e Ky Open Access

+ ChemistryOPEN

. fat

Supporting Information

© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2019

Conjugates of Cryptophycin and RGD or isoDGR
Peptidomimetics for Targeted Drug Delivery

Adina Borbély, Eduard Figueras, Ana Martins, Lizeth Bodero, André Raposo Moreira Dias,
Paula Lopez Rivas, Arianna Pina, Daniela Arosio, Paola Gallinari, Marcel Frese,

Christian Steinkuhler, Cesare Gennari, Umberto Piarulli, and Norbert Sewald*©2019 The
Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA.

This is an open access article under the terms of the Creative Commons Attribution Non-
Commercial NoDerivs License, which permits use and distribution in any medium, provided
the original work is properly cited, the use is non-commercial and no modifications or
adaptations are made.



Table of contents

I. Biological EVAIUALION ...........ccviiieiece ettt raenae e e nreas 2
1. ChemiCal SYNTNESIS. ........ciiiiiiieie ettt esre et e e e s ra e aeeneesreas 5
GENEral INTOIMMALION ...ttt bbbt b e e e e 5
SYNTNESIS SCNEIMIES ...ttt e st e et e e st e s be e beereesbeesbeeneesneebeaneesreas 7
Synthetic procedures, characterization detailS..............ccooveiiiiieie e 8
NMR, HPLC @Nd MaSS SPECLIA. .......c.veivieiierieiiieiteeieeie e ste et steeste e sraesteesaesraesreaeesneesreeneeanes 13
L RETEIEICES. ...ttt se et e e ene e s be e teeneesreenteeneeeneeneens 21

S1



I. Biological evaluation
Solid-phase receptor binding assay

Recombinant human integrin ovf3 (R&D Systems, Minneapolis, MN, USA) was diluted to
0.5 ug mL ™ in coating buffer containing 20 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1 mM
MnClz, 2 mM CaCl,, and 1 mM MgCl,. An aliquot of diluted receptor (100 pL well™) was
added to 96-well microtiter plates (Nunc MaxiSorp) and incubated overnight at 4 °C. The plates
were treated for additional 2 h at room temperature with blocking solution (coating buffer plus
1% bovine serum albumin) to block nonspecific binding and washed 2 times with the same
solution. Different concentrations (10°-10712 M) of the test compounds in the presence of 1 pg
mL* biotinylated vitronectin were added to the plates, which were shaken for 3 h at room
temperature. Vitronectin, (Molecular Innovations, Novi, MI, USA) was biotinylated using an
EZ-Link Sulfo-NHS-Biotinylation kit (Pierce, Rockford, IL, USA). The plates were washed 3
times, and incubated with shaking for 1 h at room temperature, with streptavidin-biotinylated
peroxidase complex (Amersham Biosciences, Uppsala, Sweden). The plates were washed
again 3 times with blocking solution, and 100 pL well™ of Substrate Reagent Solution (R&D
Systems, Minneapolis, MN, USA) were added before shaking in the dark for 30 min and
stopping the reaction with the addition of 50 pL well™ 2 N H,SOa4. Absorbance at A = 415 nm
was read in a SynergyTM HT Multi-Detection Microplate Reader (BioTek Instruments, Inc.).
Each data point represents the average of triplicate wells; data analysis was carried out by
nonlinear regression analysis with GraphPad Prism software. Each experiment was repeated

twice.

Cell lines and culture conditions

The human melanoma cells M21 and M21-L were kindly provided by Dr. David Cheresh and
The Scripps Research Institute (La Jolla, CA, USA). Cells were grown in RPMI 1640
supplemented with 10% foetal bovine serum (FBS), 1% L-glutamine and 1%

Penicillin/Streptomycin in a humidified incubator at 37 °C and 5% CO..

In vitro cytotoxicity assay

Cell viability was quantified by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay. Briefly, cells were plated at density of 3000 cells well™ and incubated
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overnight to allow adherence. The following day, cells were treated with serial dilutions of
each compound or 0.1% DMSO as control. After 2 h incubation, cells were centrifuged at 1200
rpm for 5 min, supernatant containing the compounds was removed and replaced with fresh
medium. Cells were further incubated for 70 h as described above and at the end of treatment,
5 uL of MTT (5 mg mL™ in deionized H20, Sigma #M5655) were added to each well and cells
incubated for another 2 hours. Finally, 100 pL of lysis buffer (10% SDS, 10 mM HCI) were
added, and cells placed in the incubator overnight for the formazan crystal solubilization.
Absorbance at 540 nm was measured using FLUOstar Omega (BMG Labtech) instrument and
the growth inhibition ratio was calculated. Blank controls detecting cell-free media absorbance
were performed in parallel. Three experimental replicates were used. The half-maximal
inhibitory concentration values (ICso) were obtained from viability curves by fitting data to the
four-parameter logistic equation using GraphPad Prism 6. The cell viability was expressed as

percentage relative to the respective control conditions (0.1% of DMSO).

Flow cytometry analysis

The M21 and M21-L cells were plated at density of 80000 cells mL™ well™* in a 12-well plate
and incubated overnight at 37 °C. Next day, cells were detached and incubated with LM142
mouse anti-human integrin oy monoclonal antibody (#MAB1978, Merck Millipore, Merck,
1:500 dilution) or with mouse anti-human CD51/CD61 (#555504, BD Biosciences) at 1 pg
mL~* for 15 minutes on ice. Subsequently, cells were washed with PBS and incubated with
anti-mouse 1gG-Alexa Fluor 488 (#A-11029, Thermo Fisher) at 8.3 pg mL™* for 15 minutes on
ice. Finally, cells were washed thoroughly with PBS, samples acquired using BD
FACSCalibur™ flow cytometer and analysed using FlowJo software v.10. Anti-mouse 1gG1

antibody was used as the negative isotope control.
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Figure S1. Flow cytometry analysis of integrin av and avf3 expression in M21, M21-L cell
lines.

S4



I1. Chemical synthesis

General information

All experiments requiring anhydrous conditions were performed using oven-dried glassware
under argon atmosphere, unless otherwise stated. DCM was distilled from CaH>, THF was
distilled from sodium/benzophenone, DMF was dried over 4A molecular sieves. Chemicals
and solvents (reagent-grade or analytical-grade) were purchased from commercial sources and
used without further purification. Macherey-Nagel silica gel “Kieselgel 60” with 40 — 63 um
(230-400 mesh) was used as stationary phase for flash chromatography. Reactions were
monitored by TLC (Merck Kieselgel 60, F254 on aluminium foil), spots were visualized with

UV-light or by staining with potassium permanganate solution.

Liquid chromatography - mass spectrometry

Analytical HPLC-MS was performed using an Agilent 1200 series consisting of an
autosampler, degasser, binary pump, column oven and diode array detector coupled to an
Agilent 6220 accurate-mass TOF-MS, equipped with Phenomenex Luna® 3 C18(2) 100 A

(100 mm x 2 mm, 3 um) column. Analyses were performed in positive ion mode.
Eluent A: H2O/CH3CN/HCOOH = 95/5/0.1 and eluent B: H2O/CH3CN/HCOOH = 5/95/0.1.
Method M1:

Flow rate: 300 pL min

0 min 100% A 0% B
10 min 2% A 98% B
11 min 2% A 98% B
11.5 min 100% A 0% B
15 min 100% A 0% B

High resolution mass spectra (HRMS) were recorded on Agilent 6200 accurate mass TOF MS
equipped with Agilent 1200 LC, Hypersil Gold C18 (50 x 2.1 mm, 1.9 um) column and linear
gradient from 0% to 98% B over 4 minutes, same solvents as before. External calibration using

Agilent tuning mix was performed before measurements.
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Semi-preparative RP-HPLC was performed on a Merck-Hitachi system (controller: D-7000,
pump: L7150, detector: L7420, UV-absorption measured at A = 220 nm), equipped with semi-
preparative column: Macherey-Nagel Nucleosil 100-7 C18, 7 um, 250 x 10 mm.

Eluent A: H,O/CH3CN/TFA = 95/5/0.1 and eluent B: HoO/CH3CN/TFA = 5/95/0.1
Method M2:

Flow rate: 4 mL min™

0 min 100% A 0% B
5 min 100% A 0% B
35 min 0% A 100% B
40 min 0% A 100% B
45 min 100% A 0% B

NMR spectroscopy

Proton NMR-spectra were recorded on a spectrometer operating at 400.16 MHz. Carbon NMR-
spectra were recorded on a spectrometer operating at 100.63 MHz, with complete proton
decoupling. Chemical shifts (3) are reported in parts per million (ppm) and are referenced to
residual nondeuterated solvent signal (DMSO-ds: *H: 2.50 ppm; C: 39.51 ppm; CDs0D: H:
3.33 ppm; C: 49.05 ppm). Coupling constants (J) are reported in Hz with the following
abbreviations used to indicate splitting: s = singlet, d = doublet, t = triplet, q = quartet, hept =

heptet, m = multiplet, br = broad signal.
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Synthesis schemes
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Scheme S1. Synthesis of 4-Pentynamido-Val-Ala-PABC-PNP (8). Reagents and conditions:
a) 1. piperidine/DMF, RT, 2 h; 2. 4-pentynoic acid, HATU, HOAt, DIPEA, DMF, RT, 4 h; b)
bis(4-nitrophenyl) carbonate, DIPEA, DMF, RT, 3.5 h.

cl Cry-55 gly
~ (0]

Oy O 0

o o o. O HN_ . cl
L G PR O

(0] b © /@/\o)\o )*, o Lo /@/\O)LN OJYN o o~

61%
//\)L” N\)LH /\)LN N\i)LN H
o H H o H H
8 9

NO,

o
b N
) cyclo )K/o o NN H 9 H
60% DKERCY MNQJ\ N
b 3 Y N
10 0 AL o \©\/O cry-55 ¢l
O

o N
c) o N N w © H
57% k éﬁozv MNQLN N
o A M o \©\/o Cry-55 ol

1"

Scheme S2. Synthesis of cyclo[DKP-RGD]-PEG4-Val-Ala-PABC-Cry-55gly (10) and
cyclo[DKP-isoDGR]-PEG4-Val-Ala-PABC-Cry-55gly (11). Reagents and conditions: a) 7,
DIPEA, DMF, RT, 4 h; b) cyclo[DKP-RGD]-PEG4-N3, CuSO4-5H,0, sodium ascorbate, 1:1
DMF/H;0, 35 °C, 24 h; c¢) cyclo[DKP-isoDGR]-PEG4-N3, CuSO4-5H,0, sodium ascorbate,
1:1 DMF/H20, 35 °C, 24 h.
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Scheme S3. Synthesis of cyclo[DKP-RGD]-PEG4-uncleavable-Cry-55gly (13) and
cyclo[DKP-isoDGR]-PEG4-uncleavable-Cry-55gly (14). Reagents and conditions: a) 7,
PyBOP, HOBt, DIPEA, DMF, RT, 4 h; b) cyclo[DKP-RGD]-PEG4-N3, CuSO4-5H20, sodium
ascorbate, 1:1 DMF/H20, 35 °C, 24 h; c) cyclo[DKP-isoDGR]-PEG4-Ns, CuSOs-5H-0,
sodium ascorbate, 1:1 DMF/H20, 35 °C, 24 h.
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Synthetic procedures, characterization details

Synthesis of cyclo[DKP-RGD]-PEG4-Val-Ala-PABC-Cry-55gly (10) and cyclo[DKP-
iIsoDGR]-PEG4-Val-Ala-PABC-Cry-55gly (11)

4-Pentynamido-Val-Ala-PABA (15)

OH

Fmoc-Val-Ala-PABA! (300 mg, 0.58 mmol, 1 eq) was dissolved in dry DMF (6 mL),
piperidine (300 pL) was added and the reaction was stirred at RT for 2 h. The solvents were

removed, and the residue was used for the next step.

4-pentynoic acid (88 mg, 0.87 mmol, 1.5 eq), HATU (375 mg, 0.99 mmol, 1.7 eq), and HOALt
(134 mg, 0.99 mmol, 1.7 eq) were dissolved in dry DMF (4 mL) under N2 atmosphere. DIPEA
(404 L, 2.32 mmol, 4 eq) was added and the mixture was stirred for 20 min at RT. A solution
of NH2-Val-Ala-PABA in dry DMF (6 mL) was added to the stirred mixture. After 4 h the
solvent was removed, and the remained oil was purified by column chromatography using
DCM/MeOH (95:5) to afford 15 as colorless solid (102 mg, 49% over two steps).

Rf = 0.11 (DCM/MeOH = 95:5): 'H-NMR (400 MHz, MeOD-ds): & (ppm) = 0.97 (d, J = 6.6
Hz, 3H), 0.99 (d, J = 7.0 Hz, 3H), 1.43 (d, J = 7.1 Hz, 3H), 2.09 (hept, J = 6.8 Hz, 1H), 2.26
(d, J = 2.5 Hz, 1H), 2.42-2.58 (m, 4H), 4.21 (d, J = 7.0 Hz, 1H), 4.48 (g, J = 7.1 Hz, 1H), 4.55
(s, 2H), 7.30 (d, J = 8.5 Hz, 2H), 7.55 (d, J = 8.5 Hz, 2H). 3C-NMR (100 MHz, MeOD-ds): 6
(ppm) = 15.6, 18.0, 18.7, 19.7, 31.8, 35.8, 51.1, 60.4, 64.8, 70.4, 83.7, 121.2, 128.6, 138.7,
138.7, 172.9, 173.6, 174.4.

4-Pentynamido-Val-Ala-PABC-PNP (8)

o)
M
0 o) 0" o
/\)LH\/Q(H\)LQ/@/\ \©\NO
o) = 2

15 (35 mg, 0.094 mmol, 1 eq) and bis(4-nitrophenyl) carbonate (57 mg, 0.19 mmol, 2 eq) were
dissolved in dry DMF (1 mL) under N2 atmosphere. DIPEA (25 pL, 0.14 mmol, 1.5 eq) was
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added and the mixture was stirred for 3.5 h at RT. The sample was concentrated under reduced
pressure and the crude was purified by DCM/MeOH (98:2) affording compound 8 as colorless
solid (39 mg, 76%).

R¢ = 0.14 (DCM/MeOH = 98:2); 'H-NMR (400 MHz, DMSO-de): § (ppm) = 0.87 (dd, J = 6.7,
15.7 Hz, 6H), 1.31 (d, J = 7.1 Hz, 3H), 1.97 (hept, J = 6.8 Hz, 1H), 2.30 — 2.48 (m, 4H), 2.74
(t, J = 2.2 Hz, 1H), 4.21 (dd, J = 6.7, 8.6 Hz, 1H), 4.39 (p, J = 7.0 Hz, 1H), 5.24 (s, 2H), 7.41
(d, J = 8.7 Hz, 2H), 7.57 (d, J = 9.1 Hz, 2H), 7.64 (d, J = 8.5 Hz, 2H), 7.94 (d, J = 8.6 Hz, 1H),
8.21 (d, J = 6.9 Hz, 1H), 8.31 (d, J = 9.1 Hz, 2H), 9.99 (s, 1H); 3C-NMR (100 MHz, DMSO-
de): J (ppm) = 14.3, 17.8, 18.1, 19.1, 30.5, 34.0, 49.1, 57.5, 70.2, 71.2, 83.8, 119.0, 122.6,
125.4,129.2, 129.4, 139.4, 145.2, 151.9, 155.3, 170.5, 170.9, 171.2.

4-Pentynamido-Val-Ala-PABC-Cry-55gly (9)

cl
PhMO
0859, 0 HN o cl
2% "X
0 hoo oN OJYN o o
//\)kN N\)LN H
Z H § ¢ H

Cryptophycin-55 glycinate (7) was prepared as previously described.?

7 (8.1 mg, 10.6 umol, 1 eq) and 8 (6.3 mg, 11.7 pumol, 1.1 eq) were dissolved in anhydrous
DMF (300 pL). DIPEA (5.4 L, 31.8 umol, 3 eq) was added and the mixture was stirred for 4
h at RT, followed by RP-HPLC purification to yield 9 as colorless solid (7.5 mg, 61%).

LC-MS: tr = 10.9 min, m/z calcd for [CsoH7sCloNsO14] = 1161.47 [M + H]*, found: 1161.49.

cyclo[DKP-RGD]-PEG4-Val-Ala-PABC-Cry-55gly (10)

Cl

by f Wkﬁ
fN )J\ O HN™ "0
o o AT
J@ﬂ B A o

Ligand cyclo[DKP-RGD]-PEG4-N3 (16) was prepared as previously described.?

9 (2.8 mg, 2.4 pmol, 1 eq), 16 (2.1 mg, 2.4 pmol, 1 eq), CuSO4 (0.35 mg, 1.4 pmol, 0.6 eq)
and sodium ascorbate (0.19 mg, 0.95 umol, 0.4 eq) were dissolved in DMF/H20 (1:1, 1 mL,
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degassed) and stirred for 24 h at 35 °C, followed by RP-HPLC purification to yield 10 as
colorless solid (2.9 mg, 60%).

LC-MS: tr = 7.9 min, m/z caled for [CosH131Cl2N19027]*": 1025.94 [M + 2H]?**, found: 1025.99.

HRMS (ESI-MS): m/z calcd for [CosH121CloN19027]%*: 1025.9414 [M + 2H]*, found: 1025.9322.

cyclo[DKP-isoDGR]-PEG4-Val-Ala-PABC-Cry-55gly (11)

HoN

HNANH .
vl wuo e
Hozc“'m%ﬂ )K/O\/\o/\/o\/\ /\/ij;f Qk /@ %7{
o N
(o]

Ligand cyclo[DKP-isoDGR]-PEG4-N3 (17) was prepared as previously described.*

9 (3.5mg, 3.2 umol, 1 eq), 17 (3.1 mg, 3.5 umol, 1.1 eq), CuSO4 (0.40 mg, 1.1 umol, 0.5 eq)
and sodium ascorbate (0.38 mg, 1.9 umol, 0.6 eq) were dissolved in DMF/H20 (1:1, 200 pL,
degassed) and stirred for 24 h at 35 °C, followed by RP-HPLC purification to yield 11 as
colorless solid (3.8 mg, 57%).

LC-MS: tr = 8.8 min, m/z calcd for [CosH131Cl2N19027]": 1025.94 [M + 2H]?*, found: 1025.93.

HRMS (ESI-MS): m/z calcd for [CosHiaiClaN1gO27]2*: 1025.9414 [M + 2HJ?*, found: 1025.9439.
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Synthesis of cyclo[DKP-RGD]-PEG4-uncleavable-Cry-55gly (13) and cyclo[DKP-
iIsSoDGR]-PEG4-uncleavable-Cry-55gly (14)

4-Pentynoil-Cry-55gly (12)

cl

PhMO

O 0 0 HN al
PO RAEPRAS!
& N O)YH o o~

7 (6 mg, 7.8 umol, 1 eq), 4-pentynoic acid (3 mg, 31.5 umol, 4 eq), PyBOP (16 mg, 31.5 umol,
4 eq) and HOB (5.5 mg, 35.5 umol, 4.5 eq) were dissolved in anhydrous DMF (500 pL) under
argon. DIPEA (6 L, 35.5 pumol, 4.5 eq) was added and the mixture was stirred for 4 h at RT,
followed by RP-HPLC purification to yield 12 as colorless solid (6.2 mg, 95%).

LC-MS: tr = 10.9 min, m/z calcd for [CasHs3CloN3O1o] *: 842.32 [M + H]*, found: 842.34.

cyclo[DKP-RGD]-PEG4-uncleavable-Cry-55gly (13)

o
cl

HJ O RO
o gymi

NH HN)S \/@/\ )K/O\/\O/\/O\/\O/\/N

12 (2.5 mg, 3.0 umol, 1 eq), 16 (2.7 mg, 3.0 umol, 1 eq), CuSO4 (0.45 mg, 1.8 pumol, 0.6 eq)
and sodium ascorbate (0.24 mg, 1.2 umol, 0.4 eq) were dissolved in DMF/H20 (1:1, 600 pL,
degassed) and stirred for 24 h at 35 °C, followed by RP-HPLC purification to yield 13 as
colorless solid (4.4 mg, 85%).

LC-MS: tr= 7.5 min, m/z calcd for [CaoH10sCl2N16023]: 1731.72 [M + H]*, found: 1731.81; m/z calcd
for [CaoH110ClN16023)*": 866.36 [M + 2H]?", found: 866.41.

HRMS (ESI-MS): m/z calcd for [CeoHi10ClN16O2]**: 866.3648 [M + 2H]?", found: 866.3630.
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cyclo[DKP-isoDGR]-PEG4-uncleavable-Cry-55gly (14)

H cl
Oy N

> e
HO,C" “NH HN)HVE>A )K/O\/\o/\/o\/\ /\/N$/\)L 6{

12 (1.5 mg, 1.73 pmol, 1 eq), 17 (1.7 mg, 1.90 pumol, 1.1 eq), CuSO4 (0.22 mg, 0.87 pmol, 0.5
eq) and sodium ascorbate (0.20 mg, 1.04 pumol, 0.6 eq) were dissolved in DMF/H20 (1:1, 200
pL, degassed) and stirred for 24 h at 35 °C, followed by RP-HPLC purification to yield 14 as
colorless solid (2.4 mg, 80%).

LC-MS: tr = 8.4 min, m/z calcd for [CaoH109CloN16023]": 1731.72 [M + HJ, found: 1731.74; m/z calcd
for [CaoH110ClN16025]%": 866.36 [M + 2H]?*, found: 866.38.

HRMS (ESI-MS): m/z calcd for [CaH110ClN16023]**: 866.3648 [M + 2H]?*, found: 866.3654.
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NMR, HPLC and mass spectra

4-Pentynamido-Val-Ala-PABA (15)

IH-NMR (400 MHz, MeOD-d)
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4-Pentynamido-Val-Ala-PABC-PNP (8)

IH-NMR (400 MHz, DMSO-ds)
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4-Pentynamido-Val-Ala-PABC-Cry-55gly (9)

LC-MS:
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cyclo[DKP-RGD]-PEG4-Val-Ala-PABC-Cry-55gly (10)

LC-MS, HRMS:
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cyclo[DKP-isoDGR]-PEG4-Val-Ala-PABC-Cry-55gly (11)

LC-MS, HRMS:

x10 2
1,1

1]
0,9+
0,8
0,74
0,6
0,54
0,4+
0,3
0,2+
0,1+

04

-0,14

*8.83

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Response Units (%) vs. Acquisition Time (min)

1] 1026.93

0,5

0,24 684.96

0,14
0 l . L

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
Counts (%) vs. Mass-to-Charge (m/z)

x104
3,51
1026.9448

2,54 1026.4459
1025.9439

1027.4452

1027.9450

1028.4444

1028.9542

1024 1025 1026 1027 1028 1029 1030 1031 1032
Counts vs. Mass-to-Charge (m/z)

S17



4-Pentynoil-Cry-55gly (12)

LC-MS:
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cyclo[DKP-RGD]-PEG4-uncleavable-Cry-55gly (13)

LC-MS, HRMS:
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cyclo[DKP-isoDGR]-PEG4-uncleavable-Cry-55gly (14)

LC-MS, HRMS:
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