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Lead Optimization in Drug Discovery

The Needle in the Haystack
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Why Calculate Properties?
They can be related to the developability of drugs!
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Figure 2. Distributions of molecular weight for marketed oral
drugs (black) and development phase I oral drugs (checkered).

Paul D. Leeson and Brian Springthorpe, “The Influence of Drug-Like Concepts on Decision-Making
in Medicinal Chemistry”, Nature Reviews Drug Discovery, vol. 6, pp. 881-890, 2007.

Mark C. Wenlock, et.al, “A Comparison of Physiochemical Property Profiles of Development and
Marketed Oral Drugs”, J. Med. Chem, 2003, 46, 1250-1256.
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Why Calculate Properties?
They can also be related to the ADMET Profile

Table 3. Indication of How Changes in Key Molecular Properties will
Aflfect a Range of ADMET Parameters”

MWT <400 and MWT > 400 and/or
neutral molecules clogP <4 >4
solubility
permeability*
bioavailability
volume of Dist.**
plasma protein binding
CNS penetration***
brain tissue binding
P-gp efflux
in-vivo clearance
hERG Inhibition

P450 inhibition****
P450 inhibition****
P450 inhibition®*** average 26 inhibition ()

M. Paul Gleeson. Generation of a Set of Simple, Interpretable ADMET Rules of Thumb.
J. Med. Chem. (2008), 51(4), 817-834.
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Why Calculate Properties?

Prioritize synthesis
-> Generate virtual individual molecules or combinatorial

libraries, calculate properties, map back to R groups

Build an understanding of SAR

Combine with docking scores in a multiparameter
optimization paradigm

Assist HTS triage

Replace measurements

Guide the growth of the compound collection

Guide the subsetting of the compound collection
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Calculable Properties

Descriptive Binding, 3D Shape
N+O, Donors, Rings, Docking scores,
TPSA, S_iz_e, Similarity, Fit to a pharmacophore,
Connectivity Shape overlap
Physiochemical .
MW, Log P, Log D, pKa, Composite
Solubility, Polarizability, Ligand Efficiency,
Critical packing (crystallinity) Ligand Lipophilic Efficiency,
Cellular Efficiency
DMPK
LM, Hep Stability, Accuracy Calculation Difficulty
PPB, Permeability, High Easy
Vdiss, Cyp inhibition, Moderate Medium
Metabolic ‘hotspots’ Low Hard
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Property Definitions

TPSA Topological polar surface area
<120 desirable; <80 for CNS drugs

LE Ligand Efficiency = -1.4 logKi / # of heavy atoms?
0.3 is a good hit; 0.35-0.5 is a good clinical candidate

LLE Ligand Lipophilic Efficiency = -log(Ki) — logD?
7-9 Is a good clinical candidate

CellE Cellular Efficiency = -log(in vitro Ki) — log(cellular EC50)
O is goal, <1.5 Is acceptable

LAndrew Hopkins, et.al., Drug Discovery Today, 2004, 9, 430-431.
2Paul Leeson and Brian Springthorpe, Nature Reviews Drug Discovery, 2007, 6, 881-890.
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Calculated vs Measured pKa

]

™ S

Calculated (MoKa(*) v1.0.3)

0 2 4 & ] 10 12

(*) http://www.moldiscovery.com Measured

pKa_method

M v D-FAS_Sirus
M v pH-metric_Sirus
O unknown

R2=0.82

n=133

s=1.5

(75 compounds)
(intercept not signif.)

pKa_for_plotz = 0.2563984 + 0.9271127*c_pKa_MoKa_for_plotz
¥ Summary of Fit

RSquare 0.822564
RSquare Adj 0.821209
Root Mean Square Error 1.496272
Mean of Response 6.318797
Obs=ervations (or Sum Wats) 133
P| Lack Of Fit
¥ Analysis of Variance
Sum of
Source DF Squares Mean Square F Ratio
Model 1 1359.6259 1359.63 607.2931
Error 13 293.2867 224 Prob>F
C. Total 132 16529126 <.0001*

¥ Parameter Estimates
Term Estimate Std Error tRatio Prob>|t|
Intercept 02963934 0.276688 1.07  0.2850
c_pKa_MoKa_for_plets 09271127 0.037621 2484 <0001
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Calcd. (Volsurf+) vs Expt’l. Thermodynamic Sol'y.
(970 compounds)

217

1.08

-1.09 0.00

-2.17

calculated Y (2PC)
-3.28

543 -4.34
T

-8.5%

-7.80

s = 0.8 log units

868

1 e 1 1 - —

' Il Il s

819 747  -614 512 410 307 2056  -102 000 1,02 2,05
experimental Y -

G. Cruciani, P. Crivori, P.-A. Carrupt, B. Testa. Journal of Molecular Structure: THEOCHEM
503, 17-30, 2000. Volsurf+ manual (http://www.moldiscovery.com).
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It's Not Just About Lipophilicity

Calculated Solubility vs. cLogD7.4

linker

M 245F3
W 24F2
O+ 2CH3

M v 2CH3AF
M v 200 4CH3
Ow 2-F

O v 2azad-F
M v 4-F

O+ H

M ¥ other
O+ piperdine

cLogS, uM

(Stardrop (*)
software)

3 0 ; : : ;

(*) http://www.optibrium.com/ cLogD7.4
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Methods for Deriving DMPK Models

e Regression

« Partial Least Squares

* Neural Networks

« Discriminant Analysis (ADAPT, SIMCA, Support Vector Machines)
» Decision Trees (Random Forest)

e Baysean Methods (probabilistic approaches)

« Use of 3D Structure of Target (CYPs, Transporters, Efflux Pumps,...)

Models are derived using a subset of compounds, then the property

IS predicted for the held-out compounds (prediction or validation set)

13
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Molecule Descriptors
Used to Derive DMPK Models

* Molecular fingerprints (Pipeline Pilot, MOE, Unity)
» General molecular descriptors (MDL keys, OEchem)
« Calculated properties (AlogP, ClogP, TPSA, ...
« Connectivity descriptors (e-state keys from Molconn-2)
« Geometrically derived (pharmacophores,
from 3D structure of target correlograms in MetaSite)
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Reporting Results

Predicted value

Confidence in the prediction (std. error, probability, quality of prediction)

The nearest neighbor in the training set (Tc* is typically used)

The number of near neighbors in the training set (above a Tc threshhold)

Geometric fit score (docking, pharmacophore overlap, shape similarity)

Details (model version, date)

. . . . . . . . A-B
*Tc = Tanimoto coefficient = difference in binary fingerprints between two compounds = T(4.5) = e =15
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Reporting Results: Example (*)

cLM_HRM = Calculated liver microsomal stability in

Human, Rat, and Mouse

Calculated Properties >
G S 2
Al - # Structures
A B c |[p] E | F | 6 | H | | | J |~
1 Structures 1 MName clogD7.4 MW ¢ pKa MA ¢ pka MB cLM HEM cLM HEM prob cLM HREM err cHLM ¢
Chiral 1CIZ_DPS 1.4 502 357 4.07 5/5/5 0.68/0.60/0.79 |0.09/0.35/0.09 S
ol Result, probability, and error
e are reported
1CIZ_DPS
2
o Chiral ' 1CIZ_DPS_4-0OH 0.7 518 357 4.07 SIS 0.75/0.49/0.70 10.09/0.40/016 S
%%
DH.%{@
MH
3 1CIZ_DPS_40H
4 [w
M 4 » » horizontal_view % for_plotting / £ ?

(*) Output from a property calculator used at Genentech
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Combining 2D and 3D Worlds

File Edit WView Display 3Select Caloulate Tools  Applications  Window  Help

) I?_',f] | S | Calculated Properties

[

LK e H B ME

2-Dimage, charge, cLogD and H_polar were calculated at pH7 4. The
un-ionized forms of the molecules were used to calculate cLogP
and NH+0H.

Excel Spreadshest

Chiral
NH
4 o
O«
Nl-i.:é
1CIZ_DPS
cLogD7.4 1.4
LIV 02
c_pkKa_MA 357
c_pKa_MB 407
cLM_HRRM SISIS
cLM_HRM_prob  0.88/0.50/0.75
cLM_HRM_err 0.09/0.35/0.09
HH+0OH 3
RotBonds &
c_pKa_std_gp a 3.57 (0.33) 0.00
b 4.07 (0.42) 0.02

Cisplay Manager o

Current Model: | Default
Hide | Mew | [c

v | Ligands|Mdl 5. HB |

v Proteins |Mdl5...|
M AllProtein: 34| J

W 1CIZ =22l
| =) 2 substructure(z]

¥ Chain A L 2‘.-.!
[T 504 306 22| gl
¥ Zincs Qf

17
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Comparing Multiple Ligands

File Edit WVew Display Select

e
X

Calculate Tools
: [ = | =) | Calculated Properties

Applications

Window Help

XM e H B HEE

2-D image, charge, cLogD and H_pJ:@r were calculated at pH7 4. The un-ionized
forms of the molecules were used to calculate cLogP and HH+0H.
Excel Spreadzhest
Chiral Chiral
NH MH
& o 4 0
OH<aw -_:.H.;:.
NH NE
OH
1CIZ_DPS 1CIZ_DPS_4-0H
cLogD7.4 1.4 cLogD7 .4 07
MWW 02 AWy 8
c_pHa_MA 3.57 c_pHa_MA 357
c_pHa_MB 4.07 c_pHa_MB 4.07
cLM_HRM SIS cLM_HRM SIUS
cLM_HRM_prob 0.58/M.560/0.79 cLM_HRM_prob 0. 750 4%0.70
cLM_HRM_err 0.08/0.35/0.09 cLM_HRM_err 0.09/0.40/0.16
NH+0OH 3 HH+0OH 4
RotBonds 8 RotBonds 2
c_pHa_std_qp a 3.57 (0.33) 0.00 c_pHa_std_qp a 3.57 (0.33) 0.00
b 4.07 (0.42) 0.02 b 4.07 (0.42)0.02
]

Display Manager o x

Current Model; iDefauIt
Hide | New | Do |

v |Ligands [Mol[5...[HB

[¥ All Ligand=

[ 1CIZ_DPS

¥ 1CIZ_DPS_4-0H

¥ | Proteins
¥ All Proteins

W 1CIZ

LElE it
[+ Chain A

[~ 504 306

v Zincs
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Commercial Software

e Pipeline Pilot v7.5 Accelrys
o Stardrop Optibrium
 MoKa, MetaSite, Volsurf+ Molecular Discovery
 ACDlabs Molecular Discovery Ltd.
« ADME Boxes PharmaAlgorithms
« ADMET predictor Simulations Plus

(Now merged with Molecular Discovery Ltd.)
 SARchitect Strand Life Sciences
 Metabolizer ChemAXxon
« Spotfire (visualization) Tibco
« Vortex (visualization) Dotmatics
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From Molecular Discovery Ltd.

2009-02-16 18:23

New Release! VolSurf+ 1.0

Use predictive ADME more effectively in
lead identification and optimization.
Calculate over 100 GRID-based ADME o
relevant descriptors to prioritize hits, o
create  and explore models, and [===
interactively optimize compounds in :
ADME space using created or provided
libraries.

VolSurf+ is a completely re-architected solution based on the popular VolSurf 4,
with improved usability and data handling, as well as new descriptors and analyses.

Multi-platform support enables computational and medicinal chemists to work
together more effectively, and three task-based interfaces are now provided to
help support this: WolSurf+ Selector enables the wirtual screening of compounds
using ADME relevant descriptors, VolSurf+ Modeller enables the detailed modelling
of physicochemical properties through a range of statistical analyses and graphs,
and Volsurf+ Designer allows the interactive design of compounds with
simultaneous projection in multiple models.

Volsurf+ creates 128 molecular descriptors from 30 Molecular Interaction Fields
(MIFs) produced by our software GRID, which are particulady relevant to ADME

prediction and are also simple to interpret. One example would be the interaction
energy moment descriptor between hydrophobic and hydrophilic regions, which is
important for membrane permeability prediction. These can then be used with
provided chemometric tools to build statistical models.

Wol5urf+ also comes with a number of models that we have developed using both
public and pharmaceutical data, induding passive intestinal absorption, blood-brain
barrier permeation, solubility, protein binding, wvolume of distdbution, and
metabolic stability.

20

16th North American Regional ISSX meeting , 10/18/09




Strategies For Implementation

Obtain commercial software or develop your own
-> A full-featured ‘chemically aware’ graphing package is a must

Try generating global models on DMPK endpoints first
->[f this falls, try project- or chemotype- specific models

Report probabilities and errors along with the calculated values

Track calculated vs. measured values on a regular basis
-> Continually check the models’ performance (predicted vs. measured)
-> Update the model regularly with new data
-> Regularly discuss results with chemists
Add calculated properties to your compound database
-> Facilitates searching, subsetting, and rank ordering of compounds
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“Real Project” Example

22
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Solubllity: Calculated vs Measured (Kinetic)

14

1.24

Rough correlation is evident: Used as a

guideline/filter on proposed compounds

Average
cLogS, uM ||
(from Stardrop
software)
0.8
0.6
0.44
0.1 01 03 05 07 03 11 13 15 17 13 21 23
[ss] [25] [2] [iz7] [2]1 [=] [ [2] [@ [ [2I [2] *—— #ofcpds
Measured LogS (kinetic)
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Performance of Human Liver Microsome (HLM)
Stability Model

Strong correlation is evident: Used as a
guideline/filter on proposed compounds

0.8+

0.6+

CHLM 0s]
CL_Hep
Probability

=

A

.24

(.24

0.14

2 4 & 3 10 12 14 16 18 20 22

2 sl [l sl fel 0] ] Pl sl 1l <—— # of cpds
Measured HLM CL_Hep (mL/min/kg)
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Predictivity of HLM Stability Model

Color by HLM_cateq:
| . s

>14.5 6.2-14.5 <6.2 (mL/min/kg)

567 287 155 120 45
M; 1% S 4% L 3% 178
M: 20% L: 19% S:13%
l L: 80% M: 81% l “ P
L; 99% M 93% M B7%
x<0.2 02<x<04 04<x<06 06<x<08 08<x

Calculated HLM Probability
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PPB Model Validation: Human, Rat, Mouse

(Training set, 750 compounds; Test set, ~250 compou  nds)

.Predicted PPB >95%

.Predicted PPB <95%

26
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Calculated Solubllity vs PK Rat F%

1.4

0.9

Average
cLogS, uM

0.8+

(from Stardrop
software)

0.6+

0.54

|
3

[50] [28] [13] [5] (6] 6] 2] 2] <+«— #of cpds
PK Rat F%
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In Vitro vs. Cellular Potency Disconnects

[==)
1

In Vitro IC50 vs Cellular EC50

A e o T

R2=0.46

. . . | I-
-log(in vitro I m, l‘.‘.. ... _‘. T
IC50) + (B~ .l..l-.
- e
BLINA .. 5
o) L]
U N o 1
L] What causes
!] L Om the shift?
51 B
45 5 55 & 65 7 75 3
-log(cellular EC50)
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In Vitro vs. Cellular Potency Disconnects

Looking for Relationships With Calculated Propertie

]

M ‘g of clogP

M Avgof clogD7 4

(1 Avg of NH+OH

& Avg of c_pKa_MA_categ
O Avg of c_pKa_MB_categ

S

B Awg of LLE
7] 2l 8 [z [ [ B [E [zl [ - #of cpds
' 04 08 12 15 2 24 28 32 15 4 44
CellE In Vitro vs Cellular Potency
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Calcd. Solubility vs. Cellular Potency

1.54
Average
cLogS, uM
(from Stardrop 1
software)
0.54
0
M 21 sl [ [ [«  [s8] [es] [ [6]  [1] <«—— #of cpds
32 16 4 44 438 52 56 6 64 68 72 76
-log(Cellular EC50)
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Increased Sol'y. Reduces In Vitro/Cellular Pcy. Dis  connect

1.1
'I_
0.94
0.81
Average .
cLogS, uM
(from Stardrop ~ *°]
software)
0.5
0.4
0.31

04 08 12 16 2 24 28 32 36 4 44
1] 2] 6] [28] [es] [e7] [2B] [18] [12] [ +«— #of cpds
CellE (in vitro/cellular potency)

=4
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CellE In Vitro vs Cellular potency by R Group

Average
CellE

B ¥ 4 OH_c_penta_thiophene
O Amino_phenyl

W ¥ Amino_pyridine

@ ¥ BT_substd

O BT_unsub

OW Benzothiazole

W |+ C_hepta_thiophene
O C_perta_thiophene
M ¥ THET 4 OH

O THET 5 OH

B v THBT bicyclo

B v THBT cther_substd
M ¥ THBT unsub

B ¥ TH_indalizine

B ¥ TH_naphthalene

O iPrOH_phenyl

B ¥ other

M |+ tBuCH_pher

O tBu_2pyridine

O+ tBu_3pyridine

O tBu_phermy

O tBu_pyrazine

@ W tBu_thienopyrazolone

1000x

2.5

100x 2

1.5

10x 1

0.5

1x il

4 OH c pen.. BT substd C_hepta thio.. THBT 5. 0H THET unsub iPrOH_phemyl tBu_Zpyridine  tBu_pyrazine

[ 21 [ [0 31 (el & 3] [34] [2] [104] 1] 2] [5] [3] 3] [12] 0] [s] ~ «——# of cpds
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cLogD: Progress Over Time

limbcer
Mv 246F3

v 24F2

O 2CH? o
M| 2CH3AF

v 2014CH3

O 2f 5
Ol 2aza.4-F

v 4AF

Ol H

M v other

O+ piperdine

cLogD7.4

1/1/2008 1/1/2008 4/1/2008  5/30/2008 7/1/2.. 8/1/2.. 9/1/2008  10/30/2008 1241/ 1/1/2009 3/1/2009

Compound Registration Date
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Ligand Lipophilic Efficiency(*): Progress Over Tim e

linker

M 246F3
W 24F2
Ol 2CH3

M |v 2CH3AF
o v 201 4CH3
O 2-F

O Z2azadF
v 4-F

Ol H

M | other

O v piperdine

LLE ]

1/1/2008 3/1/2008 4/1/2008 5/30/2008 74172 8/1/2.. 9/1/2008 1043042008 12/1/.. 1/1/2008 3/1/2009

Compound Registration Date

(*) LLE = pIC50 — cLogD7.4 [Values of 7-9 Desirable]
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Whole Blood Potency: Progress Over Time

-log(EC50)
N
100nM 74 F
|
5.5
1 lJM c - - % lirker
MV 246F3
- O mp 247
- ‘ Ol 2CH3
' M v 2CH3AF
w‘- @V 2C1.4CH3
Ol 2-F
10 IJ.M 5 - - Ol 2azasF
M v 4-F
Olw H
4.5 M v other
. . - - O+ piperdine
100 uM 4]
B
3.5 B
1/1/2008 3/1/2008 44172008 5/30/2008 7172 8/1/2 9/1/2008 103002008 1271/ 1/1/2009 3/1/2009
Compound Registration Date
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Stablility in Hepatocytes: Progress Over Time

N
181 . D
N N [] []
161 | I | |
H o . O u .
1% H BN ] N - N WV 24653
O I 2472
O 2CH2
" (1] HE [] (1] WV 2CHI4F
- &= v 21 4CH3
m L/mln/kg . .! Ol 2-aza 4-F
N WV 4F
o ] O H
h M v other
. . O+ piperdine
[ ]
\ - E =
N
N
Compound Registration Date
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Med Chem Prioritizes Based on Filters

!

SAR sense
synthesis

7041 compound targets

-87% @ cHLMprob >0.6

884 -«

- 72%@ clogS >0.8

241

- 58% ﬁ TPSA <130

100

- 19%@ clogD<3; pKa>6

8l

67% of these have TPSA >120

Attrition rate = 99%

Survivors = high quality targets
Are these the right filters!?
Output limited only by input

37
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The Future of In Silico Property Calcns

Wider availability of in silico methods, models, databases

Improved predictions of solubility, crystallinity
-> Avantium

Improved prediction of in vivo endpoints
Combination of 2D and 3D models

Models that suggest molecules to make
Application to exhaustive chemical databases

-> eMolecules, ChemUniverse
Toxicity modeling
-> Pharmatrope

38
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Conclusions

Marketed drugs exhibit defined property profiles
Calculating properties in advance helps avoid unproductive
compounds

-> Use calculated properties where it makes sense
-> You can get there faster!

Projects benefit by calculating properties on proposed cpds.
Not all models will work for all projects
-> “The important thing is not to stop questioning”

Calculations are meant to be guidelines.....
-> |f there are compelling reasons to make the compound, do so!
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Conclusions

Commercial software is getting better, but ‘built-in’ DMPK

models remain approximate
-> Usually better to derive your own models if data are available!

“Global” models are preferable
-> Many more and varied molecules used -- more robust predictions
-> In many cases, more approximate predictions result

If Global models don’t work, develop “Local” models on data

from just one project
-> Quite accurate predictions inside compound space possible

-> Often, limited prediction accuracy outside compound space
Delivering models to bench scientists facilitates their use/uptake
Delivering results from approximate DMPK models

as probabillities is preferable to delivering the actual prediction
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