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Rationale for PDE9A inhibition in kidney and / or heart diseases

PDE9A Probe BAY-7081 
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• PDE9A is a cGMP-degrading phophodiesterase

• PDE9A is highly expressed in kidney, medium in heart and less in vessel

=> PDE9A inhibition might elevate kidney and / or heart cGMP levels

without causing blood pressure effects known for sGC modulators

• Elevation of renal cGMP levels by sGC stimulators

has protective, anti-remodelling & anti-fibrotic effects

• PDE9A inhibition increased urinary cGMP in in sheep

• PDE9A inhibition improves hypertrophy and function in a murine 

heart failure model

• PDE9A inhibition reduced fibrosis and improved functional parameters

in a rat model of myocardial infarction (Circulation 2020, A13810)

J. Biol. Chem. 1998, 15553

Circ. Heart Fail. 2021, 137 J. Med. Chem. 2022, 16420

Kidney Int. 2005, 47 J. Am. Coll. Cardiol. 2019, 889 

JACC: Heart Failure 2022, in press



Reference compounds 
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PDE9A Probe BAY-7081 

• Several clinical trials with PDE9A inhibitors have not met their primary endpoints (e.g. in CNS diseases)

• Finding suitable indications for PDE9 inhibition is still a subject of ongoing research

• High-quality probes are desirable to further investigate PDE9 mediated pharmacology 

• However, published reference compounds lack full probe-relevant data set incl. negative control

Irsenontrine, Ph2, Eisai

Tovinontrine, Ph2, discont., Imara

Osoresnontrine, Ph2, Boehringer

PF-04447943, Ph2, discont., Pfizer

J. Pharmacol. Exp. Ther. 2019, 633:

• PDE9A-IC50 65 nM, PDE1-IC50 1.2 µM, 

PDE2-7/10-IC50 >10 µM

• Rat po PK: cmax 892 nM

Haematologica 2020, 623:

• PDE9A-IC50 8 nM, PDE1-IC50 8.5 

µM, PDE2-8/10/11-IC50 >80 µM

J. Pharmacol. Exp. Ther. 2012, 396

Neuropharmacology 2011, 665

• PDE9A-IC50 12 nM, PDE1-IC50 940 nM, 

PDE2-8/10/11-IC50 >1000 nM

• Rat PK: tmax 0.3 h, tmax 4.9 h, Cl 21.7 

ml/min/kg, F 47%



Technical in vitro profile

• BAY-7081 is a potent and selective PDE9A inhibitor

• BAY-7081 shows high aqueous solubility at pH 7 from crystalline material

POTENCY vs hPDE9A [nM]

Biochemical hIC50 15

Biochemical mIC50 34

Biochemical rIC50 42

Cellular  EC50 995

Cellular  EC50 of PF-04447943* 1690

Properties & Physchem

LogD @ pH 7.5 1.9

BEI / LLE (based on hIC50) 24 / 6.1

Sol @ pH 7 [mg/L], cryst. material >500

MW / MW corr / TPSA [g/mol / Å2] 363 / 326 / 68

Stability (pH 1 / 7 / 10, 24h) [%] 100

in vitro DMPK Properties

Caco2

Permeability

Papp(A-B) [nm/s] Papp(B-A) [nm/s] efflux ratio

149 848 6

metabolic

stability

CL [L/h/kg] Fmax [%]

rat liver mics 0.1 97

rat hepatocytes 1.6 62

human hepatocytes - -

CYP inhibition 

IC50 [µM]

1A2 2C8 2C9 2D6 3A4 3A4 preinc.

>20 >20 16 >20 >20 17 (no TDI)

CYP3A4 

induction [µM]
@ 9

SAFETY

Cytotox clean at 100 µM

hERG IC50 [µM] >10

Selectivity

In-house kinase panel                                  

(31 kinase assays)

1x IC50 6.6 µM,

rest >20 µM

(e.g. BUB1, EGFR) 

Panlabs @ 10 µM See next slide

BAY-7081
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HCl

* former phase 2 cpd from Pfizer

(S)-configuration 

according to X-ray



Selectivity Profile in more detail (Panlabs & inhouse PDE panel)
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PDE
Biochemial

IC50 [nM]

Selectivity factor 

vs hPDE9 IC50

hPDE9 15 1x

bPDE1 753 49x

hPDE2 >10000 >650x

hPDE3 >10000 >650x

hPDE4 3960 238x

hPDE5 2980 143x

bPDE6 1560 101x

hPDE7 >10000 >650x

hPDE8 1490 97x

hPDE10 >10000 >650x

hPDE11 6600 430x

BAY-7081 shows good off-target selectivity

Meets criteria >30x in target family

h = human, b = bovine



SMOL X-ray of BAY-7081 and co-crystal of BAY-7081-analogue with PDE9A
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PDE9A Probe BAY-7081 

Co-crystal-forming

PDE9A inhibitor

HCl

BAY-7081

• Absolute configuration of BAY-7081 is (S)

• PDE9A co-crystal with BAY-7081-analogue reveals binding mode



In vivo PK data
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Unbound concentrations should be 

> rPDE9 IC50 and below off-targets 

with a dose of 10 mg/kg bid to rats

BAY-7081 is orally bioavailable and should be suitable for in vivo PD experiments

Rat PK data:

CLb 2.4 l/h/kg

Vss 4.5 l/kg

MRTiv 1.9 h

F 61%

fu 20%

Dog PK data:

CLb 0.9 l/h/kg

Vss 3.0 l/kg

MRTiv 4.0 h

F 80%

fu 43%



In vitro profile of Negative Control BAY-7424
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BAY-7424 is inactive in biochemical and cellular PDE9A assays at low concentrations

Clean kinase panel profile

POTENCY vs hPDE9A [nM]

Biochemical hIC50 >10000

Biochemical mIC50 -

Biochemical rIC50 -

Cellular  EC50 >10000

Properties & Physchem

LogD @ pH 7.5 1.9

BEI / LLE (based on hIC50) <15 / <2.8

Sol @ pH 7 [mg/L], partially cryst. >400

MW / MW corr / TPSA [g/mol / Å2] 363 / 326 / 68

Stability (pH 1 / 8, 24h) [%] 100

in vitro DMPK Properties

Caco2

Permeability

Papp(A-B) [nm/s] Papp(B-A) [nm/s] efflux ratio

- - -

metabolic

stability

CL [L/h/kg] Fmax [%]

rat liver mics - -

rat hepatocytes - -

human hepatocytes - -

CYP inhibition 

IC50 [µM]

1A2 2C8 2C9 2D6 3A4 3A4 preinc.

- - - - - -

CYP3A4 

induction
-

SAFETY

Cytotox -

hERG IC50 [µM] -

Selectivity

In-house kinase panel

(31 kinase assays)

>20 µM

(e.g. BUB1, EGFR) 

PDE1-11 at Panlabs @ 10 µM
62% inh. of 

PDE9A, rest clean

BAY-7424 
(distomer of BAY-7081)HCl

(R)-configuration



Summary / Conclusion

Probe criteria

Inhibitor potency: goal is < 100 nM (IC50) Meets criteria

Biochemical hPDE9A-IC50: 15 nM

Selectivity within target family: goal is > 30-fold Meets criteria

All selectivity factors within PDE family: >30x

Selectivity outside target family: describe the off-targets (which may include 

both binding and functional data)

Meets criteria

Clean in a panel of 75 off-targets at 10 µM and 30 kinases at 20 µM

3D binding site comparisons across the PDB gave no hint for other off-targets

On target cell activity for cell-based targets: goal is < 1 µM IC50/EC50 Meets criteria

Cellular hPDE9A-EC50: 995 nM

(Improved vs reference PF-04447943)

On target cell activity for secreted targets: appropriate alternative such as 

mouse model or other mechanistic biological assay, e.g., explant culture

Meets criteria

Co-crystal structure of close BAY-7081 analogue with hPDE9A available

Trend for cGMP increase in urine of rats (see J. Med. Chem. 2022, 16420)

Neg ctrl: in vitro potency – > 100 times less; Cell activity – >100 times less 

potent than the probe 

Meets criteria

Biochem: 667x less active than BAY-7081

Cell: no activity of negative control in cell assay at 10 µM

We ask for acceptance of PDE9A inhibitor BAY-7081 as chemical probe,                                                    

accompanied by BAY-7424 as negative control
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PDE9A Probe BAY-7081 

https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c01267

https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c01267
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Biochemical assay in more detail
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PDE9A Probe BAY-7081 



Cellular assay in more detail
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Chemical Synthesis of BAY-7081 and of Negative Control BAY-7424

BAY-7081 and BAY-7424 were synthesized  in a sequence of overall 7 steps
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g)

entent

BAY-7424

HCl

f)

e)

b), c)

a)

BAY-7081

d)

rac

HCl

Synthesis of BAY-7081 & BAY-7424. Reagents and conditions: a) 2-[di(methylthio)methylidene]malodinitrile, TEA, DCM, reflux, 87%; b) pyrrolidine, magnesium

sulfate, toluene, r.t., overnight; c) allyl bromide, acetonitrile, r.t., 4 h, 46% over two steps; d) Pd/C, H2, THF, r.t., overnight, 99%; e) cesium carbonate, DMSO, r.t., 48 

h then acetic acid, water, 90°C, 2 h, 39% f) chiral chromatography, eluent CO2/EtOH, 46%, 100% ee; g) HCl in 1,4-dioxane, DCM, r.t., overnight, 95%. BOC = tert.-

butoxycarbonyl; DCM = dichloromethane; DMSO = dimethyl sulfoxide; EtOH = ethanol; r.t. = room temperature; TEA = triethylamine; THF = tetrahydrofurane.


