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A. INTRODUCTION AND AIMS

Kynurenic acid (KYNA) is an endogenous quinoline derivative, biosynthesized
from the essential amino acid L-triptophane via the kynurenine pathway. The compound is
of great importance due to its neuroprotective properties as aphysiological levels are
measured in several neurological disorders such as Parkinson and Huntington disease,
epilepsy, and migraine. The total synthesis of kynurenic acid and its 5-8 substituted
derivatives is conducted most commonly via non eco-friendly methods and types of the
two-step Conrad—Limpach method. As the method consists of an enamine formation and
subsequent cyclization steps, utilizing traditional solvents of high boiling pont such as
diphenyl ether, halogenated arenes or catalysts such as polyphosphoric acid or pTsOH are
crucial factors regarding the conduction of the syntheses. In most recent literature,
optimalization has been conducted focusing on the heat source or additional work-up
processes. Last milestones of research focused on the further modification of the KYNA
skeleton in order to enhance its effectivity and penetrability through the blood—brain barrier.
Transformation of its ester precursors towards various amides bearing tertiary nitrogen
residues was a versatile means of structural fine tuning. Certain amides of kynurenic acid
are reported to show inhibitory properties on NMDAR related excitotoxicity exerting
protective effects in cerebral ischemia and transgenic mouse models of Alzheimers’s
disease and transgenic mouse models of Huntington disease. However, KYNA being an
aza-analogue of 1-naphtol, its transformation via the Mannich reaction at the C-3 site or at
ortho-position to its occurring hydroxysubstituents was possible and cleared the way
towards its further modifications. Certain Mannich-bases of KYNA derivatives are reported
to show significant inhibiton on field excitatory postsynaptic potentials in the CAl
hippocampal region of rats.

The first aim of my PhD work was the design of a sustainable method for the precursor
synthesis of kynurenic acid. The Conrad—-Limpach method — able to yield various KYNA
analogs such as ethyl esters of the biologically and chemically representative methyl-,
methoxy- and halogeno derivatives — was aimed to be transferred into green chemical
processes utilizing microwave irradiation as heat source on grounds of former
improvements in the field. A two-step, one batch method without purification of the



intermediates was our objective in order to reduce solvent consumption. The traditional
reaction media were targeted to be exchanged to green solvents. Selection of green solvents
is a multifactored task as ESH (Environment — Health — Safety) and LCA (Life Cycle
Assessment) analysis is required. These classification methods take the environmental
impact of the solvent synthesis, eradication, solvent usage in preparative work (e.g. boiling
point, volatility) and effect on humans into consideration. As a wide-palette of eco-friendly
solvents are available nowadays, gamma-valerolactone (GVL) and diethyl carbonate (DEC)
seemed prosperous for the further optimization as these bear the optimal properties to make
the solvent for the synthesis of kynurenic acid analogs. Scale-up of the optimized reactions
was a further aim regarding the design of a green chemical process for the synthesis of
KYNA analogs. Not only the synthetic method itself, but the analytical technique was also
targeted to follow the concept of green chemistry.

The second group of aims were the broadening of the scope of the C-3 functionalization of
the kynurenic acid via the modified Mannich-reaction. Amino acid fragments were chosen
to be incorporated in the KYNA scaffold in order to yield zwitterionic Mannich-bases.
However, on basis of preliminary research C-3 alkoxymethyl derivatives formed. Since
there is a wide array of literature of alkoxyalkylation; the elaboration, optimization and
overall investigation of the direct and N-nucleophile catalyzed alkoxymethylation of KYNA
was targeted by utilizing various cyclic amines, corresponding acetates and amino acids.
Broadening the scope of the aforementioned transformation towards different benzyl-ether
type KYNA analogs was also plotted. As direct and retro-Mannich based alkoxyalkylations
are an emerging field of organic syntheses, it was chosen to make the literature background
of my thesis.

Further modifications of KYNA derivatives towards indole based triarylmethanes was
aimed. Based upon previous research two main routes incorporating retro-Mannich
reactions were chosen as possible tools for the syntheses. Transformations of indole-based
Mannich products using KYNA and also, on the contrary, the retro-Mannich reaction of
Mannich bases of KYNA in the presence of indole was targeted. Optimization of the
synthesis of KYNA-indole triarylmethanes and investigation of the scope and limitations
of the reaction by utilizing an array of 5-8 substituted kynurenic acid analogs made a
general objective of my PhD work.



B. RESULTS AND DISCUSSION

1. Synthesis of biologically prosperous kynurenic acid derivatives were investigated and
optimized for one-batch, two-step microwave-assisted reactions. Utilizing both chemically
and biologically representative non-, methyl-, methoxy- and chlorosubstituted aniline
derivatives, in catalyst-free conditions, 2-3.5 hour timeframe syntheses of seven kynurenic
acid derivatives were introduced. Crucial parameters including reaction time, reaction
temperature, solubility, concentration and molar ratio of substrates along with overall reaction
volume were determined, investigated and optimized (Figure 1).
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Figure 1. Factors taken into consideration while designing the MW-assisted reactions

Four green, tuneable solvent systems made of diethyl carbonate and gamma-valerolactone
were tested as substitutes for 1,2-dichlorobenzene as reaction medium in each synthesis
(Scheme 1). The performance of the green solvent systems was highlighted, because of their
ability to be used in microwave-assisted reactions. Yields are not lower than those found in
traditional solvents. Moreover, the potential of the tuneable solvent system to regulate

regioisomeric ratios in CL synthesis was emphasised.



R EtOzc R
120 C, MW 180°C, MW
.
1 09 equiv. DEAD
NH, COzEt

N CO,Et
H
R: H, Me, OMe 1: R=H; 2: R=Me 3: R=OMe 4: R=H; 5: R=Me 6: R=OMe
R [o]
EtOZC
—
COzEt N~ Co,Et
R H
9a: R=OMe; 10a: R=Cl|
120°C, MW 180°C, MW
NH 1.09 equiv. DEAD l
2 o
R: OMe, CI Et0,C,
© -
[ L.
R N CO,Et R N CO,Et
H H
7: R=OMe; 8: R=ClI 9b: R=OMe; 10b: R=CI|

Scheme 1. Regiodivergent syntheses of KYNA analogs 4-6, 9,10 via the CL method

The benefits of TLC-densitometry (Figure 2), a rapid, eco-friendly, inexpensive analytical
technique, were revealed in the case of reaction monitoring and conversion analysis
compared to quantitative NMR.
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Figure 2. TLC densitometric analysis of compound 4

Gram-scale scale-up was accomplished in the halogenated solvent DCB and, most

importantly, in green substitutes with the solvent-performance similar to preliminary



experiments. These synthetic methods facilitated the CL synthesis of unsubstituted and
several substituted kynurenic acid analogues.

Novel C-3 alkoxymethylated derivatives of kynurenic acid were synthesized with cyclic
secondary alpha amino acid additives via the hypothesized retro-Mannich cleavage of the
intermediates. The importance of a secondary acidic N-nucleophile was proven. Test
reactions were conducted using common organic additives, including cyclic amines and their
acetate salts, as well as using other acidic N-nucleophiles. Result showed the importance of
the local acidic conditions, particularly when using amino acids. The importance of the
corresponding heterocycle and its ability to coordinate the O-nucleophile were also
highlighted (Scheme 2).
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Scheme 2. C-3 functionalization of 4 with cyclic secondary amines, their acetates or
corresponding amino acid derivatives

A mechanism of the alkoxyalkylation of kynurenic acid ethyl esters was proposed on basis
of the literature of retro-Mannich C-N cleavage of Mannich bases moreover, via the
conduction of analogous reactions, indirect proof was presented regarding the reaction
mechanism. The optimal equivalence of the amino acid was found considering both
economic and preparative reasons. The findings supported that the used amino acid (L-
proline, D-pipecolic acid, (S)-3-morpholinecarboxylic acid) should be in the additive-range
(i.e. 0.5 equiv.) which both elevates conversion and selectivity towards the desired products,

also subdue side-reactions encumbering the work-up processes (Figure 3).
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Figure 3. Conversion curves (11) of the C-3 ethoxymethylation of 4 using different equivalents of SSMCA

Two novel kynurenic acid derivatives, containing glycine or L-alanine fragments were
synthesized, thus proving the scope and limitations of the aminoalkylation reaction of
kynurenic acid ethyl ester using alpha amino acids (Scheme 3). Limitations were set of
alkoxyalkylation reactions and two novel kynurenic acid derivatives were synthesized

bearing ethoxymethyl or isopropoxymethyl moieties at the site C-3.
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Scheme 3. C-3 functionalization of 4 with glycine and L-alanine

The synthesis of TRAM bioconjugates consisting of indole and the ethyl ester of kynurenic
acid has been accomplished (Scheme 4). The reactions took place through the cleavage of
the C—N bond of indole Mannich bases and subsequent C—-C bond formation between the
benzylidene intermediate and KYNA. On the basis of acid and base catalysis, two possible
catalytic pathways are hypothesized, both promoting the elimination of the amine moiety. An
alternative reaction route starting with the Mannich bases of KYNA and its structural
analogue 1-naphthol was also investigated showing a prominent tilt toward the synthesis
applying the Mannich base of indole involving the benzylidene intermediate.
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Scheme 4. Synthesis of triarylmethanes of KYNA and indole fragments

To further investigate the scope and limitations of the reaction, KYNA derivatives bearing
chemically and biologically prosperous chloro and methoxy groups were also reacted
yielding a wide variety of new TRAM KYNA derivatives with possible bioactivities
(Scheme 5).
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Scheme 5. Broadening the scope of the synthesis of KYNA-indol based triarylmethane derivatives
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