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[on-ion 200-300
Ion-dipole 50-200
Dipole-dipole 5-50
Hydrogen bonding 4-160
CH-m, cation-m, m-Tt 1-90
Van der Waals <5
Coordination (metal-ligand) 200-350
Anion-mt 10-150
Halogen bonding 10-150

4AAT Ao AiBDI ABT OAI RT O ET OAOAAOEIT T 08

Ve ~

Al EA OAAADPOI 00

~ ~

p8c¢c8 - AAOI A

#EAI EOOO EAOA AAOGAT T PAA OI PEEOOEAAOAA OODOAI
xEAA OAT CA 1T &# AEAi EAAI OPAAEAOG8 ' O OEA Al OA
OUl OEAOEA OAAADOI OOh xEEAE AOA ET OAI1IOAIAAROIA @
OAAT CTEOET T8 4EAOA OAAAPOIBOC EAGHI AEQRNOOA AAE
AAOAT UOEOh AT AT UOEAAT AEAT EOOOUNE GOA GEGEAATTAh O
ETEOEATT U AT T AAT OOAOAA AINA QOAADA T KT TADQ OEINERAEGA A
xI OE T &£ 0AAAOOAT AT A , Aei 8 3ET AA OEATh 10iAO

N~ s A ~

I EOAOAOOOAS

&I 11T xET¢C OEEOh OEA & AOO AgbAl AAA O1T EITAI O,
%POAT OECHRAT O OEAKOAAT 1 AAOI AO OAAADPOI OO xEOE AANE
I £# OEAOA ETAI OAA AOAOOAEO+1T YOOEI Oh OAOT OAEIT
Ei T 11T @2AAAI EQfr 1 YAOAT AO8 4EAOA 1 AAOT AUATI EA OAA;

OODPOAI I ARBADEAOOU AOA O OEAEO Ol ENOA& BDOOGMA O O



OE$ 4EAOEO #AOAO

35 %

u—Cyclodextrm

%éa

Hexahomotrioxa

Calix[4]arene .
14l calix[3]arene

CQECOGMAI ®1 AO T £ | AAOT AUAT EA OAAADPOI 00 OOAA EI

N Ve Ve Ve

p8c )1 OAOAAOEIT ETOII OAA ET 3¢

- z A x o~

ET OAOAAOGET T O AAOxAAT 111 AAOI Adbh 1 AAAET C O

ET OAOAAOET T O Pi AU A AOBOAEAI OIT1 A DOADEAAEDDE
AOOAI Al EAO8 4EA 1 AET OUDPAO T &£ ET OAOAAOGET T O EI

p8ad8p (UAOGT CAT AT TAO

(UAOT CAT AITTA EO A OUPA T &£ AOOOAAGEOA EIT OAC
AT OAT AT 61U ATTAAA O A3 O00/0A Ad AIADWGE A TAC AIGEOAT @
AT OT A ATT10q AT A AT T OEAO Al AAOOI T ACAIOBOA AAODI
AAAADOE QU4 cEOOI CAT h T @UCATh AT A ni i OET A AO
EUAOI CAT 8 7EAT EUAOI CAT AT OAT AT O61 U AT T A0 O 0O
AAT OEOU EO OEAxAA Oi xAOAO OEL 1A GAPAI RBO GAIEIEAC
DAOOCEAI bPiI CAOEDACEEABQGAOT CAT AOIT I 4 Al TA ®RAL OIE]
Al AAOGOIT 1T ACAGEOA AdI 18 (UAOI CAAERIITA EOOAMAADE
CATAOAT T U xAAEAO OEAT Al GAN AAKDO AT A AIOGO AMBIOO HDHDE

PT



OE$ 4EAOEO #AOAO

PAT A0 i1 OEA AEOOAT AA AAOxAAT OEA AOI

CSECOQAPOPAOAT OAOET1T 1T &£ EUAOI CAT AlTT1TAS8

P

p8c8c 2EAOGRIOAAOEIT O

s oAz e oA N s~ A 2~

O

AOi i AOGEA OET ¢q AT A Al AAEAAA] A AORIOI =gk IOFEO OEARO
ET OAOAAOETT AAOxAAT bi OAOOEOI AT A AAT UAT A EI
ET OAOAAOET T AAOxAAIGETOMAOGEOI AT A xAOAO j

Potassium cation

@

_ ., Benzene ring and
S—— n-cloud

&ECOQADPAOCAT OA@QEITTIOAIOA ADEGET TAAOXxAAT bPi OAOOEODI A

ET 1 17T1AAOI AG xEAOA Al A
T TT1TuUu &£ O1TA ET AOT I AOGEA OEIT c0O8 4EAOA OUOOA

Al

T ACAOEOA AEAOCA AAT OA AT A AAT T x OEAAPEAT BERAED
/1T OEA 1T OEAO EAT Ah AAOEI T O | bl OEOECBEANE AGAQETR
I £ BMBOOAI 8 4EA ET OAOAAOEIT EO DPOEI AOERU Al 4
ET OAOCAAQEI T AAPATAOC 11 DBOADUDADDOA, AECAEBAAAABE
AEAOCA AAT OEOEAO jAs8csh AiiTTTEOI AR ATl EAITE 1AC
O00T T CAO ET OAOAAQET 1 0821 DADEDEAOCOEDOBOOEDBOA]
AT EAT AA OEA ET1 QA OOKBEOERDAXKEEI BORDAO j Ascsh 1TE



OE$ 4EAOEO #AOAO

~ . -~ -

080 & OAOAAOEIT T O

Ay B OAOAAOET BOOAIOAT 0T ET OAOAAOET 10 OEDEGAE AAOC
OUOOAI O T A& AOT i ACEAZ BDIEG COBA IEEHA 0 AED QA @WREO AQ EON
xEEAE AAT 1 AAA Oi OAOET 00 @OEAABROIEABDOBKDEAT AT
AFAADEADAEQGOPMA 1

i)
40

face-to-face edge-to-face

(m-stacking) (T-shaped)

GECOQADOPAOAT OAGET T 1T £ OE A\ z0110 MAEABANC AT OA 200NN Al ARTO OEXAT O

p8c81 6 AITEBADO7TAAI O

6 AT AAO 7AAT O A OAACATAOATI Al GOEICDAOAEARBRAEDG OE/

y
ni OAOODAOET T O ET OEA Al AAOOI 1T AEOOOEABOEIT I x E (
T TATT AEOPAOOREDI AIAO AR GhA OMAEBRIEN BAOhRA EMITA AABEBT1AGA

, TTATT AEODPAOOEIT & OAAO AOA OEA 1100 O1 EOAOC
xEAT A1 AAGOIT O 111 AT OAOEI U Al O0O6AO 11T T11TA O
1T AECEAT OODBERQI XeEBDHHBN IEA OARAROERT OI 1 RAAOI A0 xE

AEDPT 1 AOh AT ECTIET ¢ OEAEO ®HITOE@EAMR AdEBN 112 CRAICEAR
xEAT A 1171 AAOGI A xEOE A DPAOIi AT AT O AEDPI 1T A EITAOG/
7AA1 O &I OAAOh OEI @CE | AIADEORA QAP WAUx RABDECT ENE 2
AREAGEA GG 1 AAOI AO AOOAI Al EAOS

PO



OE$ 4EAOEO #AOAO

-

p8c8u )il DAEO EIT OAOAAOQEI 1T O

)T T PAEOO ET OAOAAOEDAIOATA®AE TAO DWMAROETA TAAOX AAI
EiT 08 4EAODPOEIT BBEE OPAEO EIT OAOAAOEIT O EO Al AA
AEEEAOCAT ®DAEDAQ AKEI OABAT EOEAPEEDO AOA ET AEO.
I OEAONDADAGAIOBA EIT DAEOO T AAOOO xEAT A Oil OA
ETTOh OAAOAET ¢ OEA AEOAAO DEADAAT GOAODAEDIOOAG
A Oi 1 OAGBDT AOBAA® OAIEN O AEDR

)i OEA OPAAENEA AAOA 1T &£ A OAI O AOEACA AAOx
EUAOI CAT AiITAO AOA A& Oi AA EIRRECOMHAOLI T O1 EITI

lon-10n interaction H

R |
G-IIIIIIII(S_
Qusass H—N —R
- |
ydrogenbond [
SECOQADPOAOAT OACEIT 1T &£ OEA OAI O AOEACA & Oi AA AAOxAA’
300AT COE T £ EiI1T PAEO ET OAOAAQEI T O AAPATAO 11
OEAi 1 OAT O AT A OEA EITEA OOOATCOE8 )1 ANOAT OO
AT 60T PU ATA 1106 AT 6111 AEA £ OAAOS

pX



OE$ 4EAOEO #AOAO

Ve Ve

p8t1 ' OAOOO AT 1T OAEITEIT C I ETAAO .

' OAOOO AT 1 OAETEIC TETAAO AiiTTEOGI EITTO AOA
AEAT EOOOUR DAMMEAOCOAEITI DAGAAGEEITGAO8 4EAOA EITO
AOOAT CAI AT O 1T &£ EUAOT CAT AOT 1T O AOiI OT A A ANAT OO,
AT TAO AT A Al AAOOT OOAOEA ET OAOAAOQOET T O8 4EEO i A
ET OO 111 AAOI Abh OOAE AO AOT xi AOEAOOh AAI E@QA
AAAE]I EOAOAO A O1 0¢c NEO xEOEALN A OGBARI AA ®HOO AN EIOA
Al i bl AgAO8 3 O0AE ET OAOAAOQOEIT T O AOA DPEOT OAl ET [
AAl EOAOU OUOOAI 08

The importance behind the recognitionbioactive polyamines and derivatives that contain
ammino groups lies onthe fact that those molecules are essential in the human body for many
physiological processes, and the overor under-expression of those natural derivatives is
usually strictly related to different pathologies® J-amino acids, aliphatic and biogenic
bl 1 UAI E1 Adiho adds dre species with biological activity that share the biosynthetic
and metabolic pathways in the organism. Cadaverine is obtained from the decarboxylation of
the amino acid lysine through the azyme LDC (lysine decarboxylase), while starting from
ornithine, by the action of ODC (ornithine decarboxylase), putrescine is obtained and then
converted into the higher polyamines spermidine and spermine by the addition of aminopropyl
groups. PutrescineE O Al Ol A PakndbOpio lacdl (GABA), ran important
neurotransmitter of the CNS2 Agmatine is derived from the decarboxylation of the amino acid

arginine by the enzyme arginine decarboxylase (ADQ)

pu
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Tumour cells, due to the increasing activity of ODC, exhibit higher levels of polyamines than
normal cells, and this is thought to help cancer cells in maintaining their proliferative activity.
Considering that metabolic pathway, transport and in particular concentration of polyamines

are dysregulated in cancer diseases, they are exploited asnour biomarkers.'> Polyamines
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imbalance is associated to lethal diseases such as colorectal, lung, pancreatic prostate and

breast cancers’

Among biogenic amines, molecules such as histamine, tyramine, serotonin,
phenylethylamine (PEA), dopamine and mexamine play crucial biological roles. These
compounds contain an ethyl amino group, which, at physiological pH, can be protonated to form
a linear ammonium ion, contrbuting to their functionality in various physiological processes$
Serotonin (5-hydroxytryptamine, 5-HT), derived from the amino acid tryptophan, is a crucial
neurotransmitter involved in regulating mood, sleep, appetite, and gastrointestinal functiof?
Histamine, originating from histidine, plays a significant role in immune responses, mediating
inflammation and allergic reactions, while also influencing stomach acid secretion and
neurotransmission 2% Tyramine,2! derived from tyrosine, affects blood pressure regulation and
neurotransmitter release. Phenylethylamine (PEA32 derived from phenylalanine, acts as a
central nervous system stimulant, affecting mood, attention, and energy levels, and serves as a
precursor for neurotransmitters such as dopamine that is essential for reward, motivation, and
motor control. Understanding the structure and function of these biogenic amines is

fundamental for grasping their roles in neurotransmission and hormonal regulation.

Polyamines, especially cadaverine and putrescine, and biogenic amines, in particular
histamine, can be found in a great variety of foods like fish, meat, cheese, vegetables, and wines.
An increase in the concentration of such molecules, especially cadaveriand putrescine, can

be correlated to decomposition and food spoilage, about meat and figh.

r-aminobutyric acid, also called GABAis an important neurotransmitter of the central
nervous system synthesized through decarboxylation of glutamic acid by glutamate
decarboxylase (GAD). It is responsible for the regulation of neuronal excitability throughout the
nervous system, it has antionvulsive and sedative properties, and its deficiency causes
cerebral convulsions. GABA is converted in succinic semialdehyde by the enzyme GABA
transaminase (GABAT) which is subsequently oxidized to succinic acid, #undamental
intermediate of the Krebs cycle. There is evidence that GABA is involved in neuronal
proliferation, migration and differentiation.2* GABA and GABAergic system are implicated in

neurological and psychiatric diseases as Parkins@h Alzheimer2é and Huntington 27

Agmatine functions in the central nervous system both as a neurotransmitter and a
neuromodulator, influencing several key neurotransmitter systems, including those involving

nitric oxide (NO), serotonin, and catecholamines (dopamine and norepinephrine). legulates
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ion channels, notably voltagegated calcium channels and Mnethyl-D-aspartate (NMDA)
receptors, thereby affecting neuronal excitability and synaptic plasticity. Due to its broad range
of effects and potential therapeutic applications, agmatine is the focud ongoing research. It
exhibits analgesic and antidepressant properties and help regulate blood pressure and protect
against cardiovascular diseases. Agmatine affects the cell cycle by interfering with cyclin
expression and by inhibiting ODC. Consequewtlit has antiproliferative and pro-apoptotic
effects on cancer cell&8

6-Al ET T EA@AT | E A-amikd &l stiacfurallf like the amino acid lysine. It is
primarily known for its role in the production of nylon 6,6, where it reacts with adipic acid to
form the polymer's repeating units, but it founds applications also infte biomedical field in fact,
it is clinically used for the treatment of acute bleeding as antifibrinolytic drug working as

plasmin inhibitor and is used in cardiac and dental surgerie®

Lysine is an essential amino acid distinguished by its basic side chain with a terminal amine
group, which renders it positively charged at physiological pH. As one of the nine essential
amino acids, lysine is vital for protein synthesis, contributing to e formation of various
structural and functional proteins throughout the body. It is crucial for collagen synthesis and
plays a role in producing hormones such as insulin and growth hormone. Beyond its
foundational role in protein synthesis, lysine has emrged as a significant target in disease
research. Methylation of lysine residues on histone proteins is linked to critical biological
processes, including heterochromatin formation, >hromosome inactivation, transcriptional
regulation, DNA damage repairand DNA replication. Consequently, the presence of free lysine
residues on histones, which can be demethylated by lysirspecific demethylase 1 (LSD1), may

serve as a key indicator in various diseases.
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The use of fluorescent receptors merges the selectivity of the hegtiest system with the
sensitivity of fluorescence spectroscopy, enabling the detection of chemical species at

nanomolar concentrations.

A fluorophore is defined as a fluorescent chemical molecule that can-eenit light upon light
ADAEOAOGEIT T8 &1 O1 Ol PEI OAO OUPEAAI T U AilT OAET A
AT T AET AA AOT i AOEA COIT Ob Gpool bysten®. Aldkgoehte descrides T A O
the phenomenon of light emission by a molecule after the absorption of higher energy photons,
as illustrated in the Jablonski diagram(Figure 8). When a molecule in its ground electronic
state ($) absorbs a photon with frequencyz and energy E zit transitions to a singlet electronic
excited state (). In this excited state, the molecule can occupy various vibrational levels.

Through non-radiative processes, the molecule relaxes to the lowest vibrational level of the S
state. The molecule can then return to the ground state {Bvia different pathways: non

radiative emission (such as heat), fluorescence, or phosphorescence. Fluorescence typically

I AAGOO 11 A OEIAOGAATA T A& x pnnwY OAATTAOh xEEI /
AOl OOET C j)3#q T AAOOO 11 A OEI AGAAT A T &£ x piwo
Energy
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Y deactivation |
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Vibrational states

ﬂ Fluorescence H Non-radiative

> 4 ; relaxation |
4] Fundamental R

':f\,' ',I state

&ECOGKI ®B8EYEAA *AAIT1OEU AEACOAI 8

As the radiative return to the ground state occurs from the lowest vibrational level of the
excited state (Q), the emitted light has a longerwavelength than the excitation light. This
difference in wavelength, known as the Stokes shift, significantly enhances the detection of
fluorescence. The emission spectrum, which represents the fluorescence intensity across
different wavelengths, is expresed in arbitrary units (a.u.) that depend on the experimental

conditions.
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When a guest selectively complexes with a receptor, it causes perturbations in the pheto
induced processes, affecting either the energy levels or the relaxation mechanisms of the
fluorophore. These perturbations allow the detection of the analyte through various sensor
responses, such as photoinduced electron transfer (PET), photoinduced charge transfer (PCT),

the formation or extinction of excimers, or energy transfer.
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n + n CH,0 OH" + nH0
n Reaction conditions Yield (%)
4 NaOH/Ph,0; 120-259°C 49
5 KOH/tetraline; 80-185°C 10-15
6 KOH/xylene; reflux 83-88
7 LiOH 11-17
8 NaOH/xylene; reflux 62-65
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Bearing in mind the light properties of fluorophore molecules and the complexation
properties of calix[5]arenes macrocycles, this PhD project is focused on the design and
synthesis of new covalently linked fluorophore-calix[5]arene supramolecular sensors,
exploiting the ability of the calix[5]arene cavity to interact with appropriate guests that contain
linear alkylammonium structural unit, in order to perform molecular recognition and detection,
even at low concentration (< 1 M) via a supramolecular appoach. The presence of the
fluorophores appended to the calix[5]arene moiety enable these systems to follow the
complexation event by luminescenceThese sensors will be used to carry out molecular
recognition via a non-covalent approach, using different fluorophores that will translate the
interaction between the analyte and the recognition site into a visible or fluorescence output

signal.

The main idea is to functionalize a calix[5]arene scaffold with different fluorophore
molecules in order to obtain fuorophore-calix[5]arene supramolecular sensors for the
detection of different analytes, and, moreover, to follow the complexation event by fluorescence

spectroscopy,exploiting the fluorophore as an optical transducer, Figure 29 and 30).
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General Information. All reactions were carried out under N atmosphere. All solvents
were reagent grade. Commercial anhydrous solvents were used except for anhydrous-1,2
dicloroethane that was obtained though distillation over CaGl Reactions were stirred with a
magnetic stir bar and monitored by thin layer chromatography (TLC). Visualization was
PDAOAI Of AA AU AAOT OBBENM). SillcaFEgel5(400 meshg Wés uged for
chromatography purifications.

1H-NMR and3GNMRspectra were both recorded at 27 °C on a Varian UNITY Inova 500 MHz
spectrometer (tH at 499.88 MHz13C NMR at 125.7 MHz) equipped with a pulse field gradient
module (Z axis) and a tunable 5 mm Varian inverse detection probe PFG). Chemical shifts
are expressed in ppm. CD&Wwas filtered through a short basic alumina column to remove
traces of DCI. NMR signals multiplicities are described according to the following abbreviations:
s (singlet), d (doublet), t (triplet), g (quartet) and m (multiplet). Photophysical studies had been
performed in air-equilibrated solutions at room temperature in quartz cuvettes (1.0 cm path
length). The UV/Vis absorption spectra have been registered on a Jasco560
spectrophotometer and on a Jasco-¥50 U\+Vis spectrophotomeéer at 298K. Luminescence
measurements were carried out a Jobin Yve8pex Fluoromax P spectrofluorimeter, equipped
with a Hamamatsu R3896 photomultiplier and with a Jasco F8550 spectrophotometer at
298K. ESI mass spectra were performed using the LTQ Xlaga spectrometer, equipped with
H-ESI Il source, (ThermoFisher, San Jose, CA, USA) in full scan mode from m/z2®00 and
MS2 /MS3 modes. All measurements were performed in positive mode with a spray voltage of
275 kV. The capillary temperature was set t@00 °C, the capillary voltage to 20 V and the tube
lens to 120 V. lon trap CID (collision induced dissociation) measurements was performed with
a precursor ion selection window of 2 m/z with an activation time of 30 ms and helium as
collision gas. Extenal calibration was performed using the Pierce LTQ ESI Positive lon
Calibration Solution. Data proceeding was performed using the FreeStyle Software ver. 1.6 SP1

(Thermo Fisher Scientific).
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