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Abstract

Ring fused 2-pyridones are biologically active substances with a broad range of
applications. It is well known that 2-pyridones are affecting amyloid fiber aggregation
and function as pilicides. Since bacteria are developing ever new resistances against
antibiotics, focus is laid on the synthesis of newly formed 2-pyridones. The ability to
function as pilicide is of special interest, since pili are used by the bacterium to attach to
host cells and are important for their pathogenicity. Targeting pili formation renders the
bacterium harmless, but does not effect potentially positive bacteria in the human gut
system, a feature not often accomplished in other antibiotics. This study focused on the
synthesis of highly substituted ring fused 2-pyridones via a new useful trihalogenated
intermediate. Starting from pyridone formation via ketene-imine cycloaddition, followed
by regioselective halogenations, the trihalogenated intermediate was obtained in a good
yield. The substitution of chlorine at position 7 with an azide substrate allowed the
introduction of regioisomer triazoles (1,4- and 1,5-triazoles) selectively. Transition
metal-mediated couplings could not be performed selectively and rendered low yield (5-8
%), but the isolation and characterization of coupled products were achievable, which
can serve as a reference for future optimization studies. Furthermore, regioselective
fluorination reactions were investigated which proved to be inefficient since the outcome
was confirmed as sulfur oxidation being the favored reaction.
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CUP chaperone-usher pathway
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1. Introduction

1.1 The effect of pili on Uropathogenic E.coli

E.coli (Escherichia coli) is a gram negative bacterium which is found in abundance in a
variety of animals as well as in human gut flora. Most strains of E.coli are beneficial to
their host by producing vitamin K2, for example.1 However, some E.coli strains like
uropathogenic ST-131 are harmful.2 In humans, gastrointestinal infections, urinary tract
infections (UTI) and newborn meningitis are all mostly caused by uropathogenic
E.coli.2,3,4 According to CDC (Centers for disease control and prevention), an estimated
93.300 people in the U.S. suffer from UTI.
The patients are treated with antibiotics, but since many bacteria have acquired
resistance against commonly used antibacterial drugs the success of the treatments is
lessened. Some traditional antibiotics, used against UTI, like fluoroquinolones inhibit
topoisomerase II and IV which manage the supercoils in the bacterial DNA. This leads to
the killing of bacteria. To address a second problem next to the acquisition of resistances
against antibiotics, namely the indiscriminate acting on the pathogen as well as on
beneficial bacteria, scientists concentrate on creating a new way of antibiotics. This way
focuses on reducing pathogenicity of bacteria.5
Pili (fimbriae) are hair like structures which help the bacteria to attach to the host cells.
Targeting this adhesive feature of bacteria is desirable because it does not kill the
bacterium, but counters its pathogenicity. Type 1 pili and P pili are the types that causes
UTI. Type 1 pili affects the bladder and leads to a disease called cystitis, whereas P pili
leads to kidney damages, pyelonephritis.6,7,8 The pili assembly is known to be done via
chaperone-usher pathway (CUP). So it is essential to target the bacterial periplasmic
chaperone.6

1.2 Fibrils a major component in biofilm formation and amyloidoses

Fibrils are β sheet rich oligomeric structures. Amyloid fibrils, which are an aggregation
product of insoluble often unfolded protein parts, are considered to have a main role in
amyloidoses, such as Alzheimer’s disease (AD) and Parkinson’s disease (PD). In some
cases the fact that proteins are not folded correctly can result in aggregation of proteins
in different tissues, therefore causing those amyloid diseases.9 The common feature of
these amyloidoses is considered to be the cross-β formation of fibrils, which occurs when
the β sheet strains are perpendicular to the fibril axis.9,10 Although the mechanism is not
completely known, the assumption is that the amyloid assembly occurs via an oligomeric
intermediate.10

Amyloid fibrils do not only lead to amyloid diseases, but also play a major role in biofilm
formation of bacteria. Curli are curled hair like structures which are involved in adhesion,
invasion and biofilm formation in E.coli or Salmonella. One of the most studied curli
proteins is E.coli CsgA, a protein involved in biofilm formation.10,11 In vivo and in vitro
studies showed that FN075 (a ring fused 2-pyridone structured molecule), Figure 1, has
an inhibitory effect on CsgA fibril formation, and is therefore called a curlicide, whereas,
in vitro studies show that it stimulates α-synuclein fibers which are involved in PD.12It
also has been shown with in vitro assays that FN075, inhibits Aβ peptide (involved in AD)
fibril formation.13 These results showed that FN075 has diverse effects on different
amyloid proteins.
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Figure 1 : The structure of FN075.

1.3 Thiazolino ring-fused 2-pyridones and structure-activity relationship
studies

Due to their broad biological activity, such as antibacterial, antifungal, antifeedant,
neurotrophic activity, 2-pyridones have received attention from pharmaceutical
companies.14,15,16,17Pharmaceuticals such as Amrinone®(heart failure treatments)18,
Perampanel®(antiepileptic drug)19 contain 2-pyridone core as their active ingredients,
Figure 2. Other chemicals containing a 2-pyridone core such as Octopirox®(piroctone
olamine, antifungal, used as antidandruff in shampoos), Figure 2, are also used in the
cosmetics industry.20

Figure 2: The structure of active ingredients of commercially available chemicals which are used
in pharma or cosmetics industry for different purposes. Amrinone ®( on the left hand side) is
used to treat heart failures, Octopirox ®(in the middle) is used in cosmetics industry as an
(antifungal) antidandruff in shampoos and lastly Perampanel ®( on the right hand side) is used
as an antiepileptic or anticonvulsant agent.18,19,20 All three compounds share one common
structure which is showed in blue, 2-pyridone structure.

One of the most common applications of 2-pyridones is in peptide synthesis.21

Compounds with peptide nature such as 2-pyridones (cylic amide structure), are
renowned to be used in peptidomimetics.6 Peptidomimetics studies are a well known
approach to drug design and involve various different strategies like replacing the
peptide bond with different functional groups which would mimic it, or like in the ring
fused 2-pyridones case, mimicking the target peptide. The design of thiazolino ring fused
2-pyridones as pilicides is based on the peptidomimetic studies in reference to the
C-terminus of PapG. PapG forms the tip of P pili and has adhesive properties helping to
attach to epithelial cells in the upper urinary tract. Additionally, it is interacting with the
highly conserved residues Arg8 and Lys112 of the bacterial chaperone PapD. Thiazolino
ring fused 2-pyridones mimic the C-terminus of PapG, Figure 3.6
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Figure 3: The structure of the C-terminus of PapG adhesin (left hand side) and thiazolino ring
fused 2-pyridone (right hand side). The C-terminus of PapG is mimicked by the 2-pyridone core
next to it. The hydrophobic part of the peptide is represented in green, the red part (carboxylic
acid) is anchored to Lys 112 and Arg 8 residues of the chaperone PapD. Lastly, the blue coloured
part is the peptide bond which is present in the 2-pyridone core.

Thiazolino ring fused 2-pyridones also can alter amyloid aggregation. Thus,
structure-activity relationship (SAR) studies were performed and showed that the
functionalization of different positions of the thiazolino ring fused 2- pyridone alters this
biological activity. In the general 2-pyridone structure, Figure 3, R2 represents the
hydrophobic part of PapG, so hydrophobic substituents such as a naphthalene group at
this position are essential for pilicide activity. Pilicide activity can be supported by the
addition of hydrophobic groups like phenyl or cyclopropyl groups. In general increasing
the hydrophobicity with electron donating groups at position R1 improves the pilicide
activity of the compound.6 Carboxylic acid at R4 position is critical for the pilicide activity
since it provides ionic and hydrogen bond interactions with the Arg 8 and Lys 112
residues of PapD.6,13 Furthermore, aryl substituents such as phenyl, furan at R5 result in
an enhanced pilicide activity based on the docking studies done on the crystal structure
of the N-terminal domain of PapD.23 In order to improve the poor water solubility of the
existing pilicides, hydrogen bond donating hydrophilic groups such as -CH2OH,
-CH2NH2R substituents, Figure 4, at position R3 are introduced.24,25

Figure 4: Schematics of thiazolino ring fused 2- pyridone and substitutions that render either
pilicide activity (red) or curlicide activity (green) or both (dark blue). Additionally, the
substitution at R3, which is shown with light blue, improves the solubility of the pilicides.24,25
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The 2-pyridone scaffold is also known to inhibit curli assembly by targeting the curli
subunit protein, CsgA and preventing its polymerization. Large groups such as naphthyl
group at R2 is important for the curlicide activity, since this part mimics the hydrophobic
β sheet regions in target proteins. The substitutions at the R1 position and carboxylic
acid at R4 are critical for the curlicide activity. Large aryl groups such as electron
withdrawing trifluoro toluene groups, as viewable in Figure 4 seem to have anti amyloid
activity and these compounds have retained pilicide activity.12,22

1.4 The synthesis of highly substituted ring fused 2-pyridones

The formation of the ring fused 2-pyridone core was developed in a selective
ketene-imine cycloaddition reaction by the Almqvist group during the synthesis of the
ß-lactams, which have also been reported as pilicides.15,26,27Traditionally, ß-lactams were
synthesized with good to excellent yields from thiazoline and Meldrum’s acid derivatives
when there is a hydrogen present at the position 2 on thiazoline ring, but changing the
substituent at the position 2, resulted in a formation of 2- pyridones, Scheme 1.

Scheme 1: The selective synthetic route to ß-lactams or 2-pyridones from Meldrum’s acid and
thiazole ring derivates by choosing the R substituent.15

This method allows access to ring fused 2-pyridone core in a regioselective fashion in
good yields. It is possible to introduce different substituents of 2-pyridones since the
synthesis itself creates variety. Substitution at position 7 and 8 can be acquired with an
already substituted starting material thiazoline or Meldrum’s acid, Scheme 1. Different
substituents from large aryl groups such as naphthalene or small aliphatic groups e.g.
methyl groups are introduced successfully.15 Although it is a beneficial fact that the
substitutions at position 7 and 8 are introduced when the bicyclic 2-pyridone is formed,
it is not easy to create diverging libraries in a short term. It is time consuming and also
requires additional steps. This procedure also does not allow the substitution at positions
2 and 6. Thus, Bengtsson et al showed late stage functionalization at position 6 and 8 via
a dihalogenated intermediate followed by metal couplings, Scheme 2.28
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Scheme 2: Synthesis of the highly substituted 2-pyridone core. First step is a bromination at
position 6, followed by the iodination at position 8 and the substitution at position 6 and 8 via
Suzuki-Miyaura reactions, Reagents and conditions : (a) 47 % HBr (aq), isoamyl nitrite, -40 - 5° C,
6h; (b) NIS, acetonitrile, reflux, 3.5h; (c)R1- boronic acid or R2- boronic acid, KF, Pd(OAc)2 or
PEPPSI-iPr, methanol, mW, 110° C or 120° C, 10 minutes.

In the previously mentioned work28, position 7 was substituted when the pyridone core
was formed, but position 8 was left open for various substitution possibilities. First it was
halogenated selectively and then by using different boronic acids, this position could be
substituted via Suzuki- Miyaura reactions with moderate to good yields. Selective
halogenations were done first at position 6 then followed by halogenation at position 8.
Substitution at position 6 was achieved after the 2-pyridone core was formed since the
method explained previously does not allow the direct substitution at this position when
the 2-pyridone core is formed. Finally, both positions (6 and 8) were substituted with
large aryl groups, Scheme 2. This method served as a promising methodology for future
functionalizations. However, direct substitution at position 7 from Meldrum’s acid and
thiazolino derivates, is stoichiometrically inefficient since it requires 3 equivalents of
Meldrum’s acid derivates to react and it limits the diversity of substituents at this
position. Thus a useful intermediate would be helpful to serve this purpose, like the
bromomethylated intermediate, Scheme 3.29

Scheme 3: The synthetic route to bromomethylated intermediate via cycloaddition of bromo
meldrum’s acid derivative and thiazoline derivative. (a) TFA, dichloroethane, MW: 140° C, 2.5
minutes.

The bromomethylated intermediate opens the way to further substituents. A variety of
substitutions could be achieved by substitution on this benzylic halide, Scheme 4.
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Scheme 4: The substitution of bromomethylated intermediate with different functional groups
at position 7 via different synthetic pathways. (a) Amine (piperidine, morpholine or
1,2,3,4-tetrahydroisoquinoline), DMF, rt, 30 minutes; (b) NaN3, DMF, rt, 15 minutes; (c) Zn,
NH4Cl, EtOH:H2O (3:1), rt, 20 minutes; (d) benzenesulfonyl chloride or 1-naphthalenesulfonyl
chloride, NEt3, CH2Cl2, rt; (e) benzoyl chloride or 1-naphthoyl chloride, NEt3, CH2Cl2, rt.

However, here the position 8 is already substituted with cyclopropyl- or m-CF3-phenyl-
groups. Thus it is not available for further substitution to introduce more variety. In
order to further increase diversification, a trihalogenated intermediate, Scheme 5,
would be useful.

Scheme 5: The structure of the trihalogenated intermediate.

Once the trihalogenated intermediate is synthesized, more synthesis possibilities are
achievable. Potentially position 7 can be substituted with important functional groups
shown in Scheme 6, such as -CN,-N3 groups via SN2 reactions. Selective transition
metal-mediated coupling reactions could also be possible to be performed at positions 6,
7 and 8.
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Scheme 6: Potential substitutions at positions 6,7 and 8 starting from the trihalogenated
intermediate.

1.5 Aim of the diploma work

The aim of the study was to introduce different substituents to bicyclic 2-pyridones via a
newly developed trihalogenated intermediate and optimize the latter in respect to yield
and purity. If the syntheses of these compounds are successful future tests for bioactivity
could be conducted.

2. Popular scientific summary including social and
ethical aspects

2.1 Popular scientific summary

Urinary Tract infections are serious infections affecting the kidneys, bladder, ureters and
urethra. The treatment for such infections can be done via antibiotic uptake. However, it
is hard to treat patients with the commonly used antibiotics, since the bacteria which are
responsible for these infections, develop resistances against them. Another problem is
that some of the antibiotics target the large bacterial flora which also includes beneficial
bacteria, and kill the beneficial ones as well. In order to address these problems, different
approaches can be used to target rather the ability of bacteria to cause such infections,
meaning their pathogenicity. One determinant of bacterial pathogenicity is their ability
to attach to their target. Scientists work on developing new antibiotics which would
counter pathogenic bacterial traits. This project involves a new approach to synthesis of
thiazolino ring fused 2-pyridones, compounds potentially helpful in combating bacterial
pathogenicity.

2.2 Social and ethical aspects

The class of compounds whose synthesis was investigated in this project was thought to
be useful for society since they have biological activity like antibacterial, neuropathical
activity. In order to be sure that no incorrect data is published in this thesis project, all
experiments were repeated at least once and the data was double checked.
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3. Experimental Section

3.1 General Chemistry

The 1H-NMR and 13C- NMR spectra were obtained using a Bruker DRX-400 or a Bruker
DRX- 600 machine with the following solvents: CDCl3, (CD3)2SO or C6D6 (calibrated
residual solvent peaks respectively, δH = 7.26 ppm, δC = 77.16 ppm; δH = 2.49 ppm, δC
= 39.5 ppm; δH = 7.16 ppm, δC = 128.4 ppm). Thin Layer chromatography (TLC) was
performed on a Merck 60 F254 silica gel and checked under UV light at 254 nm. The
LC-MS analysis was performed using Waters liquid Chromatography on XTerra MS C18

(50 × 19 mm, 5 mm, 125 Å) column and a complementary combined Waters Micromass
ZG 2000 mass detector was used to obtain the mass spectra using the detection of
negative (ES-) and positive (ES+) molecular ions. The detection was done at 214 and 254
nm and an H2O (0.2 % formic acid)/ acetonitrile (0.2 % formic acid) eluent system was
used for the data analysis. Preparative HPLC was performed on Gilson System applying a
VP250/21 NUCLEODUR HTEC 5μm C18 reverse phase column using Mili-Q H2O (0.75 %
formic acid)/ acetonitrile (0.75 % formic acid) eluent system and the UV spectrum was
measured at 214 and 254 nm. Unless stated otherwise, the column chromatography was
performed via an automated Biotage Isolera One system and biotage SNAP cartridge
vessels (column) with different loading capacities (10, 25, 50, 100 g) were used to load
the samples. Ethyl acetate/heptane eluent system was used. For the microwave reactions,
Biotage Initiator 400W was used. Perkin- Elmer spectrum BX FT-IR system was used for
the IR detection.

3.2 Chemical Synthesis

3.2.1 Synthesis of (4R)-2-methyl-4,5-dihydrothiazole-4-carboxylic acid
methyl ester (1):

L-Cysteine methyl ester (23.0 g, 130 mmol) was suspended in DCM (300 mL, 4.68 mmol)
and TEA (25 mL, 183 mmol) was added to the mixture while the solution stirred for 20
minutes at 0° C, followed by the addition of ethyl acetimidate hydrochloride (15.0 g, 122
mmol) to the reaction mixture, which was then allowed to reach room temperature and
stirred overnight. After completion as determined by TLC, the mixture was diluted with
DCM, then washed with water and saturated NaHCO3 and extracted with DCM. The
combined organic layers were dried with Na2SO4, then filtered, then finally concentrated
to afford 19.5 g product (quantitative). 1H-NMR Data in agreement with published
procedures.15,30,31

1H NMR (400 MHz, CDCl3) δ 5.08-4.99 (m, 1H), 3.79 (s, 3H), 3.60 (dd, J = 11.3, 9.1 Hz,
1H), 3.51 (dd, J = 11.3, 9.4 Hz, 1H), 2.25 (d, J = 1.7, 3H).
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3.2.2 Synthesis of 5-(1-hydroxy-2-chloroethylene)-2,2-dimethyl[1,3]dioxane-
4,6-dione (2):

The mixture of 2,2-Dimethyl-1,3-dioxane-4,6-dione (20.0 g, 139 mmol), chloroacetic
acid (12.7 g, 135 mmol) and DMAP (17.3 g, 142 mmol) were combined at 0° C, followed
by the dropwise addition of 1 M solution of DCC in DCM (266 mL, 160 mmol) over an
hour. The reaction mixture was left overnight while stirring at rt. The reaction mixture
was diluted with 6 % KHSO4 and filtered through a celite pad, then washed with 6 %
KHSO4 and extracted with DCM. The combined organic layers were dried with Na2SO4,
filtered and concentrated to obtain 26.3 g product (86 %).15 1H-NMR Data in agreement
with published procedures.35

1H NMR (400 MHz, CDCl3) δ 4.88 (s, 2H), 1.76 (s, 6H).

3.2.3 Synthesis of (3R)-7-chloromethyl-5-oxo-2,3-dihydro-5H-
thiazolo[3,2-a]pyridine-3-carboxylic acid methyl ester (3):

The mixture of 1 (6.6 g, 41 mmol) and 2 (36.6 g, 166 mmol) was suspended in DCE (1.5
mL, 0.02 mmol), TFA was added last (5.9 mL, 76 mmol) and the reaction heated to 120°
C for 3 minutes in the microwave. When the reaction was completed, the mixture was
diluted with DCM, then washed with saturated NaHCO3 and extracted a few times with
DCM. The combined organic layers were dried with Na2SO4, filtered and concentrated.
The crude product was purified by a manual flash chromatography with a
heptane/ethylacetate eluent system on silica gel to obtain 6.5 g product (60 %).15,29

IR λ (cm-1) 1749, 1660, 1580, 1513, 1216. 1H NMR (400 MHz, CDCl3) δ 6.29-6.27 (m, 1H),
6.19 (d, J =1.4 Hz, 1H), 5.57 (dd, J = 8.4, 2.3 Hz, 1H), 4.32 (d, J = 0.6 Hz, 2H), 3.81 (s,
3H), 3.75 (dd, J = 11.6, 8.3 Hz, 1H), 3.57 (dd, J = 11.7, 2.2 Hz, 1H). 13C NMR (100MHz,
CDCl3) δ 168.2, 161.5, 150.7, 148.0, 114.0, 100.2, 62.6, 53.4, 44.2, 32.0; ESI-MS (m/z)
calculated for C10H10ClNO3S (M+), 260.01; found, 260.0.

3.2.4 Synthesis of (3R)-6-bromo-7-chloromethyl-5-oxo-2,3-dihydro- 5H-
thiazolo [3,2-a]pyridine-3-carboxylic acid methyl ester (4):
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The reaction mixture of 3 (1000 mg, 3.85 mmol) and 47 % HBr aqueous solution (0.2
mL, 3.77 mmol) was dissolved in DCM (3.8 mL) and cooled to -40° C with an
acetone/dry ice bath. After the addition of isoamyl nitrite (1 mL, 7.7 mmol), the reaction
mixture was stirred for 5 hours, while being allowed to warm up to 5° C. The mixture was
diluted with DCM, then it was washed with saturated NaHCO3 and 10 % Na2S2O5, then
extracted with DCM. The combined organic layers were dried with Na2SO4, filtered and
concentrated. Purified by flash chromatography (heptane/ethylacetate, SiO2) to obtain 1
g product (77 %).28

IR λ (cm-1) 2954, 1748, 1647, 1581, 1494, 1215. 1H NMR (400 MHz, CDCl3) δ 6.39 (s, 1H),
5.61 (dd, J = 8.5, 2.3 Hz, 1H), 4.56(d, J = 12.9 Hz, 1H), 4.51 (d, J = 13.0 Hz, 1H), 3.82 (s,
3H), 3.80-3.77 (m, 1H), 3.59 (dd, J = 11.8, 2.3 Hz, 1H). 13C NMR (400MHz, CDCl3) δ
167.8, 157.7, 148.8, 146.7, 110.9, 100.8, 63.9, 53.6, 44.9, 32.4; ESI-MS (m/z) calculated
for C10H9BrClNO3S (M+), 337.92; found, 337.8 [79Br], 339.8 [81Br].

3.2.5 Synthesis of (3R)-6-bromo-7-chloromethyl-8-iodo-5-oxo-2,3-dihydro-
5H-thiazolo[3,2-a]pyridine-3-carboxylic acid methyl ester (5):

Compound 4 (200 mg, 0.6 mmol) was suspended in acetonitrile (2.9 mL, 0.06 mmol),
NIS (100 mg, 0.6 mmol) was added and the mixture refluxed for 4 hours. The crude
product was washed with saturated NaHCO3 and 10 % Na2S2O5, then extracted with ethyl
acetate. The combined organic phases were dried with Na2SO4, filtered and concentrated
to remove ethyl acetate. Purified by flash chromatography (heptane/ethylacetate, SiO2)
to afford 224 mg product (82 %).28

IR λ (cm-1) 1750, 1647, 1556, 1470, 1219. 1H NMR (400 MHz, CDCl3) δ 5.89 (dd, J = 8.8
2.3 Hz, 1H), 4.78 (d, J = 11.0 Hz, 1H), 4.71 (d, J = 11.0 Hz, 1H), 3.85-3.80 (m, 4H), 3.56
(dd, J = 11.8, 2.3 Hz, 1H). 13C NMR (100MHz, CDCl3) δ 167.6, 157.2, 152.6, 148.8, 112.3,
67.0, 63.1, 53.7, 50.2, 31.4; ESI-MS (m/z) calculated for C10H8BrClINO3S (M+), 463.81;
found, 463.6 [79Br], 465.6 [81Br].

3.2.6 Synthesis of (3R)-7-azidomethyl-6-bromo-8-iodo-5-oxo-2,3-dihydro-
5H-thiazolo[3,2-a]pyridine-3-carboxylic acid methyl ester (6):

Compound 5 (150 mg, 0.32 mmol) was suspended in acetonitrile (1.9 mL, 0.04 mmol)
was added to NaN3 (25 mg, 0.39 mmol) and heated by microwave for 30 minutes at 80°
C. The crude product was washed with brine and extracted with ethyl acetate. The
combined organic phases were dried with Na2SO4, filtered and then concentrated to
afford 130 mg product (87 %).
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IR λ (cm-1) 2102, 1750, 1648, 1556, 1470, 1218. 1H NMR (400 MHz, CDCl3) δ 5.91 (dd, J =
8.6, 1.4 Hz, 1H), 4.70 (d, J = 12.9 Hz, 1H), 4.60 (d, J = 12.8 Hz, 1H), 3.86-3.81 (m, 4H),
3.61 (dd, J = 11.6, 1.5 Hz, 1H). 13C NMR (100MHz, CDCl3) δ 167.6, 157.2, 152.7, 147.3,
112.8, 67.0, 63.5, 58.2, 53.7, 31.4; ESI-MS (m/z) calculated for C10H8BrIN4O3S (M+),
470.85; found, 470.6 [79Br], 472.6 [81Br].

3.2.7 Synthesis of (3R)-6-bromo-7-[(1H-1,2,3-triazol-4-phenyl)methyl]8-
iodo-5-oxo-2,3-dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic acid methyl
ester (7):

Compound 6 (255 mg, 0.54 mmol) was suspended in 0.27 mL (0.2 M)
ethanol/chloroform mixture (ratio 7: 1), followed by the addition of sodium ascorbate (53
mg, 0.27 mmol), CuSO4 (20 mg, 0.14 mmol) and phenylacetylene (0.08 mL, 0.74 mmol),
then stirred at rt for 2 hours. Once the completion was confirmed, the crude product was
washed with NaHCO3 and extracted with ethyl acetate. The combined organic layers
were dried with Na2SO4, filtered through a celite pad and concentrated to afford 250 mg
product (80 %). For characterization purposes, a small amount of the product was
further purified via preparative HPLC (acetonitrile (0.75 % formic acid)/water (0.75 %
formic acid)).
IR λ (cm-1) 1764, 1638, 1605, 1511, 1431, 1265, 1232. 1H NMR (600 MHz, C6D6) δ7.93 (dd,
J = 7.5, 1.3 Hz, 2H), 7.49 (s, 1H), 7.19 (t, J = 7.8 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 5.36 (dd,
J = 9.1, 2.1 Hz, 1H), 5.12 (d, J = 14.1 Hz, 1H), 5.06 (d, J = 14.1 Hz, 1H), 3.21 (s, 3H), 2.68
(dd, J = 11.9, 9.1 Hz, 1H), 2.54 (dd, J = 11.9, 2.2 Hz, 1H). 13C NMR (100MHz, CDCl3) δ
167.5, 157.1, 153.7, 148.0, 145.7, 130.2, 128.9, 128.3, 125.8, 119.5, 114.0, 67.1, 63.4, 58.3,
53.8, 31.4; ESI-MS (m/z) calculated for C18H14BrIN4O3S (M+), 572.90; found, 572.6 [79Br],
574.6 [81Br].

3.2.8 Synthesis of (3R)-6-bromo-7-[(1H-1,2,3-triazol-5-phenyl)methyl]8-
iodo-5-oxo-2,3-dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic acid methyl
ester (8):

1,4-dioxane (0.8 M) was degassed before it was added to the mixture of 6 (200 mg, 0.42
mmol), phenylacetylene (50 mg, 0.47 mmol), 20 mol-%
Pentamethylcyclopentadienylbis(triphenylphosphine)ruthenium(II)chloride and the
mixture was degassed for a five minutes more, then it was stirred overnight at 60° C. The
crude was washed with brine and extracted with ethyl acetate. The combined organic
phases were dried with Na2SO4, filtered through a celite pad and concentrated. For the
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purification, flash chromatography was performed with an ethyl acetate/heptane eluent
system to afford 90 mg product (37 %).32

IR λ (cm-1) 1763, 1638, 1605, 1511, 1431, 1265, 1232. 1H NMR (400 MHz, CDCl3) δ 7.74 (s,
1H), 7.58-7.41 (m, 5H), 5.86 (dd, J = 8.8, 2.4 Hz, 1H), 5.67 (d, J = 13.6 Hz, 1H), 5.50 (d, J
= 13.9 Hz, 1H), 3.84-3.78 (m, 4H), 3.54 (dd, J = 11.7, 2.4 Hz, 1H). 13C NMR (100MHz,
CDCl3) δ 167.7, 157.0, 152.7, 146.2, 138.8, 132.8, 129.8, 129.2, 129.0, 126.7, 114.1, 67.0,
64.5, 57.0, 53.7, 31.5; ESI-MS (m/z) calculated for C18H14BrIN4O3S (M+), 572.90; found,
572.6 [79Br], 574.5 [81Br].

3.2.9 Synthesis of (3R)-7-chloromethyl-5-oxo-2,3-dihydro-5H-1-thia[3,2-a]
pyridine-1,1-oxide-3-carboxylic acid methyl ester (9) and
(3R)-7-chloromethyl-5-oxo-2,3-dihydro-5H-1-thia[3,2-a]pyridine-1,1-dioxide
-3-carboxylic acid methyl ester (10):

Oxone (260 mg, 0.42 mmol) was added to the suspension of 3 (100 mg, 0.38 mmol) in
0.2 M methanol (1.9 mL, 0.05 mmol) at -20° C in an acetone/dry ice bath and stirred
overnight. The reaction mixture was allowed to warm up to room temperature. Methanol
was removed under reduced pressure. The crude material was diluted with DCM and
washed with brine. The combined organic phases were dried with Na2SO4, filtered and
then concentrated. For purification, column chromatography was performed
(heptane/ethyl acetate , SiO2). Two different products were obtained with 40 (9) and 10
% (10) yields, respectively.

(3R)-7-chloromethyl-5-oxo-2,3-dihydro-5H-1-thia[3,2-a]pyridine-1,1-oxide-3
-carboxylic acid methyl ester (9):

IR λ (cm-1) 1748, 1665, 1601, 1523, 1208, 1062. 1H NMR (400 MHz, CDCl3) δ 6.85 (d, J
=1.6 Hz, 1H), 6.67-6.65 (m, 1H), 5.57 (dd, J = 7.5, 5.5 Hz, 1H), 4.41 (s, 2H), 3.81 (s, 3H),
3.65 (dd, J = 13.5, 5.4 Hz, 1H), 3.55 (dd, J = 13.5, 7.4 Hz, 1H). 13C NMR (100MHz, CDCl3)
δ 168.1, 159.7, 150.9, 150.6, 121.8, 106.9, 60.6, 53.7, 53.2, 43.6; ESI-MS (m/z) calculated
for C10H10ClNO4S (M+), 276.00; found, 275.9.

(3R)-7-chloromethyl-5-oxo-2,3-dihydro-5H-1-thia[3,2-a]pyridine-1,1-dioxide
-3-carboxylic acid methyl ester (10):

IR λ (cm-1) 1754, 1675, 1611, 1338, 1224, 1154. 1H NMR (400 MHz, CDCl3) δ 6.80 (d, J =
1.7 Hz, 1H), 6.77 (s, 1H), 5.50 (dd, J = 8.7, 2.7 Hz, 1H), 4.44 (d, J = 0.8 Hz, 2H), 3.87 (dd,
J = 13.7, 2.7 Hz, 1H), 3.84 (s, 3H), 3.77 (dd, J = 13.7, 8.6 Hz, 1H) . 13C NMR (100MHz,
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CDCl3) δ 166.0, 158.9, 150.6, 142.3, 122.9, 100.9, 54.0, 53.6, 51.4, 43.5; ESI-MS (m/z)
calculated for C10H10ClNO5S (M+), 291.99; found, 291.9.

3.2.10 Synthesis of (3R)-6-bromo-7-[(1H-1,2,3-triazol-4-phenyl)methyl]
8-phenyl-5-oxo-2,3-dihydro-5H-thiazolo[3,2-a]pyridine-3-carboxylic acid
methyl ester (11) and
(3R)-6-bromo-7-[(1H-1,2,3-triazol-4-phenyl)methyl]5-oxo-2,3-dihydro-5H-
thiazolo[3,2-a]pyridine-3-carboxylic acid methyl ester (12):

Degassed methanol (0.7 mL) was added to the mixture of 7 (80 mg, 0.14 mmol),
phenylboronic acid (70 mg, 0.57 mmol), KF (20 mg, 0.36 mmol) and 20 mol-% Pd(OAc)2

under nitrogen gas and degassed for 5 more minutes. Then the reaction mixture was
heated by microwave to 120° C (for 10 minutes) and 140° C (for 10 minutes). The crude
product was diluted with ethyl acetate and washed with brine, then extracted with ethyl
acetate. The combined organic phases were dried, filtered and concentrated. Purification
was done by Preparative HPLC (eluent system : Acetonitrile (0.75 % formic acid)/water
(0.75 % formic acid)). The yield is below 10 % for both 11 (8 %) and 12 (5 %).28

(3R)-6-bromo-7-[(1H-1,2,3-triazol-4-phenyl)methyl]8-phenyl-5-oxo-2,3-dihy
dro-5H-thiazolo[3,2-a]pyridine-3-carboxylic acid methyl ester (11):

IR λ (cm-1) 1751, 1648, 1475, 1221. 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 7.2 Hz, 2H),
7.56 (s, 1H), 7.45-7.30 (m, 6H), 7.16-7.10 (m, 2H), 5.72 (dd, J = 8.6, 2.6 Hz, 1H), 5.48 (d,
J = 13.9 Hz, 1H), 5.40 (d, J = 13.9 Hz, 1H), 3.87 (s, 3H), 3.72 (dd, J = 11.9, 8.7 Hz, 1H),
3.50 (dd, J = 11.9, 2.7 Hz, 1H). 13C NMR (100MHz, CDCl3) δ 167.8, 157.3, 147.9, 147.4,
144.6, 134.7, 130.3, 130.0, 129.7, 129.4, 129.3, 129.2, 128.3, 128.2, 119.9, 115.8, 115.2, 65.1,
53.6, 52.0, 31.8; ESI-MS (m/z) calculated for C18H15BrN4O3S (M+), 523.04; found, 522.8
[79Br], 524.8 [81Br].

(3R)-6-bromo-7-[(1H-1,2,3-triazol-4-phenyl)methyl]5-oxo-2,3-dihydro-5H-th
iazolo[3,2-a]pyridine-3-carboxylic acid methyl ester (12):

IR λ (cm-1) 1749, 1648, 1579, 1493, 1216. 1H NMR (400 MHz, CDCl3) δ 7.89-7.84 (m, 3H),
7.45 (t, J = 7.5 Hz, 2H), 7.37 (t, J = 7.1 Hz, 1H), 5.72 (s, 1H), 5.67-5.54 (m, 3H), 3.82 (s,
3H), 3.75 (dd, J = 11.8, 8.4 Hz, 1H), 3.56 (dd, J = 11.8, 2.3 Hz, 1H). 13C NMR (100MHz,
CDCl3) δ 167.6, 157.5, 148.7, 147.9, 147.1, 130.0, 129.0, 128.6, 125.8, 120.3, 110.0, 99.1,
63.9, 53.6, 53.5, 32.3; ESI-MS (m/z) calculated for C18H15BrN4O3S (M+), 447.00; found,
446.8 [79Br], 448.8 [81Br].
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4. Results and Discussion

4.1 Synthesis of thiazoline andMeldrum’s acid scaffolds

Syntheses of thiazoline derivate, 1 and Meldrum’s acid derivate, 2 were performed with
the yields shown in Scheme 7. The formation of 1 is a condensation reaction starting
from a nitrile source (ethyl acetimidate hydrochloride) and L-cysteine methyl ester. The
reaction procedure is based on the previously published procedures.15,31,32

Scheme 7: Synthesis of thiazoline, 1 (quantitative) and Meldrum's acid derivates, 2 (86 %).
Reagents and conditions: (a) L-cysteine methyl ester hydrochloride, triethylamine, DCM, 0° C - rt,
overnight ; (b) Chloroacetic acid, DMAP, DCC, DCM, 0° C - rt, overnight.

The Meldrum’s acid derivative, 2 was synthesized from commercially available
chloroacetic acid and meldrum’s acid (2,2-Dimethyl-1,3-dioxane-4,6-dione), Scheme 7,
based on a previously published procedure.15

4.2 Synthesis of chloromethyl pyridone scaffold

The synthesis of chloromethyl bicyclic 2-pyridone, 3 was performed in a cycloaddition
reaction with a moderate yield, Scheme 8, after purification. Chloro Meldrum’s acid
derivative, 2 and thiazoline derivative, 1 were heated by mW for 3 minutes at 120° C.

Scheme 8: Synthesis of chloromethyl thiazolino ring fused 2-pyridone, 3 (60 %) from a
thiazoline, 1 and Meldrum's acid derivate, 2. Reagents and conditions: (a) TFA, DCE, mW, 120° C,
3 minutes.

The reaction was performed according to a previously published procedure.15 With the
temperature adjustment according to Chorell, E. et al.29
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In order to get a good yield in this key step, trials were done before conducting the large
scale reaction. The excess of thiazoline starting material was minimized in order to
increase the yield. The ratio between thiazoline starting material and the desired product
was estimated via 1H-NMR. Two -CH peaks (of both starting material and the product)
from thiazoline ring were compared, Table 1.

Table 1: The list of trial reactions which were applied for the formation of 2-pyridone core, 3 and
the conditions are given. For all 10 test reactions 1 equivalent of thiazoline starting material, 1 was
used, whereas the amount (equivalent) of Meldrum's acid, 2 differed. The amount of TFA
(equivalent) is given as well as the amount of DCE in mL used in different trials. For test 3
pyridinium p-toluenesulfonate (*) was used instead of TFA. The reaction time in minutes and the
microwave temperature as well as the estimated ratio between starting material, 1 and the desired
product, 3 according to 1H-NMR experiments are shown in this table. At last, test reaction 7
which is marked in red, represents the best reaction of all 10 test reactions.

The changes were mostly done on the amount (equivalent) of Meldrum’s acid since it is
sensitive to heat and it can easily be decomposed. These changes might higher the
amount of 2 reacting with the thiazoline starting material, 1. Adding two individual times
Meldrum’s acid to the reaction mixture (2*1.5 eq.) did not change the ratio between
starting material and product in a desired way. Keeping other parameters same and
lowering the temperature (prolonging the reaction time) did not really increase the yield.
Dry solvent was used in order to see if it effects the outcome, but no significant change
could be seen. Increasing the equivalent of 2, seemed to increase the amount of the
desired product in comparison to starting material, 1. Increasing the TFA amount
seemed to result in a slightly better ratio between starting material and desired product.
No product could be observed when a milder acid than TFA, Pyridinium
p-toluenesulfonate was used. The best ratio seems to be starting material : desired
product (1:6), when the amount of TFA and 2 was increased together, Table 1.

4.3 Regioselective halogenation of bicyclic 2-pyridone and trihalogenated
intermediate

Synthesis of selectively brominated, 4 and iodinated bicylic 2-pyridone scaffolds, 5 have
been performed via electrophilic aromatic substitution reactions. The reactions were
done based on a previously published procedure.28 It was shown in a previously
published paper that the bromination is favored at position 6 rather than at position 8.
Bromination at position 6 is favorable since there are more resonance forms occurring
for the carbocation forms.28 According to LC/MS and 1H-NMR using 1:1 equivalents of

Meldrum's
acid (eq)

TFA (eq.) DCE (mL) Ratio
(thiazoline/
pyridone)

T (°C) t (min.)

test1 3 1 1.5 1 : 3 120 3

test2 3 1.5 1 1 : 1.6 120 3

test3 3 1 * 1.5 - 120 3

test4 1.5 x 2 0.5 1.5 1 : 1 120 3

test5 3 1 1 1 : 1.6 120 3

test6 3 1 1.5 (dry) 1 : 2.2 120 3

test7 4 1.7 1.5 1 : 6 120 3

test8 3 1.7 1.5 1 : 1.7 120 3

test9 3 1.7 1.5 1 : 1.9 100 5

test10 4 1 1.5 1 : 4 120 3
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starting material 3 and 47 % HBr (aq) resulted in the mixture of mono and double
brominated product (data is not shown). It is not easy to separate these compounds since
the retention time of both seems to be nearly identical and the idea is to perform
selective halogenation reactions. In order to achieve selective mono bromination, 0.98
equivalent of 47 % HBr (aq) was used, giving intermediate 4 in a good yield, Scheme 9.

Scheme 9: Regioselective halogenations of ring fused 2-pyridones. First reaction is the
formation of the dihalogenated intermediate, 4 (77 %) from chloromethyl ring fused 2-pyridone,
3 and the following reaction is the synthesis of the trihalogenated intermediate, 5 (82 %).
Reagents and conditions: (a) 47 % HBr (aq), isoamyl nitrite, -40 - 5° C, 5h; (b) NIS, acetonitrile,
reflux, 4h.

After the introduction of bromine at position 6, iodination at position 8 was successfully
performed via an electrophilic aromatic substitution reaction. The iodination could be
confirmed with 13C-NMR as well as with 135 DEPT NMR data. The carbon signal at
position 8 present after the bromination process, was shifting (from 100.8 ppm to 63.2
ppm) after the iodination indicating a successful reaction. The 135 DEPT NMR was
conducted in order to check whether or not a proton at position 8 was still present, which
however was not the case.
The dihalogenated intermediate was synthesized previously28, whereby a methyl or
naphthalene group was present at position 7. Selective Suzuki-Miyaura reactions were
done at position 8 with moderate to good yields.28 Therefore, the trihalogenated
intermediate might serve as a better starting point for future substitution reactions.

4.4 Functionalization at position 7

The introduction of different functional groups at position 7 is one approach to receive
different functionalities. The initial approach was to use benzylic chlorine to substitute
position 7 via SN2 reactions using various nucleophiles. Four different nucleophiles were
used for SN2 reactions including NaCN (sodium cyanide), NaN3 (sodium azide),
1-naphthol and triphenylphosphine. Among those four reactions, only the azide substrate,
6 was synthesized successfully with a good yield, Scheme 10.
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Scheme 10: Synthesis of azidomethyl ring fused 2-pyridones, 6 (87 %) starting from the
trihalogenated intermediate, 5. Reagents and conditions: (a) sodium azide, acetonitrile, mW, 80°
C, 30 minutes.

It is a simple and fast reaction which allows pure product after the work up process and
no further purification step is necessary. First, this reaction was performed using a DMF
solvent system, which was problematic since it is hard to remove. The extraction process
had to be repeated many times in order to remove DMF entirely. This also resulted in a
loss of material. Therefore, the next approach was to change the solvent system and use
acetonitrile instead of DMF. The workup procedure was easier to perform and pure
product was obtained.
Compound 6 is a useful substrate for several reactions, in particular azide-alkyne
cycloadditions (click chemistry).33

Unexpectedly the strong nucleophile NaCN, was incapable of substituting chlorine for
the CN- group, Scheme 11. Chloromethyl at position 7 in compound 5 was substituted
to iodomethyl by the use of KI in order to increase the reactivity of this position. Even
though this step was achieved, checked by LCMS (data not shown), the downstream
substitution was still not achievable. An undesired product was produced in this reaction,
which was unable to be characterized by 1H-NMR as well as unseparable by preparative
HPLC. The data obtained from LC/MS (data not shown) was not characterizable,
meaning no dimerization or any senseful explanation was achievable. Since the sodium
ions might interfere with the reaction, a crown ether might be used to further enhance
the reactivity of the CN- group by scavenging the sodium counter ions due to its high
affinity to cations.
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Scheme 11: Functionalization strategies at position 7. Reagents and conditions: (a) triphenyl
phosphine, toluene, reflux.; (b) sodium cyanide, DMSO (or ethanol/water), reflux; (c) 1-naphthol,
caesium carbonate, DMF, 0° C - rt.

Substitution of 1-naphthol for chlorine was also unsuccessful, Scheme 11. No reaction
was observed until the the reaction mixture was heated above 80° C which resulted in
decomposition, according to LC/MS and 1H-NMR (data not shown). The reason for the
unsuccessful reaction might be due to steric hinderance of the rather large 1-naphtol
group assisted by the size of the iodine or bromine halogens. This possibility seems
plausible and thus 1-naphthol substitution reactions were applied to 3 and 4 under the
same conditions as in Scheme 11. The substitution was confirmed via LC/MS for 3 but
not for 4 (data not shown and according to unpublished results).
When triphenylphosphine was used as a nucleophile, the starting material did not react,
Scheme 11 and after the heating step the starting material was decomposed. As well as
in the previous reaction steric hinderances might be the cause of this unsuccessful
reaction. During the course of this study substitution reactions at 3 and 4 could not be
investigated, since this would be time consuming. However, such a study might seem
desirable for a future project.

4.5 Regioselective triazole synthesis

Successful syntheses of two regioisomer triazoles 7 and 8 were achieved by copper (for 7)
or ruthenium (for 8) catalyzed azide alkyne cycloadditions, Scheme 12. Triazole
substituted ring fused 2-pyridone scaffolds were published before at positions 2 and 8 via
azide alkyne cycloaddition reactions.33 Here, instead position 7 is substituted with both
regioisomer triazoles. The ruthenium catalyzed reaction based on a previously published
procedure.32

Regioselective azide alkyne cycloaddition reactions are achievable with the choice of
either copper or ruthenium catalysts. 1,4-disubstituted triazoles are favored by copper
assisted azide alkyne cycloaddition reactions whereas 1.5-disubstituted triazoles are
selectively synthesized via a ruthenium catalyzed azide alkyne cycloadditions.32,33
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Scheme 12: Synthesis of regioisomer triazole substituted ring fused 2-pyridones, 7 (80 %) and 8
(37 %), starting from the azide substrate, 6. Reagents and conditions: (a) phenylacetylene, sodium
ascorbate, copper (II) sulfate, ethanol-chloroform, rt; (b) phenylacetylene,
Pentamethylcyclopentadienylbis(triphenylphosphine)ruthenium(II) chloride , 1,4-dioxane, 60° C.

The formation of 7 is a fast and high yielding reaction, whereas the synthesis of
regioisomer, 8 was noticed by slow conversion of the starting material, 6. It would be
possible to extend the reaction time or to give excess reactant, but the undesired
regioisomer might still be produced in such an approach.32The two regioisomers would
be very hard to separate and thus this short approach with the selected temperature was
chosen to receive a pure though lower yield product. The second regioisomer was
observed as a side product when the reaction was heated for a prolonged time. The
thermal reaction (like in 1,3-dipolar cycloadditions) might give the mixture of two
regioisomers, therefore one should be aware and monitor the reaction carefully.34

1H-NMR of both compounds was resulting in two distinct patterns with different
chemical shifts, (see the experimental section). It was not possible to identify the two
expected products by solely looking at the 1D-NMR data and thus 2D-NMR (ROESY) was
performed, Figure 5, confirming the regioselectivity of the previously conducted
experiments.
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Figure 5: Visualization of two 2D-ROESY NMR raw data (600 MHz or 400 MHz, C6D6 or CDCl3

respectively) with the structures given as 7 and 8. The picture on the left belongs to 7 and the
picture on the right hand side belongs to 8. The -CH proton of triazole ring was marked with red
for both compounds and is coded as 'a'‚ -CH2 protons at position 7 are marked in green and are
referred to as 'b'. The peaks which are corresponding to those protons are marked as well on the
two raw spectra.

After assessing the two 2D-NMR images, the differences between the two regioisomers
are assignable by the cross peak visible in compound 7 between a and b (coordinates :
7.57- 5.15 ppm), which is absent in compound 8. This shows that -CH2 protons (b) are
close in space to the -CH proton (a) for 7, whereas the spatial distance of the protons of
the phenyl ring is occluding the ROESY interactions between a and b for compound 8.
Additionally, the spectrum of 8 indicates spin-spin interaction peaks for b to phenyl
ortho protons. Such interactions are not possible in 7, which is shown in Figure 5.

4.6 Fluorination at position 6 or 8

Next to the trihalogenated intermediate, also fluorination reactions at position 6 or 8
were tested. Direct fluorination to aryl position of the thiazolino ring fused 2-pyridones
has not been performed before. Since fluorine can provide a halogen bonding interaction
(as a donor) with the other species and it is also a hydrogen bond acceptor, it would be
interesting to synthesize fluorinated ring fused 2-pyridones on aromatic position (Ar-F)
for SAR purposes. Thus, using a typical fluorination agent, Selectfluor, reactions were
performed on different substrates, 3 and 4. However, the results were different than
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expected. Instead of fluorination, at the end oxidation of sulfur was observed, Scheme
13.

Scheme 13: Fluorination strategies at position 6 and 8 by starting from 3 or 4. The reaction did
not result in the formation of the desired fluorinated compounds, instead according to 1H-NMR
(Figure 6) oxidation of sulfur at thiazoline ring took place, compound 9. Reagents and
conditions : (a) Selectfluor, acetonitrile, 0° C - rt, overnight.

The reaction was monitored via TLC and LC/MS. During the first hours of the reaction,
LC/MS showed a minor peak corresponding to molecular weight of the desired product,
and a major peak of [M-2] with regard to this product. After leaving the reaction over
night, the mass peak for the desired product could not be seen anymore and the major
peak instead appeared to correspond to sulfur oxidation. The same reaction was
performed under anhydrous conditions; dry acetonitrile was degassed before adding to
the mixture of selectfluor and 3 under nitrogen gas, but this did not change the outcome .
In order to confirm the identity of these two compounds, the synthesis of sulfoxide, 9
and sulfone, 10 were performed using Oxone as an oxidating reagent and these two
compounds are separated, Scheme 14. The same reaction was not applied for substrate
4, since one of the reactions could be representative and if desired can be performed in
the future.

Scheme 14: Synthesis of sulfoxide, 9 (40 %) and sulfone, 10 (10 %), starting from chloromethyl
substituted ring fused 2-pyridone, 3. Reagents and conditions: (a) oxone, methanol, -20° C - rt,
overnight.

The 1H-NMR spectra of the crude from fluorination reaction and 9 were compared and a
crude mixture doped with the sulfoxide oxidation product, Figure 6. The raw 1H-NMR
data for the both compounds look identical and the peaks overlap properly.
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Figure 6: The representation of three 1H-NMR raw data (400 MHz, CDCl3). (a) The one shown
in red colour belongs to pure compound 9, whereas, (b) the one shown in green belongs to the
crude compound from the reaction shown in Scheme 13, in which the starting material is 3. (c)
The sample from (b) has been doped with sulfoxide oxidation product and shown in blue.

Fluorination using sulfone, 10 as a starting material, Scheme 15, was performed and
the same conditions as before were applied.

Scheme 15: The unsuccessful fluorination trial at position 6, starting from 10. Reagents and
conditions: (a) Selectfluor, acetonitrile,0° C - rt, overnight.

The first hours of reaction, as the reaction was monitored, the LC/MS showed the
molecular weight which corresponds to the desired product and the double fluorinated
product, but mostly unconverted starting material. After additional Selectfluor was
added no further changes were observable and extending the reaction time only led to
the decomposition of the starting material. In conclusion this reaction conditions are not
ideal for the selective fluorination reactions.

4.7 Transition metal-mediated couplings

Transition metal-mediated coupling reactions such as Suzuki or Sonogashira reactions
are one approach to substitute halogenated bicyclic 2-pyridones. Examples of these can
be seen in literature.28,20 However, both reactions were problematic when the
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trihalogenated substrate or the azide compound, 6 was used. The desired product could
not to be observed via LC/MS (maximum trace amounts), the starting material did
mostly not react. Different boronic acids (such as 4-methoxy boronic acid or
phenylboronic acid) and catalysts (Pd(OAc)2 or PEPPSI-iPr) were tested without an
improved outcome. Then a dehalogenation reaction was tested on 6 to confirm the
oxidative addition process occurs, Scheme 16.

Scheme 16: Trial dehalogenation reaction starting from 6. Reagents and conditions: (a)
PEPPSI-iPr, KF, methanol, mW, 110° C, 10 minutes (additional 20 minutes at 130° C).

No dehalogenation could be observed, since the starting material did not react even
under forcing conditions and it was concluded that this substrate is unsuitable for
coupling reactions. The oxidative addition is the crucial step for the coupling reactions. It
is the first reaction of the catalytical cycle and if this step is failed, the following steps will
not be achieved. Therefore, it was decided to perform Suzuki reactions using different
substrates. The same reaction was performed on different substrates like 3, 4, 5 or 7.
Only the triazole compound, 7 showed reactivity. Therefore, 7 was chosen as the starting
material for Suzuki and Sonogashira reactions. However, the reactions were extremely
slow in small scale, meaning the starting material was not totally converted. Suzuki
reactions seemed to be faster and easier to perform, since they are more heat tolerant
and the reactions were heated by microwave for a short time (10 minutes). Therefore the
optimization was done with this reaction type, since it would be too time consuming
otherwise.
For the Suzuki couplings different catalysts, solvent systems and base or temperature
conditions were tested before large scale reactions were conducted. However, only
phenylboronic acid was used as a reagent (with different equivalents). Mostly microwave
assisted heating was used, Table 2, in accordance with a previously published method.28

These results, Table 2, show that there is no selectivity or no complete consumption of
the starting material, 7. However, test 7 showed approximately 75 to 80 % consumption
of 7.
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Table 2: The list of 11 trial reactions which were applied for the Suzuki couplings starting from
triazole compound, 7. The equivalents of phenyl boronic acid, different catalysts and their % mol
are shown. Different solvents which are involved in trials, reaction temperature and the reaction
time in minutes are given in this table. The base equivalents which are used in a reaction or their
concentration in [M] are shown. At last, the results of these reactions are given as the estimated
starting material consumption according to LC/MS or as side products formations. For some
reactions (test 6 and test 8) no product could be observed. The reactions are mostly microwave
assisted reactions except for test 6, 8, 9 and 10, which were performed at rt or heated in an oil
bath.

Hence, the idea was to perform this reaction in large scale and push the starting material
to the completion by using more boronic acid and heating the reaction even harder if
necessary. This was tested on a larger scale, and the starting material consumption was
confirmed by 1H NMR. The mixture was purified via preparative HPLC, since it was not
separable via flash chromatography or preparative TLC. Three different products were
obtained (Scheme 17); mono coupled, 11, dehalogenated product, 12 and double
coupled product (impure), Figure 7.

Scheme 17: Synthesis of monocoupled Suzuki product, 11 (8 %), the dehalogenated product, 12
(5 %) and impure double coupled Suzuki product starting from 7. Reagent and conditions: (a)
phenylboronic acid, KF, Pd(OAc)2, methanol, mW, 120° C (10 minutes) + 140° C (10 minutes).

PhB(OH)2
(eq) [Base]/ or eq. cat. / Mol % Solvent T (°C) t (minutes) Results

test1 1.3 KF/1.1 PdO(Ac)2 / 10 MeOH 110 10 poor consumption
~ 20 %

test2 1.3 *2 KF/1.3 PdO(Ac)2 / 10 MeOH 110 10+20 double Suzuki side
product

test3 1.3 KF/1.3 DPPF/ 10 MeOH 110 10 poor consumption
~10- 20 %

test4 1.3 KF/1.3 bis(triphenylphosphine)
pd(II)chloride / 10 MeOH 110 10 poor conversion

~10- 20 %

test5 1.3 KF/1.3 PEPPSI-iPr/ 5 MeOH 110 10*2 double Suzuki side
product

test6 1.5 K3PO4 (aq)/0.5
M XPhos (3rd gen) / 5 THF rt-40

3h (+ 10
minutes, mW,
60°C)

no product

test7 1.5*3 KF/(1.1*3) PdO(Ac)2 / 30 MeOH 120 10+20+30
~ 75-80 %
consumption +
double Suzuki

test8 1 Na2CO3 (aq)/0.2
M

Tetrakis(triphenylphosp
hine)palladium/ 5 DMF 40 overnight no product

test9 1.1 KF/3 Tetrakis(triphenylphosp
hine)palladium/ 5

1,4-dioxa
ne 100 overnight Poor consumption ~

20 %

test10 1.5 K3PO4 (aq)/0.5
M

XPhos( 30 %) /
PdO(Ac)2 / 20 THF rt-40

2h (+ 10
minutes, mW,
80°C)

dehalogenation

test11 1.3 K2CO3/1.3 PdO(Ac)2 / 10 MeOH 110 10 poor consumption ~
20 %
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Figure 7: The representation of 1H-NMR (400 MHz, CDCl3) raw data of double coupled Suzuki
product (structure is given) from the reaction shown in Scheme 17. Different regions of the
compound are marked with different letters (from a to f) in different colors and those letters
represent the protons of the carbons shown. Corresponding peaks belonging to those protons are
shown on the raw data as well, except the ones which were not identifiable.

Impure double coupled product was analyzed via a 1H-NMR experiment. Except some of
the aromatic protons (remaining 13 protons), the other protons could be assigned;
1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.3 Hz, 2H), 7.46-7.28 (m, 12H), 7.22-7.11 (m,
2H), 6.74 (s, 1H), 5.67 (dd, J = 8.6, 3.0 Hz, 1H), 5.14 (d, J = 14.4 Hz, 1H), 5.07 (d, J =
14.0 Hz, 1H), 3.85 (s, 1H), 3.71 (dd, J = 11.7, 8.5 Hz, 1H), 3.47 (dd, J = 11.7, 3.0 Hz, 1H).
Two protons at aromatic region, f, were assigned by checking the 1H-NMR spectra of
mono coupled product, 11. Since the benzene ring at position 6 is not present at
compound 11 and these doublet signals could be seen at 1H-NMR, these peaks should
belong to the protons shown in Figure 7 with f. One additional proton from the
aromatic region could be seen. It either could be the impurity which overlaps with the
other benzylic protons or it could be the interference of the solvent peak.

Overall Suzuki couplings were successfully performed resulting in mono and double
coupled products, although not selectively. Additionally, the data obtained for those
compounds (see the experimental section) could be useful for the future optimizations.
Different boronic acids can also be used to react with the same substrates.
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5. Conclusions

This project has been designed to test the possibility of the synthesis of the highly
substituted ring fused 2-pyridones via a new, useful trihalogenated intermediate, 5. The
regioselective halogenations on the bicyclic 2-pyridone scaffold, 3 were successfully
performed with good yields, compounds 4 and 5. Substitutions at position 7 were done
via SN2 and azide alkyne cycloaddition reactions resulted in 3 new bicyclic 2-pyridones, 6,
7 and 8 with moderate to good yields. Regioisomer triazoles 7 and 8 were selectively
synthesized and the characterization of these compounds was supported with 2D-NMR
(ROESY) experiments. Although, metal-mediated couplings could not be conducted
selectively, the desired and side products, 11 and 12, could be isolated and characterized
which could help in the future when one wants to compare the data. In addition, when
the fluorination reactions were performed, it has been shown that instead, oxidation of
sulfur at thiazoline ring took place, 9 and 10.
All 9 new compounds were characterized by IR, 1H-NMR, 13C-NMR and LC/MS
experiments and the data are given in the experimental section.

6. Outlook

During this project it has been shown that the Suzuki couplings could be achieved on
both halogen bearing carbons, C6 and C8. For future studies, focus should be put on
optimizing metal coupling reactions by maybe using different substrates, e.g. changing
the groups at position 7, since it seems to interfere the outcome.28 Different boronic acids
could also be tested. Alternatively, the trihalogenated intermediate can be modified by
changing the halogens at position 6 and 8 and seeing how the new intermediate effects
the selectivity.
Azide alkyne cycloaddition reactions can be performed using different alkynes and create
libraries of triazoles at C7 position, then metal coupling reactions might be tested on
different C7 triazoles.
Additionally, ruthenium catalyzed azide alkyne cycloaddition reaction was performed
with rather a moderate to low yield, which is different in comparison to a previously
published study.32 This needs to be improved if one wants to synthesize this compound
on a gram scale.
Finally, the hydrolysis of methyl ester could not be performed because of the limited
project time. This needs to be done if the new compounds which were synthesized are to
be tested for their biological activity.
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