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ABSTRACT 

This study presents the synthesis and characterization of novel heterocyclic derivatives derived from trimethoprim 

through diazotization, aldol condensation, and cyclization reactions. Azo (A1), chalcone (A2, A6), pyrazoline (A3, A7), 

thiazine (A4, A8), and oxazine (A5, A9) derivatives were successfully prepared and structurally confirmed using FT-IR, 

¹H-NMR, and ¹³C-NMR spectroscopy. The synthesized compounds displayed diverse physical properties, indicating 

structural complexity and variation in polarity and thermal stability. Their biological evaluation against colon cancer 

(HRT) cells revealed significant cytotoxic activity. Thiazine derivative (A8) exhibited an IC₅₀ value of 206.7 µg/mL. The 

oxazine derivative (A9) demonstrated superior activity with an IC₅₀ of 0.1669 µg/mL (0.231 µmol/L), compared to the 

reference drug 5-fluorouracil (IC₅₀ = 3.73 µmol/L). These results highlight the potential of trimethoprim-derived 

heterocyclic scaffolds as anticancer agents. The study contributes to ongoing efforts in medicinal chemistry to develop 

effective therapeutic compounds by modifying existing antibiotic structures to enhance biological activity and target 

specificity in cancer treatment. 

Keywords: Trimethoprim derivatives; Chalcone derivative; Pyrazoline derivative; Anticancer activity and Cyclization 

reaction 

1. Introduction 

The development of novel heterocyclic compounds has emerged 

as a cornerstone of modern pharmaceutical research, driven by the 

urgent need for new therapeutic agents to combat evolving microbial 

resistance and address unmet medical needs. Among the diverse array 

of heterocyclic scaffolds, nitrogen and sulfur-containing compounds 

have garnered significant attention due to their remarkable biological 

activities and structural versatility [1-3]. The synthesis and 

characterization of pyrazoline, oxazine, and thiazine derivatives 

represent a particularly promising avenue in medicinal chemistry, 

offering potential solutions to contemporary healthcare challenges. 

Trimethoprim, a well-established antibiotic primarily utilized for the 

treatment of urinary tract infections, serves as an excellent starting 

material for the development of novel heterocyclic compounds [4]. This 

synthetic antibiotic functions by inhibiting bacterial dihydrofolate 

reductase and has demonstrated remarkable efficacy against a broad 

spectrum of gram-positive and gram-negative bacteria [5]. The unique 

structural features of trimethoprim, including its pyrimidine core and 

methoxy-substituted benzyl moiety, provide an ideal foundation for 

chemical modifications that can lead to the discovery of new bioactive 

molecules. Pyrazoline derivatives, characterized by their five-
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membered ring structure containing two nitrogen atoms, have demonstrated exceptional biological activities 

including anticancer, antimicrobial, anti-inflammatory, and antioxidant properties [6, 7]. These electron-rich 

nitrogenous heterocycles have attracted considerable attention from medicinal chemists due to their structural 

stability and diverse pharmacological profiles. Recent studies have highlighted the potential of pyrazoline 

compounds as therapeutic targets for various diseases, with particular emphasis on their role as nitric oxide 

synthase inhibitors and cannabinoid CB1 receptor antagonists [8-11]. Oxazine compounds, featuring a six-

membered ring containing one oxygen and one nitrogen atom, have emerged as promising scaffolds in 

pharmaceutical research. These heterocyclic systems exhibit a wide variety of biological activities, including 

anticancer, antimicrobial, anti-inflammatory, and antiplatelet properties [12-16].   

The versatility of oxazine derivatives in medicinal chemistry is further enhanced by their ability to serve 

as intermediates in the synthesis of more complex bioactive molecules [17]. Thiazine derivatives, containing 

both sulfur and nitrogen atoms within their heterocyclic framework, represent another class of compounds with 

significant pharmaceutical potential. These molecules have demonstrated remarkable biological activities, 

including antibacterial, antifungal, antitumor, and antimalarial properties [18-22]. The presence of sulfur and 

nitrogen elements in thiazine compounds contributes to their excellent biological activity, with the position of 

these heteroatoms playing a crucial role in determining their pharmacological properties [23]. The synthesis of 

these heterocyclic compounds often involves the use of chalcone derivatives as key intermediates. Chalcones, 

characterized by their α, β-unsaturated carbonyl system, serve as versatile building blocks in organic synthesis 

and have been extensively utilized in the preparation of various heterocyclic compounds [24, 25]. These 

compounds not only function as important synthetic intermediates but also possess significant biological 

activities, including antibacterial, antifungal, anti-inflammatory, and anticancer properties.  

The current research focuses on the synthesis and characterization of new pyrazoline, oxazine, and 

thiazine compounds derived from trimethoprim through a series of well-designed chemical transformations. 

This investigation aims to explore the potential of these novel heterocyclic derivatives as promising candidates 

for pharmaceutical applications, with particular emphasis on their antimicrobial and anticancer activities. The 

systematic approach employed involves the initial preparation of azo and chalcone derivatives from 

trimethoprim, followed by their subsequent conversion to the target heterocyclic compounds through 

cyclization reactions. The significance of this research extends beyond the mere synthesis of new compounds, 

as it contributes to the growing body of knowledge regarding structure-activity relationships in heterocyclic 

chemistry. By systematically modifying the trimethoprim scaffold and introducing various heterocyclic 

moieties, this study provides valuable insights into the factors that influence biological activity and 

pharmacological properties. 

2. Chemicals and reagents 

All chemicals and reagents used in this study were of analytical grade and used without further purification. 

Trimethoprim (TMP), 4-hydroxyacetophenone, furfuryl aldehyde, 4-bromobenzaldehyde, 2,4-

dinitrophenylhydrazine, thiourea, urea, sodium nitrite, sodium hydroxide (NaOH), hydrochloric acid (HCl), 

and glacial acetic acid were purchased from Sigma-Aldrich and Merck. Absolute ethanol and distilled water 

were used throughout all synthetic procedures. Thin-layer chromatography (TLC) was performed using pre-

coated silica gel plates and a solvent system of benzene:methanol (4:1) for monitoring reaction progress. 

2.1. Synthesis of azo derivative (A1) 

A solution of trimethoprim (TMP) (0.01 mol, 0.29 g) was prepared in 30 mL of distilled water containing 

concentrated hydrochloric acid (4N). The mixture was cooled to 0 °C, and a freshly prepared solution of 

sodium nitrite (0.01 mol in 30 mL) was added dropwise with continuous stirring. The diazotization reaction 

was maintained at 0 °C for 20 minutes to ensure complete conversion to the diazonium salt. The resulting 
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diazonium solution was then added slowly to a mixture of 4-hydroxyacetophenone (0.01 mol) dissolved in 10 

mL ethanol and 30 mL of 5% sodium hydroxide solution. The mixture was stirred for 1 hour at room 

temperature, during which a brown precipitate formed. The product was filtered, washed with distilled water 

several times, dried, and recrystallized from ethanol (Figure 1).  

  

Figure 1. Proposed synthetic pathway for the preparation of azo-linked trimethoprim derivative via diazotization–coupling reaction  

2.2. Synthesis of chalcone derivative (A2) 

A solution of the azo compound A1 (0.0017 mol, 1.00 g) was dissolved in 25 mL of absolute ethanol with 

stirring until fully dissolved. Furfuryl aldehyde (0.001 mol, 0.33 mL) was then added, followed by dropwise 

addition of 10 mL of 10% sodium hydroxide. The reaction mixture was stirred at room temperature (25 °C) 

for 12–20 hours. After reaction completion (monitored by TLC using benzene:methanol = 4:1), the mixture 

was acidified with 2N HCl. The resulting product was filtered and recrystallized from ethanol (Figure 2).  

  

Figure 2. Synthetic route for azo–chalcone hybrid derivatives 
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2.3. Synthesis of pyrazoline derivative (A3) 

The chalcone A2 (0.001 mol, 0.74 g) was dissolved in 35 mL of absolute ethanol under stirring. 2,4-

Dinitrophenylhydrazine (0.002 mol, 0.4 g) and a few drops of glacial acetic acid were added. The reaction 

mixture was refluxed for 23–27 hours, and its progress was monitored by TLC (benzene: methanol = 4:1). 

Upon completion, the mixture was cooled, filtered, and the solid product was washed and recrystallized from 

ethanol (Figure 3).  

 

Figure 3. Proposed synthetic pathway for the preparation of pyrazoline derivative via cyclization of chalcone intermediate using 2× 

2,4-dinitrophenylhydrazine   

2.4. Synthesis of thiazine derivative (A4) 

Chalcone A2 (0.001 mol, 0.74 g) was dissolved in 10 mL of alcoholic sodium hydroxide. Thiourea (0.002 

mol) was added to the solution, and the reaction mixture was refluxed for 24–32 hours. The reaction was 

monitored by TLC. After completion, the mixture was poured into cold water, and the precipitate was filtered, 

washed, dried, and recrystallized from ethanol (Figure 4). 

 

Figure 4. Proposed synthetic pathway for the preparation of thiazine derivative via condensation of chalcone intermediate with thiourea 

under alkaline conditions 

2.5. Synthesis of oxazine derivative (A5) 

Chalcone A2 (0.001 mol, 0.74 g) was dissolved in 10 mL of alcoholic sodium hydroxide. Urea (0.002 

mol) was added, and the mixture was refluxed for 24–32 hours. TLC (benzene: methanol = 4:1) was used to 

monitor the progress. After cooling, the mixture was poured into cold water, and the precipitate was collected, 

washed, and recrystallized from ethanol (Figure 5).   

 

Figure 5. Proposed synthetic pathway for the preparation of oxazine derivative via condensation of chalcone intermediate with urea 

under alkaline conditions 
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2.6. Synthesis of chalcone derivative (A6) 

The azo compound A1 (0.0017 mol, 1.00 g) was dissolved in 25 mL of absolute ethanol. To this solution, 

4-bromobenzaldehyde (0.002 mol, 0.634 g) was added, followed by dropwise addition of 10 mL of 10% 

sodium hydroxide. The mixture was stirred for 12–20 hours at room temperature. After acidification with 0.2N 

HCl, the mixture was filtered and the product recrystallized from ethanol. TLC was used to confirm the reaction 

completion (Figure 6).  

 

Figure 6. Proposed synthetic pathway for the preparation of bromo-substituted chalcone derivative via Claisen–Schmidt condensation 

of azo-linked trimethoprim with 4-bromobenzaldehyde 

2.7. Synthesis of pyrazoline derivative (A7) 

The chalcone A6 (0.001 mol, 0.92 g) was dissolved in 35 mL of absolute ethanol. To this, 2,4-

dinitrophenylhydrazine (0.4 g) and 5 drops of glacial acetic acid were added. The mixture was refluxed for 

23–27 hours and monitored via TLC. The final product was obtained by filtration, washing, and 

recrystallization from ethanol (Figure 7).  

 

Figure 7. Proposed synthetic pathway for the preparation of pyrazoline derivative via cyclization of bromo-chalcone intermediate using 

2,4-dinitrophenylhydrazine  

2.8. Synthesis of thiazine derivative (A8) 

Chalcone A6 (0.001 mol, 0.918 g) was dissolved in 10 mL of alcoholic sodium hydroxide. Thiourea 

(0.002 mol) was added, and the mixture was refluxed for 24–32 hours. TLC confirmed reaction progress. The 

product was precipitated in cold water, filtered, washed, and recrystallized from ethanol (Figure 8).  

 

Figure 8. Proposed synthetic pathway for the preparation of thiazine derivative via condensation of bromo-chalcone intermediate with 

thiourea under alkaline conditions 
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2.9. Synthesis of oxazine derivative (A9) 

Chalcone A6 (0.001 mol, 0.82 g) was dissolved in 10 mL of alcoholic sodium hydroxide. Urea (0.002 

mol) was added, and the mixture was refluxed for 24–32 hours. After confirming reaction completion by TLC, 

the mixture was cooled, poured into cold water, and the precipitate was filtered, washed, and recrystallized 

from ethanol (Figure 9).  

 

Figure 9. Proposed synthetic pathway for preparation of oxazine derivative via condensation of bromo-chalcone intermediate with 

urea under alkaline conditions 

3. Discussion of physical properties of synthesized trimethoprim-based 

derivatives 

The physical characteristics of the synthesized heterocyclic compounds derived from trimethoprim are 

systematically presented in Table 1.  

Table 1. Physical Properties of Synthesized Compounds 

No. 
Molecular Formula 

(M.F) 

Molecular 

Weight 

(g/mol) 

Melting 

Point (°C) 
Color 

Rf (Benzene: 

Methanol 1:4) 
Yield (%) 

1 C30H28N6O7 584.25 240–245 Dark Yellow 0.42 80–85 

2 C40H32N6O9 740.28 250–255 Orange-Red 0.35 75–80 

3 C54H42N14O15 1127.01 315–325 Light Red 0.25 70–75 

4 C42H38N10O7S2 858.95 230–235 Orange 0.45 78–83 

5 C42H38N10O9 826.28 235–240 Orange-Red 0.35 75–80 

6 C44H34Br2N6O7 918.6 245–255 
Brown to Dark 

Brown 
0.3 65–70 

7 C58H44Br2N14O13 1304.88 335–345 Dark Brown 0.22 60–65 

8 C46H40Br2N10O5S2 1036.82 260–270 Dark Purple 0.28 70–75 

9 C46H40Br2N10O7 1004.14 268–275 Red-Purple 0.32 70–75 

This set includes various derivatives such as azo, chalcone, pyrazoline, thiazine, and oxazine, each 

exhibiting distinctive physicochemical features that reflect their structural diversity and functional complexity. 

The molecular formulas (M.F) and corresponding molecular weights (M.Wt) illustrate the progressive increase 

in structural complexity across the compounds. For example, compound A1, a relatively simpler azo derivative, 

has a molecular weight of 584.25 g/mol, whereas compound A7, a heavily substituted pyrazoline derivative, 

reaches 1304.88 g/mol, highlighting the incorporation of bulky functional groups like nitrophenyl and 

bromophenyl moieties. The melting points of the compounds, ranging from 230 °C to 345 °C, provide insight 

into their thermal stability. Higher melting points, as observed in A7 (335–345 °C) and A9 (268–275 °C), are 

indicative of strong intermolecular interactions, extended conjugation, and overall molecular rigidity. These 

characteristics are commonly associated with compounds containing multiple aromatic rings and hydrogen-

bonding donors or acceptors. The colors of the compounds range from dark yellow to reddish-purple, 

consistent with presence of extended π-conjugation systems as azo linkages and chalcone frameworks, which 
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often result in chromophoric behavior and potential optical activity. These visible colorations may also indicate 

potential applications in dye or pigment chemistry. The Rf values, obtained via Thin Layer Chromatography 

(TLC) using a benzene:methanol (1:4) mobile phase, ranged between 0.22 and 0.45. These values reflect the 

polarity of the compounds; lower Rf values suggest higher polarity and stronger interaction with stationary 

phase. Compounds with hydrophilic substituents (e.g., nitro or hydroxyl groups) tend to migrate slower, which 

is consistent with observed data.  

3.1. Determination of effect of ligands and prepared complexes on HRT cell inhibition by 

MTT assay  

The colon cancer cell line (HRT) was exposed to concentrations of (31.25-1000) µg/mL of either Thiazine 

Derivative (A8), or Oxazine Derivative (A9), for 24 hours and at a temperature of 37 °C. Toxicity was 

evaluated based on the percentages of growth inhibition rate compared to the not-treated colon cancer cell.  

3.2. Discussion  

The synthesized heterocyclic derivatives of trimethoprim were characterized using spectroscopic 

techniques including FT-IR (identifying its functional groups and molecular structure based on how it absorbs 

infrared light [26-30], ¹H-NMR, and ¹³C-NMR (to confirm the successful formation of azo, chalcone, pyrazoline, 

thiazinez, and oxazine derivatives through a series of diazotization, aldol condensation, and cyclization 

reactions). Each compound exhibited unique spectral features consistent with its proposed structure.  

3.3. Azo derivative (A1) 

The FT-IR spectrum (Figure 10a) of A1 displayed a broad absorption at 3400–3300 cm⁻¹ corresponding 

to phenolic O–H stretching, while a sharp band at 1695–1665 cm⁻¹ indicated the carbonyl (C=O) stretch of the 

aromatic ketone [19, 20]. The azo linkage (N=N) was evident in the 1600–1450 cm⁻¹ range. The ¹H-NMR 

spectrum (Figure 10b) confirmed the presence of methoxy (δ ≈ 3.74 ppm), aromatic (δ 7.96–7.49 ppm), and 

phenolic (δ 11.00 ppm) protons. The ¹³C-NMR (Figure 10c) showed downfield shifts at δ ~198–204 ppm due 

to C=O carbons, and signals between 106–166 ppm confirmed the aromatic backbone [31,40].  

 

Figure 10. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of azo derivative (A1) 
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3.4. Chalcone derivative (A2) 

The FT-IR spectrum (Figure 11a) showed key features of hydroxyl (3400–3200 cm⁻¹), aliphatic and 

aromatic C–H (3100–2800 cm⁻¹), and a strong ketonic C=O band near 1690 cm⁻¹ [16,21,22]. Aromatic C=C and 

azo vibrations were also observed. The ¹H-NMR spectrum (Figure 11b) showed vinylic protons at δ 8.27 and 

8.03 ppm, confirming the α, β-unsaturated ketone moiety, along with phenolic and methoxy groups. The ¹³C-

NMR (Figure 11c) supported this, with C=O carbons appearing around δ ~180–189 ppm [32].  

 

Figure 11. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of Chalcone Derivative (A2) 

3.5. Pyrazoline Derivative (A3) 

FT-IR analysis (Figure 12a) of A3 revealed phenolic O–H (3408–3368 cm⁻¹), aliphatic C–H (2922–2857 

cm⁻¹), and C=N stretching (1682 cm⁻¹), indicating ring closure. The presence of diazenyl or unsaturated 

nitrogen was suspected from peaks around 2121 and 2050 cm⁻¹. The ¹H-NMR spectrum (Figure 12b) 

confirmed pyrazoline ring formation with methylene protons (δ 5.64 ppm) and maintained aromatic and 

methoxy environments [33].   
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Figure 12. (a) FTIR and (b) ¹H-NMR spectrum of Pyrazoline Derivative (A3)  

3.6. Thiazine Derivative (A4) 

The FT-IR spectrum (Figure 13a) showed O–H stretching at 3382–3170 cm⁻¹, C=O at 1690 cm⁻¹, and 

additional bands for aromatic, azo, and C–N vibrations. In ¹H-NMR (Figure 13b), distinctive signals were 

seen for methylene (δ 5.71 ppm), amino (δ 6.55 ppm), and phenolic protons (δ 9.42 ppm). The ¹³C-NMR 

(Figure 13c) data supported the presence of aromatic, methoxy, and thiazine-related carbon environments [34].  
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Figure 13. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of Thiazine Derivative (A4) 

3.7. Oxazine derivative (A5) 

The FT-IR spectrum (Figure 14a) of A5 showed O–H and N–H stretching (3445–3349 cm⁻¹), strong 

C=N/C=C absorptions (1613–1586 cm⁻¹), and methoxy-related C–O bands (1220–1030 cm⁻¹). The ¹H-NMR 

spectrum (Figure 14b) displayed typical signals for methylene (δ 5.55 ppm), amino (δ 6.14 ppm), and phenolic 

protons (δ 9.48 ppm), indicating successful formation of the oxazine ring. The ¹³C-NMR (Figure 14c) data 

confirmed the presence of aromatic and heterocyclic carbon centers [35].   

 

Figure 14. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of Oxazine Derivative (A5) 
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3.8. Second chalcone derivative (A6) 

FT-IR bands (Figure 15a) at 3400–3200 cm⁻¹ and 1590 cm⁻¹ confirmed phenolic O–H and C=N of 

pyridine rings. The ¹H-NMR spectrum (Figure 15b) exhibited vinylic protons (δ ~8.31 ppm) and 

aromatic/methoxy signals. The presence of C–Br was confirmed by FT-IR bands at 850–650 cm⁻¹ and 

corroborated by downfield ¹³C shifts (Figure 15c) around 190–197 ppm for the C=O group [36].   

 

Figure 15. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of Chalcone Derivative (A6)   

3.9. Pyrazoline derivative (A7) 

This compound exhibited a complex FT-IR pattern (Figure 16a) with bands for O–H, C=O, nitro, and 

methoxy groups. The ¹H-NMR spectrum (Figure 16b) showed crowded aromatic environments (23H), 

methylene (δ 5.68 ppm), and methoxy (15H) [36].  
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Figure 16. (a) FTIR and (b) ¹H-NMR spectrum of Pyrazoline Derivative (A7) 

3.10. Thiazine derivative (A8) 

FT-IR spectra (Figure 17a) confirmed C=N (1650–1600 cm⁻¹), C–N, and C–O functionalities, with 

additional support for C–Br bonds. ¹H-NMR (Figure 17b) revealed amino (δ 6.11 ppm), methylene (δ 5.71 

ppm), and aromatic protons. ¹³C-NMR (Figure 17c) resonances at 106–164 ppm supported a highly substituted 

aromatic and thiazine-containing system [37].   
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Figure 17. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of Thiazine Derivative (A8) 

3.11. Oxazine derivative (A9) 

FT-IR (Figure 18a) showed O–H, C–H, and C=O stretches, along with azo, methoxy, and aromatic 

fingerprints. The ¹H-NMR spectrum (Figure 18b) revealed phenolic (δ 9.69 ppm), amino (δ 6.55 ppm), and 

methylene protons (δ 5.50 ppm). The ¹³C-NMR (Figure 18c) data showed aromatic carbons and methylene 

groups consistent with the oxazine structure [37].  

 

Figure 18. (a) FTIR, (b) ¹H-NMR spectrum and (c) ¹³C-NMR spectrum of Oxazine Derivative (A9)  
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3.12. Investigation of effect of Thiazine Derivative (A8) on growth of colon cancer cell lines 

(HRT)  

The results in Figure 19 and Table 2 showed that the lowest percentage of inhibition for colon cancer 

cell lines at a concentration of 31.25 (µg/ml), and the highest percentage of inhibition was at a concentration 

of 250 ( µg / ml), where the inhibition percentage of Derivative (A8) of the colon cancer cell line at the 

concentration 250( µg/ml) was (73.60%), which is an excellent result, and this in turn indicates the possibility 

of using this complex as a treatment for colon cancer. The half-inhibition concentration fifty (IC50) of 

Derivative (A8) with the colon cancer cell line (HRT) was 206.7 (µg / ml) [38].  

 

Figure 19. Comparison of mean values of Derivative (A8) in different concentrations. The Figure shows a significant difference among 

concentrations (p-value<0.0001). Data are expressed as means ± SEM 

Table 2. Comparison of mean values of Derivative (A8) in different concentrations 

Concentration µg/ml 31.25 62.5 125 250 500 1000 

Number of values 4 4 4 4 4 4 

Minimum 19.65 16.62 31.75 69.07 40.83 50.92 

Maximum 45.54 48.23 62.01 75.79 54.61 66.38 

Mean 28.56 36.54 47.81 73.61 49.57 55.54 

Std. Error of Mean 6.108 7.283 6.335 1.538 3.28 3.632 

p-value 
0.0002 

*** 

***significant p-value ≤0.0001 

3.13. Investigation of effect of Oxazine Derivative (A9) on growth cells (HRT) cells 

 The effect of Derivative (A9) on the growth process of colon cancer cell lines was studied, as it gave high 

percentage of inhibition to the growth of colon cancer cell lines at all concentrations which ranges 81.29% at 

250 (µg/ml) to 87.1% at 1000 (µg/ml). As shown in Figure 20 and Table 3, the concentration of the half-

inhibitor (IC50) was 0.1669 (µg/ml) [38, 39].   
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Figure 20. Comparison of mean values of Derivative (A9) in different concentrations. The figure shows a no significant difference 

among concentrations (p-value = 0.2426). Data are expressed as means ± SEM 

Table 3. Comparison of mean values of Derivative (A9) in different concentrations 

Concentration µg/ml 31.25 62.5 125 250 500 1000 

Number of values 4 4 4 4 4 4 

Minimum 85.28 85.66 81.82 78.36 77.59 82.59 

Maximum 86.94 86.68 82.33 83.48 96.54 92.45 

Mean 86.11 86.24 81.98 81.29 85.5 87.1 

Std. Error of Mean 0.364 0.2367 0.1212 1.095 4.3 2.027 

p-value 
0.2426 

ns 

ns: no significant p-value >0.05  

4. Conclusion  

In conclusion, the current work successfully demonstrated the synthesis of a series of heterocyclic 

derivatives based on trimethoprim, including azo, chalcone, pyrazoline, thiazine, and oxazine structures. These 

compounds were synthesized through efficient chemical transformations and confirmed by spectroscopic 

techniques. The observed physical properties underscored their structural variation and stability. Biological 

assessments against HRT colon cancer cells revealed promising cytotoxic effects, particularly for thiazine 

derivative (A8) and oxazine derivative (A9). Notably, A9 exhibited exceptional inhibitory activity with a very 

low IC₅₀ value, suggesting its potential as a potent anticancer compound. These findings emphasize the value 

of trimethoprim as a versatile starting material for the development of novel therapeutic agents. The study 

offers a meaningful advancement in heterocyclic drug design and provides a foundation for future research 

into the biological evaluation and mechanism of action of these compounds, supporting their further 

development as candidates in cancer chemotherapy.  
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