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Abstract 
Prostate cancer is a leading cause of mortality among men worldwide and is a disease characterized by genetic and 
epidemiological heterogeneity. Androgen receptors play a pivotal role in the pathogenesis and progression of 
prostate cancer to its aggressive form. Studies indicate that combining chemotherapy with androgen receptor-
targeted therapy improves patient survival, prompting organic chemists to develop novel, effective agents against 
prostate cancer. In this study, a series of succinimide derivatives were synthesized and characterized using mass 
spectrometry, ¹H-NMR, ¹³C-NMR, and FT-IR. Their biological activity against castration-resistant prostate cancer (PC-

) 2, R4, F5, C2cells) was evaluated using the MTT assay. Based on IC50 values, several synthesized compounds (C 3
exhibited the highest cytotoxicity  4, and F2, C5prostate cancer activity; notably, compounds C-demonstrated anti

(IC50 values of 39, 46, and 49 µg/mL, respectively). Additionally, molecular docking simulations were performed 
using the MOE software (2024 version) to investigate the binding affinity and mode of interaction within the active 
site of the AKT1 protein. However, this class of compounds requires further study to optimize various properties and                        

ultimately develop effective treatments for androgen-independent prostate cancer                                                        .   
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Introduction 
Prostate cancer (PCa) is one of the most common malignancies among men worldwide, particularly those over the 
age of 65, and is a leading cause of cancer-related mortality (1). Globally, the number of cases stands at 1,467,854  
representing 29.4% of all cancers  with 397,430 deaths occurring annually (2). A distinctive feature of prostate cancer 
is that not all patients require active treatment; some cases can be managed through active surveillance. 
Nevertheless, the field has witnessed significant advancements in both diagnosis and treatment, including Positron 
Emission Tomography (PET), multiparametric MRI, hypofractionated image-guided radiotherapy, stereotactic 
imaging, and robotic surgery   (3 .)  Regarding patients currently requiring treatment, therapies exist that can cure 
localized prostate cancer  such as radiotherapy and prostatectomy  whereas castration-resistant prostate cancer 
(CRPC) is considered incurable and fatal. CRPC can develop even after androgen deprivation therapy (via chemical 
or surgical castration), signaling disease progression into a form resistant to hormonal therapy (4). It becomes 
increasingly aggressive, exhibiting a strong tendency toward metastasis and patient relapse. Historically, the 
castration-resistant type has been characterized by limited targeted treatment options; the emergence of treatment 
resistance poses a major challenge, necessitating the deciphering of the complex underlying mechanisms and the 
identification of the associated genomic landscape to develop novel therapeutic strategies capable of overcoming 
this resistance (5). The protein kinase Akt1 is a key regulator of cell survival, metabolism, growth, and proliferation, 
functioning through phosphorylation at Serine 473 and Threonine 308. It also regulates the cell cycle by interacting 
with cyclins and CDK inhibitors thereby facilitating the G1 to S phase transition which leads to uncontrolled division 
in cancer cells; furthermore, Akt1 promotes cancer metastasis by inducing the epithelial-mesenchymal transition. 
However, the AKT1 protein prevents DNA damage-induced apoptosis, thereby conferring resistance to radiotherapy 
and chemotherapy; consequently, various biological processes  such as proliferation, survival, metastasis, and 
treatment resistance  driven by the constitutive activation of AKT1 make it an effective target for prostate cancer 
therapies (6). Heterocyclic compounds  particularly those containing nitrogen  serve as the core of these treatments 
and are integral to the synthesis of numerous pharmaceutical products. Consequently, organic chemists have 
dedicated significant effort to discovering novel, efficient synthetic methods for these heterocyclic compounds (7, 
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8). In this context, rational drug design and strategies targeting specific molecular entities have recently garnered 
considerable attention in the development of potential new cancer therapies. Furthermore, new compounds  whose 
interactions were pre-screened using advanced algorithms  are opening up fresh avenues for successful drug 
discovery, building upon currently available and safety-proven medications (9). Succinimides  five-membered 
heterocyclic compounds containing nitrogen and two carbonyl groups  have diverse pharmacological applications, 
making them important structural motifs in medicinal chemistry. They are characterized by structural flexibility and 
possess favorable physicochemical properties. In recent decades, compounds featuring the succinimide core have 
garnered significant interest due to their broad therapeutic potential (10). As derivatives of monocyclic imides, they 
represent a compelling class of compounds with extensive biological activity (11) and are being explored for various 
medical applications, including as lipid-lowering agents and for their protective effects on the heart and liver against 
drug-induced toxicity (12). ...antidepressants (13), antiepileptics, antipsychotics, treatments for smallpox and cancer 
(14), inhibitors of cholinesterase, alpha-glucosidase, and alpha-amylase, antioxidants (15, 16, 17), antibacterials (18, 
19), and antitumor agents (20, 21). However, the F876L mutation has recently emerged, conferring resistance in 
prostate cancer patients to prescribed drugs such as enzalutamide and apalutamide  a development that poses a 
challenge to modern medicine (22, 23). These challenges prompt researchers to synthesize and design a series of 
novel succinimide derivatives. These compounds are subsequently characterized using spectroscopic techniques   
specifically FT-IR, 1H-NMR, and 13C-NMR and their physicochemical properties are investigated. Through this 
research paper, we aim to evaluate the biological activity of these compounds against the CP-3 cancer cell line to 
determine their potential to inhibit the growth of malignant cells and to compare their efficacy with currently used 
standard drugs. 
 
Materials and Methods 
Thin-layer chromatography (TLC) was used to monitor the reaction progress, utilizing UV light and iodine for 
visualization. Melting points of the resulting compounds were determined using a Gallenkamp apparatus. The 
compounds were characterized via Fourier-Transform Infrared (FT-IR) spectroscopy using a Bruker instrument (400–
4000 cm⁻¹ range) with KBr pellets at room temperature. Nuclear Magnetic Resonance (NMR) analysis was performed 
using a Bruker instrument operating at 500 MHz (¹H-NMR) and 125 MHz (¹³C-NMR) with deuterated DMSO-d6 as the 
solvent; chemical shifts were measured in ppm. Mass spectral analysis was conducted using an Agilent Technologies 
5975C spectrometer via the electron ionization (EI) method at 70 eV . 

 
General procedure for the synthesis of compounds (C2–Z4): 
The synthesis method described in the literature was employed. A mixture of 0.001 mol of the hydrazide derivative 
and 0.001 mol of the substituted maleimide in 10 mL of dry ethanol was stirred continuously using a magnetic stirrer 
at a temperature of 70–80°C. The reaction proceeded for 16 hours, with progress monitored by thin-layer 
chromatography (TLC   (  A white precipitate insoluble in ethanol was obtained and washed several times with ethanol 
to yield pure crystals (24, 25). 

  )2(Ctrichlorophenoxy)acetohydrazide -(2,4,6-2-yl)-3-dioxopyrrolidin-2,5-methylphenyl)-4-chloro-(3-(1-N' 
Mixing (0.001 mol) of 2-(2,4,6-trichlorophenoxy)acetohydrazide with (0.001 mol) of 1-(3-chloro-4-methylphenyl)-
1H-pyrrole-2,5-dione in 10 mL of absolute ethanol yielded a white solid (70%) with a melting point of 179–181°C.FT-
IR (KBr, cm-1):3412 (NH amide), 3342 (NH), 3252 (C-H Ar), 1715 (C=O),1497,1454 (C=C Ar), 1380 (C-N), 1169 (C-O). 1H 
NMR (400 MHz, DMSO) δ 9.84 (d, J = 5.3 Hz, 1H,NHa), 7.73 (s, 2H,HAr), 7.48 (d, J = 5.1 Hz, 1H,HAr), 7.37 (s, 1H,HAr), 
7.18 (d, J = 9.3 Hz, 1H,HAr), 5.93 (s, 1H,NH), 4.49 (s, 2H,Hc), 4.19 (d, J = 4.6 Hz, 1H,Hd), 3.00 (d, J = 18.1 Hz, 1H,He), 2.78 
(d, J = 18.0 Hz, 1H,Hf), 2.38 (s, 3H,CH3). 13C NMR (101 MHz, DMSO) δ 175.70 (C1), 174.99(C2), 166.22(C3), [149.86, 
136.24, 133.42, 131.76, 131.66, 129.84, 129.66, 129.43, 127.55, 126.14](C-Ar), 71.22(O-CH2),, 58.12(C4), 34.65(C5), 
19.76(CH3) MS(EI) m/z: 491 [M]+. 
 

trichlorophenoxy)-(2,4,6-2-yl)-3-tolyl)pyrrolidin-(p-1-dioxo-(2,5-N'  )5(Cacetohydrazide 
Mixing (0.001 mol) of 2-(2,4,6-trichlorophenoxy)acetohydrazide with (0.001 mol) of 1-(p-tolyl)-1H-pyrrole-2,5-dione 
in 10 mL of absolute ethanol yielded a white solid (71%) with a melting point of 192–193°C.FT-IR (KBr, cm-1):3411 
(NH amide, 3292 (NH), 3065 (C-H Ar), 1711 (C=O),1507,1449 (C=C Ar), 1377 (C-N), 1176 (C-O) 1H NMR (400 MHz, 
DMSO) δ 9.84 (d, J = 6.1 Hz, 1H, NHa), 7.73 (s, 2H, HAr), 7.29 (d, J = 8.4 Hz, 2H, HAr), 7.15 (d, J = 8.3 Hz, 2H, HAr), 5.89 
(t, J = 5.4 Hz, 1H, NHb), 4.50 (s, 2H, HC), 4.20 (p, J = 4.3 Hz, 1H,Hd), 3.01 (dd, J = 18.0, 8.6 Hz, 1H,He), 2.78 (dd, J = 17.9, 
4.2 Hz, 1H,Hf), 2.35 (s, 3H,CH3). 13C NMR (101 MHz, DMSO) δ 176.01 (C1), 175.27(C2), 166.24(C3), [149.87, 138.26, 
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130.16, 129.84, 129.76, 129.66, 129.42, 127.18](C-Ar), 71.24(O-CH2), 58.06(C4) 34.66(C5), 21.209(CH3) MS(EI) m/z: 
457 [M]+. 
 

)4(Fyl)acetohydrazide-3-tolyl)pyrrolidin-(p-1-dioxo-(2,5-N'-dimethylphenoxy)-(2,5 -2 
Mixing (0.001 mol) of 2-(2,5-dimethylphenoxy)acetohydrazide with (0.001 mol) of 1-(p-tolyl)-1H-pyrrole-2,5-dione 
in 10 mL of absolute ethanol yielded a white solid (71%) with a melting point of 129–131°C.FT-IR (KBr, cm-1):3288 
(NH amide, 3215 (NH), 2916 (C-H Ar), 1708 (C=O),1517,1451 (C=C Ar), 1382 (C-N), 1170 (C-O). 1H NMR (400 MHz, 
DMSO) δ 9.64 (d, J = 5.9 Hz, 1H, NHa), 7.29 (d, J = 8.3 Hz, 2H, HAr), 7.12 (d, J = 8.4 Hz, 2H, HAr), 7.02 (d, J = 7.3 Hz, 1H, 
HAr), 6.68 (d, J = 7.5 Hz, 2H, HAr), 5.85 (t, J = 5.3 Hz, 1H, NHb), 4.53 (s, 2H, HC), 4.17 (p, J = 4.3 Hz, 1H, Hd), 2.96 (dd, J = 
17.9, 8.5 Hz, 1H, He), 2.70 (dd, J = 17.9, 4.2 Hz, 1H, Hf), 2.35 (s, 3H, CH3), 2.22 (s, 3H, CH3), 2.15 (s, 3H, CH3). 13C NMR 
(101 MHz, DMSO) δ 176.06(C2), 175.23(C3),[ 167.89, 156.24, 138.25, 136.59, 130.76, 130.15, 129.76, 127.18, 123.39, 
121.89, 112.78](C-Ar), 66.83(O-CH2), 58.01(C4), 34.60(C5), 21.44(CH3), 21.20(CH3), 16.18(CH3) MS(EI) m/z: 381 [M]+. 

) 2R (yl)acetohydrazide-3-tolyl)pyrrolidin-(p-1-dioxo-(2,5-N'-dimethylphenoxy)-3,4(-2 
Mixing (0.001 mol) of 2-(3,4-dimethylphenoxy)acetohydrazide with (0.001 mol) of 1-(p-tolyl)-1H-pyrrole-2,5-dione 
in 10 mL of absolute ethanol yielded a white solid (68%) with a melting point of 198–199°C.FT-IR (KBr, cm-1):3352 
(NH amide), 3211 (NH), 2910 (C-H Ar), 1692(C=O),1512,1440 (C=C Ar), 1393 (C-N), 1172 (C-O). 1H NMR (400 MHz, 
DMSO) δ 9.74 (d, J = 6.0 Hz, 1H, NHa), 7.28 (d, J = 8.4 Hz, 2H, HAr), 7.12 (d, J = 8.4 Hz, 2H, HAr), 7.02 (d, J = 8.4 Hz, 1H, 
HAr), 6.76 (s, 1H, HAr), 6.66 (d, J = 8.3 Hz, 1H, HAr), 5.86 – 5.79 (m, 1H, NHb), 4.48 (s, 2H, Hc), 4.20 – 4.14 (m, 1H, Hd), 
2.96 (dd, J = 18.0, 8.5 Hz, 1H, He), 2.70 (dd, J = 17.9, 4.1 Hz, 1H,Hf), 2.35 (s, 3H, CH3), 2.17 (s, 3H, CH3), 2.13 (s, 3H, 
CH3). 13C NMR (101 MHz, DMSO) δ 175.95(C1), 175.01(C2), 167.84(C3),[ 156.33, 137.76, 130.31, 129.75, 129.17, 
127.18, 116.47, 112.07](C-Ar), 66.71(O-CH2), 58.03(C4), 21.20(C5), 20.08(CH3), 18.89(CH3) MS(EI) m/z: 381 [M]+. 
N'-(1-(2-methyl-3-nitrophenyl)-2,5-dioxopyrrolidin-3-yl)-2-phenoxyacetohydrazide (Z4(  
Mixing (0.001 mol) of 2-phenoxyacetohydrazide with (0.001 mol) of 1-(2-methyl-3 nitrophenyl)-1H-pyrrole-2,5-dione 
in 10 mL of absolute ethanol yielded a white solid (76%) with a melting point of 180–182°C. FT-IR (KBr, cm-1):3372 
(NH amide), 3228(NH), 3086 (C-H Ar), 1700(C=O),1519,1476 (C=C Ar), 1359 (C-N), 1163 (C-O). 1H NMR (400 MHz, 
DMSO) δ 9.86 (t, J = 5.7 Hz, 1H, NHa), 8.03 (d, J = 7.9 Hz, 1H, HAr), 7.64 – 7.52 (m, 2H, HAr), 7.29 (t, J = 8.0 Hz, 2H, 
HAr), 6.99 – 6.94 (m, 3H, HAr), 5.98 (q, J = 5.0, 4.4 Hz, 1H, NHb), 4.54 (s, 2H, Hc), 4.27 (p, J = 4.1 Hz, 1H, Hd), 3.04 (dd, 
J = 18.0, 8.5 Hz, 1H,He), 2.87 (dd, J = 18.1, 4.0 Hz, 1H,Hf), 2.17 (s, 3H, CH3). 13C NMR (101 MHz, DMSO) δ 175.70(C1), 
174.97(C2), 167.79(C3),[ 158.21, 151.11, 134.55, 133.87, 133.73, 130.96, 129.95, 129.93, 128.02, 127.89, 127.76, 
125.30, 124.69, 121.67, 115.15](C-Ar), 66.56(O-CH2), 58.44(C4), 34.81(C5), 13.95(CH3) MS(EI) m/z: 398 [M]+. 
Molecular Docking Study 
Molecular docking was performed on the series of synthesized compounds (C2–Z4) using the MOE2024 software to 
elucidate the binding mechanism and stability of the compounds within the binding pocket of the AKT1 protein 
selected as a drug target (PDB ID: 3O96) which was retrieved from the Protein Data Bank in PDB format. Active amino 
acid residues within the protein pocket were identified based on the reference co-crystallized ligand found in the 
AKT1 structure  .  Subsequently, the crystal structure of the target protein (AKT1) was processed by removing water 
molecules, adding hydrogen atoms and assigning charges, and repairing broken amino acid chains (28). The co-
crystallized ligand was then re-docked into the protein to serve as a reference for evaluating the molecular docking 
of the synthesized compounds; this evaluation involved comparing binding energy and RMSD values against the 
crystal structure, while the synthesized compounds were observed to fit into the protein's binding pocket through 
the formation of hydrogen bonds and hydrophobic interactions (29). 
 
Results and Discussion 
The synthesis of succinimide derivatives was carried out in three steps. In the first step, the maleimide derivative is 
obtained by reacting maleic anhydride with a substituted amine using acetone as a solvent to yield the corresponding 
maleamic acid. This intermediate is then reacted with acetic anhydride (acting as both solvent and reactant) in the 
presence of anhydrous sodium acetate as a catalyst to produce the desired N-substituted maleimide via ring closure. 
In the second step, hydrazide derivatives are prepared by reacting phenol or one of its derivatives with ethyl 
chloroacetate in the presence of potassium carbonate to obtain the ester derivative; the resulting ester is then 
reacted with hydrazine hydrate to yield the hydrazide derivative. In the third step, an N-substituted maleimide is 
reacted with the hydrazide derivatives in the presence of absolute ethanol to obtain succinimide derivatives (C2–Z4) 
via a Michael addition reaction (Figure 1). The resulting compounds were characterized using FT-IR, ¹H-NMR, and 
¹³C-NMR spectroscopy. Their chemical structures were confirmed by identifying functional groups via IR spectra: 
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imidic N-H and N-H groups appeared in the 3412–3211 cm⁻¹ range; C=O functional groups (stretching and bending 
modes) were observed between 1717 and 1550 cm⁻¹; C=C absorption bands appeared in the 1519–1440 cm⁻¹ range; 
C-N groups showed absorption bands at 1393–1359 cm⁻¹; and absorption bands corresponding to C-O groups were 
observed at 1188–1163 cm⁻¹. The synthesized succinimide derivatives were characterized using ¹H-NMR. Signals 
corresponding to protons Ha and Hb appeared as a triplet and a doublet at 9.84–9.47 ppm and 5.98–5.82 ppm, 
respectively. Doublet signals corresponding to protons Hd and He were observed at 4.29–4.16 ppm and 3.09–3.01 
ppm, respectively, while proton Hf exhibited a doublet signal in the 2.83–2.70 ppm range. Proton Hc showed singlet 
and doublet signals between 4.55 and 4.46 ppm, and aromatic ring protons displayed singlet, doublet, and multiplet 
signals in the 8.04–6.66 ppm range. The 13C-NMR spectra of compounds (C2-Z4) showed a signal ranging from 156 to 
176 cm⁻¹, which is attributed to the carbonyl groups. The aromatic ring carbons showed signals ranging from 112 to 
158 cm⁻¹, while the aflatocarboxylates showed signals ranging from 34.60 to 71.22 cm⁻¹. The mass spectra of 
compounds (C2-Z4) showed the following molecular ions (M/Z): 491[M]+, 457[M]+, 381[M]+, 381[M]+, and 398[M]+. 

 

 
Scheme 1. shows the steps for preparing the compounds 
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Anti-Prostate Cancer Activity 
The cytotoxicity of the synthesized series of compounds (C2–Z4) was evaluated against the highly metastatic, 
androgen-independent prostate cancer cell line PC-3. This assessment utilized the MTT assay an effective tool for 
measuring cell viability in vitro across various culture media—which relies on the ability of living cells to produce 
formazan; consequently, it serves as a reliable method for determining IC50 values, as well as assessing cell growth 
and survival (26). In this study, we tested a new group of succinimide derivatives against PC-3 prostate cancer cells, 
yielding varying IC50 values as detailed in Table 5 and Figure 1. Data indicate that compounds C5, C2, and F4 exhibited 
the highest anti-prostate cancer activity among the synthesized compounds. The notable efficacy of compounds C2 
and C5 is attributed to the presence of electron-withdrawing chlorine groups and electron-donating methyl groups 
substituted on the aryl ring. Overall, testing of the synthesized compounds on the PC-3 prostate cancer cell line 
demonstrated greater efficacy than that observed for the same class of compounds tested on the MCF-7 breast 
cancer cell line in a previous study (Ahmed, F. A., & Mutlaq, D. 2024) (27). 
 
Table 1. shows the values of IC50 for the compounds under study against prostate cancer cells 

 

Activety PC3 cells IC50 in µg/mL 
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Figure 1. Graph of the response of the prepared compounds against prostate cancer cell lines 
 
Molecular Docking Study 
Molecular docking simulations were performed for the synthesized compounds (C2–Z4) targeting the AKT1 protein 
(PDB ID: 3O96) using MOE software (version 2024). As a preliminary docking step, the co-crystallized ligand was re-
docked into the AKT1 protein. 
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The active binding pocket was defined based on the co-crystallized ligand within the AKT1 kinase structure. 
Subsequently, water molecules were removed and hydrogen atoms were added to the AKT1 protein to prepare it 
for the docking of the synthesized compounds (C2–Z4) into the active site. Binding energies ranged from -7.723 
kcal/mol for compound C2 to -7.5236 kcal/mol for compound R2. RMSD values fell within the acceptable limit (2 Å) 
for some compounds, while being slightly higher for others. These results indicate that the docking of the synthesized 
compounds into the target AKT1 protein yielded satisfactory performance, as detailed in Table (1)and Figure( 1). 
Compound C2 exhibited the highest binding energy (-7.723 kcal/mol) and an RMSD of 1.812 Å, forming two hydrogen 
bonds with amino acid residues VAL320 and ASN54. It was followed by compound C5, which showed the second-
strongest binding energy (-7.623 kcal/mol); this compound anchored itself within the protein's active pocket via two 
interactions—a hydrogen bond with TYR272 and a pi-pi stacking interaction with TRP80—while maintaining an 
acceptable RMSD of 1.723 Å. However, a comparison of binding energy with the cytotoxicity of compounds C2 and 
C5 (IC50 = 39.46 mg/mL, respectively) in the MTT assay reveals a discrepancy in results, which may be attributed to 
unfavorable physicochemical properties such as permeability and solubility. Compound Z4 stabilized within the 
protein pocket by forming four hydrogen bonds with the amino acid residues TYR272, GLY294, TRP80, and LEU210, 
with an RMSD value of 2.052 Å. Similarly, compounds F4 and R2 exhibited weak binding energy among the 
synthesized series; specifically, compound R2 showed a binding energy of -7.543 kcal/mol, which aligns with the 
weak cytotoxicity observed in the MTT assay for this compound. Compound R2 formed a hydrogen bond with the 
amino acid residue ASN54, and the RMSD value was 2.123 Å. While compound F4 bound to the TRP80 amino acid 
residue via hydrophobic interactions with a weak binding affinity of -7.543 kcal/mol (and an RMSD value of 1.932 Å), 
it demonstrated good cytotoxicity (49 mg/mL); this deviation from expectations may be attributed to unfavorable 
physicochemical properties. Molecular docking results indicate that the compounds in this series require further 
study and modification to yield promising candidates as effective agents against castration-resistant prostate cancer. 

 
Table.2: of compound analysis upon binding to the AKT1 protein 
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2D and 3D visualization of the interaction between the compounds and the AKT1 protein.2Fig. 
 

Conclusion 
Heterocyclic compounds have long served as a source of inspiration in the fields of chemistry and medicine. Here, 
we report the synthesis of a new series of succinimide derivatives prepared from N-substituted maleimides and 
various hydrazide derivatives due to the therapeutic potential inherent in their structural scaffold. Consequently, 
this class of compounds can be evaluated as inhibitors against castration-resistant prostate cancer (PC-3) cells. These 
compounds were characterized using FT-IR, 1H-NMR, 13C-NMR, and mass spectrometry. Their biological activity 
against PC-3 prostate cancer cells was evaluated; based on IC50 values, varying levels of activity were observed. 

demonstrated good efficacy against the disease compared to the other synthesized  4, and F5, C2Compounds C
To understand the mechanism of  showed weak activity. 4and Z 2compounds in the series, whereas compounds R

) against the AKT1 protein. Although 4Z–action, molecular docking simulations were performed for compounds (C2
the binding results were modest potentially due to unfavorable physicochemical factors the analysis indicates that 
these compounds are capable of forming hydrophobic interactions and hydrogen bonds within the active site of the 
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AKT1 protein. Consequently, the experimental results from the MTT toxicity assay and molecular docking provide 
insights that support the potential for further study and development of this class of compounds to enhance their 
efficacy against castration-resistant prostate cancer.                                                                                                                   

 
References 
1-Li C, Cheng D and Li P (2025) Androgen receptor dynamics in prostate cancer: from disease progression to 
treatment resistance. Front. Oncol. 15:1542811. doi: 10.3389/fonc.2025.1542811 
2-Ferlay J, Ervik M, Lam F, Laversanne M, Colombet M, Mery L, Piñeros M, Znaor A, Soerjomataram I, Bray F (2024). 
Global Cancer Observatory: Cancer Today. Lyon, France: International Agency for Research on Cancer. Available 
from: https://gco.iarc.who.int/today, accessed [16 June 2026]. 
3-Chakrabarti, D., Albertsen, P., Adkins, A., Kishan, A., Murthy, V., Parker, C., ... & Tree, A. (2025). The contemporary 
management of prostate cancer. CA: A Cancer Journal for Clinicians, 75(6), 552-586. 
4- Zhang, S., Zhang, T., Kinsella, G. K., & Curtin, J. F. (2025). A review of the efficacy of prostate cancer therapies 
against castration-resistant prostate cancer. Drug Discovery Today, 30(6), 104384. 
5- Zhang, F., Guan, D., Zhang, W., Zhou, Y., Zhou, J., Zhang, H., ... & Yang, Y. (2026). Dual BRD4/AKT inhibition 
overcomes c-MYC-driven resistance in metastatic castration-resistant prostate cancer. European Journal of 
Medicinal Chemistry, 118824. 
6- Lin, P., Yao, N., Lin, T., Zou, Y., Lin, W., & Lin, Y. (2025). Marine‐Derived Enteromorpha prolifera Polysaccharides 
Suppress Castration‐Resistant Prostate Cancer via Akt1 Inhibition. The Journal of Gene Medicine, 27(9), e70038. 
7-Maity, P., & Mitra, A. K. (2025). Ionic liquid-assisted approaches in the synthesis of nitrogen-containing 
heterocycles: a focus on 3-to 6-membered rings. Journal of Ionic Liquids, 5(1), 100146. 

                 V. Prescribed drugs containing nitrogen heterocycles: an overview. RSC Adv. 2020 Dec  Heravi MM, Zadsirjan-8
                                          44311. doi: 10.1039/d0ra09198g. PMID: 35557843; PMCID: PMC9092475.-15;10(72):44247 

9- Birgül, K., Atlıhan, İ., Dere, D., Yelekçi, K., Tiber, P. M., Orun, O., & Küçükgüzel, Ş. G. (2025). Investigation of novel 
nimesulide derivatives against breast cancer. Bioorganic Chemistry, 108850. 
10- Bhat, A. A., Ahmed, M., Elboughdiri, N., Thakur, P., Natarajan, V., El‐kott, A. F., ... & Hameed, A. (2026). Pyrrolidine 
Derivatives in Modern Drug Discovery: Emerging Structure Activity Relationships and Dual Antidiabetic–Anticancer 
Potential. Drug Development Research, 87(2), e70262. 
11- Redzicka, A., Tylińska, B., & Wójcicka, A. (2026). Anti-Inflammatory Activity of Cyclic Imide 
Derivatives. Pharmaceuticals, 19(3), 457. 
12- Qayyum, M. I., Ullah, S., Rashid, U., Sadiq, A., Obaidullah, Mahnashi, M. H., Alshehri, O. M., Jalal, M. M., 
Alzahrani, K. J., & Halawani, I. F. (2022). Synthesis, Molecular Docking, and Preclinical Evaluation of a New 
Succinimide Derivative for Cardioprotective, Hepatoprotective and Lipid-Lowering Effects. Molecules (Basel, 
Switzerland), 27(19), 6199. https://doi.org/10.3390/molecules27196199 
13-Eşme, A. (2021). Molecular Docking, Topological Analysis and Vibrational Studies on N-(2-Bromoethyl) 
Succinimide: Antidepressant Agent. Letters in Organic Chemistry, 18(10), 797-811. 
14- Redzicka A, Tylińska B, Wójcicka A. Anti-Inflammatory Activity of Cyclic Imide Derivatives. Pharmaceuticals 
(Basel). 2026 Mar 11;19(3):457. doi: 10.3390/ph19030457. PMID: 41901302; PMCID: PMC13029124. 

Alshehri, O. M., Mahnashi, M. H., Sadiq, A., Zafar, R., Jan, M. S., Ullah, F., ... & Hassan, E. E. (2022). Succinimide  -51
Derivatives as Antioxidant Anticholinesterases, Anti‐α‐Amylase, and Anti‐α‐Glucosidase: In Vitro and In Silico 

                                           2022(1), 6726438. Evidence‐Based Complementary and Alternative Medicine, Approaches. 
, M. (2026). Pharmacokinetic evaluation Pervaiz, A., Jan, M. S., Khan, A., Ansari, B., Ahmad, I., Shah, W. A., ... & Iriti-16 

Schmiedeberg's -Naunyn inflammatory potential of cyanoacetate derivatives of succinimide.-and in vivo anti
                                                                                                                                                     16.-Archives of Pharmacology, 1 

Juszczak, M., Tokarz, P., Kosińska, A., Rudolf, B., & Woźniak, K. (2025). Assessment of the Biological Properties -17
Complexes in Normal and Cancer  Nonsubstituted Succinimides and Their Metallocarbonyl-of N

31(1), 121. Molecules, Cells. 
Sivanantham, M., Senadi, G. C., Ragavendran, C., Ramasamy, M., & Kamaraj, C. (2024). An investigation of the -18

biological applications of sulphonated succinimides: in vivo toxicity to zebrafish larvae as well as antioxidant and 
6481.-48(14), 6472 New Journal of Chemistry, antimicrobial potential. 

silico antimicrobial evaluation of -, S. (2025). Synthesis, computational studies and inBougheloum, C., & Bouskia-19
-55(6), 496 Synthetic Communications, dione.-2, 5-(substituted) sulfonyl carboxamide bearing pyrrolidine-novel N

20.5 

https://doi.org/10.3390/molecules27196199


 
 

2280 
 

Adolescencia e Saude, vol. 21, No.9s, p. 2270-2287 

Pinter D, Milošević N, Milanović M, Vidović D, Kvrgić J, Kojić V, Jakimov D, Drljača Lero J, Milić N, Božić B, Banjac -20
Methylsuccinimides as Drug Candidates for Cancer: Toxicity Prediction, -3-Aryl-and 1 -Methyl-3-Ethyl-3-Aryl-N. 1

. 2025 Jun;39(6):e70313. doi: Molecular Docking, and In Vitro Assessment. J Biochem Mol Toxicol
10.1002/jbt.70313. PMID: 404003 

-N Juszczak M, Tokarz P, Kosińska A, Rudolf B, Woźniak K. Assessment of the Biological Properties of-12
Nonsubstituted Succinimides and Their Metallocarbonyl Complexes in Normal and Cancer Cells. Molecules. 2025 
Dec 29;31(1):121. doi: 10.3390/molecules31010121. PMID: 41515417; PMCID: PMC12786980. 

Hays, Q. H., & Mutlaq, D. Z. (2024). Study of the anticancer and antimicrobial biological activity of a new series  -22
21(1) Baghdad Science Journal, of thiohydantoin derivatives. 

n Escolar, L., Rocaboy, C., Pande, V., Meerpoel, L., ... & Bignan, G. (2021). óZhang, Z., Connolly, P. J., Trabal-23
resistant prostate -type androgen receptor for castration-Spirocyclic thiohydantoin antagonists of F877L and Wild

1252.-12(8), 1245 ACS Medicinal Chemistry Letters, cancer. 
breast cancer activity of some -Faisal, S. J., & Mutlaq, D. Z. (2022). Synthesis, characterization and anti -24

102.-14(3), 83 Kufa University Journal for Biology,-Al maleimide derivatives. 
Journal of  Mutlaq, D. Z., & Shafiq, A. M. (2019). Synthesis and biological activity of some maleimide derivatives.-25

45(1), 88. Basrah Researches (Sciences), 
Sieuwerts, A. M., Klijn, J. G., Peters, H. A., & Foekens, J. A. (1995). The MTT tetrazolium salt assay scrutinized:  -26

metabolie activity of cell cultures in vitro for the assessment of growth How to use this assay reliably to measure 
824.-33(11), 813 Clinical Chemistry and Laboratory Medicine, values and cell survival.-characteristics, IC50 

breast cancer activity of some succinimide derivatives via -Ahmed, F. A., & Mutlaq, D. (2024). Synthesis and anti -27
197.-50(2), 28 Journal of Basrah Researches (Sciences), Michael addition reaction: arylhydrazide to maleimides. 

Asadi, R. H. (2021). Synthesis, characterization, anticancer activity, and -Shawi, A. A., & Al-Mutlaq, D. Z., Al -28
312.-20(4), 303 Egyptian Pharmaceutical Journal, succinimide derivatives.–molecular docking of novel maleimide 

Jamshidi, S., Eghbalian, A., Shojaei, S., Taherkhani, A., & Feizi‐Dehnayebi, M. (2025). Flavonoids as promising  -29
Akt1 inhibitors in cancer medicine: Insights from molecular docking, dynamics, DFT calculations, and in vitro 

                                                                                                                               8(8), e70315. Cancer Reports, validation. 
 
 
 

. 
 
 
 
 
 
 
 
 
 
 
 
 
 

2IR of C-Fig. 5: FT 
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5IR of C-Fig. 5: FT 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

4IR of F-Fig. 5: FT 
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2IR of R-Fig. 5: FT 
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4IR of Z-Fig. 5: FT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 9: 1HNMR of C2 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
Fig. 9: 1HNMR of C5 
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Fig. 9: 1HNMR of F4 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 9: 1HNMR of R2 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 9: 1HNMR of Z4 
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2NMR of C-Fig16: 13C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5NMR of C-Fig16: 13C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4NMR of F-Fig16: 13C 
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2NMR of R-Fig16: 13C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4NMR of Z-Fig16: 13C 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

2Fig. 19: Mass spectrum of C 
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5Fig. 19: Mass spectrum of C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4Fig. 19: Mass spectrum of F 
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2Fig. 19: Mass spectrum of R 

 

 

 

 

 
 
 
 
 
 
 

. 
 
 
 
 
 
 
 
 
 
 
 

4Fig. 19: Mass spectrum of Z 
 
 


