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Bleeding disorders at AZ – CVMD 

Reduce blood-loss – virtual screening example (Case study 1) 
following surgery and trauma and to treat heavy menstrual bleeding 

Prevention of thrombosis – scaffold hopping example (Case study 2) 
Thrombosis is the formation of a blood clot inside a blood vessel, obstructing the flow of blood 

through the circulatory system. May cause stroke and sudden death. 



Potent Fibrinolysis Inhibitor Discovered by Shape 

and Electrostatic Complementarity to the Drug 

Tranexamic Acid 

(Part 1) 

EuroCUP VI, May 15-17, 2013, Amsterdam, Netherlands  

Tranexamic Acid 4-PIOL 



The Mechanism: Protein-Protein Inhibition 

The normal fibrinolytic system.  
(A) Plasminogen (Plg) initially binds with 

kringle 1 (K1) to fibrin.  

(B) Plasminogen unfolds and is activated 

by tissue-plasminogen activator (tPA) 

to plasmin,  

(C) which cleaves fibrin to fibrin 

degradation products (FDPs) 

(D) The intervention of the system with a 

small molecule.  

 

Two small molecules, TXA and EACA, 

exert their effect by inhibiting the protein-

protein interaction between plasminogen 

and fibrin. 



Project goal: identify novel compounds which can be given at lower doses and less frequently 

than TXA, by improving some combination of the efficacy, bioavailability and clearance. 

Two Fibrinolysis Inhibitors on the Market 

TXA and EACA are well-established clinical agents used to reduce blood-loss following 

surgery and trauma and to treat heavy menstrual bleeding, mild haemophilia and certain 

forms of von Willebrands disease 

 Tranexamic acid (TxA)    EACA 

However, these existing medicines have modest potency and non-optimal pharmacokinetic 

properties leading to inconvenient dosing (2-4 doses, up to 6 g per day, for TXA the most 

potent agent). Associated side-effects are also nausea and vomiting.  

 

This clearly limits their use and there is consequently an unmet need for new inhibitors of 

plasminogen with a more convenient dosing and a more acceptable side-effect profile. 

Lysine analoges:  



Crystal structure of TXA in complex with the 

recombinant kringle-1 domain of human 

plasminogen available… 
pdb: 1ceb (TxA) 
pdb: 1cea (EACA) 

Why not docking...?  

Prominent electrostatic features 

...and recently developed “ItsElectric” 



Electrostatic comparison program 

Note. ItsElectric and EON are based on the same toolkit (ZAP) and theory (PB electrostatic potentials). 

http://lg_cc.seml.astrazeneca.net/tools/itselectric/index.html


Low-throughput assay for testing putative blood clotting agents; select a small set of cpds. 

Shape-based screening not sufficiently discriminatory due to simple molecular framework of TXA.  

At the time, pre-filtering was a necessity (ItsElectric not fast enough back then).  

Various similarity searches (FP, MCSS) using 10 ref cpds. 

De-crapping and visual inspection 

Virtual Screen Strategy 

http://lg_cc.seml.astrazeneca.net/tools/itselectric/index.html


 1. ItsElectric consideration – Model neutral states… 

Ionization state is an important factor in calculating the electrostatic potential field associated with a molecule.  

The pragmatic decision that the calculations should be run using neutral forms of all molecules was taken.  

 

For the following reasons: 

1.  Molecules that have similar electrostatic characteristics in their neutral forms, often share similar 

characteristics in their ionized forms [Churchill]. 

2. Difficulties in accurately assigning correct ionization states to a large collection of molecules by calculation.  

3. The atoms bearing the charge has a tendency of dominating electrostatic comparisons 

(making the method less sensitive to subtle atomic changes in other areas on the molecule) 

4. Comparisons between molecules of different ionization states are challenging.  

the electrostatic potentials 

for TXA, in its zwitterionic 

state, and 4-PIOL, in its 

positively charged state.  

Naylor, E.; Arredouani, A.; Vasudevan, S. R.; Lewis, A. M.; Parkesh, R.; Mizote, A.; Rosen, D.; Thomas, J. M.; Izumi, M.; Ganesan, A.; Galione, A.; Churchill, G. C.  

Identification of a chemical probe for NAADP by virtual screening. Nature Chem. Biol. 2009, 4, 220−226.  

pKa’s? 



2. ItsElectric consideration: TanimotosElect cut-offs  

Running TXA against a 10k subset of molecules of similar size present in the MDL Drug Data 

Report (MDDR) the mean TanimotoElec was found to be 0.08, with a standard deviation of 0.04 

(for neutral compounds) 

Perfect correlations between similarity value and biological response are not to be expected. The 

main purpose of VS is ranking (to maximize the odds of finding true positives). Compounds with 

TanimotosElect > 0.2 (in our experience) corresponds to useful similarity. 

(neutral species) 
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Results 

68 cpds screened – only one hit (but what a hit!)  

 

The potency of the lead compound 4-PIOL was found to be four times that of TXA, the current 

drug widely used in the clinic. Surprising that such an active compound from such as a small set 

of measurements was discovered. 

VS 

Clot-Lysis plasma assay 0.8 µM Clot-Lysis plasma assay 3.1 µM 

Remaining compounds selected were either weakly active or inactive. 



ItsElectric Alignment – Retrospective “Docking” 

The well-defined shape of the binding site is clear, with both ligands filling the binding site. 

 

Visual inspection of the hydrogen-bonding network in the ligand−protein complex indicates that 

4-PIOL and TXA bind in their zwitterionic forms.  



Initial SAR: Tetrazole Analog 

Replacement of the hydroxyisoxazole of 4-PIOL with 

tetrazole – the commonest carboxylic acid isostere 

 

Tetrazole cpd’s pKa values (4.3 and 10.7) very similar 

to TXA and 4-PIOL, but had no measurable activity in 

either of the Clot-Lysis assays.  

 

Lack of biological activity is partly accounted for by 

inspecting the electrostatic, which shows a clear 

similarity between TXA and 4-PIOL, but not as apparent 

for the tetrazole analog. Tetrazole “shorter” as well. 

 

Quantified by TanimotoElect values – different 

electrostatic characteristics can be used to discriminate 

and rationalize their biological activity.  

 

Tetrazole is an imperfect surrogate for carboxylic acid. 

Very few similar compounds to 4-PIOL* available internally and externally 

”polar linker” 

6.3Å (vs 7.8Å) 



Initial SAR: Selectivity towards GABA-A 

4-PIOL Structure published already in 1991, a low-efficacy partial GABA-A agonist.  

Furtmüller have attributed side effect (convulsions) of TXA to a GABA-A antagonistic effect. 

 

Initial check for putative parallel structure-activity relationships between GABA-A and plasminogen 

• lipophilic 4-substituted analogs generally display increased affinity for the GABA-A receptor  

• phenyl-substituted analogue 4-phenyl-5-piperidin-4-yl-1,2-oxazol-3-one was acquired and tested 

• found to be inactive in the Clot-Lysis assays, indicative of differences of the binding sites of the two proteins.  

 

This information provided us confidence for achieving the goal of selectivity. 

A related case 
5.5 times more potent 

GABA  33nM

GABA  6nM

Clot-Lysis assays >100µM 



Profiling 

The lipophilicity of 4-PIOL was determined to be low (log D < 0), an atypical liability. 

 

Hydrophilicity can be disadvantageous, mainly due to poor cell permeability (Caco-2), 

resulting in unfavorable drug metabolism and pharmacokinetics (DMPK) characteristics 

in general and suggestive of difficulties with creating a successful oral formulation 

The pKa of the basic amines in TXA and 4- PIOL are similar (9.7 and 10.5), 

and that the acid pKa’s are nearly identical (4.1 and 4.0).  



Modelling neutral states… 

Experimental determination of the pKa of the acid and base functions in the molecule confirms some aspects 

of the inferred electrostatic similarity.  

 

Calculated (ACD/pKa DB program) and experimental values were in disagreement.  

The 1,2-oxazol-3-ol fragment in 4-PIOL was not calculated to be acidic (enol pKa 8.07, keto pKa = 12.4).  

 

This highlights difficulties in assigning correct ionization states for heterocycles by computation, as well as 

supports our current approach of modeling all compounds in their neutral state 

the electrostatic potentials for TXA, in its zwitterionic state, and 4-PIOL, in its positively charged state.  



Project fast to clinic, halted due to strategic portfolio considerations* 

* Main concern over commercial value especially after Lysteda launch in USA (Lysteda is TxA in a sustained slower-release formulation) 

Challenging synthetic chemistry issues were solved. 

 

Analogs to 4-PIOL selective against GABA-A, with good cell permeability and retained potency 

with respect to plasminogen inhibition were obtained.  

 

Observed by a “methyl-scanning” exercise as well as for another in-house series of compounds. 

That is, overlaying structures of different series indicates that substituent in alpha position of the 

basic nitrogen (2’-position) was important. 

Lead optimization 



Reproducing… 

• The rank order result s obtained by ItsElectric can readily be reproduced by EON 

• VS results were generated with old OMEGA (v1.8). Challenging to reproduce with OMEGA v2.1.0. 

Current version of OMEGA places hydrogens (on nitrogens in this case) "somewhere reasonable” .  

For example, OMEGA places the N-hydrogen differently for two very similar structures.  

This behavior will have downstream effects – EON calcs.  

TXA (X-ray) 

4-PIOL (OMEGA v2.1) 

aromatic aliphatic 

Room for improvements – the rigid-fit molecular alignment is one; another factor is the assumption 

that partial charges are conformationally invariant. 



Summary, part 1 
• 4-PIOL was identified as a 4-fold more potent fibrinolysis inhibitor than TXA using a low throughput 

screen where the compound selection was made using computational techniques. 

 

 

 

• The key computational approach to our contribution for finding the right lead compound was shape and 

electrostatic comparisons between molecules.  

 

• We have found that for biological targets for which there is a well-validated assay with high signal and 

little noise, shape and electrostatic comparisons facilitates minimal experimental screening to discover 

novel lead structures. 

 

• It is clear that the computational approach described in the present work identified a non-trivial 

bioisostere of TXA as a high quality lead for a subsequent lead optimization program.  

 

•  It is difficulty to accurately assigning correct ionization states to a large collection of molecules, 

supporting our current approach of modeling all compounds in their neutral state. 

 

• 4-PIOL served as an excellent starting point for subsequent lead optimization. 

 



Prevention of thrombosis (Part 2) 

Current anti-platelet treatments 

 

• Aspirin is the most widely used anti-platelet therapy.  

However, the use of aspirin is associated with an increased bleeding risk, and part of the 

population shows variable degrees of aspirin resistance 

• Clopidogrel is an irreversible antagonist of the P2Y12 receptor that gives better risk reduction 

compared to Aspirin 

• Brilinta (Ticagrelor) proven to have superior inhibition profile compared to Clopidogrel.  

 

 

The P2Y12 receptor plays central role in platelet aggregation (blod-cloths) – inhibiting the 

effect of ADP on the P2Y12 receptor significantly inhibits platelet aggregation and thereby 

prevents the formation of  thrombus. 



HTS – an interesting series 

”Piperazinylpyridines” as P2Y12 antagonists 

 Cluster of 16 compounds 

 Affinity range for compounds binding/GTPgS >33-0.17/0.28 µM 

Easy chemistry – library design 

Bach et al. ” “A novel series of piperazinyl-pyridine ureas as antagonists of the purinergic P2Y12 receptor”, ”Bioorg. Med. Chem. Lett. 21 (2011) 2877–2881. 
Bach et al. “Synthesis, SPR and PK Evaluation of Ethyl 6-Aminonicotinate Sulfonylureas as Antagonists of the P2Y12 Receptor”, Eur. J. Med. Chem, accepted 

Emerging SAR – substituent varitions on pyridine and phenyl (160 cpds) 
 



Ethyl ester replacements 

• carboxylic esters are frequently metabolically instable due to their esterase-catalyzed 

hydrolysis to form the corresponding carboxylic acids, which may have pharmacological 

properties that are very different from those of the parent esters (in the present series 

the carboxylic acids had no or significantly lower potency on P2Y12) 

 

• compounds with carboxylic acid functionalities can be associated with DMPK and 

toxicity issues 
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A potential liability of these compounds was their generally high in vivo clearance  

due to hydrolysis of the ethyl ester functionality. 



Design strategy 

– ranking based on ETan and STan 

Replace ethyl ester functionality by hydrolytically stable 5-membered heterocycles?  

 

1st Round. Around 20 five-membered heterocyclic systems, that were considered 

synthetically attainable, were evaluated.  

 

Classified in 3 categories based on shape and electrostatics similarity to ethyl ester.  

Nine compounds made and tested.  

 

Prioritizing compounds is part of project work… 

“good”  

+1 

“mediocre”  

+4 

“bad”  

+ a few 



Results – ranking based on ETan and STan 

Table 1. ItsElectric rank, binding affinity, potency in GTPgS assay, for the 

ethyl ester 2 and its replacements with 5-membered heterocycles. 

correctly suggesting that the 5-methyl-oxazole was a better 

replacement for the ethyl ester than the 4-methyl oxazole 

Higher affinities were obtained with ethyl esters compared to their corresponding methyl esters.  

Conformations where possible ring-substitutents overlayed with the ethyl moiety selected 

weak  

H-bond 

acceptor 

strong 

H-bond 

acceptor 



The potential metabolic instability of ethyl esters was addressed with a design strategy in which ranking 

by shape and electrostatics complementarity with the ethyl ester functionality was used. 

 

A range of 5-membered heterocycles were synthesized and tested at P2Y12 

 

Hydrolytically stable 5-methyl and 5-ethyl-oxazole derivatives of 6-amino-nicotinic acids were identified 

as P2Y12 antagonists.  

 

The physical nature of the shape and electrostatic similarity approach ensured that a non-obvious 

substructure change could be incorporated to mimic the behavior of the ethyl ester functionality.  

 

Not likely that other commonly used similarity measures (FPs, MCSS), would have predicted the oxazole 

fragment as similar to the ethyl ester, let alone correctly suggesting that the 5-methyl-oxazole was a 

better replacement for the ethyl ester than the 4-methyl oxazole. 

 

The 5-ethyl-oxazole analog with low in vivo clearance, and the levels of clearance and bioavailability 

made the oxazoles series attractive compounds for further development. 

Summary, part 2 
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