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Manuscript I1D: Summary :-

This is a very important and broad topic that can be developed into a comprehensive synthetic
research paper on some biologically active amines. This outline will provide a basic framework for writing
the research article. Introduction to amines: Amines are nitrogen-containing organic compounds and hold
significant importance. Biological activity: In the human body, they play roles as neurotransmitters,
hormones, and enzymes. Structure and shape: In amines, the nitrogen atom is sp3 hybridized.

JRD -2026-180420

ISSN: 2230-9578

volume 18 Theoretically, its shape should be tetrahedral, but due to lone pair—bond pair repulsion, its actual shape
becomes pyramidal. From a structural perspective, the lone pair present on the nitrogen atom gives
Issie 4 amines distinctive basic and nucleophilic properties, making them highly reactive in chemical and
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Introduction:-

In the vast field of organic chemistry, amines are a very important and essential class of
compounds. Basically, amines are defined as organic derivatives of ammonia (NHs). When one
or more hydrogen atoms of ammonia are replaced by alkyl or aryl groups, amines are
formed.Structurally, the lone pair of electrons present on the nitrogen atom gives amines
characteristic basic and nucleophilic properties. This makes them highly reactive in chemical
and biological reactions. For example, serotonin is an indole amine that mainly affects our mood
and sleep.

1. Meaning of Physiological Activity:

Amines are not only chemical substances found in laboratories, but they are also
fundamental to life. “Physiologically active” amines refer to those molecules which produce
significant biological effects in living organisms even at very low concentrations.

These molecules are found in the form of proteins, vitamins, hormones, and neurotransmitters.
In the human body, they are responsible for communication from one cell to another. For
example, when we wake up, feel happy, or experience pain, all these emotions are driven by
chemical activities of specific amines.

2. Detailed Description of Physiologically Active Amines:

Physiologically active amines are biomolecules that act as “messengers” or “regulators”
inside the body. Most of them are based on the basic structure of phenyl ethylamine or indole
ethylamine.In this section, we will study the four most important amines in detail.

3. Detailed Classification of Amines
Physiologically active amines can be divided into the following categories based on their
structure and substitution:

Primary Amines (CH;NH,)A primary amine is formed when only one hydrogen atom of
ammonia is replaced by an alkyl or aryl group.
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Examples: Methylamine
(CsHg N H,)Most neurotransmitters in the body, such as Dopamine, are primary amines.
Chemical Structure and Specific Amines In terms of chemical structure, an Indole ring is a fusion of a benzene ring and
a pyrrole ring. It has an -OH group at the 5th position and an ethylamine chain attached to it. While it is similar to
dopamine, its sidechain contains an additional hydroxyl (-OH) group and a methyl (-CH;) group on the nitrogen.
Biological Functions Serotonin: 90% of serotonin is found in our digestive system (Gut), where it regulates intestinal
movement. The remaining 10% is found in the brain, where it controls anxiety, happiness, and the sleep cycle.
Adrenaline: When the body faces a threat, this amine is rapidly released from the adrenal gland. It increases heart rate,
dilates lung passages, and raises blood glucose levels to provide immediate energy to the muscles.Histamine:
Responsible for allergic reactions. When a foreign element (like dust or pollen) enters the body, histamine is released,
causing reactions like sneezing, itching, and swelling. It also regulates the secretion of stomach acid. Medical
Significance Dopamine: A deficiency of dopamine in specific parts of the brain causes Parkinson's disease. Conversely,
excessive activity of dopamine is linked to mental disorders like Schizophrenia. Serotonin: Low levels of serotonin are
considered a major cause of Depression. Modern anti-depressant drugs... (text cuts off) Pharmacology and Chemical
Structure of Amines For example: SSRIs (Selective Serotonin Reuptake Inhibitors) work by increasing the availability
of serotonin in the synapse. They are used as life-saving drugs in cases of allergies and Cardiac Arrest. Allergy-
preventing drugs like anti-histamines (e.g., Cetirizine) block the effects of histamine. There is a deep relationship
between the structure and function of physiologically active amines, which is called SAR (Structure-Activity
Relationship). Its details are as follows:
4. Position of Nitrogen

In active amines, the nitrogen atom is usually located at a distance of two carbon atoms from an aromatic ring.
Chirality: Many active amines are optically active. For example, naturally occurring L-adrenaline is much more active
than its synthetic D-form. This indicates that the body's receptors work on a "Lock and Key" model.
Basicity: The basicity of amines is determined by their pKa value.
Importance: This method is used in creating intermediates for drugs like dopamine and serotonin.
Hofmann Bromamide Degradation: This method is useful for those amines where we need to shorten the carbon
chain by one carbon.
Hybridization of Amines: To understand the structure of amines, it is necessary to study the Hybridization of
nitrogen:
In amines, the nitrogen atom is sp3 hybridized. Theoretically, its shape should be tetrahedral, but due to Repulsion
between the lone pair and bond pair, its geometry becomes Pyramidal. Bond Angle
The bond angle in Ammonia is 107°, but in Amines, it increases slightly due to the presence of large alkyl groups. For
example, in Trimethylamine, the bond angle is 108°.
5. Physical Properties and Solubility
Hydrogen Bonding: Primary and secondary amines can form intermolecular hydrogen bonds among themselves and
with water molecules. This is why their boiling points are higher than hydrocarbons of similar molecular mass.
Solubility: Amines with low molecular mass are soluble in water. Within the body, the transport of these amines in the
blood (which is an aqueous medium) depends on this solubility. There is a deep relationship between the structure and
function of physiologically active amines.
Gabriel Phthalimide Synthesis
This method is considered the "Gold Standard" for the synthesis of pure primary amines (1°). Its specialty is that it does
not result in a mixture of secondary or tertiary amines.
Reagents: Phthalimide, Potassium Hydroxide (KOH)
Reaction: Bond Angle
The bond angle in Ammonia is 107°, but in Amines, it increases slightly due to the presence of large alkyl groups. For
example, in Trimethylamine, the bond angle is 108°.
Reagents: Phthalimide, Potassium Hydroxide (KOH)
Specific Reducing Agent

R—CHO + NH; — [R — CH = NH]Y

Sodium cyanoborohydride (NaBH;CN) is used here because it selectively reduces only the imine and not the original
carbonyl group.
Applications
This method is primarily used in the synthesis of amphetamines and dopamine analogs.
Secondary Amines (2°)
These are formed when two hydrogen atoms (of ammonia) are replaced.
Example: Dimethylamine.
Epinephrine is an important secondary amine.
Tertiary Amine (3%
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These are formed when all three hydrogen atoms of ammonia are replaced. Many medications, such as
Chlorpheniramine, fall into this category.

6. Medicinal Importance and Applications

The synthetic study of physiologically active amines is not limited to academic research papers; rather, it is the
backbone of modern medicine. By making subtle changes to the chemical structure of amines, scientists develop drugs
that treat specific diseases.

Anesthesia and Pain Relief: Many local anesthetics (such as Novocaine and Lidocaine) are structurally derived from
amines. These drugs work by blocking sodium channels in nerve cells, preventing pain signals from reaching the brain.
Asthma: Synthetic amines like Salbutamol mimic adrenaline and make breathing easier by relaxing the muscles in the
lungs.

Cardiac Arrest: In emergency situations, Epinephrine is used to restart the heartbeat.

Alkyl Halide (R-X) Process (Steps)

Formation of Potassium Salt: Reacting phthalimide with KOH produces potassium phthalimide. Here, the nitrogen
atom becomes highly nucleophilic.

Quaternary Ammonium Salt (4°)

This occurs when nitrogen is bonded to four groups and carries a positive charge. An example is Acetylcholine, which
is essential for the transmission of nerve signals.

7. Mechanism

(Note: The text ends here as the mechanism details likely follow on the next page.)

Amide Group (-CONH_2): Reacts with bromine and a base to form an unstable intermediate called Acyl nitrene.
Hofmann Rearrangement: The alkyl group migrates from the carbon atom to the nitrogen atom. This is the most
important step of this reaction.

Therefore, the hydrolysis of the isocyanate intermediate yields a primary amine.

8. Based on the Nature of the Carbon Chain:

Aliphatic Amines: In these, nitrogen is directly attached to an alkyl group. These are generally more basic.

Aromatic Amines: In these, nitrogen is directly attached to a benzene ring. Their basicity is lower because the lone pair
of electrons is involved in resonance with the benzene ring.

9. Necessity of Comprehensive Synthetic Study:

Given the physiological activity of these amines, their synthesis in the laboratory has been both a major challenge and
an opportunity for Modern medicine. Due to the limited availability and complexity of naturally occurring amines,
chemists have developed various synthetic routes. Studying these methods is necessary because:lt helps us in the
production of complex drugs.

It enables us to understand the structure of amines and their mechanism of action.

It allows us to modify structures to enhance medicinal efficacy. (Note: This point is repeated/refined in the text).
Comparative Study of Synthesis Method

Method Product Advantage
Gabriel Synthesis Pure Primary No Mixture Of By- Product Is
Formed
Hofmann Degradation Shorter Chain Amine Helpful In Reducing Formed.
Reductive Amination Primary & Secondary Amines Fast And Inductrially Cost-
Effective

Conclusion:

A comprehensive synthetic study of certain physiologically active amines clarifies how essential nitrogen-
containing small molecules are for the existence of life. Amines such as dopamine, serotonin, and adrenaline are not
just chemical compounds; they are regulators of our behavior, emotions, and physical health.Various synthesis
methods—such as Gabriel Phthalimide, Hofmann Degradation, and Reductive Amination—have empowered scientists
to produce these complex structures of nature in their pure form within a laboratory setting The development of these
methods has made it possible to treat fatal diseases such as Parkinson's, depression, and heart diseases."
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