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An Introduction to Medicinal Chemistry 3/e

Chapter 22

CHOLINERGICS, ANTICHOLINERGICS
& ANTICHOLINESTERASES

Part 1: Chelinergic agonists
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1. Nerve Transmission
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Acetylcholine (ACh):
Neuromuscular junctions Autonomic nervous system Central nervous system
(mainly parasympathetic )

- constricts pupils
- secretes saliva

4
4-% - slows heartbeats

ACh

- slows respiration
(constricts bronchi)

ACh - contracts stomach,
stimulates peristalsis
ACh - digestive juice, enzymes

B , -
‘ * - contracts bladder Alila




1. Nerve Transmission  Pevioheral nervous system

The motor nerves of the PNS have been classified into three subsystems: the somatic motor nervous system, the autonomic
motor nervous system, and the enteric nervous system.
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The peripheral nervous system (PNYS) is so called because it 1s peripheral to the
central nervous system (CNS; the brain and spinal column).

 Sensory nerves take messages from the body to the CNS;

* Motor nerves carry messages from the CNS to the rest of the body.

An individual nerve cell 1s called a neuron, and neurons must communicate with
each other in order to relay messages. However, neurons are not physically
connected. Instead, there are igaps which are called synapses! If a neuron is to
communicate its message to another neuron (or a target organ), it can only do so by
releasing a chemical that crosses the synaptic gap and binds to receptors on the
target cell.

This interaction between neurotransmitter and receptor can then stimulate other
processes, which, in the case of a second neuron, continues the message.

As these chemicals effectively carry a message from a neuron, they are known as
chemical messengers or neurotransmitters. There are a large number of
neurotransmitters in the body, but the important ones in the peripheral nervous
system are acetylcholine and noradrenaline



The somatic motor nervous system

The somatic motor nerves carry messages from the CNS to the skeletal muscles. There are no synapses en route, and the
neurotransmitter at the neuromuscular junction is acetylcholine. Acetylcholine binds to cholinergic receptors within the cell
membranes of muscle cells, and the final result is contraction of skeletal muscle.

The autonomic motor nervous system

The autonomic motor nerves carry messages from the CNS to smooth muscle, cardiac muscle, and the adrenal medulla. It is
divided into the sympathetic and parasympathetic systems.

Sympathetic neurons quickly synapse with a second neuron using acetylcholine. This second neuron releases noradrenaline,
which binds to adrenergic receptors in target organs. Noradrenaline increases heart rate, relaxes smooth muscle, slows

Mt

digestion and urination, reduces salivation, and dilates peripheral blood Vessels—supportmg the "fight or flight" response
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ﬁome sympathetic neurons bypass a second neuron and directly stimulate the adrenal medulla, releasing adrenaline into
the bloodstream. Adrenaline enhances noradrenaline’s effects throughout the body.

Parasympathetic neurons travel farther before synapsing with a second neuron, also using acetylcholine. The second
neuron targets the same organs as the sympathetic system, but again releases acetylcholine, which binds to cholinergic
receptors and causes opposite effects—slowing heart rate, promoting digestion, and supporting "rest and digest" functions.




1. Nerve Transmission
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2. Neurotransmitter

Acetylcholine (Ach)
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The Cholinergic Signaling System
At synapses using acetylcholine (ACh) as the neurotransmitter, such as between two neurons or a neuron and muscle
cell, the following steps occur:

1. Biosynthesis: ACh is synthesized from choline and acetyl coenzyme A by the enzyme choline acetyltransferase at
the end of the presynaptic neuron.

2. Vesicle packaging: ACh is stored in membrane-bound vesicles via a specific transport protein

3. Release: A nerve signal opens calcium channels, increasing intracellular calcium, which triggers vesicle fusion with
the membrane and ACh release into the synaptic gap.

4. Receptor binding: ACh crosses the gap and binds to cholinergic receptors, stimulating the postsynaptic cell.

5. Breakdown: ACh is broken down by acetylcholinesterase on the postsynaptic membrane into choline and acetic
acid.

6. Reuptake: Choline is reabsorbed into the presynaptic neuron to restart the cycle.
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Presynaptic Control Systems
Cholinergic synapses contain autoreceptors on the presynaptic neuron. When activated by ACh, they inhibit further ACh

release for local feedback control.
Additionally, noradrenallne receptors on the presynaptic neuron provide another layer of regulation. When the sympathetic

] J g g ACh release. This enhances sympathetic
effects by reducmg chohnerglc act1v1ty The chemlcal messenger nltrlc 0X1de (NO) can also influence acetylcholine (ACh)
release—promoting its release. Many other messengers, including co-transmitters, are also involved In presynaptic control.
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3. Transmission process

Signal in nerve 1




3. Transmission process

Vesicles fuse with membrane and release Ach




3. Transmission process




3. Transmission process

Receptor binds Ach
Induced fit triggers 20

message
Triggers fiving of nerve 2
Ach undergoes no reaction




3. Transmission process

Ach departs receptor
Receptor reverts to resting state k/

Ach binds to acetylcholinesterase

Nerve 2



3. Transmission process

Ach hydrolysed
by acetylcholinesterase
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QP Cavvier protein for choline



3. Transmission process

Choline transported into nerve




E 1 = Choline acetyltransferase
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3. Transmission process

Ach repackaged in vesicles




Why Not Just Use Acetylcholine as a Drug?
Although acetylcholine (ACh) can be easily synthesized, it's not practical to use as a drug for three main reasons:
f--It’s rapidly broken down in the stomach by acid and cannot be taken orally.
O .It’s quickly hydrolyzed in the blood by esterase enzymes.
%a t lacks selectivity, activating all cholinergic receptors throughout the body.
To overcome this, we need ACh analogues that are more stable and selective in their action.
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Achieving Selectivity

While nicotine and muscarine showed the principle of receptor selectivity, they are unsuitable as medicines due to side effects
from acting on multiple receptors.

Effective drug design aims for: C)*)L“’\ SN E &_157—%) SIP WA
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*Receptor subtype selectivity (e.g. M1-M5 for muscarinic, al—a10 for nicotinic).
The discovery of receptor subtypes has driven the development of more targeted and safer drugs.
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ﬁhe cholinergic nervous system uses acetylcholine (ACh) as a neurotransmitter. It includes motor nerves to skeletal muscle,

neuron-to-neuron synapses in the PNS, and parasympathetic nerves to smooth and cardiac muscle.
*Two receptor types:

Muscarinic — in smooth and cardiac muscle
Nicotinic — in skeletal muscle and nerve synapses

Nicotinic vs. Muscarinic Receptors

The existence of receptor subtypes was first suggested by the differing actions of two natural compounds:
*Nicotine, from tobacco, activates receptors in skeletal muscle and neuron synapses.

*Muscarine, from poisonous mushrooms, acts on smooth and cardiac muscle.

These led to the identification of two main types of cholinergic receptors:

*Nicotinic receptors — found in skeletal muscle and synapses.

*Muscarinic receptors — found in smooth and cardiac muscle.




4. Cholinergic receptors . ... o wors 5y L0

Receptor types | an Sk )
Not all cholinergic receptors are identical

Two types of cholinergic receptor - nicotinic and muscarinic
Named after natural products showing receptor selectivity
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Acetylcholine is natural messenger for both receptor types
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4.1 Nicotinic¢ receptor
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4.2 Muscarini¢ receptor - G Protein eoupled receptor
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4.2 Muscarinic receptor - G Protein coupled receptor

Activation of membrane bound enzyme
G-Protein is split and subunit activates a membrane bound
CRZYME
Subunit binds to an allosteric binding site on enzyme
Induced fit results in opening of an active site
]ntmellular reaction is catalysed

‘ EnzimT
:: U /, / -
! S active
a.ctlve site
P site
subunit

(closed) - achiVelon dx 2 <pfF y Intracellular

=Sisdlackie sfe gy q\cﬁkreactlon
site

Signecl I en; o), L)



8. Chelinergic agonists Do Ak el L—M_g>

-

5.1 Acetylcholine as an agonist ———=07 o(ﬂqn & 5@)

Advantages
Natural messenger
Easily synthesised

A * NMe; —B» \ /%II AczO Ao %es

TN

Disadvantages
Easily hydrolysed in stomach (acid catalysed hydrolysis)
Easily hydrolysed in blood (esterases)
No selectivity between receptor types
No selectivity between different target organs




S. Chelinergic agonists

5.2 Nicotine and muscarine as cholinergic agonists

Advantages
Movre stable than Ach

Selective for main cholinergic receptor types
Selective for different organs

Disadvantages
Activate receptors for other chemical messengers
Side effects




S. Cholinergic agonists
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6. SAR for aceticholine
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Structure—Activity Relationship (SAR) of Acetylcholine (ACh):

*Lead compound: Acetylcholine is used to study receptor interaction.
*SAR findings apply to both nicotinic and muscarinic receptors.

Key Features Required for Activity:

eThe positively charged nitrogen atom is essential for activity. Replacing it with a neutral carbon atom eliminates
activity.

e The distance between the nitrogen and the ester group is important for maintaining activity.

e The ester functional group is crucial to the compound's effectiveness.

e The overall size of the molecule cannot be altered significantly; larger molecules have poorer activity.

eThe ethylene bridge between the ester and the nitrogen atom cannot be extended.

e There must be two methyl groups on the nitrogen. A larger, third alkyl group is tolerated, but more than one large alkyl
group results in a loss of activity.

eBigger ester groups lead to a reduction in activity.



6. SAR for acetylcholine
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6. SAR for acetylcholine
Ethylen
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6. SAR for acetylcholine

Ethylen
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6. SAR for acetylcholine

Ethylen
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6. SAR for acetylcholine

Ethylen
e

Acetox 4%Nitrogen
y
052 5807 bond) 4, (cherry ),
Conclusions: S T e
Tight fit between Ach and binding site thgh £
Methyl groups fit into small hydrophobi¢ pockets
Ester interacting by H-bonding

Quaternary nitrogen interacting by ioni¢c bonding
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*A hydrophobic pocket accepts the ester methyl group, especially in muscarinic receptors.
*The NMe,* group fits into a hydrophobic pocket lined with aromatic residues (e.g., tyrosine).

*Two methyls on NMe_" occupy sub-pockets; the third is exposed and modifiable.
Likely interactions include:

Ionic interaction with aspartate (classical view).
Induced ion—dipole interaction with aromatic rings (modern view), due to the diffuse
positive charge of NMe *

Receptor Binding:
*The hydrophobic pocket of the receptor Hydro pt--ab "
contains three aromatic amino acids,
supporting the idea of induced ion—dipole
interactions with the NMe_* group on
acetylcholine.

*Both ionic and ion—dipole interactions may
occur in the binding site.
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FIGURE 22.10 Muscarinic receptor binding site.
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7. Binding site (muscarinic)

Ionic bond L0,




7. Binding site (muscarinic)

Possible dipole dipole interaction between quaternary
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Active Conformation of Acetylcholine:

*Acetylcholine is highly flexible,

The most stable conformation (sawhorse/Newman projection) was originally

assumed to be the active one, but the energy difference between stable
conformations is minimal.

The gauche conformation might also play a role in receptor binding.

*To identify the active conformation, rigid cyclic molecules mimicking acetylcholine’s structure, like muscarine, have
been studied.

These rigid molecules bind to the cholinergic receptor, indicating that the
specific conformation they adopt is functional.



8. Active conformation of acetylcheoline
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10. Design of cholinergic agonists
Requirements

Correct size

Correct pharmacophore - ester and guaternary nitrogen

Increased stability to acid and esterases

In¢reased selectivity




9. Instability of acetylcholine

fgcetylcholine 1s prone to hydrolysis because of its molecular conformation. In one conformation, the positively charged nitrogen
interacts with the carbonyl oxygen, creating an electron-withdrawing effect. This makes the adjacent carbon atom electron-

{ deficient and more susceptible to attack. While water is generally a weak nucleophile, the increased electrophilicity of the
carbonyl carbon makes it more likely to undergo hydrolysis. This process is driven by neighbouring group participation, where
the nitrogen 1on assists in the reaction.

While this understanding came later through structure-activity relationship (SAR) studies, initial efforts to address the issue of
hydrolysis were made without fully knowing the receptor binding site structure.
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10. Design of cholinergic agonmists ... o .., ., ..+
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10. Design of eholinergie AGOMISES ™ | ders binding to esterases
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Methacholine

Methacholine demonstrates steric shielding with an extra methyl group on the
ethylene bridge. This shield prevents nucleophiles from attacking the
carbonyl group and reduces binding to esterases, making methacholine

three times more stable to hydrolysis than acetylcholine. O Me
MG/Q %CHzNMe:;

Three times more stable than acetylcholine lactie) (S)
Increasing the shield size increases stability ’[(
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10. Design of cholinergic agonists
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10. Design of cholinergic agonists

Electronic Effects
| Carbachoﬂis a long-acting cholinergic agent designed to resist hydrolysis by replacing the acyl methyl group with an NH2
group, creating a carbamate (urethane) group. The lone pair on nitrogen reduces the electrophilicity of the adjacent carbonyl,

making it more stable ' .-
8 - Sze Il o ua K@J \

The amino group is a bioisostere for the methyl group, allowing it to fit into the binding site despite being polar, unlike the
hydrophobic methyl group. This change enhances stability without affecting receptor activity but does not improve selectivity
between muscarinic and nicotinic receptors.

Urex, an? J\C_/S L@
=

®

. C
Properties N S \O /\/NMe3 Caxbachol
Resistant to hydrolysis

Long lasting

NH2 and CH3 are equal sizes. Both fit the hydrophobic pocket

NH2 = bio-1sostere

Muscarinic activity = nicotinic activity

Used topically for glaucoma by locally reducing intraocular pressure,




Properties

Very stable to hydrolysis and selective 1n its action
Orally active

Selective for the muscarinic receptor

Used to stimulate GI tract and urinary bladder after surgery as

these organs are often temporarily ‘shut down’ by drugs during

surgery. GT Hect 05 Blackke U 82 o sugery 3 ey v o
Showlahon @S & 1 e




10. Design of cholinergic agonists

Nicotinic selective agonist
O bs00 s e S
“ @ Chdoneg e 1 1
C
NMe
Me/ \0 % 3

* asymmetric centre

Me
Nicotinic agonists help treat myasthenia gravis, an autoimmune disease where antibodies destroy cholinergic
receptors, causing muscle weakness. These agonists boost the chance of activating the few remaining receptors.
A selective nicotinic agonist, similar to methacholine but with a different methyl position, changes receptor
selectivity.

Despite this, it’s not used clinically—anticholinesterases are preferred. Varenicline, a partial nicotinic agonist
approved in 2006, is used to aid smoking cessation.
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* Asymmetric centre Varenidline

FIGURE 22.23 Examples of selective nirL.olinic agonists.



10. Design of cholinergic agonists

Muscrinic selective agonist

Pilocarpine an alkaloid from Pllocarpus shrubs is used to treat glaucoma. It lacks a quaternary ammonium group but is

e mu eptor. Molecular are being considered for Alzheimer's
dlsease treatment though antlchohnesterases are shows that pllocarplne fits the pharmacophore for muscarine receptors
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HGURE 22,22 Examples of muscariic agonists,






