
Journal of Kufa for Chemical Sciences Vol. (3)No.(3) Special issue  ……..……….……….Nov. 2024 
 

 57 

 

 
Article 

 

a special issue for the scientific conference held by the Department 

of Chemistry- College of Education for Girls/University of Kufa and in 

cooperation with Hilla University College, under the title  

(5’th Postgraduate Students Annual Conference  ) (PSAC2024),  

which held for Wednesday, 24/4/2024. 

 

 

Theoretical study of folic acid and derivatives conjugated with 

Thymine through Density functional theory 
 

Ayat Ahmed shukrain   and Lekaa Hussein Khadim*  

* Department of Chemistry, College of Education for Woman, University of Kufa, Iraq 

liqaa.aljailawi@uokufa.edu.iq 

 

 

Abstract 

          The Geometry optimized has been investigated at ground state, B3LYP, 6-

311G basis sets with density functional theory (DFT).  Theoretical characteristics, 

like as shape and the HOMO-LUMO gap determined by DFT simulations, help the 

discovery of donating sites. Global reactivity characteristics of folic acid at the 

B3LYP/6-311G level have been computed in this work. The global reactivity 

descriptors include global softness (S), global hardness (η), global affinity (A), 

ionization potential (I), electro negativity (χ), chemical potential (μ), global 

electrophilicity index (ω), and global hardness (η). Theoretical spectrograms for 

the UV and IR spectrum were also constructed at B3LYP values. 

Research aims  

The main objectives of this work are to provide advice on new derivatives of folic 

acid, which was done as follows: 

1- Diagnosing the effect of structural properties on folic acid derivatives 
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2- Study the effect of new substituted functional groups on the chemical structure 

and activity of the drug. 

4- Preparing new derivatives and proposed molecular models of the drug as 

proposed new drugs. 

5- Conduct a comparison of the chemical activity, reactivity, and global index 

parameters of the new proposed optimal model derivative structures with the 

original folic acid drug. 

Keywords: B3LYP, HOMO level, LUMO level, DFT, Folic acid.  

 

Introduction 
        The B family of vitamins includes thiamine and the folates. Both are 

converted to active forms that build up in cells and support important metabolic 

processes. These active forms are not good substrates for export. At physiological 

pH, thiamine has a positive charge and folates a negative charge (Fig. 1A). Each is 

delivered to cells by a distinct solute carrier having a high level of structural 

particularity from the SLC19 family. Thiamine is transported Thiamine 

transporters 1-ThTr1 and 2-ThTr2, represented by SLC19A2 and SLC19A3,, 

however folates are not transported via the reduced folate carrier SLC19A1 (RFC). 

These transporters are the main means by which thiamine and folates are delivered 

to systemic tissues, and their optimal function is at physiological The intestinal 

absorption of folates is mediated by pH proton-coupled folate transporter (PCFT), 

a member of the solute carrier family SLC46A1. Additionally, PCFT is required 

for folate to pass the blood-brain barrier, choroid plexus, and cerebrospinal fluid 

barrier. Two folate membrane receptors, FOLR1 and FOLR2, mediate an 

endocytic process that transports folates as well. SLC46A1 is not classified in the 

Saier "transporter classification system" (http://www.tcdp.org/), although 

SLC19A1-3 belongs to the 2A.48 subfamilies. The loss-of-function mutations in 

SLC19A2, SLC46A1, FOLR1, and, to a lesser extent, SLC19A2 have resulted in 

autosomal recessive hereditary illnesses that have defined their physiological roles. 

In order to treat cancer and inflammatory/autoimmune illnesses, respectively, 

folate transporters are crucial in delivering analogues of folate in inflammatory and 

cancerous cells. A unique method for the targeted delivery of medications to 

malignant and immunological cells is the development of folic acid-based 

diagnostic and therapeutic compounds that are incorporated into the cells through a 

process called folate receptor mediated endocytosis. A significant portion of our 
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knowledge regarding the mechanisms behind folate transport comes from research 

conducted on folate analogues, such as pemetrexed and, more recently, 

methotrexate. [1], [2], [3] 

 

Figure (1): (A) Thiamine and 5-MTHF structures ,(B) Metabolic reactions for 

homocysteine and 5-methylTHF, methionine synthesis, THF production, one-

carbon derivatives for purine and thymidylate synthesis, DHFR inhibition by 

methotrexate and pralatrexate, Pemetrexed's derivatives for purine ring synthesis, 

and direct inhibitors of thymidylate synthase.[4]  

Computational methods 

We drew the folic acid complex using the Gauss View program 06 and used 

Gaussian 09 [5][6] to calculate it using DFT / B3LYP in the basis set 6-311G[7], 

where the engineering optimization structure were built. In addition to calculating 

the energy of the folic acid as a whole, the energy of the transition between the 

lowest electron-occupied orbit (LUMO) and the highest electron-occupied orbit 

(HOMO), and the energy difference between the orbits[8] In theoretical chemistry, 

the chemical potential (μ) is defined as the electronegativity's negative (χ). [9] as: 

𝜒 =
1

2
 (𝑬 𝑳𝒖𝒎𝒐+ 𝑬 𝑯𝒐𝒎𝒐) ……………𝟏 
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 =  𝜒 =
 

 
 (𝑬 𝑳𝒖𝒎𝒐 + 𝑬 𝑯𝒐𝒎𝒐 )………    2 

 

The hardness (η) quantitative description With a total energy power of E, an N-

electron device can be expressed as [10] 
 

 =
1

2
 (𝑬 𝑳𝒖𝒎𝒐  𝑬 𝑯𝒐𝒎𝒐 )……………  

 

The worldwide electrophilicity index (𝜔) [11] In terms of is conveyed as: 

𝜔 =  
  

   
  ……… 4 

where the chemical system's initial potential for vertical ionization and electron 

affinities are, respectively, IP and EA. Koopmans' theorem can be used to express 

the aforementioned parameters as an additional approximation. [12]. 

I = - E Homo ……….. 4 

A= - E Lumo ………... 5 

where the lowest unoccupied molecular orbital's energy is known as ELUMO and 

the highest occupied molecular orbital's energy is known as EHOMO. Moreover, 

the visible UV spectrum was calculated to determine the maximal wavelength of 

the folic acid complex, and the infrared spectrum was used to diagnose the 

condition. 

 

Results and Discussion 

Geometry optimization of Folic acid 

Folic acid's optimally structured shapes Fig. 2, DFT /B3LYP /6-311G, covers all of 

the useful conclusions from the present investigation. 

 

. Fig. 2 Geometry optimized for Folic acid by DFT/ B3LYP basis set 6-311G . 
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Properties of Folic acid  

Molecular Electrostatic Potential 

Studying the electrostatic potential of the molecule gives us a clear picture 

of the electronic density distribution of molecular systems to predict and verify 

chemically active sites with high electronegativity with a center of positive charge 

by drawing the peripheral surface (2D) of the molecules [13] .   
 

  

Fig.3 Total density of 2D for Folic acid by DFT/ 

B3LYP basis set 6-311G  

Fig.4 ESP of 2D for Folic acid by DFT/ B3LYP 
basis set 6-311G . 

 

Energy levels 

         The DFT using B3LYP/6-311G was used to calculate the energy of folic 

acid's frontal molecular orbitals, including EHOMO, ELUMO, and Egap. Whereas 

the energy of ELUMO is associated with the potential to take electrons from the 

molecules, the energy of the electron-donating potential of EHOMO is commonly 

related to the molecules. [14]. Both the LUMO value and the high-value EHOMO 

indicate a strong tendency to accept electrons and a heavy inclination to give 

electrons with low empty molecular orbital energy to a suitable acceptor molecule. 

Table 1 and Figure 5 present the results, which indicate which form of folic acid 

has the highest LUMO energy. The disparity in energy between folic acid's HOMO 

and LUMO energy levels [15]. Low electronic stability and high reactivity arise 

from low energy gap values. Low values can be advantageous since they indicate 

that it would be simple to extract an electron from the HOMO orbital and transfer 
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it to the LUMO orbital. lead to reaction The formula (1) Hartree = (27.211 e.v ) 

converts the energy units of the Hartree to electron volts.  

 

Table 1 . Levels of energy in folic acid at DFT/6-311G at levels of theory. 

 

 

 

 

 

 

 

 

 

 

 EHOMO=-

0.1773 

 

 

 

 

 

            

Egap=0.0832 

 

 

 

 

ELUMO=-0.0940 

 

Fig.5. The DFT/B3LYP basis set 6-311G provides the energy of the LUMO and HOMO molecular 

orbitals of folic acid. 

Global Reactivity Descriptors  

Determine the values of the following: ionization potential (I), global 

hardness (η), chemical potential (μ), electronegativity (χ), global electrophilicity 

index (ω), and electronic affinity (A) in table (2). [16], According to the results, a 

low stable structure is indicated by a low hardness value, while a tiny ionization 

potential value suggests a high level of reactivity of the atoms and molecules. The 

electrophilic energy calculation of a gain the electrophilicity (ω) toward a 

Functions  ELUMO EHOMO ∆E gap 

Folic acid -0.09404 -0.17731 0.08327 
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nucleophile in the molecular process. A molecule's reactivity as an electrophile 

increases with its electrophilic ability. The design shows low hardness and a strong 

reactivity, as indicated by its electrophilic value. [17].  

Table 2. Folic acid properties via DFT/B3LYP/6-311G 

A 

(eV) 

I 

(eV) 

η 

(eV) 
𝝎 

(𝐞𝐕) 

X 

(eV) 

μ (eV) Folic acid 

0.0940 0.1773 0.0416 -0.221 0.1356 -0.1356 

 

Spectroscopy properties 

1-UV-Visible spectrophotometer 

Fig.6 demonstrates an absorption peak measured by UV-visible spectroscopy at the 

maximum wavelength of 658 nm. This helps us to explain why the produced 

complex has color because the visible range, which spans 450–960 nm, is covered 

by this wavelength.  

 
   

 

  Fig. 6. UV- visible spectroscopy of folic acid  by DFT/ B3LYP basis set 6-311G . 
  
 2-Infrared spectroscopy 

  

The folic acid's ground state harmonic vibrational frequencies, B3LYP, and 

6-311G base sets displayed in Fig. 7 were investigated. There were two sorts of 

stretching anomalies, including symmetric ones, in addition to asymmetric 

varieties. While the asymmetric stretching occurred in distinct periods while the 

bonds vibrated, the symmetric stretching occurred within the same period as the 

atoms. Multiple bands of the aliphatic (C-H) There are stretching vibrations seen in 

the vicinity of 1500 cm-1.[18]. At 1200 cm-1, 1250 cm-1, 1850 cm-1, and 3442 



Journal of Kufa for Chemical Sciences Vol. (3)No.(3) Special issue  ……..……….……….Nov. 2024 
 

 64 

 

cm-1, a new band emerges. Specifically, the υ (C-C), υ (C-N), υ (C=O), and υ (N-

H). Using the Gussain09 program, theoretical vibrational decomposition 

calculations of folic acid were performed.
 
[19]. 

 

Fig. 7. Folic acid infrared spectroscopy using DFT/B3LYP basis set 6-113G. 

 
Binding with thymidine in DNA 

The metabolism of folic acid produces building components of nucleic acids, 

which are essential for DNA creation and maintenance. Deoxyuridine 

monophosphate (dUMP) gains a methyl group from thymidylate synthase., which 

initiates the de novo production of deoxythymidine monophosphate (dTMP). After 

that, this substance undergoes phosphorylation to produce thymidine triphosphate 

(dTTP) and deoxynucleotide triphosphate (dNTP). Thymidine triphosphate (dTTP) 

is one of the four deoxyribonucleic acids involved in DNA synthesis and repair. A 

lack of folate will prevent the conversion of deoxyuridine triphosphate (dUMP) to 

dTMP, resulting in an excess of dUTP. [20] . The binding of Original folic acid 

and folic acid_O54-CH3 to thymine at various locations depicted in Figure 7 was 

calculated theoretically. We favor the bond of folic acid_O54-CH3 over the original 

folic acid because, according to the binding energy calculation, the binding energy 

of thymine in folic acid_O54-CH3 is lower than the binding energy of the original 

folic acid. The folic acid O54-CH3 has a greater Egap and chemical hardness (η), 

indicating a more stable structural structure than the original folic acid binding, and 

a lower electrophilicity (Ϸ) indicating less reactive activity. When compared to 

Original Folic acid binding, Folic acid _O54-CH3 exhibits more DNA distortion 

efficacy. The Folic acid _O54-CH3 is more successful in bending the DNA strand 

when it binds to the DNA strand because it is more stable and inhibits DNA 
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resistance to it when it binds from Original Folic acid binding. Table displays the 

outcomes (3). 

 

Figure8: shows the binding sites of folic acid to thymine 

 
 

Table 3. Mathematical comparison between original folic acid and Folic acid _O54-CH3 using a 
distribution of Semi/B3LYP/6-311G 

 
 
 
 
 

 
 

The measured geometric parameters of the compound O54CH3-folic acid were 
also obtained before binding to thymine, and the geometric parameters were 
measured and compared after binding to thymine.  
 

As shown in Table (4). From table (3) as shown the bond length for Folic acid 
O54CH3 + Thymine is lower value . 
 

 

 

Complex type 𝝁 E gap 𝜼 𝝎 

original folic acid -0.1933 e.v 0.2511e.v 0.1255 e.v  -0.1487 e.v  

Folic acid _O54-CH3 -1.249 e.v 0.2242e.v 0.1440e.v -5.419 e.v 

Table 4.  Calculate the length of the bond using DFT/B3LYP/6-311G of folic acid, both 

theoretically and empirically. 

Folic acid O54CH3 + Thymine Folic acid O54CH3 

 

Bond  

angle 

Bond 

length 

Bond  

angle 

Bond 

length 

119.211  1.88 A
0

 119.985 1.248 A
0
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