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Abstract: Onychomycosis is one of the most acute problems of modern medicine, which accounts for 

about 50% of all nail diseases. Fungi of dermatophytes of the genus Trichophyton are the most studied 

etiological factor of onychomycosis. Non-dermatophytes can also cause onychomycosis. Fungi of the 

genus Aspergillus is one of the main pathogens among the non-dermatophytes agents of 

onychomycosis. Antifungal nail lacquer is the most optimal dosage form for the topical treatment of 

onychomycosis. GABA derivative of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1-yl)acetamide 

was used as a perspective antifungal agent in the form of lacquer. The antifungal action of the obtained 

lacquer containing compound 2 against fungus strain Aspergillus niger VKM F-1119 was compared 

with the known antifungal lacquer “Lamisil” containing terbinafine as the active agent. Investigation of 

the antifungal action was carried out at concentrations of 1%, 0.5%, and 0.1% of compound 2 and 

terbinafine using the diffusion in agar technic after 24 h and 72 h. It has been determined that derivative 

2, as well as terbinafine at a concentration of 1%, caused fungicidal action after 24 h and fungicidal and 

fungistatic effect after 72 h.  
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dihydroanthracenyl)acetamide.  

© 2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

1. Introduction 

Onychomycosis is one of the most acute problems of modern medicine, which accounts 

for about 50% of all nail diseases [1-3]. Fungi of dermatophytes of the genus Trichophyton are 

the most studied etiological factor of onychomycosis [4]. Non-dermatophytes - yeast and mold 

fungi can also cause onychomycosis [5]. Fungi of the genus Aspergillus is one of the main 

pathogens among the non-dermatophytes agents of onychomycosis [6-8].  

Antifungal nail lacquer is the most optimal dosage form for the topical treatment of 

onychomycosis [9]. They are devoid of some serious disadvantages (for example, the active 

substance is not fixed on the nail plate for a long time; the unsightly appearance of the nail 

plate when applying a cream or ointment; a long period of use of the drug, the multi-stage 

process of application, etc.) compared to such dosage forms in the form ointments, creams, and 

solutions [10, 11]. 
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The medicaments in the form of nail lacquers [12-14] are developed with 

physicochemical and physiological characteristics of the nail, so they can be applied directly 

to the nail plate. A protective film forms on the surface of the nail, helping to prevent the flow 

of oxygen from the outside and the mycotic microorganisms spreading [15]. Also, due to this 

film, the concentration of medicinal substances inside the nail remains high. Most antifungal 

nail lacquers not only treat the disease but also improve the condition of the nail plates [16, 

17]. It should be noted that some lacquers, which include amino acids (lysine, methionine) have 

pronounced regenerative properties [18, 19]. Amino acids allow to strengthen nails, improve 

its protective properties, and the ability to resist fungal infections [18, 19]. 

Derivatives of 9,10-anthracenedione are promising objects for the search for new 

antimicrobial, including antifungal agents [20-26]. Previously [22], we had synthesized a series 

of amino acid derivatives of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1-yl)acetamide, 

among which GABA derivative with antifungal effect against the test culture of the fungus A. 

niger VKM F-1119 at a minimum inhibitory concentration of 1.9 μg/ml was selected. 

Therefore, the aim of this study was to obtain the lacquer based on GABA derivative 

of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1-yl)acetamide and to study its antifungal 

effect against the strain A. niger in comparison with the known antifungal lacquer. 

2. Materials and Methods 

2.1. Materials. 

4-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)amino)butanoic 

acid 2 was obtained from 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1-yl)acetamide 1 

according to the described method [20]. All chemicals were of reagent grade and used without 

further purification. The solvents were purified according to the standard procedures [27].  

Colorless nail lacquer "Nogotok" (Cosmetic-Service, Ukraine) was used as a basis for 

the preparation of antifungal lacquer with compound 2. Antifungal nail lacquer "Lamisil 1%" 

(manufacturer "Delpharm Uning SAS", France) was used as a reference drug. 

2.2. Chemistry. 

The melting points were measured on a Boetius melting point-device and are 

uncorrected. 1H NMR (400 MHz) and 13C NMR (100 MHz) spectra were recorded in DMSO-

d6 solutions on a Varian Mercury-400 spectrometer with TMS as an internal standard. IR 

spectra were recorded in KBr pellets on the Specord M-80 spectrometer. Mass spectra were 

recorded on an Agilent 1100 Series G1956BLC/MSD SL LCMS system using electrospray 

ionization at atmospheric pressure (70 eV). Elemental analysis was performed on a 

PerkinElmer CHN-analyzer Series 2400. The individuality of the obtained compound was 

monitored by TLC on Silufol UV-254 plates. 

4-((2-((9,10-Dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)amino)butanoic 

acid 2.  

Yield 73%. M.p. = 190-191 oС. 1H NMR, δ, ppm: 1.85 (m, 2H, CH2), 2.46 (m, 2H, 

CH2), 3.47 (m, H, CH2), 4.11 (m, 2H, CH2), 4.61 (s, 1Н, NH), 7.86-7.79 (m, 3H, CНar), 8.31-

8.13 (m, 3H, CНar), 9.11 (d, 1H, J = 7.7 Hz, CHar), 10.72 (s, 1H, NH), 12.85 (s, 1H, OH). IR, 

sm-1: 3423 (CH2NH), 3368 (NHСО), 3000-2500 (COОН), 1721 (С=О in СООН), 1685, 1627 
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(С=О), 1643 (СОNH). LC-MS, m/z (Irel, %): 367 [M+1] (100%). Found, %: C 65.49; H 5.03; 

N 7.71. C20H18N2O5. Calculated, %: C 65.57; H 4.95; N 7.65. 

2.3. Antifungal action of the lacquer.  

Antifungal effect of the lacquer based on 4-((2-((9,10-dioxo-9,10-dihydroanthracen-1-

yl)amino)-2-oxoethyl)amino)butanoic acid 2 at concentrations of 0.1%, 0.5% and 1% was 

investigated by diffusion in peptone on nutrient medium (wort agar) [28]. The microbial 

loading was 109 cells (spores)/cm3. The required incubation period were 48–72 h at 28–30 °C. 

The results were recorded by measuring the zones surrounding the disk. Reference disk 

contained «Lamisil» at concentrations of 0.1%, 0.5% and 1%. The control disk contained 

lacquer without antifungal agents.    

3. Results and Discussion 

3.1. Chemistry.  

Continuing our research on the search for new substances with practically valuable 

properties among the functionalized derivatives of 9,10-anthraquinone [29-33], in work 

presented herein we report a study of the antifungal action of the lacquer based on the 4-((2-

((9,10-dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)amino)butanoic acid 2 obtained 

using the method [20] (Scheme 1). 

 
Scheme 1. Synthesis of 4-((2-((9,10-dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)amino)butanoic acid 2. 

3.2 Investigation of antifungal action. 

The colorless nail lacquer «Nogotok» containing the following components: ethyl 

acetate, butyl acetate, nitrocellulose, adipic acid/neopentyl glycol/trimellitic copolymer 

anhydride, acetyl tributyl citrate, isopropyl alcohol was used as a basis for the preparation of 

antifungal lacquer with compound 2. As a reference drug was taken terbinafine in the form of 

1% nail lacquer "Lamisil". Nail lacquer without the addition of antifungal agents was used as 

a control. 

Lacquers with derivative 2 at concentrations of 1%, 0.5%, and 0.1% and diluted lacquer 

with terbinafine "Lamisil" to concentrations of 0.5% and 0.1% were prepared for the study. 

Lacquers with appropriate concentrations, a control sample of the nail lacquers "Nogotok" and 

"Lamisil" were added to microscope slides, placed in Petri dishes, and covered with agarized 

sterile medium under laminar conditions. Then the test culture of fungus A. niger was added, 

and the dishes were cultured at 28 ± 1 ° C in the thermostat. The results of the observations 

were recorded after 24 h (Figure 1) and 72 h (Figure 2). 
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After 24 h incubation (Figure 1) in dishes with derivative 2 at a concentration of 0.1%, 

a fungicidal effect was observed with a small number of fungal colonies compared to the 

control, while terbinafine at the same concentration was slightly predominant. Compound 2 at 

a concentration of 0.5% caused the same growth of the mycelium of the fungus A. niger as in 

control, whereas under the action of terbinafine, the amount of mycelium was higher. Amino 

acid derivative 2 at a concentration of 1% had a fungicidal effect at the same concentration of 

terbinafine, whereas the control contained a lot of fungal mycelium.  

   

control  0.1 % terbinafine 0.1 % compound 2 

   

control  0.5 % terbinafine 0.5 % compound 2 

   

control 1 % terbinafine 1 % compound 2 

Figure 1. The influence of derivative 2 and terbinafine in the concentrations of 0.1, 0.5, and 1% in the form of lacquer 

on the growth of the test culture of the fungus A. niger compared to the control after 24 h. 

The results of observations after 72 h of incubation of the test culture (Figure 2)  showed 

that the control sample was completely overgrown with spores of the test culture of the fungus 

A. niger. The compound 2 at a concentration of 0.1% showed only fungistatic activity, while 

0.1% terbinafine had a fungistatic and fungicidal effect. Derivative 2 and terbinafine at a 

concentration of 0.5% had almost the same effect as in the case of 0.1% concentration. GABA 
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derivative 2 only in the case of 1% concentration caused a zone of inhibition of growth of A. 

niger with a diameter of 22 mm and a smaller number of fungal spores. 

   

control 0.1 % terbinafine 0.1 % compound 2 

   
control 0.5 % terbinafine 0.5 % compound 2 

   
control 1 % terbinafine 1 % compound 2  

Figure 2. The influence of derivative 2 and terbinafine in the concentrations of 0.1, 0.5, and 1% in the form of lacquer 

on the growth of the test culture of the fungus A. niger compared to the control after 72 h. 

 The reference drug at a concentration of 1% showed a slightly smaller (20 mm) zone 

of growth inhibition and a higher growth of test culture spores. But in both cases (derivative 2 

and terbinafine) a concentration of 1% caused fungicidal and fungistatic action of lacquer.  

Thus, the results of the study of derivative 2 in the form of the lacquer, both after 24 h 

and after 72 h indicate the prospects for further research in this direction. 

4. Conclusions 

Therefore, we carried out obtaining the antifungal lacquer based on the GABA 

derivative of 2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-1-yl)acetamide as a perspective 

antifungal agent against fungus strain A. niger. Study of the antifungal action of obtained 

lacquer at concentrations of 1%, 0.5%, and 0.1% of active derivative 2 in comparison with the 

known antifungal lacquer “Lamisil” in the same concentrations showed that 4-((2-((9,10-
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dioxo-9,10-dihydroanthracen-1-yl)amino)-2-oxoethyl)amino)butanoic acid 2, as well as 

terbinafine at a concentration of 1%, has fungicidal and fungistatic action. The obtained results 

indicate the prospects of further research in the direction of preparation of the antifungal 

lacquer containing derivatives of 9,10-anthracenedione. 
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