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Abstract: Background: One of the most widely used chemotherapeutics is methotrexate, a structural counterpart 

of folic acid, which is particularly useful in haematological malignancies, different solid tumours, and 

inflammatory illnesses.  

Objective: Two methotrexate analogues have been synthesized in the current study and are being characterised 

and biologically assessed.  

Methods: To obtain the desired methotrexate analogues, a thoroughly examined and studied scheme was 

employed. The compounds were synthesised by a two-step process followed by a substitution reaction at the 

pteridine nucleus. The structures of analogues of Methotrexate were elucidated with spectral techniques viz. 

infrared, nuclear magnetic resonance and mass spectrometry. The antitumor efficacy of the produced compounds 

was assessed in HCC 1937 cells.  

Results: Using spectral methods, two successful analogues of methotrexate were synthesised and described. At 

various concentrations, the anticancer activity was assessed and contrasted with controls.  

Conclusion: The results indicated that both the analogues of Methotrexate demonstrated significant cell growth 

inhibition activity. 
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1. Introduction 

 

Methotrexate (MTX) is a folate antagonist that was initially created to treat cancers (1). It has since been utilised 

as an immunosuppressive and/or anti-inflammatory medication to treat non-neoplastic disorders. MTX is being 

used to treat chronic inflammatory illnesses such as psoriasis, primary biliary cirrhosis, and intrinsic asthma, as 

well as refractory rheumatoid arthritis (RA) (2, 3). When taken alone or in combination with cyclosporin A and/or 

prednisone, MTX is also beneficial in preventing acute graft-vs-host disease (GVHD) (4-6). Additionally, MTX 

has been utilised as a supplement to treat moderate cardiac allograft rejection that is chronic (7). The majority of 

pharmacological research has focused on the use of MTX in cancer treatment, where dosages can be increased to 

30 g/m2 by giving the antidote leucovorin afterwards (folinic acid, citrovorum factor) (4-6). 
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However, the recommended weekly dosage of MTX for autoimmune disorders and allografts is typically 7–15 

mg, administered orally or by intramuscular injection. The dosages can be given as a single dose, divided into two 

or three, and spaced out by 12 hours. Since MTX is primarily thought of as an anti-inflammatory medication, it 

was unclear if the antiproliferative and cytotoxic properties of the drug that were shown in cancer cells also applied 

to low-dose therapies. Nonetheless, we have recently documented that even after brief exposure to MTX and 

subsequent activation in drug-free media, MTX specifically causes apoptosis in activated lymphocytes but not in 

resting lymphocytes. These findings provide the first proof of an immunosuppressive effect at modest doses given 

intermittently while using MTX (8-10). Currently, more is known about methotrexate's (MTX) metabolism, 

toxicity, pharmacokinetics, and clinical profile than any other medication used in cancer or rheumatology. 

Antifolate medications, primarily MTX, have been used to treat millions of patients with autoimmune and 

malignant disorders in the 56 years after Farber et al. initially reported clinical remissions in children with acute 

leukaemia following therapy with the folate antagonist aminopterin (1). As of right now, MTX is by far the most 

widely used disease-modifying antirheumatic medication, with at least 500,000 RA patients given to it globally 

(DMARD) (10, 11). In fact, more RA patients receive prescriptions for MTX than for all the biologic medications 

now in use put together. When taken with other DMARDs, it is the most often researched and given medication 

when a definite additive therapeutic benefit is shown. Despite our combined 20 years of expertise and success 

with MTX, there is a shockingly low degree of general knowledge on the numerous problems and complexity 

related to its use. Without solid scientific backing, myths are frequently spread regarding maximum weekly 

dosages, usage in the elderly, blood test monitoring, when to "give up" and add additional medications to an MTX 

regimen, and other topics. It's frequently thought that knowledge of the medication's numerous cellular impacts is 

unimportant when it comes to treating rheumatoid arthritis. These actions and ideologies make sense because, 

despite the overwhelming and frequently complex body of research supporting the use of agents like MTX, 

extremely busy clinicians with ten patients do not have the time or resources to read every nuanced publication 

outlining the optimal way to conceptualize clinical decisions regarding their use (11). This contribution does not 

aim to synthesize papers describing the clinical effects of MTX; rather, it reviews key and important principles 

about MTX metabolism that may be useful to the treatment of rheumatic illness. Throughout the conversation, it 

will become clear that the majority of our knowledge on MTX metabolism comes from cancer literature (11, 12). 

After familiarising themselves with the principles, clinicians ought to be more capable of prescribing the 

medication in a more logical and efficient way. Furthermore, new knowledge about the function of naturally 

occurring genetic variation in the cellular pathways involved in the metabolism of MTX shows promise for 

forecasting the medication's toxicity as well as its effectiveness. As of this writing, MTX is still a mainstay for the 

treatment of RA and other rheumatic diseases, both now and in the future, despite actual and perceived gaps in 

our knowledge of its effects (12-16). 

 

For the treatment of rheumatoid arthritis and other rheumatic conditions, methotrexate is still a vital component. 

The antiproliferative effects of methotrexate against malignant diseases are known to be facilitated by folate 

antagonism. However, concurrent administration of folic or folinic acid does not reduce the anti-inflammatory 

potential of this agent, indicating the possibility of other mechanisms of action at work. Though methotrexate's 

anti-inflammatory effects cannot be fully explained by a single mechanism, both in vitro and in vivo studies have 

shown that cells produce adenosine (13, 17-19). Through the suppression of polyamines, methotrexate may 

potentially have anti-inflammatory effects. Understanding how methotrexate works against inflammatory 

disorders while also producing some of its well-known side effects has been made possible by the biological 

effects on inflammation linked to adenosine production. These actions add to the intricate and varied processes 

that render methotrexate effective in the management of inflammatory conditions (20-23). 

 

One of the most often used chemotherapy drugs is methotrexate, a structural counterpart of folic acid that is 

particularly effective in treating inflammatory diseases, solid tumours, and haematological malignancies. 

Methotrexate suppresses the production of purine and pyrimidine precursors by interfering with the metabolism 

of folate, mostly through the inhibition of dihydrofolate reductase. Methotrexate appears to have cytostatic, 

cytotoxic, and differentiating effects due to the depletion of nucleic acid precursors (23-26). Another folate-

dependent mechanism that methotrexate also affects is methylation of biomolecules. Moreover, methotrexate can 

alter cellular functions and metabolic pathways other from folate metabolism. It was anticipated and subsequently 

shown that methotrexate may block histone deacetylases due to its structural similarities with several of the 

functional groups of histone deacetylase inhibitors. According to recently released research, methotrexate may 

also have an impact on the antioxidant and glyoxalase systems. Even though methotrexate has been used for more 

than 60 years as an antagonist of folate metabolism in anticancer therapy, research into the drug's other molecular 

targets in cellular metabolism is currently ongoing (23, 27-31). 
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Considering all the facts and data, this present study aimed to scheme and synthesize two methotrexate analogues 

followed by characterization and evaluation of the compounds in vitro mechanistic cell line model for anticancer 

activity. 

 

2. Materials and Methods  

 

Chemical, Reagents, and Instruments  

Pharmaceutical businesses provided gift samples of Methotrexate; the drug sample used in all of the experiments. 

All additional chemicals and reagents used in the synthesis and assessment were obtained only from authorized 

suppliers and were of both synthetic and analytical quality. 

 

Physico-chemical properties and characterizations 

Brown spots were noted in a firmly closed chamber after all chemical reactions were seen using TLC on silica gel 

G plates using benzene and ethyl acetate as the developing solvent system in an 8:2 ratio. The device used to 

measure the melting points of synthetic compounds is an open capillary approach melting point equipment. Using 

an FTIR-RXI spectrophotometer, the FTIR spectra of the chemicals/drugs in the KBr pellet was recorded 

(PERKIN ELMER). 1H-NMR using TMS as an internal standard (Chemical shift in δ ppm), spectral data of 

synthesised compounds were recorded in deuterium-substituted chloroform using a Bruker NMR 

spectrophotometer. 

 

Synthetic Procedure for Methotrexate analogues 

Pathway for synthesis of the Methotrexate analogues 

For the synthesis of the analogues of Methotrexate, anthranilic acid and benzoyl chloride were used as starting 

material to synthesize the 2-phenyl-4-oxo-3,1 benzoxaine and then another step involving methotrexate will lead 

to the synthesis of the analogues. Similarly, the other analogue was also synthesized accordingly. The pathway 

and schemes for the synthesis of the analogues has been designed and presented as follows in figure 1 and figure 

2 (32). 

 

 
Figure 1. Pathway for synthesis of compound A (MA-1) 
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Figure 2. Pathway for synthesis of compound B (MA-2) 

 

Synthesis of compound A 

For the synthesis of compound, A code-named as MA-1 the following two step procedure was employed (32).  

 

Synthesis of 2-phenyl-4-oxo-3,1 benzoxaine (Step 1)  

Anthranilic acid (0.01 mol) was dissolved in dry pyridine (30 ml) by stirring slowly at room temperature. The 

solution was cooled to 0 0C and a solution of an aromatic acid chloride (0.02 mol) in dry pyridine (30 ml) was 

added to this solution slowly with constant stirring. When the addition was complete, the reaction mixture was 

further stirred for half an hour at room temperature and set aside for 1h. The pasty mass obtained was diluted with 

water (~50ml) and treated with aqueous sodium bicarbonate solution to remove the unreacted acid. When the 

effervescence ceased, it was filtered off and washed with water to remove the inorganic materials and the adhered 

pyridine. The crude benzoxaine thus obtained was dried and recrystallized from 95% ethanol. 

 

 
Figure 3. Structure of 2-phenyl-4-oxo-3,1 benzoxaine. 
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Synthesis of (S)-2-(4-(((2-amino,4-N-(2-phenyl-4-oxo-3,1 benzoxaine) diaminopteridin-6-yl) methyl) 

methylamino) benzamido) pentanedioic acid (Step 2) 

Methotrexate (0.2 mole) and Phenyl-benzoaxone (0.2 mole) were separately dissolved in ethanol and the pH was 

adjusted to 4 and refluxed for 10 hrs at 50 0C. The product, which separated, was filtered off after cooling. The 

precipitate so obtained was filtered and washed with water and allowed to dry. It was finally purified by 

recrystallization from 95% ethanol. The melting points are reported. 

 

 
Figure 4. Structure of (S)-2-(4-(((2-amino,4-N-(2-phenyl-4-oxo-3,1 benzoxaine) diaminopteridin-6-yl) methyl) 

methylamino) benzamido) pentanedioic acid 

 

Synthesis of compound B: 

For the synthesis of compound B, code-named as MA-2 the following two step procedure was employed (32).  

 

Synthesis of 2-Methyl-4-oxo-3,1 benzoxaine (Step 1) 

Anthranilic acid (0.01 mol) and acetic anhydride (0.02 mol) was taken in 250 ml round bottom flask and reflux 

for 2h. An excess of acetic anhydride was distilled off under reduced pressure and the residue was dissolved in 

pet ether and kept aside overnight. The product thus separated was filtered by vacuum filtration and recrystalized 

from pet ether. 

 

 
Figure 5. Structure of Methyl-4-oxo-3,1 benzoxaine 

 

Synthesis of (S)-2-(4-(((2-amino,4-N-(2-methyl-4-oxo-3,1 benzoxaine) diaminopteridin-6-yl)methyl) 

methylamino) benzamido) pentanedioic acid (Step 2) 

Methotrexate (0.2 mole) and Methyl-benzoaxone (0.2 mole) were separately dissolved in pyridine to get a clear 

solution. Both were mixed slowly with continuous stirring in ice-cold condition. The mixture is kept in micro-

oven under 450 W for 45 sec. The product, which separated, was filtered off after cooling. The precipitate so 

obtained was filtered and washed with distilled water and allowed to dry. It was finally purified by recrystallization 

from a suitable solvent. The melting points are reported. 

 

 
Figure 6. Structure of (S)-2-(4-(((2-amino,4-N-(2-methyl-4-oxo-3,1 benzoxaine) diaminopteridin-6-yl) methyl) 

methylamino) benzamido) pentanedioic acid 
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Evaluation of Pharmacological Activities 

Anti-cancer activity against HCC1937 cell line  

The suphorhodamine (SRB) test, as previously reported (33, 34), was used to evaluate the anti-cancer properties 

of the two drugs. The method is based on the SRB dye's stoichiometric binding to proteins, and it extrapolates the 

bound dye's absorbance value to show cell proliferation (35, 36). In RPMI 1640 media supplemented with 10% 

(V/V) foetal bovine serum (FBS) and 2 mM glutamine, HCC1937 cells from ATCC (CRL-2336) were seeded on 

triplicate in a 96-well plate at a cell density of 1 x 104 cells per millilitre. The cells were then left to adhere 

overnight at 37 0C in 9% CO2. The compounds were added to cells at varying doses (0.1 to 100 μg/ml) and diluted 

in 1% (v/v) dimethyl sulfoxide (DMSO) before being cultured for 72 hours. As a negative control, wells with only 

DMSO and no chemicals in the cells were used. The cells were incubated at 4ᵒC for an hour after being fixed with 

50% (W/V) trichloroacetic acid after 72 hours. Four times, the plates were gently submerged in water to wash 

them. and let to dry at room temperature on paper towels. 50 μl of 0.04 percent (W/V) suphorhodamine (SRB) 

was used to dye the plates. They were then incubated for an hour at room temperature, washed four times with 1 

percent (V/V) acetic acid, and allowed to air dry. To dissolve the bound dye, 50 μl of 10 mM Trisbase solution 

(pH 10.5) was added to each well, and the mixture was shaken on an orbital shaker (Star lab smart equipment) for 

10 minutes at room temperature. Using GraphPad Prism, non-linear regression was used to calculate the half-

maximal inhibitory concentration (IC50) after absorbance was measured at 511 nm in a microplate reader 

(BioTek®). % inhibition of cell growth was computed using the following formula:  

 

% Cell growth = Absorbance of sample /absorbance negative control x 100% 

% Inhibition = 100 - % cell growth 

 

Statistical analysis 

Mean ± SD (n = 6) was used to express the results. Using the GraphPad Prism software program, statistical 

analyses were carried out using one-way analysis of variance (ANOVA) and post hoc "Dunnett's Multiple 

Comparison Test." "P" values were regarded as statistically significant if they were less than 0. 05. 

 

3. Results 

 

Synthesis and characterization of Methotrexate analogues 

The Methotrexate analogues were synthesized as per the scheme and pathways presented earlier in this 

manuscript. Physical and Analytical Data including Melting point, percentage yield and Rf values of the 

synthesized Methotrexate analogues were presented in table 1. Benzene and Ethyl acetate in the ratio of 8:2 was 

used a mobile phase. The findings provide important details on the molecular makeup, molecular weight, melting 

temperatures, yields, and Rf values of methotrexate, compound A (MA-1), and compound B (MA-2). 

Methotrexate is a well-known chemotherapeutic medicine; its chemical formula is C20H24N8O5 and its molecular 

weight is 457.51. It does not have a defined melting point. MA-1 has a molecular weight of 658,78, a melting 

point range of 89-91°C, a yield of 71%, and an Rf value of 0.71. Its chemical formula is C34H31N9O6. These 

features point to its possible size and complexity, and the high yield suggests a successful synthesis. Analogously, 

MA-2, with a molecular weight of 596.73 and a formula of C29H29N9O6, has a greater melting point range of 149-

164°C, a marginally reduced yield of 63 percent, and an Rf value of 0.52. A higher melting point suggests a more 

complex structure, and a lower yield might hint to problems or adverse reactions during synthesis. In conclusion, 

the information supplied enables a rapid comparison of these substances, MA-1 and MA-2, as near counterparts 

of methotrexate, ultimately signifying a successful synthesis of the analogues with advantageous characteristics. 

The results revealed that the produced compounds' molecular weight and melting point differed from that of 

methotrexate, suggesting that the molecule had not yet formed. Through TLC analysis, the compounds' purity was 

verified. The compounds that underwent infrared and mass spectroscopy confirmation are displayed in Table 2 

and Figures 7 & 8. 

Different functional groups with distinctive frequencies are shown in the FTIR spectrum characterization. At 3416 

cm-1, the molecule exhibits N-H stretching vibrations, which are suggestive of amine groups. Furthermore, the 

existence of carbonyl functional groups within the structure is suggested by the presence of C=O (carbonyl) 

vibrations at 1504 cm-1. Understanding the compound's reactivity and possible interactions with other molecules 

depends on this information. MA-1 exhibits a structure that is comparable yet complicated, with many functional 

groups. Amine groups are indicated by the N-H stretching vibration at 3413.39 cm-1, while carbonyl functionalities 

are indicated by the C=O vibrations at 1613.16 cm-1 and 1541.81 cm-1. Additionally, at 902.523 cm-1, the molecule 

exhibits aromatic C-H vibrations, suggesting the presence of an aromatic ring. Characterizing Compound A's 

chemical characteristics and possible uses is made easier with the help of this knowledge. MA-2 displays a distinct 
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range of vibrations, which include 1509.99 cm-1, C=O vibrations at 1637.27 cm-1, and N-H stretching at 3446.17 

cm-1. In comparison to methotrexate and compound A, the existence of C=O carboxylic and C=O aromatic 

conjugate vibrations implies a more complicated structure. The compound's structural variety is further enhanced 

by the C-H aromatic-1,4 disubstitution vibration at 1100.19 cm-1. Mass Spectral analysis was done in APCI mode 

with Positive Polarity using a solvent system of acetonitrile and water and the analysis of fragmentation patterns 

suggested that M+ ion at m/z 658.78 (MA-1) characteristically with M+ peak. The parent peak has been recorded 

at 531.15. Analysis of the spectra for MA-2 revealed that M+ ion at m/z 596.73 (B) characteristically with M+ 

peak. The parent peak has been recorded at 576.66. 

 

Table 1. Physical and Analytical Data including Melting point, percentage yield and Rf values of the synthesized 

Methotrexate analogues. 

Cmpd. Molecular 

Formula 

Molecular 

 Weight 

Melting 

Point [0C] 

Yield [%] Rf Value 

Methotrexate C20H24N8O5 457.51 121-131   

A C34H31N9O6 658.78 89-91 71 0.71 

B C29H29N9O6 596.73 149-164 63 0.52 

 

Table 2. Spectral interpretation by FTIR and findings of Methotrexate and synthesized analogues 

Compound Structure Freq. 
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Figure 7. Mass Spectra of compound A (MA-1; C34H31N9O6; 658.78) 

 

 
Figure 8. Mass Spectra of compound B (MA-2; C29H29N9O6; 596.73) 
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Figure 9. Structures of compound A and compound B (MA-1 and MA-2) 

 

Biological and Pharmacological activity 

Anti-cancer activity of plant extracts against HCC1937 cell line 

Table 3 displays the mean absorbance of the compounds-incubated wells as well as the control at 511 nm. Wells 

treated with the chemicals showed lower absorbance values (poor cell survival) than the control at all tested doses. 

The means were determined to be substantially different with a P<0.0001, and the analysis of variance was 

performed using a one-way ANOVA with a P value of <0.05. The two substances were found to have a percentage 

suppression of cell growth based on their respective absorbance values at all doses (Table 3). The observed trend 

indicates that the chemicals at all tested doses inhibited the development of the HCC1937 breast cancer cell line 

more than the control did. For example, at 90 μg/ml, the percentages of cell growth inhibition caused by MA-1 

and MA-2 were 82.94 and 80.29 percent, respectively. At lower chemical doses, the difference in the suppression 

of cell development was more noticeable. For instance, MA-1 significantly inhibited cell proliferation (45.0 

percent) at 0.1μg/ml compared to MA-2 (20.59 percent). Both substances inhibited cell growth in a dose-

dependent manner, with a reduction in inhibitory efficacy at lower doses. Using non-linear regression in GraphPad 

Prism 9, the two drugs' half-maximal inhibitory doses (IC50) were found (Figure 10). The two drugs were 

determined to have half-maximal inhibitory doses (IC50) of 2.316 μg/ml and 4.748 μg/ml, respectively. 

 

Table 3. Mean absorbance at 511 nm of treated wells containing HCC 1937 cells. 

Mean absorbance (p value < 0.001) 

Concentration μg/ml 0.1 10 20 30 40 70 90 

MA-1 0.187 0.181 0.172 0.124 0.110 0.105 0.058 

MA-2 0.270 0.227 0.220 0.209 0.191 0.153 0.067 

Control 0.34 0.34 0.34 0.34 0.34 0.34 0.34 

 

Table 4. Cell growth as % inhibition of HCC 1937 cells by MA-1 and MA-2 

 % inhibition 

Concentration μg/ml 0.1 10 20 30 40 70 90 

MA-1 45.00 46.76 49.41 63.53 67.65 69.12 82.94 

MA-2 20.59 33.24 35.29 38.53 43.82 55.00 80.29 
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Figure 10. % inhibition of cell growth of HCC 1937 cells by MA-1 and MA-2 

 

4. Discussion 

 

The goal of the current work was to create better, physiologically active substitutes for methotrexate. The goal of 

the current study was to assess the anticancer potential of Compounds A and B, also known as MA-1 and MA-2, 

which are methotrexate analogues that substitute pteridine nucleus, in cell lines. Cell toxicity evaluation is a valid 

criterion for assessing an anticancer drug's efficacy. Physiochemical and spectral examinations were used to 

describe and confirm the novel entity of methotrexate analogues for the produced MA-1 and MA-2. In earlier 

research, we discovered that the test chemicals were safe when administered orally to experimental animals in our 

lab up to a level of 5 mg/kg body weight. The current study's findings demonstrated that MA-1 and MA-2 were 

successful in preventing the growth of cancer through in vitro screening. The findings supported the finding that 

MA-1 had stronger anticancer properties than MA-1. Conclusion: By replacing the methyl quinazoline nucleus in 

the methotrexate molecule at position 4, a strong analogue with notable anticancer activity may be easily 

produced. The synthetic methotrexate analogues' structural formulas were Compound A (C34H31N9O6) and 

Compound B. (C29H29N9O6). The synthesised chemicals were validated using spectroscopic and physiochemical 

analyses. In methotrexate, Compound A, codenamed MA-1, has a quinazoline nucleus that has been substituted 

with phenyl at the fourth position of the pteridine nucleus, whereas Compound B, designated MA-2, has a 

quinazoline nucleus that has been substituted with methyl at the same location. The test chemicals' in vitro 

anticancer activity results showed that MA-2 inhibited the HCC 1937 cells more potently than MA-1. The 

replacement of a methyl quinazoline nucleus at the fourth position of the pteridine nucleus in methotrexate may 

be the cause of this strong action. HCC 1937 cell line model was used to test in vitro anticancer activities (5, 13, 

21, 23, 33).  

 

5. Conclusions 

 

The successful synthesis of two methotrexate analogues using a reliable and effective method was demonstrated 

in the current work. Additionally, it was discovered that the yields were both acceptable and noteworthy, 

demonstrating the effectiveness of this method for synthesising methotrexate analogues. Following the successful 

synthesis of two Methotrexate analogues, their structures were clarified and characterised. The two methotrexate 

analogues showed strong anticancer potential as well, according to the current study. Furthermore, in the HCC 

1937 cell line model, two analogues of methotrexate showed notable anticancer effect in terms of a decrease in 
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the percentage of cell growth inhibition. This work opened the door to successfully synthesise Methotrexate 

analogues and then evaluate them physiologically to get novel biologically active medicinal moieties. 

 

List Of Abbreviations 

°C  Degree Centigrade 

mol  moles 

gm  Gram 

h  Hours 

mL  Milliliter 

mol L-1 Mol per litre 

m.p.  Melting point 

b.p.  Boiling point 

MTX   Methotrexate  

CHCl3  Chloroform 

THF  Tetrahydrofuran 

TEA  Triethylamine 

TFA  Trifluoroacetic acid 

NaCl  Sodium chloride 

NaOH  Sodium hydroxide 

FT-IR  Fourier transform infrared spectroscopy 
1HNMR Nuclear Magnetic resonance spectroscopy 
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