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Phenyl Bioisosterism – A Solved Challenge?
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■  Phenyl rings engage in numerous different modes of intermolecular interaction
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Diederich, F., Angew. Chem. Int. Ed. 2003, 42, 1210.

Phenyl Rings as Ubiquitous Building Blocks of Life



■  We are exceptionally good at forming phenyl–R connections
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Richard F. Heck Ei-ichi Negishi Akira Suzuki

Diederich, F., Angew. Chem. Int. Ed. 2003, 42, 1210.
The Nobel Prize in Chemistry 2010.

Phenyl Rings as Ubiquitous Building Blocks of Life



Njardarson, J. T., J. Chem. Educ. 2010, 87, 1348.

Phenyl Rings as Ubiquitous Scaffolds of Life
Top 200 Small Molecule Parmaceuticals by Retail Sales in 2018

Over 80% of the top selling small molecule drugs contain at least one phenyl ring.



Phenyl Metabolites and Hepatotoxicity

Bolton, J. L., Chem. Res. Toxicol. 2017, 30, 13.
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Bioisosteres in the Literature
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LaVoie, E. J., Chem. Rev. 1996, 96, 3147.
Meanwell, N. A., J. Med. Chem. 2011, 54, 2529.
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“similar biological properties or close physicochemical attributes without 
the fundamental stipulation that they present a similar shape and size.”

Meanwell, N. A., J. Med. Chem. 2021, 64, 14046.
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“similar biological properties or close physicochemical attributes without 
the fundamental stipulation that they present a similar shape and size.”

Meanwell, N. A., J. Med. Chem. 2021, 64, 14046.

A Most Likely Incomplete List of Proposed Phenyl Bioisosteres

This talk is by no means a complete overview.

Its goal is to give an idea of how challenging it is to predict the the biological 
consequences and efficacy of bioisosteric replacements.

Emphasis will be on a select few more obscure or easily disregarded replacements; 
replacements the group is well familiar with will only play a minor part.
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Is cyclohexyl really that 
useless as a bioisostere?
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A Case Study on β-Secretase Inhibitors

J&J clinical candidate



N

N
NH2

H
N

O

Cl
Et

N

N
NH2

OH

Cl

initial lead
IC50 = 731 uM

core

variable chain

IC50 = 72 uM

Me

Me

N
O

F

O

SAR at Eastern amide

246 uM 243 uM 8.9 uM 7.0 uM > 1000 uM 440 uM 264…340 uM

Hesterkamp, T., Bioorg. Med. Chem. Lett. 2010, 20, 5329.
Reitz, A. B., J. Med. Chem. 2007, 50, 4261.

Cyclohexanes as Phenyl Bioisosteres
A Case Study on β-Secretase Inhibitors



N

N
NH2

OH

Cl

initial lead
IC50 = 731 uM

core

variable chain

IC50 = 7.0 uM

N

N
NH2

H
N

O

Cl
Et

H

Hesterkamp, T., Bioorg. Med. Chem. Lett. 2010, 20, 5329.
Reitz, A. B., J. Med. Chem. 2007, 50, 4261.

Cyclohexanes as Phenyl Bioisosteres
A Case Study on β-Secretase Inhibitors

key C–H-π interaction
d = 3.3 Å

N

Et
H
N

ON

Cl

NH2



Tomassini, J., Antimicrob. Agents Chemother. 1994, 38, 2827.
Cusack, S., PLoS Pathog. 2012, 8, e1002831.
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Carboranes as Phenyl Bioisosteres



Outline

N
H

N
Cl

O N

NH2

FMeF O

N
H

N
Cl

O
N

NH2

Me

N
N

N
N

O

O
F

F

CO2H

OHO

N

Cl

N
N

N
N

O

O
F

F

N

O

CO2H

OH

Cl

acyclic bioisosteres by 
reducing open chain 

flexibility



Balsamo, A., J. Med. Chem. 1989, 32, 1398.

Open Chain Oximes as Phenyl Bioisosteres
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Open Chain Oximes as Phenyl Bioisosteres
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Open Chain Oximes as Phenyl Bioisosteres
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Open Chain Oximes as Phenyl Bioisosteres
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Open Chain Oximes as Phenyl Bioisosteres
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clofibric acid
core of several classes

of PPARα/PPARγ agonists

key stereocenter

dual agonist
PPARα EC50 = 0.22 uM
PPARγ EC50 = 0.48 uM

metabolism?
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efficacy relative to biphenyl:
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PPARγ = 154%

CO2HO
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additional H-bond with 
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complex
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α-Cyclopropyl Carbonyl Compounds

Bradykinin B1 receptor antagonist
Ki = 11.8 nM

Liver Toxicity!

N NH

MeO2C

NH

O
CF3

N NH

MeO2C

NH

O
CF3

S
glutathione

SH
glutathione

P450 3A



O NH

MeO2C

NH

O
CF3

Wood, M. R., J. Med. Chem. 2006, 49, 1231.
Tang, C., Chem. Res. Toxicol. 2005, 18. 934.

α-Cyclopropyl Carbonyl Compounds

Ki = 63.0 nM
significantly lower GSH metabolism

Bradykinin B1 receptor antagonist
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An Analgesia Candidate with Synergistic Activity 

initial lead
µ opioid receptor (MOR) agonist; EC50 = 14 nM

 σ1 receptor antagonist; Ki = 6 nM

cLogP = 4.2
hERG IC50 = 0.4 uM
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An Analgesia Candidate with Synergistic Activity 

advanced compound
MOR EC50 = 65 nM

 σ1R Ki = 43 nM

cLogP = 2.9
hERG IC50 = 3.1 uM
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clinical candidate
MOR EC50 = 52 nM

 σ1R Ki = 118 nM

cLogP = 3.2
hERG IC50 > 10 uM

“reduced behavioral signs 
associated with opioid withdrawal 

following repeat drug dosing”



Phenyl Bioisosterism – A Solved Challenge?
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Our predictive understanding of SAR and bioisosteric replacement is still in its infancy 
but the growing amount of data helps both us and machines to improve.

A growing number of scaffolds (and means to synthesize them) does not just lead to 
better ways to alter physicochemical properties but also to investigate SAR.

There is no “one size fits all” bioisostere.  Different bioisosteres may have varying 
advantages and disadvantages in a given scaffold.  An ideal replacement synergizes 

well with the binding mode. 


