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Two hydroquinone derivatives were prepared and their antimicrobial activity evaluated. Their minimum 
inhibitory concentrations (MICs) were determined using a broth dilution method. Gentamycin and cipro-
floxacin were used as reference antibiotics. The antimicrobial activity of 4-(benzyloxy)phenol (monobenzone) 
was also evaluated based on its structural similarity to the new compounds; activity was comparable to that 
of 3,5-dimethyl-4-((4-nitrobenzyl)oxy)phenol (4a). 2,3,5-Trimethyl-4-((4-nitrobenzyl)oxy)phenol (4b) exhib-
ited the best antibacterial activity against both clinical isolates and type strain of Moraxella catarrhalis (M. 
catarrhalis), with a MIC value of 11 µM, comparable to ciprofloxacin 9 µM.
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The chemistry and biological properties of phenolic com-
pounds are of profound interest. Phenolic compounds are a 
very large and diverse that includes phenols, hydroquinones, 
coumarins, flavonoids, tannins and polymers.1) They are 
amongst the most widespread classes of metabolite in na-
ture.2,3) They are not only found in bacteria, plants and arthro-
pods but are also identified in the active site of lysyl oxidase 
from bovine aorta.4) In this context, chemical and biological 
studies have been reported so far. A model compound for hy-
drogen bonded phenol and its electrochemical properties was 
utilized to understand proton coupled electron transfer, which 
is considered as one of the key biological processes involving 
phenols.5) Furthermore, the photocleavable property of acyl-
phenol derivatives is applied for semi-quantitative probes for 
laser desorption ionization mass spectrometry.6,7) In addition, 
there are large numbers of synthetic phenol derivatives with 
various pharmacological applications. For instance, synthetic 
hydroquinone dimethyl ethers showed potential anticancer and 
antimicrobial activities,8) substituted phenols and quinones 
have potential anticancer activity.9) Some phenolic derivatives 
such as caffeic acid and p-coumaric acid show antioxidant 
properties and 1,5-dicaffeoylquinic acid was found to be a 
hepatoprotector.10)

The antioxidant efficiency of mono-phenols has been 
increased by the introduction of a second, ortho- or para-
hydroxyl, or by one or two ortho-methoxy substitutions.11,12) 
Antioxidant activity of phenols is attributed to their abil-
ity to chelate metal ions involved in the production of free 
radicals,13) or might be due to the fact that phenolic hydroxyl 
groups are good hydrogen atom donors that can quench reac-
tive oxygen and nitrogen species.14–16) Phenolic compounds are 
also responsible for other interesting biological activities in-
cluding antibacterial, antiviral, anti-inflammatory, antithrom-
bogenic, anti-diabetic, cardio-protective, antitumor, inhibit low 
density lipoprotein (LDL) oxidation and immune-modulatory 
actions. They have been reported to modulate intracellular 
signalling pathways, altering the activity of target enzymes 
and affecting gene expression.17–19)

Many antimicrobial agents have been synthesised for use 
against a wide range of infectious diseases. However, the 
emergence and spread of antimicrobial resistance is now a 
serious health threat across the world. Strains with multiple 
resistance to antibiotics such as staphylococci, enterococci and 
pneumococci have been widely disseminated.20) Despite the 
advances in medicinal chemistry and biological sciences that 
have resulted in the discovery of many new antimicrobials, in-
fectious diseases such as lower respiratory tract infections, re-
main among the major killers.21) The rapid spread of antibiotic 
resistance, accompanied with low success rate of developing 
new antimicrobials, pose a serious challenge to those commit-
ted to global health and highlight the urgent demand for new 
effective antimicrobial agents.

We have synthesized many phenolic and related compounds 
to exploit new functional molecules.5–7) On the course of 
our study, we investigated the antibacterial activities for our 
chemicals. In this report, two new nitrobenzyl-oxy-phenol 
derivatives were synthesized, their structures were confirmed 
based on their spectral data and their antibacterial activities 
determined.

MATERIALS AND METHODS

General  All chemicals were purchased from TCI (Tokyo, 
Japan) and used without further purification. Precoated silica 
gel plates (Merck, Kieselgel 60 F254, 0.25 mm) and precoated 
RP-18 F254s plates (Merck, Germany) were used for TLC anal-
ysis. Sephadex LH-20 (Pharmacia Fine Chemical Co., Ltd., 
Tokyo, Japan) was used for column chromatography. Melting 
points were uncorrected. IR spectra (KBr) were recorded on 
a Nexus670NT Fourier transform (FT)-IR and are reported in 
frequency of absorption (cm−1). High resolution (HR)-FAB-
MS and electrospray ionization (ESI)-MS were recorded on 
JEOL JMS700N and JMS-100TD spectrometers respectively. 
1H- and 13C-NMR spectra were recorded on a Unity plus 500 
spectrometer (Varian Inc., U.S.A.) operating at 500 MHz and 
referenced to internal residual solvent. NMR data were pro-
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cessed using the acid citrate dextrose (ACD)/NMR Processor 
Academic Edition software (Advanced Chemistry Develop-
ment, Inc., Canada).

Synthetic Procedure for 3,5-Dimethyl-4-((4-nitrobenzyl)-
oxy)phenol (4a)  To a solution of 2,6-dimethylbenzene-1,4-
diol (1a) (5.0 mmol) in acetic acid (2 mL) was added acetic 
anhydride (5.5 mmol). The solution was refluxed for 4 h. After 
cooling down, the reaction solution was evaporated in vacuo 
and the residue was purified by silicagel column chroma-
tography (hexane–EtOAc=95 : 5 to 50 : 50). 4-Hydroxy-3,5-
dimethylphenyl acetate (2a) was obtained as a white solid 
(55%), mp 90–91°C. 1H-NMR (500 MHz, CDCl3, tetramethyl-
silane (TMS), room temperature (r.t.)) δ (ppm): 2.14 (6H, s), 
2.25 (3H, s), 5.00 (1H, br s), 6.65 (2H, s); 13C-NMR (500 MHz, 
CDCl3, TMS, r.t.) δ (ppm): 16.0, 21.0, 120.9, 124.4, 143.1, 
150.0, 170.6.

To compound 2a (0.36 g, 2.0 mmol) in dry N,N-dimethyl-
formamide (DMF) was added 4-nitrobenzyl bromide (0.48 g, 
2.2 mmol) and K3CO3 (0.55 g, 4.0 mmol) at r.t. The suspension 
was stirred for 16 h, poured into water and EtOAc (50 mL) 
added. The organic layer was washed with 10% aqueous 
NaHSO4 solution, and dried over MgSO4 for 10 min. After 
removal of MgSO4 by filtration, the EtOAc was evaporated 
in vacuo. The residue was purified by silica gel column 
chromatography (n-hexane–EtOAc=95 : 5 to 50 : 50) and 
3,5-dimethyl-4-((4-nitrobenzyl) oxy) phenyl acetate (3a) was 
obtained as white solid in 91% yield, mp 89–91°C. 1H-NMR 
(500 MHz, CDCl3, TMS, r.t.) δ (ppm): 2.28 (6H, s), 2.28 (3H, 
s), 4.91 (2H, s), 6.78 (1H, s), 7.65 (2H, d, J=8.6 Hz), 8.27 (2H, 
d, J=8.6 Hz); 13C-NMR (500 MHz, CDCl3, TMS, r.t.) δ (ppm): 
16.4, 21.0, 72.4, 121.6, 123.7, 127.5, 132.0, 144.9, 146.5, 147.5, 
152.9, 169.8.

Compound 3a (1 mmol) was treated with a solution of HCl 
in methanol (2 mol/L, 5 mL) for 5 h at r.t. After evaporation 
under reduced pressure, 3,5-dimethyl-4-((4-nitrobenzyl) oxy)-
phenol (4a) was obtained as yellow solid (>99%).

4a: mp 15–17°C; IR (KBr, cm−1): 3374, 2922, 1601, 
1521, 1476, 1344, 1317, 1200, 1013, 857, 828, 742; 1H-NMR 
(500 MHz, CDCl3, TMS, r.t.) δ (ppm): 2.20 (6H, s), 4.86 (2H, 
s), 5.11 (1H, br s), 6.52 (2H, s), 7.64 (2H, d, J=8.3 Hz), 8.22 
(2H, 1/2 AB, J=8.3 Hz); 13C-NMR (500 MHz, CDCl3, TMS, 
r.t.) δ (ppm): 16.3, 72.6, 115.2, 123.6, 127.7, 131.8, 145.1, 147.2, 
148.8, 151.7; HR-MS m/z Calcd for C15H16NO4 274.1049. Found 
274.10793.

Synthetic Procedure for 2,3,5-Trimethyl-4-((4-nitroben-
zyl)oxy)phenol (4b)  To a solution of 2,3,5-trimethylben-
zene-1,4-diol (1b) (5 mmol) in acetic acid (2 mL) was added 
acetic anhydride (5.5 mmol). The solution was heated under 
reflux for 4 h. After cooling, the solution was evaporated in 
vacuo and the residue was purified by silicagel column chro-
matography (hexane–EtOAc=95 : 5 to 50 : 50). 4-Hydroxy-
2,3,5-trimethylphenyl acetate (2b) was obtained as a white 
solid (25%), mp 120–121°C. 1H-NMR (500 MHz, CDCl3, 
TMS, r.t.) δ (ppm): 2.03 (3H, s), 2.14 (3H, s), 2.17 (3H, s), 
2.30 (3H, s), 4.83 (1H, br s), 6.63 (1H, s), 13C-NMR (500 MHz, 
CDCl3, TMS, r.t.) δ (ppm): 12.2, 12.8, 15.9, 20.8, 120.6, 121.2, 
123.4, 127.0, 142.18, 149.8, 170.2.

To compound 2b (1 mmol) in dry DMF was added 4-ni-
trobenzyl bromide (1.1 mmol) and K3CO3 (2 mmol) at r.t. The 
suspension was stirred for 16 h and poured into water. After 
addition of EtOAc (50 mL), the organic layer was washed with 

10% aqueous NaHSO4 solution (30 mL) three times, and dried 
over MgSO4 for 10 min. After removal of MgSO4 by filtration, 
the EtOAc was evaporated in vacuo. The residue was purified 
by silica gel column chromatography (n-hexane–EtOAc=95 : 5 
to 50 : 50) and 2,3,5-trimethyl-4-((4-nitrobenzyl) oxy) phenyl 
acetate (3b) was obtained as a white solid (87%), mp 90–91°C. 
1H-NMR (500 MHz, CDCl3, TMS, r.t.) δ (ppm): 2.05 (3H, s), 
2.21 (3H, s), 2.25 (3H, s), 2.32 (3H, s), 4.86 (1H, s), 6.74 (1H, 
s), 7.65 (2H, d, J=8.6 Hz), 8.25 (2H, d, J=8.6 Hz); 13C-NMR 
(500 MHz, CDCl3, TMS, r.t.) δ (ppm): 12.8, 13.0, 16.2, 20.7, 
72.5, 121.4, 123.6, 127.5, 128.8, 130.9, 144.9, 145.2, 147.4, 
152.8, 169.6.

Compound 3b (1 mmol) was treated with a solution of HCl 
in methanol (2 mol/L, 5 mL) for 5 h at r.t. After evaporation 
under reduced pressure, 2,3,5-trimethyl-4-((4-nitrobenzyl)-
oxy) phenol (4b) was obtained as yellow solid in quantitative 
yield.

4b: Yellow solid; mp 97–99°C; IR (KBr, cm−1): 3374, 
2922, 1601, 1521, 1476, 1344, 1317, 1200, 1013, 857, 828, 742; 
1H-NMR (500 MHz, CDCl3, TMS, r.t.) δ (ppm): 2.10 (3H, s), 
2.20 (6H, s), 4.83 (2H, s), 6.49 (1H, s), 7.65 (2H, d, J=8.6 Hz), 
8.25 (2H, d, J=8.6 Hz); 13C-NMR (500 MHz, CDCl3, TMS, 
r.t.) δ (ppm): 11.9, 12.4, 16.1, 72.9, 114.6, 121.6, 123.7, 127.6, 
128.3, 130.6, 145.2, 147.4, 148.8, 149.9; HR-MS m/z Calcd for 
C16H18NO4 288.12358. Found 288.12484.

Antimicrobial Activity
Test Microorganisms
Moraxella catarrhalis (GTC 01544), Moraxella catarrhalis 

(Clinical strains), Klebsiella pneumonia (The American Type 
Culture Collection (ATC C) 13883), Salmonella typhimurium 
(ATC C 14028), Streptococcus pyogenes (ATC C 19615), 
Neisseria lactamicus (ATC C 23970), Enterobacter cloacea, 
(ATC C 23355), Pseudomonas aeruginosa (IFO 3445) Vibrio 
cholera (clinical strain) were used as test microorganisms.22)

Antibacterial Assay  The antibacterial activity was mea-
sured as described previously.22,23) Bacterial suspensions were 
obtained from overnight cultures in Triptic Soy broth (Becton, 
Dickinson and Company, MD, U.S.A.), cultivated at 37°C for 
24 h. The bacterial suspensions were adjusted to an inoculum 
size of 108 colony forming unit (cfu)/mL and 100 µL used for 
inoculation of the agar plates (Mueller–Hinton Agar, Becton, 
Dickinson and Company). Sterile paper discs (6 mm diameter) 
which were impregnated with the tested samples (10–100 µg) 
were placed aseptically over the bacterial culture on nutrient 
agar plates. After incubation at 37°C for 24 h, the zone of in-
hibition around the discs was measured on a millimetre scale. 
The experiment was replicated twice. Paper discs impregnated 
with only sterile solvents served as negative control.

Determination of MIC and Minimum Bactericidal Con-
centration (MBC)  The MIC of the compound was defined 
as the lowest concentration that inhibited the visible bacterial 
growth and the MBC was defined as the lowest concentra-
tion that prevented the growth of the organism after subcul-
ture onto antibiotic-free plates. The MIC and MBC values 
were determined by the broth dilution method.24) Overnight 
broth culture was used to adjust the inoculum concentra-
tion to 2×103 cfu/mL in sterile distilled H2O. Gentamycin 
and ciprofloxacin were used as positive controls, in addition 
to sterility control (broth+dimethyl sulfoxide (DMSO) 10% 
(v/v)+test compound) and negative control (broth+DMSO 
10% (v/v)+test microorganism). Dilutions ranging from 0.05 
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to 52 µM for gentamycin and 9 to 1200 µM for ciprofloxacin 
and tested samples were prepared in tubes including broth and 
DMSO 10% (v/v). A 100 µL suspension of test microorganism 
was added to individual tubes and incubated at 37°C for 24 h.

RESULTS AND DISCUSSION

There has been growing interest in the development of new 
compounds to deal with resistant bacteria. De novo drug dis-
covery is still one of the most important areas of antibacterial 
research. However, identification of new indications for known 
drugs (drug repositioning) has been gaining popularity as an 
alternative approach for drug discovery. Drug repositioning 
offers opportunities for faster development times and reduced 
risk.25) The two approaches of drug discovery were performed 
in this study, the synthetic approach afford two new com-
pounds while drug repositioning afford one compound active 
against both clinical isolates and type strain of M. catarrhalis. 
However, all tested compounds showed weak activity against 
other tested microorganisms.

Selective protection of the less hindered hydroxyl groups of 
2,6-dimethylbenzene-1,4-diol and 2,3,5-trimethylbenzene-1,4-
diol was achieved by mono-acetylation with acetic anhydride 
in acetic acid at reflux and afforded compounds 2a and b 
in excellent yields (Chart 1). Introduction of the nitrobenzyl 
group into the free hydroxyl groups of 2a, b was achieved by 
addition of 4-nitrobenzyl bromide in the presence of K3CO3/
DMF to generate compounds 3a and b. After deprotection 
of the acetyl groups of 3a and b by treatment with HCl/
methanol the 3,5-dimethyl-4-((4-nitrobenzyl) oxy) phenol (4a) 
and 2,3,5-trimethyl-4-((4-nitrobenzyl) oxy) phenol (4b) were 
obtained.

The antimicrobial activity of 4a was found to be reasonable, 

with MIC and MBC of 91 and 365 µM respectively (Table 1). 
There are many phenolic compounds with similar MICs.26–31) 
However, the introduction of a methyl group in the 2-position 
of the phenol ring resulted in the very active compound 4b 
that had the highest antibacterial activity, which equivalent 
to that of ciprofloxacin, with MIC and MBC values of 11 and 
22 µM respectively (Table 1). The zone of inhibition on agar 
plates for 4a, b and ciprofloxacin against M. catarrhalis type 
strain were found to be 13, 15 and 20 mm, respectively.

It has been found previously that the free phenolic hydroxyl 
group is responsible for the antimicrobial32) and antioxidant 
activities of phenols.14–16,33) We also found that the free pheno-
lic hydroxyl group to be essential for the antibacterial activity 
of the test compounds. Acetylated compounds 3a, b were in-
active against the test microorganisms.

Drug repositioning is an accelerated route for drug discov-
ery and has resulted in new opportunities for the use of old 
drugs. In the United States of America for example, drug re-
positioning accounts for approximately 30% of new Food and 
Drug Administration (FDA) approved drugs and vaccines.34)

Drug repositioning approach for drug discovery was also 
performed in this study by observing the structural similarity 
between 4a, b and monobenzone (Fig. 1). Monobenzone is a 
melanin synthesis inhibitor with bleaching properties which 
used for the treatment of pigmentary skin disorders.35) There 
has been no previous report regarding the antibacterial effect 
of monobenzone, but we found monobenzone to be modestly 
active against Moraxella catarrhalis and its activity was com-
parable to that of 4a, with MIC and MBC values of 250 and 
499 µM respectively (Table 1). Based on this result, the anti-
bacterial activity might not be attributed to the nitro group 
of compound 4a. On the other hand, introduction of methyl 
group at 2-position of the phenol ring significantly increased 

Chart 1. Synthesis of 3,5-Dimethyl-4-((4-nitrobenzyl)oxy)phenol (4a) and 2,3,5-Trimethyl-4-((4-nitrobenzyl)oxy)phenol (4b)

Table 1. Antibacterial Activity of Test Compounds and Reference Antibiotics

Bacterial strains
4a 4b Monobenzone Ciprofloxacin Gentamycin

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

M. catarrhalisT 91 365 11 22 250 499 9 19 0.21 0.41
M. catarrhalisCl 1 91 365 11 22 250 499 9 19 0.41 0.82
M. catarrhalisCl 2 91 365 11 22 250 499 9 19 0.41 0.82
M. catarrhalisCl 3 91 365 11 22 250 499 9 19 0.41 0.82
M. catarrhalisCl 4 91 365 11 22 250 499 9 19 0.21 0.41
M. catarrhalisCl 5 91 365 11 22 250 499 9 19 0.21 0.41

T, type strain; Cl, clinical strain; MIC (µM), minimum inhibitory concentration, i.e., the lowest concentration of the compound to inhibit the growth of bacteria completely; 
MBC (µM), minimum bactericidal concentration, i.e., the lowest concentration of the compound for killing the bacteria completely.
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its antibacterial activity without affecting its activity spec-
trum.

CONCLUSION

Two new phenolic compounds were synthesised using a 
successful method under mild conditions from economical 
starting materials and tested for their antibacterial activity. 
The MICs and MBCs of the tested compounds were deter-
mined. Compound 4a and monobenzone showed equivalent 
modest antibacterial activity, however, compound 4b showed 
strong antibacterial activity comparable to the reference an-
tibiotic ciprofloxacin. Thus, M. catarrhalis might serve as 
a model organism for the discovery of new drug target, or 
studying the mechanism of some side effects of these com-
pounds which might be regarded as good starting points to 
design and synthesise optimised broad spectrum antibacterial 
compounds.

Conflict of Interest The authors declare no conflict of 
interest.

REFERENCES

 1) Vermerris W, Nicholson R. Phenolic compound biochemistry. Fami-
lies of Phenolic Compounds and Means of Classification. Chapter 1, 
Springer Science & Business Media, New York, pp. 1–34 (2006).

 2) Metcalf RL, Kogan M. Plant volatiles as insect attractants. CRC 
Crit. Rev. Plant Sci., 5, 251–301 (1987).

 3) Ralston L, Subramanian S, Matsuno M, Yu O. Partial reconstruc-
tion of flavonoid and isoflavonoid biosynthesis in yeast using soy-
bean type I and type II chalcone isomerases. Plant Physiol., 137, 
1375–1388 (2005).

 4) Wang SX, Mure M, Medzihradszky KF, Burlingame AL, Brown 
DE, Dooley DM, Smith AJ, Kagan HM, Klinman JP. A crosslinked 
cofactor in lysyl oxidase: redox function for amino acid side chains. 
Science, 273, 1078–1084 (1996).

 5) Maki T, Araki Y, Ishida Y, Onomura O, Matsumura Y. Construc-
tion of persistent phenoxyl radical with intramolecular hydrogen 
bonding. J. Am. Chem. Soc., 123, 3371–3372 (2001).

 6) Maki T, Ishida K. Photocleavable molecule for laser desorption ion-
ization mass spectrometry. J. Org. Chem., 72, 6427–6433 (2007).

 7) Maki T. Quantitative approach for small molecules using laser 
desorption/ionization mass spectrometry. Biol. Pharm. Bull., 35, 
1413–1416 (2012).

 8) Chaaban I, El Khawass ESM, Mahran MA, Abd El Razik HA, El 
Salamouni NS, Abdel Wahab AE. Synthesis and biological evalua-
tion of novel hydroquinone dimethyl ethers as potential anticancer 
and antimicrobial agents. Med. Chem. Res., 22, 3760–3778 (2013).

 9) Liu X, Ou Y, Chen S, Lu X, Cheng H, Jia X, Wang D, Zhou 
GC. Synthesis and inhibitory evaluation of cyclohexen-2-yl- and 
cyclohexyl-substituted phenols and quinones to endothelial cell and 
cancer cells. Eur. J. Med. Chem., 45, 2147–2153 (2010).

10) Bruneton J. Pharmacognosie: phytochimie, plantes médicinales. 
2ème Éditions, Tec & Doc, Paris, France (1999).

11) Fukumoto LR, Mazza G. Assessing antioxidant and prooxidant 
activities of phenolic compounds. J. Agric. Food Chem., 48, 3597–
3604 (2000).

12) Dewick PM. Medicinal natural products: a biosynthetic approach. 
2nd Edition, John Wiley & Sons, New York, NY, U.S.A. (2002).

13) Yang CS, Landau JM, Huang MT, Newmark HL. Inhibition of car-
cinogenesis by dietary polyphenolic compounds. Annu. Rev. Nutr., 
21, 381–406 (2001).

14) Valentão P, Fernandes E, Carvalho F, Andrade PB, Seabra RM, 
Bastos ML. Hydroxyl radical and hypochlorous acid scavenging 
activity of small centaury (Centaurium erythraea) infusion. A com-
parative study with green tea (Camellia sinensis). Phytomedicine, 
10, 517–522 (2003).

15) Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid antioxidants: 
chemistry, metabolism and structure–activity relationships. J. Nutr. 
Biochem., 13, 572–584 (2002).

16) Payá M, Halliwell B, Hoult JR. Interactions of a series of cou-
marins with reactive oxygen species. Scavenging of superoxide, 
hypochlorous acid and hydroxyl radicals. Biochem. Pharmacol., 44, 
205–214 (1992).

17) Kumari M, Jain S. Tannins: An antinutrient with positive effect to 
manage diabetes. Res. J. Recent Sci., 1, 70–73 (2012).

18) Aron PM, Kennedy JA. Flavan-3-ols: Nature, occurrence and bio-
logical activity. Mol. Nutr. Food Res., 52, 79–104 (2008).

19) Bagchi D, Sen CK, Ray SD, Das DK, Bagchi M, Preuss HG, Vinson 
JA. Molecular mechanisms of cardioprotection by a novel grape 
seed proanthocyanidin extract. Mutat. Res., 523–524, 87–97 (2003).

20) Witte W, Cuny C, Klare I, Nübel U, Strommenger B, Werner G. 
Emergence and spread of antibiotic-resistant Gram-positive bacte-
rial pathogens. Int. J. Med. Microbiol., 298, 365–377 (2008).

21) “The 10 leading causes of death in the world, 2000 and 2012, WHO 
Fact sheet N°310, 2014.”: ‹http://www.who.int/mediacentre/fact-
sheets/fs310/en›, accessed March, 2016.

22) Suliman Mohamed M, Timan Idriss M, Khedr AI, Abd AlGadir H, 
Takeshita S, Shah MM, Ichinose Y, Maki T. Activity of Aristolo-
chia bracteolata against Moraxella catarrhalis. Int. J. Bacteriol, 
2014, 481686 (2014).

23) Clinical and Laboratory Standards Institute. Performance standards 
for antimicrobial susceptibility testing. Twenty-first informational 
supplement, CLSI document M100-S21, Clinical and Laboratory 
Standards Institute, Wayne, PA, U.S.A. (2011).

24) Clinical and Laboratory Standards Institute. Methods for dilution 
antimicrobial susceptibility tests for bacteria that grow aerobi-
cally, Approved Standard, Ninth Edition. CLSI. document M07-A9. 
Wayne, PA, U.S.A. (2012).

25) Ashburn TT, Thor KB. Drug repositioning: identifying and de-
veloping new uses for existing drug. Nat. Rev. Drug Discov., 3, 
673–683 (2004).

26) Koolena HHF, da Silva FMA, Gozzo FC, de Souza AQL, de Souza 
ADL. Antioxidant, antimicrobial activities and characterization of 
phenolic compounds from buriti (Mauritia flexuosa L. f.) by UPLC–
ESI-MS/MS. Food Res. Int., 51, 467–473 (2013).

27) Jiang ZD, Ke S, Palazzini E, Riopel L, Dupont H. In vitro activity 
and fecal concentration of rifaximin after oral administration. Anti-
microb. Agents Chemother., 44, 2205–2206 (2000).

28) Wansi JD, Chiozem DD, Tcho AT, Toze FA, Devkota KP, Ndjakou 
BL, Wandji J, Sewald N. Antimicrobial and antioxidant effects of 
phenolic constituents from Klainedoxa gabonensis. Pharm. Biol., 
48, 1124–1129 (2010).

29) Wang J, Lou J, Luo C, Zhou L, Wang M, Wang L. Phenolic com-
pounds from Halimodendron halodendron (Pall.) Voss and their 
antimicrobial and antioxidant activities. Int. J. Mol. Sci., 13, 11349–
11364 (2012).

30) Tafesh A, Najami N, Jadoun J, Halahlih F, Riepl H, Azaizeh H. 

Fig. 1. Structure of Monobenzone

http://dx.doi.org/10.1080/07352688709382242
http://dx.doi.org/10.1080/07352688709382242
http://dx.doi.org/10.1104/pp.104.054502
http://dx.doi.org/10.1104/pp.104.054502
http://dx.doi.org/10.1104/pp.104.054502
http://dx.doi.org/10.1104/pp.104.054502
http://dx.doi.org/10.1126/science.273.5278.1078
http://dx.doi.org/10.1126/science.273.5278.1078
http://dx.doi.org/10.1126/science.273.5278.1078
http://dx.doi.org/10.1126/science.273.5278.1078
http://dx.doi.org/10.1021/ja002453+
http://dx.doi.org/10.1021/ja002453+
http://dx.doi.org/10.1021/ja002453+
http://dx.doi.org/10.1021/jo070621b
http://dx.doi.org/10.1021/jo070621b
http://dx.doi.org/10.1248/bpb.b212011
http://dx.doi.org/10.1248/bpb.b212011
http://dx.doi.org/10.1248/bpb.b212011
http://dx.doi.org/10.1007/s00044-012-0337-y
http://dx.doi.org/10.1007/s00044-012-0337-y
http://dx.doi.org/10.1007/s00044-012-0337-y
http://dx.doi.org/10.1007/s00044-012-0337-y
http://dx.doi.org/10.1016/j.ejmech.2010.01.051
http://dx.doi.org/10.1016/j.ejmech.2010.01.051
http://dx.doi.org/10.1016/j.ejmech.2010.01.051
http://dx.doi.org/10.1016/j.ejmech.2010.01.051
http://dx.doi.org/10.1021/jf000220w
http://dx.doi.org/10.1021/jf000220w
http://dx.doi.org/10.1021/jf000220w
http://dx.doi.org/10.1146/annurev.nutr.21.1.381
http://dx.doi.org/10.1146/annurev.nutr.21.1.381
http://dx.doi.org/10.1146/annurev.nutr.21.1.381
http://dx.doi.org/10.1078/094471103322331485
http://dx.doi.org/10.1078/094471103322331485
http://dx.doi.org/10.1078/094471103322331485
http://dx.doi.org/10.1078/094471103322331485
http://dx.doi.org/10.1078/094471103322331485
http://dx.doi.org/10.1016/S0955-2863(02)00208-5
http://dx.doi.org/10.1016/S0955-2863(02)00208-5
http://dx.doi.org/10.1016/S0955-2863(02)00208-5
http://dx.doi.org/10.1016/0006-2952(92)90002-Z
http://dx.doi.org/10.1016/0006-2952(92)90002-Z
http://dx.doi.org/10.1016/0006-2952(92)90002-Z
http://dx.doi.org/10.1016/0006-2952(92)90002-Z
http://dx.doi.org/10.1002/mnfr.200700137
http://dx.doi.org/10.1002/mnfr.200700137
http://dx.doi.org/10.1016/S0027-5107(02)00324-X
http://dx.doi.org/10.1016/S0027-5107(02)00324-X
http://dx.doi.org/10.1016/S0027-5107(02)00324-X
http://dx.doi.org/10.1016/j.ijmm.2007.10.005
http://dx.doi.org/10.1016/j.ijmm.2007.10.005
http://dx.doi.org/10.1016/j.ijmm.2007.10.005
http://dx.doi.org/10.1038/nrd1468
http://dx.doi.org/10.1038/nrd1468
http://dx.doi.org/10.1038/nrd1468
http://dx.doi.org/10.1016/j.foodres.2013.01.039
http://dx.doi.org/10.1016/j.foodres.2013.01.039
http://dx.doi.org/10.1016/j.foodres.2013.01.039
http://dx.doi.org/10.1016/j.foodres.2013.01.039
http://dx.doi.org/10.1128/AAC.44.8.2205-2206.2000
http://dx.doi.org/10.1128/AAC.44.8.2205-2206.2000
http://dx.doi.org/10.1128/AAC.44.8.2205-2206.2000
http://dx.doi.org/10.3109/13880200903486644
http://dx.doi.org/10.3109/13880200903486644
http://dx.doi.org/10.3109/13880200903486644
http://dx.doi.org/10.3109/13880200903486644
http://dx.doi.org/10.3390/ijms130911349
http://dx.doi.org/10.3390/ijms130911349
http://dx.doi.org/10.3390/ijms130911349
http://dx.doi.org/10.3390/ijms130911349
http://dx.doi.org/10.1155/2011/431021


1892 Vol. 39, No. 11 (2016)Biol. Pharm. Bull.

Synergistic antibacterial effects of polyphenolic compounds from 
olive mill wastewater. Evid. Based Complement. Alternat. Med., 
2011, 431021 (2011).

31) Williams JD, Geddes AM. Pharmacology of Antibiotics. Antibiot-
ics in respiration secretions, Springer Science & Business Media, 
Berlin, p. 38 (2012).

32) Ultee A, Bennik MH, Moezelaar R. The phenolic hydroxyl group 
of carvacrol is essential for action against the food-borne pathogen 
Bacillus cereus. Appl. Environ. Microbiol., 68, 1561–1568 (2002).

33) Parr AJ, Bolwell JP. Phenols in the plant and in man. The potential 
for possible nutritional enhancement of the diet by modifying the 
phenols content or profile. J. Sci. Food Agric., 80, 985–1012 (2000).

34) Jin G, Wong ST. Toward better drug repositioning: prioritizing and 
integrating existing methods into efficient pipelines. Drug Discov. 
Today, 19, 637–644 (2014).

35) Katsambas AD, Stratigos AJ. Depigmenting and bleaching agents: 
coping with hyperpigmentation. Clin. Dermatol., 19, 483–488 
(2001).

http://dx.doi.org/10.1155/2011/431021
http://dx.doi.org/10.1155/2011/431021
http://dx.doi.org/10.1155/2011/431021
http://dx.doi.org/10.1128/AEM.68.4.1561-1568.2002
http://dx.doi.org/10.1128/AEM.68.4.1561-1568.2002
http://dx.doi.org/10.1128/AEM.68.4.1561-1568.2002
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C985::AID-JSFA572%3E3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C985::AID-JSFA572%3E3.0.CO;2-7
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C985::AID-JSFA572%3E3.0.CO;2-7
http://dx.doi.org/10.1016/j.drudis.2013.11.005
http://dx.doi.org/10.1016/j.drudis.2013.11.005
http://dx.doi.org/10.1016/j.drudis.2013.11.005
http://dx.doi.org/10.1016/S0738-081X(01)00182-1
http://dx.doi.org/10.1016/S0738-081X(01)00182-1
http://dx.doi.org/10.1016/S0738-081X(01)00182-1

