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Targeting the Testosterone Binding Site of ZIP9
with Andromimetic Peptides
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The Zinc Transporter ZIP9

&
e Membrane-bound protein originally
identified as a Zn?* transporter
e Also binds testosterone
1: HIS-186
e Triggers the activation of the Src, - AEH 46D
Ras, Raf, Erk1/2, CREB, and ATF-1 '
3: HIS-156

signaling cascade

e Cascade is mediated through the
interaction of ZIP9 with G-proteins

e Represents an interesting
pharmacological target

M. Shihan, A. Bulldan, G. Scheiner-Bobis, Biochim. Biophysi. Acta 2014, 1843, 1172-1181; A. Bulldan, V. N. Malviya, N.
Upmanyu, L. Konrad, G. Scheiner-Bobis, BBA — Mol. Cell Res. 2017, 1864, 2402-2414.



The Zinc Transporter ZIP9 oo
lpyo
Extracellular
Transmembrane
Cytoplasm
A. Bulldan, V. N. Malviya, N. Upmanyu, L. Konrad, G. Scheiner-Bobis, BBA — Mol. Cell Res. 2017, 1864, 2402-2414. 3



Binding of Testosterone

A. Bulldan, V. N. Malviya, N. Upmanyu, L. Konrad, G. Scheiner-Bobis, BBA — Mol. Cell Res. 2017, 1864, 2402-2414. 4



The Antiandrogen Bicalutamide

e Significant clinic impact

e Accommodates same binding pocket
as testosterone

e Severe side-effects

1.3 billion US$ world wide sales in 2007
13.4 billion US$ as of the end of 2018

LEU-302

A. Bulldan, V. N. Malviya, N. Upmanyu, L. Konrad, G. Scheiner-Bobis, BBA — Mol. Cell Res. 2017, 1864, 2402-2414. 5



Design and Synthesis of Peptides

e |nsilico design of potential antiandrogenic peptides

e Six candidates identified that may bind to ZIP9
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V. N. Malviya, Raffael C. Wende, A. Bulldan, M.-L. Mdller, P. R. Schreiner, G. Scheiner-Bobis, J. Med. Chem., manuscript in

preparation.



Design and Synthesis of Peptides o 4
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V. N. Malviya, Raffael C. Wende, A. Bulldan, M.-L.
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Moller, P. R. Schreiner, G. Scheiner-Bobis, J. Med. Chem., manuscript in



Andromimetic Peptides for Osteoporosis Therapy

Commonly applied osteoporosis therapy:
e Basis: calcium and vitamin D
e Biphosphonates, SERMs, calcitonin, estrogenes, progesterone

e Fluorides, parathyroid hormone, strontium, testosterone

Side effects of testosterone:
e Liver damage, lipid metabolism disorder, risk of thrombosis

e Virilization symptoms (female), “awake” clinically silent prostate cancer (male)

Andromimetic Peptides: showed activation of osteoblasts
(cooperation Prof. Dr. K. Lips)




Synthesis of 2,3-Diaminopropanoic Acid
Derivatives




An “Unknown” Compound from Flow Pyrolysis
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An “Unknown” Compound from Flow Pyrolysis
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An “Unknown” Compound from Flow Pyrolysis
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Identification of the Product
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Proposed Mechanism
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Synthesis of Quaternary Diamino Acids
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Synthesis of Quaternary Diamino Acids

o) Q MsCI (2.2 equi i
" on OH sCl (2.2 equiv) OMs
HO NaNO, (3.5 equiv) ~ HO H2S04 (4 mol%) MeO EtN (27 equiv) - MeO
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(0]
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L’\IN\:/N + (N @O \\

\/

LN\/
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Next Steps:
e |nstallation of Tf-protecting group

e Optimization of the rearrangement using chiral bases

e Optimization of the hydrolysis and purification of the diamino acids

16



A novel approach towards glycoconjugates

17



Synthesis of 2-Deoxy-C-Glycosyl a-Amino Acids
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Reaction not (yet) broadly applicable!
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Synthesis of 2-Nitro-C-Glycosyl a-Amino Acids
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Synthesis of Nitrogalactal

O 1. )ACzO HC|O4
rt 1h

“OH 2 HBr, rt, 18 h

BnO 0 | HNOs, Ac,O
BnO -35°C-0°C
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T. Delaunay, T. Poisson, P. Jubault, X. Pannecoucke, Eur. J. Org. Chem. 2014, 7525-7546. 20



Alternative Synthesis of Nitroglucal
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T. Delaunay, T. Poisson, P. Jubault, X. Pannecoucke, Eur. J. Org. Chem. 2014, 7525-7546. 21



oo

T g Teb

Identification of selective peptides for the kinetic
resolution of trans-diols by NMR analyses

22



Kinetic Resolution of trans-Cycloalkane Diols o
Lad
\‘j\'J‘f‘;
E Proposed dynamic binding pocket
|| J\g_\ , of acylium ion/catalyst adduct
o :
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UOH Ac,0 (5.3 equiv) O.\\\OH O/O s
> o !
““OH PhCH3, =20 °C, 4 h OH OH
(x)-2 (S,5)-2 Ac-(R.R)-2
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S>50 !
C. E. Mller, L. Wanka, K. Jewell, P. R. Schreiner, Angew. Chem. Int. Ed. 2008, 47, 6180-6183; C. E. Miiller, D. Zell, R. Hrdina, R. C. 53

Wende, L. Wanka, S. M. M. Schuler, P. R. Schreiner, J. Org. Chem. 2013, 78, 8465-8484.



Experimental Evidence for Dispersion Interactions

Communications

—~_ ) o

Uncovering Key Structural Features of an
Enantioselective Peptide-Catalyzed Acylation Utilizing
Advanced NMR Techniques

Internatona! Edition: DOI: 10.10@/ ane 20160855
German Edmon: DO 10.1002/ange 20160843

Eliska Prochdzkovd, Andreas Kolmer, Julian llgen, Mira Schwab,
Lukas Kaltschnee, Maic Fredersdorf, Volker Schmidts, Raffael C. Wende,
Peter R. Schreiner,* and Christina M. Thiele*
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E. Prochdzkova, A. Kolmer, J. ligen, M. Schwab, L. Kaltschnee, M. Fredersdorf, V. Schmidts, R. C. Wende, P. R. Schreiner, C. M.
Thiele, Angew. Chem. Int. Ed. 2016, 55, 15754-15759.
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Temperature Coefficients

Peptide may form dimers in solution:

e Measurement of chemical shift in dependency of temperature and
concentration

e Determination of equilibrium constant for each temperature
e (Calculation of chemical shift for monomer and dimer

e Plotting chemical shift vs. temperature,
slope = temperature coefficient (TC)

e Monomer and dimer undergo conformational changes and/or
equilibrium is shifted

25
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Temperature Coefficients Without Diol

Whitlock et al., Med. Chem. Commun. 2011, 2, 669:

22

TC > -3 ppb K™ strong intramolecular H-bond
-5 < TC < -3 ppb K~': weak intramolecular H-bond
—8 < TC < -5 ppb K~': no intramolecular H-bond

Temperature coefficient in lipophilic solvents

ppb K large conformational changes
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Temperature Coefficients With Diol

Plot of difference of measured and predicted chemical shift vs. temperature:

only influence of diol on peptide (background substracted)

with (S, S)-trans-diol

with (R,R)-trans-diol
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Conformational changes and/or change in equilibrium for all diols but (R,R)-diol
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Can We Identify a Selective Peptide by NMR?

Miiller et al., 2013:

peptide (2 mol%)
ACQO (5.3 equiv) ~OH
S-value: 16
“0 toluene “,
OH
0]

95% ee 65% ee >ro\n/H\)J\N H\)j\
: H

O O
peptlde (2 mol%) O O /:(
Ac,0 (5.3 equiv) —
R S-value: 3 NN
toluene OH OH

50% ee 33% ee
New Substrates: New Catalyst:
O
O peptide (2 mol%) O O Y
OH  Ac,0 (5.3 equiv) ~OH o)
_ + S-value: 5 H e) H
‘0, toluene .
O OH O OH O "OH %/OTN\HLN N\__)LN O
o 7/ H ON / H
53% ee 47% ee /:(
peptide (2 mol%) OY
OH  Ac,0 (5.3 equiv) o
e OH + S-value: ?
On toluene (')H
(+ OH
C. E. Mdiller, D. Zell, R. Hrdina, R. C. Wende, L. Wanka, S. M. M. Schuler, P. R. Schreiner, J. Org. Chem. 2013, 78, 8465-8484. 28



Synthesis of the Desired Diol

O

o
X7 saeme 3 Y - Ay
\_/ DCM, 0 °C - rt =
o/n 45 : 1 )
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0]

/
)J\/\n/ © oM. 100 Q.
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83%
Y g
mCPBA (0] NaOH o)
(4 equiv) (1.75 equiv)
DCM, rt,6d O. _O H,O/THF

0__0
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OH

O\rO

quant no diol obtained

95%

29






Acknowledgement

b d

Prof. Dr. Peter R. Schreiner

Prof. Dr. Georgios Scheiner-Bobis
Marie-Louise Moller
Dr. Viveka Nand Maliya

Prof. K. Lips
Marlena Ruppert

Dr. André K. Eckhardt

Prof. Dr. Christina M. Thiele
Jens Nowag

Antonio Pulcinella




