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Exploring macrocycles for protein-protein interaction 
targets: the discovery of novel bifunctional XIAP antagonists 
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The rise of the macrocycle 

Nat Rev Drug Discov 2008, 7(7), 
608-624 

J Med Chem 2011, 
54(7), 1961-2004 
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Growth in ómacrocycles in 
drug discoveryô 
publications 1995-2015 
SciFinderTM 



Extended-binding sites - PPIs 

Å Discrete, concave binding site  

Å Known small-molecule starting points 

Å Limited opportunities for drug 

discovery remaining 

Targets with compact binding sites 

Macrocycles ideal to address extended-
binding site targets 

Å Large interface, multiple interactions 

Å Evolved to selectively recognize 

protein/peptidic substrates 

Å Not readily addressed by small (Ro5) 

molecules 

Å ~80% of disease targets possess 

extended binding regions 

Å Huge medical need and opportunity 
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10,000 to 500,000 MW 

Macrocycles - exploiting new chemical 
ǎǇŀŎŜ ΨǎƳŀƭƭ ƳƻƭŜŎǳƭŜ ōƛƻƭƻƎƛŎǎΩ 

Macrocycle 

óEnsemblinsô 

Å  Great affinity for extended 

binding domains 

Å  Poor cell permeability and oral 

bioavailability 

Å  Limited affinity for extended 

binding domains 

Å  Good potential for cell 

permeability and oral 

bioavailability 
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Macrocycles exhibit binding affinity and selectivity comparable to biologicals 
in a drug-like, small molecule package ς but with MW above 500 

Antibody 

KD = ~300 pM 

835 Å2 surface area 

MW 150 kDa 

Macrocycle 

KD = ~600 pM 

136 Å2 surface area 

MW 800 Da 

Can macrocycles do what biologics do? 
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IL17 Compound KD (nM) ka (M*s-1) kd (s-1) Dissoc t1/2 (min) 

E-35762 0.6 5.0E+05 3.00E-04 38 

E-35018 4.3 1.9E+04 8.10E-05 142 

E-36434 0.2 1.5E+05 2.8E-05 405 

Secukinumab 0.09 4.1E+05 3.8E-05 304 

Macrocycles ƘŀǾŜ ΨŀƴǘƛōƻŘȅ-likeΩ binding 
kinetics - moderate on- and very slow off-rates 

Secukinumab values from EP1776142 

Biacore 
Sensogram 
of E-35762 
ς an IL17A 
antagonist 
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Many macrocycles are already marketed 

Å68 macrocycles are marketed 
ïHalf are anti-infectives 

ï10 are for oncology 

Å19/68 are orally bioavailable 
ï15 are anti-infectives (many 

macrolides ς e.g. erythromycin) 

ï4 for immunology (e.g. 
rapamycin/ tacrolimus) 

ÅCyclic peptides are generally 
not orally bioavailable 
ï29/30 are parentally 

administered 

ïOnly one is orally administered 
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erythromycin 

rapamycin 
tacrolimus 

2014, 57 (2), pp 278ï295 
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Cyclosporin ς the only orally bioavailable 
marketed cyclic peptide 

X-ray crystal 

structure - 

maximized 

intramolecular H-

bonding 

Structure in water ï 

minimized 

intramolecular H-

bonding 

Å MW 1203 but orally bioavailable cyclic 
peptide 
ï (11 aa - 7 methylated amides) 

Å High degree of amide methylation 

Å Conformational flexibility is critical feature 

8 

Only one H-bonded conformation but 

many water-soluble conformations 
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Macrocycle Advantages: 
entry to drug-like non-Lipinski space 

Å Macrocycles present a large surface area to bind to featureless targets 
(e.g. PPIs) 
ï reach between isolated hot spots 
ï larger size to provide target selectivity 

Å Cell permeability and oral bioavailability enhanced by: 
ï controlling lipophilicity 
ï managing hydrogen-bonds (N-methylation, intramolecular H-bonds) 
ï minimizing cross-sectional area 

 

Can we use these insights to design synthetic macrocycles with drug-like 
properties? 
 

Applying this philosophy to tough PPI targets: 

 IL17A antagonists 

 XIAP inhibitors 
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9ƴǎŜƳōƭŜΩs integrated discovery platform 

Affinity-based 
selection assays 

DNA-Programmed 
Chemical Synthesis 

Large Diverse 
Libraries 

Next generation sequencing 
and informatics provides 
comprehensive SAR 

Individual compounds made 
on mg scale (no DNA) 

Biochemical, biophysical,  
cell, and in vivo evaluation 

Lead series 

Compound 
synthesis 

DPC library 
synthesis 

Hit 
validation 

Lead 
optimization 
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XIAP is a key mediator of apoptosis 

Death 

receptor 

Extrinsic pathway Intrinsic pathway 

Fas or TNF 

Caspase-8 

Caspase-9 

Caspase-3/7 

Cytochrome c 

Apoptosome 

Bax 
BID 

XIAP 

Smac 

Apoptosis/programmed 

cell death 

Å XIAP prevents apoptosis by 
sequestering key caspases 

ï BIR2 domain binds 
caspases-3 and -7 

ï BIR3 domain binds 
caspase-9 

Å Both domains naturally 
inhibited by pro-apoptotic 
endogenous Smac peptides 

Å Significant recent effort in 
finding small molecule 
mimetics of Smac N-
terminal tetrapeptide, AVPI 
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Smac was starting point for Ensemble 
macrocycle library design 

Resulted in 

library design 

Library ELC 

5 (P5) x 20(P4) x 20(P2) x 4(P2) x 20 (P1) 

 = 160,000 macrocycles 

 

4 mixtures of 40,000 compounds each (ELC 1-4) 

Minimal functional Smac 

peptide sequence (AVPI) 

from N-terminus 

Smac peptide mimetics linked P2 to P5 

P1 P2 P3 P4 
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Pre-selection Mixture 

(Library Pool) 

Screening assay reveals hit compounds through 
sequencing DNA tags 

Affinity-Based 

Screening 

Post-Selection 

Mixture 

Signal Amplification 

and Compound ID 

= 

= 

= 

= 

Frequency of tag sequence in Post-selection mixture 

 Frequency of tag sequence in Pre-selection mixture 
= Enrichment 

5b! ά.ŀǊŎƻŘŜέ 
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Initial library screened against both BIR domains 

ELC1  

ELC2  

Å Hits observed for BIR3 but not for BIR2 

Å Key example compounds remade using conventional synthesis - 
without DNA conjugation 
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