to its unique characteristic 
of reactivity and bioactivity. Thus, the cyanoiminopyrimidine core, 
which exhibits subtle structural and stereoelectronic diferences 
from the privileged dihydropyridine(thione) scaffold, could play 
an essential role for the pharmacological development of new 
bioactive agents capable of addressing the “classical” biological 
target or even those “undruggable”. Notwithstanding the foregoing, 
the limitation of the multicomponent methods known to date to 

generate large libraries of azaheterociclic compounds or molecular 
diversity remains the main problem to be overcome in the quest for 
new compounds of medicinal importance that are highly enriched 
in nitrogen atoms. 
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Figure 1: Cyclic cyanoimino chemotypes endowed with relevant biological activity (Box A) and recently described synthetic strategies for the 
multicomponent assembly of cyanoiminopyrimidines and their O-bridged derivatives (Pathways B-F).
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