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Crown ethers are heterocyclic compounds present as cyclic oligomers in their simple form. These are extremely
versatile compounds exhibiting higher binding affinity towards metal ions, including s-block and transition metal
ions. For example, 18-crown-6 has a cavity that fits the size of 4f transition metal ions and has reflected

exceptional attraction for complexation with the lanthanide ions.

crown ethers iontophoresis heterocyclic compounds macrocyclic polyether

| 1. Introduction

Crown ethers (CEs) are macrocyclic polyethers and have three to twenty oxygen atoms alienated by two or more
carbon atoms. These macromolecules can be either substituted or unsubstituted. This class of organic compounds
has an interesting structure with a hydrophobic ring surrounding a hydrophilic cavity . Crown ethers are
heterocyclic compounds present as cyclic oligomers in their simple form. These are extremely versatile compounds
exhibiting higher binding affinity towards metal ions, including s-block and transition metal ions 2. For example, 18-
crown-6 has a cavity that fits the size of 4f transition metal ions and has reflected exceptional attraction for
complexation with the lanthanide ions Bl. Ethyleneoxy moiety (CH,CH,O-) is a crucial repeated unit of simple

crown ether: repeated twice in dioxane and six times in 18-crown-6 4!,

These can be either substituted or unsubstituted and possess a hydrophobic ring surrounding a hydrophilic cavity,
enabling them to form stable complexes with metal ions and contributing to host-guest chemistry Bl Since their
discovery, they have an outstanding capability to selectively coordinate ions, making them attractive for broad
research applications €. The binding ability of crown ethers either with organic molecules or ions depends on their
cavity size. They can carry different ions in a non-aqueous solvent. Crown ether also acting as a phase transfer
catalyst. For example, 18-crown-6 shows binding ability with K* ion, and 12-crown-4 tends to complex with Li*.
Owing to this unique ability, CEs have broad applications in chemistry, biotechnology, and biochemistry. Alkali
metal complexes with macrocyclic ligands mediate electron transfer processes.

2M(S) + L-M* L+ M~

(1)

where M is the alkali metal, e.g., potassium or sodium, and L is the complexant, e.g., 18-crown-6 as shown in
Scheme 1 [,
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Scheme 1. Binding of M* by 18-crown-6 ether; K is complex stability constant (&,

| 2. Biological and Pharmacological Analysis of Crown Ethers

Crown ethers are found to have synergistic biological and pharmacological potential, they are widely used in drug

delivery. The activities include anti-cancer, anti-microbial, anti-inflammatory and drug delivery.

2.1. Antibacterial Potential

The Schiff bases containing bis-benzo-15-crown-5 and their sodium derivatives were examined using a well
diffusion method against bacterial strains; Staphylococcus aureus, Shigella dysenteria type 2, Listeria
monocytogenes, Escherichia coli, Salmonella typhi H, Staphylococcus epidermis, Brucella abortus, Micrococcus
luteus, Bacillus cereus, and Pseudomonas putida while choosing DMF as a control. The Schiff bases with 5-
methoxy groups have shown maximum activity against strains with a concentration of 103 pM &, Interestingly, the
chelates (12, 13 and 14) containing Na are found more potent against bacterial strains than bis-benzo-15-crown-5
compounds as shown in Figure 1. The bactericidal activity was compared with commercial drugs; kanamycin K30,
sulfamethoxazole SXT25, Amoxycillin AMP10, sulbactam SCF, and nystatin NYS100 to describe the potency of
compounds £,
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Figure 1. Structure of Schiff bases containing bis-benzo-15-crown-5 ether 12-14.

The novel chromene crown ethers and their respective sodium and potassium complexes were tested against

strains; S. dysenteria type 2, S. epidermidis, P. vulgaris, K. pneumonia sp., Shigella dysenteria, and S. marcescens

sp. Most of the derivatives were found to be moderately active against these pathogens. The compound 15 given

in Figure 2. showed 15 mm zone of inhibition against Shigella dysenteria 19,
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Figure 2. Structure of chromene crown ether complexed with the sodium ion 15.
2.2. Antifungal Potential

The crown ethers, their complexes of sodium moieties along with their alkali metal complexes, and other crown
ether derivatives were investigated against fungal strain Candida albicans, revealed moderate to significant

antifungal activity when compared with positive controls [2I19],

Four novel 4,4'-di(2,2'-benzimidazolyl)dibenzo18-crown-6 (16a—d) were investigated for their antifungal efficacy
against Aspergillus sp. using DMF and bavistin as control and standard. To study the antifungal activity, agar well
diffusion method was chosen. The compound 16d given in Figure 3. was found to be most active against fungal

strains with maximum inhibitory activity (111,
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Figure 3. Structure of 4,4'-di(2,2'-benzimidazolyl)dibenzo18-crown-6 16d.

2.3. Anticancer Potential

Cytotoxic potential of aza-crown ether-squaramide conjugates (17a—d) were measured through MTT assay at the
concentration of 50 uM choosing three cancer cell lines; human lung carcinoma (A549), human breast cancer
(MCF-7) and human liver cancer (HepG2). The inhibitory concentration (ICsg) in cell growth was compared with the

doxorubicin drug. Results have shown that compounds 17b and 17d given in Figure 4. displayed moderate anti-
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proliferative activity as compared to others. Furthermore, the compounds enhanced cytotoxicity in HeLa cells in the
presence of chloride or sodium ions that move across the cell membrane and promote cell apoptosis 2. Another
study reported in vitro anti-proliferative potential of the crown ether acyl derivatives in HBL-100, HelLa, SW1573,
and WiDr human solid carcinomas, using cisplatin and etoposide as positive controls. The derivative showed
comparable activity against WiDr cell line 2, Two aza-crown ethers, N,N'-bis (dithiocarbamate)-1,10-diaza-18-
crown-6 (L2") were studied for their anticancer potential human cervix carcinoma cell line HeLa-229, the human
ovarian carcinoma cell line A2780, and cisplatin-resistant mutant A2780 cis cells. The analysis revealed a new
strategy to design metal-based drugs. The aza-crown ether Pt complex ligand increases affinity for antitumor
activity, whereas the addition of Na or K salts further boosts the activity as compared to cisplatin, taken as

reference drug 141,
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Figure 4. Structures of aza-crown ether-squaramide 17b, 17d.
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2.4. Toxicology

The earthworm Eiseniafetida was exposed to 18-crown-6 compounds with variable concentrations in the dry soil to
investigate the toxic effect of components towards growth, respiration, and burrowing behavior of the worm in soil.
The experiments revealed a reduced rate of worm growth, and burrowing behavior indicated by decreased mass
index of the worm from (96.3 £ 5.6 to 78.2 + 6.4) measured in mean = SD, as the concentration of 18-crown-6

increased from 0 to 200 mg kg1 dry soil 13,

2.5. Amyloidogenesis Inhibitory Activity

The novel crown ether analogs were tested to evaluate their inhibitory potential against mutated transthyretin
protein that promotes amyloidosis, forming amyloid fibril. Amyloid fibrils gather in specific tissues, including the
eyes and the heart, and leave adverse effects. Anti-transthyretin amyloid genesis activities of crown ethers were

observed using X-ray crystallography and binding assay using probes. Diflunisal, an anti-inflammatory drug was
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taken as a reference 181, Among all, the 4'-carboxybenzo-18C6 (18) given in Figure 5. showed best anti amyloid

fibril formation for transthyretin protein.
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Figure 5. Structure of 4'-carboxybenzo-18-crown-6 ether 18.
2.6. Electrochemical Sensor

Crown ether-based sensors were constructed to determine serotonin in human serum. Crown ether was mixed with
carbon nanotubes-ionic liquid crystal and at glassy carbon electrode surface (GC/(CNTs-ILC) allowed a stable
host-guest inclusion complex between crown ethers and neurotransmitters. The crown cavity of 18-Crown-6 allows
H-bond formation with the indole ring of serotonin. The sensor enables to examine drugs at a low cost 7,
Furthermore, potassium ion (K*) microsensors were made using electrochemical impedance spectroscopy (EIS) to
understand potassium ions transport across the cellular membrane. The building block of sensors was 1-aza-18-
crown-6 functionalized graphene oxide (Crown-GO). The crown ether part captures potassium ions, whereas
graphene oxide provides the binding ability 18], A study reports K* chemical sensor development based on a self-
assembled monolayer of 4-aminobenzo-18-crown-6 ether as selective ionophore that shows reproducible activity in
disease diagnosis 9. The 4-aminobenzo-18-crown-6 modified gold nanoparticles have been used by researchers
to make the sensor to detect K* in human urine samples through colorimetric assay. The K* detection was

compared with few other ions through UV-Vis and showed excellent anti-interference activity 29,

2.7. Disposable Potentiometric Sensor

Dibenzo 24-crown-8-ether as shown in Figure 6. based potentiometric sensors were built to determine Biperiden

hydrochloride in urine and plasma. Biperiden is used to treat Parkinsonism. The findings demonstrated improved
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response time, lifetime, sensitivity, selectivity, and the possibility of miniaturization of the sensor compared with y-

cyclodextrins, calixarenes, and buckminsterfullerene Cg 211,

O

Figure 6. Structure of dibenzo-24-crown-8-ether.

2.8. Chiral Catalyst

Crown ethers are reported to have prime importance in performing the catalytic activity in many phase transfer

reactions. The monosaccharide-based crown ethers shown in Figure 7. have been used in chacones epoxidation,

leading to understanding the enantioselectivity of compounds that play a key role in drug designing 221,

Ph

Figure 7 Monoaza-15-crown-5 lariat ether containing D-glucose.

R =Bu
R = CHQP]'I
R = CH,CH,OH

R= {CHQ)ECHEOH

R = {CHEJECHEOCHg,

R = (CH;);CH,P(O)(OE),
R = CH,CH,P(0)Ph,

R = (CH,),CH,P(O)Ph,

R = (CH,);CH,P(O)Ph,
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2.9. Peptide Interaction and Self-Assembly

A neutral antimicrobial peptide holding crown ether side chain has been modified by interacting with cationic
arginine to form a secondary structure, which interacts with the lipid membrane of the cell. The study finds its
potential in the pharmaceutical industry 23, Due to holding particular multi-cavity structures and diverse complexity,
the iptycene-derived crown ether serves as first generation of synthetic hosts in molecular recognition. It can be a
promising candidate for constructing self-assemblies. Hence, provide broader spectra of applications in biological

and material sciences.

2.10. Crown Ethers as P-Glycoprotein Inhibitors

The effect of monoaza- and diaza-18-crown-6 ethers was studied as multidrug-resistant (MDR) reversal in model
cell lines. The compounds were found to be more active P-glycoprotein (P-gp) inhibitors and increased apoptotic
activity than verapamil, a commercially available drug. The activity was performed through ATPase activity showed

that crown ethers inhibit P-gp without affecting their locality 241,

2.11. DNA Targeting

A G-quadruplex DNA (G4-DNA) probe with far-infrared luminescence property was synthesized and characterized
by NMR and MS using modified aza-crown ether with triphenylaminequinoline derivative (TPAQD-ACE). The metal
conjugate probes of TPAQD-ACE showed different binding abilities towards DNA, among which Ni and Fe
presented maximum signaling at 640 nm in buffer. Furthermore, the cell staining results assured that Nickle metal
ion probes bind more efficiently to DNA present in cells. The application has drawn significant attention of

researchers in the biological field [23],

2.12. Enzyme Activation

The effect of crown ether ligands (19-27) shown in Figure 8. was studied on enzyme activities of hCA (human
carbonic anhydrase) purified from erythrocytes using SDS-PAGE. All analogs activated the enzyme activity except
22 and 23 that interacted with the active part of the enzyme and inhibited the interaction between enzyme and
substrate. The inhibitory potential of 22 and 23 was compared to Acetazolamide. Enzyme activity was increased

with an increase of the ring cavity 261,
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Figure 8. Structures of crown ethers (19-27).
2.13. Crown Ethers as Vesicles

In another study, Benzo-15-crown-5active polydiacetylene (PDA) based vesicle receptors were investigated to
detect metal ions. The receptors showed a strong interaction with lead ions (Pb?*) visualized as color change from
blue to red in buffer (pH = 7.2) and further characterized through UV spectroscopy. The maximum interaction of
Pb?*-crown ethers on lipid interface makes crown ethers unique to detect biomolecules like proteins, sugars, and

microbes [2Z],

2.14. Membrane Anchors

Lipid-nucleic acids (LiINAs) conjugates based on polyaza crown ethers were synthesized to investigate the fusion of
liposomes to enhance content mixing within the cell. LiNAsget anchored into the outer liposomes leaflet and

provide strong fusogens that may work as a key tool for fusing cell membranes 22!,

2.15. Transfection Activity

The complex formation with DNA of two nitrogen-pivoted aza-crown ethers linked to the cholesteryl-fused ring
system N-(cholesteryloxycarbonyl)aza-15-crown-5 and N-(cholesteryloxycarbonyl)aza-18-crown-6incorporated to
liposomes were observed in the human embryonic kidney cell line (HEK293). The increased transfection activity
revealed stable DNA-protective lipoplexes containing aza-crown ethers, attributed to perturbations of the

endosomes and the loosely packed cargo plasmid DNA [28],

2.16. Crown Ethers-Tyrosine Kinase Inhibitors

Crown ethers (CEs) fused with quinazoline were studied as epidermal growth factor receptor (EGFR) inhibitors via
in vitro tyrosine-kinase and phosphorylation assays. Some of these compounds are potent inhibitors of EGFR and

give a broad spectrum of human tumors inhibition 22,
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2.17. Fluorescent Chemosensor
Crown ether-acylhydrazone (L) based unique chemosensors were built in methanol solution to determine

fluorescence of different metal ions. An unusual observation for AI** ions was seen in UV, a color change from pale
blue to bright blue at 444 nm reveals an intense correlation of crown ethers and AI®*. Figure 9. shows the binding

interaction between L and AI?*. These chemosensors are in progress to find applications in biochemistry 18],

Figure 9. Crown complex showing the interaction between L and AIS*.

2.18. lon Transport
Synthetic bucky ball-based molecular balls were designed linked with CEs that enable ion transport across the
biological membrane. Generally, the molecular balls linked to small CEs showed high selectivity towards ion

transport compared to those containing larger CEs B9,

2.19. Computational Study
10/14
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Lithium-ion binding to 8-Crown-4 was investigated computationally to verify the ion binding using Spartan 10
software, and further optimization was examined using Gaussian 09. DFT computations showed two stable
conformations of 8-Crown-4, the crown (Cr) and boat-chair (BC). The free energy level indicates that the BC
conformer is intrinsically more stable than the Cr conformer. However, in nitromethane, the Cr conformer appeared
more stable than the BC due to a 2.4 kcal mol-ldifference in solvation energy B1. A molecular docking study
investigated the binding mode between TPAQD-ACE and the human G-quadruplex using AutoDock Vina. The
results inferred that the introduction of metal ions to the compound enhances the fluorescent signal intensity of
TPAQD-ACE and promotes the binding abilities of TPAQD-M-ACEs to G4 DNAs 2. The Na* and K* selectivity of
18-Crown-6 ether, dibenzo-18-crown-6, and cryptans was compared through computational study. The results

showed more affinity of compounds towards K* than Na* due to the solvent effect [3,
2.20. Antimicrobial Peptides

Antimicrobial peptides (AMPs) are constituted of numerous species, immune systems and minimize the
development of bacterial resistance. Different factors such as length, hydrophobicity, amphiphilicity, flexibility, and
the net charge on AMPS control its selectivity and potency. This 14-residue peptide as shown below in Figure 10.
exhibits moderate permeability across EYPC vesicles and contains four 21-crown-7 modified phenylalanines with
10 leucines. The peptide 12-residue exhibits high permeability where an increase in length up to 13-16 residues

enhances activity showing smaller ring size may decrease peptide activity 241,

-
E
<

Figure 10. Structure of 14-residue model peptide.

2.21. Covalent Organic Frameworks (COFs)

COFs periodic structure potential for catalysis, energy storage, ions conductor, gas separation, and sorption. Py-
B,4Cg-COF andPy-B;5Cs-COF exhibit capture capacity capture Cs™ and K*, respectively. COFs offer’s platform for
precisely designing ions absorbents [l Olefin Chiral COFs(CCOFs 17-R and 18-R) exhibit higher
enantioselectivity than their reduced Chiral COFs structures when used as fluorescence sensors to detect chiral

amino alcohols [261,
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