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Aurora kinases consisting of Aurora A, Aurora B and Aurora C
play critical roles during mitosis in chromosome segregation and
cell division.'"® Aurora kinases are over-expressed in a variety of
human tumors and the increased expression correlates with ad-
vanced clinical progression in several tumor types.*~® The inhibi-
tion of Aurora kinases is regarded as a promising approach for
the development of anticancer drugs.”2! Several small molecule
Aurora selective inhibitors, such as VX-680(MK-0457),!
AZD-1152"% and MLNM-8237'® have demonstrated anti-tumor
efficacy in tumor models and advanced to clinical development.

In our previous work, we discovered that thienopyrimidine,
benzoisoxazole, benzoisothiazole, indazole and pyrrolotriazine
were hinge binding moieties in a program targeting KDR kinase
inhibitors.2>?4 As a part of Aurora kinase program at Abbott Labora-
tories, amide-based thienopyrimidine (1) was employed as a favor-
able hinge-binding scaffold resulting in a series of potent Aurora A
and B inhibitors.?? As a continuation of this effort, we explored the
replacement of the thienopyrimidine core with other potential
hinge binding moieties. We anticipated that amide-based heterocy-
cles, namely benzoisoxazole (2), benzoisothiazole (3), indazole (4)
and pyrrolotriazine (5), were suitable scaffolds for Aurora inhibitors
(Fig. 1). The diverse hinge-binders provide us with more options to
optimize the potency, efficacy and physical properties.

The general synthesis of the amide-based inhibitors containing
benzoisoxazole (2), benzoisothiazole (3) and indazole (4) is out-
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lined in Scheme 1. The key intermediate iodides 6-8 were prepared
using literature reported procedures.?>?* Palladium-catalyzed car-
bonylation of 6-8 with carbon monoxide in a methanol solution
followed by saponification of generated esters 9-11 gave rise to
carboxylic acids 12-14. The anilines used for the last step were
either from commercial resources or prepared as previously
reported.??

Pyrrolotriazines (5) were synthesized via the route shown in
Scheme 2. Compound 15 was prepared using the literature proce-
dures®® and then converted to nitrile 16 through a two-step
reaction in one pot, via the corresponding oxime. N-amination of
16 followed by a cyclization reaction formed the intermediate
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Figure 1. Rationale of inhibitor design.
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Scheme 1. Reagents and conditions: (a) CO, MeOH, PdCl,(dppf), EtsN; (b) LiOH,
MeOH-THF; (c) ArNH,, HATU, Et;N, DMF.

pyrrolotriazine 18. Palladium-catalyzed carbonylation of 18 with
carbon monoxide in a methanol solution followed by saponifica-
tion of the generated ester gave rise to carboxylic acids 19, which
was then used in the last step for the synthesis of desired com-
pound 5.

We first synthesized a series of benzoisoxazole amide analogs
and evaluated their enzymatic activity against Aurora A and Aurora
B in the presence of 1 mM ATP using a homogenous time-resolved
fluroscence (HTRF) assay.?® As shown in Table 1, substitution of
benzoisoxazole for thienopyrimidine was generally well tolerated
in terms of Aurora B kinase inhibition and a series of benzoisoxaz-
ole amide-based ureas were identified as potent Aurora B inhibi-
tors. One carbon homologated meta ureas (2e-21) are markedly
more potent than the para diphenyl ureas (2a-2d) against Aurora
B kinase inhibition. Among the four direct matched pairs included
in Table 1, compounds 2e, 2f, 2g, and 2h are 7-, 11-, 20- and 46-
fold more potent than 2a, 2b, 2¢, and 2d, respectively. One notable
feature of this series of compounds is their selectivity for Aurora B
over Aurora A. All compounds listed in the Table 1 except for 2a
(Aurora A activity not available) are much more potent against
Aurora B than against Aurora A, with the selectivity ranging from
26-fold for 2b to over 1000-fold for 2k.

Consistent with the results observed in the thienopyrimidine
series, the urea link is important for potency.>? Replacement of
the urea link with either a sulfonamide (2n) or an amide (2o, 2p)
led to significant loss in Aurora B potency (Table 2).

Table 1
Enzymatic and cellular activities of benzoisoxazole urea analogs
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Scheme 2. Reagents and conditions: (a) NH,OH, pyridine; (b) Ac0, 90 °C, 6 h; (c)
NaH, DMF RT; (d) Ph,PO(ONH,), RT; (e) HC(EtO); reflux 6 h ; (f) 7 M NH3 in MeOH;
(g) CO, MeOH, PdCl,(dppf), EtsN; (h) LiOH, MeOH, (i) Ar-NH», HATU, Et;N, DMF.

The compounds with potent Aurora B inhibitory activity were
further evaluated for their ability to induce cellular nuclear poly-
ploidy,?” a phenotype associated with Aurora B kinase inhibition.?®
These results are expressed as EC;5 values and also included in Ta-
ble 1. In general, the cellular activity of these compounds reflected
well their enzymatic potency against Aurora B; many of these com-
pounds displayed single-digit or low double-digit nanomolar EC;5
values in polyploidy induction.

After evaluating the benzoixozoles, we then looked briefly into
benzoisothioazoles and indazoles. Similar to the benzoisoxazole,
both benzoisothiazole and aminoindazole were as effective
hinge-binding scaffolds. Some representative examples are listed
in Table 3. For easy comparison, benzoisoxazoles 2j, 2k and 21
are also included in Table 3. Benzoisothiazoles (3a-c) and inda-
zoles (4a-c) exhibited very similar potency against Aurora B as
their counterparts in the benzoisoxazole series (2j-1). The benzo-
isothiazole analogs are also very selective for Aurora B, having at
least 250-fold lower activity against Aurora A. Similar to the benz-
oisoxazoles 2j-1, benzoisothiazoles 3a-c also exhibited potent
activity in inducing cellular polyploidy. In general, the indazole
analogs while equipotent in the enzymatic assay are less active
in the cellular assay (4a and 4b vs 2j and 2l). Additionally, methyl-
ation of indazole NH led to significant deterioration of Aurora B po-
tency (4c and 4d).
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Structure A Structure B
Compd Structure R ICs0, nNM AurA/AurB Polyploidy (ECys, nM)
AurB AurA

2a A H 127 Not tested Not tested
2b A p-F 480 >12,500 >26 Not tested
2c A p-Me 82 >12,500 >152 Not tested
2d A p-Cl 140 >12,500 >89 Not tested
2e B H 18 3790 210 47
2f B p-F 41 12,200 298 30
2g B p-Me 4 586 146 1
2h B p-Cl 3 166 55 12
2i B o-F 55 >12,500 227 124
2j B m-F 59 3180 54 3
2k B p-CF3 12 12,500 >1000 13
21 B 3.4-di-F 7 4780 696 15
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Table 2
Enzymatic activity of benzoisoxazole non-urea analogs
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Table 3
Enzymatic and cellular activities of compounds with different scaffolds

N, 0] =
X
Compd X R ICs50, NM AurA/AurB Polyploidy (ECys, nM)
AurB  AurA

2j (o] m-F 59 3180 54 3
2k [0} p-CF3 12 12,500 1041 13
21 0] 3,4-di-F 7 4870 696 15
3a S m-F 50 12,500 250 18
3b S p-CF3 12 12,500 1042 18
3c S 34-di-F 36 12,500 347 21
4a NH m-F 18 1279 71 111
4b NH  3/4-di-F 28 1623 58 143
4c NMe m-F 938 12,500 13 Not tested
4d NMe p-CF; 172 12,500 73 Not tested

Based on the similarity between pyrrolotriazine and thienopyr-
imidine, the amide ureas of pyrrolotriazine were also expected to
be active against Aurora kinases. Similar to thienopyrimidine
amide ureas but unlike the bezoisoxazoles and benzoisothiazoles,
these pyrrolotriazine analogs are potent inhibitors of both Aurora
A and B kinases (Table 4). Consistent with their Aurora B enzymatic
activity, many of these pyrrolotriazine amide ureas effectively in-
duce cellular polyploidy at nanomolar concentrations.

Compounds 2j and 5g were selected for modeling analysis, and
the proposed binding orientations are shown in Figure 2.2° Both
bind to the ‘inactive’ confirmation of Aurora B kinase, with the ex-
pected canonical hinge hydrogen bonds to Glu 155 and Ala 157. An
intramolecular hydrogen bond between the amino group and the
amide carbonyl that is present in both hinge heterocycles (benzois-
oxazole and pyrrolotriazine, respectively) likely positions the di-
phenyl urea portion of the molecule into the back pocket. The
conserved Lys residue, Lys 106, can donate a hydrogen bond to
the inhibitor urea carbonyl. A hydrophobic pocket surrounds the
terminal meta-fluoro-phenyl group of each inhibitor. Overlay of
Aurora A and B structures indicates that one amino acid sequence
difference is found in this hydrophobic pocket: Ile 113 in Aurora
B/Leu 169 in Aurora A. The model indicates that differential occu-
pation of this pocket and interaction with this varying residue

Table 4
Enzymatic and cellular activities of pyrrolotriazines
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Figure 2. (a). Model of compound 2j bound to Aurora B kinase (top picture).
Hingehydrogen bonds to Glu 155 backbone C=0 and Ala 157 N-H are shown with
black dashed lines. An intramolecular H-bond between the amine and amide carbonyl
exocyclic on the benzoisoxazole is shown. Lys 106 (the ‘conserved’ Lys) donates an H-
bond to the urea carbonyl of the ligand. The fluorophenyl group projects into a
hydrophobic pocket comprised of Leu 108, Ile 113, and Leu 122 in Aurora B kinase,
corresponding to Leu 164, Leu 169, and Leu 178 in Aurora A kinase. Ile 113 is
highlighted as it shows a point of sequence variation between the two kinases. (b)
Model of compound 5g with features highlighted as in (a) (bottom picture).
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Table 5
Kinome selectivity profile of compound 5g*
Kinase IC50 (nM) Kinase IC50 (nM)
Aur A <3 Jak2 >10,000
Aur B <3 Jak3 8140
Alk1 >10,000 KDR 1180
Camk4 >10,000 Ick 566
Chk1 >10,000 Jnk1 >10,000
EGFR 2090 c-Met >10,000
Erk2 296 Plk4 <3
FlIt3 1100 P38 >10,000
Gsk3a 5340 Rock2 >10,000
IGF1R >10,000 Src >10,000
Irak4 340 TrkA 1870
¢ Assay was done in the presence of 10 uM ATP.
Table 6
Mouse pharmacokinetic profiles of selected compounds
Compd iv (3 mg/kg) po (10 mg/kg) F (%)
AUC (uM h/mL
Va(lkg)  Cl(Lhkg)  ta(h) (uMhjmL)
2j 0.54 0.53 0.7 5 28
2k 0.23 0.13 13 61 77
21 0.96 0.39 1.7 8 31

might provide the basis for the selective binding observed for these
compounds. A more detailed analysis at the atomic level will re-
quire crystallographic studies.

In general these compounds are highly selective for Aurora
kinases. The selectivity is exemplified by the inhibition profile of
compound 5g against a selected panel of kinases as shown in Table 5.

A number of selected benzoisoxazole amide ureas were evalu-
ated for their mouse pharmacokinetic profiles (Table 6). In general,
these benzoisoxaole amide ureas possess a low plasma clearance
after iv administration and good oral bioavailability, ranging from
28% for 2j to 77% for 2k. Pharmacokinetic evaluation of pyrrolotri-
azines was done employing an oral cassette dosing protocol. Com-
pound 5a-c and 5e were dosed in one cassette at 10 mpk, resulting
in a good oral exposure AUC of 112, 185, 9.3 and 20.6 pM h/mL,
respectively.

Additionally, compound 21 was evaluated for its in vivo target
modulation through inhibition of Histone 3 phosphorylation in
leukemia engrafted mouse model. 87% inhibition of H3 phosphor-
ylation was observed in 4 h after 50 mpk IP dosing.

Selected compounds were evaluated in vivo in tumor growth
inhibition models. However, the overall safety and efficacy profile
did not compare favorably with other series of inhibitors devel-
oped in our laboratories.°

In summary, we have prepared a series of potent Aurora inhib-
itors based on a heterocycle amide linked diaryl urea motif by suc-
cessfully replacing the previously disclosed thienopyrimidine core
with alternative hinge-binding moieties. The benzoisoxazole, ben-
zoisothiazole and indazole series show potent Aurora B inhibition,
while the pyrrotriazines potently inhibit both Aurora A and B.
Additionally all series, with the exception of the indazoles are po-
tent Aurora B cell inhibitors as measured by their ability to effec-
tively induce polyploidy. Selected benzoisoxazoles display a
favorable pharmacokinetic profile with good oral biobioavailability
in mice.
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