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Abstract: Recent studies using known Rho-associated kinase isoform
1 (ROCKI1) inhibitors along with cellular and molecular biology data
have revealed a pivotal role of this enzyme in many aspects of
cardiovascular function. Here we report a series of ROCK1 inhibitors
which were originally derived from a dihydropyrimidinone core 1. Our
efforts focused on the optimization of dihydropyrimidine 2, which
resulted in the identification of a series of dihydropyrimidines with
improved pharmacokinetics and P450 properties.

Rho-associated kinase isoform 1 (ROCKI%)! is an enzyme
involved in diverse cellular signaling functions such as smooth
muscle contraction, cytoskeleton rearrangement, cell migration,
and proliferation. Recent studies using ROCK1 inhibitors such
as 30 (Fausidil)>* and 31 (Y-27632)* along with cellular and
molecular biology data have revealed a pivotal role of this
serine-threonine kinase in many aspects of cardiovascular
function. ROCK1 is a potential therapeutic target in the
treatment of cardiovascular diseases such as hypertension.*
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Recently, we and others described the discovery of 5-sub-
stituted indazoles as ROCKI1 inhibitors, including a new class
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Table 1. Activity, Kinase Selectivity, and Pharmacokinetics of the
Initial Dihydropyrimidinone and Dihydropyrimidine Leads
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ICs” (nM)

ROCKI1 14 105
RSK1 3100 5300
p70S6K 2850 4500

rat aorta 760 1300

pharmacokinetics (rat)'®

dose'! (mg/kg) 1.3 1.8

Tip (h) 0.7£0.2 1.0+ 0.7
CL (mL/min/kg) 49 +5 15+28
Vs (LIkg) 22402 0.8+02
oral F (%) not detectable 16 +£7.5

of dihydropyrimidinone derived amides (1) (Table 1).° After
extensive lead optimization, the dihydropyrimidinone series was
found to have limited oral bioavailability and cellular activity.

During the course of the chemistry effort, an alternative
scaffold containing a dihydropyrimidine core (2) was identified.
In comparison to the dihydropyrimidinone 1, the dihydropyri-
midine 2 exhibited improved pharmacokinetics (PK) and
diminished ROCKI1 activity. In addition, compound 2 had
significant P450 liabilities (2C9, 0.64 uM; 2D6, 0.09 uM; 3A4,
0.35 uM). Overall, compound 2 maintained good selectivity
(>30 fold) against a panel of 33 kinases, including RSK1° and
p70S6K® (Table 1) and had reasonable activity in the phenyle-
pherine induced rat aortic tissue functional assay. Our initial
goal was to survey substitution around the dihydropyrimidine
core and to determine if the improved PK was general to the
series and if the undesired P450 inhibition could be overcome.

Preparation of dihydropyrimidines such as 7 was carried out
in a two-step process utilizing the modified Biginelli cyclization
as the key ring forming reaction.” Condensation of 5-aminoin-
dazole with diketene afforded ketoamide 4, which underwent

Scheme 1. Synthesis of Dihydropyrimidines”
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“ (a) Diketene, CH3CN, 84%; (b) Al(CHj3)3, NH4Cl, toluene, 95%; KOAc
(2 equiv), DMSO, 100 °C, 3 h, 32%.
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Table 2. SAR of 2-Phenyl Substituents
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Biginelli condensation in the presence of an appropriately
substituted amidine® 6 and an aldehyde to afford 7 (Scheme 1).
Optimal conditions were determined to be excess KOAc in
DMSO at 100 °C for ~3 h. The overall yields were modest but
sufficient to complete the preparation of a large number of
compounds to determine initial SAR.

Our initial array focused on simple substitution on the aryl
ring introduced from the benzamidine 6 (Table 2). In general,
a wide variety of substitutions were tolerated. The 4-MeO
compound 7 had the most promising rat PK (oral bioavailability
of 35% vs 0% for cmpd 12) and was selected for further
exploration.

SAR around the 4-position was well established and appeared
to parallel that of the dihydropyrimidinone and dihydropyridone
series reported recently.” From this small array (Table 3), the
2-F,4-CI substitution found in compound 21 was optimal for
activity against ROCKI1.

Compound 21 had >100-fold selectivity over selected kinases
and good oral bioavailability at 58% (Table 4). In addition, it
had encouraging functional activity in the rat aortic contraction
assay (ICsp = 200 nM). Unfortunately, there was significant
P450 inhibition against CYP2D6 (Table 5). This undesired
CYP2D6 activity appeared to be general for the 4-MeO series
and proved to be insurmountable.

Concurrently, the crystal structure of the complex of com-
pound 12 with ROCK1 was solved. As expected, the indazole
binds with the ROCKI1 hinge region by forming two key
hydrogen bonding interactions (Figure 1). In addition, there is
a potential interaction between the 4-pyridine nitrogen and
Lys200. This interaction may be responsible for the increased
binding affinity associated with compounds containing
hydrogen bond acceptors in the para position (e.g., MeO in
compound 7).
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Table 3. Screening of a Series of Substituted Aldehydes
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Table 4. Activity, Kinase Selectivity, and Pharmacokinetics of
Compound 21

ICs0 (nM)?
| ROCK1 5

o RSK1 510
O\(H p7086K 2100
[ H Rat Aorta 200

Pharmacokinetics (rat) 1°

Dose ! 1.1 (mg/kg)
Tie 68 £+ 26 min
Cl 2 a 108 £ 21
mlL/min/kg
Vdss 6.46 = 2.5 L/kg
Oral F 58+ 25 %

Because of the P450 issues associated with the 4-MeO series
(compound 21), we then focused our efforts on substitution of
pyridyl ring found in compound 12. In comparison with
compound 21 (Table 5), the ROCKI1 enzyme activity was
maintained and CYP2D6 inhibition was substantially dimin-

A 182

Figure 1. Crystal structure of compound 12 bound to the ATP site of
ROCKI. An unexpected hydrogen bond interaction was observed with
the unsubstituted 4-pyridyl nitrogen and Lys200. The blue sphere
represents a water molecule.
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Table 5. Optimizing P450 of Compound 21
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Table 6. Substituted Indazole Analogues
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ished. However, the oral bioavailability was decreased. Interest-
ingly, ortho substitution on the pyridine does not affect the
activity, suggesting the hydrogen bond interaction with Lys200
may be weak.

On the basis of the related dihydropyridone series,” it was
determined that C6 substitution on the indazole was crucial for
improving oral bioavailability. With this in mind, a small series
of dihydropyrimidines with a variety of substituted pyridines
and incorporation of the key C6 fluoroindazole substitution was
prepared.

Indazole substitution resulted in only minimal loss of binding
activity when compared to unsubstituted compound 22 (Table
6). Two compounds, 25 and 27, were then advanced to P450
(Table 7) and rat PK studies. Both compounds had dramatically
improved oral bioavailability (49% and 53%), and the chloro
analogue 25 showed an improvement in half-life in rats (Table
8) and was selected for in vivo efficacy studies.

Compound 25 (Rat aorta IC5p = 256 nM) was profiled in a
spontaneously hypertensive rat (SHR) model of hypertension.
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Table 7. P450 Inhibition of Compounds 25 and 27

P450 ICsp (uM)°

compd CYP2C9 CYP2D6 CYP3A4
25 2.5 52 25
27 8.4 2.1 53

Table 8. Comparison of Indazole and 6-F-Indazole Analogues'’

H
R N
YU
N N N
N
R N
cl
R A CcL Vdss o
(@M)® (min) (mL/min/kg) (L/kg)
Cl
- 62 + 16+ 7+
NP H 4 5 36+ 15 033 97
22
Ci
49
= 105 2.0+
NG/ BT ygy 3648 o, 2
10
25
— 21
P H 2 4% ggigy 20%F
3.2 0.2
9.7
23
9 53
- 46+ 2.5+
N
N/ F 6 o7 46+ 7.4 o *
12
27

—#— Vehicle (n=4)
~—i— 30mg/kg PO (n=4)

Change in Mean Arterial Pressure
{mmHg)

o 5
Time (hrs)

Figure 2. Effect of 25 on mean arterial pressure in conscious SHR.
Compound was administered by single dose oral gavage. Reported data
represent the average decrease in mean arterial pressure for five treated
animals.

At 30 mg/kg (po), compound 25 induced a 25 mmHg (r = 3 h)
drop in blood pressure, thus demonstrating potent in vivo activity
for the series (Figure 2).

Conclusion

A series of potent and selective dihydropyrimidine inhibitors
of ROCK1 have been described. From the initial lead 2,
significant improvements were made in the overall profile for
this series of ROCKI1 inhibitors. Incorporation of substitution
next to the 4-pyridyl nitrogen provided compounds with
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improved P450 profiles. In addition, indazole substitution
provided very encouraging DMPK profiles. Final optimization
led to compound 25, which has promising oral bioavailability
(49% in rat and 19% in monkey), good half-life (1.8 h in rat
and 2.2 h in monkey), maintained good selectivity against a
panel of 31 kinases (> 100 fold), as well as RSK1° and p70S6K®
(RSK1 ICsp = 398 nM, p70S6K ICsp = 1000 nM), and a
dramatically improved P450 profile (>2.2 uM at all isozymes
tested). Finally, oral administration of compound 25 gave a
robust 25 mmHg reduction mean arterial pressure in spontane-
ously hypertensive rats at a single dose of 30 mg/kg.

Note Added after ASAP Publication. This paper published
ASAP on October 9, 2008 with an incorrect presentation of
compounds 30 and 31. The correct version was published on
October 15, 2008.

Supporting Information Available: Synthetic procedures and
characterization data for all compounds. Procedures for ROCK
assays and acute SHR studies. This material is available free of
charge via the Internet at http://pubs.acs.org.
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