Chimica Farmaceutica e ;jj |
Tossicologica—Parte Il ‘' ="y




Cerca

UNIVERSITA
DEGLI STUDI MMS Molecular Modeling Section

DI PADOVA

MMS Home About us... Lab Members Projects Pubblications { IMStools MMS Intranet

S . . e

——
xl"l CHEMICAL e
b INFORMATION

News & Updates

01, 2023
R

MMS: Events

September, 2022
XXVII National Meeting in Medicinal
Chemistry... more

MMS: Latest Hot Publication

Pavan M et al. "Qualitative Estimation of Protein—
Ligand Complex Stability through Thermal
Titration Molecular Dynamics Simulations” J.
Chem If Mod (2022) more...

Copyright @ 2013 wolecular Maodeling Section (MMMS), University of Padowva. All vights recered.

%/[/IS Confidential and Property of ©2012 Molecular Modeling Section S.MORO — CFTIl INTRODUCTION

Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




Cerca

UNIVERSITA

DEGLI STUDI MMS Molecular Modeling Section

DI PADOVA

MMS Home About us... Lab Members Projects Pubblications @]learning MMStools MMS Intranet

Progell pdates

Farnarc

Biomod
ation with Cresset. more...
Chimic:

A Nanor:

Tossico
(Master
Master,

hermal Titration Molecular

ile ol. more...

School)

| Jourses

September, 2022
XXVII National Meeting in Medicinal
Chemistry... more

o C u u S MMS: Latest Hot Publication

Pavan M et al. "Qualitative Estimation of Protein—
Ligand Complex Stability through Thermal
Titration Molecular Dynamics Simulations” J.
Chem If Mod (2022) more...

Copyright @ 2013 wolecular Modehng Section (MMMMS), University of Padowa. All nghts recered.

S.MORO - CFTIl INTRODUCTION

MS Confidential and Property of ©2012 Molecular Modeling Section
M Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




httn:llmms.dsarm.unind.it

@ CFTLIntro_2013_pdf - CFTILIntro_2013_pdf - Mozilla Firefox E._

0 mms.dsfarm.unipd.it/files/Lezioni/CFTIVPDF/CFTI Intro_2013_pdf

| O 4+ 3 Pagina 77 dise Zoom automatico : b= T o T | »

»

viodeling Section

ions @lcarning, MMStools MMS_Intranet

tali riguardanti le strategie generali di progettazione, la sintesi, lo studio dei
{ Angolo diedro rotabile ioni fra struttura chimica e attivit biologica di alcune classi di farmaci. In

i (popolazione conformert) [ rifericl. $1 prevede che lo studente acquisisca la conoscenza dei concert
" X cutere i meccanismi d'azione e le relazioni struttura-attivita di farmaci sulla
’ sudente acquisisca gli elementi indispensabili per progettare farmaci su basi

1. Parte generale
¥ Basi termodinamiche W] | oo
Lguant diedri? . .
— - — ki del riconoscimento farmaco-recetiore £)
I MSDQ:.Ph:‘;ﬁ:::l‘:::’d:::cfl;?::l_::ﬁlﬂPfti}:",nzlilyg:a::w _Taly SMORD —CETH 204202043 § J
Sistemi di comumicazione celiulare

parte

parte

2. Sistematica Farmaceutica

Commnicazione colinergica
paﬂe L !
parte I n
| parte I1I '

Confidential and Property of ©2012 Molecular Modeling Section
M S Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy S.MORO - CFTII INTRODUCTION




http://mms.dsfarm.unipd.it

CFTZ@DOdC&St: “J' Comunicazione adrenergica
parte I
A H
CFT2@zoomcas f‘ ﬁ parie I P8
CFTZ@GO ogle( y r ‘ Comunicazione gabaergica H
W \ B ; Comunicazione serotoninergica H
@SCITi&IllOCi: “ / i on-line da usare come "foraggio"
celebrale) : Comunicazione degli oppioidi endogeni H
r
Principi attivi di farmaci che non possiamo non Comunicazione istaminergica X
conoscere. “’ Comunicazione degli endocannabinoidi E
Copyright @ 2013 - Molecular Modeling Section (MMS), University of Padova. All rights reserved.
M Confidential and Property of ©2012 Molecular Modeling Section _
M S Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy S.MORO - CFTII INTRODUCTION




Chimica Farmaceuticae - |;s::,:geo4
Tossicologica- Parte |l

Jranet

riconoscimento farmaco-recettore
(diapositiva 11-16)

PDF: Basi Temodinamiche del
riconoscimento farmaco-recettore
(diapositiva 17-32)

| ]%/I/[S o Conﬁdent'ial and Property of ©?012 Molecular M'Odeli'ng Section S.MORO — CFTIll INTRODUCTION

ept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




http://mms.dsfarm.unipd.it

CFTZ@DOdC&St: t ‘J) Comunicazione adrenergica
parte H
CFT2@zoomcast: zo6m parte IT H
CFTZ@GO ogleGruppi' q Comunicazione gabaergica H
X Comunicazione serotoninergica H
@SCITi&IllOCi: “v  (esercitazioni on-line da usare come "foraggio"
celebrale) Comunicazione degli oppioidi endogeni
icazione decli oidi end .
Principi attivi di farmaci che non possiamo non Comunicazione istaminergica X
-
conoscere { J Comunicazione degli endocannabinoidi E

Copyright @ 20 / deling Secton (MMS), University of Padova. All rights reserved.

|

%/[/IS Confidential and Property of ©2012 Molecular Modeling Section S.MORO - CFTIl INTRODUCTION

Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




http://imms.dsfarm.unipd.it

MMS Home About us... Lab Members Projects Pubblications MMStools MMS_Intranet

...principi attivi di farmaci che non possiamo non conoscere.

Miei cari, a seguito la lista dei principi attivi che non possiamo non conoscere... almeno per il completamento del percorso fatto
insieme. Volevo sottolineare che molti di questi principi attivi fanno parte di quella lista che I'WTO considera come la "List of

Essential Medicines" compilata per la prima volta nel 1977... e giunta al suo XVIII aggiornamento (Aprile 2013).
Comunicazione colinergica:

Metacolina

Carbacolo

Betanecolo

Epibatedina

Pilocarpina

Arecolina

Atropina
Scopolamina
Butilscopolamina
Tiotropium
Amprotropina
Pirenzepina

Telenzepina
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Welcome to the Molecular Modeling Section (MMS) of the Department of Pharmaceutical and Pharmacological Sciences, at the
University of Padova in Italy. Our mission is to develop and apply new IT and computational methodologies to speed up the
identification and development of new drug candidates through the creation of collaborative interfaces with synthetic chemistry,
biochemistry and biology, pharmacology, and different medical disciplines.

In the spirit of the motto "interdisciplinarity is dialog" the aim of the MMS is to face computational medicinal chemistry and
therapeutic needs in collaboration with all field experts... not mixing our expertise but summing them up.
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| Laiuto grande che vi chiedo:

= . Chimica Organica 1
e Chimica Farmaceutica 1

* Biochimica (Chimica Biologica)

che cosa ci manca enormemente:
 Farmacologia generale
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Menu (turistico) del &rimestre di CFTII

Parte prima: generale

Le basi chimico-fisiche dell’interazione farmaco-bersaglio
molecolare;

Sistemi di comunicazione cellulare

Parte seconda: sistematica

Farmaci terapeuticamente rilevanti in patologie del SNC,
dell’apparato cardiovascolare, del sistema immunitario e del
sistema riproduttivo
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¥ To explain you our mission... a need a
volunteer!

H
N
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1M how can we define a drug, very
Pl pragmatically?

Physiology Pathology Physiology
State State State

Infantile Hemangioma
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very

Propranolo/
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q ' THM Lesson 0: | pray you, never believe

Propranolol
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Drug discovery statistics:

https.//www.nature.com/articles/d41573-025-00001-5

nature reviews drug discovery

Explore content v  About the journal ¥  Publish with us v Subscribe

nature > nature reviews drug discovery > news > article

NEWS | 02 January 2025 | Update 20 January 2025

2024 FDA approvals

The FDA approved 50 new therapeutics in 2024, with green lights for anovel
schizophrenia drug, a first NASH medicine and much more.

By Asher Mullard

y f =
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Nurnber of drugs approved

\(\\

M BLAs M NMEs

we can stop for a second and reflect
together?

Moore’'s Law

is alive and well
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https.//www.cnet.com/tech/computing/intel-will-outpace-moores-law-ceo-pat-gelsinger-says/
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| What you already know very very well: the
. =4 long history of the birth of a drug...

~ 5,000~ 10,000

Compounds : /
_ | ' ' One FDA-
Approved Drug

I e SR
3 -6 Years ' 6 -7 Years ‘ 0.5 -2 Years

Bringing a new drug to market can take 8-14 years
and costs between $400 and $1000 million (even more!!!)
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that’s happen if you believe

Propranolol
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+f_ j Lesson 1: change our drug discovery
'-”"-4 | paradigm... let’s try in this way!
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Chemical Space Biological Space Physio-Pathological
Space
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.  Summarizing:

i:)gical or “On” Target:

/s a receptor, enzyme, or other cellular target that,
when affected by a drug, causes the deszred
theraputical effect.

Anti or “Off” Target:

/s a receptor, enzyme, or other cellular target thal,
when affected by a drug, causes undesirable side-
effects.
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- \For a long long time we have considered as
v true this egoistic stoichiometry... 1:1: 1

@ Drug
- - — - Therapeutic Interaction

Chemical Space Biological Space Physio-Pathological
Space
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irilr e llular

| il | cytoplasm
Infantile Hemangioma Beta adrenergic receptors
Propranolol/
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Now we have to change our mind: from
v :single-target to multi-targets changing the

@ Secondary On Target -
Drug

- - - - Therapeutic Interaction

Chemical Space Bjological Space Physio-Pathological
Space

This is the era of multi -target pharmacology
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As medicinal chemists we often reduce the
v, :complexity of drug’s concept in this way:

@ Drug
- - — - Therapeutic Interaction

Chemical Space Biological Space Physio-Pathological
Space
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Drug

Chemical Space Biological Space
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N but we will never forget:

PHARMACODYNAMIC (PD) PROFILE

the study of the biochemical and physiological effects of drugs and the
mechanisms of their actions, including the correlation of their actions

and effects with their chemical structure.

PHARMACOKINETIC (PK)/TOX PROFILE

The study of the process by which a drug is absorbed (A), distributed
(D), metabolized (M), and eliminated (E) by the bodly.

FORMULATION PROFILE
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... and as in our life:

we must meet each other
recognize each other

and in the end choose us!
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-\ Please, we will never forget.:

NH,

take the right distance from these representations!!!
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Y First of all, please do not never forget the
.1 good orthography!

Of course this is our s/ang!
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.  The first gold rule:

NH,

Identify the cyclic substructures, if any!!!
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sf ) Why cycle: aromatic or not, few hints

N b

- ) from 2D to 3D!

rigid and flat flexible and non flat
IKEA
Confidential and Property of ©2012 Molecular Modeling Section
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' Why cycle: aromatic from carbocycle to

= ™4 heterocycle

w XX XX e XX

rigid and flat rigid and flat new interactor
IKEA
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q | The second gold role:

1IKEA

flexible and non flat

Identify the rotable bonds, if any!!!
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q | The second gold role:

Change the
interaction scheme
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NH,

y/4
4 C-H bonds

AENg,,= 0.3 (2.4-2.1)

Remember to count the C-H bonds, if any!!!

(we will see why in a couple of slides)
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... two populations, as function of the intrinsic pKa and the local pH.
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Variation of electronegativity with hybridization of atom.

>

Orbital Size order : Hybridization x (Pauling)
sp? >sp? >sp Clsp?) ‘
Electronegativity order: c(sp?) "2 6
sp >sp? >sp? C(sp) EX
'generic' C 25
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+4 ) The second gold role:
T L*"-':j :

Change the
interaction scheme

Confidential and Property of ©2012 Molecular Modeling Section _
M S Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy S.MORO - CFTII INTRODUCTION




MS

Brensted Acids
CH,C== N*-H
HI
HBr
(CH4),C=0+-H
HCI
+
(CH4)»S-H
N\
O-H
—
+

Ha0*
CF,CO,H
HF

CH4CO,H

H,S
H H

o] (@]
MNH4*

HCN

L,

CH4NO,
C,HsSH

-3.6

-1.7
0.2
3.18
4.76
7.0

9.25
9.40

10.0

10.2
10.5
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Bronsted Acids

CH4COCH,CO,R

C,HsOH
(CH3)sCOH
CHy
e
(CH3)2S0;
CHaC0,C,Hs
CH;C= N

HC= CH

NH

CoHsNH,
CH4CH=CH,

PK,

15.5

15.5
15.7
15.9

18

23

25
25

35
35

43
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+f ' This will be crucial for us during all our
“*w i course!!!

pK, of amines

—®—pKal of the conjugate acid, BH+ - i il i
g i 1068
- 10. 10.75
o9
o——© o—o—0—0—0—0 @ 11.25
10. 10.73 10.77
NH3 r R
P N i
& & & ®
g e e Y
by b b e
F & & &
z" <b° \é" 20
& o

The Engineering ToolBox

s EngineeringTool Box com
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i Good orthography means ability to
¥ Firecognize:

1. acid/base groups (/onic bond));

2. strong bond dipoles (H-bond,
dipole-dipole, charge-dipole...)

3. n bonds (m-x interactions,
charge-r, ...),

4. weak bond dipoles (dipole-
dipole as van der Waals
interactions);,

Do you remember:

1. pKa scale of acidity

2. hydrogen bond strength
3. aromaticity rule (4n+2)
4. bond dipole moment
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N
\ NH,
44'T‘

1. acid/base groups (/onic bond);

2. Strong bond dipoles (H-bond,
dipole-dipole, charge-dipole...);

3. = bonds (n-n interactions,
charge-r, ..);

4. Weak bond dipoles (dipole-
dipole as van der Waals),

5. Tautomers (tautomeric
equilibrium and tautomer
stability);

6. Conformers (conformational

equilibrium and  conformer
stability);

7. Stereochemistry (chiral
centers)
8. Chemical reactivity;

Confidential and Property of ©2012 Molecular Modeling Section
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lJust in case:

Bgﬂ?gen Bond Dipole Moments
bond 'N
acceptor .. iy . [ Bond [Dipole Moment (D)
and/or donor . _F | HC | =
EF F | HN | 1.31
v | HO | 1.53
Eydaogen | oN | 022
prozac on
acceptor | co | e
| CF | 1.51
| coa | 1.56
CB 148
~H - :F (38.6 kcal/mol) I o I 25
-H - :N (6.9 kcal/mol) [ c=0 | 2.4
ICN (cyano) | 3.6

- :N (3.1 kcal/mol)
~:0 (1.9 kcal/mol)

F-H
O-H
O-H - :0 (5.0 kcal/mol)
N-H
N-H
HO-H - :OH;* (4.3 kcal/mol)
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I'THM Lesson 1: the first major difference
Sibetween an organic chemist and a medicinal

Asp94A

—0
f

S
R )Y HO

\N Ser12A ,
’I
H, /
l‘/
-:-...__""0 ,’ _ -
Mo - Tyr51A

NH,

HN
NN

Trp105A

I'm like this and have these properties, and

I'm like that /h th riti
m like that and | have these properties consequently | could recognize in this way ...
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charge-charge interaction (j/onic bond):
charge-dipole interaction:

charge-rn interaction:

hydrogen bond:

charge transfer interaction:

n- interaction:

dipole-dipole interaction (van der Waals):

S Confidential and Property of ©2012 Molecular Modeling Section
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(kcal/mol)
-AG%=2 5+10
-AGl=2 1+ 7
-AG’=2 8+10
-AGl= 1+ 7
-AG%~ 1+ 6
AGl~2 1+ 2
-AG%=~ 0.5+ 1
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& 3 A wonderful lesson from mother nature:

[ %‘--1

K bind
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! A wonderful lesson from mother nature:

The only interaction that are always able to shift the
equilibrium to the right are those vdW.

Even if:

dipole-dipole interaction (van der Waals):

remember

MS Confidential and Property of ©2012 Molecular Modeling Section
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=~-1.5 kcal/mol/

Eneray *F—,‘—*L—,‘—#—,‘—  —

6 isolated p orhitals

MS Confidential and Property of ©2012 Molecular Modeling Section S.MORO - CFTIl INTRODUCTION

Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




N 7he mystery of n-x interactions:

00

Sandwich
=-1.5 kcal/mol/

Not only electrostatic moves the
molecular world!!
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... a super paper!!!
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| the shadow of the reality:

Molecular Volume (A3)

X
>
y ...atom is 4/3nr’°?
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4§ 3 A quick refresh... atoms present spherical
3?lﬂ | shapes!

Element radius (A)
Hydrogen 1.20 V _ ﬂﬂ' 7‘3
Carbon 1.70 vdw 3 vdW
Nitrogen 1.65
Oxygen 1.62
Fluorine 1.47
Phosphorus 1.80 3
Sulfur 1.80 Vo =3V g —
Chlorine 1.75 \ 47
Copper 1.4
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cular Volume (A3)

X
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y ...atom is 4/3nr’°?
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point measure the molecular <’ > is

Verloop A., Hoogenstraaten W., Tipker J. “Development and application of new steric substituent parameters in drug
design.” In Drug Design (Ed. Ariéns), vol.7, pp.165-207 (1976), New York: Academic Press.
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My favorite example:

1

-

NOVITA OFFERTE PRODOTTI ¥ AMBIENTI ¥ IDEE RISTORANTE E BOTTEGA DOVE SIAMO

I a BV
N

Home / Soaggiorno / Scaffali

77 cm (30 %A") 39 cm (15 W")
- - T

- -+ | 33 cm (33.6)
(13%)

77 cm (30 %")

(.£T)
(9°cg) wd g

-

Credits: https.//www.ikea.coml/it/it/catalog/products/20275814/
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... and what about a protein?

Z 4

-
-
-
-
-

MSGPVP SRA':RVY THRPREYWDYE S HVVEWGNQDDYQLVRKLGRGKYSEVFEAIN IT
NNEKVVVKILKP KKIKRE IKI’LENLRGGPNI ITLADIVKD PVSRT PALVFEHVNNTD
FKQLYQTLTDYD Z[ RFME ILKALDYCHSMGIMHRDVKPHNVMI DHE HRKLRLI DWGLAE

FYHPGQEYNVRVASR(YFKGPELLVDYQMYDYSLDMW SLGCMLASMIFRKE PFFHGHDNYD
QLVRIAKV L'GTEDLYDYIDKYNIELD PRFNDILGRHSRKRWERFVHSENQHLVS PEAI\DF

LDKLLRYDHQSRI('TAREAMEHPYFYTVVKDQARMGS SSMPGGSTPVSSANMMSGISSVPT
PSPLGPLAGS PV]fAAAN PLGMPVPAAAGAQQ
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There are some interesting geometrical
ok regularity inside our polymer:

Carboxyl
terminus

terminus
A
N-Cqp Cqo-C C-N .
Antiparallel Collagen triple Structure ¢ ¥
Bsheets parajle]  helix Rught -twisted a Helix =57 —47°
B sheets B sheets B Conformation
+180 |, Left-handed Antiparallel —139" +135°
a helix Parallel —315° +113°
Collagen triple helix —=51° +153°
= B Turn typel
o i+ 1% -60° -30°
[~ . * —on° o
ﬁ - Right-handed e e 2y 2
S - 60 a helix B Turn type |l
i1 —60° +120°
—120r i+2 +80° 0°
-1 8_0180_‘ (', . 1180 Note: In real proteins, the dihedral angles often vary somewhat from these idealized values.
*The i+1 and i+2 angles are those for the second and third amino acid residues in the
¢ (degrees) B turn, respectively.
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{This is just a useful way to represent
geometrical regularity of 3D coordinates and
= not the real shape of our protein!!!

... but very useful to classified protein from a
structural point of view!!!
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CPK model:

Walter Koltun
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Michael Connolly
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. | You have now a wonderful tool to estimate
Wy, the topological complementarity between a

 cavity and its ligand:

Complementarity « Vol,,,;,, — Vol,;..q
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MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDY%LVRKLGRGKYSEVFEAINIT
NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLAD DPVSRTPALVFEHVNNTD
FKOQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE
FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMIFRKEPFFHGHDNYD
QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF
LDKLLRYDHQSRLTAREAMEHPYFYT
PSPLGPLAGSPVIAAANPLGMPVPAZ

From sequence to topology... from topology to function
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| Here is my first favorite example of PD concept:

? F o
L ——
Chimic

A’ Nanor—

Tossicc
(Mast

@ =

oculus

MMS Lab (2015): 3D printed model of the human AZ2A adenosne receptor co-crystallized its antagonist ZM 241385 (PDB entry: 4ElY)
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CHEMMEDCHEM

CHEMISTRY ENABLING DRUG DISCOVERY

Cuzzolin A, Deganutti G, Salmaso V, Sturlese M, Moro S. "AquaMMapsS: an alternative tool to monitor the = - .
role of water molecules during protein-ligand association.” ChemMedChem. 1, 1-13 (2018) G. Deganutti A. Cuzzolin
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y

| the shadow of the reality:

Rotatable bonds
(conformer population)

X
»

... how many rotatable bond?

MS
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2§ . JAn easy way to determine molecular
IResad rigidity.

A rotatable bond is defined as any single
non-ring bond, attached to a non-terminal,

non-hydrogen atom. Amide C-N bonds are not
counted because of their high barrier to rotation.

3 4

..anditis easily countable!!!
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y

ithe shadow of the reality:

Rotatable bonds
(conformer population)

... how many rotatable bond?

MS
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NH,+ H3'N
N
Y — )
— {
| Conformational N
H equilibrium ||4
. C
,,,,,,,, C
A a
D D
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NH,+

e
4—

Conformational
equilibrium

Tautomeric
equilibrium
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& 3 Do you remember these two concepts:

Stability as a measure of the geometrical
deformability of an object;

Rigidity as a measure of the reduction degree of
the geometrical deformability of an object.
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¢ "\ the magic of the cycles!

St

i
=
~ i

y
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... how many rotatable bond?




Z A

y
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Here is the magic of cycles: fo place
. the correct functional groups, in the
OH correct position in space for the time
necessary to maximize the effect of
the complementarity between the

ligand and its recognition cavity
(activity)

y |.|' O\\
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| Can we try again our little experiment?

Chemical class;

Functional groups;

Possible interaction scheme;
Guess pKa value;

Number of rotatable bonds;
Tautomers;

Chiral centers;
Chemical/enzinatic reactivity;

©CoNOOPONA

-t

Do you have 3D guess?
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A but we will never forget:

PHARMACOKINETIC (PK)/TOX PROFILE

The study of the process by which a drug is absorbed (A), distributed
(D), metabolized (M), and eliminated (E) by the bodly.
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't find a wonderful analogy
Thermodyna

But you don
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0%, 0 ppm, 0 mg/L, 0 mg/mL

MS

100%
1,000,000 ppm
1,000,000 mg/L
1,000 mg/mL

10% -
100,000 ppm
100,000 mg/L
100 mg/mL

||anios

1% -
10,000 ppm
10,000 mg/L

10 mg/mL

1 @anjos Apybis

0.1% -
1,000 ppm
1,000 mg/L

1 mg/mL

ajqnjosuj
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wsve Ghemical factors influencing
solubility in H,0:

presence of ionisable groups (depending upon pH)
hydrogen bond's (donors/acceptors)

polarized functional groups
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' SO'Ubi'ity in (A) Dwayne Friesen

100% Miscible

1,000,000 ppm

1000 momL

10% - :%ﬂ

100000 ol d

100 moimL C/(N—|— O)S 3
1% - -—

10,000 ppm [

it B I3<C/(N+0)<5
0.1% - __%_

1000 g 3

e ¢ C/(N+0)=5

0%, 0 ppm, 0 mg/L, 0 mg/mL

Applies to only neutral molecular and represents only a qualitative and
approximate indication of water solubility of an organic compound!!!
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100% Miscible
1,000,000 ppm
1,000,000 mg/L
1,000 mg/mL
W
10% - =
oo N °
, m
el C/ (N + O) <3-
1% - ————
vy K
i 13<C/(N+0)<5
2
0.1% - -——
1,000 ppm —
e ]
mg/m =
: C/(N+0)=5

0%, 0 ppm, 0 mg/L, 0 mg/mL

Applies to only neutral molecular and represents only a qualitative and
approximate indication of water solubility of an organic compound!!!

MS
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N
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|
H
CsHyN,
b
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NH 4 pH=7.4

NH,
e i
)
H

N + H*
| Histamine
K, 9.8
99,6% (P ) 0.4%

1 !

1 Soluble (>1mg/ml)

Very soluble
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but... Solubility

fNHZ Prediction
N
;o\
4".‘ m) 1.7
H

pH=7.4

\ A

+ H*
(PK, ~9.8)

Soluble d\/ ‘ 7
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a7 . | A very simple definition:

In organic chemistry, we have a family of
compounds characterized by bonds with AEN =0

HYDROCARBONS

[ 4
and they are surely phobics!!!
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Hydrophobicity and partition coefficient

0
/u(phaseZ) _ lu(phase2) —RT ln[c(phaseZ) ]

Phase 2 (n-octanol)

oy ohd At the equilibrium:
e
o U

0 0 [ |
©NOH lu(phasel) —RT 1n [C(phasel) ] — lu(phase2) —RT 11'1 _C(phaseZ) i

lu( phasel) — lu( phase2)

0 0 | ]
lu(phasel) o lu(phase2) =RT ln [C(phasel) ]_ RT ln _C(phase2) i

C
0 0 . (phasel)
/u(phasel) — /u(phaseZ) =RTIn
(phase2)
C( phasel) Yy ;
———= | = P Partition coefficient
C( phase2)

.0
H (phasel) ~— lu( phasel) RT ln [C( phasel) ]
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- Hydrophobicity and partition coefficient

C ase
) |~ P partition coefficient

B C(HzO) _

We can define: “hydrophobic” a compound with P > 1;
“hydrophilic’ a compound with P < 1.

C
log ( phasel) _ 10gP
i C(HzO) B

We can define: “hydrophobic” a compound with logP > 0;
“hydrophlllc” a compound with logP < 0.

logP <0 logP >0
Hydrophilic Hydrophobic
T T T T T T T T T T T T T 711
-2 A 0 1 2 logP
Confidential and Prope ty of ©2012 Molecular Modeling Section
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Hydrophobicity and partition coefficient

How we can choose the second phase: < é \Eﬁ;

HO. _~_~_-"_~ noctanol

simmiscible in water even if 27% of water
dissolves in it... so the first region of hydration
of the solute is preserved;

*UV transparent;

*Low vapor pressure.

Immiscible in water and very low amount of
water dissolves in it... so also the first region

m cyclohexane ©f hydration of the solute is lost.
The differences between the logP values in n-
octanol and cyclohexane is a measure of the

de-hydration energy of a solute.

&
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Do you see any similarity? ¢
...in addition to this?

L]

How we can choose the second phase:

y

- wl:l - -.l".l:l

Phaospholipid

&

MS Confidential and Property of ©2012 Molecular Modeling Section S.MORO - CFTIl INTRODUCTION

Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




§l Could it be that the partition coefficient (P) of a
o chemical compound is the sum of the coefficients

208l of individual fragments that compose it?
R s |
NH,
)
P [ 1=P[)+P[]+P[-]
! .L
H
Fragments Pi value®
C +0.5
phenyl/benzene/aromatic ring +2.0
Cl +0.5
S 0.0
i » 8y carboxylic acid or ester 0.7
Corwin Hansch amide or imide 0.7
O (hydroxyl, phenol, ether) -1.0
N (amine) 1.0
*in log scale
IS st Pharmaceationl and Prarmacological Seiences - Gninersiy of Pacova - Italy S.MORO - CFTIl INTRODUCTION




‘Just a little example:

clogP =0.3

Fragments Pi value

C +0.5 2 0 H
phenyl/benzenefaromatic ring +2.0 ) N HE
Cl +0.5

S 0.0

carboxylic acid or esier 0.7

amide or imide 0.7 H '0. 7

O (hydroxyl, phenol, ether) -1.0 -1 .0

N (amine) -1.0

logP = 0.4€
"
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Fragments Pi value
C +0.5
phenyl/benzene/aromatic ring +2.0

Cl +0.5

S 0.0
carboxylic acid or ester 0.7
amide or imide -0.7

O (hydroxyl, phenol, ether) -1.0

N (amine)

F (aliphatic)
F (aromatic)

N Now it’s your turn!

clogP =3.99
logP =4.05

0.5
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F (aliphatic)
F (aromatic)
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Lipinski’s ”Rule of Five”

Poor oral/ absorption or permeation, if ...

* Number of H-bond donors > 5 (OH & NH)
e Number of H-bond acceptors > 10 (O & N)
* Molecular weight > 500

elogP >5

Lipinski et al., Adv. Drug Deliv. 23 (1997) 3.

N.B. Like all rules they are there to be broken and a number of exceptions exist. | have personally
worked on a couple of well-absorbed drugs which broke this rule but as a general guide it works well.
Remember that you may have charge in your molecule so that LogD(7.4) or LogD(5.5) is really the
important parameter rather than Log P. Keeping LogD(7.4) around 2 seem generally good advice.
Manipulating the pKa can be a way of improving a molecule.
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Hydrophobicity and partition coefficient

|
Distribution
of cLogP in
traded drugs ‘
__-_-_-_I,I:I,III LS II_-_-
4+ £ 4 2

2 0 4

It has been shown for compounds to have a reasonable probability of
being well orally absorb their logP value must not be greater than 5.0. The
distribution of calculated logP values of more than 3000 drugs on the
market underlines this fact (see diagram).
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93% *H 7%
Nicotine

(pK, 8.5) logP=1.17
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£ ) The first crucial pharmaceutical difference!

[ "

=

H + -
N N—H PH=7.4 H,C
| ~ \ - H+ H3C\}\l/\/OY

N — |+
— HC O

93% +H 7% 3
Nicotine loaP=1.17 ACh
(pK, 8.5) ogr=1.
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' Beyond Lipinski’s "Rule of Five”

Glymphatic circulatory 1 Meningeal barrier
system Arachnoid epithelium

I —
RN T = Skull
R e T AT
- —— Dura mater
3 [ Meningeal

epithelial barrier
Subarachmoid
space

—4— Brain
parenchyma

Brain Bloed CSF Astrocyte
parenchyma end-feet

Blood brain barrier
Capillary endathelium

Blood CSF barrier \ :
Choroid plexus epithelium

Blood
Fenestrated Endothelial
vessels barrier
Stroma
S Astrocyte
E edial
E;Tﬂ; end-fest
CSF Pericyte

credits: https.//www.sciencedirect.com/science/article/abs/pii/S1568997217301052/

%/[/IS Confidential and Property of ©2012 Molecular Modeling Section S.MORO - CFTIl INTRODUCTION

Dept. Pharmaceutical and Pharmacological Sciences — University of Padova - Italy




Pathways across the blood-brain barrier

Cross section of blood vessel

Astrocyte Nueleus

Endothelial cell

. ‘ 5 '\ Pericyt
— 41 - { Lumen of
: b2 , S The capillary
Mltochondrlum :

Basal membrane

=" Astrocyte

Longitudinal section of blood vessel

(e SR R )

Cell rnba re Occludin  gmssrerrrmsserasteseessen L
it ._..r.l..‘:.:_ ..-\,‘.Ill

Tigth Junction

I?r_':: ].:::: —Ic:: Ic:} ]@ s .]-'Endothehalcell

— Basal membrane

Astrocyte
Cingulin  § -, _
Endothelialcell §53

| Microglia Neuron

credits: https.//www.emf. ethz.ch/en/knowledge/topics/health/blood-brain-barrier/
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3 Beyond Lipinski’s "Rule of Five”

Lipophilicity: 0</logP < 3
Molecular weight: <450

Polar surface area (PSA): 60 = 90 A?

Hydrogen bonding (O + N): <6
Charge: 4<pKa <10
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| Can we try again our little experiment?

Chemical class;

Functional groups;

Possible interaction scheme;
Guess pKa value;

Number of rotatable bonds;
Tautomers;

Chiral centers;
Chemical/enzimatic reactivity;
Guess 3D- shape

1 0 Guess water solubility;

11. Guess logP;

12. Guess BBB permeation;

13. ...

CONONHWNS
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