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Abstract

Some derivatives of amino acid were synthesized and gave some
antibacterial activity. These derivatives were classified according to their
attachment to amino acids either to the carbon skeleton, or as esters or
amides. It was found from previous researches that the benzene
sulfonamides moiety when used in antibacterial agents are essential for
their activities. Accordingly, a number of benzene sulfonyl amino acids
derivatives were synthesized which differ from traditional sulfanilamides
in that they do not contain para-amino group which is essential for their
activity.

Four derivatives were synthesized and identified using infrared
spectroscopy, CHN analysis in addition to thin layer chromatography,
melting point and solubility. Three derivatives (benzene sulfonyl of
glycine, alanine and methionine) were applied to hospital strains of
Escherichia coli and Staphylococcus aureus, all these derivatives were
proved to have antibacterial activity and thus are promising target for
future work.

Introduction
Bacterial infection is a major category of human diseases, for which
many antibacterial compounds were developed. However; resistance to almost
all commercially available antibacterial drugs (penicillins, cephalosporins,
sulfonamides, aminoglycosides...etc.) have been observed in both wild and
laboratory strains of disease causing bacteria (1), resistance can be considered
as a major cause of increased morbidity and mortality and health care costs (2;

85



Iragi. J. Mark. Rec. Cons. Protection. Vol. 1 No.1 Sep. 2009

3; 4). The resistance mechanisms are genetically encoded and under
appropriate conditions, resistance genes can propagate through the
environment (5). This vast increase in resistance mechanisms often negates
treatment by entire classes of antimicrobial compounds. Under these
circumstances, the development of novel classes of antimicrobial compounds
is required (6).

Since Beta-lactam antibiotics were found to be composed of amino
acids linked by peptide chain which they act as false substrate to the enzymes
involved in bacterial cell wall synthesis (7), light is focused on amino acid
derivatives in recent years, as antimetabolites, they interfere with certain
metabolic and biosynthetic processes exerting in some cases, therapeutically
useful pharmacological action as in the following examples:

Allyl glycine, propargyl glycine and 2-aminoheptanoic acids were
found to inhibit the growth of E.coli by their antagonism to methionine amino
acid utilization (8). Cycloserine is a structural analogue of D-alanine; it is a
competitive inhibitor of alanine racemase and D-alanine synthetase (9).
Propargyl esters of some amino acids were also studied and some of them
found to have antibacterial activity (10).

In addition , Sulfonamides (eg. sulfacetamide , sulfadiazine ...etc) are
known to act as competitive inhibitors of para-amino benzoic acid PABA on
the enzyme dihydropteroate synthetase, which is an essential enzyme in folic
acid synthesis present only in bacteria but not in human cells. Humans take
folic acid from diet (11; 12).

Certain sulfonamides were found to act by a non-PABA antagonism; a
group of sulfonamides that do not have structural similarity to PABA were
found to have antibacterial activity even they do not contain p-amino group
that is essential for the binding to the enzyme dihydropteroate synthetase ,they
are the N-acyl sulfonamides ( fig 1) (13; 14).
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Fig. (1) non-PABA antagonists sulfonamides

In addition, Mafenide (fig.1) has the general structure of other
sulfanilamides but the amino group is separated from aromatic ring by one
carbon atom. It is used in topical treatment in burn infections and exerts a
broad bacteriostatic action against many gram positive and gram negative
organisms including pseudomonas aerogenosa and certain strains of anaerobes
(15).

The aim of this work was to synthesize benzene sulfonamide with
different amino acids as antibacterial agents.
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Materials and instruments

The L-amino acids used are supplied by (Fluka , Switzerland) while
benzene sulfonyl chloride is supplied by (Merck , Germany).

The infra red analysis were done using Pye (Unicam 1028, 110),
Philips  (England)  spectrophotometer and model 500 scientific
spectrophotometer (Buck-Germany).

The CHN elemental microanalysis was done in Italy using elemental
analyzer 1106 (Carlo-Erba company).

Methods
The general method for all compounds was carried out as in the
following general scheme.

i i
Tzo H,N —CH—C—OH
‘ ci R
J base
I
o
HN c
\c|:|-|/ SoH
R
R=H :No.1 N-glycyl benzene sulfonamide
R=CHj; :No.2 N-alanyl benzene sulfonamides
R = CH,CgHs5 :No. 3 N-phenylalanyl benzene sulfonamides
R = CH,CH,SCH3: No.4  N-methionyl benzene sulfonamides

The preliminary microbiological study was done using agar-well
diffusion method on Muller-Hinton agar (16) using hospital strains of E.coli
and Staphyllococus aureus.
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Results

Four derivatives were synthesized and assayed using infrared
spectroscopy, thin layer chromatography (table 1), CHN elemental
microanalysis (table 2) in addition to their melting points measurements. The
infrared spectra of the synthesized derivatives were as following:

* N—H stretching of secondary sulfonamides appeared between
3320-3377 cm-1
* O—H stretching of free carboxylic acid appeared as a broad band
between  3276-2800 cm-1
* C=0 stretching of the free acid appeared between 1733-1717cm-1
* S=0 stretching of sulfonamide appeared as two bands at 1348 ,
1319cm-1 and at 1170,1149 cm-1
* C—O stretching of carboxylic acid appeared between 1242-1248
cm-1

In addition, preliminary antibacterial examination has been done on
compounds (1, 2, 4) respectively on hospital resistant isolates of E.coli and
Staphyllococcus aureus bacteria (Fig. 2) .All of them were found to have
significant zones of inhibition at different concentrations using the solvent in
which they were dissolved as a blank.

Discussion
The general method used for the synthesis of all these derivatives is by
the reaction of acid chlorides of sulfonic acid with amino group in a similar
manner of acid chlorides of carboxylic acids (17). In these reactions, amine
serves as nucleophilic reagents attacking the carbonyl carbon or sulfur and
displacing chloride ion, nitrogen loses a proton to a second molecule of
nitrogen or another base (as a scavenger) (18).

0 Q 2
QE_CI + HoN=CHC-OH ———> S-NH 0 4+ g
0 R 0 CHC

OH
Water is used as a solvent in this reaction because all amino acids used
are water soluble; in addition the benzene sulfonyl chloride is not too active
towards cold water as acyl chloride or other sulfonyl chlorides and all the side
products are soluble in water after acidification except the required product of
the reaction, this would give pure product which can be purified by D.W. only
(19).

The antibacterial response obtained from such compounds may be
attributed to their action as antimetabolites but their mechanism of action is

unknown, however, they are promising targets for future development.
89



Iragi. J. Mark. Rec. Cons. Protection. Vol. 1 No.1 Sep. 2009

Table.1: Physical appearance, melting points and TLC analysis using the
following solvent systems:
A: diethyl ether 6: methanol 3: ethyl acetate 1.
B: ethyl acetate 4: carbon tetrachloride 3: butanol 2.
Physical Melting Rf
NO. Compound appearance points values
1 Benzene sulfonyl glycine White powder 168-170 g‘ 826
2 Benzene sulfonyl alanine White powder 125-127 g‘ 822
Benzene sulfonyl phenyl . i A: 063
3 alanine White powder 114-116 B: 067
4 A: 0.67
Benzene sulfonyl methionine Off -white powder | 130-132 | B:0.72
C:0.8
C: ethyl acetate 5: petroleum ether (40-60) 7.
Table.2:CHN elemental microanalysis results.
Com Calculated/found
- Chemical
No. Compound
formula H
C% % N%
. 44.65 4.18 6.51
1 Benzene sulfonyl glycine CsHsO4NS 4504 398 6.32
. 47.16 4.8 6.11
2 Benzene sulfonyl alanine CoH1104NS 4757 464 587
Benzene sulfonyl phenyl 59.01 4.92 4.58
3 alanine CistisONS 1 ge 95 | 527 4.3
Benzene sulfonyl 45.67 5.19 4.84
4 methionine CubisONS2 | 4575 | 409 4.97
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Staph. aureus E.coli

Fig.3: The antibacterial response obtained from compounds 1, 2, 4
on both Escherichia coli and Staphylococcus aureus.

References

1- Haley, W. and Paul, W. (2005). Understanding antibiotic resistance. The
pharmaceutical journal. 274: 501.

2- Griffiths, C.; Lamagri, T. L.; Crowcroft, N. S.; Duckworth, G. and Roony,
C. (2004). Trends in MRSA in England and Wales: analysis of
morbidity and mortality data for 1993-2002. Health statistic quarterly.
21: 15-22.

3- Wood, J. M. and Morellering, R. C. (2003). Microbial resistance: Bacteria
and more. Clin. Inf. Dis. 36: 2-3.

4- Barker, K. F. (1999). Antibiotic resistance: a current perspective. Br. J.
Clin. Pharmacol. 48: 109-124.

5- Christopher, W. (2000). Molecular mechanisms that confer antibacterial
drug resistance. Nature. 406: 775.

91



Iragi. J. Mark. Rec. Cons. Protection. Vol. 1 No.1 Sep. 2009

6- Sheff, B. (2003). Multidrug resistant microorganisms still making waves
.Nursing. 33: 59.

7- Burger's Medicinal Chemistry and Drug Discovery. (2003). 6™ edition.
John Wiley & Sons, Inc. USA. 610-614.

8- Wilson and Gisvold's. (2004). Text Book of Organic Medicinal and
Pharmaceutical Chemistry. 12" edition. Lippincott Raven publisher.
271.

9- David, H. L.; Rastolgi, N.; Clavel, S. S. and Clement, F. (1988). Alteration
of the outer cell architecture caused by the inhibition of mycoside C
biosynthesis in mycobacteriuam avium. Current microbiology. 17:61.

10- Talib, M. S. (2005). Synthesis of amino acids di and tri-peptides propargyl
esters with expected biological activity. M.Sc. Thesis, College of
Pharmacy, University of Baghdad.

Foy's. (2002). Principle of Medicinal Chemistry. 5" edition. Lipincott,
Williams and Wilkins press, Philadelphia, USA. 176.

12- Goodman and Gilman. (1985). The Pharmacological Basis of
Therapeutics. 7" edition. Ch. 48. Macmillan publisher, NY, USA.

13- Alan, R. K.; et. al. (2004). N-acylation of sulfonamides using N-acyl
benzotriazole. Akkivoc. 12: 14-22.

14- David, E. E. (2003). Biochemical characterization of an inhibitor of
E.Coli UDP-N-acetyl muramyl-L-alanine ligase. Biochemica et
biophysica acta. 1698: 167.

Eagon, R. G. and McManus, A. T. (1990). The effect of mafenide on
dihydropteroate synthase. J. Antimicrob. Chemother. 25(1): 25-9.

16- Barry, A. L.; Coyle, M. B.; Thornberry, C.; et. al. J. Clin. Microbiol.
(1979) 10: 885.

17- John, M. (2000). Organic Chemistry. 5" edition. Brooke/Cole. 1002.

18- Robert, T. M. and Robert, N. B. (1992). Organic Chemistry. 6" edition
.Prentice-Hall international, Inc. Newjersy, USA. 859-876.

19- Vogal’s. (1989). Text Book of Practical Organic Chemistry. 4™ edition.
Longman press Ltd, London, England.879.

11

15

92


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Eagon%20RG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22McManus%20AT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Antimicrob%20Chemother.');

Iragi. J. Mark. Rec. Cons. Protection. Vol. 1 No.1 Sep. 2009

i) Lgilah LAl A o) Sl s B85
:\f)g#\ slaal¥) o La

BY RTINS I EGR BV e b sala
¥ aal) clasl) aud Li¥aal) bl ad
a3y daala—Adaual) 40l 4 paiivual) daalali-adaual) 4ul
Al

Coyelily i claleacS ljlad) 8 AneY) Galeal) Glide (o degane
Lol Lae¥) Galaa¥) ae BV cas GLSpall 23 dieal 5 . daashls llad eSOl lguan
clasl o) il JSE ) OsnlSH dlula s

(benzene sulfonamides) desanse () 2ay dlad) Gla¥l (10 de gane DA (a9
Ly 50 Sl Y abials LSl sde Jaad Bpuled LS Chalias (e 230 3 Basagall
oo alias alShall odag benzene sulfonamides e gaae pe LisdY) (alea¥) (s e gana
A Coa L LSl el Jaad Ll p-NH2 e Wilgial aaay sulfanilamides de gass
CHN analysis, IR spectroscopy, Thin b alasiul b)ladly b€ e day)) auiuas
LOLsAl Ay uld I 48l layer chromatography

glycine, ) 2« benzene sulfonamides clsdie EOA o) lasl chal &
Escherichia coli ) cbadied) c¥e e LS e (pess JAe (alanin, methionine
b Jaall Claal lgie Jangles LS saliae dillad caidly (and Staphylococcus aureus
 Jaieaall

93



