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Scientific rationale

ROCK1/2 Inh Probe BAY-549 
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 The Rho-associated coiled coil containing protein
kinase (ROCK) is a ~160 kDa serine/threonine
kinase from the AGC kinase family.

 ROCK is an effector of the small GTP-binding
protein RhoA, and is implicated in a multitude of
fundamental cellular processes including smooth
muscle contraction, cell growth and migration,
endothelial barrier maintenance, and apoptosis.

 ROCK mediates the phosphorylation of the
regulatory myosin-binding subunit of myosin light
chain phosphatase (MLCPh). This inhibits the
phosphatase activity causing an increase in the
level of phosphorylated MLC and the contractile
tone of the vascular smooth muscle apparatus
independently of any change in intracellular Ca2+

concentration, a phenomenon known as “calcium
sensitization”.

 ROCK inhibitors counterbalance this process
leading to net vasodilation.



Comparison with commercially available compounds1)

ROCK1/2 Inh Probe BAY-549 

/// Donated Chemical Probe ROCK Inh BAY-549 /// June 20193

Name ROCK ROCK1 ROCK2 others

Fasudil 330 nM (Ki) PKA 1.6 µM, PKG 
1.6 µM, PKC 3.3 µM

Hydroxyfasudil 730 nM 720 nM PKA 37 µM

Ripasudil (K-115) 51 nM 19 nM

Netarsudil
(AR-13324) 2 nM

Y-27632 x 2HCl 140 nM 300 nM

Y-39983 x HCl 3.6 nM

AT13148 6 nM 4 nM p70S6K 8 nM, Akt1 
38 nM, PKA 3 nM

Thiazovivin ca. 500 nM

KD025 (SLx-
2119( 60 nM

GSK429286A 14 nM 63 nM

GSK269962A 
HCl 1.6 nM 4 nM MSK1 49 nM, 

RSK1 132 nM

GSK180736A 100 nM GRK2 770 nM

RKI-1447 14.5 nM 6.2 nM

BAY-549 0.6 nM2) 1.1 nM2)
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BAY-549:
• highly potent 
• in-depth 

characterized 
• novel scaffold 
• good selectivity 
• inactive structural 

analog

2) BAYER data
1) https://www.selleckchem.com/ROCK.html



Technical in vitro profile

ROCK1/2 Inh Probe BAY-549 

• BAY-549 has high in vitro potency and selectivity.
• BAY-594 has low solubility and intermediate permeability with no efflux in Caco2 assay.

POTENCY (IC50 [nM])

Biochem. ROCK-1 (h) IC50 [nM] 0.6

Biochem. ROCK-2 (h) IC50 [nM] 1.1

Biochem. ROCK-2 (m) IC50 [nM] 2.4

Biochem. ROCK-2 (r) IC50 [nM] 0.8

Arteria Saphena rabbit IC50 [nM] 65

Properties & Physchem

logD @ pH 7.5 2.3

BEI / LLEd (calc, ROCK-2 (h)) 25 / 8.6

Sw @ pH 6.5 [mg/L] 0.5

MW / MW corr / TPSA [g*mol-1 / Å2] 403 / 359 / 102

Stability (r /h plasma, 4h) [%] nd

in vitro DMPK Properties

Caco2
Permeability

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

59 23 0.4

metabolic
stability

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

liver mics (r) 2.3 44

rat hepatocytes 2.0 53

human hepatocytes 0.82 38

CYP inhibition 
IC50 [µM]

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

>50 nd 6.0 >50 41 6.6

PXR nd

SAFETY

Cytotox (HuH-7 cells) [µM] 1.9

hERG IC50 [µM] >30

Selectivity

In-house kinase panel High selectivity
see next slides

Upstate @ 10 µM (kinase panel)
High selectivity
see next slides

BAY-549
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Solubility mg/L

pH 6.5 0.5

pH 2 1.8

pH 4 0.8

pH 8 0.3

pH 10 0.2

PEG400 >30

PEG400/H2O 
80/20 120

Solutol/EtOH
/H2O 40/10/50 240

0.1 M HCl 247

Acetone 6331



Docking study with BAY-549
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Molecular modeling images of BAY-549 docked and
minimized into ROCK-1 (2esm.pdb, subunit A, Asp216 side
chain minimized):
The inhibitors is shown in pink, while the protein surface is
given in grey with key amino acids labeled and highlighted
in green. Heteroatoms and polar hydrogens are color
coded (N, blue; O, red; S, yellow; F, light green; Cl, dark
green; polar H, white) and hydrogen bonds are shown as
yellow dotted lines.

from: J. Med. Chem. 2008, 3, 1893 – 1904.
DOI: 10.1002/cmdc.200800211



Selectivity profile in more detail – kinase panel

ROCK1/2 Inh Probe BAY-549 
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Kinase Profiling at Upstate
114 Kinases (10 µM)

23 Different kinases IC50 : 1-10 µM
TrkA IC50 :  252 nM
Flt3 IC50 :  303 nM
PKA IC50 :  734 nM
ROCK-2 (rat); IC50 :    <1 nM
ROCK-2 (human); IC50 :      1 nM

Inhouse Kinase Data:
111 Kinases (10 µM)

Mps1 IC50 : 0.54 µM
AKT1 IC50 : 0.82 µM
FLT4 IC50 : 1.04 µM
NUAK1 (10 µM ATP) IC50 : 1.66 µM
TrkA IC50 : 3.84 µM
KDR IC50 : 3.89 µM
FMS IC50 : 4.21 µM
PDGFRβ IC50 : 4.90 µM

Bub1, CDK2, CDK9, cKit, EGFR, FGFR1, FGFR3, FGFR4, GSK3β, IKKβ, 
IRAK4, MKNK1, NEK2, SRPK1, TAO2, Tie2: IC50 > 20 µM

As usual, full profile will be delivered after probe acceptance



Selectivity profile in more detail - safety pharmacology in vitro

ROCK1/2 Inh Probe BAY-549 
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Off-Target Species
Inhibition 

in %
@ 10 µmol

IC50 
[µmol/l]

Ki 
[µmol/l]

Adenosine A1 Human 55
Adenosine A1 Human 57
Dopamine D1 Human 62
Dopamine D1 Human 61
Opiate kappa (OP2, KOP) Human 69
Opiate kappa (OP2, KOP) Human 65
Opiate mu (OP3, MOP) Human 51
Transporter, Dopamine (DAT) Human 32 0.25
Transporter, Dopamine (DAT) Human 34 0.0027
Transporter, Dopamine (DAT) Human 39 0.31
Transporter, Dopamine (DAT) Human 98
Transporter, Norepinephrine (NET) Human 55
Transporter, Norepinephrine (NET) Human 56
Calcium Channel L-Type, Dihydropyridine Rat 599 0.039
Calcium Channel L-Type, Dihydropyridine Rat 690 4.4
Calcium Channel L-Type, Dihydropyridine Rat 703 4.5
Calcium Channel L-Type, Dihydropyridine Rat 72
Sodium Channel, Site 2 Rat 656 6.0
Sodium Channel, Site 2 Rat 664 6.1
Sodium Channel, Site 2 Rat 704 6.4
Sodium Channel, Site 2 Rat 70

Biochemical Screen at Panlabs
63 Radioligand binding assays (10 µM)
Values of inhibition >70% were followed up with 
determination of IC50

Proliferation Assays at Panlabs
24 tumour cell lines (see at the end of the 
document)
Growth inhibition; IC50 : >1 µM

No significant off target effects 
identified



In vivo tests at Pharmacology Discovery Servies (Eurofins) 

Safety pharmacology details
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100% = normalOff-Target Species
Test 

concentratio
n [µmol/l]

Inhibition 
in %

@ 10 µmol

IC50 
[µmol/l]

Ki 
[µmol/l]

Body Temperature - Agonist - Body temperature - 1 Hour Mouse 98
Body Temperature - Agonist - Body temperature - 2 Hours Mouse 99
Body Temperature - Agonist - Body temperature - 30 Minutes Mouse 100
Cholesterol, Normal Serum (Total, HDL, TG) - Agonist - Cholesterol of serum Mouse 85
Cholesterol, Normal Serum (Total, HDL, Triglyceride) - Agonist - HDL of 
serum Mouse 76

Cholesterol, Normal Serum (Total, HDL, Triglyceride) - Agonist - Triglyceride 
(TG) of serum Mouse 91

Cholesterol, Normal Serum (Total, HDL, Triglyceride) - Agonist - Triglyceride 
(TG) of serum Mouse 92

Depression, Behavior Mouse 100
Gastrointestinal Motility - Agonist - G.I Motility Decrease Mouse 79
Gastrointestinal Motility - Agonist - G.I Motility increase Mouse 79
Glucose, Serum, Fasted - Glucose Mouse 139
Hepatotoxicity, SGPT PharmaProfile - Agonist - S-Glutamic pyruvic 
transaminase Mouse 95

Cardiovascular, Postural Hypotension,Tilt Response - Agonist - Heart Rate - 1 
Hour Rat 94

Cardiovascular, Postural Hypotension,Tilt Response - Agonist - Tilt Blood 
Pressure Rat 89

Gastric Acidity, Basal - increase - Gastric acidity measurement Rat 102



ROCK1/2 Inh Probe BAY-549 
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Mouse Rat Dog

dose iv [mg/kg] 0.5bolus 0.5inf 0.05inf

CLplasma [L/(h•kg)] 1.9 1.2 0.23
CLblood [L/(h•kg)] 3.2 1.7 0.41
Vss [L/kg] 2.2 1.6 0.83
t1/2 [h] 1.5 1.2 2.5

dose po [mg/kg] nd 0.91 0.10
AUCnorm, po [kg•h/L] nd 0.39 3.2
Cmax,norm [kg/L] nd 0.089 0.43
BA [%] nd 48 73

Pharmacokinetics
• BAY-549 is a low to medium clearance drug in conscious female NMRI mice,

male Wistar rats and female beagle dogs. The clearance decreased with
increasing size of the animal species. Mice had the highest volume of
distribution of 2.2 L/kg. However, its half-life in dogs was longer than in rats
and mice.

• The oral bioavailability amounted approximately to 50% in male Wistar rats
and 75% in female beagle dogs. In dogs, the half-life was significantly longer
after oral administration compared to that after i.v. administration indicating a
slower absorption by the oral route.

Histopathological findings in rats (SHR), 10 mg/kg, gavage, 2 weeks, n = 5
• Heart: Focal myocardial degeneration (grade 1 or 2)
• Liver: Centrilobular hypertrophy
• Kidneys: Hyperplasia of cortical tubules, basophilic tubules
• Mesenteric vessels: minimal proliferation of vasa vasorum. In SHR controls no 

such findings were found. However, the number and severity score is 
comparable to the Wistar controls of this study. An inflammatory reaction was 
absent.

• Mesenteric lymph node: Erythrophagocytosis/blood resorption. 
• Nephrotoxicity similar to that observed in Wistar rats, borderline vascular 

lesions of equivocal toxicological relevance

• The compound is well suited to perform
in-vivo studies with oral application.

In-vivo pharmacokinetics and histopathological findings



In vitro profile of Negative Control BAY-4900

ROCK1/2 Inh Probe BAY-549 
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• BAY-4900 has high structural similarity to BAY-4900 and similar Caco2 permeability
• BAY-4900 does not inhibit ROCK

POTENCY (IC50 [nM])

Biochem. ROCK-1 (h) IC50 [nM]

Biochem. ROCK-2 (h) IC50 [nM] 17.700

Biochem. ROCK-2 (m) IC50 [nM]

Biochem. ROCK-2 (r) IC50 [nM]

Arteria Saphena rabbit IC50 [nM]

Properties & Physchem

LogD @ pH 7.5 3.0

BEI / LLE

Sw @ pH 6.5 [mg/L] 0.57

MW / MW corr / TPSA [g*mol-1 / Å2] 437 / 377 / 91

in vitro DMPK Properties

Caco2
Permeability

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

76 41 0.54

metabolic
stability

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

liver mics (m / r / d / h)

rat hepatocytes

human hepatocytes

CYP inhibition 
IC50 [µM]

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

PXR

SAFETY

Cytotox

hERG IC50 [µM] ongoing

Selectivity

In-house kinase panel ongoing

Eurofins @ 1 µM (kinase panel)

BAY-4900
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Summary / Conclusion

ROCK1/2 Inh Probe BAY-549 

Probe criteria

Inhibitor/agonist potency: goal is < 50 nM (IC50, Kd) Surpasses criteria; high potency in biochemical ROCK1 assay 
with IC50 < 1 nM

Selectivity within target family: goal is > 30-fold Surpasses criteria; selectivity >250 fold vs all other kinases 
(Upstate panel , Trk-A IC50 = 252 nM)

Selectivity outside target family: describe the off-targets (which may 
include both binding and functional data)

Surpasses criteria; LeadProfilingScreen Dopamine transporter 
IC50 = 0.4 µM

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

Surpasses criteria; mechanistic tissue assay (arteria saphena 
rabbit), IC50 = 65 nM;

On target cell activity for secreted targets: appropriate alternative 
such as mouse model or other mechanistic biological assay, e.g., 
explant culture

Surpasses criteria; suitable pharmacokinetic profile for in vivo 
studies; in vivo efficacy in experimental animal models (rat, 
dog)

Neg ctrl: in vitro potency – > 100 times less; Cell activity – >100 
times less potent than the probe 

Surpasses criteria; 

We ask for acceptance of ROCK inhibitor BAY-549 as chemical probe, accompanied by BAY-
4900 as negative control
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Assay description

ROCK1/2 Inh Probe BAY-549 
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Effects of vasoactive compounds on contractions

of isolated rabbit saphenous aterery rings induced

by phenylephrine: Rabbit saphenous artery rings

were connected to isometric force transducers and

placed in carbogen-gassed Krebs-Henseleit

solution at 37 °C. Contractions in response to

phenylephrine treatment are carried out several

times. Test compound-dependent changes in

subsequent contractions are evaluated as percent

of previous control. The IC50-value determines the

concentration of test compound needed to cause

50% inhibition of the control contraction.

http://upload.wikimedia.org/wikipedia/commons/archive/6/61/20071018085547!Searchtool.svg


Chemical Synthesis of BAY-549

ROCK1/2 Inh Probe BAY-549 

BAY-549 was synthesized  in a linear sequence of 11 steps;
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Numbering of compounds from
H. Schirok, H. Paulsen, W. Kroh, G. Chen, P. Gao,
Org. Proc. Res. Devel. 2010, 14, 168-173.

Starting Materials
2-Fluoropyridine CAS-RN 372-48-5
Ethyl trifluoroacetate CAS-RN 383-63-1
Nitromethane CAS-RN 75-52-5
4-Amino-2,6-difluorophenol CAS-RN 126068-97-7
4,6-Dichloropyrimidine-2-amine CAS-RN 156-83-2
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Chemical Synthesis of BAY-549

ROCK1/2 Inh Probe BAY-549 

/// Donated Chemical Probe ROCK Inh BAY-549 /// June 201916

Numbering of compounds and procedures from
H. Schirok, H. Paulsen, W. Kroh, G. Chen, P. Gao, Org. Proc. Res. Devel. 2010, 14, 168-173.



Chemical Synthesis of BAY-549

ROCK1/2 Inh Probe BAY-549 
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Numbering of compounds and procedures from
H. Schirok, H. Paulsen, W. Kroh, G. Chen, P. Gao, Org. Proc. Res. Devel. 2010, 14, 168-173.



Chemical Synthesis of BAY-549

ROCK1/2 Inh Probe BAY-549 
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Chemical Synthesis of Negative Control BAY-4900

ROCK1/2 Inh Probe BAY-549 

BAY-4900 was synthesized  in a linear sequence of 8 steps starting from CAS-RN 881902-80-3
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CAS-RN 855863-89-7

CAS-RN 1115491-41-2

CAS-RN 1115491-82-1

CAS-RN 1115491-79-6CAS-RN 1115491-38-7CAS-RN 881902-80-3

CAS-RN 867017-90-1
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Selectivity profile in more detail
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Kinase Profiling at Upstate
114 Kinases (10 µM)
23 Different kinases IC50 : 1-10 µM
TrkA IC50 :  252 nM
Flt3 IC50 :  303 nM
PKA IC50 :  734 nM
ROCK-2 (rat); IC50 :    <1 nM
ROCK-2 (human); IC50 :      1 nM

Inhouse Kinase Data:
Mps1 IC50 : 0.54 µM
AKT1 IC50 : 0.82 µM
FLT4 IC50 : 1.04 µM
NUAK1 (10 µM ATP) IC50 : 1.66 µM
TrkA IC50 : 3.84 µM
KDR IC50 : 3.89 µM
FMS IC50 : 4.21 µM
PDGFRβ IC50 : 4.90 µM
Bub1, CDK2, CDK9, cKit, EGFR, FGFR1, FGFR3, FGFR4, GSK3β, 
IKKβ, IRAK4, MKNK1, NEK2, SRPK1, TAO2, Tie2: IC50 > 20 µM



Comparison with commercially available compounds1)

ROCK1/2 Inh Probe BAY-549 
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Name ROCK ROCK1 ROCK2 others Sol. Water

Fasudil 330 nM (Ki) PKA 1.6 µM, PKG 
1.6 µM, PKC 3.3 µM 66 mg/mL

Hydroxyfasudil 730 nM 720 nM PKA 37 µM 60 mg/mL

Ripasudil (K-115) 51 nM 19 nM 79 mg/mL

Netarsudil
(AR-13324) 2 nM 54 mg/mL

Y-27632 x 2HCl 140 nM 300 nM 64 mg/mL

Y-39983 x HCl 3.6 nM 70 mg/mL

AT13148 6 nM 4 nM p70S6K 8 nM, Akt1 
38 nM, PKA 3 nM insoluble

Thiazovivin ca. 500 nM insoluble

KD025 (SLx-
2119( 60 nM insoluble

GSK429286A 14 nM 63 nM insoluble

GSK269962A 
HCl 1.6 nM 4 nM MSK1 49 nM, 

RSK1 132 nM insoluble

GSK180736A 100 nM GRK2 770 nM insoluble

RKI-1447 14.5 nM 6.2 nM insoluble

BAY-549 0.6 nM2) 1.1 nM2)
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BAY-549:
highly potent and in-
depth characterized 

dual ROCK1/2 
inhibitor with novel 

scaffold, good 
selectivity and an 
inactive structural 

analog

2) BAYER data
1) https://www.selleckchem.com/ROCK.html
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