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2. Local Anesthetics
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Local anesthetics are medications used for the purpose of temporary and reversible
elimination of painful feelings in specific areas of the body by blocking transmission
of nerve fiber impulses.

These drugs, unlike general anesthetics, cause a loss of feeling in specific areas while
keeping the patient conscious.

In clinical situations, local anesthetics are widely used for pain relief in situations ranging
from dental procedures to gynecological interventions, soreness, itching, and irritation
associated with disturbance of the integrity of the skin and mucous membranes (cuts, bites,
wounds, rashes, allergic conditions, fungal infections, skin sores, and cracking).

They are used during opthalmological procedures such as tonometry, gonioscopy, removal
of foreign bodies, and during minor surgical interventions.

Local anesthetics reversibly block nerve transmission, cause local loss of feeling while
relieving local pain and preventing muscle activity in the process.
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Local anesthetics can be differentiated by their method of clinical use:

1. Topical anesthesia: Local use on the mucous membranes of the nose, mouth, larynx,
tracheobrachial tree, eyes, urinary tract, and gastrointestinal tract causes superficial
anesthesia.

Drugs: benzocaine, cyclomethycaine, hexylcaine, cocaine, lidocaine, and tetracaine

2. Infiltration anesthesia: Direct introduction of local anesthetic into the skin or deeper
tissue for surgical intervention.

Drugs: lidocaine, mepivacaine, bupivacaine, ethidocaine, and procaine

3. Block or regional anesthesia: Introduction of local anesthetic into an individual nerve or
group of nerves during minor surgical interventions with the purpose of blocking the feeling
and motor action is frequently called block or regional anesthesia.

This method is often used during surgical intervention of the shoulder, arm, neck, or leg.

Drugs: Lidocaine, mepivacaine, and bupivacaine
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4. Spinal anesthesia: Introduction of local anesthetics directly into the spinal fluid, which
causes a sympathetic blockage, or loss of feeling as well as muscle relaxation resulting from
the interaction of anesthetic with every spinal nerve tract.

This method is used during major surgical interventions.

Drugs: lidocaine, mepivacaine, and bupivacaine

5. Epidural anesthesia: Introduction of local anesthetic into the spinal cord membrane of
the intervertebral space.

It is used during obstetrical and gynecological interventions that do not require a fast
development of anesthesia.

Drugs: lidocaine, mepivacaine, bupivacaine, ethidocaine, and chloroprocaine
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History:

The alkaloid cocaine was first used in 1884 as a local anesthetic in a clinical
opthalmological intervention. Due to the danger of drug addiction and high toxicity, its use is
severely limited.

The synthetic local anesthetic drug appeared in clinical practice in 1905.

In 1947, lidocaine was introduced and bupivacaine in 1963.

Mechanism:

As agents blocking conductivity in axons and dendrites, local anesthetics differ from the
compounds that block neuron transmission in synapses.

Mechanism for local anesthetic action: they serve as sodium channel blockers

The molecular targets of local anesthetic action are the voltage-requiring sodium channels,
which are present in all the neurons.
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After introduction of local anesthetic (in the form of a water-soluble salt) into the
organism, equilibrium is established between the neutral and cationic forms of the drug
(depending on the pKa of the drug and the pH of the interstitial fluid).

The neutral drug can pass through connective tissue surrounding the nerve fiber and
through the phospholipid plasma membrane into the axoplasm. In the axoplasm, the
base is once again ionized until it reaches an appropriate value determined by
intracellular pH.

These drugs selectively bind with the intracellular surface of sodium channels and block
the entrance of sodium ions into the cell. This leads to stop the depolarization process,
which is necessary for the diffusion of action potentials, elevation of the threshold of
electric nerve stimulation, and thus the elimination of pain.

Since the binding process of anesthetics to ion channels is reversible, the drug diffuses
into the vascular system where it is metabolized, and nerve cell function is completely
restored.
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The mechanism of benzocaine action differs slightly, since it presumably acts by diffusing
across the phospholipid membrane and then stretching it out. This deforms the sodium
channels and lowers sodium conduction.

An analogous mechanism of stretching (changing the fluidity) of the membrane was also
suggested as an explanation for the action mechanism of general anesthetics.

Structure:

General anesthetics can be classified as esters of n-aminobenzoic acid and
dialkylaminoalkanols, or as anilides of N,N-dialkyl substituted α-aminoacids.

This process lasts 1–2 msec, after which the nerve cell, having transmitted the necessary
impulse, restores its ion gradient. 

It is believed that after introduction of local anesthetic into the organism in the form of
a water-soluble salt, equilibrium is established between the neutral and cationic forms of
the used drug depending on the pKa of the drug and the pH of the interstitial fluid. It is
also believed that only the uncharged (neutral) drug form can pass through—it passes
through connective tissue surrounding the nerve fiber and through the phospholipid plasma
membrane into the axoplasm. In the axoplasm, the base is once again ionized until it
reaches an appropriate value determined by intracellular pH. 

It is suspected that these drugs selectively bind with the intracellular surface of
sodium channels and block the entrance of sodium ions into the cell. This leads to stop-
page of the depolarization process, which is necessary for the diffusion of action poten-
tials, elevation of the threshold of electric nerve stimulation, and thus the elimination of
pain. Since the binding process of anesthetics to ion channels is reversible, the drug dif-
fuses into the vascular system where it is metabolized, and nerve cell function is com-
pletely restored. 

The mechanism of benzocaine action differs slightly from that mentioned above. It pre-
sumably acts by diffusing across the phospholipid membrane and then stretching it out.
This deforms the sodium channels, which in turn, and in a unique manner, lowers sodium
conduction. 

An analogous mechanism of stretching (changing the fluidity) of the membrane was
also suggested as an explanation for the action mechanism of general anesthetics.  

From the chemical point of view, general anesthetics can be classified as esters of 
n-aminobenzoic acid and dialkylaminoalkanols, or as anilides of N,N-dialkyl substituted
α-aminoacids. 

Upon formal examination, all of the commonly used anesthetics are made up of three
parts: an aromatic ring (lipophilic region), an intermediate hydrocarbon chain, and an
amine region (hydrophilic group). A substitution in the aromatic ring and in the amine
region changes both the solubility and the extent of binding of anesthetics to the recep-
tors, which in turn determines the strength and duration of the action of the drugs. It is an
accepted belief that the ability to cause allergic reactions, stability, and in a number of
cases, toxicity, is determined by the structure of the connecting chain, which also deter-
mines the site of biotransformation and inactivation of the drug: either by fermentative
hydrolysis in the plasma (ester anesthetics), or decomposition in the liver (aminoamide
anesthetics).

It is interesting that a number of antihistamine, anticholinergic, and adrenergenic drugs
having analogous chemical structures, also exhibit local anesthetic properties. It is possi-
ble that by interacting with internal axoplasmic membranes, they reduce the ion flow; in
particular, the flow of sodium ions inside nerve cells. 
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They are made up of three parts:

aromatic ring (lipophilic region), intermediate hydrocarbon chain, and amine region
(hydrophilic group).
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A substitution in the aromatic ring and in the amine region changes both the solubility
and the extent of binding of anesthetics to the receptors, which in turn determines the
strength and duration of the action of the drugs.

The ability to cause allergic reactions, stability and toxicity is determined by the
structure of the connecting chain, which also determines the site of biotransformation
and inactivation of the drug: either by fermentative hydrolysis in the plasma (ester
anesthetics), or decomposition in the liver (aminoamide anesthetics).

It is interesting that a number of antihistamine, anticholinergic, and adrenergenic drugs
having analogous chemical structures, also exhibit local anesthetic properties.
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Amino-ester series
Procaine

a short-acting local anesthetic.

used in infiltration, block, epidural, and spinal cord anesthesia, and for potentiating activity of
basic drugs during general anesthesia.

It may cause allergic reactions.

Synonym: of procaine are novocaine, adrocaine, impletol, and melkaine.

2.1 LOCAL ANESTHETICS OF THE AMINOETHER SERIES

Procaine: Procaine, the 2-diethylaminoethyl ester of 4-aminobenzoic acid (2.1.1), better
known as novocaine, is synthesized in two ways. The first way consists of the direct reac-
tion of the 4-aminobenzoic acid ethyl ester with 2-diethylaminoethanol in the presence
of sodium ethoxide. The second way of synthesis is by reacting 4-nitrobenzoic acid
with thionyl chloride, which gives the acid chloride (2.1.2), which is then esterified with
N,N-diethylaminoethanol. Subsequent reduction of the nitro group by hydrogenation of the
resulting ester (2.1.3) into an amino group takes place in the presence of Raney nickel [1–4]. 

Procaine is a short-acting local anesthetic. It is used for reducing painful symptoms of various
types, and it is widely used in infiltration, block, epidural, and spinal cord anesthesia, and for
potentiating activity of basic drugs during general anesthesia. It may cause allergic reactions.
The most common synonyms of procaine are novocaine, adrocaine, impletol, and melkaine. 

Chloroprocaine: Chloroprocaine, the 2-diethylaminoethyl ester of 2-chloro-4-aminoben-
zoic acid (2.1.5), is the ortho-chlorinated (in relation to the carbonyl group of the benzene
ring) analog of procaine. Synthesis of this drug is accomplished by directly reacting the
hydrochloride of the 4-amino-2-chlorbenzoic acid chloride (2.1.4) with hydrochloride of
diethylaminoethanol. The hydrochloride of 4-amino-2-chlorbenzoic acid chloride needed for
synthesis is synthesized by reacting 2-chloro-4-aminobenzoic acid with thionyl chloride [5].
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Chloroprocaine

used in situations requiring fast-acting pain relief.

It is also used in infiltration anesthesia, blocking peripheral nerve transmission, and in
spinal and epidural anesthesia.

Synonym: Nesacaine is a for chloroprocaine.

2.1 LOCAL ANESTHETICS OF THE AMINOETHER SERIES

Procaine: Procaine, the 2-diethylaminoethyl ester of 4-aminobenzoic acid (2.1.1), better
known as novocaine, is synthesized in two ways. The first way consists of the direct reac-
tion of the 4-aminobenzoic acid ethyl ester with 2-diethylaminoethanol in the presence
of sodium ethoxide. The second way of synthesis is by reacting 4-nitrobenzoic acid
with thionyl chloride, which gives the acid chloride (2.1.2), which is then esterified with
N,N-diethylaminoethanol. Subsequent reduction of the nitro group by hydrogenation of the
resulting ester (2.1.3) into an amino group takes place in the presence of Raney nickel [1–4]. 

Procaine is a short-acting local anesthetic. It is used for reducing painful symptoms of various
types, and it is widely used in infiltration, block, epidural, and spinal cord anesthesia, and for
potentiating activity of basic drugs during general anesthesia. It may cause allergic reactions.
The most common synonyms of procaine are novocaine, adrocaine, impletol, and melkaine. 

Chloroprocaine: Chloroprocaine, the 2-diethylaminoethyl ester of 2-chloro-4-aminoben-
zoic acid (2.1.5), is the ortho-chlorinated (in relation to the carbonyl group of the benzene
ring) analog of procaine. Synthesis of this drug is accomplished by directly reacting the
hydrochloride of the 4-amino-2-chlorbenzoic acid chloride (2.1.4) with hydrochloride of
diethylaminoethanol. The hydrochloride of 4-amino-2-chlorbenzoic acid chloride needed for
synthesis is synthesized by reacting 2-chloro-4-aminobenzoic acid with thionyl chloride [5].
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Tetracaine

Strong and long-lasting local anesthetic.

It is primarily used in spinal cord anesthesia.

Synonyms: pontocaine and butylcaine

Chloroprocaine is used in situations requiring fast-acting pain relief. It is also used in infil-
tration anesthesia, blocking peripheral nerve transmission, and in spinal and epidural anes-
thesia. Nesacaine is a synonym for chloroprocaine. 

Tetracaine: Tetracaine, the 2-diethylaminoethyl ester of 4-butylaminobenzoic acid
(2.1.6), is also structurally analogous to procaine, in which the amino group of the benzene
ring is replaced by a butylamine radical. The methods for its synthesis are the same as the
above-mentioned methods for procaine or chloroprocaine, with the exception of using 4-
butylaminobenzoic acid in place of 4-aminobenzoic acid. There is also a proposed method
of synthesis that comes directly from procaine (2.1.1). It consists on its direct reaction with
butyric aldehyde and simultaneous reduction by hydrogen using a palladium on carbon
catalyst [6].

Tetracaine is a strong, long-lasting local anesthetic. It is primarily used in spinal cord
anesthesia. The most well-known synonyms of tetracaine are pontocaine and butylcaine.

Cocaine: Cocaine, 3-β-benzoyloxy-2β-(2.1.13) can be considered the practical, and in a
certain sense, the ideological ancestor of anesthetics of the aminoester series. The alkaloid
cocaine was isolated in 1860 from leaves of the cocaine shrub (Erthroxylon coca), which
contains various alkaloids that are ecogonic derivatives (2.1.11), of which cocaine makes up
a significant portion. Its structure was established in 1898. The main part of obtaining
cocaine is synthesized in a semisynthetic manner. By saponification of a number of alka-
loids extracting from coca leaves, ecogonin is obtained (2.1.11), carboxylic group of which
is methylated which gives the methyl ester of ecogonin (2.1.12). The hydroxyl group of the
obtained product is further benzoylated, which gives cocaine (2.1.13). The process of these
conversions corresponds with the final part of the first scheme of cocaine synthesis. 

The first synthesis of cocaine was proposed in 1902. The two subsequent schemes could
be considered the most rational of the proposed choices for cocaine synthesis. The first fig-
ure shows the cocaine synthesis which starts from the potassium salt of the acetonedicar-
bonic acid ethyl ester, which upon electrolysis gives the diethyl ester of succinyldiacetic
acid (2.1.7), which upon further reaction with methylamine forms 1-methyl-2,5-dicar-
bethoxymethyldenepyrrolidin (2.1.8). Reduction of the two double bonds in this compound
leads to the formation of 1-methyl-2,5-dicarboethoxymethylpyrrolidine (2.1.9). This under-
goes intermolecular Dieckman cyclization using sodium ethoxide as a condensing agent,
which gives the ethyl ester of tropin-2-carboxylic acid (2.1.10). Reduction of the keto group
and final hydrolysis of the carboethoxy group gives tropin-2-carboxylic acid, or ecogonin
(2.1.11). Methylation of the carboxyl group to an ester (2.1.12) and further esterification of
the hydroxyl group by benzoyl chloride leads to a racemic mixture of 3-benzoyl-2-
methoxycarbonyltropane (2.1.3), from which D,L-cocaine was isolated. The separation of
optical isomers is accomplished through the transformation to D-bromocamphor-β-sulfonic
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Cocaine

The alkaloid cocaine was isolated in 1860 from leaves of the cocaine shrub (Erthroxylon
coca), which contains various alkaloids that are ecogonic derivatives (2.1.11), of which
cocaine makes up a significant portion.

Its structure was established in 1898. The first synthesis of cocaine was proposed in 1902.
acid salts; however, upon hydrolysis both the bromocamphorsulfonic and the benzoyl
groups detach, after which a repetitive benzoylation is performed [7].

According to the next scheme, synthesis of cocaine starts from tropanone, which under-
goes methoxycarbonylation with dimethylcarbonate in the presence of sodium, forming
the sodium salt (2.1.14), which after the cautious acidic hydrolysis and reduction of the
carbonyl group of the resulting ketoester (by sodium amalgam or electrolytically) is ester-
ified by benzoylchloride, giving the desired product [8]. 

As in the previous example, the final product is a racemate from which the levorotary iso-
mer is isolated. Other methods of synthesis were suggested later on [9,10].

Cocaine is only used in exceptional cases as a topical anesthetic in ophthalmology due
to the fast onset of addiction and its powerful effect on the CNS. 

2.2 LOCAL ANESTHETICS OF THE AMINOAMIDE SERIES

Lidocaine: Lidocaine, 2-(diethylamino)-N-(2,6-dimethylphenyl)acetamide (2.2.2), is
synthesized from 2,6-dimethylaniline upon reaction with chloroacetic acid chloride, which
gives α-chloro-2,6-dimethylacetanilide (2.1.1), and its subsequent reaction with diethy-
lamine [11].
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The final product is a racemate from which the levorotary isomer is isolated.

Cocaine is only used in exceptional cases as a topical anesthetic in ophthalmology due to
the fast onset of addiction and its powerful effect on the CNS.

acid salts; however, upon hydrolysis both the bromocamphorsulfonic and the benzoyl
groups detach, after which a repetitive benzoylation is performed [7].

According to the next scheme, synthesis of cocaine starts from tropanone, which under-
goes methoxycarbonylation with dimethylcarbonate in the presence of sodium, forming
the sodium salt (2.1.14), which after the cautious acidic hydrolysis and reduction of the
carbonyl group of the resulting ketoester (by sodium amalgam or electrolytically) is ester-
ified by benzoylchloride, giving the desired product [8]. 

As in the previous example, the final product is a racemate from which the levorotary iso-
mer is isolated. Other methods of synthesis were suggested later on [9,10].

Cocaine is only used in exceptional cases as a topical anesthetic in ophthalmology due
to the fast onset of addiction and its powerful effect on the CNS. 

2.2 LOCAL ANESTHETICS OF THE AMINOAMIDE SERIES

Lidocaine: Lidocaine, 2-(diethylamino)-N-(2,6-dimethylphenyl)acetamide (2.2.2), is
synthesized from 2,6-dimethylaniline upon reaction with chloroacetic acid chloride, which
gives α-chloro-2,6-dimethylacetanilide (2.1.1), and its subsequent reaction with diethy-
lamine [11].
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Amino-amide series

Lidocaine

Its excellent therapeutic activity is fast-acting and lasts sufficiently long to make it suitable for
practically any clinical use.

It stabilizes cell membranes, blocks sodium channels, facilitates the secretion of potassium
ions out of the cell, and speeds up the repolarization process in the cell membrane.

It is used for terminal infiltration, block, epidural, and spinal anesthesia during operational
interventions in dentistry, otolaryngology, obstetrics, and gynecology.

It is also used for premature ventricular extrasystole and tachycardia, especially in the acute
phase of cardiac infarction.

Synonym: xylocaine and neflurane

Lidocaine is the most widely used local anesthetic. Its excellent therapeutic activity is
fast-acting and lasts sufficiently long to make it suitable for practically any clinical use.
It stabilizes cell membranes, blocks sodium channels, facilitates the secretion of potas-
sium ions out of the cell, and speeds up the repolarization process in the cell membrane.
It is used for terminal infiltration, block, epidural, and spinal anesthesia during opera-
tional interventions in dentistry, otolaryngology, obstetrics, and gynecology. It is also
used for premature ventricular extrasystole and tachycardia, especially in the acute
phase of cardiac infarction. Synonyms for this drug are xylocaine, neflurane, and many
others.

Mepivacaine: Mepivacaine is N-(2,6-dimethylphenyl)-1-methyl-2-piperindincarboxam-
ide (2.2.3). Two primary methods of synthesis have been suggested. According to the first,
mepivacaine is synthesized by reacting the ethyl ester of 1-methylpiperindine-2-carboxylic
acid with 2,6-dimethylanilinomagnesium bromide, which is synthesized from 2,6-
dimethylaniline and ethylmagnesium bromide [12–14].

According to the figure below, reacting 2,6-dimethylaniline with the acid chloride of pyri-
dine-carboxylic acid first gives the 2,6-xylidide of α-picolinic acid (2.2.4). Then the aro-
matic pyridine ring is reduced to piperidine by hydrogen in the presence of a platinum on
carbon catalyst. 

The resulting 2,6-xylidide α-pipecolinic acid (2.2.5) is methylated to mepivacaine using
formaldehyde with simultaneous reduction by hydrogen in the presence of platinum on
carbon catalyst [15].
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Mepivacaine

Similar to lidocaine in terms of properties; however, it has longer lasting effects.

Synonym: carbocaine and estradurin

Lidocaine is the most widely used local anesthetic. Its excellent therapeutic activity is
fast-acting and lasts sufficiently long to make it suitable for practically any clinical use.
It stabilizes cell membranes, blocks sodium channels, facilitates the secretion of potas-
sium ions out of the cell, and speeds up the repolarization process in the cell membrane.
It is used for terminal infiltration, block, epidural, and spinal anesthesia during opera-
tional interventions in dentistry, otolaryngology, obstetrics, and gynecology. It is also
used for premature ventricular extrasystole and tachycardia, especially in the acute
phase of cardiac infarction. Synonyms for this drug are xylocaine, neflurane, and many
others.

Mepivacaine: Mepivacaine is N-(2,6-dimethylphenyl)-1-methyl-2-piperindincarboxam-
ide (2.2.3). Two primary methods of synthesis have been suggested. According to the first,
mepivacaine is synthesized by reacting the ethyl ester of 1-methylpiperindine-2-carboxylic
acid with 2,6-dimethylanilinomagnesium bromide, which is synthesized from 2,6-
dimethylaniline and ethylmagnesium bromide [12–14].

According to the figure below, reacting 2,6-dimethylaniline with the acid chloride of pyri-
dine-carboxylic acid first gives the 2,6-xylidide of α-picolinic acid (2.2.4). Then the aro-
matic pyridine ring is reduced to piperidine by hydrogen in the presence of a platinum on
carbon catalyst. 

The resulting 2,6-xylidide α-pipecolinic acid (2.2.5) is methylated to mepivacaine using
formaldehyde with simultaneous reduction by hydrogen in the presence of platinum on
carbon catalyst [15].
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Lidocaine is the most widely used local anesthetic. Its excellent therapeutic activity is
fast-acting and lasts sufficiently long to make it suitable for practically any clinical use.
It stabilizes cell membranes, blocks sodium channels, facilitates the secretion of potas-
sium ions out of the cell, and speeds up the repolarization process in the cell membrane.
It is used for terminal infiltration, block, epidural, and spinal anesthesia during opera-
tional interventions in dentistry, otolaryngology, obstetrics, and gynecology. It is also
used for premature ventricular extrasystole and tachycardia, especially in the acute
phase of cardiac infarction. Synonyms for this drug are xylocaine, neflurane, and many
others.

Mepivacaine: Mepivacaine is N-(2,6-dimethylphenyl)-1-methyl-2-piperindincarboxam-
ide (2.2.3). Two primary methods of synthesis have been suggested. According to the first,
mepivacaine is synthesized by reacting the ethyl ester of 1-methylpiperindine-2-carboxylic
acid with 2,6-dimethylanilinomagnesium bromide, which is synthesized from 2,6-
dimethylaniline and ethylmagnesium bromide [12–14].

According to the figure below, reacting 2,6-dimethylaniline with the acid chloride of pyri-
dine-carboxylic acid first gives the 2,6-xylidide of α-picolinic acid (2.2.4). Then the aro-
matic pyridine ring is reduced to piperidine by hydrogen in the presence of a platinum on
carbon catalyst. 

The resulting 2,6-xylidide α-pipecolinic acid (2.2.5) is methylated to mepivacaine using
formaldehyde with simultaneous reduction by hydrogen in the presence of platinum on
carbon catalyst [15].
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Bupivacaine

used in infiltration, spinal, and epidural anesthesia in blocking nerve transmission.

Its most distinctive property is its long-lasting action. It is used for surgical intervention in
urology and in lower thoracic surgery from 3 to 5 h in length, and in abdominal surgery lasting
from 45 to 60 min.

It is used to block the trifacial nerve, the sacral and brachial plexuses, in resetting dislocations,
in epidural anesthesia, and during Cesarian sections.

Synonym: marcaine

Mepivacaine is similar to lidocaine in terms of properties; however, it has longer lasting
effects. Synonyms of mepivacaine are carbocaine and estradurin.

Bupivacaine: Bupivacaine, N-2,6-(dimethyl)1-butyl-2-piperidincarboxamide (2.2.7), is
chemically similar to mepivacaine and only differs in the replacement of the N-methyl sub-
stituent on the piperidine ring with an N-butyl substituent. There are also two suggested meth-
ods of synthesis. The first comes from α-picolin-2,6-xylidide (2.2.4). The alkylation of the last
with butyl bromide gives the corresponding pyridine salt (2.2.6). Finally, it is reduced by
hydrogen using platinum oxide as a catalyst into a piperidine derivative—bupivacaine [13,16].

The other method results directly from the piperidine-2-carboxylic acid chloride, which is
reacted with 2,6-dimethylaniline. The resulting amide (2.2.8) is further alkylated with
butyl bromide to bupivacaine [17–19]. 

Like lidocaine and mepivacaine, bupivacaine is used in infiltration, spinal, and epidural anes-
thesia in blocking nerve transmission. Its most distinctive property is its long-lasting action.
It is used for surgical intervention in urology and in lower thoracic surgery from 3 to 5 h in
length, and in abdominal surgery lasting from 45 to 60 min. It is used to block the trifacial
nerve, the sacral and brachial plexuses, in resetting dislocations, in epidural anesthesia, and
during Cesarian sections. The most common synonym for bupivacaine is marcaine.

Ethidocaine: Ethidocaine, N-(2,6-dimethylphenyl)-2-(ethylpropylamino)butanamide
(2.2.12), is also an anilide of α-dialkylaminoacid; however, the sequence of reactions for
its formation differs somewhat from those examined above. In the first stage of synthesis,
2,6-dimethylaniline is reacted with α-bromobutyric acid chloride to give the bromoanilide
(2.2.9). Next, in order to increase the yield of the final product a substitution of bromine
atom for an iodine atom had been done. The resulting iodine derivative (2.2.10) easily
reacts with propylamine, forming aminoamide (2.2.11), which undergoes further N-ethyl-
ation using diethylsulfate to give ethidocaine [20,21]. 
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Mepivacaine is similar to lidocaine in terms of properties; however, it has longer lasting
effects. Synonyms of mepivacaine are carbocaine and estradurin.

Bupivacaine: Bupivacaine, N-2,6-(dimethyl)1-butyl-2-piperidincarboxamide (2.2.7), is
chemically similar to mepivacaine and only differs in the replacement of the N-methyl sub-
stituent on the piperidine ring with an N-butyl substituent. There are also two suggested meth-
ods of synthesis. The first comes from α-picolin-2,6-xylidide (2.2.4). The alkylation of the last
with butyl bromide gives the corresponding pyridine salt (2.2.6). Finally, it is reduced by
hydrogen using platinum oxide as a catalyst into a piperidine derivative—bupivacaine [13,16].

The other method results directly from the piperidine-2-carboxylic acid chloride, which is
reacted with 2,6-dimethylaniline. The resulting amide (2.2.8) is further alkylated with
butyl bromide to bupivacaine [17–19]. 

Like lidocaine and mepivacaine, bupivacaine is used in infiltration, spinal, and epidural anes-
thesia in blocking nerve transmission. Its most distinctive property is its long-lasting action.
It is used for surgical intervention in urology and in lower thoracic surgery from 3 to 5 h in
length, and in abdominal surgery lasting from 45 to 60 min. It is used to block the trifacial
nerve, the sacral and brachial plexuses, in resetting dislocations, in epidural anesthesia, and
during Cesarian sections. The most common synonym for bupivacaine is marcaine.

Ethidocaine: Ethidocaine, N-(2,6-dimethylphenyl)-2-(ethylpropylamino)butanamide
(2.2.12), is also an anilide of α-dialkylaminoacid; however, the sequence of reactions for
its formation differs somewhat from those examined above. In the first stage of synthesis,
2,6-dimethylaniline is reacted with α-bromobutyric acid chloride to give the bromoanilide
(2.2.9). Next, in order to increase the yield of the final product a substitution of bromine
atom for an iodine atom had been done. The resulting iodine derivative (2.2.10) easily
reacts with propylamine, forming aminoamide (2.2.11), which undergoes further N-ethyl-
ation using diethylsulfate to give ethidocaine [20,21]. 
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Ethidocaine

Similar to mepivacaine in terms of its pharmacological properties; however, it possesses
muscle relaxant properties to some extent.

Synonym: duranest

Mepivacaine is similar to lidocaine in terms of properties; however, it has longer lasting
effects. Synonyms of mepivacaine are carbocaine and estradurin.

Bupivacaine: Bupivacaine, N-2,6-(dimethyl)1-butyl-2-piperidincarboxamide (2.2.7), is
chemically similar to mepivacaine and only differs in the replacement of the N-methyl sub-
stituent on the piperidine ring with an N-butyl substituent. There are also two suggested meth-
ods of synthesis. The first comes from α-picolin-2,6-xylidide (2.2.4). The alkylation of the last
with butyl bromide gives the corresponding pyridine salt (2.2.6). Finally, it is reduced by
hydrogen using platinum oxide as a catalyst into a piperidine derivative—bupivacaine [13,16].

The other method results directly from the piperidine-2-carboxylic acid chloride, which is
reacted with 2,6-dimethylaniline. The resulting amide (2.2.8) is further alkylated with
butyl bromide to bupivacaine [17–19]. 

Like lidocaine and mepivacaine, bupivacaine is used in infiltration, spinal, and epidural anes-
thesia in blocking nerve transmission. Its most distinctive property is its long-lasting action.
It is used for surgical intervention in urology and in lower thoracic surgery from 3 to 5 h in
length, and in abdominal surgery lasting from 45 to 60 min. It is used to block the trifacial
nerve, the sacral and brachial plexuses, in resetting dislocations, in epidural anesthesia, and
during Cesarian sections. The most common synonym for bupivacaine is marcaine.

Ethidocaine: Ethidocaine, N-(2,6-dimethylphenyl)-2-(ethylpropylamino)butanamide
(2.2.12), is also an anilide of α-dialkylaminoacid; however, the sequence of reactions for
its formation differs somewhat from those examined above. In the first stage of synthesis,
2,6-dimethylaniline is reacted with α-bromobutyric acid chloride to give the bromoanilide
(2.2.9). Next, in order to increase the yield of the final product a substitution of bromine
atom for an iodine atom had been done. The resulting iodine derivative (2.2.10) easily
reacts with propylamine, forming aminoamide (2.2.11), which undergoes further N-ethyl-
ation using diethylsulfate to give ethidocaine [20,21]. 
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Ethidocaine is similar to mepivacaine in terms of its pharmacological properties; however,
it possesses muscle relaxant properties to some extent. Synonyms for this drug are duran-
est and others.

Prilocaine: Prilocaine, 2-(propylamino)-o-propiontoluidine (2.2.14), is structurally
related to the exact same group as ethidocaine, yet it differs structurally in that during syn-
thesis, o-toluidine is used instead of 2,6-dimethylaniline, and instead of a butyric acid, a
fragment of propionic acid, and a terminal propylethylamine group is replaced with a
propylamine group. In order to synthesize prilocaine, o-toluidine is reacted with bromo-
propionyl bromide, and the resulting bromopropionyltoluidide (2.2.13) is then reacted
with propylamine, which gives prilocaine [22,23].

In terms of pharmacological parameters, prilocaine is comparable to lidocaine; however,
because of a number of toxic manifestations, it is rarely used in medical practice. Citanest
and xylonest are well-known synonyms for prilocaine. 

2.3 TOPICAL ANESTHETICS

Benzocaine: Benzocaine is the ethyl ester of 4-aminobenzoic acid (2.3.1). The classic,
optimal way of benzocaine synthesis is the reduction of the nitro group of the ethyl ester
of 4-nitrobenzoic acid to benzocaine by hydrogen, which generates directly in the reaction
medium by the reaction of iron filings with dilute acids [24–26].

Benzocaine is used in topical anesthesia on the skin and mucous membranes in the form
of aerosols, or as creams for reduction of pain caused by itching, cuts, bites, etc. It begins
to work 15–30 sec after application and lasts 12–15 min. It is also used under the names
anestezin, dermoplast, and others. 

Cyclomethycaine: Cyclomethycaine, the ethyl ester of 3-(2-methylpiperidino)propyl-o-
cyclohexyloxybenzoic acid (2.3.4), is synthesized according to the figure below. Alkylation
of 2-methylpiperidine with 3-chlorpropanol-1 gives 3-(2-methylpiperidino)propanol-1
(2.3.2), whose hydroxyl group is substituted by chlorine using thionyl chloride. The result-
ing 3-(2-methylpiperidino)propylchloride-1 (2.3.3) is further reacted with 4-cyclohexyl-
oxybenzoic acid, which gives cyclomethycaine [27,28].
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Ethidocaine is similar to mepivacaine in terms of its pharmacological properties; however,
it possesses muscle relaxant properties to some extent. Synonyms for this drug are duran-
est and others.

Prilocaine: Prilocaine, 2-(propylamino)-o-propiontoluidine (2.2.14), is structurally
related to the exact same group as ethidocaine, yet it differs structurally in that during syn-
thesis, o-toluidine is used instead of 2,6-dimethylaniline, and instead of a butyric acid, a
fragment of propionic acid, and a terminal propylethylamine group is replaced with a
propylamine group. In order to synthesize prilocaine, o-toluidine is reacted with bromo-
propionyl bromide, and the resulting bromopropionyltoluidide (2.2.13) is then reacted
with propylamine, which gives prilocaine [22,23].

In terms of pharmacological parameters, prilocaine is comparable to lidocaine; however,
because of a number of toxic manifestations, it is rarely used in medical practice. Citanest
and xylonest are well-known synonyms for prilocaine. 

2.3 TOPICAL ANESTHETICS

Benzocaine: Benzocaine is the ethyl ester of 4-aminobenzoic acid (2.3.1). The classic,
optimal way of benzocaine synthesis is the reduction of the nitro group of the ethyl ester
of 4-nitrobenzoic acid to benzocaine by hydrogen, which generates directly in the reaction
medium by the reaction of iron filings with dilute acids [24–26].

Benzocaine is used in topical anesthesia on the skin and mucous membranes in the form
of aerosols, or as creams for reduction of pain caused by itching, cuts, bites, etc. It begins
to work 15–30 sec after application and lasts 12–15 min. It is also used under the names
anestezin, dermoplast, and others. 

Cyclomethycaine: Cyclomethycaine, the ethyl ester of 3-(2-methylpiperidino)propyl-o-
cyclohexyloxybenzoic acid (2.3.4), is synthesized according to the figure below. Alkylation
of 2-methylpiperidine with 3-chlorpropanol-1 gives 3-(2-methylpiperidino)propanol-1
(2.3.2), whose hydroxyl group is substituted by chlorine using thionyl chloride. The result-
ing 3-(2-methylpiperidino)propylchloride-1 (2.3.3) is further reacted with 4-cyclohexyl-
oxybenzoic acid, which gives cyclomethycaine [27,28].
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Prilocaine

In terms of pharmacological parameters, prilocaine is comparable to lidocaine; however,
because of a number of toxic manifestations, it is rarely used in medical practice.

Synonym: Citanest and xylonest
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TOPICAL ANESTHETICS 

Benzocaine

Used in topical anesthesia on the skin and mucous membranes in the form of aerosols, or
as creams for reduction of pain caused by itching, cuts, bites, etc.

It begins to work 15–30 sec after application and lasts 12–15 min.

Synonym: anestezin and dermoplast

Ethidocaine is similar to mepivacaine in terms of its pharmacological properties; however,
it possesses muscle relaxant properties to some extent. Synonyms for this drug are duran-
est and others.

Prilocaine: Prilocaine, 2-(propylamino)-o-propiontoluidine (2.2.14), is structurally
related to the exact same group as ethidocaine, yet it differs structurally in that during syn-
thesis, o-toluidine is used instead of 2,6-dimethylaniline, and instead of a butyric acid, a
fragment of propionic acid, and a terminal propylethylamine group is replaced with a
propylamine group. In order to synthesize prilocaine, o-toluidine is reacted with bromo-
propionyl bromide, and the resulting bromopropionyltoluidide (2.2.13) is then reacted
with propylamine, which gives prilocaine [22,23].

In terms of pharmacological parameters, prilocaine is comparable to lidocaine; however,
because of a number of toxic manifestations, it is rarely used in medical practice. Citanest
and xylonest are well-known synonyms for prilocaine. 

2.3 TOPICAL ANESTHETICS

Benzocaine: Benzocaine is the ethyl ester of 4-aminobenzoic acid (2.3.1). The classic,
optimal way of benzocaine synthesis is the reduction of the nitro group of the ethyl ester
of 4-nitrobenzoic acid to benzocaine by hydrogen, which generates directly in the reaction
medium by the reaction of iron filings with dilute acids [24–26].

Benzocaine is used in topical anesthesia on the skin and mucous membranes in the form
of aerosols, or as creams for reduction of pain caused by itching, cuts, bites, etc. It begins
to work 15–30 sec after application and lasts 12–15 min. It is also used under the names
anestezin, dermoplast, and others. 

Cyclomethycaine: Cyclomethycaine, the ethyl ester of 3-(2-methylpiperidino)propyl-o-
cyclohexyloxybenzoic acid (2.3.4), is synthesized according to the figure below. Alkylation
of 2-methylpiperidine with 3-chlorpropanol-1 gives 3-(2-methylpiperidino)propanol-1
(2.3.2), whose hydroxyl group is substituted by chlorine using thionyl chloride. The result-
ing 3-(2-methylpiperidino)propylchloride-1 (2.3.3) is further reacted with 4-cyclohexyl-
oxybenzoic acid, which gives cyclomethycaine [27,28].
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Cyclomethycaine

Used in topical anesthesia on the skin or mucous membranes for cuts, bites, and also for
urological examinations.

Synonym: surfacaine.

Cyclomethycaine is also used in topical anesthesia on the skin or mucous membranes for cuts,
bites, and also for urological examinations. A common synonym of this drug is surfacaine.
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