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A series of benzothiazole derivatives as ROCK inhibitors have been discovered. Compounds with good
biochemical and cellular potency, and sufficient kinase selectivity have been identified.
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Rho-associated kinases (ROCK) is a serine/threonine protein ki-
nase from the AGC kinase family with two isoforms identified as
ROCK-I (or ROCK;) and ROCK-II (or ROCK,).! Upon activation by
GTP-bound RhoA, ROCK phosphorylates many substrates such as
myosin light chain (MLC) and controls a variety of cellular func-
tions, including smooth muscle contraction, proliferation, stress-fi-
ber formation, cell migration, cell adhesion, and gene expression.?
Inhibition of the Rho/ROCK pathway has proven to be a promising
strategy for several indications such as glaucoma,> asthma,* multi-
ple sclerosis,”> stroke,® cancer,” erectile dysfunction® and
hypertension.?>®

Small molecule ROCK inhibitors have been reported by several
groups.'® Recently, our group also disclosed ROCK-II inhibitors
from multiple structural classes (Fig. 1).!! These include piperazine
and aminopiperidine substituted indazoles (1 and 2),!'*¢ benzodi-
oxan- and chroman-based amides (3),''"¢ and benzimidazole and
benzoxazole based compounds (4 and 5).''*¢ Here, we report a
new class of ROCK inhibitors. This class was based on a benzothi-
azole scaffold and was analogous to benzimidazole 4 and benzox-
azole 5. The benzothiazole ring is larger than the benzoxazole and
benzimidazole rings and is expected to give different properties.
Thus, the benzothiazole-chromane derivative 6a was identified as
a potent ROCK-II inhibitor (IC59 = 9 nM) with good stability in liver
microsomes (t;,2 =47 min in human, 23 min in rat), and low inhi-
bition against human CYP isoforms.!2 On the other hand, this com-
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pound had a moderate selectivity against PKA (ICso = 156 nM, ~17-
fold) and a low cellular potency (ICso = 1500 nM) as assessed by
myosin light chain bis-phosphorylation (ppMLC) assays.'®> Using
6a as the lead compound, a series of SAR studies were performed
to improve the pharmaceutical properties of benzothiazole based
ROCK inhibitors.

The SAR of various nitrogen-containing five- or six-membered
heterocycles as the hinge-binding moieties was first investigated
(Table 1). Replacement of the aminopyrimidine by a pyridine
(6b) slightly reduced ROCK-II potency while maintaining PKA
selectivity (~25-fold). Substitution on the pyridine moiety (6c¢) fur-
ther reduced the compound activity. Notably, application of a pyr-
azole group as the hinge-binding moiety led to compound 6d
which had similar ROCK inhibitory potency to 6a in both enzyme
and cell-based ppMLC assays, but with improved selectivity
against PKA (30-fold). On the other hand, methyl substitution on
the pyrazole ring (6e) reduced both the potency and the selectivity
over PKA. It is interesting to compare these results to what we ob-
served for the benzimidazole/benzoxazole series, where a 2-ami-
nopyrimidine as the hinge-binding moiety was the optimal in
terms of ROCK-II potency and selectivity against PKA.'' Therefore,
the unsubstituted pyrazole moiety was used in all subsequent
optimizations.

The effect of substitutions on the benzothiazole ring was stud-
ied (Table 2). Fluoro-substitution on the 5-position (6f) reduced
both the potency (ICso=47 nM compared to 11 nM in 6d) and
the selectivity against PKA (11-fold compared to 30-fold in 6d).
However, fluoro-substitution on the 4-position led to compound
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Figure 1. ROCK-II inhibitors.

Table 1
SAR of hinge-binding moieties

6

Compd Ar ROCK-II* PKA? ppMLC?

(nM) (nM) (nM)
6a 2-Aminopyrimidine-4-yl 9 156 1500
6b Pyridin-4-yl 42 1097 nd®
6c 2-Methylpyridin-4-yl 1200 7993 nd®
6d 1H-Pyrazol-4-yl 11 341 1550
6e 3-Methyl-1H-pyrazol-4-yl 25 404 nd®

2 ICso values are means of two or more experiments with standard deviation
<30%.
> Not determined.

Table 2
SAR of 6 on the benzothiazole ring
o]
S =N
‘MNH
N _
PR
6 R
ID R? ROCK-II® (nM)  PKA® (nM)  ppMLC® (nM)
6f  5-F 47 537 >2700
6g F 14 644 >2700
6h  OCH; 32 >5000 1241
M\ Q
6i o Nfrff" 314 >5000 nd‘
7/

0
6j OJ = 500 >5000 nd¢
)

o}
6k \NI 7 66
/

>5000 365

\ /
61 /N\/\T‘w 51 702 365

2 Substitution at 4-position.

b ICso values are means of two or more experiments with standard deviation
<30%.

€ Substitution at 5-position.

4 Not determined.

6g which had similar potency against ROCK-II as compounds 6a
and 6d and improved selectivity over PKA (43-fold). Introduction
of a methoxy group on the 4-position (6h) significantly increased
the PKA selectivity (>160-fold) although the ROCK-II inhibition
was reduced slightly. Encouraged by the results of compound 6h,
other larger substitutions on this position were investigated. The
2-morpholinoethoxy and the 2-tetrahydrofuranylethoxy moieties
(6i and 6j, respectively) were not tolerated, probably due to the
large rings in these two groups. On the other hand, the 2-dimeth-
ylaminoethyl substitutions (6k and 61) produced effective ROCK-II
inhibitors.' Moreover, the alkoxy compound 6k had good selectiv-
ity against PKA (>75-fold), while the tertiary amine linked com-
pound 6l had diminished selectivity (~12-fold). It is noteworthy
that both 6k and 61 demonstrated better cell activities compared
to 6d.

SAR on the chroman ring was investigated to obtain more selec-
tive compounds which also had high cell potency (Table 3). Map-
ping different positions of the chroman ring with a methoxy
group in closely related series!'® demonstrated that a substitution
at the 6-position (6m) provided the best compound. Thus, small
functional groups such as electron-donating groups (6m and 6n)
and electron-withdrawing groups (60, 6p, and 6q) were applied
at the 6-position. These compounds showed slightly reduced
ROCK-II potency but improved selectivity against PKA with the
exception of 60. The best compounds came from 6-carboxamide
substitutions containing a tertiary amine (6r, 6s). These com-
pounds had high ROCK-II potency (sub-nanomolar or single-digital
nanomolar), high selectivity against PKA (83-fold and 847-fold for

Table 3
SAR of 6 on the chroman ring
[o]
X e =N
R g Ill*@/g NH
6
ID R ROCK-II? PKA? ppMLC?
(nM) (nM) (nM)
6m OCH; 45 >20,000 >2700
6n CH,4 93 >20,000 nd®
60 cl 75 1775 nd®
6p F 38 1929 1485
6q COOCH; 59 >5000 1485
6r CONH(CH,),N(CHs), 7 582 20
6s SR6074 CONH(CH,);N(CHs), 0.9 765 <4

@ ICs0 values are means of two or more experiments with standard deviation
<50%.
> Not determined.
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6r and 6s, respectively), and excellent cell potency. The high cell
activity obtained was probably due to the high aqueous solubility
of 6r and 6s, in addition to their high potency against ROCK-II.
Compounds 6r and 6s also exhibited favorable human microsomal
stability with a half-life of 35 min and 34 min, respectively.

The next step in our optimizations of benzothiazole based ROCK
inhibitors was to replace the chroman moiety with achiral groups.
After screening several classes of substitutions at this position,
benzyl carboxamides were discovered to give potent and selective
ROCK-II inhibitors. As shown in Table 4, secondary benzyl amides
19a-c showed good ROCK-II activity and selectivity over PKA.
Among these three, compound 19b was the best with an ICsq value
of 18 nM for ROCK-II and 300-fold selectivity over PKA. Alkylation
of the amide NH was applied to increase the cell potency and aque-
ous solubility. Thus, simple alkyl groups such as methyl (19d),

Table 4
SAR of benzothiazole-2-carboxamides 19
o]
R4 N )K« . N
' \ .
. R, N % NH
19
ID Ry Ry ROCK-II*  PKA? ppMLC?
(nM) (nM) (nM)
19a H H 53 4644 nd®
19b OCH; H 18 5291 >2700
19¢ F H 72 2675 nd®
19d OCH; CH; 59 >20,000 nd®
19e OCH; GCyHs 26 16,330 455
19f OCH; Cyclopropyl 94 19,640 nd°
19g OCH3; Methoxyethyl 10 >20,000 871
19h SR6494 OCH; Dimethylamino ethyl 0.4 45 <6

2 ICso values are means of two or more experiments with standard deviation
<50%.
> Not determined.

Table 5

Selectivity studies over other kinases, IC5o (nM)?
ID ROCK-II PKA ROCK-I MRCKa JNK3 p38
6s 0.9 765 2 9552 5456 >20,000
19e 26 16,330 180 7861 >20,000 >20,000
19h 0.4 45 3.5 247 13,760 >20,000

¢ Data are means of two or more measurements with standard deviation <25%.

NO, NH,
NO, s
F
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—_— R
Br Br
Br
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ethyl (19e), and cyclopropyl (19f) were evaluated. Although
ROCK-II inhibition decreased slightly, the cell potency was signifi-
cantly improved due to the substitution by these alkyl groups. Sub-
stitution of the amide NH of 19b with groups possessing
heteroatoms gave even better inhibitors. Compound 19g, with a
methoxyethyl group, showed good inhibition of ROCK-II, and
2000-fold selectivity over PKA. The dimethylaminoethyl com-
pound (19h, SR6494) showed excellent inhibitions in both enzyme
and cellular assays (ICsq values of 0.4 nM and <6 nM, respectively)
and good selectivity over PKA (>100-fold). Compound 19h had also
reasonable human microsomal stability (t;)> =15 min). The phar-
macokinetic properties of 19h in rats (Cl = 50 ml/min/kg, F = 0%)'>
indicated that this compound would have minimum systemic
exposure, possibly making it a good candidate for topical applica-
tion such as in a glaucoma therapy.

To assess the selectivity of the benzothiazole based inhibitors
against other kinases, compounds 6s, 19e, and 19h were chosen
for counter screening over several related or undesirable kinase
targets such as MRCKa, JNK3, and p38 (p38 and PKA are undesir-
able targets).!'® 9 The results shown in Table 5 demonstrated that
these compounds were quite selective except for 19h which is a
potent inhibitor of PKA. Screening against ROCK-I indicated that
these benzothiazole compounds are pan-ROCK inhibitors. In the
future, broader kinase counterscreening will be done on the key
compounds that will be advanced to determine specificity beyond
the limited number of kinases tested here.

The synthesis of various 2-chromanylbenzothiazoles 6 is out-
lined in Scheme 1. A Sy2 reaction of 4-bromo-2-fluoro-1-nitroben-
zene (7) with (4-methoxyphenyl)-methane-thiol gave thiol 8. In
the presence of 5 equiv of tin(Il) chloride dihydrate, nitrobenzene
8 was reduced to aniline 9. Amide coupling reactions went
smoothly by treating 9 with chroman-3-carbonyl chlorides (pre-
pared by treating the corresponding acids with thionyl chloride
in CH,Cl,) to produce 10. Bromide 11 was then obtained through
one pot, microwave-assisted deprotection and cyclization reac-
tions. Finally, Suzuki coupling was applied to obtain products
6a-6f and 6m-6s.

F F Nu
BrQNHz . |3r4<iéfr\zo2 BrONOZ
12 F 13 F 14 F

Scheme 2. Reagents and conditions: (a) NaBO5-4H,0, CH3COOH, 70 °C, 76%; (b)
amine or alcohol nucleophilic reagents, inorganic bases, DMF, 0 °C to rt, 63-82%.

Scheme 1. Reagents and conditions: (a) (4-methoxyphenyl)methanethiol, K,CO3, DMF, rt, 92%; (b) SnCl,-2H»0, EtOAc, rt, 86%; (c) chroman-3-carbonyl chlorides, pyridine,
CH,Cl,, 0 °C; (d) TFA, microwave, 160 °C; (e) boronic acid, Ph(PPhs)s, K,CO3, dioxane, H,0, 95 °C; or (i) bis-pinacolatodiboron, PdCl,(dppf), KOAc, dioxane, reflux; (ii) Ar-Br,

Ph(PPhs),, dioxane, K,CO3, H,0, 95 °C, 60-80% in two steps.
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Scheme 3. Reagents and conditions: (a) ethyl oxalyl chloride, pyridine, CH,Cl,, 0 °C, 76%; (b) TFA, microwave, 160 °C, 30 min; (c) NaOH, MeOH, H,O0, rt; (d) oxalyl chloride,
DMF, CH,Cl,/amine, pyridine, CH,Cl,, 0 °C; (e) 1H-pyrazoleboronic acid pinacol ester, Ph(PPhs),, K,COs3, dioxane, H,0, 95 °C, 45-63% in four steps.

Benzothiazoles 6g-61 were synthesized via intermediates 13 or
14 which were prepared as shown in Scheme 2. In the presence of
excess sodium perborate tetrahydrate, 4-bromo-2,6-difluoroani-
line (12) was oxidized to nitrobenzene 13. Nucleophilic substitu-
tion of one of the fluorines afforded 14. Compounds 6g-61 were
prepared using 14 and the chemistry described in Scheme 1.

Synthesis of compound 19 (Scheme 3) began with the acylation
of aniline 8 with ethyl oxalyl chloride to give 2-oxoacetate 15.
Microwave-assisted thiol deprotection and cyclization in TFA pro-
duced benzothiazole-2-carboxylate 16, which was hydrolyzed to
acid 17. Finally, amide formation with substituted or unsubstituted
benzyl amines, followed by Suzuki-Miyaura coupling, gave com-
pound 19.

To help understand the binding motif of our benzothiazole
based ROCK inhibitors, inhibitor SR6494 was docked into the cat-
alytic domain of a homology ROCK-II model by methods described
previously.''® The enzyme-ligand complex with the lowest dock-
ing energy is shown in Figure 2. In this mode, the pyrazole group
forms two hydrogen bonds with the enzyme: one between the
backbone carbonyl group of Glu170 and the hydrogen atom of
NH on the pyrazole ring, another between the backbone amino
group of Met172 and another nitrogen atom of the pyrazole ring.
A third hydrogen bond is formed in the phosphate binding site be-
tween the amine side chain of Lys121 and the carboxamide car-
bonyl group of SR6494. A fourth hydrogen bond is formed
between the carbonyl group of Asp232 and the protonated tertiary
amine of the dimethylaminoethyl moiety of the inhibitor. In addi-
tion to these hydrogen bonding interactions, another factor to the
high potency of SR6494 is the hydrophobic interaction between
the benzyl amide phenyl ring and the hydrophobic pocket under

R\ \

Figure 2. Model of SR6494 docked in the catalytic domain of ROCK-II.

the P-loop which is composed of the side chains of Phel03,
Leu123 and Phe136.

In conclusion, a series of potent and selective ROCK-II inhibitors
based on the benzothiazole scaffold were developed. Compounds
6s (SR6074) and 19h (SR6494) were demonstrated to be highly po-
tent and selective ROCK inhibitors. Future optimizations of these
compounds will be mainly focused on issues such as physicochem-
ical properties, toxicity, and selectivity against other undesirable
protein targets (and a few selected inhibitors will be subjected to
large panel counterscreens).
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