B UNIVERSITATo:

ii- BARCELONA

New therapeutic targets for neurodegenerative diseases

carmen Escolano + Collaborators
Laboratory of Medicinal Chemistry

—_———



INTRODUCTION

Neurodegenerative diseases
Social impact

IMIDAZOLINE |, RECEPTORS

New strategy for Alzheimer’s disease
I,-IR Ligands

MULTICOMPONENT REACTIONS
Concept MCR

Green chemistry

Synthesis of new compounds

NEW ACTIVE COMPOUNDS

New MCR I,-IR ligands

New [3+2]cycloaddition I,-IR ligands
Application in neurodegenerative diseases
Unmet medical needs (neuropathic pain,
glioblastoma).



Neurodegenerative diseases

é{ ;’g\ World Health
a;l;‘_.____'_ﬁ Organization
Dementia Dementia cost
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waorldwide have dementia.
The majority of care is provided
by family carers.

Towards a dementia plan:
a WHO guide
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o 1 June 2018 — Only a few countries currently have
formulated national dementia plans, despite
Crucial challenge for humankind approximately fifty million people worldwide living with

dementia.



B u.s. National Library of Medicine

ClinicalTrials.gov

Terms Search Results* Entire Database**
Synonyms
Neurodegenerative Diseases 6,129 studies 6,129 studies

Disorders

condition
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B u.s. National Library of Medicine

ChinicalTrials.gov

Terms Search Results® Entire Database™
Synonyms
alzheimer disease 2,210 studies 2,210 studies

Alzheimer Dementias 83 studies

50 studies

21 studies
i 8 studies

Alzheimer Type 13 studies

S_e;nile Dementia 10 studies
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Alzheimer Syndrome 1 studies
disease
Disorders

condition

alzheimer

2,227 studies N }



- Scarce
- Limited efficacy
- No new cognitive enhancer drug

l

Inappropriate therapeutic target?

9

Crucial challenge for humankind



Solution:

- Look for NEW THERAPEUTIC TARGETS

- Understand the mechanisms involved in neurodegeneration

==m) To address the multiple etiologies and pathophysiological processes of AD




Solution:

- Look for NEW THERAPEUTIC TARGETS

Steps in the process of discovery and development
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Early knowledge;
improved decision-making @ attrition rates



Solution:

- Look for NEW THERAPEUTIC TARGETS

Know your target, know your molecule



Imidazoline I, receptors

Solution:

- Look for NEW THERAPEUTIC TARGETS

- Understand the mechanisms involved in neurodegeneration

===) To address the multiple etiologies and pathophysiological processes of AD

Imidazoline 1, receptors (1,-IR)

- Relatively unexplored target

- Widely distributed in the brain

- Increased in the brain of Alzheimer’s patients



Known I,—IR ligands

The nature of I,-IR and their respective signalling patways have not been characterized

Competition binding studies against the selective |,-IR radioligand [3H]-2-BFl
and the selective a,-adrenoceptor (a,-AR) radioligand [*H]RX821002.

2-imidazoline-containing compounds

%

tracizoline benazohne

S0y

idazoxan



Known I,—IR ligands

The nature of I,-IR and their respective signalling patways have not been characterized
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Known I,—IR ligands

The nature of I,-IR and their respective signalling patways have not been characterized

Competition binding studies against the selective |,-IR radioligand [3H]-2-BFl
and the selective a,-adrenoceptor (a,-AR) radioligand [*H]RX821002.

2-imidazoline-containing compounds

H O H)——{{ijj;::j>
0 3

2-BFI BU-224 .
- Structurally restricted

N >_/—© & >_' - Low selectivity for I-IR/a,-AR
0% ¢ 52 IR/,

N
tracizoline benazoline

H
e
New 2-imidazoline derivatives with
Faw

a different substitution pattern

idazoxan



Multicomponent reactions

Reactions in which more than two starting compounds react to form a
product in such a way that the majority of the atoms of the starting
material can be found in the product.

Stepwise reaction
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Multicomponent reaction




Multicomponent reactions

*  Atom economy, the majority if not all of the atoms of the starting materials are
incorporated in the product;

* Efficiency, the product is formed in one-step instead of multiple sequential steps;
* Avery high bond-forming index, several non-hydrogen atom bonds are formed in one

synthetic transformation. ‘

Stepwise reaction

Ideal
Synthesis

/8

Multicomponent reaction



New 2-imidazoline phosphonates

2 R!
(EtO),(O)P<__NC MW X N
+ > 4
R4 40 °C, 10 min N/
(EtO),(O)P

ISOCYANIDE-BASED MULTICOMPONENT REACTION =
@

i

SOLVENT FREE/NON ANHYDROUS ATMOSPHERE -

.

ATOM ECONOMY B
MICROWAVE ASSISTED >

Abas, S.; Estarellas, C.; Luque, F. J.; Escolano, C. Tetrahedron 2015, 71, 2872.



Receptor binding dffinities/new ligands

Competition binding studies against the selective |,-IR radioligand [3H]-2-BFl
and the selective a,-AR radioligand [3H]RX821002.

Membranes from postmortem human frontal cortex.

Blood Brain Penetration by PAMPA assays.

Ab3s, S.; Erdozain, A. M.; Keller, B.; Rodriguez-Arévalo, S.; Callado, L. F.; Garcia-Sevilla,
J. A.; Escolano, C. ACS Chem. Neurosci. 2017, 8, 737.



Receptor binding dffinities/new ligands
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New 2-imidazoline phosphonates

Known |,-IR ligands

unsubstituted
nitrogen

@ /5 @ 2-substituted
N

4,5-nonsubstituted
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New I,-IR ligands

substituted
R2 R nitrogen
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R @ 2-nonsubstituted
(EtO)z(O)P
4.5,5-tri- or 4,4,5, 5-tetrasubstituted




Competitive advantages

CR-4056 (Rottapharm Biotech)

L-IR ligands the first-in-class imidazoline-2 receptor ligand
m)zu_s‘ bt ihmegsol e Osteoarthritis-Clinical Trial Phase |l
ClinicalTrials.gov

[11C]BU99008 (Imperial College London/GlaxoSmithKline)
PET studies for AD-Clinical Trial Early Phase |

Advantages of 5: é> : ]

EtO 5

- vs other I,-IR ligands: Higher affinity/selectivity against human brain |,-IR

- vs current AD treatments (AchEl, NMDA,,;): new mechanism of action
new therapeutic opportunities

No companies or academic groups are working on I,-IR ligands for AD therapeutics




Stability studies

- Solubility
- Chemical stability: light, solid, solution, temperature...

1]
EtO—P N

=0 5 ADMET studies

- Inhibition of cytochrome P450 enzymes

- Microsomal stability

- Inhibition of hERG channels

- Preliminary cytotoxicity: Cell lines tested: MRC-5, HEL, HeLa, MDCK and MT4

No warnings!!!.A



Hypothermia

>

Acute treatment
715 ma/kg I 20 mg/kg
2c

Induces hypothermic effects
— neuroprotection
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Pharmacokinetics

Plasma concentration and standar error after oral

administration in mice (n=4) IP at 5 mg/Kg
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In vivo cognitive studies

YNOIAVH34

S1S3l1
AAILINDOD
ANV 1VdNOIAVH34G

AYOW3IN

In drinking water at 5 mg/Kg
for 1 month

Female 12 months-old

Q S SAMPS Ct (n=8)

SAMPS MCR 5 (n=8)



In vivo cognitive studies/donepezil

Summary NORT Summary NORT
Short-Term Memory Long-Term Memory
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Between 6- and 8-month-old and Males SAMP8 (n = 10-12; each group).
One Way ANOVA followed by Dunnett posthoc test; *p<0.05; **p<0.01; ***p<0.001



In vivo cognitive studies

Eto-p”| N
EtO 5

4NOIAVH3IG

AAILINDOD
ANV 1VdNOIAVH34G

AYOW3IN

In drinking water at 5 mg/Kg
for 1 month

SISATVNV
YVINIITON

Female 12 months-old

Q v SAMPS8 Ct (n=8) Reduction of inflammatory markers
SAMP8 MCR 5 (n=8) and anti-oxidant enzymes increase

Grifian, C.; Vasilopoulou, F.; Ab3s, S.; Rodriguez-Arévalo, S.; Bagan, S.; Sureda, F. X.; Pérez, B.;
Callado, L. F.; Garcia-Sevilla, J. A.; Escolano, C. Neurotherapeutics 2019, 16, 416.



/Data set

preparation

* |,- 38 compounds;
pKi: 9.42-3.64

e Alpha,- 39 compounds;
pKi: 7.52-3.95

-

Ligand based approach-3D QSAR

~

/3D-QSAR model
building
e Calculation of GRID
independent descriptors

¢ Training set 70% -
building PLS model;

/Model validation

¢ Internal and external
validation = to ensure
the reliability and
predictability of created
QSAR models.

test set 30% - model

Kvalidation /

\_

~

/

/Pharmacophore
analysis

~

3D-QSAR approach was used to find crucial structural features responsible
for high binding affinity and selectivity of I,-IR ligands.




Conclusions 2-imidazoline phosphonates

5 improves the cognitive decline in SAMP8

First experimental evidence

I,-IR new target for AD




Conclusions

5 improves the cognitive decline in SAMP8

First experimental evidence
I,-IR new target for AD
Iz'l R

ligands Future perspectives

- Target engagement
Definition of the signalling pathways of 1,-IR
Read-out for new of I,-IR ligands (in vitro test)




Imidazoline I, receptors

- Target engagement

- Relatively unexplored target

- Widely distributed in the brain

- Increased in the brain of Alzheimer’s patients

B u.s. National Library of Medicine

ClinicalTrials.gov

CR-4056 (Rottapharm Biotech)
the first-in-class imidazoline-2 receptor ligand
Osteoarthritis-Clinical Trial Phase Il

mm=) Neuropathic pain UNMET MEDICAL NEED




Paw withdrawal latency time (s)
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New bicyclic a-iminophosphonates

Cl

%’OF
N

a~-iminophosphonate moiety

R'
O (o) ﬁ o)
(EtO),(0)P_ _NC AgOAC XY Y
Y + || N-R —> H=——32H
R acetonitrile -
0 (Et0),(0)P 3 N ?

Diastereoselective [3+2] cycloaddition reaction

Arroniz, C.; Molinag, J.; Abas, S.; Molins, E.; Campanera, J. M.; F. J. Luque; Escolano, C. Org. Biomol. Chem. 2013, 11, 1640.



o C32 ca2

X-Ray crystallography

New bicyclic a-iminophosphonates

Theoretical calculations
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New bicyclic a-iminophosphonates

R R- = H- Ph- \ 4-FPh- 4-MeOPh- PhCH,- 4FPhCH,-
R' Me 8a 9a
o. N .O cyclohexyl 8b 9b
Y Ph 8¢ 9% | 12 3¢ 14c 15¢
H H 3-Cl,4-FPh 8d 9d 12d 13d
(Et0),(0)P % 7 4-MeOPh 8e 9
of Et R’ = 9n, 4-CF3Ph-
gg’ propy| 90, 3-CF3Ph-
9h, t-butyl 9p, 4-FPh-
9i, (1-adamantyl)methyl- 9q, 4-CIPh-
_ 9r, 2-CIPh-
. 9), PhCHy- 9s, 3-CIPh-
o R o 9k, PhCH,CH,- ot 4.B/Ph.
YNY 9, 4-FPhCH,CH- 9u, 3,5-diCIPh-
T3 om, Ph(CH),CH- 9v, 3 4-diCIPh-
(Et0)(O)P S N 9w, 2,4,6-triCIPh-
9x, 3-NO,Ph-
9y, 3-NO,,6-CH3Ph-
9z, 4-PhPh-
9aa, 4-CH3Ph-
9ab, 4-PhOPh-

9ac, 1-naphthyl
9ad, 2-Cl,3-pyridyl



Receptor binding dffinities/new ligands

F
Our asset ©/C|
New family of » Short synthetic process O\\:NVO

~

« High affinity and selectivity for the human 1,-IR

small molecules | | . . Yoy
« Good Blood Brain Barrier penetration properties  (gio),0p” ™
Ph

B06 (Ki 3 nM) — Non-cytotoxicity .
(human fibroblasts, CC;,>100 uM)

No inhibition of hERG channels (IC5,> 10 pM)
- no cardiac side-effects

Improves the behavior and cognition Induces hypoth_ermic effects
in two murine models, — neuroprotection
neurodegeneration (SAMP8)

and AD (5xFAD)
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Valorization for TechTransfer

12-1R ligands

l,.-IR Iigands Therapeutics | 2018

Caixam

9 |
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SITUATION PROBLEM SOLUTION
As the pnaulatucﬂ ages, the number Treatments for cognitive disorders iy patented neve family of potent
of peaple suffering from cognitive have a limited effect, and no new and selective for imidazaline 12
mpairment increases, posing a cognition-enhancing drug has reached receptors (12-1R) ligands with
serious challenge for healtheare the market in the past 10 years. demonstrated in wive effect on
systems cognitive improvement in animal

models.
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Pharmacokinetics

F
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(Et0)2(0)P" =N
Ph

A Fundacion MEDINA
Centro de Excelencia
en Investigacidn de
& Medicamentos Innovadores
B en Andalucia

B0O6

Metabolic profiling

- Levels of BO6 in CNS
- Determination of metabolites
- Microsomal stability
- Plasmatic stabilty
- Structure (mass spectrometry)

Future perspectives

Synthesis of metabolites and pharmacological evaluation
Modification of the molecule



Future perspectives

) - Target engagement
Proteomics
| Parc Cientific de Barcelona g
UNIVERSITAT neE BARCELONA
Centre
for Genomic
PCA Plot (49.8%) B Regulation
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orphanet Glioblastoma

H,NOC
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\\/N\H/N\ IC5, de 14.5 puM en LN-229 cells
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temozolomide
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embodying 2-imidazoline nucleus
Synthesis MCR
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Glioblastoma
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New family
embodying 2-imidazoline nucleus
Synthesis MCR



CONCLUSIONS

. A
NEW STRATEGY FOR NEURODEGENERATIVE DISEASES (AD) Q
NEW IMIDAZOLINE I, RECEPTORS LIGANDS | _
MULTICOMPONENT REACTIONS ?%

FIRST IN VIVO EVIDENCE I,-IR LIGANDS FOR AD cl
’ 0 ri>A@[F

EtO-P N

EtO
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NEW FAMILY OF |,-IR LIGANDS: BICYCLIC a.-IMINOPHOSPHONATES OYNYO

H H
Z /S

(EtO),(O)P E,hN

I,-IR LIGANDS FOR NEUROPATHIC PAIN

MCR compounds for GLIOBLASTOMA
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