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 Here derivatives of imidazo[2,1-b][1,3]thiazines are attractive objects for organic and medicinal 
chemists. In the present work chemoselective conditions for oxidation of the sulfur atom in the 
6-(2-pyridinyloxy)substituted (benzo)imidazo[2,1-b][1,3]thiazines to the corresponding 
sulfoxides were proposed and their synthesis was performed. Synthesized sulfoxides exist in the 
diastereomeric mixture and individual diastereomers 2a-e and 3a-e were obtained using a 
chromatographic technique. The structure of compounds 2a-e and 3a-e were characterized using 
1H, 13C NMR, LC-MS spectra, and X-ray analysis for derivative 2b. The anti-inflammatory 
activity screening in vivo was performed using the carrageenan model of inflammatory paw 
edema in white rats for all the diastereomeric mixtures and individual diastereomers. 
Diastereomer 2c possessed an anti-inflammatory effect with an inflammation inhibition index of 
46.1% which was equal to the activity of the reference drug diclofenac sodium. 
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1. Introduction  
 

     
     The oxidation reaction of sulfur atoms in organic molecules is a powerful tool for their modification for the purpose of 
design of new derivatives important for both synthetic transformations and structural and biomedical researches.1,2 In 
particular, a number of effective approaches have been developed for the selective oxidation of sulfides to sulfoxides and 
sulfones, among which a special role is assigned to chemo- and biocatalytic methods.3,4 Acyclic and (hetero)cyclic 
compounds, which contain a pharmacologically attractive sulfoxide function, in a significant number of cases tend to 
enhance the biological effect and reduce toxicity or are important intermediate products and building blocks for the design 
of several bioactive compounds.5 Conformationally stable chiral sulfoxides are key structural fragments of many natural 
products and some important pharmaceutical agents. There are among these molecules deserving to the attention drug for 
the treatment of gastric ulcer esomeprazole,6 cardiotonic drug sulmazole,7 non-steroidal anti-inflammatory drug sulindac,8 
drug for the treatment of nervous system disorders modafinil,9 anti-HIV-CCR5 antagonist10 and the natural antibacterial 
component of garlic garlicnin B-211 (Fig. 1). 
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Fig. 1. Approved drugs and biologically active molecules containing sulfoxide group. 

 
        A detailed review of the literature allows us to conclude that the main efforts of researchers were focused at the study 
of structures in which the sulfoxide group is connected to alkyl, aryl, or heteroaryl substituents. Among them, substances 
with vasodilator,12 antitumor13 and antiallergic14 effects were identified and reported. At the same time, compounds in which 
the S=O function is an endocyclic element of the heterocycle have been studied to a much lesser extent and mainly concern 
S-oxides of thiophene,15 its saturated16,17 and benzoannelated18,19 derivatives. In recent years, several publications reported 
on S-oxides of cepham-type β-lactams with pronounced antibacterial activity20 and imidazo[2,1-b][1,3]thiazine 
derivatives21-25 with antituberculosis21,22 and antitrypanosomal action25. Recently we reported on the efficient synthetic 
approaches to the series of new pyridinyloxy-substituted imidazo[2,1-b][1,3]thiazines, which are characterized by 
satisfactory drug-like parameters and anti-inflammatory activity in vivo.26-28 In the present work, we describe the application 
of developed conditions for selective oxidation of the sulfur atom in the molecules of pyridinyloxy-substituted imidazo[2,1-
b][1,3]thiazines to the corresponding sulfoxides and their anti-inflammatory activity screening results.  
 
2. Results and Discussion  

2.1 Chemistry 

        Oxidants such as oxone,24 diacetoiodobenzene,23 Davis reagent,21 and meta-chloroperbenzoic acid (m-CPBA)22, 25 are 
widely used in the modern preparative organic chemistry for the selective oxidation of the sulfur atom to the corresponding 
S-oxide function in the imidazothiazine core. Considering the high efficiency of m-CPBA for the conversion of 6-
oxysubstituted 2-nitro-6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazines25 into the corresponding S=O derivatives, this reagent 
was selected and used for the oxidation of 6-(2-pyridinyloxy)substituted (benzo)imidazo[2,1-b][1,3]thiazines 1a-e. It was 
established that interaction of 1a-e with m-CPBA in a ratio of 1:1 in a solution of dichloromethane in the presence of sodium 
hydrogen phosphate at room temperature for 24 h is characterized by high chemoselectivity and leads to the formation of a 
mixture of diastereomeric sulfoxides 2a-e and 3a-e, the content of which in the reaction medium according to LC-MS was 
94-99 %, and which after the simple preparative procedures was isolated with yields of 74-87 %. The stereochemical result 
of the reaction is clearly confirmed by 1H NMR spectra, in which a doubling of all signals was observed. Comparison of 
the integral intensities of doubled multiplets of H-6 protons (at 6.41-6.65 ppm and at 5.80-6.15 ppm) made it possible to 
determine the ratio of the formed diastereomers: 2a:3a = 1.2:1; 2b:3b = 1.3:1; 2c:3c = 1.9:1; 2d:3d = 1:3.2; 2e:3e = 1.4:1, 
which were separated by column chromatography using the eluent MeOH-CHCl3 (1:50) (Scheme 1, Table 1). 
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Scheme 1. Synthesis of the 5-(trifluoromethyl)pyridine-2-yl-oxy-substituted (benzo)imidazo[2,1-b][1,3]thiazine oxides 

2а-e and 3а-e. 
 
Table 1. Structure characterization and yields of compounds 2a-e and 3a-e. 

Compounds R1 R2 R3 Yields, % 
2a H H Cl 34 
2b Ph Ph H 26 
2c Ph Ph Cl 28 
2d (-CH=CH-)2 H 25 
2e (-CH=CH-)2 Cl 35 
3a H H Cl 21 
3b Ph Ph H 34 
3c Ph Ph Cl 23 
3d (-CH=CH-)2 H 29 
3e (-CH=CH-)2 Cl 19 

 
      The data of 1H, 13C NMR and LC-MS spectra (see the experimental part) confirm the structure of the synthesized 
compounds, however, do not provide clear insights regarding the stereochemistry of the appropriate diastereomers. The 
stereostructure of type 2 isomers was reliably confirmed in the example of compound 2b by X-ray analysis (Fig. 2). This 
diastereomer (chemical shift of the H6 atom in the range 6.41-6.48 ppm) is a racemic mixture of molecules with a relative 
configuration of asymmetric centres (6R,8S).  
 

 
 

Fig. 2. Molecular structure of compound 2b according to X-ray diffraction data. Thermal ellipsoids are shown at the 50% 
probability level. 

      The partially saturated six-membered heterocycle of compound 2b adopts a half-chair conformation, where the S1, C6, 
N1, and C3 atoms lie in a plane with an accuracy of 0.001 Å, and the C1 and C2 atoms deviate from this plane by 0.49 Å 
and -0.38 Å, respectively. The substituent at the C2 atom is located in an equatorial position (the N1–C3–C2–O2 torsion 
angle is -172.2(7)º), and the para-trifluoropyridine fragment is almost orthogonal to the C2–C3 endocyclic bond and turned 
coplanar to the C2–O2 exocyclic bond (the C3–C2–O2–C7 and C2–O2–C7–N3 torsion angles are -84(1)º and 3(1)º, 



 338

respectively). This position of the substituent is due to the steric repulsion between the partially saturated heterocycle and 
the pyridine ring, as evidenced by the shortened C3...N3 intramolecular contact of 3.14 Å (the van der Waals radii sum29 is 
3.21 Å). The presence of two phenyl substituents in the vicinal position leads to disruption of conjugation between their 
aromatic systems and the π-system of the imidazole ring (the С5–С4–С13–С18 and С4–С5–С19–С20 torsional angles are 
-52(2)º and -25(2)º, respectively) due to significant steric repulsion (the shortened intramolecular contacts C20...C13 3.33 
Å, С14…С3 3.15 Å (the van der Waals radii sum is 3.42 Å) and H20...C13 2.77 Å (2.87 Å)). 
 

       Taking into account the molecular structure of diastereomer 2b as well as data of paper30, according to which S=O 
group in six-membered cycles has axial position, (6S,8S) configuration can be assigned to diastereomer 3b. Similar relative 
configurations of the stereogenic centres of the 2a, c-e and 3a, c-e diastereomers are given in the experimental part. 

2.2 Anti-inflammatory activity  

       Synthesized diastereomeric mixtures and individual diastereomers were studied for their anti-inflammatory activity in 
the carrageenin model of inflammatory paw edema in white rats (diclofenac sodium was used as a reference drug).31 The 
screening results (Table 2) showed that all tested diastereomeric mixtures demonstrate anti-inflammatory activity with the 
index of inhibition of the inflammatory process at 20-35%. Whereas the same indicator for the individual diastereomers 
was characterized by values of 30-45%. At the same time, the value of inflammation inhibition index for diclofenac sodium 
in the experiment condition was 52.5 %. Obtained data suggest that peculiarities of the stereoconfiguration of the derivatives 
of 2a-e and 3a-e do not significantly impact on their anti-inflammatory effect. Although, worth noting, that anti-
inflammatory activity of diastereomeric mixtures 2a-2e/3a-3e was lower compared to the activity of the corresponding 
individual diastereomers. In general, the highest level of activity was observed for diastereomer 2c, which contains a 
chlorine atom in the pyridine core and two phenyl substituents in the imidazole ring in the molecule (see Table 2). 

        Comparing the results of the anti-inflammatory activity of the synthesized diastereomers 2a-e/3a-e with similar non-
oxidized imidazo[2,1-b][1,3]thiazines,26 for which the index of inhibition of the inflammatory process was 13.9-26.4%, 
suggests that the presence of a sulfoxide group leads to an increase in anti-exudative activity. 

 
Table 2. In vivo anti-inflammatory activity of compounds 2a-e, 3a-e and their mixtures on carrageenin-induced paw edema 
in white rats (intraperitoneally use; doses: carrageenin 1%, 0.1 mL; diclofenac sodium – 8 mg/kg, tested compounds – 50 
mg/kg; M±m; n=6 in each group) 

Compounds/ 
Reference drug 

Rat hind limb volume increase, 4 h, % Inflammation inhibition 
index, % 

Carrageenin 124.9±9.3 - 
Diclofenac sodium 59.3±6.4 52.5 

2a/3a 98.5±9.3 17.6 
2b/3b 83.4±8.4 35.1 
2c/3c 82.6±6.5 35.5 
2d/3d 93.6±8.6 24.5 
2e/3e 84.2±7.9 34.9 

2a 86.2±7.9 31.0 
2b 78.2±6.3 37.4 
2c 67.3±5.4 46.1 
2d 75.7±4.9 39.4 
2e 72.8±6.1 41.7 
3a 82.8±9.1 33.7 
3b 83.4±7.0 33.2 
3c 74.4±6.2 40.4 
3d 80.4±7.2 35.6 
3e 69.6±5.3 44.3 

 
3. Conclusions  

       In the present paper, the chemoselective approach to the synthesis of [(pyridin-2-yl)oxy]benzo[4,5]imidazo[2,1-
b][1,3]thiazines sulfoxides is proposed. The method is based on the application of m-chlorobenzoic acid and leads to the 
obtaining of the diastereomeric mixtures of the appropriate sulfoxides. The synthesized diastereomeric mixtures were 
divided chromatographically and the structures of the individual diastereomers were characterized by spectral and X-ray 
analysis. The synthesized derivatives were screened for their anti-inflammatory activity in vivo (carrageenin test) and hit-
compound was identified as the most potent with a value of inflammation inhibition index of 46.1%. Obtained data 
contribute to the organic and medicinal chemistry of this type of heterocycles. Thus, this work confirms that heterocycle 
chemistry is one of the most developing branches of science due to its various applications as reported before34-45. 
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4. Experimental 

4.1 Chemistry 

      All the reagents and solvents used in the present work were of the purity grade „chemically pure“. No additional 
purification of the reactants was applied before the syntheses. All the solvents were cleaned by standard methods before 
use. Melting points were measured on a Kofler melting point device and are uncorrected. 1H NMR spectra were acquired 
in pulsed Fourier transform mode on a Varian VXR-400 spectrometer (400 MHz), while 13C NMR spectra were acquired 
on a Bruker Avance DRX-500 spectrometer (126 MHz), using DMSO-d6 as a solvent, reference: δ (TMS) = 0 ppm. Mass 
spectra were recorded on an Agilent LC/MSD SL chromatograph equipped with Zorbax SB-C18 column (4.6x15mm), 
particle size 1.8 µm (PN 82(c)75-932), solvent DMSO, electrospray ionization at atmospheric pressure. Elemental analysis 
was performed on a PerkinElmer 2400 CHN Analyzer. The individuality of the obtained compounds was monitored by 
TLC on Silutol UV-254 plates (eluent МеОН-СНСІ3, 1:50). 

4.1.1 General procedure for the synthesis of sulfoxides pyridinyloxy substituted (benzo)imidazo[2,1-b][1,3]thiazines 2a-e, 
3a-e. m-Chloroperbenzoic acid (8.3 mmol of 60% purity) was added to the mixture of appropriate [(pyridine-2-
yl)oxy](benzo)imidazo[2,1-b][1,3]thiazine 1а-e (5 mmol) and Na2HPО4 (8.3 mmol) in CH2Cl2 (25 mL) and stirred at room 
temperature for 24 h. The organic layer was washed twice with an aqueous solution of Na2SО3 and dried with Na2SО4. 
Solvent was evaporated in vacuum, diastereomers were separated by column chromatography (eluent МеОН-СНСІ3, 1:50). 

4.1.2 (6R*, 8S*)-{[3-Chloro-5-(trifluoromethyl)pyridin-2-yl]oxy}-6,7-dihydro-5H-imidazo[2,1-b] [1,3]thiazine 8-oxide 
(2a). White solid, mp 170-171°С (chloroform); yield 34%. 1Н-NMR (400 MHz, CDCl3): δ 3.41-3.47 (m, 1H), 3.86-3.90 
(m, 1H), 4.26-4.32 (m, 1H), 4.92 (dd, 2J = 12.0, 3J = 8.0 Hz, 1H), 6.48-6.54 (m, 1H), 7.13 (s, 1H), 7.37 (s, 1H), 7.95 (s, 1H), 
8.39 (s, 1H). 13C, NMR (125 MHz, CDCl3): δ = 48.8, 50.2, 65.0, 119.6, 122.1, 122.9 (q, 2JC,F = 33.75 Hz), 123.0 (q, 1JC,F = 
270.75 Hz), 130.8, 136.7 (q, 4JC,F = 3.0 Hz), 142.1, 142.5 (q, 3JC,F = 4.25 Hz), 159.0. MS: m/z 352 (M + H). Anal. Calcd. 
for C12H9ClF3N3O2S (%): C, 40.98; H, 2.58; N, 11.95. Found: С, 41.15; H, 2.56; N, 12.08. 

4.1.3 (6R*,8S*)- 2,3-Diphenyl-{[5-(trifluoromethyl)pyridin-2-yl]oxy}-6,7-dihydro-5H-imidazo[2,1-b] [1,3]thiazine 8-
oxide (2b). White solid, mp 192-193°С (chloroform); yield 26%. 1Н-NMR (400 MHz, CDCl3): δ 3.49-3.55 (m, 1H), 3.80-
3.84 (m, 1H), 4.06 (dd, 2J = 16.0, 3J = 8.0 Hz, 1H), 4.50 (dd, 2J = 12.0, 3J = 4.0 Hz, 1H), 6.41-6.48 (m, 1H), 6.83 (d, 3J = 8.0 
Hz, 1H), 7.24-7.25 (m, 3H), 7.34-7.36 (m, 2H), 7.48-7.54 (m, 5H), 7.84 (d, 3J = 8.0 Hz, 1H), 8.41 (s, 1H). 13C, NMR (125 
MHz, CDCl3): δ = 46.7, 49.6, 63.6, 110.9, 120.9 (q, 2JC,F = 33.75 Hz), 123.1 (q, 1JC,F = 270.0 Hz), 126.5, 126.8, 127.8, 
128.1, 128.9, 129.1, 129.9, 131.0, 132.5, 136.0 (d, 4JC,F = 2.5 Hz), 140.2, 141.4, 144.4 (q, 3JC,F = 5.0 Hz), 163.9. MS: m/z 
470 (M + H). Anal. Calcd. for C24H18F3N3O2S (%): C, 61.40; H, 3.86; N, 8.95. Found: С, 61.59; H, 3.88; N, 8.87. 

4.1.4(6R*,8S*)-[(3-Chloro-5-(trifluoromethyl)pyridin-2-yl)oxy]-2,3-diphenyl-6,7-dihydro-5H-imidazo[2,1-b][1,3]thiazine 
8-oxide (2c). White solid, mp 228-229°С (chloroform); yield 28%. 1Н-NMR (400 MHz, CDCl3): δ 3.41 (dd, 2J = 14.0, 3J = 
10.0, Hz, 1H), 3.93 (dd, 2J = 12.0, 3J = 4.0, Hz, 1H), 4.09 (dd, 2J = 12.0, 3J = 8.0, Hz, 1H), 4.56 (dd, 2J = 14.0, 3J = 6.0 Hz, 
1H), 6.46-6.52 (m, 1H), 7.21-7.25 (m, 3H), 7.37-7.39 (m, 2H), 7.49-7.52 (m, 5H), 7.91 (m, 1H), 8.32 (s, 1H). 13C, NMR 
(125 MHz, DMSO-d6): δ = 47.1, 48.8, 65.9, 118.6, 121.2 (q, 2JC,F = 33.75 Hz), 123.5 (q, 1JC,F = 271.25 Hz), 126.8, 127.6, 
128.8, 128.9, 129.8, 130.0, 130.9, 131.4, 133.7, 137.8 (d, 4JC,F = 2.5 Hz), 139.4, 142.9, 143.3 (q, 3JC,F = 5.0 Hz), 159.7. MS: 
m/z 504 (M + H). Anal. Calcd. for C24H17ClF3N3O2S (%): C, 57.20; H, 3.40; N, 8.34. Found: С, 57.02; H, 3.43; N, 8.41. 

4.1.5 (1S*,3R*)-{[5-(Trifluoromethyl)pyridin-2-yl]oxy}-3,4-dihydro-2H-benzo[4,5]imidazo[2,1-b][1,3]thiazine 1-oxide 
(2d). White solid, mp 222-223°С (chloroform); yield 25%. 1Н-NMR (400 MHz, CDCl3): δ 3.66 (dd, 2J = 12.0, 3J = 8.0 Hz, 
1H), 3.93-3.97 (m, 1H), 4.42 (dd, 2J = 12.0, 3J = 8.0 Hz, 1H), 5.00 (dd, 2J = 12.0, 3J = 4.0 Hz, 1H), 6.59-6.65 (m, 1H), 7.28 
(s, 1H), 7.42-7.50 (m, 3H), 7.93-7.96 (m, 2H), 8.41 (s, 1H). 13C, NMR (150 MHz, DMSO-d6): δ = 46.1, 48.7, 65.6, 111.6, 
118.2, 120.3, 120.9 (q, 2JC,F = 33.15 Hz), 123.1 (q, 1J = 270.6 Hz), 123.7, 124.8, 134.5, 136.7 (d, 4JC,F = 3.6 Hz), 142.2, 
143.0 (q, 3JC,F = 4.2 Hz), 148.9, 159.2. MS: m/z 368 (M + H). Anal. Calcd. for C16H12F3N3O2S (%): C, 52.31; H, 3.29; N, 
11.44. Found: С, 52.50; H, 3.25; N, 11.56. 

4.1.6 (1S*,3R*)-{[3-Chloro-5-(trifluoromethyl)pyridin-2-yl]oxy}-3,4-dihydro-2H-benzo[4,5]-imidazo[2,1-b][1,3]thiazine 
1-oxide (2e). White solid, mp 217-219°С (chloroform); yield 35%. 1Н-NMR (400 MHz, CDCl3): δ 3.67 (dd, 2J = 14.0, 3J = 
10.0 Hz, 1H), 3.90-3.93 (m, 1H), 4.41 (dd, 2J = 12.0, 3J = 8.0 Hz, 1H), 4.97 (dd, 2J = 12.0, 3J = 4.0 Hz, 1H), 6.56-6.61 (m, 
1H), 7.39-7.47 (m, 3H), 7.91-7.95 (m, 2H), 8.41 (s, 1H). 13C, NMR (125 MHz, DMSO-d6): δ = 46.1, 48.7, 65.6, 111.6, 
118.2, 120.4, 120.9 (q, 2JC,F = 32.5 Hz), 123.1 (q, 1JC,F = 271.25 Hz), 123.7, 124.9, 134.5, 136.8 (d, 4JC,F = 2.5 Hz), 142.2, 
143.0 (d, 3JC,F = 5.0 Hz), 148.9, 159.6. MS: m/z 402 (M + H). Anal. Calcd. for C16H11ClF3N3O2S (%): C, 47.83; H, 2.76; N, 
10.46. Found: С, 47.65; H, 2.72; N, 10.57. 

4.1.7 (6S*, 8S*)-{[3-Chloro-5-(trifluoromethyl)pyridin-2-yl]oxy}-6,7-dihydro-5H-imidazo[2,1-b][1,3] thiazine 8-oxide 
(3a). White solid, mp 152-153°С (chloroform); yield 21%. 1Н-NMR (400 MHz, CDCl3): δ = 3.96-4.06 (m, 2H), 4.49-4.54 
(m, 1H), 4.72-4.77 (m, 1H), 6.10-6.15 (m, 1H), 7.09 (s, 1H), 7.25 (s, 1H), 7.93 (s, 1H), 8.37 (s, 1H). 13C, NMR (125 MHz, 
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CDCl3): δ = 48.6, 54.3, 67.5, 118.8, 121.4, 122.2 (q, 2JC,F = 33.75 Hz), 122.3 (q, 1JC,F = 271.25 Hz), 130.1, 136.0 (d, 3JC,F = 
6.25 Hz), 141.4, 141.8 (q, 4JC,F = 3.75 Hz), 158.3. MS: m/z 352 (M + H). Anal. Calcd. for C12H9ClF3N3O2S (%): C, 40.98; 
H, 2.58; N, 11.95. Found: С, 41.20; H, 2.60; N, 11.85. 

4.1.8 (6S*, 8S*)-2,3-Diphenyl-6-{[5-(trifluoromethyl)pyridin-2-yl]oxy}-6,7-dihydro-5H-imidazo[2,1-b] [1,3]thiazine 8-
oxide (3b). White solid, mp 129-130°С (chloroform); yield 34%. 1Н-NMR (400 MHz, CDCl3): δ 3.98-4.06 (m, 2H), 4.21 
(dd, 2J = 14.0, 3J = 6.0, Hz, 1H), 4.34 (dd, 2J = 12.0, 3J = 4.0 Hz, 1H), 6.07-6.12 (m, 1H), 6.89 (d, 3J = 8.0 Hz, 1H), 7.22-
7.23 (m, 3H), 7.33 (d, 3J = 8.0 Hz, 2H), 7.46-7.54 (m, 5H), 7.84-7.87 (m, 1H), 8.40 (s, 1H). 13C, NMR (125 MHz, CDCl3): 
δ = 47.0, 54.5, 66.3, 111.4, 121.4 (q, 2JC,F = 32.5 Hz), 123.9 (q, 1JC,F = 270.0 Hz), 126.7, 127.1, 127.8, 128.0, 129.0, 129.4, 
130.0, 130.1, 132.1, 136.3 (d, 4JC,F = 3.75 Hz), 139.3, 140.8, 144.2 (q, 3JC,F = 3.75 Hz), 162.5. MS: m/z 470 (M + H). Anal. 
Calcd. for C24H18F3N3O2S (%):C, 61.40; H, 3.86; N, 8.95. Found: С, 61.63; H, 3.83; N, 8.88. 

4.1.9 (6S*, 8S*)-[(3-Chloro-5-(trifluoromethyl)pyridin-2-yl)oxy]-2,3-diphenyl-6,7-dihydro-5H-imidazo [2,1-b] 
[1,3]thiazine 8-oxide (3c). White solid, mp 235-236°С (chloroform); yield 23%. 1Н-NMR (400 MHz, CDCl3): δ 3.80-3.85 
(m, 2H), 4.25 (dd, 2J = 12.0, 3J = 4.0 Hz, 1H), 4.49 (dd, 2J = 12.0, 3J = 8.0 Hz, 1H), 5.80-5.86 (m, 1H), 7.21-7.26 (m, 3H), 
7.39-7.41 (m, 2H), 7.52-7.55 (m, 5H), 7.90 (m, 1H), 8.30 (s, 1H). 13C, NMR (150 MHz, DMSO-d6): δ = 46.8, 48.4, 66.9, 
118.8, 120.7 (q, 2JC,F = 33.0 Hz), 123.6 (q, 1JC,F = 271.5 Hz), 126.7, 127.5, 128.8, 129.3, 130.0, 130.1, 130.9, 131.0, 133.9, 
136.7 (d, 4JC,F = 3.0 Hz), 138.8, 142.9, 143.1 (q, 3JC,F = 6.0 Hz), 160.2. MS: m/z 504 (M + H). Anal. Calcd. for 
C24H17ClF3N3O2S (%): C, 57.20; H, 3.40; N, 8.34. Found: С, 57.39; H, 3.45; N, 8.27. 

4.1.10 (1S*,3S*)-{[5-(Trifluoromethyl)pyridin-2-yl]oxy}-3,4-dihydro-2H-benzo[4,5]imidazo[2,1-b][1,3]thiazine 1-oxide 
(3d). White solid, mp 231-232°С (chloroform); yield 29%. 1Н-NMR (400 MHz, CDCl3): δ 3.83-3.87 (m, 1H), 3.96 (dd, 2J 
= 13.6, 3J = 7.6 Hz, 1H), 4.66-4.71 (m, 1H), 4.76 (dd, 2J = 12.6, 3J = 6.6 Hz, 1H), 5.99-6.05 (m, 1H), 7.39-7.47 (m, 4H), 
7.92-7.96 (m, 2H), 8.36 (s, 1H). 13C, NMR (400 MHz, CDCl3): δ = 46.4, 48.9, 65.9, 111.8, 118.4, 120.6, 121.1 (q, 2JC,F = 
33.15 Hz), 123.3 (q, 1JC,F = 270.6 Hz), 123.9, 125.1, 134.7, 137.0 (d, 4JC,F = 3.6 Hz), 142.5, 143.3 (q, 3JC,F = 4.2 Hz), 149.1, 
159.5. MS: m/z 368 (M + H). Anal. Calcd. for C16H12F3N3O2S (%): C, 52.31; H, 3.29; N, 11.44. Found: С, 52.48; H, 3.31; 
N, 11.36. 

4.1.11 (1S*,3S*)-{[3-Chloro-5-(trifluoromethyl)pyridin-2-yl]oxy}-3,4-dihydro-2H-benzo[4,5]imidazo[2,1-b][1,3]thiazine 
1-oxide (3e). White solid, mp 234-235°С (chloroform); yield 19%. 1Н, NMR (400 MHz, CDCl3): δ 3.85-3.90 (m, 1H), 3.98 
(dd, 2J = 12.0, 3J = 8.0 Hz, 1H), 4.70 (dd, 2J = 12.0, 3J = 4.0 Hz, 1H), 4.78 (dd, 2J = 14.0, 3J = 6.0 Hz, 1H), 6.01-6.07 (m, 
1H), 7.42-7.48 (m, 3H), 7.94-7.97 (m, 2H), 8.38 (s, 1H). 13C, NMR (150 MHz, DMSO-d6): δ = 46.8, 47.5, 66.6, 111.9, 
118.9, 120.7, 120.8 (q, 2JC,F = 33.0 Hz), 123.6 (q, 1J = 270.0 Hz), 123.9, 125.0, 134.8, 136.8 (d, 4JC,F = 3.0 Hz), 142.4, 143.2 
(d, 3JC,F = 4.5 Hz), 149.2, 160.2. MS: m/z 402 (M + H). Anal. Calcd. for C16H11ClF3N3O2S (%): C, 47.83; H, 2.76; N, 10.46. 
Found: С, 48.01; H, 2.71; N, 10.35. 

4.2. X-Ray crystal structure determination 

      The colorless crystals of 2b (C24H18F3N3O2S) are orthorhombic. At 293 K a = 21.4821(18), b = 19.7731(14), c = 
5.0929(4) Å, V = 2163.3(3) Å3, Mr = 469.47, Z = 4, space group Pna21, dcalc= 1.441 g/сm3, μ(MoKα) = 0.203 mm-1, F(000) 
=968. Intensities of 18341 reflections (3807 independent, Rint=0.109) were measured on the « Bruker APEX-II CCD» 
diffractometer (graphite monochromated MoKα radiation, CCD detector, phi- and ω-scaning, 2Θmax = 50°). 

      The structure was solved by the direct method using SHELXTL package.32, 33 Positions of the hydrogen atoms were 
located from electron density difference maps and refined by the “riding” model with Uiso = 1.2Ueq of the carrier atom. Full-
matrix least-squares refinement against F2 in anisotropic approximation for non-hydrogen atoms using 3807 reflections was 
converged to wR2 = 0.165 (R1 = 0.091 for 2058 reflections with F>4σ(F), S = 1.110). 
The final atomic coordinates and crystallographic data for molecule 2b have been deposited to with the Cambridge 
Crystallographic Data Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk) 
and are available on request quoting the deposition numbers CCDC 2214033). 
 
4.3 In vivo anti-inflammatory screening 

        The male albino rats weighing 180-220 g were used for the anti-exudative activity study. The animals were treated 
humanely throughout the study period adhering to the guideline for the use and care of animals in the declaration of Helsinki 
(National Research Council, 2011). The experiment design and study protocol were approved by the Animal Ethics 
Committee of the Danylo Halytsky Lviv National Medical University, protocol No.10, March 17, 2021. The carrageenin-
induced hind paw edema was produced by the method of Winter et al.31 The compounds synthesized were intraperitoneally 
injected in a dose of 50 mg/kg (in saline solution with one drop of Tween-80™). Diclofenac (tablets “Diclofenac sodium”, 
“Zdorovja narodu”, Ukraine) in dose 8 mg/kg was used as a reference drug. The antiexudative activity (inflammation 
inhibition) was expressed as a decrease in rats paw edema, was calculated using the equation, and was given in percentage: 
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Inhibition index,% = (∆Vcontrol-∆Vexperiment)/∆Vcontrol*100% 

where, ΔVcontrol and ΔVexperiment – the mean values of the volume difference for control and experimental animals 
hinds respectively. 

References  

1. Mangiavacchi F., Crociani L., Sancineto L., Marini F., Santi C. (2020) Continuous Bioinspired Oxidation of 
Sulfides. Molecules. 25 (11) 2711-2721. 

2. Salom-Roig X., Bauder C. (2020) Recent Applications in the Use of Sulfoxides as Chiral Auxiliaries for the 
Asymmetric Synthesis of Natural and Biologically Active Products. Synthesis. 52 964-978.  

3. Bäckvall J.-E. (2010) Modern Oxidation Methods, 2nd ed.; Completely rev. and enlarged ed.; Wiley-
VCH:Weinheim, Germany. ISBN 978-3-527-32320-3. 

4. Anselmi S., Aggarwal N., Moody T., Castagnolo D. (2020) Unconventional biocatalytic approaches for the 
synthesis of chiral sulfoxides. ChemBioChem. 22 (2) 298-307. 

5. Xu F., Chen Y., Fan E., Sun Z. (2016) Synthesis of 3-Substituted Aryl [4,5] isothiazoles through an All-Heteroatom 
Wittig-Equivalent Process. Org. Lett. 18 2777-2779.  

6. Spencer C.M., Faulds D. (2000) Esomeprazole. Drugs. 60 321–329. 
7. Barraclough P., Black J.W., Cambridge D., Collard D., Firmin D., Gerskowitch V.P., Glen R.C., Giles H., Hill 

A.P. (1990) Inotropic "A" ring substituted sulmazole and isomazole analogues. J. Med. Chem. 33 (8) 2231-9. 
8. Aono Y., Horinaka M., Iizumi Y., Watanabe M., Taniguchi T., Yasuda S., Sakai T. (2018) Sulindac sulfone inhibits 

the mTORC1 pathway in colon cancer cells by directly targeting voltage-dependent anion channel 1 and 2. 
Biochem. Biophys. Res. Commun. 505 1203–1210. 

9. Engber T.M., Koury E.J., Dennis S.A., Miller M.S., Contreras P.C., Bhat R.V. (1998) Differential patterns of 
regional c-Fos induction in the rat brain by amphetamine and the novel wakefulness-promoting agent modafinil. 
Neurosc. Lett. 241 (2-3) 95-98. 

10. Seto M., Aikawa K., Miyamoto N., Aramaki Y., Kanzaki N., Takashima K., Kuze Y., Iizawa Y., Baba M., Shiraishi 
M. (2006) Highly Potent and Orally Active CCR5 Antagonists as Anti-HIV-1 Agents: Synthesis and Biological 
Activities of 1-Benzazocine Derivatives Containing a Sulfoxide Moiety. J. Med. Chem. 49 2037-2048.  

11.  Nohara T., Fujiwara Y., Ikeda T., Murakami K., Ono M., Nakano D. and Kinjo J. (2013) Cyclic Sulfoxides 
Garlicnins B2, B3, B4, C2, and C3 from Allium sativum. Chem. Pharm. Bull. 61 (7) 695-699. 

12. Hasato A., Tanaka T., Kurozumi S. (1983) Teijin. JP Patent 59 175 465.  
13. Alessio E. et al. (1990) Boehringer Biochemia Robin. EP Patent 471 709. 
14. Reinholz E. et al. (1987) Boehringer. EP Patent 232 820. 
15. Gramec D., Mašič L.P., Dolenc M.S. (2014) Bioactivation Potential of Thiophene-Containing Drugs. Chem. Res. 

Toxicol. 27 (8) 1344-1358. 
16. Nohara T., Fujiwara Y., Komota Y., Kondo Y., Saku T., Yamaguchi K., Komohara Y. and Takeya M. (2015) 

Cyclic Sulfoxides-Garlicnins K1, K2, and H1-Extracted from Allium sativum. Chem. Pharm. Bull. 63 (2) 117-
121. 

17. Nohara T., Fujiwara Y., El-Aasr M., Ikeda T., Ono M., Nakano D. and Kinjo J. (2017) Antitumor Allium Sulfides. 
Chem. Pharm. Bull. 65 (3) 209-217. 

18. He Zh., Shrives H., Fernández-Salas J. A., Abengózar A., Neufeld J., Yang K., Pulis A.P., Procter D.J. (2018) 
Synthesis of C2 Substituted Benzothiophenes via an Interrupted Pummerer/[3,3]-Sigmatropic/1,2-Migration 
Cascade of Benzothiophene S-Oxides. Angew. Chem. Int. Ed. 57 (20) 5759-5764. 

19. Yang K., Pulis A. P., Perry G.J.P., Procter D.J. (2018) Transition-Metal-Free Synthesis of C3-Arylated 
Benzofurans from Benzothiophenes and Phenols. Org. Lett. 20 (23) 7498-7503. 

20. Sato J., Kusano H., Aoki T., Shibuya S., Yokoo K., Komano K., Oguma T., Matsumoto S., Sato T., Yasuo K., 
Yamawaki K. (2021) A novel tricyclic β-lactam exhibiting potent antibacterial activities against carbapenem-
resistant Enterobacterales: Synthesis and structure-activity-relationships. Bioorg. Med. Chem. 46 116343. 

21. Thompson A.M., Blaser A., Anderson R.F., Shinde S.S., Franzblau S.G., Ma Zh., Denny W.A., Palmer B.D. (2009) 
Synthesis, reduction potentials, and antitubercular activity of ring A/B analogues of the bioreductive drug (6S)-2-
nitro-6-{[4-(trifluoromethoxy)benzyl]oxy}-6,7-dihydro-5H-imidazo[2,1-b][1,3]oxazine (PA-824). J. Med. Chem. 
52 (3) 637-645. 

22. Kim P., Kang S., Boshoff H.I., Jiricek J., Collins M., Singh R., Manjunatha U.H., Niyomrattanakit P., Zhang L., 
Goodwin M., Dick T., Keller T.H., Dowd C.S., Barry C.E. (2009) Structure-Activity Relationships of 
Antitubercular Nitroimidazoles. II. Determinants of aerobic activity and quantitative structure-activity 
relationships. J. Med. Chem. 52 (5) 1329-1344. 

23. Wang R., Qian W., Bao W. (2012) Imidazobenzothiazine and primidobenzothiazine derivatives synthesis via an 
aliphatic SN2 substitution/Cu (I) catalyzed Ullmann coupling cascade process. Tetrahedron Lett. 53 (4) 442-445. 

24. Teng Q., Singh C., Hana Y. and Huynh H.V. (2020) Fused azole-thiazolines via one-pot cyclization of 
functionalized N-heterocyclic carbene precursors. Org. Biomol. Chem. 18 (13) 2487-2491. 



 342

25. Thompson A.M., Marshall A.J., Maes L., Yarlett N., Bacchi C.J. (2018) Assessment of a pretomanid analogue 
library for African trypanosomiasis: Hit-to-lead studies on 6-substituted 2-nitro-6,7-dihydro-5H-imidazo[2,1-
b][1,3]thiazine 8-oxides. Bioorg. Med. Chem. Lett. 28 (2) 207-213. 

26. Saliyeva L., Slyvka N., Litvinchuk M., Holota S., Grozav A., Yakovychuk N., Vovk M. (2022) Synthesis and 
evaluation of bioactivity of (2-pyridinyloxy)substituted (benzo)imidazo[2,1-b][1,3]thiazines. Biointerface Res. 
Appl. Chem. 12 (4) 5031 – 5044.  

27. Slyvka N., Saliyeva L., Holota S., Tkachuk V., Vaskevych A., Vaskevych R.,Vovk M. (2023) Convenient 
synthesis of 4-pyridinyloxy-modified imidazo[2,1-b][1,3]thiazines as potential anti-inflammatory agents. 
Biointerface Res. Appl. Chem. 13 (1) 6033 – 6044.  

28. Slyvka N., Saliyeva L., Holota S., Khyluk D., Tkachuk V. and Vovk M. (2023) Sulfones of Pyridinyloxy-
Substituted Imidazo[2,1-b][1,3]thiazines: Synthesis, Anti-Inflammatory Activity Evaluation In Vivo and Docking 
Studies. Lett. Drug Des. Discov. (DOI: 10.2174/1570180819666220812144409). 

29. Zefirov Yu.V. (1997) Kristallographiya. 42 (5) 936-958. 
30. Potapov V.A., Amosova S.V., Doron’kina I.V., Korsun O.V. (2003) A synthesis of 1-thia-4-

chalcogenacyclohexane-1-oxides and 1,1-dioxides. J. Organomet. Chem. 674 (1-2) 104-106. 
31. Winter, C.A.; Risley, E.A.; Nuss, G.W. (1962) Carrageenin-induced edema in hind paw of the rat as an assay for 

antiiflammatory drugs. Proc. Soc. Exp. Biol. Med. 111544-547.  
32. Sheldrick G.M. (2015) SHELXT - Integrated space-group and crystal-structure determination Acta Crystallogr. A. 

71 3-8.  
33. Sheldrick G.M. (2015) Crystal structure refinement with SHELXL. Acta Crystallogr. С. 71 3-8. 
34. Pathania S, Narang R.K, Rawal R.K. (2019) Role of sulphur-heterocycles in medicinal chemistry: An update. Eur 

J Med Chem. 180 486-508.  
35. Garella D., Borretto E., Di Stilo A., Katia Martina K. Cravotto G. and Cintas P. (2013) Microwave-assisted 

synthesis of N-heterocycles in medicinal chemistry. Med. Chem. Commun. 4 1323-1343.  
36. Henary M.,  Kananda C.,  Rotolo L., Savino B., Owens E.A. and Cravotto G. (2020) Benefits and applications of 

microwave-assisted synthesis of nitrogen containing heterocycles in medicinal chemistry. RSC Adv. 10 14170-14197. 
37. Wu G., Yin W., Shen H.C., Huang Y. (2012) One-pot synthesis of useful heterocycles in medicinal chemistry using a 

cascade strategy Green Chem. 14 580-585. 
38. Baumann M., Baxendale I.R., Ley S.V. (2011) The flow synthesis of heterocycles for natural product and 

medicinal chemistry applications. Mol. Divers. 15 613–630. 
39. Marson C.M. (2017) Saturated Heterocycles with Applications in Medicinal Chemistry. Adv. Heterocycl. Chem. 

121 13-33. 
40. Al-Mulla A. (2017) A Review: Biological Importance of Heterocyclic Compounds. Der Pharm. Chem. 9 (13) 141-

147. 
41. Luo Y., Li B., Wang W., Wu K., Tan B. (2012) Hypercrosslinked Aromatic Heterocyclic Microporous Polymers: 

A New Class of Highly Selective CO2 Capturing Materials. Adv. Mater. 24 (42) 5703-5707. 
42. Smith C.A., Narouz M.R., Lummis P.A., Singh I., Nazemi A., Li C-H. and Crudden C.M. (2019) N-Heterocyclic 

Carbenes in Materials Chemistry. Chem. Rev. 119 (8) 4986–5056. 
43. Gao H., Zhang Q. and Shreeve J.M. (2020) Fused heterocycle-based energetic materials (2012–2019). J. Mater. 

Chem. A 8 4193-4216. 
44. Chen D., Su S-J. and Cao Y. (2014) Nitrogen heterocycle-containing materials for highly efficient phosphorescent OLEDs 

with low operating voltage. J. Mater. Chem. C 2 9565-9578. 
45.      Thanneeru S., Ayers K.M., Anuganti M., Zhang L., Kumar C.V., Ung G., He J. (2020) N-Heterocyclic Carbene-

Ended Polymers as Surface Ligands of Plasmonic Metal Nanoparticles. J. Mater. Chem. C 8 2280-2288. 
 

 

© 2023 by the authors; licensee Growing Science, Canada. This is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


