UNIT- 3
ANTIBACTERIAL SULPHONAMIDES
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QUINOLONES AND FLUOROQUINOLONES
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xi. Selphamethoxazole (Gantanol)
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3-(4-Amino benzene sulphamido)-5-methyl isoxazole
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Synthesis
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Sulphamethoxazo|e

Properties and uses: Sulphamethoxazole is a white or almost white crystalline powder, practically insoluble
in water, soluble in acetone, sparingly soluble in ethanol. dissolves in dilute solutions of sodium hydroxide

and in dilute acids. Used in the treatment of bacterial infections.
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Mede of action: Mmmmmwmmwmﬂm

acid (PABA). They inhabit difydropteroate synthetase, the bactenal enzyme responsible for the

of PABA it dihvdropteric mamanummdh&mwmu
obtained by a combination of methoprim. The compound tmethopam is a potent and selective inhibwtor
of muicrobial dihvdrofolate reductase, the enzyme that reduces dihydrofolate to tetrahydrofolate. The
simuliancous administration of sulphonanide and tnmethoprim blocks the pathway of cell-wall synthesis
sequentially.

SAR of ides

The major features of SAR of sulphonamides include the following:

e Sulphanilamide skeleton is the minimum structural requirement for antibacterial activity. s

e The amino- and sulphonyl-groups on the benzene ring are essential and should be in 1 and.4 position.
e The N4 amino group could be modified to be prodrugs, which are converted to free amino function in

viva,
CQOOH

Phthaiy! sulphathiazole
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o Sulphur atom should be directly linked to the benzene ring.

e Replacement of benzene ring by other ring systems or the introduction of additional
decreases or abolishes its activity.

e Exchange of the -SO,NH group by -CONH reduces the activity.

o On N-I-substituted sulphonamides, activity varies with the nature of the substituent
With substituents imparting electron-rich characters to SO, group, bacteriostatic

e Heterocyclic substituents lead to highly potent derivatives, while sulphonamides,
benzene ring at N-1 position. are considerably more toxic than heterocyelic tmg
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Q}nnuloncs constitute a large class of synthetic antimicrobial agents that are highly effective in the t

of many l_\‘pc.s ot infectious discases, particularly those caused by bacteria. Quinolones are vl‘;n:ﬂ:fm:i“
spccm@ antibactenial agents. The early congeners Umnlhmnn:mﬂi at C-6 position ﬂuch.a\ r‘:nlndu‘ n' d.
were limited to certain gram-negative infections, such as urinary tract mfccnons‘ >Howc‘vcr the 'r:w:el )
generation of fluoroquinolones, containing C-6 fluoro substituent and a cyclic has-ic amine rrlmlcty at (t";
position, stlrpas.\“thcir Pn‘deccssmx in terms of spectrum of activity and pn’lcnc.\x This has allowed for their
usc agamnst a varety of gram-negative as well as some gram-positive pathogens.

3 Quinolone

Many analogues have piperazino groups on C-7 because of which they broaden the spectrum, especially
to gram-negative organisms, such as Pseudomonas aeruginosa. however, they also increase the affinity of the
compound for the gamma-aminobutyric acid (GABA) receptor, which contributes to central nervous system
(CNS) side effects. Quinolones are easily prepared and administered via parenteral and oral routes, and are
well tolerated.

Mode of action: Quinolones inhibit the action of bacterial DNA gyrase enzyme. This enzyme is responsible
for supercoiling and compacting bacterial DNA molecules into the bacterial cell during replication. This
action is accomplished by modifying the topology of DNA via supercoiling and twisting of these macro-
molecules to permit DNA replication or transcription.
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Tefloxacin

Gatifloxacin '-COCHJ

| Clinafloxacin

Sitafloxacin

fl= SYNTHESIS AND DRUG PROFILE

i. Nalidixic acid\/

1-Ethyl-1,4-dihydro-7-methyl-4-oxo 1,8-naphthyridine-3-carboxylic acid

Properties and uses: Nalidixic acid is a white or pale yellow crystalline powder, practically insoluble
i water, soluble in methylene chloride, slightly soluble in acetone, alcohol, and dilute solutions of alkali
hydroxides. It is particularly effective against gram-negative bacteria that cause urinary tract infection.
Nalidixic acid is biotransformed into hydroxy methyl derivative at the 7-methyl group, which is also active.

Alow incidence of adverse effects observed includes gastrointestinal (GI) disturbances, rashes, drowsiness,
headache, and visual disturbances.

Assay: Dissolve the sample in methylene chloride and add 2-propanol and carbon dioxide-free water and
pass nitrogen through the solution throughout the titration by maintaining a temperature between 15°C anc
20°C and titrate against 0.1 M ethanolic sodium hydroxide. Determine the end point potentiometrically.

Dosage forms: Nalidixic acid oral suspension B.P., Nalidixic acid tablets B.P,
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9-Fluoro-3—methyl-10-(4—methy|piperazin-1-yl)‘7-oxo
-3,7-dihydro-2H-[1 ,4]oxazino[2,3,4-i/]quino|ine-6-carboxylic acid
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SAR of Quinolones

| Substituent at N-1 position: The optimum substituents at position | appear 1o be ethyl, butyl, cycio-
propyl, and difluorophenyl, and these substituents have resulted in potent compounds. Addtion of &
fluorine atom into the N-1 cyclopropyl group or the 1-butyl substituent resulted in compounds with
overall improved activity against gram-positive bactena.

The simple replacement of C-2 hydrogen has been generally disadvantageous (e.g. C-2 methy! or
hydroxy groups): however, some derivatives containing a suitable C-1. C-2 2 ring have shown to possess
notable activity.
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3. The carboxy functions at position: Modification of C-3 carboxylic acid group leads to decrease in
antibacterial activity. However, replacement of C-3 carboxylic group with isothiazolo group afforded
most active isothiazolo quinolone, which has been 4-10 times greater in in vitro antibacterial activity
than ciprofloxacin. The isothiazolo system possesses aromatic character and the nitrogen proton is very
acidic and can be considered as an carboxylic acid mimic, whereas other groups, such as sulphonic
acid, phosphonic acid, tetrazole as well as derivatization, as an ester lead to loss of antibacterial activity.
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Replacement with 4-thioxo or sulphony! group leads to a loss of activity. o
memofnmnuC-Spwnmhnpmmbemﬁeulmmofmm
“MerofncﬁvitylsNH, CH >F, H>OH, or SH, SR. |
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6. The incorporation of a fluorine atom at the C-6 position of the quinolone is monumental. The order ¢
activity is F>Cl, Br, CH >CN.

7. The introduction of a piperazine moiety at the C-7 position is essential. Other aminopyrrolidines also
are compatible for activity.
/=\ \ =
R 1N — SHC - N—> e
Y/ TN TS
R HN
8. In general, a C-8 fluoro substituent offers good potency against gram-negative pathogens, while a
(-8 methoxy moiety is active against gram-positive bacteria. The order of activity is F, C1, OC H,~H,
CEF >methyl vinyl, propargyl.
9. Ahalogen (F or Cl) at the C-8 position improves oral absorption.
10.

Linking of N-1 group to the C-8 position with oxazine ring leads to active oflaxacin.
Uses: Fluoroquinolones are used to treat upper and lower respiratory infections, gonorrhoea, bacterial

gastroenteritis, skin soft tissue infections. urinary tract infections, bone and joint infections, and against
tuberculosis.

Adverse Effects

The most common adverse reactions are nausea, headache, and dizziness. Some CNS problems, such as
hallucination, insomnia, and visual disturbances can oceur. Some side effects of the quinolones are class
effects and cannot be modulated by molecular variation. Most of the fluoroquionolones produce photo-
sensitivity reactions and cause convulsions particularly in concurrent administration of NSAID fenopofen.
Increasing steric bulk through alkylation ameliorates these effects. Phototoxicity is determined by the nature
of the 8-position substituent with halogen causing the greatest photoreaction while
show little light produced toxicity. These drt
pregnant women.

hydrogen and methoxy
1gs are not recommended for use in pretubertal children or
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he term sulphonamides are employed as a generic name for the derivatives of para amino benzene sul-
honamide (sulphanilamide). The sulphonamide drugs were the first effective chemotherapeutic agents to be
nployed systemically for the prevention and treatment of bacterial infections in humans. The sulphonamides
-e bacteriostatic antibiotics with a wide spectrum action against most gram-positive bacteria and many gram-
egative organisms. Actually it was found to be the metabolic product of Prontosil, which is responsible for
ntibacterial activity, and this has given the initiation to develop sulphonamides as antibacterial agents.
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Prontosil

HZNQSOZNHZ

Sulphanilamide

Sulphonamides are total synthetic substances that are produced by relatively simple chemical synthesis.
The advent of penicillin and, subsequently of other antibiotics has diminished the usefulness of sulphonamides.
Antimicrobial compounds contain sulphonamide (SO,NH,) group. This group (SO,NH,) is also present
in other compounds, such as antidiabetic agents (e.g. tolubutamide), diuretics (e.g. chlorthiazide and its
congeners, furosemide, and acetazolamide), and anticonvulsants such as sulthiame. The sulphonamides exists
as white powder, mildly acidic in character, and they form water-soluble salts with bases. The pH of sodium

salts with some exception, for example, sodium sulphacetamide, is very high when given intramuscular (IM),
the marked alkalinity causes damage to the tissues.

Microorganisms that may be susceptible in vitro to sulphonamides include Streptococcus pyogens,
Streptococcus pneumoniae, Haemophilus influenzae, H. ducreyi, Nocardia, Actinomyces, Calymmatobacterium
granulomatis, and Chlamydia trachomatis. The minimal inhibitory concentration ranges from 0.1 pg/ml

for C. trachomatis to 464 pg/ml for E. coli. Sulphonamides are selective drugs used to treat urinary tract
infections, bacterial respiratory infections, and gastrointestinal (GI) infections.
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On the basis of the chemical structure

® N-substituted sulphonamide:Sulphadiazine, Sulphacetamide, Sulphadimidine,

N4 substituted sulphonamides (prodrugs): Prontosil.

Both N-1 and N-4 substituted sulphonamides: Succinyl sulphathiazole, Phthalylsulphathiazole

Miscellancous: Mefenide sodium.
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a. Short-acting sulpha drugs

Sulphamethizole
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Sulphaisoxazole
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I11. Both N-1 and N-4 substituted suphonamides

Succinyl sulphathiazole

Phthalylsulphathiazole

IV. Miscellaneous

a. Topically used sulphonamides

Mafenide

CH,NH,

SO,NH,

Silver sulphadiazine
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b. Drugs used in combination with sulphonamides

Trimethoprim

e




image4.jpeg
ii. Sulphacetamide (Albucid)
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N-Sulphanilyl acetamide
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Synthesis

4-Aminczbe)nzenesulphonamide —CH COOH Partial hydrolysis
or
Sulphanilamide
HN _Q— SO,NHCOCH,
Sulphacetamide

Properties and uses: It exists as white crystalline powder, bitter in taste. Used in the treatment of bz

infections of urinary tract.
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'\v. Sylphadiazine
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N'-2 Pyrimidinyl sulphanilamide

Synthesis

Step 1. Preparation of formyl acetic acid

i) Fuming H,SO
HOOC — CH(OH)—CH,COOH _OFumingH,50, | 4o CH=CHCOOH
(i) Dehydration

2-Hydroxy succinic acid .
(iii) Decarboxylation

Formyl acetic acid

+ H,0 + CO,
Step I1. Synthesis of 2-Aminopyrimidine
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Step I1I. Synthesis of p-acetamido benzene sulphonyl chloride (PABS)
NO, NH, NHCOCH,
HNO/H,SO, MaS0, PC' Sn/HCI (CH,CO),0
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Properties and uses: Sulphadiazine s a white or yellowish-white or pinkish-white crystalline
or envstals, msoluble in water, shightly soluble in acetone, very slightly soluble in alcohol, and »
<olutions of alkali hydroxides and in dilute mineral acids. It is used in the treatment of cances
rheumatic fever.




