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Abstract. The present work reports a study on the interaction of 5-bromo-
1H,3H-naphtho[1,8-cd]pyran-1,3-dione with various 3-
aminocycloalkanespiro-5-hydantoins, aimed at the development of new 
biologically active compounds. As a result of this condensation, seven new 
5-bromonaphthalimide derivatives were synthesized, namely: 5-bromo-2-
(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline-1,3-dione, 
5-bromo-2-(6-methyl-2,4-dioxo-1,3-diazaspiro[4.5]decan-3-
yl)benzo[de]isoquinoline-1,3-dione, 5-bromo-2-(7-methyl-2,4-dioxo-1,3-
diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline-1,3-dione, 5-bromo-2-(8-
methyl-2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline-
1,3-dione, 5-bromo-2-(8-ethyl-2,4-dioxo-1,3-diazaspiro[4.5]decan-3-
yl)benzo[de]isoquinoline-1,3-dione, 5-bromo-2-(2,4-dioxo-8-propyl-1,3-
diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline-1,3-dione, and 5-bromo-
2-(2,4-dioxo-1,3-diazaspiro[4.7]dodecan-3-yl)benzo[de]isoquinoline-1,3-
dione.The newly synthesized naphthalimides were characterized by 
physicochemical parameters as well as IR, 1H NMR, and 13C NMR spectral 
data. The antimicrobial activity of the described compounds was evaluated 
against Gram-positive bacteria, Gram-negative bacteria, yeasts, and molds. 
The tested products exhibited the strongest activity against the Gram-
positive bacteria Bacillus subtilis and Bacillus cereus. 

1 Introduction 
Recent developments in the field of organic synthesis in the design of new effective agents 
have become increasingly significant due to the growing prevalence of various infectious and 
non-infectious diseases. It is well established that many 1,8-naphthalimide derivatives exhibit 
anticancer activity [1-7]. 

Various 1,8-naphthalimide derivatives have been investigated for their antimicrobial 
activity, including 1,8-naphthalimide aminothiazole hybrids [8], 4-sulfo-1,8-naphthalimides 
[9], and Cu(II) and Zn(II) metal complexes of polypropylene amine dendrimer modified with 
4-bromo-1,8-naphthalimide [10]. 
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In our previous work, we reported the synthesis of a series of 1,8-naphthalimide 
derivatives of nalidixic acid and evaluated their antimicrobial activity against Gram-positive 
bacteria, Gram-negative bacteria, yeasts, and molds. Some of the compounds were found to 
exhibit activity against the tested Gram-positive and Gram-negative bacterial strains [11]. 

To the best of our knowledge, there are no published data on 5-bromonaphthalimides 
modified with cycloalkanespiro-5-hydantoins. Therefore, the aim of the present study is to 
describe a synthetic approach for the preparation of such derivatives, with the purpose of 
developing new biologically active compounds, particularly focusing on the investigation of 
their antimicrobial potential. 

2 Materials and methods 

2.1 General 

All chemicals used were obtained from Merck and Sigma-Aldrich. Melting points were 
measured using an SMP-10 digital melting point apparatus. The IR spectra were recorded on 
a Perkin-Elmer FTIR-1600 spectrometer using KBr disks. The NMR spectra were obtained 
with a Bruker Avance III HD spectrometer (operating at 500.13 MHz for 1H and 125 MHz 
for 13C) in DMSO-d6 solutions. The chemical shifts were referenced to tetramethylsilane 
(TMS). The purity of the compounds was checked by thin-layer chromatography on 
Kieselgel 60 F254, 0.2 mm Merck plates, eluent system (vol. ratio): ethyl acetate: petroleum 
ether = 1 : 2. 

2.2 Synthesis of compounds IIIa–g (Fig. 1) 

A mixture of 0.01 mol (2.78 g) of compound I and 0.01 mol of compounds IIa–g in 40 mL 
of glacial acetic acid was refluxed for 5 h. After cooling, the precipitate was filtered off and 
recrystallized from ethanol. 

2.3 Determination of antimicrobial activity 

The agar diffusion method was used to assess the antimicrobial activity of the compounds. 
Test organisms included: Gram-positive bacteria (Staphylococcus aureus ATCC 6538, 
Staphylococcus epidermidis ATCC 12228, Bacillus subtilis ATCC 6633, Bacillus cereus 
ATCC 10876), Gram-negative bacteria (Escherichia coli ATCC 8739, Pseudomonas 
aeruginosa ATCC 9027, Salmonella abony NTCC 6017), and yeast Candida albicans ATCC 
10231. A 1% solution of each compound was prepared in DMSO. Tests were performed 
using Tryptic soy agar (Merck) for bacteria and Sabouraud dextrose agar (Merck) for yeasts. 
Media were melted in a Koch apparatus, cooled to 48–50 °C, and inoculated with 1% of 
previously prepared microbial suspensions (density ~10⁷ cfu/mL, turbidity: 0.5 McFarland 
standard). In sterile Petri dishes (⌀ = 90 mm), 20 mL of the inoculated media was poured and 
allowed to solidify. Wells (⌀ = 8 mm) were punched into the agar, and 50 µL of each 
compound solution was applied. After a 30-minute pre-diffusion at room temperature, plates 
were incubated at 37 °C for 24 h (bacteria) and 28 °C for 48 h (yeasts) [12]. Zones of growth 
inhibition were measured in mm using a digital caliper: ≤15 mm – weak activity; 15–25 mm 
– moderate activity; ≥25 mm – strong activity. All experiments included solvent controls and 
were performed in triplicate. 
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3 Results and discussion 
The starting compound, 5-bromo-1H,3H-naphtho[1,8-cd]pyran-1,3-dione (synthesized via a 
modified procedure) [13], was reacted with 3-aminocycloalkanespiro-5-hydantoins [14, 15] 
in glacial acetic acid according to Fig. 1. 

 

 
Fig. 1. Synthesis of compounds IIIa-g: a) R = H; b) R = 2-CH3; c) R = 3-CH3; d) R = 4-CH3; e) R = 
4-C2H5; f) R = 4-C3H7; g) cyclooctyl 

The formation of the products was confirmed via melting points (m. p., °C), Rf (retention 
factor) values (Table 1), and IR/NMR spectral data (Tables 2-4). 

Table 1. Physicochemical parameters of compounds IIIa-g 

Compound Systematic name Yield, % M. p., °C Rf* 

IIIa 
5-bromo-2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-

yl)benzo[de]isoquinoline- 
1,3-dione 

91 247-248 0.53 

IIIb 
5-bromo-2-(6-methyl-2,4-dioxo-1,3-

diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline- 
1,3-dione 

83 263-264 0.51 

IIIc 
5-bromo-2-(7-methyl-2,4-dioxo-1,3-

diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline- 
1,3-dione 

85 295-296 0.55 

IIId 
5-bromo-2-(8-methyl-2,4-dioxo-1,3-

diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline- 
1,3-dione 

94 272-273 0.49 

IIIe 
5-bromo-2-(8-ethyl-2,4-dioxo-1,3-

diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline- 
1,3-dione 

96 263-264 0.46 

IIIf 
5-bromo-2-(2,4-dioxo-8-propyl-1,3-

diazaspiro[4.5]decan-3-yl)benzo[de]isoquinoline- 
1,3-dione 

92 288-289 0.50 

IIIg 
5-bromo-2-(2,4-dioxo-1,3-diazaspiro[4.7]dodecan-

3-yl)benzo[de]isoquinoline- 
1,3-dione 

97 256-257 0.43 

* Eluent system (vol. ratio): ethyl acetate: petroleum ether = 1 : 2 
 

Compared to the starting 3-aminocycloalkanespiro-5-hydantoins (m. p.: 166-200°C), the 
synthesized naphthalimide derivatives exhibited significantly higher melting points (247-
296°C). 

The IR spectra indicate the disappearance of the characteristic vibrations of the NH2 
group [14, 15] in the region between 3200 and 3320 cm-1, accompanied by the appearance 
of new absorption bands corresponding to NH group vibrations, observed in the region 
between 3250 and 3335 cm-1. The aromatic and aliphatic vibrations are observed at 3058–
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3072 cm-1 and 2918–2943/2855–2876 cm-1, respectively. Evidence for the presence of the 
two carbonyl groups of the hydantoin ring is provided by the absorption bands at 1796–1825 
cm-1 and 1757–1775 cm-1, corresponding to the C²=O and C⁴=O vibrations, respectively. 

Table 2. IR spectral data (KBr, cm-1) of compounds IIIa-g 

Compound 𝝑𝝑𝑵𝑵𝑵𝑵 𝝑𝝑𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝝑𝝑𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝝑𝝑𝑪𝑪𝟐𝟐=𝑶𝑶 𝝑𝝑𝑪𝑪𝟒𝟒=𝑶𝑶 

IIIa 3338 3061 2935, 2860 1825 1769 

IIIb 3341 3058 2943, 2855 1821 1760 

IIIc 3325 3065 2918, 2859 1815 1775 

IIId 3345 3072 2920, 2862 1811 1762 

IIIe 3348 3063 2931, 2865 1808 1769 

IIIf 3342 3059 2936, 2871 1803 1771 

IIIg 3345 3066 2929, 2876 1796 1757 

 
Table 3 compares the 1H NMR spectral data of the starting 3-aminocycloalkanespiro-5-

hydantoins (IIa–g) with those of the synthesized naphthalimides (IIIa–g). The signals 
corresponding to the NH2 group in the region of 3.90 to 4.62 ppm [14, 15] disappear, while 
the signals for the NH group in the hydantoin core remain slightly shifted, appearing between 
9.31 and 11.32 ppm. This confirms the successful condensation between 5-bromo-1H,3H-
naphtho[1,8-cd]pyran-1,3-dione (I) and the corresponding 3-aminocycloalkanespiro-5-
hydantoins (IIa–g). 

Table 3. 1H NMR (DMSO-d6, δ, ppm) spectral data of compounds IIIa-g 

Compound NH and NH2 Ref. Compound NH 

IIa 8.50 (1H, s) and 4.60 (2H, s) [14] IIIa 9.31 (1H, s) 

IIb 8.25 (1H, s) and 4.70 (2H, s) [15] IIIb 10.50 (1H, s) 

IIc 8.12 (1H, s) and 4.80 (2H, s) [14] IIIc 11.32 (1H, s) 

IId 8.18 (1H, s) and 5.01 (2H, s) [15] IIId 9.50 (1H, s) 

IIe 8.28 (1H, s) and 5.02 (2H, s) [15] IIIe 10.65 (1H, s) 

IIf 8.45 (1H, s) and 5.00 (2H, s) [15] IIIf 11.12 (1H, s) 

IIg 8.60 (1H, s) and 3.90 (2H, s) [14] IIIg 10.35 (1H, s) 

 
 
 
 

4

BIO Web of Conferences 205, 01019 (2025)
EE&AE 2025

https://doi.org/10.1051/bioconf/202520501019



Table 4. 13C NMR (DMSO-d6, δ, ppm) spectral data of compounds IIIa-g* 

Atom No. 
Compound 

IIIa IIIb IIIc IIId IIIe IIIf IIIg 

1 120.8 120.6 120.8 125.8 123.4 121.1 120.5 

2 130.2 130.1 130.1 130.4 130.2 130.1 130.1 

3 132.1 132.9 132.9 131.8 132.9 132.2 132.5 

4 120.8 119.8 119.5 120.8 120.2 119.9 120.2 

5 126.4 128.0 128.1 130.1 128.0 128.1 129.6 

6 133.2 132.9 132.1 132.9 132.6 132.9 132.9 

7 119.5 119.5 120.0 119.5 119.5 119.5 119.5 

8 138.2 137.2 138.2 136.8 137.3 137.3 137.4 

9 136.8 135.9 136.8 135.8 136.8 135.9 135.9 

10 121.0 121.8 121.1 128.2 121.1 121.1 121.1 

11 160.0 160.0 159.9 160.0 160.0 160.0 160.5 

12 160.9 160.9 160.9 160.9 160.9 160.9 160.9 

13 161.2 161.1 161.1 161.2 161.1 161.1 161.1 

14 174.6 173.5 173.6 174.5 174.5 173.9 174.1 

15 64.1 66.8 62.3 61.5 64.2 64.5 63.6 

16 37.6 34.6 41.8 33.8 34.5 35.3 32.7 

17 22.4 23.3 27.3 29.2 30.2 32.4 23.3 

18 29.2 30.5 33.4 31.0 31.5 33.1 28.6 

19 22.4 25.3 33.3 29.9 30.2 32.4 28.1 

20 37.6 39.9 41.8 33.8 34.5 35.3 28.6 

21 - 15.8 22.5 22.0 21.7 25.5 23.3 

22 - - - - 28.6 27.8 32.7 

23 - - - - - 20.6 - 

* These data are confirmed by 13C DEPT 135 NMR spectroscopy. 
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Fig. 2. General structural formula of compounds IIIa-g 

The numbering of the carbon atoms in the structural formula of naphthalimides IIIa-g 
(Fig. 2) is intended solely for the interpretation of their 13C NMR spectra (Table 4). 

The 13C NMR spectral data presented in Table 4 are in complete agreement with the 
proposed structures of the synthesized 5-bromonaphthalimides modified with 
cycloalkanespiro-5-hydantoins. 

The signals for the imide and hydantoin carbonyl carbons appear at 159.9–160.5 ppm 
(C11), 160.9 ppm (C12), 161.1 ppm and 161.2 ppm (C13), and 173.5–174.6 ppm (C14), 
respectively. In the region 119.5–138.2 ppm, ten signals are observed, corresponding to the 
aromatic carbons (C1–C10) of the naphthalene skeleton. The signals for the cycloalkyl carbons 
(C16–C20) appear in the region 22.4–41.8 ppm, while the resonance at 61.5–66.8 ppm is 
assigned to the spiro-carbon (C15). 

Table 5. Antimicrobial аctivity of compounds IIIa-g 

Test microorganism 
Inhibition zone diameter (mm) 

IIIa IIIb IIIc IIId IIIe IIIf IIIg 

Staphylococcus aureus ATCC 6538 12.5 10.8 13.3 12.1 13.5 13.9 11.1 

Staphylococcus epidermidis ATCC 12228 13.1 12.6 14.2 13.4 13.9 14.4 13.3 

Bacillus subtilis ATCC 6633 16.4 15.4 17.1 16.2 15.8 16.1 16.5 

Bacillus cereus ATCC 10876 18.2 17.9 18.4 17.1 18.8 18.9 18.2 

Pseudomonas aeruginosa АТСС 9027 10.8 10.1 10.5 10.9 11.1 12.2 11.2 

Escherichia coli ATCC 8739 14.4 13.7 12.6 14.5 14.7 15.3 14.3 

Salmonella abony NTCC 6017 11.6 10.4 12.5 11.7 12.2 12.5 12.1 

Candida albicans ATCC 10231 13.7 12.6 13.3 14.1 13.6 13.8 13.5 

 
The antimicrobial activity of compounds IIIa–g was evaluated against Gram-positive 

bacteria, Gram-negative bacteria, and yeast using the agar diffusion method. The measured 
inhibition zone diameters (mm) are summarized in Table 5. 

Analysis of the experimental data revealed that the tested compounds exhibit 
antimicrobial activity, with higher efficacy against Gram-positive bacteria, particularly 
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Bacillus cereus ATCC 10876 and Bacillus subtilis ATCC 6633, showing inhibition zones in 
the ranges of 17.1–18.9 mm and 15.4–17.1 mm, respectively. 

It should be noted that compounds IIIc, IIIe, and IIIf demonstrated the highest overall 
antibacterial activity, which was most pronounced against Bacillus cereus (18.4–18.9 mm) 
and Bacillus subtilis (15.8–17.1 mm). The inhibition zones recorded against Staphylococcus 
aureus and Staphylococcus epidermidis were in the range of 10.8–14.4 mm. 

The tested Gram-negative bacteria (Pseudomonas aeruginosa, Escherichia coli, 
Salmonella abony) were less sensitive to the investigated compounds, with inhibition zones 
between 10.1 and 15.3 mm. 

The synthesized products also exhibited lower activity against the pathogenic yeast 
Candida albicans, with inhibition zones ranging from 12.6 to 14.1 mm; the strongest 
antifungal effect (14.1 mm) was observed for compound IIId. 

4 Conclusions 
Seven new derivatives of 5-bromonaphthalimide with 3-aminocycloalkanespiro-5-
hydantoins were synthesized. Their structures were confirmed using IR and NMR 
spectroscopy, and some physicochemical parameters were determined. 

The compounds’ antimicrobial activities were evaluated against various Gram-positive 
and Gram-negative bacteria and yeast. It was found that the compounds exhibit activity 
against the tested microorganisms, with the strongest effect observed against the Gram-
positive bacteria Bacillus subtilis and Bacillus cereus. The obtained results clearly indicate 
that the synthesized products possess promising antibacterial potential, particularly against 
Gram-positive strains. These findings highlight the need for further studies on related 
compounds aimed at the discovery and development of new and effective antimicrobial 
agents. 
 
 
The authors acknowledge the support of the Science Fund of the University of Ruse, Bulgaria (Project 
2025/BRz-01). We are also grateful to Ms. Yoana Marinova (Sofia) for the valuable discussions. 

References 
1. C.-C. Lee, C.-H. Chang, Y.-C. Huang, T.-Lien Shih, Novel 1,8-naphthalimide 

derivatives inhibit growth and induce apoptosis in human glioblastoma, Int. J. Mol. 
Sci. 25, 11593 (2024). https://doi.org/10.3390/ijms252111593 

2. C.-H. Tung, Y.-T. Lu, W.-T. Kao, J.-W. Liu, Y.-H. Lai, S.-J. Jiang, H.-P. Chen, T.-L. 
Shih, Discovery of a more potent anticancer agent than C4-benzazole 1,8-
naphthalimide derivatives against murine melanoma, J. Chin. Chem. Soc. 67, 1254 
(2020). https://doi.org/10.1002/jccs.202000019 

3. C. Ge, L. Liu, Y. Wang, X. Di, X. Luo, H. Liu, Y. Qian, Novel 1,8-naphthalimide 
derivatives as antitumor agents and potent demethylase inhibitors, ACS Med. Chem. 
Lett. 14, 1551 (2023). https://doi.org/10.1021/acsmedchemlett.3c00353 

4. M. Xin, J.-H. Wei, C.-H. Yang, G.-B. Liang, D. Su, X.-L. Ma, Y. Zhang, Design, 
synthesis and biological evaluation of 3-nitro-1,8-naphthalimides as potential 
antitumor agents, Bioorg. & Med. Chem. Lett. 30, 127051 (2020). 
https://doi.org/10.1016/j.bmcl.2020.127051 

5. M. D. Tomczyk, A. Byczek-Wyrostek, K. Strama, M. Wawszków, P. Kasprzycki, K. 
Z. Walczak, Anticancer activity and Topoisomerase II inhibition of naphthalimides 

7

BIO Web of Conferences 205, 01019 (2025)
EE&AE 2025

https://doi.org/10.1051/bioconf/202520501019

https://doi.org/10.3390/ijms252111593
https://doi.org/10.1002/jccs.202000019
https://doi.org/10.1021/acsmedchemlett.3c00353
https://doi.org/10.1016/j.bmcl.2020.127051


with ω-hydroxylalkylamine side-chains of different lengths, Med. Chem. 15, 550 
(2019). https://doi.org/10.2174/1573406414666180912105851 

6. S. Rykowski, D. Gurda- Woźna, M. Orlicka-Płocka, A. Fedoruk-Wyszomirska, M. 
Giel-Pietraszuk, E. Wyszko, A. Kowalczyk, P. Stączek, K. Biniek-Antosiak, W. 
Rypniewski, A. B. Olejniczak, Design of DNA intercalators based on 4-carboranyl-
1,8-naphthalimides: Investigation of their DNA-binding ability and anticancer activity, 
Int. J. Mol. Sci. 23, 4598 (2022). https://doi.org/10.3390/ijms23094598 

7. G.-B. Liang, J.-H. Wei, H. Jiang, R.-Z. Huang, J.-T. Qin, H.-L. Wang, H.-S. Wang, Y. 
Zhang, Design, synthesis and antitumor evaluation of new 1,8-naphthalimide 
derivatives targeting nuclear DNA, Eur. J. Med. Chem. 210, 112951 (2021). 
https://doi.org/10.1016/j.ejmech.2020.112951 

8. R. Palabindela, P. Myadaravenia, D. Banothu, R. Korra, H. Mekala, M. Kasula, 
Anthracene and 1,8-napthalimide aminothiazole hybrids: synthesis, antimicrobial 
activity and molecular docking studies, Orient. J. Chem. 38, 137 (2022). 
http://dx.doi.org/10.13005/ojc/380117  

9. A. I. Said, D. Staneva, E. Vasileva-Tonkova, P. Grozdanov, I. Nikolova, R. Stoyanova, 
A. Jordanova, I. Grabchev, Synthesis, spectral characteristics, sensing properties and 
microbiological activity of new water-soluble 4-sulfo-1,8-naphthalimides, 
Chemosensors 12, 79 (2024). https://doi.org/10.3390/chemosensors12050079 

10. D. Staneva, E. Vasileva-Tonkova, M.S.I. Makki, T. R. Sobahi, R. M. Abdel-Rahman, 
I. H. Boyaci, A. M. Asiri, I. Grabchev, Synthesis and spectral characterization of a new 
PPA dendrimer modified with 4-bromo-1,8-naphthalimide and in vitro antimicrobial 
activity of its Cu(II) and Zn(II) metal complexes, Tetrahedron 71, 1080 (2015). 
http://dx.doi.org/10.1016/j.tet.2014.12.083 

11. M. Marinov, I. Kostova, E. Naydenova, Neyko Stoyanov, Synthesis and antimicrobial 
activity of 1,8-naphthalimide derivatives of nalidixic acid, J. Chem. Technol. Metall. 
54, 1146 (2019).  

12. K. N. Hussein, T. Molnár, R. Pinter, A. Toth, E. Ayari, L. Friedrich, I. Dalmadi, 
Gabriella Kiskó, In vitro antimicrobial activity of plant active components against 
Pseudomonas lundensis and Listeria monocytogenes, Prog. Agric. Eng. Sci. 16, 163 
(2021). https://doi.org/10.1556/446.2020.20018  

13. H. G. Rule, S. B. Thompson, Bromo- and nitro-derivatives of naphthalic acid, J. Chem. 
Soc. 1764 (1937). https://doi.org/10.1039/JR9370001764 

14. E. Naydenova, N. Pencheva, J. Popova, N. Stoyanov, M. Lazarova, B. Aleksiev, 
Aminoderivatives of cycloalkanespirohydantoins: synthesis and biological activity, Il 
Farmaco 57, 189 (2002). https://doi.org/10.1016/S0014-827X(01)01198-3 

15. M. Marinov, E. Naydenova, R. Prodanova, N. Markova, P. Marinova, I. Kostova, I. 
Valcheva, D. Draganova, M. Naydenov, P. Penchev, N. Stoyanov, Synthesis, 
characterization, theoretical calculations and antimicrobial studies of substituted 3-
aminocyclohexanespiro-5-hydantoins, Agric. Sci. 8, 117 (2016). 

8

BIO Web of Conferences 205, 01019 (2025)
EE&AE 2025

https://doi.org/10.1051/bioconf/202520501019

https://doi.org/10.2174/1573406414666180912105851
https://doi.org/10.3390/ijms23094598
https://doi.org/10.1016/j.ejmech.2020.112951
http://dx.doi.org/10.13005/ojc/380117
https://doi.org/10.3390/chemosensors12050079
http://dx.doi.org/10.1016/j.tet.2014.12.083
https://doi.org/10.1556/446.2020.20018
https://doi.org/10.1039/JR9370001764
https://doi.org/10.1016/S0014-827X(01)01198-3

	1 Introduction
	2 Materials and methods
	2.1 General
	2.2 Synthesis of compounds IIIa–g (Fig. 1)
	2.3 Determination of antimicrobial activity

	3 Results and discussion
	4 Conclusions
	References

