1. Synthesis of calix-and binaphthocrown ethers and applications ther eof

1.1. Cyclization of p-tert-butylcalix[6]arene withols. Conformation and complexation studiels

Recently, we have disclosed an unexpectedly seéedtametrical alkylation and ring closure of ttaaxj{4]arene
(TCA) and calix[4]arene (CA) with alcohols and a&ghylene glycols under the Mitsunobu conditiongthvihe
aid of this simple and mild method 1,3-calix[4]crov, 5 and -6 derivatives were accessible whiclemtlse
were difficult to obtain. This simple method waedrto extend over calix[6]arenes but only 1,6-mexand 1,8-
octanediols gave A,D-ring cyclized products botleame conformation. As calix[6]crowns were not asilgle in
this route, further functions were tried to intreduto obtain complexing ligands. The base-promot
peralkylation of the four OH groups with allyl brade and ethyl bromoacetate resulted in cone, paxiae and
1,2,3-alternate conformers, respectively, dependingthe substituents and base used (Fig. 1). bitege
conformational interconversion of the 1,2,3-altéenaetraallyl derivative to cone was observed upc
complexation with A§, whereas the cone tetraester responded t6 Without conformational change.
Unfortunately, none of the ligands exhibited compte®n with amino acid derivatives or other bionuikes.
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Fig. 1 Conformation of A,D-alkylene bridged calix[6]arereasd peralkylated derivatives

1.2. 1,1’-Binaphtho(monoazacrown) ether organogat for asymmetric Michael additio[#

The enantioselective synthesisowfaminophosphonates of biological relevance (peptii@ics, antibacterials,
antihypertensive and anti-HIV agents, etc.) wabaated with NaOBubase-promoted Michael addition oNa
protectedo-aminophosphonate onto acrylic acid derivativestha presence of noveR)-BINOL-appended
azacrown lariate ether catalysts (Scheme 1). Higistereo-and enantioselectivities were achievech w
methacrylonitrile when catalysti (anti/syn = 99.3/0.7%, ee. 96/46%) was used. s Way a series ofi-
aminophosphonic acids have become available witbptital resolution of the racemic compounds.
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Scheme 1. (R)-BINOL-based chiral catalysts and the enantiosele@ddition of N-protected aminophosphonat
2 on methacrylonitril8a

1.3. lonophore-gold nanoparticle conjugates anddsetate ion-channels for potentiometric sengiBg]
lonophores incorprated in hydrophobic membrane ioesr(often plasticized PVC) has led to ion-selecti
electodes (ISEs) having worldwide applications imical analysis most frequently for blood elecitel
measurements. The general disadvantages of traa@itiSEs of this kind (loss of membrane componsmtthe
blood, extraction of sample matrix components te thembrane, etc.) can partly be overcome by cotal
immobilization of the ionophore to the membranegehaffording ion-selective membrane (ISM). A nemaapt
of the non-covalent immobilization of ionophoresmthe surface of inert gold nanoparticle (AuNR; 8.5 nm)
carrier was worked out by the Gyurcsanyi's groumum University. To prove the feasibility and utiliof this
idea in the potentiometric determination of catjozs ionophore capable of binding to AUNP by nowadent
interacion was required. We synthesized a 1,3kadicalix[4]dithiacrown-5 ligand$ comprising a sufficiently
long chain with dithiolane endgroup necessary fomobilization via Au-S bond. Though this molecule
exhibited Ag selectivity in PVC ISE ( this cation is not fouimdblood), it proved to be suitable model to verif
the new concept of immobilization. ISM made of IBMP conjugate mixed with PVC membrane cocte
containing ionohoré and DDT (Scheme 1) exhibited excellent’Aglectivity over a series of cations (Table 1
Moreover, the diffusion coefficient of IP-AuNP lovesl by four orders of magnitude that means the tdss
ionophore (leakage) was significantly restricted¢@spared to conventional PVC membranes.
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Table 1. Potentiometric selectivity coefficients of ISMaded on the s P /.
free and AuNP-conjugated ligahdetermined by separate solution
method at 1 mM level § // \\

lons (J) lodKagis (Unbiased) log Kag/s (conventional)
Ligand IP-AUNP Ligandl IP-AuNP | /
Mg™* -11.6 -7.4 -6.4 -5.8 -
PL* -10.8 -6.6 -5.1 -4.8
K* -8.4 -4.9 .25 -4.9
Na' -10.1 5.7 -5.3 -5.1 &

S

Scheme 1 Schematic representation of the ionophore-Au nantiosfgconjugates and chemical structure of the
surface modifying compounds (ligah@nd 1-dodecanethiol, DDT).

Using the selectivity filter of biological ion-chaels (ICs) as inspiration, solid state ICs basedomophore
modified nanopore arrays were introduced for th& fime to use for potentiometric sensing of srmradkganic



cations. Gold nanopores formed by electroless depoof gold onto the surface of polycarbonateckratch
membranes were used with randomly distributedgditaiylindrical pores (6xf0pores/criwith nominal d = 15-
80 nm). For proof of principle, thiacalixarene dative Il immobilized on the wall of nanopores was used |
induce Ad selectivity. In addition, the sensor fabricatiomquired negative sites generated wit
mercaptodecanesulfonate (MDSA) to induce a propenpiometric response, and a perfluorinated {Hé1T) to
confer hydrofobicity to the Au nanopores. Both déigds were immobilized via Au-S bond on the surfade
nanopores. With this new Agsensing device excellent selevtivities exceedimgosders of magnitude were
determined for a range of interfering cations (Sobe).

Table 2. Potentiometric selectivity coefficients 16g, of . F
nanopore-based ISEs with and without ionophore fivadiion 3>CF2
lons (J) Ligantl/MDSA/PFT  MDSA/PFT FZ(‘\CF
(11:10:1) (10:1) Vi
K* 6.1 -1.0 \©/ FZKCF
Cs’ -6.5 -0.9 pat
H* -6.0 20. O ()E Fﬁ\\
EuN’ -6.1 -1.2 o,

HS
PFT
MDSA

Scheme 2. Components of nanopore-based ISMs: lighdnd.-mercaptodecane-10-sulfonate (MDSA), IH,

2H, 2H-perfluoro-1-decanethiol (PFT)

The new concept of inducing ion selectivity seem$é¢ extendable to biologically relevant analytbsyeby it
might have a great impact on the development of sevging devices.

2. Azide-alkyne click reaction (CUAAC) in the syntheses of sensing systems

Over the past decade the Cu(l)-catalyzed dipolateaalkyne cycloaddition (CUAAC) leading to 1,2r&zroles
(Scheme 1) has attracted enormous interest as bmhleeomost powerful and valuable examples of ,clic
chemistry. Due to its simplicity, selectivity, highelds, etc. almost unlimited applications haverbeeported
mostly on linking optical markers to peptides, pim$, DNS and various derivatizations of macroukes. E.g.
in calixarene chemistry this method representsamy @ccess to sophisticated large molecules, saidhbad
calix[4]arenes with carbohydrate and amino acideties, glycoclusters, water soluble derivativedixaesene-
based cavitands and nanotubes, multicalixarenes etc

Cu*
RJ—— + N37 R2 [——

1,4-triazole

Scheme 1 General representation of CUAAC click reaction

2.1.Fluorescent receptors for sensing of nucleopulgphosphatefs,6,8]
Development of fluorescent sensing systems capalbledetection of nucleoside polyphosphates und
physiological conditions still has been an impotrtapic of biosensor research. Aminonaphthalimideda two-



armed fluorescent imidazolium/triazole receptols Z) were synthesized to investigate how the sensing
nucleoside polyphosphates is influenced by the munaimd order of heterocyclic constituents of theepeor
arms. Our measurements revealed that at leasthudazolium and one triazole unit by arms is requif@ the
efficient binding with the triphosphate moiety off & and ATP by ionic and H-bonding interactions. e
important finding was to establish the positiontleé cationic imidazolium subuni2(vs 1) to achieve high
sensitivity of sensing without affecting the GTRIakTP selectivity (Fig. 1). These observations barutilized
in designing new naphthalimide-based chemosensanprising similar binding sites.

@)
=
[e) Q 30 -
°@ i
; :
O

Het.1 = 1,3-imidazolium and 10
Het.2 = 1,4-(1,2,3-triazole) (1) 5
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Fig. 1 Structure of receptoksand2, and fluorescent response2dab ATP (blue) and GTP (red)

2.2. Triazole-linked calix[4]arene-based potentidneeion selective electrodd¥,9,12]

A series of 1,2,3-triazole-linked calix[4]arene aghores comprised of differe@-donor groups (OH, COOEt,
CONEYpb) attached either to the lower rim of calix or be triazole moieties were synthesized to exploee tbn-
selectivity by competitive ESI-MS measurements @ordthe first time, in potentiometric transducti¢fig. 1).
PVC membrane electrodes (ISEs) were fabricatedvaasdired their potentiometric selectivittesvard a series of
mono-and divalent metal ions (Table 1). Structoreselectivity relationship and the structural reguients of
the coordination sphere for selective binding wesgablished. ISEs made of calix[4]arene-bis-triegzolere
found generally to exhibit distinct Agselectivity in the ordeB~4>2>1 indicating the beneficial effect of the
carboxamide or ester groups in the complexing site.

Table 1 Potentiometric ionselectivities of ISEs
fabricated from ligand8-5 for further evaluation

lons,J log Kagis 109 Knas 109 Kews

3 4 5
Cs -8,06 -3,59 -
K* -7,89 -3,36 -8,14
Na’ -4 5 0 -3,77
Li* -7,49 -3,08 -
ca’ -8,26 -3,78 -8,74
Ma2* 827 378 ) 1: R = H, R? = (CH,)gOH
g ) ) N N 2: R! = H, R? = CH,COOEt
PF* 635 -215  -4,12 / \ I\ 5 R = chcones, R~ (cHy0n
. _N N 4: R = CH,CONEt,, R, = CH,COOEt
CuW -6,65 -2,55 0 N N 5: R! = 1-R%4-methylene-1,2,3-triazole,
zn?t 8,17  -3,69 - / L R?= (CHy)eOH
) R? L6 R 6: R! = 1-R%4-methylene-1,2,3-triazole,
H -5,49 -3,05 -6,54 g R2 = CH,COOEt
Ag+ 0 3,8 -4.42

Fig.1 Structure of triazole-linked calix[4]arenes anésted potentiometric ionselectivities

In contrast, calix[4]arene-tetratriazdlecomprised onlysp” N-donor atomalisplayedexcellent Cé* selectivity
over a series of alkali-, alkaline earth- and titims metal ions. A unique feature of the outstagdAg” selective
electrodes made & and4 was recognized by suggesting their potential appitioc as N&ISEs in systems not



containing silver ions (Table 1). Synthetic effotts prepare thiocarboxamide analogues probably btepaf
recognizing environmentally important ions {Pand Cd") are under progress.

2.3. New substituent size limitation of the ,,O-thgh-the-annulus” rotation among calix[4]arengkl |

To expand the choice of triazole-linked calix[4Joaxamides ionophores ty@were attempted to synthesize
(Scheme 1). During the preparation of starting meteone?7 (alkylation of monopropargyl-calix[4]arenes witf
N,N-dimethylchloroacetamide promoted by,C6€s), we obtained a mixture of conformers instead, mosmg
partial coner as the major component.
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Scheme 1 Synthesis designed for the preparation of ionophorne8

'H NMR measurements revealed the partial cone-ie2raite interconversion of (G = H, tBu) at room
temperature in DMSO and CD{is well, due to the unknown mobility of the prapdoxy group inO-through-
the-annulus rotation (Scheme 2), which has beeitelimso far to substituents not bulkier then ethyl
cyanomethyl groups. The conversion rate was asvisll G =tBu>> H and CDC{>>DMSO-as.

Conformational search was carried out to explore tonformational space dD-propargyl-calix[4]arene
carboxamided and four states with minimizgghcoandl,2-alt conformation were subsequently optimized usir
density functional theory (MPW1K (6-31§) calculation and two close conformational analofjshe transition
state were optimized.
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partial cone G =H, tBu 1,2-alternate
Scheme 2 Proposed mechanism for thaco-1,2-altrotation
Calculationsfor the paco-1,2-alt rotation in detail rotation, therefore we compared its steric requéerenwith that of

The cyanomethoxy group (activation energy Ea=1k0/Bol in the propargyloxy group.
DMSO) was reported over ethyl to all@through-the annulus Rotating moieties were modelled by 2-phenoxyacéttmiand
phenyl-propargyl-ether. Comparison of the electrensities



revealed subtle steric enlargement -presentedear@h density
isosurfaces- of the propargyl derivative. In Figldctron density
isosurfaces (0.001 electron/bohr3, MPW1K 6-31g*%) 2
phenoxyacetonitrile (blue) and phenyl-propargyleetired) are
shown.

Fig. 1 Comparison of the steric requirements

Table 1 Results of thermochemical calculations
(kJ/mol, relative to paco)

R kJ/mol TS 1,2-alt
AU 98 -16
AH 97 -16
H AG 211 -16
AG (in DMSO) - 6
AG (in CHCE) - -2
AU 81 -20
AH 81 -20
tBu AG 150 -18
AG (in DMSO) - -2
AG (in CHCE) - -9

Table 2 Gase phase energies obtained by different
computational methods

Gasphase —\owq MOB- po vp 31 vp LMP2
energy (kJ/mol) 2X

E, 144 130 148 148 152

AE(conf) -17 -10 -24 -24 -40

5, e 118 104 127 128 114

AE(conf) -20 -19 -24 -24 -39

AE, 26 26 21 20 39

* Harmonic vibration frequencies and thermochemical
properties were calculated on all the six statebi@
1).

Scientific papers

Table 3 Solvation energies (kJ/mol)

R paco 1,2-alt A
CHCI;
H -87 -74 14
tBu =77 -69 9
DMSO
H -125 -104 21
tBu  -111 -96 15

» The size of the basis does not have significantathp
on the energy, therefore we selected 6-31g** .

* The six (MPW1K) geometries were further calculate
by other quantum-mechanical approaches (Table 2)

 According to gas-phase calculations the 1,2-8
conformation is preferred over the paco (range from
15 to -25 kJ/mol energy difference).

* The effect of chloroform and DMSO solvents wer
calculated by implicit solvent model (Poisson:
Boltzmann solver: Table 1 and 3) Considerin
solvation energies partial cone isomer is prefeined
both chloroform and DMSO. The energy difference i
lower in chloroform.
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Fig. 2 The free energy profile of the isomerization irs ghase

Activation energy of R = tBu conversion is lowemgaared to
that of R = H derivative, in good agreement witle tNMR
measurements.
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