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EccoEcco  comecome  organizzeremoorganizzeremo  ilil  nostronostro  viaggioviaggio……  EccoEcco  comecome  organizzeremoorganizzeremo  ilil  nostronostro  viaggioviaggio……  
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L’aiutoL’aiuto  grandegrande  cheche  vivi  chiedochiedo::  

• Chimica Organica 1  

• Chimica Farmaceutica 1 

• Biochimica (Chimica Biologica)  

• Chimica Organica 1  

• Chimica Farmaceutica 1 

• Biochimica (Chimica Biologica)  

cheche  cosacosa  cici  mancamanca  enormementeenormemente::  

• Farmacologia generale • Farmacologia generale 
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II  nostrinostri  compagnicompagni  didi  viaggioviaggio::  

……  ilil  miomio  personalepersonale  suggerimentosuggerimento::  
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Menù (turistico) del Menù (turistico) del trimestretrimestre  di CFTIIdi CFTII  

••Parte prima: Parte prima: generalegenerale    

LeLe  basibasi  chimicochimico--fisichefisiche  dell’interazionedell’interazione  farmacofarmaco--bersagliobersaglio  

molecolaremolecolare;;  

SistemiSistemi  didi  comunicazionecomunicazione  cellularecellulare  

••Parte Parte secondaseconda: : sistematicasistematica  

FarmaciFarmaci  terapeuticamenteterapeuticamente  rilevantirilevanti  inin  patologiepatologie  deldel  SNC,SNC,  
dell’apparatodell’apparato  cardiovascolarecardiovascolare,,  deldel  sistemasistema  immunitarioimmunitario  ee  deldel  
sistemasistema  riproduttivoriproduttivo  

  
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ToTo  explainexplain  youyou  ourour  missionmission……  aa  needneed  aa  

volunteer!volunteer!  

ToTo  explainexplain  youyou  ourour  missionmission……  aa  needneed  aa  

volunteer!volunteer!  
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AreAre  youyou  readyready  toto  start?start?    AreAre  youyou  readyready  toto  start?start?    
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Lesson 0: drug definition…  Lesson 0: drug definition…  
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how can we define a drug, very 

pragmatically?  

how can we define a drug, very 

pragmatically?  

Infantile Hemangioma    

Physiology  

State 

Pathology 

State 

Physiology  

State 

DRUGDRUG  
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Infantile Hemangioma    

Propranolol  

DRUGDRUG  

how can we define a drug, very 

pragmatically?  

how can we define a drug, very 

pragmatically?  
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Propranolol  

THM Lesson 0: I pray you, never believe 

that  

THM Lesson 0: I pray you, never believe 

that  

= 
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DrugDrug  discoverydiscovery  statisticsstatistics:: DrugDrug  discoverydiscovery  statisticsstatistics:: 
https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--025025--0000100001--55  
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Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! 

https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--025025--0000100001--55  
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Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! 

https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--025025--0000100001--55  
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we can stop for a second and reflect 

together? 

we can stop for a second and reflect 

together? 

https://www.cnet.com/tech/computing/intelhttps://www.cnet.com/tech/computing/intel--willwill--outpaceoutpace--mooresmoores--lawlaw--ceoceo--patpat--gelsingergelsinger--says/says/  
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What you already know very very well: the 

long history of  the birth of  a drug… 

Bringing a new drug to market can take 8-14 years 

and costs between $400 and $1000 million (even more!!!)  
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Propranolol  

In fact, that’s happen if  you believe 

that:  

In fact, that’s happen if  you believe 

that:  

= 
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Lesson 1: change our drug discovery 

paradigm… let’s try in this way!  

Lesson 1: change our drug discovery 

paradigm… let’s try in this way!  
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Physio-Pathological  
Space 

Chemical Space Biological Space 

Drug 

Therapeutic Interaction 

Pathology 

Biological  or “On” Target 

Secondary  On Target 

Collateral Interaction Anti  or “Off” Target 

HowHow  wewe  cancan  schematizeschematize  ourour  definition?definition?  HowHow  wewe  cancan  schematizeschematize  ourour  definition?definition?  
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SummarizingSummarizing::  SummarizingSummarizing::  

Biological  or “On” Target: 

Anti or “Off” Target: 
is a receptor, enzyme, or other cellular target that, 
when affected by a drug, causes undesirable side-
effects.  

is a receptor, enzyme, or other cellular target that, 
when affected by a drug, causes the desired 
theraputical effect. 
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Physio-Pathological  
Space 

Chemical Space Biological Space 

Drug 

Therapeutic Interaction Pathology 

Biological  or “On” Target 

ForFor  aa  longlong  longlong  timetime  wewe  havehave  consideredconsidered  asas  

truetrue  thisthis  egoisticegoistic  stoichiometrystoichiometry……  11  ::  11  ::  11  

ForFor  aa  longlong  longlong  timetime  wewe  havehave  consideredconsidered  asas  

truetrue  thisthis  egoisticegoistic  stoichiometrystoichiometry……  11  ::  11  ::  11  
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ChooseChoose  thethe  bestbest  solutionsolution::      ChooseChoose  thethe  bestbest  solutionsolution::      

Infantile Hemangioma    

Propranolol  

Beta adrenergic receptors    
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NowNow  wewe  havehave  toto  changechange  ourour  mindmind::  fromfrom  

singlesingle--targettarget  toto  multimulti--targetstargets  changingchanging  thethe  

stoichiometrystoichiometry  toto    11  ::  NN  ::  11  

NowNow  wewe  havehave  toto  changechange  ourour  mindmind::  fromfrom  

singlesingle--targettarget  toto  multimulti--targetstargets  changingchanging  thethe  

stoichiometrystoichiometry  toto    11  ::  NN  ::  11  

ThisThis  isis  thethe  eraera  ofof   multimulti  --targettarget    pharmacologypharmacology  ThisThis  isis  thethe  eraera  ofof   multimulti  --targettarget    pharmacologypharmacology  

Drug 

Therapeutic Interaction Pathology 

Biological  or “On” Target 

Secondary  On Target 

Physio-Pathological  
Space 

Chemical Space Biological Space 
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AsAs  medicinalmedicinal  chemistschemists  wewe  oftenoften  reducereduce  thethe  

complexitycomplexity  ofof   drug’sdrug’s  conceptconcept  inin  thisthis  wayway::  

AsAs  medicinalmedicinal  chemistschemists  wewe  oftenoften  reducereduce  thethe  

complexitycomplexity  ofof   drug’sdrug’s  conceptconcept  inin  thisthis  wayway::  

Physio-Pathological  
Space 

Chemical Space Biological Space 

Drug 

Therapeutic Interaction Pathology 

Biological  or “On” Target 
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AndAnd  veryvery  veryvery  oftenoften  asas  medicinalmedicinal  chemistschemists  wewe  

pretendpretend  toto  oversimplifyoversimplify  thethe  complexitycomplexity  ofof   

drug’sdrug’s  conceptconcept  inin  thisthis  wayway::  

AndAnd  veryvery  veryvery  oftenoften  asas  medicinalmedicinal  chemistschemists  wewe  

pretendpretend  toto  oversimplifyoversimplify  thethe  complexitycomplexity  ofof   

drug’sdrug’s  conceptconcept  inin  thisthis  wayway::  

Chemical Space Biological Space 

Drug 

Biological  or “On” Target 

Therapeutic Interaction 
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PHARMACODYNAMIC (PD) PROFILEPHARMACODYNAMIC (PD) PROFILE  
thethe  studystudy  ofof   thethe  biochemicalbiochemical  andand  physiologicalphysiological  effectseffects  ofof   drugsdrugs  andand  thethe  

mechanismsmechanisms  ofof   theirtheir  actions,actions,  includingincluding  thethe  correlationcorrelation  ofof   theirtheir  actionsactions  

andand  effectseffects  withwith  theirtheir  chemicalchemical  structurestructure..  

PHARMACOKINETIC (PK)/TOX PROFILEPHARMACOKINETIC (PK)/TOX PROFILE  
TheThe  studystudy  ofof   thethe  processprocess  byby  whichwhich  aa  drugdrug  isis  absorbedabsorbed  (A),(A),  distributeddistributed  
(D),(D),  metabolizedmetabolized  (M),(M),  andand  eliminatedeliminated    (E)(E)  byby  thethe  bodybody..  

FORMULATIONFORMULATION  PROFILEPROFILE  

butbut  wewe  willwill  nevernever  forgetforget::    butbut  wewe  willwill  nevernever  forgetforget::    
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we must meet each other  

 

recognize each other  

 

and in the end choose us!  

 

we must meet each other  

 

recognize each other  

 

and in the end choose us!  

……  andand  asas  inin  ourour  lifelife::    ……  andand  asas  inin  ourour  lifelife::    
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Chemical Space 

Chemical/Drug 

N

N

H

NH
2

wherewhere  PDPD  andand  PKPK  profilesprofiles  areare  storedstored  inin  aa  

drug?drug?    

wherewhere  PDPD  andand  PKPK  profilesprofiles  areare  storedstored  inin  aa  

drug?drug?    
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N

N

H

NH
2

Please,Please,  wewe  willwill  nevernever  forgetforget::  Please,Please,  wewe  willwill  nevernever  forgetforget::  

take the right distance from these  representations!!! 
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OfOf   coursecourse  thisthis  isis  ourour  slang!slang!  

N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

FirstFirst  ofof   all,all,  pleaseplease  dodo  notnot  nevernever  forgetforget  thethe  

goodgood  orthography!orthography!    

FirstFirst  ofof   all,all,  pleaseplease  dodo  notnot  nevernever  forgetforget  thethe  

goodgood  orthography!orthography!    

N

N

H

NH
2
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N

N

H

NH
2

TheThe  firstfirst  goldgold  rulerule::  TheThe  firstfirst  goldgold  rulerule::  

Identify the cyclic substructures, if  any!!! 
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WhyWhy  cyclecycle::  aromaticaromatic  oror  not,not,  fewfew  hintshints  

fromfrom  22DD  toto  33D!D!  

WhyWhy  cyclecycle::  aromaticaromatic  oror  not,not,  fewfew  hintshints  

fromfrom  22DD  toto  33D!D!  

rigid and flat flexible and non flat  

4n + 2 
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WhyWhy  cyclecycle::  aromaticaromatic  fromfrom  carbocyclecarbocycle  toto  

heterocycleheterocycle  

WhyWhy  cyclecycle::  aromaticaromatic  fromfrom  carbocyclecarbocycle  toto  

heterocycleheterocycle  

rigid and flat 

4n + 2 4n + 2 

rigid and flat 

- 

new interactor 

.. 
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N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

TheThe  secondsecond  goldgold  rolerole::    TheThe  secondsecond  goldgold  rolerole::    

Identify the rotable bonds, if  any!!! 

… 

flexible and non flat  
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N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

TheThe  secondsecond  goldgold  rolerole::    TheThe  secondsecond  goldgold  rolerole::    

… 

- 

- 

Change the 
interaction scheme 
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N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

……  andand  finallyfinally::    ……  andand  finallyfinally::    

44  CC--HH  bondsbonds  

Remember to count the C-H bonds, if  any!!! 
(we will see why in a couple of  slides) 

ENENCC--H H = 0.3 (2.4= 0.3 (2.4--2.1) 2.1)   
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N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

……  andand  youyou  cancan  immediatelyimmediately  associateassociate::    ……  andand  youyou  cancan  immediatelyimmediately  associateassociate::    

……  twotwo  populations,populations,  asas  functionfunction  ofof   thethe  intrinsicintrinsic  pKapKa  andand  thethe  locallocal  pHpH..    

N

N

H

NH
2

HH

H

H

H

H

.. .. 

NH3
+ 

H2O 
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N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

……  andand  pleaseplease  checkcheck  thethe  hybridizationhybridization  

statusstatus::    

……  andand  pleaseplease  checkcheck  thethe  hybridizationhybridization  

statusstatus::    
sp3 

sp2 

4n+2 
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N

N

H

NH
2

HH

H

H

H

H

.. .. 

.. .. 

TheThe  secondsecond  goldgold  rolerole::    TheThe  secondsecond  goldgold  rolerole::    

- 

Change the 
interaction scheme 

N

N

H

NH
2

HH

H

H

H

H

.. .. 

NH3
+ 

 
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JustJust  inin  casecase::  JustJust  inin  casecase::  
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ThisThis  willwill  bebe  crucialcrucial  forfor  usus  duringduring  allall  ourour  

course!!!course!!!  

ThisThis  willwill  bebe  crucialcrucial  forfor  usus  duringduring  allall  ourour  

course!!!course!!!  

9-11 

1-5 
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GoodGood  orthographyorthography  meansmeans  abilityability  toto  

recognizerecognize::  

GoodGood  orthographyorthography  meansmeans  abilityability  toto  

recognizerecognize::  

11..  acid/baseacid/base  groupsgroups  ((ionicionic  bond)bond);;  

N

N

H

NH
2

22..  strongstrong  bondbond  dipolesdipoles  ((HH--bond,bond,  
dipoledipole--dipole,dipole,  chargecharge--dipoledipole……));;  

33..  pp  bondsbonds  ((pp--pp  interactions,interactions,  
chargecharge--pp,,  ……));;  

44..  weakweak  bondbond  dipolesdipoles  ((dipoledipole--
dipoledipole  asas  vanvan  derder  WaalsWaals  
interactionsinteractions));;  

DoDo  youyou  rememberremember::  

1. pKa scale of  acidity 

2. hydrogen bond strength 

3. aromaticity rule (4n+2) 

4. bond dipole moment 
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N

N

H

NH
2

55..  TautomersTautomers  ((tautomerictautomeric  
equilibriumequilibrium  andand  tautomertautomer  
stabilitystability));;  

55..  TautomersTautomers  ((tautomerictautomeric  
equilibriumequilibrium  andand  tautomertautomer  
stabilitystability));;  

N

N

NH
2

H
66..  ConformersConformers  ((conformationalconformational  
equilibriumequilibrium  andand  conformerconformer  
stabilitystability));;  

66..  ConformersConformers  ((conformationalconformational  
equilibriumequilibrium  andand  conformerconformer  
stabilitystability));;  

N

N

H

NH
2

77..  StereochemistryStereochemistry  ((chiralchiral    

centers)centers)  

88..  ChemicalChemical  reactivityreactivity;;  

77..  StereochemistryStereochemistry  ((chiralchiral    

centers)centers)  

88..  ChemicalChemical  reactivityreactivity;;  

11..  acid/baseacid/base  groupsgroups  ((ionicionic  bondbond));;  

22..  StrongStrong  bondbond  dipolesdipoles  ((HH--bond,bond,  
dipoledipole--dipole,dipole,  chargecharge--dipoledipole……));;  

33..  pp  bondsbonds  ((pp--pp  interactions,interactions,  
chargecharge--pp,,  ....));;  

44..  WeakWeak  bondbond  dipolesdipoles  ((dipoledipole--
dipoledipole  asas  vanvan  derder  WaalsWaals));;  
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JustJust  inin  casecase::  JustJust  inin  casecase::  

 

  F−H … :F (38.6 kcal/mol)  

O−H … :N (6.9 kcal/mol)  

O−H … :O (5.0 kcal/mol)  

N−H … :N (3.1 kcal/mol)  

N−H … :O (1.9 kcal/mol)  

          HO−H … :OH3
+ (4.3 kcal/mol)  
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THMTHM  Lesson 1: thethe  firstfirst  majormajor  differencedifference  

betweenbetween  anan  organicorganic  chemistchemist  andand  aa  medicinalmedicinal  

chemistchemist::  

THMTHM  Lesson 1: thethe  firstfirst  majormajor  differencedifference  

betweenbetween  anan  organicorganic  chemistchemist  andand  aa  medicinalmedicinal  

chemistchemist::  

N

N

H

NH
2

I'm like that and I have these properties 

N

N

H

NH
2

I‘m like this and have these properties, and  
consequently I could recognize in this way ... 
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FromFrom  structurestructure  toto  interactioninteraction::  

O

O

NH
2

O

R-NH3
+ 

charge-charge interaction (ionic bond):   -G0       5 ÷ 10 
charge-dipole interaction:     -G0       1 ÷   7 
charge-p interaction:      -G0       8 ÷ 10 

R-OH 

hydrogen bond:     -G0       1 ÷   7 

(kcal/mol) 

charge transfer interaction:    -G0       1 ÷   6 

R

p-p interaction:     -G0       1 ÷   2 

-CH2- 

H H

dipole-dipole interaction (van der Waals):  -G0       0.5 ÷ 1 
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A wonderful lesson from mother nature::  

A 

B 

C 

A 

B 

C + 

Kbind 
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H2O 

H2O 
H2O 

H2O 

H2O H2O 

H2O 
H2O 

A 

B 

C 

A 

B 

C 

C 

A 

B 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 
H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 
H2O 

H2O H2O 
H2O H2O 

H2O 
H2O H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 



      S.MORO – CFTII  INTRODUCTION M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

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

A wonderful lesson from mother nature::  

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

A 

B 

C 

A 

B 

C + 

Kbind 

Even if: 
 

dipole-dipole interaction (van der Waals):  -G0       0.5 ÷ 1 

 
 

remember that the unity is strength! 
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The mystery of  The mystery of  pp--p p interactions:interactions:  

  44..99  ÅÅ  

  --22..55    kcal/molkcal/mol    

  --11..55    kcal/molkcal/mol    
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  --11..55    kcal/molkcal/mol    

Not only electrostatic moves the Not only electrostatic moves the 
molecular world!!molecular world!!  

Not only electrostatic moves the Not only electrostatic moves the 
molecular world!!molecular world!!  

The mystery of  The mystery of  pp--p p interactions:interactions:  
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fromfrom  structurestructure  toto  interactioninteraction……  fromfrom  structurestructure  toto  interactioninteraction……  

… a super paper!!! 
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x 

y 

z 

N

N

NH
3

H

+

thethe  shadowshadow  ofof   thethe  realityreality: 

Molecular Volume (Å3) 

…atom is 4/3pr3? 
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Element radius (Å) 

Hydrogen 1.20 

Carbon 1.70 

Nitrogen 1.55 

Oxygen 1.52 

Fluorine 1.47 

Phosphorus 1.80 

Sulfur 1.80 

Chlorine 1.75 

Copper 1.4 

AA  quickquick  refreshrefresh……  atomsatoms  presentpresent  sphericalspherical  
shapes!shapes!  
AA  quickquick  refreshrefresh……  atomsatoms  presentpresent  sphericalspherical  
shapes!shapes!  

3

3

4
vdWvdW rV p

3

4

3

p
vdWvdW Vr 
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x 

y 

z 

N

N

NH
3

H

+

……  ee  voilàvoilà!! 

Molecular Volume (Å3) 

…atom is 4/3pr3? 
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AtAt  thisthis  pointpoint  measuremeasure  thethe  molecularmolecular  sizesize  isis  
easyeasy……  
AtAt  thisthis  pointpoint  measuremeasure  thethe  molecularmolecular  sizesize  isis  
easyeasy……  

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

Credits: https://www.ikea.com/it/it/catalog/products/20275814/ 
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x 

y 

z 

……  andand  whatwhat  aboutabout  aa  protein?protein? 

MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT 

NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLADIVKDPVSRTPALVFEHVNNTD 

FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE 

FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMIFRKEPFFHGHDNYD 

QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF 

LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT 

PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ  



      S.MORO – CFTII  INTRODUCTION M 
M S 

Confidential and Property of ©2012 Molecular Modeling Section  

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

xx  

yy  

zz  

C (x, y, z)C (x, y, z)  

= C 
= N 
= O 
= S 
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x 

y 

z ALPHA 

BETA 

RANDOM 

= C 
= N 
= O 
= S 
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ThereThere  areare  somesome  interestinginteresting  geometricalgeometrical  
regularityregularity  insideinside  ourour  polymerpolymer::  
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ThisThis  isis  justjust  aa  usefuluseful  wayway  toto  representrepresent  
geometricalgeometrical  regularityregularity  ofof   33DD  coordinatescoordinates  andand  
notnot  thethe  realreal  shapeshape  ofof   ourour  protein!!!protein!!!  

… but very useful to classified protein from a 
structural point of  view!!! 
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xx  

yy  

zz  CPK model:CPK model:  

Robert Robert CCoreyorey  LinusLinus  PPaulingauling  

Walter Walter KKoltunoltun  

= C 
= N 
= O 
= S 
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= C 
= N 
= O 
= S 
= H 

Lys 

Glu 
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xx  

yy  

zz  

Michael ConnollyMichael Connolly  

Connolly’s surface 
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xx  

yy  

zz  

Connolly’s surface 

ThisThis  isis  playplay  stationstation……  ThisThis  isis  playplay  stationstation……  
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xx  

yy  

zz  

Michael ConnollyMichael Connolly  
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xx  

yy  

zz  
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YouYou  havehave  nownow  aa  wonderfulwonderful  tooltool  toto  estimateestimate  
thethe  topologicaltopological  complementaritycomplementarity  betweenbetween  aa  
cavitycavity  andand  itsits  ligandligand::  

YouYou  havehave  nownow  aa  wonderfulwonderful  tooltool  toto  estimateestimate  
thethe  topologicaltopological  complementaritycomplementarity  betweenbetween  aa  
cavitycavity  andand  itsits  ligandligand::  

ComplementarityComplementarity    VolVolcavitycavity  ––  VolVolligandligand  
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……  veryvery  charming!charming!  ……  veryvery  charming!charming!  

Vel < 0 

Vel = 0 

Vel > 0 
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xx  

yy  

zz  
MSGPVPSRARVYTDVNTHRPREYWDYESHVVEWGNQDDYQLVRKLGRGKYSEVFEAINIT 

NNEKVVVKILKPVKKKKIKREIKILENLRGGPNIITLADIVKDPVSRTPALVFEHVNNTD 

FKQLYQTLTDYDIRFYMYEILKALDYCHSMGIMHRDVKPHNVMIDHEHRKLRLIDWGLAE 

FYHPGQEYNVRVASRYFKGPELLVDYQMYDYSLDMWSLGCMLASMIFRKEPFFHGHDNYD 

QLVRIAKVLGTEDLYDYIDKYNIELDPRFNDILGRHSRKRWERFVHSENQHLVSPEALDF 

LDKLLRYDHQSRLTAREAMEHPYFYTVVKDQARMGSSSMPGGSTPVSSANMMSGISSVPT 

PSPLGPLAGSPVIAAANPLGMPVPAAAGAQQ  

FromFrom  sequencesequence  toto  topologytopology……  fromfrom  topologytopology  toto  functionfunction  FromFrom  sequencesequence  toto  topologytopology……  fromfrom  topologytopology  toto  functionfunction  
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HereHere  isis  mymy  firstfirst  favoritefavorite  exampleexample  ofof   PDPD  conceptconcept::    HereHere  isis  mymy  firstfirst  favoritefavorite  exampleexample  ofof   PDPD  conceptconcept::    

MMS Lab (2015): 3D printed model of the human A2A adenosine receptor co-crystallized its antagonist ZM 241385 (PDB entry: 4EIY) 
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……  andand  withwith  somesome  ofof   youyou  inin  aa  couplecouple  ofof   yearsyears::    ……  andand  withwith  somesome  ofof   youyou  inin  aa  couplecouple  ofof   yearsyears::    

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

y 

z 

N

N

NH
3

H

+

thethe  shadowshadow  ofof   thethe  realityreality: 

Rotatable bonds 
(conformer population) 

… how many rotatable bond? 
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AnAn  easyeasy  wayway  toto  determinedetermine  molecularmolecular  
rigidityrigidity::  
AnAn  easyeasy  wayway  toto  determinedetermine  molecularmolecular  
rigidityrigidity::  

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. 

… and it is easily countable!!! 

1 2 

3 4 
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x 

y 

z 

N

N

NH
3

H

+

thethe  shadowshadow  ofof   thethe  realityreality: 

Rotatable bonds 
(conformer population) 

… how many rotatable bond? 

1 

2 
3 3 
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andand  thisthis  incredibleincredible  consequenceconsequence::  andand  thisthis  incredibleincredible  consequenceconsequence::  

N

N

H

NH
3
+

Conformational 

equilibrium 

C 

D 

A 

C 

D 

A 
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andand  thethe  storystory  isis  goinggoing  onon……  andand  thethe  storystory  isis  goinggoing  onon……  

N

N

H

NH
3
+

Conformational 

equilibrium 

N

N

NH
3
+

H

Tautomeric 

equilibrium 

C 

D 

A 

C 

D 

A 

D 
C 

A 
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StabilityStability  asas  aa  measuremeasure  ofof   thethe  geometricalgeometrical  
deformabilitydeformability  ofof   anan  objectobject;;  

DoDo  youyou  rememberremember  thesethese  twotwo  conceptsconcepts::  DoDo  youyou  rememberremember  thesethese  twotwo  conceptsconcepts::  

RigidityRigidity  asas  aa  measuremeasure  ofof   thethe  reductionreduction  degreedegree  ofof   
thethe  geometricalgeometrical  deformabilitydeformability  ofof   anan  objectobject..  
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OH OHO

H

N

CH
3

x 

y 

z 

the magic of  the cycles! 

… how many rotatable bond? 
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OH OHO

H

N

CH
3

x 

y 

z 

the magic of  the cycles! 
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the magic of  the cycles! 

Here is the magic of  cycles: to place 
the correct functional groups, in the 
correct position in space for the time 
necessary to maximize the effect of  
the complementarity between the 
ligand and its recognition cavity 
(activity) 
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CanCan  wewe  trytry  againagain  ourour  littlelittle  experiment?experiment?  CanCan  wewe  trytry  againagain  ourour  littlelittle  experiment?experiment?  

1.1. ChemicalChemical  classclass;;  

2.2. FunctionalFunctional  groupsgroups;;  

3.3. PossiblePossible  interactioninteraction  schemescheme;;  

4.4. GuessGuess  pKapKa  valuevalue;;  

5.5. NumberNumber  ofof   rotatablerotatable  bondsbonds;;  

6.6. TautomersTautomers;;  

7.7. ChiralChiral  centerscenters;;  

8.8. Chemical/Chemical/enzinaticenzinatic  reactivityreactivity;;  

9.9. ……  

  

1.1. DoDo  youyou  havehave  33DD  guess?guess?  
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PHARMACODYNAMIC (PD) PROFILEPHARMACODYNAMIC (PD) PROFILE  
thethe  studystudy  ofof   thethe  biochemicalbiochemical  andand  physiologicalphysiological  effectseffects  ofof   drugsdrugs  andand  thethe  

mechanismsmechanisms  ofof   theirtheir  actions,actions,  includingincluding  thethe  correlationcorrelation  ofof   theirtheir  actionsactions  

andand  effectseffects  withwith  theirtheir  chemicalchemical  structurestructure..  

PHARMACOKINETIC (PK)/TOX PROFILEPHARMACOKINETIC (PK)/TOX PROFILE  
TheThe  studystudy  ofof   thethe  processprocess  byby  whichwhich  aa  drugdrug  isis  absorbedabsorbed  (A),(A),  distributeddistributed  
(D),(D),  metabolizedmetabolized  (M),(M),  andand  eliminatedeliminated    (E)(E)  byby  thethe  bodybody..  

FORMULATIONFORMULATION  PROFILEPROFILE  

butbut  wewe  willwill  nevernever  forgetforget::    butbut  wewe  willwill  nevernever  forgetforget::    
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ButBut  youyou  don'tdon't  findfind  aa  wonderfulwonderful  analogyanalogy?  

Thermodynamic solubility in H2O (mg/ml) 

P
a

rtitio
n

 c
o

e
ffic

ie
n

t 
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Thermodynamic solubility in H2O (mg/ml) 

P
a

rtitio
n

 c
o

e
ffic

ie
n

t 

N

N

H

NH
2

ButBut  wherewhere  areare  writtenwritten  thesethese  properties?properties?  
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SolubilitySolubility  inin    
“ corpora non agunt nisi soluta “ 

Chemical factors influencing 
solubility in H2O: 

presence of  ionisable groups (depending upon pH) 

 

hydrogen bonds (donors/acceptors)  
 

polarized functional groups   
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Dwayne Friesen 

  3ONC

  53  ONC

  5ONC

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

SolubilitySolubility  inin    
“ corpora non agunt nisi soluta “ 
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  3ONC

  53  ONC

  5ONC

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

SolubilitySolubility  inin    
“ corpora non agunt nisi soluta “ 

N

N

H

NH
2

C5H9N3 
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99,6% 

- H+ 

+ H+ 

pH = 7.4 

Histamine 

(pKa 9.8) 
0.4% 

TheThe  firstfirst  crucialcrucial  pharmaceuticalpharmaceutical  difference!difference!  

N

N

H

NH
2

N

N

H

NH
23 

+ 

Very soluble 

Soluble (>1mg/ml) 
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99,6% 

≈ 0.4% 

butbut……  

N

N

H

NH
2

N

N

H

NH
23 

+ 

Soluble 

Solubility 

Prediction 

1.7 

3 

7 

- H+ 

+ H+ 

pH = 7.4 

(pKa ≈ 9.8) 
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Thermodynamic solubility in H2O (mg/ml) 

P
a

rtitio
n

 c
o

e
ffic

ie
n

t 

N

N

H

NH
2

ButBut  wherewhere  areare  writtenwritten  thesethese  properties?properties?  
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AA  veryvery  simplesimple  definitiondefinition::  

In organic chemistry, we have a family of  
compounds characterized by  bonds with EN  0 
 

HYDROCARBONS 

and they are surely                   and they are surely                   phobicsphobics!!!!!!  
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Phase 1 (water) 

Phase 2 (n-octanol) 

OH

OH

OH

OH

OH

OH

OH

OH

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient   

 )1(

0

)1()1( ln phasephasephase CRT 

 )2(

0

)2()2( ln phasephasephase CRT 

At the equilibrium: 

)2()1( phasephase  

   )2(

0

)2()1(

0

)1( lnln phasephasephasephase CRTCRT  

   )2()1(

0

)2(

0

)1( lnln phasephasephasephase CRTCRT  

  
)2(

)1(
P

C

C

phase

phase













Partition coefficient Partition coefficient   














)2(

)1(0

)2(

0

)1( ln
phase

phase

phasephase
C

C
RT
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)(

)1(

2

P
C

C

OH

phase













Partition coefficientPartition coefficient  

We can define: We can define:   ““hydrophobichydrophobic” a compound with P > 1;” a compound with P > 1;  

      ““hydrophilichydrophilic” a compound with P < 1.” a compound with P < 1.  
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We can define: We can define:   ““hydrophobichydrophobic” a compound with logP > 0;” a compound with logP > 0;  

      ““hydrophilichydrophilic” a compound with logP < 0.” a compound with logP < 0.  

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient   

logP > 0 logP < 0 

logP 
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How we can choose the second phase:How we can choose the second phase:  

OH n-octanol •“Similarity” with biological membrane; 

•immiscible 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. 

 

cyclohexane 

Immiscible in water and very low amount of  

water dissolves in it… so also the first region 

of  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. 

Hydrophobicity and partition coefficient Hydrophobicity and partition coefficient   
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How we can choose the second phase:How we can choose the second phase:  

OH n-octanol •“Similarity” with biological membrane; 

Do you see any similarity?Do you see any similarity?  

…in addition to this?…in addition to this?  
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CouldCould  itit  bebe  thatthat  thethe  partitionpartition  coefficientcoefficient  (P)(P)  ofof   aa  

chemicalchemical  compoundcompound  isis  thethe  sumsum  ofof   thethe  coefficientscoefficients  

ofof   individualindividual  fragmentsfragments  thatthat  composecompose  it?it?  
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JustJust  aa  littlelittle  exampleexample:: 

2.0 

-1.0 
-0.7 

clogP = 0.3  

logP = 0.46  
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NowNow  it’sit’s  youryour  turn!turn! 

clogP = 3.99  

logP = 4.05  

F (aliphatic)                              -0.17 

F (aromatic)                               0.14 

2.0 

-1.0 

2.0 

0.5 0.5 

0.5 

0.5 

0.5 

-1.0 

-0.17 
-0.17 

-0.17 
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FluorineFluorine……  aliphaticaliphatic  isis  notnot  aromatic!aromatic! 

F (aliphatic)                              -0.17 

F (aromatic)                               0.14 

- I 

+ M 

- I 
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log log log PPP   
Poor oral  absorption or permeation, if  ... 

• Number of  H-bond donors > 5 (OH & NH) 

• Number of  H-bond acceptors > 10 (O & N) 

• Molecular weight > 500 

• log P  > 5 
Lipinski et al., Adv. Drug Deliv. 23 (1997) 3. 

Lipinski’s ”Rule of  Five”Lipinski’s ”Rule of  Five”  

N.B. Like all rules they are there to be broken and a number of  exceptions exist. I 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 Hydrophobicity and partition coefficient   

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). 

5 
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AnotherAnother  crucialcrucial  pharmaceuticalpharmaceutical  difference!difference!  

soluble 5 
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Organization of  brain barriers: 

Beyond Lipinski’s ”Rule of  Five”Beyond Lipinski’s ”Rule of  Five”  

credits: https://www.sciencedirect.com/science/article/abs/pii/S1568997217301052/ 
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Pathways across the blood–brain barrier 

Beyond Lipinski’s ”Rule of  Five”Beyond Lipinski’s ”Rule of  Five”  

credits: https://www.emf.ethz.ch/en/knowledge/topics/health/blood-brain-barrier/ 
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Pathways across the blood–brain barrier 

Lipophilicity: 0  logP  3 

Molecular weight: < 450 

Polar surface area (PSA): 60  90 Å2  

Hydrogen bonding (O + N):  5 

Charge: 4  pKa  10  

Beyond Lipinski’s ”Rule of  Five”Beyond Lipinski’s ”Rule of  Five”  
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CanCan  wewe  trytry  againagain  ourour  littlelittle  experiment?experiment?  CanCan  wewe  trytry  againagain  ourour  littlelittle  experiment?experiment?  

1.1. ChemicalChemical  classclass;;  

2.2. FunctionalFunctional  groupsgroups;;  

3.3. PossiblePossible  interactioninteraction  schemescheme;;  

4.4. GuessGuess  pKapKa  valuevalue;;  

5.5. NumberNumber  ofof   rotatablerotatable  bondsbonds;;  

6.6. TautomersTautomers;;  

7.7. ChiralChiral  centerscenters;;  

8.8. Chemical/Chemical/enzimaticenzimatic  reactivityreactivity;;  

9.9. GuessGuess  33DD--  shapeshape  

10.10. GuessGuess  waterwater  solubilitysolubility;;  

11.11. GuessGuess  logPlogP;;  

12.12. GuessGuess  BBBBBB  permeationpermeation;;  

13.13. ……  
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