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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (DPPHe).

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.

Abbreviations.

AChE: Acetylcholinesterase

BuChE: Butyrylcholinesterase

ARA: Antiradical activity

DPPHe: 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,
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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 y-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(SH)-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 y-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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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 DPPHe at 25°C was studied
spectrophotometrically ona Specord UV-VIS spectrophotometer
(Germany) by changing the optical density of DPPHe over time
at 52 nm. The initial concentrations of DPPHe were 0.025x10-5
mol/L, compounds (1-20) — 1.25x10-5 mol/L. 0.04 mL of a
methanol solution of the test substance were added to 2.0 mL of
a DPPHe 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. '"H and '*C 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°C. IR spectrum, v, cm™': 1738 (C=0), 1673 (C=N), 1595
(C=C), 1272 (C=S). 'H NMR spectrum, 8, ppm: 1.52 s (6H,
CH,), 1.94 s (3H, =CCH,), 2.77 t (2H, CH2, J 7.6 Hz), 3.58 s
(3H, OCH,), 4.41 t (2H, NCH,, J 7.6 Hz), 6.78-6.84 m (2H, ),
7.18-7.26 m (5H, ), 7.29-7.44 m (3H, ). "C NMR spectrum,
o, ppm: 11.1 (CH,), 24.5 (2CH,), 30.8 (CH,CO), 49.7 (NCH,),
50.7 (CH,0), 90.0 (C-0), 126.2 (2CH, ), 126.4,127.2 (2CH, ),
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127.2(5) (CH, ), 127.3 (CH, ), 128.4 (2CH, ), 128.7 (2CH, ),
129.6, 143.1, 157.5, 158.5, 170.1 (C=0), 190.2 (C=S). Found,
%: C 68.18; H 6.12; N 6.55; S7.72. C,,H,\N,O,S. Calculated,
%: C 68.22; H 6.20; N 6.63; S7.59.

Methyl 3-{3-[5-ethyl-4,5-dimethyl-3-phenylfuran-2(5 H)-
ylidene]-1-phenylthioureido}propanoate (18). Yield (62%),
mp. 95-97°C. IR spectrum, v, cm™": 1736 (C=0), 1675 (C=N),
1598 (C=C), 1273 (C=S). '"H NMR spectrum, 8, ppm: 0.82 t (3H,
CH,CH,, J 7.3 Hz), 1.49 s (3H, OCCH,), 1.69-1.86 m (1Hb,
CH,CH,), 1.90 s (3H, =CCH,), 1.92-2.04 m (1Ha, CH,CH,),
2.77 d. d (2H, CH,C=0, J 8.5, 6.6 Hz), 3.58 s (3H, OCH,),
4.41 t (2H, NCH,, J 7.6 Hz,), 6.74-6.84 m (2H, ), 7.15-7.27
m (5H, ), 7.28-7.36 m (1H, ), 7.36-7.44 m (2H, ). NMR “C
spectrum, 8, ppm: 6.9 (CH,CH,), 11.2 (CH,), 23.5 (CH,), 29.6
(CH,CH,), 30.8 (CH,CO), 49.6 (NCH,), 50.8 (CH,0), 92.4 (C~
0), 126.2 (2CH, ), 126.4, 127.2 (2CH, ), 127.3 (CH, ), 128.1
(CH,), 128.4 (2CH, ), 128.7 (2CH,), 129.6, 143.1, 156.9,
158.3, 170.2 (C=0), 190.1 (C=S). Found, %: C 68.73; H 6.48;
N 6.38; S 7.31. C, H,,N O,S. Calculated, %: C 68.78; H 6.46;
N 6.42; S 7.34.

3-[4,5,5-Trimethyl-3-phenylfuran-2(5H)-ylidene]-1-phenyl-
1-(2-cyanoethyl)thiocarbamide (19). Yield (67%), mp 150—
152°C. IR spectrum, v, cm™': 2255 (C=N), 1674 (C=N), 1595
(C=C), 1292 (C=S). 'H NMR spectrum, 3, ppm: 1.52 s (6H,
CH,), 1.95 s 3H, =CCH,), 2.98 t (2H, CH,CN, J 7.0 Hz), 4.40
t (2H, NCH,, J7.0 Hz), 6.78-6.83 m (2H, HAr), 7.21-7.46 m
(8H, HAr). 13C NMR spectrum, 6C, ppm: 11.1 (CH3), 14.8
(CH,CN), 24.4 (2CH,), 49.5 (NCH,), 90.3 [C(CH,),], 117.1
(CN), 126.6, 126.3 (2CH, ), 127.2 (2CH, ), 127.3 (CH, ), 127.6
(CH,), 128.6 (2CH,), 128.7 (2CH,), 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. C;H,,N,OS. Calculated, %: C 70.92; H 5.95; N 10.79; S
8.23.

3-[5-Ethyl-4,5-dimethyl-3-phenylfuran-2(5H)-ylidene]-1-
phenyl1-(2-cyanoethyl)thiocarbamide (20). Yield (65%), mp
127-128°C. IR spectrum, v, cm™': 2251 (C=N), 1666 (C=N),
1593 (C=C), 1283 (C=S). 'H NMR spectrum, 3, ppm: 0.82 t
(3H, CH,CH,, J 7.3 Hz), 1.50 s (3H, OCCH,), 1.68-1.87 m
(1H, CH,CH,), 1.91 s (3H,=CCH,), 1.87-2.08 m (1H, CH,CH,),
2.98 t (2H, CH2CN, J 7.0 Hz), 4.40 t (2H, NCH,, J 7.0 Hz),
6.74-6.84 m (2H, H,), 7.16-7.26 m (3H, H, ), 7.27-7.47 m
(5H, H,). "C NMR spectrum, 6, ppm: 6.9 (CH,CH,), 11.2
(CH,), 14.8(CH,CN), 23.4 (CH,), 29.6 (CH,CH,), 49.5 (NCH,),
92.6 (C-0), 117.0 (CN), 126.3 (2CHAr), 127.2 (2CH, ), 127.3
(CH,), 127.5 (CH, ), 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. C_ _H N.OS. Calculated, %: C 71.43; H 6.24; N 10.41; S
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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:

__ Control-Test

Inhibition, % = x 100 3)

Control



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 (DPPHe) 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=A-A /A, *100 (1)

where Ao is the optical density of the DPPHe solution in the
absence of an inhibitor; A: is the optical density of the solution
in the presence of the inhibitor.

The rates of DPPHe 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).

Vinitial = I1/60 @

where 1, 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 DPPHe 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(SH)-furanone ring due
to the electron-withdrawing nature of the nitrile groups, which
stabilizes DPPHe, 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 a-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

Table 1. Data on anticholinesterase properties of compounds 1-8 at a concentration of 8 <107 M.

R,

=
=

R

N 1 2 3

I CH,  CH,  NC(S)NHCH,

2 (CH, NC(S)NHC H,

3 CH, CH,  NC(NCH,)SCH,COOC,H,

4  (CH), NC(NC,H,)SCH,COOC,H,

5 CH, CH,  NC(S)N(CH,)CH,CH,COOCH,
6  (CH,), NC(S)N(C,H,)CH,CH,COOCH,
7 CH,  CH,  NC(S)N(CH,)CH,CH,CN

8  (CH,), NC(S)N(C,H,)CH,CH,CN
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CeHs

H,c__

Ry

ACHhE inhibition, % BuChE inhibition, %

10.60 8.90
6.48 7.76
27.90 <l
12.00 5.90
2.90 84.50
7.69 80.45
<1 2.90
13.90 5.90



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

R,
Hc_ /A R,
RZ
1
ARA, % v
o initial®
N R, R, R, R, ! . S . 10 min 20 min 30 min 40min % /s
min min

1 CH, CH, CH, NC(S)NHC H, 5.1 5.1 5.1 5.1 5.1 5.1 0.09
2 (CHy, CH, NC(S)NHC,H, 0 0 0 0 0 0 0

NC(NC,H,)
3 CH, CH, CH; SCHZCOOCZHS 10.9 10.9 10.9 10.9 10.9 10.9 0.18

NC(NC,H,)
4  (CH), CH, scucoocH,  ° 0 0 0 0 0 0

NC(SN(C,H,)
5 CH, CH, CH, crcn coocH, 0 0 0 0 0 0

NC(S)N(C,H,)
6 (CHz)s C6H5 CHZCHZCOOCH3 4.2 4.2 4.2 4.2 4.2 4.2 0.07

NC(S)N(C,H,)
7 CH, CH, CH, CH,CH N 202 202 202 2.02 2.02 2.02 0.03

NC(S)N(C,H,)
8  (CH), CH, CHLCH O 0 0 0 0 0 0 0
9 CH, [CH, CJH, NH 6.6 7.5 8.4 9.4 10.3 12.2 0.1
10 (CH,), CH, NH 5.7 5.7 5.7 7.6 8.5 9.5 0.10
11 CH, |CH, CHOCH, O 6.6 47 4.7 4.7 47 4.7 0.1
12 (CH), CH, 0 6.6 5.7 5.7 4.7 47 4.7 0.1
13 CH, CH, COCH, (6] 11.64 20.69 3491 43.97 55.60 65.95 0.19
14 (CHz)5 COCH3 (6] 11.07 23.36 36.89 56.56 70.08 77.46 0.18
15 CH, CH, CN (6] 8.4 12.2 15.9 27.2 38.4 49.7 0.14
16 (CHz)s CN O 10.3 19.7 30.9 49.7 63.7 74.1 0.17
17 CH, |CH, CHOCH, C(CN), 6.6 6.6 6.6 6.6 6.6 6.6 0.1
18 CH, CH, CH; C(CN)2 8.4 8.4 8.4 8.4 8.4 8.4 0.14
19 CH3 CH3 CN C(CN), 48.1 85.3 85.3 87.2 89.1 89.1 0.86
20 (CH), CN C(CN), 517 853 853 872 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

reaction of compounds 1-2 with the methyl methacrylates
and acrylonitrile in the presence of both CH,ONa [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.
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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.
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