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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
A series of novel 5,5-dimethyl-benzo[h]quinazolin-4(1H)-

one derivatives bearing thioalkynyl and amino substituents 
were synthesized starting from ethyl 1-amino-3,3-dimethyl-
3,4-dihydronaphthalene-2-carboxylate. The synthetic pathway 
involved cyclization, alkylation, and condensation reactions 
leading to structurally diverse quinazolinone derivatives. The 
structures of the synthesized compounds were confirmed by IR, 
^1H and ̂ 13C NMR spectroscopy, mass spectrometry, and thin-
layer chromatography.

The antioxidant activity of selected compounds was evaluated 
using the DPPH free radical scavenging assay, and their IC₅₀ 
values were determined. All tested compounds exhibited 
concentration-dependent antioxidant activity with IC₅₀ values 
ranging from 0.388 to 0.521 mM. Among them, compound XIII 
showed the highest radical scavenging activity, although lower 
than that of the reference antioxidant, ascorbic acid. Structure–
activity relationship analysis indicated that the presence of 
amino and methoxy-substituted aromatic moieties enhanced 
antioxidant potential.

The obtained results suggest that the synthesized benzo[h]
quinazolinone represent a useful basis for further structural 
optimization as antioxidant agents.

Key words. Benzo[h]quinazolinone, heterocyclic synthesis, 
antioxidant activity, DPPH assay, structure–activity relationship.
Introduction.

Oxidative stress is one of the key problems in modern 
biomedical science, since an imbalance between the formation 
of reactive oxygen species (ROS) and the body’s antioxidant 
defense leads to damage of biomolecules, including proteins, 
lipids and nucleic acids. Excessive ROS generation contributes to 
the development of chronic inflammation and participates in the 
pathogenesis of various diseases, including neurodegenerative 
and oncological ones. In this regard, the search for effective 
antioxidants remains a priority in medicinal and pharmaceutical 
chemistry [1-5].

Antioxidants of natural and synthetic origin are capable of 
neutralizing free radicals, thus preventing oxidative damage to 
cellular structures and modulating redox-dependent signaling 
pathways. Along with natural antioxidants, synthetic compounds 
are being intensively studied, among which heterocyclic 
systems occupy a special place. The inclusion of heterocyclic 
fragments allows for targeted variation of electronic and spatial 
characteristics of molecules, which is an important factor in 
enhancing the antioxidant activity [6-11].

Among various classes of heterocycles, quinazoline and 
benzo[h]quinazoline derivatives attract particular attention due 
to their wide range of pharmacological effects. Their antioxidant, 
anti-inflammatory, antimicrobial and antitumor activities have 
been described in the literature, making these compounds 
promising targets for the development of new antioxidant 
agents. Structural modification of the quinazoline nucleus by 
introducing sulfur-containing, alkynyl and amine substituents 
is considered an efficient way to selective enhancement of 
biological activity [12-22]. Our previous work on the synthesis 
of 5,5-dimethylbenzo[h]quinazolin-4(1H)-one derivatives 
showed that some compounds had antibacterial [23] properties 
against gram-positive and gram-negative microorganisms. 

Proceeding from the afore-mentioned, this work is devoted 
to the synthesis of new 5,5-dimethyl-benzo[h]quinazolin-
4(1H)one derivatives and the investigation of their antioxidant 
activity using the DPPH free radical scavenging method. It can 
be assumed that the combination of the quinazoline skeleton 
with functional substituents capable of influencing redox 
processes will expand our understanding of the potential of 
these heterocyclic systems as promising antioxidants.
Materials and Methods.
Materials:

All reagents and solvents were obtained from commercial 
suppliers and used without further purification unless otherwise 
stated.

Thin-layer chromatography (TLC) was carried out on Silufol 
plates; visualization was performed using iodine vapor. Melting 
points were determined in open capillaries and were not 
corrected. 

IR spectra were recorded on an FT-IR NEXUS 
spectrophotometer in vaseline oil.1H and 13C NMR spectra 
were recorded on a Bruker Avance Neo 400 instrument in 
DMSO-d6-CCl4, 1:3, at 30°C. Mass spectra were recorded on 
a Waters Xevo G 3 Qtof instrument. The molecular ion masses 
of all compounds correspond to the calculated values. TLC was 
performed on Silufol plates, using iodine vapor as the developer.

5,5-Dimethyl-2-(prop-2-yn-1-ylthio)-3-ethyl-5,6-
dihydrobenzo[h]quinazolin-4(3H)-one (V): A mixture of 2.86 
g (0.01 mol) of 5,5-dimethyl-3-ethyl-2-thioxo-2,3,5,6-tetra-
hydrobenzo[h]quinazolin-4(1H)-one [23], 1.38 g (0.01 mol of 
potassium carbonate, 35 ml of acetonitrile and 5 ml of water 
was boiled under reflux for 5 min., and 1.06 g (0.01 mol) of 70% 
benzene solution of 3-chloro-1-propyne was added. The reaction 
mixture was kept boiling under reflux for 7 h, after cooling to 
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room temperature, 30 ml of cold water was added to the reaction 
mixture. The formed precipitate was filtered off, washed with 
water and recrystallized from 75% ethanol. Yield 3.0 g. Mp 
110–112°С, Rf 0.67 (ethyl acetate-benzene, 1։5). IR spectrum ν, 
cm-1: 1604 (C=C, arom.), 1643 (C=O); 3281 (C≡CH). 1H NMR 
spectrum 1.33 s (6H, (CH3)2), 1.35 t (3H, J = 7.0, CH3), 2.69 t 
(1H, J = 2.6, ≡CH), 2.75 s (2H, CH2), 4.06 q (2H, J = 7.0, CH2), 
4.10 d (2H, J = 2.6, CH2), 7.12-7.16 m (1H) & 7.24-7.33 m (2H) 
& 8.07-8.11 m (1H, C6H4).

13C NMR spectrum 12.5, 19.9, 25.5, 
32.9, 39.0, 44.1, 72.6, 78.0, 120.7, 124.9.

5,5-Dimethyl-2-(prop-2-yn-1-ylthio)-3-propyl-5,6-
dihydrobenzo[h]quinazolin-4(3H)-one (VI): Similarly, from 
3.0 g (0.01 mol) of 5,5-dimethyl-3-propyl-2-thioxo-2,3,5,6-
tetrahydrobenzo[h]quinazolin-4(1H)-one [24], 1.38 g (0.01 mol 
of potassium carbonate and 1.06 g (0.01 mol) of 70% benzene 
solution of 3-chloro-1-propyne, 3.0 g (88 %) of compound VI 
was obtained. Mp 114–115°С, Rf 0.65 (ethyl acetate-benzene, 
1։10). IR spectrum ν, cm-1: 1606 (C=C, arom.), 1644 (C=O); 
3275 (C≡CH). 1H NMR spectrum 1.03 t (3H, J = 7.4, CH3), 
1.33 s (6H, (CH3)2), 1.70-1.83 m (2H, CH2), 2.70 t (1H, J = 2.6, 
≡CH), 2.75 s (2H, CH2), 3.86-3.93 m (2H, CH2), 4.09 d (2H, J 
= 2.6, CH2), 7.11-7.17 m (1H) & 7.23-7.33 m (2H) & 8.07-8.13 
m (1H, C6H4). 

13C NMR spectrum 10.9, 20.0, 20.6, 25.5, 32.9, 
44.1, 45.3, 72.6, 78.0, 120.7, 124.9, 126.1, 127.2, 129.6, 131.5. 

5,5-Dimethyl-2-p-tolyl)-5,6-dihydro-4H-naphto[1,2-d]
[1,3]oxazin-4-one (X): A mixture of 36.8 g (0.15 mol) of ethyl 
1-amino-3,3-dimethyl-3,4-dihydronaphthalene-2-carboxylate, 
23.2 g (0.15 mol) of 4-methylbenzoyl chloride and 100 ml of 
toluene was boiled under reflux for 12 h, then 10 ml of thionyl 
chloride was added and boiling was continued for 8 h. The 
solvent and thionyl chloride were distilled off under reduced 
pressure and the residue was recrystallized from 120 ml of 
butanol. Yield 24.0 g (50%) of compound X. Mp 161-163°С, 
Rf 0.72 (ethyl acetate-benzene, 1։10). IR spectrum ν, cm-1: 
1582,1600 (C=C, arom.), 1724 (C=O); 1H NMR spectrum 1.36 
s (6H, (CH3)2), 2.46 s (3H, CH3), 2.83 s (2H, CH2), 7.18-7.22 m 
(1H) & 7.30-7.36 m (1H) & 7.36-7.42 m (1H) & 8.18-8.22 m 
(1H, C6H4), 7.29-7.33 m (2H) & 8.13-8.17 m (2H, C6H4).13C 
NMR spectrum 21.1, 25.3, 32.5, 43.3, 118.8, 125.6, 126.3, 
127.0, 127.56, 127.62, 128.9, 130.1, 130.9, 136.6, 142.7, 153.2, 
157.0, 161.0. Mass spectrum [MH]+ 318.1494.

5,5-Dimethyl-2-(4-methoxyphenyl)-5,6-dihydro-4H-
naphtho[1,2-d][1,3]oxazin-4-one (XI): Similarly, from 
36.8 g (0.15 mol) of ethyl-1-amino-3,3-dimethyl-3,4-
dihydronaphthalene-2-carboxylate, 25.6 g (0.15 mol) of 
4-methoxybenzoyl chloride and 10 ml of thionyl chloride, 31.0 
g (62 %) of compound XI was obtained. Mp 116–118°С, Rf 0.73 
(ethyl acetate-benzene, 1։5). IR spectrum ν, cm-1: 1030 (C-O-C), 
1584,1600 (C=C arom.), 1719 (C=O); 1H NMR spectrum 1.36 
s (6H, (CH3)2), 2.84 s (2H, CH2), 3.91 s (3H, CH3), 7.00-7.05 
m (2H) & 8.20-8.25 m (2H, C6H4), 7.19-7.23 m (1H) & 7.32- 
7.37 m (1H) & 7.37-7.42 m (1H) & 8.18-8.23 m (1H, C6H4) 
13C NMR spectrum 25.4, 32.5, 43.4, 54.9, 113.7, 118.1, 121.9, 
125.6, 126.3, 127.5, 129.6, 130.2, 130.8, 136.7, 153.4, 157.1, 
161.0, 162.9. Mass spectrum [MH]+ 334.1447.

3-Amino-5,5-dimethyl-2-(p-tolyl)-5,6-dihydrobenzo[h]
quinazolin-4(3H)-one (XII): A mixture of 3.17 g (0.01 mol) 
of compound X, 50 ml of methanol and 1.5 ml of hydrazine 

was boiled under reflux for 10 h, 25 ml of cold water was added 
to the reaction mixture. The formed precipitate was filtered 
off and recrystallized from 70% ethanol. Yield 2.5 g (75%) of 
compound XII. Mp 195–198°С, Rf 0.58 (ethyl acetate-benzene, 
1։5). IR spectrum ν, cm-1: 1030 (C-O-C), 1571,1608 (C=C 
arom.), 1651 (C=O), 3203, 3282 (NH2); 1H NMR spectrum 
1.42 s (6H, (CH3)2), 2.45 s (3H, CH3), 2.81 s (2H, CH2), 5.76 s 
(2H, NH2), 7.14-7.18 m (1H) & 7.23-7.33 m (2H) & 8.12-8.16 
m (1H, C6H4), 7.25-7.29 m (2H) & 7.85-7.90 m (2H, C6H4).

13C 
NMR spectrum 20.9, 25.5, 33.3, 44.1, 121.8, 125.0, 126.0, 
127.2, 127.6, 129.4, 129.4, 131.2, 132.0, 136.0, 139.0, 150.7, 
155.1, 159.6. Mass spectrum [MH]+ 332.1763.

3-Amino-5,5-dimethyl-2-(4-methoxyphenyl)-5,6-
dihydrobenzo[h]quinazolin-4(3H)-one (XIII): Similarly, 
from 6.67 g (0.02 mol) of compound XI and 3 ml of hydrazine, 
2.8 g (40 %) of compound XIII was obtained. Mp 173–175°С, 
Rf 0.48 (ethyl acetate-benzene, 1։5). IR spectrum

ν, cm-1: 1027 (C-O-C), 1578,1600 (C=C arom.), 1660 (C=O), 
3217, 3301 (NH2); 

1H NMR spectrum 1.42 s (6H, (CH3)2), 2.81 
s (2H, CH2), 3.88 s (3H, CH3), 5.76 s (2H, NH2), 6.94-7.12 m 
(2H) & 7.97-8.03 m (2H, C6H4), 7.13-7.19 m (1H) & 7.24-7.34 
m (2H) & 8.13-8.18 m (1H, C6H4).

13C NMR spectrum 25.5, 
33.3, 44.1, 54.7, 112.4, 121.4, 125.0, 126.0, 126.2, 127.2, 129.4, 
131.3, 132.0, 136.1, 150.6, 154.7, 159.7, 160.4 Mass spectrum 
[MH]+ 348.1715.
Evaluation of antioxidant capacity using the DPPH as-
say.

A stock DPPH solution was prepared by dissolving 3.94 
mg of DPPH in 50 mL of absolute methanol, yielding a final 
concentration of 0.2 mmol/L. This solution remains stable 
for several days when properly stored in the dark at 4°C. Test 
samples were dissolved in absolute methanol and prepared at 
concentrations ranging from 15 to 500 µg/mL. The antioxidant 
potential of the synthesized compounds was assessed 
alongside a reference standard (ascorbic acid) across multiple 
concentrations to generate dose–response profiles.

An aliquot of 1.0 mL of DPPH solution was mixed with 1.0 
mL of the test sample solution. The reaction mixtures were 
incubated for 30 min in the dark at room temperature (23°C) 
to allow completion of the reaction. The absorbance was then 
measured at 517 nm using a Thermo scientific Genesis 50 UV–
Vis spectrophotometer against methanol as a blank. A control 
sample containing DPPH solution without test compound was 
prepared under the same conditions.

Radical scavenging activity was determined by calculating the 
percentage decrease in DPPH absorbance using the equation:

Inhibition ratio (%) = [(A₁ – A₂) / A₁] × 100,
where A₁ represents the absorbance of the control solution and 

A₂ corresponds to that of the sample.
All measurements were performed in triplicate (n = 3), and the 

results are expressed as mean ± standard deviation (SD). The 
IC₅₀ values, defined as the concentration required to inhibit 50% 
of the DPPH radical, were calculated from the dose–response 
curves according to the method described by Molyneux [25].
Results and Discussion.

The synthesis of the target benzo[h]quinazolin-4(1H)-one 
derivatives was carried out through a multistep sequence starting 
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from ethyl 1-amino-3,3-dimethyl-3,4-dihydronaphthalene-2-
carboxylate (β-aminoether, I). The overall synthetic pathway is 
summarized in Scheme 1.

In the first stage, compound I was converted into 3-substituted 
5,5-dimethyl-2-thioxo-2,3,5,6-tetrahydrobenzo[h]quinazolin-
4(1H)-ones II–IV. These intermediates were subsequently 
subjected to S-alkylation with 3-chloro-1-propyne (propargyl 
chloride) in the presence of potassium carbonate, affording the 
corresponding thioalkynyl derivatives V–VII.

The study of ¹H NMR spectra of compounds V–VII revealed 
that, along with the characteristic proton signals of the –
CH₂C≡CH group at 2.68 t (1H, J = 2.6 Hz, ≡CH) and 4.06 d 
(2H, J = 2.6 Hz, CH₂), additional signals corresponding to the 
–CH=C=CH₂ fragment were observed at 5.20 d (2H, J = 6.5 Hz) 
and 6.69 t (1H, J = 6.5 Hz). This indicates that under the reaction 
conditions partial acetylene–allene rearrangement occurs. To 
suppress this side process, the reaction was carried out in an 
85% aqueous acetonitrile medium.

It was established that alkylation of 2-thioxobenzo[h]
quinazolinones II and III with propargyl chloride predominantly 
yields acetylene derivatives, whereas in the case of the isopropyl-
substituted derivative VII the proportion of the allene form 
decreases from approximately 50% to 20% under optimized 
conditions.

In a parallel pathway, β-aminoether I was reacted with 
p-methyl- and p-methoxybenzoyl chlorides to afford the 
corresponding amide intermediates VIII and IX, which were 
subsequently cyclized in situ in the presence of thionyl chloride 
to give benzoxazine derivatives X and XI. 

Further transformation of compounds X and XI with anhydrous 
hydrazine in methanol under reflux conditions led to the 
formation of 3-amino-2-aryl-5,5-dimethyl-5,6-dihydrobenzo[h]
quinazolin-4(3H)-ones XII and XIII.

The structures of the synthesized compounds were confirmed 
by IR, ¹H and ¹³C NMR spectroscopy, as well as mass 
spectrometry, and their purity was verified by thin-layer 
chromatography (TLC).

Further transformation of compounds X and XI with anhydrous 
hydrazine in methanol under reflux conditions led to the 
formation of 3-amino-2-aryl-5,5-dimethyl-5,6-dihydrobenzo[h]
quinazolin-4(3H)-ones XII and XIII.

Furthermore, as part of studying some biological properties 
of the synthesized compounds, their antioxidant activity was 
evaluated using the stable DPPH radical binding method. The 
dependence of the radical-absorbing ability of the studied 
derivatives on concentration is shown in Figure 1, and the 
values of IC₅₀ calculated based on the corresponding calibration 
dependences are given in Table 1.

It should be noted that only those compounds that had sufficient 
solubility in the experimental medium used were included in 
the antioxidant study. Compounds X and XI were excluded 
due to limited solubility, which did not allow them to obtain 
reproducible results in the required concentration range. 

All tested compounds demonstrated concentration-dependent 
ability to bind DPPH radical, indicating their potential antioxidant 
activity. Although the activity of the studied derivatives was 
inferior to that of the reference antioxidant, ascorbic acid, there 
were distinct differences in radical-scavenging efficiency within 
the series. Compound XIII showed the highest antioxidant 
activity antioxidant activity, while VI appeared to be the least 
active among the studied derivatives. 

Analysis of the data obtained allows us to link the observed 
differences in the activity to the structural features of molecules. 
The higher efficiency of XIII is probably caused by the presence 
of the primary amine group in combination with a methoxy-
substituted aromatic fragment, which contributes to increased 

Figure 1. Graphical representation of % DPPH radical scavenging activity of the compounds.
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electron-donating ability and resonance stabilization of the 
radical intermediate. A similar, but less pronounced effect 
is observed for compound XII, which contains the amine 
functional group, but lacks an additional methoxy-substituent. 

In contrast, compounds V and VI that contain thio alkynyl 
substituents and lack free amine groups are characterized by 
weaker radical scavenging activity. The lower activity of VI 
compared to V may be due to the increased length of the alkyl 
chain, which potentially reduces the efficiency of the molecule 
interaction with the DPPH radical due to the steric and solubility-
dependent factors. 

Overall, the results obtained emphasize the key role of 
electron-donating functional groups and aromatic systems in 
the formation of antioxidant properties of benzo[h]quinazoline 
derivatives and confirm the prospects for the targeted 
modification of the quinazoline nucleus to obtain compounds 
with improved radical scavenging ability.
Conclusion.

In this work, a series of benzo[h]quinazolin-4(1H)-one 
derivatives containing terminal acetylene and primary amine 
functional groups have been synthesized. The structures of 
the obtained compounds were confirmed by modern spectral 
analysis methods.

The investigation of antioxidant activity using the DPPH assay 
demonstrated that the synthesized compounds exhibit moderate 
antioxidant activity with concentration-dependent radical 
scavenging effects. It was found that the presence of primary 

amine groups and electron-donating aromatic substituents 
contributes to an increase in antioxidant potential․

Although the activity of the tested compounds was lower than 
that of the reference antioxidant (ascorbic acid), the obtained 
results provide valuable insights into the structure–activity 
relationships of benzo[h]quinazoline derivatives. 

These findings highlight the potential of this heterocyclic 
system for future optimization and structural modification, 
which may lead to the development of more potent antioxidant 
agents.
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Compound   *IC 50, mM
V 0.409 ± 0.0117
VI 0.521 ± 0.0167
XIII 0.388 ± 0.0087
XII 0.442 ± 0.0069
Vitamin C 0.195 ± 0.0062

Table 1. Inhibition of DPPH radical by the synthesized compounds.
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