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Graphical Abstract
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A series of 4-substituted-phenoxy-benzamide devigatbearing an aryl cycloaliphatic amine moietyeveynthesized and evaluated for their
antiproliferative activity. Three compounds weretlier examined for their hedgehog pathway inhihitio
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1. Introduction

The Hedgehog (Hh) protein family, which includesnBo(Shh), Indian (lhh), and Desert (Dhh) hedgehaggulated cell
growth and migration during embryonic developmeh8B]. Activation of the Hh signaling pathway istiated by Shh ligands
bound to its receptor Patched (Ptch), which reBetginhibition of Smoothen (Smo) receptor. Smtvation triggers a series of
intracellular events ultimately leads to specifemg expression mediated by the Gli family transienipfactors[4,5]. Hh signaling
pathway was normally silent in adult tissues, néhadess aberrant activation of the Hh pathway wsso@ated with certain
cancers. Thus, the blockade of Hh pathway had ipeestigated as a novel strategy in cancer chemaylid6,7].

Inhibition of Smo activity has shown some promigetlie treatment of cancers driven by activating atioims of the Hh
pathway [8-10]. Furthermore, several Hh pathwaypgonists have proceeded to clinical developmengngnwhich vismodegib
(1, Fig.1) has obtained marketing authorization ie Wnited States in 2012 [11, 12]. Sonided? Kig.2), a clinical stage Hh
inhibitor developed by Novartiss awaiting for the registration in the U.S. foettreatment of patients with advanced basal cell
carcinoma. Sonidegit?) bearing a morpholinopyridine unit suppresseddgtmvth of Hh pathway-dependent tumors by selective
inhibition of the positive regulator smoothened (51§13, 14]. LEQ506 %a), a second-generation Hh inhibitor, is currentyrig
investigated in a Phase | clinical trial for pateewith solid tumors. SAR studies had demonstrétedeplacement of the benzylic
methylene linker with an oxygen ator8bj was well tolerated, whereas replacement with ahgkbup @c) resulted in a 10-fold
decrease in inhibition of the Hh pathway [15].

Inspired by the structural characteristics of Segid ) and LEQ506 %a), we envisioned that the merging of these two
bioactive components would afford a hybrid struetwith the potential for antiproliferative activitye therefore adopted the
biaryl ether (Part A) active fragment from LEQ5@®&kbg @b) and morpholino pyridine (Part B) unit from Soriite (2) in target
compounds, and a carbonyl group or an amide gragselected as the linker between the two partditiddally, the order of
heteroaryl or aryl cycloaliphatic amine units ire ttarget compounds attaching to the linker wasrsexkebased on the functional
group reversion principle. Eventually, a serieslfubstituted-phenoxy-benzamide derivatives (Fi$l.2) were obtained. In this
paper, the synthesis of these benzamide derivatimsgeported, and their biological activities wevaluated.

2. Experimental

The key intermediatefa-d were synthesized according to the routes outlinegtheme 1. Aryl iodides were synthesized from
aryl amines by a diazotization reaction. The geeerdiazonium salts were iodinated with Kl to go@mpoundsa-d [16]. The
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substituted iodobenzen&a-d were coupled to methylparaben to afford compowgadd, via anN,N-dimethyl glycine-promoted
Ullmann coupling. Compounda-d were further hydrolyzed to compoundsd in excellent yields under reflux [17].

CompoundslOa-f were synthesized according to the routes outlineficheme 2. 2-Chloro-5-nitropyridine was converted
compoundsBa-b in the presence of morpholine or piperidine [T8je resulting nitro compounda-b were reduced to the amino
compoundsda-b using stannous chloride dihydrate and hydrochladi in aqueous ethanol, and then alkalized watthiusn
hydroxide solution [19]7a-d were treated with thionyl chloride to produce tloeresponding acyl chlorid®a-b reacted with acyl
chloride to give the target compourifia-f [20].

Compoundslda-n, 15a-b, 16a-j were synthesized according to the routes outlin€dcheme 3. Compourid was synthesized
from 6-chloronicotinic acidiia an esterification reaction and then converted topmnd12 using a substitution reaction [21].
Compound12 was deprotected to give compoudd under acid conditions [22]. Intermedial® was reacted with the
corresponding acyl chloridega-d to give the target compoundga-d, which were further hydrolyzed to compountisa-b.
Similarly, compound46a-j were obtained by the reaction of the acyl chlofidand various aryl piperazine [23].

General procedure for preparation of target comgsuvas given in the Supporting Information.

3. Resultsand discussion

All the target compoundélOa-f, 14a-d, 15a-b and 16a-j) were evaluated for their antiproliferative adivagainst human
colorectal cancer cell lines (SW620 and HT29), &ohan gastric cancer cell line (MGC803) using th&TMassay with
vismodegib as a positive control. The results esged as half maximal inhibitory concentrations()alues are summarized in
Table 1.

Initially, target compounds were divided into twegions: diaryl ether (Part A), aryl cycloaliphatimine moiety (Part B). In
general, most of them displayed high efficacy in2dTand MGC803 cell lines. At the outset, our foaas on the modifications
of Part A, including the substitutions on the pasition of phenyl. The para-trifluoromethoxy sutosnt 10c (ICso= 1.15
umol/L [HT29], 1G5 = 0.56 umol/L [MGCB803]) showed decent activity, howeverrgpaethoxy and para-chlorine led to a
significant loss of activity {0c vs 10a, 10d or 14a vs 14b, 14d) against MGC803 cells, confirming the beneficiapact of
trifluoromethoxy in the Rposition.

Further investigations focusing on Part B on thepaoliferative activity were performed. On compagilOd with 10f, it was
found that morpholino pyridine surrogates were siopeo piperidyl pyridine surrogates. Through ftinoal group reversion,
pyridyl piperazidine analo@6c (ICso= 4.33umol/L [HT29], 1C5o= 5.35umol/L [MGC803]) was obtained and exhibited moderate
potencies. Addition of a polar methoxycarbonidd, ICso= 2.36umol/L [HT29]) group to pyridine increased the atiwvhile
its hydrolysatel5a lost potency by nearly two-fold. When the pyridyas changed to a pyrimidyllg§b, ICso= 2.14 umol/L
[HT29]), a two-fold increase of activity was obsedv However, the trend did not hold in other angl@s unsubstituted phenyl
piperazidine analogugsj was less potent. Attempts to increase the antiprative activity were made by adding various greu
to the phenyl ring (Part B). It was worth notin@tlthe para-fluorinelgh, I1Cso=2.52umol/L [HT29]) and meta-methoxyl6a,
1C5p=1.95umol/L [HT29]) analogues were much more active tbémer substituted phenyl piperazidine analoguesr&y the
structure-activity relationships (SAR) study rewshlthat the antiproliferative activity & compounds X0a, 10c, 10d) was
comparable to that of the positive control vismal€d) in HT29 and MGC803 cells.

As shown inTable 2, the selected compouritDc, 10d, 16¢c were further tested for their Hh signaling inhitit using a
luciferase reporter assay [24, 25] in NIH3T3 celisrying a stably transfected Gli-reporter const(@WH3T3-Gli-luc reporter
cell line). This assay can effectively identify lgetiog signaling pathway inhibitors. It was sugggsteat compoundOc (ICs=
0.082pumol/L) was less active as compared to the positimetrol vismodegib (1= 0.013umol/L). In addition,10c and 10d
(ICs= 0.127umol/L) showed higher potency thafc (ICs,= 0.364umol/L) in parallel to their antiproliferative acity. Although
the hedgehog pathway inhibition d@c was less potent than that of vismodegib, theseltsesiere encouraging and worthy of
further investigation owing to the large structuwrhénges involved.

Then we examined if compouri@c fit the proposed pharmacophoric model for Hh aotésgs. A conformational analysis was
performed using the Common feature program in tieedvery studio 3.0 software. This analysis wasdooted on the three
compounds covering conformers with a range of 28/kwl with respect to the global minimum that wesed in building the
best pharmacophoric model. According to this, the Energy conformers of vismodegib),( sonidegib 2) and LEQ506 3a)
showed a very similar orientation and fulfilled #ié pharmacophoric features of the model.

This model was built up by two hydrogen bond acaefitiBA1-2) groups and two hydrophobic (HY1-2) mgs. Fitting of
vismodegib {), sonidegib 2) and LEQ506 3a) to the pharmacophoric model was shown in Fig. BAalysis of the superposition
pattern of10c showed a good fit between the molecule and thenpeophoric model (Fig. 3B). For instance, the oagth
oxygen in the amide moiety of compoud@c matched HBA1, and the oxygen atom in the morplkeolnoiety (Part B)
corresponded to the HBA2 feature of the model. Moee, the two phenyl rings in the diaryl ether ntpi¢Part A) were
superimposed to the hydrophobic regions HY1 and Hé&f2ectly.

4, Conclusion

In summary, a series of novel and distinctive 4ssitdted-phenoxy-benzamide analogues were syntieesind characterized.
Furthermore, three human cancer cell lines wereal useevaluate their antiproliferative activity; tmeajority of analogues
exhibited moderate activity and high selectivityHi29 and MGC803 cell lines. In particular, the mpsomising compoundOc
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(Hh pathway inhibition 16, = 0.082umol/L) displayed desirable antiproliferative actyiwith 1Cso values of 1.15umol/L and
0.56 umol/L against HT29 and MGCB803 cell lines, respeativ The analysis of SAR indicated that compound \a para-
trifluoromethoxyl group on Part A were more potéiman those with other substituents. In additiore thorpholino pyridine
fragment in Part B exhibited higher efficacy as paned to the aryl piperazidine fragment. Furthercstiral optimization studies
are presently in progress and will be reporteduia cburse.
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Table 1 In vitro cell growth inhibition by the target compounds aigmodegib I).

ICso (umol/L) + SD& ICso (umol/L) + SD&

Compd. SW620 HT29 MGceos. C°™PY —swe20 HT29 MGC803
10a 26.76 356 187022 236035 150  26.07+3.64 1620+460 13.20%243
10b 794941028 2.82+0.73 3.08+0.6 16a 12.56+2.87 195+0.62 2.91+0.57
10¢ 724+0.80 1.15+024 056+0.11 16b  10.71+1.98 214+049 2.63+0.61
10d 2319+303 153+0.50 177+0.48  16c  19.08+3.62 433+165 535+ 1.40
10e >100 441+135 382+1.0. 16d 4658+7.41 1458+3.81 10.84+2.59
10f 48.49+6.17 345+028 280+09 16e  2034+353 826+227 6.27+0.82
14a 1485+3.12 236+096 3.16+08 16f 72.35+9.60 3493+654 33.21+588
14b 1596+425 388+1.05 553+1.6 16 65.62+9.75 26.31+4.82 38.54+576
14c >100 16.20+4.65 2065+2.9 16h  14.27+2.82 252+0.71 3.43+0.94
14d 510+121 1174+303 998+178 161 51.83+836 13.27+2.37 14.18+252
15a 57.31+865 500+1.07 919+132 16  32.95+451 26.08+4.12 25.36+3.35

Vismodegil  10.92 +2.76 1.08+0.16 2.39+0.17

Bold values show the Wgvalues of target compounds lower than the valfiédseopositive control.

#]Csp: concentration of the compounghfol/L) producing 50% cell growth inhibition afteB4 of drug exposure, as determined by the MTTyagach experiment was
carried out in triplicate.

PUsed as a positive control.

Table 2 The hedgehog pathway inhibition of compouid, 10d, 16c and vismodegibl).

Compd. NIH3T3-Gli-luc 1Go (umol/L)?
10c 0.082
10d 0.127
16¢ 0.364
vismodegils 0.013

#The values are an average of triplicate sepaetrminations.
b Used as a positive control.

(A) HBAI (B) HBAI
HBA2 HBA2
N5 N
- «A%.Z*-
o
HY1
HY2 HY2

Fig. 3 A. Pharmacophore models for vismodegib, sonidegiblZ&£Q506. Graphical representation of vismodepgihK), sonidegib (blue), LEQ506 (yellow)
fitted to the proposed pharmacophoric model forgeddg antagonists. Pharmacophoric features areaadied: green for hydrogen bond acceptor groups
(HBA1-2) and cyan for hydrophobic regions (HY1-BBA features are constituted by a smaller spheceramodating the hydrogen bond acceptor group, by a
directionality vector represented by an arrow, bpa larger sphere intended to allocate the hydrdgad donor group of the target macromolecule. B.
Pharmacophore model f@@c. The atoms are color coded: Orange, carbon; whyrogen; red, oxygen; blue, nitrogen
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