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Abstract Halogenated isopropyl-, sec-butyl-, sec-pentyl-, sec-hexyl, sec-heptylphenols were synthesized and 

screened for possible antibacterial and antifungal activities against Staphylococcus aureus, Streptococcus viridans, 

Escherichia coli, Shigella flexneri, Salmonella typhi, Salmonella typhimurium, B. proteus vulgaris, Pseudomonas 

aeruginosa, Bacterium antracoides, Bacterium subtilis, Klebsiella rhinoscleuromatis and Candida albicans using 

the microdilution method. Antimicrobial tests results indicated that all compounds have reasonable activity. They 

displayed the highest antimicrobial activity against Streptococcus aureus, Streptococcus viridans and Candida 

albicans. The isoalkyl phenols containing chlorine atoms were the most active than the fluorine containing phenol in 

the series against majority tested bacteria and fungi strains. 
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1. Introduction 

The emergence of resistance in microorganisms to existing bactericides requires the use of new disinfectants, among 

which attract attention alkylhalogenphenols as low-toxic bactericides and biological antioxidants [1-8]. Biological 

effects of phenols associated with their ability to affect microbial cell wall to form complexes with polysaccharides 

and proteins coagylating [9]. The introduction into the structure of phenols halogen atoms s may affect the ability of 

cell wall permeability and, correspondingly, on the biological properties of phenols [10]. Previously, we synthesized 

some halogenated isopentyl phenols and evaluated them to their antimicrobial activities [11]. The results showed 

that isopentyl radicals attached to the phenol structure cause a significant change in the antimicrobial effect. In this 

connection it is of interest to further study the effect of the structure of isoalkyl phenols on their antimicrobial 

properties . To do this in the present work has been synthesized several halogenated isoalkyl phenols 2-8 by the 

most reasonable published methods. Phenols 2-8 were prepared to investigate the effects of the structural 

modifications on the anticipated antimicrobial activity. It was studied for their antimicrobial activity against Gram 

positive, Gram-negative, spore, bacteria capsular and yeasts. 

 

2. Experimental 

General 
1
H-NMR spectra were recorded on a JEOL spectrometer (90MHz) in DNSO-d6 or CDCl3 with TMS as internal 

reference, chemical shifts were measured in the δ scale. IR spectra of compounds were recorded as potassium 
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bromide pellets on a Specord 75-IR instrument. GLC- gel-60 was performed on a Biokhrom device (5% Apieson L 

on Inerton N-AW-HMDSW, carrier gas He). TLC and column chromatography were performed on silica gel-60. 

 

Procedure for Synthesis of Halogenated Isoalkyl Phenols 

Phenols 2-8 were obtained by the alkylation of 2- and 4-chlorophenol and 4-fluorophenol with corresponding 

alkenes in the presence of catalyst BF3 · H3PO4 [12] using 0.1 mol alkenes in 10 ml CCl4 and the appropriate 

amounts of halogenated phenols. The reaction products were washed with sodium carbonate solution, water and 

dried MgSO4. After drying, the solvent and the starting materials were distilled off and the residue was distilled 

under vacuum, carrying GLC analysis before and after distillation, yield calculated on the starting alkenes. 

Following rectification, TLC and column chromatography on silica gel-60 individual phenols 2-8 were isolated 

under control of the purity by GLC [13]. Individuality of phenols 2-8 was examined by GLC, the structures were 

determined by spectral analyses and spectroscopic properties were in accord with data reported previously [12].    

 

Antimicrobial Activity  

The minimal inhibitory concentration (MIC) was determined by microdilution method [14]. In vitro antimicrobial 

activity of the compounds 5-8 was evaluated against standard strains; Staphylococcus aureus 209-P, Streptococcus 

viridans 171, Escherichia coli 675, Shigella Flexneri 2a-516, Salmonella typhi 495, Salmonella typhimurium 5710, 

B. proteus vulgaris 296, Pseudomonas aeruginosa 128, Bacterium antracoides 297, Bacterium subtilis ATCC, 

Klebsiella rhinoscleuromatis 348 and Candida albicans 688. All the synthesized phenols were weighed, dissolved in 

DMSO and diluted with water to prepare the stock solutions. A bacterial suspension, obtained from a 24h culture 

was added to each probe with a final DMSO concentration. Each experiment was carried out in duplicate. 

 

3. Results and Discussion 

In the present study has been synthesized the halogenated isoalkyl phenols by the procedures were based on the 

simply methods with using accessible reagents [12]. The yield of the products in this reaction was 73 -80%: The 

reaction proceeds with high positional selectivity (HS = 0), for 2-chlorophenol in position 4, and for 4-chloro- and 4-

fluorophenols in position 2. 

 

OH
X

CH2=CH-R

BF3.H3PO4

OH
X

CH-R

CH3

2-81

1 X=2-Cl   2 X=2-Cl R=CH3  3 X=2-Cl  R=C2H5  4 X=2-Cl 
R=C3H7  5 X=2-Cl  R=C4H9  6 X=2-Cl  R= C5H11  7 X=4-Cl
R=C2H5  8 X=4-F  R=CH3

 
Figure 1: Synthesis of Phenols 

 

By distillation of products and using TLC  and column chromatography were isolated individual phenols 2-8, purity 

of the synthesized compounds was examined by GLC and the structures were determined by spectral analyses. The 

series of phenols 2-8 were evaluated for antimicrobial activity toward the Gram positive and Gram negative bacteria 

and fungus. Their antibacterial activities were assessed by measuring minimum inhibitory concentration (MIC) with 

standard broth dilution assay (Table 1.) 
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Table 1: Antimicrobial Activity of 2-Chlorophenol and Halogenated Isoalkyl Phenols (MIC) 1-8 in μg/mL 

 

 

As can be seen from Table 1, all halogenated isoalkyl substituted phenols 2-7 have sufficiently antimicrobial activity  

against tested bacteria and fungi. According to the antimicrobial activity results, all compounds were found to have 

the highest antimicrobial activity against Streptococcus aureus, Streptococcus viridans and Candida albicans. The 

isoalkyl phenols containing chlorine atoms were the most active than the fluorine containing phenol 8 in the series 

against majority tested bacteria and fungi strains. Our study revealed that all the compounds had stronger 

antibacterial activity against Gram positive bacteria when compared to Gram negative bacteria. The findings suggest 

that the halogen substituted isoalkyl phenols act on the cell membranes and surface activity of these compounds may 

be chiefly responsible for the antibacterial properties of the compounds. However, all the tested compounds 

exhibited the antifungal activity against Candida albicans. The reason for the stronger antifungal activity according 

to antibacterial effect might be postulated as different action in the mechanism of the compounds such as inhibition 

effect on respiratory systems of fungus cells, rather than cell wall destruction [15]. 

 

4. Conclusions 

In summary we have synthesized some halogenated isoalkyl phenols by means of simply methods with using 

accessible reagents. The purity of the synthesized compounds was examined by GLC and the structures were 

determined by spectral analyses. Antimicrobial tests results indicated that all compounds have reasonable activity. 

The 4-sec-heptyl-2-chloro- and 2-sec-pentyl-4-chlorophenols were found to have high activity against 

Staphylococcus aureus, Streptococcus viridans and Candida albicans. Our study also covered the relationship 

between antimicrobial activity and structure of halogenated isoalkyl phenols. 
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