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7.1 Summary, general discussion and conclusion 

Research in the field of kynurenine metabolism as a pharmaceutical target is 

relatively new. Although the pathway had been known already in the mid-20th 

century, the major effort to elucidate its pharmacological relevance only started 

in the 1980s. For a long time, only a few academic research groups believed in 

the pathway as a relevant target. In recent years, a vastly expanding group of 

industrial laboratories have started working on the pathway. This delay is not 

surprising, taking into account the complexity of the pathway that is in many 

ways not only contradictory, but also physiologically ‘different’ from what is 

commonly believed about ‘how things work’.  

Much of the complexity of the pathway arises from the fact that the two 

branches of the pathway result in metabolites with opposite functions. Whereas 

KYNA antagonizes the glutamatergic system, QUIN is a glutamatergic agonist. A 

detailed regulation of the branches by differentiated enzyme distribution at the 

cellular and subcellular level results in a balance that is at some points hard to 

capture, let alone predictable. For the glutamatergic system, a level of 

complexity is added by the different functions (brake vs. accelerator) in which 

the system is involved. Added to that are affinities of the kynurenine metabolites 

for their biological targets. The commonly expected affinities for endogenous 

compounds at receptor activation sites are in the low nanomolar range. For 

enzyme and non-agonist sites, the expected affinities are slightly higher, up to 

the higher nanomolar ranges. However, affinities of - for example - KYNA for its 

targets are in the micromolar range. This seems to be non-physiological and 

usually would be the first reason to declare the pathway of no relevance. On the 

other hand, an increasing body of evidence suggests, that the kynurenine 

pathway is a major exception to this rule. Disturbances of the balance of 

kynurenine pathway metabolite levels are associated with many known CNS 

disorders. Moreover, evidence exists, that at the very local level, micromolar 

metabolite concentrations can easily be reached. Taken together, currently, it is 

understood that this pathway, although seemingly different from other 

regulatory mechanisms, might be a key player in many physiological and 

pathological mechanisms. Therefore, efforts should be made and resources 

combined to get the ‘big picture’ of physiological relevance of the pathway in 

order to finally utilize this knowledge for the design of pharmaceutically valuable 

compounds.   
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This thesis focuses on the KYNA branch of the pathway. KYNA has 

neuroprotective properties by counteracting excitatory pathways. Therefore, 

usually, a shift of the pathway towards this metabolite is desired. Elevated levels 

of the metabolite have been found in patients suffering from schizophrenia. In 

addition, in recent years, cognitive disorders were associated with elevated 

levels of KYNA. For this reason, tools to decrease KYNA levels are desired. The 

most straightforward method to achieve a decrease in KYNA levels is inhibition 

of the biosynthetic enzyme KAT. As should be clear from the literature and from 

the work of this thesis, the major challenge is to find compounds that do so 

without inhibiting KYNase and KMO. To add a level of complexity to the 

challenge, the inhibitors should also easily cross the blood-brain barrier. 

Although this issue was not discussed within the scope of the thesis, this is a 

point of major importance. In the ideal case, the compound should be 

bioavailable by oral administration. If the compound is not able to quickly cross 

the blood brain barrier, its effects will be limited to peripheral effects. In that 

case, even if KAT is the only one of the three KYN metabolizing enzymes that is 

inhibited, a peripheral rise in KYN and migration of this key intermediate into the 

brain will ultimately lead to enhanced KYN turnover into KYNA in the brain. On 

the other hand, if the inhibitor is readily available in the brain, local KYNA 

production from the physiological KYN pool and the KYN overflow caused by KAT 

inhibition in the periphery will be prevented, resulting in the desired decrease of 

local KYNA levels in the brain. 

 

Chapters 2-4 describe the synthesis and pharmacological evaluation in vitro of 

conformationally restricted compounds. The compounds have a bicyclic core 

structure that is derived from !-tetralone. The synthesis of the amino acid 

derivatives proved to be challenging. Many commonly used methods were 

explored, but none of the strategies proved to be successful for the synthesis of 

the desired compounds. Surprisingly, the method using the SmI2-catalyzed 

coupling reaction was successful and applicable to even the most challenging 

quinolinone derivative of this series. A drawback of the method is, that it is not 

suitable for enantioselective synthesis of the amino acid derivatives. In the first 

instance, it seemed that this problem could partly be solved by separation of 

diastereomers during purification by column chromatography. However, the 

acidity of the proton at the "-position of bicyclic ring structure caused 

racemization in later steps of the synthesis. This was observed for all structures.  

The difficulties experienced in synthesis of the compounds led to the decision to 

screen the compounds as racemic mixtures for their in vitro activities. The same 
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strategy was applied for the bicyclic carboxylic acid derivatives in chapters 2 and 

4 and for the monocyclic KYN derivatives of chapter 5, wherever applicable. 

Drawback of this approach is, that activity could be largely underestimated. 

However, this decision allowed for synthesis of a wider range of compounds. A 

next step in such a project would certainly have been the development of 

approaches that allow for enantioselective synthesis of the most promising 

compounds and design of compounds that are less complex in terms of chirality. 

Final compounds presented in the thesis are depicted in Scheme 1.  
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Looking at results of activity screening of the compounds, it must be concluded 

that none of the compounds presented in this thesis is optimal to achieve the 

desired KYNA decrease in vivo.  
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The bicyclic carboxylate derivatives 2.3 – 2.8 in Chapter 2 are more potent in 

inhibition of KYNase and KMO than in inhibition of KAT. The most interesting 

observation is the exception on this observation, as seen for ethylsulfonyl 

substituted compound 2.7. This compound seemed to activate KYNase in vitro. 

The possibility to activate this enzyme sheds a new light on the research on 

compounds that lower KYNA levels. In theory, activators of KYNase, KMO or both 

should be able to reduce availability of KYN for KAT. This could be an alternative 

way to reduce turnover by KAT into KYNA to achieve the decrease in levels of 

this metabolite. 

After successful efforts to synthesize the bicyclic amino acids 3.4a - 3.4c 

described in Chapter 3, these compounds appeared not to have extraordinary 

potency in inhibition of KAT. Again, compounds were not selective for KAT over 

KYNase and KMO. In Chapter 4, the quinolinone analogs 4.2 and 4.3 of the 

series of bicyclic compounds are presented. An interesting difference was 

observed in KYNase inhibitory potency between the carboxylic acid analog and 

the amino acid analog. Whereas the amino acid analog showed virtually no 

KYNase inhibition, the carboxylate analog inhibited the enzyme potently at the 

same bath concentration. This prompted us to study the characteristics of the 

KYNase binding site. From docking studies it appeared, that the additional bulk 

present in the amino acid analog prevented simultaneous proper orientation of 

both the aromatic moiety and the carboxylate moiety in 4.2. In contrast, the 

smaller carboxylate side chain in 4.3 allowed for optimal interaction of both 

these anchor points with the enzyme, explaining the good inhibitory potency of 

the compound for this enzyme.  

Compounds 5.3 – 5.6 described in Chapter 5 are close KYN analogs that are not 

conformationally restricted. Within these compounds, the substitution pattern at 

the C! atom of KYN is varied. In three compounds, the !-amino group is omitted 

from the structure. In the fourth compound, the proton in this position is 

substituted by a methyl group. The most interesting finding of this chapter is, 

that the C! methyl substituted compound has no KYNase and KMO inhibitory 

activity. KAT activity was limited, but present. It would be most interesting to 

explore the properties of a compound that has a fluor atom in the corresponding 

position. In theory, such a compound would fit better into the KAT binding site. 

However, effects on KYNase and KMO inhibitory potency are hard to predict. 

In Chapter 6, structural properties of KAT, especially KAT II are explored. The 

evolutionary background of KATs as member of the large group of 

aminotransferases is most fascinating. For drug design, the recent publication of 

crystal structures of the enzymes is of major importance. During the course of 
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this project, the crystal structures were not yet available. To learn about the 

properties of the enzyme, homology models were built, based on close family 

members of the enzyme. From comparison of the models with the published 

crystal structures it could be concluded, that the reliability of the models was 

sufficient to explore the properties of the enzyme. In view of these conclusions 

and the availability of an increasing number of crystal structures, it was 

discussed that in early phases of drug design, molecular modeling should be a 

principal tool. 

 

For future work, in terms of direct continuation of the compound series 

presented here, combinations of structural variations should be considered. In 

Chapter 2 and in Chapter 5, compounds were presented that contain a tetrazole 

bioisosteric replacement of the carboxylate group (compounds 2.8 and 5.4). In 

both cases, this improved KAT inhibition and selectivity profiles if compared to 

the carboxylate equivalents. Furthermore, the ethylsulfonyl group as found for 

S-ESBA is a useful tool for introduction of selectivity. Exploration of the 

possibility to vary the nature of the substituent in that position might lead to 

alternative options. However, what seems to be most urgent in the compound 

design is more variation in structures. In Chapter 1, an overview is given of 

compounds known from literature that were tested for KAT, KYNase and KMO 

inhibtion. Especially in the field of KAT inhibitors, most structures are close KYN 

analogs. Also in this thesis, structures are based on the structure of KYN. Using 

the crystallographic data of human KATs, virtual screening of fragment and 

larger compound libraries can lead to structurally more diverse candidates. 

Cooperation between computational and synthetic chemistry groups to design 

these compounds and groups that can test the compounds in a diverse array of 

in vitro and in vivo models originating from different species would enable an 

accelerated and focused way to achieve the goals of designing pharmacologically 

interesting compounds. Once these compounds are available, functional 

importance of the kynurenine pathway and associated pathophysiological 

relevance can be explored further. 

 


