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CHAPTER 8 

Quantum chemical study of Halomon by the DFT methods 

8.1. Introduction 

Halomon [6(R)-bromo-3(S)-(bromomethyl)-7-methyl-2,3,7-trichloro-1-octene], is a poly 

halogenated acyclic monoterpine, was originally isolated from the red alga portieria hornemannii 

[1]. Halomon exhibited highly differential cytotoxicity in vitro against brain tumor, renal and 

colon tumor cell lines in the national Cancer institute’s screen and the compound was selected 

for preclinical drug development [2-6]. Recent research suggested that halomon is inhibitor of 

the enzyme DNA methyl transferase-1 (DNMT-1). DNMT-1 is responsible for methylation by 

catalyzing the transfer of a methyl group from S-adenosylmethionine to the 5/ position on 

cytosine phosphodiester-linked guanine dinucleotide (CpG) sites. In many cancers, 

hypermethylation at CpG sites silence the promoters of tumor suppressor genes. Thus, the 

inhibition of DNMT-1 could potentially reverse tumor growth [7, 8]. The molecular structure of 

halomon is given in Figure 8.1. 

                     

                                                              

Figure 8.1. Molecular structure and atom labeling of halomon (hydrogen atoms are not 

numerated) 
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The primary aim of this study is to identify all possible conformers of halomon and their relative 

stability is determined by using DFT calculation. The structure of most stable conformer is 

compared with the experimental values. Finally harmonic vibrational frequency calculations 

were performed at the B3LYP / 6-31+G(d,p) level. 

8.2. Computational methods 

The initial structure of halomon was obtained from Cambridge Crystallographic Data Centre 

(www.ccdc.cam.ac.uk) and other conformations are constructed by molecular dynamics 

calculations using the PM7 semi-empirical potential, followed by a geometry optimization using 

the same semi-empirical method. The molecular dynamics simulations were done using the 

Velocity Verlet algorithm and other default settings were used. Similar geometries were omitted 

(two geometries are considered similar if the difference between their energies is less than 1 

kJ/mol). The conformational isomers of halomon obtained from the PM7 semi-empirical 

calculations were fully re-optimized by using the DFT/B3LYP method with 6-31+G(d,p)basis 

set to determine the relative energies and the structures of five distinct conformations. 

Vibrational analysis was carried out to ensure that each optimization located a true minimum 

energy structure (no imaginary frequencies). Semi-empirical calculations were done by 

MOPAC2016 [9]. The DFT calculations were performed with the Firefly [10]. 

8.3. Results and discussion 

During the DFT optimization, some conformations are converted into the most stable 

conformers. Table 8.1 shows the total and relative energies of the five conformers of halomon 

calculated by the DFT B3LYP/6-31+G(d,p). 
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Table 8.1. DFT calculated energies of the various conformers of halomon and the relative 

energies with respect to the most stable conformation 

Conformer a b c d e 
Total energya -6914.2546 -6914.2509 

 

-6914.2505 

 

-6914.2471 

 

-6914.2465 

Relative energyb 0.00 9.71 10.76 19.69 21.27 
aThe unit of DFT energy is in a.u. bThe unit of relative energy is (kJ/mol) 

Table 8.1 suggest that conformer a is 9.71 kJ/mol more stable than conformer b, about 10.76 

kJ/mol more stable than conformer c, about 19.69 kJ/mol more stable than conformer d and 

21.27 kJ/mol more stable than conformer e, respectively. Figure 8.2 shows the DFT B3LYP/6-

31+G(d,p) optimized stable structures of the various conformers of halomon. The molecular 

plots were produced using Gabedit 2.4.8 [11]. 

    

                                a                                                                                   b 

          

                                c                                                                                  d 
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e 

Figure 8.2. Conformers of halomon 

The calculated bond lengths, bond angles and dihedral angles of most stable conformer of 

halomon (a) by B3LYP/6-31+G(d,p) and B3PW91/6- 31+G(d,p) are listed in Table 8.2 along 

with the experimental data obtained by X-ray crystal analysis. The comparison between the 

theoretical and experimental data on bond lengths, bond angels and dihedral angles in Table 8.2 

shows a good agreement between them. In the experiments, the shortest bond in halomon was 

observed for C1-C2 while the longest bonds are C9-Br13 and C6-Br14. Our theoretical results 

confirm these experimental findings as shown in Table 8.2.  

Table 8.2. Optimized structural parameters of most stable conformer of halomon with 

experimental data 

Structural parameters Experimental B3LYP/6- 31+G(d,p) B3PW91/6- 31+G(d,p) 
Bond length (Å)    

C1-C2 1.388 1.333 1.332 

C2-C3 1.517 1.520 1.517 

C3-C4 1.388 1.540 1.534 

C4-C5 1.495 1.536 1.530 

C5-C6 1.570 1.527 1.522 
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Table 8.2 (continued) 

Bond length (Å) Experimental B3LYP/6- 31+G(d,p) B3PW91/6- 31+G(d,p) 

C6-C7 1.624 1.548 1.544 

C7-C8 1.503 1.528 1.523 

C3-C9 1.582 1.531 1.527 

C7-C10 1.500 1.530 1.525 

C2-Cl11 1.718 1.767 1.753 

C3-Cl12 1.818 1.869 1.845 

C9-Br13 2.002 1.970 1.949 

C6-Br14 1.985 2.005 1.981 

C7-Cl15 1.854 1.872 1.894 

Bond angle (0)    
C1-C2-C3 123.40 126.26 126.08 

C2-C3-C4 117.34 112.00 111.93 

C3-C4-C5 115.45 114.90 114.69 

C4-C5-C6 113.23 112.60 112.46 

C5-C6-C7 113.57 116.38 116.19 

C6-C7-C8 106.60 112.68 112.40 

C1-C2-Cl11 115.94 118.29 118.59 

C2-C3-Cl12 105.66 107.23 107.42 

C9-C3-Cl12 99.88 103.31 103.62 

C3-C9-Br13 109.81 110.65 110.44 

C7-C6-Br14 105.16 108.93 109.07 

C6-C7-Cl15 100.28 104.15 104.32 
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Table 8.2 (continued) 

Dihedral angles (0) Experimental B3LYP/6-31+G(d,p) B3PW91/6-31+G(d,p) 
C1-C2-C3-Cl12 -118.53 -113.57 -113.60 
C4-C3-C9-Br13 58.53 63.46 64.15 
C5-C6-C7-Cl15 100.28 66.00 65.73 

Br14-C6-C7-Cl15 -178.26 -171.08 -178.95 
Cl12-C3-C9-Br13 -177.39 -179.12 -171.08 

 

The main differences are the torsion angle formed by C5-C6-C7-Cl15 atoms (100.28° in 

crystallography, 66.00° in B3LYP and 65.73° in B3PW91) and these differences are probably 

due to packing effects. The IR spectra for the most stable conformer of halomon are given in 

Figure 8.3.  

 

Figure 8.3. IR spectra of the most stable conformer of Halomon in gas phase 

 Due to the use of the harmonic approximation and incomplete inclusion of electron correlation 

computed harmonic vibrational frequencies are usually somewhat larger than experimental 

fundamentals. The B3LYP/6-31G+(d,p) spectra show C-H stretching modes in the 3000-3200 

cm-1 range.   
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8.4. Conclusions 

The present quantum chemical investigation based on DFT methods provide useful information 

about the structure of halomon. The harmonic vibrational frequencies for halomon were 

calculated at the B3LYP/6-31+G(d,p).                   
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