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ARTICLEINFO ABSTRACT
Keywords: Acetalization of 2-methylbenzaldehyde is a type of reaction that occur by
Ab initio reacting 2-methylbenzaldehyde with methanol. Meanwhile, the catalyst used in
Acetal the reaction is an acid catalyst. This research was conducted to determine the
2-methylbenzaldehyde pathway of the intermediate reaction mechanism that is most likely to produce 2-
Reaction mechanism methylbenzaldehyde acetal product. The software used in this research is

HyperChem 8.0, 6-31G* basis sets, with the ab initio method. Before being
calculated, the molecular structure is drawn with a 2-dimensional view. After
that, the molecular structure is converted into a 3D view and geometry
optimization is carried out. The results obtained are in the form of optimized
energy from the structure of reactant 2-methylbenzaldehyde, several
intermediate products, and product 2-methylbenzaldehyde acetal.

1. Introduction

Acetalization is one of the most frequently used reaction models to protect aldehydes. The resulting
acetal is often used as a solvent and as an intermediate in the synthesis of organic, inorganic, and
pharmaceutical compounds (Arrozi et al. 2015; Han et al. 2014; Smirnov et al. 2018; Yi et al. 2017; Yu et
al. 2020). As shown in Figure 1, acetalization reactions are usually carried out by reacting the
carbonyl group with an alcohol using an acid compound as a catalyst (Arrozi et al. 2015).
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2-methylbenzaldehyde 2-methylbenzaldehyde acetal

Figure 1. Acetalization reaction of 2-methylbenzaldehyde

In order to obtain acetal product compounds, it is necessary to perform simulations through computational
calculations. The simulation will provide an overview of the most likely reaction routes in the formation of
acetals. As a result, the structures of the reactants, intermediates, and products will be obtained which are
similar to the experimental results. This step is taken to minimize the failure rate, time, and cost of research

This work is licensed under a CC BY 4.0 license


https://doi.org/10.24114/jpkim.v14i2.33756
mailto:myusuf@unimed.ac.id

M. YUSUF & A. K. NASUTION JURNAL PENDIDIKAN KIMIA

when conducting experiments in the laboratory. During the simulation, the ab initio method will be used with
certain basis sets in order to get a stable molecular structure with the least amount of energy (Dutta Pal et al.
2017; Rocha et al. 2015; Santos & Ribeiro Da Silva, 2014; Wang et al. 2021; Yang & Zhang, 2015). Previously,
computational calculations using the ab initio method on the synthesis of nitro-eugenol compounds have also
been carried out. As a result, there is a good correlation between computational calculations with experiments
so that the number of failures and costs of experiments can be kept to a minimum (Septiana, 2018).

The Ab initio method can be solved using the Schriédinger equation by separating the motion of the
nucleus and electrons. The approach used is the Born-Oppenheimer equation, which assumes that the motion
of the nucleus will be slower than the movement of the electrons. The next step is to solve the wave function of
the molecule. The high accuracy of the ab initio method makes it difficult to calculate the structure of large
molecules. However, this method can be used to calculate the structure of small molecules so that a more
accurate stable state is obtained (Pranowo, 2000).

Previously, our research group has carried out computational calculations of benzaldehyde compounds to
produce acetal products such as benzaldehyde (Yusuf & Sitepu. 2017), 2-hydroxybenzaldehyde (Yusuf et al.
2017), 2-methoxybenzaldehyde (Yusuf et al. 2019), 2-chlorobenzaldehyde (Yusuf. 2020), and 3-
chlorobenzaldehyde (Yusuf, 2019). The results we have obtained are the most likely reaction routes in the
benzaldehyde acetalization reaction. The resulting product also has less energy than the intermediate
compound. In this study, computational calculations will also be carried out to obtain the most likely reaction
route to produce a 2-methylbenzaldehyde acetal product with 2-methylbenzaldehyde as a substrate.

2. Method

2.1. Materials

The method used is ab initio, and the material is the structure of the compound 2-
methylbenzaldehyde, the intermediate, and the product 2-methylbenzaldehyde acetal.

2.2 Equipment

All molecular geometry optimization calculations were performed using the HyperChem 8.0
software with the ab initio method at the HF level and using the 6-31G* basis sets. The algorithm used
is the Polak-Ribiere RMS conjugate gradient with a gradient of 0.01 kcal/Amol and the maximum
number of cycles is 32767 scans. While the computer equipment used has the following
specifications: Intel (R) core (TM) i3-6100T, system type 64-bit 0S, 3.20 GHz CPU, and 4.00 GB of RAM
(Yusuf, 2020).

2.3 2.3 Computational Calculation

The molecular sample to be counted is drawn in a 2D view and then converted into a 3D view.
After that, sample settings were carried out which included charge, spin multiplicity, RHF spin pairing
and the ab initio method. The computational calculation begins with a start log and will be completed
when the calculated molecule has been optimized. If the energy, distance, and angle of the results
are abnormal, the procedure will be repeated again from the beginning until the molecular structure
has been optimized (Pranowo, 2000).

3. Results and Discussion

3.1. The 2D View of the Molecular Structure

Molecular modeling of the benzaldehyde acetalization reaction was carried out to determine the
behavior of the molecule to be calculated. The 2D view of the molecular structure of reactants,
intermediate compounds, and products is shown in Figure 2.
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Figure 2. The Proposed Reaction Mechanism for the Formation of 2-Methylbenzaldehyde Acetal.

The mechanism for the formation of 2-methylbenzaldehyde acetal based on Figure 2 starts from
the protonation of 2-methylbenzaldehyde to form compound 1. Compound 1 can resonate to form
compound 1'. After that, the O atom of methanol will attack the C atom to form compound 2. Then,
deprotonation occurs and a hemiacetal is formed. Protonation occurs again and forms compound 4.
Alternatively, compound 4a is also calculated to determine a more stable molecular structure.
Furthermore, the leaving group H20 will be separated from compound 4 and form compound 5.
Compound 5 can resonate to form compound 5'. After that, the O atom from methanol will attack the C
atom again to form compound 6. In the final stage, deprotonation occurs again and product 7 is
formed (Dong et al. 2018).

3.2. Geometry Optimization

In this study, geometric optimization was carried out to calculate the lowest energy and the
smallest interatomic force of the sample molecule. The result obtained is that the structure is the
most stable and close to the real structure in nature (Pranowo, 2000). A molecular structure will be
stable if there are repulsive and attractive forces in a state of equilibrium. As a result, interaction
energy and potential energy will be at their lowest levels. Whereas, If a molecular structure has a
large potential energy, it will require a greater dissociation energy to change the molecule into a
stable state. The molecular structure of the optimization results obtained in this study is shown in
Figure 3.
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Figure 3. Geometric Optimization Results of Reactant, Intermediate Compounds, and Product

3.3 Total Energy

In addition to displaying optimized molecular structure images, the calculation results also display
data in the form of log files containing the minimum energy of a molecule. The calculation of the total
minimum potential energy of the molecular structure (AE) is in accordance with equation 1.

AEtotal=Eproduct- Ereactant

Eproducts reflect the total energy of the products, while Ereactant reflect the total energy of the
reactants. The results of the calculation of the minimum energy for each reaction step, including
reactants (0), intermediates (1-6), and products (7), are shown in Figure 4.

The molecular structure of the reactant 0 is the most stable structure among other structures.
This phenomenon is caused because the reactant molecules have the least energy based on the
calculation results as shown in Figure 4. Meanwhile, the product structure 7 has a lower energy than
the intermediate compounds 1-6. These results indicate that the molecular structure of the product
has more balanced repulsive and attractive forces than the intermediate compound. As a result, the
interaction energy and potential energy needed to form the product into a stable condition will be at a
minimum when compared to intermediate compounds 1-6 (Yusuf et al. 2019).
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Figure 4. Acetalization Reaction Energy Profile of 2-Methylbenzaldehyde.

4. Conclusion

Computational calculations using the ab initio method have been successfully carried out. As a
result, the most likely reaction route to produce the 2-methylbenzaldehyde acetal product was
obtained. The reaction mechanism steps start from protonation of 2-methylbenzaldehyde by an acid
catalyst, formation of hemiacetal, and formation of a 2-methylbenzaldehyde acetal product. The
molecular structure of the product has a more stable state than hemiacetal and other intermediate
compounds. These results indicate that the 2-methylbenzaldehyde acetal product has a lower
interaction energy and potential energy than hemiacetal compound and other intermediate
compounds.
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