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Hydantoin, imidazolidine-2,4-dione, is an immensely valuable 

and highly favored heterocyclic scaffold in medicinal chemistry, 

as evidenced by its incorporation into several clinically approved 

drugs such as phenytoin, nitrofurantoin, and nilutamide. The 

hydantoin scaffold exhibits a wide range of pharmacological and 

biological properties, including antimicrobial, anticonvulsant, 

antidiabetic, anticancer, and anti-inflammatory activities. This 

comprehensive review primarily focuses on exploring the 

potential of hydantoin derivatives as anticancer agents, 

elucidating their various mechanisms of action such as histone 

deacetylase inhibition, modulation of B-cell lymphoma-2, 

interference with kinesin spindle proteins, inhibition of tubulin 

polymerization, and inhibition of epidermal growth factor 

receptor (EGFR). Moreover, this review underscores the 

importance of specific compounds and highlights the utility of 

pharmacophoric hybridization, wherein diverse bioactive groups 

are combined with hydantoin in a single molecule to achieve 

enhanced efficacy compared to individual scaffolds. 

Additionally, a concise analysis of the structure-activity 

relationships (SARs) is provided to offer insights into the 

correlation between the chemical structure of these compounds 

and their biological activity. 
 

 

Keywords: Hydantoin; anticancer; HDAC; 

EGFR; sirtuins. 

© 2024 by the authors; licensee Port 

Said University, Egypt. This article is 

an open access article distributed under the terms and 

conditions of the Creative Commons by Attribution 

(CC-BY) license 

(http://creativecommons.org/licenses/by/4.0/). 

 

 

 

 

1. Introduction 

Hydantoin, also known as imidazolidine-2,4-dione, is a 

five-membered heterocycle. The term "hydantoins" is 

commonly used to refer to a class of compounds that 

utilize the hydantoin substructure as a scaffold [1]. It is 

widely recognized that heterocyclic-based scaffolds are 

highly valuable for discovering bioactive compounds. 

These scaffolds contain at least one heteroatom, such as 

sulfur, oxygen, or nitrogen, and one carbon atom in the 

ring structure. This structural arrangement enables them to 

act as hydrogen bond donors or acceptors, effectively 

forming intermolecular hydrogen bonds with biological 

targets [2]. Therefore, these compounds have been 

extensively investigated due to their potential applications 

in medicine and industry as important pharmacophoric 

moieties or structural elements [2]. Despite the compact 

size of hydantoin, it possesses four hydrogen donors and 
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acceptors [3]. A few examples of clinically approved drugs 

containing the hydantoin moiety include the androgen 

receptor antagonists nilutamide (1) and enzalutamide (2), 

the muscle relaxants nitrofurantoin (3) and dantrium (4), 

and the anticonvulsants phenytoin (5), mephenytoin (6), 

ethotoin (7), and fosphenytoin (8) [1](Fig. 1). Hydantoin-

based compounds exhibit a broad spectrum of 

pharmacological and biological effects, including 

anticancer [4–6], anti-inflammatory [7,8], antidiabetic [9], 

antibacterial [10,11], adrenoceptor modulating [12–14], 

anticonvulsant [15,16], antiplatelet [17], and anti-HIV 

activity [18,19]. Also, there are two commonly employed 

synthetic methods for hydantoin synthesis. The first 

method involves the Bucherer Bergs reaction, which 

utilizes the corresponding cyclic ketones and involves a 

single-step reaction with potassium cyanide and 

ammonium carbonate. The second method consists of the 

synthesis from cyclic α, α-disubstituted α-amino esters 

through isocyanate coupling, followed by base-induced 

cyclization cleavage [20,21] (Fig. 2). Furthermore, cancer 

stands as the most formidable disease, accounting for the 

highest mortality rate globally, second only to 

cardiovascular diseases [22,23]. However, developing 

effective and tailored treatments for different cancer types 

remains a significant challenge for humanity. Additionally, 

chemotherapy often faces failures due to acquired 

resistance [24]. Consequently, researchers are compelled to 

invent novel anticancer drugs that offer enhanced efficacy, 

selectivity, and cost-effectiveness [25]. This review 

provides a comprehensive overview of the notable 

discoveries concerning the anticancer properties of 

hydantoin derivatives, highlighting their diverse biological 

targets. Moreover, the structure-activity relationships 

(SARs) between these derivatives and their respective 

targets are thoroughly discussed. 

1.   Anticancer activity of hydantoins 

1.1.  Hydantoins as HDAC inhibitors 

  Histone deacetylases (HDACs) and histone 

acetyltransferases (HATs) play a crucial role in 

maintaining the balance of histone acetylation. However, 

various pathologies, including cancer, have been 

associated with abnormal histone acetylation patterns 

caused by the overexpression of HDACs [26,27]. HDACs 

remove acetyl groups from lysine residues, producing a 

positively charged histone tail. This charge interacts 

significantly with the negatively charged DNA phosphate 

backbone, leading to distorted chromatin structure and 

transcriptional inhibition. In many malignancies, HDACs 

are overexpressed, resulting in histone hypoacetylation 

and the suppression of tumor suppressor genes (such as 

p53, p21, p27) [27,28]. HDACs have emerged as attractive 

targets for various human diseases, including cancer. 

Extensive studies have demonstrated the anti-cancer 

effects of inhibiting HDAC in different tumor cell lines 

[26,29]. The FDA and the China Food and Drug 

Administration (CFDA) have approved five drugs as 

histone deacetylase (HDAC) inhibitors: Vorinostat 

(SAHA), Romidepsin, Panobinostat, Belinostat, and 

Chidamide [30–35]. HDAC inhibitors typically consist of 

three essential pharmacophore groups: a Cap group that 

serves as a surface recognition moiety, a linker that 

effectively presents the ZBG (zinc-binding group) to the 

active site, and a Zn2+ binding group that acts as a chelating 

agent for Zn2+ at the HDAC active site (Fig. 3) 

[26,27,29,36,37].  
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Fig. 1. Structure of hydantoin-based clinically approved drugs. 
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(1) Bucherer Bergs reaction.                  (2) From cyclic α, 

α-disubstituted α-amino esters. 

Fig. 2. Representative synthetic methods for hydantoins. 

 

 
Fig. 3. Pharmacophore of HDACIs and the structure of 

SAHA. 

  In 2019, Liang and coworkers reported synthesizing and 

biological assessment of the 2,4-imidazolinedione N-

hydroxybenzamide derivatives with disubstitutions (R1 

and R2) (9) as HDAC6 selective inhibitors. HDAC6 

overexpression has been observed in many tumor cell 

lines, and the presence of HDAC6 is crucial for efficient 

oncogenic cell transformation. A recent study indicates 

that the L1 loop pocket of HDAC6, located on the 

periphery of the lysine binding channel, serves as a 

conserved binding site that contributes to the selective 

binding of HDAC6 isoforms. Furthermore, the cap group 

of HDAC inhibitors plays a significant role in determining 

the isoform selectivity of these inhibitors [26,38,39]. In this 

study, all target compounds were evaluated for their 

ability to inhibit HDAC6, with vorinostat (SAHA) as the 

positive control. The data revealed that compound (9a) 

exhibited the most potent HDAC6 inhibitory action, 

surpassing the effectiveness of SAHA (IC50 = 4.4 nM and 

39.9 nM for 9a and SAHA, respectively) (Fig. 4). 

Suppression of HDAC6 has been linked to apoptosis 

promotion and inhibition of cancer cell growth. 

Consequently, the antiproliferative activity of the potent 

compound was assessed against various tumor cell lines 

[39]. Compound (9a) demonstrated superior 

antiproliferative properties against HL-60 and RPMI-8226 

cells (IC50 = 0.25 μM and 0.23 μM, respectively). 

Furthermore, the antiproliferative effects of compound 

(9a) on K562, HCT-116, and A549 cell lines were nearly 

three times greater compared to the SAHA positive 

control (Table 1). These findings support the notion that 

compound (9a) exhibits remarkable selectivity for HDAC6 

inhibition [39]. The SAR study on this compound series 

indicated that N-hydroxybenzamides with para-

substitutions displayed superior HDAC6 inhibitory 

activity compared to meta-substitutions. Additionally, 

compounds lacking a spacer (n = 0) possessed suitable 

linkers that facilitated interaction between the cap groups 

and the L1 loop while enabling the ZBG to chelate 

effectively with zinc ions [39]. Molecular docking analysis 

of compound (9a) revealed that its hydroxamic acid group 

established essential hydrogen bonds with key residues 

(His 610, Tyr 782) and effectively chelated with the zinc 

ion. This observation provides insight into why para-

substituted N-hydroxybenzamides exhibit greater potency 

than their meta-substituted counterparts [39]. 

Table 1: Antiproliferative activities of compound 9a and 

SAHA. 

Comp 

IC50 (mM) 

K5622 HL-60 
RPMI-

8226 

HCT-

116 
A549 

9a 0.49 0.25 0.23 0.83 0.79 

SAHA 1.45 0.52 0.57 1.81 2.42 

       
Fig. 4. Design of hydantoin-based HDAC6 selective 

inhibitor, Series 9.   

In 2018, Aboeldahab lab reported a series of 3',4'‐

dihydro‐2'H‐spiro[imidazolidine‐4,1'‐naphthalene]‐2,5‐

dione hydroxamic acid derivatives (10) (Fig. 5). These 

hydantoin derivatives were evaluated for cytotoxicity 

against MCF-7 and HepG2 cell lines. According to the 

reported data, the hydroxamic acid derivatives were good 

growth inhibitors of MCF-7 cells and showed low activity 

against the HepG2 cell line. Moreover, as linker length n 

increased, the efficacy of the compounds increased as 
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well, making compound (10a) with spirohydantoin Cap 

and hexamethylene linker the most effective growth 

inhibitor of MCF-7 cells in this series with an IC50 value 

that is very similar to SAHA against this cancer cell line 

(IC50 = 2.56 mM and 2.18 mM, for 10a and SAHA 

respectively) [27] (Fig. 5). To gain insight into the 

mechanism of action of the synthesized compounds, 

Compounds' in vitro HDAC inhibitory activity was 

examined, their IC50 values against the HDAC1, HDAC2, 

HDAC4, and HDAC6 isoforms were calculated, and 

SAHA was used as a positive control. The findings 

demonstrated that the investigated substances 

significantly inhibited the four HDAC isoforms under 

investigation. However, it was clear that compound (10a) 

exhibited the most potent HDAC inhibitory action, with 

an IC50 value against HDAC4 that is equal to SAHA (IC50 = 

0.0988 mM and 0.0911 mM, for 10a and SAHA 

respectively) and an even lower IC50 value for HDAC1 

(IC50 = 0.027 mM and 0.031 mM, for 10a and SAHA, 

respectively) (Fig. 5) [27]. Through molecular docking 

simulations, compound (10a) was docked into the active 

site of HDLP, revealing interactions like SAHA, such as 

hydrogen bonding with Tyr297. Compound (10a) also 

formed hydrogen bonds with His132 and exhibited π-

cation bonding between its aromatic ring and Lys267. 

Notably, compound (10a) displayed a higher CDocker 

energy, indicating a stronger binding affinity at the HDLP 

active site than SAHA [27]. 

 
Fig. 5. Design of hydantoin-based HDAC inhibitor, 

Series 10. 

1.2.   Hydantoins as sirtuin inhibitors 

Recently, a growing interest has been in 

identifying new therapeutic targets involved in 

tumorigenesis. One such target is the family of NAD+-

dependent protein lysine deacetylases known as sirtuins 

(SIRTs) [40]. SIRTs belong to the class III histone 

deacetylases and rely on NAD+ as a co-substrate for 

various enzymatic activities, including deacetylation and 

ADP-ribosylation [41]. These proteins are involved in 

multiple cellular pathways and play a role in preventing 

aging progression and age-related disorders such as 

cardiovascular diseases, diabetes, neurodegeneration, and 

various types of cancers [42]. Within the sirtuin family, 

SIRT1 and SIRT2 have garnered significant attention from 

researchers. Several studies have highlighted the 

prominent role of SIRT2 in regulating glucose and lipid 

metabolism through the deacetylation of various 

endogenous substrates. 

Additionally, SIRT2 plays a crucial role in cancer 

development by influencing critical cellular processes 

such as metabolism, aging, inflammation, gene 

transcription, apoptosis, and even p53 deacetylation, 

which promotes cell growth. Consequently, the SIRT2 

gene, located on human chromosome 19 and consisting of 

18 exons in multiple organisms and invertebrate species, 

has emerged as an attractive therapeutic target in cancer 

research. Combined suppression of SIRT1 and SIRT2 

isoforms has been shown to induce apoptosis in various 

tumor cell lines by increasing p53 acetylation [43–45]. 

In a study conducted by Sacconnay et al., novel 5-

benzylidene hydantoins (11) were identified as inhibitors 

of SIRT enzymes (Fig. 6). Through cell-based assays and 

structure-based virtual screening, the researchers 

discovered these compounds and compared their 

inhibitory effectiveness to that of sirtinol, a pan-SIRT 

inhibitor. The derivatives featured scaffolds consisting of 

3-benzyl-5-benzylidenehydantoin, with substitutions at 

the N3 and C3 positions of the hydantoin moiety [46]. 

Three compounds, 11a, 11b, and 11c, exhibited promising 

inhibitory activities against SIRT1 and SIRT2, with IC50 

values similar to or higher than sirtinol (Table 2). Notably, 

compound 11b demonstrated a significant increase in p53 

acetylation (P < 0.05), comparable to the effects of sirtinol. 

Sacconnay and coworkers observed that the most potent 

inhibitors were those in which the R1 ring was substituted 

at the para or ortho position. Additionally, the R2 group 

was characterized by a halogen atom in the meta position 

and/or a hydroxyl group (compound 11b) or a tertiary 

amino group in the para position (compounds 11a and 

11c) [46]. Molecular docking calculations were performed 

for compound 11b within the catalytic pockets of SIRT1 

(PDB code 4I5I) and SIRT2 (PDB code 3ZGV), both in the 

presence of co-crystallized NAD+. In the case of SIRT1, the 

compound occupied the C-site sub-pocket rather than the 

lysine channel, like what was observed for EX-527, an 

uncompetitive SIRT1 inhibitor in relation to NAD+. 

Interestingly, the position of the EX-527 derivative co-                  
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  Fig. 6. Design of hydantoin-based sirtuin inhibitors, 

Series 11. 

Table 2: Inhibitory activities of the selected 5-

benzylidene-hydantoin derivatives against SIRT1 and 

SIRT2. 

Comp 11a 11b 11c Sirtinol 

SIRT1 

(IC50) 
94.0 32.1 38.6 69.9 

SIRT2 

(IC50) 
68.7 37.7 38.8 49.2 

 

crystallized with SIRT1 aligned well with the 

docked structure of 11b. The hydroxyl chlorophenyl ring 

of 11b formed stacking interactions with the nicotinamide 

portion of NAD+ and established van der Waals contacts 

with the Ile347 side chain. Additionally, the chlorine and 

hydroxyl groups of 11b interacted with Phe297 and 

Val412, respectively, contributing to the stability of the 

complex. The hydantoin scaffold of 11b fit well within a 

niche composed of Ala262, Phe273, Ile279, and Asn346 

residues, while the chlorophenyl portion formed 

hydrophobic contacts with the Ile270 and Ile316 side 

chains. Notably, the docking results for 11b demonstrated 

a similar interaction network in SIRT2, supporting its non-

selective mechanism of action as observed in vitro [46]. 

1.3.    Hydantoins as B-cell lymphoma-2 inhibitors 

B-cell lymphoma-2 (Bcl-2) is a protein known for 

inhibiting apoptosis and its association with the 

development of various cancers [47]. Among the Bcl-2 

protein family members, Bcl-2 was the first to be 

discovered [47,48]. The initial gene was found to promote 

prolonged cell survival and growth, emphasizing the 

significance of preventing cell death in tumor 

development [49]. Elevated expression of Bcl-2 has been 

observed in several cancer types, and it plays a crucial role 

in angiogenesis and cancer progression [50]. Apoptosis, 

triggered by tumor therapy, is a major mechanism of cell 

death. Targeting the Bcl-2 protein with chemotherapy 

drugs can potentially enhance apoptosis [51]. Therefore, 

Bcl-2 presents itself as a promising therapeutic target for 

malignancies, and Bcl-2 inhibitors have demonstrated 

promising results in various types of cancers, whether 

used alone or in combination with other medications [52]. 

Rhodanine has undergone substantial research 

and has been considered a possible drug design scaffold 

for creating powerful Bcl-2 inhibitors. BH3I-1 and WL-276 

are two examples of inhibitors with rhodanine scaffold 

[53]. By applying a bio-isosteric replacement strategy, 

Wang and coworkers succeeded in developing a new 

series of imidazolidine-2,4-dione derivatives (12) by 

replacing rhodanine core with a hydantoin moiety and 

testing their inhibitory activities against antiapoptotic Bcl-

2 proteins (Fig. 7). The results showed that the binding 

affinities to Bcl-2 were affected by various substituents in 

the aromatic ring of benzene-sulfonamide at the R2 

position. For example, the methyl group in para position 

(12a, Ki >50 mM) is unfavorable for enhancing potency 

compared with the compound (12b, Ki = 19 mM) without 

substitution. On the other hand, the substitution of 3-

NO2-4-Cl gave the most potent target compounds (12c, Ki 

= 3.7 mM and 12d, Ki = 4.4 mM) comparable to the binding 

affinity of control WL-276 (Ki = 0.62 mM), which 

suggested that adding electron-withdrawing groups to the 

benzene-sulfonamide moiety would favorably increase 

the binding affinities with target protein [53]. Moreover, 

the researchers investigated whether the active target 

compounds exhibited affinities for other antiapoptotic Bcl-

2 proteins, namely Bcl-XL and Mcl-1, intending to 

determine if they could bind and inhibit these proteins. 

According to the data, the most potent compounds, 12c 

and 12d, displayed comparable binding affinities to all 

three antiapoptotic Bcl-2 proteins compared to the control 

compound WL-276 [53] (Table 3). Furthermore, the 

selected compounds were evaluated for their 

antiproliferative activities against K562, PC-3, and MDA-

MB-231 cell lines. Notably, compounds 12c and 12d 

exhibited superior antiproliferative activities compared to 

the other compounds. Specifically, compound 12d 

demonstrated more potent inhibitory effects against the 

K562 and PC-3 cell lines than WL-276 (Table 4) [53]. 
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Table 3: The binding affinities of the most active 

compounds to three Bcl-2 proteins. 

Comp 
Ki (mM) 

Bcl-XL Bcl-2 Mcl-1 

12c 6.1 3.7 2.9 

12d 4.7 4.4 2.3 

WL-276 0.66 0.62 0.25 

 

Table 4: Antiproliferative activities of the most active 

compounds. 

Comp 

IC50 (mM) 

K562 PC-3 
MDA-MB-

231 

12c 39.4 51.7 70.8 

12d 35.1 28.4 57.8 

WL-276 44.9 39.8 35.2 

 

           

 
Fig. 7. Design of hydantoin-based Bcl-2 inhibitors, 

Series 12. 

1.4.   Hydantoins as efflux pump P-glycoprotein 

inhibitors 

Chemotherapy is considered one of the primary 

treatment options for cancer, and extensive research has 

been dedicated to discovering potent anticancer drugs. 

However, the emergence of multidrug resistance (MDR), 

wherein cancer cells reduce their sensitivity to drugs, 

poses a significant challenge in effectively treating 

malignancies with chemotherapy [54,55]. The 

development of drug resistance in cancer cells, resulting 

from previous exposure to the same or different 

chemotherapeutic agents, is the primary reason for the 

failure of cancer chemotherapy. One mechanism by which 

the MDR phenotype develops is the upregulation of cell 

transporters, which actively pump out anticancer drugs 

before reaching their intended therapeutic targets. Most 

transporters that confer resistance in cancer cells belong to 

the ATP-binding cassette (ABC) family, including the 

ABCB1 transporter, also known as P-glycoprotein (Pgp-1). 

This transporter functions as an efflux pump for various 

anticancer treatments. The MDR1 (ABCB1) gene, encoding 

P-gp, has been targeted as a therapeutic approach to 

overcome multidrug resistance, considering that cancer 

cells often overexpress P-gp [56,57]. In 2020, Wesam et al. 

discussed a novel chemical family of potent selenium-

containing compounds that served as hybrids of 

phenylselenoethers with either aryl hydantoin or 

phenylpiperazine moieties (Fig. 8). These hybrid 

compounds were assessed for their ability to modulate 

efflux in a mouse T-lymphoma cell line transfected with 

the human MDR1 gene, which encodes the ABC 

transporter ABCB1 [58]. The evaluation involved 

measuring the accumulation of rhodamine 123, a substrate 

for ABCB1. The percentage of mean fluorescence intensity 

was calculated for the treated MDR cells compared to the 

untreated cells, and a fluorescence activity ratio (FAR) 

was determined. Verapamil, a reference drug, was tested 

at the commonly used concentration of 20 μM, while all 

hybrid compounds were investigated at a 10-fold lower 

concentration of 2 μM [58]. Among the tested derivatives, 

the hydantoin derivatives (tested at 2 mM) exhibited 

strong inhibitory potency, surpassing the reference 

inhibitor verapamil by up to 2.6-fold (at 20 mM). 

Compound 13, a hydantoin derivative, displayed the most 

potent activity with a FAR of 2.77 at 0.2 mM. 

In comparison, verapamil had a FAR of 17.59 at 20 

mM (Fig. 8). Furthermore, cytotoxicity assays conducted 

on both sensitive (PAR) and resistant (MDR) mouse T-

lymphoma cell lines revealed that the compound 13, a 5,5-

diphenylhydantoin derivative, exhibited the highest 

potency among the entire series, with IC50 values of 0.67 

and 0.90 for PAR and MDR, respectively. Mechanistic 

studies indicated compound 13 inhibited cell cycle 

progression by reducing cyclin D1 expression and 

suppressed cell proliferation by inducing p53 expression. 

Additionally, the SAR analysis demonstrated that 

compounds with lipophilic properties and a longer 

selenoether spacer exhibited the most potent activity [58]. 
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Fig. 8. Design of phenylselenoether-hydantoin hybrid-

based Pgp-1 inhibitors. 

Hydantoin-based new inhibitors targeting the 

Pgp-1 transporter were described by Martins et al. They 

evaluated the ABCB1-inhibitory properties of fourteen 

hydantoin compounds, which were classified into three 

distinct structural groups: completely substituted 

hydantoins (Class I) 14, phenytoin derivatives (Class II) 

15, and monosubstituted benzylidene hydantoins (Class 

III) 16 [59] (Fig. 9). The researchers assessed the impact of 

hydantoin compounds on the accumulation of Ethidium 

bromide (EB) in MDR mouse lymphoma cells that were 

genetically modified to express the human ABCB1 gene, 

which encodes the Pgp-1 transporter responsible for the 

multidrug resistance (MDR) phenotype. The methodology 

involved monitoring the progressive increase in EB 

fluorescence induced by the hydantoin compound, which 

indicated its ability to inhibit the efflux of EB mediated by 

the transporter [59]. A higher accumulation of EB 

demonstrated a more significant inhibition of the cell's 

efflux pump system by the hydantoin compound. To 

determine the specific activity (SA) of the efflux pump 

inhibition in the MDR mouse lymphoma cells, the relative 

final fluorescence index (RFI) was divided by the number 

of micromoles of the hydantoin compound used in the 

experiment. All fourteen hydantoin compounds were 

evaluated at a consistent concentration of 20 mg/l to assess 

their activity against the Pgp-1 transporter. The obtained 

data was then converted into specific activity (SA) values 

represented as RFI/μmol, enabling a direct comparison of 

the effects of each hydantoin on the transporter. The 

results revealed that hydantoins 16a, 16b, 14b, and 14e 

exhibited the highest SA against ABCB1, while 

hydantoins 14a, 14c, 14d, and 14f demonstrated the lowest 

SA. Hydantoins 15, 14g, and 14h were found to be inactive 

against the ABCB1 transporter [59] (Fig. 10). The 

structure-activity relationship (SAR) analysis for these 

compounds revealed that in Class I, the position and 

number of lipophilic substituents on both phenyl rings 

played a crucial role in determining their ABCB1-

inhibitory properties. Specifically, methoxy or fluoride 

substitutions at the o-position on the phenylpiperazine 

ring led to the most effective structures, as observed in 

compounds 14b and 14e. Comparing the activities of 

compounds 14a, 14b, and 14c, it was evident that both the 

m-position of the methoxy substituent (14c) and the 

absence of any lipophilic substituent in the aromatic rings 

(14a) resulted in a decrease in ABCB1 inhibition by these 

hydantoin derivatives [59]. The compounds 14g and 14h 

exhibited very low ABCB1-inhibitory properties, 

indicating a nonbeneficial impact of m-substitution at the 

phenylpiperazine phenyl ring for these structures. The 

phenytoin derivative, a Class II drug, displayed the least 

inhibitory action, and the authors hypothesized that the 

lower activity of this Class II compound was attributed to 

the hydrophilicity of its hydroxyethyl piperazine end 

fragment. On the other hand, the Class III derivatives (16a 

and 16b) demonstrated the most potent activity, 

attributed to a lipophilic benzyloxy arylidene substituent 

at position 5 of the hydantoin structure [59]. 

1.5.   Hydantoins as kinesin spindle protein inhibitors 

Kinesins are ATPases that utilize ATP hydrolysis 

to generate energy for microtubule activity (MTs). The 

kinesin spindle enzyme (KSP), also known as Homo 

sapiens Eg5 (HsEg5), plays a significant role in the growth 

and function of the mitotic spindle, contributing to the 

regulation of mitosis by facilitating the formation of 

bipolar spindles and the separation of chromosomes. Due 

to its involvement in these crucial processes, targeting this 

protein, specifically inhibiting it, holds promise for cancer 

treatment. Inhibition of KSP leads to the formation of 

mono-astral spindles, resulting in cell cycle arrest and cell 

death while leaving other microtubule-dependent 

activities undisturbed [60,61]. In a previous study, a 

medium-sized chemical library consisting of 16,000 

compounds underwent high-throughput screening to 

identify a selective inhibitor of Eg5, namely hexahydro-

imidazo[1,5-β]-β-carboline-1,3-dione, also referred to as 

HR22C16 (Fig. 11) [62]. Shankaraiah et al. reported a series 

of new hydantoin-fused tetrahydro-b-carboline hybrids 

(17), which were designed based on the structure of 

HR22C16 and evaluated for their in vitro cytotoxicity. The 

anticancer activity of these compounds was assessed 

using an MTT assay against five cancer cell lines. 

Interestingly, significant cytotoxicity was observed in the 

prostate cancer cell line (PC-3) for these compounds [61]. 

Among the tested compounds, compound 17a exhibited 
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Fig. 9. Design of three classes of hydantoin-based Pgp-1 

inhibitors. 

 
Fig. 10. The specific activity (SA) of hydantoin 

compounds on the Pgp-1 transporter of mouse 

lymphoma cells transfected with the human ABCB1 

gene that codes for the ABCB1 transporter. 

 

the highest cytotoxicity with an IC50 value lower than that 

of etoposide (IC50 = 6.08 μM and 14.4 μM for 17a and 

etoposide, respectively) (Fig. 11). Flow cytometric analysis 

of compound 17a in the PC-3 cell line indicated G2/M cell 

cycle arrest. To assess selectivity towards cancer cells, the 

compounds were also tested for cytotoxicity on normal 

prostate epithelial cells (RWPE). Compound 17a showed 

high selectivity for prostate cancer cells compared to 

healthy prostate epithelial cells (IC50 values were five 

times higher in RWPE cells). In contrast, etoposide 

exhibited a 2-fold higher IC50 value in RWPE cells than 

PC-3 cells. Therefore, it was discovered that compound 

17a displayed more excellent selectivity for cancer cells 

than etoposide [61]. Molecular docking studies were 

employed to investigate the interaction of the targeted 

compounds (17) with the residues of the Kinesin spindle 

protein. The docking results revealed that all the ligands 

bound to the allosteric site of Eg5, consisting of the amino 

acids Tyr211, Leu214, Glu215, Gly117, Ala133, and Trp127. 

Similarly, to HR22C16, the aromatic ring of the phenol 

group in the compounds formed π-π stacking interactions 

with Tyr211, and the hydroxy group of this phenol group 

established hydrogen bond interactions with Gly117. 

Among the compounds, compound 17a exhibited the 

most favorable interactions with the Kinesin spindle 

protein [61]. 

 
Fig. 11. Design of hydantoin-based kinesin spindle 

protein inhibitors, Series 17. 

1.6.   Hydantoins as tubulin polymerization inhibitors 

Microtubules are vital components of the 

eukaryotic cytoskeleton, comprising α- and β-tubulin 

heterodimers. The dynamic equilibrium of polymerization 

and depolymerization is the physiological foundation of 

microtubule activity, playing essential roles in processes 

such as mitosis, cell shape maintenance, cell division, 

signal processing, organelle assembly, and transportation. 

Disrupting the dynamic equilibrium of the microtubule-

tubulin system offers an effective antimitotic approach to 

halt the rapid proliferation of tumor cells [63,64]. 

Combretastatin A4 (CA-4) is a highly potent anticancer 

compound that interferes with tubulin polymerization. It 

is undergoing Phase III clinical trials as a phosphate 

prodrug for the treatment of various tumors. Extensive 

studies on the structure-activity relationship (SAR) of CA-

4 and its analogs have revealed that the presence of a 

3,4,5-trimethoxyphenyl moiety (Ring A) and the cis-

orientation of the olefinic bond is crucial for their 

anticancer activity. Various cis-restricted CA-4 analogs, 
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incorporating rigid bridges, particularly heterocycles, 

have been identified to prevent isomerization to the trans-

form. This isomerization would diminish both the anti-

tubulin activity and cytotoxicity of the compounds [64].  

A series of novel hydantoin-bridged analogs of 

combretastatin A-4 (CA-4) were designed, synthesized, 

and evaluated for antiproliferative activities by Zhang et 

al. (Fig. 12). These compounds (18) were tested against 

four cancer cell lines, namely HeLa, A2780, HCT-116, and 

MDA-MB-231, with CA-4 used as a positive control. The 

results demonstrated that compound 18a exhibited the 

most potent activity, with IC50 values ranging from 0.186 

to 0.279 μM, while CA-4 displayed IC50 values ranging 

from 0.002 to 0.007 μM. Additionally, the cytotoxicity of 

compound 18a was evaluated in a normal ovarian 

epithelial cell line (HOSE), with paclitaxel used as a 

positive control to assess selectivity between cancer cells 

and normal cells [64]. The findings revealed that at 10 and 

50 μM, compound 18a only reduced HOSE cell growth by 

up to 33%, whereas paclitaxel at the same concentrations 

caused 51% and 94% inhibition. This result demonstrated 

the high selectivity of compound 18a towards tumor cells 

compared to normal cells. Although compound 18a was 

less potent than CA-4, it exhibited non-toxicity towards 

normal cells (HOSE cells), unlike paclitaxel. Further 

investigations confirmed that compound 18a effectively 

inhibited tubulin polymerization (IC50 = 16.2 μM for 18a 

and 6.6 μM for CA-4), disrupted tumor vascularization, 

induced cell cycle arrest in the G2/M phase, and triggered 

cell apoptosis [64]. Moreover, nude mice xenograft tumor 

models were established to assess the in vivo anti-tumor 

efficacy of compound 18a. The results demonstrated that 

at a dose of 20 mg/kg, 18a significantly suppressed tumor 

growth with an inhibition ratio of 46.9% compared to the 

control group. Importantly, no observable body weight 

loss was observed at the end of the observation period 

(22.35 g in the control group and 22.05 g in the 18a treated 

group), indicating the safety of compound 18a at the 

therapeutic dosage. These findings confirmed the potent 

anti-tumor capabilities of compound 18a in vivo [64]. 

1.7.   Hydantoins as EGFR inhibitors 

The epidermal growth factor receptor (EGFR) family plays 

a crucial role in the normal development of organs by 

regulating processes such as cell proliferation, 

differentiation, apoptosis, invasion, and angiogenesis [65–

67]. In tumor cells, EGFR signaling is often dysregulated, 

allowing them to proliferate in unfavorable conditions, 

invade neighboring tissues, and promote angiogenesis 

Fig. 12. Design of hydantoin-based tubulin 

polymerization inhibitors, Series 18. 

This contrasts with normal cells with strict regulatory 

systems that govern EGFR pathways [65,68]. 

Unfortunately, the overexpression of the EGFR gene leads 

to the activation of various downstream signaling 

pathways, contributing to cancer aggressiveness and 

invasiveness [69]. Consequently, EGFR has become an 

important therapeutic target in anticancer therapy, 

supported by clinical evidence [70,71]. 2022 Hassanin and 

coworkers reported a series of hydantoin-acetanilide 

derivatives 19 (Fig. 13) targeting EGFRWT and its 

mutations EGFRL858R/T790M. Then, these derivatives were 

evaluated for their anti-NSCLC activity in A549, H1975, 

and PC9 cell lines, and erlotinib was used as a positive 

control. The findings demonstrated that the synthesized 

hydantoin acetanilide derivatives exhibited significant 

anticancer potency. Notably, compounds 19a and 19b 

displayed the highest potency, with average IC50 values 

lower than erlotinib (IC50 = 2.57 μM, 4.79 μM, and 11.26 

μM for 19a, 19b, and erlotinib, respectively). In vitro, 

EGFR inhibition assays revealed that 19b effectively 

inhibited both wild-type and mutant forms of EGFR. 

Specifically, 19b demonstrated potent inhibitory activity 

against EGFRWT, with approximately 3-fold lower IC50 

values than the reference compound erlotinib. Moreover, 

it exhibited similar inhibitory activities against EGFRL858R 

and EGFRT790M mutations (IC50 = 0.05 μM and 0.09 μM, 

respectively) as compared to erlotinib (IC50 = 0.03 μM and 

0.07 μM, respectively) [72]. The active hydantoin 

derivative 19b induced significant cell cycle arrest at the 

sub-G1 and S phases and triggered apoptosis in A549 

cells. To assess the safety of compounds 19a and 19b, an in 

vitro cytotoxic assay was performed on normal fibroblast 

WI-38 cells. The IC50 values indicated that hydantoin 

derivatives exhibited low cytotoxicity towards the normal 
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fetal lung WI-38 cells. Specifically, 19a and 19b were 2.3-

fold and 2.6-fold more effective than the reference 

compound erlotinib, respectively (IC50 values of 42.45 μM 

and 49.30 μM for 19a and 19b, compared to 18.62 μM for 

erlotinib). These results suggest that 19a and 19b were 

minimally cytotoxic to the normal WI-38 cell line [72]. In 

the docking study conducted on EGFR (PDB: 5GTY), it 

was observed that all the target compounds 19 could 

interact with the active sites of the co-crystallized ligand 

binding sites, particularly with Met790 through hydrogen 

bonds. Additionally, all the compounds formed hydrogen 

bonding interactions with Thr854 and exhibited pi-H 

interactions with Leu777, along with hydrogen bonding 

with Lys745. The most potent derivative, 19b, formed two 

hydrogen bonds with the gatekeeper mutant Met790, 

while the p-methoxy group was closer to Cys797 of the 

kinase hinge. In contrast, erlotinib did not show any 

binding interaction with Met790, which may explain the 

superior in vitro inhibition of mutated EGFR growth 

exhibited by the target compound. These results highlight 

the potential of 19b as a promising lead compound for 

further development as an active agent in anticancer 

therapy [72]. 

 
Fig. 13. Design of hydantoin-acetanilide derivatives as 

EGFR inhibitors, series 19. 

   In 2019, Alkahtani lab reported a series of novel hybrid 

derivatives of 5,5 diphenylimidazolidine-2,4-dione 

conjugated to 5-substituted isatin (20) and evaluated them 

for anticancer activity and EGFR and VEGFR2 inhibitory 

activity (Fig. 14). The cytotoxic activity of the 2-(2,5-dioxo-

4,4-diphenylimidazolidin-1-yl) acetamide derivatives was 

assessed against three cancer cell lines: HeLa, human lung 

adenocarcinoma (A549), and human breast 

adenocarcinoma (MDA-MB-231). Docetaxel was used as a 

reference compound. Overall, the results demonstrated 

that most compounds exhibited promising 

antiproliferative activity, with compound 20a being the 

most effective [73]. It displayed an average IC50 value of 59 

μM against the tested cell lines, compared to an IC50 of 83 

μM for docetaxel. Notably, many of the tested compounds 

showed significant antiproliferative activity, specifically 

against HeLa cells, which were found to be the most 

sensitive cell line (average IC50 = 93 μM). In comparison to 

docetaxel (IC50 = 100 μM), compounds 20a, 20b, and 20c 

exhibited higher cytotoxic effects on HeLa cells, with IC50 

values of 18.5 μM, 10 μM, and 30 μM, respectively. 

Additionally, the inhibitory activity of the compounds 

against EGFR and VEGFR2 was evaluated using erlotinib 

as a reference. The results indicated that compounds 20b 

and 20c demonstrated potent inhibitory activity against 

EGFR, with lower or comparable IC50 values to erlotinib 

(IC50 = 0.10 μM, 0.37 μM, and 0.10 μM for 20b, 20c, and 

erlotinib, respectively) [73]. Notably, replacing the nitro 

group at position 5 in compound 20c with a fluorine 

group in compound 20a led to a significant reduction in 

inhibitory activity against EGFR (IC50 = 6.17 μM for 20a). 

Interestingly, compound 20a exhibited potent inhibitory 

activity against VEGFR2, surpassing the other compounds 

and showing an IC50 value comparable to erlotinib (IC50 = 

0.09 μM and 0.004 μM for 20a and erlotinib, respectively) 

[55]. Moreover, the docking study revealed that the 

hydantoin component of compound 20c occupies the 

hydrophobic pocket of EGFR, establishing hydrophobic 

interactions with LEU 714, LEU 844, ALA 743, and VAL 

726. On the other hand, the isatin moiety forms hydrogen 

bonds with SER 720, GLY 721, GLY 719, and LYS 745. It is 

observed that the presence of the nitro group at position 5 

in compound 20c diminishes the affinity of the isatin 

moiety towards the hydrophobic pocket. Consequently, 

these docking simulations provide insight into the 

selective nature of compound 20c towards EGFR, while 

compound 20a exhibits selectivity for VEGFR2 [73]. 
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Fig. 14. Design of hydantoin-isatin conjugates as EGFR 

inhibitors, Series 20. 

  Zuliani and colleagues conducted a study on a series of 

1,5-disubstituted hydantoins designed to interact with the 

ATP binding site of EGFR. They compared them to the 

compound UPR1024, which exhibited potent activity with 

1-phenethyl and (E)-5-p-OH-benzylidene substituents. 

Pharmacological characterization of UPR1024 revealed its 

dual mechanism of action, inhibiting EGFR 

autophosphorylation and inducing DNA damage in A549 

cells. The researchers aimed to determine whether this 

dual mechanism was unique to UPR1024 or a common 

characteristic among other compounds in the series [66]. 
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Thus, they evaluated various derivatives with different 

substituents at positions 1, 3, and 5 on the hydantoin 

nucleus for their antiproliferative activity on the A549 cell 

line, known to respond to EGFR tyrosine kinase 

inhibitors. Four different classes of compounds were 

designed, and their inhibitory activity was assessed (Fig. 

15). The 21 series (type A), carrying a phenethyl side chain 

at position 1, showed growth inhibition ranging from 

9.4% to 53% at a concentration of 20 μM. At the same time, 

the reference drug gefitinib exhibited 63% growth 

inhibition. No difference in activity was observed between 

E and Z isomers in the type A derivatives, and 

introducing a substituent on the 5-benzylidene ring 

improved the antiproliferative activity in the case of E-

isomers [66]. The 22 series (type B) was designed by 

introducing different lipophilic side chains at the N1 

position, with growth inhibition percentages ranging from 

0% to 49%. N1-benzyl hydantoin derivatives exhibited 

increased activity in the E-isomers when a substituent was 

added to the 5-benzylidene ring. In contrast, compounds 

with N1-phenyl and N1-alkyl side chains displayed weak 

antiproliferative effects, indicating the significance of a 

phenethyl or benzyl group at position 1 for suppressing 

cell growth [66]. Methylation at the N3 position in the 23 

series (type C) increased the activity of the E-isomer 

(growth inhibition percentage increased from 9.4% to 

31%) without affecting the activity of the Z-isomer 

(growth inhibition percentage ranged from 42% to 45%). 

Compound 24 (type D) did not exhibit noticeable 

antiproliferative effects (growth inhibition percentage = 

7.2%), highlighting the importance of the exocyclic double 

bond at position 5 on the hydantoin nucleus for both 

EGFR kinase inhibition and growth suppression in A549 

cells [66]. Overall, none of the newly designed compounds 

surpassed the effectiveness of UPR1024 (growth inhibition 

percentage = 53%). Still, most of them demonstrated 

growth suppression in human A549 cells at concentrations 

of 20 μM with inhibitions exceeding 20%. Elevated levels 

of the p53 protein are associated with cell cycle arrest and 

apoptosis, serving as biological indicators of DNA 

damage. To confirm the compounds' activity as DNA-

damaging agents, selected derivatives were evaluated for 

their ability to increase p53 protein levels. Some of the 

chosen compounds exhibited a fold increase in p53 levels 

greater than 1.5 after 48 hours of treatment at a 

concentration of 20 μM. In conclusion, UPR1024 and other 

5-benzylidene hydantoin derivatives elevated p53 levels, 

indicating that the dual mode of action was a shared 

characteristic among UPR1024 and other compounds in 

the series [66].                                        .  

22, type B

N

NHO
O

H

OH

UPR1024

N

NHO
O

H
R1

21, type A

R1

N

NHO
O

H

2R

23, type C

N

NO
O

H

CH3

N

NHO
O

24, type D

 

Fig. 15. Design of hydantoin-based EGFR inhibitors, 

Series 21-24. 

2. Conclusion 

   Cancer represents the second major cause of mortality 

after cardiovascular disease. Hydantoin is a heterocyclic-

based scaffold, which is highly valuable for discovering 

bioactive compounds. These scaffolds contain 

heteroatoms along with carbon atoms in the ring 

structure. This structural arrangement enables them to act 

as hydrogen bond donors or acceptors, effectively forming 

intermolecular hydrogen bonds with biological targets. 

Hydantoin derivatives can be synthesized by Bucherer 

Bergs reaction and from cyclic α, α-disubstituted α-amino 

esters through isocyanate coupling. This review 

highlighted the significance of hydantoin scaffolds and 

their recent applications in medicinal chemistry, 

showcasing their diverse pharmacological properties. 

Hydantoin-based compounds have demonstrated a range 

of pharmacological activities, including anticancer, 

antibacterial, anticonvulsant, and antidiabetic effects. 

Also, it focuses on the anticancer potential of hydantoin-

containing compounds, elucidating their various targets 

such as HDAC, sirtuin, B-cell lymphoma-2, tubulin 

polymerization, kinesin spindle protein, and EGFR 

inhibitors. Despite the potential of hydantoin derivatives 

as targeted therapies for cancer treatment, several 

challenges and limitations must be addressed to maximize 

their effectiveness and safety. A significant challenge is 

the development of drug resistance, where cancer cells 

acquire mechanisms that reduce the efficacy of hydantoin-

based agents over time. To overcome this, combination 

therapies that target multiple pathways simultaneously 

may offer a promising approach to combat resistance and 

improve treatment outcomes. Additionally, further 

investigation is required to elucidate the molecular 
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mechanisms of action for hydantoin derivatives fully. A 

better understanding of their precise mode of action 

would facilitate the rational design of more potent and 

specific compounds with enhanced efficacy. 

Ethical consideration: All the participants in this study 

gave their informed permission. 

Conflicts of Interest 

 No conflicts of interest are disclosed

References 

[1] S.H. Cho, S.H. Kim, D. Shin, Recent applications of hydantoin 

and thiohydantoin in medicinal chemistry, Eur. J. Med. Chem. 164 (2019) 

517–545. https://doi.org/10.1016/j.ejmech.2018.12.066. 

[2] M.A. Tantawy, M.S. Nafie, G.A. Elmegeed, I.A.I. Ali, 

Auspicious role of the steroidal heterocyclic derivatives as a platform for 

anti-cancer drugs, Bioorg. Chem. 73 (2017) 128–146. 

https://doi.org/10.1016/j.bioorg.2017.06.006. 

[3] C. Avendaño, J.C. Menendez, Hydantoin and Its Derivatives, 

in: Kirk-Othmer Encycl. Chem. Technol., John Wiley & Sons, Inc., 

Hoboken, NJ, USA, 2000. 

https://doi.org/10.1002/0471238961.0825040101220514.a01. 

[4] C. V. Kavitha, M. Nambiar, C.S. Ananda Kumar, B. Choudhary, 

K. Muniyappa, K.S. Rangappa, S.C. Raghavan, Novel derivatives of 

spirohydantoin induce growth inhibition followed by apoptosis in 

leukemia cells, Biochem. Pharmacol. 77 (2009) 348–363. 

https://doi.org/10.1016/j.bcp.2008.10.018. 

[5] C. Carmi, A. Cavazzoni, V. Zuliani, A. Lodola, F. Bordi, P.V. 

Plazzi, R.R. Alfieri, P.G. Petronini, M. Mor, 5-Benzylidene-hydantoins as 

new EGFR inhibitors with antiproliferative activity, Bioorganic Med. 

Chem. Lett. 16 (2006) 4021–4025. 

https://doi.org/10.1016/j.bmcl.2006.05.010. 

[6] Basappa, C.S. Ananda Kumar, S. Nanjunda Swamy, K. 

Sugahara, K.S. Rangappa, Anti-tumor and anti-angiogenic activity of 

novel hydantoin derivatives: Inhibition of VEGF secretion in liver 

metastatic osteosarcoma cells, Bioorganic Med. Chem. 17 (2009) 4928–

4934. https://doi.org/10.1016/j.bmc.2009.06.004. 

[7] S.M. Sondhi, J. Singh, A. Kumar, H. Jamal, P.P. Gupta, 

Synthesis of amidine and amide derivatives and their evaluation for anti-

inflammatory and analgesic activities, Eur. J. Med. Chem. 44 (2009) 1010–

1015. https://doi.org/10.1016/j.ejmech.2008.06.029. 

[8] A.S.H. Da Silva Guerra, D.J. Do Nascimento Malta, L.P. Morais 

Laranjeira, M.B. Souza Maia, N. Cavalcanti Colaço, M. Do Carmo Alves 

De Lima, S.L. Galdino, I. Da Rocha Pitta, T. Gonçalves-Silva, Anti-

inflammatory and antinociceptive activities of indole-imidazolidine 

derivatives, Int. Immunopharmacol. 11 (2011) 1816–1822. 

https://doi.org/10.1016/j.intimp.2011.07.010. 

[9] D. Sergent, Q. Wang, N.A. Sasaki, J. Ouazzani, Synthesis of 

hydantoin analogues of (2S,3R,4S)-4-hydroxyisoleucine with 

insulinotropic properties, Bioorganic Med. Chem. Lett. 18 (2008) 4332–

4335. https://doi.org/10.1016/j.bmcl.2008.06.081. 

[10] J. Handzlik, E. Szymańska, J. Chevalier, E. Otrbska, K. Kieć-

Kononowicz, J.M. Pags, S. Alibert, Amine-alkyl derivatives of hydantoin: 

New tool to combat resistant bacteria, Eur. J. Med. Chem. 46 (2011) 5807–

5816. https://doi.org/10.1016/j.ejmech.2011.09.032. 

[11] F. Fujisaki, K. Shoji, M. Shimodouzono, N. Kashige, F. Miake, K. 

Sumoto, Antibacterial Activity of 5-Dialkylaminomethylhydantoins and 

Related Compounds, Chem. Pharm. Bull. 58 (2010) 1123–1126. 

https://doi.org/10.1248/cpb.58.1123. 

[12] P.A. Procopiou, V.J. Barrett, N.J. Bevan, P.R. Butchers, R. 

Conroy, A. Emmons, A.J. Ford, S. Jeulin, B.E. Looker, G.E. Lunniss, V.S. 

Morrison, P.J. Mutch, R. Perciaccante, M. Ruston, C.E. Smith, G. Somers, 

The discovery of long-acting saligenin β 2 adrenergic receptor agonists 

incorporating hydantoin or uracil rings, Bioorganic Med. Chem. 19 (2011) 

4192–4201. https://doi.org/10.1016/j.bmc.2011.05.064. 

[13] J.J. Handzlik, E. Szymańska, K. Ndza, M. Kubacka, A. Siwek, S. 

Mogilski, J.J. Handzlik, B. Filipek, K. Kieć-Kononowicz, Pharmacophore 

models based studies on the affinity and selectivity toward 5-HT1A with 

reference to α1-adrenergic receptors among arylpiperazine derivatives of 

phenytoin, Bioorganic Med. Chem. 19 (2011) 1349–1360. 

https://doi.org/10.1016/j.bmc.2010.11.051. 

[14] J. Handzlik, D. Maciag, M. Kubacka, S. Mogilski, B. Filipek, K. 

Stadnicka, K. Kieć-Kononowicz, Synthesis, α1-adrenoceptor antagonist 

activity, and SAR study of novel arylpiperazine derivatives of phenytoin, 

Bioorganic Med. Chem. 16 (2008) 5982–5998. 

https://doi.org/10.1016/j.bmc.2008.04.058. 

[15] Q. Zhu, Y. Pan, Z. Xu, R. Li, G. Qiu, W. Xu, X. Ke, L. Wu, X. Hu, 

Synthesis and potential anticonvulsant activity of new N-3-substituted 

5,5-cyclopropanespirohydantoins, Eur. J. Med. Chem. 44 (2009) 296–302. 

https://doi.org/10.1016/j.ejmech.2008.02.024. 

[16] H. Byrtus, J. Obniska, A. Czopek, K. Kamiński, Synthesis and 

anticonvulsant activity of new N-Mannich bases derived from 5-

cyclopropyl-5-phenyl-hydantoins, Arch. Pharm. (Weinheim). 344 (2011) 

231–241. https://doi.org/10.1002/ardp.201000241. 

[17] H.U. Stilz, W. Guba, B. Jablonka, M. Just, O. Klingler, W. König, 

V. Wehner, G. Zoller, Discovery of an orally active non-peptide fibrinogen 

receptor antagonist based on the hydantoin scaffold, J. Med. Chem. 44 

(2001) 1158–1176. https://doi.org/10.1021/jm001068s. 

[18] D. Kim, L. Wang, C.G. Caldwell, P. Chen, P.E. Finke, B. Oates, 

M. MacCoss, S.G. Mills, L. Malkowitz, S.L. Gould, J.A. DeMartino, M.S. 

Springer, D. Hazuda, M. Miller, J. Kessler, R. Danzeisen, G. Carver, A. 

Carella, K. Holmes, J. Lineberger, W.A. Schleif, E.A. Emini, Discovery of 

human CCR5 antagonists containing hydantoins for the treatment of HIV-

1 infection, Bioorg. Med. Chem. Lett. 11 (2001) 3099–3102. 

https://doi.org/10.1016/S0960-894X(01)00654-0. 

[19] D. Kim, L. Wang, C.G. Caldwell, P. Chen, P.E. Finke, B. Oates, 

M. MacCoss, S.G. Mills, L. Malkowitz, S.L. Gould, J.A. DeMartino, M.S. 

Springer, D. Hazuda, M. Miller, J. Kessler, R. Danzeisen, G. Carver, A. 

Carella, K. Holmes, J. Lineberger, W.A. Schleif, E.A. Emini, Design, 

synthesis, and SAR of heterocycle-containing antagonists of the human 

CCR5 receptor for the treatment of HIV-1 infection, Bioorg. Med. Chem. 

Lett. 11 (2001) 3103–3106. https://doi.org/10.1016/S0960-894X(01)00655-2. 

[20] G. Baccolini, C. Boga, C. Delpivo, G. Micheletti, Facile synthesis 

of hydantoins and thiohydantoins in aqueous solution, Tetrahedron Lett. 

52 (2011) 1713–1717. https://doi.org/10.1016/j.tetlet.2011.02.002. 

[21] S. Paul, M. Gupta, R. Gupta, A. Loupy, Microwave Assisted 

Synthesis of 1,5-Disubstituted Hydantoins and Thiohydantoins in 



Octahedron Drug Research 2024, 4, 61-74                                                                                                                          doi:  10.21608/ODR.2023.232555.1029 

73 

 

Solvent-Free Conditions, Synthesis (Stuttg). 2002 (2004) 75–78. 

https://doi.org/10.1055/s-2002-19308. 

[22] M.T.M. Nemr, A.M. AboulMagd, H.M. Hassan, A.A. Hamed, 

M.I.A. Hamed, M.T. Elsaadi, Design, synthesis and mechanistic study of 

new benzenesulfonamide derivatives as anticancer and antimicrobial 

agents via carbonic anhydrase IX inhibition, RSC Adv. 11 (2021) 26241–

26257. https://doi.org/10.1039/D1RA05277B. 

[23] A.E. Kassab, E.M. Gedawy, M.I.A. Hamed, A.S. Doghish, R.A. 

Hassan, Design, synthesis, anticancer evaluation, and molecular 

modelling studies of novel tolmetin derivatives as potential VEGFR-2 

inhibitors and apoptosis inducers, J. Enzyme Inhib. Med. Chem. 36 (2021) 

922–939. https://doi.org/10.1080/14756366.2021.1901089. 

[24] H. ur Rashid, Y. Xu, Y. Muhammad, L. Wang, J. Jiang, Research 

advances on anticancer activities of matrine and its derivatives: An 

updated overview, Eur. J. Med. Chem. 161 (2019) 205–238. 

https://doi.org/10.1016/j.ejmech.2018.10.037. 

[25] O.M. Soltan, M.E. Shoman, S.A. Abdel-Aziz, A. Narumi, H. 

Konno, M. Abdel-Aziz, Molecular hybrids: A five-year survey on 

structures of multiple targeted hybrids of protein kinase inhibitors for 

cancer therapy, Eur. J. Med. Chem. 225 (2021) 113768. 

https://doi.org/10.1016/j.ejmech.2021.113768. 

[26] P. Bertrand, Inside HDAC with HDAC inhibitors, Eur. J. Med. 

Chem. 45 (2010) 2095–2116. https://doi.org/10.1016/j.ejmech.2010.02.030. 

[27] A.M.A.A. Aboeldahab, E.A.M.M. Beshr, M.E. Shoman, S.M. 

Rabea, O.M. Aly, Spirohydantoins and 1,2,4-triazole-3-carboxamide 

derivatives as inhibitors of histone deacetylase: Design, synthesis, and 

biological evaluation, Eur. J. Med. Chem. 146 (2018) 79–92. 

https://doi.org/10.1016/j.ejmech.2018.01.021. 

[28] B.M. Turner, Cellular Memory and the Histone Code, Cell. 111 

(2002) 285–291. https://doi.org/10.1016/S0092-8674(02)01080-2. 

[29] J. Li, G. Li, W. Xu, Histone Deacetylase Inhibitors: An Attractive 

Strategy for Cancer Therapy, Curr. Med. Chem. 20 (2013) 1858–1886. 

https://doi.org/10.2174/0929867311320140005. 

[30] V.M. Richon, Cancer biology: mechanism of antitumour action 

of vorinostat (suberoylanilide hydroxamic acid), a novel histone 

deacetylase inhibitor, Br. J. Cancer. 95 (2006) S2–S6. 

https://doi.org/10.1038/sj.bjc.6603463. 

[31] M. Iwamoto, E.J. Friedman, P. Sandhu, N.G.B.B. Agrawal, E.H. 

Rubin, J.A. Wagner, Clinical pharmacology profile of vorinostat, a histone 

deacetylase inhibitor, Cancer Chemother. Pharmacol. 72 (2013) 493–508. 

https://doi.org/10.1007/s00280-013-2220-z. 

[32] E.M. Bertino, G.A. Otterson, Romidepsin: A novel histone 

deacetylase inhibitor for cancer, Expert Opin. Investig. Drugs. 20 (2011) 

1151–1158. https://doi.org/10.1517/13543784.2011.594437. 

[33] K. Tzogani, P. van Hennik, I. Walsh, P. De Graeff, A. Folin, J. 

Sjöberg, T. Salmonson, J. Bergh, E. Laane, H. Ludwig, C. Gisselbrecht, F. 

Pignatti, EMA Review of Panobinostat (Farydak) for the Treatment of 

Adult Patients with Relapsed and/or Refractory Multiple Myeloma, 

Oncologist. 23 (2018) 631–636. https://doi.org/10.1634/theoncologist.2017-

0301. 

[34] R.M. Poole, Belinostat: First global approval, Drugs. 74 (2014) 

1543–1554. https://doi.org/10.1007/s40265-014-0275-8. 

[35] B. Zhao, T. He, Chidamide, a histone deacetylase inhibitor, 

functions as a tumor inhibitor by modulating the ratio of Bax/Bcl-2 and 

P21 in pancreatic cancer, Oncol. Rep. 33 (2015) 304–310. 

https://doi.org/10.3892/or.2014.3595. 

[36] A. Vannini, C. Volpari, G. Filocamo, E.C. Casavola, M. Brunetti, 

D. Renzoni, P. Chakravarty, C. Paolini, R. De Francesco, P. Gallinari, C. 

Steinkühler, S. Di Marco, Crystal structure of a eukaryotic zinc-dependent 

histone deacetylase, human HDAC8, complexed with a hydroxamic acid 

inhibitor, Proc. Natl. Acad. Sci. 101 (2004) 15064–15069. 

https://doi.org/10.1073/pnas.0404603101. 

[37] J.C. Bressi, A.J. Jennings, R. Skene, Y. Wu, R. Melkus, R. De 

Jong, S. O’Connell, C.E. Grimshaw, M. Navre, A.R. Gangloff, Exploration 

of the HDAC2 foot pocket: Synthesis and SAR of substituted N-(2-

aminophenyl)benzamides, Bioorganic Med. Chem. Lett. 20 (2010) 3142–

3145. https://doi.org/10.1016/j.bmcl.2010.03.091. 

[38] Y. Hai, D.W. Christianson, Histone deacetylase 6 structure and 

molecular basis of catalysis and inhibition, Nat. Chem. Biol. 12 (2016) 741–

747. https://doi.org/10.1038/nchembio.2134. 

[39] T. Liang, X. Hou, Y. Zhou, X. Yang, H. Fang, Design, synthesis, 

and biological evaluation of 2,4-imidazolinedione derivatives as hdac6 

isoform-selective inhibitors, ACS Med. Chem. Lett. 10 (2019) 1122–1127. 

https://doi.org/10.1021/acsmedchemlett.9b00084. 

[40] N. Mautone, C. Zwergel, A. Mai, D. Rotili, Sirtuin modulators: 

where are we now? A review of patents from 2015 to 2019, Expert Opin. 

Ther. Pat. 30 (2020) 389–407. 

https://doi.org/10.1080/13543776.2020.1749264. 

[41] S. Imai, C.M. Armstrong, M. Kaeberlein, L. Guarente, 

Transcriptional silencing and longevity protein Sir2 is an NAD-dependent 

histone deacetylase, Nature. 403 (2000) 795–800. 

https://doi.org/10.1038/35001622. 

[42] A. Chalkiadaki, L. Guarente, The multifaceted functions of 

sirtuins in cancer, Nat. Rev. Cancer. 15 (2015) 608–624. 

https://doi.org/10.1038/nrc3985. 

[43] Z. Mei, X. Zhang, J. Yi, J. Huang, J. He, Y. Tao, Sirtuins in 

metabolism, DNA repair and cancer, J. Exp. Clin. Cancer Res. 35 (2016) 

182. https://doi.org/10.1186/s13046-016-0461-5. 

[44] C. O’Callaghan, A. Vassilopoulos, Sirtuins at the crossroads of 

stemness, aging, and cancer, Aging Cell. 16 (2017) 1208–1218. 

https://doi.org/10.1111/acel.12685. 

[45] G. Chen, P. Huang, C. Hu, The role of <scp>SIRT2</scp> in 

cancer: A novel therapeutic target, Int. J. Cancer. 147 (2020) 3297–3304. 

https://doi.org/10.1002/ijc.33118. 

[46] L. Sacconnay, L. Ryckewaert, G.M. Randazzo, C. Petit, C.D.S. 

Passos, J. Jachno, V. Michailoviene, A. Zubriene, D. Matulis, P.A. Carrupt, 

C.A. Simões-Pires, A. Nurisso, 5-Benzylidene-hydantoin is a new scaffold 

for SIRT inhibition: From virtual screening to activity assays, Eur. J. 

Pharm. Sci. 85 (2016) 59–67. https://doi.org/10.1016/j.ejps.2016.01.010. 

[47] M. Alam, S. Ali, T. Mohammad, G.M. Hasan, D.K. Yadav, M.I. 

Hassan, B cell lymphoma 2: A potential therapeutic target for cancer 

therapy, Int. J. Mol. Sci. 22 (2021). https://doi.org/10.3390/ijms221910442. 

[48] D. Hockenbery, G. Nuñez, C. Milliman, R.D. Schreiber, S.J. 

Korsmeyer, Bcl-2 is an inner mitochondrial membrane protein that blocks 

programmed cell death, Nature. 348 (1990) 334–336. 

https://doi.org/10.1038/348334a0. 

[49] S. Cory, J.M. Adams, The BCL2 family: Regulators of the 

cellular life-or-death switch, Nat. Rev. Cancer. 2 (2002) 647–656. 

https://doi.org/10.1038/nrc883. 

[50] P. Nix, L. Cawkwell, H. Patmore, J. Greenman, N. Stafford, Bcl-

2 expression predicts radiotherapy failure in laryngeal cancer, Br. J. 

Cancer. 92 (2005) 2185–2189. https://doi.org/10.1038/sj.bjc.6602647. 



Octahedron Drug Research 2024, 4, 61-74                                                                                                                          doi:  10.21608/ODR.2023.232555.1029 

74 

 

[51] T. Yoshino, H. Shiina, S. Urakami, N. Kikuno, T. Yoneda, K. 

Shigeno, M. Igawa, Bcl-2 expression as a predictive marker of hormone-

refractory prostate cancer treated with taxane-based chemotherapy, Clin. 

Cancer Res. 12 (2006) 6116–6124. https://doi.org/10.1158/1078-0432.CCR-

06-0147. 

[52] G.F. Perini, G.N. Ribeiro, J.V. Pinto Neto, L.T. Campos, N. 

Hamerschlak, BCL-2 as therapeutic target for hematological malignancies, 

J. Hematol. Oncol. 11 (2018) 1–15. https://doi.org/10.1186/s13045-018-0608-

2. 

[53] G. Wang, Y. Wang, L. Wang, L. Han, X. Hou, H. Fu, H. Fang, 

Design, synthesis and preliminary bioactivity studies of imidazolidine-

2,4-dione derivatives as Bcl-2 inhibitors, Bioorganic Med. Chem. 23 (2015) 

7359–7365. https://doi.org/10.1016/j.bmc.2015.10.023. 

[54] M.D. Hall, M.D. Handley, M.M. Gottesman, Is resistance 

useless? Multidrug resistance and collateral sensitivity, Trends 

Pharmacol. Sci. 30 (2009) 546–556. 

https://doi.org/10.1016/j.tips.2009.07.003. 

[55] A.A. Stavrovskaya, T.P. Stromskaya, Transport proteins of the 

ABC family and multidrug resistance of tumor cells, Biochem. 73 (2008) 

592–604. https://doi.org/10.1134/S0006297908050118. 

[56] E. Zesławska, A. Kincses, G. Spengler, W. Nitek, K. Wyrzuc, K. 

Kieć-Kononowicz, J. Handzlik, The 5-aromatic hydantoin-3-acetate 

derivatives as inhibitors of the tumour multidrug resistance efflux pump 

P-glycoprotein (ABCB1): Synthesis, crystallographic and biological 

studies, Bioorganic Med. Chem. 24 (2016) 2815–2822. 

https://doi.org/10.1016/j.bmc.2016.04.055. 

[57] T.A. Fedotcheva, N.L. Shimanovsky, Pharmacological 

Strategies for Overcoming Multidrug Resistance to Chemotherapy, 

Pharm. Chem. J. 56 (2023) 1307–1313. https://doi.org/10.1007/s11094-023-

02790-8. 

[58] W. Ali, G. Spengler, A. Kincses, M. Nové, C. Battistelli, G. 

Latacz, M. Starek, M. Dąbrowska, E. Honkisz-Orzechowska, A. 

Romanelli, M.M. Rasile, E. Szymańska, C. Jacob, C. Zwergel, J. Handzlik, 

Discovery of phenylselenoether-hydantoin hybrids as ABCB1 efflux 

pump modulating agents with cytotoxic and antiproliferative actions in 

resistant T-lymphoma, Eur. J. Med. Chem. 200 (2020) 112435. 

https://doi.org/10.1016/j.ejmech.2020.112435. 

[59] A. MARTINS, A. DYMEK, J. HANDZLIK, Activity of Fourteen 

New Hydantoin Compounds on the Human ABCB1 Efflux Pump, In Vivo 

(Brooklyn). 26 (2012) 293–297. 

https://iv.iiarjournals.org/content/26/2/293.short. 

[60] V. Sarli, A. Giannis, Targeting the kinesin spindle protein: Basic 

principles and clinical implications, Clin. Cancer Res. 14 (2008) 7583–7587. 

https://doi.org/10.1158/1078-0432.CCR-08-0120. 

[61] N. Shankaraiah, S. Nekkanti, K.J. Chudasama, K.R. Senwar, P. 

Sharma, M.K. Jeengar, V.G.M.M. Naidu, V. Srinivasulu, G. Srinivasulu, A. 

Kamal, Design, synthesis and anticancer evaluation of tetrahydro-β-

carboline-hydantoin hybrids, Bioorganic Med. Chem. Lett. 24 (2014) 5413–

5417. https://doi.org/10.1016/j.bmcl.2014.10.038. 

[62] S. Hotha, J.C. Yarrow, J.G. Yang, S. Garrett, K. V. 

Renduchintala, T.U. Mayer, T.M. Kapoor, HR22C16: A potent small-

molecule probe for the dynamics of cell division, Angew. Chemie - Int. 

Ed. 42 (2003) 2379–2382. https://doi.org/10.1002/anie.200351173. 

[63] J. Yan, J. Chen, S. Zhang, J. Hu, L. Huang, X. Li, Synthesis, 

Evaluation, and Mechanism Study of Novel Indole-Chalcone Derivatives 

Exerting Effective Antitumor Activity Through Microtubule 

Destabilization in Vitro and in Vivo, J. Med. Chem. 59 (2016) 5264–5283. 

https://doi.org/10.1021/acs.jmedchem.6b00021. 

[64] M. Zhang, Y.R. Liang, H. Li, M.M. Liu, Y. Wang, Design, 

synthesis, and biological evaluation of hydantoin bridged analogues of 

combretastatin A-4 as potential anticancer agents, Bioorganic Med. Chem. 

25 (2017) 6623–6634. https://doi.org/10.1016/j.bmc.2017.10.045. 

[65] S. Bairagi, S. Ladhha, R. Lohiya, J. Manwar, Epidermal Growth 

Factor Receptor (EGFR) Inhibitors for Tumor Anti-angiogenesis Activity, 

in: Proc. 16th Int. Electron. Conf. Synth. Org. Chem., MDPI, Basel, 

Switzerland, 2012: p. 1003. https://doi.org/10.3390/ecsoc-16-01003. 

[66] V. Zuliani, C. Carmi, M. Rivara, M. Fantini, A. Lodola, F. 

Vacondio, F. Bordi, P.V. Plazzi, A. Cavazzoni, M. Galetti, R.R. Alfieri, P.G. 

Petronini, M. Mor, 5-Benzylidene-hydantoins: Synthesis and 

antiproliferative activity on A549 lung cancer cell line, Eur. J. Med. Chem. 

44 (2009) 3471–3479. https://doi.org/10.1016/j.ejmech.2009.01.035. 

[67] Y. Meng, B. Yu, H. Huang, Y. Peng, E. Li, Y. Yao, C. Song, W. 

Yu, K. Zhu, K. Wang, D. Yi, J. Du, J. Chang, Discovery of Dosimertinib, a 

Highly Potent, Selective, and Orally Efficacious Deuterated EGFR 

Targeting Clinical Candidate for the Treatment of Non-Small-Cell Lung 

Cancer, J. Med. Chem. 64 (2021) 925–937. 

https://doi.org/10.1021/acs.jmedchem.0c02005. 

[68] N. Normanno, A. De Luca, C. Bianco, L. Strizzi, M. Mancino, 

M.R. Maiello, A. Carotenuto, G. De Feo, F. Caponigro, D.S. Salomon, 

Epidermal growth factor receptor (EGFR) signaling in cancer, Gene. 366 

(2006) 2–16. https://doi.org/10.1016/j.gene.2005.10.018. 

[69] K.S. Karnik, A.P. Sarkate, S. V. Tiwari, R. Azad, P.S. Wakte, Free 

energy perturbation guided Synthesis with Biological Evaluation of 

Substituted Quinoline derivatives as small molecule L858R/T790M/C797S 

mutant EGFR inhibitors targeting resistance in Non-Small Cell Lung 

Cancer (NSCLC), Bioorg. Chem. 115 (2021) 105226. 

https://doi.org/10.1016/j.bioorg.2021.105226. 

[70] R. Pawara, I. Ahmad, D. Nayak, S. Wagh, A. Wadkar, A. 

Ansari, S. Belamkar, S. Surana, C. Nath Kundu, C. Patil, H. Patel, Novel, 

selective acrylamide linked quinazolines for the treatment of double 

mutant EGFR-L858R/T790M Non-Small-Cell lung cancer (NSCLC), 

Bioorg. Chem. 115 (2021) 105234. 

https://doi.org/10.1016/j.bioorg.2021.105234. 

[71] B. An, T. Pan, J. Hu, Y. Pang, L. Huang, A.S.C. Chan, X. Li, J. 

Yan, The discovery of a potent and selective third-generation EGFR 

kinase inhibitor as a therapy for EGFR L858R/T790M double mutant non-

small cell lung cancer, Eur. J. Med. Chem. 183 (2019) 111709. 

https://doi.org/10.1016/j.ejmech.2019.111709. 

[72] M.A. Hassanin, M. Mustafa, M.A.S. Abourehab, H.A. Hassan, 

O.M. Aly, E.A.M. Beshr, Design and Synthesis of New Hydantoin 

Acetanilide Derivatives as Anti-NSCLC Targeting EGFRL858R/T790M 

Mutations, Pharmaceuticals. 15 (2022) 857. 

https://doi.org/10.3390/ph15070857. 

[73] H.M. Alkahtani, M.M.G.M.M. Alanazi, F.S. Aleanizy, F.Y. 

Alqahtani, A. Alhoshani, F.E. Alanazi, A.A. Almehizia, A.N. Abdalla, 

M.M.G.M.M. Alanazi, A.S. El-Azab, A.A.M.M. Abdel-Aziz, Synthesis, 

anticancer, apoptosis-inducing activities and EGFR and VEGFR2 assay 

mechanistic studies of 5,5-diphenylimidazolidine-2,4-dione derivatives: 

Molecular docking studies, Saudi Pharm. J. 27 (2019) 682–693. 

https://doi.org/10.1016/j.jsps.2019.04.003.    


