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Abstract

In an effort to develop new cancer therapeutics, we have reported clinical candidate

BPR1KS871 (1) as a potent anticancer compound in MOLM-13 and MV4-11 leukemia

models, as well as in colorectal and pancreatic animal models. As BPR1K871 lacks oral

bioavailability, we continued searching for orally bioavailable analogs through drug-

like property optimization. We optimized both the physicochemical properties (PCP)

as well as in vitro rat liver microsomal stability of 1, with concomitant monitoring of

aurora kinase enzyme inhibition as well as cellular anti-proliferative activity in HCT-

116 cell line. Structural modification at the 6- and 7-position of quinazoline core of 1

led to the identification of 34 as an orally bioavailable (F% = 54) multi-kinase inhibitor,

which exhibits potent anti-proliferative activity against various cancer cell lines.

Quinazoline 34 is selected as a promising oral lead candidate for further preclinical

evaluation.

Keywords: aurora kinase inhibitor, quinazoline, physicochemical property, metabolic

stability, oral bioavailability, anti-cancer



1. Introduction

Cancer is a global disease with high mortality rate. Lung, breast, prostate and colorectal

cancer are the major cancer types reported world over [1]. Many pharmaceutical

companies and academic institutes are in pursuit of novel anti-cancer therapeutics that

could target aberrant proteins/pathways responsible for the development or progression

of cancer [2]. One of the important classes of drug targets for anti-cancer drug

development are protein kinases [3-5]. Protein kinases are enzymes that transfer

phosphate group from ATP to serine, threonine or tyrosine residues in proteins;

phosphorylation of proteins acts as a switch to turn-on or turn-off the proteins function,

thereby playing an important role in normal physiological signaling process. More than

500 protein kinases have been identified in the humans that are involved in a variety of

function and maintain homeostasis [5]. Aberration in many protein kinase signaling

process has been reported, either due to the overexpression or due to mutations in the

protein. These signaling aberrations results in alteration in normal cellular functions,

leading to a variety of diseases, including cancer [6, 7].

During the last two decades, researches have shown that the altered kinase responsible

for the cancer could be targeted by ATP competitive small molecule inhibitors. These

small molecules bind to the ATP binding site of the protein kinase and block the

aberrant downstream signaling, resulting in the inhibition of cancer progression [3, 6,



8]. For example, in 2001 the first kinase inhibitor imatinib (Gleevec®) was approved by
U.S. Food and Drug Administration (FDA) for the treatment of chronic myeloid
leukemia (CML). Imatinib targets the ATP site of Abl kinase and prevents the
progression of the disease caused by the Ber-Abl fusion protein [9, 10]. Currently, 52
small molecule inhibitors that target various kinase (Abl, EGFR, HER2, etc) have been
approved world over for the treatment of various cancers (CML, lung cancer, breast
cancer, etc) [5, 7, 8, 11]. The successful launch of several kinase inhibitors endorses
the strategy of blocking the aberrant kinase as a new avenue for targeted cancer therapy.
Aurora kinase belongs to serine/threonine kinase family and are normally expressed
during mitosis process. There are three distinct subtypes — Aurora A kinase , Aurora B
kinase and Aurora C kinase — with different function and location in the nucleus,
regulating the mitosis process [12]. Aurora A is located to the central of the
chromosome and to the pole of spindle which is involved in the process of centrosome
maturation and separation. Aurora B is a component of the chromosomal passenger
complex (CPC) that plays a critical role in the mitosis process; Aurora B is essential for
chromosomal condensation and cytokinesis. The third subtype Aurora C kinase has
high similarity and overlapped functions with Aurora B. Aurora A/B have been found
to be overexpressed or amplified in many malignant tumors, like glioma, breast, lung,

ovarian, colon and thyroid cancers. To date, several Aurora kinase inhibitors have been



reported to show anti-cancer efficacy in pre-clinical animal models and few are in
different stage of clinical trial as anti-cancer therapeutics [13—17] (Figure 1). These
observations led us to develop different series of inhibitors against Aurora kinase for

the treatment of cancers [18-20].
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Figure 1. Representative Aurora kinase inhibitors in clinical trials. BPR1K871 (1) is a
quinazoline based multi-kinase inhibitor with Aurora and FLT3 kinase inhibition

reported by us.

In our previous effort to develop Aurora kinase inhibitors, compound 2 was
identified as initial hit from a kinase-focused furanopyrimidine library as Aurora kinase

A inhibitor (Figure 2). The following introduction of a phenylurea group on the aniline



of 2 gave compound 3 as a potent hit, with 14.8-fold enhanced Aurora kinase inhibition

[21]. In continuation works, we reported utilizing 3D-QSAR-assisted drug design and

a FLT3 homology model to develop two potential lead compounds, 4 with quinazoline

core and 5 with a thiazole containing urea chain [22, 23].

As the quinazoline core is considered as a privileged structure for the inhibition of

ATP-dependent kinases with lower lipophilicity, a series of lead-to-candidate

optimization led to the identification of BPR1K&871 (1) as a multi-kinase inhibitor with

potent enzymatic (Aurora A 1Cs5y =22 nM; Aurora B ICs5p= 13 nM; FLT3 ICso = 19 nM)

and cellular activities in AML and multiple solid tumor cell lines. In addition, the

inhibitor 1 demonstrated in vivo efficacy in leukemia (MOLM-13 and MV4-11),

colorectal (COLO205) and pancreatic (Mia-PaCa2) xenograft mouse models upon

intravenous (IV) administration [18]. Currently, 1 has been approved as investigational

new drug (IND) by US FDA and TDFA for testing in humans for gastrointestinal

cancers or gastroenterology and hepatology related cancer treatment.

Notably, the majority of the medical indication of kinase inhibitors are approved

for the treatment of malignancies as oral oncologics, since oral prescription drugs offer

a number of advantages including easy storage, lower costs, patient preference and

convenience, etc. However the IND candidate 1 could not be developed as oral drug

due to poor oral bioavailability and need to be administered though IV route in clinics.



Due to this drawback, we undertook the optimization of 1 for the identification of orally

bioavailable compounds with anticancer potential in this work For this purpose, the

substitutions at three different possible metabolic sites in 1, the C-6 and C-7 position of

the quinazoline core and CH,CH,; linker of thiazole urea side chain, were modified to

alter the drug-like properties while maintaining the Aurora kinase enzymatic as well as

cellular anticancer activities.

3D-QSAR-assisted drug design
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Figure 2. Flow chart illustrating the discovery of drug candidate BPR1K871 (1) and

the design strategy in this work for improving oral bioavailability of 1.

2. Chemistry

One of the key intermediate 7 was prepared according to our previous reports [18].



The chloro group of 7 was replaced by nucleophilic substitution with sodium methoxide
to give 8. On the other hand, substitution with sodium azide, followed by hydrogenation
over Pd/C provided the amine 10. Reacting 10 with methanesulfonyl chloride or acetic

anhydride produced the corresponding sulfonamide 11 and the acetamide 12.
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Scheme 1. Reaction conditions and reagents: (a) NaOMe, KI, DMF, 100 °C, 16 h, 34%;

(b) NaN3, DMSO, 60 °C, 16 h, 95%; (c) Ha, 10% Pd/C, 1t, 16 h, 64%; (d) MeSO,Cl,

Et;N, DMF, CH,Cl,, 1t, 16 h, 15%); (e) Ac,0, pyridine, CH,Cl,, rt, 48 h, 35%.

For compounds 16—37, quinazolinone derivatives 13a—v were either
commercially available or prepared according to reported methods. The starting
quinazolinone 13a—v were first chlorinated by thionyl chloride or phosphoryl chloride,
followed by nucleophilic aromatic substitution with tert-butyl 5-(2-aminoethyl)thiazol-

2-yl-carbamate to give 14a—v. De-protection of the Boc group of 14a—v under acidic



condition gave the key intermediates 15a—v. Reaction of phenyl isocyanate or 3-

chlorophenyl isocyanate with 15a—v gave the final urea compounds 16—37.
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Scheme 2. Reaction conditions and reagents: (a) (i) SOCI, or POCl;, DMF, reflux, 15
h, (ii) tert-butyl 5-(2-aminoethyl)-thiazol-2-yl carbamate, Et;N, EtOH, reflux, 15 h, 28—
97% for two steps; (b) 6.0 N HCl ), rt, 10 h, 58-99% or TFA, CH,Cl,, rt, 12 h, 62%;
(c) 3-CI-PhNCO, MeOH, CH,Cl,, rt, 16 h, 21-86%; (d) PhANCO, MeOH, CH,Cl,, rt, 16

h, 19-94%.

In a manner similar to compounds 16—37, compound 40 was prepared by
nucleophilic aromatic substitution of the 4-chloro quinazoline 38 [24] with tert-butyl
5-(2-aminoethyl)thiazol-2-yl-carbamate. De-protection of 39 under acidic condition,

followed by reaction with 3-chlorophenyl isocyanate installed the urea group in 40.
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Nucleophilic substitution reaction of compound 40 with dimethylamine gave the

desired compound 41.
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Scheme 3. Reaction conditions and reagents: (a) fert-butyl 5-(2-aminoethyl)-thiazol-2-
ylcarbamate, Et;N, EtOH, reflux, 16 h, 78%; (b) (i) TFA, CH,Cl,, rt, 2 h, (ii) 3-Cl-
PhNCO, MeOH, CH,Cl,, rt, 16 h, 66% for two steps; (c) 40% (CH3),NH,q, DMF,

reflux, 3 h, 80%.

3. Results and discussion

Biological evaluation of Aurora A /B Kinase inhibitory activities and SAR analysis
All the synthesized key compounds were evaluated for their Aurora A/B inhibitory
activities using the previously established Aurora kinase assay and cellular activity in
HCT-116 colon cancer cell line, as well as acute cellular toxicity in Detroit 551
embryonic skin cell lines [18,19]. The compounds were also evaluated for their
metabolic stability in in vitro rat liver microsomal stability (RLMS) assay, to select the

compound with favorable PK properties and good stability for further in vivo PK study

10



[25]. The microsomal stability assay is used to primarily investigate in vitro intrinsic
clearance of a compound under phase I metabolism and offer an approach for prediction
of the hepatic metabolism of an inhibitor in drug candidate development pipeline. The
50% inhibitory concentrations for Aurora kinase enzymatic assays (ICsyp) and cell
growth (CCsy), the selectivity indices (SI; CCsg of Detroit 551/HCT-116) as well as rat
liver microsomal stability are presented in Tables 1 and 2. Compound 1 was used as the
starting point for the structure-activity and drug optimization studies.

In the field of medicinal chemistry, Lipinski’s rule of five and Veber's rule are the
guideline for medicinal chemist searching drug-like chemical properties with oral
effective potential. It is understood that fine tuning the physicochemical properties
(PCPs) of a lead molecule could alter the ADME property [26-30]. Hence, close
scrutiny was placed on the PCPs, by calculating the guiding parameters including
molecular weight (MW), number of hydrogen bond acceptors (HBA), number of
hydrogen bond donors (HBD), calculated LogP (cLogP), number of rotatable bonds
(NRB) and polar surface area (PSA) [30-32]. Compounds with optimal PCPs (MW <
500, HBA <10, HBD <5, LogP < 5, NRB < 10 and PSA < 140 A2?) have higher
probability for oral absorption. The clinical candidate 1 showed no oral bioavailability
and had high clearance in vivo. Only 14.5% of the drug remained after 30 minutes

incubation with rat liver microsomes, suggesting faster drug metabolism could be one

11



reason for poor oral bioavailability. In addition, it was found to violate two of the

empirical PCP guidelines (MW>500; NRB>10).

The initial focus of optimization was on the side chain bearing the solubilizing

group attached to the 7-position of quinazoline core of 1. In our previous studies with

different heteroaromatic core structures for kinase inhibition, we have shown that

introduction of N,N-dimethylamino solubilizing group into the heteroaromatic core

structures resulted in improved kinase inhibition as well as anti-proliferative activity

[18, 19]. However, it may be noted that oxidative deamination or N-demethylation of

substituted amine is one of the most common phase I metabolic reaction carried out by

cytochrome 450 (CYP) [33]. The metabolic reaction could inactivate a drug and also

lower oral bioavailability. Hence, we replaced the terminal N,N-dimethyl group in the

solubilizing side chain with alternate groups including methoxide, methylsulfonamide

and acetamide (i.e., 8 ,11, 12). The replacements enhanced the Aurora kinase inhibition

potency, microsomal stability and selectivity as well as cellular activity in HCT-116

cell assay, as compared to the lead 1.

The ability to alter the metabolic stability along with the retention of biological

activity, further enthused us to modify the solubilizing side chain. To add rigidity and

decrease the flexibility of the solubilizing side chain at 7-position of quinazoline core,

compounds 16—19 were synthesized. The rigid cyclic functional group with less NRB

12



at 7-position maintained their bioactivity against Aurora A and improved microsomal

stability, but increased the toxicity in Detroit 551 cell line (cf. 16, 18, and 19 with CCs

= 1.3-1.8 uM). The tetrahydrofuran-3-yl-methoxy group displayed 8.1-fold more

cellular activity in HCT-116 assay than 1 (cf. 1 versus 19). Modification of the

solubilizing  dimethylaminopropoxy moiety of 1 by replacement with

dimethylaminomethyl group resulted in loss of potency for both Aurora A/B inhibition

(cf. 1 versus 17).

In addition, we have introduced an electron-donating methoxy group and electron-

withdrawing fluoro groups onto the C-6 position of the lead 1 to give compounds 41

and 20, respectively. Both compounds 20 and 41 showed improved stability (4.4-5.4-

fold) in rat liver microsome, as compared to 1. Even though the two compounds showed

good aurora kinase inhibition, the methoxy bearing 41 showed poor growth inhibition

against HCT-116 cells. Introduction of F-substituent at C-6 position of 1 enhanced

10.5-fold of the anti-proliferarive activity in HCT-116 assay with a selectivity indices

of 403. Encouraged by the activity of 6-fluoro substituted analog 20, a F-substituent

was also introduced at the C-6 position of 19 to obtain compound 21, which has similar

level of metabolic stability and anti-proliferative activity in HCT-116 with a selectivity

ratio of 115. Replacement of N, N-dimethylamino solubilizing functional group at 7-

position led to increased microsomal stability while retaining its bioactivities,

13



suggesting the substitution of the 7-position N, N-dimethylamino moiety is tolerated.

Moving forward to reduce the molecular weight and the number of rotatable bonds

in the inhibitors, for complying with PCPs guidlines, we investigated compound 22

with removal of substituent group from 7-postion of the quinazoline core and

compound 23 with additionally lacking the 3-Cl substitution in the terminal phenyl ring

of the urea side chain of 1 (Table 2). Both 22 and 23 displayed excellent Aurora

enzymatic inhibition and cellular growth inhibitory activity as well as higher

microsomal stability than that of 1 (cf. 1 versus 22 and 23). Encouraged by these results

that the removal of functional groups were well tolerated at quinazoline ring,

compounds 24-34 were synthesized by attaching electron-donating (ethoxy and

methoxy) and electron-withdrawing (chloro, fluoro and trifluoromethyl) groups at the

C-6 and C-7 position of the quinazoline ring. All these compounds showed improved

metabolic stability (RLMS = 41-80%) compared with the inhibitor 1. Moreover, most

of these compounds retained the Aurora A inhibition and had improved anti-

proliferative activity in HCT-116 cell line, except for compound 28 with

trifluoromethyl group. Particularly, compound 34 with a 7-F substitutent, had enhanced

Aurora kinase activity (ICsp, Aurora A ICs¢= 9 nM, Aurora B ICsy= 30.5 nM) and anti-

proliferative activity in HCT-116 assay with high selectivity (i.e. 34, CCsy = 16.0 nM;

SI > 900-fold). Moreover, all of the target compounds reported in Table 2 possessed

14



good PCPs within the acceptable cut-off limits for oral bioavailability/drug-likeness.
Based on the in vitro potency, microsomal stability, toxicity and PCPs profile, we
selected compounds 20-23, 27, and 34 to perform in vivo PK studies.
In vivo pharmacokinetics investigation of selected compounds

Before we embarked to investigate the in vivo pharmacokinetics profile of promising
compounds, we carried out ADMET prediction using the Discovery Studio software.
The ADMET descriptor model predicts human intestinal absorption (HIA) and blood-
brain penetration (blood brain barrier, BBB) after oral administration. This model was
developed using the method reported by Egan et al. [34, 35], which ulilize multivariate
pattern recognition based on the predicted PSA and AlogP property (atom-type
partition coefficient) with 95% and 99% confidence as ellipses. Well-absorbed
compounds are expected to be found within the 95% confidence ellipse region. And in
general, oral absorption tends to drop off quite rapidly outside the 95% ellipse region.
Compound 1 with no oral bioavailability in rat PK study was located outside 95%
ellipse, and compounds 11 and 12 were found outside the 99% ellipse duo to high PSA
(> 140 A2).
According to the prediction model, 22, 23, 27, and 34 with no violated PCPs are
considered likely to be well-absorbed.

Based on the PCPs profile, RLMS, in vitro Aurora kinase inhibition and selective

15



anti-proliferative activity in HCT-116, 20-23, 27, and 34 were selected to carry out in

vivo pharmacokinetic studies in rats (Table 4). We found that both 20 and 21 showed

poor oral bioavailability (20, F = Not detected; 21, F = 6 %) similar to 1, despite 20 and

21 possessed higher in vitro metabolic stability. Notably, compound 22 showed 30%

and 23 showed 46% oral bioavailability by removal of the substituent from quinazoline

core. These encouraging results suggest that compounds with good in vitro metabolic

stability and appropriate PCPs would have acceptable oral bioavailability. Next, 27 and

34 with a 7-fluoro group in the quinazoline ring were chosen for PK evaluation, as they

possessed a high RLM stability and optimal in vitro activity profile. Accordingly, 34

was found to have better drug exposure on IV administration with 5-fold improved

AUC and only 1/4t the clearance as that of the initial clinical candidate BPR1K871 (1).

Moreover, oral administration of 34 resulted in an oral bioavailability of 54% and high

AUC, making it feasible for oral administration during pharamodynamics evaluation in

in vivo. The results indicated that compounds 22, 23, 27, and 34 with acceptable oral

absorption were located inside innermost oval in the ADMET prediction model.

16



Table 1. SAR investigations of compound 1, focusing on the quinazoline ring substitutions.*?

R1

N
| N
AL
O

NH

5 T
2 " /) cl
Selectivity
Detroit
compound Aurora A | Aurora B@ 100 | HCT-116 (Detroit
R! R? RLMS (%) 551
no. ICs5o (nM) nM CCsp (nM) 551/HCT-
CCso (uM)

116 CCsp)

1 (BPR1K871) H o 14.5 22 ICs0=13 nM 141 4.0 29

8 H oA 39.1 14.0 74% 224 1.8 80

11 H 2N 61.5 4.0 80% 67.0 2.7 40

12 H Hmor 59.9 8.0 82% 46.4 5.8 125

17




16 H RO EN 81.6 38.0 ND 320.4 1.4 4

17 H A 413 262.0 7% 2962 N.D. N.D
18 H A 74.5 26.0 55% 119.7 1.3 11

19 H S 52.3 22.0 83% 17.4 1.8 103
41 OMe o 75.7 6.0 ICsp=12nM | 2877 12.6 44
20 F o 63.8 10.0 86% 13.4 5.4 403
21 F S 66.3 15.9 78% 44.4 5.1 115

9The rat liver microsomal stability (RLMS) assays offer a method to evaluate the rate of hepatic metabolism of a compound in liver microsomal
incubation. Data was represented as % remaining at 30 min by incubation of the compound in rat microsomes.; ?ICs, values represent the mean

of at least two independent experiments.; N.D.: Not determined.
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Table 2. SAR investigations of compound 1, focusing on both the quinazoline ring and urea side chain substitutions.*?

m/[N\>*NH

HN S
» O}"NH

) ax
R?2 N/) R

Selectivity
Detroit
compound Aurora A | Aurora B HCT-116 (Detroit
R! R? R3 RLMS (%) 551 CCs
no. ICso (M) | @ 100 nM CCso (nM) 551/HCT-
(uM)
116 CCsp)
IC5() =13
1 H \TMOA Cl 14.5 22 141 4.0 29
nM
22 H H Cl 80.4 15.0 71% 10.0 6.6 660
23 H H H 90.0 11.1 53% 29.0 17.0 586
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24 OMe H 41.8 18.8 74% 21.7 7.6 350
25 OEt H 60.5 14.0 75% 17.7 6.7 379
26 Cl H 67.3 24.0 50% 23.0 14.1 613
27 F H 80.7 13.0 50% 66.0 16.1 244
28 CF; H 41.3 46.0 32% 229.2 8.6 38
29 H H 71.1 14.0 52% 79.4 >20 > 252
30 OMe H 42.0 4.2 73% 21.2 5.8 274
31 OEt H 47.4 12.0 69% 22.4 6.5 290
32 F H 71.1 39.0 35% 83.2 > 20 > 240
33 OMe Cl 71.5 9.0 89% 30.4 2.9 95
34 F Cl 77.8 9.0 83% (ICs 16.0 14.5 906
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=30.5 nM)
35 F H Cl 78.9 19.1 67% 23.0 14.7 639
36 F F Cl 87.7 13.3 45% 22.8 12.8 561
80% (ICs
37 F OEt Cl 74.5 8.4 52.0 4.5 87
=64 nM)

9The rat liver microsomal stability (RLMS) assays offer a method to evaluate the rate of hepatic metabolism of a compound in liver microsomal
incubation. Data was represented as % remaining at 30 min by incubation of the compound in rate microsomes.; ?ICs, values represent the mean

of at least two independent experiments.
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Table 3. The physicochemical properties (PCPs) of the synthesized inhibitors?.

compound PCPs

cLogP| MW |HBA|HBD|NRB| PSA | .

no. violations?
BPR1KS871 (1)| 4.2 526.1 9 3 11 132.54 2
8 39 513.0 9 3 11 138.53 2
11 3.0 576.1 11 4 12 183.85 4
12 3.2 540.0 10 4 11 158.39 3
16 4.1 538.1 9 3 8 132.54 1
17 4.1 482.0 8 3 8 123.3 0
18 3.8 511.0 9 3 8 138.53 1
19 4.0 525.0 9 3 9 138.52 1
20 4.4 544.0 9 3 11 132.54 2
21 4.2 543.0 9 3 9 138.53 1
22 4.0 424.9 7 3 6 120.07 0
23 33 390.5 7 3 6 120.07 0
24 33 420.5 8 3 7, 129.3 0
25 3.7 434.5 8 3 8 129.3 0
26 4.0 4249 7 3 6 120.07 0
27 35 408.5 7 3 6 120.07 0
28 43 458.5 7 3 7 120.07 0
29 3.5 408.5 7 3 6 120.07 0
30 3.5 438.5 8 3 7 129.29 0
31 3.9 452.5 8 3 8 129.29 0
32 3.7 426.4 7 3 6 120.07 0
33 4.0 454.9 8 3 7 129.29 0
34 4.2 442.9 7 3 6 120.07 0
35 4.2 442.9 7 3 6 120.07 0
36 4.4 460.9 7 3 6 120.07 0
37 4.5 487.0 8 3 8 129.29 0
41 4.2 556.1 10 3 12 141.77 3

“MW (molecular weight), cLogP (calculated LogP), HBA (number of hydrogen bond
acceptors), HBD (number of hydrogen bond donors), NRB (number of free rotatable
bond) and PSA (polar surface area) were calculated by using Discovery Studio.;

bViolations according to the Lipinski’s rule of five and Veber’s suggestion.
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Table 4. Pharmacokinetics profile of selected compounds in rat“.

compound IV (Dose: 5 mg/kg) PO (Dose: 20 mg/kg) F (%)
no. ti2 CL Vss AUC(O-inf) t1/2 Cmax Tmax AUC(O-inf)
(h) (ml/min/kg) (I/’kg) (ng/mL*h) (h) (ng/mL) (h) (ng/mL*h)
1 23.5 60.4 34.2 1464 N.D.¢ N.D. N.D. N.D. N.D.
20 11.4 42.6 12.6 1958 N.D. N.D. N.D. N.D. N.D.
21 1.7 27.1 3.5 3272 2.8 125 53 818 6.3
22 4.6 52.5 5.7 1599 5.1 488 0.8 1951 30.0
23 1.3 61.7 4.0 1396 2.7 679 1.0 3014 46.0
27 6.8 24.3 3.2 3478 4.9 1111 0.7 2768 19.9
34 3.6 13.0 1.1 7451 3 4146 3.3 16065 54.0

4N.D.: Not determined.
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Figure 3. ADMET properties predicted for the quinazoline compounds.

Compounds located inside the 95% confidence ellipse are better for this parameter.

Profiling of compound 34 in kinase panel and cancer cell lines

Based on the in vitro biological activities and in vivo PK data, compound 34 was

selected as suitable candidate to further subject it to kinase profiling using the

KINOMEscan technology against a panel of 468 kinases (containing 403 non-mutant

kinases) at a concentration of 100 nM (Figure 4) [36]. The results for binding
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interactions were reported as %control. Inhibitor 34 displayed broad and high inhibition

against several oncogenic kinases, such as Aurora kinase (2.5-14%), DDR1 (2.7%),

DDR2 (7.6%), FLT3 (10%), HIPK4 (8.9%), KIT (20%), MERTK (18%), MKNK2

(6.7%), and TRK family (4.7-12%). Based on the profile, the compound 34 1Csys for

these kinases were evaluated by KINOMEscan platform (Figure 5). Aurora kinase

family members were potently inhibited at single-digit nanomolar concentrations of 34.

In addition, 34 demonstrated high potency (ICsg) against several kinases especially the

tyrosine kinases, including FLT3 (129 nM), DDR1 (16.7 nM), DDR2 (143 nM), TRKA

(23.6 nM), TRKB (35.5 nM), and TRKC (12.5 nM). These results overall suggested

that 34 is a potent multi-kinase inhibitor.

TKL

Percent Control
0%

® o01%
@ 01-1%
® 1-5%
e  510%
e 10-35%

> 359,

Figure 4. Kinase profiling of 34 using the KINOMESscan technology.
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Figure 5. KINOMEscan profile of compound 34 at 100 nM for kinases with % control

<50.

Next, 34 was tested in a panel of in-house cancer cell lines, including human colon
cancer (Colo205, HCT-116), uterine sarcoma (MESSA), human gastric cancer (MKN-
45), human lung cancer (H1975, H446), and acute myeloid leukemia (MOLM-13,
MV4-11). For comparison, the two known multi-kinase inhibitors, linifanib and
sorafenib, were also examined side-by-side. The results revealed that compound 34
showed better potency against colon cancer HCT-116 and leukemia cell lines MOLM-
13 and MV4-11 (Table 5). 34 was more potent than the clinical candidate 1 in HCT-
116 colon cancer and MKN45 human gastric cancer cell line; but was less potent in the

case of leukemia cell lines MOLM-13, MV4-11, which harbor FLT3 mutations.
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Table 5. Anti-proliferative activity of compound 34 in a panel of in-house cell lines.

compoun
Cell lines CCs, (nM)
d no.
Solid tumor type Leukemia type  Normal type
Colo  HCT- MOLM MV4-
MESSA  MKN45 H1975 H446 Detroit 551
205 116 -13 11
1
(BPR1K8 34 141 216 355 495 — 5 4 4000
71)
34 144 16 506 128 491 102 76 73 14500
Sorafenib — 8800 — — 7010 — 82 43 —
Linifanib — 8070 - — 8853 — 38 82 -

4. Conclusion

Discovering a new drug, particularly drugs that can be orally administered to

patients is a challenging task. Nevertheless, orally administered drugs have the

advantage of easy administration as compared to injectable forms. Administering a drug

through oral route requires that the molecule be orally bioavailable, i.e., get absorbed

through the gut and enter the systemic circulation without being extensively
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metabolized in the liver. Means to manipulate and improve the oral bioavailability of a

drug without compromising the activity is pursued during lead optimization stage.

In this respect, here we report our efforts to optimize our previous lead BPR1K871

(1), which is a clinical candidate for cancer treatment, to improve the pharmacokinetics

property and identify orally bioavailable lead. Careful consideration of

physicochemical properties (PCP) and in vitro rat liver microsomal stability (RLMS)

data provided a path to carry out a systematic medicinal chemistry optimization of lead

1. During PCP driven optimization it was found that the solubilizing functional group

at the 7-position of quinazoline ring was not essential for maintaining the activity and

also the group is responsible for poor metabolic stability and oral absorption. A detailed

structural investigation at the 6- and 7-position of quinazoline ring identified 34 as an

orally bioavailable multi-kinase inhibitor with in vitro enzyme/cellular activity profile

very similar to lead 1. The results suggest that 34 is a promising lead candidate for

further evaluation of antitumor efficacy in animal models.
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5. Experimental

5.1. Synthesis

5.1.1. General methods

All reagents were purchased from commercial suppliers and were used without further

purification unless otherwise noted. All reactions were carried out under dry nitrogen

or argon atmosphere and were monitored by TLC using Merck 60 F254 silica gel glass

backed plates; zones were detected visually under UV irradiation (254 nm) or by

spraying with phosphomolybdic acid reagent (Sigma-Aldrich) followed by heating at

80 °C. Flash column chromatography using silica gel (Merck Kiesegel 60, no. 9385,

230-400 mesh ASTM). 'H NMR spectra were recorded on a Varian Mercury-300 or

Varian Mercury-400 spectrometers, and the chemical shifts were recorded in parts per

million (ppm, ) and reported relative to TMS or the solvent peak. Low-resolution mass

spectra (LRMS) data were obtained from Agilent MSD-1100 ESI-MS/ MS system and

Agilent 1200 series APCI-ESI-MS/MS system. Purity of the final compounds were

determined with a Hitachi 2000 series HPLC system using C-18 column (Agilent

ZORBAX Eclipse XDB-C18 5 um. 4.6 mm x 150 mm) operating at 25 °C. For method

A, elution was carried out using water containing 0.1% formic acid + 10 mmol

NH4OACc as mobile phase A, and acetonitrile as mobile phase B. Elution conditions: 0

to 45 min, 10 to 90% mobile B; 45 to 60 min, 90% to 10% mobile B. For method B,
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elution was carried out using water containing 0.1% formic acid + 2 mmol NH4,OAc as

mobile phase A, and acetonitrile as mobile phase B. Elution conditions: 0 to 30 min, 10

to 90% mobile B; 30 to 37 min, 90% to 10% mobile B. The flow-rate of the mobile

phase was 0.5 mL/min and the injection volume of the sample was 10 or 20 pL. Peaks

were detected at 254 nm. IUPAC nomenclature of compounds were obtained with the

software ACD/Name Pro.

5.1.2.  1-(3-Chlorophenyl)-3-[5-(2-{[ 7-(3-methoxypropoxy)quinazolin-4-yl]amino}-

ethyl)-1,3-thiazol-2-ylJurea (8).

A mixture of compound 7 [18] (81.2 mg, 0.16 mmol, 1.0 equiv), and potassium iodide

(81 mg, 0.48 mmol, 3.0 equiv) in anhydrous DMF (1 mL) was added 5M NaOMe in

MeOH (0.13 ml, 0.64 mmol, 4.0 equiv). The mixture was heated at 100 °C for 16 h,

then quenched with water and extracted with ethyl acetate. The organic layer was dried

by anhydrous MgSO, then concentrated under vacuum. The crude was purified by silica

gel column chromatography (MeOH/CH,Cl,/NH4OH, 1:20:0.1) to give compound 8 as

yellow solid (28 mg, 34%). 'H NMR (400 MHz, DMSO-dy) § 10.54 (br s, 1H), 9.24 (br

s, 1H), 8.42 (s, 1H), 8.27 (t, J = 6.4 Hz, 1H), 8.11 (d, J = 8.8 Hz, 1H), 7.69 (s, 1H),

7.32-7.30 (m, 2H), 7.14-7.05 (m, 4H), 4.15 (t, J = 6.4 Hz, 2H), 3.71 (q, J = 6.0 Hz,

2H), 3.50 (t, J= 6.4 Hz, 2H ), 3.37 (s, 3H), 3.06 (t, J = 6.0 Hz, 2H), 2.00 (quint, J = 6.4

Hz, 2H); LRMS (ESI) m/z calcd for C,4H,5CINgO5S, 512.14; found, 513.1 [M + H]*;
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HPLC purity (method A): 91.29%, tg = 24.13 min.

5.1.3. 1-[5-(2-{[7-(3-Azidopropoxy)quinazolin-4-yl]aminotethyl)-1,3-thiazol-2-yl]-3-

(3-chlorophenyl)urea (9).

A mixture of compound 7 (30 mg, 0.058 mmol, 1.0 equiv) and sodium azide (4.7 mg,

0.072 mmol, 1.2 equiv) in DMSO (0.50 mL) was heated at 60 °C for 16 h. The mixture

was quenched with water and then extracted with ethyl acetate. The organic layer was

dried by anhydrous MgSO, then concentrated under vacuum. The crude was purified

by silica gel column chromatography (MeOH/CH,Cl,/NH4OH, 1:15:0.1) to give

compound 9 as white solid (29 mg, 95%). 'H NMR (400 MHz, DMSO-d,) 6 10.45 (br

s, 1H), 9.14 (br s, 1H), 8.42 (s, 1H), 8.28 (t, J = 5.6 Hz, 1H), 8.13 (d, J = 8.4 Hz, 1H),

7.69 (s, 1H), 7.33-7.25 (m, 2H), 7.15-7.00 (m, 4H), 4.18 (t, J = 6.0 Hz, 2H), 3.72 (q, J

= 6.4 Hz, 2H ), 3.54 (t, J = 6.4 Hz, 2H), 3.12-3.01 (m, 2H), 2.03 (tt, J = 6.4, 6.0 Hz,

2H), LRMS (ESI) m/z calcd for C23H22C1N9028, 52313, fOlll’ld, 524.1 [1\/I‘|'H]+

5.1.4. 1-[5-(2-{[7-(3-Aminopropoxy)quinazolin-4-yl]aminotethyl)-1,3-thiazol-2-yl]-3-

(3-chlorophenyl)urea (10).

A mixture of 9 (99 mg, 0.19 mmol) and 5% Pd/C (17 mg) in MeOH (8.0 mL) was

hydrogenated at atmospheric pressure and room temperature for 16 h. The reaction

mixture was filtered over celite, and the solvents removed under vacuum to give the

desired compound 10 (60 mg, 64%). 'H NMR (400 MHz, DMSO-dj) 6 9.80-9.40 (br,
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1H), 8.41 (s, 1H), 8.26 (t, J=5.6 Hz, 1H), 8.11 (d, J= 9.2 Hz, 1H), 7.72 (s, 1H), 7.32—

7.26 (m, 2H), 7.12-7.02 (m, 4H), 5.90-5.20 (br, 2H), 4.16 (t, J = 6.4 Hz, 2H), 3.72 (q,

J=17.2Hz, 2H), 3.06 (t, J = 7.2 Hz, 2H), 2.76 (td, J =6.8, 1.6 Hz, 2H), 1.87 (tt, J= 6.8,

6.4 Hz, 2H); LRMS (ESI) m/z calcd for C3H,4CIN,02g, 497.14; found, 498.1 [M+H]".

5.1.5. N-{3-[(4-{[2-(2-{[(3-Chlorophenyl)carbamoyl]amino}-1,3-thiazol-5-yl)ethyl-]

amino}quinazolin-7-yl)oxy[propyl}methanesulfonamide (11).

To a mixture of compound 10 (43 mg, 0.084 mmol, 1.0 equiv) and triethylamine (17.2

mg, 0.17 mmol, 2.0 equiv) in CH,Cl, (1.0 mL) was added methanesulfonyl chloride

(9.9 mg, 0.086 mmol, 1.0 equiv) and DMF (0.10 mL). The reaction mixture was then

stirred at room temperature for 16 h. The reaction mixture was concentrated under

vacuum, and then purified by silica gel column chromatography

(MeOH/CH,Cl1,/NH4OH, 1:8:0.1) to give 11 as light yellow solid (7.6 mg, 15%). 'H

NMR (400 MHz, Acetone-ds) 0 10.00-9.80 (br, 1H), 9.30-9.10 (br, 1H), 8.48 (s, 1H),

8.03 (d, J=9.2 Hz, 1H), 7.82 (s, 1H), 7.61 (br s, 1H), 7.40 (dd, J = 8.0, 1.2 Hz, 1H),

7.31 (dd, J = 8.0, 8.0 Hz, 1H), 7.14-7.04 (m, 4H), 6.16 (br s, 1H), 4.26 (t, J = 6.0 Hz,

2H), 3.89 (q, J = 6.4 Hz, 2H), 3.36 (q, J = 6.4 Hz, 2H), 3.18 (t, J = 6.4 Hz, 2H), 2.92 (s,

3H), 2.13 (quint, J = 6.4 Hz, 2H); LRMS (ESI) m/z calcd for C,4H;6CIN;0,4S,, 575.12;

found, 576.2 [M + H]"; HPLC Purity (method A): 97.09%, tg = 22.69 min.

5.1.6. N-{3-[(4-{[2-(2-{[(3-Chlorophenyl)carbamoyl]amino}-1,3-thiazol-5-yl)ethyl]-
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amino}quinazolin-7-yl)oxy|propyl}lacetamide (12).

To a mixture of compound 10 (80 mg, 0.16 mmol, 1.0 equiv) in CH,Cl, (2.0 mL) was
added pyridine (16 mg, 0.20 mmol, 1.3 equiv) and acetic anhydride (21 mg, 0.21 mmol,
1.3 equiv). The reaction mixture was then stirred at room temperature for 48 h. The
reaction mixture was concentrated under vacuum, and then purified by silica gel column
chromatography (MeOH/CH,Cl,/NH4,OH, 1:9:0.1) to give 12 as light yellow solid (31
mg, 35%). '"H NMR (400 MHz, DMSO-d;) § 11.20-10.60 (br, 1H), 9.20 (br s, 1H),
8.56 (brs, 1H), 8.50 (s, 1H) , 8.16 (d, J= 8.8 Hz, 1H), 7.94 (t, /= 5.6 Hz, 1H), 7.69 (s,
1H), 7.31-7.30 (m, 2H), 7.17 (dd, J= 8.8, 2.4 Hz, 1H), 7.12 (s, 1H), 7.07-7.04 (m, 2H),
4.12 (t, J= 6.0 Hz, 2H), 3.78-3.73 (m, 2H), 3.21 (q, J = 6.8 Hz, 2H), 3.08 (t, J = 6.8
Hz, 2H), 1.92-1.85 (m, 2H), 1.80 (s, 3H); LRMS (ESI) m/z calcd for C,5H,cCIN,O3S,
539.15; found, 540.1 [M + H]*; HPLC Purity (method A): 97.68%, tx = 20.56 min.
5.1.7. Standard procedure A for the synthesis of urea derivatives 16-37.

The amine derivative 15a—p in a mixture of methanol (0.30-10 mL) and CH,Cl, (2.5—
150 mL) was treated with 3-chlorophenyl isocyanate or phenyl isocyanate, and the
mixture was stirred at room temperature for 16 h. The reaction mixture was
concentrated under reduced pressure to give a residue, which was purified using silica
gel column chromatography to give the desired product in 6—99% yield.

5.18. 1-(3-Chlorophenyl)-3-{5-[2-({7-[(I-methylpiperidin-4-yl)oxy]quinazolin-4-
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yl}amino)ethyl]-1,3-thiazol-2-yl}urea (16).

Following standard procedure A, 15a (6.6 mg, 0.017 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (31 pL, 0.22 mmol, 13 equiv), CH,Cl, (10 mL), and methanol (0.50 mL)

were used to carry out the reaction. After worked-up, 16 (9.2 mg, 99%) was obtained.

H-NMR (300 MHz, DMSO-d;) § 10.80-10.40 (br, 1H), 9.23 (br s, 1H), 8.41 (s, 1H),

8.26 (t,J= 5.4 Hz, 1H), 8.11 (d,J= 9.0 Hz, 1H), 7.69 (s, 1H), 7.31-7.30 (m, 2H), 7.14—

7.04 (m, 4H), 4.62—-4.57 (br m, 1H), 3.75-3.71 (m, 2H), 3.06 (t, /= 6.6 Hz, 2H), 2.64—

2.60 (m, 2H), 2.38-2.23 (m, 5H), 2.05-1.90 (m, 2H), 1.78-1.68 (m, 2H); LRMS (ESI)

m/z calcd for Cy¢H,3CIN,O,S, 537.17; found, 538.2 [M + H]"; HPLC Purity (method

A): 90.81%, tg = 17.44 min.

5.1.9. 1-(3-Chlorophenyl)-3-{5-[2-({7-[(dimethylamino)methyl]quinazolin-4-

yl}amino)ethyl]-1,3-thiazol-2-yl}urea (17).

Following standard procedure A, 15b (260 mg, 0.792 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (1.90 mL, 15.8 mmol, 20 equiv), and CH,Cl, (10 mL) were used to carry

out the reaction. After worked-up, 17 (128 mg, 34%) was obtained. "H NMR (400MHz,

DMSO-dy) 6 10.80-10.60 (br, 1H), 9.23 (br s, 1H), 8.46 (s, 1H), 8.38 (t, J = 5.6 Hz,

1H), 8.16 (d, J= 8.8 Hz, 1H), 7.69 (s, 1H), 7.55 (s, 1H), 7.45 (dd, J= 8.8, 1.6 Hz, 1H),

7.30 (s, 1H), 7.29 (s, 1H), 7.12 (s, 1H), 7.06-7.03 (m, 1H), 3.73 (q, J = 6.8 Hz, 2H),

3.52 (s, 2H), 3.07 (t, J = 6.8 Hz, 2H), 2.17 (s, 6H); LRMS (ESI) m/z calcd for
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Cy3H,4CIN,0S, 481.15; found, 482.2 [M + H] *; HPLC Purity (method A): 98.84%, &
= 17.84 min.

5.1.10. 1-(3-Chlorophenyl)-3-{5-[2-({7-[(3S)-tetrahydrofuran-3-yloxy]quinazolin-4-
yl}amino)ethyl]-1,3-thiazol-2-yl}urea (18).

Following standard procedure A, 15¢ (258.7 mg, 0.7993 mmol, 1.0 equiv), 3-
chlorophenyl isocyanate (0.75 mL, 6.2 mmol, 7.8 equiv), CH,Cl, (10 mL), and
methanol (0.50 mL) were used to carry out the reaction. After worked-up, 18 (346.8
mg, 85%) was obtained. "H-NMR (400 MHz, DMSO-ds) ¢ 10.70-10.40 (br, 1H), 9.20
(brs, 1H), 8.42 (s, 1H), 8.27 (t, /= 5.2 Hz, 1H), 8.12 (d, /= 9.2 Hz, 1H), 7.70 (s, 1H),
7.34-7.30 (m, 2H), 7.12-7.05 (m, 4H), 5.24-5.20 (m, 1H), 3.95-3.70 (m, 6H), 3.06 (t,
J =6.4 Hz, 2H), 2.34-2.25 (m, 1H), 2.04-1.98 (m, 1H); LRMS (ESI) m/z calcd for
Cy4H»;CINGO3S, 510.12; found, 511.2 [M + H]*; HPLC Purity (method A): 99.25%, tx
=22.85 min.

5.1.11.

1-(3-Chlorophenyl)-3-[5-(2-{[ 7-(tetrahydrofuran-3-ylmethoxy)quinazolin-4-
yvl]amino}ethyl)-1,3-thiazol-2-ylJurea (19).

Following standard procedure A, 15d (77.4 mg, 0.208 mmol, 1.0 equiv), 3-
chlorophenyl isocyanate (30 uL, 0.25 mmol, 1.2 equiv), and CH,ClI, (10 mL) were used

to carry out the reaction. After worked-up, 19 (103.2 mg, 94%) was obtained. 'H-NMR
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(400 MHz, DMSO-dj) 6 10.70-10.30 (br, 1H), 9.15 (br s, 1H), 8.41 (s, 1H), 8.25 (t, J

=5.4Hz, 1H), 8.12 (d, J= 8.8 Hz, 1H), 7.69 (s, 1H), 7.34—7.26 (m, 2H), 7.16—7.02 (m,

4H), 4.12-4.00 (m, 2H), 3.85-3.62 (m, SH), 3.60-3.52 (m, 1H), 3.07 (t, J = 6.8 Hz,

2H), 2.75-2.63 (m, 1H), 2.10-1.99 (m, 1H), 1.73-1.63 (m, 1H);LRMS (ESI) m/z calcd

for C,5H,5CINgO5S, 524.14; found, 525.1 [M + H]*; HPLC Purity (method B): 98.46%,

trg = 16.45 min.

5.1.12. 1-(3-Chlorophenyl)-3-{5-[2-({7-[3-(dimethylamino)propoxy]-6-fluoro-

quinazolin-4-yl}amino)ethyl]-1,3-thiazol-2-yl}urea (20).

Following standard procedure A, 15e (17 mg, 0.044 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (16 pL, 0.13 mmol, 3.0 equiv), and CH,Cl, (7.0 mL) were used to carry out

the reaction. After worked-up, 20 (11.3 mg, 48%) was obtained. 'H-NMR (300 MHz,

DMSO-dy) § 10.80-10.50 (br, 1H), 9.35-9.10 (br, 1H), 8.43 (s, 1H), 8.16 (t, /= 5.6 Hz,

1H), 8.08 (d, J = 12.0 Hz, 1H), 7.71 (s, 1H), 7.34-7.25 (m, 3H), 7.10 (s, 1H), 7.04-7.02

(m, 1H), 4.20 (t, J = 6.0 Hz, 2H), 3.72-3.69 (m, 2H), 3.05 (t, /= 6.9 Hz, 2H), 2.38 (t, J

= 6.9 Hz, 2H), 2.13 (s, 6H), 1.91 (quintet, J = 6.9 Hz, 2H); LRMS (ESI) m/z calcd for

CysHy,CIFN;0,8, 543.16; found, 544.2 [M + H]*; HPLC Purity (method B): 96.68%,

tr = 14.16 min.

5.1.13. 1-(3-Chlorophenyl)-3-[5-(2-{[6-fluoro-7-(tetrahydrofuran-3-

vimethoxy)quinazolin-4-yl]aminotethyl)-1,3-thiazol-2-yl]urea (21).
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Following standard procedure A, 15f(90.0 mg, 0.231 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (112 pL, 0.926 mmol, 4.0 equiv), and CH,Cl, (10 mL) were used to carry

out the reaction. After worked-up, 21 (99.6 mg, 79%) was obtained. 'H-NMR

(400 MHz, DMSO-dj) 6 10.90-10.60 (br, 1H), 9.30 (br s, 1H), 8.44 (s, 1H), 8.17 (t, J

= 5.6 Hz, 1H), 8.08 (d, J= 12.4 Hz, 1H), 7.70 (s, 1H), 7.34-7.26 (m, 3H), 7.12 (s, 1H),

7.09-7.02 (m, 1H), 4.20-4.08 (m, 2H), 3.83-3.64 (m, 5H), 3.59-3.53 (m, 1H), 3.06 (t,

J=6.8 Hz, 2H), 2.80-2.69 (m, 1H), 2.10-2.00 (m, 1H), 1.76-1.68 (m, 1H); LRMS (ESI)

m/z calcd for C,5H4CIFNGO;S, 542.13; found, 543.1 [M + H]";HPLC Purity (method

B): 99.62%, tg = 18.25 min.

5.1.14. 1-(3-Chlorophenyl)-3-{5-[2-(quinazolin-4-ylamino)ethyl]- 1,3-thiazol-2-

vl}urea (22).

Following standard procedure A, 15g (100 mg, 0.369 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (0.90 mL, 7.37 mmol, 20 equiv), CH,Cl, (20 mL), and methanol (0.50 mL)

were used to carry out the reaction. After worked-up, 22 (81 mg, 52%) was obtained.

'H-NMR (300 MHz, DMSO-dj) 6 10.43 (br s, 1H), 9.13 (br s, 1H), 8.48 (s, 1H), 8.43

(t, J= 4.8 Hz, 1H), 8.20 (d, J = 7.5 Hz, 1H), 7.76-7.66 (m, 3H), 7.54-7.49 (m, 1H),

7.30-7.29 (m, 2H), 7.12 (s, 1H), 7.07-7.04 (m, 1H), 3.75 (q, J = 6.6 Hz, 2H), 3.08 (t, J

=6.6 Hz, 2H). LRMS (ESI) m/z calcd for C,yH;7CINOS, 424.09; found, 425.1 [M +

H]*. HPLC Purity (method A): 96.03%, tg = 22.06 min.
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5.1.15. I-Phenyl-3-{5-[2-(quinazolin-4-ylamino)ethyl]-1,3-thiazol-2-yl}urea (23).

Following standard procedure A, 15g (76 mg, 0.28 mmol, 1.0 equiv), phenyl isocyanate
(0.30 mL, 2.8 mmol, 10 equiv), and CH,Cl, (20 mL) were used to carry out the reaction.
After worked-up, 23 (67 mg, 61%) was obtained. 'H-NMR (300 MHz, DMSO-d )0
10.50-10.30 (br, 1H), 8.98 (br s, 1H), 8.48 (s, 1H), 8.42 (t,J= 5.7 Hz, 1H), 8.21 (d, J
= 8.1 Hz, 1H), 7.80-7.67 (m, 2H), 7.54-7.43 (m, 3H), 7.29 (dd, J = 8.4, 7.6 Hz, 2H),
7.12 (s, 1H), 7.01 (t, J="7.6 Hz, 1H), 3.76 (q, J = 6.4 Hz, 2H), 3.10 (t, J = 6.4 Hz, 2H);
LRMS (ESI) m/z caled for C,0H sN¢OS, 390.13; found, 391.1 [M + H]"; HPLC Purity

(method A): 99.54%, tr = 18.44 min.

S5.1.16. 1-(5-{2-[(7-Methoxyquinazolin-4-yl)amino]ethyl}-1,3-thiazol-2-yl)-3 -
phenylurea (24).

Following standard procedure A, 15h (100 mg, 0.332 mmol, 1.0 equiv), phenyl
isocyanate (54 pL, 0.50 mmol, 1.5 equiv), and CH,Cl, (10 mL) were used to carry out
the reaction. After worked-up, 24 (117 mg, 84%) was obtained. 'H-NMR (400 MHz,
DMSO-dg) 0 10.35 (br s, 1H), 8.97 (br s, 1H), 8.42 (s, 1H), 8.27 (t, J = 5.6 Hz, 1H),
8.11 (d,J=9.2 Hz, 1H), 7.45 (d, J=7.6 Hz, 2H), 7.30 (dd, /= 8.0, 7.6 Hz, 2H), 7.13—
7.05 (m, 3H), 7.01 (t,J= 7.6 Hz, 1H), 3.88 (s, 3H), 3.72 (q, J = 6.8 Hz, 2H), 3.08 (t, J

= 6.8 Hz, 2H); LRMS (ESI) m/z calcd for C,;H,(NO,S, 420.14; found, 421.2 [M + H]
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*; HPLC Purity (method B): 99.71%, tg = 14.23 min.

5.1.17. 1-(5-{2-[(7-Ethoxyquinazolin-4-yl)amino]ethyl}-1,3-thiazol-2-yl)-3-

phenylurea (25).

Following standard procedure A, 15i (100 mg, 0.317 mmol, 1.0 equiv), phenyl

isocyanate (0.30 mL, 3.2 mmol, 10 equiv), and CH,Cl, (10 mL) were used to carry out

the reaction. After worked-up, 25 (8.0 mg, 6%) was obtained."H-NMR (400 MHz,

DMSO-dy) 6 10.44 (br s, 1H), 9.01 (br s, 1H), 8.41 (s, 1H), 8.24 (t, J = 5.6 Hz, 1H),

8.11 (d, J = 8.8 Hz, 1H), 7.45 (d, J = 8.4 Hz, 2H), 7.29 (dd, J = 7.6. 7.6 Hz, 2H), 7.11—

6.99 (m, 4H), 4.15 (q, J = 6.8 Hz, 2H), 3.72 (q, J = 6.8 Hz, 2H), 3.07 (t, J = 6.8 Hz,

2H), 1.37 (t, J = 6.8Hz, 3H); LRMS (ESI) m/z caled for C2,H2N405S, 434.15; found,

435.1 [M + H]*; HPLC Purity (method A): 93.63%, tg = 22.22 min.

5.1.18. 1-(5-{2-[(7-Chloroquinazolin-4-yl)amino]ethyl}- 1,3-thiazol-2-yl)-3-

phenylurea (26).

Following standard procedure A, 15j (100 mg, 0.327 mmol, 1.0 equiv), phenyl

isocyanate (0.20 mL, 1.6 mmol, 5.0 equiv), and CH,Cl, (5.0 mL) were used to carry

out the reaction. After worked-up, 26 (130 mg, 94%) was obtained. 'H-NMR (300 MHz,

DMSO-dy) § 10.41 (br s, 1H), 9.00 (br s, 1H), 8.58 (br t, 1H), 8.47 (s, 1H), 8.23 (d, J =

8.7 Hz, 1H), 7.72 (s, 1H), 7.57 (d, J = 8.7 Hz, 1H), 7.44 (d, J = 7.8 Hz, 2H), 7.29 (dd,

J=17.8,7.5 Hz, 2H), 7.11 (s, 1H), 7.01 (t, J = 6.9 Hz, 1H), 3.76-3.65 (m, 2H), 3.15—
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3.08 (m, 2H); LRMS (ESI) m/z calcd for CyoH;7CIN4OS, 424.09; found, 425.0 [M +

H]*; HPLC Purity (method A): 99.79%, tg = 23.90 min.

5.1.19.  1-(5-{2-[(7-Fluoroquinazolin-4-yl)amino]ethyl}- 1,3-thiazol-2-yl)-3-phenyl-

urea (27).

Following standard procedure A, 15k (129 mg, 0.45 mmol, 1.0 equiv), phenyl

isocyanate (0.49 mL, 4.5 mmol, 10 equiv), and CH,Cl, (20 mL) were used to carry out

the reaction. After worked-up, 27 (52 mg, 29%) was obtained. 'H-NMR (400 MHz,

DMSO-dy) 6 10.64 (br s, 1H), 9.18 (br s, 1H), 8.52 (br t, 1H), 8.48 (s, 1H), 8.33-8.30

(m, 1H), 7.45-7.40 (m, 4H), 7.28 (dd, J=7.2, 7.2 Hz, 2H), 7.11 (s, 1H), 7.00 (t, J =7.2

Hz, 1H ), 3.75 (q, J =6.4 Hz, 2H), 3.08 (t, J =6.4 Hz, 2H); LRMS (ESI) m/z calcd for

CaoH17FNOS, 408.12; found, 409.1 [M + H]*+; HPLC Purity (method A): 97.04%, tx

= 20.93 min.

5.1.20. 1-Phenyl-3-[5-(2-{[ 7-(trifluoromethyl)quinazolin-4-yl]amino}ethyl)-1, 3-

thiazol- 2-ylJurea (28).

Following standard procedure A, 151 (50.0 mg, 0.147 mmol, 1.0 equiv), phenyl

isocyanate (0.20 mL, 1.6 mmol, 10 equiv), and CH,Cl, (3.0 mL) were used to carry out

the reaction. After worked-up, 28 (60 mg, 89%) was obtained. 'H-NMR (300 MHz,

DMSO-dy) § 10.34 (br s, 1H), 8.94 (br s, 1H), 8.77 (br t, 1H), 8.60 (s, 1H), 8.46 (d, J =

8.7 Hz, 1H), 8.01 (s, 1H), 7.85 (d, J = 8.7 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.29 (dd,
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J=8.4,7.2Hz, 2H), 7.12 (s, 1H), 7.01 (t, J = 7.2 Hz, 1H), 3.79-3.77 (m, 2H), 3.11 (1,

J=06.6 Hz, 2H); LRMS (ESI) m/z calcd for C,;H;7F;N¢OS, 458.11; found, 459.1 [M +

HJ*; HPLC Purity (method A): 99.84%, z = 29.03 min.

5.1.21.  I-(5-{2-[(6-Fluoroquinazolin-4-yl)amino]ethyl}- 1,3-thiazol-2-yl)-3-phenyl-

urea (29).

Following standard procedure A, 15m (100 mg, 0.346 mmol, 1.0 equiv), phenyl

isocyanate (0.40 mL, 3.46 mmol, 10 equiv), and CH,Cl, (10 mL) were used to carry

out the reaction. After worked-up, 29 (101 mg, 72%) was obtained. 'H-NMR (300 MHz,

DMSO-dy) 6 10.45 (br s, 1H), 9.02 (br s, 1H), 8.49 (s, 1H), 8.39 (t, J = 5.4 Hz, 1H),

8.08 (dd, J=9.9, 2.7 Hz, 1H), 7.79-7.65 (m, 2H), 7.45 (d, J = 8.1 Hz, 2H), 7.29 (dd, J

=8.1,7.2 Hz, 2H), 7.12 (s, 1H), 7.01 (t, J = 7.2 Hz, 1H), 3.78-3.72 (m, 2H), 3.09 (t, J

= 6.6 Hz, 2H). LRMS (ESI) m/z calcd for C,0H;7FN¢OS 408.12; found, 409.1 [M + H]

*. HPLC Purity (method A): 100.0%, g = 21.25 min.

5.1.22.  1-(5-{2-[(6-Fluoro-7-methoxyquinazolin-4-yl)amino]ethyl}-1,3-thiazol-2-yl)-

3-phenylurea (30).

Following standard procedure A, 15n (100 mg, 0.313 mmol, 1.0 equiv), phenyl

isocyanate (50 uL, 0.47 mmol, 1.5 equiv), and CH,Cl, (10 mL) were used to carry out

the reaction. After worked-up, 30 (63.8 mg, 47%) was obtained. 'H-NMR (400 MHz,

DMSO-dy) § 10.33 (br s, 1H), 8.94 (s, 1H), 8.4 (s, 1H), 8.18 (t, J = 5.4 Hz, 1H), 8.08
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(d,J=12.4 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.32-7.25 (m, 3H), 7.11 (s, 1H), 7.01 (t,

J=17.6Hz, 1H), 3.97 (s, 3H), 3.72 (q, J = 6.8 Hz, 2H), 3.07 (t, J = 6.8 Hz, 2H); LRMS

(ESI) m/z caled for C,;H9FNgO,S, 438.13; found, 439.2 [M + H] *; HPLC Purity

(method B): 99.56%, tg = 14.76 min.

5.1.23.  1-(5-{2-[(7-Ethoxy-6-fluoroquinazolin-4-yl)amino]ethyl}- 1, 3-thiazol-2-yl)-3-

phenylurea (31).

Following standard procedure A, 150 (100 mg, 0.300 mmol, 1.0 equiv), phenyl

isocyanate (0.30 mL, 3.0 mmol, 10 equiv), and CH,Cl, (10 mL) were used to carry out

the reaction. After worked-up, 31 (112 mg, 83%) was obtained. 'H-NMR (400 MHz,

DMSO-dy) 6 10.42 (br s, 1H), 9.99 (br s, 1H), 8.43 (s, 1H), 8.17 (t, J = 5.2 Hz, 1H),

8.07 (d, J= 12.0 Hz, 1H), 7.45 (d, J = 8.0 Hz, 2H), 7.32-7.26 (m, 3H), 7.12 (s, 1H),

7.01 (t,J = 7.6 Hz, 1H), 4.24 (q, J = 6.8 Hz, 2H), 3.72 (q, J = 6.4 Hz, 2H), 3.07 (t, J =

6.4 Hz, 2H), 1.40 (t,J= 6.8 Hz, 3H); LRMS (ESI) m/z calcd for C,,H,;FN4O,S, 452.14;

found, 453.1 [M + H]*; HPLC Purity (method A): 100.00%, #x = 23.09 min.

5.1.24. 1-(5-{2-[(6, 7-Difluoroquinazolin-4-yl)amino]ethyl}- 1, 3-thiazol-2-yl)-3-

phenylurea (32).

Following standard procedure A, 15p (40.0 mg, 0.199 mmol, 1.0 equiv), phenyl

isocyanate (0.11 mL, 1.0 mmol, 5.0 equiv), and CH,CI, (10 mL) were used to carry out

the reaction. After worked-up, 32 (31.0 mg, 36%) was obtained. 'H-NMR (400 MHz,
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DMSO-dy) 6 10.33 (br s, 1H), 8.95 (br s, 1H), 8.48 (s, 1H), 8.42 (t, J = 5.2 Hz, 1H),

8.32 (dd, J=11.6, 8.8 Hz, 1H), 7.70 (dd, J = 11.6, 8.0 Hz, 1H), 7.43 (d, J = 8.0 Hz,

2H), 7.28 (dd, J = 8.0, 7.2 Hz, 2H), 7.10 (s, 1H), 6.99 (t, J = 7.2 Hz, 1H), 3.73 (q, J =

6.4 Hz, 2H), 3.06 (t,J= 6.4 Hz, 2H); LRMS (ESI) m/z calcd for C,0HcF,N¢OS, 426.11;

found, 427.2 [M + H]"; HPLC Purity (method B): 90.80%, #g = 18.82 min.

5.1.25. 1-(3-Chlorophenyl)-3-(5-{2-[(7-methoxyquinazolin-4-yl)amino]ethyl}- 1, 3-

thiazol-2-yl)urea (33).

Following standard procedure A, 15h (50 mg, 0.17 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (0.40 mL, 3.3 mmol, 20 equiv), and CH,Cl, (20 mL) were used to carry out

the reaction. After worked-up, 33 (25 mg, 33%) was obtained. 'H NMR (400MHz,

DMSO-dy) 6 10.48 (br s, 1H), 9.18 (br s, 1H), 8.43 (s, 1H), 8.28 (t, J = 5.6 Hz, 1H),

8.11 (d, J=9.2 Hz, 1H), 7.68 (s, 1H), 7.30-7.29 (m, 2H), 7.13-7.03 (m, 4H), 3.87 (s,

3H), 3.72 (q, J = 6.8 Hz, 2H), 3.06 (t, J = 6.8 Hz, 2H); LRMS (ESI) m/z calcd for

C21H19C1N6OQS, 45410, found, 455.1 [M + H]+; HPLC Purity (method A) 95.88%, R

= 22.76 min.

5.1.26. 1-(3-Chlorophenyl)-3-(5-{2-[(7-fluoroquinazolin-4-yl)amino]ethyl}-1, 3-

thiazol-2-yl)urea (34).

Following standard procedure A, 15k (100 mg, 0.345 mmol, 1.0 equiv), 3-chlorophenyl

isocyanate (0.40 mL, 3.5 mmol, 10 equiv), and CH,Cl, (10 mL) were used to carry out
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the reaction. After worked-up, 34 (113 mg, 74%) was obtained. 'H-NMR (300 MHz,

DMSO-dy) § 10.59 (br s, 1H), 9.22 (br s, 1H), 8.53 (t, J = 5.4 Hz, 1H), 8.49 (s, 1H),

8.31(dd, J=9.0, 8.8 Hz, 1H), 7.69 (s, 1H), 7.47-7.40 (m, 2H), 7.33-7.30 (m, 2H), 7.12

(s, 1H), 7.07-7.04 (m, 1H), 3.75 (q, J = 6.8 Hz, 2H), 3.08 (t, J = 6.8 Hz, 2H); LRMS

(EST) m/z caled for CaoH 6CIFNGOS, 442.08; found, 443.0 [M + H]*; HPLC Purity

(method A): 99.75 %, tg = 25.13 min.

5.1.27. 1-(3-Chlorophenyl)-3-(5-{2-[(6-fluoroquinazolin-4-yl)amino]ethyl}-1, 3-

thiazol-2-yl)urea (35).

Following standard procedure A, 15m (100 mg, 0.345 mmol, 1.0 equiv), 3-

chlorophenyl isocyanate (63 pL, 0.52 mmol, 1.5 equiv), and CH,CI, (10 mL) were used

to carry out the reaction. After worked-up, 35 (100 mg, 66%) was obtained. 'H-NMR

(300 MHz, DMSO-dy) § 10.49 (br s, 1H), 9.17 (br s, 1H), 8.76 (br s, 1H), 8.59 (s, 1H),

8.13 (dd, J = 9.9, 2.4 Hz, 1H), 7.83-7.68 (m, 3H), 7.34-7.28 (m, 2H), 7.14 (s, 1H),

7.10-7.02 (m, 1H), 3.79 (q, J = 6.6 Hz, 2H), 3.10 (t, J = 6.6 Hz, 2H); LRMS (ESI) m/z

calcd for C,0H cCIFN4OS, 442.08; found, 443.1 [M + H] "; HPLC Purity (method B):

99.70%, tg = 15.69 min.

5.1.28.  1-(3-Chlorophenyl)-3-(5-{2-[ (6, 7-difluoroquinazolin-4-yl)amino]ethyl}- 1, 3-

thiazol-2-yl)urea (36).

Following standard procedure A, 15p (330 mg, 1.65 mmol, 1.0 equiv), 3-chlorophenyl
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isocyanate (1.0 mL, 8.3 mmol, 5.0 equiv), and CH,Cl, (10 mL) were used to carry out

the reaction. After worked-up, 36 (395 mg, 59%) was obtained. 'H-NMR (300 MHz,

DMSO-dy) 6 10.51 (br s, 1H), 9.16 (br s, 1H), 8.50 (s, 1H), 8.44 (t, J = 5.4 Hz, 1H),

8.33 (dd, J = 11.4, 8.7 Hz, 1H), 7.75-7.69 (m, 2H), 7.35-7.23 (m, 2H), 7.13 (s, 1H),

7.10-7.06 (m, 1H), 3.75 (q, J = 6.0, 2H), 3.07 (t, J = 6.0 Hz, 2H); LRMS (ESI) m/z

calcd for C,0H;5CIF,N¢OS, 460.07; found, 461.0 [M + H]*; HPLC Purity (method B):

89.70%, tg = 23.27 min.

5.1.29. 1-(3-Chlorophenyl)-3-(5-{2-[(7-ethoxy-6-fluoroquinazolin-4-yl)amino]ethyl}-

1,3-thiazol-2-yl)urea (37).

Following standard procedure A, 150 (45.0 mg, 0.199 mmol, 1.0 equiv), 3-

chlorophenyl isocyanate (0.12 mL, 1.0 mmol, 5.0 equiv), and CH,Cl, (10 mL) were

used to carry out the reaction. After worked-up, 37 (53.5 mg, 55%) was obtained. 'H-

NMR (300 MHz, DMSO-dy) § 10.69 (br s, 1H), 9.27 (br s, 1H), 8.43 (s, 1H), 8.17 (t, J

= 5.4 Hz, 1H), 8.07 (d, J= 12.6 Hz, 1H), 7.69 (s, 1H), 7.32-7.25 (m, 3H), 7.12 (s, 1H),

7.06-7.05 (m, 1H), 4.24 (q, J = 6.9 Hz, 2H), 3.72 (q, J = 6.6, 2H), 3.07 (t, J = 6.6 Hz,

2H), 1.41 (t, J = 6.9 Hz, 3H); LRMS (ESI) m/z caled for CryHaoCIFN4O,S, 486.10;

found, 487.1 [M + H]". HPLC Purity (method A): 98.97%, tg = 27.07 min.

5.1.30. tert-Butyl[5-(2-{[7-(3-chloropropoxy)-6-methoxyquinazolin-4-

vlJamino}ethyl)-1,3-thiazol-2-yl]carbamate (39).
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To a solution of 4-chloro-7-(3-chloropropoxy)-6-methoxyquinazoline 38 [24] (300 mg,

1.045 mmol, 1.0 equiv) and triethylamine (0.22 mL, 1.5 mmol, 1.4 equiv) in ethanol

(15 mL) was added tert-butyl 5-(2-aminoethyl)thiazol-2-yl-carbamate (285 mg, 1.15

mmol, 1.1 equiv). The reaction mixture was stirred at reflux for 16 h, cooled to room

temperature, and concentrated under reduced pressure. The residue was treated with

dichloromethane and water. The collected organic layer was dried over MgSQy, filtered,

and concentrated to give a residue. The residue was purified by combiflash column

chromatography (MeOH/CH,Cl,, 1:20 to 4:20) to give compound 39 as a solid product

(400 mg, 78%); 'H-NMR (400 MHz, DMSO-dy) 6 11.25 (br s, 1H), 8.36 (s, 1H), 8.10

(t,J = 5.6 Hz, 1H), 7.59 (s, 1H), 7.11 (s, 2H), 4.22 (t, J = 6.0 Hz, 2H), 3.88 (s, 3H), 3.81

(t,J = 6.4 Hz, 2H), 3.71 (q, J = 6.8 Hz, 2H), 3.07 (t, J = 6.8 Hz, 2H), 2.23 (quintet, J =

6.4 Hz, 2H), 1.46 (s, 9H); LRMS (ESI) m/z calcd for C,,H,3CINsO,4S, 493.16; found,

494.1 [M + HI*.

5.1.31.  1-(3-Chlorophenyl)-3-[5-(2-{[7-(3-chloropropoxy)-6-methoxyquinazolin-4-

yl]-amino}ethyl)-1,3-thiazol-2-yl]urea (40).

A solution of compound 39 (400 mg, 0.810 mmol, 1.0 equiv) in trifluoroacetic acid (3.0

mL) and CH,Cl, (15 mL) was stirred at room temperature for 2 h. The reaction mixture

was concentrated and purified by combiflash column chromatography (MeOH/CH,Cl,,

1:6) to give the de-protected intermediate. The intermediate was dissolved in CH,Cl,
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(25 mL) and methanol (1.0 mL), and then added 3-chlorophenyl isocyanate (4.40 mL,

36.4 mmol, ). The reaction mixture was stirred for 16 h at room temperature and then

concentrated to give a residue. The residue was purified by combiflash column

chromatography (MeOH/CH,Cl,, 1:20 to 4:20) to give compound 40 as a solid (328

mg, 66%); 'H-NMR (400 MHz, DMSO-dj) 6 10.45 (br s, 1H), 9.14 (br s, 1H), 8.39 (s,

1H), 8.18 (br s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.61 (s, 1H), 7.34-7.30 (m, 2H), 7.07—

7.03 (m, 3H), 4.24 (t, J = 6.0 Hz, 2H), 3.94 (s, 3H), 3.91-3.77 (m, 4H), 3.09 (t, J = 6.8

HZ, 2H), 2.25 (quintet, J=6.0 HZ, 2H), LRMS (ESI) m/z calcd for C24H24C12N603S,

546.10; found, 547.1 [M + HJ".

5.1.32. 1-(3-Chlorophenyl)-3-{5-[2-({7-[3-(dimethylamino)propoxy]-6-methoxy-

quinazolin-4-yl}amino)ethyl]-1,3-thiazol-2-yl}urea (41).

To a solution of 40 (320 mg, 0.585 mmol, 1.0 equiv) in DMF (2.0 mL) was added 40%

dimethylamine in water solution (1.32 g, 1.15 mmol, 2.0 equiv). The reaction mixture

was stirred at reflux for 3 h and concentrated under vacuum. The residue was purified

by combiflash column chromatography (MeOH/CH,CIl,/NH,OH, 1:10:0.6) to give

compound 41 as a solid (261 mg, 80%); 'H-NMR (400 MHz, DMSO-d;) 6 10.64 (br's,

1H), 9.17 (br s, 1H), 8.36 (s, 1H), 8.09 (t, J = 4.5 Hz, 1H), 7.70 (s, 1H), 7.57 (s 1H),

7.32-7.29 (m, 2H), 7.14 (s, 1H), 7.07-7.04 (m, 2H), 4.12 (t, J = 4.8 Hz, 2H), 3.88 (s,

3H), 3.73 (q, J = 5.1 Hz, 2H), 3.07 (t, J = 5.1 Hz, 2H), 2.38 (t, J = 5.1 Hz, 2H), 2.16 (s,
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6H), 1.91 (quintet, J= 5.1 Hz, 2H). LRMS (ESI) m/z caled for Ca6H3oCIN;05S, 555.18;

found, 556.2 [M + H]"; HPLC Purity (method A): 99.70%, tg = 17.82 min.

5.2. Biology

5.2.1 Aurora A kinase inhibition assay

Aurora A kinase assay was conducted as previously described [18]. The
recombinant GST—tAurora A (residues Ser123-Ser401) containing the kinase domain
was expressed in Sf9 insect cells. The kinase assay was carried out in 96-well plates
with tested compounds in a final volume of 50 pL at 37 °C for 90 min in Aur buffer (50
mM Tris-HCI pH 7.4, 10 mM NaCl, 10 mM MgCI2, 0.01% BSA) with 5.0 uM ATP, 1
mM DTT, 15 uM tetra(LRRASLG) peptide, and 150 ng recombinant Aurora A kinase.
Kinase-Glo Plus Reagent was added to the reactions, followed by incubation at 25 °C
for 20 min. The reactions were transferred to 96-well black plates (237108, NUNC) to
quantify the ATP remaining in the solution. The luminescence was recorded by vector?
V (1420 multilable HTS counter, Perkin-Elmer).
5.2.2 Aurora B kinase inhibition assay

Aurora B kinase assay was described similar with previous report [18]. The
recombinant full length His-tagged Aurora-B (residues M1~A344) was obtained from
Invitrogen (Catalog number: PV6130). The kinase assay was carried out in 96-well
plates with a tested compound in reaction mixture (50 mM Tris-HCI pH 7.4, 10 mM
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NaCl, 10 mM MgCI2, 0.01% BSA, 5 mM ATP, 1 mM DTT and 15 mM

tetra(LRRASLG) peptide, and 40 ng Aurora B proteins) at 30 °C for 180 min.

Following incubation, 50 uL Kinase-Glo Plus Reagent (Promega, Madison, WI, USA)

was added, and the mixture was incubated at 25 °C for 20 min. A 70 pL aliquot of each

reaction solution was transferred to a 96-well black microliter plate, and luminescence

was measured on a Wallac Vector 1420 multilabel counter.

5.2.3 HCT-116 cell lines and MTS cell viability assay

HCT-116 cell viability was examined by MTS assay (Promega,Madison, WI).

2,000 HCT-116 cells in 100 pL of McCoy’s 5a medium were seeded in each well of a

96-well plate. After the test compound was incubated in cells for 96 h, the cells were

then incubated with 20 pL of a MTS/PMS mixture (MTS/PMS: 20/1) for 2 h at 37 °C

in a humidified incubator with 5% CO, to allow viable cells to convert the tetrazolium

salt (MTS) into formazan. The amount/concentration of formazan was determined by

measuring the absorbance at 490 nm using a Perkin Elmer Wallac 1420 VICTOR2

microplate reader.

The MOLM-13 leukemia cell line was obtained from the Deutsche Sammlung von

Microorganismen und Zellkulturen GmbH (DSMZ, Braunschweig, Germany). The

Detroit-551, H1975, COLO205, and MV4-11 cell lines were also purchased from the

American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured
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according to instructions of ATCC. To determine cell viability, cell assay for MOLM-

13 and MV4-11 was performed by seeding 10,000 cells per well in a 96-well culture

plate. The H1975 proliferation assays were performed by seeding 3,000 cells per well

in a 96-well culture plate. Detroit-551 and COLO205 cells were seeded in culture plate

at density of 2,500 and 4,000 cells per well. After 16 h, cells were then treated with

vehicle or various concentrations of test compound in medium for 72 h. The viable cells

were measured using the MTS method (Promega, Madison, WI, USA) according to the

manufacturer’s recommended protocol. Results were determined by measuring the

absorbance at 490 nm using a plate reader (Victor2; PerkinElmer, Shelton, CT, USA).

The CCs, value was defined as the amount of compound that caused a 50% reduction

in cell viability in comparison with DMSO-treated (vehicle) control and was calculated

using GraphPad Prism version 4 software (San Diego, USA).

5.2.3 In In vitro rat microsomal stability assay

The incubation mixture, in 74 mmol potassium phosphate buffer (pH 7.4), contained:

microsomal proteins, 0.5 mg/mL; NADPH, 3 mmol; MgCI2, 3 mmol; test compound,

1 uM.. Incubation was carried out, in triplicate, aerobically at 37 °C with constant

shaking on a temperature-controlled heating block. Reaction was started by the addition

of NADPH after pre-incubating the reaction mixture (without NADPH) for 10 min at

37 °C. Control incubation without NADPH was performed as described above. At 0, 5,
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10, 20 and 30 min after the start of reaction, an aliquot of the incubation mixture was

taken from each incubation and mixed with ice-cold acetonitrile to terminate the

reaction. Before analysis, the sample was precipitated by centrifugation at room

temperature. The remaining supernatant was analyzed for the concentration of each

compound to determine the metabolic rate [25].

5.2.4 In vivo pharmacokinetics studies in rats

The test compound was prepared by dissolving appropriate amount of compound in a

solution formulation of DMA/PEG400 (20/80, v/v). Male Sprague-Dawley rats,

weighing 250—400 g each (8—12 weeks old), were obtained from BioLASCO (Taiwan

Co., Ltd, Ilan, Taiwan). A single 5.0 mg/kg and 20 mg/kg dose of compound was

separately administered to groups of 3 rats each intravenously (IV) and oral route (PO),

respectively. The dosing volume of solution was adjusted according to the rat body

weight. At O (prior to dosing), 2, 5, 15, and 30 min and at 1, 2, 4, 6, 8, and 24 h after

dosing, a blood sample was collected from each rat via the jugular-vein cannula and

stored in 0—4 °C for further analysis. Plasma was obtained from the blood by

centrifugation (14000 g for 15 min at 4°C in a Beckman model AllegraTM 6R

centrifuge) and stored in a freezer (—20 °C). All samples were analyzed for the parent

compound by LC-MS/MS instrument. Data were acquired by selected reaction ion

monitoring. Plasma concentration data were analyzed with standard non-
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compartmental method with software program (WinNonLin, version 1.1, Pharsight

Corporation, CA). The studies were approved by Institutional Animal Care and Use

Committee of National Health Research Institutes (Taiwan)[18].
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Highlights

A series of quinazoline based analogues was designed and
synthesized.

We optimized our previous clinical candidate, BPR1K871, to
improve the pharmacokinetics property and identify orally
bioavailable lead.

Compound 34 showed potent inhibitory activity against HCT-116
cells and exhibited good oral bioavailability of 54%.

34 also showed potency against several kinases especially the
tyrosine kinases, including FLT3, DDR1, DDR2, TRKA, TRKB, and
TRKC.
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