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Abstract: In this study, in order to further search anti-inflammatory drugs with high efficiency and low toxicity, this 

study took the ring of indoles and imidazole [2,1-b] thiazole as the main skeleton. A total of nine new N-1-substituted 

derivatives of indole-2-carboxyamide-phenylimidazoles [2,1-b] thiazole (13-20) was synthesized through the processes 

of cyclization, amino reduction, ester hydrolysis, dehydration condensation, and acyl chloride substitution. These 

derivatives were then tested for their ability to reduce inflammation in RAW 264.7 macrophages. There was a significant 

majority of these compounds that effectively suppressed the production of NO, IL-6, and TNF-α in RAW 264.7 cells that 

were stimulated by LPS. One of these compounds, compound 19, was shown to be capable of efficiently lowering the 

levels of LPS-induced over expression of a number of inflammatory mediators. The inhibition rates for compound 19 

were 54.66%, 68.82% and 43.74%, respectively. Additionally, an initial structure-activity relationship evaluation was 

carried out. The findings indicate that the incorporation of substituted benzyl moieties at the same position provided N-

benzylation compounds with a positive anti-inflammatory effect. The electrophilicity of the substituent on the benzyl 

group had the potential to have an effect on the anti-inflammatory effect, which is something that calls for further 

investigation. 
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INTRODUCTION 
 

One of the most important physiological responses that is 

triggered to protect against illnesses and damage to tissues 

that are caused by pathogens is inflammation (Kim et al., 

2023). However, if these inflammatory responses persist 

for an extended period of time, they can increase the risk 

of developing a range of autoimmune disorders, 

respiratory conditions, osteoarticular ailments and 

rheumatoid joint diseases (Zhao et al., 2018, Luan et al., 

2022). Macrophages play a crucial role in regulating host 

defense by producing pro-inflammatory mediators, 

including nitric oxide (NO), interleukin-6 (IL-6), in 

addition to tumor necrosis factor-α (TNF-α) (Das 2023, 

Wang et al., 2018). While they contribute to antimicrobial 

responses, they can also have detrimental effects such as 

septic infection and acute lung injury (Wang et al., 2023, 

Cohen 2002, Schulte et al., 2013, Imam et al., 2015). It 

has been confirmed that NO, IL-6 and TNF-α can regulate 

the occurrence of septic infection through various 

cytokine signaling pathways (Lazarov et al., 2023, Naffaa 

et al., 2013, Lv et al., 2014). These observations strongly 

indicate that endogenous ignition contributes significantly 

to the septic infection's growth throughout its acute stage. 

Therefore, Targeting and inhibiting the pro-inflammatory 

factors may be an appropriate approach to developing 

new therapeutic strategies (Johnston and Webster et al., 

2009, Merrill et al., 2011). 

 

Recent years have seen a tremendous increase in the 

amount of attention paid to the chemistry and biology of 

fusion heterocyclic systems. This is mostly owing to the 

wide variety of physiological functions that these systems 

exhibit. (Cooper et al., 2023, Bertamino et al., 2015, 

Parrino et al., 2015). Imidazole [2,1-b] thiazole 

compounds have attracted significant attention within the 

realm of heterocyclic compounds because of their wide 

array of pharmacological effects, which have been widely 

demonstrated to possess antibacterial activity 

(Guzeldemirci et al., 2010, Cascioferro et al., 2019), 

antituberculosis activity (Chitti et al., 2022), antifungal 

activity (Sbenati et al., 2021), antitumor activity (Kamal 

et al., 2010), antiviral activity (Barradas et al., 2011, 

Pehlivan et al., 2018), anthelminthic activity (Shetty et al., 

2010), analgesic activity (Shahrasbi et al., 2018), anti-

inflammatory property (Bhongade et al., 2016), 

hypotensive effects (Andreani et al., 1992), 

cardiovascular impacts (Andreani et al., 1985) as well as 

diuretic properties (Andreani et al., 1987) and herbicide 

activities (Andreani et al., 1996). The rise in the number 

of experimental investigations that have been carried out 

in this area may be attributed to the fact that, over the 

course of the last few years, there has been a rising 

curiosity among researchers in investigating the possible 

medicinal applications of imidazole [2,1-b] thiazole 
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derivatives. The anti-inflammatory properties of the 

compounds (1) and (2) have been proved to be 

outstanding in experimental animals (Shetty et al., 2010).  

 

The structural groups of indole derivatives are of utmost 

significance in the area of medicinal chemistry. This is 

due to the fact that these specific groups are often 

discovered in naturally occurring and bioactive 

compounds (Song et al., 2019). In addition, a multitude of 

additional studies have showcased the compound's 

immense promise in the realm of disease management. 

Indole demonstrates remarkable anti-inflammatory 

activity and is extensively utilized as a key 

pharmacophore in the development of NSAIDs for 

treating clinically significant inflammatory diseases.  

 

For instance, in 1965, the U.S. approved indomethacin (3) 

for the treatment of pyrexia, analgesia, and inflammation-

caused edema. Acetomethicine (4) has shown significant 

therapeutic effects in both rheumatoid arthritis and 

osteoarthritis. Pfizer manufactures the antirheumatic drug 

tenidap (5), which exhibits exceptional properties for 

treating rheumatic conditions. By suppressing the 

formation of prostaglandins and other substances that 

induce inflammatory symptoms, indole anti-inflammatory 

medications, which are extensively used in the medical 

profession, are able to successfully decrease fever, 

discomfort, stiffness and edema. However, despite their 

significant therapeutic benefits, these drugs have potential 

side effects including headaches, heartburns, diarrhea, 

skin redness or allergic reactions and intestinal gas. 

 

We hypothesize that this chemical includes these two 

structures and speculate on its potential significance 

throughout an inflammatory agent treatment, based on the 

prevalence of imidazole [2,1-b] thiazoles and indole 

derivatives in nature and their influence on 

pharmaceutical chemistry. Given ongoing interest in 

discovering novel compounds with anti-inflammatory 

properties, we have developed and synthesized indole-

ring derivatives of imidazole [2,1-b] thiazoles to 

investigate their in vitro anti-inflammatory activity by 

evaluating their intervention against the production of 

various pro-inflammatory factors (Scheme 1). 

 

MATERIALS AND METHODS 
 

Materials  

In general, reagent grade chemical agents and organic 

solvents are typically not subjected to additional 

purification processes. (Changzheng Chemical Plant, 

Chengdu, Sichuan, China). TLC experiments were 

performed on 0.20 mm silica gel 60 F254 plates (Qingdao 

Marine Chemical Plant, Shandong, China). The melting 

point was determined using a WRS-1B melting device 

without correction. The nuclear magnetic resonance 

(NMR) spectra, which included 1H and 13C, were acquired 

by using a Bruker apparatus inside a DMSO-d6 solution 

and running at either 400 or 100 MHz. The peak positions 

were determined by referencing them to tetramethylsilane 

parts per million (δ). J is measured in Hertz. Mass spectra 

were obtained using Agilent 6210 ESI/TOF or Agilent 

6545 LC/Q-TOF mass spectrometers. All synthesized 

compounds were confirmed to have a purity level 

exceeding 95% through HPLC analysis. 

 

Synthesis of ethyl 6-(4-nitrophenyl) imidazole [2,1-b] 

thiazole-3-carboxylate (8) 

In a solution of dioxane (100mL), the 2-aminothiazol-4-

carboxylate (6) (4.2g, 24.2mmol) was thoroughly mixed 

with 2-bromoacetophenone) (5.9g, 24.2mmol). Over the 

course of 12 hours, the solution was refluxed at 110°C. 

After it had cooled to the temperature of the surrounding 

environment, the resultant precipitate that was produced 

was passed through filtering through silica gel. Following 

three 50mL ethanol washes, the hydrobromides were 

dried to produce the compound (8), which was a light 

yellow powder weighing 6.31g with a yield of 82%. 

 

Synthesis of ethyl 6-(4-aminophenyl) imidazole [2,1-b] 

thiazole-3-carboxylate (9) 

At room temperature, the tin chloride (II) dihydrate (3.5g, 

15.6mmol) was then poured into concentrated 

hydrochloric acid (25mL) and the liquid was vigorously 

agitated. Subsequently, the mixed solution was 

supplemented with the compound (8) (1.0g, 3.2mmol). 

After that, There was a rise in temperature to 65°C and 

the entire mixture was swirled for ten minutes to generate 

a pink suspension. Afterward, the temperature was 

reduced and continued stirring for an additional hour 

before collecting the solid through suction filtration.  

 

After dissolving the obtained solid in water, sodium 

hydroxide was added in order to get the pH level up to a 

level higher than 7. The resulting solution underwent 

extraction with water and dichloromethane, followed by 

drying of the organic phase using MgSO4. After going 

through the filtering process, the solvent became highly 

concentrated, which led to the production of a solid that 

was light yellow in color and weighed 622mg. This solid 

was identified as the chemical called (9). The yield was 

70.2%. mp157.1-158.2°C; 1H-NMR (DMSO-d6, 400), 

(J=Hz) δH: 1.41 (3H, t, J 7.2), 4.44 (2H, q, J 7.2 ), 5.17 

(2H, s), 6.52-6.57 (1H, m), 7.08 (2H, d, J 6.6),7.18 (1H, s), 

8.28 (2H, d, J 19.7); 13C-NMR (DMSO-d6, 101): 14.5, 

62.3, 110.2, 111.0, 113.3, 113.7, 123.4, 124.7, 129.6, 

134.7, 148.0, 148.4, 149.3, 158.0; HR-EI-MS, (m/z): 

288.1137 [M+ H]+ (C14H13N3O2S: 287.34). 

 

Synthesis of 5-nitro-1H-indole-2-carboxylic acid (11) 

The compound (10) (23.6g, 0.1mol) was then immersed 

in a solution of tetrahydrofuran and methanol (V:V = 1:1) 

at the ambient temperature with a volume of 500mL. 
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Scheme 1: The concept of the design of the structural formula of the target compound 

 
Scheme 2: The synthetic pathways of the structures that are the targets (13-20) 
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Subsequently, the combination then formed a dark 

reddish-brown solution with the addition of sodium 

hydroxide solution (40g, 1.0mol). After three hours at the 

temperature of the surroundings, water has been 

incorporated to the reaction mixture in order to quench it. 

Following the removal of tetrahydrofuran (THF) solvent 

by vacuuming, diluted hydrochloric acid was used to 

acidify the mixture until it reached a specific level of 

acidity (pH=1). The precipitate that was produced was 

collected using vacuum filtering and the residual 

dissolved products were extracted twice using a 

combination of tetrahydrofuran and ethyl acetate with a 

volume-to-volume ratio of 1:2, each time using 400mL. 

Ultimately, the organic layer obtained from the extraction 

procedure was mixed with the precipitate generated 

through filtration after it had been dissolved in THF. The 

dehydration of the composite organic layer is 

accomplished with the help of anhydrous magnesium 

sulfate, and the enrichment of the filtering process is 

carried out in a vacuum environment. Recrystallization of 

this concentrate utilizing tetrahydrofuran: ethyl acetate: 

hexane as solvents in a ratio of (V: V: V=1:1:1) yielded 

white solid product, the compound (11) weighing at 19.6 

mg with a yield of 88.6%. 

 
Fig. 1: The effects of title complexes on RAW264.7 

macrophages that are responsible for cytotoxicity 

(*P<0.05, **P<0.01, compare with blank group) 

 

Synthesis of Ethyl 6-(4-(5-nitro-1H-indole-2-

carboxamido) phenyl) imidazole [2,1-b] thiazole-3-

carboxylate (12) 

The compound (11) (0.5mg, 0.5mol) was dissolved in 

dimethyladipate (DMA) at 25°C. In the subsequent step, 

the suspension was gradually combined mixed with 

tributylthiourea (TBTU) and N, N-Diisopropylethylamine 

(DIPEA) for five minutes. Following that step, the 

mixture was left to stir overnight after adding compound 

(9) (143.5mg, 0.5mol). After concentration, it was diluted 

with the appropriate amount of aqueous sodium 

bicarbonate solution and ethyl acetate. Then, it was 

filtered, purified and resuspended in a 1 mol·L-1 aqueous 

sodium dihydrogen phosphate solution. This process of 

vacuum drying was repeated until a light yellow solid 

compound was obtained, which was then dried. The 

compound (12) weighing at 182.2mg with a yield of 

76.51%. mp 143.1-145.1°C; 1H-NMR (DMSO-d6, 400), 

(J=Hz) δH: 1.39 (3H, t, J 7.2), 4.41-4.46 (2H, m), 7.64 

(1H, d, J 9.1), 7.70 (1H, s), 7.88 (2H, d, J 8.7), 7.92 (2H, 

d, J 8.6), 8.12 (1H, dd, J 9.1 and 2.0), 8.26 (1H, s), 8.45 

(1H, s), 8.77 (1H, d, J 1.9), 10.63 (1H, s), 12.63 (1H, s);  
13C-NMR (DMSO-d6,101), δC: 14.52, 62.32, 106.87, 

110.41, 113.45, 119.17, 119.76, 120.84×2, 123.45, 124.78, 

125.80×2, 126.73, 129.86, 135.58, 138.37, 140.09, 141.79, 

146.91, 148.69, 157.95, 159.22; HR-EI-MS, (m/z): 

476.1028[M+ H]+ (C23H17N5O5S: 475.110). 

 

Standard method of operation for the synthesis of 

imidazole [2,1-b] thiazole derivatives (13-20) 

In dry acetonitrile, compound (12) was dissolved. 

Equimolar alkyl or arylalkyl halides at room temperature 

were added after a suitable quantity of potassium 

carbonate (1mmol) was progressively added. The 

resultant solution was agitated for eight hours at 25°C. 

Under vacuum conditions, the solvent acetonitrile is 

allowed to evaporate at the conclusion of the procedure. 

The residue should be combined with 10mL of purified 

water and 20mL of ethyl acetate in a volume of three. To 

create a crude product, over anhydrous magnesium sulfate, 

the organic layer was allowed to dry, cleaned with a 

saturated sodium chloride solution (50mL), filtered and 

concentrated. With the use of silica gel column 

chromatography and a mixture of ethyl acetate and 

petroleum ether at a ratio of 1:5, compounds (13-20) were 

produced during the purification process. 

 

The study of bioactivity in vitro 

Cell cultivation 

Procell Co. Ltd. provided the RAW 264.7 macrophages 

and matching DMEMs (Wuhan, China). In the course of 

their incubation at 37 degrees Celsius and 5% carbon 

dioxide, the cells were given 10% fetal bovine serum 

(Hyclone, Logan, USA), 100mg/mL of streptomycin and 

100U/mL of penicillin by the manufacturer. The passage 

of the cells occurred after they had reached a confluence 

of between 70% and 80%. 

 

The cytotoxicity was assessed using the CCK8 assay 

The RAW264.7 cells, which were in the logarithmic 

growth phase, were planted in 96-well culture plates at a 

density of 5×104 cells per ml. Each well received 100μL 

of the culture medium. The experiment was divided into 

three groups: a negative control group (complete medium 

without cells), a blank control group (complete medium 

with cells) and a drug treatment group (compound 

concentration of 30μmol·L-1). After culturing the cells as 

described above for 24 hours at 37°C and 5% CO2, each 

well was supplemented with 10μL of CCK-8 solution. 

The amount of absorption. 
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A micro plate reader was used to measure a value at 450 

nm in triplicate and the following formula was used to 

determine the cell viability of the samples. Cell viability = 

(A drug treatment group - A negative control group) / (A blank control group - A 

negative control group) ×100%. 

 

The quantification of inflammatory mediators 

The organization and intervention of cells 

The experiment was carried out using three distinct 

groups: the blank group (LPS 0.5mg·L-1), the control 

group (indomethacin 10μmol·L-1) and the sample group 

(12-20 compound 10μmol·L-1). Seeding was performed at 

a density of 4×105 cells per milliliter for RAW264.7 cells 

that were in the logarithmic growth phase in 24-well 

plates and incubated for 24 hours prior to drug 

administration. In the indomethacin and experimental 

groups, macrophages were 30 minutes, followed by 

stimulation with LPS (0.5mg·L-1) and then incubated for 

an additional 24 hours. 

The impact of target compounds on the level of NO 

released from LPS-induced RAW264.7 cells  

The Griess technique was used in order to determine the 

amount of nitric oxide (NO) that was present in the 

supernatant of RAW264.7 cells that had been stimulated 

by LPS. The NO content in each was determined by 

referencing the NaNO2 standard curve. The experiment 

was conducted in both the blank group and the 

experimental group (the control group and the sample 

group). The inhibition rate, expressed as a percentage, 

was using the formula: (NO blank group - NO experimental group) / 

NO blank group × 100%. 

 

The impact of certain substances on the production of 

cytokines that promote inflammation in RAW264.7 cells 

that have been activated by lipopolysaccharide (LPS) 

 

ELISA was utilized to evaluate the impact of LPS on the 

release of TNF-α and IL-6 in RAW264.7 from each group, 

 
Scheme 3: The specific mechanism of preparing compound 12 

 
Fig. 2: The impact of title complexes on LPS-induced RAW264.7 macrophages' production of NO, IL-6, and TNF-α 

(*P<0.05, **P<0.01, ***P<0.001, compare with indometacin group) 

 
Fig. 3: The impact of N-benzyl derivatives (15-20) on LPS-induced RAW264.7 macrophages' production of NO, IL-6, 

and TNF-α (*P<0.05, **P<0.01, ***P<0.001, compare with compound 12) 
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including the blank and experimental groups (The control 

group and the sample group), was meticulously collected 

and analyzed following kit instructions. Test samples 

were added to each well, along with HRP-labeled test 

antibodies in control and sample wells. After incubating 

at 37ºC for 60 minutes, reaction wells were sealed with a 

plate sealing membrane before being washed with a 

diluted concentrated solution. Substrates A and B (50μL) 

were then added to each well followed by incubation at 

37ºC in the dark for 15 min; termination solution (50μL 

was subsequently added to stop the reaction before 

measuring A values at a wavelength of 450 nm for each 

well. Each experiment was repeated five times. Inhibition 

rate / % = (A blank group - A experimental group)/Ablank group × 100%. 

 

STATISTICAL ANALYSIS 
 

We performed on the data obtained from the paper using 

GraphPad Prism 9.5.1. All analysis were carried out in 

triplicate. The results will be presented as mean ± SD, 

unless otherwise specified. Two-sided t-tests were used to 

assess differences between treatments. A statistically 

significant difference was considered when p < 0.05.  

 

RESULTS  
 

Synthesis 

The synthetic route presented in experimental scheme 2 

was successfully employed to synthesize the imidazole 

[2,1-b] thiazole derivatives (13-20) (table1). Firstly, the 

reaction between compound (6) and compound (7) 

yielded the intermediate nitrobenzene (8), which was then 

reduced to obtain the corresponding aniline. The 

successful synthesis of intermediate (8) represents a 

significant milestone in the overall synthetic process. To 

maximize the yield, we followed relevant literature and 

performed a reflux reaction at 110oC for 12 hours after 

comparing different synthesis conditions. After achieving 

complete dissolution of 1,4-dioxane by stirring, we 

terminated the reaction, and we let it to return to ambient 

temperature. Finally, we extracted the resulting light 

yellow solid using ethanol. Subsequently, commercial 

compound (10) underwent hydrolysis under alkaline 

conditions to produce compound (11). This compound 

was coupled with the appropriate arylamine (9) to form 

the desired compound (12).  

 

N-methylation at the N-1 position of compound (12)'s 

indole framework was easily achieved under mild alkaline 

conditions due to its relatively weak acidity. Finally, 

compounds ranging from (13) to (20) were obtained 

through this process. Because various alkyl or aryl alkyl 

halides have variable fat solubility, the solvent choice is 

critical during the synthesis of compounds (13-20). On 

top of that, the yield is very sensitive to the reaction time 

and temperature. Review of the literature indicates that 

acetonitrile is the best solvent to use in this experiment, 

with a reaction temperature range of 50-60 ºC and a 

duration range of 5-7 hours. By using thin-layer 

chromatography, one may track the reaction's progress. 

We're convinced that the compound (13-20) described 

here to be a first-of-its-kind find. The novel derivatives 

were characterized using techniques such as 1HNMR, 
13CNMR and high resolution electrospray ionization mass 

spectrometry (HR-EI-MS). 

 

The characterisation 1H-NMR, 13C-NMR, HR-MS data of 

target compounds (13-20) are presented in the Supporting 

Information. 

 

Anti-inflammatory evaluation 

Cell Viability study 

The preliminary toxicity evaluation was conducted for all 

novel derivatives (13-20). As shown in fig. 1, the survival 

rates of RAW264.7 macrophages exceeded 94% at a 

concentration of 30μM. This observation implies that 

these compounds are non-toxic within the tested 

concentration range of 30μM and can be used for further 

investigation into their activity. 

 

Initial evaluation of Effects on LPS-Induced NO, IL-6, 

and TNF-α Release 

When evaluating the effectiveness of anti-inflammatory 

treatments, the use of inflammatory cytokines, such as 

NO, IL-6 and TNF-α, is often seen. These cytokines play 

a significant role in the onset of several inflammatory 

diseases. As shown in Fig. 2, the compound demonstrates 

significant inhibitory activity against inflammatory 

factors such as NO, IL-6 and TNF-α. In terms of NO and 

IL-6 inhibition experiments, all compounds except for 14 

and 20 exhibit higher inhibitory activity than 

indomethacin. Additionally, most of these compounds 

show notable TNF-α inhibition surpassing that of 

indomethacin. The most remarkable compound is 19, 

which exhibits the highest inhibitory rates against NO 

(54.66%), IL-6 (68.82%) and TNF-α (43.74%). 

 

DISCUSSION 
 

Synthesis 

Important reaction substrate, catalyst and pH conditions 

are required for the reduction of the nitro group to an 

amino group, a critical step in the synthesis of molecule 

(9). Potassium phosphate, sodium hydroxide, potassium 

carbonate, and cesium carbonate are among the most 

widespread bases in use. Powdered catalysts including 

cuprous iodide, iron, zinc, copper and tin (II) chloride 

dihydrate are often used. Finding the ideal reaction time 

and using the compound's lipid solubility to choose the 

right solvent are further critical steps. This step can be 

accomplished by adding tin (II) chloride dihydrate to an 

appropriate amount of concentrated hydrochloric acid at a 

controlled temperature of 65 ºC for 10 minutes while 

stirring, then lowering the temperature to room 
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temperature and continuing to stir for 1 hour, according to 

relevant literature sources (Liu et al., 2016, Trujillo et al., 

2020). At last, gather the solids and use sodium hydroxide 

to change the pH of the solution (making sure it's more 

than 7) so you can extract and separate them. Sodium 

hydroxide aqueous solution needs to be added drop wise 

under ice bath conditions for neutralization to avoid 

hydrolysis of ester groups in the product. 
 

During the process of preparing compound (12), an 

important discovery was made: The selection of 

condensation agents, solvents and bases, as well as the 

feeding sequence had a substantial influence on the 

amount of product that was produced. Using this method, 

it was discovered that the highest yielding compound 12 

may be created by first adding the carboxylic acid 

compound, then adding TBTU, DMA and DIPEA into the 

reaction vessel. After that, stirring the mixture for five 

minutes before adding the amine. carboxylic acid 

generates carboxyl anion under the action of DIPEA 

(Early et al., 2001, Lee et al., 2008) and react with TBTU 

to form Int-I. Subsequently, molecular transfer reaction 

occurs to generate active ester Int-II. Finally, the amine 

(as nucleophilic) reacts with the active ester Int-II under 

the action of DIPEA to generate the target product. 

Among them, considering the poor solubility of raw 

materials and product, we chose DMA as the solvent 

(Scheme 3). 
 

Structure-activity relationship (SAR) of substitutions at 

the N-1 Position of (12) in the initial structure 

Based on these positive indicators, compound (12) was 

selected for further follow-up studies. In order to enhance 

the inhibitory effect, particularly on TNF-α secretion, we 

decided to optimize the N-1 substituent on the indole 

structure (Zablotskaya et al., 2013, Sailaja et al., 2019). 

Compound (13) was the methylation of compound (12), 

which showed similar suppression of IL-6 and NO as 

compound (12), but caused TNF-α levels to drop by 

almost 1.6 times. Nevertheless, compound (12) was N-

allylated, which greatly reduced its inhibitory effects on 

NO (47.35%), IL-6 (38.88%) and TNF-α (15.42%), 

resulting in a roughly 2-fold drop in TNF-α levels. N-

benzyl derivatives were obtained by introducing a benzyl 

substituent at the same position (15-20). Because of the 

presence of an electron donor group (4-methoxy group) 

on the benzyl moiety, Compound (20) displayed 

inhibition rates of 36.28%, 45.87%, and 25.80% against 

NO, IL-6, and TNF-a production respectively. The other 

compounds comprising compounds (15-19) in Fig.3 (A-B) 

demonstrated higher inhibitory activity against NO and 

IL-6 than compounds (12). These findings imply that the 

Table 1: Physical properties of (13-20) 
 

Compd. R C. F [M+H]+ Yield (%)) Melting point (°C) 

13 -CH3 C24H19N5O5S 490.0812 75.28 145.1-146.8 

14 -CH2CHCH2 C26H21N5O5S 516.1349 76.51 210.1–212.1 

15 

 

C30H21Cl2N5O5S 634.0720 80.49 145.5-148.7 

16 

 

C30H22FN5O5S 584.1411 76.1 232.1-233.5 

17 

 

C30H22ClN5O5S 600.1109 82.63 155.3-157.4 

18 

 

C30H22BrN5O5S 644.0610 83.21 232.1-235.5 

19 

 

C31H22F3N5O5S 634.1365 80.1 232.5-234.5 

20 

 

C31H25N5O6S 596.1602 85.12 139.4-140.7 
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substituent's electrophilicity on the benzyl group has a 

significant impact on the inhibitory effect on the 

generation of NO and IL-6. Furthermore, regarding 

halogen substitution on the benzyl group, Fig.3 (C) 

illustrates that when comparing electron-withdrawing 

capacity for TNF-α inhibition: "The 4-chloride analogue 

is approximately 1.6 times more potent than its 

corresponding counterpart with a 3-fluorophenyl group", 

indicating that positional placement of substituents on the 

benzyl group may have an impact. Surprisingly, 

conjugates containing a trifluoromethyl substituent at 

position four showed significant antibody activity against 

LPS-induced NO, IL-6, and TNF-α production up to 

percentages of 54.66%, 68.82% and 43.74%, respectively. 
 

As a consequence of this, the inclusion of imidazole [2,1-

b] thiazole and indole as pharmacophore groups into a 

single molecule has resulted in the synthesis of a series of 

compounds that exhibit considerable anti-inflammatory 

action. The suggests that compounds featuring imidazole 

[2,1-b] thiazole and indole as the core backbone possess 

advantages in terms of their anti-inflammatory properties. 

Conformational analysis reveals that the N-1 substituent 

on the indole core influences the activity, while 

introducing benzyl derivatives with different electronic 

groups at various positions on the benzyl benzene ring 

may potentially affect activity (Song et al., 2023, Liu et 

al., 2016). Notably, compounds containing 4-

trifluoromethyl substituents exhibit maximum activity. 

These findings can provide valuable guidance for 

structural modifications and serve as a theoretical basis 

for designing new potent molecules essential for 

developing novel anti-inflammatory drugs. 
 

CONCLUSION 
 

We have successfully synthesized a series of novel 

derivatives of imidazole [2,1-b] thiazole and conducted in 

vitro evaluations to assess their anti-inflammatory effects. 

The results demonstrated significant inhibition of pro-

inflammatory factors such as NO, IL-6, and TNF-α in 

LPS-stimulated RAW264.7 cells by most of the 

compounds. Our initial structure-activity relationship 

study revealed that incorporating an indole ring into the 

structural framework containing imidazole [2,1-b] 

thiazole enhanced its anti-inflammatory effect. 

Furthermore, adding an electron-absorbing group at the 

N-1 position of the indole moiety further augmented this 

effect. Consequently, compound 19 exhibited the highest 

promise and potential among all tested compounds. 

Additionally, toxicological evaluation indicated negligible 

cytotoxicity for these new thiazole derivatives, suggesting 

a favorable safety and tolerability profile. The conclusion 

is that we have effectively created and tested a number of 

creative derivatives that give useful insights for future 

study on immune system regulation and treatment 

possibilities. In addition, these derivatives bring new 

potential and challenges to the area of medicine. 
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SUPPORTING INFORMATION 
 

Ethyl6-(4-(1-methyl-5-nitro-1H-indole-2-carboxamido) 

phenyl)imidazole [2,1-b ]thiazole-3-carboxylate (13) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a light yellowish 

powder was formed. Yield 75.28%; mp 145.1-146.8°C; 
1H-NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.1), 

4.09 (3H, s), 4.44 (2H, q, J 7.1), 7.57 (1H, s), 7.81 ( 1H, d, 

J 9.4), 7.84 ( 2H, d, J 8.9), 7.89-7.95 (2H, m ), 8.17 (1H, 

dd, J 9.2 and 2.3), 8.26 (s, 1H), 8.45 (1H, s), 8.76 ( 1H, d, 

J 2.3), 10.63 (1H, s); 13C-NMR (DMSO-d6,101), δC: 

14.54, 32.66, 62.31, 108.30, 110.49, 111.94, 119.13, 

119.54, 120.89×2, 123.48, 124.82,,125.19, 125.80×2, 

130.01, 136.12, 138.38, 141.59, 142.01, 146.91, 148.71, 

157.98, 160.02; HR-EI-MS, (m/z): 490.0812 [M+ H]+ 

(C24H19N5O5S: 489.115). 

 

Ethyl6-(4-(1-allyl-5-nitro-1H-indole-2-carboxamido) 

phenyl) imidazole [2,1-b] thiazole-3-carboxylate (14) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 76.51%; mp 210.1–212.1°C; 
1H-NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.2), 

4.43 (2H, q, J 7.2), 4.86-4.95 (1H, m), 5.08-5.16 (1H, m), 

5.32 (2H, d, J 2.6), 5.99-6.11 (1H, m), 7.62 (1H, m), 7.78 

(1H, d, J 9.4), 7.84 (2H, d, J 8.7), 7.91 (2H, d, J 8.7), 8.16 

(1H, dd, J 9.2 and 2.2), 8.25 (1H, s), 8.44 (1H, s), 8.78 

(1H, d, J 2.2), 10.66 (1H, s); 13C-NMR (DMSO-d6,101), 

δC: 14.53, 47.18, 62.28, 108.78, 110.42, 112.12, 116.78, 

119.27, 119.61, 120.84×2, 123.43, 124.79, 125.36, 

125.76×2, 130.02, 134.69, 135.56, 138.35, 141.10, 142.16, 

146.90, 148.65, 157.94, 159.88; HR-EI-MS, (m/z): 

516.1349 [M+ H]+(C26H21N5O5S: 515.13). 
 

Ethyl6-(4-(1-(2,6-dichlorobenzyl)-5-nitro-1H-indole-2-

carboxamido)phenyl)imidazole[2,1-b]thiazole-3-

carboxylate (15) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 80.49%; mp 145.5-148.7°C; 
1H-NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.1), 

4.43 (2H, d, J 7.1), 6.19 (2H, s), 7.32-7.38 (2H, m), 7.38-

7.44 (2H, m), 7.48 (2H, d, J 8.1), 7.58 (1H, s), 7.67 (2H, d, 

J 6.1), 8.1 (2H, dd, J 9.2 and 2.1), 8.27 (1H, s), 8.32 (1H, 

s), 8.41 (1H, s), 8.75 (1H, d, J 2.1), 10.72 (1H,s); 13C-

NMR (DMSO-d6,101), δC: 14.54, 45.27, 46.00, 62.31, 
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108.46, 110.77, 111.62, 117.48, 119.40, 119.60, 119.85, 

121.17, 123.43, 125.09, 125.81, 129.53, 129.79, 131.05, 

131.87, 135.69, 135.54, 137.62, 139.44, 141.20, 142.10, 

146.94, 148.76, 157.97, 160.46; HR-EI-MS, (m/z): 

634.0720[M+ H]+( C30H21Cl2N5O5S: 633.06). 
 

Ethyl6-(4-(1-(3-fluorobenzyl)-5-nitro-1H-indole-2-

carboxamido)phenyl)imidazole[2,1-b]thiazole-3-

carboxylate (16) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 76.1%; mp 232.1-233.5°C; 1H-

NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.2), 

4.42 (2H, d, J 7.2), 5.97 (2H, s), 6.95 (2H, d, J 7.6), 7.07 

(1H, d, J 2.3), 7.34 (1H, d, J 6.6), 7.71 (1H, s), 7.77-7.82 

(2H, m), 7.83 (1H, s), 7.90 (2H, d, J 8.7), 8.15 (1H, dd, J 

9.2 and 2.3), 8.25 (1H, s), 8.43 (1H, s), 8.80 (1H, d, J 2.2), 

10.75 (1H, s);13C-NMR (DMSO-d6, 101), δC: 14.53, 52.48, 

62.27, 109.36, 110.45, 112.24, 113.73, 113.95, 114.53, 

114.74, 119.72, 120.91, 122.99, 123.42, 124.82, 125.54, 

125.77, 130.11, 131.08, 131.16, 135.49, 138.24, 141.29, 

142.39, 146.87, 148.66, 157.94, 159.93, 161.46,163.89; 

HR-EI-MS, (m/z): 584.1411[M+ H]+ (C30H22FN5O5S: 

583.13). 
 

Ethyl6-(4-(1-(4-chlorobenzyl)-5-nitro-1H-indole-2-

carboxamido)phenyl)imidazole[2,1-b]thiazole-3-

carboxylate (17) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 82.63%; mp 155.3-157.4°C; 
1H-NMR (DMSO-d6, 400), (J=Hz) δH: 1.38 (3H, t, J 7.2), 

4.42 (2H, q, J 7.2), 5.93 (2H, s), 7.14 (2H, d, J 8.5), 7.36 

(2H, d, J 8.6), 7.68 (1H, s), 7.80 (3H, d, J 8.7), 7.90 (2H, 

d, J 8.7), 8.14 (1H, dd, J 9.2 and 2.3), 8.24 (1H, s), 8.43 

(1H, s), 8.79 (1H, d, J 2.2), 10.70 (1H, s); 13C-NMR 

(DMSO-d6, 101), δC: 14.53, 47.49, 62.30, 109.34, 110.48, 

112.27, 119.60, 119.74, 120.94×2, 123.45, 125.54×2, 

125.78, 128.93×2, 129.04×2, 130.11, 130.62, 132.42, 

135.43, 137.37, 138.22, 141.27, 142.36, 146.86, 148.69, 

157.96, 159.91;HR-EI-MS, (m/z): 600.1109[M+ H]+ 

(C30H22ClN5O5S: 599.10). 
 

Ethyl6-(4-(1-(4-bromobenzyl)-5-nitro-1H-indole-2-

carboxamido)phenyl)imidazole[2,1-b]thiazole-3-

carboxylate (18) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 83.21%; mp 232.1-235.5°C; 
1H-NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.1), 

4.42 (2H, q, J 7.1), 5.92 (2H, s), 7.09 (2H, d, J 8.4), 7.49 

(2H, d, J 8.4), 7.69 (1H, s), 7.80 (3H, dd, J 9.0 and 5.4), 

7.90 (2H, d, J 8.7), 8.14 (1H, dd, J 9.2 and 2.3), 8.25 (1H, 

s), 8.43 (1H, s), 8.80 (1H, d, J 2.3),10.70 (1H, s); 13C-

NMR (DMSO-d6, 101), δC: 14.54, 47.56, 62.28, 109.34, 

110.46, 112.26, 119.59, 119.73, 120.91×2, 123.44, 124.81, 

125.54, 125.77, 129.26×2, 130.11, 131.95×4, 135.42, 

137.81, 138.23, 141.27, 142.36, 146.88, 148.66, 

157.95,159.89; HR-EI-MS, (m/z): 644.0610 

[M+H]+( C30H22BrN5O5S: 643.05). 
 

Ethyl6-(4-(5-nitro-1-(4-(trifluoromethyl)benzyl)-1H-

indole-2-carboxamido)phenyl)imidazole[2,1-b]thiazole-

3-carboxylate (19) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 80.1%; mp 232.5-234.5°C; 1H-

NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.1), 

4.42 (2H, q, J 7.1), 6.05 (2H, s), 7.31 (2H, d, J 7.9), 7.68 

(2H, d, J 8.1), 7.71-7.84 (4H, m), 7.89 (2H, d, J 8.4), 8.14 

(1H, d, J 9.0), 8.23 (1H, s), 8.41 (1H, s), 8.81 (1H, s), 

10.71 (1H, s); 13C-NMR (DMSO-d6, 101), δC (ppm): 

14.50, 47.88, 62.27, 109.39, 110.41, 112.15, 119.67, 

119.74, 120.93×2, 123.41, 124.78, 125.54, 125.73×2, 

125.98, 127.58×4, 130.08, 135.34, 138.18, 141.33, 142.41, 

143.21, 146.84, 148.66, 157.93, 159.81; HR-EI-MS, 

(m/z) : 634.1365[M+H]+ (C31H22F3N5O5S: 633.13). 

 

Ethyl6-(4-(1-(4-methoxybenzyl)-5-nitro-1H-indole-2-

carboxamido)phenyl)imidazole[2,1-b]thiazole-3-

carboxylate (20) 

For the purpose of purifying the residue, a typical 

approach that makes use of utilizing rapid silica gel 

column chromatography was used, a pale yellowish 

powder was formed. Yield 85.12%; mp 139.4-140.7°C; 
1H-NMR (DMSO-d6, 400), (J=Hz) δH: 1.39 (3H, t, J 7.1 

Hz), 3.67 (3H ,s), 4.43 (2H, q, J 7.2), 5.87 (2H, s), 6.84 

(2H, d, J 8.7), 7.13 (2H, d, J 8.6), 7.62 (1H, s), 7.84 (3H, 

dd, J = 8.8 and 2.0), 7.91 (2H, d, J = 8.6), 8.14 (1H, dd, J 

= 9.2 and 2.3), 8.44 (1H, s), 8.24 (1H, s), 8.77 (1H, d, J 

2.1), 10.70 (1H, s); 13C-NMR (DMSO-d6, 101), δC: 14.53, 

47.40, 55.48, 62.28, 109.22, 110.45, 112.39, 114.44×2, 

119.37, 119.62, 120.88, 121.49, 123.44, 124.80, 125.53, 

125.80, 128.51, 128.62×2, 130.10, 130.20, 135.59, 138.32, 

141.21, 142.21, 146.91, 148.67, 157.95, 159.03,160.09; 

HR-EI-MS, (m/z): 596.1602 [M+ H]+ (C31H25N5O6S: 

595.15). 
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