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ABSTRACT

Quinolines are the essence of many natural products, drugs and were found in synthetic compounds. Quinaline derivatives
containing a quinoline ring are used in a variety of biological and pharmaceutical activities, e.g. anticancer, antibacterial,
antifungal, antiplasmodial, antihistamine, antimalarial and antituberculosis. In this study, 2-Chloro-7-Methylquinoline-3-
Carbaldehyde (CIMQC) molecule, which is a quinoline derivative, was selected and analyzed. The stable structures of CIMQC
molecule with minimum energy were investigated by density functional theory (DFT) together with B3LYP/6-311++G(d,p)
method. It was seen that there are two different conformers (trans and cis) with minimum energy in the scanning made
depending on the C—C—C=0 dihedral angle. As a result of the calculation with the B3LYP/6-311++G(d,p) level, the energy
difference (AE+ZPV) between the two conformers was calculated as 14.60 kJ mol-*. Oscillator strength and excitation energies
were analyzed by calculating the time-dependent DFT (TD-DFT). The energy differences between the excited energy levels
are given in the graph. This was done by adding the ground state energies of both conformers. The energy corresponding to
HOMO-LUMO was calculated to correspond to the So—S: transition for both conformers. The excitation energy values were
calculated as 3.75 and 3.84 eV for trans and cis, respectively.
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1. INTRODUCTION

Quinoline (benzo [b] pyridine) is an aromatic heterocyclic compound characterized by a bicyclic
structure consisting of a pyridine ring attached to a benzene ring. Quinoline, whose molecular structure
is C9H7N, is the simplest member of its family. Quinoline is an important heterocyclic alkaloid obtained
from coal tar in 1834 by Runge [1]. Quinoline, which is very soluble in organic solvents but very slightly
in water, has a pungent smell and is colorless. It has wide application areas in medicine, pharmacy,
industry and synthetic organic chemistry. For the first time, quinoline and pyrazole were synthesized by
the German chemist Ludwig Knorr in 1884 [2]. Quinoline and compounds containing quinoline rings in
their structures are one of the most important classes of heterocyclic compounds due to their biological
activities such as antibacterial [3], anticancer [4-5], antifungal [6-7] and antimalarial. Chloroquine,
quinine, mefloquine and amodiaquine are synthetic quinoline compounds used in antimalarial drugs [8-
11]. Chloroquine, from the 4-aminoquinoline class is commonly used in drugs for the treatment of
malaria and rheumatoid arthritis [12]. The quinoline derivative used in the treatment of malaria is
quinine [(R)-(6-methoxyquinolin-4-yl)((2S,4S,8R)-8-vinylquinuclidin-2-yl)methanol [13]. It has also
been used as an antibacterial agent since 1963, and pharmacological quinolone derivatives are
synthesized in the chemical field. Quinolone derivatives (fluoroquinolones), which are quinoline
derivatives, are also used as antibiotic drugs [14]. Suitable several new synthesis methods for certain 4-
hydroxyquinoline and 4-hydroxy-5,6-benzoquinoline derivatives have been developed and reported by
Gould et al in 1939 [15].
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Madapa et al have reviewed the literature on advances in the synthesis of quinolines and quinoline cyclic
ring systems since 2005 [16]. No study has been found so far regarding the structure and properties of
the MDQC molecule, which is the quinoline derivative studied, and it has been researched and analyzed
for the first time.

In our previous studies, the molecular structure and physical properties of quinoline derivatives (5-
hydroxyquinoline [17], 3-quinolinecarboxaldehyde [18], 4-chloro-7-iodoquinoline-3-carboxylate [19],
4-oxo-7-methylquinoline-3-carboxylate, 4-Hydroxy-5-methylquinoline-3-carboxylate [20]) were
investigated by matrix isolation spectroscopy and reported using computational density functional
theory (DFT) and time-dependent DFT (TD-DFT).

In this study, we focused on 2-Chloro-7-Methylquinoline-3-Carbaldehyde (CIMQC). DFT/TD-DFT
methods and Natural bond orbital (NBO) analysis were used theoretically and extensively to elucidate
the molecule. The results of the calculations using the Gaussian 09 program were analyzed and
discussed. The CIMQC (trans and cis) conformers were fully optimized at ground state equilibrium and
theoretically investigated using DFT/B3LYP-6-311++G(d,p) theory level. The low energy excited state
energies of the molecule were calculated by TD-DFT and the singlet state HOMO-LUMO orbitals were
analyzed computationally.

2. MATERIAL AND METHODS

The geometry optimizations of the molecule were performed at the DFT/B3LYP [it is a 3-parameter
Becke mixed model with Lee-Yang-Parr (LYP) correlation energy]/6-311++G(d,p) theory level with
the restricted method for closed-shell systems using the GAUSSIAN 09 computer program package [21-
23]. All theoretical calculations were performed in the gas phase.

NBO has performed accordingly to Weinhold and co-workers, using NBO 3.1 [24-25], as implemented
in Gaussian 09. Energies of the low-energy excited states were calculated using the time-dependent
density functional theory (TD-DFT) [26-27] at the B3LYP/6-311++G(d,p) level of approximation.

3. RESULTS AND DISCUSSION

Two conformers (trans and cis) of CIMQC in the ground state (S,) were found at minimum energy by
calculating at DFT/B3LYP/6-311++G(d,p) level of theory (Figure 1). Both conformers are planar and
have Cs symmetry. Trans and cis conformers at minimum energy were obtained by scanning the dihedral
angle of C4—C3—C=0 in 15-degree steps
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Figure 1. Structure of trans and cis conformers of CIMQC in the ground state (S,) calculated at the B3LYP/6-
311++G(d,p) level of approximation.
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As seen in Table 1 below, according to the results calculated at the B3LYP/6-311++G(d,p) level, cis
conformer was found to be at higher energy than trans conformer about AE=13.90 kJ mol?;
AE(0)=13.41 kJ mol?; AG°=12.93 kJ mol* (AE, AE(0) and AG® are relative electronic energy, zero
point corrected electronic energy and Gibbs energy).

Table 1. Calculated relative electronic energy (with and without zero-point vibrational energy), Gibbs energy and
dipole moment for trans and cis conformer, obtained from B3LYP/6-311++G(d,p) level.

Energies trans cis
AE (kJ molh) 0 13.90
AE(ZPV) (kJ mol™) 0 13.41
AG® (kJ molh) 0 12.93
m (debye) 45781 6.4067

There is only one internal rotation defined around the C—C bond belonging to the aldehyde group
attached to the ring The potential energy profile of the minimum energy conformers resulting from
incrementing in steps of 15 degrees corresponds to rotation around Cs;—Czo bond is shown in Figure 2.
According to the 2D potential energy map, with the rotation of the aldehyde group of CIMQC,
conformers called trans (internal rotation 0°) and cis (internal rotation 180°) were expected at minimum
energy, and as we mentioned above about energies, the trans form was the most stable conformer.
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Figure 2. Potential energy profiles calculated by B3LYP/6-311++g(d,p) level for rotation about C—C bond for
CIMQC (adopted atom numbers are given in Figure 1).

When analyzing the potential energy profile (Figure 2), the barrier energy produced by the rotation
around the C—C bond connecting the aldehyde group to the ring is about 33.8 kJ mol? (19.9 kJ mol? in
opposite direction) taken from the bottom of the potential well. In our previous study, the structure of
the N- Salicyliden- p- carboxyaniline molecule was reported and the barrier energy was found to be
approximately 30 kJ mol-1 in the potential energy profile calculated considering the C—C bond. This
amount of energy allowed us to trap two forms of E-enols (forms | and Il) in the matrix at room
temperature [28].
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Figure 3. The lowest six energy singlet states of CIMQC calculated at the TD-DFT/B3LYP/6-311++G(d,p) level.
So; ground state (light blue), Si1; (dark blue), Sy; (red), Ss; (grey), S4; (light green), Ss; (pink), Se; (dark
green).

In the case of internal rotation of the C—C bond of the aldehyde group of CIMQC, the electronic vertical
transition excitations from Sp to Si, Sz, Ss, Ss, Ss and Se were calculated at the TD-DFT(B3LYP)/6-
311++G(d,p) level of theory and presented graphically in Figure 3. In the TD-DFT graph, it is shown
that the S, (red) singlet state is from HOMO to LUMO excitation and the energy value of this range is
around 3.75 eV for trans and 3.80 eV for cis conformer.

Table 2. TD-DFT results for the trans and cis of CIMQC were calculated using B3LYP/6-311++G(d,p)

level.
CIMQC-trans
State type Alnm E/eV f dom.orb.cont(%)
S1 HOMO--LUMO 364.26 | 3.40 0.0000 67
S2 HOMO-LUMO 330.82 | 3.75 0.0171 31
Ss HOMO.1-LUMO 305.70 | 4.06 0.1666 54
Sy HOMO-3-LUMO 287.92 4.31 0.0005 68
Ss HOMO.2-LUMO+1 | 286.46 4.33 0.0005 64
Se HOMO-LUMO:1 269.48 4.60 0.2991 50
CIMQC-cis
S1 HOMO.1-LUMO 360.78 | 3.44 0.0000 66
Sz HOMO-LUMO 322.89 | 3.84 0.0134 62
S3 HOMO-2-LUMO 296.14 4.19 0.1092 52
Sa HOMO-3-LUMO 288.32 | 4.30 0.0008 60
Ss HOMO.1-LUMO+1 | 282.55 | 4.39 0.0003 57
Se HOMO.3-LUMO.1 | 280.10 4.43 0.0004 69
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This direct So — S; transition has the n* character and is considered an ineffective transition with zero
oscillator strength for trans and cis, which is not forbidden. In the graph, it is seen that when the aldehyde
group rotates perpendicular to the ring (90°), the energies forming the S, (4.26 eV) and Sz (4.29 eV)
states are almost equal, with a very small difference. In other words, the molecule with this symmetry
can be in both S; and S; states when excited with this amount of energy. In this case, the barrier energy
is at its maximum, such as 33.8 kJ mol.

The transition energy state, transition types, excitation wavelengths (1), transition energies (E) oscillator
strengths (f) and dominant orbital contributions are given in Table 2 for trans and cis conformer of
CIMQC. As can be seen from the table, it has been estimated that the oscillator power is high and the
excitations due to these transitions will be effective only in the S; and Sg transition states for trans.
According to the calculations, it was found that the most effective transition for the cis form was only
in the S3 state, and it was thought that absorption would be more effective on this transition.
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Figure 4. B3LYP/6-311++G(d,p) calculated HOMO and LUMO iso-surfaces (contour is £0.02 au) for trans and
its eigenvalues which in the singlet state exhibit a significant oscillator strength also participate in low-
energy electronic transitions (as acceptor or donor orbitals) (Table 2).
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Figures 4 and 5 show the molecular orbitals for trans and cis plotted with the Gauss View program with
0.02 isovalues for both phase domains. HOMO and LUMO Molecular orbitals play an important role in
determining electronic transitions. The electronic transition with the highest oscillator strength was
found in the HOMO-LUMO.; energy range (eigenvalue) and its value is ca. 0.30 on trans. For the cis
conformer, this value is smaller, 0.11, which corresponds to the S; transition and is in the HOMO-2-
LUMO energy range. In this case, as can be seen from Table 2, the absorption probability for trans in
the Se singlet state is higher and the excitation energy value is calculated to be 4.60 eV. Also, the
HOMO-LUMO types for trans and cis are shown in Figure 4 and Figure 5. When the dominating orbital
contribution percentages are taken into account, it is seen that the contribution in the cis form is 62%
and in the trans form this contribution is less, such as 31%.
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Figure 5. B3LYP/6-311++G(d,p) calculated HOMO and LUMO iso-surfaces (contour is +0.02 au) for cis form
and its eigenvalues which in the singlet state exhibit a significant oscillator strength also participate in
low-energy electronic transitions (as acceptor or donor orbitals) (Table 2).

The electronic transition with the highest oscillator strength was found in the HOMO-LUMO:. energy
range (eigenvalue) and its value is ca. 0.30 on trans. For the cis conformer, this value is 0.11, which
corresponds to the Ss transition and is in the HOMO.,-LUMO energy range. In this case, as can be seen
from Table 2, the absorption probability for trans in the Sg singlet state is higher and the excitation
energy value is calculated to be 4.60 eV. Also, the HOMO-LUMO types for trans and cis are shown in
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Figure 3 and Figure 4. Considering the orbital contributions, the HOMO-LUMO energy difference is
3.75 eV for the trans conformer, while this value is 3.84 eV for the cis conformer. It was found that the
transition from HOMO to LUMO.; in vertically calculated electronic energies were at the highest
energy, and 4.60 and 4.43 eV for trans and cis. In both conformers, the HOMO orbital is more localized
in the rings, while the LUMO orbitals are localized over the entire molecule.

4. CONCLUSIONS

The structure and electronic properties of CIMQC were investigated by DFT/TD-DFT and NBO
methods. According to the potential energy profile obtained by the internal rotation of the CC bond of
the aldehyde group of CIMQC, calculated the theory level of DFT/B3LYP/6-311++G(d,p). Two
conformers of ground-state (So) CIMQC, trans and cis were found. Considering the zero-point energy,
the trans conformer was more stable than the cis form by 13.41 kJ mol. By calculating the electronic
transition energies with TD-DFT, it was found that the highest transition energy is in the Sp—S; state
and this situation corresponds to the HOMO-LUMO.; transition. The energy value is 4.60 eV, and the
oscillator strength was found to be the most effective value of about 0.30 for trans form. The most
efficient transition for the cis form was in the Ss singlet state, corresponding to the HOMO_,-LUMO
transition. In this case, the oscillator power was about 0.11 and the transition energy was calculated as
4.19 eV. Considering the transitions in the HOMO-LUMO energy range, transition corresponded to the
S, state for both conformers and the energies were calculated as 3.75 eV for trans and 3.84 eV for cis.
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