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1. Introduction 

1.1 Alzheimer’s disease: epidemiology and risk factors 

Alzheimer’s disease (AD) is one of the most common chronic and progressive 

neurodegenerative disorder, manifested by loss of memory and impairment of cognitive abilities. 

Actually 50 million people worldwide are living with dementia and this number will reach 

around 152 million by 2050 [1]. The population ageing and growth are the main drivers of the 

increase of the number of prevalent cases of dementia. Age-standardised global prevalence in 

females was 1.17 times the age-standardised prevalence in males in 2016, with more women 

globally affected by dementia (27.0 million) than men (16.8 million) [2].  

In 2016 dementia was the fifth largest cause of death in the global population (2.4 million 

deaths) and the second in individuals aged more 70 years [2].  

Among the genetic risk factors, the dominant autosomal mutations affecting the genes coding for 

APP (amyloid precursor protein), PSEN1 and PSEN2 (presenilin 1 and 2) are associated with the 

development of early-onset AD, with onset before the age of 65 years and that accounts for 

approximately 5% of all AD cases, while the presence of ε4 allele in the apolipoprotein E 

(ApoE) gene is the major genetic risk factor for late-onset AD [3]. 

In Global Burden of Diseases, Injuries, and Risk Factors (GBD) Study 2016, only four 

modifiable risk factors were judged to have sufficient evidence for a causal link to Alzheimer’s 

disease and other dementias: high BMI, high fasting plasma glucose, smoking and high intake of 

sugar-sweetened beverages [2]. 

 

1.2 Multifactorial etiopathogenesis of AD 

Numerous studies available in literature suggest that multiple factors, such as alterations of the 

cholinergic system, β-amyloid deposits, Tau-protein aggregation, oxidative stress, 

neuroinflammation and dyshomeostasis of biometals, might be playing a crucial role in the 

pathogenesis of this multifactorial disorder. In this context some of the main hypotheses 

proposed to clarify the pathogenesis of AD are briefly discussed. 

 

1.2.1 Amyloid hypothesis 

According to this hypothesis, the key pathogenic event of AD is the overproduction and/or 

reduced clearance of β-amyloid peptides, derived from proteolysis of a transmembrane protein 

called APP (amyloid precursor protein). APP proteolysis is mediated by transmembrane 
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secretase, according to two possible pathways: non-amyloidogenic and amyloidogenic. The non-

amyloidogenic pathway of APP is initiated at the plasma membrane by α-secretase, forming 

soluble APP fragment (sAPPα), released to the extracellular space, and carboxyl terminal 

fragment containing 83 amino acids (CTFα or C83), that is bound to the membrane and that can 

be internalized and further processed by γ-secretase in endosomes forming p3 and APP 

intracellular domain (AICD) [4]. 

The amyloidogenic pathway starts in the endosomes, were β-secretase (or BACE1) cleaves APP 

in soluble APP fragment (sAPPβ) and carboxyl terminal fragment (CTFβ or C99). The CTFβ is 

processed by γ-secretase forming Aβ monomers (38-43 amino acids) and AICD. The most 

critical Aβ forms in AD have been recognized as Aβ40, less toxic, and Aβ42, more hydrophobic 

and amyloidogenic. The misfolded Aβ monomers have β-sheet conformation, that leads to 

soluble and insoluble oligomeric assemblies. This oligomers of different size consecutively 

aggregate in protofibrils, fibrils and amyloid plaques [4]. 

Although the amyloid plaques are distinctive deposits in the brain of subjects with AD, clinical 

studies did not reveal a strong association between extracellular Aβ deposition burden and the 

level of cognitive decline [5]. It is possible that Aβ oligomers are the primary reason for AD 

pathology rather than amyloid plaques, since cognitive deficits may happen before plaque 

deposition or insoluble amyloid fibrils formation [4]. 

It has been observed that Aβ42 oligomers induce oxidative damage, promote Tau 

hyperphosphorylation, cause toxic effects on synapses and mitochondria [6]. 

Under pathological conditions, Aβ predominantly accumulates at synapses and this leads to 

deficits in crucial presynaptic functions including axonal transport, synaptic vesicle cycling and 

neurotransmitter release, inducing prominent neurodegeneration. Furthermore, Aβ oligomers 

induce postsynaptic dysfunction through their binding to various cell surface molecules, forming 

putative Aβ receptor complexes to potentiate synaptotoxicity [5]. 

 

1.2.2 Tau hypothesis  

Tau is a microtubule-associated protein, abundant in neurons, that binds and stabilizes 

microtubules. Tau can undergo several post-translational modifications, including 

phosphorylation, acetylation, glycosylation, glycation, nitration, sumoylation, ubiquitination, etc. 

Among these, aberrant hyperphosphorylation of Tau induces conformational changes, alteration 

of intracellular distribution, aggregation and consequent neurotoxicity [5].  

Recent evidence suggests that Tau acetylation at multiple sites leads to decreased Tau turnover, 

increased Tau aggregation and phosphorylation, and increased cognitive impairment, but further 
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studies are needed to understand the biological relevance of different post-translational 

modifications of Tau [5]. 

In healthy neurons, Tau participates in several physiological processes, including microtubule 

polymerization, axonal transport, neurite and axonal growth, development of dendrites, synaptic 

plasticity, DNA and RNA protection from oxidative stress, controlling of neurotransmitter 

receptors [7]. Activity of Tau is closely related with its phosphorylation. Indeed, in physiological 

conditions, Tau binds shortly microtubules after the dephosphorylation by phosphatase, and it 

quickly disconnect from them after phosphorylation by kinases. Increased activity of kinases and 

decreased activity of phosphatases lead to an imbalance between these enzymes, resulting in 

hyperphosphorylation of Tau protein [7].  

Hyperphosphorylated Tau protein is detached from microtubules, and this leads to decreased 

cytoskeletal stability and impaired axonal transport. Moreover, when Tau is disconnected from 

microtubules, a relocation from axon to somato-dendrites and post-synaptic compartments 

occurs with consequent destabilization of microtubules, loss of dendritic spines, impairment of 

excitatory synaptic transmission, decrease in the number of synaptic vesicles and, finally, loss of 

the synapses [5] [7]. 

The hyperphosforylation of Tau is followed by its self-aggregation in soluble Tau oligomers 

(TauOs) of many different sizes. Furthermore, Tau may aggregate into insoluble polymers, such 

as granular oligomers, with a β-sheet conformation, straight filaments (SF), paired helical 

filaments (PHFs) and neurofibrillary tangles (NFTs) [7]. In AD, NFTs are intraneuronal 

aggregates composed of Tau molecules accumulated to fibrillar aggregates, PHFs and SFs, 

which may fill the entire neuronal cytoplasm. After the death of tangle-bearing neurons, they 

became the extraneuronal structures called “ghost” tangles [7]. 

Among all these forms of Tau protein, the soluble species of TauOs, observed already at early 

stages of AD pathology, seem to be the most toxic, characterized by neurotoxicity and ability to 

be transmitted to other neurons and microglial cells, probably by vesicular trafficking or 

endocytosis, with consequent spread of Tau pathology [7]. 

Probably there is a relationship between toxic Aβ oligomers and TauOs [7] [8]. Indeed, Aβ 

oligomers could induce hyper-phosphorylation of Tau, NFTs formation and missorting of Tau 

into dendrites; at the same time dendritic activity of Tau may promote postsynaptic toxicity of 

Aβ [7]. 
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1.2.3 Oxidative stress 

Oxidative stress is a condition consequent to the imbalance between the production of reactive 

oxygen/nitrogen species (ROS and RNS) and the capacity of antioxidant systems. ROS/RNS 

include both radical and non-radical species, such as superoxide radical anion (O2
-•), hydrogen 

peroxide (H2O2), hydroxyl radical (HO•), peroxyl radical (ROO•), nitric oxide (•NO) and 

peroxynitrite (ONOO-) [9] [10]. 

A major source of free radicals is the mitochondrial-resident oxidative phosphorylation in which 

electron leakage from the mitochondrial electron transport chain causes the formation of O2
-• [9]. 

Mitochondria are also involved in producing molecules to overcome the oxidative stress along 

with programmed cell death and other respiratory functions in the cell [10].  

In physiological condition the homeostatic control of the level of ROS is guaranteed by 

antioxidant enzymes, such as superoxide dismutase, catalase, glutathione peroxidase, and by 

non-enzymatic antioxidant factors, such us uric acid, vitamins C and E; in AD a decrease in 

these antioxidant systems is observed [10].  

ROS and RNS damage macromolecules, inducing lipid peroxidation and nucleic acids and 

proteins oxidation. As neuronal membrane lipids are very rich in polyunsaturated fatty acids 

(PUFA), this cells are particularly vulnerable to oxidative stress induced by ROS and RNS. After 

lipid peroxidation, membrane fluidity decreases and this facilitates the entrance in the 

intracellular system of those substances, which usually are unable to cross the barrier except 

through specific channels [10]. Proteins are particularly susceptible to oxidation, since this 

causes modifications in their secondary and tertiary structure, which is followed by the loss of 

normal functionality. The proteins subject to significant oxidation in the AD are those implicated 

in regulation of energy metabolism, in antioxidant and detoxification systems, in cellular 

structure and cellular communication, in Tau hyperphosphorylation and APP processing [9]. 

The enzyme complexes in the mitochondrial electron transport chain are highly susceptible to 

ROS. Therefore, elevated levels of ROS can cause mitochondrial dysfunction, that could be one 

of the earliest pathogenic changes observed in AD, even before the neuritic plaque deposition 

[11].  

Oxidative stress and mitochondrial impairment are correlated to Aβ toxicity. Indeed, Aβ42 is a 

potent generator of ROS, in particular for its Met35 residue, that participates in the oxidation of 

substrate and is also susceptible to oxidation by ROS forming Met35 sulphoxide. At the same 

time, oxidative stress, increasing β-secretase activity, alters APP metabolism and triggers an 

accumulation of β-amyloid peptide [11]. Aβ overexpression and deposition, via interaction with 

mitochondrial residing proteins, causes dysfunction of mitochondrial respiration and alteration of 
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mitochondria morphology and motility. Moreover, alterations in mitochondria trigger abnormal 

Aβ concentrations [11]. Indeed, human presequence protease (PreP) is an enzyme that resides in 

the mitochondrial matrix and is capable of digesting Aβ and other related peptides, hindering Aβ 

deposition, but its activity is reduced in AD, probably due to the presence of high levels of lipid 

peroxidation products [11]. 

 

1.2.4 Dyshomeostasis of biometals 

The essential metals, such as zinc, copper, iron and manganese, are indispensable for the 

organism, as they exercise several physiological roles, taking part in numerous enzymatic 

reactions and cellular activities [12]. The alterations in the homeostasis of these metals may 

result in damage of the central nervous system, with neurodegeneration, disability and 

neuroinflammation, contributing to the development of several neurodegenerative diseases, 

included AD [13]. In this context the role of iron, copper and zinc dyshomeostasis, mainly 

involved in the pathogenesis of AD, is discussed. 

 

1.2.4.1 Iron 

Iron takes part in significant physiological process, such as transport of oxygen molecules, 

oxygen storage in muscles, enzymatic reactions, DNA replication or regulation of cell survival 

[12]. With ageing iron concentration increases in the brain due to multiple factors, such as leaky 

blood brain barrier, neuroinflammation, inefficient chelation of iron in the brain and compromise 

in iron homeostasis [14]. In AD an increase level of iron in specific brain region occurs and leads 

to neurodegeneration [12]. 

Iron dyshomeostasis plays a fundamental role in oxidative stress, leading to the production of 

ROS. Normal metabolic processes in the mitochondria form hydrogen peroxide, not particularly 

toxic, but in presence of free Fe2+ the most dangerous hydroxyl radical is formed via the Fenton 

reaction [12] [13]. Moreover, iron, in the form of Fe2+, can react with oxygen and produce 

superoxide radical [12]. Free iron is more likely to exchange electrons with nearby molecules 

and produce free radicals. Fe-induced oxidative stress is particularly dangerous, because it can 

cause further iron release from proteins such as ferritin, heme proteins, and Fe-sulfur clusters, 

exacerbating the toxic effects of brain iron overload [13]. 

The increasing amount of iron in the brain is also correlated to the presence of this metal in 

amyloid plaques and to the promotion of Aβ aggregation. Iron may also increase the production 

of Aβ by stimulating the expression of APP and altering its processing. Moreover, Aβ have the 
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ability to reduce Fe3+ to Fe2+, leading to the generation of superoxide anion and propagating the 

oxidative stress [12] [15].  

Iron, in the form of Fe3+, is also colocalized in Tau containing neurofibrillary tangles and can 

induce the aggregation of hyperphosphorylated Tau [16]. Furthermore, iron increases Tau 

hyperphosphorylation by stimulating the activity of the kinases, such as CDK-5, GSK-3β, 

MAPK, and decreasing the activity of protein phosphatase 2A, the major Tau phosphatase in the 

cells [15] [16]. 

 

1.2.4.2 Copper 

Copper is an essential element and an integral component of numerous enzymes. It takes part in 

several physiological process, such as electron and oxygen transport, protein modification, 

neurotransmitter synthesis, synaptic vesicle trafficking, production and maintenance of myelin, 

axonal targeting, neurite outgrowth and modulation of signaling cascades induced by 

neurotrophic factors [13] [17]. 

The excess of Cu is neurotoxic and has been implicated in the pathogenesis of AD. Its 

neurotoxicity is quite similar and related to that of iron [13].  

Cu is involved in glial apoptosis, and its synaptic dysregulation promotes memory and learning 

dysfunctions, producing a marked inhibition of glutamate-mediated neurotransmission [18]. 

An excess of free copper, in the form of Cu1+, induces deleterious Fenton reactions with 

excessive ROS generation and consequent oxidative stress [13]. Copper that is not bound to 

ceruloplasmin (nCp-Cu), whose level increases in AD, can permeate tissues and organs, 

including the brain, and it is associated with this redox-mediated toxicity [18]. 

Like iron ion, copper affects amyloid cascade, promoting Aβ formation and its aggregation in 

plaques. Copper in excess can compromise the physiological brain ability to remove Aβ through 

the low-density lipoprotein receptor-related protein 1 (LRP1), causing the nitrotyrosination of 

LRP1 and inducing its proteasomal-dependent degradation. Furthermore, copper binds directly 

to Aβ peptide enhancing its aggregation and stimulating strong oxidative stress damage [17]. 

Within neurons, copper binds to hyperphosphorylated Tau protein and is colocalized in 

neurofibrillary tangles [13] [18]. Moreover, this metal induces Tau hyperphosphorylation by 

activating the kinases, in particular CDK-5 and GSK-3β, and increases Tau aggregation 

promoting conformational changes of the protein [19]. 
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1.2.4.3 Zinc 

Zinc is a cofactor or structural component for over 300 enzymes and metalloproteins and is 

involved in numerous process, such as protein biosynthesis, adjustment of blood pressure, 

biosynthesis of heme, defense against oxidative stress [12] [13]. 

As for other metals, zinc dyshomeostasis, with low or high concentration in the organism, lead to 

negative effects on the entire body [12]. Both increased and reduced levels of cytoplasmatic Zn 

have been implicated in AD pathology. For example, intracellular zinc depletion destabilizes 

microtubules, starting the cascade of Tau release, hyperphosphorylation and formation of 

neurofibrillary tangles [13]. As a consequence of Aβ aggregation and ROS generation, 

accumulation of intraneuronal zinc, mobilized from intracellular pools, such as metallothioneins, 

mitochondria, lysosomes and endoplasmic reticulum, may affect mitochondrial function and 

induce apoptosis [13] [18]. Zinc triggers the permeabilization of the mitochondrial membrane 

through the activation of the mitochondrial permeability transition pore, that promotes the 

release and/or the production of proapoptotic factors. Moreover, Zn can target many cytosolic 

pathways, including the activation of apoptotic signaling cascades, the modulation of plasma 

membrane channels, and the depletion of metabolic substrates [18]. 

Unlike Fe and Cu, Zn is not a redox metal but can indirectly promote oxidative stress through the 

activation of enzymes involved in the production of ROS and RNS [18]. 

The influence of zinc in Aβ cascade is still not completely clear. Zinc dyshomeostasis influences 

the expression of APP and induces abnormal conformation transition that promotes the 

amyloidogenic pathway, leading to Aβ production [12]. Some studies suggest that the metal, 

binding to a high affinity site on the Aβ peptide, can induce conformational change in Aβ, 

facilitating its aggregation, whereas other studies underline an effect of hindering the aggregation 

process [12] [19]. 

Zinc contributes to Tau toxicity both inducing Tau hyperphosphorylation through the activation 

of kinases and the inhibition of phosphatases and by a phosphorylation-independent pathway, in 

which Zn directly binds the protein and promotes its aggregation [12] [18]. 

 

1.2.5 Cholinergic hypothesis 

The cholinergic hypothesis was first proposed theory to explain the AD, based from the 

observation of lost cholinergic activity in the brain of patients affected by this pathology. Indeed, 

in samples of cerebral cortex and hippocampus from autopsy of patients with AD, it was 

detected a significant decrease in the activity of the enzyme choline acetyltransferase, as well as 

a reduction of acetylcholine (ACh) release and choline re-uptake [20]. At the neuronal level, 
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ACh can be degraded by two types of cholinesterases (ChEs): acetylcholinesterase (AChE) and 

butyrylcholinesterase (BChE). AChE activity is dominant in the healthy brain (80%), where 

BChE seems to play only a supportive role. Accordingly, AChE is mainly expressed by neurons, 

while BChE activity is mainly associated with glial cells [21]. 

AChE and BChE share 65% amino acid sequence homology. They display a similar overall 

structure and their active sites are both buried at the bottom of a ∼20 Å deep gorge (Figure 1). 

One of the most remarkable differences concerns the acyl-binding pocket, which accommodates 

the acyl moiety of the substrate during catalysis. Referring to human enzymes numbering, 

hAChE residues Phe295 and Phe297 are replaced by Leu286 and Val288 in hBChE, allowing the 

latter to both bind and hydrolyze bulkier ligands and substrates [21]. The other residues 

constituent of the acyl-binding pocket are Trp236 and Phe338 in hAChE, and Trp231, Phe329 

and Phe398 in hBChE [22]. The ChEs have a sub-anionic site (or choline binding site) that, 

unlike what was initially assumed, is not constituted by acids residues, but by aromatic amino 

acids Trp86 in hAChE and Trp82 in hBChE, which, through their indole ring, bind the 

quaternary ammonium of choline of the substrate, by means of cation-π interaction [21] [23] 

[24]. Another important site is the peripheral anionic site (PAS); in the hAChE the PAS consists 

of 5 residues (Tyr72, Asp74, Tyr124, Trp286 and Tyr341) clustered around the entrance to the 

active site gorge and able to form π-cation interactions with acetylcholine and orient it to slide 

down to the choline-binding pocket [22]. Trp286 is fundamental for the interaction with several 

enzyme inhibitors, such as donepezil. Some AChE inhibitors, such as decamethonium, bind both 

the Trp86 of the sub-anionic site and Trp286 of the PAS, through cation-π interactions [24] [25]. 

Differently the PAS of BChE is constituted by Tyr332 and Asp70 [22]. The oxyanion hole, 

formed by Gly121, Gly122 and Ala204 in hAChE, and by Gly116, Gly117 in hBChE, provides 

hydrogen bond donors that stabilize the tetrahedral transition state of the substrate [26] [22]. The 

catalytic active site (CAS) involves a catalytic triad, constituted from amino acids serine, 

histidine and glutamic acid (Ser203, His447 and Glu202 in hAChE and Ser198, His438 and 

Glu197 in hBChE) [21] [23]. 

The PAS of AChE has been identified as a site promoting non-cholinergic functions, in 

particular cell adhesion, neurite outgrowth and amyloidosis through an interaction with the Aβ-

peptide in AD [26]. The neurotoxicity induced by AChE–Aβ complexes is higher than that 

induced by the Aβ peptide alone [27]. The enzyme associated with the Aβ peptide was more 

resistant to incubation under low pH conditions, to inhibition by anti-cholinesterase agents and to 

inhibition by excess of substrate acetylthiocholine [27]. Several anti-cholinesterase capable of 
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interacting with the PAS, such as donepezil or physostigmine, unlike inhibitors of only the active 

site, are able to inhibit AChE-induced Aβ aggregation [28]. 

Experimental evidences show that in the brain of AD patients AChE activity decreases during 

the progression of the disease, while BChE activity remains unchanged or increases; this 

suggests a possible compensatory role of BChE during the disease evolution [29]. 

Despite also BChE is colocalized in amyloid plaques, controversial results on its ability to 

promote the aggregation of the peptide have been reported [29]. 

 

    

Figure 1. Active site gorges of human AChE (PDB code: 4EY7) on the left and of human BChE (PDB code: 6EP4) 

on the right. The main residues are represented as sticks. The catalytic active site (CAS) of both enzymes, located in 

the bottom of the gorge, is in cyan. The oxyanion hole is in yellow. The choline binding site is in magenta. The acyl-

binding pocket is in pink. The peripheral anionic site (PAS), located at the rim of the gorge, is in green.  
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1.3 Research project 

Alzheimer’s disease (AD) is a multifactorial neurodegenerative syndrome, as many factors are 

involved in pathogenesis, including: alterations of the cholinergic system; hyperproduction and 

aggregation of β-amyloid (Aβ) neurotoxic peptide; oxidative stress; dyshomeostasis of some 

metals, which promote aggregation of the Aβ peptide and catalyze the formation of reactive 

oxygen species (ROS) [30] [31].  

Currently approved drugs for the treatment of AD, the acetylcholinesterase inhibitors (AChEIs) 

(donepezil, rivastigmine and galantamine) and the non-competitive antagonist of glutamate 

NMDA receptors (memantine), offer only limited and temporary benefits for patients, because 

they are not able to cure or stop the progression of AD [32]. An increasing number of data 

suggests that acting on a specific pathogenesis pathway of AD with high potency and selectivity 

could not be enough to address the multifactorial nature of this disease. For this reason, in recent 

years research for AD therapy has been directed towards the development of multitarget 

compounds, that simultaneously target several pathological features [33] [34].  

Despite advances in pharmacological research, cholinesterases remain a crucial target for AD 

therapy. In the enzymatic pocket of acetylcholinesterase (AChE) there are two binding sites: the 

catalytic active site (CAS) and the peripheral anionic site (PAS). The involvement of AChE, 

through the PAS, in the aggregation of the Aβ peptide has given a new meaning to the 

therapeutic use of AChEIs with mixed or non-competitive mechanism, as they could act both by 

restoring the acetylcholine levels and interfering on the aggregation of the Aβ peptide [24] [27] 

[35]. Butyrylcholinesterase (BChE), whose expression and activity increases in advanced AD 

states, is also responsible for the hydrolysis of acetylcholine and may have a compensatory role 

when AChE activity is reduced, representing a further target for therapy [29].  

Moreover, it has been observed that β-amyloid has high binding affinity for biometals 

indispensable for cellular homeostasis as Fe3+, Cu2+ and Zn2+, which act as catalysts of the 

formation of radical species (ROS and RNS) that cause the oxidation of macromolecules, such as 

proteins and nucleic acids and lipid peroxidation, in a framework of global increase in oxidative 

stress, responsible for progression of the AD [30] [36] [37]. 

Based on these considerations, the design of the compounds object of this thesis was directed 

towards new multitarget molecules, whose purpose could be to restore the cholinergic tone, 

contrast the toxicity and deposition of the β-amyloid peptide, attenuate the dyshomeostasis of the 

metals mainly involved in the pathology and reduce the oxidative stress. Specifically, the 

compounds were designed as potential cholinesterases inhibitors able to interact with both the 
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active catalytic site (CAS) and the peripheral anionic site (PAS) of the enzyme, in order to 

inhibit both the hydrolysis of acetylcholine and the aggregation of β-amyloid, mediated by the 

formation of the complex with the PAS. In addition, ions chelator moieties were incorporated 

into these compounds, in order to obtain molecules potentially able to chelate biometals 

colocalized in Aβ plaques and involved in the generation of radical species. 

 

The first series of compounds designed, synthesized and evaluated in vitro is represented by 

pyrimidine and pyridine derivatives (Figures 2-4). These molecules were designed based on the 

structure of cholinesterases enzymatic pocket, inserting two small aromatic groups separated by 

an aliphatic linker. The aromatic moieties are potentially able to interact with the aromatic amino 

acids located adjacent to the CAS and in the PAS of the enzymes by means of π-π interactions, 

while the aliphatic linker covers the distance between CAS and PAS and gives flexibility to the 

compounds. Because of the difficulty to predict the conformational behavior of linear alkyl 

chains, different length linkers were used, in particular with five or six methylene units. Within 

the chain hydrogen bond acceptor or donor groups have been introduced in order to favor 

interactions with the amino acids of the enzymes gorge. Initially a protonable amine group, both 

acceptor and donor of hydrogen bond and that could establish cationic-π interactions with 

aromatic residue of the enzymes, was inserted. Subsequently the amine was replaced with amide 

group, with the aim to evaluate if this could improve the inhibitory activity towards 

cholinesterases. Then the amino group was substituted with the carbamate, that could allow the 

formation of covalent adduct with the serine in the active site of the cholinesterases. 

A 2-amino-pyrimidinic or 2-amino-pyridinic moiety has been inserted as one of the two aromatic 

groups, since the presence of the two adjacent nitrogen atoms could confer chelating activity to 

the compounds. On the other side of the aliphatic chain different aromatic groups have been 

chosen, with the purpose of acquiring further information about the structural requirements for 

targeting cholinesterases. Among these groups also phenolic or catecholic rings have been 

selected to enhance chelating properties and to confer direct antioxidant activity. 
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Figure 2. General structures of pyrimidine and pyridine diamine derivatives. 

 

 

Figure 3. General structures of pyrimidine and pyridine amide derivatives. 

 

 

Figure 4. General structures of pyrimidine and pyridine carbamate derivatives. 

n = 3 or 4

X = CH or N

X = CH or N

X = CH or N

R =                 or
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The second series of compounds developed is represented by deferiprone derivatives (Figures 5-

8). Deferiprone (3-hydroxy-1,2-dimethyl-4(1H)-pyridinone) is a FDA approved iron chelator 

indicated for orally used as a second choice for the treatment of patients with transfusional iron 

overload due to thalassemia syndromes [38]. In addition, in recent years the deferiprone moiety 

has been used by different research groups for the synthesis of potential multitarget compounds 

for AD [39] [40] [41] [42] [43] [44].  

Also deferiprone derivatives were designed based on the structure of cholinesterases enzymatic 

pocket as dual binding site inhibitors: they are or symmetric molecules, with two deferiprone 

fragments separated by an aliphatic linker (Figure 5), or asymmetrical compounds, with an 

arylalkylamine moiety connected via an alkyl chain to deferiprone fragment (Figure 6), to allow 

simultaneously interactions with catalytic site (CAS) and peripheral anionic site (PAS) of the 

enzyme. Aliphatic chains with four, five and six methylene units have been chosen to investigate 

the effect of different length linkers. The synthetic procedures carried out to obtain the 

deferiprone derivatives require the protection of the 3-OH group as benzyl ether; since these 

benzylated derivatives possess the structural characteristics to be able to interact with enzymes, 

they have been included in the evaluations of the anti-cholinesterase activity. Initially, in the 

asymmetrical compounds, at one side of the alkyl chain, the unsubstituted benzyl or the 2-

methoxylbenyl groups, that seems to play a crucial role in the affinity toward AChE [45] [46] 

[47], were introduced. Subsequently deferiprone and pyrimidine or pyridine hybrids were 

designed, replacing the benzyl ring with 2-amino-pyrimidinic or 2-amino-pyridinic moiety 

(Figure 7). For these compounds the deferiprone fragment was also derivatized as 

diethylcarbamate on the 3-hydroxyl group, to investigate if it could allow the formation of 

covalent adduct with the serine in the active site of the cholinesterases. Successively, with the 

aim of obtaining compounds potentially capable of inhibiting Aβ aggregation, the pyrimidine 

ring was maintained and bound to 2-picolylamine or benzylamine (Figure 8), in order to 

synthesize a series of 2,4-pyrimidyldiamine derivatives that possess an extended donor-acceptor 

hydrogen bond sequence (N and NH functions), that could enable the molecule to bind the 

complementary β-sheet conformation of amyloid [48]. The reaction intermediates 2-chloro-4-

amino and 4-chloro-2-amino pyrimidine isomers, that respond to the structural characteristics of 

cholinesterases inhibitors, were also isolated and tested on enzymes.  
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Figure 5. General structures of symmetrical deferiprone derivatives. 

 

 

Figure 6. General structures of asymmetrical deferiprone derivatives. 

 

 

Figure 7. General structures of deferiprone and pyrimidine or pyridine hybrids.  

 

 

Figure 8. General structures of deferiprone and (benzylamino)pyrimidine or ((pyridin-2-

ylmethyl)amino)pyrimidine derivatives.  

  

R = -H or -Bn R = -H or -Bn

n = 2, 3 or 4

R = -H or -Bn

n = 2, 3 or 4

R1 = -H or -OCH3

X = CH or N

R1 = -Bn

-H
-CON(CH2CH3)2

X = CH or N

R = -H or -Bn
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Finally, the last series of compounds designed, synthesized and evaluated in vitro is represented 

by (pyridin-2-ylmethyl)pyrimidine derivatives (Figure 9). Among pyrimidine and pyridine 

derivatives initially tested, one of the most interesting was the diamine compound with 

pyrimidine moiety on one side of the aliphatic chain and unsubstituted phenyl ring on the other 

side; it showed a high inhibitory potency towards AChE, but limited towards BChE. This 

molecule was chosen as starting point for developing new derivatives. Based on the evidence 

that the introduction of 2-picolylamine bound to pyrimidine ring in the last deferiprone 

derivatives improves the activity towards cholinesterases and in particular on BChE, compounds 

with (pyridin-2-ylmethyl)pyrimidine moiety connected by an aliphatic chain to phenyl or 2-

methoxylphenyl group were designed, always with the aim of obtaining molecule potentially 

capable of inhibiting amyloid aggregation, as described above. According to the synthetic 

procedures, two pairs of pyrimidine isomers were obtained and tested on enzymes. 

 

 

Figure 9. General structures of (pyridin-2-ylmethyl)pyrimidine derivatives. 

  

R = -H or -OCH3

R = -H or -OCH3
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2. Results and discussions 

2.1 Chemical synthesis  

2.1.1 General procedure for the synthesis of pyrimidine and pyridine diamine derivatives 

9-33 

The pyrimidine diamine derivatives 9-22 were synthetized following the procedures described in 

Scheme 1. Initially the intermediates 3 and 4 were synthesized through two reaction steps (first 

method, procedure A or B in experimental section); subsequently the intermediate 4 was also 

obtained directly through a single reaction (second method, procedure C in experimental 

section). Following the first synthetic method equimolar amounts of 2-chloropyrimidine, N-Boc-

1,5-diaminopentane or N-Boc-1,6-diaminohexane and triethylamine were reacted in methanol at 

reflux overnight to give compounds 1 or 2, which were purified by column chromatography on 

silica gel. Then intermediates 1 and 2 were deprotected from Boc by treatment with a high 

excess of trifluoroacetic acid in anhydrous dichloromethane, to obtain compounds 3 and 4, which 

were used either as trifluoracetic salts or as free amines. According to the second synthetic 

method intermediate 4 was synthetized directly by reaction between 2-chloropyrimidine and an 

excess of 1,6-diaminohexane in presence of triethylamine, in methanol at reflux overnight. The 

excess of diamine allowed to obtain mainly the product of interest, in which only one amino 

group reacted with 2-chloropyrimidine. The reaction was monitored by ESI-MS and the crude 

residue was purified by chromatography on silica gel column. The second method proved to be 

more advantageous than the first, as through a single step it was possible to synthetize the 

desired pyrimidine intermediate with a higher yield. 

Equimolar amounts of the amine intermediates 3 or 4 and the appropriate aldehyde were 

dissolved in dry dichloromethane in presence of potassium carbonate or molecular sieves as 

desiccant agents. The choice of the suitable drying agent was based on the starting reagents: 

when compounds 3 or 4 were used as trifluoracetic salts, potassium carbonate was utilized both 

as a desiccant, either as a base to unlock the amino group of the intermediates; when the reaction 

was carried out using aldehydes containing groups susceptible to acid-base reactions with 

potassium carbonate (such as indole -NH or phenol -OH), molecular sieves were selected as 

desiccant agents. These reactions were monitored by IR spectroscopy to confirm the imine 

formation, with stretching absorption band around 1640 cm-1, and the disappearance of the 

aldehyde band at about 1700 cm-1. The obtained imine intermediates were reduced by treatment 

with sodium borohydride in methanol and after the reaction the excess of sodium borohydride 
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was decomposed by addition of water or HCl 1M. The addition of hydrochloric acid was 

necessary to avoid oxidation of phenolic derivatives at basic pH. 

The residues obtained were purified by column chromatography on silica gel and/or by 

crystallization. Moreover, the structure of final compounds was confirmed by spectroscopic 

analysis; as an example in the 1H-NMR spectra was observed the appearance of the methylene 

singlet between 3.89-3.63 ppm. The detailed synthetic procedures, the analytical and 

spectroscopic data of synthesized compounds are reported in the experimental section and are in 

agreement with the proposed structures. 

 

 

Scheme 1. Synthesis of pyrimidine diamine derivatives 9-22. Reagents and conditions: a) TEA (1 eq), MeOH, 

reflux, 20h; b) TFA (20 eq), dry CH2Cl2, room temp, 3.5h; c) opportune aldehyde (1 eq), dry CH2Cl2, dry K2CO3 

(for 9-16 and 21) or activated molecular sieves (for 17-20 and 22), room temp, 12h; d) NaBH4 (3 eq), MeOH, room 

temp, 2h. 
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The pyridine diamine derivatives 23-33 were synthetized following the procedures described in 

Scheme 2. Intermediates 5 and 6 were synthetized by Ullmann coupling catalyzed by CuI and 2-

isobutyrylcyclohexanone, as described by Shafir A. and Buchwald S.L [49]. A Schlenk flask was 

charged with N-Boc-1,5-diaminopentane or N-Boc-1,6-diaminohexane and solid reactants (CuI 

and Cs2CO3) and then it was evacuated and backfilled with N2. Under a counter flow of N2, 2-

iodopyridine, DMF and finally 2-Isobutyrylcyclohexanone were added. The reaction was 

monitored by ESI-MS and the best yield was obtained allowing the mixture to stir at 40°C for 21 

hours. Purification by chromatography on silica gel column led to the isolation of the product of 

interest with quantitative yield. Then intermediate 5 and 6 were deprotected from Boc by 

treatment with a high excess of trifluoroacetic acid in anhydrous dichloromethane, to obtained 

compounds 7 and 8, which were used either as trifluoracetic salts or as free amines. Differently 

from what has been said for the pyrimidine intermediates, in this case it was not possible to 

synthetize the compounds 5 and 6 directly through a single reaction between 2-iodopyridine and 

an excess of the opportune diamine. In fact, in this way the product in which both amino groups 

reacted with 2-iodopyridine was mainly obtained. 

Then intermediates 7 and 8 were reacted with the appropriate aldehydes and the imines obtained 

were reduced with sodium borohydride, as previously described for the pyrimidine derivatives. 

The residues obtained were purified by column chromatography on silica gel or by 

crystallization. The structure of final compounds was confirmed by spectroscopic analysis; as an 

example in the 1H-NMR spectra was observed the appearance of the methylene singlet between 

3.90-3.63 ppm. The detailed synthetic procedures, the analytical and spectroscopic data of 

synthesized compounds are reported in the experimental section and are in agreement with the 

proposed structures. 
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Scheme 2. Synthesis of pyridine diamine derivatives 23-33. Reagents and conditions: a) CuI (0.05 eq), Cs2CO3 (2 

eq), 2-Isobutyrylcyclohexanone (0.2 eq), DMF, N2, 40°C, 21h; b) TFA (20 eq), dry CH2Cl2, room temp, 3.5h; c) 

opportune aldehyde (1 eq), dry CH2Cl2, dry K2CO3 (for 23-28 and 33) or activated molecular sieves (for 29-32), 

room temp, 12h; d) NaBH4 (3 eq), MeOH, room temp, 2h. 

 

2.1.2 General procedure for the synthesis of pyrimidine and pyridine amide derivatives 34-

47 

The pyrimidine and pyridine amide compounds 34-47 were prepared following a common 

procedure described in Scheme 3. The synthesis was carried out using carbonyldiimidazole 

(CDI) as activating agent of the carboxylic acid function. Although the reactivity of the CDI-

carboxylic acid intermediate is lower than acid chlorides, CDI is more controllable and allows to 

avoid the use of more reactive activating agents, such as thionyl chloride, which may cause cross 

reactions. Therefore, CDI was dissolved in acetonitrile and the opportune carboxylic acid was 

added, the reaction was heated to reflux to improve solubility of the reagents and it was 

monitored through IR spectroscopy, evaluating the appearance of two carbonyl stretching bands 

around 1735 and 1700 cm-1, concerning the CDI-carboxylic acid intermediate.  

At this point pyrimidine intermediate 4 or pyridine intermediate 8, obtained as previously 

described, was added and the reaction was refluxed overnight. The compounds were purified by 

column chromatography on silica gel and/or by crystallization. The structure of final compounds 

was confirmed by spectroscopic analysis; as an example in the 1H-NMR spectra of amide 

derivatives was observed the shift of the signal due to the -CH2-NH- group from 2.70 ppm (-

CH2-NH2 in intermediates 4 and 8) to 3.38-2.99 ppm (-CH2-NH-C=O in amide derivatives). 
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The detailed synthetic procedures, the analytical and spectroscopic data of the synthesized 

compounds are reported in the experimental section and are in agreement with the proposed 

structures. 

 

Scheme 3. Synthesis of pyrimidine and pyridine amide derivatives 34-47. Reagents and conditions: a) CDI (1 eq), 

CH3CN, reflux, 5h; b) N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (for 34-43) or N1-(pyridin-2-yl)hexane-1,6-

diamine (8) (for 44-47) (1 eq), reflux, 18h. 

 

2.1.3 General procedure for the synthesis of pyrimidine and pyridine carbamate 

derivatives 48-51 

The pyrimidine and pyridine carbamate derivatives 48-51 were synthetized following the 

procedure described in Scheme 4. Pyrimidine intermediate 4 or pyridine intermediate 8, obtained 

as previously described, was dissolved in chloroform and then triethylamine and the opportune 

chloroformate were added. The reaction was monitored by ESI-MS; although the formation of 

the desired compound was detected already after 3 hours of reaction, the best yields were 

obtained leaving the mixture under stirring overnight (e.g. compound 51: yield 33% after stirring 

for 18h, 15% after stirring for 3h). The compounds were purified by column chromatography on 

silica gel. The structure of final compounds was confirmed by spectroscopic analysis; as an 

example in the 1H-NMR spectra of carbamate derivatives was observed the shift of the signal 

due to the -CH2-NH- group from 2.70 ppm (-CH2-NH2 in intermediates 4 and 8) to 3.18-2.97 

ppm (-CH2-NH-C=O in carbamates derivatives). 

The detailed synthetic procedures, the analytical and spectroscopic data of the synthesized 

compounds are reported in the experimental section and are in agreement with the proposed 

structures. 
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Scheme 4. Synthesis of pyrimidine and pyridine carbamate derivatives 48-51. Reagents and conditions: a) TEA (1 

eq), phenyl chloroformate (for 48, 50) or benzyl chloroformate (for 49, 51) (1 eq), CHCl3, room temp, 3-18h. 

 

2.1.4 General procedure for the synthesis of deferiprone derivatives 53-58 and 62-70 

The symmetrical deferiprone derivatives 53-58, and the compounds 62-70, with deferiprone 

conjugated via an alkyl linker to phenyl or 2-methoxyphenyl ring, were synthetized according to 

scheme 5. The benzyl-protected maltol 52 and an equimolar amount of the opportune diamine 

were refluxed overnight in aqueous ethanol and in presence of sodium hydroxide (pH=13), to 

give the double Michael addition products. With this reaction two different kind of compounds 

were obtained: one in which both amino groups reacted with benzylated-maltol, to give 

symmetrical derivatives 53-55, and one in which only one amino group reacted, to form 

compounds 59-61. They were separated by flash column chromatography on silica gel and their 

structures were confirmed by spectroscopic analysis. To synthesize compounds 62-66, the 

primary amine 59-61 and the appropriate aldehyde were dissolved in the required amount of 

dichloromethane and molecular sieves were added as desiccant agents. The reaction was 

monitored by IR spectroscopy to confirm the imine formation, with stretching absorption band 

around 1640 cm-1, and the disappearance of the aldehyde band at about 1700 cm-1. The obtained 

imine intermediates were reduced by treatment with sodium borohydride in methanol and after 

the reaction the excess of sodium borohydride was decomposed by addition of water. The crude 

residues were purified by flash column chromatography on silica gel and the structures of the 

synthesized compounds were confirmed by spectroscopic analysis, as the appearance of the Ar-

CH2-NH- singlet between 3.82 and 3.76 ppm in the 1H-NMR spectra. Finally, the benzylated 

derivatives 53-55 and 63-66 were deprotected in hydrochloric acid at reflux to obtain the 

corresponding salts 56-58 and 67-70, whose structures were confirmed by the disappearance of 

the benzyl methylene singlet between 5.24 and 5.20 ppm in the 1H-NMR spectra. 
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The detailed synthetic procedures, the analytical and spectroscopic data of the synthesized 

compounds are reported in the experimental section and are in agreement with the proposed 

structures. 

 

Scheme 5. Synthesis of deferiprone derivatives 53-58 and 62-70. Reagents and conditions: a) Benzyl bromide (1 

eq), EtOH, NaOH, reflux, 6h; b) 1,4-Diaminobutane (for 53, 59) or 1,5-Diaminopentane (for 54, 60) or 1,6-

Diaminohexane (for 55, 61) (1 eq), EtOH/H2O (50%), NaOH 1M (pH=13), reflux, 18h; c) Benzaldehyde (for 62-64) 

or 2-Methoxybenzaldehyde (for 65-66) (1 eq), CH2Cl2, molecular sieves, room temp, 12h; d) NaBH4 (3 eq), MeOH, 

room temp, 2h; e) HCl 6N, reflux, 2h. 

 

2.1.5 General procedure for the synthesis of deferiprone derivatives 71-76 

Derivatives 71-76, with deferiprone conjugated via an alkyl linker to 2-aminopyrimidine or 2-

aminopyridine, were synthetized following scheme 6. Pyrimidine intermediate 4 or pyridine 

intermediate 8, obtained as described in schemes 1 and 2, were refluxed overnight with benzyl-

protected maltol 52 in aqueous ethanol and in presence of sodium hydroxide (pH=13), to give 

the double Michael addition products 71 and 72. The crude residues were purified by 

chromatography on silica gel column and the structures of the synthesized compounds were 

confirmed by spectroscopic analysis; as an example in the 1H-NMR spectra was observed the 

shift of the signal due to -CH2-N- group from 2.70 ppm (-CH2-NH2 in intermediate 4 and 8) to 

3.78 ppm (-CH2-deferiprone). 
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The benzylated derivatives 71 and 72 were deprotected in hydrochloric acid at reflux to obtain 

the corresponding compounds 73 and 74, whose structures were confirmed by the disappearance 

of the benzyl methylene singlet at 5.07 ppm in the 1H-NMR spectra. 

These products were used to synthesize 75 and 76, in which the hydroxyl group of deferiprone 

was carbamoylated by reaction with cesium carbonate and diethylcarbamoyl chloride. The crude 

residues were purified by chromatography on silica gel column and the structures of the 

synthesized compounds were confirmed by spectroscopic analysis. 

The detailed synthetic procedures, the analytical and spectroscopic data of the synthesized 

compounds are reported in the experimental section and are in agreement with the proposed 

structures. 

 

 

Scheme 6. Synthesis of deferiprone derivatives 71-76. Reagents and conditions: a) EtOH/H2O (50%), NaOH 1M 

(pH=13), reflux, 18h; b) HCl 6N, reflux, 5h; c) Cs2CO3 (2.25 eq), diethylcarbamoyl chloride (1.5 eq), CH3CN, 

reflux, 20h. 

 

2.1.6 General procedure for the synthesis of deferiprone derivatives 77-82 

The deferiprone derivatives 77-82 were synthetized according to scheme 7. Primary amine 61, 

obtained as previously described in Scheme 5, was reacted with 2,4-dichloropyrimidine and 

DIPEA in ethanol at reflux overnight. Whit this reaction both isomers 77 and 78, formed by 

nucleophilic substitution in position 2 or 4 of 2,4-dichloropyrimidine, were obtained and 

separated by column chromatography on silica gel. The nucleophilic substitution at C-4 of 2,4-

dichloropyrimidine is favoured than substitution at C-2 and leads to the formation of the majority 
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isomer. Based on this consideration majority compound 77 (yield 50%) is the isomer obtained by 

substitution at C-4, while minority compound 78 (yield 15%) is the isomer obtained by 

substitution at C-2. Furthermore, the structures of this two products were confirmed by 2D-

NOESY spectra. In 2D-NOESY spectrum of compound 77 (Appendix 1 – Figure A1.1) the most 

important cross peak to attribute the right structure of the isomer is between the doublet at 6.37 

ppm and the broad singlet at 3.29 ppm. Indeed, the doublet at 6.37 ppm also correlates with the 

broad singlet at 7.83 ppm, so these signals correspond respectively to Hb and Ha of pyrimidine 

moiety, while the broad singlet at 3.29 ppm, that shows a cross peak with the broad singlet of 

NH (Hc) at 6.53 ppm, corresponds to the Hd of the aliphatic chain. Therefore, the cross peak 

between the doublet at 6.37 ppm and the broad singlet at 3.29 ppm indicates the closeness of Hb 

to Hd and confirms the structure previously hypothesized based on reactivity of 2,4-

dichloropyrimidine. In 2D-NOESY spectrum of compound 78 (Appendix 1 – Figure A1.2) the 

doublet at 8.13 ppm correlates with the doublet at 6.56 ppm, so these signals correspond to Ha 

and Hb of pyrimidine moiety, while the quadruplet at 3.31 ppm, that shows a cross peak with the 

broad singlet of NH (Hc) at 6.09 ppm, corresponds to the Hd of the aliphatic chain. In this 

spectrum there are not NOE correlation between the hydrogens of pyrimidine moiety and the Hd 

of the aliphatic chain and this confirms the structure reported for compound 78.  

To synthetized compounds 79 and 80, isomer 78 was reacted with 2-picolylamine or 

benzylamine in isopropanol in presence of DIPEA, under microwaves irradiation. Attempts to 

carry out the reaction in 2-propanol or toluene under reflux conditions were unsuccessful. 

Therefore, the microwaves irradiation allowed to overcome this reactivity problem. The reaction 

was monitored with TLC on silica gel and with ESI-MS to verify the complete disappearance of 

starting compound and to optimize the reaction conditions. The crude residues were purified by 

chromatography on silica gel column and the structures of the synthesized compounds were 

confirmed by spectroscopic analysis. Finally, the benzylated derivatives 79 and 80 were 

deprotected in hydrochloric acid at reflux to obtain the corresponding products 81 and 82, whose 

structures were confirmed by the disappearance of the benzyl methylene singlet at 5.07-5.08 ppm 

in the 1H-NMR spectra. 

The detailed synthetic procedures, the analytical and spectroscopic data of the synthesized 

compounds are reported in the experimental section and are in agreement with the proposed 

structures. In 13C-NMR spectra of isomer 77 and of its derivatives 79-82 the pyrimidine 13C 

signals and the 13C signal of pyrimidine-NH-CH2-CH2- are not always detectable. For compound 

79, in the 13C-NMR spectrum recorded at 25 °C with 1000 scans, two pyrimidine 13C signals and 

the aliphatic 13C signal of pyrimidine-NH-CH2-CH2- are not detectable; in the 13C-NMR 
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spectrum recorded at 60 °C with 1000 scans one of the pyrimidine signals absent at 25 °C is 

detectable, while the presence of the other two absent 13C is confirmed by the cross peaks present 

in 2D 1H-13C HMQC analysis. 

 

 

Scheme 7. Synthesis of deferiprone derivatives 77-82. Reagents and conditions: a) DIPEA (2 eq), EtOH, reflux, 

20h; b) 2-picolylamine (for 79) or benzylamine (for 80) (2 eq), DIPEA (2 eq), i-PrOH, MW, 160 °C (for 79) or 110 

°C (for 80), 30 min x 3 times; c) HCl 6N, reflux, 5h. 

 

2.1.7 General procedure for the synthesis of (pyridin-2-ylmethyl)pyrimidine derivatives 89-

92 

The (pyridin-2-ylmethyl)pyrimidine derivatives 89-92 were synthetized following scheme 8. The 

2,4-dichloropyrimidine was reacted with N-Boc-1,6-diaminohexane and triethylamine in 

methanol at reflux overnight. Whit this reaction both isomers 83 and 84, formed by nucleophilic 

substitution respectively in position 4 or 2 of 2,4-dichloropyrimidine, as previously discussed for 

compounds 77 and 78, were obtained and separated by column chromatography on silica gel.  

Then isomers 83 and 84 were reacted with 2-picolylamine in isopropanol in presence of DIPEA, 

under microwaves irradiation, to synthetized intermediates 85 and 86, respectively. The reactions 

were monitored by silica gel TLC and ESI-MS to verify the complete disappearance of starting 

compounds and to optimize the reaction conditions. The crude residues were purified by 

chromatography on silica gel column and the structures of the synthesized compounds were 

confirmed by spectroscopic analysis.  



26 

 

Then intermediates 85 and 86 were deprotected from Boc by treatment with a high excess of 

trifluoroacetic acid in anhydrous dichloromethane, to obtained compounds 87 and 88. These 

amines were reacted in dry dichloromethane with the appropriate aldehydes in presence of 

molecular sieves as desiccant agents. The reactions were monitored by IR spectroscopy to 

confirm the imine formation, with stretching absorption band around 1640 cm-1. The obtained 

imine intermediates were reduced by treatment with sodium borohydride in methanol and after 

the reaction the excess of sodium borohydride was decomposed by addition of hydrochloric acid 

1M. The residues obtained were purified by column chromatography on silica gel. The structure 

of final compounds 89-92 was confirmed by spectroscopic analysis; as an example in the 1H-

NMR spectra was observed the appearance of the methylene singlet between 3.75-3.73 ppm. The 

detailed synthetic procedures, the analytical and spectroscopic data of synthesized compounds 

are reported in the experimental section and are in agreement with the proposed structures. 

 

 

Scheme 8. Synthesis of (pyridin-2-ylmethyl)pyrimidine derivatives 89-92. Reagents and conditions: a) TEA (1 eq), 

MeOH, reflux, 20h; b) 2-picolylamine (2 eq), DIPEA (2 eq), i-PrOH, MW, 110 °C, 10 min x 2 times (for 85) or 10 

min (for 86); c) TFA (20 eq), dry CH2Cl2, room temp, 3.5h; d) opportune aldehyde (2 eq), dry CH2Cl2, activated 

molecular sieves, room temp, 16h; e) NaBH4 (5 eq), MeOH, room temp, 2h.  
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2.2 Enzymatic assays 

On the synthesized compounds enzymatic inhibition studies were carried out towards 

Electrophorus electricus AChE (EeAChE) and equine BChE (eqBChE) according to the 

Ellman’s spectrophotometric method [50], described in detail in the experimental section. 

EeAChE and eqBChE show high percentages of identity, calculated by means of Blast® 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi), respectively towards human AChE (∼60%) and human 

BChE (∼91%). Initially, for each compound, the percentages of inhibition were determined at 

the inhibitor concentration equal to 9 µM and, for the most potent compounds, also at 900 nM 

and 90 nM, in presence of 0.0833 U/mL of enzyme and 100 µM of acetylthiocholine. 

Tacrine was used as positive control (percentages of inhibition towards EeAChE: 100% at 9 µM, 

97.6 ± 0.1 at 900 nM, 76.6 ± 0.2 at 90 nM; percentages of inhibition towards eqBChE: 100% at 9 

µM, 99.7 ± 0.3 at 900 nM, 96.1 ± 0.2 at 90 nM). 

 

On the basis of the results illustrated in Table 1, related to pyrimidine diamine derivatives, there 

are not significant differences between the percentages of inhibition towards EeAChE of the 

compounds having an aliphatic linker with five methylene units (9-12) compared to the 

corresponding derivatives with six methylene units (13, 14, 16, 21). On the other hand, towards 

eqBChE, the compounds having a five methylene chain show a lower inhibitory potency 

compared to the six methylene derivatives. As a consequence of this observation, for the 

synthesis of the next compounds we decided to use an aliphatic linker with six methylene units. 

Among pyrimidine diamine derivatives the most potent compounds on EeAChE, with 

approximately 90% of inhibition at 9 µM, and between 40-60% at 900 nM, are 9 and 13, both 

with an unsubstituted phenyl ring on one side of the aliphatic chain, 19, with a 3-hydroxyphenyl 

ring, and 20, having a 2,3-dihydroxyphenyl ring. The insertion of a halogen atom in para position 

of the phenyl ring (compounds 10, 14 and 15) as well as the replacement of the phenyl with 

3,4,5-trimethoxyphenyl (17) or 2,6-dichlropyridine ring (12 and 21) cause a drastic reduction of 

the inhibitory potency on EeAChE; the replacement of the phenyl with 2-methoxyphenyl (11 and 

16), or 3-methoxy-4-hydroxyphenyl (18) or indole (22) ring reduces the percentages of inhibition 

towards EeAChE from 90% to 60-70% at inhibitor concentration of 9 µM. 

Generally, these pyrimidine diamine derivatives have low inhibitory potency towards eqBChE 

(8-45% at 9 µM), with the exception of compound 18, with 3-methoxy-4-hydroxyphenyl ring, 

that shows 84% of inhibition at 9 µM and 44% at 900 nM, and 22, with indole ring, having a 

94% of inhibition at 9 µM and 65% at 900 nM.  
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Table 1. Inhibition of EeAChE and eqBChE activities by pyrimidine diamine derivatives 9-22.  

 

% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp R n 
[I] 

9 µM 

[I] 

900 nM 

[I] 

90 nM 

[I] 

9 µM 

[I] 

900 nM 

9 
 

3 90.2 ± 0.7 57.1 ± 0.9 14.1 ± 1.4 17.4 ± 2.7 ndb 

10 

 

3 14.5 ± 0.7 ndb ndb 17.1 ± 0.9 ndb 

11 

 

3 62.2 ± 0.9 14.6 ± 0.6 ndb 22.1 ± 1.3 ndb 

12 

 

3 16.5 ± 2.0 ndb ndb 8.5 ± 1.3 ndb 

13 
 

4 92.9 ± 0.4 60.3 ± 1.5 19.2 ± 1.4 26.0 ± 3.5 ndb 

14 

 

4 23.0 ± 1.6 ndb ndb 38.6 ± 5.5 6.6 ± 0.2 

15 

 

4 29.9 ± 1.2 ndb ndb 21.5 ± 1.2 ndb 

16 

 

4 68.3 ± 0.7 15.7 ± 1.1 ndb 43.9 ± 4.8 6.2 ± 0.4 

17 

 

4 16.4 ± 2.8 ndb ndb 29.4 ± 4.5 ndb 

18 

 

4 59.5 ± 3.6 14.7 ± 0.5 ndb 84.4 ± 0.8 44.2 ± 6.4 

19 

 

4 84.4 ± 0.3 39.0 ± 1.9 ndb 26.6 ± 3.9 ndb 
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20 

 

4 90.5 ± 0.5 53.6 ± 3.1 12.8 ± 1.9 17.1 ± 1.6 ndb 

21 

 

4 18.5 ± 1.8 ndb ndb 26.8 ± 0.4 ndb 

22 

 

4 69.2 ± 1.4 16.4 ± 1.9 ndb 94.0 ± 0.7 65.1 ± 3.8 

a Data are the average of three replicates; b nd stands for not determined 

 

Among pyridine diamine derivatives, whose data are reported in Table 2, compounds having an 

aliphatic chain with five methylene units (23 and 24) show a lower inhibitory potency towards 

both enzymes compared to the corresponding derivatives with six methylene chain (25 and 26). 

Generally, pyridine diamine derivatives have similar or lower percentages of inhibition on 

EeAChE compared to the corresponding pyrimidine derivatives (Table 1 and 2) with the 

exception of compounds 29 and 33, having 3,4,5-trimethoxyphenyl or 2,6-dichlropyridine ring, 

respectively. On the contrary pyridine derivatives are more potent on eqBChE than the 

corresponding pyrimidine compounds. Among pyridine derivatives the most potent compound 

on EeAChE is 25, having an unsubstituted phenyl ring on one side of the aliphatic chain, with a 

73% of inhibition at 9 µM. Among the compounds with six methylene units the insertion of a 

halogen atom in para position of the phenyl ring (compounds 26 and 27) as well as the 

replacement of the phenyl with 3,4,5-trimethoxyphenyl group (29) cause a reduction of the 

percent inhibition at 9 µM on EeAChE from 73% to 24-30%. Furthermore, the replacement of 

the phenyl with 2-methoxyphenyl (28) or 3-methoxy-4-hydroxyphenyl (30) or 2,3-

dihydroxyphenyl (32) ring reduces inhibition at 9 µM to about 60%, while the replacement with 

3-hydroxyphenyl (31) or 2,6-dichlropyridine (33) ring reduces inhibition to about 40%. On 

eqBChE the most potent compound is 30, with 3-methoxy-4-hydroxyphenyl ring, that shows 

91% of inhibition at 9 µM and 51% at 900 nM. 
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Table 2. Inhibition of EeAChE and eqBChE activities by pyridine diamine derivatives 23-33. 

 

% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp R n 
[I] 

9 µM 

[I] 

900 nM 

[I] 

9 µM 

[I] 

900 nM 

[I] 

90 nM 

23 
 

3 53.5 ± 1.4  10.3 ± 0.8  56.5 ± 3.0  5.0 ± 5.8 ndb 

24 

 

3 18.2 ± 3.5  ndb 56.4 ± 1.6  12.1 ± 4.6 ndb 

25 
 

4 73.3 ± 0.1 23.1 ± 5.7 71.6 ± 2.1  16.6 ± 6.3 ndb 

26 

 

4 23.5 ± 2.2  ndb 76.8 ± 0.5  17.0 ± 2.7 ndb 

27 

 

4 27.7 ± 4.7  ndb 73.2 ± 3.6  17.7 ± 5.2 ndb 

28 

 

4 58.6 ± 1.1  9.0 ± 1.6  74.3 ± 1.4  24.2 ± 3.3  ndb 

29 

 

4 30.9 ± 1.1  ndb 68.9 ± 4.1  19.0 ± 2.5 ndb 

30 

 

4 61.8 ± 1.9  17.3 ± 0.6  90.9 ± 0.6  51.2 ± 3.1  15.6 ± 6.1 

31 

 

4 42.2 ± 2.2  ndb 56.0 ± 3.8  19.1 ± 2.2 ndb 

32 

 

4 63.9 ± 2.2  23.9 ± 1.5  59.8 ± 1.5  11.5 ± 2.9 ndb 

33 

 

4 40.6 ± 4.1  6.2 ± 1.1 68.3 ± 2.9  13.0 ± 0.7 ndb 

a Data are the average of three replicates; b nd stands for not determined 
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The percentages of inhibition reported in Table 3 show that pyrimidine amide derivatives 34-43 

are weak inhibitors of both enzymes, EeAChE and eqBChE. Instead, the pyridine amide 

derivatives 44-47 have percentages of inhibition significantly higher on both cholinesterases than 

the corresponding pyrimidine amide compounds 34-37. In particular, these molecules are more 

potent on eqBChE than EeAChE. Among pyridine amides 44-47, the most interesting for their 

inhibitory activity on eqBChE are 44 and 46, respectively with phenyl or 4-phenoxybenzyl ring 

adjacent to carbonyl. Compound 44 has 80% of inhibition at 9 µM and 22% at 900 nM, while 46 

has 87% of inhibition at 9 µM and 45% at 900 nM. 

 

Table 3. Inhibition of EeAChE and eqBChE activities by pyrimidine and pyridine amide derivatives 34-47. 

 

% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp R X 
[I] 

9 µM 

[I] 

900 nM 

[I] 

9 µM 

[I] 

900 nM 

34 
 

N 2.5 ± 4.1 ndb 8.5 ± 1.7 ndb 

35 
 

N 5.0 ± 4.4 ndb 5.1 ± 4.7 ndb 

36 
 

N 10.8 ± 2.7 ndb 16.6 ± 5.5 ndb 

37 
 

N nsc 7.0 ± 1.6 nsc nad 

38 

 

N 11.2 ± 5.0 ndb 7.4 ± 2.0 ndb 

39 

 

N 9.9 ± 0.8 ndb 2.1 ± 3.5 ndb 

40 

 

N 7.2 ± 0.8 ndb 9.3 ± 2.4 ndb 
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41 

 

N 25.4 ± 4.7 ndb 10.5 ± 7.5 ndb 

42 

 

N nad ndb nad ndb 

43 

 

N nsc 5.5 ± 1.4 nsc 14.1 ± 4.7 

44 
 

CH 34.0 ± 2.1 ndb 80.5 ± 1.1 22.3 ± 1.6 

45 
 

CH 46.7 ± 1.1 ndb 49.1 ± 3.2 4.3 ± 5.6 

46 
 

CH 42.6 ± 1.4 ndb 87.6 ± 1.5 45.2 ± 2.3 

47 
 

CH 45.4 ± 2.5 ndb 64.7 ± 2.9 31.5 ± 3.1 

a Data are the average of three replicates; b nd stands for not determined; c ns stands for not soluble; d na stands for 

not active 

 

For carbamate derivatives 48-51, whose data are reported in Table 4, a time dependent inhibition 

assay was carried out to evaluate if they act as carbamoylating inhibitor, forming a carbamoyl-

cholinesterase complex by covalent interaction with the serine in the catalytic site. For this 

purpose, the percentages of inhibition were measured both at zero time and following an 

incubation of 1 hour. An increase in the percentages of inhibition towards both cholinesterases 

was observed after incubation: this suggests that these compounds act as carbamoylating agents. 

Moreover, these derivatives are more potent on eqBChE than EeAChE. Pyridine carbamates 50 

and 51 show greater inhibitory potency on both cholinesterases, both at zero time and after 

incubation, compared to the corresponding pyrimidine derivatives 48 and 49. On eqBChE a more 

significant increase of the percentage of inhibition is observed following incubation of the 

phenylcarbamates 48 and 50, compared to the corresponding benzylcarbamates 49 and 51; this 

could be explained by the fact that the phenate ion, being a better leaving group in comparison to 

the benzyl alcohol ion, can more easily allow the carbamoylation of the serine in the catalytic 

site.  
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To monitor the progressive increase of the inhibition on eqBChE exerted by compound 50, the 

most potent eqBChE inhibitor among these carbamate derivatives, the percentages of inhibition 

were determined every 15 minutes for two hours, at the inhibitor concentration equal to 700 nM, 

in presence of 0.0833 U/mL of enzyme and 100 µM of acetylthiocholine.  

These inhibition percentage values, reported in Table 5, were used to construct the graph related 

to the time-dependent inactivation of the eqBChE by the carbamate 50, at the concentration of 

700 nM, reported below (Figure 10). 

 

Table 4. Inhibition of EeAChE and eqBChE activities by pyrimidine and pyridine carbamate derivatives 48-51. 

 

% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp R X 
[I] = 9 µM [I] = 9 µM [I] = 900 nM 

t = 0 t = 1h t = 0 t = 0 t = 1h 

48 
 

N nab 7.2 ± 0.8 38.9 ± 2.5 6.4 ± 6.8 66.4 ± 5.9 

49 
 

N nab 10.9 ± 1.4 16.0 ± 3.7 nab 13.3 ± 3.9 

50 
 

CH 29.4 ± 0.7 41.6 ± 0.7 85.8 ± 1.0 35.2 ± 0.3 79.6 ± 5.3 

51 
 

CH 8.4 ± 3.4 45.4 ± 2.7 80.7 ± 2.3 25.9 ± 2.9 32.4 ± 7.5 

a Data are the average of three replicates; b na stands for not active 
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Table 5. Inhibition of eqBChE activities 

by carbamate derivative 50, at 

increasing incubation time. 
 

Figure 10. Graph of percentage of inhibition on eqBChE of 

carbamate 50 (700 nM) versus incubation time. 

 

Time 

(minutes) 

% inhibition 

 vs eqBChE ± SDa 

[I] = 700 nM 

 

0 35.4 ± 2.2 

15 45.7 ± 1.0 

30 57.7 ± 2.0 

45 65.3 ± 2.2 

60 75.8 ± 2.4 

75 79.2 ± 2.5 

90 82.5 ± 1.6 

105 84.9 ± 0.4 

120 86.0 ± 1.6 

a Data are the average of three 

replicates 
 

 

The results reported in Table 6, related to deferiprone derivatives 53-58 and 62-70, show that 

symmetric derivatives 53-58, with deferiprone moiety on both sides of alkyl chain, have low 

inhibitory potency on EeAChE. For derivatives with phenyl or 2-methoxyphenyl ring on one 

side of alkyl chain (62-70) EeAChE inhibition is mainly influenced by the length of the alkyl 

spacer. Indeed, the results show a noticeable increase of inhibitory activity trough derivatives 

with four, five or six methylene spacer; so the most potent compounds on EeAChE are 64, 66, 68 

and 70. For these molecules the presence (64, 66) or not (68, 70) of benzyl group bound to 

deferiprone’s oxygen does not have significant impact on their EeAChE inhibition activity. The 

same consideration is applicable for the presence (66, 70) or not (64, 68) of methoxyl group on 

phenyl ring. Differently on eqBChE the inhibition activity is mainly influenced by the presence 

of benzyl group bound to deferiprone’s oxygen. Indeed, the deprotection from benzyl group 

drastically reduces the inhibitory potency. All the benzylated derivatives are more potent on 

eqBChE than EeAChE, while all the debenzylated compounds are more selective on EeAChE. 

Also on eqBChE the compounds with six methylene spacer have higher inhibitory potency 

compared to the corresponding five methylene derivatives, while the only not symmetric 

molecule having a four methylene chain (62) has similar potency compared to the corresponding 

six methylene compound (64). Therefore 62 results as the most selective eqBChE inhibitor.  
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Table 6. Inhibition of EeAChE and eqBChE activities by deferiprone derivatives 53-58 and 62-70. 

   
% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp Structure n 
[I] 

9 µM 

[I] 

900 nM 

[I] 

9 µM 

[I] 

900 nM 

53 

 

2 9.2 ± 3.7 ndb 48.4 ± 4.8 ndb 

54 3 7.9 ± 2.0 ndb 41.1 ± 4.3 ndb 

55 4 18.1 ± 4.5 ndb 66.3 ± 2.1 22.8 ± 0.8 

56 

 

2 5.9 ± 2.1 ndb nac ndb 

57 3 6.9 ± 2.1 ndb nac ndb 

58 4 12.5 ± 4.1 ndb nac ndb 

62 

 

2 15.9 ± 3.1 ndb 90.4 ± 1.0 45.4 ± 4.5 

63 3 57.4 ± 3.8 17.5 ± 1.9 70.6 ± 0.9 31.2 ± 2.0 

64 4 78.3 ± 0.3 27.1 ± 2.0 86.4 ± 0.6 45.2 ± 7.1 

65 

 

3 33.3 ± 5.1 ndb 71.8 ± 5.6 30.5 ± 5.2 

66 4 82.1 ± 1.5 30.6 ± 2.3 89.4 ± 0.3 51.4 ± 2.6 

 



36 

 

67 

 

3 47.4 ± 3.4 18.8 ± 1.8 20.2 ± 2.9 ndb 

68 4 78.4 ± 0.6 26.2 ± 2.1 28.3 ± 5.4 ndb 

69 

 

3 48.9 ± 0.9 21.1 ± 2.0 15.4 ±1.5 ndb 

70 4 80.8 ± 0.2 36.9 ± 1.4 56.6 ± 4.2 12.7 ± 5.6 

a Data are the average of three replicates; b nd stands for not determined; c na stands for not active 

 

Table 7 shows the percentages of inhibition of derivatives 71-82, in which deferiprone is 

connected by an alkyl chain to a pyrimidine and/or pyridine portion. Based on the previously 

illustrated results for deferiprone compounds 62-70, we decided to modify the derivatives with 

six methylene spacer. The replacement of the benzyl (64 and 68) or 2-methoxybenzyl (66 and 

70) group with pyrimidine (71 and 73, respectively benzylated and debenzylated derivative) 

determines a reduction of the inhibitory potency on both cholinesterases, while the introduction 

of pyridine moiety (72 and 74, respectively benzylated and debenzylated derivative) reduces the 

inhibition on EeAChE but improves the potency on eqBChE. Also for these molecules the 

presence (71, 72) or not (73, 74) of benzyl group bound to deferiprone’s oxygen does not have 

significant impact on their inhibitory activity on EeAChE; differently the deprotection from 

benzyl group drastically reduces the inhibitory potency on eqBChE. The introduction of 

diethylcarbamate on the 3-hydroxyl group of deferiprone in compounds 75 and 76 does not 

change the activity on enzymes, compared to the corresponding hydroxyl derivatives 73 and 74. 

Also for these carbamates a time dependent inhibition assay was carried out to evaluate if they 

act as carbamoylating inhibitor, measuring the percentages of inhibition both at zero time and 

following an incubation of 1 hour. In this case an increase in the percentages of inhibition was 

not observed, suggesting that these compounds do not act as carbamoylating agents. Pyridine 

derivatives 72, 74 and 76 are better inhibitor of both cholinesterases compared to pyrimidine 

compounds 71, 73 and 75. 

Isomers 77 and 78, respectively 2-chloro-4-aminopyrimidine or 4-chloro-2-aminopyrimidine 

derivatives, are weak inhibitors of EeAChE, but they are more potent on eqBChE in comparison 

to 2-aminopyrimidine derivative 71. Among these two isomers, the minority one 78 is more 
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potent as inhibitor of both enzymes. Compounds 79 and 80, in which the chlorine of isomer 77 

has been substituted with 2-picolylamine or benzylamine respectively, show higher percentages 

of inhibition on both cholinesterases than their precursor 77. Moreover, compound 80 is a 

cholinesterases inhibitor better than 79, in particular on eqBChE. For these molecules the 

deprotection of deferiprone from benzyl group influences the activity on both EeAChE and 

eqBChE. Indeed, it causes a reduction of the inhibitory potency on EeAChE for compound 81, 

while an increase for compound 82, compared to the corresponding benzylated derivatives 79 

and 80. As observed for the other deprotected deferiprone derivatives, the debenzylated 

compounds 81 and 82 show lower inhibition percentages on eqBChE compared to the 

corresponding benzylated derivatives 79 and 80. 

 

Table 7. Inhibition of EeAChE and eqBChE activities by deferiprone derivatives 71-82. 

  
% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp Structure 
[I] 

9 µM 

[I] 

900 nM 

[I] 

9 µM 

[I] 

900 nM 

71 

 

21.1 ± 1.6 ndb 38.0 ± 2.4 ndb 

72 

 

58.2 ± 0.3 12.2 ± 2.0 96.5 ± 0.3 74.8 ± 3.3 

73 

 

16.6 ± 1.4 ndb 15.2 ± 2.3 ndb 

74 

 

58.0 ± 0.7 8.5 ± 2.1 65.9 ± 3.7 13.0 ± 0.9 

75 

 

19.8 ± 2.3 ndb 21.3 ± 0.6 ndb 

76 

 

46.9 ± 1.0 ndb 68.3 ± 2.3 21.0 ± 2.8 
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77 

 

10.9 ± 1.4 ndb 70.4 ± 0.6 16.6 ± 0.8 

78 

 

27.0 ± 0.7 ndb 88.0 ± 1.2 36.9 ± 2.8 

79 

 

46.2 ± 0.6 ndb 82.6 ± 0.5 32.3 ± 2.6 

80 

 

57.1 ± 1.1 18.8 ± 1.6 98.1 ± 0.2 81.0 ± 0.9 

81 

 

37.6 ± 0.7 ndb 39.0 ± 1.8 ndb 

82 

 

71.6 ± 1.2 18.7 ± 0.9 80.2 ± 2.9 41.8 ± 1.7 

a Data are the average of three replicates; b nd stands for not determined 

 

The percentages of inhibition of (pyridin-2-ylmethyl)pyrimidine derivatives 89-92 are reported 

in Table 8. These compounds show a high inhibitory potency on both cholinesterases. 

The introduction of 2-picolylamine linked to the pyrimidine ring for compounds 89 and 90, 

compared to their pyrimidine precursor 13 (Table 1), noticeably increases the activity towards 

eqBChE and preserves a similar inhibitory potency towards EeAChE, while for compounds 91 

and 92, compared to their precursor 16 (Table 1), improves the activity on both enzymes. 

Towards EeAChE the pairs of pyrimidine isomers (89-90 and 91-92) show similar inhibition 

percentages. The presence of 2-methoxyphenyl ring in compounds 91 and 92 determines a 

minimal reduction of the inhibitory potency compared to the corresponding derivatives 89 and 

90, with unsubstituted phenyl ring. Towards eqBChE compounds 89 and 91, with 2-picolylamine 

in position 2 of pyrimidine ring, show a greater potency than the corresponding isomers 90 and 

92. Furthermore, in this case the presence of 2-methoxyphenyl ring in compounds 91 and 92 

determines a small increase in the percentages of inhibition compared to the corresponding 

derivatives 89 and 90, having the unsubstituted phenyl ring.  
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Table 8. Inhibition of EeAChE and eqBChE activities by (pyridin-2-ylmethyl)pyrimidine derivatives 89-92. 

  
% inhibition 

 vs EeAChE ± SDa 

% inhibition 

 vs eqBChE ± SDa 

Cmp Structure 
[I] 

9 µM 

[I] 

900 nM 

[I] 

9 µM 

[I] 

900 nM 

89 

 

90.8 ± 0.5  58.4 ± 1.1  93.7 ± 1.8  60.5 ± 0.6  

90 

 

87.8 ± 1.9  58.2 ± 0.9 89.2 ± 1.0  46.1 ± 3.6  

91 

 

88.8 ± 0.4 49.4 ± 1.9 95.7 ± 0.3 68.7 ± 1.8 

92 

 

87.9 ± 1.6 44.5 ± 0.8 92.1 ± 1.1 52.1 ± 2.2 

a Data are the average of three replicates 

 

For a selection of compounds, among the most potent as inhibitors of EeAChE and/or eqBChE, 

the inhibition constant (Ki) and the corresponding inhibition mechanism were determined 

according to Dixon’s method [51], reporting in graph the reciprocal of the hydrolysis rate versus 

the inhibitor concentrations at a fixed concentration of substrate. The recorded data were 

analyzed with the enzyme kinetic module of Sigma Plot, in order to find the best fitting model of 

inhibition, using the linear regression analysis. The reference kinetic models used in the 

regression analysis were: competitive, non-competitive, uncompetitive and mixed. Each 

determination was repeated five times and incorrect values were discarded to reduce the standard 

deviation within the limit of 5%. In this way, the regression lines obtained have a linear 

regression coefficient (R2) higher than 0.95. The Dixon’s plots of all tested compound are 

reported in Appendix 2 (Figures A2.1-A2.30). 

 

The tested compounds revealed mixed, uncompetitive or competitive inhibition mechanism 

towards EeAChE and eqBChE, with Ki according to the order of low micromolar or nanomolar. 

The mixed inhibition mechanism might suggest an interaction of the compound with both CAS 

and PAS of the enzyme and a possible involvement in the inhibition of Aβ plaques formation 

induced by AChE.  
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Tables 9 and 10 summarize the results obtained by the enzymatic kinetics studies towards 

EeAChE and eqBChE of pyrimidine, pyridine and (pyridin-2-ylmethyl)pyrimidine derivatives. 

The pyrimidine amine compounds are more potent on EeAChE than the pyridine analogous, as 

confirmed by Ki values of 9 and 13 (pyrimidine derivatives with phenyl ring on one side of the 

aliphatic chain, respectively with five or six methylene), compared to Ki values of 23 and 25 

(pyridine derivatives with phenyl ring on one side of the aliphatic chain, respectively with five or 

six methylene). All the compounds tested on EeAChE show a mixed inhibition mechanism, with 

the exception of 19, that acts with an uncompetitive mechanism. The most potent inhibitors of 

EeAChE are compounds 9, 13 and 89 with Ki values of 312 ± 108 nM, 426 ± 132 nM and 476 ± 

80 nM respectively. 

Generally, pyridine amine derivatives are more potent on eqBChE than the corresponding 

pyrimidine derivatives. All the compounds tested on eqBChE show a mixed inhibition 

mechanism, with the exception of amides 44 and 46, that act with a competitive mechanism. 

Compound 22 (pyrimidine derivatives with indole ring on one side of the aliphatic chain) is the 

most potent inhibitor of eqBChE, with Ki equal to 99 ± 71 nM.  

 

Tables 11 and 12 summarize the results obtained by the enzymatic kinetics studies towards 

EeAChE and eqBChE of deferiprone derivatives. The compounds with phenyl or 2-

methoxyphenyl ring on one side of the six methylene spacer are the most potent on EeAChE. 

The derivatives with phenyl ring show an uncompetitive mechanism on EeAChE, while the 

derivatives with 2-methoxyphenyl ring act with a mixed mechanism. The most potent inhibitor 

of EeAChE is compound 64, with Ki equal to 788 ± 51 nM. 

Generally, the percentages of inhibition showed that benzylated derivatives are more potent on 

eqBChE than the corresponding debenzylated molecules, as confirmed by the comparison of the 

Ki values of compounds 80 (benzylated) and 82 (debenzylated). All the compounds tested on 

eqBChE show a mixed inhibition mechanism. The most potent inhibitors of eqBChE are 

compounds 72 and 80, with Ki values of 182 ± 18 nM and 258 ± 25 nM respectively. 
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Table 9. Inhibition constants (Ki) and inhibition mechanism on EeAChE of pyrimidine and pyridine derivatives. 

  EeAChE 

Cmp Structure Mechanism Ki ± SD (µM) R2 

9 

 

mixed 0.312 ± 0.108 0.982 

13 

 

mixed 0.426 ± 0.132 0.991 

19 

 

uncomp. 0.509 ± 0.018 0.992 

23 

 

mixed 0.743 ± 0.316 0.983 

25 

 

mixed 0.995 ± 0.374 0.988 

28 

 

mixed 1.323 ± 0.622 0.990 

89 

 

mixed 0.476 ± 0.080 0.987 

90 

 

mixed 0.604 ± 0.118 0.983 

91 

 

mixed 0.831 ± 0.174 0.984 
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Table 10. Inhibition constants (Ki) and inhibition mechanism on eqBChE of pyrimidine and pyridine derivatives. 

  eqBChE 

Cmp Structure Mechanism Ki ± SD (µM) R2 

18 

 

mixed 3.034 ± 0.604 0.986 

22 

 

mixed 0.099 ± 0.071 0.990 

25 

 

mixed 2.373 ± 0.304 0.992 

26 

 

mixed 3.465 ± 1.480 0.950 

28 

 

mixed 3.434 ± 0.701 0.988 

30 

 

mixed 1.105 ± 0.189 0.983 

44 

 

comp. 2.988 ± 0.190 0.987 

46 

 

comp. 0.621 ± 0.043 0.980 

89 

 

mixed 0.627 ± 0.098 0.989 

91 

 

mixed 0.488 ± 0.055 0.996 
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Table 11. Inhibition constants (Ki) and inhibition mechanism on EeAChE of deferiprone derivatives. 

  EeAChE 

Cmp Structure Mechanism Ki ± SD (µM) R2 

64 

 

uncomp. 0.788 ± 0.051  0.976 

66 

 

mixed 2.787 ± 0.614  0.985 

68 

 

uncomp. 1.366 ± 0.070 0.983 

70 

 

mixed 1.344 ± 0.252 0.987 

 

Table 12. Inhibition constants (Ki) and inhibition mechanism on eqBChE of deferiprone derivatives. 

  eqBChE 

Cmp Structure Mechanism Ki ± SD (µM) R2 

62 

 

mixed 0.450 ± 0.054  0.991 

64 

 

mixed 2.364 ± 0.388  0.991 

66 

 

mixed 0.910 ± 0.149  0.982 

72 

 

mixed 0.182 ± 0.018 0.997 

78 

 

mixed 1.080 ± 0.116 0.991 

80 

 

mixed 0.258 ± 0.025 0.998 

82 

 

mixed 0.920 ± 0.131  0.986 
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For pyrimidine amine derivative 20, with 2,3-dihydroxyphenyl ring on one side of the aliphatic 

chain, the determination of IC50 (concentration of inhibitor required to inhibit 50% of the 

enzyme) on EeAChE, instead of the inhibition constant, was necessary due to the instability of 

this molecule in aqueous solution for the time required for Ki determination. For pyridine 

phenylcarbamate 50 the IC50 on eqBChE following incubation of 1 hour was determined by 

virtue of a time dependent inhibition. The IC50 values were obtained plotting the percentages of 

inhibition towards cholinesterase versus the concentration of inhibitor expressed in logarithmic 

scale, at fixed substrate concentration. The recorded data were analyzed with the enzyme kinetic 

module of Sigma Plot. All measurements were replicated three times and the IC50 values 

obtained were confirmed by repeating the experiment twice.  

For compound 20 the IC50 on EeAChE is 622 ± 30 nM, while for compound 50 the IC50 on 

eqBChE is 454 ± 82 nM.  

The IC50 plots of the tested compound are reported in Appendix 2 (Figures A2.31-A2-32). 

 

For carbamate 50 it was evaluated whether the inhibition mechanism towards eqBChE is 

reversible, irreversible or pseudo-irreversible. For this purpose, the percentage of inhibition was 

determined both after 1 hour of incubation of compound 50 (5.4 µM) with eqBChE (1.25 U), 

both following the removal of the inhibitor and the washing of the enzyme, carried out through 

ultrafiltration devices for the concentration of biological samples. To validate the method, the 

same study was performed with carbaryl (54 µM), a known carbamoylating cholinesterase 

inhibitor. The procedure is described in detail in the experimental section. 

After the first incubation phase, the solution containing the inhibitor not bound to the enzyme 

was removed by centrifugation, retaining eqBChE on the membrane of ultrafiltration devices. 

Then the enzyme was washed with phosphate buffer to remove the bound inhibitor and to restore 

enzyme activity. For carbamate 50 a partial restoration of enzyme activity after washing was 

recorded, with a reduction in the percentage of inhibition from 89.7% to 56.7%. For carbaryl a 

greater restoration of enzymatic activity was recorded, with a reduction in the percentage of 

inhibition from 97.4% to 29.9%. Therefore, a pseudo-irreversible inhibition mechanism was 

observed for both compounds, with the difference that the decarbamoylation phase of carbaryl is 

more rapid compared to that of carbamate 50. 
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Based on the results of enzymatic kinetic studies it is possible to delineate structure activity 

relationships related to the synthesized compounds, whose general structures are represented in 

Figures 11 and 12.  

Among pyrimidine and pyridine derivatives the diamine compounds having an aliphatic chain 

with six methylene units show a similar inhibitory potency towards EeAChE, but higher towards 

eqBChE compared to the corresponding derivatives with five methylene chain. The replacement 

of the amino group adjacent to the aromatic moiety with the amide causes a reduction of 

inhibition towards both cholinesterases, while the substitution with the carbamic group decreases 

the potency towards EeAChE, but increases it towards eqBChE. Moreover, for carbamate 

derivatives an increase in the percentages of inhibition on both cholinesterases was observed 

after incubation: this suggests that these compounds act as carbamoylating agents. In the diamine 

derivatives the presence of the 2-amino-pyrimidine moiety gives a greater inhibitory potency 

towards EeAChE compared to the 2-amino-pyridine; on the contrary pyridine diamine 

derivatives are more potent on eqBChE than the corresponding pyrimidine compounds. 

Differently, among amide and carbamate derivatives 2-amino-pyridines show higher inhibitory 

potency towards both cholinesterases and in particular on eqBChE than the corresponding 2-

amino-pyrimidine. The introduction of 2-picolylamine linked to the pyrimidine ring radically 

increases the activity towards eqBChE and preserves a similar inhibitory potency towards 

EeAChE. Furthermore, the compounds with 2-picolylamine in position 2 of pyrimidine ring 

show a greater potency than the corresponding isomers with 2-picolylamine in position 4. 

Among all the pyrimidine, pyridine and (pyridin-2-ylmethyl)pyrimidine derivatives, the greater 

inhibitory potency towards EeAChE is shown by the compounds having the unsubstituted phenyl 

ring on one side of the aliphatic chain; otherwise the higher inhibition on eqBChE is shown by 

compounds whit different aromatic moieties: indole ring among pyrimidine diamines; 3-

methoxy-4-hydroxyphenyl ring among pyridine diamines; 4-phenoxybenzyl ring among amides; 

2-methoxyphenyl ring among (pyridin-2-ylmethyl)pyrimidine derivatives. 

 

Figure 11. General structure of pyrimidine, pyridine and (pyridin-2-ylmethyl)pyrimidine derivatives. 

R = various aromatic

groups

X= -NH-CH2-

-NH-CO-
-NH-CO-CH2-

-NH-COO-

-NH-COO-CH2-

Y = CH or N

R1 = H or

Z = CH or N

n = 3 or 4
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For deferiprone derivatives the length of the alkyl spacer influences the activity on 

cholinesterases. Indeed, the results demonstrate a noticeable increase of inhibitory activity 

towards EeAChE and eqBChE trough derivatives with four, five or six methylene spacer, whit 

the exception of the only asymmetric molecule with four methylene chain, that shows higher 

potency towards eqBChE compared to the corresponding compound with six methylene spacer. 

The symmetric derivatives, with deferiprone moiety on both sides of alkyl chain, are weak 

inhibitor of both cholinesterases. The greater inhibitory potency towards EeAChE is shown by 

the compounds having the unsubstituted benzyl group on one side of the aliphatic chain. The 

replacement of the benzyl group with 2-amino-pyrimidine moiety drastically reduced the 

inhibition towards both enzymes, while the substitution with 2-amino-pyridine moiety decreases 

the potency towards EeAChE, but radically increases it towards eqBChE. Pyridine derivatives 

are better inhibitor of both cholinesterases compared to pyrimidine compounds. The replacement 

with 2-chloro-4-aminopyrimidine or 4-chloro-2-aminopyrimidine moieties increases the potency 

on eqBChE in comparison to the 2-aminopyrimidine derivative. Moreover, the substitution of 

chlorine in 2-chloro-4-aminopyrimidine derivative with 2-picolylamine or benzylamine 

improves the potency towards both enzyme and in particular on eqBChE. 

The absence of benzyl group bound to deferiprone’s oxygen has dissimilar effects on the 

inhibition of EeAChE, but it always drastically reduces the inhibitory potency towards eqBChE. 

The introduction of diethylcarbamate on the 3-hydroxyl group of deferiprone does not change 

the activity on enzymes, compared to the corresponding hydroxyl derivatives; furthermore, these 

compounds do not act as carbamoylating agents.  

 

Figure 12. General structure of deferiprone derivatives.   

n = 2, 3 or 4 R =R1 = -Bn

-H
-CON(CH2CH3)2
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2.3 Molecular docking studies 

To investigate possible binding modes of the final compounds with cholinesterases, molecular 

docking studies were carried out. They were intended to reveal hydrogen bonding partners along 

the active site gorge of AChE and BChE, to suggest possible π-π interactions between the 

aromatic moieties of the ligands and the aromatic amino acids located at the PAS and adjacent to 

the CAS of the enzymes and possible π-cation interactions between the ligands amine groups and 

aromatic residues of the enzymes. Docking simulations were carried out for the most potent 

compounds as cholinesterase inhibitors using SwissDock freely available on Swiss Institute of 

Bioinformatics Website (http://www.swissdock.ch/). 

Three-dimensional crystal structure of human AChE (hAChE) complexed with donepezil (PDB 

code: 4EY7) [23], human BChE (hBChE) complexed with N-((1-(2,3-dihydro-1H-inden-2-

yl)piperidin-3-yl)methyl)-N-(2-(dimethylamino)ethyl)-2-naphthamide (PDB code: 5NN0) [52] 

and hBChE complexed with decamethonium (PDB code: 6EP4) [22] were obtained by RCSB 

Protein Data Bank (http://www.rcsb.org). The protein preparation and the molecular docking 

results visualization were carried out using the UCSF Chimera package [53]. 

To validate the applied docking procedures a classical re-docking approach was undertaken. 

Donepezil and the BChE inhibitors were removed from the corresponding crystal structure 

(4EY7, 5NN0 and 6EP4 respectively) and they were then docked into the protein; the top-scored 

poses were compared with their original position in the crystal structure. The EADock DSS 

software was able to identify the native binding mode of donepezil and decamethonium as the 

best Full Fitness (FF) score binding conformation, but it did not identify the native binding mode 

of N-((1-(2,3-dihydro-1H-inden-2-yl)piperidin-3-yl)methyl)-N-(2-(dimethylamino)ethyl)-2-

naphthamide (Appendix 3 – Figures A3.1-A3.3). Moreover, the software provided different best 

FF score binding conformations when the docking of the same inhibitor with hBChE (6EP4) was 

submitted multiple times. 

For these reasons, in this contest only the docking results of tested compounds on hAChE 

(4EY7) are discussed. In general, all the studied compounds showed the best binding pose within 

the active site gorges of hAChE (Figures 13-15 and Appendix 3 – Figures A3.4-A3.15).  

  

http://www.swissdock.ch/
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The pyrimidine and pyridine diamine derivatives 

docked on hAChE (9, 13, 19, 20, 23, 25 and 28) 

displayed very similar best binding poses: the 

benzyl ring is in the bottom of the gorge, close to 

the Trp 86 of the choline binding pocket, the 

aliphatic chain occupies the narrow gorge of the 

enzyme, while the pyrimidine or pyridine moiety 

is in the region near the rim of the gorge, between 

the Trp 286 of the peripheral anionic site (PAS) 

and the Arg 296. The best binding poses of all the 

pyrimidine derivatives (9, 13, 19, 20) display 

possible hydrogen bond between the pyrimidine 

nitrogen and the NH of the Arg 296. This or other 

hydrogen bonds are not shown in the best poses of 

pyridine derivatives (23, 25, 28), but for these 

molecules the benzyl group is perfectly parallel to 

the indole ring of the Trp 86, allowing the 

formation of π-π interactions. 

Also the (pyridin-2-ylmethyl)pyrimidine 

derivatives docked on hAChE (89-92) show 

similar best binding poses: the benzyl or 2-

methoxybenzyl group is in the bottom of the 

gorge, close to Trp 86 of the choline binding 

pocket, with which it could establish π-π 

interactions; the aliphatic chain occupies the 

gorge of the enzyme; the pyrimidine moiety is 

close to the Trp 286 of the PAS; the pyridine 

group is outside the gorge. Possible hydrogen 

bonds are displayed between the pyrimidine 

nitrogen and the NH of the Arg 296 in the best 

pose of compound 90, or between the amine 

groups in position 2 and 4 of pyrimidine of 

compound 91 and Tyr 341 or Phe 295. 

 

Figure 13. Best binding poses of pyrimidine diamine 

derivative 9 (light blue) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured. 

The possible H-bonds are represented in green lines. 

 

Figure 14. Best binding poses of (pyridin-2-

ylmethyl)pyrimidine derivative 89 (green) in the 

active site of hAChE (4EY7). The selected amino 

acids are tan coloured.  
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In the best poses of deferiprone derivatives 

docked on hAChE (64, 66, 68, 70) the benzyl or 

2-methoxybenzyl group is in the bottom of the 

gorge, in the space between Trp 86 and Gly 121, 

the aliphatic chain lies in the gorge of the enzyme 

and the deferiprone moiety is in the region of the 

PAS between Trp 286 and the Tyr 341. In the 

benzylated derivatives 64 and 66 the benzyl group 

bound to deferiprone is outside the gorge. In the 

best pose of compound 68 the protonated amino 

group adjacent to the benzyl ring is perfectly 

positioned to allow the formation of cation-π 

interaction with Trp 86, while in the best pose of 

compound 66 the deferiprone group is parallel to 

the indole ring of the Trp 286, consenting the 

formation of π-π interactions. 

  

Figure 15. Best binding poses of deferiprone 

derivative 64 (magenta) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured.  
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2.4 Chelation studies 

For a selection of compounds, among the most potent as inhibitors of EeAChE and/or eqBChE 

metal chelation studies were performed in order to characterize multitarget compounds, 

according to what is outlined in the research project. 

The chelating ability of pyrimidine and pyridine compounds 9, 13, 18, 19, 20, 25, 28, 30, 44, 46, 

50, and deferiprone derivatives 64, 68, 72, 78, 80 and 82 on bio-metals Fe3+, Cu2+ and Zn2+ was 

evaluated. For (pyridin-2-ylmethyl)pyrimidine compounds 89-92 recently synthetized the 

chelation studies are still in progress. Initially the UV-Vis spectrum of the ligand was recorded 

and compared with the spectrum obtained by adding an excess of metal to the ligand solution, 

maintaining the same concentration of ligand (ligand/metal ratio 1:3, 1:5 or 1:10). The variation 

of the UV-Vis spectrum of the ligand in presence of metal ions is indicative of the formation of 

the complex. Based on this, it has been observed that all the tested pyrimidine and pyridine 

derivatives have the ability to chelate Fe3+ and Cu2+ ions, while only compound 20 shows 

chelating capacity on Zn2+. Based on these results it can be stated that the chelating activity of 

these compounds is due to the presence of two adjacent nitrogen atoms in the 2-aminopyrimidine 

or 2-aminopyridine moiety. For derivatives 18-20 and 30 it is also possible that the phenolic 

portion participates in the formation of the complex. In particular, the catechol ring in derivative 

20 could be responsible for the ability of this compound to chelate also Zn2+. 

Among deferiprone derivatives, compounds 64 and 68 were chosen as prototypes to evaluate 

whether the presence of benzyl group bound to deferiprone’s oxygen can influence the chelating 

abilities of the molecules under study. It has been observed that benzylated derivative 64 has the 

ability to chelate only Fe3+, while debenzylated compound 68 chelates both Fe3+ and Cu2+ ions. 

Both compounds did not show chelating capacity on Zn2+. Since the chelating activity of tested 

compounds is due to the deferiprone portion, it can be assumed that the observed behavior for 

derivatives 64 and 68 is also valid for the other synthesized molecules, both benzylated or 

debenzylated. The benzylated derivative 80 and the corresponding debenzylated compound 82, 

in which deferiprone is connected by an alkyl chain to a 2,4-diaminopyrimidine group, have a 

different behaviour, probably due to the involvement of both deferiprone and 2,4-

diaminopyrimidine moiety in the formation of the complexes. Indeed, compounds 80 shows 

chelating capacity on Fe3+ and Cu2+, while 82 has the ability to chelate also Zn2+. 

UV-Vis titrations of these compounds were carried out with the metal ions with which they form 

complexes, recording first the UV-Vis spectrum of the ligand and then the spectra obtained by 

mixing solutions of ligand and metal according to increasing metal/ligand molar ratios. 
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The stoichiometries of metal-ligand complexes were determined through the Job’s method [54].  

In the Job’s plot the values of ΔA, measured at the wavelengths where evident absorbance 

variations were observed in the titration spectra, are in ordinate and the mole fractions of the 

ligand are in abscissa. The mole fraction X, that causes the maximum variation of absorbance, is 

extracted from the graph and then the value of the coefficient n, which corresponds to the 

number of ligand molecules per cation, is calculated applying the following equation: 

𝑛 =  
𝑋

1 − 𝑋
 

The UV-Vis titrations spectra and the Job’s plots of all tested compound are reported in 

Appendix 4 (Figures A4.1-A4.57). The data extrapolated from Job’s plots are summarized in 

Table 13. 
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Table 13. Job’s plot data for tested compounds in presence of Fe3+ and Cu2+. The table shows the wavelength values 

(λ) in which the absorbance variation was measured, the molar ratios (X) that cause the maximum variation of 

absorbance and the coordination values (n) which correspond to the number of ligand molecules per cation. 

 Fe3+ Cu2+ 

Cmp λ (nm) X n λ (nm) X n 

18 
258 

0.69 2 330 0.70 2 
375 

19 
292 0.71 

2 
312 0.53 

1 
375 0.68 330 0.51 

20 370 
X1 = 0.53 

X2 = 0.80 

n1 = 1 

n2 = 4 
330 0.53 1 

25 
251 X1 = 0.57 

X2 = 0.77 

n1 = 1 

n2 = 3 
330 0.44 1 

318 

28 

252 X1 = 0.53 

X2 = 0.74 

n1 = 1 

330 0.53 1 316 n2 = 3 

374 0.53 1 

30 
310 

X1 = 0.53 

X2 = 0.74 

n1 = 1 

n2 = 3 
312 0.50 

1 

372 0.55 1 330 0.48 

44 
251 0.69 

2 - - - 
320 0.71 

46 
250 0.70 

2 - - - 
310 0.71 

50 
245 0.69 

2 330 0.49 1 
310 0.70 

64 274 0.52 1 - - -  

68 301 0.53 1 228 0.37 0.5 

72 
254 

0.70 2 - - - 
312 

80 
295 0.70 

2 - - - 
370 0.67 

82 
375 X1 = 0.50 

X2 = 0.76 

n1 = 1 

n2 = 3 

240 0.61 
2 

600 310 0.64 
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2.5 Antioxidant activity 

In order to characterize multitarget compounds, according to what is outlined in the research 

project, antioxidant activity assays were carried out on 18, 19, 20 and 30, since they are the most 

potent cholinesterase inhibitors among phenolic derivatives, they exert chelating activity on 

metal ions involved in Alzheimer’s disease and they have a structure that could justify an 

antioxidant activity. 

The antioxidant activity assays were carried out according to DPPH spectrophotometric method 

[55], described in detail in the experimental section. Initially, to assess whether the compounds 

had antioxidant activity and to define the time required by each antioxidant to reach the steady 

state, the reduction in absorbance over time at 515 nm of a solution of DPPH mixed with tested 

compound was recorded, until reaching the plateau. From these measurements compound 19 did 

not show significant ability to interact with DPPH, since reduction of the absorbance over time 

was not recorded; otherwise compounds 18, 20 and 30 possess antioxidant activity, as a 

reduction in absorbance was observed until reaching the plateau (in 1 minute for 20, 90 minutes 

for 18 and 30). Subsequently the EC50, defined as the ratio of moles of antioxidant which reduce 

by 50% the initial concentration of DPPH to initial moles of DPPH, was determined for 

compounds 18, 20 and 30. The value of EC50 can be extrapolated by plotting the percentage of 

residual DPPH at the steady state as a function of molar ratio of antioxidant to initial DPPH. 

Based on the obtained results, reported in Table 14, the more efficient antioxidant, even better 

than ascorbic acid, used as positive control, is the catechol derivative 20, both for the high 

reaction rate with DPPH and for the EC50 value, equal to 0.1366 ± 0.0060. Compounds 18 and 

30, having the 3-methoxy-4-hydroxyphenyl ring, show antioxidant capacity lower than 20 and 

comparable to each other, with EC50 respectively equal to 0.5997 ± 0.0940 and 0.6419 ± 0.0730. 

 

Table 14. EC50 values and times for reaching the plateau for tested compound. 

Compound EC50 ± SD Reaction time (min) 

18 0.5997 ± 0.0940 90 

20 0.1366 ± 0.0060 1 

30 0.6419 ± 0.0730 90 

Ascorbic acid 0.2650 ± 0.0070 2 
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2.6 Inhibition of amyloid and Tau aggregation  

Aβ42, the most toxic and amyloidogenic Aβ specie, and Tau protein are subject to misfolding and 

aggregation in AD, with the consequent formation of oligomers and polymers responsible for 

neurotoxic effects [5] [7]. Therefore, for a part of the most potent cholinesterase inhibitors within 

the series of pyrimidine and pyridine derivatives the inhibitory activity against Aβ42 and Tau 

aggregation was evaluated, in collaboration with Dr. R. Sabaté, from the Department of Physical 

Chemistry, School of Pharmacy, and Institute of Nanoscience and Nanotechnology, University 

of Barcelona. For (pyridin-2-ylmethyl)pyrimidine compounds 89-92 recently synthetized, which 

are interesting inhibitors of both cholinesterases and which were designed as potential 

aggregation inhibitors, the studies on amyloid and Tau aggregation are still in progress. The anti-

aggregating effect of tested compound was monitored by a cell-based assay in intact Escherichia 

coli cells that overexpress either Aβ42 peptide or Tau protein, which upon expression form 

insoluble inclusion bodies that were stained with thioflavin-S or thioflavin-T respectively [56]. 

The percentages of inhibition towards Aβ42 and Tau aggregation were determined at inhibitor 

concentration of 100 µM and the obtained results are reported in Table 15. Low percentages of 

inhibition were found both on Aβ42 (up to 23%) and on Tau (up to 17%), so these compounds 

have weak anti-aggregating activity. The best compound with anti-aggregating activity both on 

Aβ42 and on Tau are 28 and 50. 
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Table 15. Inhibition of Aβ42 aggregation and Tau aggregation by tested compounds. 

 Aβ42 aggregation Tau aggregation 

Cmp 
% inhibition 

[I] = 100 µM 
SEM 

% inhibition 

[I] = 100 µM 
SEM 

9 5.8 1.6 2.6 6.7 

13 21.0 4.2 12.6 6.6 

18 1.7 2.1 1.0 4.1 

19 16.7 2.7 9.9 3.9 

20 7.2 2.4 4.6 1.0 

22 9.7 1.8 6.8 6.1 

23 10.4 3.9 7.0 4.2 

25 16.8 2.9 6.7 2.9 

26 7.3 3.7 7.3 4.8 

28 22.3 3.3 17.0 6.4 

30 13.6 5.3 12.8 2.7 

44 11.9 4.5 11.0 6.9 

46 13.3 6.2 10.9 6.4 

50 23.1 3.4 15.7 2.0 
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2.7 Computation of physicochemical descriptors and ADME parameters  

Blood-brain barrier (BBB) permeation is a fundamental pre-requisite for potential CNS drugs 

[57]. For early assessment of the ability of the designed compounds to reach CNS, 

physicochemical descriptors and ADME parameters were predicted by means of SwissADME 

public server [58]. The obtained data for the most interesting compounds, by virtue of their 

inhibitory activity towards cholinesterases, as well as chelating and antioxidant ability, are 

reported in Table 16. All studied compounds fit the Lipinski’s rule of five (MW ≤ 500; MLogP ≤ 

4.15; H bond acceptor ≤ 10; H bond donor ≤ 5) [59]. They should be soluble or moderately 

soluble in water. They should have high gastrointestinal absorption after oral administration. 

Worthily, compounds should be BBB accessible with the exception of 18, 20, 80, 82, 91 and 92. 

 

Table 16. Physicochemical properties and ADME parameters: Molecular Weight (MW); number H-bond acceptors 

(H-b acc); number H-bond donors (H-b don); Topological Polar Surface Area in Å2 (TPSA); octanol/water partition 

coefficient (MLogP); water solubility (LogS ESOL); water solubility class (Sol class); gastrointestinal absorption 

(GI); Blood-Brain Barrier permeation (BBB); number of Lipinski’s rule of five violations (Lipinski viol). 

Cmp MW 
H-b 

acc 

H-b 

don 
TPSA MLogP 

LogS 

ESOL 
Sol class GI BBB 

Lipinski 

viol 

9 270.37 3 2 49.84 1.88 -3.04 Soluble High Yes 0 

13 284.40 3 2 49.84 2.12 -3.26 Soluble High Yes 0 

18 330.42 5 3 79.30 1.25 -3.19 Soluble High No 0 

19 300.40 4 3 70.07 1.56 -3.12 Soluble High Yes 0 

20 316.40 5 4 90.30 1.01 -3.32 Soluble High No 0 

22 323.44 3 3 65.63 1.87 -3.63 Soluble High Yes 0 

23 269.38 2 2 36.95 2.56 -3.45 Soluble High Yes 0 

25 283.41 2 2 36.95 2.80 -3.67 Soluble High Yes 0 

26 362.31 2 2 36.95 3.42 -4.57 
Moderately 

soluble 
High Yes 0 

28 313.44 3 2 46.18 2.45 -3.73 Soluble High Yes 0 

30 329.44 4 3 66.41 1.89 -3.59 Soluble High Yes 0 

44 297.39 2 2 54.02 2.54 -3.68 Soluble High Yes 0 

46 403.52 3 2 63.25 3.29 -5.10 
Moderately 

soluble 
High Yes 0 

50 313.39 3 2 63.25 2.53 -3.88 Soluble High Yes 0 

62 376.49 3 1 43.26 2.56 -4.58 
Moderately 

soluble 
High Yes 0 
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64 404.54 3 1 43.26 2.98 -5.04 
Moderately 

soluble 
High Yes 0 

66 434.57 4 1 52.49 2.62 -5.11 
Moderately 

soluble 
High Yes 0 

68* 314.42 3 2 54.26 1.70 -2.80 Soluble High Yes 0 

70* 344.45 4 2 63.49 1.36 -2.87 Soluble High Yes 0 

72 391.51 3 1 56.15 2.41 -4.96 
Moderately 

soluble 
High Yes 0 

78 426.94 4 1 69.04 2.27 -5.36 
Moderately 

soluble 
High Yes 0 

80 497.63 4 2 81.07 2.86 -6.17 
Poorly 

soluble 
High No 0 

82 407.51 4 3 92.07 1.67 -4.63 
Moderately 

soluble 
High No 0 

89 390.52 4 3 74.76 1.87 -4.25 
Moderately 

soluble 
High Yes 0 

90 390.52 4 3 74.76 1.87 -4.25 
Moderately 

soluble 
High Yes 0 

91 420.55 5 3 83.99 1.95 -4.32 
Moderately 

soluble 
High No 0 

92 420.55 5 3 83.99 1.55 -4.32 
Moderately 

soluble 
High No 0 

*as free base 
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3. Conclusion 

Series of pyrimidine, pyridine and deferiprone derivatives were designed as potential multitarget 

compounds for AD, whose purpose could be to restore the cholinergic tone by inhibition of 

cholinesterases, attenuate the dyshomeostasis of the metals mainly involved in the pathology, 

reduce the oxidative stress and contrast the toxicity and deposition of the β-amyloid peptide. 

These compounds were designed to possess two π systems, in some cases endowed with 

chelating and/or antioxidant properties, connected by a flexible linker containing H-bond 

donor/acceptor groups. 

On the synthesized compounds enzymatic inhibition studies were carried out towards EeAChE 

and eqBChE; on the most potent compounds, inhibition constant (Ki) were determined, 

obtaining values within the low micromolar or nanomolar range. Among these, the most of 

compounds result mixed inhibitors, and only a minor number show uncompetitive or competitive 

inhibition mechanism. The mixed inhibition mechanism might suggest an interaction of the 

compound with both CAS and PAS of the enzyme and a possible involvement in the inhibition 

of Aβ plaques formation induced by AChE. This binding to AChE is supported by the molecular 

docking studies, which showed a common binding mode for all the tested compounds, that 

suggests in most cases possible π-π interactions between the aromatic moieties of the ligands and 

the aromatic amino acids located at the PAS and adjacent to the CAS of the enzyme. 

In general, the greater inhibitory potency towards EeAChE is shown by the compounds having 

the unsubstituted phenyl ring on one side of the linker, as can be observed for example for 

compounds 9 (Ki = 0.312 ± 0.108 μM), 13 (Ki = 0.426 ± 0.132 μM) and 89 (Ki = 0.476 ± 0.080 

μM). The docking studies revealed for all tested inhibitors a placement of the benzyl ring in the 

bottom of the gorge of the enzyme, near the Trp86 of the choline binding pocket. Modification 

of the phenyl group, both adding substituents and changing the type of aromatic ring, reduces the 

inhibition activity. The only modifications tolerated on the benzyl ring are given by the insertion 

of hydroxyl groups, as in the case of the phenolic compound 19 (Ki = 0.509 ± 0.018 μM) and of 

the catechol 20 (IC50 = 0.622 ± 0.030 μM). 

With regards to the linker, the obtained results indicate that it should not be shorter than six units 

and that it should be formed by methylene and amine units; indeed, the presence of carbonyl 

groups in the amide or carbamate derivatives causes a reduction of the inhibitory potency, as can 

be observed by the comparison of inhibition percentages of diamine 13, amide 34 and carbamate 

48. 
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Concerning the second π system, we alternatively introduced pyridine, pyrimidine or deferiprone 

moieties; the results show that, generally, the pyrimidine group confers the higher inhibition 

activity towards EeAChE, as shown by the Ki values of compounds 13 (Ki = 0.426 ± 0.132 μM), 

23 (Ki = 0.743 ± 0.316 μM) and 68 (Ki = 1.366 ± 0.070 μM). The addition of further aromatic 

portions, linked to pyrimidine or deferiprone, does not influence the activity in predictable way, 

as can be observed by the comparison of compounds 13 and 90, 16 and 92, 64 and 68, 66 and 70. 

A different behaviour was observed for the inhibition of eqBChE. In particular, the sizes of the 

aromatic groups are much better tolerated. As a matter of fact, among the most active 

compounds, there are derivatives containing small aromatic rings, but also bulkier groups, such 

as indole (22) and 4-phenyloxybenzyl ring (46); moreover, the addition of a further aromatic 

moiety at one or both sides produces an increase in inhibitory potency, as shown by the 

comparison of inhibition percentages of compounds 13 and 90, 16 and 92, 77 and 80. 

For the eqBChE, similarly to what has been observed for EeAChE, in general the linker should 

be composed of at least six units, and may contain besides methylene, amine, amide or 

carbamate groups. In particular, compounds 48-51, containing the latter functional group, act as 

pseudo-irreversible inhibitors, due to their carbamoylating ability.  

The EADock DSS software used for molecular docking studies did not always respond 

positively to the re-docking procedure of BChE inhibitors and was not able to uniquely predict 

the binding poses of the compounds tested towards BChE. Therefore, further molecular docking 

studies, using different softwares, could be conducted to reveal possible binding modes of the 

inhibitors with the enzyme. 

Metal chelation studies revealed that all the tested pyrimidine and pyridine derivatives have the 

ability to chelate Fe3+ and Cu2+ ions; this chelating activity can be attributed to the presence of 

two adjacent nitrogen atoms in the 2-aminopyrimidine or 2-aminopyridine moieties. The only 2-

aminopyrimidine derivative which shows chelating ability also towards Zn2+ ion is the 

compound 20, which also contains a catechol group. 

With regards to deferiprone derivatives, compounds with the benzylated hydroxyl group in 3 

show chelating ability only towards Fe3+, while the compounds with free 3-hidroxyl group are 

able to chelate both Fe3+ and Cu2+ ions. A different behaviour is showed by the benzylated 

derivative 80 and by the corresponding debenzylated compound 82, both containing also a 2,4-

diaminopyrimidine group. Indeed, compounds 80 shows chelating capacity on Fe3+ and Cu2+, 

while 82 has the ability to chelate also Zn2+. 

Moreover, antioxidant activity assays were carried out on compounds 18, 19, 20 and 30, since 

they are the most potent cholinesterase inhibitors among phenolic derivatives. The more efficient 
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antioxidant, even better than ascorbic acid, the reference compound, is the catechol derivative 

20, both for the high reaction rate with DPPH and for the EC50 value. Compounds 18 and 30, 

having the 3-methoxy-4-hydroxyphenyl ring, show antioxidant capacity lower than 20 and 

comparable to each other, while compound 19, having the 3-hydroxyphenyl ring, has not 

significant antioxidant capacity. 

The anti-aggregation activity data against Aβ42 and Tau are preliminary and available only for a 

part of the most potent cholinesterase inhibitors within the series of pyrimidine and pyridine 

derivatives. Low percentages of inhibition were found both towards Aβ42 (up to 23%) and Tau 

(up to 17%) aggregation, so these compounds have weak anti-aggregating activity. The best 

compounds as inhibitor of aggregation both on Aβ42 and on Tau are 28 and 50. 

From the predictions of physicochemical descriptors and ADME parameters all studied 

compounds fit the Lipinski’s rule of five; furthermore, they should have high gastrointestinal 

absorption after oral administration and they should be BBB accessible with the exception of 18, 

20, 80, 82, 91 and 92. However, an accurate investigation of the pharmacokinetic and 

toxicological profile is mandatory before assessing their real therapeutic value. 

For the most interesting compounds, by virtue of their inhibitory activity towards 

cholinesterases, as well as chelating and antioxidant ability, studies for the evaluation of 

cytotoxicity on human cell lines are currently in progress. 

In conclusion this research work has allowed to identify interesting compounds by virtue of their 

inhibitory activity towards cholinesterases, as well as for chelating and antioxidant abilities. In 

particular, cholinesterases inhibitors have been identified, in some cases more selective towards 

EeAChE (e.g. 9, 13, 19, 20) or eqBChE (e.g. 22, 46, 50, 62, 72, 80), in other cases less selective 

(e.g. 89, 91). These compounds show chelating capacities towards metal ions mainly involved in 

the pathogenesis of AD (all towards Fe3+, many towards Cu2+ and some towards Zn2+). Some 

compounds have also an interesting antioxidant activity (19, 20, 30). Biological studies for the 

evaluation of the anti-aggregating activity towards Aβ42 and Tau and of the cytotoxicity are still 

ongoing and the relative results will be useful to identify the best compounds among those 

synthesized and to deepen the assessments regarding the optimal structural characteristics in 

order to obtain multitarget compounds for AD. 
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4. Experimental section 

4.1 Chemistry 

4.1.1 Materials and methods 

All reagents and solvents were of analytical grade and were purchased from Sigma-Aldrich 

(Milano, Italy) or from Fluorochem (Hadfield, UK). Dichloromethane was dried storing it over 

activated 4Å molecular sieves (10% m/v). Triethylamine was freshly purified by distillation over 

potassium hydroxide. Column chromatographies were performed on silica gel (Merck; 63−200 

or 40-63 μm particle size).1H-NMR, 13C-NMR, 2D-Noesy and HMQC spectra were acquired at 

25°C, unless otherwise specified, on Bruker AVANCE-400 spectrometer at 9.4 Tesla operating 

at 400 MHz (1H-NMR) and 100 MHz (13C-NMR) or on Bruker AVANCE-200 spectrometer at 

4.7 Tesla operating at 200 MHz (1H-NMR) and 50 MHz (13C-NMR); chemical shift values (δ) 

are given in ppm relatively to TMS as internal reference; coupling constants are given in Hz. The 

following abbreviation were used: s = singlet, d = doublet, t = triplet, q = quartet, dd = double 

doublet, ddd = double double doublet, dt = double triplet, td = triple doublet, bs = broad singlet, 

bt = broad triplet, m = multiplet. Mass spectra were recorded on a ThermoFinnigan LCQ Classic 

LC/MS/MS ion trap equipped with an ESI source and a syringe pump; samples (10-4-10-5 M in 

MeOH/H2O 80:20) were infused in the electrospray system at a flow rate of 5-10 µL min-1; when 

necessary, 50 µL of 10-2 M HCOOH or 10-2 M NH3 were added to the sample solutions, in order 

to promote the analyte ionization; the ESI-MS data are given as m/z, with mass expressed in 

amu. Melting points were determined on FALC Mod. 360 D apparatus and are uncorrected. 

Infrared spectra were recorded on a Perkin Elmer Spectrum One FT-IR spectrometer equipped 

with an ATR system. The purity of the compounds was determined by elemental analyses 

obtained by a PE 2400 (Perkin-Elmer) analyzer and the analytical results were within ± 0.4 % of 

the theoretical values for all compounds. 

Microwave reactions were conducted using a CEM Discover system unit (CEM. Corp., 

Matthews, NC). The machine consists of a continuous focused microwave-power delivery 

system with operator selectable power output from 0 to 300 W. The temperature of the contents 

of the vessel was monitored using a calibrated infrared temperature control mounted under the 

reaction vessel. All experiments were performed using a stirring option whereby the contents of 

the vessel are stirred by means of a rotating magnetic plate located below the floor of the 

microwave cavity and a Teflon-coated magnetic stir bar in the vessel. 
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4.1.2 General procedure for the synthesis of pyrimidine intermediates 1-2 

To a solution of N-Boc-1,5-diaminopentane (1 eq) or N-Boc-1,6-diaminohexane (1 eq) in 20 mL 

of MeOH, TEA (1 eq) and 2-chloropyrimidine (1 eq) were added. The reaction mixture was 

stirred at reflux for 20 hours. Then it was cooled to room temperature, and the solvent was 

removed under reduced pressure. The reaction mixture was diluted with a saturated aqueous 

solution of Na2CO3 (25 mL) and extracted with CH2Cl2 (3 × 25 mL). The combined organic 

layer was dried over Na2SO4, filtered and the solvent was evaporated under reduced pressure. 

The crude material was purified by column chromatography on silica gel (CH2Cl2/MeOH 

9.5:0.5). 

 

Tert-butyl {5-[(pyrimidin-2-yl)amino]pentyl}carbamate (1) 

 

Compound 1 was prepared using N-Boc-1,5-diaminopentane (0.773 g, 3.82 mmol), TEA (531 

µL, d=0.726 g/mL, 3.82 mmol) and 2-chloropyrimidine (0.438 g, 3.82 mmol), following the 

procedure described above. Column chromatography: silica gel, CH2Cl2/MeOH 9.5:0.5, Rf = 

0.34. White solid, 0.539 g, 50% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 6.51 (t, 1H, J = 

4.80 Hz, pyrimidine); 5.68 (bs, 1H, pyrimidine-NH-); 5.26 (bs, 1H, Boc-NH-); 3.32 (q, 2H, J = 

6.88 Hz, pyrimidine-NH-CH2-); 3.00 (q, 2H, J = 6.60 Hz, Boc-NH-CH2-); 1.60-1.53 (m, 2H, 

pyrimidine-NH-CH2-CH2-); 1.49-1.30 (m, 13H, pyrimidine-NH-CH2-CH2-CH2-CH2-CH2-NH-

COO-C(CH3)3). 

ESI-MS (m/z): [M+H]+ = 280.79 

 

Tert-butyl {6-[(pyrimidin-2-yl)amino]hexyl}carbamate (2) 

 

Compound 2 was prepared using N-Boc-1,6-diaminohexane (0.437 g, 2.02 mmol), TEA (281 

µL, d=0.726 g/mL, 2.02 mmol) and 2-chloropyrimidine (0.231 g, 2.02 mmol), following the 

procedure described above. Column chromatography: silica gel, CH2Cl2/MeOH 9.5:0.5, Rf = 0.5. 

White solid, 0.358 g, 60% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.40 Hz, pyrimidine); 6.51 (t, 1H, J = 

4.20 Hz, pyrimidine); 5.69 (bs, 1H, pyrimidine-NH-); 5.24 (bs, 1H, Boc-NH-); 3.32 (q, 2H, J = 



63 

 

6.48 Hz, pyrimidine-NH-CH2-); 3.00 (q, 2H, J = 6.16 Hz, Boc-NH-CH2-); 1.59-1.52 (m, 2H, 

pyrimidine-NH-CH2-CH2-); 1.46-1.23 (m, 15H, pyrimidine-NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH-COO-C(CH3)3). 

ESI-MS (m/z): [M+H]+ = 294.73  

 

4.1.3 Procedures for the synthesis of N1-(pyrimidin-2-yl)pentane-1,5-diamine (3) and N1-

(pyrimidin-2-yl)hexane-1,6-diamine (4) 

  

3 4 
 

Procedure A: Intermediates 1 or 2 (1 eq), respectively used for synthesis of compounds 3 and 4, 

were dissolved in 20 mL of dry CH2Cl2 and to the solution trifluoroacetic acid (20 eq) was 

added. The mixture was stirred at room temperature for 3.5 hours and then the solvent and the 

excess of TFA were removed under reduce pressure to give trifluoroacetic salts of compounds 3 

or 4, as yellow oil, which were used for the subsequent reactions without further purification.  

Procedure B: To a solution of intermediate 2 (1 eq) in 20 mL of dry CH2Cl2 trifluoroacetic acid 

(20 eq) was added. The mixture was stirred at room temperature for 3.5 hours and then it was 

extracted twice with 5N NaOH solution (2 x 20 mL), once with H2O (20 mL). The organic layer 

was dried over Na2SO4, filtered and the solvent was removed under vacuum to give compound 4 

as a yellow oil (77% yield), which was used for the subsequent reactions without further 

purification.  

Procedure C: To a solution of 1,6-diaminohexane (1.516 g, 13.05 mmol) in 10 mL of MeOH 

TEA (605 μL, d=0.726 g/mL, 4.35 mmol) and 2-chloropyrimidine (0.498 g, 4.35 mmol) were 

added. The reaction mixture was stirred at reflux for 20 hours. Then it was cooled to room 

temperature, and the solvent was removed under reduced pressure. The reaction mixture was 

diluted with a saturated aqueous solution of Na2CO3 (15 mL) and extracted with CH2Cl2 (3 × 20 

mL). The combined organic layer was dried over Na2SO4, filtered and concentrated under 

reduced pressure. The crude material was purified by column chromatography on silica gel 

(MeOH/CH2Cl2/TEA 8:2:0.2, Rf = 0.17) and subsequently the product was filtered with warm 

acetonitrile to afford compound 4. Yellow wax, 0.590 g, 70% yield.  

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.24 (d, 2H, J = 4.84 Hz, pyrimidine); 6.57 (t, 1H, J = 

4.88 Hz, pyrimidine); 3.35 (t, 2H, J = 7.08 Hz, pyrimidine-NH-CH2-); 2.71 (t, 2H, J =7.20 Hz; -

CH2-NH2); 1.66-1.40 (m, 8H, pyrimidine-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH2). 

ESI-MS (m/z): [M+H]+ = 194.70 
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4.1.4 General procedure for the synthesis of pyridine intermediates 5-6 

An oven-dried Schlenk flask equipped with a Teflon valve was charged with N-Boc-1,5-

diaminopentane or N-Boc-1,6-diaminohexane (1.5 eq), CuI (0.05 eq), Cs2CO3 (2 eq) and with a 

magnetic stir bar. The flask was closed, evacuated and backfilled with N2 for at least 10 minutes. 

Under a counter flow of N2, DMF (0.5 mL), 2-Iodopyridine (1 eq) and finally 2-

Isobutyrylcyclohexanone (0.2 eq) were added by syringe. The mixture was allowed to stir under 

N2 at 40°C for 21 hours. After this period the mixture was diluted with ethyl acetate, transferred 

to a centrifuge tube and centrifuged to separate the inorganic salts. The solvent was removed 

under reduced pressure. The crude residue was purified by column chromatography on silica gel 

(CH2Cl2/MeOH 9.5:0.5). 

 

Tert-butyl {5-[(pyridin-2-yl)amino]pentyl}carbamate (5) 

 

Compound 5 was prepared using N-Boc-1,5-diaminopentane (0.303 g, 1.5 mmol), CuI (0.095 g, 

0.05 mmol), Cs2CO3 (0.652 g, 2 mmol), DMF (0.5 mL), 2-Iodopyridine (107 µL, d=1.928 g/mL, 

1 mmol) and 2-Isobutyrylcyclohexanone (33 µL, d=1.008 g/mL, 0.2 mmol) following the 

procedure described above. Column chromatography: silica gel, CH2Cl2/MeOH 9.5:0.5, Rf = 

0.38. Yellowish solid, 0.279 g, 100% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.97 (d, 1H, J = 4.08 Hz, pyridine); 7.39-7.35 (m, 1H, 

pyridine); 6.50-6.47 (m, 1H, pyridine); 6.41 (d, 1H, J = 8.44 Hz, pyridine); 5.26 (bs, 1H, Boc-

NH-); 5.09 (bs, 1H, pyridine-NH-); 3.23 (q, 2H, J = 6.92 Hz, pyridine-NH-CH2-); 3.01 (q, 2H, J 

= 6.60 Hz, Boc-NH-CH2-); 1.60-1.53 (m, 2H, pyridine-NH-CH2-CH2-); 1.50-1.31 (m, 13H, 

pyridine-NH-CH2-CH2-CH2-CH2-CH2-NH-COO-C(CH3)3). 

ESI-MS (m/z): [M+H]+ = 280.00 

 

Tert-butyl {6-[(pyridin-2-yl)amino]hexyl}carbamate (6) 

 

Compound 6 was prepared using N-Boc-1,6-diaminohexane (0.811 g, 3.75 mmol), CuI (0.024 g, 

0.125 mmol), Cs2CO3 (1.63 g, 5 mmol), DMF (1.25 mL), 2-Iodopyridine (267 µL, d=1.928 

g/mL, 2.5 mmol) and 2-Isobutyrylcyclohexanone (83 µL, d=1.008 g/mL, 0.5 mmol) following 
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the procedure described above. Column chromatography: silica gel, CH2Cl2/MeOH 9.5:0.5, Rf = 

0.38. Yellowish solid, 0.734 g, 100% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.97 (dd, 1H, J1 = 5.00 Hz, J2 = 1.12 Hz, pyridine); 

7.39-7.35 (m, 1H, pyridine); 6.50-6.47 (m, 1H, pyridine); 6.40 (d, 1H, J = 8.40 Hz, pyridine); 

5.25 (bs, 1H, Boc-NH-); 5.09 (bs, 1H, pyridine-NH-); 3.23 (q, 2H, J = 6.96 Hz, pyridine-NH-

CH2-); 3.00 (q, 2H, J = 6.64 Hz, Boc-NH-CH2-); 1.59-1.52 (m, 2H, pyridine-NH-CH2-CH2-); 

1.46-1.27 (m, 15H, pyridine-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-COO-C(CH3)3). 

ESI-MS (m/z): [M+H]+ = 293.87 

 

4.1.5 Procedures for the synthesis of N1-(pyridin-2-yl)pentane-1,5-diamine (7) and N1-

(pyridin-2-yl)hexane-1,6-diamine (8) 

  

7 8 
 

Procedure A: Intermediates 5 or 6 (1 eq), respectively used for synthesis of compounds 7 and 8, 

were dissolved in 20 mL of dry CH2Cl2 and to the solution trifluoroacetic acid (20 eq) was 

added. The mixture was stirred at room temperature for 3.5 hours and then the solvent and the 

excess of TFA were removed under reduce pressure to give trifluoroacetic salts of compounds 7 

or 8, as yellow oil, which were used for the subsequent reactions without further purification.  

Procedure B: To a solution of intermediate 6 (1 eq) in 20 mL of dry CH2Cl2 trifluoroacetic acid 

(20 eq) was added. The mixture was stirred at room temperature for 3.5 hours and then it was 

extracted twice with 5N NaOH solution (2 x 20 mL), once with H2O (20 mL). The organic layer 

was dried over Na2SO4, filtered and the solvent was removed under vacuum to give compound 8 

as a yellow oil (88% yield), which was used for the subsequent reactions without further 

purification.  

 

4.1.6 General procedures for the synthesis of pyrimidine and pyridine diamine derivatives 

9-33 

Procedure A: Intermediates 3, 4, 7 or 8 (1 eq), obtained following procedure A described above, 

were dissolved in 20 mL of dry CH2Cl2 and to the solution the opportune aldehyde (1 eq) and 

dry K2CO3 (20 eq) were added. The mixture was stirred at room temperature for 12 hours and 

then filtered. The solvent was removed under reduced pressure and the residue was dissolved in 

30 mL of MeOH and treated with NaBH4 (3 eq) at room temperature for 2 hours. Then 5 mL of 

H2O were added; after 5 minutes under stirring MeOH was evaporated under reduced pressure, 
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H2O (20 mL) was added and the mixture was extracted with CH2Cl2 (3 x 20 mL). The organic 

layer was dried over Na2SO4 and the solvent was removed under vacuum. The obtained residue 

was purified by column chromatography on silica gel. 

Procedure B: Intermediate 4 (1 eq), obtained following procedure B described above, was 

dissolved in 20 mL of dry CH2Cl2 and to the solution the opportune aldehyde (1 eq) and 

molecular sieves (4 Å) were added. The mixture was stirred at room temperature for 12 hours 

and then filtered. The solvent was removed under reduced pressure and the residue was dissolved 

in 30 mL of MeOH and treated with NaBH4 (3 eq) at room temperature for 2 hours. Then 5 mL 

of H2O were added; after 5 minutes under stirring MeOH was evaporated under reduced 

pressure, H2O (20 mL) was added and the mixture was extracted with CH2Cl2 (3 x 20 mL). The 

organic layer was dried over Na2SO4 and the solvent was removed under vacuum. The obtained 

residue was purified by column chromatography on silica gel. 

Procedure C: Intermediates 4 or 8 (1 eq), obtained following respectively procedure C or B 

described above, were dissolved in 20 mL of dry CH2Cl2 and to the solution the opportune 

aldehyde (1 eq) and molecular sieves (4 Å) were added. The mixture was stirred at room 

temperature for 12 hours and then filtered. The solvent was removed under reduced pressure and 

the residue was dissolved in 30 mL of MeOH and treated with NaBH4 (3 eq) at room 

temperature for 2 hours. Then 5 mL of HCl 1M were added; after 5 minutes under stirring the 

solvent was evaporated under reduced pressure, the residue was diluted with 20 mL of saturated 

aqueous solution of NaHCO3 and extracted with CH2Cl2 (3 x 20 mL). The organic layer was 

dried over Na2SO4 and the solvent was removed under vacuum. The obtained residue was 

purified by column chromatography on silica gel and/or by crystallization. 

 

N1-benzyl-N5-(pyrimidin-2-yl)pentane-1,5-diamine (9) 

 

Compound 9 was prepared using N1-(pyrimidin-2-yl)pentane-1,5-diamine (3) (0.108 g, 0.60 

mmol), benzaldehyde (61 μL, d=1.045 g/mL, 0.60 mmol), K2CO3 (1.659 g, 12.0 mmol), NaBH4 

(0.068 g, 1.8 mmol), following the procedure A described above. Column chromatography: silica 

gel, CH2Cl2/MeOH 1:1, Rf = 0.4. White solid, 0.093 g, 57% yield. 

I.R. (cm-1): N-H: 3255; finger print: 1124, 1100, 1074, 1027. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.72 Hz, pyrimidine); 7.31-7.20 (m, 

5H, aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.69 (bs, 1H, pyrimidine-NH-); 3.71 (s, 2H, 
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Ar-CH2-NH-); 3.32 (q, 2H, J = 6.88 Hz, pyrimidine-NH-CH2-); 2.54 (t, 2H, J = 6.92 Hz, Ar-

CH2-NH-CH2-); 1.59-1.45 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-NH-); 1.41-1.34 (m, 2H, -NH-

CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 163.7; 158.9; 142.4; 129.1; 128.9; 127.5; 111.0; 54.3; 

49.9; 41.8; 30.5; 30.1; 25.4. 

ESI-MS (m/z): [M+H]+ = 270.87 

Anal. (C16H22N4) C, H, N Calcd: C 71.08 %, H 8.20 %, N 20.72 %; Found: C 70.98 %, H 8.23 

%, N 20.79 %. 

m.p.: 58-59.8 °C 

 

N1-(4-bromobenzyl)-N5-(pyrimidin-2-yl)pentane-1,5-diamine (10) 

 

Compound 10 was prepared using N1-(pyrimidin-2-yl)pentane-1,5-diamine (3) (0.097 g, 0.54 

mmol), 4-bromobenzaldehyde (0.100 g, 0.54 mmol), K2CO3 (1.493 g, 10.8 mmol), NaBH4 

(0.061 g, 1.62 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 1:1, Rf = 0.5. White solid, 0.093 g, 50% yield. 

I.R. (cm-1): N-H: 3235; finger print: 1265, 1129, 1066, 1007. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.45 (d, 2H, J = 

8.40 Hz, aromatic); 7.25 (d, 2H, J = 8.44 Hz, aromatic); 6.51 (t, 1H, J = 4.80 Hz, pyrimidine); 

5.68 (bs, 1H, pyrimidine-NH-); 3.68 (s, 2H, Ar-CH2-NH-); 3.32 (q, 2H, J = 6.92 Hz, pyrimidine-

NH-CH2-); 2.52 (t, 2H, J = 6.84 Hz, Ar-CH2-NH-CH2-); 1.59-1.44 (m, 4H, -NH-CH2-CH2-CH2-

CH2-CH2-NH-); 1.41-1.33 (m, 2H, -NH-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 140.0; 132.5; 131.5; 121.8; 111.0; 53.7; 

50.0; 42.0; 30.3; 30.1; 25.7. 

ESI-MS (m/z): [M+H]+ = 348.80 (95); 350.80 (100) 

Anal. (C16H21BrN4) C, H, N Calcd: C 55.02 %, H 6.06 %, N 16.04 %; Found: C 54.95 %, H 6.08 

%, N 16.09 %. 

m.p.: 75.2-77 °C 
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N1-(2-methoxybenzyl)-N5-(pyrimidin-2-yl)pentane-1,5-diamine (11) 

 

Compound 11 was prepared using N1-(pyrimidin-2-yl)pentane-1,5-diamine (3) (0.108 g, 0.60 

mmol), 2-methoxybenzaldehyde (0.082 g, 0.60 mmol), K2CO3 (1.659 g, 12.0 mmol), NaBH4 

(0.068 g, 1.8 mmol), following the procedure A described above. Column chromatography: silica 

gel, CH2Cl2/MeOH 1:1, Rf = 0.3. Pale yellow solid, 0.091 g, 50% yield. 

I.R. (cm-1): N-H: 3247; finger print: 1293, 1266, 1235, 1100, 1050, 1023, 932. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.26-7.20 (m, 

2H, aromatic); 6.94-6.87 (m, 2H, aromatic); 6.50 (t, 1H, J = 4.80 Hz, pyrimidine); 5.68 (bs, 1H, 

pyrimidine-NH-); 3.80 (s, 3H, -O-CH3); 3.68 (s, 2H, Ar-CH2-NH-); 3.32 (q, 2H, J = 6.92 Hz, 

pyrimidine-NH-CH2-); 2.53 (t, 2H, J = 6.92 Hz, Ar-CH2-NH-CH2-); 1.59-1.45 (m, 4H, -NH-

CH2-CH2-CH2-CH2-CH2-NH-); 1.40-1.33 (m, 2H, -NH-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.23; 159.19; 131.2; 129.8; 128.2; 121.5; 

111.5; 111.0; 55.8; 49.8; 49.6; 42.0; 30.3; 30.0; 25.7. 

ESI-MS (m/z): [M+H]+ = 301.02 

Anal. (C17H24N4O) C, H, N Calcd: C 67.97 %, H 8.05 %, N 18.65 %; Found: C 67.98 %, H 8.07 

%, N 18.60 %. 

m.p.: 44.8-46.8 °C 

 

N1-((2,6-dichloropyridin-4-yl)methyl)-N5-(pyrimidin-2-yl)pentane-1,5-diamine (12) 

 

Compound 12 was prepared using N1-(pyrimidin-2-yl)pentane-1,5-diamine (3) (0.090 g, 0.50 

mmol), 2,6-dichloropyridine-4-carbaldehyde (0.088 g, 0.50 mmol), K2CO3 (1.382 g, 10.0 mmol), 

NaBH4 (0.057 g, 1.5 mmol), following the procedure A described above. Column 

chromatography: silica gel, AcOEt/MeOH 1:1, Rf = 0.5. Pale yellow solid, 0.094 g, 55% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.72 Hz, pyrimidine); 7.36 (s, 2H, 

pyridine); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.67 (bs, 1H, pyrimidine-NH-); 3.75 (s, 2H, 

pyridine-CH2-NH-); 3.32 (q, 2H, J = 6.88 Hz, pyrimidine-NH-CH2-); 2.52 (t, 2H, J = 6.84 Hz, 



69 

 

pyridine-CH2-NH-CH2-); 1.60-1.45 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-NH-); 1.42-1.34 (m, 

2H -NH-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 157.7; 151.4; 123.6; 111.0; 52.4; 50.1; 

42.1; 30.5; 30.6; 25.9. 

ESI-MS (m/z): [M+H]+ = 340.09 (100); 342.08 (65); 344.06 (10) 

Anal. (C15H19Cl2N5) C, H, N Calcd: C 52.95 %, H 5.63 %, N 20.58 %; Found: C 52.91 %, H 

5.62 %, N 20.61 %. 

 

N1-benzyl-N6-(pyrimidin-2-yl)hexane-1,6-diamine (13) 

 

Compound 13 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.103 g, 0.53 

mmol), benzaldehyde (54 μL, d=1.045 g/mL, 0.53 mmol), K2CO3 (1.465 g, 10.6 mmol), NaBH4 

(0.060 g, 1.59 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 7:3, Rf = 0.42. White solid, 0.066 g, 43% yield. 

I.R. (cm-1): N-H: 3301, 3267; finger print: 1323, 1258, 1129, 1027, 984, 975. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.33-7.20 (m, 

5H, aromatic); 6.50 (t, 1H, J = 4.80 Hz, pyrimidine); 5.74 (bs, 1H, pyrimidine-NH-); 3.71 (s, 2H, 

Ar-CH2-NH-); 3.31 (q, 2H, J = 6.84 Hz, pyrimidine-NH-CH2-); 2.53 (t, 2H, J = 7.04 Hz, Ar-

CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-CH2-); 1.49-1.41 (m, 2H, -NH-CH2-CH2-); 1.38-

1.27 (m, 4H -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 163.7; 158.9; 142.2; 129.1; 129.0; 127.5; 111.0; 54.3; 

49.9; 41.8; 30.6; 30.2; 27.8; 27.5. 

ESI-MS (m/z): [M+H]+ = 285.13 

Anal. (C17H24N4) C, H, N Calcd: C 71.79 %, H 8.51 %, N 19.70 %; Found: C 71.89 %, H 8.47 

%, N 19.64 %. 

m.p.: 51.8-54.4 °C 

 

N1-(4-bromobenzyl)-N6-(pyrimidin-2-yl)hexane-1,6-diamine (14) 

 

Compound 14 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.136 g, 0.70 

mmol), 4-bromobenzaldehyde (0.130 g, 0.760 mmol), K2CO3 (1.935 g, 14.0 mmol), NaBH4 



70 

 

(0.079 g, 2.1 mmol), following the procedure A described above. Column chromatography: silica 

gel, CH2Cl2/MeOH 1:1, Rf = 0.4. White solid, 0.152 g, 60% yield. 

I.R. (cm-1): N-H: 3267; finger print: 1255,1132, 1068, 1010. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.72 Hz, pyrimidine); 7.45 (d, 2H, J = 

8.32 Hz, aromatic); 7.24 (d, 2H, J = 8.28 Hz, aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 

5.77 (bs, 1H, pyrimidine-NH-); 3.67 (s, 2H, Ar-CH2-NH-); 3.31 (q, 2H, J = 6.68 Hz, pyrimidine-

NH-CH2-); 2.50 (t, 2H, J = 6.92 Hz, Ar-CH2-NH-CH2-); 1.58-1.51 (m, 2H, -NH-CH2-CH2-); 

1.47-1.41 (m, 2H, -NH-CH2-CH2-); 1.37-1.26 (m, 4H -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 163.7; 158.9; 141.8; 132.0; 130.9; 120.6; 111.0; 53.5; 

49.8; 41.8; 30.7; 30.2; 27.7; 27.5. 

ESI-MS (m/z): [M+H]+ = 363.07 (95); 365.00 (100) 

Anal. (C17H23BrN4) C, H, N Calcd: C 56.20 %, H 6.38 %, N 15.42 %; Found: C 56.21 %, H 6.39 

%, N 15.45 %. 

m.p.: 43-46 °C  

 

N1-(4-chlorobenzyl)-N6-(pyrimidin-2-yl)hexane-1,6-diamine (15) 

 

Compound 15 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.107 g, 0.55 

mmol), 4-chlorobenzaldehyde (0.077 g, 0.55 mmol), K2CO3 (1.520 g, 11.0 mmol), NaBH4 

(0.062 g, 1.65 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 7:3, Rf = 0.53. White solid, 0.085 g, 50% yield. 

I.R. (cm-1): N-H: 3264; finger print: 1256, 1132, 1123, 1088, 1012, 987. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.31 (s, 4H, 

aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.71 (bs, 1H, pyrimidine-NH-); 3.69 (s, 2H, Ar-

CH2-NH-); 3.31 (q, 2H, J = 6.84 Hz, pyrimidine-NH-CH2-); 2.51 (t, 2H, J = 6.92 Hz, Ar-CH2-

NH-CH2-); 1.58-1.51 (m, 2H, -NH-CH2-CH2-); 1.48-1.41 (m, 2H, -NH-CH2-CH2-); 1.38-1.27 

(m, 4H -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 163.7; 158.9; 141.3; 132.5; 130.6; 129.0; 111.0; 53.5; 

49.8; 41.8; 30.6; 30.2; 27.7; 27.5. 

ESI-MS (m/z): [M+H]+ = 318.87 (100); 320.87 (30) 

Anal. (C17H23ClN4) C, H, N Calcd: C 64.04 %, H 7.27 %, N 17.57 %; Found: C 64.08 %, H 7.26 

%, N 17.52 %. 
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m.p.: 53-56 °C 

 

N1-(2-methoxybenzyl)-N6-(pyrimidin-2-yl)hexane-1,6-diamine (16) 

 

Compound 16 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.185 g, 0.95 

mmol), 2-methoxybenzaldehyde (0.129 g, 0.95 mmol), K2CO3 (2.626 g, 19.0 mmol), NaBH4 

(0.108 g, 2.85 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 1:1, Rf = 0.23. Pale yellow oil, 0.184 g, 62% yield. 

I.R. (cm-1): N-H: 3265; finger print: 1240, 1104, 1031. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.28-7.21 (m, 

2H, aromatic); 6.94-6.88 (m, 2H, aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.70 (bs, 1H, 

pyrimidine-NH-); 3.81 (s, 3H, -O-CH3); 3.71 (s, 2H, Ar-CH2-NH-); 3.32 (q, 2H, J = 6.76 Hz, 

pyrimidine-NH-CH2-); 2.54 (t, 2H, J = 6.96 Hz, Ar-CH2-NH-CH2-); 1.58-1.44 (m, 4H, -NH-

CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.40-1.28 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 163.9; 159.0; 158.8; 130.5; 129.6; 129.1; 121.3; 111.6; 

111.1; 56.1; 49.9; 49.3; 42.0; 30.6; 30.3; 27.9; 27.6. 

ESI-MS (m/z): [M+H]+ = 315.13 

Anal. (C18H26N4O) C, H, N Calcd: C 68.76 %, H 8.33 %, N 17.82 %; Found: C 68.70 %, H 8.30 

%, N 17.78 %. 

 

N1-(pyrimidin-2-yl)-N6-(3,4,5-trimethoxybenzyl)hexane-1,6-diamine (17) 

 

Compound 17 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.101 g, 0.52 

mmol), 3,4,5-trimethoxybenzaldehyde (0.102 g, 0.52 mmol), NaBH4 (0.059 g, 1.56 mmol), 

following the procedure C described above. Column chromatography: silica gel, AcOEt/MeOH 

1:1, Rf = 0.23. Yellow oil, 0.138 g, 71% yield. 

I.R. (cm-1): N-H: 3276; finger print: 1233, 1121, 1007.  

1H-NMR (400 MHz) (Acetone-d6) δ (ppm): 8.22 (d, 2H, J = 4.68 Hz, pyrimidine); 6.67 (s, 2H, 

aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 6.26 (bs, 1H, pyrimidine-NH-); 3.79 (s, 6H, Ar-

(OCH3)2); 3.69 (s, 3H, Ar-OCH3); 3.68 (s, 2H, Ar-CH2-NH-); 3.40-3.35 (m, 2H, pyrimidine-NH-
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CH2-); 2.57 (t, 2H, J = 6.84 Hz, Ar-CH2-NH-CH2-); 1.64-1.57 (m, 2H, -NH-CH2-CH2-); 1.54-

1.47 (m, 2H, -NH-CH2-CH2-); 1.43-1.37 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-).  

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 154.5; 138.2; 136.3; 111.0; 106.9; 61.1; 

56.6; 54.5; 49.8; 42.1; 30.4; 30.1; 28.2; 27.9.  

ESI-MS (m/z): [M+H]+ = 374.67 

Anal. (C20H30N4O3) C, H, N Calcd: C 64.15 %, H 8.07 %, N 14.96 %; Found: C 64.09 %, H 8.09 

%, N 15.01 %. 

 

2-methoxy-4-(((6-(pyrimidin-2-ylamino)hexyl)amino)methyl)phenol (18) 

 

Compound 18 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.117 g, 0.60 

mmol), 4-hydroxy-3-methoxybenzaldehyde (0.091 g, 0.60 mmol), NaBH4 (0.068 g, 1.80 mmol), 

following the procedure C described above. Column chromatography: silica gel, 

AcOEt/MeOH/TEA 5:5:0.1, Rf = 0.37. White solid, 0.135 g, 68% yield. 

I.R. (cm-1): N-H: 3261; finger print: 1284, 1258, 1158, 1130, 1034.  

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 6.91 (s, 1H, 

aromatic); 6.73 (s, 2H, aromatic); 6.50 (t, 1H, J = 4.80 Hz, pyrimidine); 5.72 (bs, 1H, 

pyrimidine-NH-); 3.80 (s, 3H, Ar-OCH3); 3.63 (s, 2H, Ar-CH2-NH-); 3.31 (q, 2H, J = 6.88 Hz, 

pyrimidine-NH-CH2-); 2.53 (t, 2H, J = 6.96 Hz, Ar-CH2-NH-CH2-); 1.58-1.51 (m, 2H, -NH-

CH2-CH2-); 1.49-1.42 (m, 2H, -NH-CH2-CH2-); 1.39-1.32 (m, 4H, -NH-CH2-CH2-CH2-CH2-

CH2-CH2-NH-).  

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 149.2; 147.9; 128.2; 123.1; 116.3; 113.7; 

111.0; 56.4; 53.4; 49.0; 42.0; 30.3; 28.8; 27.8; 27.7.  

ESI-MS (m/z): [M+H]+ = 330.60 

Anal. (C18H26N4O2) C, H, N Calcd: C 65.43 %, H 7.93 %, N 16.96 %; Found: C 65.41 %, H 7.92 

%, N 17.00 %. 

m.p.: 87-89 °C 
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3-(((6-(pyrimidin-2-ylamino)hexyl)amino)methyl)phenol (19) 

 

Compound 19 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.117 g, 0.60 

mmol), 3-hydroxybenzaldehyde (0.073 g, 0.60 mmol), NaBH4 (0.068 g, 1.80 mmol), following 

the procedure C described above. In this case the extraction was carried out with AcOEt instead 

of CH2Cl2. Column chromatography: silica gel, initially CH2Cl2/MeOH 1:1 (until the separation 

of the spot with Rf = 0.9) and subsequently CH2Cl2/MeOH/TEA 5:5:0.1, Rf = 0.67. After the 

chromatography the compound was purified by crystallization in CH3CN. Pinkish solid, 0.104 g, 

57% yield. 

I.R. (cm-1): N-H: 3289; finger print: 1287, 1239, 1228, 1160, 927.  

1H-NMR (400 MHz) (Acetone-d6) δ (ppm): 8.22 (d, 2H, J = 4.64 Hz, pyrimidine); 7.09 (t, 1H, J 

= 7.76 Hz, aromatic); 6.85 (s, 1H, aromatic); 6.79 (d, 1H, J = 7.52 Hz, aromatic); 6.67 (dd, 1H, 

J1 = 8.00 Hz, J2 = 1.80 Hz, aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 6.22 (bs, 1H, 

pyrimidine-NH-); 3.67 (s, 2H, Ar-CH2-NH-); 3.40-3.36 (m, 2H, pyrimidine-NH-CH2-); 2.56 (t, 

2H, 6.88 Hz, Ar-CH2-NH-CH2-); 1.64-1.57 (m, 2H, -NH-CH2-CH2-); 1.53-1.45 (m, 2H, -NH-

CH2-CH2-); 1.43-1.37 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-).  

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 158.8; 141.8; 130.5; 120.5; 116.4; 115.2; 

111.0; 54.3; 49.7; 42.1; 30.4; 30.2; 28.1; 27.8.  

ESI-MS (m/z): [M+H]+ = 301.02 

Anal. (C17H24N4O) C, H, N Calcd: C 67.97 %, H 8.05 %, N 18.65 %; Found: C 68.03 %, H 8.04 

%, N 18.61 %. 

m.p.: 75-77 °C  

 

3-(((6-(pyrimidin-2-ylamino)hexyl)amino)methyl)benzene-1,2-diol (20) 

 

Compound 20 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.152 g, 0.78 

mmol), 2,3-dihydroxybenzaldehyde (0.108 g, 0.53 mmol), NaBH4 (0.089 g, 2.34 mmol), 

following the procedure C described above. The compound was purified by crystallization in 

CH3CN. Pinkish solid, 0.145 g, 59% yield. 

I.R. (cm-1): finger print: 1289, 1194, 1102, 1068, 936.  
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1H-NMR (400 MHz) (d6-DMSO) δ (ppm): 8.22 (d, 2H, J = 4.72 Hz, pyrimidine); 7.08 (t, 1H, J = 

5.60 Hz, pyrimidine-NH-); 6.61 (dd, 1H, J1 = 7.48 Hz, J2 = 1.88 Hz, aromatic); 6.52-6.46 (m, 

3H, 2H aromatic and 1H pyrimidine); 3.80 (s, 2H, Ar-CH2-NH-); 3.24 (q, 2H, J = 6.52 Hz, 

pyrimidine-NH-CH2-); 1.53-1.41 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.31-1.29 

(m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). * Ar-CH2-NH-CH2- covered by d6-DMSO 

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 147.7; 146.9; 123.6; 121.1; 119.4; 115.6; 

111.0; 51.4; 48.9; 42.0; 30.3; 29.5; 27.8; 27.6. 

ESI-MS (m/z): [M+H]+ = 316.87 

Anal. (C17H24N4O2) C, H, N Calcd: C 64.53 %, H 7.65 %, N 17.71 %; Found: C 64.56 %, H 7.68 

%, N 17.67 %. 

m.p.: 99-101 °C 

 

N1-((2,6-dichloropyridin-4-yl)methyl)-N6-(pyrimidin-2-yl)hexane-1,6-diamine (21) 

 

Compound 21 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.117 g, 0.60 

mmol), 2,6-dichloropyridine-4-carbaldehyde (0.106 g, 0.60 mmol), K2CO3 (1.659 g, 12.0 mmol), 

NaBH4 (0.068 g, 1.8 mmol), following the procedure A described above. Column 

chromatography: silica gel, AcOEt/MeOH 9:1, Rf = 0.4. White solid, 0.119 g, 57% yield. 

I.R. (cm-1): N-H: 3235; finger print: 1216, 1155, 1129, 987. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 7.36 (s, 2H, 

pyridine); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.69 (bs, 1H, pyrimidine-NH-); 3.74 (s, 2H, 

pyridine-CH2-NH-); 3.32 (q, 2H, J = 6.84 Hz, pyrimidine-NH-CH2-); 2.51 (t, 2H, J = 6.88 Hz, 

pyridine-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-CH2-); 1.49-1.42 (m, 2H, -NH-CH2-CH2-

); 1.39-1.33 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-).  

13C-NMR (100 MHz) (MeOD) δ (ppm): 163.5; 159.2; 157.8; 151.5; 123.6; 111.0; 52.4; 50.1; 

42.1; 30.5; 30.4; 28.1; 27.9. 

ESI-MS (m/z): [M+H]+ = 353.98 (100); 355.91 (65); 356.97 (10) 

Anal. (C16H21Cl2N5) C, H, N Calcd: C 54.24 %, H 5.97 %, N 19.77 %; Found: C 54.17 %, H 

5.95 %, N 19.82 %. 

m.p.: 68-70 °C 
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N1-((1H-indol-3-yl)methyl)-N6-(pyrimidin-2-yl)hexane-1,6-diamine (22) 

 

Compound 22 was prepared using N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.076 g, 0.39 

mmol), 1H-indole-3-carbaldehyde (0.057 g, 0.39 mmol), NaBH4 (0.044 g, 1.17 mmol), 

following the procedure B described above. Column chromatography: silica gel, initially MeOH 

(until the separation of the spot with Rf = 0.77) and subsequently MeOH/TEA 10:0.2, Rf = 0.20. 

After the chromatography the compound was filtered with CH2Cl2 to remove silica. Orange oil, 

0.044 g, 36% yield. 

I.R. (cm-1): N-H: 3259; finger print: 1236, 1100, 1074, 1010, 983. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 9.18 (bs, 1H, indole-NH-); 8.21 (d, 2H, J = 4.76 Hz, 

pyrimidine); 7.62 (d, 1H, J = 7.92 Hz, indole); 7.38 (d, 1H, J = 8.12 Hz, indole); 7.15-7.10 (m, 

2H, indole); 7.05-7.00 (m, 1H, indole); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.70 (bs, 1H, 

pyrimidine-NH-); 3.89 (s, 2H, indole-CH2-NH-); 3.30 (q, 2H, J = 6.88 Hz, pyrimidine-NH-CH2-

); 2.60 (t, 2H, J = 7.00 Hz, indole-CH2-NH-CH2-); 1.58-1.44 (m, 4H, -NH-CH2-CH2-CH2-CH2-

CH2-CH2-NH-); 1.39-1.32 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 162.5; 158.1; 136.4; 127.2; 123.4; 122.2; 119.7; 118.7; 

113.5; 111.4; 110.4; 49.0; 44.3; 41.5; 29.5; 29.4; 27.1; 26.8. 

ESI-MS (m/z): [M+H]+ = 323.67 

Anal. (C19H25N5) C, H, N Calcd: C 70.56 %, H 7.79 %, N 21.65 %; Found: C 70.47 %, H 7.81 

%, N 21.72 %. 

 

N1-benzyl-N5-(pyridin-2-yl)pentane-1,5-diamine (23) 

 

Compound 23 was prepared using N1-(pyridin-2-yl)pentane-1,5-diamine (7) (0.086 g, 0.48 

mmol), benzaldehyde (49 μL, d=1.045 g/mL, 0.48 mmol), K2CO3 (1.327 g, 9.6 mmol), NaBH4 

(0.054 g, 1.44 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 1:1, Rf = 0.36. Yellow oil, 0.071 g, 55% yield. 

I.R. (cm-1): N-H: 3286; finger print: 1289, 1152, 982. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 4.96 Hz, J2 = 1.04 Hz, pyridine); 

7.39-7.34 (m, 1H, pyridine); 7.33-7.20 (m, 5H, aromatic); 6.48 (ddd, 1H, J1 = 6.96 Hz, J2 = 5.04 
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Hz, J3 = 0.76 Hz, pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 5.09 (s, 1H, pyridine-NH-); 3.72 

(s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 6.92 Hz, pyridine-NH-CH2-); 2.55 (t, 2H, J = 6.92 Hz, 

Ar-CH2-NH-CH2-); 1.59-1.46 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-NH-); 1.43-1.35 (m, 2H, -

NH-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.4; 147.8; 140.4; 138.7; 129.6; 129.5; 128.2; 112.9; 

109.7; 54.4; 49.8; 42.5; 30.3; 30.0; 25.8. 

ESI-MS (m/z): [M+H]+ = 270.00 

Anal. (C17H23N3) C, H, N Calcd: C 75.80 %, H 8.61 %, N 15.60 %; Found: C 75.86 %, H 8.59 

%, N 15.55 %. 

 

N1-(4-bromobenzyl)-N5-(pyridin-2-yl)pentane-1,5-diamine (24) 

 

Compound 24 was prepared using N1-(pyridin-2-yl)pentane-1,5-diamine (7) (0.075 g, 0.42 

mmol), 4-bromobenzaldehyde (0.078 g, 0.42 mmol), K2CO3 (1.161 g, 8.4 mmol), NaBH4 (0.048 

g, 1.26 mmol), following the procedure A described above. Column chromatography: silica gel, 

AcOEt/MeOH 1:1, Rf = 0.33. White solid, 0.070 g, 48% yield. 

I.R. (cm-1): N-H: 3284; finger print: 1287, 1156, 1135, 1069, 1009, 980. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 4.92 Hz, J2 = 1.04 Hz, pyridine); 7.45 

(d, 2H, J = 8.32 Hz, aromatic); 7.39-7.34 (m, 1H, pyridine); 7.25 (d, 2H, J = 8.36 Hz, aromatic); 

6.50-6.47 (m, 1H, pyridine); 6.40 (d, 1H, J = 8.40 Hz, pyridine); 5.07 (bs, 1H, pyridine-NH-); 

3.68 (s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 6.88 Hz, pyridine-NH-CH2-); 2.53 (t, 2H, J = 6.84 

Hz, Ar-CH2-NH-CH2-); 1.59-1.35 (m, 6H, -NH- CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.4; 147.8; 140.0; 138.7; 132.5; 131.5; 121.8; 112.9; 

109.7; 53.7; 49.8; 42.5; 30.3; 30.2; 25.8. 

ESI-MS (m/z): [M+H]+ = 347.54 (100); 349.60 (90) 

Anal. (C17H22BrN3) C, H, N Calcd: C 58.63 %, H 6.37 %, N 12.07 %; Found: C 58.59 %, H 6.36 

%, N 12.04 %. 

m.p.: 65-68 °C   
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N1-benzyl-N6-(pyridin-2-yl)hexane-1,6-diamine (25) 

 

Compound 25 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.106 g, 0.55 

mmol), benzaldehyde (56 μL, d=1.045 g/mL, 0.55 mmol), K2CO3 (1.520 g, 11.0 mmol), NaBH4 

(0.062 g, 1.65 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 7:3, Rf = 0.3. Yellow oil, 0.083 g, 53% yield. 

I.R. (cm-1): N-H: 3279; finger print: 1288, 1152, 982. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 5.00 Hz, J2 = 1.08 Hz, pyridine); 

7.39-7.34 (m, 1H, pyridine); 7.33-7.20 (m, 5H, aromatic); 6.48 (ddd, 1H, J1 = 7.00 Hz, J2 = 5.08 

Hz, J3 = 0.80 Hz, pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 5.10 (bs, 1H, pyridine-NH-); 

3.72 (s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 6.88 Hz, pyridine-NH-CH2-); 2.54 (t, 2H, J = 6.96 

Hz, Ar-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-CH2-); 1.50-1.43 (m, 2H, -NH-CH2-CH2-); 

1.40-1.27 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 160.2; 148.8; 142.2; 137.8; 129.1; 129.0; 127.5; 112.8; 

108.1; 54.3; 49.9; 42.2; 30.7; 30.2; 27.8; 27.6; 

ESI-MS (m/z): [M+H]+ = 283.98 

Anal. (C18H25N3) C, H, N Calcd: C 76.28 %, H 8.89 %, N 14.83 %; Found: C 76.33 %, H 8.87 

%, N 14.80 %. 

 

N1-(4-bromobenzyl)-N6-(pyridin-2-yl)hexane-1,6-diamine (26) 

 

Compound 26 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.110 g, 0.57 

mmol), 4-bromobenzaldehyde (0.106 g, 0.57 mmol), K2CO3 (1.576 g, 11.4 mmol), NaBH4 

(0.065 g, 1.71 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 1:1, Rf = 0.38. Yellow solid, 0.084 g, 40% yield. 

I.R. (cm-1): N-H: 3269; finger print: 1156, 1109, 1067, 1011, 979. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 4.96 Hz, J2 = 1.08 Hz, pyridine); 7.47 

(d, 2H, J = 8.36 Hz, aromatic); 7.39-7.34 (m, 1H, pyridine); 7.25 (d, 2H, J = 8.44 Hz, aromatic); 

6.48 (ddd, 1H, J1 = 7.00 Hz, J2 = 5.04 Hz, J3 = 0.80 Hz, pyridine); 6.40 (d, 1H, J = 8.44 Hz, 

pyridine); 5.08 (bs, 1H, pyridine-NH-); 3.68 (s, 2H, Ar-CH2-NH-); 3.22 (q, 2H, J = 6.92 Hz, 

pyridine-NH-CH2-); 2.51 (t, 2H, J = 6.88 Hz, Ar-CH2-NH-CH2-); 1.59-1.51 (m, 2H, -NH-CH2-
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CH2-); 1.49-1.42 (m, 2H, -NH-CH2-CH2-); 1.40-1.27 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-NH-).  

13C-NMR (100 MHz) (CD3CN) δ (ppm): 160.2; 148.8; 141.8; 137.8; 132.0; 131.0; 120.6; 112.8; 

108.1; 53.5; 49.8; 42.2; 30.7; 30.2; 27.8; 27.6. 

ESI-MS (m/z): [M+H]+ = 361.76 (90), 363.95 (100) 

Anal. (C18H24BrN3) C, H, N Calcd: C 59.67 %, H 6.68 %, N 11.60 %; Found: C 59.69 %, H 6.69 

%, N 11.63 %. 

m.p.: 42-44 °C 

 

N1-(4-chlorobenzyl)-N6-(pyridin-2-yl)hexane-1,6-diamine (27) 

 

Compound 27 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.108 g, 0.56 

mmol), 4-chlorobenzaldehyde (0.079 g, 0.56 mmol), K2CO3 (1.548 g, 11.2 mmol), NaBH4 

(0.064 g, 1.68 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 1:1, Rf = 0.31. Yellow solid, 0.090 g, 51% yield. 

I.R. (cm-1): N-H: 3261; finger print: 1296, 1156, 1121, 1091, 1084, 1015, 982. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (d, 1H, J = 4.96 Hz, pyridine); 7.36 (t, 1H, J = 8.00 

Hz, pyridine); 7.31 (s, 4H, aromatic); 6.48 (t, 1H, J = 6.00 Hz, pyridine); 6.40 (d, 1H, J = 8.44 

Hz, pyridine); 5.07 (bs, 1H, pyridine-NH-); 3.70 (s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 6.56 Hz, 

pyridine-NH-CH2-); 2.52 (t, 2H, J = 6.80 Hz, Ar-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-

CH2-); 1.49-1.42 (m, 2H, -NH-CH2-CH2-); 1.40-1.27 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-NH-).  

13C-NMR (100 MHz) (CD3CN) δ (ppm): 160.2; 148.8; 141.3; 137.8; 132.6; 130.6; 129.0; 112.8; 

108.1; 53.5; 49.8; 42.2; 30.7; 30.1; 27.8; 27.6. 

ESI-MS (m/z): [M+H]+ = 318.13 (100); 320.13 (35) 

Anal. (C18H24ClN3) C, H, N Calcd: C 68.02 %, H 7.61 %, N 13.22 %; Found: C 67.97 %, H 7.59 

%, N 13.26 %. 

m.p.: 41-43 °C  
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N1-(2-methoxybenzyl)-N6-(pyridin-2-yl)hexane-1,6-diamine (28) 

 

Compound 28 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.106 g, 0.55 

mmol), 2-methoxybenzaldehyde (0.075 g, 0.55 mmol), K2CO3 (1.520 g, 11.0 mmol), NaBH4 

(0.062 g, 1.65 mmol), following the procedure A described above. Column chromatography: 

silica gel, CH2Cl2/MeOH 7:3, Rf = 0.2. Yellow oil, 0.112 g, 65% yield. 

I.R. (cm-1): N-H: 3281; finger print: 1289, 1239, 1151, 1100, 1050, 1029, 982. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 4.96 Hz, J2 = 1.08 Hz, pyridine); 

7.38-7.34 (m, 1H, pyridine); 7.26-7.20 (m, 2H, aromatic); 6.94-6.88 (m, 2H, aromatic); 6.48 

(ddd, 1H, J1 = 6.96 Hz, J2 = 5.04 Hz, J3 = 0.80 Hz, pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 

5.07 (bs, 1H, pyridine-NH-); 3.80 (s, 3H, Ar-OCH3); 3.68 (s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 

6.92 Hz, pyridine-NH-CH2-); 2.52 (t, 2H, J = 6.92 Hz, Ar-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -

NH-CH2-CH2-); 1.49-1.42 (m, 2H, -NH-CH2-CH2-); 1.40-1.27 (m, 4H, -NH-CH2-CH2-CH2-

CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 160.2; 158.5; 148.8; 137.8; 130.2; 129.9; 128.8; 121.1; 

112.8; 111.3; 108.1; 55.9; 49.9; 49.3; 42.2; 30.7; 30.2; 27.8; 27.7. 

ESI-MS (m/z): [M+H]+ = 313.88 

Anal. (C19H27N3O) C, H, N Calcd: C 72.81 %, H 8.68 %, N 13.41 %; Found: C 72.82 %, H 8.71 

%, N 13.38 %. 

 

N1-(pyridin-2-yl)-N6-(3,4,5-trimethoxybenzyl)hexane-1,6-diamine (29) 

 

Compound 29 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.102 g, 0.53 

mmol), 3,4,5-trimethoxybenzaldehyde (0.104 g, 0.53 mmol), NaBH4 (0.060 g, 1.59 mmol), 

following the procedure C described above. Column chromatography: silica gel, 

AcOEt/MeOH/TEA 5:5:0.2, Rf = 0.53. Orange oil, 0.133 g, 67% yield. 

I.R. (cm-1): N-H: 3295; finger print: 1234, 1121, 1006.  

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.97-7.96 (m, 1H, pyridine); 7.38-7.34 (m, 1H, 

pyridine); 6.62 (s, 2H, aromatic); 6.48 (ddd, 1H, J1 = 7.00 Hz, J2 = 5.04 Hz, J3 = 0.84 Hz, 

pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 5.07 (bs, 1H, pyrdine-NH-); 3.79 (s, 6H, Ar-
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(OCH3)2); 3.68 (s, 3H, -OCH3); 3.66 (s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 6.88 Hz, pyridine-

NH-CH2-); 2.55 (t, 2H, J = 6.88 Hz, Ar-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-CH2-); 

1.51-1.45 (m, 2H, -NH-CH2-CH2-); 1.41-1.27 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.5; 154.6; 147.8; 138.7; 138.5; 134.9; 112.9; 109.7; 

107.1; 61.1; 56.6; 54.2; 49.5; 42.5; 30.3; 29.6; 28.0; 27.9. 

ESI-MS (m/z): [M+H]+ = 373.90 

Anal. (C21H31N3O3) C, H, N Calcd: C 67.53 %, H 8.37 %, N 11.25 %; Found: C 67.57 %, H 8.34 

%, N 11.23 %. 

 

2-methoxy-4-(((6-(pyridin-2-ylamino)hexyl)amino)methyl)phenol (30) 

 

Compound 30 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.102 g, 0.53 

mmol), 4-hydroxy-3-methoxybenzaldehyde (0.081 g, 0.53 mmol), NaBH4 (0.060 g, 1.59 mmol), 

following the procedure C with some modifications: after the reaction with NaBH4, the addition 

of HCl and the removal of the solvent, the residue was washed with warm AcOEt and then the 

solid was diluted with 20 mL of saturated aqueous solution of NaHCO3 and extracted with 

AcOEt (3 x 20 mL). The organic layer was dried over Na2SO4 and the solvent was removed 

under vacuum. Yellow oil, 0.140 g, 80% yield. 

I.R. (cm-1): finger print: 1274, 1152, 1125, 1033, 982.  

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 5.04 Hz, J2 = 1.12 Hz, pyridine); 

7.39-7.34 (m, 1H, pyridine); 6.92 (s, 1H, aromatic); 6.74 (s, 2H, aromatic); 6.48 (ddd, 1H, J1 = 

7.00 Hz, J2 = 5.04 Hz, J3 = 0.80 Hz, pyridine); 6.40 (d, 1H, J = 8.40 Hz, pyridine); 5.08 (bs, 1H, 

pyridine-NH-); 3.82 (s, 3H, -OCH3); 3.63 (s, 2H, Ar-CH2-NH-); 3.23 (q, 2H, J = 6.92 Hz, 

pyridine-NH-CH2-); 2.53 (t, 2H, J = 6.96 Hz, Ar-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-

CH2-); 1.50-1.43 (m, 2H, -NH-CH2-CH2-); 1.40-1.27 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-NH-).  

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.5; 149.1; 147.8; 147.3; 138.7; 130.4; 122.7; 116.2; 

113.4; 112.9; 109.7; 56.4; 54.0; 49.4; 42.5; 30.3; 29.7; 28.1; 27.9. 

ESI-MS (m/z): [M+H]+ = 330.20 

Anal. (C19H27N3O2) C, H, N Calcd: C 69.27 %, H 8.26 %, N 12.76 %; Found: C 69.19 %, H 8.28 

%, N 12.80 %. 
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3-(((6-(pyridin-2-ylamino)hexyl)amino)methyl)phenol (31) 

 

Compound 31 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.075 g, 0.39 

mmol), 3-hydroxybenzaldehyde (0.048 g, 0.39 mmol), NaBH4 (0.044 g, 1.17 mmol), following 

the procedure C described above. In this case the extraction was carried out with AcOEt instead 

of CH2Cl2. Column chromatography: silica gel, AcOEt/MeOH/TEA 5:5:0.1, Rf = 0.22. White 

solid, 0.062 g, 53% yield. 

I.R. (cm-1): N-H: 3270; finger print: 1281, 1153, 1112, 926.  

1H-NMR (400 MHz) (Acetone-d6) δ (ppm): 7.98-7.96 (m, 1H, pyridine); 7.36-7.32 (m, 1H, 

pyridine); 7.09 (t, 1H, J = 7.80 Hz, aromatic); 6.86 (s, 1H, aromatic); 6.79 (d, 1H, J = 7.52, 

aromatic); 6.67 (dd, 1H, J1 = 7.84 Hz, J2 = 1.80 Hz, aromatic); 6.46-6.43 (m, 2H, pyridine); 5.64 

(bs, 1H, pyridine-NH-); 3.67 (s, 2H, Ar-CH2-NH-); 3.33-3.28 (m, 2H, pyridine-NH-CH2-); 2.56 

(t, 2H, J = 6.88 Hz, Ar-CH2-NH-CH2-); 1.63-1.56 (m, 2H, -NH-CH2-CH2-); 1.53-1.46 (m, 2H, -

NH-CH2-CH2-); 1.43-1.34 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-).  

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.4; 158.9; 147.8; 140.4; 138.7; 130.6; 120.7; 116.6; 

115.6; 112.9; 109.7; 53.9; 49.5; 42.5; 30.3; 29.6; 28.0; 27.9.  

ESI-MS (m/z): [M+H]+ = 300.40 

Anal. (C18H25N3O) C, H, N Calcd: C 72.21 %, H 8.42 %, N 14.03 %; Found: C 72.17 %, H 8.44 

%, N 14.06 %. 

m.p.: 86-88°C 

 

3-(((6-(pyridin-2-ylamino)hexyl)amino)methyl)benzene-1,2-diol (32) 

 

Compound 32 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.102 g, 0.53 

mmol), 2,3-dihydroxybenzaldehyde (0.073 g, 0.53 mmol), NaBH4 (0.060 g, 1.59 mmol), 

following the procedure C described above. The compound was purified by washing with 

CH3CN. White solid, 0.084 g, 50% yield. 

I.R. (cm-1): finger print: 1292, 1280, 1199, 1067.  

1H-NMR (400 MHz) (MeOD) δ (ppm): 7.89-7.88 (m, 1H, pyridine); 7.42-7.38 (m, 1H, 

pyridine); 6.69 (t, 1H, J = 4.64 Hz, aromatic); 6.56 (d, 2H, J = 4.68 Hz, aromatic); 6.52-6.48 (m, 

2H, pyridine); 3.90 (s, 2H, Ar-CH2-NH-); 3.24 (t, 2H, J = 7.04 Hz, pyridine-NH-CH2-); 2.67 (t, 
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2H, J = 7.16 Hz, Ar-CH2-NH-CH2-); 1.64-1.55 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-); 

1.42-1.40 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-).  

13C-NMR (100 MHz) (d6-DMSO) δ (ppm): 159.0; 147.6; 146.0; 145.2; 136.5; 123.7; 118.8; 

118.0; 114.3; 111.2; 107.9; 51.1; 48.0; 40.7; 29.0; 28.9; 26.59; 26.55. 

ESI-MS (m/z): [M+H]+ = 315.92 

Anal. (C18H25N3O2) C, H, N Calcd: C 68.54 %, H 7.99 %, N 13.32 %; Found: C 68.61 %, H 7.98 

%, N 13.28 %. 

m.p.: 112-114 °C 

 

N1-((2,6-dichloropyridin-4-yl)methyl)-N6-(pyridin-2-yl)hexane-1,6-diamine (33) 

 

Compound 33 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.108 g, 0.56 

mmol), 2,6-dichloropyridine-4-carbaldehyde (0.099 g, 0.56 mmol), K2CO3 (1.548 g, 11.2 mmol), 

NaBH4 (0.064 g, 1.68 mmol), following the procedure A described above. Column 

chromatography: silica gel, AcOEt/MeOH 9.5:0.5, Rf = 0.32. White solid, 0.131 g, 66% yield. 

I.R. (cm-1): N-H: 3237; finger print: 1246, 1212, 1154, 1128, 1085, 986. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 4.96 Hz, J2 = 1.04 Hz, pyridine); 

7.39-7.24 (m, 3H, 1H pyridine and 2H 2,6-dichloropyridine); 6.48 (ddd, 1H, J1 = 6.96 Hz, J2 = 

5.04 Hz, J3 = 0.80 Hz, pyridine); 6.40 (d, 1H, J = 8.40 Hz, pyridine); 5.07 (bs, 1H, pyridine-NH-

); 3.75 (s, 2H, 2,6-dichloropyridine-CH2-NH-); 3.23 (q, 2H, J = 6.92 Hz, pyridine-NH-CH2-); 

2.51 (t, 2H, J = 6.84 Hz, 2,6-dichloropyridine-CH2-NH-CH2-); 1.59-1.52 (m, 2H, -NH-CH2-CH2-

); 1.49-1.43 (m, 2H, -NH-CH2-CH2-); 1.41-1.27 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.5; 157.8; 151.5; 147.8; 138.7; 123.6; 112.9; 109.7; 

52.4; 50.1; 42.6; 30.5; 30.4; 28.1; 28.0. 

ESI-MS (m/z): [M+H]+ = 353.05 (90), 354.98 (100), 356.91 (15) 

Anal. (C17H22Cl2N4) C, H, N Calcd: C 57.79 %, H 6.28 %, N 15.86 %; Found: C 57.83 %, H 

6.30 %, N 15.81 %. 

m.p.: 61-64 °C   
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4.1.7 General procedure for the synthesis of pyrimidine and pyridine amide derivatives 34-

47 

 

To a solution of 1,1-carbonyldiimidazole (1 eq) in 15 mL of CH3CN the opportune carboxylic 

acid (1 eq) was added and the reaction mixture was stirred under reflux conditions for 5 hours. 

Then intermediate 4 or 8 (1 eq), obtained following respectively procedure C or B described 

above, was dissolved in 10 mL of warm CH3CN and this solution was added to the reaction. The 

mixture was refluxed for 18 hours. After this time the solvent was removed under reduced 

pressure. The obtained residue was purified by column chromatography on silica gel and/or by 

crystallization. 

 

N-(6-(pyrimidin-2-ylamino)hexyl)benzamide (34) 

 

Compound 34 was prepared using 1,1-carbonyldiimidazole (0.081 g, 0.50 mmol), benzoic acid 

(0.061 g, 0.50 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.097 g, 0.50 mmol) 

following the general procedure described above. Column chromatography: silica gel, 

CH2Cl2/isopropanol 9:1, Rf = 0.55. White solid, 0.119 g, 80% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.72 Hz, pyrimidine); 7.79-7.76 (m, 

2H, aromatic); 7.53-7.49 (m, 1H, aromatic); 7.46-7.42 (m, 2H, aromatic); 7.02 (bs, 1H, -NH-

C=O); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.71 (bs, 1H, pyrimidine-NH-); 3.36-3.30 (m, 4H, -

NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.61-1.54 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH-); 1.41-1.38 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 170.2; 163.5; 159.2; 135.9; 132.5; 129.5; 128.2; 110.9; 

42.1; 41.0; 30.5; 30.4; 27.9; 27.7. 

ESI-MS (m/z): [M+H]+ = 299.02 

Anal. (C17H22N4O) C, H, N Calcd: C 68.43 %, H 7.43 %, N 18.78 %; Found: C 68.36 %, H 7.44 

%, N 18.83 %. 

m.p.: 112-114 °C 
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2-phenyl-N-(6-(pyrimidin-2-ylamino)hexyl)acetamide (35) 

 

Compound 35 was prepared using 1,1-carbonyldiimidazole (0.081 g, 0.50 mmol), phenylacetic 

acid (0.068 g, 0.50 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.097 g, 0.50 mmol) 

following the general procedure described above. Column chromatography: silica gel, 

CH2Cl2/MeOH 8.5:1.5, Rf = 0.72. White solid, 0.138 g, 88% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.72 Hz, pyrimidine); 7.33-7.22 (m, 

5H, aromatic); 6.51 (t, 1H, J = 4.76 Hz, pyrimidine); 6.42 (bs, 1H, -NH-C=O); 5.68 (bs, 1H, 

pyrimidine-NH-); 3.41 (s, 2H, Ar-CH2-C=O); 3.30 (q, 2H, J = 6.92 Hz, pyrimidine-NH-CH2-); 

3.10 (q, 2H, J = 6.76 Hz, -CH2-NH-C=O); 1.57-1.49 (m, 2H, -NH-CH2-CH2-); 1.46-1.39 (m, 2H, 

-NH-CH2-CH2-); 1.37-1.24 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 173.9; 163.5; 159.2; 137.1; 130.0; 129.5; 127.8; 110.9; 

43.9; 42.1; 40.4; 30.32; 30.27; 27.63; 27.61. 

ESI-MS (m/z): [M+H]+ = 313.06 

Anal. (C18H24N4O) C, H, N Calcd: C 69.20 %, H 7.74 %, N 17.93 %; Found: C 69.23 %, H 7.76 

%, N 17.87 %. 

m.p.: 91-93 °C 

 

2-(4-phenoxyphenyl)-N-(6-(pyrimidin-2-ylamino)hexyl)acetamide (36) 

 

Compound 36 was prepared using 1,1-carbonyldiimidazole (0.058 g, 0.36 mmol), (4-

phenoxyphenyl)acetic acid (0.082 g, 0.36 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) 

(0.070 g, 0.36 mmol) following the general procedure described above. Column 

chromatography: silica gel, CH2Cl2/isopropanol 9.5:0.5, Rf = 0.45. White solid, 0.077 g, 53% 

yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 7.39-7.34 (m, 

2H, aromatic); 7.27-7.24 (m, 2H, aromatic); 7.14-7.10 (m, 1H, aromatic); 7.00-6.97 (m, 2H, 

aromatic); 6.96-6.92 (m, 2H, aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 6.45 (bs, 1H, -NH-

C=O); 5.69 (bs, 1H, pyrimidine-NH-); 3.40 (s, 2H, Ar-CH2-C=O); 3.30 (q, 2H, J = 6.92 Hz, 

pyrimidine-NH-CH2-); 3.11 (q, 2H, J = 6.80 Hz, -CH2-NH-C=O); 1.57-1.50 (m, 2H, -NH-CH2-
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CH2-); 1.47-1.40 (m, 2H, -NH-CH2-CH2-); 1.38-1.25 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 174.0; 163.5; 159.2; 158.8; 157.6; 132.1; 131.5; 130.8; 

124.3; 119.9; 119.7; 111.0; 43.1; 42.1; 40.5; 30.4; 30.3; 27.64; 27.62. 

ESI-MS (m/z): [M+H]+ = 404.80 

Anal. (C24H28N4O2) C, H, N Calcd: C 71.26 %, H 6.98 %, N 13.85 %; Found: C 71.23 %, H 6.99 

%, N 13.89 %. 

m.p.: 98-99 °C 

 

N-(6-(pyrimidin-2-ylamino)hexyl)cinnamamide (37) 

 

Compound 37 was prepared using 1,1-carbonyldiimidazole (0.088 g, 0.54 mmol), trans-

cinnamic acid (0.080 g, 0.54 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.105 g, 0.54 

mmol) following the general procedure described above. Column chromatography: silica gel, 

CH2Cl2/hexane/isopropanol 9:1:0.5, Rf = 0.38. White solid, 0.112 g, 64% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.57-7.55 (m, 

2H, aromatic); 7.48 (d, 1H, J = 15.72 Hz, Ar-CH=CH-); 7.42-7.34 (m, 3H, aromatic); 6.61 (bs, 

1H, -NH-C=O); 6.56-6.49 (m, 2H, Ar-CH=CH- and pyrimidine); 5.70 (bs, 1H, pyrimidine-NH-); 

3.33 (q, 2H, J = 6.84 Hz, pyrimidine-NH-CH2-); 3.25 (q, 2H, J = 6.84 Hz, -CH2-NH-C=O); 1.61-

1.48 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.39-1.37 (m, 4H, -NH-CH2-CH2-CH2-

CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (d6-DMSO) δ (ppm): 164.9; 161.4; 157.8; 138.4; 135.0; 129.4; 129.0; 

127.5; 122.4; 109.6; 40.6; 38.7; 29.2; 28.8; 26.3; 26.2.  

ESI-MS (m/z): [M+H]+ = 324.7 

Anal. (C19H24N4O) C, H, N Calcd: C 70.34 %, H 7.46 %, N 17.27 %; Found: C 70.42 %, H 7.42 

%, N 17.23 %. 

m.p.: 94-95 °C  
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4-bromo-N-(6-(pyrimidin-2-ylamino)hexyl)benzamide (38) 

 

Compound 38 was prepared using 1,1-carbonyldiimidazole (0.065 g, 0.40 mmol), 4-

bromobenzoic acid (0.080 g, 0.40 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.078 g, 

0.40 mmol) following the general procedure described above. Column chromatography: silica 

gel, CH2Cl2/isopropanol 9:1, Rf = 0.5. White solid, 0.113 g, 72% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 7.70-7.67 (m, 

2H, aromatic); 7.62-7.59 (m, 2H, aromatic); 7.05 (bs, 1H, -NH-C=O); 6.50 (t, 1H, J = 4.76 Hz, 

pyrimidine); 5.69 (bs, 1H, pyrimidine-NH-); 3.32 (q, 4H, J = 6.80 Hz, -NH-CH2-CH2-CH2-CH2-

CH2-CH2-NH-); 1.61-1.54 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.41-1.37 (m, 4H, 

-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 166.7; 161.8; 157.9; 133.7; 131.9; 128.7; 126.1; 110.3; 

41.4; 40.1; 29.6; 29.5; 26.7; 26.6. 

ESI-MS (m/z): [M+H]+ = 376.93 (98), 378.93 (100) 

Anal. (C17H21BrN4O) C, H, N Calcd: C 54.12 %, H 5.61 %, N 14.85 %; Found: C 54.20 %, H 

5.59 %, N 14.81 %. 

m.p.: 139-141 °C 

 

4-chloro-N-(6-(pyrimidin-2-ylamino)hexyl)benzamide (39) 

 

Compound 39 was prepared using 1,1-carbonyldiimidazole (0.065 g, 0.40 mmol), 4-

chlorobenzoic acid (0.063 g, 0.40 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.078 g, 

0.40 mmol) following the general procedure described above. Column chromatography: silica 

gel, CH2Cl2/MeOH 9.5:0.5, Rf = 0.57. White solid, 0.092 g, 69% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.72 Hz, pyrimidine); 7.77-7.74 (m, 

2H, aromatic); 7.47-7.43 (m, 2H, aromatic); 7.06 (bs, 1H, -NH-C=O); 6.50 (t, 1H, J = 4.76 Hz, 

pyrimidine); 5.70 (bs, 1H, pyrimidine-NH-); 3.32 (q, 4H, J = 6.64 Hz, -NH-CH2-CH2-CH2-CH2-

CH2-CH2-NH-); 1.61-1.54 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.44-1.35 (m, 4H, 

-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 
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13C-NMR (100 MHz) (MeOD) δ (ppm): 169.0; 163.5; 159.2; 138.6; 134.5; 129.9; 129.7; 111.0; 

42.1; 41.0; 30.41; 30.37; 27.8; 27.7. 

ESI-MS (m/z): [M+H]+ = 332.97 (100), 334.90 (36) 

Anal. (C17H21ClN4O) C, H, N Calcd: C 61.35 %, H 6.36 %, N 16.83 %; Found: C 61.26 %, H 

6.37 %, N 16.87 %. 

m.p.: 124-126 °C 

 

2-methoxy-N-(6-(pyrimidin-2-ylamino)hexyl)benzamide (40) 

 

Compound 40 was prepared using 1,1-carbonyldiimidazole (0.058 g, 0.36 mmol), 2-

methoxybenzoic acid (0.055 g, 0.36 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.070 g, 

0.36 mmol) following the general procedure described above. Column chromatography: silica 

gel, CH2Cl2/isopropanol 9.5:0.5, Rf = 0.32. White solid, 0.077 g, 65% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 7.97 (dd, 1H, J1 

= 7.72 Hz, J2 = 1.80 Hz, aromatic); 7.88 (bs, 1H, -NH-C=O); 7.49-7.44 (m, 1H, aromatic); 7.10-

7.02 (m, 2H, aromatic); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.74 (bs, 1H, pyrimidine-NH-); 

3.93 (s, 3H, Ar-OCH3); 3.38-3.30 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.61-1.54 

(m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.41-1.38 (m, 4H, -NH-CH2-CH2-CH2-CH2-

CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 168.3; 163.6; 159.2; 159.0; 133.9; 131.9; 123.5; 121.9; 

112.8; 111.0; 56.5; 42.1; 40.7; 30.4; 27.8; 27.7. 

ESI-MS (m/z): [M+H]+ = 329.11 

Anal. (C18H24N4O2) C, H, N Calcd: C 65.83 %, H 7.37 %, N 17.06 %; Found: C 65.82 %, H 7.36 

%, N 17.10 %. 

m.p.: 69-70 °C 
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2,6-dichloro-N-(6-(pyrimidin-2-ylamino)hexyl)isonicotinamide (41) 

 

Compound 41 was prepared using 1,1-carbonyldiimidazole (0.065 g, 0.40 mmol), 2,6-

dichloropyridine-4-carboxylic acid (0.077 g, 0.40 mmol), N1-(pyrimidin-2-yl)hexane-1,6-

diamine (4) (0.078 g, 0.40 mmol) following the general procedure described above. Column 

chromatography: silica gel, CH2Cl2/isopropanol 9:1, Rf = 0.43. White solid, 0.122 g, 83% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 7.68 (s, 2H, 

pyridine); 7.23 (bs, 1H, -NH-C=O); 6.50 (t, 1H, J = 4.80 Hz, pyrimidine); 5.69 (bs, 1H, 

pyrimidine-NH-); 3.35-3.30 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.61-1.54 (m, 

4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.43-1.35 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 165.1; 161.0; 158.8; 152.2; 149.0; 122.3; 110.9; 42.3; 

41.2; 30.1; 30.0; 27.7; 27.5. 

ESI-MS (m/z): [M+H]+ = 367.87 (100), 369.80 (65), 371.87 (10) 

Anal. (C16H19Cl2N5O) C, H, N Calcd: C 52.18 %, H 5.20 %, N 19.02 %; Found: C 52.21 %, H 

5.19 %, N 19.08 %. 

m.p.: 107-109 °C  

 

N-(6-(pyrimidin-2-ylamino)hexyl)nicotinamide (42) 

 

Compound 42 was prepared using 1,1-carbonyldiimidazole (0.081 g, 0.50 mmol), pyridine-3-

carboxylic acid (0.062 g, 0.50 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.097 g, 0.50 

mmol) following the general procedure described above. Column chromatography: silica gel, 

CH2Cl2/MeOH 9:1, Rf = 0.45. After the chromatography the compound was purified by 

crystallization in AcOEt. White solid, 0.071 g, 47% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.93 (d, 1H, J = 1.60 Hz, pyridine); 8.67 (dd, 1H, J1 = 

4.80 Hz, J2 = 1.60 Hz, pyridine); 8.21 (d, 2H, J = 4.76 Hz, pyrimidine); 8.08 (dt, 1H, J1 = 7.96 

Hz, J2 = 1.84 Hz, pyridine); 7.41 (ddd, 1H, J1 = 7.92 Hz, J2 = 4.80 Hz, J3 = 0.76 Hz, pyridine); 

7.11 (bs, 1H, -NH-C=O); 6.50 (t, 1H, J = 4.76 Hz, pyrimidine); 5.68 (bs, 1H, pyrimidine-NH-); 
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3.38-3.31 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.63-1.55 (m, 4H, -NH-CH2-CH2-

CH2-CH2-CH2-CH2-NH-); 1.45-1.37 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 167.7; 163.5; 159.2; 152.5; 149.0; 136.9; 132.2; 125.1; 

111.0; 42.1; 41.0; 30.4; 30.3; 27.8; 27.7. 

ESI-MS (m/z): [M+H]+ = 299.93 

Anal. (C16H21N5O) C, H, N Calcd: C 64.19 %, H 7.07 %, N 23.39 %; Found: C 64.24 %, H 7.08 

%, N 23.32 %. 

m.p.: 99-101 °C 

 

N-(6-(pyrimidin-2-ylamino)hexyl)-1H-indole-2-carboxamide (43) 

 

Compound 43 was prepared using 1,1-carbonyldiimidazole (0.081 g, 0.50 mmol), 1H-indole-2-

carboxylic acid (0.081 g, 0.50 mmol), N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.097 g, 0.50 

mmol) following the general procedure described above. The product was purified by 

crystallization in CH3CN. White solid, 0.125 g, 74% yield. 

1H-NMR (400 MHz) (d6-DMSO) δ (ppm): 11.51 (s, 1H, indole-NH-); 8.42 (bt, 1H, J = 5.44 Hz, 

-NH-C=O); 8.22 (d, 2H, J = 4.72 Hz, pyrimidine); 7.59 (d, 1H, J = 7.92 Hz, indole); 7.41 (d, 1H, 

J = 8.12 Hz, indole); 7.17-7.09 (m, 3H, 2H indole and pyrimidine-NH-); 7.02 (t, 1H, J = 7.12 

Hz, indole); 6.50 (t, 1H, J = 4.72 Hz, pyrimidine); 3.25 (sextet, 4H, J = 6.72 Hz, -NH-CH2-CH2-

CH2-CH2-CH2-CH2-NH-); 1.57-1.49 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.39-

1.31 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (d6-DMSO) δ (ppm): 162.3; 161.0; 157.8; 136.3; 131.9; 127.1; 123.1; 

121.4; 119.6; 112.3; 109.6; 102.2; 40.5; 38.7; 29.3; 28.9; 26.32; 26.28. 

ESI-MS (m/z): [M+H]+ = 338.01 

Anal. (C19H23N5O) C, H, N Calcd: C 67.63 %, H 6.87 %, N 20.76 %; Found: C 67.54 %, H 6.89 

%, N 20.83 %. 

m.p.: 187-189 °C 
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N-(6-(pyridin-2-ylamino)hexyl)benzamide (44) 

 

Compound 44 was prepared using 1,1-carbonyldiimidazole (0.065 g, 0.40 mmol), benzoic acid 

(0.049 g, 0.40 mmol), N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.077 g, 0.40 mmol) following 

the general procedure described above. Column chromatography: silica gel, CH2Cl2/isopropanol 

9.2:0.8, Rf = 0.5. White solid, 0.095 g, 80% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 4.96 Hz, J2 = 1.04 Hz, pyridine); 

7.78-7.76 (m, 2H, aromatic); 7.53-7.49 (m, 1H, aromatic); 7.46-7.42 (m, 2H, aromatic); 7.38-

7.34 (m, 1H, pyridine); 7.03 (bs, 1H, -NH-C=O); 6.48 (ddd, 1H, J1 = 6.96 Hz, J2 = 5.04 Hz, J3 = 

0.76 Hz, pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 5.10 (bs, 1H, pyridine-NH-); 3.34 (q, 2H, 

J = 6.96 Hz, -CH2-NH-C=O); 3.22 (q, 2H, J = 6.88 Hz, pyridine-NH-CH2-); 1.62-1.54 (m, 4H,   

-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.46-1.35 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 170.2; 160.4; 147.8; 138.7; 135.9; 132.5; 129.5; 128.2; 

112.9; 109.7; 42.6; 40.9; 30.5; 30.4; 27.9; 27.8.   

ESI-MS (m/z): [M+H]+ = 298.0 

Anal. (C18H23N3O) C, H, N Calcd: C 72.70 %, H 7.80 %, N 14.13 %; Found: C 72.72 %, H 7.82 

%, N 14.10 %. 

m.p.: 94-96 °C  

 

2-phenyl-N-(6-(pyridin-2-ylamino)hexyl)acetamide (45) 

 

Compound 45 was prepared using 1,1-carbonyldiimidazole (0.078 g, 0.48 mmol), phenylacetic 

acid (0.065 g, 0.48 mmol), N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.093 g, 0.48 mmol) 

following the general procedure described above. Column chromatography: silica gel, 

CH2Cl2/isopropanol 9:1, Rf = 0.6. White solid, 0.118 g, 79% yield. 

1H-NMR (400 MHz) (d6-DMSO) δ (ppm): 8.04 (bt, 1H, J = 5.56 Hz, -NH-C=O); 7.92-7.90 (m, 

1H, pyridine); 7.34-7.17 (m, 6H, 5H aromatic and 1H pyridine); 6.43-6.40 (m, 2H, pyridine); 

6.36 (bt, 1H, J = 5.52 Hz, pyridine-NH-); 3.36 (s, 2H, Ar-CH2-C=O); 3.15 (t, 2H, J = 7.00 Hz, 
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pyridine-NH-CH2-); 3.04-2.99 (m, 2H, -CH2-NH-C=O); 1.50-1.34 (m, 4H, -NH-CH2-CH2-CH2-

CH2-CH2-CH2-NH-); 1.32-1.20 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 171.1; 158.5; 147.0; 138.1; 135.2; 129.5; 129.1; 127.4; 

112.6; 107.0; 44.0; 42.1; 39.5; 29.4; 29.3; 26.6; 26.5. 

ESI-MS (m/z): [M+H]+ = 312.07 

Anal. (C19H25N3O) C, H, N Calcd: C 73.28 %, H 8.09 %, N 13.49 %; Found: C 73.31 %, H 8.09 

%, N 13.45 %. 

m.p.: 86-88 °C 

 

2-(4-phenoxyphenyl)-N-(6-(pyridin-2-ylamino)hexyl)acetamide (46) 

 

Compound 46 was prepared using 1,1-carbonyldiimidazole (0.058 g, 0.36 mmol), (4-

phenoxyphenyl)acetic acid (0.082 g, 0.36 mmol), N1-(pyridin-2-yl)hexane-1,6-diamine (8) 

(0.070 g, 0.36 mmol) following the general procedure described above. Column 

chromatography: silica gel, CH2Cl2/isopropanol/hexane 9:1:0.5, Rf = 0.44. White solid, 0.063 g, 

43% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 5.00 Hz, J2 = 1.08 Hz, pyridine); 

7.38-7.34 (m, 3H, 2H aromatic and 1H pyridine); 7.27-7.24 (m, 2H, aromatic); 7.14-7.10 (m, 1H, 

aromatic); 7.00-6.97 (m, 2H, aromatic); 6.95-6.92 (m, 2H, aromatic); 6.49-6.46 (m, 2H, 1H 

pyridine and -NH-C=O); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 5.09 (bs, 1H, pyridine-NH-); 3.40 

(s, 2H, Ar-CH2-C=O); 3.22 (q, 2H, J = 6.92 Hz, pyridine-NH-CH2-); 3.12 (q, 2H, J = 6.76 Hz,    

-CH2-NH-C=O); 1.57-1.50 (m, 2H, -NH-CH2-CH2-); 1.48-1.25 (m, 6H, -NH-CH2-CH2-CH2-

CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 174.0; 160.4; 158.8; 157.6; 147.8; 138.7; 132.1; 131.5; 

130.8; 124.3; 119.9; 119.7; 112.9; 109.7; 43.1; 42.5; 40.5; 30.33; 30.30; 27.73; 27.67. 

ESI-MS (m/z): [M+H]+ = 403.67 

Anal. (C25H29N3O2) C, H, N Calcd: C 74.41 %, H 7.24 %, N 10.41 %; Found: C 74.41 %, H 7.25 

%, N 10.42 %. 

m.p.: 97-99 °C 
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N-(6-(pyridin-2-ylamino)hexyl)cinnamamide (47) 

 

Compound 47 was prepared using 1,1-carbonyldiimidazole (0.058 g, 0.36 mmol), trans-

cinnamic acid (0.053 g, 0.36 mmol), N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.070 g, 0.36 

mmol) following the general procedure described above. Column chromatography: silica gel, 

CH2Cl2/isopropanol 9:1, Rf = 0.37. After the chromatography the compound was further purified 

by recrystallized from ethyl acetate with hexane. White solid, 0.049 g, 42% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.96 (dd, 1H, J1 = 5.04 Hz, J2 = 1.08 Hz, pyridine); 

7.57-7.54 (m, 2H, aromatic); 7.48 (d, 1H, J = 15.76 Hz, Ar-CH=CH-); 7.42-7.34 (m, 4H, 3H 

aromatic and 1H pyridine); 6.64 (bs, 1H, -CH2-NH-C=O); 6.54 (d, 1H, J = 15.72 Hz, Ar-

CH=CH-); 6.50-6.47 (m, 1H, pyridine); 6.42 (d, 1H, J = 8.44 Hz, pyridine); 5.17 (bs, 1H, 

pyridine-NH-);  3.28-3.22 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.61-1.49 (m, 4H,  

-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.45-1.36 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 168.6; 159.5; 146.0; 141.5; 139.5; 136.3; 130.8; 129.9; 

128.8; 121.9; 112.9; 110.5; 42.6; 40.5; 30.4; 30.2; 27.78; 27.75. 

ESI-MS (m/z): [M+H]+ = 324.10 

Anal. (C20H25N3O) C, H, N Calcd: C 74.27 %, H 7.79 %, N 12.99 %; Found: C 74.29 %, H 7.77 

%, N 12.99 %. 

m.p.: 92-95 °C 

 

4.1.8 General procedure for the synthesis of pyrimidine and pyridine carbamate 

derivatives 48-51 

Intermediates 4 or 8 (1 eq), obtained following respectively procedure C or B described above, 

were dissolved in 10 mL of CHCl3 and TEA (1 eq) was added. Then a solution of the opportune 

chloroformate (1 eq) in 10 mL of CHCl3 was added slowly dropwise. The reaction was stirred at 

room temperature for the indicated period of time (3-18 h). After this time the mixture was 

washed with saturated aqueous solution of Na2CO3 (2 x 20 mL); the organic layer was dried over 

Na2SO4 and the solvent was evaporated under reduced pressure. The crude material was purified 

by column chromatography on silica gel. 
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Phenyl (6-(pyrimidin-2-ylamino)hexyl)carbamate (48) 

 

Compound 48 was prepared following the general procedure described above; N1-(pyrimidin-2-

yl)hexane-1,6-diamine (4) (0.101 g; 0.52 mmol), TEA (72 μL, d=0.726 g/mL, 0.52 mmol), 

phenyl chloroformate (65 μL, d=1.248 g/mL, 0.52 mmol) were allowed to react for 18 hours. 

Column chromatography: silica gel, AcOEt/isopropanol 9:1, Rf = 0.72. White solid, 0.125 g, 

76% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.24 (d, 2H, J = 4.84 Hz, pyrimidine); 7.35 (t, 2H, J = 

7.72 Hz, aromatic); 7.19 (t, 1H, J = 7.40 Hz, aromatic); 7.08 (d, 2H, J = 7.72 Hz, aromatic); 6.56 

(t, 1H, J = 4.84 Hz, pyrimidine); 3.36 (t, 2H, J = 7.04 Hz, pyrimidine-NH-CH2-); 3.18 (t, 2H, J = 

6.92 Hz, -CH2-NH-C=O); 1.67-1.54 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.44-

1.42 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 161.6; 157.9; 154.8; 151.2; 129.4; 125.3; 121.7; 110.3; 

41.4; 41.2; 29.8; 29.5; 26.6; 26.5.  

ESI-MS (m/z): [M+H]+ = 314.99 

Anal. (C17H22N4O2) C, H, N Calcd: C 64.95 %, H 7.05 %, N 17.82 %; Found: C 64.89 %, H 7.06 

%, N 17.85 %. 

m.p.: 79-81 °C 

 

Benzyl (6-(pyrimidin-2-ylamino)hexyl)carbamate (49) 

 

Compound 49 was prepared following the general procedure described above; N1-(pyrimidin-2-

yl)hexane-1,6-diamine (4) (0.103 g; 0.53 mmol), TEA (74 μL, d=0.726 g/mL, 0.53 mmol), 

benzyl chloroformate (75 μL, d=1.212 g/mL, 0.53 mmol) were allowed to react for 4 hours. 

Column chromatography: silica gel, AcOEt/MeOH/hexane 9.7:0.3:1.5, Rf = 0.62. White solid, 

0.052 g, 30% yield. 

1H-NMR (400 MHz) (d6-DMSO) δ (ppm): 8.27 (d, 1H, J = 4.80 Hz, pyrimidine); 7.37-7.21 (m, 

7H, 5H aromatic, -NH-C=O, pyrimidine-NH-); 6.55 (t, 1H, J = 4.80 Hz, pyrimidine); 5.00 (s, 

2H, Ar-CH2-O-C=O); 3.23 (bt, 2H, J = 6.08 Hz, pyrimidine-NH-CH2-); 2.97 (q, 2H, J = 6.60 Hz, 
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-CH2-NH-C=O); 1.53-1.46 (m, 2H, -NH-CH2-CH2-); 1.42-1.36 (m, 2H, -NH-CH2-CH2-); 1.32-

1.23 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (d6-DMSO) δ (ppm): 161.5; 157.8; 156.1; 137.3; 128.4; 127.75; 127.72; 

109.6; 65.1; 40.6; 40.2; 29.4; 28.8; 26.2; 26.0. 

ESI-MS (m/z): [M+H]+ =328.96 

Anal. (C18H24N4O2) C, H, N Calcd: C 65.83 %, H 7.37 %, N 17.06 %; Found: C 65.86 %, H 7.38 

%, N 17.01 %. 

m.p.: 83-85 °C 

 

Phenyl (6-(pyridin-2-ylamino)hexyl)carbamate (50) 

 

Compound 50 was prepared following the general procedure described above; N1-(pyridin-2-

yl)hexane-1,6-diamine (8) (0.097 g; 0.50 mmol), TEA (70 μL, d=0.726 g/mL, 0.50 mmol), 

phenyl chloroformate (63 μL, d=1.248 g/mL, 0.50 mmol) were allowed to react for 3 hours. 

Column chromatography: silica gel, CH2Cl2/MeOH 9.5:0.5, Rf = 0.62. White solid, 0.074 g, 47% 

yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 7.89 (d, 1H, J = 4.44 Hz, pyridine); 7.42-7.33 (m, 3H, 

2H aromatic and 1H pyridine); 7.19 (t, 1H, J = 7.44 Hz, aromatic); 7.08 (d, 2H, 7.72 Hz, 

aromatic); 6.52-6.49 (m, 2H, pyridine); 3.26 (t, 2H, J = 7.04 Hz, pyridine-NH-CH2-); 3.18 (t, 2H, 

J = 6.96 Hz, -CH2-NH-C=O); 1.67-1.55 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.50-

1.42 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 158.3; 154.8; 151.2; 146.4; 138.4; 129.4; 125.3; 121.7; 

112.6; 107.1; 42.2; 41.2; 29.8; 29.4; 26.7; 26.5. 

ESI-MS (m/z): [M+H]+ = 314.00 

Anal. (C18H23N3O2) C, H, N Calcd: C 68.98 %, H 7.40 %, N 13.41 %; Found: C 69.00 %, H 7.40 

%, N 13.40 %. 

m.p.: 109-111 °C 
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Benzyl (6-(pyridin-2-ylamino)hexyl)carbamate (51) 

 

Compound 51 was prepared following the general procedure described above; N1-(pyridin-2-

yl)hexane-1,6-diamine (8) (0.095 g; 0.49 mmol), TEA (68 μL, d=0.726 g/mL, 0.49 mmol), 

benzyl chloroformate (69 μL, d=1.212 g/mL, 0.49 mmol) were allowed to react for 18 hours. 

Column chromatography: silica gel, AcOEt/isopropanol/hexane 9.8:0.2:2, Rf = 0.58. White solid, 

0.052 g, 33% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.97 (d, 1H, J = 4.24 Hz, pyridine); 7.39-7.29 (m, 6H, 

5H aromatic and 1H pyridine); 6.50-6.47 (m, 1H, pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 

5.61 (bs, 1H, -NH-C=O); 5.07 (bs, 1H, pyridine-NH-); 5.04 (s, 2H, Ar-CH2-O-C=O); 3.23 (q, 

2H, J = 6.68 Hz, pyridine-NH-CH2-); 3.08 (q, 2H, J = 6.64 Hz, -CH2-NH-C=O); 1.59-1.52 (m, 

2H, -NH-CH2-CH2-); 1.50-1.43 (m, 2H, -NH-CH2-CH2-); 1.41-1.27 (m, 4H, -NH-CH2-CH2-

CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 160.4; 158.9; 147.8; 138.7; 138.5; 129.4; 128.9; 128.7; 

112.9; 109.7; 67.3; 42.6; 41.7; 30.9; 30.4; 27.8; 27.6. 

ESI-MS (m/z): [M+H]+ = 327.93 

Anal. (C19H25N3O2) C, H, N Calcd: C 69.70 %, H 7.70 %, N 12.83 %; Found: C 69.71 %, H 7.71 

%, N 12.79 %. 

m.p.: 64-66 °C 

 

4.1.9 Synthesis of 3-(benzyloxy)-2-methyl-4H-pyran-4-one (52) 

 

Maltol (2-methyl-3-hydroxy-pyran-4-one, 1.261 g, 10 mmol) was dissolved in a solution of 12 

mL of EtOH and 1.3 mL of NaOH 8.7 N and benzyl bromide (1.19 mL, d=1.44 g/mL, 10 mmol) 

was added. The solution was kept under stirring at reflux for 6 hours. After removal of solvent 

under reduce pressure, the residue was dissolved in 20 mL of CH2Cl2 and washed with aqueous 

NaOH 5% (2 x 5 mL) and water (2 x 5 mL). The organic layer was then dried over anhydrous 

Na2SO4, filtered, and evaporated under vacuum to give the crude product, which was used for 

subsequent reactions without further purification. Yellow oil, 1.76 g, 82% yield.  
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1H-NMR (400 MHz) (MeOD) δ (ppm): 7.94 (d, 1H, J = 5.60 Hz, -O-CH=CH-C=O); 7.41-7.33 

(m, 5H, aromatic); 6.42 (d, 1H, J = 5.60 Hz, -O-CH=CH-C=O); 5.08 (s, 2H, Ar-CH2-O-); 2.12 

(s, 3H, -CH3). 

 

4.1.10 General procedure for the synthesis of deferiprone derivatives 53-55 and 59-61 

To a solution of 52 in 50% aqueous EtOH was added the opportune diamine in a molar ratio of 

1:1. The pH of the reaction mixture was adjusted to pH 13 by addition of aqueous NaOH 1M. 

The reaction was stirred at reflux for 18 hours. Then the solvents were removed under reduce 

pressure and the residue was taken up in 20 mL of CHCl3; the organic layer was washed with 

H2O (5 mL x 4), dried over anhydrous Na2SO4, and concentrated in vacuum. The crude material 

was purified by flash column chromatography on silica gel (initially AcOEt/MeOH 1:1 + 2% 

TEA and subsequently MeOH + 4% TEA). 

 

1,1'-(butane-1,4-diyl)bis(3-(benzyloxy)-2-methylpyridin-4(1H)-one) (53) 

1-(4-aminobutyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (59) 

 

Compounds 53 and 59 were prepared using 52 (0.415 g, 1.92 mmol) and 1,4-diaminobutane 

(0.193 mL, 0.877 g/mL, 1.92 mmol), dissolved in 5 mL of EtOH 50% aq., following the general 

procedure. 

 

53 

Compound 53 was obtained as a brownish solid, 0.070 g, 15% yield; Rf = 0.52 (AcOEt/MeOH 

1:1 + 2% TEA). 

1H-NMR (200 MHz) (CDCl3) δ (ppm): 7.43-7.27 (m, 10H, aromatic); 7.19 (d, 2H, J = 7.52 Hz, -

N-CH=CH-C=O); 6.36 (d, 2H, J = 7.44 Hz, -N-CH=CH-C=O); 5.20 (s, 4H, Ar-CH2-O-); 3.73 

(m, 4H, -N-CH2-); 2.07 (s, 6H, -CH3); 1.65-1.53 (m, 4H, -N-CH2-CH2-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.3; 146.1; 140.4; 138.3; 137.5; 129.1; 128.3; 128.1; 

117.4; 72.9; 53.0; 27.5; 12.5. 

ESI-MS (m/z): [M+H]+  = 485.13 

Anal. (C30H32N2O4) C, H, N Calcd: C 74.36 %, H 6.66 %, N 5.78 %; Found: C 74.33 %, H 6.67 

%, N 5.77 %. 

m.p. = 197-200° C 
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59 

Compound 59 was obtained as a yellow oil, 0.060 g, 11% yield; Rf = 0.06 (AcOEt/CH3OH 1:1 + 

2% TEA); Rf = 0.1 (CH3OH + 4% TEA). 

1H-NMR (200 MHz) (CDCl3) δ (ppm): 7.41-7.26 (m, 5H, aromatic); 7.18 (d, 1H, J = 7.40 Hz, -

N-CH=CH-C=O); 6.39 (d, 1H, J = 7.46 Hz, -N-CH=CH-C=O); 5.20 (s, 2H, Ar-CH2-O-); 3.74 (t, 

2H, J = 7.50 Hz, -N-CH2-); 2.70 (t, 2H, J = 6.74 Hz, -CH2-NH2); 2.07 (s, 3H, -CH3); 1.74-1.59 

(m, 2H, -N-CH2-CH2-CH2-CH2-NH2); 1.47-1.33 (m, 2H, -N-CH2-CH2-CH2-CH2-NH2). 

 

1,1'-(pentane-1,5-diyl)bis(3-(benzyloxy)-2-methylpyridin-4(1H)-one) (54) 

1-(5-aminopentyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (60) 

 

Compounds 54 and 60 were prepared using 52 (1.730 g, 8 mmol) and 1,5-diaminopentane (0.936 

mL, d = 0.873 g/mL, 8 mmol), dissolved in 12 mL of EtOH 50% aq., following the general 

procedure. 

 

54 

Compound 54 was obtained as a yellow oil, 0.390 g, 20% yield; Rf = 0.57 (AcOEt/MeOH 1:1 + 

2% TEA). 

1H-NMR (200 MHz) (CDCl3) δ (ppm): 7.43-7.28 (m, 10H, aromatic); 7.12 (d, 2H, J = 7.52 Hz, -

N-CH=CH-C=O); 6.40 (d, 2H, J = 7.50 Hz, -N-CH=CH-C=O); 5.23 (s, 4H, Ar-CH2-O-); 3.71 (t, 

J = 7.40 Hz, -N-CH2-); 2.07 (s, 6H, -CH3); 1.70-1.55 (m, 4H, -N-CH2-CH2-); 1.31-1.18 (m, 2H, -

N-CH2-CH2-CH2-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.2; 146.2; 140.4; 138.1; 137.6; 129.0; 128.2; 127.9; 

117.3; 72.9; 53.5; 30.5; 26.0; 12.4. 

ESI-MS (m/z): [M+H]+ = 499.07 

Anal. (C31H34N2O4) C, H, N Calcd: C 74.67 %, H 6.87 %, N 5.62 %; Found: C 74.74 %, H 6.85 

%, N 5.60 %. 
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60 

Compound 60 was obtained as a yellow oil, 0.519 g, 22% yield; Rf = 0.06 (AcOEt/MeOH 1:1 + 

2% TEA); Rf = 0.08 (MeOH + 4% TEA). 

1H-NMR (200 MHz) (CDCl3) δ (ppm): 7.42-7.29 (m, 5H, aromatic); 7.17 (d, 1H, J = 7.46 Hz, -

N-CH=CH-C=O); 6.41 (d, 1H, J = 7.48 Hz, -N-CH=CH-C=O); 5.22 (s, 2H, Ar-CH2-O-); 3.73 (t, 

J = 7.64 Hz, -N-CH2-); 2.70 (t, 2H, J = 6.78 Hz, -CH2-NH2); 2.07 (s, 3H, -CH3); 1.71-1.26 (m, 

6H, -N-CH2-CH2-CH2-CH2-CH2-NH2).  

 

1,1'-(hexane-1,6-diyl)bis(3-(benzyloxy)-2-methylpyridin-4(1H)-one) (55) 

1-(6-aminohexyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (61) 

 

Compounds 55 and 61 were prepared using 52 (2.162 g, 10 mmol) and 1,6-diaminohexane 

(1.160 g, 10 mmol), dissolved in 12 mL of EtOH 50% aq., following the general procedure 

described above. 

 

55 

Compound 55 was obtained as a brownish solid, 0.483 g, 19% yield; Rf = 0.56 (AcOEt/MeOH 

1:1 + 2% TEA). 

1H-NMR (400 MHz) (CDCl3) δ (ppm): 7.41-7.26 (m, 10H, aromatic); 7.18 (d, 2H, J = 7.52 Hz, -

N-CH=CH-C=O); 6.41 (d, 2H, J = 7.48 Hz, -N-CH=CH-C=O); 5.21 (s, 4H, Ar-CH2-O-); 3.73 (t, 

4H, J = 7.32 Hz, -N-CH2-); 2.08 (s, 6H, -CH3); 1.64-1.57 (m, 4H, -N-CH2-CH2-); 1.32-1.22 (m, 

4H, -N-CH2-CH2-CH2-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.4; 146.3; 140.5; 138.3; 137.8; 129.1; 128.3; 128.0; 

117.5; 73.0; 53.7; 30.6; 26.2; 12.5. 

ESI-MS (m/z): [M+H]+ = 513.13  

Anal. (C32H36N2O4) C, H, N Calcd: C 74.97 %, H 7.08 %, N 5.46 %; Found: C 74.98 %, H 7.08 

%, N 5.48 %. 

m.p. = 157-160° C  
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61 

Compound 61 was obtained as a yellow oil, 0.528 g, 17% yield; Rf = 0.06 (AcOEt/MeOH 1:1 + 

2% TEA); Rf = 0.08 (MeOH + 4% TEA). 

1H-NMR (400 MHz) (MeOD) δ (ppm): 7.68 (d, 1H, J = 7.40 Hz, -N-CH=CH-C=O); 7.39-7.31 

(m, 5H, aromatic); 6.47 (d, 1H, J = 7.40 Hz, -N-CH=CH-C=O); 5.09 (s, 2H, Ar-CH2-O-); 3.95 (t, 

2H, J = 7.52 Hz, -N-CH2-); 2.63 (t, 2H, J = 7.00 Hz, -CH2-NH2); 2.16 (s, 3H, -CH3); 1.70-1.62 

(m, 2H, -N-CH2-CH2-); 1.51-1.44 (m, 2H, -CH2-CH2-NH2); 1.40-1.26 (m, 4H, -N-CH2-CH2-

CH2-CH2-CH2-CH2-NH2).  

 

4.1.11 General procedure for the synthesis of deferiprone derivatives 62-66 

Compound 59-61 (1 eq), the opportune aldehyde (1 eq) and molecular sieves (4 Å) in CH2Cl2 

(20 mL) were stirred at room temperature for 12 hours. The mixture was then filtered and the 

solvent was removed under reduced pressure. The residue was treated with NaBH4 (3 eq) in 

MeOH (30 mL) at room temperature for 2 hours. After reaction MeOH was evaporated under 

reduced pressure, H2O (15 mL) was added and the mixture was extracted with CH2Cl2 (3 x 20 

mL). The organic layers were dried over Na2SO4 and the solvent was removed under vacuum. 

The obtained residue was purified by flash chromatography on silica gel (AcOEt/MeOH 1:1). 

 

1-(4-(benzylamino)butyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (62) 

 

Compound 62 was prepared using 59 (0.057 g, 0.2 mmol), benzaldehyde (20 μL, d=1.045 g/mL, 

0.2 mmol) and NaBH4 (0.023 g, 0.6 mmol), following the procedure described above. Column 

chromatography: silica gel, AcOEt/MeOH 1:1, Rf = 0.19. Orange oil, 0.034 g, 45% yield. 

1H-NMR (200 MHz) (CDCl3) δ (ppm): 7.42-7.25 (m, 10H, aromatic); 7.14 (d, 1H, J = 7.50 Hz, -

N-CH=CH-C=O); 6.40 (d, 1H, J = 7.50 Hz, -N-CH=CH-C=O); 5.21 (s, 2H, Ar-CH2-O-); 3.76 (s, 

2H, Ar-CH2-NH-); 3.72 (t, 2H, J = 7.60 Hz, -N-CH2-); 2.62 (t, 2H, J = 6.78 Hz, -CH2-CH2-NH-); 

2.05 (s, 3H, -CH3); 1.75-1.38 (m, 4H, -N-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.4; 146.2; 141.0; 139.1; 138.4; 137.7; 129.2; 128.6; 

128.4; 128.3; 128.1; 127.4; 117.3; 73.1; 53.7; 48.2; 28.5; 26.4; 12.5. 
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ESI-MS (m/z): [M+H]+ = 376.93 

Anal. (C24H28N2O2) C, H, N Calcd: C 76.56 %, H 7.50 %, N 7.44 %; Found: C 76.55 %, H 7.52 

%, N 7.44 %. 

 

1-(5-(benzylamino)pentyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (63) 

 

Compound 63 was prepared using 60 (0.252 g, 0.84 mmol), benzaldehyde (85 μL, d=1.045 

g/mL, 0.84 mmol) and NaBH4 (0.095 g, 2.52 mmol), following the procedure described above. 

Column chromatography: silica gel, AcOEt/MeOH 1:1, Rf = 0.18. Yellow oil, 0.170 g, 52% 

yield. 

1H-NMR (400 MHz) (CDCl3) δ (ppm): 7.42-7.25 (m, 10H, aromatic); 7.18 (d, 1H, J = 7.48 Hz, -

N-CH=CH-C=O); 6.41 (d, 1H, J = 7.48 Hz, -N-CH=CH-C=O); 5.22 (s, 2H, Ar-CH2-O-); 3.80 (s, 

2H, Ar-CH2-NH-); 3.72 (t, 2H, J = 7.48 Hz, -N-CH2-); 2.63 (t, 2H, J = 7.08 Hz, -CH2-CH2-NH-); 

2.07 (s, 3H, -CH3); 1.66-1.58 (m, 2H, -N-CH2-CH2-CH2-CH2-CH2-NH-); 1.56-1.49 (m, 2H, -N-

CH2-CH2-CH2-CH2-CH2-NH-); 1.37-1.29 (m, 2H, -N-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.3; 146.1; 140.7; 139.7; 138.2; 137.6; 129.1; 128.4; 

128.22; 128.19; 128.0; 127.1; 117.2; 73.0; 53.8; 53.7; 48.6; 30.5; 29.3; 24.0; 12.4. 

ESI-MS (m/z): [M+H]+ = 390.93 

Anal. (C25H30N2O2) C, H, N Calcd: C 76.89 %, H 7.74 %, N 7.17 %; Found: C 76.92 %, H 7.73 

%, N 7.16 %. 

 

1-(6-(benzylamino)hexyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (64) 

 

Compound 64 was prepared using 61 (0.315 g, 1.00 mmol), benzaldehyde (102 μL, d=1.045 

g/mL, 1.00 mmol) and NaBH4 (0.113 g, 3.00 mmol), following the procedure described above. 

Column chromatography: silica gel, AcOEt/MeOH 1:1, Rf = 0.12. Orange oil, 0.350 g, 87% 

yield. 

1H-NMR (200 MHz) (CDCl3) δ (ppm): 7.43-7.23 (m, 10H, aromatic); 7.15 (d, 1H, J = 7.52 Hz, -

N-CH=CH-C=O); 6.40 (d, 1H, J = 7.46 Hz, -N-CH=CH-C=O); 5.22 (s, 2H, Ar-CH2-O-); 3.80 (s, 

2H, Ar-CH2-NH-); 3.70 (t, 2H, J = 7.38 Hz, -N-CH2-); 2.63 (t, 2H, J = 6.74 Hz, -CH2-CH2-NH-); 
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2.07 (s, 3H, -CH3); 1.69-1.23 (m, 8H, -N-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.3; 146.1; 140.6; 140.3; 138.1; 137.6; 129.1; 128.4; 

128.2; 128.1; 127.9; 126.9; 117.2; 72.9; 54.0; 53.7; 49.0; 30.6; 29.8; 26.8; 26.2; 12.3. 

ESI-MS (m/z): [M+H]+ = 405.13 

Anal. (C26H32N2O2) C, H, N Calcd: C 77.19 %, H 7.97 %, N 6.92 %; Found: C 77.14 %, H 7.99 

%, N 6.93 %. 

 

3-(benzyloxy)-1-(5-((2-methoxybenzyl)amino)pentyl)-2-methylpyridin-4(1H)-one (65) 

 

Compound 65 was prepared using 60 (0.252 g, 0.84 mmol), 2-methoxybenzaldehyde (0.114 g, 

0.84 mmol) and NaBH4 (0.095 g, 2.52 mmol), following the procedure described above. Column 

chromatography: silica gel, AcOEt/MeOH 1:1, Rf = 0.18. Yellow oil; 0.172 g, 49% yield. 

1H-NMR (400 MHz) (CDCl3) δ (ppm): 7.43-7.40 (m, 2H, aromatic); 7.35-7.23 (m, 5H, 

aromatic); 7.19 (d, 1H, J = 7.52 Hz, -N-CH=CH-C=O); 6.93 (t, 1H, J = 7.40 Hz, aromatic); 6.89 

(d, 1H, J = 8.12 Hz, aromatic); 6.41 (d, 1H, J = 7.48 Hz, -N-CH=CH-C=O); 5.22 (s, 3H, Ar-

CH2-O-); 3.84 (s, 3H, -OCH3); 3.81 (s, 2H, Ar-CH2-NH-); 3.72 (t, 2H, J = 7.52 Hz, -N-CH2-); 

2.60 (t, 2H, J = 7.12 Hz, -CH2-CH2-NH-); 2.07 (s, 3H, -C-CH3); 1.66-1.58 (m, 2H, -N-CH2-CH2-

CH2-CH2-CH2-NH-); 1.57-1.49 (m, 2H, -N-CH2-CH2-CH2-CH2-CH2-NH-); 1.36-1.28 (m, 2H, -

N-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 173.2; 157.5; 145.9; 140.7; 138.2; 137.5; 129.8; 129.0; 

128.3; 128.1; 127.9; 127.7; 120.3; 117.1; 110.2; 72.8; 55.2; 53.6; 49.1; 48.4; 30.5; 29.3; 23.9; 

12.3. 

ESI-MS (m/z): [M+H]+  = 421.20 

Anal. (C26H32N2O3) C, H, N Calcd: C 74.26 %, H 7.67 %, N 6.66 %; Found: C 74.30 %, H 7.66 

%, N 6.65 %. 

 

3-(benzyloxy)-1-(6-((2-methoxybenzyl)amino)hexyl)-2-methylpyridin-4(1H)-one (66) 

 

Compound 66 was prepared using 61 (0.201 g, 0.64 mmol), 2-methoxybenzaldehyde (0.087 g, 
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0.64 mmol) and NaBH4 (0.073 g, 1.92 mmol), following the procedure described above. Column 

chromatography: silica gel, AcOEt/MeOH 1:1, Rf = 0.12. Yellow oil, 0.226 g, 81% yield. 

1H-NMR (400 MHz) (CDCl3) δ (ppm): 7.43-7.41 (m, 2H, aromatic); 7.36-7.24 (m, 5H, 

aromatic); 7.19 (d, 1H, J = 7.52 Hz, -N-CH=CH-C=O); 6.96-6.89 (m, 2H, aromatic); 6.44 (d, 

1H, J = 7.48 Hz, -N-CH=CH-C=O); 5.24 (s, 2H, Ar-CH2-O-); 3.86 (s, 3H, -OCH3); 3.82 (s, 2H, 

Ar-CH2-NH-); 3.73 (t, 2H, J = 7.48 Hz, -N-CH2-); 2.61 (t, 2H, J = 7.16 Hz, -CH2-CH2-NH-); 

2.09 (s, 3H, -C-CH3); 1.67-1.59 (m, 2H, -N-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.56-1.49 (m, 

2H, -N-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.40-1.25 (m, 4H, -N-CH2-CH2-CH2-CH2-CH2-

CH2-NH-). 

13C-NMR (50 MHz) (CDCl3) δ (ppm): 173.4; 157.8; 146.1; 140.9; 138.4; 137.6; 130.7; 129.3; 

129.2; 128.3; 128.1; 120.7; 117.3; 110.5; 73.1; 55.5; 53.8; 48.1; 47.9; 30.6; 28.4; 26.7; 26.1; 

12.5. 

ESI-MS (m/z): [M+H]+  = 435.03 

Anal. (C27H34N2O3) C, H, N Calcd: C 74.62 %, H 7.89 %, N 6.45 %; Found: C 74.58 %, H 7.91 

%, N 6.46 %. 

 

4.1.12 General procedure for synthesis of debenzylated derivatives 56-58 and 67-70 

The benzylated deferiprone derivatives 53-55 and 63-66 were dissolved in aqueous HCl (6 N, 5 

mL) and the solutions were heated to reflux for 2 hours to remove the protecting group. The 

reaction mixtures were concentrated in vacuum, and the resulting precipitates were recrystallized 

from methanol with diethyl ether. 

 

1,1'-(butane-1,4-diyl)bis(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-ium) chloride 

(56) 

 

Compound 56 was prepared using 53 (0.049 g, 0.10 mmol), following the general procedure 

described above. Brownish solid, 0.030 g, 80% yield. 

1H-NMR (200 MHz) (MeOD) δ (ppm): 8.19 (d, 2H, J = 6.98 Hz, -N-CH=CH-C=O); 7.12 (d, 2H, 

J = 6.92 Hz, -N-CH=CH-C=O); 4.47-4.40 (m, 4H, -N-CH2-); 2.66 (s, 6H, -CH3); 2.00-1.93 (m, 

4H, -N-CH2-CH2-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.7; 145.1; 143.3; 139.3; 111.9; 57.1; 28.0; 12.8. 

ESI-MS (m/z): [M+H]+ = 304.89 
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Anal. (C16H22Cl2N2O4) C, H, N Calcd: C 50.94 %, H 5.88 %, N 7.43 %; Found: C 51.02 %, H 

5.86 %, N 7.42 %. 

m.p. = 273-275 °C 

 

1,1'-(pentane-1,5-diyl)bis(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-ium) chloride 

(57) 

 

Compound 57 was prepared using 54 (0.200 g, 0.40 mmol), following the general procedure 

described above. Brownish solid, 0.125 g, 80% yield. 

1H-NMR (200 MHz) (MeOD) δ (ppm): 8.22 (d, 2H, J = 6.98 Hz, -N-CH=CH-C=O); 7.14 (d, 2H, 

J = 6.92 Hz, -N-CH=CH-C=O); 4.41 (t, 4H, J = 7.54 Hz, -N-CH2-); 2.65 (s, 6H, -CH3); 2.02-

1.86 (m, 4H, -N-CH2-CH2-); 1.60-1.44 (m, 2H, -N-CH2-CH2-CH2-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.5; 145.0; 143.2; 139.3; 111.8; 57.5; 30.7; 24.0; 12.9. 

ESI-MS (m/z): [M+H]+ = 319.00 

Anal. (C17H24Cl2N2O4) C, H, N Calcd: C 52.18 %, H 6.18 %, N 7.16 %; Found: C 52.15 %, H 

6.19 %, N 7.17 %. 

m.p. = 254-257 °C 

 

1,1'-(hexane-1,6-diyl)bis(3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-ium) chloride 

(58) 

 

Compound 58 was prepared using 55 (0.200 g, 0.39 mmol), following the general procedure 

described above. Brownish solid, 0.134 g, 85% yield. 

1H-NMR (400 MHz) (D2O) δ (ppm): 7.99 (d, 2H, J = 7.00 Hz, -N-CH=CH-C=O); 7.05 (d, 2H, J 

= 6.92 Hz, -N-CH=CH-C=O); 4.29 (t, 4H, J = 7.48 Hz, -N-CH2-); 2.56 (s, 6H, -CH3); 1.88-1.78 

(m, 4H, -N-CH2-CH2-); 1.41-1.32 (m, 4H, -N-CH2-CH2-CH2-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.6; 145.1; 143.0; 139.2; 111.7; 57.7; 31.1; 26.7; 12.7. 

ESI-MS (m/z): [M+H]+ = 333.07 

Anal. (C18H26Cl2N2O4) C, H, N Calcd: C 53.34 %, H 6.47 %, N 6.91 %; Found: C 53.39 %, H 

6.49 %, N 6.90 %. 
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m.p. = 279-282 °C 

 

1-(5-(benzylammonio)pentyl)-3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-ium chloride 

(67) 

 

Compound 67 was prepared using 63 (0.098 g, 0.25 mmol), following the general procedure 

described above. Brownish solid, 0.080 g, 86% yield. 

1H-NMR (200 MHz) (MeOD) δ (ppm): 8.14 (d, 2H, J = 6.82 Hz, -N-CH=CH-C=O); 7.52-7.44 

(m, 5H, aromatic); 7.06 (d, 1H, J = 7.00 Hz, -N-CH=CH-C=O); 4.37 (t, 2H, J = 7.46 Hz, -N-

CH2-); 4.21 (s, 2H, Ar-CH2-NH-); 3.08 (t, 2H, J = 7.34 Hz, -CH2-CH2-NH-); 2.63 (s, 3H, -CH3); 

1.98-1.72 (m, 4H, -N-CH2-CH2-CH2-CH2-CH2-NH-); 1.57-1.41 (m, 2H, -N-CH2-CH2-CH2-CH2-

CH2-NH-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.5; 145.0; 143.1; 139.3; 132.5; 131.1; 130.5; 130.2; 

111.8; 57.5; 52.3; 48.2; 30.6; 26.5; 24.2; 12.9. 

ESI-MS (m/z): [M+H]+ = 300.80 

Anal. (C18H26Cl2N2O2) C, H, N Calcd: C 57.91 %, H 7.02 %, N 7.50 %; Found: C 57.84 %, H 

7.02 %, N 7.52 %. 

m.p. = 259-261 °C 

 

1-(6-(benzylammonio)hexyl)-3-hydroxy-2-methyl-4-oxo-1,4-dihydropyridin-1-ium chloride 

(68) 

 

Compound 68 was prepared using 64 (0.198 g, 0.49 mmol), following the general procedure 

described above. Brownish solid, 0.161 g, 85% yield. 

1H-NMR (200 MHz) (MeOD) δ (ppm): 8.21 (d, 2H, J = 6.98 Hz, -N-CH=CH-C=O); 7.57-7.43 

(m, 5H, aromatic); 7.13 (d, 1H, J = 6.94 Hz, -N-CH=CH-C=O); 4.39 (t, 2H, J = 7.54 Hz, -N-

CH2-); 4.21 (s, 2H, Ar-CH2-NH-); 3.09-3.00 (m, 2H, -CH2-CH2-NH-); 2.65 (s, 3H, -CH3); 1.96-

1.69 (m, 4H, -N-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.55-1.40 (m, 4H, -N-CH2-CH2-CH2-CH2-

CH2-CH2-NH-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.5; 145.0; 143.1; 139.2; 132.5; 131.0; 130.6; 130.2; 
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111.8; 57.7; 52.3; 48.4; 31.0; 27.0; 26.8; 26.6; 12.8. 

ESI-MS (m/z): [M+H]+ = 315.13 

Anal. (C19H28Cl2N2O2) C, H, N Calcd: C 58.91 %, H 7.29 %, N 7.23 %; Found: C 59.00 %, H 

7.28 %, N 7.22 %. 

m.p. = 258-260 °C 

 

3-hydroxy-1-(5-((2-methoxybenzyl)ammonio)pentyl)-2-methyl-4-oxo-1,4-dihydropyridin-1-

ium chloride (69) 

 

Compound 69 was prepared using 65 (0.101 g, 0.24 mmol), following the general procedure 

described above. Brownish solid, 0.081 g, 84% yield. 

1H-NMR (200 MHz) (MeOD) δ (ppm): 8.26 (d, 1H, J = 6.90 Hz, -N-CH=CH-C=O); 7.49-7.42 

(m, 2H, aromatic); 7.19-6.97 (m, 3H, 2H aromatic and -N-CH=CH-C=O); 4.43 (t, 2H, J = 7.38 

Hz, -N-CH2-); 4.23 (s, 2H, Ar-CH2-NH-); 3.94 (s, 3H, -OCH3); 3.10-3.00 (m, 2H, -CH2-CH2-

NH-); 2.66 (s, 3H, -C-CH3); 2.00-1.77 (m, 4H, -N-CH2-CH2-CH2-CH2-CH2-NH-); 1.58-1.44 (m, 

2H, -N-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.5; 159.3; 145.0; 143.1; 139.3; 132.8; 132.6; 121.9; 

120.4; 112.0; 111.8; 57.5; 56.2; 54.8; 30.7; 26.3; 24.2; 12.9. 

ESI-MS (m/z): [M+H]+ = 330.80 

Anal. (C19H28Cl2N2O3) C, H, N Calcd: C 56.58 %, H 7.00 %, N 6.95 %; Found: C 56.61 %, H 

7.00 %, N 6.95 %. 

m.p. = 252-254 °C 

 

3-hydroxy-1-(6-((2-methoxybenzyl)ammonio)hexyl)-2-methyl-4-oxo-1,4-dihydropyridin-1-

ium chloride (70) 

 

Compound 70 was prepared using 66 (0.152 g, 0.35 mmol), following the general procedure 

described above. Brownish solid, 0.124 g, 85% yield. 

1H-NMR (200 MHz) (MeOD) δ (ppm): 8.20 (d, 2H, J = 6.96 Hz, -N-CH=CH-C=O); 7.50-7.38 

(m, 2H, aromatic); 7.14-6.98 (m, 3H, 2H aromatic and -N-CH=CH-C=O); 4.39 (t, 2H, J = 7.56 
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Hz, -N-CH2-); 4.21 (s, 2H, Ar-CH2-NH-); 3.93 (s, 3H, -OCH3); 3.03 (t, 2H, J = 7.6 Hz, -CH2-

CH2-NH-); 2.65 (s, 3H, -C-CH3); 1.96-1.66 (m, 4H, -N-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 

1.55-1.36 (m, 4H, -N-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (50 MHz) (MeOD) δ (ppm): 159.4; 159.3; 144.9; 143.1; 139.3; 132.8; 132.6; 121.9; 

120.4; 112.0; 111.8; 57.7; 56.3; 48.3; 47.7; 31.0; 27.0; 26.6; 26.5; 12.9. 

ESI-MS (m/z): [M+H]+ = 345.13 

Anal. (C20H30Cl2N2O3) C, H, N Calcd: C 57.55 %, H 7.24 %, N 6.71 %; Found: C 57.59 %, H 

7.25 %, N 6.72 %. 

m.p. = 217-220 °C 

 

4.1.13 Synthesis of 3-(benzyloxy)-2-methyl-1-(6-(pyrimidin-2-ylamino)hexyl)pyridin-4(1H)-

one (71) 

 

To N1-(pyrimidin-2-yl)hexane-1,6-diamine (4) (0.389 g, 2.0 mmol) [obtained following 

procedure C described above] a solution of 3-(benzyloxy)-2-methyl-4H-pyran-4-one (52) (0.476 

g, 2.2 mmol) in 4 mL of 50% aqueous EtOH was added. The pH of the reaction mixture was 

adjusted to pH 13 by addition of aqueous NaOH 1M. The reaction was stirred at reflux for 18 

hours. Then the solvents were removed under reduce pressure and the residue was taken up in 20 

mL of CH2Cl2; the organic layer was washed with H2O (5 mL x 4), dried over anhydrous 

Na2SO4, and concentrated in vacuum. The crude material was purified by column 

chromatography on silica gel, AcOEt/MeOH 6:4, Rf = 0.48. Yellow oil, 0.494 g, 63% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.76 Hz, pyrimidine); 7.43-7.40 (m, 

2H, aromatic); 7.37-7.29 (m, 4H, 3H aromatic and -N-CH=CH-C=O); 6.51 (t, 1H, J = 4.80 Hz, 

pyrimidine); 6.18 (d, 1H, J = 7.48 Hz, -N-CH=CH-C=O); 5.69 (bs, 1H, pyrimidine-NH-); 5.07 

(s, 2H, Ar-CH2-O-); 3.78 (t, 2H, J = 7.52 Hz, -N-CH2-CH2-); 3.31 (q, 2H, J = 6.92 Hz, 

pyrimidine-NH-CH2-); 2.14 (s, 3H, -CH3); 1.65-1.51 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-); 1.40-1.25 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 172.8; 162.3; 158.1; 146.0; 141.2; 138.5; 137.6; 129.2; 

128.4; 128.1; 117.1; 110.6; 73.2; 54.0; 41.2; 30.7; 29.4; 26.5; 26.1; 12.6. 

ESI-MS (m/z): [M+H]+ = 393.16  

Anal. (C23H28N4O2) C, H, N Calcd: C 70.38 %, H 7.19 %, N 14.27 %; Found: C 70.33 %, H 7.18 

%, N 14.30 %. 
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4.1.14 Synthesis of 3-(benzyloxy)-2-methyl-1-(6-(pyridin-2-ylamino)hexyl)pyridin-4(1H)-

one (72) 

 

Compound 72 was prepared using N1-(pyridin-2-yl)hexane-1,6-diamine (8) (0.386 g, 2.0 mmol) 

[obtained following procedure B described above], 3-(benzyloxy)-2-methyl-4H-pyran-4-one (52) 

(0.476 g, 2.2 mmol), following the same procedure described for compound 71. Column 

chromatography: silica gel, AcOEt/MeOH 6:4, Rf = 0.5. Caramel oil, 0.313 g, 40% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.97 (dd, 1H, J1 = 5.00 Hz, J2 = 1.08 Hz, pyridine); 

7.43-7.28 (m, 7H, 1H pyridine, -N-CH=CH-C=O, 5H aromatic); 6.49 (ddd, 1H, J1 = 7.04 Hz, J2 

= 5.04 Hz, J3 = 0.84 Hz, pyridine); 6.41 (d, 1H, J = 8.44 Hz, pyridine); 6.17 (d, 1H, J = 7.52 Hz, 

-N-CH=CH-C=O); 5.07 (s + bs, 3H, Ar-CH2-O- + pyridine-NH-); 3.78 (t, 2H, J = 7.52 Hz, -N-

CH2-CH2-); 3.23 (q, 2H, J = 6.92 Hz, pyridine-NH-CH2-); 2.14 (s, 3H, -CH3);  1.65-1.51 (m, 4H, 

-NH-CH2-CH2-CH2-CH2-CH2-CH2-); 1.41-1.26 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 173.4; 158.5; 147.2; 146.2; 140.7; 138.2; 138.0; 137.7; 

129.2; 128.3; 128.1; 117.4; 112.7; 107.1; 73.0; 53.8; 42.0; 30.7; 29.3; 26.6; 26.2; 12.5. 

ESI-MS (m/z): [M+H]+ = 392.9 

Anal. (C24H29N3O2) C, H, N Calcd: C 73.63 %, H 7.47 %, N 10.73 %; Found: C 73.62 %, H 7.46 

%, N 10.76 %. 

 

4.1.15 Synthesis of 3-hydroxy-2-methyl-1-(6-(pyrimidin-2-ylamino)hexyl)pyridin-4(1H)-one 

(73) 

 

The benzylated deferiprone derivative 71 (0.282 g, 0.72 mmol) was dissolved in aqueous HCl (6 

N, 5 mL) and the solution was heated to reflux for 5 hours to remove the protecting group. Then 

the reaction mixture was concentrated in vacuum and the residue was diluted with 20 mL of 

saturated aqueous solution of NaHCO3 and extracted with CH2Cl2 (3 × 20 mL). The combined 

organic layer was dried over Na2SO4 and concentrated under reduced pressure, to give 

compound 73. Pink solid, 0.210 g, 96% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.23 (d, 2H, J = 4.84 Hz, pyrimidine); 7.62 (d, 1H, J = 

7.16 Hz, -N-CH=CH-C=O); 6.57 (t, 1H, J = 4.84 Hz, pyrimidine); 6.40 (d, 1H, J = 7.12 Hz, -N-
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CH=CH-C=O); 4.05 (t, 2H, J = 7.56 Hz, -N-CH2-CH2-); 3.34 (t, 2H, J = 7.00 Hz, pyrimidine-

NH-CH2-)*; 2.43 (s, 3H, -CH3); 1.80-1.73 (m, 2H, -N-CH2-CH2-); 1.65-1.58 (m, 2H, -NH-CH2-

CH2-); 1.49-1.40 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). *partially covered by MeOD 

signal. 

13C-NMR (100 MHz) (D2O + 10% DCOOD) δ (ppm): 158.7; 157.2; 154.4; 142.9; 142.3; 138.6; 

111.1; 109.8; 56.9; 41.5; 29.6; 27.7; 25.7; 25.3; 12.4. 

ESI-MS (m/z): [M+H]+ = 303.14 

Anal. (C16H22N4O2) C, H, N Calcd: C 63.55 %, H 7.33 %, N 18.53 %; Found: C 63.52 %, H 7.32 

%, N 18.59 %. 

m.p. = 126-128 °C 

 

4.1.16 Synthesis of 3-hydroxy-2-methyl-1-(6-(pyridin-2-ylamino)hexyl)pyridin-4(1H)-one 

(74) 

 

Compound 74 was prepared using 72 (0.231 g, 0.59 mmol), following the same procedure 

described for compound 73. Pinkish solid, 0.161 g, 91% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 7.89 (dd, 1H, J1 = 5.16 Hz, J2 = 1.24 Hz, pyridine); 7.60 

(d, 1H, J = 7.16 Hz, -N-CH=CH-C=O); 7.42-7.38 (m, 1H, pyridine); 6.52-6.48 (m, 2H, 

pyridine); 6.38 (d, 1H, J = 7.16 Hz, -N-CH=CH-C=O); 4.04 (t, 2H, J = 7.56 Hz, -N-CH2-CH2-); 

3.25 (t, 2H, J = 6.96 Hz,  pyridine-NH-CH2-); 2.43 (s, 3H, -CH3); 1.81-1.73 (m, 2H, -N-CH2-

CH2-); 1.66-1.59 (m, 2H, -NH-CH2-CH2-); 1.51-1.37 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-). 

13C-NMR (100 MHz) (D2O + 10% DCOOD) δ (ppm): 158.8; 152.8; 143.5; 142.9; 142.0; 138.5; 

134.8; 113.4; 112.3; 111.1; 56.7; 41.7; 29.5; 27.4; 25.8; 25.2; 12.3. 

ESI-MS (m/z): [M+H]+ = 302.3 

Anal. (C17H23N3O2) C, H, N Calcd: C 67.75 %, H 7.69 %, N 13.94 %; Found: C 67.79 %, H 7.70 

%, N 13.91 %. 

m.p. = 181.5-183.5 °C 
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4.1.17 Synthesis of 2-methyl-4-oxo-1-(6-(pyrimidin-2-ylamino)hexyl)-1,4-dihydropyridin-3-

yl diethylcarbamate (75) 

 

To a solution of 3-hydroxy-2-methyl-1-(6-(pyrimidin-2-ylamino)hexyl)pyridin-4(1H)-one (73) 

(0.100 g, 0.33 mmol) in 12 mL of CH3CN, Cs2CO3 (0.242 g, 0.743 mmol) and diethylcarbamoyl 

chloride (63 µL, d=1.07 g/mL, 0.495 mmol) were added. The reaction was stirred under reflux 

conditions for 20 hours. Then the mixture was diluted with 30 mL of saturated aqueous solution 

of Na2CO3 and stirred for 10 minutes. After this time other 20 mL of saturated aq. solution of 

Na2CO3 were added and the mixture was extracted with CH2Cl2 (3 x 50 mL). The organic layer 

was dried over Na2SO4 and the solvent was removed under vacuum. The obtained residue was 

purified by column chromatography on silica gel, AcOEt/MeOH 5:5, Rf = 0.46. Dark orange oil, 

0.035 g, 26% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.22 (d, 2H, J = 4.72 Hz, pyrimidine); 7.43 (d, 1H, J = 

7.60 Hz, -N-CH=CH-C=O); 6.51 (t, 1H, J = 4.76 Hz, pyrimidine); 6.17 (d, 1H, J = 7.56 Hz, -N-

CH=CH-C=O); 5.69 (bs, 1H, pyrimidine-NH-); 3.86 (t, 2H, J = 7.56 Hz, pyrimidine-NH-(CH2)5-

CH2-); 3.45-3.40 (m, 2H, -N-CH2-CH3); 3.35-3.28 (m, 4H, pyrimidine-NH-CH2- / -N-CH2-CH3); 

2.23 (s, 3H, -C-CH3); 1.74-1.67 (m, 2H, pyrimidine-NH-CH2-CH2-CH2-CH2-CH2-CH2-); 1.60-

1.53 (m, 2H, pyrimidine-NH-CH2-CH2-); 1.43-1.32 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

); 1.27-1.23 (m, 3H, -N-CH2-CH3); 1.15-1.11 (m, 3H, -N-CH2-CH3). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 171.5; 162.1; 158.0; 153.3; 141.01; 140.97; 139.4; 

117.0; 110.5; 53.9; 42.5; 42.4; 41.2; 30.8; 29.4; 26.5; 26.2; 14.3; 13.5; 12.8. 

ESI-MS (m/z): [M+H]+ = 401.61 

Anal. (C21H31N5O3) C, H, N Calcd: C 62.82 %, H 7.78 %, N 17.44 %; Found: C 62.81 %, H 7.76 

%, N 17.39 %. 

 

4.1.18 Synthesis of 2-methyl-4-oxo-1-(6-(pyridin-2-ylamino)hexyl)-1,4-dihydropyridin-3-yl 

diethylcarbamate (76) 

 

Compound 76 was prepared using 3-hydroxy-2-methyl-1-(6-(pyridin-2-ylamino)hexyl)pyridin-

4(1H)-one (74) (0.102 g, 0.34 mmol), Cs2CO3 (0.249 g, 0.765 mmol), diethylcarbamoyl chloride 
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(65 µL, d=1.07 g/mL, 0.51 mmol), following the same procedure described for compound 75. 

Column chromatography: silica gel, AcOEt/MeOH 6:4, Rf = 0.44. Dark orange oil, 0.047 g, 35% 

yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.97-7.96 (m, 1H, pyridine); 7.42 (d, 1H, J = 7.60 Hz, -

N-CH=CH-C=O); 7.39-7.34 (m, 1H, pyridine); 6.49 (ddd, 1H, J1 = 7.04 Hz, J2 = 5.04 Hz, J3 = 

0.88 Hz, pyridine); 6.40 (d, 1H, J = 8.44 Hz, pyridine); 6.15 (d, 1H, J = 7.56 Hz, -N-CH=CH-

C=O); 5.09 (bs, 1H, pyridine-NH-); 3.86 (t, 2H, J = 7.64 Hz,  pyridine-NH-(CH2)5-CH2-); 3.45-

3.40 (m, 2H, -N-CH2-CH3); 3.33-3.21 (m, 4H, -N-CH2-CH3 / pyridine-NH-CH2-); 2.22 (s, 3H, -

C-CH3); 1.74-1.67 (m, 2H, pyridine-NH-CH2-CH2-CH2-CH2-CH2-CH2-); 1.60-1.53 (m, 2H, 

pyridine-NH-CH2-CH2-); 1.44-1.32 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-); 1.27-1.23 (m, 

3H, -N-CH2-CH3); 1.15-1.11 (m, 3H, -N-CH2-CH3). 

13C-NMR (100 MHz) (CDCl3) δ (ppm): 171.7; 158.3; 153.4; 146.7; 141.2; 140.6; 139.2, 138.1; 

117.2; 112.6; 107.5; 53.7; 42.5; 42.3; 42.0; 30.7; 29.2; 26.6; 26.2; 14.3; 13.5; 12.8. 

ESI-MS (m/z): [M+H]+ = 401.7 

Anal. (C22H32N4O3) C, H, N Calcd: C 65.97 %, H 8.05 %, N 13.99 %; Found: C 65.99 %, H 8.07 

%, N 13.96 %. 

 

4.1.19 Synthesis of: 

3-(benzyloxy)-1-(6-(2-chloropyrimidin-4-ylamino)hexyl)-2-methylpyridin-4(1H)-one (77) 

3-(benzyloxy)-1-(6-(4-chloropyrimidin-2-ylamino)hexyl)-2-methylpyridin-4(1H)-one (78) 

To a solution of 1-(6-aminohexyl)-3-(benzyloxy)-2-methylpyridin-4(1H)-one (61) (0.277 g, 0.88 

mmol) in 5 mL of EtOH, 2,4-dichloropyrimidine (0.131 g, 0.88 mmol) and DIPEA (301 µL, 

d=0.755 g/mL, 1.76 mmol) were added. The reaction was stirred at reflux for 20 hours. Then the 

solvent was removed under reduced pressure and the residue was taken up in 15 mL of CH2Cl2 

and washed with saturated aqueous solution of Na2CO3 (10 mL x 3). The organic layer was dried 

over Na2SO4 and the solvent was removed under vacuum. The obtained residue was purified by 

column chromatography on silica gel (CH2Cl2/isopropanol 7:3) to obtain compounds 77 (Rf = 

0.39) and 78 (Rf = 0.58). 

 

Compound 77: Colorless oil, 0.188 g, 50% yield 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.83 (bs, 1H, pyrimidine); 7.42-7.39 (m, 2H, aromatic); 

7.36-7.28 (m, 4H, 3H aromatic, -N-CH=CH-C=O); 6.53 (bs, 1H, pyrimidine-NH-); 6.37 (d, 1H, 
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J = 5.96 Hz, pyrimidine); 6.20 (d, 1H, J = 7.52 Hz, -N-CH=CH-C=O); 5.07 (s, 2H, Ar-CH2-O-); 

3.78 (t, 2H, J = 7.48 Hz, -N-CH2-CH2-); 3.29 (bs, 2H, pyrimidine-NH-CH2-); 2.14 (s, 3H, -CH3); 

1.63-1.50 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-); 1.37-1.23 (m, 4H, -NH-CH2-CH2-CH2-

CH2-CH2-CH2-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 173.7; 146.7; 142.3; 140.1; 139.0; 129.8; 129.2; 128.9; 

117.2; 73.3; 54.3; 31.1; 29.3; 27.0; 26.5; 12.7. Four pyrimidine 13C signals and the 13C signal of 

pyrimidine-NH-CH2- are not detectable. 

ESI-MS (m/z): [M+H]+ = 428.0 (100), 429.9 (35)  

Anal. (C23H27ClN4O2) C, H, N Calcd: C 64.70 %, H 6.37 %, N 13.12 %; Found: C 64.71 %, H 

6.38 %, N 13.09 %. 

 

 

Compound 78: Colorless oil, 0.057 g, 15% yield 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.13 (d, 1H, J = 4.76 Hz, pyrimidine); 7.42-7.39 (m, 

2H, aromatic); 7.37-7.28 (m, 4H, 3H aromatic, -N-CH=CH-C=O); 6.56 (d, 1H, J = 5.16 Hz, 

pyrimidine); 6.20 (d, 1H, J = 7.48 Hz, -N-CH=CH-C=O); 6.09 (bs, 1H, pyrimidine-NH-); 5.07 

(s, 2H, Ar-CH2-O-); 3.78 (t, 2H, J = 7.48 Hz, -N-CH2-CH2-); 3.31 (q, 2H, J = 6.48 Hz, 

pyrimidine-NH-CH2-); 2.14 (s, 3H, -CH3); 1.64-1.51 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-

CH2-); 1.38-1.24 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). 

13C-NMR (100 MHz) (CD3CN) δ (ppm): 173.6; 163.7; 161.7; 160.6; 146.7; 142.2; 140.1; 139.0; 

129.8; 129.2; 128.9; 117.1; 110.1; 73.2; 54.2; 41.8; 31.2; 29.7; 27.0; 26.5; 12.7. 

ESI-MS (m/z): [M+H]+ = 428.0 (100), 429.9 (35) 

Anal. (C23H27ClN4O2) C, H, N Calcd: C 64.70 %, H 6.37 %, N 13.12 %; Found: C 64.74 %, H 

6.37 %, N 13.10 %. 

 

4.1.20 Synthesis of 3-(benzyloxy)-2-methyl-1-(6-(2-(pyridin-2-ylmethylamino)pyrimidin-4-

ylamino)hexyl)pyridin-4(1H)-one (79) 

 

In a microwave vial 3-(benzyloxy)-1-(6-(2-chloropyrimidin-4-ylamino)hexyl)-2-methylpyridin-

4(1H)-one (77) (0.050 g, 0.12 mmol), pyridin-2-ylmethanamine (25 µL, d=1.049 g/mL, 0.24 
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mmol) and DIPEA (41 µL, d=0.755 g/mL, 0.24 mmol) were dissolved in 480 µL of isopropanol. 

The mixture was irradiated three times with microwave at 160 °C for 30 minutes (maximum 

power: 200 W, maximum pressure: 80 PSI, ramp time: 10 minutes). The same reaction was 

repeated on four other fraction, then the mixtures were combined and the solvent was removed 

under reduced pressure. The residue was taken up in 20 mL of CH2Cl2 and washed with 

saturated aqueous solution of Na2CO3 (10 mL x 3). The organic layer was dried over Na2SO4 and 

the solvent was removed under vacuum. The crude material was purified by column 

chromatography on silica gel, CH2Cl2/isopropanol/TEA 8:2:2 (Rf = 0.49). Yellow oil, 0.235 g, 

79% yield.  

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.48 (d, 1H, J = 4.60 Hz, pyridine); 7.69-7.63 (m, 2H, 

1H pyrimidine, 1H pyridine); 7.42-7.40 (m, 2H, aromatic); 7.36-7.28 (m, 5H, 3H aromatic, 1H 

pyridine, -N-CH=CH-C=O); 7.17 (dd, J1 = 7.12 Hz, J2 = 5.24 Hz, 1H, pyridine); 6.18 (d, 1H, J = 

7.52 Hz, -N-CH=CH-C=O); 5.92 (bs, 1H, -NH-); 5.73 (d, 1H, J = 5.80 Hz, pyrimidine); 5.45 (bs, 

1H, -NH-); 5.07 (s, 2H, Ar-CH2-O-); 4.58 (d, 2H, J = 6.08 Hz, pyridine-CH2-NH-); 3.77 (t, 2H, J 

= 7.36 Hz, -N-CH2-CH2-); 3.22-3.17 (m, 2H, pyrimidine-NH-CH2-CH2-); 2.13 (s, 3H, -CH3); 

1.62-1.54 (m, 2H, -N-CH2-CH2-CH2-); 1.50-1.40 (m, 2H, pyrimidine-NH-CH2-CH2-CH2-); 1.33-

1.20 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). 

13C-NMR (100 MHz) (25 °C, 1000 scans) (d6-DMSO) δ (ppm): 171.8; 162.6; 162.0; 160.5; 

148.5; 145.2; 140.5; 139.4; 137.7; 136.3; 128.5; 128.1; 127.8; 121.5; 120.5; 115.9; 71.7; 52.7; 

46.1; 30.1; 28.8; 26.0; 25.4; 11.8. 

13C-NMR (100 MHz) (60 °C, 1000 scans) (d6-DMSO) δ (ppm): 171.6; 162.5; 161.9; 160.0; 

154.7; 148.2; 145.1; 140.0; 138.9; 137.6; 135.9; 128.1; 127.8; 127.4; 121.2; 120.5; 115.7; 71.5; 

52.4; 46.0; 29.7; 28.5; 25.7; 25.1; 11.5. 

2D 1H-13C HMQC (d6-DMSO) showed cross peaks between 5.70 and 96.5 ppm and between 

3.11 and 40.0 ppm (13C signals not detectable in the 13C-NMR recorded at 60 °C, 1000 scans). 

ESI-MS (m/z): [M+H]+ = 500.3 

Anal. (C29H34N6O2) C, H, N Calcd: C 69.85 %, H 6.87 %, N 16.85 %; Found: C 69.83 %, H 6.86 

%, N 16.89 %. 
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4.1.21 Synthesis of 1-(6-((2-(benzylamino)pyrimidin-4-yl)amino)hexyl)-3-(benzyloxy)-2-

methylpyridin-4(1H)-one (80) 

 

In a microwave vial 3-(benzyloxy)-1-(6-(2-chloropyrimidin-4-ylamino)hexyl)-2-methylpyridin-

4(1H)-one (77) (0.050 g, 0.12 mmol), benzylamine (26 µL, d=0.981 g/mL, 0.24 mmol) and 

DIPEA (41 µL, d=0.755 g/mL, 0.24 mmol) were dissolved in 480 µL of isopropanol. The 

mixture was irradiated three times with microwave at 110 °C for 30 minutes (maximum power: 

150 W, maximum pressure: 80 PSI, ramp time: 10 minutes). The same reaction was repeated on 

three other fraction (one with 0.050 g of 78, one with 0.100 g, one with 0.158 g, keeping the 

same molar ratio with the other reactive) then the mixtures were combined and the solvent was 

removed under reduced pressure. The residue was taken up in 30 mL of CH2Cl2 and washed with 

H2O (20 mL x 3). The organic layer was dried over Na2SO4 and the solvent was removed under 

vacuum. The crude material was purified by column chromatography on silica gel, 

CH2Cl2/MeOH 8:2 (Rf = 0.4). White solid, 0.330 g, 79% yield.  

1H-NMR (400 MHz) (MeOD) δ (ppm): 7.63 (d, 1H, J = 7.40, -N-CH=CH-C=O); 7.57 (bs, 1H, 

pyrimidine); 7.37-7.23 (m, 9H, aromatic); 7.19-7.15 (m, 1H, aromatic); 6.46 (d, 1H, J = 7.40, -

N-CH=CH-C=O); 5.76 (d, 1H, J = 6.04 Hz, pyrimidine); 5.08 (s, 2H, Ar-CH2-O-); 4.52 (s, 2H, 

Ar-CH2-NH-); 3.89 (t, 2H, J = 7.48 Hz, -N-CH2-CH2-); 3.28 (bt, 2H, J = 5.88 Hz, pyrimidine-

NH-CH2-CH2-)*; 2.10 (s, 3H, -CH3); 1.62-1.46 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-); 

1.35-1.21 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). *partially covered by MeOD signal. 

13C-NMR (100 MHz) (MeOD) δ (ppm): 174.7; 164.6; 163.2; 154.6; 146.9; 145.0; 141.9; 141.1; 

138.3; 130.4; 129.4; 129.3; 128.2; 127.7; 117.3; 97.2; 74.4; 55.2; 45.7; 41.1; 31.5; 30.3; 27.5; 

26.9; 12.8. One pyrimidine 13C signal is not detectable. 

ESI-MS (m/z): [M+H]+ = 499.3 

Anal. (C30H35N5O2) C, H, N Calcd: C 72.41 %, H 7.09 %, N 14.07 %; Found: C 72.49 %, H 7.08 

%, N 14.04 %. 

m.p. = 42-44 °C 
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4.1.22 Synthesis of 3-hydroxy-2-methyl-1-(6-((2-((pyridin-2-ylmethyl)amino)pyrimidin-4-

yl)amino)hexyl)pyridin-4(1H)-one (81) 

 

The benzylated deferiprone derivative 79 (0.150 g, 0.30 mmol) was dissolved in aqueous HCl (6 

N, 5 mL) and the solution was heated to reflux for 6 hours to remove the protecting group. Then 

the reaction mixture was concentrated in vacuum and the residue was diluted with 20 mL of 

saturated aqueous solution of NaHCO3 and extracted with CH2Cl2 (5 × 20 mL). The combined 

organic layer was dried over Na2SO4 and concentrated under reduced pressure, to give 

compound 81. Pink solid, 0.098 g, 80% yield. 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.48 (d, 1H, J = 4.52 Hz, pyridine); 7.69-7.63 (m, 2H, 

1H pyrimidine, 1H pyridine); 7.38 (d, 1H, J = 7.24 Hz, -N-CH=CH-C=O); 7.29 (d, 1H, J = 7.84 

Hz, pyridine); 7.16 (dd, J1 = 7.04 Hz, J2 = 5.16 Hz, 1H, pyridine); 6.18 (d, 1H, J = 7.24, -N-

CH=CH-C=O); 5.99 (bs, 1H, -NH-); 5.72 (d, 1H, J = 5.68 Hz, pyrimidine); 5.48 (bs, 1H, -NH-); 

4.58 (d, 2H, J = 5.88 Hz, pyridine-CH2-NH-); 3.86 (t, 2H, J = 7.52 Hz, -N-CH2-CH2-); 3.20-3.19 

(m, 2H, pyrimidine-NH-CH2-CH2-); 2.32 (s, 3H, -CH3); 1.69-1.63 (m, 2H, -N-CH2-CH2-CH2-); 

1.52-1.43 (m, 2H, pyrimidine-NH-CH2-CH2-CH2-); 1.25-1.35 (m, 4H, -NH-CH2-CH2-CH2-CH2-

CH2-CH2-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 170.5; 164.6; 163.0; 149.4; 147.3; 138.8; 138.6; 132.7; 

123.3; 122.4; 112.6; 55.2; 47.2; 31.7; 30.2; 27.5; 27.1; 11.9. Three pyrimidine 13C signals and 

the 13C signal of pyrimidine-NH-CH2-CH2- are not detectable. 

ESI-MS (m/z): [M+H]+ = 410.1 

Anal. (C22H28N6O2) C, H, N Calcd: C 64.68 %, H 6.91 %, N 20.57 %; Found: C 64.67 %, H 6.91 

%, N 20.63 %. 

m.p. = 86-88 °C 

 

4.1.23 Synthesis of 1-(6-((2-(benzylamino)pyrimidin-4-yl)amino)hexyl)-3-hydroxy-2-

methylpyridin-4(1H)-one (82) 

 

The benzylated deferiprone derivative 82 (0.150 g, 0.30 mmol), was dissolved in aqueous HCl (6 

N, 5 mL) and the solutions was heated to reflux for 6 hours to remove the protecting group. Then 
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Na2CO3 was added until pH 8 and the water was removed under vacuum. The solid residue was 

extracted with CH2Cl2 and separated by centrifugation to remove the inorganic salts. The solvent 

was removed under reduced pressure, then the solid was filtered with warm CH3CN, to obtain 

compound 82. Orange solid, 0.115 g, 94% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 7.57-7.55 (m, 2H, 1H pyrimidine, -N-CH=CH-C=O); 

7.32-7.24 (m, 4H, aromatic); 7.19-7.15 (m, 1H, aromatic); 6.38 (d, 1H, J = 7.04 Hz, -N-CH=CH-

C=O); 5.75 (d, 1H, J = 5.56 Hz, pyrimidine); 4.52 (s, 2H, Ar-CH2-NH-); 3.99 (t, 2H, J = 7.44 

Hz, -N-CH2-CH2-); 3.28 (bt, 2H, J = 5.84 Hz, -CH2-CH2-NH-pyrimidine)*; 2.40 (s, 3H, -CH3); 

1.74-1.65 (m, 2H, -N-CH2-CH2-CH2-); 1.56-1.47 (m, 2H, pyrimidine-NH-CH2-CH2-CH2-); 1.39-

1.30 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-). *partially covered by MeOD signal. 

13C-NMR (100 MHz) (d6-DMSO) δ (ppm): 168.9; 162.6; 162.1; 154.8; 145.6; 141.4; 137.5; 

128.5; 128.0; 127.1; 126.2; 110.5; 95.7; 52.8; 43.9; 30.3; 28.9; 26.1; 25.6; 11.3. The 13C signal of 

pyrimidine-NH-CH2-CH2- is not detectable (covered by DMSO signals, as in the 13C spectrum of 

compound 79). 

ESI-MS (m/z): [M+H]+ = 409.0 

Anal. (C23H29N5O2) C, H, N Calcd: C 67.79 %, H 7.17 %, N 17.19 %; Found: C 67.84 %, H 7.16 

%, N 17.16 %. 

m.p. = 83-85 °C 

 

4.1.24 Synthesis of: 

tert-butyl (6-((2-chloropyrimidin-4-yl)amino)hexyl)carbamate (83) 

tert-butyl (6-((4-chloropyrimidin-2-yl)amino)hexyl)carbamate (84) 

To a solution of N-Boc-1,6-diaminohexane (0.865 g, 4 mmol) in 20 mL of MeOH, 2,4-

dichloropyrimidine (0.596 g, 4 mmol) and TEA (556 µL, d=0.726 g/mL, 4 mmol) were added. 

The reaction was stirred at reflux for 20 hours. Then the solvent was removed under reduced 

pressure and the residue was taken up in 30 mL of CH2Cl2 and washed with saturated aqueous 

solution of Na2CO3 (15 mL x 3). The organic layer was dried over Na2SO4 and the solvent was 

removed under vacuum. The obtained residue was purified by column chromatography on silica 

gel (CH2Cl2/AcOEt 6:4) to obtain compounds 83 (Rf = 0.39) and 84 (Rf = 0.60). 

 

Compound 83: Pale yellow oil, 0.931 g, 71% yield 
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1H-NMR (400 MHz) (CD3CN) δ (ppm): 7.85 (bs, 1H, pyrimidine); 6.35 (d, 1H, J = 5.92 Hz, 

pyrimidine); 6.16 (bs, 1H, pyrimidine-NH-); 5.25 (bs, 1H, Boc-NH-); 3.30 (bs, 2H, pyrimidine-

NH-CH2-); 3.00 (q, 2H, J = 6.64 Hz, Boc-NH-CH2-); 1.59-1.52 (m, 2H, aliphatic); 1.46-1.26 (m, 

15H, aliphatic). 

ESI-MS (m/z): [M+H]+ = 329.5 (100), 331.5 (30) 

 

 

Compound 84: White solid, 0.252 g, 19% yield 

1H-NMR (400 MHz) (CD3CN) δ (ppm): 8.13 (d, 1H, J = 3.32 Hz, pyrimidine); 6.57 (d, 1H, J = 

5.16 Hz, pyrimidine); 6.03 (bs, 1H, pyrimidine-NH-); 5.27 (bs, 1H, Boc-NH-); 3.31 (q, 2H, J = 

6.60 Hz, pyrimidine-NH-CH2-); 3.00 (q, 2H, J = 6.60 Hz, Boc-NH-CH2-); 1.59-1.52 (m, 2H, 

aliphatic); 1.46-1.26 (m, 15H, aliphatic). 

ESI-MS (m/z): [M+H]+ = 329.5 (100), 331.5 (30) 

 

4.1.25 Synthesis of tert-butyl (6-((2-((pyridin-2-ylmethyl)amino)pyrimidin-4-

yl)amino)hexyl)carbamate (85) 

 

In a microwave vial tert-butyl (6-((2-chloropyrimidin-4-yl)amino)hexyl)carbamate (83) (0.200 g, 

0.61 mmol), pyridin-2-ylmethanamine (126 µL, d=1.049 g/mL, 1.22 mmol) and DIPEA (209 µL, 

d=0.755 g/mL, 1.22 mmol) were dissolved in 480 µL of isopropanol. The mixture was irradiated 

two times with microwave at 110 °C for 10 minutes (maximum power: 150 W, maximum 

pressure: 80 PSI, ramp time: 10 minutes). The same reaction was repeated on two other fraction, 

then the mixtures were combined and the solvent was removed under reduced pressure. The 

residue was taken up in 20 mL of CH2Cl2 and washed with saturated aqueous solution of 

Na2CO3 (15 mL x 3). The organic layer was dried over Na2SO4 and the solvent was removed 

under vacuum. The crude material was purified by column chromatography on flash silica gel, 

CH2Cl2/MeOH 8.5:1.5 (Rf = 0.54). Yellow oil, 0.367 g, 50% yield.  

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.46 (d, 1H, J = 4.40 Hz, pyridine); 7.76 (td, 1H, J1 = 

7.84 Hz, J2 = 1.40 Hz, pyridine); 7.59 (bs, 1H, pyrimidine); 7.40 (d, 1H, J = 7.88 Hz, pyridine); 

7.27 (dd, 1H, J1 = 6.60 Hz, J2 = 5.28 Hz, pyridine); 5.79 (d, 1H, J = 6.12 Hz, pyrimidine); 4.64 
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(s, 2H, pyridine-CH2-NH-); 3.19 (t, 2H, J = 6.76 Hz, pyrimidine-NH-CH2-CH2-); 3.00 (t, 2H, J = 

7.00 Hz, Boc-NH-CH2-); 1.48-1.35 (m, 13H, aliphatic); 1.30-1.20 (m, 4H, aliphatic). 

ESI-MS (m/z): [M+H]+ = 401.9 (100), 402.8 (25) 

 

4.1.26 Synthesis of tert-butyl (6-((4-((pyridin-2-ylmethyl)amino)pyrimidin-2-

yl)amino)hexyl)carbamate (86) 

 

In a microwave vial tert-butyl (6-((4-chloropyrimidin-2-yl)amino)hexyl)carbamate (84) (0.200 g, 

0.61 mmol), pyridin-2-ylmethanamine (126 µL, d=1.049 g/mL, 1.22 mmol) and DIPEA (209 µL, 

d=0.755 g/mL, 1.22 mmol) were dissolved in 480 µL of isopropanol. The mixture was irradiated 

with microwave at 110 °C for 10 minutes (maximum power: 150 W, maximum pressure: 80 PSI, 

ramp time: 10 minutes). The same reaction was repeated on two other fraction, then the mixtures 

were combined and the solvent was removed under reduced pressure. The residue was taken up 

in 20 mL of CH2Cl2 and washed with saturated aqueous solution of Na2CO3 (15 mL x 3). The 

organic layer was dried over Na2SO4 and the solvent was removed under vacuum. The crude 

material was purified by column chromatography on silica gel, initially with CH2Cl2/MeOH 9:1, 

and then with CH2Cl2/MeOH 8:2 (Rf = 0.55). Yellow oil, 0.586 g, 80% yield.  

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.47 (d, 1H, J = 4.40 Hz, pyridine); 7.78 (td, 1H, J1 = 

7.76 Hz, J2 = 1.68 Hz, pyridine); 7.63 (d, 1H, J = 5.96 Hz, pyrimidine); 7.38 (d, 1H, J = 7.88 Hz, 

pyridine); 7.29 (dd, 1H, J1 = 7.08 Hz, J2 = 5.44 Hz, pyridine); 5.86 (d, 1H, J = 5.84 Hz, 

pyrimidine); 4.65 (s, 2H, pyridine-CH2-NH-); 3.17 (t, 2H, J = 6.76 Hz, pyrimidine-NH-CH2-

CH2-); 3.00 (t, 2H, J = 6.96 Hz, Boc-NH-CH2-); 1.48-1.35 (m, 13H, aliphatic); 1.30-1.20 (m, 4H, 

aliphatic). 

ESI-MS (m/z): [M+H]+ = 401.9 (100), 402.8 (25)   
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4.1.27 Synthesis of: 

N4-(6-aminohexyl)-N2-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine (87) 

N2-(6-aminohexyl)-N4-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine (88) 

  
87 88 

 

To a solution of tert-butyl (6-((2-((pyridin-2-ylmethyl)amino)pyrimidin-4-

yl)amino)hexyl)carbamate (85) or tert-butyl (6-((4-((pyridin-2-ylmethyl)amino)pyrimidin-2-

yl)amino)hexyl)carbamate (86) (1 eq) in 20 mL of dry CH2Cl2 trifluoroacetic acid (20 eq) was 

added. The mixture was stirred at room temperature for 3.5 hours and then it was extracted twice 

with 5N NaOH solution (2 x 20 mL), once with H2O (20 mL). The organic layer was dried over 

Na2SO4, filtered and the solvent was removed under vacuum to give compound 87 or 88 as a 

colorless oil (80% yield), which were used for the subsequent reactions without further 

purification.  

 

4.1.28 General procedures for the synthesis of derivatives 89-92 

Intermediates 87 or 88 (1 eq) were dissolved in 10 mL of dry CH2Cl2 and to the solution the 

opportune aldehyde (2 eq) and molecular sieves (4 Å) were added. The mixture was stirred at 

room temperature for 16 hours and then filtered. The solvent was removed under reduced 

pressure and the residue was dissolved in 20 mL of MeOH and treated with NaBH4 (5 eq) at 

room temperature for 2 hours. Then the solvent was removed under reduced pressure. The 

residue was taken up in 20 mL of HCl 1M and stirred for 10 minutes; the mixture was extracted 

with CH2Cl2 (4 x 20 mL). Then the aqueous layer was basified with 5 mL of NaOH 5M (final 

pH > 8) and it was extracted with CH2Cl2 (3 x 20 mL). The organic layers of this second 

extraction were dried over Na2SO4 and the solvent was removed under vacuum. If necessary, the 

obtained residue was purified by column chromatography on silica gel. 

 

N4-(6-(benzylamino)hexyl)-N2-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine (89) 

 

Compound 89 was prepared using N4-(6-aminohexyl)-N2-(pyridin-2-ylmethyl)pyrimidine-2,4-

diamine (87) (0.162 g, 0.54 mmol), benzaldehyde (110 μL, d=1.045 g/mL, 1.08 mmol), NaBH4 
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(0.102 g, 2.7 mmol), following the procedure described above. Column chromatography: silica 

gel, initially CH2Cl2/MeOH 7:3 (until the separation of the spots with Rf > 0.5) and subsequently 

CH2Cl2/MeOH/TEA 7:3:0.1, Rf = 0.44. Pale yellow oil, 0.161 g, 76% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.43 (d, 1H, J = 4.60 Hz, pyridine); 7.74 (td, J1 = 7.76 

Hz, J2 = 1.64 Hz, pyridine); 7.58 (bs, 1H, pyrimidine); 7.39 (d, 2H, J = 7.92 Hz, pyridine); 7.33-

7.22 (m, 6H, 1H pyridine, 5H aromatic); 5.76 (d, 1H, J = 6.00 Hz, pyrimidine); 4.62 (s, 2H, 

pyridine-CH2-NH-); 3.75 (s, 2H, Ar-CH2-NH-CH2-); 3.18 (t, 2H, J = 6.72 Hz, pyrimidine-NH-

CH2-CH2-); 2.55 (t, 2H, J = 7.48 Hz, Ar-CH2-NH-CH2-CH2-); 1.53-1.36 (m, 4H, -NH-CH2-CH2-

CH2-CH2-CH2-CH2-NH-); 1.35-1.20 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 164.6; 163.1; 161.5; 154.7; 149.3; 140.1; 138.6; 129.6; 

129.5; 128.3; 123.3; 122.5; 97.4; 54.3; 49.8; 47.2; 41.1; 30.3; 30.1; 28.1; 27.8. 

ESI-MS (m/z): [M+H]+ = 392.3 

Anal. (C23H30N6) C, H, N Calcd: C 70.74 %, H 7.74 %, N 21.52 %; Found: C 70.65 %, H 7.76 

%, N 21.59 %. 

 

N2-(6-(benzylamino)hexyl)-N4-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine (90) 

 

Compound 90 was prepared using N2-(6-aminohexyl)-N4-(pyridin-2-ylmethyl)pyrimidine-2,4-

diamine (88) (0.147 g, 0.49 mmol), benzaldehyde (100 μL, d=1.045 g/mL, 0.98 mmol), NaBH4 

(0.093 g, 2.45 mmol), following the procedure described above. Yellow oil, 0.168 g, 88% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.44 (d, 1H, J = 4.60 Hz, pyridine); 7.75 (td, 1H, J1 = 

7.76 Hz, J2 = 1.60 Hz, pyridine); 7.62 (d, 2H, J = 5.96 Hz, pyrimidine); 7.37 (d, 2H, J = 7.88 Hz, 

pyridine); 7.33-7.22 (m, 6H, 1H pyridine, 5H aromatic); 5.85 (d, 1H, J = 5.80 Hz, pyrimidine); 

4.64 (s, 2H, pyridine-CH2-NH-); 3.73 (s, 2H, Ar-CH2-NH-CH2-); 3.17 (t, 2H, J = 6.84 Hz, 

pyrimidine-NH-CH2-CH2-); 2.54 (t, 2H, J = 7.48 Hz, Ar-CH2-NH-CH2-CH2-); 1.53-1.36 (m, 4H, 

-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.35-1.20 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 164.5; 163.3; 160.7; 155.4, 149.5; 140.3; 138.7; 129.6; 

129.5; 128.2; 123.5, 122.7; 96.5; 54.4; 49.8; 46.5; 42.0; 30.7; 30.2; 28.2; 27.9.  

ESI-MS (m/z): [M+H]+ = 391.7  

Anal. (C23H30N6) C, H, N Calcd: C 70.74 %, H 7.74 %, N 21.52 %; Found: C 70.77 %, H 7.75 

%, N 21.48 %. 
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N4-(6-((2-methoxybenzyl)amino)hexyl)-N2-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine (91) 

 

Compound 91 was prepared using N4-(6-aminohexyl)-N2-(pyridin-2-ylmethyl)pyrimidine-2,4-

diamine (87) (0.186 g, 0.62 mmol), 2-methoxybenzaldehyde (0.169 g, 1.24 mmol), NaBH4 

(0.117 g, 3.1 mmol), following the procedure described above. Column chromatography: silica 

gel, initially AcOEt/MeOH 1:1 (until the separation of the spots with Rf > 0.5) and subsequently 

AcOEt/MeOH/TEA 1:1:0.1, Rf = 0.31. Colorless oil, 0.073 g, 28% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.43 (ddd, 1H, J1 = 4.92 Hz, J2 = 1.60 Hz, J3 = 0.92 Hz, 

pyridine); 7.72 (td, 1H, J1 = 7.68 Hz, J2 = 1.64 Hz, pyridine); 7.59 (bs, 1H, pyrimidine); 7.38 (d, 

1H, J = 7.88 Hz, pyridine); 7.28-7.20 (m, 3H, 1H pyridine, 2H aromatic); 6.95 (d, 1H, J = 8.08 

Hz, aromatic); 6.90 (td, 1H, J1 = 7.40 Hz, J2 = 0.88 Hz, aromatic); 5.76 (d, 1H, J = 6.04 Hz, 

pyrimidine); 4.62 (s, 2H, pyridine-CH2-NH-); 3.83 (s, 3H, -OCH3); 3.74 (s, 2H, Ar-CH2-NH-

CH2-); 3.17 (t, 2H, J = 6.60 Hz, pyrimidine-NH-CH2-CH2-); 2.52 (t, 2H, J = 7.32 Hz, Ar-CH2-

NH-CH2-CH2-); 1.53-1.31 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.30-1.18 (m, 4H, 

-NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 164.6; 163.1; 161.4; 159.2; 156.5; 149.3; 138.6; 131.2; 

129.9; 128.0; 123.2; 122.5; 121.5; 111.5; 55.8; 49.7; 49.5; 47.2; 30.3; 30.1; 28.0; 27.8. One 

pyrimidine 13C signal and the 13C signal of pyrimidine-NH-CH2-CH2- are not detectable. 

ESI-MS (m/z): [M+H]+ = 422.3 

Anal. (C24H32N6O) C, H, N Calcd: C 68.54 %, H 7.67 %, N 19.98 %; Found: C 68.58 %, H 7.69 

%, N 19.92 %. 

 

N2-(6-((2-methoxybenzyl)amino)hexyl)-N4-(pyridin-2-ylmethyl)pyrimidine-2,4-diamine (92) 

 

Compound 92 was prepared using N2-(6-aminohexyl)-N4-(pyridin-2-ylmethyl)pyrimidine-2,4-

diamine (88) (0.160 g, 0.53 mmol), 2-methoxybenzaldehyde (0.144 g, 1.06 mmol), NaBH4 

(0.100 g, 2.65 mmol), following the procedure described above. Column chromatography: silica 

gel, i-PrOH/AcOEt/TEA 8:2:0.8, Rf = 0.44. Colourless oil, 0.080 g, 36% yield. 

1H-NMR (400 MHz) (MeOD) δ (ppm): 8.45 (d, 1H, J = 4.56 Hz, pyridine); 7.76 (td, 1H, J1 = 

7.76 Hz, J2 = 1.60 Hz, pyridine); 7.63 (d, 1H, J = 5.96 Hz, pyrimidine); 7.37 (d, 1H, J = 7.88 Hz, 
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pyridine); 7.28-7.20 (m, 3H, 1H pyridine, 2H aromatic); 6.97 (d, 1H, J = 8.12 Hz, aromatic); 

6.90 (t, 1H, J = 7.44 Hz, aromatic); 5.85 (d, 1H, J = 5.76 Hz, pyrimidine); 4.64 (s, 2H, pyridine-

CH2-NH-); 3.84 (s, 3H, -OCH3); 3.74 (s, 2H, Ar-CH2-NH-CH2-); 3.17 (t, 2H, J = 6.68 Hz, 

pyrimidine-NH-CH2-CH2-); 2.53 (t, 2H, J = 7.36 Hz, -CH2-CH2-NH-CH2-); 1.53-1.35 (m, 4H, -

NH-CH2-CH2-CH2-CH2-CH2-CH2-NH-); 1.34-1.20 (m, 4H, -NH-CH2-CH2-CH2-CH2-CH2-CH2-

NH-). 

13C-NMR (100 MHz) (MeOD) δ (ppm): 164.5; 163.3; 160.8; 159.2; 155.4; 149.5; 138.7; 131.2; 

129.9; 128.0; 123.5; 122.7; 121.5; 111.5; 96.5; 55.8; 49.7; 49.5; 46.5; 42.0; 30.7; 30.1; 28.1; 

27.8.  

ESI-MS (m/z): [M+H]+ = 422.1 

Anal. (C24H32N6O) C, H, N Calcd: C 68.54 %, H 7.67 %, N 19.98 %; Found: C 68.59 %, H 7.65 

%, N 19.95 %. 
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4.2 Enzymatic assays 

4.2.1 Materials and methods 

Electric eel AChE (EeAChE, EC 3.1.1.7), equine BChE (EC 3.1.1.8), acetylthiocholine iodide, 

5,5’-dithio-bis-(2-nitrobenzoic acid) (DTNB), tacrine and carbaryl, used as reference standard, 

were purchased from Sigma-Aldrich (Milan, Italy). All other chemical and biological reagents 

and solvents used were of the highest analytical, commercially available grade. The water, 

utilized for the preparation of the phosphate buffer and of the compounds solutions, was distilled 

and filtered on nylon membrane filters with 0.2 μm pore size with the Millipore® Filtration 

apparatus before each use. 

Micropipettes Labmate (BRAND Dig. 10-100 μL; Dig. 100-1000 μL; Dig. 0.1-2 μL) and 

Transferpette (HIGH TECH LAB LM200: 20-200 μL; LM5000: 1000-5000 μL) were used to 

collect the samples. 

The assays were carried out by double beam UV-Vis Lambda 40 Perkin Elmer 

spectrophotometer, using optical polystyrene cuvettes (10x10x45 mm, 340–800 nm optical 

transparency), each measure was repeated at least in triplicate. For data processing UV-WIN Lab 

version 2.0, Perkin Elmer Corporation and Sigma Plot version 8.0 were used. 

Vivaspin® 2 Sartorius with a membrane of 3000 MWCO (molecular weight cutoff) consisting of 

polyethersulfone (PES), cellulose triacetate (CTA) and hydrosart were used for the ultrafiltration 

procedures. An ALC PK110 bench-top centrifuge was used for centrifugation. 

The spectrophotometric method of Ellman [50] with minor modifications was used to evaluate 

the inhibition of cholinesterase enzymes. The enzymatic hydrolysis of the substrate 

acetylthiocholine involves the release of thiocholine, which reacting with DTNB leads to the 

formation of 2-nitro-5-thiobenzoic anion, responsible for the yellow color of the solution at 

wavelength of 412 nm: the rate of appearance of this coloration is directly proportional to the 

concentration of thiocholine, therefore to the speed of hydrolysis of the substrate (expressed as 

μmol of substrate hydrolyzed in 1 minute by an enzymatic unit). 

The absorbance was recorded at 412 nm between 0 and 1.6 minutes and the absorbance 

variation, utilized for the kinetic assay, was measured between 0.5 and 1.5 minutes to allow 

stabilization of the UV-Vis lamp and of the solution. The method is extremely sensitive to 

variations in the order of microliters: the standard deviations (less than 5%) of the values 

obtained are compatible with the experimental errors associated with the use of micropipettes. 

Each compound tested was dissolved in the opportune quantity of DMSO in order to obtain a 

final cuvette DMSO content < 0.033%, that does not affect the enzyme activity. 
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Figure 16. Spectrophotometric method of Ellman 

 

EeAChE and eqBChE were periodically tested to evaluate the effective enzymatic activity. 

Therefore, solutions containing a known amount of substrate (ASCh in the range 0.5-15 mM) 

were prepared in 0.1 M phosphate buffer (NaH2PO4 / Na2HPO4, pH = 7.4). To 3 mL of each of 

these solutions 60 µL of DTNB (12.5 mM) were added and, after the reading of the blank 

sample, 30 µL of the enzyme solution, obtained by dissolving the appropriate amount of enzyme 

in phosphate buffer (pH = 7.4), were introduced. Then the absorbance variation at 412 nm, 

between 0.5 and 1.5 minutes, was measured. For each substrate concentration the measurements 

were repeated at least 3 times. For EeAChE, plotting the average of absorbance variation for 

each substrate concentration, a parabolic curve is obtained: the maximum of this curve represents 

the concentration of substrate necessary to have the maximum enzyme activity in these 

conditions. For eqBChE, which does not undergo substrate inhibition, plotting the average of 

absorbance variation for each substrate concentration, a curve that reaches a plateau at high 

substrate concentrations is obtained: at the plateau corresponds the maximum enzyme activity in 

these conditions. These maximum enzyme activity values were used to calculate the number of 

enzyme units introduced into the cuvette, by converting the absorbance variation into hydrolysis 

rate and then into enzyme units, considering that an enzymatic unit represents the amount of 

enzyme that hydrolyzes in one minute one micromole of substrate. 
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4.2.2 Percent inhibition of EeAChE and eqBChE 

For all the synthesized compounds the percentages of inhibition towards AChE of Electrophorus 

electricus (EeAChE) and equine BChE (eqBChE) were evaluated. 

3.0 mL of a solution in 0.1 M phosphate buffer (pH = 7.4) containing DTNB (0.25 mM) and 

EeAChE (0.083 UmL-1) or eqBChE (0.083 UmL-1) were placed in a polystyrene cuvette of 1.0 

cm path length; 1 µL of a solution in DMSO of the tested compound was added to obtain in 

cuvette concentration range 9 µM – 0.09 µM. With this solution the blank was made. To start the 

reaction 30 µL of a solution in 0.1 M phosphate buffer (pH = 7.4) of acetylthiocholine (10 mM) 

were added in order to obtain a final concentration of acetylthiocholine equal to 100 µM. The 

increase in the absorbance, due to the production of the yellow 2-nitro-5-thiobenzoic anion, was 

recorded at 412 nm at 25°C, and the absorbance variation was measured between 0.5 and 1.5 

min. As a control, an identical solution of the enzyme without the inhibitor was processed 

following the same protocol to determine the 100% of enzyme activity. 

Each experiment was repeated at least in triplicate. The potency of each compound to inhibit 

EeAChE or eqBChE activity was expressed as percent inhibition calculated using the following 

equation: 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
𝐴𝑐 − 𝐴𝑖

𝐴𝑐
 𝑥 100 

where Ai and Ac represent the average of absorbance variation in presence of inhibitor and 

without inhibitor, respectively. 

 

4.2.3 Time dependent inhibition assay for carbamate derivatives 48-51 and 75-76 

For carbamate derivatives 48-51 and 75-76 the percentages of inhibition were measured both at 

zero time, according to the procedure described above, and after incubation of 1h at 25 °C. In 

this case, for each compound, three cuvettes were prepared with 3.0 mL of a solution in 0.1 M 

phosphate buffer (pH = 7.4) containing DTNB (0.25 mM) and EeAChE (0.083 UmL-1) or 

eqBChE (0.083 UmL-1) and with 1 μL of inhibitor solution in DMSO, in order to obtain final 

compound concentrations equal to 9 μM for EeAChE and equal to 900 nM for eqBChE; in 

parallel, three control cuvettes were prepared with 3.0 mL of a solution in 0.1 M phosphate 

buffer containing DTNB (0.25 mM) and enzyme (0.0833 UmL-1), without inhibitor, to determine 

the 100% of enzyme activity. The cuvettes were prepared consecutively at intervals of 3 minutes 

to allow equal incubation times. Each cuvette was incubated for 1h at 25 °C. Then the blank was 

made and the reaction was activated by adding 30 μL of a solution in 0.1 M phosphate buffer 

(pH = 7.4) of acetylthiocholine (10 mM), in order to obtain a final concentration of substrate 
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equal to 100 μM. The absorbance variation was measured at 412 nm at 25°C, between 0.5 and 

1.5 min, and the percentage of inhibition after incubation was calculated. 

For carbamate 50 the percentage of inhibition toward eqBChE was determined at increasing 

incubation time. The same protocol described above was followed, but with different incubation 

times, every 15 minutes for 2 hours. For each incubation time three cuvettes were prepared as 

previously described, with final compound concentration equal to 700 nM. 

 

4.2.4 Determination of constant and mechanism of inhibition vs EeAChE and eqBChE 

The constant and the mechanism of inhibition vs EeAChE and eqBChE were determined for the 

most active compounds (9, 13, 19, 23, 25, 28, 64, 66, 68, 70, 89, 90 and 91 towards EeAChE and 

18, 22, 25, 26, 28, 30, 44, 46, 62, 64, 66, 72, 78, 80, 82, 89 and 91 towards eqBChE). 

For each compound a stock solution 500 μM was prepared in H2O/DMSO or in HCl 10-2 M and 

diluted in water to prepare solutions of opportune concentrations such as to introduce in the 

cuvette volumes ranging from 30 to 100 μL, to obtain the desired final concentrations. The 

maximum amount of DMSO used for the preparation of the stock solution was calculated in 

order to have a DMSO content in cuvette <0.033%. 

3.0 mL of 0.1 M phosphate buffer (pH = 7.4) containing DTNB (0.25 mM) and EeAChE (0.083 

UmL-1) or eqBChE (0.083 UmL-1) were mixed with the opportune volume of inhibitor, 

solubilized in H2O/DMSO, to obtain in cuvette a final inhibitor concentration between 90 and 

1800 nM and a final DMSO content < 0.033%. With this solution the blank was made. The 

reaction was started by adding to the enzyme–inhibitor mixture the proper volume of a solution 

in 0.1 M phosphate buffer (pH = 7.4) of acetylthiocholine (10 mM) in order to obtain a final 

concentration of substrate equal to 100-400 µM. Each determination was repeated for five times. 

The absorbance variations were measured at 412 nm at 25 °C between 0.5 and 1.5 min. From 

these data the values of the enzymatic hydrolysis rate, expressed as μmol of substrate hydrolyzed 

in a minute by an enzymatic unit, were obtained. 

In order to determine the inhibition constants (Ki) and inhibition mechanism the rates of 

hydrolysis at three different concentration of substrate in presence of five different concentration 

of inhibitor were measured. The recorded data were analyzed by the enzyme kinetic module of 

SigmaPlot (version 8.02) plotting the reciprocal of rate of hydrolysis (1/v, min/μM) vs the 

concentration of inhibitor (nM), according to the Dixon’s method [51], in order to find the best 

fitting model of inhibition, as indicated by calculated linear regression coefficient R2. 
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4.2.5 Determination of IC50 vs EeAChE and eqBChE 

For compounds 20 and 50 the IC50 values respectively vs EeAChE and eqBChE were calculated. 

For compound 20 eight different inhibitor solutions in HCl 10-2 M were prepared, having 

suitable concentrations, so as to add 20 μL of these solutions to the assay mixture to obtain a 

final concentration between 0.05 and 10 µM. 

Three cuvettes were prepared for each inhibitor concentration with 3.0 mL of a solution in 0.1 M 

phosphate buffer (pH = 7.4) containing DTNB (0.25 mM) and enzyme (0.0833 UmL-1) and with 

20 μL of the appropriate inhibitor solution. In parallel, three control cuvettes were prepared with 

3.0 mL of a solution in 0.1 M phosphate buffer containing DTNB (0.25 mM) and enzyme 

(0.0833 UmL-1), without inhibitor, to determine the 100% of enzyme activity. Then the blank 

was made and the reaction was activated by adding 30 μL of a solution in 0.1 M phosphate 

buffer (pH = 7.4) of acetylthiocholine (10 mM), in order to obtain a final concentration of 

substrate equal to 100 μM. Then the absorbance variation at 412 nm was measured between 0.5 

and 1.5 minutes and the percentage of inhibition was calculated. The recorded data were 

analyzed by the enzyme kinetic module of SigmaPlot plotting the percentages of inhibition as a 

function of the different concentrations of inhibitor, expressed in logarithmic scale, in order to 

obtain the sigmoid graph, from which it was possible to determinate the value of the IC50 of 

tested compound. The IC50 value was confirmed by repeating the experiment twice. 

For compound 50 eight different inhibitor solutions in DMSO were prepared, having suitable 

concentrations, so as to add 1 μL of these solutions to the assay mixture to obtain a final 

concentration between 50 and 1500 nM, with a final DMSO content <0.033%.  

Then the same protocol described above for compound 20 was followed, but in this case, before 

the activation of the reaction, each cuvette was incubated for 1h at 25°C, in order to calculate the 

percentage of inhibition after incubation. 

 

4.2.6 Study of reversibility of inhibition of compound 50 vs eqBChE 

Three solutions were prepared in 0.1 M phosphate buffer (pH = 7.4) containing eqBChE (0.50 

UmL-1), DTNB (0.3 mM), acetylthiocholine (10 mM) respectively. A solution of compound 50 

in DMSO (2.7 mM) was prepared. 

6 Vivaspin® were used: 

• 3 were prepared with 2.5 mL of eqBChE solution (0.50 UmL-1) and 5 µL of inhibitor solution. 

• 3 were prepared with 2.5 mL of eqBChE solution (0.50 UmL-1) and 5 µL of DMSO. 

The Vivaspin® thus prepared were incubated for 1h at 25 °C. After this time the percentage of 

inhibition was determined following the Ellman method. The blank was recorded by taking 500 
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µL from the Vivaspin® and diluting them in the cuvette in 2.5 mL of DTNB solution (0.3 mM). 

The reaction was activated by adding 30 μL of acetylthiocholine solution (10 mM), so as to have 

a final concentration of 100 µM in the cuvette. The absorbance variation was measured between 

0.5 and 1.5 minutes at 412 nm, repeating the measurement for each of the six Vivaspin®.  

After this procedure the first centrifugation of the Vivaspin® was carried out for 60 minutes at 

4000 rpm and subsequently the solutions that crossed the membrane and settled in the filtrate 

tube were removed. In this way the solutions present in the concentrator body concentrated up to 

100 µL. To these solutions 1 mL of 0.1 M phosphate buffer (pH = 7.4) was added and the second 

centrifugation was carried out for 30 minutes at 4000 rpm. The solutions present in the 

concentrator body concentrated up to 200 µL. The second washing was carried out, adding 1 mL 

of buffer and centrifuging for 30 minutes at 4000 rpm. The solutions present in the concentrator 

body concentrated up to 250 µL. A third wash was carried out adding 1 mL of buffer and 

centrifuging for 50 minutes at 4000 rpm. The solutions present in the concentrator body 

concentrated up to 150 µL. At this point, to recover the concentrated solution, the filtrate tube 

was removed, the concentrator body was turned upside down and inserted inside the concentrate 

recovery cap. The Vivaspin® was centrifuged for 10 minutes at 4000 rpm. After this time the 

recovered solution was taken up with 3 mL of DTNB solution (0.3 mM) and transferred into the 

cuvette: blank was recorded. The reaction was activated when 30 µL of substrate solution (10 

mM) were added so as to have a final concentration of 100 µM in the cuvette. The absorbance 

variation between 0.5 and 1.5 minutes was measured at 412 nm, repeating the measurement for 

each of the recovered solutions. With these data the percentage of inhibition was calculated using 

the following equation: 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
𝐴𝑟𝑐 − 𝐴𝑟𝑖

𝐴𝑟𝑐
 

where Ari and Arc represent the average of absorbance variation in the solutions recovered from 

the Vivaspin® initially prepared with the inhibitor and in the solutions recovered from the 

Vivaspin® initially prepared without inhibitor, respectively. 

As a positive control carbaryl was used, for which the same procedure was followed, using a 27 

mM carbaryl stock solution in DMSO. 
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4.3 Molecular docking studies  

The crystal structures of Human recombinant AChE (hAChE) complexed with donepezil (code: 

4EY7, resolution of 2.35 Å) and of Human recombinant BChE (hBChE) complexed with N-((1-

(2,3-dihydro-1H-inden-2-yl)piperidin-3-yl)methyl)-N-(2-(dimethylamino)ethyl)-2-naphthamide 

(code: 5NN0, resolution of 2.10 Å) or complexed with decamethonium (code: 6EP4, resolution 

of 2.30 Å) were downloaded from PDB (http://www.rcsb.org) [60]. Prior to performing 

molecular docking, the protein PDB file was prepared using the Dock Prep tool available in the 

free software package UCSF Chimera 1.11.2rc [53]. This involved the addition of hydrogen 

atoms, removal of water molecules and assigning partial charges (using the AMBER99 force 

field). Docking calculations were carried out using SwissDock, an online server of the Swiss 

Bioinformatic Institute (http://swissdock.vital-it.ch/) that docks ligand to protein using EADock 

DSS software [61] [62]. Docking runs were performed using the parameters: docking type 

“Accurate”, which is the most exhaustive in terms of the number of binding modes sampled; 

flexibility of 5 Å, that allows flexibility for side chains within 5 Å of any atom of the ligand in its 

reference binding mode. Output clusters were obtained after each docking run and were ranked 

according to the FullFitness (FF) scoring function specified by the SwissDock algorithm (cluster 

0 being the cluster with the best FF score). A greater negative FF score indicates a more 

favorable binding mode with a better fit. Within each cluster, the individual binding poses were 

further arranged and ranked based on their FF score. Results of the SwissDock were visualized 

by UCSF Chimera package. Re-docking experiments with natural ligand (donepezil, N-((1-(2,3-

dihydro-1H-inden-2-yl)piperidin-3-yl)methyl)-N-(2-(dimethylamino)ethyl)-2-naphthamide or 

decamethonium) were carried out in order to evaluate the ability of the software to correctly 

recognize the hAChE and the hBChE binding site. 

  

http://www.rcsb.org/
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4.4 Chelation studies 

4.4.1 Materials and methods 

FeCl36H2O, CuSO45H2O, Zn(NO3)2·6H2O and methanol, used for chelation studies, were 

purchased from Sigma-Aldrich. Micropipettes Labmate (BRAND Dig. 10-100 μL; Dig. 100-

1000 μL) and Transferpette (HIGH TECH LAB LM200: 20-200 μL; LM5000: 1000-5000 μL) 

were used to collect the samples. The assays were carried out by double beam UV-Vis Lambda 

40 Perkin Elmer spectrophotometer, using quartz cuvettes (Optech, type S/Q/10). Data were 

elaborated using UV-WIN Lab Version 2.0, Perkin Elmer Corporation, Microsoft Excel 2010 

and Spekwin32. 

 

4.4.2 UV-Vis titration 

For the UV-Vis titration ligand solutions in methanol were prepared: 10-3 M for compounds 9, 

13, 20, 25, 28, 30, 44, 46, 50; 5·10-3 M for compounds 18 and 19; 1.7·10-3 M for compound 64; 

2·10-3 for compounds 68, 72, 78, 80 and 82. Stock solutions 1 M of CuSO45H2O and 

Zn(NO3)2·6H2O in water and 0.1 M of FeCl36H2O in methanol were prepared and diluted with 

methanol to obtain different solutions, having suitable concentrations, so as to add 2.85 mL of 

these solutions to 150 µL of ligand solution, to obtain in 3 mL of assay mixture a final molar 

ratio of metal ion to ligand between 0.1 and 20. UV-Vis spectra were recorded from 210 to 750 

nm. 

For the first measure 150 µL of ligand solution were diluted in 2.85 mL of methanol into sample 

cuvette, while only methanol was placed in reference cuvette and the UV-Vis spectrum was 

recorded. For subsequent measurements 2.85 mL of the opportune metal solution were placed 

both in sample cuvette and in reference cuvette; then 150 µL of ligand solution were added to 

sample cuvette, while 150 µL of methanol were added to reference cuvette and the UV-Vis 

spectra were recorded. 

The spectra thus obtained were superimposed to observe the variations present between the 

ligand alone and in presence of increasing amount of metal.  

 

4.4.3 Job’s Plot 

To determine the stoichiometric coefficients of the complexes the Job’s method [54] was used, 

which requires to mix, in appropriate proportions, equimolar solution of metal ion and ligand, so 

that the final volume and the total moles present in the cuvette are equal for each measurements. 

The absorbance values were recorded at the wavelengths, extrapolated from the UV-Vis titration 
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spectra, where the maximum variation of absorbance was observed. At the same time two 

solutions in methanol of equal concentration were prepared, one of ligand and one of metal ion, 

diluting the solutions 1 M of CuSO45H2O and Zn(NO3)2·6H2O and 0.1 M of FeCl36H2O 

previously prepared. The concentrations of the solutions used and the wavelengths in which the 

absorbance was recorded were: 4.96·10-4 M for 18 and Fe3+  ̶  375 nm; 5.02·10-4 M for 18 and 

Cu2+   ̶ 330 nm; 5.66·10-4 M for 19 and Fe3+  ̶  292, 375 nm; 5.66·10-4 M for 19 and Cu2+  ̶  312, 

330 nm; 3.10·10-4 M for 20 and Fe3+   ̶ 370 nm; 3.35·10-4 M for 20 and Cu2+   ̶ 330 nm; 3.00·10-4 

M for 25 and Fe3+   ̶ 251, 318 nm; 3.99·10-4 M for 25 and Cu2+   ̶ 330 nm; 3.00·10-4 M for 28 and 

Fe3+  ̶  252, 316, 374 nm; 3.99·10-4 M for 28 and Cu2+   ̶ 330 nm; 3.28·10-4 M for 30 and Fe3+  ̶  

310, 372 nm; 3.58·10-4 M for 30 and Cu2+   ̶ 312, 330 nm; 2.96·10-4 M for 44 and Fe3+  ̶  251, 320 

nm; 6.00·10-4 M for 44 and Cu2+  ̶  330 nm; 2.83·10-4 M for 46 and Fe3+  ̶  250, 310 nm; 2.90·10-4 

M for 50 and Fe3+   ̶ 245, 310 nm; 2.13·10-4 M for 64 and Fe3+  ̶  274 nm; 2.56·10-4 M for 68 and 

Fe3+   ̶  301 nm; 2.56·10-4 M for 68 and Cu2+   ̶ 228 nm; 2.63·10-4 M for 72 and Fe3+   ̶ 254, 312 

nm; 2.44·10-4 M for 80 and Fe3+  ̶  240, 295, 370 nm; 2.54·10-4 M for 82 and Fe3+  ̶  375, 600 nm; 

2.54·10-4 M for 82 and Cu2+  ̶  240, 286, 310 nm; 2.54·10-4 M for 82 and Zn2+  ̶  286, 310 nm. 

For each determination 9-24 measurements were made, introducing appropriate volumes of 

metal and ligand solutions in the sample cuvette to obtain mole fractions of the ligand in the 

range 0.1-0.95, while appropriate volumes of ligand solution and methanol were placed in the 

reference cuvette, to obtain the same concentration of ligand in the sample cuvette. The 

absorbance values of the metal ion, calculated by the Lambert-Beer relation, known the 

extinction coefficients ε of the metal ion at used wavelengths and the nominal concentrations of 

the metal ion for each measure, were algebraically subtracted from the recorded absorbance 

values, in order to obtain the exclusive absorbance variations due to the complex formation.  

The resulting ΔA were reported in graph as a function of the mole fraction of the ligand and 

through the intersections of the linear regression lines, the mole fraction X, which caused the 

maximum variation in absorbance, was determined and used to calculated the value of the 

coefficient n, which corresponds to the number of ligand molecules per cation, applying the 

following equation: 

𝑛 =  
𝑋

1 − 𝑋
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4.5 Antioxidant activity  

4.5.1 Materials and methods 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) and methanol used for the analyzes were purchased from 

Sigma-Aldrich. 

Micropipettes Labmate (BRAND Dig. 10-100 μL; Dig. 100-1000 μL) and Transferpette (HIGH 

TECH LAB LM200: 20-200 μL; LM5000: 1000-5000 μL) were used to collect the samples. 

The assays were carried out by double beam UV-Vis Lambda 40 Perkin Elmer 

spectrophotometer, using optical polystyrene cuvettes (10x10x45 mm, 340–800 nm optical 

transparency), each measure was repeated at least in triplicate. For data processing UV-WIN Lab 

version 2.0, Perkin Elmer Corporation was used. 

The antioxidant activity of tested compounds was evaluated by the DPPH method [55], based on 

the ability of antioxidant compounds to react with the stable radical 2,2-Diphenyl-1-

picrylhydrazyl (DPPH). This radical is stabilized by the delocalization of the spare electron 

inside the whole molecule; the delocalization is responsible for the intense violet coloration of 

the compound, which has a maximum absorption at about 515 nm. When a substance with 

antioxidant activity capable of donating a hydrogen atom is added to a DPPH solution, this leads 

to the reduction of DPPH, with the formation of the reduced non-radical species and with a 

consequent loss of violet color. Thus, by measuring the decrease in absorbance over time of 

DPPH solutions to which increasing amounts of the tested compound are added, the antioxidant 

activity of the compound can be determined. 

 

4.5.2 Antioxidant activity tests 

To assess the antioxidant activity of compounds 18, 19, 20 and 30, at first the decrease in 

absorbance over time at 515 nm of a solution of DPPH and antioxidant was recorded, until the 

completion of the reaction. To 2.90 mL of methanol, 60 µL of a DPPH solution in methanol 

(~1.2 mM), and 40 µL of an antioxidant solution in methanol (4.5 mM) were added, in order to 

have in cuvette concentrations of DPPH equal to about 25 µM and of antioxidant equal to 60 

µM. The exact DPPH concentration was calculated through the Lambert-Beer relation, known 

extinction coefficient of DPPH at 515 nm, equal to 1.25104 [55]. The absorbance was recorded 

until the plateau was reached. 

Subsequently, for compounds that showed antioxidant activity (18, 20 and 30) the EC50 values 

were determined. To obtain the initial DPPH concentration, 2.94 mL of methanol and 60 µL of 

DPPH solution in methanol (~1.2 mM) were placed in a polystyrene cuvette and the absorbance 
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was recorded at 515 nm. The exact initial DPPH concentration was calculated through the 

Lambert-Beer relation. For subsequent measurements the cuvettes were set up by introducing the 

opportune volume of methanol to reach a total volume of 3 mL, 60 µL of DPPH solution in 

methanol (~1.2 mM, to have a final concentration of ~25 µM) and the appropriate volumes of 

antioxidant stock solution in methanol, to have final concentrations between 1.5 µM and 12 µM 

for 20 and between 5 µM and 60 µM for 18 and 30; the absorbance was recorded at 515 nm at 

the plateau, then after 1 minute for compound 20, after 90 minutes for compounds 18 and 30. 

Each measure was repeated four times. With absorbance data the percentages of residual DPPH 

at steady state were obtained, using the following equation: 

% 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝐷𝑃𝑃𝐻 =
𝐴𝑐

𝐴0
 𝑥 100 

where Ac is the average of absorbance in presence of antioxidant at plateau and A0 is the average 

of initial absorbance of DPPH. 

 

Plotting the percentage of residual DPPH at the steady state as a function of molar ratio of 

antioxidant to initial DPPH, it is possible to obtain the value of EC50, defined as the ratio of 

moles of antioxidant which reduce by 50% the initial concentration of DPPH to initial moles of 

DPPH. The whole experiment was repeated twice for each compound. 

The same procedure was performed using ascorbic acid as antioxidant, at cuvette concentrations 

between 1.5 µM and 18 µM, recording the absorbance at 515 nm after 2 minutes from the 

preparation of the cuvettes. In this way an EC50 equal to 0.265 ± 0.007 was measured, in 

accordance with literature [63]. 
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Appendix 1 

2D NOESY spectra of compounds 77 and 78 

Figure A1.1. 2D NOESY spectrum of compound 77 in CD3CN, recorded on Bruker AVANCE-400 spectrometer.  

The doublet at 6.37 ppm correlates with the broad singlet at 7.83 ppm (green square): these signals correspond 

respectively to Hb and Ha of pyrimidine moiety. The broad singlet at 3.29 ppm shows a cross peak with the broad 

singlet of NH (Hc) at 6.53 ppm (blue square) and corresponds to the Hd of the aliphatic chain. The cross peak 

between the doublet at 6.37 ppm and the broad singlet at 3.29 ppm (red square) indicates the closeness of Hb to Hd 

and confirms the structure reported for compound 77. 
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Figure A1.2. 2D NOESY spectrum of compound 78 in CD3CN, recorded on Bruker AVANCE-400 spectrometer. 

The doublet at 8.13 ppm correlates with the doublet at 6.56 ppm (green square): these signals correspond 

respectively to Ha and Hb of pyrimidine moiety. The quadruplet at 3.31 ppm shows a cross peak with the broad 

singlet of NH (Hc) at 6.09 ppm (blue square) and corresponds to the Hd of the aliphatic chain. In this spectrum there 

are not NOE correlation between the hydrogens of pyrimidine moiety and the Hd of the aliphatic chain and this 

confirms the structure reported for compound 78. 
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Appendix 2 

Dixon’s plots and IC50 graphs of tested compounds 

 

Figure A2.1. Dixon’s plot obtained for 9 (90-210 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-300 

μM). Mixed inhibition mechanism was observed (Ki = 0.312 ± 0.108 μM, R2 = 0.982). 

 

Figure A2.2. Dixon’s plot obtained for 13 (90-210 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 0.426 ± 0.132 μM, R2 = 0.991). 
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Figure A2.3. Dixon’s plot obtained for 19 (200-1800 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Uncompetitive inhibition mechanism was observed (Ki = 0.509 ± 0.018 μM, R2 = 0.992). 

 

Figure A2.4. Dixon’s plot obtained for 23 (200-400 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 0.743 ± 0.316 μM, R2 = 0.983). 
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Figure A2.5. Dixon’s plot obtained for 25 (100-300 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 0.995 ± 0.374 μM, R2 = 0.988). 

 

Figure A2.6. Dixon’s plot obtained for 28 (200-400 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 1.323 ± 0.622 μM, R2 = 0.990). 
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Figure A2.7. Dixon’s plot obtained for 64 (200-1800 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Uncompetitive inhibition mechanism was observed (Ki = 0.788 ± 0.051 μM, R2 = 0.976). 

 

Figure A2.8. Dixon’s plot obtained for 66 (200-1800 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 2.787 ± 0.614 μM, R2 = 0.985). 
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Figure A2.9. Dixon’s plot obtained for 68 (400-1800 nM), in presence of EeAChE (0.0833 U/mL) and ASCh (100-

300 μM). Uncompetitive inhibition mechanism was observed (Ki = 1.366 ± 0.070 μM, R2 = 0.983). 

 

Figure A2.10. Dixon’s plot obtained for 70 (200-1800 nM), in presence of EeAChE (0.0833 U/mL) and ASCh 

(100-300 μM). Mixed inhibition mechanism was observed (Ki = 1.344 ± 0.252 μM, R2 = 0.987). 
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Figure A2.11. Dixon’s plot obtained for 89 (100-1300 nM), in presence of EeAChE (0.0833 U/mL) and ASCh 

(100-300 μM). Mixed inhibition mechanism was observed (Ki = 0.476 ± 0.080 μM, R2 = 0.987). 

 

Figure A2.12. Dixon’s plot obtained for 90 (100-1300 nM), in presence of EeAChE (0.0833 U/mL) and ASCh 

(100-300 μM). Mixed inhibition mechanism was observed (Ki = 0.604 ± 0.118 μM, R2 = 0.983). 

  



141 

 

 

Figure A2.13. Dixon’s plot obtained for 91 (100-1300 nM), in presence of EeAChE (0.0833 U/mL) and ASCh 

(100-300 μM). Mixed inhibition mechanism was observed (Ki = 0.831 ± 0.174 μM, R2 = 0.984). 

 

Figure A2.14. Dixon’s plot obtained for 18 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 3.034 ± 0.604 μM, R2 = 0.986). 
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Figure A2.15. Dixon’s plot obtained for 22 (500-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 0.099 ± 0.071 μM, R2 = 0.990). 

 

Figure A2.16. Dixon’s plot obtained for 25 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 2.373 ± 0.304 μM, R2 = 0.992). 
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Figure A2.17. Dixon’s plot obtained for 26 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 3.465 ± 1.480 μM, R2 = 0.950). 

 

Figure A2.18. Dixon’s plot obtained for 28 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 3.434 ± 0.701 μM, R2 = 0.988). 
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Figure A2.19. Dixon’s plot obtained for 30 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 1.105 ± 0.189 μM, R2 = 0.983). 

 

Figure A2.20. Dixon’s plot obtained for 44 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Competitive inhibition mechanism was observed (Ki = 2.988 ± 0.190 μM, R2 = 0.987). 
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Figure A2.21. Dixon’s plot obtained for 46 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Competitive inhibition mechanism was observed (Ki = 0.621 ± 0.043 μM, R2 = 0.980). 

 

Figure A2.22. Dixon’s plot obtained for 62 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 0.450 ± 0.054 μM, R2 = 0.991). 
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Figure A2.23. Dixon’s plot obtained for 64 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 2.364 ± 0.388 μM, R2 = 0.991). 

 

Figure A2.24. Dixon’s plot obtained for 66 (200-1800 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100-

300 μM). Mixed inhibition mechanism was observed (Ki = 0.910 ± 0.149 μM, R2 = 0.982). 
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Figure A2.25. Dixon’s plot obtained for 72 (100-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (200-

400 μM). Mixed inhibition mechanism was observed (Ki = 0.182 ± 0.018 μM, R2 = 0.997). 

 

Figure A2.26. Dixon’s plot obtained for 78 (100-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (200-

400 μM). Mixed inhibition mechanism was observed (Ki = 1.080 ± 0.116 μM, R2 = 0.991). 
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Figure A2.27. Dixon’s plot obtained for 80 (100-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (200-

400 μM). Mixed inhibition mechanism was observed (Ki = 0.258 ± 0.025 μM, R2 = 0.998). 

 

Figure A2.28. Dixon’s plot obtained for 82 (100-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (200-

400 μM). Mixed inhibition mechanism was observed (Ki = 0.920 ± 0.131 μM, R2 = 0.986). 
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Figure A2.29. Dixon’s plot obtained for 89 (100-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (200-

400 μM). Mixed inhibition mechanism was observed (Ki = 0.627 ± 0.098 μM, R2 = 0.989). 

 

Figure A2.30. Dixon’s plot obtained for 91 (100-1700 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (200-

400 μM). Mixed inhibition mechanism was observed (Ki = 0.488 ± 0.055 μM, R2 = 0.996). 
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Figure A2.31. IC50 graph for compound 20 (0.05-10 μM), in presence of EeAChE (0.0833 U/mL) and ASCh (100 

μM). The IC50 value extrapolated from the graph is 622 ± 30 nM. 

 

Figure A2.32. IC50 graph for compound 50 (50-1500 nM), in presence of eqBChE (0.0833 U/mL) and ASCh (100 

μM). The IC50 value extrapolated from the graph is 454 ± 82 nM. 
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Appendix 3 

Supplementary docking figures 

Figure A3.1. Superimposition of the natural 

ligand in its original position in the crystal 

structure (donepezil, cyan) and of the re-docked 

ligand in its top-scored pose (orange) on the 

active site of hAChE (4EY7). 

 

 

 

 

 

 

 

 

Figure A3.2. Superimposition of the natural 

ligand in its original position in the crystal 

structure (N - ((1 - (2,3 - dihydro - 1H - inden - 2 

- yl)piperidin - 3 - yl)methyl) - N - (2 - 

(dimethylamino)ethyl) - 2 - naphthamide, cyan) 

and of the re-docked ligand in its top-scored pose 

(orange) on the active site of hBChE (5NN0). 

 

 

 

 

 

 

Figure A3.3. Superimposition of the natural 

ligand in its original position in the crystal 

structure (decamethonium, cyan) and of the re-

docked ligand in its top-scored pose (orange) on 

the active site of hBChE (6EP4). 
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Figure A3.4. Best binding poses of pyrimidine 

diamine derivative 13 (orange) in the active site of 

hAChE (4EY7). The selected amino acids are tan 

coloured. The possible H-bond is represented in 

green lines. 

Figure A3.5. Best binding poses of pyrimidine 

diamine derivative 19 (purple) in the active site of 

hAChE (4EY7). The selected amino acids are tan 

coloured. The possible H-bond is represented in 

green lines. 

Figure A3.6. Best binding poses of pyrimidine 

diamine derivative 20 (orchid) in the active site of 

hAChE (4EY7). The selected amino acids are tan 

coloured. The possible H-bond is represented in 

green lines. 

Figure A3.7. Best binding poses of pyridine diamine 

derivative 23 (light green) in the active site of 

hAChE (4EY7). The selected amino acids are tan 

coloured.  
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Figure A3.8. Best binding poses of pyridine diamine 

derivative 25 (sky blue) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured.  

Figure A3.9. Best binding poses of pyridine diamine 

derivative 28 (sea green) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured.  

Figure A3.10. Best binding poses of deferiprone 

derivative 66 (dark green) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured.  

Figure A3.11. Best binding poses of deferiprone 

derivative 68 (dark cyan) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured.  
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Figure A3.12. Best binding poses of deferiprone 

derivative 70 (hot pink) in the active site of hAChE 

(4EY7). The selected amino acids are tan coloured.  

 

Figure A3.13. Best binding poses of (pyridin-2-

ylmethyl)pyrimidine derivative 90 (orange red) in the 

active site of hAChE (4EY7). The selected amino 

acids are tan coloured. The possible H-bond is 

represented in green lines. 

Figure A3.14. Best binding poses of (pyridin-2-

ylmethyl)pyrimidine derivative 91 (cyan) in the 

active site of hAChE (4EY7). The selected amino 

acids are tan coloured. The possible H-bonds are 

represented in green lines. 

Figure A3.15. Best binding poses of (pyridin-2-

ylmethyl)pyrimidine derivative 92 (cornflower blue) 

in the active site of hAChE (4EY7). The selected 

amino acids are tan coloured.  
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Appendix 4 

UV-Vis titrations and Job’s plots of tested compounds 

 

 

Figure A4.1. UV-Vis titration of ligand 9 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 220 and 312 nm, with an increase of absorbance, and at 256 and 372 nm, with a reduction of 

absorbance. There are two isosbestic points at 281 and 349 nm. 
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Figure A4.2. UV-Vis titration of ligand 9 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 237, 260 and 310 nm, with an increase of absorbance. 
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Figure A4.3. UV-Vis titration of ligand 13 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 220 and 312 nm, with an increase of absorbance, and at 256 and 372 nm, with a reduction of 

absorbance. There are two isosbestic points at 278 and 345 nm. 
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Figure A4.4. UV-Vis titration of ligand 13 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 238, 259 and 310 nm, with an increase of absorbance. 
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Figure A4.5. UV-Vis titration of ligand 18 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 258 and 375 nm, with a reduction of absorbance, and at 280 and 309 nm, with an increase of 

absorbance. There are two isosbestic points at 273 and 343 nm. 

 

 

Figure A4.6. Job’s plot of compound 18 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

258 nm in a) or 375 nm in b), in ordinate, versus the mole fraction of 18, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.69; n (number of ligand molecules per cation) = 2. 
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Figure A4.7. UV-Vis titration of ligand 18 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 258, 283 and 309 nm, with an increase of absorbance. 

 

 

Figure A4.8. Job’s plot of compound 18 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength of 

330 nm, in ordinate, versus the mole fraction of 18, in abscissa. X (mole fraction that causes the maximum variation 

of absorbance) = 0.70; n (number of ligand molecules per cation) = 2. 
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Figure A4.9. UV-Vis titration of ligand 19 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 259 and 375 nm, with a reduction of absorbance, and at 284 and 312 nm, with an increase of 

absorbance. There are two isosbestic points at 275 and 343 nm. 

 

 

Figure A4.10. Job’s plot of compound 19 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

292 nm in a) or at 375 nm in b), in ordinate, versus the mole fraction of 19, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.71 in a), 0.68 in b); n (number of ligand molecules per cation) = 2. 
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Figure A4.11. UV-Vis titration of ligand 19 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 259, 280 and 312 nm, with an increase of absorbance. 

 

 

Figure A4.12. Job’s plot of compound 19 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 312 nm in a) or at 330 nm in b), in ordinate, versus the mole fraction of 19, in abscissa. X (mole fraction that 

causes the maximum variation of absorbance) = 0.53 in a), 0.51 in b); n (number of ligand molecules per cation) = 

1. 
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Figure A4.13. UV-Vis titration of ligand 20 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 256 and 370 nm, with a regular reduction of absorbance, at 234 nm and between 270-330 nm.  

 

 

Figure A4.14. Job’s plot of compound 20 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

370 nm, in ordinate, versus the mole fraction of 20, in abscissa. X1 (mole fraction that causes the maximum 

variation of absorbance) = 0.53; X2 = 0.80; n1 (number of ligand molecules per cation) = 1; n2 = 4. 
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Figure A4.15. UV-Vis titration of ligand 20 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 260, 294 and 308 nm, with an increase of absorbance. 

 

 

Figure A4.16. Job’s plot of compound 20 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 330 nm, in ordinate, versus the mole fraction of 20, in abscissa. X (mole fraction that causes the maximum 

variation of absorbance) = 0.53; n (number of ligand molecules per cation) = 1. 
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Figure A4.17. UV-Vis titration of ligand 20 with Zn2+. The variations in spectra with increasing amount of metal 

are observed only between 285-314 nm, with an increase of absorbance. 
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Figure A4.18. UV-Vis titration of ligand 25 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 251 and 374 nm, with a reduction of absorbance, and at 318 nm, with an increase of 

absorbance. There are two isosbestic points at 270 and 350 nm. 

 

Figure A4.19. Job’s plot of compound 25 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

251 nm in a) or at 318 nm in b), in ordinate, versus the mole fraction of 25, in abscissa. X1 (mole fraction that 

causes the maximum variation of absorbance) = 0.57; X2 = 0.77; n1 (number of ligand molecules per cation) = 1; n2 

= 3. 
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Figure A4.20. UV-Vis titration of ligand 25 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 270 and 330 nm, with an increase of absorbance. 

 

 

Figure A4.21. Job’s plot of compound 25 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 330 nm, in ordinate, versus the mole fraction of 25, in abscissa. X (mole fraction that causes the maximum 

variation of absorbance) = 0.44; n (number of ligand molecules per cation) = 1. 
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Figure A4.22. UV-Vis titration of ligand 28 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 222, 280 and 316 nm, with an increase of absorbance, and at 252 and 374 nm, with a reduction 

of absorbance. There are two isosbestic points at 267 and 348 nm. 

 

Figure A4.23. Job’s plot of compound 28 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

316 nm in a) or at 374 nm in b), in ordinate, versus the mole fraction of 28, in abscissa. X1 (mole fraction that 

causes the maximum variation of absorbance) = 0.53; X2 = 0.74; n1 (number of ligand molecules per cation) = 1; n2 

= 3. 
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Figure A4.24. UV-Vis titration of ligand 28 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 222, 280 and 330 nm, with an increase of absorbance. 

 

 

Figure A4.25. Job’s plot of compound 28 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 330 nm, in ordinate, versus the mole fraction of 28, in abscissa. X (mole fraction that causes the maximum 

variation of absorbance) = 0.53; n (number of ligand molecules per cation) = 1. 
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Figure A4.26. UV-Vis titration of ligand 30 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 256 and 372 nm, with a reduction of absorbance, and at 287 and 312 nm, with an increase of 

absorbance. There are two isosbestic points at 270 and 347 nm. 

 

Figure A4.27. Job’s plot of compound 30 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

310 nm in a) or at 372 nm in b), in ordinate, versus the mole fraction of 30, in abscissa. X1 (mole fraction that 

causes the maximum variation of absorbance) = 0.53 in a), 0.55 in b); X2 = 0.74 in a); n1 (number of ligand 

molecules per cation) = 1; n2 = 3. 
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Figure A4.28. UV-Vis titration of ligand 30 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 265, 312 and 330 nm, with an increase of absorbance. 

 

 

Figure A4.29. Job’s plot of compound 30 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 312 nm in a) or at 330 nm in b), in ordinate, versus the mole fraction of 30, in abscissa. X (mole fraction that 

causes the maximum variation of absorbance) = 0.50 in a), 0.48 in b); n (number of ligand molecules per cation) = 

1. 
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Figure A4.30. UV-Vis titration of ligand 44 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 251 nm, with a reduction of absorbance, and at 320 nm, with an increase of absorbance. There 

are two isosbestic points at 267 and 350 nm. 

 

 

Figure A4.31. Job’s plot of compound 44 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

251 nm in a) or at 320 nm in b), in ordinate, versus the mole fraction of 44, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.69 in a), 0.71 in b); n (number of ligand molecules per cation) = 2. 
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Figure A4.32. UV-Vis titration of ligand 44 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 235, 270 and 310 nm, with an increase of absorbance. 
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Figure A4.33. UV-Vis titration of ligand 46 with Fe3+. The greatest variation in spectra with increasing amount of 

metal is observed at 310 nm, with an increase of absorbance. There are two isosbestic points at 266 and 350 nm. 

 

 

Figure A4.34. Job’s plot of compound 46 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

250 nm in a) or at 310 nm in b), in ordinate, versus the mole fraction of 46, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.70 in a), 0.71 in b); n (number of ligand molecules per cation) = 2. 
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Figure A4.35. UV-Vis titration of ligand 46 with Cu2+. The greatest variation in spectra with increasing amount of 

metal is observed at 310 nm, with an increase of absorbance. There is an isosbestic point at 260 nm. 
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Figure A4.36. UV-Vis titration of ligand 50 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 245 nm, with a reduction of absorbance, and at 310 nm, with an increase of absorbance. There 

are two isosbestic points at 267 and 353 nm. 

 

 

Figure A4.37. Job’s plot of compound 50 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

245 nm in a) or at 310 nm in b), in ordinate, versus the mole fraction of 50, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.69 in a), 0.70 in b); n (number of ligand molecules per cation) = 2. 
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Figure A4.38. UV-Vis titration of ligand 50 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 270 and 310 nm, with an increase of absorbance. There is an isosbestic point at 261 nm. 

 

 

Figure A4.39. Job’s plot of compound 50 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 330 nm, in ordinate, versus the mole fraction of 50, in abscissa. X (mole fraction that causes the maximum 

variation of absorbance) = 0.49; n (number of ligand molecules per cation) = 1. 
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Figure A4.40. UV-Vis titration of ligand 64 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 240 nm, with an increase of absorbance, and at 274 nm, with a reduction of absorbance.  

 

 

Figure A4.41. Job’s plot of compound 64 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

274 nm, in ordinate, versus the mole fraction of 64, in abscissa. X (mole fraction that causes the maximum variation 

of absorbance) = 0.52; n (number of ligand molecules per cation) = 1. 
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Figure A4.42. UV-Vis titration of ligand 68 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 230 and 301 nm, with an increase of absorbance, and at 270 nm, with a reduction of 

absorbance.  

 

 

Figure A4.43. Job’s plot of compound 68 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

301 nm, in ordinate, versus the mole fraction of 68, in abscissa. X (mole fraction that causes the maximum variation 

of absorbance) = 0.53; n (number of ligand molecules per cation) = 1. 
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Figure A4.44. UV-Vis titration of ligand 68 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 230 and 309 nm, with an increase of absorbance, and at 280 nm, with a reduction of 

absorbance. 

 

 

Figure A4.45. Job’s plot of compound 68 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 228 nm, in ordinate, versus the mole fraction of 68, in abscissa. X (mole fraction that causes the maximum 

variation of absorbance) = 0.37; n (number of ligand molecules per cation) = 0.5. 
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Figure A4.46. UV-Vis titration of ligand 72 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 254 and 371 nm, with a reduction of absorbance, at 312 nm, with an increase of absorbance, 

and at 275 nm. There is an isosbestic point at 347 nm. 

 

 

Figure A4.47. Job’s plot of compound 72 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

254 nm in a) or at 312 nm in b), in ordinate, versus the mole fraction of 72, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.70; n (number of ligand molecules per cation) = 2. 
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Figure A4.48. UV-Vis titration of ligand 78 with Fe3+. The greatest variation in spectra with increasing amount of 

metal is observed at 275 nm, with a reduction of absorbance. 
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Figure A4.49. UV-Vis titration of ligand 80 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 240 nm, with an increase of absorbance, at 295 and 370 nm, with a reduction of absorbance, 

and at 273 nm. There is an isosbestic point at 340 nm. 

 

 

Figure A4.50. Job’s plot of compound 80 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

295 nm in a) or at 370 nm in b), in ordinate, versus the mole fraction of 80, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.70 in a), 0.67 in b); n (number of ligand molecules per cation) = 2. 
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Figure A4.51. UV-Vis titration of ligand 80 with Cu2+. The greatest variation in spectra with increasing amount of 

metal is observed at 256 nm, with an increase of absorbance. 
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Figure A4.52. UV-Vis titration of ligand 82 with Fe3+. The greatest variations in spectra with increasing amount of 

metal are observed at 285 nm, with a reduction of absorbance, at 375 nm, with an initial increase of absorbance and 

a subsequent reduction, and at 600 nm, with an increase of absorbance. There are two isosbestic point at 301 and 

345 nm. 

Figure A4.53. Job’s plot of compound 82 in presence of Fe3+: variation of the absorbance (ΔA) at the wavelength of 

375 nm in a) or at 600 nm in b), in ordinate, versus the mole fraction of 82, in abscissa. X1 (mole fraction that 

causes the maximum variation of absorbance) = 0.50 in a), 0.54 in b); X2 = 0.76; n1 (number of ligand molecules per 

cation) = 1; n2 = 3. 
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Figure A4.54. UV-Vis titration of ligand 82 with Cu2+. The greatest variations in spectra with increasing amount of 

metal are observed at 260 and 313 nm, with an increase of absorbance, and at 286 nm, with a reduction of 

absorbance. 

 

Figure A4.55. Job’s plot of compound 82 in presence of Cu2+: variation of the absorbance (ΔA) at the wavelength 

of 240 nm in a) or at 310 nm in b), in ordinate, versus the mole fraction of 82, in abscissa. X (mole fraction that 

causes the maximum variation of absorbance) = 0.61 in a), 0.64 in b); n (number of ligand molecules per cation) = 

2. 
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Figure A4.56. UV-Vis titration of ligand 82 with Zn2+. The greatest variations in spectra with increasing amount of 

metal are observed at 260 and 313 nm, with an increase of absorbance, and at 286 nm, with a reduction of 

absorbance. There are two isosbestic point at 266 and 299 nm. 

 

 

Figure A4.57. Job’s plot of compound 82 in presence of Zn2+: variation of the absorbance (ΔA) at the wavelength of 

286 nm in a) or at 310 nm in b), in ordinate, versus the mole fraction of 82, in abscissa. X (mole fraction that causes 

the maximum variation of absorbance) = 0.56; n (number of ligand molecules per cation) = 1.  
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