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Aminopyridines belong to a class of compounds that are monoamino and diamino derivatives of pyridine.
They work primarily by blocking voltage-gated potassium channels in a dose-dependent manner. Essential
heterocycles used extensively in synthetic, natural products, and medicinal chemistry are aminopyridine
and its derivatives. A vast array of biological and pharmacological effects can result from the interaction
of aminopyridine rings with different enzymes and receptors, due to their unique structural properties.
Aminopyridine research is continually growing, and there are now greater expectations for how it may
aid in the treatment of numerous disorders. This review article will serve as an innovative platform for
researchers investigating aminopyridine compounds, intending thoroughly to examine both traditional
and novel synthesis strategies in addition to investigating the various biological characteristics displayed
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1 Introduction

N-heterocyclic complexes exhibit a huge spectrum of remark-
able biological properties." The nitrogen-bearing heterocycle
pyridine in all of its similar forms is an important source of
pharmaceuticals with therapeutic action in medicinal chem-
istry research. The Food and Drug Administration (FDA) has
regularly authorized this privileged scaffold along with a long
list of other pharmaceutical candidates. Due to its ease of par-
allelization and potential for chemical space testing, this moiety
is gaining interest in a variety of disease scenarios.”* Besides, it
is a key solvent and reagent,* also essential to the advancement
of drugs.*” The majority of pyridine derivatives are playing
a crucial role in HIV antiviral therapy,® as well as in hypnosis,®
sedation,' bone calcium," cholesterol,"> and triglyceride regu-
lation,* as antidiabetic,** antihistaminic," antiulcerate,'® anti-
neoplastic,"” and anticancer agents." A versatile surface
modification for immobilizing nanoparticles is poly vinyl pyri-
dine 1. Niacin, or nicotinic acid 2, is a vitamin B-3 and an
essential component of food for humans.” Tryptophan is an
amino acid that can be produced by both plants and animals.*
Nicotine 3 is a stimulant that speeds up the messages from the
brain to the body.”” An alkaloid called anabasine 4, containing
piperidine and pyridine, is found in the stems and leaves of
tobacco plants.* It is both chemically and structurally identical
to nicotine, mostly used as an insecticide in industry.** Tox-
albumin ricinine 5 is obtained from Ricinus communis, produces
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progress in the synthesis and utilization of aminopyridines in various fields.

castor beans.*® Atazanavir 6 is used along with other medica-
tions to treat human immunodeficiency virus (HIV) infections.?®
Imatinib mesylate 7 is used for gastrointestinal stromal
tumors.”” Pyridoxal 8 is one of the regular forms available of
vitamin B-6, for treating dietary shortages or imbalances
(Fig. 1).2%*

Aminopyridine, a derivative of pyridine, first came to
prominence through scientific studies in the mid-20th
century.’® 2-Aminopyridine (2-AP) 9 is a completely functional-
ized, low molecular weight moiety used in the synthesis of many
different biological compounds,** being synthesized by a large
number of pharmaceutical companies worldwide.**¢ 2-AP
functions as an ideal propellant in pulling these molecules in
the direction of their pharmacological purposes.’” The first
aminopyridine to be applied in a therapeutic setting is 4-ami-
nopyridine (4-AP) 10.*® That stimulates the release of acetyl-
choline and conceivably noradrenaline at nerve terminals by
blocking potassium channels.*® When the pharmacological
characteristics were first reported in 1924, remarks were made
about the drug's excitatory effects on the central nervous system
and its vasopressor activity.*” In the 1960s and 1970s, research
began to reveal its potential therapeutic uses, particularly in
neurology.

Ampyra 10, also known as dalfampridine, is an amino-
pyridine that facilitates walking in multiple sclerosis (MS)
patients.** This potassium channel blocker is used to treat
neuromyelitis optica spectrum disorder (NMOSD) and MS in
order to improve motor function.*” Sulfasalazine 11, as an
Immunomodulator and Crizotinib 12 is a tyrosine kinase
inhibitor of the anaplastic lymphoma kinase (ALK), receptor

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Naturally occurring pyridine derivatives.

tyrosine enzyme (ROS1) and mesenchymal epithelial transition
(MET) kinases.* Crizotinib is a more operative for initial
treatment for patients with newly identified advanced ALK-
positive non-small cell lung cancer (NSCLC) than the
platinum-based double-agent chemotherapy.** Amifampridine
13 is a medication that belongs to the aminopyridine class.*> A
histamine antagonist H; called tripelennamine is used against
coughs, colds, and hypersensitivity reactions.** Mepyramine 14
is an antihistamine that is used to treat allergy symptoms,
hypersensitivity responses, and urticaria.*” Urinary tract anal-
gesic phenazopyridine 15, also referred to as pyridium, is used
to treat urinary tract irritation in the short term and its
unpleasant side effects, as burning and pain during urination
(Fig. 2).*® Pyrilamine acts on the H; receptor and is an antihis-
tamine of the first generation.” Aminopyridines are expected to
be extensively used in next-generation drugs that address a wide
range of diseases, including cancer, heart disease, and neuro-
logical complications.”>**

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Improvements in synthetic chemistry and drug delivery
strategies will augment the medicinal potential of amino-
pyridines and pave the way for the development of more effec-
tive, targeted medications with reduced side effects and
improved bioavailability.*»** Aminopyridines are becoming
essential parts of customized therapy techniques, which use
drugs based on a patient's genetic composition and the
specifics of their condition, as personalized medicine continues
to gain traction.*® By using the unique properties of amino-
pyridines and state-of-the-art technology, upcoming drug
development initiatives are well-positioned to open up new
routes for treating unmet medical needs and improving patient
outcomes.> A higher proportion of innovative aminopyridine-
based therapeutic candidates is anticipated in the upcoming
years. The latest developments in novel aminopyridine-based
molecular frameworks and their distinct therapeutic signifi-
cance, as documented over the previous years, are combined in
this study. It draws attention to a trend toward the usage of
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Fig. 2 FDA-approved aminopyridine-containing drugs.

aminopyridine-based compounds in therapeutic development
and the subsequent rise of a number of strong and promising
candidates against a variety of expanding diseases.

2 Pharmacology
2.1 Anti-bacterial and anti-inflammatory potential

Inflammation is a process stimulated against pathogen infec-
tions,*® is regulated by several molecules having anti-
inflammatory activities.”” The continuous production of
inflammatory agents can lead to tissue and DNA damage by
stimulating cell proliferation to cancer.*® A novel mononuclear
copper complex [Cu (CsHgN,)4] Br,.2 (C3H,;NO) 17, called Cu-
4AP-Br was reported by the reaction of copper bromide 16 and
4-amino pyridine 10 hydrothermally in DMF solution. That
shows remarkable antioxidant and antibacterial activities. For
measuring its anti-inflammatory activity naproxen (NAP) 18
a known, effective anti-inflammatory drug was taken as refer-
ence. The inhibition of 5-lipoxygenase (5-LOX) activity of NAP
and Cu-4AP-Br are shown in Table 1. The anti-inflammatory

Table 1 Anti-inflammatory activity of mononuclear copper complex
and NAP at several concentrations

Compounds Concentration (ug mL ) Inhibition

NAP 2.5 15.01 £ 0.47
5 31.64 £+ 0.82
25 95.00 £ 2.3

Cu-complex 25 20.51 + 0.7
50 37.96 £ 0.39
100 54.20 £ 2.08

690 | RSC Adv, 2025, 15, 688-711

S PN
N NH Cl
| X 3 ®/NH2 @HLH N~ /NN\C
0] = NH
= N N cl AN
O// ~0 F = P
H,N” N
9 10 11 12
2-aminopyridine Ampyra/Dalfampridine Sulfasalazine Crizotinib

(Immunomodulator)

H;C
— N~ N=N
_~_NH, \ S~ I\
| N H,N
N CH —
X NH, O/ 3 N
NH,
13 14 15
Amifampridine .
(Lambert-Eaton myasthenic M?P)fl' amine Phenazopyridine
syndrome) (anti-histamine) (analgesic)

View Article Online

Review

(receptor kinase inhibitor)

activity of this pure molecule was 4.6 times higher than that
of the synthetic material at a dose of 25 pg mL™". The finding
has shown that, at a test concentration of 100 pg mL™", Cu-
complex exhibited high anti-inflammatory activity (IP = 54.2
+ 2.08%). The standards were provided as the mean + SD of
three independent measures (7 = 3). Using Cu-4AP-Br and NAP
as an optimistic regulator (Scheme 1).>

Antibiotics are the “magical shots” that fight bacteria, their
discovery is regarded as a medical marvel. With the growing
use, microorganisms have established antimicrobial resistance
(AMR).*® AMR refers to the potential of microorganisms to
flourish in the middle of drugs designed to kill them. Antibi-
otics are a class of antimicrobials specially used to contest
bacterial infections.®® A novel and effective multicomponent
one-pot technique for the preparation of derivatives of 2-amino-
3-cyanopyridine from 3-dimethylamino phenylprop-2-en-1-one
19, malononitrile 20 and substituted amines 21 was proposed.
The synthesized molecules (22a-d) were examined, and based
on their antimicrobial activity, compound 22c¢ showed the
maximum antibacterial action specifically against S. aureus and
B. subtilis, with MIC values of 39 + 0.000 g mL ™" (Scheme 2).%

Three novel zinc(u) complexes containing 4-aminopyridine
(4-NH,py) were reported. These complexes, [Zn(4NH,py),(-
NCS),], [Zn(4-NH,py),Cl,] and [Zn(4-NH,py),(NCS)Cl], were
synthesized from methyl zinc(ur)chloride hydrate 23, methanol
compound with 4-AP 24 and thiocyanate derivative 25. The
antibacterial screening of every complex was assessed in vitro
using two different bacteria, Staphylococcus aureus and Escher-
ichia coli. According to the findings, 26 has the strongest anti-
bacterial activity of all the others. This variation results from
variations in the interactions that the anion ligands elicit
(Scheme 3).%

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Synthesis of mononuclear copper complex from copper bromide and 4-AP.
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Scheme 2 Synthesis of 2-amino-3-cyanopyridine derivatives.

Al-Fakeh et al., synthesized complexes by mentioned metal
salts: CoCl,-6H,0 MnCl,-4H,0, CuCl,-2H,0, PdCl, and CrCl;-
-6H,0 with Schiff base 27 and 2-amino-4,6-dimethyl pyrimidine
(ADMPY) 28, produced when benzaldehyde reacted with p-phe-
nylenediamine and hydroxy-naphthaldehyde. The antioxidant
and antibacterial activities of the complexes were investigated.

NH,

23 24 25

Ph
CN
J)J\ o NC, Solvent-free | -
N + \—CN * R—NH, ———— > N/ N,R‘
| 80°C H
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§ R'= Ph-CH,-CH;_ Ph-CHj,
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N

22¢, MIC value 39 = 0.000 ug-mL"!

Cu(u) and Pd(un) complexes exhibited extraordinary activity, cobalt
and chromium complexes presented temperate antioxidant
activity, when compared to the standard (ascorbic acid) while
Pd(u) and Cu(u) complexes were best antibacterial agents using
gentamycin as standard (Fig. 3).*

NH, NCS 7 NH,

26 (76.30%)

E A o X g E
| ZnCL(CH;0H,) + O (CH;OH) . 2KSCN(CH;0H) —FC 3 || 7 | !
; N~ 6h N~ NCs Vs :

Scheme 3 Synthesis of complex [Zn(4NH,py)>(NCS),].
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Tosylated 4-AP 30 created from 10 and 29 latter complexed
with different metals and employed as antibacterial agents.
Compared to the coordinated imine of the complexes, the free
imine nitrogen in the ligands vibrated at a higher frequency.
This implied that the metal ions were receiving lone pair elec-
trons from the free azomethine nitrogen. The antibacterial
properties of the ligand and its complexes were assessed using
a range of microorganisms. The outcome showed that tosylated
4-aminopyridine's antibacterial activity was increased by com-
plexing with Co(u), Fe(u), and Ni(u) ions (Scheme 4).%

ilkimen et al., reported two new salts (32 and 35) obtained from
2-methoxy-5sulfamoylbenzoic acid (31) and 2-aminopyridine (9) or
2-amino-4methylpyridine (33) and their Cu(u) complexes. Levo-
floxacin, Vancomycin, Cefepime, and Fluconazole were the stan-
dard antibiotics. All moieties exhibited antibacterial property. The
compounds with the highest activity are Cu (OAc),-2H,0 (31.25 ug
mL ") for Candida albicans, 32 (31.25 pg mL ") for Lactobacillus
monocytogens, all compounds (7.60 ug mL ") for Bacillus subtilis, 9
(31.25 pg mL 1) for Enterobacter coli, Cu complex (15.60 pg mL ™)
for Staphylococcus aureus. All antibacterial drugs were active
against L. monocytogens (Scheme 5 and Table 2).%

2.2 Antitrypanosomal and anti-malarial agents

Antitrypanosomal therapy of revived diseases in immunosup-
pressed patients results in declined intensity of parasitemia.®”

View Article Online

Review

Human African trypanosomiasis (sleeping sickness) is a para-
sitic infection that leads to death.®® A methoxyphenol derivative
37 was reported as priority antitrypanosomal and selective
antiplasmodial agent as inhibitors of Trypanosoma brucei. One
of the compounds in the collection with promising drug-like
properties produced was methylsulfonyl bipyridine amine 38
is undergoing clinical testing to treat malaria. With a view on in
vivo mouse testing, they proposed an o-disubstituted phenyl B-
ring to optimize the equilibrium between antitrypanosomal
activity, solubility, and metabolic stability of this group. This
was accomplished by joining molecules with an extra ring
nitrogen atom on the C-ring of a p-cyclic amide with an o-
disubstituted B-ring pattern (Fig. 4).*

Oliveira et al., examined the effects of novel aminopyridine
derivatives complexed with Cu®* against T. cruzi trypomastigote
forms: cis-aquadichloro pyridinemethanamino copper (39a)
and its glycosylated ligand, cis-dichloro (glucopyranosyloxy)
phenyl methyl pyridinemethamino copper (39b). These metal-
lodrugs pre-treated trypomastigotes inhibiting the association
index with LLC-MK2 cells. When tested on mammalian cells,
both complexes shown minimal toxicity (CCs >100 uM). When
tested on intracellular amastigotes, the ICs, values were found
to be 14.4 uM for compound 39a and 27.1 uM for complex 39b.
Results determined the potential of these aminopyridines
complexed with Cu®" as promising aspirants for additional
antitrypanosomal drug development (Fig. 5).”

! N |
| ¢l ]
I NH, 0=S=0 = 5
: 0 l
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Scheme 4 Synthesis of monotosylated 4-AP.
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Scheme 5 Synthesis of methoxy-sulfamoylbenzoate and amino-methylpyridinium salts and their copper metal complexes.

Table 2 MIC results of the synthesized salts and their metal
complexes with standards (ug mL™)

Molecules  C. albicans L. monocytogens B. subtilis S. aureus E. coli
32 62.50 62.50 62.50 62.50 62.50
35 62.50 62.50 125.00 62.50 125.00
36a 62.50 62.50 125.00 125.00 125.00
36b 62.50 31.25 62.50 62.50 62.50
Vancomycin — 125 250 62.50 31.25
Levofloxacin — 31.25 62.50 31.25 31.25
Cefepime — 31.25 62.50 62.50 62.50

Fluconazole 62.50 — — — _

© 2025 The Author(s). Published by the Royal Society of Chemistry

2.3 Anti-multiple sclerosis

The autoimmune disease MS is the primary cause of non-
traumatic neurological illness in adults.” MS is a global
problem, and is very predominant.” Yet there is no cure for
multiple sclerosis. Treatment usually emphases on speedy
recovery from attacks, reduced radiographic and clinical
relapses, reducing the progression of the disease.” It has been
proved that 4-AP that is accepted for the MS. As possible options
for positron emission tomography (PET) imaging, they looked
into four new 4-AP derivatives. Three out of the four molecules
were potent to block the voltage-gated potassium channels KV1.
In particular, it was discovered that 3-methyl4-aminopyridine
(3Me4-AP) was roughly 7 times more effective than 4-AP (10)
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Fig. 4 Structures of reported compounds methoxyphenol 37 and methyl sulfonyl bipyridine amine 38.

and 3-fluoromethyl-4-aminopyridine (3F4-AP) (41a); 3-methyl-4-
aminopyridine (3Me4-AP), 3-methoxy-4-aminopyridine
(3MeO,AP) (41b and 41c) was about 3-4 times less potent
than 4-AP; and 2-trifluoromethyl-4-aminopyridine (2CF;4-AP)
(41d, 41e) was approximately 60-fold less active. Their findings
implied that these new compounds has found use in imaging
and therapy (Table 3).7*

Aydogmus et al., established the involvement of K channels
in the cell cycle by using 4-AP in conjunction with paclitaxel
(PTX) (42) in MCF-7 and MDA MB-231 cell lines. To estimate
viability, trypan blue was utilized. For understanding the
mechanism, intracellular K" concentration, intracellular Ca*"
concentration, and transmembrane potential measurements
were made with fluorescent dyes. According to cell cycle anal-
ysis, 4-AP therapy made the MCF-7 and MDA MB-231 cell lines
go into G1 arrest. PTX caused G1 stop in MCF-7 cells and S
phase in other cells. Combination therapy caused S phase arrest

HO,

e

Zl'\:’l:
‘-0

A\

Z-1
> O
o
CD\\v"

in MCF-7 cells and both G2/M and S phase arrest in MDA MB-
231 cells. After every treatment, the intracellular K content
increased in both cell lines. The Ca** concentration signifi-
cantly improved after combo conduct. This work indicated that
the grouping of 4AP and PTX was a viable substitute, taking into
account the findings for Ca®>*, K, and membrane potential
(Fig. 6).

Table 3 |Csq of 4-AP derivatives and confidence interval. N is the
number of times each was tested

Drug ICs (UM) 95% C.I. (uM) N
10 293 258-328 6
41a 244 185-303 5
41b 40 36-43 4
41c 807 762-853 4
41d 1061 914-1209 6
41e 12776 8838-16 715 4

AcQ, OAc

0 OAc

Fig. 5 Structures of the metal-based amino pyridines cis-aquadichloro pyridinemethamino copper (39a) and cis-dichloro tetra-O-acetyl-B-p-

glucopyranosyloxy phenyl methyl pyridinemethamino copper (39b).
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Fig. 6 Structure for paclitaxel.

[}

4-AP is a selective voltage blocker channel used for multiple
sclerosis patients. The investigation was divided into two phases:
after 4-AP underwent H/D exchange, serum monoamine oxidase
activity was measured by applying both deuterated and non-
deuterated 4-AP to MS patients’ serum. There were 120 subjects
in total for the trial, split into two groups of 60: MS sufferers and
control. Patients' monoamine oxidase (MAO) activity was consid-
erably (P < 0.01) higher than the control groups. When 4-AP was
present, there was a significant (P < 0.01) drop in MAO activity, and
this drop was further pronounced when deuterated 4-AP was
present. In conclusion, 4-AP has an inhibitory effect on MAO
activity, and this effect was enhanced when deuterium was used in
place of hydrogen (Scheme 6).”

4-AP was reported as symptomatic treatment in several
neurologic illnesses because it is an antagonist of Kv channels.
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Fig. 7 Structure of fampyridine/4-AP (10) a formulation against MS.

4-AP is linked to MS patients for improved motor function,
improved vision, and reduced fatigue. For the characteristic
treatment of walking deficiency in MS, its sustained release
formulation fampridine 10 has received approval. The
enhancement of conduction along demyelinated axons was
attributed to the blockage of axonal Kv channels, which
accounted for positive effects. Nonetheless, a growing amount
of data indicated that fampridine has offered benefits in addi-
tion to its symptomatic mechanism of action (Fig. 7).””

2.4 Against metabolic enzymes

Tirker et al., studied the enzyme inhibition properties of the
Pd-based complexes having both N-heterocyclic carbene (NHC)
ligands and 2-AP. The 3-cyanobenzyl group in the NHC ligand of
these complexes has inhibitory effects on a few metabolic
enzymes, including xanthine oxidase (XO) and carbonic anhy-
drase (hCA). For hCA I, hCA II, hCA, plus XO the IC5, ranges
were found to be 0.325-0.707, 0.238-0.636, and 0.576-1.693 uM,
respectively. Pd(u)-NHC compounds containing 2-AP might be

effective  hCA and XO inhibitors. The novel Pd-based
5 S MR o N M l
. o R —— R ;
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Scheme 6 Acid—base equilibrium of 4-AP analogues.
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Scheme 7

compounds 44a-44f comprised a combination of NHC ligand
42 and 2-AP 9. PdBr, (pyridine) complexes from the starting
material NHC have a weak attachment between the pyridine
ligand and the palladium centre. Their findings pointed to the
implementation of effective medicine for XO (Scheme 7 and
Table 4).7

Aminopyridine containing thiourea derivatives have devel-
oped as a vital class of bioactive pharmacophores in the realm
of medicinal chemistry.” Rizvi et al., reported the synthesis of
aminopyridine thiourea derivatives (47a-47p) as a powerful,
non-competitive inhibitors of a-glucosidase enzyme with a half-

Table 4 The ICsq values of the NHC PdBr, 2AP compounds 44a—-44f
on HCA (I) and XO

Compound XO (M) hCAI (uM) hCAI (uM)

44a 1.08 £ 0.04 0.47 £+ 0.03 0.54 + 0.04
44b 0.66 £ 0.01 0.35 £ 0.05 0.46 £ 0.04
44c 1.69 £ 0.06 0.71 £+ 0.04 0.64 + 0.05
44d 0.65 £ 0.02 0.41 + 0.03 0.34 £ 0.03
44e 0.58 + 0.02 0.41 £+ 0.04 0.24 + 0.03
44f 0.59 £ 0.05 0.33 £ 0.02 0.32 £ 0.03
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(NHC)PdBr2 (2-aminopyridine) complexes: synthesis and structures for their derivatives.

maximal inhibitory concentration ranges from 24.62 + 0.94 to
142.18 + 2.63 uM in vitro assays (Table 5). Here, compound 47e,
47g, 47h, 47n and 470 exhibited most potent activity (Table 6).
Results were supported by computational studies that showed
important interactions between enzymes through hydrophobic
and m-7 assembling forces. Molecular docking and density
functional theory were used in kinetic experiments to examine
the type of contacts, free energy, and manner of inhibition
(Scheme 8).7%#¢

A novel set of kojic acid derivatives conjugated to amino
pyridine intended to investigate its tyrosinase-inhibiting
potential was presented. Each derivative showed a distinct
inhibitory potency when tested against tyrosinase in compar-
ison to kojic acid, which served as the positive control. Every
derivative's antioxidant activity was computed. Compound (48)
binds to the enzyme in an uncompetitive manner, according to
the kinetics of the most active agent. As a result of their strong
binding affinity and notable interactions with the tyrosinase
enzyme to target the melanogenesis pathway, the analysis
suggests that they could be effective future candidates to regu-
late hyperpigmentation (Fig. 8).*
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Table 5 The ICsq values of the 1-phenyl-3-(5-(trifluoromethyl)pyridin-2-yl)thiourea derivatives against a-glucosidase

a-Glucosidase

a-Glucosidase

Compound inhibition IC5, + SEM (uM) Compounds inhibition ICs, + SEM (uM)
47a 92.1 £+ 3.07 471 56.81 + 2.41

47b — 47j 97.91 £+ 0.68

47c¢ 81.31 £ 0.86 47k 142.18 £+ 2.63

47d 59.76 £ 1.36 471 121.61 + 1.36

47e 24.62 £ 0.94 47m 68.91 + 1.72

47f 63.21 £ 0.96 47n 28.63 £+ 2.04

47g 41.87 £ 1.16 470 38.85 £ 2.17

47h 39.86 £ 1.73 47p 109.31 £+ 1.89

Acarbose 875.85 £ 2.03

Table 6 Results of kinetic inhibition studies of most potent
compounds (47e, 47g, 47h, 47n, 470)

Compounds K; + SEM (uM) Type of inhibition
47e 19.96 + 0.0318 Non-competitive
47g 36.17 + 0.0112 Non-competitive
47h 34.21 £+ 0.0036 Non-competitive
47n 47.23 £ 0.0076 Non-competitive
470 24.97 £ 0.0231 Non-competitive
2.5 Inhibitor of Janus kinase 2 gene

Janus kinase-2 (JAK2) is a non-receptor tyrosine kinase that
works as the cytokine receptor's intracellular signalling effector,
modulating the effects of growth hormone, leptin, erythropoi-
etin, and interferon.** 3-Methoxypyridine-2-amine (53) reported
as the encouraging inhibitor of JAK2 which exhibits great
inhibitory effect against myeloproliferative neoplasms ICs, =
6 nM and rheumatoid arthritis and 3 nM, and selectivity for JAK
2 and displayed effective antiproliferative activities against
human erythroleukemia cell line human erythroleukemia cells
(HEL). Its more effective versions as 54a and 54b. Furthermore,
54a reduced the signs and symptoms in rats with the collagen
induced arthritis (CIA model). The freshly synthesized s
compounds were screened at 50 pM to see if they could bind to
JAK2 (Scheme 9 and Table 7).%

Munir et al., examined how 2-AP compounds bind when
used as JAK2 inhibitors. Credible 3D-quantitative structure-
activity relationship (QSAR) models were created and validation
showed that the models could be used to predict the bioactiv-
ities of JAK2 inhibitors. One hundred novel JAK2 inhibitors with
increased potency were computationally developed using the
structural criteria supplied by the model's contour maps. A 100
ns molecular dynamic (MD) simulation was performed on the
chosen complexes, which helped to forward the investigation of
the binding interactions. Positive outcomes were found for
internal library compound in the initial in silico study. The
conclusions provided insightful advice for the development of
powerful and novel JAK2 inhibitors (Fig. 9).3

2.6 Anti-neurodegenerative

Neurodegenerative disorders are characterized by loss of
selectively vulnerable populations of neurons.®® 4-AP was

© 2025 The Author(s). Published by the Royal Society of Chemistry

reported as a potential treatment for trigger point injection
(TPI) using regular mouse models with functional outcomes
including sensory indices, sciatic-functional-index and electro
diagnostics. 4-AP has also improved nerve conduction velocity
recovery, promoted remyelination, extended the quantity of
axonal area after injury, and enabled rapid differentiation
between nerve lesions. Accordingly, 4-AP provided a novel
prospective therapy to enhance healing and remyelination in
cases of significant peripheral nerve injury in addition to
a special technique for detecting lesions where the therapy was
most likely to be successful.®

The beneficial effects of 4-AP were validated, in promoting
remyelination and the restoration of motor function, nerve
conduction velocity, and sciatic nerve crush injury in mice. The
sciatic nerve crush injury and no-injury groups of mice were
divided into groups, and observed with or without 4-AP and
saline treatment evaluating the skeletal muscle's morpholog-
ical, functional, and transcriptional characteristics. 4-AP
markedly decreased muscle atrophy while increasing muscle
thickness and contractile force, in addition to enhance in vivo
function. The results offered fresh perspectives on 4AP's
possible therapeutic benefits in contradiction of nerve injury-
induced muscle atrophy and dysfunction.®

Vasu et al., reported Blood-Brain Barrier penetration (BBB)
of neuronal nitric oxide synthase (nNOS) inhibitors toward
novel medications for neurodegenerative illnesses. The crystal
structures of the majority of newly developed complexes com-
plexed to different nitric oxide synthase isoforms were exam-
ined in addition to the inhibitor efficacy and selectivity. An
efflux ratio of 0.8 in the Caco-2 bidirectional experiment indi-
cated a considerably low substrate liability for P-glycoprotein
and cancer resistant proteins, while a novel derivative (56)
showed good potency (K < 30 nM) in nNOS inhibition. It was
detrimental to increase their lipophilicity in order to increase
permeability. As a result, they looked into the lead chemical 56's
metabolic stability in human liver microsomes (HLM) and
mouse liver microsomes (MLM). For HLM and MLM, terfena-
dine and imipramine employed as controls respectively. The
findings showed that 56, with a half-life (t*/?) of 29 minutes,
exhibited moderate stability in MLM. In contrast, both
compounds showed excellent stability in HLM, with half-lives
longer than 60 minutes (Fig. 10 and Table 8).*
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Scheme 8 Synthesis of 1-phenyl-3-(5-(trifluoromethyl)pyridin-2-yl)thiourea derivatives.

Fig. 8 Structure of methyl-pyran-4-one (48).
2.7 Anti-tranquilizing and antidepressant activity

Antidepressants are common prescriptions that helps to treat
depression and other conditions like anxiety® and the

698 | RSC Adv, 2025, 15, 688-711

tranquilizers are used to treat anxiety and insomnia.” New
compound arylmethylamino phenylpyridine for a tranquilizing
activity was reported.”® Numerous derivatives with greater
neurotropic activity compared to drugs Mexidol and Amitrip-
tyline were recognized. In order to create new aminopyridone
derivatives and to check them for nootropic activity, the
synthesis of compounds 61 based on amino-methyl—phenyl-
pyridine was performed. Pyridones 6la-c were obtained in
higher yields by reacting pyridine-2-one 59 with a number of
aldehydes by reduction of imines 60 with sodium borohydride
in 2-propanol at room temperature (Scheme 10 and Fig. 11).*

2.8 Anti-HIV

Human immunodeficiency virus, also called HIV damages the
immune system so that the body is unable to combat disease. If

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra07438f

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Open Access Article. Published on 08 January 2025. Downloaded on 4/18/2026 12:25:48 PM.

(cc)

Review

Scheme 9 Synthesis of 3-methoxypyridine-2-amine derivatives.

Table 7 The activitity prophiles of (54a), (54b) and ruxolitinib against
JAK2 and their antiproliferative activity

Compound  Against JAK2 (ICso pM ') Antiproliferative (IC5o.uM )

54a 0.092 £ 0.007 15.024 & 0.032
54b 0.572 £ 0.020 4.914 £+ 0.056
Ruxolitinib  0.006 + 0.0001 7.639 £ 0.363

HIV isn't treated, fails the immune system enough to become
acquired immunodeficiency syndrome (AIDS).”* 3-amino-
pyridine derivatives, on basis of the analogous chloroacetamide
and condensed 1H-pyrido [2,3-b] [1,4] oxazine-2(3H)-one
prepared by acylation reaction with chloroacetyl chloride. 3-
Aminopyridine-2(1H)-one was reacted with several iso-
thiocyanates to get thioureide derivatives. A cyclization of the

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

: _ 1
: R; X !
E Rl)\ R !
} 53 1
. HO Br N. _NO 1
: \(j/ HNO3’ HZSO4s - A ? !
‘ X = !
; N 0°Ctor.t6h B % Ho Br !
; 49 49a DIAD, PPh;, THF; - O 3
! 0°Ctor.t, 4 h; _N |
E Ry = |
| )OL NaBH,, McOH, Ri NO» 212 |
; R, R;  0°Ctorté6h 50 == :
e 3l:
: 49b < ;
| ol 3
: N.__NH, |
: Ry [ ° 1
: Z |
; R, /\X = Br '
. a 1
: J !
! 51 !
' 3 .
: NO; 2 g |
: 37d g 5 |
! g . 2 |
: 20 & !
! £2 2 :
; 22| 3 3
N.__NH
: | N\ NH, 5 | A 2 ;
. oc ‘
! F X _Trifluoroacetic acid, \Rz Z X !
| R, )\ CH,Cyly, 0-rt 12 h. )\ ;
! R R, R R, |
| 3 3 '
E 53 52 ;

derivative of carbamothioyl methacrylamide into substituted
1,3-thiazine was demonstrated. The biotesting phase of thio-
urea derivative 62 was conducted to determine its mode of
inhibition of specific transcriptase types and its potential as an
anti-HIV agent. 3-aminopyridine-2(1H)-one, acylates efficiently
in CH,CI, in pyridine to form the chloroacetamide in a good
yield. Replacing CH,Cl, with DMF and an increase in temper-
ature up to 80-100 °C lead to the cyclization of the intermediate
63 to 65 (Scheme 11).”*

2.9 Muscular and neuronal activity

Govindappa et al., discussed strategies to improve the possible
therapeutic outcome of 4-AP in PNI-induced bone loss and
muscle repair. The adult male mice's right sciatic nerve, as well
as the femoral and sciatic nerves innervating it, were crushed.
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Fig. 9 Structures of compound 3-methoxypyridine-2-amine (54a), (54b) and ruxolitinib.

Animals that had surgery were given 4-AP and regular saline.
They discovered that 4-AP completely corrected trauma-induced
alterations in muscle fibre type composition and greatly
improved muscle morphology, cross-sectional area, and
minimum ferret diameter from post-injury day 7. It also
dramatically increased SFI, VFT, and hind limb paw grip
strength. When compared to the saline group, the 4-AP-induced
muscular effects were also linked to a much higher quantity of
proliferating cells (Ki67+) and regenerating stem cells (Pax7+).%

Work on the use of thermogelling polymers to create a new
local delivery system for 4-AP was reported. A thermosensitive
formulation of a block copolymer (Poly-Lactic-Glycolic-Acid-
Poly-Ethylene-Glycol (PLGA-PEG)) 68 was improved. Following
a spinal nerve crush injury showed a marked improvement in
motor and sensory functional recovery using a single dose of (4-
AP)-PLGA-PEG. Additionally, immunohistochemistry analyses
of injured nerves treated with (4-AP)-PLGA-PEG showed elevated

56

57

Imipramine

neurofilament heavy expression. Using cerebral spheroids
created from human induced pluripotent stem cells (iPSCs),
examined 4AP effects on neuronal activity and related neuro-
genesis. They reported that 4-AP increases neuronal activity also
enhanced the number of neurons and glial cells. These findings
indicated that iPSC-derived brain spheroids were desirable for
investigating several aspects of activity-induced neurogenesis
(Scheme 12).°¢

Table 8 Metabolic constancy of nNOS inhibitors in mouse and HLM

Half-life
Compounds (¢, min) MLM HLM
56 29 >60
Terfenadine 15
Imipramine 9
N :
\ :
\_ 7 i
N i
OH W 5
HO i
58 5
Terfenadine I

Fig. 10 Structure of human neuronal NOS inhibitors having a 2-AP scaffold and the drugs.
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Scheme 10 Synthesis of 3-(arylmethylamino) pyridones derivatives 6la—c.

Moreover, it was demonstrated that both dopamine deple-
tion in the striatum and methyl-phenyl-tetrahydropyridine
(MPTP) induced neuronal death in the sensory neurons were
prevented by 4-AP. The rotarod test and open field test behav-
iour index verified that 4-AP reduced the motor impairments
brought on by MPTP 69. Additionally, they demonstrated that
the MPTP-induced rise in malonaldehyde (MDA) and drop in
superoxide dismutase (SOD) levels could be considerably
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mitigated by 4AP therapy. Furthermore, 4-AP reversed the
effects of MPTP-induced neurotoxicity on dopaminergic
neurons by substantially reducing B-cell lymphoma-2 expres-
sion and increasing caspase-3 activation. According to these
findings, 4-AP reduces oxidative stress and apoptosis in order to
protect dopaminergic neurons against MPTP. This is a thera-
peutic agent for treatment of Parkinson disease (Fig. 12).”
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Fig. 11 Graph presenting comparison of arylmethylamino methyl phenylpyridine and comparator drugs.
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Scheme 11 Synthesis of 1H-pyrido [2,3-b] [1,4] oxazin-2(3H)-one 65.
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Scheme 12 Synthesis of PGLA-PEG polymer.
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Fig. 12 Structure of MPTP.

Yang Sun et al., discussed a new Kv1 channel tracer called
[*'C] methyl-4-aminopyridine ([*'C]3Me4-AP) 75. Through the
effective Stille cross-coupling of a stannyl precursor with a free
amino group mediated by Pd (0)-Cu(r), [''C]3Me4-AP was
produced. In rats and nonhuman primates, evaluation of [*'C]
3Me4-AP's imaging properties revealed that it had slow kinetics
and a moderate level of brain permeability. A one-tissue section
model precisely simulated the regional brain time-activity
curves, and further testing in monkeys shown that the tracer is
metabolically stable. [''C] methoxy-4-aminopyridine ([*'C]
3MeO4-AP) 73 and ['°F], ([**F]3F4-AP) 71, two similar tracers,
are less common than [''C] with slower kinetics and lower
initial brain absorption. That indicated reduced permeability to
the blood-brain barrier. 3Me4-AP (75) suggests a higher binding
affinity that is in line with in vitro studies. Conversely, the
tracer's less desirable characteristics were brought about by the
gentle kinetics and high binding affinity. That indicated
reduced permeability to the blood-brain barrier and slower
kinetics (Scheme 13).®

2.10 Anticancer

Cancer is a class of disorders that can begin in any bodily tissue
when aberrant cells proliferate out of control and spread to
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Scheme 13 Synthesis of novel tracer for potassium Kvl channels® C
3Me4-AP (75).
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other bodily regions.”'® Cancer is the leading causes of
premature deaths globally.**'*> A new synthesized pyridine
methyl naphthalene for cancer treatment against human lung
(H-460) and breast (MCF-7) cell lines was reported. The ligand L
(76) was prepared by reacting hydroxy-naphthaldehyde with 2-
AP. The antidepressant activity was evaluated by raised plus
maze model using Diazepam as reference. An ICso of 23.99 ng
mL ™" against H-460 and 31.68 ug ml~" against MCF-7, respec-
tively, demonstrated 89.20% anticancer activity at the maximal
tested dose (500 pg mL ') and recommended the compound's
potential for application as an anticancer agent as well (Scheme
14).103

Naz et al., reported the synthesis of amino acid conjugates of
aminopyridine as potential anticancer agents. The parent
(A2780) and cisplatin-resistant (A2780CISR) ovarian cancer cell
lines were used to assess the cytotoxic activity. In contrast to
parent cells, the results indicated that 82 and 83 demonstrated
encouraging suppression in cisplatin-resistant cell lines in
terms of both resistance factor and ICs, values (Table 7).
Moreover, with ICs, values of 31.45 uM and 15.41 uM in the case
of the parent and resistant cell lines, respectively, 83 was found
to be the most active chemical. Docking experiments confirmed
that compounds 82 and 83 exhibited significant binding affin-
ities with several signalling cascade protein targets. In cisplatin-
resistant cell lines, the anticancer properties of compounds 82,
and 83 indicated that these ligands might serve as lead
compounds for enhanced novel anticancer medications
(Scheme 15 and Table 9).***

An innovative selective CDKS8 inhibitor against colon cancer
discovered was reported in vivo. To be more precise, a number
of novel 2AP derivatives were produced, and assessed using the
structural details of the sorafenib-bound CDKS8 structure. Of
them, compound urea derivative 84 exhibited good selectivity
and substantial inhibitory action against CDK8 with an ICs,
value of 46 nM. Additionally, there appeared a relationship
between biotinylated-81 and endogenous or overexpressed
CDK8. This substance demonstrated antiproliferation efficacy
on colon cancer cell lines with elevated levels of CDK8 expres-
sion, inhibited WNT/f-catenin activation and TCF family tran-
scriptional activity, and caused G1 phase arrest in HCT-116
cells. Furthermore, this substance exhibited strong efficacy
against HCT-116 cells that were resistant to Sorafenib (a potent
cancer drug). Additionally, it demonstrated appropriate phar-
macokinetic and minimal toxicity (Fig. 13).'*

Metal complexes related with organic ligands have gained
much interest due to their structural variety and wide applica-
tions.® Aminopyridines possess anticancerous potential
through initiating ribonucleotide reductase, responsible for
allowing them to target numerous cancerous diseases mainly
gynecologic cancer.’” Mhadhbi et al., published the organic
and inorganic fusion complex (2-HAP),[CoBr,], where 2-HAP =
2-protonated aminopyridinium cation, as explained by
a number of physicochemical techniques. Three phase transi-
tions at T; = 61.9 °C, T, = 107.6 °C, and T; = 172 °C were
revealed by the differential scanning calorimetric method.
Malignant Mat-Ly-Lu and Walker 256/B cell lines were used to
assess the anticancer effects and dose response effect in Table 8.
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Table 9 Anticancer potential of amino pyridine derivatives against
A2780 (parent) and A2780CISR (cisplatin-resistant) ovarian cancer cell
lines, expressed as ICsq values and compared to cisplatin, the standard
drug

IG5 (1M)
Tested compounds  A2780* A2780CISR**  Resistance factor
82 39.14 £1.79 51.21 +1.65 1.31
83 31.45 £ 0.02 15.41 = 1.52 0.49
Cisplatin 0.61 +0.06 16.43 £ 1.45 26.93

Fig. 13 Structure of reported AP derivative.

Using molecular docking, the antiviral properties of the organic
portion of these hybrid compounds were investigated; notably,
the binding projected energy was —4.0 vs. —5.3 kcal mol ™" for
chloroquine that was used as reference. The drug-likeness,
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pharmacokinetics, molecular binding and chemo-preventive
assays displayed that (2-HAMP),[CoBr,] has encouraging bio-
logical potentials (Table 10).'%

Luan et al., examined the anticancer properties of compact
graphene oxide (HRGO) and gold nanomaterial (AuNM)-based
(HRGO/Au@AP) nanocomposite for ovarian cancer, as well as
the nanomaterials’ ability to induce apoptosis and human
ovarian cancer cell lines (SKOV3 and A2780). In order to
increase the sample's solubility and bioavailability, HRGO was
functionalized with 1AP as a potential stabilizing agent.
Apoptosis assays, oxygen species measurements on SKOV3 and
A2780 cells, and the findings of an anticancer investigation
demonstrated a better capacity to trigger apoptosis. According
to this study, HRGO/Au@AP may promote apoptosis in human
ovarian cancer cells.*

Liu et al., examined new 2-AP derivatives produced and put
through biological testing after being logically generated using
molecular simulation. With an IC;, value of 42.3 nM, the
chosen spiro derivative C01 demonstrated exceptional activity
against CD74-ROS192%%2R cells, 30 times more effective than
Crizotinib (cancer growth blocker) (85). Furthermore, C01 (86)
exhibited a 10-fold higher potency than Crizotinib and potently
suppressed enzymatic activity against clinically resistant
ALK®'?°*R_ The susceptibility of C01 to drug-resistant mutant
was explained by molecular dynamic, which showed that add-
ing the spiro group might lessen the steric hindrance with huge
side chain (arginine) in solvent region of ROS19**?, These
findings pointed to a future direction for the development of
ROS1/ALK  dual
(Scheme 16)."1%1

inhibitors  resistant to  Crizotinib

Table 10 Anticancer effect of (2-HAMP),[CoBr,4] on malignant Mat-Ly-Lu (prostate cells) and Walker 256/B mammary gland carcinoma cells

Dose-dependent concentration
(ng mL™")

Proliferative inhibition (%)

Walker 256/B

(2-HAMP),[CoBr,] Malignant Mat-Ly-Lu mammary glands
CTRL 0.9 1.2

H,0, 99.2 98.8

10 8.17 17.2

20 18.8 25.4

30 29.74 36.6

50 53.51 62.5

: N
: N
' NH

| S
F = = — = | _
H,N~ "N HNT N N
CHj;
82 83

Scheme 16 Novel 2-aminopyridine derivatives Crizotinib (82) and C01 (83) which was about 30 times more potent than Crizotinib.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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R" = 2,3- dichlorophenyl
3-chlorophenyl
3-indolyl
2-nitrophenyl
3-nitrophenyl
2-thienyl
2-furfuryl
4-chlorophenyl
4-nitrophenyl
2-pyrrolyl

CH; (0]
1.Aq 40%NaOH sy
0 +  R'CHO a 40%Na - R
R 2.Stirring for 6-15hrs rt R'
84 85 86
R'=CF3, -OCF; Malononitrile + Ammonium

acetate; Refluxed for 8 h

R’
(87a-871)
(MIC = 8-134 uM)

Scheme 17 Synthesis of 2-amino-pyridine-3-carbonitrile derivatives effective against anti-tuberculosis.

Table 11  Effects of chronic intermittent hypoxia CIH on body weight and mortality rate

Entries CTL CIH Statistics
Initial body weight 155.6 + 1.7g 154.2 + 5.2¢ P_0.24 (MW = 204.5, df = 20)
Final body weight 273.9 + 4.1g 258 + 3.0g P <0.001 (MW = 96, df = 20)

Mortality rate 0% (0/8 animals)

2.11 Anti-tuberculosis

Tuberculosis (TB) is an infection that affects lungs. Caused by
bacteria that spreads by air when infected people sneeze,
cough or spit. A range of recently synthesized fluorinated
chalcones 86, chosen them in vitro antitubercular action,
along with its 2AP 3-carbonitrile and 2-amino 3-carbonitrile
derivatives was revealed. Out of all synthesized compounds,
compound 87b bearing indolyl scaffolds (MIC = 8 uM) had
the highest potency. Its potency is comparable to that of
broad-spectrum antibiotics such as streptomycin and cipro-
floxacin, and it is three times more effective than pyr-
azinamide. When docking against thymidylate kinase,
molecule 87b, which proved to be the most effective, dis-
played a binding energy of —9.67 kcal mol™', which was
compared with its in vitro MIC value (~8 uM). The findings
suggested that compound 82q, which is the most effective,
exhibits selective activity against the H37Rv strain of Myco-
bacterium TB. Therefore, it is safe to process the molecule
further in order to create a new antitubercular drug
(Scheme 17).**2

706 | RSC Adv,, 2025, 15, 688-711

16% (2/14 animals) P <0.001

2.12 Anti-epileptic

Epilepsy is most common serious brain disorder, affecting over
70 million people worldwide."** Salazar et al, evaluated the
effects of chronic intermittent hypoxia (CIH) on spread activity
of the hippocampus in vitro, as well as whether these changes
persisted or disappeared with normal oxygenation. According to
the findings, giving adult rats CIH for 21 days magnifies 4AP-
induced epileptiform activity in vitro and raises gamma-band
hippocampal network activity. According to their research,
CIH-induced changes in the hippocampal network and an
increase in seizure was spontaneously reversed. This suggested
that surgery or continuous positive airway pressure (CPAP),
against obstructive sleep apnea (OSA) in epileptic patients, was
beneficial for seizure control (Table 11).**

Debilitating diseases known as epileptic and developmental
encephalopathies, which were characterized by seizures, intel-
lectual impairment, and additional neuropsychiatric symptoms
were reported. They demonstrated how the K* channel blocker
4-aminopyridine has reduced current amplitudes in KCNA2-
encephalopathy and increased transfected neuron firing rate

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 14 Structural prophiles for 4-AP.

to counteract gain-of-function deficiencies brought on by
changes in the KV1.2 subunits in vitro. Except for two who
continued to have induced seizures, all six of the patients who
had daily absence, myoclonic, or atonic seizures ceased to have
seizures. Six people with generalized tonic-clonic seizures dis-
played no change at all, one deterioration, and three clear
improvements.'*®

Wang et al., employed two models of epileptic attacks: one

based on 4-AP and used electrocorticography to confirm the

120
100
80
60 - M Series 1
40 -
20 - M Series 2
O .
INPV INCCK IN SOM PYR
TOT
A
80
60 -
40 - M Series 1
20 -~ W Series 2
O .
INPV INCCK INSOM PYR
TOT
B

Fig. 15 (A) Percentage of IN subtypes recoded in EC slices obtained
from GAD65 (and GAD67 mice). (B) Percentage of IN subtypes and
PYRs recorded from superficial EC layers 2—3 and deep EC layers 4 and
5. For statistical analysis, Fisher's exact test with Bonferroni's correction
was used.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 16 Structure of 3,4 diaminopyridine.

length of an epileptic episode (ECoG). TPM impacted neu-
rovascular coupling in the area of epileptic activity, according
to LSCI and ECoG data. TPM significantly reduced the gamma
power in ECoG for 4-AP-induced epileptic seizures (4AP +
TPM: 0.61 + 0.13 mV vs. 4-AP: 1.08 £+ 0.19 mV; p < 0.05).
Results confirmed that the instantaneous cortical LSCI and
ECoG approach provided temporal and spatial information
on the ictogenesis process and enabled the evaluation of
pharmaceutical treatments' effectiveness in treating several
types of epileptic seizures in vivo models (Fig. 14)."*°

Scalmani et al., conducted recordings in patients with
temporal lobe epilepsy and in models of temporal lobe seizures,
demonstrating the activation of interneurons at the beginning
of focal seizures. Specific interneuron (IN) subtypes were
acknowledged as parvalbuminergic (INPV), n = 17, chol-
ecystokinergic (INCCK), n = 13, and somatostatinergic illogical
characteristics. When 4AP-induced SLEs began, INPV and
INCCK discharged, and their onset patterns were hyper-
synchronous. After the SLE, pyramidal neurons were active
with varying delays. 50% of the cells in each IN subgroup
showed depolarizing block, which lasted longer in iN (4s) than
in pyramidal neurons (1s). All IN produced action potential
bursts synchronized with the field potential trials that caused
SLE termination as the condition progressed. These findings
implied that IN played a predominant role in the onset and
initiation of focal seizures and corroborate previous in vivo and
in vitro data (Fig. 15A and B).""”

2.13 Anti-botulism

Botulism is a severe paralytic disorder caused by a neurotoxin
produced by Clostridium botulinum.*® McClintic et al.,
described aminopyridines for treatments of botulism caused by
botulinum neurotoxin (BoNT) that is an effective protein
causing muscle paralysis and death by asphyxiation. When
given consistently to mouse models of deadly botulism, the
licensed medication 3,4-DAP (84) promptly reverses toxic indi-
cations of botulism and has antidote benefits. The effects of 3,4-
DAP 84 and other AP on respiratory and ventilation during the
later stages of botulism in mice were examined using unre-
strained whole-body plethysmography (UWBP) and arterial
blood gas measurements in combination (Fig. 16). A number of
aminopyridines have therapeutic efficacies that were either
superior to or equal to those of 3,4-DAP. These included
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Fig. 17 Evaluation of aminopyridine derivatives on ventilation. Structures of aminopyridines. 3,4-DAP is included for comparison.

Table 12 Summary of physicochemical properties'?®

Compounds MW log P pKa
10 94.1 0.3 9.17
84a 98.1 0.3 nd

84b 124.1 —-1.2 9.08
84c 130.1 0.4 5.12
84e 109.1 —-0.2 9.14
84f 112.2 0.6 3.76
84g 109.1 —0.5 9.17
41a 112.1 0.3 7.19
41b 112.2 0.5 9.43

aminopyridines that specifically increased tidal volume vs.
respiratory level and vice versa (Fig. 17 and Table 12)."*°

3 Conclusion

Aminopyridines have emerged as a highly multifaceted and
exceptional class of molecules with a wide array of biological
activities and therapeutic potentials via targeting various
enzyme receptors and ion channels. The recent advances in
their synthesis have displayed innovative methodologies that
enhance efficiency, selectivity, and yield, making these
compounds more convenient for research and pharmaceutical
applications. The biological activities of aminopyridines span
a broad spectrum, including antibacterial, antifungal, anti-
inflammatory effects, antiviral, anticancer, anti-botulism, anti-
epileptic agents, anti-tuberculosis, anti-tranquilizing, antide-
pressants, anti-neurodegenerative, anti-multiple sclerosis,
antitrypanosomal and anti-malarial agents. These activities
underscore their potential as lead compounds in drug discovery
and development. Structure-activity relationship (SAR) studies

708 | RSC Adv, 2025, 15, 688-711

have been pivotal in understanding the mechanisms underlying
these activities and have become significant for the rational
design of more potent and selective aminopyridine derivatives.
Key strategies, mainly transition metal-catalysed reactions,
green chemistry approaches, and novel synthetic routes, have
significantly contributed to the progress in this field. Despite
the substantial progress, challenges remain, particularly in
optimizing the pharmacokinetic and pharmacodynamics
properties of aminopyridines to ensure their efficacy and safety
in clinical profiles. Future research should focus on addressing
these challenges, exploring novel synthetic methodologies, and
expanding the scope of biological evaluations to fully harness
the therapeutic potential of aminopyridines.
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