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Graphical abstract

Design, synthesis and biological evaluation of new pyrazolyl-ureas and
imidazopyrazolecarboxamides able to interfere with MAPK and PI3K upstream
signaling involved in the angiogenesis

Elda Meta, Chiara Brullo, Adama Sdibe, Beat A. Imhof and Olga Bruno
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Abstract

Taking into account the structure activity relashbip information given by our previous studies, we
designed and synthesized a small library of pysdamdas and imidazopyrazolecarboxamides
fluorinated on urea moiety and differently decodatsn pyrazole nucleus. All compounds were
preliminary screened by Western blotting technituevaluate their activity on MAPK and PI3K
pathways by monitoring ERK1/2, p38MAPK and Akt ppbsrylation, and also screened with a
wound healing assay to assess their capacity ibitimg endothelial cell migration, using human
umbilical vein endothelial cells stimulated with @E. Pyrazoles and imidazopyrazoles did not
show the same activity profile. SAR consideratidmowed that specific substituents and their
position in pyrazole nucleus, as well as the typsubstituent on the phenylurea moiety play a
pivotal role in determining increase or decreas&imses phosphorylation. On the other hand the
loss of flexibility in imidazopyrazole derivatives responsible for activity potentiation. Screening
of the compound library for inhibition of endottradlicell migration, a function required for
angiogenesis, showed significant activity for coompib3. This compound might interfere with cell
migration by modulating the activity of differenpstream target kinases. Therefore, compdind
represents a potential inhibitor of angiogenesistifermore, it may be used as a tool to identify
unknown mediators of endothelial migration and ¢bgr unveiling new therapeutic targets for

controlling pathological angiogenesis in diseaseh @S cancers.



Abbreviations

Human umbilical vein endothelial cells, HUVECs; komarrow-derived cells, BMDCs; basic
fibroblast growth factor, bFGF; epithelial-mesentiay transition, EMT; extracellular response
kinases 1 and 2, ERK1/2; formyl-methyl-leucyl-phiatgnine peptide, fMLP; inteleukine-8, IL-8,
CXCL8; matrix metallo-proteinases 2, MMP-2; mitogagctivated protein kinases, MAPKS;
phosphatidylinositol 3-kinase, PI3K; protein kingad®, Akt/PKB; structure activity relationship,
SAR; transforming growth factd®; TGF{3; vascular endothelial growth factor, VEGF.

1. Introduction

Angiogenesis consists in the formation of new blwedsels by sprouting from pre-existing ones;
consequently it is vital for physiological processturing development and in the adult during
wound healing, tissue growth and repair.

Pathological angiogenesis is required for the cute®f several diseases including cancers [1,2].
Indeed tumor cell hyperproliferation generates kypareas inducing angiogenesis to rebuild
oxygen and nutrient supply [3].

Physiological and pathological angiogenesis sham@las mechanisms, one of them is the
involvement of vascular endothelial growth factviEGF) and it's receptors (VEGFR-1 and 2).
Expression of VEGF is induced by hypoxia and isegulated in solid tumors [4, 5].

The VEGF/VEGFR axis induces key events such as tkalia cell sprouting, migration,
proliferation and survival, VEGF induces these timts through activation of several
serine/threonine kinases in the phosphatidylinbdtkinase (PI3K) signaling pathway including
protein kinases B (Akt/PKB) and the mitogen-ackehtprotein kinases (MAPK) signaling
pathways such as extracellular response kinasewl 2 dERK1/2) and p38MAPK. Finding new
inhibitors that could affect the function of thddeases in endothelial cells would help to develop
new potential therapeutic agents against pathabgaogiogenesis in solid cancers. Moreover,
activation of ERK1/2 and p38MAPK was found crucfak other processes related to poor
prognosis in cancers including epithelial to mesgntal transition (EMT) (a typical process of the
tumor cells), metastasis and recruitment of boneronaderived cells [6, 7]. This indicates that
new drugs interfering with these mediator actigitreay target different components of the tumor
microenvironment.

During our studies aimed at developing new antamfnatory drugs, we previously designed and
synthesized different compound libraries able takit the neutrophils chemotaxis by interfering
with ERK1/2, Akt and p38MAPK phosphorylation aftstimulation by Interleukine-8 (IL-8) or
formyl-methyl-leucyl-phenylalanine peptide (fMLF§-{13]. In particular, we demonstrated that our



pyrazolyl-urea (compoundk Fig.1) differentially acted on ERK1/2, PI3K/Akha p38MAPK
phosphorylation depending on which chemoattraqtan® or fMLP) was used [10]. A series of 4-
carboxyethyl-pyrazole derivatives (compounidis Fig. 1), bearing in N1 hydroxyalkyl chains
characterized by different length, showed a notaiteease of inhibitory activity, with respect to
the previous compounds, inhibiting both fMLP-OMae- gynthetic derivative of fMLP) and IL-8-
induced chemotaxis at very low concentration (pM-ravige) [9]. We also reported the inhibitory
effects of a little series of imidazo[1i#}pyrazole derivatives bearing in position 7 an aeid ester
or different amides substituents (compoutidls Fig. 1); implemented blocking effects was then
evidenced by a library of more complex moleculestaiming the peculiar substituted urea moiety
(typical of compounds$ andll) fused with the more rigid structure of imidazogmole scaffold
(compoundslV, Fig. 1) [11, 12]. All imidazopyrazoles inhibited fN-OMe or IL8-induced
neutrophil chemotaxis in a dose-dependent manntr Ko values in the low nanomolar range.
Further investigation evidenced that our inhibitarere able to significantly decrease PKC and
p38MAPK phosphorylation after fMLP-OMe or IL-8 stidation [13]. Notably, in the pyrazole
series the 3-fluorophenylurea derivativasvivo showed the most efficient chemotaxis inhibition
[8,9].
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Fig. 1. General structure of compounisdl, Il andIV.

Given these potent inhibitory actions of our liracompounds on MAPK activation and
subsequent neutrophil chemotaxis, we aimed at diegijgand synthesizing new series of
pyrazolylureas (compoundk-16, Fig. 2) and imidazopyrazolecarboxamides (compouhits?7,
Fig. 2), that could interfere with MAPK and PI3Kgealing pathways in endothelial cells during
angiogenesis.

Taking into account the structure activity relasbip (SAR) information given by previous studies,

we functionalized the urea moiety in all new detives with a phenyl ring, bearing in turn



fluorinated substituents in different positions.efhwe combined old and new decorations, their
type and position, both on the pyrazole and imiggrarole scaffold, to increase the molecular
diversity.

In detail, the carboxyethyl substituent in positigrwhich was typical for the previous compouhds
andll, was maintained it—8; the same hydroxyalkyl chains already presenbmmounddl were
inserted in N1 (compounds-4) while the hydroxyphenylethyl group was oxidizedripound$—

8) in order to modulate the lipophilicity of the nealles. As concerns the phenylurea moiety, we
inserted in compound—4 a trifluoromethyl substituent in position 3, whitempound$-8 were
decorated with different fluorinated substituentsall positions. In compound®-16, differently
thanin compoundd andll, a carboxyethyl ot-butyl substituent was inserted on position 3 @f th
pyrazole scaffold (position never investigated fmur previous compounds). In addition we
designed the new imidazopyrazol@3—-19 by maintaining in position 7 the most efficient
substituents of previoul/ (carboxyethyl, amide, piperidine-amide) while returea moiety we
inserted the new 3-trifluoromethylphenyl substitudfnally, compound20-27 were designed as
more rigid analogues of compour@sl 6.
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o ? \< 17-19 R = -piperidi
@\ )LN /N N 21 =(|§|OOEt, CONH, CO-piperidino
R R = 3-CF,

20-27 R=H
Ry = COOEt, C(CHy)s
R, = 2-F, 3-F, 4-F, 3-CFs

Fig. 2. General structures of compourid27.

All compounds were preliminary screened using Wasotting in order to evaluate their activity
on the phosphorylation of ERK1/2, p38MAPK and AktHuman umbilical vein endothelial cells
(HUVEC) stimulated with VEGF, and in a wound hegliassay to evaluate the activity on
endothelial cell migration upon VEGF stimulationeWeport in this paper the synthesis, Western
blot analyses and SAR considerations regardinghévely designed compounds-27, as well as

their activity on endothelial cell migration.



2. Results and discussion

2.1 Chemistry

To obtain compound$—+4 we condensed ethyl ethoxymethylenecyanoacetate tivit hydrazino-
hydroxyalkyl derivative®8a-d, which were in turn prepared by reaction of thprapriate oxirane
with hydrate hydrazine, as previously reported [Bje obtained intermediate 4-carboxyethyl-5-
amino-pyrazole29a-d were then treated with 3-trifluoromethylphenyliganate in anhydrous
toluene affording the desired ethyl 3-(trifluoroim@)phenylureido-pyrazole-4-carboxylatéds4
(Scheme 1).
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Oﬁj Oﬁj
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a  HO NH, b / c
(o] Y\H 2 H2N N,N /@ HN N,N
R R \\V/OH FaC N KKOH
R=CHj, C,Hs C4H; H
Cs 5 R R
28a R =CH, 20a R = CH, 1 R=CH,

28b R = CoHs 20b R = CoHs 2 R=C,H;s

28c R = CsH7 29c R = CgH7 3 R=03H7

28d R = CGHS 29d R = CGHS 4 R=CGH5

Scheme 1Synthesis of compounds4. Reagents and conditions: (a) Hydrate hydrazii@,°C, 15 min, 70—-82%; (b)
Ethyl ethoxymethylenecyanoacetate, an. toluene800€, 8 h, 61-72%; (c) 3-trifluoromethyl-phenylisanate, an.
toluene, reflux, 5h, 41-58%.

To prepare compoundS-8 the hydroxy group of 4-carboxyethyl-5-amino-pyri@z@9d was
oxidized with sulphur trioxide pyridine complex BMSO in the presence of triethylamine (TEA)
affording the ketor80 (scheme 2), which was then reacted with a littleesg of the suitable

phenylisocyanate in anhydrous toluene at refluingithe desired urea derivatives.
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Scheme 2 Synthesis of compouds-8. Reagents and conditions: (a) sulphur trioxidédiye complex, DMSO, TEA,
20 °C, 30 min, 82%; (b) substituted phenylisocyapan. toluene, reflux, 12h, 32-55%.

Compound®99-12 and13-16 were synthesized as reported in scheme 3. Thenkeymediate for
the preparation of the pyrazole scaffold is theapsium salt of 1-cyano-3-ethoxy-3-oxoprop-1-en-
2-olate 31 that was prepared following a literature procedii4] by reacting acetonitrile with

diethyloxalate in the presence of potassitart-butoxide. The use of 18-Crown-6 as a catalyst



provided a strong increase in reaction yield irpees to the literature method. The obtained 3alt
was then condensed with the 2-hydrazino-1-phergteil?8d in absolute ethanol in the presence
of catalytic amount of glacial acetic acid yielditige ethyl 5-amino-1-(2-hydroxy-2-phenylethyl)-
1H-pyrazole-3-carboxylat82. The same intermedia8d was reacted with the 4,4-dimethyl-3-
oxopentanenitrile to obtain the 2-(5-aminot8butyl)-1H-pyrazol-1-yl)-1-phenylethan@3. The
reaction of32 or 33 with a little excess of the suitable phenyliso@atanin anhydrous toluene at
reflux gave the urea derivativs12 and13-16, respectively.

COOEt 0O~
COOEt
a C-OK 4
* HC,
CN
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b d N /& 10 R=3F
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[N = J
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15 R=4F
16 R=3CF,
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Scheme 3 Synthesis of compound®s-16. Reagents and conditions: (a) an THF, 18-Crowm@-&0 °C, 30 min, 98%;
(b) 31, abs. ethanol, conc. acetic acid, reflux 6 h, 588 #4,4-dimethyl-3-oxopentanenitrile, an. etharmanc. acetic

acid, reflux, 10 h, 83%; (d) substituted phenylismTate, an. toluene, reflux, 6-12 h, 37-89%.

As previously reported [11], by dehydration of thecarboxyethyl-5-amino-pyrazol29d, we
obtained the ethyl 2-phenyl-2,3-dihydréimidazo[1,2b]pyrazole-7-carboxylat@4 (scheme 4).
The carboxyethyl function d34 was hydrolyzed to give carboxylic derivati@® which was then
reacted with an excess of piperidine in the presaidiphenylphosphorylazide (DPPA) to obtain
the amide derivativ86, as previously reported [11]. The treatmen84for 36 with a little excess
of 3-trifluoromethyl-phenylisocyanate in anhydraotuene at reflux afforded compountg and
19, respectively (Scheme 4).



A %*

Scheme 4 Synthesis of compounds’ and 19. Reagents and conditions: (a) congSH, rt, 15 min, then NEDOH,
80%; (b) 3-(trifluoromethyl)phenylisocyanate, arMB, reflux, 18 h, 36%; (c) 2M NaOH , EtOH, reflukh, 79%; (d)
piperidine excess, an. DMF, DPPA, TEA, 30-60 °Ch132%.

By condensation of 2-hydrazino-1-phenylethar®@d with ethoxymethylenemalononitrile we
obtained the 5-amino-1-(2-hydroxy-2-phenylethyBJ-piyrazole-4-carbonitrile37, which was
hydrolized to the amide derivatia8; the latter was cyclized to the imidazopyrazole\dgive 39
as previously reported [11], and finally we trea@Hwith 3-trifluoromethylphenylisocyanate to

give compound 8 (Scheme 5).
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Scheme 5 Synthesis of compounds8. Reagents and conditions: (a) Ethoxymethylenenaaibrle, abs. EtOH, 70—
80 °C, 6 h. 63%; (b) 2M NaOH , EtOH, reflux, 4 B%; (c) conc. HSQ,, rt, 15 min, then NEDH, 41%; (d) 3-
(trifluoromethyl)phenylisocyanate, an. DMF, refli8 h, 28%.

Starting from the above reported 3-substituted zoles 32 and 33, we obtained, by water
elimination in the presence of concentrated sulfuacid, the imidazopyrazole40 and 41,
respectively, which were treated with a little ess®f the suitable substituted phenyl isocyanate in
anhydrous toluene at reflux giving the imidazopgtazl-carboxamides20-23 and 24-27,

respectively (Scheme 6).
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Scheme 6.Synthesis of compound®-27. Reagents and conditions: (a) congS8y, rt, 15 min., then NFOH, 78—
80%; (b) substituted phenylisocyanate, an. toluesflyx, 12-18 h, 27-83%.

2.2 Analysis of the compounds effects on MAPKRA8H signaling pathways in HUVEC

The newly synthesized compounds were tested far #ffects on the activation of MAPK and
PI3K signaling pathways by monitoring p38MAPK, ERRInd Akt phosphorylation induced by
VEGF in HUVEC. Therefore, the compoundsZ7) were dissolved in DMSO and diluted in M199
medium to obtain a final solution at 20uM concetmtra Confluent HUVEC were starved for at
least 4 h to reduce baseline kinase activitiestduke serum in the culture medium. The cells were
then incubated for 10 min with fresh medium contarthe compounds or control DMSO and then
stimulated with VEGF (50 ng/ml) and the indicatenpound for 20 min. Then protein extracts
were prepared and analyzed for phosphorylation 38MAPK, ERK1/2 and Akt by Western
blotting.

2.2.1 Compounds activities monitored with p38MARKgphorylation and SAR considerations

The activity of the compounds on p38MAPK phosphatigh is shown in Fig. 3. The most
representative appearing bands and the relativeitderetric analyses are shown. The results are
expressed as percentage of control of the same (MBGF and DMSO only). Data are
representative of at least two independent expetsnell new compoundsl{27) were able to
interfere with the p38MAPK phosphorylation. Sometbém decreased phosphorylation, others
increased it. In particular, the 4-substituted pgtas (—8) strongly increase phosphorylation, the
most active bein@ (+ 180%) and} (+ 150%). The oxidation of the hydroxyalkyl chai{s8) did

not cause a relevant difference in phosphorylatereasing, therefore suggesting that neither the

hydroxyl function nor the chiral center are impattéor the activity. Conversely the 3-substituted



pyrazoles $-16) generally showed a decrease, the most activegylddirt- 81%),12 (- 61%),13 (-
74%) andl5 (- 70%). Exceptions were observed for compouddsd 14 that strongly increased
p38MAPK phosphorylatioft+ 97% and + 199% respectively).

These results demonstrate that in VEGF-stimulatedEC, the 4-substitutions in pyrazole mainly
interfered with the MAPK signaling pathways leaditogincrease of p38MAPK phosphorylation,
whereas the 3-substitution in pyrazoles led toagkadde of p38MAPK phosphorylation as clearly
evidenced by comparing the isomérand12.

As concerns the more rigid imidazopyrazole deriesti (7-27) the Western blot revealed a
behavior similar to that of pyrazole derivatives.particular, all 7-substituted derivativels/4{19)
strongly increased the p38MAPK phosphorylation ¢0-2300%), more than the flexible analogues
4-substituted pyrazoles This indicates that in Thsubstituted imidazopyrazoles the structure
rigidity may stabilize and improve the increasirifget, as it is clearly evidenced by comparihg
with 4.

The 6-substituted imidazopyrazoleg0{26), as their analogs 3-substituted pyrazoles, shoaved
moderate phosphorylation decrease. In this casentltazopyrazole rigidity rendered them less
potent toward decreasing p38MAPK phosphorylatiome Bnly exception was compoud that
showed a big increase (+ 140%).
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Fig. 3. Representative Western blotting analyses on p38Ki1pRosphorylation. HUVEC were preincubated with the
compounds for 10 min and then stimulated with BGEGF and the compounds for 20 min. DMSO was usexbagol.
The proteins extracted and analyzed by westertifgotrepresentative band of at least two indepenhdgperiments
are reported (A). The densiometric analyses wemge deith ImageJ (B). Tubulin was used as the proteading

control. All compounds affected p38MAPK phosphotigia.

2.2.2 Compounds activities monitored with ERK1/@gpinorylation and SAR considerations

The activity of the compound4+27) on the ERK 1/2 phosphorylation was measured énstime
manner as for p38MAPK (Fig 4). Also in these expemts most of the compounds were able to
interfere with the protein kinases phosphorylatidhe pyrazole serie§—4 globally decreased
ERK1/2 phosphorylation showing higher effect witbnder chains at N1 of the pyrazoles.
Exceptionally, compound was inactive on ERK1/2 phosphorylation. Also tbees9-16 showed

a general decrease of ERK1/2 phosphorylation. ésdlpyrazole series, compourdjst, 9and15
showed the highest decrease (- 59%, - 70%, - 8®7/6, respectively).

The oxidation of the hydroxyalkyl chain did not saua clear influence on this kinase activity, as
two compoundsg and?7) increased ERK1/2 phosphorylation, o8 decreased it, while on&)(
was inactive.

In the imidazopyrazole series, particularly in campds17-19 the activity seems strictly to rely
on the nature of the substituent in position 7ekdi compound?7, bearing a 7-carboxyethyl group,
showed slight decrease of ERK phosphorylation ¢oR@&vhile the 7-piperidine amidES increased
ERK phosphorylation (+ 83%). No activity was obsshwith the 7-amide derivativie8. Of note,

in general the 3-trifluoromethylphenylureas cauaestronger decrease of ERK phosphorylation,
the most active being3 (- 75%), with the only exception @B that strongly increased it.

SAR considerations on ERK and p38 phosphorylatien different showing that our derivatives

may interfere at different upstream levels in th&RK signaling pathways.
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Fig. 4. Representative Western blotting analyses on ERKh@sphorylation. HUVEC were preincubated with the
compounds for 10 min and then stimulated with BERGF and the compounds for 20 min. DMSO was usezbasol.
The proteins extracted and analyzed by westertimdotrepresentative band of at least two independgperiments
are reported (A). The densiometric analyses werrge deith ImageJ (B). Tubulin was used as the proteating
control. Most of the compounds affected ERK1/2 pihasylation.

2.2.3 Compounds activities monitored with Akt phasplation and SAR considerations

All compounds were also analyzed for their inteafere with PI3K signaling pathway in HUVEC
upon VEGF stimulation. Therefore we analyzed teéect on Akt phosphorylation (Fig. 5). In the
first pyrazole seriesl{4) a moderate decrease of Akt phosphorylation wasmed. Compound®
and 4 showed the highest effect (-29% and -37% respdyjivéhis effect seemed to slightly
correlate with the length of the chain in N1, asrsalso for ERK1/2. The oxidation of the alcoholic
group caused an inversion of the activity as cleselen by comparing compoudddecrease) with
its oxidized analogué (increase). Interestingly, among this seriés8] compounds6 and 7,
bearing a 3-fluorophenyl and 4-fluorophenyl ureaiaty respectively, showed the highest Akt

phosphorylation increase (+ 63% and + 96%). lbiadte that the 2-fluorophenyl urea derivatbje



as well as all the others 2-fluorophenyl urea agdes in the other serie$, (13, 20 and24), did
not affect Akt phosphorylation.

The 3-carboxyethyl substituted pyrazo®sl2 showed a poor decrease of Akt phosphorylation
therefore indicating that the movement of the cayethyl group from position 4 (compountiis4)

to position 3 (compound®-12) did not affect type of activity neither poten&xception was the 3-
fluorophenylurea derivativ&0, which showed strong increase (+ 51%). By intradgien position

3 a tert-butyl instead of a carboxyethyl group iese13-16), we obtained more potent inhibitors of
Akt phosphorylation, being compourd® the most activg- 83%). Interestingly, within this series
compoundl14, which is a 3-fluorophenylurea derivative 88 is another exception. Indeet¥4
showed an increase of Akt phosphorylation, whicls @&iso stronger than that of the carboxyethyl
derivative 10. These results demonstrated that the 3-fluoroghessy group determines an
inversion of activity (from decrease to increaseyards Akt phosphorylation, while the tert-butyl
substituent increments anyway the potency in rdspitis the carboxyethyl one.

In the imidazopyrazole serid§—23 we observed an increase of Akt phosphorylatiorpdrticular

by comparing the 3-carboxyethylpyrazole derivatided2 with the analogue 6-carboxyethyl
imidazopyrazolef0-23, we may suppose that the scaffold rigidity is oesible for the activity
inversion (from decrease to increase) and for tmglemented potency of the 3-fluorophenylurea
derivative 21 in respect withl10. Finally, the 6-tert-butyl derivative24-27 showed a different
behavior in respect to the 6-carboxyethyl sefl8s23 but there is not a clear structure activity

relationship.
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Fig. 5. Representative Western blotting analyses on A&sphorylation. HUVEC were preincubated with thecated
compound for 10 min and then stimulated with boBEGF and the compounds for 20 min. DMSO was usexbasol.
The proteins extracted and analyzed by westertimdotrepresentative band of at least two independgperiments
are reported (A). The densiometric analyses werrge deith ImageJ (B). Tubulin was used as the proteading

control. Most of the compounds affected Akt phosptadion.

2.3 Effect of compounds27 on HUVEC migration in the wound healing assay.

As most of the compounds affected MAPK and PI3Khalmg pathways likely through targeting
different mediators, we tested their effect on ehékal cell (HUVEC) migration, a key function
required for angiogenesis.

All compounds were screened using the wound healsgy upon VEGF stimulation.

Therefore, confluent HUVEC were injured with a #éetip to create a scratch that they can heal by
migrating toward the scratched area. The cells waghed with PBS and stimulated with VEGF in
the presence of the indicated compound. The woweds imaged just after VEGF addition and 15
h later with the ImageXpress microscope.

Only compound showed a significant inhibitory effect on the HU¥Enigration (Fig. 6, data are

relative to the control set at 100 %). The compoladd4 also showed trends toward inhibition of



endothelial cell migration, though not significahtaving the same pyrazole core and presenting
similar modulatory profiles on p38MAPK, ERK1/2 aA&KT phosphorylation, this inhibitory effect
indicates that these molecular entities may bekelscof angiogenesis. Other compounds though
strongly altered the phosphorylation of p38MAPK, KER and AKT in endothelial cells
stimulated by VEGF. For example, compourigthat did not block endothelial cell migration and
other derivatives even showed trends toward pranmaif this cellular process. This suggests that
the relationship between activation of these medsabf MAPK and PI3K signaling pathways in
endothelial cells and subsequent migration of thscds more complex than expected. This
definitely demonstrated that the strict inhibitionactivation of p38MAPK, ERK and AKT is not
sufficient to block endothelial cell migration iomtrast to other cells such as neutrophils. Ttes al
suggested that modulation of the activation pasteyhother different mediators of MAPK and
AKT may be a better strategy.
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Figure 6. Representative migration analysis of compodr@7 on wound healing assay. Confluent HUVEC were
injured with a sterile tip to create a scratch atichulated with both VEGF and the compounds, DMS& wsed as
control. The wounds were imaged just after VEGFitamtdand 15h later with the ImageXpress microscofiee area
of the wound at time 0 and after 15 h was calcdlat&h ImageJ. The reported data are relativeltheocontrol set at
100%.

3. Conclusions

We report here design and synthesis of a new srhiathry of pyrazole-ureas and

imidazopyrazolecarboxamides, bearing a charadterifiorophenyl substituent and different
chemical substitution on pyrazole moiey never itigased in our previous studies.

To verify a possible action of these new derivatioa the MAPK and PI3K intracellular pathways
we preliminarily screened them by monitoring ERK138MAPK and Akt phosphorylation by

Western blotting in human umbilical vein endothletiells (HUVEC) stimulated with VEGF.



In general, all tested compounds showed a goodyalnilinterfering with the phosphorylation of
the studied kinases. However, the type of actioim(dation or inhibition of kinases

phosphorylation) was different by considering ekiclases on its own.

SAR considerations evidenced a pivotal role of ¢heboxyethyl position both in pyrazole and
imidazopyrazole scaffold to interfere with the MARgnaling pathways, leading to increase or
decrease p38MAPK phosphorylation. In addition, ome imidazopyrazoles derivatives it is
possible to observe an increase of potency cleatted to the flexibility loss in respect to the
pyrazole analogues.

In the ERK1/2 both the pyrazoles and the imidazapgies generally showed a decrease of
phosphorylation, with few exceptions. A clear rolgphosphorylation decrease was determined by
length of chains at N1 on the pyrazoleg, while in the imidazopyrazole seri@g—19the activity
seems strictly to rely on the nature of the sulbstit in position 7. Of note, in general the 3-
trifluoromethylphenylureas caused a stronger deered ERK phosphorylation.

In Akt phosphorylation main pyrazoles showed a pexnrease of activity. Interstingly, results for
compoundsl0 and 14 demonstrated that the 3-fluorophenylurea grouprdehes an inversion of
activity (from decrease to increase) towards Akbgghorylation, while the tert-butyl substituent
increments anyway the potency in respect with @udaxyethyl one. Increasing activity on Akt
phosphorylation, particularly evident in the 3-fftaphenylurea derivativ@l, was also determined
by flexibility reduction in the imidazopyrazole deatives.

In conclusion, the differently substituted formstioé pyrazoles and imidazopyrazoles did not show
neither the same trends toward increasing or ihhdpi p38MAPK, ERK1/2 and Akt
phosphorylation, nor the same structure-activitgtienship.

This may be explained partially by the crosstaltneen different signaling pathways.

We could also speculate that the compound migbtfere with different numbers of target kinases
upstream of the monitored protein phosphorylatidiowever, altogether our results definitely
showed that some structural features such as:eljyffe of substituent (carboxyethyl or ter-butyl)
and their position (3 or 4) on the pyrazole; 2) tyyge of substitution on phenylurea moiety; 3) the
flexibility loss in the imidazopyrazole derivativesrespect with pyrazoles ones, serve like a $witc
between increasing or decreasing the phosphorglddéieels of p38MAPK, ERK1/2 and Akt and
also determine the activity potency.

Despite their activities on the three kinases, nobshe compounds did not inhibit endothelial cell
migration; in fact the only one that showed a digant inhibition was compoun8 Thus, in a next

follow-up study it will be interesting to investigaits action on pathological angiogenesis and



identify the primary target kinases. This will biefendamental importance also for identification of
eventual unknown mediators of angiogenesis, therebyeiling new therapeutic targets for
controlling pathological angiogenesis in diseaseh ®1s cancer.
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4. Experimental

4.1 Chemistry

Chiminord and Aldrich Chemical, Milan, Italy purcdea all chemicals. Solvents were reagent
grade. Unless otherwise stated, all commercialamt@gvere used without further purification.
Aluminium backed silica gel plates (Merck DC-Alufm Kieselgel 60 F254, Darmstad, Germany),
were used in thin-layer chromatography (TLC) foutnee monitoring the course of reactions.
Detection of spots was made by UV light. Merck csiligel, 230—-400 mesh, was used for
chromatography.

Melting points are not “corrected” and were meaguwgth a Buchi M-560 instrument. IR spectra
were recorded with a Perkin-Elmer 398 spectrophetemH NMR spectra were recorded on a

Varian Gemini 200 (200 MHz) instrument, chemicalftshare reported ad (ppm) relative to



tetramethylsilane (TMS) as internal standard; dgymeere characterized as s (singlet), d (doubtiet),
(triplet), g (quartet), m (multiplet), br s (broadnal); J in Hz. Elemental analyses were deterdhine
with an elemental analyzer EA 1110 (Fison-InstrutsemMilan, Italy) and the purity of all

synthesized compounds was >95%.

4.1.1 General procedure for the synthesis of ethyl(2-hydroxyalkyl)-5-(3-(3-
(trifluoromethyl)phenyl)ureido)-1H-pyrazole-4-carhdatesl—4.

A mixture of the suitable 5-amind-tpyrazole-4-carboxylic acid ethyl este9é—d (10 mmol)
and 3-(trifluoromethyl)phenyl isocyanate (2 g, 1inal) in anhydrous toluene (70 mL) was
refluxed for 6 h. After cooling to room temperatuttee solution was washed with 3 M HCI (2 x 20
mL), with water (10 mL), dried (MgSf( and evaporated under reduced pressure. The crude
crystallized by adding a solution of diethyl etipetioleum ether (b.p. 50-60 °C) (1:1). The white
solids obtained were recrystallized from absolditeol.

41.11 Ethyl 1-(2-hydroxypropyl)-5-(3-(3-(triflummethyl)phenyl)ureido)-1H-pyrazole-4-
carboxylatel. White solid. Yield 41%; mp 160-161 °H-NMR (DMSO-d): & 1.24 (t,J = 7.0,
6H, 2CH), 3.30-3.42 (m, 2H, CH\), 4.08-4.22 (m, 3H, CH¥D e CHOH), 5.20 (br s, 1H, OH
disappears with fD), 6.32 (m, 2H, 2NH, disappear with@®@), 7.30-7.70 (m, 4H, Ar), 7.80 (s, 1H,
H3). IR (KBr): cm' 3430, 3340, 3265 (NH + OH), 1713 (COOEt), 1689 KC&{). Anal.
(C17/H19F3N4Oy) calced for C, H, N.

4.1.2 Synthesis of ethyl 5-amino-1-(2-oxo-2-phehyle1H-pyrazole-4-carboxylatg0.

A solution of sulphur trioxide pyridine complex 74.g, 30 mmol) in DMSO (20 mL) was added
dropwise to a solution of ethyl 5-amino-1-(2-hydye-phenylethyl)-H-pyrazole-4-carboxylate
(29d) (2.75 g, 10 mmol) in DMSO (10 mL) and TEA (9 jnChe reaction mixture was stirred at
20-25 °C for 30 min. Then, 1M HCI solution was adidatil pH 5-6 and the reaction mixture was
poured into water. The solid obtained was filteaed recrystallized from absolute ethanol. White
solid. Yield: 82%; mp: 138-139 °C.*H-NMR (CDCk): & 1.33 (t,J = 7.1,3H, CHy), 4.27 (9,J =
7.1, 2H, CHO), 5.10-5.20 (m, 2H, N}ldisappears with D), 5.48 (s, 2H, CkN), 7.45-7.75 (m,
4H, Ar), 8.02 (m, 1H, H3). IR (KBr): cth3425, 3332 (Nh), 1688 (CO), 1668 (COOE). Anal.
(C14H15N30s) calced for C, H, N.

4.1.3 General procedure for the synthesis of eth{2-oxo-2-phenylethyl)-5-(3-phenylureido)-1H-
pyrazole-4-carboxylates-8.

A mixture of ethyl 5-amino-1-(2-oxo-2-phenylethylld-pyrazole-4-carboxylate3Q) (2.73 g, 10
mmol) and the proper phenyl isocyanates (11 mmo#nhydrous toluene (70 mL) was refluxed for
12 h. After cooling to room temperature, the solutwas extracted with diethyl ether, washed with



3 M HCI (2 x 20 mL), with water (10 mL), dried (M@a) and evaporated under reduced pressure.
The crude crystallized by adding a solution of luyeether/petroleum ether (b.p. 50-60 °C) (1:1).
The white solids obtained were recrystallized fralmsolute ethanol.

4.1.3.1 Ethyl 5-(3-(2-fluorophenyl)ureido)-1-(2-eRephenylethyl)-1H-pyrazole-4-carboxyldie

White solid. Yield 32%; mp: 159-161 °H-NMR (CDCh): & 1.43 (t,J = 7.0,3H, CHs), 4.30 (q,J

= 7.0, 2H, CHO), 5.90 (s, 2H, CpN), 6.90-8.40 (m, 12H, 9Ar + HB 2NH, 2H disappear with
D,0). IR (CHCE): cm* 3020 (NH), 1720-1650 (COOEt + CONH + CO). Anala1f@ioFN4Os)
calcd for C, H, N.

4.1.4 Synthesis @iotassium 1-cyano-3-ethoxy-3-oxoprop-1-en-2-cidte

Diethyl oxalate (0.44 g, 2.9 mmol) was slowly added °C to a solution of potassiurbutoxide
(0.34 g, 3 mmol) in an. THF (27 mL) in the presemtel8-Crown-6 (0.63 g, 2.4 mmol). The
mixture was heated until 60 °C, acetonitrile (0gl3 mmol) was slowly added and the mixture was
heated at 60 °C for 30 min. After cooling to rocemperature a yellow solid was obtained, which

was collected by filtration and used in the follogistep as crude. Yield: 98%. (let. 78% [14]).

4.1.5 Synthesis of ethyl 5-amino-1-(2-hydroxy-2aghethyl)-1H-pyrazole-3-carboxyla@?2.

A mixture of 2-hydrazino-1-phenylethan@8dd) (1.52 g, 10 mmol), potassium 1-cyano-3-ethoxy-3-
oxoprop-1-en-2-olate (1.79 g, 10 mmol) and glaacdtic acid (1 mL) in absolute ethanol (10 mL)
was heated at reflux for 6 h. After cooling to ro@mperature, the solvent was evaporated, and the
residue was dissolved in water and extracted witilil @cetate (3 x 20 mL). The combined organic
phases were then washed with NaHG&. solution (20 mL), brine (20 mL) and twice witlater

(2 x 20 mL), dried (MgSg) and evaporated under reduced pressure. The wasléhen purified by
Silicagel column chromatography using diethyl ethsrthe eluent. White solid. Yield 59%, mp
121-122 °C.*H-NMR (CDCh): & 1.37 (t,J = 7.0, 3H, CH), 3.48 (br s, 3H, Nk + OH, 1H
disappears with fD), 4.10-4.43 (m, 4H, CiNl + CH,0), 5.07-5.20 (m, 1H, CHOH), 6.03 (s, 1H,
H4), 7.24-7.45 (m, 5H, Ar). IR (KBr): cth3484 (OH), 3386, 3306 (N#f 1727 (CO). Anal.
(C14H17N303) caled. for C, H, N.

4.1.6 General procedure for the synthesis of eth{@-hydroxy-2-phenylethyl)-5-(3-phenylureido)-
1H-pyrazole-3-carboxylate®-12.

A mixture of ethyl 5-amino-1-(2-hydroxy-2-phenylgtj 1H-pyrazole-3-carboxylate8@) (2.7 g, 10
mmol) and the suitable phenyl isocyanate (11 mimmainhydrous toluene (30 mL) was refluxed for
6 h. After cooling to room temperature, the whitdédsobtained was filtered and recrystallized from

absolute ethanol.



4.1.6.1 Ethyl 5-(3-(2-fluorophenyl)ureido)-1-(2-mggy-2-phenylethyl)-1H-pyrazole-3-carboxylate
9. White solid. Yield 65%; mp 91-92 °GH-NMR (CDCk): 5 1.21 (t,J = 7.0, 3H, CH), 3.20 (br
s, 1H, OH, disappears with,D), 4.05-4.60 (m, 4H, Cil + CH,0O), 4.95-5.10 (m, 1H, CHOH),
6.78-7.32 (m, 9H, Ar), 7.63-8.70 (m, 3H, H4 + 2NHH disappear with D). IR (CHCE): cm*
3420-3050 (OH + NH), 1735-1690 (COOEt + CONH). Af@$;1H2:FN4O,) calcd for C, H, N.

4.1.7 Synthesis of 2-(5-amino-3-tert-butyl-1H-pwlalk-yl)-1-phenylethand3.
4,4-dimethyl-3-oxopentanenitrile (1.25 g, 10 mmai}d concentrated acetic acid (0.20 mL) were
added to a solution of 2-hydrazino-1-phenylethg@8t) (1.52 g, 10 mmol) in absolute ethanol (20
mL) and the reaction mixture was refluxed for 10The solvent was evaporated under reduced
pressure and a crude solid crystallized by addirsglation of diethyl ether/petroleum ether (b.p
50—60°C) 1/1. Yellow solidYield: 83%; mp: 131-133 °C*H-NMR (DMSO-a): & 1.20 (s, 9H,
3CHg), 3.80-4.00 (m, 2H, Ci¥), 4.80-5.00 (3H, CHOH + Ni12H disappear with D), 5.20 (s,
1H, H4), 5.85 (br s, 1H, OH, disappears witsO), 7.20—7.40 (m, 5H, Ar). IR (CH§! cmi*3500—
3000 (NH + OH). Anal. (GsH21N30) calcd for C, H, N.

4.1.8 General procedure for the synthesis of 1t8-putyl)-1-(2-hydroxy-2-phenylethyl)-1H-
pyrzol-5-yl)-3-phenylurea$3-16.

A mixture of 2-(5-amino-3ert-butyl-1H-pyrazol-1-yl)-1-phenylethanol38) (2.59 g, 10 mmol)
and the suitable phenyl isocyanate (11 mmol) irnyerdus toluene (100 mL) was refluxed for 12 h.
The solvent was evaporated under reduced pressdrtha crude was dissolved in DCM (50 mL),
washed with 3M HCI (2 x 20 mL), water (10 mL), adtiecMgSQ,) and evaporated under reduced
pressure. The solid obtained was crystallized fr@@@M, or, if necessary, purified by
chromatography on Silica gel using a mixture of DICM3;OH (8:2) as eluent.

4.1.8.1 1-(3-(tert-butyl)-1-(2-hydroxy-2-phenyldjpyH-pyrazol-5-yl)-3-(2-fluorophenyl)ureds.
White solid. Yield: 37%; mp: 96—-99 °C'H-NMR (CDCh): & 1.26 (s, 9H, 3CH), 4.08-4.39 (m, 2H,
CHN), 5.03-5.19 (m, 1H, CHOH), 6.17 (s, 1H, H4), 6:8®0 and 8.03-8.20 (2m, 11H, 9Ar +
2NH, 2H disappear with D). IR (CHCE): cm* 3400-3000 (NH + OH), 1708 (CONH). Anal.
(C22H25FN4O») caled for C, H, N.

4.1.9 General procedure for the synthesis of thmepgmindsl7-19.

3-(trifluoromethyl)phenyl isocyanate (1.12 g , 0188, 6 mmol) was added dropwise to a solution
of the proper ethyl 2-phenyl-2,3-dihydrétdimidazo[l,2b]pyrazole B4, 36, 39) (5mmol) in
anhydrous DMF (5 mL) and the reaction mixture waluxed for 18 h. After cooling to room
temperature, the mixture was poured into an icexwhath (50 mL) and 1M HCI solution was

added until pH 5. The solid precipitated was fetgrdried on air and the purity was verified by



TLC. The crude was purified by chromatography olic&igel using diethyl ether as eluent or
recrystallized from absolute ethanol.

4.1.9.1 Ethyl 2-phenyl-1-((3-(trifluoromethyl)plylcarbamoyl)-2,3-dihydro-1H-imidazo[1,2-
b]pyrazole-7-carboxylatd7. White solid. Yield: 36%; mp: 153—-154 °C*H-NMR (CDCkL): & 1.42

(t, J=5.4,3H, CH), 4.20 (near t, 1H, H3), 4.42 (g} = 5.4, 2H, CH), 4.81 (near t, 1H, H2), 6.50
(near t, 1H, H3), 7.20-7.80 (m, 9H, Ar), 7.91 (8, H6), 11.60 (s, 1H, NH, disappears withQ).

IR (CHCL): cm*3214 (NH), 1710-1690 (COOEt + CONH). Anal »§8:4FsN4O5) calcd for C, H,
N.

4.1.9.2 2-Phenyl-N(3-(trifluoromethyl)phenyl)-2,3-dihydro-1H-imidag2-b]pyrazole-1,7-
dicarboxamidel8. White solid. Yield: 28%; mp: 226—227 °C*H-NMR (DMSO-d;): 5 3.72 (near t,
1H, H3), 4.58 (near t, 1H, H2), 5.40 (near t, 1) H.05-7.42 (m, 10H, 9Ar + NH, 1H disappears
with D,0), 7.62 (s,1H, H6). IR (KBr): cth3450, 3223, 2871 (NH+ NH), 1666 (CONH), 1609
(CONH). Anal. (GoH16F3Ns0O,) caled for C, H, N.

4.1.9.3 2-Phenyl-7-(piperidine-1-carbonyl)-N-(3H{troromethyl)phenyl)-2,3-dihydro-1H-
imidazo[1,2-b]pyrazole-1-carboxamidEd. White solid. Yield: 50%; mp: 159-160 °C!H-NMR
(CDCls): 6 1.45-1.80 (mpH, 3CH-pip), 3.71-3.93 (m4H, 2CHN-pip), 4.18 (near t, 1H, H3),
4.78 (near t, 1H, H2), 6.35 (near t, 1H, H3), 7.265 (m, 9H, Ar), 7.90 (s, 1H, H6), 10.90 (s, 1H,
NH, disappears with D). IR (CHCE): cmi* 3020 (NH), 1692 (CONH), 1576 (CON-pip). Anal.
(Ca5H24F3Ns0,) caled for C, H, N.

4.1.10 Synthesis of ethyl 2-phenyl-2,3-dihydro-atittazo[1,2-b]pyrazole-6-carboxylaté0.

Ethyl 5-amino-1-(2-hydroxy-2-phenylethyl}-tpyrazole-3-carboxylate3@) (0.27 g, 1 mmol) was
dissolved in concentrated sulfuric acid (2 mL) at® and the mixture was stored at room
temperature for 15 min. Then, ice-water (50 mL) wdded and the solution was made neutral with
NH4OH solution. The yellow solid obtained was filterecashed with water and recrystallized from
95% ethanol. White solid. Yield: 80%; mp 128-129 *H-NMR (CDCk): & 1.41 (t,J = 7.2, 3H,
CHj3), 4.03 (near t, 1H, H3), 4.40 (4= 7.2, 2H, CHO), 4.61 (near t, 1H, H2), 4.79 (br s, 1H, NH,
disappears with D), 5.38 (near t, 1H, H3), 5.98 (s, 1H, H7), 7.2B274m, 5H, Ar).

IR (KBr): cm*3350-3050 (NH), 1720 (CO). Anal. {f815Ns0,) calcd for C, H, N.

4.1.11 General procedure for the synthesis of ethydarbamoyl-2-phenyl-2,3-dihydro-1H-
imidazo[1,2-b]pyrazole-6-carboxylat@8-23.

A mixture of ethyl 2-phenyl-2,3-dihydroHtimidazo[1,2b]pyrazole-6-carboxylatd0 (2.57 g, 10
mmol) and the suitable phenyl isocyanate (11 mnmoBn. DMF (30 mL) was refluxed for 18 h.
After cooling to room temperature the mixture wasined into ice-water (100 mL) and 1M HCI
solution was added until pH 5. The precipitateddsalas filtered and dissolved in DCM (30 mL).



The solution was washed with 3 M HCI (2 x 20 mwjth water (10 mL), dried (MgS£) and
evaporated under reduced pressure to give a dnatlerystallized by adding diethyl ether.
4.1.11.1 ethyl 1-((2-fluorophenyl)carbamoyl)-2-phed,3-dihydro-1H-imidazo[1,2-b]pyrazole-6-
carboxylate20. White solid. Yield: 64%; mp 192—195 °EH-NMR (CDCk):  1.41 (t,J = 7.2, 3H,
CH3), 4.31 (near t, 1H, H3), 4.40 (4,= 7.2, 2H, CHO), 4.91 (near t, 1H, H2), 5.88 (near t, 1H,
H3), 6.60 (s, 1H, H7), 6.63-8.20 (m, 10H, 9Ar + NH{ disappears with D). IR (CHCE): cm*
3395 (NH), 1720-1690 (COOEt + CONH). Anal{8:9FN4Os) calcd for C, H, N.

4.1.11 Synthesis of 6-tert-butyl-2-phenyl-2,3-drbytH-imidazo[1,2-b]pyrazoldl.
2-(5-amino-3tert-butyl-1H-pyrazol-1-yl)-1-phenylethandB3 (0.26 g, 1 mmol) was dissolved in
concentrated sulfuric acid (2 mL) at 0 °C and th&tune was stored at room temperature for 15
min. Then, ice-water (50 mL) was added and thetsmwas made neutral with NBH solution;
the yellow solid obtained was filtered, washed witliter and recrystallized from 95% ethanol.
Yellow solid. Yield: 78%; mp 110-112°CH-NMR (CDCk): & 1.31 (s, 9H, 3CH), 3.95 (near t,
1H, H3), 4.25 (br s, 1H, NH, disappears witp(D), 4.52 (near t, 1H, H2), 5.22-5.40 (m, 2H, H3 +
H7), 7.22-7.48 (m, 5H, Ar). IR (CH@I cm* 3393 (NH). Anal. (GsH1gN3) calcd for C, H, N.

4.1.12 General procedure for the synthesis of 8-fetyl)-N,2-diphenyl-2,3-dihydro-1H-
imidazo[1,2-b]pyrazole-1-carboxamidd—-27.

A mixture of 6-tert-butyl-2-phenyl-2,3-dihydro-ltimidazo[1,2b]pyrazole41 (2.41 g, 10 mmol)
and the suitable phenylisocyanate (11 mmol) indF (30 mL) was refluxed for 12 h. After
cooling to room temperature, the mixture was poumealice-water (100 mL) and 1 M HCI solution
was added until pH 5. The precipitated solid wdsered and recrystallized from diethyl
ether/petroleum ether (b.p. 50-60°C) (1:1) or pedifby chromatography on Silica gel, using
diethyl ether as eluent.

41.12.1 6-(tert-butyl)-N-(2-fluorophenyl)-2-pher®B-dihydro-1H-imidazo[1,2-b]pyrazole-1-
carboxamide24. White solid. Yield: 64%; mp: 140-143 °CH-NMR (CDCk): & 1.39 (s, 9H,
3CHg), 4.23 (near t, 1H, H3), 4.83 (near t, 1H, H284%(near t, 1H, H3), 5.99 (s, 1H, H7), 6.92—
7.53 (m, 9H, Ar), 8.18 (br s, 1H, NH disappearshviiO). IR (CHCE): cmi* 3020 (NH), 1695
(CONH). Anal. (G2H23FN4O) calcd for C, H, N.

Analytical data for compounds+4, 6-8, 10-12, 14-16, 2123, 25-27 are available as Supporting

Information.



4.2 Biology

4.2.1 Western blotting

HUVEC were seeded in a 6 well plate pre-coated @i#96 of gelatin and Collagen G at 0.1mg/mL
in PBS. The cells were cultured in M199 (GIBCO) glemnented with 10% fetal calf serum, 1%
Endothelial Cell Growth Supplement (EmdMilliporé€),1mg/mL of heparin sodium, 0.1uM of
hydrocortisone (Sigma), 1% antibiotics-glutaminectunie, 0.1% of vitamin C for 48 h to become
confluent. Confluent HUVEC were starved for at tea$ with medium alone before stimulation.
After starvation, the cells were pre-incubated wité indicated compound at 20 uM for 10 min at
37°C and then stimulated with both VEGF at 50 ngénd the compound at 20 uM for 20 min. As
the compounds were dissolved in dimethylsulfoxyld®E0), incubation with DMSO was used as
control to the compounds. Treated cells were wasiretl lysed for protein extraction. Protein
concentration was determined with the MicroB&&rotein Assay Kit (ThermoScientific). Equal
amounts of proteins (30 pg) were subjected to aefgttrophoresis and then transferred to
nitrocellulose blotting membranes. Membranes wéoeked with a blocking buffer made of PBS
containing 5% not-fat dry milk and 0.05% of Tweeh Bembranes were incubated overnight at
4 °C with primary antibodies diluted in the blodfibuffer. The following primary antibodies were
used in this study: rabbit anti-phospho-p38MAPK3®IIAPK) (Cell signaling) used at 1:1000
dilution, rabbit anti-phospho-ERK1/2 (pERK1/2) (Csignaling) at 1:1000 dilution, rabbit anti-
phospho-Akt (pAkt) (Cell signaling) at 1:1000 ditut and mousé-tubuline antibody (Millipore)

at 1:4000 dilution. Membranes were washed threedifor 5 minutes with PBS-Tween 20 0.05%
and incubated at room temperature for 1 h with ddequate secondary antibody. Horseradish
peroxidase (HRP)-coupled goat anti-rabbit antibadg used at dilution of 1:10000 and the HRP-
Goat anti-mouse antibody at 1:3000 dilution. Bo#tandary antibodies were from Jackson
ImmunoResearch. Membranes were washed and the Issigledected using the enhanced
chemioluminescence system (Advansta, WesternBMglirius). Protein band intensities were
guantified with ImageJ and the tubuline intensigswsed to ensure equal loaded protein amounts.
The results were expressed relative to conditiotredtment with VEGF and DMSO serving as
control in the same blot and set at 100%. Datarepeesentative of at least two independent
experiments.

4.2.2 Wound healing assay

HUVEC were seeded in a 96-well plate for 48 h todmee confluent. Once confluent cells were
stained with a green tracker, the 5-chloromethghscein diacetate (CMFDA) at 1:5000 (stock
solution 10 mM) and the cell monolayers were injuvgth a sterile tip to create a scratch. Each
well was washed with PBS to remove detached callsiacubated with both VEGF at 50 ng/mL



and the indicated compound at 20 uM. The woundg weaged just after VEGF addition and 15 h

later with the ImageXpress microscope. The woumrd avere analysed with ImageJ to measure the
colonized area in um [colonized area = (area T-0ahea T 15 h)], which was then represented as a
percentage of migrated cells respect to the cosegblat 100%. Data are representative of at least

three independent experiments done in triplicate.
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Design, synthesis and biological evaluation of new pyrazolyl-ureas and imidazopyrazol-

carboxamides able to interfere with p38MAPK and other kinases involved in tumor cell

migration

Elda Meta, Chiara Brullo, Adama Sdibe, Beat A. Imhof, Olga Bruno

Highlights

New of pyrazolylureas and imidazopyrazolylcarboxamides are reported.
Activity on the phosphorylation of ERK1/2, p38MAPK and Akt in HUVEC cellswas
investigated.

SAR consideration revelead a different trend in increasing or inhibiting p38MAPK, ERK 1/2
and Akt phosphorylation.

Specific substituents in pyrazole nucleus differently interfere with VEGF-induced signaling.
Carboxyethyl subtituent on the pyrazole serve like a switch between increasing or decreasing
the kinase phosphorylation levels.

New compounds might interfere er-angiogenesis-and-with different upstream target kinases
on the MAPK and PI3K pathways.

Compound 3 showed a significant inhibitory effect on endothelial cell migration, akey

function for angiogenesis.



