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INTROQUCTION

e Medicinal Chemistry is the branch of Chemistry foased on fhe
design , 8ynthesis and  development of  phamautical compound .

® It combines puinciples fsom Organic Chemistry ,  Biochemisty ~ and]
phamuclogy T crente  new druge and - empwues  exising ones .

PhvsicocnemicaL  Propermes T Rewamon To
BiowoGicaL ActioN

® Physicochemical Pmperh‘es relers 1o Phwsicul and chemcal charadesishes
of a dlu% molecwle that influene s behawious I b(‘ologl'(al Ypslems.

e Thee propesties P‘a‘#& a cncial fole in ddasmimhg,, the drug's
absoophon , distibuhion , Metabolism and ~ excrehon |

® Tt includes

@ Tonisahon

@ SOIubih‘h/

® furlition Gefictent

) qurogen Bondin

® Proteln Bmdm%

Chedabon

@ Buisoderism

Oplical € Gieometnal Tsomen'sm .



@ | Tonisation |

* Ionisation is a key physiochemicd  property that fefers 1o the abiliy
of a moleale fo doin or loce  prolons ) leadin% o +the formahon
of charged  Species (long) . :

® The extent of tonizabon i detesmined by pka of the drg. and|
pH of the Surroundmg. environment

Retanon To BiowoGical Acmion

@ Solubility = Tonized dnigs are more soluble in waler , aiding, in
dissoluhion in aqueous. envifonments  like gastointestina
“Hract

@ Membane Fermeablity © Non- fonizad fooma of dru% are More lipophilic |
allowing. them & cross Membranes eaily
Whereas fonized  fowme zhuggle fo penefrute
lipid  brlayers. .

@ Abaption « Distibuion : Druge must balance fonization o be  absonbe]
efficiently , wesk acids absosh befter in
aadic -envifonment , while weak bases absosb
better in  basic  environment-.

@ Bxwetin - Tonized diugs are mote waler solible and e exveted
More eusily via the kidneys, whie non- jonized drugs
May undergo  reabsorbhion

o By unflerdandu‘n% Tonizabon , medicinal chemists an ~ ophimize drug,
properties for “better therpeuhc achon and bioawailivilty



@ [Sowswy |

® Solubility is the ability of 0 substane Csolute) o dissae 0 g
Solvent 1o foom a homogenous  soluhon

® Tn the antext of Medicinal C hemistny . Drug. Rolubility - fefers,
o he exdtent o which a dug. dissolves  In bl'obgl'(al fluds
(e-g- gashn'c Juce , blood or inteshml fiwel ) .

o Dmgg must be Sufﬁ'm‘enHy oluble in qqueous fiwds o be
Obsosbed , distnbuted and Aransposter]  effectvely i the  body

BlowGicAL  SIGNIFICANCE

0, Drug Absorphion & Bioavailibilty = ¢ A dug. must dissolve in GIT fluds
before It can be abaowbed inko he

bloodgtream.

o P00r|l/ solwle drugs have low
diswlulion raes, tﬂdfn&h leduced]
bioavailibility .

€)) Drug Drstibuhion e Once obsobed | g drua. circulodes 1 plasmg
Whidh mosy  waler .
* Highty woter 2oluble dmgs remaing n bloo
while  bpophilic dm% disbules  ouer boou/
Hssues .

® Dmg~ Metubolism € Excrebon ‘e (Uglec Soluble. drucys are endlly melaboliced
excreted via kidnexp;-

* foorly 2oluble druga require - mefabolism
o increase solubility fos excretion



® Solubility 11 a crhal factor fn dtu% design and ~ formuladion
affecting. absoption , distibubon , - metabolism and  excieion

® Medicinal Chemists  ophimize drug. Solubility o enhance bioavailitiity
+herapeu}ic achon and pab‘enf @mpliance - while ml‘m‘mizmg, Side
effects.



@ | ParTmon EFFIC!ENﬂ

o The Fartiion veficient iz the fabo of compound& @neentrabion
ina Lipophilic Soluent 4 its conentration in  hydrophilic lyent
at equilibrium .

* Tt s expreceed s :

[Orug ] weio
[Drug J wamer

P =

e The Hydmphilic and Lu‘pophilfc natwe of La?, dru& I8 Indicatecl
by lo% P

BioroGicAL  IMPorRTANCE

* A modeiate log. P enhanees absorphion Hhiough biologicl - membranes,
as cell membranes are lipophllic . |

® Drugs with very high lop ore foo lipophic and may bewome
tapped in  membrnes -

* Drgs wih very low I09P ate foo hydrophilic and may not
cross lipid membranes effecﬁueg/

® Lipgphilic drug& ale metabolized n liver befose excrehon , while
hydropilic dmugs are  exdeted directy by the kidnetys




@© | Hvorogen Bonome |

® Hydogen Bonah‘n& S 0 fype of weak chemical inferodion that ocuss
when a hydiogen clom CH) fs share behween on elecronegaive

donor and an e!edmnegah‘ue acephoy .

)

¢ Ttis of two fypes -
@ Intermoleclar Hyd:ngen Bondling,

® Thramolecular Hydrogen Bondl'n?ﬂ

x>
o
/ 2
)
X
N
o
+
o=2Z (o]
\ /
(@ N, o

5+
0- Ni‘lwpheno-t

TInTerMotecuaR H- Bonoing

IvporTance TN BioweicaL Rewamon
@ Solubility : Drugs that foom hydrogen bonds dhissolue belter i wate
impyoving. their - solubility
o Example”  Paacetumol forms hydrogen bonds , mala’ng\
it highly water - golube -

@ Membrose fermenbility’ Too many hydiogen bonds make a d
less lipophilic reducu‘n& its abilly fo cross

cell membranes



® Rewephor Binding. - Many drug. inferact with  proteie. through
hl/drogen bonds aﬂ%ch'ng heir  potency .

@ Metabolism € Pxcielion Ht/d:ogen bonding can Iofluenee.  how
drugs”. bind o ~lver enzymec fos
melaboliom <€ how ealy they oe
exceled .

o Hl[dfo&en bordiing, is exenhal for dru% solubility , absosphon
fargei bl'rdl‘nE’L and  mefabolizm .

® Balandng. hydigen bonds s crucial in desfan ing.  effechie
drugg.



® | ProTeN_BinowG |

o Plein B!'ndfng refers fo the abillky of a dug fo bind
fo plasma pxoteins  C such ag albumin , o~ acid  glywpwteln
and lipopsoteins) in the  bloadlatream .

® Dug. exist In two fomd :

@ Bound Dm} Cinachve , shred in blocdgream )

® Fee Dm& C achve, quailable {or biolog!'ca! achon)

Major ProteiNs INuowEp

® Albumin * Bindg To Acidic D
® Oi- Acdd Glyopootein © Binds o Basic Drug&
® Lipopsotein @ Bindz fo Lipaphilic Dmg,g

I mMeorTANCE IN BioweicaL SusTeM

® Drig. Dishibubion :  Highly  Polein -bound diug, stay in - cireulation
longer and distribute more” Slowly info Hssues |

@ Drug. Ackvity - Only the fiee drug. i auallable o nteract with
fereplose. and - produce effects .

@ Melabolism € Prerelion ©  Bound diugs, ase not eally mefabolised o
excreled . The liver and  kidneys ~ poimaily
remove ffee drugs,

o Dmlen bindin& influences d“‘? dishibution , adivity , inteachons ,
Metabolism and  excrelion. Underxlandv'ng_ 1t helpr in dog'ng adyugtment
and auoiding drué} Inferachons, .



© |_CeLaTioN]

Chelokion happenz  when @ drug. binds tgnly fo  metal iong
ke @loum | iron, magnesw'um oy zinc , fovming, a Sbie
Complex -

RetamoN WitH BrowsGicnr SsTem

Affects Absompbon : Some dugs bind o méale in food | making,
them harder fo absosh.

Removes Toxic Metals *  Some drag are ued b frap € memove
harmful  metalz Bom he bodt(

Block Enzymes: Some dru% stop enzymes fgom uumsinn‘n?~ by
bindl‘ng, o metale they nead .

Chelalion can affect dfu% obsowphon , femove foxing 2 block
enzymes .

® Undergtanding, It helpa in mab‘n% duge. wosk belter - and

cwoidl'n% food or met! Interachon



® [Borsserewsr ]

® Befor Discussing. . Bloisotesism , lels fisst discuss  Toostemiom .

® Isostewim /2 the phenomenon where Moletles or Jona have
the 2ame number of abms ad a similar amngement of
elechons, ‘eadin9 o omparable physical and  chemical - propertis
Example N2 (Nitrogen) and CO Ccoubon manooxide)

* Both have same number of fotal electrons (1)
® Both molecules hawe friple bond Hw 4wo dloms.
* They have similar bond length aind  fonzaltion energes.

® The onept of isostesiom introduced Font
In 1919 .

bl{ ]hu'n% Langmw'r

Bioi1sosTERISM

® Bioisosterism 12 a conept in Medicinal Chemishy  where  one funchong)
group or Moleale s replaed with another fhal has similar physia/
and  chemicol - propesties

 Thiz hel improve the olrug!s efteds. raduce side efects or make
It lost longer in the body.

Detailed Explanaion

I dn design,  scienist offen change pails of @ dm&v‘o moke

it belter . However If they leplace the  past  with somdhfhg foo
diffetent | 4he dmg might stop wosking.. So hey use Birsosteres ,




CiassiFicaton OF BioisoSTERISM

Bioisosteres qre mainly calegovized Inhb two main ‘Iypes
@ Closial Buoisocteres
@ Non- (lassical Bioisosteres

(@ _CurssicAL BioisosTERES
® These we the bivisodteres which have the game Ualency |

ghape and  elechonic - properties .
® Example © -0H ® -pNp,

-H& -F

Classihahon

They are further closdified as follows :
@ Monouvalent Bioisosteres * ~0H € -NH,
® Divalent Bivisosteres P -(=0 & -C=S
© Tnuolent Bioisosteres . —M= & -N=
@ Tetawalent  Bioicosteres - = C L -5
@ Kl'n% Equivalents : Benzene ¢ Pyn'd,'n e

©C Q

@ _Non- ClassicaL  BioisosTeRES

® Non Clossica) Bioisosteres are those that do not  have the fame
Valeney 07 elechic poopesties bul shil produce  simiay biologicoll efect.

® Bxample © -(aubory) (-cooH) € Tetaugle (- G4HyNuy) |




SIGNIFICANCE IN BiowoGicat Rewarion

@ Improved Phomacokinetice:  Subshituling, bioisosteres cn enhance o
drug’s ton, distbubon = metabolicry)
and excrehon lead:'«(} fo better effiay
and stability .

@ Redued Toxicty: Toxic fundiona| groups @n be replaced uith
safer alternalives while mw‘nfwhin% therapeulic
effeds.

@ Incrensed Seledivity @ Bioisosteric modifimling cun enhance drug's
specifity for it famet fedhicing. sids effeds

© Enhanced Melobolic Stabilty: Some bioiglesic veplacements  prevent

fapid - clegradahion , peclonging. clug's
half life .



GEOMETRICAL TSOMERISM

® Gleomemal Isomers are sterecisomemsm +hat have o different
arrongement of - qroups or abma aiound  dousle  bonds .

o They are of oo fypes :

@ (is- Tomer

® Trans- Tomer

RELATION To BioLoGicAL Action

o Gleometncal Toomers @n have different biologic) - activibes .
e for Example : (s- plain is an effecive anhiancer drug., while
trans- plah‘n 15 nachve _

HN Cl
h o ANV
Pt



© [Crrian Teomene]

® (phcl Icomesism ocws when molecules have he 2ame
chemial fosmwa but exst 0 two- mimor I'rnagz {t’)zsm&

® Tt is of two fypes:
@ Oextrorotalvoy

® Leuorol‘a)m/

@ Dextrorotalosy = Rotales ~ plane polaned [ight
® Levomtatosy : Rotats plane. polansed light fo

Opnear Jsomerisy IN Reanon To Bioweicar ActoN

o (phwl Isomers can have draghally  different effxt 1 bn’ogJ(aJ

AJstem
® for Eample © L- Dopa is used b freot pukinons dkesse yhic

D- Dopa s bn‘ologjcauy achve .

0 0

I
:
HO oy 5 Ho
HO NH.\ l: NH’. OH
|
]
I
I
|

L - Dopa



MeTABoLISM

® It Is ol known as * Biotransformation

®* It &a poes by which body fransfosms a drug_ into more  fecdliy
excretable  fooms -

® The poimary qte for melobolism X Liver.

® Other sites indude kidney , intedines , lungs and plosma

® Metabolism usudlly nuolves enzymahic feachions in the liver that
alter ( changes) the chemical ~ shucure of drug. .

® These reachons mMmakes the dmug more waker 2oluble and thus
drugs beomes essier 1o be eliminated foom the body uia
Urine 0% Dbile.

® The metabalism of a dlrug. usually conuetts :

- Lipid Sople — Waoter Soluble

= Unionised —  Ionized

e Mefubolism is ciucial for drug's durahion and infensity of achon , as
wel a8 for its ovemll sofely poofile.

DrRuG METABOUSM

Metabolism ugually lead2 o conversion of
® Adive Dm& —  Adive Metabolite
o Adive Drug —" Inacive Metabolie
e Thactive Dmg —  Adive Mefabolite




CuTocHROME  P4S0 EnzvMES

* (ytchrome Puso emymes are group of  proteins in he bodly hof
help  breskdown diugs , foxins and other aubstances

® In Gyhchiome Puso |, P stands for pv‘gmenl thal  has maximum
Iignt  absosphon at wavelength 450 nm

® Severa| fomilies of CuP enzymes are Involved In melakdliom of
drugsg - ~

o Tﬁes?f are named as CYP followed by a number (denotes ﬁzmﬂy),
then olphabel  Csubfamily) and again a npumber (specfic isofosm

of the enzyme)

Example - CYWp 3 A 4

4 4
(Spedific Isoform)

o Cup A4 forms the maximum hepahc ontent (1) of Cup enzymes
and 1s Involved In metabolism of maximum pereentage of dm% (337)

Exampie OF C(yp ENZyMES

CYP3AY
CYP2DE
CuP2C19
Cypaca
CYP1AQ




Tures OF MetasousM REACTION

There are mainly fwo types of Biotransfosmalion reachions, :

Phase T Reachon
Phase TI Reachon

MempBouc REACTIONS

Pupce - I

(Tnuolve Both Mictosomal and
Non- Microomal Enzymes)

- Oxidahon
Reduchon

Hydrolysis
(yclizahon
Deqyclizahion

(@ _PuAse- T ReAcNoNS

Puase -1

Glucronide

(onjugakion

Non- NI@

- Acelylahon
- Methylahon
- Sulfate Gyugabon
- Gilycine @WO’)
- Gllutathione

Comugahbn

These feadions, Inoduce funchional groups n the dru?-e Includes .

Oxidahon
Reduction

Hydrolyais
ch\iza'f:n

Decyclizahion



@ _Oxidalion

® Oxidahon is the poocess of addiion of oxygen b a drug, molecle
or femoval of hydliogen fom a drug‘ moleale .

® Oxdation is poimasly mediated by “enaymes like (YPusOs and
fesulte i the fosmahion of move polas  metabolites, which can be
easily - excreted from he body .

® Examplc : Phenyloin, Phenobarbitone , Proprandlol

@ Reduchon

® KRedudion iz the pwoeess of addihon of Hydrogen 0w emoual
of Orygen fiom a dmg molecwle .

® Tt ks les common Hhan ° Oxidlahon .

® Example : Chloramphenico] , Warfarin etc.

© Hydrolysis

o Breakdown of dng moecle by addion of waker 2 known as
Hydrolyais -

® Th is @mmon among. esters and amides.

® Tt iz medated by enzymes such as esterase , amidases < pephases.

@ _(ydization
o Tn this, shuight chain @mpound  @rverted into m‘n? Anichyre .
® example : (qcloguani! fyom Pmauanil

G, Decl!ch‘zah'on
® T Involves gpening. up of fing. Rhnucture of ayclic g, Moleate
o Exampic : Barbitumales .




@ _PHase X Rencmons

® Phase T Reachons are also known ag (onugalion Reachons
® Thee feadione aftach polar - groups Ce.g- q‘lummm‘c acd , swhte,
aetyl, methyl ) b the dryg making. 1+ highy - waler olude
é These readiong Include
Grlucuronide  (bryugabon
® Aclylation w
© Methylahon
@ Sulfate (Onyugahon
© Glycine (Bnyugahon
® Gilutothione @%wan

@ Gilucuronide Cory%a}ion

o Tt is the proes of addibon of  Glucwonic Acid .
® T 18 medioted by UDP - gucwonosy! Honeferaee  (U6iTs)
® Examples ©  Chloramphenia] , aspin , paracetamol ek .

® _Acetylation

o Ttis e prowess of adlilion of Aelyl Giroup .
® Tt i medated by N- Acelyltronsferases.

* Exomple - Sulfonamides , isoniazid .

© Mel’m’/lah'on

o Tt is the poocess of addibon of Methy! @roup.
e Tt i» medioted by Methylhunsfomues .

o [Examplc:  Methyldopa, Meraphopuine .



@_Sulfate Coryquh‘on

* It i the pvoZess of addihon of Sulfate Giroup .
o It 12 mediaked by Sulfohomsferases .
® Example:  Chloamphenio!, Methyidopa €k

@) Glh,ct‘ne Cbryu(agh‘on
* It iz pwes of addibon of Giycine b he dnugs .
® It i mediated by Gilycine- N- AcclyHmnaformses
® Example - Saliylates, Nicotnic Acid et

® _Glutathione Coryuggﬁon

o T is dhe poocesc of addiion of - Giluodhione .

Tt 12 meliated by  Gilutathione - S- Transferasec .
® Examplc . Furaetamol ‘



_Factors  Arrecting DRUG METABOUSM

There ore vanous fachss, aﬁeo‘ing. dm& metabolism as ollows :
Age

Glenetics

Liver Health

Grender

Diet and  Lifestyle

Dm% Interachong

@ _Asce

® Newbom babes ghows glow melabolism ds their liver i not flly
deue!oped.

® Liver funchong dedine with ag . hence e!de!y people dlzo  ghows
Llow metabolism .

@ _Genelics
* Some people nalumlly break down dmgx faster ov  slower due
fo differences in their genes.

@ _Lver Heglth
o T the liver is damaged Cdue fo any liver clisease) , It cunnot

pocess drug,g ProPem( .

(@ _Glender
o Some dwgs sped Up or slow down mefabolism when take

’:oge{her :




© _Diet and _lifestyle

® Guopefruit Awce zlows metabolism of some drug&, leaoh'n% fo
hu‘gher drug. levels .

o Smok:‘ng € Alwhol increase Melabolem |, nnlq'n% 20me drug»s wosk
less  efechvely .

©® _(Giender
® Men and women povcess Some drugs clifferently dw fo hosmones .
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