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This study is devoted to development of the optimal conditions for synthesis and the study of some
“structure — antioxidant activity” reqularities of [(1-arylimidazole-5-yl)methyithioJalkane carboxylic ac-
ids, which structural analogues have found an application as medicinal products with a wide range of
biological activities. The methodology of interaction between 4-cloro-5-chloromethylimidazoles with
thioglycolic and thiopropionic acids has been used to obtain these compounds. Selection of the op-
timal reaction conditions has allowed to obtain target compounds in a dry dimethylformamide in the
presence of potash at 50°C with yields of 75-82%. The compounds synthesized are high-melting
crystalline substances that dissolve well in polar organic solvents and aqueous alkaline solutions.
Their composition and structure have been confirmed by the results of elemental analysis and mea-
surement data of IR-, '"H NMR- and chromatography mass-spectra. The study of the compounds
synthesized has been conducted in vitro on biological samples. The antioxidant activity has been
determined by the inhibition value of the ascorbate-dependent endogenous lipid peroxidation rate in rats’
liver found by the concentration of one of the final products of free-radical lipid oxidation processes —
malonaldehyde in the test sample. The results of the biological activity screening of the compounds
synthesized show that all imidazole derivatives studied in the final concentration ranges of 103-10" M
exhibit a high antioxidant action in the system in vitro. It has been found that the value of the antioxi-
dant activity is influenced by the nature and position of the substituent in position 1 of imidazole. In
particular, the presence of electron-acceptor substituents in the aryl fragment decreases the molecule
activity in comparison with electron-donor substituents, wherein increase of the methylene groups quan-
tity in the carboxyalkylthiol fragment does not significantly impact the antioxidant effect of the compounds
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synthesized.

The process of free-radical lipid oxidation (FRLO)
plays a significant role in development of the most dis-
eases of the liver, cardiovascular, respiratory and ner-
vous systems [1, 16]. Antioxidants are widely used to
normalize the basic organism functions as a part of com-
plex therapy of such diseases [7]. It should be noted that
at present there is insufficient amount of medicines with
the antioxidant mechanism of action offered for clini-
cal use, and those that are in use have many adverse ef-
fects and high toxicity [4]. Taking this into account, the
search of compounds that are able to inhibit the FRLO
processes effectively is of high interest nowadays.

Design and synthesis of new compounds with anti-
oxidant properties is a subject of many studies as they
are of high interest in prophylactics and therapy of many
diseases that have FRLO in their pathogenesis [3, 9].
From this aspect the derivatives of imidazole are not
left aside too; according to the literature data they are
characterized by a wide spectrum of pharmacological
properties, among which the antioxidant effect is par-
ticularly noteworthy [10, 11, 15].

Earlier we found the antioxidant activity in the se-
ries of [(1-phenyl-5-formyl-1H-imidazole-4-yl)thio]ace-
tic acids and their derivatives [5, 6, 8, 13]. It was to

be expected that the change in the position of the thio-
alkanecarboxylic acid fragment in the structure of the
imidazole cycle would allow a much bigger quantity
of potentially active compounds with the antioxidant
action, and also give an opportunity to approach to the
solution of the topical problem of pharmaceutical che-
mistry — establishing of the structure — activity relation-
ship. With this purpose we have synthesized [(1-aryl-
imidazole-5-yl)methylthio]alkanecarboxylic acids (2a-g)
and carried out the screening of their antioxidant pro-
perties.

The reaction of easily available 4-chloro-5-chloro-
metylimidazoles (1a-d) [12] with thioglycolic and thio-
propionic acids, which occurs selectively at 50°C in a
dry DMFA in the presence of potash, has been used to
obtain compounds of such kind. The reaction gives the
target compounds (2a-g) with yields of 75-82%.

The compounds (2a-g) synthesized (Tab. 1, 2) are
light-yellow, high-melting crystalline compounds, readi-
ly soluble in polar organic solvents and aqueous alka-
line solutions. Their composition and structure were
confirmed by elemental analysis and by the results of
IR-, '"H NMR and chromatography mass-spectra mea-
surements. IR-spectra, in particular, are characterized
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Table 1

Physical and chemical characteristics, data of the elemental analysis and chromatography mass spectra

of {[(1-aryl-4-chloro-1H-imidazole-5-yl)methyl]thio}alkanecarboxylic acids (2a-g)

©

S L Found, % Calculated, %

o) s | Tmelt. .

g. Ar % oC " | Empiric formula [M+17* M
S > C H N C H N

2a | 4FCH, | 75 | 139-140 | C,H,,CIFN,0,S | 4782 | 328 | 9.14 4793 | 335 | 931 | 301 | 300.74
2b | acicH, | 81 | 8687 | C,H,CLN,0,S | 4564 | 328 | 901 | 4544 3.18 | 883 | 318 | 317.20
2c | 4-MeCH, | 76 | 111-113 | C,H,,CIN,O,S | 5242 | 433 | 930 [ 5261 | 442 | 944 | 297 | 296.78
2d Ph 82 | 105-107 | C,,H,,CIN,0,S | 52.34 | 433 | 942 [ 5261 442 | 944 | 297 | 296.78
2e 4-FCH, 75 | 132-134 | C;;H,,CIFN,O,S | 49.34 | 3.79 8.77 | 49.61 | 384 | 890 315 314.77
2f | 4-cICH, | 79 | 100-102 | C,H,CI,N,0,S | 4707 | 362 | 833 | 4714 | 365 | 846 | 332 | 331.22
29 | 4-MeCH, | 75 | 142-144 | C,H,.CIN,0,S | 53.88 | 475 | 887 | 5410 | 486 | 901 | 311 | 31080

by intensive absorption bands of carbonyl groups at
1675-1685 cm™ and by a wide absorption range (2430-
2850 cm!) of carboxyl groups, and it indicates a dime-
ric character of the acids obtained in their solid state. In
"H NMR spectra of all compounds the most illustrative
are H? proton singlets of the imidazole cycle at 7.83-
7.95 ppm and the singlets of methylene groups bound
with the imidazole cycle at 3.72-3.85 ppm. In their turn,

the methylene protons of thioacetic acid fragments are
visible as singlets at 3.17 ppm, and those of thiopro-
pionic acid — as triplets in the range of 2.30-2.35 and
2.49-2.54 ppm.

Experimental Part (Chemistry)

IR-spectra of the compounds synthesized were re-
corded on a UR-20 spectrophotometer in KBr tablets.
'"H NMR spectra were recorded on a Varian-Mercu-

Table 2

IR and 'H NMR spectra of {[(1-aryl-4-chloro-1H-imidazole-5-yl)methyl]thio}alkanecarboxylic acids

IR-spectrum,
cm’’

C=0| COOH

Compound

'HNMR, §, ppm

N
(%]

1685 | 2430-2850

12.55 br.s. (1H, COOH)

3.17 s (2H, CH,), 3.82 s (2H, CH,), 7.36-7.43 m (2H

arom.)' 7‘60_7'65 m (2Har0m.)' 7‘87 C (1 H' Hzimidazole)'

N
(e

1680 | 2450-2840

3.17 s (2H, CH,), 3.85 s (2H, CH,), 7.57-7.63 m (4H

vom)s 7:90's (TH, H2,_,.. 1), 12.60 br.s. (1H, COOH)

2.385(
2450-2820 7.83 s (

N
N

1680 TH 2

imidazole:

3H,CH,), 3.17 s (2H, CH,), 3.82 s (2H, CH,), 7.36 d (2H, .., ] 80 Hz), 7.41d (2H,,, 8.0 Hz),
), 12.54 br.s. (1H, COOH)

2d [ 1675 |2435-2830

7.87 s (1H, H?

imidazole)’

2.341(2H, CH,, J 6.8 Hz), 2.54 t (2H, CH,, J 6.8 Hz), 3.75 s (2H, CH,), 7.49-7.55 m (5H,, ),
12.24s. (1H, COOH)

2e | 1680 |2440-2835

7.62-7.69 m (2H,,...), 7.90 s (1H, H?

arom.)

imidazole)’

2.32t(2H, CH,,J 6.8 Hz), 2.50 t (2H, CH,, J 6.8 Hz), 3.77 s (2H, CH,), 7.40-7.48 m (2H,,,.),

12.28 br.s. (1H, COOH)

2f | 1680 |2435-2850

2351t (2H, CH,, J 6.8 Hz), 249 t (2H, CH,, J 6.8 Hz), 3.76 s (2H, CH,), 7.56 d (2H,,., J 8.0 Hz),

7.64d (2H,,, .J8.0Hz), 7.94 s (1H, H? 12.20 br.s. (1H, COOH)

imidazole)'

2g | 1685

2445-2840

230t (2H, CH,, J 6.8 Hz), 2.38 s (3H, CH,), 2.53 t (2H, CH,, J 6.8 Hz), 3.72 s (2H, CH,),
7.36d (2H,,,,J 7.0 Hz), 7.42d (2H,,,,J 7.0 Hz), 7.95 s (TH, H? .. ), 12.40 br.s. (1H, COOH)

arom./
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Table 3

The antioxidant activity of {[(1-aryl-4-chloro-1H-imidazole-5-yl)methyl]thio}alkanecarboxylic acids in vitro

Concentration, mole/I
107 5x10? 10 5%103 103
Compound
MA, umole/g | AOA, | MA, umole/g | AOA, | MA, umole/g | AOA, | MA, umole/g | AOA, | MA, umole/g | AOA,
ofthetissue | % |ofthetissue| % |ofthetissue| % |ofthetissue| % |ofthetissue| %
2a 45.68+0.19% | 60.8 | 46.32+0.12* | 60.2 | 44.39+0.12* | 61.9 | 46.19+0.07* | 60.3 | 45.16+0.12* | 61.2
2b 66.26+0.25*% | 43.1 | 53.14+0.19*% | 54.4 | 44.78+0.32* | 61.5 | 43.36+0.19* | 62.8 | 50.31+0.31* | 56.8
2c 50.44+0.19*% | 56.7 | 53.01+0.07* | 54.5 | 44.39+0.12* | 61.9 | 49.79+0.21* | 57.2 | 45.42+0.19* | 61.0
Control 1 100.36+0.37 | - 100.36+0.37 | - 100.36+0.37 | - 100.36+0.37 | - 100.36+0.37 | -
2d 24.19+0.07* | 59.0 | 16.73+0.07* | 71.6 | 14.02+0.07* | 76.2 | 13.90+0.12* | 76.4 | 16.60+0.12* | 71.9
2e 28.95+0.12*% | 50.9 | 20.07+£0.12* | 66.0 | 16.98+0.32* | 71.2 | 29.34+0.12* | 50.3 | 20.46+0.12* | 65.3
2f 23.93+0.12*% | 59.4 | 24.58+0.19* | 58.3 | 20.84+0.24* | 64.7 | 35.13+0.12* | 40.5 | 35.13+0.12* | 40.5
29 17.37+0.12* | 70.5 | 19.56+0.07* | 66.8 | 23.03+0.14* | 61.0 | 26.25+0.12* | 55.5 | 24.70+0.12* | 58.1
Control 2 59.06+0.12 - 59.06+0.12 - 59.06+0.12 - 59.06%0.12 - 59.06+0.12 -
Thiotriazoline | 70.64+0.56* | 38.5 | 73.98+0.19* | 35.6 | 77.33+0.25% | 32.7 | 76.43+0.24* | 33.5 | 79.13+0.12* | 31.2
Control 4 115.03+0.24 - 115.03+£0.24 - 115.03+0.24 - 115.03+0.24 - 115.03+£0.24 -

* —valid in relation to control (p < 0.05)

ry-400 spectrophotometer (400 MHz) in the solution
of DMSO-d,, the inner standard — tetramethylsilane.
Chromatography mass-spectra were recorded by a PE
SCXAPI 150 EX device, UV (250 nm) and ELSOJ de-
tectors.

{[(1-Aryl-4-chloro-1H-imidazole-5-yl)methyl]
thio}acetic (propionic) acids (2 a-g). To the solution of
2 mmoles of 5-chloromethylimidazole (1a-d) in 20 ml
of'a dry DMFA 0.55 g (4 mmoles) of potash and 0.19 g
(2 mmoles) of thioglycolic acid (in cases of 2a-¢) or
0.21 g (2 mmoles) of thiopropionic acid (in cases of
2d-g) were added; the mixture was stirred at 50°C for
2 hours. After that the reaction mixture was poured into
20 ml of water, and acidified with diluted hydrochlo-
ric acid to pH 4-5. The precipitate formed was filtered,
washed with water, dried and crystallized from 70%
aqueous solution of ethanol.

Experimental Part (Biology)

The research of the antioxidant activity of the com-
pounds (2a-g) synthesized was performed in vitro [14]
and determined by the inhibition value of the ascor-
bate-dependent endogenous lipid peroxidation rate in
rats’ liver found by the concentration of one of the fi-
nal products of free-radical lipid oxidation processes —
malonaldehyde (MA) in the test sample. The content of
MA was determined by the reaction with thiobarbitu-
ric acid (TBA) and was calculated in pumoles/g of the
tissue. Statistical analysis of the results obtained was
performed using the parametric Student’s t-test [2]. The
value of ascorbate-induced FRLO inhibition was calcu-
lated in percents, with MA concentration in the control
samples being equal to 100%.

The range of concentrations of the compounds syn-
thesized was chosen within the limits of concentrations
already researched for their structural analogue, thiotri-
azoline (T), (the manufacturer is “Arterium” corpora-
tion, Ukraine, solution for injections, 25 mg/ml), which
has the proven antioxidant activity [7].

Results and Discussion

The results of the antioxidant activity screening of
the compounds synthesized in vitro (Tab. 3) show that
all compounds are able to inhibit Fe**-ascorbate initi-
ated FRLO in these conditions in the final concentra-
tion ranges of 103-10! M studied. Thus, the degree of
Fe?*-ascorbate initiated FRLO inhibition in vitro of all
original compounds synthesized was higher than the
antioxidant activity of thiotriazoline in the same final
concentrations. The antioxidant activity of thiotriazo-
line in the specified range of final concentrations in
vitro varied between 31.32% and 38.59% and was the
highest with the final drug concentration of 10! M.
With the same final concentration the highest inhibiting
effect on the initiated FRLO was shown by compound
2g (the degree of FRLO inhibition was 70.59%). Most
compounds (2a, 2¢, 2e, 2f) have shown the highest anti-
oxidant activity in vitro in the concentrations of 102 M.
The highest antioxidant effect in vitro was recorded
for compound 2d in the range of the final concentra-
tions of 5:10-102 M: the degree of FRLO inhibition
was 76.47-76.25%. On average, it is 43% higher than
the results shown by thiotriazoline in the same range of
the final concentrations, and 37% higher than the maxi-
mum effect of thiotriazoline recorded in vitro.

Analysis of the data obtained shows that the value
of the antioxidant activity is influenced by the nature
and position of the substituent in position 1 of imida-
zole. In particular, the presence of electron-acceptor
substituents in the aryl fragment decreases the molecule
activity in comparison with electron-donor substitu-
ents, wherein increase of the methylene groups quantity
in the carboxyalkylthiol fragment does not significantly
impact the antioxidant effect of the compounds synthe-
sized.

CONCLUSIONS

1. By interaction of 5-chlorometylimidazoles with
thioglycolic and thiopropionic acids new {[(1-Aryl-4-
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chloro-1H-imidazole-5-yl)methyl]thio}alkanecarboxylic  recorded for compound 2d in the final concentration of
acids have been synthesized. 5:10° M.

2. All derivatives of imidazole studied in the range 3. Increase of the methylene groups quantity in the

of concentrations of 103-10"'"M show a high antioxidant  carboxyalkylthiol fragment does not significantly affect
activity in the system in vitro. The highest activity was  the antioxidant effect of the compounds synthesized.
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CUHTE3 TA OLIHKA AHTUOKCUOAHTHOI AKTUBHOCTI {[(1-APWJ1-4-X1IOPO-1H-IMIAA30]1-
5-INMETUNITIO}ANNIKAHKAPBOHOBUX KUCINOT

A.M.lpo3as, A.O.lManamap, B.O.YopHoyc, I.M.Spemit, M.B.Boek

Knrouyosi cnoea: cuHmes; imidason; [(1-apun-5-gpopmin-1H-imida3orn-4-in)mioJoymosi kucriomu;
{[(1-apun-4-xnopo-1H-imidason-5-in)memurijmio}ankaHkapbOHO8I KUC/IOMU; aHMuUOKcuGaHmMHa
aKkmueHicmb

LocnidxeHHs npucesyeHe po3pobui onmumasbHUX yMo8 CUHME3y ma eug4eHHH JesIKUX 3aKOHOMIpP-
Hocmel «cmpykmypa-aHmuokcudaHmHa akmugHicmb» [(1-apunimidasorn-5-in)MemunmiojarnkaHkap-
b60oHOBUX KUCIIOM, CMPYKMYPHI aHanoau SKux 3Halwrsiu 3acmocyeaHHs 8 porli JlikapcbKux 3acobig i3
WUPOKUM criekmpom bionoeiyHoi Oii. [riss ompumaHHs 3a3HaqeHux crioryk 6y1o 8UKOpUCMaHo Memo-
dosoezito, wo nornsieae y 83aemModlii 4-x110po-5-xm1opomemunimioasornie 3 mioanikoneso ma miornpo-
naHoeoro kucrnomamu. 1id6ip onmumanbHux ymos nepebicy peakyii 0o3eosiug ompumamu Yinbosi
crionyku 8 cyxomy IM®A e npucymHocmi nomawy ripu 50°C 3 suxodamu 75-82%. CuHme3soeaHi crio-
JIyKU — 8UCOKOI/1a8Ki KpucmariyHi pedo8uHU, W0 00bpe pO34UHSAIOMbLCS 8 MOMSAPHUX Op2aHiYHUX PO3-
YuHHUKax ma 600HUX PO34YUHax rlyaie. Ix cknad ma cmpykmypa nidmeepdxeHi pedynbmamamu ere-
MeHMmMHo20 aHanidy i 0aHumMu sumiprogsaHb 14-, AMP "H- ma xpomamowmac-crnekmpis. [JocnioxeHHs
CUHMe308aHUX CriofyK npoe8odusu in vitro Ha 6iofioaiyHUX 3pa3kax. AHMUOKCUOaHMHyY aKkmueHicmb
8U3Hayaslu 3a 8e/IUHUHOI iH2ibysaHHS weudkocmi ackopbam3aanexHo20 MnepoKcUOHO20 OKUCHEHHS
eHOo2eHHUX inidig y neyviHui wypis, Ky ecmaHoersoseasnu 3a KOHUeHmpauiero 00HO20 3 KiHUesux
npodykmie ripouecie BPOJT— manoHogo20 anbdezidy y docridxysaHoOMy 3pasKy. Pe3ynbmamu cKpu-
HiHey 6iono2iyHOI akmu8HOCMi CUHMEe308aHUX CroMyK ceid4yampb Mpo me, Wo 8ci OOCIOXeHI MOXiOHI
imida3ony & diana3oHi KiHyesux KoHueHmpauit 103-10" M nposiensiomb 8UCOKY aHMUOKCUOaHMHy
dito 8 cucmemi in vitro. BcmaHo8/eHO, W0 Ha 8e/lUYUHY aHMUOKcUGaHMHOI akmugHoCcmi 8rsueae
Xapakmep ma nofoxeHHs 3aMiCHUKa 8 nornoxeHHi 1 imidasony. 3okpema, npucymHicms 8 apusibHO-
My hpazMeHmi enekmpoHoOaKyenmopHUX 3aMiCHUKI8 3HUXYE aKkmu8HICMb MOPIBHSAHO 3 efleKmpo-
HoOoHopHUMU. [Mpu uboMy 36inbWEHHS KirlbKOCmi MemuneHo8ux apyr 8 kapboKcianKinmiornbHOMY
ghpazmeHmi cymmeso He 8riuea€e Ha aHmuUoOKCUOaHMHUU egheKm CUHMEe308aHUX CrIOyK.
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CUHTE3 W OLLEHKA AHTUOKCUOAHTHOW AKTUBHOCTMW {[(1-APWUI1-4-XJ1OP-1H-
UMUOA30N-5-UINT)METUN]TUO}ANTKAHKAPBOHOBbBIX KUCITOT

A.H.lpo3as, A.A.llanamap, B.A.YopHoyc, U.H.Spemuli, M.B.Boek

Knroveenie crniosa: cuHme3s; umuda3sorn; [(1-apun-5-¢gpopmun-1H-umudasorn-4-un)muo]ykcycHble
kucnomsl; {[(1-apun-4-xnopo-1H-umuda3son-5-un)mMemun]muoj}ankaHkapbOHO8bIe KUC/I0MbI;
aHmuokcudaHmHas akmugHOCMb

UccnedosaHue nocssiweHo paspabomke ornmumaribHbIX yCrio8uli CUHMe3a U U3y4YeHUK HeKOMOpbIX 3a-
KOHOMepHocmel «cmpykmypa-aHmuokcudaHmHas akmusHocmby [(1-apunumudason-5-un)memuri-
muoJankaHkapbOoHO8bIX KUC/I0M, CMPYKMYpPHbIE aHano2u KOmopbIxX HaWIu rnpuUMeHeHUe 8 Kayecmee
JieKkapcmeeHHbIX cpedcmea ¢ WUPOKUM criekmpom buornoaudeckoeo Oelcmeus. s nonyvyeHus yka-
3aHHbIX cOeQUHEeHUU ucronb3og8aHa MemoOosioausi, Komopas 3ak/rYaemcs 6o g3aumoodelicmeuu
4-x510p-5-xr1o0pmMemunumudasosios ¢ muoasuKoneeol U muornponaHoeou kucriomamu. [1odbop onmu-
MarsbHbIX yCri08Ul MpomMeKaHUs peakyuu rno3eosiust rnoay4ums yernesbie coeduHeHus 8 cyxom MDA
8 ripucymemeuu nomauwa rpu 50°C ¢ ebixodamu 75-82%. CuHmesuposaHHble cOeOUHEHUST — 8bICO-
Konnaskue Kpucmarniu4ecKkue geuwiecmesa, Xopowo pacmeopuMble 8 roIsiPHbIX OpeaHUYeCcKuXx pa-
cmeopumernsix U 800HbIX pacmeopax wesno4yel. VMix cocmaes u cmpykmypa noomeep>X0eHbl pe3y ib-
mamamu areMeHmMHo20 aHanu3sa u 0aHHbiMU uamepeHuli VK-, AMP "H- u xpomamomacc-criekmpos.
UccnedosaHue cuHmMe3supoeaHHbIx coeduHeHUU npoeodusu in vitro Ha buonoau4yeckux obpa3syax.
AHMuUoKcudaHmMHy akmugHoCcmp orpedesisu ro 8eudyuHe UHaubuposaHusi CKopocmu ackopbam-
3a8UCUMO20 EPEKUCHO20 OKUCIeHUS] 9HOO2EHHbIX NUNUA08 8 MEYEHU KpbIC, KOmMOpPYo ycmaHasenueanu
10 KOHUeHmpauyuu 00HO20 U3 KOHeYHbIX rnpodykmos rpoueccoe CPOJ1 — manoHogo2o anblezuda 8
uccriedyemom obpasue. Pe3ynbmamsi CKpuHUH2a buornoau4yeckol akmueHOCMU CUHMEe3UpPO8aHHbIX
coeduHeHul ceudemeribCmeayrm O MOoM, Ymo 8ce Uccriedo8aHHble Npou3sodHbie umudasorna 8 Ou-
arnasoHe KOHeYHbIX kKoHueHmpauut 10°-10" M nposiensirom ebicokoe aHmuokcudaHmHoe delicmeue
8 cucmeme in vitro. YcmaHOo8/1eHo, 4Ymo Ha 8eJlu4UHYy aHmMuoKcudaHMHOU akmugHoCmu efnusiem xa-
pakmep u rosioxeHue 3amecmumerns 8 nonoxeHuu 1 umudasona. B yacmHocmu, npucymcmesue
8 apusibHOM ¢hpacMeHme 371eKMPOHOaKUENMOPHbIX 3amecmumesieli CHUXaem akmu8HOCMb 10
CpasHEeHUIo C 3rIeKMpPOHOOOHOPHbBIMU. [Ipu amom ysenuyeHue Konudecmea MemusieHo8bIX 2pyrin 8
KapbokcuanmKunmuosibHOM pacMeHme CyuleCcmeeHHO He 8/usiem Ha aHmuoKcuOaHmHbIU aghghekm
CUHME3UpPOoB8aHHbIX COEOUHEHUL.



