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Derivati akridina predstavljaju jedinjenja јedinstvenih fizičko-hemijskih i farmakoloških svoj-

stava, sa značajnom primenom u medicini i industriji. Zahvaljujući planarnoj strukturi i sposobnosti 
da uspostavljaju interakcije sa različitim biološkim receptorima, brojni analozi ovog heterocikla i-
maju terapijski značaj. Kvinakrin se koristi u lečenju malarije, akriflavin i proflavin u terapiji bakte-
rijskih infekcija, dok se amsakrin i nitracin primenjuju kao antineoplastični agensi. Pored toga, poz-
nata su njihova antiinflamatorna, antituberkulozna, antiviralna i antifungicidna svojstva, a u indus-
triji boja i pigmenata prisutni su još оd 19. veka. U ovom radu, pručavani su derivati 3,3,6,6-tetra-
metil-3,4,6,7,9,10-heksahidroakridin-1,8-diona sа р-hidroksifenil-grupom u položaju 9 i p-supstitui-
sanom benzil-grupom u položaju 10. Аntioksidativna аktivnost ispitana је ABTS metodom. Еfekat 
različitih interakcija između molekula rastvarača i molekula rastvorene supstance na pomeranje 
аpsorpcionih maksimuma аnaliziran је metodom linearne korelacije еnergije solvatacije, što je dalje 
omogućilo da se procene efekti solvatacije na njihovu potencijalnu farmakološku aktivnost. 

Acridine derivatives represent an important class of heterocyclic compounds characterized by 
unique physicochemical features and broad pharmacological potential. Their planar tricyclic 
structure enables multiplr interactions with biomacromolecules, underlying diverse biological activi-
ties. Quinacrine is used in the treatment of malaria, acriflavine and proflavine in the treatment of 
bacterial infections, while amsacrine and nitracin are used as antineoplastic agents. Clinically rele-
vant representatives include antiinflammatory, antitubercular, antiviral, and antifungal activity. In 
addition to their biomedical significance, acridine-based compounds have permanent applications in 
the dye and pigment industry due to their stability and strong chromophoric properties. Herein, a 
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series of derivatives of 3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8-dione was synthesi-
zed and structurally characterized. The synthesized compounds contain a p-hydroxyphenyl group at 
position 9 and various p-substituted benzyl groups at position 10. The antioxidant activity was inve-
stigated using the ABTS assay. Furthermore, solvent effects on the absorption maxima shifts were 
analyzed using the linear solvation energy relationship (LSER) concept, providing insight into sol-
vent–solute interactions and their possible influence on pharmacological activity. 

1. Introduction 
Acridine-1,8-dione derivatives represent an important class of nitrogen-containing heterocyclic 

compounds due to their diverse pharmacological activities. In this context, the anticancer potential 
has been extensively studied [1]. These compounds are known to interact with DNA through interca-
lation or groove binding, thereby interfering with replication and transcription processes [2]. In addi-
tion, acridine-1,8-dione derivatives have been reported to possess antimicrobial, antioxidant, anti-
inflammatory, and antiviral activities. Their antimicrobial effects are often attributed to disruption of 
cellular membranes or inhibition of essential enzymatic pathways, while antioxidant activity is asso-
ciated with their ability to scavenge free radicals and regulate oxidative stress [3].  

Potentially pharmacologically active compounds often bear numerous functional groups capa-
ble of forming hydrogen bonds, which enhance solubility and enable specific interactions with the 
biomolecular targets [4]. These interactions substantially influence both pharmacological activity and 
pharmacokinetics [5]. In this context, solvatochromic studies provide insights into different solute-
solvent interactions that may mimic the interactions of pharmacologically active compounds within 
their biological environment. 

Considering the aforementioned applications of acridine-1,8-dione derivatives, a series of 
3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8-dione derivatives (Figure 1; compounds 1‒7) 
was synthesized and fully characterized [6]. Herein, we examined their radical scavenging properties 
using the 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) method. The effects of spe-
cific (hydrogen bonding) and nonspecific (dipolarity/polarizability) solvent–solute interactions on the 
absorption maxima shifts were interpreted by using the linear solvation energy relationship (LSER) 
concept proposed by Kamlet, and Taft. 

 
Figure 1. Chemical structure of the investigated compounds. 
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2. Experimental 

2.1. Spectroscopic measurements 
The absorption spectra were recorded on a Schimadzu 1700 spectrophotometer in the region 

200–500 nm. The spectra were run in spectroquality solvents (Fluka) using a concentration of  
1 × 10–5 moldm–3. 

2.2. Antioxidant activity 
The antioxidant activity of investigated compounds 1‒7 was determined using ABTS radical-

scavenging assay. A stock solution of ABTS•+ was prepared in the reaction of ABTS (4.912 mL, 7 
mM in phosphate-buffered saline (PBS)) and potassium persulfate (0.088 mL, 140 mM in distilled 
water). After 16 h of incubation in the dark, the stock solution was diluted with methanol until the 
recorded absorbance at 734 nm was 0.700±0.02. Subsequently, 20 μL of the methanolic solutions of 
the investigated compounds (5 mM) were mixed with 2 mL of the ABTS radical solution, shaken and 
stored in the dark for 10 min. Afterward the absorbance was measured at 734 nm. Each test was done 
in triplicate. The inhibition percentage of ABTS•+ was calculated using the formula: 

 Inhibition = 100(Ac–As)/Ac (1) 
where Ac is the absorbance of the control solution (20 μL of methanol in 2 mL of ABTS solution) 
and As is the absorbance of the sample solution. Ascorbic acid was used as a standard antioxidant. 
The antioxidant ability of the most promising derivatives was further evaluated by determination of 
the IC50 values. The methanolic solutions of the synthesized compounds and ascorbic acid were 
prepared at concentrations ranging from 5 to 0.5 mM, and obtained IC50 were compared. The tests 
were performed in triplicate. The resulting IC50 values are presented as means with standard deviation 
(±SD) from three experiments (n = 3) [7].  

3. Results  

3.1. Solvatochromic analysis 
The solvatochromic behavior of compounds 1–7 was examined through the analysis of their 

UV-Vis absorption spectra recorded in a selected set of solvents and solvent mixtures over the wave-
length range of 200–500 nm. The recorded spectra showed no dependence on compound concentra-
tion, indicating the absence of dimerization or formation of higher-order aggregates.The representa-
tive spectra in ethanol are provided in Figure 2, while the corresponding absorption maxima are sum-
marized in Table 1. 

All investigated compounds exhibit an absorption band associated with the π→π* electronic 
transition within 250–270 nm. Furthermore, a less intense band is observed in the 350–390 nm range 
for all compounds, which can be attributed to the n→π* transition. In some solvents and solvents 
mixture, there is an additional band in the range 220–240 nm, which can be attributed to π→π* tran-
sition. Relative to the unsubstituted compound 4, the incorporation of both electron-donating and 
electron-withdrawing groups produces a pronounced red shift of the absorption maxima. 
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Figure 2. UV-Vis spectra of the investigated compounds in ethanol. 

The influence of solvent polarity and hydrogen-bonding interactions, on the position of the 
absorption maxima is inherently complex and was examined using the general solvatochromic equa-
tions proposed by Kamlet and Taft (3): 

 νmax = νmax0 + aα + bβ + sπ* (3) 
where νmax is a solvent-dependent physicochemical property in a given solvent, νmax0 is a statistical 
quantity that corresponds to the absorption frequency in cyclohexane as a reference solvent, α is a 
measure of the solvent ability to donate a proton when establishing a hydrogen bond, β is a measure 
of the solvent ability to receive a proton when establishing a hydrogen bond, π* is a measure of the 
solvent dipolarity/polarizability. 

The values of the regression coefficients with a probability of 95 %, together with the percent-
age contribution of solvatochromic parameters are shown in Table 2. Based on the high values of the 
obtained regression coefficients and the Fisher parameter, the results of the correlation of absorption 
frequencies with solvatochromic parameters can be considered satisfactory. The data summarized in 
Table 2 show a bathochromic shift of the absorption maxima with increasing solvent polarity, as 
evidenced by the negative sign of the s coefficient. This trend reflects a more effective stabilization 
of the excited state relative to the ground state. The negative values of the b coefficient indicate that 
solvent hydrogen bonding basicity has a greater impact on the excited state than on the ground state. 
In a similar manner, the negative values of the a coefficient for compounds 2 and 6 demonstrate that 
solvent hydrogen bonding acidity also preferentially stabilizes the excited state. The negative a term 
can be attributed to strong intermolecular hydrogen bonding between hydrogen bond donor (HBD) 
solvents and the carbonyl functionalities of the investigated compounds, leading to a decrease in 
electron density and an enhancement of the intramolecular charge-transfer (push–pull) character. 
Based on the relative contributions of the solvatochromic parameters, it can be inferred that dipolar-
ity/polarizability is the dominant solvent effect for compounds 1, 3, 4, 5, 7 whereas solvent acidity 
governs the behavior of compounds 2 and 6.  
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Table 1: Absorption maxima of the investigated compounds (1–7)  

in selected solvents and their mixtures. 

aVolumetric composition (of the solvent mixture). 

No.  
Solvent/λmax 

1 2 3 4 5 6 7 

Methanol 
220, 270, 
383 

227, 275, 
377 

226, 274, 
383 

227, 270, 
383 

227, 273, 
376 

224, 271, 
383 

225, 271, 
376 

Methanol/Water 
(80:20)a 

255, 270, 
383 

226, 284, 
376 

226, 279, 
382 

226, 270, 
383 

227, 273, 
376 

223, 271, 
376 

225, 292, 
377 

Methanol/Water 
(60:40)a 

246, 285, 
390 

278, 354, 
376 

281, 354, 
390 

277, 354, 
376 

288, 354, 
376 

291, 355, 
392 

247, 293, 
355 

Methanol/Water 
(40:60)a 

247, 276, 
385 

226, 279, 
384 

226, 278, 
384 

226, 274, 
385 

226, 277, 
384 278, 393 

225, 291, 
377 

Ethanol 
254, 270, 
382 

227, 287, 
383 

227, 277, 
383 

227, 271, 
382 

227, 273, 
382 

253, 277, 
382 289, 383 

Ethanol/Water 
(80:20)a 

246, 271, 
382 284, 380 277, 383 271, 382 273, 380 

274, 360, 
377 

291, 376, 
382 

Ethanol/Water 
(60:40)a 

291, 353, 
384 

278, 355, 
377 283, 389 278, 387 293, 381 289, 380 

293, 353, 
383 

Ethanol/Water 
(40:60)a 

246, 275, 
384 

226, 279, 
376 

226, 278, 
383 

227, 277, 
383 

226, 279, 
368 

222, 277, 
384 

226, 292, 
376 

Ethanol/Water 
(40:60)a 

246, 275, 
384 

226, 279, 
376 

226, 278, 
383 

227, 277, 
383 

226, 279, 
368 

222, 277, 
384 

226, 292, 
376 

2-Propanol 244, 270, 
376 

281, 358, 
383, 

278, 360, 
383 

243, 270, 
382 

273, 362, 
377 

243, 270, 
377 

280, 358, 
382 

2-Propanol/ Water 
(80:20)a 

270, 383 271, 360, 
383 

275, 382 274, 376, 
383 

274, 376 271, 376 278, 381 

2-Propanol/ Water 
(60:40)a 

245, 291, 
409 

281, 386 279, 385 278, 356, 
387 

285, 388 285, 387 292, 353, 
376 

2-Propanol/ Water 
(40:60)a 

246, 275, 
367 

280, 376 277, 376 271, 383 278, 383 276, 377 283, 376 

2-Propanol/ Methanol 
(80:20)a 

250, 270, 
376 

227, 278, 
376 

277, 363, 
383 

253, 271, 
380 

271, 375 272, 376 279, 378 

2-Propanol/ Methanol 
(60:40)a 

254, 270, 
377 

280, 359, 
376 

254, 274, 
381 

246, 270, 
382 

273, 376 
245, 271, 
376 

285, 358, 
376 

2-Propanol/ Methanol 
(40:60)a 

253, 269, 
376 

268, 377 277, 382 
245, 270, 
382 

253, 272, 
378 

243, 271, 
377 

277, 376 

2-Propanol/ Ethanol 
(80:20)a 

245, 270, 
368 

271, 355, 
376 

277, 377 
271, 376, 
385 

227, 273, 
376 

244, 271, 
376 

279, 367, 
378 

2-Propanol/ Ethanol 
(60:40)a 273, 379 

276, 356, 
380 277, 382 271, 380 

276, 356, 
380 277, 382 273, 379 

2-Propanol/ Ethanol 
(40:60)a 271, 380 

268, 358, 
380 277, 383 272, 383 

277, 358, 
380 277, 383 271, 380 
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Table 2. Regression fits to solvatochromic parameters (3) and percentage contribution  

of solvatochromic parameters. 

 aCorrelation coefficient; bStandard error of the estimate; cFisher’s test;  

3.2. Antioxidant activity of the investigated compounds 
The antioxidant potential of the investigated compounds (1–7) was evaluated using the ABTS 

assay and compared with ascorbic acid (Figure 3). Antioxidants act by donating hydrogen atoms or 
electrons to neutralize free radical species [8]. Analysis of IC₅₀ values indicated that each compound 
exhibits better antioxidant activity relative to the reference standard, ascorbic acid, with lower IC₅₀ 
values. Among the series, compound 1 emerged as the most potent (IC₅₀ = 1.08 mM), whereas com-
pound 2 displayed the lowest activity (IC₅₀ = 1.32 mM), which nevertheless remains higher than that 
of ascorbic acid (IC₅₀ = 1.45 mM). A comparative evaluation of IC₅₀ values established the relative 
antioxidant ranking as follows: 1 > 4 > 7 > 6 > 3 > 5 > 2 > ascorbic acid. These findings underscore 
the promissing radical-scavenging capabilities of the synthesized derivatives and highlight their po-
tential as promising candidates for further development in antioxidant focused studies. 

Solvent effects on the antioxidant potential of the investigated compounds (1–7) were assessed 
by correlating the IC₅₀ values with the a/∣s∣ ratio, reflecting dominant solvation contributions (Equa-
tion 3). A comprehensive correlation encompassing all compounds was established (Equation 4): 

 IC₅₀ = 96.70(±0.44)+0.22(±0.05) ׀a /s (4) ׀ 

(R = 0.81, s = 0.46, F = 7, n = 6) 
Equation (4) could be interpreted analogously to the Abraham model, as the coefficients a and 

s correspond to the hydrogen-bond basicity and dipolarity/polarizability of the compounds, respec-
tively. The Abraham framework, based on a theoretical solvent–solute cavity model, effectively cor-
relates diverse physicochemical properties of solutes. According to Equation (4), increased hydrogen-
bond acidity appears to reduce antioxidant activity, whereas higher dipolarity/polarizability promotes 
it [9–11]. 

No. 
ν0 

(103 cm-1) 
S 

(103 cm-1) 
b 

(103 cm-1) 
a 

(103 cm-1) Ra sb Fc Pπ* 
(%) 

Pα 
(%) 

Pβ 
(%) 

1 
45.77 

(±3.26) 
-11.27 
(±1.36) 

-5.26 
(±2.69) 

1.61 
(±1.44) 0.95 0.42 23 62.10 29.00 8.89 

2 
56.53 

(±2.93) 
-3.34 

(±0.89) 
-14.96 
(±2.31) 

-7.46 
(±1.31) 0.923 0.34 17 12.96 58.08 28.95 

3 
40.05 

(±1.62) 
-3.27 

(±0.58) 
-2.98 

(±0.58) 
0.34 

(±0.03) 
0.89 0.17 11 49.64 45.25 5.10 

4 
40.94 

(±1.22) 
-3.77 

(±0.39) 
-2.91 

(±1.05) 
0.33 

(±0.05) 
0.96 0.14 31 53.73 41.54 4.73 

5 
45.77 

(±3.26) 
-11.27 
(±1.36) 

-5.26 
(±2.69) 

1.61 
(±1.44) 

0.95 
 

0.42 23 62.10 29.00 8.89 

6 
57.49 

(±2.42) 
-3.63 

(±0.77) 
-15.46 
(±1.88) 

-7.82 
(±1.08) 

0.95 
 

0.29 
 

27 13.48 57.45 29.06 

7 
40.05 

(±1.62) 
-3.27 

(±0.58) 
-2.98 

(±1.39) 
0.34 

(±0.01) 
0.89 0.17 11 49.63 5.10 45.26 
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Figure 4. The antioxidant properties of investigated compounds  

compared to the ascorbic acid. 

4. Conclusion 
Seven 3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine-1,8-diones, bearing 4-hydroxy-

phenyl group in position 9 and various 4-substituted benzyl groups in position 10, were synthesized. 
The antioxidant activity, assessed via the ABTS assay, revealed that all derivatives slightly better 
radical-scavenging capacity relative to ascorbic acid, with IC₅₀ values ranking as 1 > 4 > 7 > 6 > 3 > 
5 > 2 > ascorbic acid. The observed correlations between absorption frequencies and the Kamlet-Taft 
solvent parameters indicate that this model can effectively account for hydrogen-bonding interactions 
and solvent dipolarity/polarizability effects on the absorption maxima shifts of these compounds. 
Overall, the presented approach provides a predictive tool for assessing the antioxidative potential of 
acridine-1,8-dione derivatives. 

5. Acknowledgement  
This work was supported by the Ministry of Science, Technological Development and Innova-

tion of the Republic of Serbia (Contract No., 451-03-33/2026-03/200287, 451-03-34/2026-03/200135 
and 451-03-33/2026-03/200026). 

6. References 
[1] Denny, W. A., Acridine derivatives as chemotherapeutic agents, Current medicinal chemistry, 9 

(2002), 18, pp. 1655–1665. 
[2] Wainwright, M., Acridine-A neglected antibacterial chromophore. The Journal of antimicrobial 

chemotherapy, 47, (2001), 1, pp. 1–13. 
[3] El-Ashry, E. S. H., El-Tamany, E. S., Biological activity of acridine derivatives, European 

Journal of Medicinal Chemistry, 66, (2013), pp. 106–118. 
[4] Khatab, H., Hammad, S. E., El-Fakharany, E. M., Hashem, A. I., El-Helw, E. A. E., Syn-

thesis and cytotoxicity evaluation of novel 1,8-acridinedione derivatives, Scientific reports, 13, 
(2023), pp. 15093.  

[5] Kuhn, B., Mohr, P., Stahl, M., Intramolecular hydrogen bonding in medicinal chemistry, Jour-
nal of Medicinal Chemistry, 53, (2010), pp. 2601–2611. 

[6] Lazić, A., Mihajlović, E., Kapavarapu, R., Đorđević, I., Krajnović, T., Maksimović-Ivanić, 
D., Mijatović, S., Trišović, N., Tumor cell growth inhibition by acridine-1,8-dione derivatives, 
Bioorganic Chemistry, 164, (2025), pp. 108894–108907. 



46 39th INTERNATIONAL CONGRESS ON PROCESS INDUSTRY 

 
[7]  Re, R.,  Pellegrini, N., Proteggente, A.,  Pannala, A.,  Yang, M.,  Rice-Evans, C., Antioxidant 

activity applying an improved ABTS radical cation decolorization assay, Free radical biology 
and medicine, 26, (1999), pp. 1231–1237. 

[8] Li, P. Z., Liu, Z. Q., Ferrocenyl-contained dendritic-like antioxidants with dihydropyrazole and 
pyrazole as the core: investigations into the role of ferrocenyl group and structure–activity rela-
tionship on scavenging radical and protecting DNA, Tetrahedron, 69, (2013), pp. 9898–9905. 

[9] Hmuda, S. F., Banjac, N. R., Trišović, N. P., Božić, B. Đ., Valentić, N. V., Ušćumlić, G. U., 
Solvent effects on the absorption spectra of potentially pharmacologicaly active 5-alkyl-5-ar-
ylhydantoins-a structure-property relationship study, Journal of the Serbian Chemical Society, 
78, (2013), pp. 628–635. 

[10] Zhao, Y. H., Le, J., Abraham, M. H., Hersey, A., Eddershaw, P. J., Luscombe, C. N., Butina, 
D., Beck G., Sherborne, B., Cooper, I., Platts, J. A., Evaluation of human intestinal absorption 
data and subsequent derivation of a quantitative structure-activity relationship (QSAR) with 
Abraham descriptors, Journal of Pharmaceutical Science, 90, (2001), pp. 749–784. 

[11] Abraham, M. H., Ibrahim, A., Zissimos, A. M., Zhao, Y. H., Comer, J., Reynolds, D. P., 
Application of hydrogen bonding calculations in property based drug design, Drug Discovery 
today, 15, (2002), pp. 1056–1063.    

 

https://pubmed.ncbi.nlm.nih.gov/?term=Re+R&cauthor_id=10381194
https://pubmed.ncbi.nlm.nih.gov/?term=Pellegrini+N&cauthor_id=10381194
https://pubmed.ncbi.nlm.nih.gov/?term=Proteggente+A&cauthor_id=10381194
https://pubmed.ncbi.nlm.nih.gov/?term=Pannala+A&cauthor_id=10381194
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+M&cauthor_id=10381194
https://pubmed.ncbi.nlm.nih.gov/?term=Rice-Evans+C&cauthor_id=10381194
https://www.sciencedirect.com/science/article/pii/S0040402013013409
https://www.sciencedirect.com/science/article/pii/S0040402013013409
https://www.sciencedirect.com/science/article/pii/S0040402013013409

	1. Introduction
	2. Experimental
	2.1. Spectroscopic measurements
	2.2. Antioxidant activity

	3. Results
	3.1. Solvatochromic analysis
	3.2. Antioxidant activity of the investigated compounds

	4. Conclusion
	5. Acknowledgement
	6. References

