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ROS1 protein is a receptor tyrosine kinase that has been reported mainly in meningiomas and astrocyto-
mas, and until now, there is no selective inhibitor for this kinase. In this study, we illustrate for the syn-
thesis of a highly potent and selective inhibitor for ROS1 kinase. The synthesized compound 1 was tested
initially at a single dose concentration of 10 uM over 45 different kinases. At this concentration, a 94%
inhibition of the enzymatic activity of ROS1 kinase was observed, while the inhibition in activity was
below 30% in all of the other kinases. The pyrazole compound 1 was further tested in a 10-dose ICso mode
and showed an ICsq value of 199 nM for ROS1 kinase. The compound 1 can be used as a promising lead for
the development of new selective inhibitors for ROS1 kinase, and it may open the way for new selective
therapeutics for astrocytomas.

© 2009 Elsevier Ltd. All rights reserved.

Signal transduction is an essential biological process for normal
cell growth and function. The transduction of many of these signals
is mediated through growth factors which transmit their signals
into the cell by a group of trans-membrane proteins with intrinsic
tyrosine kinase activity, named receptor tyrosine kinases (RTKs).!™*
Mutations at RTKs encoding genes are associated with the inci-
dence of several types of cancers.>"® ROS1 is a human gene that en-
codes for a trans-membrane receptor tyrosine kinase.®'! It is
located at the chromosome 6 region 6q16—6q22.° This region of
chromosome 6 is involved in non-random chromosomal arrange-
ments in specific neoplasias including acute lymphoblastic
leukemias, malignant melanoma, and ovarian carcinoma® A
micro-deletion at 6q21 of ROS1 results in the fusion of a golgi
apparatus-associated protein called FIG (Fused in Glioblastoma),
to the kinase domain of the protooncogene ROS1 producing
a chimeric protein with a constitutive receptor tyrosine kinase
activity.!>13
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This fused chimeric protein is a potent oncogene and its trans-
forming potential lies in its ability to interact with golgi apparatus.?

The ectopic expression of ROS1 receptor protein has been re-
ported mainly in meningiomas and astrocytomas (25% of low grade
and 30% of malignant glioma tumors) suggesting a key role for
ROS1 in these CNS malignancies.'>!* A survey of 45 different hu-
man tumor cell lines, made by Birchmeier et al.,'! has showed that
ROS1 was expressed in glioblastoma-derived cell lines at high lev-
els, while not expressed at all or expressed minimally in the
remaining cell lines.

Glioblastoma multiforme is the most advanced astrocytic neo-
plasm, and is one of the most aggressive human cancers with a
median survival of less than one year. The complete resection of
glioblastoma is impossible because of the diffuse infiltration of
tumor cells into normal parenchyma. In addition, these tumors
are highly resistant to radiation and chemotherapy. Despite dec-
ades of therapeutic research, effective chemotherapeutic treatment
for high grade astrocytomas is not yet available, and patient care
ultimately focuses on palliative management.!>~18

Herein, we report the discovery of a potent and highly selective
ROS1 RTK inhibitor 1 (Fig. 1). The synthetic and screening protocols
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Figure 1. Structure of pyrazole compound 1.

for the inhibitor are illustrated in details. The kinase inhibitory
activity of the synthesized compound was tested over 45 different
kinases, and it showed high selectivity for ROS1 kinase. According
to our knowledge, this is the first selective ROS1 tyrosine kinase
inhibitor.

For the synthesis of the target compound 1, it was important at
first to prepare the key ester, methyl 3-methoxy-5-methylbenzo-

Oy OEt le) . i
i . J\ _|> /\o)W i
0% > OEt HsC CHj

4721

ate (5) as illustrated in Scheme 1. The synthesis started with the
preparation of the sodium salt of ethyl 2-hydroxy-4-oxopent-2-
enoate (2) according to the literature procedure,'® through the
condensation of diethyl oxalate with acetone in the presence of so-
dium ethoxide in absolute ethanol. The resulted salt 2 was then
cyclized into Claisen furan derivative 3 by heating in 50% acetic
acid followed by acidification with sulfuric acid.?® The resulted
Claisen compound underwent rearrangement and aromatization
into 3-hydroxy-5-methylbenzoic acid (4) within less than 1 h by
heating with magnesium oxide in boiling water, followed by acid-
ification with hydrochloric acid to precipitate the product.?°
Methyl esterification and O-methylation of the resulted phenolic
acid 4 were achieved in a single step and in high yield (94%) to give
compound 5 through a little modification of the literature proce-
dure,?! where the acid 4 was refluxed with excess potassium car-
bonate and iodomethane in acetone in the presence of a catalytic
amount of DMAP.

In Scheme 2, the benzoate ester 5 underwent a nucleophilic
attack at its carboxylic carbon by the activated methylene group
of 2,4-dichloro-6-methyl-pyrimidine. The activation of this methyl
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Scheme 1. Reaction conditions and reagents: (i) NaOEt, abs. EtOH, rt, 4 h, 87%; (ii) acetic acid : H,O (1:1), rt, 2 h, 50%; (iii) MgO, H,0, reflux, 45 min, 42%; (iv) K,COs, CHsl,

DMAP, acetone, 65 °C, 12 h, 94%.
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Scheme 2. Reaction conditions and reagents: (i) LHMDS, THF, N, rt, 24 h, 50%; (ii) THF, 80 °C, 3 h, 35%; (iii) DMF-DMA, 90 °C, 20 h; (iv) hydrazine hydrate, abs. EtOH, rt, 12 h,
44%; (v) K,COs3, iodoacetonitrile, acetone, reflux, 2 h, 43%; (vi) 3-pyridineboronic acid, Pd(PPh3),Cl,, NayCOs3, N,, CH3CN/H,0 (1:1), 78 °C, 3 h, 67%; (vii) BF5-S(CHs),,
dichloromethane, N», rt, 12 h, 45%.
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a: NOE effect between aminopropan-2-ol NH and Pyrimidine Hg in compound
10; b: Proposed NOE effect between pyrimidine Hs and H, or H, of pyridine
in compound 10 regioisomer; ¢: The distance between acetonitrile -CH,- and
the aromatic protons doesn't allow for NOE interaction in compound 10; d:
Proposed NOE effect between acetonitrile -CH,- and the aromatic protons in
the 2H-pyrazole isomer of compound 10.

Figure 2. NOE interactions in compound 10 and its proposed isomers.

group into an active methylene was achieved by dropwise addition
of lithium bis(trimethylsilyl)amide (LHMDS) in dry THF at room
temperature. The resulted tautomeric o,B-unsaturated ketone 6
was then subjected to a nucleophilic substitution reaction with
the amino group of (S)-(+)-1-aminopropan-2-ol by heating at
80 °C in dry THF for 3 h. Two regioisomers were produced from this
reaction, but the major isomer was (S)-2-(6-(2-hydroxypropyl-
amino)-2-chloropyrimidin-4-yl)-1-(3-methoxy-5-methylphenyl)-
ethanone (7), which was separated in a pure form using column
chromatography. The structure of this isomer was confirmed by
the 2D-NOESY NMR spectrum of the subsequent compound 10.
The conversion of the resulted tautomeric product 7 to the re-
quired pyrazole derivative 8 was achieved through two successive
steps. In the first step, compound 7 was heated with excess N,N-
dimethylformamide dimethylacetal for 20h, and the resulted
product was taken to the next step without further purification,
where it was cyclized with hydrazine monohydrate in absolute
ethanol into the pyrazole derivative 8. The reaction of the resulted
pyrazole 8 with iodoacetonitrile in the presence of excess potas-
sium carbonate produced two different regioisomers. The intended
isomer 9 was the major product of the reaction with R¢ value of
0.54 (EtOAc) while the other isomer was produced as a minor
product with higher R¢ value of 0.66 (EtOAc). The required isomer
9 was separated in a pure form by column chromatography and
its structure was confirmed by 2D-NOESY NMR spectrum of the
subsequent compound 10. Compound 10 was prepared in a
moderate yield (67%) by Suzuki coupling of compound 9 with
3-pyridineboronic acid, in the presence of dichloro bis(triphen-
ylphosphine)Pd(Il) and sodium carbonate, in a mixed solvent of
acetonitrile and water in a (1:1) ratio. The 2D-NOESY NMR spec-
trum of this compound confirmed the former nucleophilic substi-
tution with (S)-(+)-1-aminopropan-2-ol in compound 7 at the
6-position of the pyrimidine ring (not the 2-position). This was
proved by the absence of a cross peak between Hs of the pyrimi-
dine ring and H; or H, of the pyridyl group (Fig. 2a).

The presence of such cross peak would be expected if the
substitution with (S)-(+)-1-aminopropan-2-ol occurred at the C,
of the pyrimidine, since in this case, the subsequent substitution
with pyridin-3-yl moiety would happen at the 6-position of
pyrimidine, allowing for through space interaction between Hs
of the pyrimidine and H, or H; of the pyridine to occur
(Fig. 2b). Furthermore, the presence of a cross peak between
pyrimidine Hs and the NH of the aminopropan-2-ol provides an-
other evidence for the presence of the aminopropan-2-ol group
at the 6-position of the pyrimidine ring (Fig. 2a). It was impor-
tant also to prove that the former isomer 9 is the intended
1H-pyrazole not the 2H-pyrazole. This was proved too by the
2D-NOESY NMR spectrum of compound 10, by the absence of
any cross peak that might indicate a through space interaction
between the -CH,- protons of the acetonitrile group and any
of the aromatic protons of the 3-methoxy-5-methylphenyl group
(Fig. 2c). The presence of such cross-peaks would be expected if
this isomer is the 2H-pyrazole, since the acetonitrile group
would be close enough to the aromatic protons of 3-methoxy-

Table 1
Percentages of enzymatic inhibitions exerted by compound 126 on 45 kinases?”

% Inhibition*4

Kinase enzyme

ABL1 20.44
AKT1 (dPH, S473D) -2.97
Aurora A 21.75
BRAF 8.97
CDK1/cyclinB 3.64
CHK1 2.36
CK1epsilon 9.32
c-Kit 2.85
c-MET 5.82
c-Src 16.18
DAPK1 -1.17
DNA-PK 6.56
EGFR -2.23
EPHA1 23.27
FAK/PTK2 3.43
FGFR1 —-8.05
FGR 3.34
FLT1 -1.67
FYN —7.86
HIPK1 -3.43
IKKa/CHUK 1.37
IR 7.01
JAK1 9.15
JNK1a1 3.83
KDR/VEGFR2 -5.84
LCK 10.28
LYN —1.45
MEK1 —6.97
MST4 -1.54
MUSK -0.42
P38a/MAPK14 5.27
p70S6K 5.79
PAK4 1.37
PIM1 5.91
PKCa 9.23
PLK1 5.85
RAF1 20.39
RET 6.65
ROCK1 11.72
RON/MST1R 28.82
ROS/ROS1 93.92
SYK 8.23
TIE2/TEK 8.17
TRKA/NTRK1 -0.14
IYES -2.59

2 % Activity in each enzyme is the mean of two different readings.

b Test compound was used in a single dose concentration of 10 M.
€100% Activity refers to enzyme activity in negative control (DMSO).
4% Inhibition was calculated by subtracting % activity from 100.



B. S. Park et al./Bioorg. Med. Chem. Lett. 19 (2009) 4720-4723

5-methylphenyl group to exhibit NOE effect as shown in Figure
2d. The final hydroxyl product 1 was obtained by demethylation
of the methoxy group of compound 10 using 10 equiv of boron-
trifluoride-dimethylsulfide complex in dichloromethane.

The screening results of the target compound 1 over 45 differ-
ent kinases have revealed that the inhibitory activity of the com-
pound was not exhibited over almost all of the tested kinases,
while high potency and activity was selectively shown at ROS1
kinase only (Table 1).22

The compound was tested initially at a single dose concentra-
tion of 10 uM. At this concentration, 94% inhibition of the enzy-
matic activity of ROS1 kinase was observed, while the inhibition
in activity was below 30% in all of the other kinases, and in the
range of 20-30% in 5 kinases only (ABL1, Aurora A, EPHA1, RAF1
and RON/MST1R).

Compound 1 was further tested over ROS1 kinase in order to
determine its ICso, where a 10-dose ICso mode with threefold
serial dilutions starting at 20 uM concentration was applied
against Staurosporine®>~2> as a reference standard. The com-
pound has showed an ICsq value of 199 nM, while the ICsq va-
lue for the non-selective kinase inhibitor Staurosporine was
0.07 nM.

The high selectivity of compound 1 to ROS1 kinase and the
diminished activity over the other kinases could be attributed
to the increased bulkiness exerted by the substituents at pyrim-
idine nucleus. This increase in bulkiness seems to hinder the fit-
ting of the compound to the binding sites of most of these
kinases and to exclude it from their binding pockets. However,
the selective inhibition of ROS1 kinase might be owed to a un-
ique difference in the geometry of the binding pocket of this en-
zyme that enables the fitting and interaction of compound 1. An
indirect inhibitory effect of compound 1 at ROS1 kinase, proba-
bly through binding at an allosteric binding site, is another pos-
sible assumption for the reason behind this selective inhibition.
The absolute reason is still unclear and we believe that it worth
further exploration for the mechanism of its unique inhibitory
effect.

In conclusion, a highly potent and selective inhibitor for ROS1
kinase has been synthesized and can be used as a promising lead
for new selective inhibitors for ROS1 kinase. It worth also to men-
tion that until now, no selective inhibitor is available for ROS1 ki-
nase, and the development of new selective inhibitors for such
kinase might open the way for new selective therapeutics for
astrocytomas. Screening of compound 1 against glioblastoma-de-
rived tumors is currently undergoing.
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. Preparation of compound 1: To a solution of compound 10 (75 mg, 0.16 mmol)

in dichloromethane (3 mL) was added borontrifluoride-methyl sulfide
complex (172 pL, 1.65 mmol) in a dropwise manner at room temperature
and under N, atmosphere. The resulting suspension was stirred for 12 h, and
then the mixture was concentrated under vacuum. The residue was partitioned
between ethylacetate (100 mL) and brine (50 mL). The organic layer was
separated and dried over anhydrous MgSO,, then evaporated under vacuum.
The residue was purified by column chromatography (silica gel, methanol-
dichloromethane 1:30, v/v) to yield the pure hydroxyl product 1 as a white
powder (32.5 mg, 45%); mp 236-237 °C; "H NMR (CD30D) 6 1.09 (d, J = 5.7 Hz,
3H), 2.21 (s, 3H), 3.25 (s, 1H), 3.38 (br s, 1H), 3.87 (br s, 1H), 5.32 (s, 2H), 6.65 (s,
1H), 6.69 (s, 1H), 6.76 (s, 1H), 6.86 (s, 1H), 7.38-7.41 (m, 1H), 8.14 (d,J = 8.1 Hz,
1H), 8.28 (s, 1H), 8.49 (d, ] = 3.5 Hz, 1H), 8.81 (s, 1H); IR (KBr) 3425, 2926, 2360,
1586, 1454, 1349, 1162 cm™".

Kinase assays were performed at Reaction Biology Corporation using the
‘HotSpot’ assay platform. Kinase assay protocol; reaction buffer: base reaction
buffer; 20 mM Hepes (pH 7.5), 10 mM MgCl,, 1 mM EGTA, 0.02% Brij35,
0.02 mg/ml BSA, 0.1 mM Na3VO,4 2 mM DTT, 1% DMSO. Required cofactors
were added individually (if needed) to each kinase reaction. Reaction
Procedure: To a freshly prepared buffer solution was added any required
cofactor for the enzymatic reaction, followed by the addition of the selected
kinase at a concentration of 20 uM. The contents were mixed gently, then the
compound under test (compound 1) dissolved in DMSO was added to the
reaction mixture in the appropriate concentration. 339-ATP (specific activity
500 pCi/pL) was added to the mixture in order to initiate the reaction, and the
mixture was incubated at room temperature for 2 h. Initial screening over 45
kinases: Compound 1 was tested by single dose duplicate made at a
concentration of 10 pM. Staurosporine was used as a control compound in a
5-dose ICso mode with 10-fold serial dilutions starting at 20 uM. Reaction was
carried out at 10 uM ATP concentration. Testing against ROS1 kinase:
compound 1 was tested in a 10-dose ICso mode with threefold serial
dilutions starting at 20 pM. Staurosporine was used as a control compound
in a 10-dose ICso mode with fivefold serial dilutions starting at 20 pM. Reaction
was carried out at 10 uM ATP concentration.
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