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Abstract

Abstract

In this thesis the successful synthesis of a novel tricyclic scaffold containing éusied)
triazole and piperidi@ will be discussed and furthermore its utility as a new potential

privileged structure will be evaluated.

N
R1\</ °N N-N N-N

7\ | \

$ SEPSlS
N N N N
CO,Et R, R, R,
108 96 97 98

As starting material for the synthesis of the considered scaffolds the commercially available
ethyl 4-oxopiperidinel-carboxylate 108 was used. Piperidon@08 was converted into
scaffolds96, 97 and 98 alternating the ring size (n=1, 2, 3) of the fused bicyclic.riys
tricyclic triazole scaffold was incorporated into known biolodicahctive moleclds
(Sitaglitpin, a DPF4 inhibitor, Maraviroc, a CCH receptorantagonist and GD0941, a

pi3K inhibitor) to test its potential to serve as a new possible Privileged Scafimidugh
scaffold hoppinganalogues with excellent biological activity agaitis¢t chosen biological
targets werachieved
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Abstract

Additionally, the stereoselective synthesis of one of the four possible isomers of the tricyclic
triazole178 was obtained i stepsto give the syntheticallyaccess towards the synthesis of

all feasible enamomeric and diastereomeric analogues.
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Introduction

1 I ntroduction

1.1 Theongoing search for new drug molecules

The drug discovery process involveee ongoing search for methods to make the
identification of new lead compounds astraightforward as possible.This process
establishedover the lastcentury follows a similar procedurecommon to most Pharma
organisationgfigure 1) beforeobtaining an appropriate lead conupa which can be further

optimizedto give a clinical candide.*

Lead

Optimisation Bevelopment Market

2-3 years

Figure 1 Timeline of the DrudiscoveryProcess starting with Target Discovery up to Market Registration

The first stage ofhe drug discoverprocess is the identification ofraedical need and the
diseaseand drug targeassociated with jtwhich has to be examined todoeneaware of all
the possibletherapeutic indicationsf this drug target.In the past this process was carried
out by first recognisinghe active drugfollowed by thedrug targeitself, which therhadto
beidentifiedand analysedlhe whole process wakiven bya hit and miss affair rather than
a rationaledriven application.Nowadaysthe process starts with targeting the dnugjecule
for a specific organ or receptorhe rationale behind thigpproach is the importande

minimise the side effectsutsidethe choseibiological target

The first stegn the target validation phaseto identify a suitable bioassayhich should be
carried outin vitro as well asat a later stagén vivo. In vitro test are preferred ovean vivo
tess due to thecombination ofcog relatiorship and the simplicity foperformingthe assay
as they caroften be automatedHoweverin vivo tess are alwaysessentiako identify the

potential drug interactionsin vitro screeningcan involve celtbased assay enzymes or
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specifictissueswhere @ in vivo test are carried ouwith animals® This is followed by the

most crucial step for a medicinal chemist as it involves the discovery of the actual lead
compound, eedingthe wholedrug discoveryprocess.Therefore different approaches to
accomplishthe discovery of a new lead compounere developedover recentdecades.
Especially the introduction oftomputerbasedmethodswas develogd which allowedthe
prediction of the usefulness and successfulness of leadd compoundsdramatically
decreasinghe number ofscreeningexperiments.Following these approaches lead to a
effective searchof compoundsand an enormous cost reductidghrough minimizing te

number of lakbased experiments

High throughput screenin@dTS) is one of the major methods for finding new lead molecules
in the drug discovery proce3sn the 1990s theraof high throughput screening started and
the design of new compound libresi became a big challenge for medicinal chemisis
novel screening involves a large number of compoumdsch are screened against a large
number of targetsOne starting point for thelesignedcompounds washe Lipinski rule of
five, which isthe ground breaking rulestablished in medicinal chéstry by the group of
Lipinski. This ruleis based orcollectedphysiochemical properties of the drug compounds
recommending thahew drug compoundshouldhave a maximum of 5 donor points, 16 H
bond accefors, a molecular weight less than 500 and the clogP smaller th&edarding
the HTS, acommentary by Maccarron in 2011 confrotiie criticism against the quality of
HTS with the actual accomplishmenfsThe myth that no actual drug compounds are
discovered by HTS was refuted throulisting the marketed drugs which came out through a
discovered leadompoundased on this technologfigure 2). One prominent example is the
discovery of the CCF entry inhibitor Maraviro@ launchedby Pfizerin 2006, vwhich was
accomplished starting witthe HTS lead compound U#05,5431.8

HTS N/<
T

~
N_/

n 9
DT ooy

=N

N

UK-105,543 Marawroc
1

Figure 2 Exampleof the discovery of a drug compound after HTS: Maravi)c (
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Over the lastlO years compound librarider HTS from large pharmaceutical companies
have growm mainly due to newsynthetic chemistrymethods such as combinatorial
chemistry or parallel synthest8 which accelerated the growtfigure 3) of the compound
libraries enormodg. This unfortunatelydid not achievethe considered effect in finding new
lead compounds, buinplicated the problem that these libraries are often not suitable

anymore for new drug targe#sg.new enzymes or emerging protgirotein interactions.

2,000,000 —
. I 2001
=
g 2005
S 1500000 | =
3 [12009
=
3
= 1,000,000
T
'a]
E
2 500,000

{]_

Glaxo sanofi -
; Novartis Wyeth
Smith Aventis y

Kline

Figure 3 Growing compounchumberdn HTS library in four importantpharma companies, adapted frbfacarronet al.,
Nature.com, 2010.

Another approach to find new lead compoundsthis secalled fragment basedirug
discovery, whichevolved over the last decade and is considered as one of the gl
method after HTS. These so <called #Afragmentso are
affinity or inhibitory effect towards a chosen target, which can later be combinetiabis
consideed asinor mal 0 | e & @hereforette fragmetbaseddrug discovery
approachon known targets camprove theaffinity and selectivity of compounds for the
investigatedbiological target. The establishment of #ise fragment based libraries was
proposed to follow a rule of thrEg MWT < 300, cLogP< 3, numbe of H-bond donors: 3,
number of H-bond acceptorss 3) comparedto the Lipinski rule of fiveand different
approachs for fragmentbased libraries were made including SHAP&Nd retrosynthetic
combinatorial analysis procedurdlRECAP).:® In this context libraries with secalled
privileged structures wereproposed All attempts were based on NMR, X-ray-
crystdlographic, high concentration functional bindingassaysor mass spectrometry
approached? The main challengés the conversion of the fragmeritgo a lead compound,

which can be accomplishetirobugh fragment optimisation, fragment linking arnd situ

3
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fragment assembling@nerepresentativexample for fragment optimizatiaa shown inthe
developmenbf compounds targetinthe Jun Nterminal kinase 3IJNK 3) (figure 4) which
was carried out by Vertewhere they screened their SHAPES library using NhéRed
methods Theinitially detected fragments wefarther analysed thuagh competition binding
in the ATP pockebf JNK3 and docking studies to yield fragments which could be further

exploral by introducing new groups to buitde actualead compounds’

Oem e o™ — OO

Kq weak Kd weak Kq 13 pM
3 5

Figure 4 Fragnent based drug discoverfragment optimisation approach on the example of ENK

The fregmentlinking or merging approach is another method used to convert the fragment
into lead compounds, which followa similar principle than the optimization approach by
combining wo fragments to the new leadmpound (figuré). This exampleaepresentshe
linking apprach demonstratedn the FK506 binding protein, whickas achievedthrough

linking the two fragment$ and 7 with a small linker to yield compoun8 resulting in a

@o

compound witha Ko in the nanomolar rang8.

COzMe _\_\ °
o e 00 04©_<
HN OH
MeO Kp 100 uM MeO OMe K, 0.019 uM
OMe 7 OMe 8
KD 2 HM

Figure 5 Fragment linking approach on tegample of FK506 binding protein

In thein situ fragment assemblgpproach, thdragments individually bound to the target
protein can undergo a chemical reaction to generate a compound resulting in a higher affinity.
In this example (figure 6lhe selfassembly approach is shown derivative compounds of
the famousneuramidase inhibitofamiflu (12) marketedby Roche which is used for the

treatment of influenza.
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CO,H
A
©/\/\o . N\\‘ ',/NHZ
9 HoN® 'NH, WH NHAc
10NHAC 13
Do
1
CO,Et
CO,H
J\o\" "/NH2
J\N\“ "/NH2 NHAc
H 12
NHAc
177

Figure 6 Fragment selassembly through neuroamidase on the examplerdfatives offamiflu 12

Chemogenomics is oneelatively novel approach used to findew leads for new drug
molecules® In medicinal chemistry the phrase chemogenomics is related to a search which is
aligned according to the target families rather than to a specific disSHaiseapproach is
directly related to a search for recognizable motifs which are lead stmudturenew
biologicaly active compounds. Thmainadvantages of such an approach arekim@n-how

for a specifictarget classknowledge about thenechanism of @ion and for example
establishedinding modes. It is driven through a similarity orientated search, which means
that the starting poinis from a known biologicdy active compound or drugn 2007
Klabundeevaluates the worsimilarity in this contexiand describes the criterfar areceptor
oraligandto be considered as simiffrThe key point of the chemogenomics approach is the
new proceduréo rathergroup receptarin different common classes themaccount them as
individuals, for exampleson channels, G protetnoupled receptorsGPCR$ or kinases.
Rognan considered in his review that the two basisumptionsor a chemogenomics
approachare thatcompounds with chemical similarity should share the same target and as
well, that targets which dve similar ligand should have similar binding site$he main
difficulties areto measure or to estimate these described similadtidsto find appropriate
descriptorsin the review by Rognan theses descriptors are classified in different dingension
e.g. usingonedimensional descriptorsuch asmolecular weight or atom numb®&rThese
descriptors are usepreferably forpredictiors of absportion, distribution, metabolism and

excretion ADME) properties like bioavailability or solubili§® The most popiar
5
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comparisons using-D descriptor isthe secalled SMILES (simplified molecularmiput line

entry system)approachintroduced byWeininger’®> SMILES is considered to represent a
facile computer languagapproach asraeasily understood chemical language for chesnist
and demonstrated feasibiliagnd dility for calculation of partition coefficients andolecular
refractory in model systemsvhich can be furthermore applied fquantitativestructure
activity studiesThe 2D descriptors are definday characteristicsuch aghe fragment or the
substructuré? The fingerprint method is a commatarting point foidentifying reoccurring
structural motifs.Data as atom coordinates or 3D pharapdores are related to thé 3
descriptors to search for new lead compounds in the drug discovery pRi2eaformation
provides guidance arourféaturessuch as wdrogenbond acceptors-donors or ionisable
atoms.To identify the space which is available imettarget domain the miossightful
attempt is the analysis of the 3D structures througlay<crystallography or NMR studies

with the focus on the ligandbinding site where the structural similarities are the most
commonThe term APrivi |l esuehstructialanbtifsowhidhsame bases brne r s
a similarity approach and are considered to function as useful starting points for new lead
compounds by changing the functionality around the privileged structural motif.

1.2 The Role ofPrivileged Structures in Medicinal Chemistry

As mentiored in section 1.1, small molecules are powerful tsoin the drug discovery
process, bt the process of building new libraries with useful molecwl#sn remainsa
serendipitousipproactf® Reaching e understanding of all necesséegtures of a new lead
compound is still ongoing and therefore new approachesratercontinuousinvestigation
One approach is to focusn a similarity principle, which includethe synthesis of new
fiPrivileged Scaffb d.sTlke t e r Rrivilejed Structured was introduced by Evaret al in
their research arount,4- benzodiazepineand finding tkat this scaffold servedsa ligand

for variousbiologicaltargets(figure 7)%

t
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Figure 7 Drug molecules containing the benzodiazepine privileged scaffold

In their studythey describedthe design and synthesis of novel agdaists of CCK,
cholecystokinin, which is a peptide hormone of the gastrointestinal syisteéh@r series of
benzodiazepine analoguesa8ylamino compounds showed a greater {1000x) affinity to

the CCKA receptor than thie previous reported -alkyl compounds(figure 8)%° Several
benzodiazepine analogyesvhich differ in their substitution pattern, constitution or
functionality, were compared against their selectivity for either th& @C CCK-B, gastrin

or brainbenzodiazepineeceptorDur i ng t hese studies a fAsimil a
compound20 reported in their search and the natural peptide C@&en if this similarity is
not related to its structurézurthermoreit was stated thathe known benzodiazepine,
Tifluodam 22 showedhigh affinity for the opiate receptor as well as a significant affinity for
the CCKA receptor. This lead to the first assumption that thphényt1,4 benzodiazepine
ring systems and similar &amplesof such molecular frameworksan serve adigands for
different receptorsln their conclusion a new approach for the drug discovery progass
found considering a structural framework like thenzodiazepineas aprivileged structure
because otheir nature toserve as a usefulgiand for more than one receptd¥ith this

statement Evan®t al. introduced for the first time thisnew concept of n P
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Scaffoldso, which could provide useful t ool

they can provide a starting point for nagonists or antagonist farvariety ofreceptors.
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Figure 8 Examples20 and21 from the original statement from Evans about privileged Sctructures. Tiflud&m (
representanother benzodiazepinghich can serve as a ligand for more than one receptor.

Privileged structures are an importamd growingtopic in medicinal chemistry as they are
considered as a useful concept for the design of new lead compounds for the drug discovery
processlin a review about Privileged tBuctures in drug discovery by DeSimone in 2044

was stated that in an analysis twe group ofMurko using known drug molecules it was
found that out of the @proximately 5000 drug compoungsl100 different frameworks
existed Futhermore itwas pointed out that 32 of these frameworks are found in around 50%
of the drug molecule®. The definitionof a privileged structuraccording to Klabunde and
Hesslerisa A s ub st r uexhihitingestrang mefeferncéfiod a particular eea of the

t ar g e t? Thepnain écus in medicinal chemistry is to design, discover and symthesis
new biological active molecules as well as the analysis of the factors involved in the structure
activity relationship including interpretation of the kecular recognition of the drud.
Understanding of the phareekinetics especially absorption, distribution, metabolism,
excretion and toxicity (ADMET) of a drug is of great importance in medicinal chemibtry.
areview by Liu et al in 2011theyinvestigate the correspondincADMET data related to
popularknown bicyclic privileged structural motifS.In conclusion theyointed out that the
key factors related to the effect of absorption ametabolism are the ALogP, hydrogen
donors, the polar sudce area (PSA) as well as fraction of the polar surfacerareapect to

the total surface area (FPSA) and the number of chains assembled flda)ew concept of

the privileged structures hdsad a significant impact in the development in Medicinal
Chemistry, which is wellillustrated bythe growing number of literature articldealing with

this new concept gbrivileged structuresA privileged structure is not only scaffold;it has

to have a certain grade of functionalization to be consideredwdleged.

S
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But what makes a structueefiprivileged € a f ? &vhad @re the characteristic tig@s of a

privileged structurePlow is a privileged structure defined and wimatkes itprivileged?

Muller et al.reveakda statement in their discussion about privileged scadfthét this term

belongs to suls t r uct ur al el ements of compounds At h:
receptoro indifferent from the targetetfamil
al.*® Therefore the question arises how the difference between a frequent hitter and a
privileged structure can be distinguished and is up to date an ordjegugsionwith many

attempts to clarifyFor examplestudies for releasing reoccurring structurattiis compared

to theirin silico profile to directly target the molecular diversity spat€his was the starting

point for finding these privileged structures in known biolodycactive moleculesOne

example is the 2aminothiazole core structural nifowhich is reoccurringin several

biological active mleculesfor clinical as well as peinical drug candidate¥.
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Figure 9 Biological active molecules containing theafhinothiazole scaffold

This 2aminothiazole scaffold (redjfigure 9) whichserves as a privileged scaffpkhowed
no evidence in only being active in one target familly activity ranges from enzymes to
GPCRs.n a recent paper b$harbiaet al the 2aminothiazole privilege structure was used
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to find new antimicrobials targeg methicillin resistanStraphylococcus aurey#RSA).*

Their approach was based on using this kn@waminothiazolestructural motif as starting

point for a new potential antimicrobial as it was seen to be successful over the last decades
especially fotargeting GPCR% They chose fotheir studies the-Aminothiazole scaffold as

it is known to revealamongt others antibacterial activity* In their screening assay they
found promising compounds as new leads against MRSA strains, pioeddthe utiity of

a known privileged structure to be a good starting point for new lead compduaraisview

by Bondensgaarcet al they examind the potential ofseveral class A fami\GPCRs to
recognize a privileged structure motifAs the GPCR family representhe largest biological

target clas¥ it is obvious to examine iteoccurringprivileged structuramotifs as it would

have a major benefit to identify dke privileged structureas potential starting poistfor
targeting several GPCRs.One exanple for such an approach was the discovery of new
ligands targeting the growth hormone secretagogue receptors starting from compounds
discovered byother receptor screening prografiigure 10)*’ In their study to find new
growth hormone (GH) secretagoguie starting point wake known compoun®8, where

the incorporated spiropiperidimegionrepresents a privileged structure as it functias a

ligand bothfor oxytocin and sigma receptorndsingthis approachthey discovered their lead

compound29 by modifications of compoungs.

0
HN
s,
N
HN
; ;>—’<\ 28 29

Figure 10 Example to start with a known privileged structdBgo build a new lead compour2®

A rational behind these reoccurring structural motifs istth@iGPCRs are considered to have
acommonbinding pocket featureshich canberecognized by these privileged scaffol@ikis
hypothesis was investigated throughalysis of pairs of privileged structsreontaining
ligands towards different receptors regarding their binding m&itsdensgaardcet al.

examined in their study several privileged structuaegeting differenGPCR receptor types

10
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for examplespiro piperidine indane analogu82-33 and the Zphenyl indole containing
compound80-31 (figure 11).%°
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Figure 11 Structural motifs of twdPrivileged Structures incorporated in molecules targeting various GPCRs
Analogue30 is a known5HT6 inhibitor and compoundgl is targeting the MC4 receptor,
both consisting of th@ phenyl indole privileged structurEor the analysis both compounds

were daked into a model of its corresponding target recefigure 12)

PheVI.498 4
33

Figure 12 Analysis of the docking pose of compour3s33in the corresponding GPCR binding pocdapted from
Bondensgaardt al. (Ref 35)
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In both receptors the indole fits welltine bindingpocket forming interactions with Phe V47,
Phe VI 44 and Trp VI 48In both compounds the aromatic part and the alkyl chain
pointing in the same directiongthin the active pockedf the receptors, which results in the
same interactiomand fittings in their binding pocket Regarding the ligands bearing the
spiro-piperidineindane privileged structure motif32-33) a simila docking pattern is
detectable, where this moietyteracts with Phe V47, Phe V44 and Trp VI48most of the
GPCRs he ligand binding pocket lies between tihens membraneg(TM) 3, 5, 6 and 7
which was revealed through mutagenesis studies and is a common.¥éatneir study
showed that all the docked privileged scaffoltte situatednto the same region of the
receptor;however some supockes can only accommodatearts ofa scaffold, which is the
limiting factor for a privileged structure targeting the complete GPCR class A family.
Nevertheless their hypothesian aid to design ne@PCRreceptor agonister antagonists

for future medicinal chemistry project&.review by Schnur et al. deals with the question if
target family subsructures are really privileged. The rationale behind finding these so
called privileged scaffoklis thattheyare considered tprovide a more reliablstarting point

for new compounds in the given target fanaky described previous for the growth hormone
segregatogued hey should include thmajoradvantage to minimize the off target effdet.

the review by Schnuret al. severaltarget family classes were studied using different
substructures mainly derived from GPCR databases to examine their occurrence for other
target classesAs target families for example of GPCRs and ion channels are relatively
similar in theirstructure notmany of the investigated substructures were privileged for its
considered target class, which could result in undesired off target effecthiegoodside

the samesubstructures can serve for libraries to screen a variety of different taspeth
results in considering the term privileged structure as Evans and Patchett described it in their
early discovery® Neverthelessa substructure can lmenvertedo a privileged structurenly

targeting one target famishowing in the example iigure 13.

A further approach using privileged scaffolds in the design of new lead compound is the so
called 4Point Pharmacophormodel. In their research towards a new method to design
combinatorial libraries Masoet al introduced the 4oint pharmacophore modeking
privileged scaffolds as starting point for library synthé5igheir approach was based on
known GPCR privileged structural motifs and described a novel modification ofgbantd
pharmacophore model to force one pahthe pharmacophore model be associated with

the privileged structure, which all@the designof newchemicallibraries(figure 14)

12
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Figure 13 An example of a Privileged Scaffold which shows activity only in one target f{@GPCR)
The focus was on maintainingey featuressuch ashydrogen bond donors or acceptors,
acidic or basic entres anchydrophobic or aromatic regions the chemical structurdhe
consideratiorof the chirality in the 4oint pharmacophore model was found to increase the
selectivity for different tarets.

D Privileged Feature

(centroid) .
Total 4 point pharmacophores

with privileged structures: 1569
(10 distance ranges)

< Hydrophobic region
(centroid)

Aromatic ring
(centroid)

Figure 14 Example of the $oint pharmacophore model on the compound MDDR14(B@8 41)

In the example of the biphenyltetrazole privileged structural moticompound
MDDR140603)in figure 14, the privileged feature was forced to one point of thmoiht
pharmacophore, where the otlpaints are set in a relative measure for molecular similarity
or diversity. The design of newampounds for a new series is lomger only lased on 2D
structuralparametergesultingin much more structural diverse molecul&egarding the
ligandreceptor sitein their studythey had a closer look at the closely related serine
proteases: trypsin, thrombin and factor Xi@on aplying the 4point pharmacophore model

an increased selectivitior one of theenzyme was observed.This approach was further

13



Introduction

applied to builthg a new library of compounds based on theoit pharmacophore model
including the privileged stictural motif of biphenyltetrazold5 (BPT). BPT was chosen as

privileged structureand by applying the Ugi reactiona library of 4032 compounds was
synthesisedfigure 15)*

R,COOH + R,NH, + R;CHO + R,NC

-
H,N N._ _NH
Rz (0] R2= O
N @
N
hig N
(o) R; 35
34

Figure 15 Schemes for building a compound library based on {peidt pharmacophore mod@tef. 41)

With this study they couldgrove the usefulness and effectivenessnitiate new drug

discovery projecon the basis of known privileged structural motifs.

1.3 Examples of known Privileged Structures

The closer lookon known Privileged Structure libraries showed tihabdst of theknown
Privileged $affolds are of heterocyclic nature with different ring sizes, number of
heteroatoms and grades of substitutigure 16)*®
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benzodiazepinone 36 isoquinolinones 37 hydantoins 38 pyrrolidines 39
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" s ™
Ry~ N\ Rs 1 W /,/jr‘q
Ry o7 \—COH
N R; R, =
R4 R
imidazoles 40 isoxazoles 41 dihydropyridines 42 B-lactam 43

Figure 16 Known Privileged Structureadaptedrom Kubinyi and MuellerChemogenomics in Drugs Discove2p04.
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1.3.1 The classical pharmaceutical textbook examplea tricyclic diphenyl scaffolds

This tricyclic scaffold is the classical example of a privileged scaffattargets a variety of
different biological classes. It is an extraordinary example gamgle scaffold, whiclfwhen
undergoingminor changes in its structural functionality and conformational substijutaon
result inmore than 150 drugshich wereapprovedoverthelast decade¥ Included inthese
drug examplesis Zyprexd& 44 (figure 17), one of theblockbustersof 2001 which is a
compoundfirst marketedby Eli Lilly in 2006for the treatment of schizophrenia and bipolar
disorders.

R A
A o .

Zyprexa (EliLilly) Amoxapine (Lederle) Minaserin(Organon) Amitriptyline (MSD)
neuroleptic 44 antidepressant 45 antidepressant 46 antidepressant 47

Figure 17 Examples of marketed drugs containing the tricyclic diphenyl scaffold

These four examplaright lead to the conclusion that a target family correlation is emerging,
dueto the factthat all the compoundsiemonstrate biologicalctivity towards the classical
neurotransmitters binding GPCRs. This occurrence is misleading as a further investigation i
the literature reveals that this privileged scaffold is presented in different structures which
reach from discoveryproductsto launched compounds for a variety of biological targets
(figure 18).

1.3.2 The biphenyl substructure- a Privileged Scaffoldoronlya A Fr equent Hi tt e
One of the most discussed scaffolds is the biphenyl scaffold which is incorporated in nearly

5% of the biologicdy active drugs. Fesikt al had a closer look at this substructure in their

NMR based protein binding analyéfsThey staed the biphenyl moiety as a privileged
substructure as it was one of the 12 identified fragments in active compounds which showed
binding to around 50% towards a varietytbé screenegroteins. It was recognised that
depending on functionality the biping@ moiety binds to different target proteifiggure 19).
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Figure 18 Examples of tricyclic biphenyl containing compounds showing biological activity towards different target classes

Fesiket al. explained the rationale behind the potential of the bigheoiety as a privileged
substructure igefined byits usefulness to interact with aromatic and hydrophobic residues as

a known feature and as well its capability to interact with polar groups.

Cl
- Oreon wel))on
Cl
DNA binding domain DNA binding domain
HPV-E2: 0.06 mM HPV-E2: > 5mM
VEGF:> 5mM VEGF:> 5mM
58 stromelysin: 0.02 mM
59

Figure 19 Effects of functionalization on a knowprivileged structure towards different biological targets
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Only the fact that the biphenyl structure shows a higher success rate towards the chosen
protein targets in comparison to other aromatic systems was suprising but could be explained
through the necessary flexibility criteria, which is missing in substructures for example
naphthyldue toits rigidity (figure 19).

1.3.3 Azo Heterocyclic Privileged $affolds

Several heterocyclic scaffd@re considered as privileged structigentaining one or more
nitrogers. For examplahe scaffolds indole 60, quinolone61, isoquinoline62 or purine63
are well known moleculeas part of highly active and structural diverse molecyfezure
20).%

H H
" b T
Indole Quinoline Isoquinoline Purine

60 61 62 63

Figure 20 Example of Nitrogen containing Privileged Scaffolds

The compounds listed ifigure 21are example of known drug and natural produstwith

the same incorporated privileged s eccaffoll ol d.
vary extremely and the illustrated compourds targeting a variety of diérent biological

targets starting from antdepressie to antiviral compounddg-or example Oxypertiné4is a

known drug molecule bearing the indole substructure and is usechatidepressant for the
treatment of schizophrentd.The natural product Naodione A65 consists as weof the

indole scaffold ands appliedas a mitotic spindle poisdfi.The possiblediversity for all
biological target shown in figure 2is demonstratedven if they allareincluding the same

privilegedstructure in the drug compound as well as in the natural prétuct.
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Figure 21 Examples of nitrogen containing privileged structures incorporated in biological active comp@lungs

molecules or nature derived
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1.3.4 Oxygen containing Privileged Structures

As shown for the nitrogen containing heterocyclic compoundgure 21 there are several
heterocyclic privileged scaffolds known containing oxygen atoh@ncemorethey can be
natural producterivativesor pharmaceutical drugs (figu?). For examfe the coumarin
substructure serves as a ligand incorporated in the structure of the drug Foléontoth
is a capillary protectant. Additionally this structural motif is found in Suskud8€fiwhich is

used asmanti HIV agent.

Drugs Natural Products
o )\N o MeO
N Ny
/ "o WO
Benzofuran 72 / o
Befunolol Eupomatenoid-5
antianginal 73 anti fungal 74

° 1
Z NC -~ YOH
3,3 dimethyl- fo)
benzopyran75 (_/\é
Levromakalim Acronycine
antihypertensive 76 antieoplasctic agent 77

o Yo HO =
Coumarin 78
_o

Folescutol Suksudorfin
capillary protectant 79 anti HIV 80

Figure 22 Examples containing privileged substructures containing oxygen atoms
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1.3.5 Rhodanines: Privileged scaffold or promiscuous binder

A morerecent reviewby Klein et al.is dealing with the questiowhether a new scaffold is a
new privileged structurer apromiscuousbinderis the example ofhodaning84) and related
5-membered ring structur¢81-83) (figure 23).*

HN HN HN HN
NH
B A A AV
83 84

81 82

Figure 23 Structural motifs of Rhodanines and related 5 membered ring systems

The positiveversusthe negative effect of the affinity to certaiargetswas investigateds the
structure motif of thdive membered mukheterocyclic ring compounds (FMMihowed a
relevant presende leading medicinal chemistry publicat®rn the group of Kleiret al.the
rhodanine motif was tested agairsstvarety of enzyme targetsiwo serine proteaséor
dengue viruandthrombin from bovine plasma, a bacterial transferase and a metalloprotease.
In their studies they came to the conclustbat theses membered ring structural matif
possess a distinct matmolecular interactin profile especially if an aroatic substructure is
attached. They explained that the rhodanirecaffold should not be considered as a
promiscuous bindeand is suggesteabtto be regardeds a unspecific binder. Nevertheless
Klein etal. draw the attention towardpecial requirements in the usefulness of the rhodanine
scaffoldsand to judge their eligibility as a privileged structure, whereas their affinity should
be in the lower nanomolar range to be considered for the chosen tasgehe of the
negative aspects of rhodanines is mentiorddted toan insufficient selectivity profile,

which on thegoodside means the identification of a new lead could be accelerated.

1.3.6 A versatile privileged structural motif: 8- hydroxyquinoline

Theprivileged structural motif of the-Bydroxyquinoling(8-HQ) is characterised through its
broad pharmacologitarofile. In a review by Liuet al.in 2015 the &ydroxyquinoline was
presented and its pharmacological profile was evalfafede 8HQ motif showed excellent
biological activity as a part of molecules to target a variety of biological relevant areas (figure
24).
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Figure 24 The broad pharmacological profile o8

The 8HQ was found in compounds which were used as neuroprotective agents, anticancer
agents, inhibitors of -Bxoglutarate and irordependent enzymeschelators of
metalbproteins,anti-HIV agents or antifungahgents. The review by Liet al. showeda
detailed analysis of the effect of theH8) group towards theariousbiological targetgfigure
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Figure 25 Compounds bearing thelQ motif as a privileged structure
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With unmet medical nesdor conditions, such aslzheimer and Parkinsodiseasepr the
resstance occurring in the therapy against Hitlle 8HQ represents aseful privileged
scaffold for compounds addressing urgent medical needs. The anticancer agent JLK 1486
(89) wasfurther evaluated in that reviewd its mode of action was showmhich follows a

two steps procedure to form the alkylating speciéigure 26)(93).*
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Figure 26 Mechanism of action dheanticancer agent JLK14889) possessing the-BQ structural motif

In conclusion the #Q scaffold was shown to be a startiqgoint for introducing new
functional groups for medicinal chemists for new target oriented synthesis (TOS).

The drug discovery approach using the introduced topic of the privileged structural motif
opens a promising, facile and reliable starting poinfinding new useful lead compounds
capable of given access to a diversity of biological target classes. On the other side it is a
topic under ongoing debate in theedicinal chemistry literature. As mentioned in chaft8r

there are several factors (promiscuity, frequent hitter etc.) why a structural motif cannot be
considered as privileged as these could result in false positive hits. In articles published by

Jonathan Baell the topic of PAINS (pan assay interference cordppwas introduced
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referring to molecules which will give false positive biological activity due to misleading
interactions with the actual biological tard&tin his papers he described an approach
towards the identification and subsequent removal o$ethgtructural motifs to receive
reliable results in biological screening. He reports that the occurrence of PAINS was mostly
found in academic medicinal chemistry research as the drug discovery compound design does
not always take into account certain Highecommended filter criteria, suchs those
outlined by Lipinski® The problem arising from this unguided drug discovery research is the
failure in identifying an appropriate hit compound that depends on a specific interaction
between a drug and a targebtein. This misleading research can result in compounds that
appear highly active and could therefore lead to an enormous waste of important research
time and budget. In its Nature article Baell and Walters highlighted the PAINS (shown in
figure27)ast he fAwor st of fender so, and identified

well known to give false positive biological rests.
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Figure 27 Known PAINS andrecognised structural motifs in PAINS according to Bag#l*°
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When those chemical strueces shown in figure27 appear in a new hit compound
carefulness is required as theguld be considered as molecules waitih the requiredpecific
biological activity. As the biological screening and drug discovery process made its way into
acadent labs’t he aut hor6s suggest rdqhiradtoimpevetheai n f i
quality of the researcloutputs, resulting mainly from lack of drug discoveryexperience.
Thereare several articles dealing with the topic of assay interfering comparomdpounds

which contain certain unwanted structural motisich are most oftennrecognisedeading

to the pollution of the scientific literaturevith false promising hit compounds. False positive

hit compounds can interact with proteins by forming agategyor can show a genenmbn
specificactivity against théargetprotein. Functional group filters can be applied to eliminate
thesecompounds from assagarly on in the proceds increase the lealike quality of the
screening hits Another problemwhich can deliver false positive compounds is their
interference with the actual assay signalling, which represemtofthe biggest challenge

In a review by Baell some criteria were published to identify PAINS from true active
compounds, which shoulgrovide information to be able to carry out effective research and
appropriate spending of research moffeJhe selection for filtering started by removing
compounds, which showed around 85% similarity to another compound (measured by the
Tanimoto coeffieent) and furthermore applied published data to exclude certain functional
groups (for example: halides substituted, alkyl sulfonates, anhydrides, peroxides, isocyanates,
triflates, positively charged atoms et retained certain functionalities evenhéy are not
recommended (oximes, hydrazones, anillines etc. Only a few of~7B800 screened
compounds showed a hit in more than one assay, which resulted in the second filter criteria to
exclude compounds with activity of more than 85% in four assysy eliminated known
problematic substructures like rhodanines, quinones -amikothiophenes and applied
further filters targeting individual occurring substructures. Furthermore his group started on
the optimisation of screening assays to eliminates fadsitive compounds which can arise by
covalent binding to the protein, bimg to many sites on the proteicpmpoundsorming
aggregates and compounds which absorb light in the assay relevant wavelengths. One
example of a PAIN is rhodanine, which was ntiened before in chaptet.3.5 and its
potential was evaluated to be a privileged structure. This structural motif appeared as a highly
promising active compound multiple papers from around 300 different organisations with
more than 250 with from an ademic background. Rhodanines are known to undergo a light
induced mechanism by which they can modify proteins irreversibly, but thissfawbstly

ignored in the evaluation of the rhodanine scaffelten seen in active hit$n conclusion
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Introduction

the topic of grivileged scaffold is a highly discussed and a critically evaluated starting point
for the drug discovery process. As mentioned in the previous cHapteany recent reviews

are dealing with this topic and their advantages for good starting pointefioichemical

leads for drug discovery. On the other hand a critical evaluation has to be carried out about
the biological dependenceof certain substructuresvithin the hit compounds Some
substructures are present in a higher number than othersasminclusion they have a
greater chance to be recognised as positive hits and to be considered as privileged structures.
As discussedthe occurrence of false positives can result in a misleading picture of certain
substructureto be considered as a priviksd) structure. Furthermara critical point is the
evaluation of achemicalstructure to be privileged by considering more than one target
family. Nevertheless, by the necessity of applying critical filters and a more critical
evaluation to examine the poitial of certain substructures for their ability to be a frequent
hitter or to act promiscuous, the author of this thesis believes that privileged structure can
exist, due to the results of this thesis by showing a new scaffold with an interestingapotenti
against a variety dbiologicaltargets. One critical point is the diverdgemical modification

of this scaffold to be able to evaluate the influence of the scaffold itiselill be necessary

to apply certain criteria evaluated and described byl Baaliminate the chance dihding

false positives. After the examination of a new scaffold described in this thesis and the
occurrence of biological activity in a variety of biological targets the consideration of this
scaffold to be privileged is validThe scaffold showed that it is not promiscuous by not

showing activity in biologicatounterscreeing.
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2 Aims and Objectives
The aim of this thesis was to design and synthesize a series of new trscgdfimds, that
contain piperidine and substituted triazole functional groups, which are known structural

motifs in many biological active molecules (figur@) 2
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Figure 28 Examples of trizaole and piperidine containing drugs
The triazole and piperidi@ moiety are linkedhrough athird ring, which will allow a

decreasen flexibility of the tricyclic ring system, which furthermore enables the sysnthesis

of constraint analogues of known biological dr{iigure 29)
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Figure 29 Tricyclic piperidinetriazole scaffolds differentiating in the ring size of the connecting ring

The scaffolds should be synthesized to allow functionalisation in the two posit@msl iR
for introduction of a variety of substituents. Furthermore, the scaffold synthesisl dfeoul
convergent to allow exploration of different ring sizes within the connecting ring between the

piperidine and the triazole part of the tricyclic scaffold. The substituted triazole group should
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be introducedria the reaction of the thiolacta®® and tte corresponding hydrazide (scheme
1). The thiolactan®9 should result through reactioof the lactam105 with Lawessons
reagent. The lactartO5 should be available through hydrogenation of the corresponding

aminoesteflO0precursor derived from the stadiketonelOl
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Schemel Proposed retrosyntttieal plan for the synthesis of the tricyclic triazole scaff@698
It is proposed that these scaffolds could be incorporated into known biologically active
molecules or marketed dys through scaffold hopping by attaching new residues to the
nitrogen atom of the piperidine ring system. This coupling should be done through either a
reductive amination or amide coupling reactions using standard reaction conditions (scheme
2).
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Scheme?2 Coupling approaches starting from novel tricyclic triaztd@
Furthermore, the newly synthesised analogues should be screened against the biological
target of the parent compound to test our hypothesis for the usefulness wicyelic

scaffolds as new privileged structures.
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3 Design and Synthesis of a novel tricyclic triazoldased scaffold

The aim of this PhD project was to establish a reliable routgnthesisea new tricyclic
scafold which could be used in the application for medicinal chemistry projects. This
scaffold wasdesignedto incorporate triazole angiperidine rings which arecommon
features in many known biologically active compourid$he retrosynthetic plan for this
scaffold was to synthesise the triazole portion of scaf@@iding in the final step of the
sequence, through reaction of the corresponding bicylic lag@swith the corresponding
R>-hydrazide The lactaml105 should be synthesised through ring closumnetiee alkylated
aminel06through acid or base catalysis or through direct ring closure after hydrogenation of
the protected amind06. The sequence starts from commercially available ketddie
(scheme 3).
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Scheme3 Retrosynthetic approach to yield triazole scaffeéd

3.1 Synthesis of the [6.5.5] tricyclic scaffold

The synthesis of the [6.5.5] membered scaffold started with the commercially aveilaple
4-oxopiperidinel-carboxylatg(108). The first step was the comgen of piperidond.07into
alkylated ketonelll which was more challengng than expected as thalkylation step
required some optimization. Ae first attempt using benzylpiperidonel09 and
ethylbromoacetatd 10 as the alkylation reagent was carried dadtm a known literature

procedure by Romanelét al®?

but after several attempts provedsuocessful The same
alkylation conditions using piperidordi®8was furthermore unsuccessful. After chanding
alkylating reagent ttert-butylbromoacetatél14), and using hexamethylphosphoracidtriamid
(HMPT) as a solvent additive and additionally increasing the equivalents of base (LDA), a
satisfactory yield (50%) of ketoestéd5 was obtained® (Scheme 4) HMPT is a known
aprotic organic solvent for increasing thgeld and the conversion rate through its

solubilizing effect.
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Scheme4 Alkylation of ketoester403-109

Utilising the same optimized reaction conditions, piperidbd@and ethylbromoacetatElO
delivered the ethyl estdrl2in a moderate yield déss tharb0%,asthe purity was shown to
be low. In the meantime, one attempt was started to synthesize the alkylation prathet
enaminel16, which is a compound known from a patent by Novartis on kilogram>4chie
this appoach was postponed after achieving results by using LDA as a base (Scheme 5).

o 1 > N"  1.110 or 114
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Scheme5 Synthesis route through enamih#6

One attempt teynthesise theert butyl esterl15through the enamine rou(8cheme 5was
made, but the yield washown to bdower than with the LDA rout¢Scheme 4pandit was
shown thatthe formation of m undefined byproduct was dominating in this reaction

sequence.

The next step was the incorporation of the nitrogen functionalitychwhias trialed using
tert-butyl ester115 sodium triacetoxyborohydrid and ammonium acetat®llowing the
procedure by the group of RomanéfliUnfortunately, none of the attempts to establish the
amine group directly was successful and therefore agteat@mine function was introduced.
The first attempt was to install a hydroxylamine using hydroxylamine hydrochloride and
pyridine under refluxing conditions in methanol, but this attempt did not deliver the desired

product (scheme 6.

29



Design andSynthesis of a novel tricyclic triazole based scaffold
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Scheme6 Synthesis of Hydroxylamingl7

The next approach was the traesterification into the methyl est&f8 starting from ketone
115using a basic as well as an acidic method to enable access to thellastanough acid
catalysed cleavagef the tert-butyl ester functionality. The basic variant using NaOMe and
MeOH at reflux resulted in decomposition of the starting mat#fi&| but the acidic variant
using aqueous 6N HCI in MeOH delivered the desired methyl #3&m a yield of 86%
(Scheme 7).

Ph

o NHZ
OtBu MeOH, HCI OMe
5
Gd rt, 86% N NaBH(OAc)3
EtO E0" N0 118 DCE, rt, 1-2 d, 120

EtO 121

Scheme? Conversion of compountil5into methylested18and subsequent reductive amination

It was proposed that methyl estet8 could be converted into the lactasystem105 using
ammonium acetajgnowever, this reaction failed. As a consequence, it was decided to try the
reductive amination with an alkylated amine instead of ammonium acetate and methyl ester
118 should be used as the keto compound for the reductive amination to compaa0rmuats

121 (scheme 7). The first attempt was the reductive amination using benzylab®@mndich
proved successful and benzylamink20/121 could be synthesizel. Unfortunately, the
cyclisation was not reliable, the first attempt showed no cyclized pra@dcthesecond try
showed mostly120 and the third showed a nearly one to one mixture of cyclized compound
121 and the open form20. Some attempts (heat, acid, base) were made to accomplish the
ring closure for all material, but none of the attempts deliverelésared outcome. The
cyclized materiall21 was used to trial the benzyl deprotection to yield laci&% which

was not feasible under standard hydrogenation conditions using Pd/C in méthanol.

Therefore a second approach for synthesising the desired la&nwas used. The

procedure startedith tert butyl esterl15 which was converted using a reductive amination
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with sodium triacetoxyborohydride in 1,2 dichloroethane to the benzylamiz@
Afterwards, lhe benzylamind22was converted into the methylesi&3as its HCI salt using
MeOH and 6N HCI (Scheme 8).
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Scheme8 Synthesis route to bicyclic lactah25

Finally the ring closure reaction was attempted throughdgairation using Pd/C in MeOH,

which led to the isolation of compoud@4again as the HCI salt (scheme 8).

e) 0] 0] (0] O 0]
HN HN H[\l’/< HN’< HN’< HN
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CO,Et CO,Et CO,Et CO,Et CO,Et CO,Et
125-2 125-2a 125-2b 125-1 125-1a 125-1b

Scheme9 Both enantiomers afachcis- isomerl25-2 andtrans isomerl25-1

Unfortunately, during these reaction conditions the salt did not lead to ring formation,
therefore compound.24 was stirred in MeOH and potassium carbonate to remove the
hydrochloride acid and after purification, the clean compol@siwas obtained and dot

isomers ¢iss (1252) and trans (1251)) could be separated through column

31



Design andSynthesis of a novel tricyclic triazole based scaffold

chromatography, which are shown for simplicity as only coseand ondrans enantiomer

(compare Scheme 9).

Unfortunately, the relative configuration for the separated geamestrmers could not be
determined absolutely through 2D NMethods using NOESY (FiguB®). This was due to
the observed overlap in thdMR signals associated with-A and H3, which are both

coupling to H2, masking the visible coupling constants betwde2 and H7.

3.0 25 2.0 1.5 F2 [ppm]

Figure 30 NOESY spectra of one isomer b25

As a consequence, the separated isomer was submitted for single cryatalaXalysis
demonstrating that this isomer to be thens connected isomer, therefore the other isomer

was known tde the cis isomer by inference (Fig@®.
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Figure 31 The contents of the asymmetric unit of isorh2b-1 showing (& themajor disorder component (with
atom O15A) and (bthe minor disordecomponent (with atom O15) in separaiews. Displacement ellipsoids
are drawn at the 50% probability level.

Compoundl25-1 was recrystallized slowly from ethyl acetate to afford crystals of sufficient
quality for structure determination. The compound was found to crystallize in the
centrosynmetric space group,E/n, with one molecule in the asymmetric unit. Interestingly,
the fivemembered ring is disordered over two possible positions, so both enantiomers are
represented in thasymmetric unit due to the piperidine ring flip. In this cabke, overall
packing of the crystal appears to be driven by the interactions of both the carbamate and the
lactam functional groups. The molecules form hydrelgended dimers, which pack in a
classic herringbone fashiofhe piperidine ring in the crystabh a chattike conformation

and the C8015/C8A0O15A bord lengths [1.234 (5)/1.237 (4)°Aare in the typical range.

The N3C4-C3/N9-C4-C5 bond angles are 112.06 (15)/109.21 (16) and thR€EC4/C7A

C5-C4 bond angles are 98.9 (2)/100.46 (18). The toraimmies are synclinal for @Z3-C4-
N9/C7A-C5-C4-N9 [36.2 (2)/34.4 (2)] and CZ3-C4-C5/C6C5-C4-C3 [62.8 (2)/63.0 (2)].

With the antiperiplanar torsion angles of 158.0 (2)/157.79 (19) fe€C8TC4-C5/C7ACS

C4-C3 and 175.51 (15)/176 (16)for C2-C3-C4-N9/C6-C5-C4-N9, the antiperiplanar
positon of atoms H4 and H3, and hence tlative stereochemistrgf the molecule was

determined?®
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Figure 32 The herringbone packing of isomE25-1 in the bc plane

The next step was the conversion of eacimioof lactaml25into thiolactam126 through

reaction with Lawessons reagent in an excellent yie@Pef5%>°

0 S O
HN Lawessons HN,{ Lawessons HN{
reagent - (H reagent 6\
N toluene, 20 min, N toluene, 20 min, N

HN
N
//K 125-2 reflux, 95% //k 126-2 A 125-1 reflux, 92% )\ 126-1

O" OFEt O" OEt O" OEt 0~ OEt
Lawesson's ﬁ/s\
reagent: MeO@P\ /ﬁOOMe
Ss
Schemel0 Synthesis of thiolactah26u s i ng Lawessonds reagent

The next step was the conversion thiolactams126-1 and 126-2 into the triazole129
(Scheme 11) using the high boiling solvent cyclohexanol and acethydraiZafe®Y
However, compoundl29 could not be isolated from the reaction mixture due to the
complicated removal of cyclohexanol during the purification procese @yclisation
reaction was performed using acetic acid, which showed conversion to the required product
via mass spectral analysis, forming first the open-ayahic intermediatel28 and showing

finally the desired product mass of triazdl@9. Unfortunatly, the crude NMR of this

conversion showed no evidence of the desired compal2@ The attempt using

34



Design andSynthesis of a novel tricyclic triazole based scaffold

acethydrazide127) in toluene under reflux delivered again the open form, but the attempt
through addition of TFA to accelerate the formation of tli@4@9 via facilitating the water

elimination resulted in decomposition of the intermedi®@

O_ H
S SN N.
HN )OJ\ 127 N AcOHor —~ N
NHNH, N

HN TFA

-
V126 N

N
OAOEt A A 0

0~ OEt O OEt

solvent, rf

Schemel1l Formation of triazole compouri®9starting from thiolactar 26

After unsuccessful direct ring closure to triazdl29 it was tried to establish afh,3,4
oxodiazole system which should simplify the final ring closure to triak@8(scheme 2).

This attempt used compourd@3 as starting material which was treated with acethydrazide
127i n et hanol , but di dndét c on ¥3B6.Askeconthtty wast h e
made using the corresponding acid to methyledi28 and to couple this acid to
acethydrazidd 27 using standard conditions EDCI and DMAP following formation of 1,3,4

oxodiazole using polyphosphoric acid (PPA) was furthermore unssfotein yielding

compoundL35.
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o //ﬂ\ N ~N
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Schemel2 Second approach to install triazole system

Another approach to yield triazol29was made by using, instead of acethydrai?ié the
trifluoroacetic acidhydrazide under refluxing conditions in toluene, which finally lead to
triazole 133 An explanation for the failure of the acethydrazide approach compared to the
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trifluoro acetic hydrazide could be that the [6.5.5] scaffold systemoo constrained and
therefore that the ring closure to tiiazole ring, could not occwand this prevented the final
ring closing reaction of the intermediate hydrazZl@8 Usingthe trifluoro acetic hydrazide
simplifies the ring closure as the tufbro group represents an electron withdrawing group,
which triggers the nucleophilic attack of the nitrogen followed by the water elimination to
form 1,2,4 triazoldd33(Scheme 3).
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M—NH NH NN e Ny
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CO,Et CO,Et CO,Et CO,Et
130 131 132 133

Schemel3 Mechanism of triazol@33formation using trifluoracetic acidydrazide
The final step was the cleavage of the carbamate group which was trialed prior for the 6.6.5
scaffold system(section 3.2)and was accomplished using potassium hydroxide under

refluxing conditions in ethanol/water to yield the desired aminedddfB4 (scheme 14)

N. N
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N 0.n N
! H
CO,Et
133 134

Schemel4 Deprotection of carbamate group to yield [6.5.5] triazole scaffa#l

3.2 Synthesis of the [6.6.5] tricyclic system

Piperidonel08 was used as starting materfal the synthesis towards the [6.6.5] scaffold
system This route started with ®ean Starkcondensation building up the enamih&6
through refluxing pyrrolidine and ketori8 in benzeneovernight This dark red mixture
was dissolved in benzene and treated with ethyl acr§¢o yield, after hydrolysisof the

intermediate enaminéhe ketonel39in 69% yield (Schemes).%*
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Schemel5 Synthesis of protected lactarhé1land142 starting from commercially available ketoh@8

It was proposed to synthesise the lactbk0 through convertion of the ketoest&B9 into
protected lactani40 via a reductive amination reaction followed by a direct ring closure,
which was tried with two different protecting groups. The first protecting group used was the
paramethoxybenzyl (PMB) and therefore ketond39 was treated with 4-
methoxybenzylamine and NaBH(OA@nd after stirring for 24 hours the desired bicyclic
product141 was clearly detectable and isolated in 6¢BHd (Schemel5).*® The second
protecting group which was tested was the 3,4 dimethoxybenzyl (DMB), as it is known to be
more easilycleaved due to the presence of the two electron donating methoxy groups and
lactaml1l42wasobtainedafter treatment of ketoest#B89with 3,4 dmethoxybenzylamine and
NaBH(OAc) in 72% vyield.

The next stepvas the deprotection of the protecting groups (PMB or DMB), the PMB
deprotection was attempted using the DDQ standard condifieifortunately, none of the

tested methods (tabll) to cleavehe PMB group ld to any conversion and the starting
material could be isolated after work up as a pure compound, which led to the conclusion that
the PMB protecting group was more stable than expected because of the lactam system.
Known deprotection methis for example using TFA (neat, with anisole or in DCM), CAN,

p-TsOH, BR'OE® or transfer hydrogenation conditions resulted in no deprotected product.
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Table 1 Reaction conditions to cleave the PMB protecting group

reagent solvent temperature | time outcome
system
DDQ DCM/water 5:1 rt 0.n. only starting material
TFA®® - rt to 50°C o.n. only starting material
CAN® AcN/water 3:1 rt 30 min decomposition
TFA DCM 50°C 0.n. only starting material
p-TsOH> toluene reflux 0.n. decomposition/startin
material
BFsELO° Anisole 70°C 3h only starting material
Pd(OH), EtOH rt 3h only starting material
Ammoniumformat&’
TFA Anisole rt 1h only starting material

All attempts to cleave the 3,4 dimethoxybenzylgroup (Table 2) using DDQ, TBA 80OH
ended in a purple coloured reaction mixture, but also in the decomposition of the starting

material®®

Table 2 Attempts to cleave the DMB protéog group

reagent solvent | temperature| time outcome
system
DDQ CHCl; rt 0.n. UV active
sideproducts
TFA - rt o.n. pink,
decomposition
p-TsOH toluene reflux 1h decomposition
violet

After these unsuccessful attempts to cleave the protecting groups the Ek8@weas
converted into the corresponding oximes using benzoylhydroxylamine hydrochloride and
methoxyamine hydrochloride in pyridine to yield the benzyl protected compiigid yield

of 80 % and the methoxy protected dditin 84 % yield® (scheme &).
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Schemel6 Synthesis of oxime compoundd3and144

Compoundl43 was submitted for hydrogenation using Pd/C in NNs/MeOH and stirred
overnight, but only a small amount of the prodi45 could be obtained. The same reaction
conditions were tried using compouidd4 with the same outcome. Methoxiniel4 was
heated up to 4C with variation in time and pressure using the sargdrdgenation
conditions, but furthermore only a small amount (30 %) of product could be obtained.
Compounds 143 and 144 were used to test the oxime cleavage using the borane
tetrahydrofuran complex (1M) at temperatures5aC, but without any success. @ne 144

was furthermore treated with Pd/C only in methanol without any significant conversion and
even adding Mo(CQ)d i dn ot make any di f fl&wasmsuaessfulliFi nal |
hydrogenated using 7N NHh MeOH with Raney Nickel catalyst to give therresponding
lactams which cyclizeih situ (scheme 17%°

(0]
HN
o
| NH3/MGOH flash 5 okt
OEt Hy _ chromato-
N rt, o.n, 86% N graphy o
)\ 144 % T— . HN
o~ OFt o~ OEt .
145
N

Schemel7 Synthesis and separation of isomers of compduid

As the ring closure gave all four potential isomers (fi@g8eof the lactanl145(1451a, 145
1b, 1452a and 145-2b) the diastereomer45-1 and 1452 of the cis and trans connected
bicyclic rings could be separated through flash chromatography using 15% methanol in a
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eluent system of ethyl acetate / petrol ether 10:1. For simplicity only one of the enantiomers

of either thecis- or trans- isomers will be illustrated in the figures throughout the thesis.

o o) o) o)

HN HN)H P]SH HN

y v N y
|
145-1a 145-1b 145-2a 145-2b

Figure 33 lllustration of all four possible isomers of compouith

After analysis of the 1D and 2D NMR experiments and NOESY experiments no clear
assignment towasdthecis- or trans connected lactam could be made as the piperidine ring
signals were shown to be once more overlapping. In figdrthe NOESY spectra of the
second isomer of compourddt5is shown, but no clear definition is assignable to the cis
isome (H-2 and H7 are coupling partners) as-&iwould as well couple with H. It was

tried to crystallise ampoundsl451 and145-2, but no suitable crystals could be obtained.
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Figure 34 NOESY of second isomer of compouidi5

1,”* showed the direct

Another approach, which was reported in a patenGhgtafsonet a
introduction of the chiral censeat the fued bicyclic ring system startirmgainfrom ketone

108 (scheme 18)Ketone 108 was treated with pyrrolidine in toluene wrdDean Stark
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conditions at 151, which resulted in a dark red mixturg-Toluenesulfonic acid and
acrylamide146 were added to the mixture and heated for 4h. To the formed solid dioxane
and ptoluenesulfonic acid were added and refluxed overnight to d¢metam 148.
Unfortunately the conversion to the desioegt lactam145-1 resulted in a mixture or did not

generate the lactadw5s.

{ \ o o
1. pyrrolidine ®

® toluene, N| o p-TsOH HN HN
Dean-Stark WMH , 1.4 dioxane N Ha

N 2. p-LsOH N ff, 18h,43% N

CO,Et I CO,Et CO,Et CO,Et

108 H,N B 147 148 145

schemel8 Alternative synthesis of compoudd5

The next step was the conversion of the lactad$s1 and 1452 into the thiolactamd449-1

and149-2 using Lawessons reagehin an excellent yeld of 9694% (scheme 19).

(0] S o S
HN HN HN)H HN
Lawessons . Lawessons
reagent - reagent Ej-“\
N toluene, 20 min, N N toluene, 20 min, N
)\ 145-1 reflux, 94% )\ 149-1 )\ 145-2 reflux, 90% )\ 149-2
O" OEt 0~ OEt 0" OEt 0" OEt

schemel9 Synthesis of thiolactas 1491 and149-2
It was discovered that compouftd9-1 was crystalline and suitable crystals could be formed
by crystallising the compound in ethyl acetate/diethylether and after slow evaporation adding
diisopropylether to the mixture. The-fdy crystalographic analysis showed theis-
connection of the bicycles and therefore the other isomer could be assumed tdréesthe

fused lactani452 (figure 35).

41



Design andSynthesis of a novel tricyclic triazole based scaffold

Figure 35 The molecular structures of the two rotamerd4#-1. Displacement ellipsoids are drawn at the 50% probability
level.

Thiolactam 1491 showed two molecules in the asymmetrimit related by a
noncrystallographic axis of rotation, althougiey have different conforations of the
carbamate chainiffure 3). The overall packing of the crystal appears to be driven by the
interaction of the carbamate and the lactam grdfigsre 36. The crystal structure shed
typical GS bond lengths of 1.679 (2) and 866(3) A’ for the molecules with atom labels A
and B, espectively. The piperidine ring adopts a chair conformation with the carbamate
group inan equatorial position, with G86-C11 angles 0f119.3 (2)/ 21.5 (3)and C7?N6-

C11 angles 0f123.5 (2)/123.8 (2)for molecules A/B, respectivelyi.he torsion angke N1-
C9-C10-C4 [46.2 (3)/46.8 (3)],C8-C9C10-C4 [-76.4 (2)/76.8 (J)and C8CI-C10-C5 [49.2

(3)/ 48.9 (3)] are all synclinal, and from the torsiangles NiC9-C10-C5 [171.73 (19)/
172.60 (19)]and the resulting antiperiplanar conformation it can be seen that the H atoms are
arranged in agauche conformatigngiving rise to the chaiike conformation of the

piperidine ring and the synclinalientation of atoms H9 and HE8.
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Figure 36 The heringbone packing of isomd49-1 in thebc plane

In the following step, the ring closure to the triazokeded tde carried out to form the
tricyclic scaffold. This conversion of thiolactai®9 into the scaffold compound was tested
using the correspondinhydrazide to form the triazole riffyscheme 20). As for the [6.5.5]
scaffold system the literature known approach using cyclohexanol as a solvent was not
feasible as no method was found to remove all the cyclohexanol from the reaction mixture.
To accompsh the formation of the triazoléateedifferentsolvent systems were used, which
were namely ethanol, toluene and a mixture of acetonitrile and acetic acid and as hydrazide
component acethydrazidé27 to start with. The reactions were checked by mass
spectrometry. Using toluene as well as the acetonitrile/acetic acid approach delivered a
product peak in MS, but only the toluene attempt gave only the product peak after stirring at
reflux for 2 days and the crude NMR showed the methyl signal and all tdrastc signals

for the triazolel50 Both isomerscis- and thetrans of thiolactam1491 and 1492 were

finally converted into the tricyclic triazole systelB0-1 and150-2.
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3 N-N S N—N
\

7\ 4
toluene
o R toluene
:f:;;hmj;?mde, reflux, acethydrazide, reflux,
N ’ N N 1-2d, 51%
o)\OEt )\ 41\ J\
0~ “OEt O~ "OEt 0~ “OEt

149-2 150-2 149-1 150-1

scheme20 Synthesis of triazole compoud&0

The purification of this methyl substituted triazdlBO was found to be challenging as the
product is neither UV active nor stainable in any of the detection reagents (PMA, ninhydrin,
KMnQO,). After some eluent changes it turned out that a solvent sydtd% MeOH in

DCM was the most suitable for flash chromatographyiétd both compound450-1 and
1502, which are visible after iodine treatment for a short time as a brown spot, which
disappears very quickly after staining. Using this ring closure rdetbueral triazoles were

synthesized in yields frof37%-84% (scheme 21table 3).

S o ?“N
HN)H )J\ 151 R1/< \
H Ry~ "NHNH, r;
(\/rﬁ toluene, rf, 1-3d @H
N N
COEt CO,Et
149 1522

scheme21 General synthesis of triazol&2 formation

Table 3 Triazole residues and corresponding hydrazideis

Ri1 hydrazide yield (cpd)
o] cis: trans:
methyl )J\NHNHZ 51% 41%
127 (150-1) (150-2)
0
trifluoromethyl F3C)J\NHNH2 80% 37%
151-1 (170-1) (170-2)
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0
ethyl \)J\NHNHZ 60% 84%
151-2 (171-1) (171-2)
o)
iso-propyl NHNH, 75% 30%
1513 (155-1) (155-2)
o)
benzyl O\)J\NHNHZ 54% -
151-4 (156
o)
3 hydroxyphenyl HO\(D)J\NHNHZ A8 4 % -
with 151-5)
1515 (157

To install the-CF,CF; as the side chain group on the triazole this conversion was tried using
the lactam145 which was converted into the chloroimit&8 using PO under refluxing

conditions followed by the treatment with hydrazine hydrate, which did not result in desired

hydrazinel59(scheme 22)
o cl
HN POCI, N7 NH NH2 H,0 HN
—_—
reflux, o.n. THF rt, 3h
N

N

|
CO,Et CO,Et COzEt
145 158 159

scheme22 First synthesis route towards hydrazirsd

Thereafter another approach was used starting with thioladid@énfollowed by the
conversion into hydrazind59 using NHNH>H,O in THF at 60C, which changed the
reaction mixure colour toyellow or dark greenisf? This hydrazinel59was used crude and
treated with pentafluoropropionic acid and polyphosphoric acid boiling 8€1f60 3 days to
install the CECF; side chain group! The relative low yield is in agreement witmdwn

literature procedures and could be due to the harsh reaction conditions of the
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pentafluoropropionic acid in a mixture with polyphosphoric acid which results in a very

messy work up and the hydrazib®9is used further crudes¢heme23).

H,N
S 27N N—N
I F3CH \
HN NH,NH,HCI HN PPA SN
THF, 60C, 1h o oF
3
" C y
CO,Et CO,Et 24% CO,Et
149-1 159-1 160 161-1
H,N .
S 2°°N N—N

| F3CH \
HN NH,NH,HCI HN)ﬁ PPA e N)W
Ej THF, 60C, 1h Ej 0 o Ej
3
N HO&
N £ F N

| I
CO,Et CO,Et 8% CO,Et
159-2 160 161-2

scheme23 Synthesis of triazole$61-1 and161-2

Further triazoles were synthesized containing heterocyclic side chain groups, which were
synthesized as the racemaad in pure ciss geometry. The hydrazide component was
synthesized starting with the correspondinigl 462 which was treated in an amide coupling
reaction usingert-butylcarbazate to introduced the hydrazidectionality, followed by the
cleavage of the Boc protecting group using 4M HCI in dioxane (sch&thdo yield
hydrazides165169."°

4N HCl in
o EDCI, HOBt o

)]\ ’ - J\ H _dioxane _ )]\ NH,

R™ 'OH  pcM, tert-butyl- R H/ “Boc rt o.n.

162 carbazate, rt, o.n. 163 164
R= N_ % N % g
X N _\>\
O [N/]/ /<\N g\
165 166 167
RGN
169

Scheme24 Synthesis of hydrazide componditi4
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These hydrazides were reacted (scheméedable 4 using the racemic thiolactat®#9and the

cis- fused thiolactani49-1 to generate the triazole compound with the heterocyclic ring side
chains which required longer re@mn times than the previously used commercial available
hydrazidel27, 13-1-151-5, which is maybe due to the fact that the hydrazid#s169 are

HCI salts.

o

i i L _NH, Hel /2 N AR
R N2 \ \

HN HN H 164 R™™N RN

or toluene, rf, 3-7d o or
Zo Et Eo Et N N
oo v i CO,Et CO,Et
- 170 171
172
176

scheme25 Synthesis of triazole compountig0-176

Table 4 Heterocyclictriazole compound$72-176

R1 Hydrazide Yield (cis)
0
2-methyl thiazole g NHNH, HCI 75%
b (174
165
o)
pyridyl | NS > NHNH,HCI 31%
Z (172
166
0
pyrazinyl [N\])J\NHNHZHG 33%
N" 173
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0]
2-fluoropyridyl F IN\ NHNH,HCI 25%
Z (179
168
(@)
N-methyl-pyrrol e G,)kNHNHZHCI 25%
\N (176)
169

Further approaches towards different side chain groups of they sgwthesized tricyclic
triazole were attempted. The first was the introduction of an aminofuri@@scheme 8).

This approach followed two different methods. The first method was to synthesize the
bromotriazolel89 using N-bromosuccinimide followed byamination to aminotriazol&90."°

This approach started with lactatd5 which was in 3 steps converted into triazaigs.
Triazole 188 was only detectable as the dimer in the mass spectrum and the compound
showed a violet colouiThis route was not accomghed due to the unsuccessful synthesis of

bromotriazolel89intermediate. (schemep

o (o]}
Triethylortho-
’
HN POCI, N HzNNHz format
—_—
rf, o.n. THF 3h, rt 2h, 100°C
y y
CO,Et CO,Et C02Et COzEt
145 158 159 188
N-N N-N
Br—X N )
NBS N "NH;" 2 N
—bL» —_—
THF, rf, 2h
l;l N
|
CO,Et CO,Et
189 190

scheme26 Planned synthesis to amino compod:3@

The second approach to form the aminotriaa®l® was carried out using a method starting
from thiolactam149, which could be directly converted into hydrazirs®. It was hoped that
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the hydrazinel59 when treated with cyanogédmomide would form the aminotriazol®0,”

however, this route proved unsuccessful in a test ¢setteme 27)

s H,N

“NH N-N
HN aN—L
H,NNH,H,0 N7 BrCN 2 N
THF, 60°C, 1h dioxane
Loget N N
2 CO,Et CO,Et
149 158 190

scheme27 Planned symitesis of compound@i90using cyanogenbromide

A further approach was made to synthesise the triazdl®athroughusing the same method
previously used for the synthesized triazadashas150. Productl92 could only be obtained

in a small amount as an ggEarable mixture with the starting reagent, the ethylcarbaate
The triazolonel92 was alkylated following a procedure publishedRigoet al.”” However,

no conversion to the alkylated ketotriaz@®@3 was achieved which was thought to be as the
starting material 92was not available in a pure form (scher8g 2

: :
S HN—
EtOJ\ \

N-N
NHNH

HN 2 oA NaH, Propyl- o={_ |

191 N . N

- bromide
toluene, rf, THF, rt, o.n.'
\ N N
CO,Et CO,Et CO,Et

149-2 192 ’

193

scheme28 Synttesis route to alkylated triazolod83

The next step was the cleavage of the ethoxycarbamate group which was tried usidig an ac
as well as a basic approach. The acidic approaches usirgeddusHCl under refluxing
conditions and 4N HCI in dioxane were not succes&filhe basic attempt using 5M
agueous sodium hydoxide was shown to be successful as a solid was formedabdtteho
desired mass spectrum for the product, but unfortunately the compound could not be isolated.
Therefore another basic reaction condition was tested using KOH as base in a mixture of
EtOH and water as solvents under refluxing conditiSriBhis turnedout to be the best

method as it delivered the full conversion into the desired arh$%e All synthesized
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triazoles of the type as compoufbf21 and 1522 (scheme29) were treated following the

procedure and eads- andtrans- isomer was treated septety.

R
1 R1 R1 R1/<
ethanollwater
100°C, 1-3d

COzEt CozEt
152-1 152-2 4-1 194-2

scheme29 Final cleavage of the carbamate group to amii®dsl and194-2

3.3 Synthesis of [6.7.5] triazole scaffold

The synthesis of the [6.7] connected bicyclic lactam started as for all previous synthesized
scaffolds with ethy#-oxopiperidonel-carboxylate108 which was alkylated using allyl
bromide195 This was carried out under standard Dean Stark conditiong pigirolidine to

form enamin€l16. The conversion delivered a mixture of dialkylated prodig§ alkylated
product 197 and starting materiall08 which could be separated through flash
chromatography. The desired allylated prodL@7 was synthesised in 20 yield (scheme

30).

0]
N /\/Br
pyrrolidine 195
—_— X >
N benzene, rf, benzene, rf, 0.n,,
' o.n. N 40%
|
CO,Et &o,Et
108 116

scheme30 Synthesis of allyl compountd?

The next step was the conversion to the methoXi@8as previously carried out to form the
[6.6] membered scaffold, which was carried out using methoxyamine hydrochloride in
pyridine in 65%in a ratio of 1:4 followed by the diol formation using a Sharpless
dihydroxylation®® The Sharpless dihydroxylation was carried out using AD mix
MeSGONH;in tert-butanol and water to yield di@B9in 59%(scheme B3).
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MeO.
o} €PN MeO.
_~ MeONH,HCI ! _~ ADmixa, MeSO,NH, |
- > OH
pyridine, rt, o.n. tBuOH/H,0, rt, 0.n., OH
N 65% N 59% N
CO,Et CO,Et CO,Et
197 198 199
MeO 9 (l)l MeO
e e
~ P ~
Nalo 'N o Eto% “(OEt), 'N
T & > 2 co,Et
H,O, rt NaH, THF, rt, o.n.
) )
CO,Et CO,Et
200 202

scheme31 First approach towards compouda?2

The diol199was cleaved using Nal@h water to yield aldehyd200followed by conversion
through a Horner Wasvorth EmmongHWE) reaction to yield este202 (scheme 3)1%! The
aldehyde200 was obtaired in a mixture ofl.5:1 fnethoximeprotons aldehyde protons)
which is probably due to the harsh reaction conditions associated with sodium periodate. The
HWE reaction did not deliver a clean product, the proton NMR showed an excess of
phosphonat@01which was not separabfrom the desired est202 which led to the failure

of the ring closing attempt using Raneigkel in 7N ammonia/ methanol to yield the [6.7]
connected lactar203 (scheme 3). One attempt was made using Pd/C in 7N ammonia in
methanol, but no [6.7] conoed lactam was yielded. Another approach was to synthesise
ester202using a metathesis reaction to generate the double bond. The metathesis was carried
out using Hoyveda Grubbs catalyst Il in dichloromethane with the ket®rieas well as

methoximel98(scheme 3).2?
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1) Raney Nickel,

o
MeO.
o N
P 1) Hoyveda- Grubbs Il | 7N NHo/MeOH HN
e
ﬁ‘j/\/ DCM, rt, 52% . ﬁj/\/\cozEt 3 g
N 2) MeONH,'HCI, N 2) K,CO3, MeOH, N

CO,Et pyridine, 88% &0t f, 0.n., 66 % .
CO,Et
202 2
197 203
MeO_
N MeO.
| N NH,
-~ Hoyveda- Grubbs 2nd [ _
> CO,Et OMe
N DCM, rt
| N N O
MG éO Et |
2 CO,Et
198 202 ok

scheme32 synthesis of lactar®03following a cross metathesis approach

The keton€el97 delivered esteR02in 52% yield, however, the conversion of the oxih®s8

to the desired est@02did not take place. The est@p2was treated with Raney Nickel in 7N
ammonia in methanol to yielaminel178 which was directly converted into bicyclic lactam
using potassium carbonate in toluene at’C3d his conversion proved slow and after 4 days
only 30 % of the desired bicycle203 was yielded. This bicycl03 was treated with
Lawessois reagent in toluene to yield thiolacta®®4 in 85% yield. Both conversions
showed only one spot on TLC but the NMR showed a clear mixture of compounds. The next
step was the conversion to 1, 2, idzole using trifluoroacetic acid hydrazide under reflux in
toluene to yield triazol205in 40 % yield. Final deprotection using potassium hydroxide in a

water/ethanol mixture delivered amip@6 (scheme33).

(o) S —
% o, b
Lawesson

HN reagent HN F3c)J\NHNH2 F3C N KOH F3C N

—_— > o

toluene, rf, 85% toluene, rf, 40% water/ EtOH,
r\ll r\ll N rf, o.n. N

|

CO,Et CO,Et CO,Et H
203 204 205 206

scheme33 Synthesis of tricyclic triazol206

3.4 Synthesis of Heterocyclic second ring

The synthesis to install a heterocyclic atom in the second attached ring started with
commercidly available ketoestet07, which was protected using ethyl chloroformate to yield
the ethoxycarbamat208 and its enbic form 209 in 46% vyield The mix of 208/209was

treated using two different amine21(Q'212) to install the amine functionaliythe chiral
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approach usinga methylbenzylamine210 has the advantage that the absolute chiral
information is directly incorpated into compoun@11 (scheme 8). This approach was

followed a procedure published Byianet al®®

o o
Ethylchloro- ©/2LNH2 ©/LNH o
OMe formate
NEt;, CHCIs Yb(OTf)3,
N

H 46% benzene, rf, 3d, \
HCI COzEt COzEt 70% CO,Et
207 208 209 21
benzene, NH
Dean- Stark, 2

249
& 212

©/\NH o)
N

|
CO,Et
213

scheme34 Starting sequence towards the synthesis of heterocyclic tricyclic scaffold
Alternatively another approach was started to yield carbarB@8which used benzyl
protected piperidon214 as starting material. The first step was the deprotection of the
benzyl group in a transfer hydrogenation reaction using ammonium formate and Pd/C in
ethanoP* followed by protection to the ethoxycarbama@8 usng the same conditions as

for the conversion of compoura®7 (scheme 35)

O O o o O o
oM ammonium- ethylchloro-
€ formate OMe formate OMe
—_ > —_—
Nher Pd/C, EtOH, N NEt;, CHCI3 N
kPh rf, 90 min H CO,Et
214 207 208

scheme35 Alternative synthesis route towards ket@os8
The approach in schem®5 resulted in an impure outcome and unsatisfying yield of
compound208.
The next step was the radtion of the formed enamine double bond between the nitrogen and

the oxygen containing carbon atoms. This reduction was tested using a literature procedure
described bypuanusing NaBH(OAG) in a mixture of AcOH/ AcN (1:1% The product was
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seen throughhe mass peak but the NMR was not clearly assignable and the isolated amount
yielded not higher than 30% (schen®.3The stereochemical outcome was reported skvera
times in literature to beis. The absoluteis- configuration should be introducetlie tothe

before installed chiral center usirmgmethylbenzylamine210. Nevertheless the amount

yielded was tested further to establish a route towards heterocyclic congifind

NH O l;lH

ﬁj)konne NaBH(OAc); O“\\”\OMe reduction O’\\\\OH
AcOH/AcN N N
COzEt (1:1), rt, o.n. ) éO Et

211 37% CO,Et 2

215 216

LiBH4, THF
(0]

o )J\
NH
P CI)J\/

OISl Y

N
217 218

scheme36 Planned and tested route towards heterocyclic compdi@d

The reductin to alcohol216 was more challenging than expected and none of the tested
approaches (LiAlg, DIBAL-H) delivered a satisfying outcome and in most cases only the
starting material215 was recovered. Lithiunborohydride was the only reagenthich
reducedthe ester function, but did not deliver a reliable outcome as one attempt directly
cleaved the amine protecting group, which was not reproducible. Nevertheless the small
amount of the double deprotected prod2tf was used in a test reaction towardsdbsired
oxygen containing heterocyclic rir@fl8 using chloroacetylchorid219, which showed the

desired mass, but no product could be isolétedeme 36)

In the meantime another approach starting with comp@li3dvas tested using Pd/C or Pt
under hydrgenation conditions to receive the reduction of the enamine double bond yielding
in a cis- stereoselectivity and yielded compou80 in 3% vyield. In this approach the
stereochemical outcome could only be predicted to becitiecompound but no absolute

assignment was possible as no defined stereo centre is included (sé)eme 3
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Pt/IC, H
X » M2
N EtOH/ AcOH

| N
CO,Et (IIOZEt
213 220

scheme37 Another approach using compou2#i3to reduce the enamine double bond
As the reduction turned out to be difficult a racemic approach was started using compound
208 which was converted into oxin®21in 77%and the estareduction was attempteding

DIBAL-H or LiAlH4, but neitherof the approaches resulted in the desired reduced product
222 (scheme 38)

o o MeO\N o MeO\N
fjj)ko,v,e MeONH,'HCI ﬁj)kome DIBAL-H in 9/Cl\ll ﬁjﬁc’”
N g;’;)di“e’ rton., N\ LiAIH, in THF N
CO,Et CO,Et CO,Et
208 221 222

scheme38 Approach towards a racemic compoP
The approach towards the synthesis of the heterocyclic com@ffhaias stopped at this
point as it took more time than expected without useful and reliable results and the focus had
to be on the chiral synthesis of the tricyclic scaffold (explained ipteh&.5). As the chiral
approach is based in some attempts on the heterocyclic approach it probably can be applied in

the future to get an easy access to the heterocyclic scaffold.

3.5 Chiral synthesis of bicyclic compounds

All so farsynthesized bicyclic tdam system&45as well as all tricyclic triazole compounds

152 consist of both enantiomers of eans or eachtransisomer (Figured7).
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(0] o N-N N-

N
2 72

N N n y
|
CO,Et CO,Et CO,Et CO,Et
145-1a 145-1b 152-1a 152-1b
0 (o] N-N

) Y i .
CO,Et CO,Et CO,Et CO,Et
145-2a 145-2b 152-2a 152-2b

Figure 37 All possible enantiomeric forms of the bicyclic and tricyclic compounds

Therefore, a chiral synthesid the bicyclic compounds451 and 1452 is crucial to
accomplish the synthesis of a single enantiomeric compound. According to the literature, the
only reliable route to install a single chiral center in dposition to a keto functionality is

the Enders alkylation method using (depending on the required isomer) the chiral auxiliaries
SAMP  ((9-1-amino2-methoxymethylpyrroliding 223 or RAMP ((R)-1-amino2-
methoxymethylpyrroliding 224, which are commercially availabischeme 39) The first

step wa the conversion of the known ethylegiperidone carboxylat@08 into hydrazons

225 and 226, illustrating the two possible chiral compounds using both Enders chiral
auxiliaries®® This conversion was carried at°@Dto yield both hydrazoneg25and226in an
assumed yield of 100%, which were used crude due to their reported instability on silica. The
conversion of hydrazone&?5 and 226 into alkylated compound227 and 228 was tested

using the standard reaction conditions described by Enders by treatiragdryes225 and

226 with LDA in situ for deprotonation ira-position to the carbonyl function of compounds

225 and 226% The alkylation was tested using both hydrazo?25 and 226 with several
alkylating agentstért-butylboromoacetat& 10, allyl bromide195and ethyl acrylatd38), but
unfortunately none of the alkylating reagents gave any desired product. This was expected for
tert-butyl bromoacetatel10 and ethyl acrylatel38 because of the electron withdrawing
groups present in the reagents. Surprigimdlyl bromide 195, known as a good electrophile

did not show any conversion at the low temperatui®°C), which was needetbr

stereoselectivityn the Enders alkylation (Scher3§).
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//A\V/Br
195 N
N OtBU N/
\ I
N|-|2 110 R, OMe
o N LDA, Et, N
CO,Et CO,Et
225 227
h
CO,Et OMe
108 o/ N
-~ OFEt Nl !
NH2 ﬁj \OMe I 138 R\ﬁj ~OMe
LDA, Etzo N
COzEt CO,Et
226 228

Scheme39 Synthesis route using Enders chiral auxiliaries SAABand RAMP224

Another attempt using the Enders alkylation approach was carried out using k@€oioe
form hydrazone229, which was tested by alkylation using allyl bromiti@5 following a

procedure by Horensteat al.?’

which seemed to form the allylated prod@80, but only in
low yield. The main issue with this publication is the reliability of the diastereoselectivity of
the reaction as it was reported as an assumption. Therefore this synthesis route was not

progressd due to the unsuccessful outcome of the alkylation step (Scl®@me 4

A
N /

Ejj ﬁj \oMe n-BuLi, THF:DMPU Rflj ~OMe
4> ’

allylbromide, -78°C N
|
I I Bn

109 229 230

Scheme40 Synthesis route to allylation produ230

The same reaction conditions were tried using hydrazZ®%but without obtaining any
allylated product.

The next attempt was cagd out by following the procedure of Meyetsal. who used amine
231 as the chiral auxiliar§® Unfortunately, the condensation of ami2&1 with ketone108

di dndt pr o232under theoepdrtediconditions using a Dean Stark trap (Scheme
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41). Eventhe condensation using the free base, which resulted from trez@ibgvith

triethyl amine, diZ28XThdrefoceehls appreach wasapangomed.d u c t

toluene
OMe +
Dean-Stark
CO Et reflux
08 COzEt

232

Scheme41 Condensation attempt to compol2P

In 2005 the group of Meier reported a stesetective allylation approach of cyclic ketones in
high enantiomeric exce83.This attempt using keton&08 yielded in a clean allylation
product233 after stirring the reaction mixture at8°C for 40h using allyl acetagb6 and a
mixture of Pd(dba)CHCI;, LiClI and (R)}BINAP (scheme 42) The deprotonation was
achieved usingn situ generated LDA at 0°C. The major difficulty was to maintain the
constant low temperature as no equipment to carry out reactiof& @tover a longer period

of time is availdle in the medicinal chemistry laboratories. As the low temperature was
reported to be crucial for high enantioselectivity, this was a major concern regarding the

stereoselective outcome of this allylation reaction (Schetpe 4

The stereoselective outcorné the reaction was proposed to be the result of a mechanism
over a Pd allyl complex intermediate (Schem&)4 The nucleophile was prepared using
LDA to deprotonate ketond08 which forms the lithium enolate speci&34 The
enantioselectivity in this example was introduced through a chiral BINAP ligand which was
used to generate a complex with palladium and allyl ac@tieThis complex allows the
nucleophilic attack of the lithium enolag34 from the least hinderedide, which should
result in the highly enantioselective prod@&33 Unfortunately, the determination of the
enantiomeric excess for the reaction was not straight forward. Therefore, the 22Rveis
converted into a diastereomeric mixture to confitme ¢e of the synthesized compound
(Scheme 3).
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a. diisopropylamine,
THF, -78C,
o n-BulLi, 30min, 0C
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b. LiCl, Pd(dba);"CHCI;,
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c. Allylacetate, THF, 40h,
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Scheme42 Synthesis of compour2B3and suggested reaction mechanism by the group of Meier

Compound 233 was further converted following the [6.7.5] scaffold route to form the
diastereomeric compoun2i35, which would allow the determination of the enantiomeric
excess. Therefore, compourdB83 was treatedwith Hoyveda Grubbs catalyst and ethyl

acrylatel38to synthesize compour85(Scheme 3).

o o
"\~ Hoyveda Grubbs II N
fjj ethylacrylate Fco,Et
\ DCM, rt, 2 d g N
CO,Et T (|:02Et
233 235

Scheme43 Synthesis o . ubsaturated est@35
Unfortunately, this approach towards compo@3%di dn 6t gi ve any evi den
stereoselective outcome of compow228 It was clearly detectable that only tBedouble
bond was formed, but no clarification of the enantiomeric excess of com@ithwaas

possible.

A chiral shift reagent approach was followed to estimate the enantiomeric purity of
compound233. Three chiral shift reagents were tested to determine the enantiomeric excess
by splitting and shifting the proton NMR signals by first irgegting racemic allylated
product 197, followed by product233 The chiral shift reagents are lantharmesed
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compounds, which were in the past frequently used in organic synthesis to determine the
enantiomeric purity of a synthesized compound. Throbglr {paramagnetic properties the
chiral shift reagent is able to increase the magnitudes in the resulting shift differgraes (
These shift differences are larger than with, for example, diastereomeric auxiliary
compounds. The principle behind this negths that the lanthanide complex can coordinate

to the Lewis base centre of the compou@83(or 197 in our case), which results in a
magnetic interaction between the lanthanide complex and the nearby protons, which induces
an anisotropic magnetic fielcert to the lanthanide. Through this anisotropic magnetic field

of the chiral shift reagent, the protons in the vicinity undergo a change in their chemical shift,
which | eads to the | arger magnitude and the
presenf® The chiral shift reagents used  wereEuropium(lll)  tris[3-
(heptafluoropropylhydroxymethylenelfjcamphorate] Eu(hfcy 181, tris(6,6,7,7,8,8,8
heptafluore2,2-dimethyt3,5-octanedionato)ytterbium YbFOD180 and eropium(lil)-
tris(1,1,1,2,2,3,sheptafuoro-7,7-dimethyt4,6-octanedionate) EUFOD79 which are shown

in Figure38.

EuFOD YbFOD Eu(hfc);

Figure 38 Chiral shift reagents EUFODr9, YbFOD 180, Eu(hfcy 181

The chiral shift reagents (Figur&) were added to the racemic and the enantiomeric
compound233 in different concentrations to find the best concentration for achieving the
optimal shift and splitting in the proton NMR spectra according to known literature
procedure$’ Samples in ratios of 1:10:20 were prepared using the racemic compound in a
con@ntration of 5mM in CDGlI
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Figure 39 a) spectra of the racemic compout¥ in differentdilutions of the chiral shift reagerit81b) comparison of the
line broadeningompared tdhe neat compountO7 (green: ratio 1:20, red: ratio 1:15, blue: ratio: 1:10, violet: neat
compound using chiral shift reagerit31

Figure 39 shows the effect resulting from the addition of different concentrations of the chiral
shift reagent. In this approach the chiral sfefigent Eu(hfg)181 gave the best results. The
best splitting was achieved by a broadening of signals f@rand H5, which showed a
splitting towards a double peak (blue spechigure 3) comparedo the original compound
(lilac spectra). This splithg was achieved using a 5 mM concentration of the racemic
product197 by adding the chiral shift reagent to yield a final dilution of 1:10. Regarding the
dilutions of 1:15 (red) and 1:20 (green) a slight broadening as well as a splitting for the
signals H2 and H5 in the 1:15 concentration was seen. As reported, the best splitting was
achieved with a 1: 10 dilution (Figud®), which showed two signals, unfortunately without

baseline separation.
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Figure 40 Splitting of the peaksf protons H2 and H5 in adilution ratio of 1:10using chiral shift reager259

The validation of this approach was to test compoR88 using the chiral shift reagent
Eu(hfc 181 as no reliable results compared to racemic compdi@ticould be found
(Figure41l). In thisattempt, only a large broadening was seen in all the concentrations studied
(2:10 (red), 1;15 (green) and 1:25 (blue)). The dilutions 1:10 and 1:15 showed a large peak
broadening of signals‘dand H5, whi ch di dndét result ien any
ratio 1:25 showed no significant difference for the signal® &hd H5 compared to the

original NMR of compoun@33(lilac).

a)

Figure 41 a) spectra ofompound233in dilution with the chiral shift reageii81b) comparison of the line broadeniof
signals for H2 and H5 with the neat compoun233(red: ratio 1:10, green: ratio 1:15, blue: ratio: 1:25, violet: neat
compound)

This approach was therefore stopped as it was not possible to find a method te Hrealys
enantiomeric purity through a reliable quantification of the ratio of the enantiomers.
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A further approach, to induce the stereochemical outcome around the bicyclic ring
connection, was shown to afford only ttie- connected isomet45-1. This approah started

using a similar route tried for the heterocyclic scaffold system. The procedure was adapted
from a paper published by Catalagtoal. in their synthesis towards a novel tricyclic CX@R
receptor antagonist starting with a simitarketoester asn our [6.6.5] approackf. In our
attempt, the previously synthesized ketoester 139 was treated with(S-(-)-1-(4-
methoxyphenyl) ethylamin35to form amine236 (Scheme 4). The first attempt towards
compound236 was made using a standard condensation approach using aStaean
condensation with chiral amirg85and R)-(+)-a-methylbenzylamin€37. Surprisingly, this
classical condensation to imin@88 and239d i dn ot deliver the desir
using additives ag-toluensulphonic acidpfTsOH) or ytterbium triflate (Yb(OTE£). This

was thought to be because of theistdly-d e mandi ng ester side chai.
the attack of the amine®&35 or 237. It was further proposed that the imin238 and 239

would be sterical demanding leading in the nomeferred axial configuration of the ester side
chain. Thereforethe reductive amination step, which normally would be the second step to
reduce the imine function to the desi@s connected amino est2B6, was directly carried

out using thed- ketoesterl39. No precedent was known that this reductive amination would
give directly the desiredis- connected compouri2B6. Even though, the yield of this step is
unoptimised (with20% conversion to date, n=1 experiment), it was detideprogress with

this new gnthetic methodologyUnfortunately, the proton NMR of compou286c oul dn dt
be clearly assigned to be only one isomer. Therek3@was converted through to the final
product249, to allow a chiral HPLC determination of the optical purity.
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CO,Et CO,Et
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Scheme44 Synthesis route towards imin288and239and synthesis of compou236

Deprdection of the 1(4-methoxypheml) ethyl protecting group to yieldhe free amine
functionality was carriedout according to the procedure of Catalatoal® using TFA
following a procedure by Davist al,’® which did not cleave the protecting group. Therefore

a transfer hydrogenation approach was employed using Pd/C and ammonium formate in
ethanol, which readily gave bicyclic lactdm5-1 in 50% vyield (Scheme5).

: o]
gNH NH,*HCO,’ Ay |
E 4 2
MeO CO,Et _ -
Pd/C, EtOH, e
N 50° C, 8h, 50% N
|
CO,Et CO,Et '
236 145-1a

scheme45 Conversion of compoun236into bicyclic compound45-1a

Through comparing the previous synthesised bicyclic lactam compduies and 1452,
either through the comparison of that TLC analysis and the proton NMR spectra, showed that
the reaction devered mainly thecis- connected compound with only a less than 5% amount
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of thetrans isomer1452. The crude NMR spectra of the newly synthesised compbdsd

1 through this new chiral approach showed only ciseisomer present (Figue?).

10
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Figure 42 Overlay of both separated isomé#s-1 (green)and145-2 (red) compared with crude newly synthesisetb-1a
(blue)

The crude NMR spectrum of compoudd5-1a (blue) showedno evidence of thérans

isomer (red spectra), therefore all signals presetiteinis- compound (green) are detectable.

From an examination of the mass spectrum, no evidence for the protected Palam

(scheme 45yas found, which was seen in the approach to compbdbd 42(Section 3.2.
The further synthesis followed the sameteocarried out to scaffold systel®@4-1 (Section
3.2), which was followed by the comggon into Sitagliptin analogu&65 (detailed

explanation in section 4). (scheme 8).

1. EDCI, HOBt,

1.Lawesson's DMF, rt, o.n., 80%
reagent, 69% For X
2. 0 _N
i A ‘
s NN
toluene, rf, 2d, 4§% - N
3. KOH, EtOH, 2. 4N HCI/ dioxane NH2 O
N rf, o.n. N 30 min ! HClI
CO,Et CO,Et -
145-1a 1941

scheme46 Final steps to compour265/266

The next step was to determine the stereoselective outcome of this new approach to deliver

either compoun@65 or 266. The new chiral analogue was tested through chiral HPLC and
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compared with the outcome of the chiral separation (explained in chapter 4thg of
previously synthesised analogu#g8s and 266. The determination of the purity resulted in a
ratio of 93:7 in favour of isome265 (Figure 43). The assumption of the stereochemical
assignment derived from previous literature precedent (Figre

SO0 A OO AT T,200

A 8 -4.320

i 450
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300
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100

T T T
0.0 5.0 10.0 15.0 29 0.0

Figure 43 Comparison of a) new synthesised compo2®8 b) overlay of compoun@65with one of the separateis-
isomers, (both in a ratio Hex: EtOH):30with 0.2% DEA) c) mixture o€is- connected compoun@§5/266(ratio Hex:
EtOH 60:40 with 0.2% DEA)

Catalano et al. 71, NHy

\

251

OMe

Jona et al.

MeO,C MeO,C
ﬁj/ NaBH4TFA O T
THF MeCN
254 255

Figure 44 Known literature examples by the groups of Catalano and Jona to instad ¢thiented groups on thgperidine

In the paper by Catalano it is shown that the usgef-)-1-(4-methoxyphenyl) ethylamine
235 resulted in compound®52, from which the stereochemical outcome was finally
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determined through Xay analysis of compoun®53% Furthermore, another known
approach to the selectivi@s- connection on the cyclohexane ring is known through treating
compound254 with sodium borohydride and TFA to yield the stereoselective comp2bid
This was reported by Jonet al. in their synthesis towards analogues eflB397, a
nociceptin receptor aagonist’® The stereochemical outcome was proved usingayX

crystallography.

In this approach, the synthesis of the three remaining bicyclic lactam enantiomers is still
incomplete, which should be carried out following the same procedure reported aptre p

by Catalano by changing the chiral amine to (fRe(-)-1-(4-methoxyphenyl) ethylamingo

yield 1451b and by treating thecis- connected enantiomers with sodium carbonate in

methanol to yield therans connected analoged452aand1452b (figure 495.

o) o) o)
HN)H HN)H Pj)i
() fj N

N
| |
CO,Et CO,Et CO,Et
145-1b 145-2a 145-2b

Figure 45 Remaining possible enantiomers of bicyclic compoi#gl

The enantio pure bicycles could be further incorporated into the desired drug molecules,
which would allow the determination of their purity and absolute chirality. Furthermore, a

crystal structure of compourB86is required to prove its absolute configtion

3.6 Conformational analysis of newly synthesised tricyclic scaffold

In this thesis three novel tricyclchemicalscaffolds have been synthesized consisting of a
piperidinering joined toa triazole partThe piperdine and the triazole parts aomneced

through a third ring varied in the ring size from five to seven carbon atoms. The 6.6.5 system
was synthesized in theans as well in thecis- connected versian From the 6.5.5 system

only the cis- connected ring was synthesizdebr the 6.7.5 systera mixture of all four
possible isomers was still present and no separation was accomplished. The analysis of the
conformation of the synthesisdadcyclic scaffolds showed the conformation of the 6
membered rings in the 6.6.5 system in the energy favothed like conformation as no
eclipsed hydrogen atoms are present (figif)e
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Figure 46 Conformational analysis of thas andtransconnected 6.6.5 tricyclic triazole system using ChemBio3D
(Software ChemBioDraw Ultra 14.0)

Looking at the ring strain in cyclopentanes and cyclohexanes, the ring strain for cyclopentane

is 6 kcal/mol and for cyclohexane is 0 kcal/mol, which explained the prolagsisg from

the synthesis of the 6.5.5 compared to the 6.6.5 analogues. Theidarofathe 6.6 system
compared to the 6.5 system didnot afsteprd hali
procedure compared to the 6.5 system, which needed a second step using aG@gedK

force the final ring closure.

Analysing the conformain of the fused 6.5.5 tricyclic scaffold and the 6.7.5 tricyclic system
shows that both scaffolds are present in the energy favoured chair conformation of the six
membered piperidine ring. In the 6.5.5 system tmeebnbered ring adapts a rigid envelope
conformation due to theresence of th&used triazole ring system. The cycloheptane ring in
the 6.7.5 system has the same ring strain energy as the cyclopentane with 6 kcal/mol, which
couldexplain the difficultiedor forming the 6.7#ing system. The lowigld of this formation

can be explained by the faster formation of ¢iee connected 6.7 system compared to the
trans connecteding 6.7 system due to the favoured ring closing from the same side of the
ring (figure47). The 6.7.5 system shows furthermdhe chair conformation of the piperidine

ring and the energy favoured twist conformation of the cycloheptane ring. In the case of the
sevenamembered ring system the chair like conformation is not the favoured ring orientation

of the cycloheptane ring &swould result in two eclipseldydrogenatoms.
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Figure 47 Conformational analysis of thes connected 6.5.5 tricyclic triazole system and the racemic 6.7.5 tricyclic
triazole system using ChemBio3D (Software ChemBioDraw Ultra 14.0)
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4 Synthesis of new DPR inhibitors based on a novel tricyclic scaffold

4.1 A global health issue: Diabetes mellitus and the role of DR#

Diabetes is one of the major healthuiss, affecting 382 million people in 2013 with 1.5
million deaths in 2012, in addition to an increasing and alarming number of new cases
reported over the last decades (figd®°°. More than 80% of the reported cases appear in

the low and middle income aatries, which lead to the fact that diabetes has become a major
global health care issue.

Number of people with diabetes by IDF Region, 2013

[ —

—
O 1o b oy O 1) B Oy

Number (millions)

81 83 85 87 89 91 93 95 97 99 01 03 05 07 09 11

Y. WORLD
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a) b) 9 .

46%

undiagnosed

Figure 48 a)Increasing number in millions of diabetes cases in the US from 1981to 2011, adapted from
www.cdc.gov/diabetes/statistics/prev/national/figpersons.byristribution ofdiabetes cases in the world (people/cout
in 2013 according to WHGdapted from B edition of diabetes atlas

Diabetes mellitus is a chronic disease that is divided into twaypds. Typel diabetes is a
result of an autoi mmune process andentt i s
production of insulin. This autoimmune reaction is caused where the system bttatlssin

the pancreas. Insulin, which is producedircells in the pancreas, enables the body to use
glucose from the carbohydrates after food intake. Furthermdrelp$ the body to maintain

blood glucose levels to avoid sugar levels getting too high (hyperglycemia) or too low

(hypoglycemia) by controlling the storage and release of glucose in the liver (B®ydfe

Type-2 diabetes, which affects more than 80%albfthe diabetes cases, is characteriagd
the bodyés ineffective use of insulin. The b
use it effectively or respond in the appropriate manner. Most people witi? tgpbetes

areno6ot awafeced until thebswmptongs becdme severe. Diabetes itself, when under
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control is not a necessarily fatal, but untreated it can lead to severe health consequences
(Figure49).
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Figure 49 a) Circuit of the tasks and production of inslljnHealth issues related to diabetes, lzathpted
by www.idf.org/node/23538

Complications, that can occur related to diabetes mellitus, can affect the whole body and are
often disabling or lifehreatening diseases. For example the heartbltied vessels or the
nervoussystem can be affected. Diabetes mellitus is still a major factor for the risk of a heart
disease and 50% of the diabetes patients die of cardiovascular diseases for example through
angina, myocardial infarction, stroke or congestive heart failure. Npatimp (kidney
disease) is another condition which is more common to diabetes patients, which can occur
due to the damage of small blood vessels and the inefficient function of the kidney.
Furthermore, retinopathy (eye disease) and neuropathy (nerve daamagkfown to be
related to patients with diabetes. Quunsequencef diabetes mellitus leads to the so called
Afidi abetic foot o, which is a consequence of
lead to ulceration and infections and can result Iimé amputation through severe nerve

damage in the feéf.

A relatively new approach in the therapeutic field of t@Zpéiabetes is to target the enzyme
DPP4 (dipeptidyl peptidase 4). DPPis a serine protease which is indirectly involved in
insulin biognthesis (Figur®0).
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Food ingestion stimulates JANUVIA (DPP-4 inhibitor)

the release of incretins preserves active incretins
(GLP-1 and GIP) (6LP-1 and GIP) Decreased
from gut by inhibiting DPP-4 glucagon

GLP-1 © GIP © Degraded incretin

This illustration is an artistic rendition and is not necessarily representative of clinical effects,

Figure 50 Mechanism of action of DRR towards GLPL and GIP, adapted from januvia.com

This protein is a ubiquitous enzyme which is found on the surface of most cell types and also
solubilized in blood with a measurable enzymattivaty in plasma. Glucaregulatory peptide
hormones in the gut, which are known as incretins (namely GIP, glucose dependent
insulinotropic peptide and GLP, glucagon like peptid&) are involved in the biosynthesis

of insulin (Figure50).°® The biosynthesi of insulin is regulated by these incretins after food
intake?® Both active hormones are secreted into the circulation shortly after food
consumption and bind to the specific G protetupled receptor present on thecells
followed by activation of théncretin receptor. This activation induces a gluedspendent
insulin secretion and furthermore stimulates the insulin biosynthesis. Another function of
GLP-1 is to lower the plasma glucose level by inhibition of glucagon secretion. These
incretin hormons, GLR1 and GIP, are directly inactivated through the enzyme-DPBl
degradation within minutes resulting in the elimination of incretin hormtfleBPR4
cleaves the hormones preferably in the posifloof the N-terminus, which means that for
GLP-1 thedipeptide (HisAla) and GLP1 (9-36) amide are degradation products from GLP

1 (7-36) amide'® The main principle behind targeting DRRn type2 diabetes is that the
inhibition of this enzyme should assist to control the blood glucose #wkln increasd

level of biologically active GLPL. Furthermore, this approach gives new perspectives of an
improved safety and tolerance profile over known oral agents. The strict gllepsedent
insulin release and glucagon inhibition through GLResults in a lowisk of hypoglycemia

(low blood sugar levels) and weight gain through the treatment of2ygliabetes with a
DPR4 inhibitor.
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4.2 DPP-4 inhibitors on the market

Extensive structure activity studies were carried out ianynmajor pharmaceutical
companies, antlave resulted in a number of new competitive BIPRhibitors over the last
decadé® The pharmacological profile and the mechanism of action of theDiRRibitors
were studied intensively and an increased level of -GLBIP and glucose tolerance was
observed:®® A major issue related to the DRPinhibitors is their selectivity towards other
closelyrelated serine proteases. DRI a member of a protease family, which includes the
structurally similar enzymes DP®and DPF. DPR8 and DPP are cytosat enzymes and

to date no endogenous substrate has been identified for'thémwas shown that the
selectivity towards DPH was crucial, as inhibition of DP® and DPPF resulted in
increased toxicity in preclinical studi&¥. Sitagliptin 256 was the firs DPR4 inhibitor
launched in 2006 by Merck and there has been a succession of further inhibitors launched

over the following years (Figuigd).**®
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Sitagliptin, Vildagliptin, Saxagliptin, 2009, Alogliptin, 2010,
2006, Merck 2007, Novartis Astra Zeneca & Takeda
256 Brlstolz-sglyer Squibb 259
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Linagliptin, 2011, Tenegliptin, 2012 Imigliptin, 2014, Omarigliptin, 2014,
Boehringer Ingelheim Mitsubishi Tanabe XuanZhu Pharma Merck
260 Pharma 262 263
Figure 51 Known DPR4 inhibitors (marketed or in clinical trials)
Al | of t hea pdo naay biaavddabi® gridlemonstra enzyme inhibibn in

the low nanomolar range. Sitaglip@56 is a potent triazolopiperazifiased DP inhibitor
with excellent selectivity and efficacy profile. It is a reversible inhibitor and is administered
once ddy.
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Vildagliptin 257 was developed by Novartis and was launched in 24aéndwas the first

drug of a series of fhgtforimpa covalenbbond with ithe seiine r i | e
residue (Ser 630) in the active site of BPFHowever, due to iteapid clearancehis drug

has to be administered twice daily.

The need for an improvement in the metabolic stability resulted in saxa@hi&ia DPP4

inhibitor launched by Bristol Meyer Squibb and AstraZeneca in 2809.

Another covalent binding inhilmt, Alogliptin 259 from Takeda, was launched 2010 in Japan
and 2013 in the US. It was discovered during the studigardsan inhibitor with increased

metabolic stability including the chemical functionality of a pyrimidinone mdiéty.

Linagliptin 260, a DPP-4 inhibitor by Boehringer Ingelheim and Eli Lilly marketed in 2011 is
based on a methylxanthine moiety and showed a good selectivity towarel, 'Effellowed

by Tenegliptin261, which is to date the last launched compound by Mitsubishi Tanabe
Pharma ire012:**

Recent publications in 2014 showed that there is still an ongoing search and need for new
DPR4 inhibitorsto improve mainlyin patient complianc&? Imigliptin 262 was developed
by XuanZhu Pharma after scaffold hopping from Alogli@t9. After extensive studies and
variation in the core and both side chains of Alogliptin, Imigli@&2 showed the optimal

activity and selectivity profile and this compound is currently in clinical trials in China.

Omarigliptin 263 is a follow up compoundf sitagliptin 256 developed by Merck'?
Omarigliptin 263 is a new longacting once a week DP#inhibitor. The rationale behind the
development of a new follow up compound to sitagli@ée was to minimise the side effects
related to all antidiabetic dgs, including weight gain, hypoglycaemia and gastrointestinal
intolerance. These side effects are all related to insufficient patient reliability by taking the
necessary amount of pills each day. As all known RFhibitors are once or twice a day
therapy, omarigliptin263, which is currentlyin phase 3 clinical trials, would be a desirable
alternative with the same pharmacology profile as sitagliphi® and an improvemenin

patient compliancdue to the once a week administration.
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4.3 Docking studies inthe DPP-4 active site

4.3.1 Docking of known marketed DPPR4 inhibitors

The structure of the DR active site is well known due to the availability of theccgstal
structures from all marketed DRPinhibitors through the pdbatabase. A comparison of all
co-crystal structure complexes was published by Nabenhal which points out the

interaction of the inhibitors in the DPPactive sitefigure 52)'*

Sitagliptin256 Tenegliptin261

Figure 52 Co-crystal structure of the six marketed DRhhibitors in the DPP active site[pdb code1X70 (sitagliptin
256), 3BJIM (saxagliptir258), 3GOB (alogliptin259), 2RGU (linagliptin260), and 3VJK (teneligliptir261)].) adapted and
modified fromNabenoet al. (Ref 113)

In Figure52 all six marketed DPR inhibitors are shown in the DRPactive die ovelaid to

the substrate peptiddn the review by Nabenet al. the known DPR} inhibitors are
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classified into different groups according to their binding mode in the D&Rive site. The
subsites in the DPH active site are defined through thaeding site of the substrate peptide
(diprotin A, lle-Pro-lle),*** which means that the amino acids are numbered starting from the
point of cleavage and the protein ssites occupied by the corresponding amino acid are
numbered in the same order. In the cabéhe DPP4 active site Ser 630 cleaves tNe
terminusof the substrate peptide the penultimate position (P1), which is related to the sub
site (S1). No sulsite in the DPR1 pocket is defined after S2, but some inhibitors bind well

behind the definedubs i t e S 2, which therefsriréeeids named i

Vildagliptin 257 and saxagliptir256 (figure 51, 52) belong to the same class regarding their
binding mode in the DRR active site and both inhibitors are limited to binding to the S1 and
S2 sub sites. Both of these inhibitors are designed as peptide mimetics forming a covalent

bond through the cyanopyrrolidine moiety with the Ser630 in the S1 pocket.

Linagliptin 260 and alogliptin259 contain a uracil moiety that is involved ;- ptacking
with Tyr547 in the & subsite. The binding to the;Subsite in the case of linaglipti260 is
represented by its butyl group and alogliptin by its cyanobenzyl group. Linaglif#é0 is
eight times more potent than aloglip@9, which could be a resut of Li260agl i pt

occupation of the Ssubsite.

f

Figure 53 Sitagliptin256 dockedusing OpenEy@ the DPP4 active sitg1X70) showing the second best pose in agreement
with the cacrystalstructureof Sitagliptin

The binding of the last two marketed inhibitors, Sitaglip256 and Tenegliptin261,
demonstrate binding to the 8xtensive site, which is referred to as the anchor lock domain.
The S extensive site is occupied Iy i t a g Itriflyprotriazodopiperazie part andoy
tenegliptin261 with its (1-phenylpyrazols-yl) piperazine moiety The cecrystal structure of
Sitagliptin 256 in the DPP4 active site showed eighignificant interactiongfigure 53). The
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2,4,5 trifluorophenyl moiety fully occupies thel $ocket. Theb amino group shows four
hydrogen interactions with Tyr662 and Glu (205 and 206). The carboxylic oxygen forms a
water bridge to Tyr544and he triazole part undergoespa- gptacking with Phe357 (Figure
53).1®

4.3.2 Docking of new Sitagliptinanalogues in the DPP active site

Our project aim was to incorporate our novel scaffdlél4) into known biologicalactive

drug mol ecules, to test for the scaffol ddos &
the four stereochemical isomearfkthe Sitagliptin analogue265-268 (figure 54) were docked

into the DPP4 active site and are shown overlaid with Sitagligh (figure ).

HCI

268

Figure 54 Suggested Sitagliptin analogBé4 and itssingleisomers265-268

The docking into the DRR active site showed complementary overlay of the aromatic
region of all four isomer265-268 compared to Sitaglipti256 (figure ). Thecis- isomer

266 andtrans- isomer267 showed further overlay in the region of the carbonyl function and
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the amino group. The other two isom@65 and 268 showed poor overlap with the amino
group of Sitagliptin256. Interestingly, all four isomers overlay nicely in the triazolo part
whereas compoun2b5 is the only isomer with the GEroup occupying the sarspace and
directionality of the Sitagliptin Gfgroup.

Cisisomer 1 Cis isomer 2

Trans isomer 1 Trans isomer 2

Figure 55 Isomers265-268 docked in the DPR active site overlaid with Sitagliptin (yellowb6, surface colouring shown
according to the atoms

This docking study offered confidence for teynthesis of the Sitagliptin analogues, which

will be discussed in chapter 4.4.

4.4  Synthesis of Sitagliptin Analogues

In this work the synthesis of new Sitagliptin analogdé5s-268 was carried out due to the
chemical structure similaritgf the new tricyclicscaffold compared to the triazolopiperazine
part in Sitagliptin256. The onfidencefor the synthesis of the analogues cdnoen initial
docking studies and the potentiaf thediscovery of new DP# inhibitors which can serve

to clarify the ability ofthe new tricyclic scaffold to function as a Privileged Structume

addition, the discovery of such inhibitors designed based on our novel scaffold would add

evidence to our hypothesis that the scaffold could act as a privileged structure. Sitagfiptin
was synthesized by the group of Merck and the last steps to couple the amino a2f@ part

with the triazopiperazine pa269 was carried out under standard amide coupling conditions
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(Scheme47).'*° The previously described [6.6.5] tricyclic scaffold94) were coupled with
the commercially available (R)-3-((tert-butoxycarbonyl)amine¥-(2,4,5
trifluorophenyl)butanoic aci@70 and (R)-3-((tert-butoxycarbonyl)amine-phenylbutanoic
acid271. This conversion was carried out following the procedure descopéderck using
HOBt and EDCI in DMF stirring overnight abom temperaturegesulting in amides288
306). The yields for the amide coupling were betw8&199 % (scheme 49)

F
CO,H CF,

F3C l%lH Boc F N /\<
EZNN j F 270 : "@N/N

1. HOBT, EDC, DIPEA,

/\
4
\
-
4
o
o

H DMF, rt, 18 h; ! HCI
2. sat. HCI/ MeOH
269 256

Scheme47 Final steps in the synthesis of Sitaglip2B6 in the discovergynthesis route by Merck
In the case of the synthesis to compo36@ and 307 using acid271 only the triazole 272
and276, bearing the trifluoromethyl side group, was coupled using the same procedure as for

the [6.6.5] Sitagliptin analogues.

Furthermore the amide coupling was carried out using the synthesized [6.5.5] tricyclic
scaffold 134 to yield compound88 as the mixture of both possibtés isomers The same
procedure was applied additionally to the [6.7.5] membered tricyclic sysBO#), (

unfortunately still consisting of all four inseparalgis- and trans isomers §cheme 48

F

CO,H
N_ N
F3C\</ /N E NHBoc N
' F (;1);
EDCI, HOBt, DMF, rt, o.n.
N

134

F

N-N CO.H
/l \ F NHBoc
Fs¢” N
F
EDCI, HOBt, DMF, rt, o.n.

Scheme 48ynthesis of analogu@88 and289
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N-N N-N R= CF, (276), CF,CF, (277),
R /(N \ R/QN \ CH;(278), CH,CHj, (279), iPr (280)
R= CF4(272), CF,CF; (273),

(5 CH,CHj; (274), iPr (275) ﬁr\s }{\@ §\©/0H
' (281)
N \< (282) (283)
U ; N UOEt
(284) (286) N

I-=2

H

N (285)
(287)"

N RYN

R/QN ! N_N
x X=F270,H 271 m
EDCI, HOBt, DMF, o.n., rt,
N 31-98%
H

276-287 X=F, R=CF3 (290), CF,CF; (291), CH3 (292),
CH,CHj, (293), iPr(294)

e @ o
\< (295) (296) (297)

< _N_ _OEt -
U ; J"U tefm

(298) N (299) (300) "‘\(301)
X=H, R=CF, (302)
N-N
r— )H
N
('j x X=F(270), H (271)
N EDCI, HOBt, DMF, o.n., rt,
H 60-99%
272-275 X=F, R= CF3 (303), CF,CFj3 (304),

CH,CHj, (305), iPr(306)
X=H, R=CF (307)

Scheme 4%Bynthesis of Sitagliptin analogu230 -307 incorporating the [6.6.5] scaffolei72-287

A further Sitagliptin analogue was synthesized using a bicyclic triazole piperidine 3/ktem

to investigate thactivity of such a system in comparison to our novel tricyclic scaffold. This
bicycle 311 was prepared starting from amiB88 The conversiorio the acetyl protected
amine 310 was carried out using acetic anhydri@89 followed by the conversion to
chloroimidate using phosphorous oxytrichloride. The crude product was further converted

using trifluoroacetic acid hydrazide which was treated u&iNghydrochloric acid to give
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triazole311in 15% overall yield. The final deprotection using potassium hydroxide in water/
ethanol delivered amir#&l2 (schemes0).

The final coupling to the bicyclic analoguBd4 was carried out using the same amide
coupling procedure shown for the [6.5.5], [6.6.5] and [6.7.5] scatfed@olesystem to yield
bicyclic analogue8314in 93% vyield (Schem&0). Disappointingly, although compourgi0

was cleanly converted to thiolacts3t3u si ng Lawessoné6s 3le&caudent ,

not be converted into the desired bicyclic triaZ3ilé.

o
O O J\
N-N
N-N
309 ﬁj 2. CF;hydrazide N ® KOH N~ CFs
N

—_ > — >
N NEt,, 84% 3. 2M HCI, EtOH, water, ﬁj
' ’ 15% (3 steps
CO,Et éOzEt o ( ps) N rf, o.n., 55% N
308 310

|
CO,Et H
311 312
Lawessons S
tolu7e1n;), rf, 30min, HNJ\ CF3hydrazide

EDCI, HOBt, DMF

o

rt, o.n., 93%
F

Scheme50 Synthesis of Sitagliptin analog344

Amides 288-307, 314 were purified and deptected using 4N HCI in dioxane. The HCI /
dioxane mixure was evaporated under ;Natmosphereto give the corresponding
hydrochloride salt815-335, which wereanalysed through HPL(Schemébl).
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R; R

FN‘ 27:N\
NN . N__N

X 4N HCI/ dioxane X
N > N
N NH, O
X
HCI

X 290-301

X=F, R=CF, 315, CF,CF5 316, CH, 317, Et 318,
iPr 319,

e cheauvhe
U U X=H, R=CF; 335

326
Rz Rz

O’/\( 4N HCW dioxane O’
HCI

X=F, R=CF, 327, CF,CF, 328, Et 329
iPr 330, X=H, R=CF; 331

F3C Fs C
N I 4N HCl/ dioxane
N CL)/
NH2 (0]
HCI 332
F3 C

O/ >/' 4N HCIldloxane O/ >/
HCI 333

F3C\r/N\N

N—7
4N HCl/ dloxane
N
NH2
HCI 334

Scheme51 Deprotection strategy through to final Sitagliptin analog@Es$335

Each of thecis- or trans- connected scaffold315and331 are still consisting of a mixture of
two cis- or trans diastereosiomer®65-266 and267-268 The separation was first tried using

flash chromatography and classical reverse phase HPLC, but both methods were unsuccessful
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ard therefore th€F; substituteccompounds815and327were purified by chiral HPLC. This
work was carried out bthe authorat the Sygnature Discovery laboratories in Nottingham
under the supervision of Stephanie Barlow and all four iso@6%268 could be separated to
allow for biological evaluation (Figurss).

F;C \]—_—_N
—N \
3’/ \N °

: F1C q
H N . NH, O
F NH, O } 267
NN F
] ” \ I @j - /
7
N e F,C

/’/ —N

315 (CIS)

N
O%/\( F3C N
FC NHz ;F:/\N
327 (trans) F O’/\(
oL
2

N
F 268

2.

NH, O
F 266
Figure 56 Seperation of diastereometians andcis- compound815and327

Both enantiomerg265/266267/268were resolved from &:1 mixture for eactctis- or trans
diastereoisomerdl5and327 (Figure57).
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Figure 57 Spectra of separatéchns enantiomer267-268andcis- enantiomer265-266
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4.5 Enzymeinhibition by Sitagliptin analogues

4.5.1 Enzyme inhibition of DPP-4

The synthesized analogue®l5-335 reported in Chapter 4.4 were submitted to the
biopharmaceutical company Hitgen in China for biological screening against the serine
protease DPR . In this functional assay the remaining activity of the enzyme-DRRs
determined through measuring theorescence observedx/em=360/460 njnas the active
DPPR4 cleaves a nofluorescent substrateH(Gly-ProAMC) to release a fluorescent
substrate {-amino-4-methyl coumarin (AMC). The 1Gvalues from all analogues are listed

in Tableb.

Table 5 ICsq valuesafter enzyme DPf inhibition by the Sitagliptinanalogue265268,315-335 (n=2), Data are presented
asMeanzt SD, Plasma DPRV activity was measured using a continuous fluorometric assay with the sul@lys®eo-
AMC, which is cleaved by DPRP/ to release the fluorescent AMC leaving groamd the fluorescent change
(ex/lem=360/460 ninwas monitored

R N R N
« iy . gt
L P
X X
compound cis or trans X R DPP-4
inhibitory
activity [nM]
265/266 cis F CRs 27.% 1.3
265/266 cis F CRs 70.G£2.3
267/268 trans F CR 527.4:22.5
267/268 trans F CRs 145.14.6"
335 cis H CR 694.7+30.5
331 trans H Ck 2801.485.7
318 cis F Et 854+3.2
329 trans F Et 107.5t5.6
316 cis F CRCR; 66.6t1.5
328 trans F CRCR; 257.#11.0
319 cis F iPr 31.8+0.8
330 trans F iPr 151.49.4
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I
e,

320 cis F K 50.21.0
NS
324 cis F \[N/] 60.0t2.1
¥ | NS
323 cis F P 43.4:1.3
317 cis F CH3 27.6t0.9
o
326 cis F </N>\ 49.5:1.4
I
¢ _N_OEt
325 cis F | Pz 139.0+4.1

\,f" OH
322 cis F O/ 81.84.7
U
321 cis F 123.3t6.8

Sitagliptin 1G22+2 (n=20),*cis- connected single diastereométsans- connected single diastereomall remaining

compounds consisting of a mixture of both diastereoisomers

F

FsCL _N FaC N, R F
Ry TN
N—4 N-¢
SN S-S POUSH 9@

N
; N Y N H 07 NH
NH; O NH; O F NH, O N
F F ot
F F N

”
Q
=, /N

N

332 333 334 371
93.6:3.7 100.4:3.6 134.44.3 >100,000.00

*mix of four isomers” trans connectedsomer

Compound371was used as a negative control for evaluation of the selectivity profile of the

Sitagpliptin analogues (structure will be shown in chapter 5).

4.5.2 Biological Screening against the enzymes DP&DPP-9
As mentioned in Chapter 4.2, selectivity for the sepraegease DPR is crucial for finding a
new safe DPP inhibitor. To test the usefulness of our new potential BRRhibitors

towards type2 diabetes, the compounds were further evaluated for their selectivity profile
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against the enzymes DFRPDPR9 (table 6) This biological screen utilized the same protocol
as for the DPR screen and was carried out within the Hitgen screening laboratories in
China.

Table 6 ICg, values showing the inhibitory effect of the new Sitagliptin analsggginst DPR8/ DPP-9 (n=2). Data are
presented ablean+ SD., Plasma DPPV/ activity was measured using a continuous fluorometric assay with the substrate
Gly-Pro-AMC, which is cleaved by DRP/ to release the fluorescent AMC leaving group dhd fluorescentchange
(ex/lem=360/460 njrwas monitored

R N R N
N N ",
X X
compound cis or X R DPP-8 DPP-9 inhibitory
trans inhibitory activity [nM]
activity
[nM]
265/266 cis F CRs 224°A 261.7* 179.% 261.7*
265/266 cis F CRs 1809%2603.1* 10454.3659.3*
267/268 trans F CR 5771.%942.6  3956.%149.7
319 cis F iPr 878.9:39.1 38.5:2.7
e
320 cis F N><s 1518.481.4 120.5+6.0
¥ | NS
323 cis F Y 1053.134.8 144.'A#8.5
)
324 cis F N 1188.%84.0 1382+13.0

Sitagliptin (DPP8) 1C565+2.5 M (n=9), Sitagliptin (DPF) 1Cs,71+6 (n=9), *cis- connected single diastereométsans

connected single diastereomall remaining isomers are consisting of both diastereocisomers
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<N N
F N, F
. NH, O F NH; ©
& F
332 334

DPP-8 inhibitory
activity [nM] 14787.&22985 52568+5553
DPP-9 inhibitory
activity [nM] 47119+311.3 557.819.5

* mix of four isomers

4.6 SAR evaluation of synthesized Sitagliptin analogues
In total 25 compounds were submitted for biological screening againsédlxPB a further

nine compounds were tested against BBAPPR9 to evaluate their selectivity fddPR4
over DPP8 and DPP.

Comparing the analogu&45/327 332, 333and 334, which are different in the size/absence

of the second ring, showed a trend to increasing biological activity through increasing the
ring size and gratifyingly the analogBi5 was slightly more potent than the bicyclic
compound333(Figure58).

F;C F3C

=t -
N_N
F

N |
F F O’\);N
N . N
F ﬁHz o Hr‘lcklI2 ©
HCI E

F 315 332
F3C.__N FsC N,
TN N
N N
F F =
N N
NH, O NH, O
F HCI F HCI
F 334 F 333

Figure 58 Differences in compoundil5 (singe diasterecisom@r332 (mix of cis diastereocisomefys333and334 (mix of
four isomer}

Unfortunately, the sevemembered ring compourigB4 was still a mixture of four isomers

and the fivemembered ring compour@B2 was still a mixture of two enantiomers of tbis-
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connected bicycle. Only the six membered compounds were tested as two single
diastereoisomerg66 265 with one isomer threémes more active compared to the second
isomer which shows no significant difference in the biological activity of these
intermediatesThis concludes in the trend that the ring size matters in increasing the potency
of the sitagliptin analogues which éensistent with the comparison of the analogues in the
DPPR4 active site. This docking study was carried out using the scientific software docking
program OpenEye and analogd$, 332334 were o/erlaid with the cecrystal structure of
sitagliptin256 (pdb codelX70) (figure 59).

<\
P

Figure 59 Docking of analogue815 332-334 (light blue)in the DPP4 active site overlaid witBitagliptin256 (magenta)
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All of the four compounds3(L5, 332334 shown in turquoise) showed a good overlay in the
aromaticregion compared with Sitagliptir2%6, shown in magentgfigure ). The [6.5.5]
membered analogu&82 showed, in its energy minimized docking pose, a clash in the region
of Phe 357, which could be the explanation for the lower activity compared tontjle si
diastereoisomer of315 The [6.6.5] membered analogugl5 showed a good overall
topographical fit with Sitagliptir256, with the exception that both €Groupsarepointingin

the opposite direction to that observed in Sitagliptin. The bicyclic congp883 showed a
twist of 90 degrees in the triazole part compared to Sitagl§®ér The [6.7.5] membered
connected analogug34 showed a good overall fit compared to Sitagli@26, where the
aromatic part, the amino group as well as the amide group evarlaying well with these
groups in Sitagliptin256. In the region of the tricyclic scaffold a twist between the six
membered and seven membered rings was detected, where the seven membered ring is
occupying the S2 extensive pocket. In this anala@@#éthe CFk group is pointing in the
same direction as the ggroup in Sitagliptir256. The opposite direction of the Glgroup in

the Sitagliptin analogue®15and333 could give opportunities to discover new interaction in
the DPP4 subpocket.

In all the tested analogues thas- isomers 815326, 335 were more potent than the
correspondindrans isomers 827-331). The most potent compounds were the metBYF
andiso-propyl 319 substituted compounds which showed a similar potency compared to
Sitagliptin 256, whilst theystill consist of a mixture of diastereoisomers. Furthermore, one
single diastereoisomer of the £substituted compoun®65266) demonstrated an kg of

28 nM, which is a similar level of activity to Sitagliptin (¢ 22 nM). The fluorine
incorporated analogue8X6'328 67 nM and 258 nNl werein the same activity ranghan

the corresponding ethyl side chain compoudii®329 (86 nM and D8 nM), regarding the

assay variations

The tested heterocyclic substituted compow23and323-326 showed asimilar activity in

the low nanomolarange(between 44 nML40 nM) as a mixture of two diastereoisomers of
thecis- fused ring compounds. Whereas only the ethoxypyoidiubstituted compoun825)
showed an activity greater than 100 nM. The increase in sizegthrine introduction of
benzyl and hydroxyphenyl groups resulting in compowisand 322 with a greater steric
demand in the S2 pockdti d n 6t r e sificAnt changes irathieyploggal activityand

are inthe range of 100 nM (124 nM and 82 nM). By elimination of the fluorine on the
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aromatic ring system in analogu@35 and 331 the activity was decreased byabd 23fold

compared to analogu845and327.

Compound371 was synthesized for screening the new scaffold against the chemokine
receptor CCR5 (explanation in Chapter 5) and was tested againsé D&@Prove the
selectivity of the new scaffold towards different biological targets. Gratifyingly, cangpo
371showed no activity towards the enzyme DPE 100,000 nM).

The selectivity screen with compoun®85 or 266, 267 or 268 332, 334, 319, 323 320and
324 against the enzymes DF¥DPR9 gave unfortunate results as all promising BPP
inhibitors 265266 and 319 resulted in highly potent DR&DPR9 inhibitors. Only three
compounds were obtained which gave an inhibitory activity againstddPiPR9 in the low
micromolar range. One of the single diastereoisomeric compound26%R266 (18
nmM/10 M) showved a selectivity towards DP# in the range of 140t0 26Gfold and the
[6.5.5] connected compour882 (15 mM/5 nM) resulted in a reasonable selectivity towards
DPPR8 in the range of 16@old compared to Sitagliptir256 (66 mM/70nM) which has
selectivity of 30063100 fold. Interestingly, the s DPR4 active analogue from the
diastereoisomer mixture @65/266hadbetter selectivity profile against DRE?DPR9 and is
a result that is worth further investigation to tease out the struategalirements for

selectivity in this new class of DPPinhibitors

In conclusion,25 new analogues of the known DBRnhbitor Sitagliptin were synthesized
and screened against DRBRPFurthermore, the biologicattivity of the best DP# inhibitors

was tested against DRB and DPP9. So far, the trifluoromethyl side chain containing
analoguesshowed comparable biological activiagainst DPR4, compared to Sitagliptin,
with the cis- connection of the rings demonstrating increased levels of-DiRMibitory
activity compared to thérans analoguesOnly compound265/266showed a reasonable
selectivity profile towards DPRR in a range of 14Q60 folds, which was theslightly less
active compound of the single diastereoisomers in the-DB&eens. Nevertless, it is a
promising starting point with first SAR studies for a new series of Sitagliptin analogues

bearing a novel tricyclic triazole syste.
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5 Maraviroc, a chemokine receptor (CCR5) antagonist

5.1 HIV -a major global health problem

According to the world health organization (WHQO) 35 million people were affected by the
human immunodeficiency virus (HIV) in 2013 with 2.1 million new infections and 1.5
million deaths:*” Over 70% of the new infections occurred in the Salharan regioand

this region accounts foaround 25 million HIV patients. The Acquired Autoimmune
Syndrome (AIDS) was identified as a disease in 1981 with the discovery of the causative
viral pathogen'®, later known as humammunodeficiencyvirus (HIV). From this time on
HIV-1 infection and AIDS became a worldwide pandemic and one of the major infectious
diseass worldwide™® There are two known HIV types (H¥¥ and HI\:2) and bothhave
different viral strains and show different symptoms during the development of the disease.
There isstill no therapy to cure HIMVinfection; however medications in the form of
antiretroviral drugs (ARV) allow people infected with HIV to liver@re unburdenedfe.

The HIV virus targets the immune system and weakens affpetiéehtsby destroying the
function of thé immune cells. As a result the patient is more exposed to variety of infectious

diseases and as a result, death often occurs through infectiousepathsagh as T.B

| TOTAL: 11.7 MILLION
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M South-East Asia Region
M European Region
B Eastern Mediterranean Region
B Western Pacific Region
High-income countries

Figure 60 Number of people affected of HIV around the globe, adapted fram.who.int/HIV
Unfortunately, only around 36% of the HIV patients are eligible for a suitable ARTF (anti
retroviral therapy), which means that oalthird of the infected patients are under controlled

91



Maraviroc a chemokine CCR5 receptor antagonist

medication (Figure60). The first availabletreatment for HIVwas the nucleoside reverse
transcriptase inhibitors [NRTI], which required a complex dosing schedule. This therapy was
followed by nonnucleosde reverse transferase inhibitors [NNRTI] which were later
substituted by the HAART treatment (highly active antiretroviral therapy), which include a
combination of at least three drugs from different HIV drug cla¥8étowever the HAART
treatmenthas its limitations due totoxicity issues and the development of resistance.

Therefore the search for new effective treatment option for HIV is a continuing ortgbing.

5.2 The chemokine receptor CCR5 and its role in HIV

The CCRS5 receptor is a chemokine receptor,iebhis located on the cell surfacé T cells

and can bind peptide ligands called chemokines. Chemokine receptorg tmlanlarge

family of the seven transmembrane G prowdpled receptors (GPGRGPCRs as
therapeutic targets are wdthown as more han 60% of prescribed drugs are GPCR
modulators-*? The humarCCR5 receptoritself is a 352 amino acid protein and consists of
seven transmembrane spanning helices connected th3aeighacellular loops (ECL1, ECL2

and ECL3)three intracellular loops, anxtacellular Nterminus and an intracellular-C
terminus and N-terminus functionality (Figure6l). The extracellular loops and
transmembrane helices are responsible for binding ligands and the intracellular regions are
responsible for signal transductidrhe activation of the chemokine receptor GERhrough

its binding of endgenously expressathemokines (macrophage inflammatory proteins -MIP
laand MIRlbas wel | as fAregul ated on activati on,
RANTES) can cause typicakllular responses including inhibition of cAMP production or

stimulation of intracellular G&.*%3
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Figure 61 Structure of CCF5 receptor showing extracellular loops in green and intracellular loops in light blue, adapted
from: News and Views: Only weekly of the Scripps Research Instifote3. Issue 31 / October 18, 2004

If an agonistbinds to a GPCR it causes a change in conformatihin the receptor
resulting inactivaion of heterotrimerioG-proteirs.? Theseproteins acas signding proteirs

which can activate or deactivatevariety ofmembrane bound enzymes.

The entry of the HY into a human cell is a mulsitep processtarting with the attachment of
the gpl2(figure 62), located on the surface of the virts theCD4 receptor of the T cells.
The interaction between the CD4 receptor and the gp120 leads to a conformational change in
gp120, which enables the formation of the eeptor binding site in the glycoproteifhe
chemokine receptoiGXCR-4 and CCR5 are kown to be caeceptors for HIV entry into T
cells. After binding of the gp120 to the correspondingex®eptor another glycoprotein gp41

is released. In the next step the gp4feNminus inserts into the cell membrane, which leads
to the approximation ofhe two membranes to each other and finally to the fusion of the
membranes and the entry of the virus into the *ééNVhereas the known fusion inhibitor
enfuvirtide targets the fusion of gp41, the inhibition point for entry inhibitors is the gp120,
which @uses the binding to the-ceceptor:®
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Figure 62 Schematic HIVertry into the cell, adapted from studyblue.cdfisevier, 2005

In natural HIV infection, CCF5 is the primary coeceptor when compared to CX&Ras it
has a greater affinity to solubiliseghp120 (K3 200-500nM) resulting from the essential
binding of the tyrosine sulphatedtsrminus of CCR5 to gp 120.

5.3 The chemokine receptor CXCR4

CXCR-4 is a structurally related chemokine receptor to €&CRelonging to the GPCR
superfamily. It wasoriginally identified as an orphan receptor and received its first real
attention when its potential as a@reptor for HI\V1 was discovered with its natural agonist
SDF1.?° CXL12 (SDF1a) has a potent virus blocking activity which correlates with the
patential internalization of the CXCR receptor. CXCR! itself is expressed on the cell
surface of various cancer cells and plays a role in cell proliferation. GXCah be used in
the same way for HIV entry as the-ceceptor CCK5. The chemokine recept@XCR-4 is
known to regulate cell migration during immune system control and development of
cardiovascular processes and is found the central nervous <¢Stadditionally to its
important role in HIV, CXCR4 plays an important role in the treatment afcer. To clarify

the structural features of the CX&@Rthe group around Qin was able to crystallize the
chemokine receptor with a viral chemokine vMIPwhich allowed further insights into the
interactions of CXCR4 with its endogenous ligand CXCL12 dligh homology molecular

modelling (Figure63).*?
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