peeding up and improving the ldentification of a
)otent B2 agonist as a growth promoter for cattle

itially | plan to take you through a program carried out at Zoetis
en go back and look to see the impact of the new tools we are introducing

“What is the potential of these to stream line our research process?”

Zoetis




The world population is predicted to reach 9 Billion
At the same time, GDP per capita is also increasing

Both of these factors are producing an increased demand for meat
We already produce 6 times as much meat as in the 1950’s.
Set to increase by an additional 135% by 2050

Appendix Figure 3: Total and Per Capita Meat Production
2006-2050 Projected
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his will put pressure on the production of animal feed which will
train the environment

creasing the efficiency with which animal convert feed into
uscle will help alleviate this

Zzoetis



€. Paylean (Ractopamine) On the market with a zero day withdrawal

OH
OH
QM
HO

Delivers ~10 % increase in feed conversion
and growth rates

le: Optiflex (Ractopamine) On the market with a zero day withdrawal
Efficacy below our product profile
Zilmax (Zilpaterol) On the market with a 2-3 day withdrawal
Delivers efficacy consistent with product pr




Ractopamine Zilpaterol
1V PK mix 4 diasteromers | Mix 2 enantiomers

Ty (hr) 3.0 (0.3) 4.8 (2.6)

V., (L/Kg) 5.8 (2.2) 2.6 (1.3)
Cl (ml/min/kg) 251 (9.1) 6.6 (2.1)

PO PK
Tus (hF) BLOQ 23.1(7.0)

Tmax (1) BLOQ 11.3 (11.0)
Crrax (Ng/ml) BLOQ 13.9 (1.4)
F. o (%0) <15* 65.5 (14.6)

Even though the higher volume translates to higher tissue levels
The higher clearance means these are lower at the time of slaughter

We wish to identify a more potent, more efficacious compound

with a zero day withdrawal
Ki ~1-20 nM; Vs ~2-4 L; Cl ~15 ml/min/kg




SAR Overview

Ki nM . Ki nM Ki nM
ECy, nM 447 ECy, nM 5.3 EC, nM
IVT,; (ar) 4.8 IVT,; (hr) 2.6 IVT,; (hr)
Vs (L/Kg) 2.6 Vss (L/Kg) 8.6 Vs (L/Kg)

cl 6.6 cl 38 cl
(ml/min/kg) (ml/min/kg) (ml/min/kg)

PO Tl /2 (hr) 23 PO Tl /2 (hl‘) - PO Tl /2 (hr)

C,ax (ng/ml) 14 C,ax (ng/ml) - C,ax (ng/ml)
Foral (%) 66 Foral (%) <10 Foral (%)

Simple! But it took ~400 analogues to reach this




Aryl Interaction
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» 23 Analogues evaluated for cattle PK
» iv / po cross over design: 0.25 mg/kg iv, 0.5mg/kg po
» 3 calves used: 2iv1pothenliv2po
» No analogue has shown comparable oral availability to Zilpate
» Most have high clearance and low oral bioavailability
» Generally below LLQ; 1 ng/ml
»Best orally available analogue ortho phenol; 36%
» paraphenol poor
Internal H bond masks polar group




Can we predict the PK

BLM vs unbound Ci
BLM vs HLM Clearance o
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Fu vs LogD

For in vivo Clearance Yes!
this is driven by oxidative metabolis

The Volume, half life & oral availabil

do not correlate with properties

Oral availability does not correlate

' Clearance; not a first pass effect!




Sitive Attributes:
h Cmax 33 ng/ml
Cf Zilpaterol 13 ng/ml
h clearance: good t),
hr po)
od potency
B2 Ki 14nM, EC50 6nM)
Cf Zilpaterol ~300nM
e:
Al bioavailability low (15%)
h Vss (8.7L/kg)
cf Zilpaterol (2.6L/kg)

Positive attributes:

Oral bioavailability (36%)
Cmax 6 ng/ml

Cf Zilpaterol 13 ng/ml
Excellent potency
(rbB2 Ki 5.7nM, EC50 2nM)

Cf Zilpaterol ~300nM
Issue:
Long oral t1/2 (19h)

Cf Zilpaterol oral t;, 24h
Vss (4.1L/kQ)

cf Zilpaterol (2.6L/kg)

Positive Attributes:

Efficacy (19% FCR @ 1ppm
cattle mixed isomers)

Acceptable t,, (6hr po, 1h i

Good potency

(rbB2 Ki 10nM, EC50 4nM)
Cf Zilpaterol ~300nM

Issue:
Oral bioavailability
poor/variable




Weight gain cf placebo

lH E

Zilpaterol Cmpd A CmpdA CmpdB CmpdB CmpdC Cmpd C
6ppm 2ppm lppm 2ppm lppm 2ppm lppm

| treatment groups were significantly different to placebo for weight g
the 5% level




Weight gain over 35 days cf placebo

t Bell Shaped
se seen

| dose 0.25 ppm
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Moved into Development

After completion of the optimization phase,
the X-ray structure of beta 2 was released

We have looked back to see how our Ligand based approach
compared to Structure Based Drug Design




Potential for Aryl interaction
& H bond to Phenol

see binds well in the agonist mode

e receptor B \\‘ ’/, / <

aying with the bound agonist and minimizing Y nY P~ M

Ing the residues within 4.5A to move \\\ - P N
- : }

3ins many of the features we had identified in "AQ Arvl interaction

igand Based SAR In addition H bond

/ »




Can get selectivity Human over Bovine but not other way rou
Range for ratio 0.84 — 59

Can get selectivity either way between Bovine and Porcine
Range 0.06 - 54




None of the different resi’c‘iues are
close to the agonist binding site
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ZOEetis Spun out of Pfizer 201.3: What we |lost

SAR Design Tools

Visualization  Library Design
Clustering

Desk Top Modelling
Comp Chem
Tools (HPC)

zoetis

LIMS

Analytical
Corporate Data Handling

Database Chemist
Electronic Assay

Inventory Note Book Management
Conirol




Opportunity to look again at what we do

“In the middle of difficulty lies opportunity.”
Albert Einstein




Zoetis New Il structure

Screening Synthesize

~ Primary Analogues
. Secondary : ~

/Inventory
Dispensing




Bio Ralls: Central role in Screening & LogIstics

Solid Store [ Liquid TekCell Store \

Manage Requests Manage Plate
Interrogate Stores

Store Results
Manage Assays Release to screens

} Bundled .
i Assays Initiate
y Cascades

1

Assay Cascades -




StarDrop: Central to Design and Analysis

Clustering;

pair analysis; Model Generation Multi Parameter optimization

Multi Dimensional
Data Visualization

1; 'StarDrop“

Property

Predicti
rediction e

Enumeration
& Selection

Structure Based Design

P

Generation and
Application of models

Ideation!
Database of Bioisosteres
MATSY




Star Drop: Profiling tool

]
- - —— — Oral beta ag Cmpd ID Structure b B2
Models Scoring | Design | Visualisation P450 4| P KI nM
profile: Oral beta ag . . :
Property Desired Value Importance
I
S:“J Y -inf-=0 e ;-"i
B Cl {ml/minfkg) -inf-=0 e 1 0542 PF-03734982 = 57
B Foral (%) -inf-> 0 m—( <1
M Vss (L/Kg) 05->25 e — &
| - I ) —
LoGP 1->4 2 I-IJ 0374 PF-04288928 ;}i 3.14
<x)
3 I-IJ 0374 PF-04321697 ;‘ 14.2
[Add rule] | Delete | [ Sort ] | Edit | Iﬁsa-vl <5
o
Available Properties Criteria Importance i 4 0.374 PF-04270042 3 23
2D6 affinity ca... “‘/:é]
M BBB category ~1,
W 209 pKi 5 0.374 PF-04413841 ﬂ 64.1
B Flexibility <
B HBA vs
B HBD 6 0.374 PF-04481819 < ?
B hERG pIC50 - 4 ¥

B2 ag

0.732

0.725

0.765

0.74

0.682

0.704

b B3 b B2
EC50  ECS0
EnM  EpM

co
=

37.9

N & 3

==d

Desired Profile set as:

EC., Bovine B2: Desirable <10 nM; Acceptable <50 nM
Clearance Desirable 10-20 ml/min/kg

Oral availability Desirable >40%; Acceptable 25-40%
Vdiss: Desirable 0.5-2.5 L/kg; acceptable 2.5-5 L/kg
LogP: Desirable 1-4; Acceptable 0-1 & 4-5




How could this have helped us

Oral beta ag vs ID

Eventual 0
Candidate ¢

.

o

(@)}
|

L

2
oi‘,

»
-
L I

o
wn
|

wrte..

AR,

“ e 8me

ydr
[ ]
* e

L .".

L "
LA -‘irt!

%

..

'H‘.
P
&,

L
-
L ]

3HEIh
L |
1
""‘
.. -
=
D
|

aih p

L]
L ]
L]

L
-

[ ]
-

[ay
L ]
1
4 ..
o
w
|

-
L0 (T
gE | O
_D!
0.1 T T
3000000 3400000

&

[ ] .-..'
Oral beta ag

t"":"‘h'

" 40 L] P s ®
cece S e g

: 0.4 e ¥y .: ‘é.

S
)
|

[ [ [ [ |
4600000 0.17 e

oh P * &4 .
'.". o of .;... t ': 0:.
oo o ° o "

0.0 | | I I I T T T |
t Iooking at Potency did not 3000000 3400000 380000I(|)D 4200000 4600000

e the final development compound
dout

|
4200000

|
3800000
ID

» eventual candidate achieved 0.54 and was the 99" analogue made. It was not
tified as such until over 250 analogues had been made and tested

e achieved 90% of all 5 parameters in a single compound or 2 at 100%, 1 at 909
2 at 80% we would achieve a score of 0.59

Zzoetis



3D PCA of chemical space based on Structure

potent region vs ID

potent region

ive group

-U 1 | 1 I | ! I | 1
3000000 3400000 38000010D 4200000 4600000

yoking at chemical space using a PCA  Both of these groups of compounds
ased on Structure splits the analogues  were made over the life time of the

to two main groups Project

ost of the actives (green, <25nM) are Had this been recognized earlier,
cated in just one of these we could have made less compounds




Star Drop: Torch

Program proje
Required elec
& Lipophilic p
In space, “ZEI

Can also put surfaces
onto analogues

5000

4080
S
z

5 .;:.’l' ,
i A 36801
SN Sl - -

)ad X-ray of B2 20007
> Ligand as a reference 1900

. . 85
analogues with reference and score fit =%

0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85
B2 ag

re is not highly predictive of Ki
ever, performs no worse than Docking scores generated with MOE
)d Desk top tool to explore ideas and focus design




Would these new tools help?

> Integrating a lot of previous functions into a single platform will simplif

and speed up logistics and cycle times
» Inventory searching; assay requests;
> Automated requesting of additional assays will improve cycle times

- Having both analysis and design tools in a single program will

Improve design and reduce the number of analogues synthesised
» Simple to view new analogues with the real data
» Access to literature based databases to spur ideas
» Simple way to use SBDD in the same tool

> A simple way to view the overall profile and compare this between
analogues should enable earlier identification of potential candidates

e could do most, but not all of these things with our legacy systems,
but they were spread over several programs.
ow they are available in two easy to use programs




Thank you for your attention

zoetis




