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Abstract— In this work a theoretical study related to 

exploring and establishing the relationship between 

geometry, electronic structure, and various physical 

properties were determined for two substituted 

phenylalanine derivatives as tryptophan hydroxylase 

(TPH) inhibitors; 2-Amino-3-(4-(5-(Naphthalen-2-

Ylmethyl-amino) Pyrazin-2-Yl) Phenyl) Propionic Acid 

and -2-Amino-3-(4-{5-[(Quinolin-3-Ylmethyl)-Amino]-

Pyrazin-2-Yl} Phenyl) Propionic Acid,   which differ 

structurally,  that  carbon atom of naphthalene in 

compound 1 is replaced by nitrogen atom to form quinine 

in compound 2. Molecular properties such as high 

occupied molecular orbital energy (EHOMO), low 

unoccupied molecular orbital energy (ELUMO), the energy 

gap between HOMO and LUMO (∆E) and Physical 

properties, such as electronegativity (x), softness (s), 

hardness (η), chemical potential (μ), and electrophilicity 

index (ω), were studied to compare properties of these two 

compounds in relation to their molecular structure. 

Results show that the (∆E) values of compound 2 were 

reduced by the replacement of the hydrogen atom in 

compound 1 by nitrogen atom in compound 2. 

Consequently, the stability of compound 2 decreased and 

its activity increased. Additionally, compound 2 exhibited 

a high electronic chemical potential value and a low 

chemical hardness value indicating high levels of 

polarizability. 

 

Keywords— phenylalanine, quinine, substitution, molecular 

structure, electronic properties. 

 

I. INTRODUCTION 

Tryptophan hydroxylase (TPH) is the initial enzyme in 

serotonin biosynthesis [1]. It is catalyzed the hydroxylation of 

L-tryptophan to produce 5-hydroxytryptophane 5-HT [2]. 5-

hydroxytryptophane (5-HT) is released in a wide variety of 

physiological and neuronal processes and it is responsible for 

several psychiatric diseases and for the actions of numerous 

drugs of abuse. Therefore, TPH has a crucial role in 

influencing the pharmacological and physiological processes 

occurred by 5-HT. 

Phenylalanine derivatives are important inhibitors of TPH 

enzyme [3]. It is an amino acid that is found in the breast 

milk of mammals, in all proteins and in some artificial 

sweeteners. Its formula is C9H11NO2, and it appears as a 

methyl group for alanine is substituted by benzyl group or a 

terminal hydrogen of alanine is substituted by phenyl group. 

Phenylalanine has in common a side group with an aromatic 

ring structure. Its derivative results from the replacement of 

any hydrogen of phenylalanine by a heteroatom or from 

reaction of alanine at the amino group or the carboxyl group 

[4].    

2-Amino-3-(4-(5-(Naphthalen-2-Ylmethyl-amino) Pyrazin-2-

Yl) Phenyl) Propionic Acid (compound 1) and 2-Amino-3-(4-

{5-[(Quinolin-3-Ylmethyl)-Amino]-Pyrazin-2-Yl} Phenyl) 

Propionic Acid (compound 2) are two ring- substituted 

Phenylalanine, which result from the replacement of para 

hydrogen of phenylalanine by pyrazine attached to 

(naphthalen-2-ylmethyl-amino) in (compound 1)  and 

(quinolin-3-Ylmethyl-Amino) in (compound 2) . 
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Fig. 1.   2-Amino-3-(4-(5-(Naphthalen-2-Ylmethyl-amino) 

Pyrazin-2-Yl) Phenyl) Propionic Acid (compound 1)    
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Fig.  2.  2-Amino-3-(4-{5-[(Quinolin-3-Ylmethyl)-Amino]-

Pyrazin-2-Yl} Phenyl) Propionic Acid (compound 2) 
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In this study, molecular structure and electronic properties of 

these two phenylalanine derivatives compounds were 

determined and compered to investigate the effect of 

replacement of the carbon atom in naphthalene group 

(skeleton composed of two orto-fused benzene rings) in 

compound 1 with the nitrogen atom in quinine group (double-

ring structure composed of a pyridine and a benzene ring 

fused at two adjacent carbon atoms) in compound 2. Quantum 

chemical calculations were performed with the GAUSSIAN-

09W using the 6-311G (d, p) basis sets at the B3LYP levels. 

 

II. METHODOLOGY 

The two molecules in Figures 1 and 2 were fully optimized 

using the 6-311G (d, p) basis sets at the B3LYP levels. The 

B3LYP method was applied to investigate the correlation and 

exchange effects by incorporating the hybrid exchange-

correlation function [5]. Electronegativity (χ), chemical 

potential (μ), softness(S), global electrophilicity index (ω), 

hardness (η), hyper-polarizability (β), and polarizability (α) of 

each molecule were computed at the B3LYP level using the 6-

311G (d, p) basis sets. The EHOMO and ELUMO were used to 

estimate the electronegativity (χ) as follows: 

 
 

The chemical potential (μ) which is known as the negative of 

electronegativity (χ), nucleofugality (∆En), electrofugality 

(∆Ee), softness (S), global electrophilicity index (ω), and 

hardness (η) were calculated from the following equations [6]:  

 

 
 

 

 

                      

                                                  

                                                  

 

The total hyper-polarizability (β) is defined as:  

 

 
,

 

 

The mean polarizability (α) and anisotropic polarizability (∆α) 

were calculated based on the following formulas:   

 

 
Where αxx, αyy, αzz, αxy, αxz and αyz are polarizability tensor. 

 

Since the values of the first-order hyper-polarizability (β) and 

polarizability (α) of GAUSSIAN-09W output are expressed in 

atomic units (a. u.), the values were converted into 

electrostatic units (esu) (α: ) (β: 

 [7]. 

 

III.  RESULTS AND DISCUSSION 

The phenylalanine derivative molecules (compound 1 and 

compound 2) are fully optimized using density function theory 

DFT with the B3LYP/6-311G (d, p) basis set.  The surfaces of 

LUMO-HOMO and ESP were drawn (Figure 3) to understand 

the bonding scheme of the present compounds. 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The fully optimized, HOMO, LUMO and ESP shapes of compound 1 and compound 2 using the B3LYP/6-311G (d, p) 

basis set. 

 

A HOMO-LUMO energy dependent calculation 

The energy values of low unoccupied molecular 

orbital (LUMO), high occupied molecular orbital (HOMO) 

and energy gap values between HOMO and LUMO of the two 

studied compounds are presented in Table 1, while the 

physical properties of the two compounds are shown in Table 

2. 

 

Compound LUMO HOMO ESP 

Compound 1 

 

 

 

Compound 2 
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Table 1: HOMO and LUMO energies of compound 1and compound 2 using the B3LYP/6-311G (d, p) basis set. 

 

compound 

HOMO(eV) LUMO(eV) ∆Е 

(eV) 

Compound 1 -5.63 -1.42 4.21 

Compound 2 -5.76 -1.76 4 

 

Table 2: The physical properties of the two compounds using the B3LYP/6-311G (d, p) basis set. 

 

 

 

 

 

 

 

 

Chemically speaking, compounds with a higher HOMO-

LUMO orbital energy gap are more stable and thus harder 

than compounds with a lower HOMO-LUMO orbital energy 

gap [8]. This fact is clearly seen in Tables 1 and 2, which 

revealed that the replacement of the naphthalene group in 

compound 1 with the quinine group in compound 2 resulted in 

a reduction in energy gap from 4.22 eV for compound 1 to 4 

eV for compound 2 making compound 2 less stable. This 

reduction in turn led to a decrease in hardness from 2.11 eV to 

2 eV and an increase in activity from 6.72 to 7.89 for 

compounds 1 and 2 respectively.  

This judgment is also supported by a prior report, which stated 

that higher HOMO-LUMO energy gap values corresponded to 

higher stability [7].  

The best electrophilic molecule, on the other hand, has high 

values of softness and electronegativity [9]. This fact, that 

compound 2 is a better electrophile than compound 1, is 

evident from the results in Table 2. For compound 2, 

electrophilicity index was 3.54 eV, electronegativity was -3.76 

eV, and softness was 0.25 eV, all of which were higher than 

those of compound 1, which had values of 2.96 eV, -3.53 eV, 

and 0.24 eV for electrophilicity index, electronegativity and 

softness respectively. This increase can be explained by the 

presence of nitrogen atom in quinine group for compound 2, 

which has a high electronegativity comparing to carbon atom 

that present in naphthalene group for compound 1. 

 

B The mean dipole polarizability and the anisotropic 

polarizability. 

The molar volume values (Vm), mean dipole polarizability 

values (α), anisotropic polarizability values (∆α) and first 

hyper polarizability values (β) of the two compounds were 

calculated using the B3LYP/6-311G (d,p) basis set and 

recorded in Table 3.  

 

 

 

 

 

 

Table 3 The molar volume values Vm, mean dipole polarizability values α, anisotropic polarizability values ∆α and first hyper 

polarizability values β of compound 1  and compound 2 using the B3LYP/6-311G (d, p) basis set. 

 

These values were calculated in atomic units (a,u) and 

converted to electrostatic unites (esu); for α: 1a.u = 0.1482x10
-

24
 esu and for β: 1a.u = 8.693x10

-30
 esu. As seen in Table 3, all 

values of α, ∆α and β decreased by the replacement of  a 

naphthalene group in compound 1 with a quinine group in 

compound 2. The values of α, ∆α and β for compound 2 were 

54.60 x10
-24

 esu, 54.80 x10
-24

 esu, and 4.25 x10
-30

 esu 

respectively, these values recorded 51.25 x10
-24

 esu, 29.95 

x10
-24

 esu, and 3.36 x10
-30

 esu for α, ∆α and β respectively for 

compound 1. It can be also noted from Table 3 that compound 

2 has a higher molar volume value than compound 1. This can 

be explained by the fact that the nitrogen atom in quinine 

group in compound 2 is larger than the carbon atom in 

naphthalene group in compound 1. 

The findings in the aforementioned Tables 2,3 were in a good 

agreement with a previous study conducted by Sinah et al 

(2011)[10], which demonstrated that the compound with high 

values of electrochemical potential and softness (low value of 

chemical hardness), had high value of mean dipole 

Compound 

Χ 

(eV) 

η 

 (eV) 

S 

 (eV
-1

) 

μ 

 (eV) 

ω 

 (eV) 

∆Ee 

(eV) 

∆En  

(eV) 

Compound 1 -3.53 2.11 0.24 3.53 2.95 7.54 0.48 

Compound 2 -3.76 2 0.25 3.76 3.54 8.3 0.78 

Compounds α x10
-24

 esu ∆α x10
-24

 esu β x10
-30

 esu Vm(cm
3
) A( activity) 

Compound 1 51.25 29.95 3.36 296.08 6.24 

Compound 2 
54.6 54.8 4.25 303.3  7.89 
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polarizability values α, anisotropic polarizability values ∆α 

and first hyper polarizability values β.    

 

IV.  CONCLUSION 

This theoretical investigation has shown how the electrical 

characteristics, stability, polarity, and activity of the molecules 

under study are affected when the naphthalene group in 

compound 1 is replaced with the quinine group in compound 2 

which means replaced of one carbon atom of two orto-fused 

benzene rings by nitrogen atom. Through the optimization of 

the two compounds, the HOMO-LUMO energy gap value of 

compound 2 was found to decrease by this replacement, which 

led to a decrease in its stability and an increase in its activity. 

It can be also concluded that this replacement led to an 

increase in the electronic chemical potential, the polarizability 

values of compound 2,   and a decrease in its chemical 

hardness values. In conclusion of this work, the replacement 

of atom by other kind of atom and change in chemical 

structure can lead to significant changes in the activity and the 

electronic properties of the molecule. It is expected that the 

information provided here will be helpful for the future studies 

towards a conducting another quantum structure activity 

relationship. 

 

V. REFERENCE 

[1]  C. R.Whitehouse, J. Boullata,   and L. A. McCauley,    

"The potential toxicity of artificial sweeteners”, Aaohn 

Journal, 56(6),pp. 251-261, 2008 . 

[2]  H. Yanagawa, Y. Makino,   K. Sato, M. Nishizawa and 

F. Egami, "A novel way for the formation of α-amino 

acids and their derivatives in an aqueous 

medium”, Advances in Space Research, 3(9), pp. 69-74‏, 

1983. 

[3]  J. Haque, V. Srivastava, and M. A. "Quraishi, 

Phenylalanine Derived Zwitterion as Novel Corrosion 

Inhibitor for Mild Steel in 1M HCl: Electrochemical, 

Surface and DFT Studies”. In CORROSION One Petro. 

2019. 

[4]  R. F. Jackson, N. Wishart, A. Wood, K. James, and M. 

J. Wythes, "Preparation of enantiomerically pure 

protected 4-oxo. Alpha.-amino acids and 3-aryl. Alpha.-

amino acids from serine”, The Journal of Organic 

Chemistry, 57(12), pp. 3397-3404, 1992.   

[5] P.Siahaan, M. N. T. Lalita, B. Cahyono, M. D. 

Laksitorini, and S. Z. Hildayani,  "Ab initio 

computational study of reaction mechanism of peptide 

bond formation on HF/6-31G (d, p) level. In IOP 

Conference Series: Materials Science and Engineering”   

IOP Publishing 172, (1), pp. 012040, 2017. 

[6] P. Rajamani, V.Vijayakumar, P.Nagaraaj, P and 

N.Sundaraganesan "Synthesis, Characterization,    

Spectroscopic, DFT and Molecular Docking Studies of 

3-(3, 4-Dihydroxyphenyl)-1-Phenyl-3-(Phenylamino) 

Propan-1-One. Polycyclic Aromatic Compounds”, 

pp.1-21, 2020. 

[7]  R. A. Ismail, A. B. Suleiman, A. S. Gidado,  A. Lawan, 

and A. Musa, " Investigation of the Effects of Solvents 

on the Structural, Electronic and Thermodynamic 

Properties of Rosiglitazone Based on Density 

Functional Theory”, Physical Science International 

Journal, 21(2), pp. 1-18, 2019. 

[8] I. A.  Adejoro, C. U, Ibeji  and, D. C. Akintayo  

"Quantum descriptors and corrosion inhibition   

potentials of Amodaquine and Nivaquine”, Chem. Sci. 

J. 8   149. 2017.   

[9] S.  Damoun, W. Langenaeker, G. Van de Woude, and 

P. Geerlings  "Acidity of halogenated alcohols and 

silanols: competition of electronegativity and softness 

in second and higher row atoms”,  J. Phys. Chem. 99 

pp. 12151-12157, 1995. 

[10] O. Sinha, V. Prasad, S. R. Narayan S. Raman   FT-IR 

spectroscopic analysis and first-order 

hyperpolarisability of 3-benzoyl-5-chlorouracil by first 

principles”, Mol. Simul. 37 pp. 153-163. 2011.‏‏ 

 

 

 

 


