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Outline
• How a medicinal chemist looks at drugs

• annotation
• Target druggability and target choice
• Target tractability can change

• “Stapled Peptides” as an example of new structures
• Do we have tools for larger ligands?
• Redox and thiol filters

• FDA drugs
• Diversity in screening, good or bad?
• General rules and filters
• Biologically active chemistry space
• Academic drug discovery
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Medicinal chemistry annotation

• Start with the structure of a hit. Is it known? 
• What do you see in a substructure search? 
• Try to understand the chemistry. How were the 

compounds made and how might they react?
• What is the pattern in the literature for compounds 

at about 85% similarity
• Look at 10 – 20 compounds and references. 
• This type of annotation is almost impossible to do 

using public domain tools. 



Hedgehog screening – chemistry blog
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Hedgehog screening -PNAS
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Hedgehog screening - my comment

“actives”
 

all commercially available compounds  …. no 
 literature references ………. suspicious
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A profile to avoid
• The structure of a hit appears in CAS SciFinder
• It is a commercial compound with a CAS Registry 

Number but no references
• There are multiple compounds at 85% or better 

similarity
• All the similar compounds are commercially 

available with no literature references
• WARNING FLAG
• This could be a problematic series that proliferates 

because it is a flawed HTS hit series



Hedgehog screening – Alarm filters
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Annotation on 64 HIH tools and probes
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Oprea et al. 
Nature Chemical 
Biology 2009, 
5(7), 441-447.

Red is high 
dubiosity (low 
confidence), blue 
is low dubiosity 
(high confidence)
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Chemical novelty and discovery success
• Biologically active compounds are not evenly 

distributed in chemical space
• Composition of matter patents drive chemistry 

toward greater novelty and away from precedented 
chemistry space

• Greater chemistry novelty tracks with decreasing 
success (greater attrition)

• Modest amount of literature background around an 
HTS hit is a positive
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Not all targets are equal in screening

Reproduced with permission 
from “Targeting signal 
transduction with large 
combinatorial collections”, D. S. 
Auld, D. Diller, K. Ho, Drug 
Discovery Today, 2002, 7(24) 
1206-13.

Size of colored graphic 
= screening success at 
Pharmacopeia
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Targets, ligands and the rule of 5

• Beautiful targets and very do-able
– GPCR’s aminergic
– phosphodiesterases
– kinases

• Difficult targets but still do-able
– GPCR’s peptidergic
– proteases

• Hopeless (or nearly so) targets
– protein protein interactions
– phosphatases
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Target tractability can change

• Protein-protein interactions
–hopeless from an HTS screening viewpoint
–possible with structural biology information

• Scientific advances
–fragment screening
–SAR by nmr and x-ray
–Bcl-2 family success from Abbott
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Protein protein ligand garbage
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Lepourcelet, Maina; Chen, Ying-Nan P.; France, Dennis S.; Wang, 
Huisheng; Crews, Phillip; Petersen, Frank; Bruseo, Charles; Wood, 
Alexander W.; Shivdasani, Ramesh A.  Small-molecule antagonists of 
the oncogenic Tcf/-catenin protein complex.    Cancer Cell  (2004),  
5(1),  91-102.
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Protein protein ligand ABT-737

Bruncko, Milan; Oost, Thorsten K.; Belli, Barbara A.; Ding, Hong; 
Joseph, Mary K.; Kunzer, Aaron; Martineau, Darlene; McClellan, 
William J.; Mitten, Michael; Ng, Shi-Chung; Nimmer, Paul M.; 
Oltersdorf, Tilman; Park, Cheol-Min; Petros, Andrew M.; 
Shoemaker, Alexander R.; Song, Xiaohong; Wang, Xilu; Wendt, 
Michael D.; Zhang, Haichao; Fesik, Stephen W.; Rosenberg, Saul 
H.; Elmore, Steven W.  Studies Leading to Potent, Dual 
Inhibitors of Bcl-2 and Bcl-xL. Journal of Medicinal Chemistry  
(2007),  50(4),  641-662.



BCL-2 inhibitor compound in phase II
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ABT-263,  CAS 923564-51-6, MWT 974 



Why is ABT-263 orally active???
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Bioavailability is 20-50% depending on formulation



Protein interaction targets: Stapled Peptides 
peptides
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Stapled peptides - importance?

• “Stapled Peptide drugs represent the first 
general solution for modulating intracellular 
protein-protein interactions. As such, 
Stapled Peptide drugs offer a unique 
opportunity to exploit potentially thousands 
of currently “undruggable” targets across all 
human diseases, Aileron says”
Drug Discovery News, July 2009, page 3.
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BIM SAHBA, biology & chemistry view

“BAX activation is initiated at a novel interaction site.”
 

Gavathiotis 
 E. et al., Nature (London) 2008, 455 (7216) 1076‐1081
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BIM SAHBA in Prous Integrity®

You can export data in *.sdf 
 format from Prous Integrity®. The 

 sdf file format allows import into 
 software that reads in chemical 

 structures. From the sdf file you 
 can create an *.mol file that can 
 be imported into CAS SciFinder®.
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CAS SciFinder®
 has no exact 

 match for BIM 
 SAHBA.

CAS 852236‐10‐3 
 is the closest 

 structure at 98% 
 similarity to the

BIM SAHBA 
 structure 

 retrieved from 
 Prous Integrity®.

Closest SciFinder match to BIM SAHBA
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Nature Chemical Biology
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Nature Chemical Biology directly deposits chemistry 
structures as SID’s to PubChem. As of Aug 9 there were 3841 
SID’s. The highest MWT was 2020.

I easily downloaded all 3841 PubChem records as a machine 
readable *.sdf file. Batch mode operations are a big plus to the 
user but curation is likely to be an ongoing problem.



SiRNA there are no chemistry tools
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Do we have the best tools?

• If chemistry drug discovery really moves 
more into structures with size in between 
small molecules and biologicals: Do we have 
the best tools?

• MWT 4000 tools OK, MWT 14000 hopeless
• Will more journals deposit structures?
• My short experiment with BIM SAHBA 

points to the importance of user input?
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Industry filters vary a lot

• Pfizer –lint
–likely the strictest filters in big pharma

• Glaxo
–compounds to avoid – very loose

• Abbott – Alarm NMR
–possible HTS problems due to Redox problems
–a continuum rather than binary filter
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Abbott Alarm NMR filters
Filters detect 

 from 100% to 
 3% of 

 compounds  
 causing thiol 
 perturbation 
 problems. 

Up to the user 
 to set an 

 acceptable 
 threshold

Huth J. R. et al. J. Am. Chem. Soc., 2005 127, 217‐224
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Alarm NMR fail on 740 FDA Drugs
CHEMISTRY smartsfilter_matches smiles fail(#) F (%)

ACEBUTOLOL Oc1[a;R1][a;R1]a[a;R1][a;R1]1 () c1ccccc1O 46 10
Acetohexamide S(=O)(=O)N () S(=O)(=O)N 44 8
Azithromycin [o,O;R1][c,C]=O () O=C1CCCCO1 32 17
6alpha‐Methylprednisolone C=CC(=O)[c,C] () C=CC(=O)C 30 42

5‐(N,N‐dimethyl)‐Amiloride
[N;!$([N+]);!$(NC=[O,N])]c1[a;R1][a;R1]a[a;

 
R1][a;R1]1 () c1ccccc1N 29 10

Acetophenazine
[c,C;!$(C=O);!$(C=N);!$(C=S)][S;!$(S=O)][c,

 
C;!$(C=O);!$(C=N);!$(C=S)] () CSC 26 23

(‐)‐Epinephrine [OH]a1aaaaa1O () [OH]c1ccccc1O 21 22
Amlodipine C=CC(=O)O[c,C] () C=CC(=O)OC 14 20
Ampicillin C1CSCN1 () C1CSCN1 14 30
Almotriptan csc () c1sccc1 14 19
AZTREONAM Nc1nccs1 () Nc1nccs1 14 30
ANISINDIONE c1ccccc1[C;R1](=O)[c,C] () c1ccc2C(=O)CCCc2c1 13 23
ACETYLCYSTEINE [#6;!$(C=C);!$(CO);!$(CN)][SH] () [SH] 10 34
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Adjusting Alarm NMR filters

• FDA approved 740 drug data set
• Most failures are where F(%) < 30
• Suggests using filters where F(%) > 30

–ie. filter only the really bad actors
• Moiety thiol reactivity values exist
• Suggests idea generation for thiol proteases
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Worst Alarm NMR moieties

100%                85%            85%                 66%

60%                 60%             55%                 50%
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31

Bad chemistry: aggregation false 
positives in HTS assays

Remove these types of 
compounds from any assaysThese looked good to 

PHARMACIA screeners
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Nice chemistry: topology in DOS libraries
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Chemistry pattern recognition
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Screening - what is the goal?

• Target validation
–tool like compounds
–relaxed chemistry criteria permissible
–chemical biology

• Drug discovery
–lead-like or drug-like compounds
–strict chemistry criteria necessary
–needs pharma skills
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Target validation versus drug discovery
• Use a chemical tool to probe biology

–relaxed chemistry criteria permissible
–chemical costs go down
–50,000 or fewer compounds in HTS

• Drug discovery
–strict chemistry criteria
–cost as high as $200-400 for 15 mg compound
–500,000 compounds in an HTS
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Tools for target validation

• Selectivity is paramount
• Covalent functionality can be OK
• But in a complex structure

N

O
Cl

O

N

O
Cl
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Questioning diversity

• How many targets are there?
• 20,400 genes, 106 proteins
• How many MWT 500 cpds in a human?
• 200 moles  x 6.02 *1023  =  1026

• Diverse compounds = 1060

• Compounds / targets = 10-34 (1 hit / target)
• Compounds / targets = 10-25 (1 billion hits/ 

target)
• Truly diverse library should never give a hit
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True diversity does not exist

• HTS does indeed find hits
• True diversity does exist in silico
• True diversity does not exist experimentally

–chemistry success bias
–reagent access bias
–people selection bias

• Involve medicinal chemists in screening 
library choices
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Sparse activity in chemistry scaffold space 

Quest for the Rings. In Silico Exploration of Ring 
Universe to Identify Novel Bioactive Scaffolds, Ertl et al. 
J. Med Chem., (2006),  49(15),  4568-4573.
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Sparse oral activity in property space

Global mapping of pharmacological space. Paolini et al., 
Nature Biotechnology  (2006),  24(7),  805-815.



Why is biologically active medicinal 
chemistry space so small?

• Medicinal chemists are unimaginative?? NO
• Biological systems are designed to be robust and 

resistant to modulation
• Nature is conservative – motifs are re-used
• Protein folding motifs are limited
• Protein energetics are balanced for signalling
• Critical pathways are limited
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Examples of structural filters
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Filters for reactive functional groups

GSK compound quality filters
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Filters for unsuitable natural products

GSK compound quality filters



Complete filters are publically available
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Filtering and HTS common sense

• Filter enough to avoid HTS false positives
• Allow “flawed” compounds in screen if:

–compound is not an HTS false positive
–compound flaw is fixable in chemistry
–people discipline exists to fix the flaw
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Rational  design of small - 
molecule inhibitors of the 
LEDGF/p75 - integrase 
interaction and HIV 
replication. Nature Chemical 
Bi ology  6,  442–448  ( 2010)



Filtering and clinical common sense

• Clinical results are most important
–drugs are used today that would fail filters

• Experimental results come next
–drug-drug interactions 
–drug-transporter interactions

• Rules and filters are important early on 
especially if one has none of the above

• Efficacy versus safety balance is changing

Louvain Drug Research Institute Mini Symposium June 16, 2010 47



Academic Drug Discovery

• Rapid growth in academic drug discovery
–10% academics at 2004 SBS meeting
–35% academics at 2009 SBS meeting

• Academic drug discovery proven success
–academic biology is the core strength
–competent medicinal chemistry
–access to associated disciplines
–competent project planning
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Science + planning = success
• Wellcome Trust’s Seeding Drug Discovery
• “A common element is that each project is 

supported by a research steering committee 
that includes a business development 
manager from the Trust, as well as 
independent advisors.”
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Nature Reviews Drug Discovery 9, 178-180 (March 2010)
News Feature: A Wellcome experiment in seeding drug 
discovery
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