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The rise of the macrocycle
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Macrocycles ideal to address extended- -
binding site targets 3

Abl Kinase with inhibitor bound

Compact Binding Motifs: Extended Binding Motifs:

» Discrete, concave binding site » Large interface, multiple interactions

 Known small-molecule starting points » Evolved to selectively recognize

« Limited opportunities for drug protein/peptidic substrates

discovery * Not readily addressed by small (Ro5)
molecules

Protein Complexes, Proteases, « ~80% of disease targets possess
Phosphatases: extended binding regions

Huge medical need and market opportunity
ENSEMBLE THERAPEUTICS
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Ensemblins: exploiting a new chemical space J"
“small molecule biologics” ‘*h

Target types ¢
= RNA Adnectins
=
§=
0 Protein- i i i
- | : Avimers Biological Drugs
Q| Protein Macrocyclic
E Interactions Ensemblins™
(0
Proteases, Novel-Abs
phosphatases ﬁ
— Small-
8 . molecule Great affinity for extended
= Kinases d rugs binding domains
m Limited affinity for extended Poor cell permeability and oral
5 binding domains bioavailability
g GF_’CRS( Good potential for cell
£| Aminergic permeability and oral
8 Receptors bioavailability
Small Simple Structure Large Complex Structure
100-500 MW 10,000 to 500,000 MW

ENSEMBLE THERAPEUTICS
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Modern approach taps nature’s solution for J# :
extended binding sites :

Macrocycles: Well-precedented source of
drug molecules

 Many important drugs
» Antibiotics, immune modulators, anticancer
* Most often from natural sources

» Often target extended binding surfaces

Ensemble’s Platform enables access to
this rich source of drug molecules

ENSEMBLE THERAPEUTICS
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Novel macrocyclic therapeutics with unique J#

design elements for addressing PPIs

']
T

» Goal: orally bioavailable
synthetic macrocycles

* Cyclic structure for unique
combination of chemical and
biological properties

e Drug utility well-precedented
among macrocyclic natural
products

« Highly modifiable for affinity,
specificity, delivery and drug-
like qualities

» Generated though highly cost-
effective and rapid processes

Generic Ensemblin structures
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Ensemble employs two integrated
chemistry platforms for drug discovery

DNA-Tagged Libraries || ¢ >1,600,000 macrocyclic Ensemblins

?mo available for affinity-based selection assays

?Q* * Prepared by proprietary DNA-programmed
*g chemistry (DPC™)
ST ?*f@ * Many distinct structural architectures
kf&:}jw et 5t generation libraries in 2011

* Protein motif mimics
e 2.6 million Ensemblins in Q1 2011

Discrete Compounds * Macrocycle synthesis “know-how”

! e >2000 prepared in multiple structural classes
— B « Solid-phase and solution-phase synthesis (mg-g
ﬁ/ T scale)
‘ M{“  Single and combinatorial synthesis methodologies
R  Scalable

* Up to 20 g produced in-house

ENSEMBLE THERAPEUTICS



Ensemble Library Synthesis 2008-11

a B
. . . Ensemble Librg’lryE —— 2100K

e 1.6 million Ensemblins available now /

4.5 million Ensemblins by end of 2011 L800K

o Library number doubling every 6 months ,
* Produced in sub-nanomolar quantities 0

1 millionth of one nanomole (femtomole) required —— 1500K

\/

2000K

of each molecule per selection event P
 Each library campaign has delivered a new Ensempié Libran D 120K
macrocycle architecture

— 900K
Ensemble Library C . 392K

Ensemble Library B T - L 600K

- 280K 280K]

Ensemble Library A —___,_12-0’[{]_'2_6 / 160K160K — 300K

40@4@""” | | | | |
3Q08 | 4Q08 | 1Q09 | 2Q09 | 3Q09 | 4Q09 | 1Q10 | 2Q10 3010 | 4Q10 1Q11
80K 320K 640K 1600K ~3600K
Cumulative macrocycle number ----------- ENSEMBLE! THERAPEUTICS



Replacing conventional HTS with fmole J. 3
synthesis and selection

Million-member libraries Simple, low-tech
in small volumes selection assay set-up

PCR of DNA tags DNA Sequencing of
libraries and hits

ENSEMBLE THERAPEUTICS



Integration of Ensemblin platforms for a
powerful discovery engine

e T E “AAS)
u : ‘;VL: . H j

DNA-Programmed el ?“IQJ@
Chemical Synthesis ? Ww &*t%
H»yiv "
Diverse Libraries Discrete .
compounds W/(\@
? <

3 H=,
H N u||

Affinity-Based

Selections .
35 "" =
- By NN
'/}a | ) ™
= Biochemical, biophysical,
= cell, and in vivo evaluation
Comprehensive Data Set - development candidates
“Instant SAR”
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DNA-programmed chemistry (DPC) J:...;"
P
i

 DNA hybridization directs chemical reactions in “nanoreactor”

— enthalpic benefit of DNA hybridization > entropic loss of chemical
reaction

— increases effective reactant molarity, promotes reaction specificity
* Reactions occur under mild aqueous conditions

* Purification and analysis at every step

ENSEMBLE THERAPEUTICS
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DNA-encoded compounds: w \e
‘Screenable’ Ensemblin mixtures = b -

oo &
& & &
¢ ¢ & &

A mixture/library of 40-200K compounds is created in one reaction vessel.
Each compound is coded for by a unique DNA sequence, allowing the behavior
of each individual within a mixture to be tracked.

7 NH

—

o, m’o N
R s ,,
Yg s ~w omall Molecule”
DRME—""5'h 5t 57 ChemicalDiversy
W
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Affinity-based screening of DNA-encoded

compounds

e
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Recovery of

Coded Diversity Affinity-Based Active
Collection Screening Compounds
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» PCR amplification

= Next Gen DNA
sequencing

= >20,000,000 per run
= Decoding/analysis

ENSEMBLE THERAPEUTICS



raw data

Compound Distribution of a 17,055 Member Naive Collection | 7

EER

2

450

400
350
300
250
200
150

100

F 17001

r 16001

r 15001

r 14001

r 13001

r 12001

r 11001

r 6001

r 5001

r 4001

r 3001

r 1001

BCL-xL affinity selection

uolreindod punodwo) renpiaipul

s 17001
u 16001
15001
(@) P
=
MH.V 't 14001
<) il
| -
C .
%) L 13001
©
(D)
% wmoWonon . 12001
S —
; ¥
.WJ {11001
= i
= =
< 2 » M 10001
— . p... =
b4 3
|__ | H o001
@)
m E
..& & [ | oo
o
(al
= 4 7001
S =
= =
= RN 1
=
N ' %R 5001
& .
S ¢ % & =
m | 4001
o
(@
m = | 3001
o
@) :
- 2001
~f 1001
T 1 .q“ 1
O © 0O 9 O 9 o 9o o o
n O mW O m S v o
< ¥ ® ® N & 4 4

uone|ndod punodwo) renpiAlpuj

14



Macrocycle discovery vs BCL-xL protein oY

P P
complex 2 u.h-

Selection data Selection in presence of Selection in presence of
natural substrate peptide inactive peptide

Each sphere represents a unique Ensemblin structure; color coded by degree of
enrichment (Blue = highest enrichment)

« Significant enrichment of macrocycles that bind to BCL-XL

« Compound binding blocked by natural substrate peptide

* Binding affinity improved by design, synthesis of follow-on
libraries

ENSEMBLE THERAPEUTICS



BCL-xL inhibitor iterative library follow-up -

4 natural peptide substrate
= Library of 1,728 <G>
563
compounds made based
on best actives = vos 58
= Affinity selection of E 210 Hits
iterative librar =
| y H§ B8
= Considerable Primary =
enrichment of numerous Library Screen = e
compounds observed 4 -
. . = 1728 + 4800
= Selection in presence of %’ 10,4 COTEEITEE
natural substrate (Ki = £ Screened
200 nM) indicated best = lterative Library
compounds have similar £ Screen
enrichment == ... 08%.......
4800
Compounds

Screened




Analysis of “off-DNA” discrete compounds: &
Macrocycle SAR -a":'ﬂh-

« Compounds are selected for synthesis and assay based on DNA enrichment and
SAR patterns

» Activity determined through Biacore or FP assay, with FITC labeled BAK peptide
» Clear correlation between enrichment in affinity selection and biochemical IC50

of discrete
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Ensemblin binding to BCL-xL confirmed by J-:,,
| . . -: J
Biacore/SPR and fluorescence polarization D“L'_ﬂ

S 130 -
e
o = 110
[
S ] == — 100
2 . — i m (+) control (BAK)
S —— N - .. @ Compound E-003
X . —— BO - 1 i
&1 70 \'-. A%
0 50 100 150 200 250 o ' \ .
Time (s) £ %0 ._ _

- 7 | ICs=4
S 3+ 50 -
S W, 1 VT MM
(%) ' =1 K \
=R | ", .
D 2 30 - \\ \
Q15 1 ", 1%
§_ 10 4 / ?-ﬂj \\\ 5 N
g °1 ¢ 10 4 e i
04 a ? ! ! ! ? . ——

0 Se-f le-5 15e-5 2e-3 25e-5 0 L

Concentration (M) T S S
K_ =800 nM 0.01 0.1 1 10 100
p = obun [Inhibitor] uM

Ensemblin binding to BCL-xL confirmed by Biacore/SPR direct Ensemblin exhibits functional competition
binding analysis of BH3 binding to BCL-xL in FP assay

ENSEMBLE THERAPEUTICS



Productivity in action Sty
T

Identification and optimization of macrocycles against
two important disease targets

casestudy 1 |  Intracellular dual-binding target

casestudy 2 | EXtracellular cytokine target

ENSEMBLE THERAPEUTICS
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Macrocycle Case Study 1 "e:‘.;.-":
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DPC enables discovery of macrocyclic candidates with
nM IC50 against Partner’s intracellular PPI target

Background:
 Intracellular protein-protein interaction target

o Candidate profile requires affinity for two related
binding sites — i.e. inhibitor with dual activity

e Limited SAR in the literature
* No pre-existing molecule with this profile known

Case Study 1 . _—
ENSEMBLE THERAPEUTICS




Aggressive criteria set by partner J’ s
Success leads to project transfer to partner bﬂ}’

Requirements for successful project for transfer to Partner:
 Low nM IC., against both binding sites in same molecule
o Sub-micromolar cell assay activity

 No manufacturing limitations

* Acceptable ADME and PK properties

o Acceptable off-target, HERG, Cyp panel profile

Case Study 1

ENSEMBLE THERAPEUTICS




"'-ﬁ*',

l*’

Screening the DPC libraries against the two J

target proteins b 1}.’

e 320K Ensemblin Library

Screened ' Binding site B protein
» Active leads identified for e .
Binding Site B protein , R
 no hits for Binding Site A | _ . -
« Hits synthesized as discretes , _' ‘:.f.:. "".q

molecules (no DNA — mg scale):

e Confirms low micromolar affinity
for Site B, no binding to Site A

A focused library prepared to
expand on observed SAR

Active hit compounds

Case Study 1

ENSEMBLE THERAPEUTICS
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Iterative focused libraries produced hits with J;.
w
affinity for both sites el —
- ) -
Binding site A protein Binding site B protein
¥ 10000 E 10000
- _ _ E Active hit compounds
Active hit compounds B o /
= = ’\.
E _ | —— A E mr:-. = - - /
;; ID-I—I—(- s '" ,> E !1.} | |\\'\'A~.___/
RN 2 AR %
« Focused secondary macrocycle library 10 l
« 1800 compounds | Red: binding site A and

« Hits identified for both Binding Site A and B < SR Sl 2 AEiE

proteins
« Correlation analysis showed multiple hits with

dual affinity
 Compounds synthesized as discrete L . |

molecules confirmed as dual actives with low N Ef.'“e i"“d'”g slte B selective

UM affinity for both sites

1 10 — 100

Case Study 1 binding site B
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Medicinal chemistry campaign by Ensemble J
rapidly improved dual binding potency bﬂ}-’

e il

 Initial leads were single digit micromolar

e Two series were pursued
— Best compounds in Series 1: 100-200 nM for both sites
— Best compounds in Series 2: 1-50 nM for both sites

e Current best compounds:
— Balanced affinity ~10 nM for both sites

 On-mechanism activity confirmed in multiple
biophysical and functional assays

o Several X-ray co-crystal structures generated with
our macrocycles bound to target proteins

Case Study 1

ENSEMBLE THERAPEUTICS




. . . . _— “1:‘?93“ f
Activity in whole cell assay, initially poor, o
but quickly improved to low nM IC., - u.}_
Cell Assay - Read out at 72 h Initial whole cell assay results showed relatively

weak activity despite good binding to target protein
— only low micromolar cell potency, at best

rvcia
-
*
!
-

L

Ol Aciivi
i

. G 140 1 s @

120 1

100 4

“inbitition
2

A rational series of analogs designed for improved
permeability led to dramatically increased cell i
potency: best compounds are now ~10 nM IC50 04

Case Study 1 ) o
ENSEMBLE THERAPEUTICS




Rapid process gives hits, SAR, crystal Jff
structures and nM cell activity bﬂ.}.’

1Q l 2Q ’ 3Q ‘ 4Q
y N N 4k A A A y N N

DPC library 2"d Gen DPC library 34 Gen
- 160K compounds - 1764 compounds DPC
- Design informed - affinity for both binding librari
by literature SAR sites observed Ioraries
-designed to be
generic and diverse

DPC Libraries

Discrete New series X-ray co- Third series nM cell
macrocycles discrete crystal of discrete activity
- good affinity macrocycles structures macrocycles
for Site B - good affinity for - nM potency

Med Chem: both binding sites ;(i)tregoth binding

Discrete molecules no DNA

Case Study 1

ENSEMBLE THERAPEUTICS
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Aggressive criteria set by partner w Ye

\ : Yoo &
Met by Ensemble’s Team -- project ready for transfer = fﬂb

L
P -

"

Requirements for successful project for transfer to Partner:
v Low nM IC., against both binding sites in same molecule
v" MET: Single digit to double digit nM affinity and IC,
v Sub-micromolar cell assay activity
v' MET: Single digit nM IC,
v No constraints on scale-up and analog synthesis
v' MET: rapid synthetic methods developed

v Acceptable off-target, HERG, cyp panel profile
v MET: e.g. HERG >80 uM

v Acceptable ADME and PK properties
v MET: good exposure to drug in rodent model

Case Study 1

ENSEMBLE THERAPEUTICS
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Ensemblin™ Case Study 2 'l-:‘.;,.":
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Ensemble’s macrocycle platform used to discover
small molecule inhibitors with nM Kd against partner’s

PPI target

Background:
e Extracellular cytokine protein-protein interaction target

e Candidate profile requires affinity for solution phase
cytokine

 Mechanism clinically validated with mAb product

 No small molecule ligand or SAR known for this target

Case Study 2

ENSEMBLE THERAPEUTICS




Selection assay with 500K+ macrocycles Ny
Results reveal structurally distinct chemotypes -

{1
With good affinity ﬁ*-ki-

ELB-2 ELB-5
ﬂi'muu-:l E 10000
5 E
E o (+) Control E oo (+) Cc:wtrol
3 3 - 5igd > 3.0 [Hits)
F : \ B sigd > 15, sigh <= 3.0
E . le hits £ i hits sigd > 1.0, sigd <= 15
5 A e 3 -i|.i—\ «5igd < 1.0
5 ————— E a " |
i : [ | Il
9 ; |||ha

T y 1

= 10 100 1000 10000 = 1 o 10040

Meszurement of Abundance | Pre Count) Ma I:;Llwnl'l; f h unvd anca 1Prn Coumnt)

- ELD-3 e Compelling screening result

g _ « Large number of highly enriched compounds in
3 == . certain pools but none in many others —

§ : indicates specific binding interaction

s  Compounds with up to 300-fold enrichment

% e I1!||| S observed — indicates strong binding interaction
- v imee 25 o Extensive and detailed SAR observed to guide

medicinal chemistry
ENSEMBLE THERAPEUTICS
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Selection repeated in “competition mode” ¥ 2

Hits competed by known hi-affinity peptide -2’*{1}*’

- e
L¥ i

Target Selection of
key library

Measurement of Binding (Fold Enrichment}
T o — =

1 10 100 1000

Measurement of Abundance [Pre Count)

v'Hits identified
as having affinity
for the target

Case Study 2

10000

Target Selection repeated Target Selection repeat

in the presence of “on in the presence of non-

mechanism” high affinity binding “random”

peptide peptide

‘%‘mnm Elmm

g / I i 1 =

§ £ S

:E !w-l¥ : = ) E !m I 3 e '*ﬂ:Q

} — B8 i L

il . P ——:
. H:Lummmt of ]:]lll:'uml-rl:n {F:lmct;uﬂ:l o ! H;Emumnmﬂ]ll.ﬂmdqn:n tl':f:ll:iu-utﬁ R
v'Hits are effectively v'Hits not affected by
competed by target- Inactive peptide—nhits
specific peptide—hits confirmed as having
are “on mechanism” affinity for the target

ENSEMBLE THERAPEUTICS



Compelling selection SAR confirmed by Jo.-a
discrete macrocycles Fo i |

Road map for medicinal chemistry campaign 5"*5’

Ordered by Clear Mainly one Clear !_lnke_r Corrglates
enrichment SAR component SAR fixed in .W'th
subpool enrichment
Code FEsigma4 R1 R2 R3 Linker Discrete:
Target Affinity
[ 1R2R3C4M 108.9 A J R w Kd = 543 nM
1R2R3K4M 59.9 A J S w
1R2R304M 39.0 A J T w
1K2R3C4M 345 B J R w Kd = 4.5 uM
1M2R3C4M 29.7 J R w Kd = 1.1 uM
1M2R3K4M 26.8 J S w
Most enriched 1M2R304M 26.3 J T w
compounds 1R2T3C4M 19.0 A K R w
from selection 1S2R3C4M 172 D J R W Kd = 2.6 uM
of the ELB2 1S2R3K4M 14.8 D J s w
library 1S2R304M 14.3 D J T w
1K2R304M 14.0 B J T w
1K2R3K4M 11.4 B J S w
1Q2R3K4M 10.3 E J S w
1Q2R3C4M 9.8 E J R w
1Q2R304M 8.2 E J T w
Case Study @ 1P2R3K4M 8.1 D J S w
1R2T3K4M 7.9 A K S w
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SPR employed to confirm discrete Ensemblms)- e
bind to protein target bﬂb

Representative Ensemblin binding to biotinylated
target protein on a streptavidin SPR chip

20 K,, = 6.4E+02 (1/M*s)
Kos = 1.69E-03 (1/s)
- \ Kd=2.6 uM
S A W T3y
3 ‘ V™
2 10 L [‘H Ay
8_ ,(
o — Concentrations tested:
T 5 20, 10, 3.3, 1.1 uM
A
0 -
I ! I ! I ! I ! I ! |
-100 0 100 200 300 400 500
Time (s)
Case Study 2 . _—
ENSEMBLE THERAPEUTICS



Ensemblin platform rapidly discovers first Ji*f
small molecule inhibitors of cytokine target § fﬂb

1Q10 2Q10 3Q10 4Q10
A ? T A ?

Initial library Discrete Mechanism
screening macrocycles confirmed
- 480K compounds synthesized
- hits and SAR
observed

Target selection AC“V.e.S

assay |d(|ent|f|SeA0IR

development - clear -

| determined
completed - KD correlation

with selection data

1 month — Selection assay to hits identified

1 month — Synthesis of discrete Ensemblin hits
1.5 months — Binding and inhibition data with SAR correlating with
selection results

0.5 months — on-target mechanism confirmed

Case Study 2 ) .
ENSEMBLE THERAPEUTICS




Macrocycles that inhibit cytokine/cytokine w Yo
receptor interaction - -

Program Achievements:

v' DPC hits identified that bind to cytokine

— Actives from at least two different macrocycle series

— Bind to site that is competed with known active peptide
v Discrete chemistry (non-DPC) produced good affinity leads

— 15 macrocycles with Kd values between 0.5 and 1.5 pM against cytokine
v Activity confirmed in biophysical competition assays (SPR and NMR)

— Binding affinity of discrete Ensemblins correlate well with selection
enrichments

> First known small molecule inhibitors of this cytokine target within 4
months of initiating selection assay

Next steps: iterative libraries in screening, x-ray co-crystals in progress

Case Study 2 . _—
ENSEMBLE THERAPEUTICS
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Ensemblins — Demonstrating
Diversity and Druggability
ENSEMBLE THERAPEUTICS



Making macrocycles drug-like P s |

 Ensemblins have MW > 500 and yet can be drug-like with
oral bioavailability

« Natural product macrocycles provide a compelling
precedent

— At least 8 macrocyclic natural products have resulted in orally
bioavailable drugs (see next slide)

« erythromycin alone has led to three oral drugs (erythromycin,
azithromycin and clarithromycin)

— Rule of 5 requirements are violated by these compounds and yet
they remain drug-like
e This provides compelling evidence for macrocycles
existing within a non-Lipinski drug-like space
— macrocycle drugs are not constrained by “rule of 5” limitations
ENSEMBLE THERAPEUTICS



Ensemblins represent same space as orally
bioavailable natural product macrocycles

II‘ ﬂ"f
)

‘f‘l“,;
‘J:i J"

.

» Orally bioavailable natural product
macrocycles have led to a number
of marketed orally active products
(oral bioavailability in green)

avermectin Bla 873 ivermectin © ~100%

cyclosporin A 30%

ciclosporin

1203

erythromycin ' 734 erythromycin ' 25%

tacrolimus ' 20%

FK506 804

leucomycin 702 kitasamycin

midecamycin 814 miocamycin = _~100%

sirolimus 20%

rapamycin 914

90-5%

rifampicin

rifamycin 698

Representative compounds
distributed by size and shape

Orally bioavailable natural product
macrocycles in blue

SN 45000 40OM NN 300 S5O ri ) o I:‘-
| 1
a & B ;
e e . Size:
s e i topological
il [— = '] .
: : = radius
cyclosporin EEEEESSSSESa= |
= 1\ . . ".'::_ I-i_ !
s L ﬁ.- 81
B » FK506

if : 8 __ _ =m
rapamycin /d__ f
I N B =7 o -.~rifamyCin
- w
/ -
- ’ ;-r:

E_dz

5‘_-0_15?-—"‘-_- T ST y e :-.-:n-- X X
- 'ﬁ‘u'ﬂ'-‘ NG B0 MEOBE 000G IR0 - [ T = .
éhape: Weiner IE erythromycin

parameter

—" leucomycin
avermectin

L
s ] LN o g
2 ine
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Macrocycles represent substantial opportunity

1000

for structural diversity

Structural variation achieved through:

* Macrocycle architecture and ring-closing
chemistry

 R-groups
* N-alkylation of peptide bonds
» Stereochemical variation

Spacer groups enable molecular domains
and incorporation of larger pharmacophores

Linker-spacer chemistry developed to
readily provide multiple types of chemical
ligations with variable ring size and flexibility
For the ELC library (1Q10)

— Ring sizes range from 19-26; median=21

— MW range 510-990; mean=720

ENSEMBLE THERAPEUTICS



e,

Ensemblins display a range of physical J:.:

properties b }.’

-

 Macrocycles cover a range of physical and ADME properties

 We have built correlations between macrocycle structure and these properties and
have incorporated them into new designs

e ELC library compounds designed to demonstrate good ADME properties

Log Solubility 0 1 2 3 4
(uM) < <
'F‘)g?mz:'t\:liﬁ@ 3 2 1 0 1 2 3
(nm/sec) 4 4
PPB free 0% 50% 100%
fraction (%) < <
Measured -4 -2 0 2 4 6
Log D
9 @ ®
Microsome Stability S 5 )
(% unchanged at 60 0% SEe 100%
mins +NADPH) < <@
. — —
Range of values for ELC library examples
N— -
——
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Summary A

« Significant number of macrocyclic Ensemblins on DNA (>1.6 million)
available for selection-based screening

— Additional libraries in 2010 for total of 1.5 million Ensemblins
— Largest macrocycle library in the industry

* Macrocycles represent considerable diversity and drug-like properties
— Multiple novel macrocycle templates; protein function mimics
— Physicochemical and other druggable properties incorporated
— Oral bioavailability for numerous macrocycles

« Hits identified for multiple protein-peptide and protein-protein targets
— Current collaborations with BMS and Pfizer
— Significant success with partnered targets
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