Lec 6                Organic pharmaceutical chemistry II                 Monday 23/10/2023    
1- Parathion



Parathion is used as an agricultural insecticide. It is a relatively weak inhibitor of cholinesterase. 




Cholinergic blocking Agents

PARASYMPATHETIC POSTGANGUONIC BLOCKING AGENTS
Anticholinergic action by drugs and chemicals depends on their ability to reduce the number of free receptors that can interact with ACh.

A blocking agent that has high affinity for the receptor may decrease the number of available free receptors and the efficiency of the endogenous neurotransmitter
What is muscarinic antagonist?
- An agent that have high binding affinity for the muscarinic receptor but have no intrinsic activity.
- They are competitive (reversible) antagonists of acetylcholine
- Their pharmacological actions are opposite to that of the muscarinic agonists

Structure-Activity Relationships
The development of anticholinergic agents has been depends on atropine as the prototype.  The following classification delineates the major chemical types:-

1- Solanaceous alkaloids and synthetic analogues
2- Synthetic amninoalcohol esters.
3- Aminoalcohol ethers.
4- Aminoalcohols.
5- Aminoamides.
6-  Miscellaneous.
7- Papaveraceous.

Anticholinergic compounds have similar structure to ACh but contain additional substituents that enhance their binding to the cholinergic receptor.

General structure 




a- N may a quaternary ammonium function or a tertiary amine that protonated in the biophase to form a cationic species (protonated at physiological pH).

b- The nitrogen is separated from a carbon atom by a chain that may include an ester, ether, or hydrocarbon moiety.

c- The substituent groups A and B contain at least one aromatic moiety capable of van der Waals' interactions to the receptor surface and one cycloaliphatic or other hydrocarbon moiety for hydrophobic bonding interactions. 

d- C may be hydroxyl or carboxamide to undergo hydrogen bonding with the receptor.

1- THE CATIONIC HEAD:-The positively charge nitrogen, it's essential for binding to the cholinergic receptor.
a- Quaternary ammonium compounds, binding directly to the receptor.  

b-  Tertiary amines, will be protonated to form quaternary ammonium compounds at physiological pH.

c- Isosteric replacement of 4°N by carbon atom as in benzilylcarbocholine result in a compound having an anticholinergic activity but less than 4°N compound.



d- Large groups substituted at the cationic head cause diffusion of the onium charge due to steric factor or produce a less than optimal drug receptor interaction result in decrease of cholinergic activity and allow the drug to act as antagonist because of other bonding interaction. 

2- THE HYDROXYL GROUP:- Hydroxyl group is essential for maximum activity since its necessary for H-bond formation with the electron rich portion of the receptor.

3- THE ESTERATIC GROUP:-Compounds with maximum activity may contain ester group to bind to the esteratic site of the receptor (which is necessary for binding only and not for functioning as anticholinergic). An esteratic function is not necessary for activity, since several types of compounds do not possess such a group (e.g., ethers. aminoalcohols).

4- CYCLIC SUBSTITUTION (A and B)

Maximum activity require at least one aromatic moiety, capable of vander waals interaction to the receptor surface and cycloalkyl or hydrocarbon moiety for hydrophobic bonding interaction. The aromatic ring by its flat nonpolar structure, increase the binding of the molecule to the nonpolar region of the receptor, resulting in a compound have high affinity but low intrinsic activity (act as antagonist). (i.e., in order to convert Ach from agonist to antagonist you should replace 2H of acetate group by 2 phenyl or phenyl and cyclic groups.


Therapeutic actions 

There are three predictable and clinically useful results from blocking the muscarinic effects of ACh.

Clinical Effects
1- Decrease of saliva and gastric secretions
2- Relaxation of smooth muscle
3-  Decrease in motility of GIT and urinary tract
4- Dilation of pupils
S/E: - for anticholinergic drug used orally in the usual doses (mydriases, dryness of the 
          mouth, urinary retention).
	
The Solanaceous alkaloids and analogues 

The solanaceous alkaloids, represented by:-


These have the basic structural requirements for anticholinergic drugs. These compounds 
are present in atropa  belladonna (deadly nightshade) and hyoscyamus (henbane). 
Structural Considerations (SAR)
1- All of the solanaceous alkaloids are esters of the bicyclic aminoalcohol 3-hydroxytropane or of related aminoalcohols.
2-  The structural formulas that follow show the piperidine ring system in the commonly accepted chair conformation because this form has the lowest energy requirement. The alternate boat form can exist under certain conditions, however. because the energy barrier is not great. 
3- Two stereoisomeric forms (tropine and pseudotropine) can exist because of the rigidity imparted to the molecule through the ethylene chain across the 1,5 positions.
4- In tropine, the axially oriented hydroxyl group, trans to the nitrogen bridge, is designated α, and the alternate cis equatorially oriented hydroxyl group is designated β. 

			
5- The aminoalcohol derived from scopolamine, namely scopine, has the axial orientation of the 3-hydroxyl group but, in addition, a β-oriented epoxy group bridged across the 6.7 positions.






SAR
1- It has been indicated that (—)-hyoscyamine, atropine, and scopolamine are the most important. Their structures are  associated with all of the solanaceous alkaloids that possess the tropine-like axial orientation of the esterified hydroxyl group.
2-  Tropic acid is the esterifying acid. Tropic acid contains an easily asymmetric carbon atom. The proper enantiomorph  is necessary for high antimuscarinic activity, as illustrated by the potent (—)-hyoscyamine in comparison with the weakly active ( + )-hyoscyamine. The racemate, atropine, has intermediate activity.




3- The tropic acid portion is highly specific for the anticholinergic action, and substitution by acid other than tropic acids lead to decreases neurotropic potency, while the musculotropic action may increase. 



4- Quaternization of the nitrogen with a methyl halid.



 Quamemization of the tertiary amine produces variable effects in terms of increasing potency, but the methylation of atropine and scopolamine (methylatropine and methscopolamine respectively) are less potent than atropine and scopolamine
Quaternization of nitrogen reduces parasympathetic postganglionic effect, but increases the parasympathetic ganglionic effect. Quaternization decreased affinity at the postganglionic site. However, quaternization increases the curariform activity of these alkaloids and amino esters. 
Another disadvantage in converting an alkaloidal base to the quaternary form is that the quaternized base is absorbed more poorly through the intestinal wall, so that the activity becomes erratic and, in some instances, unpredictable. 

5- Group larger than methyl groups attached to nitrogen, results in decrease in affinity for the anionic site on the cholinergic receptor. Ariens et al attributed this decreased affinity to a combination of greater electron repulsion by such groups and greater steric interference to the approach of the cationic head to the anionic site.

Products
1- Atropine


Atropine is a racemic mixture of d-hyoscyamine and l-hyoscyamine, it's optically inactive.  Its pharmacological effects are due to binding to muscarinic acetylcholine receptors. It is an antimuscarinic agent. The most common atropine compound used in medicine is atropine sulfate. 
Uses:- the action of atropine or its salts is the same
1- Dilation of the pupil.

2- Used as antidote for organophosphorous compounds, by blocking the muscarinic effect  of Ach.
3- Decrease GIT motility

2- Scopolamine (hyoscine) 
Hyoscine is the older name for this alkaloid, though scopolamine is the accepted name in the United States. Scopolamine is the levo component of the racemie mixture that is known as atroscine . The alkaloid is racemized readily in the presence of dilute alkali. Its available as hydrobromide salt, (scopolamine hydrobromide). 



Uses:- scopolamine usually acts us CNS depressant. 
[bookmark: _GoBack]Scopolamine is a competitive blocking agent of the parasympathetic nervous system as is atropine, but it differs markedly from atropine in its action on the higher nerve centers. Both drugs readily cross the blood—brain barrier and, even in therapeutic doses, cause confusion, particularly in the elderly.
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