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The subject of this thesis work was prolyl oligopeptidase inhibitors. The aim was to
prepare a series of syntheses that would result in a number of different final products with
basic function. The thesis work was commissioned by the University of Antwerp, the
Department of Medicinal Chemistry.

Prolyl oligopeptidase is a serine protease. It is specialised in hydrolysing peptide bonds
with proteins that have a proline ring. This function is important because it means prolyl
oligopeptidase can participate in the degradation of neuropeptides. Many neuropeptides
contain a proline ring because it protects them from most enzymes.

This means that prolyl oligopeptidase might have an important role in neurological
diseases. The studies have shown that there is a connection between prolyl oligopeptidase
and learning and memory disorders such as Alzheimer’s disease.

Therefore, the inhibitors of prolyl oligopeptidase could be a base for new drugs in treating
these diseases. Some studies imply that the enzyme activity is increased correlating with
the disease. The inhibition of prolyl oligopeptidase could be a part of the cure for the
disease. There has been an ongoing project at the University of Antwerp for producing
new prolyl oligopeptidase inhibitors for a few years. In this thesis work the focus is on
inhibitors with basic decorating substituents.

The process of producing a new inhibitor molecule takes all in all a nine-step synthesis.
The first eight steps are for building up a scaffold and in the ninth step the decorating
group is added. The final products are analysed by mass spectrometry, NMR and HPLC.

All the desired products could be produced and purified. Unfortunately there was not
enough time to perform testing of inhibitor activity. In that sense the work still needs to be
continued.
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Tyon  tarkoituksena  oli  valmistaa  inhibiittoreita  prolyylioligopeptidaasille.
Prolyylioligopeptidaasi on seriiniproteaasi, joka on erikoistunut pilkkomaan pienikokoisia
peptidejd, joissa on proliinirengas. Thmiselld prolyylioligopeptidaasia esiintyy ympaéri
kehoa, mutta erityisesti sen sijainti aivoissa on terveydelle tirked. Prolyylioligopeptidaasi
on yksi niistd entsyymeistd, joka voi osallistua neuropeptidien hajoittamiseen.

Tami ominaisuus tekee siitd tdrkedn aivojen toimintaan liittyvien sairauksien hoidossa.
Prolyylioligopeptidaasilla on havaittu yhteys muun muassa Alzheimerin tautiin sekd
kaksisuuntaiseen mielialahdirioon. Prolyylioligopeptidaasin toimintamekanismi néissi
sekd muissa sairauksissa ei ole vield tdysin selvitetty, mutta tutkimuksia tehdddn koko
ajan.

Vaikka toimintamekanismia ei ole vield selvitetty, on kuitenkin kannattavaa ryhtya
etsimddn tehokkaita inhibiittoreita prolyylioligopeptidaasille. Entsyymin aktiivisuuden
lisddntymiselld ja esimerkiksi Alzheimerin taudilla on havaittu korrelaatio. Tehokas
inhibiittori voisi olla osana taudin hoidossa. Tdtd tyotd on tehty Antwerpenin yliopiston
ladkekemian laitoksella jo useamman vuoden ajan. Tédssd opinndytetydssd on keskitytty
erityisesti eméksisilld ominaisuuksilla varustettujen inhibiittorien valmistukseen.

Inhibiittoreita valmistettiin yhteensd viisi kappaletta. Koko prosessi oli yhteensd
yhdeksédnvaiheinen synteesi, jossa kahdeksan vaihetta tarvittiin rungon valmistukseen ja
viimeisessé vaiheessa lisdttiin molekyylit toisistaan erottava funktionaalinen ryhma.

Lopputuotteet analysoitiin massaspektrometrilld, NMR:1ld sekd HPLC:1ld. Kaikkien
suunniteltujen lopputuotteiden valmistuksessa onnistuttiin. Lopputuotteiden inhibitiotehoa
ei ehditty kuitenkaan analysoimaan, joten siind mielessd tyotd on vield jatkettava.

Hakusanat: prolyylioligopeptidaasi, neurologiset sairaudet, synteesi

Siilytyspaikka: Turun ammattikorkeakoulun kirjasto, Lemminkidisenkatu
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1 INTRODUCTION

This thesis work was done at the Department of Medicinal Chemistry at the
University of Antwerp, Belgium. The aim of the study was to prepare inhibitors for
prolyl oligopeptidase. The subject was based on the previous work that had been
done in the prolyl oligopeptidase project. In this thesis work the focus was on
preparing five inhibitors that would have the same scaffold but would differ in the

decorating substituents.

Prolyl oligopeptidase is a serine protease that is found in many places in human
body but the localization in brain is the most interesting for the researchers. There
are studies that indicate that prolyl oligopeptidase is somehow related to
neurological diseases. The studies are mainly focused on memory and learning
disorders such as Alzheimer’s disease. The exact function of prolyl oligopeptidase
is yet to be clarified. The studies that show a correlation with a high prolyl
oligopeptidase activity and a memory disorder was the basis of this thesis work and
reason why just inhibitors were made. If an efficient inhibitor could be prepared it
could come a drug against these diseases. In addition, it could be used to further test

what would happen if the prolyl oligopeptidase would be inhibited in physiology.

The synthesis was planned based on the previous projects that had been going on
among the research group. All in all a nine-step synthesis was planned to carry out.
The steps were somewhat similar to what had been made previously. In the first
eight steps the scaffold would built up and then in the last step a different basic

decorating substituents would be added.
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The additional aim of the thesis work was to test the inhibitory activity of the
compounds. Due to time restrictions this was not done. So the exact potential for

further drug development still remains to be examined.
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2 THEORETICAL BACKGROUND

2.1  Prolyl oligopeptidase

Prolyl oligopeptidase (EC 3.4.21.26) is a serine protease. Walter et al. first
discovered it in human uterus in 1971 and it was then named prolyl endopeptidase
(1). When more information of functions of prolyl oligopeptidase (PO) was
gathered it was discovered that it hydrolyses oligopeptidases instead of proteins like
other endopeptidases and the name was proposed to be changed to prolyl
oligopeptidase (2). The [UBM (International Union of Biochemistry and Molecular
Biology) recommends now the name prolyl oligopeptidase because it describes the

enzymes functions more accurately (3).

Lo~

OH
H

Figure 1: Proline.

Prolyl oligopeptidase is found in mammals, bacteria and even archaea, only
exception being fungi (4). It is small sized, only 80 kDa, intracellular enzyme. Due
to its localization in brain, it is considered to have a role in maturation and
degradation of neuropeptides and peptide hormones (5). Most peptidases are not
able to take part on hydrolysing the peptide bond at proline residues because
proline (Figure 1) is an imino rather than an amino acid. Proline is an amino acid
that has secondary amine group and that is why it is called imino acid. Many
neuropeptides and peptide hormones contain one or more proline residues to protect
then from enzymatic degradation. Proline-specific enzymes are therefore often

required for processing such peptides. (6)
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Serine proteases are proteases that share a common serine residue at their active
site. The prolyl oligopeptidase family is a one family among the serine proteases. In
addition to PO this family includes for example dipeptidyl peptidase IV (DPP IV),
acylaminoacyl peptidase and oligopeptidase B. These proteases are specified in
hydrolysing oligopeptides that are less than 30 amino acids. (4) Prolyl
oligopeptidase hydrolyses oligopeptides after proline residues (7).

2.2 Prolyl oligopeptidase and diseases

According to recent studies, prolyl oligopeptidase might have a role in various
neurological conditions. Two mainly studied groups are memory disorders, such as
Alzheimer’s disease and mental disorders like major depression and schizophrenia.
The function of prolyl oligopeptidase in these various diseases is not yet fully
understood. Moreover, the function varies a lot between the different types of

diseases.

Many neuropeptides contain proline and therefore it has been proposed that PO
might have a role in their metabolism. Arginine vasopressin (AVP), substance P
(SP) and thyrotropin-releasing hormone (TRH) are all neuropeptides that are
connected with learning and memory and they contain proline. The effect of the PO
activity is however a complicated matter. There are studies reporting that PO
activity is enhanced in the brains of patients with Alzheimer’s disease (AD). On the
other hand, there are also studies contradicting that result reporting that PO activity
is reduced in AD patients. One explanation could be that PO has different role in

different stages of AD. (8)

Recent studies have suggested that PO could participate in mood disorders. There is
a hypothesis that PO is a regulator of inositol phosphate (InsP). Inositol depleting
drugs (e. g. lithium) are used in the treatment of bipolar disorder (BD) and this is
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how PO could be a part of BD. (9) There are also reports implying that there is a

decrease of plasma PO activity in BD. The inhibition of PO has been shown to
reverse the effect on lithium based mood stabilizer drugs. The matter is still under

research investigating the exact mechanism and effect on BD. (10)

What can be gathered from the above mentioned is that a substantial research effort
focusing on the role of PO and its functions in body is required. These diseases are
just examples of the variety of theories of PO’s role in diseases. For example there
are also theories that PO could have a role in eating disorders and Parkinson’s
disease (11). At the same time the development of the inhibitors of prolyl
oligopeptidase can be considered a valuable work: such compounds can play
important roles in studying PO's role in physiology and in the future selected
compounds can be developed further to produce efficient drugs against PO related

diseases.
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3 SYNTHETIC PROCESS

Most of the inhibitors that have been made this far are proline mimetics. In this
thesis work, the lead compound was chosen to be the prolylproline motif. Proline
has a cyclic structure that separates it from other amino acids. The reason for

favouring proline is that prolyl oligopeptidase is a proline specified enzyme.

The aim of the syntheses was to prepare a number of end compounds that would
share a common prolylproline-derivated scaffold, decorated with basic functional
groups. There have been previous projects with the same scaffold but in this work,
the goal was to add different groups with basic functions. The reason for this is that
basic compounds are usually protonated at the physiological pH and therefore
dissolve better in water. At the same time, the choice of substituents that have pK,
values of maximally 10, can be expected not to interfere with the compounds'
ability to enter the Central Nerve System by passive diffusion. The last step was
done using Cu'-catalysed alkyne-azide cycloaddition, which meant that all the
molecules added in the final reaction needed to have an alkyne terminus. Some of
the reagents used in the last step were commercial and some of them had to be

prepared in the laboratory.

All in all the synthetic process consisted of eight steps to prepare the scaffold and
then one last step to add the functional group. Finally, five end products were
prepared. The more detailed explanations of reaction mechanisms are described in

the following chapters.
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3.1 Esterification

" Ho HO
. .
N0 N N 0,420 N 0.0
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Figure 2. Formation of acyl chloride. (12 p. 295, modified)

2-hydroxyproline is first converted into an acyl halide using thionyl chloride. The
carboxylic acid has a bad leaving group OH". In this reaction, it is turned into a
good leaving group using a thionyl chloride, SOCl,. Carboxylic acid attacks thionyl
chloride forming HCI and an unstable intermediate that is highly electrophilic. The
intermediate is protonated with HCl giving an electrophile that reacts with CI
forming again an unstable intermediate. This intermediate finally collapses into
acyl chloride, SO, and HCI. The reaction is irreversible because SO, and HCI are
gases and therefore lost from reaction mixture. (12 pp. 294-295) The reaction

pathway for forming acyl chloride can be seen from Figure 2.

HO
ot CH30H — o'2 - . + C
NH 2 NH, S0
Cl
O\

4o O CH3
VEM 2009 029
Figure 3. Esterification. (13 p. 300, modified)

Reaction is not ready yet since the acyl chloride still reacts. The methanol that is

present in the reaction flask attacks the carbon atom at carbonyl group. This leads
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to an unstable intermediate and finally to elimination of the chloride ion. (13 p.
300) The amide function in the proline reacts with the free chloride ions forming a
chlorine salt. The esterification reaction and the formed molecule VEM-2009-029

are showed in Figure 3.

3.2 Protecting groups

When dealing with multifunctional chemical compounds it is sometimes necessary
to protect one or more of the functional groups in the molecule to prevent them to
react causing unwanted products. There is a variety of different protecting groups
designed for different purposes. When choosing a protecting group there are many

things that need to be taken into consideration. (14 p.1)

The protecting group has to be specific to that functional group which it is going to
protect. The reactions that are performed to introduce protecting group and to
cleave it should have a high yield and preferably be done without toxic chemicals.
The protecting group should preferentially form a solid derivate, which is easy to
purify. Protecting group should stay stable and not form new functional groups or

affect the stereochemistry of the original compound. (14 p.1)

The BOC group

tert-Butyl carbamate, BOC group, is used to protect amine function mainly in
peptide and heterocyclic syntheses. The BOC group is inert to many nucleophilic
and electrophilic reagents and it does not hydrolyse easily in basic conditions. It can
be cleaved using only strong acid. These characteristics make it a popular
protecting group for amines. The structure of fert-Butyl carbamate is shown in

Figure 4. (14, p.725)
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Figure 4. The BOC group. (12 p.655)

Usually protecting groups are put on using a carbamoyl chloride. This does not
work with BOC group because fert-BuOCOCI is too unstable. In this thesis work,
the BOC group is put on using the anhydride BOC,O as it usually is the case. The

structure of BOC,O can be seen in Figure 12 above the reaction arrow. (12 p. 655)

3.3 Mesylation

9 . O
Q =S’ @2 N
O=§—C| 9 A o_ﬁ\\k}o —d T-FS:O O,Sto
H H O=S-Cl [EE— - —_— H‘O [EE—

d— T H)-\TH . o 21’& i o
o 10T e

o/<\o O< Yo O~

Figure 5. Mesylation. (12 p. 486, modified)

The BOC protected compound has still one hydroxyl group. It is converted to mesyl
group to make a better leaving group for the next step. Methanesulphonyl chloride
reacts with alcohols giving methanesulphonate esters if there is a base present
(triethylamine in this reaction). First, the base reacts with the methanesulphonyl
chloride so that an HCI molecule is eliminated. Then the formed sulphene reacts
with the hydroxyl group forming the mesylate. The reaction mechanism can be seen

in Figure 5. (12 pp. 485-486)



17

3.4 Replacing a mesyl group with an azide group
O
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Figure 6. Replacing a mesyl group with an azide group. (12 p. 437, modified)

The azide molecule is a rod-shaped, linear molecule that is nucleophilic at both
ends. That makes it able to insert itself into almost any electrophilic site. The
nucleophilic end attacks the mesylated carbon forming an alkyl azide and

eliminating the mesyl group. The reaction mechanism can be seen in Figure 6.

3.5 Hydrolysis of a methyl ester

N3 Na N3 Ng
QYO X % ~ zj\/ @\f
KOH " OH’
0 "0 >( >( OH
>(O/<\o 0’\\/ o O//%o Loy O/go

Figure 7. Hydrolysis of a methyl ester. (12 p. 291, modified)

The esterificated carboxylic acid needs to be converted back to acid because in the
next step it is coupled with a pyrrolidine ring. Hydrolysis is done using a base,
potassium hydroxide. The hydroxyl ion attacks the carbon atom in the carboxyl

group and forms a carboxylic acid. For reaction mechanism see Figure 7.
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3.6  Coupling with O-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium

tetrafluoroborate
N3
P T, - e o
o oH o BF, N —N N
e} Ui \ -
\—\/V)iN/ Ie} \ O—\/\O
N A A
/0 N
N + '\ii )\\(E/Ns Q o} N ¥
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Figure 8. Coupling of a pyrrolidine ring using TBTU.

The hydroxyl group of the carboxylic acid reacts with the electron positive carbon
of O-(Benzotriazol-1-yl)-N,N,N,N'-tetramethyluronium tetrafluoroborate (TBTU)
molecule forming a bond. The bond between carbon and oxygen is broken giving
an extra electron to oxygen. This electronegative oxygen then attaches to carbonyl
group. Being a good leaving group, this group makes the carbonyl group more

accessible to the pyrrolidine ring. For reaction mechanism see Figure 8.
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3.7 Removal of the di-tert-butyl dicarbonate protecting group

N3

x% Y 53*@ @YO 2
%9 ﬁﬂﬁ (D v v )

+% + )=

Figure 9. Removal of the BOC protecting group. (12 p. 655, modified)

BOC protection can be removed with acid, in this case trifluoroacetic acid, TFA,
was used. TFA is used to protonate the oxygen in the carbonyl group. The
protonated oxygen then attacks the hydrogen, which leads to the loss of #-butyl
cation. The rest of the molecule then decarboxylates to an unprotected molecule.

The reaction mechanism can be seen in Figure 9.

3.8 Addition of a phenylbutanoic group
N3
2 /
NN . NO
O "t — a4
Cl Cl
- 0
o ©
N
N, 3
@ N @NO
\O o

ad

Figure 10. Addition of a phenylbutanoic group. (12 p. 284, modified)
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The amine was deprotected in the previous step to make it accessible for the
coupling reaction. The reaction is a simple reaction with the acyl chloride derived
from phenylbutanoic acid to form an amide. The amine attacks the carbonyl carbon
in the acyl chloride eliminating chloride ion. The reaction mechanism can be seen
in Figure 10. In previous experiments with the PO inhibitors it was noticed that
positioning a phenylbutanoic group in this part of the inhibitor affected less with
the inhibition rate of the molecule. That means that it was better to replace BOC
protecting group with phenylbutanoic group so that the inhibition would be most

effective.

3.9 Copper-(I)-catalysed 1,3-dipolar addition

The Cu'-catalysed 1,3-dipolar addition of an azide and an alkyne is used in this
work to couple the scaffold and the functional group together in the last step of
syntheses. It is classified as “click chemistry”, a relatively new group of synthetic
methods. Click chemistry has gotten its name from the fact that the reactions are
fast and they require only benign reaction conditions and simple work-up and
purification procedures. The mechanism of the copper(I) catalysed version of this

reaction has only partially been unravelled. (15)
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4 METHODS AND INSTRUMENTATION OF LABORATORY
EXPERIMENTS

4.1 Flash chromatography

Flash chromatography is a purification method. It is similar to traditional column
chromatography but it is done under a pressure to speed up the elution time. The
sample that is to be purified is placed on a top of a column usually filled with silica
(normal phase). (16 p. 179) Sample can be either dissolved in a small amount of
toluene or attached to silica or kieselguhr. The column is then attached to the pump
and the elution is performed. The product and impurities are collected into tubes.
From every collected tube, a small sample is applied to a TLC plate. The plate and

MS are then used to detect the tubes with the pure compound.

With this method, the separation quality is not the best but it is faster than many
other methods. One run could be something from 10 minutes to a couple of hours.
In this work, the purifications that were made took about half an hour. This method

works best for samples that have only few components. (16 p. 179)

In this work, some of the compounds were purified using column chromatography.
A glass column is filled with silica and the silica-bound sample is added to the top.

The elution flow can be forced to go faster by pumping air to the column.

4.2 Thin layer chromatography and preparative TLC

Thin layer chromatography (TLC) is a fast and practical way of following the flow

of syntheses. It is usually done using plastic, aluminium or glass plates covered
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with silica (Si0,) or alumina (ALOs;) (16 p. 256). The materials for TLC are

affordable and the work process is easy to learn. That is why it is so commonly
used in organic chemistry to examine the reaction process. In these reactions a
common UV active TLC-plate was used and UV light and ninhydrin colouring

were used for detection.

Preparative TLC is an ordinary TLC scaled up. It is an analytical technique that can
also be used to isolate compounds. The adsorbent layer, usually silica, is much
thicker (0.5-2.0 mm) and the plate itself is larger (12x12 inch) (17 p. 276). With
one plate a large amount, 10 - 100 mg, of product can be purified. The product is
applied to the plate as a streak 1 cm from the bottom and 2 cm from the edges. The
width of the streak depends on how much product there is to be purified. Same
plate can be used for multiple products if there is enough space. After the plate is
developed, the right band can be scraped off and then product is separated from the
adsorbent with suitable solvent. (17 p. 80)
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S SYNTHESES

5.1 Esterification

HO i
crSa HO
(Nj\(O 6y e
H  OH CIN 2 o/
~N

VEM 2009 029
Figure 11. Synthesis of VEM-2009-029.

A 500 ml round bottomed flask was filled with argon through a rubber septum. The
flask was then charged with dry methanol (150 ml) and cooled in an ice bath.
Sulphurous dichloride (12.45 ml, 172 mmol) was added to methanol carefully. 2-
hydroxyproline (15 g, 114 mmol) was added to the solution. The ice bath was
removed and the solution was allowed to warm up to room temperature. Then the
solution was heated to 70 °C with a reflux condenser and refluxed for 2 hours.
Methanol was evaporated and the crude product was precipitated and washed with
ether. The starting material and the final product are drawn in Figure 11. For NMR
and MS spectra of the product see Appendix 1.

Yield: 92 %

ES-MS: m/z 146.1 = [M'H]"

'H NMR (D0, 400 MHz) J: 2.0 (1H, m, B1), 2.2 (1H, m, B2), 3.1 (1H, d, 81), 3.2
(1H, m, 982), 3.5 (3H, s, CH3), 4.4 (H,O and underneath it o and vy)
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5.2 Di-tert-butyl dicarbonate protection

HO, /\'\(\XOT}/OT}/O% "

+ (@) 0 B
NH, >~
gl.\xz\o( >( NSO
VEM 2009 030

Figure 12. Synthesis of VEM-2009-030.

VEM-2009-029 (19 g, 105 mmol) was dissolved in dichloromethane (DCM, 200
ml) and cooled in an ice bath. Triethylamine (43.5 ml, 314 mmol) was added. Di-
tert-butyl dicarbonate (22.83 g, 105 mmol) was dissolved in DCM (50 ml) and the
mixture was added to the reaction solution dropwise. The ice bath was removed and
the reaction was stirred for overnight. DCM was evaporated and the residue was
dissolved in ethyl acetate (EtOAc, 150 ml). The solution was washed with 1 M HCI
(2x75 ml), dried over sodium sulphate, filtered and evaporated under reduced
pressure. The starting material and the final product are drawn in Figure 12. For
NMR and MS spectra of the product see Appendix 2.

Yield: 80 %.

ES-MS: m/z 513.1 = [2M"Na]’, m/z 268.1 = [M"'Na]"

'H NMR (CDCl;, 400 MHz) d: 1.1 (9H, s, BOC), 1.8 (1H, m, B1), 2.0 (1H, m, B2),
3.3 (2H, m, o), 3.4 (3H, s, CHs), 4.1-4.2 (2H, m, y+a)
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5.3 Mesylation

VEM 2009 031
Figure 13. Synthesis of VEM-2009-031.

VEM-2009-030 (20 g, 82 mmol) was dissolved in DCM (100 ml) and triethylamine
(16.73 ml, 122 mmol) was added. Solution was cooled in an ice bath. Methane
sulphonyl chloride (6.94 ml, 90 mmol) was dissolved in DCM (50 ml) and the
mixture was added to the reaction solution dropwise. The ice bath was removed and
the solution was stirred for 2 hours. DCM was evaporated and the residue was
dissolved in EtOAc (150 ml). The solution was washed with 1 M HCI (2x75 ml),
dried over sodium sulphate, filtered and evaporated under reduced pressure.
Product was dissolved in EtOAc and then precipitated with hexane, filtered and
washed with hexane. The starting material and final product are drawn in the Figure
13. For NMR and MS spectra of the product see Appendix 3.

Yield: 92 %

ES-MS: m/z 669.1 = [2M'Na]’, m/z 346.2 = [M"Na]"

'HNMR (CDCl;, 400 MHz) : 1.1 (9H, m, BOC), 2.0 (1H, m, B1), 2.3 (1H, m, B2),
2.7 (3H, s, SCH3), 3.2 (2H, s, 9), 3.5 (3H, s, OCH3), 4.1 (1H, m, o), 5.0 (1H, s, y)
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5.4 Converting a mesyl group to an azide group
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Figure 14. Synthesis of VEM-2009-032.

VEM-2009-031 (24 g, 74.2 mmol) was dissolved in dimethylformamide (70 ml).
Sodium azide (9.65 g, 148 mmol) was added and the solution was heated to 85 °C.
The solution was stirred for 3.5 hours at 85 °C. The reaction solution was dissolved
in EtOAc (200 ml). The solution was washed with H,O (2x150 ml), dried over
sodium sulphate, filtrated and evaporated under reduced pressure. The starting
material and final product are drawn in Figure 14. For NMR and MS spectra of the
product see Appendix 4.

Yield: 95 %.

ES-MS: m/z 563.1 = [2M+Na]+, m/z 293.1 = [M*Na]"

'H NMR (CDCl;, 400 MHz) ¢: 1.1 (9H, d, BOC), 1.9 (1H, m, B1), 2.2 (1H, m, B2),
3.2 (2H,s, ), 3.4 (3H, s, CH3), 3.8 (1H, m, a), 4.0-4-1 (1H, m, y)

5.5 Hydrolysis of a methyl ester

N N3
KOH b
>( N 40 >( JN =

VEM 2009 033
Figure 15. Synthesis of VEM-2009-033.
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VEM-2009-032 (19 g, 70.3 mmol) was dissolved in methanol (20 ml). Potassium

hydroxide (1 M solution in methanol, 70.3 ml, 70.3 mmol) was added to the
solution which was then stirred for 28 h. Methanol was evaporated under reduced
pressure. The residue was dissolved in water (75 ml) and washed with ether (50
ml). The water layer was acidified with 2 M HCI to pH 1 and then extracted with
EtOAc (3%x100 ml). The combined organic layers were dried over sodium sulphate,
filtrated and evaporated under reduced pressure. The starting material and the final
product are drawn in Figure 15. For NMR and MS spectra of the product see
Appendix 5.

Yield: 79 %.

ES-MS: m/z 535.1 = [2M'Na]’, m/z 279.1 = [M'Na]"

'H NMR (CDCl; + TMS, 400 MHz) ¢: 1.5 (9H, d, BOC), 2.1-2.5 (2H, m, B), 3.5
(2H, s, 6), 4.1 (1H, m, o), 4.4 (1H, m, y), 6.5 (1H, s, OH)

5.6  Coupling of a pyrrolidine ring using O-(benzotriazol-1-yl)-N,N,N',N'-

tetramethyluronium tetrafluoroborate

oOH

VEM 2009 034

Figure 16. Synthesis of VEM-2009-034.

VEM-2009-033 (14 g, 54.6 mmol) was dissolved in DCM (100 ml) together with
triethylamine (19.06 ml, 137 mmol). TBTU (14.63 g, 45.7 mmol) and pyrrolidine
(3.75 ml, 45.7 mmol) were added and the reaction was stirred overnight. DCM was
evaporated and the crude product was redissolved in EtOAc and washed with H,O,

saturated NaHCO; and saturated NaCl. The organic layer was dried over sodium
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sulphate, filtered and evaporated under reduced pressure. The crude product was
purified using column chromatography (gradient: hexane to EtOAc) yielding white
crystalline mass. The starting material and the final product are drawn in Figure 16.
For NMR and MS spectra of the product see Appendix 6.

Yield: 65 %.

ES-MS: m/z 641.2 = [2M'Na]’, m/z 332.2 = [M"Na]"

'H NMR (CDCl;, 400 MHz) d: 1.1 (9H, d, BOC), 1.5-1.7 (3H, m, B’+p), 3.0-3.2
(4H, m, o’), 3.4-3-6 (2H, m, o), 3.7 (1H, m, o), 4.1-4.2 (1H, m, )

5.7 Removal the di-fert-butyl dicarbonate protecting group
M FoH "
- |3 "1. 1
- T
N,i> F O - N o
M * H g

>(o ,{\O 0 TFA
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Figure 17. Synthesis of VEM-2009-035.

VEM-2009-034 (9.22 g, 29.8 mmol) was dissolved in DCM (90 ml) and
trifluoroacetic acid (TFA, 90 ml, 1168 mmol) was added. The reaction was stirred
for 30 minutes and then the volatiles were evaporated under reduced pressure. Most
of the TFA was co-evaporated with hexane. The starting material and the final
product are drawn in Figure 17. For NMR and MS spectra of the product see
Appendix 7.

Yield: 195 % (TFA forms a salt with the product and it is hard to get rid of. Yield
of 150 % to 200 % is usually considered acceptable.)

ES-MS: m/z 419.3 = [2M'H]", m/z 210.2 = [M'Na]"

'H NMR (CDCl;, 400 MHz) 6: 1.6-1.8 (6H, m, B+f), 2.5 (4H, m, o), 3.2 (2H, m,
d),3.4 (IH, m, o), 4.2-4.4 (1H, m, y), 8.8 (1H, s, NH)
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5.8  Addition of a phenylbutanoic group
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Figure 18. Synthesis of VEM-2009-037.

VEM-2009-035 (9.13 g, 29.8 mmol) was dissolved in DCM (75 ml) and
triethylamine (12.39 ml, 89 mmol) was added. The solution was cooled in a water
bath. 4-phenylbutanoyl chloride (5.44 g, 29.8 mmol) was dissolved in DCM (5 ml)
and added to the solution dropwise. The solution was stirred for 1h 30 minutes. The
solution was washed with 1 M HCI, dried over sodium sulphate, filtered and
evaporated under reduced pressure. The crude product was purified using column
chromatography (gradient: hexane to EtOAc) yielding white crystalline mass. The
starting material and the final product are drawn in Figure 18. For NMR and MS
spectra of the product see Appendix 8.

Yield: 43 %.

ES-MS: m/z 733.1 = [2M'Na]’, m/z 378 = [M"Na]’, m/z 356.2 = [M'H]"

'H NMR (MEOD, 400 MHz) J: 1.6 (4H, m, B’) 1.7 (2H, m, CH2), 2.1 (2H, m,
CH2), 2.4 (4H, m, o’), 3.0 (2H, m, CH2), 3.1 (2H, m, CH2), 3.2 (2H, m, B), 3.9
(1H, m, o), 4.3 (1H, t, y), 6.8-7.0 (5H, m, Ar)
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5.9 Introduction of an imidazole substituent
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Figure 19. Synthesis of VEM-2009-047.

VEM-2009-037 (454 mg, 1.277 mmol) was dissolved in methanol (5 ml). 5-
ethynyl-1-methyl-1H-imidazole (excess) and copper(I)iodide (catalytic amount)
were added. The solution was stirred over weekend. Methanol was evaporated and
the product was purified with column chromatography (gradient: hexane to EtOAc:
20% methanol) and preparative TLC plate (eluent: DCM: 5% methanol). The
starting material and final product are drawn in Figure 19. For NMR and MS
spectra together with HPLC chromatogram of the product see Appendix 9.

Yield: 5%

Purity: 100 %

ES-MS: m/z 462.20 = [M'H]", m/z 484.1 = [M"Na]", m/z 500.3 = [M'K]"

'H NMR (CDCL;+TMS, 400 MHz) J: 1.2 2H, m, B’1), 1.9 (4H, m, CH,x2), 2.3
(2H, m, B’2), 2.7 (2H, m, CH,), 3.1 (2H, t, B), 3.5 (2H, m, CH,N), 3.8 (1H, m, o’ 1),
4.0-4.3 3H, m, «’2,3,4), 4.5-5.0 (2H, m, ), 5.1 (1H, t, o), 5.5 (1H, s, ), 6.3 3H, s,
CH3), 7.0-7.3 (5H, m, Ar), 8.7 (3H, s, triazole, 2 x imidazole)
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5.10 Introduction of a di-tert-butyl dicarbonate protected piperazine substituent
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Figure 20. Synthesis of VEM-2009-041.

VEM-2009-037 (159 mg, 0.466 mmol) was dissolved in methanol (5 ml). ter¢-Butyl
4-(prop-2-ynyl)piperazine- 1-carboxylate (excess) and copper(I)iodide (catalytic
amount) were added. The solution was stirred over weekend. Methanol was
evaporated and the product was purified with column chromatography (gradient:
hexane to EtOAc: 20% methanol). The starting material and the final product are
drawn in Figure 20. For NMR and MS spectra together with HPLC chromatogram
of the product see Appendix 10.

Yield: 59 %

Purity: 99.65 %

ES-MS: m/z 602.4 = [2M"Na]’, m/z 580.4 = [M"'Na]"

'H NMR (CDCl;, 400 MHz) d: 1.5 (9H, s, BOC), 1.9 (2H, m, B’1), 2.0 (2H, m,
CH,), 2.3 (2H, m, CH,), 2.5 (2H, m, B’2), 2.7 (2H, m, CH,), 2.9 (2H, s, B), 3.4 (4H,
m, o’l + a’2), 3.4 - 4.0 (8H, m, piperazine), 3.9 (1H, m, d1), 4.2 (1H, m, 32), 4.8
(1H, t, a), 5.4 (1H, s, v), 7.1-7.3 (5H, m, Ar), 8.0 (1H, s, triazole)
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5.11 Introduction of a morpholine substituent
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Figure 21. Synthesis of VEM-2009-043.

VEM-2009-037 (170 mg, 0.478 mmol) was dissolved in methanol (5 ml). 4-(Prop-
2-ynyl)morpholine (excess) and copper(I)iodide (catalytic amount) were added.
The solution was stirred over weekend. Methanol was evaporated and the product
was purified with column chromatography (gradient: hexane to EtOAc: 20%
methanol). The starting material and the final product are drawn in Figure 21. For
NMR and MS spectra together with HPLC chromatogram of the product see
Appendix 11.

Yield: 75 %

Purity: 100 %

ES-MS: m/z 503.2 = [M'Na]’, m/z 481.3 = [M'H]"

'H NMR (CDCL+TMS, 400 MHz) J: 1.9 (2H, m, B’1), 2.0 (2H, m, CH,), 2.3 (2H,
m, CH,), 2.4 (2H, m, B’2), 2.6 (2H, m, CH>), 2.9 (2H, s, B), 3.4 (2H, m, o’1), 3.5
(2H, m, a’2), 3.7-4.0 (9H, m, morpholine + 61), 4.2 (1H, s, 62), 4.8 (1H, t, a), 5.4
(1H, t, y), 7.1-7.3 (5H, m, Ar), 8.0 (1H, s, triazole)
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5.12 Introduction of a BOC protected amine substituent
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Figure 22. Synthesis of VEM-2009-045.

VEM-2009-037 (744 mg, 2.093 mmol) was dissolved in methanol (5 ml). tert-Butyl
prop-2-ynylcarbamate (excess) and copper(I)iodide (catalytic amount) were added.
The solution was stirred over weekend. Triethylamine was added to catalyse the
reaction and the reaction was stirred overnight. Methanol was evaporated and the
product was purified with column chromatography (gradient: hexane to EtOAc).
The starting material and the final product are drawn in Figure 22. For NMR and
MS spectra together with HPLC chromatogram of the product see Appendix 12.
Yield: 75 %

ES-MS: m/z 612.3 = [M'TEA]", m/z 533.3 = [M'Na]"

'H NMR (CDCI;+TMS, 400 MHz) d: 1.4 (9H, s, BOC), 1.8 (2H, m, B’1+p’2), 2.0
(2H, m, CH1), 2.3 (2H, m, CH2), 2.4 (1H, m, $’3), 2.6 (2H, m, CH2), 2.8 (1H, m,
B’), 3.4 (4H, m, B1, NH, CH2), 3.5 (1H, m, B2), 3.9 (2H, m, a’1+2), 4.1 (1H, t,
a’3), 44 (3H, d, o’4, 51+2), 4.7 (1H, t, 83), 5.2 (1H, t, o), 5.4 (1H, s, y), 7.1-7.3
(5H, m, Ar), 7.8 (1H, s, triazole)
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5.13 Removal of the BOC protecting group
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Figure 23. Synthesis of VEM-2009-046.

VEM-2009-045 (680 mg, 1.332 mmol) was dissolved in DCM (5 ml). 2,2,2-
Trifluoroacetic acid (5 ml, 64.9 mmol) was added. The reaction was stirred for 1h
30 minutes. Then the volatiles were evaporated under reduced pressure. TFA is co-
evaporated with hexane. The product was dissolved in methanol and 5-6 N HCI in
2-propanol was added. The volatiles were evaporated and the product was washed
with ether. The starting material and the final product are drawn in Figure 23. For
NMR and MS spectra together with HPLC chromatogram of the product see
Appendix 13.

Yield: 97 %

Purity: 100 %

ES-MS: m/z 411.3 = [M]", m/z 434.3 = [M'Na]’, m/z 821.1 = [2M]"

'H NMR (CDCI;+TMS, 400 MHz) 6: 1.2 (2H, m, B’1), 1.9 (4H, m, CH,x2), 2.3
(2H, m, B’2), 2.5 (2H, m, CH.»), 3.1 (2H, t, B), 3.4 (2H, m, CH,N), 3.8 (1H, m, a’1),
4.0-4.3 3H, m, 0’2,3,4), 4.5-5.0 (2H, m, ), 5.1 (1H, t, o), 5.5 (1H, s, 7), 6.3 (2H, s,
NH,), 7.0-7.3 (5§H, m, Ar), 8.7 (1H, s, triazole)
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6 DISCUSSION

The purification of the products was challenging. In many of the products there was
seen a small peak just next to the products signal. This means that the retention time
of impurity is very close to the products and this makes purification difficult. This
could be a result of different configurations that are formed in the last step of
synthesis. Even though the exact mechanism of the copper-(I)-catalysed 1,2,3-
triazole introduction is not fully understood there are some details that are more or
less certain. That is, it can be predicted that the molecule that is added to the azide
ring attaches itself to the carbon that is further away from the rest of the molecule.
However, there still is a possibility that it is attached to the other carbon and this
could be impurity that is formed. It could explain why it has so similar retention

time.

This problem might be prevented by modification of reaction conditions. Also a
better purification method would help with this problem. Flash chromatography is

not accurate enough but for example a preparative HPLC could solve the problem.

Beginner’s clumsiness can be seen from the NMR spectra. In some spectra (VEM-
2009-033 for example), the TMS peak is too strong. In some samples there may
have been too much solvent which could explain the widened peaks. It has to be
taken consideration also that the produced products were not pure enough. Some of
the products were later purified even more but it was done in a later phase when the

testing of the compounds were started.
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The synthesis has many steps which is not preferable. The more steps and phases
the more impurities. It affects also the total yield. Maybe in this process the some
steps could be somehow avoided or replaced. For example is it really necessary to
first do the esterification and then hydrolyse again or could it be possible to just

couple the pyrrolidine ring.

The yields of single steps could also be improved. Maybe with different reaction
conditions some reactions could work better. For example the yields for click
chemistry vary a lot. Of course the molecule and the amount of purification needed
affects the result. Still, there are other ways for performing the click reactions than
the above mentioned. Even small changes such as heating or adding a base could
improve the yield. On the other hand it could also increase the amount of impurities

or lead to unwanted reactions.

Should the development of these molecules into drugs become relevant all these
aspects has to be taken into consideration. The inhibition activity of the prepared
compounds is not yet known. The testing itself is a simple process that is done
using a photospectrometric competition assay of prepared inhibitors with a PO
substrate in the presence of the target enzyme. The results of the inhibitory activity
was planned to be included in this thesis work but due to time limitations they had

to be left out.



37
REFERENCES

1 Myohédnen, Timo T., Garcia-Horsman, J. Arturo, Tenorio-Laranga, Jofre, Méannistd, Pekka T.
(2009) Issues About the Physiological Functions of Prolyl Oligopeptidase Based on Its Discordant
Spatial Association With Substrates and Inconsistencies Among mRNA, Protein Levels and
Enzymatic Activity. Journal of Histochemistry & Cytochemistry 57(9): 831-848.

2 Rawlings, Neil D., Polgar, Laszl6, Barret ,Alan J. (1991) A new family of serine-type peptidases
related to prolyl oligopeptidase. Biochemical Journal 279:908.

3 http://www.chem.qmul.ac.uk/iubmb/enzyme/EC3/4/21/26.html

4 Veniléinen, Jarkko 1., Juvonen, Risto O., Ménnisto, Pekka T. (2004) Evolutionary relationships of
the prolyl oligopeptidase family enzymes. European Journal of Biochemistry 271:2705-2715.

5 Rosenblum, Jonathan S, Kozarich, John W. (2003) Prolyl peptidases: a serine protease subfamily
with high potential for drug discovery. Current Opinion in Chemical Biology 7:469-504.

6 Polgar, L. (2002) The prolyl oligopeptidase family. Cellular and Molecular Life Sciences 59:349-
362.

7 Jarho, Elina M., Veniliinen, Jarkko 1., Juntunen, Juha, Yli-Kokko, Leena A., Vepsildinen, Jouko,
Christiaans, Johannes A.M., Forsberg, Markus M., Jarvinen, Tomi, Ménnistd, Pekka T., Wallén,
Erik A.A. (2006), An introduction of a pyridine group into the structure of prolyl oligopeptidase
inhibitors. Bioorganic & Medicinal Chemistry Letters 16:5590-5593.

8 Toide, Katsuo, Iwamoto, Yohko, Fujiwara, Takako, Abe, Hiroyki. (1995) JTP-4819: A Novel
Prolyl Endopeptidase Inhibitor with Potential as a Cognitive Enhancer. The Journal of
Pharmacology and Experimental Therapeutics 247:1370-1378.

9 Robin, Williams S.B. 2004 Prolyl oligopeptidase and bipolar disorder. Clinical Neuroscience
Research 4:233-243.

10 Breen G, Harwood AJ, Gregory K, Sinclair M, Collier D, St Clair D, Williams RSB. (2004) Two
peptidase activities decrease in treated bipolar disorder not schizophrenic patients. Bipolar Disorders

6:156-161.

11 Brandt, Inger. Scharpé, Simon. Lamberi, Anne-Marie. (2007) Suggested functions for prolyl
oligopeptidase: A puzzling paradox. Clinical Chimica Acta 377:50-61.

12 Clayden, Jonathan, Greeves, Nick, Warren, Stuart, Wothers, Peter. (2006) Organic Chemistry.
Oxford University Press Inc. USA.

13 Bruice, Paula Y. (2006) Essential Organic Chemistry. Pearson Education Inc. USA.

14 Wuts, Peter G. M., Greene, Theodora W., (2007) Greene's Protective Groups in Organic
Synthesis. 4th edition. John Wiley & Sons, Inc. USA.



38

15 Bock, Victoria D., Hiemstra, Henk., van Maarseveen Jan H. (2006) Cu'-Catalyzed Alkyne-Azide
“Click” Cycloadditions from a Mechanistic and Synthetic Perspective. Eur. J. Org. Chem. 51-68.

16 Meloan, Clifton E. (1999) Chemical Separations Principles, Techniques, and Experiments. John Wiley
& Sons, Inc. USA.

17 Zubrick, James W. (1997) The Organic Chem Lab Survival Manual. 4" edition. John Wiley & Sons,
Inc. USA.



APPENDIX 1 1(2)

Intens. | Intens.
[ard] fard] 146.00
x108 x1087

146.1
i 2,01
&
4

154

2
o | 4

T s00n T w000 me

Intens.
x10% 1.0+
2.54
2.0
1.5 0.5
1.0+ |

|

|

|

| I

|
0.5

l 0.0+ [y |
0.0
[

2000 4000 Time [min] 200 400 500 800 1000 1200 1400 m/z



2(2)

ao [ S A [H} o ans 5% sk
| | . szl g | { R
o _J_ ‘_ )
||
|
a1 T ad
a &0
ZH Q£ 0 a
. 2 a i
ﬁ Fid Joian]
ﬁ g ! _ 2 1RELOR L LOF £5
0 Iz
agrierrard Buszaucsd - 724

NSy 7

[ N T 8 R [V SO I S S N |

T
P
S

2N GLOSZET NO% AT
ZF U0 3- TI1
I®=E0 0% E Td
T

===== TF IEMNY=D ——======

i
DB GOOUAGNE T
A TENE
AEN R0
2080 [0 8¢

9E453

PR

LADET TEOT ww £ (THGHS
1eads ATTALEH,
15 6 UL
SELTENDT F1=d

sTajsuele; uo3TeTnEOY - 74

o o

R-g007 -RIL
DUNE TR TR

[ =]

Al -HT
570 &LOZ-TTA

e —



APPENDIX 2

Intans.

| Intens.

1)

[ard] fart]. 51310
w108 el
5134

a-

1.254
6_
+

1.00+
2-

26841

0.754
u_

"o00 400 600 800 miz 1
Intens.

d

2

0.50-

24 |

1 268.10

0.25+

N
|
a.00- . \ || i -t {

1]

[

[i] 200 400 Time [min] 100 200 300 400 500 800 700 800 900 miz



2(2)

[RIV I
&
| E T
| | o
7 u\\ ! Kl
THR OFul3:T GOF
- AGLIE
saz@rmaed BUTSSR003d

-

—

2
:

#5d G00GERT 007

EP U0 E-
QAN Y6
HT
s=====a TI - RIFNEED ——sTo===

17T 3
RIHLLE'O

ZEL 95T 0TFY
7

H0EIT0I
[Hile E
TITAL ST

=W,
SIiTaney CAanwRg
EdsiameIeg CS._nH._.”m.m~BU(.. - £d

L I E
al Oed ¥
THEO-GI0E-TEIA IHTN

SAeUEUR IS WWI UIRAIT:

G HHN-TT
. GE0-EDOE-TITA

—————y



APPENDIX 3

Intans.
[ar]
x107]

| Intens

1023

669.1

62

]
200 400 600 800 miz

Intans,
%109,

2.0

0.5

0.0

frg)| 10230
x107

0.8

0.6

0.4+

0.24

346.20

38?|.1C|
|
N

23320

|
m H! | |i.,“1\ll 'lll.l.!-

559.20

|
Wbl

1(2)

o

200 400  Time [min]

!
miz



2(2)

. P
b o
o ol 2 |Md &
= tml @[N] (R
o w - - (=]
: I T
2O0T 5T ¢'E 5T Tt

Lk

=y
i

I

(/|

J
A N

A el ol kel e T PR SN

W0 D D
[N

=
SO T R

Ef

\_

=1

2H

FHA

7H LTREGDG
ZH 9527 0TvS

Z
9T 5
“ [ fula o] LHEATIS
DEGDS Jans
20837104
. /2T TERC WY § JHECW
3zads HAFLSET
8 UL,
TEnnE TEITEC
SISLWOBRIAR] APTITHFTLIT - 71
7 : = OMDCHS
W= o zT o s
. . TEG-HDOE e
H\n“ .”m m..A.,.._UH.uEru.Hmi. Bae

10
TE-6 00—




APPENDIX 4 1)

Intens. | Intens. |
"l " 569,10
w8 w1071
5631

2931

]
200 400 600 800 miz

Intans.
x1

1.2

1.0 293.10

0.8

0.6

616.10

346.20

0.2

L
o TIRE T YNy At O T

0.0 Jmumnad

[ 2000 Time [min] 100 200 300 400 500 &0 700 800 900 miz



VEM-Z005-032
1E-NM=

FL”

587
95°
g
£4-
Ja”
ER
LIT

BeT
EE

81°¢

G e

N2

aL’

N N R ]

S
[—
T——

L]

“
1

I

|

SN

i

./'
b"

i
R

L

by

i

l 1
. M

L.

"

_J

*\_._}"Il H__,l_.

|
Rt
r:\ N
PR

4
A

~
o,
% -

!
i

-/

Ve
v

2(2)

-
- &
. b
o
RV
606 5
it
u
S50 -
2 (3]
-
\
260 .o
!
| =
Y
5]
I
_
| (=]
Zgg v
L .
W L
-
160 o
i
S
|
\Jl




APPENDIX 5 12)

Intens. | Intens. |
{arb] pobre 535.00
X107 X107
5351
3
1.254
6
n
1.004
ey 279.10
0.754
o 1 |
500 1000 me
Intens, [
x
3,07
2.5 0.50-
2,04
1.54
0.25-
1.0
0.5 ‘ |
|
|
l‘ ‘ IHMM
0,00 L Mkl b LRI (RN il
0.0
[
1] 500 Tirme [min] 200 400 600 200 1000 1200 1400 miz



2(2)

i - F

L

il &2

mrm|o oo |
n-v_-z L] w0 .-Af

| H
tE T E 0y €
| |
! /:)j._ﬁ
Vol
I
I __

! G VN

3P 9 —m

7H

=HE

szecawesed BULSsSa001Z -

THH

nE"d

"]

Wi

LApdleT GO0F
I EFA S

GINdTeT RO

[
OBET Y §
HT
=meocn T3
T [itand
aE Q0000005 T Ll
EOLTENE L
=E3-14) ‘3 21
ECELEN TR s
azT 9
as2 §L9TTT § oy
BH ELELE0CL SEEATJ
ZH YT OTRT HIiS
z e
El S
T LNEAI0S
2£559 .
. aedE B T0
TOFDED e g JEgOEd
* qoed= FIRLLS T
T58 Smhl
FLATHACE B
Sa@gFwedsd 0TITSTNROY - 75§
o ) QM2
; W X7
3 507 w=n Ay
FARYBEACIT,] BYTI YUBIZD
AN - HT
LR0-6007 Ko




APPENDIX 6 12)

Intens. | Intans.
[ar)] art] 84130
x108 X107 | |
6412 |
2,01 o
1.5 1
107 332
3-
0.5
0.0 Lol |
500 000 me )
Intans.
x1
2.5
54
320
|
2,04 | |
1.51 J
14
1.04 1
051 133.00
|
|
I | i
I
|
ﬂ 01 i il .|!a'|.].l.}.|1.“.. al [.il.'l... ol
0.0
[

0 280 500 | Time[min] 200 400 500 800 1000 1200 1400 miz



2(2)

zel v -

(O 574 [ 5 8
1. 1 i 1

oot o

o £

ZH DE 0 =4S

G =58

358 frlaiy

EEA CRETALT IGF I=
FRLTE L&
FaslEEIed SUTEsasodg - zJ

T gudEceT 097

g a0 5
OEET: Q Uv N m
HY
======== T '[MMIYH) ======-2
T [xlatin
S 0On03009 T “a
A TUe0f L
S2ET Q0 g1
SEEN LGOS &L jolag
HET aa
SE8 RLSRTLT 5 %
TH OETALGC 0 SHHCT
ZN 3LT0lry ahg
[ a4
Bh
CHELTOS
[apn}
SCRIId
E CHSIES
faoads FMELSHI
; 2T,
Taneg
SERNAWRILI UDTITE Lohoy rd
N 0M2Cad

35 VN
g "IRI

M -HT
PEO-500E--EA

U— 5 S Y



1(2)

Intens. Intens.
{aro] {art 210.20
xlg® w108
204 419.3 1
2102
4
41930
1.54 |
1.0+
3_
0.5
0.0 L |
200 400 600 am  miz
Intens. ]
x
2_
254
2.0
1.54
14
1.04
|
(|
| | Il
) | i
05" | I I |
I f |
I | /
I | |
A i
J N iix |
[ 1 | | |
I l [N B L V| TN
0.0 | -
1100 Time [min] 100 200 300 400 500 600 700 800 o200 miz




2(2)

i
e N 4 I c 9 £ i [+ & LL
N 1 1 1 1 1 1 1 : i ] 1
[ — —_— o e — e — - -
| [ N
a i
| |
I U ._ |
| 14l 4 AT
| N 4 .
| | .. e
Lo | R 00T Sd
h 3 ] o
' | I 0 3
L _|.f Ll EH Q0 0
S [ i :
_ 1 _ Al
_ | ZHH OEETOET QLT
| 2ALTE
i |__ \ \ aratemernd SoTESSDOIL i1
| i
- 2 GICEEET 94F ~ods
_ ap 0o - 174
| 22ET 09 & rd
_ HT T
_ ======== [J THMH¥HD ===-2-=_
| L ati?
o8s OOCO000CH E Lo
A TTE0L 3L
280 009 =20
DEEN Q0L Al LT
5L o
| o35 BLEHTITT & O
! TH LTRLEd "0 SHOOLE
ZF 252°07F9 Hs
4 a0
aT sH
Fyelare] LAHAIO0S
SELYY h
, nEB=z I 101
(DET TYNO CWT 5 IHE0Nd
“aoeds WOALSNI
LI =
GEGTAI0T TEge
TamlanRIEd NGTITEINDhaY - 74
. [ QIS0
i wl O
SEL-GUDE-usn AN
SISdaueIed 2290 LI
HEN-ET

Qe =800 WA




1(2)

APPENDIX 8

450.20
|

73310
|

LI
miz

[arb]
%107
1.0+

Intans.

084

LES

02

7331

450.2

1088.49

899.1

1845

Intans.
[ar)]
wlo?

%108
5

0.0

1000 1500 Time fmin]

500

0



2(2)

wad i

f

[

-—h

-,

- ax_ W
_ ]

L

N o

B
~r

f wﬁm
|

a4 0B G 404 a8 S
v SO P TS TR L
et e S —

T od

o i1

5T

W= ilarcl

CERTOED O0F e}
EOLETE

__ A RQORTET O0T
EP 00T E-

_ aFEN 9E
HL
zz====== 13
T 0aL
Sas LOQLoace T Ta
g e =,
e LTI FIeT
ARENLOYCEL an
B TL ¥
DEE ELOBILT 4 £
. ZH ETHLE070 Ehiet
TH GSTT0TES HI:
T
E3
CORY LA
SE3ED
N LEDE
PAOET TEDT W oy
tyaads UTELS O
5T CT TUWTL
Bn 16ULY Tajeq

RERGELEIZI woTaTEreboy - w0

T el sats iy
OT CHIXE
LEN-EL0T -HER AR

SdwddueLied BIRC UTITIIND

g ET
LE0-6C0T-TLA

S U VAP LTSV O PSP T Y



APPENDIX 9

103)

Intans. Intens.
prs] farb] 484.30
x108 x108
484.3
4
3-
084
2
945.3
N
064
7143
B! | BN T VO T
200 400 600 800 1000 miz
Intens.
xl
1.2
0.4
1.04
0.8+
945.40
0.64
024
0.4
02q/|/) | sagan  397.10
i
I
b MRl bl
| | J
I a4 L | || Ol || |||.|I.|I|.IL| .“J|| ]I“ ||l wll L.dhlunl.!. 1l JJ 1 I
0.0 —
600 800 Tima |min] 200 400 600 800 1000 miz




2(3)

I
wdé gg 01 §i

T ﬂliﬁljx

L=

hu...u..ﬂ_ nu
i FY

I 1 [
g9 0L

5L 08

§'s

06 56
SR

A1

[ES T
xayT.sd

HRLISE

LFC-SI07 HDA

L 0-600d-aA



Fri Dec 11 2009 083047

Results Report

Chromatogram
1030 400 m R,
|
| : -
" ; L
2 200 - B _
= : . P
i 2 S
@ &0 E e '\.‘
& E - e i
E \ - —
= ' - i
] .
\\
0o e ——— . [
v} - e e
0. 20 40
Minutes

3(3)

Page 1

cigilsoriunipontisyslerm Tygunthergh101209.001\gb161208.gd1 - 118, kanaal 1 : VEM-2008-047. Inj. Number: 7

ater

CN

Data File: cigilsoniunmponlisystam 1guntherghTOTZ06,00'gh 101209, gdt
Cale acguiredt: Thoe Dec 10 2008 20:42:01

Control Method: CAGILSOMUNIFGINTSYSTEMTIPEPTANA.GCT
Sample name: VEM-2008-047



APPENDIX 10

13)

Intens. Inens.
[arm] [ar] 60240
%1087 %107
6024
1.254 257
1.00-
0.754
20
0.501
0.25
154
0,00
v . ; |
200 400 600 800 miz
Intens.
Pl
3_
104
580.40
2
a5+
1
00+
ad
0 5000 10000 Time Jmin] 540 5850 560 570 580 580 600 610 620 &0 miz



2(3)

L . I TGS B =] L=l [ X =11
= LB _ EN _— 9“..!_ e o ol
Eard I = [ e =) N § W] ) g | R ) b Y e

i IRE I
el €T o'z ag SF 08 T 0 i3 274 5L 58 ) ah
1 P I 1 1 1 [N IR | 1 1 1 1 | —
S L T [V
B j T é _
|

a0 S

bl o

I's i \\\m: A€ 0 a1

0 g35

\ 7 ) jita i

ZHA IFRONTT 00F RS

45LZE 15

aznomenwd BuTss=ooni - oud

“EA AUDBCLT 00T TCAs

g8 n°a- 114

DR 9% & L

1 Tl

===m=s=m= TT TAHNTHD =sm=ee o

T [;lang

ass QLEaI0on T

H ZTTE6T Sl

oEEn 0o ac

LESO LD HE HC

S e

78 BLSATTT S by

¢ BN ETELEDTD SHIOLE

LT LA ) HMS

4 i

T 54

fopels 9 TMEATOS

JEGSE jans

- \ JEks it 3 o |

TADET Tl uoh g CHECH

“omds HIETLENT

FE 0T mil

& LOETENLE TaImng

sogysuele; WHTITSTNDOY - 74

O-EQGE-TIN ERTM
agEne el PIRO TIAIING

NS N

A C_L..,..L.r_,..v,._f\(_:,\._ .VL..V.V D £

2] YU ET H
TTO-aC07-AaN

» ...L.LI.U.UI.?.JLFJI...P/

e e s A




3(3)

= ) VI £ L
Wed Nov 18 2008 09:15:33 Resulla Report ML L0504 Page 1
Chrematoegram
100 3 . _ _.
=~
i
2
o ]
T v
_ug 50 % Ly I
% < N |
E . .
= .
1 [ - -

Minuies

= ohgilsamunipainlisyslem Twenkati1 71109.0011 71108.gdt - 118, kanaal 1° VEM-2000-G41: Iry. Number: &
Water
ACH

.59 1110351400 9085  EM-2008-04°

Data Fila: eigilseniunipointisystem1wenkali171108.031171108.96t
Dare acquired: Tue Now 17 2009 16:55:38

Caontrol Method: CRGILSONUNIPOINTSYSTEMTWPERTANA GCT

Aralysis Melhad: CAGILSONWMNIPOINT.SYSTEMWPEPTANA GAN
Sample name: WEM-20:08-041 Injeclion Number: & *Unknewn®
Arlysed on \Wed Moy 18 2009 09:18:13

Analysis WMethod Cvents

ol Inhibii Entegration

I Digablo Megaiive Pealkl Integration Initial defaokt
O Paak \Width 0.1 initial default

) Peak Sénaitivity 20 initial default

o] Delaull Bazeline Initial detaulk

3.80 Enakie Integration
36,00 Inhitit integration
Channel Scales
=Aals ranges
118, kanaal 1 0n00 b 100,00 my'alts (14 thoffset), Data rate: 20,00 (panlsfsecond) <Analysls Ghanngl=



APPENDIX 11

1.257

1.00

0.751

0.504

0.254

0.004

503.2

248.0 9435

2&1] 51III ?.IECI ‘I{IICICI 12‘51] miz

Intans.
%108

il

Intans.
[arb]
%107

481.30

503.20

519.20

1(3)

0

5000 10000 15000

Time |m'|n]

T
430

500

510

520

530

T
miz



AR th

geanug

2
1

WLk 200 0?;

L,
.

H
1

[

;_;‘:—E'a—;trn
|

VEM-2005-043

|

pRm

W

2(3)



Fri Now 20 2009 09:08:24

Resulis Report

3(3)

Page 1

Chromatogram
140 3 - —
w
i ~
i i
: ~
| T :
2 ) ; "
| .
Z . g
2 I !
5 50 -
= = : - '
3 < PN |
< }
& ] : N I
[ N '
N |
s ; o
! e
- = _ P ST
o 0 P ! [
0 20
Minutes

> erigilsemunipontisystem wenkaty191109.001157106 gdt 118, kanaal 1 - VEM-2009-043; Inj. Number: & '

Watar
ACN

14.05

Data File: ¢igilsonwnipointsystem Twenkati131109.00 184 109.gdt ™
Dale acquired: Thu Nowv 19 2009 21:36:33

Control Method: CAGILSONWMPOINTISYSTEMTIPEPTANA GCT
Anzlysis Methoy: CAGILSONWNIPOINTISYSTEMTWEP TANA. GAN

Sample nams: VEM-2005-043 Igaction Murmber: 8 “Unknown®
Analyzed on: Fri Now 20 2000 05:08:13
<Peak basslines manually adjusted=>

Analysis Methad Events

o] Inhikit Integration

o] [Disable Megative Peak integration Initial default
o] Feak Width 0.2 initial dafault

] Paak Sendilivity 20 witial default

o] Default Baseline mitial default

3.80 Enabile Integration

38.00 inhikil Inlegration

Channel Scales
<huto range=

118, kanaal 1 0.00 to 100,00 myoits (10 Shoffaet), Data rate: 20,00 {paints/second})

<Analysis Channel=



APPENDIX 12 1)

Intans. Intans.
art] laraf 612.30

x108 x107
612.3

150] |
1.254

1.001 204

0.754

0.504

1023

0.25 1043 .4

a7z
533.30

0.004

L e

500 750 1000 1250 miz

Intans.

w18

054

1043.40

0.5

31?|.1CI
|

| 11 I 1 |' il
aod il _;i““.. :J'Jul:li [.!..l |i ’IH..I d |h|lf. |i.ii|i . [ ]
0.0

0 2000 4000 Time frmin] 200 400 600 800 1000 1200 1400 miz



2(2)

wited g9 T R B o2 aE o 48
- Low v - L 1 L 1 1 Ll 1 1 1
- e — T aT i s a vy ST T T o T Tl Al
;? ITRARH _:qﬁ Vi i [ B i
| ; 4 _
' | 1 i || | | | D I '
i, Wm i ._/ (s ___ b - !
| N AJ | [ e | A |
j pe - |
AR oL 1 3
RO =y ’ Q.; 0oL e
i N o . 0 0
>__ Iy e TH QE 0 1T
S | Ty )
\.UuN Sy = | o :
R g AT e}
, =M IREEZT A5 as
ﬂ o [ [ ff / HILLE 15
| I aIataurIva SurE=2d0sld — 74
‘ T I E E) e 5 (
\ i x \ ZK §30488T 10F Todg
2R 03 3- 111
< ; xq i SBERETL QL [ Ta
_ HI To0
| \\_ ======== TJ Tdili{¥5m —==——"==
I
_ [ 0L
_ oEE Q0OLOYRD 2 —a
| 4 BTRLE 1
h Seen 100 81 i
[ £ 0¥
SR ome SruElIL ¥
, PH EIB/6170
® i EET A T
. ] 4
:\/Z VNS 7T
* \ b £TMI
R z559
. a e [vI ol - \y NEEE
\\ ,J 1 N [ Hﬁﬁ NI k= i
ol ; W-HT MRl TR EEA e
R 5¥0-600Z-HAA 62 01 ST
A/w J FETTA0 TElEn
by STaAWRIE] T3TeTnboy - ¢4
P
b X o
" ] T acto dmley= i
k\& 7 : e
T ﬂnﬁ\wwv e e e

LI B3 Ll =00 T
0010 LD L
RO RS OS R

W LD D L
o e e e Y
[ o = R

S N el el el adl I =

Ler b 0
S
RS IR o I R oV}
sl e B

= e R ]
R R L
00 [0 TR T O DL

T
Ll Lt Gl Gl L R R e

T P oeaE R s
[T SR 01 I [ B S I R
a3 L = — 2 R RD
fa
el




APPENDIX 13

'“}:"I:]' . '"1[:'; 41130
x108 xio”
4113
4
al
1
2-
&
1
8211
- I Il
500 1000 miz
Intens.
%102
4
2.5
2.0
1.54
2-
1.04 |
' |
|
| |
| |
0.5 |
{ ||
Ui A=
f | LI .l
0.01 in
500 Time [min]

|
ﬁu.'uimwdlhlm.thhd'l il u|\

82110

600 400

103)

1000

1200

1400 miz

a-

200 400




2(3)

0Ll

i ooot
I

od
el
a7
aaEs
£t
g
BELst 1e
__ giatswemsd dnTsEancnI - fd

__ FHM RINEELLT OGP T0a5
L e
LnIn G2 AT ]
nr LI

e [ THHESTE ST

CaQoOnCh T

[E00 W g

TITETNDIY o Zd

T e
ot e
FEI-BLLE- LT S

SISIEUWETES =TE] T3

AN 1
R AV T VY ATIREN




2(3)



3(3)

i Jun 17 2008 13:36:18 Results Heport Fage 1
Chromatogram
100 1.0 | : . . e S
! g :
' ~ ~
! "
N
B
\.
;:)? 0.5 o
£ -
= hed : .
=}
= . \:. _ - -
S
. -
o ! "
K . 5 N
BN
: R
0 i L : R
o 20 40
Iinutes

‘igisoniunipoinfisystem 1iguntherigh110609.00 1yabT 10609.g0t - 118, kanaal 1 : VEM-Z009-025: ini. Numbar 23
ier
M

1328 24441

Data File: chgilsantaninainlisystern Tguntherdd 080, 05 b 110808 gat
Dale aogquired: FR Jun 12 2009 12:11:17

Controi Method: CAGILSONUNIPOINTWSYSTEM 1'WPEPTANAGCT
Aralys.s Method: CAGILSONUNIPOINTSY STEM TWPEPTANA GAN
Saople name: VEM-2008-028 Injection Mumier: 23 *Unknowr®
Aralvead an: Fri Jun 12 2000 13,3553

Analysm Wethod Events
Inhikit inlegralion

i Disakle Megaiive Peak Integration irdlial cefzult
o Paak Width 0.1 initial default
it Paak Sansitivity 20 initial aefault
& Default Baseline irttial default

2,84 Enahle Inkegration
26.00 Inhibit Ineegration
Charmel Scales
=AUto ranges
118, kanaal 1 .03 ko 100.00 mValts {10 %oftset), Data rate: 20.00 {points/sacond) <Anarysis Channei=
10 miolts == 0.1 AUFS



	1  INTRODUCTION
	2 THEORETICAL BACKGROUND
	2.1 Prolyl oligopeptidase
	2.2 Prolyl oligopeptidase and diseases

	3 SYNTHETIC PROCESS
	3.1 Esterification
	3.2 Protecting groups
	3.3 Mesylation
	3.4 Replacing a mesyl group with an azide group
	3.5 Hydrolysis of a methyl ester
	3.6 Coupling with O-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate
	3.7 Removal of the di-tert-butyl dicarbonate protecting group
	3.8 Addition of a phenylbutanoic group
	3.9 Copper-(I)-catalysed 1,3-dipolar addition

	4 METHODS AND INSTRUMENTATION OF LABORATORY EXPERIMENTS
	4.1 Flash chromatography
	4.2 Thin layer chromatography and preparative TLC

	5 SYNTHESES
	5.1 Esterification
	5.2 Di-tert-butyl dicarbonate protection
	5.3 Mesylation
	5.4 Converting a mesyl group to an azide group
	5.5 Hydrolysis of a methyl ester 
	5.6 Coupling of a pyrrolidine ring using O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate
	5.7 Removal the di-tert-butyl dicarbonate protecting group 
	5.8 Addition of a phenylbutanoic group 
	5.9 Introduction of an imidazole substituent
	5.10 Introduction of a di-tert-butyl dicarbonate protected piperazine substituent
	5.11 Introduction of a morpholine substituent
	5.12 Introduction of a BOC protected amine substituent
	5.13 Removal of  the BOC protecting group 

	6 DISCUSSION

