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Abstract ii

Abstract

The selective delivery of pharmacologically active compounds into the tumor cell represents
a major issue in cancer research. The therapeutic use of cisplatin is associated with some serious
clinical problems, such as severe normal tissue toxicity and resistance to the treatment. To
overcome these problems, the anticancer activity of Au(Ill)-dithiocarbamato derivatives has been
recently investigated.. Those complexes turned out to be extremely promising in terms of greater
in vitro and in vivo antitumor activity, lack of cross-resistance, and reduced toxic and
nephrotoxic side-effects compared to cisplatin, accounting for a different mechanism of action.
In fact, further biological studies identified proteasome as a major target and showed that the
inhibition of the proteasomal activity is associated with both apoptotic and non-apoptotic
pathways.

On the other hand, two plasma membrane proteins, PEPT1 and PEPT2, have been recently
identified. They are present predominantly in epithelial cells of the small intestine, mammary
gland, lung, choroid plexus, kidney and in other cell types. These proteins are able to transport
across membranes all possible di- and tripeptides containing L-amino acid residues.

To obtain compounds with superior chemotherapeutic index in terms of increased
bioavailability, higher cytotoxicity, and lower side-effects than cisplatin, we extended our
research to Au(Ill)-dithiocarbamato complexes functionalized with peptides, to exploit peptide
transporters PEPT1 and PEPT2. These complexes should be able to maintain the properties of
the previously reported gold(IIl) analogues together with an enhanced bioavailability through the
peptide-mediated cellular internalization.

We report in this work on a series of Au(Ill)-dithiocarbamato complexes, covalently bound to
oligopeptides (from di- to penta-), of different amino acids sequences (chiral and achiral,
hydrophobic and hydrophilic, aliphatic and aromatic), bearing different C-terminal
protecting/blocking groups.

All the peptides have been synthesized, purified and characterized by mass spectrometry,
mono or/and bidimensional NMR and FT-IR spectroscopy. In addition the conformation of rigid
peptides (based on the 3¢ helix promoting C*-tetrasubstituted residue Aib) have been studied.

The corresponding Au(Ill)dithiocarbamato derivatives were synthesized, purified and

characterised by elemental analysis, mono or/and bidimensional NMR and FT-IR spectroscopy
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and thermogravimetric analysis. Moreover, the conformation of two chiral compexes was
investigated.

In order to clarify their interaction with biological active molecules, in particular the
glutathione, the study of the reaction between the gold(Ill)-dibromo(sarcosylglycyltertbutyl-
ester)dithiocarbamato complex with L-NAC has been performed.

Some of the complexes have been tested for their in vitro cytotoxic activity. Among all, the
Gly- and Aib-tertbutyl-ester-containing-dipeptides Au(IIl) derivatives, have notably shown, to a
high degree, to be more cytotoxic than cisplatin and the previously synthesized Au(III)
analogues.

Preliminary in vivo antitumour activity studies have also been performed, showing
prominent results in term of higher in vivo effectiveness compared to the previously synthesized

Au(IIT) analogues.
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Riassunto

Una delle sfide maggiori a cui deve dar@asta I'attuale ricerca sul cancro € quella di
riuscire a indirizzare i farmaci in modo selettiverso la cellula tumorale. Tra i chemioterapici
maggiormente utilizzati in terapia ci sono i contpasbase di platino, tra cui il cisplatino, ma la
loro notevole attivita antitumorale e accompagrddauna elevata tossicita Infatti presentano
numerosi inconvenienti che ne precludono l'utilipes lunghi periodi di tempo: sono altamente
neuro- e nefrotossici, inducono pesanti effettiaterali (alopecia, diminuzione dell’'udito, ecc)
ed in molti casi, dopo un iniziale successo teripeucausano l'insorgenza di resistenza da parte
delle cellule cancerose.

Per superare tali limiti, & stata recentemestudiata I'attivita antitumorale di derivati
ditiocarbammici di Au(lll). Questi composti hannarebstrato di avere un’attivita piu elevata
delcisplatino, sian vitro chein vivo, e una tossicita sistemica inferiore. Inoltrejche non
presentano resistenza crociata col chemioterapicafetimento, agiscono probabilmente
secondo un meccanismo diverso. Infatti, vari shagino evidenziato che il proteasoma €& uno dei
bersagli dei complessi di Au(lll) e che linibiziendell'attivita proteasomica & associata ai
meccanismi apoptotici e non apoptotici.

In letteratura € stato recentemente riportae due proteine di membrane, PEPT1 e PEPT2,
localizzate principalmente nelle cellule epitelidéll'intestino, delle ghiandole mammarie, del
plesso coroideo polmonare e dei reni, sono in gridtrasportare attraverso la membrana
cellulare tutti i di- e tripeptidi costituiti da &mminoacidi.Abbiamo pertanto sintetizzato
complessi ditiocarbammici di Au(lll) funzionalizzaton leganti peptidici, che, grazie ai sistemi
cooperativi con le proteine di trasporto, potrebbavere un indice terapeutico superiore ai
composti di platino in termini di migliore biodispibilita, maggiore citossicita e minori effetti
collaterali.

In questo lavoro di tesi, si riportano latesi, la purificazione e la caratterizzazione m u
serie di complessi ditiocarbammici di Au(lll), cdsatemente legati ad oligopeptidi (dal di- al
penta), con sequenze amminoacidiche diverse (dckraghirali, idrofobiche e idrofiliche,
alifatiche e aromatiche), recanti diversi tipi digpi protettori/bloccanti C-terminali.

| peptidi sono stati sintetizzati, purifica caratterizzati tramite spettrometria di massa,
spettroscopia NMR mono e bidimensionale e FT-IRItta, studi conformazionali sono stati
effettuati su peptidi rigidi (contenenti I'aminodoi C'-tetrasostituito Aib, che favorisce
I'assunzione di strutture elicoidalis}

| corrispondenti complessi ditiocarbammici Au(Ill) sono stati sintetizzati, purificati e

caratterizzati tramite analisi elementari, spettopge FT-IR e NMR mono e bidimensionale,
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termogravimetria. Oltre a ci0, € stato eseguito stadio conformazionale di due complessi con
peptidi chirali.

Per chiarire i meccanismi d’interazione denmolecole di interesse biologico come |l
glutathione, € stata inoltre studiata la reazioma f L-NAC e il complesso di
bromo(sarcosilglictertbutil-estere)dithiocarbamato di Au(lll).

Sono stati eseguiti studi preliminarivitro di citotossicita su alcuni complessi presi come
riferimento. Fra questi, i derivati Au(lll) dei dptidi contenti Gly- e Aib-@u hanno
dimostrato di avere una citotossicita molto maggiispetto a quella del cisplatino.

Dati molto incoraggianti sono stati, infingessi in evidenza dai test vivo, eseguiti

recentemente su un tumore xenografico della mammell
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ABBREVIATIONS

AcOEt = ecthyl acetate

Aib = a-aminoisobutyric acid

AIDS = acquired immune deficiency syndrome

AuD, = gold(IIT)-dibromo-(sarcosylglycylmethylester)dithiocarbamato

AuDj; = gold(IIT)-dibromo-(sarcosyl-a-aminoisobutyrylmethylester)dithiocarbamato
AuDg = gold(III)-dibromo-(sarcosylglycyltert-butylester)dithiocarbamato

AuDy = gold(III)-dichloro-(sarcosylglycyltert-butylester)dithiocarbamato

AuDyg = gold(IIT)-dibromo-(sarcosyl-a-aminoisobutyryltert-butylester)dithiocarbamato
AuDy = gold(III)-dichloro-(sarcosyl-a-aminoisobutyryltert-butylester)dithiocarbamato

AuD;y = gold(Ill)-dibromo-(sarcosylphenylalanyltert-butylester)dithiocarbamato

AuD;; = gold(IlT)-dichloro-(sarcosylphenylalanyltert-butylester)dithiocarbamato

AuDj; = gold(Ill)-dibromo-[sarcosyl-tri-(a-aminoisobutyryl)glycylethylester]dithiocarbamato
AuDy; = gold(Ill)-dibromo-[sarcosyl-di-(a-aminoisobutyryl)tert-butylester]dithiocarbamato
AuDys = gold(Ill)-dichloro-[sarcosyl-di-(a-aminoisobutyryl)tert-butylester]dithiocarbamato
AuDys = gold(IIl)-dichloro-[sarcosyl-tri-(a-aminoisobutyryl)glycylethylester]dithiocarbamato
AuDys = gold(HI)—dibromo—[sarcosyl—(CB—O—tert-butyl)serylte rt-butylester]dithiocarbamato
AuD; = gold(HI)-dichloro-[sarcosyl-(CB-O-tert-butyl)serylte rt-butylester|dithiocarbamato
AuDyg = gold(Ill)-dibromo-[sarcosyl-tri-(a-aminoisobutyryl)tert-butylester]dithiocarbamato
AuDy9 = gold(III)-dichloro-[sarcosyl-tri-(a-aminoisobutyryl)tert-butylester]dithiocarbamato
AuD,y = gold(IIl)-dibromo-[prolyl-di-(a-aminoisobutyryl)tert-butylester]dithiocarbamato

AuDy; = gold(IlI)-dichloro-[prolyl-di-(a-aminoisobutyryl)tert-butylester]dithiocarbamato
AuD,; = gold(Ill)-dichloro-(prolyl-a-aminoisobutyryltert-butylester)dithiocarbamato

Bzl = benzyl

Boc = tert-butyldicarbonate

C = concentration

CD = circular dichroism

COSY = correlation spectroscopy
CTR1 = copper transporter 1

DNA = deoxyribonucleic acid
DMAP = 4-(dimethylamino)pyridine
DMSO = dimethylsulphoxide
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EDC = l-ethyl-3-[3-(dimethylamino)propyl]carbodiimide
Et = ethyl

EtOH = ethanol

FDA = food and drug administration

FBS = fetal vovine serum

FITC = fluorescein-5(6)isothiocyanate

Fmoc = fluorenylmethyloxycarbonyl

FT = fourier transform

Gly = glycine

HIV = human immunodeficiency virus

HMBC = heteronuclear multiple bond coherence

HOAt = 7-aza-1-hydroxy-benzotriaxzol
HOAt = 1-hydroxy-benzotriaxzol

IR = infrared absorption

M = molarity

M = molecular mass

Me = methyl

Mp = melting point

NCI = national cancer institute
NER = nucleotide excision repair
NMM = N-methylmorpholine
NMR = nuclear magnetic resonance
OCT = organic cation transporter
Phe = phenylalanine

Pro = proline

Rf = retention coefficient
RNA = ribonucleic acid

ROESY =rotational frame nuclear overhauser spectroscopy

Sar = sarcosine

Ser = serine

tBu = tertbutyl

TEA = triethylamine
TFA = trifluoracetic acid

THF = tetrahydrofuran
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TLC = tin layer chromatography
UV-Vis = ultraviolet-visible

Z-OSu = N"-(benzyloxycarbonyloxy)succinimide

V4 = benzyloxycarbonyl

a, [o] = optical rotation, specific optical rotation
) = chemical shift

0,01  =ellipticity, molar ellipticity

\Y% = frequency

Y = wavenumber

X
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2 CHAPTERI Introduction and aim

1.1INTRODUCTION

1.1.1 What about cancer?

The term cancer refers to any disease ctaearsed by an accumulation of cells. It can result
from either increased proliferation or failure oélls to undergo apoptosis in response to
appropriate stimult. There is a variety of malignancies but the moshmmn types are cancers
of lung, breast, colon and rectum, stomach, preslater, cervix and oesophagus. In a 2002
report from the GLOBOCAN database, cancer resuibede second among the three leading
causes of death in the developing countries. Iryéda 2002, it killed 6.7 million people around
the world, more than the deaths caused by HIV/AlR®erculosis, and malaria put together.
The strategies adopted to avoid this disease aeeption, early detection/screening, healthy
diet, active lifestyle, appropriate and effectiveatment. Several treatment methods are used to
treat cancer: surgery, radiotherapy, hormonal theraiotherapy and chemotherapy. The
surgery is the oldest and the most preferred methatis used in the treatment of cancer: the
afflicted part is removed from the body. For mosses of solid tumours, it plays a leading role
in the early treatment. The radiotherapy is thepsast approach: it consists in the exposure of
the cancer cells to an emission of radiations thélt alter the composition of the genetic
information of these dangerous cell. The radiothgiia used after a surgery and in combination
with other methods of treatment. The hormonotheraggloits the hormones to suppress the
hormonal activity that keep up the proliferationsoime neoplasias. The employment of natural
resources that have been modified, reinforced werted from their usual role is the basis of
biotherapy. Chemotherapy is the use of syntheterabal substances or drugs extracted from
plants: these compounds are toxic against candler(cgtotoxic), inhibiting their reproduction

and division.

1.1.2 Cisplatin

1.1.2.1 Historical survey

Cisplatin was synthesised for the first tipean Italian researcher, Michele Peyrone, who
first graduated as a medical doctor in Turin in 3,8But soon afterwards (1939) abandoned

medicine for chemistry and spent several yearsifierdnt laboratories in France, Germany,
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Netherlands, Belgium and Great Britdiin the Liebig's laboratory, in Giessen, he synibess

in 1845 a new platinum compotfhdontaining two amines and two chlorines, like Beyset's
salt? but having different physico-chemical properti€kere is no way to justify the obtainment
of two different compounds assuming a tetrahedealntetry, in those days retained usual for
tetravalent compounds. 50 years later, Alfred Wiepreposed for these compounds a square
planar geometry which can accommodai@saand atrans isomer, the Peyrone’s and Reyset's

compounds respectivelg¢heme 1.1).°

HaN( /CI CI\ NHg
P Pt
H3N/ \CI H3N/ el
(@ (b)

Scheme 1.1 Isomers of diaminodichloroplatinum(ligis-DDP (cisplatin)a) andtrans-DDP (b).

It was by accident that Barnett Rosenberg, a miotodist, while investigating the effect of an
electric field on cell division inEscherichia coli, generated electrochemically the Peyrone’s
compound by reaction of the platinum electrodesthe various components present in the cell
culture mediun® In 1968, following further tests against variousacteria, cis-
diaminodichloroplatinum(ll) (cisplatin) was succksly administrated to mice bearing the
standard murine transplantable tumour sarcoma-I#Qising tumour regressioh. With
confirmatory in vivo tests performed at the Ched®eatty Institute in London, cisplatin was
taken on by the US national Cancer Institute (NfGf)clinical testing. The first patients were
treated in 1971, a remarkably short time, in modemms, from the original discovety.
Approval by the US Food and Drug Administration @Dwvas granted in 1978. Since then,
cisplatin has become one of the most used anticaltags in the world. It is an effective cure
for testicular cancer, one of the most useful agjaimelanoma and non-small-cell-lung

carcinoma, and in combination therapy, it is coesibily active against ovarian cantér.
1.1.2.2 Molecular and cellular pharmacology

1.1.2.2.1Chemistry and mechanism of action

Cisplatin is administrated to cancer patients hyawrenous injection as a sterile saline
solution, that is, containing salt, specificallydgan chloride. Once the drug is in the blood
stream and in the extra-cellular fluids, it remaimsct due to the high concentration of chloride
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ions (about 100 mM). The neutral compound entezsctil by passive diffusion across the lipid
bilayer, or by active uptake mediated by carriepam proteins, like organic cation transporters
(OCT)** or copper transporter 1 (CTRE)®® or by an as-yet unidentified sodium-dependent
systent?° Because of the low Ctoncentration inside a cell (4-20 mM), the neutigplatin is
activated through aquation to monoaquo species hitchwone of the two chlorine atoms is
replaced by water, thus generating positively chargpeciesScheme 1.2).2"?8 This partially
hydrolysed cisplatin does react with DNA; in fattas been proved that the formation of Pt(ll)-
DNA adducts and the first cisplatin hydrolysis @t occur with similar rates, thus suggesting

that the mono-aqua species [(§PtCI(H,0)]" is predominant in the cytoplasth.

[(NH3)2 PtCh] =<===[(NH3), PtCI(H,0)]" +C| [(NH3), Pt(H,0),]?*
+H+1 -H* +H1-H+
[(NH3), PtCI(OH)] [(NH3),Pt(OH))]

Scheme 1.2: Hydrolysis reactions of diaminodichloroplatinum(ll

Once inside the cell, cisplatin has a numbfeipossible targets: DNA, RNA, sulphur-
containing species (such as metallothionein anthtjlione) and mitochondria. The effect of
cisplatin on mitochondria is not well understoodi t is possible it damages the mitochondrial
DNA thus contributing to cell death. The interaatiof cisplatin with sulphur-containing species
Is better understood and is believed to be invoimggromoting cell resistance toward cisplatin.
The effects of cisplatin on RNA and DNA have betrdi®d extensively. Although cisplatin can
coordinate to RNA, this interaction is not believied play an important role in cisplatin’s
physiological mechanism of action. First, a sindganaged RNA molecule can be replaced by
newly synthesised material; studies have revedlatidisplatin does not affect RNA synthesis.
Second, when cisplatin was administrateditro at its lethal dose to a strain of cancer cells,
only a small fraction (1 to 10%) of RNA moleculesre damaget’. On the contrary, there is a
strong evidence that cellular DNA is the targetttt# drug. In fact, cisplatin is a well known
DNA-damaging agent and the specific adducts praglit®NA have been well characteriz&€d.
The reaction between cisplatin and DNA resultsommiation of different kinds of adductBig.
1.1).3*
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Figure 1.1: Main adducts formed in the interaction of cispiatith DNA:
(a) interstrand cross-link; (b) 1,2-intrastrandssdink; (c) 1,3-

intrastrand cross-link; (d) protein-DNA cross-link.

Enzymatic studies of DNA platinated by tigin>>>°

revealed a strong preference for
binding to sequences containing two or more adfageanosine nucleosides. The quantification
of these and other, less common, adducts was achiey first degrading platinated DNi&

vitro36-38

or in vivo® to a mixture of oligo-nucleotides and then sepagatthem by
immunochemical techniques.

The major site of platination in double-sttad DNA (65%) derives from intrastrand cross-
links between two neighbouring deoxyguanosinesp)c About 20% of the DNA platination
derives from intrastrand cross-links at a d(ApGjusmce, but no adducts were detected when
these two nucleosides, adenosine and guanosine,imvepposite orddre, d(GpA). Another 9%
of the platination derives from cross-links betwde deoxyguanosines separated by a third
nucleoside [d(GpNpG), were N is any nucleoside].cAlthese modifications occur through the
N(7) position on the purine ring because it doesfoon hydrogen bonds with any other DNA
base; these nitrogen atoms are located in the Dfomgroove, so they are more exposed to

platination(Scheme 1.3).*°
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Major groove Major groove
H””””””""""”'O CH, O|nuuuummummH— CHg
\ " \ "

/ NIIIIIIIIIIIIIII H— N N—Hmuuuuum
N
: (\ : AN
*'\/\,.“%L N ?*é\@ “»Lbl"mb N *(\'a\(\
v
2% > %a H Qé

Mlnor groove M|nor groove
Adenine Thymine Guanine Cytosine

Scheme 1.3 The base pairs; cisplatin coordinates to the ld{@)ns of the guanine and adenine purine rings.

Following DNA platination for few minutesyer 40% of the platinated DNA is in the form
of monofunctional modification of deoxyguanosingwever, after a few hours, there is no
evidence for monofunctional platination of DNA, sleeadducts rearranging rapidly to the
various bifunctional adducfd. Monofunctional adducts, rapidly produced by cisd arans-
diamminodichloroplatinum(ll), are not believed tavie any biological activity, as they are

labile, determine only slight structural modificats on DNA and do not inhibit DNA synthesis.
42-44

DNA interstrand cross-links have been alsmunfl to be formed between two
deoxyguanosines, but this requires a major cootoi the DNA structure and may occur when
an alternate purine is not in close proximity oa #ame stran®f. This observation presumably
explains why interstrand cross-links occur at tess 1% of the total platination of DNA.

One other adduct that was shown to be formasl a cross-link between deoxyguanosine
and a protein or a glutathione molecule; this atdian be produced when DNA is first
platinated for a short time to give monofunctioadducts, and then protein or glutathione is
added®

Hence it has been proved that the formaifdhe monofunctional platinum(ll)-DNA adduct
Is the first step involved in the platination of BNfollowed by the solvolysis of the second
chloride atom and the subsequent rearrangemenbiforactional adduct, mainly identified as a
d(GpG) intrastrand cross-link. In this second phéss determinant theis or trans geometry of
the platinum (I1) complex, as reactions with DNAcac with retention of stereogeomeffyDue
to its geometrytrans-DDP cannot form d(GpG) intrastrand adducts withA)Nincetrans-DDP
is inactive in killing cancer cells, it is believeédat these intrastrand adducts formed between

cisplatin and DNA are important for the anticanaetivity of cisplatin itself32°
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When cisplatin binds to DNA forming adducits promotes superhelical unwinding and
shortens the double helf&*° the distortions induced in the DNA double helix ioyer- and
intrastrand cross-links have been characterisedsdweral techniques. For example, in the
interstrand d(GpG) cross-links the platinum resiguecalised in the minor groove, and the axis
of the double helix is bent of about 45-47° towattts minor groove, with a large unwinding of
about 70-79%% On the other hand, the formation of intrastran®mi%) cross-links causes
purines to be destacked and the DNA helix to beckimieed (Fig. 1.2) with a bending of 26-35°

towards the major groove and a shorter unwindintp@fdouble helix (~13%’

Figure 1.2: On the left, the structure of cisplatin (with atm shown in green and nitrogen
ligands shown in blue) coordéthwith a dinucleotide containing two guanines.
Notice the destacking of guariases, wich would normally be parallel to one
another. On the right, the dmoe of cisplatin coordinated to two guanines in a
DNA duplex.

1.1.2.2.2Proteins that recognize cisplatin-induced DNA damage

The efficacy of cisplatin against cancedscebuld be related not only to the inhibition of
DNA synthesis, but also to the saturation of teutar capacity to repair the platinum-DNA
adducts’® To limit genetic mutations and prevent the enswihghalignant transformations that
might arise from exposure to such agents, thereaarariety of cellular defence mechanisms,
such as many types of proteins, which interact withespond to damaged DNA, and may be



8 CHAPTERI Introduction and aim

able to remove lesions from DNA and correct any amwd change. Several types of proteins
can interact with cisplatin-damaged DNA: NER (notige excision repair), TFs (transcription
factors), MMR (mismatch repair), the p53 tumour m@ssor gend,e. a nuclear protein that
exerts its effects through transcriptional regolatmaintaining the genomic stability, and HMG

(high mobility group) proteinsHg. 1.3).>2

Blocked Repair
Protein Hijacked

from Target Sequence

Apoptosis

RNA polymerase \)
and TFs )
Blocked <

Transcription

Cytoplasm Nucleus Cell Cycle Arrest

NER
proteins

Futile Repair

Apoptosis Repair

Figure1.3: Effects of cisplatin-DNA adducts on some of the

proteins in the nucleus that interact with thedasi

Nucleotide excision repair (NER) is the mmajellular defence mechanism against the toxic
effects of cisplatin. Some studies on free and easddmal DNA extracted from a mammalian
cell have revealed that nucleosome significanthiliits NER>? Interestingly, post-translational
modification of histones can modulate NER from dgeth chromatin. Phosphorylation and
acetylation of histones causes nucleosomal straictimanges, increasing accessibility of other
proteins. These events facilitate the binding @f tamodelling complex and repair proteins to
the nucleosome, thereby stimulating DNA repait and helping cells to survive cisplatin-
induced stress. Elsewhere, researchers have cewddstidies to address the possibility that
cisplatin’s cytoxicity activity may result from fare of the excision repair system. In this repair
system, before the damaged portion of DNA is evansed from the rest of the strand, it must
be recognized by the cell. The cell detects DNA agenby the action of damage recognition
proteins. Therefore, as a first step in studyirgyéRcision repair system, researchers looked for
evidence of proteins attached to cisplatin- DNAwads. Several types of essays can differentiate

between platinated DNA that is bound to a proteid the free one; by these essays a number of



CHAPTER | Introduction and aim 9

proteins called HMG-domain proteins have been isdlaThey contain a common portion,
similar or with identical amino acids sequencefiedaHigh Mobility Group.

The HMG-domain proteins are the largest msiteely characterized group of non-histone
chromosomal proteins. They can bind to specifiecstires in DNA or in chromatin with little or
no specificity for target DNA sequentdeTwo families of HMG have been reported. The first
consists of proteins containing two or more HMG dams; it includes HMG1 and HMG2
proteins, the nucleosomal RNA polymerase | trapsiom factor UBF (upstream binding factor)
and the mitochondrial transcription factor mtTF. time second family there are proteins
containing a single HMG domain, such as tissueiipacanscription factors. Several types of
HMG proteins, including HMG1, HMG2 and UBF bind ¢osplatin-DNA adducts with high
affinity and specificity’’>® These proteins recognize 1,2-intrastrand cross-lihat comprise the
majority of adducts formed by cisplatin in vivo. iDain A of the structure-specific HMG protein
HMG1 was reported to bind the widened minor grooiva 16-base-pair DNA duplex containing
a site-specific cis-(NE).Pt-d(GpG) adduct! DNA was strongly kinked at the hydrophobic
notch created at the DNA-platinum cross-link ang pinotein binding was extended exclusively

at the 3’ side of the platinated strand.

1.1.2.2.3From platinum-induced DNA damage to apoptosis

One important mechanism of translation eplatin-DNA damage to cell death is apoptosis.
Considerable evidence indicates that cisplatirs kiklls through the induction of apoptoSis.
Apoptosis or ‘programmed cell death’ is a generadlgulated mechanism of cell turnover that
occurs during embryonic development, normal cellalameostasis, and spontaneous and drug-
induced tumour cell deaffi. Apoptosis is characterized by unique morphologieald
biochemical features. These features include belhkage, blebbling of the cell surface, loss of
cell-cell contact, chromatin condensation with \ation of endogeneous endonucleases,
recognition by phagocytic cells, and dependencéherenergy supplied by ATP as well as on
active protein synthesfs.To understand the apoptosis it is necessary teidenthree different
stages Fig. 1.4). The first is an initiation phase, in which anstilus is received followed by
engagement of anyone of several possible pathvikaysdspond to the stimulus. The second one
is an effector phase, in which all the possibléating signals are integrated and a decision to
live or to die is made. The last one is a commoeversible execution phase, in which some
proteins autodigest and DNA is clea8dBcl-2 is an oncogene that seems to be at the
convergence of many apoptotic pathways. The rdtiBcb2 to Bax proteirf? might be the final

determinant of whether a cell enters the execytimese Bax is a gene that encodes a dominant
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inhibitor of Bcl-2.°® A conserved feature of the execution phase of as@pis the specific
degradation of a series of proteins by the cystaspartic-specific proteases, or caspases.
Caspases are activated when an apoptotic stimntiisces the release of cytochrome c¢ from

mitochondrig®*

Initiation Effector Execution

r 1T | | 1
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—

Loss of cell-cell contacts ’_f’__*

—r

Figure 1.4 Scheme of the converging pathways leading to ag@gpio mammalian cells.

The specific mechanism(s) that trigger apsigtin response to cisplatin insult have not yet
been defined. In principle, such mechanism(s) nmdtde ways to detect DNA damage and
determine if it is strong to be lethal. Among theamanisms that have been proposed for how
proteins that bind to cisplatin-DNA adducts mighbdulate the sensitivity of cells to the drug,
two seem to be the most feasiBldn the ‘hijacking model’, HMG proteins, binding tisplatin-
DNA adducts, could modulate cell cycle events dliB¥A damage and trigger apoptosis. In the
‘repair shielding model’, HMG proteins could pratexsplatin-DNA adducts from recognition
by DNA repair enzymes. These mechanisms of cisplatiuced cytotoxicity are not necessarily
exclusive and could work in concert.

The HMG box proteins bind with high affinitg cisplatin-DNA adducts but not toans-
DDP, UV-induced or other DNA lesions. In contraatrepair protein (RP) possessing DNA
binding affinity flexible enough to recognize diféat lesions would have a much lower affinity
for cisplatin-DNA adducts than farans-DDP or UV-induced lesions. Consequently, DNA
repair would proceed slowly because the repairgmotould displace HMG box proteins from
the cisplatin-DNA adducts very slowly. Alternatiyethe binding of HMG box or other proteins
to the cisplatin-DNA adduct might lead to the agjtle arrest and the induction of apoptosis.
Therefore, in a particular cell line, cisplatin atgxicity might be determined by a ‘dynamic
contest’ between proteins that repair DNA and pnstehat interfere with DNA repair and

trigger apoptosis.
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Several factors may influence the ability @$platin to induce apoptosis: a defective
apoptotic program, pro-apoptotic and anti-proapoptoproteins, caspases, apoptotic
endonucleases and divalent cations, oncogenesuama suppressor genes, growth factors and
cytokines, and viral proteirfs.

The caspase cascade is activated in resgongsplatin insult; this activation leads to an
irreversible commitment to apoptotic cell deathsgses are usually classified in two grotfps:
initiators (caspase-2, caspase-8, and caspased9ftattors (caspase-3, caspase-6, caspase-7,
and caspase-14). Initiator caspases interact wgtiakng adaptor molecules through motifs in
the prodomains called caspase recruitment doniaifwo regulatory pathways of the caspases
cascade have been reported. The first pathway egith the assembly of death-inducing
signalling complex (DISC) at the Fas receptoActivation of Fas receptor by its natural Fas
Ligand (FasL) induces the formation of a DISC csetisg of the adaptor molecule Fas-
associated death domain and caspase-8. Activatgoh®a8 in the Fas/FasL initiated DISC
activates effector caspase-3, and the activatepasas3 can directly initiate certain caspase-
activated deoxynucleas&sThis first pathway may be activated in tumour <éfl response to
cisplatin’® The second pathway begins with the release ofthytane c from the mitochondria,
which subsequently causes apoptosis by activafimaspase-9 and caspasé-# the presence
of ATP and cytochrome c, the apoptotic proteaseqatotg factor-1 (Apaf-1) binds through its
recruitment domain region to the corresponding hetcaspase-9, causing the activation of this
caspase that in turn activates caspaSe-Gisplatin may cause mitochondrial release of
cytochrome ¢ and caspase-3 activaffoin addition, in human osteosarcoma cells, cisplati
induces apoptosis through a sequential activatiaraspase-8, caspase-3, and caspdsétbas
been also reported that cisplatin-induced apoptosig also proceed via a caspase-3 independent
pathway’> This lack of caspase-3 activation after cispatatment is consistent with inefficient
formation of DNA ladders and altered apoptotic nmlpgy. In fact, caspase-3 has been
specifically implicated as the effector caspas@aasible of the cleavage of the human DNA
factor that subsequently activates the DNA endaasg (DFF40) required for the formation of
apoptotic DNA ladderé®

Tumour suppressor genes also influence atispinduced apoptosig53 is considered a
‘guardian of the genome’ and facilitates DNA repla@fore DNA replication. Cisplatin DNA
damage may lead to expression of the p53 protaihstibsequently induces both expression of
downstream p21WAF protein and; @hase cycle arreét.In the event of irreparable DNA
damage, the p53 protein induces apopttsiEhe p53 gene also directly affects expression of
other downstream genes that regulate sensitivityapoptosis, activating transcription of
proapoptotic Bax and repressing transcription dfagoptotic Bcl-2 protein&® On the other
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hand, although cisplatin may initiate apoptosistigh pathways modulated p$3, this tumour
suppressor gene is not always required for apaptdsius, cisplatin induces apoptosis in cells

expressing either wild type or mutant p53 proteiewen in cells lacking p5%.

1.1.2.3 Cisplatin toxicity and its modulation

Since cancer is a disease in which tumour cellgddivapidly, many chemotherapeutic
agents used to treat cancer target rapidly dividiells. Unfortunately, most of them are non-
selective and attack other types of rapidly dividaells in the body. Such cells can be found in
the gastrointestinal tract, in hair follicles anmd bone marrow. For this reason, some of the
common adverse side effects of drugs used in carfenotherapy are nausea, alopecia (hair
loss) and myelosuppression (decreased bone-matnogtidn that results in lower numbers of
red blood cells, white blood cells and platelets).

Indeed, nearly all people who are treatati wisplatin experience gastrointestinal problems,
specifically intense nausea and vomiting. Nausehvamiting usually begin within 1-4 hours
after treatment and can last up to 24 hdltdowever, in the case of cisplatin it is believhditt
the nausea and vomiting result from an effect andéntral nervous system rather than from
gastrointestinal damade.

Some people who are given cisplatin treatmelso experience alopecia. Furthermore,
myelosuppression occurs in 25 to 30 percent of leeepho undergo treatments with cisplatin.
The levels of platelets and white blood cells (lezkes) associated with myelosuppression are
generally lower about 3 weeks after treatment atdrms to normal levels a little more than 2
weeks after that. The loss of platelets (calleartityocytopenia) and the loss of leukocytes
(called leucopenia) are more pronounced when hidbses of cisplatin are used. In addition to a
loss of platelets and white blood cells, the usecisplatin can also cause a decrease in the
number of red blood cells (anemia). Anemia occuth the same frequency and with the same
timing as thrombocytopenia and leucopéefii&ome people receiving cisplatin treatments also
experience hearing difficulties (ototoxicity). Qdatcity has been observed in up to a third of
people treated with cisplatin and can be manifestete form of tinnitus (a buzzing, ringing or
whistling in the ears) or hearing loss in the higgquency range, and, in a few cases, total
deafness. This hearing loss results from damagbeaaound detecting hair cells in the inner
ear’

Several other negative side effects are somae associated with the use of cisplatin: serum
electrolytes disturbances, particularly those iava low levels of magnesium, calcium,
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sodium, potassium and phosphates, have been réorteare probably related to renal tubular
damage. Hyperuricemia (increase in uric acid) heenlalso reported. In addition, neurotoxicity
(abnormalities in the nervous system) can be a Goatipn; symptoms include muscle cramps,
seizures and loss of taste. Cases of ocular tgxioitluding inflammation of the optic nerve and
cerebral blindness, have been reported in raresa@ssn when cisplatin is administrated in the
recommended doses. Anaphylactic-like reactions baes occasionally reported in conjunction
with the use of cisplatin and can controlled byeatjon of epinephrine with corticosteroids
and/or antihistamines. Finally, hepatotoxicitywhich liver enzymes are elevated, has also been
reported®

In addition to the adverse side effectetisabove, use of cisplatin has been linked also to
nephrotoxicity (kidney toxicity); indeed, renal uficiency is the major and the most severe
form of toxicity associated with the use of cisplasas chemotherapeutic agent. Renal toxicity
can result from doses that are higher than recordateand from an accumulation of cisplatin in
the body®° It has been hypothesized that cisplatin nephroityxinay be a consequence of
platinum binding and inactivation of thiol-contaigi enzyme&! On the basis of these
considerations, a large number of thiol-based dphsu-containing nucleophiles have been
tested as chemoprotectors to modulated cisplaphnogoxicity

Chemoprotectors are molecules of differémarpacological classes, that can interact by
specific inhibition of a chemotherapy in normallseBy this, they reduce the toxicity endured
by normal cells and ameliorate the toleraficdwo concepts for the development of
chemoprotectors are required: selective proteafamon-tumour normal tissues and the addition
of a little, if any, toxicity. For this reason, mas the potential modulators of cisplatin toxicity
have been based on the endogenous defense systelectoophiles, the tripeptide glutathiotfe.
Studies in platinum resistance clearly indicateupsregulation of either glutathiof2 or, more
specially one of the family members of glutathi@eanferase enzymé&8.These ubiquitous
cytosolic enzyme systems are responsible of cotipgydoxic electrophiles to the sulphur
moiety in glutathione to yield a non-toxic thioeth&his conjugated species can be further
metabolized and excreted in the urine or the dlest of the platinum modulators are believed
to act similarly, as alternative sulphur-based eoghiles are capable to bind activated
electrophilic and ligand-exposed platinum spelfeslthough few of those species have been
isolated, it is presumed that the direct mechamsay explain most of the activity of the thiol-
based modulators, even if there are some evidehaesther mechanisms, such as growth factor
stimulation, may be operafftPre-clinical studies have shown that glutathictuces cisplatin-

induced nephrotoxicity without reducing the antitumactivity of the drug®®°
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Many other chemoprotectors such as L-SB®uthionine sulfoximinej® disulfiram (or
antabuse, tetraethylthiuram disulfid®),NAC (N-acetylcysteiney?> mesna (mercaptoethane
sulfonate sodium salt}, sodium thiosulfat¥ and ORG-2766 (amelanocortin-derived peptide),
have been tested to modulate cisplatin toxicityniMaf them appear to be effective against
platinum-induced nephrotoxicity and, possibly, ftre peculiar cumulative-dose limiting
neuropathy.

A treatment with diethyldithiocarbamate (DED [NaSCN(C;Hs),]) reduces the
nephrotoxicity of cisplatin chemotherafyThe capability of DEDT to inhibitis-DDP toxicity
results from its ability to remove platinum fromopein thiol group$! Even if a number of
sulphur nucleophiles have been studied as inhgitdr cisplatin-induced nephrotoxicity, as
previously reported, a selective protection of narmissue without inhibition of antitumour
activity has been difficult to achieve. On the cang, DEDT has shown to provide protection
against renal, gastrointestinal and bone-marrowicityx induced by cisplatin  without
concomitant loss of its antitumour effééThis finding suggests that DEDT selectively reesrs
platinum-thiol complexes without reversal of platn-DNA cross-links. 1,2-intrastrand cross-
links were decreased by ~50% when cells were deatgh DEDT, soon after cisplatin
administration, while no change in platinum-DNArasgtrand cross-links was observed when
DEDT administration occurred 3 hours after cisplaiihis behaviour is due to the fact that the
reaction of cisplatin with DEDT is 40,000-fold fastthan with water (hydrolysis), so when
DEDT is administered immediately after cisplatinfiist reacts with cisplatin itself by direct
substitution rather than by initial rate-limitingydrolysis, inactivating the drug. If DEDT is
administrated a long time aftenisDDP treatment, it is not able to react with cispla
complexes, in which chlorides have been replaceduanine residues, but removes platinum
from a variety of the other sulphur-containing neoles>°

However, the overall nephroprotective beseaif DEDT against platinum-containing agents
Is significantly constrained by its acute toxicgyofile; in fact, potential human health hazards
associated with free dithiocarbamates include gedicity and possible carcinogenicity.
Furthermore, DEDT does not extend the ability tiivee dose-intensive chemotherapy and there
is a little evidence that it significantly reducesn-renal toxicities, particularly the cumulative
neuropathies associated with cispl&fiThus, a continuous effort is still made by reskers in
order to reduce cisplatin-induced toxicity.
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1.1.2.4 Cisplatin resistance

Resistance mechanisms can be acquired ie samour cells or intrinsic in othetsStudies
on cell lines have demonstrated that cisplatinstasce might be mediated through two broad
mechanisms: first, a failure of a sufficient amount reach the target DNA (i.e drug
pharmacokinetics, cell uptake, drug reaction witheo molecule than DNA), and, second, a
failure to achieve cell death after platinum-DNAdadts formation (DNA repair, modification of
gene expression and cell deathy*

Until recently, the underlying complex malésr mechanism by which cisplatin enters cells
remained poorly defined. Cisplatin is highly poland enters cells relatively slowly in
comparison to other classes of small-molecule cashegys. The uptake of cisplatin is influenced
by factors such as sodium and potassium ion corateris, pH and the presence of reducing
agents. A role for transporters or gated channa$sabso been postulated in addition to passive
diffusion® In the past few years, the major plasma-membrearesporter involved in copper
homeostasis, copper transporter-1 (CTR1), has la@sm shown to have a substantial role in
cisplatin influx?*% Cisplatin uptake by CTR1 requires micropinocytpgimbably, cisplatin
binds to the extracellular domain of CTR1 and jEdly internalized into endosom&¥.CTR1 is
also a major determinant of responsiveness toatisgbothin vitro andin vivo.'?

In contrast to the mechanism of multidrugiseance (MDR) to mainly natural product-based
drugs, which is caused by overexpression of ATReddpnt efflux pumps (such as P-
glycoprotein), it is generally a decreased uptaitlear than an increased efflux that predominates
in platinum-drug resistancé.There were early reports of a partial role fotweffproteins such
as MDR1 (also known as ATP-binding cassette, suibyaBr ABCB1), multidrug resistance
protein-1 (MRP1 or ABCC1), MRP 2 ( ABCC2 or CMOATMRP3 (ABCC3) and MRP
(ABCC5) in platinum-drug efflux. However, in receygars, efflux proteins that are involved in
copper transport (the ATPases ATP7A and ATP7B) Haeen shown to modulate cisplatin
export'®

There is an extensive body of evidence ioaping increased levels of cytoplasmic thiol-
containing species as causative of resistancesfwatin. These species, such as the tripeptide
glutathione and the metallothioneins, are richhia $ulphur-containing amino acid cysteine and
methionine, and lead to detoxification becauseimlat binds avidly to sulphur. For example,
early studies using a panel of eight human ovacamcinoma cell lines showed a significant
correlation between sensitivity to cisplatin andels of glutathioné® The conjugation of
cisplatin with glutathione is catalysed by glutatie-S-transferases (GSTs), which makes the
compound more anionic and more rapidly exportednfroells by the ATP-dependent
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glutathione-S-conjugate export (GS-X) pump (thaMBP1 or MRP2)% In addition, some
translational studies support a role for the ghitate metabolic pathway in acquired and
inherited resistance to platinum drugs. Increasael$ of other low-molecular-weight thiol-
containing proteins that are involved in heavy-mebanding and detoxification, the
metallothioneins, have also shown to lead to rascs to cisplatin.

After platinum-DNA have been formed, cellulsurvival (and therefore tumour drug
resistance) can occur either by DNA repair or reahoof these adducts, or by tolerance
mechanism. There is good evidence to indicate ttiethypersensitivity of testicular cancer to
cisplatin results from DNA-repair deficiency. Amotige four major DNA-repair pathways that
have been identified [nucleotide-excision repaiERY, base-excision repair (BER), mismatch
repair (MMR), and double-strand-break repair], NERhe major pathway known to remove
cisplatin lesions from DNA. The NER endonucleasetgin ERCC1 (excision repair Cross-
complementing-1) forms a heterodimer with XPF [dmiona pigmentosum (XP),
complementation group F] and acts to make a 55ianiinto the DNA strand, relative to the site
of platinated DNA. Increased NER in cisplatin-résig ovarian cancer cells was associated with
increased expression of ERCCland XPF (predomin&RIgC1):°® and knockdown of ERCC1
by small interfering RNAs enhanced cellular sewsitito cisplatin and decreased NER of
cisplatin-induced DNA lesion$” Moreover, clinical studies in ovarian cancer patehave
correlated increased ERCC1 and mRNA levels witkimpian-based chemotherap?y.

Increased tolerance to platinum-induced DN#&mage can also occur through loss of
function of the MMR pathway. Loss of this repairtipsay leads to low-level resistance to
cisplatin’® During MMR, cisplatin-induced DNA adducts are rgoized by the MMR proteins
MSH2, MSH3 and MSH6 (homologues of the bacteriaitgin MutS)™° It is postulated that
cells then undergo several unsuccessful repairesydinally triggering an apoptotic response;
loss of MMR with respect to cisplatin-DNA adducietefore results in reduced apoptosis and,
consequently, drug resistance. Some studies imdieatpossible role in acquired drug
resistancé’’ whereas other data show no correlation with isicinresistancé:® Another
tolerance mechanism involves enhanced replicatypass, whereby certain DNA polymerases
such as andn can bypass cisplatin-DNA adducts by translesiartt®sis:*® polymerase has
been shown to have a role in cellular toleranceisglatin!** Finally, tolerance might occur to
platinum, and other cancer drugs, through decreasprkssion or loss of apoptotic signalling
pathways (either the mitochondrial or the deatlepéar pathways) as mediated through various

proteins such as p53, anti-apoptotic or pro-apaptoembers of the BCL2 family and IJN&
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1.1.2.5 Circumvention of clinical cisplatin resistance

Armed with the acquired information descdb&bove, concerning mechanisms of action
and tumour resistance, four major strategies cam be proposed to circumvent platinum-
resistance in cancer patients: new improved drdgessed further down), improved delivery
of platinum to tumours, co-administration of platn drugs with pharmacological modulators of
resistance mechanisms, combining platinum drugs métv molecularly target drugs.

The strategy of using delivery vehicles é&testively transport higher amounts of tumour-
killing agents to tumours is attractive and has r@&n clinically validated with the cytotoxics
doxorubicin and paclitaxét®!” Liposomal preparations of cisplatin-like moleculesve also
been produced, but they have not achieved the ggdedse and activation needed. In addition, it
has been evaluated the possibility of linking aiplan-based to a water-soluble, biocompatible
co-polymer, such as hydroxypropylmethacrylamide N#¥®, in order to exploit the enhanced
permeability and retention (EPR) effect of macrogeales in tumours. In particular situations,
such as patients with ovarian cancer, localizedtimlen-drug administration through
intraperitoneal injection might be appli&t.

As described above, much is now known altmyt tumours are or become resistant to
cisplatin. This, in turn, has provided clinical a@ppunities to specifically target these resistance
mechanisms, either alone or in combination witheotplatinum drug. For example, the
glutathione-mediated detoxification pathway is anpoértant determinant of platinum-drug
sensitivity and resistance, and phase | clinicalsrwere performed using an inhibitor of
glutathione synthesis, buthionine sulfoximine. Mxver, another approach exploits loss of the
DNA MMR pathway through hypermethylation of the Mutomologue (MLH1) gene, which
has been shown to lead to resistance to cisphatith,predicts for poor survival of patients with
ovarian cancef™ This has led to the concept of using a DNA denlatmg agent such as 2'-
deoxy-5-azacytidine in combination with cisplatinreverse this resistance mechantdm.

Most contemporary cancer discovery and dgreknt involves the targeting of specific
molecular abnormalities that are characteristic cahcer, described in terms of various
phenotypic ‘hallmarks**® An emerging clinical theme is that, in some catfesse agents might
not possess spectacular activity as monotherapyhby perform optimally in combination with
existing cytotoxics?



18 CHAPTERI Introduction and aim

1.1.3 New, improved platinum drugs

Cisplatin is a very effective cancer drug &as had a major clinical impact, particularly for
patients with testicular or ovarian cancers. Butjsi notoriously toxic to the kidneys and
gastrointestinal tract. Since its efficacy was lesthed in the 1970s, the research for new
platinum derivatives was greatly stimulated. ArouB@00 platinum compounds have been
synthesised’ Three of them are currently in clinical use: cafltp, oxaliplatin and nedaplatin

(Scheme 1.4). Like cisplatin, all of them have a square-plagaometry with two amino ligands

in cis position.
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Scheme 1.4 The anticancer platinum drugs carbopldé)) oxaliplatin(b), nedaplatir(c) and satraplatid).

The first wave of drug-development activaiyned at discovering a less toxic analogue that
retained anticancer activity. In the mid-1980s, boatatin (cis-diammine-[1,1-
cyclobutanedicarboxylato]platinum(ll)) was introgdcin the clinic:*® Carboplatin was based
on the hypothesis that a more stable leaving gtbap chloride might lower toxicity without
affecting antitumour efficacy. It turned out to berrect: compared to cisplatin, carboplatin is
essentially devoid of nephrotoxicity, and is lesgi¢ to the gastrointestinal tract and less
neurotoxic; by contrast, myelosuppression, prinlyptarombocytopenia, is dose-limiting for
carboplatin. Interestingly, the adducts formed asboplatin on DNA are essentially the same as
those formed by cisplatin, but 20-40-fold highenoentrations of carboplatin are required and
the rate of adduct formation is around 10-fold sa¥%° Numerous randomized clinical trials
have demonstrated essentially equivalent surviatasrfor carboplatin and cisplatin in patients
with ovarian cancef* and in most countries, a carboplatin-based regiiméme standard to cure
the ovarian cancer. In fact FDA approval was grhiriel 989 for this indicatioft

Oxaliplatin [1R,2R-diaminocyclohexarmxalatoplatinum(ll)] is based on the 1,2-
diaminohexane carrier ligand and was originallyctiégd in the late 1970%% It is a more
water-soluble derivative of the failed drug tetedpl (Scheme 1.5). Interestingly, oxaliplatin
showed a differing pattern of sensitivity to thdtcgsplatin in the NCI 60-cell human tumour

panel*?® In addition, in contrast to cisplatin and carbdiplathe accumulation of oxaliplatin
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seems to be less dependent on the copper transpaied

MMR recognition proteins do not

recognize oxaliplatin-induced DNA addudfs; some differences exist in the structure of
oxaliplatin-induced 1,2-intrastrand DNA cross-lifi3 and oxaliplatin retains activity against
some cancer cells with acquired resistance toatispf® In 2002, it became the third platinum

to be approved by the US FDA.

C‘:l

HoN Cl

~ Pt/
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Scheme 1.5 Structure of tetraplatin

Nedaplatin has a glycolate moety as leavingumrdt is available only in Japah.lt was
selected because it produced better results thgotatin in preclinical studies. Unfortunately,
nedaplatin is cross-resistant with cisplatin. limi@xicity in humans is myelosuppression, with
a delayed nadir and recovery. The official indicas in Japan are head and neck, testicular, lung
(non-small-cells and small-cells lung cancer), pbésgal, ovarian and cervical cancer.
Compared to cisplatin (both in combination with desine), nedaplatin showed no advantage
over cisplatin in objective response and overatvisal, but nedaplatin was less toxic. More
thrombocypenia was observed, but less leucopenephrotoxicity and gastrointestinal
toxicity. 14’1

In addition to carboplatin and other secgederation cisplatin analogs, several third-
generation drugs have been synthesized and téstaedore attention is paid to quality-of-life of
the patient nowadays, orally formulated chemotherags been investigated for many years.
One orally available platinum complex, satraplatfibisacetoamminedichlorocyclohexyl-
amineplatinum(lV),Scheme 1.4] is currently under clinical trial. It was origiliya developed to
be an orally active version of carboplatin (thatdéspossess a carboplatin rather than a cisplatin-
like toxicity profile). Preclinical studies showeéuht the drug possessed good antitumour activity
by the oral route, at least comparable to intraushoadministrated cisplatin or carboplatin, in
mice with human ovarian cancer xenograifsespecially when administered over a 5-
consecutive-day schedui&. It also retained activity in human cells with aitqd cisplatin-
resistance, in which resistance was due to redptathum transport>® In vivo satraplatin is
transformed to around six products, the major oneeing JM118 |[cis-
amminedichlorocyclohexylamineplatinum(Ih}* JM118 retained activity in cells that had lost

the copper-influx transporter CTR¥ and has been shown to bind DNA in a very similar
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manner to that described for cisplathand to be repaired by the NER pathway with similar
kinetics%®

The wide success of platinum drugs has peamoting the development of both platinum-
and other metal-based compoufts.Owing to the intrinsic nature of metal centers,
characteristic coordination modes and kinetic priogee metallodrugs function through
mechanisms that cannot be mimicked by organic ageatthey affect cellular processes such
as cell division and carcinogenic reactions inedght ways. The latest approaches focus on
complexes with tumour-targeting properties, therstaximizing the impact on cancer cells and
minimizing the occurrence of adverse side-effeats] on complexes with biological ligantfs.
Among the non-platinum antitumour agents, gold dexgs have recently gained increasing
attention.

1.1.4 Gold in medicine
1.1.4.1 History

Medical properties of gold have been exmldt@oughout the history of civilization. Gold
has been exploited for various medicinal prepanatieven in India and Egypt. The earliest
therapeutic application of gold can be tracked iack5008.c in China, where gold was used to
treat smallpox, skin, ulcers and measf@sMoreover, ‘medicinal gold’ was developed as
elixirs *° Although gold and gold complexes have historicaien used for the treatment of a
wide range of aliments, the rational use of goldniedicine began in the early 1920s when gold
was clinically tested for itsn vitro bacteriostatic effect. The first gold complex uded that
purpose was gold cyanide K[AuGN employed by Robert Koch to kill mycobacteriag th
causative agent of tuberculosfs. Because of the toxicity observed when used tot trea
pulmonary tuberculosis, the treatment was switdbetthe less toxic gold(l) thiolate complexes.
In the early 1930s, Jacques Forestier introduceg@me thiolate complexes for the treatment of
rheumatoid arthritis, which he believed was relateduberculosis. These compounds were
considered for many decades the drug of choicéhtreatment of rheumatoid arthritis. The
application of gold complexes in medicine has besled ‘chrysotherapy’ and aims at reducing
inflammation and disease progression in patients veumatoid arthritis. The structures of the
four clinically used compounds are reportedStheme 1.6 (compoundsa-d). However, the
toxic side effects €g: nephrotoxicity at high concentration) observedhwthese complexes,

prompted the search for new, less toxic therapegicl complexes with capacity for oral
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administration*? in low doses. As a result of intense work on sgsth and evaluation of many
new gold complexes, auranofin [(tetra-O-acgnp-glucopyranosyl)-thio](triethylphosphine)-

gold(l) was developed as new drug for rheumatdiakitis treatment.
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Scheme 1.6 Some gold(l) thiolates used in the treatment efirhatoid arthritis: solganol (a),

allocrygim), myocrysin (c), sanocrysin (d) and auranofin (e

Unfortunately, not all patients benefit fragold treatment and for those who do respond,
most suffer from deleterious side effects of vagyextents (dermatis, diarrhea, ...). For these
reasons, gold(l) drugs are currently used mainlylagsresort treatment for severe cases of
rheumatoid arthriti$?*®

The known immunodepressive and anti-inflatmmyaactions of anticancer drugs such as 6-
mercaptopurine and cyclophosphamide have estadlishieleast in principle, a connection
between antiarthritic and anticancer therapies.omantly, one long-term study suggested that
rheumatoid arthritis patients treated with golddshsdrugs have lower malignancy raté.
Subsequently, experimental research on auranofieated that it presented amvitro activity
similar to or even greater than cisplatfr’4®

In the last few decades, the propertiesoofesgold compounds have been evaluated against
immunodeficiency virus (HIV) for the treatment of3S.**"**®Gold complexes have also been
explored for effectiveness against acute forms sthrma and pemphigus (an immune
corticosteroid-dependent asthma). Additionallyrent research has described promising results

using complexes to treat malatfd Chagas disea58 and cancet>*
1.1.4.2 Gold(l) complexes
Starting from the gold(l) species used imyshtherapy for the treatment of rheumatoid

arthritis, the research on gold complexes has iséotaised mainly on complexes with gold in

the oxidation state +1. Auranofin and a numben®fanalogs showed potent cytotoxic activity
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against melanoma and leukaenmmavitro and antitumour activity against leukaenimavivo.
However, these compounds were completely inactgaanat solid tumours. Based on that, a
series of digold phosphine complexesScheme 1.7), such as gold(l) 1,2-
bis(diphenylphosphine)ethane (DPPE), was syntheésarel found to confeim vitro cytotoxic
activity especially in some cisplatin-resistant| deles®? Surprisingly, mechanistic studies
suggested that, in contrast to cisplatin, DNA was the primary target for these gold(l)
complexes and that their cytoxicity was mediatedtlogir ability to alter the mitochondrial
functions and inhibit the protein synthesis by iifeeng with DNA-protein interaction> This
could be explained by higher affinity of gold(I)ward the so-called soft ligands with sulphur
(e.g. thiolates) and phosphorous.d. phosphines), and the lower affinity for nitrogenda
oxygen-containing ligands. Although these gold@nplexes had marked cytotoxic antitumour
activity against P388 leukaemia, they had limiteditamour activity against solid tumour
models. These complexes never entered clinicalstridue to problems associated with
cardiotoxicity highlighted during preclinical toxitogy studies>*

/ (CHa)n\ s (CHa)n\ / (CHa)n\
RoP PR, ReP PR, "R R
,lo\u Au X—,lAu ;lAu—X (A%,
X X RR PR £ PR
(CHo)n “(CHY),
Bridged linear Annular Tetrahedral
digold(l) diphosphine digold(l) diphosphine gold(l) diphosphine
RS —
PP~ > PPh RP PR, RP PR, PhP PPh
dppm R = R' = Ph: dppe deppey dppp

Scheme 1.7 General structure of sonevitro cytotoxic diphosphine gold(l) complexes.

Investigations on the cytotoxic scores dii{jp dithiocarbamato compounds and derivatives
have been recently reported. Mono- and digold-ialitrbamato esterS¢heme 1.8) showed no

or comparable cytotoxicity to that displayed byptasin in the investigated cell liné¥>
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Scheme 1.8 Gold(l) dithiocarbamate complexes (X = Cl or Br).
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1.1.4.3 Gold(l11) complexes

1.1.4.3.1Compounds of biological interest

The promising results of platinum(ll) comy#e stimulated the interests in the area of
metal-based antitumour agents. As gold(lll) is isoeonic and isostructural with Pt(ll), square-
planar gold complexes appeared to be suitable datedi for biological testing. But, in
comparison with Pt(Il) compounds, gold(lll) analeguurned out to be relatively unstable and
light-sensitive and to undergo easy reduction ttathe gold, under physiological conditions. As
a consequence of these difficulties, that heavilydéred their pharmaceutical applications,
gold(ll) compounds were rapidly abandoned and theglected for several yedrS.However
during the early 90’s, there was a revival of iagrfor gold(lll)-based anticancer compounds, as
a few novel compounds displayed improved stabibilyd encouraging pharmacological
properties. For instance, a series of organogdJdDIAMP (0-CsH4sCH:NMey) complexes,
[Au(DAMP)X,] (Scheme 1.9, (g)), were prepared and screened for antitumativity with
positive resultsRecently,in vitro activities of a series of gold(lll) complexeScheme 1.9),
[Au(en)]Cl, (a), [Au(dien)CI]C} (b), [Au(cyclam)](CIQ)CI; (c), [Au(terpy)CIICL (d) and
[Au(phen)Ch]CI (e), against the A2780 ovarian cancer celldia@d a cisplatin-resistant variant
were described. The relative order of cytotoxiciyas: Au(terpy)>>Au(phen)>Au(en),
Au(dien)>>Au(cyclam). Interestingly, the three mastive complexes retained activity against
the cisplatin-resistant cell 1iné3"*® In the same years, the cytotoxic properties obrhl
glycylhistidinate gold(lll) &cheme 1.9, (f)), a complex with promising chemical and bigilcal
activitieswas reported>*° Notably, this gold(lll) peptide complex manifestadfar higher
cytotoxic activity towards the established A278@ian cancer cell line compared to zinc(ll),
palladium(ll), platinum(ll) and cobalt(ll) analogsieproving that the gold(lll) centre has a
crucial role in determining the pharmacologicakefs™®®
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Scheme 1.9 Structures of [Au(eg]Cl; (a), [Au(dien)CI|C} (b), [Au(cyclam)](CIQ)CI, (c),
[Au(terpy)CIIGI(d), [Au(phen)C]CI (e), GHAu (f) and [Au(DAMP)X%] (9).

1.1.4.3.Z50ld(111)-dithiocarbamato complexes

In these few past years, a number of gd)ddithiocarbamato derivatives of general
formula [AU" X,(dtc)] (X= CL, Br, dtc = various dithiocarbamatgdinds) have been synthesized
by Fregona and coworkers. These compounds havedssggned to reproduce very closely the
main features of cisplatirs¢heme 1.10)**° and to obtain drugs with a better therapeuticinée

terms of high anticancer activity and reduced tibicompared to cisplatin.

X\ 7\, ah AN /N
NS e Y a

(3) Au(DMDT)X, (b) Au(SSC-Sar-OR)X

Scheme 1.10 Gold(ll)-dithiocarbamato complexes; X = Cl, Br;#RCH,;, CH,CHgs, (CHs)sC.

The choice of the dithiocarbamato ligands wat accidental. In fact, being sulphur donor
ligands, they can effectively chelate the metaltregnpreventing by this the reaction with

proteins sulfide sites when crossing the renal lagbuMoreover, as previously discussed in the
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case of platinum-based drugs, the therapeuticteféeess is highly limited with resistance onset
during treatment. This phenomenon is due to dragtimation resulting from the affinity of the
metal for thiol ligands such as glutathione andattathioneins. Although Au(lll) is a metal
centre quietly hard that prefers coordination wititrogen ligands, Au(lll) complexes can
present, in analogy with platinum, a high affinftyr thiol ligands. The Au(lll) reaction with
sulfide moieties could lead to the breaking of diowative bonds and a successive reduction of
Au(lll) to Au(l) and Au(0).

+ Invitro andin vivo cytotoxicity studies

From comparativen vitro studies on various cell lines, the Au(lll)-MSDT @BT=
methylsarcosinedithiocarbamato) derivativBsheme 1.10, R = CH) resulted to be more active
than the reference drug. Moreover, after a shopgosure, they induced strong and rapid
apoptosis by down-regulating the anti apoptotic eoole Bcl-2 and upregulating the
proapoptotic molecule Bax, whereas cisplatin ditl iinally, after long exposure, they were
proved to induce only modest cell cycle perturbaidut high DNA fragmentation, whereas
classical platinum(ll) complexes are known to préencharacteristic cell cycle alterations
resulting in increased & cell fraction?® Therefore, [AU'X,(MSDT)]-type complexes are able
to promote early apoptosis and membrane damage nuch greater extent than cisplatin,
suggesting a different mechanism of acti§h.

The other Au(lll)-dithiocarbamato derivatiye namely [AU'X,(DMDT)] and
[Au"X,(ESDT)] DMDT being dimethyldithiocarbamato and ESDTEthylsarcosine-
dithicarbamato)Scheme 1.10, R = CHCHj3) were proved to be much more cytotoxicvitro
than cisplatin even toward human tumour cell limggnsically resistant to cisplatin itself. In
addition, they appeared to be extremely more aclge on cisplatin-resistant cell lines, with
activity levels comparable to those recorded onctireesponding cisplatin-sensitive parent cell
lines, ruling out the occurrence of cross-resistgsttenomen&’?

In vivo antitumour activity of [Al'Bro(ESDT)] has been evaluated on Ehrlich solid-tumour-
bearing mice, resulting in significant tumour massluction compared to cisplatin-treated
animal. Moreover, tumours taken up from [BXL(ESDT)]-treated mice after 11-day treatment
showed 74% inhibition of tumour growth compared uotreated animals. This Au(lll)-
dithiocarbamato derivative resulted to hawmevivo low nephrotoxicity, compared to cisplatin,
and a good tolerance during chemotherd$y.

More recently, a group of thirteen Au(libraplexes, including [AiBr,(ESDT)], has been
tested at Oncotest GmbH according to a specific pawative in vitro strategy for the
development of new anticancer agents. Among all!Br,(ESDT)] turned out to be the second
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best performer with 1§ values in the low micromolar range on all the ens"l 36 human
tumour cell lines, in particular against ovary améin cancers, and an excellent degree of
selectivity*®®

Given the strict structural and chemicallagy of these Au(lll) complexes with cisplatin,
their cytotoxicity was expected to rise from a direnteraction with intracellular DNA.
Experimental results established their high affindwards some biologically-relevant isolated
macromolecules, resulting in a dramatic inhibitminboth DNA and RNA synthesis in a non-
dose-dependent way, whereas, as expected, cisppatimoted a strong dose-dependent
inhibition of DNA without significantly affecting RA synthesis. In addition, these compounds
showed extremely fast rates of DNA-binding, achmgvi00% binding to calf thymus DNA after
less than 3 hours, compared to 51% reached byatiispinder the same experimental conditions
after 24 hours. They were also shown to form imtangl cross-links with a faster kinetics than

cisplatin, whereas they were unable to induce DNatgins cross-link$®*

+ Mechanistic studies

Altogether, the experimental results suggésit the mechanism of action of these Au(lll)-
dithiocarbamato derivatives differs from that o ttlassical platinum(ll)-based anticancer drugs.
Their binding to DNA to a greater extent than asipl is more likely a consequence of their
higher reactivity towards isolated biologicallyeeant macromolecules rather than of a
preference for DNA as their ultimate target.

In this regard, recent reports have idesdifihe enzyme thioredoxin reductase (TrxR) as a
reliable target for anticancer gold compourt@The thioredoxin (Trx) system plays a key role
in regulating the overall intracellular redox balanTrxR is a large homodimeric selenoenzyme
controlling the redox state of Trx. TrxR was provied be inhibited by a number of gold
derivatives, thus triggering alterations of theaulitondrial functions and induce severe oxidative
stress, eventually leading to cell apoptosis. bteoto get insights into the mechanism of action,
the previous four Au(lll) complexes have been ®ddn-depth as inhibitors of the thioredoxin
system. All the tested compounds induce cancerdsskh through both apoptotic and non-
apoptotic mechanisms, and inhibit TrxR activity.

Based on these results, a working model esstggy that deregulation of TrxR/Trx system is
a major mechanism involved in their anticancenagtwas proposed. These compounds trigger
cell death, favour generation of reactive oxygeecsgs (ROS), modify some mitochondrial
functions (.e membrane potential, thus promoting mitochondnaéling, but not respiratory
chain), and inactivate both cytosolic and mitoch@ld thioredoxin reductase. Thioredoxin
protects the cell from a variety of oxidative sses by regulating the redox state and activity of
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some cellular proteins that control cell growth.| Ate tested complexes inhibit TrxR by
irreversibly binding to the catalytic site, thusnif@ering the function of TrxR that acts as a
mediator of electron flow of nicotinamide adenineutleotide phosphate (NADPH) to
peroxiredoxins through Trx, leading to the accurtiafeof ROS (especially hydrogen peroxide).
Moreover, the inhibition of TrxR/Trx redox systemomotes the dissociation of the Trx-AS-1
(apoptosis signal-regulating kinase-1) and the emgibsnt activation of the MAPK (mitogen-
activated protein kinase) system. Both the incrdasel of the ROS and the activation of
MAPK system induce elevated long-lasting levels phfosphorylated extracellular signal-
regulated kinases-1 (phosphor-ERK-1) and -2 (phaspgiRK-2) that may lead to cell death.
Intriguingly, ERK phosphorylation, and the consagueell death, were inhibited by the oxidant
NAC (itself preventing the dissociation of the cdexp Trx-ASK-1 by keeping Trx in the
reduced state), whereas the peroxyl scavengeixt(6inydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) was only slightly efficient. Thuswas hypothesized that a persistent ERK-1/2
activation, triggered by accumulation of hydrogesrgxide first and then by ASK-1 pathway
deregulation, might be responsible for cell dedttough both apoptotic and non—apoptotic
routes. Cisplatin leads to cell death only throaghapoptotic pathway (as determined by the
poly-(ADP-ribose)-polymerase (PARP) cleavatfé).

Recently, the proteasome has been investgas a majom vitro andin vivo target for
these Au(lll)-dithiocarbamato complex&& The ubiquitin-proteasome pathwasid. 1.5) plays
a major role in the degradation of oxidatively dge and mutated proteins as well as proteins
involved in the cell cycle.

The proteasome is a large multisubunit @stecomplex localized in the nucleus and
cytosol that identifies and degrades the proteagged by a chain of ubiquitin molecules. The
20S proteasome, the proteolytic core of a 26S cexpmontains multiple peptidase activities
(chymotrypsin-, trypsin- and caspase-like) and asta catalytic machine. Ubiquitinated proteins
are escorted to the 26S proteasome where theygmdéeal degradation, while the ubiquitin is
released and recycled. Aberrant proteasome-depepdateolysis seems to be associated with
pathophysiology of some malignancies, includingcesnin which some regulatory proteins are
either stabilized, due to decreased degradatiolosgrdue to accelerated degradation. Therefore,
the ubiquitin-proteasome pathway has become aacttte target for the development of new
anticancer agents, the validation of which arisenfithe approval of the proteasome-inhibiting

chemotherapeutic agent bortezomib, used in thenesa of multiple myelom&®
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Figure 1.5 The ubiquitin-proteasome pathway

The proteasome-inhibiting properties of {As(DMDT)] have been investigate§® First,
it was shown to inhibit cell proliferation on seakbreast cancer cell lines. In particular, it
exhibitedin vitro cytotoxic activity greater than cisplatin towartte highly metastatic and
invasive, estrogen receptar;negative MDA-MB-231, breast cancer cell line (85%% about
20% inhibition, respectively, both apBl concentration). [AllX5(DMDT)] strongly inhibit also
the chymotrypsin-like activity in MDA-MB-231 wholeell extract in a dose-dependent way.
This evidence is particularly important since intim of chymotrypsin-like activity is
associated with growth arrest and/or apoptosisdtiol in cancer cell§”° Inhibition of all three
activities was observed also on a purified rabli$ Zroteasome. Proteasome inhibition was
further detected in intact MDA-MB-231 cells, comfied by decreased proteasomal activity and
increased levels of ubiquitinated proteins andidinget protein p27.

Induction of apoptosis by [AX,(DMDT)] in vitro has been confirmed by multiple assays
identifying cellular and biochemical hallmarks, Bugs morphological changes, the presence of
apoptotic nuclei, and apoptosis-specific PARP degav Finally, treatment of MDA-MB-231
breast tumour-bearing nude mice with this compksulted in significant inhibition of tumour
growth a. 50% inhibition after a daily treatment with 1.0 gj* for 29-days). No toxicity was
observed, and mice did not display signs of weligbs, decreased activity or anore¥ia.

Similar results have been obtained withabmplex [AU'X,(ESDT)], which was even more
effective than [Al' X,(DMDT)] as bothin vitro andin vivo proteasome inhibitdr In addition,
in this case, a more in-depth investigation has l@rformed to better elucidate the involved

mechanism of action, and generation of ROS wastiete
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These results clearly identify the proteasams a primary target of the investigated Au(lll)
complexes. Anyway, it is worth pointing out thaistthypothesis is not in contrast with the
previously discussed model related to the Trx/Tystesn as potential target. In fact, it has been
recently reported that the proteasome inhibitotdzmmib induces apoptosis through generation
of ROS!"? Since ROS are produced also in these cdSeke observed proteasome inhibition

can favour the long-lasting persistence of phosghted ERK-1/2.

1.1.5 Peptidestransportersas drug delivery systems

The main problem of the therapeutic efficignlies in the crossing of the cellular
membranes. Therefore, attention is being direat@dtds different systems that could improve
the overcoming of the cellular membrane barriercdRdly, two plasma membrane proteins,
PEPT1 and PEPT2, have been individuated. Theyrasept predominantly in epithelial cells of
the small intestine, mammary gland, lung, chorgigsus, kidney and in other cell types. These
proteins couple the movement of substrate acrassntmbrane with that of protons, according
to electrochemical proton gradient. The peptidagpart allowed by PEPT1 and PEPT2 results
to be against the concentration gradient. PEP LIy affinity/high capacity and PEPT2 is a
high affinity/low capacity transporter. A uniqueafare is their ability to transport inside the sell
all possible di- and tripeptides, including diffetecharged species. These transporters are
stereoselective for peptides that contain L- eoamérs ofa-amino acids.”®

With this Thesis work we planned to exptbi peculiarities of PEPT1 and PEPT2 to favor
the uptake by a tumor cell of Au(lll)-dithiocarbatmadrugs. To this aim, we synthesised,
characterised and tested a series of Au(lll)-ddhrbamato complexes containing di- and
tripeptides as ligands. We extensively usedot@minoisobutyric acid (Aib), a natural, but non
coded,a-amino acid. The reason for this choice comes fitoenobservation that Aib is abundant
in a class of natural peptides (the antibiotic pdquis), that are characterized by a relevant
ability to cross or perturbate the cell membranesthese natural peptides the role of Aib is
crucial, as it bias the peptide backbone to fotd helical arrangements.

Therefore, in the following section the main comfiational features of Aib-containing peptides

will be summarised.
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1.1.6 Aib-containing peptides

1.1.6.1 Biological activity

Peptides antibiotics are used as the fiegtmsive barrier of the organism against microbial
infection. They possess a broad spectrum of amtiial activity against Gram-positive and
Gram-negative bacteria, fungi and protoz8&®It has been shown that some of these peptides
exhibit antiviral and anticancer activit{’#? C**-dialkyl amino acids are also found in peptide
antibiotics. Aib, the simplest ‘C-dialkyl amino acid, is particularly abundant iretpeptaibol
family of peptide antibiotics. The peptaibols, pmodd by many classes of fungi, are
characterized by a high proportion of Aib residwsacylated N-terminus and an amino alcohol
at their C-terminus® Their length spans from 5 to about 20 residueseRey, it was proved
that the presence of Aib residues is useful indasign of effective peptide antibiotics with

increased protease resistance without decreasinantimicrobial activity®*

1.1.6.2 Stereochemistry

Understanding the tridimensional structura protein or a peptide is fundamental to obtain
detailed information on molecular recognition, aom peptide biological functions in general.
Peptide structure can be described at differest stales and levels of complexity: hremary
structure of a peptide is the sequence of amind @sidues along its backbone, deeondary
structure refers to ordered conformations of thetide backbone, whereas tteetiary structure
refers to its the global shape considering alscsttie-chains. The secondary structure is deeply
influenced by the nature of the amino acids inglguence and by the hydrogen bonding pattern
between backbone amide protons and carbonyl oxydensnivocal description relies on the
specification of thedihedral, or torsion, angles of the three backbone bondsach residue
(Fig.1.12), calledp, Y, wby the convention recommended by the IUPAC-IUB Cassion on

Biochemical Nomenclaturg®
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Figure1.6. Representation of a polypeptide chain (two peptidits). Recommended notations for
the torsion angles are represented in the cemsaue. The chain is represented in the

fully extended conformationg(= {; = w3 = 180°) and the central residue is in L (S)
configuration

The most important and widespread pept@®rsdary structures afé the a-helix, thep-
structures, th@-turns and the 3-helix; the most common organized secondary strastare
helical. Various helical structures differ in thihnedral anglesp andy of each residue, in the
number of residues per turn, in the pitch and ie tlumber of atoms involved in the

pseudocycles formed by intramolecular hydrogen ba®rQIIH-N.*”
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a-Helix 310-Helix

Figurel.7 Top: side view of right-handed-helix (a) and 3q-helix (b); bottom:
projections of thex-helix and of the 3-helix along the helical axis.

As mentioned above, thehelix and the g-helix are the most common helical structures.
The a-helix (Fig. 1.7a) is characterized by 3.63 residues per turn ang istabilized by
intramolecular hydrogen bonds between the C=0 gafuresidues in position and the N-H
group of residues in positior4 (i — i+4 H-bonds), thus forming 13-atoms pseudocyctes (
turns or Gs structures). The;ghelix (Fig. 1.7b) has 3.24 residues per turn and it is stabilized b
intramolecular hydrogen bonds between the C=0 gafuresidues in position and the N-H
groups of residues in position3 (i — i+3 H-bonds), thus forming 10-atoms pseudocycfes (
turns or Gostructures}® Hydrogen bonding patterns of both helices are @etpinFig. 1.8.

Even if the difference in the torsion angle valoéshe two helices is not large, they3

helix is significantly thinner (refer tbig. 1.7, bottom) and more elongated than thielix (the
pitch is 6.3 A for the first one and 5.7 A for thecond one). Characteristic structural parameters

of the two helices are reportedTiable 1.1.1%
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e o-helix ... .
. 3ghdix |
H : H O H (@) : @) | @)
PLRT IR R R
—N—C—C~N—C—C—N—C—C-N—C—C-N—C—C—

Figure 1.8 Intramolecular hydrogen bondsdn and 3¢-helices

Parameter 3io-helix  |a-hdlix
(0) -57° -63°
W -30° -42°

H-bonding angle N---O=C 128° 156°

Rotation per residue 111° 99°

Rise (axial translation per residue) 1.94 A 1.56 |A
Residues per turn 3.24 3.63
Helical pitch 6.29 A 5.67 A

Table 1.1. Structural parameters for right-handag anda-helices.

A 3helix formed by C-trisubstituted (proteinp-amino acids is less stable than @n
helix, due to the larger distortion of the H-bonasd some unfavorable Van der Waals
interactions:®**°* Although the 3rhelical structure is thus less widespread than dhe
counterpart, nevertheless it is not rare. The rteicgprovements in analytical techniques allowed
to identify the 3¢-helical patterns in numerous natural protéftid?*A statistical analysis of the
X-ray diffraction structures of 57 globular protgirevealed the presence of 73-Belical motifs
of different length. Interestingly, in most casegls structures were found at the N- and C-
termini ofa-helices.

The mainB-turn patterns were classified by Venkatachaldhsix pairs ofB-turn types
(each one made of a right- and a left-handed wemng described, depending on the values of the
torsion angles of the ‘internal-1 andi+2 residuesT able 1.2 givesq, Y torsion angle values for
the right-hande@-turns with central peptide bond in trans conforiorattypes |, I, and Il Fig.
1.9).
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B-Turn pi+l) | g+ | @(i+2) | Y (+2
Type | -60° -30° -O0° 0°
Type Il -60° +120° +8CP 0°
Type Il -60° -30° -60° -3¢°

Table1.2. Dihedral angle values for the three most commoesypf right-handeg-
turns. Left-hande@-turns have opposite dihedral angle values.

Figure 1.9 Representation of the three id@aturns (1, 11, Ill, from left
to right) withransoid central peptide bondx= 180°).

Repeating type If-turns lead to the formation of right-handeg-Belical structures, while
type Il B-turns are not helix forming and typepurns can be accommodated in helical
structures, although with some distortions.

As regards the conformational propertibg, increased sterical hindrance induced by the
substituent at the Catom drastically limits the N-Cand C-C' bond rotationgp and (s torsion
angles, respectively§° thus favouring the assumption of stable structime&™-tetrasubstituted
residue based peptides already in very short segsdstarting from three amide group¥).

In the case of Aib, conformational energicakations®’**®highlighted that the presence of
two methyl groups on the%atom significantly restricts the conformationabsp accessible,
which is essentially limited to the region ef and 3q-helical conformations. It is also worth
recalling a recent theoretical study, from whiclappears that Aib homopolymers would prefer
the 3ghelical structuré® since thea-helical structure would result very perturbed by
unfavourable interchain interactions. Because therasidue is achiral, right- and left-handed
helices of its homo-polymers are isoenergetic dnedprobability of each helical handedness is
the same.

The extreme facility with which Aib contang peptides form single crystals allowed the X-

ray diffraction analysis of the complete series Aib homo-oligopeptides up to the
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undecamef’®?* The N-protected homo-tripeptides form g Gtructure; all longer peptides of
the series invariably form the maximum number afisexutive G structures compatible with
the length of the backbone, thus generatingh8lices. As an example the structure of the
decapeptid@BrBz-(Aib);-OtBu”*®?%is represented iRig. 1.10.

Figure1.10 X-ray diffraction structure giBrBz-(Aib),,-OtBu, the second
longest Aib homopeptide whose structure has belerdo

Conformational analyses in solution (bydBsorption andH-NMR spectrometry) showed
that this conformation prevails strongly also inlveats of reduced polarity as deuterated
chloroform?%*212

In the case of peptides containing Aib res&land E&trisubstituted residues, in the solid
state only helical structure are observed. Sucltésekcan be of ;3type, ofa type, or ‘mixed’

(an a-helical segment preceded or followed by some Sructures). More than 40 structures
obtained by X-ray diffraction of peptides made abAand protein amino acids with length
between 4 and 16 residues were reported in thatitee until 1990. From their analysis it was
found that chain length, Aib content and peptidguseice are among the most important factors
directing the conformation towards one of the tvadidal structure$**?*In particular, thea-

helix tends to be favoured as the chain lengtheimees and as the content of Aib decreases, even
if there are several exceptions and evaluatiomefrble played by peptide sequence is difficult.
On the other side, very short peptides (six resdudess) display an overwhelming preference
for the 3¢-helix. In summary, the vast amount of structuratadon Aib containing peptides
highlights the remarkable capability of this nowteogenic residue of promoting and stabilizing

B-turns as well as helical conformations, partidyl&i.-helices.
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1.2. AIM OF THE PRESENT WORK

The selective delivery of pharmacologicaligtive compounds into the tumour cell
represents a major issue in cancer research. Rgcénégona and co-workers synthesized
Au(ll-dithiocarbamato derivatives lacking crosssistance and endowed with greatewritro
andin vivo antitumor activity and reduced toxic and nephraoside-effects as compared to
cisplatin (the first and the most used metal-baseiotherapeutic drug).These encouraging
results prompted us to move one step forward. ABTREand PEPT2 can transport across
membranes all possible di- and tripeptides comgirii-amino acid residues, we designed and
synthesisized Au(lll)-dithiocarbamato complexesfainula [AuXz(pdtc)] (X = CI, Br; pdtc =
di- to pentapeptidedithiocarbamato). Because ofpetide-mediated cellular internalization,
these molecules are expected to have a superionatherapeutic index, in terms of increased
bioavailability, higher cytotoxicity, and lower sekffects.

We report here on the synthesis, purificatemd characterization of a series of Au(lll)-
dithiocarbamato complexes, covalently bound toam@&ptides (from di- to penta-), focusing on
issues related to the design of the oligopeptic@nchWe selected amino acids with different
features (chiral and achiral, hydrophobic and hptiic, aliphatic and aromatic) in order to
evaluate the influence of various factors on thadgical activity of the corresponding metal-
dithiocarbamato complexes. A full physico-chemichhracterization has been performed by
means of elemental analysis, mono- and bidimenkiNiMR, FT-IR and thermogravimetric
analysis.

The biological behaviour of the synthesizethplexes has been examinated by means of:

v in vitro cytotoxic properties towards some humamaur cell lines;

v preliminary mechanistic studies of the active comts;

v in vivo anticancer activity of the active compourts nude mice.

Morever, we studied by means of NMR spectrpg the interaction of one of the active
complexes withL-NAC to stimulate possible reactions that couldsarin physiological
surroundings between these new Au(lll) complexestha glutathione reductive agent. We also
compared these results with those obtained with phhevious Au(lll)-dithiocarbamato
derivatives.

This Ph.D project is a fruit of the collabbon between Prof. Fernando Formaggio, who
supervised the synthesis and characterization efotigopeptides, and Prof. Dolores Fregona,
who did supervise synthesis, characterization aolddpcal tests of the gold(lll) complexes. The

preliminaryin vitro tests were done by Dr. D. Aldinucci of tB8entro di Riferimento Oncologico
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di Aviano whereas, then vivo preliminary studies were done by Dr. Q. P. Douh&f Wayne
State University of Detroit.
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2.1. Materials and methods

2.1.1 Reagents and solvents

Acros-Janssen (Geel, Belgium):

1-hydroxy41H-benzotriazole, phosphoric anhydride.

Alfa Aesar (Germany):
Potassium tetrabromo- and tetraclurate(lll).
Bachem (Bubendorf, Switzerland):

N-benzyloxycarbonyl-O-tert-butylserinesNACy.

BiocromKG (Berlin, Germany)

L-glutamine, Iscove’s-modified Dulbecco’s medium.

Cambrex Bio Science (Milan, Italy):
L-glutamine, Iscove’s-modified Dulbecco’s medium, skRell Park Memorial

Institute medium, penicillin, streptomycin.

Carlo Erba (Milan, Italy):
Acetic acid, 1-butanol, calcium chloride anhydroeldproform, dichloromethane, diethyl
ether, ethanol, ethyl acetate, hydrochloric aci@d%3aqgueous solution), methanol,
petroleum ether (boiling range 40-60°C), potassiydrogenocarbonate, potassium
hydrogenosulphate, 2-propanol, sodium carbonateeadtydrate, sodium hydroxyde,
sodium hypochlorite, sodium sulphate anhydrougsuic acid (98% aqueous solution),

toluene, triethylamine.

Euriso Top (France):

Deuterochloroform, hexadeuterated tiylsulphoxide.

Fluka (Buchs, Switzerland):
Acetonitrile, ethanol, methanoN-methylmorpholine, ninhydrin, palladium catalyst
(10% on activated charcoal), phenylalanine, samesitetrahydrofuranelN-tert-
butyloxycarbonyl-O-benzylserine.
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German Collection of Microorganisms and cells cultures (Braunschweig, Germany):
PC3, DU145, L540 cells.

Gibco (Braunschweig, Germany):

Fetal bovine serum.

Iris Biotech (Marktredwitz, Germany):
N-ethyl-N'-(3-dimethylamino)propyl-carbodiimide chlorohydzatN-benzyloxycarbonyl-

oxysuccinimide.

Laboratory (University of Padua, Italy)
N“-Benzyloxycarbonylglycyltert-butyl ested’-benzyloxycarbonybk-aminoisobutyric
acid,N“-benzyloxycarbonylproline, glycyltert-butyl esteydnochloride, glycylmethyl
ester hydrochloridey-aminoisobutyryl methyl ester hydrochloride and

phenylalanylmethyl ester hydrochloride.

Lancaster ( England):
Isochloroformiate.

Pharmingen (California, United States of America):

AnnexinV-fluorescein isocyanate.

Roche Diagnotics (Boehringer-Mannheim, Germany):
Bromo-2’-deoxyuridine Cell ProliferatidcLISA Kit.

Sad (Bergamo, ltaly):
Isobutene.

Sgma-Aldrich (Milwaukee, USA):
Hexadeuterated acetone, fetal calf serum, deutkrateethanol, hexadeuterated
dimethylsulphoxide, trifluoroacetic acid.

Taconic Animal Services (Hudson, U.S.A):
Athymic nude mice.
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2.1.2. Instruments and methods

Melting point determination

Melting points were measured on a Stuart apparatdel SMP10 and are uncorrected.

Thin layer chromatography
Silica gel 60 k4 (Merck) or Alugrant Sil G UV 254 (Macherey-Nagel) on aluminium
foil was used to follow the reactions.
Silica gel 60 Es4 (Merck) on glass was used for TLC characterizati®etention factors
(Rf) have been measured using three different somexitires as eluents.
Rfi: CHCL/EtOH 9:1; Rf,: BUOH/ACOH/HO 3:1:1; Rf;: PhMe/EtOH 7:1.
Products were detected either by UV lamp irradiabo with exposition to,lvapours or
by warming with a heat gun and spraying firstlyhwit 1.5 % NaClO solution and then
with a ninhydrin-TDM solutiorf*®

Flash chromatography

For FC purifications silica gel 60 Merck (40-6& diameter, mesh 230-400) was used.

For the various purifications, one of the followilbgding methods was used:

1) direct loading on top of the column of the crudetomie dissolved in a small amount
of the eluent used for the purification;

2) direct loading on top of the column of the crudectomie dissolved in the minimum
amount of a different solvent mixture;

3) loading on top of the column of the crude mixtudsa@bed on silica gel (‘dry-

loading’).

Polarimetric measurements
Optical rotations were measured on a a Perkin-Elmedel 241 polarimeter with an
Haake model D8 thermostat at the mercury line vemgth, using a cell with an optical
pathlength of 10 cm. Concentrations are expregsedlioO0 mL. §] are calculated using
the formula §]= a/(cl), where c is the concentration (in g/mL) and the optical path

(in dm). Spectrophotometric grade MeOH was usea ssvent.
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Circular dichroism
CD spectra were recorded either on a Jasco didpbgmodel J-715 provided with a
Haake model F3 thermostat using Hellma quartz ¢plshlenght 0.1 cm). Instrumental
parameters were as follow: response 2 sec, stasgasitivity, scan speed 100 nm/min,
data pitch 0.5 nm.
Experimental values are expressed in molar elligtip®]r (degreesm?-dmol?) and
were calculated, using the relatiag®]{ = ©/(I-c) , where® is the observed ellipticity (in

degrees), | is the optical path (in dm) and c esghptide concentration (in mol/L).

UV spectroscopy
UV-Vis spectra were recorded on a Shimadzu UV 28D%Pectrophotometer or on a

Cary 5000 spectrophotometer using Hellma 1.0 cricalgbath quartz cell.

Mass spectrometry (MS)
ESI-TOF mass spectra were collected on a Marinel-TEX mass spectrometer
(Perseptive Biosystems). Prior to injection, samplere dissolved in a 1:1 mixture of
water-MeOH containing 0.1 % formic acid. The pagtions were accelerated at 10, 15,
20 or 30 keV.

IR absor ption spectroscopy
IR absorption measurements on KBr pellets wereop@éd on a Perkin-Elmer model
580 B spectrophotometer, equipped with a PerkineEl&500 IR data station, or at room
temperature on a Nicolet 55XC spectrophotometed@X&2ans, resolution: 2 hnfor the
range (4000-400) cthand in solid on a Nicolet Nexus 870 (32 scang)lugi®n: 2 cm')
for the range (600-50) ¢t IR absorption measurements in deuterated chlorofo
solution were performed on a Perkin-Elmer model0L R FT-IR spectrophotometer,
equipped with a sample-shuttle device, at 2 crmminal resolution, averaging 100 scans,
nitrogen flushed, connected with a IBM PS/2 modelZ personal computer. Solvent
(baseline) spectra were obtained under the sanditmos. Cells with pathlengths of 0.1,
1 and 10 mm (with CaFfwindows) were used. Absorption maxima, shoulder @artially
overlapping bands were detected with the inverserse derivative method. Spectral
elaborations (solvent subtraction and derivatizgtaere performed using the program
SpectraCalc by Galactic (Salem, MA, USA).
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NMR spectroscopy
'H-NMR and 2D-NMR spectra were recorded on Bruker A@, Bruker AC 250,
Bruker AC 300, Bruker advance DRX 300 or DRX 40@ctometers'*C-NMR spectra
were recorded on a Bruker AC 300 spectrometer. BIRNspectra were recorded on
DRX 400 Bruker or DMX 600 spectrometers. Chemidafts (8) are expressed in parts
per million with regard to tetramethylsilane sigrnablvent residual peaks (CHCd 7.26
ppm, ords-DMSO, & 2.50 ppm, for'H-NMR, Hs**CS(O)CH;, & 39.52 ppm for3C-
NMR) were used to calibrate the spectra. Peak pligity is described as follows: s
(singlet), br s (broad singlet), d (doublet), m (iplet).
For the elaboration of the spectra the programs nKMR, MestRe-C2.3 and
MestreNova 5.2.5 (MestreLab Res. S. L.) were agplie

Thermogravimetry
Thermogravimetric (TG) and differential scanninglocanetry (DSC) curves were
recorded with a TA Instruments thermobalance wittb&C 2929 calorimeter; the
measurements were carried out in the range (100-i2Pin alumina crucibles under air

(flux rate 30 crimin?) and at a heating rate of 5 °C-fin

Cdll cultures:
PC3 cells are androgen-independent prostatic car@anine of high metastatic potential
i.e. they grow rapidlyin vitro and form multiple site metastases when inoculatéa
athymic nude mic&"®#" This cell line (established from bone marrow migtsis and
unresponsive to androgen treatment) was culturediIMbM (Iscove’s-modified
Dulbecco’s medium) supplemented with 10 % heattinated fetal bovine serum (FBS),
penicillin (2 mg-mt), streptomycin (2 mg-rif), L-glutamine (0.1 % W/V) at 37 °C in 5
% CO, and moisture-enriched atmosphere.
Dul45 are human prostate cancer cell line of maeeearetastatic potential compared to
PC3'8and they were cultured as above reported for ROS.c
L540 cells are Hodgkin’s lymphoma dedvline. This cell line was maintained in
Iscove’s modified Dulbecco’s medium (IMDM) supplemed with 10 % heat
inactivated fetal calf serum, 0.2 mg/ml penicibtiéptomycin and 0.1 % (w/v) L-
glutamine at 37°C in a 5% CO2 fully humidified atspbere.
MDA-MB-231 are high invasive estrogen receptemegative human breast cancer cells

and they were grown in RPMI 1640 medium supplentemtgh 10 % heat-inactivated



CHAPTER I Experimental Section 45

fetal bovine serum, penicillin (100 units-Hl streptomycin (10Qug-miY), L-glutamine
(0.1 % W/V) at 37 °C in 5 % C£and moisture-enriched atmosphere.

In vitro cytotoxic activity assay
Before use, gold(lll) complexes and cisplatin welissolved in dimethyl sulfoxide
(DMSO) just before the experiments. Calculated am®wf drug solutions were then
added to the proper medium to a final concentratiod.5 % (v/v) DMSO which had no
discernable effect on cell death. All the testednptexes were proved b{H NMR
studies, to be stable in DMSO in 48h.
For this assay, PC3 and DU145 cells (2.5x&6lls-ml') were seeded in 96-well flat-
bottomed microplates in IMDM supplemented with 10 Hgat-inactivated FBS and
incubed at 37 °C in a 5 % G@tmosphere. The medium was then removed and ezplac
with fresh one containing the compounds to be stli@ioreviously dissolved in DMSO)
at increasing concentrations (0.05-1®1), thus exposing cells to the investigated
compounds for 72 h. Triplicate cultures were esthbld for each treatment. Cell
viability was determined by a Cell Proliferation ISA bromo-2’-deoxyuridine
colorimetric kit, according to the manufacturer®tfocol. The percent of cell viability
was calculated by dividing the average absorbaridheocells treated with the tested
compounds by that of the control, and plotted agjailtug concentration (logarithmic
scale) to determine the 4£(drug concentration required to cause 50 % okaglbwth
inhibition relative to the control), the standael/chtion being estimated from the average
of three trials. For comparison purpose, the cyiotty of cisplatin was evaluated in the
same conditions.
L540 cells (2x18ml) were incubated with in 24 well flat bottomelaes in the presence
of drugs (CONC). After 72 hours, viable cells wereunted, recovered and protein

content and apoptosis analyzed.

Ability to induce apoptosistest (in vitro)

PC3 and DU145 cellsn exponential growth phase were incubated in IMDM
supplemented with 10 % heat-inactivated FBS eitimerpresence or without the
investigated compounds (8M) for 24 h. Cells were then harvested and resudgem
100 pl of binding buffer (10uM Hepes/NaOH pH 7.4, 140 mM, 2.5 mM Cacl
incubated with 5ul of Annexin V-fluorescein isothiocyanate, and @Oof propydium
iodide (10pg/ml in binding buffer) in the dark for 15 min, aadsayed after the addition
of 0.3 ul of binding buffer to each sample. Viable, Annexihlabelled cells were
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identified by flow cytometry according to their ¥eard and right-angle scattering,

electronically gated analyzed on a FACScan flovodter.

In vitro growth inhibitory effect
MDA-MB-231 cells were seeded in 96-well microplatesRPMI 1640 medium and
grown to 70 % to 80 % confluency followed by aduttiof the compounds to be studied
(previously dissolved in DMSO) at increasing concaions (1-5QuM) and incubated at
37 °Cinab5 % Ce@atmosphere, thus exposing cells to the investigatenpounds for
22 h. Triplicate cultures were established for etrefatment. Cell respiration, as an
indicator of cell viability, was determined by thretochondrial-dependent reduction of 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliufiromide) to formazan as previously
described™® Cell viability was calculated by dividing the agge absorbance of the cells
treated with the tested compounds by that of th@roh the standard deviation being

estimated from the average of the three trials.

Inhibition of proteasomal chymotrypsin-like activity (in vitro)
Purified rabbit 20S proteasome (35 ng) or MDA-MBL2&hole extract (1Qug) were
incubated with 2QuM of the substrate (for proteasomal chymotryptid@ @ctivity) in
100 pl assay buffer (20 mmottITrisHCI ( pH 7.5) in the presence of the compounds to
be studied (previously dissolved in DMSO) at insreg concentrations (0.1-28M) or
equivalent volume of neat DMSO as control. Aften thcubation at 37 °C, inhibition of

each proteasomal chymotryptic activity was measasegreviously described.

In vivo experiments

Five week-old female athymic nude mice were puretiaand housed according to
protocols approved by the Institutional Laboratémyimal Care and Use Committee of
Wayne State University. MDA-MB-231 cells (5.0X1€ells-mf* suspended in 1.0 ml of
serum-free RPMI 1640 medium) were inoculated subwdusly .c.) in right flank of
each mouse (four mice per group). When tumoursheghthe size ofa. 120 mnd, mice
were randomly grouped and treated daily with irigecof either 1.0 mg-ky of tested
compound, or vehicle [10 % DMSO, 20 % Cremophohafet! (3:1) and 70 % PBS].
Tumour size was measured every other day usingpeedl and their volumes were
calculated according to the formula witlth length / 2. Mice have being treated for 13

days. Initial tumour growth inhibition was analyzed
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2.2.SYNTHESIS AND CHARACTERIZATION OF PEPTIDES

2.2.1 Synthesis of amino acid derivatives

All chiral amino acids are of “L” configuration.

Boc-Sar-OH?°

H-Sar-OH (4.45 g, 10 mmol) was dissolved in a nrtaf dioxan-water 2:1 (150 ml) and 1 N
NaOH (50 ml). Dit-butyldicarbonate (Bg©, 11 mmol) was added, and the reaction mixture
was stirred at room temperature for 3h. Dioxan exegorated and the solution was cooled in an
ice bath. The excess of B& was extracted with cooled ethyl acetate (AcOEbe stirred
acqueous solution was acidified to pH 3, at 0 °fEh witric acid. The product was extracted with
AcOEt. The organic layer was washed with wateredirover N@SO, concentrated and
precipitated with petroleum ether.

Yield: 83 %.

M.p.: 85-87 °C (AcOEt-petroleum ether).

Rf;: 0.50; R§: 0.95; R§: 0.20.

IR (KBr): 1746, 1646 ci.

'H NMR (CDCl, 200 MHz),5/ppm: 10.15 [br s, 1H, OH], 3.94 [s, 2H, Sa€H,], 2.90 [s, 3H,
NCHg], 1.40 [s, 9H, Boc (CH].

MS, [M]" calculated (found): 189.22 (189.11).

Z-Sar-OH221'222

To a solution of H-Sar-OH (20 g, 0.19 mol) in waded TEA ( 27.04 ml, 0.19 mol) a solution of
Z-OSu ( 48.35 g, 0.19 mol) in GBN was added. The pH was adjusted to 8 by additiarEA,
and the solution was stirred at room temperatured4falays. CHCN was evaporated under
reduced pressure. The solution was diluted with &CQ; and the unreacted Z-OSu was
extracted with diethyl ether (B2). The aqueous layer was acidified to pH 2 withSQ4 and
extracted with AcCOEt. The organic layer was waskederal times with water, dried over
N&a,SQOy, and concentrated. Yield: 90 %.

Rf;: 0.55; R$: 0.85; R§: 0.30.

IR (KBr): 1706, 1692 cl.

'H NMR (CDCk, 300 MHz),5/ppm: 7.34 [m, 5H, Z phenyl CH] , 5.12 [m, 2H, Z §H4.08 [s,
2H, Sar CH], 3.02 [s, 3H, NCH].
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MS, [M]" calculated (found): 224.23 (224.08).

Z_Phe_OH221,222

To a solution of H-Phe-OH (10 g, 0.06 mol) in waaed TEA ( 13.94 ml, 0.06 mol) a solution
of Z-OSu ( 15.09 g, 0.06 mol) in GEN was added. The pH was adjusted to 8 by additfon
TEA, and the solution was stirred at room tempeeator 4 days. CECN was evaporated under
reduced pressure. The solution was diluted with &1CQ; and the unreacted Z-OSu was
extracted with diethyl ether (). The aqueous layer was acidified to pH 2 with§® and
extracted with AcOEt. The organic layer was waskederal times with water, dried over
NaSO, and concentrated. The solid product was predtgultevith petroleum ether.

Yield: 86%.

M.p.: 83-84 °C (AcOEt-petroleum ether).

Rf:: 0.40; Rf: 0.95; R§: 0.20.

IR (KBr): 3327, 1691, 1538 ch

'H NMR (200 MHz, CDCJ), 8/[ppm: 7.37-7.13 [m, 10H; 5H Z phenyl CH; 5H Phe mpfieCH],
5.17 [d, 1H, NH], 5.12 [m, 2H, Z CHH{ 4.75 [m, 1H,a-CH], 3.17 [m, 2HB-CHy].

MS, [M+H]" calculated (found): 300.24 (300.12).

Z-Phe-OtBu®?

A solution of Z-Phe-OH (15 g, 0.05 mol) in @El; (150.33 ml) was placed in a pression-proof
container and cooled to -70 °C in an acetone-dryathlsobutene (57.19 ml) was bubbled, and
concentrated p80O, (0.50 ml) was added dropwise. The container wagged and left for 7
days at room temperature. Then, the container waled to -60 °C and the solution poured into
a cold 5% NaHC®@solution (150 ml). From this mixture G@al, was removed under reduced
pressure and the remaining aqueous layer extragtadAcOEt. The organic phase was washed
with 10 % KHSQ, H,0, 5% NaHCQ, H,0, dried over Nzg50O, and evaporated to dryness.

Yield: 90 %.

M.p: 78-80 °C

Rf;: 0.95; R$: 0.95; RE: 0.70.

IR(KBr): 3395, 1740, 1698, 1512 ¢m

'H NMR (CDCk, 400 MHz),5/ppm: 7.27 [m, 5H, Z phenyl CH; 5H, Phe phenyl CI5}12 [m,
2H, Z CH)], 4.53 [m, 1Ha-CH], 3.08 [m, 2HB-CH;], 1.39 [s, 9H, C(Ch)3].
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Z-Aib-O tBu**

This derivative was prepared as previously desdrfbeZ-Phe-QBu, dissolving Z-Aib-OH (10
g, 0.04 mol) in CHCI, (126.44 ml) in a pression-proof container and eddo -70 °C in an
acetone-dry ice batlsobutene (48.10 ml, 0.51 mol) was bubbled, and canatad HSO, (0.42
ml) was added dropwise. The container was pluggddedt for 7 days at room temperature.
Yield: 80 %.

M.p: 63-64 °C (from AcOEt-petroleum ether).

Rf;: 0.95; R$: 0.95; R§:0.40.

IR (KBr): 3370, 1712, 1519 ¢

'H NMR (CDCL, 200 MHz),8/ppm: 7.33 [5H, Z phenyl], 5.45 [s, 1H, NH], 5.08 PH, Z CH],
1.51 [s, 6HB-CHg), 1.43 [s, 9H, C(Ch)3].

Boc-Ser(Bzl)-OM&*

To a solution of Boc-Ser(Bzl)-OH (2 g, 6.77 mmd)MAP (0.41g, 3.33 mmol) and MeOH
(0.31 ml, 7.69 mmol) in C§Cl, (25 ml), cooled to 0 °C, ED®ECI (1.41 g, 7.38 mmol) was
added. The reaction mixture was stirred at 0 °C2forand at room temperature overnight. The
solvents were evaporated under reduced pressurthandsidue taken up in AcOEt and water.
The organic layer was separated, washed with gatlidaHCQ and HO, dried over Ng5O,
and evaporated to dryness.

Yield: 90 %.

Rfi: 0.95; Rf: 0.95, Rf: 0.85.

[a] =+ 0.8 ° (c = 0.5, MeOH).

IR (KBr): 3444, 3374, 1751, 1716 ¢m

'H NMR (DMSO, 200 MHz)8/ppm: 8.51 [d, 1H, NH], 7.28 [m, 5H, Bzl phenyl]4Z [s, 2H,
Bzl CH], 4.28 [m, 1H, Sew-CH], 3.65-3,63 [m, 5H, OMe, S&-CH;,], 1.38 [s, 9H, Boc
(CHg)g].

TFA-H-Ser(Bzl)-OMe

To a solution of Boc-Ser(Bzl)-OMe (2.64 g, 8.54 mjmiomn CH,Cl, (10 ml), an equivalent
volume of TFA was added. After stirring for 90 nahroom temperature, TFA was evaporated
using nitrogen flow and the residue was taken upeaaporated several times from £Hp and
Et,0.

Yield: 93 %.

Rf;: 0.60; R§: 0.70; R§: 0.30.

[a]=+ 7.0 ° (c = 0.5, MeOH).
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IR (KBr): 3033, 2960, 2879, 1754, 1673¢m

'H NMR (CDCh, 250 MHz),8/ppm: 7.31 [m, 5H, Bzl phenyl], 5.64-5.59 [m, 3HerSNHs'],
4.52 [m, 2H, Bzl CH], 4.20 [m, 1H, Seu-CH], 3.87 [m, 2H, Sep-CH,], 3.74 [s, 3H, OMe].
MS, [M+H]" calculated (found): 210.26 (210.11).

Z-Ser(tBu)-OMe?*®

To a solution of Z-SetBu)-OH (5.25 g, 17.78 mmol), DMAP (1.09 g, 8.89 nijramd MeOH
(0.82 ml, 20.19 mmol) in C¥Cl, (65 ml), cooled to 0 °C, ED&CI (3.71 g, 19.40 mmol) was
added. The reaction mixture was stirred at 0 °C2forand at room temperature overnight. The
solvents were evaporated under reduced pressurthandsidue taken up in AcOEt and water.
The organic layer was separated, washed with satbidaHCQ and HO, dried over Ng&5O,
and concentrated. The product was purified by caldfftash chromatography” (silica gel), by
eluting with a 3:2 mixture of petroleum ether-AcOEt

Yield: 89 %.

M.p: 43-44 °C (AcOEt- petroleum ether).

Rfy: 0.95; R$: 0.95; R§: 0.45.

[a] = +6.5° (c = 0.5, MeOH).

IR (KBr): 3429, 3370, 1732, 1718, 1519¢m

'H NMR (CDClk, 400 MHz),8/ppm: 7.35 [m, 5H, Z phenyl], 5.61 [d, 1H, NH], 8.1s, 2H, Z
CHg], 4.46 [m, 1H,Sen-CH], 3.82-3.56 [m, 2H, S¢-CH,], 3.75 [s, 3H, OMe], 1.12 [s, 9HBuU
(CHa)s].

MS, [M+H]" calculated (found): 310.38 (310.16).

Z-Ser(tBu)-OtBu?*

To a solution of Z-SetBu)-OH (5.35 g, 18.10 mmol), DMAP (1.11 g, 9.07 m)remdtBuOH
(2.94 ml, 20.60 mmol) in C¥Cl, (66 ml), cooled to 0 °C, ED&ECI (3.78 g, 19.80 mmol) was
added. The reaction mixture was stirred at 0 °C2forand at room temperature overnight. The
solvents were evaporated under reduced pressurthandsidue taken up in AcOEt and water.
The organic layer was separated, washed with satuidaHCQ and HO, dried over Nzg5O,
and concentrated. The product was purified by caldfftash chromatography” (silica gel), by
eluting with a 9:1 mixture of petroleum ether-aceto

Yield: 75 %.

Rf;: 0.95; R$: 0.90; R§: 0.85.

IR (KBr): 3446, 3338, 1728, 1503 ¢m
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'H NMR (CDCk, 250 MHz),8/ppm: 7.35 [m, 5H, Z phenyl], 5.61 [d, 1H, NH], B.Is, 2H, Z
CHy], 4.34 [m, 1H, Sen-CH], 3.53 [m, 2H, Sep-CH,], 1.31 [s, 9H, @Bu (CHs)3], 1.31 [s, 9H,
tBu (CHs)s].

MS, [M+H]" calculated (found): 352.46 (352.21).

Fmoc-Ser(Bzl)-QBu??

This derivative was prepared as described abavg-Rhe-QBu, dissolving Fmoc-Ser(Bzl)-OH
(3 g, 7.19 mmol) in CkCl, (21.56 ml) in a pression-proof container and codte-70 °C in an
acetone-dry ice battsobutene (8.20 ml, 0.86 mol) was bubbled, and comatd HSO, (0.07
ml) was added dropwise. The container was pluggedlett for 7 days at room temperature. It
took 4 days for Fmoc-Ser(Bzl)-OH to be completagsdlved.

Yield: 86 %.

Rf;: 0.95; R$: 0.95; R§: 0.85.

IR (KBr): 3436, 3336, 1724, 1504 ¢n

'H NMR (CDCk, 250 MHz),8/ppm: 7.76 [d, 2H, Fmoc fluorenylic CH], 7.63 [dH2Fmoc
fluorenylic CH], 7.43-7.29 [m, 4H, Fmoc fluorenyli€H; 5H, Bzl phenyl], 5.69 [m, 1H, Ser
NH], 4.54 [m, 2H, Bzl CH], 4.43-4.35 [m, 2H, Fmoc CH1H, Fmoc CH], 4.25 [m, 1H, Ser
CH], 3.92-3.66 [m, 2H, S¢-CH;], 1.47 [s, 9H, C(Ch)3 ].

MS, [M+H]" calculated (found): 474.69 (210.19).

(Z-Aib) 20221,222

EDC (4.04 g, 0.02 mol) was added to a cooled smutif Z-Aib-OH (10 g, 0.04 mol) in Cil;
(25 ml) and the reaction stirred at room tempegeafor 4 hours. The solvent was evaporated,
the residue was taken up with AcOEt, washed withh KHSQ,, H,O, 5% NaHCQ, H,O, and
dried over NgSOy. The organic layer was concentrated, trituratéith wetroleum ether and
filtered.

yield: 80 %.

M.p: 101-102 °C (AcOEt-petroleum ether).

Rf;: 0.95; R$: 0.95; R§:0.60.

IR (KBr): 3288, 1815, 1740, 1697, 1681, 1538tm

'H NMR (CDCL, 200 MHz),8/ppm: 7.33 [5H, Z phenyl], 5.07 [s, 2H, Z @H5.00 [s, 1H, NH],
1.44 [s, 6HB-CHg).
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2.2.2 Synthesis of oligopeptides

Boc-Sar-Gly-OMe

To a solution of Boc-Sar-OH (0.97 g, 5.12 mmol) awelM (0.56 ml, 5.12 mmol) in THF
(15ml), cooled to -15 °C, isobutylchloroformiate 10 g, 5.12 mmol) was addéd. After 10
min, a cooled suspension of HEBiGly-OMe (0.96 g, 7.68 mmol) and NMM (0.85 ml, 8.6
mmol) in CHC} (12 ml) was added. The pH was adjusted and kefthyp addition of NMM.
After stirring at room temperature overnight, theaation mixture was concentrated under
reduced pressure. The residue was taken up withEAc@ashed with 10% KHSQH,O, 5%
NaHCQ;, H,O, and dried over N&O,. The organic layer was concentrated and the ptoduc
precipitated by addition of petroleum ether.

Yield: 70 %.

M.p.: 85-90 °C (AcOEt-petroleum ether).

Rf;y: 0.90; R$: 0.90; R§: 0.40.

IR (KBr): 3321, 2976, 1755, 1700, 1537 tm

'H NMR (CDCl;, 200 MHz),8/ppm: 6.60 [br s, 1H, Gly NH], 4.07 [d, 2H, GlyCH,], 3.93 [s,
2H, Sara-CHjy], 3.77 [s, 3H, OMe], 2.97 [s, 3H, NGH 1.49 [s, 9H, Boc C(CHJ3].

MS, [M+H]" calculated (found): 261.31 (261.14).

HCIH-Sar-Gly-OMe

A saturated solution of HCI in diethyl ether wasled to a solution of Boc-Sar-Gly-OMe ( 0.95
g, 3.65 mmol) in BEO and stirred. At the end of the reaction (aboutr80, checked by TLC),
the mixture was evaporated to dryness. The residage taken up with ED, triturated with
petroleum ether and filtered.

Yield: 85 %.

M.p.: 85-90 °C (MeOH- ED).

Rf;: 0.05; R$: 0.35; R§: 0.00.

IR: 3068, 2956, 3231, 3419, 1684, 1558'tm

'H NMR (DMSO, 200 MHz)3/ppm: 8.84 [br s, 2H, Sar NBI], 8.94 [d, 1H, Gly NH], 3.64 [s,
3H, OCH], 3.92 [d, 2H, Glyu-CHg], 3.75 [m, 2H, Sas-CH], 2.54 [s, 3H, NCH].

CsH13CIN2O3 (PM 196.63) Elemental analysis %: (calculatednfbuC (36.65) 35.54, H (6.66)
6.86, N (14.24) 13.71.

MS, [M]" calculated (found): 161.20 (161.08).
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Boc-Sar-Aib-OMe

To a solution of Boc-Sar-OH (1.5 g, 7.93 mmol) atdM (0.87 ml, 7.93 mmol) in THF (20
ml), cooled to -15 °C, isobutylchloroformiate (1.687.93 mmol) was addéé After 10 min, a
cooled suspension of HEl-Aib-OMe (1.83 g, 11.89 mmol) and NMM (1.20 ml,.&2 mmol)
in CHCL (15 ml) was added. The pH was adjusted and keptlg addition of NMM. After
stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, aas¥ith 10% KHSQ®, H,O, 5% NaHCQ,
H.O, and dried over N8O, The organic layer was concentrated and the ptqohecipitated
by addition of petroleum ether.

Yield: 60 %.

M.p.: 101-102 °C (AcOEt-petroleum ether).

Rf;: 0.95; R§: 0.95; R§: 0.45.

IR (KBr): 3314, 2968, 1742, 1695, 1654, 1540°cm

'H NMR (CDCI3, 200 MHz),8/ppm: 6.51 [s, 1H, NH], 3.78 [s, 2H, SatCH,], 3.71 [s, 3H,
OCHg], 2.92 [s, 3H, NCH], 1.53 [s, 6H, AibB-CHs], 1.47 [s, 9H, Boc (Ch)3].

MS, [M+H]" calculated (found): 289.34 (289.18).

HCI [H-Sar-Aib-OMe

This dipeptide was obtained as described aboved€@IfH-Sar-Gly-OMe, using Boc-Sar-Aib-
OMe (0.81 g, 2.81 mmol) as starting material.

Yield: 96 %.

M.p.: 165-170 °C (MeOH- EO).

Rf;:0.05; R$: 0.45; R§: 0.00.

IR (KBr): 3314, 1740, 1679, 1555 ¢

'HNMR (DMSO, 200 MHz)8/ppm: 8.91 [s, 1H, Aib NH], 8.81 [br s, 2H, Sar ], 3.68 [m,
2H, Sara-CHy], 3.59 [s, 3H, OMe], 2.52 [s, 3H, NGKH 1.40 [s, 6H-CHg].

CsH17CIN,O3 (PM 224.69) Elemental analysis %: (calculatednthuC (42.76) 44.28, H (7.63)
7.96, N (12.47) 12.00. Color: white.

MS, [M+H]" calculated (found): 189.24 (189.11).

Boc-Sar-Phe-OMe

To a solution of Boc-Sar-OH (0.72 g, 3.81 mmol) &idM (0.42 ml, 3.81 mmol) in THF (15
ml), cooled to -15 °C, isobutylchloroformiate (0.§23.81 mmol) was addéé After 10 min, a
cooled suspension of HBEI-Phe-OMe (1.23 g, 5.71 mmol) and NMM (0.63 ml,15rvimol) in

CHCI; (12 ml) was added. The pH was adjusted and ke@ by addition of NMM. After
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stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, adstith 10% KHSQ, H,O, 5% NaHCQ,
H,O, and dried over N&Q,. The organic layer was concentrated to dryness.

Yield: 85 %.

Rfy: 0.95; R$: 0.95; R§: 0.65.

[0]?D: +5.8° (c = 0.5, MeOH ).

IR (KBr): 3313, 2975, 1746, 1702, 1454¢m

'H NMR (CDCI3, 200 MHz)3/ppm: 7.28-7.08 [m, 5H, Phe phenyl], 4.91-4.88 I, a-CH ],
3.85 [s, 2H, San-CHy), 3.73 [s, 3H, OMe ], 3.13 [m, 2H-CH_], 2.83 [s, 3H, NCH], 1.43 [s,
9H, Boc (CH)3 |.

MS, [M+H]" calculated (found): 351.42 (351.19).

HCI H-Sar-Phe-OMe

This dipeptide was obtained as described aboved€@irH-Sar-Gly-OMe, using Boc-Sar-Phe-
OMe (0.96 g, 2.75 mmol).

Yield: 83 %.

M.p.: 169-170 °C (MeOH- EO).

Rf;: 0.20; R$: 0.55; R§: 0.05.

[0]?D: + 6.6 ° (c=1.7, MeOH ).

IR (KBr): 3473, 3427, 2979, 2612, 3117, 1718 , 166856 cni.

'HNMR (DMSO, 300 MHz)/ppm: 8.98 [d, 1H, Phe NH], 7.25 [m, 5H, Phe phgm60-4.55
[m, 1H,a-CH ], 3.67 [m, 2H, Sas-CH], 3.63 [s, 3H, OMe ], 3.31 [s, 3H, NGH, 3.04 [m, 2H,
B-CH; ].

C13H1oCIN2O3 (PM. 286.76) Elemental analysis %: (calculatednty C( 54.45) 51.18, H (6.68)
6.67, N (9.77) 9.29.

MS, [M]" calculated (found): 251.31 (251.12).

Z-Sar-Gly-OtBu

To a solution of Z-Sar-OH (1.43 g, 6.37 mmol) andM™ (0.70 ml, 6.37 mmol) in THF (20 ml),
cooled to -15 °C, isobutylchloroformiate (0.87 g3® mmol) was added? After 10 min, a
cooled suspension of (1.25 g, 9.56 mmol) of H-GI3® (obtained by catalytic hydrogenation
in CH.CI, of the corresponding Z-protected derivative) amdNN (1.05 ml, 9.56 mmol) in
CHCI; (12 ml) was added. The pH was adjusted and ke@ Iy addition of NMM. After
stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, adstith 10% KHSQ®, H,O, 5% NaHCQ,
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H.O, and dried over N&QO,. The organic layer was concentrated to dryness.prbduct was
purified by “flash chromatography” (silica gel caim), using a petroleum ether-AcOEt 1:1
mixture as eluant.

Yield: 66 %.

Rf;: 0.95; R§: 0.95; R§: 0.50.

IR (KBr): 3324, 1743, 1706, 1536 ¢n

'H NMR (DMSO, 400 MHz),8/ppm: 8.28 [m, 1H, NH], 7.37, 7.31 [2m, 5H, pher@H
isomers], 5.05 [2s, 2H, Z GHsomers], 3.91 [d, 2H, Glg-CH,], 3.73 [2s, 2H, San-CH,
isomers], 2.88, 2.86 [s, 3H, NGksomers], 1.39 [s, 9H, C(GhH ].

MS, [M+H]" calculated (found): 337.41 (337.16).

HCI[H-Sar-Gly-OtBu

To a solution of (0.75 g, 3.63 mmol) of H-Sar-GlyBD (obtained by catalytic hydrogenation in
MeOH of the corresponding Z-protected derivative)EtO, a diluted solution of HCl 2.3 M
(1.58 ml) in E4O was dropwise added under stirring. The solverst @eporated to dryness, the
residue taken up with g and filtered.

Yield: 78 %.

M.p: 129-130 °C (MeOH- EO).

Rf;: 0.05; R§: 0.50; R§: 0.05.

IR (KBr): 3416, 3307, 1745, 1729, 1669, 1576, 16688".

'HNMR (DMSO, 300.13 MHz)3/ppm: 8.99 [m, 1H, NECI], 8.91 [t, 1H, Gly NH], 3.82 [d, 2H,
Gly a-CHg], 3.72 [m, 2H, Saun-CHg], 2.53 [s, 3H, NCH], 1.41 [s, 9H, C(Ch)3].

13C NMR (DMSO, 75.48 MHz)$/ppm: 168.42 [Gly carbonylic C], 165.61 [Sar carpanC],
80.75 [OtBu quaternary C], 48.59 [Sar secondaryC]13 [Gly secondary C], 39.51 [NGIT],
27.46 [(CH); C].

CoH1CIN,O3 (PM. 238.72) Elemental analysis %: (calculatedinth C( 45.28) 45.27, H (8.02)
8.18, N (11.74) 11.52.

Z-Sar-Aib-OtBu

To a solution of Z-Sar-OH (1.32 g, 5.87 mmol) andM (0.65 ml, 5.87 mmol) in THF (20 ml),
cooled to -15 °C, isobutylchloroformiate (0.80 g85 mmol) was added? After 10 min, a
cooled suspension of (1.40 g, 8.81 mmol) of H-A#BO® (obtained by catalytic hydrogenation
in CH,CI, of the corresponding Z-protected derivative) andNN (0.89 ml, 8.81 mmol) in
CHCI; (15 ml) was added. The pH was adjusted and kef@ by addition of NMM. After

stirring at room temperature overnight, the reactmixture was concentrated under reduced
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pressure. The residue was taken up with AcOEt, adstith 10% KHSQ®, H,O, 5% NaHCQ,
H,0O, and dried over N&Q,. The organic layer was concentrated to dryness.prbduct was
purified by “flash chromatography” (silica gel catm), using a petroleum ether-AcOEt 1:1
mixture as eluant.

Yield: 87 %.

M.p: 50-51 °C (AcOEt-petroleum ether).

Rf;: 0.95; R$: 0.85; R§: 0.65.

IR (KBr): 3370, 1712, 1519 ¢t

'H NMR (CDCk, 200 MHz),8/ppm: 8.15 [d, 1H, NH], 7.33 [m, 5H, Z phenyl], 5.¢d, 2H, Z
CH, isomers], 3.83 [s, 2H, Sar-CH,], 2.83 [d, 3H, NCH isomers], 1.33 [d, 9H, C(CHt
isomers], 1.29 [d, 6H3-CH3 isomers].

MS, [M+H]" calculated (found): 365.46 (335.21).

HCI H-Sar-Aib-OtBu

To a solution of (1.14 g, 4.94 mmol) of H-Sar-AiltBD (obtained by catalytic hydrogenation in
MeOH of the corresponding Z-protected derivative)EtO, a diluted solution of HCI 2.3 M
(2.15 ml) in E2O was dropwise added under stirring. The solverst @aporated to dryness, the
residue taken up with gD and filtered.

Yield: 84 %.

M.p: 156-157 °C (MeOH- EO).

Rf;: 0.10; R$: 0.60; R§: 0.05.

IR (KBr): 3442, 3215, 1735, 1726, 1676, 1557°tm

'H NMR (DMSO, 300.13 MHz)§/ppm: 9.05 [m, 1H, NbCI], 8.84 [s, 1H, Aib NH], 3.64 [m,
2H, Sara-CHy], 2.52 [s, 3H, NCH], 1.37 [s, 9H, C(CH)3], 1.35 [s, 6HB-CHg].

13 NMR (DMSO, 75.48 MHz)$/ppm: 172.23 [Aib carbonylic C], 164.24 [Sar cargim C],
79.91 [OtBu quaternary C], 55.80 [Aib quaternary 49.61 [Sar secondary C], 32.41 [NCE],
27.32 [(CH)s C], 25.36 [Aib (CH), C].

C11H23CIN2O3 (PM. 266.78) Elemental analysis %: (calculated)nfhy C ( 49.53) 49.53, H
(8.69) 8.47, N (10.50) 10.37.

MS, [M]" calculated (found): 231.33 (231.16).

Z-Sar-Phe-OBu

To a solution of Z-Sar-OH (1.95 g, 8.70 mmol) andM™ (0.96 ml, 8.70 mmol) in THF (40 ml),
cooled to -15 °C, isobutylchloroformiate (1.19 g7® mmol) was added? After 10 min, a
cooled suspension of (2.89 g, 13.05 mmol) of H-Btu (obtained by catalytic hydrogenation
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in CHyCl, of the corresponding Z-protected derivative) andNN (1.44 ml, 13.05 mmol) in
CHCI; (35 ml) was added. The pH was adjusted and ke@ by addition of NMM. After
stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, adstith 10% KHSQ H,O, 5% NaHCQ,
H,0O, and dried over N&Q,. The organic layer was concentrated to dryness.

Yield: 91 %.

Rf;: 0.95; Rf: 0.95; R§:0.65.

[a]=+3.4° (c =0.5, MeOH).

IR (KBr): 3319, 1710, 1529 ci

'H NMR (DMSO, 400 MHz),3/ppm: 8.35-8.30 [m, 1H, Phe NH], 7.36-7.20 [m, SHpienyl,
5H, Phe phenyl], 5.03 [m, 2H, Z GHsomers], 4.39 [m, 1Hy-CH ], 3.86 [m, 2H, Sau-CH,
isomers], 2.93 [m, 2H}-CH, ], 2.78 [m, 3H, NCHisomers], 1.31 [m, 9H, C(GJit isomers].
MS, [M+H]" calculated (found): 427.53 (427.21).

HCI H-Sar-Phe-OiBu

To a solution of (1.73 g, 5.94 mmol) of H-Sar-Ph&®(obtained by catalytic hydrogenation in
MeOH of the corresponding Z-protected derivative)EitO, a diluted solution of HCI 2.3 M
(2.58 ml) in E2O was dropwise added under stirring. The solverst @eporated to dryness, the
residue taken up with g and filtered.

Yield: 90 %.

M.p: 80-81 °C (MeOH- ED).

Rf;: 0.20; R§: 0.65; Rg: 0.10.

[a]=+ 7.8 °(c =0.5 MeOH).

IR (KBr): 3431, 3328, 1736, 1664, 1542 ¢m

'H NMR (DMSO, 300.13 MHz)§/ppm: 8.92 [d, 1H, Phe NH], 8.80 [m, 2H, Sar XH], 7.26
[m, 5H, Phe phenyl], 4.45 [m, 1H;CH ], 3.63 [m, 2H, Sa#-CH,], 3.03-2.89 [m, 2HB-CH; ],
2.44 [s, 3H, NCH], 1.33 [s, 9H, C(CH)3).

3¢ NMR (DMSO, 75.48 MHz)$/ppm: 170.20 [Phe carbonylic C], 165.81 [Sar caytiorC],
136.96 [Phe phenylic {; 129.30 [Phe phenylic £ 128.31[Phe phenylic 4 126.63 [Phe
phenylic G], 81.10 [QBu quaternary C], 55.80 [PheCH C], 49.20 [Sar secondary C], 36.95
[Phep-CH; C], 32.80 [NCH C].

C16H25CIN2O3 (PM. 328.85) Elemental analysis %: (calculatedinfih C( 58.44) 58.81, H (7.66)
8.27, N (8.52) 8.05.
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Z-Sar-Ser(Bzl)-OMe

To a solution of Z-Sar-OH (1.01 g, 4.51 mmol) andM™ (0.50 ml, 4.51 mmol) in THF (20 ml),
cooled to -15 °C, isobutylchloroformiate (0.6164g51 mmol) was added? After 10 min, a
cooled suspension of TFA-H-Ser(Bzl)-OMe (2.18 ¢;66mmol) and NMM (0.75 ml, 6.76
mmol) in CHC} (15 ml) was added. The pH was adjusted and kefthyg addition of NMM.
After stirring at room temperature overnight, theaction mixture was concentrated under
reduced pressure. The residue was taken up withrEAc®ashed with 10% KHSQOH,O, 5%
NaHCG;, H,O, and dried over N&O,. The organic layer was concentrated to dryness. Th
product was purified by “flash chromatography” i(sl gel column), eluting with a petroleum
ether-AcOEt 6.5:3.5 mixture.

Yield: 64 %.

M.p: 68-71 °C (AcOEt-petroleum ether).

Rf1: 0.90; R$: 0.90; R§: 0.55.

[a] =+ 6.6 ° (c = 0.5, MeOH).

IR (KBr): 3297, 1751, 1715, 1649, 1553 ¢m

'HNMR (DMSO, 250 MHz)3/ppm: 8.51 [d, 1H, Ser NH], 7.33 [m, 10H, Z pherBz| phenyl],
5.05 [s, 2H, Z CH, 4.60 [m, 1H, Sen-CH], 4.48 [s, 2H, Bzl CH, 3.97 [s, 2H, San-CH,],
3.76-3.62 [m, 5H, OMe, S¢CH;], 3.86 [s, 3H, NCH].

MS, [M+H]" calculated (found): 415.48 (415.19).

Boc-Sar-Ser(Bu)-OMe

To a solution of Boc-Sar-OH (1.96 g, 10.34 mmoll &MM (1.14 ml, 10.34 mmol) in THF (40
ml), cooled to -15 °C, isobutylchloroformiate (1.4110.34 mmol) was addétf. After 10 min, a
cooled suspension of (2.72 g, 15.51 mmol) of HiBetOMe (obtained by catalytic
hydrogenation in CECl, of the corresponding Z-protected derivative) amMdNN(1.71 ml, 15.51
mmol) in CHC} (35 ml) was added. The pH was adjusted and kefthy addition of NMM.
After stirring at room temperature overnight, theaction mixture was concentrated under
reduced pressure. The residue was taken up withEAc@ashed with 10% KHSQH,0, 5%
NaHCG;, H,O, and dried over N&O,. The organic layer was concentrated to dryness. Th
product was purified by “flash chromatography” i¢sl gel column), eluting with a petroleum
ether-AcOEt 3:2 mixture.

Yield: 76 %.

Rf;: 0.90; R$: 0.90; R:0.50.

[a] =+ 11.8 ° (c = 0.5, MeOH).

IR (KBr): 3434, 3324, 1752, 1704, 1692, 1517tm
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'H NMR (CDCk, 250 MHz),5/ppm: 6.79 [m, 1H, Ser NH], 4.72 [m, 1H, Se€H], 3.91 [s, 2H,
Sara-CHy], 3.84-3.54 [m, 2H, Se}-CHy], 3.74 [s, 3H, OCHl, 2.96 [s, 3H, NCH], 1.49 [s, 9H,
Boc (CH) 3], 1.13 [s, 9H, SetBu) C(CH) 3].

MS, [M+H]" calculated (found): 347.44 (347.21).

HCIH-Sar-Ser-OMe

Method 1:

To a solution of (0.53 g, 2.76 mmol) of H-Sar-SeljBDMe (obtained by catalytic
hydrogenation in MeOH of the corresponding Z-prtadalerivative) in BO, a diluted solution
of HCI 3 M (0.92 ml) in E£O was dropwise added under stirring. The solverst @eaporated to
dryness, the residue taken up with@and filtered.

Method 2:

To a solution of Boc-Sar-S¢éBu)-OMe (2.71 g, 8.28 mmol) in C¥l; (5 ml), TFA (15 ml) was
added and the reaction was stirred at room temyperaht the end of the reaction (checked by a
TLC), TFA was evaporated using nitrogen flow. Tloévent was evaporated, the residue taken
up and concentrated several times with,Cll ELO and finally with a saturated solution of
HCI 3 M in E&O until the solid formation. The solid was filterdm EO.

Yield: 80 %.

M.p: 105-106 °C (MeOH-EO).

Rf;: 0.00; R$: 0.30; R§: 0.00.

[a]=-6.0° (c = 0.5, MeOH).

IR (KBr): 3373, 3318, 1743, 1680, 1560 ¢m

'H NMR (DMSO, 250 MHz)3/ppm: 9.00 [d, 1H, Ser NH], 8.89 [m, 2H, Sar ), 5.26 [t,
1H, Ser OH], 4.60 [m, 1H, SerCH], 3.77 [s, 2H, Saa-CHy], 3.73-3.60 [m, 5H, OMe, S¢¥
CHy], 2.54 [s, 3H, NCH].

MS, [M+H]" calculated (found): 192.23 (192.10).

Color: white.

Z-Sar-Ser(tBu)-OtBu

To a solution of Z-Sar-OH (0.69 g, 3.07 mmol) ansiM (0.34 ml, 3.07 mmol) in THF (15
ml), cooled to -15 °C, isobutylchloroformiate (0.423.07 mmol) was addéd® After 10 min, a
cooled suspension of (1.00 g, 4.61 mmol) of HiBer(-OtBu (obtained by catalytic
hydrogenation in CkCl, of the corresponding Z-protected derivative) arMNN(0.51 ml, 4.61

mmol) in CHC} (15 ml) was added. The pH was adjusted and kefthig addition of NMM.

After stirring at room temperature overnight, theaction mixture was concentrated under
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reduced pressure. The residue was taken up withEAc@ashed with 10% KHSQH,0, 5%
NaHCQ;, H,O, and dried over N&Q,. The organic layer was concentrated to dryness. Th
product was purified by “flash chromatography” i¢sl gel column), eluting with a petroleum
ether-AcOEt 3:2 mixture.

Yield: 86 %.

Rfy: 0.95; R$: 0.95; R§: 0.50.

[a] =+ 3.2 ° (c = 0.5, MeOH).

IR (KBr): 3432, 3327, 1738, 1712, 1688, 1519°tm

'H NMR (CDCk, 250 MHz),8/ppm: 7.35 [m, 5H, Z phenyl], 6.67 [d, 1H, Ser NH]17 [s, 2H,
Z CHy], 4.59 [m, 1H, Sewn-CH], 3.99 [s, 2H, Sa#-CH;,], 3.81-3.51 [m, 2H, Se}-CH,], 3.04 [s,
3H, NCHg], 1.46 [s, 9H, @Bu C(CHp) 5], 1.12 [s, 9H, SetBu) C(CH) 3]

MS, [M+H]" calculated (found): 423.54 (423.23).

HCIH-Sar-Ser{Bu)-OtBu

To a solution of (1.09 g, 2.58 mmol) of H-Sar-#8u)-OtBu (obtained by catalytic
hydrogenation in MeOH of the corresponding Z-prtadalerivative) in D, a diluted solution
of HCI 2 M (1.29 ml) in EfO was dropwise added under stirring. The solverst @eporated to
dryness, the residue taken up with@#and filtered.

Yield: 81 %.

M.p: 160-162 °C (MeOH-EO).

Rf:: 0.35; Rf: 0.75; R§: 0.10.

[a] =+ 4.23° (c = 0.5, MeOH).

IR (KBr): 3615, 3481, 3299, 1748, 1737, 1668, 1661

'H NMR (DMSO, 200 MHz)3/ppm: 8.81 [m, 2H, Sar N4€l], 8.74 [d, 1H, Ser NH], 4.43 [m,
1H, Sera-CH], 3.89 [m, 2H, San-CH], 3.71-3.64 [m, 2H, Sep-CH,], 1.42 [s, 9H, @Bu
C(CHga)3], 1.30 [s, 9H, SetBu) C(CHp) 3.

MS, [M+H]" calculated (found): 290.40 (290.20).

Color: white.

Z-Sar-Ser(Bzl)-OtBu

To a solution of Z-Sar-OH (0.62 g, 2.77 mmol) andM™ (0.31 ml, 2.77 mmol) in THF (15 ml),
cooled to -15 °C, isobutylchloroformiate (0.38 g72 mmol) was added? After 10 min, a

cooled suspension of (1.05 g, 4.16 mmol) of H4Ber(-OtBu (obtained by deprotection in
diethylamine:CHCI, 30% of the corresponding Fmoc-protected derivatiiatiowed by a

purification on a “flash column chromatography” WiCH,Cl, as eluant) and NMM (0.46 ml,
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4.16 mmol) in CHCI, (15 ml) was added. The pH was adjusted and kept g addition of
NMM. After stirring at room temperature overnigtite reaction mixture was concentrated under
reduced pressure. The residue was taken up withEAc®ashed with 10% KHSQH,O, 5%
NaHCG;, H,O, and dried over N&QO,. The organic layer was concentrated to dryness.
Yield: 93 %.

Rf;: 0.95; R§: 0.95; R§: 0.65.

[a] =- 1.6 ° (c = 0.5, MeOH).

IR (KBr): 3420, 3321, 1737, 1710, 1692, 1520°cm

'H NMR (CDCk, 200 MHz),8/ppm: 8.36 [d, 1H, NH], 7.31 [m, 10H, Z phenyl, Bathenyl],
5.05 [s, 2H, Z CHl, 4.59-4.46 [m, 3H, Sei-CH, Bzl CH)], 3.95 [s, 2H, Sa#-CH,], 3.71-3.55
[m, 2H, SeB3-CHy], 2.86 [s, 3H, NCH], 1.37 [s, 9H, C(Ch)3].

MS, [M+H]" calculated (found): 457.56 (457.20).

Z-Pro-Aib-O tBu

To a solution of Z-Pro-OH (1.22 g, 4.90 mmol) andlM (0.54 ml, 4.90 mmol) in THF (20 ml),
cooled to -15 °C, isobutylchloroformiate (0.67 g9@& mmol) was added? After 10 min, a
cooled suspension of (0.94 g, 5.89 mmol) of H-A#BO® (obtained by catalytic hydrogenation
in CH,CI, of the corresponding Z-protected derivative) andNN (0.65 ml, 5.89 mmol) in
CH.Cl, (15 ml) was added. The pH was adjusted and ke by addition of NMM. After
stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, aas¥ith 10% KHSQ, H,O, 5% NaHCQ,
H,O, and dried over N&QO,. The organic layer was concentrated to dryness.prbduct was
purified by “flash chromatography” (silica gel caim), eluting with a petroleum ether-AcOEt
3:2 mixture.

Yield: 90 %.

M.p: 99-100 °C (AcOEt-petroleum ether).

Rf;: 0.95; R$: 0.95; R§:0.50.

IR (KBr): 3335, 1732, 1682, 1534 ¢n

'H NMR (DMSO, 400 MHz),8/ppm: 7.36 [m, 5H Z phenyl], 7.20, 6.56 [2s, 1H, N&émers],
5.13 [m, 2H, Z CH isomers], 4.29-4.25 [m, 1H, PweCH isomers], 3.56-3.44 [m, 2H, Pbo
CH; isomers], 2.33-1.90 [m, 2H, PPCHy; 2H, Proy-CH, isomers], 1.43 [m, 6H, AiB-CHjs ;
9H, C(CH)3].

MS, [M+H]" calculated (found): 391.48 (391.22).
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HCI [Pro-Aib-OtBu

To a solution of (0.75 g, 2.94 mmol) of H-Pro-AiliBD (obtained by catalytic hydrogenation in
MeOH of the corresponding Z-protected derivativeEkO, a diluted solution of HCI 2.05 M
(2.44 ml) in E4O was dropwise added under stirring. The solverst @aporated to dryness, the
residue taken up with gD and filtered.

Rf;: 0.15 ; R$: 0.65; R§: 0.05.

IR (KBr): 3435, 3205, 1733, 1678, 1551 ¢m

'HNMR (DMSO, 400 MHz)3/ppm: 8.81 [m, 1H, Aib NH], 4.14-4.10 [m, 1H, PaeCH], 3.23-
3.17 [m, 2H, Pra&-CH; isomers], 2.32-1.83 [m, 2H, P@CH,; 2H, Proy-CH, isomers], 1.37-
1.34 [m, 6H, AibB-CHs ; 9H, C(CH)3].

MS, [M]" calculated (found): 257.35 (257.18).

Z-(Aib) »-OtBu®*

(Z-Aib),0 (3.54 g, 7.75 mmol) and NMM (0.85 ml, 7.75 mma#@re added to a solution of
(1.36 g, 8.52 mmol) of H-Aib-@u (obtained by catalytic hydrogenation in £Hp of the
corresponding Z-protected derivative). The pH wdjsisted and kept to 8 by addition of NMM.
The reaction mixture was stirred at room tempeeafor 2 days. The solvent was evaporated
under reduced pressure. The residue was takentbpAe®OEt, washed with 10% KHSOH,O,

5% NaHCQ, H,O, and dried over N&O,. The organic layer was concentrated to dryness. Th
product was purified by “flash chromatography” i¢sl gel column), eluting with a petroleum
ether-AcOEt 5:2 mixture.

Yield: 91 %.

P.f: 136-137 °C (AcOEt-petroleum ether).

Rf;: 0.90; R$: 0.95.

IR (KBr): 3407, 3293, 1719, 1657, 1536, 1516°tm

'H NMR (CDCk, 200 MHz),5/ppm: 7.35 [m, 5H, Z phenyl], 6.91, 5.37 [2s, 2H{IN5.10 [s,
2H, Z CH], 1.53, 1.50 [s, 12H3-CHjg], 1.45 [s, 9H, C(Ch)].

MS, [M+H]" calculated (found): 379.49 (379.23).

Z-(Aib) 3-OtBu?®

This derivative was prepared as previously desdriloe Z-(Aib),-OtBu, using (1.37 g, 3.10
mmol) of (Z-Aib)O, (0.33 ml, 3.10 mmol) of NMM and (0.76 g, 3.10 wijof H-Aib,-OtBu
(obtained by catalytic hydrogenation in MeOH of tweresponding Z-protected derivative).
Yield: 80 %.

M.p: 162-164 °C (AcOEt-petroleum ether).
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Rfy: 0.75; R§: 0.95; R§: 0.35.

IR (KBr): 3409, 3329, 1724, 1697, 1668, 1653, 1661L".

'HNMR (CDClk, 200 MHz),8/ppm: 7.37 [m, 5H, Z phenyl], 7.07, 6.50, 5.14 [38l, NH], 5.10
[s, 2H, Z CH], 1.50, 1.48 [2s, 12H3-CHg], 1.44 [m, 6H-CHs; 9H, C(CH)3].

MS, [M+H]" calculated (found): 464.60 (464.27).

Z-(Aib) 3-OH%*

Z-(Aib)3-OtBu (2.48 g, 5.36 mmol) was dissolved in 10 ml ofCH,Cl, distilled-TFA 1:1
mixture and stirred at room temperature for 2h. s evaporated using nitrogen flow and the
residue was taken up and evaporated several times@HCl, and E$O, until the obtainment
of a solid that was filtered.

Yield: 93 %.

M.p: 198-200 °C.

Rf;: 0.15; R$: 0.90; R§: 0.05.

IR (KBr): 3420, 3358, 3285, 1736, 1705, 1680, 164882, 1512 crh.

'H NMR (DMSO, 200 MHz)3/ppm: 7.36 [m, 5H, Z phenyl], 7.60, 7.20 [2s, 2H{IN5.13 [m,
2H, Z CH], 1.29 [s, 18HB-CH].

MS, [M+H]" calculated (found): 408.49 (408.20).

Z-(Aib) s-oxl [5(4H)-oxazolone from Z-(Aib)-OH]*?

To a cooled solution of Z-(AiIBJOH (2 g, 4.91 mmol) in C§CN, EDC (1.41 g, 7.36 mmol) was
added. The mixture was stirred for 1h at room teatpee. The solvent was evaporated to
dryness and the residue taken up with AcOEt, washith 10% KHSQ, H,O, 5% NaHCQ,
H,O, and dried over N&QO,. The organic layer was concentrated and the swhdluct was
precipitated by addition of petroleum ether.

Yield: 89 %.

M.p: 122-123 °C (from AcOEt-petroleum ether).

Rf;: 0.43.

IR (KBr): 3433, 3404, 1803, 1722, 1681 ¢tm

Z-Sar-(Aib) ,-OtBu

To a solution of Z-Sar-OH (0.54 g, 2.40 mmol) andM (0.26 ml, 2.40 mmol) in THF (20 ml),
cooled to -15 °C, isobutylchloroformiate (0.33 g4® mmol) was added? After 10 min, a
cooled suspension of (0.65 g, 2.64 mmol) of H-(AB)Bu (obtained by catalytic hydrogenation
in MeOH of the corresponding Z-protected derivgtiamd NMM (0.29 ml, 2.64 mmol) in
CHCI; (15 ml) was added. The pH was adjusted and ke@ by addition of NMM. After
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stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, adstith 10% KHSQ, H,O, 5% NaHCQ,
H,O, and dried over N&Q,. The organic layer was concentrated to dryness.

Yield: 90 %.

Rf;y: 0.90; R$: 0.90; R§: 0.40.

IR (KBr): 3324, 1685, 1509 cih

'H NMR (CDCl;, 400 MHz),8/ppm: 7.36 [m, 5H, Z phenylp.94 [1s, 1H, Aib NH], 6.61 [1s,
1H, Aib*NH], 5.17 [d, 2H, Z CH), 3.87 [s, 2H, Saa-CH,], 3.04 [s, 3H, NCH], 1.52 [m, 12H,
B-CHg], 1.45 [s, 9H, C(Ch)3].

MS, [M+H]" calculated (found): 450.57 (450.25).

HCI [H-Sar-(Aib)-OtBu.

To a solution of (0.66 g, 2.09 mmol) of H-Sar-(AHOtBu (obtained by catalytic hydrogenation
in MeOH of the corresponding Z-protected derivatire ELO, a diluted solution of HCI 2 M
(2.04 ml) in E4O was dropwise added under stirring. The solverst @aporated to dryness, the
residue taken up with ED and filtered.

Yield: 92 %.

M.p: 148-149 °C (MeOH-EO).

Rf;: 0.10; R$: 0.50; R§: 0.00.

IR (KBr): 3421, 3276, 1727, 1688, 1647, 1545%tm

'HNMR (DMSO, 300 MHz)§/ppm: 8.95 [m, 2H, Sar N4€l], 8.49 [1s, 1H, AibNH], 7.64 [1s,
1H, Aib? NH], 3.68 [s, 2H, San-CHy], 2.51 [s, 3H, NCH], 1.39 [s, 6H, Aib p-CHg], 1.34 [s,
9H, C(CHy)4], 1.30 [s, 6H, Aib p-CHg].

13C NMR (DMSO, 75.48 MHz)3/ppm: 173.47 [Aib carbonylic C], 172.84 [Aibcarbonylic C],
164.97 [Sar carbonylic C], 79.61 {Bu quaternary C], 56.54 [Atbquaternary C], 55.99 [Afb
quaternary C], 49.75 [Sar secondary C], 32.95 [NCH 27.84 [(CH)s C], 25.22 [Ail} (CHs),
C], 25.00 [Ailf (CHs)> C].

C15H30CIN3O4 (PM. 351.89) Elemental analysis %: (calculatedhtb@ (51.20) 50.24, H (8.59)
8.35, N (11.94) 11.38. Color: white.

Z-Pro-(Aib) ,-OtBu

To a solution of Z-Pro-OH (0.98 g, 3.92 mmol) andlM (0.32 ml, 3.92 mmol) in THF (20 ml),
cooled to -15 °C, isobutylchloroformiate (0.54 g98 mmol) was added? After 10 min, a
cooled suspension of (1.05 g, 4.31 mmol) of H-(AB)Bu (obtained by catalytic hydrogenation
in MeOH of the corresponding Z-protected derivgtiemd NMM (0.48 ml, 4.31 mmol) in
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CH,CI, (10 ml) was added. The pH was adjusted and ke@ by addition of NMM. After
stirring at room temperature overnight, the reactmixture was concentrated under reduced
pressure. The residue was taken up with AcOEt, adstith 10% KHSQ H,O, 5% NaHCQ,
H.O, and dried over N&Q,. The organic layer was concentrated to dryness.prbduct was
purified by “flash chromatography” (silica gel catm), eluting with a petroleum ether-AcOEt
2:3 mixture.

Yield: 82 %.

M.p: 176-177 °C (from AcOEt-petroleum ether).

Rf1: 0.90; R$: 0.95; R§:0.40.

IR (KBr): 3374, 3283, 1738, 1689, 1639, 1549°tm

'H NMR (CDCl, 400 MHz), 8/ppm 7.36 [m, 5H Z phenyl], 7.09-6.97 [m, 1H, AibH
isomers], 6.76-6.53 [m, 1H, ANH isomers], 5.17 [m, 2H, Z GHsomers], 4.29-4.25 [m, 1H,
Pro a-CH isomers], 3.58-3.49 [m, 2H, P8eCH, isomers], 2.22-1,88 [m, 2H, PRBCH;; 2H,
Proy-CH, isomers], 1.58-1.47 [2m, 6H, Alil3-CHs isomers; 6H, Aibp-CHs isomers], 1.44 [s,
9H, C(CH)3].

MS, [M+H]" calculated (found): 476.59 (476.27).

HCI H-Pro-(Aib) »-OtBu

To a solution of (0.74 g, 2.18 mmol) of H-Pro-(A#&)tBu (obtained by catalytic hydrogenation
in MeOH of the corresponding Z-protected derivative ELO, a diluted solution of HCI 3 M
(0.73 ml) in E$O was dropwise added under stirring.

Yield: 90%

M.p: 203-205 °C (MeOH-EO).

Rf;: 0.20; Rf: 0.75; R§: 0.05.

IR (KBr): 3400, 3284, 1723, 1684, 1650, 1531°tm

'H NMR (DMSO, 400 MHz)3/ppm: 8.48, 7.57 [2s, 1H, AtNH; 1H, Aib* NH], 4.21-4.18 [m,
1H, Proa-CH isomers], 3.21-3.15 [m, 2H, PteCH, isomers], 2.29-1.81 [m, 2H, PRBCH;
2H, Proy-CH, isomers], 1.42, 1.40, 1.30, 1.29 [4s, 6H, A#BCH; isomers; 6H Aib p-CHs
isomers], 1.35[m, 9H, C(CHk isomers].

MS, [M]" calculated (found): 342.46 (342.23).

Z-Sar-(Aib) 3-OtBu

HOBt (0.61 g, 4.52 mmol) and EDC (0.87 g, 4.52 mmdre added to a cooled solution of Z-
Sar-OH (1.01 g, 4.52 mmol) in distilled @El, (10 ml) under stirring. After several minutes, a
solution of (1.24 g, 3.77 mmol) of H-(AiBOtBu (obtained by catalytic hydrogenation in MeOH
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of the corresponding Z-protected derivative) andMINI0.42 ml, 3.77 mmol) was added. The
reaction mixture was stirred for 4 days. The salwess evaporated to dryness. . The solvent was
evaporated to dryness, the residue taken up wi@® Bhd filtered. The residue was taken up
with AcOEt, washed with 10% KHSOH,O, 5% NaHCQ, H,O, and dried over N&O,. The
organic layer was concentrated to dryness. Theuatodas purified by “flash chromatography”
(silica gel column), eluting with a GRBl,-MeOH 30:1 mixture.

Yield: 60 %.

P.f: 145-146 °C (AcOEt-petroleum ether).

Rf;: 0.60; R: 0.90; R§: 0.40.

IR (KBr): 3437, 3416, 3310, 1731, 1702, 1679, 164843 cni-

'H NMR (CDCk, 250 MHz),8/ppm: 7.36 [m, 5H, Z phenyl}.02,6.68, 6.28 [3s, 3H, Aib NH],
5.16 [d, 2H, Z CH], 3.80 [s, 2H, Sau-CHg], 3.09 [s, 3H, NCH], 1.49, 1.47, 1.44 [3s, 18H8;
CHjg], 1.43 [s, 9H, C(Ch)3].

MS, [M+H]" calculated (found): 535.65 (535.33).

HCI [H-Sar-(Aib) 3-OtBu

To a solution of (1.04 g, 2.60 mmol) of H-Sar-(AHOtBu (obtained by catalytic hydrogenation
in MeOH of the corresponding Z-protected derivatire ELO, a diluted solution of HCI 3 M
(0.87 ml) in E4O was dropwise added under stirring. The solverst @aporated to dryness, the
residue taken up with ED and filtered.

yield: 87 %.

Rf;: 0.05; Rf: 0.70; Rg: 0.00.

IR (KBr): 3435, 1725, 1681, 1540 ¢m

'H NMR (DMSO, 400 MHz),8/ppm: 8.95 [m, 2H, Sar NiTI], 8.82,7.64, 7.27 [3s, 1H, Ab
NH; 1H, Aib?® NH; 1H, Aib® NH], 3.72 [s, 2H, San-CHg], 2.56 [s, 3H, NCH], 1.34 [m, 9H,
C(CHg)s; 6H, Aib B-CHg], 1.33 [s, 6H, AibB-CHjg), 1.30 [s, 6H, AibB-CHjg] .

Z-(Aib) -Gly-OEt?®

A solution of Z-(Aib)-oxl (2.39 g, 6.13 mmol) and H-Gly-OMe (extractedhaCH,Cl, from a
solution of HCI-H-Gly-OMe in 5% NaHC£in THF was refluxed with stirring for 4 days. The
solvent was evaporated, the residue diluted in Ac@Bshed with 10 % KHSH H,O, 5%
NaHCQ;, H,O, and dried over N&O,. The organic layer was evaporated to dryness laad t
product was purified by “flash chromatography”i¢slgel column), eluting with Cil..

Yield: 81 %.

M.p: 163-165 °C ( from AcOEt-petroleum ether).
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Rf;: 0.80; R§: 0.85; R§:0.25.

IR (KBr): 3386, 3345, 3285, 1764, 1704, 1708, 16/A62, 1531 c.

'H NMR (CDCk, 250 MHz),5/ppm: 7.51 [t, 1H, Gly NH], 7.36 [m, 5H, Z phenyH,19, 6.37
[2s, 2H, NH], 5.11 [s, 2H, Z C#}} 4.15 [d, 2H, Et CHl, 4.03 [d, 2H, Glya-CH,], 1.55, 1.47,
1.35 [3s, 18H, AilB-CHg], 1.24 [s, 3H, Et CH].

MS, [M+H]" calculated (found): 493.60 (493.26).

Z-Sar-(Aib) 3-Gly-OEt

HOBt (0.80 g, 5.95 mmol) and EDC (1.14 g, 5.95 njmeére added to a cooled solution of Z-
Sar-OH (1.34 g, 5.95 mmol) in distilled @€, (15 ml) under stirring. After several minutes, a
solution of (1.78 g, 4.96 mmol) of H-(AipDtBu (obtained by catalytic hydrogenation in EtOH
of the corresponding Z-protected derivative) andMINI0.55 ml, 4.96 mmol) was added. The
reaction mixture was stirred for 5 days. The salweas evaporated to dryness. The solvent was
evaporated to dryness, the residue taken up wi® Bhd filtered. The residue was taken up
with AcOEt, washed with 10% KHSOH,O, 5% NaHCQ, H,O, and dried over N&Ou. The
organic layer was concentrated to dryness. Theyataslas purified by “flash chromatography”
(silica gel column), eluting with a GBIl,-EtOH 95:5 mixture.

Yield: 67 %.

M.p: 151-153 °C (AcOEt-petroleum ether).

Rf;: 0.65; Rg: 0.85; R§: 0.25.

IR (KBr): 3333, 1738, 1729, 1669, 1539¢m

'H NMR (CDCk, 400 MHz),8/ppm: 7.60 [t, 1H, Gly NH], 7.16, 6.91, 6.20, [3, NH], 7.37
[m, 5H, Z phenyl], 5.17 [d, 2H, Z CH 4.14 [q, 2H, Et CH, 4.02 [d, 2H, Glya-CHy], 3.77 [s,
2H, Saro-CHy], 2.80 [m, 3H, NCH)], 1.55, 1.45, 1.41 [m, 18H, Aip-CHg], 1.25 [t, 3H,Et CH;].
MS, [M+H]" calculated (found): 564.68 (564.28).

HCI [H-Sar-(Aib) 5-Gly-OEt

To a solution of (1.38 g, 3.22 mmol) of H-Sar-(AH&)ly-OEt (obtained by catalytic
hydrogenation in EtOH of the corresponding Z-prtegdaderivative) in BO, a diluted solution
of HCI 3 M (1.07 ml) in E£O was dropwise added under stirring. The solverst @eaporated to
dryness, the residue taken up with@and filtered.

Yield: 73 %.

P.f: 243-245 °C (MeOH-EO).

Rf;: 0.00 ; R§: 0.50; R§: 0.00.

IR (KBr): 3292, 1750, 1732, 1708, 1661, 1528 'tm
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'H NMR (DMSO, 300 MHz)8/ppm: 8.96 [m, 1H, Sar NU€I], 8.88 [s, 1H, Aibh NH], 8.04 [s,
1H, Aib® NH], 7.90 [t, 1H, Gly NH], 7.26 [s, 1H, AfbNH], 4.05 [qg, 2H, Et CH|, 3.77 [d, 2H,
Gly a-CH,], 3.72[s, 2H, San-CH,], 2.57 [s, 3H, NCH], 1.39[s, 6H, Aif} B-CHs], 1.35 [m, 6H,
Aib* B-CHg], 1.31 [m, 6H, Ai§ p-CHg], 1.16 [t, 3H, Et CH].

13C NMR (DMSO, 75.48 MHz)3/ppm: 174.72 [AiB carbonylic C], 173.68 [Aibcarbonylic C],
172.98 [Ailf carbonylic C], 169.38 [Gly carbonylic C], 165.134r carbonylic C], 59.84 [OEt
secondary C], 55.93 [Afbquaternary C], 55.91 [Afbquaternary C], 55.63 [Afbquaternary C],
48.87 [Sar secondary C], 40.53 [Gly secondary 82,41 [NCH C], 24.66 [Aib (CHs), C],
24.43 [AilF (CHs), C], 24.33 [Ai (CHs), C], 13.64 [OEt primary C] .

MS, [M+H]" calculated (found): 430.55 (430.26).

C19H36CINsOg (PM. 429.539) Elemental analysis %: (calculatednfbC (48.97) 49.02, H (7.79)
7.80, N (15.03) 14.92.

2.3.SYNTHESIS OF GOLD(Il)-PEPTIDODITHIOCARBAMATO DERIV  ATIVES

2.3.1 Gold(lll)-methyl-ester-containing-dipeptidesderivatives

[Au'" Br,(dtc-Sar-Gly-OMe)] (AuD>)

A water solution (3 ml) of HC®ar-Gly-OMe (0.10 g, 0.51 mmol) cooled at 0 °C wesgpwise
treated under continuous stirring with cool,G8.03 ml, 0.51 mmol) and an aqueous solution
(2.5 ml) of NaOH (0.02 g, 0.51 mmol). When the pithed from 9 to 6 after 3 hours according
to proceedings in literaturé*?@the solution was slowly added under stirring toageous
solution (2 ml) of K[AuBg].2H,O (0.10 g, 0.25 mmol), leading to the immediatecimiéation of

a yellowish-green solid that was filtered off, wadhwith water and dried under pressure with
P,0s.

Yield: 45 %

M.p.: decomposes at 198.8 °C

IR (KBr): 3409, 1744, 1669, 1558, 961, 560tm

'H NMR (DMSO, 300 MHz)3/ppm: 8.89 [s, 1H, Gly NH], 4.56 [s, 2H, S&CH,], 3.94 [s, 2H,
Gly a-CH;], 3.64 [s, 3H, OCHl.

C7/H1:AuBroN20OsS, (MW. 592.08) Elemental analysis %: (calculated)nd@ (14.20) 13.68, H
(1.87) 1.80, N (4.73) 4.66, S (10.83) 10.€0lor: orange.
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[Au" Br,(dtc-Sar-Aib-OMe)] (AuD 3)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuBg].2H,0O (0.15 g, 0.25 mmol) reacted with a solution of [{$@r-Aib-OMe
(0.11 g, 0.51 mmol), GS0.03 ml, 0.51 mmol) and NaOH (0.02 g, 0.51 mmaol).

Yield: 41 %.

M.p.: decomposes at 167.0 °C.

IR (KBr): 3423, 1739, 1685, 1559, 1384, 1364, B3 cm’.

'H NMR (DMSO, 300 MHz),5/ppm: 8.82 [2s, 1H, Aib NH isomers], 4.48 [s, 2Har &-CHy],
3.58 [s, 3H, OCHl, 3.41 [2s, 3H, NCHlisomers], 1.39 [s, 6H, Aip-CHjs].

CoH17AUBI,N,0sS, (PM.620.13)Elemental analysis %: (calculated) found17.43) 17.94, H (2.44)
1.99, N (4.52) 4.44, S (10.34) 10.3Dolor: orange.

2.3.2 Gold(ll)-tert-butyl-ester-containing-dipepti des derivatives

[Au'" (dtc-Sar-Gly-OtBu)Br,] (AuDg)

This complexe was prepared by a similar methoch#d of the glycyl-methyl-ester-containing
derivative. Anhydrous K[AuBj (0.15 g, 0.27 mmol) reacted with a solution of I[FBar-Gly-
OtBu (0.13 g, 0.54 mmol), G$0.03 ml, 0.54 mmol) and NaOH (0.02 g, 0.54 mmol).

Yield: 77 %.

M.p.: decomposes at 152.6 °C.

IR (KBr): 3352, 1736, 1673, 1568, 1228,1161, 1(&8%, 387, 252, 227 cf

'H NMR (acetone-R, 300.13 MHz)3/ppm: 7.96 [m, 1H, Gly NH] , 4.75, 4.71 [2s, 2Har$-
CH; isomers], 3.96, 3.95 [2d, 2H, Gi#¢CH, isomers], 3.57, 3.53 [2s, 3H, NGlisomers], 1.41
[s, 9H, C(CH)3].

13C NMR (acetone-B 75.48 MHz),3/ppm: 200.48, 196.74 [CSS C], 169.93 [Gly carbandli,
165.35, 165.06 [Sar carbonylic C], 82.59B0 quaternary C], 58.98, 55.12 [Sar secondary C],
43.09 [Gly secondary C], 41.12, 40.13 [NEE], 28.66 [(CH)3 C].

Ci10H17AuUBrN203S, (MW. 634.16) Elemental analysis %: (calculated)ndC (18.94) 19.20, H
(2.70) 2.88, N (4.42) 4.42, S (10.11) 10.45. Catwange.

[Au'" Cl,(dtc-Sar-Gly-OtBu)] (AuD~)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuC}k].xH,O (0.15 g, 0.40 mmol) reacted with a solution of [{3@r-Gly-GBu
(0.19 g, 0.79 mmol), GS0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmaol).
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Yield: 77 %.

M.p.: decomposes at 155.3 °C.

IR (KBr): 3349, 1737, 1672, 1561, 1229, 1162, 158, 384, 358, 339 ch

'H NMR (acetone-l 300.13 MHz)8/ppm: 7.96 [m, 1H, Gly NH] , 4.75, 4.71 [2s, 2H,rSa
CH, isomers], 3.96, 3.95 [m, 2H, GtyCH, isomers], 3.57, 3.53 [2s, 3H, NGlksomers], 1.41
[s, 9H, C(CH)s].

13C NMR (acetone-g 75.48 MHz),3/ppm: 200.60, 195.45 [CSS C], 169.82 [Gly carbang]],
165.10 [Sar carbonylic C], 82.66 {Bu quaternary C], 55.64 [Sar secondary C], 43.2IF [G
secondary CJ, 41.10, 40.66 [NGKE], 28.70 [(CH)3 C].

C10H17AUCIoNLO3S, (MW. 545.26) Elemental analysis %: (calculated)nd« (22.03) 22.00, H
(3.14) 3.23, N (5.14) 5.08, S (11.76) 11.96. Codarthy-yellow.

[Au'" Br,(dtc-Sar-Aib-OtBu)] (AuDg

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. Anhydrous K[AuBj (0.15 g, 0.27 mmol) reacted with a solution of [FBar-Aib-
OtBu (0.14 g, 0.54 mmol), G§0.03 ml, 0.54 mmol) and NaOH (0.02 g, 0.54 mmol).

Yield: 76 %.

M.p.: decomposes at 165.9 °C.

IR (KBr): 3362, 1734, 1690, 1560, 1531, 1215, 11985, 545, 383, 253, 223 ¢n

'H NMR (acetone-p, 300.13 MHz)3/ppm: 7.90 [s, 1H, Aib NH], 4.66, 4.62 [2s, 2H, $a€H,
isomers], 3.54, 3.51 [m, 3H, NGHssomers], 1.46, 1.45 [2s, 6i;CH; isomers], 1.44 [s, 9H,
C(CHg)3].

13C NMR (acetone-g 75.48 MHz),3/ppm: 200.26, 196.57 [CSS C], 173.73 [Aib C carbimhy
164.00 [Sar carbonylic C], 81.91 {Bu quaternary C], 58.35 [Aib quaternary C], 56.%5,26
[Sar secondary C], 41.20, 40.21 [N&€]], 28.60 [(CH); C], 25.61 [Aib (CH), C].
C12H21AUBrN203S, (MW. 662.21) Elemental analysis %: (calculated)ndC (21.76) 22.03, H
(3.20) 3.33, N (4.23) 4.34, S (9.68) 8.58. Coloanye.

[Au'" Cl,(dtc-Sar-Aib-OtBu)] (AuDy)

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuCl].xH,O (0.15 g, 0.40 mmol) reacted with a solution of|[{3@r-Aib-QBu
(0.21 g, 0.79 mmol), GS0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmol).

Yield: 81 %.

M.p.: decomposes at 166.6 °C.

IR (KBr): 3365, 1733, 1691, 1564, 1534, 1214, 1196K, 547, 383, 347 ch
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'H NMR (acetone-l, 300.13 MHz),8/ppm: 7.89 [m, 1H, Aib NH], 4.66 [s, 2H, SarCH,],
3.55, 3.54 [2s, 3H, NCHsomers], 1.46, 1.45 [2s, 6B;CHs isomers], 1.44 [s, 9H, C(Ghi].

3C NMR (acetone-B 75.48 MHz),8/ppm: 200.19, 196.09 [CSS C], 173.62 [Aib carbonyli
C], 163.80 [Sar carbonylic C], 81.87 lBu quaternary C], 58.20 [Aib quaternary C], 55.6a1
secondary C], 41.04, 40.64 [NGE], 28.50 [(CH)3 C], 25.52 [Aib (CH). C].
C12H21AUCINLOsS, (MW. 573.31) Elemental analysis %: (calculated)ndC (25.14) 25.11, H
(3.69) 3.84, N (4.89) 4.84, S (11.19) 11.37. Coéarthy-yellow.

[Au'" Br,(dtc-Sar-Phe-QBu)] (AuD 1)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. Anhydrous K[AuBjj (0.15 g, 0.27 mmol) reacted with a solution of IFBar-Phe-
OtBu (0.18 g, 0.54 mmol), G$0.03 ml, 0.54 mmol) and NaOH (0.02 g, 0.54 mmol).

Yield: 72 %.

M.p.: decomposes at 124.3 °C.

IR (KBr): 3431, 1731, 1683, 1558, 1543, 1214, 11985}, 562, 381, 252, 221 cm

'H NMR (acetone-l, 300.13 MHz),5/ppm: 7.91 [d, 1H, Phe NH], 7.25-7.33 [m, 5H, Phe
phenyl], 4.74-4.67 [m, 1Hg-CH ], 4.70-4.65 [m, 2H, Sa«-CH,], 3.49, 3.45 [2s, 3H, NCH
isomers], 3.20-2.98 [m, 2H;CH, ], 1.43 [s, 9H, C(CH)3].

13C NMR (acetone-B 75.48 MHz),3/ppm: 199.61, 194.45 [CSS C], 170.93 [Phe carbori
164.10, 163.97 [Sar carbonylic C],137.73 [Phe pher,], 130.40 [Phe phenylic £; 129.15
[Phe phenylic €], 127.50 [Phe phenylic {; 82.33 [GBu quaternary C], 55.31 [Sar secondary
C], 54.97 [Pher-CH C], , 40.49 [NCH C], 38.29 [Ph¢-CH, C], 27.86 [(CH)s C].
C17H23AUBrN203S, (MW. 721.92) Elemental analysis %: (calculated)ndC (28.19) 28.34, H
(3.20) 3.09, N (3.87) 3.87, S (8.85) 8.63. Coloanye.

[Au" Cl,(dtc-Sar-Phe-QBu)] (AuD 1)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuC}k].xH,O (0.15 g, 0.40 mmol) reacted with a solution ofl{3@r-Phe-@Bu
(0.26 g, 0.79 mmol), GS0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmaol).

Yield: 81 %.

M.p.: decomposes at 138.3 °C.

IR (KBr): 3342, 1733, 1684, 1559, 1542, 1213, 11988, 563, 383, 359 cfh

'H NMR (acetone-l, 300.13 MHz),5/ppm: 7.92 [d, 1H, Phe NH], 7.25-7.33 [m, 5H, Phe
phenyl], 4.74-4.67 [m, 1Hy-CH ], 4.70 [m, 2H, Sas-CH_], 3.49 [s, 3H, NCH], 3.20-2.98 [m,
2H,B-CH, ], 1.43 [s, 9H, C(Ch)3).
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13C NMR (acetone-g 75.48 MHz)3/ppm: 199.33, 196.11 [CSS C], 170.75 [Phe carbor]i
164.33, 164.10 [Sar carbonylic C], 137.72 [Phe pherC], 130.43 [Phe phenylic f; 129.41
[Phe phenylic €], 127.86 [Phe phenylic 4; 82.56 [QBu quaternary C], 55.23 [PheCH C],
55.56, 54,65 [Sar secondary C], 40.74-39.74 [NCE]], 38.50 [Phe3-CH, C], 28.11 [(CH)3
Cl.

C17H23AUCIoNL0O3S, (MW. 635.38) Elemental analysis %: (calculated)nd (32.14) 32.31, H
(3.65) 3.54, N (4.41) 4.40, S (10.09) 9.95. Cottearly brown.

[Au" Br,(dtc-Sar-SerBu)-OtBu)] (AuD 16)
Gold(Il)-dibromo[(C*-O-tert-butyl)tert-butyloxyserylsarcosyldithiocarhato]

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuBg].2H,O (0.15 g, 0.25 mmol) reacted with a solution of [{$@r-SernBu)-
OtBu (0.17 g, 0.51 mmol), G§0.03 ml, 0.51 mmol) and NaOH (0.02 g, 0.51 mmol).

Yield: 78 %.

IR (KBr): 3427, 1736, 1675, 1564, 1234, 1159°tm

'H NMR (acetone-, 300.13 MHz)8/ppm: 8.07-7.95 [m, 1H, Ser NH isomers], 4.78-4[T4
2H, Saro-CH, isomers], 4.58-4.54 [m, 1H, SerCH isomers], 3.85-3.58 [m, 2H, Spr CH,
isomers], 3.56, 3.53 [2s, 3H, NGksomers], 1.46 [s, 9H, tBu C(CH)3], 1.15 [s, 9H, SetBu)
C(CHg) 3]. CisH27AUBIrNL0O4S, (MW. 720.29) Elemental analysis %: (calculated) nduC
(25.01) 23.88, H (3.78) 3.68, N (3.89) 3.83, S(8..42. Color: orange.

The characterization of this gold(lIl) derivativestill in progress.

[Au'" Cl,(dtc-Sar-Ser¢Bu)-OtBu)] (AuD17)

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuC}].xH,O (0.15 g, 0.40 mmol) reacted with a solution of [{$@r-SernBu)-
OtBu (0.26 g, 0.79 mmol), G§0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmol).

Yield: 57 %.

IR (KBr): 3424, 1736, 1685, 1561, 1234, 1160°tm

'H NMR (acetone-l, 300.13 MHz)8/ppm: 8.13-8.01 [m, 1H, Ser NH isomers], 4.79-4[8
2H, Saro-CH, isomers], 4.59-4.54 [m, 1H, SerCH isomers], 3.86-3.58 [m, 2H, Spr CH,
isomers], 3.57, 3.56 [2s, 3H, NGksomers], 1.46 [s, 9H, tBu C(CH)3], 1.15 [s, 9H, SetBu)
C(CH) 4.

CisH27AUCIoN204S, (PM. 631.39) Elemental analysis %: (calculatedinfib C (28.53) 27.33, H
(4.31) 4.16, N (4.44) 4.23, S (10.16) 11.41. Coyetlow-green.

The characterization of this gold(lIl) derivativestill in progress.
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[Au" Br,(dtc-Pro-Aib-OtBu)] (AuD2y)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuBg].2H,0O (0.15 g, 0.25 mmol) reacted with a solution of [{$@r-Pro-@Bu
(0.15 g, 0.51 mmol), GS0.03 ml, 0.51 mmol) and NaOH (0.02 g, 0.51 mmaol).

The characterization of this derivative is stillgrogress.

2.3.3 Gold(ll)-tert-butyl-ester-containing-tripept ides derivatives

[Au'" Br,(dtc-Sar-(Aib),-OtBu)] (AuD13)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuBr].2H,0 (0.15 g, 0.25 mmol) reacted with a solution of[{3@r-(Aib)-OtBu
(0.18 g, 0.51 mmol), GS0.03 ml, 0.51 mmol) and NaOH (0.02 g, 0.51 mmaol).

Yield: 67 %.

M.p.: decomposes at 119.3 °C.

IR (KBr): 3403, 1719, 1688, 1558, 1509, 1218, 11848, 384, 252 cih

'H NMR (acetone-lg, 300.13 MHz)/ppm: 7.90 [s, 1H, AibNH], 7.83 [s, 1H, Aib NH], 4.73,
4.69 [2s, 2H, San-CH, isomers], 3.55, 3.51 [2s, 3H, NGi$omers], 1.53-1.48 [m, 6H, Alip-
CHs; isomers], 1.42 [s, 9H, C(GMH], 1.40 [s, 6H, A p-CHa).

13C NMR (acetone-B 75.48 MHz),8/ppm: 199.35, 195.67 [CSS C], 175.56, 173.47 fAib
carbonylic C isomers], 173.79 [Atzarbonylic C], 163.53, 163.30 [Sar carbonylic 6nirs],
80.48 [QBu quaternary C], 57.84, 56.39 [Ailguaternary C isomers], 56.74 [Ailguaternary
C], 55.77, 54.85 [Sar secondary C isomers], 489740 [NCH C isomers], 27.79 [(Chk C],
24.79 [Aib' (CHs), C, Aib? (CHs), C].

Ci16H28AUBIN304S,; (MW. 747.32) Elemental analysis %: (calculated)nd (25.71) 26.12, H
(3.78) 3.66, N (5.62) 5.64, S (8.58) 8.73. Colarkdorange.

[Au" Cl,(dtc-Sar-(Aib)»-OtBu)] (AuD14)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuC}k].xH2O (0.15 g, 0.40 mmol) reacted with a solution oflt$@r-(Aib)-OtBu
(0.28 g, 0.79 mmol), GS0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmaol).

Yield: 62 %.

M.p.: -

IR (KBr): 3392, 1729, 1689, 1559, 1512, 1220, 11485, 543, 383, 340, 322 &m
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'H NMR (acetone-lg, 300.13 MHz),8/ppm: 7.88, 7.80 [2m, 1H, AtbNH isomers], 7.41, 7.31
[s, 1H, Ait¥ NH isomers], 4.73 [m, 2H, SarCH, isomers], 3.55 [m, 3H, NCHsomers], 1.53-
1.49 [m, 6H, Aibh B-CH; isomers], 1.42 [s, 9H, C(GH], 1.41 [s, 6H, Ail B-CHa).

3C NMR (acetone-B 75.48 MHz),5/ppm: 200.06, 195.07 [CSS C], 176.28, 173.79 {Aib
carbonylic C isomers], 174.48 [Aitcarbonylic C], 163.99 [Sar carbonylic C isome&],24
[OtBu quaternary C], 58.62, 57.16 [Ailjuaternary C isomers], 57.47 [Rilquaternary CJ,
56.07 [Sar secondary C], 41.06, 40.62 [NGHisomers], 28.52 [(Cis C], 26.42 [Ail} (CHs),

C, Aib? (CHs), C].

C16H28AUCIoN3O4S, (MW. 658.41) Elemental analysis %: (calculated)nd (29.19) 29.17, H
(4.29) 4.48, N (6.38) 6.34, S (9.74) 9.92. Colaligw-green.

[Au" Br,(dtc-Pro-(Aib) »-OtBu)] (AuD 20)

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuBg].2H,0 (0.10 g, 0.17 mmol) reacted with a solution of[{#P@o-(Aib)-OtBu
(0.13 g, 0.34 mmol), GS0.02 ml, 0.51 mmol) and NaOH (0.01 g, 0.51 mmol).

Yield: 94 %.

M.p.: decomposes at 122.3 °C.

IR (KBr): 3410, 1728, 1685, 1662, 1546, 1227, 1.

Ci1sH30AUBIrN304S, (PM. 773.35) Elemental analysis %: (calculatednth@ (27.96) 27.24, H
(3.91) 4.01, N (5.43) 5.50, S (8.29) 10.12. Cotwange.

The characterization of this gold(lIl) derivativestill in progress.

[Au" Cl,(dtc-Pro-(Aib) ,-OtBu)] (AuD 21)

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuC}k].xH,O (0.20 g, 0.53 mmol) reacted with a solution of #f@o-(Aib)-OtBu
(0.20 g, 0.53 mmol), GS0.03 ml, 0.53 mmol) and NaOH (0.02 g, 0.53 mmol).

Yield: 80 %.

M.p.: decomposes at 124.0 °C.

IR (KBr): 3407, 1730, 1685, 1542, 1228, 1147tm

C18H30AUCIoN304S, (PM. 684.45) Elemental analysis %: (calculatedntb@ (31.59) 31.01, H
(4.42) 4.56, N (6.14) 6.06, S (9.37) 8.84. Colaligw-green.

The characterization of this gold(lIl) derivativgestill in progress.
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2.3.4 Gold(ll)-tert-butyl-ester-containing-tetrapeptide derivatives

[Au" Br,(dtc-Sar-(Aib)3-OtBu)] (AuD1g)

This complexe was prepared by a similar methoch#&d of the glycyl-methyl-ester-containing
derivative. K[AuBg].2H,0 (0.15 g, 0.25 mmol) reacted with a solution oflt$@r-(Aibk-OtBu
(0.22 g, 0.51 mmol), GS0.03 ml, 0.51 mmol) and NaOH (0.02 g, 0.51 mmaol).

Yield: 92 %.

IR (KBr): 3399, 1720, 1682, 1653, 1560, 1533, 12111}7 cnf-

'H NMR (acetone-lg, 300.13 MHz)8/ppm: 8.70-8.51, 7.53-7.48, 7.23-7.16 [3m, 1H, ‘ANH
isomers; 1H, Aib NH isomers; 1H, Aib NH isomers], 4.90-4.82 [m, 2H, SafCH, isomers],
3.59, 3.55 [2s, 3H, NCksomers], 1.46-1.39 [m, 6H, AltB-CHs; 6H, Aib? B-CHs; 6H, Aib® B-
CHs; 9H, C(CHy)g].

CooH3sAUBroN4OsS, (MW. 832.42) Elemental analysis %: (calculated)nfdC (28.86) 28.66, H
(4.24) 4.46, N (6.73) 6.60, S (7.70) 9.53. Coloange.

The characterization of this gold(lll) derivativgestill in progress.

[Au" Cl,(dtc-Sar-(Aib)s-OtBu)] (AuD19)

This complexe was prepared by a similar methoch&d of the glycyl-methyl-ester-containing
derivative. K[AuC}k].xH2O (0.15 g, 0.40 mmol) reacted with a solution ofl$@r-(Aibk-OtBu
(0.35 g, 0.79 mmol), GS0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmaol).

Yield: 84 %.

M.p.: decomposes at 145.3 °C.

IR (KBr): 3371, 1722, 1681, 1560, 1533, 1218, 1&ai*.

'H NMR (acetone-lg, 300.13 MHz)8/ppm: 8.61-8.38, 7.45-7.39, 7.23-7.16 [3m, 1H, ‘ANH
isomers; 1H, Aib NH isomers; 1H, Aib NH isomers], 5.16-4.82 [m, 2H, SafCH, isomers],
3.59 [m, 3H, NCH isomers], 1.46-1.40 [m, 6H, AilB-CHs; 6H, Aib* B-CHs; 6H, Aib® B-CHg;
9H, C(CHy)].

CooH3sAUCILN,OsS, (MW. 743.45) Elemental analysis %: (calculated)ndC (32.31) 31.91, H
(4.74) 5.17, N (7.54) 7.27, S (8.63) 8.20. Colaligw-green.

The characterization of this gold(lll) derivativgestill in progress.
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2.3.5 Gold(ll)-ethyl-ester-containing-pentapeptidederivatives

[Au" Br,(dtc-Sar-(Aib)s-Gly-OEt)] (AuD 1)

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuBr].2H,O (0.15 g, 0.25 mmol) reacted with a solution oflt$a@r-(Aibk-Gly-
OEt (0.22 g, 0.51 mmol), G$0.03 ml, 0.51 mmol) and NaOH (0.02 g, 0.51 mmol).

Yield: 82 %.

M.p.: decomposes at 106.2 °C

IR (KBr): 3343, 1728, 1661, 1553, 1216, 1099, 188, 383, 252, 227 ch

'H NMR (acetone-l, 300.13 MHz),8/ppm: 8.57, 8.46 [2s, 1H, ANH isomers], 7.98, 7.94
[2s, 1H, Ailf NH isomers], 7.68 [m, 1H, Gly NH isomers], 7.201.7]2s, 1H, Aif NH isomers],
4.89, 4.84 [2s, 2H, Sar-CH, isomers], 4.10 [q, 2H, Et G} 3.87, 3.86 [2d, 2H, Gly-CH;
isomers], 3.59 3,54 [2s, 3H, NGlsomers], 1.52 [s, 6H, AfB-CHg], 1.43 [m, 6H, Aib p-
CHa), 1.38 [m, 6H, A p-CH3], 1.22 [t, 3H, Et CH].

13C NMR (DMSO, 75.48 MHz)§/ppm: 200.32, 197.11 [CSS C], 176.39 [Aitarbonylic C],
175.68 [Aib carbonylic C], 174.42 [Aib carbonylic C], 171.22 [Gly carbonylic C], 166.23,
165.84 [Sar carbonylic C isomers], 61.54 [OEt seleoy C], 58.54 [AiB quaternary C], 57.91
[Aib? quaternary C], 58.11 [Afbquaternary C], 56.73, 55.66 [Sar secondary C issjné2.50,
42.17 [Gly secondary C isomers], 41.43, 40.37 [NCH, 26.66 [Aib (CHs), C], 26.06 [Ail
(CHs); CJ, 25.45 [Aib (CHg), C], 14.97 [OEt primary C] .

Ca0H34AUBIrNs0sS, (MW. 861.42) Elemental analysis %: (calculated)nid& (27.89) 23.55, H
(3.98) 3.54, N (8.13) 6.86, S (7.44) 9.66 . Cotmange.

[Au'" Cl,(dtc-Sar-(Aib)s-Gly-OEt)] (AuD 15)

This complexe was prepared by a similar methoch& of the glycyl-methyl-ester-containing
derivative. K[AuC}k].xH2,O (0.15 g, 0.40 mmol) reacted with a solution oflt$@r-(Aibx-Gly-
OEt (0.34 g, 0.79 mmol), G0.05 ml, 0.79 mmol) and NaOH (0.03 g, 0.79 mmol).

Yield: 67 %.

M.p.: decomposes at 126.9 °C

IR (KBr): 3340, 1728, 1657, 1557, 1216, 1101, 1&8, 382, 338, 322 ch

'H NMR (acetone-R, 300.13 MHz)8/ppm: 8.45 [m, 1H, AibNH isomers], 7.87 [m, 1H, Abb
NH isomers], 7.67 [m, 1H, Gly NH isomers], 7.19[ht{, Aib® NH isomers], 4.85 [m, 2H, Sar
CH; isomers], 4.10 [m, 2H, Et GH 3.86 [2d, 2H, Glya-CH, isomers], 3.59 [m, 3H, NCH
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isomers], 1.51 [m, 6H, AibB-CHs], 1.48 [m, 6H, A B-CHs], 1.37 [m, 6H, A B-CHj], 1.22
[m, 3H, Et CH].

13C NMR (DMSO, 75.48 MHz)3/ppm: 200.35, 195.70 [CSS C], 176.37 [Aitarbonylic C],
175.60 [Aib carbonylic C], 174.42 [Aibcarbonylic C], 170.90 [Gly carbonylic C], 165.634
carbonylic C], 61.52 [OEt secondary C], 58.56 [Aduaternary C], 58.24 [Afbquaternary C],
57.94 [Aib® quaternary C], 55.94 [Sar secondary C], 42.34 [§&lgondary C], 40.88 [NGHC],
26.55 [Aib® (CHs), CJ, 26.04 [AilF (CHs), CJ, 25.48 [Ai (CHs), C], 14.92 [OEt primary C] .
Co0H34AUCIoNSO6S, (MW. 772.52) Elemental analysis %: (calculated)nd« (31.10) 30.71, H
(4.44) 4.52, N (9.07) 8.94, S (8.30) 7.24. Coloellyw-green.
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CHAPTER I11. RESULTSAND DISCUSSION
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3.1 PEPTIDE SYNTHESISAND CONFORMATIONAL STUDIES

3.1.1 Peptide design

Given the synthetic target previously owtin(see chapter 1.), to achieve the goal some
prerequisites were necessary in the synthesismesig

v Identify the convenient amino acid residues andredbr the preparation of sequential
peptides that could favour membrane permeabilityiafluence the biological response
through their conformational behaviour.

v' Devise efficient strategies for the peptide syn#haa particular concerning the choice
of the reaction phase, of suitable protecting gsoapd activation protocols.

Since the decisions taken about each poarewonditioning the subsequent steps, in the

next sections one point at a time will be addressed
3.1.1.1 Choice of theamino acids and esters

The identification of the amino acids andees was done gradually moving from di- to
pentapeptides. We chose to keep a sarcosine e $cheme 3.1) at position 1, where the
dithiocarbamate group has to be linked, as thimaracid is present in the very active, antitumor
Au(lll)-dithiocarbamate-Sar complex, discoveredrrggona and coworket§’

For the dipeptides of general formula FBar-Xxx-OR, we chose as Xxx Gly, Aib, Phe and
Ser Scheme 3.1). Gly is the simplest, achiral, protein amino ad¢fht could favour the
flexibility, if required by the final Au(lll) comm@x. On the contrary, the also achiraf-C
tetrasubstitued amino acid Aib, natural but nonechdconfers conformational rigidity to the
final molecule. Thus, Gly and Aib allow for an ewafion of the influence of flexibility and
rigidity on the bioactivity. The chiral amino aci®he and Ser were instead chosen to evaluate

the hydrophilicity/hydrophobicity importance.
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F\C M H\C /H G CHs H_ FHOoH

C C
—HN/ \co— —r|\|/ \co— —HN/ \co— —HN/ \co—
CHs,
(@) (b) (© (d)
—HN/ \co— /N |
o)

© ®

Scheme 3.1 Chemical structures of the amino acids @y Sar(b), Aib (c), Ser(d), Phe(e) and Pr(f).

The methyl, ethyl antért-butyl esters $cheme 3.2) were chosen as C-protecting groups
(i.,e. COOR) to assess the eventual influence of this plathe molecule on the anticancer
activity: the methyl has least steric hindrance &naurs water solubility, whereas the bulky
tert-butyl group has opposite features. It is importantnask the carboxylic function, since it
has been previously shown the COOH-containing dévigs are not active® To avoid possible
reactions between the hydroxyl group of the Se slthin and the dithiocarbamate moiety in the
subsequent reaction, thBu ether was chosen as O-protecting group in théS4GSerBu)-
OtBu dipeptide. This choice turned out to be usedwerify whether a very hydrophobic ligand
(two tBu groups) would be beneficial to the biologicahaeour of the Au(lll) complexe.
Indeed, we subsequently discovered that thi@uster is much better than the —OMe ester in

terms of antitumor activity.

CHj
—O—CH; —O—CH,CH, —0—C-CHs
CHs

@ (b) (©)
Scheme 3.2 Chemical structure of C-protecting groups usedhgida), ethyl(b) andtert-butyl (c) esters.

The tri- and tetrapeptides were designdd@isSar-(Aib),-OtBu (n= 2, 3) to see if, knowing
the Aib antimicrobial and conformational propertighe presence of more residues could
increase the anticancer activity.

In the pentapeptide HShr-(Aiby-Gly-OEt, the Gly residue and ethyl ester were eha®
reduce the hydrophobicity of the molecule, whilentaning the properties of a longer peptides
and avoiding the introduction of chirality in theolacule.
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Finally, as proline (Pro) is the only prot®&l,N-disubtituted residue, as Sar, but in addition it
is chiral, we decided to synthesize also the peptidCIPro-(Aib),-OtBu (n= 2, 3) to compare
the bioactivity of the corresponding Au(lll)-ditliarbamato derivatives to that of the Sar-
containing analogues.

Concerning the configuration of the chinalimao acids, the L- residues were used as they are
those of the protein pool.

3.1.1.2 Synthetic strategy

For the peptides herein described, the imolythase synthesis seemed the most appropriate:
indeed, the reduced reactivity of the hindered anaoids generally makes couplings on solid
phase sluggish. Normally, the solution phase swihef a peptide is done by stage®p by
step), i.e. adding the amino acids one by one, starting froenG-terminal residue conveniently
protected at the carboxylic function. This stratedjpws to minimize the risks of racemisation,
as the amino acid added to the peptide N-termimaspeotected with an uretanic function,
known to impart resistance to racemisation. Howethes synthetic approach needs long times
to complete the synthesis of polypeptides, unletatively short ones (as our di-, tri- and
tetrapeptides) have to be prepared.

An effective alternative is thgegment condensation strategy. This approach generally
allows to obtain larger quantities of final prodsjavhile speeding up the synthesis, and it can be
used for parallel synthesis. In addition, the paigucan be easily isolated since they
significantly differ from reagents by means of thaiolecular weight, and consequently by their
physico-chemical properties.

The synthetic strategy adopted to obtain ghatapeptide is a compromise between the

sequential approach and thegment condensation.

3.1.1.3 Choice of suitable protecting groups

Generally speaking, the functions that resyirotection in peptide synthesis are the N-
terminal amino and C-terminal carboxyl group, adlas functional groups at the side chains.
The ideal conditions are satisfied wherthogonal protecting groups are employ&d:two
protecting groups are fully orthogonal if eitheogp can be removed under conditions which do
not compromise the stability of the other; parbathogonality refers to the case that only one

can be removed without causing removal of the other
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Consequently, for the synthesis of methykerscontaining dipeptides, theert-
butyloxycarbonyl (Bodf° was used as-amino protecting group, since this C-protectingugr

is base-labile. The Boc group is removed in acidieditions.

z BOC Fmoc

Scheme 3.3 a-amino protecting groups Z, left; Boc, middle; Fmdght.

For the protection of theert-butyl ester containing peptides, the benzyloxycagh (Z)
protecting group was used for theamino moiety. The three main advantages of theotisieis
group are: (i) the good physical and chemical §tglof Z-protected peptides, (ii) the ease of
deprotection by catalytic hydrogenolysis, forminglatile co-products, which are smoothly
eliminated by evaporation and (iii) the increasemdency to precipitation and even to
crystallization of pure protected peptides.

As the hydroxy group of the Ser side chanld also react with acylating agents used for
the synthesis, it was necessary to protect it.th@rsynthesis of the methyl ester Ser-containing
dipeptide, the commercially available Z-SBr()-OH (ert-butyl ether protecting group) and
Boc-Ser(Bzl)-OH (benzyl ether protecting group) eversed. The benzyl group was removed
simultaneously with the Z group presented in theegiide by catalytic hydrogenolysis. Tieet-
butyl was cleaved simultaneously with the Boc grdwypa 1:1 CHCI/TFA mixture. For the
synthesis of tert-butyl ester Ser-containing dipeptide, the Fmodlyerenylmethoxycarbonyl)
protection was required, as thisamino protecting group is orthogonal to both the &dtert-
butyl ester groups. Thus, the commercially avadabimoc-Ser(Bzl)-OH was used. The Fmoc

group was cleaved with a 30% DEA/&E, solution.

3.1.2 Peptides synthesis

3.1.2.1 Coupling methods

Several coupling methods were used for gqaiges synthesis. For the introduction of the

differently protected Sar or the Z-protected Prdhe di- and tripeptides, the isochloroformiate

224

method, which proceeda mixed anhydridesScheme 3.4)°“" was used.
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O

q)ko/\(%

CHs

Scheme 3.4 Isochlorofomate structure.

Three decades of research oftt€rasubstituted amino acid containing peptideseha
provided our laboratory with a strong know-how abdle activation of hindered, °C
tetrasubstituted residués.The two most common and powerful activation mesha thén
situ formation of active estersia EDC/HOAf?’ Scheme 3.5, left and middle) and the use of

preformed symmetric anhydrideScheme 3.5, right).

N
o | Ej: Y o9
/\N:C:N\/\/NI{\+ X/ N/ O\H/N\‘eko&'\‘ o
| 3 3 \n/
OH ) N o}

EDCHCI HOAt (Z-Aib),0

Scheme 3.5 Coupling reagents (EDCHCI, left; HOAt, X=N, HOBt, X=CH, middle) for théormation

of active esters aphmetric anhydride derived from Z-Aib-OH (right).

The use of HOA efficiently suppresses rasation due to carbodiimide overactivatioi,
and the side products deriving from the couplinggents can be eliminated by acidic or basic
washing. However, the unreacted active ester iscoaipletely hydrolyzed or eliminated by
washing and often chromatographic purificationesessary. The HOAt catalytic effect is due to
the assistance that the nitrogen atoms at positenmd 7 of its structure give to the amino group.

On the contrary, couplinggia symmetric anhydride form a smaller number of side
products, resulting in a simpler work-up, but theguire more steps (anhydride synthesis and
purification, coupling, sometimes N-protected amawvid recovery). Indeed, 2 equivalent of N-
protected amino acid are required in order to gerel equivalent of acylating agent, and 1
equivalent of amino acid salt is formed after tbepaling, thus making the amino acid recovery
necessary when working with large amounts or vaeuebmpounds.

The active ester coupling method was thereford tmethe activation of Sar in the tetra-
and pentapeptide synthesis, but the less expeht®Bt?® (Scheme 3.5, middle) was used
instead of HOALt. The activation as symmetric anfdgwas often employed for Aib in the Aib
homopeptides synthesis.

In the pentapeptide synthesis, segment condensation was obtained through the C-
terminal carboxylic function activation as B}oxazolonefcheme 3.6). This heterocycle is a



CHAPTER 111 Results and Discussion 85

mild acylating agent. Nevertheless, by extendirgyrémction time at the solvent (THF) boiling
point, we obtained a good yield, greater than 8694

i
CHg H H
o N S cHy H | CH., H
T N I cHy, o N ST cny
0 HsC N EDC N

3 OH —— N

O HsC 0 HsC = CHj
0 HsC 0 HsC
o] o CHj

ZAibAibAIbOH ZAibAibABOX  ©

HGIyOEtiTHF,requx

i
H
o N S CHZ H
T N | chy H Q
v NP
O M3 N
0 HiC A{ O/\CH3
oH

Ke
o}
ZAibAibAIbGlyOEt

Scheme 3.6 Coupling via 5¢H)-oxazolone.
3.1.2.2 Synthesis of methyl and tert-butyl ester containing dipeptides

The methyl ester containing dipeptides weyathesized using the synthetic strategy
illustrated in thescheme 3.7.

Sar XXX
Boc— (1) oH HCIH——1— OCH,
Boc @ OCH,
HCI H G) OCH,
Pro Aib Sar XXX
z 4 oH z @ oH z 14 oH z___ (4 oH
z— B otBu z— (B otBu
HJ—16 OtBu H4(§7QBU
. 6 OtBu z @ OtBu
HCI H G OtBu HCI H (©) OtBu

Scheme 3.7 Synthetic strategy of methyl ariert-butyl esters containing peptides: H&ISar-
Xxx-OMe (top), HCIH-Pro-Aib-OBu (left); and HCIH-Sar-Xxx-QBu (right)
(Xxx=Gly, Aib, Phe). (1) 1IN NaOH, Bg@©, dioxane, HO; (2) NMM,
CICOOCHCH(CH;),, THF, CHCE; (3) HCIELO, (4) ZOSu, TEA, CHCN e HO;
(5) (CH),C=CH, in CH,Cl,, H,SO, cat.; (6) Pd/C 10%, 5|MeOH.
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The synthesis of thert-butyl ester dipeptides series was more compler that of the
methyl ester. In fact, to prepare H-XxxBd (Xxx = Gly, Aib, Phe), to be coupled with Z-Sar-
OH or Z-Pro-OH, it was necessary to: (i) prote@ #mine function with the Z group, (ii) form
the tert-butyl ester through an acid-catalyzed reactiorhvisiobutene $cheme 3.8) and (iii)
remove the Z group.

-60 C, (CH 5),C=CH.,, H,SO, (cat.)
Z-AA-OH Sl > Z-AA-OtBu
CH,Cl,, 7 days

Scheme 3.8 The acid-catalyzed reaction of Z-AA-OH (AA= Aibh®&) with isobutene.

The dipeptides Z-Sar-XxxtBu (Xxx = Gly, Aib, Phe) were obtained by the conslation
of Z-Sar-OH, with H-Xxx-@Bu (obtained by the catalytic hydrogenation of tietated Z-
protected derivative). Z-Pro-Aib4#Bu was obtained in a similar way. Finally, the btata
hydrogenation with Pd on charcoal led to H-Sar-X3t8u that was successively transformed to
its hydrochloride through a cautious addition ok ddCl equivalent (in diluted diethyl ether
solution). This procedure allowed us to avtad-butyl ester acidolysis. In general, with tieet-
butyl esters the yields were greater than with tfethyl ester analogues and there were less

impurities.

3.1.2.3 Synthesis of serine containing dipeptides

Scheme 3.9 illustrates the synthetic strategy of the serimataining dipeptides herein
discussed.
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Sar

@)

L Bzl OH

Sar

(b)

Ser

tBu

Z 1 OH Boc Boc— | OH z OH
tBu
Boc___(1)] Bz OMe Z _ s OMe
Bzl 5 tBu
TFAH__(2)] OMe H— O ome
Bzl tBu
3) OMe Boc ©) OMe
HCLH (G OMe HCLH ©) OMe
(c) (d)
Sar Sar SeT B
Ser Z_ | _OH z OH
Bzl (1)| tBu
Z 1 OH Fmoc v OH z OtBu
Bzl (5)| tBu
Fmoc— MV oy H / OtBu
Bzl
tBu
TEAH__ (8) OtBu z ® OtBu
Bzl
z 3 OtBu HCI.H @ OtBu

Scheme 3.9 Synthetic strategies followed for the synthesésl@ H-Sar-Ser-OMe (a) and (b), HBlIFSar-
Ser-GBu (c) and HOH-Sar-SenBu)-OtBu (d). (1): CHCI,, 0 °C, DMAP, ROH (R= Me,
tBu), EDC; (2): CHCI/TFA; (3): NMM, CICOOCHCH(CH;),, THF e CHC}; (4): Pd/C
10%, H, MeOH, HCI/E$O; (5): Pd/C 10%, KHCH,Cly; (6): CH.CI/TFA , HCI/ELO; (7):
(CH3),C=CH,, CH,Cl,, H;SO;; (8): DEA/CH,CI, 30 %.

The synthesis of HE-Sar-Ser-OMe was done with two different synthetiethods. In the
first method, to synthesize H-S&#()-OMe, subsequently coupled to Boc-Sar-OH, the Z-
Ser(tBu)-OH methyl ester was initially formed, bgaction with MeOH in the presence of
DMAP and EDCHCI, followed by the hydrogenolysis of the Z-group the second method, it
was required to synthesize THRASer(Bzl)-OMe to be coupled with Z-Sar-OH. ThuxcB
Ser(Bzl)-OH methyl ester was initially formed asgeygously described for Z-Ser(tBu)-OH,
followed by the acidolysis of the Boc group usingAT The peptides Boc-Sar-S#()-OMe
and Z-Sar-Ser(Bzl)-OMe were obtained by the conalems of Boc-Sar-OH with H-Sdiu)-
OMe Z-Sar-OH TF&-Ser(Bzl)-OMe,
isobutylchloroformate. The catalytic hydrogenolysisZ-Sar-Ser(Bzl)-OMe was followed by

and with respectively, mediated by
the salification of the resulting H-Sar-Ser(Bzl)-@Merivative with a saturated solution of HCI
in diethylether. The reaction of Boc-Sar-$Bt()-OMe with TFA (diluited in CHCI,) led to
TFAH-Sar-Ser-OMe, that was treated with the saturatdgtion of HCI in diethylether to form
the hydrochloride. This second method resulted domore efficient because of the reduced

number of steps, the greater yields and the redagetber of impurities.
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H-Ser(Bu)-OtBu to be coupled with Z-Sar-OH in the syntesiZebar-SerBu)-OtBu in a
similar manner as described for H-$Br()-OMe, but the yield of the esterification wasvér,
probably due to the sterical hindrance oftéxé&-butyl group.

Concerning the synthesis of Z-Sar-Ser(B2B) Fmoc-Ser(Bzl)-@Bu was first prepared
from the commercially available Fmoc-Ser(Bzl)-OHhen, the Fmoc group was removed with a
30 % solution of DEA in CkLCl,, purified byflash chromatography, and coupled to Z-Sar-OH
by the isobutylchloroformate method. The cleavafighe benzyl group on the side chain

resulted to be very difficult, whereas the Z growgs removed in 45 min.

3.1.2.4 Synthesis of the Sar and Pro tripeptides

As already mentioned, thé-@trasubstitutedi-amino acids are little reactive in peptide
bond formation because of their steric hindranctatC'. This negative influence is of greater
intensity on the amino group as compared to theooatic group. Thus, for the synthesis of Z-
(Aib),-OtBu the condensation via an efficient acylating agenthe symmetric anhydride (Z-
Aib),0 was choserStheme 3.10).

Xxx' Aib Aib
__1(6) oH
Z 5 oH z OH
(Z@ ),0 z— (W otBu
H-@ omu
z-4 OtBu
H-_G) OtBu
Z @) OtBu
HCI H (8) OtBu

Scheme 3.10 Synthetic strategy followed for the preparatiorihad tripeptides HTH-Xxx-Aib-Aib-
OtBu (Xxx= Sar, Pro). (1): (Ch ,C=CH, in CH,Cl,, H,SO, cat.; (2) H, Pd/C in
CH.Cly; (3): % equiv. EDC; (4): NMM; (5): H Pd/C in MeOH; (6): ZOSu, TEA,
Xxx'= Sar; (7): NMM, CIC(O)OCHCH(CHy); (8) H,, Pd/C, HCI/EfO, Xxx= Sar;
(8"): Hp,Pd/C, HCI/MeOH, Xxx= Pro.

The synthesis of the tripeptides HCKxx-Aib ,-OtBu (Xxx’= Sar, Pro) was done by
condensing Z-Sar-OH and Z-Pro-OH with H-ABtBu by means of the isobutylchloroformate
method, as discussed for the HREr-Xxx-GBu dipeptides (Xxx= Gly, Aib, Phe). The yields

were moderate as compared to those of the dipeptide
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3.1.2.5 Synthesis of the Sar-containing tetra- and pentapeptide

The synthetic strategy of the tetra- and geeyitide herein discussed are reporte@®dreme
3.11.

Sar Aib Aib Aib
26 o4 z-— OH zZ—| OH ; Eﬁ;:
@@ )0 @8 )0 ol oo
z-(4 OtBu
H—(2) OtBu
z® OtBu
H—(2) OtBu
z (6) OtBu
HCI H () OtBu
Sar Aib Ajb Aib Gly
26 oy z OH Z— 1 OH éE:gt:uHCI H | OFt
@z B o -8 o ho@ oy HA0l  OoFt
z-(4) OtBu
H(2) OtBu
z (4) OtBu
z (8) OH
z © OXL
z OEt
H (2 OEt
z (6) OEt
HCIH u OEt

Scheme 3.11 Synthetic strategy of H@I-Sar-Aib;-OtBu up and HGH-Sar-Aib;-Gly-OEt down.
(2): (CH;),C=CH, in CHCl,, H,SO, cat.; (2): H, Pd/C; (3): ¥ equiv. EDC; (4):
NMM; (5): ZOSu, TEA, Xxx= Sar; (6): HOBt, EDC, NMM{7): H,, Pd/C in MeOH,
HCI/Et,O; (7'): Hp, Pd/C in EtOH, HCI/BD; (8): TFA; (9): EDC; (10): NaHC®
The Z-(Aib)-Gly-OEt tetrapeptide was obtained by activatingAmb)s;-OH as 5(#H)-
oxazolone and refluxing it in acetonitrile in theepence of H-Gly-OEt. The reaction yield was

good, greater than 80843

For the preparation of Z-Sar-AiBtBu and Z-Sar-Aip-Gly-OEt, Z-Sar-OH was introduced
with reasonable yields on the C-terminal tri- amdrapeptide segments by activatiora
EDC/HOBt. The catalytic hydrogenolysis of Z-Aibly-OEt and Z-Sar-AipGly-OEt was
carried out in EtOH, rather than in the commonlyedisMeOH, to avoid any risk of

transesterification.
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3.1.3 Infrared absor ption spectr oscopy

The Aib-containing tri-, tetra- and pentaj@dgs are long enough to adopt secondary
structures. Therefore, an IR absorption study wadopmed in deuterochloroform, a low-
polarity solvent often employed for conformatiorsalidies on peptides. The two frequency
intervals richest in conformational information &fe
(1) 3550-3200 cnt (Amide A band), related to the stretchingbrations of the N-H bonds

belonging to the urethane and amide groups;
(i) 1800-1600 cnt (Amide | band), related to the stretching vibrations of the Ce@hds of
the ester, urethane and amide groups.

The presence of an H-bond between a dagrthe amide N-H) and an acceptery( the
amide C=0 group) modifies the bond strength comstarboth groups involved, causing an
alteration of their bending and stretching vibration frequencies. Under the harmonic

approximation for the oscillators, vibration frequeees are given by the Hooke’s law:

1 k
Vribr‘ = T
27mc U
where : v, = Vvibration frequency
C = speed of light
Kk = bond strength constant
u = reduced mass [(#my)/(my+my)]

More precisely, a general displacement to lowerratibn frequenciesréd shift) is
observed, with formation of more intense and bro&dads, when an H-bond is present. From
the experimental observation of this phenomenois possible to obtain information on the
presence of NH groups engaged in hydrogen bondgpmsed to the solvent (the so-called ‘free
NHs).

Indeed, it is generally assumed that in deuter@ofdom solvated NH groups resonate at
wavenumbers higher than 3400 tm whereas H-bonded NHs resonate at lower
wavelengthg33234

Moreover, it is possible to discriminate betweaetra- and inter-molecular hydrogen
bonds through the analysis of the variation of réflative intensity of the bands of the bonded
and ‘free’ NHs as the concentration is changed;esintramolecular H-bonds are insensitive to
dilution, whereasntermolecular H-bonds are favoured at higher conceatrat In turn, the
discrimination betweeninter- and intramolecular hydrogen bonds gives hints about the
conformation of the peptide in solution.
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The discrimination between solvated and hydrogamdbd NH groups is possible only in
solvents of low polarity, such as chloroform, whabh not alter the position of the bands of the
solvent exposed NHs. On the contrary, more pollrests can form hydrogen bonds with the
amide NHs and shift their absorption bands clos¢éhéoregion where the bands of the NHs
bound to the peptide CO groups are found. Therefot@igh polarity solvents, it is very difficult
to discriminate between solvated and bonded NH ggo€onsequently, because the peptide
hydrochlorides were not soluble in deuterochlonofotheir conformational analysis was not
possible with this technique.

The amide A region of the IR absorption spectrZ-&ar-Aib,-OtBu (n= 1, 2, 3) and Z-
Sar-Aib;-Gly-OEt at the concentration 1x2QM is shown inFig. 3.1. The related absorption

maxima frequencies are summarized ab. 3.1.

Absorbance

3500 3400 3300 3200

Wavenumber (cm —1)

Figure 3.1 Amide A region of the IR absorption spectra of Ztpar-Aib-GBu, (2)
Z-Sar-AibOtBu, (3) Z-Sar-Ail-OtBu and (4) Z-Sar-AipGly-OEt in
CDCl; at 1x10° M concentration.

Peptide 3600-3200 cm™* 1800-1600 cm™
Z-Sar-Aib-QBu 3448 3414 1728 1712% 1672 166Q 1642 1624

Z-Sar-Ai-OtBu 3456 3426, 34023362 | 1728, 1712 1688 1662 1626

Z-Sar-Aibs-OtBu 3458, 34283402 3368 | 1726, 16881662, 1622

Z-Sar-Aibs-Gly-OEt | 3458, 34283402 3352° | 1746, 1728, 1714 1682°, 1654, 1618"

Notes: 2 shoulder? broad band; underlined values refer to weakdr strong () bands; values not underlined
are referred to bands of intermediate intensity.

Table3.1 IR absorption frequencies (¢inof the previous peptides in CDCI

at 1x10° M concentration.
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To ascertain whether the observed bandsooindd NHs in the spectra were due to
intermolecular orintramolecular interactions, three measurements weree dan different
concentrations on Z-Sar-Aftsly-OEt, as, being the longest peptide, is the whech has the
highest probability to self-aggregate. Its IR apsion spectra at three different concentrations
(1-10% 1-10°% 1-10* M) in the 3400-3200 cthregion are reported ifig. 3.2. These spectra are
normalized, since tenfold dilutions are compensatetenfold increases of cell path length (0.1,
1.0 and 10mm for 1-19 1-10% and 1-1¢ M concentrations respectively).

Absorbance

3500 3400 3300 3200

Wavenumber (cm —1)

Figure3.2 Amide A region of the IR absorption spectra of &-&ibs-
Gly-OEt in CDCk at concentrations 1x¥OM (A), 1x10° M
(B) e 1x10* M (C).

InFig. 3.1 andTab. 3.1 it can be observed that the band due to bound &fipears only
from the tripeptide spectrum (at 3362 tmin the pentapeptide spectrum, this band is 8233
cm’ and results to be very strong. This behaviouypical of a peptide with an helical structure,
that begins to fold in f-turn at the level of the tripeptide. The preseotthree Aib residues in
the pentapeptide Z-Sar-Afésly-OEt induces us to believe that it forms;gRelix, stabilized by
three intramolecular H-bonds. Dilution effects amenoticeable for this peptide, in particular
going from 1:1F to 1.10° M. Thereforeintermolecular H-bonds are negligible, while the
intense band centred at 3352 toan be assigned tatramolecular. The same conclusions can
be extended to the tri- and tetrapeptide, sincetshpeptides of a same series, in general, have a

smaller propensity to self-associate.
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In the 1730-1710 chregion {[Tab. 3.1), the bands related to the stretching of the nieta
and esters (tert-butylic) carbonyl group appeare &bhsorption of the peptide carbonyl group
(amide | band) falls in the range 1690-1610"c1***In the Z-Sar-Aib-Gly-OEt spectrum, the
absorption maximum of the amide | band is localizaeéciround 1682 cth This maximum is
closed to the amide | band position in type ff#turn structures, as expected for an Aib-rich

peptide”*® and it seems to confirm that these three peptitesto have an helical structure.

3.1.4 NMR spectrometry

NMR conformational investigation was perfeanon the longest peptide, Z-Sar-AiBly-
OEt, to compare its outcome with the results oletiby means of IR absorption. The presence
of three Aib residues suggests that this pentagepsi likewise folded in a;ghelical structure.

It is not yet clear if a well-defined secondarysture in a peptide ligand would be beneficial for
the antitumor activity of a Au(lll) complex. An amer will soon come from the biological tests
currently under way.

The conformational analysis Bii-NMR spectrometry was performed in CRCthe same
solvent used for the IR characterization.

Working in CD{ solution allows one to obtain useful information the H-bonding
stabilization of peptide amide NHs, which is easdiated to the peptide conformation. This can
be done by adding increasing amounts of the goobomtt acceptor dimethylsulfoxide
(DMSOY?' to a peptide in CDGlsolution. Indeed, the amide protons which are sggddo the
solvent are stabilized by H-bond formation with D®ISnolecules. This, in turn, causes a
downfield shift of their signals. On the other sidenide protons already engaged in stable H-
bonds are solvent-shielded and their chemical ghiittle affected by the variation in the solvent
composition. Consequently, it is expected that Nbtgns whose NMR signals do not change
significantly by DMSO addition are stabilized lgtramolecular H-bonds, unless there are
reasons to believe that very strong intermoleduk&ractions are present.

If the NH signals in the monodimensioriBFNMR spectrum have been identified and
assigned, it is therefore possible, by using théhote described above, to know which NH
groups are involved imtramolecular H-bonds. This is an advantage comparéaketanalysis by
IR spectroscopy, which allows an estimation offtlaetion ofintramolecularly H-bonded NHs,
but not their identification (see Section 3.1.2).

The assignment of 11B-NMR spectra of small peptides can be tentatiyformed by

inspection and comparison with already assignedtspef similar compounds. For a complete
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and correct assignment, however, the best way relyoon the information obtained by two-
dimensional (2D) spectra.

Two kinds of 2D NMR experiments have beenfgrmed on Z-Sar-AipGly-OEt , each
offering different and complementary informationOTSY experiment&® that allow the
identification of spin systems (i.e. groups of miuadonnected by scalar coupling relations) and
ROESY experiments’ that are instead sensitive to the spatial proximitthe nuclei.

In general, the backbone and the alkyl chain portif the side-chain of each amino acid
residue form a spin system, whose signals can laedeby TOCSY experiments. ROESY
experiments can then connect residues which aretoeach other along the backbone, allowing
the complete assignment. In folded peptides madeaitin residues a specific process, called
sequential assignment,>*®is well established. It employs the through-spemenectivity along the
backbone of the kind (i)~ NH(i+3) and NH()-NH(i+1), derived from ROESY
experiments, in order to obtain the sequence ofrés&lues forming a peptide, whose signals
have been connected by TOCSY experiments.

Once the attribution has been completed, the nmétion about spatial proximity
obtained by ROESY experiments can be usefully epgaloin particular, when nuclei which are
many bonds apart appear to be next to each ottiéitjanal data on the peptide conformation
are obtained. This can be used also for gaininghihsn the side-chain conformation, on which
it is more difficult to gather information by oth&chniques.

Firstly, the 1D NMR spectrum of Z-Sar-AiGly-OEt was completely assigned by
performing 2D TOCSY and ROESY experiments.

Fig. 3.3 presents the variation of the chemical shiftshef WH protons of the three peptides
by addition of increasing amounts of DMS@-Indeed, the signals the NH of Ais shifted
downfields as the DMSO concentration increasesreaseAiy, Aib* and Gly NHs are almost
insensitive to DMSO addition. Therefore the lageotons are involved in intramolecular H-
bonds. This observation is compatible with the hlgpsis proposed by studying the IR
absorption spectriee., this peptide has a folded helical structure, probably of the g-type.
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Figure3.3 Variation of the chemical shift of the NH protoaf Z-Sar-
Aib;-Gly-OEt in CDC} solution at 110° M concentration by

addition of increasing amounts of BMSO.

Subsequently, the study was extended to RREESY experiment which additionally
substantiated such considerations. A portion ofRREESY spectrum of Z-Sar-AdiGly-OEt is
shown inFig. 3.4.

It is interesting to note the presenceooir INH({) — NH(i+1) consecutive cross-peaks (from
Aib? to Gly’) and of the H(i)—NH(i+1) cross-peaks of Samll of which are diagnostic of the
assumption of a folded conformatioi.Sar does not have a proton amide. However, a cross
peak between its N-methyl and the amide NH ofA#dso pointing to an helical structure, is
present Fig. 3.4, right spectrum).

The cross-peaks betweeNCH; and theaNH of Aib* similar to a NHi) - NH(i+3) is
compatible with botho and 3, folded conformation§** but does not allow to discriminate
between the two helical structures. Again, thiglifngs are in agreement with the information

obtained from other experiments and from the IRoghigon analysis.
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Figure 3.4 Portions of the ROESY spectrum of Z-Sar-Aly-OEt 1:10°

M in CDCls. Diagnostic cross-peaks for the adoption of folded

stuctures are labelled.
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3.2 GOLD(I)-DITHIOCARBAMATO COMPLEXES

3.2.1 Synthesis

The main synthetic route to dithiocarbamatieased on the nucleophilic attack of an amino
group to the carbon disulphide in the presence sirang bas®? This process can even take
place without a strong base, but it was shown fthathis case, the yield in dithiocarbamate is
much lower*®

The peptides used for this work were syntees as hydrochlorides with the methods
described in section 2.2. Then, they were addezhatioon disulphide in basic aqueous medium.
As we were unable to isolate these dithiocarbarligéeds without causing their degradation
during the separation/purification steps, the caxes were obtained by a template reaction

involving two phases, as illustrated$cheme 3.12or the Sar-containing derivatives.

CH; O K CHy o
| | H,0, 0T c—l |

HaN G N C + NaCl + HO
Sc\ R CS;, NaOH e ‘< R

H

Q
\

T,

R = -Gly-OMe
-Aib-OMe
-Gly-QBu
-Aib-QBu X THs
-Phe-@Bu H,0, 0T \
-SerBu)-OtBu > \A 4 "
-Aib-Aib-OtBu KIAUX,] SN
-Aib-Aib-Aib-CtBu
-Aib-Aib-Aib-Gly-OEt

Scheme 3.1Zemplate reaction leading to the synthesis of ®ataining gold(lll)-dthiocarbamato complexes.

During the first step, the dithiocarbamiddacwere generated in solution through the
reaction in water at 0 °C between a peptide, carbisalphide and sodium hydroxide in
equimolar ratio$* The pH value turned from 10 to 6 in a time sparying with the length of

the peptide ligand. Since the reaction proceedsugir a nucleophilic attack of the peptide free
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amine, the bulkiness of the longer peptides cowdehslowed down the formation of the
corresponding dithiocarbamic acid.

The solutions thus obtained were reactetl @i equivalent of KAuX(X= Br, Cl) in water
at 0 °C, leading to the immediate precipitatiorirad complexes [AuXpdtc)] (X= Br, ClI; pdtc=
di- to pentapeptidodithiocarbamato).

In the past we have studied, by means of Ndd&ctroscopy, why an Au(lll)/peptide ligand
1:2 stoichiometric ratio leads to complexes with i metal-to-dithiocarbamate rafiy. The first
step of the reaction.e. the formation of the ethylsarcosinedithiocarbaat@ (for the synthesis
of a similar complex Au(lll)/dtc-Sar-OEt), is accpanied by two side products, deriving from
the hydrolysis of the ester moiety. Any modificatioof the experimental conditions
(temperature, amount of base) did not affect theddyof ethylsarcosinedithiocarbamic acid
(which did not exceed 40 %), but only that of theolysis products. In fact, the addition of a
double amount of base promoted a more efficientdlydis and, in turn, the reaction between
the hydrolysis product and unreacted,(8us leading to the formation of Sar-dithiocarbami
acid as additional product. On the basis of thégeies, in this thesis work an Au(lll)/peptide
ligand 1:2 ratio was used to overcome the problérnow yields and to minimize the loss of
gold(lll) precursor.

In the case of gold(lll)-methyl-ester-coniag derivatives, the cyclization of the dipeptide
to diketopiperazine, together with the hydrolystsurring in the first step of the reaction, could
be responsible for the low yields observed. Indeetth thetert-butyl ester, less sensible to basic
hydrolysis, good yields were obtained. We also aeatithat the bulkiness of the peptide was
detrimental for the yield, whereas addition of artess of carbon disulphide turned out to
increase the final yield.

Finally, it is worth mentioning that the waitsolubility of some complexes made the product
isolation very troublesome.

The structure of the Sar-containing gold{gédtidodithiocarbamato complexes are

illustrated inScheme 3.13
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Scheme 3.13structure of the Sar-containing derivatives
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3.2.2 Complexes characterization

3.2.2.1 FT-IR spectroscopy

The main significant bands recorded in thE-IR spectra of the peptides and the

corresponding gold(lIl)-dithiocarbamato complexes summarised iab.3.2andTab.3 3

Compound A AuD; B  AuD; C AuDg AuD; D AuDg AuDg
v(N-H) 3419 3409 3314 3423 3307 3352 3349 3192 3362 3365
v(NH," 3231 - 3200 - 277712709 - - 2744/2683 - -
v(C=0) - 1744 1740 1739 1732 1736 1737 1735 1734 1733
v(NHC=0) 1684 1669 1679 1685 1669 1673 1672 1689 1690 1691
V(CN- H)+ 1558 1558 1555 1559 1576 1568 1561 1563 1560/15364/1534
V(SSCN)
v(C-OMe) 1217 1209 - - - - - - - -
v(C-OEt) - - - - - - - - - -
v(C-OtBu) - - - - 1241 1228 1229 1259 1215 1214
V(tBu-O) - - - - 1167 1161 1162 1152 1144 1146
v(Et-0O) - - - - - - - - - -
V(S-C-S) asym. - - - - - 1006 1006 - 996 996
sym. - - - - - 556 558 - 545 547
V(S-Au-S) asym. - - - - - 387 384 - 383 383
sym. - - - -
v(Br-Au-Br) asym. - - - - - 252 - - 252 -
sym. - - - - - 227 - - 223 -
v(CI-Au-Cl) asym. - - - - - - 358 - - 347
sym. - - - - - - 339 - -

Table 3.2 Selected IR frequencies [clinof the peptides: HCar-Gly-OMeA, HCI-Sar-Aib-OMe
B, HCI-Sar-Gly-GBu C, HCISar-Aib-Bu D and their corresponding gold(lll)-

dithiocarbamato complexes.
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Compound E AuD;g AuDq4 F AuD;, AuDs G AuDq3 AuDq,
v(N-H) 3330 3431 3342 3351/3311 3343 3340  3421/3276 3403 3923
V(NH2+) 2775/2706 2751/2711 2762/2692
v(C=0) 1736 1731 1733 1739 1728 1728 1727 1719 1729
V(NHC=0) 1665 1683 1684 1694/1657 1661 1657 1688/1647 1688 689/1612
V(CN- H)+ 1543 1558 1559 1543/1727 1553 1557 1545/1518 1568/1 1559/1512
V(SSCN)
v(C-OMe) - - - -
v(C-OEt) - - - 1221 1216 1216 - -
v(C-OtBu) 1220 1214 1213 1226 1218 1220
v(tBu-0) 1163 1155 1155 - - 1158 1146 1146
v(Et-0) 1037 1099 1101
V(S-C-S) asym. 994 994 - 1028 1028 - - 1015
sym. 562 563 - 560 562 543 543
V(S-Au-S) _asym. 381 383 383 383 384 383
sym.
v(Br-Au-Br) _asym. 252 252 252 -
sym. 221 - 227 - -
v(CI-Au-Cl) _asym. - 359 338 340
sym. 322 322

Table 3.3Selected IR frequencies [¢lnof the peptides: HCar-Phe-@Bu E, HCI-Sar-Aib,-OtBu F,
HCI-Sar-Aib;-Gly-OEt G and their corresponding gold(lll)-dithiocarbamatomplexes.

The interpretation of FT-IR spectra of diterbamato complexes of transition metals has
arisen interest both diagnostically to determine tfiode of coordination and as a meaning of
assessing the nature of bounding in the compleé&&soncerns the dithiocarbamate moiety, the
three main regions of the IR are of interest. Bjirsthe (1580-1450) cth region which is
primarily associated with the “thioureide” band disethe v(N-CSS) vibration; secondly, the
(1060-940) crit region which is associated ¥6C-S) vibrations, and, thirdly, the (420-250) tm
region associated with(M-S) vibrations?*

Dithiocarbamato compounds exhibit a charistte band at around 1500 &nassignable to
thev(N-CSS)?***8this band defines a carbon-nitrogen bond ordevéen a single bond (1350-
1250 cm') and a double bond (1690-1640 MA* The appearance of a band in that region
indicates that of the three possible resonancetsties reported by Chatt et’af,(characterized
by a strong delocalization of electrons in theidithrbamate moietyScheme 3.1} in our case,
we are dealing with a considerable contributiorstiucturdll .

R I\T:C/s
ch/ S ch/ S H3C/ s

Scheme 3.1Resonance forms of the dithiocarbamic —NQO88iety.
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To discern the bonding type of the dithiocarbaniegands in the complexes, the Bonati-
Ugo metho®*is, by far, the most popular one. It consistsrating the (1060-94@m™ spectral
region, where the(C-S) modes are thought to appear. In fact, thel lolue to —CSS moiety are
usually coupled to other vibrations and are vensgie to the environment around this group,
but they are also useful to distinguish between adentate and bidentate coordinatfdhThe
presence of only one band in the investigated nregiommonly attributed te,(C-S) mode, is
assumed to indicate a completely symmetrically bandf the dithiocarbamate ligand, acting in
a bidentate mode Scheme 3.15 g and this is the case of all these gold(lll)-
peptidodithiocarbamato derivatives. Conversely, péit oand indicates an asymmetrically-
bonded bidentate ligandy < 20 cm*, Scheme 3.15 por a monodentate bound ligansh (> 20
cm?, Scheme 3.15)

N / N\ S S—M
= S\M N'—c4s\|v| N=¢" Ny
SR Ky S Neem \sR

@ (b) (©)
Scheme 3.15Different ways of metal-sulfur binding in dithiot@mmate complexes:

symmetrical bidentatea), asymmetrical bidentaté) and monodentate),

New bands absent in the spectra of thersgamaterials, are observed in the (420-250)' cm
range and they can be assigned to metal-sulphuesnadcording to the normal coordinate
analysis of the dithiocarbamate complexes andiguewvorks on gold derivatives®®>*

In the same range, other informative bandsdatected, attributed to th@Au-X) (X = Cl,

Br) modes. These bands are ascribed to the Auetching frequencies for terminal halidfgs.

2% |t is worth observing that in the far FT-IR spectf all chloro-derivatives, the bands
assignable to the(Au-Cl) vibrations are broad or even doubled beeanfsthe isotopic splitting
v(Au->*3CI). Isotopic are clearer for compounds containimge Au-Cl bond than those
containing more than one chlorine atom bound tcsdrae gold center; the fact there is only one
stable isotopé®/Au helps to make Au-Cl isotopic splitting more éasibservable than in the

case of chlorides of elements consisting of a méxof stable isotopes®
3.2.2.2 NMR spectroscopy

Some features dH-NMR spectra of HGBar-Gly-OMe, HCiSar-Aib-OMe, HCISar- Gly-
OtBu, HCISar-Aib-GBu, HCIFSar-Phe-@u, HCIFSar-Aik-OtBu, HCISar-Aiks-Gly-OEt and
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their corresponding gold(lll)-dithiocarbamato coewds are reported ohable 3.4 A shift
towardsé larger values is observed from a peptide to theesponding gold derivatives, in
particular for the sarcosind-methyl and C-methylene protons. This is probably due to the
bonding of the sarcosine nitrogen atom to the ditfsibamate moeity. It is worth noting that this
conversion is associated to the disappearance eofNts,” signal. Moving away from the
dithiocarbamato group, this influence diminishesilume insignificant, as there is no relevant
difference between the chemical shifts of the esterety, moving from the peptide to the

corresponding complexes.

Compound NH," Sar NH aCH, Sar N-CH Sar
A® 8.83 8.94 3.75 2.54
AuD,® - 8.89 4,56 -
B® 8.81 8.91 3.68 25
AuD,® - 8.82 4.48 3.41
c@ 8.99 8.91 3.72 2.53
AuDg® - 7.96 4.71/4.7%) 3.53/3.57
AuD,® - 7.92 4.75 3.56/3.57
D@ 9.05 8.84 3.64 2.52
AuDg® - 7.90 4.62/4.66 3.51/3.54)
AuDy® - 7.89 4.66 3.54/3.55"
E® 8.92 8.80 3.62 2.44
AuD ;™ - 7.91 4.65/4.7¢" 3.49
AuD 4/ - 7.92 4.70 3.49
=Gy 8.96 8.88, 8.04, 3.72 2.57
7.90, 7.26
AuD,” - (8.57/8.46) ©, 4.89/4.849 3.59/3.54)
(7.98/7.94% ©,
7.68,
(7.20/7.17§ ©
AuD s - 8.45,7.87 4.85 3.59
767 7.19
Gc®@ 8.95 8.49, 7.64 3.68 2.51
AuD 5 - 7.90, 7.83 4.7314.6% 3.55/3.519
AuD,® - (7.88/7.80) ©, 4.73 3.55

(7.41/7.31) ©

@ performed in (CB),SO,® performed in (CE),CO,© isomers? Aiby, 2 Aib,, ® Aibs, ¢ Gly.

Table 3.4'H NMR spectral data [ppm] of HSar-Gly-OMeA, HCI-Sar-Aib-OMeB, HCI-Sar-Gly-
@Bu C, HCI-Sar-Aib-GBu D, HCI-Sar-Phe-@u E, HCI-Sar-Aib,-OtBu F, HCI-Sar-Aibs-
Gly-OE3 and their corresponding gold(lll)-dithiocarbamatomplexes.

This behaviour is remarkable, when considethe™*C values Tab. 3.5. In addition, other

important signals are observable, ascribed toatdrbamic carbon atoms (NCSS).
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Thed(N**CSS) values are found in the range (190-215) ppmd,iis generally assumed
that they are strongly dependent on both the typelithiocarbamate-metal bond and the
oxidation state of the metal cenf&f.For high oxidation state transition metal dithidzemates
derivatived, such as gol(lll) ones, tBN'*CSS) values are usually found in the range(202-206)
ppm?>8 In the other hand, dithiocarbamato complexesanfsition metal owing a8 electronic
configuration, thes(N**CSS) values are shifted to lower fields in the gnf(202-206) ppm>°
There is a strong empirical correlation betwe¥N*CSS) values and the carbon-nitrogen
stretching vibrations in the infra-red spectra:h@gv(N-CSS) values indicates carbon-nitrogen
double bond character, which well correlates withdr §(N**CSS) values because of a greater
electron density on the —NCSS moiety. In a semiigogh way, 5(N**CSS) could be expressed
as a linear function of the sum of CN, CS1, GS#nd orders, and(N-CSS) of the CNt-bond
order®®” The sum of the-bond order is derived to be maximal for equélonds and to decrease
with increasing inequality of the threebonds. Therefore, the compounds with higN-CSS)
values have low CS and low totabond orders, thus leading to IG{N**CSS) values, andce
versa. All these considerations are compatible with tiyeorted data in literature on gold(lll)-

dithiocarbamato complexé¥>%%2

Compound CSS aCH, Sar N-CH Sar
A n.d. n.d n.d
AuD, n.d. n.d. n.d.
B n.d. n.d. n.d.
AuDj; n.d. n.d. n.d.
c®@ - 48.59 32.38
AuDg® 196.74/200.48 55.12/58.98 40.13/41.12
AuD,® 195.45/200.60 55.64 40.66/41.10
D@ - 48.61 32.41
AuDg® 196.57/200.26 55.26/56.15 40.21/41.20
AuD® 195.09/200.19 55.67 40.64/41.09
E@ - 49.20 32.80
AuD o™ 196.11/199.33 54.65/55.56 39.74/40.74
AuD,® 194.45/199.61 55.31 40.49
=Gy - 48.87 32.41
AuD,® 197.11/ 200.32 55.66/ 56.73 40.37/41.43
AuD=? 195.70/200.35 55.94 40.88
G@® - 49.75 32.95
AuD3® 195.67/199.35 54.85/ 55.77 39.40/40.37
AuD,® 195.07/200.06 56.07 40.62/41.06

@ performed in (CE),SO,® performed in (CH),CO.

Table 3.5%°C NMR spectral data [ppm] of HGlar-Gly-OMeA, HCI-Sar-Aib-OMeB, HCI-Sar-Gly-

@Bu C, HCI-Sar-Aib-GBu D, HCI-Sar-Phe-@u E, HCI-Sar-Aib,-OtBu F, HCI-Sar-Aibs-
Gly-OE3 and their corresponding gold(lll)-dithiocarbamatomplexes.
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'H-NMR spectra of the Au(lll)-peptidodithiocarbamaterivatives in (CB),CO at different
times were performed to clarify their solution cligmy. As example, irfFig. 3.5the 'H-NMR
spectra of Auld [Au" Br,(tBuO-Gly-Sar-dtc)] are reported. It is worth obsagithat, after 17
hours, the amide proton is not detectable, leadinghe consequently simplification of the
glycine methylenic protons signal. This could beplained taking in consideration the
interchange of this proton with the acetagedeuterium, since it does not happen in DM&O-
(Fig.3.6). The interchange between amide proton and deuterin presence of deuterated
solvents, as BD or CxOD is a well-known phenomenon, but is not repoftegdrganic aprotic

deuterated solvents.

—_M___J\M_MégNJ S L

] | ' I\ | t=85h
\ | I { 1 t=17h
NCH; (Sar)
CH, (Sar) CH, (Gly) C(CH;)s
NH J\ }L t=0
— = . 7M,7 N S | S (R |
8‘.2 I 8'.0 I 718 '4T9 4‘.7 ' 4f0 ' 3?8 3‘.6 ' 3?4 l 213 ‘ 21 ‘ 1?9 ' 1?7 ‘ 1'.5 K 1{3 '
8("H) [ppm]

Figure 3.5'H NMR spectra of AuRin (CD,),CO performed at different times.
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Figure 3.6'"H NMR spectra of AuRin (CD),SO performed at different times.

Moreover, it was observed that all the stddcomplexes give rise to isomerization in
solution, in particular, as concerns the -8KCH3)CSS group. IrFig 3.5, soon after dissolution,
the N-methyl andN-methylene protons have, each, two signals (sisigliet 1:1 ratio, as the
glycine methylene protons show a doublet of dosgbietl:1 ratio; over time, the lower field
peaks, referred to one of the isomers, progressietrease in intensity in favour of the higher
field isomers reaching a 1:2 ratio.

The presence of two isomers is easily puviidence on the'l, **C] HMBC NMR (Fig.
3.7), where two distinct signals are recorded for eafcbarcosine methyl and methylene carbon
atoms, and the correlations between them. In axhditwo signals for —CSS carbon atom are
also illustrated on the same figure and each ditlrlmamic carbon gives rise to a long range
coupling with the sarcosing-methyl and\N-methylene protons.
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Figure 3.7*H**C-HMBC spectrum of AuRin (CDs),CO (detail).

This behaviour, also, seems to be solvepeddent. In fact, the Aulspectra in DMSO-4
do not change with time and the two isomers aréhé same ratio even after 120 hours. A
similar observation was previously made for golji(fthylsarcosinedithiocarbamate complexe
[Au" Bry(ESDT)], of which a crystal structure was obtaitiecbugh X-rays=°® Unfortunately, it
contained only one crystalline form (excluding titiee disorder of the ethyl ester moiety). The
herein studied complexes do not have stereoceatdesto generate two different isomers, at
least as concern the dithiocabamate moiety. Thetidation is not yet achieved and studies are

still going one to clarify it.

3.2.2.3 Thermal studies

The thermal behaviour of the synthesized pleres have been studied by
thermogravimetric (TG) and differential scannindocianetry (DSC) techniques in a dynamic
atmosphere of air, in order to establish the daffikrdecomposition processes and to confirm the
proposed stoichiometry. The experimental data algreegood extent with the ones obtained by
the other spectroscopic techniques, and the restilssich analysis summarized Trab. 3.6
indicate a good correlation between calculatedr{&allic gold) and found weight loss values
for all the investigated compounds.



108 CHAPTER Il Results and Discussion

Compound Weight loss [%] DSC
Found Calculated Peak temperature[°C] (process)
AuD, 66.70 -66.73 198.8 endo / 507.3 ex0
AuD3 66.57 -68.23 167.0, 316.6, 1070.4 endo
AuDsg 66.62 -68.94 152.6, 1065.4, 1074.9, 1079.1 eA80/3 exo
AuD- 61.72 -63.88 155.3, 1063.8 endo/ 526.0 exo
AuDg -69.22 -70.26 165.9, 1064.4, 1070.8 endo/ 47203 ex
AuDg 63.40 -65.64 166.6, 205.3, 1061.8 endo/ 516.0 exo
AuDy,  -72.94 72.72 113.4, 124.3, 1066.8, 1069.4, 1084/ 519.0 exo
AuDy;  -69.07 -69.01 118.0, 138.3,192.6, 1065.6, 1066£518.4 ex0
AuDy,  -74.03 -77.13 106.0, 152.2, 178.6 endo/ 433.7,5084.1 exo
AUDys 7275 -74.50 126.9, 185.5, 1065.7 endo/ 121.8,31543.1, 583.0,
1072.1 exo
AuDy; 7291 -73.64 119.3, 1064.4 endo/ 180.6, 499.4210%X0
AuD,,  -65.96 -70.08 487.0,1079.7 exo
AUDyg  -76.17 -76.34 1074.1 endo/ 335.9, 440.1, 534.7 ex0
AuDy,  -71.96 -73.51 145.3, 1070.4 endo/ 514.4, 554.0 ex0

® endo/exo = endothermic/exothermic process.
Table 3.6 Thermogravimetric (TG) and differential scanniragocimetric (DSC) data.

The thermal degradation of all the complemes/ occur in two major steps, the first TG
step corresponding to the pyrolysis, the decarlation and reduction elimination Au(llh-»
Au(l), thus leading to [Au(SCN)] as the residuec@mmonly discovered intermediate in the
thermal decomposition of metal dithiocarbamaté$®® The removal of the remaining ligand
atoms at higher temperature is followed by compldegradation leading to metallic
gold 232%42%5Thjs yltimate event is confirmed by the presenicarnendothermic DSC peak at

around 1070 °C due to the metallic gold melting.
3.2.2.4 Circular Dichroism

Circular dichroism is an analytical techreqbbased on the differential absorption of
circularly polarized light by chromophores set in asymmetric environment. The spectral
region most commonly investigated for the confororatl analysis of peptides lies in the far UV
region A= 190-260 nm). The amide chromophore of peptidgdalys two bands in this interval,
corresponding to the—T1t* and n—T1t* transitions. The amide group is planar and thereeits
transitions are optically inactive, but the presen€ chiral elements (such as thé &oms of

chiral amino acids) next to the cromophore, as wsllits incorporation in helical secondary
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structures, which are intrinsically dissymmetricaka it optically active, therefore liable to CD
analysis.

The interactions among consecutive amide chrom@shalong the backbone modulate
their optical transitions in a way that dependstair relative orientation, induced by the peptide
secondary structure. The global outcome is thatsihectral features depend on the peptide
secondary structure, so that useful informationlmaobtained both from the shape and from the
intensity of the dichroic bands of peptié®<°"Themolar lipticity [@]r (degcm®dmol?) is the
parameter used for comparing the intensity of tBesi@nal @) by normalization with regard to
concentration (c, mol/L) and optical path (I, cmging the relation@]+= ©/(c).

The peptide ligands used in this Thesis work arg sbort peptides. Therefore, with the
exception of the tetra- and pentapeptide, theynatelong enough to display a well defined
secondary structure, to be readily studied by @Daddition, most of them, including the tetra-
and pentapeptide, are not chiral. However, we @ecahyway to undertake a CD analysis of a
representative set of compounds with chiral peptidginly to see if the chiral peptide ligand is
able to induce asymmetry in the transitions ofrtietal complex. In particular, we recorded the
CD spectra in MeOH of H&Pro-(Aib)-OtBu, AuD,o and AuD};. As the peptide ligand does not
have absorptions above 240 rifg.3.8 shows only the spectra of Aggand Aul}; in the 200-
500 region.



110 CHAPTER Il Results and Discussion

20

]
1S
©
x
s
< —D20
(@]
g | v i D21
(?O
—
x
=

-40 4

-50 4

-60 I T I T I T I T I T I T
200 250 300 350 400 450 500
Wavelength (nm)

Figure 3.8 CD spectra of Auk and AuB; in MeOH at ~10-4 M

concentration, in the 200X\ <500 nm.

It is interesting to note that the coordinationtbé peptide to gold is able to induce
asymmetry on gold(lll) transitions, thus making rtheoptically active. There are relevant
intensity differences in the near UV/Vis region argdhe AuDy and AuD}; spectra Fig.3.9).
This finding is somewhat surprising as the two ctaxes differ only for the alogen type (Cl and
Br, respectively) . The two spectra are rich ofbiniation as several bands are observed. In
particular, it is worth mentioning the bands (i)asiout 265 nm and 310 nm, probably due to the
T—Tr* transitions of the —NCS and-CSS moiety, (ii) bbat 340 nm, arising from the—Tt*
transition wheren is the in-plane non-bonding sulphur orbft&l,and (iii) at about 440 nm,
assignable to the-dd metal orbital transitions.

At this moment, it is difficult to interpret theskchroic signals, as little or no literature is
available on this subject. However, we believe tha type of measurements could display its
usefulness in the future, when more Au(lll) complexwith chiral peptide ligands will be

available.
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Figure 3.9 UV-Visible spectra of Auk and Aul}; in MeOH at ~10-4 M
centration, in the 208 A <500 nm.

3.2.3 Stability in the presence of the reductéevagent L-NAC

Au(lll) complexes tend to easily reduce to(B and successively to Au(0) in physiological
environment. This poor stability have limited itseuas therapeutic agent. Nevertheless, the
coordination of Au(lll) to dithiocarbamic ligandsdd to a high stabilization of the metal center
in the +3 oxidation state.

Glutathione yGlu-Cys-Gly) is one of the reductive agents présen physiological

environment in high quantities. It tends to oxalip a disulphide compouri8cheme 3.16).

" R
o) N N OH
YTV
H d—|s H oM OH o) S H 0
|
OYN\/\/U\N N\/&O_> L ) _
OH 40 0 ) H OH + 2H" + 2e
)J\ /\/lk I\/&
GSH HO l\ll r?l 0
H H o)
GSSG

Scheme 3.1@&Reduction of glutathione(GSH) to a disulphide compb (GSSGF*°
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The reduction of Au(lll) complexes to Au@duld be a determinant factor for the activation
or deactivation of their potential pharmacologigabperties. Therefore, the stability of the
studied complexes in the presence. MAC reagent was evaluated though the registraiioa
series ofH-NMR at different times. As the-NAC can be a mimetic of glutathione, it was used
in place of glutathione in order to simplify theesfra. These studies were done on AuD
[Au" Bry(dtc-Sar-Gly-@Bu)]. The kinetic profile of the reaction of AgDvith L-NAC in 1:2
molar ratio in DMSO-glis reported irFig. 3.1Q
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Figure 3.10 'H-NMR spectra of the reaction of AyDwith L-NAC
performed in DMSO-g at different times.

It is worth noting that the reagents readtechediately leading to a number of intermediates
not yet exactly identified. After 24 hours the systresulted to be stabilized, and the solution
colour had changed from the initially orange tof@etty colourless.

A comparison was made between'theNMR spectra in DMSO+lof the strarting reagents
(AuDg andL-NAC), theL-NAC oxidation product. e. L-NACy (N-acetyl-cystine), the analogue
HBr-Sar-Gly-GBu (obtained by direct reaction of HSar-Gly-QBu with 2 equivalents of
HBr), and the previously discusséd-NMR spectrum obtained after 24 hours. The Aub
NAC 1:2 spectrum after 24 hours resulted to b@riingly ‘clean’ compared to the ones of
intermediate timedfig. 3.1
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Figure 3.11 Comparison between tHel-NMR spectra of Aulp, L-NAC, AuDg +
L-NAC after 24 hours, L-NACy and HBBar-Gly-QBu.

On this spectrum, no signal related to thigal AuDg or L-NAC was detected, while only
two different species were identificatadNACy and HBrSar-Gly-QBu. Since the-NAC was
completely oxidized ta-NACy, it was hypothesised a reaction mechanisponted inScheme
3.17.

In the first step, a bromide is substituldone thiol-containing molecule leading to the
release of HBr. Successively, a secoAldAC molecule could be coordinated to the metateen
Au(lll) causing the cleavage of the Au-S bond armhsequently generate a monodentate
coordination structure through the C=S group (2).
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Scheme 3.17 Hypothetical reaction mechanism for the reductbAuDg by L-NAC.

Dithiocarbamic acids are unstable and hdnee gropensity to decompose into reagents
hypothetically used for their synthesis, the amisobstrate and the @STherefore, the
decomposition of the dithiocarbamic ligand givesrt®ar-Gly-GBu (3). Finally, the presence
of two molecules of -NAC coordinated atis position could favour the effective redox reaction
leading to a Au(l) derivative {(CSAU'Br}. This hypothesis agree with the few literatdaga,>"°
but could explain the transition between the comipleof the spectra at different timekig.
3.10 and the final spectrum with easily identifiabigrals.

The shortcoming of this mechanism is thefiomration of obtainment of the {(G$Au'Br}
derivative, which have not been clearly proved,netlf®ugh our studies are consistent with this
hypothesis. For this, There are ongoing experimengscertain its existence, as well as studies
of possible consequences of the interaction ofstbhdied Au(lll) complexes and-NAC (thus

with glutathione) in a biological point of view.
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3.3BIOLOGICAL STUDIES

3.3.1Invitro cytotoxicity studies

3.3.1.1In vitro cytotoxic activity assays

Some gold(lll) complexes have been examioedheirin vitro cytotoxic activity. A first
set of experiments was performed on a panel ofetlmeman tumour cell lines. This panel
includes: PC3 (androgen-independent prostate camah Dul45 (human prostate cancer) and
L540 (Hodgkin’s lymphoma) cell lines. For companspurpose, the cytotoxicity of cisplatin
was also evaluated under the same experimentaltmmsd The results are summariziederms
of 1ICsp values Tab. 3.7).

Compound
ICso

AUD2 AUD3 AUDG AUD7 AUD8 AUDg AUDlO AUDll AUD13 AUD14 AUD15 Cisplatin

PC3 6.6 1.8 085 10 055 0.75 16.08 165 5.8 5.8 20 6 2.

DU145 3 2.1 2.0 25 025 14 13 15 4.5 7.3 20 3

L540 ND ND 2.1 3.4 15 1.7 11.8 7.5 4 4.2 20 1.25

Table 3.7 Evaluation of in vitro cytotoxic activity of son&f the investigated gold(lIl)

complexes toward some human tumour cell lines aRdnours. 1G, [uUM].

Exposure of PC3 to increasing concentratmn8uD gold resulted in a remarkable dose-
dependent growth inhibition with kg (the concentration of drug required to cause 5@r&wth
inhibition), 5-fold lower for the more active Aglxompound, than that of the reference drug
cisplatin. As referred tdab.3.7, a similar activity of gold compounds was alsoayled in the
DU145 cell lines. On the contrary, all tested compis were less active than cisplatin against
the Hodgkin’s lymphoma L540.

It is apparent that the trend in cytotoxicgeemed to be related to the peptide length and th

presence of theert-butyl ester seemed to promote a higher activity.
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A second experiment was performed on Aadd Auly in order to evaluate their cell
growth inhibitory properties on the highly metastatestrogen receptornegative human breast
carcinoma MDA-MB-231 cells after 22 hours. As rdpdrinFig. 3.12, AuDs and Aul} have
similar concentration-dependent inhibitory pattertne latter showing slightly higher activity.
Moreover, these results suggest that both compoargsimilarly potent in inhibiting human
breast cancer MDA-MB-231 cells growth as the presig investigated Au(lll)-dithiocarbamato

analogue$’*

MDA-MB-231 cells
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Figure 3.12 Proliferation-inhibitory effect of Aupand Aul} on oestrogen receptor

a-negative human breast carcinoma MDA-MB-231 cells.

3.3.1.2 Ability to induce apoptosis

Apoptosis derived from an ancient Greek wbat suggest ‘leaves falling from a tré&2"
In the contrast to the swelling of the cell anddtganelles that defines necrosis, the principal
morphologic feature of apoptosis is the shrinkafji¢he cell and its nucleus. The distinction
between necrosis and apoptosis is due in part fferelnces in how the plasma membrane
participates in these processes. In necrosis, &gy of integrity of the membrane allows an
influx of extracellular ions and fluid, with resatfit swelling of the cell and its organelfé2°
In apoptosis, plasma-membrane integrity persistd late in the process. A key feature of
apoptosis is cleavage of cytoskeletal proteins $fyyadate-specific proteases, which thereby
collapses subcellular componeft$?®1?®3 Other characteristic features are chromatin

condensation and the formation of plasma-membrietesb
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On the earlier features of apoptosis, ttendiocation of the membrane phospholipid
phosphatidylserine (PS) from the internal layethi® external layer of the cell membrane. In the
presence of calcium ions, Annexin V has a high i§ipgg and a high affinity for PSKig. 3.13,
top). Thus, the binding of Annexin V to cells witkposed PS provides a very sensitive method
for detecting cellular apoptosis.

A population of apoptotic cells may contaiecrotic cells that also bind Annexin V due to
their damaged plasma membrane. To distinguish leetvwagpoptotic and necrotic cells, the
fluorescent dye propydium iodide is used as it caly enter necrotic cells across a damaged
plasma membrane. Staining with fluorescein isotaoate (FITC)-conjugated Annexin V and
propydium iodide (PI) to identify subpopulations otlls with membrane changes and the

associated loss of membrane integrityg( 3.13, bottom).

Annexin V-PE
conjugate
Apoptosis

—_—
Externalization of

Plasma phosphatidylserine

membrane

Cytoplasm

Schematic representation of the Annexin V assay.

SECONDARY
NECROTIC

L

" L,
A APOPTOTIC

e,
=

VIABLE ]

BEEet. - i SRR

FL3-H / PROPIDIUM IODIDE
2

10% 101 102 103 104
FL1-H ! ANNEXIN V-FITC

Figure 3.13. Annexin-propydium iodide apoptosis detection.

Consequently, Annexin V-Propydium iodide wased to evaluate the ability of the

investigated complexes to induce apoptosis in BTR,45 and L540 cells.
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As clearly shown ifrig. 3.14, AuDg, AuD;, AuDg and Auly are able to induce apotosis i

=]

PC3 cells, inducing a significant increase of Arineébinding/propidium staining. For Aufand
AuDg, the induction of apoptosis is greater than tHahecrosis. On the contrary, Agand
AuDy7 induce more necrosis.
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Figure 3.14 Apoptosis induction in the PC3 prostate
carcinoma in 24 hours, at 1d.

Concerning the Dul145 cells, it can be obsegthat AuD, AuD3 and cisplatin have a similar
apoptosis induction profile, while AuDAuD;, AuDg and Aul} are more active in inducing
early apoptosis or necrosisi@. 3.15).
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Figure 3.15 Apoptosis induction in the DU145 prostate
carcinoma in 24 hours, at .
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In the case of L540 cells linEig. 3.16), it is worth noting that AuR AuDg and Aul} are
more active to induce necrosis than apoptosis.
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Figure 3.16 Apoptosis induction in the L540 Hodgkin's

lymphoma in 24 hours, at .

3.3.1.3 Inhibition of proteasomal chymotrypsin-like activity

To investigate if AuD compounds could alswwénthe proteasome as a biological target, the
inhibition of proteasomal chymotrypsin-like activity AuDs and Auly, in a purified 20S rabbit
proteasome and MDA-MB-231 whole cell extract wasdmd. After 2 hours all the Au(lll)
complexes were proved to inhibit the proteasomghddirypsin-like activity of both purified
rabbit 20S proteasomé&if. 3.17 A) and MDA-MB-231 whole cell extract~{g. 3.17 B) in a

concentration-dependent way, resulting again, wd-fmore potent than the previously
investigated Au(lll)-dithiocarbamato analogdés.
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Figure 3.17 Inhibition of proteasomal chymotrypsin-like activinduced by Aulg and Auly, in
a purified 20S rabbit proteasome §A)) MDA-MB-231 whole cell extract (B).

Further studies (still in progress), havesrbereliminary showed that both investigated
Au(lll) complexes induce accumulation of proteasotamgget proteins such as Bax and p27,
indicating that proteasome inhibition (associatehwcell death) by Aul and Auly is

functional and that the proteasome is the majgetar

3.3.2 In vivo experiments

The capability of both AuPand Auly complexes to inhibit the growth of human breast
cancer MDA-MB-231 xenograftsn vivo was investigated. With reference fig. 3.18,
significant tumour growth inhibition was observdtea13 days in tumour-bearing mice treated
with AuDsg. Control grew to an average size of 453 {nwhereas AuRtreated tumours grew to
a much smaller average size, corresponding to $09mhibition. Analogous treatment with
AuDg led to a moderate inhibition of tumour growth (3 %). These result consistent with the
previously discusseih vitro studies, in which Aupwas shown to be more potent than Aub
inhibiting MDA-MB-231 cells proliferation. In adddn, no toxicity, weight loss, decreased
activity or anorexia were observed in mice durihg L3-day treatment (1 mg?kg)er day),
implying a possible selectivity for cancer cellspect to healthy ones. These are preliminary

results and more accurate experiments are stillgogarried out.
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Figure 3.18 In vivo inhibitory effect of AulQ and Auly

on human breast cancer xenografts.



CHAPTER 4. Conclusions 121

4. CONCLUSIONS

This project work was aimed at synthesizing and characterizing a series of Au(lll)-
dithiocarbamato complexes, covalently bound to oligopeptides showing different features, in
terms of amino acids sequence, length, hydrophilicity/hydrophobicity, chirality and nature of the
C-terminal protecting/blocking group, and evaluating the influence of all these factors on the
anticancer activity. In addition, it intended to possibly increase the bioavailability of the
synthesized compounds compared to cisplatin through their membrane proteins internalisation.

A pandl of oligopeptides, from di- to pentapeptides were synthesized and characterised. The
conformation of Aib containing compounds was studied by IR and NMR spectroscopy in CDCls.
A propensity to autoassociation, paralel with the increase of peptide lengh was observed, and it
was demonstrated that the pentapeptide, the longest among all, had afold structure.

The corresponding Au(lll)-dithiocarbamato complexes were synthesized by a template
reaction and characterised by means of IR, mono- and bidimensional NMR spectroscopy, and
thermogravimetric anaysis. All the studied Au(ll1)-peptidodithiocarbamato complexes resulted
to assumed a sgquare-planar geometry in which the dithicarbamate ligand is chelated in a
symmetrical bidentate mode.

The conformation of two chiral Aib containing complexes was studied through CD, but it
was not possible to reach conclusions from the spectra because of lack published data.

The reaction with L-NAC was used to mimic the possible reduction reaction of the studied
complexes by the biological active molecule glutathione, responsible for the resistance to
cisplatin. A mechanism was proposed for the redox reactions occurred and the existence of two
of the reaction products was assessed by *H NMR spectroscopy.

The investigated Au(lll)-peptidodithiocarbamato complexes proved to be more potent in
vitro and in vivo than the clinically used chemotherapeutic agent, cisplatin, and even than the
previously synthesised Au(lll) analogues towards some human cell lines. The cytotoxicity
seemed to be related to the amino acidic composition of the oligopeptide and the chain length. In
fact, Au(lll)-tri- and pentapeptide derivatives resulted to be less active. However, as these
experiments are preliminary, and as the biological behaviour of all the compounds has not yet
been extensively studied, an overview of the influence of the previously discussed factors on the
antitumour activity of Au(ll1)-peptidodithiocarbamato complexesis as yet risky. Nevertheless, in
the in vivo experiments, the studied compounds showed to be somehow selective, since there
was neither toxicity, weight loss, decreased activity nor anorexia observed in mice during the 13-

day treatment.
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In the future, we intend to pursue the full characterization of the remaining Au(lll)-
peptidodithiocarbamato derivatives, extend the biological studies, and deepen the sudy of

interaction with biological active molecules and the proteins.
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