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Last two decades

J. Med. Chem. 2019, 62, 4, 1701–1714
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Last decade

J. Med. Chem. 2021, 64, 5, 2312–2338

J. Med. Chem. 2021, 64, 5, 2339–2381
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Bioorganic & Medicinal Chemistry Letters 29 (2019) 1555–1564

Will these be orally bioavailable

Would we crystallize them

What would the formulations be

PROTAC’s
way beyond rule of 5
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Prodrugs- chemically labile by design

• Over 30 approved in the last decade (‘08-17), representing ~ 12% of all approved small molecules

• Limited stability across physiologically relevant pH range, limited understanding of bio-conversion and 

metabolism

• Complex synthesis, complex solid state, analytical (CMC and bio-analytical)

• Regulatory challenges in setting specs for impurities such as “parent” and other pro-drug type impurities

Nature Reviews Drug Discovery,  (2018) 559-587
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Positioning of Developability earlier in the LO 

Funnel
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Drug Disc Today, Volume 27, Issue 4, 2022, 967-984
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Physics Based Models 
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Beyond End Point Predictions
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Nat Rev Phys 3, 422–440 (2021)
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Utilizing a thermodynamic cycle, solvation

& sublimation energies are calculated

• Ability to qualitatively predict solubility within a series

• Help remove low soluble compounds with ~30 % false negative

FEP R2 = 0.974

Solubility Prediction: Trending and Quantitatively differentiating Structurally 
Related Molecules

• Crystal structure prediction (CSP) to identify energetically 

favorable 3-D crystal packing using 2-D molecular structure

• Global minimum from CSP as input for thermodynamic cycle 

Quick version of CSP to bring efficiency for LO stage
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Structurally related AbbVie Dataset (4 series)

Structurally distinct AbbVie Dataset (17)

Thermodynamic Solubility Prediction before 

Synthesis and Crystallization

Incorporation of Physical Properties considerations in the design cycle

J. Chem. Inf. Model. 2021, 61, 3, 1412–1426
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bR05 Chameleonicity: Towards Improved Passive Permeability

Conformational changes due to intramolecular hydrogen bonding

(IMHB) + alkyl/ aryl shielding of polar groups facilitate permeation
Size boundaries for membrane-permeable molecules

J Med Chem, 2017, 60, 1662−1664
Drug Disc Today, 21, 2016, 713-717

Generation of conformations in polar (aqueous) 

and non-polar (membrane) media and calculation 

of their BW SA 3D-PSA 

Provide information on IMHB, shielding of polarity 

in non-polar media which help improving the  

permeability

A Framework 

to Quantify 

Chameleonic 

Behavior
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depression, abdominal pain, 
irritability, insomnia, injection-
site reaction, partial hair loss

•Ribavirin: hemolytic anemia, 
insomnia, teratogenic effects
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•Genotype 1 (48 wks, 50% 
SVR)

•Genotype 2 (24 wks, 80% 
SVR)
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•HIV co-infected patients (SVR 
< 30%)

•African American patients 
(SVR < 20%)

Hepatitis C Infection- where were we a decade ago
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and Since..

7 approved all-oral 
interferon free direct-
acting antiviral (DAA) 
combination regimens.

Target nonstructural 
proteins responsible for 
replication and infection of 
HCV

Reach SVR12 > 95% 
across all prevalent 
genotypes

SVR12 also reduces 
adverse liver outcomes, 
such as cirrhosis, hepatic 
decompensation, and 
mortality
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Paritaprevir- the molecule

First generation NS3/4A 
protease inhibitor-
discovered by AbbVie and 
Enanta Pharmaceuticals

Approved in 2014 as part 
of 1st gen DAA treatment 
regimen

Among 25 highest 
molecular weight 
approved oral drugs 

Large triaryl 
phenanthridine group 
required for high potency 
in flat and featureless 
active binding site
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Computational Assessment of Chameleonicity

Water  Conformation*   

3D PSA: 201.2 A2

Chloroform Conformation 

3D PSA: 125.1 A2

Exposed Polarities

Alkyl Shielding 

of polarities

Whitty, et.al, DDT, 21, 2016

Measured logD 1-octano/pH 6.8 3.1 

Caco-2 permeability of > 60×10-6 cm/second

EPSA 132 A2

*open conformations ensemble account for 52% compared to 10% in gas phase
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Form I and II-

Conformations and 

interactions

Form I- No IMHB. Two 
intermolecular Hydrogen 
bonded chain motifs, leading 
to H-bonded planes parallel 
to bc plane. Weak π-π 
interactions along c axis 
between Interdigitated 
phenanthridine rings

Form II- IMHB between the 
carbonyl oxygen and the 
sulfonamide N-H. Stacking 
related layers parallel to the 
bc plane related, stabilized by 
weak O∙∙∙H-C intermolecular 
interactions* 

Form I Form II
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* May result in offset between layers, higher 

void volume and lower long-range periodicity

J. Am. Chem. Soc. 2021, 143, 42, 17479–17491



Form I and II-

Differing solid state 

chemical reactivity

In Form I conformation, HOMO 

distribution spreads over double 

bond of macrocycle ring and not 

delocalized on the  sulfonamide 

group. Distance between the 

centers of mass of the 

cyclopropyl-sulfonamide moiety 

and the olefin group is 1.3 Å 

larger than for Form II 

In Form II conformation, HOMO 

distribution mainly delocalized on 

double bond of macrocycle ring 

and sulfonamide group. Electron 

density map indicates 

cyclopropyl-sulfonamide moiety 

and olefin groups can react to 

form the observed oxidative 

impurity. Removal of water 

adversely affects the reaction

Form I Form II
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Dehydration
Form I Form II

Higher RH

Lower RH

Form I exhibits strong host-host 

intermolecular interactions due to 

its lack of IMHB while Form II 

exhibits weak host-host 

interactions but strong host-water 

interactions

Due to weaker host-host 

interactions, Form II more 

amenable for hot melt extrusion 

processing

Form II exhibits hybrid 

stoichiometric and non-

stoichiometric behavior with an 

enthalpically favored 

“stoichiometric regime and 

entropically favored non-

stoichiometric regime consisting 

of ensembles of water bonding 

networks
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Reducing or Managing complexity
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Concluding 

Summary

Screen out developability 
challenges to the extent possible

Some targets can only be 
engaged with complex matter

Early identification of the liabilities

Broader toolkit Co-processed 
API 
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