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* not a basic chemistry course for medical
students

* highly interdisciplinary research dedicated
to development of new drugs (not only)

0 EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

www.ema.europa.eu/

ED) U.S. Food and Administration
m Protecting and Promg Your Health

http://www.fda.gov/

* In medicinal chemistry, the chemists design and
synthesize a pharmaceutical agent that has desired
biological effect on the human body or on other living
species.

* Drugs are compounds that interact with a biological
system to produce a biological response. No one is
totally safe, they vary in side effects. Dose level of a
compound determines whether it will act as a medicine or
as a poison.
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It is a dose that make from the compound a P&
100 aspirin tablets or 1 L of whisky or 9 kg of spi
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Drug development

O selection of disease (cardiovascular, autoimmune, infectious, hereditary, mental,
cancer...)

O molecular mechanism of the pathology (medicine, molecular biology...)

O selection of a key biomolecule to influence

O new active structure/compound identification: in Silico design,
HTS (High Throughput Screening) of organic molecules possessing
appropriate drug-like properties (biologists, computer chemists)

U organic synthesis (chemists)

U biological or biophysical assays (biologists, physical chemists)

O optimization of activity and other molecular properties (solubility, toxicity ..

U IP protection + clinical trials + up-scale synthesis + authority approval

)

How many new drugs reach the
World market yearly? |

« DDis highly interdisciplinary science that is time and resources
consuming process:

10 years/ from 870 000 000 to 2 000 000 000 USD / 1 new drug
Adams C, Brantner V . Health Aff airs (Millwood) 2006 25

» global productianaca. 24 innovative drugs (new chemical entity) /
year

(2009: 26, 2008: 25, 2007: 18, 2006: 22, 2005: 26, 2004: 24, 2003: 26,
2002: 28, 2001: 23, 2000: 26)

* Many failures have been recorded in hlgh stages of drug development,
even in clinical trials) Where is a problem?

Drug-likeness was often missing.
Computer aided drug design (CADD) is preferred.

What kind of compounds are
| drugs?

Different inorganic, more likely organic compounds
and biomolecules (proteins, antibodies, siRNA..) that
activates or inhibits the function of a target with
benefit to the patient
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a possesing low toxicity (selectivity, antitargets: e.g. cytochrome
P450 enzymes, heart potassium ion channel hERG, P-glycoprotein
transporter-...)

O good bioavailablity (complex of physico-chemical and
pharmacological properties ensuring drug-likeness: MW, logP, pKA,
PSA...)

Nazov aktivhej zlozky lieku: je trivialny nazov

charakterizujuci len aktivnu zloZku lieku, Pod tymto nazvom
jednoznacne najdete liek, ktory ho obsahuje.

1/ kyselina actylsalicylova (antipyretikum...)
2/ metformin (antidiabetikum)

Komerény nazov lieku (,Trade name“): zahffia aktivnu
zlozku - samotného lie€iva aj vSetky ostatné primesi a jeho
formu (tabletka, kvapky, &ipky, spray...). Takychto nazvov je
viacero a zavisi to od toho, kto dany liek vyraba a ako mu bol
schvaleny. Generické lie€iva su lieky, ktoré uz nemaju
patentovl ochranu a vyrabaju ich viaceri vyrobcovia, ktori im
davaju rézne mena:

1/ pre kyselina actylsalicylova: Aspirin® (Bayer), Acylpyrin® (Zentiva)
2/ pre metformin: Glucophage XR, Carbophage SR, Riomet, Fortamet,
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I A structure of eukaryotic cells

Microfilaments

Human, animal and plant cells Anatomy of the Animal Cell
are eukaryotic celis Mitochondria

* The nucleus contains the Peroxisome
genetic blueprint for life (DNA A

* The fluid contents of the cell ;
known as the cytoplasm

Nuclear
Pores
Plasma
= Membrane
«  Structures within the cell are LU
known as organelles Tubures :

=~ Nuclear
Envelope

» Mitochondria are the source ¢ se. -

energy production (pna)

* Ribosomes are the cell’s prot
actories

" Chromatin

|
Cilia

R
i 2
e
10 Endoplasmic
Reticulum

Smooth
i Ribosomes  Figure 1
* Rough endoplasmic reticulum

is the Tocation for protein
synthesis

Cell membrane (CM) - protects its
compartment |

*  CM composes from phospholipid bilayer, the hydrophobic tails interact
with each other by van der Waals interactions and are hidden from the
aqueous media

* The polar head groups (phosphatidylcholine) interact with water at the
inner and outer surfaces of the membrane

* The cell membrane provides a hydrophobic barrier around the cell,
preventing the passage of water and polar molecules. Proteins
(receptors, ion channels and carrier proteins) are present, floating in the
cell membrane.

Proteins
Exterior
High [Na“]

o&ooa')o 0, -
‘ Phospholipid SN0

Bilayer

o 00 ‘ o :' 5 5, Hsdrophobic i |

Interior
High [K']

phosphatidylcholine

Hydrophobic Tails |

Cells in a human body
| (100 000 000 000 000 100 biliénov buniek)

* Human body consists from up to 100 trillion (100 x
10E12 => 10E14) cells organized in different organs
and (ca 200) tissues that operate on the molecular
level (chemical reactions keeping body healthy and
functional homeostasis).

* Drug act on molecular targ
in cell membrane or within th

cells.
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Did you know? The length of all joined DNA from one adult
body is more as the distance between Earth and Pluto!

Distance Earth-Neptun is 4.4 mid km.

Distance Earth-Pluto is 7.5 mid km.

Adult human body consists from ca 3.72 x 10E13 cells.

Chromosome
Nucleus ~Chromatid Chromatid

Current lenght of human DNA s ca 3 m.

Length of all joined human DNA from one adult body
3.72x3x1E13m =11.16 x 1E10 km = 111 mld km
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Jadrova DNA eukaryotov je chranena od metabolickych procesov prebiehajicich v
cytoplazme dvojitou jadrovou membranou. DNA je rozdelena do viacerych oddelenych
molekal. V interfaze, vo faze medzi deleniami bunky, je komplex DNA a bielkovin
oznacovany ako chromatin. Chromatin sa sklada z nukleozémov, ¢o su asociacie 8
molekul $pecialnych bielkovin — histénov, ktoré su 2,5-krat obtoéené molekulou DNA. V
c¢ase bunkového delenia sa chromatin preorganizuje na chromozémy, ktoré sa pocas
delenia spravaji ako samostatné elementy a su viditelné aj svetelnym mikroskopom.
Proteiny, s ktorymi je DNA asociovana, napomahaju jej Spiralizacii a maju aj regulacnu
ulohu pri realizacii genetickej informécie.

V telovych bunkach ¢loveka je pritomnych 46 chromozémov v 23 paroch
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A fate of drug in a human body

Drug targets

m
ooRiu SR b metabolické degradacia
enterdlna cesta 2

[ tukove etabolicka aktivécia

s recepto- biologicka
rom ciefo-
L = l odpoved
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oraine (p.0.)

rekiaine membranova *, membranova
sublingudine bariéra %, bariéra, .
injekcie (i.v.) =
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injekcie (s.c.) 7

nosovy spray

demalna néplast

parenteralna cesta 7
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pliicny aerosol

: l\ krvnj obeh '

intravenézne R i

subkutanne x
=

Lipids
Cell membrane lipids

Proteins

Receptors

Enzymes
Transportproteins
Structural proteins (tubulin)

Nucleic acids
DNA
RNA

Carbohydrates

Cell surface carbohydrates
Antigens and recognition molecules




* Drug targets are macromolecules that have a binding

site into which the drug fits and binds.

* Most drug bind to their targets by means of
intermolecular bonds (ionic or electrostatics
interactions , hydrogen bonds, van der Waals

interactions).

Biogenic aminoacids { c00

* Unpolar (8) — (lipophilic)

Stereoelectronic compatibility

(set of requirements in space and
charge distribution)

Alanine Valine Leucine
(Ala; A) (Val; V) (Leu; L)
Me- iPr- iBU'
Isoleucine Methionine Phenylalanine

(ILE; 1) (Met; M) (Phe; F)

sBu- CH3S(CH,),- PhCH,-
Tryptophan Proline
(Trp; W) (Pro; P)
(indol-3-yl)CH,- -(CH,)s-

covalentbonds > ionic bonds > hydrogen bonds > van der Waals interactions

COOe
04'7
H;N H
* Polar (7) — (hydrophilic) R
Glycine Serine Threonine
(Gly; G) (Ser; S) (syn; 2S,3R)
H- HOCH,- (Thr; T)
HOCHCH,4
|
Cysteine Tyrosine Asparagine
(Cys; C) (Tyr; Y) (Asn; N)
HSCH,- para-HOPh-CH,- NH,COCH,-
Glutamine
(GIn; Q)
NH,CO(CH,),-

covalentbonds > ionic bonds > hydrogen bonds > van der Waals interactions
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COOe
(€]
H;N H
* lonized (5)- (hydrophilic) X
Lysine Arginine Histidine
(Lys; K) (Arg; R) (His; H)
HyN*(CH,),- | HaN(NH,")CNH(CH,)5- <’]/
Aspartic acid Glutamic acid
(Asp; D) (Glu; E)
‘OOCCH,- -OOC(CH,),-

covalentbonds > ionic bonds > hydrogen bonds > van der Waals interactions

Phe1045(Ph) Arg1049(NHCN"HaNHz)

1T
¥ashe Phe1045(Ph) /

Val914

Ala864

5 i clysse

Leu83s /
PADAS
208A Leu1033 o o '
Electrostatic interactions:
Cys917(CONH)*" Cysd17 { (5-10 kcal mol')
N\

N.
H” (C-C: 80 kcal /mol)

7= 5.6

i (o]
A . 2,
2A | 253A ¥ 200A

19
Phed16(Ph) Hydrogen bonds:

260A; o
! Aanaieonty) vary in strength (1-6 kcal mol-)

Cys917(CO.NH) o i
H,029

teure Q ‘-.v 225A Van der Waals interactions:
PheotoPh) Q N are very weak (0.5 -1 kcal mol! )
Asn921(CO,NH)
[1Y6A-conf A]

Glaxo, USA [2005] o solvent accessible part

* Drug targets are large molecules - macromolecules

* Drugs are generally much smaller than their targets

* Drugs interact with their targets by binding to target

binding sites

* Binding sites are typically hydrophobic hollows or
clefts on the surface of macromolecules

+ Binding interactions typically involve intermolecular
bonds

* Most drugs are in equilibrium between being bound
and unbound to their target

* Functional groups on the drug are involved in binding
interactions and are called binding groups

+ Specific regions within the binding site that are
involved in binding interactions are called binding

regions

Binding
I e

Binding
groups

termolecular
bonds

Binding Drug

. I

- =
—_

Unbound drug Bound drug
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* Binding interactions usually result in an induced fit where the
binding site changes its shape to accommodate the drug.

* The induced fit may also alter the overall shape of the drug-
target complex. This influence can be important to the
pharmacological effect of the drug.

Average hond energies,
keal/mole

Electrostatic or ionic bond

C-H 98
Rydrogon bouds: , |oHE 110
c-C 80
+ Strongest of the intermolecular bonds Yot Wesbiencions (G5 7
(20-40 kJ mol-) (5 - 10 kcalimol, C-C: 80 kcal /mol, C-H 10 kealimol) .
* Takes place between groups of opposite charge 0=0| m6ex®
- - - - - - C=0 | 187*(2x93.5)
+ The strength of the ionic interaction is inversely proport/c< se.ns
to the distance between the two charged groups (C e fomdin €O

+ Strongerinteractions occur in hydrophobic environment$* = * 1868 )

* The strength of interaction drops off less rapidly with distance
than with other forms of intermolecular interactions

* lonic bonds are the most important initial interactions as a drug
enters the binding site

@ v O
Drug—< Drug—NH; o
H,N— 0}—

lon-dipole interactions

* occur where the charge on one molecule interacts with the
dipole
moment of another one
» stronger than a dipole-dipole interaction
« strength of interaction falls off less rapidly with distance than
fora
dipole-dipole interaction
R 05—
\c//
|5+

R ™ R \)c///' 05

|5+

e 0
e u
0—C

Dipole-dipole interactions

« can occur if the drug and the binding site have dipole
moments

* dipoles align with each other as the drug enters the
binding site

+» dipole alignment orientates the molecule in the binding
site

- orientation is beneficial if other binding groups are

positioned
correctly with respect to the corresponding binding
regions
* orientati . ) ‘e not
position: n’f\n
* the strer tance
more \
quickly t / e 5 3 but less
quickly i

than witl u u
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Induced dipole interactions

* occur where the charge on one molecule induces a dipole
on another

* between a quaternary ammonium ion and an aromatic ring

(e.g. Lys, Arg)

[

R—NR, ~AAn
A

Hydrogen bonds

gth (1-6 keal mol-)

-1keal mol)

* vary in strength
* weaker than electrostatic interactions but stronger than van
der

Waals (VdW) interactions
» a hydrogen bond takes place between an electron deficient
hydrogen

and an electron rich heteroatom (N or O)
« the electron deficient hydrogen is usually attached to a

heteroaton
(O qrN)
Drug>7 a-z
5 & & rug—Y3-----H-X,
X—H------ $Y—Target Target
/
Drug
HBD HBA HBA HBD

+ the electron deficient hydrogen is called a hydrogen
bond donor (HBD)

+ the electron rich heteroatom is called a hydrogen bond
acceptor (HBA)

+ HB distance < 2.5 A (e.g. C-C bond is 1.54 A, 0.154 nm)

Drug~¥s----H-.
8- &+ 8- rug=Ye==---- —Rl
X—H------ 3V~ Target [arget
Drug
HBD HBA HBA HBD

« an optimal HB orientation is where the X-H bond points
directly to the lone pair on Y such that the angle
between X, H and Y is 180°

- ® — G

Hybridised 1s Hybridised
orbital orbital orbital
HBD HBA
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Hydrogen bonds

+ strong hydrogen bond acceptors (HBA)
- carboxylate ion, phosphate ion, tertiary amine
RCOQ;, RP(=0)(Q).; RsN

+ moderate hydrogen bond acceptors (HBA)
- carboxylic acid, amide oxygen, ketone, ester, ether,
alcohol
RCOOH, RC(=0)NHR’, RC(=0)R",RCOOR’, ROR’, ROH

+ poor hydrogen bond acceptors (HBA)
- sulphur, fluorine, chlorine, aromatic ring, amide nitrogen,
aromatic amine
S, F, Cl, Ph, RC(=O)NHR’, ArNH-

+ good hydrogen bond donors (HBD)
- quaternary ammonium ion R;HN*

Van der Waals interactions

Hydr

g

dsx Waals interactions
arevery weak (0.5 -1 keal mol )

- very weak interactions (2-4 kJ mol)
» occur between hydrophobic regions of the drug and the target
« transient areas of high and low electron densities cause
temporary

dipoles
« interactions drop off rapidly with distance
» drug must be close to the binding region for interactions to
occur
* but the overall contributio
crucial

to binding

W Hydrophobic regions

5+ §- Transient dipole on drug

van der Waals interaction

Desolvation penalties

* polar regions of a drug and its target are solvated prior to
interaction
» desolvation is necessary and requires energy
* the energy gained by drug-target interactions must be greater
than

the energy required for desolvation

H o
H ““ Ny

n—d Heo 0 e Heo

| ) !
~,
" = = R OR
g Binding site Binding site

Desolvation - Energy penalty Binding - Energy gain

Hydrophobic interactions

» hydrophobic regions of a drug and its target are not solvated
» water molecules interact with each other and form an ordered
layer

next to hydrophobic regions (negative entropy)
* Interactions between the hydrophobic regions of a drug and
its target

‘free up’ the ordered water molecules (positive entropy)
* results in an increase in entropy that is beneficial to binding

Binding

VAVAVA I

B Hydrophobic|

VAVAVA N regions
Binding site Binding site Water
Structured water layer Unstructured water
round hydrophobic regions Increase in entropy
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Basic terms in
- medicinal chemistry

* TARGET (biomacromolecule to interfere with a drug)

+ BINDING POCKET - ACTIVE SITE
(part of the target appropriate to bind a small ligand)

» LIGAND (small organic molecule possessing target affinity, that has
to be stereoelectronically compatible with binding pocket)

Q HIT — an compound identified in a screen with confirmed structure and
activity (need to be developed into a lead compound H2L process)

O LEAD - an active compound with convenient properties: drug-likeness,
solubility, synthetic feasibility, structure novelty (patentable)

U DRUG CANDIDATE possesses high activity, good selectivity, low toxicity,
good preclinical efficiency

O DRUG successful in clinical trials, approved by FDA, EMEA for the market

+ BIOAVAILABILITY - basic condition to reach the target in the body

* DRUG-LIKENESS - complex properties including ADME/Tox
(Absorption Distribution Metabolism Excretion / Toxicity)

Recommended literature
and other sources

MCH book

An Introduction to Medicinal
Chemistry 5e

Graham L. Patrick

ISBN 9780199697397 2013 5th Edition, Oxford
University Press Inc., New York

MEDICINAL http://global.oup.com/uk/orc/chemistry/patrick5e
CHEMISTRY [

» Student Tests + Evaluation

=~ Biological DB - UNIPROT

* http://www.uniprot.org

J"/’ — A = - - 7 =
i\}

vegfr2 1w | Q Search

UniProtKB results Lt

1102507 1,624 P 9

Filter by

helial kdrl flk, fik-1, fil1,
4 rowth factor . ks, kar @]

[ QSGIT4  VGFR2_DANRE R

Vascular endothelial kdr flk
growth factor .. <i

VEGFR2

0 Qsv

DAB2P_HUMAN &

0 Qo2

CTNBL_MOUSE A

Search terms

M1 PS5222  CTNBL HUMAN M. Catenin beta-1 CTNNBI CTHAE

9/30/2016

10



http://lekarske.slovniky.cz/
http://www.maxdorf.cz

Start | Onas | Maxdorf | Spoluprace
VELKY

LEKARSKY )
SLOVNiK

Frhissic

Magazin Normaini hodnoty Fro sudenty ontakty Spoluprace
-

search for e.g.: o \ | res
anxiolytika, % siowhdi’ ' s
spasmolytika, BRI
apoptoza, PSA

§ online.

@ Cyirria )

(s

REKLAMA

| d & VSEOBECNE SESTRY

o AZDRAVOTHICKERSSTENTY

@ EDUKACNI PUBLIKACE
PRO PACIENTY

of
cem + sbsoluni sla zujkacho

http://www.emedicinehealth.com/medical-dictionary-
definitions/article_em.htm

Home Topics AZ Slideshow Pictures Image Gallery. Medications

Emedicinehealth =

experts for everyday

K72 SASTARA O BABICKU,

KYM CITATE TUTO REKLAM
home > medical dctianary dafiitions -2 st

Inflammatory Foods That Help Joint-Friendly Black Widow vs.
Bowel Disease or Harm Sleep Exercises rown Recluse

Most Popular Medical Dictionary Definitions A - 1

Topics al[8][c][o][€][¢][e][H][1][+
© Type 2 Diabees Dt
@ Hepatits C Cure

© wrenwssemenems:u][v][w][x][v][z] E

KL M ‘VNHO‘ P‘ QR[S 11 Search Medical Dictionary

search for
e.g.
anxiolytic,
spasmolytic,
apoptosis...

|
http://lwww.biology-online.org/dictionary/

e el e [ ttp: o biology-online. orgjdlictionaryMain_Page

7| A4rome |[fBoskmarks | £ LPPO7 ONLINE FINANCL... 2 american Chemical Soc... #ZANGIOKEM #1Tpro ESF £2CLUSTALW £2MDRR Amiram notes #CMIC Ariram note. 4 Tanin

ine

Home | Forum Articles |  Tutorials  Books  Directory  Share your work

J Search
disionary

Biology-Online Dictionary

search for:
apoptosis, VEGFR-2, Tie-2...

search for: KDR, 3dtw, ...

W)

A Structural View of Biology

f Analyze Take an Interactive Tour of the PDB.

S PR IY - dr il h

September Molecule of the Month
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DISCOVERY STUDIO VISUALIZER 4.5 — free
to download

http://accelrys.com/products/collaborative-science/biovia-discovery-studio/visualization-download.php

b
2S BloviA

Resoures Genter | Product Downlos: BIOVIA Community ntact
HOME SOLUTIONS. FOUNDATION & PRODUCTS. SERVICES

Discovery Studio

Optimize your drug discovery process with a flexible
application that delivers predictive science to its
required depth

DS Visualizer and ActiveX Control

i

Vyhladanie liekov a ich pribalovych

informacii

http://www.adcc.sk/

Registrované lieky

NAZOV v/ sTav

09%CHLORID SODNY @
BAXTERVIAFLO sol inf

(vak POF/PA) 10x1000

ml

09 % CHLORID SODNY .
BAXTER-VIAFLO sol inf
(vak POF/PA) 20x500 ml

0,9% CHLORID SODNY @
BAXTERVIAFLO sol inf

ADC KLASIFIKACIA

HLBOSXX - Iné.

APLIKACNA FORMA DRATEL DODAVATEL SUKLKOD VSROD  KATEG ViDA,

Veetky +  Vaet

SOL INF BAXTER GZEGH, Baxter AG (AUT) 34402 Nie  Napr
spol.s ro. (CZE)

SOLINF BAXTER CZECH, Baxter AG (AUT) 34401 - Ao Napr
spol. s ro. (0ZE)
SOLINF BAXTER CZECH, Baxter AG (AUT) 34400 Ao Napr

spol.s ro. (CZE)

Top 100 Most Prescribed Drugs

http://www.medscape.com/viewarticle/849457

Top 100 Brands by Sales

Product Sales, §

Humira $8,566,451,647
Abilify $7,238,451,779
Enbrel $6,139,812 530
Crestor $6,090,223 570

Lantus Solostar $5,023,092 599

Sovaldi $4,925,008 469
Advair Diskus $4.769,250,836
Nexium $4,709,542,900
Az 43 797 531 RET

Medscape

Prednasky a seminare z MCH

Najdete aktualizované na:
http://www.mch.estranky.sk/clanky/ss_mch-i_2016.html

SEMINAR MCH - VLASTNOSTI ZAUJIMAVYCH LIEKOV
spracovane vlastnosti 1 nizkomolekulového lieku / Studenta
podla uvedeného vzoru a inf. zdrojov / najdite (pouzitu lit.
treba citovat’ v docx dokumente, pribalovy letdk a EN
Wikipédia su povinné zdroje, iné zdroje - napr. na vysvetlenie
mechanizmu pdsobenia lieku, youtube, videa...su vitané a
mozete za ne dostat k hodnoteniu 40% navySe, Kritériom
dobrého prednesu je jasnost, informacéna stru¢nost’ a

zaujmave podanie
(blizsie informacie k seminaru najdete na horeuvedenej stréanke)
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