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SUPPLEMENTARY METHODS 1

Overall Synthesis of SAP

Synthesis of sunitinib analogue SAP commenced
from the readily available acid intermediate 1 (Figure 1A
of manuscript). Coupling of acid 1 with the Boc-protected
piperazine 2 followed by cleavage of the Boc group,
resulted in SAP.

Chemicals and experimental procedures

Acid 1 (Figure 1A of manuscript) was purchased
from Ontario Chemicals (Guelph, Ontario, Canada)
and Deuterated solvents were purchased from Euriso-
top (Saint-Aubin Cedex, France). Acetonitrile (LC-MS
grade) was purchased from Fisher Scientific (Fisher
Scientific, Loughborough, UK) and water (LC-MS
grade) was from Carlo Erba (Carlo Erba, Milan, Italy).
All commercially available chemicals were used without
further purification. All reactions were performed under
an argon atmosphere with dry solvents under anhydrous
conditions, unless otherwise noted. Methylene chloride
(CH,CI,) and dimethylformamide (DMF) were purchased
in anhydrous form and used without further purification.
Air- and moisture-sensitive liquids were transferred via
syringe. Organic solutions were concentrated by rotary
evaporation at 40°C. Flash-column chromatography
was performed with silica gel 60 (230-400 mesh) as
described before (1). Thin layer chromatography (TLC)
was performed on pre-coated silica gel 60 F254 plates
which were visualized by exposure to ultraviolet light
(UV,,,). '"H NMR spectra were recorded on a 250 MHz
Bruker Avance FT-NMR spectrometer. *C NMR spectra
were recorded at 62.9 MHz. Chemical shifts are reported
in ppm relative to solvent signal. Multiplicity is indicated
as follows: s (singlet); d (doublet); t (triplet); q (quartet);
m (multiplet); br (broad); dd (doublet of doublets), ddd
(doublet of doublets of doublets). ESI (electron spray
ionization) mass spectra were recorded on an Agilent API
4000 QTRAP Series LC/MSD instrument.

Synthesis of Boc-protected analogue 3

Starting from acid 1 and Boc-protected amine 2. A
suspension of acid 1 (250 mg, 0.832 mmol) in 10 mL of
DMF was treated with EDCI (2 equiv), HOBt (3 equiv)

and NE ; (3 equiv) and then stirred at room temperature
for 15 min. The resulting clear solution was then treated
with amine 2 (2 equiv) and the reaction mixture was stirred
at room temperature overnight. After TLC indicated the
consumption of acid 1, the reaction mixture was diluted with
EtOAc (75 mL) and washed with ag. NaHCO, (3 % 25 mL).
The organic layer was washed with water, dried over
Na,SO,, filtered and concentrated under reduced
pressure to give the crude product. Purification by flash
chromatography on silica gel with CH,C,:Acetone (from
1:0 to 6:1) afforded compound 3 as an orange solid (60%).

'H NMR (CDCl,): 6 13.43 (s, 1 H), 8.19 (s, 1 H),
7.30 (s, 1 H), 7.16 (dd, 1 H, J = 2.0, 8.5 Hz), 6.89-6.77
(m,2H), 6.46 (brs, 1 H),3.57(q,2H,J=5.2),3.47 (s,4 H),
2.65 (s, 2 H), 2.57 (s, 3 H), 2.53 (s, 4 H), 2.45 (s, 3 H),
1.46 (s, 9 H). MS (ESI") m/z for C,,H,,FN,O,: calculated,
512.3; found, 512.3 [M+H"].

Synthesis of SAP

A solution of Boc-protected amine 3 in CH,Cl,
was treated with trifluoroacetic acid (10 equiv) and the
reaction mixture was stirred at room temperature (3—5 h).
After TLC indicated the consumption of starting material,
the reaction mixture was diluted with CH,Cl, and washed
with aq. NaHCO,. The organic layer was washed with
water, dried over Na,SO,, filtered and concentrated under
reduced pressure to give the crude product. Purification by
flash chromatography on silica gel with CH,Cl,:CH,OH
(from15:1 to 5:1) afforded the pure compound as an
orange solid (90% yield).

'HNMR (DMSO-d,): 6 13.75 (s, 1 H), 10.92 (s, 1 H),
7.81-7.69 7.77 (dd, 1 H, J= 2.3, 9.8 Hz), 7.73 (s, 1 H),
7.71 (t 1 H, J = 5.5 Hz), 6.99-6.81 (m, 2), 3.54 (q, 2 H,
J=5.7 Hz), 3.33 (s, 8 H), 3.16 (m, 2 H), 2.47 (s, 3 H),
2.45 (s, 3 H). MS (ESI") m/z for C,,H, FN,O,: calculated,
412.2; found, 412.3 [M+H"].

SUPPLEMENTARY METHODS 2

Computational analysis

The crystal structures of VEGFR-2 juxtamembrane
and kinase domains in complex with sunitinib (PDB ID
4AGD) (2) and the kinase domain of KIT in complex
with sunitinib (PDB ID 3GOE) (3) were retrieved from



the RCSB PDB (4). For the three protein residues of KIT
with alternative locations, only the highest occupancy
conformation was retained. The homology model of
PDGFR-f kinase domain (residues 600-962) was prepared
using MODELLER (v9.10) (5). The highly homologous
VEGFR-2 kinase domain (~50%) was employed as
template using the alignment described previously (6).
One hundred models were generated and the PDGFR-3
model with the lowest DOPE score (7) was selected for
docking calculations. Non-protein atoms were removed
and all structures were superimposed using the MultiSeq
module (8) of VMD (v1.9) (9). The initial conformations
of the ligands were generated from the crystallographic
structure of sunitinib bound to the ATP site of VEGFR-2
using the OpenEye program VIDA (v.4.1, OpenEye
Scientific Software) by substituting the triethylamine
moiety of the ligand with the corresponding linker. The
piperazine ring of SAP ligand was protonated at the
terminal amino group, all non-polar hydrogen atoms of
the protein and the ligands were removed, and Gasteiger
charges were applied using AutoDockTools (v 1.5) (10).
The search space was defined by a grid box centered on
sunitinib and comprised 81x81x81 grid points of 0.375
A spacing. For each complex, 100 docking rounds were
calculated using AutoDock (v4.2) and the Lamarckian
genetic algorithm with the default parameters (11). The
maximum number of energy evaluations was set to 10
million and the results were clustered using a tolerance
of 2.0 A. Calculations were carried out using Intel Xeon
workstations equipped with NVIDIA GTX-780 GPUs and
operated by Linux 2.6.32 kernels.

SUPPLEMENTARY METHODS 3

Biochemical tyrosine kinase assay

The trans-phosphorylation activity of RTKs
VEGFR-2, PDGFR-B, KIT, RET, FLT-3 and EGFR was
investigated as described before (12). A detailed list of
the GST-Fusion proteins used is given in Supplementary
Table 1. Briefly, reactions are performed in 96-well
microtiter plates precoated (20 pg/well in PBS; incubated
overnight at 4 °C) with the peptide substrate poly-Glu, Tyr
(4:1). Excess protein binding sites are blocked with the
addition of 5% (w/v) BSA in PBS. Purified GST-fusion
proteins are then added to the microtiter wells in 2 x
concentration kinase dilution buffer consisting of 100 mM
HEPES, 50 mM NaCl, 40 uM NaVO,, and 0.02% (w/v)
BSA. The final enzyme concentration for each GST-kinase
is 50 ng/mL. Twenty-five puL of diluted sunitinib or each
SAN are subsequently added to each reaction well to
produce a range of inhibitor concentrations appropriate
for each enzyme. The kinase reaction is initiated by the
addition of different concentrations of ATP in a solution
of MnCl, so that the final ATP concentrations spanned the
Km for the enzyme, and the final concentration of MnCl,

is 10 mM. The plates are incubated for 60 minutes at 37°C
before stopping the reaction with the addition of EDTA.
The plates are then washed three times with TBST. Rabbit
polyclonal antiphosphotyrosine antisera conjugated to
HRP is added to the wells at a 1:1000 dilution in TBST
containing 0.5% (w/v) BSA, 0.025% (w/v) nonfat dry milk,
and 100 pM NaVO, and incubated for one hour at 37°C.
The plates are then washed three times with TBST and
the amount of phosphotyrosine in each well is quantified
after the addition of 2,2'-azino-di-[3-ethylbenzthiazoline
sulfonate] substrate (A1888, Sigma-Aldrich, Munich,
Germany) and measured at 405 nm. Each experiment was
performed in duplicate in three individual experiments.
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Cellular autophosphorylation assay

HUVE cells (for VEGFR-2) and NIH/3T3
(for PDGFR-B) were used in studies of inhibition of
autophosphorylation. Serum starved cells were treated
with DMSO or drugs (concentrations ranging from
0.001 to 1 uM) for 2 h and then stimulated with 50 ng/
mL VEGF165 or PDGF-BB (H9166 and SRP3229 both
from Sigma-Aldrich, Munich, Germany) for 10 min at
37°C before cell harvesting in radioimmunoprecipitation
assay (RIPA) buffer containing protease and phosphatase
inhibitors. Protein isolated from HUVEC or NIH/3T3 cell
lysate (approximately 50 pg of protein/cell line), along
with NuPAGE Sample Reducing agent and NuPAGE LDS
Sample Buffer (both from Invitrogen, UK) were separated
by SDS page and transferred to polivinylidene difluoride
(PVDF) membranes. Phosphorylated and total VEGFR-2
and PDGFR-B were detected using specific antibodies at
1:1000 dilution in TBST (a detailed list of all antibodies
is given in Supplementary Table 2). Secondary, HRP
labelled antibody was used at 1:2000 dilution, followed
by Enhanced Chemilluiminescence (GE Healthcare, UK)
visualization. For in vivo experiments, 100 pg of tumor
tissue were homogenized in RIPA buffer and treated as
above. The intensity of each band was calculated using
ImagelJ Software analysis (v1.47, NIH, USA).

SUPPLEMENTARY METHODS 5

Would healing/migration assay

MDA-MB-231 cells were seeded at a density of 103
in 24 well plates and cultured for 24 h. Monolayers were
wounded using the tip of a pipette, washed by PBS, and
further incubated in DMEM medium with 10% FBS in
the presence or absence of sunitinib or SAP at different
concentrations for 24 h. Images were acquired via a phase-
contrast microscope and the wound width was measured
at various time points.
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Supplementary Figure 1: Wound healing assay. Sunitinib and SAP inhibited MDA-MB-231 migration in wound healing assay.
Cells were wounded by the pipette tip and then treated with various concentrations of compounds for 24 hours. Control cells (labeled
DMSO) were treated with 0.1% DMSO.



Supplementary Table 1: List of GST- fusion proteins used in this study

VEGFR-2 PDGFR-$ KIT FLT-3 RET EGFR
Supplier Sigma Sigma Sigma Sigma Sigma Sigma
Aldrich Aldrich Aldrich Aldrich Aldrich Aldrich
Cat# K2643 G8671 C0624 F6432 R7782 SRP5023
ggﬁ:ﬂ 789-end 557-end 544-end 571-993 658-end 695-end
Supplementary Table 2: List of antibodies used in this study
Target Phosphosite Company Cat# Application
VEGFR-2 Tyrl175 Cell Signaling 2478 WB
PDGFR-f Tyr751 Cell Signaling 4549 WB
VEGFR-2 N/A Cell Signaling D5B1 WB
PDGFR-p N/A Cell Signaling 3169 WB
Erkl1/2 Thr202/Tyr204 Cell Signaling 4370 WB
CD31 N/A AbCam ab28364 IHC
Ki-67 N/A AbCam ab15580 HC
pS6 Ser235/Ser236 Cell Signaling 2211 HC
Antiphosphotyrosine N/A AbCam ab9329 Kinase Assay

conjugated to HRP




