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Medicinally Relevant Space

Our understanding of medicinally relevant space
* Physical / bulk properties of desirable space

» The constraints this places on desirable structures
» Our attempts to evolve synthetic capability in this direction
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Medicinally Relevant Space

There are between 1092 and 1029 possible “drug-like” molecules?!?
10%2 molecules of gas occupy ~2 cubes 101° km wide

The sun is ~108 km from earth
1029 molecules of gas occupy ~2 cubes 1043 lightyears wide

The visible universe extends 1.4x10%° lightyears from us

Medicinally relevant chemical space is
defined by nature — substructures and bulk
DT properties
- Drug-like . . .
S TG BRI Medicinally relevant chemical space is
properties. : e :

e e limited by the reactions we can do

. | 'IS-yijthgti_cai'.Ii/f_- ..".'I. people but not me, | am delighted by it” —
N\camenable /o Alan Watts

“The size of the universe depresses many

1. R. S. Bohacek et al. Med. Res. Rev. 1996, 16, 3
2. M. J. Owen, Biotech Advantage, 2002, 6, 17
Image courtesy of www.altasoftheuniverse.com
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Optimum Lipophilicity

logP blue

Lipinski rules (MWt <500, donor count <5, acceptor count <10)

Gleeson rules (MWt <400)

Soluble , permeable,
hERG inactive

Leeson Oral drugs

Vieth Oral drugs

Vieth Oral drugs

| 4 [
LogD/P -3 -2 -1 0 1 2 3

« Compounds of high overall “quality” occupy a window of lipophilicity

Waring, M. J. Expert Opinion on Drug Discovery, 2010, 5, 235
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* Problems with high logD are
myriad (and increasing)

* Problems with low logD
permeability based primarily

Opti LI Hicit
L] Ll | |
Poor permeability for PSA Poor solubility for MPt 150C
<132 (Egan) (Yalkowsky)
L[] | N EEEEEEE logP blue
Permeability <100 nms-1 for MWt <400 (Waring) V> Kinetic solubility > 250mgmL (Clark)
Significant renal clearnace (B-adrenoceptor Low solubility / ionisation dependent
antaTon sts) (Borchard ) (Gleeson)
Net renal secretion (Varma) y Human mics Cl,., >8.6 (Johnson)
Hl ||
Human clearance >7.8
mLmin-tkg! (Obach)
< Bioprint promiscuity AZ (Leeson) I
< Bioprint promiscuity Roche (Peters) I
< In vivo rat toxicology (Hughes)
hERG >30% < 10uM (neutrals)
(Waring)
Y T T
< hERG >30% < 10uM (bases) (Waring)
N
In vivo rat toxicology (Hughes)
Phospholipidosis (bases of pKa 9)
(Ploemen)
Phospholipidosis (bases) (Tomizawa)
SENEERRAEE | BTN E RN
-3 -2 -1 0 1 2 3 4 5 6

LogD/P

5

Waring, M. J. Expert Opinion on Drug Discovery, 2010, 5, 235
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Molecular size and Permeability

MWt 350-400 MWt 400-450
50% prob =logD 1.7 50% prob =logD 3.1
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' 300-350 >1.1

350-400 > 1.7

The required AZlogD to get a 50% chance of high 400'450 > 3 1
permeability for a given MWt band

450-500 >3.4

AZlogD

Diminishing logD window as
MWH! increases

<300
300-350
350-400
400-450
450-500
>500

Molecular weight band

Waring, M. J. Bioorg. Med. Chem. Lett. 2009, 19, 2844
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What about potency? - LLE and LE
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» In the absence of additional specific interactions, series of compounds’ potency
will correlate with logD

 LLE (pEC,, — logD) stays constant

 LE used to ensure size increases achieve appropriate potency increases

Hopkins, A. L., Groom, C. R.; Alex, A. Drug Discov. Today, 2004, 9, 430
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What about potency? - LLE and LE
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3 logD
» Typical lead series likely to fall short of ideal space in terms of potency / logD
« Strategies for optimisation:
* Reducing logD with constant potency
 Increasing potency with constant logD
» Recent report suggests most commonly increase MWt and potency with constant
lipophilicity going from lead to drug candidate?

1. Perola, E. J. Med. Chem. 2010, 53, 2986

8 | Medicinally relevant chemical space and consequences for synthesis | 23 March 2011




Increased Synthetic Challenge

Reduced logD with constant size
N

O—0—0U
Co — n— o

Increased size with constant lipophilicity y
—N

N
O —
Escaping “flatland”! / reduced aromatic ring counts?

All serve to increase synthetic complexity

1. Lovering, F.; Bikker, J.; Humblet, C. J. Med. Chem. 2009, 52, 6752
2. Ritchie, T. J.; MacDonald, S. J. F. Drug Discov. Today 2009, 14, 1011; Ritchie, T. J.;
MacDonald, S. J. F; Young, R. J.; Pickett, S. D. Drug Discov. Today 2011, 16, 164
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Synthesis process - The present situation

ldea Design Synthesis Reagents Synthesis Purification Registration
plan ordered WIP

Synthetic failures

| Pure waste:

| Wasted effort
Material costs
Untapped intellectual
iInput
Unused source of new
ideas
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Synthesis Process — Future Vision

Idea

Design Synthesis

H

plan

Reagents
ordered

Synthesis

Purification

Registration

WIP

Outcomes fed back
into design

External post
docs

CASE
students

Synthetic failures

» Waste becomes useful output
» Extra benefit leveraged from
existing mechanisms

(idle resources)

6 month
academic
placements

Summer
students

Internal
“Innovation time”
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The Directed Call for Proposals

 To raise awareness of AZ problems in

academia

« To maintain financial support by maximising
business relevance for synthetic collaborations
« Ensure future access to difficult med chem

space

 Inputs solicited from across AZ

« Discovery inputs based on analysis of common
failed reactions and desired design targets that
failed due to synthetic tractability

« Very positive response from academia

2011 call:

43/112 submitted proposals targeted at

directed call

~50-60% of collaboration starts will be from

these

Tk

8 0 Mang coriim ol mipalia e OEEaT sl DRk FiEE )
v | ok fedrehs il T DR

L ars revesach srea

NGO LR F
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Oxetanes and Azetidines

o 0
H H
Rl\/\R2 —) R1
R2 R2
R1

LogD lowering ~1log Cf. gem-dimethyl
Metabolically robust More susceptible to metabolism
Favoured Gauche conformer Equal populations of 3 conformers
EWG EWG OH
© '\\ NuH \ HO~ B
— —  Nu —
O 0 o) o)
Roche / Carreiral Pfizer / Evotec?
AlogP -0.7
Minisci reaction3 2N
R N Oi}l N O
| = - o+ RN
P -
FeSO,.6H,0, Pz _
H,0,, DMSO Nat Martin
e} 12 %

1. Carreira, Rogers-Evans, Muller et al. J. Med. Chem. 2010, 53, 3227 and refs. therein
2. Duncton, M. A. J. et al. Org. Lett. 2008, 10, 3259
3. Duncton et al. J. Org. Chem., 2009, 74, 6354
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Oxetanes and Azetidines — AZ collaborations

R6 R2
RZYRl ! BT R1 4 mes
C
& t A\--"RS T Ramfn Joe Sweeney
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D Lithiation .
N — ):‘\, David Hodgson
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X X . .
O % NUH ﬁb Mike Shipman
- — Nu
o O O
X =0, NTs
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Geminal donor-acceptors

Privileged fragments due to productive bidentate H-bonding with peptide backbone

e

For example, anilinopyrimidines and pyridines as kinase inhibitors

k\( S
—

NH\N(N N
G TG

Compound issues often associated with lipophilicity of phenyl ring
Heterocyclic (esp. 5-membered systems) potentially appealing
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Problematic Buchwald-Hartwig Couplings

cl HN/Ar
ArNH
@ A ﬁN 77% success rate
N el N/)\c:'

Oxazole and isooxazole the worst but others also proved challenging:

el k=2t /h\g 2 G\h el
T - Ry )

AlogP -2.2 AlogP -1.9
M

= r""\ = h = N = N
hh\(/J/h I—zh\g/_r{? hh\g/Jh hh\(/Jh

O

» Coupling reactions of these substrates poorly precedented?!-?

1. Buchwald, S. L. Chem. Sci. 2011, 2, 27
2. Buchwald, S. L. et al. Angew. Chem. Int. Ed. 2006, 45, 6523
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Model Coupling

Cl
0
Crme
N cl”” N

Tried Pd,dba,;, BINAP, Josiphos, NaOPh, NaO'Bu, different solvent and temperatures

Cu catalysis
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NH
©/ 2 + | X
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NH, o NT
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EtO O —
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Xantphos N/)\N)\N/
H

NaOPh (2eq.)

25%

OEt
o Cl
Pd,dba, (5%) Y N X
.- J\ | P
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Gary Noonan
35%
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CH-Functionalisation

CH-functionalisation potentially useful in increasing potency of small, less active leads
|deally need iso-lipophilic changes:

N -
» ©£] e
- N
: [
R R R

AlogP +1.9 AlogP -0.3 AlogP +0.2

Additional benefits with heterocycles as the CH partner where boronates / bromides
not accessible, eg. poly-aza bicyclic systems:

N/ — H N/ N —~N

H

Bringing the two together:

)

\

Y

(/\/I\@ s CI\[N\j Pd(OAc), N

NT NF = PPh, / NT S
N KOAc N/ =

Rose Krawczuk
40%
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CH-Functionalisation

What if you could introduce classical drug-like substituents:

O\\ //
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EZ:] S E;::T/CN
R R R
CYP450s in synthesis:

CYP E:::I/OH

R R

O\(F
(T
R
©/CN
R
Elaine O’Reilly, Rob Davies, Nick Turner
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Summary
A Final Thought

Our exploration of chemical space is at a similar level of maturity to our
exploration of actual space. The challenge is to know where to go.

“The universe is full of magical things, patiently waiting for our wits to grow sharper”
— Eden Phillpotts

Image courtesy of www.altasoftheuniverse.com
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