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®* Underpinning concepts developed in the 2000s — complexity, ligand efficiency

® Success has led to increased use

* Different aspects of FBLD are on different parts of this curve
* And in different organisatiions

Inflated

Expectation expectations

Slope of Plateau of
Enli .

Technology Trough of
Trigger Disillusionment
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® Final remarks




e Off-rate screening for fragment to hit optimisation

® How to approach non-conventional targets
¢ What is a non-conventional target?

® Methods for determining binding mode

® |ssues — assays, plasticity, compound properties, 3D

® Final remarks




Fragments 2009 talk

NMR Competitive
Binding Experiment

/V

Wet assay Q&“»

Fragment Library

l*:hubbard et al (2007), Curr Topics Med Chem, 7, 1568
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Chk-1 ICg, >100pM
LE ~ 0.39
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Fragments 2009 talk

Chk-1 I1C, = 5pM

LE =0.39

Glg, HCT116 >80uM
pH2AX (MEC) — inactive
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Fragments 2009 talk

Chk-1 ICg, = 0.2uM

LE = 0.33

Gls, HCT116 = 4pM

pH2AX (MEC) = 7uM .
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Fragments 2009 talk

Chk-1 IC, = 0.013pM
LE = 0.39

Gl., HCT116 = 1.8uM
pH2AX (MEC) =0.2uM

Series members further optimised
18 to identify Candidate V158411
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Fragment Evolved fragment

VER-26734 VER-52959

FP IC4,>5mM FP IC5,=535uM ) ) )
irtual Screening Hit

| OEt
X 7 VER-45616
N FP IC5,=0.9uM
“ |
N

VER-41113
FP ICy,=1.56uM

Virtual Screening Hit Vernalis Phase Il candidate (FBLD

/ SBDD derived)



Fragments 2009 talk

21



Fragments 2009 talk

22
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binding to the protein — SPR and Xray




Fragments 2009 talk

to the protein — SPR and Xray

® Designed 3D fragment — progressed multiple series < 100nM
on target showing cellular activity




e Off-rate screening for fragment to hit optimisation

® How to approach non-conventional targets
¢ What is a non-conventional target?

® Methods for determining binding mode

® |ssues — assays, plasticity, compound properties, 3D

® Final remarks




_LJ__IL}I_“U_"}_AJ“_A__

3 o1
] | __lv axia4ia1s

e Wi e e ¥ et
o s ' e

Characterisation

Optimise fragment

Fragment to hit :

SAR by catalog 1
off-rate screening

=L xayornwe

26 Design, Build & Test o o guided model




* “Wet” assays can work sometimes

® But high concentrations can confound the assay

® Thermal melt methods unreliable

® For non-conventional targets (such as protein-protein):

® Many issues

® QOverbinding, problems due to properties of compounds and target

® Cross-validate binding by different techniques




® kinases with unusual binding sites

® protein-protein interaction targets
* novel classes of enzymes in large multi-domain complexes




* (when crystal structures / good models available)

®* The main issues are organisational and cultural
® Discuss !!
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® As have others (review Copeland, Future Med. Chem. 3(12), 2011)




® As have others (review Copeland, Future Med. Chem. 3(12), 2011)

Dissociation - K

Resonance
Signal (RU)

® Surface plasmon resonance — a way to measure kinetics
* FOCUS ON THE Off-RATE - k




* As have others (review Copeland, Future Med. Chem. 3(12), 2011)

* |ndependent of concentration

* Exploit this to assess unpurified reactions, off-rate screening (ORS)
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®* Minimal work-up
® Evaporate, partition
® Purity 50 — 80 % (LCMS)

® Screened by ORS
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DMF / H,O
N7 O\/ 2
)l\/
H,N N S o

NaHCO,
Pd(Ph;P),Cl,

100 °C Microwave A: Pure starting material
10 min B: Faux reaction

.. C: Purified product
®* Minimal Work—up , D: Crude reaction

® Evaporate, partition
® Purity 50 — 80 % (LCMS)

® Screened by ORS




Crystal structure of tankyrase available in 2007

2RF5 3UH4

Structural Genomics Novartis (2012)
Consortium (2007)




Crystal structure of tankyrase available in 2007

At Vernalis:

Initially — low levels of protein production — insufficient
material for fragment screen by NMR

Able to produce large numbers of apo-crystals that
preliminary trials showed were suitable for ligand soaking




|

Streamlined
structure solution

62 hits from 1563

fragments

Characterised by
SPR and TSA




® X-ray crystallography
* SPR (ORS), DSF
* Medicinal Chemistry

®* Properties
®* 5nM vs TNKS2, high ligand efficiency (0.60)
* Affects PD markers in cells (stabilises Axin2, inhibits WNT pathway)

®* Tools to probe the biology

41



DCA - 2g8h

Pfizer — 2bu7

E2 / L2 site

AZD-7545 - 2q8g

Novartis — 2bu5

ATP site — 2g8i



® Can identify PDHK selective compounds

®* And HSP90 selective compounds

10 30 50 70
VER-00236030
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* Experiments can be filtered to reveal just the interactions
between protein and ligand

Unfiltered
NOESY
- All NOEs




* Experiments can be filtered to reveal just the interactions
between protein and ligand

Protein/ligand

Filtered
NOESY

- Intermolecular
NOEs

Unfiltered
NOESY
- All NOEs




* Experiments can be filtered to reveal just the interactions
between protein and ligand

* Have developed leads from fragments using NMR models

® High affinity ligands give X-ray structures that confirm model
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8%

€ | ow hit rates (< 2%)
€ High hit rates (> 2%)

Q
©
b : o . *
£ 49 | protein-protein interaction ’,
j (0.4-3% hit rate)
5 3%
g
2% A
0
4 \ @ \
0.0 0.2 0.4 0.8 1.0 1.2 14

Ligandability calculated from structure (DScore)

® changes dramatically as ligands explore available
pockets / flexibility
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e Key was biophysical assays to assess cell penetration
and compound aggregation
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20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Time after tumour inoculation (days)

-E- Compound 3 50 mg/kg
- Compound 3 100 mg/kg
-H- Compound 4 50 mg/kg
& Compound 4 100 mg/kg
-m- ABT-263 50 mg/kg

- ABT-263 100 mg/kg
- Control (untreated)

¥ Treatment schedule (per os)
(Twice a week)
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® Low hit rates (< 2%)
@ Linh hit eate y

protein-protein interaction
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* Most of the fragments are flat heterocycles
® This is fine for some targets (kinases, ATPases)
® Perhaps limiting for other (new) target classes

® Some initiatives underway to introduce more 3D

fragments
* The challenge will be synthetic tractability
* A York initiative




pharmacophores
® Shape measured by principle moments




looking pharmacophores

® Project underway to explore the chemistry
®* Generate 500 member library
® See how it performs against various targets




* For conventional targets
® Lots of starting points; opportunity for “good” medicinal chemistry
® |ssue in some organisations is integration with medicinal chemistry

®* For non-conventional targets
® Provides starting points when other techniques fail
* Close integration with biophysics is crucial; takes time and commitment

* Not necessarily faster — patience required

® But hopefully better



® FBLD conference

2008 — San Diego
2009 - York

2010 — Philadelphia
2012 — San Francisco
2014 — Basle

http://www.fbldconference.org




targets

* Portfolio of discovery projects

* Six development candidates generated in the past six years

® Protein structure, fragments and modelling integrated with
medicinal chemistry

® |nternal Vernalis projects in oncology
® Collaborations across all therapeutic areas

® e.g.oncology, neurodegeneration, anti-infectives

* Aim to establish additional collaborations during 2013 / 14
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