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Quinone methides and its derivatives have recently gained much attention as the 
potential building block of some important drugs in medicinal chemistry. Herein, 
2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone was prepared  
from 2,6-di-tert-butylphenol, which was characterized and antibacterial and 
antioxidant activities were evaluated. The as-synthesized compound exhibited 
good antioxidant and antibacterial activity against selected test organisms with 
zone of inhibition ranging between 7 mm to 9 mm at concentration of 2.5, 5.0, 
and 7.5 (mg/mL), respectively. The result shows that the compound may be a 
potential candidate of reducing human suffering from bacterial infections since 
antibacterial activity was promising. 

                 © 2020 International Scientific Organization: All rights reserved. 

Capsule Summary: 2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone from 2,6-di-tert-butylphenol was 
synthesized and the compound shows good antibacterial and antioxidant activity. 

Cite This Article As: I. Muhammad, S. Pandian and W. Hopper. Antibacterial and antioxidant activity of p-quinone methide 
derivative synthesized from 2,6-di-tert-butylphenol. Chemistry International 6(4) (2020) 260-266. 
https://doi.org/10.5281/zenodo.3706826   

 
INTRODUCTION 
 
Bacteria have a natural capability to pass from one person to 
another and fights against the drugs that are used for disease 
prevention (Halilu et al., 2016). During the past decades, a 
number of antibiotics have been produced by pharmaceutical 
industries, but despite these efforts, microorganisms always 
increased resistance to these drugs (Sreenivasa et al., 2012) 
hence there is always need to develop new drugs. In response 
to these challenges, p-quinone methide belongs to a class of 
organic compounds namely quinonoid which has a unique 
chemical structure that contains a conjugate of methylene 
group with a cyclohexadienone, which is considered to be a 

potential moiety presented in the naturally occurring 
products (Baeyer and Villiger, 1903; Barraga et al., 2004; 
Takao et al., 2001; Ryu et al., 2010; Miyajima et al., 2019) and 
photoreceptor (Tsurumi and Miyamoto, 2019; Okada, 2018; 
Okada, 2018; Hettie et al., 2019). Apart from its uses as an 
organic intermediates (Roper and Everly, 1988), p-quinone 
methide plays a very important role as potential building 
block of some important drugs in medicinal chemistry like 
DPP-IV (Patterson et al., 2009) and thrombin inhibitors 
(Nilsson et al., 2009), antibacterials (Thompson et al., 1993), 
(+)-BW37U86 (Torregrossa et al., 2005), melains (Prota, 
2000) etc. Moreover, p-quinone methide has been used as 
reagent for alkylation and as an agent of effective DNA 
crosslinking (Wang, et al., 2003).  
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This category of compounds are highly stable and were 
reported to have an excellent antioxidant and antipolymerant 
properties(Nesvadba, 2000; Winter and Von Ahn, 1996), 

which makes this research worth doing due to its potential of 
identifying new antibacterial and antioxidant agent that can 
be used to reduce human suffering from cell damage or 
bacterial infections. Here in, we describe the synthesis of 2,6-
di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-
dienone using Dean-Stark apparatus as described by (Reddy 
and Anand, 2015) and also the application of the as-
synthesized compound as an antibacterial and antioxidant 
agent for the first time (Fig. 1). 
 
MATERIAL AND METHODS 
 
The solvents used in this research work (hexane, ethyl 
acetate, ethanol, and methanol) were purchased from Fisher 
Scientific and used without any purification. The synthesis of 
the compound was carried out according to the method 
described by (Reddy and Anand, 2015). Chromatographic 
technique like thin layer (TLC, using Merck 60 F254 pre-
coated silica gel plate) was employed to observe and check 
the progress of the transformation. Column chromatographic 
technique was employed to isolate the compound using silica 
gel (100-200) mesh and a binary solvent of ethyl acetate and 
hexane system was utilized as the mobile phase. 1H and 13C 
NMR spectra were acquired in CDCl3 on a Bruker BBFO (500 
MHz) spectrometer and tetramethylsilane (TMS) served as 
the internal standard (δH =0.00 ppm). The remaining solvent 
signals were used for reference purposes and their chemical 
shifts were converted according to the TMS scale (CDCl3: δH = 
7.25-7.30 ppm). Spin multiplicities are given as s for singlet, d 
for doublet, t for triplet, q for quartet e.t.c. Coupling constants 
(J) are given in hertz (Hz). Test organisms were standard 
laboratory strains of Staphylococcus aureus (gram +ve), 
Enterococcus faecalis (gram +ve), and Pseudomonas 
aeruginosa (gram –ve). Antioxidant activity of 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone were 
evaluated using ABTS radical and DPPH radical scavenging, 
FRAP and peroxide value assays. The selection of these 
assays was due to their ease and reproducibility as well as 
the availability of required chemicals in the laboratory. 
Moreover, they are widely used assays to evaluate 
antioxidant activity of plant metabolites. ABTS and DPPH 
radical scavenging assay of the sample was performed 
according to the modified method described by (Kavitha and 
Perumal, 2018). The antioxidant capacity of test sample was 
estimated spectrophotometrically following the modified 
procedure of (Benzie et al., 1999). 
 
2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-
2,5-dienone (2) synthesis 
 
A mixture of p-Anisaldehyde (1 equiv.), 2,6-di-tert-
butylphenol (1 equiv.), piperidine (2 equiv.) and toluene 
(0.25 M) was placed in a Dean-Stark apparatus and refluxed 
at temperature 150 °C for 12 h. The temperature of the 
mixture of the reaction was cooled to 100 °C and then acetic 
anhydride (2 equiv.) was poured and the resulting mixture 
was stirred for another 30 minutes at the same temperature. 

 

Fig. 1: Synthesis of 2,6-di-tert-butyl-4-(4-
methoxybenzylidene)cyclohexa-2,5-dienone using 
Dean Stark apparatus 

 

 

Fig. 1: 1H and 13C NMR data of 2,6-di-tert-butyl-4-(4-
methoxybenzylidene)cyclohexa-2,5-dienone 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 
(2) 
 
[Yellow solid; 1H NMR (500 MHz, CDCl3) δ 7.47 (d, J = 1.9 Hz, 
1H), 7.35 (d, J = 8.6 Hz, 2H), 7.04 (s, 1H), 6.90 (dd, J = 11.8, 5.3 
Hz, 3H), 3.76 (s, 3H), 1.24 (s, 9H), 1.23 (s, 9H). 13C NMR (126 
MHz, CDCl3) δ 186.52, 160.59, 148.99, 147.19, 142.73, 135.42, 
132.24, 130.51, 128.67, 127.85, 114.44, 55.41, 35.45, 34.98, 
29.60, 29.58, 29.55, 29.53; These data is in line with the one 
reported in the literature (Liu et al., 2019)] 
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The reaction mixture was then cooled to room temperature 
and poured in to ice cold water (50 mL) and extracted with 
dichloromethane (50 mL X 2). The combined organic layer 
was dried over anhydrous sodium sulphate, filtered, 
concentrated under vacuum and subjected to column 
chromatography to obtain the pure2,6-di-tert-butyl-4-(4-
methoxybenzylidene)cyclohexa-2,5-dienone (Reddy and 
Anand, 2015). 

 

Antibacterial activity evaluation 
 
The antibacterial activities of test samples were carried out 
by well diffusion method. The target microorganism were 
cultured in Nutrient broth and incubated for 24 hrs. The petri 
dishes containing Nutrient agar (NA) medium were cultured 
with diluted bacterial strain. Well was made of well puncture, 
diameter 6 mm was pre-sterilized and was maintained in 
aseptic chamber. The different concentration of test samples 
(2.5 mg, 5.0 mg and 7.5 mg) was injected to the well. 
Standard drug Streptomycin (20µg) was used as a positive 
reference standard to determine the sensitivity of microbial 
species tested. Then the inoculated plates were incubated at 
37 ºC for 24 h. The diameter of the clear zone around the well 
was measured and expressed in millimeters as its anti-
bacterial activity. 
 
ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid)) radical scavenging assay 
 
ABTS radical scavenging assay of the sample was performed 
according to the modified method of [2]. The ABTS (7 mM, 25 
ml in deionized water) stock solution was prepared with 
potassium persulfate (K2S2O8) (140 mM, 440 μl). Different 
concentration of standard (5, 10, 20, 40, 80, and 160 μg/ml) 
and test samples (0.5, 1.0, 1.5, 2.0, and 2.5 mg) was mixed 
with the ABTS working solution (2.0 ml) and the reaction 
mixture was allowed to stand at room temperature for 20 
min; then, the Abs was measured using an ultraviolet-visible 
spectrophotometer at 734 nm. The radical scavenging 
activity was given as ABTS radical scavenging effect and was 
calculated by using Eq. 1. Where: A0 is the control; A1 is the 
test. 
 
ABTS scavenging (%) = [(A0 - A1)/A0]×100                     (1) 
 
DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical 
scavenging assay 
 
DPPH radical scavenging assay of sample was modified 
method described by (Kavitha and Perumal, 2018). In brief, 
0.135 mM DPPH was prepared in methanol. Different 
concentration of standard (5, 10, 20, 40, 80, and 160μg/ml) 
and test samples (0.5, 1.0, 1.5, 2.0, and 2.5 mg) was mixed 
with 2.5 ml of DPPH solution. The reaction mixture was 
vortexed thoroughly and kept at room temperature for 30 

Table 1: Antibacterial activity of 2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 
Conc. (mg/mL)  Zone of Inhibition (mm)  

S. aureus E. faecalis P. aeruginosa 
2.5 - - 7 
5.0 - - 8 
7.5 8 - 9 

Streptomycin (20 µg) 23 22 24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 2: ABTS radical scavenging assay of 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 

Conc. (µg/mL ) Inhibition (%) 

5 16.47±0.46 

10 58.34± 0.32 

15 98.51±0.42 

20 98.95±0.25 

25 99.39± 0.44 

 

 
Table 3: DPPH radical scavenging assay of 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 

Conc. (µg/mL ) Inhibition (%) 

5 30.72±0.46 

10 57.01±0.30 

15 64.55±034 

20 68.64±0.26 

25 87.32±0.17 

 

 
Table 4: Ferric reducing antioxidant potential assay of 2,6-
di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-
dienone 

Concentration (µg/mL ) Inhibition (%) 

5  0.034 

10 0.052 

15 0.112 

20 0.573 

25 0.731 
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min. The Absorbance of the mixture was measured at 517 
nm. Ascorbic acid was used as the reference standard. The 
ability of the test sample to scavenge DPPH radical and 
control was calculated using Eq. 2. Where, OD is optical 
density, C and S are the ODs of control and test sample, 
respectively. 
 
DPPH inhibition (%) = ODC-ODS/ODC ×100     (2) 
 
Ferric reducing antioxidant potential assay (FRAP) 
 
The antioxidant capacity of test sample was estimated 
spectrophotometrically following the modified procedure of 
(Benzie et al., 1999). The method is based on the reduction of 
Fe3+ TPTZ complex (colorless complex) to Fe2+-
tripyridyltriazine (blue colored complex) formed by the 
action of electron donating antioxidants at low pH. This 
reaction is monitored by measuring the change in 
absorbance at 593 nm. The Ferric reducing antioxidant 
power (FRAP) reagent was prepared by mixing 300 mM 
acetate buffer, 10 ml TPTZ in 40 mMHCl and 20 
mMFeCl3.6H2O in the proportion of 10:1:1 at 37°C. 2 ml of 
freshly prepared working FRAP reagent was pipetted and 
mixed with various concentrations of standard (5, 10, 20, 40, 
80, and 160 µg/ml) and test samples (0.5, 1.0, 1.5, 2.0, and 
2.5 mg/ml) were mixed thoroughly. An intense blue color 
complex was formed when ferric tripyridyltriazine (Fe3+ 
TPTZ) complex was reduced to ferrous (Fe2+) form and the 
absorbance at 593 nm was recorded against a reagent blank 
after 30 min incubation at 37 °C.  
 
RESULTS AND DISCUSSION 
 
The 1H NMR showed two methyl (CH3) signals δH (ppm) at 
1.24 and 1.23 each with 9 protons. This suggests that there 
are six methyl groups present in the compound. Also the 
presence of another signal was observed at δH (ppm) 3.76, 
this corresponds to the 3 protons of the methoxy group 
(OCH3) attached to the compound. The presence of down 
field signals at δH (ppm) 6.90 suggest the presence of 
olefinic proton and the appearance of a signal at δH (ppm) 
between 7.04–7.47 indicates the presence of aromatic 
protons. These data is in line with the one reported in the 
literature (Liu et al., 2019) (Figs. 2-3). The 2,6-di-tert-butyl-
4-(4-methoxybenzylidene)cyclohexa-2,5-dienone exhibited 
appreciable antibacterial activity on two of the test 
organisms Staphylococcus aureus (gram +ve) and 
Pseudomonas aeruginosa (gram –ve) with zones of 
inhibition ranging between 7 mm to 9 mm. The 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 
proved to be more effective on gram negative bacteria than 
on gram positive bacteria as activity was observed on gram 
negative bacteria even at the lowest concentration 2.5 
mg/mL, While activity was only observed at the 
concentration of 7.5 mg/mL on gram positive bacteria 
Staphylococcus aureus (gram +ve) and none was observed 
on Enterococcus faecalis (gram +ve) (Table 1). This may be 

due to the fact that the organisms have difference in cell 
wall compositions.  

The antibacterial activity of 2, 6-di-tert-butyl-4-(4-
methoxybenzylidene)cyclohexa-2,5-dienone can be 
compared with standard antibiotic (Streptomycin, Table 1). 
The ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid)) radical scavenging assay results shows 
that the compound has an IC50 value of 841.425 µg/ml and 
the standard drug (Ascorbic acid) was found to be 10.367 
µg/ml when compared.  

The percentage radical scavenging activity of the 
2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-
dienone is depicted in (Table 2). Out of five different 
concentrations taken for the study, 15, 20 and 25 ug/mL 
2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-
dienone concentrations exhibited the highest radical 
scavenging activity in the range  (98.51±0.42), 
(98.95±0.251), (99.40±0.44 and 5 µg/mL of 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 
showed the least activity  (16.47±0.46).  

The results for the DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging activity of 2,6-di-tert-
butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone is 
depicted in (Table 3). The results shows that out of the five 
different concentrations taken for the study,  25 µg/mL of 
2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-
dienone concentration exhibited the highest  DPPH radical 
scavenging activity (87.32±0.17) and  5 µg/mL of the 
compound showed the least activity  (30.72±0.46). The 
result reveals that as the concentration of compound 
increases, the degree of inhibition also increases and that is 
the reason why 25 µg concentration of 2,6-di-tert-butyl-4-
(4-methoxybenzylidene)cyclohexa-2,5-dienone exhibited 
the highest radical scavenging activity in comparison to 
other concentrations. The formation of yellow color after 
the addition of the compound is an indication of stable 
DPPH molecule formation from free radicals (DPPH). This 
was measured by its absorbance. The level of inhibition 
increases as the sample concentration increases but 
absorbance and concentration of the sample are inversely 
proportional, when DPPH assay is considered. Thus, 2,6-di-
tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone 
proved to be a potential antioxidant compound.  

Ferric reducing antioxidant potential assay (FRAP) 
of all the five different concentrations of 2,6-di-tert-butyl-4-
(4-methoxybenzylidene)cyclohexa-2,5-dienone (5, 10, 15, 
20 and 25 µg/mL) was evaluated to assess the reducing 
power using potassium ferricyanide method. The 
antioxidant property of the compound causes the 
conversion of the Fe3+/ferricyanide complex to the 
ferrous/Fe2+ forms. The reducing power measured was 
expressed in terms of ascorbic acid equivalent (AAE) as 
absorbance per specific concentration of the sample.  As it 
is given in Table 4,  all the concentrations  has  exhibited  
very  low degree of  inhibition, maximum reducing power 
was 0.7%  for 25 µg /mL concentration.  
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Fig. 3: 1H (upper) and 13C NMR (lower) of 2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-dienone (2) 
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In view of promising antibacterial and antioxidant activity 
of p-quinone methide derivative, it could possibly be used 
to control the bacterial infections (Abbas et al., 2019; 
Bolton et al., 2018; Liu et al., 2020; Purkait and Mukherjee, 
2020; Subedi et al., 2018; Swapnaja et al., 2016; Viault et al., 
2018; Zhang et al., 2020), which needs toxicity studies 
using bioassays (He et al., 2020; Laborde et al., 2020; 
Matata et al., 2020; Zhang et al., 2020).    
 
CONCLUSIONS 
 
2,6-di-tert-butyl-4-(4-methoxybenzylidene)cyclohexa-2,5-
dienone was synthesized from 2,6-di-tert-butylphenol using 
Dean Stark apparatus. The prepared compound was 
characterized and antimicrobial as well as antioxidant 
activity was evaluated. The results obtained proved the 
compound to be a good antioxidant agent and can also be 
useful for the treatment of bacterial infections since 
antimicrobial activity was promising against different 
microbial strains.   
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