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Abstract
Compounds having sulfonyl groups are known to be biologically active and are synthetic
chemotherapeutic agents. These have been used for the treatment of bacterial infections in
human beings. The inhibition of the growth of certain microorganisms by sulfanilamide is
attributed to the structural similarity between the sulfanomides and p-amino benzoic acid. Six
p-toluene sulfonates were synthesized, characterized by spectrochemical and x-ray structural
studies. They were screened for their biological activity by invitro assay against chemically
important bacteria (10) and a fungus (candida albicans) and compared with the standard
antibiotics. Their structures and biological activity were compared. One of the six component
was found to exhibit bactericidal activity and its structure was compared to sulfanilamide.
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Introduction

The compounds having −SO2− moiety were
found to be biologically active1,2,3 or of medicinal
importance. Many studies4,5,6 showed a series of
biphenyl sulfonamide which have potent antagonist
activity against both angiotensin II AT (1) and
endothelin ET(A) receptors and predicted them to
have potential utility in the treatment of
hypertension, heart failure and other cardiovascular
diseases. Similarly Ahmed et al7 studied a series of
biphenyl sulfonates and found them to act as novel
inhibitors of enzyme estrone sulfatase.

Sulfanilamides, a group of compounds with
‘sufonyl’ moiety, are a synthetic chemotherapeutic
agent. These were the first of antibacterial
sulfonamide compounds to be used successfully in the
treatment of bacterial infection in human beings.
These are active agent certain gram positive and
gram negative organisms. They are bacteriostatic in
action and are used in the treatment of many
diseases like gonorrhea, tonsillitis, urinary tract
infection etc., The antibacterial activity of sulfa drugs
are attributed to the presence of ‘Sulfonyl’ moiety in
the molecule.

Antimicrobial activity of ‘sulfa drugs’ have been
well documented. It was D.D. Woods8 who observed
that the inhibition of growth of certain
microorganisms by sulfa drugs is completely overcome

by p-amino benzoic acid. He noticed the structural
similarity between the two compounds and reasoned
that the two compounds compete with each other in
some essential metabolic process. Thus the sulfa
drugs are anti metabolites for those bacteria that
require p-amino benzoic acid.

This leads to the discovery of many new
effective antimetabolities. Many of these were used
as antifungal and antibacterial agents and were also
reported to the nontoxic.

Sulfonates (sulfonated phenols) are expected to
resemble the sulfonanides in structure and
properties. Though many studies on the biochemical
importance of the sulfonates are carried out, their
antibacterial and antifungal activities have not been
studied so far. Hence, six p-toluene sulfonates were
synthesized, characterized and structure determined
by single crystal x-ray studies. These were screened
for their biological activity. Their structures and
biological activity were compared.

Materials and Methods

The following six p-toluene sulfonates which
are hitherto unknown to literature were prepared and
recrystallised from ethylacetate.

2-methoxy-4-methylphenyl-4-toluene sulfonate
5,7-dimethyoxy-2’flavonyl-4-toluene sulfonate
2,4-dinitro-1-naphthyl-4-toluene sulfonate
2-ethoxy-4-methyl phenyl-4-toluene sulfonate
2-methoxy-4-formyl phenyl-4-toluene sulfonate
2-methoxy-3-nitro-6-formylphenyl-4-toluene sulfonate

These were identified by I.R., NMR and Mass
spectrum. The molecular parameters like bond
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angles, bond length and bond distance were
determined from single crystal x-ray data.

Disc Diffusion as Initial Screening

Microbiological study of several p-toluene
sulfonates were performed adopting Kirby Beuer9 disc
diffusion method. Sterile blank Hi-media disc (5mm
diameter) was taken in a sterile Petri dish. Twenty
microlitres of each of the Aryl sulfonate compounds
was added to each disc under aseptic condition. Each
of the test organisms were subcultured on to a freshly
prepared nutrient agar plate for bacteria and
saboraud dextrose agar for fungi and the plates were
incubated at 37°C for 24 hours. After the incubation
period, a minimum of three isolated colonies were
emulsified into a 5ml of sterile nutrient broth for
bacteria. Then the broth suspension was incubated at
37°C for 6 hours and the turbidity was adjusted to
0.5 Mc Farland standards10.

The entire surface of the Muller Hinton Agar
(MHA) plate was inoculated by rubbing the swab
containing the inoculum in order to make a lawn
culture. Sterile (5mm) Discs, impregnated with the
individual compound were placed over the lawn
cultured plate. Discs of Carbenicillin 30 µ g (GNB)
Clindamycin 20 µ g (GPC) were impregnated on the
lawn culture plate as positive control. The inoculated
plates with the antibiotic discs with sulfonates were
allowed to remain at room temperature for 30 min.
Then the plates were incubated at 37°C for 24 hrs
in an inverted position. After the incubation period,
zone of inhibition were measured and they were
taken as the distance including the disc until the
point at which no growth was visible to naked eye.
The diameter of zone of inhibition was recorded. This
method was adopted to determine the Minimum
Inhibitory Concentration of the following synthetic
compounds PTE, PTM, PTV, PTN, PTNV, PTF, SPC,
NAPTS and 2NAPTS. Different concentrations of the
individual compounds were prepared through the
serial tube two-fold dilution assay. i.e. 150 µg, 75 µg,
37.5 µg, 18.75 µg, 9.375 µg, 4.687 µg, 2.343 µg
respectively. Dimethyl sulfoxide was used to dissolve
the compound. Two microlitres of standarized
inoculum of the test organism was added in to each
tube. The inoculated tubes were incubated at 37°C
for 24 hours. The incubated tubes were observed for
turbidity. The lowest concentration of the diluted
compound inhibited the growth was detected by the
lack of visual turbidity and this concentration was
taken as the minimum inhibitory concentration
(MIC).

The subculture recovery technique was
performed to confirmed that there was no viable
growth of organism from the visibly clear test tubes,
which indicate that MIC value can be considered as
MBC value also. Twenty micro litres of the mixture
was transferred from the test tubes which were
visibly clear and also from the control test tube onto
the nutrient agar for bacterial and Sabourad dextrose
agar for Candida albicans. The inoculated plates
were incubated at 37°C for 24 hrs. The plates were
observed after incubation. Absence of colony
formation was presumed to be due to the bactericidal
and fungicidal activity of the compound at that
particular concentration in test tube. This was proof
of the inhibition of found in tube dilution method as
complete inhibition.

RPMI 1640 medium was used to perform the
in vitro antifungal activity by adopting serial tube
two-fold dilution assay. Three colonies of Candida
albicans were inoculated into 5ml of physiological
saline (0.85% NaCl) and the turbidity was adjusted
to 0.5 Mc Farland standards. Ten microlitres of the
standardized inoculum was added to 10 ml of RPMI.

Eight test tubes were arranged in a row then
900 µ l of RPMI suspension was added to all the eight
tubes. Another set of eight tubes were arranged and
1 ml of sterile double distilled water was taken and
1 ml of sterile PTN compound was added to the test
tube and mixed well and transferred to the second
tube and the rest of the tubes were serially diluted
and finally 1 ml from the 7th dilution tube was
discarded. Then 100 µ l from each dilution tube was
added to the corresponding tubes. (i.e. to the RPMI
suspension in the serially arranged tubes and
100 µ l of sterile double distilled water was added to
the control tube). Then, the plates were incubated at
37°C for 24 hours.

Preparation of toluene sulfonates

4-toluene sulfonyl chloride (4.7 mmol) dissolved
in acetone (4 ml) was added drop wise to the phenol
(4.3 mmol) in aqueous NaOH (2.5 ml, 10%) up to
constant shaking. The precipitated toluene sulfonates
(2.7 mmol, yield 63%) was filtered and recrystallysed
from aqueous ethyl acetate.

Results

Preliminary screening of invitro antimicrobial
activity was tested by using modified Kirby Bauer
method, 1996. The inhibitory effect of the compound
was determined by estimating the size of inhibition
zone on microbial growth.
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The compounds PTE, PTM, PTV, PTNV, PTF,
PTN, SPC, NAPTS and 2 NAPTS were tested for
their antibacterial and antifungal activity at different
concentration by disc diffusion method. Compound
PTN alone showed antibacterial activity for diffusion

method. Compound PTN alone showed antibacterial
activity for Staphylococcus aureus ATCC 25923,
Shigella sonnei, Shigella dysenteriae and the
antifungal activity for Candida albicans and results
are tabulated.

Table -1 Preliminary screening of in vitro antibacterial and antifungal activity of paratoluene
sulfonate by disc diffusion method

Test organisms
Concentration of Test fompound Each 150 µ g/Disc (20 µ l)

PTE PTF PTM PIN PTV PTNV SPC
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Table - 2 In vitro antibacterial and antifungal activity of PTN by disc diffusion method

Concentration of
PTN (µ g/disc )

Zone of inhibition (mm) for Bacteria and fungi

S. aureus Shigella
dysenteriae Shigella sonnei Candida albicans

150 22 16 21 18

75 18 14 17 16

37.5 17 14 16 15

18.75 16 14 15 14

9.375 16 14 11 14

4.687 10 13 9 14

2.343 9 12 7 13

Antibiotic control
Clindamycin
(20 µg) 35mm

Carbencillin
(30 µg) 27 mm

Carbencillin
(30 µg) 25 mm

Fluconazole 
(10 µg) No zone of

inhibition
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Table-3 Invitro Antibacterial and Antifungal Activity of PTN Serial Tube Two Fold Dilution -
PTN

Test organisms Concentration of PTN compound in µg/ml
Bacteria 1/2

9.375
1/4

4.687
1/8

2.343
1/16

1.171
1/32

0.586
1/64

0.293
1/128
0.147

Growth 
Control

DMSO
control MIC
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 ���� + + + + – – – – – "�"#"

�������� ������ + + + + – – – – – "�"#"
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+ + + + – – – – – "�"#"
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Subculture recovery MBC - 1/8 for all the four organisms.

Table 4: Serial Tube Two fold Dilution PTS

Test organisms
Concentration of PTS compound in µg/ml

1/2
150

1/4
75

1/8
37.5

1/16
18.75

1/32
9.375

1/64
4.687

1/128
2.343 control

Staphylococcus aureus 
ATCC 25923

+ + + + + + + –

Shigella sonnei + + + + + + + –

Shigella dysenteriae + + + + + + + –

Fungi:
Candida albicans

+ + + + + + + –

(+) = �������� �! ����������

Discussion

The sulfonamides resemble p-amino benzoic
acid closely in structure and other structural
parameters as shown by crystal structure studies.
The bactericidal activities of sulfonamides are
attributed to this. In the same line x-ray studies of
p-toluene sulfonates indicate that they are closely
resembling the sulfanilamide. PTN has been
identified as the only potential antimicrobial
compound by disc diffusion screening assay on three
bacteria viz., Staphylococcus aureus ATCC 25293,
Shigella sonnei, Shigella dysenteriae and the fungus

Candida albicans (Table 1). It is interesting to note
that both MIC and MBC values of PTN have been
estimated for the first time. Though the PTS had a
close structural resemblance to PTN, its antibacterial
and antifungal activity for the three bacteria and a
fungus was nil. Comparative efficacy of PTN through
disc diffusion assay with three antibiotics (Table 2)
indicate that PTN has 50 − 60% of the activity
expressed by standard antibiotics. However the
activity of PTN was superior to fluconozole since
Candida albicans was found resistant to flucanozole.
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Comparison of structural parameters of p-toluene sulfonates

Code Structure Angle A Angle B Biological activity

PTE 2.467 6.778 –

PTV 2.456 6.875 –

PTF 2.49 6.695 –

PTM 2.456 6.68
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Code Structure Angle A Angle B Biological activity

PTNV 2.447 6.69

PTN 2.44 6.93 Active

PTS 2.45 6.95 Active

The data obtained from XRD studies of the
p-toluene sulfonates indicate that the biological
activity is not only determined by the shape and
structure of molecules but also other chemical
properties.

Variation in phenolic portion of the p-toluene
sulfonates does not lead to any biological activity.
Thus among the compounds studied PTN is having
the highest biological activity. PTS is found to have
slightly less biological activity.

These two resemble each other very closely in
their structural parameter considered. Incidentally it
is also found that the ease of hydrolysis of these two
sulfonates is higher that the other sulfonates
dicussed.

The ease of formation of sulfonyl cation may
play a very important role in deciding the biological
activity of sulfonates.
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