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New heteroarylcarboxamide head groups substituted with two aromatic rings analogs of thieno[3,2-
b]pyridine-based kinase inhibitor LCRF-0004 were designed and synthesized. Potent inhibitors of RON
tyrosine kinase with various level of selectivity for c-Met RTK were obtained.

� 2015 Elsevier Ltd. All rights reserved.
RON (Récepteur d’Origine Nantais, also known as human
MST1R, for macrophage stimulating 1 receptor) is the transmem-
brane receptor tyrosine kinase (RTK) for its endogenous ligand
MSP (for macrophage stimulating protein, also known as HGFL,
for hepatocyte growth factor-like).1 RON RTK belongs to the MET
proto-oncogene family, one of the three protein families of the
semaphorin superfamily. RON RTK shares significant structural
and functional homology with c-Met RTK, and is normally
expressed at low level in most epithelial cells. Activation of RON
RTK by MSP triggers downstream signaling pathways (b-catenin,
PI3K/Akt, MAPK, NF-jB and STAT3) which mediate a number of
biological events including macrophage activity and tissue repair,
and epithelial cell behavior (cell growth, motility, and epithelial
to mesenchymal transition). Aberrant activity of RON has been
described in numerous types of cancers including colorectal,2

breast,3 lung,4 pancreas5 and prostate6 and occurs mainly through
wild type receptor overexpression or expression of isoform vari-
ants harboring different truncations within the extracellular
domain, leading to enhanced and uncontrolled tyrosine kinase
activity suggesting their potential interest as promising therapeu-
tic targets for cancer therapy. Importantly, overexpression of RON
in tumor tissues correlates with increased metastasis and poor
prognosis in human cancer patients.

As part of our internal research program dedicated to the dis-
covery of novel therapeutic agents to eradicate and/or control the
proliferation of metastatic cancers and metastases we have shown
in a recent study that it was possible to replace the pyrazole head
group of LCRF-0004,7 known to be a potent and selective RON RTK
inhibitor, by different five-membered heterocycles such as pyrrole,
imidazole and triazole (Fig. 1, structure A)8 without loss of RON
enzyme inhibitory activity. In a second study, we have disclosed
that it was also possible to replace 1-phenyl-5-(trifluoromethyl)-
1H-pyrazole-4-carboxamide head group of LCRF-0004 by a fused
bicyclic lactam head group (Fig. 1, structure B)9 as mimetic of its
potential bioactive conformation.

In our first study,8 our design was guided by molecular docking
study using an X-ray crystal structure of c-Met kinase domain
(PDB: 3U6I)10 which shares a high sequence homology with RON.
The docking of LCRF-0004 using the Fitted program11 revealed a
class II extended conformation with the head group deeply
engaged in the hydrophobic back pocket of the enzyme. A probable
intramolecular hydrogen bond between a fluorine atom from the
trifluoromethyl group and the NH-acidic carboxamide seems to
rigidify the head group in the desired bioactive conformation
(Fig. 2). By scrutinizing carefully this predicted binding mode we
deemed it possible to replace the trifluoromethyl substituent from
the pyrazole head group by something bulkier and potentially with
a modulated electrostatic environment. In order to validate this
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Figure 1. Structure of LCRF-0004 and generic structures for new analogs (A, B and C).

Figure 2. Docking pose of LCRF-0004 in c-Met kinase domain.
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hypothesis, we describe herein our efforts in the design and syn-
thesis of small molecules with new heteroarylcarboxamide head
groups substituted with two aromatic rings (Fig. 1, structure C)
as analogs of LCRF-0004. These new compounds demonstrated
high potency for the inhibition of RON tyrosine kinase with various
levels of selectivity for c-Met RTK.

The synthesis of new analogs is described as follows: compound
5 was prepared in ten steps from commercially available starting
materials (Scheme 1). 1,5-Diphenyl-1H-pyrazole-4-carboxylic acid
3 was first prepared in three steps from ethyl 3-oxo-3-phenyl-
propanoate by an enamine formation, followed by a condensation
with phenyl hydrazine and a saponification reaction. After acid
chloride formation of intermediate 3 and amide coupling with
known aniline 4,12 the desired final compound 5 was obtained
with a 1,5-diphenyl-1H-pyrazole-4-carboxamide head group.
Compound 9 was obtained in four steps from acetophenone and
intermediate 4 (Scheme 2). Thus, condensation of phenyl
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hydrazine with acetophenone to produce hydrazone 6 followed
by a Vilsmeier–Haack reaction gave rise to 1,3-diphenyl-1H-pyra-
zole-4-carbaldehyde 7.13 Oxidation of the formyl substituent of
compound 7 by potassium permanganate under aqueous alkaline
conditions14 provided carboxylic acid 8. Amide coupling between
intermediates 4 and 8 afforded compound 9 having a 1,3-diphe-
nyl-1H-pyrazole-4-carboxamide head group. Compound 13 was
obtained in four steps from ethyl 3-oxo-3-phenylpropanoate and
intermediate 4 (Scheme 3). Ethyl 3-oxo-3-phenylpropanoate was
first transformed into the activated tosyloxy derivative 10 by the
action of Koser’s reagent (HITB), then treated with thiobenzamide,
under Hantzsch conditions, to afford thiazole 1115 and finally
saponified to afford 2,4-diphenylthiazole-5-carboxylic acid 12.
Amide coupling between intermediates 4 and 12 provided
compound 13 having a 2,4-diphenylthiazole-5-carboxamide head
group. Compound 19 was obtained in six steps from
2-bromo-1-phenylethanone and intermediate 4 (Scheme 4).
2-Bromo-1-phenylethanone was first alkylated by potassium 2-
cyano-1-ethoxyethenolate formed in situ, cyclized under acidic
conditions to form the pyrrole ring and submitted to a palla-
dium-catalyzed dehalogenation reaction under hydrogen atmo-
sphere to provide ethyl 5-phenyl-1H-pyrrole-3-carboxylate 16.16

After copper-catalyzed N-arylation17 of pyrrole 16 and a saponifi-
cation reaction, 1,5-diphenyl-1H-pyrrole-3-carboxylic acid 18
was obtained. Amide coupling between intermediates 4 and 18
provided the final compound 19 having a 1,5-diphenyl-1H-pyr-
role-3-carboxamide head group.

Compounds having a 1,5-bis-aryl-1H-pyrazole-4-carboxamide
head group were prepared using the following general synthesis18

(Scheme 5). Methyl or ethyl aryl ester was reacted with lithium
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1-tert-butoxyethenolate prepared in situ, followed by the enamine
formation and a condensation reaction with phenyl hydrazine.
After acidic tert-butyl ester hydrolysis and amide coupling with ani-
line 4, final compounds 24–31 were isolated in pure form after flash
chromatography purification under normal and/or reverse phases.

An alternative synthesis is described below which was used for
the preparation of new analogs featuring an acid sensitive 1,
5-bis-aryl-1H-pyrazole-4-carboxylic acid 23 such as
Ar1 = 2-thienyl, 3-thienyl, 2-furyl, 5-methylisoxazol-3-yl, 4-nitro-
phenyl, and 4-acetamidophenyl, and Ar2 = phenyl (Scheme 6).
Please cite this article in press as: Raeppel, F.; et al. Bioorg. Med. Chem.
Methyl or ethyl aryl ester was reacted with lithium 1-
ethoxyethenolate prepared in situ, followed by the enamine forma-
tion and a condensation reaction with phenyl hydrazine. After
saponification and amide coupling with aniline 4, final compounds
35–40 were isolated in pure form after flash chromatography
purification under normal and/or reverse phases.

In this present study, our design was guided by molecular
docking studies using an homology model of RON kinase domain
built from the X-ray crystal structure of c-Met kinase domain
(PDB: 3U6I)10 (Fig. 3). The docking using the Fitted program11 of
Lett. (2015), http://dx.doi.org/10.1016/j.bmcl.2015.07.080
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Figure 3. Docking poses in RON kinase domain homology model. (a) LCRF-0004; (b) compound 5; (c) compound 9; (d) compound 28.
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LCRF-0004 in the model of the active site of RON showed a pre-
dicted docking score of �24.6 versus �23.1 for compound 5.
Predicted docking scores for compounds 9 and 28 were �22.4
and �22.6, respectively.

As previously disclosed, the presence of both trifluoromethyl
and phenyl substituents on the pyrazole head group of LCRF-
0004 is essential for the inhibition of RON activity.7 In the present
study, we decided to explore the replacement of the bulky and
electro-negative trifluoromethyl moiety by a phenyl ring and to
study its influence when transposed around the heteroaryl head
group as well. At first, to verify our hypothesis compound 5 was
prepared as a prototype in this new chemical series (Table 1).
Although twice less active against the inhibition of RON tyrosine
Please cite this article in press as: Raeppel, F.; et al. Bioorg. Med. Chem.
kinase when compared to LCRF-0004, this compound turned out
to be more active for the inhibition of phospho-c-Met in MKN-45
gastric cancer cells (c-Met RTK is present in full-length and is over-
expressed). On the other hand, moving the phenyl substituent on
position 3 instead of position 5 on the pyrazole ring of compound
5, such as in compound 9, starts to be detrimental for RON inhibi-
tion. Likewise, replacing the pyrazole by a thiazole ring, such as in
compound 13 or moving the phenyl substituent on position 2, such
as in pyrrole 19, reinforces this trend, probably due to steric hin-
drances. Thus, the three substituents on the heteroaryl head group
shall be contiguous in order to respect the 5-atom linker character-
istic19 and based on this exploratory work we decided to further
investigate close analogs of compound 5.
Lett. (2015), http://dx.doi.org/10.1016/j.bmcl.2015.07.080

http://dx.doi.org/10.1016/j.bmcl.2015.07.080


Table 1
Enzymatic and cellular inhibitory activities of LCRF-0004 and bis-aryl compounds
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Table 2
Enzymatic and cellular inhibitory activities of new bis-aryl compounds
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As shown in Table 2, substituents in ortho or meta positions on
the phenyl ring or heteroaryls (Ar1) are well accepted and have only
a slight impact on the inhibition of RON tyrosine kinase. Indeed,
compound 28 having a 3-pyridinyl ring as a replacement of the tri-
fluoromethyl substituent is equipotent to LCRF-0004. Moreover,
compound 28 is a highly potent inhibitor of c-Met (h) kinase
domain with an IC50 = 0.010 lM. This result was translated into
the inhibition of phospho-c-Met in MKN-45 cell-based assay with
an IC50 = 0.23 lM. Likewise, compound 27 showed a high potency
against c-Met (h) kinase domain with an IC50 = 0.007 lM. In addi-
tion, compounds 27 and 28 exhibit good inhibitory activity against
the phosphorylation of RON in HT29 colon cancer cells (preliminary
data). Although, compound 29 (Ar1 = 4-fluorophenyl) and com-
pound 36 (Ar1 = 3-thienyl, as bio-isostere of phenyl ring) proved
to be quite potent in our phospho-c-Met cell-based assay, com-
pounds 30 and 31 turned out to be inactive. This result could be
explained by a possible clash between the para-methoxy sub-
stituent of 30 and an electrostatic repulsion between 4-pyridinyl
of 31 in the active site of c-Met kinase domain, respectively.

In conclusion, we have designed and synthesized new potent
inhibitors of RON based on LCRF-0004 by replacing its trifluo-
romethyl substituent with an aromatic ring. Furthermore, this
new search allowed us to study the effect of various heteroarylcar-
boxamide head groups20 substituted with two aromatic rings on
the RON inhibitory activity and selectivity over c-Met. Thus, potent
dual RON/c-Met inhibitors were discovered, and these new chem-
ical agents may be preferable over specific agents, especially when
Please cite this article in press as: Raeppel, F.; et al. Bioorg. Med. Chem.
both RTKs are co- and overexpressed in cancer patients. Future
works will optimize these new head groups and explore the other
parts of LCRF-0004 as well, which should allow us to further mod-
ulate and optimize the in vitro and in vivo activities and DMPK
Lett. (2015), http://dx.doi.org/10.1016/j.bmcl.2015.07.080
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profile of our inhibitors. More studies from our academic collabo-
rators using LCRF-0004 as a pharmacological tool for the drug tar-
get validation of RON will be also disclosed soon.21

References and notes

1. For recent reviews see: (a) Chang, K.; Karnad, A.; Zhao, S.; Freeman, J. W.
Oncotarget 2015, 6, 3507; (b) Yao, H.-P.; Zhou, Y.-Q.; Zhang, R.; Wang, M.-H.
Nat. Rev. Cancer 2013, 13, 466; (c) Wang, M.-H.; Zhang, R.; Zhou, Y.-Q.; Yao, H.-
P. J. Biomed. Res. 2013, 27, 1; (d) Wang, X.; Hankey, P. A. Crit. Rev. Immunol.
2013, 33, 549; (e) Benight, N. M.; Waltz, S. E. Expert Opin. Ther. Targets 2012, 16,
921; (f) Wagh, P. K.; Peace, B. E.; Waltz, S. E. Adv. Cancer Res. 2008, 100, 1; (g)
Benvenuti, S.; Comoglio, P. M. J. Cell Physiol. 2007, 213, 316.

2. Tarang, S.; Wang, J. Open Colorectal Cancer J. 2012, 5, 15.
3. (a) Kretschmann, K. L.; Eyob, H.; Buys, S. S.; Welm, A. L. Curr. Drug Targets 2010,

11, 1157; (b) Eyob, H.; Ekiz, H. A.; DeRose, Y. S.; Waltz, S. E.; Williams, M. A.;
Welm, A. L. Cancer Disc. 2013, 751; (c) Cunha, S.; Lin, Y.-C.; Goossen, E. A.;
DeVette, C. I.; Albertella, M. R.; Thomson, S.; Mulvihill, M. J.; Welm, A. L. Cell
Rep. 2014, 6, 141.

4. (a) Kanteti, R.; Krishnaswamy, S.; Catenacci, D.; Tan, Y.-H. C.; El-Hashani, E.;
Cervantes, G.; Husain, A. N.; Tretiakova, M.; Vokes, E. E.; Huet, H.; Salgia, R.
Genes Chromosomes Cancer 2012, 51, 841; (b) Han, W.-L.; Li, W.-D.; Hu, J.;
Rusidanmu, A.; Chen, L.-F.; Shen, L.; Zheng, S.-S. Chin. Med. J. 2012, 125, 1110.

5. Kang, C. M.; Babicky, M. L.; Lowy, A. M. Pancreas 2014, 43, 183.
6. Gurusamy, D.; Gray, J. K.; Pathrose, P.; Kulkarni, R. M.; Finkleman, F. D.; Waltz,

S. E. Cancer Res. 2013, 73, 1752.
7. Raeppel, S.; Gaudette, F.; Mannion, M.; Claridge, S.; Saavedra, O.; Isakovic, L.;

Déziel, R.; Beaulieu, N.; Beaulieu, C.; Dupont, I.; Nguyen, H.; Wang, J.; Macleod,
N

SN

N

O

F
H
N

O

N
NN

Ar1

Ar2

N

SN

N

O

F

HO

O

N
NN

Ar1

Ar2

NH2

+ O

Ar1 OR

O

+

B(OH)2Ar2

41

4

42

20 : R = t-Bu
or

32 : R = Et
A. R.; Maroun, C.; Besterman, J. M.; Vaisburg, A. Bioorg. Med. Chem. Lett. 2010,
20, 2745; LCRF-0004 refers to compound 4 in this publication. LCRF-0004 is an
internal identification number at Laboratoires ChemRF Inc./ChemRF
Laboratories Inc.
43
N

O

H
NF

O

N
N

SN

N 27
N

O

H
NF

O

N
N

SN

N

BBr3

DCM
0oC to rtOMe OH
8. Raeppel, S. L.; Raeppel, F.; Therrien, E. Bioorg. Med. Chem. Lett. 2015, 25, 2527.
9. Raeppel, S. L.; Therrien, E.; Raeppel, F. Bioorg. Med. Chem. Lett. 2015, 25.

accepted.
10. Liu, L.; Norman, M. H.; Lee, M.; Xi, N.; Siegmund, A.; Boezio, A. A.; Booker, S.;

Choquette, D.; D’Angelo, N. D.; Germain, J.; Yang, K.; Yang, Y.; Zhang, Y.; Bellon,
Please cite this article in press as: Raeppel, F.; et al. Bioorg. Med. Chem.
S. F.; Whittington, D. A.; Harmange, J.-C.; Dominguez, C.; Kim, T.-S.; Dussault, I.
J. Med. Chem. 2012, 55, 1868.

11. (a) Corbeil, C. R.; Englebienne, P.; Moitessier, N. J. Chem. Inf. Model. 2007, 47,
435; (b) Corbeil, C. R.; Moitessier, N. J. Chem. Inf. Model. 2009, 49, 997.

12. Compound 4 was prepared in five steps according to WO 2006/010264 A1.
13. Compound 7 was prepared according to Youssef, A. M.; White, M. S.;

Villanueva, E. B.; El-Ashmawy, I. M.; Klegeris, A. Bioorg. Med. Chem. 2010, 18,
2019.

14. Abiko, A.; Roberts, J. C.; Takemasa, T.; Masamune, S. Tetrahedron Lett. 1986, 27,
4537. and references therein.

15. Compound 11 was prepared according to Herrero, M. T.; Tellitu, I.; Domínguez,
E.; Hernández, S.; Moreno, I.; SanMartín, R. Tetrahedron 2002, 58, 8581.

16. Compound 16 was prepared according to Arikawa, Y.; Nishida, H.; Kurasawa,
O.; Hasuoka, A.; Hirase, K.; Inatomi, N.; Hori, Y.; Matsukawa, J.; Imanishi, A.;
Kondo, M.; Tarui, N.; Hamada, T.; Takagi, T.; Takeuchi, T.; Kajino, M. J. Med.
Chem. 2012, 55, 4446.

17. Reaction conditions performed according to Antilla, J. C.; Baskin, J. M.; Barder,
T. E.; Buchwald, S. L. J. Org. Chem. 2004, 69, 5578.

18. Carboxylic acids 23 were prepared according to US 2005/0080087 A1.
19. (a) Tang, Q.; Zhao, Y.; Du, X.; Chong, L.; Gong, P.; Guo, C. Eur. J. Med. Chem. 2013,

69, 77; (b) Tang, Q.; Zhang, G.; Du, X.; Zhu, W.; Li, R.; Lin, H.; Li, P.; Cheng, M.;
Gong, P.; Zhao, Y. Bioorg. Med. Chem. 2014, 22, 1236.

20. During this study we have also synthesized a new series of compounds (41)
with a bis-aryl triazole head group via the retrosynthetic scheme described
below. Carboxylic acids 42 were prepared in two or three steps after b-keto
ester synthesis (intermediates 20 or 32, if not commercially available), triazole
ring formation (reaction conditions performed according to Zhang, J.; Jin, G.;
Xiao, S.; Wu, J.; Cao, S. Tetrahedron 2013, 69, 2352) and ester hydrolysis (acidic
or basic conditions).
During this study, we have also prepared compounds of generic structure C
(Fig. 1) in which Ar1 = hydroxyarene (e.g., phenol, pyridone, hydroxypyridine,
etc.) and Ar2 = phenyl by a demethylation reaction of the corresponding
methoxy substituent using BBr3 reagent. See one example illustrated below:
21. Baird, A.-M.; O’Byrne, K.; Easty, D.; Shiels, L.; Byrne, A.; Raeppel, S.; Soltermann,
A.; Nonaka, D.; Fennell, D.; Mutti, L.; Pass, H.; Opitz, I.; Gray, S. Lung Cancer
2014, 83, S29.
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