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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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ANTICHOLINESTERASE AND ANTIRADICAL ACTIVITIES OF FUNCTIONALLY 
SUBSTITUTED 2(5H)-FURANONES AND THEIR DERIVATIVES

Karine S. Avetisyan*, Laura Kh. Galstyan.
Faculty of Chemistry, Yerevan State University, Yerevan, Armenia.

Abstract.
Study Objective: To study and evaluate the anticholinesterase 

properties of the 2(5H)-furanones synthesized by us and their 
dicyano, imino, and thiocarbamide derivatives in relation to 
human erythrocyte acetylcholinesterase (AChE) and human 
plasma butyrylcholinesterase (BuChE), as well as their 
antiradical properties.

Materials and methods: The antiradical properties of 
the compounds were evaluated using the stable free radical 
2,2'-diphenyl-1-picrylhydrazyl (DPPH•). 

Results: It was found that of the tested compounds, methyl 
3-{3-[5,5-disubstituted-4-methyl-3-phenylfuran-2(5H)-
ylidene]-1-phenylthioureido}propanoates exhibits the highest 
selective activity against BuChE. The relationship between 
chemical structure and biological activity was analyzed. It 
was found that the introduction of a thiocarbamide group 
containing a phenyldimethylene carboxymethylate structural 
unit into position 2 of the 2(5H)-furan ring sharply increases 
the selective antibutyrylcholinesterase activity. It was also 
found that compounds containing a dicyanomethylene group 
at position 2 exhibits the highest and equal (89.1%, 89.1%) 
antiradical activity, exceeding the activity of gallic acid (88.8%) 
and approaching the effectiveness of vitamin C (93.5%), 
while slightly lower activity exhibits lactones containing 
acetyl (65.95% and 77.46%) and nitrile (49.7% and 74.1%) 
functional groups in position 3. The introduction of phenyl or 
p-methoxyphenyl substituents in position 3, on the contrary, 
leads to a significant decrease in activity.

Conclusions: The data obtained confirm the relevance 
of functionally substituted 2(5H)-furanones as promising 
compounds potentially possessing anticholinesterase and 
antiradical activities.

Key words. Anticholinesterase, antiradical properties, 2(5H)-
furanones, dicyanomethylene derivatives, thiocarbamides.
Аbbreviations.

AChE: Acetylcholinesterase
BuChE: Butyrylcholinesterase
ARA: Antiradical activity
DPPH•: 2,2′-Diphenyl-1-picrylhydrazyl radical
ROS: Reactive oxygen species
Introduction.
In recent years the number of people with Parkinson's [1] 

and Alzheimer's [2] disease has increased sharply. The latter 
characterized by a dysfunction of the body's cholinergic system 
and accompanied by a deficiency of the mediator acetylcholine. 
It is known, that compounds exhibiting anticholinesterase 
activity are used in the creation of drugs for the treatment of these 
neurodegenerative diseases. High activity of cholinesterases, 

leading to the hydrolysis of acetylcholine, and therefore to its 
deficiency, is the main cause of these diseases. In this regard, 
the synthesis of compounds with inhibitory properties relative to 
acetylcholinesterase and butyrylcholinesterase is an important 
task.

It is known, that oxidative process plays a pivotal role in the 
pathogenesis of numerous disorders, including cardiovascular 
and neurodegenerative diseases, as well as cancer [3,4]. 
Biochemical processes involving the generation of reactive 
oxygen species (ROS) lead to damage of cellular components, 
initiate lipid peroxidation cascades, and disrupt antioxidant 
enzyme systems. Consequently, the development of compounds 
capable of neutralizing free radicals remains an essential task in 
pharmaceutical chemistry.

Among various classes of heterocyclic compounds, the 
five-membered oxygen-containing cyclic system of 2(5H)-
furanones, commonly named as γ-butenolides, or as 2-oxo-
2,5-dihydrofurans is of high interest since many studies have 
proven its bioactivity [5-8]. Their therapeutic potential includes 
antioxidant [9-11], anti-inflammatory [12-13], antimicrobial 
[6], antimalarial [14] and other effects. Both natural and 
synthetic derivatives containing the 2(5H)-furanone ring 
have demonstrated notable pharmacological effects, and their 
numerous representatives are widely used in practical medicine 
– acetomycin [6], firocoxib [15], rofecoxib [15,16], vitamin C 
[9,6], abyssomicine C [6] and others. The presence of the 2(5H)-
furanone ring in biologically active compounds has made it a 
key moiety for the design and development of new therapeutic 
agents.

Searches of literature data have shown, that the structural 
versatility of 2(5H)-furanones, especially the nature and position 
of substituents, significantly influences their pharmacological 
profiles [9-11].

We have previously established that 2-hydrazine-1-
carbothioamides containing 2(5H)-furanone ring possess high 
antibutyrylcholinesterase activity but moderate antiradical 
activity [17]. Taking into account the numerous works described 
in the literature on the high antiradical activity of analogous 
compounds and given the established role of oxidative process 
in the pathogenesis of various diseases, such as cardiovascular, 
neurodegenerative, and oncological disorders, the search for 
low-molecular-weight compounds with effective antioxidant 
properties remains a priority in medicinal chemistry.

The aim of this work was to study the anticholinesterase 
and antiradical activities of the γ-lactones synthesized by us, 
which include such biological structural units as the 2(5H)-
furanone ring and its 2-imino-, 2-iminothiocarbamide, 
2-dicyanomethylene derivatives, as well as various substituents 
in different positions of the 2(5H)-furanone ring.
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127.2(5) (CHAr), 127.3 (CHAr), 128.4 (2CHAr), 128.7 (2CHAr), 
129.6, 143.1, 157.5, 158.5, 170.1 (C=O), 190.2 (C=S). Found, 
%: C 68.18; H 6.12; N 6.55; S7.72. C24H26N2O3S. Calculated, 
%: C 68.22; H 6.20; N 6.63; S7.59. 

Methyl 3-{3-[5-ethyl-4,5-dimethyl-3-phenylfuran-2(5H)-
ylidene]-1-phenylthioureido}propanoate (18). Yield (62%), 
mp. 95–97°С. IR spectrum, ν, cm–1: 1736 (C=O), 1675 (C=N), 
1598 (C=C), 1273 (C=S). 1H NMR spectrum, δ, ppm: 0.82 t (3H, 
CH2CH3, J 7.3 Hz), 1.49 s (3H, OCCH3), 1.69–1.86 m (1Hb, 
CH2CH3), 1.90 s (3H, =CCH3), 1.92–2.04 m (1Ha, CH2CH3), 
2.77 d. d (2H, CH2C=O, J 8.5, 6.6 Hz), 3.58 s (3H, OCH3), 
4.41 t (2H, NCH2, J 7.6 Hz,), 6.74–6.84 m (2HAr), 7.15–7.27 
m (5HAr), 7.28–7.36 m (1HAr), 7.36–7.44 m (2HAr). NMR 13C 
spectrum, δ, ppm: 6.9 (CH2CH3), 11.2 (CH3), 23.5 (CH3), 29.6 
(CH2CH3), 30.8 (CH2CO), 49.6 (NCH2), 50.8 (CH3O), 92.4 (C–
O), 126.2 (2CHAr), 126.4, 127.2 (2CHAr), 127.3 (CHAr), 128.1 
(CHAr), 128.4 (2CHAr), 128.7 (2CHAr), 129.6, 143.1, 156.9, 
158.3, 170.2 (C=O), 190.1 (C=S). Found, %: C 68.73; H 6.48; 
N 6.38; S 7.31. C25H28N2O3S. Calculated, %: C 68.78; H 6.46; 
N 6.42; S 7.34.

3-[4,5,5-Trimethyl-3-phenylfuran-2(5Н)-ylidene]-1-phenyl-
1-(2-cyanoethyl)thiocarbamide (19). Yield (67%), mp 150–
152°С. IR spectrum, ν, cm–1: 2255 (C≡N), 1674 (C=N), 1595 
(C=C), 1292 (C=S). 1H NMR spectrum, δ, ppm: 1.52 s (6H, 
CH3), 1.95 s (3Н, =CCH3), 2.98 t (2H, CH2CN, J 7.0 Hz), 4.40 
t (2H, NCH2, J7.0 Hz), 6.78–6.83 m (2Н, HAr), 7.21–7.46 m 
(8H, HAr). 13C NMR spectrum, δC, ppm: 11.1 (CH3), 14.8 
(CH2CN), 24.4 (2CH3), 49.5 (NCH2), 90.3 [C(CH3)2], 117.1 
(CN), 126.6, 126.3 (2CHAr), 127.2 (2CHAr), 127.3 (CHAr), 127.6 
(CHAr), 128.6 (2CHAr), 128.7 (2CHAr), 129.5, 142.9,157.9, 
159.0, 190.8 (C=S). Found, %: C 72.05; H 6.11; N 10.54; S 
8.17. C23H23N3OS. Calculated, %: C 70.92; H 5.95; N 10.79; S 
8.23.

3-[5-Ethyl-4,5-dimethyl-3-phenylfuran-2(5Н)-ylidene]-1-
phenyl1-(2-cyanoethyl)thiocarbamide (20). Yield (65%), mp 
127–128°С. IR spectrum, ν, cm–1: 2251 (C≡N), 1666 (C=N), 
1593 (C=C), 1283 (C=S). 1H NMR spectrum, δ, ppm: 0.82 t 
(3H, CH2CH3, J 7.3 Hz), 1.50 s (3H, OCCH3), 1.68–1.87 m 
(1Н, CH2CH3), 1.91 s (3H,=CCH3), 1.87–2.08 m (1H, CH2CH3), 
2.98 t (2H, CH2CN, J 7.0 Hz), 4.40 t (2H, NCH2, J 7.0 Hz), 
6.74–6.84 m (2Н, HAr), 7.16–7.26 m (3H, HAr), 7.27–7.47 m 
(5H, HAr). 

13C NMR spectrum, δ, ppm: 6.9 (CH2CH3), 11.2 
(CH3), 14.8(CH2CN), 23.4 (CH3), 29.6 (CH2CH3), 49.5 (NCH2), 
92.6 (C–O), 117.0 (CN), 126.3 (2CHAr), 127.2 (2CHAr), 127.3 
(CHAr), 127.5 (CHAr), 128.0, 128.6, 128.6, 129.5, 143.1, 157.3, 
158.7, 190.7 (C=S). Found, %: C 72.02; H 6.12; N 10.52; S 
8.11. C24H25N3OS. Calculated, %: C 71.43; H 6.24; N 10.41; S 
7.95.
Results and Discussion.

In studies of the anticholinesterase properties of the synthesized 
compounds (1–8), human erythrocyte acetylcholinesterase 
(AChE) and plasma butyrylcholinesterase (BuChE) were used, 
and the activity was quantitatively determined using the method 
described in [18]. The inhibitory activity (%) of the compounds 
was determined by the following formula:

 		             (3)

Materials and Methods.
Anticholinesterase properties of compounds 1-8. The 

anticholinesterase properties of the synthesized compounds 
were determined using the method described in [18]. 
Erythrocyte AChE and human plasma BuChE were used in the 
studies. The measurements were performed in a thermostatted 
cell of a Specord UV-Vis spectrophotometer at 412 nm. In the 
experiments the reaction medium in a final volume of 2.5 mL 
contained reagents in the following concentrations: distilled 
water – 1.25 mL, phosphate buffer 0.1 M - 1 mL, pH = 7.6±0.1, 
5,5′ dithiobis(2-nitrobenzoic acid) (DTNB) 0.005 M – 0.02 mL, 
acetylthiocholine (ATC) 0.005 M – 0.005 mL, the corresponding 
enzyme - 0.01 mL, and the test substance 0.01 M (in DMSO) 
– 0.02 mL. For control experiments the solution containing 
the enzyme and DTNB was incubated for 10 min at 25°C, the 
absorption was measured, after which ATC was added and the 
absorption of the solution was measured again after incubation 
for 20 min at 25°C. Test experiments were carried out similarly 
initially in the presence of the test compound. 

Antiradical properties of compounds 1–20. The reaction 
of compounds (1–20) with DPPH• at 25°C was studied 
spectrophotometrically on a Specord UV-VIS spectrophotometer 
(Germany) by changing the optical density of DPPH• over time 
at 52 nm. The initial concentrations of DPPH• were 0.025×10–5 
mol/L, compounds (1–20) — 1.25×10–5 mol/L. 0.04 mL of a 
methanol solution of the test substance were added to 2.0 mL of 
a DPPH• solution in absolute methanol and the optical density 
of the mixture was measured from 1 to 40 min. 

Experimental: IR spectra were recorded on a Nicollet Avatar 
330-FIIR spectrometer in mineral oil. 1H and 13C NMR spectra 
were obtained on a Varian Mercury-300 spectrometer with 
operating frequencies of 300 and 75 MHz, respectively, for 
samples in a 1: 3 DMSO-d6–CCl4 solvent mixture. Melting 
points were determined on a Stuart SMP 30 instrument. The 
reaction progress and the purity of the obtained compounds 
were monitored by TLC on Silufol UV-254 plates, eluting 
with acetone–hexane mixture (2: 3) and developing with iodine 
vapor.

General method of preparation of compounds (17–20). A 
mixture of 5 mmol of the corresponding3-[5,5-disubstituted-
4-methyl-3-phenylfuran-2(5H)-ylidene]-1-phenylthiocarbami
de (9–10) in 20 mL of acetonitrile, 5 mmol KOH and 6 mmol 
acrylic acid methyl ester (or acrylonitrile) was stirred for 4 h 
at room temperature, then for 5 h at 60–65°C (TLC control). 
After cooling, the solvent (15 mmHg) was distilled off from the 
reaction mixture, and 20 mL of water was added to the residue. 
The formed precipitate was filtered off, washed with water, 
dried, and recrystallized from ethanol.

Methyl 3-{3-[4,5,5-trimethyl-3-phenylfuran-2(5H)-ylidene]-
1-phenylthioureido]propanoate (17). Yield (68%), mp. 133–
135°С. IR spectrum, ν, cm–1: 1738 (C=O), 1673 (C=N), 1595 
(C=C), 1272 (C=S). 1H NMR spectrum, δ, ppm: 1.52 s (6Н, 
CH3), 1.94 s (3H, =CCH3), 2.77 t (2H, CH2, J 7.6 Hz), 3.58 s 
(3H, OCH3), 4.41 t (2H, NCH2, J 7.6 Hz), 6.78‒6.84 m (2НAr), 
7.18–7.26 m (5HAr), 7.29–7.44 m (3HAr). 

13C NMR spectrum, 
δ, ppm: 11.1 (CH3), 24.5 (2CH3), 30.8 (CH2CO), 49.7 (NCH2), 
50.7 (CH3O), 90.0 (C‒O), 126.2 (2CHAr), 126.4, 127.2 (2CHAr), 
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where Control is the absorption of the control experiment;
Test is the absorption of the test experiment. 
The obtained results showed that the anticholinesterase 

properties of the tested compounds towards both AChE and 
BChE varied from weak to high. Among them, the highest 
anticholinesterase activity towards BuChE was shown by 
S-ethylethoxycarbonyl substituted derivatives (5–6), which 
amounted to 80.45–84.50% (Table 1).

The study of antiradical properties was carried out using 
their reaction with the free stable radical 2,2′-diphenyl-1-
picrylhydrazyl (DPPH•) in methanol at 25°C and the ratio of 
reagents 1:1. Antiradical properties of the compounds were 
determined by the method described in [19]. Formula (1) was 
used to quantify antiradical activity (ARA, %):

APA=A0-A1/A0 ˣ100 (1)

where A₀ is the optical density of the DPPH• solution in the 
absence of an inhibitor; A₁ is the optical density of the solution 
in the presence of the inhibitor.

The rates of DPPH• with compounds (1-20) at the initial 
moment (1 min) of time were also calculated. The rate value for 
the studied reactions was determined as the tangent of the angle 
of inclination of the initial straight-line section of the curve 
formula (2).

V initial = I1/60 (2)

where I1 is the value of DPPH• inhibition of a given substance.
In general, the data presented in table 2 show, that compounds 

synthesized by us, possess from weak to high antiradical activity, 
ranging from 5.1% to 89.1%. Notably, the replacement of the 
phenyl or p-methoxyphenyl group in position 3 of the 2(5H)-
furanone ring (11-12, 17-18) with acetyl (13-14) or nitrile groups 
(15-18) led to a significant increase in inhibitory potency toward 

the stable DPPH• radical. 2-Imino-3-phenyl-5,5-disubstituted 
2,5-dihydrofurans (9-10) demonstrated moderate antioxidant 
activity (9.5–12.2%), while their thiocarbamide derivatives (1–
2) showed no measurable radical scavenging effect. Among the 
tested compounds, 3-acetyl-4-methyl-5,5-disubstituted 2(5H)-
furanones (13-14), 3-cyano-4-methyl-5,5-disubstituted 2(5H)-
furanones (15-16), and their dicyanomethylene derivatives (19-
20) exhibited relatively high antiradical activity.

The highest activity (89.1%) was observed for the 
2-dicyanomethylene derivatives ‒ 2-(3-cyano-4,5,5-
trimethylfuran-2(5H)-ylidene)malononitrile (19) and 
2-(3-cyano-4-methyl-1-oxaspiro[4.5]dec-3-en-2-ylidene)
malononitrile (20), which exceeded the activity of gallic acid 
(88.8%) and approached that of vitamin C (93.5%). 

Thus, the results of the studies showed that the nature of the 
substituents at positions 2 and 3 of the 2(5H)-furanone ring 
significantly affects the antiradical activity of the compounds. In 
all likelihood, the high activity of compounds (19) and (20) can 
be explained by the ease of hydrogen radical abstraction from 
the methyl group at position 4 of the 2(5H)-furanone ring due 
to the electron-withdrawing nature of the nitrile groups, which 
stabilizes DPPH•, which can be represented by the following 
scheme.

All the studied compounds (1–20), with the exception of 
compounds (13–16), which were obtained by a known method 
[20], were synthesized using methods developed by us [21-23] 
– 2-(3-cyano-4-methyl-5,5-disubstituted furan-2(5H)-ylidene)
malononitriles (17–20) were obtained by reactions of α-ketols 
with aromatic nitriles, 5,5-disubstituted N-(4-methyl-3-
phenylfuran-2(5H)-ylidene)-N'-phenylthiocarbamides (1–2) are 
obtained on the basis of the corresponding 2,5-dihydrofuran-2-
imines (9-10) by the reaction with phenyl isothiocyanate, N-[4-
methyl-3-phenylfuran-2(5H)-ylidene]carbamimidoylsulfaniyl 
acetates (3–4) by the reaction compounds (1-2) with ethyl 
chloroacetate in presence of KOH in a ratio of (1:1:0.6). By 

O

R3H3C

R2

R1

C6H5

№ R1 R2 R3 AChE inhibition, % BuChE inhibition, %
1 CH3 CH3 NC(S)NHC6H5 10.60 8.90
2 (CH2)5 NC(S)NHC6H5 6.48 7.76
3 CH3 CH3 NC(NC6H5)SCH2COOC2H5 27.90 <1
4 (CH2)5 NC(NC6H5)SCH2COOC2H5 12.00 5.90
5 CH3 CH3 NC(S)N(C6H5)CH2CH2COOCH3 2.90 84.50
6 (CH2)5 NC(S)N(C6H5)CH2CH2COOCH3 7.69 80.45
7 CH3 CH3 NC(S)N(C6H5)CH2CH2CN <1 2.90
8 (CH2)5 NC(S)N(C6H5)CH2CH2CN 13.90 5.90

Table 1. Data on anticholinesterase properties of compounds 1-8 at a concentration of 8×10–5 M.
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reaction of compounds 1-2 with the methyl methacrylates 
and acrylonitrile in the presence of both CH3ONa [23] and 
KOH corresponding propionate (5-6) and 1-(2-cyanoethyl)
thiocarbamides (7-8).
Conclusion.

The study of the antiradical activity of 2- and 3-functionally 
substituted 2,5-dihydrofurans demonstrated that among the 
investigated compounds, the 2-dicyanomethylene-4-methyl-
5,5-disubstituted-2,5-dihydrofurans (compounds 19 and 20) 
exhibited the highest antioxidant activity, surpassing gallic acid 
and approaching that of vitamin C. The introduction of acetyl, 
nitrile, and dicyanomethylene groups at positions 2 and 3 of the 
2(5H)-furanone ring significantly enhanced antiradical activity. 
In contrast, aromatic and phenyl substituents at position 3 
led to a pronounced decrease in radical scavenging capacity. 

Furthermore, the incorporation of a thiocarbamide fragment into 
the imino group resulted in a near-complete loss of antioxidant 
activity.

The anticholinesterase properties of the synthesized 
compounds were studied in relation to human erythrocyte 
acetylcholinesterase (AChE) and human plasma 
butyrylcholinesterase (BuChE). The obtained results showed 
that tested compounds exhibits weak to high anticholinesterase 
activity with respect to AChE and BuChE, and among them the 
methyl 3-{3-[5,5-R2-4-methyl-3-phenylfuran-2(5H)-ylidene]-
1-phenylthioureido}propanoates (compounds 5 and 6) was 
shown the high antibutyrylcholinesterase activity.

These findings have significant implications and offer 
promising prospects for the further design and development of 
of new drugs with antioxidant and anticholinesterase properties 
based on the 2(5H)-furanone scaffold.

O

R4H3C

R2

R1

R3

№ R1 R2 R3 R4

ARA, % Vinitial,
 % ∕ s1 

min
5 
min 10 min 20 min 30 min 40min

1 CH3 CH3 C6H5 NC(S)NHC6H5 5.1 5.1 5.1 5.1 5.1 5.1 0.09
2 (CH2)5 C6H5 NC(S)NHC6H5 0 0 0 0 0 0 0

3 CH3 CH3 C6H5
NC(NC6H5)
SCH2COOC2H5

10.9 10.9 10.9 10.9 10.9 10.9 0.18

4 (CH2)5 C6H5
NC(NC6H5)
SCH2COOC2H5

0 0 0 0 0 0 0

5 CH3 CH3 C6H5
NC(S)N(C6H5)
CH2CH2COOCH3

0 0 0 0 0 0 0

6 (CH2)5 C6H5
NC(S)N(C6H5)
CH2CH2COOCH3

4.2 4.2 4.2 4.2 4.2 4.2 0.07

7 CH3 CH3 C6H5
NC(S)N(C6H5)
CH2CH2CN 2.02 2.02 2.02 2.02 2.02 2.02 0.03

8 (CH2)5 C6H5
NC(S)N(C6H5)
CH2CH2CN 0 0 0 0 0 0 0

9 CH3 CH3 C6H5 NH 6.6 7.5 8.4 9.4 10.3 12.2 0.11
10 (CH2)5 C6H5 NH 5.7 5.7 5.7 7.6 8.5 9.5 0.10
11 CH3 CH3 C6H4OCH3 O 6.6 4.7 4.7 4.7 4.7 4.7 0.11
12 (CH2)5 C6H5 O 6.6 5.7 5.7 4.7 4.7 4.7 0.11
13 CH3 CH3 COCH3 O 11.64 20.69 34.91 43.97 55.60 65.95 0.19
14 (CH2)5 COCH3 O 11.07 23.36 36.89 56.56 70.08 77.46 0.18
15 CH3 CH3 CN O 8.4 12.2 15.9 27.2 38.4 49.7 0.14
16 (CH2)5 CN O 10.3 19.7 30.9 49.7 63.7 74.1 0.17
17 CH3 CH3 C6H4OCH3 C(CN)2 6.6 6.6 6.6 6.6 6.6 6.6 0.11
18 CH3 CH3 C6H5 C(CN)2 8.4 8.4 8.4 8.4 8.4 8.4 0.14
19 CH3 CH3 CN C(CN)2 48.1 85.3 85.3 87.2 89.1 89.1 0.86
20 (CH2)5 CN C(CN)2 51.7 85.3 85.3 87.2 87.2 89.1 0.80
VG Vitamin C 93.5 93.5 93.5 93.5 93.5 93.5 1.57
GA Gallic acid 88.8 88.8 88.8 88.8 88.8 88.8 1.46

Table 2. Data on antiradical properties of compounds 1-14, vitamin C and gallic acid.
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