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Phytochemicals

The term phytochemicalsrefers to chemical compousdierived from plants (phyto
derives from ancienGreek meamg plant), able to exert a beneficial effect on human
health.

Phytochemical is a definition that was made up from pharmaceuticals and nutrition
becausehey are contained mainly in edible plants, ttheyy can also be defined as food or
part of food thatimproves human health preventing or healing diseasglasses of
phytochemicalsnclude alkaloids, phenolic compounds, carbohydrates, organic acds
vitamins and they are used in the nutraceutidatdustry as componentsin food

supplements.

They have gained an increasiagiount ofattentionover the last few years given their
recognsed health benefits, their availity from sustainable sources and the fact that the
food supplement markeh which they are largely employed,is quickly growing because

they are not classified as drugs and they do not need to undergo complex pattern for
regulatory approval.

This opens up an issue related to fraudulent products with adefored or fake

compositia.®
In the work herein presentesivo of themain classes of phytochemicals were considered:

1 Soluble fibre (carbohydratepolymers such as fructoligosaccharides) and their
novel characterisation methods
1 Polyphenols derived fromconsumablesources: strucure activity relationship

(SAR) studies of their serrgynthetic analogues

The application and development of innovative methods for the characterisation of bio
polymers (soluble fil®) is crucial primarily for the food anchutraceutical industrygiven
the lack of rapid and efficient analytical methods for the quality control of those

phytochemicals in foodstuff.

It is a compelling issue especially giving that the presence of soluldadibsed to claim
prebiotic activity for the food produdt. is worth mentioring that the ternsoluble filve is
specific to certain structures classes e.g. in@imdfructo-oligosaccharides etc.



Characterisationof such materialsup until now, has been done by maskfference
However,it is clearthatthis cannot be gficient to support their presence and themka
associated with it in nutcauticals and foodstufind soprecise analytical methods and

moreprecise charactestionis essential

Thus the first part of this worfocuses on the application of a novelghiPerformance
Thin Layer Chromatography (HPTLC) based methddch wasdevelopedusingsamples
of Adansonia digitatdruit pulp to demonstrate this afgachgiventhe reported prebiotic
activity of this essential foad

The second part of this thesis foeasgnstead on structtiractivity relationship studies of
food phytochemicalsand their semisynthetic analogues on selected targets. Within that
research line new polyphenol analogues were designed, synthesised and evaluated on

different targets in order wetermine their potential as multéirget compounds.

Polyphenols have attracted great interest in the field of medicinal chemistry considering
their reported anitancer, antinflammatory, antioxidant, antiartherosclerotic properties,

as well as neuroand cardieprotective activities. They have been used in prebiotics,
pharmaceuticals, costies, nutrgeuticals and can be extracted from renewable sources
such as tea leafs, grapes, cocoa seeds and vegetables. Unfortunately, due to their poor
solubility properties in aqueous media and rapid in vivo metabolic breakdown they are yet

to be exploited to their full potential.

The fact that they have not exploited to their full potential yet, make this class of
phytochemicals interesting to work on, in ordettry to solve the discussed issues related

with them and to expand the project scope further.



1. Introduction to Novel Characterisation Methods inPhytochemicals

1.1. History of Chromatography

Until the 19300 sadsorption chromatography technique conceiveddwett (18721919),

was the method commonly used in the analysis of natural extracts. The necessity of having

a quick method to identify the different components of the mixture under analysis led to
the invention, by Il zmaidpenandhrrShmat dbgmrap Mi
thin layer chromatograph§fLC). In 1944 Consden et al. changed the approach to partition
chromatography using paperwhich from that moment onwards quickly became
universally used as stationary phase. In 19&Gfchen and oworkersthen introducedch

fluorescent indicator in the stationary phas#jch led to silica gel beconmg the new
preferredstationary phase for TLC. The termin layer chromatographwas created by

Stahl in 1956 and from there Merck created other kihdho layers to be used as
stationary phase, such as aluminium oxide layers. It is at the end B946@ ghat High
PerformanceThin Layer was commercialsed and thus the technique HPTLC sdrto
developfrom 1 987 when Gei s s p uFbnidamentale f Thidayer ma n u a
Chr omat oandial®88yhdournal of Planar Chromatographyas born.

1.2. Chromatography Theoretical Principles

The first principle under |lthaithe@gnalgtdsicamineat ogr a
in the samples move in thgstem in relation to their affinity towards the mobile and
stationary phase. Each analyte in a given chromatographic system has a partition

coefficient K (Equation 1.2 1Equation-1-21) that is the ratio between the substance | Formatta
corcentration in the stationary phase)(énd the mobile phase (L pt, Non

K=C4JCnm

Equation 1.2.1 Calculating the partition coefficient.

Assuming that the sample provided is soluble in both phasesuld distrbute itself
between thaéwo until reaching the partition equilibriunlthough it can appear that the
substances move with a different spgéa reality and inaccordncewith the solubility of
each analyte in the mobile phaseme substances will leattee column faster than others
(most soluble in the eluent are less retained by the stationary phase). Thisnmeshdtter
retention time in High PerformanceLiquid Chromatography (HPLC) or advancing to



higher retention factorR;,” values on TLC plat Substances which possess higher

solubility in the eluent, migrate less often per unit time.
In thin layer chromatography several factors contribute to determiri® shehas:

Dimension and model of the chamber
Composition and dimension of the thiryda
Flux direction of the mobile phase
Volume and composition of eluent

Humidity

S e o

Sample preparation

The most relevant mechanism in TLC are the following:
1.2.1. Adsorption

The stationary phase is genérah solid(although it can occasionally be an immaiat

layer of liquid and onthe surface the analyte interacts either specifically or-non
specifically. The degree of retention depends on the functional groups on each analyte and

on their steric structure. I n finolesspmlar phas
than the stationary. There are two models explaining the mechanism of adsorption
chromatographyAccording to the model of Snydeand Soczewinskith® the mobile

phase compesanith the analytes to be retained by the thin lagmithe sampleslisplace

the eluent molecugefrom the adsorption site on the stationary phase. The model of Scott

and Kucerd instead shift the focus on the interaction between the mobile phase and the

sample. Both models are valid mainly depending on the composittbe eluent.
1.2.2. Partition

Partition chromatography is based on the different solubility of the substances in the
samples in two immiscible liquid phases. The stationary liquid phase is imsadban a

solid usually porous support, either by absorption @ndbal bonds. In the case of using
polar bonded phaséPBP) such aa diol bonded phase (useful for carbohydrates) the

mechanism is more complicated and adsorption must be considered as well.

" Ry is defined ashe difference between the substapositionon the TLC plate and the eluent front.
4



1.2.3. Complextormation

The retention principle is another possiblechmmismandit is based on the reversible
formation of coordinad complexeshetween Lewis acids and bases. This system is
particularly useful in separating compounds according to the degree of saturated bonds or
steric effectgchiral compounds caalsobe separated through complex formajian this

type of chromatography, the stationary phase can be impregnated with Lewis acids, such as

metal ionsOther separation mechanism include:

1 lon-exchange chromatography
1 Size exclusion chromatography

71 Inclusionchromatography
1.3. Thin Layer Chromatography
1.3.1. Planar Chromatography

High Performance Thin Layer Chromatograghy?TLC) is themost recenapplication of
planar chromatography and together with column chromatography is a degeligtd.
The stationary phase iMLC is a thin layer of solid material immols#id on a plain

support.

Is common to place the TLC plate vertically in the TLC closed chamber with the &luent

the mobile phase exploits the capillary forces to proceed on the stationary phase and move
the andytes along it until the plate is removed from the chamber. Capillary forces are weak
and generated by the elusmtecrease in free energy when it starts interacting with the

porous matrix of the TLC plate.

The research on TLC has recently produced teghnologies Figurel.3 1Figure1-31) to Formatta
pt, Non (

enablethe technique not only to become more reproducible and efficient but asalite
quantitativeas well agjualitative analysisThe stationary phase, sample deposition, elution
and detection are critical points and thus several tools to better control these steps have

been introducedsuch as

1 High performance thin layer plates which have the same characteristic of stationary
phase of HPLC columns
1 Automatedtools for sample depid®n

New elution systems



1 New techniques for plate analysis, such as densitomethjcl{ also enables

guantitative analysis)

The main innovations in terms of elution phase has been AMD (Automated Multiple
Development) in which the developing chamber isrnfetically sealed and the
environment is controllednder an atmosphere nitrogen This is in order to avoid the
contact with oxygen which could induce the eventual oxidation of the analytes.
Furthermore, this controlled atmosphere prevents the eveadsatption of water on the
thin layer (due to humidity) which could affect the separating ability of the thin [ales.
technology also enables very high efficiency through the possibility o&irepiulti-step

gradients as the one presented in thésetitation.

Another innovation in modern TLC is given by tioeced flowsystems that enablbe user

to increase the speed of the flow or to keep it constant.

OPLC (Over Pressured Layer Chromatography) was introduced irl®@d sIn this
technique, amflatable cushion exerts an adjustable pressure on the TLC plate and a pump
pushes the mobile phase through the stationary. This enables sapitymiofthe flow

speed and remaV of the vapour phase from the system.

HPTLC (High Performance Thin Layer Gdmatography) use the pressure to move the

mobile phase.

In RPC (Rotation Planar Chromatographyhe plate of the stationary phaseound The
sample can also be applied inline with the mobile phase besides applying it before the
development as in thehwr TLC technique. The development mode can proceed from the
centre of the plate outwards or from the outside towards the Zentre

Among the forced flow method®EC (Planar Electro Chromatography) should be
mentionedas anotherecent development. It isabed on aelectroosmotic flowwechnique
generated applying an electric field along theomatographic systerito date thisis used

only in the characterisation of ideal mixtdre
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Figure 1.3.1 Planar Chomatography techniques: TLC (Thin Layer Chromatography); HPTLC (High
Performance Thin Layer Chromatography); AMD (Automated Multiple Development); RPC (Rotation
Planar Chromatography); OPLOVer Pressure Thin Layer Circular Chromatography); PEC (PlaeatrEl
Chromatography); RPC (Rotation Planar Chromatography).

1.3.2. Chromatographidarameters
Some of thedndamental parameters in TLC, beside the retention fRctoe:

Partition coefficienK

Retention factok 0

Selectivty factora

Separation efficiency

Equivalent height of theoretical platd$ETP)
Number of theoretical plateBl)
ResolutionRs

Separation factorS)

Optimisation parameter

=4 =4 =4 4 4 -4 -4 A5 A -2

Velocity constank

The partition coefficientK is a thermodynamic constant which descrii@s partition

equilibrium between the mobile phase and the stationary phase of a given #nalyte

(Equationl.3 1Eguationt-31). Formatta
pt, Non (




K= [Astationary [A mobile]

Equation 1.3.1 Equaion for the partition coefficient.

The retention timek &is, instead, a kinetic constant, which can be experimentally
determined It describes the speed of analytes along a chromatographic systesn.
defined as the ratio between the time that the sdpend in the mobile phase and the

time it spends in the stationary phase. It can also be described as the ratio between the

amounts of solute in thevo phases in a precise moment.

In planar chromatographyo efficiently separatéwo compoundsthe chomatographic
systemmust be selectivand thecompounds need to be retained to a different extent. This
means that the partition coefficients of the species under analysis have to be sufficiently
different to result in a selectivity factor higher than 1.

The lectivity factorUis described as the ratio between the partition coefficient of the two

species under analysishcaK; > K, (Equation 1.32Equation1-32). Thusfactor a is Formatta
t, Non
always > 1. =

a=K;/ Ky
Equation1.32Equati on for the selectivity fact

The separating efficiency in chromatography, also depends on the band witehimg
wider the band the lowethe separation efficiencyBand widening is a phenomenon
dependenton several factors such as turbulent and molecular diffusion, mass transfer
effects and retention mechanism of solute that is specific of any system mobile

phase/solute/stationary phase.

Each of the effects mentionedave ae more or less determined adtiog to the

characteristic of the chromatographic system.

The band widening in TLC means an increase of the surface area of the spots, in capillary
flow conditions the determining factors are connected to the dimensional distribution and
the average sizef the stationary phas#.the particles have an average size aroungri2

and are characteadby irregular shape and distribution, the band widening depends on the
packing quality, related to the turbulent movements and to the mass transfer process that

are particularly slow. The efficiency in this case is limited by the entity of those effects.



In stationary phasecharacteged by smaller particle size, with homogenous distribution
and pheric shape (high performance thin layers) and short migratistarsies the

phenomenon is regulated only by the particle ¢ogimal particle size are around6s

pum).

The development of high performance thin layers has enabled thin layer chromatography

to discuss separation efficiency through the following concétRT the height of the

theoretical pIatéSSand the number of theoretical platés)(ationl.3 3Equationt-33). Formatta
pt, Non (

e 0

(

Equation 1.3.3 Number of theoretical plates as ratio betweenratign distance of mobile phase L, and

height of theoretical plates H.

The theoretical plate number depends on the migration distance of the mobile phase,
migration distance of solute and on the amplitude of the spot in the direction of the
developmentThe packing and the particle size of the stationary phase are critical for band
broadening during analysis. HEPT can also be seen as the ability of the system to reduce

band broadening giving narrow bands.

Fundamental in chromatography is the Van Deemeteiatian Equationl.34Eguation Formatta

1-34) asit links the different factors contributing to band broadening. pt, Non ¢

Equation 1.34 Van Deemeteequatior8

In the above equatiom is the height equivalent to a theoretical pl#ds constant term
dependenbn the average particle size and homogeneity of the stationary gma€eis
constant and is related to longitudinal diffusi@mbecomes less relevant with the increase
of u which is the flow speed in cn)/sThe termC instead is related to stationary phase

mass transfer.

Given that in HPTLC the particle size is reduced and homogeneity increased comgared to

conventional TLC plate, the band broadening is redyeenlife 1.3 2Figure1-32). Formatta
pt, Non (

AThe height of theoretical plates (HETP) is the ability of a chromatographic system to generate sharp peaks
9
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Figure 1.3.2 Particle size distribution of the stationary phase in HPTLC and.TLC

The flow also depends on the stationary pheseell asthe characteristic of the mobile
phase and for this reasdhe effect of varying the mobile phase has on the elagenhgth
is studied in the optirsation of the gradier?

Another parameter to take into account is the resoliRitretween twgealsin the

chromatogram, which express the separation between two compounds.

It depends on selectivity facttk plate numbeN andkd ¢ a p a c (Edugtionf act or @
1.3 5Equationt-35). In generalit is the combination of stationary and mobile phase to P, Non ¢

determine the system resolution.

iy Pl pd 25 o
Equation 1.35 Equation for the resolutioRs.

1.3.3. StationaryPhase

In thin layer chromatographthe stationary phase involvewo principles: adsorption and
partition. In adsorption chromatography, the two main factors determining the activity of
the stationar phase are the dimension of the area of the activated surface and the surface
energy for surface unit. The activated area affects the number of adsorption process that
can happenall together, and effect of the deactivators on separation. The wider the
activated area the lowehe deactivators. For hydrophilic stationary phasef¢asilica gel

or alumina), the main deactivator is water.

10



Variation in the activated surface area can affect:

Spots dimension
Rf values
Selectivity

Speed migration of eluentaiint

= =2 =4 A4 -4

The position relative to multiple fronts that are often formed wwhemobile phase

is constitutd of several solvents

The surface energy affecthe strength of the adsorption interactiand it is generally
assumedthat this value is independent fro the surface activated areldowever, its

average value for surface unit decresasgth increa;ngthedeacti vati ondés ef
surface energy reaeh a stable value when 20 to 50% of the active sites have been
deactivated. The highest energetic sitesthe ones that are deactivated fildte Snyder

equation relates the activities of stationary phase with characteristics of the analyte and

solvent™
It shows that separation efficacy is strongly dependent on:

1 Particle sizel{m)
1 Specific surface area ()

9 Diameter (U) and pores volume (mL/g)

The most common adsorbing material use800o of cases) is silica gelts activated
surface contains free silanol groupsSi{OH), which are responsible for the polar
characteristics of silica layeand siloxanegroups {Si-O-Si-). Silica 60 most widely used

andhas a averageporediameter of 60 A.

Alumina is another stationary phasemmonlyused(for acid sensitive compoungddt is
highly polar and possess characteristics of both cationic and anionic exg®

Stationary phase for partition chromatography are generaljified (Figure 1.3 3Figure Formatta
) pt, Non (

CH
/ ALV
i SitOH +Cli Sit R—> 7 Si7 O7 SiiR
\ \ \
CH,; CH;
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Figure 1.3.3 Modified stationary phase.

R can either be an alkyl groufor hydrghobically modified (reversed phadeP) layers,

or a substituted alkyl group in the case of hydrophilic thin layers.

The main alkyl groups in reversed phase are methyl, octyl, dodecyl, octadecyl. The
hydrophobic character of those phases dep@mdchain length and on substituent R, the
longest the less polar, and from the degree of modification of the support (its degree of
porosity affects the efficiency of substitution).

The R of the hydrophilic modified thin layers instead are functionalpgf different
polarity, such as the ciand C;H4CN), the dol (i CsHsgOCH,CHOHCH,OH) and tle

amino groupsi(CsHgNH;).*?
1.4. DevelopmentSolvent

The characteristics that the development solvent should gaagegurity grade, chemical
stability, low viscaity and easy handlin@during the solvent selection proceis strength
and selectivity must be consider&blvent strength is defined by three main parameters:

Hildebrand solubility parameteii), power of absorptior), and polarity parameteP (B

Hildebrand solubility parameted constituts a measure of the degree of molecular
interaction (Van Der Waals) of the solvent. It represents the densibhesiwveenergy €)

of the solvent ands experimentally obtainethrough Equation 1.4 1Egquationt-41, in Formatta
pt, Non (

which DH is the vaposation heat, R the fundamental gas constant, T the boiling point o

the solvent, V, the molar volume of the solveht

U:\/E: M

m
Equation 1.4.1 Hildebrand solubility parameter

The power of absorptiony is the main parameter to consider in adsorption

chromatographySnyderdefined inEquationl.4.2Equatient-4-2, whereEs, refers to the @
adsorption energy anik is the molecular surface occupied by the solvent. pt, Non

ESa
As

U=

12



Equation 1.4.2 Equation for the power of absorption fact8r

In Snydes definition it is assuned that the adsorbent surface is completely occupied with

solvent (S) and solute (Xand compete withone another according tthe equilibrium

reported inEquationl.4.3Equationi-43. In Equationl.4.3Equationi-43, X, andS, refer @
to adsorbed molecules of sté and sovent respectively, whereaX, and S, refer to %

Formatta
molecule that have not been adsorbed of solute and solvent respectively pt, Non ¢

NS+ XyD Xa+n$§,

Equation 1.4.3 Adsorption equilibrium.
The overall retention equation in adsorption chromatograghghown bela (Equation Formatta
. t, Non (
1.44Equationt.44). P o

Rm= logava Y28+ a Ax- Ae)
¢ Vm=

Equation 1.4.4 Retention equation used in adsorption chromatography.

The highestinteractions between the solute and the adsorbent will resalthigherRm
and consequently the const&npand lowerRf. Theoptimal value foikk @s between 2 and

5 for a bicomponent samplandbetween 0.5 and 20 for a muttbmponent sample.

The parameter mostidely used in partition chromatograpliglthoughit is also used in
adsorption chromatographys the polarity parameteP pexperimentallydefined as the
sum of thes o | u b inlthie tsojvéns under examination of three standard molecules:
ethylic alcohol (hydrogen donor), dioxane (hydrogen acceptor) anoim@thane (high

dipole moment). It can range betwe@rand 10.2 (which is water poiiss).

It is common practice to use a mixture of solvents in order to adjust the eluent stoength

specific applicationsP dn a mixture ofn components is defined accorditm Equation @
1.45Equationt-45, wher e 0 mefradtidnef the compounds aRddis the mean Pt, Non ¢

of the polarity of the pure components.

épli¢i

i=1
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Equation 1.4.5 Equation for the mean polarity of pure components.

It is worth mentioing that the solvent strength depends on the interactions with the

stationary phasandit increass with its polarity in normal phase chromatogragmstead

in reverse phase it decreast"®

Solvent selectivity is determined by molecular interactions Gard afect the separating
efficiency powerthrough polarity and hydrogen bondShe dispersion forces cause
fluctuant polargation constantly moving on the molecular surfasjch induce weak
attractive forces. These are the only companhentthe molecular intaction of polar
solvents.The degree of polarity théfhetemporary dipole confer to a molecule are related

to the surface area, thus the bigger the molecule the bigger the interactions.

Hydrogen bonds can instead be evaluated from the point of vieweofnteractions
betweenelectrondonos andelectroracceptos and the reactivity can bealescribed of
Lewis acid-base A practical method to represent ttatal composition is the construction

of a selectivity triangle.

Assumingthat theHildebrand valuei is the same for all substances it can also be assumed

that the solubility characteristic of compounds are determined not from the differences in

the total value ofl, but from the contribution related to the three interactions forces that

compose it.
dh=dp+dp+ dy
Equation 1.4.6 Hildebrand total parameter.

In Equationl.4.6Egquationt4.6, dr is the Hildebrand total parametek, is the dispersion

componentds polar componet anddy hydrogen component. Based on this hypothéses

fractional parameter$ (Equation 1.4.7Equation1-4-7) which represent the percentage
contribution to thehreecomponentsre reported on the side of a triangle.

— dD — dP — dH
fp=n—2>—— fo=n—P f,=—H
a, +d, +d, a, +d, +d, d, +d, +d,

Equation 1.4.7 Equations for the three components.

In this way it is possible to obtain a selectivity triangle in which eapbt of the area
represent a precise force composition. The Teasgle figure 1.4 1Figure1-41) has a
theoretical meaning more than a practical. dries because solvents are not all equivalent
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and sothe solvents locadation in the triangle needs to be adjusted with experimental

results. The triangle is mainly an empalisystem

DIPOLE

0
100 " && fe
AVANY
— © VAN -
10 f FAVAN "
H /o,
a Vi 0
0

o — 100 HYDROGEN BOND 0 10 20 3 4D o 80 70 S0 90 100
DISPERSION

Figure 1.4.1 Teas triangle.

Snyder has described a triangular selectivity of solvents #Hs ltgedefinition takes into
account the dipolar interaction, protanceptor and protedonor characteristics, which
are the parameters that define the polarit

fractional values x that locate the solvents tbe triangle are xd, xa and XRgquation

1.48Equation1.4.8).

Formatta
pt, Non (
Colore c:

_ ethanokolubility (H - donor)
Pl

Xq

_ dioxanesolubility (H - acceptor
a Pl

_ nitro-solubility - methan€dip ol)
n Pl

Equation 1.4.8 Synders equations for solvesglectivity.
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Snyder also classified the solvent®irightselectivityclassegFigurel.4.2Figure1-4.2).

H-ACCEPTOR

&0

—-v
"
FORMAM IDE:
v v
Vil

I CHLOROFOR

H-DONOR u]

O 10 20 30 40 gg 60 70 80 90 100 ppoLe

Figure 1.4.2 Synders classification ablvents.
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In order to choose the correct solvent mixture for a separation, the optimal strength is

detected and subsequently the selectivity of the solvents is considered.

1.5.

As previously mentionedcritical steps in Thin Laye Chromatography aresample
deposition, elution, derivaition and detectionWith modern planar chromatography

techniques, these steps are autehavhich enables optinsation and reproducibility of the

technique.

Modern Planar Chromatography

Deposition happens by means of a migrimge

which enables the deposition of thin bands which are

characteged by fixed length and homogenous

distribution, small amount of sample-%1uL), thus

avoiding overloashg of the samples that would

affect resolution and efficiency. This depositiob "

met hod

$pray-ona me t (the dolvent

completely evaporates during the progesnd

deposition of samples through this automated method-

make the separation efficacy independent from the

Figure 1.5.1 Linomat 5 apparatus.

nature of the solvent. This also enaltlee operator
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to deposit mltiple times along the same band if needekich is very useful especially if

the standarddéds addition met hod mast be used

Another advantage of using the automated depositor CAMAG Linonfagtré 1.5.]1 is

the opportunity to start from a single dilutsdlution and deposit different traces at
different concentrations, generating migtvel calibrations with a noteworthy time saving.
The sample deposited through the CAMAG Linomat 5 is nebulised in nitrogenTfiex.
dimension of the band, the volume tbfe deposited sample, the distance between the
borders of the plate and the traces can be selected and saved to be reptedhined

times

In the elution process, using the Automated Multipeveloper Figure 1.5.2Figure1.5.2) Formatta
pt, Non (

offersseveral advantages. The TLC plate is placedhiis@ated andlosed chamber under
nitrogen atmospherd@his avoids the condensation of molecules of mobile phase on the
thin layer affecting the developmeandit enables the speed of solvdrint to become
independent from the saturation degree of the vapour phase. Operating in controlled
atmosphere also enables to avoid the deactivation effects exerted by water molecules due

to humidity and it enables better separation efficiency and higpevducibility.

Figure 1.52 AMD apparatus

The main advantage of the AMD is the possibility of ameliorating the resolution through
band concentration. It enables the automated development followingiasteplgradient,
in which the solvent strength decrease increasing the number of elution and this decrease is

combined with an increase of the development distance.

17



The separating ability of this technique is comparable with HPLC methods and separation
can be refined for eh segment of the chromatogram. In planar chromatograplsy
possible to perform mono and-dimensional separations. In the first case, the TLC plate is
developed up to a chosen length for chosen tinedsrethe development is stopd and

solvent removed(the elution process takes place

several times This strategy, used in the separation of j/' ;r'
complex matrices, allows the variation of

experimental parameters such as plate length, mobile
phase composition in each development and the

number of developments.

Weak eluents are necessary to separate substances th
are less retained whereas components strongly

retained are separated using stronger eluents.

Figure 1.53 Immersion device

An important characteristic of the development proces m

the concentration mechanismhthe bands, which increase

the efficiency of the layer counteracting the diffusion process of the zone. Each time the
stationary phase compress the spot in the direction of the development, the spats that
initially roundin shape, gradually turns taval and eventually turns to be a thiand. This
happendecause the mobile phase firstly interacts with the molecules in the bottom portion
of the spot, starting moving them, when the eluent front surpass the concentrated spot, this
migrates and enlargeaccording the same mechanism common to thin layer

chromatography.

The derivatation of the platess performed through Chromatogram Immersion Device IlI
from CAMAG (Figure 1.5.3 which is an instrument composed a dipping apparatus
controlled by a time which dips the TLC plate in a dipping chamber, enabling an
homogenous and more reproducible method for desatain compared to the spray
method normally used.

As a detection system,adernchromatography uties densitometry scanning, which is a
tecique that enables not only qualitative but also quantitative determindttoa
instrument used is a CAMAG TLC ScannerRglre 1.54Figure-1.54) interfaced with @
the software winCATSAccordirg to the signals registerddbsorbance or fluorescenc P, Non (
produces a densitogram which is similar to a chromatogvaere the peakmaximum
correspondto the maximal density of the spot on the plate.
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P
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o
Radius /- .
4

Measurement photodiodeA

Figure 1.54 Scheme of action mechanism of Scanner 3D

Taking into account that samples are adsorbed and dispersed in a solidanesthbbe to
cause light scattering, the instrument generally works by reflectance androwght
transmittance. Th8eeii Lambertlinear epression is not usable. Normally the HAorear
Kulbeka Munk is used in HPTLC(Equation 1.5 1Eguation1-51) where Rq

reflectance of an opaque layer inf@ly thick, Sis the scattering coefficient]is the molar

adsorption coefficient of analyte ands the analyte concentratioh'’

(1- R,) _2303G@
2R, S

Equation 1.5.1 KulbekaMunkequation.

The fluorescence measurement has a low background aondséhe signal is a linear
function of the quantity of sample in a concentration range bettmeeand threerders of
size. The equation in this case shown in Equation 1.52Eguation1.52, whee F is

defined aghe intensityof fluorescencsj, is the quantum yield,, is the excitation source,

Uis the adsorption coefficierth,is the TLC thicknesandc is the sample quantity.

F=/ 0,ebd@
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Equation 1.5.2 Equation for fluorescence measurement.

1.6. Adansonia Digitataand Prebiotics

The African Baobal{A. digitata) is a tree that belongs to tBe@mbacaceaémily, gender
AdansoniaspecieDigitata andit spontaneusly grows in Africa gnespecis), in Australia
(one specis) and in Madagascarsik species) The various species diffem the
morphological characteristics of the flower. TA€ansoniadigitata fruit pulp is mainly
used as food due tils high nutritional properties, (energetic value 20£l/100gand
836kJ/100g). Baobab fruit pulp is 445 cm long and -85 cm largeandit is coveed bya

hard shellthe shell has an ovoid or cylindrical irregular shHape

It is composedf a ligneous, hard and capsiudkape epicar@ndit is also covered by

greenyellow hair, the endocarp of the fruit constitutes its pulp.

The endocarp of ripe Baab fruit appearsff-white dehydrate and powdered and it has a
characteristic acidic taste due to the presence of organic acids such as: citric acid, tartaric
acid, malic acid and succinic acid. Several parts of it are used daily in the diet of rural
communities in West Africa as reported by Brady (20¥%Jo support its use and as proof

of Baobab relevance as muftirpose specjeit is worth mentioning that the Forestry
Department of the Food and Agriculture Organization (FAO) of the UN has reported
information onA. digitata (FAO 1988)*° The main reason for its use as a nutrition
foodstuff and the relevance for the food industry, resides in its high nutritional vaiiges,

to the high fibre content, carbohydrates and high antioxidants coAtéht.

The fuit pulp is also used in the traditional medicine for its prebiotic acfi¢ifihe term

prebiotic refers to a nedigestible food ingredient able to beneficially affect the host by
selectively stimulating the growth and/or activity of a limited numbebaafteria in the
colon leading to impPovement of the hostos

Roberfroid* revisited the concepand concluded that prebiotics should be evaluated

according to three criteria:

1 Nondigestibility,
1 Fermentation by intestinal microflora,

1 Selective stimlation of microflora leading to health benefits.
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Increasing the assumptiadhat Baobab dry pulp leads to an increase ofdbibacteria
population and lactic bacteffathe gut microflora is capabls using complex sugars such
as oligosaccharidésuch adnulins and fructo-oligosaccharidés(Figure 1.6.1)and xylo-
oligosaccharides® (Figure 1.6.2)ps a source of carbon.

H —0_OH

lon H
CHOH H i
L, 1H  OH
H OHI O
CHLOH o CH,OH H  —0
4 I “'\
OH
H T H CH20H0 H » | H
KH / | o H ol .
OH H
o | 0
OH CH,OH i o,
OH
H OH OH H HO H

H OH
n
Figure 1.6.1 Fructo-oligosaccharide structure  Figure 1.6.2 Xylo-oligosaccharide structure.

Y Oligosaccharides are carbohydrates with a polymerisatigredeanging from 2 to 10 monomeric units.
8 Fructooligosaccharides (FOS) are carbohydrates composed of glucose and fructose subunits with a
polymerisation degree between 3 and 10.

" Xylo-oligosaccharides (XOS) are xylose polymers connetted ¢ u-trhcorbposing the hemicellulose
of the plants cell wall. They have a polymerisation degree between 2 and 10 and they are known as

xylobiose, xylotriose, and so on. Xylobiose (DP = 2) is considered to be-aligtsaccharide in food
applications.
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2. Novel Characterisation M ethods Applied to Phytochemicals: Aims

and Background

This firgt portion of this dissertation focuses on novel charasetgon method applied to
phytochemicals. Iiparticular,a new approach to bipolymer (soluble fibe) determination

was developed by means of High Performance Thin Layer Chromatography (HPTLC).
Qudlity control is an importantissue in the food industryrowever,the lack of rapid and
efficient analytical method®ften hindes adequate and efficient characterisation of
foodstuffs.The aim of thigesearctwas to applya recentlydeveloped precise, Irable and
green method for the qualitative characaion of oligosaccharides in complex plant
matrices, usind\dansoniadigitata asa case study.

In the food industry, it is commonpracticeto provide technical data sheets wherein
information on soluld fibre is given as a difference massfrom other components (fat,
proteirs, etc.) Identifyingthe presence of certain soluble fibres in foodstuffs is important

as thisis often used to claim prebiotic activity for the product.

Considering that the exprs s i o n fred & lusedtb eeferftepdeific structures such
as inulins, fructo-oligosaccharides,xylo-oligosaccharides etcit is clear that the
charactesation by mass differencalone,cannotbe used tosupport such a claim and

more specifi@analytical method arerequired.

To demonstrate the application @iir novel high performance thin layer chromatography
(HPTLC) method,a sample ofAdansonia digitatafruit pulp duewas used dudo its
previouslyreported prebiotic activityHigh performancdiquid chromatography (HPLC)
was used in order tealidate the results before and after hydrolytic treatpadstained by
HPTLC. Widely accepted solvent and solvent/ultrasound assisted based extraetiwds

were used or adapted for preparation of Hrages

In a second study, theampleswere submitted to enzymatic digestioand after
optimisation of the enzymaticonditions,the polymer obtainedvas submitted to acid
hydrolytic treatment in order to specifically identify the&onstituent componentand

confirm the results previously obtained
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3. Results andDiscussion

3.1. Novel Characterisation Methods in Phytochemical Analysis

Adansoniadigitata dry fruit pulp was chosen e samplein this study due itpreviously
reported prebiotic activity angiventhe relevancé has in the support afiral community

in Africa. De Caluwé et alpreviously showedhat increasing concentrationstiobaldry
pulp led to an increase in the population of bifluhrteria and lactic bacteria because the
gut microflora § able to use complex sugars such as fratigmsaccharides and xylo
oligosaccharides etas a source of carbgh

Furthermorethe Forestry Department of the Food and Agriculture Organization (FAO) of
the UN has reported information @éwansonia digitatd and the International Ceetfor
Research in Agroforestry (ICRAF) continues to promote its use as a multipurpose species.
It is worth mentioning thahaterialshaving low pH, high nutritional value and a relatively
high content of antioxidarftsare oftenpromotel as a nutritious foodstuf Up until the

start of our investigations)o detailed analyses éfdansoniadigitata dry fruit pulp were

reported in the literaturiethe determination was always performed by mass difference.

Initially, the aim was t@pply our newly developed methtmlthespecificcharacterisation
of the oligosaccharides composing tAdansoniadigitata dry pulp and to validatethe

methodon ths case study

The detailed analysis presented herein started with the extraction giaon®f accurately

weighted baobab driegdulp following (or adapting methodspreviously reported bipavis

1° and Wei et al®*' or Jaine et al®?

et a Samplesfor analysiswere preparedhrough

extractionwith cold or hot water undenagneticstirring, with orwithout the assistance of

ultrasoundTable3.11Fable3-1.1). Formatta
pt, Non (

Ultrasound has been reportadone of the most effective toole extract polysaccharides

such as inulinsfrom various plants tissug§* whereas extractions with mixture of Formatta

. . hi ,
methanol/wate62.5% v/y*° and pretreatment with acetonitrile areported to beiseful ilu:jura
for the removal of free sugatSExtraction with ebanol/wateiin a rato of 70/30 was also Formatta

chiusura,

employed®™®* Centrifugations werperformed usingn ALC 4242 centrifuge at 3500 rpm 11 pt

Formatta
chiusura,
11 pt
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Table 3.11 List of samples obtned with different extracting procedures.

Entry | Samples| Concentration Extraction Further processing
before supernatant
collection
1 Al 0.97 g/100 mL 12 h stirring 30 minutes
distilled water centrifugation
3 A3 1.02 g/100 mL 15 mL distlled water heated to 60 °C for 3 After each step 30
distilled water minutes, 15 minutes ultrasound at 20 °C minutes
30 mL distilled water heated to 60 °C for : centrifugation.
minutes,15 minutes ultrasound at 20 °C Supernatant
collected and
30 mL distilled water heated to 8C for 30 subsequent draws
minutes,15 minutes ultrasound at 20 °C were made on the
25 mL distilled water heated to 60 °C for & bottom body,
minutes,15 minutes ultrasound at 20 °C collecting all
supernatant
fractions.
4 A4 1.00 g /200 mL 45 minutes ultrasound at 75 °C
distilled water
5 PTAS 1.00 g/50 mL Pretreatment: 10 minutes stirring, 30 minutes
acetonitrile ultrasound assisted extraction after 15 centrifugation.
(PTA5) minutes.
6 PTAS5, 1.00 g/50 mL Pretreatment: 10 mirtes stirring, Pretreatment; 30
A5 acetonitrile ultrasound assisted extraction after 15 minutes
(PTA5) minutes. centrifugation.
Vacuum evaporation of the bottom body Supernatant
from pretreatment and extraction with collected.
mixture methanol/water 62.5% under 10 minutes
stirring. centrifugation (6000
Ultrasound extraction at 55 °C for 15 rpm).
minutes and vortex agitation eyes
minutes for 20 seconds.
7 A6 1.0g/250 mL 50 mL ethanol 70% heating 100 °C for 1! 30 minutes
EtOH ethanol 70%, minutes. 30 minutes centrifugation centrifugation after
50 mL water collecting supernatant on the bottom boc each extraction test
extraction with ethanol, repeated 3 times
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Final extraction with water at 8@ for 10

minutes.EtOH fraction collected

8 A6 H,O | 1.0g/250 mL 50 mL ethanol 70% heating 100 °C for 1! 30 minutes
ethanol 70%, minutes. 30 minutes centrifugation centrifugation after
50 L water collecting supernatant on the bottom boc each extraction test

extraction with ethanol, repeated 3 times

Final extraction with water at 80 °C for 1(

minutes.

H,0 fraction collected

Refractive index (Brix index) wassed to determinéhe dry substancein the aqueous
samples.expressed as thealculated %in w/v for the samples which weri@ aqueous
solution The results oénalytical deterrmations for sampkeA1l (26%), A3 (32%) andA4
(21%) are reported ifTab 3.1.2.

Table 3.1.2 Brix index for water extract solutions

Samples Brix index (% wi/v)
Al 26
A3 32
A4 21

The values obtaineflom the brix index measurements for samples Al andd#espond
to the certified concentration of solublerée contentFigure 3.1 1Figure3-11), reported
by the analysis certificate of thieaobab dry fruit pulp used to prepathe samples
presented in this workTable 3.11Fable3-11). The value registered wasdightly higher
for sample A3 but it did not exceed the amount of sokilfibre plus sugar content
according to thenalysis certificat¢Figure 3.1 1Figure3-11) ranges between 28.3 % and
31 %.
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Dietary Fibers
Average values per 100g of fruit pulp.

Soluble dietary fibers 21.6-23 g/ 100 g.
Insoluble dietary fibers 21-22.9 g/100 g.
SUGARS

Average values per 100g of fruit pulp.

Glucose 3.4-3.79/100g.
Fructose 3.3-3.89g/100 g.

Figure 3.11 Dietary fibre and sugar content by analysis certificate of the dry fruit pulp used.

After this first evduation and some preliminary triglssamplesobtainedthrough the

extraction procedures describéd (Table 3.1.1Fable-3-21) were loaded onto the diol

HPTLC date at volume of-b and 10 pL.

Figure 3.1.2Figure3-1.2 shows the developed plate in whisblutions ofthe standardat

1000 ppm were prepared insalventmixture acetonewaterin ratio 2:1, applied and
compared to samples loaded 1 pL. The samples deposited at 5 and ri0 were
floveloade d @nd subsequentlythe tracesshowed significantailing, thus they are not

presented herein

Figure 3.1.2 Derivatised plate for visua$iation of sugars mixtures extracted
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Trace ong(Figure 3.1.2Figure3.1-2) correspond to Actilight®, trace two toa mixture of Formatta
pt, Non (

glucose/fructosen a ratio 1:1respectivelyandtraces three, seven antkn correspond to
sucrose Fructose and glucosehen deposited in separate solusanth the method herein
describedshowed the same Rf value of 0Sucrose insteadad anRf of 0.47 but at this
point of our study, it was naif interestto discriminatebetweenglucose and fructose
because thenain objectivewas to detect and separdte bligosaccharide components and

not the monomeric moieties.

1 pL of the Actilight® solution was applied at a 2% (w/v) concentration. Actifigist
composed of dietary filerandcontairs short chain fructanligosaccharide§~OS)which is

a prebiotic ingrdient. The standard oligosaccharida@sservedn trace oneinclude a range
that goes from 0.5 pg for sucrose to 8.5 pg for nystéstilight standad solution was
prepared at a different concentraoim respect to other sugars taking into accountithat
is the result othe enzymatic synthesis process, thus the substances contaiiheae not
at the same concentratioA 2% w/v solution is a concentration we knevould have
allowed us to visuade sucrose, the loweconcentrate substanceAwtilight®. Next to the
standard tracethe sampla are shownA3 in trace faur, A4 in trace five, prereaed A5 in
trace six,A5 in trace eight A6 ethanol fraction in trace nine and6 aqueousin trace
eleven The methodensitivityis around 10 ppm foeachsugar as previously reported by
Vaccari et al®*
with statistic dat&

the cetection limithas previously beeextensivelyexplainedby our group

The chromatogram (Figure 3.12Figure—3.-12) clearly shows the absencef Formatta
pt, Non (

oligosaccharides with higher molecular weight than suceors$ as can be seeithe
differences in intensity of the tracegggesthat the different extraction meth®dsed here
affects only theyuantitativeanalysisbut notthe qualitativeextraction The cllomatograms
as aresultafteranalysis of the tracdellowing acqusitionwith Camag Visualizer and data

processing performed using Wincats Comparison Vieaed Camag Scanner ||l

confirmed what was suggested byFigure 3.12Figure-3.12. The chromatograms @
confirmed with no doubt that the different extretion procedures used influentee Pt Non ¢

extractive efficiency with respect tglucose, fructose and sucros&nd rone of the

samplesshowed the presence ahy fructo-oligosacchades with a moledar weight

—_—

higher than sucrosé&he densitogram ofActilight® (Figure 3.1 3Figure-3-13, a) shows Etorlr\ln::i

—_—

every sugar component pealth goodresolution whereas thelensitogram otraces 5 Formatta
pt, Non (

(sample A4 (Figure 3.13Figure-3-13, b) and 9 (sample A6water fraction (Figure o

Formatta

3.1 3Figure3.-13, c) furtherdemonstrat that no peaks at a molecular wemghigher than pt, Non ¢
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sucroseare presentNo relevant amount abligosaccharideé>10 ppm)were detected with

theextracting procedures mentionablove

b)

Sittoee Fructose

= 1-Kestose

Nystose Fructose w0 Sucrose

Fructosyl-nystose

= Sucrose

Glucose

Fructose

Figure 3.1.3 Densitograns over Camag Scanner 1l&) Actilight® standard b) trace 5 sample A4; c) trace

9, sampe A6 waterfraction.

It was then considered necessary to compare bgults obtained by means of HPTLC
alongside HPLC analysis, matching #le samples before and after hydrolytic treatment

in order to provide further analysis onthe free and bonded mosaccharide This
investigation wasiecessaryo evaluate the concentrations of glucose and fructose before
and after acidic treatment and verify giesence opresence obligo-saccharidesf higher
molecular weighthan sucroséhrough thefructoseglucose calculated ratidhis was used

to confirmif the monomers derived after hydrolytic treatment were derived solelytifrom
breakdown of sucrose gnd thus confirm or disprove the results obtained with the
application of our HPTLC methddn order to onfirm the absence of oligosaccharides, as
revealed by HPTLC analysithe ratio between fructose and glucose obtained should be
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approximately oneto one. A higher ratio would insteadsignify the presence of

oligosaccharides and gave a measure of theirumechainlength.

The amples weranalysedn triplicate and calibration curves were obtairmdnjection

of sugar standardsf glucose, fructose and sucraseconcentrabns ranging from 0.01%

to 0.3% In order b verify the stability of the instrumen response for inteday
reproducibilityone of the standards was daily inject@dble 3.1.3Table3-13 details the @
concentrations of sugars found in the samples together withsthaolard errorafter acid pt, Non

hydrolysis of he samples

Table 3.13 HPLC results prehydrolysis and postydrolysis with their relative uncertainty

Samples Pre-hydrolysis Posthydrolysis

Sucrose% Glucose% Fructose% Total Glucose % Total Fructose%

Al 0.16360.0268 0.0570+0.0025 0.0469+0.0031 0.1408 + 0.0029 0.1487+0.0034

A3 0.18449.0268 0.0639+0.0025 0.0717+0.0031 0.1470 + 0.0026 0.1617+0.0034

A4 0.12169.0260 0.0465+0.0025 0.0380+0.0032 0.1070+0.0026 0.1131+0.0033

A5 0.71126.0270 0.0703+0.0024 0.0148+0.0032 0.2715+0.0027 0.3270+0.0035

The variation of the monomeric sugar concentrations, highlighted by the HPLC analysis
performed, between the samples obtained through different extracting procethady
confirmed the different efficiencyfdhe extracting strategies adoptiedm a quantitative

evaluation perspective

This observationvasfurther confirmed by the data reportedlable 3.1 4Fable3-14, the @
calculated fructose/glucose ratio values in the sasr{plbich gives the medium length of P, Non ¢
the oligosaccharides eventually extragtehges between 1land 1.51 supporting once
more the absence of oligosaccharidéth chain lengtidonger than sucrosdhese results
confirmed theoutcomesbtained hroughour HPTLC method androvidedevidenced that

all the fructose obtained after hydrolytic treatmeat aresult of sucrose breakdown.

29



Table 3.1.4 HPLC results after hydrolysis and average length evaluatfaradbohydrates chains

Samples Glucose% generated Fructose% generated Fructose/GlucoseRatio
by hydrolysis by hydrolysis
Al 0.08 0.10 1.21
A3 0.08 0.09 1.11
A4 0.06 0.07 1.11
A5 0.20 0.31 151

Thesepreliminary outcomeshighlight the need talevelop a more accurate and precise
method tocharactese soluble fibe through the direct determination of oligosaccharides
rather than by difference mass The method bynassdifference commonly used in the
food industry does not allovior an accurate taibution of the nutritional value of the
product, and in this specific case studyAdfinsoniadigitata we demonstratethe that this
methodled to an incorrect attribution of the known prebiotic activity of thebab dry
fruit pulp. The absence of olggaccharides suggested that the prebiotic activity largely
reported forbaobabdry pulp must be attributed toother components rather thanh the
soluble fibe. Perhaps the simple monosaccharides orfldnenoids which are present in
high quantity, couldccount for this nutritional valu.The directcomparison with HPLC
validatel the HPTLC methodpreviously developed in our laboratory (see experimental
section for method details) arapplied to our current casmnfirmedthe method to be

suitable on rdssamples from complex matrices

Taking into account that the gut microbiopmssesshydrolytic enzymessuch asb-
fructosyl-furanosidas@Aand enzymesable to digest and use as carbon source the
fii nsolredb |per efgl@tnmatridgesisuch as engdglanasé Y(hemicellulasejt was
decided toexpandthe studyfurther byprocessingsamples ofAdansoniadigitata sampes

with enzymatic treatments that could mimic the activity of gut microbiia.aim wasto
verify if the lack ofdetectbleoligosaccharidewas due to thextracting procedures used
We speculatethat thehigh complexity of the cell wall of thAdansmia digitata dry fruit

pulp may be contributing to the lack of oligosaccharides identified through simple

extraction To investigate this, enzymaticeatmentsof the cell wallwere appliecandthe

Anulinase is able to selectively breakdown terminal fructose units, breaking down inulins, FOS and
raffinose, t hgcpsidit bonds ortresiduestditiecekt frd fructose
¥ JEnzymes that randomly breakdown xylan and »gligosaccharides wbh are constituents of
hemicellulose building cell walls in plant
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samples analysed fats commsition to determinethe hemgellulose componentserein
presentwere any of the oligosaccharides preferred by gut microflora as carbon sources,
suchasxylo-oligosaccharides, in order to address the prebiotic activity déabbab fruit

pulp with certainty.

In order to evaluate theptimal enzymatic conditionseveralvariableswere evaluated
including type ofenzyme and associations at different ratidhe optimal conditions for
processing the bottom bodies were identified as a 1:1 mixtureetifilase and
hemicellulase The enzynatic hydrolysis was carried out in a sodium acetate/acetic acid
buffer solution at pH 5.00 at 37 °C for 12 hours in bath shaker

Several conditions to process bottom bodies befayestion withenzymatic treatments
were also screenedmong those the flwing method was selected: to one gram of
accurately weighteddansonia digitatadried pulp 50 mL of acetonitrile were addédhe
mixture was stirred for ten minutes under mechanical force and 15 minutes with
ultrasound. The resulting mixture was cengid for 30 minutes and the resulting bottom
body was separateitom the supernatant, dried under reduced pressure (Sarhpl&§

and submitted to enzymatic treatme®amplesla-1f were compared with sampl@s:-2f

in which Adansoniadigitata dry pulp wadirectly submitted to enzymatic digestion.

As previously,mentioned préreatment with acetonitrile is useful for the removal of free
sugar%?’33 whereas ultrasound is widely used as an effective method acestrgars from Formatta
chiusura

Formatta

different plants tissue;%34 Centrifugations were performed with an ALC 4242 centrifuge
at 3500 rpmAfter processing the sampldgaughenzymatic digestiofrable 3.1.3, AMD - chiusura

HPTLC separatio was performed in order to evaludite result of breaking the cell wall
prior to detection of oligosaccharide content
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Table 3.15 Cellulasehemicellulase hydroljc treatments.

Entry Samples

Bottom bodies (mg) Cellulase (mg) Hemicellulase (mg)
name

1 N

la 51.6 u 51.8
2 1b 49.3 0 24.9
3 N

1c 54.5 u 19.6
4 N

2a 55.7 u 52.9
5 N

2b 58.0 u 25.0
6 2¢ 54.4 0 19.6
7 1d 52.1 25.0 .24.9
8 le 53.2 13.0 12.7
9 1f 56.7 8.9 8.7
10 2d 52.8 25.2 25.9
11 2e 51.2 12.6 12.4
12 2f 54.9 8.0 7.8

Entries 1 to 6 (sampledalc and 1la-1c) are sampes treated just with hemicellg@to

illustrate the difference betweeunngptimised and optinged treatmentThe results after

enzymatiadigestion of the samples are shodow (Figure3.14Figure3-14). Formatta
pt, Non (
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Figure 3.1.4 AMD-HPTLC separation dbaobab pulp fruit samples after enzymatic treatmeelilase and

hemicellulase) deposited fromd3 ¢ L .

The first trace on the HPTLC plafEigure 3. 14Figure3-14) corresponds to an Actiligfit Formatta
pt, Non (

solution 2% standard that was deposaétl uL. Tracesfrom 2 to 7 correspontd samples
la, 1b, 1c, 2a ,2land2cat 1 pL Traces from 8 to 13 correspond to samdedsle,1f, 2d,
2eand2f at 1 pL Traces from 14 to 1€orrespondo sampledla, 1c, 2aand2c at 3 pL
Finally, races from 18 to 20 sampléd, 1leand2d at 3 pL.Each sample deposited on the
diol plateshowed the msence of saccharides with higher molecular weight than suétrose
should behighlightedthat samplesleposited from trace 2 tg Which weretreated with
just hemicellulase produced more intense spots at lower molecular weights. The samples
displayed beween traces &nd 13, which are the result of the optsad enzymatic
treatment wih hemicellulase andellulase in a ratio 1;lproducednsteada larger variety
of polymers.Samples displayed between traces 8 an@lé8 showed a wider range of
molecula weights suggesting that the association of ensymaes more efficientln these
tracespolymers with higher molecular weightein be detecteth addition to the lower
molecular weights ones displayed when the samples tnesated just with hemicelluse
traces2 to 7.

The linear gradient herein used to develop the TLC plate was performed with decreasing

polarity on the polar stationary phase diol lay&his wasto allow the most polar

substances to run higher than the heavier dnegsigure 3.1 5Figure3-15, a densitogram Formatta
pt, Non (

of track 11 corresponding to sampl2d, is shown as representative example of the
excellentseparatiorobtainedof the many analytes produced afegrzymatichydrolysis
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following appication of our HPTLC based method (refer to experimental section for

details).

TO0 —
AL

o0 160 0.0 00 400 =40 s00 00
mm

Figure 3.15 Densitogram of HPTLEAMD developd diol layer track 11 sample 2d 1 pL.

At this pointit wasconsidered necessatiy verify if the polymers obtained and evidenced

on the HPTLC plate contained oligosaccharides of interest to help the gut microflora to
grow from the lag phase to the exponential phaseachieve thisjt was necessary to
submit the samples to successive chemical hysi®lin order to analyse their

monosaccharide building blocks.

Our strategy was to perform complete degradation with hydrochloric acid and to evaluate
techniques to allow for good separation of the analytés.common use to utde HPLC
as convenientmethod to anake nonrcomplex mixtures of saccharide$he results

obtainedfrom the HPLC analysis and the relevant retention tianes presented below

(Figure3.1.6Figure3-16). Formatta
pt, Non (
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Figure 3.1.6 HPLC separation of monosaccharides expected from our hysblamples with retention
times: (1)galacturonic acid 8 min (2) glucose 106 min (3) rhamnose 1@ min (4) xylose 114 min (5)
fructose 120 min (6) arabinose 129 min.

Under theseHPLC conditions(experimentalkectior) rhamnose and glucosgmpeared to

have the same retention times and xylose, fructose and arabieoselso not well
resolved(Figure 3.16Figure3-16). Considering that HPTLGs quicker, more green and @
reliable as a techniquae decided to investigate if our HPTLC metheduld allow for pt, Non
separdbn and resaltion ofthe sugars that in the HPLC methoded hereinoverlapgd

Before switching toHPTLC we attempted to investita if some of the sugars that
overlappedmight be present aftexcid hydrolytic treatment but due to the poor resolution

the results were inconclusiv&o highlight this,a chromatogram of one of the samples
submitted to acid hydrolysis after enzymatige$ition is Bown below (Figure 3.1 7Figure Formatta
317). pt, Non
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Figure 3.17 A representative HPLC trace after chemical hydrolysis of a typical sample.

A representatie HPLC chromatogramfF(gure 3.1 7Figure-3-17) of these sampless Formatta
pt, Non (

charactesed bya high peak of chlorides at 7.5 minutes that interferes with peaks at 8.
and 10.6 minutesdowever some useful informatiowas gained from this datach aghe
complete absence of fructose and arabinaseur hydrolysedsample, which was evident
from the lack of peaks at the corresponding retention times (12101219 minutes,
respectively). Howeverthis complex patterrfas well as the overlappingeaksof the
sugars of interest in the HPLC chromatogspmas adriver for us to turn tahe HPTLC
technique, withoufurther attemps to optimise the HPLC methodrlhis alsoprovided an
opportunity to further evaluatethe potential of HPTLC as a efficient separations

technology

In the baobabcase studyherein presentedietermination of standas#d sugar R values
was reaked using standard mixtures of galacturonic acid, glucose, arabinose, xylose and
rhamnose. The densitogramstlé standaréed sugasolutions dtainedthroughHPTLC

are shown below.
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Figure 3.1.8 HPTLC densitograms of standards&tpndard Mixture 1.1l arabinose xylose,rhamnosgb)

Sandard mixture 2:1 galacturonic acidlucose c) Two dimensional HPTLC standard separatimfi{1)

galacturonic acid, (2fructose, (3)arabinose, (4xylose, (5)yhamnosed) Representative sampRy, after

acid hydrolysis,

dil.uted 1: 10 and depos

From Figure 3.1 8Figure3-18 it is evident tharhamnose and glucose show significantly | Formatta
different R values and are well resolved (rhamnoseR.69 and glucose:R 0.52).The Pt, Non ¢

excellentresolution is further denmstrated through the comparisohthe standards an

the two dimensionbdepiction of the HPTLC sampl2d after acid hydrolytic treatment

(Figure 3.18Figure-3-1.8) where galaturonic acid(peak1) and glucosgpeak2) were @
detected and well separat€bnsidering that our HRIC method proved to be effective in pt, Non (

clearly separatg and discriminahg between the different sugame proceeded with the

charactesation of the monosaccharides deriving from the acid hydrolysis of all the

sampleglescribedabove(Table 3.1.5.
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Separéions with representative samples ere then performed using the original
concentrations of standard mixturesThe concentrations of monosaccharides were

evaluated with a Camag Visualizer by comparison of the spots density.

yFea
e
b

1 2 3 4 3 6 & g 11 a2 13 14 15 14

00000000

Figure 3.19 HPTLC monosaccharides evaluation. Trace® dtandard solutions deposited at increasing
volumes, traces-26 representative samples that had been submitted to enzymatic and subsequently to

chemical hydrolyses

On traces 1, 3 and 7 were deposited arabinose, xylose and rhamnose 1000 ppm standard
mixture at 4, 8, 5 and 10 pL respectively. On traces 2, 4, 6 and 8 were deposited a 1000
ppm standard solutions of glucose and galacturonic acid at 4, 8, 5, i€spéctively.
Traces9 to 16 were samples that had been submitted to enzymatic treatmece lwitse
and hemicellulase at known concentratio(@ptimised conditionsTable 3.1.5. No other

monosaccharidebesidegylucuronic acid and glucoseere detected.

Processing th&/isualizer evaluatiorfFigure 3.1 9Figure3-19) gavethe concentrationsf Formatta
pt, Non (

galacturont acid and glucostund after chemical degdationwith hydrochloric acicand
their ratio (galacturonic acidwas present ir0.7% and glucos in 10.0% so the ratio
between théwo was 14.0.
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4. Conclusiors

The work presented heren the charactesation of Adansoniadigitata dry pulp,extencd

our group previousresearchthroughthe application ofa modern instrumental HPTLC

technique thaprovided a determination of differentligosaccharides athe nanogram

level. It also confirmed that this technique allosd for a rapid screening of sugar
containingsamples simultaneous(l6 traces werdeposited simultaneousiy this work,

Figure 3.19Figure-3-19, but up to 24 traces can be rumjith minimal solvent waste @
producedn thedevelopment proces3he method hene describegnot onlywasvalidated pt, Non
on a real case studgroving to be as efficient as the most coomiPLC method in the

first part of the study, but has also prote be equally efficient and reliable in separating

and discriminahg between monosaccharides in a complex mixtuvghout need of

further optimgation. The HPTLC methoddevelopedthrough this researchalong with

Isocratic and Automated Multiple Development (AMWas used asraalternative to

common and widespread analytical methodswdis usedto rapidly analyse complex

mixtures containing a broad variety of monosaccharidesathmsing to save the time that

would have ben insteadhecessary to adapt the HPLC method to the case.study

Furthermoreand very noteworthythis studyrepresents a specific and arate analysis of
the soluble and insoluble fiecomponents compared what peviously doneThe resuls
obtained demonstragd the absence ohulin andFOSwhich are the soluble file to which
is usually acreditedthe prebiotic power dbaobab,and highlightedhatthe calculation of
soluble fibe by massdifference from the othenutrientsis not sufficient. For this reasoma
direct determinatiorof the oligosaccharides contertitosild berequired ancperformed in
order toaccuratéy attribuie the nutritional value o& foodproduct, especially taking into
account that this congites avery important issue for foaddustry,

It should the responsibility of the food industrp guarantee thevalues of nutrient
substancesn particularly thosehatselecively stimulae growth and/obiological activity
of protective microflora b the human intestinal tract and contrimg, if consumed
systematicallyto the maintenance of its normal content ariological activity. It was
demonstrated thatur HPTLC methodis suitable for this purpossndenabled aapid and
simultaneous screeng of food extracteind wasequally efficient in the separation of sugar
polymers and monosaccharides and cdddadopted as more accurate amdrmative

charactesation offood products.
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From this studybaobab fruit pulp was confirmed as a good soofasarbohydrates, useful
for nutrition; however it was impossible to detect significant amounts of oligosaccharides
responsible of the weknown prebiotic activity in the soluble fidfraction.

Furthermore after manydifferent enzymatictreatmentswere performedon dry pulp
samplesin order to identify the optimal processing conditions in terms of dagoad
product type and numbeen enzymatic treatment with the contemporary contribution of
cellulase andhemicellulaseenzymeswvereselectedThe aimof these enzymatic digestions
was to evaluate ,ffor someunclearreason in our casethe commonly usecdextracton
procedurs failed to extract the soluble fib and also to evaluate the composition of the
dry pulp cell wall. Charactesing the componds d the cell wall such hemicelluse,
could have helpetb justify the préiotic activity reported forbaobab dried pul@fterthe
presence of any soluble féssuch as inulins and FO&ere excluded

The resul obtained by processing the samples withzyenatic digestions and
subsequentlgubmitting them to acid hydrolysis to charactese the monomeric building

blocks of the polymers detectd@ligure 3.14Figure-3-14) unequivocallyexcluded the @
presence offructo-oligosacharides (FOS). The oligomeric products from cell wall P, Non
degradation weréound to becomposed of 10% glucose and 0.7% of galacturonic acid
expressed over 100 grams of dry pulp, confirmamge morethat the method bynass
difference(commonly used to attrilie the nutritional value of thi®od produc) does not

lead to accurate attributiohlo xylo-oligosaccharides attached to the cell wadre detect

either along with no other oligomers normally preferred by the gut microflora

From our studies,we beliee that thecomponents at the base thfe widely reported
prebiotic activity ofAdansoniadigitata may be either themonosacchariddsargely present
(i.e., sucrose, glucoseand fructose) orthe flavonoids®™* These componentsnay @
influence the microflora and hawan impact on colonic healfd which canbring the chiusura

microorganisninto anexponential phase of growth.

To further confirm these hypothesefor the Adansoniadigitata fruit pulp, different
samplesof dry pulp could be processdtbllowing the protocols herein descrihednd
analysed through our HPTLC method, alongside fitessbab fruit pulp. Thanalysison
the effect of different processing methods on the content of oligosaccharidesnsonia
digitata dry pulp could, in the futurealso provide further evidence for the prebiotic

activity.
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5. Experimental Protocols

All reagents and solvents were of analytical grade. Acetone, acetonitrile;pbidisphoric

acid, acetic acid, ethanol, methanol, and hydaahlacid were purchased from Merck
(Darmstadt, Germany). Thgansoniadigitata dried fruit pulp used to prepare the samples
analysed in this study was obtained from Baobab Fruit Company Senegal (Thies, Senegal).
The water used for chromatography, staddamand sample solutions was of ultrapure
grade.p-(+)-Glucose (lot no. 9434820009 J. T. Baker Deventer, Hollamg},)-fructose
(Carlo Erba reagent RP), sucrose (J. T. Baker Deventer, Holland), and pure fructo
oligosaccharides (FOS:-Kestose 33.1%, nysse 42.5%, fructosilnystose 11.3%, and
sucrose 2.4%, Actiligfit C.F.M. Milano). Standards were dissolved in a mixture of
water/acetone (2:1) to givActilight® solution 2 % wi/v,b-(+)-glucose D-(+)-fructose
sucrose xylose, rhamnose, arabinose and galactic acid1,000 ppm stock solutions for
HPTLC applications.Dilution of the stock solutions with water yielded the working
solutions applied at concentrations of 100 ppm only for daily use and onlsfor
evaluation.Standardstock solutions can be stateati 18 °C and used for at least one
month. For HPLC analysisthe $andards were dissolved in ultrapure water to gi%e
standard stock solutisnSubsequentlysamples were diluted with distilled water between
0.01 and 0.3 % (working solutions) for daftion curves in HPLC determitians

5.1. Hydrolytic Treatment of Samples
5.1.1. AcidHydrolysis

The hydrolytic treatment procedure was opsgdi in our laboratories and has been
successfully applied to FOS extracts (Icumsa LBEpeon method 1994f To each
sample HCI 6.3M was added and the mixture was kept at 6G0tCL5 minutes Samples

were then cooled down to 0 °C in an ice bath and subjected to quantitative determinations.
It is important to mentiorthat the pH of each solution needed to be adjusted toaheutr
value after hydrolytic treatmerit order to avoid degradation of the silica thin layer of the
plate.

5.1.2. Enzymatic Hydrolysis
After several experimental trials, the optimal conditions to process our dry pulp were

identified in a mixture with a 1:1 ratiof aellulase andhemicellulase. The enzymatic
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hydrolysis was carried out in a sodium acetate/acetic acid buffer solution at pH 5.00 at
37°C for 12 hours in bath shaker.

HPTLC gradient(Table 5.11Fable-5-11) was performed with decreasing polarity in

controlled humidity and temperature conditioAslL5-step gradient was performed using a

5.1.3. HPTLCProtocols

Camag AMD apparatus following the conditions describetbw. The mixing of the

eluent solutions (acetone/acetonitrile (labg ultrapure water) was fully automated in the

Camag AMD?2 apparatysintil 70 mm of solvent front

Table 5.1.1 Elution conditions AMD?2 with four solvent mixtures for 15 gradient steps. Solution Ace/ACN

was ina ratio 1:1 (Ace = acetone, ACN = acetonitrile).

Step (Ace/ACN)/H,0 (Ace/ACN)/H,O  (Ace/ACN)/H,O  (Ace/ACN)/H,O Eluent front (mm)
(75/25) (80/20) (85/15) (85/15)
1 100.0 0.0 0.0 0.0 12.4
2 81.4 18.6 0.0 0.0 16.5
3 52.6 47.4 0.0 0.0 20.0
4 34.0 66.0 0.0 0.0 24.9
5 22.0 78.0 0.0 0.0 29.1
6 14.2 67.2 18.6 0.0 32.8
7 9.2 43.4 47.4 0.0 36.3
8 5.9 28.1 66.0 0.0 41.1
9 3.8 18.1 78.1 0.0 45.3
10 25 11.7 85.8 0.0 48.3
11 1.6 7.6 72.2 18.6 51.1
12 1.0 4.9 46.7 47.4 52.9
13 0.7 3.2 30.1 66.0 56.1
14 0.4 2.0 19.5 78.1 59.2
15 0.3 1.3 12.6 85.8 64.9
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Formatta
The gradient shap@igure5.11Figure5-11) shown belowwas performed on 20 cm 10 @
cm diol HPTLC plates (Merckpr oligosaccharides samples detectibrstead separation
was performed on silica plates 2020 mm for monosaccharides detection after acid

hydrolysis treatment

Samples were loaded on the appropriate HPTLC plate by means of Linomat V Camag as

4 mm bands, 12 mm from the side edge and 10 mm from the bottom dugelelivery

rate for deposition was 15 ¢eL/ s. Runs wer
(acetonitrile/acetic acid/water 63/33/5 mL) in a twihroughchamber without any

precondition time.

Linear Gradient
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Figure 5.1.1 Profile of fifteenstep AMD linear gradient for oligosaccharides separation

5.1.4. Derivatisationand Scanning

TheHPTLC plates loaded with sampléd.-A6 andB, after developmentyere derivased
with 4-aminobenzoic acid (2 g), anhydrous acetic acid (36 mL}emw@0 mL), 85%
phosphoric acid (2 mL) and acetone (120)filby means of Camag dipping apparatus
with an immersion time of 2 seconds. This dersaton was made with-dminobenzoic

acid to display only the sugars. This solution can be kept for 2 weél8&C with no
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loss in reactivity. The derivad layers were dried at 115 °C for 15 minutes in a

convection heater.

HPTLC plates loaded with samplés-1f and 2a-2f were derivased with 10% sulfuric

acid in ethangt*® by means of Camag dipping apparatus and an immersion time of ¢ Formatts

chiusura,

seconds subsequently, the immersion plates were dried at 100 °C for 3 minutes. Th ;; ot

solution can be stored for 2 weeks 48 °C without deterioration.

The derivatsed layers wee scanned with a Camag Scanner Il interfaced with a personal
computer using WinCats version 1.2.6. evaluation software, in fluorescence with a Hg
lamp at366 nm for samples and00 rm. Layer images were acquired with Camag
Visualizer and the results frodifferent plates were compared using Wincats Comparison
Viewer. The silica plates, for isocratic monosaccharides separation, were also scanned at
400 nm.

HPLC was used for quantification of glucose and fructose in the same samples before and
after acid hyrolysis. An Aminex HPX87H (Biorad®) column and a refraction index

detector was used in HPLIE.

For HPLC analysis, each solution was filtered through a 0.45 um filter before injection. All

stock solutionsf sugars wergreparedat 5% w/v (50000 ppmandwere stored in the

dark ati 18 °C and used within one week. External calibration curves were obtained using
ultrapure water and preparing working solutions which were plotted as standard peak areas
against relative concentrations (fig. 2). Calibrationvesr(Figure 5.1 2Figure-5-1.2) @
revealed good linearity with correlation coefficienf Ralues between 0.99989999 sk
(below) and were obtained utding three replicates of seven solutions between-0.8%

w/v (100-3000 ppm)Samples were diluted with pure water or injected as prepared.

Table 5.1.2 Linear regression parameters for calibration curves of targeted sugars

Standards Slope Intercept Correlation (R?)
Sucrose 5889394 2577 0.9999
Glucose 6386612 -49006 0.9998
Fructose 5288958 40593 0.9993
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Figure 5.12 Calibration curves for sucrose, glucose and fruetdas pure water and confidence limis
95%

Calibration curves for xylose, rhamnose, arabinasd galacturonic acidre not shown
consideringthat we moved away from HPLCwhen all those sugars needed to be

charactesed at the same timdor the charactesation of such complex mixtures.
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6. Introductio n

6.1. Polyphenols

Polyphenols are secondary metabolites of higher plants and are among the most abundant
and ubiquitous. There are obtained from renewable sources including plant ni&terials
(blueberries, apples, grapes, cocoa beans, tea leaves etc.) anduecthsegidely
consumed in the human diet. This has contributed to their widespread use in

pharmaceuticals, cosreuticals and nutraceuticafs.

They are from a class of heterogeneous molecules exerting different functions in plants
such as mechanical supgr They are from a family of lignins and are a class of
biopolymers constituted by random polymerisation of units of phenolic alcoholsp{e.g.

cumaryl alcohol, sinapyl alcohol and coniferyl alcohol), and those from the family of
phyto-alexins offer proteton against animals and pathogens. Furthermore, they can act as
pollinator attractors and considering their antioxidant activity, are able to offer protection
against UVrradiation, such as polyphenols from the class of flavongidsi(e6.1 1Figure Formatta
6.11). pt, Non (

OCH,

H0:©\/\/
OH
OH HaCO 7

p-cumaryl alchol Sinapyl alchol Coniferyl alchol

OH
Hol\ 9

OH

HO HO
_~_OH

H,CO

;}

O 0

Phyto-alexin:

Flavonoids
Resveratrol

Figure 6.11 Selected examples from the families of polyphenols.

The antioxidant properties of polyphenols is related to the number of lyWdnmups it
possesses and their position in the aromatic ring. Previous reports have shown that they can
exert beneficial effects on a wide range of diseases from cancer to infections,
inflammation, allergic reactions, hepgiomotection etc. Yet they adten characterised as
having poor solubility issues and rapid metabolic degradation. They are metabolised in the
human body through methylation, sulfonation and glucuronidation patiays.
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6.2. Antioxidants

The term Aanti oxi dant 0 nitoassdepanding withe esgientiicf d i f
field being considered. In general, an antioxidant may be a synthetic or natural compound

(or mixture of compounds) capable of scavenging free radicals and inhibiting reactions
promoted by these highly reactive speci@s. well as preserving the health of animal

tissues, minimising the reactions of free radicals impacts materials such as plastics and
rubbers and foodstuffS.

They can belong to different classes, each with different mechanistic actions, and can be
metal clelators, oxidative enzyme inhibitors, antioxidant enzyme cofactors or free radical
chain inhibitors. Free radicals are physiologically produced in the biological systems and
they exert a dual role as both beneficial and harmful species. They can be ghvded

main classes: reactive oxygen species (ROS) and reactive nitrogen species (RNS), which
include also some nemadical species. Fromhée reactive oxygen species include:
superoxide anion radical ¢0), elemental oxygen () hydroxyl radical (OH-)hydrogen
peroxide (HO,) and lipid peroxyl radical (LOO-). Reactive nitrogen species inclodiec

oxide radical (NO-) and nitrogen dioxide radical (NO

They are generated during cell metabolic activity through the regulation of enzymes such

as NADHNADPH or NOS (NO synthase). Under physiological conditions, they are
present in low concentrations and activate signalling pathways to protect from e.g.
infectious agents, but if homeostasis is disturbed and their concentration increases they can
cause dammge. High concentrations of ROS and RNS damage cell structures such as
proteins, lipids, membranes and DNIAis interesting to note that several R@®@diated

actions that happen under normal physiological conditions are actually to protect cells
againstROSinduced oxidative stress and to maintaineerst abl i sh t he #dred
In fact, ROS are involved in the signalling pathway that contributes to maintain the
oncogenic phenotype but they can also induce senescence and apoptosis acting as anti

tumaigenic agent$?

More commonly, free radical species have been reported to be involved in inflammation
processes, aging, cardiovascular disease, atherosclerosis, rheumatoid arthritis,
hypertension, ischemia/reperfusion injury, cancer, diabetes mellituseamddegenerative

di seases (e.g. Al zhei mer 6s a n-thediBtadrrdagtions on 6 s )
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can be summarised aBown in Schemes.21Schemes-21) where thecascade of radical

reactions is shown for the lipjkroxidation.

Initiation

RoN»

R + 0O,

ROO + LH
Propagation

L + 0O,

LOO + LH
Inhibition

LOO + AH

Termination

Scheme6.2.1 Mechanism of radical oxidation process. LH = substrate, AH = antioxidant.

Based on the above mechanism, it can be assumed that anefrantioxidant scavenges

2R

2R

ROOH

LOO

LOOH

LOOH

Formatta
pt, Non (

two radicals and that molecular oxygen is present in a large excess. Antioxidants can be

divided in two main classepreventive antioxidantandchain breakingantioxidants

6.2.1. PreventiveAntioxidants

Preventive antioxidants intercept toeidising species before they can do the damage.
They include metal deactivating compounds suchetg/lenediaminetetraacetic acid
(EDTA), diethylenetriaminepentaacetic a¢iRETAPAC), mlyphenols, transferrin, ferritin
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and enzyme scavenging hydroperoxideg. glutathione peroxidase (GSH), superoxide
dismutase (SOD), catalase and species able to quench singlet oxygen atoms such as

b-carotene etc.

Metals are able to promote the oxidation processes through generating hydroxyl radicals

(OH:) which act as catadys reactions such as the Fenton and the Hefsiss reaction

(Schemeb.22Schemes-22). Formatta
pt, Non (

Fenton Reaction Fe2*+ H,0, —> OH + OH + Fed3*

Haber-Weiss reaction _bz +H,Op —> QOH + OH + O3
Scheme6.2.2 Fenton and the Habé&Weiss reaction.

Iron and copper are present in biological tissues and are produced in the normal turnover of
cells or in tissues lesions. They need to be quickly scavenged to avoid oxidativeT stess.
micro-organismherein prepossesplasmatic proteins such as transfertagtoferrin and
ceruloplasmin that act as metal chelators and transporters in order to avoid oxidation stress

due to those metals.

Superoxyde dismuthase 20, + 2H+ —  HO0,+ O,
Catalase 2H,0;, —— 2H,0 + O,
Glutathione peroxidase H,0, +2GSH —— 2H,0 +GS-SH
Scheme6.2.3 Intracellular scavenging enmyes.

Enzymes that scavenge hydroperoxide are endogenous antioxidants reSources.
Superoxide dismuthase (SOD) accelerates the dismutation of superoxide anions into water
and elemental oxygen whereas catalase converts hydrogen peroxide molecules also into
water and oxygen. Glutathione peroxidase (GSH) is a tripeptide constituted of glycine,
cysteine and glutamic acid that contains selenium. It scavenges hydrogen peroxide by

converting it into wate(Schemeb.2 3Sehemeés-23). Formatta
pt, Non (

6.2.2. Chan BreakingAntioxidants

This type of antioxidant act on the chain, after the oxidation process has already begun, by

retarding or stopping the oxidative process, intercepting the-chaiying radicals such as
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the peroxide radical ROO-. The ability tcaot with alkoxyl radicals can be significant to
prevent the formation of cytotoxic agefitsA characteristic property of an efficient chain
breaker is the ability to react with the radicals more quickly than their substrate and that the
generated antioxidae radical A-is stable enough to not react further (or react very slowly)
with the substrate. Polyphenols, discussed later, has this characteristic. This category of
antioxidants can be divided in two salassesdonor chain breaking antioxidants.g.

vitamin E (Jtocopherol), vitamin C la s c o r b i ¢ -caraténel gndaerificl ctain

breaking antioxidantsuch as NO (nitric oxide).

Donor chain breaking antioxidants donate hydrogen to form a radical on the phenolic

hydroxyl group which is more stabldue toresonance §cheme6.24Sehemeb-24). Formatta
_ : . , Non ¢
Polyphenols belongs to that class of antioxidants and strucducésas ascorbic acidre L Ton

hydrosoluble donor chain braking antioxidaotsbiophenolsa s -toddpherolare instead

liposoluble donor chain breaking antioxidants

HO

a-tocopherol

+ R

0. o} o
RH + — —_—
0" "R 0" "R ’ 0~ "R
[ I

o) o
0O R 07 TR
\Y

a-tocopherol resonance structures

Scheme6.24Donor chai n br e-tokophergl, ralioat scavengind mechanismU

The vitamin E family includes bottocopherol and tocotrienol which are characterised by
a chroman heterocycle that can differ in the number and position of methyl groups, and an
hydrophobic phytol terpenoid chain. This chain is fully saturated in the case of tocopherol

and a triene in thscotrienols.
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Other donor chain breaking antioxidants belonging from the polyphenol family include

L-ascorbic acid, quercitin, gallic acid and caffaed (Figure6.21Figure6-21). Formatta
pt, Non (
Depending on their reduction potentialeyhcan act in a synergistic way and recycle each
other as is the case forascorbate (+28thV) whi ch i s a Hdcopheblo r e g ¢
(+480mV).*’
OH
OH OH OH 9
HO < ~\H HO o HO HOWOH
o “GL
\:oj;?: oH HO OH  Ho
OH OH O o
L-ascorbic acid Quercitin Gallic acid Caffeic acid

Figure 6.21 Examples oflonor-breaking chain antioxidants

Antioxidants such as nitric oxide (NO) are sacrificial chain breaking antioxidants as it acts
as a chain terminator reacting with chaarrying peroxyradical Scheme6.25Seheme Formatta
6—%) 48 pt, Non (

LOO + NO —> LOONO

Scheme6.2.5 Nitric oxide acting as chain terminator

6.2.3. AntioxidantsAssays

Considering that the action mechanism differs with each antioxidant active, several types

of assay ha# been developed. It i s i mportant t
measured by an individual assay reflects only the chemical reactivity under the specific
conditions applied in that assay, thus is inappropriate and misleading to generalize the data

as indicators of total antioxidant acti vity

The assays can be divided in two major categories depending on the chemical reactions

involved: single electron transfer (ET) and hydrogen atom transfer (HAT) assays.

HAT-based assays monitor competitive teac kinetics, and the kinetic curves provide

the data necessary for quantitative analysis. They are generally composed of a synthetic
free radical generator, an antioxidant and an oxidisable molecular probe. ET instead
involves a redox reaction with theidant, which also constitutes the probe, to monitor the
reaction. Both classes of antioxidant assays measure the scavenging capacity of an

antioxidant rather than its preventive ability.
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ET methods includes Foliiocalteu (FCR), ferric iron reducing amgidant power
(FRAP) assay, the Trolox equivalent antioxidant capacity (TEAGN-dimethytp-
phenylendiamine (DMPD) assay and the Cu(ll) reduction capacity assay.

They are based on the assumption that the antioxidant capacity is equal to the reducing
capcity*® They do not involve any oxygemased radicals in the assay and there are no
competitive reactions involved. In these type of assay, the oxidant also act as probe and it
extracts electrons from the antioxidant. Analysis is determined by a chaog®um (the
reaction ends when the colour change stops). The change in absoidanoeg(stered is

plotted against the antioxidant concentration to give a linear curve.

HAT methods includes oxygen radical capacity methods (ORAC), total radical trapping
antioxidant parameter (TRAP), inhibited oxygen uptake (IOU), inhibition of LDL
oxidation, inhibition of linoleic acid oxidation and Crocin bleaching assay. These assays
are more relevant to the chain breaking antioxidant activity, considering that theiyquan
the hydrogen atom donating power of the antioxidant under analysis, which is a key step in
the radical chain reaction.

There are also other types of antioxidant assays that do not fall into one of the categories
mentioned above such as,®} scavengingcapacity assay, hydroxyl radical (OQH
scavenging assay, singlet oxygen scavenging capacity and peroxynitrite scavenging

capacity assay.
6.3. Multi -Target Approach in Drug Design

The heterogeneous class of polyphenols is known for its wide range of achigifyhdve

been reported to prevent and counteract numerous diseases, as mentioned before, but the
most interesting characteristic of those molecules and the reason underlying their recent
rediscovery by medicinal chemists worldwide is that they are naturti-target actives.

Oneof those natural occurringolecules can efficiently target multiplpathwaysleading

to no off targets. A better understanding of the action mechanism of thosetargdti
phytochemicals, and the optimization of these natwaliwing lead compounds can open

up to new strategies in medicinal chemistry. Two famous examples of naturatarggt
polyphenols arecurcumin that has been reported to inhibit CQX5-LO,° NF-kb,*

melanoma and other cancer cell Iﬁ%eandcaffeic acd which has been demonstrated to be
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hepatoprotective, act asL®>* inhibitor, be efficient in inhibiting several kinds of tunms

e.g. colon and fibrosarconiaand reducing aflatoxiti production®

Over the lastwo years lhie scientific community has begtm realise the advantages of a
multi-target drug design compared to the traditionalgpecific approachgoing upstream
compared to what was donerev the past few decades frotme medicinal chemistry

community.The benefits from such an approach inelumbt only a better balance between

activity and side effects but also a reduction in cost and time to develop and reach the

market>®*

Several of the main advantages of ppharmacology over the sipecifc target

approach and combinatorial therapies incltfte:

1. Superior efficacy against advanced stage diseases compared to single target specific

molecules, due to minimisation of efficiency of the body compensatory effect.
2. More predictable pharmacokinetic fite compared to multiple drug administration
in combinatorial therapies.
3. Minor chances to develop targetsed resistance.
4. Lower risk of side effects compared to combinatorial therapy.
5. More facile administration- simultaneous presence of the migtiget active

principle where it is required.

6. A multi-target active could potentially be easier to develop as the regulatory

requirements to demonstrate safety and activity, compared to a combinatorial

treatments, would be less arduous.

It is possible to think fothe multitarget concept as being dualistic. A miidtiget drug can

be designed to act on different locations of the same pathways. This was demonstrated by

Werz and ceworkers in 2014 through the development of new prenylated pyrazol
curcuminoids as dninflammatory analogues capable of targetinlgpbxygenase (8.0)

alongside witmicrosomal prostaglandin E synthdeePGES1).>’

Alternatively, it is possible to think of muitarget strategies as a way to design molecules

that can act on targets thare unrelated (or distantly related). This creates the opportunity

to target different pathologies, as the case of methotrexate which has activity against target

relating to cancer, psoriasis and rheumatoid arthritis.

%8 Aflatoxin is a mycetoxin produced byspergillus FlavusandAspergillus Parssiticysungi phatogenic
fungi which attack trees and grains.
53



A major challenge in polpharmacoloyg is to avoid excessive promiscuity in order to
avoid side effects due to the interaction with datgets. For this reason, particular care
should be addressed to try and optimise, during the design stage, the profiles of activity

towards the selectedrtgets in order to minimise the likelihood of side effects.

In practice, multitarget structurieactivity relationship (SAR) studies is therefore a primary
necessity but it is still considered far from routine, mostly due to the fact that poly
pharmacology,and the rational design of mutarget actives in itself, it is still in its

infancy.

Presented in this thesis, a library of compounds was designed with specific features that
could lead to interaction with multiple targets. Three main targets wererclas¢he
compounds presented in this work, of which two are involved in human inflammation
processes. The first selected target wakpdxygenase, a crucial enzyme of the
arachidonic acid (AA) cascade and involved in the first two catalytic reactiotiseof
biosynthesis of leukotrienes (LT®).It has been established that the role of LTs as
inflammatory mediators play a pathophysiological role in different diseases (asthma,
allergic rhinitis, cardiovascular diseases and certain types of cahd@ém. secad target

was transcription factor Nrf2, which is responsible of recognising the antioxidant response
element (ARE) regulating a number of cytoprotective genes. The significance of the Nrf2
regulated cytoprotective adaptive response has been demonstraiadnal models of
electrophilic and oxidative toxicity, carcinogenesis, inflammatesociated
carcinogenesis, and acute inflammafidifThis target will not be discuss in the present
work, giving that the molecules herein presented are still undertigagsn for this

targe).

The final target selected wds 4 -lakbsterol demethylase a cytochrome P450 enzyme
common to all dermatophytek.4 -Ldbosterol demethylase is the target enzyme of azoles
such as ketoconazole, miconazole and fluconazole. It i€nayme involved in the
synthesis of ergosterol, an important component of the dermatophytes cell wall.
Considering that the mortality associated with dermatophytosis as reported by the World
Health Organization (WHO) in seBaharan African region in 200&as found to be
similar to that attributed to gout, endocrine disease, panic disorders anelated injuries

and considering the increasing number of resistant strains, research in this area is still

topical.
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It is also noteworthy that dermatophytosisused a higher mortality risk in patients
affected by HIV. Furthermore, taking into account that mycosis is commonly associated
with inflammation,the focus was directewards multitarget actives that are able to act

both on the inflammation process atwrmatophyte infections.
6.4. Arachidonic Acid Pathway

Arachidonic acid (ARA) is a fatty acid stored in membrane phospholipids, especially in
phosphatidylcholin} and is released from the phospholipids through the action of
phospholipase A where it is subequently utilised by three major enzymes:
cyclooxygenase (COX), lipoxygenases (5, 12 andL@% and the cytochrome P450

monooxygenase.

Among the lipid mediators generated by those pathways is possible to discriminate two
main classes of mediators: grdlammatoryhonresolving and arntinflammatory/ pre

resolving Schemes.4.1Sehemes-4-1). Formatta
pt, Non (

Membrane Phospholipids

CYP450 o

o T o T OH

arachidonic acid

12/15 LOX

COX-1/2

P 12-HETE

Prostaglandines (including prostacycins)
Thromboxanes

PGH, —> PGFy,
/ | l\
Txfz F>cf|2

TxB, 6-keto PGF 4,
Scheme6.4.1 Summary of arachidonic acid pathways: pesolving/antiinflammatory mediators (blue) and

pro-inflammatory/norresolving (red).

A significant challenge in targeting the inflammation cascade is to decrease the formation
of pro-inflammatory lipids mediators, such as PGiad LTB,, without affectingthe level
of the antiinflammatory ones, such as Pglpoxins (LXs) or epoxyeicosatetraenoie

acids (EETs). This can be realised by targeting the enzymes isoforms responsible for the
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production of praenflammatory mediators. The class of rsteroidalantrinflammatory
drugs known as Coxib (e.g. Etericoxib, Celecoxib), for example, specifically target the
isoform COX2 which is the one induced during inflammation processes, responsible for
the production of inflammatory prostacyclin. The market has batmated over the years
with drugs targeting COX on the arachidonic acid pathway. Another important target is
represented by-Bpoxygenase (8.0O) but despite efforts to find drug candidates targeting
5-LO, the only inhibitor to reach the market so faslbeen zileutoff

Although 12 and 15lipoxygenase have been shown to be involved in inflammation
processes, they are also responsible of the synthesis of resolving mediators such as
lipoxins. For this reason, it is more desirable to specifically targe© Samong the
lipoxygenase isoforms. The only products df@ pathway are, in fact, leukotrienes which

are preinflammatory mediators. Leukotrienes have been shown to be connected not only
with pathologiesuch as asthma and allergic rhinitis as wellasliovascular diseases but

also with certain types of cand@Thus it is important to avoid their formation in order to

counteract the inflammation response.

OH
arachidonic acid

\ 5-LOX

COOH OH
P COOH N COOH
S __ X —

5(S)-HEPTE 5-HETE

| 5-LOX

) LT-C4 synthase LT-Cy

NGNS COOH
- @@ @ @ .
y—glutamil transferase

LT-A4 Hydrolase LT-A,
LT-D,
OH OH

P COOH ELT'jE“

LT-B,

Dipeptidase

Scheme6.4.2 5-Lipoxygenase pathway
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Leukotrienes (LTs) are paracrine lipid mediators that bind to rhoddgsirG proteir
coupled receptors which has various roles in inflammation and immunological function.
Among the leukotrienes, LTBis a potent chemotactic agerdr finflammatory cells
including neutrophils, macrophages and eosinophils alongside with theTSy4. TC,,

LTD,4, and LTE which are potent constrictors of airway smooth muscles leading to
bronchoconstriction which is formed by the intervention df( on aachidonic acid
(ARA). These LTs increase leukocyte tissue infiltration and play an important role in
immune reactions by enhancing the release oirftammatory cytokines by macrophages
and lymphocytes and are involved in immediate hypersensitivitytioeac CysLTs are

also responsible for the increase of vascular permeability leadirgediema through
contraction of endothelial cells (EC) in the microvasculature. LTs can also interact with
sensory nerve files, leading to changes in their excitabiléywd enhanced release of
tachykinins. Therefore they are important inflammatory mediators in a number of different

inflammatory diseases and allergic disordérs.

5-Lipoxygenase is one of six isoforms of lipoxygenase present in humans and it is
expressed n different leukocytes polnorphonuclear leukocytes (neutrophils and
eosinophils), mast cells, monocytes/macrophagédgmiphocytes, dendritic cells and foam
cells. It is a monomeric enzyme containing 672/673 AA. Its structure is characterised by an
N-terminal b-sandwich and a @®rminal catalytic domain binding the prosthetic iron that

is ferrous (F&) for purified recombinant-60 treatment with lipid hydroxides such as 5
HPETE which transforms it into ferric (£¢. It utilises two cefactors, C&" (fundamettal

for 5-LO activity) that binds ta C2 domain on the f&rminalb-sandwich and adenosine
triphosphate (ATPY® It seems that ATP has a stabilising role on the enzyme and its
hydrolysis is not needed. The affinity betweerl® and the ATP is used in the
purification processes of the enzyme, although the precise binding site of ATP has not
been determined y&t5-LO also utilises 8.0 activating protein (FLAP), a member thie
MembraneAssociated Proteins in Eicosanoid and Glutathione metabolMAPEG)

family, through proteirprotein interactions for catalytic activity. FLAP appears to
facilitate the transfer of ARA to-bBO, a hypothesis which is supported by the evidence
that when FLAP is inhibited (or not expressed) the transformation of endogenous amino
acid into 5LO products is blockeff. Interestingly, ARA supplied from the exogenous
environment is able to be metabolised even when the FLAP activity is inhibit€al.can

be stimulated through phosphorylation by kinases, in particular p38 mitogen exttivat
protein kinase (p38 MAP kinase) on S&t1, serine kinase ERK2 on S#83 and cAMP
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dependent protein kinase PKA catalytic subunit orR52&: Regardingpolymorphonuclear
leukocyte PMNL), evidencehas shown that p38 MAP kinase and ERK2 were important
for ARA-induced 5LO product formatiort 767 Formatta

As shownin Schemeb.4.2Schemes-4.2, themetabolism of arachidonic acid (ARA) by 5 @
LO starts by generating-&)-HPETE, which is subseequtly either reduced to the pt, Non
corresponding alcohol,-BETE, or to the short lived epoxgukotriene, LTA. The latter

is further metabolised to release a series of LTs either via the hydrolysis of its epoxide by
LTA4 hydrolase (LTA4H) to the correspondingoll LTB,4, or its metabolism to the
cysteineadduct LTG from which other cysteinyL Ts (CysLTs), LTD, and LTE, are

sequentially formed from LT£®

Strategies to counteract the pnflammatory activity of the product of-BO have
involved blocking thdeukotrienes receptors (montelukast and zafirlukast), direct inhibitors
of 5-LO of which the only representative on the market up to date is zileuton.

Given the recent findings on the multiple factors that influence the regulation of
leukotriene formationsuch as FLAP, ERK2, p38 MAP kinase andGac. more focus is
being placed nowadays on targeting these as well (e.g. licofelone FLAP inhibitor), in order
to achieve a laer success chance on the intact cell environment. fdutiet strategies
that attenpt to inhibit the arachidonic acid pathway at different sites are starting to be

explored.
The 5lipoxygenase inhibitors can be classified based on the stage they are interacting at:

1 Direct 5LO inhibitors®
1 Iron ligand inhibitor&® (zileuton)
1 Redox inhilitors (polyphenols)
1 Non redox competitive inhibitors (they compete with arachidonic acid to
bind to the enzyme active sijt&s9 @
T Inhibitors of LTA,hydrolasé"
T FLAP inhibitors (Licofelone}

1 Leukotriene receptdnhibitors (Montelukast, Zafirlukast)

Among the direct 8.0 inhibitors, despite the 25 years of research on the topic, the only

commercial compound, as previously mentioned Nifl-(1-benzothier2-yl)ethyl]-N-

hydroxyurea(zileuton) (Figure6.4.1Figure6-4-1). Formatta
pt, Non (
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Figure 6.4.1 Structure of zileutan

The N-hydroxyure portion of the molecule acts by chelating to iron in the active site of
5-LO preventing it from oxidising and thus entering the catalytic cycle. It also possesses
weak reducing properties auxiliary to the inhibitory activity towards$5™ It has various
drawbacks such as short hblé and liver toxicity which is due to irreversible inhibition of

glutathioneS-transferase through alkylation.

Among the redox inhibitors, it is worth mentioning a few polyphenols including curcumin,

resveratrol, baicalin,atechin, quercitin and caffescid (Figure 6.4.2Figure6-4-2). Their Formatta
pt, Non (

antioxidant potential is weknown, thus they interact with-I50 avoiding the oxidation of

ferrous iron present in the catalytic site.

OH
OH O
Curcumin Trans-resveratrol Quercitin
OH
OH o)
HO O HO:@/\)\OH
\©/\J\ HO
OH
Baicalin Catechin Caffeic Acid

Figure 6.4.2 Examples of polyphenols targeting-® product formation.

A combination of baicalin and catechin, known as Flavocoxid (Limbrel), is currently under
clinical development for the trement of osteoarthriti8 Other polyphenols such as
curcumin are effective in inhibiting-BO product formation and inflammation processes,
not only because of its antioxidant properties but also due to its ability to interact at
different locations of tharachidonic acid pathway. They are a natural lead compound

towards the development of muléirget actives with proven safety and acti@ifs2 Formatta
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Another site on the arachidonic acid pathway that is emergingoas target in

antrinflammatory therapy is FLAP. LicofelongiQure 6.4.3Figure6-43) is an active that @
was developed as dual COXI® inhibitor and has been proven to target FLAR. is pt, Non ¢

currently undergoing phase lll cloal trials for therapy of osteoarthritr@72
N =
HOOC O cl

Licofelone
Figure 6.43 FLAP inhibitor in phase Il clinical trials.

The modeof-action oflicofelone targeting FLAP was first evidenced by the fact that the
compound showed only weak inhibition oiL® in cell free assays and instead, showed
high inhibition power on PMNL, highlighting that licofelone needed the intact cell
environment to exerits function. In the intact cell environment, FLAP is present thus
Fisher et al. investigated its interference with FLAP, finding in this interaction the reason
of its activity.

Another strategy to counteract the inflammatory response catalysed from-Libe 5
pathway is to inhibit the leukotriene receptors. This is the action mechanism of clinically

approved montelukast and zafirlukagtigure 6.44Figure—6-44), which inhibit the Formatta
pt, Non (

cysteinytleukotrienes on the CysLT1 receptors.
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Figure 6.4.4 Cysteinylleukotrienes inhibitors used in asthma therapy
6.5. Dermatophytes

Fungi can be classified as either pathogens ofpadinogens, depending on their abitiby

cause pathological states or not. The majority of fungi arepatimgens. Dermatophytes

are fungi that invade and grow in dead keratin. They are hyaline separate molds. The
hyphae of these mycelial organism are able to penetrate the stratum corneaife ahd

skin and they possess keratinolytic proteases, which enable the microorganism to entry the
living cells.”® A wide number of the known keratinolytic fungi belong to either the family

of Arthrodermataceae(which include generaEpidermophyton, Micrgeorum and
Trichophyton or Onygenaceadrom the phylumAscomycotad’ They are spore shooter
microorganisms, the spores generate the mycelium. These families are generally
homogeneous with respect to appearance, physiology, taxonomy, antigenicity, basic
growth requirements, infectivity and diseases they cause. They tend to grow outwards on
skin producing a rindike patterni hence the term &éringwor mo.
and affect different parts of the body causing dermatophytddiey can affect nails
leading to onychomycosis a general term that denotes any fungal nail infe¢tioea
unguiumspecifically describes a dermatophytic invasion of the nail platiepphyton
rubrumis the dermatophyte that is generally responsible), onychomycosis getemdBy

to destruction and deformity of toe and fingernails, nail thickens, change colour, split and
lift from the nail bed”?

Dermatophytes can also affect the scalp (tinea caprisophytonandMicosporumgenera
are mainly responsible) they cause pagchn the scalp of hair loss, sometimes associated
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with a Ablack doto pattern, accompanied by
scaling.Tricophyton tonsuranandTricophyton violaceumare examples of dermatophytes
causing scalp dermatophytasis

Furthermore, they can affect skin, causing scaling, crusting, sometimesliesiesions,
rushes and the classic round spots pattern, typical of ringworm lesions, it can be associated
with inflammation, an example of microorganism responsible far dermatophytosis is

M. canis.

The mycosis generated by dermatophytes can be separated in localised and profound
dermatophytosi&! although with the clinically approved drugs it is possible to obtain high
success rates, systemic mycosis are much moreudiffo treat which is why continued
research into antimycotic actives for systemic application is essential. One of the
difficulties of treating a systemic dermatophyte infection is the fact that dermatophytes
tend to attack tissues poorly vascularised #rus are more challenging for the delivered
drug to reach the site of infection. Furthermore, there is a problem in selectively targeting

the dermatophytes towards the fungi cells rather than the human forms.

Systemic mycosis mainly affect, and are armaoncern for, people with a compromised
immunosystem, such as patients with HIV or cancer, in which the dermatophytes grow and
develop quicker and easily. These infections, in immadeyaressed subjects can degenerate

to cause fatality. Other factors thatn enhance the risk of dermatophytosis are prolonged

hospitalisations, alcohol abuse, radiotherapy, haemodialysis and serious burns.
6.5.1. Targets forDermatophyt&herapy

All dermatophytes are characterised by an unusual cell structure. It is important to know
the dermatophyte strain in order to understand in which way different antimycotic drugs

exert their function.

The cellular membrane, also known as cytoplasmic membrane, covers the cytoplasm with
all its components and forms a barrier between the celt@mient and its components. If
the membrane is damaged, all the cytosolic components are released leading to the death of

the cell.

The cell wall that protects and shapes the cell membrane in dermatophytes, is made up of a
dense network of fibrils of chiti -{-©€polymer ofN-acetytglucosamine).
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The cell membrane is primarily composed of lipids (phospholipids), among which sterols
ergosterol and lanosterol are the most important, and their synthetic pathways are preferred
targets in the antimycotic thenap Ergosterol is synthesised from lanosterol and is

fundamental to keep the homeostatic equilibrium of the cell membrane and its integrity.

Figure 6.5.1 Steroidalbackbone.

Sterols are compounds characterised bfused tetracyclic motif Figure 6.5.1Figure Formatta
: . Non ¢
6.-51). Natural hormones belonging from the sterols class such as cortisol, estroge p}’ on
testosteroe, or actives such as cortisone and its derivative possess have this tetracyclic in

common.

Squalene Epossidasi

1

Squalene Squalene Epoxide Lanosterol

14-a lanosterol demethylase
CYP450 3

A8,A9-isomerase A14-reductase

5

HO HO

Ergosterol

Figure 6.5.2 Synthesis of cell membrane in dermatophytes.

The synthesis of ergosté provides a privileged target for antimycotic drugs. Different

classes of molecules act at different levels, for example, allylamine gaotioe and its @

derivatives) act by blocking the squalene epoxidéSgure 6.5.2Figure-6:52) azole pt, Non (
Formatta

containing deriva i v e s a c t -larmgfeoidemethylasequrtl6.5.2Figure 6:5.2), pt, Non (
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6.6. Azole-containing derivatives

Azole-containing antimycotic drugs include structures containing imidazole or triazole

rings which possess the same antimycotic action mechanism.

Figure 6.6.1 Azolecontaining derivatives general structures, 1 imidazole, 2 triazole.

The activity demonstrated by azatentaining derivatives is due to the heteroaromatic ring

(imidazole or triazole) and to the tetrahedral symmetry to which the heterocycle is®hound.

All the azolecontaining derivatives act by inhibiting the 4 -latbsterol demethylase
through the basic nitrogen of the heterocycle which binds the haem group of CYP450 in

the position normally occupied by oxygen. The remaining portion of the moleculectatera

with other parts of the aporotein and allows the active compound to specifically
recognise that enzyme among all the CYP450 ones. Blocking the activitydof U
lanosterol demethyladeeads to a backlog of sterels st
position, which changes the membrane permeability making it less efficient and altering
the functionality® of membranedés proteins.
Studies onSaccharomices Cervisiaedicate that two nitrogen atoms of the azole ring
structures, nitrogen in position 3 fonidazoles, and nitrogen in position 4 in triazoles, is
necessary to stabilise and to complex the ferric ion of the haem group. The other portion of

the azolecontaining molecules, such as the alkyl substituents R and Re molecules
are important in etermining the binding interactions with fiGure6.6.2Figure6-6.2).2*

Formatta
pt, Non (
Uniti)
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X=CH, imidazoles
X=N triazoles

Figure 6.6.2 Interaction of the azole rings with 4 -latibsterol demetfiase of S. Cervisiae.

Among the azokeontaining examples of drugs used in localized infections are miconazole

and econazole, and for systemic therapy, ketoconazole, voriconazdldluconazole

(Figure6.6.3Figure6-6:3). Formatta
pt, Non (
Cl
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Voriconazole Econazole ketoconazole

Figure 6.6.3 Examples of azoles antimycotic drugs.

Is important to mention that triazoles, compared to imidazoles, have a slower metabolic
breakdown pathway and are more speddwards the CITP450 of the dermatophytes over

the human one.
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7. Project aims and background

7.1. Novel SemiSynthetic Polyphenol Analogues and Related SAR Studies

The originally proposedproject centred onthe design of semsynthetic polyphenol
analogues. Thaim was to find new carriers for those natural compounds and to enhance
their bioavailability, haHlife in the blood, facilitate their transport across cell membranes

and consequently result in an increase in their biological activity.

Initially, it was believed this could be achieved through the syntheses of polyethylene
glycol (PEG}linked conjugates or sugar derivativeshanging the type and position of the
sugars. Evidence in the literature supported this proposal, particularly research from Jun Li
et al®* on PEGderivatives of curcumin, Kunihiko et lon glycosylcurcuminoids and of

L. Biasutto et af’ on resveratrol. Based this precedence, efforts were focused to achieve

the pegylation of curcumin.

Curcuminoids and polyphenols, in general, haiteacted a strong interest because of their
versatility in terms of biological activities, applications and available sources. These
classes of compounds demonstrate -eaticer, antinflammatory, antioxidant, ant
artherosclerotic properties, as wa neure and cardieprotective activities. They have
been used in prebiotics, pharmaceuticals, cosmeticsgceuticals and can be extracted

from renewable sources such as tea leaves, grapes, cocoa beans and v&getables.

After preliminary studies inhen¢ to these classes of molecules, efforts weiinected to
consider alternative ways to enhance the performance of the polyphenols of interest. The
focus of the project was, consequently, rediredssly linkers were chosen that not only
could act in asimilar way to polyethylene glycol, i.e. increasing water solubility through
hydrogen bond interactions, but could also serve as active pharmacophores, thereby no
more acting just as simple passive connection units. It was thought that this would expand
the activity profile of the synthesd analogues and enable the introduction of molecular

diversity. To achieve this, linkers based on a triazole core were targeted as building blocks

FI ur67ll . . ) Formatta
pt, Non (
D> —Q
Payload: Drug 1 Peg-Friazole/ Drug 2/
Triazole Free OH

Figure 7.11 General scheme for the library of compounds
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Triazoles are known to act as pharmacophores, capable of interacting with a broad range of
targets. They have been attributed hie &activity in several antifungal, antibacterial and
anticancer agents, HIV protease inhibit@end antinflammatory compound®.

From a synthetic standpoint, an advantage of incorporating the triazole motif into the linker
is the relatively simple and éxpensive method of preparation: the copper catalysediazide
al kyne cycloaddition (CuAAC) better kKknown

azide and alkyne coupling fragments facilitate the introduction of molecular divérsity.

This choice of linkeralso opened the scope of the project to the concept of poly
pharmacology, which is an area of increasing interest amongst the medicinal chemist
community. There are several benefits of a raltjet approach which include not only a
better balance betweerttivity and side effects but also a reduction of costs and time of

development to reach the market.

When considering the concept of a mitdtiget approach it is possible to think about it as
dualistic. A multitarget drug can be designed to act orfedd#nt levels of the same
pathways, as demonstrated by Werz andwockers® by the development of new
prenylated pyrazoleurcuminoids as antnflammatory analogues able to targel.®
alongside with mPGES. Alternatively, it can be thought of as a waydesign molecules

that can act either on wumlated or distantly related targets in order to reach different
pathologies, as is the case of methotrexate which is used in treatment therapies from cancer

to psoriasis to rheumatoid arthritis.

A major challege in polypharmacology is to avoid excessive promiscuity in order to limit
the side effects as much as possible caused by interaction withrgetis. For this reason,
particular care should be during the optimisation process, the syndlestgn stagend

the activity profiles towards the selected targets. In the field of medicinal chemistry, multi
target structurfieactivity relationship (SAR) studies is therefore a primary necessity but it is
still far from routine mostly due to the fact that pplyamacology, and the rational design

of multi-targets active as a science, is still in its infancy. Therefore, further research into

this area is required to fully understand the value of this concept.

Three main targets were chosen for our library of comgswf which two are reported to
be involved in the human inflammation process. The first of which wam¥ygenase, a
crucial enzyme of the arachidonic acid (AA) cascade and involved in the first two catalytic

reactions of the biosynthesis of leukotrierfeTs)?* It has been established that the role of
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LTs as inflammatory mediators play a pathophysiological role in different diseases, for
example, asthma and allergic rhinitis as well as cardiovascular diseases and certain types of
cancer” The second tget was transcription factor Nrf2, which is responsible of
recognising the antioxidant response element (ARE) regulating a number of cytoprotective
genes. The significance of the Nwf@gulated cytoprotective adaptive response has been
demonstrated in aniah models of electrophilic and oxidative toxicity, carcinogenesis,
inflammationassociated carcinogenesis, and acute inflammatighis target will not be
discuss in the present work, giving that the molecules herein presented are still under

investigaton on this target

The final target selected wds 4 -latbsteroldemethylase a cytochrome P450 enzyme
common to all dermatophytes. Dermatophytes are fungi that enter and grow in dead keratin
tissue. Several species commonly invade human keratin and these belongs to the
EpidermophytonMicosporumand Trichophytongenera. They tend to grow outwards on
skin producingaring i ke pattern, hence the term o6ri

can affect different parts of the botfy.

1 4 -Lddosterol demethylase is the target enzyme of azoles such as ketoconazole,
miconazole and fluconazole. It is an enzyme involved in the synthesis of ergosterol, an
important component of dermatophytes cell wall. This enzyme is targeted by a number of
triazolecontaining fungicide drugs. Considering that the mortality associatigél w
dermatophytosis as reported by the World Health Organization (WHO) irS&hdran
African region in 2001 was found to be similar to that attributed to gout, endocrine disease,
panic disorders and war related injuries and considering the increasingmaimesistant

strains, research in this area is still topical.

It is also noteworthy that dermatophytosis cause a higher mortality risk in patients affected
by HIV. Furthermoretaking into account that mycos@d inflammationare commonly
associatedyve focused the present studies towardlti-target actives that are able to act
both on the inflammation process and dermatophyte infectfons
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8. Results andDiscussion

8.1. Preliminary Studies Toward Curcumin Analogues

The substrate initially chosen within thelygphenol family was curcumin, given its known
multi-target activity. It is, in fact, largely reported to be an -amitdant, anticancet
(against, for example, melanoma, pancreatic cancer etc.) anthftamimatory active.
Some of the main problems gwtted with the use of polyphenols include their poor
solubility in organic media, rapid metabolic clearance and issues associatad witb
delivery which overall leads to poor bioavailability. In the past numerous synthetic
strategies were adopted ¢wercome these issues including pegylatidiposome&® and
glycosylation (a chemical modification used in nature to protect polyphenols from

enzymatic oxidation enhance their ki in cells)!®

Based on this precedence, analofjueas initially set as target to evaluate the possibility

of synthesising a new family of seisynthetic curcuminoidétigure8.1 1Figure8-11). Formatta
pt, Non (
0O O O O
H3CO AN = O OCH3 H;CO ‘ N = O OCHj3
HO ‘ R OH

Figure 8.11 Semisynthetic analogue of curcumin

Starting material2 and 3 (Scheme 8.1)lwere preparedia known procedure before the

O-alkylation reaction was investigateflohene 8.12).

TBSCI (1.0 eq.),

o O Imidazole (2.0 eq.), o o
H;CO ! X = ! OCHg3 DMF H3CO ! N = ! OCH3
HO OH TBSO OH
Curcumin (1.0 eq.) 2
44%
TsClI (3.0 eq.),

KOH (7.0 eq.), H,0,
o o 0°-rt.

70" > OO0
tetraethylenglycol (1.0 eq.) 3
95%
Scheme8.1.1 Syntheses of silgrotected curcumin2)*®* and tosydprotected tetraethylene glycd)(**
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O O

H;CO N = OCH3
O O 750" OO0t
TBSO 2(2.0eq.) OH 3(1.0eq.)
Base (2.0 eq.)
solvents,
time, °C
O O O O

H5CO N = OCHjs HsCO N = OCHj,4
TBSO ‘ ‘ 0O O g ‘ OTBS
1

Scheme8.1.2 O-Alkylation between silyprotected curcumin?) and bistosylated tetraethylene glycoB).

Initial screening of theéD-alkylation reaction lead to no product formatiorakfe 8.1.).
Instead, the reaction mixtures indicated the conversion of fpostected curcumi@ back

to curcumin.

Table 8.11 Reaction conditions for @lkylation. DMF = dimethylformamide

ENTRY BASE SOLVENT TEMP. [°C] TIME
[HOURS]

1 K,COs DMF 80 12

2 K,CO, DMF 20 12

The tert-butyldimethylsilyl (TBS) protecting group revealed to be unexpectedsyable
under basic conditions and we thus decided to perform a more detailed screening of the

stability of moneprotected curcumi2 under different combinations of solvent and base

(Table 8.1.2
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Table 8.1.2 Stability test of mongrotected curcumi under different solvent/base combinations. The
stability was monitored by thin layer chromatography. DIPEA = diisopropylethylamine; DMF =
dimethylformamide; DCM = dichloromethane; THF = tetrahydrofuran; DMSOimethyl sulfoxide; NMP
= N-methyi2-pyrrolidone; MTBE = methyl tetbutyl ether.

Entry Base Solvent Comments
1 K,CO; DMF Curcumin recovered
2 NaH DMF Curcumin recovered
3 DIPEA DMF Curcumin recovered
4 CsCO; DMF Curcumin recovered
5 CsCO; DCM TBS-protected curcumin 2 was stabl

under these conditions
6 CsCOy Acetone Curcumin recovered

7 CsCO; THF TBS-protected curcumin 2 was stabl
under these conditions

8 CsCO; Dioxane TBS-protected curcumin 2 was stabl
under these conditions

9 CsCO; DMSO Curcumin recovered
10 CsCO; NMP Curcumin recovered
11 CsCOy Methanol Curcumin recovered
12 CsCOy MTBE TBS-protected curcumin 2 was stabl

under these conditions

13 CsCOy Ethanol TBS-protected curcumin 2 was stabl

under these conditions

14 CsCOy Acetonitrile Curcumin recovered

The conditions in entry 7 were used for subsequ@smtikylations of moneprotected
curcumin2 as it was noted that these conditions had a better solubility profile than those
used in entries 8, 12 and 13. However, it wasntbthat under these conditions, when
proceeding with th®-alkylation a complex mixture of products was formed and it proved

difficult to isolate and/or characterise the desired product. It was thought that the complex
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mixture formed may have been caudedthe nature of the protecting group and so a

variety of moneprotected curcumin analogues were prepared and screened under the

optimal O-alkylation conditions$cheme8.13Secheme8-13). Formatta
pt, Non (
O O RCI (1.0 eq.), o 0O
Hs;CO X — OCH, Imidazole or DIPEA H3CO N = OCHj
O O (1.2-2.0 eq.), O O
RO OH
RO OH solvent

4 R =TIPS 18%,

"(‘1":‘::')" 5 R = MOM 32%
: : 6 R=SEM 27%
O O
H3;CO ™ ¥ OCHj; (0] (0]
O O LGO™ "0 NN 016
RO OH 7 LG=TS, 95%
8 LG=Br; quantitative
4R=TIPS (2.0 eq.), (1.0eq.)
5R=MOM (2.0 eq.),
6 R=SEM (2.0 eq.). Base
solvents,
time, °C
O O O O
H3;CO O ™ = O OCH3 H,;CO A = OCHs3
o o I P
RO O/\/ \/\O/\/ \/\O OR
9 R=TIPS
10 R=MOM
11 R= SEM

Scheme8.1.3 Synthesis of morprotected curcumin analoguds5 and 6 were achieved following

procedures previously reported in the literatdré®'%4

Table 8.1.3 Reactions between differently mepimtected curcumin and bissylated PEG. DMF =
dimethylformamide.

Entry Mono- PEG Base[EQ.] Solvent  Temp. [°C] Result
protected analogue
curcumin
1 4 7 CsC0; (4.0) DMF 20 Curcumin recovered
2 5 7 CsCO;(4.0) DMF 20 Complex mixture
3 6 7 CsC0; (4.0) DMF 20 Complex mixture
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Despite changing the protecting group on curcumin, it was not possible to afford the

desired product and again, the silyl protecting group (triisopropylsilyl) proved to be

unstable in basic corttbns furnishing only curcumin (entry; 1 Formatta
pt, Non E

Tables.13 Formatta
pt, Non (

Fables.13). It was then hypothesised that a possible issue for the lack of product formation

could be due to the slow reactivity of the tegthylene glycol intermediat And sobis-

bromo tetraethylene glycd@ was prepared and used in tBealkylation reaction [able Formatta
81 ) pt, Non (

Table 8.14 Reactions between mospootected curcumil and bistosylated PE®. DMF =

dimethylformamide; THF = tetrahydrofuran.

Entry Mono- PEG Catalyst Base [eq.] Solvent Temp. Results
protected analogue [°C]
curcumin
1 6 8 CsCO; (4.0 DMF 20 Complex mixture
2 6 8 Nal CsCO;(4.0) DMF 20 Complex mixture
3 6 8 CsCO; (4.0 THF 20i70  Complex mixture
4 6 8 NaH (40) THF 60 Complex mixture
5 6 8 KoCO;(4.0)  Acetonitrile 120 Complex mixture

Despite these variations, it was never possible to isolate the desakglated product.
Due to these persistentlifficulties, it was decided to reshape the project to employ

alternative linkers and substrates.
8.2. Library Planning Strategy AssistedThrough In Silico Evaluation
8.2.1. MolecularModellingSudies

The design of the synthesised compounds was assisted by molacdelling studies,
which were performed in collaboration with the group of PB#nder from Cambridge
University. The preliminary docking screen performed, directed the choice of the linkers

backbone.
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Computational studies, on the proposed targets, perfermed on human-fpoxygense
(5-LO) PDB: 308Y, and orl 4 -latbsteroldemethylase fron$. CerevisiaePDB: 4KOF.
Docking studies on Nrf2 were not performed because of insufficient data on the amino acid

composition of the active site.

Caffeic acid and zileuton were docked and used as references as theyvanebking
ligands of 5LO. Caffeic acid is stabilised in the-l% binding pocket through the
formation of hydrogen bonds with Ala424, blocking the binding site of the arachidonic
acid in 5LO. In a similar way, the binding site of zileuton, a welbwn ptent inhibitor

of 5-LO, is located within the inner part of the binding pocket and is stabilised by the

formation of a network of hydrogen bonds with the main chains of Leu420 and Ala424 and

the side chain of Asn425, as can be noteédure8.2 1Figure8-21. Formatta
pt, Non (
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Figure 8.2.1 Caffeic acid (left) and Zileuton (right) bound into thé.® arachidonic acid binding site

/
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b N H|55‘. f”\—:/

To validate the docking procedurelind -latbsteroldemethylasgfluconazole was docked
into the protein and used as a reference. Fluconazole is stabilised in the binding cavity

throwghi nNnteractions between one of its tri

Figure 8.22Figure-8-22. It is known that the main interaction of triazaentaining Formatta
. . . o . . . Non ¢
antimycotic actives is its interaction with the iron of the HEME group. L. Non
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Figure 8.2.2 Fluconazole stabilised in the binding cawitil 4 -latbserol demethylase

The general structures of the two initially designed classes of compounds are shown in

Figure8.2 3Figure8.23. Formatta
pt, Non (
0 (0]
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8d n=8 P;n=3

Figure 8.23 General structures of the alkyl triazoles (left) and polyethytggeol triazoles (right) families.

The preliminary docking studies suggested that the alkyl linker presents better interaction
in the hydrophobic binding site ofI50 with respect to the pgtriazole linkers. Binding
energies for the alkyl triazole linkers were generally lower compared to the polyethylene
glycol analogues. Considering that zileuton has a lower binding energy than caffeic acid (
8.8 kcal/mol and 6.5 kcal/mol respectively) d@nis known to be a better inhibitor ofL®,

the difference in the binding energies between the alkyl triazole linkers and the peg
triazole linkers suggested a significant outcome.

Compounds bearing the polyethyleglgcol chain,P; (binding energy 9.00kcal/mol) and

P (binding energyi 8.4 kcal/mol) showed a binding energy comparable to the clinically
approved zileuton (binding enerd.8 kcal/mol). They have shown a stronger binding
interaction, in our predictions, compared to the relatively poor itohibaffeic acid (6.5
kcal/mol), although, the compounds bearing the alkyl linkers have generally shown lower
binding energies8a 19.4 kcal/mol anddd 19.5 kcal/mol) than the polyethylemggycol

ones.
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Furthermore, it was observed that the polyethyiglgeol chain of compoun@; sits at the

limit of the binding site. Inhibitors with a longer linker chain cannot enter completely into

the binding site of 4.0, thus the binding energy starts to increase. The portion that
remains out with the binding sitdug the interaction with the solvent can increase the
entropy of the complex (e.@4 n=6,17.0 kcal/mol).Figure 8.2 4Figure-8-24 shows the @
comparison between compounéla, 8d, R and P; , where it can be noted th&, P, Non ¢
compared to the other molecules, is at the limit of the binding site.
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Figure 8.24 Predicted binding images f@&d (A), 8a(B), P, (C), P3 (D) on 5lipoxygenase

Instead, on 14+anosterol demethylase, the pelhyleneglycol analogues form hydrogen

bonds with His381 favouring a different orientation of the molecule and of the triazole

ring. Alkyl triazole 8d is oriented towards the iron of the HEME group, similar to
fluconazole. Instead, with polyethylegé/col analoguesP; and P; the triazole ring is

oriented in the opposite directioRiure 8.2 5Figure8-25). This difference in orientation @
did not translate into a relevant difference in binding energy. Considering thattithre ac P, Non
mechanism of triazoleontaining antimycotic drugs involves the interaction between the

basic nitrogen atom of the heteroaromatic ring and the iron of the HEME of the CYP450
(thereby preventing the enzyme from oxidising its normal sub&Patehe diferent

orientation observed between the two families might lead explain the differenceim the

vitro activity.
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Figure 8.25 Predicted binding orientations & (A), 8a (B), P, (C), P; (D) on 14Uanosteroldemethylase

Therefore, the simple triazole core was selected as common feature to all our final
compounds and it has been synthesised a copper(l) catalysed alkyrazide
cycloaddition- a modern version of the Huisgen 1,3 dipolar cyclogatiialso known as

iclick cd%hemistryo.
8.2.2. MolecularModellingParameters

The structure of all compounds herein presented were optimised using the MMFF94x force
field. The torsional root and branches of the ligands were chosen using AutoDockTools
(version May 03 13)}%" allowing flexibility for all rotatable bonds of the ligand.
Subsequently, AutoDockTools was used to assign Gagtdigesilli atomic charges to all
ligands. On the other hand, all water molecules were removed from-Li@ &nd

14 Ulanosterol demethylaseystal structures (PDB ID: 308Y and 4KOF, respectively). It

is worth mentioning that this structure ofL® was crystallised without any ligands. In
order to obtain an active conformation of this enzyme, the coordinates of aracradid

were extracted from crystal structure 3V99 and docked in 30Y8 using a rigid docking
approach. The complex obtained was then submitted to a structure optimisation using the
MMFF94x force field and the resulting protein structure was used to pertbe

calculations presented in this studsiqure 8.2 6Figure8-26). AutoDockTools was also Formatta
. : Non ¢
used to merge all ngpolar hydrogen atoms and to assign Gasteiger charges for each ato L. Non

of the macromolecule.
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Figure 8.26 Predicted binding conformations of arachidonic acid.

Figure 8.2 6Figure8-26 shows the arachidonic acid of crystal structure 3V99 overlapped Formatta
on crystal structure 308Y (green); theukef the rigid docking of arachidonic acid on Pt Non ¢

308Y (blue); and the result of the flexible docking of the same molecule after the structure

optimisation of the protein (pink).

Docking calculations were performed with AutoDock Vina 1.1.2 softW&refhe
seaching area was defined by a box of 8@0 x 30 A centred at the coordinates of the
catalytic Fé" for 5-LO and a box of 3% 25 x 25 A centred at 17.39, 11.13 and 16.78 in

the 14 Ulanosterodemethylaserystal structure. The conformational search ef ligand

was performed using and exhaustiveness value of 8 to generate maximum 9 binding modes
with a maximum energy difference of 4 kcal/mol between the best and worst
conformations. The conformation with the lowest predicted binding energy was used for
further analysis. In order to maintain the reproducibility of this study, all the calculations

were performed using a seed equal to 1.
8.3. Design andSynthesis of theCompound Library
8.3.1. RationaleBehind theDesign

The synthesised library of compounds was basedhenreadily available polyphenol

caffeic acid. In order to determine the key features for therdi@mmatory and fungicide

activities associated with this family of compounds, strategic structural modifications were
conceived. Focus was placed on thedditution of the aromatic portio\], the type of

linker (B), the chain lengthQ) and functionalisation of the hydroxyl group)((Figure @
8.31Figure8.31). pt, Non

78



A Esterification/
Amidation

Figure 8.3.1 Generic structure of the synthetic triazaentaining analogues.

The synthesis of these compounds relies on an initial esterification or amidation of caffeic
acid which also installs either the alkyne or azide fragment poicformation of the
triazole ring through a copper(l) catalysed aztle/ne cycloaddition (CUAAC).

A fundamental objective for this library of compounds was to obtain a certain degree of
molecular diversity, through a concise and expedient synthepooagh, in order to

explore the structuractivity relationship (SAR) on the selected targets. Initially, the effect

of the chain length of the linker fragment between the polyphenol and the triazole core was
investigated ffigure 8.3 2Figure8-32). This variable was considered relevant for both of @
the considered targets:Lipoxygenase consists of a relatively large binding site and it is P, Non ¢
not yet well known wht are the key structural features that are required for an etiicsci

drug candidate. This is highlighted by the fact that zileuton is still the only molecule on the

market that is prescribed as a specific inhibitor-ip&xygenase.

Instead, on the 14+anosterol demethylase, the chain length of the linkers coulahbe
important feature that influences the efficacy of the new molecules, not just for the binding
interactionsat the active sitebut also because incréag lipophilicity could affect their
ability to pass through the dermatophytes cell wall, therebgasing the potential to exert
their antifungicide function. In both cases, maintaining a certain degree of lipophilicity is
important to facilitate efficient intestinal adsorption and to achieve a reasonable oral

bioavailability for systemic treatmeft

N=N OH
ACO:@/\)\O CHz)n
AcO

8an=2;

8b n=4;

8cn=5;
8dn=8§;

Figure 8.3.2 Synthetic analogues with varying chain lengths between diacetyl caffeic acid and the triazole
ring.
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Substitution of the ester with an amide group was also exahfrigure8.3.3Figure8-33) Formatta
pt, Non (

in order to determine the effect the ester group has on the activity of these compou
whilst also evaluating the effect of the more metabolically stabile amide §fbup.

N=N OH
Acoj‘/\)\.( CHZ)n
AcO

8e X=NH; n=2;

Figure 8.3.3 Substitution of the ester functionality with an amide group.

Alternate functionality to the aromatic acetate groups was also considermale( @
8.34Figure-8-34). Replacing the acetate groups with fluorine could lead to a weake pt, Non
interaction with the binding site otlfpoxygenase or 14+Hanosterol demethylase but, on

the other hand, could also lead to improved pharmacological properties. Fluorine has been
widely used in pharmaceutical compounds for enhancing biological activity through
hydrogen bonding interactions (I added this butckhthis if correct):** In 2008, the US

Food and Drug Administration (FDA) approved 238 fluoramataining drugs. From this

data, fluorine emerges as the second madély used heteroatom in drug design and

synthesis behind nitroget?

=N OH
N ™

CH,)

N
WO L
Al S A glerd),
'I ’
F
8fn=2;

8gn=28;

Figure 8.3.4 Substitution of the diacetyl groups on the aromatic ring with fluorine atoms at chain lengths n =
2 (8f) and n = 8 B80).

An isomer of analoguBawas also preparedli) (Figure 8.3 5Figure8-35) to evaluate if Formatta
pt, Non (

the different mobility arising from the isomer resulted in a significant change in th
activity.



Figure 8.35 Triazole isomer of compourgah.

Finally, taking into account that the terminal hydrallgyl chain could affect the activity
against the selected targeis the passage through the cellular membrane, the last variation

of the compound library examined theriglatisation of this groupHigure 8.3 6Figure Formatta
pt, Non (

8.36).
N:N\ \/J \(\Q\
N
ACO:©/\)J\O,(CH2)2
AcO

OAc

ACO:@/\)\OKC H2)2
AcO

Figure 8.3.6 Orthogonal derivatives with caffeic acif)(and trolox (0).

8.3.2. Synthesis ahelLibrary

Following optimisation {able 8.31Fable-8-31), 3-azidol-propanol was prepared one | Formatts
step from commercially available-tBomopropari-ol through an & reaction fable pt, Non

8.31Table8.31).”

Table8.3.1 Reaction optimisation of-8zidopropanrl-ol.

Entry X Solvent Time[h] Temp[°C]  Conv (%)***

Yy Br DMF 24 60 100

vy Br H,O 24 60 100

Iy Cl H,O 30 75 307

47 Br H,O 30 75 86
5:*** Fhkk Br HZO 15 75 83 Formatta
pagina, T
pt, Non (
" 3-Azidopropanl-ol is commercially available ivas more cost effective to prepare ihiouse Unito), N

AA ’

Conversmn was calculated By-NMR Tutto ma

YV ¥hese reactions were performed in batch mode
8 Trace amounts of bgroduct (~5%) was determined BVIR
These reactions were performechiicrowave mode
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6 — Br H.O

A

Fkkk kkAk

Br H,O

A

kkk Kkkk

Br DMF

A

Scheme8.3.1 Synthesis of-&zido 1-propanol.

The optimal conditions to prepare azigmpanl-ol are shown in entries 1, 2 andTable
8.31Fables.31). Going forward, the conditions reported in entry 1 were used to prepar

3-azidopropari-ol. The syntheses of intermediatés, 3b, 3c, 3d, 3f, 3@nd5 (Scheme

8.32Schemes.32) were realisediaa n

la-b and terminal alkynega-d or azide4 as reported in the literatut&® The reactions

Ny~ " OH

ester.i aunsaturated acids o

Formatta

pagina, T
pt, Non (
Unito), N

| A
—_—

Formatta
pagina, T
pt, Non (
Unito), N

| A
—_—

Formatta
pagina, T
pt, Non (

Unito), N

Formatta
pt, Non (
Formatta
pt, Non (

proceeded smoothly in moderate to good yields. The same conditions used for the

esterificaton were also suitable for the formation of amikefrom la and 2e in good

yield.



3a: R=OAc, X=0, n=2; 86%
2a X=0, n=2 3b: R=OAc, X=0, n=4: 69%
i 2b X=0, n=4 3c: R=OAc, X=0, n=5: 41%
:g'_ E;EAC 2¢ X=0. n=5 3d: R=OAc, X=0. n=8: 44%
' 2d X=0, n=8 3e: R=OAc, X=NH, n=2; 80%
2e X=NH, n=2 3f: R=F, X=0, n=2; 58%
39g: R=F, X=0, n=8; 70%
HO . N
R A
4
o)

R
o
R

5: R=0Ac; 61%

o HO, N ]
LA P~
OH 4 (o} N3
AcO o AcO o
ji
6

7;78%

SchemeB8.3.2 Synthetic procedures for esteBai 3f, 5, 7). Reagents and conditions: (i)itimyl chloride (25
eg.),lailb(1.0eq.),DMF (1. 2 eq. ), benzene,2ageord4(li2em),rp@)r i di ne (
DCC (1.0 eq.), DMAP (1.0 eg§,(1.0 eq.), DCM, r.t., thed (1.0 eq.), r.t. DMF = dimethylformamide;

DCC = dicyclohexylcarbodiimide; DMAP = dimethylaminopyridine; DCMdichloromethane

To prepare azid&, the esterification protocol was changed. It was necessary to submit
6-acetoxy2,5,7,8tetramethylchromang-carboxylic acid (Trolox) to milder esterification
conditions. Steglich esterification conditions were used fiois reason $cheme @
8.32SchemeB-32). In the Steglich esterification reaction, the carboxylic acid is activated sk
with dicyclohexylcarbodiimide (DCC) instead of generating the acyl chloride. Attempts to
perform the esterificain of 6 under the same conditions used for the esterificatiataof

and 1b led to consumption of starting material but it proved impossible to isolate the

—_—

desired product through column chromatographgure8.3. 7Figure8-37 shows the NMR Formatta
overlay between the esterification of Trolox to afford compotmdth method (i) Figure M
Formatta

8.3 7Figure8-37 a), and Steglich esterification method (fdure 8.3 7Figure8-37 b). It pt, Non ¢

can be seen at 3.68, and 3.45 ppimres.37Figures.37 a) there is a singlet and a triplet, | Formatte
. : . . . : pt, Non ¢
respectively, not belonging to the desired product, which proved impossible to separe—=————

Formatta
from the product through column cimatography. Instead, this 4pyoduct is not observed pt, Non ¢
when submitting compourglto the esterification method (iiF(gure8.3.7Figure8-37 b). Formatta

pt, Non (

83



—7.26
4.25
4.23

Q
N
A
422

i A iy [ AR &
n - 2] N o S o -~ a
o~ o o o~ ™M ™ ~N ™ o
T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5
f1 (ppm)
g 309
~ <+ <«
\ b) \ \
|
I & L H‘%,O PN 'y
2 - > 0 N
N & & A -
T T T T T T T T T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)

Figure 8.3.7 Comparison of therude*H-NMR spectra resulting from esterification method &))gnd
method (ii) b) on Trolox6.

The intermediates were then submitted to the copper catalyselipd|8r azidealkyne
cycloaddition, also known as click chemistry, to afford the finalcawees8ai 8h, 9 and

10. Click chemistry is a powerful tool to quickly generate molecular diversity and
chemoselectivity (the 1;#¥omer is afforded using a copper catalyst and thesbrBer is

prepared using a ruthenium catalyst), however, there are coanltions reported. For the

formation of the 1,4egioisomers, the most commonly employed catalyst is used £uSO

with a cereagent such as metallic copper or sodium ascorbate, to proojyoe(]) in situ.

This method for directly generating copper(l)situ is generally preferred given the-air

sensitive nature of the isolated saltsAlthough, copper(l) species can also be used in
aqueous media. Preliminary reactions were performed on a model syStémame @
8.3.3Scheme8.33) to determine which strategy should be employgdb(e 8.3 2Fable Pt, Mon «

Formatta
8:32). pt, Non ¢

Catalyst

N3/\/\OH + /\/OH

1.00 eq. 1.00 eq.

Solvent, time
T(°C)
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SchemeB.3.3 Model reaction to optimise the copper(l) catalysediézlkyne cycloaddition step.

Table 8.3.2 Reaction condition optimisation of the copper catalysed aalikne cycloaddition reaction

Entry Catalyst [mol%] Solvent Time [H] Temp. [°C] Conv [%]
1 CuSQ[20] and Cu [80] H,0it-BuOH (1:1) 15 125 >90%
2 Cul [10] H,Oi t-BuOH (1:1) 15 125 >90%

Under both reaction conditions, full conversion was achieved which was evident through

comparison of théH-NMR spectra of 3azidopropari-ol (Figure 8.3.8Figure8-38 a), the

crude reaction mixtureE{gure 8.3 8Figure8-38 b) and 3butyn-1-ol (Figure 8.3 8Figure
8-38¢).
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Figure 8.3.8 Comparison of théH NMR spectra of (a)-azidopropanl-ol; (b) crude reaction mixture from
entry 2 ofTable8.32Fable8-32; and (c) 3butyn1-ol.

Although both reactions proceeded to full conversion, the reaction in wbpger(l) was

—_—

Formatta
pt, Non (

Formatta
pt, Non (

Formatta
pt, Non (

Formatta
Grassett

generated in situ proceeded in a less clean manner than the reaction that used a direct

source of copper(l). FrorRigure 8.3 9Figure8-39, the presence in the NMR spectra of
85

Formatta
pt, Non (




trace amounts of bgroducts formed Wen using the conditions from entry Eidure Formatta
. . : . . . : Non ¢
8.39Figure8-39 a) is evident whereas these impurities are instead absent in the NM pt, Non

spectra obtained from the reaction conditions used in enfgAre 8.3 9Figure8.-39 b). Formatta
pt, Non (

a)
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1.00=
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7 100
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211
234
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4.0
f1 (ppm)

05
Figure 8.39 Comparison of the NMR spectra obtained from the reaction conditions used in (a) gatriel Formatta
8.32Table8-32 and (b) entry Zrable8.32Table8.32. { Grassett

Formatta
It was therefore decided to proceed using copper(l) iodide to perform the cycloadditio@
However, attempts to synthesise triaz8k using the optimised conditions lead to no
conversion. The reactiorinte was increased to 75 minutes and the ratio3afto
3-azidopropari-ol was changed from 1:1 to 1.2:1. The reaction was carried out in both
microwave and standard batch mode. Both gave conversions to the desired product higher
than 95% and no significadtfferences were observed in the crude NMR spectra.

For convenience and future scale up considerations, it was decided to continue with the
synthesis using standard thermal conditions. Compo8ads 5 and7 were subsequently
submitted to copper catabd cycloaddition reaction with, 2aand3arespectively, which
afforded the final target compound@s-g, 9 and 10. The reaction conditions for the
cycloaddition revealed to be suitable to prepare all the desired triazole derivatives. The
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reactions proceedl to completion and gave moderate to good isolated yigldse(ne

8.34Seheme3-34 andSchemeB.35Seheme3-35).

N
o N
i : o
OoH CuAAC
" IR T G SR W g S
R 3a-g 4 R 8a-g

N=N OH N=N OH
o S N\/\/ o %N\/\/
AcO N o AcO NN EHz ).
H

AcO AcO

8an=2; |

gb n= 4 ! From 3a-3d + 4 8e,n=2; ' From3e+4

cn=5; .
8dn=8; ;

N=N OH N \
) /i\ N o NCHz)nOH
O ACO:@/\Aochz)a
F AcO
8fn=2 !

8gn=8: 3From3f-39+4 8h,n=2;3 From 5 + 2a

Scheme8.34 Synthetic procedures for the preparation of triazoBsstf). Reagents and conditions: (i)
t-BuOH H,0 (1:1),2a0r 3ag (1.2 eq.)4or5(1.0 eq.), Cul (0.1 eq.), 125 °C.

OAc
\/J \FQOAC
N:N\ o)
o N o)
ACOD/\)‘\O CHz)z
AcO .

9; From3a+5

OAc

ACO:@/\)J\O/(CHZL
AcO :

10; | From3a+7

SchemeB.35 Synthetic procedures for the preparation of triaz&lesd 7. Reagents and conditions (i)
t-BuOH H,0O (1:1),3a(1.2 eq.)5or 7 (1.0 eq.), Cul (0.1 eq.), 125 °C.
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8.4. ReactionMechanisns of the Key Steps
8.4.1. SteglichEsterification

The Steglich esterification is a reaction that allows the conversion of acids into esters and
amides under mild conditions using dicyclohexylcarbodiimide (DCC) as a coupling agent
and 4dimethylaminopyridine (DMAP) as catalysts. Compared to other methods, the

Steglich esterification method works efficiently for more sterically hindered substrates.

The first step involves the activation of the carboxylic acid through the formation of

O-acylisourea I) (Scheme8.4.1Scheme8-41). This intermediatel provides a similar ‘@
reactivity to the corresponding carboxylic acid anhydride and is more susceptible pt, Non ¢

nucleophilic attack. The alcohol then adds to the activated carboxylic acid to form the

desired ester and dicyclohexylurea (DHU) asadle byproduct.

O-Acyl isourea

Scheme8.4.1 Proposed mechanism of the Steglich esterification.

N-AcylisoureagSchemeB.4.2Seheme3-4.2) are the side prodis of an acyl migration that Formatta
takes place slowly, and could be quantitatively isolated in the absence of any nucleophi pt, Non

The reaction with strong nucleophiles such as amines proceeds fast and so this side product

is not observed.
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S1. 111
o ow N-Acyl isourea
N, %R
YCc-0 Fast
_— DHU + R'NHCOR

DHU + R'OCOR

O-Acyl isourea
Scheme8.4.2 Reactivity of the @cylisourea intermediate

The reaction between amines and carboxylic acids in the presence of DCC leads to amides
generally without too many problems. For the édint formation of esters, the addition of

5 mol% of 4dimethylaminopyridine (DMAP) is crucial.
N, \®/
S
N—>
(0
N No

Figure 8.4.1 Both the nucleophilicity and basicity of the pyridine nitrogeniaceeased due to the electron

donating effect of the dimethylamino group.

The acceleradn of the reaction with the alcohol accomplished using DMAP, is due to the
fact that. DMAP is a stronger nucleophile than the alcohol and so reacts with the
protonatedO-acylisoureal() leading to a reactive amide. This more reactive intermediate
is then susceptible to attack from the alcohol. Formally, DMAP acts as an acyl transfer

reagent and subsequent reaction with the alcohol gives the ester.

/\ R__O @YR o._,
H R
O\ )\63 H ®N\ N\\—/ o
N SN C>7 _— Q -~ Q | - . )k R
= I -DMAP/H* R~ O
"0 A AR
1

O-Acyl isourea - _

Scheme8.4.3 Mechanism of the DMAP catalysed esterification.
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8.4.2. Copper(l)CatalysedAzidg AlkyneCycloaddition (CUAAC).

ACIlick Chemistryo is a s-insoomaeagaenlt cah bec , hiog
conducted in green and easily recyclable solvents. It is used extensively in material
sciences (polymers and dendrimers formations), in pharmaceutical industry and biological

sciences (Inc., 2009}°

Sharpless introducedo tihre 2@®0In Alctl i c& ahemi
Huisgen 1,3dipolar cycloaddition which, differently from the method developed by
Sharpless and eworkers, required elevated temperatures and so was generally not suitable

for chemical biology or any thermally unbta substrates. Moreover, it produces a mixture

of the 1,4 and 1,5regioisomers. The copper catalysed cycloaddition method, instead,
makes it possible to discriminate between the two regioisomers based on the catalyst
choice. Copper(l) catalysts make ibgsible to exclusively obtain the irdgioisomer,

whereas ruthenium catalysts access thedg®isomer.

The first step involves the activation of the alkyne through fond with copper(l)

forming the key intermediate acetylide(Scheme8.44Scheme8-4.4). Afterwards, the @
azide coordinates to the copper dissociating a ligand L and forming the internhie thiatie P, Non |
turns into a énembered copper(lll) metallacycld . The 6membered ring formation is

then followed by the cordction of the ring to givéV a triazoytcuprate which undergoes

protonolysis to afford the final produet- the 1,4substituted triazole ring.

N [cuL,]”

N Cul,_4

NTOR

v
S)

k NEN N
R

R' L
(‘:uan CU n-2
Ns _NH

SchemeB.4.4 Copper catalysd azidéalkyne cycloaddition
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The ruthenium catalysed azidgkyne cycloaddition proceeds through an oxidative
coupling of azide and alkyne to give a six membered ruthenium cycle. In this case, the first
bond is formed between the most electronegativen atb the alkyne and the terminal
azide. This step is followed by the reductive elimination that leads to the triazole
formation. The reductive elimination step is the 4@&¢ermining one according to DFT

(Density Functional Theory) calculations.

R

= " R' + N=N-N-R
N. N- Cp
NT R CIRu
L L
R' Cp*
*Cp.© /T Cl'Ru®
-N.
Ru (D\N/N\R R":/ R
Cl ‘N\
®°N
Cp*

Cl'Ru®

Scheme8.4.5 Ruthenium catalysed azidkyne cycloaddition

8.5. In Vitro Assays

8.5.1. AntioxidantsEvaluation

antioxidant capacity by means of DPPH (&8ighenyt1-picrylhydrazyl radical) and FRAP P, Non ¢

(Ferric Reducing Antioxidant Power) testiitable8.5.1Fable8.-51). Formatta
pt, Non (

The compounds synthesised hereffig(re 8.5.1Figure-8-51) were tested for their Formatta

It is important, whenever screenirtggtantioxidant capacity of a compound, to perform the
testing on different assays, in order to understand the radical scavenging selectivity. The
different radical that can be encountered in biological systems has different reactivity
profiles, thus one mecule can be selective towards one radical species over another.

It was particularly relevant for our study to check the performance of the newly
synthesised compounds against FRAP considering that the active site of both our selected
targets contain iroand, in particular, the action mechanism of zileuton agam<d 3s

known to involve the reduction of the iron in the active site.
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3a: R=0OAc, X=0
3b: R=0OAc, X=0,
3c: R=0Ac, X=0
3d: R=0OAc, X=0
3e: R=0OAc, X

3f: R=F, X=0, n=2

33333
o nn
NN

AcO N CHz)n

AcO
8an=2
8bn=4
8cn=5
8dn=8

R:©/\/COOH
R

5: R=OAc

AcO O N CHz)n
AcO

8e, n=2

AcO

Figure 8.5.1 Summary of compounds syntised and tested on their antioxidant power.

92



Table 8.5.1 Antioxidant assay results expressed in umol of Trolox unit for gram of sample

Entry Compound DPPH (umol Trolox/g) FRAP (umol Trolox/g)
1 Zileuton 755.95+1.9
2 Caffeic Acid 396.10 £ 0.5 9273.49+2.2
3 la 5.43+0.3 8.07+0.8
4 3a 24852 +2.9 64.71 +1.1
5 3b 129.59 + 1.7 104.38 £1.3
6 3c 191.39+0.5 65.03 + 0.7
7 3d 77.32+0.6 31.81+15
8 3e 59.38 + 0.3 29.15+ 0.6
9 3f <LoQAAAA 54.42 + 12
10 5 92.81+0.9 3,87+0.2
11 7 <LOQ 91,47+1.1
12 8a 131.8+1.2 2738.55t 3.4
13 8b 48.75+0.4 598.58 + 1.6
14 8c 117.40£0.8 32.13+1.2
15 8d 185.36 £1.1 98.90+2.1
16 8e 553.27 £ 0.8 391.81+1.3
17 8f <LOQ <LOQ
18 8h 157.2+1.7 3245+1.8
19 9 472.74+ 1.4 93.74+ 0.7
20 10 341.22+ 2.1 42.77+ 0.8

Protecting the phenolic hydroxyl group on caffeic acid as in compbatehds to almost
complete loss of antioxidant activity, as expected (for DPPH tests from 396.10 to 5.43
pnmol Trolox/g, for FRAP from 9273.49 to 8.Qumol Trolox/g). The esterification dfato

AA Muantification limit
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afford terminal alkyne compoun@s-3d recovered a reasonable amount of the antioxidant
activity on both the assays tested, but the elongation of the alkyl chain gom@dto 3d
decreased the antioxidant power (in DPB& 248.52 pmol Trolox/g,3d 77.32 pmol
Trolox/g; FRAP 3a 64.71umol Trolox/g, 3d 31.81umol Trolox/g). The decrease in
activity that follows the chain elongation does not seem to be linear and thisnefiféet
investigated in the future. CompouB{ in which the two phenolic hydroxyl groups have
been substituted with two fluorine atoms does not show any activity against DPPH but
showed some activity in the Frap test (although considered negligibl@ Hdnbl

Trolox/g) possibly due to the interaction between the terminal alkyne and the iron radicals.

It is interesting to note that the response of the chain elongation in the compounds bearing

the triazole linker core is different in the two assays. Isingathe chain length going

from compound8a to 8d, the DPPH test demonstrated significant improvement in

activity, whereas the results in the FRAP assay exhibited a decrease in antioxidant capacity

(Entries 1215, Table8.5.1Fable8.51), the intermediate length betwe8&a and8d do not Formatta
pt, Non (

sow a linear relationship between the chain length and the antioxidant power. Experime

to investigate the reasons behind this behaviour are currently undergoing.

Substituting the ester hd for an amide linkage between the caffeic acid moiety and the

linker as in compoun@e enhances the antioxidant ability on DPPH but lowers its potency
against FRAP (Entry 16Table 8.51Fable-8-51). The orthogonal derivates 9 and 10 Formatta
instead had negligible activity on the FRAP assays but they maintained a good activi@
profile in DPPH assays with compouBdexceeding theantioxidant ability of its parent
compound, caffeic acid (396.10 umol Trolox/g of caffeic acid, 47umél Trolox/g for

compound 9). Compound10 preserved an activity profile (341.22 pmol Trolox/g)

comparable to its parent compound caffeic acid (396.10 umol Trolox/qg).

To summarise these results, the most interesting compounds for their antioxidant activity
in DPPH assays were found to 8e and 9 which exceeded the activity of their parent
compound caffeic acid by 157.10 umol Trolox/g and 76.64 pmol Trolox/g respectively.
With respect to the FRAP analysis, the compound of highest intereSaiaat, althaigh

was less powerful than caffeic acid, exceeded the scavenging power over iron radicals of
1982.6 umol Trolox/g compared to zileuton, currently the leading commercial compound

for directly inhibiting 5lipoxygenase.
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8.5.2. AntimycoticAssays

The molecules preseed herein were tested for their antimycotic activity against eight
strains of dermatophytes, which are responsible for the most common dermatonicosis:
canis (M.c.), M. gypseum(M.g.), T. violaceum(T.v.), T. mentagrophyte¢T.m.), T.
tonsurans(T.t.), T. rubrum (T.r.), E. floccosum(E.f.) and A. cajetani (A.c.)at two

concentrations 20g/mL and 10qug/mLY Y VY

Fluconazole was used as a reference matdrad|€ 8.5.2Fable8-52). Its ICs,, expressed Formatta
pt, Non (

in mg/mL, was checked orlahe dermatophytes considered in this stutgile8.5.3Fable
Formatta
8-5:3) and it was shown that gk cajetanifluconazole is inactive (1§ >200 pg/mL). pt, Non ¢

Table 8.5.2 Percentage ofrowth inhibition at 20 pug/mL and 100 pg/mL of reference compound on the

chosen dermatophytes strains

Compounds Fluconazole

Microorganism M.g. M.c. T.v. T.m. T.t T.r. E.f. A.c

Concentrations 20 pg/mL 56.35 38.10 46.51 99.14 51.11 39.42 100.00 +

tested 100 pg/n 79.37 79.37 89.39 103.45 66.67 67.31 102.27 5.35

Table 8.5.3 ICxq of reference compounds Fluconazole and Econazole on the dermatophytes of interest

Compounds Fluconazole
Microorganism | M.g M.c T.v T.m Tt Tr E.f A.c
IC 50 [Hg/mL] 185 296 31.03 353 1941 37.16 0.08 >200

The compounds were tested following the diffusive method in Sabouraud Dextrose Agar
(SDA), using DMSO as solvent. The growth inhibition of the compounds testeldeon t
microorganism are reported jreble 8.5.4Fable8.54 and Table 8.55Fable 8.55 at 20 Formatta
png/mL and 10Qug/mL. The compounds were initially tested at concentrat@hgg/mL pt, Non |
ot Non

and 100ug/mL to evaliate, by comparison with the results obtained for the clinically

Y'Y YGiven our available resources, we proceeded with the testing on the live microorganism. Our laboratories
arecurrently in the process of acquiring the -capabili
lanosterol demethylasehich will verify if the obtained results are influenced by the interaction with the
dermatophytes cell environment.
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approved wide spectrum antimycotic drug, fluconazole, at the same concentrations, if there

a compound within our library which showed potential to investigate further in terms of

ICs0o and MIC
Table 8.5.4 Percentage of growth inhibition intermediates
Microorganism [my/mL] Caffeic la 3a 3b 3c 3d 3e 3f 5 7
Acid
M. gypseum 20 pg/mL + 476 841 476 26.67 10.83 1.89 + 11.21 13.33

100 pg/ni 1.06 10.48 64.49 2952 3750 583 3.77 46.22 47.66 28.57
M. canis 20 pg/mL + + 24.14 2955 23.61 1887 1.37 20.73 2241 21.64
100 pg/ni 6.32 278 6897 4242 3194 16,98 15.07 50.61 56.03 28.36
T. violaceum 20 pg/mL 0 + 50.00 33.33 32.26 13.33 + 28.26 0.00 13.79

100 pg/ni 62.5 12.90 93.33 66.67 25.81 1556 13.79 63.04 46.15 20.69

T. 20 pg/mL 1.23 + 29.90 2581 28.95 10.17 0.00 18.33 4.04 10.20
mentagrophytes
100 pg/ni 2.47 + 78.35 66.67 39.47 8.47 + 49.17 36.36 26.53
T. tonsurans 20 pg/mL 2.50 238 238 1951 2182 + 7.32 14.86 40 +
100 pg/ni 12.50 57.14 57.14 29.27 32.73 + 7.32 4595 40 2.63
T. rubrum 20 pg/mL + 2222 26.47 4545 3095 20.83 + 12.50 35.71 16.67

100 pg/ni 54.55 33.33 67.65 4242 3333 1250 6.82 43.75 60.71 30.56
E. floccosum 20 pgmL + + 27.27 52,08 59.02 13.56 + 16.22 20.00 +
100 pg/ni 0.00 1351 69.70 83,33 68.85 6.78 + 47.30 91.11 +
A. cajetani 20 pg/m + 423 1094 16,28 41.67 442 625 391 20.00 +

100 pg/ni 9.41 8.45 53.13 44,19 50.00 + 13.28 30.47 26.67 12.00
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Table 8.5.5 Percentage of growth inhibition final compounds

Microorganism | [ng/mL] Caffeic 8a 8b 8c 8d 8e 8f 8h 9 10
acid

M. gypseum | 20 ug/nL + 0.00 + 11.40 3232 + 874 860 439 984
100 pg/m. 1.06 0.00 + 2281 3434 594 2136 860 351 9.84

M. canis 20 pg/mL + 1.09 000 089 2222 721 + + 1.27 0.00
100 pg/n 6.32 1.09 537 1696 3434 811 1261 132 255 253

T. violaceum 20 pg/m 0 0.00 250 9.09 1481 + + ++ + 0.00
100 pg/n. 62.5 11.76 5.00 21.21 1481 9.09 0.00 ++ + 7.69

T. 20 pg/mL 1.23 588 183 6.80 2418 + 253 729 265 8.85

mentagrophytes
100 pg/m 2.47 882 275 1553 34.07 + 1392 7.29 177 +

T. tonsurans 20 pg/mL 2.50 10.34 6.45 18.18 465 + 313 + 1475 +
100 pg/m 12.50 13.79 9.68 1818 930 192 938 40 492 +

T. rubrum 20 pg/mL + 250 1042 + 27.03 3.8 + + 0.00 6.12
100 pg/m 54.55 31.25 25.00 0.00 37.84 3846 0.00 8.0 + 2.04

E. floccosum 20 pg/mL + 435 + 16.22 20.51 1111 + + 10.29 4.48
100 pg/m - 0.00 21.74 + 18.92 33.33 2222 + + 20.59 5.97

A. cajetani 20 yg/nk. + 6.06 1765 5.63 24.62 0.00 + 149 125 1.33
100 pg/m. 9.41 758 2941 7.04 30.77 0.00 + 0 5.00 2.67

Although it was not possible to draw a clear profile in the relationship between the

structures and the thaty profile, one main conclusion was evident from this pool of data.

Unexpectedly, the compounds that revealed to be more promising were not the ones
bearing the triazole core. CompouBd (Table 8.54Fable-8.54) showed he broadest

activity profile, at a concentration of 10@/mL and exhibits inhibitions at >50% on all the

dermatophytes strains herein considered. Comp@&anas also the one that showed the

strongest inhibition values among all the compounds with the excepti&nfédccosumn

which compound3b at 100 ng/mL shows a slightly higher growth inhibition value
(83.33%) compared to the same concentratidda@69.70%).
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Among the compounds bearing the triazole cdib(e8.5.5Fable8.55), the only one that @
gave moderate inhibitiogrowth was8d with the best inhibition values for this class of P, Non ¢
compounds ranging between 30% and 40% at concentration afgl6.. None of the
compounds synthesised showed more promising activity over the reference compound,
Fluconazole. Only3a gave, in some cases, similar results compared to fluconazole e.g.
againstT. rubrum and T. violaceumwith inhibition values of 67.75%and 93.33%

respectively compared to 67.31% and 89.39% for Fluconazole.

Taking into account, that Fluconazole proved to be inactivé.gajetanj it would be
valuable to consider further investigations, in the future, on the compounds showing
growth inhibtion higher than 40% at 10@g/mL. From this category, the actives that

performed well ar@a, 3b and3c.

It is also worth mentioning, that the compourddsg, 5 and7 as a general trend showed

higher inhibitory power on the dermatophytes investigated eoedpto their parent
compound caffeic acidl@ble8.5.4Fable8-54). Formatta
pt, Non (

8.5.3. 5-Lipoxygenasdéctivity Sudies

The compounds presented above were te$vedtheir ability to inhibit leukotriene
formation on purified 8ipoxygenase (B.O) in celifree assays and in intact cells
paymorphonuclear leukocyte (PMNL). It is important to evaluate the inhibitory power
both in cellfree assays and in intact cells, due to the more complex pathways involved in
the intact cells that can interacttivithe actives before reaching the sight of actf6io
study the ability of the compounds to inhibit thé.® product formation in intact cells,
human neutrophils stimulated by means of‘Ganophore A23187 with exogenous AA at
20 uM were used:’**® The canmercially available zileuton served as a reference
compound and the analysis of the products formed fru® 5LTB,, its two transsomers

and B5H(P)ETE) was performed with reverphase higkperformance liquid
chromatography (RIPIPLC). Preliminary expements were carried out at 1AM
concentration and the concentrations used to evaluate theofiGhe compounds were

0.1uM, 0.3uM, 1 pM and 3uM (Table8.5.6Fable8.56).55%8 Formatta
pt, Non (

8888 These studies were possible thanks to the collaboration with Professor Oliver Werz fidepanenent
of Pharmaceutical/Medicinal Chertrig Institute of Pharmacy, University of Jena, Germany.
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Table 8.5.6 IC5pvalues on PMNL and isolatedl5.

Entry Comp.No 5-LO in PMNL Isolated 5LO
IC50 in M IC50 in M
(% remaining activity) (% remaining activity)

1 Caff. >10 (104 + 4.0) 8.5+0.6
2 la >10 (84.7 + 3.5) >10 (90.3 + 1.6)
3 3a 1.8+0.2 >10 (502 + 3.7)
4 3b 0.92+0.34 >10 (84.3 + 1.8)
5 3c 0.47 +0.15 >10 (70.7 £ 4.7)
6 3d 0.18 +0.01 >10 (71.8 + 4.6)
7 3e 8.23+0.15 >10 (53.5 £ 3.1)
8 3f >10 (88.2 £ 3.9) >10 (52.6 + 3.0)
9 5 1.3+0.4 >10 (73.9 + 8.2)
10 7 2.6+0.1 >10 (86.3 + 4.8)
11 8a 99+1 74+05
12 8b 6.1+0.5 7.6+0.3
13 8c 3.1+0.6 6.7+0.3
14 8d 0.2+0.03 3.2+0.2
15 8e >10 (103.7 + 4.3) >10 (53.6 + 14.3)
16 8f >10 (101.4 + 6.6) > 10 (90.3+£9.7)
17 8h >10 (75.1£4.3) 7.6+3.0
18 9 0.6 +£0.09 > 10 (81.3 £10.4)
19 10 0.16 + 0.01 > 10 (60.5 + 8.2)

The data highlighted a clear profile in the structastivity relationship (SAR). Initially,
we protected the phenolic hydroxyl groups of caffeic acid and, as expected, the activity on
the isolated enzyme deased (Ig from 8.5 uM to >10 uM). Although in the cell

environment,la has a better inhibitory profile on the formation of leukotrienes than caffeic
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acid, the residual leukotrienes formed after incubation tdtis 84% against 104% when
incubated with affeic acid. We expect that the acetyl group is facilitating the transit across
the cell membrane over the free hydroxyl derivatives similar to the case reported by

Biasutto et af'®

First of all, the chain length appears to play a critical role in theitgcprofile, both on
isolated enzyme and on intact cells, as can be se€igune 8.5.2Figure8:52 andFigure | Formatte
pt, Non ¢

8.5.3Figure8.5.3.
| Formatta
pt, Non (
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Figure 8.5.2 Chain elongation effect on kgvalues on isolated-kO.
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Figure 8.5.3 Chain elongation effect on kgvalues against PMNL
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Elongating the chain length leads to a decrease in the/#élies 8a>8b>8c>8¢ on both

the isolated enzyme and intact cells. The effect of the chain elongation is more evident in
intact cells where th®ICso between8a and 8d is 9.7 uM compared to 3.21M on the
isolated 5LO. However, the activity profiles on the isolated enzyme and on the cell based
assays are comparable in compou8d$d, confirming that they specifically targeting 5

LO in the leukotiene pathway.

Intermediates3a-3d did not show relevant activity on the isolated enzyme (residual
activity at all concentrations checked was higher than 50%, 3C0 M), but they
demonstrated a good activity profile on the intact cells witl b€tweenl.8 and 0.1§M
(compounds3aand3d respectively). The chain length seems to play a role in this case as

well (Figure 8.54Figure8-54) although less significarit the DICso from 3ato 3d is 1.0 Formatta
pt, Non ¢
MM,

2 -
intact cells (PMNL)
1,5 1
E 1,08
o1 0,92
S
0,47
0,5
0,18
0 B
3a 3b 3c 3d

Figure 8.5.4 Effect of increasing the chain length of the active compowBa3d) on PMNL.

It can be speculated that this lower impact of the chain length on the activity agh{dst 5
for intermediates3a-3d compared tdBa-8d coud be due to the fact that their mode of
action on the intact cells is mainly due to interactions with other targets involved in the
leukotrienes formation, and only partially interacts olGa The hypothesis that
compounds3a-3d interact mainly with othe targets in the leukotrienes pathway, is
supported by the difference in thes§@alues between intact cell environment and isolated
5-LO, where compound3a-3d show G values between 1.8 and 0.18, and higher than 10
MM respectively. The I values higper than 10uM in the isolated enzymproof that

compounds3a-3d do not inhibit, to a significant extent, theL® activity, and thus the
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antrinflammatory effect evidenced in PMNL could be mainly due to interactions with

other targets involved in the leatkienes pathway.

The isomer of triazoleé3a (i.e. 8h) led only to aslight decrease in the activity profile
against 5LO on both cell basedf ICs0>10 uM; 8a 9.9 uM) and cell free assay8lf ICso
7.6 uM; 8a7.4nmM).

The corresponding amidge of ester8a was inactive in cell based assayss(l€10 M

and 9.9uM respectively) and cefree assays (l§ >10 uM and 7.4nM respectively). A

similar decrease in the activity profile is observed for intermedateompared to the
corresponding est@a (Table8.5.6Fable8.56). Substituting the acetoxy groups&awith @
fluorine in 8f led to an inactive derivative. The same trend is evidenced in intermadiate ->">""

compared to its fluorine derivativas.

The orthogonal derivative3and10 failed to significantly suppress the activity of isolated
5-LO, but potent inhibition of 8.0 in intact cells was evident with igvalues of 0.6 uM

and 0.16 uM, respectively. Compoun@snd 10, along with3d are inhibitors of cellular
5-lipoxygenaseproducts, but they are inefficient on isolatedl G, suggesting a possible
interaction of these compounds with other targets on the leukotriene pathways that requires

the intact cell environment to be suppressed such as Fi°AP.

Experiments to validate thisypothesis have been carried out in transfected HEK (Human
Embryonic Kidney cells) cell with or without FLAP, on representative compo8ads
and10 among the molecules showing good inhibition in intact cells (PMNL) butbO 5
inhibition on the isolatednzyme. The results highlighted that the inhibitory activity of the
compounds are slightly better in HEK cells expressing jusDcompared to HEK cells
expressing both-BO and FLAP. This suggests that the compounds need the intact cellular
environmentto act as strong inhibitors of-I50 product formations, but the action
mechanism does not involve interaction with FLAP. Hypothesis and experiments to clarify

how the action mechanism changes in parallel to the structural modifications are ongoing.

Compoumls 3d, 9 and 10 turned out to be the most potent inhibitors of celluldrCs
activity with 1Cs values 0.18vM, 0.6 Mhand 0.16mM respectively. The lead compound
against 5LO in cell free and cell based assay8dswith ICso value of 0.2rM and 3.2nM

in cell based and cell free assays respectively.
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8.5.4. CytotoxicityAssays

U937 cell line are characterised by monocyitte properties and represent a good cell
standard for EC(ATCCCRL1593.2 ) 50 evaluation. U937 were used to determine if the

decrease in theetl 5-LO lines was a consequence of a possible cytotoxic effect of the

synthesised compounds.

The incubation of U937 for 24 hours with representative compounds from the library was

performed to evaluate if the cell viability expressed agoE@hich is theconcentration
required to inhibiMTT (3-(4,5Dimethylthiazot2-yl)-2,5-Diphenyltetrazolium Bromide)
reducingmitochondrialdehydrogenase activity by 50%dherego this hypothesisHigure

8.5.5Figures.ss).

Cytotoxicity on U397
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Figure 8.55 EC;, of representative compounds on U397.

As is evident from the above resulise representative compounds chosen from the library

to evaluate cell viability, caused cytotoxic effects at concentrationtasiim caffeic acid.

Formatta
pt, Non (

Compoundsf, which was one of the less active among the compounds tested in biological

assays, presented the highest effect on cell viability with ag &C5 pM. These data

suggest that the inhibition ofl50 is unrelated to the oytoxic effects of the compounds in

the present library.

*****

of Ferrara, Italy)
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9. Conclusions

In this dissertation, a new series of derivatives based on caffeic acid has been designed,
synthesised and tested against eight strains of dermatophytedipoxly§enase free cell

and ell based assays. Although a clear profile in the struchsteity relationship (SAR)

on the dermatophytes did not emerge, it was, however, possible to obtain some useful
information. However, with respect to theL® assays, it was possible to obtaiclear
pattern in the SAROS. Concerni nghetmbse expe
promising molecules, unexpectedly, were not those containing the triazole core.
Compound3awas the most potent and exhibited the widest spectrum of action. Its growth
inhibition values exceeded 50% at 1j00I/mL concentration on all the strains considered

in this study. It constitutes a remarkable improvement in the activity compared to its parent
compound caffeic acid which showed no activity at both concentrations wsthtc.,

M.g., A.c., E.f.,, T.m. and T.t. showing instead a growth inhibition rate of 62.5% on T.v.
and of 54.55% on T.r.,, but also on T.v. and on T.r. compdmdet a remarkable
improvement with growth inhibition values of 93.33% and 67.65% respectiVeé only
exception was orie. Floccosumin which compound3b at 100pug/mL shows an higher
growth inhibition value (83.33%) the®a (69.70%). The only analogue to give moderate
inhibition growth was8d with the best inhibition values ranging between 30% 40% at
concentration of 10Qg/mL. Overall almost none of the compounds synthesised showed
more promising activity than the reference compounds Fluconazole and Econazole. Only
3agave, in some cases, similar results compared to Fluconazole e.g. &gaiasd T.v.

with inhibition values of 67.75 % and 93.33% respectively against the 67.31 % and 89.39

% of Fluconazole.

On the other hand, against thd.® assays a clear pattern was evident. Linker length
proved to be critical for inhibitory power agairtisLO product formations on both isolated
enzyme and PMNL (€5 8a>8b>8c>8d. The presence of the triazole ring seemed critical
for selectivity towards £.0 (ICso 3d on isolated 8.0 >10 uM, 8d ICso 3.2 uM). The
absence of the triazole core (compouBlds3e, 5and7) led to very good activity in cell
based assays ((between 1.8uM and 0.18uM) but no activity against the isolated

enzyme, suggesting an action mechanism which requires the intact cell environment.

Compound8d has been highlighted, amondl ¢he molecules tested, to be the lead

compound for selective inhibition ofl50 products formation either on isolated enzyme or

on cell based assays withs§®f 3.2nmM and 0.2nM respectively, with a power exceeding
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the clinically approved zileuton which hass§f 3.5 nmM and 1.9nM respectively.
Substitution of the acetoxy substituents on the aromatic ring of caffeic acid with fluorine
(compounds3f and8f) leads ® complete loss in activity on both isolatedl® and PMNL.

Substitution of the ester motif with an amide (compouBdsind 8e) led to significant

decrease or total loss of activityable 8.5.6Fable8-56). Moreover, rearragement of8a @
or 8h impaired the 5.0 activity in PMNL. Instead azid& compared to alkynea P, Non
maintains the same activity against PMNL suggesting that an electron dense portion could

be crucial for inhibition of 8.0 product formation in intact cells (theshow no activity

against isolated-8O). Furthermore, therthogonal derivative® and 10, although failing

to inhibit 5LO directly, proved to be more powerful than the clinically approved zileuton

in inhibiting leukotrienes formation in PMNL with i of 0.6 M and 0.16 nM
respectively. After evaluating compourdd, 9 and 10 for FLAP interactions, they all

resulted in a slightly higher inhibitory activity on HEK cells where just( was

expressed compared to HEK cells where bothO5and FLAP were expressed@hese

findings highlight that the action mechanism of those compounds does not involve FLAP

but needs the intact cell environment. Studies to explain the different mechanism taking
place with the modifications of the structures in this class of compouedsuarently

ongoing.

The cytotoxicity test performed excluded the possibility that activity against leukotrienes,

for the compounds herein presented was due to a cytotoxic effect.

To summarise, the results obtained in this research enabled the desigavofatential
class of 5LO inhibitors based on caffeic acid and triazole core moiety, identifying key
elements necessary to selectively address the activity agalSt &hd drew a clear
relationship between structure and activity for the synthesiseghaxomds against this
target.

The only compound among those containing the triazoles ring that may be developed as
part of a multitarget strategy, capable of blockingL® alongside 14Ulanosterol
demethylase is compour@dl. In fact, it demonstrated very good activity againdt@® in

both cell free and cell based assays, as mentioned above, and showed a growth inhibition
rate on dermatophytes of around 30%. The action against the dphyias was not ideal

but leaves hope for improvement. The first step to verify its potential astangit drug

will be to evaluate8d against isolated 18@-anosterol demethylase in order to evaluate if

its moderate inhibition on the microorganism isedo a scavenging mechanism possessed
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by the fungus and to confirm that its inhibitory activity is not due to some unexpected

action mechanism.

Compounds3a-3d revealed to be potential mutarget analogues, considering they give
good growth inhibition ates on the evaluated dermatophytes strains and they are powerful
against 5LO product formations in intact cell§aking into account that these analogues
proved to be active in cell environments they will be now screened agsatated
enzymes involvedn dermatophyte cell growth and enzymes involved in the arachidonic
acid pathways, in order to identify their specific targets and understand how to optimise

their structure towards a successful mtdtiget strategy.
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10. Experimental Protocols andCompounds Characterisation

10.1. Antioxidants Protocols
10.1.1. DPPH Test

The antioxidant assays involving the DPRH,1- diphenyt2-picrylhydrazyl) free radical

is used to measure the scavenging ability of complex mixtures of pure compounds. It is
very popular in the measuoé the antioxidant power of natural products. Its success is due
to the high sensitivity and the simplicity of operation, furthermore the DRF&dical is

one of the few organic nitrogen radical which are stable and commercially available. The
theory unddying this assays is that-Honor molecules act as antioxidant toward the

DPPH radical. The action mechanism is shown jfigure 10.11Figure-10-21. The Formatta
pt, Non (
Uniti)

antioxidant power exertedy the compound/mixture tested is proportiortal the
disappearance of the DPPHadical in the solution. Its disappearance is monitored
commonly by UV spectrometer considering that the DPIratlical shows a strong
maximum absorption dtmax = 517 nm, which transladeto a deep purple colouThe
absabance value, and thus the colour fades, in a proportional fashion with the decrease of
the DPPH radical in solution. The antioxidant power is measured by monitoring the
reduction of absorbance at 517 nm. The antioxidant value is expregs®dliiTrolox per

g of samples® To standardie the method a calibration curve using trolox is done prior to
experiments Trolox is a commercially available watsoluble vitamirE portion. Is
common practice to express the results of this assay in trolox unit (ES)EBC50 Wwich

is the amount of antioxidant necessary to decrease the DigHradical of 50%. To
scavenge2 molksof DPPH free radicall molk of trolox is necessary. It is important to
mention that this method is not appropriate to evaluate the argtiixadttivity of plasma

due to precipitation of proteins in the alcoholic médfa

RH

(antioxidant)
o C o O
N’ N.
L0 Jot
O,N NO, O,N N02\©

R

2,2 diphenyl-1-picrylhydrazyl free radical 2,2 diphenyl-1-picrylhydrazyl
(DPPH") (DPPH)
Figure 10.11 DPPH-: free radical scavenging mechanism
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The experimental protocol was adapteshf the one reported by Wang et al. (1988)n

1.5 mL of a 1.0x 10* M methanol solution of DPPH0.750 mL of solutions at different
concentrations of tested compounds were added. Then the solutions with samples to
analyse was shaken vigorously and kephe dark for 30 minutes. The absorbance of the
samples was measured on a spectrophotometer (Beckman CfBLlItBUN 530, Life
Science UWVis Spectrophotometer) &thax= 517 nm against a blank of methanol without
DPPH. The standard for preparation of calibration curve used was trolox. The values are
expressed iumol trolox unit for gram of sample, calculated as linear regression of the
results obtained for the saies at different dilution. All tests were run in triplicate and

averaged.
10.1.2. FRAP (Ferric reducing ability of plasma) Test

Differently from the DPPH antioxidant test is adequate not only to measure the
antioxidant activity of pure compounds or mixtures, ligo the plasma antioxidant
capacity and for this specific purpose was developed by Benzie and Strain if*1.996.

This assays measures the ability to reduce the ferric iofl)(Fe acidic conditions, to

ferrous ion (F&) in presence of 2,4;Bipyrididyl-s-triazine (TPTZ)Figure 10.12Figure Formatta

10.12. TPTZ forms a yellow complex with the ¥éon, the complex of TPTZ with Béis

instead blue. The absorbance increase with the reduction of the ferric iron to the ferrous

pt, Non (

one.Thechemical reaction is reported §themel0.11 FRAP action mechanis®eheme Formatta

Formatta
pt, Non (

9‘\ Ny N Antioxidant KE“\ Ny N
l |
[Fe(TPTZ),]** [Fe(TPTZ),]** Amax = 593 nm
(yellow) (blue)

Schemel0.11 FRAP action mechanism.

The increase in the ab&ance is proportional to the reducing ability of the antioxidant

under analysi$®. The absorbance is measured at thg = 593 nm.
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2,4,6-tripyrididyl-s-triazine
(TPTZ)

Figure 10.12 TPTZ structure

The reducingpower of each standard solution was calculated according to the procedure
reported by Xu et al. in 2007 The samples under investigation were dissolved in the
selected solvent (methanol and/or water). The FRR#egents freshly prepared from the
mixing of solutions A:B:C in a ratio 10:1:1 and left at 37 for 30 minutes. It needs to be
stored at 37C while preparing the samples for analysis. Solution A: acetate buffer 0.3
(pH 3.6), Solution B: TPTZ 10 knin 40mmol of HCI, Solution C: FeGR0 mm.

To 1.9 mL of frap reagent was added 0.1 mL of solvent to perform the blank, or of
extracted sample.

Measurements were carried onlatax = 593 nm with a spectrophotometer (Beckman

Coulter™, DUN 530, Life Science UWis Spectrophotometer).

The standard useto prepare the calibration curve is Trolox, and the results are given in

pmol Trolox/g.
10.2. DermatophytesExperimental Protocols

The dermatophytes used in this study were:

Microsporum gypseurfiran) CBS 130948 strain

Microsporum caniglran) CBS 131110stran

Trichophyton violaceurfAfrica) CBS 459.61 strain

Trichophyton mentagrophytésetherlandsCBS 160.66 strain
Trichophyton tonsuran@\Netherlands CBS 483.76 strain

Trichophyton rubrun{Turkey) CBS 132252 strain

Epidermophyton floccosuwar. floccosumNetherlands CBS 358.93 strain
Arthroderma cajetan{Netherlands)CBS 495.70 strain

© N o g s~ w D P
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The cell cultures were stored in agaro6s sl
Difco).

In order to evaluate the antifungal activity of the compounds hereireress cells
cultures of each fungus were obtained after transplanting mycelium disks, 10 mm in
diameter, from a single culture on a stationary phase. Consequently, these were incubated
at 26 + 1°C on the appropriate medium (SDA), on thin sterile shefeteltophane, until

the logarithmic phase of growth was reached. The grown fungi were transferred then to
Petri supports containing the medium loaded with the test compound. Each molecule was
dissolved into dimethyl sulfoxide (DMSO), and a proper diluiioorder to reach a final
concentration of 20, or 100g/mL was aseptically added to the medium at 45 °C. In the
final solutions the concentration of DMSO was adjusted to 0.1%. Controls were set up with
equivalent quantities (0.1%) of DMSO. Determinatidngoowth rate was achieved by
registering the daily modifications in the colony diameter for a period of 7 days after the
transport of the fungus onto supports containing the substance under investigation. At day
7" the Dd (difference in colony diameterebveen day 7 and contjdh comparison with

the control was evaluated for each fungus in order to evaluate the percentage values of
growth inhibition on all the dermatophytes considered. The experiments were run in
duplicates for each concentration coresied. The growth inhibition values were expressed

as the mean of values obtained in two independent experiments.

The relative inhibition rate of the circle mycelium compared to the blank assay was
calculated by means @fquation10.2 1Equationt0.21.

Formatta
pt, Non (
Motivo: T

Relative inhibitionrate (%) = [ (dex T dex')/dex] T 10

Equation 10.21 Equation for the relative inhibition rate.

In Equation10.2 1Equatient0-21Errore. L'origine riferimento non e stata trovata. dex

Formatta
pt, Non (
Italiano (
(Bianco)

represents the extended diameter of the circle mycelium during the blank assay, wher

dex' the extended diameter of the circle mycelium during testing.
10.3. 5-Lipoxygenase Protocols
10.3.1. HumanRecombinant 8.0 Expression andPurification

E. coliBI21 (DE3) cells were transformed with pT&a.O plasmid, lysed in a solution 50
mmM triethanolamine/HCI at pH 8.0 with addition of EDTA if3v), then soybean trypsin

inhibitor (60 pg/m.), phenylmethanesulphonyl fluoride (dm), dithiothreitol (1mm) and
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lysozyme (1 mg/rh) and were added and the mixture was subsequentlgageohi(33 15
sec). The homogenate was centrifuged at 1000§ for 15 min and the remaining
supernatant at 40,000g for 70 min at £C. 5LO in the supernatant was partially purified
by affinity chromatography on an AT&yarose column as described by Fisher et al. in
2003'%° The resulting serpurified 5LO was diluted in PBS containing EDTA (tm)

and ATP (Imm) and immediately used for activity assays.

10.3.2. Activity Assay forHumanRecombinant 8.0

Human recombinant-BO was preincubated with the test compounds for 10 min aC4
and prewarmed for 30 s at 37C. 5LO product formation was initiated by addition of 2
mM Cad, and 20um arachidonic acid. After 10 min at 3T, the reaction was terminated
by addition of 1 m ice-cold methanol. Formed-BO metabolites (altrans isomers of
LTB4 and 5H(P)ETE) were analysed by means of-RPLC as described by Koeberle et
al. in2009"*’

10.3.3. Determination of 8.0 ProductFormation inNeutrophik

Freshly isolated neutrophils (1 x L) were preincubated with the test compounds for
15min at 37 °C. 5.0 product formation was then started by addition of PBCa*-
ionophore A23187. Tén reaction was stopped after 10 min at & with 1 nL of
methanol. Major 8.0 metabolites (LTB4 and its atans isomers and-H(P)ETE) were
extracted and analysed by HPLC as described by WerZ#&GysteinytLTs C4, D4 and

E4 and oxidation products bffB4 were not determined.
10.4. Cytotoxicity assays

U937 (ATCCCRL1593.2 ) cell line, derived from malignant cells of a pleural effusion of
37 year oldCaucasiaimale with diffuse histiocytic lymphoma, was grownRi®PMI 1640
(Gibco) added with 10% FBS (FoetaloBne Serum) 10% Hepes Buffer, 5%
penicilin\strepatamicin at 37C in a humidified 5% C@atmosphere for 72 hour$00 pL

of cells at the density of & 10°mL were seaded into 96ell plates (Nunc) and added
with the different compounds at different centrations (Caffeic acid at 1, 10, gM; 8a,

8d, 8e,8f, 9,1(at 3, 10, 2QuM) and analysed by MTT assay (SigiAdrich) after 24 hrs
incubation. MTT stock solution (5 mgloh was added to each culture being assayed to
equal onegenth the original cultureolume and incubated for 4 hr. At the end of the

incubation period, we added acidic isopropanol (10 of 0.04 N HCI in absolute
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isopropanol). Absorbance of converted dye was measured at a wavelength of 570 nm with
background subtraction at 6380 nm usig ELISA-reader(Victor, PerkirElmer). We
expressed the effect on cell viability B€so, which is the concentration required to inhibit

MTT -reducingmitochondrialdehydrogenase activity by 50%. The absorbance of untreated

cells (RPMI+DMSO) was taken as@% viability to calculate cytotoxicity.
10.5. General Synthetic Procedures andCompoundsCharacterisation

All solvents were used as supplied unless otherwise stated.

Flash column chromatography (FCC) was performed using Breckland Scientific silica gel
60, paricle size 4663 nm under air pressure. Analytical thin layer chromatography (TLC)
was performed using silica gel 60 F254-poaited glass backed plates and visadliby
ultraviolet radiation (254 nm) and/or potassium permanganate or ammoniytvdatel as
appropriate. |l sol ated yields are reported
of 99.5% or higher'H NMR spectra were recorded on Bruker DRB0 (400MHz) or
DRX-600 (600 MHz) spectrometer. Chemical shifts are reported in ppm with the
resonace resulting from incomplete deuteration of the solvent as the internal standard
(CDCl3: 7.26ppm, or DMSQds: 2.54 ppm, q)**C NMR spectra were recorded on Bruker
DRX-400 (100MHz) or DRX-600 (150 MHz) spectrometer with complete proton
decoupling. Chengil shifts are reported in ppm with the solvent resonance as the internal
standard (CDGl 77.0 ppm, t or DMS@; : 30.73, ep. Data are reported as follows:
chemical shift O0/ppm , mul tiplicity (s = s
broad, m = multiplet or combinations therebiC signals are singlets unless otherwise
stated), coupling constants J Hz, intéigra (‘H only). '"H NMR signals are reported to 2
decimal places antfC signals to 1 decimal place unless rounding would produce a value
identical to another signal. In this case, an additional decimal place is reported for both
signals concerned® NMR signals are reported to 2 decimal places and trifkioieene

(BTF) was used as internal standard. High resolution mass spectrometry (HRMS) was
performed on a Waters Micromass LCT spectrometer using electrospray ionizatien, time
of-flight analysis and Mimmass MS software HRMS signals are reported to 4 decimal
places and are within £5 ppm of theoretical values. Infrared spectra were recorded neat as
thin films on a PerkirElmer Spectrum One FTIR spectrometer and only selected peaks are
reported (s = strapy m = medium, w = weak, br = broad). Melting points were collected
using a Stanford Research Systems Optimelt automated melting point system using a
gradient of 1 °C per min.
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Purity was checked by elemental analysis or by HPLC traces using a C18 watkapdio
.10mm*125A, 3.9*150 mm.

10.5.1. Di-acetylationGeneralProcedure

To caffeic acid in pyridine (1.00 eq.) was added acetic anhy(si@8 eq.) under magnetic
stirring until the reaction was complete. The reaction mixture was then diluted with DCM
and consegently washed three times wiw HCI and three times withrine, it was then

dried over MgSQ@and concentrated to dryness to afford the pure product.
10.5.2. EstersDerivativesSynthesis Method A.

A mixture of diacetylcaffeic acid or 3,4-fluoro cinnamic ad (1.00 eq.), thionyl chloride
(25.0 eq), a catalytic amount oDMF in dry benzene (1.00 mL each mmol of diacetyl
caffeic acid) was refluxed for 4 hour§he excess of thionyl chloride was removied
vacua The residue was dissolved in dry benzenen[4for each mmol of diacetylcaffeic
acid) beforepyridine (0.001 eq.) was added dvoyse followed bythe appropriate alcohol
derivatives was added (1.2 edgihe mixture was stirred abom temperatur@vernight
underan atmosphere adrgon. The resulting minte was driedn vacuq the residue re
dissolved in DCM (10nL) and the organic&ashed with water (3 10 mL_), washed with
brine (3x 10 mL), dried over MgS®@and solvents wereemovedin vacuoto afford the
crude materialThe crude was purifiebly colunn chromatography EtOApétroleum ether

in the appropriate ratiaccordingio the compound polarity.
10.5.3. EstersDerivativesSynthesis Method B

To 6Gacetyl2,5,7,8tetramethylchroman2-carboxylic acid (AcetylTrolox 1.00 eq.),
prepared following the literatufein DCM was added DCC (1.00 eq.) and DMAP
(1.00eq.) The mixture was allowed to stir for 10 minutgsroom temperature befotiee
azide or alcohol (1.00 eq.) was adde@he mixture was stirred at room temperature
overnight undean atmosphere @rgon.The resulting mixture was filtered, washed with a
10% solution of KHSQ@three timesanddried over MgS@ beforethe solvent removeih

vacuoto afford the crude materidl.
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(E)-4-(3-(But-3-yn-1-yloxy)-3-oxoprop-1-en-1-yl)-1,2-phenylene diacetate (3a)
i g

AcoD/\)‘\o A~

AcO
According to the general esterification procedure methaal golution ofdi-acetytcaffeic
acid (166 mg, 0.6 mmol,.Qeq) in SOC] (2.5 mL), DMF (44uL) and dry benzene (1 mL)
was refluxed for 4ours The mixture was then noentratd in vacuo The residue was +e
dissolved in dry benzene (4 mbgefore pyridine was added drepise followed by 3
butyn-1-ol (52.98 mg, 0.75mmol, 1.2 eq). The reaction was allowesditéor 12 hours &
room temperaturenderan atmosphere arga. The resulting mixture was concentrated

in vacuore-dissolved in DCM (10nL) washed with water (8 10 mL_), washed wittorine
(3% 10 L), dried over MgS®@and concentrateith vacuo

The crude material was purified by column chromatography (Ef@&cleum ether
30:70). Recrystakied from EtOAcdhexanes (10:90) to give a white solid (176 m¢60

mmol, 93%).

MP: 82 °C.R; 0.23 (EtOAcpetroleum ether 30:70JH NMR (600 MHz, CDCf) U 7. 65 ( ¢
J=16.0 Hz, 1H), 7.41 (dd] = 8.4, 1.9 Hz, 1H), 7.36 (d,= 2.0 Hz, 1H), 7.23 (d)J = 8.4

Hz, 1H), 6.40 (dJ = 16.0 Hz, 1H), 4.32 () = 6.8 Hz, 2H), 2.61 (m] = 6.8, 2.7 Hz, 2H),

2.31 (s, 3H), 2,30 (s, 3H), 2.03 {t= 2.7 Hz, 1H)*C NMR (150 MHz, CDG)) U 168 . 0,
167.9, 166.2, 143.6, 143.3, 142.4, 133.2,.42623.9, 122.8, 118.8, 80.0, 70.0, 62.3, 20.7,

20.6, 19.1. F R ( Npgxa&m®) 32%, 1765, 1714, 1638. HRM®/z calculated for

C17H170s [M+H] ¥ 317.1020, found 317.1016. Elemental analysis calculated ft:Ds

found C 64.26 %, H 5.12%, requires €.565%, 5.10%.
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(E)-4-[3-(Hex-5-yn-1-yloxy)-3-oxoprop-1-en-1-yl]-1,2-phenylene diacetate (3b)
O

Acowow

AcO
According to the general esterification procedureho@tA, a solution ofdi-acetytcaffeic
acid (1.0 g, 3.8 mmol,.@ eq) in SCCl, (5 mL), DMF (280uL) and dry benzene (4 mL)
was refluxed for sours The mixture was then concentmte vacuo The residue was
then redissolved in dry benzene (12 mhgforepyridine was added drepise followed
by 5-hexyn1-ol (445 mg, 44 mmol,1.2 eq). The reaction was allowed to proceed for 12
hours atroom temperatureinder an atmosphere ofirgon. The resulting mixture was

concentratedn vacuq re-dissolved in DCM (10 mL) washed with water X310 L),

washed wittbrine (3x 10 L), dried ove MgSQ, and concentrateith vacuo

The crude material was purified by column chromatography (Ete@&cleum ether
30:70). Recrystalted from hexanes (100%) to give a white solid (900 mg, 2.6 mmol,
69%). MP: 48 °CR; 0.35 (EtOAcpetroleum ether 30:70fH NMR (400 MHz, CDCY)
7.58 (d,J = 16.0 Hz, 1H), 7.36 (d] = 8.5 Hz, 1H), 7.33 (overlapping, br, s, 1H), 7.18Xd,

= 8.3 Hz, 1H), 6.35 (d) = 16.0 Hz, 1H), 4.19 (tJ = 6.3 Hz, 2H), 2.26 (s, 3H), 2.25 (s,
3H), 2.22 (overlapping m, 2H), 1.96 (s, 1H)867 1.73 (m, 2H), 1.65 1.58 (m, 2H)**C
NMR (100 MHz, CDC}) a 167. 7, 167. 6, 166. 2, 143. 2,
122.5, 119.0, 83.7, 68.7, 64.0, 27.6, 24.8, 20.50, 20.46, 180.FT ( Nn@xeﬂfl),329g,
2933, 2864, 1762, 1707, 1638507. HRMS m/z calculated for GH»:0¢ [M+H]"
345.1338 found 345.1347. Elemental analysis calculated f@H&Os found C 66.23%, H
5.87%, requires C 66.27%, 5.85%.
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(E)-4-[3-(Hept-6-yn-1-yloxy)-3-oxoprop-1-en-1-yl]-1,2-phenylene diacetate (3c)
O
AcO X O/\/\/\
X

AcO
Accordingto the general procedure methodaAsolution of Diacetylcaffeicacid (1.5 g,
5.6 mmol, 1 eq) in SOE(10 mL), DMF (1 mL) and dry benzene (6 mL) was refluxed for
4h. The mixture was then concentratevacuo The reglue was then reissolved in dry
benzene (24 mL), pyridine was added dvape followed by éheptyrl-ol (763.5 mg,
6.72 mmol, 1.2 eq). The reaction was allowed to proceed for 12 hawsnatemperature
under an atmosphere of argomhe resulting mixte was concentratedh vacuo re-

dissolved in DCM (10 mL) washed with water X310 mL), washed withorine (3x 10
mL), dried over MgS®@and concentrateith vacuo

The crude material was purified by column chromatography (Ete@&cleum ether
30:70). Recrywllised from hexanes (100%) to give a white solid (823 mg, 2.29 mmol,
41%). MP: 68 °CR; 0.23 (EtOAcpetroleum ether 30:70fH NMR (400 MHz, CDCJ) U
7.59 (d,J = 16.0 Hz, 1H), 7.37 (d] = 8.4 Hz, 1H), 7.34 ( br, s, 1H), 7.19 @ 8.3 Hz,
1H), 6.36(d, J = 16.0 Hz, 1H), 4.18 (1] = 6.6 Hz, 2H), 2.272 (s, 3H), 2,266 (s, 3H), 2.19
(td,J = 6.6, 2.3 Hz, 2H), 1.94 (8,= 2.4 Hz, 1H), 1.76 1.64 (m, 2H), 1.62 1.43 (m, 4H).

C NMR (100 MHz, CDG)) U 167.9, 167.8, 166. 462 143.

123.8, 122.6, 119.2, 84.1, 68.4, 64.4, 28.1, 27.9, 25.0, 20.48, 20.45, 18R.(Neat,
g ma X '1) 8294, 2940, 2861, 1764, 1705, 1638. HRNKh% calculated for GgH230s
[M+H]+ 359.1489, found 359.1479. Elemental analysis calculated fgt &Ds found C
66.99%, H 6.24%, requires C 67.03%, H 6.19%.
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(E)-4-[3-(Dec9-yn-1-yloxy)-3-oxoprop-1-en-1-yl] -1,2-phenylene diacetate (3d)
0 gz

Acowow

AcO
According to the general procedure methgdaAsolution ofdi-acetytcaffeicacid (1.0 g,
3.8mmol, 10eq) in SOC) (5 mL), DMF (1 mL) and dry benzene (4 mL) was refluxed for
4 hours The mixture was then concentmia vacuo The residue was then-déssolved in
dry benzene (12 mLpefore pyridine was added drepise followed by 9decynl-ol
(703.4 mg, 5 mmol, 1.2 eq). The reaction was allowedstio for 12 hours atroom
temperatureunder an atmosphere odrgon. The resulting mixture was concentraited

vacuore-dissolved in DCM (10 mL) washed with waterX3.0 nL), washed wittorine (3
x 10 L), dried over MgS®@and concentrateith vacuo

The crude material was purified by column chromatography (Ete@&cleum ether
30:70). Recrystalted fromhexanes (100%) to give a white solid (669.58 mg, 1.7 mmol,
44%). MP: 49 °CR; 0.43 (EtOAcpetroleumether 30:70)'H NMR (400 MHz, CDCJ) U

7.61 (d,J = 16.0 Hz, 1H), 7.40 (dd} = 8.4, 1.9 Hz, 1H), 7.36 (d,= 1.8 Hz, 1H), 7.22 (d,
J=8.4 Hz, 1H), 6.38 (dJ = 16.0 Hz, 1H), 4.19 (] = 6.7 Hz, 2H), 2.31 (s, 3H), 2.30 (s,

3H), 2.211 2.15 (m, 3H), 1.9 (t,J = 2.6 Hz, 1H), 1.74 1.64 (m, 2H), 1.59 1.46 (m,

4H), 1.38 (m, 7H)®*C NMR (100 MHz, CDG)) & 168.34, 168.26, 16
142.7, 133.7, 126.6, 124.2, 123.0, 119.8, 85.0, 68.4, 65.1, 29.4, 29.3, 29.0, 28.9, 28.7, 26.2,
21.0, 20.9, 18.7FT-I R ( Nngani'), 3308, 2932, 2862, 1764, 1709, 1638. HRM&
calculated for GsH»90s [M+H] ™ 401.1959 found 401.1956. Elemental analysis calculated

for Cy3H250s found C 68.87%, H 7.03%, requires C 68.98%, H 7.05%.
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(E)-4-(3-(But-3-yn-1-ylamino)-3-oxoprop-1-en-1-yl)-1,2-phenylene diacetate (3e)

Acon/kaN ~F

AcO "

According to the general esterification procedure methaal golution ofdi-acetytcaffeic
acid (264.23 mg, 1 mmol,.Qeq) in SOC (2 mL), DMF (300uL) and dry benzene (1
mL) was refluxed for ours The mixture was then concenti@te vacuo The residue
was redissolved in dry benzene (4 mbhgforepyridine was added drepise followed by
1-amino3-butyne (82.93 mg, 1.2 mmol, 1.2 eq). The reaction was allowstrttor 12
hours at oom temperatureinder an atmosphere ofirgon. The resulting mixture was

concentratedn vacuore-dissolved in DCM (10 mL) washed with water ¥310 nlL),

washed wittbrine (3x 10 L), dried over MgS®and concentrateith vacuo

The crude matrial was purified column chromatography (EtOgetfoleum ether 60:40).
Recrystallsed from EtOAdhexane(90:10) to give a white solid (254 mg, 0.8 mmol, 80%).
MP: 143 °C.R; 0.32 (EtOAcpetroleum ether 60:40fH NMR (600 MHz, CDC§) U 7 .
(d,J = 15.6 Hz, 1H), 7.37 (dd] = 8.4, 1.7 Hz, 1H), 7.34 (d,=1.6 Hz, 1H), 7.19 (d] =

8.3 Hz, 1H), 6.33 (d) = 15.5 Hz, 1H), 5.97 (s, 1H), 3.54 = 6.3 Hz, 2H), 2.47 (td] =

6.3, 2.5 Hz, 2H), 2.301 (s, 3H), 2.296 (s, 3H), 2.04 &, 2.5 Hz, 1H).}*C NMR (150
MHz, CDCA) a 168. 09, 168. 07, 165. 4, 142. 9,
121.7, 81.5, 70.1, 38.2, 20.58, 20.55, 19.4. HRNI3found 316.1191 requires 316.1185.
FT-l R ( Nqgani'), 3274, 3241, 3073, 1755, 1658,146 1569. HRMSn/z calculated

for C;7H1gNOs [M+H]" 316.1191, found 316.1185. Elemental analysis calculated for
C17H17NOs found C 64.37%, H 5.38%; N 4.30%, requires C 64.75%, H 5.43%, N 4.44%
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But-3-yn-1-yl (E)-3-(3,4-difluorophenyl) acrylate (3f)

O

FD/\)J\O/%

=
According to the general esterification procedure methpa Aolution of 34 di-fluoro
cinnamic acid (3.0 g, 16 mmol, 1.0 eq) in S©@0O mL), DMF (1.5 mL) and dry benzene
(16 mL) was refluxed for sours The mixture was then nocentratd in vacuo The
residue was rdissolved in dry benzene (50 mbgfore pyridine was added drepise
followed by 3butyn1-ol (1.36 mg,19.5 mmol, 1.2 eq). The reaction was allowedtio
for 12 hours atdom temperaturanderan atmosphere @rgon. The resulting mixture was

concentratedn vacuore-dissolved in DCM (10 mL) washed with water ¥310 nlL),

washed wittbrine (3x 10 L), dried over MgS®and concentrateith vacuo

The crude material was purified by column chromatography (Eg@&cleum ether
10:90). Recrystalked from petroleum ether (100%) to give a white solid (2.2g, 9.3 mmol,
58%). MP: 48 °CR; 0.4 (EtOAcpetroleum ether 10:90fH NMR (400 MHz, CDC}) U
7.61 (d,J =16.0 Hz, 1H), 7.40 7.30 (m, 1H), 7.28 7.23 (m, 1H), 7.18dt, J = 16.6, 8.2
Hz, 1H), 6.37 (dJ = 16.0 Hz, 1H), 4.32 (] = 6.8 Hz, 2H), 2.61 (td] = 6.8, 2.6 Hz, 2H),
2.03 (t,J=2.6 Hz, 1H)*C NMR (100 MHz,CDGJ) U 166. 2 , JE532. 9
Hz), 150.3 (dJ = 12.9 Hz), 149.4 (d) = 13.2 Hz), 14D , 124.9 (dd,) = 6.6, 3.6 Hz),
118.9,117.9 (ddJ=17.8, 0.7 Hz), 116.5 (dd,= 17.7, 0.9 Hz), 80.2 ,77.5,77.2 ,76.8 ,
70.1, 62.6 , 19.3'%F NMR (376 MHz, CDGJ) Ui -63.61 (d,J = 3.5 Hz),-134.83 (d,J =
20.9 Hz),-137.41 (d, J =20.8 Hz). FT R ( Nygcani’),3296, 1710, 1640, 1612, 1602,
1513. HRMSm/zcalculated for GgH11F,0, [M+H] " 237.0722found 237.0710. Elemental
analysis calculated for 1gH;0F0, found C 66.07%, H 4.30%, requires C 66.10%, H
4.27%.
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(E)-Dec9-yn-1-yl-3-(3,4-difluorophenyl)acrylate (39)
0

/
/
F

White solid (70%). MP 34 °C. Purified by column chromatography (Et@&xa@ne 10:90).
Recrystallsed from EtOAdhexane (10:90)R; 0.4 (EtOAchexane 10:90)'H NMR (600
MHz, CDCk) U4 7J-5186.0Hz,dlH), 7.34 (dddJ = 10.8, 7.6, 2.0 Hz, 1H), 7.28
7.24 (m, 1H), 7.18 (dt) = 9.9, 8.2 Hz, 1H), 6.36 (d,= 15.9 Hz, 1H), 4.21 (1) = 6.7 Hz,
2H), 2.19 (tdJ = 7.1, 2.6 Hz, 2H), 1.95 (br s, 1H), 1.74.67 (m, 2H), 1.54 (m, 2H), 1.47
i 1.28 (m, 81). *C NMR (150 MHz, CDG)) U 16 6 . 5J= 130L(5 13.0 8iz), A50.@ ,
(dd,J = 126.3, 13.0 Hz), 142.1 #= 2.1 Hz), 131.7 (dd, J = 6.0, 4.0 Hz), 124.7 (@i,
6.5, 3.4 Hz), 119.4 (d] = 2.5 Hz), 117.8 (dJ = 17.7 Hz), 116.3 (dJ = 17.6 Hz), 84.7,
68.1, 64.8, 29.1, 28.98%, 28.6, 28.4, 25.9, 18.3°F NMR (376 MHz, CDC}) -135.33
(d,J = 20.8 Hz)-137.67 (dJ=20.9 Hz) FT-IR ( N e adcm’) §298, 2936, 2925, 2853,
1712, 1639, 1516, 1272, 1179, 828, 666. HRM& calculated for GH23F.0, [M+H] "
321.1666found 3211657. Elemental analysis calculated fagHGF.0,: C 71.23, H 6.92;
found: C 71.25, H 6.88.
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(E)-4-(3-(3-Azidopropoxy)-3-oxoprop-1-en-1-yl)-1,2-phenylene diacetate (5)
O

ACOD/\)J\O/\/\M

AcO
According to the general esterification procedur¢hmoe A a solution ofdi-acetytcaffeic
acid (2.0 g, 7.5 mmol,.Q eq) in SOC] (10 mL), DMF (550uL) and dry benzene (8 mL)
was refluxed for ours The mixture was then concentiéia vacuo The residue was +e
dissolved in dry benzene (24 mbkefore pyridine was added drewise followed by
3-azidopropari-ol (918.4 mg, 9.08 mmol, 1.2 eq). The reaction was allowestitdor
12 hours at oom temperatureinderan atmosphere argon. The resulting mixture was

concentratedn vacuore-dissolved in DCM (10mL) washed with water (& 10 nlL),

washed wittbrine (3x 10 L), dried over MgS®and concentrateith vacuo

The crude material was purified by column chromatography (Ete@&cleum ether
40:60) to give a yellow oil (1.88 g, 5.4 mmol, 729.0.28 (EtCAc/petroleum ether
30:70).'H NMR (400 MHz, CDC}) U 7J=5.80 Hz,dLH), 7.36 (dd} = 8.4, 1.9 Hz,
1H), 7.33 (dJ = 1.8 Hz, 1H), 7.17 (d] = 8.3 Hz, 1H), 6.34 (d] = 16.0 Hz, 1H), 4.23 (]
= 6.2 Hz, 2H), 3.38 (t) = 6.7 Hz, 2H), 2.25 (s, 3H2.24 (s, 3H), 1.96 1.88 (m, 2H)*C

NMR (100 MHz, CDCj)ju 16 8. 35, 168. 25, 166. 7, 143.

123.1, 119.2, 61.9, 48.5, 28.5, 20.93, 20.8%I FR  ( Negc&mi’) 209§, 2933, 2864,
1770, 1710, 1639. HRMSn/z calculated fo CigHisNs Os [M+H]* 348.1190, found
348.1189
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3-Azidopropy! 6-acetoxy-2,5,7,8tetramethylchromane-2-carboxylate (7)

O
O/\/\ N 3
AcO O

Accordingto general esterification procedure methqdda solution of écetyl-2,5,7,8
tetramethylchomane2-carboxylic acid (AcetylTrolox 1.00 g, 3.4 mmol,.0 eq.) in DCM

(15 mL) DCC (701 mg, 3.4 mmol, 1.00 eq.) and DMAP (415 mg, 3.4 mmogdL)0vere
added. The mixture was allowed to stir for 10 minlte®re3-azidopropari-ol (356 mg,

3.4 mmol,1.0 eq.) was added and the mixture was stirred at room temperature overnight
underan atmosphere of argoifhe resulting mixture was filtered, washed with a 10%
solution of KHSQ three times, dried over MgS@ndthe solvents removeith vacuoto

afford thecrude material.

The crude material was purified by column chromatography (Et@&cleum ether
40:60). R 0.24 (EtOAcpetroleum ether 60:30) to give a coittess oil (1.0 g, 2.6 mmol,
78%). 'H NMR (400 MHz, DMSQds) U 4. 13 (48038 (m,11H)) 3,103.83 (8,7
2H), 2.68i 2.56 (m, 1H), 2.50 2.32 (m, 2H), 2.29 (s, 3H), 2.09 (s, 3H), 1.96 (s, 3H), 1.87
(s, 3H), 1.861.77 (m, 1H), 1.75 1.65 (m, 2H), 1.57 (s, 3H)*C NMR (100 MHz,
DMSO-d6) a 172. 4, 140.8,8268,,124D,4121.77117.0, 77.00, 61.8, 47.2,
29.9, 27.5, 25.1, 20.24, 20.20, 12.7, 11B6. FFl R ( Nugeni?), 293¢, 2097, 1731,
1752. HRMSm/zcalculated for @HosNsOsNa [M+Na] 398.1705 found 398.1692
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10.5.4. Synthesis ofriazole Derivatives:

To a stirred solution of azidenalogueg1.0 eq.) and terminal alkyne derivatives (1.2 eq.)

in a 1:1 ratio of HOI tert-BuOH @ mL for each mmol of alkyne derivative) was added
copper(l) iodidg0.1 eq.). The mixture was heated at 1€5or one houwntil the limiting
starting material disappeared (TLC 80% EtOgetroleum ether 20%). The reaction was
allowed tocool to room temperaturbefore the addition ofvater followed by extracted

with DCM (3 x 10 mL) the organics separated added over MgS@ concentrated and
purified by column chromatography with the appropriate eluent system to afford the pure
triazole derivatives.
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(E)-4-(3-(2-(1-(3-Hydroxypropyl) -1H-1,2,3triazol -4-yl)ethoxy)-3-oxoprop-1-en-1-yl)-
1,2-phenylene diacetate (8a)

o] N
ACOD/\)‘\ /\/[ N
0 N
AcO

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition

reaction, reported above, tea2idoproparil-ol (286 mg, 2.83 mmol, 1.0 eq.) {d:1)
H.Oi tert-BuOH (7 mL) was addedH)-4-(3-(but-3-yn-1-yloxy)-3-oxopropl-en1-yl)-1,2-
phenylenediacetate (1.07 g, 3.4 mmol, 1.2 eq.). Tleapper(l) iodide(54 mg, 0.283
mmol, 0.1 eq.) was added. The mixture was heated atd &% one hour in a sealed tube.
The reaction was then allowed twmol to room temperature than diluted with water,
extractel with DCM (3x 10 mL), dried over MgS@ concentrated and purified by column
chromatography (EtOApétroleum ether 70:30) to give a yellow oil (0.87 g, 2.1 mmol,
74%).Rf0.20 (EtOAc 100%)*H NMR (600 MHz, CDCY) U 7 J=61B.0 Hizd1H),
7.45 (s, 1H), 7.40 (ddl = 8.4, 1.8 Hz, 1H), 7.37 (d,= 1.8 Hz, 1H), 7.23 (d] = 8.4 Hz,
1H), 6.38 (dJ = 16.0 Hz, 1H), 4.52.48 (m, 4H), 3.64 (g] = 5.6 Hz, 2H), 3.20 3.12 (m,
2H), 2.35 (s, 1H), 2.32 (s, 3H), 2.34, BH), 2.15 2.10 (m, 2H).**C NMR (150 MHz,

CDCl) u 168. 3, 168. 1, 166. 5, 143. 7, 143.

119.1, 63.5, 58.8, 47.0, 32.7, 31.1, 25.7, 20.77, 20.78. RT ( N ant>), 295¢ (br),
1771, 1710, 1638, 1505. HRMS/z calculated for GoH2407N3 [M+H]* 418.1609, found
418.1605.
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(E)-4-(3-(4-(1-(3-Hydroxypropyl) -1H-1,2,3triazol -4-yl)butoxy)-3-oxoprop-1-en-1-yl)-
1,2-phenylene diacetate (8b)

o) N

ACOD/\)‘\O/\/\/[N/,N

AcO
According to the general procedure for thepper catalysed 1,3 dipolar cycloaddition
reaction, reported above, teazidoproparil-ol (25 mg, 0.25 mmol, 1.00 eq.) i{i:1)
H.Oi tert-BuOH 2 mL) was addedH)-4-[3-(hex5-yn-1-yloxy)-3-oxopropl-en1-yl]-1,2-
phenylene diacetate (106 mg, 0.3 mmol, 1j3.€opper(l) iodidg5 mg, 0.025 mmol, 0.1
eg.) washenadded. The mixture was heated at 1€5or one hour in a sealed tube. The
reaction was then allowed tol to room temperaturbefore dilution with wate. The
reaction mixture wasextracted withDCM (3 x 5 mL), dried over MgS@ and the volatiles
removed in vacuo and the crude product purifiedy column chromatography
(EtOAc/petroleum ether 70:30) to give a yellow oil (409R}0.22 (EtOAc 100%)'H
NMR (400 MHz, CDC§) U 7J=518.0 Hz,dLH), 7.38 (d] = 8.4 Hz, 1H), 7.35 (br, s,
2H), 7.20 (dJ = 8.3 Hz, 1H), 6.35 (d] = 16.0 Hz, 1H), 4.46 (t] = 6.7 Hz, 2H), 4.20 (1)
= 5.4 Hz, 2H), 3.61 (t) = 5.6 Hz, 2H), 2.74 (1) = 6.6 Hz, 2H), 2.29 (s, 3H), 2.28 (HIB
2.102.07 (m, 2H), 1.82 1.71 (m, 4H).**C NMR (100 MHz, CDG)) U 168. 2, 16
166.8, 147.7, 143.6, 142.9, 1425, 133.4, 126.5, 124.0, 122.8, 121.4, 119.4, 64.5, 58.8,
46.9, 32.8, 28.3, 25.9, 25.3, 20.73, 20.7C:IFR  ( Ne at -1) 298 (Ark 17@, tv 06,
1638, 1505 HRMSn/zcalculated for GH,g0;N3 [M+H] * 446.1927, found 446.1927
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(E)-4-(3-((5-(1-(3-Hydroxypropyl) -1H-1,2,3triazol -4-yl)pentyl)oxy)-3-oxoprop-1-en
1-y)-1,2-phenylene diacetate (8c)

AcO ™ o
=
AcO N=N

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
reaction, to 3azidoproparil-ol (141 mg, 1.4 mmol, 1.0 eq.) ifl:1) H,Oi tert-BuOH
(12mL) was added (E)-4-[3-(hept6-yn-1-yloxy)-3-oxopropl-en-1-yl]-1,2-phenylene
diacetateg(600 mg 1.7 mmol, 1.2 eq.Xopper(l) iodidg(31 mg, 0.14 mmol, 0.1 eq.) was
thenadded. The mixture was heated at 225or one hour in a sealed tube. The reaction
was then allowed t@ool to room temperaturbefore dilution with water. The reaction
mixture wa extracted with DCM (3 x 5 mL), dried over Mg§QGnd the volatiles
removed in vacuo and the crude product purified by column chromatography
(EtOAc/petroleum ether 70:30) to give a yellow oil (390 mg, 0.85 mmol, 6 &).22
(EtOACc 100%)H NMR (600 MHz CDCk) U 7J=8.&0 Hz,dH), 7.36 (dd, = 8.4,

1.9 Hz, 1H), 7.33 (dJ = 1.9 Hz, 1H), 7.31 (s, 1H), 7.18 (@= 8.4 Hz, 1H), 6.34 (dJ =
16.0 Hz, 1H), 4.41 (t) = 6.9 Hz, 2H), 4.15 (t) = 6.6 Hz, 2H), 3.57 (t) = 5.8 Hz, 2H),
3.12 (s, 1H), &9 (t,J= 7.6 Hz, 2H), 2.26 (s, 3H), 2.25 (s, 3H), 2i0Z.01 (m, 2H), 1.73

1.63 (m, 4H), 1.47 1.37 (m, 2H).*C NMR (150 MHz, CDGJ) & 168.0, 167.

147.7,143.3, 142.6, 142.3, 133.1, 126.3, 123.8, 122.6, 121.1, 119.2, 64.4, 58.4, 46.7, 32.6
28.8, 28.2, 25.4, 25.3, 20.48, 20.45-FR  ( Nngent'),2939, 2860, 1770, 1707, 1639,
1505. HRMSm/zcalculated for GaHzoO:N3 [M+H] * 460.207 Ifound 460.2084
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(E)-4-(3-((8-(1-(3-Hydroxypropyl) -1H-1,2,3triazol -4-yl)octyl)oxy)-3-oxoprop-1-en-1-
yl)-1,2-phenylene diacetate (8d)

HO

0 N
AcO NN /\/\/\/\I N
(0] N
AcO

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
reaction, to dazidoproparil-ol (41 mg, 0.42 mmol, 1.0 eq.) ifl:1) H.Oi tert-BuOH

(3mL) was added H)-4-[3-(dec9-yn-1-yloxy)-3-oxopropl-enl-yl]-1,2-phenylene
diacetate (200 mg, 0.5 mmol, 1.2 eqppper(l) iodide(8 mg, 0.04 mmol, 0.1 eq.) was
thenadded. The mixture was heated at 225or one hour in a sealed tube. The reaction

was then allowed t@ool to room temperaturéefore dilution with water. The reaction

mixture was extracted with DCM (3 x 5 mL), dried over MgS@nd the volatiles
removed in vacuo and the crude product purified by column chromatography
(EtOAc/petroleum ether 70:30) to givevehite solid (130 mg, 0.26 mmol, 62%) MP: 73

°C. Recrystalbed fromhexanes (100%)R; 0.25 (EtOAc 100%)H NMR (400 MHz,

CDCl) U 7J=616.0 Hizd1H), 7.40 (d) = 8.4 Hz, 1H), 7.36 (s, 1H), 7.29 (s, 1H),

7.21 (d,J= 8.4 Hz, 1H), 6.38 (d] = 16.0 Hz, 1H), 4.47 (1 = 6.7 Hz, 2H), 4.18 (11 = 6.6

Hz, 2H), 3.63 (tJ = 5.8 Hz, 2H), 2.70 (tJ = 7.6 Hz, 2H), 2.30 (s, 3H2.29 (s, 3H), 2.13

2.07 (m, 2H), 1.74..65 (m, 4H), 1.4@.30 (m, 8H)**C NMR (100 MHz,CDG)) U 168 . 0,
167.9, 166.6, 143.3, 142.5, 142.3, 133.3, 126.3, 123.8, 122.6, 120.9, 119.4, 77.14, 64.7,
58.8, 46.6, 32.6, 29.3, 29.1, 29.00, 28.99, 28.6, 25.8, 26.6, 20.5. F R ( Ngxa't , g
cm’) 3460, 2920, 2853, 1760, 1731, 1702, 1635, 1504. HRMS"YESIculated for
Ca6H3607N3 m/z502.2567found 502.2553Elemental analysis calculated fopgH3507N3

requires C 62.11%, H 7.00%, N 8.38% found C 62.12%, H%, 97 8.30%.

127



(E)-4-(3-((2-(1-(3-Hydroxypropyl) -1H-1,2,3triazol -4-yl)ethyl)amino)-3-oxoprop-1-en-
1-yl)-1,2-phenylene diacetate (8e)

HO

O /\I N\
//N
AcO X N N
H
AcO

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
readion, reported above, to-&ido1-propanol (32 mg, 0.32 mmol, 1.0 eq.)(inl) H,Oi
terttBuOH @ mL) was added H)-4-(3-(but-3-yn-1-ylamino)3-oxopropl-en1-yl)-1,2-
phenylene diacetate (120 mg, 0.38 mmol, 1.2 &@ppper(l) iodidg6 mg, 0.03 mmol, 0.1

eg.) was added. The mixture was heated at “I2%or one hour in a sealed tube. The
reaction was then allowed tol to room temperaturbefore dilution with water. The
reaction mixture was extracted with DCM (3 x 10 mL), dried over MgS@d the
volatiles removedn vacuoand the crude product purified by column chromatography
(MeOH/DCM 5:95),recrystallsed from EtOAc/ hexanes (20:80) to give a white solid (
155 mg, 0.29 mmol, 76%). MP: 84°8; 0.25 (MeOH/DCM 10:90)*H NMR (600 MHz,
CDCl) Ui 7.54 (d,J = 15.6 Hz, 1H), 7.45 (s, 1H), 7.37 (db= 8.4, 2.0 Hz, 1H), 7.33 (d,

= 2.0 Hz, 1H), 7.21 (d] = 8.2 Hz, 1H), 6.48 (m, 1H), 6.33 (d= 15.6 Hz, 1H), 4.51 (]

= 6.7 Hz, 2H), 3.78.75 (m, 2H), 3.68.61 (m, 2H), 2.99 (t) = 6.3 Hz, 2H) 2.32 (s, 3H),

2.31 (s, 3H), 2.19 (s, 1H), 2.162.10 (m, 2H), 1.97 (t) = 4.9 Hz, 1H).*C NMR (150

MHz, CDCk) U 168.18, 168.15, 165.7, 142.9, 142.31, 142.29, 139.0, 133.8, 126.2, 123.8,
122.3, 122.0, 58.6, 46.9, 38.8, 32.4, 29.7, 25.5, 20.64, DBO.R  ( N.g art'),3348,
3243, 3060, 2933, 2256, 1768, 1663.21, 1620, 1574,.13BB1S m/z calculated for
CaoH2506N4 [M+H]" 417.1778 found 417.1774. Elemental analysis calculated for
CooH2406N4 requires C 57.69%, 5.81%, N 13.45% found C 58.19 %04%, N 10.25%.
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2-(1-(3-Hydroxypropyl) -1H-1,2,3triazol -4-yl)ethyl (E)-3-(3,4-difluorophenyl)acrylate
(8f)

HO

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
reaction, to dazidol-proparol (178 mg, 1.8 mmol, 1.0 eq.) if1:1) H.Oi tert-BuOH
(12mL) was added beB-yn-1-yl (E)-3-(3,4-difluorophenyl) acrylate (500 mg, 2.11 mmol,
1.2 eq.).Copper(l) iodide(34 mg, 0.18 mmol, 0.1 eq.) wHsenadded. The mixture was
heated at 128C for one tour in a sealed tube. The reaction was then allowexbabto
room temperaturéefore dilution with water. The reaction mixture was extracted with
DCM (3x 10 mL), dried over MgS%) and the volatiles removed vacuoand the crude
product purified by colonn chromatographfEtOAc/petroleum ether 70:30)ecrystallsed
from petroleum ether to give a white solid (637 mg, 1.88 mmol, quantitative ). MP: 82 °C.
R: 0.11 (EtOAcpetroleum ether 80:20fH NMR (400 MHz, CDCJ) Ui 7.53 (d,J = 16.0

Hz, 1H), 7.47 (s, 1H), 7.34.7.27 (m, 1H), 7.20 (s, 1H), 7.167.06 (m, 1H), 6.30 (d] =
16.0 Hz, 1H), 4.46 (dtj = 13.2, 6.6 Hz, 4H), 3.62 (§,= 5.5 Hz, 2H), 3.10 (tJ = 6.2 Hz,
2H), 2.14i 2.01 (m, 2H)C NMR (100 MHz, CDC}) Ui 165.9 (s)i 152.0 (dd,J = 96.8,
13.0 Hz), 149.5 (d) = 79.7 Hz) 143.7 (s), 14216142.3 (m), 131.2 (dd] = 6.0, 4.1 Hz),
124.5 (ddJ = 6.6, 3.5 Hz), 121.7 (s), 118.6 (d, J = 2.3 Hz), 117.9 &17.8 Hz), 116.0
(d,J=17.7 Hz), 63.2 (s), 58.8), 46.7 (S), 32.4 (S), 25.4 (SJF NMR (376 MHz, CDCI3)

U -62.75 (s),-133.92 (s),-133.98 (s),-136.52 (d, J = 20.9 Hz). FIR (Neat, gmax Cm+1)
3328, 3124, 3055, 2962, 2885, 1712, 1638, 1600, 1HEMS m/z calculated for
C16H180sN3F> [M+H]" 338.1316, found 338.1316. Elemental analysis calculated for
C16H17N303F; requires C 56.97%, H 5.08%, N .48% found C 56.97%, H 5.19%)
12.16%.
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(E)-8-[1-(3-Hydroxypropyl) -1H-1,2,3triazol-4-yl]octyl -3-(3,4-difluorophenyl)acrylate.
(89)

White solid (75%). MP 62 °C. Purdd by crystalkation (EtOAchexane 10:90)R; 0.4
(EtOAchexane 10:90)'H NMR (400 MHz, CDC}) Ui 7.55 (d,J = 16.0 Hz, 1H), 7.36
7.32 (m overlapping s at 7.32 ppm, 1H), 7.32 (s, 1H), 7V.220 (m, 1H), 7.16 (td) =
9.7, 8.3 Hz, 1H), 6.34 (d = 16.1 Hz, 1H), 4.47 (t) = 6.8 Hz, 2H), 4.17 (t) = 6.7 Hz,
2H), 3.63 (t,J = 5.83 Hz, 1H), 2.69 (tJ = 7.7 Hz, 1H), 2.14 2.08 (m, 2H), 1.70 1.63
(m, 4H), 1.391 1.33 (m, 8H)*c NMR (150 MHz) W=13#A.6,1%0
Hz), 150.2 (dd, = 127.9, 13.1 Hz), 142.2 (br s), 131.7 (dds 5.9, 4.0 Hz), 124.8 (dd]
= 6.5, 3.5 Hz), 119.40, 1139, 116.3, 117.8 (d = 17.7 Hz), 116.3 (d] = 17.6 Hz), 64.8,
58.7, 46.8, 32.7, 29.4, 29.2, 29.1, 28.6, 25.9, 28F6NMR (376 MHz, CDC}) -135.35 (d,
J = 20.9 Hz),-137.71 (d, J = 20.8 HZFT-IR ( N e and ¢m™) @337, 3063, 2920, 2853,
1714, 1516,1272, 1179, 1044, 818. HRMS$V/z calculated for GH,9FN303; [M]*
422.2177found 422.2165. Elemental analysis calculated faiHgsF,N3;O5: C 62.69, H
6.94, N 9.97; found: C 61.89, H 6.83, 9.84.
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(E)-4-(3-(3-(4-(2-Hydroxyethyl)-1H-1,2,3triazol -1-yl)propoxy)-3-oxoprop-1-en-1-yl) -
1,2-phenylene diacetate (8h)

o)
ACOD/\)J\O/\/\ NN,
— N
AcO

OH

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
reaction, to E)-4-(3-(3-azidopropoxyj3-oxopropl-en1-yl)-1,2-phenylene diacetat€l.O

g, 2.89 mmol, 1.0 eq.) iflL:1) H,Oi tert-BuOH (10 mL) was added-Butyn-1-ol (242 mg,

3.5 mmol, 1.2 eq.)Copper(l) iodide(55 mg, 0.289 mmol, 0.1 eq.) wdsenadded. The
mixture was heated at 12& for one hour in a sealed tube. The reaction Wwas allowed

to coolto room temperaturieefore dilution with water. The reaction mixture was extracted
with DCM (3 x 10 mL), dried over MgSQand the volatiles removed vacuoand the
crude product purified by column chromatogragEyOAc 100%) to give avhite solid
(554 mg, 1.3 mmol, 46%). MP: 78 °@; 0.14 (EtOAc 100%). Recrystadkd from EtOAC
(100%)."H NMR (400 MHz, CDCJ) & 7J=616.0 Hz,dLH), 7.44 (s, 1H), 7.40 (dH,

= 8.5, 1.9 Hz, 1H), 7.37 (d,= 1.7 Hz, 1H), 7.22 (d] = 8.3 Hz, 1H)6.35 (d,J = 16.0 Hz,
1H), 4.46 (tJ = 6.9 Hz, 2H), 4.23 (t) = 5.9 Hz, 2H), 3.92 (t) = 5.8 Hz, 2H), 2.93 (i) =

5.9 Hz, 2H), 2.32.31 (m, overlapping s, 2H), 2.30 (s, 3H), 2.29 (s, 3#).NMR (100

MHz, CDCk) u 168. 2, 168. 1 426118%1, 526.61,1126360,824.1,1 4 3 .

122.9, 122.1, 118.7, 61.7, 61.3, 47.3, 29.6, 28.8, 20.8, 20-F. BT ( Nug« anfl), 2938,
2099, 1770, 1710, 1639, 1505. HRMS m/z calculated f@H&0sN3 [M+H] " 359.1501
found 4359.1495
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4-((E)-3-(3-(4-(2-(((E)-3-(3,4-Diacetoxyphenyl)acryloyl)oxy)ethyl}1H-1,2,3triazol -1-
yl)propoxy)-3-oxoprop-1-en-1-yl)-1,2-phenylene diacetate (9)

AcO OAc

i /
ACOD/\)‘\O/\IN//
AcO
According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
reaction to (E)-4-(3-(3-azidopropoxy)3-oxopropl-en1-yl)-1,2-phenylene diacetat847
mg, 0.6 mmol, 1.0 eq.) iflL:1) H,Oi tert-BuOH @ mL) was addedHE)-4-(3-(but-3-yn-1-
yloxy)-3-oxopropl-en1-yl)-1,2-phenylene diacetat€d380 mg, 0.72 mmol, 1.2 eq.).
Copper (1) iodidg19 mg, 0.06 mmol, 0.1 eq.) widsenadded. The mixture was heated at
125 °C for one hour in a sealed tube. The reaction was then alloweddldo room
temperature thabefore dilution with water. The reaction mixture was extracted with DCM
(3 x 10 mL),dried over MgS@ and the volatiles removed vacuoand the crude product
purified by column chromatography(EtOAc 100%) and recrystasbd from
EtOAchexanes (20:80) to give a white solid (155 mg, 0.23 mmol, 40%). MP°Q.Z%
0.27 (EtOAcpetroleumether 80:20)."H NMR (400 MHz, CDCJ) ti 7.61 (dd,J = 16.0, 2.3
Hz, 2H), 7.43 (s, 1H), 7.40 (dd= 8.4, 2.2 Hz, 2H), 7.37 (s, 2H), 7.23 (& 8.4 Hz, 1H),
7.21 (d,J = 8.5, 1H), 6.466.34 (m, 2H), 4.5@4.47 (m, 4H), 4.25 () = 5.9 Hz, 2H), 3.20
3.10 (m, 2H), 2.37 2.33 (m, 2H), 2.31 (s, 3H), 2.30 (s, 3H), 2.29 (s, 3H), 2.29 (s,'38)).
NMR (100 MHz, CDC}) G 168.20, 168.16, 168.08, 168.06, 166.5, 166.4, 144.4, 143.8,
143.7, 143.6, 143.3, 142.62, 142.59, 133.3, 133.2, 126.6, 124.1, 124.07, 122.98,
121.96, 119.1, 118.7, 63.5, 61.3, 47.3, 29.7, 25.74, 25.66, 20.78, 20.77, 20.74, 20.73. FT
| R ( Nngantl),2969, 1768, 1708, 1638, 1504RMS m/zcalculated for GaHz401N3
[M+H] " 664.2137found 664.2130Elemental analysis calculated fogsH3301:N3 requires
C 59.73%, H 5.01%, N 6.33% found C 59.06%, H 4.97%, N 6.02%.
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(E)-4-(3-(2-(1-(3-((6-Acetoxy-2,5,7,8tetramethylchromane-2-carbonyl)oxy)propyl) -
1H-1,2,3triazol-4-yl)ethoxy)-3-oxoprop-1-en-1-yl)-1,2-phenylene diacetate (10)

\\N
AcO o &L
0

According to the general procedure for the copper catalysed 1,3 dipolar cycloaddition
reaction, to 3azidopropyl éacetoxy2,5,7,8tetramethylchromang-carboxylate (500 mg,

1.3 mmol, 1.0 eq.) in $Oi tert-ButOH (10 mL) was addedH)-4-(3-(but-3-yn-1-yloxy)-3-
oxopropl-enl-yl)-1,2-phenylene diaceta{®06 mg, 1.6 mmol, 1.2 eq(opper(l) iodide

(25 mg, 0.13 mmol, 0.1 eq.) wasenadded. The mixture was heated at 2€5for one

hour in a sealed tube. The reaction was then alloweddoto room temperaturbefore

dilution with water. The reaction mixture was extracted with DCM (3 x 10 mL), dried over
MgSQO,, and the volatiles removed vacuoand the crude product purified by column
chromatographyEtOAc/petroleum ether 20:80) to givewehite solid (3274 mg, 0.4 mmol
30%).MP: 5660 °C. R 0.44 (EtOAcpetroleum ether 30:70). Recrystafld hexanes
(100%).*H NMR (600 MHz, DMSO)i 7.75 (s, 1H), 7.69.65 (m, 1H), 7.64 (d) = 15.5

Hz, 2H), 7.31 (dJ = 8.3 Hz, 1H), 6.63 (dJ = 16.0 Hz, 1H)4.38 (t,J = 6.2 Hz, 2H), 4.22

i 4.07 (m, 2H), 4.04 3.88 (m, 2H), 3.02 (1) = 6.1 Hz, 2H), 2.67 2.33 (m, 4H), 2.28 (d,

J= 3.6 Hz, 8H), 2.09 (s, 3HR.04 (s, 2H) 1.93 (s, 3H), 1.86 (s, 3H), 1i85.76 (m, 2H),

1.55 (s, 3H).**C NMR (150 MHz, DMSO)ii 173.0, 169.5, 168.6, 168.5, 166.4, 149.3,
144.0, 143.6, 143.4, 142.8, 141.4, 133.3, 127.4, 127.1, 125.5, 124.6, 123.6, 123.0, 122.2,
119.4, 117.7, 77.5, 63.6, 62.2, 46.3, 30.3, 29.2, 25.5, 25.4, 20.8, 20.73, 20.68, 20.64, 13.2,
12.3, 12.1. F1 R ( N.gcant'), 2935, 1749, 1712, 1638, 1543RMS m/z calculated

for CseHa2011N3 [M+H] " 692.2814 found 692.2823 Elemental analysis calculated for
Cs6H41N304; requires C 62.51%, H 5.97%, N 6.07 % found C 61.76%, H 5.90%, N 5.92
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