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Abstract. Small series of acylguanidine and acylthioureavdérves were synthesized in gram-
scale and assayed for their ability to modulateHhesignalling pathway. In vitro studies showed
a low micromolar inhibitory activity toward tumorekt lines, while the oral administration
revealed an excellent ADME profile in vivo. Compdusiemerged as the most active and safe
inhibitor of colon cancer cells both in vitro anda xenograft mouse model. Based on these data,

5 could be prioritized to further development witte {perspective of clinical studies.

Keywords: Hedgehog inhibitor; in vivo pharmacokinetics; granale synthesis; ADME-Tox;
LS180 xenograft; acylguanidine.



1. Introduction*

The Hedgehog (Hh) signalling pathway, which is\actn early embryonic development, plays a
pivotal role in regulation of cell proliferation dndifferentiation, by controlling the correct
maturation of developing tissues [1, B] adulthood, Hh signalling is active in early peogor
cells, whereas aberrant activation of the Hh payhigaassociated with the development of
malignant transformation in a variety of human @sed3]. The pathway can be stimulated by
three ligands: Sonic Hedgehog (Shh), Indian Hedgebhad Desert Hedgehog. When one of
these ligands binds to Patched (Ptch), a 12-passritrembrane protein that functions as a
repressor of the pathway, the inhibition of the dstkeam transmembrane receptor Smoothened
(Smo) by Ptch itself is relieved. Activated Smdum initiates a downstream signalling cascade
leading to the activation of Gli transcription fad (Gli-1, -2, -3). They translocate into the
nucleus and induce transcription of Gli target germuch asGli-1 itself, Ptchl (the gene
encoding the Hh-interacting proteifd¢l2, D-type cyclinsc-Myc SnailandBMI1, all having a
pro-tumorigenic role [4] Ligand-independent mechanisms can also be redpenfor the
constitutive Hh pathway activity in cancers. Ligandependent constitutive activation of the
Hh pathway, found in basal cell carcinoma (BCC) ametulloblastoma, is characterized by the
presence of somatic mutationsRichl, Smoor SUFU genes [5]. On the other hand, the ligand-
dependent activation observed in a wide range io¢ea including melanoma, pancreatic, lung,
breast, renal, and colorectal cancers [1, 3], $0@ated with elevated production of Hh ligands
by tumor or stromal cells [2]. In all cases, théivaated Hh signalling leads to increased cell
proliferation and neoplastic transformation.

Anticancer therapy based on the inhibition of Hgnailing has been clinically validated with
two new drugs approved by FDA in 2012 and 20153Hertreatment of adult BCC [6, 7]: GDC-
0449 (vismodegib, Erivedge™ by RocHe Figure 1) [8] and NVP-LDE225 (erismodegib, also
known as sonidegib, Odom2b by Novartis,2) [9]. Both of them are Smo inhibitors, act by
direct interaction with the protein, and share mown diaryl carboxamide chemical scaffold.

'Abbreviations: Hh, Hedgehog; Shh, Sonic Hedgehadh,FPatched; Smo, Smoothened; BCC,
basal cell carcinoma; PE, petroleum ether; SREpdwdamine B; Shh-CM, Shh-conditioned
media; TV, tumor volume; TUI, tumor volume inhiloiti; BWL, body weight loss; HBSS,
Hank’s balanced salt solution; RLU, Relative Lightit; ALP, alkaline phosphatase; SAG, Smo
agonist; MW, microwave; 7-ETC, 7-ethoxy coumarinlj, @lioma-associated oncogene; I/E,
influx/efflux.
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GDC-0449, vismodegib (Erived§), 1 erismodegib, sonidegib (Odoni2§), 2

Figure 1. FDA-approved Smo antagonists.

Compoundl is a small Smo antagonisible to block intracellular signalling pathway upon
binding to Smo, thus resulting in inhibition @li-1 and down-modulation of related target
genes. Because the activated Hh pathway found i@ BGhared with other types of tumatss
currently under investigation in 61 active and ctetgd clinical trials targeting
medulloblastoma, chondrosarcoma, pancreatic, stellitung, gastric cancer and colorectal
cancer [10, 11]

In a similar way,2 is involved in 28 active and completed clinicahls for prostatic, ovarian,
pancreatic, breast, and esofageal cancer, as sveledulloblastoma and other tumors [11].
Moreover, there are currently three additional Simtwbitors in clinical trials (namely, PF-
04449913, LY2940680, and itraconazole) [11]. Extengre-clinical investigations are ongoing
worldwide on Smo because it is recognized as acpéatly appealing target for its central role
in the regulation of the Hh signalling pathway dod its easy accessibility on the tumor cell
surface [12]. Unfortunately, cell lines that exhitiie presence of Smo variants and are resistant
to 1 already appeared [13-15]. In this context, altho@gseems to represent an effective
alternative treatment tb in resistant tumors, new additional small moleswéle to modulate
the Hh pathway are urgently needed.

Our research group is strongly involved in the cleaf novel inhibitors of the Hh pathway [16-
23] and/or Smo agonists [24, 25]. In this paperstvaw that preliminary in vitro experiments on
acylguanidine and acylthiourea Smo inhibitors, Bgsized at lab scale, allowed us to identify
four candidates (Table 1) that were then preparedlarger scale (5-7 g) for further
pharmacological characterization. An ADME-Tox studgs then performed to evaluate their
drug-likeness, followed by an in vivo pharmacokioeprofiling and administration in a
xenograft colon cancer mouse model. Following asital medicinal chemistry approach, the
overall experimental protocol was applied to evalhuprioritize one or more compounds to
access clinical trials. Three of these compoundmély, 3-5) belong to the acylguanidine class
previously disclosed [16, 17, 21], whitds a new acylthiourea derivative. They have a comm

3,4,5-trimethoxybenzoyl terminal fragment (thereafieferred to as region A, Figure 2), and an
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acylguanidine or an acylthiourea moiety as the quoeion linked to a second terminal aryl
carboxamide fragment (region B).

The acylthioure#® and its corresponding acylguanidine analoguweere specifically selected to
investigate the influence of the core portion onMP properties and in vivo activity. Moreover,
for a better understanding of the impact of theoriloe atom on the biological profile, the
unsubstituted analogukewas also selected. Finally, previous results okdenia and melanoma
cells showed a remarkable in vitro [17, 18] andviwo activity [19] of 5 (the guanidine
derivative bearing a phenylethyl group in 4 positiof the region B), thus prompting us to

include this compound in our present investigation.

Figure 2. General structure of the studied compounds.

Table 1. Selected compounds tested as putative Smo intsbito

1,1 O
BeSaaats!
H H H
MeO R
OMe ST81153: X = NH-HCI, R =pF-Ph
ST81174: X = NH-HCI, R = Ph

ST81165: X = NH-HCI, R = -(CH),-Ph
ST81136: X =S, R =pF-Ph

Experimental results presented here confirm thatpmunds with an acylguanidine core are
more active than the corresponding acylthiouredogonas (compar& with 6), and a flexible
molecular edge as mis preferred to a rigid biphenyl moiety. Overé&liemerges as the best lead
candidate among test compounds and deserves fudévelopment efforts as a new oral Hh
inhibitor.

2. Materials and Methods

2.1. Chemistry

All reagents were used as purchased from commesagapliers without further purification.
Reactions were carried out in oven-dried or flamesisels. Solvents were dried and purified by
conventional methods prior use. All MW-assistecctieas were performed in a CEM Discover
microwave oven equipped with a 35 mL tube for reast under pressure and an external IR
sensor to detect the reaction temperature duriagrtadiation (CEM Corporation, Cologno al
Serio, ltaly). Flash column chromatography was qrenked with Aldrich silica gel 60, 0.040-
0.063 mm (230-400 mesh). Aldrich aluminum backedtqd pre-coated with silica gel 60

(UVv254) were used for analytical thin layer chroomaaphy and were visualized by staining
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with a KMnQ,, Pancaldi, or ninidrine solution. NMR spectra wezeorded at 25 °C and 400 or
300 MHz for'H and 100 or 75 MHz fo*C. The solvent is specified for each spectrum.t@mi
patterns are designated as s, singlet; d, doublétiplet; g, quartet; m, multiplet; br, broad.
Chemical shiftsq) are given in ppm relative to the resonance af tlespective residual solvent
peaks. High and low resolution mass spectrosco@tyses were recorded by electrospray
ionization.

Synthesis of (E)-4-styrylbenzoic adi@l To a solution of 4-iodobenzoic acid1.5 g, 6 mmol, 1
equiv) and styren8 (2.7 mL, 24 mmol, 4 equiv) in DMF (10 mL9, (39 mg, 0.06 mmol, 0.01
equiv) and BN (1.2 mL, 8.4 mmol, 1.4 equiv) were added. Thectiea mixture was irradiated
with MW in open vessel conditions, at 110 °C for@h (maximum power 150 W). Compound
8 (0.67 mL x 2, 6 mmol x 2, 1 equiv x 2) was addad the reaction was irradiated with MW in
the same conditions twice. Water (50 mL) was adtt@idwed by 1N HCI until pH 2. The white
precipitate formed was filtered over Buchner, waghwith HO (50 mL) and petroleum ether
(PE, 2 x 50 mL). The pale rose solid obtained ).5was purified by flash chromatography
using CHCHCHsOH (9:1) as the eluent thus leading to a whiteds(li1 g) in 82% vyield'H
NMR (400 MHz, DMSO€) 6 12.75 (bs, 1H), 7.96 (d, = 8 Hz, 2H), 7.72 (dJ = 8 Hz, 2H),
7.64 (d,J = 7.6 Hz, 2H), 7.45-7.26 (m, 11HJC NMR (100 MHz, DMSQsdg) & 131.41, 130.21,
129.23, 128.63, 127.77, 127.27, 126.92. ES-MS:[RR3H] .

Synthesis of (E)-4-styrylbenzoyl chloridé. The acid10 (3 g, 13.4 mmol, 1 equiv) was
dissolved in CHCI, (220 mL), and oxalyl chloride (5.6 mL, 67 mmolg§uiv) and DMF (730
pL) were added. The reaction mixture was stirred &r 3 h. The solvent was removed under
reduced pressure and the solid obtained was direstd for the next step without further
purification and characterization.

General procedure for the synthesis of nitro detixess 13 and 17a-b. The proper acylchloride
(11 or 16a-b, 9.2 mmol, 1.2 equiv) was dissolved in dry £ (50 mL) and the solution was
cooled down to 0 °C. 2-Methyl-5-nitro anilid& (1.17 g, 7.7 mmol, 1 equiv) and pyridine (1.2
mL, 15.4 mmol, 2 equiv) were added. After 10 mirg teaction mixture was heated up to rt and
stirred overnight under NAfter dilution with CHCl, (50 mL), the reaction mixture was washed
with 1N HCI (3 x 30 mL), a saturated solution ofH&O; (3 x 30 mL), and brine (2 x 30 mL).
The organic phase was dried over dry3{@, and, after filtration and evaporation under reduce
pressure, the crude product was purified by fldsbrmmatography.

General procedure for the synthesisldfand 18a-b. To a solution ofLt3 or 17a-b (5 mmol, 1
equiv) in MeOH (30 mL), Pd/C 5% (0.2 mmol, 0.05 ejuwvas added under 2N After 3

N./vacuum cycles, the reaction mixture was stirred ahder H overnight. The suspension was



filtered over a Celite pad and washed with MeOE &) mL). The solvent was removed under
reduced pressure and the product directly usedwitturther purification.

General procedure for the synthesis1af and 19a-b. To solution of the proper anilind4 or
18a-b, 4.1 mmol, 1 equiv) in MeOH (2.5 mL), a 10% HCliwg®mn in MeOH (7.5 mL) was
added. The mixture was stirred at rt underoMernight. The precipitate formed during the night
was directly used without further purification acttaracterization.

Synthesis of  4’-fluoro-N-(2-methyl-5-(3-(3,4,5-tethoxybenzoyl)thioureido)phenyl)-[1,1’-
biphenyl]-4-carboxamideg). 3,4,5-Trimethoxybenzoythloride20 (2.4 g, 10.4 mmol, 1 equiv)
was dissolved in dry acetone (200 mL) and,8EN (858 mg, 11.2 mmol, 1.2 equiv) was added.
The suspension obtained was stirred at reflux for &d18b (3 g, 9.4 mmol, 1 equiv) was
added. The reaction mixture was refluxed for adddi 3 h under Nand directly poured into a
backer previously filled with ice. The solid formeas filtered in a Bichner funnel and washed
with HO (2 x 40 mL), and PE (2 x 40 mL). The solid wasafiy purified by flash
chromatography (AcOEt/PE: 4:1) obtaining a paldoyelsolid in 67% vyield.'"H NMR (400
MHz, CDCk) 6 12.54 (bs, 1H), 9.05 (bs, 1H), 8.32 (ds; 2.2 Hz, 1H), 7.93 (d] = 8.0 Hz, 2H),
7.78 (s, 1H), 7.63 (0} = 7.9 Hz, 2H), 7.57-7.54 (m, 2H), 7.47, 7.46 (@ds 8.2 Hz,J, = 2.2 Hz,
1H), 7.25 (s, 1H), 7.12 (§,= 8.5 Hz, 2H), 7.05 (s, 2H), 3.91 (s, 9H), 2.323(d). *C NMR (100
MHz, DMSO, &) ¢ = 179.1, 167.5, 1656.1, 160.5, 152.8, 142.5, 14136.7, 135.6, 135.5,
133.1, 131.7, 130.3, 129.0, 128.9, 128.8, 126.8,012121.8, 116.0, 115.9, 115.7, 106.4, 60.2,
56.2, 17.6. Mp: 215-217 °C. Elemental analysis@giH,sFN3OsS calc.: C, 64.91; H, 4.92; F,
3.31; N, 7.33; O, 13.95; S, 5.59; found: C, 641944.94; N, 7.32; S, 5.55.

Synthesis of N-cyano-3,4,5-trimethoxybenzantide 3,4,5-Trimethoxybenzoylchloride 20
(0.026 mol, 1 equiv) was suspended in(E{30 mL), and a solution of NN@N (0.026 mol, 1
equiv) in 10% aqueous NaOH (26 mL) was added &.0rhe reaction mixture was stirred at rt
for 1 h, then cooled down to 0 °C, and 1N HCI wddeal until pH 2. The white solid obtained
was dissolved in AcOEt at reflux, then PE was add#d full precipitation. After filtration over
Biichner and washing with PE, a white solid wasiabth*H NMR (400 MHz, CROD) & 7.21

(s, 2H); 3.87 (s, 6H), 3.81 (s, 3H). 222 [M +'HWolecular formula ¢H;:N»04. Yield 75%.
General procedure for the synthesis of acylguamgli5. The aniline hydrochlorid&5 or 19a-

b (13.5 mmol, 1 equiv) was dissolved in toluene (800) in the presence &1 (5.2 g, 14.9
mmol, 1.2 equiv). The reaction mixture was stira¢deflux overnight. The solvent was removed
under vacuum and the solid obtained was dissolmeMaeOH (35 mL), then a 10% HCI in
MeOH solution (30 mL) was added. The mixture wasest at rt under Bovernight to yield the
final compounds-5.



4'-Fluoro-N-(2-methyl-5-(3-(3,4,5-trimethoxybenzgulanidino)phenyl)biphenyl-4-

carboxamide, HC(3). *H NMR (400 MHz, DMSO-g) & 12.40 (bs, 1H), 11.52 (bs, 1H), 10.05
(s, 1H), 9.47 (bs, 1H), 9.43 (bs, 1H), 8.95 (bs),18410 (d,J = 6.4 Hz, 2H), 7.85-7.80 (m, 4H),
7.60 (s, 1H), 7.55-7.45 (m, 2 H), 7.45-7.24 (m, 48192 (s, 6 H), 3.79 (s, 3H), 2.34 (s, 3L
NMR (75 MHz, DMSO, ¢) 6 176.4, 165.6, 164.7, 161.5, 159.9, 153.1, 14249.8, 137.4,
136.4, 134.8, 133.9, 131.1, 129.8, 129.7, 129.8,212127.4,120.2, 120.1, 116.8, 116.5, 106.7,
60.8, 56.4. Mp: 240-245 °C. Elemental analysisGeiH3:CIFN4Os calcd.: C, 62.78; H, 5.10; Cl,
5.98; F, 3.20; N, 9.45; O, 13.49; found: C, 62H45.05; N, 9.47. Yield 82%.
N-(2-Methyl-5-(3-(3,4,5-trimethoxybenzoyl)guanigpizenyl)biphenyl-4-carboxamide, HGA):
'H-NMR (400 MHz, DMSO, ¢) & = 9.18 (bs, 1 H), 9.00 (bs, 1H), 8.06 (bs, 2H3077.10 (m,
14H), 3.70 (s, 6H), 3.68 (s, 3H), 2.77 (s, 3 HE NMR (100 MHz, DMSO, ¢ & 176.0, 168.2,
165.0, 160.0, 156.5, 150.0, 146.3, 139.0, 137.3,113.31.8, 131.4, 131.0, 128.9, 128.6, 127.1,
127.0, 126.4, 123.5, 121.0, 119.3, 118.5, 116.03,686.0, 34.9. Mp: 250-255 °C. Elemental
analysis for GH3:CIN4Os calcd.: C, 64.75; H, 5.43; Cl, 6.16; N, 9.74; 3.9, found: C,
64.72; H, 5.40; N, 9.79. Yield 92%.

3,4,5-trimethoxy-N-(N-(4-methyl-3-(4-phenethylbenizi) phenyl)carbamimidoyl)benzamide,
HCI (5): *H NMR (400 MHz, Methanotl,) & 12.31 (bs, 1H), 11.46 (bs, 1H), 9.90 (bs, 1H)39.4
(bs, 1H), 8.95 (bs, 1H), 7.92 (s, 1H), 7.75Jd; 8.0 Hz, 2H), 7.67 (s, 1H), 7.26 (s, 1H), 7.24 (t
J=7.6 Hz, 2H)—+ . . . . . .
2.0 Hz 4H) 222 (s 3HJC NMR (101 MHz, Methanot) & 176.35, 165.47, 159.01, 146.00,
140.59, 140.31, 136.35, 134.35, 134.78, 132.85,513131.23, 131.23, 128.56, 126.01, 127.48,
126.84, 125.71, 120.62, 118.85, 105.54, 60.41,3%533.21, 36.98, 16.94. ES-MS: 567 [M +
H]*, 589 [M + NaJ. Mp: 118-120 °C. Elemental analysis fogs835CIN4Os calcd.: C, 65.72; H,
5.85; ClI, 5.88; N, 9.29; O, 13.26; found: C, 65.455.82; N, 9.31. Yield 87%.

2.2. Biology

2.2.1. Drugs.For in vitro experiments, 10 mM stock solutioos1 and 3-6 were prepared in
DMSO and stored at -20 °C until use. For oral adstviation, the compounds were dissolved in
a solutol HS15:water mixture (1:20, v/v) and dalectin a volume of 10 mL/kg.

2.2.2. Cell lines and cell cultures.S180 (human colon adenocarcinoma), HT1080 (human
fiborosarcoma) and C3H10T1/2 (Clone 8) (mouse enticydibroblast) cells were purchased
from ATCC. All cells were routinely cultured in tineappropriate growth medium and
maintained in a humidified atmosphere with 5%,@D37 °C. All experiments were performed



starting from frozen cells. Upon thawing, cells ev@haracterized in house by assessing cell
morphology, cell growth kinetics curve, and absentemycoplasma. The human cell lines
purchased from accredited biological resource cenfee. ATCC) have been originally
authenticated and characterized directly by theigess (short tandem repeats profiling). All the
experiments have been then performed using cetlsirwt-8 passages (in the case of human
tumor cell lines) or 2 passages (in the case of X0AH/2 cells) since thawing from an internal
cell bank.

2.2.3. Gli-luciferase reporter assaghh-Light Il cells, stably incorporating the Glielueporter
and the prL-TKRenilla reniformiscontrol sequences, were seeded in three 96-waikplat a
density of 4-10 cells/well. Four days later, they were washed onmdith PBS (calcium-
magnesium free) and incubated for 30 h in 0.5% EBfplemented medium containing the
reference agonist SAG (100 nM), in the presencenoithe absence of test compounds (at
different concentrations, ranging from 1 to 1000@)n After incubation, the medium was
removed and plates were sealed and frozen at -88 ¥€w days later, plates were thawed and
firefly luciferase (expressed under control of a-1@8sponsive promoter) aridenilla luciferase
(expressed under control of a constitutive pron)oteare measured by means of the Dual-Glo
Luciferase Assay System (Promega, Madison, Wlipmlteg to the manufacturer’s instructions,
using a microplate reader (Victor2, Perkin EIm&grcentage of inhibition of the SAG-induced
Gli-dependent luciferase activity was ultimatelylcodated with respect to DMSO-treated
(control) cells and values were plotted using GRgzh Prism (version 5.02) to determine the
ICs0 = SE values. The compounds did not modify sigatiity theRenillaactivity at 10 puM.

2.2.4. Alkaline phosphatase (ALP)-based cell dffiéiation assayA well-suited ALP assay,
enabling to assess the effect of putative Smo itdngon differentiation of the mesenchymal
pluripotent C3H10T1/2 cells into osteoblasts, wasds C3H10T1/2 cells were seeded into 96-
well plates (3-1Dcells/well) in complete growth medium. Twenty-folarlater, medium was
replaced by one supplemented with 2% FBS and aontaD.1 uM SAG as cell differentiation
inducer, in the presence or the absence of inergagincentrations of test compounds. Cells
were incubated for additional 6 days, then washex avith PBS and lysed by means of a buffer
solution (0.1% Triton-X 100, in 150 mM NaCl and B0 Tris-HCI, pH 9.5). ALP activity (that

is a typical osteoblast marker) was ultimately difigal by adding 10 pL of cell lysates to 50 pL
of the CDP-Star chemiluminescence substrate withp&iee-1l Enhancer (molecular probes -
Thermo Fisher Scientific), and measuring the resglichemiluminescence by means of a

multiplate reader. Results were expressed, aftanal@ation with respect to protein content of



cell lysates, as percent residual ALP activity cameg to cells induced only by SAG. Data were
finally plotted and the 165 = SE values were calculated using GraphPad Pstware.

2.2.5. Proliferation assayAntiproliferative activity was assessed on two harhamor cell lines:
LS180 (colon adenocarcinoma) and HT1080 (fibrosaejo Cells were seeded in triplicate in
96-well tissue culture plates in complete mediund 24 h after seeding they were exposed to
increasing concentrations of the test compounds/®oh. Inhibition of cell proliferation was
ultimately assessed by the sulforhodamine B (SRBay The drug potency was evaluated by
GraphPad Prism software (version 5.02) and defeeedG, (drug concentration required for
50% inhibition of cell survival) £ SE values.

2.2.6.To evaluate possible off-target effedidhas been recently characterized for its activity o

a panel of 45 kinases (the Express Diversity Kindegfile, a45 kinase activity-based assay

utilizing TR-FRET technology, provided by EurofiRbarma Discovery Services).

2.2.7. Ethics statementn vivo studies were performed in accordance whb tDirective
2010/63/UE” on the protection of animals used foestific purposes, made effective in Italy by
the Legislative Decree 4 March 2014, n. 26, andyappthe principles of 3Rs (namely, replace,
reduce, refine). Mice were purchased at Harlan tatboes (Udine, Italy). All procedures
performed on the animals were approved by Animalfae Body and authorized by the Italian
Ministry of Health, 46/2014-PR. At the end of tlreatment period and before necropsy, mice
were euthanized by compressed Qfas in cylinder as indicated in the American \iegay
Medical Association Panel on Euthanasia and aaegrth the United Kingdom Co-ordinating
Committee on Cancer Research guidelines (UKCCR)1998

2.2.8. In vivo xenograft modelg vivo experiments on solid tumor models were iedrrout
using 5-6 week-old female athymic nude mice (Hatlaboratories). Mice were maintained in
laminar flow rooms with constant temperature anchigity according to the NIH guidelines.
The human tumor xenograft model LS180 (derived froatlon carcinoma) was used for
antitumor activity study. Exponentially growing tomcells were s.c. inoculated (5°4fiouse)

in the right flank of mice. Groups of eight mice fsach experimental group were employed to
assess antitumor activity. Drug treatments stateldys after tumor injection. The compounds
were given daily for five dayger week for 2 weeks. Tumor growth was followed by
measurement of tumor diameter with a Vernier calijaimor volume (TV) was calculated
using the formula: TV (mM = [d®D]/2, where d and D are the shortest and the kinge
diameter, respectively. The efficacy of the drugatment was assessed as: TV inhibition
percentage (TVI%) in treated versus control miacuated as: TVI% = 100 — (mean TV
treated/mean TV control - 100). When tumors reachedlume of about 1200 nipmice were
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sacrificed by cervical dislocation. To examine fiassible toxicity of treatment, body weight
was recorded throughout the study.

2.2.9. P-glycoprotein 1 assayo evaluate the interaction with P-glycoprotein R-gp), the
luminescent P-gp-GloTM ATP-ase Assay (Promega) wgasl with recombinant human P-gp in
a cell membrane fraction. The assay was carriedroquadrupled 96-well plate, according to
assay'’s instruction. Hh inhibitors (10 uM) weretéglsin comparison to the reference compound
verapamil (200 pM). The values were expressed asuamof ATP consumed and fold
stimulation.

2.2.10. Caco-2 permeability ass&yaco-2 cell line derived from a human colorectaticeoma
were used. Caco-2 cells (ATCC) were cultured foda@s in DMEM, media was changed every
two or three days. The cells were used betweenagasaumbers 40-60 and seeded on to
Millipore Multiscreen Caco-2 plates (1-1€ells/cnf). On day 20, the monolayers were prepared
by rinsing both basolateral and apical surfaceseéwiith Hank’s Balanced Salt Solution (HBSS)
at 37 °C. Cells were then incubated with HBSS (sjphere of 5% C@with a relative humidity

of 95% at 37 °C) in both apical and basolateral mamments for 40 min to stabilize
physiological parameters. HBSS was then removeua fitee apical compartment and replaced
with test compound solutions for apical to basolt€A-B) permeability assessment. The
fluorescent integrity marker lucifer yellow was @lscluded in the testing solution. Analytical
standards were made from testing solutions. Theahpgompartment inserts were then placed
into companion plates containing fresh HBSS. Fosolmeral to apical (B-A) permeability
determination, the experiment was initiated by aejlg buffer in the inserts, then placing them
in companion plates containing dosing solutionse tdmpanion plate was removed at 120 min,
and apical and basolateral samples were dilute@riatysis. Test compound permeability was
assessed in duplicate. The A-B and B-A permealitligfficient for each compound (Papp) and
the influx/efflux ratio (I/E ratio) were calculate@ompounds of known permeability were run as
controls on each plate. The Papp A-B and B-A vabfdest compounds were compared to those
of control compounds atenolol and propranolol whielve human absorption of approximately
50 and 90%, respectively. The MS/MS analysis for irthibitors resulted in 573.25, 556.27,
538.28, and 566.32 amu f8r 4, 5, and6, respectively, with positive ionization and cathis
energy of 40 eV fo6 and 30 eV for the other compounds.

2.2.11. CYRy isoforms assayTo investigate the potential drug-drug interacto@pabilities of
the compounds, the effects of the drugs on CYP1BZP2C9, CYP2C19, CYP2D6, and
CYP3A4 activity were examined usingsRGLO-TM assay kits (Promega) according to the
manufacturer’s instructions. The positive contrptghibitors of enzyme activity) included-
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naphthoflavone (1 uM) for CYP1A2, sulfaphenazol® (IM) for CYP2C9, troglitazone (10
uM) for CYP2C19, quinidine (1 uM) for CYP2D6, andt&conazole (5 uM) for CYP3A4. The
compounds were studied using recombinant CYPs, segpect to their capacity to inhibit the
formation of luminescent metabolites from CYPs dpettiminogenic (proluciferine) substrates.
Different concentrations of the compounds (1, 5 &a@ puM), together with reference
compounds, positive and negative (blank) contretse tested in two independent experiments.
The assay was performed by incubating a luminogénP substrate with a CYP enzyme and
NADPH regeneration system. The luminogenigs#10TM substrates are derivatives of beetle
luciferin [(49-4,5-dihydro-2-(6-hydroxybenzothiazolyl)-4-thiagotarboxylic acid], a substrate
of firefly luciferase. Light production was evaladtat a luminometer (Glomax-Promega), and
values were displayed as Relative Light Unit (RLThe net CYP-dependent luminescence was
calculated by subtracting the average luminesceht®e blank from that of the CYP-containing
reactions. The percent inhibition of test compouearsus the positive control (total activity) was
also calculated.

2.2.12. In vitro metabolism in mouse hepatocyt@siopreserved mouse hepatocytes were
thawed at 37 °C, centrifuged at rt ¢ofor 3 min) and re-suspended at a final conceamatif
3-10 cells/mL. The viability of the hepatocytes was deti@ed using trypan blue exclusion.
Test compounds and reference (7-ethoxy coumariBT @) were incubated at 1 uM with a
hepatocyte suspension in 24 wells at 37 °C in ai@€ubator. Test compounds in buffer (Krebs-
Henseleit) and in inactivated hepatocyte suspersi®re also included as negative controls. A
50 pL aliquot of the incubation suspension wasndkem each well at 0, 5, 15, 30, 60, and 120
min, quenched with methanol or acetonitrile (150,dentrifuged at 13000 rpm for 3 min, and
analysed by HPLC/MS/MS, using Phenomenex Onyx Ca8 & 4.6 mm chromatographic
column and AB-SCIEX API3000 tandem mass spectrométne extracts were assayed against
a calibration curve ranging from 50 to 1000 ng/mdr fall compounds. Run time was
approximately 3.5 min. The data were acquired amtgssed by the data acquisition system
Analyst, version 1.5.2. Each time-point was perfedmin triplicate. The intrinsic clearance
(CLin) was calculated using the half-life/4 approach. Thet and the Cly; were determined
from the concentration remaining at the differaarhpling points.

2.2.13. Metabolic stability in mouse plasn@ability of each compound in murine plasma (200
ng/mL) was investigated at 37 °C. Compounds westetkin triplicate and the samples were
collected at 0, 15, 30, 45, 60, and 120 min. Theesaompounds in deproteinized plasma were

used as metabolic stability controls. Collected gasiwere deproteinized by adding acetonitrile
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and analyzed by HPLC/MS/MS in the same conditioescdbed for the in vitro metabolism in
mouse hepatocytes.

2.2.14. Pharmacokinetic studZD1 male mice were treated orally with a singleedo$ the
compounds at 200 mg/kg using 20% solutol HS 15 atew Blood samples were collected at
0.25, 0.5, 1, 2, 4, 6, and 24 h post treatment fibrmnimalsper time point. Levels of the
compounds were determined in plasma by quantitaiite C-MS/MS having a method range
from 50 to 1000 ng/mL for all compounds. The PK gmaeters Gax (maximum plasma
concentration), Jax (time of maximum plasma concentration),,sC (last quantifiable
concentration), s (time of last quantifiable plasma concentratiof))C.s; (area under the
concentration versus time curve from 0 tgs)l AUC\r (area under the concentration versus
time curve from 0 to infinity), 4, (terminal half-life), CL/F (apparent systemic aimace), and
Vz/F (apparent terminal volume of distribution), reederived from the analyte plasma
concentration versus time data according to a miodelpendent approach for sparse data
sampling by using Phoenix WinNonlin software, vens6.3 (Pharsight, Certara, Princeton, NJ).
Statistical analysisData are expressed as the mean + SD or S.E.Mst&tatianalysis was
performed using Mann-Whitney’'s test. A P-value ©f0.05 was considered statistically

significant.

3. Results

3.1. Medium scale synthesis of the compounds

A medium-scale (5-7 g), more sustainable synthafsiise acylthiourea) and acylguanidine3f

5) derivatives was developed for the first time ltova for a possible large scale-up and for the in
vivo studies. A convergent approach seemed to @entbst valuable for this purpose, coupling a
proper functionalized anilineA() with acyl chloride 20) or acyl cyanamide2(@) to obtain
acylthiourea and acylguanidine derivatives, respelst (Figure 3). Moreover, a classical amide
synthesis, using a properly functionalized acybddle B) and the nitro aniliné2, was planned

for the synthesis of aniline derivative
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Figure 3. Retrosynthetic approach for the synthesis of th&disd acylguanidines and

acylthioureas.

The acyl chloride¢B) required for the synthesis 8f4, and6 are commercially available, while
the preparation of a suitable chloride was requfoedb. Previously, we have applied a Wittig
reaction to obtain a small-scale amount (aboutrh@p of 10 [17]. However, while this reaction
was a good opportunity for the early hit identifioa/optimization steps, the same protocol was
not suitable for the large-scale synthesis of tloisipound as the reaction lacked for poor atom
economy i.e. production of 1 equivalent of triphenylphosphinede as by-product, and use of
dangerous bases such as BulLi in overstoichiomatriounts), long reaction times, change in
reaction temperature (from -78 °C to rt), and loid.
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Scheme 1Synthesis ol5.
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For these reasons, the use of a more sustainaligtaprotocol involving an Heck coupling
between4-iodobenzoic acid and styrene in the presence of freshly prepared Pd catdlyst
[26], in DMF and E§N taking advantage from MW irradiation at 110 °G #0 min, was
investigated (Scheme 1). The irradiation was regaédr three times. The conversion iritd
was finally quantitative and the product was disearystallized from HO. To avoid side
reactions and by-products during the synthesis 1&@f a purification of 10 by flash
chromatography demonstrated to be a mandatoryfetepemoving Pd traces responsible, in
medium-scale, for anilin@2 demethylation during the coupling. A summary of tidvantages
in terms of sustainability of the developed Heckmmg is reported in Table 2 [27].

The acid10 was transformed into its acyl chloride derivati{dd) by treatment with oxalyl
chloride in the presence of a catalytic amount diFDand directly reacted with2 in the
presence of pyridine as the base. The nitro dévivyaB was obtained in 61% vyield after a simple
acid-base extraction during the work-up. In the Isstale protocol already reported [16], a
MW-assisted hydrogenation reaction using ammoniarmilate as the hydrogen source in the
presence of Pd/C was applied to obtath Nevertheless, this protocol failed in medium-scal
preparation because of several security issuesthé) reaction mixture is completely
heterogeneous as none of the reactants, reagewtsha catalyst13 HCO,NH, and Pd/C,
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respectively) are soluble in MeOH; ii) the reactisrreally exothermic, and iii) working on a
500 mg scale, an explosion occurs after 30 s M\Adiation. For these reasons, we finally
decided to simultaneously reduce both the nitraugrand the double bond by treatment7of
with 10% Pd/C in MeOH directly using the more atenonomic H atmosphere (1 atm) at rt
overnight. The expected product, obtained in qtetnte yield, was directly transformed into the
hydrochloric saltL5 for the preparation of the corresponding acyl giiae.

A similar approach, starting from commercially dabie biphenyl-4-carbonyl chloridel§a)
and 4’-fluorobiphenyl-4-carbonyl chloridel§b), was successfully applied to the synthesis of
anilines18a-band their hydrochloric saltf9a-h as reported in Scheme 2.

Table 2. Higher sustainability of the Heck coupling in ccemigon to a Wittig reaction for the
synthesis of the studied compounds.

Parameters Wittig reaction Heck coupling
THF
DMF
Solvent (20 mL for 2 mmol SM

(15 mL for 12 mmol SM)
or 180 mL for 12 mmol SM)

. EtsN
BulLli )
N ' (2.4 equiv = 1.7 g for 12 mmol SM)
Additives (3.5 equiv = 448 mg for 2 mmol SM o cat
cat.

or 2.6 g for 12 mmol SM) _
(0.01 equiv = 78 mg for 12 mmol SM)

POPh
(1 equiv = 556 mg for 2 mmol SM
or 3.4 g for 12 mmol SM) EtzNHI
By-products _ _
LiBr (1 equiv = 2.7 g for 12 mmol)

(1 equiv = 166 mg for 2 mmol SM
or 996 mg for 12 mmol SM)

Temperature -78 °C (Cryostate) and rt 110 °C (MW)
Time lh+12h 15h
Flammable reagents BuLi (+++), THF (+) DMF (+)
Purification Extraction (AcOEt), column Precipitati (1N HCI), column
Yield 70% >99%

8SM = Starting material.
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Scheme 2Synthesis ol9a-h.

The final thiourea6 was obtained by treatment dBb with ammonium thiocyanate and
trimethoxy benzoyl chlorid@0 in acetone at reflux for 3 h. A white solid (86%&lg) resulted
after crystallization (Scheme 3).

Aniline hydrochloridesl5 and19a-b reacted with acylcyanamid¥ in toluene at reflux to give
the acylguanidines that were finally transformet itmeir hydrochloric acid sal®5. All these
derivatives were synthesized in 5 to 7 g scale mithty >97%.

The protocol developed demonstrates to be effediiwvethe large-scale synthesis of both
acylthiourea and acylguanidine compounds, avoithegisk of using procedures that are known
to lack for sustainability and safety issues.

o O s o}
MeO )J\
MeO© cl NH,SCN,18b NN N O
MeO acetone, reflux, 3 h MeO 6 O
OMe OMe .
20
NH,CN
NaOH, HO o
Et,O, 1 h, rt
o HN H O NH o
HCI MeO P S
MeO NHCN 150r19a-b R H H H
HCI
MeO toluene, reflux, 3 h MeO R
then HCI, MeOH, 12 h, rt OMe 3: R =pF-Ph
OMe 4 R=Ph
21 5: R = -CH-CH,-Ph

Scheme 3Synthesis of the final compounds.

17



3.2. In vitro pharmacology
In vitro treatment with the compounds resulted mdignaling inhibition and decreased viability

of colon cancer and fibrosarcoma cell lines.

To assess whethé&-6 could inhibit the Hh signaling pathway, a Gli-ltezase gene reporter
assay and a cell differentiation assay were perdrincludingl as positive control. Although a
similar evaluation 08-5 were previously reported by us [16, 17, 21], thel@ and the alkaline
phosphatase-based assays (see below) were repeatetlect homogeneous biological data,
including those of the new compouéd

The Shh-light 1l cell line, a clonal NIH-3T3 celhk expressing Gli-responsive firefly luciferase
and constitutiveRenilla luciferase reporters, was stimulated for 30 h vaith uM SAG in the
presence or absence of test compounds at varioegwewations (from 0.001 to 10 uM). Overall,
the compounds inhibited the Gli-responsive reposgetivity induced by SAG in a dose-
dependent manner, with d€values ranging from 20 to 100 nM (Table 3, Figdiye

Compound5 resulted the most active and its inhibitory atyvilCso = 0.02 uM) was also
stronger than that df (ICso = 0.05 puM).

Gli-induced luciferase activity

1200 ¢ o1
I -+ 6
21000 | 'S 1
S 800 [ .\ +4
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3 400 | , \i\\
3 200} ._eug
0.0 N | AT R

10,001 0.01 0.1 1 10
Drug, pM

Figure 4. Inhibition of SAG-induced Gli-dependent luciferasetivity in Shh-Light Il cells by
compounds3-6 in comparison tol used as reference compound. Inhibition curves were
generated using increasing concentrations of cong®in the presence of SAG (0.1 uM). The
values are expressed as a percentage of the reidifierase activity, and are the means + S.E.

of triplicates. The data shown are representativiindependent experiments.

To confirm the data, a second orthogonal assaypsesrmed on the mesenchymal pluripotent
C3H10T1/2 cells that, once induced with Hh ligardifferentiate into ALP-positive osteoblasts

[28, 29]. Exposure of these cells to the compound$ days suppressed, in a dose-dependent
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manner, ALP activity evoked by SAG (Table 3, Figbje As in the previous reporter assdys,

(ICs0 = 0.04 uM) was shown to be the most active comgoun

C3H10 T1/T2 differentiation assay
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Figure 5. Inhibition of ALP activity in SAG-induced C3H10TA/cells by the compounds in
comparison td used as reference compound. Inhibition curves generated using increasing
concentrations of compounds in the presence of AG uM). The values are expressed as a
percentage of the maximal response induced by S#@,are the means = S.E. of triplicates.

The data shown are representative of two indepérekgeriments.
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Figure 6. Inhibition of LS180 (left) and HT1080 (right) cedfoliferation upon a 72 h treatment
with the compounds in comparison ioused as reference compound. Results, expressed as
tumor cell proliferation percent with respect to B-treated (control) cells, are the means *
S.E. of triplicates.

In order to test the ability of the compounds toilait growth and viability of tumor cells, LS180
human colon carcinoma and HT1080 human fibrosarcoetlalines were used in SRB assay,
after 72 h incubation (Figure 6). All the compoumagently inhibited cell proliferation of both
cell lines, in a dose-dependent manner. Anti-peadifive activity was 5-18 and 3-50 fold better

than that ofl against LS180 and HT1080 cells, respectively. dtastly with previous datdy
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resulted the most active compound and showed dasiactivity against both cell lines (3¢

values of 2.5 and 2.0 uM, respectively). Theseviiets were at least three-fold higher than that
of the other compounds, includidg

Overall in vitro pharmacology data reported in BEaBlconfirm that the compounds significantly
inhibited Hh signaling pathway and tumor cell piedation with 5 being the most active
compound.

Moreover, evaluation 0b on a panel of 45 kinases resulted in percent itdibof control
values lower than 15% in all cases, thus demomsfyahat5 did not affect significantly the

activity of these targets (no off-target effects).

Table 3. Summary of comparative effects of the compoundsthe reference Smo inhibitarin
different cell-based assa¥s.

Tumor Cell Viability °

Compound L5180 HT1080 (Iélﬁ]if(aase activityC ALP activity
-Light Il cells) (C3H10T1/2 cells}
1 45 +5 >100 0.05 +0.01 0.05 +0.01
3 8.1+1.0 20+1 0.05 + 0.01 0.07 +0.01
4 9.7+1.2 29+1 0.07 +0.01 0.06 + 0.01
5 25+03 2.0+05 0.02 +0.01 0.04 +0.01
6 75+1.1 27 +1 0.10 + 0.01 0.67 +0.02

®Values are reported assC+ SE (expressed in micromolar concentrations)waeck calculated
as mean of at least two experiments.

PInhibition of tumor cells proliferation, by SRB @&ss upon a 72 h treatment.

“Inhibition of the Gli-luciferase reporter activilty Shh-Light Il cells after treatment with various
concentrations of the compounds for 30 h. Thelfidefciferase activity (expressed under control
of a Gli-responsive promoter) and the Renilla lek@se activity (expressed under control of a
constitutive promoter) were measured using the {@lalLuciferase Assay System. Percentage
of inhibition of the SAG-induced Gli-dependent liecase activity was ultimately calculated
with respect to DMSO-treated (control) cells.

dnhibition of ALP activity induced by SAG (0.1 pMiy C3H10T1/2 cells. Cells were treated
with various concentrations of the compounds fdags.

3.3. In vivo activity

The oral administration & inhibited the tumor growth of a colon carcinomaagraft cancer in
nude mice. The LS180 colon cancer xenograft moded wsed to explore the effect of the

compounds on Hh-dependent tumors in vivo. LS180oturells secrete Hh ligands, thus leading
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to enhanced Glil transcription. Mice bearing estllbld LS180 tumors were administered by
oral route with 200 mg/kg of test compoun@s5f daily (5 days/week) for 2 weeks and tumor
growth was monitored. Onl¥ significantly inhibited tumor growth by 48% compdr to
vehicle-treated controls (P<0.01, Mann-Whitney'st)t¢Figure 7). No toxicity in terms of body
weight loss was observed.

LS180 colon carcinoma
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Figure 7. In vivo tumor growth inhibition induced by the cpounds in comparison tbused as
reference compound. LS180 colon cancer cells weerted in nude mice and 6 days after
tumor implantation, the test compounds were dedgeby oral route. Tumor lesions were
measured by Vernier caliper.

3.4. In vitro ADME parameters and pharmacokinetics of the compounds orally
administered in mice

3.4.1. P-glycoprotein 1 assai.linear standard curve of ATP ranging from 37.38@® nM was
built to calculate P-gp ATPase activity through Addhsumption. Compour@land6 showed a
low effect on P-gp ATPase activity (fold inductioh3.0 and 2.3, respectively, Table 4), while
appeared to be a potential substrate of P-gp (fmdction of 4.8). Compoun8 did not have
any interaction with the P-gp. Verapamil, used eference compound, induced a 8.5-fold
stimulation of P-gp ATPase activity.
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Table 4.In vitro effect of the compounds on P-gp.

Compd ATP? Fold stimulation®
Basal activity 13
3 30 2.3
4 63 4.8
5 18 1.4
6 39 3.0
verapamil 111 8.5

®P-gp ATPase activity was expressed as picomolesSTéf consumedger pg P-gpper minute
and was calculated converting RLU value to ATP eoi@tions by a standard curve of ATP.
PFold stimulation was the ratio of ATP over basdlea

3.4.2. Caco-2 Permeability assawnflux/Efflux (I/E) ratio of the compounds in Ca@colon
cancer cells is shown in Table 5. Compogénelas not detectable in receiver compartment with a
high value of starting concentration. CompouBd@sd5 had an I/E ratio ~1, suggesting that they
could not affect the human absorption. Compodnghowed a low recovery that could be
indicative of non-specific binding issues. Howev&s,I/E ratio <2 suggested a low potential to
be a P-gp substrate. Atenolol (paracellular trartypend propranolol (passive transcellular
transport) with known human absorption of 50% af@#93espectively, as well as talinolol (a P-
gp substrate), were used as reference compoundsnfom that tumor cells were expressing

functional influx/efflux proteins.

Table 5. Evaluation of bi-directional permeability of Hhhibitors.

Compd Pap A-B® % recovery  PapB-A* 9% recovery I/E ratio”
3 0.366+0.044 33.0 0.370+0.006 30.6 1.01
4 0.428+0.063 16.5 0.651+0.016 31.9 1.52
5 0.701+0.166 41.1 0.737+0.189 44.6 1.05
6 65.4 42.9

atenolol 0.316+0.045 94.7 0.721+0.018 102 2.28

propranolol 30.920.7 70.0 21.1+2.3 89.0 0.68
talinolol 0.162+0.020 94.8 12.6+0.3 88.6 78.2
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%/alues are the mean + SD of two replicates, express 10°-cm-$§-. Atenolol (paracellular

transport), propranolol (passive transcellular ¢paort), and talinolol (P-gp substrate) were used

as reference compounds.

°IIE ratio = (mean B, B-A/mean Ry, A-B).

3.4.3. CYRyo isoform assayExcept6, all the compounds interfered (as competitive sabes or

inhibitors) with the activity of CYP1A2 and CYP3Adpmetimes in a concentration-dependent
manner. All the compounds interfered with the atgtiof CYP2C9 and CYP2C19 without a

clear dependency on their concentration. Finalbnenof the compounds interfered significantly

with CYP2D6. Interfering effects (%) are shown iable 6 as mean (xS.E.M) of triplicate

assays.

Table 6. Interfering effects (% = S.E.M.) of the studiedlarference compounds on cytochrome

CYPs50 enzYymes.

CYP 1A2 3A4 2C9

(LM) 1 5 10 1 5 10 1 5 10
3 46x1 58+2 59+2 5249 7845 -82+8 631 761 794
4 49+1 6412 64+2 3848 76%3 -87+3 43+3 71+0 744
5 2912 43+1 40+2 76%3 8912 -92+2 68+1 81+0 834
6 2+3 5+4 1+2 4+11 715 15+21 631 69+1 714

CYP 2C19 2D6

(LM) 1 5 10 1 5 10
3 59+2 76+0 76x1 204 2515 2115
4 57x1 7910 81+1 1944 2912 2315
5 671 81+1 83t1 155 1244 1143
6 2512 33+1 27+2 18+9 148 615

Ok W N

®Reference compounds. CYP1A&naphthoflavone (1 uM, 98%); CYP3A4: ketoconazde (
MM, 96%); CYP2C9: sulfaphenazole (10 uM, 98%); C¥R2: troglitazone (10 uM, 84%);
CYP2D6: quinidine (1 uM, 91%).

3.4.4. In vitro metabolism in mouse hepatocy@smpound3 and4 showed chemical instability,

so the Cl,; could not be calculated. By contrastad a Cly; of 756 mL/min/kg with asf, value

of about 8 min (Table 7). The reference compourB]TT, revealed at of about 5 min and a

CLint corresponding to 1260 mL/min/kg, as describedheliterature.
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Table 7.In vitro mouse hepatocytes metabolism.

Compound®  ty;> (min) CLint CLint
(UL/min/10° cells) (mL/min/kg)
5 8.07 286 756
7-ETC 4.84 477 1260

®The compounds and 7-ETC (reference compound) werdated at the concentration of 1 uM

with mouse hepatocytes. ND = not determined.

3.4.5. Metabolic stability in murine plasmahe compounds showed different metabolic stabilit
in murine plasma at 37 °C up to 120 min. Compo@mdas highly metabolized, whilg@ and5
were moderately metabolized. Conversely,was metabolically stable (Figure 8)Vhen
incubated in deproteinized plasma, the recoverg wlas about 83%, the same value observed
after incubation with mouse plasma, thus indicatthgmical instability instead of metabolism.
All the other compounds were stable when incubatet 120 min in deproteinized plasma at 37
°C.
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Figure 8. Percent values &6 recovered after a 120 min incubation at 37 °C ouse plasma.
Noteworthy, when incubated in deproteinized plagver 120 min at 37 °C, the recovery4&f
was about 83%, the same observed after incubatitnfesh mouse plasma. For Vismodegib

plasma stability see Ref. 30.

3.4.6. In vivo oral pharmacokinetics in mou3ée PK profile in healthy micevas determined
after a single dose of 200 mg/kg of each compoumirgstered by oral route. Compouédavas
sporadically quantified in mouse plasma (2 out 8% samples collected). The remaining
compounds were detected in all the plasma sampléscted up to last collection time (24 h).

Compounds3 and5 showed multiple peaks in plasma profiles, the éggtof which occurred at
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1.0 and 4.0 h, respectively. Converselyyas rapidly absorbed and showed g4®f about 30
pg/mL 2 h after dosing. Subsequently, its plasmacentration declined according to a mono-
exponential profile (Figure 9).
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Figure 9. Mean (x S.E.M) plasma concentration versus tintdilps (log-linear scale) d3-6 in
CD-1 male nude mice receiving a 200 mg/kg singlal diose of each test compound. For

Vismodegibin vivo stability see Ref. 30.

All compounds were cleared from plasma with,adf about 2.5 h. Compoun@®sand4 showed
similar CL/F (893 and 843 mL/h/kg), lower than tlwit5 (1460 mL/h/kg). Accordingly, the

systemic exposur && and4 was higher than that &6f PK parameters are summarized in Table 8.

Table 8. Pharmacokinetic parameters of the studied commodetermined after a 200 mg/kg

single dose to CD-1 male nude mfce.

Compd Cmaxb Tmax CIast Tlast AUCIastb AUCINF t1/2 CL/F Vz/F
3 17.3£2.3 1 90.7 24 223+31 223970 2.6893 3323
4 29.6+3.9 2 74.2 24 237+17 237226 2.4843 2963

5 11.0+2.2 4 50.7 24  137+23 136943 2.3460 5280

@Abbreviations used. &, maximum plasma concentration, ig/mL; Tmax time of Gay in h;
Ciast last quantifiable concentration, pm/mL; Tiast time of Gas, In h; AUG,si area under the
concentrationversus time curve from 0 to s in pg-h/mL; AUGye: area under the
concentratiorversustime curve from 0 to infinity, img-h/mL; t,»: terminal half-life, in h; CL/F:
apparent systemic clearance, in mL/h/kg; Vz/F. agpaterminal volume of distribution, in
mL/kg.
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®Mean + S.E.M.

4. Discussion

A preliminary in vitro investigation on acylthiowwend acylguanidine derivatives showed their
ability to impair Smo activity at nanomolar conaatiopns also toward Smo mutants resistant to
already known antagonists [17]. These results ptechjus to carry out a preliminary non-
clinical characterization of their in vitro ADME dnin vivo pharmacokinetic profile, and to
eventually prioritize the best compound eligible fiarther clinical development.

For this purpose, the medium-scale synthesi&®fvas for the first time approached, taking also
into account sustainable and safety issues fortwaduscale-up of the overall process. All the
compounds were obtained in large quantity (5-7 ghwery high purity, using the more
sustainable protocols developed so far for thel®gis of this family of compounds.

In addition, we further support the hypothesis ti@se compounds, in particularselectively
suppressed the Hh signalling pathway activity byepbally targeting the critical component
Smo and consequently inhibiting the Hh-dependem¢eagrowth.

In vitro ADME properties and in vivo pharmacokirestudies in mouse, after a single oral dose,
were investigated. In vitro studies suggested tiwate of the compounds were potential P-pg
substrates. However, they underwent extra-hepétion{y) or moderate hepatic metabolism.
Except6, the compounds were potential substrates andidbitars of CYP1Al and CYP3A4,
all interfered with the activity of CYP2C9 and CY®DO, and none of them with the activity of
CYP2D6. The in vitro ADME profiles were in good agment with the in vivo pharmacokinetic
profiles observed in nude mice after a single 268 mg/kg dose of each compound. Compound
6 showed an extremely low bioavailability, probabiige to its extensive extra-hepatic
metabolism, rather than to an incomplete absorpt@empounds3-5 showed similar plasma
profiles in nude mice having a terminal half-lifeatout 2.5 h. Howevehg had a lower systemic
exposure compared t©and4, possibly because of its higher hepatic metabolsior larger
volume of distribution (assuming a similar bioasghility as argued by in vitro tests).
Considering thab effectively inhibited in vivo tumor growth of calectal cancer LS180, thus
indicating that such a compound is distributed idetshe systemic circulation to reach the target
tissues, we hypothesize that a large volume ofibligton rather than a high clearance could be
responsible for its low systemic exposure.

Moreover,5 effectively inhibited tumor growth without affengg body weight, and significantly

suppressed the Hh signalling pathway in tumor fesio
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In the present study, we identifi&das a strong inhibitor of the Hh pathway activitythrgeting
Smo. Using a colon cancer model overexpressindgithéigand, we also demonstrated that the
same compound significantly impaired Hh-dependentor growth by inhibiting Hh pathway
activity. The ability of this compound to inhibitt® activity also in mutant cells resistantlto
and other known Smo inhibitors, could give supporthe future usage & for treating cancers
driven by aberrant Hh pathway. Given thathowed a good PK and metabolic profile, it could
be further investigated (alone or in combinationhwather treatment strategies) for a clinical

efficacy on patients with tumors dependent on thepeithway disregulation.
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