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NSAIDs reduce inflammation and relieve fever and pain by blocking enzymes and proteins but may cause side effects 
and complications by their use. It is therefore important for any molecular modification to enhance their pharmacological 
properties. In the present investigation, synthesis, biological evaluation, and molecular docking were performed for 
both methyl hydroquinone (1) and its brominated compound (2) to evaluate their anti-inflammatory activity against 
cyclooxygenase protein as a model compound and the data compared with its native ligands. Bromination of methyl 
hydroquinone using dichloromethane as solvent gave the highest yield. In vitro COX-1/COX-2 inhibition studies 
showed that compound 2 was a more potent COX inhibitor than compound 1. The brominated compound (2) showed 
lower binding energy and RMSD values compared to methyl hydroquinone. Analysis of protein and ligand binding 
revealed that both 1 and 2 fitted into the active site and interacted with protein amino acid residues Tyr385 and Met522 
in COX-1 and Tyr385, Ser530, Val523, Ala527, and Leu384 in COX-2. Substitution of bromine plays an important 
role in the anti-inflammatory activity of methyl hydroquinone.
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INTRODUCTION
NSAIDs work by reducing the production of 

prostaglandins. Prostaglandins are chemicals which not only 
promote inflammation, pain, and fever but also protect the lining 
of the stomach and intestines from the damaging effects of acid, 
promote blood clotting by activating blood platelets, and promote 
normal function of the kidneys (Buer, 2014). Most NSAIDs 
(e.g. aspirin) inhibit the activity of cyclooxygenase-1 (COX-1) 
and cyclooxygenase-2 (COX-2). Inhibiting COX-1 may cause 
gastrointestinal bleeding and ulcers and those NSAIDs that also 
inhibit COX-2 have anti-inflammatory, analgesic, and antipyretic 
effects (Page et al., 1998).

NSAIDs may cause serious cardiovascular side effects 
and complications (Wolfe et al., 1999). Therefore, the challenge 

still exists for the pharmaceutical industry to develop an NSAID 
with fewer side effects. It is therefore important for any molecular 
modification to enhance its pharmacological properties by 
predicting molecular interaction with its ligand (Nursamsiar et al., 
2013) and protein/enzyme as well as chemical reactions.

Methyl dihydroquinone is a group of aromatic 
compounds containing a methyl group, two opposite hydroxyl 
groups (–OH), and two other pairs of carbon atoms linked by a 
vinylene group (–CH=CH) in a six-membered unsaturated ring 
(Scheme 1). The considerable biological importance of methyl 
hydroquinone in inhibiting the growth of endothelial and tumor 
cells in culture in the micromolar range makes it a promising drug 
candidate in the treatment of cancer and other angiogenesis-related 
pathologies (García-Caballero et al., 2013). Besides that, studies 
have described simple chemical modification by bromination of 
methyl hydroquinone representing anti-inflammatory activity as 
well as an intermediate in our next step in researching the synthesis 
of curculigoside.

Promoted by the above-mentioned studies and as part 
of our research interest in the synthesis and biological activity of 
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curculigoside, the present study is concerned with the bromination 
of methyl hydroquinone in various solvents with the objective 
of discovering potent anti-inflammatory agents. Bromomethyl 

hydroquinone and methyl hydroquinone were tested for their 
inhibitory activity against COX-2 and COX-1 enzymes and their 
binding mode to the enzymes was predicted using docking studies.
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Scheme 1: Bromination of methyl hydroquinone (1) using N-bromosuccinimide (NBS) and azobisisobutyronitrile (AIBN) in various solvents.

MATERIAL AND METHODS

Chemistry and synthesis
The procedure had some modification from Djerassi 

(1948): a solution of methyl hydroquinone (1) (0.1 mol) in solvent 
was heated to reflux after which NBS (0.12 mol) and AIBN 
were carefully added in a portion-wise manner over 5 min. After 
completion of the addition, three portions of AIBN were added. 
After 3 h the mixture was cooled to room temperature and the 
solvent was removed to yield a brown solid. A further purification 
by recrystallization from chloroform was carried out. 

Cyclooxygenase inhibitory assay
The effect of the compounds on ovine COX-1 and 

human recombinant COX-2 (IC50 value, mM) enzymes were 
determined by measuring prostaglandin F2a (PGF2a) using a 
COX Inhibitor Screening Kit (Catalog No 560131) from Cayman 
Chemical, Ann Arbor, Michigan, USA, following the procedure 
suggested by the manufacturer. The IC50 values (the concentration 
of the test compound causing 50% inhibition) were calculated 
from the concentration inhibition response curves (duplicate 
determinations).

Docking studies
MGLTools 1.5.4 software (Molecular Graphics 

Laboratory, The Scripps Research Institute) was used for 
preparation of protein and ligand structure, file parameter grids, 
and file parameter docking, the Autogrid v4.2 program package 
(The Scripps Research Institute) was used in preparation of grids, 
and the AutoDock v4.2 program package (http://autodock.scripps.
edu) was used in processing the docking simulation via the Cygwin 
program (www.cygwim.com). Docking to macromolecules was 
performed using an empirical free energy function and Lamarckian 
genetic algorithm, with an initial population of 2,500,000 energy 
evaluations, a mutation rate of 0.02, and a crossover rate of 0.80. 
Here, 100 independent docking runs were performed for each 
ligand. After the simulation was completed, analysis of docking 
results was done, which covered interaction of ligand-receptor 
parameters including hydrogen bond, free energy of bonding 
(ΔG), inhibition constant, and amino acid residues on bonding site 
receptors. Visualization of docking results was carried out using 
the Discovery Studio 3.5 Visualizer package. 

RESULTS AND DISCUSSION

Synthesis of bromomethyl dihydroquinone (2)
Bromination of methyl dihydroquinone (1) occurs at the 

carbon atom of the vinylene group by electrophilic substitution 
of a bromine radical. The reaction was carried out using NBS 
(N-bromosuccinimide) as a brominating agent (Huafe et al., 2004) 
and AIBN (azobisisobutyronitrile) as a radical initiator (March, 
1985) in various solvents. The bromination of 1 was greatly 
affected by solvent. We examined the bromination of 1 in various 
solvents. Bromomethyl dihydroquinone (2) was prepared in good 
yield (79.2%) in chloroform. When synthesis was carried out in 
other solvents, the yield was decreased. The yield of product in 
dichloromethane, ethyl acetate, and n-hexane was 51.7%, 50.4%, 
and 32%, respectively. NBS can be a convenient source of Br• 
(bromine radical) and chloroform was the best solvent for those 
reactions. The reaction product was confirmed by NMR and mass 
spectroscopy (Figure 1). 

The 1H-NMR spectra of 2 showed the disappearance 
of the proton signals (doublet) at about 6.6 ppm, indicating the 
electrophilic substitution of the bromine radical to the vinylene 
group in para position during the reaction. Aromatic compounds 
such as phenol and aniline and heterocyclic aromatic (Amat et al., 
1998) can be brominated using NBS (Gilow and Burton, 1981) 
to yield a bromo para-selectivity product (Mitchell et al., 1979). 
Bromine substitution at atom C-6 caused a chemical shift in the 
position of C-5 atom downfield as well as splitting the proton 
signal for C-5, altering it from a doublet to a singlet (Table 1). 

Mass spectrometry-electrospray ionization (MS-ESI) 
was applied to determine the molecular weight of the brominated 
product. The mass spectrum showed a persistent peak at a mass of 
200.957 (Figure 2). This m/z (M+1) was identical to the molecular 
weight of 2 (203.9586). This result confirmed that the product 
contained 2.

Cyclooxygenase inhibitory activity
Compounds 1 and 2 were evaluated for their ability 

to inhibit COX-1 and COX-2 enzymatic activity using a COX 
Inhibitor Screening Assay Kit. The potency (IC50 values) of test 
compounds was determined; their IC50 values and selectivity 
indices (SI) are given in Table 2. In vitro COX-1/COX-2 
inhibition studies showed that compound 2 was a more potent 
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COX inhibitor than compound 1 (SI ~ 1). High activity of the 
bromine substituent plays an important role in dihydroquinone 

anti-inflammatory activity.

Fig. 1: 1H- and 13C-NMR spectra of bromomethyl dihydroquinone (2) (in CD3OD).

Docking studies 
Molecular docking is used to understand and predict 

molecular recognition, find likely binding modes, and predict 
binding affinity (Morris et al., 2008). Study of the interaction 
between compounds 1 and 2 and protein was done to find the 

properties of active sites, binding energies, etc. In this study, 
AutoDock 4.2 (Morris et al., 2009) software was used as an engine 
to conduct the molecular docking with validation of results based 
on an RMSD value = 2.0 (Trott and Olson, 2010). The crystal 
structure of cyclooxygenase-1 in complex with flurbiprofen 
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(PDB code: 3N8Z) as COX-1 protein and the crystal structure 
of cyclooxygenase-2 complexed with a selective inhibitor (PDB 

code: 6COX) as COX-2 were used as protein (macromolecule).

Fig. 2: Mass spectrum of bromomethyl dihydroquinone (2).

Table 1: Chemical shifts of proton and carbon resonances of bromomethyl 
dihydroquinone (2).

Protona 1H-NMR Carbonb 13C-NMR

CH3 2.091 (s, 3H) CH3 16.0

OH 4.869 (s, 2H) C-6 107.0

H-2 6.660 (s, 1H) C-2 119.2

H-5 6.852 (s, 1H) C-5 119.4

C-3 126.4

C-1 147.8

C-4 150.1

a 1H-NMR spectrum in CD3OD; 250 MHz.
b 13C-NMR spectrum in CD3OD; 500 MHz.

Validation of the docking algorithm was done by 
comparing the RMSD of co-crystallized ligand (COX-1 and 
COX-2) as well as cleaned and restructured ligand with different 
spatial coordinates. The RMSD for COX-1 and COX-2 was 0.58 

Å and 0.92 Å, respectively. Free energy binding of the brominated 
product, 2, was lower than 1 for both COX-1 and COX-2: 
−5.72 kcal/mol and −5.61 kcal/mol, respectively. Although both 
compounds 1 and 2 showed more positive free binding energy 
than the native ligand, they had the same pattern of interaction 
with native ligand.

Based on a study of the interaction between a ligand 
(1 and 2) and the binding site of proteins (PDB code 3N8Z and 
6COX), the affinity of 2 for the binding site was predicted. The 
energy binding of 2 was lower than 1 and native ligand, indicating 
that 2 has a higher affinity for these active sites than 1 and native 
ligand (Table 2). Analysis of protein and ligand binding revealed 
that both 1 and 2 fitted into the active site and interacted with 
protein amino acid residues Tyr385 and Met522 in COX-1 (Figure 
3A) and Tyr385, Ser530, Val523, Ala527, and Leu384 in COX-2 
(Figure 3B).

It can be assumed that the substitution of bromine into 
1 is able to increase the interaction of 1 with the binding sites of 
COX-1 and COX-2.

Table 2: In silico and in vitro properties of compounds 1 and 2.

Compound
COX-1 COX-2 SIb

IC50 (µM)a Ki FEB IC50 (µM)a Ki FEB

1 480.7018 252.80 −4.90 52.2013 250.28 −4.90 9.2086

2 124.4631 63.63 −5.72 714.7368 77.41 −5.61 0.1741

Native ligand − 251.93 −9.00 − 26.49 −10.34 −

aThe result (IC50, µM) is the mean of two determinations acquired using the COX Screening Assay Kit, the in vitro test compound concentration required to produce 
50% inhibition of enzymatic activity.
bIn vitro COX-2 selectivity index (COX-1 IC50/COX-2 IC50).
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                                                            (a)

                                                                           (b)

Fig. 3: (a) Orientation of compounds 1, 2, and native ligand (shown as red, green, and blue, respectively) in the COX-1 active site; (b) Orientation of compounds 1, 2, 
and native ligand (shown as red, green, and blue, respectively) in the COX-2 active site.

CONCLUSIONS
It is concluded that structural modification of methyl 

hydroquinone via substitution of bromine using NBS and AIBN 
in chloroform as a solvent in yield of 79.2%. Bromo substitution 
in methyl hydroquinone plays an important role in its anti-
inflammatory activity.
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