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Learning Objectives ‘3D‘

 Make a molecule great
» Consider key parameters associated with drug-likeness
 Employ computational tools to assess compound parameters

« Measure key compound parameters

 Validate compound parameters relative to project goals




Druglikeness |-|3|3\“

Similar compound properties to existing drugs

or...

Think inside the box




Compound biological attributes Hsp;‘
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DRUG DISCOVERY IN AFRICA

Pharmaco-
dynamics Candidate



Lipinski ‘rule of five’ H3D\

Oral drugs do not violate more than
one of the following parameters:

e <5 H-bond donors
e <10 H-bond acceptors
* MW <500 Da

i LogP S 5 Med Chemist @ Pfizer for 34 years

Atorvastatin (Lipitor)
3 H-bond donors

5 H-bond aceptors
MW =558

ClogP =4.5

Rot. bonds = 13

PSA =110 A?
F=14%

Best used in early hit identification stage to insure a viable scaffold is pursued




(c)LogD and (c)LogP - I HSD\w

n-octanol oaes
'\-r:l ¥ t E——) ;M \
?;. water - \\
[ ReH+H,0 A * TS
Tl «<— R-H
R+ H,0* High Optimal
\_ Y = D<logP<3
buffer 1-octanol 2 | Poor Lipid Poor
= Bilayer Agqueous
% Permeability Solubiiity
5
D (Distribution  [drugl,cianel 5
Coefficient) = drug] Low
ru T T T ; T P T T T T 1
g buffer (7.4 usually) I S 0 1 o 3 4 55 2
iog P
P (Part|t|0n [drug]octanol
Coefficient) = Neutral species optimally permeate cellular lipid bilayers (passive diffusion)

[unionized druglyrer (7.42) - Expression of activity against intracellular targets
- Intestinal drug absorption
- CNS penetration




Transcellular permeabillity H 3|3\“
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Solubility 3D\‘ ‘

* Solubility is perhaps the most important ADME property
 Valid in vitro data relies on compound being soluble under the conditions

Comment on the data for this compound
Solubility <1luM
IC;, (HepG2 cells) >200 uM

* Poorly soluble compounds are difficult to formulate
* Assessments of PK, PD, toxicology become problematic

e High solubility is a must for IV administration

* Thermodynamic solubility should be measured in:
* pH 7.4 buffer (IV), 6.5 and/or 7.4 (PO)
* Biorelevant media: FaSSIF — Fasted State Simulated Intestinal Fluid
(PO cmpds) FeSSIF — Fed State Simulated Intestinal Fluid
FaSSGF — Fasted State Simulated Gastric Fluid




Solubllity and Permeability Together (PO drugs) HﬁD\w

BDDCS Classification & Dose Number

N

1

N>

B3 B4

BSC Classification — solubility 250 mg
& permeability (=90% absorption
drug + metabolites)

L]
D-CL
AF

LASS
N AFRICA

BDDCS = Biopharmaceutics Drug
Disposition Classification System

Max. dose
Dose Number =

250.clogP.Sol

BDDCS 1 - high solubility & high permeability
Ave. Max. Dose =113 mg

BDDCS 2 - low solubility & high permeability
Ave. Max. Dose = 204 mg

BDDCS 3 - high solubility & low permeability
Ave. Max. Dose =276 mg

BDDCS 4 - low solubility & low permeability
Ave. Max Dose =392 mg

Max Absorbable Dose =
Sol x K, x Slyy X Sl




Fragment based lead discovery BD}‘
Rule of three: begin small because growth is (seemingly) inevitable
() Libraries -

optimize

e <3 H-bond donors

e <3 H-bond acceptors
* MW <£300Da

* LogP<3

e #rotbonds<3

« PSA<60A2




Other correlated parameters |-|3DN>‘

DRUG DISCOVERY IN AFRICA

e <10 rotatable bonds

Fraction with %F =20
EEREREE

nrot < 7 7T <nrot <10 nrot =10

rnf: < 500 > 500 < 500 > GO0 < 500 = 500
100 -
"f: 0. Topological polar surface area
£ . . TPSA < 140 A2
04
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Polar Surface Area {Angstromsz]




sp? versus sp? (globular versus flat) |-|3D\“

PIONEERING WORLD-CLASS

Number or aromatic rings - sp3 count - Aromatic vs heavy atoms - Aromatic Proportion
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Discovery Phasze 1 Phase 2
Stage of Development

* Increased # aromatic (flat) rings = decreases solubility = associated w/ promiscuity:
inc. ppb, cyp inhibition, hERG inhibition, et al.

* Heteroaromatics better than carboaromatics

* Increasing # of stereocenters = associated with positive clinical outcomes

* See 3D-Fragment Consortium (http://www.3dfrag.org/)



http://www.3dfrag.org/

Cross-correlations — 700 oral drugs
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PIONEERING WORLD-CLASS
DRUG DISCOVERY IN AFRICA




Anti-Lipinski

\\\\

Azithromycin

F=38%; 250 mg

MW =749

PSA = 180 A2

clogP = 2.9 Exposed PSA = 131 A2

cLogD = 0.47 Solvent accessible H-bond acceptors = 8
PK, =8.74;9.45 Solvent accessible H-bond donors = 4
H-acceptors = 14 logP = 4.1

H-donors = 5-7 logD = 0.61

Rot. Bonds =7




Anti-Lipinski HSDN‘

OH Goserelin (Zoladex) - GnRH agonist breast
w9 o 18 H-bond donors and prostrate cancers
NH %/NH g Z/( _/< 18 H-bond aceptors
o}

\\\\

\/< X—NH H, MW = 1269

§ \ ClogP =-2.9
© Q Rot. bonds =42
K NH PSA =483 A?
HoN injectible drug
S NH

Digoxin - atrial fibrillation
6 H-bond donors

13 H-bond aceptors

MW =781

ClogP=14

Rot. bonds =7

PSA =215 A2

F=70%

Risedronic acid - osteoporosis
5 H-bond donors

8 H-bond aceptors

MW =283 PSA =161 A?
ClogP =-2.62 F=0.63%
Rot. bonds =3 10 mg dose




Semaglutide (Ozempic®) |-|3D\“

PIONEERING WORLD-CLASS

Anti-diabetic (type2)/Anti-obesity medication
Dose: 0.25 mg once a week (first 4 weeks) — IM
3.0 mg daily for 30 days (PO)
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MW = 4114
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Ligand efficiency (LE):
pIC., + HAC (heavy atom count)

ACD LogD(7.4)

Others:
group efficiency (GE): A plCgy+ AHAC
size independent ligand efficiency (SILE): pICg,+ HAC?3

* Target potency increases with
increasing size _

* Tends to select for more g
lipophilic compound

* Larger LE = better the hit or
lead matter af =P




De-convolute hits from a screening library Hgg\,‘»‘

« percentage efficiency index (PEl): [Cmpd@50% inh]+ MW
- alternative to LE (better accounting for atomic weight)

* binding efficiency index (BEI): pIC;, + MW
- similar to PEI w/ IC,, data

 surface binding efficiency index (SEl): plC,, + TPSA
- normalize for polar atoms

-122 marketed drugs

Drugs dominated

by non-polar atoms
(MW > PSA)

0 5 10 15 20 25 30 35 40 45
SEI

Abad-Zacatero, C. et al Drug Disc. Today, 10(7), 2005, 467.




Lipophilicity Efficiency {3D¥

[cLo_gP vs_rplCSO: a LiPE _plot l

High quality

Lipophilicity Efficiency (LiPE)
or Ligand Lipophilicity Efficiency (LLE)
(LiPE): pIC;y— cLogP

* Battle the proclivity to increase target potency
J by increasing lipophilicity

* Useful for lead optimization




Enthalpy versus Entropy H3D\.w

PIONEERING WORLD-CLASS

H-bond interactions, electrostatic interactions, van der Waals interactions, etc.

Measurable via

AGO = AHO-TASo Isothermal Titration

/ Calorimetry (ITC)

Primarily hydrophobic interactions — due to desolvation




Entropy H3DW

* Tied-ups, tied-backs, tie-dyed, cyclized, constrained,

Cl
Which took more energy to create??? © N %
= S PP g B - 3 S " XN\/KO _—> ([N/QO
™ " N_
QL
N\

N
IC5o = 2000 nM IC59=0.1 nM

Conformationally locked
farnesyltransferase inhibitors

* Both ligands and targets sites become more ordered on association
(binding) — costs associated

* Pre-organization into binding conformations can greatly improve
potency — money in the bank




Propert Forecast Index (PFI) |-|3|3\“

PFl = logD + #Aromatics

PFI = Chrom LogDy . + #Ar rings 350 324 323

250
#oforal 2%
drugs 150

100

0

<3 34 45 56 67 78 89 910 »>10
PFl = Chrom LogD,ms*#Arrings.

Assay / target value

Solubility >200 uM
%HSA <95%
Cyp 2C9 plCsy <5
Cyp 2€19 pICsy <5
Cyp 3A4 pICs, <5
Cline <3 mi/min/kg
Page >200 nm/s

hERG plCs <5
(+1 charge)
Promiscuity <5 hits with
pIC” >5

Young, R. J. Nat. Rev. Drug Disc. 16(17-18), 822, 2011

e Optimal for permeability = intermediate value
* Optimal for potency = intermediate value
* Optimal for all else = go small and go polar




Other composite parameters 3[)\“

ligand efficiency dependent lipophilicity (LELP): clogP + LE
- accounts for price of LE paid in clogP
e polar surface area density (PSAD): MW + PSA
- normalize for PSA going up as molecule size increases
* dose number (Do): Max. Dose + (250 x cLogP x Solubility)
- Lower solubility can follow low dose drug
* ligand efficiency scale (LE_Scale):
0.072+7.5/(HA)+25.7/(HA?)-361.5/ (HA3)
- normalize for small molecules versus larger molecules
* ligand lipophilicity index (LLE,;):
LLE,; = 0.11 —In(10)-RT(log P - pIC;,) + HAC
- subtract out lipophilicity component for AG of binding




Too many (often conflicting) optimizations | 3|g\“
A

(%2]

imultaneous optimization (or mitigation):
Target activity

Cell Permeability

Solubility

Clearance (biliary, metabolic, renal, etc.)
Reactive metabolites

Distribution

Plasma protein binding

Plasma stability
Absorption/bioavailability (oral)
Off-target activity

lon channel binding

Genotoxicity

Hepatotoxicity

Mitochondrial toxicity

Drug-drug interaction (Cyp inhibition,
transporter inhibition)
Cost-of-goods/synthetic feasibility

etc.

Hapless
Drug
Hunter

Activity

VVVVVVVVVVYVYVYVYVYYY

Y VY

All drugs must make some compromises




Multi-Parameter Optimization (MPO) H3D\.“‘

PIONEERING WORLD-CLASS
DRUG DISCOVERY IN AFRICA
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MPO

=2

o
ONEERING W

Target PfNF54 PfK1 S?!u- H-some | p-some Caco-2 Caco-2 TIPS Log
pot. (ic,,) IC5, IC5, bility Cl,; (Mo) | Cl,; (Hu) (A=B) | (efflux)

Weight |2 | 0 | 8 | 0] 7 | 4 | 3 | 6 | 5 | 5 | 3 | 3

A
B
C
D
E
F
G
H

J




MPO

Target PfNF54 PfK1 S?!u- H-some | p-some Caco-2 Caco-2 TPSA Log
pot. (ic,,) IC5, IC5, bility Cl,; (Mo) | Cl,; (Hu) (A=B) | (efflux)

Weight |2 | 0 | 8 | 0] 7 | 4 | 3 | 6 | 5 | 5 | 3 | 3

L
W
M
Y
A
B
F
X
N
D




MPO Excercise H3D\“

Rank order these 4 compounds from best to worse. The aim is to put into an
in vivo mouse efficacy model towards selecting a development candidate

FaSSIF Plasma Bioavail Plasma
Solu- | Cl,, (Mo, Protein

bility

LIl Binding

Low

A 24 32 36 2.6 76 93 100 270
B 8 25 36 3.2 62 86 10 120
C 23 5 3750 13 66 90 10 13

D 1 5 255 19 66 82 30 100
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Parting thought: Rules only make sense
if they are broken. Breaking the rule is
one way of observing it.

Sir Thomas More

English lawyer, judge, social philosopher, author, statesman, amateur
theologian, and noted Renaissance humanist
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