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CHAPTER 1

NC-Acyl-argininamides as NPY Y; Receptor Antagonists:
Influence of Stucturally Diverse Acyl Substituentson Stability and
Affinity

1.1 Introduction

G Protein-coupled receptors (GPCRS) represent arneégss of biological targets in drug
discovery. Focusing on neuropeptide Y (NPY) andtansne receptors as models of
aminergic and peptidergic GPCRs, respectively, meparticularly interested in bioisosteric
approaches to develop special receptor subtypetse&letools, e. g., bivalent ligands,
prodrugs, radiolabeled and fluorescent compodfidStrongly basic groups such as
guanidines (including Arg residues) are essentialctural features of numerous GPCR
ligands, but are unfavourable with respect to badability and brain penetration. This is also
true for many high affinity NPY and histamine remepagonists and antagoniéts®
Therefore, special effort was put into the seamh Hioisosteric replacements of strongly
basic functional groups. Recently, we reported & fexploitation of guanidine -
acylguanidine bioisosterism with respect to histantib, Hz and H, receptor ligands®*?and
arginine-type NPY Y receptor antagonists® # ¢ 71314

NPY is a highly conserved peptide which plays apanant role as a neurotransmitter in the
central and peripheral nervous systenin humans, four receptor subtypes, referred to as
NPY Y1, Yz, Y4 and Ys receptors, mediate the biological effects of NP¥t instance, in the
periphery NPY Y receptor (YR) stimulation causes an increase in blood pressarthe
central nervous system (CNS)F activation elicits anxiolytic and sedative effe@nd is
involved in the stimulation of food intaka.

Arginine derivatives such as theR antagonist BIBP3226 (1a, Figure 1) have been proven
as valuable pharmacological tools regardless ofpgntees being far from drug-like.
Interestingly, the reduction of the basicity of teg-derived Y;R antagonistla by
introducing electron-withdrawindN®-substituents such as acyl groups turned out ta be
promising general route to guanidine derivativeshwincreased potency, to fluorescent
ligands and radioactive tracéfs.'* Even bulky fluorophores attached to the guanidiize
spacers of different size were tolerated; a modedatrease in affinity did not compromise
suitability of the compounds as pharmacologicalsobBlowever, depending on the chemical



nature of the linker cleavage of the acylguanidjneup may occur as demonstrated for a
model compound’

In continuation of our studies on the structurevagtrelationships of argininamide-type; K
antagonists we synthesized a serieN®facylated analogues dfa in order to explore the
impact of structurally diverse substituents on #itgband pharmacological activity in vitro
(Y1R binding and antagonism). As the small libraryYagR antagonists was synthesized to
cover a wide range of distribution coefficientsg the BIBP 3226 skeleton was substituted
with hydrophobic alkyl chains or sugars and amitesalter the polarity of the parent

compound (Figure 1).

1.2 Results and Discussion
1.2.1 Synthesis of th&l®-acylated argininamides

The N®-acylated argininamides were efficiently preparedoading to the general synthetic
route shown in Scheme N-Boc-Smethylisothiourea3) was acylated with the respective
carboxylic acids yielding the isothiourea derivathgidinylation reagentdb-4g, 4i, 4k-4q,
4s-4u Guanidinylation ofb-ornithinamide5 and subsequent removal of protecting groups
gave the envisagel®-acylated argininamides. Amirieis available fromp-ornithine in six
steps in 32% overall yield.

Synthetic strategies for the preparation of carboxacids?, 8, 11, 14, 17, 20, 22, 27, 28, 30,
and 36 are depicted in Schemes 2 — 4. Acillend 8, containing a triazole entity, were
prepared through a Cu(l)-catalysed “click-reactidrgtween 4-azidobutanoic acid aiiii-
protected propargyl alcohol or Boc-protected prgplaeamine (Scheme 2). Carboxylic acid
14 was prepared via guanidinylation of 6-aminohexaramid methyl ester withl,N’-diBoc-

S methylisothiourea followed by ester hydrolysis l{8me 2). For the synthesis of succinic
acid derivativel?7 ethylenediamine was one-fold guanidinylated WN'-diBoc-S-methyl-
isothiourea yielding amin&6, which was treated with succinic anhydride (Sché&heAcid
precursor20 and22 were obtained through the treatment of amit@and21 with succinic
anhydride (Scheme 2). The suberic acid derivati2ésand 28 were prepared through
amidation of octandioic acid mono-benzyl ester vaithines?24 and21, respectively, followed
by benzyl ester cleavage (Scheme 3). Octandioid derivative 30 was obtained via
amidation of non-protected suberic acid with 3-apmopanoic acid benzyl ester (Scheme 3).
The synthesis of carboxylic acRb started from pyrene-1-carboxylic aci@l), which was

amidated with mono-Boc-protected ethylenediamR® {n moderate yield (Scheme 4). The



Boc group was removed with hydrochloric acid yietgliamine33, which was coupled with
3,6,9-trioxaundecandioic acid mono-benzyl es8)) (o give compound5. Hydrogenolysis
of 35 resulted in aci®6 (Scheme 4).
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Figure 1. Structures oN®-acylated derivatives of the;R antagonist BIBP 3226.6) ranked
according to calculated logD values (ACD-labs safevversion 12, pH = 7.4); experimental

logD values from HPLC measureméfit®m parentheses.

D-Gluconic acid derivativeli was synthesized from penta-acetylatedyluconic acid.
Unfortunately, deprotection of the hydroxyl groufssled. The base-labile acylguanidine
moiety prevents basic selective cleavage of thetylgerotecting groups. Enzymatic

deprotection using a lipase preparation (Novozy®) 48s also unsuccessful. To circumvent



such problems, sugar derivati¥a, containing a galactose entity, was prepared.syhéesis

of the respective carboxylic acid is shown in Scheme 2. Two acetal protecting grovg®
introduced in the first step and the remaining prynhydroxyl function was esterified with
succinic anhydride. The acetal groups are compatitith the general synthetic strategy
outlined in Scheme 1 and can be easily removedhe final deprotection step with
TFA/DCM.

BIBP 3226 derivativeslj and 1r were prepared through 4-fluorobenzoylation and

propionylation of amine$sandlu, respectively (Scheme 5).

NH NBoc N o
_a, b 5 AL N
MeS” ~NH, MeS” ~NH, HO\n,R MeS ” R
2 3 O 4b-4g, 4i, 4k-4q, 4s-4u
Ph Ph NH
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HN S0 4b-4g, HN S0
4i,
4k-4q, K@\
O/t—Bu 4s-4u oH
5 1b-1g, 1i, 1k-1q, 1s-1u

Scheme 1 General route for the synthesisNf-acylated BIBP 3226 derivativekb-1g, 1i,
1k-1q and1s-1u. a) BoeO, NaOH,'BuOH, 90%: b) DIPEA, EDC, HOBT, DCM1§ TBTU,
DIPEA, DMF), 31 - 95%; c) HgG) NEt, DMF, 39 - 78%; d) TFA/DCM 1:1, quantitative
yield.
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Scheme 2 Synthesis of carboxylic acids 8, 11, 14, 17, 20 and22. a) CuSQ (5 mol%), Na-
ascorbate (10 mol%), MeOH .8, 67%-86%; b) acetone, iodine, 71%; c) succinltydnde,
DMAP, NEt, 73%; d) HgCJ, NEts, DMF, 84%:; e) THF, NaOH, 71%; f) CHEI16 h, 97%;
g) THF, NEg, 49%: h) CECOOEt, DCM; i) BogO, DCM; j) K.COs, MeOH, HO, 47%
overall; k) succinic anhydride, THF, Ngz77%; |) DCM, 99%.
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Scheme 3 Synthesis of suberic acid derivati&gg 28 and30. a) DCM, EDC, HOBt, DIPEA,
62%; b) Pd-C, KB 90% - 94%; c) DCM, EDC, HOBt, DIPEA, 44%.
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Scheme 4 Synthesis of the pyrene-1-carboxamide derivaB&e a) DCM, EDC, HOBt,
DIPEA, 52%; b) MeOH, HCI, 83%; c) DMF, EDC, HOBt|REA, 59%; d) Pd-C, MeOH,

quantitative.

s a N 1u —» 1r
O O C
F
QN-O qNO \
o 37 o 38

Scheme 5Synthesis of thdl®-acylated BIBP 3226 derivativdg and1r. a) NEt, DMF, 65%
(1)), 21% (Lr).

1.2.2 Stability and Y;R antagonistic activity

As the acylguanidine moiety dfi®-acylated argininamide-type ;R antagonists may be
considered as the most probable cleavage sitetdbdity of the presented BIBP 32264)

derivatives was investigated with respect to thhenfdion ofla at physiological pH of 7.4. A



release ofLla under the conditions of the pharmacological askagsto be taken into account
aslais a highly potent ¥R antagonistk; = 1.3 nM) and could pretend a higher potency of
the investigated compounds. Therefore the stahilftghe N®-acylated argininamides was
investigated at pH 7.4 on the time scale of thaysss-ormation ola was not observed for
the strongly hydrophobic compountlg 1d andle which are devoid of hetero atoms in their
N®-acyl substituents. The hydrophobic ligaridsand 1g, both containing an amide group in
the acyl substituent, showed a very minor decontiposover 90 min (< 0.5%). Instability
was more pronounced (decomposition up to 2.6% 89enin) for the more polar compounds
(1h, 1i, 1k — 1g) bearing amide, ester, triazole, sugar, aminebaatic or guanidine
functions in the acyl residue.

Exceptionally high instabilities were found for arigamides with succinyl attached to the
guanidine {j, 1r — 1u). Compoundslr — 1u quantitatively decomposed fia over 90 min
(Table 1). This process was exemplarily exploredRB+HPLC-MS using the hydrophobic
compoundlj, which allows the detection of the acyl substitugpon cleavage. As becomes
obvious from Figure 2 compour] is cleaved via an intramolecular attack of thecsuc
amide nitrogen at the carbonyl group attached ® dghanidine resulting in thil-alkyl
succinimide derivativg9. The lability of the acylguanidines bearing nugleites in position

5 or 6 of the acyl side chain is in accordance wita recently reported reactivity of 5-
aminopentanoyl substituted guanidirie.

All compounds proved to be stable at acidic pH @.Aqueous trifluoroacetic acid, pH 2-3).
Under these conditions the acylguanidine groupnmst quantitatively protonated due to pK
values in the range of 7 — 8. Obviously, this cleantipe susceptibility against hydrolysis and

prevents intramolecular attacks of nucleophilehatcarbonyl group, respectively.
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Figure 2. Exploration of the decomposition mechanism of BIB26 derivativdj incubated

in an aqueous buffer (pH 7.4) at 20 1C-MS analysis was performed after an incubation
period of 20 and 90 mirij is decomposed to BIBP 32264 and the succinimide derivative
39 through an intramolecular attack of the succimude nitrogen at the guanidine linked

carbonyl group. Chromatograms were acquired byleilog monitoring analysis.

Except for the highly unstable compourigsand1r — 1u theN®-acylated argininamides were
characterised in terms of; antagonismHK;, values) and YR affinity (K; values) using a
Fura-2 assay on human erythroleukemia (HEL) tedlad a radioligand binding assay on SK-
N-MC human neuroblastoma ceflsespectivelyK, andK; values are summarized in Table 1.
Except forlh (Ki = 0.9 nM) allN®-acylated argininamides showed a reduceR ¥ffinity
compared to the parent compouba (K; = 1.3 nM, Table 1). The decrease in affinity was
most pronounced (up to three orders of magnitudle)hie most hydrophobic compoundb (
—1le Table 1), which have limited solubility and mighteract with the cell membrane.

Direct attachment of pyrene-1-carboxylic acid te tuanidine-N (compountle) resulted in
complete loss of YR affinity. By contrast, high YR affinity can be retained, if the pyrene



moiety is attached to the guanidine group throudimker (compounddd and1f, Figure 1,
Table 1).

The YiR affinity of the polar sugar and guanidine subgtid compound&n and1q is about
35 times lower compared to the affinity b&. The argininamidela may be considered a
mimic of the C-terminal dipeptide in NPY (...-ArgTyr®®-NH,). It may be speculated that the
introduction of a second guanidine moiety (as pfedi by compoundq) could enhance
binding affinity through mimicking the second arigia residue (Ar%).>° However, theK;
value of compound.q was only 51 nM — perhaps due to an inappropriegt&amce between
the two guanidine groups.

The hydroxy substituted {R antagonistll (K;j = 3.0 nM), proved to be as potentlas It is
conceivable that the hydroxy group mimics ¥tor Ty’ of the natural ligand NPY. Both
amino acids are very important for the binding ¢tYto the YR, as identified by alanine
scan?’ The amine analogue af, compoundLm, binds with similar affinity to the YR (K; =
6.7 nM).

As partial decomposition of compountis 1k and1o - 1q occurs (up to 2.6% over 90 min),
the determined; values of these five compounds have to be coresiderth reservation, as
the affinity of the cleavage produta (K; = 1.3 nM) and the assay periods (from preparation
of solutions to read out: 60 — 90 min) have todéeh into account.

With respect to the prediction of the affinity afwm compounds, three issues have to be taken
into account: substitution with bulky groups ditgat the BIBP 3226 backbone results in a
complete loss of affinity, that can be compensateth a spacer of adequate length.
Derivatives with a small aromatic or heteroaromatibstituent {g, 1I, 1n) show slightly
higher binding affinity compared to the more fldriltlerivatives 1g vs. 1k, 1o, 1p; 1m vs.
19). Relatively small hydrophobic substituents, adlin(K; = 0.9 nM) and the radioligand
[*H]-UR-MK114 (K; = 1.3 nM)? result in similar and even higer affinity compatedBIBP
3226. Interactions of the acyl substituent with Yh&® are difficult to predict, because these
residues are presumably oriented toward flexibleaerllular loop regiorisand, depending
on chemical nature and size of the acyl residuénta@naction with membrane lipids cannot be

ruled out.
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Table 1. LogD values, stability, YR antagonistic activityK,) and Y;R binding affinity ;)
of BIBP 3226 derivativetb — 1u.

no. logD? % decomposition (pH YR antagonism YR affinity
7.4, 20 °C) after 20 / Ky? [NM] Ki  [nM]
90 min

1 074 - 15402 13302
1b 12.5 n.d. 140 £ 10 1500 + 120
1c 94 0/0 170+ 8 460 = 19
1d 7.6 (5.3) 0/0 n.d. 270 + 70
le 7.2 0/0 n.d. inactive
1f 6.0 (3.1) 0/<05 n.g. 59 + 16
1g 4.6 (3.2) 0/<05 1.10 + 0.04 40+ 9
1h 3.9 0/0.8 006+0.61 09=+0.1
i 3.5(2.9 0.9/2.6 83+8 110 + 38
1 3.5 30 /69 n.d. n.d?
1k 2.9 0/0.7 170+ 18 260 + 82
1 1.8(1.4) 0.9/2.1 0.40 £ 0.03 3.0+x0.5
Im 1.7 0.6/1.7 14+ 4 6.7x0.1
1In 0.9(1.0) <0.5/1.3 510 + 190 41 +5
1o 0.7 <05/14 450 £ 52 73+ 11
1p -0.3(1.3) <05/1.4 230 + 64 130+ 10
1q -0.3(1.4) <05/1.6 18 + 8 51+ 18
1r -0.6 64 /100 n.d. n.d?
1s -1.3 51 /100 n.d. n.d?
1t -14 61 /100 n.d. n.d?
1u -1.8(1.3) 40 /100 n.d n.d?

& Calculated with ACD-labs software version 12, pH 4; in brackets: experimental logD
determined with HPLC measuremerft¥,, values for inhibition of NPY (10 nM) induced
calcium mobilization in HEL cells (Fura-2 assayl);raean values + SEM from two or three
(1k, 1n, 10, 1p, 1u) independent experimehi§.values determined from the displacement
of 1.5 nM PH]-UR-MK114* on SK-N-MC cells; all mean values + SEM from twotbree
(1c, 1f, 1g, 1k, 1I, 1p) independent experimefitBIBP 3226.° Due to their fluorescent
properties pyrene ligands are not compatible wih Fura-2 assay.Keller et al* ¢ not
determined due to the high instability.

1.3 Conclusion

The stability of theN®-acylated argininamides strongly depends on thereabf the acyl
residue. It becomes obvious from the high instabdf the succinyl derivativedlj, 1r — 1u)
that cleavage is favoured when the residues hanazieophilic functional groups capable of
an intramolecular attack on the acyl carbonyl. TiBisalso conceivable for argininamides
decomposing to a minor extent and beatifegacyl residues containing amide, ester, triazole,
sugar, amine, carboxylic or guanidine functiohh, (i, 1k — 1q). This has to be taken into
account in pharmacological investigations, in gaftr, when cleavage products are highly

bioactive as in the case dfa (K; = 1.3 nM). However, despite these limitations loroa
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structural variation oN®-acyl substituents was tolerated (affinities in tiM range). Most of
the investigated compounds proved to be suffioyestible at pH 7.4 to determine reliable in
vitro pharmacological data. In conclusion, tN&acylation of the stongly basic guanidine
group in argininamides is a successful bioisostapproach to more drug-like properties
provided that the outlined stability considerati@re taken care of. This is not restricted to
the NPY field, as guanidine groups are crucial citmal features of many different

biologically active compounds including GPCR ligand

1.4 Experimental
1.4.1 General experimental conditions

Unless otherwise noted, solvents (analytical gradeye purchased from commercial
suppliers and used without further purificationhftacetate (EA), petrol ether (PE, 60 — 70
°C), methanol and dichloromethane were obtainedeahnical grade and distilled before
application. Acetonitrile (MeCN) for HPLC was obtad from Merck (Darmstadt, Germany).
Pentacosa-10,12-diynoic acid (Sigma-Aldrich ChefmbH, Munich, Germany), 4-(pyren-
1-yl)butanoic acid (Sigma-Aldrich Chemie GmbH, Mcimi Germany), hexadecanoic acid
(Riedel-de Haen, Seelze, Germany), suberic acidké&:|Sigma-Aldrich Chemie GmbH,
Munich, Germany) and-(+)-galactose (Merck, Darmstadt, Germany) were pased.
Preparative HPLC was performed with a system framudér (Berlin, Germany) consisting of
two K-1800 pumps and a K-2001 detector. A Nucleotd®-5 C18 (250 x 21 mm, 5 pm;
Macherey-Nagel, Germany) and a Eurospher-100 CBE® (2 32 mm, 5 um; Knauer,
Germany) served as RP-columns at flow rates ofn2I038 mL/min, respectively. Mixtures of
MeCN and diluted aqueous TFA (0.1 %) were used aisilsnphaseH-NMR spectra were
recorded at 300 MHz on a Bruker Avance 300 speatemor at 600 MHz on a Bruker
Avance 1ll 600 with cryogenic probehead (Bruker,riaihe, Germany)**C-NMR spectra
were recorded at 75 MHz on a Bruker Avance 300 tspeeter. All chemical shifts values
are reported in ppm. UV/VIS spectra were recordél & Varian Cary BIO 50 UV/VIS/NIR
spectrophotometer (Varian Inc., CA, USA). Mass siiged-innigan SSQ 710A (El), Finnigan
MAT 95 (CI), Finnigan MAT TSQ 7000 (Thermo FINNIGANJSA) (ES/LC-MS). LC-
system for LC-MS: Agilent 1100 (Palo Alto, USA). @S method | (LC-MS-I): Column:
Phenomex Luna C18, 3.0 um, 100 x 2 mm HST (Phenerjekschaffenburg, Germany);
flow: 0.30 mL/min; solvent A (water + 0.1% TFA),lgent B (MeCN); gradient: 0 min [A/B
95/5], 1 min [A/B 95/5], 11 min [A/B 2/98], 18 mipA/B 2/98], 19 min [A/B 95/5], 24 min
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[A/B 95/5]. LC-MS method II: Column: Phenomex Lu@d8, 2.5 pm, 50 x 2 mm HST
(Phenomenex, Aschaffenburg, Germany); flow: 0.40mih; solvent A (water + 0.1% TFA),
solvent B (MeCN); gradient: 0 min [A/B 95/5], 8 miA/B 2/98], 11 min [A/B 2/98], 12 min
[A/B 95/5], 15 min [A/B 95/5]. Analytical HPLC (HRC): Compoundd.c-1i, 1k-1q, 1t, 1u:
Phenomex Luna C18, 3.0 um, 150 x 2 mm (Phenomeksehaffenburg, Germany); flow:
0.30 mL/min; solvent A (kD + 0.0059%TFA), solvent B (MeCN); gradient: 0 niA&/B
95/5], 30 min [A/B 2/98];1j, 1r, 1s Eurospher-100 C18, 5 um, 250 x 4.0 mm (Knauer,
Berlin, Germany); flow: 0.80 mL/min; solvent A (veait+ 0.05% TFA), solvent B (MeCN);
gradient: 0 min [A/B 85/15], 28 min [A/B 45/55], 38in [A/B 5/95], 40 min [A/B 5/95].
Melting points were determined with a Lambda Phatios Optimelt MPA100 apparatus
(Lambda photometrics, Harpenden, UK), they areaootected. Thin layer chromatography
(TLC) was performed on alumina plates coated wilicasgel (Merck silica gel 60 fs,
thickness 0.2 mm). Column chromatography (CC) wexfopmed with Merck Geduran SI 60
silica gel as the stationary phase.

The synthesis 088, 1a and1h was described elsewhére’ Compounds3? 5,* 6,** penta-
acetyl gluconic acid® 'Bu-protected propargyl alcohd\,'Bu-protected propargyl amirfe,
10,%° 11,77 147 16 19 21,3 2332 31,*® 37 were prepared according to literature pro-

cedures.

1.4.2 Synthetic protocols and analytical data of B, 17, 20, 22, 25-28, 30 and 32-36

4-[4-(tert-Butoxymethyl)-1H-1,2,3-triazol-1-yl|butanoic acid(7)

4-Azidobutanoic acid (419 mg, 3.25 mmol) was mixath Boc-protected propargyl alcohol
(364 mg, 3.25 mmol) in 5 mL MeOH. Then ascorbidg@5 mg, 0.33 mmol) dissolved in 1
mL H,O and copper sulphate pentahydrate (8 mg, 0.03 juigdolved in 1 mL LD were
added and the reaction mixture was heated to redlwernight. Next day MeOH was
evaporated completely and dichloromethane (30 mid) sat. aqueous NaH$®olution (20
mL) were added. The organic layer was collectedthed diluted NaOH (40 mL, 1 mol/L)
was added. The aqueous layer was collected antiegidith NaHSQ solution until pH < 2.
Dichloromethane (40 mL) was added and the acidexrected. The organic phase was dried
over MgSQ, the solvent was evaporated and a white solidoktained (674 mg, 86%), m.p.
81 °C.’"H NMR (300 MHz, CDC}): 1.26 (s, 9H), 2.15 — 2.25 (m, 2H), 2.39 (t, 6.88, 2H),
4.42 (t, J = 6.94, 2H), 4.58 (s, 2H), 7.55 (s, 1H),31 (bs, 1H)**C NMR (75 MHz, CDC}):
25.3, 27.5, 30.5, 49.3, 56.2, 74.1, 122.5, 14678.4 C11H1oN303: MS (CI, NHs): m/4%)
242(100, MH+).
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4-{4-[(tert-Butoxycarbonylamino)methyl]-1H-1,2,3-triazol-1-yl}butanoic acid (8)
4-Azidobutanoic acid (0.89 g, 6.90 mmol) was mixeth Boc-protected propargylamine
(2.07 g, 6.90 mmol) in MeOH (10 mL). NaOH (1 molAvps added until the pH value was
between 6 and 8. Then ascorbic acid (65 mg, 0.38ljndissolved in 1 mL kD and copper
sulphate pentahydrate (8 mg, 0.03 mmol) dissoluet inL HO were added and the reaction
mixture was heated to reflux overnight. Next dayQ#k was evaporated under reduced
pressure and the residue was diluted with 80 mLaB#& 80 mL of aqueous NaH%®olution
(5%w). The organic layer was separated, dried MgbO, and the solvent was evaporated.
The crude material was recrystallised from EA yigjda white crystalline solid (1.31 g,
67%), m.p. 117 °C*H NMR (300 MHz, CROD): 1.43 (s, 9H), 2.10 — 2.20 (m, 2H), 2.25 —
2.35 (m, 2H), 4.29 (s, 2H), 4.44 (t, J = 6.89, 2HR2 (s, 1H)*C NMR (75 MHz, CR:OD):
26.7, 29.0, 31.5, 36.9, 50.6, 80.5, 124.2, 1478.3, 176.1C;,H0N4O4: MS (LC-MS-II):
m/Z4%) [tgr = 5.1 min]: 285(35, MH+), 569(100).

6-(tert-Butoxycarbonylamino)-2,2-dimethyl-4,11-dioxo-3-ox&b,7,10-triaza-tetradec-5-
en-14-oic acid (17)

Compound16 (300 mg, 0.99 mmol) and succinic anhydride (119 md9 mmol) were
dissolved in a mixture of THF (10 mL) and NEt50 mg, 1.49 mmol) and stirred overnight.
Next day water was added (10 mL) and the mixture s@red for one hour. THF was
evaporated completely and the residue was dilutéh water (20 mL). Aqueous NaHSO
solution (5%w, 10 mL) was added and the mixture wsesacted with dichloromethane (2 x
50 mL). The organic layer was dried over MgS#dd the solvent was evaporated yielding a
white solid (197 mg, 49%), m.p. 77-80 “E&l NMR (300 MHz, CDCJ): 1.47 (s, 9H), 1.49 (s,
9H), 2.50 — 2.60 (m, 2H), 2.60 — 2.70 (m, 2H), 3-38.45 (m, 2H), 3.45 — 3.60 (m, 2H), 7.00
— 8.40 (bs, 1H), 8.50 (bs, 1H), 8.67 (bs, 1H), &81(8s, 1H).**C NMR (75 MHz, CDC}):
28.0, 28.2, 30.3, 30.5, 40.3, 41.9, 79.9, 83.9,A5B857.6, 162.5, 172.9, 175Q@;7H30N4O7:
MS (LC-MS-I): m/4%) [tr = 10.3 min]: 403(100, MH+), 805(10).

4-{2-[(2-tert-Butoxycarbonylaminoethyl)(tert-butoxycarbonyl)amino]ethylamino}
-4-oxobutanoic acid (20)

Compoundl9 (1.00 g, 3.30 mmol) was dissolved in 5 mL THF andolution of succinic
anhydride (0.33 g, 3.30 mmol) in 5 mL THF was addgten NE$ (0.50 g, 4.95 mmol) was
added to the mixture. The mixture was stirred oggrnat ambient temperature. Next day

THF was removed completely and the crude products vaissolved in 20 mL
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dichloromethane. It was washed with agueous NaHS®. (5%w, 30 mL), dried over
MgSO; and the solvent was evaporated giving a whitedsdlio3 g, 77%), m.p. 90 °CH
NMR (300 MHz, CDC}): 1.40 (s, 9H), 1.43 (s, 9H), 2.48 (bs, 2H), 2(bd, 2H), 3.10 - 3.40
(m, 8H), 4.95 — 5.25 (m, 1H), 7.00 — 7.30 (m, 1831 (bs, 1H)}*C NMR (75 MHz,
CDCl): 20.4, 29.7, 30.6, 39.3, 39.6, 47.0, 47.8, 79.67,8056.6, 156.7, 172.8, 175.7.
CigH33N307: MS (ES): m/2%) 204(5), 245(45), 304(50), 348(25), 404(100, MH426(5),
808(7), 825(15).

3-(2tert-Butoxycarbonylaminoethyl)aminocarbonylpropanoic add (22)

Succinic anhydride (0.41 g, 4.06 mmol) and NE6 pL, 0.41 mmol) were added to a
solution of amine21 (0.65 g, 4.06 mmol) in dichloromethane (3 mL). Thixture was heated
to 60 °C for 25 min (microwave synthesizer (Biotdgdiator 8)). After removal of the
solvent under reduced pressure the product (inepinbdichloromethane) was afforded as a
white solid (1.05 g, 99%)'H NMR (300 MHz, DMSO-d6): 1.37 (s, 9H), 2.25 — 2.32 (m,
2H), 2.37 — 2.44 (m, 2H), 2.91 — 2.99 (m, 2H), 3-08.08 (m, 2H), 6.78 (t, J = 5.45, 1H),
7.85 (t, J = 5.29, 1H), 12.08 (bs, 1HC NMR (75 MHz, DMS0-d6)28.1, 29.0, 29.9, 38.6,
39.5, 77.5, 155.5, 171.0, 17381:H20N20s; (LC-MS-Il): m/Z4%) [tz = 4.63 min]: 261(40,
MH+), 278(6, MNH+), 521(35, 2MH+), 538(100, 2MNH).

Benzyl 8-(3-methoxy-3-oxopropylamino)-8-oxooctanoat(25)

Acid 23 (250 mg, 0.95 mmol), DIPEA (368 mg, 2.85 mmol)d &OBT xH,O (142 mg, 1.05
mmol) were dissolved in ice-cold dichloromethan@ (2L) and EDC (147 mg, 0.95 mmol)
was added under nitrogen atmosphere. After 15 ménamine24 (98 mg, 0.95 mmol) was
added. The reaction mixture was stirred overniijleixt day the reaction mixture was washed
with aqueous NaHSsol. (5%w, 20 mL) and sat. aqueous NaHGOlution (20 mL). The
solvent was dried over MgSQ(filtered and evaporated. The crude product wafied by
column chromatography (PE/EA 3:1 -> EA R 0.4 [EA]) yielding the product as a white
solid (253 mg, 76%), m.p. 48 °éH NMR (300 MHz, CDC}): 1.31 (m, 4H), 1.60 (m, 4H),
2.10 (m, 2H), 2.30 (t, J = 7.48, 2H), 2.50 (m, 28iK0 (dd, J1 = 6.07, J2 = 11.99, 2H), 3.68
(s, 3H), 5.10 (s, 2H), 6.00 — 6.10 (bs, 1H), 7.3038 (m, 5H)*C NMR (75 MHz, CDC}):
24.0, 25.4, 28.75, 28.80, 33.9, 34.2, 34.7, 36163,%6.1, 128.2, 128.6, 136.1, 173.0, 173.2,
173.6.C1gH7NOs: MS (ClI, NHs): m/4%) 350(100, MH+).
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Benzyl 8-[2-tert-butoxycarbonylamino)ethylamino]-8-oxooctanoate (26

Compound23 (264 mg, 1.00 mmol) was dissolved in 10 mL of thcbmethane. HOBT
H,O (149 mg, 1.10 mmol) and DIPEA (387 mg, 3.00 mmedre added under nitrogen
atmosphere. The mixture was stirred and cooledhiica bath. EDC (171 mg, 1.10 mmol)
was added and after 15 min ami2g (160 mg, 1.00 mmol) was added. The mixture was
stirred overnight. Next day DCM was added (10 nthg organic phase was washed once
with aqueous NaHSQ5%w, 20 mL) and sat. aqueous NaHC©I. (20 mL), was dried over
MgSQO, and the organic layer was evaporated. The cruddupt was purified by column
chromatography (PE/EA 1:1 -> EA R 0.3 [EA]). A white, wax-like solid (251 mg, 62%)
m.p. 60 °C was obtainedd NMR (300 MHz, CDC}): 1.25 — 1.25 (m, 4H), 1.43 (s, 9H),
1.55 - 1.70 (m, 4H), 2.10 — 2.17 (m, 2H), 2.30 372m, 2H), 3.20 — 3.30 (m, 2H), 3.30 —
3.40 (m, 2H), 4.97 (bs, 1H), 5.10 (s, 2H), 6.20, (bd), 7.30 — 7.40 (m, 5H}*C NMR (75
MHz, CDCL): 24.7, 25.4, 28.4, 28.7, 28.8, 34.1, 36.5, 407, 66.1, 79.6, 128.2, 128.6,
136.1, 157.0, 173.6, 173.82:H34N,05: MS (ES):m/Z4%) 407(100, MH+).

8-(3-Methoxy-3-oxopropylamino)-8-oxooctanoic acid7)

Compound25 (210 mg, 0.60 mmol) was dissolved in MeOH, plaogd an autoclave and
Pd/C (25 mg) was added after flushing the autoclaith N,. The reaction mixture was
stirred overnight at room temperature and 12 bardgen pressure. Pd/C was removed by
filtration over celite, MeOH was evaporated and latevsolid was obtained (146 mg, 94%),
m.p. 73 °CH NMR (300 MHz, CROD): 1.34 (m, 4H), 1.59 (m, 4H), 2.16 (t, J = 7.28l,),
2.27 (t, J = 7.39, 2H), 2.52 (t, J = 6.64, 2H),13% J = 6.64, 2H), 3.67 (s, 3HJC NMR (75
MHz, CD;0OD): 26.0, 26.9, 29.90, 29.92, 34.8, 34.9, 36.49362.2, 173.9, 176.4, 177.7.
C12H21NOs: MS (Cl, NHs): m/Z4%) 260(100, MH+), 277(41).

8-[2-(tert-Butoxycarbonylamino)ethylamino]-8-oxooctanoic acid28)

Compound26 (172 mg, 0.42 mmol) was dissolved in 5 mL MeOH.®{ 7 mg) was added
and the mixture was stirred at 15 bar hydrogenspiresin an autoclave overnight. Pd/C was
filtered off using celite and MeOH was evaporafBide product was obtained as a white solid
(120 mg, 90%), m.p. 95 °GH NMR (300 MHz, CDC}): 1.15 — 1.25 (m, 4H), 1.31 (s, 9H),
1.40 — 1.55 (m, 4H), 2.00 — 2.10 (m, 2H), 2.10 202Xm, 2H), 3.00 — 3.10 (m, 2H), 3.10 —
3.17 (m, 2H), 4.05 (bs, 3H}*C NMR (75 MHz, CDC}): 24.5, 25.3, 28.1, 28.5, 28.6, 33.9,
36.1, 39.6, 39.7, 79.6, 157.1, 174.9, 17€&H2sN,0s: MS (ES):m/Z4%) 217(100), 261(45),
317(85, MH+), 339(15), 633(10), 650(25).
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8-[3-(Benzyloxy)-3-oxopropylamino]-8-oxooctanoic ad (30)

Octanedioic acid (500 mg, 2.87 mmol), DIPEA (1.118d¢%1 mmol) and HOB&H,O (427
mg, 3.16 mmol) were dissolved in ice-cold dichloethane (20 mL) and EDC (490 mg, 3.16
mmol) was added under nitrogen atmosphere. Aftemirb 3-aminopropanoic acid benzyl
ester (617 mg, 2.87 mmol) was added and the idewas removed. The mixture was stirred
overnight. Next day an aqueous NaHS$0lution (5%w, 20 mL) was added and the crude
product was extracted with dichloromethane (2 xn#0, the organic phase was dried over
MgSQ,, filtered and evaporated. The crude material wagied by column chromatography,
(EA -> EA/MeOH 9:1). The obtained material is a 2nixture of the desired product (420
mg, 44%) and the appropriate octanedioic acid diamThe mixture was used in the next

synthesis step without further purification.

tert-Butyl 2-(pyrene-1-carbonylamino)ethylcarbamate (32

Pyrene-1-carboxylic acid (246 mg, 1.00 mmol), DIPEB87 mg, 3.00 mmol) and HOBY
H>O (149 mg, 1.10 mmol) were dissolved in ice-coldhtbromethane (20 mL). EDC (171
mg, 1.10 mmol) was added under nitrogen atmosph&fter 15 min Boc-protected
ethylenediamine (160 mg, 1.0 mmol) was added aedcth bath was removed. The mixture
was stirred overnight. Next day the reaction migtwas diluted with dichloromethane (40
mL), washed with aqueous NaH$®olution (5%w, 40 mL) and sat. aguoeus NaHCO
solution (1 x 40 mL). The organic layer was driaceioMgSQ and evaporated. The crude
compound was recrystallised from EA yielding thedurct as a yellow solid (213 mg, 55%),
m.p. > 190 °C*H NMR (300 MHz, DMSO-d6): 1.41 (s, 9H), 3.20 — 3.30 @), 3.40 —
3.50 (m, 2H), 7.00 (t, J = 5.57, 1H), 8.05 — 8.80 $H), 8.30 — 8.40 (m, 3H), 8.50 — 8.54 (m,
1H), 8.71 (t, J = 5.37, 1H}*C NMR (75 MHz, DMSO-d6): 28.2, 39.58, 39.61, 77.6, 123.5
123.7, 124.2, 124.7, 125.3, 125.5, 125.7, 126.9,112127.9, 128.2, 130.1, 130.6, 131.5,
131.8, 155.7, 168.9C,4H24N203: MS (El): m/z(%) 201(58), 229(100), 245(57), 258(15),
389(22, MH+).

2-(Pyren-1-carbonylamino)ethanaminium chloride (33)

Compound32 (549 mg, 1.41 mmol) was suspended in a mixturd0omL MeOH and 5 mL
HCI (37%). It was stirred 30 min at 70 °C. The suvlv was evaporated completely and a
yellow solid was obtained (445 mg, 97%), m.p. > 2@0'"H NMR (300 MHz, DMSO-d6):
3.05 — 3.20 (m, 2H), 3.65 — 3.75 (m, 2H), 8.05 158 m, 1H), 8.15 — 8.30 (m, 3H), 8.30 —
8.35 (m, 4H), 8.35 — 8.50 (bs, 3H), 8.62 (m, 1HP2(t, J = 5.33, 1H)*C NMR (75 MHz,



17

DMSO-d6): 37.3, 38.4, 123.5, 123.7, 124.2, 1242R.6, 125.7, 125.8, 126.5, 127.1, 128.0,
128.3, 130.0, 130.6, 130.8, 131.7, 169R¢H1N,0: MS (Cl, NHs): m/z(%) 289(100,
MH+).

3-Oxo-1-phenyl-2,5,8,11-tetraoxatridecan-13-oic ati(34)

3,6,9-Trioxaundecanedioic acid (5.55 g, 25 mmoénayl alcohol (2.70 mg, 25 mmol) and
toluene sulfonic acid (43 mg, 0.25 mmol) were cameliin a 250 mL flask and toluene (70
mL) was added. The flask was connected to a Deark8pparatus. The mixture was heated
to reflux and the reaction was completed after S&t. aqueous NaHG®50 mL) solution
was added and the phases were separated. The adageuwas collected and extracted with
EA (3 x 100 mL). The organic layer was dried ovegd®@, and evaporated. The product is a
viscous oil (1.87 g, 24%YH NMR (300 MHz, CQOD): 3.60 — 3.75 (m, 8H), 4.10 (s, 2H),
4.20 (s, 2H), 5.17 (s, 2H), 7.30 — 7.40 (m, 5HL NMR (75 MHz, CROD): 66.7, 68.5,
68.6, 70.3, 70.5, 70.7, 70.9, 128.44, 128.47, 128128.63, 128.65, 135.3, 170.5, 173.2.
CisH2007: MS (CI, NHg): m/z(%) 242(6), 286(28), 313(2, MH+), 330(100).

Benzyl 1,6-dioxo-1-(pyren-1-yl)-8,11,14-trioxa-2,8azahexadecan-16-oate (35)
Compound34 (462 mg, 1.48 mmol), DIPEA (476 mg, 3.69 mmol) &@BT xH,O (200 mg,
1.48 mmol) were dissolved in DMF (10 mL) and ED@942ng, 1.48 mmol) was added (ice
bath). After 15 min compoun83 (400 mg, 1.23 mmol) was added and the mixture was
stirred overnight. Next day DMF was removed conglgetthe residue was dissolved in
dichloromethane (20 mL) and washed with aqueous S@Hsolution (5%w, 20 mL), sat.
aqueous NaHCg&solution (1 x 20 mL) and brine (1 x 20 mL). Thede product was purified
with column chromatography (PE/EA 1:1 -> EA/MeOH & = 0.3 [EA/MeOH 9:1]). The
product is a yellow solid (420 mg, 59%), m.p. > P@0'H NMR (300 MHz, CDC}): 3.45 —
3.80 (m, 12H), 3.97 (s, 2H), 4.02 (s, 2H), 5.072(3), 7.20 — 7.40 (m, 6H), 7.64 (t, J = 5.57,
1H), 7.95 — 8.10 (m, 6H), 8.14 — 8.19 (m, 2H), 8:58.60 (m, 1H)}*C NMR (75 MHz,
CDCly): 38.8, 40.9, 66.6, 68.4, 70.1, 70.27, 70.32, ,700/9, 124.3, 124.4, 124.6, 124.69,
124.7, 125.65, 125.72, 126.3, 127.1, 128.39, 128.28.51, 128.55, 128.62, 130.7, 130.95,
131.12, 132.4, 135.2, 170.1, 170.4, 17T44H3:N,07: MS (ES): m/z(%) 583(100, MH+),
605(60), 621(10)UV (MeOH): | (6) 233(6540°), 242(8K0°), 265(340°), 275(5K0°),
326(314.0°%), 340(4HK 0%). FluorescenceMeOH):| (type) 383 (monomer), 401 (monomer)
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1,6-Dioxo-1-(pyren-1-yl)-8,11,14-trioxa-2,5-diazah@decan-16-oic acid (36)

Compound35 (203 mg, 0.35 mmol) was dissolved in 5 mL of Me(QMl/C (10 mg) was
added and the mixture was stirred in an autoclave lzar hydrogen pressure for 4 h. After
that time Pd/C was filtered off with celite and tbelvent was removed. The product is a
yellow solid (172 mg, 100%), m.p. > 190 & NMR (300 MHz, CQOD): 3.50 — 3.58 (m,
4H), 3.58 — 3.65 (m, 4H), 3.65 — 3.75 (m, 4H), 4912H), 4.03 (s, 2H), 8.00 — 8.30 (m, 8H),
8.45 — 8.55 (m, 1H):*C NMR (75 MHz, DMS0-d6)38.1, 39.2, 67.5, 69.4, 69.6, 69.7, 69.9,
70.2,123.5, 123.7, 124.3, 124.7, 125.2, 125.5,712%6.5, 127.1, 127.7, 128.0, 128.2, 130.1,
130.6, 131.5, 131.8, 169.0, 169.6, 17X67H2gN,O7: MS (ES): m/z(%) 493(100, MH+),
510(10), 515(50).

General procedure for the preparation of compoundsgib-4q, 4i, 4k-4q, 4t, 4u

The appropriate carboxylic ac{d mmol), HOBTxH,O (1.2 mmol), EDC (1.2 mmol) and
DIPEA (2 mmol) were combined in a flask under rgga atmosphere with 10 mL of cold
DMEF. After 15 min compoun@ (1 mmol) was added and the mixture was stirredroghbt at
room temperature. Next day the solvent was remawoatpletely and the crude material was

purified with column chromatography.

tert-Butyl (pentacosa-10,12-diynamido)methylthiomethyleecarbamate (4b)

Column chromatography: (PE/EA 9:1; R0.3). The product is a white solid (489 mg, 89%)
m.p. 37 °CH NMR (300 MHz, CDC}): 0.75 — 0.85 (t, J = 7.24, 3H), 1.10 — 1.70 (it}
2.17 (t, J = 6.92, 4H), 2.30 — 2.45 (m, 5H), 12-002.45 (m, 1H)}*C NMR (75 MHz,
CDCly): 14.13, 14.45, 19.18, 19.20, 22.69, 24.50, 2728029, 28.36, 28.74, 28.86, 28.91,
29.06, 29.11, 29.35, 29.49, 29.62, 29.64, 29.659243137.38, 65.25, 65.34, 77.35, 77.54,
81.17, 160.97, 171.32, 171.485Hs5N,03S: MS (LC-MS-I): m/4%) [t = 15.3 min]:
547(100, MH+).

tert-Butyl (hexadecanamido)methylthiomethylenecarbamaté4c)

Column chromatography: (PE/EA 9:% R0.5). The product is a white solid (342 mg, 80%)
m.p. 62 °C*H NMR (300 MHz, CDC}): 0.82 (t, J = 6.68, 3H), 1.18 — 1.28 (m, 24 HX6L
(s, 9H), 1.60 (m, 2H), 2.33 (s, 3H), 2.37 (m, 2H2.40 (bs, 1H)*C NMR (75 MHz,
CDCly): 14.1, 14.5, 28.0, 22.7, 29.1 — 29.7, 31.9, 80,3 4:N203S: MS (CI, NHs): m/z(%)
329(15), 429(100, MH+).
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tert-Butyl-[4-(pyren-1-yl)butanamido]methylthiomethylenecarbamate (4d)

Column chromatography (PE/EA 9:1 -> PE/EA 3:17R0.4 [PE/EA 3:1]). The product was
obtained as a white solid (299 mg, 65%), m.p. > 180(decomp.)*H NMR (300 MHz,
CDCl): 1.53 (s, 9H), 2.18 — 2.32 (m, 2H), 2.32 — 2.483 8H), 2.45 - 2.70 (m, 2H), 3.41 (t, J
= 7.46, 2H), 7.80 — 7.90 (m, 1H), 7.95 — 8.05 (#4),38.05 — 8.20 (m, 4H), 8.25 — 8.35 (m,
1H), 12.15 — 12.55 (m, 1HJ°C NMR (75 MHz, CDC}): 14.6, 26.1, 28.1, 32.5, 36.7, 81.3,
123.3, 124.86, 124.97, 125.01, 125.10, 125.88,7826127.32, 127.43, 127.47, 127.53,
128.74, 130.02, 130.03, 131.43, 135.26, 150.98,086171.24C,7H2gN,03S: MS (LC-MS-

1): m/4%) [tr = 15.5 min]: 461(100, MH+).

tert-Butyl-(pyren-1-carbonylamino)methylthiomethylenecabamate (4e)

Column chromatography (PE/EA 9:1; 0.1). The product was obtained as a bright yello
solid (190 mg, 45%), m.p. > 190 °C (decomp.NMR (300 MHz, CDC}): 1.54 — 1.63 (m,
9H), 2.53 - 2.67 (m, 3H), 7.95 — 8.40 (m, 7H), 8:909.00 (m, 1H), 9.40 — 9.50 (m, 1H),
12.60 — 13.40 (m, 1H}3C NMR (75 MHz, CDC}): 15.1, 28.1, 83.6, 124.03, 124.36, 124.99,
125.55, 126.07, 126.21, 127.27, 127.38, 129.09,5429129.67, 130.42, 130.47, 131.05,
131.25, 134.25, 151.25, 171.15, 178.€34H2N,03S: MS (LC-MS-I): m/4%) [tz = 16.3
min]: 419(100, MH+), 837(10).

tert-Butyl 5,15,20-trioxo-20-(pyren-1-yl)-7,10,13-triom-2-thia-4,16,19-triazaicosan-3-
ylidenecarbamate (4f)

Column chromatography (EA -> EA/MeOH 9:1; R0.3 [EA/MeOH 9:1]). The product was
obtained as a light yellow solid (485 mg, 73%), m»p190 °C (decomp.}H NMR (300
MHz, CDCk): 1.49 (s, 9H), 2.20 — 2.40 (m, 3H), 3.50 — 3.@H {0H), 3.75 — 3.85 (m, 2H),
3.90 — 4.05 (m, 4H), 7.10 — 7.90 (m, 2H), 7.95 158m, 6H), 8.15 — 8.25 (m, 2H), 8.55 —
8.65 (m, 1H), 11.80 — 12.90 (m, 1HYC NMR (75 MHz, CDCH}): 14.4, 28.0, 39.0, 40.9,
70.4, 70.5, 70.6, 70.8, 70.9, 71.5, 77.2, 124.4,42124.7, 125.7, 125.8, 126.3, 127.1, 128.6,
128.7, 130.7, 131.2, 132.5, 165.9, 169.1, 17CAH40N4OsS: MS (ES): m/z(%) 565(50),
665(100, MH+), 687(15).

Benzyl 3-{8-[(Boc-amino)-methylthio-methyleneamino]8-oxooctanamido}

propanoate (4g = 4d)

Column chromatography (PE/EA 1:1 -> PE/EA 3:7=R0.15[PE/ EA 1:1]). The product is a
viscous oil (364 mg, 72%JH NMR (300 MHz, CDC}): 1.25 — 1.40 (m, 4H), 1.51 (s, 9H),
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1.55 — 1.70 (m, 4H), 2.05 — 2.15 (m, 2H), 2.35502(m, 2H), 2.38 (s, 3H), 2.55 — 2.60 (m,
2H), 3.45 — 3.55 (m, 2H), 5.13 (s, 2H), 6.02 (s),IH30 — 7.40 (m, 5H), 12.45 (bs, 14iC
NMR (75 MHz, CDC}): 14.5, 25.4, 28.0, 28.7, 34.1, 34.8, 36.6, 6853, 128.3, 128.4,
128.7, 135.6, 172.6, 172.855H37/N306S: MS (ES):m/Z%) 408(25), 508(100, MH+).

# This compound was used for preparatiodgaindlo.

(2R,3R,4S,5R)-6-[(Boc-amino)-methylthio-methyleneamino]-6-oxohgane-1,2,3,4,5-

pentayl pentaacetate (4i)

Column chromatography (PE/EA 3:1; R0.1). Compoundi (252 mg, 44%) was obtained as
a viscous oil’*H NMR (300 MHz, CDCJ): 1.48 (s, 9H), 2.00 — 2.10 (m, 12H), 2.23 (s, 3H)
2.42 (s, 3H), 4.19 (dd, J1 = 5.84, J2 = 12.33, %H4 (dd, J1 = 3.53, J2 = 12.33, 1H), 5.05
(dt, J1 = 3.53, J2 = 5.84, 1H), 5.40 (d, J = 3118), 5.52 (dd, J = 5.84, 1H), 5.90 (dd, J1 =
3.08, J2 = 5.84, 1H), 11.88 (bs, 1EC NMR (75 MHz, CDC}): 14.8, 20.5, 20.6, 20.7, 20.8,
21.1, 27.9, 61.5, 69.1, 69.3, 70.1, 74.5, 84.1,9,5069.5, 169.7, 169.8, 170.2, 170.5, 174.5,
176.8.C23H34N013S: MS (ES):m/4%) 579(100, MH+).

Methyl 3-{8-[boc-amino(methylthio)methyleneamino]-8oxooctanamido}

propanoate (4k)

Column chromatography (PE/EA 1.1 -> EA; R0.4 [EA]). The product is a colorless oll
(337 mg, 78%)*H NMR (300 MHz, CDC}): 1.33 (m, 4H), 1.51 (s, 9H), 1.63 (m, 4H), 2.14
(m, 2H), 2.35 — 2.50 (m, 5H), 2.53 (m, 2H), 3.43.54 (dd, J1 = 6.07, J2 = 11.94, 2H), 3.70
(s, 3H), 6.04 (bs, 1H), 12.00 — 12.70 (bs, 1. NMR (75 MHz, CDC}): 14.5, 24.3, 25.4,
28.0, 28.7, 28.8, 33.9, 34.7, 36.6, 37.3, 51.82,71.3, 171.3, 172.9, 173.839H33N306S:
MS (CI, NHs): m/z(%) 332(14), 432(100, MH+).

tert-Butyl-{4-[4-(tert-butoxymethyl)-1H-1,2,3-triazol-1-yl]butanamido}
methylthio-methylenecarbamate (4l)

Column chromatography (PE/EA 3:1 -> PE/ EA 4:6,=R0.4[PE/EA 4:6]). Compoundl
(254 mg, 62%) was obtained as a white solid, M3® 'H NMR (300 MHz, CDC}): 1.26
(s, 9H), 1.49 (s, 9H), 2.15 — 2.30 (m, 2H), 2.373(3), 2.40 — 2.60 (m, 2H), 4.40 (t, J = 6.33,
2H), 4.57 (s, 2H), 7.52 (s, 1H), 12.10 — 12.50 {iH). *C NMR (75 MHz, CDC}): 14.6,
25.2, 27.6, 28.0, 35.3, 49.1, 56.5, 73.8, 81.5%,8822.1, 147.0, 171.0, 171@;gH3;N50,S:
MS (CI): m/4%) 314(18), 414(100, MH+).
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tert-Butyl {4-[4-(Boc-aminomethyl)-1H-1,2,3-triazol-1-\|butanamido}
methylthio-methylenecarbamate (4m)

Column chromatography (PE/EA 3:1 -> PE/ EA 4:6,/R0.3[PE/EA 4:6]). Compoundm
(341 mg, 75%) was obtained as a colorless, visodutH NMR (300 MHz, CDC)): 1.34 (s,
9H), 1.41 (s, 9H), 2.10 — 2.25 (m, 2H), 2.29 (s),3H30 — 2.50 (m, 2H), 4.25 — 4.40 (m, 4H),
5.20 — 5.40 (bs, 1H), 7.49 (s, 1H), 11.70 — 12rB01H).**C NMR (75 MHz, CDC}): 14.5,
24.9, 279, 28.3, 33.9, 37.6, 49.4, 79.5, 122.05.64 155.9, 160.7, 169.9, 184.5.
C19H32NgO5S: MS (LC-MS-II): m/4%) [tr = 7.3 min]: 457(100, MH+), 913(40).

((3aR,5R,5aS,8aS 8bR)-2,2,7,7-Tetramethyltetrahydro-3aH-bis[1,3]dioxolo[4,5-b:4",5'-
d]pyran-5-yl)methyl 4-((boc-amino)-methylthio-methyleneamino)-4-oxobutanoate (4n)
Column chromatography (PE/EA 9:1 -> PE/EA 3:1,7R0.2 [PE/EA 9:1]). Compoundn
(396 mg, 74%) was obtained as a colorless, visodutH NMR (300 MHz, CDC}): 1.29 (d,

J = 2.47, 6H), 1.40 (s, 3H), 1.42 — 1.50 (m, 1234 (s, 3H), 2.60 — 2.85 (m, 4H), 3.90 —
4.00 (m, 1H), 4.19 (dd, J1 = 1.55, J2 = 7.85, 2kR4 (d, J = 4.96, 1H), 4.28 (dd, J1 = 2.50,
J2 =4.99, 1H), 4.57 (dd, J1 = 2.46, J2 = 7.88,, B8 (d, J = 4.98, 1H), 12.05- 12.49 (m,
1H). **C NMR (75 MHz, CDC}): 14.5, 24.5, 24.9, 25.9, 26.0, 27.9, 28.3, 29138, 35.8,
63.5, 63.8, 65.9, 70.4, 70.7, 71.0, 81.3, 83.43,9808.7, 109.6, 150.9, 169.8, 170.9, 171.8,
172.8, 184.3C,3H36N,010S: MS (ES):m/4%) 533(100, MH+).

tert-Butyl [17,17-dimethyl-13-(methylthio)-4,11,15-triko-16-0xa-3,12,14-triazaoctadec-
13-en-1-ylljcarbamate (4p)

Column chromatography (PE/EA 1:1 -> PE/EA 3:77R0.1 [PE/EA 1:1]). The product was
obtained as a white solid (368 mg, 77%), m.p. 95MANMR (300 MHz, CDC}): 1.25 —
1.35 (m, 4H), 1.37 (s, 9H), 1.40 — 1.50 (m, 9HR0L- 1.65 (m, 4H), 2.05 — 2.15 (m, 2H),
2.32 (s, 3H), 2.32 — 2.50 (m, 2H), 3.15 — 3.35 4ir), 4.80 — 4.95 (bs, 1H), 6.00 — 6.20 (bs,
1H), 12.00 — 12.50 (m, 1HJ*C NMR (75 MHz, CDC}): 14.5, 24.3, 25.4, 28.0, 28.4, 28.6,
28.8, 36.5, 37.2, 40.3, 40.8, 79.7, 81.3, 157.0,A,6171.3, 171.5, 173.T2,H4oN4O6S: MS
(ES):m/4%) 389(18), 489(100, MH+).

tert-Butyl-16,16-dimethyl-5,14-dioxo-15-oxa-2-thia-4,113-triazaheptadecane-3,12-
diylidenedicarbamate (4Qq)

Column chromatography (PE/EA 3:1; R0.35) Compoundq (413 mg, 76%) was obtained
as a white solid, m.p. 116-120 °t&& NMR (300 MHz, CDC}): 1.30 — 1.45 (m, 2H), 1.48 (s,
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9H), 1.49 (s, 9H), 1.52 (s, 9H), 1.55 — 1.75 (m),4H30 — 2.55 (m, 5H), 3.35 — 3.45 (m, 2H),
8.30 (bs, 1H), 11.49 (bs, 1H), 12.16 — 12.48 (m). 1}€ NMR (75 MHz, CDC}): 14.5, 24.2,
26.3, 28.0, 28.1, 28.3, 28.8, 37.1, 40.6, 79.23,883.1, 153.3, 156.1, 161.0, 163.6, 171.2,
171.3.C24H43Ns07S: MS (LC-MS-I): m/4%) [tz = 14.2 min]: 546(100, MH+), 1092(10).

Di-tert-butyl-17,17-dimethyl-5,8,15-trioxo-16-oxa-2-thia-®€,12,14-tetraaza-octadecane-
3,13-diylidenedicarbamate (4t)

Column chromatography (PE/EA 4:6; R 0.2). The product was obtained as a colorless,
viscous oil (180 mg, 31%fH NMR (300 MHz, CDC}): 1.43 — 1.52 (m, 27H), 2.34 (s, 3H),
2.50 — 2.90 (m, 4H), 3.35 — 3.75 (m, 4H), 7.60907m, 1H), 8.40 — 8.70 (m, 1H), 11.37 (bs,
1H), 11.75 — 12.50 (m, 1H}’C NMR (75 MHz, CDC}): 14.5, 27.99, 28.04, 28.25, 38.6,
38.8, 40.4, 41.6, 79.6, 83.2, 83.6, 153.0, 1536,9, 157.4, 162.8, 177.6,4H42:NsOsS: MS
(LC-MS-1): m/4%) [tz = 12.9 min]: 575(100, MH+), 1149(15).

tert-Butyl 14-boc-amino-12-boc-5,8-dioxo-2-thia-4,9,1#tazatetradecan-3-
ylidenecarbamate (4u)

Column chromatography (PE/EA 1:1 -> EA; R 0.15 [PE/EA 1:1]). The product was
obtained as a colorless, viscous oil (386 mg, 67%)NMR (300 MHz, CDC}): 1.40 (s,
9H), 1.45 (s, 9H), 1.48 (s, 9H), 2.35 (s, 3H), 2=4R.90 (m, 4H), 3.10 — 3.50 (m, 8H), 4.85 —
5.10 (m, 1H), 6.50 — 7.00 (m, 1H), 11.70 — 12.60 Ji). **C NMR (75 MHz, CDC}): 14.5,
28.0, 28.2, 28.3, 28.4, 39.0, 39.6, 47.2, 47.94,780.5, 156.1, 156.7, 170.5, 171.2.
CasH4sNs0gS: MS (ES):m/4%) 576(100, MH+).

tert-Butyl 11-boc-amino-5,8-dioxo-2-thia-4,9-diazaundem-3-ylidenecarbamate (4s)
DIPEA (0.37 g, 2.84 mmol) and TBTU (0.96 g, 3.0 nhmeere added to a solution @2
(0.74 g, 2.84 mmol) in DMF (5 mL). The mixture wstgred under argon for 15 min prior to
the addition of3 (0.595 g, 3.13 mmol) and DIPEA (0.74 g, 2.84 mmaler stirring over
night glacial acetic acid (162 pL, 2.84 mmol) wasled and the solvent was removed under
reduced pressure (1 mbar) at a temperature of 45 Pa@ification with column
chromatography (dichloromethane/EA 3:%2 1:2, R = 0.45[dichloromethane/EA 3:1])
yielded the product as a white solid (1.17 g, 95)NMR (300 MHz, DMSO-d6): 1.37 (s,
9H), 1.42 (s, 9H), 2.27(2.25) (s, 3H), 2.30 — 2(B8 2H), 2.53 — 2.59 (m, 2H), 2.09 — 2.99
(m, 2H), 2.99 — 3.10 (m, 2H), 6.75 — 6.90 (m, 1THB6 — 7.99 (m, 1H), 11.24(10.98) (s, 1H).
C18H32N406S: (LC-MS-II): m/Z4%) [tr = 6.87 min]: 433(100, MH+).
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General procedure for the preparation of compounddb-1g, 1i, 1k-1q and 1s-1u

The appropriateés-methylisothiourea derivativé (0.2 mmol), compound (0.2 mmol) and
HgCl, (0.2 mmol) were dissolved separately in small am®wf DMF (1-2 mL). The
solutions of the compound4 and 5 were combined in a small flask under nitrogen
atmosphere. NEt{2 mmol) was added under stirring, then the Hg®lution was added and
the mixture was stirred overnight at room tempemtiNext day DMF was removed
completely and the residue was dissolved in DCMe Phecipitate of mercury salts was
filtered off and the organic phase was concentralde crude products were purified by
column chromatography (PE/EA mixtures). The Bocd &Bu-protected target molecules
were deprotected to the corresponding target comgsilb-1g, 1i, 1k-1g and1s1u without
further characterisation: The corresponding pretccompound was dissolved in a
dichloromethane/TFA 1:1 mixture (5 mL) and stirre two hours. After that time the
solvent was removed completely under reduced pressud the oily residue was repeatedly
dissolved in dichloromethane and the solvent eatpdrto remove TFA. Except fab and

1s (1b: purified by column chromatography,s no purification after deprotection) the
deprotected compounds were purified with prepagati?LC. The given yield corresponds to

the coupling step in the first part of this proceguhe deprotection step was quantitative.

(R)-1-[4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylammo)-5-oxopentyl]-2-pentacosa-
10,12-diynoylguanidinium 2,2,2-trifluoroacetate (10

The product is a light yellow solid (170 mg, 72%).p. > 190 °C (decompjH NMR (300
MHz, DMSO-d6): 0.85 (t, J = 6.51, 3H), 1.00 — 1(&9 36H), 2.26 (t, J = 6.67, 4H), 2.41 (t,
J =7.19, 2H), 3.15 — 3.30 (m, 2H), 4.00 — 4.25 2#), 4.30 — 4.40 (m, 1H), 5.12 (s, 1H),
6.67 (d, J = 8.43, 2H), 7.00 (d, J = 8.41, 2H)5#17.35 (m, 10H), 8.00 — 9.70 (m, 6H), 11.50
— 11.80 (m, 1H)}*C NMR (75 MHz, DMSO-d6): 13.8, 18.2, 22.0, 23.73, 27.87,59,
28.05, 28.06, 28.15, 28.27, 28.45, 28.60, 28.7583828.90, 31.19, 36.02, 52.15, 55.80,
65.23, 77.84, 77.90, 114.87, 126.47, 128.04, 128.28.29, 128.38, 128.40, 129.00, 140.15,
140.34, 152.71, 156.15, 170.86, 170.91, 175Ck#H7:NsO4: MS (LC-MS-I): m/A%) [tr =
12.3 min]: 830(100, MH+).
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(R)-1-[4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylammo)-5-oxopentyl]-2-
hexadecanoylguanidinium 2,2,2-trifluoracetate (1c)

The product is a white solid (48 mg, 53%), m.p.99 2C (decomp.)*H NMR (300 MHz,
CDCl3): 0.88 (t, 3H), 1.20 — 1.35 (m, 26H), 1.40 — 1(#Q 4H), 2.42 (t, 2H), 2.70 - 3.10 (m,
2H), 3.90 — 4.10 (m, 1H), 4.15 — 4-35 (m, 2H), 4(891H), 5.80 — 6.50 (bs, 1H), 6.60 (d,
2H), 6.90 (d, 2H), 7.15 — 7.30 (m, 10H), 7.40 -07(m, 3H), 8.87 (bs, 1H), 9.45 (bs, 1H),
12.13 (bs, 1H)C43HeiNsO4: MS (ES): m/z(%) 712(100, MH+HPLC: 100% (ELSD, ¢ =
23.8 min).

(R)-1-[4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylammo)-5-oxopentyl]-2-[4-(pyren-
1-yh)butanoyl]guanidinium 2,2,2-trifluoroacetate (1d)

The product is a white solid (82 mg, 74%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.30 — 1.80 (m, 4H), 2.00 — 2.15 (m, 2RiK5 — 2.65 (t, J = 6.98, 2H), 3.15 —
3.25 (m, 2H), 3.35 — 3.45 (m, 2H), 4.05 — 4.20 RH), 4.25 — 4.40 (m, 1H), 5.12 (s, 1H),
6.67 (d, J = 8.48, 2H), 7.00 (d, J = 8.47, 2H)0#17.30 (m, 10H), 7.90 — 8.00 (m, 1H), 8.00
—8.10 (m, 1H), 8.15 (bs, 2H), 8.20 — 8.35 (m, 48435 — 8.65 (m, 5H), 8.80 — 8.95 (m, 1H),
9.31 (bs, 1H), 11.32 (bs, 1H}47H4sNs04 MS (LC-MS-1): m/Z4%) [tz = 10.2 min]: 744(100,
MH+). HPLC: 100% (ELSD, ¢ = 19.1 min).UV (MeCN): | (€) 264 (2040%), 275 (3K.0°),
312 (1040°%, 326 (1&0°), 342 (2%0%. Fluorescence(l ex. = 340 nm, MeCN): 397 nm

(monomer), 419 nm (monomer).

(R)-1-[4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylammo)-5-oxopentyl]-2-(pyrene-1-
carbonyl)guanidinium 2,2,2-trifluoroacetate (1e)

The product is a yellow solid (106 mg, 68%), m.[99 °C (decomp.)H NMR (300 MHz,
CDsCN): 1.50 — 1.90 (m, 4H), 3.20 — 3.40 (m, 2H), 4-18.30 (m, 2H), 4.35 — 4.45 (m, 1H),
5.05 (s, 1H), 6.72 (d, J = 8.51, 2H), 7.04 (d,8.47, 2H), 7.15 — 7.40 (m, 13H), 8.05 — 8.40
(m, 8H), 8.50 — 8.60 (m, 1H), 9.25 — 10.30 (m, 243,05 (s, 1H)Cy4H39N504: MS (LC-
MS-I): m/A%) [t = 9.7 min]: 702(100, MH+)HPLC: 99% (ELSD, & = 17.8 min).UV
(MeCN): | (e) 242 (431.0%), 277 (3R0%), 348 (280%). Fluorescence(l .= 340 nm, MeCN):
406 nm (very broad).
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(R)-23-(4-Hydroxybenzylcarbamoyl)-1,6,16,25-tetraox@6,26-diphenyl-1-(pyren-1-yl)-
8,11,14-trioxa-2,5,17,19,24-pentaazahexacosan-18amm 2,2,2-trifluoroacetate (1f)

The product is a white solid (52 mg, 46%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.30 — 1.80 (m, 4H), 3.10 — 3.80 (m, 148ip4 (s, 2H), 4.05 — 4.20 (m, 2H),
4.19 (s, 2H), 4.28 — 4.38 (m, 1H), 5.12 (s, 1H$76(d, J = 8.45, 2H), 7.00 (d, J = 8.45, 2H),
7.15—-7.30 (m, 10H), 7.98 (t, J = 5.65, 1H), 80845 (m, 9H), 8.45 — 8.55 (m, 2H), 8.55 —
8.85 (m, 3H), 8.95 — 9.05 (m, 1H), 9.32 (bs, 1H),61 (bs, 1H)CssHs/N;Oq: MS (ES):
m/z(%) 474(88), 948(100, MH+HPLC: 99% (ELSD, & = 16.3 min).UV (H20): | (e) 267
(26:4.0°), 277 (3%.0°), 330 (244.0°%), 343 (3640%). Fluorescence(l ex= 340 nm, HO): | (type)

401(monomer).

(R)-2-{8-[3-(Benzyloxy)-3-oxopropylamino]-8-oxooctangl}-1-[4-(2,2-diphenyl-
acetamido)-5-(4-hydroxybenzylamino)-5-oxopentyl]guaidinium 2,2,2-trifluoroacetate

(19)

The product is a white solid (58 mg, 78%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.00 —1.80 (m, 12H), 1.95 —-3.50 (m, 10#HD5 — 4.20 (m, 2H), 4.25 — 4.40 (m,
1H), 5.08 (s, 2H), 5.12 (s, 1H), 6.67 (d, J = 834), 7.00 (d, J = 8.40, 2H), 7.20 —7.40 (m,
15H), 7.85 — 7.95 (m, 1H), 8.30 — 8.60 (m, 4H),08-78.90 (bs, 1H), 9.31 (bs, 1H), 11.20 (bs,
1H). C4sHs5sNgO7: MS (ES): m/d%) 791(100, MH+), 1582(1)HPLC: 100% (ELSD, 4 =
16.2 min).

(4R,12R,135,14R,15R)-12,13,14,15-Tetraacetoxy-4-(2,2-diphenylacetamiytd-(4-
hydroxyphenyl)-3,11,18-trioxo-17-oxa-2,8,10-triazaonadecan-9-iminium 2,2,2-
trifluoroacetate (1i)

The product is a white solid (197 mg, 66%), m.A99 °C (decomp.)H NMR (300 MHz,
DMSO-d6): 1.30 — 1.70 (m, 4H), 1.90 — 2.20 (m, 15810 — 3.30 (m, 2H), 4.00 — 4.40 (m,
5H), 5.00 — 5.10 (bs, 1H), 5.12 (s, 1H), 5.24 @4), 5.35 — 5.45 (m, 1H), 5.45 — 5.55 (m,
1H), 6.67 (d, J = 8.45, 2H), 7.00 (d, J = 8.45,,ZH)5 — 7.35 (m, 10H), 8.36 (t, J = 5.58, 1H),
8.47 (d, J = 8.14, 1H), 8.50 — 8.90 (m, 2H), 9.B88, (LH), 11.80 (bs, 1HL43H51N5014 MS
(ES):m/4%) 862(100, MH+), 884(60HPLC: 100% (ELSD, ¢= 16.2 min).
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(R)-21-(4-Hydroxybenzylcarbamoyl)-3,7,14,23-tetraox@4,24-diphenyl-2-oxa-
6,15,17,22-tetraazatetracosan-16-iminium 2,2,2-ttiforoacetate (1k)

The product is a white solid (149 mg, 64%), m.A99 °C (decomp.)H NMR (300 MHz,
CDCl): 1.10 — 1.70 (m, 12H), 2.16 (t, J = 7.28, 2HR=(t, J = 6.51, 2H), 2.54 (t, J = 5.66,
2H), 2.95 (bs, 1H), 3.15 (bs, 1H), 3.50 (m, 2HBB(s, 3H), 4.00 — 4.35 (m, 3H), 4.98 (s,
1H), 6.48 (t, J = 5.40, 1H), 6.70 (d, J = 7.86, 26494 (d, J = 7.82, 2H), 7.15 — 7.30 (m, 10H),
7.40 — 7.70 (m, 3H), 8.89 (bs, 1H), 9.70 (bs, 119,19 (bs, 1H)C3gHs0NeO7: MS (ES):
m/z(%) 715(100, MH+), 737(5HPLC: 100% (ELSD, = 14.1 min).

(R)-1-[4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylammo)-5-oxopentyl]-2-{4-[4-
(hydroxymethyl)-1H-1,2,3-triazol-1-yl]butanoyl}guanidinium 2,2,2-trifluoroacetate (1)

The product is a white solid (90 mg, 66%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.25 — 1.80 (m, 4H), 2.00 — 2.15 (m, 2BI%0 — 2.50 (m, 2H), 3.15 — 3.30 (m,
2H), 4.00 — 4.50 (m, 5H), 4.51 (s, 2H), 5.12 (s),16467 (d, J = 8.38, 2H), 7.00 (d, J = 8.38,
2H), 7.15 — 7.35 (m, 10H), 7.98 (s, 1H), 8.37 ( 3.69, 1H), 8.40 — 8.70 (m, 3H), 8.80 —
10.50 (m, 2H), 11.48 (bs, 1HE34H40NgOs: MS (ES):m/4%) 641(100, MH+)HPLC: 99%
(ELSD, &= 12.6 min).

(R)-2-{4-[4-(Ammoniomethyl)-1H-1,2,3-triazol-1-yl]butanoyl}-1-[4-(2,2-
diphenylacetamido)-5-(4-hydroxybenzylamino)-5-oxopetyl]guanidinium 2,2,2-
trifluoroacetate (1m)

The product is a white solid (139 mg, 73%), m.[99 °C (decomp.)H NMR (300 MHz,
DMSO-d6): 1.30 — 1.80 (m, 4H), 2.09 (p, J = 7.28),2.45 — 2.50 (m, 2H), 3.15 — 3.30 (m,
2H), 4.05 — 4.20 (m, 4H), 4.25 — 4.40 (m, 1H), 4¥9 = 7.08, 2H), 5.12 (s, 1H), 6.67 (d, J =
8.45, 2H), 7.00 (d, J = 8.45, 2H), 7.15 — 7.35 1®H), 8.15 (s, 1H), 8.20 — 8.35 (bs, 2H),
8.37 (t, J =5.79, 1H), 8.50 (d, J = 8.02, 1H)58:%.10 (m, 2H), 9.33 (bs, 1H), 12.11 (s, 1H).
C34H41NgO4: MS (LC-MS-1): m/4%) [tr = 7.5 min]: 320(100), 341(35), 640(50, MH+).
HPLC: 100% (ELSD, ¢=10.7 min).

(13R)-13-(4-Hydroxybenzylcarbamoyl)-3,6,15-trioxo-16,1@liphenyl-1-((2R,3R,4S,5R)-
3,4,5,6-tetrahydroxytetrahydro-2H-pyran-2-yl)-2-oxa-7,9,14-triazahexadecan-8-iminium
2,2,2-trifluoroacetate (1n)

The product is a white solid (35 mg, 76%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.30 — 1.80 (m, 4H), 2.55 — 2.80 (m, 4810 — 3.90 (m, 5H), 3.90 — 4.80 (m,
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8H), 4.85 — 5.00 (m, 2H), 5.12 (s, 1H), 5.20 — 680 1H), 6.67 (d, J = 8.41, 2H), 7.00 (d, J
= 8.41, 2H), 7.15 — 7.35 (m, 10H), 8.38 (t, J =35.5H), 8.50 (d, J = 8.06, 1H), 8.50 — 8.70
(bs, 2H), 8.86 (bs, 1H), 9.30 (bs, 1H), 11.49 (bd). Cs/HisNsO1: MS (ES): mid%)
736(100, MH+), 758(20}HPLC: 100% (ELSD, 4= 12.1 min).

(R)-21-Carboxy-4-(2,2-diphenylacetamido)-1-(4-hydroxghenyl)-3,11,18-trioxo-
2,8,10,19-tetraazahenicosan-9-iminium 2,2,2-triflumacetate (10)

1.) Removal of the benzyl-group: The Boc- aRd-protected precursor of compoutd (35
mg, 0.04 mmol)was dissolved in 2-propanol (5 mL). Pd/C (10 mg)svealded and the
mixture was stirred at 15 bar hydrogen pressuamniautoclave. After two hours TLC control
confirmed complete conversion. Pd/C was filterefl @fer celite and the solvent was
evaporated. The product was obtained quantitative.

2.) The N-Boc and CBu protected compound was deprotected as desciibegkneral
procedure 4.4.

The product is a white solid (30 mg, 78%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.10 — 1.80 (m, 12H), 2.03 (t, J = 7.28), 2.30 — 2.45 (m, 4H), 3.15 — 3.30 (m,
4H), 4.05 — 4.25 (m, 2H), 4.25 — 4.40 (m, 1H), 5&21H), 6.67 (d, J = 8.41, 2H), 7.00 (d, J
= 8.38, 2H), 7.15 - 7.35 (m, 10H), 7.86 (t, LHR®B-- 8.70 (m, 4H), 8.80 — 9.00 (m, 1H), 9.20
— 9.40 (bs, 1H), 11.30 — 11.40 (bs, 1B}sH4sNsO7: MS (ES): m/4%) 351(11), 701(100,
MH+). HPLC: 99% (ELSD, ¢= 13.7 min).

(R)-4-(2,2-Diphenylacetamido)-1-(4-hydroxyphenyl)-9finio-3,11,18-trioxo-2,8,10,19-
tetraazahenicosan-21-aminium 2,2,2-trifluoroacetatélp)

The product is a white solid (125 mg, 70%), m.A99 °C (decomp.)H NMR (300 MHz,
DMSO-d6): 1.10 — 1.70 (m, 12H), 2.00 — 2.15 (m, 2BB5 — 2.45 (m, 2H), 2.75 — 2.90 (m,
2H), 3.15 — 3.30 (m, 4H), 4.10 — 4.20 (m, 2H), 4-25.40 (m, 1H), 5.12 (s, 1H), 6.67 (d, J =
8.36, 2H), 7.00 (d, J = 8.36, 2H), 7.15 — 7.30 10H), 7.78 (bs, 3H), 8.00 (t, J = 5.52, 1H),
8.38 (t, J = 5.72, 1H), 8.51 (d, J = 8.02, 1H),58-68.80 (bs, 2H), 9.12 (bs, 1H), 9.32 (bs,
1H), 11.73 (bs, 1H)C37H49N;Os: MS (ES): m/4%) 336(100), 672(25, MH+HPLC: 97%
(ELSD, &= 11.2 min).
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(R)-18-Amino-4-(2,2-diphenylacetamido)-1-(4-hydroxypknyl)-3,11-dioxo-2,8,10,17-
tetraazaoctadecane-9,18-diiminium 2,2,2-trifluoroaetate (1q)

The product is a white solid (93 mg, 71%), m.p.99 2C (decomp.)*H NMR (300 MHz,
CDsCN): 1.25 -1.40 (m, 2H), 1.45 — 1.85 (m, 8H), 2-40.48 (t, J = 7.27, 2H), 3.00 — 3.10
(dd, J1 = 6.68, J2 = 12.84, 2H), 3.10 — 3.30 (M), ZHL0 — 4.25 (m, 2H), 4.30 — 4.40 (m,
1H), 5.02 (s, 1H), 6.40 (bs, 4H), 6.71 (d, J = 838), 6.90 — 7.40 (m, 5H), 7.03 (d, J = 8.42,
2H), 7.20 — 7.35 (m, 10H), 9.45 (bs, 1H), 9.85 (1d), 12.73 (bs, 1H)*C NMR (75 MHz,
CDsCN): 23.2, 23.4, 25.0, 27.4, 28.6, 35.9, 40.1, 409188, 52.4, 57.0, 114.8, 126.67, 126.73,
128.14, 128.17, 128.34, 128.40, 129.6, 154.1, 156/1.9, 176.3C34H44NgO4: MS (LC-
MS-I): m/4%) [tr = 7.6 min]: 315(95), 335(100), 629(85, MH+), 678)(3743(5).HPLC:
100% (ELSD, ¢=11.2 min).

(R)-4-(2,2-diphenylacetamido)-1-(4-hydroxyphenyl)-9fminio-3,11,14-trioxo-2,8,10,15-
tetraazaheptadecan-17-aminium 2,2,2-trifluoroaceta (1s)

The product is a white solid (0.74 g, 68%), m.Al99 °C (decomp.)H NMR (300 MHz,
DMSO-d6): 1.32 —1.60 (m, 3H), 1.60 — 1.76 (m, 1Bi%6 (t, J = 6.71, 2H), 2.66 (t, J = 6.48,
2H), 2.80 — 2.88 (m, 2H), 3.18 — 3.31 (m, 4H), 4dd, J1 = 15.02, J2 = 5.76, 1H), 4.18 (dd,
J1 =15.05, J2 =5.93, 1H), 4.28 — 4.38 (m, 1H)2%s, 1H), 6.67 (d, J = 8.53, 2H), 7.00 (d, J
= 8.54, 2H), 7.18 — 7.32 (m, 10H), 7.76 (bs, 3H)48t, J = 5.62, 1H), 8.38 (t, J = 5.74, 1H),
8.50 (d, J = 8.06, 1H), 8.71 (bs, 2H), 9.16 (t, -nes, 1H), 9.31 (bs, 1H), 11.88 (s, 1H).
C3sH41N7Os: MS (LC-MS-I): m/d%) [tz = 7.44 min]: 308.5(100), 616(27, MH+{PLC:
96% (220 nm,g = 16.5 min).

(R)-1-Amino-16-(4-hydroxybenzylcarbamoyl)-6,9,18-tri@o-19,19-diphenyl-2,5,10,12,17-
pentaazanonadecane-1,11-diiminium 2,2,2-trifluoroastate (1t)

The product is a white solid (35 mg, 49%), m.p.99 2C (decomp.)*H NMR (300 MHz,
CDsCN): 1.40 —1.80 (m, 4H), 2.49 (t, J = 6.59, 2HKRE(t, J = 6.55, 2H), 3.10 — 3.30 (m,
6H), 4.10 — 4.25 (m, 2H), 4.25 — 4.40 (m, 1H), 5§21H), 6.10 — 7.50 (m, 10H), 6.70 (d, J =
8.50, 2H), 7.03 (d, J = 8.43, 2H), 7.20 — 7.35 @), 9.39 (bs, 1H), 9.79 (bs, 1H), 12.82
(bs, 1H).C34H43NgOs: MS (LC-MS-I): m/4%) [tr = 7.5 min]: 329(100), 658(20, MH+).
HPLC: 99% (ELSD, = 10.7 min).
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(R)-N'-[4-(2,2-Diphenylacetamido)-1-(4-hydroxyphenyl)-9+ninio-3,11,14-trioxo-
2,8,10,15-tetraazaheptadecan-17-yllethane-1,2-diammim 2,2,2-trifluoroacetate (1u)

The product is a white solid (62 mg, 39%), m.p.99 2C (decomp.)*H NMR (300 MHz,
DMSO-d6): 1.30 — 1.80 (m, 4H), 2.62 — 2.70 (t, 8.29, 2H), 3.00 — 3.40 (m, 12H), 4.00 —
4.20 (m, 2H), 4.25 — 4.40 (m, 1H), 5.12 (s, 1HY08(d, J = 8.45, 2H), 7.00 (d, J = 8.45, 2H),
7.15 — 7.35 (m, 10H), 7.90 — 9.40 (m, 12H), 12188 (LH).CasH4eNgOs: MS (ES): m/z(%)
330(100), 659(20, MH+HPLC: 99% (ELSD, ¢= 9.1 min).

(R)-1-(4-Fluorophenyl)-16-(4-hydroxybenzylcarbamoyl)1,6,9,18-tetraoxo-19,19-
diphenyl-2,5,10,12,17-pentaazanonadecan-11-iminiug2,2-trifluoroacetate (1)
Compoundls (24 mg, 28.4 pmol) and NE21 uL, 152 pumol) were dissolved in DMF (200
pL) followed by the addition of active estér (4.5 mg, 19 pmol). The reaction was stopped
by addition of 10% aq. TFA (corresponding to 60 juafol FA) after an incubation period of
3.5 h at rt. Purification with preparative HPLC ligon: Eurospher-100 C18 (250 x 32 mm, 5
um), Knauer, Berlin, Germany) and lyophilisatiofioaded the product as white fluffy solid
(10.55 mg, 65%), m.p. > 190 °C (decompt).NMR (300 MHz, DMSO-d6): 1.31 —1.60 (m,
3H), 1.60 — 1.73 (m, 1H), 2.45 (t, J = 6.60, 2HRL(t, J = 6.38, 2H), 3.16 — 3.34 (m, 6H),
4.10 (dd, J1 =14.80, J2 =5.66, 1H), 4.18 (dds 15.06, J2 = 5.76, 1H), 4.28 — 4.38 (m, 1H),
5.12 (s, 1H), 6.67 (d, J = 8.52, 2H), 7.00 (d,8.52, 2H), 7.18 — 7.33 (m, 12H), 7.86 — 7.93
(m, 2H), 8.11 (t, J = 5.51, 1H), 8.38 (t, J = 5.IB}), 8.47 — 8.62 (m, 4H), 8.87 (t, non-res.,
1H), 9.30 (bs, 1H), 11.44 (s, 1HT4H4FN;Og (LC-MS-1): m/A%) [t = 8.69 min]:
738(100, MH+)HPLC: 98% (220 nm,g = 23.7 min).

(R)-4-(2,2-Diphenylacetamido)-1-(4-hydroxyphenyl)-9inio-3,11,14-trioxoN-(2-
propionamidoethyl)-2,8,10,15-tetraazaheptadecan-1&minium 2,2,2-trifluoroacetate

(1r)

Compoundlu (35 mg, 35 umol) and NE(23 pL, 186 umol) were dissolved in DMF (200
uL) followed by the addition of active esté8 (2.4 mg, 14 pmol). The reaction was stopped
by addition of 10% aq. TFA (corresponding to 80 jiwfoTFA) after an incubation period of
3 h at rt. Purification with preparative HPLC (colno: Eurospher-100 C18 (250 x 32 mm, 5
pm), Knauer, Berlin, Germany) and lyophilisatiofoaded the product as white fluffy solid
(2.71 mg, 21%), m.p. > 190 °C (decompt.NMR (600 MHz, DMSO-d6): 0.99 (t, J = 7.59,
3H), 1.35 -1.47 (m, 2H), 1.48 — 1.56 (m, 1H), 1-62.69 (m, 1H), 2.11 (q, J = 7.58, 2H),
2.45 (t, J = 6.73, 2H), 2.49 — 2.52 (m, 4H) 2.69)(t 6.53, 2H), 2.95 — 3.01 (m, 2H), 3.19 —
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3.24 (m, 2H), 3.27 — 3.33 (m, 2H), 4.10 (dd, J14=76, J2 = 5.66, 1H), 4.17 (dd, J1 = 14.83,
J2 = 6.03, 1H), 4.30 — 4.35 (m, 1H), 5.11 (s, 16§66 (d, J = 8.52, 2H), 6.99 (d, J = 8.53,
2H), 7.19 — 7.31 (m, 10H), 8.00 (t, J = 5.64, 1817 (t, J = 5.73, 1H), 8.35 (t, J = 5.82, 1H),
8.44 (bs, 2H), 8.47 (d, J = 8.15, 1H), 8.59 (bs), &DP3 (t, non-res., 1H), 9.28 (bs, 1H), 11.56
(s, 1H).C3gHs0NgOg: (LC-MS-1): m/4%) [tz = 7.54 min]: 358(100), 715(18, MHH}{PLC:
97% (220 nm,g = 17.3 min).

1.4.3 Experimental determination of logD values wit HPLC

The logD values of compounds, 1d, 1f, 1g, 1i, 1l, 1n, 1p, 1gnd 1u were determined by
RP-HPLC. A Luna C18 column (3.0 um, 150 x 2 mm, rieimeenex, Aschaffenburg,
Germany) with a flow of 0.30 mL/min was used. Anmaamium acetate buffer (10 mM, pH
7.4) was used as solvent A. Solvent B was acetienifrhe gradient was: 0 min [A/B 95/5],
30 min [A/B 2/98]. A volume of 2 uL of a solutiorf the analytes, dissolved in DMSO (1
mM), was injected. Column temperature was 25 °Ge Tbmpounds were detected with a
diode array detector. The logD value was calibratethe retention time g} by running a
mixture of 6 reference compounds and plottingtthes. logD (supporting information).

1.4.4 Investigation of stability

Decomposition of thé&N®-acylated argininamides tba was investigated at neutral pH in the
buffer used for radioligand bindifig10 mM HEPES, pH 7.4, filtered: 0.45 pm). Incubati
was started by addition of 15 pL of a 1 mM solutairthe compounds in DMSO to 285 pL
of buffer to give a final concentration of 50 uM @ase ofL.c 60 pL of a 0.25 mM solution
were added to 240 pL of buffer). After 20 and 9Gmil25 pL aliquot was taken and diluted
with a mixture of MeCN, KD and 1% aq. TFA (for compounds — 1j: 5:1:4, 125 uL; for
compoundslk — 1u: 1:1:1.33, 125 pL). 100 pL of the resulting sabati(pH 2) were
analysed with analytical HPLC on a RP-column (Ephas-100 C18, 250 x 4 mm, 5 pum;
Knauer, Berlin, Germany) using a system from The®eparation Products (composed of a
SN400 controller, a P4000 pump, a degasser (Deg&¥Se4400, phenomenex), an AS3000
autosampler and a Spectra Focus UV-VIS detectorjtukks of 0.05 % aqg. TFA (A) and
acetonitrile (B) were used as mobile phase. The flate was set to 0.80 mL/min and the

column temperature to 30 °C. Due to the wide ramiglegD values of the compounds two
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different gradients were used for HPLC analysismjgoundslc — 1j: O min [A/B 75/25], 28
min [A/B 80/20], 30 min [A/B 5/95], 38 min [A/B 58&); compoundslk — 1u: 0 min [A/B
85/15], 28 min [A/B 55/45], 32 min [A/B 5/95], 40im[A/B 5/95]). A five-point calibration
curve (0.3, 1.5, 4, 10 and 25 uM) of BIBP 322@)(was acquired for quantification of the
decomposition produdta.

To study the decomposition productslgpfwith LC-MS, 1j was incubated in 10 mM HEPES
buffer as described above, but at a concentrafi®@® M (30 pL of a 0.5 mM solution df

in MeCN/0.05% ag. TFA (20:80) to 470 pL of buffeffter 20 and 90 min a 125 pL aliquot
was taken and diluted with a mixture of MeCN(Hand 1% aq. TFA (1:1:1.33, 125 uL). 10
uL of the resulting solution were injected into the-MS system and analysed with LC-MS
method Il (cf. general experimental conditions)ufee type: ESI (capillary temperature: 250
°C, spray voltage: 4.0 kV, sheath and auxiliary. gas.

1.4.5 Radioligand competition binding assay

Radioligand competition experiments at SK-N-MC mdla@stoma cells using the radioligand
[*HJUR-MK114 (1.5 nM) were performed as describeaetsere’

1.4.6 Fura-2 assay on HEL cells

The Fura assay was performed with HEL cells asipusly described using a Perkin-Elmer

LS50 B spectrofluorimeter (Perkin Elmer, Uberling&ermany):®

1.4.7 Data processing

Data from radioligand competition experiments wanalyzed by 4 parameter sigmoidal fits
(SigmaPlot 9.0, Systat Software).s¢Cvalues from radioligand competition studies were
converted toK; values according to the Cheng-Prusoff equatiarsing the respectivip
value of the radioligand. Three data points (betw26 and 80 % inhibition, from fura-2
assays) served for the calculation ofd@alues after logit-log transformation. gCvalues
were converted t&, values according to the Cheng-Prusoff equatiasing an E§ value of
1.8 nM for pNPY (mean value from 4 independentljedmined concentration-effect curves
on HEL cells).
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CHAPTER 2

Pyrene Labeled Neuropeptide Y Receptor Antagonists for the
Detection of Y; Receptor Homodimers

2.1 Introduction

Dimerisation and oligomerisation are a common pharwon for the important class of G
protein-coupled receptors (GPCRIn many cases these trans-membrane receptorsoare n
separated in the cell membrane, but form largereagges, as it is known for the clustering of
the rhodopsine receptafdhe oligomerisation of GPCR’s has an influencéhenmodulation

of signaling in the cell. For example the dimeimatof two different subtypes of receptors
(heterodimers) as reported for the neuropeptid¥ sYreceptord can alter the affinity of the
receptors to agonists and antagonists and influéimeeinternalisation behavior. Also the
aggregation of two equal receptors (homodimers) a#luence function and signal
transduction of the receptotddomodimerisation is known for many GPCR's, for rapée
the b,-adrenergic receptor and the dopamine receptorsteTis also some evidence for the
existence of NPY Yreceptor homodimers.

The detection of the aggregation state of GPCR sherefore of great interest for
pharmaceutical research. Fluorescence resonancgyetansfer (FRET) experiments with
fluorescent labeled neuropeptide Y (NPY) receptaaad bioluminescence resonance energy
transfer (BRET) experiments with opioid receptorgere performed to observe GPCR
oligomerisation, but there is some concern thatmtlodification of the receptor protein could
influence the binding of agonists and antagonistsalter the aggregation behavior.

The use of labeled small NPY; Yeceptor antagonists should not alter the aggeygatate of
the receptors. The high affinity,Yreceptor antagonist BIBP 3226 (BIBRyas therefore
derivatized with the fluorescent label pyrene. Hyeene moiety can form excited dimers
(excimers) when in a high local concentratfohThe fluorescence of the excimer (500 nm) is
red-shifted compared to the pyrene monomer fluemse (410 nm). This effect was
successfully applied for chemosenstréor the investigation of the structure of micetfes
and the hybridization of DNA?> The binding of two pyrene labeled antagonistsato
hypothetical Y receptor dimer in close proximity (high local pyeederivative concentration)
should enable us to observe excimer fluorescenoase of a spacer with sufficient length.
The advantage of this method compared to FRETatdhly one type of probe molecule is
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required. The application of two differently labelantagonists like in FRET experiments can
cause problems, because of their different physi@mical properties and binding affinities.
We therefore synthesized pyrene labeledr&ceptor antagonists that exhibit a nanomolar
affinity to the Y; receptor and investigated their fluorescent prigerand their binding to
MCF-7 cells.

. —HAntagonist

A 340 nm excited pyrene

PR PPPDPCC
geeccoscecesee

Y1 receptor excited pyrene

PP PO b
geesooscesoose

cell membrane

Scheme 1 Excimer formation at a hypotheticak Yeceptor dimer. In pictur@ two pyrene
labeled antagonists bind to twq ¥eceptors. One of the pyrene moieties (left) isitexd with
UV light. In case a) the excited pyrene moiety snlight before it could combine with
another pyrene moiety (in ground state). In casthé)excited pyrene forms an excimer with
the second pyrene moiety and the excimer emit$ igh a longer wavelength.

2.2 Results and Discussion
2.2.1 Synthesis and binding affinity of the pyrendéabeled Y;R antagonists

The synthesis of compounds, 1b andleis described elsewhetgThe first step in our
approach was to connect the high potefR ¥antagonist BIBP 3226 to the pyrene moiety.
The synthesis started with pyrene that was condddepyrene-1-carboxylic acid in two
steps. The target compountisandl1d were prepared from their corresponding amimesd

6 respectively. The amines were treated with NH®&ré&sin THF and compoundc and1d
were obtained in moderate yield. Compoutfdvas obtained via a one pot reaction of the
dicarboxylic acid8 with the amine® and10. The yield was low, because of the statistical
product distribution, but still a sufficient amouot productll was obtained to continue

synthesis. This compound was guanidinylated withnarmh2 and target compountlf was
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obtained after deprotection with DCM/TFAompoundlg was synthesized starting from
precurso that was converted with diethylenetriamitto the double pyrene labeled amine
14. Acylation of the primary amines of compoub8is much faster than the acylation of the
secondary amine, so produet was obtained in good yield. The secondary amine thas
acylated with succinic acid anhydridé and acid16 was obtained. Guanidinylation with
aminel2 and subsequent deprotection resulted in compégn@ompound<.8 and19 were
synthesized as control compounds for the unspdaffiding.

The binding affinities differ significantly. Dire@ttachment of the pyrene moiety to the BIBP
3226 scaffold caused a complete loss of affinitigoAhe very bulky compountly with two
pyrene units has no affinity to theR. An increase in spacer length restored someitgffin
However, compound&b — 1d exhibit only moderate affinity to the;R due to their high
lipophilicity and low water solubility. The two agonistsle and 1f that contain a gylcol
chain in their spacer were the antagonists withbibet affinities; compountle showed a K

of about 60 nM.
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Figure 1. Structures and R affinities of the pyrene labeled,R antagonistda-1g K;values
determined from the displacement of 1.5 nM]fUR-MK114* on SK-N-MC cells; all mean

values £ SEM from two or three independent expenié.c, 1d: one single determination ).
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Scheme 2Synthesis of the precursor pyrene-1-carboxylid.a) ZnC}, AcOH, AcO, 55%;
b) H,O, THF, NaOCI, NaOH, 63%.
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Scheme 4 Control compound&8 and19 for the detection of unspecific binding; synthesfis
compoundl9. a) DMF, EDC, HOBt, DIPEA, 75%.
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2.2.2 Optical properties of the pyrene-labeled congunds

For the detection of the fluorescent labeledR Yanatgonists the quantum yield is a crucial
factor. A disadvantage of the pyrene fluorophonmpgared with cyanine dyes is the excitation
in the UV region, so there will be background flescence in the cell assay. A good quantum
yield improves the signal to noise ratio and cothldrefore reduce the detection limit. The
quantum yield of the pyrene labeled compoullds- 1g was determined in buffered aqueous
solution and in acetonitrile. The mode of connettio the pyrene moiety has an influence on
the quantum yield. Compound® — 1d that were connected via the 1-pyrene butanoic acid
spacer have only moderate quantum yields in adeterand buffer. Addition of 1% bovine
serum albumine (BSA) increased the quantum yiefdhese compounds. The situation is
different for the compoundse — 1g containing the 1-pyrene carboxylic acid substrectin
this case the quantum vyields are good in acettendénd moderate in buffered solution. An
exception is the carboxylic acitl8. Its quantum yieldwas highly increased in aqueous
buffered solution. This effect can be caused byreng self organisation (e.g. micelles or
large hydrated anions) as more rigid systems canlouse their excitation energy via
rotational deactivation. This effect disappears wiBSA is present and the pre-organised
structure is destroyed.

The absorption and emission spectra were also depéron the substituent of the pyrene
moiety. In case of the 1-pyrene butanoic acid gpdlce maxima of the peaks in the
absorption spectrum are slightly red shifted coregaio pyrene. The first maxima of the
compoundslb — 1d is at 342 nm in contrast to pyrene with 334 nme €mission maximum

is also slightly red shifted from 390 nm (pyrene)394 nm. In case of compountis — 1f
containing the 1-pyrene carboxylic acid substruettiie peak maxima in the absorption
spectrum are equal to compourids— 1d, but there is a broadening of the absorption bands
The fluorescence maximum is further red shifted®@@ nm. Compoundg substituted with
two pyrenes is similar in its absorption propertesompoundde— 1f, but has an additional
strong excimer band. The effect of the substitugrdtriking for compound.a. The direct
connection of the pyrene moiety to the acyl-guar@dcaused a strong broadening of the
absorption and fluorescence maxima and diminisheceimission intensity.

Another important factor for the understanding loé fluorescence properties of the pyrene

labeled compounds is the monomer to excimer flu@m@se ratio. This ratio is dependent on
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the local concentration, the rotational degreefsedom and the self aggregation behavior. In
acetonitrile only the compoundg and 19 that contain both two pyrene moieties in a single
molecule emit a significant amount of excimer r#dia because of the high local
concentration of pyrene units. The concentratiothefdyes was 0.5 uM and is therefore too
low for intermolecular excimer formation that isrmally observed for concentrations above
100 puM. The situation in aqueous solution is défér Compound4b, 1d and1g are hardly
water soluble. A high degree of excimer fluoreseewas observed for the compounds due to
self-aggregation of the pyrene rings. For the better soluble compounds, 1e 1f and18
this effect was less pronounced. Addition of BSAI lea significant effect on the ratio of
monomer and excimer fluorescence: The aggregatidheohydrophobic moleculeb, 1d
and1g in aqueous solution was reduced upon binding t8 B&d the excimer fluorescence

was therefore diminished.

Table 1. Pyrene dye substructure and quantum yields oPB3B26 derivativetb —1g and

control compound48 and19.

\o Dye Acetonitrile Buffer® Buffer® + 1% BSA
substructure [%] (mlef F [%] (m/e) F [%] (m/ey*
1b  Pyr-(CH,)s-CO- 14 95/5 11 36/64 19 68/32
1c  Pyr-(CH,)s-CO- 20 92/8 18 85/15 28 80/20
1d Pyr-(CH)s-CO- 12 96/4 16  41/59 40 85/15
le Pyr-CO- 43 96/4 16 87/13 13 85/15
1f  Pyr-CO- 41 97/3 37 91/9 8 81/19
1g Pyr-CO- 38 50/50 15 17/83 17 26/74
18 Pyr-CO- 29 95/5 85 94/6 28 91/9
19 Pyr-CO- 31 22/78 27 23/77 12 80/20

& ratio monomer fluorescence (360 nm — 450 nm) tnaer fluorescence (450 nm — 600 nm); the cut bff a
450 nm was chosen for the best separation ofabemission bands, small values in the excimer(ratk))
do not necessarily imply the presence of exciniens. dye concentration was 0.5 pM in the fluoreseenc
measurements.

® HEPES buffer, pH 7.4 (25 mM HEPES, 1.0 mM MgQ.5 mM CaG))
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Figure 2. AbsorbanceA) and Fluorescence spectta (= 342 nm,B) of different types of
pyrene derivatives in acetonitrile. The concenbratbf the compounds was 10 uM. Pictére
absorbance of compountlb (red), le (blue) andla (black, dashed line). PicturB:
fluorescence spectra of compoubldl (red), 1e (blue), 1a (black, dashed line) and compound

1g (green; forms an internal excimer).

2.2.3 Fluorescence microscopy on MCF-7 cells

The pyrene-labeled compounds were investigatedtter detection of NPY Y receptor
dimers on MCF-7 cells with fluorescence microscopye cells were therefore grown on 8-
well slides and incubated with the pyrene-label@ngounds. Unspecific binding was
determined with BIBP 3226. The first attempt usimg.eica DM RBE microscope was
performed to compare specific and unspecific bigdimonomer and excimer channel not
separated). Unfortunately the auto-fluorescencety(p@A) was as bright as the stained cells
(pictureB). There was also no difference between t@aland unspecific bindindg)) visible.
The staining of the MCF-7 cell nuclei with DART) was possible. There is no fluorescence
in the cell nuclei without DAPI, so the fluorescelidands and other fluorescent bio-
molecules are in the cytoplasm or at the cell mamdbrIn a second attempt the cells were
investigated with a 2-photon laser. With this tagbe only a small segment of the cells was
excited at 680 nm and therefore the backgrounddkaence was diminished compared to the
standard fluorescence microscopy. But the auto#lsmence was still a major problem. The
addition of the fluorescent ligante did not increase the fluorescence signal signitiga

There was also no difference between totalamgpecific binding.



Figure 3. MCF-7 cells and fluorescent ligands (excitati8a0 — 380 nm, emission filter: 425
nm longpass), incubation time 20 minutes. Picireautofluorescence3: 100 nM 1f; C:
DAPI (1.5 mg/mL);D: 100 nM1f + 10 uM BIBP.

2.2.4 FACS analysis of MCF-7 cells

An alternative strategy for the detection ofRY dimers using the pyrene dyes was the
investigation of MCF-7 cells with FACS measuremeiise cells were incubated with the
pyrene labeled antagonists for 20 minutes and dralyzed. The result was exemplarily
shown for compoundf in Figure 4 (pictures andB). A right shift of the signal maximum is
correlated with a binding of the fluorescent liggndhe cell. There was no difference in the
monomer channel (395 nm — 415 niy);between unlabeled cells (black), total bindiniy¢h
and unspecific binding (red). The excimer chanel5( nm — 545 nm) also shows no
significant right-shift. The other pyrene labeledmpounds behave equal. Only the red
fluorescent compoun0™ that can be excited at 488 nm has a strong rhjfttcompared to
the unlabeled cells, but there is also some unfpeoinding. In summary, the strong
autofluorescence of the MCF-7 cells under UV light the weak fluorescence of the pyrene
derivatives do not permit the determination of ft@ad unspecific binding of the pyrene
labeled antagonists.
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Figure 4. Histogram: Binding of compountif to MCF-7 cells, monomer channel)(and

excimer channelR); unlabeled cells (black), total binding (bluedamspecific binding (red).
PictureC shows the binding of the red fluorescenRYantagonis20 (505 nm longpass filter)
for comparision. Specific binding was only detectedcompound?0 (right shift of the blue

curve).

2.3 Conclusion and Outlook

In this study we successfully prepared pyrene &bdkrivatives of the Yreceptor antagonist
BIBP 3226 that exhibited nanomolar affinity to tN€®Y Y, receptor. The new derivatives
have a moderate quantum yield between 11% and 878Gueous buffered solution. Despite
the good properties of the pyrene moiety (longtilie of the excited state, fast excimer
formation combined with a strong red-shift; smadlletule with less sterical demand as other
dyes) the strong autofluorescence of the MCF-%&addicreased the signal to noise ratio and
inhibits the detection of the specific antagonisding at the Y receptor. There are two ways
to overcome this problem. One option is the ingagion of the pyrene dyes with a time-
resolved confocal microscope that has an UV laser gtandard equipment). The more
convenient and more applicable solution for thisbgm is the investigation of dyes that
absorb light in the visible part of the spectra3#8n argon laser or 633 nm He-laser, standard
equipment) and exhibit a long lifetime of the egditstate, so that they can form excimers.
Platinum-(Il)-complexes like compourl as described in literature(excimer:| max = 690
nm,t = 7 us) can be useful candidates. In summarystindy shows that pyrene-labeled NPY
Y1 antagonists are not suitable to proof the prop@s&imer approach for the detection of

GPCR dimers, but other excimer dyes may do.
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Figure 5. A platinum-(ll)-complex that forms excimers win emission maximum of ca.
700 nm.

2.4 Experimental
2.4.1 General experimental conditions

Unless otherwise noted, solvents (analytical gradeye purchased from commercial
suppliers and used without further purificationhftacetate (EA), petrol ether (PE, 60 — 70
°C), methanol and dichloromethane were obtainedeahnical grade and distilled before
application. Acetonitrile (MeCN) for HPLC was obtad from Merck (Darmstadt, Germany).
Pyrene (Aldrich, Sigma-Aldrich Chemie GmbH, MunicBermany), 1-pyrene butyric acid
(Aldrich, Sigma-Aldrich Chemie GmbH, Munich, Gernyarand diethylenetriamine (Acros,
Fisher Scientific GmbH, Schwerte)ere purchased. Preparative HPLC was performedavith
system from Knauer (Berlin, Germany) consistingtwb K-1800 pumps and a K-2001
detector. A Nucleodur 100-5 C18 (250 x 21 mm, 5 Macherey-Nagel, Germany) and a
Eurospher-100 C18 (250 x 32 mm, 5 um; Knauer, Geyinserved as RP-columns at flow
rates of 20 and 38 mL/min, respectively. Mixturé®/@CN and diluted aqueous TFA (0.1 %)
were used as mobile phase-NMR spectra were recorded at 300 MHz on a Brukence
300 spectrometer or at 600 MHz on a Bruker AvantéQ0 with cryogenic probehead
(Bruker, Karlsruhe, Germany}°C-NMR spectra were recorded at 75 MHz on a Bruker
Avance 300 spectrometer. All chemical shifts valaes reported in ppm. UV/VIS spectra
were recorded with a Varian Cary BIO 50 UV/VIS/NéRectrophotometer (Varian Inc., CA,
USA). Fluorescence spectra were recorded with & Ealipse spectrofluorimeter (Varian
Inc., CA, USA). Mass spectra: Finnigan SSQ 710A),(Elnnigan MAT 95 (CI), Finnigan
MAT TSQ 7000 (Thermo FINNIGAN, USA) (ES/LC-MS). L&¢stem for LC-MS: Agilent
1100 (Palo Alto, USA). LC-MS method | (LC-MS-I): @mnn: Phenomex Luna C18, 3.0 um,
100 x 2 mm HST (Phenomenex, Aschaffenburg, Germdtoxy: 0.30 mL/min; solvent A
(water + 0.1% TFA), solvent B (MeCN); gradient: nnpA/B 95/5], 1 min [A/B 95/5], 11
min [A/B 2/98], 18 min [A/B 2/98], 19 min [A/B 951524 min [A/B 95/5]. LC-MS method I
(LC-MS): Column: Phenomex Luna C18, 2.5 pum, 50 xm2n HST (Phenomenex,
Aschaffenburg, Germany); flow: 0.40 mL/min; solveht(water + 0.1% TFA), solvent B
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(MeCN); gradient: 0 min [A/B 95/5], 8 min [A/B 2/9811 min [A/B 2/98], 12 min [A/B
95/5], 15 min [A/B 95/5]. Melting points were detgined with a Lambda Photometrics
Optimelt MPA100 apparatus (Lambda photometrics piaden, UK), they are not corrected.
Thin layer chromatography (TLC) was performed omnaha plates coated with silica gel
(Merck silica gel 60 5 thickness 0.2 mm). Column chromatography (CC) pexformed
with Merck Geduran Sl 60 silica gel as the statigimnase.

Compoundsla®® 1b,® 1612345 613717818918 103 12" and 18" were prepared

according to literature procedures.

2.4.2 Synthetic protocols and analytical data

(R)-4-(2,2-Diphenylacetamido)-1-(4-hydroxyphenyl)-3,1,18-trioxo-21-(pyren-1-yl)-
2,8,10,12,17-pentaazahenicosan-9-iminium 2,2,2-ttibroacetate (1c)

The amine5 (7.6 mg, 9.3 umol) was dissolved in THF (3 mL) at; (9.3 mg, 93 umol)
was added. Then a solution of the NHS e8t€3.6 mg, 9.3 umol) in THF (1 mL) was added
slowly. Mixture was stirred until TLC control demstrated complete conversion (1h). TFA
was added dropwise until the pH was below 3. Tlhenniixture was concentrated and the
crude material was purified with prep. HPLC. Thedarct is a white solid (5.0 mg, 56%),
m.p. > 190°C (decomp.JH NMR (300 MHz, DMSO-d6): 1.00 — 1.80 (m, 10H), 1.95 6.
(m, 2H), 2.20 — 2.25 (m, 2H), 3.00 — 3.20 (m, 6415 — 4.20 (m, 2H), 4.25 — 4.40 (m, 1H),
5.12 (s, 1H), 6.67 (d, J=8.45, 2H), 7.00 (d, J=82%), 7.15 — 7.35 (m, 10H), 7.40 — 7.55 (bs,
1H), 7.80 — 8.60 (m, 14 H), 8.75 — 9.55 (m, 268;Hs55sN;Os5: MS (LC-MS-I): m/24%) [t=9.9
min.]: 858(100, M+).

(R)-(4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylamin)-5-oxopentylamino)(4-(4-((4-
(pyren-1-yl)butanamido)methyl)-1H-1,2,3-triazol-1-y)butanamido)methan-iminium
2,2,2-trifluoroacetate (1d)

The amine (30.1 mg, 34.7 umol) was dissolved in THF (3 mbyl &NEg (35 mg, 347 pmol)
was added. A solution of the NHS esfe12.2 mg, 35.6 umol) in THF (2 mL) was added
slowly. The mixture was stirred until TLC controtmonstrated complete conversion (2h).
TFA was added dropwise until the pH was below 3Tthe mixture was concentrated and
the crude material was purified with prep. HPLC eTjproduct is a white solid (18.0 mg,
50%), m.p. > 190°C (decomp’H NMR (300 MHz, DMSO-d6): 1.30 — 1.80 (m, 4H), 1.95 —
2.10 (m, 4H), 2.20 — 2.35 (t, J=7.21, 2H), 2.35.452(t, J=7.13, 2H), 3.15 — 3.25 (m, 2H),
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3.25 — 3.35 (M, 2H), 4.05 — 4.20 (m, 2H), 4.25404m, 5H), 5.12 (s, 1H), 6.67 (d, J=8.45,
2H), 7.00 (d, J=8.45, 2H), 7.15 — 7.35 (m, 10HY07= 7.95 (m, 2H), 8.00 — 8.45 (m, 10H),
8.45 — 9.80 (m, 4H), 11.41 (s, 1HJsHssNeOs: MS (LC-MS-I): m/Z%) [t=9.8 min.]:
455(35), 910(100, M+).

tert-Butyl-methylthio(4-(4-(15-(1-(4-oxo-4-(2-(pyrene-icarboxamido)-
ethylamino)butyl)-1H-1,2,3-triazol-4-yl)-2,5,8,11,4-pentaoxapentadecyl)-1H-1,2,3-
triazol-1-yl)butanamido)methylenecarbamate (11)

CompoundB (243 mg, 0.46 mmol), DIPEA (271 mg, 2.10 mmol) &@BT xH,O (124 mg,
0.92 mmol) were dissolved in 15 mL DMF and the mmigtwas cooled in an icebath under
nitrogen atmosphere. Under vigorous stirring ED80(ing, 0.84 mmol) was added. After 15
minutes a mixture of the compoun@$80 mg, 0.42 mmol) anti0 (135 mg, 0.42 mmol) in 5
mL DMF was added. After the addition the ice badswemoved and the mixture was stirred
at ambient temperature overnight. The next day DM#S evaporated completely and the
residue was dissolved in DCM. It was washed willitdd NaHSQ solution (10%, 1 x 30
mL) and the organic layer was separated and dwved BIgSQ. The solvent was removed
and the crude material was purified with columnoohatography (EA/EtOH 8:2 -> EtOH,
R=0.2[EA/EtOH 1:1]). A white solid was obtained (48, 11%), m.p. > 190°C (decomp.).
'H NMR (300 MHz, CDCJ): 1.49 (s, 9H), 2.05 - 2.45 (m, 11H), 3.45 — 3(@5 20H), 4.20 —
4.35 (m, 4H), 4.40 — 4.60 (m, 4H), 7.40 — 7.70 4id), 7.90 — 8.20 (m, 8H), 8.45 — 8.55 (m,
1H), 11.50 — 13.00 (m, 1HEL 48H62N10010S: MS (LC-MS): m/4%) [t=11.3 min.]: 486(100),
971(35, MH+).

(R)-(4-(2,2-Diphenylacetamido)-5-(4-hydroxybenzylamia)-5-oxopentylamino)(4-(4-(15-
(1-(4-ox0-4-(2-(pyrene-1-carboxamido)ethylamino)bwt)-1H-1,2,3-triazol-4-yl)-
2,5,8,11,14-pentaoxapentadecyl)-1H-1,2,3-triazolyl}butanamido)methaniminium
2,2,2-trifluoroacetate (1f)

Compoundll (43 mg, 44 pmol) and amide (22 mg, 44 pmol) were dissolved separately in
DMF (1 mL). The solutions were combined in a srflabk under nitrogen atmosphere. BEt
(0.5 mL) was added under stirring, then a Hgs&ilution (44 umol) in 0.5 mL DMF was
added and the mixture was stirred overnight at reemperature. The next day DMF was
removed completely and the residue was dissolvdddM. The precipitate of mercury salts
was removed by filtering over celite, the organi@ge was washed with citric acid (1 x 20

mL) and dried over magnesium sulphate.
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The DCM solution was concentrated and a 1:1 mixtfiréFA and DCM was added (4 mL).
The mixture was stirred for two hours. Then it ve@min concentrated and the residue was
purified with HPLC. A white solid was obtained (88y, 63%), m.p. > 190°C (decompM
NMR (300 MHz, CDC¥): 1.30 — 1.80 (m, 4H), 2.00 — 2.20 (m, 8H), 2.28.70 (m, 22H),
4.05 — 4.20 (m, 2H), 4.30 — 4.40 (m, 5H), 4.452(d), 4.50 (s, 2H), 5.12 (s, 1H), 6.67 (d,
J=8.49, 2H), 7.00 (d, J=8.46, 2H), 7.15 — 7.30 16H), 8.00 — 8.60 (m, 16H), 8.65 — 8.75
(m, 2H), 9.30 (bs, 1H), 11.11 (bs, 1K)esHsoN13011: MS (LC-MS): m/4%) [t=9.3 min.]:
628(100), 1255(50, MH+UV (MeCN): | (e) 233 (5.0%), 242 (7®0°), 265 (2640%), 275
(374.0°), 327 (2R 0%, 341 (2&.0%).

N,N'-(2,2'-Azanediylbis(ethane-2,1-diyl))dipyrene-icarboxamide (14)

Compound4 (492 mg, 2.0 mmol), DIPEA (516 mg, 4.0 mmol) an@BT xH,O (284 mg, 2.1
mmol) were dissolved in 10 mL DMF. The mixture vea®led in an ice bath and EDC (310
mg, 2.0 mmol) was added under nitrogen atmosplidter. 20 minutes the cold solution was
put into a dropping funnel. The reactive ester mtuwas dropped slowly into an ice-cooled
solution of the amind.3 (103 mg, 1.0 mmol) in DMF (10 mL) over a period Ioth. The
mixture was stirred overnight at ambient tempegatiiext day the mixture was concentrated
and the solution was dropped into 100 mL dilutedHN@&, solution (5%). A light yellow
solid precipitated. The suspension was heated@0C @r 5 minutes. The hot suspension was
filtered and the precipitate was washed witstOHA yellow solid was obtained (360 mg,
64%), m.p. > 190°C (decomp’H NMR (300 MHz, DMSO-d6): 2.85 — 3.00 (m, 4H), 3.50 —
3.65 (m, 4H), 8.00 — 8.40 (m, 16H), 8.45 — 8.60 2id), 8.60 — 8.75 (m, 2H}’C NMR (75
MHz, DMSO-d6): 39.6, 48.3, 123.52, 123.63, 124.224.67, 125.10, 125.40, 125.62,
126.40, 127.03, 127.63, 127.89, 128.08, 130.06,.5830131.33, 132.04, 168.89.
C3gH29N30,2: MS (LC-MS): m/4%) [t=9.6 min.]: 560(100, MH+).

4-(bis(2-(Pyrene-1-carboxamido)ethyl)amino)-4-oxolianoic acid (16)

Compound14 (360 mg, 0.64 mmol) was dissolved in 5 mL DMF aigt; (130 mg, 1.28
mmol) was added. Under stirring a solution of thbyaridel15 (77 mg, 0.77 mmol) in 5 mL
DMF was added. The mixture was heated to 80°C &ineds for 2 h. After that time the
mixture was cooled to ambient temperature and NgOW, 3 mL) was added and the
mixture was stirred for one more hour. Diluted N&4Solution was added (30 mL, 5%w)
and a white solid precipitated. To increase thdigarsize it was heated to 100°C for 5

minutes and cooled down slowly. Then the precipitaas filtered. The crude material was
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recrystallised in EtOH (50 mL), insoluble particle®re filtered off. Light yellow crystals
were obtained (94 mg, 55%), m.p. > 190°C (decomHd.NMR (300 MHz, DMSO-d6): 2.45
—2.55 (m, 2H), 2.70 — 2.80 (t, J=6.59, 2H), 3.5585 (m, 8H), 8.00 — 8.40 (m, 16H), 8.45 —
8.55 (m, 2H), 8.80 (t, J=5.35, 1H), 8.96 (t, J=5.08l). **C NMR (75 MHz, DMSO-d6):
27.77, 29.38, 37.59, 38.11, 45.07, 46.84, 125.23.97, 123.76, 124.32, 124.35, 124.57,
124.68, 125.16, 125.21, 125.45, 125.52, 125.66,7825126.40, 126.44, 127.07, 127.79,
127.81, 127.98, 128.07, 128.18, 128.26, 130.07,6030131.43, 131.53, 131.63, 131.78,
169.07, 169.32, 171.12, 174.X24;,H33N30s: MS (LC-MS): m/4%) [t=11.9 min.]: 660(100,
MH+), 1319(10).

tert-Butyl-5,8,13-trioxo-13-(pyren-1-yl)-9-(2-(pyrene-icarboxamido)ethyl)-2-thia-4,9,12-
triazatridecan-3-ylidenecarbamate (17)

Acid 16 (100 mg, 0.15 mmol), DIPEA (58 mg, 0.45 mmol) at@Bt (23 mg, 0.17 mmol)
were dissolved in DCM and EDC (26 mg, 0.17 mmol¥wdded under nitrogen atmosphere.
After 15 minutes compoun@was added and the mixture was stirred overnighe. fext day
the reaction mixture was washed with NaH30lution (5%, 1 x 30 mL). Organic phase was
dried over MgS®@ and the solvent was evaporated. The crude prodast purified with
column chromatography (EA#0.1) yielding compound?7 (493 mg, 60%) as a white solid,
m.p. > 190°C (decomp.jH NMR (300 MHz, CDC}): 1.25 — 1.50 (m, 9H), 1.80 — 2.05 (m,
3H), 2.50 — 2.65 (bs, 2H), 2.65 — 2.80 (bs, 2Hj03- 3.90 (m, 8H), 7.00 — 7.20 (m, 1H), 7.50
—8.20 (m, 17H), 8.35 — 8.55 (m, 2H), 11.30 — 12180 1H).**C NMR (75 MHz, CDCH):
14.20, 27.94, 35.11, 39.09, 46.20, 48.43, 77.2A.112 124.23, 124.47, 124.53, 124.71,
125.61, 125.69, 125.76, 126.14, 126.17, 126.85,9826128.32, 128.42, 128.56, 128.68,
130.05, 130.43, 130.48, 130.98, 132.35, 132.49,5170170.79.C49H45sNs06S: MS (LC-
MS): m/4%) [t=13.9 min.]: 832(100, MH+).

(R)-16-(4-Hydroxybenzylcarbamoyl)-1,6,9,18-tetraoxo4,19-diphenyl-1-(pyren-1-yl)-5-
(2-(pyrene-1-carboxamido)ethyl)-2,5,10,12,17-pentaanonadecan-11-iminium 2,2,2-
trifluoroacetate (19)

Compoundl?7 (45 mg, 54 pmol) and amide (26 mg, 54 pmol) were dissolved separately in
DMF (1 mL). The solutions were combined in a srflabk under nitrogen atmosphere. hIEt
(0.5 mL) was added under stirring, then a Hgs&ilution (54 umol) in 0.5 mL DMF was
added and the mixture was stirred overnight at reemperature. The next day DMF was

removed completely and the residue was dissolvdddM. The precipitate of mercury salts
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was removed by filtering over celite, the organi@age was washed with citric acid (1 x 20
mL) and dried over magnesium sulphate.

The DCM solution was concentrated and a 1:1 mixtfiréFA and DCM was added (4 mL).
The mixture was stirred for two hours. Then it veamin concentrated and the residue was
purified with HPLC. A white solid was obtained (86, 55%), m.p. > 190°C (decomp:M
NMR (300 MHz, DMSO-d6): 1.30 — 1.70 (m, 4H), 2.65 8®(m, 2H), 2.85 — 3.00 (m, 2H),
3.10 — 3.30 (m, 2H), 3.55 — 3.85 (m, 8H), 4.00254m, 2H), 4.25 — 4.40 (m, 1H), 5.11 (bs,
1H), 6.60 — 6.70 (m, 2H), 6.95 — 7.05 (m, 2H), 7-13.35 (m, 10H), 8.05 — 8.40 (m, 19H),
8.40 — 8.60 (m, 4H), 8.70 — 8.85 (bs, 2H), 8.90059bs, 1H), 9.31 (bs, 1H), 10.50 — 11.40
(m, 1H). CgeHeaNgO7: MS (LC-MS): m/Z4%) [t:=10.2 min.]: 558(15), 1115(100, MH+)IV
(MeCN):1 (e) 265 (5.0%), 276 (7H0°), 328 (4K 0%), 342 (6X.0°%). Fluorescence(l ex = 340

nm, MeCN): 401 (monomer), 494 (excimer) nm.

N,N'-(4,14-Diox0-6,9,12-trioxa-3,15-diazaheptadecanl,17-diyl)dipyrene-1-

carboxamide (19)

Compound8 (38 mg, 0.12 mmol), DIPEA (93 mg, 0.72 mmol) an®Bt (34 mg, 0.25
mmol) were dissolved in a 4 mL of DMF and EDC (36,M.25 mmol) was added. After 15
minutes aminel0 (78 mg, 0.24 mmol) was added. The next day DMF ewsporated
completely and the residue was purified with colucmmomatography (EE/MeOH 4:1; R
0.1). The product was obtained as a bright yell@hds(69 mg, 75%), m.p. > 190°C
(decomp.)*H NMR (300 MHz, DMSO-d6): 3.20 — 3.70 (m, 16H), 3.9348l), 7.98 (t, 2H,
J=5.55), 8.05 — 8.40 (m, 16H), 8.50 (d, 2H, 9.88J6 (t, 2H, J=5.33)"*C NMR (75 MHz,
DMSO-d6): 38.1, 39.2, 66.5, 69.9, 70.1, 123.5, 12324.3, 124.7, 125.2, 125.5, 125.7,
126.5, 127.1, 127.9, 128.2, 130.1, 130.6, 131.5,8,.368.9MS (ES-MS): m/z(%) 763(100,
MH+), 785(25). UV (MeOH): | (e) 234(6840%), 243(9K0°), 265(3640°%), 276(530%),
328(330%), 341(40°).

2.4.3 Determination of the quantum yield

The quantum yield of the compountls — 1g was determined with quinine (Aldrich, Sigma-
Aldrich Chemie GmbH, Munich, Germany) as a stand@uantum yield 58%3° Stock
solutions (1 mM) of the compoundsb — 1g in DMSO were prepared. The final
concentrations of the compounds wer08 M for UV absorption spectra andd®’ M for
fluorescence spectra. Acetonitrile, HEPES-buffé& @V HEPES, 1.0 mM MgG] 2.5 mM
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CaCb; pH 7.4) and HEPES buffer containing 1% BSA weppli@d as solvents. The quinine
standard was prepared in 0.1 M3, (10° M for absorption and I®for fluorescence). For
the excitation wavelength of compountds— 1g the first maximum of the pyrene excitation
pattern (330 — 345 nm) was choosen. Fluorescerexgrapnere recorded using the following
parameters: excitation slit 5 nm, emission slit A, photomultiplier voltage 550 V,
scanspeed medium. All spectra were recorded ragiflass cuvettes.

For the determination of reference spectra the goteents with the same DMSO content
were used. From every emission spectrum the camelpg reference spectrum was
substracted and the resulting spectrum was inegjngp to 600 nm. The quantum yield was
calculated according to the equation:

F rpo = (AJAY) X(FdlFs) x(ndng)xF k(s

where A is the absorbance and iB the integral of the corrected emission spectairthe
quinine standard solution.,Aand k stand for the absorbance and the integral of dhnescted
emission spectrum of the fluorescent ligand. Thiacdon indices of the solvents argand

Ns. F rs)is the reported quantum yield of quinine (58%).
2.4.4 MCF-7 Cell culture and fluorescence microscgop

MCF-7 cells were cultivated at 37 °C for two dags8i well p-slides (Ibidi GmbH, Munich)
with EMEM medium (Sigma, Deisenhofen, Germany) aomhg 5% FCS (Biochrom AG,
Berlin, Germany). Estradiol (1 nM) was added to thétivation medium to stimulate ;R
expression. After two days, shortly before the expent the medium was replaced by
Leibovitz L15 medium (LM). The pyrene labeled corapds were prepared as 10 uM stock
solutions in DMSO. Shortly before the assay anif0solution of the compounds in LM was
prepared. The cells were then incubated 15 minuitsthe pyrene labeled compounds and
pictures were taken. The fluorescence microscopse avieica DM RBE microscope (Leica
Mikrosystems, Bensheim, Germany). The dyes werateskavith at 340 — 380 nm and
emission was detected after a 425 nm long-pass {éixcimer and monomer fluorescence).
The cell nucleus was stained with DAPI (1.5 mg/iegtashield Fluoromount).

The cells were also observed with a Zeiss LSM 7i®orcope (Carl Zeiss AG, Oberkochen,
Germany) equipped with a 2-photon laser and a -Rfscthromat 20x/0.8 M27 objective.
The dyes were excited with the 2-photon laser atrg@. Fluorescence was detected at 380 —

420 nm (monomer) and 450 — 700 nm (excimer).
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2.4.5 FACS analysis of MCF-7 cells

The MCF-7 cells were cultivated in a big cell co#tulask under the same conditions as
described above. The cells were suspended in HERES- (25 mM HEPES, 1.0 mM
MgCl,, 2.5 mM CadJ; pH 7.4) shortly before the experiment. FACS asialyvas performed
with a BD LSR-Il flow cytometer (BD Biosciences, rt5dose, USA), equipped with a UV
trigon laser (355 nm). The emission filter set 885 — 415 nm (monomer channel) and 515 —
545 nm (excimer channel). The pyrene labeled comgewvere prepared as 10 uM stock
solutions in DMSO/HO 1:1. The cell suspension fldklls/mL) was then separated in FACS
tubes (495 plL/tube) and 5 pL of the correspondilogks solution was added in each tube
(100 nM final concentration). BIBP 3226 was appliedthe determination of the unspecific
binding (10 uM). The compounds were incubated fornZnutes and then the cells were
analyzed. The red labeled compowtt(for comparison) was used at a final concentration
20 nM and was excitated with a 488 nm argon laser.
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CHAPTER 3

Towards Target Specific Fluorescent Liposomes foihie
Neuropeptide Y; Receptor

3.1 Introduction

The selective interaction of liposomes with cedlsivery important task in modern medicinal
chemistry. Liposomes are spherical vesicles than fijpid bilayers in aqueous solution and
enclose a small aqueous volume in their intéribhey are widely-used as biocompatible and
biodegradable drug carriers for several drugs lite example doxorubicin # and as
chemosensors in analytical chemistryCompared to the administration of the drug alone
these preparations can increase the effectiveri¢bs drug via an enrichment in malignant or
inflamed tissue$.In this case it is not a receptor mediated sefiggtibut an effect of the
more penetrable tissue. The selectivity of thedgroes can be further improved by attaching
a receptor selective antagonist or antibody to lipesome bilayer. This was studied for
example for neuroblastoma cells overexpressinglifi@loganglioside GD2 structure on the
cell surfacé’ A liposome preparation containing an antibody agfalGD2 exhibited a strong
target specific liposome accumulation at the cane#is? This antibody-antigen interaction is
further amplified by multiligand binding, when maamgtibodies that are located on the same
liposome bind to many antigens simultaneodsly.

The neuropeptide Yreceptor (YR) has an incidence of 85% in breast carcinomia eeid
100% in lymph node metastasedherefore this receptor is an important target tfoe
detection of cancer cells. Agonist and antagoresodated quantum dots (QD) as diagnostic
tools for this receptor were already prepared ardahstrated a high selectivity for theR(’
Despite the strong fluorescence of the quantum aludsthe good receptor selectivity the long
term toxicity is a big problem. The core of the ymthylene glycol (PEG) covered QDs
consists of cadmium selenide. A metabolic degradaif the particles can deliver cadmium
ions that are highly toxic. So fluorescent labeldsomes can be a promising non toxic
alternative to the QDs. In this study we prepaipdsomes containing a substructure of the
Y:R selective antagonist BIBP 3226 (BIBRnd lipophilic fluorescein derivatives for the
detection of the MCF-7 breast cancer cells. A fertladvantage for the application of
liposomes is their fast accessibility and the hdgrersity by just changing the mixture of the

lipid composition.
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'):} fluorescent dye

Jr NPY Y, receptor

secccecod
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Figure 1. Antagonist mediated binding of a fluorescent laidiposome to the NPY Y
receptors at the cell surface. The factual bindpugket for the antagonist is in the

transmembrane domain.

3.2 Results and Discussion
3.2.1 Synthesis of the lipophilic YR antagonists and dyes

Lipophilic antagonists for the R were synthesized that can be included into fhd bilayer

as shown in Figure 1. Their structures are showfigare 2. The long hydrophobic tail of the
compoundsla and 1b is part of the lipid bilayer. Compounilo was prepared as an
alternative to compounda to gain a larger distance between the liposomaydil and the
antagonist moiety. The thiol modified antagordistvas synthesized to obtain a molecule that
can be “clicked” to a completed liposome via a Mieh addition of the thiol to a
maleinimide’ The synthesis of compourid is described elsewhet®The compounddb
and 1c were synthesized starting with the antagonistyrssr aminel. Compoundlb was
prepared via an acylation reaction of the dicarboxacid 2 and two amines simultaneously.

Due to the statistical product distribution thelgieias low. Compoundc was prepared from
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Boc-protected 2-mercaptoacetic acid. After acylatiath compoundl the intermediate was
deprotected with TFA and compouhdwas obtained.
Carboxyfluorescein was chosen as scaffold for ttepagration of lipophilic dyes due to its

availability and good quantum yield. It was coneecto dodecylamine and octadecylamine,

respectively. The compoun8saand9 were obtained in moderate yield.

o] o}
Antag H a Antag H (o)
L e ATl Sl L
0 and 2
1 R = (CH,)4NH, Ho)k(“ %OH 5 1b R = (CH,)yNH-
2
o Ph NH N ¢
Antag\n/H\R b, Cc Antag\n/H‘R)K/SH Ph/K’éo Hf\?/
HN

0
© HOJ\/S 0 © Antag =
1 R =-(CHp)e-NH; 4 \g/ 7< 1¢ R = -(CHp)4-NH- HN Yo

(@) (o]
O OH O N7
O S SN
we LT
HO o OH *\n%/ HO o OH

5 6 n=10 8 n=10
7 n=16 9 n=16

Scheme 1 Synthesis of the )R antagonistdb and1c and the fluorescent dyé&sand9. a)
DMF, DIPEA, TBTU, 28%; b) DMF, DIPEA, TBTU; c) TFA25%; d) n=12: DMF, DIPEA,
HOBt, DCC, 56%; n=16: DMF, NgtTBTU, 55%.

3.2.2 YiR affinity of the lipophilic compounds

The affinities of the free ligands to the NPY;RY were about 200 to 500 times lower

compared to the unsubstituted antagonist BIBP.
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Figure 2. Structures and R affinities of the lipophilic antagonistda-1lc K; values
determined from the displacement of 1.5 nM]JUR-MK114" on SK-N-MC cells; the mean
values £ SEM are from two independent experimehtdd) or from one single experiment
(1b, 1.

3.2.3 Formulation of the liposomes and studies on @F-7 cells

The liposomes were prepared from the bilayer fogiipids DSPC and DSPE (Figure 3) as
main components (section 4.3). In some formulatidmslesterol was added as a membrane

stabilizing additive’
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Figure 3. Building blocks for the liposomes: DPS0, PEGylated DSPE derivativé4 and
12 and cholesterdl 3.

Table 1. Composition of the liposome preparations.

Antagonist DSPC DSPE-(PEG), Cholesterol Lipophilic dye

entry (la—1c) (comp.10) (comp.11l-12) (comp. 13) (comp. 8-9)
1 la 10% 90% - - 8 0.5%
2 la 10% - 11 90% - 8 0.5%
3 1b  0.5% 99% - - 9 0.5%
4 1b  0.5% 97% 11 2% - 9 0.5%
5 1b  0.5% 94% 11 5% - 9 0.5%
6 1b  0.5% 89% 11 10% - 9 0.5%
7 - 94% 11 5% - 9 0.5%
8 b 1% 93% 11 5% - 9 0.5%
9 b 2% 92% 11 5% - 9 0.5%
10 1b 0.5% 64% 11 5% 30% 9 0.5%
11 1c 3% 97% 12 3% - 9 0.5%
12 1c 3% 68% 12 3% 29% 9 0.5%

The binding of the liposomes was investigated wibimfocal microscopy on MCF-7 breast
cancer cells. This cell line has a high density ofeceptors (40 000 — 300 000 receptors per
cell) *?

The best fluorescent properties of the liposomes waehieved with a dye fraction of 0.5%,
because a higher concentration caused self-quanolfithe fluoresceine moieties. So the dye
concentration was constant for all liposome pregara in Table 1. There was no significant
difference between the dy@&and9 regarding fluorescence properties and inclusiothe
lipid bilayer.

In entry 1 and 2 the liposomes were prepared \aghlipophilic Y;R antagonisiia. The total
and unspecific binding were determined after 20ut@s. In entry 1 there was a very strong
receptor independent binding of the liposomes ® ¢kll membrane (high fluorescence
intensity). The replacement of DSPC with the glyecmldified DSPE derivativél in entry 2
reduced the unspecific binding significantly, bliere was no difference between total
binding and the unspecific binding determined ViBtBP. A possible reason for this behavior
is the insufficient distance of the BIBP moietyth@ lipid bilayer. The binding pocket of the
YR is in the transmembrane region of the receptor.biidge the distance between the
liposome surface and the receptor binding pocketprepared and investigated liposomes
with the antagonislb that has a glycol spacer between the hydrophaodnit gnd the BIBP

moiety.
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In entry 3 — 6 the concentration of DSPE-PEGwas varied to investigate the effect of the
PEG protection against unspecific binding inteatdi The unspecific staining of the cell
membrane was very strong for entry 3 (0% PEG) ara$ weduced with increasing
concentration of PEG modified lipid (2% - 10% PEG&ntry 5 and 6 exhibit only a weak
unspecific binding to the cells. This is shown igufe 4. According to literature a content of
about 10% of the PEG derivatidd or 2% of derivativel2 is able to completely protect a
liposome with a diameter of 100 rfriThe fluorescence intensity of the membrane is tise
dependent. A longer incubation time of the liposemaith the cells increased the
fluorescence of the membrane due to an increasedimadation of liposomes on the cell
surface. After 40 to 50 minutes saturation in fegmence was reached.

In entry 7 — 9 the concentration of antagofistvas varied while the amount of PEG-lidid
(5%) was constant. This PEG content should reduspacific binding and still allow the
BIBP moieties to bind to the ;R. The increased density of BIBP moieties resuitedo
advancement in receptor specific binding of thedmmes. Entry 8 and 9 behave equally to
the blank sample in entry 7. In entry 10 choledteras added as a membrane stabilizing

compound, but there was no improvement comparduewitry 5 without cholester®l.

The general strategy of the liposome preparatios @wnged in entry 11 and 12. Here the
DSPE-maleinimide derivativé2 was included into the liposome membrane togethién w
DSPC and the dye. After extrusion the completethorellar liposomes were incubated with
the thiol derivativelc overnight (Figure 5). Thiols attack maleinimidea & Michael addition
under mild conditions and form a thioether bonde Thiol reactivity under these conditions
(aqueous buffered solution, pH 7.4, room tempeeatuwvas verified with a test reaction
between compound.c and maleinimide-N-propionic acid. Complete coni@rsin this
similar system was observed after 24 hours. Thist-pwdification technique placed the
BIBP moiety in a large distance to the liposomdaag (about 45 PEG-units) and leads to a
much higher flexibility of the antagonist. So comgzhto the strategy in entry 1 — 10 the
BIBP moiety should now be able to reach the tramsbrane binding pocket of the receptor
and elicit ; receptor specific binding.

Unfortunately there was also no specific bindingeed. A possible reason for this is the
slightly lipophilic BIBP moiety that can possiblyehlincluded into the surface of the lipid
bilayer. In this case the BIBP moieties would netavailable for a specific interaction with

the Y; receptor and the liposome preparations lose sadactivity.
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3.3 Conclusion and Outlook

In this study we prepared liposomes containing & NR receptor selective BIBP moiety.
Although a receptor selective binding of the lippes to MCF-7 cells was not achieved the
beneficial effect of PEG-modified liposomes was destrated. The PEG chains reduced the
unspecific interactions of the liposome with thdl ceembrane significantly. A further
problem that must be solved is the possible insemf the BIBP moiety in the hydrophobic
bilayer. An exchange of the BIBP moiety with a Meceptor selective antibody or a thiol
modified NPY derivative can avoid this problem, &ese of the lower lipophilicity of the

proteins. In summary some further improvementshef ltposome composition and surface
modifications can lead to;Yeceptor selective probes.

{ < A
‘ | . .
- 1
\
»
w7

Figure 4. Fluorescence of the cell membranes after 20 m#uhcubation time with

liposomes containing different amounts of PEG. iRetA: entry 3 (0% PEG)B: entry 5
(5% PEG) andC: entry 6 (10% PEG).

liposome
membrane

ettt

Figure 5. The antagonistcis attached to the liposome over the PEG-maleirenfughctional
group (a). The PEG spacer separates the liposorfecsurom the receptor selective BIBP

moiety (blue). Step b illustrates the possibly sdag undesired insertion of the BIBP moiety
into the bilayer.
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3.4 Experimental
3.4.1 General experimental conditions

Unless otherwise noted, solvents (analytical gradeye purchased from commercial
suppliers and used without further purificationhftacetate (EA), petrol ether (PE, 60 — 70
°C), methanol and dichloromethane were obtainedeahnical grade and distilled before
application. Acetonitrile (MeCN) for HPLC was obitad from Merck (Darmstadt, Germany).
Dodecylamine (Fluka, Sigma-Aldrich Chemie GmbH, Nim Germany), octadecylamine
(Fluka, Sigma-Aldrich Chemie GmbH, Munich, GermaryBsPC (Avanti Polar Lipids Inc.,
Alabaster, USA) and compoundd — 12 (Avanti Polar Lipids Inc., Alabaster, USA) were
purchased. Preparative HPLC was performed withsgéesy from Knauer (Berlin, Germany)
consisting of two K-1800 pumps and a K-2001 deteddoNucleodur 100-5 C18 (250 x 21
mm, 5 um; Macherey-Nagel, Germany) and a EurospberC18 (250 x 32 mm, 5 um;
Knauer, Germany) served as RP-columns at flow rate20 and 38 mL/min, respectively.
Mixtures of MeCN and diluted aqueous TFA (0.1 %Yevased as mobile phasél-NMR
spectra were recorded at 300 MHz on a Bruker Av&0fespectrometer or at 600 MHz on a
Bruker Avance Ill 600 with cryogenic probehead (Bry Karlsruhe, Germany}*C-NMR
spectra were recorded at 75 MHz on a Bruker Avatite spectrometer. All chemical shifts
values are reported in ppm. UV/VIS spectra wereonged with a Varian Cary BIO 50
UV/VIS/NIR spectrophotometer (Varian Inc., CA, USAJuorescence spectra were recorded
with a Cary Eclipse spectrofluorimeter (Varian |n€CA, USA). Mass spectra: Finnigan SSQ
710A (EI), Finnigan MAT 95 (CI), Finnigan MAT TSQO0®0 (Thermo FINNIGAN, USA)
(ES/LC-MS). LC-system for LC-MS: Agilent 1100 (Patdto, USA). LC-MS method (LC-
MS): Column: Phenomex Luna C18, 2.5 um, 50 x 2 m&T KPhenomenex, Aschaffenburg,
Germany); flow: 0.40 mL/min; solvent A (water + %ITFA), solvent B (MeCN); gradient: O
min [A/B 95/5], 8 min [A/B 2/98], 11 min [A/B 2/98]12 min [A/B 95/5], 15 min [A/B 95/5].
Melting points were determined with a Lambda Phatios Optimelt MPA100 apparatus
(Lambda photometrics, Harpenden, UK), they areaootected. Thin layer chromatography
(TLC) was performed on alumina plates coated wilicasgel (Merck silica gel 60 Js,
thickness 0.2 mm). Column chromatography (CC) weafopmed with Merck Geduran Sl 60
silica gel as the stationary phase.

Compoundsl,*4,** and8® were prepared according to literature procedures.
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3.4.2 Synthetic protocols and analytical data

(R)-4-(2,2-Diphenylacetamido)-1-(4-hydroxyphenyl)-31,18,28-tetraoxo-20,23,26-trioxa-
2,8,10,12,17,29-hexaazaheptatetracontan-9-iminiumZ2-trifluoroacetate (1b)

The dicarboxylic aci® (5.3 mg, 23.9 umol) was dissolved in 2 mL of DMk &IPEA (28
mg, 217 umol) and TBTU (15.2 mg, 47.4 umol) werdexl After 10 minutes the reaction
was started by the addition of the amide&®0 mg, 21.5 pmol) and (5.8 mg, 21.5 umol).
The next day DMF was removed completely and theresidue was purified with HPLC. A
white solid was obtained (7.0 mg, 28%), m.p. > T20H NMR (300 MHz, CQXCN): 0.88

(t, J=6.66, 3H), 1.20 — 1.35 (m, 30H), 1.35 — 1480 10H), 3.00 — 3.30 (m, 8H), 3.55 — 3.65
(m, 8H), 3.88 (s, 2H), 3.89 (s, 2H), 4.10 — 4.3Q @H), 4.30 — 4.30 (m, 1H), 5.02 (s, 1H),
6.60 — 7.50 (m, 8H), 6.67 (d, J=8.45, 2H), 7.00JeB.45, 2H), 7.20 — 7.35 (m, 10H), 9.14
(bs, 1H).CsgHgoNgOg: MS (LC-MS): m/4%) [t= 8.1min.]: 522(25), 1043(100, M+).

(R)-4-(2,2-Diphenylacetamido)-1-(4-hydroxyphenyl)-2-mercapto-3,11,18-trioxo-
2,8,10,12,17-pentaazanonadecan-9-iminium 2,2,2-ttibroacetate (1c)

Boc-protected 2-mercaptoacetic acid (4.5 mg, 28plpwas dissolved in 2 mL of DMF and
DIPEA (28 mg, 215 umol) and TBTU (7.6 mg, 23.7 wmdiksolved in 125 pL of MeCN
were added. After 5 minutes compouh@®0 mg, 21.5 pumol) was added and the mixture was
stirred overnight. The next day DMF was evaporai@apletely and TFA was added (3 mL)
and the mixture was stirred for 4 hours at roomperature. TFA was removed and the
residue was purified with HPLC. A white solid walstained (4.2 mg, 25%), m.p. > 190°C
(decomp.)*H NMR (300 MHz, DMSO-d6): 1.30 — 1.80 (m, 8H), 2.72 &7.03, 1H), 3.07
(d, J=7.93, 2H), 3.00 — 3.25 (m, 6H), 4.05 — 425 2H), 4.30 — 4.40 (m, 1H), 5.13 (s, 1H),
6.67 (d, J=8.47, 2H), 7.00 (d, J=8.47, 2H), 7.13.35 (m, 10H), 7.49 (bs, 1H), 8.02 (t,
J=5.35, 1H), 8.39 (t, J=5.50, 3H), 8.50 (d, J=81H4), 8.87 (bs, 1H), 9.30 (bs, 1H), 9.49 (bs,
1H). C34H43N7OsS: MS (LC-MS): m/4%) [t,=5.48]: 662(100, MH+), 1324(5).

3',6'-Dihydroxy-N-octadecyl-3-ox0-3H-spiro[isobenzturan-1,9'-xanthene]-6-

carboxamide (10, mixture of 5" and 6' isomer) (9)

Carboxyfluorescein (50 mg, 0.13 mmol, mixture o&ddd 6' isomer) was dissolved in 2 mL of
DMF and a mixture of NEt(50 mg, 0.50 mmol) and TBTU (48 mg, 0.15 mmoljLimL of
MeCN was added dropwise. After 15 minutes octa@daciyie (35 mg, 0.13 mmol) dissolved
in 1 mL DCM was added slowly. The reaction mixturas stirred 1 hour at 60°C. Then DMF
was removed completely and the residue was dissalvd0 mL DCM. Aqueous NaHSO
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solution (20 mL, 5%w) was added and an orange swidipitated. It was filtered off and
dried. The crude material was purified with HPLClight yellow solid was obtained (45 mg,
55%), m.p. 236°C (decomp3H NMR (300 MHz, MeOD): 0.89 (t, J=6.64, 3H), 1.00 — 1.80
(m, 32H), 3.20 — 3.50 (m, 2H), 6.50 — 6.80 (m, 56185 — 8.80 (M, 4H)C39gH4oNOs: MS
(LC-MS): m/4%) [t1=11.05 min.; $=11.16]: 628(100, MH+), 1256(5Fluorescence(l ¢ =
488 nm, MeOH + 10% NaOH(1M)): 527 nm (broad).

3.4.3 Vesicle preparation

In small glass reaction vessels DSPC was dissolaedhloroform and optionally the
compoundsla or 1b and 11 - 13 were added (about 1 pmol final lipid concentratioff)e
solvent was completely removed under reduced presswd an appropriate amount of buffer
(HEPES 25 mM, pH 7.4) was added to obtain a fiipadl Iconcentration of 450 uM. Heating
to 75 °C and vigorous shaking for 5 — 10 minuteddgd a turbid multi-lamellar vesicle
suspension. Small uni-lamellar vesicles (SUV) wabéained by extrusion through 100 nm-
pore size polycarbonate membranes with a Liposokpssome extruder from Avestin
(Mannheim, Germany}), PCS measurements were performed on a MalverniZet&000 at
25 °C using 1 cm disposable polystyrene fluoreseetwvettes (VWR). Three subsequent
measurements of 60 seconds each were performeeafdr sample. Data analysis was
performed using the Malvern PCS software.

For the post-modification of the liposome prepanagi entry 11 and 12 the thibt (1.0 eq.)
was added after the extrusion of the liposomesthadmixture was incubated for 24 hours

prior to testing.
3.4.4 Size exclusion chromatography

Vesicle dispersions were separated from low moégculeight solutes on minicolumns of

Sephadex LH-20 gel filtration media by a previows#yscribed proceduré.
3.4.5 Cell culture and confocal microscopy
MCF-7 cells were cultivated at 37 °C for two dags8i well p-slides (Ibidi GmbH, Munich)

with EMEM medium (Sigma, Deisenhofen, Germany) aonhg 5% FCS (Biochrom AG,

Berlin, Germany). Estradiol (1 nM) was added to thétivation medium to stimulate ;R
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expressiort? After two days, shortly before the experiment thedium was replaced by

Leibovitz L15 medium (LM).

Confocal microscopy was performed with a Zeiss A& 200M microscope, equipped with

a LSM 510 laser scanner. The carboxyfluoresceial lalas excited with a 488 nm laser. The
emission was detected after a 505 nm long pass.filthe objective was a Plan-Neofluar

40x/1.3 with oil immersion.
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CHAPTER 4

Towards the Catalytic Staining of NPY Y; Receptors on Living
MCF-7 Cells with DMAP Modified BIBP 3226 Derivatives

4.1 Introduction

G protein-coupled receptors (GPCR) like the neuptide Y; receptor (YR) belong to one of
the major classes of biological targets in moderedicinal chemistry. There are four
subtypes of the NPY receptor known to datg (>, Y4 and Ys).

Recent investigations concerning the signallingGRPCR’s revealed the importance of
receptor-protein interactions, e. g. the interactisith -arrestind that can cause receptor
internalisation or initiate signalling cascadesependent of the G protein (biased agonism).
% For the investigation of these interactions a risgent label at the receptor protein is
necessary. Fluorescent labeled antagonists wercessfally applied for the investigation of
the NPY Y. receptof However, these ligands have two disadvantagesecoimg the
investigation of receptor-protein interactions: They do not form a covalent bond and can
dissociate from the receptor. (2) The ligands nthe same binding site as the agonist NPY
and inhibit the binding of NPY to the;R.

A covalent labeling of the receptor protein aside NPY binding site can circumvent this
problem. Our strategy was to label thgRYcovalently using a catalyzed acyl-transfer
reaction. This would still allow binding of agorssind antagonists to the labelegRYas the
binding site of the receptor is not blocked by aR Yigand after a washing step. DMAP is a
well known nucleophilic acyl-transfer catalyst thahas successfully applied for the target-
specific acylation of lectins.? In our investigations DMAP was connected to theepbY;R
antagonist BIBP 3276to obtain catalytically active \R ligands. The BIBP 3226 skeleton
tolerates acylation at the guanidine N-terminu$wibderate loss or gain of affinfty’

A fluorescent active ester should then perform ¢halytic Y;R specific staining reaction
(Scheme 15.MCF-7 cells were selected as biological targeiar experiments, because they
express a high density of, Yeceptors (40 000 — 300 000 receptors per tell).

In this study we synthesized catalytically activedagonists with nanomolar affinity to the

YR and investigated the catalytic staining reacf{acyl-transfer) with simple nucleophiles
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and with living MCF-7 cells expressing theR. Acyl-transfer to nucleophiles was studied
with LC-MS and staining of the receptors was mameiowith confocal microscopy.
(Antagonis} Sﬂ!

(Antagonisti—Spc)
Antagoms (Spc)

QD
o @ SR
N
Y1 receptor NH ”/O
O
QQQQQ QQQ@Q@ QQQQQ QQQQQ QQQQ QQQ -
cell membrane Wmdd

Scheme 1 Catalytic staining of the R. The Y/R is simplified in this scheme, it is a
transmembrane receptor with a transmembrane bingouet (GPCR). In a) the DMAP
moiety of a catalytic antagonist attacks a fluoees@ctive ester. A nucleophilic amino acid

(e.g. lysine) of the receptor protein is acylategtep b).

4.2 Results and Discussion
4.2.1 Synthesis and binding affinity of the catalyt active Y;R antagonists

The first step in our approach was to covalentik lihe highly potent ¥R antagonist BIBP
32261 to the DMAP moiety. The DMAP substructure was datized at one of the N-methyl
groups, because derivatives with longer alkyl chanhthe N-amino nitrogen are as active as
DMAP itself® Synthesis started from 4-aminopyridigehat was converted to the catalytic
precursor acicb in two steps. This acid was combined with spacémiféerent length and
chemical structure to obtain catalytic compoundb wdequate properties (high affinity to the
Y 1R and good catalytic activity, table 1). Compouradvas synthesized according to scheme
3. Coupling procedures wit-Boc-Smethylisothioure® and guanidinylation reactions with
compound8 are described in literatut®. ** Compoundslb and 1c were obtained from a
coupling reaction of the precursor amirteand 10 with the acid5 in moderate yield. The
compound with the longest spackd was also obtained from precursor amielt was
coupled in a one pot reaction with the dicarboxg@d 13 and aminel2. Amine 12 was
synthesized from acil and the mono-Boc protected 1,3-propyldiamine. Tigel digand 1e
was synthesized starting from 1,4-phenylenedianmineas converted to the diazid® and
followed by a copper catalysed “click-reaction” aenil6b was obtained. Further coupling
and guanidinylation resulted azideé. This was transformed in a cycloaddition with the
propargyl derivativ0 to the rigid YR antagonisie
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The affinity was best for the antagonigis and especially fodd as they were the most
flexible and least sterically hindered compound<l@se proximity of the pyridine ring to the

pharmacophorel§) is unfavorable.

Table 1. Structures and YR affinities of the catalytically active compounts-1e

no Ki [nM]J?
A R BIBP826) 13£02
Pyr
1a 53+ 13
0
H 0
1b WNV\/\HJK/\N/ 96 + 20
(6] Pyr
" o)
1e WN\/\O/\/O\/\NJ\/\N/ 90 +6
(0] H Pyr
o Ko
N o N VN N~
1d [ (\/THJ\J( \/‘);o/\n/ BN TN 78104
fo) 2 o) 3 y
H N=N‘N—Qi}—N'N:N I
1o NS =N, 400 + 19
ﬂ Pyr

O

% values determined from the displacement of 1.5 f#)-PR-MK114" on SK-N-MC cells; all mean values +

SEM from two or three independent experiments.

\NH ~ /\)J\OMe \N/\)J\OH
fj a,b | AN c d BN

N/ = OMe ~ I P

2 3 0 H™ CI 4 H'cr 5

Scheme 2 Synthesis of the precursér of the catalytic substructure. a) methyl acrylate,
reflux; b) HCI, 76%; c) NaOH, MeOH; d) HCI, 30%.
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Scheme 3 Synthesis of ¥R antagonistda — 1le a) EDC, HOBt, DIPEA, DCM, 75%; b)
DMF, HgCh, NEt, 36%:; c) TFA/DCM 1:1, quantitative yield; d) DMBJPEA, TBTU, 67%
(1b), 47% (Lc); e) MeCN, DIPEA, DCC; f) MeOH/HCI 3:1, 36%; g) DM DIPEA, TBTU,

h) MeCN, TFA, 16%. i) NaN@ H,SO,, NaNs, 66%; |) Boc-propargylamine,
CHCIly/MeOH/H,O, ascorbate, copper sulphate pentahydrate, 79%; DEM/TFA,
guantitative; 1) triphosgene, DCM, DIPEAY-Boc-S-methyl-isothiourea, DCM, 46%; m)
Compound 8, DMF, NEg&, HgCl, 57%; n) DCM/TFA, quantitative; o) THF, n-BulLi,
propargylbromide, 10%; p) DMSO, MeOH,,®, ascorbate, copper sulphate pentahydrate,
51%.
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4.2.2 Synthesis and investigation of active esters

For the catalytic staining reaction of the receptare prepared active esters that can be
activated with DMAP easily. Two types of fluorestedyes were modified for their
application as acyl-donors: the carboxyfluorescamd the cyanine scaffold (Figure 1).
Compound23 was prepared according to the procedure of Hamacticoworker§. The
thiophenoleste26 and the p-nitrophenolest@7 were synthesized from the commercially

available cyanine dy24in one coupling step.

Acyl Donors:

Carboxyfluorescein scaffold Cyanine dye S0436 scaffold

H O
LN o
R o)
°© 9 (e )
O O NG
HO o) OH

22R=0H
23 R = Thiophenol

soy

24R=0H

25 R = N-hydroxysuccinimide
26 R = Thiophenol

27 R = p-Nitrophenol

Figure 1. Structures of the acyl-donors based on the cgfhmtescein and the cyanine dye

scaffold

Before we started staining the MCF-7 cells, we stigated the hydrolysis kinetics of the
active esterg2, 25 and27 and the acyl-transfer of the,R ligands to simple nucleophiles in
buffered aqueous solution at pH 7.4. For the measents of the hydrolysis kinetics the dyes
were incubated at 50 uM for 3 hours in phosphatéeb30 mM) at pH 7.4. In a second
series they were incubated with additional 50 uM AR Samples were taken after 30, 90

and 150 minutes. The amount of decomposition weesiéned with HPLC (figure 2).
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Figure 2. Diagram A: Hydrolysis of thiophenolest2? (red) and p-nitropenolesta7 (blue)
both 50 uM in presence (solid line) and absencsh@ldline) of 50 UM DMAP. Diagram B:

Hydrolysis graph of NHS est@56 (50 uM)in presence (solid line) and absence (dashed line)
of DMAP.

The acceleration of the hydrolysis with DMAP wassmseignificant for thiophenolest&?2
(about 400 % after 150 minutes) and only moderatepfnitrophenoleste?7 (60 %) and
NHS ester25 (48 %). Also the hydrolysis rates are not direactymparable to the acyl-
transfer reaction rate to other nucleophiles, didates a superior selectivity of the thioester
compared to the p-nitrophenol and the NHS estetivA@ster reactivity correlates with the
acidity of the corresponding acid: HEKHS): 6.3°% pKa(p-nitrophenol): 7.%
pK4(thiophenol): 8.8,

4.2.3 Acyl-transfer studies

Intermolecular interactions at the cell surface ratber complex. Therefore we studied first
the catalysed acyl-transfer to simple nucleophitesuffered aqueous solution optimizing the
reaction conditions. Incubation of the catalytiomgmund 1a and the active este25 in
solution and subsequent HPLC analysis demonsttaedomplete decomposition @& to
compound30 after an incubation time of 3 hours. As describediterature acyl-guanidines
are labile against intra-molecular cleavdfeé’ We assume the formation of diacylguanidine
29 (Scheme 4) and fast hydrolysis of this labile imtediate’® In contrast the catalytic
compoundlb was not degraded after the incubation with thevacéster. The guanidine-
carbamoyl substructure prevents cleavage of the BMWAoiety, because of the electron
donating effect of the second N-atom at the acgrgdine carbon. After the incubation

period of 3 hours compourith and compoun®2 were detected by LC-MS. Therefore acyl-
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guanidinela was not applicable for the staining reaction, th& more stable carbamoyl-
guanidineslb — 1e are promising compounds. However, the fast inttemar self-acylation

of these compounds competes with the acyl-trartsf@ther nucleophiles and increases the
hydrolysis rate of the active ester. The catalytigR antagonistle was designed to
circumvent this problem. The long and rigid spdwetiveen the DMAP moiety and the BIBP
3226 scaffold prevents the intramolecular self-abgh.

o
OH
| Oy_Dye
H,N /N Dye—( H2N _N N I
X
Y U O-N Y HN.__N N
oNH O \G\/‘ NH O NN Dy —= Y
R @
RNH O N
28 0o 29

OYDye HoN N I!l R=

hydrolysis 2N~

YOS WN__NH or Yy [ OH
Y g-NH O N 0 H\/@/

_NH Phj)k )\n,N

30

[S)
OH
Oy _Dye

. H
intramolecular HN__N N

YU Sre )

a
_NH O N~ A
R | N
~
32

1b R? = -(CH,)4-NH-CO-(CH,)-

Scheme 4 Self-acylation of the BIBP 3226 scaffold depictedthe Y;R antagonistda and
1b with NHS ester derivativ@5. In the case of antagonisa the catalytic self-acylation and
following hydrolysis of the diacyl-guanidine leatts a fast formation of compour@D. In

case of compountib the catalytic DMAP moiety was not cleaved.

Catalytic acyl-transfer to small nucleophiles wastéd for the YR antagonistdb — le 2-

(Dimethylamino)ethylamine (DMAEA), n-butanol and BR? 3226 (BIBP) were used as
nucleophiles. They represent the most common nphblgo residues in proteins (amine for
lysine, butanol for serine and threonine, BIBP 3&#6€arginine and tyrosine). The NHS ester
25 was tested exemplarily as acyl-donor. It was intedba830 minutes with catalyst and

nucleophile, the acylation products were detectigd WC-MS measurements.

The hydrolysis rate of active est2b was accelerated in entry 2 — 6 (catalysed) condpare

with entry 1 (uncatalysed). Antagonisitb — 1e were even more active as DMAP itself and
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consumed NHS est@5 completely (entry 3-5) or almost completely (eri)y Acyl-transfer

to BIBP 3226 was increased by adding the catalystdary 8 — 11) compared to the
uncatalysed reaction (entry 7). The sterically bied catalysfie still forms an appreciable
amount of the catalyst-dye byproduct (entry 6, 13, 15). Due to the rigid structure we
suggest the sideproduct is formed via an internubdeattack of another molecule b The
primary alcohol n-butanol was not attacked by ttieva ester (entry 14, 15) due to its weak
nucleophilic properties.

In summary the catalystsb — 1e were promising candidates for the catalytic stegnof
biological targets despite their self-acylatiore 8IBP 3226 scaffold binds tightly to the ¥
binding pocket and should prevent self-acylationrduthe nucleophilic attack of the DMAP

moiety.

Table 2. Catalysed and uncatalysed acyl-transfer of NH®&re&h to small nucleophiles
(product yields were not quantified, the peak heigbhow only detected products and

reaction tendencies)

(% rel. peak height) after 30 minutes incubatioref
entry active catalyst nucleophile free acid active catalyst-dye nucleophile-

ester (hydrolysis  ester (byproduct) dye (product)
product) (educt) structure 32 structure 33
1 25 - Water 79 21 - -
2 25 DMAP  Water 92 8 - -
3 25 1b Water 78 0 22 -
4 25 1c Water 83 0 17 -
S 25 1d Water 83 0 17 -
6 25 le Water 75 4 21 -
7 25 - BIBP 57 19 - 24
8 25 1b BIBP 55 0 11 34
9 25 1c BIBP 47 0 13 40
10 25 1d BIBP 45 0 15 40
11 25 le BIBP 42 0 8 50
12 25 - DMAEA 58 13 - 29
13 25 le DMAEA 74 0 13 13
14 25 - n-butanol 77 23 - -
15 25 le n-butanol 82 4 14 -

[a] relative fraction of the compounds in percent @hm of all four peak heights = 100)

4.2.4 Catalytic Staining of MCF-7 cells

The active ester3, 25 - 27 were also attacked by cell-nucleophiles withouglyat, so we

first monitored the uncatalysed staining of MCFells The cells were incubated with 10 uM
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of active ester and stained for 15 — 60 minuté3B® (pH 7.4). The thioeste?8 and26 were
not applicable for the staining of the;Rr of MCF-7 cells, because they pass the cell
membrane and accumulate in the cell (exemplaribyshfor thioeste6 in Figure 3). The p-
nitropenol esteR7 penetrated the membrane to a significantly lowéertxand the NHS ester
25 proved to be the most applicable active esters aan not pass the membrane.

For the catalytic staining reaction the cells w@me-incubated with the corresponding
catalytic antagonist, washed with buffer and in¢ebawith the NHS esteR5. This is
exemplarily shown for the antagonidis and 1d. Compared with the non-catalysed staining
reaction there is no difference visible in the cmal microscopy pictures (Figure 4). The
fraction of nucleophiles belonging to theRfcompared with the total amount of nucleophiles
on the surface of a cell is very small, so the en#j staining of the cell membranes is a

problem.

Al B

Figure 3. Picture A: cells were incubated with 20 uM NH$ee&5 for 30 min. Picture B: 10
UM p-nitrophenol este27, 30 min. Picture C: 10 uM thiophenoles€& 30 min.

Figure 4. Pictures D and E: cells were preincubated wit® 20/ 1c (D) or 1d (E).
Subsequently the cells (pictures D — F) were wasimetistained with 10 uM NHS esi25
for 30 minutes. Pictures were taken after washhng dells with buffer. The fluorescent

appearance of the catalytically stained cells (PisEsimilar to the non-specific stained cells

(F).
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4.3 Conclusion

In this study we successfully prepared catalytycattive derivatives of the jYreceptor
antagonist BIBP 3226 that exhibited a nanomolanityfto the NPY Y, receptor. The acyl-
transfer of active esters to nucleophiles was stlith absence and presence of the catalysts.
A serious problem was the self-acylation at thealgats guanidine moiety3®). This
intramolecular reaction is very fast and is themmaaction in absence of good nucleophiles
in aqueous solution. The self-acylation was alsseoled for the rigid compourice due to an
intermolecular reaction. In the cell studies th&BImoiety is tightly bound to the binding
pocket of the YR and self-acylation is therefore probably redudddwe NHS este?25 was the
most applicable staining reagent for MCF-7 celld asas not able to enter the cells (Figure 3,
A). However, there was no visible difference betwéee catalysed and uncatalysed staining
reaction (Figure 4, D and E vs. F). The high redgtiof the NHS ester towards nucleophiles
caused unspecific staining of the cell membrane. inkiestigation of more selective staining
reagents and catalysts that do not interfere wiltleronucleophiles on the cell membrane is an
aim for further studies. This approach is not ret&d to the NPY field and with modification
of the pharmacophore moiety a broad variety oflgtally active antagonists for G protein-

coupled receptors can be envisaged.

4.4 Experimental
4.4.1 General experimental conditions

Unless otherwise noted, solvents (analytical gradeye purchased from commercial
suppliers and used without further purificationhftacetate (EA), petrol ether (PE, 60 — 70
°C), methanol and dichloromethane were obtainedeahnical grade and distilled before
application. Acetonitrile (MeCN) for HPLC was obtad from Merck (Darmstadt, Germany).
Cyanine dye S0436 and NHS ester S0536 (FEW Chesnigaterfeld-Wolfen, Germany), 4-
(methylamino)pyridine (Alfa Aesar, Karlsruhe, Gemgg methylacrylate (Merck, Darmstadt,
Germany), 3,6,9-trioxaundecanedioic acid (Flukagn&-Aldrich Chemie GmbH, Munich,
Germany), 1,4-diaminobenzene (Fluka, Sigma-Ald@iemie GmbH, Munich, Germany),
butyllithium  (Fluka, Sigma-Aldrich Chemie GmbH, Mgh, Germany) and
propargylbromide (Fluka, Sigma-Aldrich Chemie Gmibtynich, Germany) were purchased.
Preparative HPLC was performed with a system framuér (Berlin, Germany) consisting of
two K-1800 pumps and a K-2001 detector. A Nucleotd®-5 C18 (250 x 21 mm, 5 pum;
Macherey-Nagel, Germany) and a Eurospher-100 CB® (2 32 mm, 5 um; Knauer,
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Germany) served as RP-columns at flow rates ofn2I038 mL/min, respectively. Mixtures of
MeCN and diluted aqueous TFA (0.1 %) were used @il phaseH-NMR spectra were
recorded at 300 MHz on a Bruker Avance 300 speatemor at 600 MHz on a Bruker
Avance Il 600 with cryogenic probehead (Bruker riKauhe, Germany)**C-NMR spectra
were recorded at 75 MHz on a Bruker Avance 300 tspeeter. All chemical shifts values
are reported in ppm. UV/VIS spectra were recordét w Varian Cary BIO 50 UV/VIS/NIR
spectrophotometer (Varian Inc., CA, USA). Mass siiged-innigan SSQ 710A (El), Finnigan
MAT 95 (CI), Finnigan MAT TSQ 7000 (Thermo FINNIGANJSA) (ES/LC-MS). LC-
system for LC-MS: Agilent 1100 (Palo Alto, USA). H@S method | (LC-MS-I): Column:
Phenomex Luna C18, 3.0 um, 100 x 2 mm HST (Phenerjehschaffenburg, Germany);
flow: 0.30 mL/min; solvent A (water + 0.1% TFA),lgsent B (MeCN); gradient: 0 min [A/B
95/5], 1 min [A/B 95/5], 11 min [A/B 2/98], 18 mifA/B 2/98], 19 min [A/B 95/5], 24 min
[A/B 95/5]. LC-MS method II: Column: Phenomex Lu@d8, 2.5 pm, 50 x 2 mm HST
(Phenomenex, Aschaffenburg, Germany); flow: 0.40mih; solvent A (water + 0.1% TFA),
solvent B (MeCN); gradient: 0 min [A/B 95/5], 8 miA/B 2/98], 11 min [A/B 2/98], 12 min
[A/B 95/5], 15 min [A/B 95/5]. Melting points wergetermined with a Lambda Photometrics
Optimelt MPA100 apparatus (Lambda photometrics paden, UK), they are not corrected.
Thin layer chromatography (TLC) was performed omnaha plates coated with silica gel
(Merck silica gel 60 fs, thickness 0.2 mm). Column chromatography (CC) pe$ormed
with Merck Geduran Sl 60 silica gel as the statigidnase.

Compoundsgt'®, 53 69 814 98 10'8 11'° 212% 2% 22°, 23° and Boc-propargylamifiéwere
prepared according to literature procedures. Théhsgis of literature known compouh?

was improved.

4.4.2 Synthetic protocols and analytical data

tert-Butyl-{3-[methyl(pyridin-4-yl)amino]propanamido}(m ethylthio)methylene-
carbamate (7)

Acid 5 (216 mg, 1.00 mmol), DIPEA (258 mg, 2.00 mmol) &h@Bt (149 mg, 1.10 mmol)
were dissolved in 10 mL cold DCM and EDC (171 md,0lmmol) was added. After 15
minutes compoun® (190 mg, 1.00 mmol) was added. The mixture wasestiovernight.
Next day the reaction mixture was concentrated #wedcrude product was purified with
column chromatography (EA/EtOH 1:1;R.1). Compound (323 mg, 75%) was obtained
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as a colorless oifH NMR (300 MHz, CDC}): 1.48 (s, 9H), 2.36 (s, 3H), 2.79 (t, J=6.87,
2H), 3.14 (s, 3H), 3.83 (t, J=6.88, 2H), 6.65 -56(h, 2H), 8.10 — 8.20 (m, 2H), 9.00 — 13.00
(m, 2H).13C NMR (75 MHz, CDC¥): 14.7, 27.9, 31.7, 38.6, 48.0, 79.9, 106.8, 14143.8,
143.5, 156.0, 170.8C1¢H24N403S: MS (LC-MS-I): m/4%) [t:=8.1 min.]: 353(100, MH+),
705(5).

(R)-4-((3-((4-(2,2-Diphenylacetamido)-5-(4-hydroxybnzylamino)-5-
oxopentylamino)(iminio)methylamino)-3-oxopropyl)(mehyl)amino)pyridinium 2,2,2-
trifluoroacetate (1a)

Compound7 (123 mg, 0.35 mmol) was dissolved in 4 mL DMF amded with compound®
(170 mg, 0.35 mmol). NEt0.5 mL) was added and then a solution of HJ8b6 mg, 0.35
mmol) in 1 mL DMF was dropped into the reaction taie. The mixture was stirred
overnight. The next day DMF was evaporated undgh macuum and DCM (5 mL) was
added. The insoluble mercury salts were filterddaofd the solution was concentrated. The
crude material was purified with column chromatggra(EA/EtOH 1:1).

The product was deprotected without further charészdtion: a mixture of DCM/TFA (1:1; 4
mL) was added and the solution was stirred for @$ioThen it was concentrated and purified
with HPLC. A white solid was obtained (109 mg, 36%)p. > 190° C (decompiH NMR
(300 MHz, CRRCN): 1.40 — 1.90 (m, 4H), 2.78 (t, J=7.05, 2H),53(%, 3H), 3.15 — 3.30 (m,
2H), 3.85 (t, J=7.06, 2H), 4.10 — 4.30 (m, 2H),04-34.40 (m, 1H), 5.02 (s, 1H), 6.60 — 7.20
(m, 4H), 6.71 (d, J=8.54, 2H), 7.03 (d, J=8.50,,ZH}0 — 7.35 (m, 10H), 7.96 (bs, 2H), 9.47
(bs, 1H), 9.95 (bs, 1H), 12.13 (bs, 1H), 13.37 (#3$). C3cH43aN7O4 MS (LC-MS-1): m/Z%)
[t=7.6 min.]: 318(100), 339(35), 636(50, MH+).

(R)-4-((4-(2,2-Diphenylacetamido)-1-(4-hydroxypheny-9-iminio-3,11,18-trioxo-
2,8,10,12,17-pentaazaicosan-20-yl)(methyl)amino)pginium 2,2,2-trifluoroacetate (1b)
The acid5 (5.6 mg, 26 umol) was dissolved in DMF (2 mL) andPBA (28 mg, 0.21 mmol)
and TBTU (8.3 mg, 26 pumol) were added. After 10 utés amine (20 mg, 22 umol) was
added. The mixture was stirred overnight. The ey DMF was removed under high
vacuum and the oily residue was purified with HPIACwhite solid was obtained (14 mg,
67%), m.p. > 190°C (decomp3H NMR (300 MHz, CQCN): 1.30 — 1.80 (m, 8H), 2.00 —
2.80 (m, 2H), 3.10 (s, 3H), 3.10 — 3.30 (m, 6HBO3(t, J=6.45, 2H), 4.10 — 4.40 (m, 3H),
5.03 (s, 1H), 6.50 — 7.90 (m, 8H), 6.67 (d, J=8213), 7.00 (d, J=8.45, 2H), 7.20 — 7.35 (m,



76

10H), 7.90 — 8.05 (m, 2H), 9.00 — 9.20 (bs, 1H).901~ 13.00 (M, 1H)CsHs:NgOs: MS
(LC-MS-1I): m/iZ%) [t:=4.9 min.]: 375(100), 750(30, M+).

(R)-4-((4-(2,2-Diphenylacetamido)-1-(4-hydroxypheny-9-iminio-3,11,22-trioxo-15,18-
dioxa-2,8,10,12,21-pentaazatetracosan-24-yl)(methgmino)pyridinium 2,2,2-
trifluoroacetate (1c)

Acid 5 (3.0 mg, 13.7 umol) was dissolved in DMF (2 mhda@IPEA (14.7 mg, 114 pmol)
and TBTU (4.4 mg, 13.7 pmol; dissolved in 0.2 mLGMN) were added. After 10 minutes
aminel0 (10 mg, 11.4 umol) was added. The solution wasestiovernight. Next day DMF
was removed completely and the oily residue wapended in some MeCN (1 mL). TFA
was added until pH < 2. MeCN was evaporated andcthde material was purified with
HPLC. A white solid was obtained (5.5 mg, 47%), nrpL90°C (decomp.}H NMR (300
MHz, D,O): 1.20 —1.80 (m, 4H), 2.38 (t, J=6.59, 2H), 2(833H), 3.03 (t, J=7.28, 2H), 3.13
(t, J=5.41, 2H), 3.25 (t, J=5.16, 2H), 3.34 (t, B 2H), 3.40 — 3.55 (m, 6H), 3.64 (t, J=6.61,
2H), 4.00 — 4.10 (m, 1H), 4.10 — 4.25 (m, 2H), 5®11H), 6.55 — 6.85 (m, 6H), 6.92 — 7.00
(d, J=8.53, 2H), 7.00 — 7.10 (m, 2H), 7.10 — 7130 &H), 7.82 (d, J=7.29, 2HJL43H55NgO7:
MS (LC-MS-II): m/4%) [t=4.98 min.]: 405(100), 810(10, MH+).

4-((3-(3-Ammoniopropylamino)-3-oxopropyl)(methyl)amino)pyridinium chloride (12)

Acid 5 (216 mg, 1.00 mmol) was dissolved in MeCN (10 nabd DIPEA (271 mg, 2.10
mmol) was added. The mixture was cooled in an iteaad DCC (227 mg, 1.10 mmol) was
added. After 15 minutes amirl (174 mg, 1.00 mmol) was added. The turbid reaction
mixture was stirred at room temperature for fivaidisoand then the mixture was heated to
50°C for 30 minutes. After that time MeCN was evaped completely and the residue
(viscous oil) was redissolved in DCM. The precif@t@dCU) was filtered off and the crude
material was purified with column chromatographj(B#eOH 9:1 + 1% NEJ, R=0.05). The
Boc-protected, purified white solid (134 mg, 40%asmdeprotected with a 3:1 mixture of
methanol and concentrated hydrochloric acid (4 mAfter complete deprotection (10
minutes, room temperature) the solvent was evagayratater was added (2-3 mL) and the
solution was lyophilized overnight. A white solichg/obtained (110 mg, 36% overall), m.p. >
190°C (decomp.)*H NMR (300 MHz, BO): 1.60 — 1.75 (m, 2H), 2.51 (t, J=6.61, 2H), 2.82
(t, J=7.62, 2H), 3.00 — 3.15 (m, 5H), 3.78 (t, H46.2H), 6.70 — 7.00 (bs, 2H), 7.93 (d,
J=7.48, 2H)C1,H20N4,O: MS (LC-MS-II): m/4%) [t=0.31 min.]: 119(5), 139(65), 160(100),
237(65, MH+).
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(R)-4-((4-(2,2-Diphenylacetamido)-1-(4-hydroxypheny-9-iminio-3,11,18,28,34-
pentaoxo-20,23,26-trioxa-2,8,10,12,17,29,33-heptahexatriacontan-36-
yl)(methyl)amino)pyridinium 2,2,2-trifluoroacetate (1d)

Acid 5 (6.6 mg, 30 umol) was dissolved in DMF (2 mL) andPBA (35 mg, 270 umol) and
TBTU (18.9 mg, 59 umol) were added. After 10 misutke reaction was started with the
addition of the compounds (25.0 mg, 27 umol) and2 (8.3 mg, 27 umol). The reaction
mixture was stirred overnight. Next day DMF was osed completely and the oily residue
was suspended in some MeCN (1 mL). TFA was addétphh < 2. MeCN was evaporated
and the crude mixture was purified with HPLC. A tehsolid was obtained (5.5 mg, 16%),
m.p. > 190°C (decomp.JH NMR (300 MHz, DO): 1.25 — 1.90 (m, 10H), 2.44 (t, J=6.48,
2H), 2.90 — 3.20 (m, 13H), 3.50 — 3.60 (m, 8H),23(% J=6.48, 2H), 3.89 (d, J=1.70, 4H),
4.05 - 4.15 (m, 1H), 4.15 — 4.30 (m, 2H), 5.051¢8), 6.60 — 6.90 (m, 4H), 6.95 — 7.30 (m,
12H), 7.87 (d, J=7.52, 2HE5,H71N11010: MS (LC-MS-II): m/4%) [t=4.99 min.]: 505(100),
1010(5, MH+).

1,4-Diazidobenzene (15)

NaNQ, (1.45 g, 21 mmol) was suspended in 10 mL conctatraulphuric acid at 10°C in
small amounts. The mixture was stirred 10 minute804C and then heated to 70°C until a
clear solution was obtained. The mixture was cote@0°C and 1,4-diaminobenzene (1.08
g, 10 mmol) dissolved in 10 mL glacial acetic agids dropped slowly into the mixture. A
yellow solid precipitated. The mixture was stirrede hour at 15°C. After that time the
mixture was dropped in a 500 mL flask containin@ b8l icecold water (with ice). A clear,
yellow solution was obtained. NagN1.43 g, 22 mmol) dissolved in 10 mL water wasextd
dropwise at 5°C under vigorous stirring (cautiomsHjas can develop). Nitrogen was formed
and a yellow solid precipitated. After 2 hours greduct was extracted with EA (2 x 75 mL).
The organic layer was separated and dried over MgB@@ solvent was concentrated and the
crude material was recrystallized in PE. Yellowstajls were obtained (1.06 g, 66%), m.p.
155°C (decomp.).

tert-Butyl [(1-(4-azidophenyl)-1H-1,2,3-triazol-4-yl)méhyl]carbamate (16a)

1,4-Diazidobenzene (500 mg, 3.13 mmol) was dissbimes mL of CHC} and was added to
a solution of Boc- propargylamine (484 mg, 3.13 a)nin 5 mL of MeOH. Then ascorbic
acid (55 mg, 0.31 mmol, dissolved in 0.5 mL efH and CuS®x5 H,O (40 mg, 0.16 mmaol,
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dissolved in 0.5 mL of kD) were added. The mixture was stirred at 60 °ClLfhour. EA (50
mL) and water (50 mL) were added and the organjerlavas separated. The mixture was
concentrated and a white solid precipitated (douablgled side product). The precipitate was
filtered off and the remaining solution was concat®d and purified with column
chromatography (PE/EA 2:3,/#0.5). The product was obtained as a white sol&P (ihg,
79%), m.p. 155 °C (160 °C decomp:d NMR (300 MHz, CDC}): 1.45 (s, 9H), 4.47 (d,
J=6.03, 2H), 5.20 (bs, 1H), 7.10 — 7.20 (m, 2H)57- 7.75 (m, 2H), 7.94 (s, 1HC NMR

(75 MHz, CDC§): 28.4, 36.1, 79.9, 120.2, 122.0, 132.1, 133.8).14146.4, 155.9.
C14H1/N702: MS (LC-MS-Il): m/4%) [t=3.57 min.]: 216(100, MH+), 257(20), 431(25).
The compound was completely Boc-deprotected durByMS.

(1-(4-Azidophenyl)-1H-1,2,3-triazol-4-yl)methanamimum 2,2,2-trifluoroacetate (16b)
Compoundl6a (287 mg, 0.91 mmol) was deprotected with a 2:1tunexof DCM and TFA

(6 mL). The mixture was stirred for 1h and then sbésent was removed. Water was added
(5 mL) and the solution was lyophilized. A whitdidavas obtained (300 mg, quantitative),
m.p. 157 °C (decomp.yH NMR (300 MHz, DO): 4.36 (s, 2H), 7.14 — 7.17 (m, 2H), 7.63 —
7.66 (m, 2H), 8.44 (s, 1H}*C NMR (75 MHz, DO): 33.9, 120.0, 122.1, 123.4, 132.6, 140.3,
140.9.CgHoN7: MS (LC-MS-II): m/Z%) [t=3.57 min.]: 216(100, MH+), 257(20), 431(25).
IR (n [cm™]): 3166, 2757, 2136 (§), 2095 (N), 1711, 1618, 1555, 1514.

tert-Butyl (3-((1-(4-azidophenyl)-1H-1,2,3-triazol-4-yymethyl)ureido) (methylthio)
methylenecarbamate (17)

Triphosgene (71 mg, 0.24 mmol) was dissolved icatee DCM (10 mL) and a solution of
compoundl6b (200 mg, 0.61 mmol) and DIPEA (285 mg, 2.21 mnvad)s dropped slowly
(20 minutes) at 0°C into the triphosgene solutidfter complete addition the reaction was
allowed to warm up to ambient temperature and atisol of Boc-S-methyl-isothioureé@
(116 mg, 0.61 mmol) in DCM (10 mL) was added overeaod of 10 minutes. The mixture
was stirred overnight at ambient temperature. Tkgt rday the reaction mixture was
concentrated and the crude material was purifigd eolumn chromatography (PE/EA 3:1 ->
2:3) [R=0.3 (PE/EA 3:2)]. A light yellow solid was obtaoh¢122 mg, 46%), m.p. 126 °C
(162 °C decomp.)H NMR (300 MHz, CDC#): 1.48 (s, 9H), 2.29 (s, 3H), 4.58 (d, J=6.19,
2H), 6.23 (t, J=5.49, 1H), 7.10 — 7.20 (m, 2H),57-77.75 (m, 2H), 7.97 (s, 1H), 12.19 (bs,
1H). C17H21NgO3S: MS (LC-MS-II): m/4%) [t=7.83 min.]: 432(100, MH+), 863(40).
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(R)-1-(1-(4-Azidophenyl)-1H-1,2,3-triazol-4-yl)-10M4-hydroxybenzylcarbamoyl)
-3,12-dioxo-13,13-diphenyl-2,4,6,11-tetraazatrideca5-iminium 2,2,2-trifluoroacetate

(18)

Compoundl7 (101 mg, 0.23 mmol), compour&l(114 mg, 0.23 mmol) and N&ER230 mg,
2.3 mmol) were dissolved in 3 mL DMF. Hg@64 mg, 0.23 mmol) was dissolved in 0.5 mL
of DMF and added to the mixture. The mixture wasest overnight. Next day DMF was
removed completely and the residue was dissolveginm. DCM. Hg-salts were filtered off
and the crude material was purified with columnoohatography (PE/EA 7:3,:R0.4). The
compound was deprotected without further charaagan. DCM/TFA was added (1:1
mixture, 4 mL) and the mixture was stirred for 2u® Then it was concentrated and the
crude material was purified with HPLC. A white sbivas obtained (112 mg, 57%), m.p. >
190° C (decomp.)'H NMR (600 MHz, DMSO-d6): 1.35 — 1.48 (m, 2H), 1.48 —QL(fn,
2H), 3.10 — 3.25 (m, 2H), 4.05 — 4.20 (m, 2H), 4-30.35 (m, 1H), 4.46 (d, J=5.29, 2H), 5.12
(s, 1H), 6.67 (d, J=8.45, 2H), 7.00 (d, J=8.45,,2H)5 — 7.30 (m, 10H), 7.30 — 7.35 (m, 2H),
7.88 — 7.92 (m, 2H), 8.13 (bs, 1H), 8.36 (t, J=518), 8.37 — 8.46 (bs, 1H), 8.47 (d, J=8.11,
1H), 8.67 (s, 1H), 8.89 (bs, 1H), 9.28 (s, 1H),39(Bs, 1H)."*C NMR (HSQC, HMBC,
ROESY) (151 MHz, DMSO-d6): 24.55, 29.42, 34.82, 41.58,232.55.88, 114.97, 120.47,
121.10, 121.59, 126.56, 128.13, 128.17, 128.38,4628128.48, 129.11, 133.46, 139.70,
140.24, 140.42, 156.23, 170.93, 170.@8/H3sN;:,04: MS (LC-MS-Il): m/4d%) [t=6.01
min.]: 715(100, MH+)UV (MeCN): | (e) 272 (2020%. IR (n [cm™]): 3277, 2130 (}), 2100
(N3), 1686, 1638, 1542, 1512, 1446, 1364.

4-(Methyl(prop-2-ynyl)amino)pyridinium chloride (20)

N-Methylpyridin-4-aminel9 (200 mg, 1.85 mmol) was dissolved in 5 mL of dryH'Hhen a
BuLi solution (1.6M in hexanes; 1.4 mL, 2.22 mmeofs added at room temperature under
nitrogen. After 10 minutes, when no more gas waméal, a propargylbromide solution
(80%w in toluene; 330 mg, 2.22 mmol) was added lsi@aw—5°C over a period of 1h. The
mixture was stirred overnight. The next day watasvadded (5 mL) and then THF was
removed completely under reduced pressure. NaOH, @MmL) and EA (20 mL) were
added and the organic layer was collected. Orgamase was acidified with NaH3®olution
(20 mL, 5%w) and the aqueous layer was collecteaOR (1M, 40 mL) and EA (40 mL)
were added and the organic layer was collected.ofpanic layer was washed several times
with water until not converted N-methylpyridin-4-ama 19 was removed completely. The

organic layer was dried over Mgg@nd the solvent was removed. A brown oil was oletzi
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Diluted hydrochloric acid (10%) was added dropwisgil pH < 2. A yellow precipitate was
formed. It was collected and recrystallized with@HPE. Light yellow-brown crystalls were
obtained (33 mg, 10%), m.p. 193 °C (decompH.NMR (300 MHz, B:O): 2.63 (t, J=2.47,
1H), 3.15 (s, 3H), 4.26 (d, J=2.47, 2H), 6.92 &17.26, 2H), 8.00 (d, J=7.67, 2HJC NMR
(75 MHz, D,O): 38.0, 41.5, 74.1, 77.0, 107.8, 138.9, 15T3H1oN,: MS (LC-MS-II):
m/4%) [t=0.56 min.]: 147(100, MH+), 188(10), 293(10).

(R)-4-(((1-(4-(4-(10-(4-Hydroxybenzylcarbamoyl)-5+ninio-3,12-dioxo-13,13-diphenyl-
2,4,6,11-tetraazatridecyl)-1H-1,2,3-triazol-1-yl)plenyl)-1H-1,2,3-triazol-4-
yl)methyl)(methyl)amino)pyridinium 2,2,2-trifluoroa cetate (1e)

Compoundl8 (10 mg, 12.1 pmol) was dissolved in 0.5 mL of DM&@ alkyne20 (2.2 mg,
12.1 umol) was added. The solution was diluted witf 3:1 mixture of MeOH andJ@ (0.5
mL). Then ascorbic acid (1.1 mg, 6.1 pumol [stookugon 100 mg/mL in 1M NaOH]) and
CuSQ x5 H,0 (0.91 mg, 3.6 pmol [stock solution 100 mg/mL igCH) were dropped into
the mixture. Copper (1) stabilizing ligartl (0.8 mg, 1.21 pmol) was added and the mixture
was heated to 65 °C for 1h. After that time TLC tcondemonstrated complete conversion.
TFA was added until pH < 2 and the crude materias wurified with HPLC. A white solid
was obtained (6.7 mg, 51%), m.p. > 190 °C (decormig.NMR (300 MHz, DMSO-d6): 1.35
—1.75 (m, 4H), 3.15 — 3.25 (m, 2H), 3.32 (s, 3HN5 — 4.25 (M, 2H), 4.25 — 4.40 (m, 1H),
4.40 — 4.55 (m, 2H), 5.02 (s, 2H), 5.12 (s, 1HB76(d, J=8.45, 2H), 7.00 (d, J=8.45, 2H),
7.05 — 7.40 (m, 12H), 8.05 — 8.20 (m, 5H), 8.25.608m, 6H), 8.81 (s, 1H), 8.91 (bs, 1H),
8.96 (s, 1H), 9.30 (s, 1H), 9.86 (bs, 1H), 13.44, (bH). C4eH5sN1404: MS (LC-MS-II):
m/4%) [t=5.18 min.]: 431(100), 861(5, MH+), 975(2).

S0436-thiophenolester (26)

Compound24 (3.00 mg, 4.96 pmol) was mixed with DIPEA (1.92,mg.9 umol), DMAP
(0.06 mg, 0.49 pmol) and TBTU (1.91 mg, 5.95 umaliter 10 minutes the reaction was
started with the addition of thiophenole (0.65 ra@®@5 pmol). Next day DMF was removed
completely and the crude material was purified idfALC. A blue solid was obtained (2.40
mg, 69%).C41H49N204S;: MS (LC-MS-Il): m/2%) [t=7.87]: 697(100, M+), 1395(15).

S0436-p-nitrophenolester (27)
Compound24 (2.70 mg, 4.46 umol) was dissolved in in 1 mL dfiband DIPEA (2.7 mg,
21 umol) was added. Then bis(4-nitrophenyl) carb®@ 1 mg, 10.20 umol) was added. The
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mixture was stirred overnight at room temperatufbee next day DMF was removed
completely and the residue was purified with HPIACblue solid was obtained (2.90 mg,
91%).C41H48N307S: MS (LC-MS-II): m/2%) [t=7.61]: 726(100, M+).

4.4.3 Radioligand competition binding assay

Radioligand competition experiments at SK-N-MC mdla@stoma cells using the radioligand
[*HJUR-MK114 (1.5 nM) were performed as describeaetsere**

4.4.4 Fura-2 assay on HEL cells

The Fura assay was performed with HEL cells asipusly described using a Perkin-Elmer

LS50 B spectrofluorimeter (Perkin Elmer, Uberling&ermany)*
4.4.5 Active ester kinetics

The acyl-transfer studies were performed in 2 mpdfglorf Cups. 285 uL phosphate buffer
(30 mM, pH 7.4) was put into the cups. Stock sohsi of the active esters (1 mM) and
DMAP (10 mM) in DMSO were prepared. Then 1.5 plileé DMAP solution was added to
the corresponding cups. Reaction was started Wwelratidition of 15 pL of the corresponding
active ester solution (vortexed). Active ester @ntation was 50 uM. After 30, 90 and 150
minutes 75 pL aliquots were taken and put into I5quenching solution [25% MeCN,
62.5%0 H20, 37.5%0. TFA(1%)]. 5 pL of internal standard (1 mM in MeCN) wadded

to every cup and the samples were analyzed withG4Hlhe integrals of active ester and free
acid were determined and the total amount of aatster was calculated (calibration with

different concentrations of the free acids from |0\s to 25 pM).
4.4.6 Acyl-transfer studies

The acyl-transfer studies were performed in 2 mpdfglorf Cups. 200 uL phosphate buffer
(30 mM, pH 7.4) was put into the cups. Stock sohdi of the catalysts, nucleophiles and
active esters in DMSO were prepared (10 mM). Adicwy to the particular experiment 1 puL
of catalyst and 1 pL of nucleophile were addedh buffer and the mixture was vortexed.

The acyl-transfer was started with the additiorl @fL of the active ester (vortexed). Then it
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was incubated for 30 minutes. After that time tbaction was quenched with the addition of
10 pL AcOH. 1 pL of a 10 mM solution of an interrsthndard was added and the samples
were analyzed with LC-MS. The internal standardkpkaight was set as 100% and the

relative peak intensities were determined.

4.4.7 Cell culture and confocal microscopy

MCF-7 cells were cultivated at 37 °C for two dags8i well p-slides (Ibidi GmbH, Munich)
with EMEM medium (Sigma, Deisenhofen, Germany) aomhg 5% FCS (Biochrom AG,
Berlin, Germany). Estradiol (1 nM) was added to thétivation medium to stimulate 1R
expressiolf. After two days, shortly before the experiment thedium was replaced by
Leibovitz L15 medium (LM). Cells were incubated w200 nM catalyst (in LM, 200 uL per
well) for 15 minutes at room temperature. Thenrtteglium was removed and the cells were
washed once with PBS. Cells without catalyst wése avashed once with PBS. Then a 10
UM solution of NHS esteR5 in PBS was added (150 uL per well) and the celsew
incubated without light for 30 minutes at room tesrgiure. After that time the cells were
washed carefully three times with LM to removerait covalent bound NHS ester and the
free acid24 from the membranes. Then 100 nM pNPY (in LM, 200 was added to the
corresponding wells and cells were incubated amréemperature. Pictures were taken after
90 minutes pNPY incubation.

Confocal microscopy was performed with a Zeiss &gt 200M microscope, equipped with
a LSM 510 laser scanner. The dye S0436 was exeitaca 633 nm laser, carboxyfluorescein
was excitated at 488 nm. The emission of S0436 dyesdetected after a 650 nm long pass
filter and the emission of carboxyfluorescein afieb05 nm long pass filter. The objective

was a Plan-Neofluar 40x/1.3 with oil immersion.

4.4.8 Data processing

Data from radioligand competition experiments wanalyzed by 4 parameter sigmoidal fits
(SigmaPlot 9.0, Systat Software).siCvalues from radioligand competition studies were
converted toK; values according to the Cheng-Prusoff equétiarsing the respectivip

value of the radioligand.
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CHAPTER 5

Ligand Dependent Irreversible Blockade of the Neurpeptide Y;
Receptor

5.1 Introduction

G protein-coupled receptors (GPCR) are one of tlmstnmportant classes of targets in
modern medicinal chemistfyApproximately 40 — 50% of all currently marketetigs target
GPCRs, so an understanding of the molecular fumality of these receptors is highly
clinically and commercially relevant. Most of theseugs bind to their receptors in a
competitive, reversible manner and can be displdmgedhe natural agonist or receptor
specific synthetic agonists or antagonists. Howetare is a growing number of antagonists
that bind to GPCRs and can not be displaced anymdiievo modes of irreversible binding
of antagonists are conceivable: (1) The ligandoigatently bound to the receptor protein as
described, e. g., for the alkylation ofadrenergic receptors and histamingreceptors with
phenoxybenzamine and dibenamine, respectiely(2) The dissociation of the ligand is
extremely slow (pseudo-irreversible binding) or tieeeptor is stabilized in a conformation
with reduced affinity for the natural ligafdExamples of such non-covalently binding
insurmountable antagonists are described in teeatiire, e. g., certain ligands of histamine
H, and neuropeptide (NPY) sYreceptors, respectively.’ Irrespective of the mode of
irreversible binding, such ligands diminish the hon@m of free receptors accessible to an
agonist, resulting in concentration- and/or timpeatedent decrease in the maximum response
in functional assays, unless there is a sufficieanber of spare receptors. Irreversible
antagonists can be useful as drugs with long-lgdiialogical effects and as pharmacological
tools, for instance, for the determination of sefeor reserv&™°

The NPY Y, receptor (YR) is a GPCR and is highly conserved in mammais.ftir example
present in the central nervous system and reguiatesd, anxiety and food intaké& BIBP
3226 (BIBP) is a very potent, fully reversibly bing antagonist and a useful selective tool
for the investigation of the NPY 1Yreceptor:? Derivatization of the BIBP scaffold at the’N
terminus is tolerated with moderate loss or gain affinity.”**®> With respect to the
development of irreversible antagonists, two prgimial derivativesla and 1h substituted
with an aromatic azide moiety were designed thatikhcovalently bind to the receptor after

irradiation with UV light via a nitrene intermedidf Aromatic azides were successfully
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applied as photo affinity labels for many targetsriedicinal chemistry’" 2 Investigation of
compound 1a in microscopy studies with MCF-7 breast cancer scettvealed ligand
dependent irreversible ;Yreceptor blockade without irradiation and decontpos of the
azide group. In contrast compouft is only irreversible after UV irradiation. To eldate
the molecular mechanism of the non-covalent ligaleghendent irreversible binding of
compoundla a series of structural analogues, most of themirigcthe light-sensitive azide
group, was synthesized and investigated far r¥ceptor binding. Previously described
derivatives such asi and1j** and a complete series of acylguanidines with wffe logD
values® from earlier investigations were included in tktsidy. Some of these compounds
blocked the YR irreversibly with respect to NPY and a fluoredc¥iR ligand, although a

covalent bond was not formed.
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Table 1. Structures and R binding data of the compounitla-1k.

2K values were determined from the displacement ohM5°H]-UR-MK114 on SK-N-MC cells (simultaneous
incubation of radioligand and antagoniétll mean values + SEM from two independent expenis Except
entity 1 all depicted compounds exhibit irreversible bimgdproperties at the R with respect to NPY and the
fluorescent YR antagonis29 (1h only with UV irradiation).

b ¢ K. values were taken from literatuie®
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Scheme 1 Synthesis of the )R antagonistda — 1h. a) CHC}, MeOH, HO, ascorbic acid, CuS029%; b)
DCM/TFA, quantitative; ¢c) DCM, DIPEA, triphosgenepmpound6, 46%; d) DMF, NE§, HgCl,, 57%; €)
DCM/TFA, quantitative; f) Pd/C, MeOH, quantitativgy THF, BuLi, propargylbromide, 10%; h) Compoutaj
DMSO, MeOH, HO, ascorbic acid, CuS051%; i) MeOH, HO, ascorbic acid, CuSQ38 - 86%; j) DCM/TFA
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(19) or MeOH/HC],, quantitative; k) DCM, DIPEA, triphosgene, 25 949) DMF, NE&, HgCh, 21 — 76%; m)
DCM/TFA, quantitative; n) Nah Mel, TBA'BF,, EtO, H,0; 2.) CuSQ, MeOH, EtO, H,0, ascorbic acid,
72%; 0) MeOH, HCI, quantitative; p) DCM, DIPEA, ghosgene, 38%; q) DMF, NEtHQCL, 55%; r)
DCMITFA, quantitative; s) DMF, DIPEA, TBTU, 61%.

5.2 Results and Discussion

5.2.1Synthesis

The synthesis of compourih started with a single “click-reaction” of 1,4-didabenzene
and N-Boc-propargylamine. The cycloaddition produkttwas obtained in moderate yield,
because of the undesired formation of the doublgoagdition byproduct. After Boc-
deprotection with TFA the amine was converted thi isocyanate with triphosgene and this
was converted witiN-Boc-Smethylisothioure& to compound?. A guanidinylation reaction
with compound8 and subsequent deprotection with TFA gave compdianch moderate
yield. CompoundLc was prepared froria via a simple Pd-catalyzed hydrogenation reaction
in quantitative yield. Derivativég was obtained by a cycloaddition reaction of compubia
and alkynel0, catalyzed with Cuand the Clstabilizing ligand11, in moderate vyield.
Compoundslb, 1d and1e were prepared according to the synthesis strataggompound
la. The yields were dependent on the substitutiotepat The best yields were obtained for
the unsubstituted phenylazid@ and Boc-protected propargylamiBeMethylazide, required
for the preparation of compourid, was prepared from methyliodide and sodium azida in
water/diethylether mixture with phase transfer lgata To circumvent the isolation of the
explosive methylazide, the ethereal methylazidatgwoi was allowed to react with compound
3 yielding the cycloaddition produ@d. After Boc-deprotection the free amine was coregrt

into the antagonistf following the same route as for compoural

5.2.2 Fluorescence based ligand binding studies

Ligand 1a was detected to inhibit the binding of the fluaes labeled YR antagonisg9 (K;
= 26 nMY° to the ;R on MCF-7 or adherent HEL cells without UV irraitim during
confocal microscopy experiments. This;RY blockade with respect to ligand9 was
dependent on the concentration and the preincubdtine of compoundla prior to the

washing step and the following incubation with hg&29. A concentration of 50 nM and an
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incubation time of 15 minutes was sufficient toibihbinding of compoun®9 and resulted

in a complete loss of fluorescence compared witineated cells. The binding of fluorescent
labeled Cy5-NPY to MCF-7 cells was also inhibitedler the same experimental conditions
and even after a incubation time of 50 minutes malibhg of Cy5-NPY was observed. In
further experiments MCF-7 cells were preincubateth wther potentially irreversible R
blockers from earlier investigatiolfs > and from this study (compounds — 1h). The
compounds were incubated at a concentration thattiva tenfold Kvalue from Table 1
(receptor saturation) for 15 minutes, washed ancubated with fluorescent labeled
compound29. A complete loss of fluorescence intensity (pietér in Figure 1) compared to
the fluorescence of untreated cells (picture Ajdated an irreversible blockade of theRY
with respect to ligan@9. This was the case for all compounds listed inl§4b However, the
majority of N®-substituted BIBP derivatives bind reversible te #iR. For the investigation
whether the irreversible ligands bind in a compagitmanner to the )R on the same binding
site as the reversible ligands and NPY co-incubatixperiments were performed. Antagonist
la (50 nM) was incubated with an excess of BIBP (hd0) simultaneously and the;Y
receptors were partially protected against irrabégdlockade with respect to antagoritSt
This is a proof of the competition for the samedbng site (Figure 1) and excludes an
allosteric receptor blockade of ligarih. Additionally the (S)-enantiomer (distomer) of
compoundlk has no affinity to the BIBP binding pocket of tigR and did not affect the
binding of compoun@9 to the receptor.

Further displacement studies of ligahd were performed: MCF-7 cells were preincubated
with compoundla as described above, washed twice with bufferteckavith fluorescent
ligand 29 and investigated by flow cytometry, but there was binding observed on a
timescale of hours.

The irreversible blockade of a receptor can berdsult of an alkylation of the receptor
protein resulting in a covalently blocked recepfdnis was not observed in these studies and
is rather implausible, as the ligand dependentwvensble Y;R blockersld, 1f or 1i for
example possess no azido or other reactive furatigroup. Further incubation studies of
antagonistla with different amino acids in buffered solutiorH(7.4) never demonstrated any
decomposition ofla in absence of UV light. Therefore the ligand demsndirreversible
receptor blockade is most likely a result of a velgw dissociation of the ligand from the
receptor binding pocket (&value is very low) or the conformation of the et R is
changed to a ligand specific conformation R” (RR-pthat has a drastically reduced affinity

to ligand29 and Cy5-NPY after binding of such a ligand.
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Figure 1. MCF-7 cells were incubated with 30 nM of the flascent antagoni®9 for 20 minutesA: Cells were
incubated with compoun@?9 (total binding).B: Cells were 15 min. pre-incubated with 50 il washed and
incubated with compoun@9. C: Cells were 15 min. pre-incubated with 50 ndM and 100 nM BIBP
simultaneously, washed and incubated with compd&@hdCo-incubation of compountla and BIBP in picture
C preserved some receptors, while sole incubatiothefcells with compounda in picture B blocked the

receptors completely.
5.2.3 Structure and irreversible binding properties

The structure of the Rsubstituent on the BIBP scaffold is crucial fogadhd dependent
irreversible binding, as the majority of°Nubstituted BIBP derivatives were in contrast
reversible, competitive antagonists for theRY> *?2 The azido group and the phenyl
substituent like in compounba were not necessary. The N-methylated compdigghowed
reduced affinity compared withd and was irreversible regarding antagoréStat higher
concentration. A methyltriazolyl-carbamoyl subsitti as in compoundf was sufficient to
turn the reversible into irreversible binding, nekieless, irreversible binding ligands were
obtained with various Rsubstituents as demonstrated by compoutids 1k. Even very

bulky substituents like in compourig were tolerated.

5.2.4 Radioligand binding studies

After the detection of the irreversible bindingomimpoundla to the YR regarding ligan@9
and Cy5-NPY we investigated if the binding of rdigjand 30 ([°*H]-UR-MK114) was also
inhibited. Therefore SK-N-MC cells were preinculzhteith 50 nM of compounda for 15
minutes (tenfold higher concentration compared tov&ue, saturation of the receptor),
washed twice and then incubated with 1.5 nM ragasid 30. The amount of specifically

bound radioligand was determined at different oint time. Interestingly, the binding of
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radioligand30 was still possible and the binding of ligabalwas not irreversible with respect
to the radioligand. The association speed was sslatompared to untreated cells (Figure 2)
and the maximum number of accessible binding $Bgs,) was reduced slightly compared to
untreated cells (B.x was 84% of the untreated cells). As the displacgraEla was possible
within a relatively short period of time, slow digsation of ligandla cannot explain the
irreversible receptor blockade regarding lig&9tand Cy5-NPY.

This different behavior of the pretreated cells @aod¢ the radioligand and the fluorescent
labeled compounds lead to the assumption thatah#oanation of the receptor has changed
(R -> R") after binding of liganda It can be speculated that compowBtistill has high
affinity for the receptor in a ligand specific confhation R” due to the small propionyl
substituent, i. e. the lack of bulk, at the guamédgroup in radioligan80. By contrast, the
sterically demanding Rsubstituted ligan@9 and the labeled peptide possess no or strongly

reduced affinity for the receptor in state R".

Figure 2. Association kinetics for the specific,¥ binding of radioligan®0 on SK-N-MC cellsafter treatment
with 50 nM ligandla for 15 minutes. As the association of radiolig&dds very fast concerning untreated cells
(Kon = 0.19 min* nM™)* the reduced association speed of comp@fhid graphA (Ko, = 0.039 mift) is due to
a reduced affinity of the ligand to thgR in conformation R” or the slow dissociation giaindla. Radioligand

concentration was 1.5 nM and the experiment wafopeed at room temperature.

5.2.5 Functional studies on HEL cells

Functional studies (G&response) were performed on HEL cells expresdimgNPY Y,

receptor. Therefore the cells were preincubatetl soimpoundlLa at different concentrations
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in the dark for 15 minutes. After washing of thdlgethe agonist pNPY was added at
increasing concentrations (Figure 3). There wagghtward shift of the concentration-
response curves with increasing concentration®ofpoundla, indicating that a portion of
the receptors remained (irreversibly) blocked agfapNPY by antagonista under these
conditions. Preincubation with compoufd at a concentration as low as 3 nM resulted in a
decrease in the maximal NPY-induced*@asponse by 50%. Increasing the concentrations
of 1a up to 100 nM did not further decrease the maxin@afi-response. A partial agonistic
behavior of compounda wasexcluded, as there was no calcium response obsertieout
PNPY even at the highest preincubation concentratiol00 nM. These findings lead to the
assumption that there is a strong signal ampliboain HEL cells caused by the occupancy of
the small fraction of remaining free receptors withPY. Therefore a high concentration of
PNPY is necessary. Compound shows partially insurmountable antagorisfiregarding
pNPY, as the maximum calcium response can not iogeel anymore after preincubation
with concentrations above 1 nM.

Figure 3. Concentration-response curves of pNPY on HELscpteincubated for 15 minutes with different
concentrations of the irreversible (with respeciptdPY) Y;R blocker ligandla. The cells were washed and

centrifuged twice before addition of pNPY.
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5.3 Conclusion

A series of ligand dependent irreversible receptockers for the NPY YR was detected and
investigated on the basis of ligathe. The irreversible binding with respect to liga2@and
NPY is most probably due to a conformational chafiRje> R") of the YR after binding of
these ligands, because the displacement of compbamndth the radioligand30 was still
possible on a timescale of minutes. The fluoreseetagonist29 and Cy5-NPY were in
contrast not able to bind to the receptor anymohés supports the hypothesis that the NPY
Y1 receptor can adopt different ligand specific comfations R that possess altered affinities
for agonists and antagoni§t€ompoundla is a partially insurmountable antagonist on HEL
cells regarding pNPY, this is most probably duatstrong signal amplification in this cell
line. The principle of ligands that act as insurmialle antagonists is not restricted to the
field of NPY receptors, but is a frequent phenonmeooncerning GPCR’s, an example is the
recent detection of an insurmountable histamine receptor radioligan®® The exact
molecular mechanism of the ligand dependent irsbkr binding and the reason for partially

insurmountable antagonism is an aim for furthedists1

5.4 Experimental

5.4.1 General experimental conditions

Unless otherwise noted, solvents (analytical gradeye purchased from commercial
suppliers and used without further purificationhftacetate (EA), petrol ether (PE, 60 — 70
°C), methanol and dichloromethane were obtainedeahnical grade and distilled before
application. Acetonitrile (MeCN) for HPLC was obitad from Merck (Darmstadt, Germany).
4-(methylamino)pyridine (Alfa Aesar, Karlsruhe, @wmy), 1,4-diaminobenzene (Fluka,
Sigma-Aldrich Chemie GmbH, Munich, Germany), butiglum (Fluka, Sigma-Aldrich

Chemie GmbH, Munich, Germany) and propargylbrom{Bkika, Sigma-Aldrich Chemie

GmbH, Munich, Germany) were purchased. Prepar&tReC was performed with a system
from Knauer (Berlin, Germany) consisting of two RAD pumps and a K-2001 detector. A
Nucleodur 100-5 C18 (250 x 21 mm, 5 um; MacheregeéllaGermany) and a Eurospher-100
C18 (250 x 32 mm, 5 um; Knauer, Germany) serveRRxolumns at flow rates of 20 and

38 mL/min, respectively. Mixtures of MeCN and dddtaqueous TFA (0.1 %) were used as
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mobile phaseH-NMR spectra were recorded at 300 MHz on a Brukemnce 300
spectrometer or at 600 MHz on a Bruker Avance 00 6vith cryogenic probehead (Bruker,
Karlsruhe, Germany):>C-NMR spectra were recorded at 75 MHz on a Brukeante 300
spectrometer or at 151 MHz on a Bruker Avance 0D.6All chemical shifts values are
reported in ppm. UV/VIS spectra were recorded vatNVarian Cary BIO 50 UV/VIS/NIR
spectrophotometer (Varian Inc., CA, USA). Mass sged-innigan SSQ 710A (El), Finnigan
MAT 95 (CI), Finnigan MAT TSQ 7000 (Thermo FINNIGANJSA) (ES/LC-MS). LC-
system for LC-MS: Agilent 1100 (Palo Alto, USA). @S method: Column: Phenomex
Luna C18, 2.5 um, 50 x 2 mm HST (Phenomenex, Asehlafirg, Germany); flow: 0.40
mL/min; solvent A (water + 0.1% TFA), solvent B (KH); gradient: 0 min [A/B 95/5], 8
min [A/B 2/98], 11 min [A/B 2/98], 12 min [A/B 95515 min [A/B 95/5]. Melting points
were determined with a Lambda Photometrics OptimMRA100 apparatus (Lambda
photometrics, Harpenden, UK), they are not corcectdin layer chromatography (TLC) was
performed on alumina plates coated with silica (&rck silica gel 60 s, thickness 0.2
mm). Column chromatography (CC) was performed wiérck Geduran Sl 60 silica gel as
the stationary phase.

Compounds3,?® 6,22 8 11,2 12%” 13 14,>° 27°° and 28** were prepared according to
literature procedurehe synthesis of literature known compo@itiwas improved.

5.4.2 Synthetic protocols and analytical data

General procedure A:

Triphosgene (116 mg, 0.39 mmol) was dissolved irmlOof ice-cold DCM or MeCN Z6)
and a solution of the appropriate amine (1.00 mnamolpe same solvent and DIPEA (396 mg,
3.07 mmol) was added slowly for 20 minutes at Quttder vigorous stirring. After that time
the mixture was warmed up to ambient temperatudeaasolution of compoun@ (200 mg,
1.00 mmol) in 10 mL of DCM was added over a peragddlO minutes. The mixture was
stirred overnight at ambient temperature. The extit was concentrated and purified with

column chromatography.

General procedure B:

The appropriateSmethylisothiourea derivative (0.2 mmol), compou®d0.2 mmol) and
HgCl, (0.2 mmol) were dissolved separately in small am®wf DMF (1-2 mL). The
solutions were combined in a small flask underogién atmosphere. NE{2 mmol) was
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added under stirring, then the HgGblution was added and the mixture was stirredroghkt

at room temperature. The next day DMF was remowaudptetely and the residue was
dissolved in DCM. The precipitate of mercury saltss filtered off and the organic phase was
concentrated. The crude products were purified lbyuren chromatography (PE/EA
mixtures). The Boc- and'Bu-protected target molecules were deprotected he t
corresponding target compounds without further ati@risation: The corresponding
protected compound was dissolved in a DCM/TFA 1ligtune (5 mL) and stirred for two
hours. After that time the solvent was removed detefy under reduced pressure and the
oily residue was repeatedly dissolved in dichlortrape and the solvent evaporated to
remove TFA. The deprotected compounds were purifigth preparative HPLC except
compoundle The given yield corresponds to the coupling steghe first part of this

procedure, the deprotection step was quantitative.

General procedure C:

The appropriate Boc-protected alkyne derivaBver 14 (2.0 mmol) and azidé2 or 13 (2.0
mmol) were dissolved in 5 mL of MeOH. Then ascosa (35 mg, 0.2 mmol) dissolved in
0.5 mL HO was added. Then Cu®5 HO (25 mg, 0.1 mmol) dissolved in 0.5 mL®
was added. The mixture was stirred at 60 °C forThen it was concentrated and the residue

was purified with column chromatography.

General procedure D:
The appropriate Boc-protected compound was disddtvd mL MeOH/HCl, 3:1 or in 4 mL
DCM/TFA 2:1 (19). After 30 minutes the reaction was finished ahé mixture was

concentrated. The products were obtained in q@eivet yield.

1,4-Diazidobenzene (2)

NaNQ, (1.45 g, 21 mmol) was suspended in 10 mL conceatraulphuric acid at 10 °C in
small amounts. The mixture was stirred 10 minuté0a’C and then heated to 70 °C until a
clear solution was obtained. The mixture was cotteti0 °C and 1,4-diaminobenzene (1.08
g, 10 mmol) dissolved in 10 mL glacial acetic agids dropped slowly into the mixture. A
yellow solid precipitated. The mixture was stirrede hour at 15 °C. After that time the
mixture was dropped in a 500 mL flask containin@ b8l ice-cold water (with ice). A clear,
yellow solution was obtained. NgN1.43 g, 22 mmol) dissolved in 10 mL water wasextd

dropwise at 5 °C under vigorous stirring (cautid#iN; gas can develop). Nitrogen was
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formed and a yellow solid precipitated. After 2 hothe product was extracted with EA (2 x
75 mL). The organic layer was separated and driedr dMgSQ. The solvent was
concentrated and the crude material was recryzdllin PE. Yellow crystals were obtained
(1.06 g, 66%), m.p. 155°C (decomp.).

tert-Butyl [(1-(4-azidophenyl)-1H-1,2,3-triazol-4-yl)mehyl]carbamate (4)
1,4-Diazidobenzene (500 mg, 3.13 mmol) was dissbines mL of CHC} and was added to
a solution of Boc-propargylamine (484 mg, 3.13 fjmmw 5 mL of MeOH. Then ascorbic
acid (55 mg, 0.31 mmol, dissolved in 0.5 mL efH and CuS®x5 H,O (40 mg, 0.16 mmaol,
dissolved in 0.5 mL of D) were added. The mixture was stirred at 60 °ClLfhour. EA (50
mL) and water (50 mL) were added and the organjerlavas separated. The mixture was
concentrated and a white solid precipitated (doablgled side product). The precipitate was
filtered off and the remaining solution was concat®d and purified with column
chromatography (PE/EA 2:3,:#0.5). The product was obtained as a white sol&P (ihg,
79%), m.p. 155 °C (160 °C decompd NMR (300 MHz, CDC}): 1.45 (s, 9H), 4.47 (d,
J=6.03, 2H), 5.20 (bs, 1H), 7.10 — 7.20 (m, 2HH57 7.75 (m, 2H), 7.94 (s, 1HJC NMR

(75 MHz, CDC§): 28.4, 36.1, 79.9, 120.2, 122.0, 132.1, 133.8).14146.4, 155.9.
C14H17N702: MS (LC-MS): m/4%) [t:=3.57 min.]: 216(100, NH+), 257(20), 431(25). The
compound was completely Boc-deprotected during LE-M

(1-(4-Azidophenyl)-1H-1,2,3-triazol-4-yl)methanamimum 2,2,2-trifluoroacetate (5)
Compound4 (287 mg, 0.91 mmol) was deprotected with a 2:1tunexof DCM and TFA (6
mL). The mixture was stirred for 1h at room tempam@ and then the solvent was removed.
Water was added (5 mL) and the solution was lyamdl A white solid was obtained (300
mg, quantitative), m.p. 157 °C (decomghl NMR (300 MHz, 3xO): 4.36 (s, 2H), 7.14 —
7.17 (m, 2H), 7.63 — 7.66 (m, 2H), 8.44 (s, 1HC NMR (75 MHz, D:O): 33.9, 120.0,
122.1, 123.4, 132.6, 140.3, 140@H¢N7: MS (LC-MS): m/4d%) [t=3.57 min.]: 216(100,
MH+), 257(20), 431(25)R (n [cm™Y]): 3166, 2757, 2136 (), 2095 (N), 1711, 1618, 1555,
1514.
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tert-Butyl (3-((1-(4-azidophenyl)-1H-1,2,3-triazol-4-yJmethyl)ureido)(methylthio)
methylenecarbamate (7)

The compound was prepared according to generakegure A. Column chromatography:
(PE/EA 3:1 -> 2:3) [Rf=0.3 (PE/EA 3:2)]. A light yew solid was obtained (200 mg, 46%),
m.p. 126 °C (162 °C decomp'H NMR (300 MHz, CDCI3): 1.48 (s, 9H), 2.29 (s, 3H), 4.58
(d, J=6.19, 2H), 6.23 (t, J=5.49, 1H), 7.10 — @) 2H), 7.75 — 7.75 (m, 2H), 7.97 (s, 1H),
12.19 (bs, 1H).C;7/H21NgO3S: MS (LC-MS): m/z(%) [tr=7.83 min.]: 432(100, MH+),
863(40).

(R)-1-(1-(4-Azidophenyl)-1H-1,2,3-triazol-4-yl)-104-hydroxybenzylcarbamoyl)-3,12-
dioxo-13,13-diphenyl-2,4,6,11-tetraazatridecan-5-imium 2,2,2-trifluoroacetate (1a)

The compound was prepared according to generabguoe B. A white solid was obtained
(97 mg, 57%), m.p. > 190° C (decompht NMR (600 MHz, DMSO-d6): 1.35 — 1.48 (m,
2H), 1.48 — 1.70 (m, 2H), 3.10 — 3.25 (m, 2H), 4:05.20 (m, 2H), 4.30 — 4.35 (m, 1H), 4.46
(d, J=5.29, 2H), 5.12 (s, 1H), 6.67 (d, J=8.45,,2H)0 (d, J=8.45, 2H), 7.15 — 7.30 (m, 10H),
7.30 — 7.35 (m, 2H), 7.88 — 7.92 (m, 2H), 8.13 ([4), 8.36 (t, J=5.80, 1H), 8.37 — 8.46 (bs,
1H), 8.47 (d, J=8.11, 1H), 8.67 (s, 1H), 8.89 (1d), 9.28 (s, 1H), 9.73 (bs, 1H}C NMR
(HSQC, HMBC, ROESY) (151 MHz, DMSO-d6): 24.55, 29.42, 34.82, 41.5823255.88,
114.97, 120.47, 121.10, 121.59, 126.56, 128.13,1728128.38, 128.46, 128.48, 129.11,
133.46, 139.70, 140.24, 140.42, 156.23, 170.93,9B/C37H3sN1,04: MS (LC-MS): m/Z%)
[t,=6.01 min.]: 715(100, MH+)UV (MeCN): | (e) 272 (2040°). IR (n [cm]): 3277, 2130
(N3), 2100 (N), 1686, 1638, 1542, 1512, 1446, 1364.

1-(1-(4-Aminophenyl)-1H-1,2,3-triazol-4-yl)-10-(4-lydroxybenzylcarbamoyl)-3,12-dioxo-
13,13-diphenyl-2,4,6,11-tetraazatridecan-5-iminiun2,2,2-trifluoroacetate (1c)

Azide 1la (6.2 mg, 7.5 pg) was dissolved in 5 mL MeOH anohé Pd/C were added. The
mixture was stirred under 1 bar hydrogen pressan@ thours. Then the mixture was filtered
over cellite and concentrated. The crude materad purified with HPLC. A white solid was
obtained (6.0 mg, quantitative), m.p. > 190 °C (uep.).'H NMR (300 MHz, DMSO-d6):
1.40 — 1.70 (m, 4H), 3.15 — 3.25 (m, 2H), 4.05 254(m, 2H), 4.30 — 4.40 (m, 1H), 4.40 —
4.45 (d, J=5.21, 2H), 5.12 (s, 1H), 6.63 — 6.754#), 7.00 (d, J=8.47, 2H), 7.15 — 7.35 (m,
11H), 7.45 (d, J=8.80, 2H), 8.08 (s, 1H), 8.30 608m, 5H), 8.70 — 9.40 (m, 2H), 9.62 (s,
1H). C37H40N1004: MS (LC-MS): m/d%) [t=5.27 min.]: 345(80), 386(50), 689(100, MH+).
UV (MeCN):| (e) 276 (13.0°).
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4-(Methyl(prop-2-ynyl)amino)pyridinium chloride (10)

N-Methylpyridin-4-amine9 (200 mg, 1.85 mmol) was dissolved in 5 mL of dryH'H hen
BuLi solution (1.6M in hexanes; 1.4 mL, 2.22 mmeofs added at room temperature under
nitrogen. After 10 minutes, when no more gas waméal, a propargylbromide solution
(80%w in toluene; 330 mg, 2.22 mmol) was added lsi@aw—-5 °C over a period of 1h. The
mixture was stirred overnight. The next day watasvadded (5 mL) and then THF was
removed completely under reduced pressure. NaOH, @MmL) and EA (20 mL) were
added and the organic layer was collected. Thenargahase was acidified with NaH$O
solution (20 mL, 5%w) and the aqueous layer wakcwd. NaOH (1M, 40 mL) and EA (40
mL) were added and the organic layer was colleci&ée. organic layer was washed several
times with water until not converted compouhdias removed completely. The organic layer
was dried over MgS©Qand the solvent was removed. A brown oil was oleti Diluted
hydrochloric acid (10%) was added dropwise until pi. A yellow precipitate was formed.
It was collected and recrystallized with CH@IE. Light yellow-brown crystalls were
obtained (33 mg, 10%), m.p. 193 °C (decompH.NMR (300 MHz, BO): 2.63 (t, J=2.47,
1H), 3.15 (s, 3H), 4.26 (d, J=2.47, 2H), 6.92 &17.26, 2H), 8.00 (d, J=7.67, 2HJC NMR

(75 MHz, D,O): 38.0, 41.5, 74.1, 77.0, 107.8, 138.9, 15CgH 10N2: MS (LC-MS): m/4%)
[t/=0.56 min.]: 147(100, MH+), 188(10), 293(10).

(R)-4-(((1-(4-(4-(10-(4-Hydroxybenzylcarbamoyl)-5+ninio-3,12-dioxo-13,13-diphenyl-
2,4,6,11-tetraazatridecyl)-1H-1,2,3-triazol-1-yl)plkenyl)-1H-1,2,3-triazol-4-
yl)methyl)(methyl)amino)pyridinium 2,2,2-trifluoroa cetate (19g)

Compoundla (10 mg, 12.1 pmol) was dissolved in 0.5 mL of DM& alkynel0 (2.2 mg,
12.1 umol) was added. The solution was diluted &itf 3:1 mixture of MeOH andJ@ (0.5
mL). Then ascorbic acid (1.1 mg, 6.1 umol [stookugon 100 mg/mL in 1M NaOH]) and
CuSQ x5 H,0 (0.91 mg, 3.6 pmol [stock solution 100 mg/mL igCH) were dropped into
the mixture. Copper (I) stabilizing ligarid. (0.8 mg, 1.21 pmol) was added and the mixture
was heated to 65 °C for 1h. After that time TLC tcondemonstrated complete conversion.
TFA was added until pH < 2 and the crude materias wurified with HPLC. A white solid
was obtained (6.7 mg, 51%), m.p. > 190 °C (decarmig.NMR (300 MHz, DMSO-d6): 1.35
—1.75 (m, 4H), 3.15 — 3.25 (m, 2H), 3.32 (s, 3HN5 — 4.25 (M, 2H), 4.25 — 4.40 (m, 1H),
4.40 — 4.55 (m, 2H), 5.02 (s, 2H), 5.12 (s, 1HB76(d, J=8.45, 2H), 7.00 (d, J=8.45, 2H),
7.05 — 7.40 (m, 12H), 8.05 — 8.20 (m, 5H), 8.25.608m, 6H), 8.81 (s, 1H), 8.91 (bs, 1H),
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8.96 (s, 1H), 9.30 (s, 1H), 9.86 (bs, 1H), 13.48} (tH).CseHssN1404: MS (LC-MS): m/iq%)
[t,=5.18 min.]: 431(100), 861(5, MH+), 975(2).

tert-Butyl (1-phenyl-1H-1,2,3-triazol-4-yl)methylcarbamate (15)
The compound was prepared according to generakeguwe C. Column chromatography:
(PE/EA 2:3, R=0.45). A white solid was obtained (471 mg, 86%lMheTcompound was

deprotected without further characterisation.

tert-Butyl (1-(3-azidophenyl)-1H-1,2,3-triazol-4-yl)mehylcarbamate (16)
The compound was prepared according to generakegue C. Column chromatography:
(PE/EA 2:3, R=0.6). A yellow solid was obtained (237 mg, 38%heTcompound was

deprotected without further characterisation.

tert-Butyl methyl((1-phenyl-1H-1,2,3-triazol-4-yl)methy)carbamate (17)

The compound was prepared according to generakeguwe C. Column chromatography:
(PE/EE 7:3, R=0.45). A white solid was obtained (469 mg, 81%MheTcompound was
deprotected without further characterisation.

(1-Phenyl-1H-1,2,3-triazol-4-yl)methanaminium chlorde (18)

The compound was prepared according to generaégue D.A white solid was obtained,
m.p. 244 °C!H NMR (300 MHz, DO): 4.40 (s, 2H), 7.50 — 7.65 (m, 3H), 7.65 — 7(80
2H), 8.52 (s, 1H)*C NMR (75 MHz, D:O): 34.0, 121.0, 123.8, 129.7, 129.9, 136.0, 140.3.
CoH10N4: MS (LC-MS): m/Z4%) [t=0.88 min.]: 175(100, MH+), 349(30).

(1-(3-Azidophenyl)-1H-1,2,3-triazol-4-yl)methanamimum 2,2,2-trifluoroacetate (19)

The compound was prepared according to generabguve D.A yellow oil was obtained.
'H NMR (300 MHz, BO): 4.27 (s, 2H), 7.00 — 7.10 (m, 1H), 7.20 — 7(&6 1H), 7.30 —
7.45 (m, 2H), 8.38 (s, 1H3*C NMR (75 MHz, D0): 33.8, 110.5, 116.1, 118.9, 122.9, 130.8,
136.8, 140.4, 141.1CgHgN;: MS (LC-MS): m/4%) [t=2.93 min.]: 216(100, MH+), 431
(100).

N-Methyl-1-(1-phenyl-1H-1,2,3-triazol-4-yl)methananiium chloride (20)
The compound was prepared according to generaégue D.A white solid was obtained,
m.p. 228 °C!H NMR (300 MHz, BO): 2.73 (s, 3H), 4.38 (s, 2H), 7.40 — 7.58 (m, 3HBO
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— 7.70 (m, 2H), 8.50 (s, 1H}*C NMR (75 MHz, DO): 32.1, 42.6, 121.1, 124.8, 129.8,
130.0, 136.0, 138.5Ci0H1oNs: MS (LC-MS): m/4%) [t=1.04 min.]: 189(100, MH+),
377(35).

tert-Butyl methylthio(3-((1-phenyl-1H-1,2,3-triazol-4-y)methyl)ureido)-methylene-
carbamate (21)

The compound was prepared according to generalegue A. Column chromatography
(PE/EA 3:1 -> 2:3, R0.3(PE/EA 3:2)). A white solid was obtained (308,M9%), m.p. 157
°C.™H NMR (300 MHz, CDC}): 1.48 (s, 9H), 2.30 (s, 3H), 4.55 — 4.65 (d, 1562H), 6.24
(s, 1H), 7.35 — 7.60 (m, 3H), 7.60 — 7.80 (m, ZHRBO (s, 1H), 12.21 (bs, 1HYC NMR (75
MHz, CDCk): 14.4, 28.0, 35.6, 82.8, 120.4, 120.6, 128.8,8,2937.0, 145.6, 160.0, 161.8,
168.3.C17H22NgO03S: MS (LC-MS): m/4%) [t=7.51 min.]: 391(100, MH+), 781(60).

tert-Butyl (3-((1-(3-azidophenyl)-1H-1,2,3-triazol-4-yJmethyl)ureido)(methylthio)-
methylenecarbamate (22)

The compound was prepared according to generalegue A. Column chromatography
(PE/EA 3:1 -> 2:3, R0.3(PE/EA 3:2)). A white solid was obtained (164,r88%), m.p. 128
°C.™H NMR (300 MHz, CDC}): 1.48 (s, 9H), 2.30 (s, 3H), 4.55 — 4.65 (d, 1562H), 6.24
(s, 1H), 7.00 — 7.10 (m, 1H), 7.20 — 7.26 (m, TH30 — 7.45 (m, 2H), 7.70 (s, 1H), 12.18 (bs,
1H). C17/H22N6O3S: MS (LC-MS): m/Z4%) [t=7.88 min.]: 432(100), 863(60).

tert-Butyl (3-methyl-3-((1-phenyl-1H-1,2,3-triazol-4-y)methyl)ureido)(methyl-
thio)methylenecarbamate (23)

The compound was prepared according to generalegue A. Column chromatography
(PE/EA 3:1 -> 2:3, R0.3(PE/EA 3:2)). A white solid was obtained (144,185%), m.p. 145
°C.'H NMR (300 MHz, CDC}): 1.49 (s, 9H), 2.33 (d, J=4.75, 3H), 3.00 — 3180 3H), 4.65
—5.30 (m, 2H), 7.35 — 7.60 (m, 3H), 7.65 — 7.75 2id), 7.75 — 8.05 (m, 1H), 12.30 — 12.55
(m, 1H).C1gH24N6O3S: MS (LC-MS):m/4%) [t=7.95 min.]: 405 (100, MH+), 809(20).

10-(4-Hydroxybenzylcarbamoyl)-3,12-dioxo-13,13-dipényl-1-(1-phenyl-1H-1,2,3-
triazol-4-yl)-2,4,6,11-tetraazatridecan-5-iminium 22,2-trifluoroacetate (1d)

The compound was prepared according to generabgue B. The product is a white solid
(158 mg, 57%), m.p. > 190 °C (decomi. NMR (300 MHz, DMSO-d6): 1.30 — 1.80 (m,
4H), 3.15 — 3.30 (m, 2H), 4.05 — 4.25 (m, 2H), 4-28.40 (m, 1H), 4.40 — 4.55 (d, J=5.31,
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2H), 5.12 (s, 1H), 6.68 (d, J=8.44, 2H), 7.00 (@8.44, 2H), 7.15 — 7.35 (m, 10H), 7.45 —
7.55 (m, 1H), 7.55 — 7.65 (m, 2H), 7.85 — 7.95 ), 8.11 (m, 1H), 8.30 — 8.65 (M, 4H),
8.70 (s, 1H), 8.96 (bs, 1H), 9.30 (bs, 1H), 10981H).Cs7H3NgO4: MS (LC-MS): m/2%)
[t;=5.63 min.]: 337(10), 674(100, MH+)IV (MeCN):| (€) 248 (910°).

1-(1-(3-Azidophenyl)-1H-1,2,3-triazol-4-yl)-10-(4-gdroxybenzylcarbamoyl)-3,12-dioxo-
13,13-diphenyl-2,4,6,11-tetraazatridecan-5-iminiun2,2,2-trifluoroacetate (1b)

The compound was prepared according to generabgue B. The product is a white solid
(166 mg, 21%), m.p. > 190 °C (decomf). NMR (300 MHz, DMSO-d6): 1.30 — 1.80 (m,
4H), 3.15 — 3.30 (m, 2H), 4.05 — 4.25 (m, 2H), 4-28.40 (m, 1H), 4.40 — 4.55 (d, J=5.31,
2H), 5.12 (s, 1H), 6.68 (d, J=8.45, 2H), 7.00 @8.45, 2H), 7.15 — 7.35 (m, 11H), 7.58 —
7.68 (m, 2H), 7.68 — 7.78 (m, 1H), 8.12 (bs, 1H308- 8.55 (m, 4H), 8.79 (s, 1H), 8.91 (bs,
1H), 9.30 (s, 1H), 9.91 (s, 1HP37/H3gN1204: MS (LC-MS): m/4%) [t,=5.78 min.]: 715(100,
MH+). UV (MeCN):| (€) 244 (10%).

10-(4-Hydroxybenzylcarbamoyl)-2-methyl-3,12-dioxo-3,13-diphenyl-1-(1-phenyl-1H-
1,2,3-triazol-4-yl)-2,4,6,11-tetraazatridecan-5-inmium 2,2,2-trifluoroacetate (1e)

The compound was prepared according to generabgue B. The product is a white solid
(160 mg, 72%), m.p. > 190 °C (decomi. NMR (300 MHz, DMSO-d6): 1.30 — 1.80 (m,
4H), 3.06 (s, 3H), 3.20 — 3.30 (m, 2H), 4.05 — 4125 2H), 4.25 — 4.40 (m, 1H), 4.70 (s, 2H),
5.13 (s, 1H), 6.67 (d, J=8.42, 2H), 7.00 (d, J=8242), 7.15 — 7.35 (m, 10H), 7.45 — 7.55 (m,
1H), 7.55 - 7.65 (m, 2H), 7.85 — 7.95 (m, 2H), 8:38.43 (m, 1H), 8.45 — 8.65 (m, 3H), 8.77
(s, 1H), 8.90 — 9.05 (bs, 1H), 9.31 (bs, 1H), 9(BS, 1H).C3sH41NgO4: MS (LC-MS):
m/Z%) [t=5.70 min.]: 688(100, MH+)UV (MeCN):| (e) 248 (14.0°).

tert-Butyl (1-methyl-1H-1,2,3-triazol-4-yl)methylcarbamate (24)

NaN; (714 mg, 11.0 mmol) was dissolved in 2 miCHN a 10 mL flask and 4 mL &) were
added. Then the phase-transfer catalyst tetralotytznium tetrafluoroborate (90 mg, 0.27
mmol) was added and then Mel (780 mg, 5.49 mmoB a@ded. The mixture was stirred
vigorously for two days at room temperature. Thes organic layer was separated and the
agqueous phase was washed witsOE2 x 2 mL). Then the organic fractions were mieaed

a solution of the Boc-protected propargylamine (51f) 3.29 mmol) in 3 mL of MeOH was
added. Then ascorbic acid (95 mg, 0.54 mmol, dissbin 0.8 mL HO) and CuS®x5 H,O

(68 mg, 0.27 mmol, dissolved in 0.8 mL® were added. The mixture was stirred
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vigorously at room temperature overnight. The nesty the solvent was evaporated
completely and the residue was dissolved in 1 m{Ch{CL/EtOH 19:1). The crude material
was purified with column chromatography (CHEtOH 19:1 -> 9:1, R0.3 [CHCK/EtOH
9:1]). A white solid was obtained (500 mg, 72%).eT¢compound was deprotected without
further characterisation.

(1-Methyl-1H-1,2,3-triazol-4-yl)methanaminium chloride (25)

The compound was deprotected according to genesakgure D. A light yellow solid was
obtained (351 mg, quantitative), m.p. 172 *8.NMR (300 MHz, BO): 4.10 (s, 3H), 4.30
(s, 2H), 8.02 (s, 1H)*C NMR (75 MHz, D,O): 34.0, 36.7, 126.X4HgN4: MS (LC-MS):
m/Z4%) [t=0.32 min.]: 113(60, MH+), 225(100).

tert-Butyl (3-((1-methyl-1H-1,2,3-triazol-4-yl)methyl)ureido)(methylthio)-
methylenecarbamate (26)

The compound was prepared according to generalegure A. Column chromatography
(EA, R=0.26).A white solid was obtained (735 mg, 78%), m.p. 188'H NMR (300 MHz,
CDCl): 1.49 (s, 9H), 2.33 (s, 3H), 4.08 (s, 3H), 4.40.80 (m, 2H), 6.40 (bs, 1H), 7.58 (bs,
1H), 12.28 (bs, 1H)*C NMR (75 MHz, CDC}): 14.3, 28.0, 35.5, 36.7, 82.7, 123.0, 145.1,
151.0, 161.8, 168.0C1,H20N6O3S: MS (LC-MS): m/4%) [t=6.27 min.]: 328(75, MH+),
657(100).

10-(4-Hydroxybenzylcarbamoyl)-1-(1-methyl-1H-1,2,3riazol-4-yl)-3,12-diox0-13,13-
diphenyl-2,4,6,11-tetraazatridecan-5-iminium 2,2, 2rifluoroacetate (1f)

The compound was prepared according to generabguoe B. A white solid was obtained
(80 mg, 55%), m.p. > 190 °C (decompghl NMR (300 MHz, DMSO-d6): 1.30 — 1.80 (m,
4H), 3.10 — 3.30 (m, 2H), 4.01 (s, 3H), 4.05 — 4125 2H), 4.25 — 4.40 (m, 3H), 5.13 (s, 1H),
6.67 (d, J=8.42, 2H), 7.00 (d, J=8.42, 2H), 7.1635 (m, 11H), 7.93 (s, 1H), 7.95 — 8.05 (m,
1H), 8.30 — 8.60 (m, 4H), 8.98 (s, 1H), 10.17 (d).1C3,H37NgO4: MS (LC-MS): m/Z%)
[t-=5.15 min.]: 612(100, MH+), 1223(5).

(R)-1-(3-Azidophenyl)-15-(4-hydroxybenzylcarbamoyh1,8,17-trioxo-18,18-diphenyl-
2,7,9,11,16-pentaazaoctadecan-10-iminium 2,2,2-ttibroacetate (1h)

Compound27 (3.9 mg, 23.7 umol) was dissolved in 1.5 mL of DMHPEA (28 mg, 215
umol) and TBTU (8.3 mg, 25.8 umol) dissolved in 500 of MeCN was added. After 10
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minutes compoun@8 (20.0 mg, 21.5 umol) was added and the mixturestia®d overnight.
Next day DMF was removed completely and the crudéeral was redissolved in 1 mL of
MeCN/H,O (1:9) containing 0.1% TFA. It was purified withPHC. A white solid was
obtained (11.1 mg, 61%), m.p. 158 °C (decomjpd) NMR (600 MHz, DMSO-d6): 1.30 —
1.70 (m, 8H), 3.05 — 3.35 (m, 6H), 4.05 — 4.20 2H), 4.33 (m, 1H), 5.12 (s, 1H), 6.67 (d,
J=8.46, 2H), 7.00 (d, J=8.46, 2H), 7.15 — 7.30XdHl), 7.35 — 7.80 (m, 5H), 8.20 — 8.50 (bs,
1H), 8.35 (t, J=5.78, 1H), 8.47 (d, J=8.09, 1H}83(t, J=5.57, 1H), 8.87 (bs, 1H), 9.27 (bs,
1H), 9.60 (bs, 1H)**C NMR (HSQC, HMBC) (151 MHz, DMSO-d6): 24.53, 26.43, 26.50,
29.40, 40.04, 40.31, 41.58, 52.21, 55.88, 114.97.6D, 121.70, 123.87, 130.01, 126.55,
128.14, 128.17, 128.39, 128.47, 128.48, 129.10,2536139.63, 140.24, 140.43, 156.23,
165.06, 170.92, 170.9839H44N1005: MS (LC-MS): m/Z4%) [t,=5.83 min.]: 733(100, MH+).
UV (MeCN): | (e) 249 (1640%. UV (MeCN): | (e) 248 (1640%. IR (n [cm]): 3303, 2114
(N3), 1638, 1538, 1515, 1450.

5.4.3 Radioligand competition binding assay

Radioligand competition experiments at SK-N-MC mdla@stoma cells using the radioligand
[*HJUR-MK114 (1.5 nM) were performed as describecetsere**

5.4.4 Fura-2 assay on HEL cells

The Fura assay was performed with HEL cells asipusily described using a Perkin-Elmer

LS50 B spectrofluorimeter (Perkin Elmer, Uberling&ermany)*

5.4.5 Cell culture and confocal microscopy

MCF-7 cells were cultivated at 37 °C for two dags8i well p-slides (Ibidi GmbH, Munich)
with EMEM medium (Sigma, Deisenhofen, Germany) aonhg 5% FCS (Biochrom AG,
Berlin, Germany). Estradiol (1 nM) was added to thétivation medium to stimulate ;R
expression: After two days, shortly before the experiment thedium was replaced by
Leibovitz L15 medium (LM). All microscopy experimesnwere performed in LM. Stock
solutions of the ligands were prepared in DMSO edracentration that is at least hundredfold
higher as the concentration in the experiment. beesponding dilutions in LM were
prepared shortly before the experiment, the DMS@xentration in the cell experiment was

equal or below 1%.
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Confocal microscopy was performed with a Zeiss &gt 200M microscope, equipped with
a LSM 510 laser scanner. The fluorescent 2§avas excited with a HeNe-laser at 633 nm
and fluorescence was detected with a 650 nm losg-filer. The objective was a Plan-

Neofluar 40x/1.3 or a Plan-Apochromat 63x/1.4 vathimmersion.

5.4.6 Data processing

Data from radioligand competition experiments wanalyzed by 4 parameter sigmoidal fits
(SigmaPlot 9.0, Systat Software).s¢Cvalues from radioligand competition studies were
converted toK; values according to the Cheng-Prusoff equatiarsing the respectivip

value of the radioligand.
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Appendix

A.1 Abbreviations

aqg. Aqueous

Bmax maximum number of binding sites

Bn benzyl

Boc tert-butoxycarbonyl

Boc,O di-tert-butyl dicarbonate

BRET bioluminescence resonance energy transfer
BSA bovine serum albumin

¢ concentration

Cbz benzyloxycarbonyl

Cy5 red fluorescent cyanine dye

DAD diode array detector

DAPI 4 ,6-Diamidin-2-phenylindol

DCC N,N’-dicyclohexylcarbodiimide

DCM dichloromethane

DIPEA N,N-diisopropyl-ethylamine

DMAEA 2-(Dimethylamino)ethylamine

DMAP 4-(dimethylamino)-pyridine

DMF N,N-dimethylformamide

DMSO dimethylsulfoxide

EA ethylacetate

ECso agonist concentration that elicits 50 % of the max. response
EDC 3-(ethyliminomethyleneamino)-N,N-dimethyl-propan-1-amine

EtOH ethanol



ELSD
Excimer
FACS
FCS
FRET
GPCR
HEL cells
HEPES
HMBC
HOBt
HPLC
HSQC

ICso

KOﬂ

logD

logP
MCEF-7 cells
MeCN

MeOH
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evaporative light scattering detection
excited dimer

fluorescence activated cell sorting

fetal calf serum

fluorescence resonance energy transfer
G protein-coupled receptor

human erythroleukemia cells
2-(4-(2-Hydroxyethyl)-1-piperazinyl)-ethansulfonsaure
heteronuclear multiple bond coherence
1-hydroxybenzotriazole

high performance liquid chromatography
heteronuclear single quantum coherence

antagonist concentration that suppresses 50 % of an agonist
induced effect or displaces 50 % of a labeled ligand from the
binding site

infrared spectroscopy

dissociation constant derived from a saturation experiment
dissociation constant derived from a competition binding assay
observed association rate constant
dissociation rate constant
association rate constant

logarithm of the pH dependent n-octanol/water partition

coefficient

logarithm of the n-octanol/water partition coefficient
human breast adenocarcinoma cells

acetonitrile

methanol



mp
MS

NEts

NHS
NMR
NPY
PBS
Pd-C
PE
PEG
pNPY
Ry

RT
SEM
SK-N-MC cells

TBTU

‘Bu
TFA
THF
TLC
uv
VIS

Y1R
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melting point

mass spectroscopy
triethylamine

guanidine nitrogen
N-hydroxysuccinimide
nuclear magnetic resonance
neuropeptide Y

phosphate buffered saline

palladium on activated charcoal (5 — 10 % w)

petrol ether

polyethylene glycol
porcine neuropeptide Y
retention factor

room temperature
standard error of the mean

human neuroblastoma cell line

2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium

tetrafluoroborate

tert-butyl

trifluoroacetic acid
tetrahydrofurane

thin layer chromatography
ultraviolet

visible

neuropeptide Y, receptor subtype
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A.4 Summary in German and English

Summary in German

In dieser Arbeit wurden Antagonisten fur den Neuropeptid Y; Rezeptor synthetisiert.
Das Ziel dabei war einen bekannten Antagonisten (BIBP 3226) mit unterschiedlichen
Substituenten zu versehen, deren spezielle Eigenschaften einen Einblick in die
Struktur und Funktionalitat des Rezeptors gewahren sollen.

Dazu wurde im ersten Kapitel die Stabilitat und Affinitat verschiedener substituierter
BIBP 3226 Derivate untersucht, die eine grof3e Diversitat in Polaritdt und Struktur
aufwiesen. Das Ergebnis war, dass der Y; Rezeptor eine grof3e Vielfalt an
verschieden substituierten BIBP 3226 Derivaten mit relativ hoher Affinitat binden
kann und dass polare Acylguanidine zum Teil eine starke Tendenz zur Hydrolyse
aufweisen.

Im zweiten Kapitel wurde Pyren als fluoreszierende Sonde uber verschieden lange

Spacer an das BIBP 3226 Grundgertist angebaut, um eine eventuelle Ausbildung
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von Rezeptordimeren beobachten zu koénnen. Pyren bildet bei hohen lokalen
Konzentrationen Excimere, die Licht mit einer lAngeren Wellenlange emittieren als
das Pyren Monomer. Es wurden Moleklle mit nanomolaren Affinitaten erhalten, die
aber leider im eingesetzten Konzentrationsbereich zu schwach fluoreszierten um
eine Detektion von Rezeptordimeren zu ermdglichen.

Im dritten Kapitel wurden lipophile BIBP 3226 Derivate hergestellt und zusammen mit
lipophilen Carboxyfluorescein Derivaten in Vesikel eingebaut um Y; Rezeptor
spezifische Vesikel zu erhalten. Als weiterer Bestandteil wurde PEG verschiedener
Kettenlange in die Vesikel mit eingebaut. Die Spezifitat der Vesikel konnte zwar nicht
erreicht werden, jedoch konnte die starke Bindung der PEG freien Vesikel an die
Zellmembran mit geringen PEG-Konzentrationen stark reduziert werden.

Im vierten Teil wurde der Acylierungskatalysator DMAP an BIBP 3226 angebaut. Die
so erhaltenen Derivate sollten den Y; Rezeptor spezifisch in Gegenwart eines
fluoreszierenden Aktivesters farben. Dazu wurden Testreaktionen durchgefihrt um
den besten Aktivester zu ermitteln und die Reaktion wurde dann an lebenden Zellen
getestet.

Das flunfte Kapitel behandelt (pseudo)-irreversible Antagonisten fur den Y; Rezeptor.
Es wurde eine Serie von Substanzen gefunden, welche den Rezeptor nach Bindung
irreversibel gegentber NPY und einem fluoreszierenden Y; Antagonisten blockieren

kdénnen.

Summary in English

In this thesis antagonists for the neuropeptide Y; receptor were synthesized. The
goal was to modify the known Y; receptor antagonist BIBP 3266 with different
substituents to obtain an insight in structure and functionality of the receptor.
Therefore the stability and the affinity of the diverse substituted BIBP 3226
derivatives was investigated in the first chapter. The result was that the Y; receptor
has a relative high affinity to a broad variety of different substituted BIBP 3226
derivatives and that some polar acylguanidines exhibit a strong tendency for
hydrolysis.
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In the second chapter the fluorescent probe pyrene was attached to the BIBP 3226
scaffold with spacers of different length to investigate a possible formation of receptor
dimers. Pyrene forms excimers at a high local concentration that emit light at a longer
wavelength as the pyrene monomer. Molecules with nanomolar affinity were
obtained, but their fluorescence intensity was too weak to use them for the detection
of receptordimers.

In the third chapter lipophilic BIBP 3226 derivatives were synthesized and embeded
in vesicles together with lipophilic carboxyfluorescein derivatives to obtain Y; receptor
specific vesicles. PEG of different chain length was added as a further component.
The specifity of the vesicles was not achieved, but the strong binding of the PEG free
vesicles to the cell membrane could be reduced significantly with small amounts of
PEG.

In the fourth part the acyl-transfer catalyst DMAP was attached to the BIBP 3226
scaffold. The resulting derivatives should specifically stain the Y; receptor in
presence of a fluorescent active ester. Therefore test reactions were performed to
identify the best active ester and then the reaction was performed on living cells.

The fifth chapter deals with (pseudo)-irreversible antagonists for the Y; receptor. A
series of compounds was investigated that block the receptor irreversible against

NPY and a fluorescent Y; receptor antagonist.



