Accepted Manuscript =

Discovery of 4-Arylamido 3-methyl isoxazole derivatives as novel FMS kinase
inhibitors A

Daseul Im, Kyungjin Jung, Songyi Yang, Wagar Aman, Jung-Mi Hah Y.
PILI: S0223-5234(15)30215-4
DOI: 10.1016/j.ejmech.2015.08.031

Reference: EJMECH 8067

To appearin:  European Journal of Medicinal Chemistry

Received Date: 3 April 2015
Revised Date: 13 August 2015
Accepted Date: 15 August 2015

Please cite this article as: D. Im, K. Jung, S. Yang, W. Aman, J. Mi Hah, Discovery of 4-Arylamido 3-
methyl isoxazole derivatives as novel FMS kinase inhibitors, European Journal of Medicinal Chemistry
(2015), doi: 10.1016/j.ejmech.2015.08.031.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2015.08.031

Graphical abstract

CF,
’(\)L(H H
AN N N
N
SORRES%

ICso / FMS = 9.95 nM
Glgo/ U937 = 16.0 nM
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Abstract — A series of 4-Arylamido 3-methyl isoxazoles werentbesized and evaluated for their antiproliferative
activities against the A375P melanoma and U937 hapoéetic cell lines. Most compounds showed selecti
antiproliferative activity toward the U937 cell énand the activities were better than that of smiaf the reference
standard. Derivatives were made as amdiald, 6a-oand ure&a-n, 8a-gwith hydrophobic moieties, and one of the most
potent inhibitor6a, 5-methytN-(2-methyl-5-(3-(4-methylpiperazin-1-yl)-5-(triflutomethyl)benzamido)phenyl)isoxazole-
4-carboxamide was found to be very potent inhibitbFMS kinase (Gh= 0.016uM, ICs, = 9.95 nM) with excellent
selectivity profiles and is a promising candidater ffurther development intherapeutics for cancer.
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1. Introduction

Since the discovery of a protein kinase in 1954 fti¢ field of protein kinase drug discovery hasasmated
enormously [2-5]. Early studies were focused omepéar tyrosine kinases including EGFR, VEGFR, ab&FR,
especially as therapeutic targets for cancer. Recgposine kinases have been shown not only tkelyaegulators
of normal cellular processes but also to havecatitioles in the development and progression ofynigpes of
cancer [6]. The impact of RTK inhibition on canaeills can be illustrated by the assortment of lkendgigs that
have been approved by the FDA [7].

Figure 1. FDA approved RTK inhibitors.

Among all the receptor tyrosine kinases known agjdargets, FMS kinase [8-10] has not been givéot af
attention as a therapeutic target. FMS, first disced as the oncogene responsible for Feline McDgim&arcoma,
is a type lll receptor tyrosine kinase that bindsrtacrophage or monocyte colony-stimulating fa¢k+fCSF or
CSF-1). Ligand stimulated FMS tyrosine phosphorgtategulates the survival, proliferation, and eliéintiation of
monocyte/macrophage lineag@$]. Macrophages, microglia, and osteoclasts ptgyortant roles in inflammatory
processes [12], and tumor-associated macrophagesnareasingly recognized as a driving force fomau

progression and metastakiS] as well as resistance to chemo- and radiogyefa4,15]. Thus, the inhibition of



FMS kinase activity has great potential in the ttrent of bone osteolysis and inflammation as wsllcancers
promoted by macrophages [16-20].

Here we report the discovery of a highly selectws potent FMS inhibitor through screening of auhouse
protein kinase inhibitor library on A375P [21] aki®37 cell lines [22]. During the cellular screeniafyprotein
kinase inhibitors, several type Il chemical scaffolvere identified as possessing high antiprolifesaactivities
toward the two cell lines, but the compound witiathyl isoxazole scaffold as the hinge binder shibpetent
antiproliferative activity only for the U937 celhk, prompting us to investigate its kinase profjli The following
experiments showed that 2-mettNA(5-methylisoxazol-4-yl)benzamide is a selective $Mhhibitor (IG, = 216
nM) with negligible activities toward the other &Bases tested (Supplementary information). Sulesgty we
decided to synthesize more 2-methiy(5-methylisoxazol-4-yl)benzamide derivatives witirious aromatic tails.

Figure 2. Initial investigations of various hinge binder datelpreference toward cancer cell lines

2. Results and discussion

2.1 Chemistry

The route that enabled the synthesis of the 4-aigla 3-methyl isoxazoles derivatives is outlinedsitheme 1
The synthesis of thesé-arylamido 3-methyl isoxazolestarted from commercially available 5-methylisoxazI
carboxylic acid {). The carboxylic acid was converted to acid abd®ir2) using SOG and subsequently coupled
with 2-methyl-4/5-nitroaniline. Then, the nitro gm of 5-methyIN-(2-methyl-4-nitrophenyl) isoxazole-4-
carboxamide 3a and 3b) was reduced to anilindd@ and 4b) using Sndl in acidic conditions. Th&l-(5-amino-2-
methylphenyl)-5-methylisoxazole-4/5-carboxamide wem linked with various aromatic acids by usingTt in
DMF condition or aromatic carboxylic acid chlorite give amide analogue$4d-5b ,6a-60), and coupled with
propane-1-sulfonyl chloride to yiel@h-9b. Urea analogues/é&-7n, 8a-89 were synthesized by directly reacting

with various aromatic isocyanates.

Scheme 1.

2.2. Biological evaluation

2.2.1 Antiproliferation assays on cancer cell lines

All the synthesized compounds~5b, 6a~60, 7a~7g, 8a~8g, and 9a~9b were evaluated for their anticancer
activity against U937 (human histiocytic lymphona&d A375P (human melanoma) cell lines by MTT assayyThe
were also evaluated for cytotoxicity on a humamadrcell line, HS27. The results are summarizetiable 1 The
results of this assay showed that all the testetipoonds had selective potency against U937 raliaer against
A375P (data not shown for A375P because the meahsativity for all compounds was negligible). Tlesults also

indicated that these compounds exhibited weak @yitotactivity against normal cell line HS27.



Among the compounds tested, amide link analdgshowed the most potent activity against U937, waithG
value of 16 nM, which was much better than thathef positive control sorafenib. Structure activiéyationships
(SARs) were inferred from the data of cell prolifieve experiments reported rable 1 First of all, amide link
analogues showed more potent activities againsZUB&n did the urea link analogues. Urea analogti@srg,
8a~8(), generally, were not as active toward U937, fothithe 3- and 4-substituted patterns of the migdienyl
ring.

Secondly, out of these amide analogues, the efédédtse substitution pattern of the middle pherggrwas also
very clear, and 3-amide was absolutely more potenite 4-amide analogueS4-5b) showed only weak inhibitory
activities. The sulfonamide analogues with a sempbpyl chain were not active at @b(9b). The type, number,
and position of substituents on the phenyl ringifig the middle phenyl moiety also played importeoiés in the
antiproliferative activities. The inhibitory acttiés of compound$a~60 against U937 varied depending on the
different hydrophobic substituents included in taboxylic acid moiety. Based on thes¢Gvalues, compounds
could be grouped by activity from most to leastepotas follows : compounds with a 1,3,5-substititedzoic acid
tail (6a, 6m, 6n, 6p exhibited potent inhibitory activities with &% of 0.016,0.019, 0.026 and 0.04AM,
respectively; compounds with a 1,3,4-bulky substita on aromatic acid tail or in similar patterfisnsidazole
substituent@b, 6j) displayed slightly weaker inhibitory activitiestivCs, of 0.465 and 0.139uM; compounds with
simpler mono-substitution on a benzene t&d,(6K) or compounds with a bulky aromatic tafle( 6f, 6g, 6h
showed even weaker activities.

The above results indicated that the introductibra doulky aromatic acid substituent through diraatide
connection caused dramatic decrease in activityevitiiroduction of 3, 5-disubstituted benzoic adulted in high
activity, especially when one substituent was &yulorpholine, alkylpiperazine, or alkylimidazol@omparing the
activities of compounds$a, 6m, 6n, and 6o against U937, we found that compoufd with —CF and

methylpiperazinyl substituents at the 3 and 5 positexhibited the most potent activity (G 0.016uM).

Tablel. Antiproliferative activities olN-(4 or 5-amino-2-methylphenyl)-5-methylisoxazolea&Hmoxamide derivatives.

2.2.2. Protein Kinase Profiling Assay

As shown inTable 2 the representative compouBd was screened against a selected panel of 30 atiffer
kinases at a single dose concentration ofil#0and it was revealed that the compound has anlertselectivity
profile. While this compound effectively inhibitéde activities of FMS, V600E B-Raf, C-Raf, and Lyie activity
level of inhibition exerted on most of the othendses tested was below 10 %. Furthermore, we dgdltlaein
vitro enzymatic inhibition of the compoundsa and8a toward FMS, V600E B-Raf, C-Raf, and Lyn. As shawn
Table 3 compoundsa demonstrated superb activity on FMS kinase (95 but only good potency on V600E B-
Raf, C-Raf, and Lyn (5.96M, 668 nM, 65.9 nM, and 44.8 nM).

Table 2 Percentages of enzymatic inhibitions by compdae¢lL0 uM) on selected protein kinase panel.



Table 3.1Cs, for enzymatic inhibitory activity of the selectedmpounds.

2.3. Molecular docking studies

In order to better understand the interaction betwthe synthesized compounds and FMS kinase, niatecu
docking of the potent compoura into the ATP binding site of FMS kinase (PDB: 3L)C@as performed using
Glide (SCHRODINGER software package Version 14T2)e binding model is depicted in Fig. 3. In thisading
model, compoundsa is nicely bound to the ATP-binding site of FM& four hydrogen bonds, twa-cation

interactions, and an ion interaction.

Figure 3. Docking structures of designed 4-arylamido 3-mleidoxazoles scaffold amide derivatives (thin,@yan FMS
(PDB: 3LCO) [27]

The nitrogen atom of 5-methylisoxazole forms a bgén bond (N/HeN: 2.0A) with the amino hydrogermatuf
Cys666 and another hydrogen bond (2.43 A) betweggem atom of Thr663 with N-H of amide bond, which
suggests that the isoxazole group plays an impontég in the combination of the receptor and lidiafihe middle
phenyl ring of6a forms asn-cation interaction with the amino group of Lys 646d there is another-cation
interaction between the positively charged nitrogeam of the piperazine ring and His776 (showrightlgreen).
Two more hydrogen bonds were identified at the anfidnd, one between tiH of the amide bond and the
oxygen atom of the GLU 633 residue, and the otleéwéen the carbonyl oxygen of the amide bond amkidgen
atom (2.4 A) of the Asp796 backbone. Furthermdre, dtrong ion interaction between the protonatéwgen of
the piperazine ring (1.6 A) and the negative chafgasp796 might enhance the binding affinity, féag in the
increased antiproliferative activity of this compalu The light blue color shows the hydrophobic eegiaround the

hydrophobic tail.

3. Conclusions

A series of 4-arylamido 3-methyl isoxazole derivas containing various aromatic moieties were sgited and
verified as novel FMS inhibitors that displayed damtiproliferative activities against tumor ceéfids (U937) and
weak cytotoxic activities against a human norméllzee and melanoma cell line A375P. Compowalexhibited

the most potent inhibitory activity against FMS hvin 1G, of 9.95 nM, and also showed the greatest inhipitor
activities against the hematopoietic cancer cak U937 with a Gl of 16 nM. Molecular docking of the most
potent inhibitor6a into the ATP binding site of FMS kinase was parfed and the result suggested that compound
6a could bind well with the FMS active site. The abdiwelings provided a theoretical basis for furtséuctural
optimization of 4-arylamido 3-methyl isoxazole datives as FMS inhibitors and demonstrated thatpoomd6a

could be a promising scaffold for new therapeutitancer, due to its strong kinase profiling.



4. Materials and methods
4.1. General chemistry

All chemicals (reagent grade) used were purchased Aldrich (USA). Separation of the compounds bjumn
chromatography was carried out with silica gel B0O0-300 mesh ASTM, E. Merck, Germany). The quarifty
silica gel used was 50-100 times the weight chaogethe column. Thin layer chromatography (TLC) wais on
the silica gel coated aluminum sheets (silica @eG6254, E. Merck, Germany) and visualized in uloket (UV)
light (254 nm)."H NMR and**C NMR spectra were recorded on Brucker model digitéANCE 11l 400 MHz
spectrometer at 28C, using tetramethylsilane (TMS) as the internaingard. High-resolution MS (HR/MS)
experiments were conducted with a Finnigan LTQ apimass spectrometer (Thermo Fisher Scientific MA,

USA) operated in positive-ion electrospray mode.
4.1.1. Synthesis of 5-methylisoxazole-4-carbonyllohide (2)

The 5-methylisoxazole-4-carboxylic acit) (1g, 7.86 mmol) in SOGK3 mL) was heated at 8D until compound.
disappeared in TLC. After reaction was terminathd,mixture was cooled to ambient temperature ahekst was
evaporated under reduced pressure. 5-methylisax@zolrbonyl chloride, a crude yellow o) (96%) was used
for the next step without additional purificatidht NMR (400 MHz, DMSOY 8.77 (1H, s), 2.64 (3H, s).

4.1.2. General Syntheses of 5-methid-(2-methyl-4-or 5-nitrophenyl) isoxazole-4-carboxamie (3a-3b)

The mixture of 5-methylisoxazole-4-carbonyl chleri@) (1.1 g, 7.55mmol) and 2-methyl-4-nitroaniline 13g,
7.55mmol) in THF (75 ml) was heated at & until compound? disappeared in TLC. After completion of the
reaction, the mixture was cooled to ambient tempegaand solvent was removirdvacuo. The concentrated crude

product was purified by flash column chromatograplith EA/Hex (1:3) as the eluent to give product

4.1.2.1. 5-methyIN-(2-methyl-4-nitrophenyl)isoxazole-4-carboxamide (3a: The title compound was isolated
as a yellow solid (100%)H NMR (400 MHz, DMSO) 9.91 (1H, s), 9.06 (1H, s), 8.19 (1H, s), 8.11 (1K =
2.8 Hz), 7.79 (1H, t) = 4.4), 2.68 (3H, s), 2.38 (3H, SfC NMR (101 MHz, DMSOY 173.12, 159.36, 149.29,
144.26, 142.15, 133.75, 125.56, 125.44, 121.55,551117.89, 12.131HRMS (ESI) calcd for &H1i1N3O, [M+H]+:
262.2334, found 261.9872. 261.0187.; m.p. 16QA70R(ATR) v ma/cm™: 3437, 1698, 1586, 1543, 1499, 1336,
1276, 1103.

4.1.2.2. 5-methyIN-(2-methyl-4-nitrophenyl)isoxazole-4-carboxamide (3b The title compound was isolated
asa yellow solid (100%)H NMR (400 MHz, DMSO) 9.94 (1H, s), 9.05 (1H, s), 8.33 (1H, s), 8.04,(1H =
4.0 Hz), 7.58 (1H, dJ = 8), 2.68 (3H, s), 2.37 (3H, sFC NMR (101 MHz, DMSO)s 173.01, 159.53, 149.30,
145.70, 141.31, 136.57, 131.59, 120.46, 120.33,501118.22, 12.184RMS (ESI) calcd for GH1:NzO, [M+H]+:



262.2334, found 261.9872. 261.018%.p.: 173-172C.; IR(ATR)v nafcm™: 3340, 3113, 3095, 2928, 2854, 1646,
1532, 1344, 1074

4.1.3. General Synthesis dfl-(4 or 5-amino-2-methylphenyl)-5-methylisoxazole-4arboxamide (4a-4b)

5-methylN-(2-methyl-4 or 5-nitrophenyl) isoxazole-4-carboxdmi3a or 3b) (460 mg, 1.76mmol) and 35% HCI
(0.69 mL), SnGi2H,O (1.98 g, 8.80mmol) in EtOH (3.5 mL) was stirre8efiC. Stirring was continued for 7h and
the clear solution was cooled to room temperati®elvent was removeih vacuo and was then poured into ice.
The pH was made slightly basic (pH 7-8) by additadnsaturated aqueous sodium bicarbonate beforeg bei
extracted with ethyl acetate. The organic phaseth@a®ughly washed with brine, and dried over sodsulfate.
The concentrated crude product was purified byhflasumn chromatography with MC:MeOH (10:1) as ¢heent
to yield product.

4.1.3.1.N-(4-amino-2-methylphenyl)-5-methylisoxazole-4-carbamide (4a) The title compound was isolated
asa yellow solid (93%)*H NMR (400 MHz, DMSO) 9.42 (1H, s), 9.01 (1H, s), 6.87 (1H,J 8.4 Hz), 6.44
(1H, s), 6.40 (1H, ddJ=2.4,J=2.4), 5.06 (2H, —-NH, br, s), 2.64 (3H, s), 2.04(3}**C NMR (101 MHz, DMSO)
8 172.05, 159.29, 149.05, 147.16, 134.55, 127.73,82 115.19, 111.83, 111.47, 17.98, 11.8iIRMS (ESI) calcd
for CioH1aN3O4 [M+H]+: 231.2505, found 231.9919. 232.0234.; m}65-156C.; IR(ATR) v malCm: 3419,
3337, 3248, 2925, 1656, 1613, 1506, 1485, 123%8.122

4.1.3.2N-(5-amino-2-methylphenyl)-5-methylisoxazole-4-carbamide (4b) : The title compound was isolated
asa yellow solid (91%)*H NMR (400 MHz, DMSO) 9.47 (1H, s), 9.00 (1H, s), 6.89 (1H,X& 8.4 Hz), 6.56
(1H, d,J = 2.0 Hz), 6.40 (1H, ddl=2.4,J=2.4), 4.94 (2H, -NH, br, s), 2.65 (3H, s), 2.081(3); °*C NMR (101
MHz, DMSO)§ 172.28, 158.92, 149.14, 146.36, 135.69, 130.50,41R 112.51, 112.36, 111.89, 16.97, 12lHBRMS
(ESI) calcd for GHi3N30, [M+H]+: 232.0234, found 232.0549.; mp:169-2ZOIR(ATR) v ma/cm™: 3436, 3358,
3245, 3204, 2919, 1645, 1526, 1494, 1236, 1151.

4.1.4. General Syntheses &f-(4-Arylamido-2-methylphenyl)-5-methylisoxazole-4-arboxamide (5a-5b)

The aryl carboxylic acid (0.18 mmol, 1.2 eq.) iIn@9(0.3 mL) was heated at %D until aryl carboxylic acid
disappeared in TLC. After reaction was terminatked,mixture was cooled to ambient temperature ahast was
evaporated under reduced pressure. Aryl carboxgdid chloride, a crude yellow oil was diluted wiltiF and
poured intoN-(4-amino-2-methylphenyl)-5-methylisoxazole-4-carbowde @a) (34.6 mg, 0.15 mmol, leq.) in
THF (1.5 mL), was heated at ®until compoundia disappeared in TLC. Purification of column chroogmaiphy
with MC/MeOH eluents was performed to afford compa8.



4.1.4.1. 5-methyIN-(2-methyl-4-(3-(4-methylpiperazin-1-yl)-5-(trifluoromethyl)benzamido)phenyl) isoxazole
-4-carboxamide (5a): The title compound was isolated asvhite solid (16%)*H NMR (400 MHz, DMSO) 6
10.35 (1H, s), 9.78 (1H, s), 9.03 (1H, s), 7.81,(dHI=2.0 Hz), 7.71 (1H, s), 7.61-7.57 (2H, m377(1H, s), 7.27
(1H, d, J=8.4 Hz), 3.38-3.29 (4H, m), 2.67 (3H, 253-2.50(4H, m), 2.24-2.21 (6H, m}*C NMR (101 MHz,
DMSO) & 172.49, 164.34, 159.26, 151.26, 149.16, 137.04,783 136.58, 133.97, 131.48, 131.38, 126.82, 122.8
122.41, 118.45, 117.33, 113.50, 111.71, 54.27,14738.58, 18.14, 12.07HRMS (ESI) calcd for gHyeFsNsO3
[M+H]+: 502.1988, found 502.3596. 502.1993.; m222-230C. IR(ATR)vmajcm'l: 3253, 2922, 2844, 1648,
1604, 1507, 1452, 1375 1251, 1166, 1120.

41.4.2 5-methyl-N-(2-methyl-4-(3-morpholino-5-(trifluoromethyl)benzamido) phenyl)isoxazole-4-
carboxamide (5b) : The title compound was isolated as a white s(B@6); '"H NMR (400 MHz, DMSO) 6
10.33 (1H, s), 9.76 (1H, s), 9.05(1H, s), 8.24-§24, m), 7.81 (1H, dJ=2.0 Hz), 7.65 (1H, d) = 8.0 Hz), 7.58
(1H, s), 7.25 (1H, dJ=8.4 Hz), 3.73-3.71 (4H, m), 2.95-2.93 (4H, m),@(@H,s), 2.15(3H, s)*C NMR (101
MHz, DMSO) 6 172.46, 163.68, 159.23, 154.40, 153.93, 149.18,883 133.96, 132.90, 131.27, 130.61, 126.92,
126.87, 126.82, 124.46, 124.17, 123.83, 122.18,2518.11.69, 66.41, 53.09, 18.12, 12.04RMS (ESI) calcd for
CaaH23FaN4O4 [M+H]+: 489.1671, found 489.3348. 489.1672; mi¥6-180C; IR(ATR) v ma/cm™: 3273, 2969,
2856, 1645, 1611, 1500, 1298, 1237, 1114, 106(®.103

4.1.5. General syntheses of 5-Methyl-isoxazole-4rbaxylic acid (2-methyl-5-aryl-phenyl)-amide (6a-69

Method (A) The aryl carboxylic acid (0.18 mmol, 1.2 eq.) in @9(0.3 mL) was heated at &D until aryl
carboxylic acid disappeared in TLC. After reactivas terminated, the mixture was cooled to ambemiperature
and solvent was evaporated under reduced pregsecarboxylic acid chloride, a crude yellow oilas diluted
with THF and poured intd\N-(4-amino-2-methylphenyl)-5-methylisoxazole-4-caraonde @b) (34.6 mg, 0.15
mmol, 1eq.) in THF (1.5 mL), was heated afl@%intil compoundtb disappeared in TLC. Purification of column
chromatography with MC/MeOH eluents was perforneedfford compound.

Method (B) N-(5-amino-2-methylphenyl)-5-methylisoxazole-4-carboxde @b) (25 mg, 0.11mmol), Aryl acid (1
eq., 0.11mmol), and HATU (61.75 mg, 0.16mmol) in BN¥L.1 mL) was heated at 45 overnight. The reaction
mixture was diluted with ethyl acetate and washétl waturated aqueous sodium bicarbonate. The iordmyer
was dried over N&Q,. Purification was performed by column chromatogsamith MC/MeOH = 20:1 to afford

compounds.

4.1.5.1. 5-Methyl-isoxazole-4-carboxylic acid {2-ntieyl-5-[3-(4-methyl-piperazin-1-yl)-5-trifluorometh yl-
benzoylamino]-phenyl}-amide (6a) : Method (A)The title compound was isolated asvhite solid (24%)*H
NMR (400 MHz, DMSO) 6 10.36 (1H, s), 9.78 (1H, s), 9.06 (1H, s), 7.81,(#H=2.0 Hz), 7.71 (1H, s), 7.61-
7.57 (2H, m), 7.37 (1H, s), 7.27 (1H,38.4 Hz), 3.38-3.29 (4H, m), 2.68 (3H, s), 2.532(8H, m), 2.24-2.21
(6H, m);13C NMR (101 MHz, DMSQO)6 172.58, 164.31, 159.16, 151.24, 149.16, 136.85,563 135.46, 130.28,



129.96, 128.99, 125.50, 122.79, 118.72, 118.51,3117113.50, 111.69, 54.26, 47.31, 45.57, 17.4062HRMS
(ESI) calcd for GiHogFsNsO; [M+H]+: 502.1988, found 502.2390. 502.1995.; m.pa8-210C; IR(ATR) v
madCM’: 3255, 2923, 2845, 1651, 1598, 1526, 1450, 1304811244, 1167, 1119.

4.1.5.2. 5-Methyl-isoxazole-4-carboxylic acid [2-ntleyl-5-(4-morpholin-4-yl-3-trifluoromethyl-benzoyl
amino)-phenyl]-amide (6b) : Method (B) The title compound was isolatedasvhite solid (19%)'H NMR (400
MHz, DMS0)$ 10.37 (1H, s), 9.76 (1H, s), 9.05(1H, s), 8.24t42H, m), 7.81 (1H, d}=2.0 Hz), 7.65 (1H, d,
J=8.0 Hz), 7.58-7.55 (1H, m), 7.25 (1H, #8.4 Hz), 3.73-3.71 (4H, m), 2.95-2.93 (4H, m), 2(BH,s), 2.19
(3H, S);lSC NMR (101 MHz, DMSO)s 172.56, 163.65, 159.13, 154.38, 149.15, 136.953,483 132.90, 130.59,
130.28, 128.90, 126.90, 126.85, 124.44, 123.83,5018118.32, 111.67, 66.41, 53.08, 17.40, 12.BRMS (ESI)
caled for GH,3FsN,O, [M+H]+: 489.1671, found 489.2651. 489.1680.; m205-206C.; IR(ATR)vma)lcm'l:
3247, 3128, 2956, 2864, 1641, 1609, 1520, 150%,1481, 1275, 1240, 1131, 1111.

4.1.5.3. 5-Methyl-isoxazole-4-carboxylic acid [5-(4hloro-3-trifluoromethyl-benzoylamino)-2-methyl-
phenyl]-amide (6c) :Method (A) The title compound was isolated asvhite solid (64%)H NMR (400 MHz,
DMS0)§ 10.53 (1H, s), 9.77 (1H, s), 9.05 (1H, s), 8.39,(%), 8.38-8.24 (1H, m), 7.93 (1H, 8.4 Hz), 7.83
(1H, d,J=2 Hz), 7.59 (1H, dd}=2.4 Hz), 7.28 (1H, dJ = 8.4 Hz), 2.68 (3H, s), 2.21 (3H, $JC NMR (101 MHz,
DMSO) 6 173.91, 163.44, 159.64, 149.64, 137.15, 135.99.583 134.36, 133.86, 132.41, 130.85, 129.64,
127.47, 127.25, 126.94, 119.01, 118.84, 112.1&82]1712.55.; HRMS (ESI) calcd for,g1sCIFsN3O3 [M+H]+:
438.0754, found 438.2612; m.p.: 179-180 IR(ATR) v ma/CM™: 3227, 3119, 3069, 1638, 1607, 1524, 1490,
1332, 1308, 1279, 1255, 1246, 1110, 1091, 1036.

4.1.5.4. 5-Methyl-isoxazole-4-carboxylic acid {5-f22-fluoro-phenyl)-acetylamino]-2-methyl-phenyl}-amde
(6d) : Method (A) The title compound was isolated as a white sol@®4¥'H NMR (400 MHz, DMSO) 10.22
(1H, s), 9.70 (1H, s), 9.03 (1H, s), 7.67 (1HJd1.6 Hz), 7.40-7.36 (2H, m), 7.34-7.28 (1H, m), 977114 (3H,
m), 2.66 (3H, s), 2.16 (3H, s)C NMR (101 MHz, DMSOY 172.14, 167.50, 158.66, 148.73, 136.74, 135.09,
131.53, 131.49, 129.96, 127.71, 123.80, 123.77,7814.16.54, 114.69, 114.47, 111.26, 35.86, 1619463. ;
HRMS (ESI) calcd for gH1gFN;O5 [M+H]+: 368.1332, found 368.1450. 368.1332 ; m1¥1-174C.; IR (ATR)
vma/cm: 3236, 3042, 1666, 1638, 1606, 1521, 1308, 1284211180, 1130.

4.1.5.5. 5-Methyl-isoxazole-4-carboxylic acid {5-[2-bis-(4-chloro-phenyl)-acetylamino]-2-methyl-phewgl}-
amide (6e) : Method (A)The title compound was isolated asvhite solid (88%)*H NMR (400 MHz, DMSO)
10.47 (1H, s), 9.69 (1H, s), 9.02 (1H, s), 7.71,(H 7.41 (4H, d)=8.4 Hz), 7.35 (5H, d}=7.2 Hz), 7.19 (1H, d,
J=8.4 Hz), 5.17 (1H, s), 2.65 (3H, s), 2.16 (3H,¥); NMR (101 MHz, DMSO) 172.60, 169.11, 159.11, 149.18,
138.51, 136.84, 135.60, 131.80, 130.47, 130.35,582828.48, 117.29, 117.14, 111.69, 55.76, 1712108.;HRMS
(ESI) calcd for GeHaCloNsO3 [M+H]+: 494.0960, found 494.0594. 494.0989.; mp78-18£C.; IR (ATR) v
madcmi: 3230, 3063, 1639, 1607, 1521, 1489, 1241, 1092.



4.1.5.6. 5-Methyl-isoxazole-4-carboxylic acid {54¢hydroxy-2,5,7,8-tetramethyl-chroman-2-carbonyl)-
amino]-2-methyl-phenyl}-amide (6f) : Method (B) The title compound was isolated asvhite solid (51%)'H
NMR (400 MHz, DMSO)% 9.72 (1H, s), 9.21 (1H, s), 9.02 (1H, s), 7.67,(8H=2.0 Hz), 7.52 (1H, s), 7.36 (1H,
dd, J=8.4 Hz, J=2.4 Hz), 7.18 (1H, 8:8.4 Hz), 2.68 (3H, s), 2.16 (6H, &7.6 Hz), 2.07 (3H, s), 2.17-1.50 (4H,
m), 1.99 (3H, dJ=7.2Hz) 1.50 (3H, dJ=4.8 Hz);*C NMR (101 MHz, DMSOY 172.59, 172.11, 159.11, 149.17,
146.03, 143.90, 136.30, 135.45, 130.22, 128.92,782221.43, 120.35, 118.15, 118.08, 117.05, 1118643, 29.35,
23.80, 20.13, 17.43, 12.81, 12.17, 12.08, 11.88RMS (ESI) calcd for gH2Nz0s [M+H]+: 464.2107, found
464.3754. 464.2116.; m.p.: 155-266; IR (ATR)v ma/cm™: 3395, 3292, 2923, 2854, 1655, 1610, 1519, 1449,
1415, 1240, 1126, 1087.

4.1.5.7. 5-Methyl-isoxazole-4-carboxylic acid [5-¢2H-indol-3-yl-acetylamino)-2-methyl-phenyl]-amide(6g) :
Method (B) The title compound was isolated asvhite solid (17%)*H NMR (400 MHz, DMSO) 10.88 (1H, s),
10.06 (1H, s), 9.67 (1H, s), 9.01 (1H, s), 7.6687BH, m), 7.33 (2H, s), 7.24 (1H, s), 7.17 (1H,7%P6 (1H, s),
6.99 (1H, d,J=7.2 Hz), 3.71 (2H, s), 2.66 (3H, s), 2.15 (3H,'8; NMR (101 MHz, DMSO) 172.57, 169.63,
159.07, 149.18, 137.45, 136.12, 135.48, 130.34,0028127.20, 123.86, 121.00, 118.71, 118.39, 117115.98,
111.70, 111.38, 108.59, 33.84, 17.39, 12.084RMS (ESI) calcd for §H,NO; [M+H]+: 389.1535, found
389.3299.389.1539 ; m.p.: 169-1TL; IR(ATR)vma,/cm'l: 3267, 2922, 1561, 1606, 1523, 1488, 1455, 1287,
1131, 1093.

4.1.5.8. 5-Methyl-isoxazole-4-carboxylic acid {5-[f2-cyano-phenylsulfanyl)-benzoylamino]-2-methyl-
phenyl}-amide (6h): Method (B) The title compound was isolated w&hite solid (52%)*H NMR (400 MHz,
DMSO0)3§ 10.51 (1H, s), 9.80 (1H, s), 9.03 (1H, s), 7.91(8K 7.81(1H, s), 7.72-7.65 (2H, m), 7.52-7.39,(BH),
7.24 (1H, d,J=8.0 Hz), 7.18-7.15 (1H, m), 2.67 (3H, s), 2.18 (3Ht °C NMR (101 MHz, DMS0)5 172.53,
165.69, 159.09, 149.16, 139.10, 138.48, 136.97,5435134.25, 134.03, 132.81, 132.22, 131.63, 13118P.31,
129.01, 128.51, 128.40, 127.79, 117.83, 117.74,8516114.05, 111.67, 17.47, 12.065{RMS (ESI) calcd for
CogH20N403S [M+H]+: 469.1256, found 469.0677. 469.1261.; m218-226C. IR(ATR) v ma/cm™: 3227, 3119,
2220, 1643, 1633, 1607, 1595, 1519, 1319, 1242.

4.1.5.9. 5-Methyl-isoxazole-4-carboxylic acid [5-(Biphenyl-4-yl-acetylamino)-2-methyl-phenyl]-amide(6i) :
Method (B) The title compound was isolated as white solid (§6# NMR (400 MHz, DMSO) 10.21 (1H, s),
9.70 (1H, s), 9.03 (1H, s), 7.67-7.61(5H, m), 77433 (6H, m), 7.19 (1H, dI=8.0 Hz), 3.66 (2H, dJ=8.0 Hz),
2.68 (3H, d,J=8.0 Hz), 2.16 (3H, dJ=7.6 Hz);*®C NMR (101 MHz, DMSO)S 172.59, 168.96, 159.10, 149.19,
139.99, 138.52, 137.25, 135.53, 135.31, 130.40,6829128.94, 128.15, 127.34, 126.66, 126.59, 117117.00,
111.71, 42.98, 17.40, 12.0HHRMS (ESI) calcd for gH.3N303 [M+H]+: 426.1739, found 426.1245. 426.1740.;
m.p.: 135-13&C; IR(ATR)vmajcm'l: 3234, 3047, 1643, 1622, 1613, 1601, 1543, 121841

4.1.5.10. 5-Methyl-isoxazole-4-carboxylic acid {Bethyl-5-[(1-phenyl-5-trifluoromethyl-1H-pyrazole-4-
carbonyl)-amino]-phenyl}-amide (6j) : Method (B) The title compound was isolated as white solid4y.4H



NMR (400 MHz, DMSO) 10.53 (1H, s), 9.79 (1H, s), 9.05 (1H, s), 8.34,(4), 7.80 (1H, s), 7.62-7.60 (3H, m),
7.54-7.53 (2H, m), 7.47 (1H, d,= 8.0 Hz), 7.26 (1H, dJ = 8.4 Hz), 2.68 (3H, s), 2.19 (3H, d= 8.0 Hz);"*C
NMR (101 MHz, DMSO)5 172.61, 159.16, 158.85, 149.20, 139.75, 138.78,753 135.62, 130.45, 130.09, 129.57,
129.43, 129.15, 126.01, 121.50, 120.69, 117.83,7117111.68, 17.49, 12.0H4RMS (ESI) calcd for GH1gFsNsOs
[M+H]+: 470.1362, found 470.0538. 470.1365.; m}¥3-176C.; IR(ATR) v ma/ci’: 3252, 3027, 1646, 1608,
1531, 1499, 1488, 1297, 1242, 1177, 1149, 1135

4.1.5.11. 5-Methyl-isoxazole-4-carboxylic acid [33(5-dimethyl-benzoylamino)-2-methyl-phenyl]-amide §k) :
Method (B) The title compound was isolated as white sol@24%*H NMR (400 MHz, DMSO) 10.16 (1H, d,
J=7.6 Hz), 9.78 (1H, s), 9.06 (1H, s), 7.83 (1H]) & 6.0 Hz), 7.57-7.54 (3H, m), 7.24 (2H, m), 2.88l(s), 2.35
(6H, d,J = 8.4 Hz), 2.19 (3H, d] =8.0 Hz);**C NMR (101 MHz, DMSO) 172.57, 165.61, 159.13, 149.18, 137.51,
137.31, 135.41, 134.91, 132.79, 130.22, 128.67,385118.39, 118.21, 111.70, 20.86, 17.44, 12HRMS (ESI)
calcd for G1H21N5O;3 [M+H]+: 364.1583, found 364.1226. 364.1587.; m215-216C.; IR(ATR) v ma/cmi: 3225,
3047, 1650, 1635, 1621, 1597, 1537, 1238, 1135.

4.1.5.12. 5-Methyl-isoxazole-4-carboxylic acid {5jiphenyl-4-carbonyl)-amino]-2-methyl-phenyl}-amide
(61) : Method (B) The title compound was isolated white solid (14%)*H NMR (400 MHz, DMSO)5 10.31
(1H, s), 9.79 (1H, s), 9.06 (1H, s), 8.05 (2H,785-7.83 (3H, m), 7.75 (2H, m), 7.59 (1H, s), 7(8H, d), 7.42
(1H, s), 7.24 (1H, s), 2.68 (3H, d,= 3.2 Hz), 2.20 (3H, d] = 2.8 Hz); *C NMR (101 MHz, DMSOY 172.58,
165.01, 159.15, 149.19, 143.08, 139.11, 137.25,4835133.63, 130.27, 129.07, 128.78, 128.35, 1281P%.92,
126.58, 118.46, 118.30, 111.71, 17.46, 12.683MS (ESI) calcd for &H»N3;O; [M+H]+: 412.1583, found
412.1126. 412.1590.; m.p.: 182-286; IR(ATR) v ma/cm™: 3284, 1639, 1607, 1530, 1486, 1326, 1240.

4.1.5.13. 5-Methyl-isoxazole-4-carboxylic acid {2-athyl-5-[3-(2-methyl-imidazol-1-yl)-5-trifluoromethyl-
benzoylamino]-phenyl}-amide (6m) :Method (A) The title compound was isolated as white solid 58 *H
NMR (400 MHz, DMSO)5 10.82 (1H, s), 9.90 (1H, s), 9.15 (1H, s), 8.54,(8), 8.31 (1H, d, s), 7.99 (1H, s),
7.85 (1H, s), 7.71 (1H, s), 7.65-7.63 (1H, m), 7(2B, d,J=8.4 Hz), 2.67 (3H, s), 2.55 (3H, s), 2.21 (3H,'Xy;
NMR (101 MHz, DMSQ)é 172.65, 162.76, 159.21, 149.20, 138.56, 137.16,6P3 135.57, 130.69, 130.43, 129.27,
128.34, 127.68, 124.90, 124.87, 123.67, 123.63,1821118.61, 118.41, 111.71, 17.46, 13.58, 12.HRMS (ESI)
caled for GH,0FsNsOs [M+H]+: 484.1518, found 483.3688. 483.1524.; m2il0-214C ; IR(ATR)vma)lcm'l:
3292, 3118, 2928, 2853, 2811, 1674, 1651, 16016,18R14, 1287, 1243, 1171, 1164, 1042

4.1.5.14. 5-Methyl-isoxazole-4-carboxylic acid {2-athyl-5-[3-(5-methyl-imidazol-1-yl)-5-trifluoromethyl-
benzoylamino]-phenyl}-amide (6n) : Method (B) The title compound was isolated \akite solid (22%); *H
NMR (400 MHz, DMSO) 10.79 (1H, s), 9.88 (1H, s), 9.46 (1H, s), 9.14,(%), 8.60 (2H, dJ = 10.8 Hz), 8.41
(1H, s), 7.85 (1H, s), 7.65 (2H, s), 7.29 (1HJ & 8.0 Hz), 2.67 (3H, S), 2.26 (3H, s) 2.21 (3H,%) NMR (101
MHz, DMSO) § 172.66, 162.46, 159.23, 149.32, 137.43, 136.66,33 135.60, 134.50, 130.97, 130.72, 130.39,
130.33, 130.20, 129.57, 124.56, 121.85, 118.86,581817.30, 111.67, 17.55, 12.12, 9.28RMS (ESI) calcd for



CoaH2gFsNsOs [M+H]+: 484.1518, found 484.0913. 484.1525.; m325-226C.; IR(ATR) v ma/cmi’: 3328, 32086,
3109, 3047, 2981, 2719, 2649, 1672, 1661, 16148,1824, 1375 1168, 1128.

4.1.5.15. 5-Methyl-isoxazole-4-carboxylic acid {2-athyl-5-[3-(4-methyl-imidazol-1-yl)-5-trifluoromethyl-
benzoylamino]-phenyl}-amide (60) : Method (B) The title compound was isolated as white solic4g2'H
NMR (400 MHz, DMSO) 10.88 (1H, s), 9.88 (1H, s), 9.84 (1H, s), 9.14,(%), 8.77 (1H, s), 8.43 (1H, s), 8.28
(2H, s), 7.89 (1H, s), 7.70 (1H, 3= 8.0 Hz), 7.29 (1H, d] = 8.0 Hz), 2.68 (3H, s), 2.36 (3H, S) 2.22 (3H,'%);
NMR (101 MHz, DMSQ)s 172.68, 162.55, 159.24, 149.31, 137.47, 136.66,783 135.57, 134.58, 130.90, 130.84,
130.57, 130.31, 129.57, 125.23, 124.86, 124.61,8B18118.54, 117.43, 111.68, 17.56, 12.13, 9.BRMS (ESI)
calcd for GHaoFsNsO;s [M+H]+: 484.1518, found 483.0598. 484.1517.; m289-246C.; IR(ATR) v ma/cm’™
3233, 1665, 1613, 1541, 1523, 1495, 1378, 1273,110094.

4.1.6. General Syntheses ®f-(5-(3-Aryl ureido)-2-methylphenyl)-5-methylisoxazde-4-carboxamide (7a-79)

The mixture of compoundb (10 mg, 0.043 mmol), and aryl isocyanate (6.7 @43 mmol), in THF (0.4 ml) was
stirred at r.t overnight. After completion of theaction, solvent was removéadvacuo and the concentrated crude
product was purified by flash column chromatograplth MC: MeOH = 20:1 as the eluent.

4.1.6.1. 5-Methyl-isoxazole-4-carboxylic acid {5-f4-chloro-phenyl)-ureido]-2-methyl-phenyl}-amide {a) :
The title compound was isolated white solid (85%);'H NMR (400 MHz, DMSO) 9.75 (1H, s), 9.35 (1H, s),
9.11 (1H, s), 9.03 (1H, s), 8.06 (1H, s), 7.84-1%d, m), 7.23 (1H, s), 2.67 (3H, s), 2.15 (3H,"¥ NMR (101
MHz, DMSO) s 172.55, 170.38, 161.41, 159.11, 152.42, 149.28.763 137.56, 135.67, 130.48, 128.64, 126.90,
125.31, 119.70, 116.29, 111.77, 59.79, 20.79, 1718311, 12.10.HRMS (ESI) calcd for @H;7CIN,O; [M+H]+:
385.0989, found 385.1133. 407.0978. (Nan.p.: 205-207C.; IR(ATR) v ma/cmi™: 3381, 1698, 1642, 1596, 1537,
1490, 1281, 1206, 1134, 1094, 1042.

4.1.6.2. 5-Methyl-isoxazole-4-carboxylic acid {2-ntlayl-5-[3-(3-trifluoromethyl-phenyl)-ureido]-phenyl }-
amide (7b) : The title compound was isolated pale yellow solid (37%)H NMR (400 MHz, DMSO)5 9.75
(1H, s), 9.38 (1H, s), 9.11 (1H, s), 9.06 (1H,8N1 (1H, s),7.94 (2H, s), 7.55 (1H, s), 7.51-728, m), 7.30
(1H, d, J=7.6 Hz), 7.23-7.15 (1H, m),2.67 (3H,&)5 (3H, s)*C NMR (101 MHz, DMSO) 172.52, 159.10,
152.48, 149.20, 140.60, 137.36, 135.67, 130.45,902929.67, 129.35, 127.07, 125.57, 121.78, 118.08.44,
114.09, 111.75, 17.32, 12.07.; HRMS (ESI) calcd @gH;17F3N,O; [M+H]+: 419.1253, found 419.1513.
419.1258.; m.p.: 204-2066. IR(ATR)vma,lcm'l: 3320, 3227, 2914, 1644, 1613, 1533, 1336, 117231

4.1.6.3. 5-Methyl-isoxazole-4-carboxylic acid {5-f84-chloro-3-trifluoromethyl-phenyl)-ureido]-2-methyl-
phenyl}-amide (7c) : The title compound was isolatedgaie yellow solid (90%)*H NMR (400 MHz, DMSO)%
9.71 (1H, s), 9.10 (1H, s), 9.03 (1H, s), 8.85 (8},8.12 (1H, s), 7.60-7.56 (3H, m), 7.19 (2H,%B7 (3H, s),
2.16 (3H, s)}°C NMR (101 MHz, DMSO) 172.14, 167.50, 158.66, 148.73, 136.74, 135.09,583 131.49,
129.96, 127.71, 123.80, 123.77, 116.73, 116.54,691414.47, 111.26, 35.86, 16.94, 11.63.; HRMS)E&cd



for CooH16CIFsN4O5 [M+H]+: 453.0863, found 453.1885. 453.0866.; m315-216C. IR(ATR) v malcm™: 3227,
3110, 2930, 1678, 1656, 1610, 1598, 1540, 12310,11831, 1112.

4.1.6.4. 5-Methyl-isoxazole-4-carboxylic acid {5-f&-fluoro-phenyl)-ureido]-2-methyl-phenyl}-amide (7d) :
The title compound was isolated pale yellow solid (76%)*H NMR (400 MHz, DMSO)s 9.71 (1H, s), 9.05
(1H, s), 8.93 (1H, s), 8.80 (1H, s), 7.65-7.02 (Wty, 2.67 (3H, s), 2.16 (3H, SJC NMR (101 MHz, DMSOY
172.55, 159.11, 152.15, 150.76, 149.22, 137.46,7638.30.55, 127.64, 127.54, 126.91, 124.54, 122123.35,
120.43, 116.00, 111.77, 17.33, 12.09.; HRMS (ESI¢d for GoH;/FN4O3 [M+H]+: 369.1285, found 369.1312.
369.1291.; m.p.: 215-296. IR(ATR) v ma/omi’; 3322, 3222, 1685, 1633, 1599, 1547, 1312, 1288511234,
1185.

4.1.6.5. 5-Methyl-isoxazole-4-carboxylic acid {5-f8-chloro-phenyl)-ureido]-2-methyl-phenyl}-amide {e) :
The title compound was isolated white solid (36%);"H NMR (400 MHz, DMSO) 9.70 (1H, s), 9.03 (1H, s),
8.84 (1H, s), 8.76 (1H, s), 7.70 (1H, s), 7.55 (8H,7.30-7.23 (3H, m), 7.18 (1H, 8= 5.6Hz), 7.01 (1H, d] =
6Hz), 2.67 (3H, s), 2.15 (3H, 31)30 NMR (101 MHz, DMSO)» 173.00, 159.56, 152.82, 149.67, 141.76, 139.05,
137.89, 136.13, 133.66, 130.93, 130.86, 127.46,8621117.97, 117.06, 116.80, 112.22, 17.79, 123RMS
(ESI) calcd for GoH1-CIN,O; [M+H]+: 385.0989, found 385.0453. 385.0984.; mp18-22£C. IR(ATR) v
madCM: 3298, 3223, 2922, 1638, 1586, 1557, 1281, 1298311130, 1103.

4.1.6.6. 5-Methyl-isoxazole-4-carboxylic acid {5-}83,5-dichloro-phenyl)-ureido]-2-methyl-phenyl}-amide
(7f) : The title compound was isolatedvasite solid (16%)*H NMR (400 MHz, DMSO 9.75 (1H, s), 9.52 (1H,
s), 9.22 (1H, s), 9.07 (1H, s), 7.53-7.52 (3H, ™22 (1H, dd,) = 8.3, 2.2 Hz), 7.17 (1H, d,= 8.4 Hz), 7.14 (1H,

t, J = 1.9 Hz), 2.68 (3H, s), 2.16 (3H, 3JC NMR (101 MHz, DMSO) 172.55, 159.10, 152.32, 149.23, 142.43,
137.26, 135.69, 134.10, 130.49, 127.24, 120.70,4B16.16.35, 116.01, 111.74, 17.35, 12.HRMS (ESI) calcd for
Ci10H16CloN4O5 [M+H]+: 419.0599, found 419.0153. 441.0591{Nan.p.: 212-21%. IR(ATR) v ma/cm™: 3302,
3241, 2920, 2853, 1652, 1584, 1538, 1504, 1306).123

4.1.6.7. 5-Methyl-isoxazole-4-carboxylic acid {5-}83,4-dichloro-phenyl)-ureido]-2-methyl-phenyl}-amide
(79) ‘The title compound was isolated as white solid (B3# NMR (400 MHz, DMSO)s 9.70 (1H, s), 9.13-
8.81 (3H, m), 7.87 (1H, d, J=6.4 Hz), 7.53(2H,Jd9.6 Hz), 7.33 (2H, d}=8.0Hz), 7.18 (1H, dJ=2.0Hz), 2.66
(3H, s), 2.15 (3H, s)°C NMR (101 MHz, DMSO) 172.56, 159.11, 152.30, 149.21, 140.01, 137.36,683 131.04,
130.57, 130.49, 127.14, 123.05, 119.26, 118.33,4B16116.46, 111.76, 17.34, 12.1HHRMS (ESI) calcd for
C1H16C1oN4O5 [M+H]+: 419.0599, found 419.0493. 419.0595.; m309-216C.; IR(ATR) v malcm™: 3366, 3273,
3181, 3113, 2906, 1669, 1608, 1582, 1544, 1474),1B33, 1125, 1027.

4.1.7. General Syntheses ®f-(4-(3-Aryl ureido)-2-methylphenyl)-5-methylisoxazde-4-carboxamide (8a-8f)



The mixture of compoundia (10 mg, 0.043 mmol), aryl isocyanate (1 eq., 0.0d30l), in THF (0.4 ml) was stirred
at r.t for overnight. After completion of the reiact, solvent was removed by vacuo and the condedtrerude

product was purified by flash column chromatograpithh MC: MeOH = 20:1 as the eluent.

4.1.7.1. 5-Methyl-isoxazole-4-carboxylic acid {4-fg4-chloro-3-trifluoromethyl-phenyl)-ureido]-2-methyl-
phenyl}-amide (8a): The title compound was isolated as white solid (89 NMR (400 MHz, DMSO) 9.63
(1H, s), 9.15 (1H, s), 9.02 (1H, s), 8.81 (1H85).2 (1H, s), 7.61 (2H, s), 7.38 (1H, s), 7.29 (H=6.0Hz), 7.20
(1H, s), 2.66 (3H, s), 2.18 (3H, SfC NMR (101 MHz, DMSOY 172.44, 159.28, 152.42, 149.16, 139.40, 137.29,
134.38, 132.02, 129.95, 127.19, 126.56, 123.05,262420.25, 116.76, 116.70, 116.41, 111.73, 18.247.;HRMS
(ESI) calcd for GoHieCIFsN,O5 [M+H]+: 453.0863, found 453.0186. 453.0865.; mal7-219C. IR(ATR) v
madCM™: 3283, 3214, 3063, 1646, 1632, 1609, 1548, 1293711230, 1170, 1136, 1122, 1113.

4.1.7.2. 5-Methyl-isoxazole-4-carboxylic acid {2-ntleyl-4-[3-(3-trifluoromethyl-phenyl)-ureido]-phenyl }-
amide (8b) : The title compound was isolated as white solid (§4% NMR (400 MHz, DMSO) 9.64 (1H, s),
9.04 (2H, dJ=4.8 Hz), 8.77 (1H, s), 8.03 (1H, s), 7.57-7.49 (A1), 7.39(1H, d)) = 2.4 Hz), 7.31-7.28 (2H, m),
7.20 (1H, d,J = 8.4Hz), 2.66 (3H, s), 2.19 (3H, $JC NMR (101 MHz, DMSO) 172.88, 159.74, 152.98, 149.62,
141.08, 137.91, 134.83, 130.39, 130.27, 130.15,6627223.35, 122.27, 120.56, 118.49, 116.72, 114.53.20, 18.60,
12.53.;HRMS (ESI) calcd for GyH1/F3N4O3 [M+H]+: 419.1253, found 419.1173. 419.1252.; m206-208C.
IR(ATR) vmaJcm: 3286, 3241, 3041, 1639, 1561, 1338, 1125.

4.1.7.3. 5-Methyl-isoxazole-4-carboxylic acid {4-[83-chloro-phenyl)-ureido]-2-methyl-phenyl}-amide @c):
The title compound was isolated as white solid (§6# NMR (400 MHz, DMSO) 9.63 (1H, s), 9.03 (1H, s),
8.93 (1H, s), 8.76 (1H, s), 7.71 (1H, s), 7.37 (8)1,7.29 (2H, dJ = 6.4 Hz), 7.19 (2H, d] = 4.8Hz), 7.01 (1H, d,

J = 4.0Hz), 2.66 (3H, s), 2.18 (3H, $JC NMR (101 MHz, DMSOY 172.43, 159.30, 152.52, 149.20, 141.43, 137.65,
134.40, 133.23, 130.42, 129.65, 127.25, 121.32,821917.36, 116.45, 115.99, 111.76, 18.17, 12I8RMS (ESI)
calcd for GgH;/CIN4O3 [M+H]+: 385.0989, found 385.0793. 407.0981{Na m.p.: 217-21%C.; IR(ATR) v
madcm™: 3313, 3270, 1638, 1622, 1587, 1548, 1305, 1221.

4.1.7.4. 5-Methyl-isoxazole-4-carboxylic acid {4-[&-fluoro-phenyl)-ureido]-2-methyl-phenyl}-amide @8d):
The title compound was isolated as white solid (53¢ NMR (400 MHz, DMSO)S 9.64 (1H, s), 9.05 (2H, d,
J=5.2 Hz), 8.55 (1H, s), 8.15 (1H, s), 7.36 (1H,7s28 (1H, s), 7.23 (2H, d, J=9.2 Hz), 7.13 (1};,7s00 (1H, s),
2.67 (3H, s), 2.19 (3H, S}?C NMR (101 MHz, DMSO)» 172.43, 159.28, 152.19, 150.79, 149.16, 137.58,463
129.71, 127.64, 127.53, 127.29, 124.56, 122.46,5020.19.70, 115.86, 115.08, 114.89, 111.75, 18.26)7.;HRMS
(ESI) calcd for GoH17FN4O3 [M+H]+: 369.1285, found 369.0972. 369.1280.; m.p40-245C.; IR(ATR) v
madcm: 3353,3281, 1651, 1638, 1619, 1596, 1565, 14608,18233.

4.1.7.5. 5-Methyl-isoxazole-4-carboxylic acid {4-fg4-chloro-phenyl)-ureido]-2-methyl-phenyl}-amide 8e) :
The title compound was isolated as white solid (3% NMR (400 MHz, DMSO) 9.68 (1H, s), 9.38 (1H, s),



9.20 (1H, s), 9.07 (1H, s), 7.49 (2H, dds 2.4 Hz,J = 2.4 Hz), 7.34-7.28 (4H, m), 7.17 (1H,Xk 8.8 Hz), 2.65
(3H, s), 2.17 (3H, S)l,3C NMR (101 MHz, DMSO)» 172.38, 159.26, 152.43, 149.13, 138.73, 137.63,383 128.61,
127.18, 125.30, 119.91, 119.82, 119.70, 116.07,7B1118.14, 12.05.HRMS (ESI) calcd for GH;7CIN4O;
[M+H]+: 385.0989, found 385.1133. 407.0982()Nam.p.: 230-248C.; IR(ATR) v madcm’: 3295, 2922, 2855,
1637, 1559, 1520, 1489, 1305, 1221.

4.1.7.6. 5-Methyl-isoxazole-4-carboxylic acid {4-[83,4-dichloro-phenyl)-ureido]-2-methyl-phenyl}-amide
(8f) ‘The title compound was isolated as white solid (426 NMR (400 MHz, DMSO) 9.63 (1H, s), 9.02 (2H,
s), 8.80 (1H, s), 7.88 (1H, s), 7.51 (1HJds 7.2 Hz), 7.36(1H, s), 7.32-7.27 (2H, m), 7.181), 2.65 (3H, s),
2.18 (3H, S),‘LSC NMR (101 MHz, DMSOY» 172.43, 159.28, 152.35, 149.16, 140.03, 137.39,373 131.05, 130.59,
129.84, 127.20, 123.03, 120.09, 119.22, 118.30,241411.73, 18.15, 12.0HRMS (ESI) calcd for gH16CIoN4O3
[M+H]+: 419.0599, found 419.0493. 419.0596.; m285-237C. IR(ATR)vmajcm'l: 3305, 3272, 1651, 1637,
1621, 1586, 1550, 1305, 1224, 1131.

4.1.7.7. 5-Methyl-isoxazole-4-carboxylic acid {4-[83,5-dichloro-phenyl)-ureido]-2-methyl-phenyl}-amide
(8g) : The title compound was isolated as white solid (8% NMR (400 MHz, DMSO)5 9.87 (1H, s), 9.70
(1H, s), 9.38 (1H, s), 9.08 (1H, s), 7.52 (2H, %85 (1H, s), 7.28 (1H, s), 7.19 (1H,s), 7.14 (JH266 (3H, s),
2.18 (3H, S),‘LSC NMR (101 MHz, DMSO)Y 172.38, 159.24, 152.20, 149.11, 142.28, 137.20,3P3 134.06, 129.95,
127.14, 120.83, 120.22, 116.37, 116.27, 111.70101812.03.; HRMS (ESI) calcd for GH1¢Cl,N,O5 [M+H]+:
419.0599, found 419.2533. 419.0591.; m.p.: 230°231R (ATR)V ma/cm™: 3300, 3266, 2922, 1638, 1584, 1543,
1517, 1304, 1240.

4.1.8. General Syntheses of 5-Methyl-isoxazole-4rbaxylic acid [2-methyl-5 or 4-(propane-1-sulfonylanino)-
phenyl]-amide (9a-9b)

The mixture of compound (20 mg, 0.086 mmol), propane-1-sulfonyl chlori®3.85 mg, 97%, 0.095 mmol), in
MC (0.4 ml) was stirred at r.t for overnight. Aftidre reaction was completed, solvent was removegvaporation,
and the concentrated crude product was purifiefldsph column chromatography with EA/Hex (1:1) as #dluent
to produce compoun@l

4.1.8.1. 5-Methyl-isoxazole-4-carboxylic acid [2-ntieyl-5-(propane-1-sulfonylamino)-phenyl]-amide (9a):
The title compound was isolated as yellow solid439H NMR (400 MHz, DMSO) 9.75 (1H, s), 9.66 (1H, s),
9.01 (1H, s), 7.24 (1H, d=8.4 Hz), 7.09-7.04 (2H, m), 3.07-3.04 (2H, m),2(8H, s), 2.17 (3H, s), 1.69 (2H, d,
J=7.2Hz), 0.93 (3H, s)**C NMR (101 MHz, DMSO) 173.09, 159.57, 149.68, 136.78, 136.58, 131.59,312
117.98, 117.94, 112.10, 52.49, 17.82, 17.28, 131¥56.; HRMS (ESI) calcd for ;¢H;0N30,S [M+H]+:
338.1096, found 338.2801. 338.1090.; m.p.: 3A36IR(ATR) v ma/cmi™: 3247, 2963, 2917, 2878, 1650, 1610,
1525, 1484, 1383, 1320, 1240, 1132.



4.1.8.2. 5-Methyl-isoxazole-4-carboxylic acid [2-ntleyl-4-(propane-1-sulfonylamino)-phenyl]-amide (9b):
The title compound was isolated as yellow solid4$4'H NMR (400 MHz, DMSO) 9.74 (2H, s), 9.02 (1H, s),
7.20 (2H, s), 7.03 (1H, d,= 8.0 Hz), 3.03 (2H, s), 2.66 (3H, S), 2.15 (3H,1s$8-1.66 (2H, m), 0.93 (3H, s}*C
NMR (101 MHz, DMSO)é 172.48, 159.26, 149.13, 136.34, 134.88, 131.3%,572 121.21, 117.29, 111.66,
52.29, 18.11, 16.85, 12.57, 12.04.; HRMS (ESI) ¢dlar CsH1oN30,S [M+H]+: 338.1096, found 338.1524.
338.1094.; m.p.: 38-48.; IR(ATR) v ma/Cm™: 3248, 2967, 2922, 1649, 1613, 1500, 1482, 1382011240,
1141, 1092.

4.2 Determinations of antiproliferation assays onancer cell lines

A375P cells were purchased from American Type CeltDollection (ATCC, Rockville, MD, USA) and were
maintained in DMEM medium (Welgene, Daegu, Koreapptemented with 10% FBS (Welgene) and 1%
penicillin/streptomycin (Welgene) in a humidifietireosphere with 5% Cgat 37°C. A375P cells were taken from
the culture substrate with 0.05% trypsin-0.02% EDam plated at a density of 5 x*Itells/well in 96 well plates
and then incubated at 3T for 24 h in a humidified atmosphere with 5% Cg@ior to treatment with test
compounds at various concentrations (3-fold selilation, 12 points). The A357P cell viability wassessed by the
conventional 3-(4, 5-dimethylthiazol-2-yl)-2, 5-tgnyltetrazolium bromide (MTT) reduction assay. Ma3says
were carried out with CellTiter §§Promega) according to the manufacturer’s insonst The absorbance at 590
nm was recorded using EnVision 2103 (Perkin ElBesston, MA, USA). The 16, was calculated using GraphPad
Prism 4.0 software.

U937 cells were purchased from American Type Caltollection (ATCC, Rockville, MD, US) and maintath
in RPMI 1640 medium (Welgene, Daegu, Korea) supplted with 10% FBS (Welgene), 1%
penicillin/streptomycin (Welgene) and 25 mM HEPE®e(gene) in a humidified atmosphere with 5%,@&D37°C.
U937 cells were taken from the culture substratb@lated at a density of 5 x *Lells/well in 96 well plates and
then incubated at 37 for 24 h in a humidified atmosphere with 5% LCgior to test compounds at various
concentration (3-fold serial dilution, 12 point3he U937 cell viability was assessed by the coneeat 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium brode (MTT) reduction assay. MTT assays were carrigdwith
Thiazolyl Blue Tetrazolium Bromide (SIGMA) accordito the manufacturer’s instructions. The absorba&70
nm was recorded using Multiskan EX (Thermo; Walthatd, USA). The IC50 was calculated using GraphPad

Prism 4.0 software

4.3 Docking Simulations

Molecular docking of compoungh into the 3D x-ray structure of FMS (PDB code: 3L)GAas carried out using
Glide (Schrodinger software package Version 14The 3D x-ray protein structure of FMS as a comphéth
ligand was obtained from the PDB and prepared uBirajein Preparation Wizard of the Schrodinger Ntaes
program. The structures of new designed inhibitegse drawn using Chemdraw, and their 3D conformatiwere

generated using the Schrodinger LigPrep prograrn thik OPLS 2005 force field. When making an optigrad



file, a grid box was manually adjusted from a cutie a cuboid, constraints (hydrogen bonding andrdghobic
cube) were added, and unwanted pockets were traatedcluded volume. Molecular docking of compo@adhto
the structure of FMS produced predictive dockinggyo(l) SP (standard precision) and XP (extra i@
docking of compoundsa, (2) revision of the docking poses through sulistme energy minimization using

Schrodinger Macro Model, and (3) scoring of regifee docking pose.
4.4 Selected Kinases Profiling

We used Reaction Biology Corjdinase HotSpot™ service (www.reactionbiology.com) for screeninggef and
ICsoProfiler Express for ICso measurement. Their assay protocol was as followefinal reaction volume of 2@
FMS (h) (5-10 mU) was incubated with 25 mM Tris pH, 0.02 mM EGTA, 0.66 mg/mL myelin basic protei,
mM magnesium acetate ang*fP-ATP] (specific activity approx. 500 cpm/pmol, centration as required). The
reaction is initiated by the addition of the Mg-AT#ix. After incubation for 40 minutes at room temgiare, the
reaction was stopped by the addition ofil5of a 3% phosphoric acid solution. 1L of the reaction was then
spotted onto a P30 filtermat and washed three tfioreS minutes in 75 mM phosphoric acid and oncengthanol

prior to drying and scintillation counting.
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Tablel. Antiproliferative activities of N-(4 or5-amino-2-methyl phenyl)-5-methylisoxazol e-4-carboxamide derivatives.
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Table 2. Percentages of enzymatic inhibitions by compound 6a (10 uM) on selected Protein Kinases pandl.
Staurosporine

Kinase % Inhibition | Ceo (NM)

AKT1 5.73 4,62
ALK 0 <1.00
AuroraA 0 <1.00
BRAF 61.2 14.0
BRAF (V599E) 87.9 450
c-Kit 7.5 84.2
c-MET 0 179
CDK1/cyclin B 0 252
CDK2/cyclin E 1.85 <1.00
EGFR 4.68 283
ERK1 7.54 6540
FAK/PTK?2 0 13.2
FGFR2 3.60 1.77
FGFR3 0 10.3
FLT3 212 <1.00
FMS 98.7 1.14
GSK3b 0 2.62
IGF1IR 0 43.3
JAK3 0 < 1.00
INK3 15.3 1100°
KDR/VEGFR2 8.27 10.7
Lyn 97.8 <1.00
MEK1 0 12.1
mTOR/FRAP1 114 9900°
PKA 0 <1.00
PLK1 0 192
RAF1 95.9 2.87%
RON/MST1R 0 326
ROS/ROS1 0 <1.00
SYK 381 <1.00

2 Dataof GW5074[23]
b Dataof INKi VIII[24-25]
Dataof LY294002[26]

Table 3. ICs, for enzymatic inhibitory activity of the selected compounds.

1Cso
B-Raf B-Raf V600E FMS Lyn C-Raf

6a 596 uM 668 nM 9.95nM 659nM  44.8 nM
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Figure 3. Docking structures of designed 4-arylamido 3-methyl isoxazol es scaffold amide derivatives (thin, cyan) in FMS
(PDB: 3LCO)[27]



We synthesized 4-arylamido 3-methyl isoxazoles as potential protein kinase inhibitor.
We found their potent antiproliferative activities on U937 hematopoietic cell line.

The most potent inhibitor was found to be a potent and selective FM S inhibitor.
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[1] Thelist of kinases tested for the first hit compound 2-methyl-N-(5-methylisoxazol-4-yl)benzamide analogue (10
UM) in figure 2is ABL1, AKTL, ALK, Aurora A, BRAF, BRAF (V599E), c-Kit, c-MET, ¢c-Src, CDK1/cyclin B,
CDK2/cyclin E, EGFR, ERK1, FAK/PTK2, FGFR1, FGFR2, FGFR3, FLT1, FLT3, FLT4, GSK3b, Hck, IGF1R,
ITK, JAK1, JAKS3, INK2, INK3, KDR/VEGFR2, Lck, Lyn, MEK1, mTOR, PDGFRa, PDGFRDb, PI3K, PKA,
PKC, PLK1, RAF1, Ret, RON/MST1R, ROS/ROS1, SYK, Tie2.



[2] *H and *C NMR Spectra of representative compounds
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