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Selective heterofunctionalization of kynurenic acid
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The latest findings in the literature show that kynurenic acid and its analogues are potent drug candidates

against numerous neurological diseases. In this article, kynurenic acid derivatives were treated with NaOCl
and NaOBr solutions and yielded the corresponding 3-halogeno compounds. The reaction is fast and
conducted under mild conditions, and the yields are efficient just like the previous methods available for
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the same transformation. These newly synthesized halogeno compounds can serve as starting materials

for the synthesis of 3-aminokynurenic acid analogues by treating the 3-bromokynurenic acid analogue
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Introduction

Kynurenic acid (KYNA) is a biologically active metabolite of the
essential amino acid tryptophan, of which the major part is
metabolized through the kynurenine pathway. In this pathway,
tryptophan first forms kynurenine and then kynurenic acid.'
KYNA has various biological effects and acts as a ligand of
numerous receptors, i.e. NMDA receptors, o.7-nAch receptors,
GPR35, AHR and more.*™ The kynurenic acid level or the dys-
regulation of the kynurenine pathway is associated with
numerous diseases. Moreover, treatment with exogenous KYNA
or its analogues has been found to be efficient in treating
neurological and other diseases in animal models.*'** Seeing
these promising results, kynurenic acid and its derivatives have
big potential in drug discovery.

The limitation of exogenous kynurenic acid therapy is the
poor water solubility and inadequate penetration through the
blood-brain barrier (BBB) of the molecule. Previous studies
have shown that both solubility and BBB penetration can be
enhanced with the incorporation of a tertiary amine function-
containing side chain to the molecule. This modification was
implemented by the amidation of the carboxylic acid function
with alkyl diamines.
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with NaNs. The solvent effect of this reaction was also examined. These reactions are suitable for the
synthesis of 3-heterosubstituted kynurenic acid analogues.

Another possibility for altering the pharmaceutical proper-
ties of KYNA is the synthesis of substituted analogues via the
Conrad-Limpach method. According to this method, an
aromatic amine reacts with oxo-dicarboxylic acid or acetylene
dicarboxylic acid derivatives, and kynurenic acid derivative is
formed in a two-step reaction. First, an enamine is formed then
an intramolecular cyclization yields the target molecule. Using
this method various kynurenic acid analogues can be synthe-
sized from substituted anilines resulting in C5-C8 substituted
KYNA compounds.>>¢

Another possibility to enhance the BBB penetration of KYNA
analogues was found by the synthesis of 3-aminoalkyl deriva-
tives wvia the modified-Mannich reaction using para-
formaldehyde and secondary amines such as morpholine,
piperidine or pyrrolidine. These two modifications can also be
combined with each other resulting in aminoalkylated amide
compounds.>*""**

There are known ways to synthesize 3-chloro- and 3-bromo-
kynurenic acids using N-chlorosuccinimide (NCS) or N-bromo-
succinimide (NBS) as halogenating agents. Another way to get
the same compounds is by treating the KYNA with inorganic
reagents like SO,Cl, or Br,.**** However, the work of Suzuki
et al.** has shown that kynurenic acid can react with hypo-
chlorous and hypobromous acid. Their study highlighted that
due to inflammation in the human body, HOCI and HOBr form,
which can further react with kynurenic acid yielding the 3-hal-
ogeno KYNA derivatives.

Our plan was to treat kynurenic acid derivatives on a 50-150
milligram scale with NaOCI and NaOBr solutions, expecting the
3-halogenated compounds, thus representing a biomimetic
method to synthetize KYNA compounds. Our further plan was
the substitution of the halogeno compounds with various
nucleophiles (Fig. 1).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 In vivo and in vitro findings of Suzuki et al. and our current synthetic work.

This work presents a new halogenation method to synthesize
3-halogenated KYNA derivatives, with inorganic reagents that
are easy to handle during the reactions. Moreover, the reaction
conditions are milder compared with previous works.**-*?

Results and discussion
Synthesis of substituted KYNA derivatives

The starting materials used in this article (1a-g) were synthe-
sized via the Conrad-Limpach method by treating the appro-
priate substituted anilines with diethyl acetylene dicarboxylic
acid according to experimental methods already published in
the literature.®*

Chlorination of KYNA derivatives

First, kynurenic acid ethyl ester (1a) was treated with 150 g L™
NaOCl aqueous solution in ethanol (EtOH) at room tempera-
ture, and the reaction mixture turned yellowish. The reaction
was followed by thin layer chromatography (TLC), and the
mixture was worked up when the starting compound was no
longer detectable by TLC. The reaction mixture was diluted with
methylene chloride and washed with distilled water twice. The
organic layer was dried with sodium sulphate and evaporated in
vacuo. Crystals were formed and were washed with diethyl ether
and filtrated. The isolated product 2a was the 3-chlorokynurenic
acid ethyl ester with 25% yield. The next step was the fine-
tuning of the reaction to achieve higher yields. The optimal
temperature was found to be —10 °C, and the concentration of
the NaOCI solution decreased to 50 g L™ * to achieve the highest
yield. Despite the approximately 50% yield, there was no sign of

R=H : 2a (45%)
R=7-OMe : 2b (48%)

Scheme 1 Chlorination of kynurenic acid ethyl ester derivatives.

© 2025 The Author(s). Published by the Royal Society of Chemistry

any other product in the organic fraction after the extractions. It
is very likely that the NaOCl would oxidize the molecules during
the reaction,® making them so polar that they can be removed
by washing with water. Later, 7-methoxy kynurenic acid ethyl
ester (1b) was also treated with the reagent NaOCI to yield the
expected compound 2b. Although 1b did not totally dissolve in
EtOH, we insisted on using it as the solvent because of the ethyl
ester function of the molecule and its miscibility with aqueous
solutions (Scheme 1).

Our hypothesis regarding the mechanism of this halogena-
tion is quite similar to the a-halogenation of ketones. In the
case of KYNA, the hydrogen in position 3 is activated. We
assume that the hydrogen in C3 or the phenolic hydrogen
(depending on the tautomeric form) can be easily removed by
the basic hypohalogenite ion. The formed anion also has
a tautomeric equilibrium. Probably, the halogeno part of the
hypohalogenite acts as an electrophilic agent and can attack
this anion, forming the halogenated product (Scheme 2).
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Scheme 2 Proposed mechanism of halogenation.
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Table 1 Halogenation of kynurenic acid analogues in EtOH and water : acetone 1:1

Starting compound Product R X Solvent Yield Solvent Yield
1a 2a H Cl EtOH 45%

1b 2b 7-OMe 48%

la 3a H Br 78% Water: Acetone 1:1 60%
1b 3b 7-OMe 67% “38%
1c 3c 7-Cl 60% 51%
1d 3d 7-Me 72% 65%
1le 3e 6-OMe 65% 51%
1f 3f 6-Cl 83% 70%
1g 3g 6-Me 72% 58%

% Lower yield is experienced because a side product is formed in the reaction.

Bromination of KYNA derivatives

After the successful chlorination, the next step was to broaden
the scope of halogenation with bromination. First, the NaOBr
solution, a brominating reagent, was prepared by the dropwise
addition of bromine to an aqueous NaOH solution at —10 °C,
yielding a clear orange solution. NaOBr is prone to dispropor-
tion, so the reagent was stored below 0 °C and kept in an ice
bath during the reaction setup. This solution was used as the
brominating reagent of the further conducted reactions.

The bromination was performed following the optimized
reaction parameters found for chlorination. Using the exact
same parameters, a higher yield was observed in the case of the
unsubstituted KYNA derivative (3a). This higher yield value can
be explained by the lower oxidizing effect of bromine compared
to chlorine. The reaction was repeated with multiple substituted
kynurenic acid ethyl esters. Each time, the 3-brominated KYNA
derivatives (3b-g) were isolated with good yields. According to
these tests, the yields do not correlate with the quality of the
substituents in ring B, nor their position (Table 1).

During the bromination of 1b, the formation of a second
product was detectable by TLC, but after the workup only 3b was
isolated. We found this interesting, so we decided to investigate
what the side product was. The reaction was repeated, and
before the workup, a sample was taken and examined with mass
spectrometry (MS). According to the results of MS, the side
product was a dibrominated KYNA ethyl ester derivative. To

[o]
| NaOBr
o
-10°C MeO
MeO u 'COOEt  water:acetone 1:1
1b

Scheme 3 Treating 1b with NaOBr in a water : acetone 1:1 mixture.
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describe this side product, we changed the matrix of the reac-
tion. The limitation of this change is the solubility of 1b and the
aqueous solution of the brominating reagent. We supposed that
a polar mixture of solvents could possibly yield the side product
in a higher ratio. Repeating the reaction using water : acetone
1:1 instead of EtOH was found to be sufficient and both
products were synthesized. They were isolated by column
chromatography. The exact structure of the side product (3h,
Scheme 3) was determined with nuclear magnetic resonance
(NMR) spectroscopy. The second bromine was found in the
ortho position of the methoxy substituent in ring B. The position
of the second bromine could be determined from the J-
couplings (doublets), which proved that the two remaining
aromatic hydrogens are vicinal to each other. Additionally, the
COSY spectrum clearly showed cross peaks between the protons
of ring B, which can only happen if the bromine is in position 8.
The dibromination can be explained with the electronic effect of
the methoxy group, and it activates ring B toward electrophilic
aromatic substitution (SgAR). To investigate the solvent effect,
some other substituted KYNA derivatives were reacted using the
water-acetone mixture, but no other cases gave side products,
although all yields were lower than before (Table 1). An expla-
nation of this particular dibromination can be found in the oxo
form of the molecule. In this case, the second bromine is in the
ortho position both to the methoxy and the NH in ring A.
According to our hypothesis, the electron donating effect of

N COOEt MeO' N COOEt
H H

3b 3h
38% 23%

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 5 Reaction of 2a and 3a with NaNs.

both functional groups is necessary for the dibromination. In
the case of 3a, ring B is not activated enough for a second
bromination. At 3c the chlorine is rather a deactivating func-
tional group for SgAR reactions, while the methyl group of 3d is
an activating substituent, but it is not powerful enough. When
the methoxy group is in the C6 position, its activated ortho
positions do not overlap with the activated position of the NH
group.

In order to examine the effect of the ester group on the
halogenation, an amide derivative was also synthesized by
treating 1a with n-butyl amine, and via direct amidation, 4 was
formed. This 4 was treated with the brominating reagent using
the same conditions as for previous halogenating reactions. The
yield of this reaction was higher than in the case of ethyl ester
(Scheme 4). This suggests that the ester functional group
participates in side reactions. Most probably, it is hydrolyzed to
carboxylic acid due to the basic environment, and according to
the work of Suzuki et al,* the molecule is oxidized by the
hypohalogenites. As amides are less susceptible to hydrolysis
than the esters, compound 5 was observed in higher yield.

Synthesis of 3-amino kynurenic acid derivatives

Furthermore, we planned to treat the 3-halogeno derivatives
with N-nucleophiles in order to substitute the halogens. Our
first aim was to synthesize 3-amino kynurenic acid derivatives.
Using ammonia as a nucleophile typically resulted in carbox-
amide compounds; therefore, an azide should be synthetized
first, and further reduced to an amine. Using this method, the
ester function could remain intact. The chosen reagent and
solvent were NaNj; in N,N-dimethylformamide (DMF).

© 2025 The Author(s). Published by the Royal Society of Chemistry

When 2a was treated with NaN; in DMF, there was no reac-
tion. However, the reaction of 3a yielded a product that was
isolated by column chromatography. Interestingly, this product
was not the azido but the amino derivative (Scheme 5). This can
be explained by an in situ reduction of the azide to amine. This
reduction could have happened due to the reducing ability of
DMF.** The originally planned azido compound could not be
isolated at any point during the reaction.

Due to the complexity of the reaction mixture on TLC and
investigating the effect of DMF, the reaction was also conducted
using various solvents (Table 2). In the case of abs. EtOH or an
EtOH-water mixture, no reaction was observed. In pure aceto-
nitrile (MeCN), the reaction yielded compound 6; however, the
isolated yield was not found to be adequate meaning that the
reduction is not strictly related to the DMF. Then, DMF/MeCN
mixtures were tested with different ratios to enhance the
yield. The highest yield was found using a MeCN:DMF 9:1
mixture.

Table 2 Solvent effect on the yield of 3-amino kynurenic acid ethyl
ester (6)

Solvent Yield (%)
DMF 35

EtOH No reaction
50% EtOH + 50% H,0 No reaction
MeCN 43

50% MeCN + 50% DMF 50

90% MeCN + 10% DMF 55

RSC Adv, 2025, 15, 26420-26427 | 26423
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Conclusions

Novel and known C3 chlorinated and brominated kynurenic
acid analogues were synthesized using sodium hypochlorite
and hypobromite solutions as reagents. This novel rapid
synthetic method requires mild conditions and facile workup by
only an extraction and crystallization. Therefore, we think that
this method is a great replacement of using other reagents (e.g.
NCS, NBS, SO,Cl,), which are less eco-friendly. The reaction
mechanism was proposed for the halogenations, which is
analogous to the a-halogenations of ketones considering the
active hydrogen in position 3 of KYNA.

In one instance, a solvent change led to a 3,8-dibrominated
side product, for which a possible explanation was proposed for
the dibromination. These synthesized halogeno compounds
could be precursors for other new kynurenic acid derivatives.

The 3-aminokynurenic acid analogue was synthesized in
a one-pot reaction by treating the 3-bromokynurenic acid with
NaN;. The solvent effect was examined and the catalytic role of
DMF in the yield was also clarified. We believe that the 3-amino
derivative of the kynurenic acid ethyl ester could be a valuable
synthon for the synthesis of pharmacologically upgraded KYNA
derivatives, due to its hydrogen bond donor and acceptor
properties and broad transformability.

Materials and methods

The 'H and *C-NMR spectra were recorded in DMSO-dg and
CDCl; solutions in 5 mm tubes at room temperature (RT), on
a Bruker DRX-500 spectrometer (Bruker Biospin, Karlsruhe,
Baden Wiirttemberg, Germany) at 500 (*H) and 125 (**C) MHz,
with the deuterium signal of the solvent as the lock and TMS as
the internal standard ("H, **C).

Melting points were determined using a Hinotek X-4 melting
point apparatus. Merck Kieselgel 60F254 plates were used for
TLC.

The HRMS flow injection analysis using positive heated
electrospray ionisation mode (HESI) was performed with
a Thermo Scientific Exploris™ 240 hybrid quadrupole-Orbitrap
(Thermo Fisher Scientific, Waltham, MA, USA) mass spec-
trometer coupled to a Waters Acquity I-Class UPLC™ (Waters,
Manchester, UK).

General method of C3 chlorination of KYNA analogues (2a-b)

0.45 mmol of kynurenic acid ethyl ester analogues were added
to a round bottom flask and dispersed with 20 mL of abs. EtOH
and cooled to —10 °C with ice and acetone. To this mixture, 50 g
L~ NaOCl aqueous solution was added dropwise. The reaction
was monitored using TLC. Once the starting material was no
longer observed, the mixture was immediately diluted with
5 mL of brine and 10 mL of distilled water and extracted with
30 mL of methylene chloride twice. The organic layer was
separated, dried with Na,SO, and evaporated in vacuo. Crystals
were formed, which were washed with diethyl ether and filtered.

26424 | RSC Adv, 2025, 15, 26420-26427
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Ethyl 3-chloro-4-oxo-1,4-dihydroquinoline-2-carboxylate (2a)

Yield: 51 mg (45%),white solid, Mp.: 214-217 °C (Lit.:** 217-
217,5 °C) "H-NMR 6y (500.20 MHz, DMSO-d, 30 °C, Me,Si) 1.35
(3H, t,J = 7.1 Hz), 4.42 (2H, q,] = 7.1 Hz), 7.36 (1H, t,] = 7,4 Hz),
7.76-7.71 (2H, m), 8.13 (1H, d, J = 8.21 Hz), >C-NMR i (125.62
MHz, DMSO-ds, 30 °C, Me,Si) 14.4, 62.9, 112.3, 121.3, 124.3,
125.4, 125.5, 126.3, 132.1, 141.4, 163.3, 171.1. HRMS (HESI)
caled for [M + H]" = 252.04220 m/z, found: 252.04220 m/z (Ami =
—0.91 ppm).

Ethyl 3-chloro-7-methoxy-4-oxo-1,4-dihydroquinoline-2-
carboxylate (2b)

Yield: 61 mg (48%), beige solid, Mp.: 192-195 °C 'H-NMR 4y
(500.20 MHz, DMSO-dg, 30 °C, Me,Si) 1.32 (3H, t, J = 7.0 Hz),
3.81 (3H, s), 4,34 (2H, q, ] = 7.0 Hz), 6.85 (1H, d, ] = 8.86 Hz), 7.0
(1H, s), 7.98 (1H, d, J = 8.98 Hz) *C-NMR §; (125.62 MHz,
DMSO-ds, 30 °C, Me,Si) 14.5, 55.7, 61.9, 103.9, 112.8, 113.4,
114.2, 121.3, 126.7, 146.3, 161.3, 165.2, 169.7. HRMS (HESI)
caled for [M + H]" = 282.05276 m/z, found: 282.05238 m/z (Ami =
—1.4 ppm).

Preparation of the brominating reagent

10 mL of distilled water was added to a round bottom flask, and
1.5 g of NaOH was dissolved in it at 0 °C. The solution was
cooled to —10 °C using ice and acetone. To the solution, 1.0 mL
of bromine was added dropwise under vigorous stirring,
yielding a yellow liquid. The solution was diluted up to 30 mL
with distilled water. The reagent was sealed and stored in
arefrigerator between experiments. Before each experiment, the
reagent was brought to room temperature and allowed to melt
before use.

General method A: C3 bromination of KYNA analogues in
EtOH (3a-3g)

0.45 mmol of kynurenic acid ethyl ester analogues were added
to a round bottom flask and dispersed with 20 mL of abs. EtOH
and cooled to —10 °C with ice and acetone. To this mixture,
brominating reagent solution was added dropwise. The reaction
was monitored using TLC. Once the starting material was no
longer observed, the mixture was immediately diluted with
5 mL of brine and 10 mL of distilled water and extracted with
30 mL of methylene chloride twice. The organic layer was
separated, dried with Na,SO, and evaporated in vacuo. Crystals
were formed, which were washed with diethyl ether and filtered.

General method B: C3 bromination of KYNA analogues in
water-acetone mixture (3a-h)

0.45 mmol of kynurenic acid ethyl ester analogues were added
to a round bottom flask and dispersed with 20 mL of water and
acetone 1:1 ratio mixture and cooled to —10 °C with ice and
acetone. To this mixture, the brominating reagent solution was
added dropwise. The reaction was monitored using TLC. Once
the starting material was no longer observed, the mixture was
immediately diluted with 5 mL of brine and 10 mL of distilled
water and extracted with 30 mL of methylene chloride twice.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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The organic layer was separated, dried with Na,SO, and evap-
orated in vacuo. Crystals were formed, which were washed with
diethyl ether and filtered.

Ethyl 3-bromo-4-oxo-1,4-dihydroquinoline-2-carboxylate (3a)

Yield: 104 mg (78%), white solid, Mp.: 251-253 °C (Lit.:**:250-
251 °C) "H-NMR 4y (500.20 MHz, DMSO-dg, 30 °C, Me,Si) 1.39
(3H, t,/ = 7.0 Hz), 4.48 (2H, q, ] = 7.0 Hz), 7.45 (1H, t, ] = 7.61
Hz),7.70 (1H, d, ] = 8.57 Hz), 7.76 (1H, t,] = 7.5 Hz), 8.14 (1H, d,
8.4 Hz), 12.73 (1H, brs), "*C-NMR 4¢ (125.62 MHz, DMSO-d,,
30 °C, Me,Si) 14.3, 63.7, 103.3, 119.2, 119.3, 123.9, 125.3, 125.8,
133.4, 139.0, 141.3, 172.2. HRMS (HES]I) caled for [M + H]" =
295.99168 m/z, found: 295.99134 m/z (Ami = —1.2 ppm).

Ethyl 3-bromo-7-methoxy-4-oxo-1,4-dihydroquinoline-2-
carboxylate (3b)

Yield: 98 mg (67%), beige solid, Mp.: 206-210 °C. "H-NMR 0y
(500.20 MHz, DMSO-d,, 30 °C, Me,Si) 1.38 (3H, t, ] = 7.1 Hz),
3.87 (3H, s), 4.46 (2H, q,] = 7.0 Hz), 7.04 (1H, d,J = 9.2 Hz), 7.08
(1H, s), 8.04 (1H, d, 9.2 Hz), 12.46 (1H, brs), "*C-NMR 4 (125.62
MHz, DMSO-ds, 30 °C, Me,Si) 14.3, 56.1, 63.6, 99.8, 103.8, 115.7,
118.3, 127.8, 140.6, 140.9, 162.3, 163.1, 171.6. HRMS (HESI)
caled for [M + H]" = 326.00225 m/z, found: 326.00185 m/z (Ami =

—1.2 ppm).

Ethyl 3-bromo-7-chloro-4-oxo-1,4-dihydroquinoline-2-
carboxylate (3c)

Yield: 89 mg (60%), beige solid, Mp.: 249-251 °C (Lit.:** 244-245
°C) 'H-NMR §y; (500.20 MHz, DMSO-dg, 30 °C, Me,Si) 3.39 (3H,
t,J = 7.3 Hz), 4.48 (2H, q, ] = 7.3 Hz), 7.46 (1H, d, ] = 8.6 Hz),
7.75 (1H, s), 8.13 (1H, d, ] = 8.6 Hz), 12.76 (1H, brs), ">C-NMR
(125.62 MHz, DMSO-d,, 30 °C, Me,Si) 14.3, 63.8, 104.8, 118.6,
122.4, 125.8, 128.3, 137.9, 141.4, 162.1, 171.9. HRMS (HESI)
caled for [M + H]" = 329.95271 m/z, found: 329.95247 m/z (Ami =
—0.7 ppm).

Ethyl 3-bromo-7-methyl-4-oxo-1,4-dihydroquinoline-2-
carboxylate (3d)

Yield: 100 mg (72%), beige solid, Mp.: 248-252 °C "H-NMR 0y
(500.20 MHz, DMSO-dg, 30 °C, Me,Si) 1.38 (3H, t, /] = 7.1 Hz),
2.45 (3H, s), 4.46 (2H, q,J = 7.1 Hz), 7.27 (1H, d, ] = 8.4 Hz), 7.45
(1H, s), 8.03 (1H, d, J = 8.4 Hz), 12.58 (1H, brs), *C-NMR 6
(125.62 MHz, DMSO-d,, 30 °C, Me,Si) 14.3, 21.8, 63.6, 103.3,
118.4, 121.9, 125.8, 127.1, 139.2, 141.0, 143.8, 162.4, 171.9.
HRMS (HESI) caled for [M + H]" = 310.00733 m/z, found:
310.00703 m/z (Ami = —1.0 ppm).

Ethyl 3-bromo-6-methoxy-4-oxo-1,4-dihydroquinoline-2-
carboxylate (3e)

Yield: 95 mg (65%), beige solid, Mp.: 236-239 °C "H-NMR 0y
(500.20 MHz, DMSO-dg, 30 °C, Me,Si) 1.38 (3H, t, ] = 7.1 Hz),
3.86 (3H, s), 4.46 (2H, q,J = 7.1 Hz), 7.41 (1H, d, ] = 9.2 Hz), 7.51
(1H, s), 7.68 (1H, d, J = 9.2 Hz), 12.71 (1H, brs), *C-NMR dc
(125.62 MHz, DMSO-dg, 30 °C, Me,Si) 14.3, 56.0, 63.6, 102.6,
104.7, 121.3, 124.1, 125.1, 133.6, 139.9, 157.1, 162.4, 171.5.
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HRMS (HESI) caled for [M + H]" = 326.00225 m/z, found:
326.00217 m/z (Ami = —0.2 ppm).

Ethyl 3-bromo-6-chloro-4-oxo-1,4-dihydroquinoline-2-
carboxylate (3f)

Yield: 123 mg (83%), beige solid, Mp.: 258-260 °C "H-NMR 4y
(500.20 MHz, DMSO-dg, 30 °C, Me,Si) 1.38 (3H, t, J = 7.1 Hz),
4.47 (2H, q,] = 7.1 Hz), 7.75 (1H, d,J = 8.9 Hz), 7.80 (1H, d, ] =
8.9 Hz), 8.07 (1H, s), 12.90 (1H, brs), ">C-NMR d¢ (125.62 MHz,
DMSO-dg, 30 °C, Me,Si) 14.3, 63.8, 102.5, 121.9, 124.6, 124.7,
129.8,133.5, 138.3, 162.3, 171.4. HRMS (HESI) calcd for [M + H]*
= 329.95271 m/z, found: 329.95251 m/z (Ami = —0.6 ppm).

Ethyl 3-bromo-6-methyl-4-oxo-1,4-dihydroquinoline-2-
carboxylate (3g)

Yield: 100 mg (72%), beige solid, Mp.: 219-219 °C "H-NMR dy
(500.20 MHz, DMSO-dg, 30 °C, Me,Si) 1.38 (3H, t, J = 7.1 Hz),
2.43 (1H, s), 4.46 (2H, q, ] = 7.1 Hz), 7.60 (2H, m), 7.93 (1H, s),
12.66 (1H, brs), >C-NMR d¢ (125.62 MHz, DMSO-ds, 30 °C,
Me,Si) 14.3, 21.3, 63.6, 103.0, 119.3, 123.9, 124.9, 134.8, 134.9,
137.1, 140.8, 162.4, 171.2. HRMS (HESI) caled for [M + H]" =
310.00733 m/z, found: 310.00710 m/z (Ami = —0.7 ppm).

Ethyl 3,8-dibromo-7-methoxy-4-ox0-1,4-dihydroquinoline-2-
carboxylate (3h)

Yield: 41 mg (23%), white solid, Mp.: 206-209 °C. Isolated by
column chromatography, eluent: n-hexane : ethyl-acetate 1:1.
'H-NMR 6y (500.20 MHz, DMSO-d,, 30 °C, Me,Si) 1.36 (3H, t, ] =
7.1 Hz), 4.02 (3H, s), 4.42 (2H, q,J = 7.6 Hz), 7.35 (1H, d, ] = 8.9
Hz), 8.19 (1H, d,J = 8.9 Hz), 11.53 (1H, brs), **C-NMR 4 (125.62
MHz, DMSO-dg, 30 °C, Me,Si). HRMS (HESI) caled for [M + H]"
= 403.91276 m/z, found: 403.91238 m/z (Ami = —0.9 ppm).

3-Bromo-N-butyl-4-0xo0-1,4-dihydroquinoline-2-carboxamide

®)

Yield: 130 mg (90%), beige solid, Mp.: 226-230 °C "H-NMR dy
(500.20 MHz, DMSO-dq, 30 °C, Me,Si) 0.92 (3H, t, 7.3 Hz), 1.36-
1.44 (2H, m), 1.51-1.57 (2H, m), 3.28 (2H, q, J = 6.5 Hz), 7.41
(1H,t,J = 7.6 Hz), 7.63 (1H, d,J = 8.3 Hz), 7.72 (1H, t, ] = 7.6 Hz),
8.13 (1H, d, ] = 8.1 Hz), 8.97 (1H, brs), 12.61 (1H, brs), ">*C-NMR
6¢ (125.62 MHz, DMSO-dg, 30 °C, Me,Si) 14.1, 20.0, 31.1, 39.2,
102.0, 118.9, 123.8, 124.9, 125.7, 132.9, 139.1, 146.4, 162.1,
172.1. HRMS (HESI) calced for [M + H]" = 323.03897 m/z, found:
323.03872 m/z (Ami = —0.8 ppm).

N-butyl-4-oxo0-1,4-dihydroquinoline-2-carboxamide (4)

1 mmol of kynurenic acid ethyl ester was added to a round
bottom flask and dissolved in 15 mL of ethanol. 2 mL of butyl
amine was added to the solution and refluxed for 8 h. The
reaction mixture was concentrated in vacuo and with diethyl
ether greenish crystals were formed. The crystals were filtrated
and washed with diethyl ether.

Yield: 214 mg (88%), greenish solid, Mp.: 287-290 °C 'H-
NMR 6y (500.20 MHz, DMSO-dg, 30 °C, Me,Si) 0.91 (3H, t, ] =
7.5 Hz), 1.30-1.38 (2H, m), 1.51-1.57 (2H, m), 3.29-3.32 (under
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water), 6.68 (1H, s), 7.33 (1H, t, J = 7.0 Hz), 7.66 (1H, t,] = 7.3
Hz), 7.93 (1H, d,J = 8.2 Hz), 8.05 (1H, d, 7.8 Hz), 8.97 (1H, brs),
11.77 (1H, brs), ®C-NMR ¢ (125.62 MHz, DMSO-ds, 30 °C,
Me,Si) 14.1, 20.0, 31.3, 40.2, 107.3, 119.9, 124.1, 125.3, 126.0,
132.7,140.3, 142.2, 162.2, 178.1. HRMS (HES]I) calcd for [M + H]*
= 245.12845 m/z, found: 245.12805 m/z (Ami = —1.7 ppm).

Ethyl 3-amino-4-oxo-1,4-dihydroquinoline-2-carboxylate (6)

0.35 mmol of 3a was measured into a round bottom flask and
dissolved in a mixture of 9 mL of acetonitrile and 1 mL of N,N-
dimethylformamide. 2 equivalent NaN; was added to the solu-
tion and stirred at 90 °C for 12 hours. The reaction mixture was
extracted with methylene chloride and distilled water. The
organic layer was dried over Na,SO, and evaporated in vacuo.
The compounds were separated by column chromatography
(eluent: CH,Cl,:MeCN 5:1), crystallized with n-hexane and
filtered on a glass filter.

Yield: 44 mg (55%), Mp.: 170-173 °C (Lit.36: 174-175 °C) 1H-
NMR 6y (500.20 MHz, DMSO-d6, 30 °C, Me4Si) 1.40 (3H, t, ] =
7.1 Hz), 4.46 (2H, q,J = 7.1 Hz), 6.03 (2H, brs), 7.14 (1H, ¢,] = 7,4
Hz), 7.53 (1H, ¢,/ = 7.4 Hz), 7.83 (1H, d, ] = 8.6 Hz), 8.05 (1H, d,
8.3 Hz), 11.04 (1H, brs), *C-NMR ¢ (125.62 MHz, DMSO-d,,
30 °C, Me,Si) 14.8, 62.1, 111.7, 119.3, 119.4, 121.6, 125.2, 131.8,
136.6, 138.2, 164.8, 171.4. HRMS (HESI) calcd for [M + H]" =
233.09207 m/z, found: 233.09190 m/z (Ami = —0.7 ppm).

Data availability

We declare that the data supporting this article have been
included as part of the ESL.f

Author contributions

Levente Torteli: writing - review & editing, writing — original
draft, investigation. Péter Simon: writing - review & editing,
writing - original draft, investigation. Robert Berkecz: HRMS
measurements. Istvan Szatmari: writing - review & editing,
conceptualization.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

The authors thank the Hungarian Research Foundation (OTKA
No. K-138871), and the Ministry of Human Capacities, Hungary
grant, TKP-2021-EGA-32.

References

1 F. Rossi, R. Miggiano, D. M. Ferraris and M. Rizzi, Front. Mol.
Biosci., 2019, 6, 7.

2 L. Vécsei, L. Szalardy, F. Fiilop and J. Toldi, Nat. Rev. Drug
Discovery, 2013, 12, 64.

26426 | RSC Adv, 2025, 15, 26420-26427

View Article Online

Paper

3 M. D. Lovelace, B. Varney, G. Sundaram, N. F. Franco,
M. L. Ng, S. Pai, C. K. Lim, G. J. Guillemin and B. J. Brew,
Front. Immunol., 2016, 7, 246.

4 F. To6th, E. K. Cseh and L. Vécsei, Int. J. Mol. Sci., 2021, 22,
403.

5 E. Rozsa, H. Robotka, L. Vécsei and J. Toldi, J. Neural
Transm., 2008, 115, 1087.

6 E. Wirthgen, A. Hoeflich, A. Rebl and ]. Ginther, Front.
Immunol., 2018, 8, 1957.

7 J. Wang, N. Simonavicius, X. Wu, G. Swaminath, J. Reagan,
H. Tian and L. Ling, J. Biol. Chem., 2006, 281, 22021.

8 T. W. Stone, J. Neurochem., 2020, 152, 627.

9 L. Juhasz, A. Rutai, R. Fejes, S. P. Tallosy, M. Z. Poles,
A. Szabo, 1. Szatmari, F. Fiilop, L. Vécsei, M. Boros and
J. Kaszaki, Front. Med., 2020, 7, 566582.

10 F. Moroni, S. Fossati, A. Chiarugi and A. Cozzi, Int. Congr.
Ser., 2007, 1304, 305.

11 D. Zhen, J. Liu, X. D. Zhang and Z. Song, Front. Endocrinol.,
2022, 13, 847611.

12 A. Ostapiuk and E. M. Urbanska, CNS Neurosci. Ther., 2022,
28, 19.

13 F. Moroni, A. Cozzi, M. Sili and G. Mannaioni, J. Neural
Transm., 2012, 119, 133.

14 Z. Majlath, A. Annus and L. Vecsei, Curr. Drug Targets, 2018,
19, 805.

15 E. Bratek-Gerej, A. Ziembowicz, ]J. Godlewski and E. Salinska,
Antioxidants, 2021, 10, 1775.

16 C.-M. Chen, C.-Y. Huang, C.-H. Lai, Y.-C. Chen, Y.-T. Hwang
and C.-Y. Lin, J. Liposome Res., 2024, 34, 1.

17 C. Klein, C. Patte-Mensah, O. Taleb, J.-J. Bourguignon,
M. Schmitt, F. Bihel, M. Maitre and A. G. Mensah-Nyagan,
Neuropharmacology, 2013, 70, 254.

18 A. Pocivavsek, F. M. Notarangelo, H.-Q. Wu, J. P. Bruno and
R. Schwarcz, Handbook of Behavioral Neuroscience, Elsevier,
2016, vol. 23, p. 423.

19 A. Fejes-Szabo, Z. Bohar, E. Vamos, G. Nagy-Grocz, L. Tar,
G. Veres, D. Zadori, M. Szentirmai, J. Tajti, I. Szatmari,
F. Fiilop, J. Toldi, A. Pardutz and L. Vécsei, J. Neural
Transm., 2014, 121, 725.

20 E. Knyihar-Csillik, A. Mihaly, B. Krisztin-Peva, H. Robotka,
I. Szatmari, F. Filop, J. Toldi, B. Csillik and L. Vécsei,
Neurosci. Res., 2008, 61, 429.

21 G. S. Deora, S. Kantham, S. Chan, S. N. Dighe, S. K. Veliyath,
G. McColl, M.-O. Parat, R. P. McGeary and B. P. Ross, ACS
Chem. Neurosci., 2017, 8, 2667.

22 L. D.F. Alves, J. B. Moore and D. B. Kell, Int. J. Mol. Sci., 2024,
25, 9082.

23 M. Conrad, L. Limpach and B. Dtsch, Chem. Ges., 1887, 20,
944.

24 J.-C. Brouet, S. Gu, N. P. Peet and J. D. Williams, Synth.
Commun., 2009, 39, 1563.

25 N. D. Heindel, T. A. Brodof, J. E. Kogelschatz and J. Het,
Chem, 1966, 3, 222.

26 B. Lérinczi and 1. Szatmari, Int. J. Mol. Sci., 2021, 22, 11935.

27 K. Molnar, B. Lérinczi, C. Fazakas, I. Szatmari, F. Filop,
N. Kmetyko, R. Berkecz, L. Ilisz, I. A. Krizbai, I. Wilhelm
and L. Vécsei, Pharmaceutics, 2021, 13, 61.

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra04301h

Open Access Article. Published on 23 July 2025. Downloaded on 6/10/2026 9:52:54 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

28 F. Fiilop, I. Szatmari, J. Toldi and L. Vécsei, J. Neural Transm.,
2012, 119, 109

29 K. Nagy, I. Plangar, B. Tuka, L. Gellért, D. Varga, I. Demeter,
T. Farkas, Zs. Kis, M. Marosi, D. Zadori, P. Klivényi, F. Fulop,
I. Szatmari, L. Vécsei and J. Toldi, Bioorg. Med. Chem., 2011,
19, 7590.

30 A. R. Surrey and R. A. Cutler, J. Am. Chem. Soc., 1946, 68,
2570.

31 K. Onda, F. Narazaki, N. Ishibashi, K. Nakanishi, Y. Sawada,
K. Imamura, K. Momose, S. Furukawa, Y. Shimada,
H. Moriguchi, M. Yuda, H. Kayakiri and M. Ohta, Bioorg.
Med. Chem. Lett., 2011, 21, 6861.

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

32 M. S. Shmidt, M. C. Garcia Vior, S. D. Ezquerra Riega,
J. M. Lazaro-Martinez, M. 1. Abasolo, A. Lazaro-Carrillo,
A. Tabero, A. Villanueva, A. G. Moglioni, M. M. Blanco and
J. C. Stockert, Dyes Pigm., 2019, 162, 552.

33 T. Suzuki, H. Morishita and K. Fukuhara, J. Clin. Biochem.
Nutr., 2021, 68, 215.

34 P. Simon, B. Lérinczi, A. Hetényi and 1. Szatmari, ACS Omega,
2023, 8, 17966.

35 J. Muzart, Tetrahedron, 2009, 65, 8313.

36 N. E. Britikova, L. A. Belova and A. S. Elina, Khim. Geterotsikl
Soedin., 1975, 11, 1575.

RSC Adv, 2025, 15, 26420-26427 | 26427


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra04301h

	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h

	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h

	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h
	Selective heterofunctionalization of kynurenic acid derivativesElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d5ra04301h


