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Drug candidate attrition — the primary motivation

Percentage values Oral Non oral Total
R0S pass 52 22 74
Ro5 fall 13 13 26
Total 65 35 (1194)
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Hopkins, A.L., and Groom, C.R. The Druggable Genome. Nature Reviews Drug Discovery (2002), 1,727-730
Overington, J.L., Al-Lazakani, B. and Hopkins, A.L. How many drug targets are there? Nature Reviews Drug Discovery (2006), 5, 993-996
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Target attrition — the second motivation

Druggable genome

207 or 248

known targets 3000 similar

targets,
containing

druggable Human genome

domains

Hopkins, A.L., and Groom, C.R. The Druggable Genome. Nature Reviews Drug Discovery (2002), 1,727-730
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Can we start from a better place?

Can we identify small ligands?

Can we do crystallographic
fragment screening

Can we do fragment-based
SAR analysis?

Locating interaction sites on proteins: The crystal structure of thermolysin soaked in 2% to 100% isopropanol
Proteins: Structure, Function and Genetics, 1999, 37,4, 628-640 A. C. English, S.H. Done, L.S.D. Caves, C. R. Groom, R.E. Hubbard
Experimental and computational mapping of the binding surface of a crystalline protein. Protein Engineering, 2001 14, 47-59 Andrew C. English, Colin R. Groom, and Roderick E. Hubbard



‘.‘|'| ,-‘TL\' 1 T -.'_H'.
CCC
-4 . =

Early fragment optimisation
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The binding energy of a compound as a
function of any of its properties

Originally expressed as function of number of
heavy atoms

Can be surface area, lipophilicity etc
What efficiency do drugs bind with?
How efficient is our hit / lead?

What ligand efficiencies have been observed
against target X
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Ligand binding efficiency

9

« We can produce figures for the binding efficiency for
any ligand

— As
AG = -RT In (K)

— Then free energy per atom
ligand efficiency = AG/ N

Where N = number of non-hydrogen atoms
N: A surrogate for logP, logD, volume, metabolic liability, etc

Ligand efficiency: a useful metric for lead selection. Hopkins, A.L., Groom, C.R. and Alex, A. DDT, (2004) 9, 430-431
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Comparing ligand efficiencies

* For ligands of the same size

— l.e. alternative leads

* Very illuminating
e For ligands of different sizes

— Requires a little more care...



Entropy and enthalpy

11

AG = -RT In (K)) = AH — TAS

d AN

enthalpy entropy

e

«Solvent displacement from ligand and protein
Internal conformational entropy of ligand and protein
Combining two independently tumbling molecules into one



Additivity of fragments

12

AGA = AHA - TASA

AGB = AHBE - TASB

AGC = AHC - TASC
AHC¢= AHA + AHB
TASC= TASA = TASB

AGC = AHA + AHB - TASC
AGC >> AGA+ AGB
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Intrinsic entropy loss

13

 The entropic penalty due to stopping a molecule tumble is
proportional to log molecular weight

— A 500 mw ligand, binding to a 30,000 mw protein

 ligand looses log (500) = 2.700 units
* The protein target looses log (30,000) — log (30,500) = 0.007
— Total entropic penalty (tumbling only) =2.707

 When you sort out all the constants this is about +4 kcal/mol

The consequences of translational and rotational entropy lost by small molecules on binding to proteins.
Murray, C.W and Verdonk, M.L. J. Comp-Aid Mol. Des. (2002). 16, 741-753
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Here’s why its tricky
14

A isa 300 mw ligand binding to a 30,000 mw protein
« Entropic penalty (tumbling only) about +4 kcal/mol

e Cis a500 mw ligand, binding to a 30,000 mw protein
 Entropic penalty (tumbling only) about +4 '°| %)

A and C pay roughly the same entropic penalty
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Comparing ligand binding efficiencies

« A =300 mw, 10 uM AGA= -6 kcal/mol
— Therefore efficiency = 0.30 kcal/mol/atom

e« C =500 mw, 10nM AGt=-10
— Therefore efficiency = 0.30

(Ep®)

e Conclusion
— A and C have the same ligand efficiency?
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Lets go back to efficiencies

« A =300mw, 10 uM AGA= -6 kcal LE=0.30
« C =500 mw, 10 nM AG¢=-10 LE=0.30

« Efficiencies considering the constant entropic penalty

AGA= -6 kcal= -10+4 (B )
» Enthalpy= -10 kcal/mol
« Enthalpic efficiency = -10/ 300 = 0.49

AGt =-10kcal = -14 +4
. Enthalp?/: -1-4- 0.
« Enthalpic efficiency = -14 /500 = 0.37 u"

* Revised conclusion = A is actually more efficient than C in enthalpic terms
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Comparing Fragment A with lead C

Say A was our fragment

— A 1s 300 mw, 10 uM AG = -6 kcal (-10 + 4) ‘. )
— Intrinsic efficiency = 0.49 (was 0.3)

Say Cis our lead -
— Cis 500 mw, 10 nM AG = -10 kcal (-14 + 4) (Hp®)
— Intrinsic efficiency = 0.37 (was 0.3)

To get from A to C we added B

— B is 200 mw, it contributes —4 kcal to AG
 there is no change to rigid body entropy LLE)
— Its intrinsic efficiency is only 0.27 (was 0.3)

The 200 mw piece we have added (B) is much less
efficient than the original 300mw piece (A)
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Messages

18

 Compare ligand efficiencies of different size ligands with
caution

* |If one ‘maintains ligand efficiency’ during fragment to hit
process

— The atoms added are less efficient in terms of enthalpy than the
original fragment

e |TC data can contribute a tremendous amount
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Why Planar Heteroaromatics ?

« Tractable number
— Allows one to see the full picture
 Pharmaceutical interest
— Compounds get larger during ‘optimisation’
— Smaller compounds more likely to show activity
— Focus on ligand efficiency

— May be more ‘novelisable’
— Scaffold of molecule important for IP
— Source of novelty of chemical series
— Aryl bond formation allows modifications
« Planar heteroaromatics are key to a medicinal chemists thinking
— Complete enumeration of all aromatic monocycles and bicycles
— 5 and 6 membered rings, C,N,S,0, Neutral, Obey Hiuckel's rule, Only exocyclic carbonyls



«24,867 rings

*About 500 found

In drugs

CcCHC

Number of
substructure
hits in
CambridgeSoft
available
— chemicals
[ database

Lgnonical

Number of
substructure
hits in Beilstein

[ELil) 3

Number of
substructure
- hits in the

- Derwent patent

) database

selected for

% Mo

E

[l [d

Phamacophare hit? @
o
¥

Binned Denwent_Frequency &
Vo1
¥1-10
¥ 10-100
[¥ 100-1030
¥ 1090 - 56030

Binned belstein_tieq /fe
B 0-1

o 1-10

EIv 1098

Ellv 98 - 587

10 n 12

Binned ACX_Frequency &
701
¥1-10
IV 10-98
¥ 381034

| 4] Total no atoms |

¥ 1034 - 246384 =i

@,
|
EMILES Stucture Viewer ==l 5
Bruwsem Gy =t G Menu - é 0
| 1D List { 18 of 18 Marked ] =}
Structures - Marked Records =]
S44 545 sS4 =
H
e N N
O3 o
N—NH 1
X s, N H
547 43 543
[
H —
Loy T
50
' > \
h o] o]
550 551 552
— HN
[ LN
T
LS A :
O
553 554 556
] S s 0
o L34 0
M il
R H i £
D
=l ||| Pia Chan
6:8)

Heteroaromatic Rings of the Future. William R. Pitt, David M. Parry, Benjamin G. Perry and Colin R. Groom
J. Med. Chem., 2009, 52 (9), pp 2952—2963 DOI: 10.1021/jm801513z

Details-on-Demand x|
\—I \21 75 out of 2175 records visible (100.00 %), 18 marked @ spotiie




Synthetic Accessibility
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Rings of the future

* Peak of heterocyclic chemistry in 1971 o .

* Now 1701 examples

* Number of new heterocycles published declining

* The remaining ones are very precious
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Impact of analogues

24
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Frolicking in Patent Space - 1
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Tautomeric Heterocyclic ‘Space’

e Space Is larger when we think of tautomers
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Impact of tautomers

27

EPO 679-157 (Searle, Pfizer, Celebrex, $2b in yr 1)

EPO 705-254 (Merck, Vioxx, $1.5b in yr 1)
N

CAXMUJ
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The CSD and tautomers
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Brameld. K.A., Kuhn, B., Reuter, D.C. and Stahl, M. J. Chem. Inf. Mod, 48(1), 1-24 (2008)
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cross-docking

correct wrong

ensemble docking
correct | wrong
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Forget all this rubbish
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Interaction Space
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e |t's what's on the outside that matters

Active Inactive Active

IRAK-4 inhibitors. Part II: A structure-based assessment of imidazo[1,2-a]pyridine binding
George M. Buckley, Thomas A. Ceska, Joanne L. Fraser, Lewis Gowers, Colin R. Groom, Alicia Perez Higuerueloa, Kerry Jenkinsa, Stephen R. Mack, Trevor Morgan, David M. Parry, William R. Pitt,
Oliver Rausch, Marianna D. Richard and Verity Sabin Organic & Medicinal Chemistry Letters (2008), 18, 11, 1, 3291-3295
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Interactions propensities can be normalised
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Final thoughts
40

« Be careful comparing ligand efficiency values

« But the most interesting regions of fragment space are
computationally accessible

» Use available data

 The problems and opportunities aren’'t just technical and
scientific
— Significant IP implications

e |nteractions matter
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