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The profile of a series of triazine and pyrimidine based ROCK inhibitors is described. An initial binding
mode was established based on a homology model and the proposed interactions are consistent with
the observed SAR. Compounds from the series are potent in a cell migration assay and possess a favorable
kinase selectivity. In vivo activity was demonstrated for compound 1A in a spontaneous hypertensive rat
model.
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Rho-kinase (ROCKI and ROCKII), a downstream effector of RhoA
G protein, is one of the key mediators in regulating vascular
smooth muscle tone.1,2 Activation of ROCK by pathological agents,
such as angiotensin II, endothelin-1, 5-hydroxytryptamine and
oxyhemoglobin, leads to inhibition of myosin light chain phospha-
tase, and in turn increases the vascular tone.1 Fasudil, a ROCK
inhibitor and a dilator for injured cerebral arteries, has been used
clinically in Japan since 1995 for the treatment of cerebral vaso-
spasm.3 Since then, pharmaceutical companies have been investi-
gating small molecule ROCK inhibitors as potential treatments of
hypertension and related cardiovascular disease.4

ROCK also plays an important role in cellular functions such as
cell motility and cell migration.5 Inhibition of ROCK may stabilize le-
sions by reducing monocyte infiltration directly by inhibiting the
motility of monocytes, and indirectly by preventing the increase in
endothelial cell permeability. Therefore, the modulation of Rho-ki-
nase activity could be a useful treatment for atherosclerosis.6

A high-throughput screening campaign was initiated to iden-
tify ROCK inhibitors. An IMAP�,7 based ROCKI assay was used to
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screen Pharmacopeia libraries (5 million compounds, 2005). One
of the hit series represented by structure 1A was identified and
was subsequently demonstrated to possess excellent cell based
activity in a Monocyte Chemotactic Protein-1 (MCP-1) induced
THP-1 cell migration assay (Table 1). Since compound 1A con-
tains a triaminotriazine motif which is common to many kinase
inhibitors, it was a priority to assess its general kinase selectiv-
ity. Thus, compound 1A was tested against a panel of 24 kinase
at a concentration of 2 lM. Compound 1A shows an acceptable
selectivity profile (>25-fold) against the kinase panel.8

This Letter describes the structural–activity relationships around
the compound and a general binding mode is proposed for the series
based on a homology model.

Triazine and pyrimidine analogs were readily accessible via
the synthetic route outlined in Schemes 1 and 2. It is based on
sequential addition of amines to cyanuric chloride or trichloro-
pyrimidine. One key step involves the displacement of the chlo-
ride in a diaminochlorotriazine (1D to 1E) with aminopyridines.
Although a direct displacement with 4-aminopyridine under
strong heating condition provided sufficient quantity for the ini-
tial analoging, similar conditions used to attach 3-aminopyridine
and 2-aminopyridine to the chlorotriazine were met with low
yield and impure products. Subsequently, a palladium mediated
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Table 1
Profile of hit 1A identified in a ROCKI screening campaign

N
N

N
NH

NH

N NH

N

1A
Assays/parameters IC50

a (nM)

ROCKI (IMAP) 6 (±2)
THP-1 (MCP-1) 30 (±1)
Selectivity (24 kinases) <50% inhibition at 2 lM
MW 405
A log P 3.71

a Values are means of two or more measurements, standard deviation is given in
parentheses (na = not active).
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coupling procedure was used to prepare the 3-aminopyridyl (4A)
and 2-aminopyridyl (4B) analogs.

The SAR was first established for the 2-aminoindane moiety (R1,
Table 2). Weaker potency was observed for the cyclopentylamino
analog (3A) and the data suggested that an aromatic group is re-
quired for potency. The orientation of the aromatic moiety for opti-
mal interaction was explored by two ring opening analogs (3B and
3C), a 2-aminotetrahydronaphthalene analog (3D) and a 1-amino-
indane analog (3E). The superior potency observed in 1A in
comparison to these compounds showed that the fused ring in
the 2-aminoindane imposed a favorable geometry for ligand en-
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Scheme 1. Synthesis of triazine based ROCK inhibitors. Reagents and conditions: (a) NaH
(d) HCl in dioxane; (e) NaOH, acetone, H2O; (f) K2CO3, DMSO, 80 �C; (g) TFA, CH2Cl2; (h
CH2Cl2.
zyme interaction. The exocyclic NH in this domain does not appear
to be involved in any binding interaction since an ether analog (3F)
is equal potent to the N-linked 1A.

The 3-pyridyl (4A) and 2-pyridyl (4B) isomers were prepared in
order to establish the optimal position of the pyridyl nitrogen in
the R2 domain (Table 3). Significant decrease in potency in both
cases suggested that the endocyclic pyridyl nitrogen may involve
in a hydrogen bonding interaction. The hypothesis is further
strengthened by the fact that an aniline analog (4C) has inferior
potency.

Next, the piperidine domain (R3, Table 4) was evaluated. The ba-
sic nitrogen distal from the triazine is required for potency. Dele-
tion (5A) or methylation (5B) of the distal nitrogen yielded
weaker compounds (R3, Table 4). Cyclic amines (1A and 5C) are
preferred over the linear aliphatic amine (5D). Four methylpipri-
dine analogs were prepared (5E to 5H) in order to elucidate the
preferred position and chirality for the methyl substitution. Among
the four isomers, compound 5E shows superior potency in both the
IMAP assay and cell migration assays.

We next turned our attention to the triazine core. The core in 1A
was replaced by the three possible pyrimidine isomers (Table 5).
Stepwise replacement of a nitrogen in the core with a CH estab-
lished that the nitrogen between the 4-aminopyridine and piperi-
zine moieties (position Z in general structure 6) is required for
potency. Thus, compound 6C, in which the Z group is a CH, shows
significantly weaker potency in comparison to 6A and 6B. We spec-
ulated that the nitrogen may involve in a specific interaction with
the enzyme.

In the absence of a ROCK crystal structure (year 2005),9 a homol-
ogy model of ROCKI was built with MOE (Chemical Computing
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Scheme 2. Synthesis of pyrimidine based ROCK inhibitors. Reagents and conditions: (a) DIEA, CH2Cl2, �78 �C, then separate by column chromatography; (b) K2CO3, CH3CN,
reflux; (c) Pd(OAc)2, BINAP, Cs2CO3, dioxane, microwave target temperature 160 �C; (d) TFA, CH2Cl2; (e) K2CO3, CH3CN, reflux; (f) K2CO3, THF, reflux; (g) TFA, CH2Cl2; (h)
CH2Cl2, �78 �C, then separate by column chromatography; (i) K2CO3, CH3CN, reflux; (j) Pd(OAc)2, BINAP, Cs2CO3, dioxane, microwave target temperature 160 �C; (k) TFA,
CH2Cl2.
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Group, Montreal, Quebec, Canada, version 2006.08) using a crystal
structure of PKA (1Q8T) as a template.10 Docking of 1A was per-
formed with Glide in standard precision (SP) mode.11 Key interac-
tions between the ligand and the enzyme are shown in Figure 1
and are consistent with the observed SAR.

In the proposed binding model for 1, the 2-aminoindane moiety
interacts with ROCKI via hydrophobic contact with the aromatic
ring of Phe-368. The nitrogen has no observed role in forming spe-
cific hydrogen bonding interactions, a conclusion that is supported
by the observed equipotency of compound 3F with 1A (Table 2).

A key intermolecular hydrogen bond is observed between the pyr-
idyl nitrogen and the backbone NH of Met-156 in the hinge domain.
The model suggests that the geometric orientation of this contact is
critical for binding to ROCKI, and this is borne out in the SAR by sub-
stantial losses in potency when the location of the nitrogen on the
ring is altered (4A and 4B) or is removed altogether (4C).

The model for the binding mode of 1A places the basic nitrogen
of the piperidine ring in position to form a hydrogen bond with one
of the side chain oxygen atoms of Asp-216. Removal of this hydro-
gen bonding interaction yielded substantially weaker compounds
(5A and 5B).
The triazine nitrogen between the 4-aminopyridine and piperi-
zine moieties (6C) does not appear to have a specific role in the
proposed binding mode. The loss of potency of replacing this nitro-
gen can be rationalized in one of two ways. Either there is enough
conformational flexibility in the Lys-105 side chain to accommo-
date a direct interaction between the side chain nitrogen with
the core nitrogen of 6C (distance 5.6 Å), or a water-mediated
hydrogen bond is necessary for interactions with hydrogen bond
acceptors/donors as represented by Lys-105. The other two nitro-
gens in the triazine core have no role in the proposed binding mod-
el, which is consistent with the observation that their removal has
little effect on their IMAP� potency (6A and 6B).

A representative example from the series (1A) was tested in a
spontaneous hypertensive rat model. Compound was dosed via
sc in three doses (1, 3 and 10 mg/kg).14 A significant decrease in
mean arterial blood pressure (MAP) was observed at 3 and
10 mg/kg with an apparent dose–response (Fig. 2).

In conclusion, triazine and pyrimidine based ROCK inhibitors
were identified. An initial binding mode was established based
on a homology model and the proposed interactions are consis-
tence with the observed SAR. Compounds from the series are



Table 4
Modifications of R3

N
N

N
NH

NH

R3

5

N

Compds R3 ROCKI (IMAP) IC50
a

(nM)
THP-1 (MCP-1) IC50

a

(nM)

1A NHN 6 (±2) 30 (±1)

5A N 8300 (±4900) nd

5B NN 305 (±14) nd

5C N
NH

11 (±1) 17 (±10)

5D NHN 81 (±2) nd

5E NHN R 8 (±2) 26 (±13)

5F NHN S 135 (±57) nd

5G NHN R 118 (±6) nd

5H NHN S 87 (±7) nd

a Values are means of two or more measurements, standard deviation is given in
parentheses (nd = not determined).

Table 2
Modifications of R1

N
N

N
R1

NH

N NH

N

3
Compds R1 ROCKI (IMAP) IC50

a

(nM)
THP-1 (MCP-1) IC50

a

(nM)

1A NH 6 (±2) 30 (±1)

3A
H
N 890 (±315) nd

3B

H
N

326 (±3) nd

3C H
N 400 (±6) nd

3D
H
N 23 (±1) nd

3E

H
N

185 (±93) nd

3F O 8 (±2) 57 (±30)

a Values are means of two or more measurements, standard deviation is given in
parentheses (nd = not determined).

Table 3
Modifications of R2

N
N

N
NH

R2

N NH

4
Compds R2 ROCKI (IMAP) IC50

a

(nM)
THP-1 (MCP-1) IC50

a

(nM)

1 N NH 6 (±2) 30 (±1)

4A
N

NH 8400 (±200) nd

4B
N

NH 1000 (±100) nd

4C NH 7400 (±900) nd

a Values are means of two or more measurements, standard deviation is given in
parentheses (nd = not determined).

Table 5
Replacement of triazine with pyrimidines

X
Z

Y
NH

NH

N NH

N

6
Compds X Y Z ROCKI (IMAP) IC50

a

(nM)
THP-1 (MCP-1) IC50

a

(nM)

1A N N N 6 (±2) 30 (±1)
6A CH N N 2 (±1) 12 (±2)
6B N CH N 14 (±4) 154 (±53)
6C N N CH 1200 (±120) nd

a Values are means of two or more measurements, standard deviation is given in
parentheses (nd = not determined).
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potent in a cell migration assay and possess a favorable kinase
selective. In vivo activity was demonstrated in the spontaneous
hypertensive rat model.



Figure 1. Interaction of 1 with the ROCK1 homology model. The top panel was
generated with MOE.12 The bottom panel was generated with PyMOL.13 The distal
nitrogen of the piperzine is in quaternary form. One of the hydrogen was deleted for
clarity reason.

Figure 2. Effect of compound 1A in mean arterial blood pressure in a spontaneous
hypertensive rat model (1, 3 and 10 mg/kg sc).
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