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Course

Code
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BP402T

BP403T

BP404T

BP405T

BP406P

BP407P

BP408P

BP409P

Course of Study

Name of the course Tutorial

Pharmaceutical Organic Chemistrg heory 3 1
Medicinal Chemistryd Theory 3 1
Physical Pharmaceuticg;ITheory 3 1
Pharmacologyd Theory 3 1
Pharmacognosgnd Phytochemistryic Theory 3 1
Medicinal Chemistryd Practical 2
Physical Pharmaceutics;IPractical 4
Pharmacologyd Practical 4

Pharmacognosgnd Phytochemistryt ¢ Practical 4



Schemes for internal assessments and end semester examinations

Course Name of the course Internal Assessment End Semester Exams | Total
code Marks

Continuous SessionaExamsm Total Marks Duration
Mode Marks Duration
BP401T  Pharmaceutical Organic 10 15 1 Hr 25 75 3 Hr 100
Chemistry 14 Theory
BP402T  Medicinal Chemistryd 10 15 1 Hr 25 75 3 Hr 100
Theory
BP403T  Physical Pharmaceuticll 10 15 1Hr 25 75 3 Hr 100
Theory
BP404T  Pharmacologyd Theory 10 15 1Hr 25 75 3 Hr 100
BP405T  Pharmacognosgnd 10 15 1Hr 25 50 2 Hr 75
Phytochemistryi¢ Theory
BP406P  Medicinal Chemistryd 10 15 1Hr 25 50 2 Hr 75
Practical
BP407P  Physical Pharmaceuticll 5 10 4 Hr 15 35 4 Hr 50
Practical
BP408P  Pharmacologyd Practical 5 10 4 Hr 15 35 4 Hr 50
BP409P  Pharmacognosgnd 5 10 4 Hr 15 35 4 Hr 50
Phytochemistry ¢

Practical



Pharmaceutical Organic
Chemistry Il (Theory)

ScopeThis subject imparts knowledge on stereloeemical aspects of organic
compounds and organic reactions, important named reactions, chemistry of important
hetero cyclic compounds. It also emphasizes on medicinal and other uses of organic
compounds.

Objectives: At the end of the course, the student shall be able to

1. understand the methods of preparation and properties of organic compounds

2. explain the stereo chemical aspects of organic compounds and stereo chemical
reactions

3. know the medicinal uses and other applications of organic compounds



B. PHARMIV SEMESTER STUDY SCHEME/SYLLABUS BP401T

Unit Course Content Hours
| Stereo isomerism
Optical isomerisni
Optical activity,enantiomerismdiastereoisomerispmesocompounds
Elements of symmetrghiralandachiralmolecules 10
DL system of nomenclature of optical isomers, sequence rules, RS syste
nomenclature of optical isomers
Reactions othiralmolecules
Racemiamodification and resolution @acemicmixture.
Asymmetric synthesis: partial and absolute
I Geometrical isomerism 10
Nomenclature of geometrical isome@g Trans, EZSynAnti systems)
Methods of determination of configuration of geometrical isomers.
Conformational isomerism in EthaneBuaitane andCyclohexane
Stereo isomerism in biphenyl compoundsr¢pisomerism and conditions fo
optical activity.
Stereospecifiandstereoselectiveeactions
1l Heterocyclic compounds: 10

Nomenclature and classification
Synthesis, reactions and medicinal uses of following compounds/derivati
Pyrrole Furan, and hiophene

Relativearomaticityand reactivity oPyrrole Furan and hiophene




B. PHARMIV SEMESTER BP401T

v | Synthesis, reactions and medicinal uses of following compounds/derivativey (g
Pyrazole Imidazole OxazoleandThiazole

Pyridine, Quinoline, Isoquinoline, Acridine and Indole. Basicity of pyridine
Synthesis and medicinal usesRsfrimidine Purine azepinesnd their derivatives

v | Reactions of synthetic importance 07
Metal hydride reduction (NaBH4 and LiAIH4}lemmensemeduction, Birch
reduction, WolffKishnerreduction.

Oppenauepxidation and Dakin reaction.

Beckmanngearrangement and Schmidt rearrangement.
ClaisenSchmidt condensation




Unit 1- Stereo Isomerism ,Optical Isomerism, DL System, RS System,
RacemicModification And Resolution Of RacemicMixture.

A  STEREOCHEMISTRY
A 1somersaredifferentcompoundsvith the samemolecularformula

A The two major classesof isomersare constitutionalisomersand
A stereoisomers

A Constitutional/structuralsomers have different IUPAC names,the sameor different

functionalgroups differentphysicalpropertiesand differentchemicalproperties
A Stereoisomerdiffer only in the way the atomsareorientedin space Theyhaveidentical
IUPAC namegexceptfor a prefix like cis or trans) Theyalwayshavethe samefunctional
group(s)
A A particularthreedimensionakrrangemenis calleda configuration

A Stereoisomerdiffer in configuration



A OPTICALACTIVITY

A Optical activity is theability of a Chiral molecule to rotate the planéplane polairsedight,
measuredising gpolarimeter.

A PLANE POLARIZED LIGHT:

A light that has been passed throughal prismor other polarizing medium so that afithe
vibrations are in theameplane.

I K

Polarized M

NON POLORIZED
Dextrorotatory (+):

A An optically adive compound that rotaes plane polarized light in a
clockwise direction(+) or (d) do not confuse withb



1- Stereo Isomerism ,Optical Isomerism, DL System, RS SystefRacemic
Modification And Resolution Of RacemicMixture.

A Levorotatory (-):
A An optically active compound that rotates plane polarized iigatounterclockwisedirection.
A () or() do not confuse with_
A The angleof rotation of plane polarizdajht by anoptically activesubstancés proportionatto the
numberof atoms inthe path of théght.
H—fOH ) : (Hoy|—w
CH_OH : CH_OH
D-(+)glyceraldehyde L-(-)glyceraldehyde
Fischer projection Fischer projection

A Fischer Projections and the Mbtation:

V'  Fischer first developeda methodfor drawing carbohydratesn two-dimensions, and a convention
with respectto orientation, so as to indicate their three dimensionalstructures,so-called Fischer

projections.

V  Fischerand Rosanoffthen deviseda notation for designatingthe configurations of stereogenic
centresdepictedn FischemrojectionsaseitherD orL.

A



R-S NotationalSystem(R/S)

Cahn Ingold Prelog (CIP) sequenceaules:

Sequence rulel: Theatomattached to thehiral centerwith the highest atomic numberl,

next =2, etc.

o o Do Do

Sequencerule 2:If the four atomsttachedo thechiral center araotall different,the

sequence idetermined at thérst point of difference.
\/ Enantiomersarenon-superimposablemirror imageisomers.

V' Enantiomersre related to each oth@uch likea right hand is related tdeft
A hand.

\VV Enantiomersresaidto beChiral .

A The procesof separation ofacemicform into individualenantiomerss called resolution.



Unit 2- Geometrical Isomerism (Cis Trans ,EZ, SynAnti System) ,
Conformation Isomerism In Ethane, n Ethane, n Buthane, And
Cyclohexane.

A  GEOMETRICAL ISOMERS
A The’-bondin analkenedoesnot permitrotation,thusall of the atomsattached directly to the
alkenelie in aplane

A Groupsattachedto the alkenecould be positionedon the sameside of the alkene (or) on
oppositesidesof the alkene Suchcompoundsaredifferentin chemicaland physicalpropertiesas
well asin theirgeometryandarecalledgeometricalisomers

H CHj
H H
Gl—— C_C
H;C CH, H3C H
A cis-2-butene trans-2-butene

A The isomerwith the groupson the sameside is called the Cis isomer, while the
A isomerwith the groupsocatedon opposite sideis calledthe Transisomer.



EN- System

A Cis isomeri have samesubstituenton the sameside of the doublebond (Z- zusammen

(together)with morecomplexmoleculeshavinghigh priority groupsonthesameside)

A Transisomeri havethe samesubstituentson the oppositeside of the double bond (E -

entgegerfopposite)with morecomplexmoleculeshavinghigh priority groupson oppositesides)

1 Br Cl 1 1 2
CcC=C C==0C
Vd AN / \
2 H F 2 2 H Cl 1

groups with higher priority groups with higher priority
on the same side on opposite side

Z-isomer E-isomer



To o

o o o o e

GEOMETRICAL ISOMERS

Atropisomerism

- Biphenyls are compounds whereby a phenyl ring is connected to another through aicentral
bond. - In unsubstitutedbiphenyl, there is sufficient amount of freedom of rotation around

the central single bond to allow for fregerconversiorbetween the various conformers or
rotamersso that the variousotamerscannot exist independently.

STEREOSPECIFIC REACTIONS

- A stereospecificeaction is one which, when carried out wstereoisomeristarting
materials, gives a product from one reactant that is a stereocisomer of the product from the
other.

- 'Stereospecificrelates to the mechanism of a reaction, the-kmsivnh example being the
SN2reaction, which always proceeds with inversion of stereochemistry at the reacting centre

STEREOSELECTIVE REACTIONS

- A stereoselectivprocess is one in which one stereoisomer predominates over another wher
two or more may be formed.

- If more than one reaction could occur between a set of reactants under the same condition
giving products that arstereoisomerand if one product forms in greater amounts than the
others, the overall reaction is said todbereoselective



A
A

A

GEOMETRICAL ISOMERS

CONDITIONS FOR OPTICAL ACTIVITY

1) To exhibit optical activity molecule must possess asymmetric carbon: Asymmetric carbon
compounds are optically active. But, presence of asymmetric is not only the requirement.

2) To exhibit optical activity molecule must not have the symmetry elem@)tslane of
symmetry(b) centre of symmetryc) n-fold alternating access of symmetry. If these three are
absent then only the compounds exhibits optical activity.

(a)Plane of symmetry A plane which bisects the molecules into two mirror images are called
plane of symmetry. If the plane of symmetry is present then the molecule is optically inactive
if absent then optically active.



Unit 3-Nomeneclature AndClasification, Synthesis , Reaction And
Medicinal Uses Of Following Compound Furan, Pyrrole, Thiophene.

Heterocyclic Compounds:

Cyclic Organic Compound Containing At Least One Element Other Than Carban ,
Within Ring System Eg. N,O, P, S.

PYRROLE:
Properties

- Pyrrole have 4 C and 1 N, all are sp° hybridized

- sp? hybridization is planar, it makes a planar pyrrole ring structure.

- Each ring atom also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

- Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 18 possible.

- the total nu of non bonding e- are 6 (4 of four C, 2 from one N)

- The resonance of 6 e- follows the Hiickel's rule

- So the pyrrole 1s aromatic .




Synthesis :

A Furan
g/D\B NH&EEDB . {/ \3

H>0

ij \“j RNH2, Al-Os
O AN

3

A-Z
~ IZ
+

A Readuction

= 0

pyrrolidine



FURAN

Furan have 4 C and 1 O , all are sp? hybridized

sp? hybridization is planar, it makes a planar furan ring structure.
Each ring atom also contains unhybridized p orbital that 1s
perpendicular to the plane of ¢ bonds (plane of ring).

Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

the total nu of non bonding e- are 6 (4 of four C, 2 from one O)

The resonance of 6 e- follows the Hiickel's rule
So the furan 1s aromatic .



* THIOPHENE

Thiophene have 4 C and 1 S, all are sp? hybridized

sp? hybridization is planar, it makes a planar thiophene ring structure.
Each ring atom also contains unhybridized p orbital that 1s
perpendicular to the plane of  bonds (plane of ring).

Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

the total nu of non bonding e- are 6 (4 of four C, 2 from one S)

The resonance of 6 e- follows the Hiickel's rule

So the thiophene 1s aromatic .




Unit 4- Synthesis , Reaction And Medicinal Uses Of Following CompoundPyrazole,

Imidazole, Oxazole Thiazole, Indole, Pyridine, Qunoline And Isoqunoline .

PYRAZOLE:

Pyrazole have 3 C and 2 N, all are sp” hybridized

sp? hybridization is planar, it makes a planar pyrazole ring structure.
Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of 5 bonds (plane of ring).

Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 15 possible.

the total nu of non bonding e- are 6 (3 of three C, 1 from one N and
2 of other N)

The resonance of 6 e- follows the Hiickel's rule

So the pyrazole 1s aromatic .




IMIDAZOLE:

Imidazole have 3 C and 2 N, all are sp° hybridized

sp? hybridization is planar, it makes a planar imidazole ring structure.
Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

Here p orbitals are parallel to each other, so overlapping btwn p

orbitals 1s possible.

the total nu of non bonding ¢- are 6 (3 of three C, 1 from one N and
2 of other N)

The resonance of 6 e- follows the Hiickel's rule

So ...



OXAZOLE

Oxazole have 3 C ., 1 N and 1 O, all are sp? hybridized

sp? hybridization is planar, it makes a planar oxazole ring structure.
Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of ¢ bonds (plane of ring).

Here p orbitals are parallel to each other, so overlapping btwn p
orbitals 1s possible.

the total nu of non bonding e- are 6 (3 of three C, 1 from N and 2 of
0)

SO ...




Thiazole

Thiazole have 3 C . 1 N and 1 S, all are sp° hvbridized

sp? hybridization is planar, it makes a planar thiazole ring structure.
Each ring atoms also contains unhybridized p orbital that 1s
perpendicular to the plane of o bonds (plane of ring).

Here p orbitals are parallel to each other, so overlapping btwn p

orbitals 1s possible.

the total nu of non bonding e- are 6 (3 of three C, 1 from N and 2 of
S)

The resonance of 6 e- follows the Hiickel's rule

So ...



Unit 5 Reactions Of Synthetic ImportanceClemmensenReduction ,
Birch Readction Wolff Kishner Readuction OppenauerOxidation and
ClaisenSchmidt Condensation.

A Clemmensenreduction

A TheClemmensemeductionis anorganicreaction usetb reduce araldehydeor ketoneto an

alkaneusingamalgamatedinc andhydrochloricacid.

_1

/JJ\ - Hg
T——
1 —_—

= =) H I =

— -1

=

I-0—1

* In Clemmensemeduction theamalgamatedinc in HCl is usedasreducingagent.

* The C=0 groups convertedo -CH,- group.



Wolff KishnerReduction

A In Wolff-Kishner reduction,the carbonylcompoundswhich are stableto strongly basic
conditionscan

A bereducedconvenientlyto alkanesThe C=0 groupis convertecto CH2group.

i I S Hs i HIOH, OES, & H
R R T oRTR e R

A Thecarbonyl compound ifirst treated with excessf hydrazine to getthe corresponding
hydrazone

A which upon heatingn presence of a baskeirnishesthehydrocarbon.

A A high-boiling hydroxylic solvent,suchasdiethyleneglycol (DEG),is commonlyusedto

achieve thetemperatureaeeded.



BirchReduction

A In Birch reduction,aromaticringsare reducetb 1,4-dienesasanunconjugated
cyclohexadienedy alkali metals(Na, Li) in liquid ammonia anah presencef alcohols.

. nkH .
Li —— = Li' + e’[NHsl,

solvated
electron

H.E:.Li+ H H H H H H Li H H
== = [MH3], = EtOH e [MHa]. ) EtCH
[ =0 1 —— 1—=|0_ 1= ——[
- - -e e
=+
H gL H H

radical I I o
anion

U The mechanismbeginswith a single electrontransfer(SET)from the metal to the aromatic

ring, forming aradicalanion

U The anion then picks up a proton from the alcohol which resultsin a neutral radical
intermediate



A OppenauerOxidation

A OppenauerOxidation is the processof conversionof secondaryalcoholsto ketonesby
selectiveoxidation Oxidation reactiontakesplacein the presencef Aluminium triisopropoxide
[Al(i-Pro)] in excesof acetone

Al(I-PrO); / heat
Oppenauer oxidation

A Acetoneactsas a hydrogenacceptor,and it is transformedinto 2-propanol.The presence
of excessof acetone

A drivesthereactiontowards theoxidation product.

A Theuseof inertsolvent suctas benzendplueneor dioxaneminimizestheside products.



Medicinal chemistryl

Uponcompletionof the coursethe studentshallbe ableto
1. understandthe chemistryof drugswith respectto their pharmacologicahctivity
2. understandthe drug metabolicpathways adverseeffect andtherapeuticvalueof drugs
3. knowthe StructuralActivity Relationshig SARpf different classof drugs
4. write the chemicalsynthesisof somedrugs
Unit No Description

I Introduction to Medicinal Chemistry History and development of
medicinalchemistry Physicochemicabropertiesn relationto biological
action Drug metabolism

[l Drugsactingon AutonomicNervousSystemAdrenergicNeurotransmitters
[l Cholinergicneurotransmitters
IV Drugsactingon CentralNervousSystem

V Drugsactingon CentralNervousSystem



B. PHARMSECONBEMESTER STUDY SCHEME/SYLLABUS BP402T
Unit Course Content Hours
Study of the developmentof the following classesof drugs, Classification
mechanismof action, usesof drugs mentionedin the course, Structure activity
relationshipof selectiveclassof drugsas specifiedin the courseand synthesisof

drugssuperscripted*)
| Introduction to Medicinal Chemistry 10
History and development of medicinal chemistry
Physicochemical properties in relation to biological action
lonization, Solubility, Partition Coefficient, Hydrogen bonding, Protein bind
Chelation Bioisosterism Optical and Geometrical isomerism.
Drug metabolism
Drug metabolism principle$?hase | and Phase II.
Factors affecting drug metabolism including stereo chemical aspects.
1 Drugs acting on Autonomic Nervous System 10

Adrenergic Neurotransmitters:

Biosynthesis and catabolism of catecholamine.

Adrenergic receptors (Alpha & Beta) and their distribution.
Sympathomimeticagents: SAR dbympathomimeticagents

Direct acting: Norepinephrine, Epinephrin@henylephring Dopamine,
Methyldopa,Cloniding DobutaminelsoproterenqlTerbutaline Salbutamadi,
Bitolterol, NaphazolineOxymetazolineandXylometazoline

Alndirect acting agent$iydroxyamphetamine®?seudoephedrine,
Propylhexedrine

AAgents with mixed mechanism: EphedriMetaraminol




B. PHARMSECONBEMESTER

BP402T

Cholinergic neurotransmitters:

Biosynthesis and catabolism of acetylcholine.

Cholinergic receptordfuscarinic& Nicotinic) and their distribution.
Parasympathomimeti@agents: SAR dParasympathomimetiagents

Direct acting agentsAcetylcholine,Carbachdi, BethanechgIMethacholine
Pilocarpine

Indirect acting/ Cholinesterase inhibitors (Reversible & Irreversible):
Physostigming Neostigminé&, Pyridostigmine Edrophonium chloride, Tacrine
hydrochloride, Ambenonium chloride, Isofluorphate Echothiophate iodide,
ParathioneMalathion

Cholinesterasaeactivator. Pralidoxime chloride.

Cholinergic Blocking agentSAR of cholinolytic agents
Solanaceouslkaloidsand analogues Atropine sulphate Hyoscyaminesulphate
Scopolamindnydrobromide Homatropinéhydrobromide

|pratropiumbromide*

Synthetic cholinergic blocking agents Tropicamide Cyclopentolate
hydrochloride, Clidinium bromide, Dicyclomine hydrochloride*, Glycopyrrolate
Methantheline bromide, Propantheline bromide, Benztropine mesylate
Orphenadrine citrate, Biperidine hydrochloride, Procyclidine hydrochloridé,
Tridihexethylchloride Isopropamideodide, Ethopropazindéydrochloride

10




B. PHARMSECONBEMESTER BP402T
v | Drugs acting on Central Nervous System 08

A. Sedatives and HypnoticBenzodiazepinesSAR of Benzodiazepines,
ChlordiazepoxideDiazepam* OxazepamChlorazepatelorazepamAlprazolam
Zolpidem

Barbiturtes SAR of barbituratesBarbital*, PhenobarbitalMephobarbitalAmobarbital
Butabarbital PentobarbitalSecobarbital

Miscelleneous Amides & imides:Glutethmide

Alcohol & their carbamatalerivatives:MeprobomatgEthchlorvynol

Aldehyde& their derivativesTriclofos sodium, Paraldehyde.

B. Antipsychotics

Phenothiazeines SAR of Phenothiazeines - Promazine hydrochloride
Chlorpromazine hydrochloride*, Triflupromazine Thioridazine hydrochloride
Piperacetazinaydrochloride Prochlorperazinenaleate Trifluoperazinehydrochloride
Ring Analogues dPhenothiazeinesChlorprothixeneThiothixene Loxapine
succinateClozapine

Fluro buterophenonesHaloperidol, Droperidol, Risperidone

Beta aminoketones Molindonehydrochloride BenzamidesSulpieride

C. AnticonvulsantsSAR of Anticonvulsants, mechanism of anticonvulsant action
Barbiturates:PhenobarbitoneMethabarbital Hydantoins

Phenytoirt, Mephenytoin EthotoinOxazolidinediones

Trimethadione Paramethadion&uccinimides

PhensuximideMethsuximide Ethosuximid& Urea andnonoacylureas
PhenacemideCarbamazepirfeBenzodiazepinesClonazepam
MiscellaneousPrimidone Valproic acid ,GabapentinFelbamate




B. PHARMSECONBEMESTER BP402T
v | Drugs acting on Central Nervous System 07

General anesthetics:

Inhalation anestheticsHalothane* Methoxyflurane Enflurane Sevoflurane
|soflurane Desflurane

Ultra short actingbarbitutrates: Methohexitalsodium*, Thiamylalsodium,
Thiopental sodium.

Dissociative anestheticketaminehydrochloride.*

Narcotic and nonRnarcotic analgesics

Morphine and related drugs SAR of Morphine analoguesMorphine sulphate
Codeine, Meperidine hydrochloride, Anilerdine hydrochloride, Diphenoxylatg
hydrochloride, Loperamide hydrochloride, Fentanyl citrate*, Methadong
hydrochloride*,Propoxyphenéydrochloride Pentazocing_evorphanotartarate
Narcotic antagonistsNalorphinehydrochloride Levallorphartartarate
Naloxonehydrochloride.

Anti-inflammatory agents Sodium salicylate Aspirin, Mefenamic acid*,
Meclofenamate Indomethacin Sulinda¢ Tolmetin Zomepria¢ Diclofenag

Ketorolag Ibuprofen*, Naproxen, Piroxicam Phenacetin Acetaminophen
Antipyrine, Phenylbutazone




Medicinal Chemistry: Medicinal chemistry and pharmaceuticakchemistry are disciplines of
pharmacyat the intersectionof chemistry,speciallysyntheticorganicchemistryand pharmacology
and variousother biological specialtieswherethey are involved with design,chemicalsynthesis
anddevelopmentor marketof pharmaceuticahgents

History of medicinal chemistry:

U 200BC MateriaMedica250vegetablesirugand120mineraldrugs

150BC Egyptianpapyruseberg00drugoriginatefrom animal/plants/minerals
EmperorFrederickll issuedthe MagnaCartaof pharmacyin 124Q

Synthesif Ureal828startedOrganicmedicinalChemistry

Ehr | fie hcant h e candcliemotherapyandF i s ¢ loekrarid&ey theory Birth of
ModernMed Chem180Q

U Medicinalchemistryreceivedformal recognitionin acaemigoharmacyin 1932

(i e i

lonization: lonization or ionisationis the processin which an atom or a moleculeacquiresa
negativeor positivechargeby gainingor losing electronspftenin conjugationwith otherchemical
changes

Solubility: Solubility is a property referring to the ability for a given substancethe solute,to
dissolvedin a solventat equilibrium

Partition coefficient: Theratio of concentration®f a compoundsn a mixture of two immiscible
solventsat equilibrium It measurehe substancarehydrophilicor hydrophobidn nature



Hydrogen bonding: A hydrogen bond is a partial intermolecular bonding interaction
between a lone pair on an electron rich donor atom.

Protein binding: It is known as the degree to which medications attach to proteins within
the blood.

Chelation: Type of bonding of ions and molecules to metal ions. It involves the formation
or presence of two or more separate coordinate bonds betwegrdantatdigand and a
single central atom.

Bioisosterism: Bioisosteresre chemical substituents or groups with similar physical or
chemical properties which produce broadly similar biological properties to another chemical
compounds.

Optical isomerism: Optical isomers are two compounds which contain the same number
and kinds of atoms, and bonds and different special arrangement of atoms, but which have
non superimposable mirror images.

Geometrical isomerism: It is also known asis-trans isomerism azonfigurational
Isomerism. When in the structure of compound the groups are attached at the same side
called axisisomer and attached at the different side are called as trans form.



Drug metabolism: The metabolicbreakdownof drugs by living organisms,usually through
specializecenzymaticsystems

Phase | metabolic reactions are:
U Oxidation
U Reduction
U Hydrolysis

Phase Il metabolic reactions are:
t Conjugationreactions

Factors affecting drug metabolism are:
Internal factors such as:

U Species
U Genetic
U Sex,Age

U Hormonespregnancygdiseases
External factors such as:

U Diet

U Environment



Sympatomimetic agents (Adrenergic Drugs): Sympathomimeticdrugs are stimulant
compoundsvhich mimic the effectsof endogenouagonistf the sympathetimervoussystem

Classification of Sympathomimetics

U Direct acting:

U Alpha adrenergic blockers (Indirect acting aggnts
U Adrenergic antagonist: Alpha adrenergic blockers

Clonidine Xylomethazoline

Daobutamide
Terbutalin

HHE OH OH
/©/\f AL : OH NH,
o - - CH
HH-CH, 2

Hydroxyamphetamine Metaramin ol

Pseudoephedrine Propylhexedrine
N CH, O\/L
H [::TKH ™ = N
N L LN s @l
b Nz
. B C
MH CHs

Tolazoline

Prazodne Phenoxybenzamine



Beta adrenergic blockers:

A Propranololis a nonselectivebetablocker,it block the actionof epinephringadrenalinend
nor epinephrine(noradrenalin) It is usedto treat high blood pressurejrregular heartrate,
preventmigraineheadaches

A Metipranolol is a non selective beta blocker agent It is used as an antiarhythmic
antihypertensivandantiglucomaagent
A Labetalol is adualalphal andbetal andbeta2receptorlocker
A cCarvedilol is non selectivebetaadrenergicreceptorblocker betal, beta2 andan alphal
alphaadrenergidlocker It is usedin thetreatmenif hypertension
A Bisoprolol is a selectivebetal receptorblocker It is usedfor high blood pressurechest
painandheartfailure. oH
DP"1E\/\©/D\)\/Hmf
|
Metoprolol
O rMNH
O S :
\I:Tf CH \]/ |
OH
OH OH

Propanalal Metibranolol Labetelol



Course NameB.PharmacyV Semester SubjectCode BP402 T

Synthesis of phenylephrine

=
/@\ HNO, |
BnO cHo T B\ _COEt — pno COR ~ BnO” 7 " NCO
OH

R = OEt OH
Ethyl bromoacetate R = NHNH,

/
NaH
HO NHMe =—— BnO NH
OH Mel

oxazolidone 0‘((
O

Synthesis of salbutamol

AcONa /
Ac  AcOH/ Ac
AC " CH,0 /HCl C'/U Ac0 Aco,t@/ Brz
AcO

N\
tBu" Bn

H
HOCHzm)\/N“!Bu 1. NaBH, HOCH, : Jl /D)K/
HO 2.H,/Pd-C

HO



Synthesis of propranolol

OH O
PhNO, L-proline PA/C PPH,
CH.CN. NaBH,, MeOH, H, “ DIAD ‘e
MeOH
| oH H
|WWE o

Mechanism of action of sympathomimetic agents

A Direct acting adrenergic drugs stimulatethe alphaandbetaadrenergiadeceptorgproduce
sympathomimetieffects

A Someagentsexhibit much higher affinities for particularreceptorsubtype,so much so that
theyaredefinedasalmostexclusivelyassociateavith thatadrenergicsubtype

A Indirect acting drugs may not of themselveshave pharmacologicalactivity that may
increasdhe concentratiorof the endogeneouagentsorepinephrinend/orepinephrine




o Bo To o o Do Do

Cholinergic neurotransmitters: A neurotransmitteformed in pre and postganglionic
synapse®f the parasympathetinervoussystem Exm. acetylcholine

Acetylcholine:

Major neurotransmitter in the peripheral nervous system
Produced by the neurons in the parietal lobes of the brain
Associated with thought, memory, and muscular coordination

Associated with the speed of information processing in the brain and the production of myeli
sheath

Biosynthesis of Acetylcholine:

CH,
i -
O —C —CH, CH,—/MN —CH, CH, COH
Acetate anion |
’\ CH,
Choline

Pyruvate Acetyl CoA
decarboxylate Choline acetyltransferase
|Gaer‘|2'_-..fme A |

CH,

|
CH,—N —CH,—CH,— O —C —=CH,

CH., Acetylcholine




A Cholinergic receptors (Acetylcholine receptor): An integral membraneprotein that
responds to the binding of acetylcholine, a neurotransmitter The neurotransmitter
acetylcholineis releasedfrom the terminals of all preganglionic neuronsin both the
sympatheticand the parasympathetiaivisions of the ANS. There are two categoriesof
cholinergicreceptors--- nicotinicandmuscarinic

A Nicotinic acetylcholine receptors: Also known asionotropicacetylcholinereceptorsare
particularly responsiveto nicotine The nicotine Ach receptoris alsoa Nat, K* and C&* ion
channel

A Muscarinic_acetylcholine receptors: Also known as metabotropic acetylcholine
receptorsareparticularlyresponsiveéo muscarine

A Nicotinic receptors (N,): N, receptorare locatedon postganglioniccell bodiesin every
ANS ganglion,both sympathetidYellow) and parasympatheti¢light blue). N, receptorsare
foundis on chromaffincells of the adrenaimedulla

A Muscarinic receptors: derived from the mushroom Amaniiauscaria

A Location and function of Muscarinic Receptors

Autonomic Ganglia: Heart: reduced heart rate, slows AV nod Gl Tract & Gallbladder:
BIsTelol iR 1o g LI e lalelpai[eng(Slgel  conduction, reduce force of contraction Smooth muscle contraction
messaging Pupils: regulate pupil constriction

Gastric Glands: Glands: Promotes eye, mouth,
Histamine release, acid secretion Sinus, lung and skin lubrication

Brain: Blood vessels: Increase vasodilation
Increase memory, attention, emotional
responses




Classification of Cholinergic agents:
(a) Direct acting cholinergic:
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Acetylchaoline Carbachol Bethanichol
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Pilocarpine

Methacholine

(b) Indirect acting/Cholinesterase inhibitors:
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Ambenonium chloride Fhysostigmine Isofluorphate
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Synthesis of Procyclidine:
i , o]
+CH,O0 + HN ARE
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Synthesis of dicyclomine hydrochloride:
Ph CN Ph  CO3Et
Br Br NaNH> EtOH
BnCN + \|\/|/
-50°C H>SO4
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Sedative: A sedativedrugdecreaseactivity, moderateexcitementandcalmsthe patient

Hypnotic _drug: A hypnotic drug producesdrowsinessand facilitates the onset and
maintenancef a stateof sleepthatresemblesaturalsleep Barbiturates& Benzodiazepines
arewidely usedas sedative& hypnotic Barbituratesare an old classof drugsusedto relax
thebodyandhelppeoplesleep

A Benzodiazepinesare useful for treating insomnia and anxiety They are the class of
medicationsthat work in the centralnervoussystemand are usedfor a variety of medical
conditions

Classification of Benzodiazepines:

A long duration of action: (B days)e.g DiazepamNitrazepam

An intermediate of action: (320 hourske.g Alprazolam,Lorazepam
A short duration of action: (8 hours)e.g OxazepamTriazolam
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Alprazaolam Lorazepam

Ciazepam Cheazepam Zolpidem



MOA of benzodiazepines

1. Theyhavepositiveallostericeffectat GABA receptor Theybind at a differentsitethanGABA or
Benzodiazepineandstimulatethe pharmacologiactionof GABA which s the principalinhibitory

neurotransmitten the CNS.

A Classification of Barbiturates:

A Basedon durationof action

A Alongdurationof action (6 hoursor more)e.g: Barbital, Phenobarbital

A An intermediatedurationof action (3 to 6 hours)e.g: Amobarbita) Talbutal

A A shortdurationof action (lessthan3 hours)e.g: PentobarbitalSecobarbital

0 0 o o 0 0 O JJ\ O
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Mode of action of barbiturates

1. Theyhavepositiveallostericeffectat GABA receptor Theybind at a differentsitethanGABA or
Benzodiazepineandstimulatethe pharmacologi@ctionof GABA whichis the principalinhibitory
neurotransmitterin the CNS 2. They inhibit AMPA receptor,which binds glutamatewhich is
principal excitatoryneurotransmittein the CNS 3. At higherdo theyinhibit C&* dependentelease
of neurotransmitters




Antipsychotics
Introduction: Antipsychoticsalso known as neurolepticsor major tranquilizersare a classof
medicationgrimarily usedto managepsychosigrincipally in schizophreniandbipolardisorder

First generationantipsychoticsknown as typical antipsychoticswere discoveredin the 195Gs.
Secondgenerationdrugs known as Atypical antipsychoticsfirst atypical antipsychoticswas
discoveredn 196G andintroducedclinically in the 197Cs.

Definition: Antipsychoticdrugsarea classof medicinesusedto treatpsychosisandothermental
andemotionalconditions

Classification of antipsychotic drugs:

Phenothiazines

Aliphatic side chain: chlorpromazinetriflupromazine
Piperidine side chain: Thioridazine

Piperazine side chain: Trifluoperazine fluphenazine
Butyrophenones: Haloperidol,trifluperidol, droperido] penfluridol
Thioxanthenes: Thiothixene flupenthixol

Other heterocyclics: Pimozide loxapine

Atypical antipsychotics: Clozapine, olanzapineisperidonequetiapinearipiprazole
ziprasidone

To To Po Bo Bo Do Do I



Mechanism of action:

A Antipsychoticdrugsblock D2 receptorsn the mesolimbicandmesofrontakystems

A Sedations causedy alphaadrenergiblockade

A Anti- dopaminergiactionson basalgangliaareresponsibldor causingEPS(extrapyramidal
symptoms)

A Atypical antipsychotichiaveanti-serotonergi@ntiadregeniandantihistamineactions

Synthesis of Phenytoin:
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Mechanism of action: Phenytoin (Diphenylhydantoin) Phenytoinprolongsthe inactivated
stateof voltagesensitiveneuronalNa+ channelandreducegshe neuronalexcitability.

Use: Phenytoin areusedasanticonvulsantor the preventionof tonic-clonic seizuresandpatrtial
seizuresput notabsenceeizuresit mayalsobeusedfor certainheartarrhnythmiasor neuropathic

pain




General anasthetics

Generalanaesthetic8GAs) are drugs which causes reversible loss of all sensation and
consciousness.

The cardinal features of GA

Loss of all sensation, especially pain

Sleep (consciousness) and amnesia

Immobility and muscle relaxation

Abolition of somatic and autonomic reflexes

Stages of GA

Stage I. Stage of Analgesia

Stage IlI: Stage of Delirium and Excitement

Stage |ll: Stage of Surgicahaesthesia

Stage IV: Medullary / respiratonyaralysis

Classification of General anasthetics

Inhalation:

1. Gas: Nitrous Oxide

2. Volatile liquids: Ether, Halothan&nflurane Isoflurane Desflurane Sevoflurane
Intravenous:

1. Inducingagents ThiopentoneMethohexitonesodium,propofolandetomidate
2. Benzodiazepinesloweracting) Diazepam|orazepamMidazolam

3. Dissociativeanaesthesi&Ketamine

4. NeuroleptanalgesiaFentanyl

Do Do Po Do Po I




Mechanism of Action of General Anaesthetics

A

A
A

A

GABAI Areceptor: Potentiatedby Halothane,Propofol Etomidate ,Enflurane isoflurane
Desfluranesevoflurane

NMDA -receptors Inhibited by Ketamine,nitrousoxide andxenon

Glycine receptors: Potentiatedoy Halothane,Propofol ,Enflurane isoflurane Desflurane
sevoflurane

Also haseffecton neuronahicotinic receptorsaand5-HT3 receptors

Inhalational Anaesthetics:

A

Inhalationalanaesthesieefers to the delivery of gasesv@poursto the respiratory system to
produceanaesthesia

Synthesis of halothane:

7~

Synthesis of Halothane
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chloro-1, 1, I-trifluoroethanc 2-Brome-2-chloro-1, 1, 1-trifluoroethane

http://medicinal-chemistry-notes.blogspot.com

Uses: Halothane used to start or maintaemaesthesia



Narcotic and non-narcotic analgesics:

Analgesics: Analgesics/ Pain killers are common pain relievers acting centrally to elevate pain

thresholdwithout disturbing consciousnessr altering other sensorymodalities Many analgesicsalso
have antipyreticpropertiesaswell. They can be usedto reducefever Someanalgesicsare also antt
inflammatoryandanti-clotting drugsaswell.

Classification:

(i) Opioid analgesic$ Narcoticanalgesic$ Morphinelike substancegpredominantlyactson CNS
(i) Non-opioid analgesicg$ NSAID i predominantlyactson peripheraherves
Mild analgesics:

A

o To  PoTo Do Po Do Do Do

They work by blocking the enzyreontrolled synthesis girostaglandins.Thmain effects of
prostaglandins are:

The constriction of blood vessels, which helps increase the body temperature.
Direct effect on tdnte hyahdlgmius whick @dducesdéegeu | at i ng

Increase of the permeability of capillaries which allows water to pass to the tissue and cause pain
swelling.

Natural Painkillers: Theyareproducecdhaturallyin thebody:

EndorphinsandEnkephalinsarethe naturalopiatesfoundin the partof the brainandthe spinalcord
thattransmitpainimpulses

Theyareableto bindto neurereceptorsn thebrainandproducerelief from pain

The temporaryloss of pain immediatelyafter an injury is associatedvith the productionof these
chemicals

Strong analgesics: They temporarily bind to the opiate receptor sites in the brain preventing the
transition of pain impulsed he opiumalkaloids

Opiate: it is a natural or synthetic drug that exerts actions on the body similar to those induced by
morphine.




Narcotic_antagonist: are structurally relatedto morphinewith the exceptionof the group
attachedto nitrogen They preventor abolish excessiverespiratorydepressioncausedby the
administrationof morphineor relatedcompoundsThe act by competingfor the sameanalgesic
receptorsites

Classification:

A Pureantagonise.g. naloxone naltrexone

A Partialantagonist®f nalorphinee.g. Nalorphine levallorphanandcyclazocine
A Partialagonistof morphinetypee.g. propiram profadol

Anti-inflammatory drugs: inflammation is sometimes inappropriately triggered by an
innocuousagent, such as pollen, or by an autoimmuneresponseas in asthmaor rheumatoid
arthritis. Inflammationis triggeredby the releaseof chemicalmediatorsfrom injured tissuesand
migrating cells and include amines,suchas histamineand 5-hydroxytryptamine lipids, suchas
the prostaglandinssmall peptidessuchasbradykinin andlargerpeptidessuchasinterleukin.

NSAIDs

A The NSAIDs are a group of chemically dissimilar agentsthat differ in their antipyretic,
analgesicandantrinflammatoryactivities

A They act primarily by inhibiting the cyclooxygenasenzymesthat catalyzethe first stepin
prostanoidbiosynthesisThis leadsto decreasegrostaglandirsynthesiswith both beneficial
andunwanteceffects

Mechanism of action of NSAIDs

1. Anti-inflammatory effect 7 dueto the inhibition of the enzymescyclooxygenasegpr COX,
which convertsarachidonicacid to prostaglandinsand to TXA2 and prostacyclin T Aspirin
irreversibly inactivatesCOX-1 and COX-2 by acetylationof a specific serineresidue i This
distinguishest from otherNSAIDs, which reversiblyinhibit COX-1 andCOX-2.




PHYSICAL PHARMACEUTICS

Scope The course deals with the various physicaand physicochemicaproperties, and
principlesinvolvedin dosageforms/formulations Theoryand practicalcomponentsof the
subjecthelp the studentto get a better insightinto variousareasof formulation research

anddevelopmentand stability studiesof pharmaceuticatiosageforms.

Objectives:Upon the completion of the course student shall be able to

1. Understand various physicochemical properties of drug molecules in the designing tt
dosage forms

2. Know the principles of chemical kinetics & to use them for stability teatadg
determination of expiry date of formulations

3. Demonstrate use of physicochemical properties in the formulation development and

evaluation of dosage forms.



B. PHARMIV SEMESTER STUDY SCHEME/SYLLABUS BP403T

Unit

Course Content

Hours

Colloidal dispersions:

Classificationof dispersedsystemsé& their generalcharacteristicssize &
shapesof colloidal particles,classificationof colloids & comparativeaccount
of their generalproperties Optical, kinetic & electrical properties Effect of
electrolytescoacervationpeptizatio& protectiveaction

05

Rheology
Newtoniansystems,law of flow, kinematic viscosity, effect of temperature
non-Newtoniansystemspseudoplasticdilatant plastic,thixotropy, thixotropy
in formulation, determinationof viscosity, capillary, falling Sphere rotational
viscometers

Deformation of solidsPlastic and elastic deformatidAeckelequation,
Stress, Strairklastic Modulus

10

Coarse dispersion:

Suspension, interfacial properties of suspended particles, settling in
suspensions,formulation of flocculated and deflocculated suspensions
Emulsions and theories of emulsification, microemulsion and multiple
emulsions Stability of emulsions, preservationof emulsions, rheological

propertieof emulsionsandemulsionformulationby HLB method

10




B. PHARMIV SEMESTER

BP403T

Micromeretics

Particlesize and distribution, meanparticle size,numberand weight distribution,
particle number, methodsfor determining particle size by different methods
counting and separationmethod, particle shape,specific surface, methodsfor
determiningsurfacearea,permeability,adsorptionderivedpropertiesof powders

: : N\ . . 10
porosity,packingarrangementlensitiespulkiness& flow properties
v |Drug stability:
Reactionkinetics zero, pseudezero, first & secondorder, units of basic rate 10

constants, determination of reaction order Physical and chemical factors
influencing the chemical degradationof pharmaceuticalproduct temperature
solvent,ionic strength,dielectric constant,specific & generalacid basecatalysis
Simplenumericalproblems

Stabilization of medicinal agentsagainstcommon reactionslike hydrolysis &
oxidation Acceleratedstability testing in expiration dating of pharmaceuticg
dosagdorms

Photolytic degradation and its prevention




Unit | COLLOIDAL DISPERSIONS

Definition:Colloidal system is dispersion where in internal phase dispersed particles are
distributeduniformly in a dispersionmedium(External/continuou$hase) Particlesize0.5 to 1
micron In colloidal systems particles pass through filter paper but do not pass through
semipermeablenembranaliffusevery slowly. Example GelatinAcaciaandRubber

CLASSIFICATION OF COLLOIDAL SYSTEMSACCORDING TO PARTICLE SIZE

Molecular
dispersion

Colloidal
dispersion

Coarse
dispersion

Less than 1
nm

From 1 nmto
0.5 um

Greater than
0.5 pm

Invisible in electron microscope Pass
throughultrafilter andsemipermeable
membrane Undergo rapid diffusion

Not resolved by ordinary microscope
(although may be detected under
ultramicroscopgVisible in electron
microscope Pass through filter paper

Visible under microscope Do not pass
through normal filter paper Do not dialyz
throughsemipermeablenembrane Do not
diffuse

Oxygen molecules,
ordinary ions, glucose

Colloidal silver sols,
natural and synthetic
polymers, cheese,
butter,

Grains of sand, most
pharmaceutical
emulsions and
suspensions, red bloo
cell



TYPES OF COLLOIDS

On the bases of the interaction of the particles, molecules or ions of the dispersed phase with the
molecules of the dispersion medium:

1. Lyophilic collloids
2. Lyophobiccolloids
3. Association colloids

Lyophilic collloids:

In this system dispersed particles have a greater affinity to the dispersion medium (solvent). The
dispersion medium forms a sheath around the colloidal particles and solvates. This makes the
dispersion thermodynamically stable.

Lyophobiccolloids:

Colloids is composed of materials that have little attraction (solvent hating), is possible between the
dispersed phase and dispersion medium. These are stable because of the presence of a charge ol
particles. Primarily there is absence of a solvent sheath around the particles

Associationcolloids

In this systemcertainmoleculesor ions calledamphiphilesor surfaceactiveagentsarecharacterized
by havingtwo distinct regionsof opposingsolution affinities within the samemoleculeor ion when
presentn aliquid mediumatlow concentrationarecalledsubcolloids

As the concentrationis increasedaggregationoccurs These aggregatedcontains 50 or more
monomersthesearemicelle (CMC)



COMPARISON OF PROPERTIES OF COLLOIDAL SO

LYOPHILIC LYOPHOBIC ASSOCIATION (AMPHIPHILI¢

Disperse phase contains Dispersed phase contains Dispersed phase consists of

large organic molecule iInorganic particles Ex: Gol aggregates of small organic

lying within colloidal range molecules or ions whose size
below the colloidal range.

Molecules of the disperser Small interaction Hydrophilic orliphilophilc
phase is solvated, i.e. the) (solvation) between portion of the molecule is
are associated with the  particles and dispersion  solvated depends on solvent
molecules adjust with medium. system.

dispersion medium.

Dispersion are generally These dispersions are CMC can be reduced by
stable in presence of unstable even in small addition of electrolyte
electrolytes concentration of

electrolytes



OPTICAL KINETIC & ELECTRICAL PROPERTIES OF

Optical properties: A strong beamof light passedthrough colloidal solution a visible coneis cone,
resultingfrom the scatteringof light by the colloidal particles,s formedthisis the FaradayTyndall effect

Electronmicroscope The electronmicroscopewill providethe actualpicturesof the colloidal particlesin
theform of ShapeSurfacearea,Size,Porosity& densityof the particles

Light scattering This is basedon FaradayTyndall effect it is widely usedin the determinationof
Molecularweightof thecolloids Sizeandshapeof thecolloids

Kinetic properties:

Brownianmotion Randommomentof colloidal particlesof particlessizeaslargeas5 micro meter

Diffusion: Particles diffuse spontaneouslyfrom a region of higher concentrationto one of lower
concentratioruntil theconcentratiorof the systemis equilibrium

SedimentationThe velocity v of sedimentatiorof sphericalparticleshaving a density} in a mediumof
density} @ndaviscositynois givenby stokesd kaw

Viscosity. Theviscosityis anexpressiorof theresistanceo flow of a systemunderanappliedstressHere
it is concernedvith theflow propertiesf dilute colloidal systems

Electrical properties: The propertiesof colloids that dependon, or are affectedby, the presenceof a
chargeonthesurfaceof a particle

The movementof a chargedsurfacewith respectto an adjacentliquid phaseis the basic principle
underlying four electrokineticphenomenaelectrophoresisglectroosmosissedimentatiorpotential, and
streamingpotential

DonnanMembraneEquilibrium: If sodiumchlorideis placedin solutionon oneside of a semipermeable
membraneinda negativelychargedcolloid togethemwith its counteriondR-Na+is placedon the otherside,
thesodiumandchlorideions canpassfreely acrosshebarrierbut notthe colloidal anionicparticles



Unit I RHEOLOGY.

DEFINITIONS: Rheologyis the science concerned with the deformation of matter under the

influence of a stress. Viscosity is an expression of the resistance of a fluid to flow, the higher the
viscosity, the greater the resistance.

NEWTONIAN SYSTEMS
Newton's law of flow (dynamic viscosity)

The applied stress of force per unit afgéA) required to bring about flow is called tebear
stress (Sand has units of N/fn

Rate of shear should be directly proportional to the shearing stress.



