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The aim of present research was the investigation of antioxidant and antiexudative activities of the series
of thiopyrano[2,3-d]thiazoles synthesized based on cinnamic acid amides. Methods. Organic synthesis;
spectral methods; free radical scavenging assay (DPPH test); evaluation of antiexudative activity (car-
rageenan oedema model in rats). Results. The evaluation of the free radicals scavenging activity and
antiexudative activity of series of the 2-o0x0-5-phenyl-7-aryl(hetaryl)-3,7-dihydro-2 H-thiopyrano[2,3-d]
thiazole-6-carboxylic acid amides was performed. Among the tested compounds, re/-(S5R,6S,7S)-N-(4-
methylphenyl)-7-(4-methylphenyl)-2-oxo-5-phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]|thiazole-6-
carboxamide possessed the highest level of both activities. The experimental data most probably indicate
a pronounced effect of methyl groups (phenyl fragments) on the realization of the anti-inflammatory and
antioxidant effects and allow a suggestion about the antiradical mechanism of anti-inflammatory activity
of the target compounds. Conclusions. The anti-inflammatory and free radicals scavenging activities of
some tiopyrano[2,3-d]thiazoles have been established and the most active compounds were identified.
Some findings of the structure-activity relationship were set up.
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Introduction

The oxidant and free radical processes are in focus
of the research. The reactive oxygen and nitrogen
species such as hydroxyl and peroxyl radicals, the
superoxide anion etc., are constantly produced as a
result of metabolic reactions in living systems and
are involved in numerous processes, both normal
and pathological [1]. Living systems are protected
from the oxidative damage by these reactive species
by enzymes (for instance, superoxide dismutase,
glutathione peroxidase) and by antioxidant com-
pounds such as ascorbic acid, tocopherols, and caro-
tenoids, etc. [1, 2]. However, when the free-radical
production exceeds the antioxidant capacity, these

radical species attack macromolecules, thus damag-
ing structural integrity and function of cell mem-
branes, enzymes, and genetic material. A growing
body of evidence indicates that various pathological
conditions, including cardiovascular disease, arthri-
tis, inflammation, cancer, and Alzheimer's disease
are associated, at least in part, with the damaging ef-
fects of uncontrolled free-radicals production [3, 4].
Thus, many biologically active compounds, espe-
cially natural, may provide the protection against
mentioned processes through multiple effects, which
are still poorly understood [5-7]. These compounds
may act as antioxidants by reacting with free radicals
and thus interrupting the propagation of new free
radical species, by chelating metal ions, etc. They
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Fig. 1. Background for target compounds design

also may protect against oxidant-mediated inflam-
mation and tissue damage by a virtue of their ability
not only to scavenge free radicals but also to inhibit
the activation of NF-kB (and possibly other oxidant-
sensitive transcription factors) [4, 5] and improve
certain immune responses [8].

On the other hand, many synthetic heterocycles
possess similar biological profiles. For instance,
4-thiazolidinones and related heterocycles showed
the antiinflammatory, antitumor, antitrypanosomal,
antidiabetic activities, which often are associated
with the antioxidant effect [9—11]. Majority of 4-
thiazolidione-based lead-compounds and drug-can-
didates belong to the 5-ylidene-4-thiazolidinone
subtype and have many advantages in the drug dis-
covery [9, 12—-16]. At the same time, they are also
characterized by some negative features. 5-Ylide-
ne-4-thiazolidinones can be considered as electro-
philic and potentially reactive substances due to the
possible Michael addition of the nucleophilic pro-
tein residues to the exocyclic double bond. This
characterizes 5-arylidene-4-thiazolidinones as the
frequent hitters or pan assay interference com-
pounds that are useless in the modern drug discov-
ery process because of low selectivity [17].

One of the possible solutions of such confusion
may be the annealing of the mentioned 5-ylidene-4-
thiazolidinones into the fused heterocycles. These
fused 4-thiazolidinone-based derivatives and in par-
ticular thiopyrano[2,3-d]thiazoles are considered as
the cyclic isosteric mimetics of their synthetic pre-
cursors — 5-ylidene-4-thiazolidinones without the
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Structure of target compounds

Michael accepting functionalities [ 19, 20]. Moreover,
design of the mentioned fused heterocycles em-
ployed the combination of thiazolidinones and other
chemicals including those possessing significant bi-
ological activity, for instance cinnamic acid and its
derivatives (Fig. 1.), that can be treated as a benefit
in the hybride molecules design.

Therefore, as the continuation of our previous
studies [19-22] in the field of biologically active
fused 4-thiazolidinone-based heterocycles the aim
of the manuscript was the search for new compounds
with antioxidant and antiexudative activities among
thiopyrano[2,3-d]thiazoles.

Materials and Methods

All chemicals were of the analytical grade and com-
mercially available. All reagents and solvents were
used without further purification and drying.
Chemistry. The raw of 2-oxo0-5-phenyl-7-aryl(he-
taryl)-3,7-dihydro-2 H-thiopyrano[2,3-d|thiazole-6-
carbocyclic acid amides (1-10) for antioxidant and
anti-inflammatory screening was synthesized by us
previously (Scheme) [22]. Starting cinnamic acid
was transformed into corresponding acid chloride and
then converted into appropriate amides. The 5-aryli-
dene-4-thioxo-2-thiazolidinones were synthesized via
Knoevenagel condensation of 4-thioxo-2-thiazolidi-
none with aldehydes (ethanol medium in the pres-
ence of ethylenediaminediacetate) [19]. The final
phase was the hetero-Diels-Alder reaction, with re-
gioselectively and diastereoselectively yielded target
rel-(5R,6S,75)-2-0x0-5-phenyl-7-aryl(hetaryl)-3,7-
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dihydro-2H-thiopyrano[2, 3-d] thiazole-6-carbocy-
clic acid amides.
rel-(5R,6S,7S)-N-(4-Methylphenyl)-7-(4-
methoxyphenyl)-2-oxo-5-phenyl-3,5,6, 7-tetrahydro-
2H-thiopyrano[2,3-d]thiazole-6-carboxamide (11).

A mixture of 5-(4-metoxybenzylidene)-4-thioxo-
2-thiazolidinone (5 mmol) and N-(4-methylphenyl)-
3-phenylacrylamide (5.5 mmol) was refluxed for 5
h with a catalytic amount of hydroquinone (2-3 mg)
in 15 mL of glacial acetic acid and left overnight at
rt. The obtained product was collected by filtration,
washed with water, methanol, diethyl ether, and re-
crystallized from the ethanol. Yield: 70%, mp 234-
236 °C. 'H NMR (400 MHz, DMSO-d,) 6: 2.16 (s,
3H,CH,), 3.44 (t, 1H, /= 10.4 Hz, 6-H), 4.30 (d, 1H,
J=10.4 Hz, 7-H), 4.70 (d, 1H, J = 10.4 Hz, 5-H),
6.75 (d, 2H, J = 8.4 Hz, arom.), 6.83 (d, 2H, J = 8.4
Hz, arom.), 7.32 (d, 2H, J= 7.2 Hz, arom.), 7.46 (d, 2H,
J=7.2Hz, arom.), 9.23 (s, 1H, NH), 11.29 (s, 1H, NH).
BC NMR (100 MHz, DMSO-d,) 6: 20.3, 45.0, 48.5,
55.8,107.5,119.1,119.8, 120.4, 128.3, 128.4, 128.5,
128.6, 130.2, 132.0, 132.7, 134.9, 136.2, 139.3, 167.9,
170.4. Anal.Caled for C, H, N,O,S,, % C, 66.37; H,
4.95; N, 5.73. Found, %: C, 66.50; H, 4.90; N, 5.62.

Pharmacology. The synthesized compounds were
evaluated for their antioxidant (DPPH free radical
scavenging assay) and antiexudative activity on the
carrageenan oedema model in rats.

Free radical scavenging assay. The scavenging ef-
fect of the synthesized compounds on the DPPH (1,1-
diphenyl-2-picrylhydrazyl radical) was evaluated ac-
cording to the Blois method [23]. The solution of DPPH
(150 uM) in ethanol (4 mL) was mixed with the tested
compound or ascorbic acid as the referent compound

0 AcOH,
>
hydroquinone

(250 uM) solution in ethanol (0.2 mL). The reaction
mixture was thoroughly mixed and incubated 30 min
at rt. in the dark. A decrease in absorbance of the mix-
ture (in comparision with the sample which contains
only DPPH solution) was measured at 540 nm. All
tests and analyses were undertaken in three replicates
and the results averaged. The scavenging activity was
calculated: (%) = ([Appy — A/ Apppy) % 100 %, whe-
re: A, is an absorbance of DPPH solution, A_is an
absorbance of the tested sample.

Antiexudative assay. For antiexudative test the
male rats weighing 180-220 g were used. The carra-
genan-induced hind paw oedema was produced by
the method of Winter et al. [24]. Carrageenan solu-
tion (1.0 % in sterile 0.9 % NaCl) was injected sub-
cutaneosly into the subplanar region of the hind paw
(0.1 mL to each paw) 1h after administration of the
test compound. The synthesized compounds were
intraperitoneally injected in a dose 100 mg/kg (in sa-
line solution with one drop of Tween-80™). Diclo-
fenac sodium (10 mg/kg) and ketorolac tromethami-
ne (10 mg/kg) were used as reference compounds.
Control rats received only saline solution with one
drop of Tween-80™. The hind paw volume was
measured with an electronic onkograph immediately
before and 4h after carrageenan injection. The effect
of test compounds on a decrease of paw oedema was
compared with that control. The antiexudative activ-
ity was expressed as a decrease of rats paw oedema
and was given in percentage.

Results and Discussion

The structure of new thiopyrano[2,3-d]thiazoles (fig.
2) was designed based on the cinnamic acids deriva-
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Fig. 2. The structure of compounds involved into the study

Table 1. Antioxidant activity of thiopyrano|[2,3-d|thiazoles

Compound Absorbance Inhibition, %
of a sample
4 0.750+£0.016 3.90
6 0.748 £0.014 4.04
7 0.354 + 0.006 54.57
8 0.748 £0.015 4.11
9 0.739+£0.016 5.27
11 0.742+0.015 4.86
Ascorbic acid 0.533+0.012 31.70

Table 2. Antiexudative activity of the tested
of thiopyrano[2,3-d]thiazoles

Compound Paw oedema Inhibition of paw
volume, % edema over control, %

— 96.2 £3.78 -

1 86.2 +4.32 104

2 85.3+4.21 11.3

3 57.6 £2.80 40.1

4 63.4+3.11 34.1

5 69.2 £3.40 28.0

6 80.4 £4.06 16.4

7 52.4+2.61 45.5

10 64,3 +£3.20 33.1
Diclofenac 54.6 £2.53 432
Ketorolac 56.6 +£2.60 41.1
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tives and the mentioned 5-ylidene-4-thiazolidino-
nes. The synthetic protocol involved the regiose-
lective and diastereoselective hetero-Diels-Alder
reaction. The synthesized compounds were screened
for anti-inflammatory and antioxidant activities.
There is a thesis that an increase of reactive radical
species levels causes the development of inflamma-
tion along with the antioxidant effect of many anti-
inflammatory agents. Therefore, it is apparent that
in addition to promoting cytotoxicity, reactive oxy-
gen metabolites may also initiate and/or amplify
inflammation via the upregulation of several differ-
ent genes involved in the inflammatory response,
such as those that code for proinflammatory cy-
tokines and adhesion molecules [4].

Consequently, the compounds with antioxidant
properties could be expected to offer protection in
the inflammation process. It is therefore evident that
the treatment of the above mentioned pathophysiolo-
gies could benefit from the use of drugs with both
antioxidant and anti-inflammatory activities. It has
already been proven for a number of commercially
available non-steroidal anti-inflammatory drugs
(NSAIDs), for example, tolfenamic acid which si-
multaneously possess radical scavenging properties
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[25, 26]. Additionally, several thiazolidinone deriva-
tives are also pronounced anti-inflammatory and
antioxidant agents and might be an exellent basis in
searching for the drug-like molecules [27].

To investigate some aspects of the structure-activ-
ity relationship among thiopyrano[2,3-d]thiazoles,
the antioxidant activity was assessed by the DPPH-
free radicals cavenging assay and summarized in
Table 1.

Among the tested compounds the rel-(5R,6S,7S5)-
N-(4-methylphenyl)-7-(4-methylphenyl)-2-oxo-5-
phenyl-3,5,6,7-tetrahydro-2H-thiopyrano[2,3-d]
[1,3]thiazole-6-carboxamide (7) was found to be the
most active; for other derivatives, a slight antioxi-
dant activity was observed. The comparison of the
activity of compounds bearing different amide frag-
ments (compounds 4, 6, 7 & 9) allowed the sugges-
tion that the presence of methyl groups (including
amide fragment) in compound 7 was crucial for the
antioxidant activity realization. The same effect was
observed in flavonoids row, where the methyl de-
rivatives were much more active in comparison with
the derivatives bearing other substituents [28]. This
effect is also associated with improved lipophilicity
parameter [29]. Moreover, the presence of electron
donating groups (especially methyls) at the aromatic
core has previously been shown to influence strongly
the redox potential of a,-unsaturated aromatic com-
pounds. The altered reduction potential of these
compounds has an effect on the lipid peroxidation
reactions, in which they can participate, and this, in
turn, alters their ability to scavenge deleterious oxy
radicals [30]. The replacement of the methyl group
in the aryl fragment (position 7 of the main core)
(compounds 7, 8 & 11) to the methoxy group or a
halogen atom leads to the loss of activity.

The in vivo anti-inflammatory effect of the tested
compounds was assessed by using the functional mo-
del of carrageenan-induced rat paw oedema (Table 2).

All tested compounds exhibited different protec-
tion against the carrageenan-induced paw edema. The
compounds 3 and 7 were the most active among the
tested thiopyrano[2,3-d]thiazoles. The antiexudative
activity comparable to the reference drugs was ob-
served in the compounds with two methyl groups (7)

or in the presence of methyl and sulfamoyl groups
(3). The presence of other group in the molecule led
to a decrease in the activity level. The comparison of
anti-radical and anti-inflammatory activities allows
us to assume the involvement of antioxidant mode in
the development of thiopyrano[2,3-d]thiazoles anti-
inflammatory action.

Conclusion

The present study has shown that certain thiopyra-
no[2,3-d]thiazoles possess low to moderate anti-
inflammatory and antioxidant activities, whereas
the compound 7 was found to be a promising free
radicals scavenger. The anti-inflammatory assay
led to the identification of two active molecules
(compounds 3 & 7). These compounds constitute
an interesting template for the design of new syn-
thetic NSAIDs. Despite that the anti-inflammatory
mechanism was not elucidated, the mode of anti-
inflammatory action of the synthesized compounds
seems to be related with their radical scavenging
activity.
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CKpUHIHI AHTHOKCU/IAHTHOI Ta NPOTH3aNAIbHOL
AKTHBHOCTI moxiHuXx tiomipano[2,3-d]riazony

A. B. Jlo3uncekuii, /1. B. KamiHCbKHIA,
X. b. Pomanuumun, H. I. Cemenuis, B. B. Oryprios,
I. O. Hekreraes, P. b. Jlecuk

MeTa 1aHOTO JOCIHIJKEHHS MOJIArajga y BUBUYCHHI aHTHOKCH-
JAHTHOI Ta aHTHEKCYIAaTUBHOI aKTUBHOCTI MOXiJHUX Tiomipa-
HO [2,3-d]Tia30my ofepkaHUX HAa OCHOBI aMifliB KOPUYHOT KUC-
notu. Metoan. OpraHidyHHMH CHHTE3; CHEKTpalbHI METOIH;
ouinka pagukan normuaiodoi (DPPH rtect) ta anTmekcyna-
THBHOI aKTHBHOCTCH (KapareHiHOBOI MOfeNb HaOpsKy Jaru
mrypa). PesyabsraTtu. [IpoBeneHo BU3HAYCHHS paguKa MOTIIN-
HArO4ol Ta AHTHEKCYJaTHBHOI aKTHMBHOCTI aMiJiB 2-OKcoO-5-
¢enin-7-apun(rerepun)-3,7-gurigpo-2 H-tiomipano[2,3-d]
Tia30J1-6-kapOOHOBUX KUCIOT. Cepell TECTOBAaHUX CIONYK rel-
(5R,6S, 7S)-N-(4-metundenin)-7-(4-metmndenin)-2-oxco-5-
¢denin-3,5,6,7-terpariapo-2H-rionipano[2,3-d]riazomn-6-
KapOOKCcaMijl XapaKTepHu3yBaBCss MAKCHMaJIbHUMU 3HAY€HHAMHU
000x BuAIB akTuBHOCTI. OTpUMaHi JaHi, OYEBUIHO, CBiUaTh
MO BUPAKCHHUI BIUIUB METHJIBHHUX Tpym (Y (eHinbHuX (par-
MEHTaX) Ha peaji3amilo MPOTU3aMaIbHOTO Ta aHTHOKCHAAHT-
HOro e()eKTiB Ta JO03BOJISIIOTH NPHUITYCTHTH aHTHPAJAUKaIbHUM
MEXaHi3M MPOTH3aNaibHOI aKTHBHOCTI CIIOJNYK JAQHOTO DPSy.
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BucnoBku. BeTaHoBneHO NpoTH3anaibHy Ta aHTHPAIUKaIIb-
Hy aKTUBHOCTI psiny TiomipaHo[2,3-d]ria3zomnis, ineHTH(iKOBa-
HO CITONYKH 3 BHCOKUM pPiBHEM aKTHBHOCTI Ta MpoaHalli3oBaHi
JIesIKi aCTIeKTH B3a€MO3B’ 513Ky CTPYKTYpa-aKTHBHICTb.

Kawo4uoBi caosa: tionipano[2,3-d|Tia3011, aHTHOKCHIAHT-
Ha, aHTHEKCY/[aTHBHA aKTUBHICTb.

CKPHHHHT AHTHOKCHIAHTHOIM
U MPOTUBOBOCHAIUTEIbHO AKTHBHOCTH
NMPOU3BOHBIX THONMHPaHO[2,3-d]THa301a

A. B. Jlo3unckuii, /. B. Kamuuckwuid,
X. b. Pomanuynmus, H. I. Cemenmus, B. B. Orypros,
. A. Hekreraes, P. b. Jlecsix

eap 1aHHOTO HCCIIEIOBAaHMS 3aK/II0YaIach B U3y4eHHH aHTH-
OKCHJQHTHOW W aHTUIKCCYJaTHMBHOH aKTHBHOCTU IIPOU3BO-
HBIX THONINPaHO[2,3-d]Tna3o:a nojxy4eHsIX Ha OCHOBE aMH/I0B
KOPUYHOH KHCIOTEL. MeToabl. OpraHNuecKuil CHHTE3; CHEK-
TpalbHBIE METOABI; OLEHKa paaukan nornomatomieir (DPPH
TECT) U aHTHIKCCYJAaTHBHOM aKTMBHOCTEH (KapareHHMHOBAsS
MoJIeJIb OTeKa Janbl Kpeickl). PesyasTarhl. [IpoBeneno uccie-

JIOBaHHE PaJIMKaJl TIONIONIAONIEeH aKTUBHOCTH M aHTHIKCCY/1a-
THUBHOTO aKTUBHOCTH aMHUJIOB 2-OKCO-5-(enun-7-apuin (rere-
pun)- 3,7-gurunpo-2 H-tronmpano|2,3-d|tnazon-6-kapOoHOBEIX
kucaoT. Cpenu UCHBITYeMbIX coeauHeHui rel-(5R,6S,7S)-N-
(4-metungenun)-7-(4-merundennn)-2-okco-5-penun-3,5,6,7-
TeTparuapo-2H-tuonupano|2,3-d|tuazon-6-kapbokcamMus Xa-
paKTepU3NpOBaJICS MAKCUMAaJIbHBIMU 3HAaYCHUSIMH 000X BU-
JI0B aKTUBHOCTH. [loly4eHHbIe JaHHbIE, T0-BUANMOMY, CBHUIE-
TEJNBECTBYIOT O BBIPAKEHHOM BIHMSIHUM METHJIBHBIX T'PyNI (B
(heHMITBHBIX ()parMeHTax) Ha peaNu3anuio MPOTHBOBOCHANIN-
TENBbHOTO ¥ aHTHOKCHJIAHTHOTO 3((EKTOB U MO3BOJISIOT Mpe-
IMOJIOXKUTH aHTI/IpaLlI/IKaHbHI/Iﬁ MEXaHU3M MPOTHBOBOCHAIUTE-
JIbHOW aKTUBHOCTU COEJUHEHUHN NaHHOTrO psina. BeiBoasl. Yc-
TAHOBJICHO IIPOTHBOBOCHIAIUTEIBHYIO H aHTHPAJUKAIBHYIO aK-
THUBHOCTH PsAia THOMHPAHO|[2,3-d|Tna3010B, NACHTHHHUIIIPOBAHO
COEAMHEHNS C BBICOKHM YPOBHEM aKTHBHOCTH, a TaKXKe IpO-
AQHAJIM3HPOBAHbI HEKOTOPHIE ACTIEKTHI B3aMMOCBS3U CTPYKTY-
pa-aKTHBHOCTb.

KaodeBbie caoBa: Tnonupano[2,3-d|Tra3onsl, aHTHOKCH-
JTAHTHASI, aHTHIKCCYJaTHBHAS aKTHBHOCTb.
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