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Abstract 

In this thesis the successful synthesis of a novel tricyclic scaffold containing a ring fused 

triazole and piperidine will be discussed and furthermore its utility as a new potential 

privileged structure will be evaluated.  

 

As starting material for the synthesis of the considered scaffolds the commercially available 

ethyl 4-oxopiperidine-1-carboxylate 108 was used. Piperidone 108 was converted into 

scaffolds 96, 97 and 98 alternating the ring size (n=1, 2, 3) of the fused bicyclic ring. This 

tricyclic triazole scaffold was incorporated into known biologically active molecules 

(Sitaglitpin, a DPP-4 inhibitor, Maraviroc, a CCR-5 receptor antagonist and GDC-0941, a 

pi3K inhibitor) to test its potential to serve as a new possible Privileged Scaffold. Through 

scaffold hopping, analogues with excellent biological activity against the chosen biological 

targets were achieved. 
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Additionally, the stereoselective synthesis of one of the four possible isomers of the tricyclic 

triazole 178 was obtained in 4 steps to give the synthetically access towards the synthesis of 

all feasible enantiomeric and diastereomeric analogues. 
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1 Introduction  

1.1 The ongoing search for new drug molecules  

The drug discovery process involves the ongoing search for methods to make the 

identification of new lead compounds as straightforward as possible. This process, 

established over the last century, follows a similar procedure common to most Pharma 

organisations (figure 1) before obtaining an appropriate lead compound which can be further 

optimized to give a clinical candidate.
1
 

 

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

The first stage of the drug discovery process is the identification of a medical need and the 

disease and drug target associated with it, which has to be examined to become aware of all 

the possible therapeutic indications of this drug target.
2
 In the past this process was carried 

out by first recognising the active drug followed by the drug target itself, which then had to 

be identified and analysed. The whole process was driven by a hit and miss affair rather than 

a rationale-driven application. Nowadays, the process starts with targeting the drug molecule 

for a specific organ or receptor. The rationale behind this approach is the importance to 

minimise the side effects outside the chosen biological target. 

The first step in the target validation phase is to identify a suitable bioassay, which should be 

carried out in vitro as well as at a later stage in vivo. In vitro tests are preferred over in vivo 

tests due to the combination of cost relationship and the simplicity for performing the assay 

as they can often be automated. However in vivo tests are always essential to identify the 

potential drug interactions. In vitro screening can involve cell-based assays, enzymes or 
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specific tissues; where as in vivo tests are carried out with animals.
3
 This is followed by the 

most crucial step for a medicinal chemist as it involves the discovery of the actual lead 

compounds, seeding the whole drug discovery process. Therefore different approaches to 

accomplish the discovery of a new lead compound were developed over recent decades. 

Especially, the introduction of computer based methods was developed, which allowed the 

prediction of the usefulness and successfulness of new lead compounds dramatically 

decreasing the number of screening experiments. Following these approaches lead to an 

effective search of compounds and an enormous cost reduction through minimizing the 

number of lab-based experiments.
4
  

High throughput screening (HTS) is one of the major methods for finding new lead molecules 

in the drug discovery process.
5
 In the 1990s the era of high throughput screening started and 

the design of new compound libraries became a big challenge for medicinal chemists. This 

novel screening involves a large number of compounds, which are screened against a large 

number of targets. One starting point for the designed compounds was the Lipinski rule of 

five, which is the ground breaking rule established in medicinal chemistry by the group of 

Lipinski. This rule is based on collected physiochemical properties of the drug compounds 

recommending that  new drug compounds should have a maximum of 5 donor points, 10 H-

bond acceptors, a molecular weight less than 500 and the clogP smaller than 5.
6
 Regarding 

the HTS, a commentary by Maccarron in 2011 confronts the criticism against the quality of 

HTS with the actual accomplishments.
7
 The myth that no actual drug compounds are 

discovered by HTS was refuted through listing the marketed drugs which came out through a 

discovered lead compound based on this technology (figure 2). One prominent example is the 

discovery of the CCR-5 entry inhibitor Maraviroc 2 launched by Pfizer in 2006, which was 

accomplished starting with the HTS lead compound UK-105,543 1.
8
 

 

Figure 2 Example of the discovery of a drug compound after HTS: Maraviroc (2) 



Introduction  

3 

 

Over the last 10 years compound libraries for HTS from large pharmaceutical companies 

have grown mainly due to new synthetic chemistry methods, such as combinatorial 

chemistry
9
 or parallel synthesis

10
 which accelerated the growth (figure 3) of the compound 

libraries enormously. This unfortunately did not achieve the considered effect in finding new 

lead compounds, but implicated the problem that these libraries are often not suitable 

anymore for new drug targets e.g. new enzymes or emerging protein-protein interactions.  

 

Figure 3 Growing compound numbers in HTS library in four important pharma companies, adapted from Macarron et al., 

Nature.com, 2010. 

Another approach to find new lead compounds is the so-called fragment based drug 

discovery, which evolved over the last decade and is considered as one of the follow up 

methods after HTS. These so called ñfragmentsò are initially selected considering their 

affinity or inhibitory effect towards a chosen target, which can later be combined to what is 

considered as ñnormalò lead compounds.
11

 Therefore the fragment-based drug discovery 

approach on known targets can improve the affinity and selectivity of compounds for the 

investigated biological target. The establishment of these fragment based libraries was 

proposed to follow a rule of three
12

 (MWT < 300, cLogP < 3, number of H-bond donors < 3, 

number of H-bond acceptors < 3) compared to the Lipinski rule of five and different 

approaches for fragment-based libraries were made including SHAPES and retrosynthetic 

combinatorial analysis procedure (RECAP).
13

 In this context libraries with so-called 

privileged structures were proposed. All attempts were based on NMR, X-ray-

crystallographic, high- concentration functional binding assays or mass spectrometry 

approaches.
14

 The main challenge is the conversion of the fragments into a lead compound, 

which can be accomplished through fragment optimisation, fragment linking and in situ 

Glaxo
Smith
Kline

WyethSanofi-
Aventis

Novartis
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fragment assembling. One representative example for fragment optimization is shown in the 

development of compounds targeting the Jun N-terminal kinase 3 (JNK 3) (figure 4), which 

was carried out by Vertex where they screened their SHAPES library using NMR-based 

methods. The initially detected fragments were further analysed through competition binding 

in the ATP pocket of JNK3 and docking studies to yield fragments which could be further 

explored by introducing new groups to build the actual lead compounds.
15

 

 

Figure 4 Fragment based drug discovery- fragment optimisation approach on the example of JNK-3 

The fragment linking or merging approach is another method used to convert the fragments 

into lead compounds, which follows a similar principle than the optimization approach by 

combining two fragments to the new lead compound (figure 5). This example represents the 

linking approach demonstrated on the FK506 binding protein, which was achieved through 

linking the two fragments 6 and 7 with a small linker to yield compound 8 resulting in a 

compound with a KD in the nanomolar range.
16

 

 

Figure 5 Fragment linking approach on the example of FK506 binding protein 

In the in situ fragment assembly approach, the fragments individually bound to the target 

protein can undergo a chemical reaction to generate a compound resulting in a higher affinity. 

In this example (figure 6) the self-assembly approach is shown to derivative compounds of 

the famous neuramidase inhibitor Tamiflu (12) marketed by Roche which is used for the 

treatment of influenza. 
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Figure 6 Fragment self-assembly through neuroamidase on the example of derivatives of Tamiflu 1217 

Chemogenomics is one relatively novel approach used to find new leads for new drug 

molecules.
18

 In medicinal chemistry the phrase chemogenomics is related to a search which is 

aligned according to the target families rather than to a specific disease. This approach is 

directly related to a search for recognizable motifs which are lead structures for new 

biologically active compounds. The main advantages of such an approach are the know-how 

for a specific target class, knowledge about the mechanism of action and for example 

established binding modes. It is driven through a similarity orientated search, which means 

that the starting point is from a known biologically active compound or drug. In 2007 

Klabunde evaluates the word similarity in this context and describes the criteria for a receptor 

or a ligand to be considered as similar.
19

 The key point of the chemogenomics approach is the 

new procedure to rather group receptors in different common classes than to account them as 

individuals, for examples ion channels, G protein-coupled receptors (GPCRs) or kinases. 

Rognan considered in his review that the two basic assumptions for a chemogenomics 

approach are that compounds with chemical similarity should share the same target and as 

well, that targets which have similar ligands should have similar binding sites. The main 

difficulties are to measure or to estimate these described similarities and to find appropriate 

descriptors. In the review by Rognan theses descriptors are classified in different dimensions 

e.g. using one-dimensional descriptors such as molecular weight or atom number.
20

 These 

descriptors are used preferably for predictions of absportion, distribution, metabolism and 

excretion (ADME) properties like bioavailability or solubility.
21

 The most popular 
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comparisons using 1-D descriptor is the so-called SMILES (simplified molecular input line 

entry system) approach introduced by Weininger.
22

 SMILES is considered to represent a 

facile computer language approach as an easily understood chemical language for chemists 

and demonstrated feasibility and utility for calculation of partition coefficients and molecular 

refractory in model systems, which can be furthermore applied for quantitative structure 

activity studies. The 2D descriptors are defined by characteristics such as the fragment or the 

substructure.
20

 The fingerprint method is a common starting point for identifying reoccurring 

structural motifs. Data as atom coordinates or 3D pharmacophores are related to the 3D 

descriptors to search for new lead compounds in the drug discovery process. 3D information 

provides guidance around features such as hydrogen bond acceptors, -donors or ionisable 

atoms. To identify the space which is available in the target domain the most insightful 

attempt is the analysis of the 3D structures through X-ray crystallography or NMR studies 

with the focus on the ligand-binding site where the structural similarities are the most 

common. The term ñPrivileged Scaffoldsò refers to such structural motifs, which are based on 

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 of Privileged Structures in Medicinal Chemistry  

As mentioned in section 1.1, small molecules are powerful tools in the drug discovery 

process, but the process of building new libraries with useful molecules often remains a 

serendipitous approach.
23

 Reaching the understanding of all necessary features of a new lead 

compound is still ongoing and therefore new approaches are under continuous investigation. 

One approach is to focus on a similarity principle, which includes the synthesis of new 

ñPrivileged Scaffoldsò. The term ñPrivileged Structureò was introduced by Evans et al. in 

their research around 1,4- benzodiazepines and finding that this scaffold served as a ligand 

for various biological targets (figure 7).
24
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Figure 7 Drug molecules containing the benzodiazepine privileged scaffold 

In their study they described the design and synthesis of novel antagonists of CCK, 

cholecystokinin, which is a peptide hormone of the gastrointestinal system. In their series of 

benzodiazepine analogues 3-acylamino compounds showed a greater (100-1000x) affinity to 

the CCK-A receptor than their previous reported 3-alkyl compounds (figure 8).
25

 Several 

benzodiazepine analogues, which differ in their substitution pattern, constitution or 

functionality, were compared against their selectivity for either the CCK-A, CCK-B, gastrin 

or brain benzodiazepine-receptor. During these studies a ñsimilarityò has been found between 

compound 20 reported in their search and the natural peptide CCK-7 even if this similarity is 

not related to its structure. Furthermore it was stated that the known benzodiazepine, 

Tifluodam 22 showed high affinity for the opiate receptor as well as a significant affinity for 

the CCK-A receptor. This lead to the first assumption that this 5-phenyl-1,4 benzodiazepine 

ring systems and similar examples of such molecular frameworks can serve as ligands for 

different receptors. In their conclusion a new approach for the drug discovery process was 

found considering a structural framework like the benzodiazepines as a privileged structure 

because of their nature to serve as a useful ligand for more than one receptor. With this 

statement Evans et al. introduced for the first time this new concept of ñPrivileged 
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Scaffoldsò, which could provide useful tools in the ongoing search of new drug molecules as 

they can provide a starting point for new agonists or antagonist for a variety of receptors. 

 

Figure 8 Examples 20 and 21 from the original statement from Evans about privileged Sctructures. Tifluodam (22) 

represents another benzodiazepine, which can serve as a ligand for more than one receptor. 

Privileged structures are an important and growing topic in medicinal chemistry as they are 

considered as a useful concept for the design of new lead compounds for the drug discovery 

process. In a review about Privileged Structures in drug discovery by DeSimone in 2004 it 

was stated that in an analysis by the group of Murko using known drug molecules it was 

found that, out of the approximately 5000 drug compounds, 1100 different frameworks 

existed. Furthermore it was pointed out that 32 of these frameworks are found in around 50% 

of the drug molecules.
26

 The definition of a privileged structure according to Klabunde and 

Hessler is a ñsubstructure/scaffold exhibiting strong preferences for a particular area of the 

target spaceò.
27

 The main focus in medicinal chemistry is to design, discover and synthesise 

new biological active molecules as well as the analysis of the factors involved in the structure 

activity relationship including interpretation of the molecular recognition of the drug.
28

 

Understanding of the pharmacokinetics, especially absorption, distribution, metabolism, 

excretion and toxicity (ADMET) of a drug is of great importance in medicinal chemistry.  In 

a review by Liu et al. in 2011 they investigated the corresponding ADMET data related to 

popular known bicyclic privileged structural motifs.
29

 In conclusion they pointed out that the 

key factors related to the effect of absorption and metabolism are the ALogP, hydrogen 

donors, the polar surface area (PSA) as well as fraction of the polar surface area in respect to 

the total surface area (FPSA) and the number of chains assembled (Nc). The new concept of 

the privileged structures has had a significant impact in the development in Medicinal 

Chemistry, which is well illustrated by the growing number of literature articles dealing with 

this new concept of privileged structures. A privileged structure is not only a scaffold; it has 

to have a certain grade of functionalization to be considered as privileged.  
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But what makes a structure a ñprivileged scaffoldò? What are the characteristic features of a 

privileged structure? How is a privileged structure defined and what makes it privileged?  

Muller et al. revealed a statement in their discussion about privileged scaffolds, that this term 

belongs to sub-structural elements of compounds ñthat showed effect on more than one 

receptorò indifferent from the target family, which is the actual definition made by Evans et 

al.
30

 Therefore the question arises how the difference between a frequent hitter and a 

privileged structure can be distinguished and is up to date an ongoing discussion with many 

attempts to clarify. For example studies for releasing reoccurring structural motifs compared 

to their in silico profile to directly target the molecular diversity space.
31

 This was the starting 

point for finding these privileged structures in known biologically active molecules. One 

example is the 2- aminothiazole core structural motif which is reoccurring in several 

biological active molecules for clinical as well as preclinical drug candidates.
30 

 

Figure 9 Biological active molecules containing the 2-aminothiazole scaffold 

This 2-aminothiazole scaffold (red) (figure 9), which serves as a privileged scaffold, showed 

no evidence in only being active in one target family- its activity ranges from enzymes to 

GPCRs. In a recent paper by Gharbia et al. the 2-aminothiazole privilege structure was used 
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to find new antimicrobials targeting methicillin resistant Straphylococcus aureus (MRSA).
32

 

Their approach was based on using this known 2-aminothiazole structural motif as starting 

point for a new potential antimicrobial as it was seen to be successful over the last decades 

especially for targeting GPCRs.
33

 They chose for their studies the 2-aminothiazole scaffold as 

it is known to reveal, amongst others, antibacterial activity.
34

 In their screening assay they 

found promising compounds as new leads against MRSA strains, which proved the utility of 

a known privileged structure to be a good starting point for new lead compounds.  In a review 

by Bondensgaard et al. they examined the potential of several class A family GPCRs to 

recognize a privileged structure motif.
35

 As the GPCR family represents the largest biological 

target class
36

 it is obvious to examine its reoccurring privileged structural motifs as it would 

have a major benefit to identify those privileged structure as potential starting points for 

targeting several GPCRs. One example for such an approach was the discovery of new 

ligands targeting the growth hormone secretagogue receptors starting from compounds 

discovered by other receptor screening programs (figure 10).
37

 In their study to find new 

growth hormone (GH) secretagogues the starting point was the known compound 28, where 

the incorporated spiropiperidine region represents a privileged structure as it functions as a 

ligand both for oxytocin and sigma receptors. Using this approach, they discovered their lead 

compound 29 by modifications of compound 28. 

 

Figure 10 Example to start with a known privileged structure 28 to build a new lead compound 29 

A rational behind these reoccurring structural motifs is that the GPCRs are considered to have 

a common binding pocket feature which can be recognized by these privileged scaffolds. This 

hypothesis was investigated through analysis of pairs of privileged structures containing 

ligands towards different receptors regarding their binding mode. Bondensgaard et al. 

examined in their study several privileged structures targeting different GPCR receptor types 
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for example spiro piperidine indane analogues 32-33 and the 2-phenyl indole containing 

compounds 30-31 (figure 11).
35 

 

Figure 11 Structural motifs of two Privileged Structures incorporated in molecules targeting various GPCRs 

Analogue 30 is a known 5HT6 inhibitor and compound 31 is targeting the MC4 receptor, 

both consisting of the 2 phenyl indole privileged structure. For the analysis both compounds 

were docked into a model of its corresponding target receptor (figure 12).  

 

Figure 12 Analysis of the docking pose of compounds 30-33 in the corresponding GPCR binding pocket adapted from 

Bondensgaard et al. (Ref 35) 

30

31

32

33
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In both receptors the indole fits well in the binding pocket forming interactions with Phe V47, 

Phe VI 44 and Trp VI 48. In both compounds the aromatic part and the alkyl chain are 

pointing in the same directions within the active pocket of the receptors, which results in the 

same interactions and fittings in their binding pockets. Regarding the ligands bearing the 

spiro-piperidine-indane privileged structure motif (32-33) a similar docking pattern is 

detectable, where this moiety interacts with Phe V47, Phe V44 and Trp VI48. In most of the 

GPCRs the ligand binding pocket lies between the trans- membrane (TM) 3, 5, 6 and 7, 

which was revealed through mutagenesis studies and is a common feature.
38

 Their study 

showed that all the docked privileged scaffolds are situated into the same region of the 

receptor; however some sub-pockets can only accommodate parts of a scaffold, which is the 

limiting factor for a privileged structure targeting the complete GPCR class A family. 

Nevertheless their hypothesis can aid to design new GPCR receptor agonists or antagonists 

for future medicinal chemistry projects. A review by Schnur et al. deals with the question if 

target family substructures are really privileged.
39

 The rationale behind finding these so 

called privileged scaffolds is that they are considered to provide a more reliable starting point 

for new compounds in the given target family as described previous for the growth hormone 

segregatogues. They should include the major advantage to minimize the off target effect. In 

the review by Schnur et al. several target family classes were studied using different 

substructures mainly derived from GPCR databases to examine their occurrence for other 

target classes. As target families for example of GPCRs and ion channels are relatively 

similar in their structure not many of the investigated substructures were privileged for its 

considered target class, which could result in undesired off target effects. On the good side, 

the same substructures can serve for libraries to screen a variety of different targets, which 

results in considering the term privileged structure as Evans and Patchett described it in their 

early discovery.
40

 Nevertheless, a substructure can be converted to a privileged structure only 

targeting one target family showing in the example in figure 13. 

A further approach using privileged scaffolds in the design of new lead compound is the so 

called 4-Point Pharmacophore model. In their research towards a new method to design 

combinatorial libraries Mason et al. introduced the 4-point pharmacophore model using 

privileged scaffolds as starting point for library synthesis.
41

 Their approach was based on 

known GPCR privileged structural motifs and described a novel modification of the 4-point 

pharmacophore model to force one point of the pharmacophore model to be associated with 

the privileged structure, which allows the design of new chemical libraries (figure 14). 
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Figure 13 An example of a Privileged Scaffold which shows activity only in one target family (GPCR) 

The focus was on maintaining key features, such as hydrogen bond donors or acceptors, 

acidic or basic centres and hydrophobic or aromatic regions in the chemical structure. The 

consideration of the chirality in the 4-point pharmacophore model was found to increase the 

selectivity for different targets. 

 

Figure 14 Example of the 4-point pharmacophore model on the compound MDDR140603 (Ref. 41) 

In the example of the biphenyltetrazole privileged structural motif (compound 

MDDR140603) in figure 14, the privileged feature was forced to one point of the 4-point 

pharmacophore, where the other points are set in a relative measure for molecular similarity 

or diversity. The design of new compounds for a new series is no longer only based on 2D 

structural parameters resulting in much more structural diverse molecules. Regarding the 

ligand-receptor site in their study they had a closer look at the closely related serine 

proteases: trypsin, thrombin and factor Xa. Upon applying the 4-point pharmacophore model, 

an increased selectivity for one of the enzymes was observed. This approach was further 
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applied to building a new library of compounds based on the 4-point pharmacophore model 

including the privileged structural motif of biphenyltetrazole 35 (BPT). BPT was chosen as 

privileged structure and by applying the Ugi reaction a library of 4032 compounds was 

synthesised (figure 15).
41 

 

Figure 15 Schemes for building a compound library based on the 4-point pharmacophore model (Ref. 41) 

With this study they could prove the usefulness and effectiveness to initiate new drug 

discovery projects on the basis of known privileged structural motifs. 

1.3 Examples of known Privileged Structures  

The closer look on known Privileged Structure libraries showed that most of the known 

Privileged Scaffolds are of heterocyclic nature with different ring sizes, number of 

heteroatoms and grades of substitution (figure 16).
18 

 

 

Figure 16 Known Privileged Structures, adapted from Kubinyi and Mueller, Chemogenomics in Drugs Discovery, 2004. 
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1.3.1 The classical pharmaceutical textbook example- a tricyclic diphenyl scaffolds 

This tricyclic scaffold is the classical example of a privileged scaffold that targets a variety of 

different biological classes. It is an extraordinary example for a simple scaffold, which (when 

undergoing minor changes in its structural functionality and conformational substitution) can 

result in more than 150 drugs which were approved over the last decades.
18

 Included in these 

drug examples is Zyprexa
® 

44
 
(figure 17), one of the blockbusters of 2001 which is a 

compound first marketed by Eli Lilly  in 2006 for the treatment of schizophrenia and bipolar 

disorders. 

 

Figure 17 Examples of marketed drugs containing the tricyclic diphenyl scaffold 

These four examples might lead to the conclusion that a target family correlation is emerging, 

due to the fact that all the compounds demonstrate biological activity towards the classical 

neurotransmitters binding GPCRs. This occurrence is misleading as a further investigation in 

the literature reveals that this privileged scaffold is presented in different structures which 

reach from discovery products to launched compounds for a variety of biological targets 

(figure 18). 

1.3.2 The biphenyl substructure- a Privileged Scaffold or only a ñFrequent Hitterò 

One of the most discussed scaffolds is the biphenyl scaffold which is incorporated in nearly 

5% of the biologically active drugs. Fesik et al. had a closer look at this substructure in their 

NMR based protein binding analysis.
42

 They stated 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 variety of the screened proteins. It was recognised that 

depending on functionality the biphenyl moiety binds to different target proteins (figure 19). 
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Figure 18 Examples of tricyclic biphenyl containing compounds showing biological activity towards different target classes 

Fesik et al. explained the rationale behind the potential of the biphenyl moiety as a privileged 

substructure is defined by its usefulness to interact with aromatic and hydrophobic residues as 

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

 

Figure 19 Effects of functionalization on a known privileged 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 

naphthyl due to its rigidity (figure 19). 

1.3.3 Azo Heterocyclic Privileged Scaffolds 

Several heterocyclic scaffolds are considered as privileged structures containing one or more 

nitrogens. For example the scaffolds indole 60, quinolone 61, isoquinoline 62 or purine 63 

are well known molecules as part of highly active and structural diverse molecules (figure 

20).
23 

 

Figure 20 Example of Nitrogen containing Privileged Scaffolds 

The compounds listed in figure 21 are examples of known drugs and natural products with 

the same incorporated privileged scaffold. The ñsubstituentsò around the privileged scaffold 

vary extremely and the illustrated compounds are targeting a variety of different biological 

targets- starting from anti-depressive to antiviral compounds. For example Oxypertine 64 is a 

known drug molecule bearing the indole substructure and is used as an antidepressant for the 

treatment of schizophrenia.
43

 The natural product Nostodione A 65 consists as well of the 

indole scaffold and is applied as a mitotic spindle poison.
44

 The possible diversity for all 

biological targets shown in figure 21 is demonstrated even if they all are including the same 

privileged structure in the drug compound as well as in the natural product.
23 



Introduction  

18 

 

 

 

Figure 21 Examples of nitrogen containing privileged structures incorporated in biological active compounds- (drug 

molecules or nature derived) 
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1.3.4 Oxygen containing Privileged Structures 

As shown for the nitrogen containing heterocyclic compounds in figure 21, there are several 

heterocyclic privileged scaffolds known containing oxygen atoms.
23

 Once more they can be 

natural product derivatives or pharmaceutical drugs (figure 22). For example the coumarin 

substructure serves as a ligand incorporated in the structure of the drug Folescutol 79, which 

is a capillary protectant. Additionally this structural motif is found in Suskudorfin 80 which is 

used as an anti HIV agent. 

 

 

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

A more recent review by Klein et al. is dealing with the question whether a new scaffold is a 

new privileged structure or a promiscuous binder is the example of rhodanine (84) and related 

5-membered ring structures (81-83) (figure 23).
45

 

 

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

The positive versus the negative effect of the affinity to certain targets was investigated as the 

structure motif of the five membered multi-heterocyclic ring compounds (FMMH) showed a 

relevant presence in leading medicinal chemistry publications. In the group of Klein et al. the 

rhodanine motif was tested against a variety of enzyme targets: two serine protease for 

dengue virus and thrombin from bovine plasma, a bacterial transferase and a metalloprotease. 

In their studies they came to the conclusion that these 5 membered ring structural motifs 

possess a distinct intramolecular interaction profile especially if an aromatic substructure is 

attached. They explained that the rhodanine scaffold should not be considered as a 

promiscuous binder and is suggested not to be regarded as an unspecific binder. Nevertheless 

Klein et al. draw the attention towards special requirements in the usefulness of the rhodanine 

scaffolds and to judge their eligibility as a privileged structure, whereas their affinity should 

be in the lower nanomolar range to be considered for the chosen target. As one of the 

negative aspects of rhodanines is mentioned related to an insufficient selectivity profile, 

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

1.3.6 A versatile privileged structural motif : 8- hydroxyquinoline  

The privileged structural motif of the 8-hydroxyquinoline (8-HQ) is characterised through its 

broad pharmacological profile.  In a review by Liu et al. in 2015 the 8-hydroxyquinoline was 

presented and its pharmacological profile was evaluated.
46

 The 8-HQ 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 of 8-HQ 

The 8-HQ was found in compounds which were used as neuroprotective agents, anticancer 

agents, inhibitors of 2-oxoglutarate and iron-dependent enzymes, chelators of 

metalloproteins, anti-HIV agents or antifungal agents. The review by Liu et al. showed a 

detailed analysis of the effect of the 8-HQ group towards the various biological targets (figure 

25). 

 

 

Figure 25 Compounds bearing the 8-HQ motif as a privileged structure 

8-HQ

Anti cancer

Anti HIV

Antifungal agents

Antileishmanial
agents

MT inhibitors

Neuroprotection 
agents

Anti schistosomal
agents

Chelatorsof 
metalloproteins

Inhibitors of 2-OG 
dep. enzymes

Bot. neurotoxin 
inhibitor

Miscellanous
activities



Introduction  

22 

 

With unmet medical needs for conditions, such as Alzheimer and Parkinson disease, or the 

resistance occurring in the therapy against HIV, the 8-HQ represents a useful privileged 

scaffold for compounds addressing urgent medical needs. The anticancer agent JLK 1486 

(89) was further evaluated in that review and its mode of action was shown, which follows a 

two steps procedure to form the alkylating species (figure 26) (93).
47

 

 

Figure 26 Mechanism of action of the anti-cancer agent JLK1486 (89) possessing the 8-HQ structural motif 

In conclusion the 8-HQ scaffold was shown to be a starting point 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 point in finding 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 the medicinal chemistry literature. As mentioned in chapter 1.3 

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 compounds) was introduced 
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referring to molecules which will give false positive biological activity due to misleading 

interactions with the actual biological target.
48

 In his papers he described an approach 

towards the identification and subsequent removal of these structural 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 highly recommended filter criteria, such as those 

outlined by Lipinski.
6
 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 target protein. 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 

figure 27) as the ñworst offendersò, and identified a selection of structural motifs which are 

well known to give false positive biological results.
49

 

 

Figure 27 Known PAINS and recognised structural motifs in PAINS according to Baell et al.49 
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When those chemical structures shown in figure 27 appear in a new hit compound, 

carefulness is required as they could be considered as molecules without the required specific 

biological activity. As the biological screening and drug discovery process made its way into 

academic labs
50

, the authorôs suggest that certain filter criteria are required to improve the 

quality of the research outputs, resulting mainly from a lack of drug discovery experience. 

There are several articles dealing with the topic of assay interfering compounds, compounds 

which contain certain unwanted structural motifs which are most often unrecognised leading 

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

hit compounds can interact with proteins by forming aggregates or can show a general, non-

specific activity against the target protein. Functional group filters can be applied to eliminate 

these compounds from assays early on in the process to increase the lead-like quality of the 

screening hits. Another problem which can deliver false positive compounds is their 

interference with the actual assay signalling, which represents one of the biggest challenges. 

In a review by Baell some criteria were published to identify PAINS from true active 

compounds, which should provide information to be able to carry out effective research and 

appropriate spending of research money.
48

 The selection for filtering started by removing 

compounds, which showed around 85% similarity to another compound (measured by the 

Tanimoto coefficient) and furthermore applied published data to exclude certain functional 

groups (for example: halides substituted, alkyl sulfonates, anhydrides, peroxides, isocyanates, 

triflates, positively charged atoms etc. but retained certain functionalities even if they are not 

recommended (oximes, hydrazones, anillines etc. Only a few of the ~73000 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 assays. They eliminated known 

problematic substructures like rhodanines, quinones or 2-aminothiophenes and applied 

further filters targeting individual occurring substructures. Furthermore his group started on 

the optimisation of screening assays to eliminate false positive compounds which can arise by 

covalent binding to the protein, binding to many sites on the protein, compounds forming 

aggregates and compounds which absorb light in the assay relevant wavelengths. One 

example of a PAIN is rhodanine, which was mentioned before in chapter 1.3.5 and its 

potential was evaluated to be a privileged structure. This structural motif appeared as a highly 

promising active compound in multiple papers from around 300 different organisations with 

more than 250 with from an academic background. Rhodanines are known to undergo a light 

induced mechanism by which they can modify proteins irreversibly, but this fact is mostly 

ignored in the evaluation of the rhodanine scaffold when seen in active hits. In conclusion, 
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the topic of a privileged scaffold is a highly discussed and a critically evaluated starting point 

for the drug discovery process. As mentioned in the previous chapter 1.2 many recent reviews 

are dealing with this topic and their advantages for good starting points for new chemical 

leads for drug discovery. On the other hand a critical evaluation has to be carried out about 

the biological dependence of certain substructures within the hit compounds. Some 

substructures are present in a higher number than others and, as conclusion, they have a 

greater chance to be recognised as positive hits and to be considered as privileged structures. 

As discussed, the occurrence of false positives can result in a misleading picture of certain 

substructures to be considered as a privileged structure. Furthermore, a critical point is the 

evaluation of a chemical structure 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 potential 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 interesting potential 

against a variety of biological targets. One critical point is the diverse chemical modification 

of this scaffold to be able to evaluate the influence of the scaffold itself. It will be necessary 

to apply certain criteria evaluated and described by Baell to eliminate the chance of finding 

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 valid. The scaffold showed that it is not promiscuous by not 

showing activity in biological counter screening. 

. 
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2 Aims and Objectives 

The aim of this thesis was to design and synthesize a series of new tricyclic scaffolds, that 

contain piperidine and substituted triazole functional groups, which are known structural 

motifs in many biological active molecules (figure 28).
51

  

 

Figure 28 Examples of trizaole and piperidine containing drugs 

The triazole and piperidine moiety are linked through a third ring, which will allow a 

decrease in flexibility of the tricyclic ring system, which furthermore enables the sysnthesis 

of constraint analogues of known biological drugs (figure 29). 

 

Figure 29 Tricyclic piperidine triazole scaffolds differentiating in the ring size of the connecting ring 

The scaffolds should be synthesized to allow functionalisation in the two positons R1 and R2 

for introduction of a variety of substituents. Furthermore, the scaffold synthesis should be 

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 introduced via the reaction of the thiolactam 99 and the corresponding hydrazide (scheme 

1). The thiolactam 99 should result through reaction of the lactam 105 with Lawessons 

reagent. The lactam 105 should be available through hydrogenation of the corresponding 

aminoester 100 precursor derived from the starting ketone 101. 

 

Scheme 1 Proposed retrosyntthetical plan for the synthesis of the tricyclic triazole scaffolds 96-98 

It is proposed that these scaffolds could be incorporated into known biologically active 

molecules or marketed drugs 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). 

 

Scheme 2 Coupling approaches starting from novel tricyclic triazole 102 

Furthermore, the newly synthesised analogues should be screened against the biological 

target of the parent compound to test our hypothesis for the usefulness of our tricyclic 

scaffolds as new privileged structures. 
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3 Design and Synthesis of a novel tricyclic triazole-based scaffold 

The aim of this PhD project was to establish a reliable route to synthesise a new tricyclic 

scaffold which could be used in the application for medicinal chemistry projects. This 

scaffold was designed to incorporate triazole and piperidine rings, which are common 

features in many known biologically active compounds.
51

 The retrosynthetic plan for this 

scaffold was to synthesise the triazole portion of scaffold 96 ring in the final step of the 

sequence, through reaction of the corresponding bicylic lactam 105 with the corresponding 

R2-hydrazide. The lactam 105 should be synthesised through ring closure on the alkylated 

amine 106 through acid or base catalysis or through direct ring closure after hydrogenation of 

the protected amine 106. The sequence starts from commercially available ketone 107 

(scheme 3). 

 

Scheme 3 Retrosynthetic approach to yield triazole scaffold 96 

3.1 Synthesis of the [6.5.5] tricyclic scaffold 

The synthesis of the [6.5.5] membered scaffold started with the commercially available ethyl 

4-oxopiperidine-1-carboxylate (108). The first step was the conversion of piperidone 107 into 

alkylated ketone 111 which was more challenging than expected as this alkylation step 

required some optimization. The first attempt using benzylpiperidone 109 and 

ethylbromoacetate 110 as the alkylation reagent was carried out from a known literature 

procedure by Romanelli et al.
52

 but after several attempts proved unsuccessful. The same 

alkylation conditions using piperidone 108 was furthermore unsuccessful. After changing the 

alkylating reagent to tert-butylbromoacetate (114), and using hexamethylphosphoracidtriamid 

(HMPT) as a solvent additive and additionally increasing the equivalents of base (LDA), a 

satisfactory yield (50%) of ketoester 115 was obtained.
53

 (Scheme 4) HMPT is a known 

aprotic organic solvent for increasing the yield and the conversion rate through its 

solubilizing effect.  



Design and Synthesis of a novel tricyclic triazole based scaffold 

29 

 

 

Scheme 4 Alkylation of ketoesters 108-109 

Utilising the same optimized reaction conditions, piperidone 108 and ethylbromoacetate 110 

delivered the ethyl ester 112 in a moderate yield of less than 50%, as the purity was shown to 

be low. In the meantime, one attempt was started to synthesize the alkylation product via the 

enamine 116, which is a compound known from a patent by Novartis on kilogram scale
54

, but 

this approach was postponed after achieving results by using LDA as a base (Scheme 5). 

 

Scheme 5 Synthesis route through enamine 116 

One attempt to synthesise the tert butyl ester 115 through the enamine route (Scheme 5) was 

made, but the yield was shown to be lower than with the LDA route (Scheme 4) and it was 

shown that the formation of an undefined by-product was dominating in this reaction 

sequence. 

The next step was the incorporation of the nitrogen functionality, which was trialed using 

tert-butyl ester 115, sodium triacetoxyborohydride and ammonium acetate following the 

procedure by the group of Romanelli.
52

 Unfortunately, none of the attempts to establish the 

amine group directly was successful and therefore a protected amine 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).
55
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Scheme 6 Synthesis of Hydroxylamine 117 

The next approach was the trans-esterification into the methyl ester 118 starting from ketone 

115 using a basic as well as an acidic method to enable access to the lactam 105 through acid-

catalysed cleavage of the tert-butyl ester functionality. The basic variant using NaOMe and 

MeOH at reflux resulted in decomposition of the starting material 115, but the acidic variant 

using aqueous 6N HCl in MeOH delivered the desired methyl ester 118 in a yield of 86% 

(Scheme 7). 

 

Scheme 7 Conversion of compound 115 into methylester 118 and subsequent reductive amination 

It was proposed that methyl ester 118 could be converted into the lactam system 105 using 

ammonium acetate, however, 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 compounds 120 or 

121 (scheme 7). The first attempt was the reductive amination using benzylamine 119 which 

proved successful and benzylamines 120/121 could be synthesized.
56

 Unfortunately, the 

cyclisation was not reliable, the first attempt showed no cyclized product 121, the second try 

showed mostly 120 and the third showed a nearly one to one mixture of cyclized compound 

121 and the open form 120. Some attempts (heat, acid, base) were made to accomplish the 

ring closure for all material, but none of the attempts delivered a desired outcome. The 

cyclized material 121 was used to trial the benzyl deprotection to yield lactam 125, which 

was not feasible under standard hydrogenation conditions using Pd/C in methanol.
57

 

Therefore a second approach for synthesising the desired lactam 125 was used. The 

procedure started with tert butyl ester 115, which was converted using a reductive amination 
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with sodium triacetoxyborohydride in 1,2 dichloroethane to the benzylamine 122. 

Afterwards, the benzylamine 122 was converted into the methylester 123 as its HCl salt using 

MeOH and 6N HCl (Scheme 8).  

 

Scheme 8 Synthesis route to bicyclic lactam 125 

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

which led to the isolation of compound 124 again as the HCl salt (scheme 8).  

 

Scheme 9 Both enantiomers of each cis- isomer 125-2 and trans- isomer 125-1 

Unfortunately, during these reaction conditions the salt did not lead to ring formation, 

therefore compound 124 was stirred in MeOH and potassium carbonate to remove the 

hydrochloride acid and after purification, the clean compound 125 was obtained and both 

isomers (cis- (125-2) and trans- (125-1)) could be separated through column 
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chromatography, which are shown for simplicity as only one cis- and one trans- enantiomer 

(compare Scheme 9).  

Unfortunately, the relative configuration for the separated geometric isomers could not be 

determined absolutely through 2D NMR methods using NOESY (Figure 30). This was due to 

the observed overlap in the NMR signals associated with H-7 and H-3, which are both 

coupling to H-2, masking the visible coupling constants between H-2 and H-7.  

 

Figure 30 NOESY spectra of one isomer of 125 

As a consequence, the separated isomer was submitted for single crystal X-ray analysis 

demonstrating that this isomer to be the trans- connected isomer, therefore the other isomer 

was known to be the cis isomer by inference (Figure 31). 

H-2
H-7, H-3
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Figure 31 The contents of the asymmetric unit of isomer 125-1 showing (a) the major disorder component (with 

atom O15A) and (b) the minor disorder component (with atom O15) in separate views. Displacement ellipsoids 

are drawn at the 50% probability level. 

 

Compound 125-1 was recrystallized slowly from ethyl acetate to afford crystals of sufficient 

quality for structure determination. The compound was found to crystallize in the 

centrosymmetric space group P21/n, with one molecule in the asymmetric unit. Interestingly, 

the five-membered ring is disordered over two possible positions, so both enantiomers are 

represented in the asymmetric unit due to the piperidine ring flip. In this case, the overall 

packing of the crystal appears to be driven by the interactions of both the carbamate and the 

lactam functional groups. The molecules form hydrogen-bonded dimers, which pack in a 

classic herringbone fashion. The piperidine ring in the crystal has a chair-like conformation 

and the C8-O15/C8A-O15A bond lengths [1.234 (5)/1.237 (4) A°] are in the typical range. 

The N9-C4-C3/N9-C4-C5 bond angles are 112.06 (15)/109.21 (16) and the C7-C3-C4/C7A-

C5-C4 bond angles are 98.9 (2)/100.46 (18). The torsion angles are synclinal for C7-C3-C4-

N9/C7A-C5-C4-N9 [36.2 (2)/34.4 (2)] and C2-C3-C4-C5/C6-C5-C4-C3 [62.8 (2)/63.0 (2)]. 

With the antiperiplanar torsion angles of 158.0 (2)/157.79 (19) for C7-C3-C4-C5/C7A-C5-

C4-C3 and 175.51 (15)/173.55 (16) for C2-C3-C4-N9/C6-C5-C4-N9, the antiperiplanar 

positon of atoms H4 and H3, and hence the relative stereochemistry of the molecule was 

determined.
58
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Figure 32 The herringbone packing of isomer 125-1 in the bc plane 

The next step was the conversion of each isomer of lactam 125 into thiolactam 126 through 

reaction with Lawessons reagent in an excellent yield of 92-95%.
59

 

 

Scheme 10 Synthesis of thiolactam 126 using Lawessonôs reagent 

The next step was the conversion of thiolactams 126-1 and 126-2 into the triazole 129 

(Scheme 11) using the high boiling solvent cyclohexanol and acethydrazide (127).
60

 

However, compound 129 could not be isolated from the reaction mixture due to the 

complicated removal of cyclohexanol during the purification process. The cyclisation 

reaction was performed using acetic acid, which showed conversion to the required product 

via mass spectral analysis, forming first the open non-cyclic intermediate 128 and showing 

finally the desired product mass of triazole 129. Unfortunately, the crude NMR of this 

conversion showed no evidence of the desired compound 129. The attempt using 
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acethydrazide (127) in toluene under reflux delivered again the open form, but the attempt 

through addition of TFA to accelerate the formation of triazole 129 via facilitating the water 

elimination resulted in decomposition of the intermediate 128. 

 

Scheme 11 Formation of triazole compound 129 starting from thiolactam 126 

After unsuccessful direct ring closure to triazole 129 it was tried to establish an 1,3,4 

oxodiazole system which should simplify the final ring closure to triazole 129 (scheme 12). 

This attempt used compound 123 as starting material which was treated with acethydrazide 

127 in ethanol, but didnôt convert into the desired 1,3,4 oxodiazole 135. A second try was 

made using the corresponding acid to methylester 123 and to couple this acid to 

acethydrazide 127 using standard conditions EDCI and DMAP following formation of 1,3,4 

oxodiazole using polyphosphoric acid (PPA) was furthermore unsuccessful in yielding 

compound 135. 

 

Scheme 12 Second approach to install triazole system 

Another approach to yield triazole 129 was made by using, instead of acethydrazide 127, 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 system is too constrained and 

therefore that the ring closure to the triazole ring, could not occur and this prevented the final 

ring closing reaction of the intermediate hydrazide 128. Using the trifluoro acetic hydrazide 

simplifies the ring closure as the trifluoro group represents an electron withdrawing group, 

which triggers the nucleophilic attack of the nitrogen followed by the water elimination to 

form 1,2,4 triazole 133 (Scheme 13). 

 

Scheme 13 Mechanism of triazole 133 formation using trifluoracetic acid hydrazide 

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 amine scaffold 134 (scheme 14). 

 

Scheme 14 Deprotection of carbamate group to yield [6.5.5] triazole scaffold 134 

3.2 Synthesis of the [6.6.5] tricyclic system  

Piperidone 108 was used as starting material for the synthesis towards the [6.6.5] scaffold 

system. This route started with a Dean Stark condensation building up the enamine 116 

through refluxing pyrrolidine and ketone 108 in benzene overnight. This dark red mixture 

was dissolved in benzene and treated with ethyl acrylate 138 to yield, after hydrolysis of the 

intermediate enamine, the ketone 139 in 69% yield (Scheme 15).
61

  



Design and Synthesis of a novel tricyclic triazole based scaffold 

37 

 

 

Scheme 15 Synthesis of protected lactams 141 and 142 starting from commercially available ketone 108  

It was proposed to synthesise the lactam 140 through convertion of the ketoester 139 into 

protected lactam 140 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 

para-methoxybenzyl (PMB) and therefore ketone 139 was treated with 4-

methoxybenzylamine and NaBH(OAc)3 and after stirring for 24 hours the desired bicyclic 

product 141 was clearly detectable and isolated in 61% yield (Scheme 15).
56

 The second 

protecting group which was tested was the 3,4 dimethoxybenzyl (DMB), as it is known to be 

more easily cleaved due to the presence of the two electron donating methoxy groups and 

lactam 142 was obtained after treatment of ketoester 139 with 3,4 dimethoxybenzylamine and 

NaBH(OAc)3 in 72% yield. 

The next step was the deprotection of the protecting groups (PMB or DMB), the PMB 

deprotection was attempted using the DDQ standard conditions.
62

 Unfortunately, none of the 

tested methods (table 1) to cleave the PMB group led 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 methods for example using TFA (neat, with anisole or in DCM), CAN, 

p-TsOH, BF3
.
OEt2 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 

system 

temperature time outcome 

DDQ DCM/water 5:1 rt o.n. only starting material 

TFA
63

 - rt to 50°C o.n. only starting material 

CAN
64

 AcN/water 3:1 rt 30 min decomposition 

TFA DCM 50°C o.n. only starting material 

p-TsOH
65

 toluene reflux o.n. decomposition/starting 

material 

BF3
.
Et2O

66
 Anisole 70°C 3h only starting material 

Pd(OH)2, 

Ammoniumformate
67

 

EtOH rt 3h only starting material 

TFA Anisole rt 1h only starting material 

 

All attempts to cleave the 3,4 dimethoxybenzylgroup (Table 2) using DDQ, TFA or p-TSOH 

ended in a purple coloured reaction mixture, but also in the decomposition of the starting 

material.
68

  

Table 2 Attempts to cleave the DMB protecting group 

reagent solvent 

system 

temperature time outcome 

DDQ CHCl3 rt o.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 ketone 139 was 

converted into the corresponding oximes using benzoylhydroxylamine hydrochloride and 

methoxyamine hydrochloride in pyridine to yield the benzyl protected compound 143 in yield 

of 80 % and the methoxy protected one 144 in 84 % yield
69

 (scheme 16). 
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Scheme 16 Synthesis of oxime compounds 143 and 144 

Compound 143 was submitted for hydrogenation using Pd/C in 7N NH3/MeOH and stirred 

overnight, but only a small amount of the product 145 could be obtained. The same reaction 

conditions were tried using compound 144 with the same outcome. Methoxime 144 was 

heated up to 40
o
C with variation in time and pressure using the same hydrogenation 

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 temperatures at -5°C, but without any success. Oxime 144 

was furthermore treated with Pd/C only in methanol without any significant conversion and 

even adding Mo(CO)6 didnôt make any difference. Finally compound 144 was successfully 

hydrogenated using 7N NH3 in MeOH with Raney Nickel catalyst to give the corresponding 

lactams which cyclized in situ (scheme 17).
70

  

 

Scheme 17 Synthesis and separation of isomers of compound 145 

As the ring closure gave all four potential isomers (figure 33) of the lactam 145 (145-1a, 145-

1b, 145-2a and 145-2b) the diastereomers 145-1 and 145-2 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 the cis- or trans- isomers will be illustrated in the figures throughout the thesis. 

 

Figure 33 Illustration of all four possible isomers of compound 145 

After analysis of the 1D and 2D NMR experiments and NOESY experiments no clear 

assignment towards the cis- or trans- connected lactam could be made as the piperidine ring 

signals were shown to be once more overlapping. In figure 34 the NOESY spectra of the 

second isomer of compound 145 is shown, but no clear definition is assignable to the cis- 

isomer (H-2 and H-7 are coupling partners) as H-6 would as well couple with H-7.  It was 

tried to crystallise compounds 145-1 and 145-2, but no suitable crystals could be obtained. 

 

Figure 34 NOESY of second isomer of compound 145 

Another approach, which was reported in a patent by Gustafson et al.,
71

 showed the direct 

introduction of the chiral centres at the fused bicyclic ring system starting again from ketone 

108 (scheme 18). Ketone 108 was treated with pyrrolidine in toluene under Dean Stark 

H-2, H-4, H-6
H-7
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conditions at 150
o
C, which resulted in a dark red mixture. p-Toluenesulfonic acid and 

acrylamide 146 were added to the mixture and heated for 4h. To the formed solid dioxane 

and p-toluenesulfonic acid were added and refluxed overnight to give lactam 148. 

Unfortunately the conversion to the desired cis- lactam 145-1 resulted in a mixture or did not 

generate the lactam 145. 

 

scheme 18 Alternative synthesis of compound 145 

The next step was the conversion of the lactams 145-1 and 145-2 into the thiolactams 149-1 

and 149-2 using Lawessons reagent
59

 in an excellent yield of 90-94% (scheme 19). 

 

scheme 19 Synthesis of thiolactams 149-1  and 149-2 

It was discovered that compound 149-1 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 X-ray crystallographic analysis showed the cis- 

connection of the bicycles and therefore the other isomer could be assumed to be the trans- 

fused lactam 145-2 (figure 35). 



Design and Synthesis of a novel tricyclic triazole based scaffold 

42 

 

 

Figure 35 The molecular structures of the two rotamers of 149-1. Displacement ellipsoids are drawn at the 50% probability 

level. 

Thiolactam 149-1 showed two molecules in the asymmetric unit related by a 

noncrystallographic axis of rotation, although they have different conformations of the 

carbamate chain (figure 35). The overall packing of the crystal appears to be driven by the 

interaction of the carbamate and the lactam groups (figure 36). The crystal structure showed 

typical C-S bond lengths of 1.679 (2) and 1.686 (3) A° for the molecules with atom labels A 

and B, respectively. The piperidine ring adopts a chair conformation with the carbamate 

group in an equatorial position, with C5-N6-C11 angles of [119.3 (2)/ 21.5 (2)] and C7-N6-

C11 angles of [123.5 (2)/123.8 (2)] for molecules A/B, respectively. The torsion angles N1-

C9-C10-C4 [46.2 (3)/ 46.8 (3)], C8-C9-C10-C4 [-76.4 (2)/76.8 (3)] and C8-C9-C10-C5 [49.2 

(3)/ 48.9 (3)] are all synclinal, and from the torsion angles N1-C9-C10-C5 [171.73 (19)/ 

172.60 (19)] and the resulting antiperiplanar conformation it can be seen that the H atoms are 

arranged in a gauche conformation, giving rise to the chair-like conformation of the 

piperidine ring and the synclinal orientation of atoms H9 and H10.
58 
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Figure 36 The herringbone packing of isomer 149-1 in the bc plane 

In the following step, the ring closure to the triazole needed to be carried out to form the 

tricyclic scaffold. This conversion of thiolactam 149 into the scaffold compound was tested 

using the corresponding hydrazide to form the triazole ring
72

 (scheme 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 accomplish the formation of the triazole three different solvent systems were used, which 

were namely ethanol, toluene and a mixture of acetonitrile and acetic acid and as hydrazide 

component acethydrazide 127 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 characteristic signals 

for the triazole 150. Both isomers cis- and the trans- of thiolactam 149-1 and 149-2 were 

finally converted into the tricyclic triazole system 150-1 and 150-2. 
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scheme 20 Synthesis of triazole compound 150 

The purification of this methyl substituted triazole 150 was found to be challenging as the 

product is neither UV active nor stainable in any of the detection reagents (PMA, ninhydrin, 

KMnO4). After some eluent changes it turned out that a solvent system of 10% MeOH in 

DCM was the most suitable for flash chromatography to yield both compounds 150-1 and 

150-2, which are visible after iodine treatment for a short time as a brown spot, which 

disappears very quickly after staining. Using this ring closure method several triazoles were 

synthesized in yields from 37%-84% (scheme 21, table 3). 

 

scheme 21 General synthesis of triazole 152 formation 

 

Table 3 Triazole residues and corresponding hydrazides 151 

R1 hydrazide yield (cpd) 

 

methyl   

127 

cis: 

51% 

(150-1) 

trans: 

41% 

(150-2) 

 

trifluoromethyl   

151-1 

 

80% 

(170-1) 

 

37% 

(170-2) 
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ethyl  

151-2 

 

60% 

(171-1) 

 

84% 

(171-2) 

 

iso-propyl  
 

151-3 

 

75% 

(155-1) 

 

30% 

(155-2) 

 

benzyl 
 

151-4 

 

54% 

(156) 

 

- 

 

3 hydroxyphenyl 

 

151-5 

 

Ă84%ñ (mix 

with 151-5) 

(157) 

 

- 

 

To install the -CF2CF3 as the side chain group on the triazole this conversion was tried using 

the lactam 145 which was converted into the chloroimine 158 using POCl3 under refluxing 

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

hydrazine 159 (scheme 22). 

 

scheme 22 First synthesis route towards hydrazine 159 

Thereafter another approach was used starting with thiolactam 149 followed by the 

conversion into hydrazine 159 using NH2NH2
.
H2O in THF at 60°C, which changed the 

reaction mixture colour to yellow or dark greenish.
73

 This hydrazine 159 was used crude and 

treated with pentafluoropropionic acid and polyphosphoric acid boiling at 150
o
C for 3 days to 

install the CF2CF3 side chain group.
74

 The relative low yield is in agreement with known 

literature procedures and could be due to the harsh reaction conditions of the 



Design and Synthesis of a novel tricyclic triazole based scaffold 

46 

 

pentafluoropropionic acid in a mixture with polyphosphoric acid which results in a very 

messy work up and the hydrazine 159 is used further crude (scheme 23). 

 

scheme 23 Synthesis of triazoles 161-1 and 161-2 

Further triazoles were synthesized containing heterocyclic side chain groups, which were 

synthesized as the racemate and in pure cis- geometry. The hydrazide component was 

synthesized starting with the corresponding acid 162 which was treated in an amide coupling 

reaction using tert-butylcarbazate to introduced the hydrazide functionality, followed by the 

cleavage of the Boc protecting group using 4M HCl in dioxane (scheme 24) to yield 

hydrazides 165-169.
75

 

 

Scheme 24 Synthesis of hydrazide component 164 
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These hydrazides were reacted (scheme 25, table 4) using the racemic thiolactam 149 and the 

cis- fused thiolactam 149-1 to generate the triazole compound with the heterocyclic ring side 

chains which required longer reaction times than the previously used commercial available 

hydrazide 127, 151-1-151-5, which is maybe due to the fact that the hydrazides 165-169 are 

HCl salts.  

 

scheme 25 Synthesis of triazole compounds 170-176 

Table 4 Heterocyclic triazole compounds 172-176 

R1 Hydrazide Yield (cis) 

 

2-methyl thiazole 

 

165 

 

75%  

(174) 

 

pyridyl  

 

166 

 

31% 

(172) 

 

pyrazinyl  

 

167 

 

33% 

(173) 
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2-fluoropyridyl  

 

168 

 

25% 

(175) 

 

N-methyl-pyrrol e 

 

169 

 

25% 

(176) 

 

Further approaches towards different side chain groups of the newly synthesized tricyclic 

triazole were attempted.  The first was the introduction of an aminofunction 190 (scheme 26). 

This approach followed two different methods. The first method was to synthesize the 

bromotriazole 189 using N-bromosuccinimide followed by amination to aminotriazole 190.
76

 

This approach started with lactam 145 which was in 3 steps converted into triazole 188. 

Triazole 188 was only detectable as the dimer in the mass spectrum and the compound 

showed a violet colour. This route was not accomplished due to the unsuccessful synthesis of 

bromotriazole 189 intermediate. (scheme 26) 

 

scheme 26 Planned synthesis to amino compound 190 

The second approach to form the aminotriazole 190 was carried out using a method starting 

from thiolactam 149, which could be directly converted into hydrazine 159. It was hoped that 
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the hydrazine 159 when treated with cyanogen bromide would form the aminotriazole 190,
75

 

however, this route proved unsuccessful in a test scale (scheme 27). 

 

scheme 27 Planned synthesis of compound 190 using cyanogenbromide 

A further approach was made to synthesise the triazolone 192 through using the same method 

previously used for the synthesized triazoles such as 150. Product 192 could only be obtained 

in a small amount as an inseparable mixture with the starting reagent, the ethylcarbazate 191. 

The triazolone 192 was alkylated following a procedure published by Piao et al..
77

 However, 

no conversion to the alkylated ketotriazole 193 was achieved which was thought to be as the 

starting material 192 was not available in a pure form (scheme 28). 

 

scheme 28 Synthesis route to alkylated triazolone 193 

The next step was the cleavage of the ethoxycarbamate group which was tried using an acidic 

as well as a basic approach. The acidic approaches using 6N aqueous HCl under refluxing 

conditions and 4N HCl in dioxane were not successful.
78

 The basic attempt using 5M 

aqueous sodium hydoxide was shown to be successful as a solid was formed that showed the 

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 conditions.
79

 This turned out to be the best 

method as it delivered the full conversion into the desired amine 194. All synthesized 



Design and Synthesis of a novel tricyclic triazole based scaffold 

50 

 

triazoles of the type as compound 152-1 and 152-2 (scheme 29) were treated following the 

procedure and each cis- and trans- isomer was treated separately. 

 

scheme 29 Final cleavage of the carbamate group to amines 194-1 and 194-2 

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 ethyl-4-oxopiperidone-1-carboxylate 108, which was alkylated using allyl 

bromide 195. This was carried out under standard Dean Stark conditions using pyrrolidine to 

form enamine 116. The conversion delivered a mixture of dialkylated product 196, alkylated 

product 197 and starting material 108 which could be separated through flash 

chromatography. The desired allylated product 197 was synthesised in 40% yield (scheme 

30). 

 

scheme 30 Synthesis of allyl compound 197 

The next step was the conversion to the methoxime 198 as 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.
80

 The Sharpless dihydroxylation was carried out using AD mix a, 

MeSO2NH2 in tert-butanol and water to yield diol 199 in 59% (scheme 31). 
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scheme 31 First approach towards compound 202 

The diol 199 was cleaved using NaIO4 in water to yield aldehyde 200 followed by conversion 

through a Horner Wadsworth Emmons (HWE) reaction to yield ester 202 (scheme 31).
81

 The 

aldehyde 200 was obtained in a mixture of 1.5:1 (methoxime protons: 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 

phosphonate 201 which was not separable from the desired ester 202, which led to the failure 

of the ring closing attempt using Raney nickel in 7N ammonia/ methanol to yield the [6.7] 

connected lactam 203 (scheme 32). One attempt was made using Pd/C in 7N ammonia in 

methanol, but no [6.7] connected lactam was yielded. Another approach was to synthesise 

ester 202 using a metathesis reaction to generate the double bond. The metathesis was carried 

out using Hoyveda Grubbs catalyst II in dichloromethane with the ketone 197 as well as 

methoxime 198 (scheme 32).
82

 

 



Design and Synthesis of a novel tricyclic triazole based scaffold 

52 

 

 

scheme 32 synthesis of lactam 203 following a cross metathesis approach 

The ketone 197 delivered ester 202 in 52% yield, however, the conversion of the oxime 198 

to the desired ester 202 did not take place. The ester 202 was treated with Raney Nickel in 7N 

ammonia in methanol to yield amine 178, which was directly converted into bicyclic lactam 

using potassium carbonate in toluene at 130
o
C. This conversion proved slow and after 4 days 

only 30 % of the desired bicycles 203 was yielded. This bicycle 203 was treated with 

Lawessonôs reagent in toluene to yield thiolactam 204 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, 4 triazole using trifluoroacetic acid hydrazide under reflux in 

toluene to yield triazole 205 in 40 % yield. Final deprotection using potassium hydroxide in a 

water/ethanol mixture delivered amine 206 (scheme 33). 

 

scheme 33 Synthesis of tricyclic triazole 206 

3.4 Synthesis of Heterocyclic second ring 

The synthesis to install a heterocyclic atom in the second attached ring started with 

commercially available ketoester 207, which was protected using ethyl chloroformate to yield 

the ethoxycarbamate 208 and its enolic form 209 in 46% yield. The mix of 208/209 was 

treated using two different amines (210/212) to install the amine functionality- the chiral 
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approach using a methylbenzylamine 210 has the advantage that the absolute chiral 

information is directly incorporated into compound 211 (scheme 34). This approach was 

followed a procedure published by Duan et al.
83

 

 

scheme 34 Starting sequence towards the synthesis of heterocyclic tricyclic scaffold 

Alternatively another approach was started to yield carbamate 208 which used benzyl 

protected piperidone 214 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 

ethanol,
84

 followed by protection to the ethoxycarbamate 208 using the same conditions as 

for the conversion of compound 207 (scheme 35).  

 

scheme 35 Alternative synthesis route towards ketone 208 

The approach in scheme 35 resulted in an impure outcome and unsatisfying yield of 

compound 208. 

The next step was the reduction of the formed enamine double bond between the nitrogen and 

the oxygen containing carbon atoms. This reduction was tested using a literature procedure 

described by Duan using NaBH(OAc)3 in a mixture of AcOH/ AcN (1:1).
83

 The product was 
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seen through the mass peak but the NMR was not clearly assignable and the isolated amount 

yielded not higher than 30% (scheme 36). The stereochemical outcome was reported several 

times in literature to be cis. The absolute cis- configuration should be introduced due to the 

before installed chiral center using a methylbenzylamine 210. Nevertheless the amount 

yielded was tested further to establish a route towards heterocyclic compound 218. 

 

scheme 36 Planned and tested route towards heterocyclic compound 218 

The reduction to alcohol 216 was more challenging than expected and none of the tested 

approaches (LiAlH4, DIBAL-H) delivered a satisfying outcome and in most cases only the 

starting material 215 was recovered. Lithium borohydride was the only reagent, which 

reduced the 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 product 217 was used in a test reaction towards the desired 

oxygen containing heterocyclic ring 218 using chloroacetylchoride 219, which showed the 

desired mass, but no product could be isolated (scheme 36).  

In the meantime another approach starting with compound 213 was tested using Pd/C or Pt 

under hydrogenation conditions to receive the reduction of the enamine double bond yielding 

in a cis- stereoselectivity and yielded compound 220 in 3% yield. In this approach the 

stereochemical outcome could only be predicted to be the cis- compound but no absolute 

assignment was possible as no defined stereo centre is included (scheme 37). 
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scheme 37 Another approach using compound 213 to 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 oxime 221 in 77% and the ester reduction was attempted using 

DIBAL -H or LiAlH 4, but neither of the approaches resulted in the desired reduced product 

222 (scheme 38). 

 

scheme 38 Approach towards a racemic compound 222 

The approach towards the synthesis of the heterocyclic compound 220 was 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 in chapter 3.5). 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 far synthesized bicyclic lactam systems 145 as well as all tricyclic triazole compounds 

152 consist of both enantiomers of each cis- or each trans isomer (Figure 37).  
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Figure 37 All possible enantiomeric forms of the bicyclic and tricyclic compounds 

Therefore, a chiral synthesis of the bicyclic compounds 145-1 and 145-2 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 the a-position to a keto functionality is 

the Enders alkylation method using (depending on the required isomer) the chiral auxiliaries 

SAMP ((S)-1-amino-2-methoxymethylpyrrolidine) 223 or RAMP ((R)-1-amino-2-

methoxymethylpyrrolidine) 224, which are commercially available (scheme 39). The first 

step was the conversion of the known ethyloxo-piperidone carboxylate 108 into hydrazones 

225 and 226, illustrating the two possible chiral compounds using both Enders chiral 

auxiliaries.
85

 This conversion was carried at 60°C to yield both hydrazones 225 and 226 in an 

assumed yield of 100%, which were used crude due to their reported instability on silica. The 

conversion of hydrazones 225 and 226 into alkylated compounds 227 and 228 was tested 

using the standard reaction conditions described by Enders by treating hydrazones 225 and 

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

225 and 226.
86

 The alkylation was tested using both hydrazones 225 and 226 with several 

alkylating agents (tert-butylbromoacetate 110, allyl bromide 195 and ethyl acrylate 138), but 

unfortunately none of the alkylating reagents gave any desired product. This was expected for 

tert-butyl bromoacetate 110 and ethyl acrylate 138 because of the electron withdrawing 

groups present in the reagents. Surprisingly allyl bromide 195, known as a good electrophile 

did not show any conversion at the low temperature (-78°C), which was needed for 

stereoselectivity in the Enders alkylation (Scheme 39). 
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Scheme 39 Synthesis route using Enders chiral auxiliaries SAMP 223 and RAMP 224 

Another attempt using the Enders alkylation approach was carried out using ketone 109 to 

form hydrazone 229, which was tested by alkylation using allyl bromide 195 following a 

procedure by Horenstein et al.,
87

 which seemed to form the allylated product 230, 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 

progressed due to the unsuccessful outcome of the alkylation step (Scheme 40). 

 

Scheme 40 Synthesis route to allylation product 230 

The same reaction conditions were tried using hydrazone 225 but without obtaining any 

allylated product. 

The next attempt was carried out by following the procedure of Meyers et al. who used amine 

231 as the chiral auxiliary.
88

 Unfortunately, the condensation of amine 231 with ketone 108 

didnôt proceed to imine 232 under the reported conditions using a Dean Stark trap (Scheme 
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41). Even the condensation using the free base, which resulted from treating 231 with 

triethylamine, didnôt deliver any product 232. Therefore this approach was abandoned. 

 

Scheme 41 Condensation attempt to compound 232 

In 2005 the group of Meier reported a stereo selective allylation approach of cyclic ketones in 

high enantiomeric excess.
89

 This attempt using ketone 108 yielded in a clean allylation 

product 233 after stirring the reaction mixture at -78°C for 40h using allyl acetate 256 and a 

mixture of Pd(dba)3
.
CHCl3, LiCl and (R)-BINAP (scheme 42). The deprotonation was 

achieved using in situ generated LDA at 0°C. The major difficulty was to maintain the 

constant low temperature as no equipment to carry out reactions at -78°C over a longer period 

of time is available 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 (Scheme 42). 

The stereoselective outcome of the reaction was proposed to be the result of a mechanism 

over a Pd- allyl complex intermediate (Scheme 42). The nucleophile was prepared using 

LDA to deprotonate ketone 108, which forms the lithium enolate species 234. The 

enantioselectivity in this example was introduced through a chiral BINAP ligand which was 

used to generate a complex with palladium and allyl acetate 256. This complex allows the 

nucleophilic attack of the lithium enolate 234 from the least hindered side, which should 

result in the highly enantioselective product 233. Unfortunately, the determination of the 

enantiomeric excess for the reaction was not straight forward. Therefore, the product 233 was 

converted into a diastereomeric mixture to confirm the ee of the synthesized compound 

(Scheme 43). 
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Scheme 42 Synthesis of compound 233 and suggested reaction mechanism by the group of Meier 

Compound 233 was further converted following the [6.7.5] scaffold route to form the 

diastereomeric compound 235, which would allow the determination of the enantiomeric 

excess. Therefore, compound 233 was treated with Hoyveda Grubbs catalyst and ethyl 

acrylate 138 to synthesize compound 235 (Scheme 43).  

 

Scheme 43 Synthesis of a. b- unsaturated ester 235 

Unfortunately, this approach towards compound 235 didnôt give any evidence regarding the 

stereoselective outcome of compound 233. It was clearly detectable that only the E-double 

bond was formed, but no clarification of the enantiomeric excess of compound 233 was 

possible. 

A chiral shift reagent approach was followed to estimate the enantiomeric purity of 

compound 233. Three chiral shift reagents were tested to determine the enantiomeric excess 

by splitting and shifting the proton NMR signals by first investigating racemic allylated 

product 197, followed by product 233. The chiral shift reagents are lanthanide-based 
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compounds, which were in the past frequently used in organic synthesis to determine the 

enantiomeric purity of a synthesized compound. Through their paramagnetic properties the 

chiral shift reagent is able to increase the magnitudes in the resulting shift differences (ȹ d). 

These shift differences are larger than with, for example, diastereomeric auxiliary 

compounds. The principle behind this method is that the lanthanide complex can coordinate 

to the Lewis base centre of the compound (233 or 197 in our case), which results in a 

magnetic interaction between the lanthanide complex and the nearby protons, which induces 

an anisotropic magnetic field next 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 leads to the larger magnitude and the splitting of a ñsingleò peak if two compounds are 

present.
90

 The chiral shift reagents used were Europium(III) tris[3-

(heptafluoropropylhydroxymethylene)-d-camphorate] Eu(hfc)3 181, tris(6,6,7,7,8,8,8-

heptafluoro-2,2-dimethyl-3,5-octanedionato)ytterbium YbFOD 180 and europium(III)-

tris(1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4,6-octanedionate) EuFOD 179, which are shown 

in Figure 38. 

 

Figure 38 Chiral shift reagents EuFOD 179, YbFOD 180, Eu(hfc)3 181 

The chiral shift reagents (Figure 39) were added to the racemic and the enantiomeric 

compound 233 in different concentrations to find the best concentration for achieving the 

optimal shift and splitting in the proton NMR spectra according to known literature 

procedures.
91

 Samples in ratios of 1:10-1:20 were prepared using the racemic compound in a 

concentration of 5mM in CDCl3.  
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Figure 39 a) spectra of the racemic compound 197 in different dilutions of the chiral shift reagent 181 b) comparison of the 

line broadening compared to the neat compound 197 (green: ratio 1:20, red: ratio 1:15, blue: ratio: 1:10, violet: neat 

compound) using chiral shift reagent 181 

Figure 39 shows the effect resulting from the addition of different concentrations of the chiral 

shift reagent. In this approach the chiral shift reagent Eu(hfc)3 181 gave the best results. The 

best splitting was achieved by a broadening of signals for H-2 and H-5, which showed a 

splitting towards a double peak (blue spectra, figure 39) compared to the original compound 

(lilac spectra). This splitting was achieved using a 5 mM concentration of the racemic 

product 197 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 H-2 and H-5 in the 1:15 concentration was seen. As reported, the best splitting was 

achieved with a 1: 10 dilution (Figure 40), which showed two signals, unfortunately without 

baseline separation.  

a) b) 
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Figure 40 Splitting of the peaks of protons H-2 and H-5 in a dilution ratio of 1:10 using chiral shift reagent 259 

The validation of this approach was to test compound 233 using the chiral shift reagent 

Eu(hfc)3 181 as no reliable  results compared to racemic compound 197 could be found  

(Figure 41). In this attempt, only a large broadening was seen in all the concentrations studied 

(1:10 (red), 1;15 (green) and 1:25 (blue)). The dilutions 1:10 and 1:15 showed a large peak 

broadening of signals H-2 and H-5, which didnôt result in any analyzable NMR spectra. The 

ratio 1:25 showed no significant difference for the signals H-2 and H-5 compared to the 

original NMR of compound 233 (lilac).  

 

Figure 41 a) spectra of compound 233 in dilution with the chiral shift reagent 181 b) comparison of the line broadening of 

signals for H-2 and H-5 with the neat compound 233 (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 to analyse the 

enantiomeric purity through a reliable quantification of the ratio of the enantiomers. 

a) b) 
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A further approach, to induce the stereochemical outcome around the bicyclic ring 

connection, was shown to afford only the cis- connected isomer 145-1. This approach started 

using a similar route tried for the heterocyclic scaffold system. The procedure was adapted 

from a paper published by Catalano et al. in their synthesis towards a novel tricyclic CXCR-4 

receptor antagonist starting with a similar d-ketoester as in our [6.6.5] approach.
92

 In our 

attempt, the previously synthesized d-ketoester 139 was treated with (S)-(-)-1-(4-

methoxyphenyl) ethylamine 235 to form amine 236 (Scheme 44). The first attempt towards 

compound 236 was made using a standard condensation approach using a Dean-Stark 

condensation with chiral amine 235 and (R)-(+)-a-methylbenzylamine 237. Surprisingly, this 

classical condensation to imines 238 and 239 didnôt deliver the desired products even by 

using additives as p-toluensulphonic acid (p-TsOH) or ytterbium triflate (Yb(OTf)3). This 

was thought to be because of the sterically-demanding ester side chain, which didnôt allow 

the attack of the amines 235 or 237. It was further proposed that the imines 238 and 239 

would be sterical demanding leading in the non- preferred axial configuration of the ester side 

chain. Therefore, the reductive amination step, which normally would be the second step to 

reduce the imine function to the desired cis- connected amino ester 236, was directly carried 

out using the d-ketoester 139. No precedent was known that this reductive amination would 

give directly the desired cis- connected compound 236. Even though, the yield of this step is 

unoptimised (with 20% conversion to date, n=1 experiment), it was decided to progress with 

this new synthetic methodology. Unfortunately, the proton NMR of compound 236 couldnôt 

be clearly assigned to be only one isomer. Therefore, 236 was converted through to the final 

product 249, to allow a chiral HPLC determination of the optical purity.  

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjABahUKEwjQpMG_3MbHAhVBEBQKHTJNAJM&url=http%3A%2F%2Fwww.chemicalbook.com%2FChemicalProductProperty_EN_CB4734664.htm&ei=dK3dVdCaBMGgULKagZgJ&usg=AFQjCNFt9AgyMh0fk_DceD5FT66t8LGUsQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjABahUKEwjQpMG_3MbHAhVBEBQKHTJNAJM&url=http%3A%2F%2Fwww.chemicalbook.com%2FChemicalProductProperty_EN_CB4734664.htm&ei=dK3dVdCaBMGgULKagZgJ&usg=AFQjCNFt9AgyMh0fk_DceD5FT66t8LGUsQ
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Scheme 44 Synthesis route towards imines 238 and 239 and synthesis of compound 236  

Deprotection of the 1-(4-methoxyphenyl) ethyl protecting group to yield the free amine 

functionality was carried out according to the procedure of Catalano et al.
92

 using TFA 

following a procedure by Davis et al.,
93

 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 lactam 145-1 in 50% yield (Scheme 45). 

 

scheme 45 Conversion of compound 236 into bicyclic compound 145-1a 

Through comparing the previous synthesised bicyclic lactam compounds 145-1 and 145-2, 

either through the comparison of that TLC analysis and the proton NMR spectra, showed that 

the reaction delivered mainly the cis- connected compound with only a less than 5% amount 
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of the trans- isomer 145-2. The crude NMR spectra of the newly synthesised compound 145-

1 through this new chiral approach showed only one cis- isomer present (Figure 42). 

 

Figure 42 Overlay of both separated isomers 145-1 (green) and 145-2 (red) compared with crude newly synthesised 145-1a 

(blue) 

The crude NMR spectrum of compound 145-1a (blue) showed no evidence of the trans- 

isomer (red spectra), therefore all signals present in the cis- compound (green) are detectable. 

From an examination of the mass spectrum, no evidence for the protected lactam 240 

(scheme 45) was found, which was seen in the approach to compound 141/142 (Section 3.2). 

The further synthesis followed the same route carried out to scaffold system 194-1 (Section 

3.2), which was followed by the conversion into Sitagliptin analogue 265 (detailed 

explanation in section 4.4) (scheme 46). 

 

scheme 46 Final steps to compound 265/266 

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

either compound 265 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 4.4) of the 

previously synthesised analogues 265 and 266. The determination of the purity resulted in a 

ratio of 93:7 in favour of isomer 265 (Figure 43). The assumption of the stereochemical 

assignment derived from previous literature precedent (Figure 44). 

 

Figure 43 Comparison of a) new synthesised compound 265, b) overlay of compound 265 with one of the separated cis- 

isomers, (both in a ratio  Hex: EtOH 70:30 with 0.2% DEA) c) mixture of cis- connected compounds 265/266 (ratio Hex: 

EtOH 60:40 with 0.2% DEA) 

 

Figure 44 Known literature examples by the groups of Catalano  and Jona to install the cis oriented groups on the piperidine 

In the paper by Catalano it is shown that the use of (S)-(-)-1-(4-methoxyphenyl) ethylamine 

235 resulted in compound 252, from which the stereochemical outcome was finally 
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determined through X-ray analysis of compound 253.
92

 Furthermore, another known 

approach to the selective cis- connection on the cyclohexane ring is known through treating 

compound 254 with sodium borohydride and TFA to yield the stereoselective compound 255. 

This was reported by Jona et al. in their synthesis towards analogues of J-113397, a 

nociceptin receptor antagonist.
94

 The stereochemical outcome was proved using X-ray 

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 in the paper 

by Catalano by changing the chiral amine to the (R)-(-)-1-(4-methoxyphenyl) ethylamine  to 

yield 145-1b and by treating the cis- connected enantiomers with sodium carbonate in 

methanol to yield the trans- connected analogues 145-2a and 145-2b (figure 45). 

 

Figure 45 Remaining possible enantiomers of bicyclic compound 145 

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 compound 236 is required to prove its absolute configuration. 

3.6 Conformational analysis of newly synthesised tricyclic scaffold 

In this thesis three novel tricyclic chemical scaffolds have been synthesized consisting of a 

piperidine ring joined to a triazole part. The piperdine and the triazole parts are connected 

through a third ring varied in the ring size from five to seven carbon atoms. The 6.6.5 system 

was synthesized in the trans- as well in the cis- connected versions. From the 6.5.5 system 

only the cis- connected ring was synthesized. For the 6.7.5 system a mixture of all four 

possible isomers was still present and no separation was accomplished. The analysis of the 

conformation of the synthesised tricyclic scaffolds showed the conformation of the 6-

membered rings in the 6.6.5 system in the energy favoured chair like conformation as no 

eclipsed hydrogen atoms are present (figure 46). 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjABahUKEwjQpMG_3MbHAhVBEBQKHTJNAJM&url=http%3A%2F%2Fwww.chemicalbook.com%2FChemicalProductProperty_EN_CB4734664.htm&ei=dK3dVdCaBMGgULKagZgJ&usg=AFQjCNFt9AgyMh0fk_DceD5FT66t8LGUsQ
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Figure 46 Conformational analysis of the cis and trans connected 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 problems arising from 

the synthesis of the 6.5.5 compared to the 6.6.5 analogues. The formation of the 6.6 system 

compared to the 6.5 system didnôt afford harsh conditions and was carried out in a one-step 

procedure compared to the 6.5 system, which needed a second step using a base (K2CO3) to 

force the final ring closure. 

Analysing the conformation 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 the 5-membered ring adapts a rigid envelope 

conformation due to the presence of the fused 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 

could explain the difficulties for forming the 6.7 ring system. The low yield of this formation 

can be explained by the faster formation of the cis- connected 6.7 system compared to the 

trans- connected ring 6.7 system due to the favoured ring closing from the same side of the 

ring (figure 47). The 6.7.5 system shows furthermore the chair conformation of the piperidine 

ring and the energy favoured twist conformation of the cycloheptane ring. In the case of the 

seven-membered ring system the chair like conformation is not the favoured ring orientation 

of the cycloheptane ring as it would result in two eclipsed hydrogen atoms. 
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Figure 47 Conformational analysis of the cis 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 DPP-4 inhibitors based on a novel tricyclic scaffold 

4.1 A global health issue: Diabetes mellitus and the role of DPP-4  

Diabetes is one of the major health issues, 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 (figure 48)
95

. More than 80% of the reported cases appear in 

the low and middle income countries, which lead to the fact that diabetes has become a major 

global health care issue. 

 

 

Diabetes mellitus is a chronic disease that is divided into two sub-types. Type-1 diabetes is a 

result of an autoimmune process and it is characterized through the bodyôs insufficient 

production of insulin. This autoimmune reaction is caused where the system attacks b-cells in 

the pancreas. Insulin, which is produced in b-cells in the pancreas, enables the body to use 

glucose from the carbohydrates after food intake. Furthermore, it helps 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 (Figure 49).
96

  

Type-2 diabetes, which affects more than 80% of all the diabetes cases, is characterized by 

the bodyôs ineffective use of insulin. The body still produces insulin, however it is not able to 

use it effectively or respond in the appropriate manner. Most people with type-2 diabetes 

arenôt aware of being affected until the symptoms become severe. Diabetes itself, when under 

 

a)

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.htm, b) Distribution of diabetes cases in the world (people/country) 

in 2013 according to WHO, adapted from 6th edition of diabetes atlas. 

b)

http://www.cdc.gov/diabetes/statistics/prev/national/figpersons.htm
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control is not a necessarily fatal, but untreated it can lead to severe health consequences 

(Figure 49).  

 

 

Complications, that can occur related to diabetes mellitus, can affect the whole body and are 

often disabling or life-threatening diseases. For example the heart, the blood vessels or the 

nervous system 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. Nephropathy (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 damage) are known to be 

related to patients with diabetes. One consequence of diabetes mellitus leads to the so called 

ñdiabetic footò, which is a consequence of nerve damage and blood vessel damage. This can 

lead to ulceration and infections and can result in a limb amputation through severe nerve 

damage in the feet.
97

  

A relatively new approach in the therapeutic field of type-2 diabetes is to target the enzyme 

DPP-4 (dipeptidyl peptidase 4). DPP-4 is a serine protease which is indirectly involved in 

insulin biosynthesis (Figure 50).  

 Figure 49 a) Circuit of the tasks and production of insulin b) Health issues related to diabetes, both adapted: 

by www.idf.org/node/23538 

a) b) 
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Figure 50 Mechanism of action of DPP-4 towards GLP-1 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 enzymatic activity in plasma. Glucaregulatory peptide 

hormones in the gut, which are known as incretins (namely GIP, glucose dependent 

insulinotropic peptide and GLP-1, glucagon like peptide-1) are involved in the biosynthesis 

of insulin (Figure 50).
98

 The biosynthesis of insulin is regulated by these incretins after food 

intake.
99

 Both active hormones are secreted into the circulation shortly after food 

consumption and bind to the specific G protein-coupled receptor present on the b cells 

followed by activation of the incretin receptor. This activation induces a glucose-dependent 

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 hormones, GLP-1 and GIP, are directly inactivated through the enzyme DPP-4 by 

degradation within minutes resulting in the elimination of incretin hormones.
100

 DPP-4 

cleaves the hormones preferably in the position-2 of the N-terminus, which means that for 

GLP-1 the dipeptide (His-Ala) and GLP-1 (9-36) amide are degradation products from GLP-

1 (7-36) amide.
101

 The main principle behind targeting DPP-4 in type-2 diabetes is that the 

inhibition of this enzyme should assist to control the blood glucose level and an increased 

level of biologically active GLP-1. Furthermore, this approach gives new perspectives of an 

improved safety and tolerance profile over known oral agents. The strict glucose-dependent 

insulin release and glucagon inhibition through GLP-1 results in a low risk of hypoglycemia 

(low blood sugar levels) and weight gain through the treatment of type-2 diabetes with a 

DPP-4 inhibitor. 
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4.2 DPP-4 inhibitors on the market 

Extensive structure activity studies were carried out in many major pharmaceutical 

companies, and have resulted in a number of new competitive DPP-4 inhibitors over the last 

decade.
102

 The pharmacological profile and the mechanism of action of the DPP-4 inhibitors 

were studied intensively and an increased level of GLP-1, GIP and glucose tolerance was 

observed.
103

 A major issue related to the DPP-4 inhibitors is their selectivity towards other 

closely-related serine proteases. DPP-4 is a member of a protease family, which includes the 

structurally similar enzymes DPP-8 and DPP-9. DPP-8 and DPP-9 are cytosolic enzymes and 

to date no endogenous substrate has been identified for them.
104

 It was shown that the 

selectivity towards DPP-4 was crucial, as inhibition of DPP-8 and DPP-9 resulted in 

increased toxicity in preclinical studies.
105

 Sitagliptin 256 was the first DPP-4 inhibitor 

launched in 2006 by Merck and there has been a succession of further inhibitors launched 

over the following years (Figure 51).
106

  

 

Figure 51 Known DPP-4 inhibitors (marketed or in clinical trials)  

All of the so called ñgliptinsò are orally bioavailable and demonstrate enzyme inhibition in 

the low nanomolar range. Sitagliptin 256 is a potent triazolopiperazine-based DPP-4 inhibitor 

with excellent selectivity and efficacy profile. It is a reversible inhibitor and is administered 

once daily.  
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Vildagliptin 257 was developed by Novartis and was launched in 2008
107

, and was the first 

drug of a series of ñgliptinsò with nitrile function that forms a covalent bond with the serine 

residue (Ser 630) in the active site of DPP-4. However, due to its rapid clearance, this drug 

has to be administered twice daily. 

The need for an improvement in the metabolic stability resulted in saxagliptin 258, a DPP-4 

inhibitor launched by Bristol Meyer Squibb and AstraZeneca in 2009.
108

 

Another covalent binding inhibitor, Alogliptin 259 from Takeda, was launched 2010 in Japan 

and 2013 in the US. It was discovered during the studies towards an inhibitor with increased 

metabolic stability including the chemical functionality of a pyrimidinone moiety.
109

 

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 towards DPP-4,
110

 followed 

by Tenegliptin 261, which is to date the last launched compound by Mitsubishi Tanabe 

Pharma in 2012.
111

 

Recent publications in 2014 showed that there is still an ongoing search and need for new 

DPP-4 inhibitors to improve mainly in patient compliance.
112

 Imigliptin 262 was developed 

by XuanZhu Pharma after scaffold hopping from Alogliptin 259. After extensive studies and 

variation in the core and both side chains of Alogliptin, Imigliptin 262 showed the optimal 

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

Omarigliptin 263 is a follow up compound of sitagliptin 256 developed by Merck.
112

 

Omarigliptin 263 is a new long-acting once a week DPP-4 inhibitor. The rationale behind the 

development of a new follow up compound to sitagliptin 256 was to minimise the side effects 

related to all antidiabetic drugs, 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 DPP-4 inhibitors are once or twice a day 

therapy, omarigliptin 263, which is currently in phase 3 clinical trials, would be a desirable 

alternative with the same pharmacology profile as sitagliptin 256 and an improvement in 

patient compliance due to the once a week administration.  
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4.3 Docking studies in the DPP-4 active site 

4.3.1 Docking of known marketed DPP-4 inhibitors 

The structure of the DPP-4 active site is well known due to the availability of the co-crystal 

structures from all marketed DPP-4 inhibitors through the pdb-database. A comparison of all 

co-crystal structure complexes was published by Nabeno et al. which points out the 

interaction of the inhibitors in the DPP-4 active site (figure 52).
113

 

 

Figure 52 Co-crystal structure of the six marketed DPP-4 inhibitors in the DPP-4 active site  [pdb code: 1X70 (sitagliptin 

256), 3BJM (saxagliptin 258), 3G0B (alogliptin 259), 2RGU (linagliptin 260), and 3VJK (teneligliptin 261)].) adapted and 

modified from Nabeno et al. (Ref 113) 

In Figure 52 all six marketed DPP-4 inhibitors are shown in the DPP-4 active site overlaid to 

the substrate peptide. In the review by Nabeno et al. the known DPP-4 inhibitors are 

Vildagliptin257 Saxagliptin258

Alogliptin 259 Linagliptin260

Sitagliptin256 Tenegliptin261
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classified into different groups according to their binding mode in the DPP-4 active site. The 

sub-sites in the DPP-4 active site are defined through the binding site of the substrate peptide 

(diprotin A, Ile-Pro-Ile),
114

 which means that the amino acids are numbered starting from the 

point of cleavage and the protein sub-sites occupied by the corresponding amino acid are 

numbered in the same order. In the case of the DPP-4 active site Ser 630 cleaves the N-

terminus of the substrate peptide at the penultimate position (P1), which is related to the sub-

site (S1). No sub-site in the DPP-4 pocket is defined after S2, but some inhibitors bind well 

behind the defined sub-site S2, which therefore is named ñS2 extensive sub-siteò. 

Vildagliptin 257 and saxagliptin 256 (figure 51, 52) belong to the same class regarding their 

binding mode in the DPP-4 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 alogliptin 259 contain a uracil moiety that is involved in p-p stacking 

with Tyr547 in the S1
ô
 sub-site. The binding to the S1 sub-site in the case of linagliptin 260 is 

represented by its butynyl group and alogliptin by its cyanobenzyl group. Linagliptin 260 is 

eight times more potent than alogliptin 259, which could be a result of Linagliptinôs 260 

occupation of the S2
ô
 sub-site. 

 

Figure 53 Sitagliptin 256 docked using OpenEye in the DPP-4 active site (1X70) showing the second best pose in agreement 

with the co-crystal structure of Sitagliptin 

The binding of the last two marketed inhibitors, Sitagliptin 256 and Tenegliptin 261, 

demonstrate binding to the S2 extensive site, which is referred to as the anchor lock domain. 

The S2 extensive site is occupied by Sitagliptinôs trifluorotriazolopiperazine part and by 

tenegliptin 261 with its (1-phenylpyrazol-5-yl) piperazine moiety.  The co-crystal structure of 

Sitagliptin 256 in the DPP-4 active site showed eight significant interactions (figure 53). The 
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2,4,5 trifluorophenyl moiety fully occupies the S1 pocket. The b amino group shows four 

hydrogen interactions with Tyr662 and Glu (205 and 206). The carboxylic oxygen forms a 

water bridge to Tyr547 and the triazole part undergoes a p-p stacking with Phe357 (Figure 

53).
106 

4.3.2 Docking of new Sitagliptin analogues in the DPP-4 active site 

Our project aim was to incorporate our novel scaffold (194) into known biological-active 

drug molecules, to test for the scaffoldôs ability to serve as a privileged scaffold. In this case, 

the four stereochemical isomers of the Sitagliptin analogues 265-268 (figure 54) were docked 

into the DPP-4 active site and are shown overlaid with Sitagliptin 256 (figure 55).  

 

Figure 54 Suggested Sitagliptin analogue 264 and its single isomers 265-268 

The docking into the DPP-4 active site showed complementary overlay of the aromatic 

region of all four isomers 265-268 compared to Sitagliptin 256 (figure 55). The cis- isomer 

266 and trans- isomer 267 showed further overlay in the region of the carbonyl function and 
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the amino group. The other two isomers 265 and 268 showed poor overlap with the amino 

group of Sitagliptin 256. Interestingly, all four isomers overlay nicely in the triazolo part 

whereas compound 265 is the only isomer with the CF3 group occupying the same space and 

directionality of the Sitagliptin CF3 group. 

 

Figure 55 Isomers 265-268 docked in the DPP-4 active site overlaid with Sitagliptin (yellow) 256, surface colouring shown 

according to the atoms 

This docking study offered confidence for the synthesis 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 analogues 265-268 was carried out due to the 

chemical structure similarity of the new tricyclic scaffold compared to the triazolopiperazine 

part in Sitagliptin 256. The confidence for the synthesis of the analogues came from initial 

docking studies and the potential for the discovery of new DPP-4 inhibitors, which can serve 

to clarify the ability of the new tricyclic scaffold to function as a Privileged Structure. In 

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. Sitagliptin 256 

was synthesized by the group of Merck and the last steps to couple the amino acid part 270 

with the triazopiperazine part 269 was carried out under standard amide coupling conditions 

Cis isomer 2

Trans isomer 2



Synthesis of new DPP-4 inhibitors based on a novel tricyclic scaffold 

79 

 

(Scheme 47).
115

 The previously described [6.6.5] tricyclic scaffolds (194) were coupled with 

the commercially available (R)-3-((tert-butoxycarbonyl)amino)-4-(2,4,5-

trifluorophenyl)butanoic acid 270 and (R)-3-((tert-butoxycarbonyl)amino)-4-phenylbutanoic 

acid 271. This conversion was carried out following the procedure described by Merck using 

HOBt and EDCI in DMF stirring overnight at room temperature resulting in amides (288-

306). The yields for the amide coupling were between 31-99 % (scheme 49).  

 

Scheme 47 Final steps in the synthesis of Sitagliptin 256 in the discovery synthesis route by Merck 

In the case of the synthesis to compound 302 and 307 using acid 271 only the triazoles 272 

and 276, 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 compound 288 as the mixture of both possible cis isomers. The same 

procedure was applied additionally to the [6.7.5] membered tricyclic system (206), 

unfortunately still consisting of all four inseparable cis- and trans- isomers (scheme 48).  

 

Scheme 48 Synthesis of analogues 288 and 289 
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Scheme 49 Synthesis of Sitagliptin analogues 290 -307 incorporating the [6.6.5] scaffold 272-287 

A further Sitagliptin analogue was synthesized using a bicyclic triazole piperidine system 311 

to investigate the activity of such a system in comparison to our novel tricyclic scaffold. This 

bicycle 311 was prepared starting from amine 308. The conversion to the acetyl protected 

amine 310 was carried out using acetic anhydride 309 followed by the conversion to 

chloroimidate using phosphorous oxytrichloride. The crude product was further converted 

using trifluoroacetic acid hydrazide which was treated using 2N hydrochloric acid to give 
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triazole 311 in 15% overall yield. The final deprotection using potassium hydroxide in water/ 

ethanol delivered amine 312 (scheme 50). 

The final coupling to the bicyclic analogue 314 was carried out using the same amide 

coupling procedure shown for the [6.5.5], [6.6.5] and [6.7.5] scaffold triazole system to yield 

bicyclic analogue 314 in 93% yield (Scheme 50). Disappointingly, although compound 310 

was cleanly converted to thiolactam 313 using Lawessonôs reagent, the thioamide 313 could 

not be converted into the desired bicyclic triazole 311. 

 

Scheme 50 Synthesis of Sitagliptin analogue 314 

Amides (288-307, 314) were purified and deprotected using 4N HCl in dioxane. The HCl / 

dioxane mixture was evaporated under N2 atmosphere to give the corresponding 

hydrochloride salts 315-335, which were analysed through HPLC (Scheme 51). 
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Scheme 51 Deprotection strategy through to final Sitagliptin analogues 315-335 

Each of the cis- or trans- connected scaffolds 315 and 331 are still consisting of a mixture of 

two cis- or trans- diastereosiomers 265-266 and 267-268. The separation was first tried using 

flash chromatography and classical reverse phase HPLC, but both methods were unsuccessful 
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and therefore the CF3 substituted compounds 315 and 327 were purified by chiral HPLC. This 

work was carried out by the author at the Sygnature Discovery laboratories in Nottingham 

under the supervision of Stephanie Barlow and all four isomers 265-268 could be separated to 

allow for biological evaluation (Figure 56). 

 

Figure 56 Seperation of diastereomeric trans- and cis- compounds 315 and 327 

Both enantiomers 265/266-267/268 were resolved from a 1:1 mixture for each cis- or trans- 

diastereoisomers 315 and 327 (Figure 57). 

 

Figure 57 Spectra of separated trans- enantiomers 267-268 and cis- enantiomers 265-266 

Cis- Trans- 
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4.5 Enzyme inhibition  by Sitagliptin analogues 

4.5.1 Enzyme inhibition of DPP-4 

The synthesized analogues 315-335 reported in Chapter 4.4 were submitted to the 

biopharmaceutical company Hitgen in China for biological screening against the serine 

protease DPP-4.
116

 In this functional assay the remaining activity of the enzyme DPP-4 was 

determined through measuring the fluorescence observed (ex/em=360/460 nm) as the active 

DPP-4 cleaves a non-fluorescent substrate (H-Gly-Pro-AMC) to release a fluorescent 

substrate (7-amino-4-methyl coumarin (AMC)). The IC50 values from all analogues are listed 

in Table 5. 

Table 5 IC50 values after enzyme DPP-4 inhibition by the Sitagliptin analogues 265-268, 315-335 (n=2), Data are presented 

as Mean ± SD., Plasma DPP-IV activity was measured using a continuous fluorometric assay with the substrate Gly-Pro-

AMC, which is cleaved by DPP-IV to release the fluorescent AMC leaving group and the fluorescent change 

(ex/em=360/460 nm) was monitored.  

  

compound cis or trans X R DPP-4 

inhibitory 

activity  [nM]  

265/266 cis F CF3 27.9± 1.3*  

265/266 cis F CF3 70.0±2.3*  

267/268 trans F CF3 527.4±22.5
#
 

267/268 trans F CF3 145.1±4.6
#
 

335 cis H CF3 694.7+30.5 

331 trans H CF3 2801.7±85.7 

318 cis F Et 85.4±3.2 

329 trans F Et 107.5±5.6 

316 cis F CF2CF3 66.6±1.5 

328 trans F CF2CF3 257.7±11.0 

319 cis F iPr 31.8+0.8 

330 trans F iPr 151.7±9.4 
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320 

 

cis 

 

F 

 

 

50.2±1.0 

 

324 

 

cis 

 

F 
 

 

60.0±2.1 

 

323 

 

cis 

 

F  

 

43.4±1.3 

317 cis F CH3 27.6±0.9 

 

326 

 

cis 

 

F 

 

 

49.5±1.4 

 

325 

 

cis 

 

F  

 

139.0±4.1 

 

322 

 

cis 

 

F  

 

81.8±4.7 

 

321 

 

cis 

 

F  

 

123.3±6.8 

     

Sitagliptin IC50 22±2 (n=20), *cis- connected single diastereomers, #trans- connected single diastereomer; all remaining 

compounds consisting of a mixture of both diastereoisomers 

   
 

332 333 334 371 

93.6±3.7 100.4±3.6 134.4±4.3
+ 

>100,000.00̂ 

+ mix of four isomers, ̂  trans- connected isomer 

Compound 371 was 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 DPP-8/DPP-9 

As mentioned in Chapter 4.2, selectivity for the serine protease DPP-4 is crucial for finding a 

new safe DPP-4 inhibitor. To test the usefulness of our new potential DPP-4 inhibitors 

towards type-2 diabetes, the compounds were further evaluated for their selectivity profile 
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against the enzymes DPP-8/DPP-9 (table 6). This biological screen utilized the same protocol 

as for the DPP-4 screen and was carried out within the Hitgen screening laboratories in 

China. 

Table 6 IC50 values showing the inhibitory effect of the new Sitagliptin analogues against DPP-8/ DPP-9 (n=2). Data are 

presented as Mean ± SD., Plasma DPP-IV activity was measured using a continuous fluorometric assay with the substrate 

Gly-Pro-AMC, which is cleaved by DPP-IV to release the fluorescent AMC leaving group and the fluorescent change 

(ex/em=360/460 nm) was monitored.  

 

 

 

compound cis or  

trans 

X R DPP-8  

inhibitory  

activity   

[nM]  

DPP-9 inhibitory 

activity  [nM]  

265/266 cis F CF3 2247± 261.7* 179.1± 261.7* 

265/266 cis F CF3 18099±2603.1* 10454.3±659.3* 

267/268 trans F CF3 5771.5±942.6
#
 3956.1±149.7

#
 

319 cis F iPr 878.9±39.1 38.5±2.7 

 

320 

 

cis 

 

F 

 

 

1518.4±81.4 

 

120.5±6.0 

 

323 

 

cis 

 

F  

 

1053.1±34.8 

 

144.7±8.5 

 

324 

 

cis 

 

F 
 

 

1188.9±84.0 

 

138.2±13.0 

Sitagliptin (DPP-8) IC50 65±2.5 mM(n=9), Sitagliptin (DPP-9) IC50 71±6 (n=9), *cis- connected single diastereomers, #trans- 

connected single diastereomer; all remaining isomers are consisting of both diastereoisomers 
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 332 334
+ 

DPP-8 inhibitory  

activity [nM]  

 

14787.6±2298.5 

 

5256.8±555.3 

DPP-9 inhibitory  

activity  [nM]  

 

4711.9±311.3 

 

557.8±19.5 

+ mix of four isomers 

4.6 SAR evaluation of synthesized Sitagliptin analogues 

In total 25 compounds were submitted for biological screening against DPP-4 and a further 

nine compounds were tested against DPP-8/DPP-9 to evaluate their selectivity for DPP-4 

over DPP-8 and DPP-9.  

Comparing the analogues 315/327, 332, 333 and 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 analogue 315 was slightly more potent than the bicyclic 

compound 333 (Figure 58). 

 

Figure 58 Differences in compounds 315 (single diastereoisomer), 332 (mix of cis diastereoisomers), 333 and 334 (mix of 

four isomers) 

Unfortunately, the seven-membered ring compound 334 was still a mixture of four isomers 

and the five-membered ring compound 332 was still a mixture of two enantiomers of the cis- 
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connected bicycle. Only the six membered compounds were tested as two single 

diastereoisomers 266/ 265 with one isomer three times more active compared to the second 

isomer, which shows no significant difference in the biological activity of these 

intermediates. This concludes in the trend that the ring size matters in increasing the potency 

of the sitagliptin analogues which is consistent with the comparison of the analogues in the 

DPP-4 active site. This docking study was carried out using the scientific software docking 

program OpenEye and analogues 315, 332-334 were overlaid with the co-crystal structure of 

sitagliptin 256 (pdb code:1X70) (figure 59).  

 

 

 

Figure 59 Docking of analogues 315, 332-334 (light blue) in the DPP-4 active site overlaid with Sitagliptin 256 (magenta) 

TYR 547

TYR 662

GLU 205

GLU 206

PHE 357

315332

TYR 547

GLU 205
TYR 662

GLU 206

PHE 357

TYR 547

GLU 205
TYR 662

GLU 206

PHE 357

334333
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All of the four compounds (315, 332-334 shown in turquoise) showed a good overlay in the 

aromatic region compared with Sitagliptin (256, shown in magenta) (figure 59). The [6.5.5] 

membered analogue 332 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 to the single 

diastereoisomer of 315. The [6.6.5] membered analogue 315 showed a good overall 

topographical fit with Sitagliptin 256, with the exception that both CF3 groups are pointing in 

the opposite direction to that observed in Sitagliptin. The bicyclic compound 333 showed a 

twist of 90 degrees in the triazole part compared to Sitagliptin 256. The [6.7.5] membered 

connected analogue 334 showed a good overall fit compared to Sitagliptin 256, where the 

aromatic part, the amino group as well as the amide group were overlaying well with these 

groups in Sitagliptin 256. 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 analogue 334 the CF3 group is pointing in the 

same direction as the CF3 group in Sitagliptin 256. The opposite direction of the CF3 group in 

the Sitagliptin analogues 315 and 333 could give opportunities to discover new interaction in 

the DPP-4 sub-pocket.  

In all the tested analogues the cis- isomers (315-326, 335) were more potent than the 

corresponding trans- isomers (327-331). The most potent compounds were the methyl (317) 

and iso-propyl (319) substituted compounds which showed a similar potency compared to 

Sitagliptin 256, whilst they still consist of a mixture of diastereoisomers. Furthermore, one 

single diastereoisomer of the CF3-substituted compound (265/266) demonstrated an IC50 of 

28 nM, which is a similar level of activity to Sitagliptin (IC50 22 nM). The fluorine 

incorporated analogues (316/328, 67 nM and 258 nM) were in the same activity range than 

the corresponding ethyl side chain compounds 318/329 (86 nM and 108 nM), regarding the 

assay variations. 

The tested heterocyclic substituted compounds 320 and 323-326 showed a similar activity in 

the low nanomolar range (between 44 nM-140 nM) as a mixture of two diastereoisomers of 

the cis- fused ring compounds. Whereas only the ethoxypyridino substituted compound (325) 

showed an activity greater than 100 nM. The increase in size through the introduction of 

benzyl and hydroxyphenyl groups resulting in compounds 321 and 322 with a greater steric 

demand in the S2 pocket didnôt result in any significant changes in the biological activity and 

are in the range of 100 nM (124 nM and 82 nM). By elimination of the fluorine on the 
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aromatic ring system in analogues 335 and 331 the activity was decreased by 5-and 23-fold 

compared to analogues 315 and 327. 

Compound 371 was synthesized for screening the new scaffold against the chemokine 

receptor CCR5 (explanation in Chapter 5) and was tested against DPP-4 to prove the 

selectivity of the new scaffold towards different biological targets. Gratifyingly, compound 

371 showed no activity towards the enzyme DPP-4 (> 100,000 nM). 

The selectivity screen with compounds 265 or 266, 267 or 268, 332, 334, 319, 323, 320 and 

324 against the enzymes DPP-8/DPP-9 gave unfortunate results as all promising DPP-4 

inhibitors 265/266 and 319 resulted in highly potent DPP-8/DPP-9 inhibitors. Only three 

compounds were obtained which gave an inhibitory activity against DPP-8/ DPP-9 in the low 

micromolar range. One of the single diastereoisomeric compounds of 265/266 (18 

mM/10 mM) showed a selectivity towards DPP-4 in the range of 140- to 260-fold and the 

[6.5.5] connected compound 332 (15 mM/5 mM) resulted in a reasonable selectivity towards 

DPP-8 in the range of 160-fold compared to Sitagliptin 256 (66 mM/70 mM) which has 

selectivity of 3000-3100 fold. Interestingly, the less DPP-4 active analogue from the 

diastereoisomer mixture of 265/266 had better selectivity profile against DPP-8/DPP-9 and is 

a result that is worth further investigation to tease out the structural requirements for 

selectivity in this new class of DPP-4 inhibitors  

In conclusion, 25 new analogues of the known DPP-4 inhbitor Sitagliptin were synthesized 

and screened against DPP-4. Furthermore, the biological activity of the best DPP-4 inhibitors 

was tested against DPP-8 and DPP-9. So far, the trifluoromethyl side chain containing 

analogues showed comparable biological activity against DPP-4, compared to Sitagliptin, 

with the cis- connection of the rings demonstrating increased levels of DPP-4 inhibitory 

activity compared to the trans- analogues. Only compound 265/266 showed a reasonable 

selectivity profile towards DPP-4 in a range of 140-260 folds, which was the slightly less 

active compound of the single diastereoisomers in the DPP-4 screens. Nevertheless, it is a 

promising starting point with first SAR studies for a new series of Sitagliptin analogues 

bearing a novel tricyclic triazole system.
116 

 



Maraviroc a chemokine CCR-5 receptor antagonist 

91 

 

5 Maraviroc, a chemokine receptor (CCR-5) antagonist 

5.1 HIV -a major global health problem 

According to the world health organization (WHO) 35 million people were affected by the 

human immunodeficiency virus (HIV) in 2013 with 2.1 million new infections and 1.5 

million deaths.
117

 Over 70% of the new infections occurred in the Sub-Saharan region and 

this region accounts for around 25 million HIV patients. The Acquired Autoimmune 

Syndrome (AIDS) was identified as a disease in 1981 with the discovery of the causative 

viral pathogen
118

, later known as human immunodeficiency virus (HIV). From this time on 

HIV-1 infection and AIDS became a worldwide pandemic and one of the major infectious 

diseases worldwide.
119  

There are two known HIV types (HIV-1 and HIV-2) and both have 

different viral strains and show different symptoms during the development of the disease. 

There is still no therapy to cure HIV infection; however medications in the form of 

antiretroviral drugs (ARV) allow people infected with HIV to live a more unburdened life. 

The HIV virus targets the immune system and weakens affected patients by destroying the 

function of their immune cells. As a result the patient is more exposed to variety of infectious 

diseases and as a result, death often occurs through infectious pathogens, such as TB. 

 

Figure 60 Number of people affected of HIV around the globe, adapted from www.who.int/HIV 

Unfortunately, only around 36% of the HIV patients are eligible for a suitable ART (anti- 

retroviral therapy), which means that only a third of the infected patients are under controlled 
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medication (Figure 60). The first available treatment for HIV was the nucleoside reverse 

transcriptase inhibitors [NRTI], which required a complex dosing schedule. This therapy was 

followed by non-nucleoside 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 classes.
120

 However the HAART 

treatment has its limitations due to toxicity issues and the development of resistance. 

Therefore the search for new effective treatment option for HIV is a continuing ongoing.
121

 

5.2 The chemokine receptor CCR-5 and its role in HIV 

The CCR-5 receptor is a chemokine receptor, which is located on the cell surface of T cells 

and can bind peptide ligands called chemokines. Chemokine receptors belong to a large 

family of the seven transmembrane G protein-coupled receptors (GPCR). GPCRs as 

therapeutic targets are well-known, as more than 60% of prescribed drugs are GPCR 

modulators.
122

 The human CCR-5 receptor itself is a 352 amino acid protein and consists of 

seven transmembrane spanning helices connected through 3 extracellular loops (ECL1, ECL2 

and ECL3) three intracellular loops, an extracellular N-terminus and an intracellular C-

terminus and N-terminus functionality (Figure 61). The extracellular loops and 

transmembrane helices are responsible for binding ligands and the intracellular regions are 

responsible for signal transduction. The activation of the chemokine receptor CCR-5 through 

its binding of endogenously expressed chemokines (macrophage inflammatory proteins MIP-

1a and MIP-1b as well as ñregulated on activation, normal T cell expressed and secretedò 

RANTES) can cause typical cellular responses including inhibition of cAMP production or 

stimulation of intracellular Ca
2+

.
123
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Figure 61 Structure of CCR-5 receptor showing extracellular loops in green and intracellular loops in light blue, adapted 

from: News and Views: Only weekly of the Scripps Research Institute Vol 3. Issue 31 / October 18, 2004 

If an agonist binds to a GPCR it causes a change in conformation within the receptor 

resulting in activation of heterotrimeric G-proteins.
2 

These proteins act as signalling proteins 

which can activate or deactivate a variety of membrane bound enzymes.  

The entry of the HIV into a human cell is a multi-step process starting with the attachment of 

the gp120 (figure 62), located on the surface of the virus, to the CD4 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 co- receptor binding site in the glycoprotein. The 

chemokine receptors CXCR-4 and CCR-5 are known to be co-receptors for HIV entry into T 

cells. After binding of the gp120 to the corresponding co-receptor another glycoprotein gp41 

is released. In the next step the gp41 N-terminus inserts into the cell membrane, which leads 

to the approximation of the two membranes to each other and finally to the fusion of the 

membranes and the entry of the virus into the cell.
124

 Whereas the known fusion inhibitor 

enfuvirtide targets the fusion of gp41, the inhibition point for entry inhibitors is the gp120, 

which causes the binding to the co-receptor.
125
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Figure 62 Schematic HIV entry into the cell, adapted from studyblue.com, Elsevier, 2005. 

In natural HIV infection, CCR-5 is the primary co-receptor when compared to CXCR-4 as it 

has a greater affinity to solubilised gp120 (Kd 200-500nM) resulting from the essential 

binding of the tyrosine sulphated N-terminus of CCR-5 to gp 120.  

5.3 The chemokine receptor CXCR-4 

CXCR-4 is a structurally related chemokine receptor to CCR-5 belonging to the GPCR 

superfamily. It was originally identified as an orphan receptor and received its first real 

attention when its potential as a co-receptor for HIV-1 was discovered with its natural agonist 

SDF-1.
126

 CXL12 (SDF-1a) has a potent virus blocking activity which correlates with the 

potential internalization of the CXCR-4 receptor. CXCR-4 itself is expressed on the cell 

surface of various cancer cells and plays a role in cell proliferation. CXCR-4 can be used in 

the same way for HIV entry as the co-receptor CCR-5. The chemokine receptor CXCR-4 is 

known to regulate cell migration during immune system control and development of 

cardiovascular processes and is found the central nervous system.
126

 Additionally to its 

important role in HIV, CXCR-4 plays an important role in the treatment of cancer. To clarify 

the structural features of the CXCR-4 the group around Qin was able to crystallize the 

chemokine receptor with a viral chemokine vMIP-II, which allowed further insights into the 

interactions of CXCR-4 with its endogenous ligand CXCL12 through homology molecular 

modelling (Figure 63).
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