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3. Analgesics
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Analgesics are drugs that eliminate or alleviate the feeling of pain that accompanies many
pathologic conditions, and situations including muscle aches and headaches (for which
aspirin-like analgesics are usually used), and where there is no possibility of becoming
addicted.

More intense pain originating during and after surgical intervention is relieved by utilizing
opioid analgesics, such as morphine and meperidine. Unfortunately, even extremely short
use of these analgesics can lead to habitual use, development of drug dependence, and
tolerance.

For chronic pain associated with chronic inflammatory reactions (rheumatoid arthritis, etc.),
patients can use nonsteroidal, anti-inflammatory analgesics for years, though their pain
modulatory effects vary greatly.

Pain is a very important protective phenomenon that accompanies many pathological
conditions. Its function of signaling, it can aggravate the course of the primary disease, and in
some cases such as severe trauma can facilitate the development of shock.
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Analgesics are divided into two groups:

1. opioids (morphine-like substances), which predominantly influence the central nervous
system (CNS)

2. nonopioids (nonsteroidal anti-inflammatory or fever-reducing drugs—NSAID), which act
predominantly on the peripheral nervous system

Opioid and nonopioid analgesics differ in many ways, making it useful to distinguish them by
the following: opioids are the strongest analgesics; they do not possess anti-inflammatory
capabilities.

Opioids can cause dependence and tolerance, and therefore their use should be short
term.

In addition, nonopioid analgesics are rarely used in the form of injections.

Despite the fact that drugs of both groups relieve pain, their pharmacological actions are
different, which is why they are examined separately.
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3.1 Opioid Analgesics

Opioids are subdivided into three large subgroups according to their action on opioid
receptors: agonists, mixed agonists–antagonists, and antagonists.

Opioid agonists have an affinity for opioid receptors, imitating the activity of endogenous
opioid analgesics.

Mixed agonists–antagonists can be semisynthetic derivatives of morphine or peptide analogs
of endogenous opioids that display agonistic activity at some opioid receptors and antagonistic
activity in others.

Opioid antagonists bind to opioid receptors but do not activate them. These compounds are
not used for analgesia. Their therapeutic value is in relieving side effects that result from
either absolute of relative overdoses or intolerance of drugs by patients, and also in treating
cases of opioid dependency.
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Agonists: include natural alkaloids of opium (morphine, codeine, and a large blend of
natural alkaloids, pantopon, and omnopon), their analogs (hydrocodon and hydromorphone,
oxycodone, and oxymorphone), derivatives of morphinane (levorphanol), and a number of
synthetic compounds: derivatives of phenylpiperidine (meperidine, promedol), 4-
anilidopiperidines (fentanyl, sufentanyl, alfentanil), and derivatives of diphenylheptane
(methadone, propoxyphene).

Mixture of agonists–antagonists: includes derivatives of morphinane (nalorphine,
butorphanol), phenanthrene (nalbuphine), derivatives of benzomorphane (pentazocine,
dezocine), and derivatives of opipravin (buprenorphine).

Antagonists: naloxone and naltrexone
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It is universally accepted that the action of opioids is mediated by specific receptors. Several
types of opioid receptors exist: 𝜇, κ, 𝛿, and 𝜎. A few of these are in turn subdivided into
subtypes.

It has been found that opioid receptors are seven transmembrane G-protein-coupled
receptors that are localized in the membranous part of the synaptosomal head; they are
glycoproteins. They are prone to conformational changes in certain situations, which is
essential for their selective binding with agonists or antagonists.

Opioids have various chemical structures, and their relative analgesic potential depends on
several different factors, including their affinity to specific binding sites on receptors, activity
on the receptors themselves, and distinctive pharmacokinetic properties.
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Various types of opioid receptors have been postulated solely for explaining the different
actions of opioids.

Receptors that cause reactions in the organism that are analogous to the reactions upon
introduction of morphine (suppression of respiration, myosis, disorders of the
gastrointestinal tract, euphoria) have been named 𝜇-receptors.

Receptors that cause effects analogous to those caused by ketazocine (analgesia, sedative
effects, myosis) have been named κ-receptors.

Analgesic receptors that also cause psychotomimetic reactions (hallucination dysphoria,
stimulation of respiratory and cardiovascular system, mydriasis) are characteristic of
those included in the class of the agonist–antagonists of the type of N-allylnormethazocine
named 𝜎-receptors.

Receptors that react to the action of enkephalins and that cause analgesia and release of
growth hormone have been named 𝛿-receptors.
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The physiological role of the endogenous opioid system is not limited to pain and analgesia.
It plays a role in the regulation of the endocrine, behavioral, thermoregulating, immunological,
and gastrointestinal systems.

The distribution frequency of opioid-binding sites varies significantly in different regions of the
CNS; it is especially high in brain structures.

Opiate receptors are found outside the CNS, in particular in the vagus and the gastrointestinal
tract.

The reaction of agonists with opioid μ-receptors leads to an increase in the flow of potassium
ions from the cell, simultaneously making it difficult for calcium ions to flow into the cell, which
makes neurons less excitable.

κ-Receptor agonists directly inhibit entrance of calcium ions into neurons by simply reducing
their flow through voltage-gated calcium channels.

Opioids cause side effects that limits their use, including respiratory depression, nausea,
vomiting, constipation, a heightened level of blood pressure, urine retention,
perspiration, and itching. Opioids cause dependency and addiction.
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3.1.1 Agonists

The most widely used agonists in medical practice are the opium alkaloids morphine and
codeine.

Semisynthetic derivatives (hydromorphone, oxymorphone, hydrycodon, oxycodone) and
synthetic compounds (methadone, meperidin, fentanyl, sufentanyl, and others) have found
wide use.

Opioid agonists act first and foremost on μ-receptors.

The use of compounds of this class should be avoided in the event of cranial trauma,
bronchial asthma and other hypoxic conditions, severe alcohol intoxication, convulsive
conditions, and severe pain of organs in the abdominal cavity.
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Morphine:

Morphine, 4,5-epoxy-17-methymorphin-7-ene-3,6-diol, is the oldest and most well-known
analgesic.

It is made from opium—the dried, milky sap of unripe opium poppy bulbs, whose analgesic
properties have been known for over 3000 years.

This plant also contains a large number of other alkaloids that are subdivided into groups of
phenanthrenes and benzylisoquinoline.

The synthesis of morphine is not economically practical, since it is much cheaper to obtain
from natural resources.

In the diagram, the structure morphine (3.1.19) is presented in a form that makes it easy to
follow the sequence of transformations taking place. The more accepted image of mor-
phine, which makes it easier to follow the changes that lead to the formation of its practi-
cally valuable derivatives is shown below.
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Morphine is the primary representative and primary prototype of the group of strong opioid
analgesics. The most important use of morphine is its ability to eliminate pain.

It is used in surgery and as a preanesthetic medication for surgical interventions before the
general anesthesia procedure begins.

It is widely used in myocardial infarction not only to relieve pain, but also for calming the
patient and even for reducing the need of oxygen. It is used in pulmonary edema and in a
few forms of diarrhea.

Morphine is prescribed in all cases when NSAID action is not sufficient and requires the use
of strong opioid analgesics.

Relatively simple modifications of morphine molecules lead to the formation of a number of
compounds that differ in their analgesic activity.
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Codeine:

Codeine is an elemental part of opium poppy alkaloids. Codeine differs from morphine in that
hydroxyl group on C3 of the aromatic ring is methylated.

The content of codeine in opium does not satisfy medicinal requirements and therefore
codeine is made in a semisynthetic manner from morphine by selective methylation of the
aromatic hydroxyl group on C3.

Codeine is similar to morphine in terms of properties, but its pain-relieving ability is
significantly less and it causes addiction to some degree.

This drug is very effective in oral use and is used for average to moderate pain. It is often
used as an antitussive drug.

Synonym: codyl and acutus

Morphine is presently the standard analgesic by which all the others are compared, and
whose alternative methods of synthesis are still being developed [3–6]. Nevertheless, syn-
thesis of morphine is not economically practical, since it is much cheaper to obtain from
natural resources.

Morphine is the primary representative and primary prototype of the group of strong
opioid analgesics. The most important use of morphine is its ability to eliminate pain. It
is used in surgery and as a preanesthetic medication for surgical interventions before the
general anesthesia procedure begins. It is widely used in myocardial infarction not only to
relieve pain, but also for calming the patient and even for reducing the need of oxygen. It
is used in pulmonary edema and in a few forms of diarrhea. Morphine is prescribed in all
cases when NSAID action is not sufficient and requires the use of strong opioid anal-
gesics.

Relatively simple modifications of morphine molecules lead to the formation of a num-
ber of compounds that differ in their analgesic activity.

Codeine: Codeine, 4,5-epoxy-17-methylmorphin-7-ene-3-methoxy-6-ol (3.1.20), is an
elemental part of opium poppy alkaloids. Codeine differs from morphine in that hydroxyl
group on C3 of the aromatic ring is methylated. The content of codeine in opium does not
satisfy medicinal requirements and therefore codeine is made in a semisynthetic manner
from morphine by selective methylation of the aromatic hydroxyl group on C3. The usual
methylating agents result in the methylation of both hydroxyl groups. Selective methyla-
tion of the hydroxyl group at C3 of the aromatic ring can be accomplished using dia-
zomethane, nitrosomethylurethane, or nitrosomethylurea. However, use of these reagents
presents certain difficulties in completing the reaction in large industrial scale. It was sug-
gested that trimethylphenylammonium chloride or dimethylaniline methyltoluenesul-
fonate in the presence of sodium alkoxides could be used as methylating agents. Codeine
is basically synthesized by methylation of the 3-hydroxy group of the morphine ring by
trimethylphenylammonium ethoxide [7,8].

Codeine is similar to morphine in terms of properties, but its pain-relieving ability is sig-
nificantly less and it causes addiction to some degree. This drug is very effective in oral
use and is used for average to moderate pain. It is often used as an antitussive drug.
Synonyms for codeine are codyl, acutus, and others.

Heroin: Heroin, 3-diacetyl-4,5-epoxy-17-methylmorphin-7-ene (3.1.21), is synthesized
by the simultaneous acetylation of the two hydroxyl groups of morphine with acetic anhy-
dride or acetyl chloride [9,10].
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Heroin:

Heroin is synthesized by the simultaneous acetylation of the two hydroxyl groups of
morphine with acetic anhydride or acetyl chloride.

Owing to its high solubility in lipids (compared to morphine), heroin quickly passes through
the blood–brain barrier (acts like morphine) and transform in the brain.

Narcotic effects, respiratory depression, toxicity, narrow range of therapeutic action, and
high danger of addiction make it less advantageous than morphine.

Heroin use is prohibited in medicine, since it does not have any therapeutic value which
cannot be found in other drugs.

Owing to its high solubility in lipids (compared to morphine), heroin quickly passes
through the blood–brain barrier; however, it acts like morphine, into which it is trans-
formed in the brain. Narcotic effects, respiratory depression, toxicity, narrow range of ther-
apeutic action, and high danger of addiction make it less advantageous than morphine.
Heroin use is prohibited in medicine, since it does not have any therapeutic value which
cannot be found in other drugs.

Hydromorphone: Hydromorphone, 4,5-epoxy-3-hydroxy-N-methyl-6-oxomorphinane
(3.1.22), is a compound related to morphine that differs in the absence of a double bond
between C7–C8 and the presence of a keto group instead of a hydroxyl group on C6. The
drug is synthesized by the isomerization of morphine in the presence of a palladium or
platinum catalyst [11,12]. The other way is by oxidation of dihydroporphine [13,14].

Hydromorphone is more soluble than morphine and approximately eight times more active
upon parenteral administration. High solubility permits a lower volume of injected fluid,
which is important if multiple injections are needed. It begins to work faster than mor-
phine, but lasts for a shorter amount of time. It has a high sedative effect and a lessened
capability of causing euphoria. Hydromorphone is used the same way as morphine. Side
effects are analogous. Synonyms for this drug are dilaudid and others.

Oxymorphone: Oxymorphone, 4,5-epoxy-3,14-dihydroxy-N-methyl-6-oxyomorphinane
(3.1.26), is chemically similar to hydromorphone. It differs from hydromorphone in that it
contains a hydroxyl group on C13. The drug is synthesized from thebaine (3.1.23), which
during oxidation with hydrogen peroxide in formic acid changes into 14-hydroxycodeinone
(3.1.24). The double bond is then hydrogenated, transforming the compound into oxycodone
(3.1.25). It is demethylated by hydrogen bromide into oxymorphone [15,16].
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Hydromorphone:

Hydromorphone is more soluble than morphine and approximately eight times more active
upon parenteral administration.

High solubility permits a lower volume of injected fluid, which is important if multiple
injections are needed. It begins to work faster than morphine, but lasts for a shorter amount
of time.

It has a high sedative effect and a lessened capability of causing euphoria. Hydromorphone
is used the same way as morphine.

Synonym: dilaudid

Owing to its high solubility in lipids (compared to morphine), heroin quickly passes
through the blood–brain barrier; however, it acts like morphine, into which it is trans-
formed in the brain. Narcotic effects, respiratory depression, toxicity, narrow range of ther-
apeutic action, and high danger of addiction make it less advantageous than morphine.
Heroin use is prohibited in medicine, since it does not have any therapeutic value which
cannot be found in other drugs.

Hydromorphone: Hydromorphone, 4,5-epoxy-3-hydroxy-N-methyl-6-oxomorphinane
(3.1.22), is a compound related to morphine that differs in the absence of a double bond
between C7–C8 and the presence of a keto group instead of a hydroxyl group on C6. The
drug is synthesized by the isomerization of morphine in the presence of a palladium or
platinum catalyst [11,12]. The other way is by oxidation of dihydroporphine [13,14].

Hydromorphone is more soluble than morphine and approximately eight times more active
upon parenteral administration. High solubility permits a lower volume of injected fluid,
which is important if multiple injections are needed. It begins to work faster than mor-
phine, but lasts for a shorter amount of time. It has a high sedative effect and a lessened
capability of causing euphoria. Hydromorphone is used the same way as morphine. Side
effects are analogous. Synonyms for this drug are dilaudid and others.

Oxymorphone: Oxymorphone, 4,5-epoxy-3,14-dihydroxy-N-methyl-6-oxyomorphinane
(3.1.26), is chemically similar to hydromorphone. It differs from hydromorphone in that it
contains a hydroxyl group on C13. The drug is synthesized from thebaine (3.1.23), which
during oxidation with hydrogen peroxide in formic acid changes into 14-hydroxycodeinone
(3.1.24). The double bond is then hydrogenated, transforming the compound into oxycodone
(3.1.25). It is demethylated by hydrogen bromide into oxymorphone [15,16].
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Oxymorphone:

Oxymorphone is approximately 10 times more active than morphine. Euphoric effects as well
as vomiting are expressed significantly stronger than in morphine. Oxymorphone also
displays poor antitussive activity.

Side effects are analogous to those of morphine. It is intended for relieving moderate to
severe pain in surgical and gynecological interventions and for post-operational pain.

Owing to its high solubility in lipids (compared to morphine), heroin quickly passes
through the blood–brain barrier; however, it acts like morphine, into which it is trans-
formed in the brain. Narcotic effects, respiratory depression, toxicity, narrow range of ther-
apeutic action, and high danger of addiction make it less advantageous than morphine.
Heroin use is prohibited in medicine, since it does not have any therapeutic value which
cannot be found in other drugs.

Hydromorphone: Hydromorphone, 4,5-epoxy-3-hydroxy-N-methyl-6-oxomorphinane
(3.1.22), is a compound related to morphine that differs in the absence of a double bond
between C7–C8 and the presence of a keto group instead of a hydroxyl group on C6. The
drug is synthesized by the isomerization of morphine in the presence of a palladium or
platinum catalyst [11,12]. The other way is by oxidation of dihydroporphine [13,14].

Hydromorphone is more soluble than morphine and approximately eight times more active
upon parenteral administration. High solubility permits a lower volume of injected fluid,
which is important if multiple injections are needed. It begins to work faster than mor-
phine, but lasts for a shorter amount of time. It has a high sedative effect and a lessened
capability of causing euphoria. Hydromorphone is used the same way as morphine. Side
effects are analogous. Synonyms for this drug are dilaudid and others.

Oxymorphone: Oxymorphone, 4,5-epoxy-3,14-dihydroxy-N-methyl-6-oxyomorphinane
(3.1.26), is chemically similar to hydromorphone. It differs from hydromorphone in that it
contains a hydroxyl group on C13. The drug is synthesized from thebaine (3.1.23), which
during oxidation with hydrogen peroxide in formic acid changes into 14-hydroxycodeinone
(3.1.24). The double bond is then hydrogenated, transforming the compound into oxycodone
(3.1.25). It is demethylated by hydrogen bromide into oxymorphone [15,16].
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Oxymorphone is approximately 10 times more active than morphine. Euphoric effects as
well as vomiting are expressed significantly stronger than in morphine. Oxymorphone also
displays poor antitussive activity.

Side effects are analogous to those of morphine. It is intended for relieving moderate to
severe pain in surgical and gynecological interventions and for post-operational pain.  

Oxycodone: The synthesis of oxycodone, 4,5-epoxy-3-methoxy-14-hydroxy-N-methyl-
6-oxomorphinane (3.1.25), from 14-hydroxycodeinone (3.1.24) was described above. It can
also be synthesized in other ways; for example, by the oxidation of codeine using sodium
dichromate in acetic acid [17], and is also a structural analog of morphine and codeine.

Unlike hydrocodone, it is used as an analgesic in combination with other drugs, such as
aspirin or acetaminophen. Oxycodone is similar to morphine in terms of durational effi-
cacy and is intended for oral use. Synonyms for this drug are roxicodone, proladone, per-
ketan, eutagen, oxycon, and many others.

Hydrocodone: Hydrocodone, 4,5-epoxy-3-methoxy-N-methyl-6-oxomorphinane (3.1.27), is
a compound that is chemically related to morphine and codeine. Hydrocodone is synthesized
by the isomerization of codeine (3.1.20) using a palladium or platinum catalyst [18]. This drug
has also been suggested to be synthesized by the hydration of codeinone [19] and by oxida-
tion of dihydrocodeine [20].

Hydrocodone exhibits expressed analgesic and antitussive properties, which make up its
primary clinical use. It may cause dependence and addiction. Synonyms for this medica-
tion are dicodid, detussin, vicodin, and others.

Levorphanol: Levorphanol, (−)-3-hydroxy-N-methylmorphinane (3.1.35), is a derivative of
morphine. Levorphanol is synthesized starting from cyclohexanone by its condensation with
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Hydrocodone:

Hydrocodone exhibits expressed analgesic and antitussive properties, which make up its
primary clinical use. It may cause dependence and addiction.

Synonyms: dicodid, detussin, and vicodin

Oxymorphone is approximately 10 times more active than morphine. Euphoric effects as
well as vomiting are expressed significantly stronger than in morphine. Oxymorphone also
displays poor antitussive activity.

Side effects are analogous to those of morphine. It is intended for relieving moderate to
severe pain in surgical and gynecological interventions and for post-operational pain.  

Oxycodone: The synthesis of oxycodone, 4,5-epoxy-3-methoxy-14-hydroxy-N-methyl-
6-oxomorphinane (3.1.25), from 14-hydroxycodeinone (3.1.24) was described above. It can
also be synthesized in other ways; for example, by the oxidation of codeine using sodium
dichromate in acetic acid [17], and is also a structural analog of morphine and codeine.

Unlike hydrocodone, it is used as an analgesic in combination with other drugs, such as
aspirin or acetaminophen. Oxycodone is similar to morphine in terms of durational effi-
cacy and is intended for oral use. Synonyms for this drug are roxicodone, proladone, per-
ketan, eutagen, oxycon, and many others.

Hydrocodone: Hydrocodone, 4,5-epoxy-3-methoxy-N-methyl-6-oxomorphinane (3.1.27), is
a compound that is chemically related to morphine and codeine. Hydrocodone is synthesized
by the isomerization of codeine (3.1.20) using a palladium or platinum catalyst [18]. This drug
has also been suggested to be synthesized by the hydration of codeinone [19] and by oxida-
tion of dihydrocodeine [20].

Hydrocodone exhibits expressed analgesic and antitussive properties, which make up its
primary clinical use. It may cause dependence and addiction. Synonyms for this medica-
tion are dicodid, detussin, vicodin, and others.

Levorphanol: Levorphanol, (−)-3-hydroxy-N-methylmorphinane (3.1.35), is a derivative of
morphine. Levorphanol is synthesized starting from cyclohexanone by its condensation with
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Oxycodone:

Unlike hydrocodone, it is used as an analgesic in combination with other drugs, such as
aspirin or acetaminophen.

Oxycodone is similar to morphine in terms of durational efficacy and is intended for oral use.

Synonym: roxicodone, proladone, perketan, eutagen, and oxycon

Oxymorphone is approximately 10 times more active than morphine. Euphoric effects as
well as vomiting are expressed significantly stronger than in morphine. Oxymorphone also
displays poor antitussive activity.

Side effects are analogous to those of morphine. It is intended for relieving moderate to
severe pain in surgical and gynecological interventions and for post-operational pain.  

Oxycodone: The synthesis of oxycodone, 4,5-epoxy-3-methoxy-14-hydroxy-N-methyl-
6-oxomorphinane (3.1.25), from 14-hydroxycodeinone (3.1.24) was described above. It can
also be synthesized in other ways; for example, by the oxidation of codeine using sodium
dichromate in acetic acid [17], and is also a structural analog of morphine and codeine.

Unlike hydrocodone, it is used as an analgesic in combination with other drugs, such as
aspirin or acetaminophen. Oxycodone is similar to morphine in terms of durational effi-
cacy and is intended for oral use. Synonyms for this drug are roxicodone, proladone, per-
ketan, eutagen, oxycon, and many others.

Hydrocodone: Hydrocodone, 4,5-epoxy-3-methoxy-N-methyl-6-oxomorphinane (3.1.27), is
a compound that is chemically related to morphine and codeine. Hydrocodone is synthesized
by the isomerization of codeine (3.1.20) using a palladium or platinum catalyst [18]. This drug
has also been suggested to be synthesized by the hydration of codeinone [19] and by oxida-
tion of dihydrocodeine [20].

Hydrocodone exhibits expressed analgesic and antitussive properties, which make up its
primary clinical use. It may cause dependence and addiction. Synonyms for this medica-
tion are dicodid, detussin, vicodin, and others.

Levorphanol: Levorphanol, (−)-3-hydroxy-N-methylmorphinane (3.1.35), is a derivative of
morphine. Levorphanol is synthesized starting from cyclohexanone by its condensation with
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Levorphanol:

The dextrorotatory isomer is not an analgesic, it has antitussive properties.

The levorotatory isomer exhibits activity similar to that of morphine; however, a number of
side effects including nausea, vomiting, and the potential of causing constipation are less
prevalent.

It is 4–8 times more effective than morphine when injected. It also lasts longer than morphine.

This drug is recommended for relieving moderate to high pain in biliary and renal colic,
myocardial infarction, in serious trauma, and for relieving cancer pain and post-operative
pain.
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cyanoacetic acid (Knovenagel reaction), during which simultaneous decarboxylation occurs,
forming 1-cyclohexenylacetonitrile (3.1.28). Reduction of the nitrile group by hydrogen in
the presence of Raney cobalt gives 2-(1-cyclohexenyl)ethylamine (3.1.29). The resulting
amine is further acylated by 4-methoxyphenylacetyl chloride (3.1.30), which forms the
amide 2-(1-cyclohexenyl)ethyl-4-methoxyphenylacetamide (3.1.31). Cyclization of the last
using phosphorous oxychloride leads to the formation of 1-(4-methoxybenzyl)-3,4,5,6,7,8-
hexahydroquinolin (3.1.32). The imine bond in the obtained compound is hydrogenated in
the presence of Raney nickel, forming 1-(4-methoxybenzyl)-1,2,3,4,5,6,7,8-octahydroquino-
lin (3.1.33), which is methylated  by formaldehyde in the presence of Raney nickel into 1-
(4-methoxybenzyl)-2-methyl-1,2,3,4,5,6,7,8-octahydroquinolin (3.1.34). In the final stage of
synthesis, 1-(4-methoxybenzyl)-2-methyl-1,2,3,4,5,6,7,8-octahydroquinolin undergoes
cyclization and simultaneous demethylation into 3-hydroxy-N-methylmorpinane—
levorphanol (3.1.35), from which the optical antipodes are further separated using (!)-tar-
taric acid [21,22].

The dextrorotatory isomer is not an analgesic; however, it has antitussive properties. The
levorotatory isomer, levomethorphane, exhibits activity similar to that of morphine; how-
ever, a number of side effects including nausea, vomiting, and the potential of causing con-
stipation are less prevalent. It is 4–8 times more effective than morphine when injected. It
also lasts longer than morphine. This drug is recommended for relieving moderate to high
pain in biliary and renal colic, myocardial infarction, in serious trauma, and for relieving
cancer pain and post-operative pain.

Methadone: Methadone, 6-dimethylamino-4,4-dephenyl-3-heptanone (3.1.37), is synthe-
sized by alkylation of diphenylacetonitrile using 1-dimethylamino-2-propylchloride in the
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Methadone:

Methadone is a synthetic opioid that acts on the μ-receptors and is both qualitatively and
quantitatively analogous to morphine. The principal difference lies in its higher efficacy when
taken orally, and its long-lasting effect.

As a strong analgesic, it is used in treating drug addiction, since it replaces other agonists on
the receptor.

Synonym: fizepton, methenone, and dolofin

presence of sodium amide. The resulting 4-dimethylamino-2,2-dephenylvaleronitrile (3.1.36)
is reacted with the ethylmagnesiumbromide and then hydrolyzed [23–26]. This resulting
racemate is separated using (!)-tartaric acid, thus isolating (")-methadone [26–29].  

Methadone is a synthetic opioid that acts on the µ-receptors and is both qualitatively and
quantitatively analogous to morphine. The principal difference lies in its higher efficacy
when taken orally, and its long-lasting effect. Other than its use as a strong analgesic, it is
used in treating drug addiction, since it replaces other agonists on the receptor. Synonyms
for this drug are fizepton, methenone, dolofin, and others.

Meperidine: Meperidine, the ethyl ester of 1-methyl-4-phenylpiperidine-4-carboxylic
acid (3.1.39), is a synthetic opioid analgesic. Its synthesis is accomplished by the alkyla-
tion of benzyl cyanide using N,N-bis-(2-chlorethyl)-N-methylamine in the presence of
sodium amide, which forms 1-methyl-4-phenyl-4-cyanopiperidine (3.1.38), and its subse-
quent acidic ethanolysis into meperidine [30–32].

Meperidine is related to analgesics of the phenylpiperidine series. These compounds are
also agonists, although they significantly differ from morphine in terms of structure. This
drug also exhibits anticholinergic activity. Like morphine, it causes histamine release and
spasm of the smooth muscles. It is practically inactive upon oral administration. Most of
the pharmacological properties and administration indications are similar to those of mor-
phine; however, this drug lacks antitussive properties. During parenteral administration,
activity is basically one-eighth that of morphine. Meperidine is widely used in premedical
and stabilizing anesthesia. It is preferred for use in obstetrical practice due to the quick
onset of analgesia and its short-lasting action. The most frequently used synonyms are
pethidine, dolantin, and demerol.

Promedol: Promedol, 1,2,5-trimethyl-4-phenyl-4-propionyloxypiperidine (3.1.45), is also
related to analgesics belonging to the phenylpiperidine series, and in its own way represents
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Meperidine:

Meperidine is related to analgesics of the phenylpiperidine series.

This drug also exhibits anticholinergic activity. Like morphine, it causes histamine release and
spasm of the smooth muscles. It is practically inactive upon oral administration.

Most of the pharmacological properties and administration indications are similar to those of
morphine; however, this drug lacks antitussive properties. During parenteral administration,
activity is basically one-eighth that of morphine.

Meperidine is widely used in premedical and stabilizing anesthesia. It is preferred for use in
obstetrical practice due to the quick onset of analgesia and its short-lasting action.

Synonym: pethidine, dolantin, and demerol

presence of sodium amide. The resulting 4-dimethylamino-2,2-dephenylvaleronitrile (3.1.36)
is reacted with the ethylmagnesiumbromide and then hydrolyzed [23–26]. This resulting
racemate is separated using (!)-tartaric acid, thus isolating (")-methadone [26–29].  

Methadone is a synthetic opioid that acts on the µ-receptors and is both qualitatively and
quantitatively analogous to morphine. The principal difference lies in its higher efficacy
when taken orally, and its long-lasting effect. Other than its use as a strong analgesic, it is
used in treating drug addiction, since it replaces other agonists on the receptor. Synonyms
for this drug are fizepton, methenone, dolofin, and others.

Meperidine: Meperidine, the ethyl ester of 1-methyl-4-phenylpiperidine-4-carboxylic
acid (3.1.39), is a synthetic opioid analgesic. Its synthesis is accomplished by the alkyla-
tion of benzyl cyanide using N,N-bis-(2-chlorethyl)-N-methylamine in the presence of
sodium amide, which forms 1-methyl-4-phenyl-4-cyanopiperidine (3.1.38), and its subse-
quent acidic ethanolysis into meperidine [30–32].

Meperidine is related to analgesics of the phenylpiperidine series. These compounds are
also agonists, although they significantly differ from morphine in terms of structure. This
drug also exhibits anticholinergic activity. Like morphine, it causes histamine release and
spasm of the smooth muscles. It is practically inactive upon oral administration. Most of
the pharmacological properties and administration indications are similar to those of mor-
phine; however, this drug lacks antitussive properties. During parenteral administration,
activity is basically one-eighth that of morphine. Meperidine is widely used in premedical
and stabilizing anesthesia. It is preferred for use in obstetrical practice due to the quick
onset of analgesia and its short-lasting action. The most frequently used synonyms are
pethidine, dolantin, and demerol.

Promedol: Promedol, 1,2,5-trimethyl-4-phenyl-4-propionyloxypiperidine (3.1.45), is also
related to analgesics belonging to the phenylpiperidine series, and in its own way represents
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Promedol:

Promedol is quickly absorbed and displays strong analgesic action during both parenteral
and oral administration.

It gives less respiratory suppression than morphine. It also displays anti-spasmodic effects
on smooth muscle. It is used as a pain-relieving agent during surgical intervention, trauma,
and diseases that are accompanied by painful sensations.

Synonym: trimeperidine

a “reversed” meperidine; it differs from meperidine in that the carbonyl group is joined to
the fourth position of the piperidine ring through oxygen instead of through a carbon atom.
Synthesis of this compound pretty much differs from the synthesis of meperidine and is
based on using of 1,2,5-trimethylpeperidin-4-one. This product comes from
dimethylvinylethynylcarbinol (3.1.40), a condensation product of vinylacetylene with ace-
tone in the Favorskii reaction, which undergoes dehydration into vinylisopropenylacetylene
(3.1.41). The triple bond in vinylisopropenylacetylene is hydrated in dilute sulfuric acid in
methanol and in the presence of mercury (II) sulfate (Kucherov reaction). This results in
vinylisopropenylketone (3.1.42), primarily in the form of methoxy derivatives, which are
products of addition of methanol to activated double bonds, and the reaction of heterocy-
clization with methylamine to form 1,2,5-trimethylpiperidin-4-one (3.1.43). This undergoes
a reaction with phenyllithium to form 1,2,5-trimethyl-4-phenylpiperidin-4-ol (3.1.44).
Esterfication of this compound with propionyl chloride gives promedol [33].

Promedol is quickly absorbed and displays strong analgesic action during both parenteral
and oral administration. It gives less respiratory suppression than morphine. It also dis-
plays antispasmodic effects on smooth muscle. It is used as a pain-relieving agent during
surgical intervention, trauma, and diseases that are accompanied by painful sensations. A
synonym for this drug is trimeperidine.  

Loperamide: Loperamide, 1-(4-chlorophenyl)-4-hydroxy-N,N-dimethyl-α,α-diphenyl-1-
piperidinebutyramide (3.1.55), proposed here as an analgesic, is synthesized by the alky-
lation of 4-(4-chlorophenyl)-4-hydroxypiperidine (3.1.50) using N,N-dimethyl(3,3-
diphenyltetrahydro-2-furylidene)ammonium bromide (3.1.54) in the presence of a base.
The 4-(4-chlorophenyl)-4-hydroxypiperidine (3.1.50) is synthesized by reacting
1-benzylpiperidine-4-one (3.1.48) with 4-chlorophenylmagnesiumbromide, followed by
debenzylation of the product (3.1.49) by hydrogenation using a palladium on carbon
catalyst. 

The starting 1-benzylpiperidin-4-one (3.1.48) is synthesized by Dieckmann intermolec-
ular condensation of N-benzyl-N,N-bis-(β-carboethoxyethyl)amine (3.1.46), which is easily
formed by reaction of benzylamine with ethyl acrylate to give 1-benzyl-3-carboethoxy-
piperidine-4-one (3.1.47) followed by acidic hydrolysis and thermal decarboxylation.
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N,N-Dimethyl-(3,3-diphenyltetrahydro-2-furyliden)ammonium bromide (3.1.54) is syn-
thesized from diphenylacetic acid ethyl ester, which is reacted with ethylene oxide in the
presence of sodium hydroxide, giving 2,2-diphenylbutyrolactone (3.1.51). Reacting this
with hydrogen bromide in acetic acid opens the lactone ring, forming 2,2-diphenyl-4-bro-
mobutyric acid (3.1.52). This transforms into acid chloride (3.1.53) using thionyl chloride,
which cyclizes upon further treatment with an aqueous solution of dimethylamine, thus
forming the desired N,N-dimethyl-(3,3-diphenyltetrahydro-2-furyliden)ammonium bro-
mide (3.1.54). Reacting this with 4-(4-chlorphenyl)-4-hydroxypiperidine (3.1.50) gives the
desired loperamide (3.1.55) [34–36].

Loperamide is presently used more often as an antidiarrheal drug than as an analgesic, and
it is also included in the list of over-the-counter drugs because of its insignificant action on
the CNS. It reduces intestinal smooth muscle tone and motility as a result of binding to
intestinal opiate receptors. It is used for symptomatic treatment of severe and chronic diar-
rhea of various origins. The most popular synonym for loperamide is imodium. 

Diphenoxylate: Diphenoxylate, ethyl ester of 1-(3-cyano-3,3-diphenylpropyl)-
4-phenylpiperidine-4-carboxylic acid (3.1.58), is also a drug of 4-phenylpiperidine series. In
practice there are two ways of making it. The first way is by the alkylation of the ethyl ester
of 4-phenylpiperidine-4-carboxylic acid (3.1.56) with 2,2-diphenyl-4-bromobutyronitrile,
which in turn is synthesized from 1-benzyl-4-phenyl-4-cyanopiperidine. The product under-
goes ethanolysis in the presence of acid, followed by benzylation. The second way is a syn-
thesis accomplished by alkylation of diphenylacetonitrile using ethyl ester of
1-(2-chloroethyl)-4-phenylpiperidine-4-carboxylic acid (3.1.57), which is synthesized by
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Loperamide:

Loperamide is presently used more often as an anti-diarrheal drug than as an analgesic,
and it is also included in the list of over-the-counter drugs because of its insignificant
action on the CNS.

It reduces intestinal smooth muscle tone and motility as a result of binding to intestinal
opiate receptors. It is used for symptomatic treatment of severe and chronic diarrhea of
various origins.

Synonym: imodium
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reaction of ethyl ester of 4-phenylpiperidine-4-carboxylic acid with β-chloroethanol or eth-
ylenoxide with the subsequent substitution of hydroxyl group, which results from the open-
ing of the epoxide ring, by chlorine via action of thionyl chloride [37,38].

This drug is a structural analog of meperidine and loperamide; however, it practically
duplicates all of the pharmacological properties of loperamide. Being analogous to lop-
eramide, it is mainly used for treating diarrhea. Synonyms for this drug are fentanest, lep-
rofen, and others.

Fentanyl: Fentanyl, 1-phenethyl-4-N-propinoylanilinopiperidine (3.1.63), is an extremely
powerful intramuscular and intravenous analgesic. The synthesis of fentanyl is accomplished
beginning with 1-benzylpiperidin-4-one (3.1.48), which is condensed with aniline to form
the corresponding Schiff base (3.1.59). The double bond in this product is reduced by lithium
aluminum hydride, and the resulting 1-benzyl-4-anilinopiperidine (3.1.60) is acylated using
propionic acid anhydride. The resulting 1-benzyl-4-N-propinoylanilinopiperidine (3.1.61)
undergoes debenzylation using hydrogen and a palladium on carbon catalyst, to give 4-N-
propanoylanilinopiperidine (3.1.62), which is N-alkylated by 2-phenylethylchloride, to give
fentanyl (3.1.63) [39,40].

The analgesic action of fentanyl surpasses that of morphine by approximately 100-fold. It
has a suppressive action on the respiratory center and slows heart rate. Fentanyl is used in
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Fentanyl:

The analgesic action of fentanyl surpasses that of morphine by approximately 100-fold. It has
a suppressive action on the respiratory center and slows heart rate.

Fentanyl is used in anesthesiology both independently and in combination with droperidol for
neurolepthanalgesia, and in preanesthetic medication, in different forms of narcosis, and in
post-operational anesthesia.

Unlike morphine, it does not cause a release of histamines. It is used only in specialized
hospital conditions.

Synonym: fentanest and leprofen
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3.1.2 Mixed agonists/antagonists

The agonist activity is exhibited as a result of the interaction with μ-receptors, while its
antagonistic activity on κ- and σ-receptors.

Interestingly, tolerance to the agonistic properties of these drugs may result, but not to the
antagonistic properties.

Dependence can also originate from their long-term use.

This group of compounds is used for analgesia in cases of moderate to severe pain.

They are less effective than morphine; however, they do not cause severe respiratory
depression upon overdose.
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Nalorphine:

Nalorphine has less of an analgesic effect than morphine; however, it does not have much
value as an independent analgesic. It is used as an antagonist to narcotic analgesics. It
eliminates suppression of the respiratory center, bradycardia, and vomiting caused by opiate
receptor agonists.

Nalorphine was the first compound used for narcotic (in particular for heroin) overdose
treatment; however, it exhibits a number of side effects such as visual hallucinations, and
therefore its use is prohibited in some countries.

Synonym: narkan

Nalorphine: Nalorphine, N-allylnormorphine (3.1.75), is synthesized from morphine by
its complete acetylation, i.e. by transformation into heroin (3.1.21), in order to temporar-
ily protect the hydroxyl groups, and then by undergoing demethylation. In order to do this,
heroin (3.1.21) is processed with cyanogen bromide. The resulting N-cyano derivative
(3.1.73) is hydrolyzed by a solution of hydrochloric acid into the N-demethylated mor-
phine, normorphine (3.1.74), whose secondary amine group undergoes alkylation with
allylbromide to give desired nalorphine [47,48].

Nalorphine has less of an analgesic effect than morphine; however, it does not have much
value as an independent analgesic. It is used as an antagonist to narcotic analgesics. It
eliminates suppression of the respiratory center, bradycardia, and vomiting caused by opi-
ate receptor agonists.

Nalorphine was the first compound used for narcotic (heroin in particular) overdose
treatment; however, it exhibits a number of side effects such as visual hallucinations, and
therefore its use is prohibited in some countries. The most popular synonym for this drug
is narkan.

Pentazocine: Pentazocine, 1,2,3,4,5,6-hexahydro-6,11-dimethyl-3-(3-methyl-2-butenyl)-
2,6-methano-3-benzazocin-8-ol (3.1.81), is a derivative of benzomorphane. Pentazocine is
synthesized starting from 3,4-dimethylpyridine. It undergoes a reaction with methyl iodide
to give 1,3,4-trimethylpyridinium iodide (3.1.76), which is reacted with 4-methoxybenzyl
magnesiumchloride, forming 2-methoxybenzyl-3,4-dimethyl-1,2-dihydropyridine
(3.1.77). The double bond on C5 of the resulting compound is hydrogenated using a palla-
dium catalyst, giving 3-methoxybenzyl-3,4-dimethyl-1,2,3,4-tetrahydropyridine (3.1.78).
The resulting product undergoes intramolecular alkylation and simultaneous demethyla-
tion of the ether bond by hydrobromic acid, which results in the formation of 2-hydroxy-
2,5,9-trimethylbenzo-6-morphane (3.1.79), which undergoes N-demethylation by
cyanogen bromide to form 2-hydroxy-5,9-dimethylbenzo-6-morphane-N-normetazocine
(3.1.80). Alkylation of the resulting product by 1-bromo-3-methyl-2-butene gives penta-
zocine [49,50].
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Pentazocine:

It is substantially weaker than nalorphine. It was the first agonist–antagonist analgesic to
appear on the pharmaceutical market.

When taken orally, its activity is comparable to that of codeine. It is used for various degrees
of pain and for pre-anesthesia medication prior to surgical intervention.

Synonym: fortral

Pentazocine is a weak antagonist of morphine. It is substantially weaker than nalorphine
or levallorphine, but it has a strongly expressed analgesic effect. Pentazocine is the first
agonist–antagonist acting analgesic to appear on the pharmaceutical market. In terms of
analgesic activity it is inferior to morphine; however, it suppresses the respiratory center
to a much lesser extent. As an agonist, it acts primarily on κ-receptors. When taken orally,
its activity is comparable to that of codeine. Cases of tolerance have been recorded.
Pentazocine is used for various degrees of pain and for preanesthesia medication prior to
surgical intervention. The most common synonym for this drug is fortral.

Nalbuphine: Nalbuphine, 17-(cyclobutylmethyl)-4,5-α-epoximorphinan-3,6α,14-triol
(3.1.85), is synthesized from oxymorphone (3.1.26), which after protecting the hydroxyl
group by acetylation undergoes a reaction with cyanogen bromide, giving an N-cyano
derivative, and further hydrolysis of which using hydrochloric acid gives 14-hydroxydihy-
dronormorphone (3.1.82). Transformation of the resulting product into the desired nal-
buphine (3.1.85) is accomplished either by reduction of the carbonyl group of the resulting
14-hydroxydihydronormaphone by sodium borohydride into (3.1.83) and the subsequent
alkylation of the product by cyclobutylmethylbromide, or by the acylation (3.1.82) with
cyclobutancarboxylic acid chloride into (3.1.84) and the subsequent simultaneous reduc-
tion of two carbonyl groups in the resulting compound using lithium aluminum hydride,
giving the desired product [51,52].

Nalbuphine is a strong analgesic with activity equal to that of morphine. It is structurally
similar to oxymorphone and the opioid antagonist naloxone. It exhibits fewer side effects
than nalorphine. Nalbuphine is prescribed as a drug for alleviating moderate to severe pain.
It is used as a supplementary drug for balanced anesthesia, for pre- and post-operational
analgesia, and in gynecological interventions. The most common synonym for nalbuphine
is nubaine.
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Nalbuphine:

Nalbuphine is a strong analgesic with activity equal to that of morphine. It is structurally
similar to oxymorphone and the opioid antagonist naloxone. It exhibits fewer side effects
than nalorphine.

Nalbuphine is prescribed as a drug for alleviating moderate to severe pain. It is used as a
supplementary drug for balanced anesthesia, for pre- and post-operational analgesia, and in
gynecological interventions.

Synonym: nubaine

Buprenorphine: Buprenorphine, 17-(cyclopropylmethyl)-α-(1,1-dimethylethyl)-4,5-epoxy-
18,19-dihydro-3-hydroxy-6-methoxy-α-methyl-6,14-ethenomorphinan-7-methanol (3.1.91),
is synthesized from one of the alkaloids of morphine, thebaine (3.1.23). Synthesis of buprenor-
phine begins on the basis of the reaction product of 4!2 cycloaddition of thebaine and
methylvinylketone. The resulting product 7-acetyl-6,14-endoethanotetrahydrothebaine
(3.1.86) is further hydrogenated using a palladium on carbon catalyst into 7-acetyl-6,14-
endoethanotetrahydrothebaine (3.1.87). This is reacted with tert-butyl-magnesium chloride to
form 6,14-endoethano-7-(2-hydroxy-3,3-dimethyl-2-butyl)-tetrahydrothebaine (3.1.88). The
product is demethylated using cyanogen bromide, giving 6,14-endoethano-7-(2-hydroxy-3,3-
dimethyl-2-butyl)-tetrahydronorthebaine (3.1.89). Acidifying this product with cyclopropan-
carboxylic acid chloride and further reduction of the introduced carbonyl group gives
N-cyclopropylmethyl-6,14-endoethano-7-(2-hydroxy-3,3-dimethyl-2-butyl)-tetrahydronorthe-
baine (3.1.90). The final buprenorphine (3.1.91) is synthesized by selective demethylation of
the methoxy group connected to the aromatic ring upon high-temperature reaction of (3.1.90)
with potassium hydroxide [53,54].
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3.1.3 Opioid antagonists

The efficacy and strength of opioid antagonists varies depending on the type of opioid
receptors (𝜇-, κ-, 𝛿-, and 𝜎-), which they interact.

The mechanism of their action has been suggested that they antagonize the action of
endogenous opioid peptides.

They do not result in dependence or tolerance.

They are used upon overdose of opioid analgesics or in the event of patient intolerance to
them, and also in treating drug addiction.



29

Naloxone:

N-allylic substitution in a number of morphine derivatives leads to antagonistic properties.

Naloxone is a few times stronger than nalorphine as an antagonist. It blocks opiate
receptors.

It eliminates central and peripheral action of opioids, including respiratory depression.
Naloxone is used upon overdose of narcotic analgesics.

Synonyms: narkan, and talwin

Buprenorphine exhibits properties of a central-acting analgesic; it does not suppress the
respiratory center or lead to addiction or drug dependence. It is generally devoid of
dysphoric or psychotomimetic effects. Buprenorphine differs from the other examined
agonist–antagonists in that it exhibits a partial agonistic effect on the µ-receptors. It blocks
the effects of morphine for about 30 h. It exhibits a number of certain unique effects that
are not typical of compounds of this series. It is used for moderately painful symptoms of
various origins. The most common synonym is buprenex. 

3.1.3 Opioid antagonists

Opioid antagonists are compounds that have expressed antagonistic activity, and that dif-
fer from the mixed agonist–antagonists in that they do not exhibit agonistic activity.

The efficacy and strength of opioid antagonists varies depending on the type of opioid recep-
tors (µ-, δ-, κ-, σ-) with which they interact. The mechanism of their action is not fully clear.
However, it has been suggested that they antagonize the action of endogenous opioid peptides.

These compounds are also antagonists in relation to agonist–antagonists. They antago-
nize the action of agonists, mixed agonists–antagonists, and they do not result in depend-
ence or tolerance. They are used upon overdose of opioid analgesics or in the event of
patient intolerance to them, and also in treating drug addiction.

Naloxone: Naloxone, (!)-17-(allyl)-4,5-epoxy-3,14-dihydroxymorphinan-6-one (3.1.92),
is synthesized by the alkylation of 14-hydroxydihydronormorphinane (3.1.82) by allylbro-
mide [55–58].
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Naltrexone:

It is similar to naloxone in terms of pharmacological characteristics; however, it differs in two
important ways: long-lasting action and its metabolite 6-β-naltrexol.

Naltrexone is potentially hepatotoxic. Naltrexone is used for blocking pharmacological effects
of opioids upon their overdose.

Synonym: nalorex, and trexan

It is worth mentioning that N-allylic substitution in a number of morphine derivatives, as
a rule, leads to antagonistic properties. Naloxone is a few times stronger than nalorphine
as an antagonist. It blocks opiate receptors. It eliminates central and peripheral action of
opioids, including respiratory depression. Naloxone is used upon overdose of narcotic
analgesics.Synonyms for this drug are narkan, talwin, and others.

Naltrexone: Naltrexone, (!)-17-(cyclopropylmethyl)-4,5-epoxy-3,14-dihydroxymorphi-
nan-6-one (3.1.93), is an N-cyclopropylmethyl derivative of oxymorphone (3.1.82). One of
the methods of synthesis is analogous to the synthesis of naloxone, which consists of using
cyclopropylmethylbromide instead of allylbromide [59].

This drug does not have agonistic properties. It is similar to naloxone in terms of pharma-
cological characteristics; however, it differs in two important ways—long-lasting action
and that its metabolite 6-β-naltrexol is also a strong antagonist. Naltrexone is potentially
hepatotoxic. Naltrexone is used for blocking pharmacological effects of opioids upon their
overdose.Synonyms for this drug are nalorex, trexan, and others.

3.2 NONSTEROID ANTI-INFLAMMATORY DRUGS AND ANTI-FEVER ANAL-
GESICS

A huge quantity of drugs belonging to various classes of compounds exhibit analgesic,
anti-fever, and anti-inflammatory action. In addition, they are devoid of many undesirable
effects that accompany opioid analgesics (respiratory depression, addiction, etc.). They are
called nonnarcotic analgesics, aspirin-like substances, anti-fever analgesics, etc., in order
to differentiate nonsteroidal, anti-inflammatory, and anti-fever analgesics from opioids and
glucocorticoids. The exact mechanism of action of these drugs is not conclusively known.
It is supposed that it might be connected with its ability to inhibit synthesis of
prostaglandins, which reduces their sensitizing influence on nerve endings, which in turn
reduces the effect of neurotransmitter action—bradykinin in particular. However, analgesic
and anti-inflammatory activity of these drugs is not always correlated with their ability to
suppress prostaglandins. There are other assumptions about the mechanism of action of
nonnarcotic analgesics. Experiments in animals show that the analgesic action of this
series of drugs is peripheral; however, it is possible that the acetaminophen may have a
central action by blocking painful impulses.

In general, nonopioid analgesics are characterized by three fundamental types of action:
analgesic, anti-inflammatory, and fever-reducing action, which are used for alleviation of
headaches, myalgia, arthralgia, and that do not have sedative or soporific effects. Euphoria,
addiction, and drug dependence do not result from their use.
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3.2 Nonsteroid Anti-inflammatory Drugs and Anti-fever Analgesics

They are devoid of many undesirable effects that accompany opioid analgesics (respiratory
depression, addiction, etc.). They are called nonnarcotic analgesics, aspirin-like
substances, anti-fever analgesics.

The mechanism of its action is supposed to its ability to inhibit synthesis of prostaglandins,
which reduces their sensitizing influence on nerve endings, which in turn reduces the effect
of neurotransmitter action.

Experiments in animals show that the analgesic action of this series of drugs is peripheral.

In general, nonopioid analgesics are characterized by three fundamental types of action:
analgesic, anti-inflammatory, and fever-reducing action, which are used for alleviation
of headaches, myalgia, arthralgia, and that do not have sedative or soporific effects.

Euphoria, addiction, and drug dependence do not result from their use.
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Nonsteroidal anti-inflammatory and fever-reducing analgesics are classified as:

• salicylic acid derivatives (aspirin, diflusinal, etc.),

• pyrazolones (phenylbutazone, metamizol, etc.),

• acetominophen,

• anthranylic acid derivatives (flufenamic acid, mephenamic acid, and meclophenamic acid),

• arylacetic acid derivatives (diclofenak, phenclofenak),

• arylpropionic acid derivatives (ibuprofen, ketoprofen, naproxene, fenprofen, etc.),

• indolyl/indeneacetic acid derivatives (indomethacin, sulindac, etc.), and

• oxicames (pyroxicam, isoxycam).
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3.2.1 Salicylic acid derivatives

Aspirin:

Aspirin or acetylsalicylic acid (3.2.2), is synthesized by the acetylation of salicylic acid (3.2.1)
using acetic anhydride or acetyl chloride.

Aspirin exhibits analgesic, fever-reducing, and anti-inflammatory action, and it also reduces
aggregation of thrombocytes. The primary mechanism of action is the irreversible acetylation
of cyclooxygenase, which results in the inability to synthesize prostaglandins, prostacyclins,
and thromboxane.

Aspirin is widely used for head and neuralgic pains, rheumatic conditions, painful symptoms of
various etiologies, and eliminating painful feelings during menstruation. It is used in conditions
such as fevers, prevention and treatment of thrombosis and embolism, and for prevention of
ischemic abnormalities and cerebral blood circulation.

Synonym: acetosal, acetylsalicylic acid, and cetosal

Nonsteroidal anti-inflammatory and fever-reducing analgesics are classified as salicylic
acid derivatives (aspirin, diflusinal, etc.), pyrazolones (phenylbutazone, metamizol, etc.,
and others, in particular acetominophen), anthranylic acid derivatives (flufenamic acid,
mephenamic acid, and meclophenamic acid, arylacetic acid derivatives (diclofenak, phen-
clofenak), arylpropionic acid derivatives (ibuprofen, ketoprofen, naproxene, fenprofen,
etc.), indolyl/indeneacetic acid derivatives (indomethacin, sulindac, etc.), and oxicames
(pyroxicam, isoxycam).

3.2.1 Salicylic acid derivatives

Aspirin: Aspirin, acetylsalicylic acid (3.2.2), is synthesized by the acetylation of salicylic
acid (3.2.1) using acetic anhydride or acetyl chloride [60–63].

Aspirin exhibits analgesic, fever-reducing, and anti-inflammatory action, and it also
reduces aggregation of thrombocytes. It is believed that the primary mechanism of action
is the irreversible acetylation of cyclooxygenase, which results in the inability to synthe-
size prostaglandins, prostacyclins, and thromboxane. As a result, the pyrogenic effect of
prostaglandins on the centers of thermoregulation and sensitive nerve endings is reduced,
which leads to a lessening of sensitivity to painful neurotransmission. The antiaggrega-
tory effect of aspirin is explained by the irreversible inability to synthesize thromboxane
A2 in the thrombocytes. Today, aspirin is used in larger quantities than any other drug.
Aspirin is widely used for head and neuralgic pains, rheumatic conditions, painful symp-
toms of various etiologies, and eliminating painful feelings during menstruation. It is
used in conditions such as fevers, prevention and treatment of thrombosis and embolism,
and for prevention of ischemic abnormalities and cerebral blood circulation. Aspirin is
probably the drug with the largest number of synonyms. They are acetosal, acetylsalicylic
acid, cetosal, and a large number of others. Nonacetylated salicylates are also used in
medical practice.

Diflunisal: Diflunisal, 2′,4′-difluoro-4-hydroxy-3-byphenylcarboxylic acid (3.2.5), is
synthesized from a diazonium salt, which is synthesized from 2,4-difluoroaniline and
isoamyl nitrite, and anisole in the presence of copper (I) salts by the classic scheme of
making diaryls. The resulting 4-(2,4-difluorophenyl)anisole (3.2.3) is demethylated by
hydrogen iodide into 4-(2,4-difluorophenyl)-phenol (3.2.4). This product is reacted with
carbon dioxide in the presence of a base according to the Kolbe–Schmitt phenol carboxy-
lation method, giving diflunisal (3.2.5) [64–67].
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Diflunisal:

It is used for long- and short-lasting symptomatic relief of low to moderate pain in
osteoarthritis and rheumatoid arthritis.

Synonym: dolobid, adomal, and noladol

In medical practice, other salicylic acid derivatives are used in the form of salts. Magnesium
and sodium salicylates are less effective than respective doses of aspirin; they are easier on
patients that are sensitive to aspirin.

Choline magnesium trisalicylate represents a mixture of choline salicylate and magnesium
salicylate, which has the same effect as aspirin; however, it is easier on patients in which
gastrointestinal effects are observed upon taking aspirin.

Nonsteroidal anti-inflammatory and fever-reducing analgesics are classified as salicylic
acid derivatives (aspirin, diflusinal, etc.), pyrazolones (phenylbutazone, metamizol, etc.,
and others, in particular acetominophen), anthranylic acid derivatives (flufenamic acid,
mephenamic acid, and meclophenamic acid, arylacetic acid derivatives (diclofenak, phen-
clofenak), arylpropionic acid derivatives (ibuprofen, ketoprofen, naproxene, fenprofen,
etc.), indolyl/indeneacetic acid derivatives (indomethacin, sulindac, etc.), and oxicames
(pyroxicam, isoxycam).

3.2.1 Salicylic acid derivatives

Aspirin: Aspirin, acetylsalicylic acid (3.2.2), is synthesized by the acetylation of salicylic
acid (3.2.1) using acetic anhydride or acetyl chloride [60–63].

Aspirin exhibits analgesic, fever-reducing, and anti-inflammatory action, and it also
reduces aggregation of thrombocytes. It is believed that the primary mechanism of action
is the irreversible acetylation of cyclooxygenase, which results in the inability to synthe-
size prostaglandins, prostacyclins, and thromboxane. As a result, the pyrogenic effect of
prostaglandins on the centers of thermoregulation and sensitive nerve endings is reduced,
which leads to a lessening of sensitivity to painful neurotransmission. The antiaggrega-
tory effect of aspirin is explained by the irreversible inability to synthesize thromboxane
A2 in the thrombocytes. Today, aspirin is used in larger quantities than any other drug.
Aspirin is widely used for head and neuralgic pains, rheumatic conditions, painful symp-
toms of various etiologies, and eliminating painful feelings during menstruation. It is
used in conditions such as fevers, prevention and treatment of thrombosis and embolism,
and for prevention of ischemic abnormalities and cerebral blood circulation. Aspirin is
probably the drug with the largest number of synonyms. They are acetosal, acetylsalicylic
acid, cetosal, and a large number of others. Nonacetylated salicylates are also used in
medical practice.

Diflunisal: Diflunisal, 2′,4′-difluoro-4-hydroxy-3-byphenylcarboxylic acid (3.2.5), is
synthesized from a diazonium salt, which is synthesized from 2,4-difluoroaniline and
isoamyl nitrite, and anisole in the presence of copper (I) salts by the classic scheme of
making diaryls. The resulting 4-(2,4-difluorophenyl)anisole (3.2.3) is demethylated by
hydrogen iodide into 4-(2,4-difluorophenyl)-phenol (3.2.4). This product is reacted with
carbon dioxide in the presence of a base according to the Kolbe–Schmitt phenol carboxy-
lation method, giving diflunisal (3.2.5) [64–67].
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As a prostaglandin synthetase inhibitor, diflunisal exhibits analgesic, fever-reducing, and
anti-inflammatory action. It is used for long- and short-lasting symptomatic relief of low
to moderate pain in osteoarthritis and rheumatoid arthritis.Synonyms for this drug are
dolobid, adomal, noladol, and others.

In medical practice, other salicylic acid derivatives are used in the form of salts.
Magnesium salicylate and sodium salicylate are less effective than respective doses of
aspirin; however, they are easier on patients that are sensitive to aspirin. Choline magne-
sium trisalicylate represents a mixture of choline salicylate and magnesium salicylate,
which has the same effect as aspirin; however, it is easier on patients in which gastroin-
testinal effects are observed upon taking aspirin.

3.2.2 Pyrazolonees

In medicine, pyrazolonee derivatives play a significant role as analgesics, anti-inflamma-
tory, and fever-reducing agents. Among these are antipyrin, butadion, amidopyrin,
phenylpyrazon, sulfinpyrazone, sodium methamizol sodium (analgin), and a few others. In
terms of analgesic and anti-inflammatory action, they are similar to salicylic acid deriva-
tives. Although the mechanism of their action is not completely known, it is supposed that
pyrazolone derivatives, like aspirin, inhibit biosynthesis of prostaglandins and reduce per-
meability of capillaries, thus preventing the development of inflammatory reactions. A
serious limitation to the wide use of pyrazolonee in medicine is the cases of onset of agran-
ulocytosis upon use of methamizol sodium.

Nevertheless, the most widely used derivative in medicine is methamizol sodium
(although it is prohibited in some countries) as well as combined drugs on its base; in par-
ticular, baralgin, which represents a combined drug based on methamizol sodium with the
spasmolytic 4′-(ethoxypiperidine)carbomethoxybenzophenone and the ganglionic blocker
2,2-diphenyl-4-piperidylacetamide.

Phenylbutazone: Phenylbutazone, 4-butyl-1,2-diphenyl-3,5-pyrazolidinedione (3.2.6),
is synthesized in a single stage by reacting hydrazobenzol with butylmalonic ester
[68,69].

Phenylbutazone is used for relieving low to moderate pain in headaches, rheumatoid arthri-
tis, and osteoarthritis. Its synonyms are algoverin, azolid, butazolidin, and others.
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3.2.2 Pyrazolones

In medicine, pyrazolone derivatives play a significant role as analgesics, anti-inflammatory,
and fever-reducing agents.

Among these are antipyrin, butadion, amidopyrin, phenylpyrazon, sulfinpyrazone, sodium
methamizol sodium (analgin), and a few others.

In terms of analgesic and anti-inflammatory action, they are similar to salicylic acid
derivatives.

Although the mechanism of their action is not completely known, it is supposed that
pyrazolone derivatives, like aspirin, inhibit biosynthesis of prostaglandins and reduce
permeability of capillaries, thus preventing the development of inflammatory reactions.

A serious limitation to the wide use of pyrazolone in medicine is the cases of onset of
agranulocytosis upon use of methamizol sodium (although it is prohibited in some
countries). It can be used by combining with other drugs.
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Phenylbutazone:

Phenylbutazone is used for relieving low to moderate pain in headaches, rheumatoid arthritis,
and osteoarthritis.

Synonym: algoverin, azolid, and butazolidin

As a prostaglandin synthetase inhibitor, diflunisal exhibits analgesic, fever-reducing, and
anti-inflammatory action. It is used for long- and short-lasting symptomatic relief of low
to moderate pain in osteoarthritis and rheumatoid arthritis.Synonyms for this drug are
dolobid, adomal, noladol, and others.

In medical practice, other salicylic acid derivatives are used in the form of salts.
Magnesium salicylate and sodium salicylate are less effective than respective doses of
aspirin; however, they are easier on patients that are sensitive to aspirin. Choline magne-
sium trisalicylate represents a mixture of choline salicylate and magnesium salicylate,
which has the same effect as aspirin; however, it is easier on patients in which gastroin-
testinal effects are observed upon taking aspirin.

3.2.2 Pyrazolonees

In medicine, pyrazolonee derivatives play a significant role as analgesics, anti-inflamma-
tory, and fever-reducing agents. Among these are antipyrin, butadion, amidopyrin,
phenylpyrazon, sulfinpyrazone, sodium methamizol sodium (analgin), and a few others. In
terms of analgesic and anti-inflammatory action, they are similar to salicylic acid deriva-
tives. Although the mechanism of their action is not completely known, it is supposed that
pyrazolone derivatives, like aspirin, inhibit biosynthesis of prostaglandins and reduce per-
meability of capillaries, thus preventing the development of inflammatory reactions. A
serious limitation to the wide use of pyrazolonee in medicine is the cases of onset of agran-
ulocytosis upon use of methamizol sodium.

Nevertheless, the most widely used derivative in medicine is methamizol sodium
(although it is prohibited in some countries) as well as combined drugs on its base; in par-
ticular, baralgin, which represents a combined drug based on methamizol sodium with the
spasmolytic 4′-(ethoxypiperidine)carbomethoxybenzophenone and the ganglionic blocker
2,2-diphenyl-4-piperidylacetamide.

Phenylbutazone: Phenylbutazone, 4-butyl-1,2-diphenyl-3,5-pyrazolidinedione (3.2.6),
is synthesized in a single stage by reacting hydrazobenzol with butylmalonic ester
[68,69].

Phenylbutazone is used for relieving low to moderate pain in headaches, rheumatoid arthri-
tis, and osteoarthritis. Its synonyms are algoverin, azolid, butazolidin, and others.
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Sulfinpyrazone:

Sulfinpyrazone is used upon exactly the same indications as phenylbutazone.

Synonym: anturane and enturen

Sulfinpyrazone: Sulfinpyrazone, 1,2-diphenyl-4,2-(phenylsulfinil)ethyl-3,5-pyrazolidine-
dione (3.2.8), is an analog of phenylbutazone that is synthesized in the analogous manner of
condensing hydrazobenzol with 2-(2-phenyltioethyl)malonic ester into pyrazolidinedione
(3.2.7), and the subsequent oxidation of thiol ether by hydrogen peroxide in acetic acid into
the sulfoxide, sulfinpyrazone (3.2.8) [70,71].

Sulfinpyrazone is used upon exactly the same indications as phenylbutazone. Synonyms
for this drug are anturane and enturen.

Metamizole sodium: Methamizole sodium, 1-phenyl-2,3-dimethyl-4-methylaminopyra-
zolone-5-N-sodium methansulfonate (3.2.16), is synthesized in a multi-stage synthesis from
acetoacetic ester and phenylhydrazine. Their reaction leads to the formation of 1-phenyl-
3-methylpyrazolone-5 (3.2.9). Methylation of this product with methyl iodide gives 1-phenyl-
2,3-dimethylpyrazolone-5 (3.2.10). This compound is used independently in medicine as a
fever-reducing and anti-inflammatory analgesic under the name antipyrin. It undergoes
nitrozation by sodium nitrite in an acidic medium, forming 1-phenyl-2,3-dimethyl-4-
nitrozopyrazolone-5 (3.2.11). Reduction of the nitrous derivative (3.2.11) by different reduc-
ing agents leads to the formation of 1-phenyl-2,3-dimethyl-4-aminopyrazolone-5 (3.2.12).
This product is reacted with benzaldehyde, forming an easily separable crystalline 1-phenyl-
2,3-dimethyl-4-benzylidenaminopyrazolone-5 (3.2.13), which is methylated at the imine atom
of nitrogen by dimethylsulfate, giving a quaternary salt (3.2.14). Hydrolysis of the resulting
salt gives 1-phenyl-2,3-dimethyl-4-methylaminopyrazolone-5 (3.2.15). Treating the product
with a water solution of a mixture of sodium bisulfite and formaldehyde leads to the forma-
tion of 1-phenyl-2,3-dimethyl-4-methylaminopyrazolone-5-N-sodium methanesulfonate
(3.2.16), the desired sodium methamizole [72–75].
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Metamizole sodium:

Methamizole sodium has expressed analgesic and fever-reducing properties and poorly
expressed anti-inflammatory action, and is very convenient in cases where high
concentrations of drug need to be quickly reached.

Methamizole sodium is used for relieving pain of various origins (renal and biliary colic,
neuralgia, myalgia, trauma, burns, headaches, and toothaches).

Use of this drug may cause allergic reactions, and long-term use may cause
granulocytopenia.

Synonym: dipyrone, and analgin

Methamizole sodium has expressed analgesic and fever-reducing properties and poorly
expressed anti-inflammatory action, and is very convenient in cases where high concen-
trations of drug need to be quickly reached. Methamizole sodium is used for relieving
pain of various origins (renal and biliary colic, neuralgia, myalgia, trauma, burns,
headaches, and toothaches). Use of this drug may cause allergic reactions, and long-term
use may cause granulocytopenia. Synonyms for this drug are dipyrone, analgin, and many
others.

3.2.3 p-Aminophenol derivatives

Acetaminophen: Acetaminophen, p-acetaminophenol (3.2.80), is synthesized by reacting
p-aminophenol with acetic anhydride [76,77].

Acetaminophen differs from the nonsteroidal anti-inflammatory agents described in that it
is devoid of anti-inflammatory and antirheumatic properties. It was recently shown that
acetaminophen, like aspirin, inhibits cyclooxygenase action in the brain and is even
stronger than aspirin. On the other hand, the mechanism of analgesic action of acetamin-
ophen is not fully clear, since it acts poorly on peripheral cyclooxygenase.

Acetaminophen is widely used as an analgesic and fever-reducing agent. Acetaminophen is
designed for moderate analgesia. It is also effective like aspirin and is used in analgesia for
headaches (from weak to moderate pain), myalgia, arthralgia, chronic pain, for oncological and
post-operational pain, etc. Synonyms for this drug are paracetamol, tylenol, and many others.

3.2.4 Anthranylic acid derivatives

Anthranylic acid derivatives are direct structural analogs of salicylic acid derivatives. They
possess analgesic, anti-inflammatory, and fever-reducing activity. They are similar to
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3.2.3 p-Aminophenol derivatives

Acetaminophen:

Acetaminophen is widely used as an analgesic and fever-reducing agent, without anti-
inflammatory and antirheumatic properties.

Acetaminophen is designed for moderate analgesia. It is also effective like aspirin and used
for headaches (from weak to moderate pain), myalgia, arthralgia, chronic pain, for oncological
and post-operational pain, etc.

It was recently shown that acetaminophen, like aspirin, inhibits cyclooxygenase action in the
brain and is even stronger than aspirin.

Synonym: paracetamol and tylenol

Methamizole sodium has expressed analgesic and fever-reducing properties and poorly
expressed anti-inflammatory action, and is very convenient in cases where high concen-
trations of drug need to be quickly reached. Methamizole sodium is used for relieving
pain of various origins (renal and biliary colic, neuralgia, myalgia, trauma, burns,
headaches, and toothaches). Use of this drug may cause allergic reactions, and long-term
use may cause granulocytopenia. Synonyms for this drug are dipyrone, analgin, and many
others.

3.2.3 p-Aminophenol derivatives

Acetaminophen: Acetaminophen, p-acetaminophenol (3.2.80), is synthesized by reacting
p-aminophenol with acetic anhydride [76,77].

Acetaminophen differs from the nonsteroidal anti-inflammatory agents described in that it
is devoid of anti-inflammatory and antirheumatic properties. It was recently shown that
acetaminophen, like aspirin, inhibits cyclooxygenase action in the brain and is even
stronger than aspirin. On the other hand, the mechanism of analgesic action of acetamin-
ophen is not fully clear, since it acts poorly on peripheral cyclooxygenase.

Acetaminophen is widely used as an analgesic and fever-reducing agent. Acetaminophen is
designed for moderate analgesia. It is also effective like aspirin and is used in analgesia for
headaches (from weak to moderate pain), myalgia, arthralgia, chronic pain, for oncological and
post-operational pain, etc. Synonyms for this drug are paracetamol, tylenol, and many others.

3.2.4 Anthranylic acid derivatives

Anthranylic acid derivatives are direct structural analogs of salicylic acid derivatives. They
possess analgesic, anti-inflammatory, and fever-reducing activity. They are similar to
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3.2.4 Anthranylic acid derivatives

Anthranylic acid derivatives are direct structural analogs of salicylic acid derivatives. They
possess analgesic, anti-inflammatory, and fever-reducing activity.

They are similar to pyrazolones in terms of analgesic and fever-reducing activity, yet they
exceed the anti-inflammatory activity of salicylates.

pyrazolones in terms of analgesic and fever-reducing activity, yet they exceed the anti-
inflammatory activity of salicylates. The mechanism of action of this series of nonsteroid,
anti-inflammatory analgesics is not conclusively known.

Flufenamic acid: Flufenamic acid, N-(α,α,α-trifluoro-m-tolyl)anthranylic acid (3.2.18),
is synthesized by the reaction of 2-chlorobenzoic acid with 3-trifluoromethylaniline in the
presence of potassium carbonate and copper filings [78,79].

Flufenamic acid is used for moderate pain and dysmenorrhea, but it should not be used for
more than 1 week due to the possibility of nephrotoxicity, gastrointestinal toxicity, and
anemia. It is frequently used in combination with the anticoagulant warfarin, the effect of
which is strengthened when combined with flufenamic acid. Synonyms for this drug are
arlef, flexocutan, romazal, and others.

Mefenamic acid: Mefenamic acid, N-(2,3-xylyl)anthranylic acid (3.2.19), is synthesized
in basically the same manner, by the reaction of the potassium salt of 2-bromobenzoic acid
with 2,3-dimethylaniline in the presence of copper (II) acetate [80,81].

It is used for the same indications as flufenamic acid. Synonyms for this drug are
parkemed, ponstan, ponstel, and others.

Meclofenamic acid: Meclofenamic acid, N-(2,6-dichloro-m-tolyl)anthranylic acid
(3.2.20), is synthesized analogous to flufenamic acid, by the reaction of potassium salt of
2-bromobenzoic acid with 2,6-dichloro-3-methylaniline in the presence of copper (II) bro-
mide in a mixture of N-ethylmorpholine and diglyme [82,83].

It is used for the same conditions as flufenamic acid. A synonym for this drug is movens.

Niflumic acid: Niflumic acid, 2-3-(trifluoromethyl)anilino nicotinic acid (3.2.21), is syn-
thesized either by the reaction of 2-chloronicotinic acid with 3-trifluoromethylaniline
[84–86], or 2-aminonicotinic acid with 1-bromo-3-trifluoromethylbenzene [87].

3.2.20

COOK

Br
H2N

CH3CI

CI

+
COOH

NH

CI CH3

CICuBr2

(CH3COO)2Cu
COOK

Br
H2N

CH3CH3

+
COOH

NH

CH3 CH33.2.19

Cu / K2CO3 CF3
COOH

NH

+ H2N

CF3COOH

Cl

3.2.18

3.2 Nonsteroid Anti-Inflammatory Drugs and Anti-Fever Analgesics 43

ELSE_Vardanyan_CH003.qxd  2/3/2006  2:11 PM  Page 43

Flufenamic acid:

It is used for moderate pain and dysmenorrhea, but it should not be used for more than 1
week due to the possibility of nephrotoxicity, gastrointestinal toxicity, and anemia.

It is frequently used in combination with the anticoagulant warfarin, the effect of which is
strengthened when combined with flufenamic acid.

Synonym: arlef, flexocutan, and romazal
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Meclofenamic acid:

Its action is similar to flufenamic acid.

Synonym: movens

pyrazolones in terms of analgesic and fever-reducing activity, yet they exceed the anti-
inflammatory activity of salicylates. The mechanism of action of this series of nonsteroid,
anti-inflammatory analgesics is not conclusively known.

Flufenamic acid: Flufenamic acid, N-(α,α,α-trifluoro-m-tolyl)anthranylic acid (3.2.18),
is synthesized by the reaction of 2-chlorobenzoic acid with 3-trifluoromethylaniline in the
presence of potassium carbonate and copper filings [78,79].

Flufenamic acid is used for moderate pain and dysmenorrhea, but it should not be used for
more than 1 week due to the possibility of nephrotoxicity, gastrointestinal toxicity, and
anemia. It is frequently used in combination with the anticoagulant warfarin, the effect of
which is strengthened when combined with flufenamic acid. Synonyms for this drug are
arlef, flexocutan, romazal, and others.

Mefenamic acid: Mefenamic acid, N-(2,3-xylyl)anthranylic acid (3.2.19), is synthesized
in basically the same manner, by the reaction of the potassium salt of 2-bromobenzoic acid
with 2,3-dimethylaniline in the presence of copper (II) acetate [80,81].

It is used for the same indications as flufenamic acid. Synonyms for this drug are
parkemed, ponstan, ponstel, and others.

Meclofenamic acid: Meclofenamic acid, N-(2,6-dichloro-m-tolyl)anthranylic acid
(3.2.20), is synthesized analogous to flufenamic acid, by the reaction of potassium salt of
2-bromobenzoic acid with 2,6-dichloro-3-methylaniline in the presence of copper (II) bro-
mide in a mixture of N-ethylmorpholine and diglyme [82,83].

It is used for the same conditions as flufenamic acid. A synonym for this drug is movens.

Niflumic acid: Niflumic acid, 2-3-(trifluoromethyl)anilino nicotinic acid (3.2.21), is syn-
thesized either by the reaction of 2-chloronicotinic acid with 3-trifluoromethylaniline
[84–86], or 2-aminonicotinic acid with 1-bromo-3-trifluoromethylbenzene [87].
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Niflumic acid:

Its action is similar to flufenamic acid.

Synonyms: actol, flunir, and nifluril

It is used for the exact same indications as the drugs described above. Synonyms for this
drug are actol, flunir, nifluril, and others.

3.2.5 Propionic acid derivatives

This series of anti-inflammatory, analgesic, and fever-reducing compounds (ibuprofen,
naproxene, ketoprofen, fenprofen) can be equally identified as both propionic acid deriva-
tives as well as phenylpropionic acid derivatives. The mechanism of their action is not con-
clusively known; however, it has been suggested that it is also connected with the
suppression of prostaglandin synthetase activity.

Ibuprofen: Ibuprofen, 2-(4-iso-butylphenyl)propionic acid (3.2.23), can be synthesized
by various methods [88–98]. The simplest way to synthesize ibuprofen is by the acylation
of iso-butylbenzol by acetyl chloride. The resulting iso-butylbenzophenone (3.2.21) is
reacted with sodium cyanide, giving oxynitrile (3.2.22), which upon reaction with
hydroiodic acid in the presence of phosphorus is converted into 2-(4-iso-butylphenyl)pro-
pionic acid (3.2.23), which subsequently undergoes phases of dehydration, reduction, and
hydrolysis.

Another way to synthesize ibuprofen consists of the chloromethylation of iso-butylben-
zene, giving 4-iso-butylbenzylchloride (3.2.24). This product is reacted with sodium
cyanide, making 4-iso-butylbenzyl cyanide (3.2.25), which is alkylated in the presence of
sodium amide by methyl iodide into 2-(4-iso-butylbenzyl)propionitrile (3.2.26).
Hydrolysis of the resulting product in the presence of a base produces ibuprofen (3.2.23).
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Mefenamic acid:

Its action is similar to flufenamic acid.

Synonym: parkemed, ponstan, and ponstel

pyrazolones in terms of analgesic and fever-reducing activity, yet they exceed the anti-
inflammatory activity of salicylates. The mechanism of action of this series of nonsteroid,
anti-inflammatory analgesics is not conclusively known.

Flufenamic acid: Flufenamic acid, N-(α,α,α-trifluoro-m-tolyl)anthranylic acid (3.2.18),
is synthesized by the reaction of 2-chlorobenzoic acid with 3-trifluoromethylaniline in the
presence of potassium carbonate and copper filings [78,79].

Flufenamic acid is used for moderate pain and dysmenorrhea, but it should not be used for
more than 1 week due to the possibility of nephrotoxicity, gastrointestinal toxicity, and
anemia. It is frequently used in combination with the anticoagulant warfarin, the effect of
which is strengthened when combined with flufenamic acid. Synonyms for this drug are
arlef, flexocutan, romazal, and others.

Mefenamic acid: Mefenamic acid, N-(2,3-xylyl)anthranylic acid (3.2.19), is synthesized
in basically the same manner, by the reaction of the potassium salt of 2-bromobenzoic acid
with 2,3-dimethylaniline in the presence of copper (II) acetate [80,81].

It is used for the same indications as flufenamic acid. Synonyms for this drug are
parkemed, ponstan, ponstel, and others.

Meclofenamic acid: Meclofenamic acid, N-(2,6-dichloro-m-tolyl)anthranylic acid
(3.2.20), is synthesized analogous to flufenamic acid, by the reaction of potassium salt of
2-bromobenzoic acid with 2,6-dichloro-3-methylaniline in the presence of copper (II) bro-
mide in a mixture of N-ethylmorpholine and diglyme [82,83].

It is used for the same conditions as flufenamic acid. A synonym for this drug is movens.

Niflumic acid: Niflumic acid, 2-3-(trifluoromethyl)anilino nicotinic acid (3.2.21), is syn-
thesized either by the reaction of 2-chloronicotinic acid with 3-trifluoromethylaniline
[84–86], or 2-aminonicotinic acid with 1-bromo-3-trifluoromethylbenzene [87].
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3.2.5 Propionic acid derivatives

This series of anti-inflammatory, analgesic, and fever-reducing compounds (ibuprofen,
naproxene, ketoprofen, fenprofen) can be equally identified as both propionic acid
derivatives as well as phenylpropionic acid derivatives.

The mechanism of their action has been suggested that it is also connected with the
suppression of prostaglandin synthetase activity.

Ibuprofen:

Ibuprofen is the first drug of the propionic acid derivatives that was permitted for clinical use.
Ibuprofen exhibits analgesic, fever-reducing, and anti-inflammatory action comparable to,
and even surpassing that of aspirin and acetaminophen.

It is tolerated better than aspirin, and side effects are rarely observed. It is used in treating
rheumatoid arthritis, in various forms of articular and nonarticular rheumatoid diseases, as
well as for pain resulting from inflammatory peripheral nerve system involvement,
exacerbation of gout, neuralgia, myalgia, ankylosing spondylitis, radiculitis, traumatic soft-
tissue inflammation, and in the musculoskeletal system.
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It is used for the exact same indications as the drugs described above. Synonyms for this
drug are actol, flunir, nifluril, and others.

3.2.5 Propionic acid derivatives

This series of anti-inflammatory, analgesic, and fever-reducing compounds (ibuprofen,
naproxene, ketoprofen, fenprofen) can be equally identified as both propionic acid deriva-
tives as well as phenylpropionic acid derivatives. The mechanism of their action is not con-
clusively known; however, it has been suggested that it is also connected with the
suppression of prostaglandin synthetase activity.

Ibuprofen: Ibuprofen, 2-(4-iso-butylphenyl)propionic acid (3.2.23), can be synthesized
by various methods [88–98]. The simplest way to synthesize ibuprofen is by the acylation
of iso-butylbenzol by acetyl chloride. The resulting iso-butylbenzophenone (3.2.21) is
reacted with sodium cyanide, giving oxynitrile (3.2.22), which upon reaction with
hydroiodic acid in the presence of phosphorus is converted into 2-(4-iso-butylphenyl)pro-
pionic acid (3.2.23), which subsequently undergoes phases of dehydration, reduction, and
hydrolysis.

Another way to synthesize ibuprofen consists of the chloromethylation of iso-butylben-
zene, giving 4-iso-butylbenzylchloride (3.2.24). This product is reacted with sodium
cyanide, making 4-iso-butylbenzyl cyanide (3.2.25), which is alkylated in the presence of
sodium amide by methyl iodide into 2-(4-iso-butylbenzyl)propionitrile (3.2.26).
Hydrolysis of the resulting product in the presence of a base produces ibuprofen (3.2.23).
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It is used for the exact same indications as the drugs described above. Synonyms for this
drug are actol, flunir, nifluril, and others.

3.2.5 Propionic acid derivatives

This series of anti-inflammatory, analgesic, and fever-reducing compounds (ibuprofen,
naproxene, ketoprofen, fenprofen) can be equally identified as both propionic acid deriva-
tives as well as phenylpropionic acid derivatives. The mechanism of their action is not con-
clusively known; however, it has been suggested that it is also connected with the
suppression of prostaglandin synthetase activity.

Ibuprofen: Ibuprofen, 2-(4-iso-butylphenyl)propionic acid (3.2.23), can be synthesized
by various methods [88–98]. The simplest way to synthesize ibuprofen is by the acylation
of iso-butylbenzol by acetyl chloride. The resulting iso-butylbenzophenone (3.2.21) is
reacted with sodium cyanide, giving oxynitrile (3.2.22), which upon reaction with
hydroiodic acid in the presence of phosphorus is converted into 2-(4-iso-butylphenyl)pro-
pionic acid (3.2.23), which subsequently undergoes phases of dehydration, reduction, and
hydrolysis.

Another way to synthesize ibuprofen consists of the chloromethylation of iso-butylben-
zene, giving 4-iso-butylbenzylchloride (3.2.24). This product is reacted with sodium
cyanide, making 4-iso-butylbenzyl cyanide (3.2.25), which is alkylated in the presence of
sodium amide by methyl iodide into 2-(4-iso-butylbenzyl)propionitrile (3.2.26).
Hydrolysis of the resulting product in the presence of a base produces ibuprofen (3.2.23).
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Method 1

Method 2

It is used as an auxiliary drug in infections, inflammatory diseases of the ENT organs,
adnexitis, dysmenorrhea, and for headaches and toothaches. It is not recommended for
patients with stomach ulcers.

Synonyms: brufen, ibufen, motrin, and rebugen



43

Ibuprofen is the first drug of the propionic acid derivatives that was permitted for clinical
use. Ibuprofen exhibits analgesic, fever-reducing, and anti-inflammatory action compara-
ble to, and even surpassing that of aspirin and acetaminophen. It is tolerated better than
aspirin, and side effects are rarely observed. It is used in treating rheumatoid arthritis, in
various forms of articular and nonarticular rheumatoid diseases, as well as for pain result-
ing from inflammatory peripheral nerve system involvement, exacerbation of gout, neu-
ralgia, myalgia, ankylosing spondylitis, radiculitis, traumatic soft-tissue inflammation, and
in the musculoskeletal system. It is used as an auxiliary drug in infections, inflammatory
diseases of the ENT organs, adnexitis, dysmenorrhea, and for headaches and toothaches.
It is not recommended for patients with stomach ulcers. The most common synonyms for
ibuprofen are brufen, ibufen, motrin, rebugen, and others.

Naproxene: Naproxene, 2-(6-methoxy-2-naphthyl)-propionic acid (3.2.15) can be syn-
thesized by the methods of synthesis described for ibuprofen as well as by the methods of
fenoprofen (3.2.21) and ketoprofen (3.2.27) synthesis that will be described below from
2-acetyl or 2-chloromethyl-6-methoxynaphthaline [99–101].

Being analogous to other drugs of this series, naproxene exhibits analgesic, fever-reduc-
ing, and long-lasting anti-inflammatory action. It causes reduction and removal of
painful symptoms including joint pain, stiffness, and swelling in the joints. It is used in
the same indications as ibuprofen. Synonyms for naproxene are naprosyn, pronaxen, and
apotex.

Fenoprofen: Fenoprofen, 2-(3-phenoxyphenyl)propionic acid (3.2.32), is synthesized from
3-hydroxyacetophenone, which is esterfied by bromobenzene in the presence of potassium
carbonate and copper filings, forming 3-phenoxyacetophenone (3.2.28). The carbonyl
group of the resulting product is reduced by sodium borohydride and the resulting alcohol
(3.2.29) is brominated by phosphorous tribromide. The reaction of the resulting bromo
derivative (3.2.20) with sodium cyanide gives 2-(3-phenoxyphenyl)propionitrile (3.2.31),
which is hydrolyzed into the desired fenoprofen (3.2.32) [102,103].
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Fenoprofen:

It is used in treating symptoms of rheumatoid arthritis and osteoarthritis; however, fenoprofen
exhibits a number of undesirable side effects.

Synonym: dista

Ibuprofen is the first drug of the propionic acid derivatives that was permitted for clinical
use. Ibuprofen exhibits analgesic, fever-reducing, and anti-inflammatory action compara-
ble to, and even surpassing that of aspirin and acetaminophen. It is tolerated better than
aspirin, and side effects are rarely observed. It is used in treating rheumatoid arthritis, in
various forms of articular and nonarticular rheumatoid diseases, as well as for pain result-
ing from inflammatory peripheral nerve system involvement, exacerbation of gout, neu-
ralgia, myalgia, ankylosing spondylitis, radiculitis, traumatic soft-tissue inflammation, and
in the musculoskeletal system. It is used as an auxiliary drug in infections, inflammatory
diseases of the ENT organs, adnexitis, dysmenorrhea, and for headaches and toothaches.
It is not recommended for patients with stomach ulcers. The most common synonyms for
ibuprofen are brufen, ibufen, motrin, rebugen, and others.

Naproxene: Naproxene, 2-(6-methoxy-2-naphthyl)-propionic acid (3.2.15) can be syn-
thesized by the methods of synthesis described for ibuprofen as well as by the methods of
fenoprofen (3.2.21) and ketoprofen (3.2.27) synthesis that will be described below from
2-acetyl or 2-chloromethyl-6-methoxynaphthaline [99–101].

Being analogous to other drugs of this series, naproxene exhibits analgesic, fever-reduc-
ing, and long-lasting anti-inflammatory action. It causes reduction and removal of
painful symptoms including joint pain, stiffness, and swelling in the joints. It is used in
the same indications as ibuprofen. Synonyms for naproxene are naprosyn, pronaxen, and
apotex.

Fenoprofen: Fenoprofen, 2-(3-phenoxyphenyl)propionic acid (3.2.32), is synthesized from
3-hydroxyacetophenone, which is esterfied by bromobenzene in the presence of potassium
carbonate and copper filings, forming 3-phenoxyacetophenone (3.2.28). The carbonyl
group of the resulting product is reduced by sodium borohydride and the resulting alcohol
(3.2.29) is brominated by phosphorous tribromide. The reaction of the resulting bromo
derivative (3.2.20) with sodium cyanide gives 2-(3-phenoxyphenyl)propionitrile (3.2.31),
which is hydrolyzed into the desired fenoprofen (3.2.32) [102,103].
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Naproxene:

It exhibits analgesic, fever-reducing, and long-lasting anti-inflammatory action.

It causes reduction and removal of painful symptoms including joint pain, stiffness, and
swelling in the joints. It is used in the same indications as ibuprofen.

Synonyms: naprosyn, pronaxen, and apotex
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Ketoprofen:

Ketoprofen is used for relieving weak to moderate pain in rheumatoid arthritis, osteoarthritis,
ankylosing spondylitis, gout, back pain, neuralgia, and myalgia.

It is also used for mild trauma; in particular, in sporting injuries such as sprains or ligament
and muscle ruptures.

It displays a number of undesirable side effects on hepatic and renal functions as well as on
the gastrointestinal tract.

Synonyms: alrheumat, fastum, ketalgin, and reuprofen

Fenoprofen is chemically and pharmacologically similar to the series of compounds
described above. It is used in treating symptoms of rheumatoid arthritis and osteoarthritis;
however, fenoprofen exhibits a number of undesirable side effects. A synonym for feno-
profen is dista and others.

Ketoprofen: Ketoprofen, 2-(3-benzoyl)propionic acid (3.2.37), is synthesized from 
3-methylbenzophenone, which undergoes bromination and forms 3-bromo-methylben-
zophenone (3.2.33). The reduction of the resulting product by sodium cyanide gives
3-cyanomethylbenzophenone (3.2.34), which is reacted with the diethyl ester of carbonic
acid in the presence of sodium ethoxide. The resulting cyanoacetic ester derivative (3.2.25)
is alkylated by methyl iodide and the resulting product (3.2.36) undergoes acidic hydroly-
sis, forming ketoprofen (3.2.37) [104–106].

Ketoprofen is used for relieving weak to moderate pain in rheumatoid arthritis, osteoarthri-
tis, ankylosing spondylitis, gout, back pain, neuralgia, and myalgia. It is also used for mild
trauma; in particular, in sporting injuries such as sprains or ligament and muscle ruptures.
It displays a number of undesirable side effects on hepatic and renal functions as well as
on the gastrointestinal tract. The most common synonyms are alrheumat, fastum, ketalgin,
reuprofen, and others.

3.2.6 Acetic acid derivatives

There are other drugs besides propionic acid derivatives—acetic acid derivatives in partic-
ular (diclofenac, feclofenac, alclofenac, among others)—that are very widely used as anti-
inflammatory, analgesic, and fever-reducing compounds. It is supposed that their
anti-inflammatory, analgesic, and fever-reducing action also is due to the suppression of
prostaglandin synthetase activity.

Diclofenac: Diclofenac, 2-[(2,6-dichlorophenyl)-amino]-phenylacetic acid (3.2.42), is
synthesized from 2-chlorobenzoic acid and 2,6-dichloroaniline. The reaction of these in
the presence of sodium hydroxide and copper gives N-(2,6-dichlorophenyl)anthranylic
acid (3.2.38), the carboxylic group of which undergoes reduction by lithium aluminum
hydride. The resulting 2-[(2,6-dicholorphenyl)-amino]-benzyl alcohol (3.2.39) undergoes
further chlorination by thionyl chloride into 2-[(2,6-dichlorophenyl)-amino]-ben-
zylchloride (3.2.40) and further, upon reaction with sodium cyanide converts into 
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3.2.6 Acetic acid derivatives

There are acetic acid derivatives in particular (diclofenac, feclofenac, alclofenac) that are very
widely used as anti- inflammatory, analgesic, and fever-reducing compounds.

Diclofenac:

Diclofenac possesses all of the properties unique to the series of propionic acid drugs, yet
in terms of anti-inflammatory and analgesic strength it exceeds that of aspirin, analgin, and
ibuprofen.

2-[(2,6-dicholorophenyl)-amino]benzyl cyanide (3.2.41). Hydrolysis of the nitrile group
leads to diclofenac (3.2.42) [107,108].

Diclofenac possesses all of the properties unique to the series of propionic acid drugs, yet
in terms of anti-inflammatory and analgesic strength it exceeds that of aspirin, analgin, and
ibuprofen. It is used in acute rheumatism, rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis, arthrosis, back pain, neuralgia, and myalgia. It rarely causes side effects. The
most common synonym is voltaren.

Fenclofenac: Fenclofenac, o-[2,4-dichlorophenoxy)phenyl]acetic acid (3.2.45), is synthe-
sized from 2,4-dichlorophenol and 2-chloroacetophenone, the reaction of which in the
presence of sodium hydroxide and powdered copper forms the corresponding 
2-acetyl-2′,4′-dichloro-diphenyl ester (3.2.43). The resulting product is reacted with sulfur
and morpholine according to Willgerodt method, giving thioamide (3.2.44), which is further
hydrolyzed to the desired fenclofenac [109,110].

This drug is used for the same indications as diclofenac. A synonym for this drug is flenac.

3.2.7 Indolyl/indeneacetic acids

Drugs of this series, indomethacin, tolmetin, sulindac, and others are very effective nons-
teroidal anti-inflammatory drugs with strongly expressed analgesic action. They are strong
inhibitors of prostaglandin biosynthesis.
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Fenclofenac:

This drug is used for the same indications as diclofenac.

Synonym: flenac

2-[(2,6-dicholorophenyl)-amino]benzyl cyanide (3.2.41). Hydrolysis of the nitrile group
leads to diclofenac (3.2.42) [107,108].

Diclofenac possesses all of the properties unique to the series of propionic acid drugs, yet
in terms of anti-inflammatory and analgesic strength it exceeds that of aspirin, analgin, and
ibuprofen. It is used in acute rheumatism, rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis, arthrosis, back pain, neuralgia, and myalgia. It rarely causes side effects. The
most common synonym is voltaren.

Fenclofenac: Fenclofenac, o-[2,4-dichlorophenoxy)phenyl]acetic acid (3.2.45), is synthe-
sized from 2,4-dichlorophenol and 2-chloroacetophenone, the reaction of which in the
presence of sodium hydroxide and powdered copper forms the corresponding 
2-acetyl-2′,4′-dichloro-diphenyl ester (3.2.43). The resulting product is reacted with sulfur
and morpholine according to Willgerodt method, giving thioamide (3.2.44), which is further
hydrolyzed to the desired fenclofenac [109,110].

This drug is used for the same indications as diclofenac. A synonym for this drug is flenac.

3.2.7 Indolyl/indeneacetic acids

Drugs of this series, indomethacin, tolmetin, sulindac, and others are very effective nons-
teroidal anti-inflammatory drugs with strongly expressed analgesic action. They are strong
inhibitors of prostaglandin biosynthesis.
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It is used in acute rheumatism, rheumatoid arthritis, osteoarthritis, ankylosing spondylitis,
arthrosis, back pain, neuralgia, and myalgia.

It rarely causes side effects.

Synonym: voltaren
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Tolmetin:

It is used for relieving weak to moderate pain in rheumatoid arthritis and osteoarthritis.

Synonyms: tolectin and tolmex

α-position of the pyrrole ring by 4-methylbenzoylchloride in the presence of aluminum
chloride. The resulting 1-methyl-5-n-toluylpyrrol-2-acetonitrile (3.2.60) undergoes further
alkaline hydrolysis, giving corresponding acid, tolmetin (3.2.61) [116–118].

Tolmetin, like all of the drugs described above, inhibits synthesis of prostaglandins and
exhibits expressed analgesic, anti-inflammatory, and fever-reducing properties. It is used
for relieving weak to moderate pain in rheumatoid arthritis and osteoarthritis. Synonyms
for tolmetin are tolectin, tolmex, and others.

Sulindac: Sulindac, 5-fluoro-2-methyl-1-[n-(methylsulfinyl)benzyliden]inden-3-acetic acid
(3.2.67) is synthesized in a multi-step synthesis from n-fluorobenzaldehyde, which upon con-
densation with propionic acid anhydride in the presence of sodium acetate gives 4-fluoro-α-
methylcinnamic acid (3.2.62). Reduction of the double bond by hydrogene using a palladium
on carbon catalyst gives 4-fluoro-α-methyldihydrocinnamic acid (3.2.63). In the presence of
polyphosphoric acid, the resulting product undergoes cyclization to 5-fluoro-2-methyl-3-
indanone (3.2.64). The resulting ketone undergoes a Knoevenagel reaction with cyanoacetic
acid and is further decarboxylated into 5-fluoro-2-methyliden-3-acetic acid (3.2.65).
Condensation of the product with n-mercaptobenzaldehyde in the presence of sodium
methoxide gives 5-fluoro- 2-methyl-1-(4-methylthiobenzyliden)-3-indenacetic acid (3.2.66),
and the sulfur atom is oxidized by sodium periodate into the desired sulfoxide (3.2.67),
sulindac [119–122].
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Drugs of this series, indomethacin, tolmetin, sulindac, and others are very effective
nonsteroidal anti-inflammatory drugs with strongly expressed analgesic action. They are
strong inhibitors of prostaglandin biosynthesis.

3.2.7 Indolyl/indeneacetic acids
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The same substance has been suggested to be synthesized directly from 4-methoxyphenyl-
n-chlorobenzoylhydrazine and levulinic acid by cyclization of the respective hydrazone in
the presence of hydrogen chloride. In order to do this, condensation of acetaldehyde with
n-methoxyphenylhyrazine gives hydrazone (3.2.53), which is acylated by p-chlorobenzoyl
chloride, forming hydrazone (3.2.54). The product is hydrolyzed into hydrazine (3.2.55).
Interacting the product with levulinic acid gives hydrazone (3.2.56), which undergoes
Fischer cyclization into indomethacin (3.2.51) [115].

Indomethacin is used in rheumatoid arthritis, nonspecific infectious polyarthritis, gouty
arthritis, osteoarthritis, ankylosing spondylitis, arthrosis, back pain, neuralgia, myalgia,
and other diseases accompanied by inflammation. Synonyms for indomethacin are, among
others, metindol, indacide, and rumacide.

Tolmetin: Tolmetin, 1-methyl-5-n-tolylpyrrol-2-acetic acid (3.2.61) is synthesized from 1-
methylindole, which is aminomethylated using formaldehyde and dimethylamine, forming
2-dimethylaminomethyl-1-methylindol (3.2.57). The product is methylated by methyl
iodide, giving the corresponding quaternary salt (3.2.58). Reaction of the product with
sodium cyanide gives 1-methylpyrrole-2-acetonitrile (3.2.59), which is acylated at the free
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Indomethacin:

It is used in rheumatoid arthritis, nonspecific infectious polyarthritis, gouty arthritis,
osteoarthritis, ankylosing spondylitis, arthrosis, back pain, neuralgia, myalgia, etc.

Synonyms: metindol, indacide, and rumacide
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Sulindac:

It is used for relieving weak to moderate pain in rheumatoid arthritis and osteoarthritis.

Synonyms: suprol and imbaral

α-position of the pyrrole ring by 4-methylbenzoylchloride in the presence of aluminum
chloride. The resulting 1-methyl-5-n-toluylpyrrol-2-acetonitrile (3.2.60) undergoes further
alkaline hydrolysis, giving corresponding acid, tolmetin (3.2.61) [116–118].

Tolmetin, like all of the drugs described above, inhibits synthesis of prostaglandins and
exhibits expressed analgesic, anti-inflammatory, and fever-reducing properties. It is used
for relieving weak to moderate pain in rheumatoid arthritis and osteoarthritis. Synonyms
for tolmetin are tolectin, tolmex, and others.

Sulindac: Sulindac, 5-fluoro-2-methyl-1-[n-(methylsulfinyl)benzyliden]inden-3-acetic acid
(3.2.67) is synthesized in a multi-step synthesis from n-fluorobenzaldehyde, which upon con-
densation with propionic acid anhydride in the presence of sodium acetate gives 4-fluoro-α-
methylcinnamic acid (3.2.62). Reduction of the double bond by hydrogene using a palladium
on carbon catalyst gives 4-fluoro-α-methyldihydrocinnamic acid (3.2.63). In the presence of
polyphosphoric acid, the resulting product undergoes cyclization to 5-fluoro-2-methyl-3-
indanone (3.2.64). The resulting ketone undergoes a Knoevenagel reaction with cyanoacetic
acid and is further decarboxylated into 5-fluoro-2-methyliden-3-acetic acid (3.2.65).
Condensation of the product with n-mercaptobenzaldehyde in the presence of sodium
methoxide gives 5-fluoro- 2-methyl-1-(4-methylthiobenzyliden)-3-indenacetic acid (3.2.66),
and the sulfur atom is oxidized by sodium periodate into the desired sulfoxide (3.2.67),
sulindac [119–122].
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3.2.8 Oxicames

Oxicames are another series of anti-inflammatory, analgesic, and fever-reducing compounds
whose mechanisms of action are most likely the suppression of prostaglandin synthesis.
These drugs are capable of relieving painful symptoms of medium intensity.

rearrangement into 1,1-dioxide 3-methoxycarbonyl-3,4-dihydro-2-H-1,2-benzothiazin-4-
one (3.2.77). This product is methylated at the nitrogen atom using methyl iodide, giving
(3.2.78). Finally, reaction of the resulting product with 2-aminopyridine gives piroxicam
(3.2.79).

As was already mentioned, piroxicam also is a nonsteroidal, anti-inflammatory drug. It is
used in inflammatory and degenerative diseases of the musculoskeletal system that are
accompanied by painful symptoms. It is used for rheumatic heart disease, nonspecific
infectious polyarthritis, gouty arthritis, rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis, arthrosis, back pain, neuralgia, myalgia, and other diseases associated with
inflammation. Synonyms for piroxicam are feldene, dexicam, roxenan, and others.

Isoxicam: Isoxicam, 1,1-dioxide 4-hydroxy-2-methyl-N-(5-methyl-3-isoxazolyl)-2H-1,2-
benzothiazine-3-carboxamide (3.2.80), is synthesized analogous to piroxicam, using ami-
dation of 1,1-dioxide 3-methoxycarbonyl-3,4-dihydro-2-H-1,2-benzothiazine-4-one
(3.2.78) in the last stage with 3-amino-5-methylisoxazole, instead of 2-aminopyridine
[127–130].

It is used for the same indications as piroxicam. Synonyms for isoxicam are floxicam and
maxicam.
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Sulindac is used for relieving weak to moderate pain in rheumatoid arthritis and
osteoarthritis. Synonyms for sulindac are suprol, imbaral, and others.

3.2.8 Oxicames

Oxicames are representatives of another series of anti-inflammatory, analgesic, and fever-
reducing compounds whose mechanisms of action are most likely the suppression of
prostaglandin synthesis. These drugs are capable of relieving painful symptoms of medium
intensity.

Piroxicam: Piroxicam, 1,1-dioxid-4-hydroxy-2-methyl-N-2-pyradyl-2H-1,2-benzothiazine-
3-carboxamide (3.2.78), is synthesized from saccharin (3.2.70). Two methods for saccharin
synthesis are described. It usually comes from toluene, which is sulfonated by chlorosulfonic
acid, forming isomeric 4- and 2-toluenesulfonyl chlorides. The isomeric products are sepa-
rated by freezing (chilling). The liquid part, 2-toluenesulfonyl chloride (3.2.68) is separated
from the crystallized 4-toluenesulfochloride and reacted with ammonia, giving 2-toluenesul-
fonylamide (3.2.69). Oxidation of the product with sodium permanganate or chromium (VI)
oxide in sulfuric acid gives saccharin—o-sulfobenzoic acid imide (3.2.70) [123–126].

An alternative way for making saccharin is from methyl ester o-aminobenzoic (anthranylic
acid). This undergoes diazotization using nitrous acid, and the resulting diazonium salt
(3.2.71) is reacted with sulfur dioxide in the presence of copper dichloride, forming the
methyl ester o-sulfobenzoic acid (3.2.72). Reaction of the resulting product with chlorine
gives o-chlorosulfonylbenzoic acid methyl ester (3.2.73), which upon reaction with ammo-
nium gives o-sulfonylamidobenzoic acid methyl ester (3.2.74). In the presence of hydro-
gen chloride, the resulting product undergoes cyclization into saccharin (3.2.70).

The reaction of saccharin with sodium hydroxide results in substitution of the imide hydro-
gen atom of saccharin with sodium, giving a sodium salt (3.2.75). The resulting product is
reacted with methyl chloroacetate, giving the saccharin-substituted acetic acid methyl ester
(3.2.76). Upon reaction with sodium methoxide in dimethylsulfoxide, the product undergoes
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Piroxicam:

Synonyms: feldene, dexicam, and roxenan
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Isoxicam:

It is used for the same indications as piroxicam.

Synonyms: floxicam and maxicam

rearrangement into 1,1-dioxide 3-methoxycarbonyl-3,4-dihydro-2-H-1,2-benzothiazin-4-
one (3.2.77). This product is methylated at the nitrogen atom using methyl iodide, giving
(3.2.78). Finally, reaction of the resulting product with 2-aminopyridine gives piroxicam
(3.2.79).

As was already mentioned, piroxicam also is a nonsteroidal, anti-inflammatory drug. It is
used in inflammatory and degenerative diseases of the musculoskeletal system that are
accompanied by painful symptoms. It is used for rheumatic heart disease, nonspecific
infectious polyarthritis, gouty arthritis, rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis, arthrosis, back pain, neuralgia, myalgia, and other diseases associated with
inflammation. Synonyms for piroxicam are feldene, dexicam, roxenan, and others.

Isoxicam: Isoxicam, 1,1-dioxide 4-hydroxy-2-methyl-N-(5-methyl-3-isoxazolyl)-2H-1,2-
benzothiazine-3-carboxamide (3.2.80), is synthesized analogous to piroxicam, using ami-
dation of 1,1-dioxide 3-methoxycarbonyl-3,4-dihydro-2-H-1,2-benzothiazine-4-one
(3.2.78) in the last stage with 3-amino-5-methylisoxazole, instead of 2-aminopyridine
[127–130].

It is used for the same indications as piroxicam. Synonyms for isoxicam are floxicam and
maxicam.

REFERENCES

1. M. Gates, J. Am. Chem. Soc., 72, 228, 1141, 4839 (1950).
2. M. Gates, G. Tschudi, J. Am. Chem. Soc., 74, 1109 (1952).
3. M. Gates, G. Tschudi, J. Am. Chem. Soc., 78, 1380 (1956).
4. I. Irjima, J. Minakuikava, A.E. Jacobson, A. Brossi, K.C. Rice, J. Org. Chem., 43, 1462 (1978).
5. H.C. Begerman, T.S. Lie, L. Maat, H.H. Bosman, E. Buurman, E.J.M. Bijsterveld, H.J.M.

Sinnige, Rec. Trav. Chim., 95, 24 (1976).

N
O CH3

3.2.80

N
S

O

CONH

CH3

O O

N

H2N

O CH3

+

OO

N
S

O

COOCH3

CH3

3.2.78

OO

3.2.79

N
S

O

COOCH
CH3

H

O O OO

N
S

O

COOCH3

CH3

3I N NH2

N
S

O

CONH

CH3

N

3.2.77 3.2.78

3.2.70
OO

N
S

O

H

3.2.75
OO

N
S

O

Na

NaOH

3.2.76
OO

N
S

O

CH2COOCH3

CH3ONa / DMSOClCH2COOCH3

52 3. Analgesics

ELSE_Vardanyan_CH003.qxd  2/3/2006  2:11 PM  Page 52

It is used in inflammatory and degenerative diseases of the musculoskeletal system that are
accompanied by painful symptoms.

It is used for rheumatic heart disease, nonspecific infectious polyarthritis, gouty arthritis,
rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, arthrosis, back pain, neuralgia,
myalgia, and other diseases associated with inflammation.


