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Introduction

Small molecules with receptor-like ion-binding peojes, especially symmetric
polydentate complexing agents are of great intenestedicinal and coordination chemistry,
as shown by the large number of §mmetric molecules (i.e. “molecular triskelionghat

have recently been synthesized.
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Objectives

The aim of our work was to increase the variahilyd characterize the newly synthesized
entities. The main focus was on preparative orgagithesis of the compounds, while the
characterization of their conformational behaviaumd ion-binding properties was planned
only by studying some specific aspects (e.g. NM&yais, protonation, copper(l)-binding).

In 2006, Tajc and Miller created a new pH-switcleaiviolecule by coupling tyrosine and
cyclohexane 1,3,5-trimethanol which possessessedloonformation only in the range of 9.2
< pH < 10.5 and can also serve as ion-receptomquea@us solution at high pH either for
various anions (e.g. GIBr) or cations (e.g. Zfi, Cd*). We have decided to synthesize this
compound for thorough characterization, and aimedesigning other receptor molecules
with various amino acid ‘arms’ to alter the struetas pH-dependent behavior. For the better
understanding of their protonation properties adlrivhtives’ mono- and disubstituted
analogues were also created.

Further G symmetric compounds were also planned to be sgiz by reversing the
esterification procedure, and coupling cyclohexdn®,5-tricarboxylic acid with various
alcohols (and amines). Designing the structures fegised on ion-binding functions,
especially on 1,2,3-triazoles as building blocksulilizing Cu(l) and Ru(ll) catalysis. In the

case of @triazole derivatives we also decided to inveségheir Cu(l)-binding capabilities.



Methods

Cyclohexane 1,3,8istrimethanol was coupled with a tert-butyloxycarpoprotected
amino acid (tyrosine, tryptophan, histidine) in firesence oN,N'-dicyclohexylcarbodiimide
and 4-dimethylaminopyridine. After purification Wwitcolumn chromatography deprotection

was accomplished with trifluoroacetic acid, yielglithe final products as trifluoroacetate

salts.
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The derivative of the tyrosine analogue non-cladsanino acidp-amino phenylalanine
was synthesized as well. The esterification step eearied out with carboxybenzyl-protected
p-nitro phenylalanine; the deprotection was madé wétalytic hydrogenation which reduced
the nitro group simultaneously. Preventing the pobdrom decomposition trifluoroacetate

salt was formed with trifluoroacetic acid.
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The mono- and disubstituted derivatives were atepared for all above mentioned amino

acid. Two equivalents of protected amino acid wasdufor the esterification step which

produced the mixture of the protected mono- andldistuted derivatives. After separation

with column chromatography the protecting groupsememoved, and trifluoroacetate salt

products were formed.
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For further esters several saturated and unsatugtehols was prepared in Sonogashira
reaction and in a subsequent catalytic hydrogemagtep from 4-iodoanisole or 5-iodo-2-
methylpyridazin-3(B)one. The effect of the solvent on the Sonogast@eztion was also
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Reversing the previous esterification reactionayexane 1,3,®is-tricarboxylic acid was
converted into acyl chloride and reacted with salvaicohols and amines (obtained from

commercial suppliers or synthesized previously).
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Due to solubility problems of the obtained amidagthesis of the £symmetric triazole
derivatives was carried out solely by coupling opexane 1,3,Sis-tricarboxylic acid with
an appropriate alcohol. The required triazole adt®hvere synthesized from an azide and a

terminal alkyne in copper(l)-catalyzed alkyne-azigeloaddition (CUAAC) reaction.
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Coupling cyclohexane 1,3@&s-tricarboxylic acid with the obtained triazole ahod

yielded the expected tripodal derivatives.
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Internal alkynes from the Sonogashira reaction édexe) were reacted with benzyl azide

HaC

in ruthenium(ll)-catalyzed azide-alkyne cycloadulitiresulting 1,4,5-substituted triazoles. In
these reactions the two regioisomers were formidr purification the main product was
used for the esterification.
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Results

The protonation constants of the amino acid dexigatwere determined by4 NMR-pH
titration for all tyrosine andp-amino phenylalanine derivatives, and for the stidine
product as well. (The tritryptophane derivative was soluble enough for the titration.)

Compound lo#1 logK2
3XTyr 10.12+0,01 7.11+0,01
2XTyr 10.04+0,01 7.17+0,01
IxTyr 9.90+0,01 7.224+0,01
‘3xpAmPhe 7.19+0,01 3.90+0,01
2xpAmPhe 7.24+0,01 3.99+0,01
1xpAmPhe 7.31+0,01 4.12+0,01
‘3xHis 7.19+0,01 5.06%0,01
3xTrp NA NA

For the investigation of the sCtriazoles’ copper(l)-binding ability three differe
approaches were used. In the first experimentptssible chelators were tested as ligands in
a model CuAAC reaction, where any improvement ie ttlonversion meant to reflect
copper(l) complexation. The second experiment Wwasstudy of Cu(l) binding byH NMR,
while mass spectrometry was utilized to confirm lireding event in the gas phase as well.
The conclusion of these tests was that the tripdealatives formed 1:1 complexes with

copper(l), and the symmetrical structure was ctdorathe formation of the stabile complex.

Conclusions

In our organic synthetic work we have created 27eh@s symmetric, 8 novel amino acid
and 12 novel triazole alcohol derivatives. All stiwres were verified with 1D and 2D NMR
techniques and with HRMS. We have determined tb&opation constants of the amino acid
derivatives by'H NMR-pH titrations. Six tripodal triazole derivedéis’ Cu(l)-binding
capability in model CUAAC reaction was also invgated and the binding event was also
confirmed by both NMR and MS experiments.
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