MEDICINAL

CHEMISTRY - lII

UNIT 5 NOTES

DRUG DESIGN P
e APPROACHES TO DRUG DESIGN ?
e QSAR
e PARTITION COEFFICIENT b

¢ HAMMET'S PARAMETERS

e HANSCH ANALYSIS

¢ PHARMACOPHORE MODELING
e COMBINATORIAL CHEMISTRY

CONNECTWITHUSON: |

s}o IMPERFECT PHARMACY APP

ImperrecT

@IMPERFECTPHARMACY



IIN‘I’RODU(TION To Drue Deswul

leu& des‘ﬁn IS a systemic & metedge - bosted process  of
d&ouenng d dwelop;‘nét new chemicl (ompounds that  can
sdaentifically  ideract - with biological targets ( such as enzymes,
feceptors or udiec acids) fo produce a desited  therapeutic effect-

Kev Features

@ Scientific & Rational Approach

Dsua desfgn uses stientific methods € tools 1o identify £ Create dmgsf
unlike taditional Mol and exor dru? dJ'scaUexg.

@ Torget - Based Process
The process begins  with identifying. a “bidlogical target that plays a
key wie in the disease ( an eneyme or weceplors) and then
designing @ drugthat can bind fo # & modify ffs adion-

@ Bioactive Molecule Development-
The goal is fo Create a boactive ompound that @n inferact
effectively £ Sdectivdly with the farget fo treat or manage
the disease-

@ Use of Computational Tods
Mordem drug design involves fhe tse OF computer based methods,
such ag ¢

o Moleculer Qocking.

® Phamacophore - Modelling.

o (R
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| AntiFunear Acenrs|

° Anﬁﬁugaj agents an drugs o Substunces used fo prevent or treat
fungal infections by mhrbrhng the growth o5 kiling fungal cel-

e A Rmcagj infections  also known a4 O mycsis, is o disease
(aused by fungi rnmdmg £ gmwmg on 0y inside the human
body-

® There are mainly fwo types of Ringal infections :

@ Supesficial: Ringwosm , Candiasis

@ Syslemic : Candida albicans

Funet
® fungi are eukunyotic Micro- arganisms:
They posces  mrochondria, nucliei, cell membsane £ cell wall-
® Their cll wall ontains chitin C Polymer oF N- aceh;la!ucosamme)
w well @y polyracchasides:
Ergosterol is the major (omponent of fungal cell membpne-

Squalene
Squalene
¢ Epoxidase

Squaline Epoxids.
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© Optimization oF Orug Properties

AHRer designing a  proforype compound , its chemical structure s
modified fo  impyoves

Potency

Selectiurly

ADME

Toxicty C safety)

\/ARrious Approactes Usep IN Drua DesianmeG
o Dvua design an be camied oW ysing geveral  tientific approches,
dependr'ng’ on +he available information about the disease. £ +ar9e+-
The major Qpproaches are :
Structure - Based  Drug design
I.igand Based Drug Design
Rational Drua Desian
Prod_mg Des@n

POED e
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Structure Baseo Drue Desion |

® SBDD is a method in which the 3D Slucture of a  bidlogical forget
(usually « protein or enzyme) (s used fo deagn drug maecles
that can Mt & bind preasely in the acte ste of the target,
leading o desired  therapeutic  effect-

® T & based on principle : “Tf we know the shape of the Jock
(pwoten) , we can design the pesfeck key (drug) o fit into it

STEPs IN_SBDD

® Idenhfy +the Pprefein] enzyme responsible fov the diseasey ‘i€
HIV  pyoteae in AIDS:

® Find the aclive site of the protein where drug can bind-
Design 0r select small molecules thed . - info the achive
stte:

® Shdy key inferactions :

= qumgen Bonds

= Hydrophobic  Foses

- Electrostatic Intereactions etc:
(alulate  binding enesqy — Lowey energy = Better fit
Tmprove molecule  binding , selectiorty , - solubility & safefy-

ADVANTAGES
® _-que sau:'ng £ (ost - effective:
® High specificily (less sile effects)-
® Helpful in desgning novel (new drugs)-
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LimrraTions
Reqw'res accurate 3D  studure-
Protein flexibilfy (an make predictions difficutt-

ExXAMPLE
HIV Prtease [nhibitors-
Scientist used SBDD to design dmgs like :

= Suqur'nouir
- Rionauir

These drygs binds fo HIV protease £ inhibit viral replication-
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|I.|emuo Baseo Drué Dtsucml

® T+ is a method used 4o design new drugs bosed on  knowledge
of existing, molecules (lfﬁands) that are Clready known 0 bind 1o
the biological +argel*-

® This oppvoach s used mainly when we dont have the idea
about shape of profein [ enzyme involved in disease:-

Steps In LeoD

Giather molecules ( lfgands) know to bind +the fﬂfad '

Analyze thew strucwe £ common  features:

Use pharmacophore or QSAR Madal-

For example : - A phamacgphore  modet is o 3D omangemert
of Featuyres in o molele (like hydrogen bond)
that  Is essentia| For biologfcal activrhy.

= In phamacophore  modelling , we - identifiy
these impostant Features  from  known ligands £
design New  malecules +hat have +he same
teatures:

Desrgn new (ompounds based on those models:
Optimize it fo impwove polency , selectivity Solubility  etc:

ADVANTAGES

Work even wttud protein Stucture:

Fast £ Cost -effective:

Usefal in  early shges of drg disovery.
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| Prooruss|

A puodsug is an inacive or less Gdive precwrsor of a drug. that
requim biotyansformation / metabalism (uxuanq by emzymatic action in
the b(xiq) fo covest into its active  phasmacological - Fosm-

ToeaL PropeeTiEs

° Dﬁu% and the Camier linkage must be cleared in vivo-

o [ sholld have not intuistic phamacolagiol achiory-

o T+ should apidly tzansfom, chemically oy enzymatically ., fto the achive
fosm whese desired-

® The mefubdlic fagmenis , cpast fiom  the « active drug., should be
nonfoxic- '

OerecTivES.
They are designed with following. ~Objechives :

@ Pharmaceutical Objechives:

® To improve water] lipid Solubility -
e o Improve chemica) stability.
[
®

To aHer oxgcmoleph'c propesties.
To decsease irfation and paint G injedion St
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® _Pharmacokinetic Obyectives
e 10 impEove absorpﬁon-

® To veduee presysemic metabolism -
® To incvease organ/ frssue - selectivity.

©) Pharmacodynamic_Objectives
® To decrease -oxiaty:
® To jmpuove thexapeutic index.
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Desicaing 0F PRODRUG

(] Pmdgugs ave chemically mocifes drug molecule that are Inackive oy less
active in dheir administered  fom & require biotsunsfovmation in the body
o welease the acve dwg-

o Follawmg fodors needed 40 be considied while desigm‘ng, of peodrug.
shudure :

O Porent dwg. |
® Tn thic functional groups are impostent ax i helps o modifying. dngs
fo make effective prodsugs:

@ Premoeity
® This should ideally be safe £ vapidly excreted fom the  body:
® The choce OF pfemocﬂq should be (onsidered with gespect 10 the disease

state, dose £ duration oF thesapy-

@ Powent £ Prodwgs
The absosption , disteibution, metabolicm 4 extredion need fo be

om pa’ehensiue[q wndersiood -

D_ru@-r Premoeity
!
Fogr ) P Crenocly

Ong

Prysiological bawier
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Cuassteication O PropruG

Prodrugs are mainly ~ classifiec fnfo Ho typess
@ Comer - Linked prodsug.
@ Bioprecuxsors

@ (perier Lnked  PropRUGS
® These pfodmag are formed by aHaching. dan odive dugs to a non-touc

comier (premoerty) via @ chemica)  linkage-
® ARer administation , the linkage s enzymatically or chemically broken

down, ‘Edﬁlbing_ +the adive dmg—

Achve d
chemical/ enzymatic

cleavage +
In- 0 Premoeity

o T+ is Further divided into following. Subtypes:
@ Double prodiugs

@ ™Maaompleculas PdeUfolS

@ site- gecific Procugs

@® Mutual prodsugs
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(M Double Psodsugs
® A pdiug fﬁ:ﬁ tums into another prodrug.  befose be(ﬂming the adive dg.

® This fwo - step achvaton cam impyove iﬂrg,eh‘n(ar and (enfol  over drug release.

! E
enzymakic n2ymalic Ackive dra

IPm'P“’dmﬁ‘s Hydiolysis pmdﬂ% Hydrolyeis

@ Macomoleculoy Padvugs

® Tn this drug akached +o Q big molecule (like o proteln or  polymer)-

® This makes the drug, sy longer in the body or 90 o a specific
place Clike a tumor)-

® [Example: (oncer drugs linked fo antibodies t0 target umars  Specificaly-

Q) St - speific Prodmgs
() Designed 10 became active only in cerfain parts oF the bochf ( like liver
oy fumor cells) +o dvoid harming_ healthy fissues 2 wedue Qg effects:

@ Muua) Prodwgs
o TIn +his two achve dmgs are ombined into one -

® Euch dng. helps the other gels nto the body beHep.
® Example: Ben Omylate (Aspitin + Paracetamel) - (ombines pain Felief 2 curti-
inflammatosy - action:
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@ Bioprecurstrs

® They do not contain @ cagser group . Tnstead the molecular hructure
Heelf is modifed S0 that the dng becomes  acive undargoing  metabole
+yansfoymation such as  oxidedion oF geduction:

® Example : Pyontosde ——s= Sulfanilamide.

AreLicaTion O ProDRUGH DESIGN

O Impzve Oral Bioauuilabil}lg
® Relter absoxption-
® Example = Valacyclovir — Acyclovir

® Enhaace Solubility
® Useful for IV use-
® Example - Fosphenytoin — Phenytoin

® Prolong Dmg, Action
® Sustuined / Contfolled ¥elease:
o Example: Usdexamfetamine —  Dextroamphetamine

@ Reduce Toxicly / side effects
® Cufer de!fueﬂ,
® [Example = Aspisin — Salicychic Add
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© ngded qudﬂmem
® AcHualed in speuﬁc ficcues
® [Fxample: (aPeaJrabme — 5= Fluovouvacl (ackivoted in Humors) -

© Max toste [ Odor

® Belter pafient mpliance
o Example :  Chlosamphenicol palmiate — Chlosamgbenicol

® Tmpzove stability
o Protect dwg Rom  dagradation
o anmple: Enalapsi] — Enalaprilat

Enhance (NS Delivery
® (rusgey blood —brain bowier
® Example : levodepa — Dopamine
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® QSAR stands for Quontitative Stsuctural Achivity Relationship -

® T+ is amethod where we (reate o mathemakcal (elationship blw
the chemjcal shucture of a fornpound and s bmiog:‘(al activity-

® In simple fams we sludy the chemiaal shucture of drugs & use
math to predict how well they work in the body without
actually +€Sﬁng, them in +he laboraory -

ParaMETERS Usep In GSAR

Some fmportant parameters used in @SAR are:
Partiton (oeffigent

Hammets Electronic Parameter

Tafts Stexic Patameter

Harsch  Analysis
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.@@.

ParmiTion (oEFFICIENT

Partition coefficient 1% a measure of how a ompound  distributes ifself
between two immiscible Solvenis - usvally odandl ( oil phase & waten)
aqueous  phase-

I+ is denoted by P-

(oncentration of drug in odanal (o1))
Concentration OF drug in water

P

In @SAR shudies, Ig P is used Instead of P becauge

- Tt converts large  numenical vonges irto managable values:
e P-4 —> logP =0 , P=10 =—%NjogP -1

= T+ helps in forming linear ox  Parabalic  elotionships with
br‘ological achiviy -

- T+ simplifis data analysis € inferpretation-

TImporTANCE OF Lo P

Measures . Hydrophobicrty-

High log p — Mase hydrophobic [ lipophillic:

Low log P —> More hydrophillic-

The value oF , (09 P should niether be too high nor foo low, t
should be modefute o produce sequired  biological - response:

The relationship blw log P €  biological response & defined Os:

log [jf] = -k1logP + ko

Here 1/c = Br‘ologt'caj ackivity

VIDEOS : 3 IMPERFECT PHARMACY



log (410

>
log P° log P

® The groph shows how biolagical activity (log 1) changes. with
lipophillicty Uog P) of o drug.-

® Here :

@ At low ogP: Drg is not lipophilic enough , so # cannot
poss mrough cell membrane easily — low achiviky-

@ log P’: This point biological achivity is  maximum as Uolue of
log-P is  moderate —+ Max achuiy -

® At vesy high log P: Drug becomes oo lipaphillic , gef stuck n
membrane —»  Achvity decreases-
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Hammers EtecTronic PARAMETER

® The Hammet's elechonic parameter donoted by sigma , fs @
quantifative measure OF the electonic effect oF o substitulent
on +he weactivily of a benzene Bing.

o Tt essentially - quantifies whether G gcubstituent is elechon -
donaﬁ'nc} oy eleckon - wi+hdr‘awin9, +hmu3h induckive and
resonance €Heds:

o If the group s electron - mimdramfn‘a_(h‘ke NO2) , I stabilizes the
ﬁ(‘.’?,ﬁ'ﬁue fharge and increase Gcidy —» Gives posiive @ value-

o IF the group Is election - donating (like (Ha) , it veduees acidity
— (nives negative @ value:

ExarpLe
e lets tuke Benzoic Add (C¢HsC00H) ax dhe buse (ompound-

Now suppose We attach different groups fo he Pam position Ciie:
4- Posiﬁon] on the benzene zsin3=

@ Para - Nitrobenzoic Aad (NO2 group added) , NO2 s electon -

withdrawing  group-
T+ pulls  electrans Gom the wing. . stabilizing. +he crboxylate fon (co0”)

So it inceases the acdity
6 = +0-78 (Positive Ualue)

NO2 NO02
R I S

Elechon -uﬂhdrawh'g
Group '

VIDEOS : (£} IMPERFECT PHARMACY



® Poso- Methyl benzoic Acid (CHs group added) . CH 1 electron- donating

goup |
T+ pushes electon info the 2ing. . destabilizing the  carboxylate 10

S0 i decfeases acdrty-
o s -O-HCNegaﬁue Ualue)

(H3 (Hs

@*WUH — @——coowu*

Electron Dondting
Giroup
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(® [Tarrs Steric Paramerer

Tafrs Stesic Parameler fs a Quantitative measure oF stesic effect
of a Substtuent-

T wheds how +he siz € bulkiness of @ qmup affed  +he wate

of a chemial weacton or bfuiogs‘(al acivy of o molecule:
Tt is denoted by Es

T+ was infreduced by R-W-. Toft in 1956

Measuremeny of Es

Originally # was colulated by comparing e zofe of hy drolysis
of esters.

-9
X c Hydrolysis g
N Now, T N o T

0
I

The more bulky 4he Substituent, the more i shows: down the
reaction because OF stewc hindsana present:

IF Es.= 0, No stenic effect

IF Es £ O, seic hindsona pwesent-

Move neqative Es — MMore bulky the  group-

Tinportunce

Drugs with bulky groups  may not fi+ well into receptor bmafng site -
Tt helps fo sdate Dbiologial Sesponce with iz of substifuents:
Helps medicinal chemist - modify d‘“g shuttures 40 vedues Stenc
hindranee &  impsve biological  gesponge-
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@ |[Hanscn Anatysis

Hansh Analyss is a GSAR  method developed by (orwin  Hansch
+hat ectablishes ¢ mathematical reluﬁonship between a drug‘s

physiochemical - properties and it biological achiurty.

Hansch E'q_u ation

log 1fc = kilogP + kO, k3 Es + ky

Here, 1/c= Br‘ologfcaj achivity
logP = Lipophillicity
6 = Hommetts Eleconic  Parameter
Es = Tafts Stevic Paamefer
Kq, Ko, ks, ky = (onstants
ADVANTAGES

(ombine. muttiple parameters (log P, 6 ,E5)
Produtes  quantitative  models:

APPLICATION

Preucts Gchiurty of new  diug..

Helps  optimize  chemiwl  sfrudure:

Used in drug Uesign ,  lead optimization:
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PHARMACOPHORE MODELLING

® A pharmacophore 15 the essenhal set of stmdural features in
Q dmgL molecule  that (s neccessaxy 1o ensure gptimal infereactions
with  specific biolugjcal ’mrgef anct m'ggear 10 bfalogr‘raf BeCpONSE:

¢ Pharmacophoye modﬂﬂing_ ks the proces of idem‘iﬁ{ing 4 mapping
these key featwes vesponsible for fhe  biolugical adkiity of
molecules-

® The concept of pharmacophove was first intaoduced 1 1309 by
Panl Ehwlich-

Key FeaTures IN_PHARMACOPHORE
These are the (ommon chemial qroups inyolved :

o Hydrogen Bond Donox : Donels - hydrogen for bonding-
o Hydrogen Bond Aceptor: Acepis a  hydrogen bond-
o Hydrophobic Groups: Tnireacts with hydrophobic parts of
| feceptor
o Aromotic ings ¢ Tnfereact with profeins:
Positive) Negative Tonizable Giroups 2 Charged  qroups involved in
electrostatic  interactions:

Tures Of PrARMACOPHORE [MODELLING

[igand Barved Model
Shucture Bared  Mockel

0@

Note: Above fopics are alfeady explained in Orug  Designing.
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AppricaTions OF PuaRMAcPHORE MODELLING

Des‘rgn{ng new drugs

Load  optimization

Predicting. ackivity of unknown compounds
Undemunaing SAR
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[ MovecutaR Docané

® Molecular docking is a computational technique used predict he
pveffered  Ovientation (binding pase) of a ligand (drug molecule)
when # binds fo G Harget receptor (usually o puotein [ enzyme)-

® The goal s fo find how well the ligand fits im the active site
OF Jhe mceptos and fo edimate the binding. affinity 0¥ infecackion

dfmg’rh'

Pugeose OF Docking
® To study ligand - feceplor intevachions:
® To predick biological adhivity
¢ To deign new dm&s with better binding afintty

Steps In MoLecuiar DockinG

@ Psepare Ligand & Profein ¢ Both are conuerted info 3D shuctures-

@ Define Binding site ¢ Adive site where ligand il bind:
@ Docking. Simuation ¢ The @mputer fries vanous oglentation of
Ii\c]and inside bindiﬂg cHe:
@ Scom‘ng funchon ¢ Each pose 1'sﬁ Quen a  Store based on bu‘ndrrg
energy O ft-

VIDEOS : (£} IMPERFECT PHARMACY



Basic PrincipLE
o Docking simulates the binding process belween ligand and  receplor

usfng alogoﬁihlms and ranks the poces based on how Stable €
strong +he intewaction is-

Tupes
@ Rigid Docking ¢ Both ligand £ seceptor are treated or ¥igid-
@ PRexble Docking < Ligand is flexible , receptar may be padtially flexible-

Doaang Score

® T vepresents the binding ene¥gy-
® lowes stowe = shonges binding. = Potentially better drugs-

ApPLICATIONS

Dmg disovery £ design-

leod  optimization.

Structure - based  virtual screening.
Onderstanding djug - Feceptor - mechanism:
Prediction of binding modes-
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| ComenaToriaL Cumns'ml

TTRODUCTION

® (ombinatovial chemishy is a technique based fo create q large  number
of different chemical ompounds (compound library) quickly and
efficiently.

® ‘These ompounds are then screened o find  potential dm_gs 0¥
biologically  active molecules-

® Instedd of making one ompound at a ime, hundreds or
thousands of compounds are prepared  gimuHaneousy by Combining.
diffevent sefs of chemical building blocks

ExampLe

® (et suppose , we have 3 different acdds — Ay , Ay, A3 £
3 diffexent Amines — By, B2, Bs
® Now if we (tombined +hem , we gef 9 diffevent possible

combinations
Ay —F By © PMBi, pyBa, A Bs
AzM& ¢ ABy ,AiBa, AzBs
As%& * A3Bi, AaBa , AsBs

——-—-——-_'.

¢ Means we get 4 different ompounds fiom one <& single gpe of
seactions, 4hals ombinotonal chemishy -
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Purpose Of (omMeinATORML CHEMISTRY
® To speed up the dmyg discovesy process:
® To genevate diverse molewles i less time-
® To increase the chane of Ffinding a lead (ompound:
® Ued in dug discovesy , materal stene and agrochemicals:

Basic Steps:

@ Selection of building blocks : Choose starting chemicals like. amines , acids
aldehydes  efc:
@ Reacion Scheme Sefection: A genexal chemical reactions fs selected
(6-8- amine bond  Fymation)
@ Synthesis (sulia- phase / Solution -phase) * The combination are made
using solid o¥ liquid media.-
@ Ubvary Gieneration ¢ Many compounds are created by mmb'ming_
diffevent building  blocks-
© Streening ¢ The. (ompounds are tested For biologicl activity using
high thioughput Sreening-
© Hit (dentification £ Ophmizaton : The most acive Compounds (hits)
are modified and Impoved 1o
make better dmugs' (leads)-
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Tures OF (oMBINATORIAL CHEMISTRY
It is of Jwo Hypes :

® Solid Phase Synthesis

® Lligwa Phase Synthesis

@ Soup Puase SunTHEsis
A method where the starting malecule s attached t0 G solid support

(like vesin beads), and all reactions happen an that bead -

Process :
® A resin bead is tuken:

o fisst building block is attached {o the bead:

® Readions are done step -by - slep-

o Afler each shep, the bead is ‘Washed 1o [mpwoue (mpunties:

o At the end , the Pnal compound s Cut ofF (cleaved) Pom the bead:
Uses:
Peptide. syninesis
small  molecule (ibraries

o Dny discovesy progsams
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@) SoLuTioN - PHRSE SYNTHESS
A method where all reactants and feactions dake place in a liqud solvent

(like ethanol, water . efc)

Process:
® Readants are dissolved in a liguid
Reactions fake place freely in Soluton:
® The product is then punfied using fillration, extraction efc:

Uses ¢
® Synthesis Of small omanic mMolecules:
® Natwal pryoduct analogues:

Larger sale chemighsy-
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