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Özet 

6-Methyl 1,2,3,4-Tetrahydroquinoline molekülünün karakterizesi için, bağ uzunluklarını ve açılarını içeren temel 

haldeki optimize moleküler yapısı, 6–311G (d,p) temel setli yoğunluk fonksiyon metodu (B3LYP), ab initio Hartree–

Fock (HF) ve yarı ampirik AM1, PM3, PM6 ve RM1 yöntemleri ile incelenmiştir. Hesaplanan bağ uzunlukları ve bağ 

açıları birbirleriyle ile iyi bir uyum içinde olduğu gözlendi. Molekülün kimliği için ayrıca; atomik yükler, 

termodinamik nicelikler, nükleer magnetik rezonans ve mor ötesi spektrumları belirlendi ve yorumlandı. Buna ek 

olarak da hem sınır orbital (FMO) ve elektrostatik potansiyel enerji değerleri (MEP) simüle edildi, hem de enerji 

geçiş durumları ve bant enerjileri değerlendirildi. 

Anahtar Kelimeler: 6-methyl 1,2,3,4-tetrahydroquinoline, FMO, HF, B3LYP,RM1 

 
Abstract 

The optimized molecular structures including bond lengths and angels of 6-Methyl 1,2,3,4-Tetrahydroquinoline 

molecule were investigated using density Functional Theory (B3LYP), ab initio Hartree–Fock (HF) and Semi–

Empirical models containing Austin Model 1 (AM1), Parametric–Method Number 3 (PM3), Parametric–Method 

Number 6 (PM6) and Re–parameterization of AM1 (RM1) models in order to characterize the molecule. All the 

calculated bond lengths and bond angles were observed to be in good agreement with each other. In addition atomic 

charges, thermodynamic properties, nuclear magnetic resonance (NMR) spectra and ultraviolet visible (UV–Vis) 

spectra were determined and interpreted for the identification of the molecule. Moreover, we not only simulated 

frontier molecular orbitals (FMO) and the molecular electrostatic potential (MEP) but evaluated the transition state 

and energy band gap.  
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I. INTRODUCTION 

As it is well known quinoline from heterocyclic organic 
compound [1–2] is either a weak tertiary base [3] or soluble 
in alcohol, ether, benzene and carbon disulfide. Therefore, 
the researches on quinoline derivatives increase in the last 
decades due to the fact that the increased interest in not only 
the fundamental researches in chemistry [4] and biology [5–
8] but the application in industry of these derivatives in the 
last decades stems from its anti bacterial [9–10], anti 
malarial [11–16] and anti fungicidal drugs [17]. In order to 
support the experimental evidences, the scientists use 
computational methods which are reliable to characterize the 
molecule because of their efficiency and accuracy with 
respect to the evaluation of a number of molecular 
properties [18]. A suitable quantum chemical study is 
helpful to predict compound properties economically and to 
clarify some experiment phenomena insightfully [19]. In 
this respect, the computational researches on compound 
properties tend to increase [17][20,21]. In this study, we 
calculated the molecular structures including bond lengths 
and angles, atomic charges, thermodynamic properties, 
NMR spectra and UV–Vis Spectra. Furthermore; after 
frontier orbitals and the molecular electrostatic potential 
were visualized, transition states and energy band gap were 
determined and interpreted for the 6-methyl 1,2,3,4-
tetrahydroquinoline molecule by using quantum mechanical 
methods. The aim of this study is to not only clarify the 
characterization of 6-methyl 1,2,3,4-tetrahydroquinoline but 
show the way to future studies of this molecule, as well. 

II. COMPUTATIONAL DETAILS 

In order to predict compound properties economically and 
obtain the characterization of the 6-Methyl 1,2,3,4-
Tetrahydroquinoline molecule, the optimized molecular 
structures, atomic charges, thermodynamic properties, NMR 
Spectra, UV spectra, translation energy (HOMO–LUMO) 
and molecular electrostatic potential (MEP) were 
investigated by means of HF [22] and B3LYP [23] methods 
at 6–311G(d,p) [24] basis set and Semi Empirical Models 
including AM1 [25], PM3 [26], RM1 [27] and PM6 [28] 
calculation levels and then compared with each other. All 
the computations were performed by using Gaussian 09 
program package program with molecular visualization 
program [29–30] on the personal computer. 

III. RESULTS AND DISCUSSIONS 

We determined the molecular geometry, thermodynamic 
properties, atomic charges, NMR spectra, UV–Vis spectra, 
electrostatic potential and translation energy │ΔE│ for the 
identification of 6-methyl 1,2,3,4-tetrahydroquinoline. 

3.1. Molecular Geometry 

 
Figure 1 The molecular structure of 6-methyl 1,2,3,4-tetrahydroquinoline 

The molecular structures including bond lengths and bond 
angles of 6-methyl 1,2,3,4-tetrahydroquinoline are shown in 
Figure 1 along with labeling and symbolizing by using 
schema. Geometric properties of structure were calculated 
by DFT/6–311G(d,p), HF/6–311G(d,p), AM1, PM3, PM6, 
and RM1 levels of calculation and depicted in Table 1. As 
can be seen from the table, all calculated data are in good 
agreement with each other. The largest difference of the 
calculated geometries was found between (C15–C21) for the 
bond lengths and (N20–C11–C10) for the bond angels. 
Moreover, computations of DFT/6–311G(d,p) and PM6 
calculation levels were found to be in the best agreement 
with each other for lengths whereas that of DFT/6–
311G(d,p) and HF/6–311G(d,p) calculation  levels were 
obtained to be in the best agreement with each other for 
bond angles.  

 

3.2. Charge Analysis 

Atomic charges not only are very much dependent on how 
the atoms are defined but also play an important role in the 
application of quantum chemical calculations to molecular 
systems. Atomic charges of 6-methyl 1,2,3,4-
tetrahydroquinoline, calculated by Mulliken [31] and 
Coulson [32] method were shown in Table 2. The 
magnitudes of the carbon atomic charges were found to be 
either positive or negative at all computational methods. 
These magnitudes are changing between –1.33 and 3.10. 
The maximum charge magnitude (C5) was found 0.20, 0.20 
and 0.24 at HF/6–311G(d,p), DFT/6–311G(d,p) and RM1 
calculation levels, respectively. On the other hand, the 
minimum charge (C16) was obtained to be –0.49 at PM6 
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level of calculation. In addition, the magnitudes of charges 
calculated on N atoms are found to be –0.28, 0.04, –0.41, –
0.42, –0.56, –0.46 at AM1, PM3, PM6, RM1, HF/6–
311G(d,p) and DFT/6–311G(d,p)  basis sets, respectively. 
Furthermore; the magnitudes of the hydrogen atomic 
charges are arranged in an order from 0.04 to 0.27. The 
charge on H12 connected with N was calculated to be 
maximum at all the calculation levels and the minimum 
magnitudes were generally obtained at PM3 calculation 
level. The results show that: 
*All the hydrogen atoms in molecules lost electrons.  
*Charge migration to heavy atoms can be related to 
molecular interactions. 
*PM6 basis set has more negative magnitudes than the 
others.  

*Computations of B3LYP and HF calculation levels are in 
good agreement with each other  

3.3. UV–Vis Spectra Analysis 

These spectra analyses 6-methyl 1,2,3,4-tetrahydroquinoline 
were investigated by various theoretical results. Absorption 
maxima (λmax) of the molecule were calculated by CIS [33] 
and TD [34] methods. The calculated visible absorption 
maxima of λ which are a function of the electron availability 
were reported in Table 3. Calculations of molecular orbital 
geometry show that the visible absorption maxima of this 
molecule correspond to the electron transition between 
frontier orbitals. As can be seen from the table, the  

 

Table 1 Calculations of the optimized geometric parameters of 6-methyl 1,2,3,4-tetrahydroquinoline 

 Bond Length (Å) 
 B3LYP/6–311G(d,p) HF/6–311G(d,p) AM1 PM3 PM6 RM1 
N20–C11 1.46 1.45 1.44 1.48 1.49 1.45 
C11–C10 1.53 1.53 1.52 1.52 1.53 1.53 
C15–C10 1.53 1.53 1.51 1.51 1.53 1.52 
C15–C5 1.52 1.52 1.48 1.49 1.50 1.48 
C6–C5 1.41 1.40 1.41 1.40 1.41 1.40 
C6–N20 1.40 1.39 1.40 1.43 1.42 1.39 
C5–C4 1.40 1.39 1.39 1.39 1.39 1.38 
C4–C3 1.40 1.39 1.39 1.39 1.40 1.39 
C3–C2 1.40 1.39 1.39 1.39 1.40 1.39 
C2–C1 1.39 1.38 1.38 1.38 1.39 1.38 
C1–C6 1.40 1.40 1.41 1.40 1.40 1.40 
N20–H12 1.01 0.99 0.99 0.99 1.02 1.01 
C11–H14 1.09 1.08 1.12 1.11 1.11 1.11 
C11–H24 1.10 1.09 1.12 1.10 1.11 1.11 
C10–H13 1.09 1.08 1.12 1.10 1.10 1.11 
C10–H23 1.09 1.08 1.11 1.10 1.10 1.10 
C15–H21 1.09 1.08 1.12 1.10 1.11 1.11 
C15–H22 1.10 1.09 1.12 1.10 1.10 1.11 
C4–H9 1.09 1.07 1.10 1.09 1.08 1.09 
C3–C16 1.51 1.51 1.48 1.48 1.49 1.48 
C16–H18 1.10 1.08 1.11 1.09 1.09 1.10 
C16–H19 1.09 1.08 1.11 1.09 1.09 1.10 
C16–H17 1.09 1.08 1.11 1.09 1.09 1.10 
C2–H8 1.09 1.07 1.10 1.09 1.08 1.09 
C1–H7 1.09 1.07 1.10 1.09 1.08 1.09 
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Table 1 Calculations of the optimized geometric parameters of 6-methyl 1,2,3,4-tetrahydroquinoline continued 

 
Bond Angles (0) 

  B3LYP/6–311G(d,p) HF/6–311G(d,p) PM3 PM6 RM1 AM1 
N20–C11–C10 109 109 110 111 110 116 
C11–C10–C15 110 110 111 110 109 110 
C10–C15–C5 112 112 112 112 111 111 
C15–C5–C6 120 120 121 121 121 120 
C5–C6–N20 121 121 121 122 121 122 
C6–N20–C11 119 122 116 116 120 118 
C1–C6–C5 119 119 120 120 120 119 
C6–C5–C4 119 119 119 119 120 120 
C5–C4–C3 123 123 121 121 121 121 
C4–C3–C2 117 117 119 119 120 119 
C3–C2–C1 121 121 121 121 121 121 
C2–C1–C6 121 121 120 120 120 121 
N20–C11–H14 108 109 112 112 109 109 
N20–C11–H24 112 112 107 107 112 107 
C11–C10–H13 109 109 110 110 111 110 
C11–C10–H23 110 110 110 109 110 109 
C10–C15–H21 110 110 110 110 110 110 
C10–C15–H22 109 109 110 110 111 110 
C5–C4–H9 118 118 120 120 120 119 
C3–C4–H9 119 119 120 119 120 120 
C2–C3–C16 121 121 120 121 120 121 
H14–C11–H24 108 107 107 107 105 108 
H13–C10–H23 108 108 106 107 105 108 
H21–C15–H22 106 106 106 106 105 107 

 

absorption maxima of translation from HOMO to LUMO 
(from HOMO–1 to LUMO+2) was found to be 171, 273 and 
228 nm at the CIS,TD–DFT//B3LYP/6–311G(d,p) and TD–
HF/6–311G(d,p) levels of calculation, respectively. The 
maximum calculated wave length of the translation from 
HOMO–1 to LUMO (from HOMO to LUMO+2) was 
obtained to be 236 nm at TD–B3LYP/6–311G(d,p) basis set, 
similarly; the calculated λmax of the translation between 
HOMO–2 and LUMO+2 (between HOMO–1 and 
LUMO+1)  was noted to be 214 nm at TD–B3LYP/6–
311G(d,p)  calculation level. In addition, oscillator strength 
values depicted in the Table 3 were noticed to be close to 
each other for all translations at the calculated basis sets. 

3.4. NMR Spectrum Analysis 

Whereas no electron correlation effects are taken into 
account in HF methods, DFT methods treat the electronic 
energy as a function of the electron density of all electrons 
simultaneously and thus include electron correlation effect 
[35]. In this study, GIAO 13C and 1H NMR chemical shifts 
of 6-methyl 1,2,3,4-tetrahydroquinoline have been 
calculated and depicted in Table 4. These calculations have 
been obtained at HF/6–311G(d,p) and B3LYP/6–311G(d,p) 
levels for the optimized geometry. 1H chemical shift values 
were found at 1.23–7.60 and 0.53–6.88 parts per million 
(ppm) at HF/6–311G(d,p)//HF/6–31G(d) and HF/6–
311G(d,p)//B3LYP/6–311+G(2d,p)  basis sets while these 
values were obtained at 1.68–7.50 and 0.96–6.78 ppm at 
B3LYP/6–311G(d,p)//HF/6–31G(d) and B3LYP/6–
311G(d,p)//B3LYP/6–311+G(2d,p) calculation levels,  
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Table 2  Atomic charges for optimized geometry of 6-methyl 1,2,3,4-tetrahydroquinoline 

 
  AM1 PM3 PM6 RM1 HF/6–311G(d,p) B3LYP/6–311G(d,p) 

 Atoms Coulson Mulliken 
C1 –0.17 –0.14 –0.25 –0.24 –0.09 –0.10 
C2 –0.10 –0.08 –0.15 –0.03 –0.10 –0. 08 
C3 –0.10 –0.10 0.05 –0.13 –0.13 –0.10 
C4 –0.10 –0.08 –0.20 –0.04 –0.09 –0.06 
C5 –0.12 –0.11 –0.05 –0.17 –0.12 –0.11 
C6 0.05 0.06 0.16 0.20 0.24 0.20 
H7 0.13 0.11 0.15 0.11 0.09 0.08 
H8 0.13 0.10 0.15 0.10 0.08 0.07 
H9 0.13 0.10 0.15 0.10 0.07 0.07 
C10 –0.18 –0.10 –0.27 –0.15 –0.21 –0.23 
C11 –0.05 –0.09 –0.12 0.07 –0.01 –0.08 
H12 0.19 0.15 0.24 0.27 0.20 0.20 
H13 0.09 0.05 0.16 0.08 0.11 0.12 
H14 0.08 0.04 0.12 0.06 0.08 0.10 
C15 –0.11 –0.04 –0.26 –0.06 –0.11 –0.16 
C16 –0.17 –0.06 –0.49 –0.13 –0.17 –0.26 
H17 0.08 0.04     0.16    0.06 0.09 0.10 
H18 0.08 0.05 0.16 0.06 0.10 0.11 
H19 0.08 0.04 0.16 0.06 0.10 0.12 
N20 –0.28 –0.04 –0.41 –0.42 –0.56 –0.46 
H21 0.09 0.05 0.14 0.07 0.11 0.12 
H22 0.09 0.06 0.13 0.06 0.11 0.12 
H23 0.09 0.07 0.13 0.07 0.10 0.11 
H24 0.09 0.06 0.13 0.04 0.09 0.11 

respectively. In addition, H23 has the minimum chemical 
shift of H atoms and this value is changing from 0.52 to 1.68 
ppm at different basis sets. The minimum chemical shift of 
H12 connected with N atom is also arranged in an order from 
1.46–2.86 ppm. The average chemical shift values of H 
atoms were calculated 3.23, 2.52, 3.54 and 2.87 ppm at 
HF/6–311G(d,p)//HF/6–31G(d), HF/6–
311G(d,p)//B3LYP/6–311+G(2d,p), B3LYP/6–
311G(d,p)//HF/6–31G(d) and B3LYP/6–
311G(d,p)//B3LYP/6–311+G(2d,p) basis sets, respectively. 

In addition, 13C chemical shifts with regard to TMS 
calculated at the same basis sets were given in the same 
table. 13C chemical shift values were found at 24.18–158.35 
and 6.66–140.83 ppm at HF/6–311G(d,p)//HF/6–31G(d) 
and HF/6–311G(d,p)//B3LYP/6–311+G(2d,p) basis sets 
whereas these values were observed at 36.42–170.15 and 
18.90–152.63 at B3LYP/6–311G(d,p)//HF/6–31G(d) and 
B3LYP/6–311G(d,p)//B3LYP/6–311+G(2d,p) calculation 
levels, respectively. C16 has the minimum chemical shift 
changing between 6.66 to 36.42 ppm. Moreover, the  
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Table 3 Theoretical electronic absorption spectra values of 6-methyl 1,2,3,4-tetrahydroquinoline 
 

Calculated, λcal (nm) 

CIS/6–311G(d,p) TD–B3LYP/6–311G(d,p) TD–HF/6–311G(d,p)  

Wave 
Length 
(nm) 

Oscillator 
Strength 

Wave 
Length 
(nm) 

Oscillator 
Strength 

Wave 
Length 
(nm) 

Oscillator 
Strength Translation 

171.03 0.0359 272.84 0.0329 228.32 0.0579 HOMO↔LUMO; 
HOMO–1↔LUMO+2 

160.66 0.0905 236.17 0.1420 219.70 0.0200 HOMO–1↔LUMO; 
HOMO↔LUMO+2 

128.38 1.4256 213.71 0.0004 174.42 0.6998 HOMO–2↔LUMO+2; 
HOMO–1↔LUMO+1 

 

average chemical shift values of C atom were found to be 
97.90, 80.38, 109.17 and 91.65 ppm at HF/6–
311G(d,p)//HF/6–31G(d), HF/6–311G(d,p)//B3LYP/6–
311+G(2d,p), B3LYP/6–311G(d,p)//B3LYP/6–311+G(2d,p) 
and B3LYP/6–311G(d,p)//HF/6–31G(d)  calculation levels, 
respectively. 

3.5. Thermodynamic Properties 

Several thermodynamic parameters have been calculated by 
using DFT and HF at 6–311G(d,p)  basis set and semi  
empirical models and have been given in Table 5. Scale 
factors have been recommended [36] for an accurate 
prediction in determining the zero–point vibration energies 
for HF and DFT calculation. The total energies and the 
change in the total entropy of the molecule at room 
temperature at different theoretical methods have been 
presented. Table 5 demonstrates several thermodynamic 
parameters of the molecule without results of experimental. 
Calculations of HF/6–311G(d,p) basis set for energy 
parameters and rotational constant are slighter larger than 
B3LYP/6–311G(d,p) ones. In contrast, HF entropy values 
are smaller than DFT values. 
 

3. 6. HOMO and LUMO Analysis 

Highest Occupied Molecular Orbital and Lowest 
Unoccupied Molecular Orbital are very important 
parameters for quantum chemistry. We can determine the 
way the molecule interacts with other species; hence, they 

are called the frontier orbitals. HOMO, which can be 
thought the outermost orbital containing electrons, tends to 
give these electrons such as an electron donor. On the other 
hand; LUMO can be thought the innermost orbital 
containing free places to accept electrons [37]. Owing to the 
interaction between HOMO and LUMO orbital of a 
structure, transition state transition of π–π* type is observed 
with regard to the molecular orbital theory [38]. Therefore, 
while the energy of the HOMO is directly related to the 
ionization potential, LUMO energy is directly related to the 
electron affinity. Energy difference between HOMO and 
LUMO orbital is called as energy gap that is an important 
stability for structures [39] and given in Table 6. In addition, 
3D plots of highest occupied molecular orbitals and lowest 
unoccupied molecular orbitals are shown in Fig. 2. 
 

According to B3LYP/6–311G(d,p) calculation level, 
HOMO – LUMO energy band gap (ΔE) of this molecule is 
about 0.20 a.u. while the band gap is about 0.42 at HF/6–
311G(d,p) calculation level. The highest occupied molecular 
orbitals are localized mainly on the molecule except for H13 
atom. Moreover, the lowest unoccupied molecular orbitals 
are localized mainly on benzene ring and H21–H22 atoms. 
The lowest MO Eigen value is found to be –14.31 and –
15.55 (a.u.) at B3LYP/6–311G(d,p) and HF/6–311G(d,p) 
levels of calculation, respectively. Similarly, the highest  
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Table 4 Theoretical 13C and 1H isotropic chemical shifts (with respect to TMS, all values in ppm) for 6-methyl 1,2,3,4-tetrahydroquinoline (C10H13N) 

Calculated Chemical Shift (ppm) 

Atom HF/6–311G(d,p)// 
HF/6–31G(d) 

HF/6–311G(d,p)// 
B3LYP/6–311+G(2d,p) 

B3LYP/6–311G(d,p)// 
HF/6–31G(d) 

B3LYP/6–311G(d,p)// 
B3LYP/6–311+G(2d,p) 

H17 1.84 1.13 2.01 1.30 
H22 2.12 1.41 2.61 1.89 
H21 2.17 1.45 2.54 1.82 
H9 7.60 6.88 7.50 6.78 
H7 6.96 6.24 6.95 6.24 
H8 7.30 6.59 7.32 6.61 
H19 1.85 1.13 2.00 1.29 
H23 1.23 0.52 1.68 0.96 
H14 2.71 2.00 3.21 2.49 
H24 2.33 1.61 3.05 2.34 
H12 2.17 1.46 2.86 2.14 
H13 1.50 0.78 1.84 1.12 
H18 2.22 1.50 2.42 2.29 
C6 158.35 140.83 170.15 152.63 
C3 145.10 127.59 154.51 136.99 
C4 142.22 124.70 150.12 132.60 
C5 139.11 121.59 148.65 131.13 
C2 136.17 118.65 144.49 126.97 
C1 128.68 111.16 136.00 118.50 
C11 46.48 28.96 63.10 45.60 
C15 31.72 14.20 47.68 30.16 
C10 27.01 9.49 40.54 23.02 
C16 24.18 6.66 36.42 18.90 

 

 
Figure 2 3D plots of the a) HOMO and b) LUMO of 6-methyl 1,2,3,4-tetrahydroquinoline molecule (obtained from DFT method). 

 
 
 

Table 5 Theoretically computed energies (a.u.), zero–point vibrational energies (kcal mol–1), 
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rotational constants (GHz) , entropies (cal mol–1 K–1) and dipole moment (Debye) 
  

Parameters B3LYP/6–311G(d,p) HF/6–311G(d,p) 
Total energy –443.769 –440.808 
Zero–point energy 128.37 129.19 

Rotational constant 
0.61 0.62 
0.77 0.78 
2.58 2.61 

Entropy 
Total 97.2 95.33 
Translational 40.87 40.87 
Rotational 29.96 29.93 
Vibrational 26.39 24.53 
Dipole Moment  1.55 1.23 

 

Table 6 Some of the calculated energy values of 6-Methyl 1,2,3,4-Tetrahydroquinoline in its ground state  
with singlet symmetry at computational models 

 

Quantity HF Result DFT Result 
Lowest MO Eigen value (a.u.) –15.55 –14.31 
Highest MO Eigen value (a.u.) 37.03 35.59 
The virial (–V/T) 2.0001 2.0045 
HOMO (a.u.) –0.28 –0.20 
LUMO (a.u.) 0.130 –0.003 
HOMO–LUMO gap, ׀ΔE׀ (a.u.)  0.42 0.20 
Total Angular Momentum Max (10–10 ћ) 7.36 0.60 
Nuclear Kinetic Energy Max (a.u.) 0.0015 0.008 
Potential Energy Max (a.u.) –443.77 –440.80 

 

MO Eigen value is about 35.59 (a.u.) at B3LYP/6–
311G(d,p) and 37.03 (a.u.) at HF/6–311G(d,p) basis set. 
Furthermore some energy values have been depicted in the 
same table at the HF/6–311G(d,p) and  B3LYP/6–311G(d,p) 
basis sets. 

 

3.7. Molecular Electrostatic Potential 

At any given point r(x, y, z) in the vicinity of a molecule, 
the molecular electrostatic potential, V(r) is defined in terms 
of the interaction energy between the electrical charge 
generated from the molecule electrons and nuclei and a 

positive test charge (a proton) located at r [40,41]. The 
molecular electrostatic potential (MEP) is related to the 
electronic density and a very useful descriptor for 
determining sites for electrophilic attack and nucleophilic 
reactions as well as hydrogen–bonding interactions [42–43]. 
In Figure 3, while negative (red) regions of MEP were 
related to electrophilic reactivity the positive (blue) regions 
were related to nucleophilic reactivity. As seen from the 
figure, whereas the red region was localized on the nitrogen 
and vicinity of this atom the blue region was not seen 
clearly. Hence, it was found that the compound is useful to
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Figure 3 3D plots of the molecular electrostatic potential map (in a.u.) of 6-methyl 1,2,3,4-tetrahydroquinoline molecule 

 (obtained from DFT method). 

 
both bond metallically and interact intermolecularly. This 
result also supports the evidences of charge analyses part. 
 

IV. CONCLUSION 

In this study, we tried to clarify the characterization of 6-
methyl 1,2,3,4-tetrahydroquinoline by means of 
computational methods.  Bond lengths and angles were 
calculated by using DFT, HF and Semi–Empirical methods 
and compared with each other. All compared data 
(especially computations of DFT/6–311G(d,p) and HF/6–
311G(d,p) calculation  levels) are shown to have in a good 
agreement with each other. This good agreement is well 
within the accuracy of computational results. Moreover, 
after frontier molecular orbitals and molecular electrostatic 
potential were visualized, electronic structure and energy 
band gap of the title molecule were investigated and 
interpreted. Atomic charges, thermodynamic properties, 
NMR spectra and UV–Vis spectra were also determined for 
the identification of the molecule. In conclusion, all the 
calculated data and simulations not only show the way to the 
characterization of the molecule but also help for the 
fundamental researches in chemistry and biology in the 
future.  

 

Acknowledgment 

This study is dedicated to Yusuf Zalaoğlu on the occasion of 
his 25th Birthday.   

REFERENCES 

[1] MAC DIARMID, A.G., EPSTEIN A.J., In: JENEKHE 
S.A., WYNNE, K.J., Photonic and Optoelectronic 
Polymers,  American Chemical Society, Washington, 
DC, 1997   

[2] EPSTEIN, A.J., Mat. Res. Soc. Bull., 1997 
[3] U.S. Environmental Protection Agency, Toxicological 

Review of Quinoline, EPA/635/R-01/005, 2001 
[4] KATEGAONKAR, A.H., SHINDE, P.V., 

KATEGAONKAR, A.H., PASALE, S.K., SHINGATE, 
B.B., SHINGARE, M.S., ‘Synthesis and Biological 
Evaluation of New 2-chloro-3-((4-phenyl-1H-1,2,3-
triazol-1-yl)methyl) Quinoline Derivatives via Click 
Chemistry Approach’, European Journal of Medicinal 
Chemistry, Vol. 45, 3142-3146 (2010)  

[5] GUPTA, R., GUPTA, A.K., PAUL, S., KACHROO, 
P.L., ‘Synthesis and Biological Activities of Some 2-
chloro-6/8-substituted-3-(3-alkyl/aryl-5,6-dihydro-s-
triazolo-[3,4-b][1,3,4]thiadiazol-6-yl)Quinolines’, Indian 
Journal of Chemistry Section B-Organic Chemistry 



 

SAÜ. Fen Bilimleri Dergisi, 14. Cilt, 2. Sayı, 
s. 66-76, 2010 

 Theoretical Study On The Characterization Of 6-
Methyl 1,2,3,4-Tetrahydroquinoline Using 

Quantum Mechanical Calculation Methods.    
Y. ZALAOĞLU 

 

75 

 

Including Medicinal Chemistry, Vol. 37, 1211- 1213 
(1998) 

[6] DUBE, D., BLOWIN, M., BRIDEAU, C., ‘Quinolines 
as Potent 5-lipoxygenase Inhibitors: Synthesis and 
Biological Profile of L-746,530’, Bioorganic & 
Medicinal Chemistry Letters, Vol. 8, 1255-1260 (1998)  

[7] JONES, G., In: JONES (ED.), G., Quinolines, John-
Wiley Interscience, London, 1977 
[8] GUPTA, R., GUPTA, A.K., PAUL, S., SOMAL, P., 

‘Microwave-Assisted Synthesis and Biological Activities 
of Some 7/9-substituted-4-(3-alkyl/aryl-5,6-dihydro-s-
triazolo[3,4-b][1.3,4]thiadiazol-6-yl)tetrazolo[1,5-
a]Quinolines‘, Indian Journal Of Chemistry Section B-
Organic Chemistry Including Medicinal Chemistry, Vol. 
39, 847-852 (2000) 

[9] KIDWAI, M., BHUSHAN, K.R., SAPRA, P., 
SAXENA, R.K., GUPTA, R., ‘Alumina-Supported 
Synthesis of Antibacterial Quinolines Uusing 
Microwaves’, Bioorganic & Medicinal Chemistry, Vol. 
8, 69-72 (2000) 

[10] FUJITA, M., CIBA, K., TOMINAGA, Y., HINO, K., 
‘7-(2-aminomethyl-1-azetidinyl)-4-oxoquinoline-3-
carboxylic Acids as Potent Antibacterial Agents: 
Design, Synthesis, and Antibacterial Activity’, 
Chemical & Pharmaceutical Bulletin, Vol. 46, 787-796 
(1998) 

[11] ZEIGLER, J., LINCK, R., WRIGHT, D.W., ‘Heme 
Aggregation Inhibitors: Antimalarial Drugs Targeting 
an Essential Biomineralization Process’, Current 
Medicinal Chemistry, Vol. 8, 171-189 (2001)    

[12] CHAUHAN, P.M.S., SRIVASTAVA, S.K., ‘Present 
Trends and Future Strategy in Chemotherapy of 
Malaria’, Current Medicinal Chemistry, Vol. 8, 1535-
1542 (2001)  

[13] ISMAIL, F.M.D., DASCOMBE, M.J., CARR, P., 
MERETTE, S.A.M., ROUAULT, P., ‘Novel aryl-bis-
quinolines with Antimalarial Activity in-vivo’, Journal 
of Pharmacy and Pharmacology, Vol. 50, 483-492 
(1998) 

[14] FAMIN, O., KRUGLIAK, M., GINSBURG, H., 
‘Kinetics of Inhibition of Glutathione-Mediated 
Degradation of Ferriprotoporphyrin IX by Antimalarial 
Drugs’, Biochemical Pharmacology, Vol. 58, 59-68 
(1999)     

[15] DORN, A., VIPPAGUNDA, S.R., MITILE, H., 
JAQUET, C., VENNERSTROM, J.L., RIDLEY, R.G., 
‘An Assessment of Drug-haematin Binding as a 
Mechanism for Inhibition of haematin Polymerisation 

by Quinoline Antimalarials’, Biochemical 
Pharmacology, Vol. 55, 727-736 (1998)    

[16] GO, M.L., NGIAM, T.L., TAN, A.L.C., KUAHA, K., 
WILAIRAT, P., ‘Structure-Activity Relationships of 
Some indolo[3,2-c]Quinolines with Antimalarial 
Activity’, European Journal of Pharmaceutical 
Sciences, Vol. 6, 19-26 (1998) 

[17] KRISHNAKUMAR, V., PRABAVATHI, N., 
MUTHUNATESAN, S., ‘Density Functional Theory 
Calculations and Vibrational Spectra of 6-methyl. 
1,2,3,4-tetrahyroquinoline’, Spectrochimica Acta Part 
A-Molecular and Biomolecular Spectroscopy, Vol. 69, 
853-859 (2008)    

[18] RAVIKUMAR, C., JOE, I.H., JAYAKUMAR, V.S., 
‘Charge Transfer Interactions and Nonlinear Optical 
Properties of Push-Pull Chromophore Benzaldehyde 
Phenylhydrazone: A Vibrational Approach’, Chemical 
Physics Letters, Vol. 460, 552-558 (2008)    

[19] SUNA, Y.X., HAOA, Q.L., LUA, L.D., WANGA, X., 
YANGA, X.J., ‘Vibrational Spectroscopic Study of o-, 
m- and p-hydroxybenzylideneaminoantipyrines’, 
Spectrochimica Acta Part A: Molecular and 
Biomolecular Spectroscopy,  Vol. 75, 203-211 (2010) 

[20] ARJUNAN, V., MOHAN, S.,  RAVINDRAN, P., 
MYTHILI, C.V., ‘Vibrational Spectroscopic 
Investigations, ab Initio and DFT Studies on 7-bromo-
5-chloro-8-hydroxyquinoline’, Spectrochimica Acta 
Part A-Molecular And Biomolecular Spectroscopy,  
Vol. 72, 783-788 (2009) 

[21] FROSCH, T., POPP, J.J., ‘Relationship between 
Molecular Structure and Raman Spectra of 
Quinolines’,  Journal of Molecular Structure, Vol. 924, 
301-308 (2009)    

[22] YOUNG, D.C., Computational Chemistry: A Practical 
Guide for Applying Techniques to Real World 
Problems (Electronic), John Wiley & Sons Inc., New 
York, 2001 

[23] BECKE, A.D., ‘Density-Functional Thermochemistry 
.2. the Effect of the Perdew-wang Generalized-Gradient 
Correlation Correction’, Journal of Chemical Physics, 
Vol. 97, 9173-9177 (1992) 

[24] SAIARDI, A., ERDUMENT-BROMAGE, H., 
SNOWMAN, A.M., TEMPST, P., SNYDER, S.H., 
‘Synthesis of Diphosphoinositol Pentakisphosphate by 
a newly Identified Family of Higher Inositol 
Polyphosphate Kinases’, Current Biology, Vol. 9, 
1323-1326 (1999)  



 

SAÜ. Fen Bilimleri Dergisi, 14. Cilt, 2. Sayı, 
s. 66-76, 2010 

 Theoretical Study On The Characterization Of 6-
Methyl 1,2,3,4-Tetrahydroquinoline Using 

Quantum Mechanical Calculation Methods.    
Y. ZALAOĞLU 

 

76 

 

[25] DEWAR, M.J.S., HOLDER, A.J., ‘AM1 Parameters 
for Aluminum’, Organometallics, Vol. 9, 508-511 (1990)    
[26] STEWART, J.J.P., ‘Optimization of Parameters for 

Semiempirical Methods IV: Extension of MNDO, 
AM1, and PM3 to More Main Group Elements’, 
Journal of Molecular Modeling, Vol. 10, 155-164 
(2004) 

[27] THIEL, W., VOITYUK,  A.A., ‘Extension of MNDO 
to d Orbitals: Parameters and Results for the Second-
Row Elements and for the Zinc Group’, Journal of 
Physical Chemistry, Vol. 100, 616-626 (1996) 

[28] STEWART, J.J.P., ‘Optimization of Parameters for 
Semiempirical Methods V: Modification of NDDO 
Approximations and Application to 70 Elements’, 
Journal of Molecular Modeling, Vol. 13, 1173-1213 
(2007) 

[29] FRISCH, M.J., et. al, Gaussian, Inc., Wallingford CT, 
(2009) 
[30] GAUSSVIEW, W., FRISCH, A.E., NIELSEN, A.B., 

HOLDER, A.J., Gaussian Inc., Carnegie Office Park, 
Building 6, Pittsburg, PA 15106, USA, (2003) 

[31] OLSEN, J., JORGENSEN, P.J., ‘Linera and Nonlinear 
Response Functions for an Exact State and for an 
MCSCF State’, Journal of Chemical Physics, Vol. 82, 
3235-3264 (1985) 

[32] KIRKPATRICK, S., GELATT, C.D., VECCHI, M.P., 
‘Optimization by Simulated Annealing’, Science, Vol. 
220, 671-680 (1983) 

[33] FORESMAN, J.B., HEADGORDON, M., POPLE, 
J.A., FRISCH, M.J., ‘Toward a Systematic Molecular-
Orbital Theory for Excited-States’, Journal of Physical 
Chemistry, Vol. 96, 135-149 (1992) 

 [34] BAUERNSCHMITT, R., AHLRICHS, R., ‘Treatment 
of Electronic Excitations within the Adiabatic 
Approximation of Time Dependent Density Functional 
Theory’, Chemical Physics Letters, Vol. 256, 454-464 
(1996) 

 [35] AVCI, D., ATALAY, Y., SEKERCI, M., DINCER, 
M., ‘Molecular Structure and Vibrational and Chemical 

Shift Assignments of 3-(2-Hydroxyphenyl)-4-phenyl-
1H-1,2,4-triazole-5-(4H)-thione by DFT and ab Initio 
HF Calculations’, Spectrochimica Acta Part A-
Molecular and Biomolecular Spectroscopy, Vol. 73, 
212-217 (2009) 

[36] Minnesota Computational–Chemictry, Electronic Web 
Page, (http://comp.chem.umn.edu 
/Truhlar/freq_scale.htm), Computational Chemistry 
Minnesota, (2009) 

[37] GECE, G., ‘The Use of Quantum Chemical Methods in 
Corrosion Inhibitor Studies’, Corrosion Science, Vol. 
50, 2981-2992 (2008) 

[38] FUKUI, K., Theory of Orientation and Stereoselection, 
Springer-Verlag, Berlin, 1975 
[39] LEWIS, D.F.V.,  IOANNIDES, C., PARKE, D.V., 

‘Interaction of a series of Nitriles with the Alcohol-
Inducible Isoform of P450-Computer-Analysis of 
Structure-Activity-Relationships’, Xenobiotica, Vol. 
24, 401-408 (1994) 

[40] ÖZDEMIR, N., EREN, B., DINÇER, M., BEKDEMIR. 
Y., ‘Experimental and ab Initio Computational Studies 
on 4-(1Hbenzo[d]imidazol-2-yl)-N,N-dimethylaniline’, 
Molecular Physics, Vol. 108, 13-24 (2010) 

[41] POLITZER, P., MURRAY, J.S., ‘The fundamental 
Nature and Role of the Electrostatic Potential in Atoms 
and Molecules’,  Theoretical Chemistry Accounts, Vol. 
108, 134-142 (2002) 

[42] LUQUE, F.J., LOPEZ, J.M., OROZCO, M., 
‘Perspective on "Electrostatic interactions of a solute 
with a continuum. A direct utilization of ab initio 
molecular potentials for the prevision of solvent 
effects" - Miertus S, Scrocco E, Tomasi J (1981) Chem 
Phys 55 : 117’,  Theoretical Chemistry Accounts, Vol. 
103, 343-345 (2000) 

[43] OKULIK, N., JUBERT, A.H., ‘Theoretical Analysis of 
the Reactive Sites of Non–steroidal Anti–inflammatory 
Drugs’, Internet Electronic Journal of Molecular 
Design, Vol. 4, 17-30 (2005) 

 


