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33.1 SULFONAMIDE DRUGS AND TRIMETHOPRIM

Sulfonamide drugs are a group of synthetic antimicrobial drugs that have a broad spectrum
of use with respect to Gram-positive and Gram-negative microorganisms. They were
introduced into medical practice even before the discovery of penicillins.

Sulfonamide drugs are derivatives of sulfanilamide (p-aminobenzenesulfonamide), which is
a structural analog of p-aminobenzoic acid (component necessary in bacteria for
synthesizing folic acid), the precursor of purine, nucleic acids, and especially DNA.

Animal cells are not able to synthesize folic acid by themselves—it must be obtained
through the consumption of food.
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bacterial and animal cells, and it is the reason behind the selective toxicity of sulfonamides.
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In addition, most bacteria are not able to utilize folic acid of exogen origin, so they
synthesize the folic acid necessary for vital functions by themselves. This is the difference
between bacterial and animal cells, and it is the reason behind the selective toxicity of
sulfonamides.

Sulfanilamide, whose structure is similar to the structure of p-aminobenzoic acid,
competes with p-aminobenzoic acid for inclusion in the folic acid molecule. In short, by
taking the place of p-aminobenzoic acid, it “interferes” with the biosynthesis of folic acid.

As a result, the “misled” enzymes construct a “false” molecule of folic acid, which is not
able to carry out the vital function of true folic acid.
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Sulfonamides are bacteriostatic drugs that inhibit bacterial growth by interfering with the
microbial synthesis of folic acid.

More specifically, sulfonamides block the biosynthetic pathway of folic acid synthesis, thus
competitively inhibiting the transformation of p-aminobenzoic acid to folic acid (mediated by
the enzyme dihydropteroate synthetase), which allows them to be considered as
antimetabolites.

Currently, various sulfanilamide drugs are used in medicine, the choice of which depends on
various factors: the type of stimulant, course of the disease, speed in which the drug is
absorbed from the gastrointestinal tract, the speed in which it is excreted, and its ability to
diffuse into different organs and tissues.

Sulfonamides have a broad spectrum of antimicrobial activity, including Staphylococcus
aureus, nonenterococcal types of Streptococcus, Listeria monocytogenes, Nocardia,
Neisseria, Haemophilius influenzae, enteric Gram-negative types of E. coli, Proteus
mirabilis, and a few forms of anaerobic bacteria.
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Sulfonamides are also used for treating uncomplicated infections of the urinary tract,
infections caused by Nocardia asteroids, streptococcal pharyngitis, menigococcal diseases,
toxoplasmosis, and others.

Resistance to such drugs does develop during long-term use. Bacterial resistance to
sulfonamides can develop as a result of mutations expressed either in the overproduction of
p-aminobenzoic acid, or in changes in dehydroproteorate synthetase itself, which becomes
more sensitive to the drugs.

Resistance can also be mediated by plasmids that code for dehydroproteorate synthetase,
or by reduced diffusion of the drug through bacterial cell membranes.

Sulfanilamide drugs do not currently have a clear classification. However, they are grouped
as systemic (absorptive action) and local.
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They are subdivided into:

• short-lasting (sulfacytine, sulfadiazin, sulfamerazine, sulfametazine, sulfametizole,
sulfisoxazole);

• moderate-lasting (sulfamethoxazole, sulfapyridine);

• long-lasting (sulfamethoxypiridazine, sulfamter), which, are no longer used as
independent drugs because of extremely rare hypersensitivity reactions.

Drugs for local use include:

• ophthalmological use (sulfacetamide, sulfozoxazol);

• vaginal use (sulfabenzamide, sulfacetamide, sulfathiazole, sulfizoxazol);

• external use (maphenid, silver sulfadiazine).

This group also includes sulfasalazine and phthalylsulfathiazole, a drug that acts in the
lumen of the intestines, but which is poorly absorbed from the gastrointestinal tract.
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In terms of chemistry, sulfanilamide drugs can be represented by the following simple
formula (except for rare exceptions, such as phthalazol):

In terms of determining a correlation between structure and activity, the free p-amino group
in the benzene ring is necessary for the exhibition of antibacterial activity.

Replacing one of the hydrogen atoms on the nitrogen atom in the sulfonamide region of the
molecule leads to a significant change in the activity and solubility of the compounds.

The presence of an additional substituent in the o- and m-positions of the benzene ring
reduces the activity of the given series of compounds as antibacterial agents.

The nature of the substituent in the sulfonyl radical determines the antimicrobial activity and
the pharmacokinetic features of each of the individual compound.

Thus sulfonamides are bacteriostatic drugs that inhibit bacterial growth by interfering with
the microbial synthesis of folic acid. More specifically, sulfonamides block the biosyn-
thetic pathway of folic acid synthesis, thus competitively inhibiting the transformation of
p-aminobenzoic acid to folic acid (mediated by the enzyme dihydropteroate synthetase),
which allows them to be considered as antimetabolites. 

Currently, various sulfanilamide drugs are used in medicine, the choice of which
depends on various factors, but above all on the type of stimulant, course of the disease,
speed in which the drug is absorbed from the gastrointestinal tract, the speed in which it is
excreted, and its ability to diffuse into different organs and tissues.

Sulfonamides have a broad spectrum of antimicrobial activity, including Staphylococcus
aureus, nonenterococcal types of Streptococcus, Listeria monocytogenes, Nocardia,
Neisseria, Haemophilius influenzae, enteric Gram-negative types of E. coli, Proteus mirabilis,
and a few forms of anaerobic bacteria. Above all, sulfonamides are used for treating uncom-
plicated infections of the urinary tract, infections caused by Nocardia asteroids, streptococcal
pharyngitis, menigococcal diseases, toxoplasmosis, and others.

Resistance to such drugs does develop during long-term use. Bacterial resistance to sul-
fonamides can develop as a result of mutations expressed either in the overproduction of
p-aminobenzoic acid, or in changes in dehydroproteorate synthetase itself, which becomes
more sensitive to the drugs. Resistance can also be mediated by plasmids that code for
dehydroproteorate synthetase, or by reduced diffusion of the drug through bacterial cell
membranes.

Sulfanilamide drugs do not currently have a clear classification. However, they are
grouped as systemic (absorptive action), and local. They are subdivided into short-lasting
(sulfacytine, sulfadiazin, sulfamerazine, sulfametazine, sulfametizole, sulfisoxazole); mod-
erate-lasting (sulfamethoxazole, sulfapyridine); and long-lasting (sulfamethoxypiridazine,
sulfamter), which, however, are no longer used as independent drugs because of extremely
rare, yet nonetheless occurring, hypersensitivity reactions. Drugs for local use include those
for ophthalmological use (sulfacetamide, sulfozoxazol); vaginal use (sulfabenzamide, sul-
facetamide, sulfathiazole, sulfizoxazol); and external use (maphenid, silver sulfadiazine).
Finally, this group includes sulfasalazine and phthalylsulfathiazole, a drug that acts in the
lumen of the intestines, but which is poorly absorbed from the gastrointestinal tract.

In terms of chemistry, sulfanilamide drugs can be represented by the following simple
formula (except for rare exceptions, such as phthalazol):

A huge number of compounds of this type have been synthesized, primarily by reacting 
4-acetylaminobenzenesulfonyl chloride with various amines (predominantly aromatic and
heteroaromatic), followed by a removal of the protective acetyl group from the amine region
of the molecule, or by reacting 4-aminobenzenesulfonamide with an appropriate aromatic or
heteroaromatic halogen derivative. The first method is predominantly used because it is easy
to do. In terms of determining a correlation between structure and activity, it was shown that
the free p-amino group in the benzene ring is necessary for the exhibition of antibacterial
activity, and it can only be replaced by those groups that permit its transformation to a free
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amino group. The presence of an additional substituent in the o- and m-positions of the ben-
zene ring reduces the activity of the given series of compounds as antibacterial agents.
Replacing one of the hydrogen atoms on the nitrogen atom in the sulfonamide region of the
molecule leads to a significant change in the activity and solubility of the compounds.
Moreover, the nature of the substituent in the sulfonyl radical determines the antimicrobial
activity and the pharmacokinetic features of each of the individual compound. Thus the pres-
ence of this easily obtained and high volume product, 4-acetylaminobenzenesulfonyl chloride,
which is made by reacting acetylaniline with chlorosulfonic acid, or the presence of 
4-aminobenzenesulfonamide, which is made from a further reaction of 4-acetylaminoben-
zenesulfonyl chloride with ammonia and subsequent hydrolysis, the task of synthesizing new,
potential sulfonamides has practically resorted to making new heteroaromatic amines. The
most widely used sulfonamides examined below are made using these methods.

Sulfacytine: Sulfacytine, N1-(1-ethyl-1,2-dihydro-2-oxo-4-pyrimidinyl)-sulfanilamide
(33.1.5), is synthesized by reacting 4-acetylaminobenzenesulfonyl chloride with 1-ethyl-cyto-
sine (33.1.3) followed by reductive deacylation of the acetanilide part of the molecule (33.1.4)
using a system of zinc – sodium hydroxide, which gives the desired sulfacytine. 
1-Ethylcytosine (33.1.3) is in turn synthesized from 3-ethylaminopropionitrile, which is
reacted with cyanic acid (potassium cyanate–hydrochloric acid) in the first stage of synthesis
to give 1-(2-cyanoethyl)-1-ethylurea (33.1.1). This easily cyclizes to 1-ethyl-5,6-dihydrocyto-
sine in the presence of sodium methoxide, and is isolated in the form of a hydrobromide
(33.1.2) for subsequent oxidation of the ordinary C5–C6 bond. Bromine turns out to be the
optimal oxidant for this purpose, and using nitrobenzene as the solvent gives a hetero-
aromatic amine, 1-ethylcytosine (33.1.3), which was transformed to the desired sulfacytine in
the aforementioned manner— by reacting it with 4-acetylaminobenzenesulfonyl chloride and
subsequent removal of the protecting acetyl group from the amine part of the molecule [1–4]. 

This drug is effective for infections caused by streptococci, gonococci, pneumococci, staphy-
lococci, and also colon bacillus. Sulfacytine is used for pneumonia, cerebral meningitis,
staphylococcal and streptococcal sepsis, and other infectious diseases. A synonym of this
drug is renoquid.
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Sulfacytine

This drug is effective for infections caused by streptococci, gonococci, pneumococci,
staphylococci, and also colon bacillus. Sulfacytine is used for pneumonia, cerebral
meningitis, staphylococcal and streptococcal sepsis, and other infectious diseases.

Synonym: renoquid.
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Sulfadiazine: Sulfadiazine, N1-2-pyrimidinylsulfanilamide (33.1.7), is synthesized by
reacting 4-acetylaminobenzenesulfonyl chloride with 2-aminopyrimidine, which gives an
acetanilide derivative (33.1.6). The subsequent hydrolysis of this product with a base leads
to the formation of the desired sulfadiazine [5–8].

Like sulfacytine, this drug is effective for infections caused by streptococci, gonococci,
pneumococci, staphylococci as well as colon bacillus. Sulfadiazine is used for pneumonia,
cerebral meningitis, staphylococcal and streptococcal sepsis, and other infectious diseases,
although it is the drug of choice for nocardiosis. This drug is not recommended for urinary
tract infections because of its low solubility and certain nephrotoxicity. Synonyms of this
drug are flammazine, sterinor, terfonil, and others.

It is used in the form of silver salts (sulfadiazine silver) as an external antibacterial
agent, primarily for treating burns. It is believed that the presence of the silver ion in the
molecule facilitates increased antimicrobial and wound-healing action.

Sulfamerazine: Sulfamerazine, N1-(4-methyl-2-pyrimidinyl)sulfanilamide (33.1.12), is
also synthesized in the manner described above, which is by reacting 4-acetylaminoben-
zenesulfonyl chloride with 2-amino-4-methylpyrimidine (33.1.10), which is in turn syn-
thesized by the traditional scheme of synthesizing derivatives of pyrimidine. Acetoacetic
ester is condensed with guanidine to give 4-methyl-2-aminopyrimidin-6-one (33.1.8).
Reacting this with phosphorous oxychloride gives 4-methyl-2-amino-6-chloropyrimidine
(33.1.9). The chlorine atom at C6 of the pyrimidine ring is then removed by reduction with
hydrogen using a palladium on carbon catalyst. The resulting 4-methyl-2-aminopyrimi-
dine (33.1.10) is then reacted with 4-acetylaminobenzenesulfonyl chloride to make an
acetanilide derivative (33.1.11), the subsequent hydrolysis of which with base leads to the
formation of the desired sulfamerazine [8–10].
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Sulfadiazine

Like sulfacytine, this drug is effective for infections caused by streptococci, gonococci,
pneumococci, staphylococci, and colon bacillus. Sulfadiazine is used for pneumonia,
cerebral meningitis, staphylococcal and streptococcal sepsis, even for nocardiosis.

This drug is not recommended for urinary tract infections because of its low solubility and
certain nephrotoxicity.

It is used in the form of silver salts (sulfadiazine silver) as an external antibacterial agent,
primarily for treating burns. It is believed that the presence of the silver ion in the molecule
facilitates increased antimicrobial and wound-healing action.

Synonym: flammazine, sterinor, and terfonil
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Sulfamerazine

This drug is effective in treating infections caused by streptococci, gonococci, pneumococci,
staphylococci, and also colon bacillus.

Synonym: dosulfin, polagin, and romezin

Sulfadiazine: Sulfadiazine, N1-2-pyrimidinylsulfanilamide (33.1.7), is synthesized by
reacting 4-acetylaminobenzenesulfonyl chloride with 2-aminopyrimidine, which gives an
acetanilide derivative (33.1.6). The subsequent hydrolysis of this product with a base leads
to the formation of the desired sulfadiazine [5–8].

Like sulfacytine, this drug is effective for infections caused by streptococci, gonococci,
pneumococci, staphylococci as well as colon bacillus. Sulfadiazine is used for pneumonia,
cerebral meningitis, staphylococcal and streptococcal sepsis, and other infectious diseases,
although it is the drug of choice for nocardiosis. This drug is not recommended for urinary
tract infections because of its low solubility and certain nephrotoxicity. Synonyms of this
drug are flammazine, sterinor, terfonil, and others.

It is used in the form of silver salts (sulfadiazine silver) as an external antibacterial
agent, primarily for treating burns. It is believed that the presence of the silver ion in the
molecule facilitates increased antimicrobial and wound-healing action.

Sulfamerazine: Sulfamerazine, N1-(4-methyl-2-pyrimidinyl)sulfanilamide (33.1.12), is
also synthesized in the manner described above, which is by reacting 4-acetylaminoben-
zenesulfonyl chloride with 2-amino-4-methylpyrimidine (33.1.10), which is in turn syn-
thesized by the traditional scheme of synthesizing derivatives of pyrimidine. Acetoacetic
ester is condensed with guanidine to give 4-methyl-2-aminopyrimidin-6-one (33.1.8).
Reacting this with phosphorous oxychloride gives 4-methyl-2-amino-6-chloropyrimidine
(33.1.9). The chlorine atom at C6 of the pyrimidine ring is then removed by reduction with
hydrogen using a palladium on carbon catalyst. The resulting 4-methyl-2-aminopyrimi-
dine (33.1.10) is then reacted with 4-acetylaminobenzenesulfonyl chloride to make an
acetanilide derivative (33.1.11), the subsequent hydrolysis of which with base leads to the
formation of the desired sulfamerazine [8–10].
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Sulfamethazine

This drug is used for pneumococcal, staphylococcal, and streptococcal infections as well as
for sepsis, gonorrhea, and other infectious diseases.

Synonym: sulfadiamezin and sulfadimidin.

Like all examined sulfanilamides, this drug is effective in treating infections caused by
streptococci, gonococci, pneumococci, staphylococci, and also colon bacillus. Synonyms
of this drug are dosulfin, polagin, romezin, and others.

Sulfamethazine: Sulfamethazine, N1-(4,6-dimethyl-2-pyrimidinyl)sulfanilamide (33.1.13),
is also synthesized in the aforementioned manner by reacting 4-acetylaminobenzenesulfonyl
chloride with 2-amino-4,6-dimethylpyrimidine, which is in turn synthesized by condensing
acetylacetone with guanidine followed by hydrolysis of the acetylamino group using a base
[11–15].

This drug is used for pneumococcal, staphylococcal, and streptococcal infections as well
as for sepsis, gonorrhea, and other infectious diseases. Synonyms of this drug are sulfadi-
amezin and sulfadimidin.

Sulfamethizole: Sulfamethizole, N1-(5-methyl-1,3,4-thiadiazole-2-yl)sulfanilamide
(33.1.15), is synthesized in two ways. According to the first, 5-amino-2-methyl-1,3,4-
thiadiazole is reacted with 4-nitrobenzenesulfonyl chloride to make a nitro derivative
(33.1.14), which is then reduced using iron filings in acetic acid to give the desired sul-
famethizole. 

The second method of making sulfamethizole consists of reacting 4-acetylaminobenzene-
sulfonyl chloride with thiosemicarbazone of acetaldehyde, and subsequent oxidative
cyclization of the product (33.1.16) to the substituted 1,3,4-thiadiazole in the presence of
potassium ferricyanide in base, along with the simultaneous removal of the protective
acetyl group [16,17].

This drug has antibacterial activity with respect to streptococci, pneumococci, staphylo-
cocci, meningococci, gonococci, colon bacillus, pathogenic dysentery, and others. It is not
very toxic. It is generally used for acute, uncomplicated infections of the urinary tract that
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Sulfamethizole

This drug has antibacterial activity with respect to streptococci, pneumococci, staphylococci,
meningococci, gonococci, colon bacillus, pathogenic dysentery, and others. It is not very
toxic.

It is generally used for acute, uncomplicated infections of the urinary tract that are caused by
sensitive organisms. Because it is removed quickly from the organism by the kidneys, the
level of drug in the plasma remains low, and therefore it is not used for treating infections that
are localized in the urinary tract. Sulfisoxazole is the more preferred drug.

Synonym: urosol, rufol, and thiosulfil

Like all examined sulfanilamides, this drug is effective in treating infections caused by
streptococci, gonococci, pneumococci, staphylococci, and also colon bacillus. Synonyms
of this drug are dosulfin, polagin, romezin, and others.

Sulfamethazine: Sulfamethazine, N1-(4,6-dimethyl-2-pyrimidinyl)sulfanilamide (33.1.13),
is also synthesized in the aforementioned manner by reacting 4-acetylaminobenzenesulfonyl
chloride with 2-amino-4,6-dimethylpyrimidine, which is in turn synthesized by condensing
acetylacetone with guanidine followed by hydrolysis of the acetylamino group using a base
[11–15].

This drug is used for pneumococcal, staphylococcal, and streptococcal infections as well
as for sepsis, gonorrhea, and other infectious diseases. Synonyms of this drug are sulfadi-
amezin and sulfadimidin.

Sulfamethizole: Sulfamethizole, N1-(5-methyl-1,3,4-thiadiazole-2-yl)sulfanilamide
(33.1.15), is synthesized in two ways. According to the first, 5-amino-2-methyl-1,3,4-
thiadiazole is reacted with 4-nitrobenzenesulfonyl chloride to make a nitro derivative
(33.1.14), which is then reduced using iron filings in acetic acid to give the desired sul-
famethizole. 

The second method of making sulfamethizole consists of reacting 4-acetylaminobenzene-
sulfonyl chloride with thiosemicarbazone of acetaldehyde, and subsequent oxidative
cyclization of the product (33.1.16) to the substituted 1,3,4-thiadiazole in the presence of
potassium ferricyanide in base, along with the simultaneous removal of the protective
acetyl group [16,17].

This drug has antibacterial activity with respect to streptococci, pneumococci, staphylo-
cocci, meningococci, gonococci, colon bacillus, pathogenic dysentery, and others. It is not
very toxic. It is generally used for acute, uncomplicated infections of the urinary tract that
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Like all examined sulfanilamides, this drug is effective in treating infections caused by
streptococci, gonococci, pneumococci, staphylococci, and also colon bacillus. Synonyms
of this drug are dosulfin, polagin, romezin, and others.

Sulfamethazine: Sulfamethazine, N1-(4,6-dimethyl-2-pyrimidinyl)sulfanilamide (33.1.13),
is also synthesized in the aforementioned manner by reacting 4-acetylaminobenzenesulfonyl
chloride with 2-amino-4,6-dimethylpyrimidine, which is in turn synthesized by condensing
acetylacetone with guanidine followed by hydrolysis of the acetylamino group using a base
[11–15].

This drug is used for pneumococcal, staphylococcal, and streptococcal infections as well
as for sepsis, gonorrhea, and other infectious diseases. Synonyms of this drug are sulfadi-
amezin and sulfadimidin.

Sulfamethizole: Sulfamethizole, N1-(5-methyl-1,3,4-thiadiazole-2-yl)sulfanilamide
(33.1.15), is synthesized in two ways. According to the first, 5-amino-2-methyl-1,3,4-
thiadiazole is reacted with 4-nitrobenzenesulfonyl chloride to make a nitro derivative
(33.1.14), which is then reduced using iron filings in acetic acid to give the desired sul-
famethizole. 

The second method of making sulfamethizole consists of reacting 4-acetylaminobenzene-
sulfonyl chloride with thiosemicarbazone of acetaldehyde, and subsequent oxidative
cyclization of the product (33.1.16) to the substituted 1,3,4-thiadiazole in the presence of
potassium ferricyanide in base, along with the simultaneous removal of the protective
acetyl group [16,17].

This drug has antibacterial activity with respect to streptococci, pneumococci, staphylo-
cocci, meningococci, gonococci, colon bacillus, pathogenic dysentery, and others. It is not
very toxic. It is generally used for acute, uncomplicated infections of the urinary tract that
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Like all examined sulfanilamides, this drug is effective in treating infections caused by
streptococci, gonococci, pneumococci, staphylococci, and also colon bacillus. Synonyms
of this drug are dosulfin, polagin, romezin, and others.

Sulfamethazine: Sulfamethazine, N1-(4,6-dimethyl-2-pyrimidinyl)sulfanilamide (33.1.13),
is also synthesized in the aforementioned manner by reacting 4-acetylaminobenzenesulfonyl
chloride with 2-amino-4,6-dimethylpyrimidine, which is in turn synthesized by condensing
acetylacetone with guanidine followed by hydrolysis of the acetylamino group using a base
[11–15].

This drug is used for pneumococcal, staphylococcal, and streptococcal infections as well
as for sepsis, gonorrhea, and other infectious diseases. Synonyms of this drug are sulfadi-
amezin and sulfadimidin.

Sulfamethizole: Sulfamethizole, N1-(5-methyl-1,3,4-thiadiazole-2-yl)sulfanilamide
(33.1.15), is synthesized in two ways. According to the first, 5-amino-2-methyl-1,3,4-
thiadiazole is reacted with 4-nitrobenzenesulfonyl chloride to make a nitro derivative
(33.1.14), which is then reduced using iron filings in acetic acid to give the desired sul-
famethizole. 

The second method of making sulfamethizole consists of reacting 4-acetylaminobenzene-
sulfonyl chloride with thiosemicarbazone of acetaldehyde, and subsequent oxidative
cyclization of the product (33.1.16) to the substituted 1,3,4-thiadiazole in the presence of
potassium ferricyanide in base, along with the simultaneous removal of the protective
acetyl group [16,17].

This drug has antibacterial activity with respect to streptococci, pneumococci, staphylo-
cocci, meningococci, gonococci, colon bacillus, pathogenic dysentery, and others. It is not
very toxic. It is generally used for acute, uncomplicated infections of the urinary tract that
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Sulfisoxazole

This drug is effective in treating infections caused by streptococci, gonococci, pneumococci,
staphylococci, and also colon bacillus.

However, about 90% of it binds with proteins in the plasma after oral administration, and it
diffuses mostly to tissues and tissue fluids, which makes it the drug of choice for many
systemic infections.

Synonym: gantrisin, fultrxin, sulfazin, and sulfolar

are caused by sensitive organisms. Because it is removed quickly from the organism by the
kidneys, the level of drug in the plasma remains low, and therefore it is not used for treat-
ing infections that are localized in the urinary tract. Sulfisoxazole is the more preferred
drug. Synonyms of this drug are urosol, rufol, thiosulfil, and others.

Sulfisoxazole: Sulfisoxazole, N1-(3,4-dimethyl-5-isoxazolyl)sulfanilamide (33.1.19), is
synthesized by reacting 4-acetylaminobenzenesulfonyl chloride with 5-amino-3,
4-dimethylisoxazol (33.1.17), which is in turn synthesized by heterocyclization of 2-methy-
lacetylacetonitrile with hydroxylamine, and subsequent acidic hydrolysis (hydrochloric acid)
of the protective acetyl group in the resulting product (33.1.18) [18,19].

Like all examined sulfanilamides, this drug is effective in treating infections caused by
streptococci, gonococci, pneumococci, staphylococci, and also colon bacillus. However,
about 90% of it binds with proteins in the plasma after oral administration, and it dif-
fuses mostly to tissues and tissue fluids, which makes it the drug of choice for many sys-
temic infections. Synonyms of this drug are gantrisin, fultrxin, sulfazin, sulfolar, and
others.

Sulfamethoxazole: Sulfamethoxazole, N1-(5-methyl-3-isoxazolyl)sulfanilamide (33.1.20),
is synthesized by a completely analogous scheme, except by using 3-amino-5-methylisox-
azol as the heterocyclic component [20].

Like sulfisoxazole, this drug is effective in treating infections caused by streptococci,
gonococci, pneumococci, staphylococci as well as colon bacillus. Unlike sulfisoxazole,
only about 70% of it binds with proteins in the plasma after oral administration, and it
diffuses mostly to tissues and tissue fluids. However, since it is removed much slower
than sulfisoxazole, it does not require frequent administration and is also the drug of
choice for many systemic infections. Moreover, it is an ingredient of a combined drug
named bactrim, biseptol, and so on (which will be examined later on), which has a fixed
correlation with trimethoprim. Synonyms of this drug are gantanol, sinomin, sulfisomezole,
and others. 
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Sulfamethoxazole

Like sulfisoxazole, this drug is effective in treating infections caused by streptococci,
gonococci, pneumococci, staphylococci as well as colon bacillus.

Unlike sulfisoxazole, only about 70% of it binds with proteins in the plasma after oral
administration, and it diffuses mostly to tissues and tissue fluids. However, since it is
removed much slower than sulfisoxazole, it does not require frequent administration and
is also the drug of choice for many systemic infections.

Moreover, it is an ingredient of a combined drug named bactrim, biseptol, and so on, which
has a fixed correlation with trimethoprim.

Synonym: gantanol, sinomin, and sulfisomezole

are caused by sensitive organisms. Because it is removed quickly from the organism by the
kidneys, the level of drug in the plasma remains low, and therefore it is not used for treat-
ing infections that are localized in the urinary tract. Sulfisoxazole is the more preferred
drug. Synonyms of this drug are urosol, rufol, thiosulfil, and others.

Sulfisoxazole: Sulfisoxazole, N1-(3,4-dimethyl-5-isoxazolyl)sulfanilamide (33.1.19), is
synthesized by reacting 4-acetylaminobenzenesulfonyl chloride with 5-amino-3,
4-dimethylisoxazol (33.1.17), which is in turn synthesized by heterocyclization of 2-methy-
lacetylacetonitrile with hydroxylamine, and subsequent acidic hydrolysis (hydrochloric acid)
of the protective acetyl group in the resulting product (33.1.18) [18,19].

Like all examined sulfanilamides, this drug is effective in treating infections caused by
streptococci, gonococci, pneumococci, staphylococci, and also colon bacillus. However,
about 90% of it binds with proteins in the plasma after oral administration, and it dif-
fuses mostly to tissues and tissue fluids, which makes it the drug of choice for many sys-
temic infections. Synonyms of this drug are gantrisin, fultrxin, sulfazin, sulfolar, and
others.

Sulfamethoxazole: Sulfamethoxazole, N1-(5-methyl-3-isoxazolyl)sulfanilamide (33.1.20),
is synthesized by a completely analogous scheme, except by using 3-amino-5-methylisox-
azol as the heterocyclic component [20].

Like sulfisoxazole, this drug is effective in treating infections caused by streptococci,
gonococci, pneumococci, staphylococci as well as colon bacillus. Unlike sulfisoxazole,
only about 70% of it binds with proteins in the plasma after oral administration, and it
diffuses mostly to tissues and tissue fluids. However, since it is removed much slower
than sulfisoxazole, it does not require frequent administration and is also the drug of
choice for many systemic infections. Moreover, it is an ingredient of a combined drug
named bactrim, biseptol, and so on (which will be examined later on), which has a fixed
correlation with trimethoprim. Synonyms of this drug are gantanol, sinomin, sulfisomezole,
and others. 
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Sulfapyridine

Like all sulfanilamides, this drug possesses antibacterial activity with respect to
streptococci, pneumococci, staphylococci, meningococci, gonococci, colon bacillus,
pathogenic dysentery, and so on. It is a long-lasting drug.

Synonym: bacillopirin, plurazol, sulfidin, and thiaseptol
Sulfapyridine: Sulfapyridine, N1-(2-pyridyl)-sulfanilamide (33.1.21), is also synthesized
by an analogous scheme from 4-acetylaminobenzenesulfonyl chloride and 2-amino-
pyridine [21–23].

Like all sulfanilamides, this drug possesses antibacterial activity with respect to strepto-
cocci, pneumococci, staphylococci, meningococci, gonococci, colon bacillus, pathogenic 
dysentery, and so on. It is a long-lasting drug. Synonyms of this drug are bacillopirin,
plurazol, sulfidin, and thiaseptol.

Sulfasalazine: Sulfasalazine, 5-[p-[(4,6-dimethyl-2-pyridinyl)sulfamoyl]phenylazo]sali-
cylic acid (33.1.22), is a derivative of sulfapyridine drug described above and one of the
few sulfanilamides in which the free amino group in the benzene ring is modified, and it
is synthesized by an azo-coupling reaction of a diazo salt, which is synthesized by react-
ing sulfapyridine (33.1.21) with nitrous acid and salicylic acid alkaline media [24,25].

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus.
It exhibits a simultaneous, pronounced healing effect in patients with nonspecific ulcer-
ative colitis, which is explained by the degradation in the body of 5-aminosalicylic acid
and sulfapyridine, which possess anti-inflammatory and antibacterial properties. It is
used for ulcerative colitis, chronic rheumatoid arthritis as well as acute and subacute
inflammatory diseases. Synonyms of this drug are slazopyrin, salazosulfapyridine, and
others. 

Phthalylsulfathiazolee: Phthalylsulfathiazolee, (N4-phthaloylsulfanilamido)-thiazole
(33.1.24), is also one of the sulfanilamides in which the free amino group in the benzene ring
is modified, which can evidently be explained by the localization of the place of its action. It
is synthesized by reacting sulfathiazolee (33.1.23), which is synthesized by the standard
scheme from 4-acetylaminobenzenesulfonyl chloride and 2-aminothiazole, with phthalic
anhydride [26,27].
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Sulfasalazine

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus. It
exhibits a simultaneous, pronounced healing effect in patients with nonspecific ulcerative
colitis, which is explained by the degradation in the body of 5-aminosalicylic acid and
sulfapyridine, which possess anti-inflammatory and antibacterial properties.

It is used for ulcerative colitis, chronic rheumatoid arthritis as well as acute and subacute
inflammatory diseases.

Synonym: slazopyrin and salazosulfapyridine

Sulfapyridine: Sulfapyridine, N1-(2-pyridyl)-sulfanilamide (33.1.21), is also synthesized
by an analogous scheme from 4-acetylaminobenzenesulfonyl chloride and 2-amino-
pyridine [21–23].

Like all sulfanilamides, this drug possesses antibacterial activity with respect to strepto-
cocci, pneumococci, staphylococci, meningococci, gonococci, colon bacillus, pathogenic 
dysentery, and so on. It is a long-lasting drug. Synonyms of this drug are bacillopirin,
plurazol, sulfidin, and thiaseptol.

Sulfasalazine: Sulfasalazine, 5-[p-[(4,6-dimethyl-2-pyridinyl)sulfamoyl]phenylazo]sali-
cylic acid (33.1.22), is a derivative of sulfapyridine drug described above and one of the
few sulfanilamides in which the free amino group in the benzene ring is modified, and it
is synthesized by an azo-coupling reaction of a diazo salt, which is synthesized by react-
ing sulfapyridine (33.1.21) with nitrous acid and salicylic acid alkaline media [24,25].

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus.
It exhibits a simultaneous, pronounced healing effect in patients with nonspecific ulcer-
ative colitis, which is explained by the degradation in the body of 5-aminosalicylic acid
and sulfapyridine, which possess anti-inflammatory and antibacterial properties. It is
used for ulcerative colitis, chronic rheumatoid arthritis as well as acute and subacute
inflammatory diseases. Synonyms of this drug are slazopyrin, salazosulfapyridine, and
others. 

Phthalylsulfathiazolee: Phthalylsulfathiazolee, (N4-phthaloylsulfanilamido)-thiazole
(33.1.24), is also one of the sulfanilamides in which the free amino group in the benzene ring
is modified, which can evidently be explained by the localization of the place of its action. It
is synthesized by reacting sulfathiazolee (33.1.23), which is synthesized by the standard
scheme from 4-acetylaminobenzenesulfonyl chloride and 2-aminothiazole, with phthalic
anhydride [26,27].
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Phthalylsulfathiazolee

This drug possesses antibacterial activity with respect to streptococci, pneumococci,
staphylococci, meningococci, gonococci, colon bacillus, pathogenic dysentery, and others.

Phthalylsulfathiazolee is slowly absorbed from the gastrointestinal tract, and its initial mass
upon oral administration is retained in the intestines, where it is slowly broken down.

As is the case with sulfasalazinee, a large concentration of sulfanilamide is created in the
intestine, which explains its high activity with respect to intestinal infections.

It is used for dysentery, colitis, gastroenteritis, and operational interventions on the intestines
in order to prevent purulent complications.

Synonym: phthalazol, enterozol, sulfazole, and talazol

Sulfapyridine: Sulfapyridine, N1-(2-pyridyl)-sulfanilamide (33.1.21), is also synthesized
by an analogous scheme from 4-acetylaminobenzenesulfonyl chloride and 2-amino-
pyridine [21–23].

Like all sulfanilamides, this drug possesses antibacterial activity with respect to strepto-
cocci, pneumococci, staphylococci, meningococci, gonococci, colon bacillus, pathogenic 
dysentery, and so on. It is a long-lasting drug. Synonyms of this drug are bacillopirin,
plurazol, sulfidin, and thiaseptol.

Sulfasalazine: Sulfasalazine, 5-[p-[(4,6-dimethyl-2-pyridinyl)sulfamoyl]phenylazo]sali-
cylic acid (33.1.22), is a derivative of sulfapyridine drug described above and one of the
few sulfanilamides in which the free amino group in the benzene ring is modified, and it
is synthesized by an azo-coupling reaction of a diazo salt, which is synthesized by react-
ing sulfapyridine (33.1.21) with nitrous acid and salicylic acid alkaline media [24,25].

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus.
It exhibits a simultaneous, pronounced healing effect in patients with nonspecific ulcer-
ative colitis, which is explained by the degradation in the body of 5-aminosalicylic acid
and sulfapyridine, which possess anti-inflammatory and antibacterial properties. It is
used for ulcerative colitis, chronic rheumatoid arthritis as well as acute and subacute
inflammatory diseases. Synonyms of this drug are slazopyrin, salazosulfapyridine, and
others. 

Phthalylsulfathiazolee: Phthalylsulfathiazolee, (N4-phthaloylsulfanilamido)-thiazole
(33.1.24), is also one of the sulfanilamides in which the free amino group in the benzene ring
is modified, which can evidently be explained by the localization of the place of its action. It
is synthesized by reacting sulfathiazolee (33.1.23), which is synthesized by the standard
scheme from 4-acetylaminobenzenesulfonyl chloride and 2-aminothiazole, with phthalic
anhydride [26,27].
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Sulfadoxine

In terms of antibacterial action, this drug is analogous to other sulfanilamides; however, it
possesses very prolonged action. Its half-life is from 120 to 200 h.

Sulfadoxine is used for infectious diseases caused by microorganisms that are sensitive to
the sulfanilamide drugs, such as infections of respiratory organs, gastric and urinary tracts;
purulent infections of various localization, osteomyelitis, sinusitis, and other infections.

It is used in combination with antimalarial drugs.

Synonym: sulfarmethoxine, fanasil, and fansidar
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Like other sulfanilamides, this drug possesses antibacterial activity with respect to strepto-
cocci, pneumococci, staphylococci, meningococci, gonococci, colon bacillus, pathogenic
dysentery, and others. Phthalylsulfathiazolee is slowly absorbed from the gastrointestinal
tract, and its initial mass upon oral administration is retained in the intestines, where it is
slowly broken down. As is the case with sulfasalazinee, a large concentration of sulfanil-
amide is created in the intestine, which explains its high activity with respect to intestinal
infections. It is used for dysentery, colitis, gastroenteritis, and operational interventions on
the intestines in order to prevent purulent complications.

Synonyms of this drug are phthalazol, enterozol, sulfazole, talazol, and many others.

Sulfadoxine: Sulfadoxine, 4,5-dimethoxy-6-sulfanilamidopyrimidine (33.1.33), is
synthesized by the standard scheme from 4-acetylaminobenzenesulfonyl chloride
and 4-amino-5,6-dimethoxypyrimidine. However, the synthesis of 4-amino-5,6-
dimethoxypyrimidine (33.1.31) is itself curious—it is synthesized from methyl ester of
methoxyacetic acid. Interacting this with dimethyloxalate in the presence of sodium
methoxide gives the methoxy derivative (33.1.25), and the pyrolysis of this compound
gives the dimethyl ester of methoxymalonic acid (33.1.26). Reacting this with ammonia
gives the diamide of methoxymalonic acid (33.1.27). Heterocyclization of the resulting
product by a reaction with formamide in the presence of sodium ethoxide gives 4,6-
dioxy-5-methoxypyrimidine (33.1.28), which is then transformed to 4,6-dichloro-5-
methoxypyrimidine (33.1.29). The resulting 4,6-dichloro-5-methoxypyrimidine (33.1.29)
undergoes a reaction with ammonia to make 4-amino-6-chloro-5-methoxypyrimidine
(33.1.30), and the resulting compound is then reacted with sodium methoxide to make the
desired 5,6-dimethoxy-5-aminopyrimidine (33.1.31). Reacting this with 4-acety-
laminobenzenesulfonyl chloride and subsequent hydrolysis of the acetyl group in
(33.1.32) gives sulfadoxine [28–31].
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Sulfalene

Sulfalene is also a very long-lasting bacteriostatic sulfanilamide with a broad spectrum of
antimicrobial activity.

It is used for the same indications as sulfadoxine. Its half-life is about 150–200 h.

This drug binds to proteins in the plasma to a lesser degree than other sulfanilamides, which
ensures its high concentration in the blood in a free form. Therefore, only one dose of
sulfalene needs to be taken one time per week.

Synonym: celfizin, sulfamethopyrazine, and sulfamethoxypyrazine
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In terms of antibacterial action, this drug is analogous to other sulfanilamides; however, it
possesses very prolonged action. Its half-life is from 120 to 200 h. Sulfadoxine is used for
infectious diseases caused by microorganisms that are sensitive to the sulfanilamide drugs,
such as infections of respiratory organs, gastric and urinary tracts; purulent infections of
various localization, osteomyelitis, sinusitis, and other infections. It is used in combination
with antimalarial drugs. Synonyms of this drug are sulfarmethoxine, fanasil, and fansidar.

Sulfalene: Sulfalene, 3-methoxy-2-sulfanilamidopyrazine (33.1.41), like other sulfanil-
amides, is synthesized by the standard scheme from 4-acetylaminobenzenesulfonyl chloride,
which is reacted with 3-amino-2-methoxypyrazine, which is synthesized by two technologi-
cally available methods. The first of these methods consists of direct bromination of 2-amino-
pyrazine using acetic acid as a solvent, which gives 3,5-dibromo-2-aminopyrazine (33.1.34).
Reacting this with sodium methoxide gives 3-methoxy-5-bromo-2-aminopyrazine (33.1.35).
Hydrogen reduction using a palladium on carbon catalyst replaces the bromine atom at C5 of
the product with a hydrogen atom, giving 3-methoxy-2-aminopyrazine (33.1.36). 

This same 3-methoxy-2-aminopyrazine (33.1.36) is synthesized from 3-hydroxypyrazin-
2-carboxamide. Reacting this with phosphorous oxychloride replaces the hydroxyl group
with a chlorine atom while the carboxamide group simultaneously undergoes dehydration
to form 3-chloro-2-cyanopyrazine (33.1.37). Next, reacting this with sodium methoxide
gives 3-methoxy-2-cyanopyrazine (33.1.38). The cyano group in this compound is
hydrolyzed by a base in the presence of hydrogen peroxide to a carboxamide group, giving
3-methoxy-2-carboxamideopyrazine (33.1.39). The resulting product undergoes a Hofmann
rearrangement when reacted with sodium hypochlorite, giving the desired 3-methoxy-2
aminopyrazine (33.1.36). Reacting this with 4-acetylaminobenzenesulfonyl chloride and
subsequent hydrolysis of the acetyl group with a base to (33.1.40) gives sulfalene [32–34].
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Sulfamethoxypyridazine

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus.

It is a long-lasting drug.

It is used for treating pneumonia, bronchitis, tonsillitis, purulent otitis and meningitis,
purulent infections of the urinary tract, dysentery, and others.

Synonym: sulfapyridazine, sufalex, and retasulfin

Sulfalene is also a very long-lasting bacteriostatic sulfanilamide with a broad spectrum of
antimicrobial activity. It is used for the same indications as sulfadoxine. Its half-life is
about 150–200 h. This drug binds to proteins in the plasma to a lesser degree than other
sulfanilamides, which ensures its high concentration in the blood in a free form. Therefore,
only one dose of sulfalene needs to be taken one time per week. Synonyms of this drug are
celfizin, sulfamethopyrazine, sulfamethoxypyrazine, and others.

Sulfamethoxypyridazine: Sulfamethoxypyridazine, N1-(6-methoxy-3-pyridazinyl)sulfanil-
amide (33.1.43), is synthesized by replacing the chlorine atom in 6-chloro-3-(4-aminoben-
zenesulfonilamido)pyridazine with a methoxy group in 33.1.42 using sodium methoxide. The
initial 6-chloro-3-(4-aminobenzenesulfonylamido)-pyridazine (33.1.42) is in turn synthesized
by reacting 4-aminobenzenesulfanilamide with easily accessible 3,6-dichloropyridazine
[35,36]. 

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus. It
is a long-lasting drug. It is used for treating pneumonia, bronchitis, tonsillitis, purulent otitis
and meningitis, purulent infections of the urinary tract, dysentery, and others. Synonyms of
this drug are sulfapyridazine, sufalex, retasulfin, and many others.

Sulfacetamide: Sulfacetamide, N1-acetylsulfanilamide (33.1.44), is synthesized either
by direct alkylation of acetamide with 4-aminobenzenesulfonyl chloride, or by reacting
4-aminobenzenesulfonamide with acetic anhydride and subsequent selective, reductive dea-
cylation of the resulting acetamide 33.1.45 using a system of zinc–sodium hydroxide [37,38]. 

This drug possesses antibacterial activity with respect to streptococci, pneumococci, staphy-
lococci, meningococci, and gonococci. It is used for treating pneumonia, purulent tracheo-
bronchitis, urinary tract infections, gonorrheal diseases of the eyes in newborns and adults,
and so on. Synonyms of this drug are albucid, cetamide, prontamide, sebizon, and others.
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Sulfacetamide

This drug possesses antibacterial activity with respect to streptococci, pneumococci,
staphylococci, meningococci, and gonococci.

It is used for treating pneumonia, purulent tracheobronchitis, urinary tract infections,
gonorrheal diseases of the eyes in newborns and adults, and so on.

Synonym: albucid, cetamide, prontamide, and sebizon

Sulfalene is also a very long-lasting bacteriostatic sulfanilamide with a broad spectrum of
antimicrobial activity. It is used for the same indications as sulfadoxine. Its half-life is
about 150–200 h. This drug binds to proteins in the plasma to a lesser degree than other
sulfanilamides, which ensures its high concentration in the blood in a free form. Therefore,
only one dose of sulfalene needs to be taken one time per week. Synonyms of this drug are
celfizin, sulfamethopyrazine, sulfamethoxypyrazine, and others.

Sulfamethoxypyridazine: Sulfamethoxypyridazine, N1-(6-methoxy-3-pyridazinyl)sulfanil-
amide (33.1.43), is synthesized by replacing the chlorine atom in 6-chloro-3-(4-aminoben-
zenesulfonilamido)pyridazine with a methoxy group in 33.1.42 using sodium methoxide. The
initial 6-chloro-3-(4-aminobenzenesulfonylamido)-pyridazine (33.1.42) is in turn synthesized
by reacting 4-aminobenzenesulfanilamide with easily accessible 3,6-dichloropyridazine
[35,36]. 

This drug possesses antibacterial activity with respect to a few cocci and colon bacillus. It
is a long-lasting drug. It is used for treating pneumonia, bronchitis, tonsillitis, purulent otitis
and meningitis, purulent infections of the urinary tract, dysentery, and others. Synonyms of
this drug are sulfapyridazine, sufalex, retasulfin, and many others.

Sulfacetamide: Sulfacetamide, N1-acetylsulfanilamide (33.1.44), is synthesized either
by direct alkylation of acetamide with 4-aminobenzenesulfonyl chloride, or by reacting
4-aminobenzenesulfonamide with acetic anhydride and subsequent selective, reductive dea-
cylation of the resulting acetamide 33.1.45 using a system of zinc–sodium hydroxide [37,38]. 

This drug possesses antibacterial activity with respect to streptococci, pneumococci, staphy-
lococci, meningococci, and gonococci. It is used for treating pneumonia, purulent tracheo-
bronchitis, urinary tract infections, gonorrheal diseases of the eyes in newborns and adults,
and so on. Synonyms of this drug are albucid, cetamide, prontamide, sebizon, and others.
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Sulfabenzamide

It is used for the same indications, primarily in the form of ointments for vaginal infections.

Synonym: sulfabenzide

Sulfabenzamide: Sulfabenzamide, N1-benzoylsulfanilamide (33.1.46), is synthesized just
like sulfacetamide [38–41].

It is used for the same indications, primarily in the form of ointments for vaginal infec-
tions. A synonym of this drug is sulfabenzide.

Maphenide: Maphenide, n-(aminomethyl)-benzenesulfamide (33.1.48), is structurally some-
what different from all drugs examined above in that the amino group in the p-position to the
sulfonamide group is distanced from the benzene ring by one methyl group. This drug is syn-
thesized from N-benzylacetamide, subsequent reaction of which with chlorosulfonic acid and
then with ammonia gives 4-(acetamidomethyl)-benzene-sulfonamide (33.1.47). Hydrolyzing
this product with a base gives maphenid [42–44]. 

Synonyms of this drug are marfanil, mezudin, ambamide, septicid, and others.
Currently, the most widely used are sulfisoxazole, sulfamethoxazole, sulfadiazine, sul-

famethizole, and trisulfapyrimidine (a mixture of sulfamerazine, sulfamethazine, and sul-
fadiazine). The first two drugs mentioned are the most widely used. The long-lasting
sulfonamide (sulfadioxin) is used only in combination with pyrimethamine (an antagonist
of folic acid) for prevention and treatment of tropical fever.

In combination with pyrimethamine or trimethoprim, sulfanilamides are active with
respect to a few protozoal infections, including Toxoplasma, Plasmodium falciparum, and
Pneumocystis carinii.

33.1.1 Diaminopyrimidines (trimethoprim, pyrimethamine, and
trimethoprim-sulfamethoxazole)

The diaminopyrimidines trimethoprim and pyrimethamine are synthetic, antibacterial
drugs and inhibitors of dihydrofolate reductase that are used both independently as well as
in combination with sulfanilamides, in particular, with sulfamethoxazole (cotrimoxazole,
bactrim, biseptol, sulfatrim, and many others).

As a matter of fact, diaminopyrimidines (trimethoprim, pyrimethamine) were suggested
as medicinal and preventative agents against malarial infections. It was shown that all of
the strong dihydrofolate reductase inhibitors could disable the malarial parasite with rela-
tively minor consequences to the host. The closest structural similarity of these drugs (as
well as structural similarity between pteridine ring of folic acid and the diaminopyrimide
fragment of pyrimethamine) is most likely the reason of the affinity of this compound to
receptive regions of dihydrofolate reductase. 

CH3CONHCH2 SO2CH3CONHCH2 NH2 SO2CH2 NH2H2N

ClSO3H
NH3

1.
2. NaOH

33.1.47 33.1.48

SO2H2N NHCOC6H5
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Maphenide

Maphenide is structurally somewhat different from all drugs examined above in that the
amino group in the p-position to the sulfonamide group is distanced from the benzene ring
by one methyl group.

Synonym: marfanil, mezudin, ambamide, and septicid.

Sulfabenzamide: Sulfabenzamide, N1-benzoylsulfanilamide (33.1.46), is synthesized just
like sulfacetamide [38–41].

It is used for the same indications, primarily in the form of ointments for vaginal infec-
tions. A synonym of this drug is sulfabenzide.

Maphenide: Maphenide, n-(aminomethyl)-benzenesulfamide (33.1.48), is structurally some-
what different from all drugs examined above in that the amino group in the p-position to the
sulfonamide group is distanced from the benzene ring by one methyl group. This drug is syn-
thesized from N-benzylacetamide, subsequent reaction of which with chlorosulfonic acid and
then with ammonia gives 4-(acetamidomethyl)-benzene-sulfonamide (33.1.47). Hydrolyzing
this product with a base gives maphenid [42–44]. 

Synonyms of this drug are marfanil, mezudin, ambamide, septicid, and others.
Currently, the most widely used are sulfisoxazole, sulfamethoxazole, sulfadiazine, sul-

famethizole, and trisulfapyrimidine (a mixture of sulfamerazine, sulfamethazine, and sul-
fadiazine). The first two drugs mentioned are the most widely used. The long-lasting
sulfonamide (sulfadioxin) is used only in combination with pyrimethamine (an antagonist
of folic acid) for prevention and treatment of tropical fever.

In combination with pyrimethamine or trimethoprim, sulfanilamides are active with
respect to a few protozoal infections, including Toxoplasma, Plasmodium falciparum, and
Pneumocystis carinii.

33.1.1 Diaminopyrimidines (trimethoprim, pyrimethamine, and
trimethoprim-sulfamethoxazole)

The diaminopyrimidines trimethoprim and pyrimethamine are synthetic, antibacterial
drugs and inhibitors of dihydrofolate reductase that are used both independently as well as
in combination with sulfanilamides, in particular, with sulfamethoxazole (cotrimoxazole,
bactrim, biseptol, sulfatrim, and many others).

As a matter of fact, diaminopyrimidines (trimethoprim, pyrimethamine) were suggested
as medicinal and preventative agents against malarial infections. It was shown that all of
the strong dihydrofolate reductase inhibitors could disable the malarial parasite with rela-
tively minor consequences to the host. The closest structural similarity of these drugs (as
well as structural similarity between pteridine ring of folic acid and the diaminopyrimide
fragment of pyrimethamine) is most likely the reason of the affinity of this compound to
receptive regions of dihydrofolate reductase. 
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Currently, the most widely used are sulfisoxazole, sulfamethoxazole, sulfadiazine,
sulfamethizole, and trisulfapyrimidine (a mixture of sulfamerazine, sulfamethazine, and
sulfadiazine).

The long-lasting sulfonamide (sulfadioxin) is used only in combination with pyrimethamine
(an antagonist of folic acid) for prevention and treatment of tropical fever.

In combination with pyrimethamine or trimethoprim, sulfanilamides are active with respect
to a few protozoal infections, including Toxoplasma, Plasmodium falciparum, and
Pneumocystis carinii.



27

33.1.1 Diaminopyrimidines (trimethoprim, pyrimethamine, trimethoprim-sulfamethoxazole)

The diaminopyrimidines, trimethoprim and pyrimethamine, are synthetic antibacterial drugs
and inhibitors of dihydrofolate reductase that are used both independently and in
combination with sulfanilamides, in particular, with sulfamethoxazole (cotrimoxazole,
bactrim, biseptol, sulfatrim, and many others).

Diaminopyrimidines (trimethoprim, pyrimethamine) were suggested as medicinal and
preventative agents against malarial infections.

All of the strong dihydrofolate reductase inhibitors could disable the malarial parasite with
relatively minor consequences to the host.

The closest structural similarity of these drugs (as well as structural similarity between
pteridine ring of folic acid and the diaminopyrimide fragment of pyrimethamine) is most likely
the reason of the affinity of this compound to receptive regions of dihydrofolate reductase.
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All of these compounds are inhibitors of dihydrofolate reductase in bacteria, plasmodia, and
humans. Fortunately, they have a significantly higher affinity to bacterial and protozoal
dihydrofolate reductase.

Pyrimethamine inhibits dihydrofolate reductase in parasites in concentrations that are a
several hundred times lower than that required to inhibit dihydrofolate reductase in humans.
This is the basis of their selective toxicity.

Selective toxicity can be elevated upon the host organism’s production of folic acid, which
parasites are not able to use.

Trimethoprim acts in the body by interfering with the action of hydrofolate reductase, an
enzyme that reduces dihydrofolic acid to tetrahydrofolic acid. This process is necessary for
purine biosynthesis of live organisms and DNA, respectively.

Reducing the dihydrofolic acid to tetrahydrofolic acid is also catalyzed in humans by
dihydrofolate reductase.
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However, trimethoprim has thousands of more inhibitory effects with respect to bacterial
enzymes than with respect of analogous enzymes of mammals, which is the main benefit
of trimethoprim.

Various sulfonyl amides inhibit one of the stages of this biosynthetic pathway, which is by
adding dihydrofolic acid in the place of n-aminobenzoic acid in sulfanilamide.

Subsequent blockage of one or the other biosynthetic pathways by two drugs
(sulfanilamide and trimethoprim at the same time) differs in the high degree of synergism
with respect to a broad spectrum of microorganisms.

A very strong effect is exhibited with respect to many microorganisms when used in
combination with sulfomethoxazole. A ratio of 20:1 sulfamethoxazole/trimethoprim is
considered to be optimal.
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Trimethoprim

Trimethoprim has a broad spectrum of antimicrobial activity. It is 20–100 times more active
than sulfamethoxazole with respect to most bacterial forms.

Trimethoprim is active with respect to Gram-positive, aerobic bacteria such as
Staphylococcus aureus, Staphylococcus epidermidis, and various types of Streptococcus
and Listeria monocytogenes.

Trimethoprim is inferior to sulfonamides against forms of Nocardia.

It is active with respect to Gram-negative, aerobic bacteria such as most E. coli,
Enterobacter, Proteus, Klebsiella, Providencia, Morganella, Serratia marcescens,
Citrobacter, Salmonella, Shigella, Yersinia enterocolitica that are sensitive to trimethoprim.

Trimethoprim is also active with respect to Legionella, Acinetobacter, Vibrio, Aeromonas,
Pseudomonas maltophila, P. cepacia, although P. aeruginosa is resistant to trimethoprim.
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Haemophilus influenzae and H. ducreyi are sensitive to trimethoprim.

Pathogenic Neisseria (meningococci and gonococci) and Branhamella catarrhalis are
moderately resistant to trimethoprim, although they are very sensitive to a combination of
trimethoprim and sulfamethoxazole.

Anaerobic bacteria in general are resistant to trimethoprim, although a combination of
trimethoprim-sulfamethoxazole does have an effect on them.

Pneumocystis carinii is also sensitive to that combination.
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Bacterial resistance to trimethoprim can originate because of a number of reasons:

(1) inability of the drug to penetrate through the membrane (P. aeruginosa);

(2) the presence of dihydrofolate reductase that is not sensitive to inhibition by
trimethoprim;

(3) overproduction of dihydrofolate reductase and mutation expressed as thyminic
dependence, when the organism requires exogenic thymine for synthesizing DNA, i.e.
bypassing metabolic blockage caused by trimethoprim.

Resistance to a combination of trimethoprim-sulfamethoxazole is always less frequent
than when any of these drugs is used separately.

This combination of drugs, which is known by the commercial names cotrimoxazole,
bactrim, biseptol, sulfatrim, and many others, is used for treating infections of the
respiratory tract, infections of the urinary tract, gastric infections, surgical infections,
enteritis, meningitis, and other diseases.
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All of these compounds are inhibitors of dihydrofolate reductase in bacteria, plasmodia,
and humans. Fortunately, they have a significantly higher affinity to bacterial and proto-
zoal dihydrofolate reductase. Pyrimethamine, for example, inhibits dihydrofolate reduc-
tase in parasites in concentrations that are a several hundred times lower than that required
to inhibit dihydrofolate reductase in humans. This is the basis of their selective toxicity.
Selective toxicity can be elevated upon the host organism’s production of folic acid, which
parasites are not able to use.

Trimethoprim acts in the body by interfering with the action of hydrofolate reductase,
an enzyme that reduces dihydrofolic acid to tetrahydrofolic acid. This process is necessary
for purine biosynthesis of live organisms and DNA, respectively. Reducing the dihydro-
folic acid to tetrahydrofolic acid is also catalyzed in humans by dihydrofolate reductase.
However, trimethoprim has thousands of more inhibitory effects with respect to bacterial
enzymes than with respect of analogous enzymes of mammals, which is the main benefit
of trimethoprim. 

Various sulfonyl amides inhibit one of the stages of this biosynthetic pathway, which is
by adding dihydrofolic acid in the place of n-aminobenzoic acid in sulfanilamide.
Subsequent blockage of one or the other biosynthetic pathways by two drugs (sulfanil-
amide and trimethoprim at the same time) differs in the high degree of synergism with
respect to a broad spectrum of microorganisms. A very strong effect is exhibited with
respect to many microorganisms when used in combination with sulfomethoxazole. A ratio
of 20:1 sulfamethoxazole/trimethoprim is considered to be optimal. This ratio is obtained
in the plasma by taking drugs that have an equal to 5:1 ratio. Of course this ratio can vary
widely; however, the presence of trimethoprim in a mixture with sulfanilamide guarantees
successful treatment. 

Trimethoprim: Trimethoprim, 2,4-diamino-5-(3!,4!,5!-trimethoxybenzyl)pyrimidine (33.1.
51), is synthesized in various ways. The first scheme of synthesis begins with ethyl ester of
3,4,5-trimethoxydehydrocinnamic acid, which is formylated with ethyl formate using sodium
as a base to make an enol of the semialdehyde 3!,4!,5!-trimethoxybenzylmalonic ester
(33.1.49), which undergoes a heterocyclization reaction with guanidine to make 2-amino-
4-hydroxy-5-(3!,4!,5!-trimethoxybenzyl)pyrimidine (33.1.50). Subsequent replacement of the
hydroxyl group in the resulting product with chlorine using phosphorous oxychloride and then
with an amino group using ammonia gives the desired trimethoprim [45–47].

All of the other syntheses begin with 3,4,5-trimethoxybenzaldehyde. According to one of
them, condensation of 3,4,5-trimethoxybenzaldehyde with 3-ethoxy- or 3-anilinopropionitrile
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gives the corresponding benzylidene derivative (33.1.52), which upon direct reaction with
guanidine gives trimethoprim [48–51].

Trimethoprim has also been synthesized by condensing 3,4,5-trimethoxybenzaldehyde with
malonic acid dinitrile in a Knoevenagel reaction, which forms the derivative (33.1.53),
which is partially reduced to the enamine (33.1.54) by hydrogen using a palladium on car-
bon catalyst, which upon being reacted with guanidine is transformed into trimethoprim
[52,53]. 

Finally, trimethoprim can be synthesized in a manner that also uses a Knoevenagel con-
densation of 3,4,5-trimethoxybenzaldehyde as the first step, but this time with ethyl cyano-
acetate, which gives an ylidene derivative (33.1.55). The double bond in this product is
reduced by hydrogen over a palladium on carbon catalyst, giving 3!,4!,5!-trimethoxy-
benzylcyanoacetic ester (33.1.56). Reacting this in a heterocyclization reaction with guani-
dine gives the desired trimethoprim [54,55]. 

Trimethoprim has a broad spectrum of antimicrobial activity. It is 20–100 times more
active than sulfamethoxazole with respect to most bacterial forms. Trimethoprim is active
with respect to Gram-positive, aerobic bacteria such as Staphylococcus aureus,
Staphylococcus epidermidis, and various types of Streptococcus and Listeria monocyto-
genes. Trimethoprim is inferior to sulfonamides against forms of Nocardia. It is active
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gives the corresponding benzylidene derivative (33.1.52), which upon direct reaction with
guanidine gives trimethoprim [48–51].

Trimethoprim has also been synthesized by condensing 3,4,5-trimethoxybenzaldehyde with
malonic acid dinitrile in a Knoevenagel reaction, which forms the derivative (33.1.53),
which is partially reduced to the enamine (33.1.54) by hydrogen using a palladium on car-
bon catalyst, which upon being reacted with guanidine is transformed into trimethoprim
[52,53]. 

Finally, trimethoprim can be synthesized in a manner that also uses a Knoevenagel con-
densation of 3,4,5-trimethoxybenzaldehyde as the first step, but this time with ethyl cyano-
acetate, which gives an ylidene derivative (33.1.55). The double bond in this product is
reduced by hydrogen over a palladium on carbon catalyst, giving 3!,4!,5!-trimethoxy-
benzylcyanoacetic ester (33.1.56). Reacting this in a heterocyclization reaction with guani-
dine gives the desired trimethoprim [54,55]. 

Trimethoprim has a broad spectrum of antimicrobial activity. It is 20–100 times more
active than sulfamethoxazole with respect to most bacterial forms. Trimethoprim is active
with respect to Gram-positive, aerobic bacteria such as Staphylococcus aureus,
Staphylococcus epidermidis, and various types of Streptococcus and Listeria monocyto-
genes. Trimethoprim is inferior to sulfonamides against forms of Nocardia. It is active
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gives the corresponding benzylidene derivative (33.1.52), which upon direct reaction with
guanidine gives trimethoprim [48–51].

Trimethoprim has also been synthesized by condensing 3,4,5-trimethoxybenzaldehyde with
malonic acid dinitrile in a Knoevenagel reaction, which forms the derivative (33.1.53),
which is partially reduced to the enamine (33.1.54) by hydrogen using a palladium on car-
bon catalyst, which upon being reacted with guanidine is transformed into trimethoprim
[52,53]. 

Finally, trimethoprim can be synthesized in a manner that also uses a Knoevenagel con-
densation of 3,4,5-trimethoxybenzaldehyde as the first step, but this time with ethyl cyano-
acetate, which gives an ylidene derivative (33.1.55). The double bond in this product is
reduced by hydrogen over a palladium on carbon catalyst, giving 3!,4!,5!-trimethoxy-
benzylcyanoacetic ester (33.1.56). Reacting this in a heterocyclization reaction with guani-
dine gives the desired trimethoprim [54,55]. 

Trimethoprim has a broad spectrum of antimicrobial activity. It is 20–100 times more
active than sulfamethoxazole with respect to most bacterial forms. Trimethoprim is active
with respect to Gram-positive, aerobic bacteria such as Staphylococcus aureus,
Staphylococcus epidermidis, and various types of Streptococcus and Listeria monocyto-
genes. Trimethoprim is inferior to sulfonamides against forms of Nocardia. It is active
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Pyrimethamine

Pyrimethamine, a folic acid antagonist, exhibits antimicrobial action against the causative
agent of malaria and possesses sporontocidal action.

It is also effective with respect to the causative agent of toxoplasmosis. It is used for
preventing malaria and treating toxoplasmosis.

with respect to Gram-negative, aerobic bacteria such as most E. coli, Enterobacter,
Proteus, Klebsiella, Providencia, Morganella, Serratia marcescens, Citrobacter,
Salmonella, Shigella, Yersinia enterocolitica that are sensitive to trimethoprim.
Trimethoprim is also active with respect to Legionella, Acinetobacter, Vibrio,
Aeromonas, Pseudomonas maltophila, P. cepacia, although P. aeruginosa is resistant to
trimethoprim.

Haemophilus influenzae and H. ducreyi are sensitive to trimethoprim. Pathogenic
Neisseria (meningococci and gonococci) and Branhamella catarrhalis are moderately
resistant to trimethoprim, although they are very sensitive to a combination of trimetho-
prim and sulfamethoxazole. Anaerobic bacteria in general are resistant to trimethoprim,
although a combination of trimethoprim-sulfamethoxazole does have an effect on them.
Pneumocystis carinii is also sensitive to that combination.

Bacterial resistance to trimethoprim can originate because of a number of reasons:
inability of the drug to penetrate through the membrane (P. aeruginosa); the presence of
dihydrofolate reductase that is not sensitive to inhibition by trimethoprim; overproduction
of dihydrofolate reductase and mutation expressed as thyminic dependence, when the
organism requires exogenic thymine for synthesizing DNA, i.e. bypassing metabolic
blockage caused by trimethoprim.

Resistance to a combination of trimethoprim-sulfamethoxazole is always less frequent
than when any of these drugs is used separately. This combination of drugs, which is
known by the commercial names cotrimoxazole, bactrim, biseptol, sulfatrim, and many 
others, is used for treating infections of the respiratory tract, infections of the urinary tract,
gastric infections, surgical infections, enteritis, meningitis, and other diseases.

Pyrimethamine: Pyrimethamine, 2,4-diamino-5-(4!-chlorophenyl)-6-ethylpyrimidine
(33.1.60), is synthesized from 4-chlorobenzycyanide, which upon condensation with
methyl ester of propionic acid in the presence of sodium methoxide gives the β-ketonitrile
(33.1.58). Reacting this with ethyl orthoformate gives a methoxymethylene derivative
(33.1.59), which upon heterocyclization in pyrimidine using guanidine as the binucleo-
phile forms the desired pyrimethamine (33.1.60) [55–60].

Pyrimethamine, a folic acid antagonist, exhibits antimicrobial action against the causative
agent of malaria and possesses sporontocidal action. It is also effective with respect to 
the causative agent of toxoplasmosis. It is used for preventing malaria and treating toxo-
plasmosis. 
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33.2 QUINOLONES

Quinolones are a group of structurally similar antimicrobial drugs that exhibit high activity
against many microorganisms.

The first representative of the new class of antimicrobial drugs (called drugs of the
quinolone series, which are derivatives of naphthiridine), was nalidixic acid (nevigramon),
which was synthesized in 1962 and was suggested for treating urinary tract infections.

The main spectrum of its use includes Gram-negative bacteria. It is also effective with
respect to colon bacillus, proteus, klebisella, shigella, and salmonella.

In recent years, a number of chemically similar compounds have been synthesized, such as
oxolinic acid and cinoxacin, although all of them had a relatively narrow antimicrobial
spectrum.

33.2 QUINOLONES

Quinolones are a group of structurally similar antimicrobial drugs that exhibit high activ-
ity against many microorganisms.

Formally, the first representative of the new class of antimicrobial drugs (called drugs
of the quinolone series, which are derivatives of naphthiridine), was nalidixic acid (nevi-
gramon), which was synthesized in 1962 and was suggested for treating urinary tract infec-
tions. The main spectrum of its use includes Gram-negative bacteria. It is also effective
with respect to colon bacillus, proteus, klebisella, shigella, and salmonella. In recent years
a number of chemically similar compounds have been synthesized, such as oxolinic acid
(strictly speaking, a derivative of quinolone) and cinoxacin (a derivative of quinolone),
although all of them had a relatively narrow antimicrobial spectrum.

Enormous progress was made in the 1980s due to the introduction of a fluorine atom to the
C6 position of 4-quinolone and a piperazine fragment to the C7 position. Introducing a flu-
orine atom in the indicated position dramatically increased the activity of the drug with
respect to Gram-positive microorganisms, which broadened its spectrum of action to
include Gram-negative microorganisms. Introducing the piperazine fragment to C7
ensured activity of this group of drugs with respect to Pseudomonas aeruginosa. The sub-
stituents at the nitrogen atom of the quinolone structure and in the piperazine ring may
vary from drug to drug. 

All fluoroquinolones are usable in medical practice: ciprofloxacin, enoxacin, norfloxacin,
and ofloxacin have approximately the same antimicrobial spectrum, which includes most
aerobic Gram-negative and a few Gram-positive bacteria. Fluoroquinolones are highly active
against most enterobacteria, including E. coli, Enterobacter, Proteus mirabilis, Proteus vul-
garis, Morganella morganii, Providencia, Citrobacter and Serratia. They are also active with
respect to Pseudomonas aeruginosa, including strains resistant to other antibacterial drugs.
Most strains of Acinetobacter, aerobic Gram-negative microorganisms are sensitive to fluo-
roquinolones. Fluoroquinolones are highly active against most Gram-negative bacterial
pathogens of the gastrointestinal tract, such as Shigella, Salmonella, Yersinia enterocolitica,
Aeromonas species, and Vibrio species. Gram-negative coccobacteria Haemophilus influen-
zae, Haemophilus ducreyi and Gram-negative cocci Neisseria meningitides, N. gonorrhoeae,
and Moraxella are also very sensitive to fluoroquinolones. Fluoroquinolones are also active
with respect to most Gram-positive bacteria, Staphylococcus aureus and S. epidermidis,
although the concentrations used must be somewhat higher than for Gram-negative bacterial
pathogens. 

Fluoroquinolones are powerful bactericidal drugs that change the structure and func-
tion of bacterial DNA by affecting the enzyme DNA-gyrase (topoisomerase II). This
enzyme is responsible for negative supercoiling twisting (negative supercoiling) to
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Enormous progress was made in the 1980s due to the introduction of a fluorine atom to the
C6 position of 4-quinolone and a piperazine fragment to the C7 position.

Introducing a fluorine atom in the indicated position dramatically increased the activity of the
drug with respect to Gram-positive microorganisms, which broadened its spectrum of action
to include Gram-negative microorganisms.

Introducing the piperazine fragment to C7 ensured activity of this group of drugs with respect
to Pseudomonas aeruginosa. The substituents at the nitrogen atom of the quinolone
structure and in the piperazine ring may vary from drug to drug.

All fluoroquinolones are usable in medical practice: ciprofloxacin, enoxacin, norfloxacin, and
ofloxacin have approximately the same antimicrobial spectrum, which includes most aerobic
Gram-negative and a few Gram-positive bacteria.

Fluoroquinolones are highly active against most enterobacteria, including E. coli,
Enterobacter, Proteus mirabilis, Proteus vulgaris, Morganella morganii, Providencia,
Citrobacter and Serratia.



38

They are also active with respect to Pseudomonas aeruginosa, including strains resistant to
other antibacterial drugs. Most strains of Acinetobacter, aerobic Gram-negative
microorganisms are sensitive to fluoroquinolones.

Fluoroquinolones are highly active against most Gram-negative bacterial pathogens of the
gastrointestinal tract, such as Shigella, Salmonella, Yersinia enterocolitica, Aeromonas
species, and Vibrio species.

Gram-negative coccobacteria Haemophilus influenzae, Haemophilus ducreyi and Gram-
negative cocci Neisseria meningitides, N. gonorrhoeae, and Moraxella are also very
sensitive to fluoroquinolones.

Fluoroquinolones are also active with respect to most Gram-positive bacteria,
Staphylococcus aureus and S. epidermidis, although the concentrations used must be
somewhat higher than for Gram-negative bacterial pathogens.

Fluoroquinolones are powerful bactericidal drugs that change the structure and function of
bacterial DNA by affecting the enzyme DNA-gyrase (topoisomerase II).
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This enzyme is responsible for negative supercoiling twisting (negative supercoiling) to
covalently closed, circular DNA as well as breaking up the repeating compounds
(catenation, decatenation) of DNA coils linked to the chain.

DNA-gyrase is capable of breaking down bacterial DNA that has an approximate length of
1300 μm, such as in E. coli, inside a cell whose size ranges from 2 to 3 μm. This enzyme is
necessary for replication, restoration, and transcription of certain DNA operons.

DNA-gyrase is made up of two A and two B subunits. Quinolones have a direct effect on the
function of A subunits.

Drugs of this series have a similar antimicrobial spectrum, which includes most aerobic
Gram-negative and a few Gram-positive bacteria. The specific difference in activity of these
drugs is observed with respect to a few specific microorganisms, their relative toxicity,
pharmacokinetic features, and so on.

For example, ciprofloxacin and norfloxacin have a similar antimicrobial spectrum; however,
depending on the type of microorganisms, norfloxacin can turn out to be 2–8 times weaker.
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Two mechanisms of resistance have been discovered with respect to fluoroquinolones:

(a) a change in subunits A of DNA-gyrase, and

(b) reduced permeability of the outer membrane of the bacteria.

Resistance is mediated by chromosomes, and not plasmids in the bacteria. The
development of resistance while using the drugs is very rarely observed.

Because of its pharmacokinetic features (pronounced bioaccessability upon oral use,
diffusion to tissues and permeation into them, broad spectrum of antibacterial activity, and
so on), fluoroquinolones have considerable potential for treating infections of practically any
anatomic localization.

Fluoroquinolones are very effective in treating infections of the respiratory tract, urinary
tract, bones, skin, soft tissues, and so on.
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covalently closed, circular DNA as well as breaking up the repeating compounds (cate-
nation, decatenation) of DNA coils linked to the chain. DNA-gyrase is capable of
breaking down bacterial DNA that has an approximate length of 1300 µm, such as in
E. coli, inside a cell whose size ranges from 2 to 3 µm. This enzyme is necessary for
replication, restoration, and transcription of certain DNA operons. DNA-gyrase is made
up of two A and two B subunits. Quinolones have a direct effect on the function of A
subunits. 

As was already mentioned, drugs of this series have a similar antimicrobial spectrum,
which includes most aerobic Gram-negative and a few Gram-positive bacteria. The 
specific difference in activity of these drugs is observed with respect to a few specific
microorganisms, their relative toxicity, pharmacokinetic features, and so on. For exam-
ple, ciprofloxacin and norfloxacin have a similar antimicrobial spectrum; however,
depending on the type of microorganisms, norfloxacin can turn out to be 2–8 times
weaker.

Two mechanisms of resistance have been discovered with respect to fluoro-
quinolones: a change in subunits A of DNA-gyrase, and reduced permeability of the
outer membrane of the bacteria. Resistance is mediated by chromosomes, and not plas-
mids in the bacteria. The development of resistance while using the drugs is very rarely
observed.

Because of its pharmacokinetic features (pronounced bioaccessability upon oral use,
diffusion to tissues and permeation into them, broad spectrum of antibacterial activity, and
so on), fluoroquinolones have considerable potential for treating infections of practically
any anatomic localization. Fluoroquinolones are very effective in treating infections of the
respiratory tract, urinary tract, bones, skin, soft tissues, and so on.

Nalidixic acid: Nalidixic acid, 1-ethyl-1,4-dihydro-7-methyl-4-oxo-1,8-naphthiridin-3-
carboxylic acid (33.2.4), is synthesized by the following scheme. In the first stage, the
reaction of 2-amino-6-methylpyridine and diethyl ethoxymethylenemalonate forms the
substituted product (33.2.1), which when heated cyclizes to ethyl ester of 4-hydroxy
-7-methyl-1,8-napthiridin-3-carboxylic acid (33.2.2). Hydrolyzing the resulting product
with a base gives the corresponding acid (33.2.3). Alkylating this with ethyl iodide in the
presence of potassium hydroxide gives nalidixic acid [60–64].
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Nalidixic acid

It has a bactericidal or bacteriostaic effect depending on the sensitivity of the microorganism
and the concentration.

It is effective with respect to Gram-negative microorganisms, such as colon bacillus,
salmonella, shigella, proteus, and Fridlender’s bacillus.

It is used for pyeolonephritis, cystitis, urethritis, prostatitis, and gastrointestinal tract
infections.

Synonym: negram, nevigramon, uralgin, urogram, and vintron
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Oxolinic acid

Like nalidixic acid, this drug is effective with respect to Gram-negative microorganisms and
is used for the same indications.

Synonym: nidantin, prodoxol, ocolin, and uroxol

Nalidixic acid has a bactericidal or bacteriostaic effect depending on the sensitivity of the
microorganism and the concentration. It is effective with respect to Gram-negative
microorganisms, such as colon bacillus, salmonella, shigella, proteus, and Fridlender’s
bacillus. It is used for pyeolonephritis, cystitis, urethritis, prostatitis, and gastrointestinal
tract infections. Synonyms of this drug are negram, nevigramon, uralgin, urogram, vintron,
and many others.

Oxolinic acid: Oxolinic acid, 5-ethyl-5,8-dihydro-8-oxo-1-dioxolo[4,5-g]-quinolin-
7-carboxylic acid (33.2.9), is basically synthesized by the same synthetic scheme as
nalidixic acid, although it uses 3,4-methylendioxyanyline (33.2.6) as the starting aromatic
amine component, and not the 2-amino-6-methylpyridine used to make nalidixic acid. This
compound is obtained by hydrogenation to 3,4-methylendioxy-1-nitrobenzene (33.2.5),
which is in turn synthesized by nitrating 1,2-methylendioxybenzene with nitric acid. The
resulting 3,4-methylendioxyaniline (33.2.6) is then reacted with ethoxymethylenmalonic
ester to make the substitution product (33.2.7), which when heated cyclizes to ethyl ester
of 4-hydroxy-6,7-methylendioxyquinolin-3-carboxylic acid (33.2.8). Hydrolyzis of this
with a base in dimethylformamide and direct treating of the obtained product with ethyl
iodide gives the desired oxolinic acid [65–67]. 

Like nalidixic acid, this drug is effective with respect to Gram-negative microorganisms
and is used for the same indications. Synonyms of this drug are nidantin, prodoxol, ocolin,
uroxol, and others.

Cinoxacin, Azolinic acid: Cinoxacin, 1-ethyl-1,4-dihydro-4-oxo[1,3]-dioxolo[4,5-g]
cinnolin-3-carboxylic acid (33.2.14), is synthesized by a different scheme starting with
2-amino-4,5-methylendioxyacetophenone (33.2.10), which is synthesized by reducing 
4,5-methylendioxy-2-nitroacetophenone with hydrogen over a platinum catalyst. In diazo-
tation conditions, this undergoes spontaneous heterocyclization to 4-hydroxy-6,
7-methylendioxycinnoline (33.2.11) obviously due to the presence of a significant amount
of the enol form of acetophenone (33.2.10) under the reaction conditions. The resulting
cinnoline (33.2.11) then undergoes bromination by molecular bromine in the presence of
potassium acetate, giving 3-bromo-4-hydroxy-6,7-methylendioxycinnoline (32.2.12).
Upon reacting this with univalent copper cyanide in dimethylformamide, the bromine
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Cinoxacin; Azolinic acid

This drug is effective with respect to Gram-negative microorganisms and is used for the
same indications as nalidixic and oxolinic acids.

Synonym: cinobactin, nossacin, and uronorm

atom is replaced with a cyano group, forming the 3-cyano-4-hydroxy-6,7-methylen-
dioxycinnoline (33.2.13). The resulting product is alkylated at the first position by ethyl
iodide using sodium hydride as a base, and the cyano group is hydrolyzed to a carboxyl
group using a mixture of hydrochloric and acetic acids, giving the desired cinoxacin
[68,69].

This drug is effective with respect to Gram-negative microorganisms and is used for the
same indications as nalidixic and oxolinic acids. Synonyms of this drug are cinobactin,
nossacin, uronorm, and others.

Norfloxacin: Norfloxacin, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolincarboxylic acid (33.2.18), is the first representative of a series of fluorinated
quinolones as well as the first drug of the quinolone derivatives used in medicine that con-
tains a piperazine substituent. The method of synthesis is basically the same as that sug-
gested for synthesizing nalidixic and oxolinic acids.

Reacting 3-chloro-4-fluoroaniline and ethyl ethoxymethylenmalonate gives the substi-
tution product (33.2.15), which upon heating in diphenyl ester cyclizes into ethyl ester of
6-fluoro-7-chloro-1,4-dihydro-3-quinolin-4-on-carboxylic acid (33.2.16). Direct treatment
of the product with ethyl iodide in the presence of triethylamine and subsequent hydro-
lysis with a base gives 1-ethyl-6-fluoro-7-chloro-1,4-dihydro-3-quinolin-4-on-carboxylic
acid (33.2.17). Reacting this with piperazine gives norfloxacin (33.2.18) [70–75].

Norfloxacin possesses a broad spectrum of bactericidal action. It is highly active with
respect to most Gram-negative and a few Gram-positive microorganisms. Anaerobic
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Norfloxacin

It possesses a broad spectrum of bactericidal action. It is highly active with respect to most
Gram-negative and a few Gram-positive microorganisms.

Anaerobic bacteria are not sensitive to this drug, while enterococci and akinetobacter are
not very sensitive.

It is used for bacterial infections of the urinary tract, prostate gland, gastrointestinal tract,
gonorrhea, and traveler’s diarrhea.

Synonyms: noroxin, barazan, fulgram, and bacidal

atom is replaced with a cyano group, forming the 3-cyano-4-hydroxy-6,7-methylen-
dioxycinnoline (33.2.13). The resulting product is alkylated at the first position by ethyl
iodide using sodium hydride as a base, and the cyano group is hydrolyzed to a carboxyl
group using a mixture of hydrochloric and acetic acids, giving the desired cinoxacin
[68,69].

This drug is effective with respect to Gram-negative microorganisms and is used for the
same indications as nalidixic and oxolinic acids. Synonyms of this drug are cinobactin,
nossacin, uronorm, and others.

Norfloxacin: Norfloxacin, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolincarboxylic acid (33.2.18), is the first representative of a series of fluorinated
quinolones as well as the first drug of the quinolone derivatives used in medicine that con-
tains a piperazine substituent. The method of synthesis is basically the same as that sug-
gested for synthesizing nalidixic and oxolinic acids.

Reacting 3-chloro-4-fluoroaniline and ethyl ethoxymethylenmalonate gives the substi-
tution product (33.2.15), which upon heating in diphenyl ester cyclizes into ethyl ester of
6-fluoro-7-chloro-1,4-dihydro-3-quinolin-4-on-carboxylic acid (33.2.16). Direct treatment
of the product with ethyl iodide in the presence of triethylamine and subsequent hydro-
lysis with a base gives 1-ethyl-6-fluoro-7-chloro-1,4-dihydro-3-quinolin-4-on-carboxylic
acid (33.2.17). Reacting this with piperazine gives norfloxacin (33.2.18) [70–75].

Norfloxacin possesses a broad spectrum of bactericidal action. It is highly active with
respect to most Gram-negative and a few Gram-positive microorganisms. Anaerobic
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Ciprofloxacin

It possesses a broad spectrum of antimicrobial action, highly effective against Gram-
negative microorganisms, such as blue-pus bacillus, hemophilic and colon bacillus, shigella,
salmonella, meningococci, gonococci, and a few forms of enterococci.

It is also active with respect to many strains of staphylococci, camphylobacter, legionella,
mycoplasma, chlamydia, and mycobacteria. Ureaplasma urealyticum, Clostridium difficile,
and Nocardia asteroids are resistant to it.

It is used for infections of the urinary tract, respiratory tract, biliary tract, infective-
inflammatory diseases of the abdominal cavity and organs, pelvis minor, bones, joints, and
skin, bacterial prostatitis, noncomplicated gonorrhea, osteomyelitis, and pulmonary
infections.

It is effective in treating acute infectious diarrhea, including traveler’s diarrhea and enteritis.

Side effects are rarely seen when taking this drug.

Synonym: ciproquin, ciprolet, cipropan, ciproxan, and ciprocinal

bacteria are not sensitive to this drug, while enterococci and akinetobacter are not very
sensitive. It is used for bacterial infections of the urinary tract, prostate gland, gastro-
intestinal tract, gonorrhea, and traveler’s diarrhea. Synonyms of this drug are noroxin,
barazan, fulgram, bacidal, and others.

Ciprofloxacin: Ciprofloxacin, 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piper-
azinyl)-3-quinolincarboxylic acid (33.2.19), is synthesized in a completely analogous
scheme, except that instead of using ethyl iodide in the alkylation stage, cyclopropyl 
bromide is used [76–78].

Ciprofloxacin possesses a broad spectrum of antimicrobial action. It is highly effective
against Gram-negative microorganisms, such as blue-pus bacillus, hemophilic and colon
bacillus, shigella, salmonella, meningococci, gonococci, and a few forms of enterococci.
It is also active with respect to many strains of staphylococci, camphylobacter, legionella,
mycoplasma, chlamydia, and mycobacteria. Ureaplasma urealyticum, Clostridium diffi-
cile, and Nocardia asteroids are resistant to it. It is used for infections of the urinary tract,
respiratory tract, biliary tract, infective-inflammatory diseases of the abdominal cavity and
organs, pelvis minor, bones, joints, and skin.

Ciprofloxacin is also effective for bacterial prostatitis, noncomplicated gonorrhea,
osteomyelitis, and pulmonary infections. It is effective in treating acute infectious diar-
rhea, including traveler’s diarrhea and enteritis. Side effects are rarely seen when taking
this drug. Synonyms of this drug are ciproquin, ciprolet, cipropan, ciproxan, ciprocinal,
and many others.

Enoxacin: Enoxacin, 1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-1,8-naph-
thiridin-3-carboxylic acid (33.2.24), only differs from norfloxacin in that the carbon atom
in position 8 of norfloxacin is replaced with a nitrogen atom, i.e. this drug belongs to the
napthiridine series and not the quinolone series. It is synthesized from 2,6-dichloro-3-
nitropyridine, which is reacted with N-ethoxycarbonylpiperazine, and which leads to sub-
stitution of the chlorine atom at the second position of the pyridine ring to give (33.2.20).
Subsequent replacement of the chlorine atom at position C6 with an amino group (using
ammonia), acylation of the resulting amino group with acetic anhydride, and finally, reduc-
tion of  the nitro group at position C3 of the pyridine ring with hydrogen gives 6-amino-3-
acetylamino-2-(4-ethoxycarbonylpiperazinyl)pyridine (33.2.21). In order to introduce a
fluorine atom at position C3, a Schiemann reaction is carried out. To do this, the free amino
group is diazotated with amyl nitrite, and the resulting diazonium salt is treated with tetra-
fluoroboric acid. The resulting diazonium tetrafluoroborate undergoes pyrolysis to give 3-
fluoro-6-acetylamino-2-(4-ethoxycarbonylpiperazinyl)pyridine. Finally, removing the
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acetyl protection of the amino group at position C6 gives 3-fluoro-6-amino-2-(4-ethoxycar-
bonylpiperazinyl)pyridine (33.2.22). The resulting amine (33.2.22) is reacted with 
ethyl ethoxymethylenmalonate, which results in the formation of a derivative of
aminomethylenmalonic ester, which upon heating gives the ethyl ester of 6-fluoro-1,4-
dihydro-4-oxo-7-(4-ethoxycarbonyl-1-piperazinyl)-1,8-naphthiridin-3-carboxylic acid
(33.2.23). Alkylating this with ethyl iodide followed by hydrolysis of the two carboethoxy
groups gives enoxacin [79–82].

In terms of the antibacterial spectrum and region of use, enoxacin basically exhibits the
same properties as norfloxacin. However, it is better absorbed from the gastrointestinal
tract and has a longer half-life. Synonyms of this drug are bactidan, flumarc, and 
others.

Ofloxacin: Ofloxacin, (!) 9-3-methyl-10-(4-methyl-1-piperazinyl)-7H-pyrido(1,2,3-
de)-1,4-benzoxazin-7-oxo-6-carboxylic acid (32.2.30), has a somewhat more complex
structure in comparison with the drugs described above, the main difference being the
presence of a methyl-substituted oxyethylene bridge between the nitrogen atom and posi-
tion C8 of the quinolone system as well as the presence of a methyl substituent at posi-
tion C4 of the piperazine ring. It is synthesized from 2,3,4-trifluoronitrobenzene, which
upon reaction with potassium hydroxide gives 2-hydroxy-3,4-difluoronitrobenzene
(33.2.25). Reacting this with chloroacetone in the presence of potassium iodide and
potassium carbonate gives the corresponding ether of hydroxyacetone (33.2.26).
Exhaustive reduction of this compound with hydrogen over Raney nickel in one step
gives the desired derivative of difluorobenzoxazine (33.2.27), bypassing, perhaps unnec-
essary, if not impossible, isolation stages of the amine, then the internal imine, and finally
the desired product. According to the schemes of synthesis that have been repeated many
times above, the secondary heterocyclic amine (33.2.27) is reacted with ethyl
ethoxymethylenmalonate, and the resulting aminomethylmalonic derivative (33.2.28)
cyclizes into a pyrido-benzoxazine system. However, unlike any of the cases described
above where the reaction was done at high temperatures, this reaction is accomplished
using polyphosphoric acid. The resulting ethyl ester of 9,10-difluoro-3-methyl-7H-
pyrido (1,2,3-de)-1,4-benzoxazin-7-oxo-6-carboxylic acid undergoes hydrolysis to the
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Enoxacin

In terms of the antibacterial spectrum and region of use, enoxacin basically exhibits the
same properties as norfloxacin. However, it is better absorbed from the gastrointestinal tract
and has a longer half-life.

Synonym: bactidan and flumarc
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corresponding acid (33.2.29). Finally, reacting this product with N-methylpiperazine
replaces the fluorine atom at position C10 of the pyridobenzoxazine system, forming
orloxacin (32.2.30) [83–86].

Ofloxacin also possesses a broad spectrum of antimicrobial action. It is highly active with
respect to Gram-negative microorganisms, such as blue-pus bacillus, hemophilic and colon
bacillus, shigella, salmonella, and chlamydia. It is used for infections of the respiratory
tract, ears, throat, nose, skin, soft tissue, bones, joints, infective-inflammatory diseases 
of the abdominal cavity organs (kidneys, urinary tract), and organs of the pelvis minor
(genitalia), and for gonorrhea. Synonyms of this drug are tarivid, flobacin, and others.

33.3 NITROFURANES

A few nitrofurane derivatives possess pronounced antimicrobial activity. All of these com-
pounds are characterized by the fact that they are derivatives of 5-nitrofurfurol, which are syn-
thesized by reacting various compounds that contain a hydrazine functional group.
Nitrofuranes are effective with respect to Gram-positive and Gram-negative microorganisms
as well as trichomonad and lambliosis. In small concentrations, these drugs act bacteriostati-
cally, while in high concentrations they act bactericidally. They are most effective against a
few strains of E. coli, Klebsiella, Enterobacter and Citrobacter. It should be noted that they
can also be effective against a few microorganisms that are resistant to antibiotics and sulfon-
amides. Nitrofurazone, furazolidon, and nitrofurantion are the most widely used. Derivatives
of nitrofurane are used both orally and as external drugs. Drugs of this series accumulate in
the urine and bile. The speed of absorption depends heavily on the crystallized form of the
drug. Nitrofuranes are used predominantly as antiseptics for external use (nitrofurazone) as
well as for treating infections of the urinary tract and intestines. The exact mechanism of
action of these drugs has not been established. However, it seems likely that they inhibit a
number of bacterial enzyme systems, most likely by damaging their DNA. It is presumed that
the enzyme nitroreductase transforms these drugs to short-lived, intermediate radicals, which
react with DNA of bacteria and damage the process of twisting. Resistance, which is rarely
observed, can originate as a result of mutations linked to a loss of nitroreductase activity.
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Ofloxacin

It possesses a broad spectrum of antimicrobial action, highly active with respect to Gram-
negative microorganisms such as blue-pus bacillus, hemophilic and colon bacillus, shigella,
salmonella, and chlamydia.

It is used for infections of the respiratory tract, ears, throat, nose, skin, soft tissue, bones,
joints, infective-inflammatory diseases of the abdominal cavity organs (kidneys, urinary tract),
and organs of the pelvis minor (genitalia), and for gonorrhea.

Synonym: tarivid and flobacin



48

33.3 NITROFURANES

A few nitrofurane derivatives possess pronounced antimicrobial activity. All of these
compounds are characterized by the fact that they are derivatives of 5-nitrofurfurol, which
are synthesized by reacting various compounds that contain a hydrazine functional group.

Nitrofuranes are effective with respect to Gram-positive and Gram-negative microorganisms
as well as trichomonad and lambliosis.

In small concentrations, these drugs act bacteriostatically, while in high concentrations they
act bactericidally.

They are most effective against a few strains of E. coli, Klebsiella, Enterobacter and
Citrobacter. They can also be effective against a few microorganisms that are resistant to
antibiotics and sulfonamides.

Nitrofurazone, furazolidon, and nitrofurantion are the most widely used. Derivatives of
nitrofurane are used both orally and as external drugs.
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Drugs of this series accumulate in the urine and bile. The speed of absorption depends
heavily on the crystallized form of the drug.

Nitrofuranes are used predominantly as antiseptics for external use (nitrofurazone) as well
as for treating infections of the urinary tract and intestines.

The exact mechanism of action of these drugs has not been established. However, it seems
likely that they inhibit a number of bacterial enzyme systems, most likely by damaging their
DNA.

It is presumed that the enzyme nitroreductase transforms these drugs to short-lived,
intermediate radicals, which react with DNA of bacteria and damage the process of twisting.

Resistance, which is rarely observed, can originate as a result of mutations linked to a loss
of nitroreductase activity.
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Nitrofurazone

It is an effective drug that acts on a number of Gram-positive and Gram-negative
microorganisms (staphylococci, streptococci, dysentery bacillus, colon bacillus, paratyphoid
bacillus, and others).

It is generally used externally for treating and preventing the pyoinflammatory processes,
and internally for treating bacterial dysentery.

Wounds are irrigated and wet bandages are synthesized using nitrofurazone.

It is used in the form of eye drops for practically all suppurative processes that require use
of antibacterial drugs.

Synonym: furacillin, furacin, antibioptal, and vabrocid

Nitrofurazone: Nitrofurazone is the semicarbazone 5-nitrofurfurol (33.3.1). It is synthe-
sized by reacting 5-nitrofurfurol with semicarbazide [87,88].

Nitrofurazone is an effective drug that acts on a number of Gram-positive and Gram-nega-
tive microorganisms (staphylococci, streptococci, dysentery bacillus, colon bacillus, paraty-
phoid bacillus, and others). It is generally used externally for treating and preventing the
pyoinflammatory processes, and internally for treating bacterial dysentery. Wounds are irri-
gated and wet bandages are synthesized using nitrofurazone. It is used in the form of eye
drops for practically all suppurative processes that require use of antibacterial drugs.
Synonyms of this drug are furacillin, furacin, antibioptal, vabrocid, and others.

Nitrofurantoin: Nitrofurantoin, 1-(5-nitrofurfurylidenamino)hydantoin (33.3.5), is syn-
thesized from hydrazinoacetic acid (33.3.2), which is synthesized by reacting chloroacetic
acid with hydrazine. Reacting hydrazinoacetic acid with potassium cyanate gives the semi-
carbazidoacetic acid (33.3.3), which upon heating cyclizes into 1-aminoidantoin (33.3.4).
Reacting this with diacetylacetal of 5-nitrofurfurol gives the desired nitrofurantoin
[89–93].

Like nitrofurazone, nitrofurantoin is an effective drug that acts on a number of Gram-
positive and Gram-negative microorganisms (staphylococci, streptococci, dysentery bacil-
lus, colon bacillus, paratyphoid bacillus, and others). It is primarily used for treating infec-
tious diseases of the urinary tract (pyelitis, pyelonephritis, cystitis, urethritis). Synonyms of
this drug are furadonin, ituran, phenurin, urolong, cistofuran, nitrofurin, and many others.

Furazolidone: Furazolidone, 3-(5-nitrofurfuryliden)amino-2-oxazolidinone (33.7.8), is
synthesized from 2-hydroazinoethanol, which is reacted with diethyloxalate to make 3-
amino-2-oxazolidone. Reacting this with benzaldehyde gives the corresponding hydrazone
(33.3.7). Purifying the resulting product and then reacting it with 5-nitrofurfurol gives
furazolidone [94–97].
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Nitrofurantoin

Like nitrofurazone, nitrofurantoin is an effective drug that acts on a number of Gram-positive
and Gram-negative microorganisms (staphylococci, streptococci, dysentery bacillus, colon
bacillus, paratyphoid bacillus, and others).

It is primarily used for treating infectious diseases of the urinary tract (pyelitis, pyelonephritis,
cystitis, urethritis).

Synonym: furadonin, ituran, phenurin, urolong, cistofuran, and nitrofurin

Nitrofurazone: Nitrofurazone is the semicarbazone 5-nitrofurfurol (33.3.1). It is synthe-
sized by reacting 5-nitrofurfurol with semicarbazide [87,88].

Nitrofurazone is an effective drug that acts on a number of Gram-positive and Gram-nega-
tive microorganisms (staphylococci, streptococci, dysentery bacillus, colon bacillus, paraty-
phoid bacillus, and others). It is generally used externally for treating and preventing the
pyoinflammatory processes, and internally for treating bacterial dysentery. Wounds are irri-
gated and wet bandages are synthesized using nitrofurazone. It is used in the form of eye
drops for practically all suppurative processes that require use of antibacterial drugs.
Synonyms of this drug are furacillin, furacin, antibioptal, vabrocid, and others.

Nitrofurantoin: Nitrofurantoin, 1-(5-nitrofurfurylidenamino)hydantoin (33.3.5), is syn-
thesized from hydrazinoacetic acid (33.3.2), which is synthesized by reacting chloroacetic
acid with hydrazine. Reacting hydrazinoacetic acid with potassium cyanate gives the semi-
carbazidoacetic acid (33.3.3), which upon heating cyclizes into 1-aminoidantoin (33.3.4).
Reacting this with diacetylacetal of 5-nitrofurfurol gives the desired nitrofurantoin
[89–93].

Like nitrofurazone, nitrofurantoin is an effective drug that acts on a number of Gram-
positive and Gram-negative microorganisms (staphylococci, streptococci, dysentery bacil-
lus, colon bacillus, paratyphoid bacillus, and others). It is primarily used for treating infec-
tious diseases of the urinary tract (pyelitis, pyelonephritis, cystitis, urethritis). Synonyms of
this drug are furadonin, ituran, phenurin, urolong, cistofuran, nitrofurin, and many others.

Furazolidone: Furazolidone, 3-(5-nitrofurfuryliden)amino-2-oxazolidinone (33.7.8), is
synthesized from 2-hydroazinoethanol, which is reacted with diethyloxalate to make 3-
amino-2-oxazolidone. Reacting this with benzaldehyde gives the corresponding hydrazone
(33.3.7). Purifying the resulting product and then reacting it with 5-nitrofurfurol gives
furazolidone [94–97].
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Nitrofurazone: Nitrofurazone is the semicarbazone 5-nitrofurfurol (33.3.1). It is synthe-
sized by reacting 5-nitrofurfurol with semicarbazide [87,88].

Nitrofurazone is an effective drug that acts on a number of Gram-positive and Gram-nega-
tive microorganisms (staphylococci, streptococci, dysentery bacillus, colon bacillus, paraty-
phoid bacillus, and others). It is generally used externally for treating and preventing the
pyoinflammatory processes, and internally for treating bacterial dysentery. Wounds are irri-
gated and wet bandages are synthesized using nitrofurazone. It is used in the form of eye
drops for practically all suppurative processes that require use of antibacterial drugs.
Synonyms of this drug are furacillin, furacin, antibioptal, vabrocid, and others.

Nitrofurantoin: Nitrofurantoin, 1-(5-nitrofurfurylidenamino)hydantoin (33.3.5), is syn-
thesized from hydrazinoacetic acid (33.3.2), which is synthesized by reacting chloroacetic
acid with hydrazine. Reacting hydrazinoacetic acid with potassium cyanate gives the semi-
carbazidoacetic acid (33.3.3), which upon heating cyclizes into 1-aminoidantoin (33.3.4).
Reacting this with diacetylacetal of 5-nitrofurfurol gives the desired nitrofurantoin
[89–93].

Like nitrofurazone, nitrofurantoin is an effective drug that acts on a number of Gram-
positive and Gram-negative microorganisms (staphylococci, streptococci, dysentery bacil-
lus, colon bacillus, paratyphoid bacillus, and others). It is primarily used for treating infec-
tious diseases of the urinary tract (pyelitis, pyelonephritis, cystitis, urethritis). Synonyms of
this drug are furadonin, ituran, phenurin, urolong, cistofuran, nitrofurin, and many others.

Furazolidone: Furazolidone, 3-(5-nitrofurfuryliden)amino-2-oxazolidinone (33.7.8), is
synthesized from 2-hydroazinoethanol, which is reacted with diethyloxalate to make 3-
amino-2-oxazolidone. Reacting this with benzaldehyde gives the corresponding hydrazone
(33.3.7). Purifying the resulting product and then reacting it with 5-nitrofurfurol gives
furazolidone [94–97].
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Furazolidone, like the other nitrofurane derivatives listed above, is effective against Gram-
positive and Gram-negative microorganisms. However, it also possesses antitrichomonal
activity and is effective in treating lambliosis. In comparison with nitrofurazone and nitro-
furantoin, furazolidone is more active with respect to Gram-negative microorganisms, and
at the same time it is less toxic. Furazolidone is used internally and locally for the same
indications as nitrofurazone and nitrofurantoin. Synonyms of this drug are diafuron,
furoxan, itifur, vaginol, medaron, and others.
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Furazolidone

Furazolidone is effective against Gram-positive and Gram-negative microorganisms.
However, it also possesses antitrichomonal activity and is effective in treating lambliosis.

In comparison with nitrofurazone and nitrofurantoin, furazolidone is more active with respect
to Gram-negative microorganisms, and at the same time it is less toxic.

Furazolidone is used internally and locally for the same indications as nitrofurazone and
nitrofurantoin.

Synonym: diafuron, furoxan, itifur, vaginol, and medaron


