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The rise of the macrocycle P
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Macrocycles ideal to address extended J‘“ P
binding site targets i

o
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Targets with compact binding sites

BCL-xL/Bad
complex

Large interface, multiple interactions
Evolved to selectively recognize
protein/peptidic substrates

Not readily addressed by small (Ro5)
molecules

~80% of disease targets possess
extended binding regions

Huge medical need and opportunity

Discrete, concave binding site
Known small-molecule starting points

Limited opportunities for drug
discovery remaining
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Macrocycles exploiting new chemical __J&;"
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Target types 4
2| protei RNAI
= | rrotein- Cyclic
2| Protein pegtides
m| Interactions _ _
5 Biological Drugs
= Macrocycle
g Proteases, e y Antibodies Soluble
5| phosphatases OEnsemb
receptors
. Small-
o| Kinases
= molecule o
S LGS A Great affinity for extended
m 9 A Limited affinity for extended binding domains -
g GPCRs/ binding domair_ls é_Poor_lc?_ll_[taermeablllty and oral
S| Aminergic A Good potential for cell loavailability
E| Receptors permeability and oral
S bioavailability
Small Simple Structure Large Complex Structure
100-500 MW 10,000 to 500,000 MW
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Can macrocycles do what biologics do?‘{ie‘ i
s

Antibody Macrocycle

Kp = ~300 pM Ky = ~600 pM

835 A2 surface area 136 A? surface area
MW 150 kDa MW 800 Da

Macrocycles exhibit binding affinity and selectivity comparable to biologicals
In a druglike, small molecule packageut with MW above 500

ENSEMBLE THERAPEUTICS
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kKinetics- moderateon- and very slow offates b"h—
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Biacore 3
Sensogram 5 2
of 35762 5 1
can IL17A S
antagonist T o a0 ao o w0 om0 10
IL17 Compounc Kj (M) k; (M*s-1 ky(s1) Dissoc },, (min)
E35762 0.6 5.08-05 3.00E04 38
E35018 4.3 1.96-04 8.10E05 142
E36434 0.2 1.5E+05 2.8E05 405
Secukinumab 0.09 4.1E+05 3.8E05 304

_ ENSEMBLE THERAPEUTICS
Secukinumab values from EP1776142
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Many macrocycles are already marketedJ;_a;,.‘
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A 68 macrocycles are marketer ,, ™Y wusst@epoeizes
i Half are antinfectives Chemistry
I 10 are for oncology o T Fropoma % Whe con e

Fabrizio Giordanetto™' and Jan thlbcrg*'i

l \ I I . . I I
1 9/6 8 are O ra y b I O aval ab e Cardiovascular and Metabolic Disorders Research Area, AstraZeneca R&D Malndal, SE-431 83 Malndal, Sweden

I 15 are antiinfectives(many
macrolidesg e.g. erythromycin)

I 4 for immunology (e.g.
rapamycimtacrolimug
A Cyclic peptides are generally
not orally bioavailable

I 29/30 are parentally
administered

I Only one is orally administered

l\:/Ie OMe Me l\:/Ie

rapamycin
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Cyclosporirg the only orally bioavailable J-
marketed cyclic peptide b h—

o X-ray crystal Structure in water i
| \)J\ H structure - minimized
O N N N maximized intramolecular H-
j/ P P intramolecular H- bonding
s o~ N bonding

A MW 1203 but orally bioavailable cyclic
peptide

I (1laa- 7 methylated amides)
High degree of amide methylation

Conformational flexibility is critical feature Only one H-bonded conformation but
many water-soluble conformations

To o
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Macrocycle Advantages: o
entry to druglike nonLipinski space s 2

o . -

A Macrocycles present a large surface area to bind to featureless targets

(e.g. PPIs)

I reach between isolated hot spots

i larger size to provide target selectivity
A Cell permeability and oral bioavailability enhanced by:

I controlling lipophilicity

I managing hydrogetonds (Nmethylation,intramolecularH-bonds)

I minimizing crossectional area

Can we use these insights to design synthetic macrocycles witHideug
properties?
Applying this philosophy to tough PPI targets:

IL17A antagonists ) NOVARTIS

XIAP inhibitors &5 Bristol-Myers Squibb

ENSEMBLE THERAPEUTICS
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Next generation sequencing
and informatics provides

DPC library & /" ™ A;‘flngy-based comprehensive SAR
synthesis N i’ selection assays
#\ 6\ 6\ ;:lﬁ-ﬂ-] T
) o N g R
L - - 5w L
DNAProgrammed NN i
Chemical Synthesis © v €

1 10 100 1000 10000
Measuremen it of Abundance {Pre Count)

Large Diverse
Libraries

Compound
synthesis

g Lead Hit
optimization validation !

| £ i
Lead series ) e

1.1uM (s) o oms,
HOOC’
T T \ /?i% }“\ﬁ
300 400 s00 o
o

Individual compounds made
on mg scale (no DNA)

Respenge (RU)

200
Time (5)

Biochemical, biophysical,
cell, andin vivoevaluation
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XIAP Is» keymediator of apoptosis

Extrinsic pathway

A XIAP prevents apoptosis by

sequestering key caspases

. . . Death
I BIR2 domain binds receptor

caspases3 and-7
I BIR3 domain binds

Fas or TNF

<

aspase-8
caspase9 ;@ \

A Both domains naturally fpoplosoms)
inhibited by preapoptotic -
endogenousSmnacpeptides | ) / T

A Significant recent effort in — I — Smac
finding small molecule XIAP
mimetics ofSmaa\- @

terminal tetrapeptide, AVPI | Apoptosis/programmed @
cell death S

ENSEMBLE THERAPEUTICS
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Smaawas starting point foEnsemble J}‘“;"”
macrocycldibrary design i —

P4 Pl O H P4 O Fli

O \/ WV“JK(NW)\HJH/N o "

HO - ./U\TNH2 Resulted in O P3 NJ\rNH

\" H library design P5\ 2 Ho p
N=N

Minimal functional Smac Library ELC

peptide sequence (AVPI)

from N-terminus 5 (P5) x 20(P4) x 20(P2) x 4(P2) x 20 (P1)

= 160,000 macrocycles

4 mixtures of 40,000 compounds each (ELC 1-4)
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Screeningssay reveals hit compounds throung«

sequencing DNA tags b b

Pre-selection Mixture Affinity-Based Post-Selection Signal Amplification
(Library Pool) Screening Mixture and Compound ID
« &« & CDODT = K
& & e - o > = 49
™ @ D = $
< - <
Freguency of tag sequence in Post-selection mixture — Enrich ¢
Frequency of tag sequence in Pre-selection mixture = Enrichmen
TR o
NH
5b! . ND2RS¢ PS5
P2 P1
\N\V
N=N ENSEMBLE THERAPEUTICS
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Initial library screened against both BIR domamﬂi :

A Hits observed for BIR3 but not for BIR2

A Keyexample compoundsemadeusing conventional synthesis
without DNAconjugation

IOOUO
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1000
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urement of Binding (Fold Enrichment)
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