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Description

FIELD OF THE INVENTION

[0001] The present invention relates to novel derivatives of deferiprone. In particular, the present invention relates to
fluorinated derivatives of deferiprone or pharmaceutically acceptable salts thereof, pharmaceutical compositions com-
prising same, processes for the manufacture thereof and the compounds of the invention for use in the treatment of
neurodegenerative diseases caused by the presence of free iron or iron accumulation in neural tissues and in diseases
wherein excess iron must be removed or redistributed.

BACKGROUND OF THE INVENTION

[0002] The crucial role of metal ions in neurodegeneration and the use of chelators as a promising therapeutic strategy
have been reviewed by Gaeta and Hider (Gaeta, A. and Hider, R.C., British Journal of Pharmacology, 2005, 146,
1041-1059). In patients with Parkinson’s disease (PD), the selective degeneration of the dopamine-containing region of
the brain occurs. The iron levels in the substantia nigra (SN) are elevated. Fe(II) can react with hydrogen peroxide to
generate hydroxyl radical, which in turn leads to cellular degeneration via the destruction of proteins, nucleic acids and
phospholipids. It is proposed that reducing the free iron level with chelators can inhibit the onset of the disease, i.e.,
neural degeneration. The latter results in reducing dopaminergic cell loss. Examples of small molecule chelators for this
utility are deferiprone, clioquinol, and desferrioxamine. These chelators have been claimed to reduce free iron levels in
neural tissues as a means to reduce neural degeneration (US 2004/0101521). The reduction of iron-induced oxidative
stress is protective to the neuron. Iron chelation appears to be one of the new approaches to combat neurodegenerative
disease such as Alzheimer’s disease (AD) and PD. An effective chelator can, in principle, prevent generation of hydroxyl
radical induced by iron-hydrogen peroxide, and mobilize free chelatable iron from the brain, thus exerting its neuropro-
tective function.
[0003] Current drugs used for PD therapy include L-dopa, dopamine (DA) agonists, catechol O-methyl transferase
inhibitors such as talcapone, and monoamine oxidase B (MAO-B) inhibitors such as rasagiline and selegiline. However,
these drugs cannot mitigate the progression of the disease process. A research group from Israel reported the use of
novel bifunctional iron chelators as potential agents in AD, PD and other neurodegenerative diseases (US 6,855,711).
The rationale is based on the observation that increased level of iron, and MAO-B activity in the brain are the major
pathogenic factors in PD and other neurodegenerative diseases. Since iron chelators and MAO-B inhibitors have been
shown to possess neuroprotective activity in animals, it is logical to connect the MAO-B inhibitor onto an iron chelator
and apply such agents for the treatment and/or prevention of neurodegenerative diseases. One of the lead compounds
is M30, an 8-hydroxyquinoline derivative (iron chelator) attached to a MAO-B inhibitor (Avramovich-Tirosh, Y., et al.,
Journal of Neurochemistry, 2007, 100, 490-502).
[0004] Amyloids are insoluble fibrous protein aggregations (usually polymeric). From a chemical perspective, amyloids
form insoluble beta-pleated sheet structures and cannot be destroyed by proteases. Amyloid β (Aβ or Abeta) is a small
peptide of 39-43 amino acids that is the main constituent of amyloid plaques in the brains of AD patients. AD is a dementia
that results in the irreversible deterioration of mental function and eventually leads to the death of the patient. Aβ is also
found in the brains of patients with Down’s syndrome. Due to its more hydrophobic nature, the Aβ42 fragment is the most
amyloidogenic form of the peptide allowing them to build up with other fragments to form AD plaque.
[0005] New therapeutic approaches to the treatment or prevention of AD involve slowing, or reversing Aβ accumulation.
The mechanism of toxicity and the neurochemical events that cause Aβ deposition are still unclear, but transition metals
such as copper, zinc (II) and iron (III) are found concentrated in and around amyloid plaques (Lovell, M. A., et al., J.
Neurol. Sci. 1998, 158: 47-52). Aβ is known to exhibit a high affinity for transition metal ions. The binding of metal, in
particular Zn++, and to a lesser extent Cu++ and Fe3+, to Aβ markedly increases its aggregation and the formation of
amyloid deposits (Bush, A. I., et al., Science, 1994, 265: 1464-1467). Cherny et al. demonstrated that both processes
(aggregation and deposition) can be reversed in the presence of metal-chelating agents (Cherny, R. A., et al., J. Biol.
Chem. 1999, 274: 23223-23228). The binding of redox active transition metals (i.e., Cu2+ and Fe3+) to Aβ also leads to
the generation of reactive oxygen species (Sayre, L. M., et al., J. Neurochem. 2000, 74: 270-279), which are known to
have deleterious effects on a wide variety of biomolecules. Biometal- and amyloid-mediated production of reactive
oxygen species are believed to be responsible, at least in part, for the oxidative stress observed in the brains of AD
patients (Gabbita, S. P., et al., J. Neurochem. 1998, 71: 2034-2040).
[0006] Barnham et al. reported the use of chelators as metal-protein attenuating compounds (MPAC) for the treatment
of AD (Barnham, K. J., et al., Drug Design Reviews - Online, 2004, 1, 75-82). The chelator is proposed to chelate the
metal at the accumulation site in the brain and redistribute to other tissues inside the brain. The chelator clioquinol, 5-
chloro-8-hydroxy-7-iodo-quinoline has been used as an oral drug in a phase II clinical trial (Ritchie, C. W., et a/., Arch
Neurol, 2003, 60, 1685-1691). Due to manufacturing problems with clioquinol and the presence of the 5,7-diiodo analogue,
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a replacement analogue to clioquinol is being developed by Prana Biotechnology Ltd. (Melbourne, Australia) for the
treatment of AD.
[0007] The design and development of deferiprone, a low molecular weight iron chelator has been reviewed (Kon-
toghiorghes, G. J., et al., Current Medicinal Chemistry, 2004, 11 2161-83). In addition to its use in the treatment of the
above neurogenerative diseases, deferiprone may also be used to redistribute iron in conditions such as Hallervorden-
Spatz syndrome and Friedreich’s ataxia.
[0008] The bidentate chelator deferiprone, 3-hydroxy-1,2-dimethyl-1H-pyridin-4-one is a drug used in the treatment
of iron overload disease. The same drug can be used in non-iron overloaded conditions and towards the treatment of
neurogenerative diseases (US 2004/0101521). In order to use a chelator to mobilize free chelatable iron from the brain
and exert its neuroprotective function, the chelator must penetrate the blood brain barrier (BBB) to reach the neural
tissues. Deferiprone is chosen because of its low molecular weight (139) and its ability to penetrate the BBB. For example,
deferiprone has a distribution coefficient of 0.17 at pH 7.4 and its ability to penetrate the BBB can be estimated by an
experimentally determined physico-chemical parameter kBMC wherein BMC is known as biopartitioning micellar chro-
matography. Escuder-Gilabert et a/. reported the potential of BMC as an in vitro technique for predicting drug penetration
across the BBB (Escuder-Gilabert, L., et al., Journal of Chromatrography B, 2004, 807, 193-201) and demonstrated the
usefulness of BMC for correlating experimentally determined BBB penetration of drugs and determined the kBMC of more
than 30 known central nervous system (CNS) drug substances.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide fluorinated analogues of deferiprone and the composition of
such compounds, which analogues are active as iron chelators and hence useful in the treatment of neurodegenerative
diseases caused by the presence of free iron or accumulation of iron in neural tissues.
[0010] It is another object of the present invention to provide fluorinated analogues of deferiprone and the composition
of such compounds, which analogues are useful as chelators in the removal of iron in diseases wherein excess iron
must be removed or redistributed.
[0011] It is a further object of the present invention to provide processes for the synthesis of fluorinated analogues of
deferiprone compounds.
[0012] If one increases the lipophilicity of the 3-hydroxy-1,2-dimethyl-1H-pyridin-4-one chelator pharmacophore by
attaching properly designed substituents, one would expect to significantly improve the kBMC value of the new analogues.
This approach predicts that new compounds will penetrate the BBB and a reasonable amount of drug substance will be
available in the brain to exert its pharmacological action. We attached fluoroalkyl substituents at the 2 or 6 position of
the 3-hydroxy-4-pyridinone skeleton, and evaluated the kBMC values of fluoro derivatives of deferiprone using the above
methods. The chemical stability of these novel fluoro analogues of deferiprone was also evaluated. Employing BMC as
an in vitro technique for predicting drug penetration across the BBB, we invented a series of stable fluorinated deferiprone
analogues with improved kBMC values over deferiprone. These compounds have advantages over deferiprone in the
penetration of the BBB. Availability of the drug in the brain ensures that the compound can chelate free iron in neural
tissues, thus enabling the removal or redistribution of free iron ion. Since the chelator may be used to redistribute iron,
chelators with the 3-hydroxy-4-pyranone skeleton may also be used if the fluoroalkyl substituent attachment to the
pyranone ring improves its BBB penetration properties.
[0013] There is very limited information on the synthesis of fluorinated derivatives of 3-hydroxy-pyridin-4-one and their
use in medicinal chemistry. EP 0 336 369 A1 reported compound (A) as a crude material and the conversion of the
CHF2 functionality to CHO with trifluoroacetic acid
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[0014] EP 0 120 670 B1 generally discloses an iron complex of a 3-hydroxypyridone of the chemical structure (B)

in which each R’ separately is a C1-6 aliphatic hydrocarbon group or a C1-3 alkyl group substituted by a C1-4 alkoxy,
halogen or hydroxy group, R" is a C1-6 aliphatic hydrocarbon group, a formyl or (C1-4 alkyl)-carbonyl group, or a C1-8
aliphatic hydrocarbon group substituted by one or more substituents selected from formyl, (C1-4 alkyl)-carbonyl, C1-4
alkoxy, carbamoyl, sulphamoyl, mono- and di- C1-6 aliphatic hydrocarbyl N-substituted carbamoyl and N-substituted
sulphamoyl, formylamino, ((C1-6 aliphatic hydrocarbyl)-carbonylamino, (C1-6 aliphatic hydrocarbyl) - sulphonylamino,
mono-C1-6 aliphatic hydrocarbyl N-substituted formylamino, N-substituted (C1-6 aliphatic hydrocarbyl)-carbonylamino
and N-substituted (C1-6 aliphatic hydrocarbyl) - sulphonylamino, formyloxy, (C1-6 aliphatic hydrocarbyl) - carbonyloxy,
(C1-6 aliphatic hydrocarbyl)-oxycarbonyl, (C1-6 aliphatic hydrocarbyl) - sulphonyloxy, (C1-6 aliphatic hydrocarbyl)-ox-
ysulphonyl, halogen and hydroxy groups, and n is 0, 1, 2 or 3. However, EP 0 120 670 B1 does not specifically disclose
mono halo compounds of formula (B) wherein R’ is a C1-3 aliphatic hydrocarbon group substituted by a halogen and R"
is a C1-6 aliphatic hydrocarbon group, their characterization or methods for their synthesis.
[0015] CA2 226 340 discloses 3-hydroxy-4-pyridones and 3-hydroxy-4H-pyran-4-ones and their use in treating de-
generative brain diseases.
[0016] In our search for a new analogue of deferiprone with better partition coefficient and BBB penetration properties,
we first investigated the synthesis of a compound with the chemical structure (C)

We have determined that compound (C) is an unstable compound in aqueous solution. We then investigated the synthesis
of a compound with the chemical structure (D)

[0017] We determined that this compound can be prepared, but it is also unstable in aqueous solution. These results
led to further structural refinement and design of 3-hydroxy-4-pyridinones that are more lipophilic than deferiprone, and
with better BBB penetration properties than deferiprone in a biopartitioning micellar high pressure liquid chromatography
(HPLC) system. The novel F-analogues of deferiprone of the present invention can be used to replace deferiprone and
other less effective chelators in the treatment of neurodegenerative diseases.
[0018] The present invention is based upon the preparation of a class of 3-hydroxy-4-pyridinone derivatives and
selected 3-hydroxy-4-pyranone derivatives that are chemically stable with higher BBB permeability than deferiprone.
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The ability of a chelator to remove iron in a biological system is governed by the pFe(III). pFe(III) is a chemical parameter
and is defined as -log [Fe(III)], the free unbound iron concentration in a system with 1 x 10-5 M chelator and 1 x 10-6 M
Fe(III). Compounds of the present invention have pFe(III) values above 19 and are extremely useful in extracting excess
iron from the body. Examples of compounds in the prior art that have pFe(III) values above 19 and that are useful in
extracting excess iron from the body include deferiprone (L1), deferasirox (ICL670), desferral (desferrioxamine, DFO).
[0019] Thus, in accordance with one aspect of the present invention, there are provided compounds of formula (I)

or pharmaceutically acceptable salts thereof, wherein (i):

Y is NR1, wherein R1 is selected from the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl), cyclo-
propylmethyl, allyl and cyclopropyl;

R2 is selected from the group consisting of hydrogen, C1-C4 alkyl, and R5CHOH wherein

R5 is selected from the group consisting of hydrogen, C1-C3 alkyl and trifluoromethyl;

R3 is selected from the group consisting of methyl, hydrogen and CF3CHOH;

R4 is CHF2; and

wherein the compound of formula (I) is a compound of formula (II)

or (ii):

Y is NR1, wherein R1 is defined as above;
R2 is selected from the group consisting of CHF2, CF3CH2, and CF3CHOH;
R3 and R4 are each selected from the group consisting of methyl and hydrogen; and

wherein the compound of formula (I) is a compound of formula (III)
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or (iii):

Y is NR1, wherein R1 defined as above;
R2 is selected from the group consisting of hydrogen and C1-C4 alkyl, with the proviso that when R4 is hydrogen,
R2 is not hydrogen;
R3 is CF3CHOH;
R4 is selected from the group consisting of hydrogen and methyl; and

wherein the compound of formula (I) is a compound of formula (IIIC)

or (iv):

Y is O;
R2 is CF3CHOH;
R3 is selected from the group consisting of methyl and hydrogen;
R4 is selected from the group consisting of hydrogen and C1-C4 alkyl; and

wherein the compound of formula (I) is a compound of formula (IV)

or (v):

Y is O;
R2 is hydrogen;
R3 is hydrogen;
R4 is difluoromethyl; and

wherein the compound has the following chemical structure
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or (vi):

Y is O or NR1, wherein R1 is defined as above;

R2 is selected from the group consisting of hydrogen, CHF2, CH2CF3, C1-C6 alkyl (preferably C1-C4 alkyl), and
R5CHOH, wherein R5 is selected from the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl) and
trifluoromethyl;

R3 is selected from the group consisting of methyl, hydrogen, CH2CF3, CF3CHOH and C1-C6 alkyl (preferably C1-C4
alkyl); and

R4 is selected from the group consisting of CHF2, CF3CHOH, CH2CF3, methyl, hydrogen and C1-C6 alkyl (preferably
C1-C4 alkyl);

with the proviso that when R3 is CF3CHOH and R4 is hydrogen, R2 is not hydrogen.
[0020] In accordance with another aspect of the present invention, there is provided a pharmaceutical composition
comprising a compound of the formula (I) and at least one pharmaceutically acceptable carrier.
[0021] In accordance with another aspect of the invention, there is provided a compound of the formula (I) for use in
a method of treating a neurodegenerative disease in a patient.
[0022] In an embodiment of the present invention, the neurodegenerative disease is caused by the presence of free
iron or iron accumulation in neural tissues.
[0023] In an embodiment of the present invention, the neurodegenerative disease is selected from the group consisting
of Parkinson’s disease and Alzheimer’s disease.
[0024] In accordance with another aspect of the invention, there is provided compound of the formula (I) for use in a
method of treating an iron overload disease in a patient.
[0025] In an embodiment of the present invention, the iron overload disease is selected from the group consisting of
Friedreich’s ataxia, β-thalassemia and Hallervorden-Spatz syndrome.
[0026] Also disclosed is the use of a compound of the formula (I) as a chelator for the removal of excess iron from the
body of a patient.
[0027] Also disclosed is the use of a compound of the formula (1) as a chelator for the redistribution of iron within the
body of a patient.
[0028] Other and further advantages and features of the present invention will be apparent to those skilled in the art
from the following detailed description thereof taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the accompanying drawings:

Figure 1 provides a table illustrating the physical properties of selected compounds of formula (I) according to the
present invention and deferiprone.

Figure 2 provides a table illustrating the chromatographic capacity factor kBMC of 31 reference drug substances.

Figure 3 illustrates the relationship between log BB and log kBMC of 31 reference drug substances.

Figure 4 provides a table illustrating the chemical properties of a series of compounds of formula (I) according to
the present invention.

Figure 5 is a speciation plot of Apo6719, a compound of formula (I) according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

[0030] As used herein:

The term "alkyl" refers to an aliphatic hydrocarbon chain with the formula CnH2n+1. C1-C6 alkyl refers to the alkyl
group with 1 to 6 carbon atoms, i.e., n=1 to 6. C1-C4 alkyl refers to the alkyl group with 1 to 4 carbon atoms, i.e.,
n=1 to 4. C1-C3 alkyl refers to the alkyl group with 1 to 3 carbon atoms, i.e., n=1 to 3. The aliphatic carbon chain
can be linear or branched. Examples of an alkyl group include, but are not limited to, methyl, ethyl, propyl, isopropyl,
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butyl, 2-butyl, isobutyl and tert-butyl.

[0031] The distribution coefficient of a solute between two phases is calculated as the ratio of the concentration of the
solute in one phase to the concentration of the solute in the other phase under equilibrium conditions. The solute is the
compound of interest. One phase is octanol, while the other phase is normally phosphate buffer at a pH of 7.4. The term
"D7.4" refers to the distribution coefficient at pH 7.4. D7.4 reflects the true behavior of an ionizable compound in a solution
at pH 7.4. This property is exceptionally useful in evaluating pH-dependent pharmacokinetic properties, drug absorption,
bioavailability, metabolism and toxicity.
[0032] The term "log BB" refers to the logarithm value of brain to plasma concentration ratio of the solute wherein the
solute is the drug substance under study (Usansky, H. H. and Sinko, P. J., Pharmaceutical Research, 2003, 20, 390-396).
[0033] The term "pFe3+" refers to -log [Fe3+]. [Fe3+] is the concentration of free, unchelated Fe3+ in a mixture containing
1 x 10-5 M chelator and 1 x 10-6 M Fe3+. The pFe3+ is a measure of the effectiveness of a compound in the chelation of
Fe3+. The higher the pFe value, the less available is the presence of unchelated Fe(III). Free iron ion can result in redox
reactions in biological systems.
[0034] The term "log kBMC" refers to the logarithm of the chromatographic capacity factor (reference retention time)
in BMC, a special type of HPLC (Escuder-Gilabert, L., et al., Journal of Chromatography B, 2004, 807, 193-201). This
analytical technique was used to correlate the log kBMC of 31 reference drug substances with known experimentally
determined log BB values. A linear regression mathematical equation log BB = a(log kBMC) + b was obtained from these
reference drug substances wherein a and b are constants. The log kBMC of the compounds of the present invention was
measured by BMC. The experimental log kBMC of the compounds of the present invention was fit into the log BB = a(log
kBMC) + b equation to obtain a calculated log BB value. The calculated log BB is an indicator of the BBB penetration
property of the compounds of the present invention.
[0035] The term "DAST" is the chemical diethylaminosulfur trifluoride.
[0036] The term "TEMPO" is the chemical 2,2,6,6-tetramethylpiperidinyloxy.
[0037] The term "sulfur trioxide pyridine complex" is the chemical SO3-pyridine with a Chemical Abstracts Service
(CAS) Registry Number® of 26412-87-3 and is available from Sigma-Aldrich Co. (catalogue number S7556).
[0038] The term "3-Hydroxy-pyran-4-one" refers to the following heterocycle

[0039] The term "3-Hydroxy-1-methyl-1H-pyridin-4-one" refers to the following heterocycle

[0040] The term "3-Hydroxy-1H-pyridin-4-one" refers to the following heterocycle

[0041] One class of preferred compounds according to the present invention includes compounds having the general
formula (II):
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or their pharmaceutically acceptable salts, wherein R1, R2 and R3 are as previously defined.
[0042] Another class of preferred compounds according to the present invention includes compounds having the
general formula (III):

or their pharmaceutically acceptable salts, wherein R1, R2, R3 and R4 are as previously defined.
[0043] Another class of preferred compounds according to the present invention includes compounds having the
general formula (IIIC)

or their pharmaceutically acceptable salts, wherein, R1, R2 and R4 are as previously defined.
[0044] A further class of preferred compounds according to the present invention includes compounds having the
general formula (IV):

or their pharmaceutically acceptable salts, wherein R3 and R4 are as previously defined.
[0045] Compounds according to the present invention include compounds having the general formula (I):
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which are more specifically identified in the following table:

R4 R1 (Y=NR1) R3 R2 General Structure

Apo6729 Me Me H CH(OH)CF3

 

Apo6814 Me H H CH(OH)CF3

Apo6802 CF2H Me H CH(OH)CF3

Apo6827 H Me H CH(OH)CF3

Apo6965 CH(OH)CF3 Me H H

 

Apo6966 CH(OH)CF3 Me H CH2OH

Apo6987 CH(OH)CF3 Me H Me

Apo6762 Me Me H CH2CF3

 

Apo6825 H Me H CH2CF3

Apo6997 Me H H CH2CF3

Apo6986 CH2CF3 Me H H

 

Apo6990 CH2CF3 Me H CH2OH

Apo6991 CH2CF3 Me H Me

Apo6855 H Me CH2CF3 Me

 

Apo6856 H H CH2CF3 Me

Apo6719 CF2H CH3 H H

Apo6736 CF2H CH3 H CH2OH

Apo6757 CF2H CH3 H CH(OH)CH3

Apo6732 CF2H CH2CH3 H H

 

Apo6756 CF2H C-Pr H H

Apo6742 CF2H CH3 H CH3

Apo6727 CF2H Allyl H H

Apo6761 CF2H CH3 H CH2CH3

Apo6725 CF2H CH2-cPr H H

Apo6802 CF2H CH3 H CH(OH)CF3
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[0046] The preferred compounds according to the present invention are chemically stable with log kBMC values higher
than that of deferiprone, and are stable in pH 7.4 phosphate buffer and 0.01 M sodium hydroxide solution.
[0047] Figure 1 provides a table illustrating the physical properties of selected compounds of formula (I) according to
the present invention. D7.4 is the distribution coefficient of the compound in octanol and pH 7.4 phosphate buffer and is
a measure of the lipophilicity of the compound in a chemical system. This parameter can be used to predict the ability
of the compounds to penetrate the cell. The technique of Escuder-Gilabert et al. (Escudar-Gilabert, L., et al., Journal of
Chromatography B, 2004, 807, 193-201) is used to predict the drug penetration across the BBB. Log kBMC is the logarithm
of the chromatographic capacity factor (reference retention time) in BMC, a special type of HPLC. The chromatographic
capacity factor KBMC of 31 reference drug substances with known experimentally determined log BB values were recorded
(Figures 2 and 3). BB is known as the blood brain partition coefficient and is defined as the parts of the drug in the brain
versus the parts of the drug in the blood. We found that the log BB values of the 31 reference drug substances are
proportional to the log kBMC values and follow the mathematical equation: log BB = -0.98 + log kBMC with r2 = 0.72. r2 is
the linear coefficient and reflects the quality of the data fit of log BB against log kBMC. We used the above equation to
compute a calculated log BB value of the compounds of the present invention as an estimate of the BBB penetration
properties of the compounds. Deferiprone is known to penetrate the BBB and has a calculated log BB value of -1.05.
All compounds of the present invention with a calculated log BB value > -1.05 will have BBB penetration properties.
Although not bound by theory, a log BB value of -0.5 means that approximately 25% of the drug penetrates the BBB
and gets into the brain (log BB = -0.5 implies a BB = 0.32 [inverse log BB] and thus 1 part of the drug in the brain versus
3 parts of the drug in the blood).
[0048] Figure 4 provides a table illustrating the chemical properties of a series of compounds of formula (I) according
to the present invention. The definition of pKa1 and pKa2 is shown below:

[0049] We have determined the pKa values of the compounds of formula (I) according to the present invention and
have further determined the ferric complexation constant of the compounds. The metal complexation constant is defined
below:

K1, K2, K3, and log β3 = log K1 + long K2 + log K3

[0050]

(continued)

R4 R1 (Y=NR1) R3 R2 General Structure

Apo6804 CF2H H H H

Apo6854 H Me CH(OH)C F3 Me

 

Apo6803 H H CH(OH)C F3 Me
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[0051] Compounds of the present invention are bidentate ligands and chelate Fe(III) in the ratio of 3:1. Therefore there
are three complexation constants K1, K2 and K3. β3 is the overall complexation constant with Fe(III). With these param-
eters, one can compute the pFe3+ of each chelator. pFe3+ is -log [Fe3+] (free unchelated ferric ion concentration) in a
mixture of 1 x 10-6 Fe3+ and 1 x 10-5 M chelator. For example, the drug deferiprone has a pFe3+ of 20.2, and the published
compound CP502 has a pFe3+ of 21. Both chemicals are known to be extremely efficient in the removal of Fe3+ from
the body. Although not bound by theory, a compound with a pFe3+ of about 19 and above is efficient in the removal of
iron by the formation of FeL3 wherein L is chelator. Computation shows that 100% of the ferric ion is chelated at a pH
of about 7 to about 7.4 and there is no free available ferric ion to undergo redox cycle reactions to produce free radicals.
Figure 5 shows the speciation plot of Apo6719, a compound of formula (I) according to the present invention. A pFe3+

of 19.7 assures that the compound is effective as an iron chelator in the removal of iron. The x axis is the pH. The y axis
shows the molar fraction of the different components of the bidentate chelator. FeL3 refers to one Fe3+ is bound by three
molecules of the ligand L, which is Apo6719 in this figure. As shown in Figure 5, at a pH of about 7 to about 9, all of the
free iron is bound by the chelator as FeL3.
[0052] The chemical stability of fluorinated derivatives of deferiprone was evaluated. For example, the mono fluoro
derivative of the formula (V) is unstable in pH 7.4 phosphate buffer and 0.01 M sodium hydroxide. The products of
decomposition are compounds (VA) and (VB).

[0053] We determined that the difluoro derivative Apo6719 is stable under similar conditions. The C2-difluoro deriva-
tives of the formulas (VI) and (VII) according to the present invention are also unstable in pH 7.4 phosphate buffer and
in 0.01 M sodium hydroxide. Compound (VI) decomposes to give compound (VIA), which is a stable chemical compound
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that exists as the hydrated aldehyde. Therefore, the compounds (VI) and (VII) are prodrugs to the hydrated aldehyde
(VIA) and (VIIA) respectively. Their usefulness is in the role as a prodrug and not as an intact fluorinated 3-hydroxy-4-
pyridinone derivative.

[0054] Hydrolysis of the difluoro group of a 2-difluoromethyl-3-hydroxy-4-pyridinone derivative, wherein hydrogen is
attached to the ring nitrogen, to an aldehyde with trifluoroacetic acid can be found in Example 75 of EP 0 336 369 A1.
[0055] We have also prepared the compound of formula (VIII) wherein R4 is methyl. The compound (VIIIA) could be
prepared, but catalytic hydrogenation resulted in the loss of the fluoride group at the C2 substituent of the 3-hydroxy-4-
pyridinone to give compound (VIIIB). Reaction of compound (VIIIA) with 4M hydrochloric acid gives compound (VIIIC).

[0056] Thus it is not obvious to a person skilled in the art to design fluorinated analogues of deferiprone with the
required parameters such as chemical stability, an acceptable pFe3+, and better BBB penetration properties than de-
feriprone.
[0057] We determined that compounds of formula (I) according to the present invention wherein R4 is CHF2 are stable
in pH 7.4 buffer, sodium hydroxide, deionized water and methanol. Other compounds of formula (I) according to the
present invention wherein R2 is selected from the group consisting of CF3CHOH and CH2CH3 are stable under similar
conditions. With the exception of compounds (VI) and (VII) that are prodrugs, the compounds of formula (I) according
to the present invention are stable fluorinated derivatives in a chemical system with high pFe3+ values above about 19
and high predicted log BB values. The latter assures that the compounds of formula (I) according to the present invention
will penetrate the BBB upon dosing to mammals.
[0058] Preferred compounds of formula (II) according to the present invention are those in which R1 is selected from
the group consisting of methyl, ethyl, allyl, cyclopropyl and cyclopropylmethyl; R2 is selected from the group consisting
of hydrogen, methyl, ethyl, -CH2OH and CH3CH(OH)-; and R3 is hydrogen. Particularly preferred compounds of formula
(II) according to the present invention are those in which R1 is selected from the group consisting of methyl and cyclopropyl;
R2 is selected from the group consisting of hydrogen, methyl and ethyl; and R3 is hydrogen.
[0059] Preferred compounds of formula (III) according to the present invention are those in which R3 is hydrogen, R4

is selected from the group consisting of hydrogen and methyl, R1 is as defined above, and R2 is selected from the group
consisting of CF3CH2 and CF3CH(OH)-.
[0060] Particularly preferred compounds of formula (III) according to the present invention are those in which R2 is
selected from the group consisting of CF3CH2 and CF3CH(OH)-, R3 is hydrogen, R4 is selected from the group consisting
of hydrogen and methyl, and R1 is methyl.
[0061] Preferred compounds of formula (IV) according to the present invention are those in which R2 is CF3CH(OH)-
and R3 and R4 are each hydrogen.
[0062] "Pharmaceutically acceptable, non-toxic salts" refers to pharmaceutically acceptable salts of the compounds
of the present invention which retain the biological activity of the parent compounds and are not biologically or otherwise
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undesirable (e.g. the salts are stable). Salts of two types may be formed from the compounds of the present invention:

(1) salts of inorganic and organic bases from compounds of formulas (I), (II), (III), (IIIC) and (IV) which have a 3-
hydroxy functional group in the 3-hydroxy-4-pyridinone skeleton; and (2) acid addition salts may be formed at the
N1-amine functional group of compounds of formulas (II), (III) and (IIIC) of the present invention.

[0063] Pharmaceutically acceptable salts derived from inorganic bases include sodium, potassium, lithium, ammonium,
calcium, magnesium, ferrous, zinc, copper, manganous, aluminum, ferric, manganic salts and the like. Particularly
preferred are the ammonium, potassium, sodium, calcium and magnesium salts.
[0064] Pharmaceutically acceptable acid addition salts are formed with inorganic acids such as halo acids, sulfuric
acid, nitric acid, phosphoric acid and the like and organic acids such as methanesulfonic acid, ethanesulfonic acid, p-
toluenesulfonic acid and the like.
[0065] The term "animals" refers to humans as well as all other animal species, particularly mammals (e.g. dogs, cats,
horses, cattle, pigs, etc.), reptiles, fish, insects and helminths.
[0066] The specific most preferred compounds according to the present invention are the following:

2-difluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one

1-cyclopropyl-2-difluoromethyl-5-hydroxy-1H-pyridin-4-one

1-cyclopropylmethyl-2-difluoromethyl-5-hydroxy-1H-pyridin-4-one

1-allyl-2-difluoromethyl-5-hydroxy-1H-pyridin-4-one

2-difluoromethyl-1-ethyl-5-hydroxy-1H-pyridin-4-one
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6-difluoromethyl-2-ethyl-3-hydroxy-1-methyl-1H-pyridin-4-one

6-difluoromethyl-3-hydroxy-2-(1-hydroxy-ethyl)-1-methyl-1H-pyridin-4-one

6-difluoromethyl-3-hydroxy-2-hydroxymethyl-1-methyl-1H-pyridin-4-one

6-difluoromethyl-3-hydroxy-1,2-dimethyl-1H-pyridin-4-one

3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one
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3-hydroxy-1-methyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

2-difluoromethyl-3-hydroxy-1,6-dimethyl-1H-pyridin-4-one

6-difluoromethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

3-hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one
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3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-pyran-4-one

2-difluoromethyl-5-hydroxy-pyran-4-one;

[0067] In accordance with another aspect of the present invention, there is provided a method for the preparation of
a compound of formula (II)

wherein:

R1 is selected from the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl), cyclopropylmethyl, allyl
and cyclopropyl;

R2 is selected from the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl) and R5CHOH wherein R5

is selected from the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C3 alkyl) and trifluoromethyl;

R3 is selected from the group consisting of methyl, hydrogen and CF3CHOH; and wherein the method comprises
the following processes:

Process (A) which comprises the following steps:
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(a) oxidation of a compound (1) with an oxidating agent selected from the group consisting of TEMPO,
potassium bromate, sodium hypochlorite and sulfur trioxide pyridine complex to give compound (2);

(b) reacting compound (2) from step (a) with DAST to give compound (3);

(c) reacting compound (3) with an amine of the formula R1NH2 wherein R1 is selected from the group
consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl), allyl, cyclopropyl and cyclopropylmethyl to give
compound (4) wherein R1 is defined as in R1NH2; and

(d) hydrogenation of compound (4) with palladium on charcoal to give a compound of formula (IIA) (a
compound of formula (II) when R2 and R3 are each hydrogen), with the proviso that when R1 in compound
(4) is allyl, boron tribromide is used instead of catalytic hydrogenation;

or

Process (B) which comprises the following steps:



EP 2 134 688 B1

19

5

10

15

20

25

30

35

40

45

50

55

(e) debenzylation of compound (3) from Process (A), step (b), with BBr3 to give compound (5);

(f) reacting compound (5) with an aliphatic aldehyde R5CHO, wherein R5 is selected from the group con-
sisting of hydrogen and C1-C6 alkyl (preferably C1-C3 alkyl) alkyl, to give compound (6) wherein R5 is as
defined above;

(g) reacting compound (6) with benzyl bromide and sodium hydroxide to give compound (7) wherein R5 is
as defined above;

(h) reacting compound (7) with an amine of the formula R1NH2, wherein R1 is selected from the group
consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl), allyl, cyclopropyl and cyclopropylmethyl, to
give compound (8) wherein R1 is as defined in R1NH2; and

(i) hydrogenation of compound (8) with palladium on charcoal to give a compound of formula (IIB) (a
compound of formula (II) when R2 is R5CHOH), with the proviso that R1 is not allyl;

or

Process (C) which comprises the following steps:
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(j) reacting compound (7) from Process (B), step (g), with thionyl chloride to give the chloride (9) wherein
R5 is defined as above;

(k) reduction of compound (9), prepared from step (j) in situ, without isolation, with zinc in hydrochloric acid
to give compound (10);

(I) reacting compound (10) from step (k) with an amine of the formula R1NH2 wherein R1 is selected from
the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl), allyl, cyclopropyl and cyclopropyl-
methyl to give compound (11) wherein R1 is as defined in R1NH2; and

(m) hydrogenation of compound (11) from step (I) with palladium on charcoal to give a compound of formula
(IIC) (a compound of formula (II) when R2 is CH2R5), with the proviso that R1 is not allyl;

or

Process (D) which comprises the following steps:

(n) reacting compound (8) from Process (B), step (h), wherein R5 is hydrogen with triethylamine and meth-
anesulfonyl chloride to give compound (8A); and

(o) hydrogenation of compound (8A) with palladium on charcoal to give a compound of formula (IIC) (a
compound of formula (II) when R2 is CH2R5), wherein R5 is hydrogen and with the proviso that R1 is not allyl;

or

Process (E) which comprises the following steps:
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reacting a compound of formula (IIA) with CF3CH(O-C1-C4 linear alkyl)OH, preferably CF3CH(OCH3)OH or
CF3CH(OCH2CH3)OH, and most preferably CF3CH(OCH3)OH, in the presence of potassium carbonate at a
temperature of about 100°C to about 130°C to give a compound of formula (IIB) wherein R3 is hydrogen, and
R2 is R5CHOH wherein R5 is trifluoromethyl.

[0068] In Process (A), step (a), compound (1) is oxidized with TEMPO and sodium hypochlorite to give the aldehyde
(2). Although other oxidizing agents such as the Swern oxidation can be used, the preferred method of oxidation is the
TEMPO oxidation because there are no sulphur by-products and sodium hypochlorite is easily available. Reaction of
(2) with DAST (Et2NSF3) converts the aldehyde (2) to the C2-difluoromethyl derivative (3), which then undergoes amine
insertion of R1NH2 to give the protected 3-hydroxy-4-pyridinone (4) in an inert solvent such as dimethylformamide or
ethanol. Compound (4) is hydrogenated in ethanol or methanol with palladium on charcoal to give the compound of
formula (IIA). When R1 = allyl in compound (4), the O- benzyl group is removed by treatment with boron tribromide
instead of catalytic hydrogenation to avoid the reduction of the double bond at the allyl group.
[0069] In Process (B), compound (3) is used as the starting material. Catalytic hydrogenation affords the 3-hydroxy
derivative (5) which reacts with an aliphatic aldehyde R5CHO to give compound (6). The direct conversion of compound
(6) to a compound of formula (IIB) is not possible via amine insertion of R1NH2. Rather, compound (6) is again protected
in step (g) with sodium hydroxide and benzyl bromide to give compound (7). Compound (7) undergoes amine insertion
to give compound (8), which can be converted to a compound of formula (IIB) by catalytic hydrogenation with palladium
on charcoal.
[0070] In Process (C), compound (7) is treated with thionyl chloride to give compound (9) in situ. Without isolation,
zinc metal reduction with hydrochloric acid produces compound (10). Amine insertion with R1NH2 gives compound (11),
and catalytic hydrogenation produces a compound of formula (IIC).
[0071] In Process (D), compound (8) is reacted with triethylamine and methanesulfonyl chloride to give compound
(8A). Without isolation, compound (8A) is hydrogenated over palladium on charcoal in the presence of acetic acid to
give a compound of formula (IIC).
[0072] In Process (E), a compound of formula (IIA) is reacted with CF3CH(O-C1-C4 linear alkyl)OH, preferably
CF3CH(OCH3)OH or CF3CH(OCH2CH3)OH, and most preferably CF3CH(OCH3)OH, in the presence of potassium car-
bonate at a temperature of about 100°C to about 130°C in a sealed tube to give a compound of formula (IIB) wherein
R3 is hydrogen and R2 is R5CHOH wherein R5 is trifluoromethyl.
[0073] In Process (B), step (i) hydrogenation will convert a compound (8) wherein R1 is allyl to a compound of formula
(IIB) wherein R1 is propyl. In Process (C), step (m) hydrogenation will convert a compound (11) wherein R1 is allyl to a
compound of formula (IIC) wherein R1 is propyl. In Process (D), step (o) hydrogenation will convert a compound (8A)
wherein R1 is allyl to a compound of formula (IIC) wherein R1 is propyl.
[0074] In accordance with another aspect of the present invention, there is provided a method for the preparation of
a compound of formula (III)
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wherein:

R1 is selected from the group consisting of hydrogen, C1-C4 alkyl, allyl, cyclopropyl and cyclopropylmethyl;

R4 is selected from the group consisting of methyl and hydrogen;

R3 is selected from the group consisting of methyl and hydrogen;

R2 is selected from the group consisting of CF2, CF3CHOH and CF3CH2; and

wherein the method comprises the following steps:

(a) reaction of compound (12) with CF3CH(O-C1-C4 linear alkyl)OH, preferably CF3CH(OCH3)OH or
CF3CH(OCH2CH3)OH, and most preferably CF3CH(OCH3)OH, to give a compound of formula (IIIA) (a compound
of formula (III) wherein R2 is CF3CH(OH));

(b) reacting the product of formula (IIIA) from step (a) with benzyl bromide and sodium hydroxide to give compound
(13) wherein R3, R4 and R1 are defined as above;

(c) converting compound (13) into the methanesulfonate (14) with methanesulfonyl chloride and triethylamine, where-
in R1, R3 and R4 are as defined as above; and

(d) hydogenation of compound (14) in the presence of palladium on charcoal to give a compound of formula (IIIB)
(a compound of formula (III) wherein R1 is selected from the group consisting of C1-C4 alkyl, cyclopropyl and
cyclopropylmethyl; R4 is selected from the group consisting of methyl and hydrogen; R3 is hydrogen; and R2 is
CF3CH2), with the proviso that R1 is not allyl.

[0075] The 3-hydroxy-4-pyridinone (12) reacts with CF3CH(O-C1-C4 linear alkyl)OH, preferably CF3CH(OCH3)OH or
CF3CH(OCH2CH3)OH, and most preferably CF3CH(OCH3)OH, and potassium carbonate to give a compound of formula
(IIIA). It should be noted that the reaction of compound (12) with an aliphatic aldehyde to give a compound of formula
(IIIA) directly is unknown in the literature. In the traditional approach, the aldehyde reaction is carried out with the 3-
hydroxy-4-pyranone (15) to give compound (16), followed by O-benyzlation of compound (16) to give compound (17).
The amine insertion of compound (17) with R1NH2 normally gives the protected derivative (13), which is then hydrogenated
to give the compound of formula (IIIA). We have determined that compound (17) does not readily undergo amine insertion
to give compound (13) in good yield. Therefore, the present invention provides a novel and direct synthesis of compound
(IIIA) using a one step reaction from compound (12). Compound IIIA is protected in step (b) with benzyl bromide and
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sodium hydroxide to give compound (14). Compound (14) is converted into the methanesulfonate (15) with methanesul-
fonyl chloride and triethylamine. Catalytic hydrogenation with palladium on charcoal produces the compound of formula
(IIIB). In step (b) above, hydrogenation will convert compound (14) wherein R1 is allyl to a compound of formula (IIIB)
wherein R1 is propyl.

[0076] In accordance with another aspect of the present invention, there is provided a process for the preparation of
a compound of formula (IV) wherein Y is O; R3 is selected from the group consisting of hydrogen and methyl; R4 is
selected from the group consisting of hydrogen and C1-C6 alkyl (preferably C1-C4 alkyl); and R2 is CF3CHOH,

wherein the process comprises reacting compound (18), wherein R4 is selected from the group consisting of hydrogen
and C1-C6 alkyl (preferably C1-C4 alkyl) and R3 is selected from the group consisting of hydrogen and methyl, with
CF3CH(O-C1-C4 linear alkyl)OH, preferably CF3CH(OCH3)OH or CF3CH(OCH2CH3)OH, and most preferably
CF3CH(OCH3)OH, in the presence of potassium carbonate.
[0077] The synthesis of a compound of formula (IV) is illustrated in Example 12 below.
[0078] In accordance with another aspect of the present invention, there is provided a process for preparing a compound
of formula (I),

wherein Y is O, R3 is hydrogen, R2 is hydrogen, and R4 is CHF2, the compound being 2-difluoromethyl-5-hydroxy-pyran-
4-one, and wherein the process comprises the following steps:
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(a) reacting kojic acid with sodium hydroxide and benzyl bromide to give 5-benzyloxy-2-hydroxymethyl-pyran-4-one;

(b) oxidizing the compound from step (a) with TEMPO, sodium hypochlorite and potassium bromate or with sulfur
trioxide pyridine complex to give 5-benzyloxy-4-oxo-4H-pyran-2-carbaldehyde;

(c) reacting the compound from step (b) with DAST to give 5-benzyloxy-2-difluoromethyl-pyran-4-one; and

(d) reacting the compound from step (c) with boron tribromide to give 2-difluoromethyl-5-hydroxy-pyran-4-one.

[0079] The synthesis of 2-difluoromethyl-5-hydroxy-pyran-4-one, as discussed above, is illustrated in Example 4 below.
[0080] In accordance with another aspect of the present invention, there is provided a process for the preparation of
a compound of the formula (IIIC)

wherein R1 is selected from the group consisting of hydrogen, C1-C6 alkyl (preferably C1-C4 alkyl), allyl, cyclopropyl
and cyclopropylmethyl;

R2 is selected from the group consisting of hydrogen and C1-C6 alkyl (preferably C1-C4 alkyl), with the proviso that
when R4 is hydrogen, R2 is not hydrogen; and

R4 is selected from the group consisting of hydrogen and methyl; and

wherein the method comprises the following steps:

(a) reaction of compound (19) with CF3CH(O-C1-C4 linear alkyl)OH, preferably CF3CH(OCH3)OH or
CF3CH(OCH2CH3)OH, and most preferably CF3CH(OCH3)OH, to give compound (20); and

(b) hydrogenation of compound (20) in the presence of palladium on charcoal to give a compound of formula (IIIC),
with the proviso that R1 is not allyl.

[0081] Compound (19) is reacted with CF3CH(O-C1-C4 linear alkyl)OH, preferably CF3CH(OCH3)OH or
CF3CH(OCH2CH3)OH, and most preferably CF3CH(OCH3)OH, in the presence of potassium carbonate at a temperature
of about 100°C to about 130°C in a sealed tube to give compound (20). Catalytic hydrogenation with palladium on
charcoal produces the compound of formula (IIIC).
[0082] The synthesis of a compound of formula (IIIC) wherein R2 is methyl and R4 is hydrogen is illustrated in Example
19 below.
[0083] Certain compounds of the present invention may be converted to their corresponding pharmaceutically accept-
able acid addition salts by virtue of the presence of a basic amine nitrogen. These compounds may be converted from
the free base form to various acid addition salts by treating with a stoichiometric excess of the appropriate organic or
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inorganic acid, such as, for example, phosphoric, pyruvic, hydrochloric or sulfuric acid and the like. Typically, the free
base is dissolved in a polar organic solvent such as p-dioxane or dimethoxyethane, and the acid added thereto. The
temperature is maintained from about 0°C to about 50°C. The resulting acid addition salt precipitates spontaneously or
may be precipitated out of solution with a less polar solvent. These acid addition salts may be decomposed to the
corresponding free base by treating with a stoichiometric amount of a suitable base, such as potassium carbonate or
sodium hydroxide, typically in the presence of aqueous solvent, and at a temperature of from about 0°C to about 50°C.
The free base form is isolated by conventional means, such as extraction with an organic solvent. Acid addition salts of
the compounds of the present invention may be interchanged by taking advantage of differential solubilities of the salts,
volatilities or acidities of the acids, or by treating with an appropriately loaded ion exchange resin. For example, the
interchange is effected by the reaction of a salt of the compounds of formula (I) with a slight stoichiometric excess of an
acid of a lower pKa than the acid component of the starting salt. This is carried out at a temperature of from about 0°C
to about the boiling point of the solvent being used.
[0084] For the treatment of diseases and/or disorders herein above referred to, the compounds of the present invention
may be used orally or parenterally in formulations containing conventional non-toxic pharmaceutically acceptable carriers,
adjuvants and vehicles. The term parenteral as used herein includes subcutaneous injection or infusion techniques. In
addition to the treatment of warm-blooded animals, such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the
compounds of the present invention are effective in the treatment of humans.
[0085] For compositions, conventional non-toxic solid carriers include, for example, pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium carbonate,
and the like may be used. The active compounds as defined above may be formulated as liquid pharmaceutically
administrable compositions and can, for example, be prepared by mixing, dissolving, dispersing, etc. the active com-
pounds as defined above the optional pharmaceutically adjuvants in a carrier, such as, for example, water, saline,
aqueous dextrose, glycerol, ethanol, and the like, to hereby form a solution or suspension. If desired, the pharmaceutical
composition to be administered may also contain a minor amount of non-toxic auxiliary substances such as wetting or
emulsifying agents and the like, for example, sodium acetate, sorbitan monolaurate, triethanolamine sodium acetate,
triethanolamine oleate, etc. Actual methods of preparing such dosage forms are known, or will be apparent to those
skilled in this art: for example, see Remington: The Science and Practice of Pharmacy, 21st Edition, 2006, Part 5,
Pharmaceutical Manufacturing, Chapters 37, 39, 41-47 and 50, pp. 702-719, 745-775, 802-938, and 1000-1017 (formerly
known as Remington’s Pharmaceutical Sciences), David B. Troy (Ed.), Lipincott Williams & Wilkins, Baltimore, Maryland.
[0086] The composition or formulation to be administered will, in any event, contain a quantity of the active compounds
in an amount effective to alleviate the symptoms of the subject being treated.
[0087] The pharmaceutical compositions containing the active ingredient may be in a form suitable for oral use, for
example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions, hard
and soft capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according to any method
known in the art for the manufacture of pharmaceutical compositions and such compositions contain one or more agents
selected from the group consisting of sweetening agents, flavouring agents, colouring agents and preserving agents in
order to provide pharmaceutically elegant and palatable preparations.
[0088] Tablets contain the active ingredient in admixture with the non-toxic pharmaceutically acceptable excipients
which are suitable for the manufacture of tablets. The excipients may be for example, inert diluents, such as calcium
phosphate or sodium phosphate; granulating and disintegrating agents, for example, corn starch, or alginic acid; binding
agents, for example starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid or
talc. The tablets may be coated by known techniques to delay the disintegration and absorption in the gastrointestinal
tract and thereby provide a sustained action over long period.
[0089] Formulations for oral use may also be presented as had gelatin capsules wherein the active ingredients are
mixed with inert solid diluent, for example, calcium phosphate or kaolin, or as soft gelating capsules wherein the active
ingredient is mixed with water or an oil medium, for example peanut oil, liquid paraffin, or olive oil.
[0090] Aqueous suspensions contain the active materials in admixture with the excipients suitable for the manufacture
of aqueous suspensions. Such excipients are suspending agents, for example sodium carboxymethyl-cellulose, meth-
ylcellulose, hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum and gum acacia; dispersing or
wetting agents may be a naturally-occurring phosphate, for example lecithin, or condensation products of an alkene
oxide with fatty acids, for example polyoxyethylene stearate, or condensation products of ethylene oxide with long chain
aliphatic alcohols, for example heptadecathyl-eneoxycetanol, or condensation products of ethylene oxide with partial
esters derived from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous
suspensions may also contain one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or
more colouring agents, such as sucrose or saccharin. Oily suspensions may be formulated by suspending the active
ingredient in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid
paraffin. The oily suspensions may contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set forth above, and flavouring agents may be added to provide a palatable oral
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preparation. These compositions may be preserved by the addition of an anti-oxidant such as ascorbic acid.
[0091] Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition of water
provide the active ingredient in admixture with the dispersing or wetting agent, suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those already mentioned
above. Additional recipients, for example sweetening, flavouring and colouring agents, may also be present.
[0092] The pharmaceutical composition of the present invention may also be in the form of oil-in-water emulsions.
The oily phase may be a vegetable oil, for example olive oil or arachis oil, or a mineral oil, for example liquid paraffin or
mixtures of these. Suitable emulsifying agents may be naturally-occurring phosphates, esters derived from fatty acids
and hexitol anhydrides, for example sorbitan monooleate, and condensation products of the said partial ester with
ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emulsion may also contain sweetening and
flavouring agents.
[0093] Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene glycol, sorbitol
or sucrose. Such formulations may also contain a demulcent, a preservative, a flavouring agent and a colouring agent.
The pharmaceutical compositions may be formulated according to methods known in the art using the suitable dispersing
or wetting agents and suspending agents which have been mentioned above. The sterile injectable preparations may
also be sterile injectable solutions or suspensions in a non-toxic parenterally-acceptable diluent or solvent, for example
as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may be employed are water, Ringer’s
solutions and isotonic sodium chloride solution. In addition, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil may be employed including synthetic mono- or diglycerides.
In addition, fatty acids such as oleic acid find use in the preparation of injectables.
[0094] Parenteral administration is generally characterized by injection, either subcutaneously, intramuscularly or
intravenously. Injectables can be prepared in conventional forms, either as liquid solutions or suspension in liquid prior
to injection, or as emulsions. Suitable excipients are for example, water, saline, dextrose, glycerol, ethanol or the like.
In addition, if desired, the pharmaceutical compositions to be administered may also contain minor amounts of non-toxic
auxiliary substances such as wetting or emulsifying agents, pH buffering agents and the like, such as for example,
sodium acetate, sorbitan monolaurate, triethanolamine oleate, etc.
[0095] The amounts of the active ingredients of the present invention that may be combined with the carrier materials
to produce a single dosage form will vary depending upon the host treated and the particular mode of administration of
humans may contain from about 0.5 mg to about 5 mg of active agent compounded with an appropriate amount of carrier
material which may vary from about 5 to about 95% of the total composition. Unit dosage unit forms will generally contain
from about 1 mg to about 500 mg of the active ingredients of the present invention.
[0096] It will be understood, however, that the specific dose level for any particular patient will depend upon a variety
of factors including the activity of the specific compound employed, the age, body weight, general health, sex, diet, time
of administration, drug combination and the severity of the particular disease undergoing therapy.
[0097] In vivo pharmacokinetic (PK) and blood brain barrier (BBB) studies were conducted in male Sprague-Dawley
rats using cassette dosing. The topic of cassette dosing has been reviewed by Manitpisitkul, P. and White, R. E. (August
2004), Drug Discovery, Vol 9. No. 15, pp. 652-658. The mode of administration was through tail vein injection. The
results are summarized in the Table below:

[0098] Deferiprone is 3-hydroxy-1,2-dimethyl-1H-pyridin-4-one and was used as a reference in the cassette dosing
study. Apo6825 achieves significantly higher brain exposure (AUC = 2.73 mg-h/mL) than deferiprone (AUC = 0.86 mg-
h/mL). In addition, a two-fold improvement of the intrinsic t1/2α value of Apo6825 (1.02 h) over deferiprone (0.51 h) is
observed.

Compound
AUC 

brain* (mg-
h/mL)

AUC 
plasma* 

(mg-h/mL)

AUC brain / AUC 
plasma

Kα  
(1/h)

Kβ 
(1/h)

t1/2α  
(h)

t1/2β 
(h)

Brain / Plasma 
ratio at 5 min

Deferiprone 0.86 1.08 0.79 1.36 0.215 0.51 3.22 0.45

Apo6825 2.73 4.52 0.60 0.68 0.133 1.02 5.21 0.46

Apo6855 0.58 0.89 0.65 2.37 0.136 0.29 5.10 0.50

*normalized to 2 mg/kg dose
Apo6825 is a compound of formula I (group (vi)) wherein R3 is hydrogen, R4 is hydrogen, R2 is CH2CF3, Y is NR1

and R1 is methyl.
Apo6855 is compound of formula I ((group (vi)) wherein R3 is CH2CF3, R4 is hydrogen, R2 is methyl, Y is NR1 and
R1 is methyl.
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[0099] Further details of the preferred embodiments of the present invention are illustrated in the following examples
which are understood to be non-limiting with respect to the appended claims.

Example 1

Preparation of 5-benzyloxy-2-hydroxymethyl-pyran-4-one

[0100] A 10M NaOH solution (110 mL, 1.10 mol) was added to a suspension of kojic acid (142.1 g, 1.00 mol) in
methanol (1 L) with mechanical stirring at room temperature.
Benzyl bromide (137.0 mL, 1.15 mol) was added, and the resulting clear yellow solution was refluxed using a heating
mantle for 3 h. The progress of the reaction was monitored by TLC using a mixture of CH2Cl2 and MeOH (9/1, v/v) as
eluant, and by HPLC (method 1). Most of the MeOH was removed under vacuum using a rotary evaporator, and a dense
solid separated. The solid was collected by suction filtration, and the filtrate was set aside for further extraction.
[0101] The solid was slurried in a mixture of water (2L) and acetone (200 mL), then collected by suction filtration and
dried to constant weight under vacuum in an oven at 40°C for overnight. The weight of this first crop of white solid product
was 150.0 g.
[0102] The filtrate set aside above was diluted with water (300 mL). It was extracted with CH2Cl2 (3 x 500 mL). The
combined organic fractions were dried over sodium sulfate, filtered and concentrated in vacuo to give a solid. The solid
was slurried in water (200 mL) and acetone (20 mL), then collected and dried as described above for the first crop. The
weight of this second crop of white solid product was 22.0 g. The two crops were combined to give a total yield of 74%.
The purity (peak area percent: >95%) of this material was analysed by HPLC Method 1: Column: XTerra MS C18; 5
mm, 4.63250mm; Mobile phase: A = the aqueous phase: 8 mM Tris, 4 mM EDTA, pH 7.4; B = the organic phase: CH3CN;
gradient: %B: 0 min - 5%, 15 min - 55%, 15 to 25 min - 55%, 25 to 30 min - 5%; Flow rate: 1 mL/min; λ: 254, 280, 320,
450 nm; RT = retention time, given in the experimental wherever appropriate. 1H NMR (400MHz, DMSO-D6) δ (ppm):
8.18 (s, 1H), 7.35-7.43 (m, 5H), 6.33 (s, 1H), 5.70 (t, J = 6.0 Hz, 1 H, OH), 4.95 (s, 2H, CH2Ph), 4.30 (d, J = 5.6 Hz, 2H,
CH2OH).

Example 2

Preparation of 5-benzyloxy-4-oxo-4H-pyran-2-carbaldehyde

[0103] Method 1 - TEMPO oxidation: Solid NaHCO3 (96.0 g, 1.21 mol) and deionized water (125 mL) were added
to a mixture of 5-benzyloxy-2-hydroxymethyl-pyran-4-one (40.0 g, 0.17 mol) in CH2Cl2 (550 mL) and deionized water
(200 mL). The mixture was cooled in an ice-salt bath to about 0°C. Then, KBrO3 (4.00 g, 24.1 mmol), n-Bu4N+Br- (2.20
g, 6.90 mmol) and TEMPO (0.54 g, 3.44 mmol) were successively added. To the resulting heterogeneous mixture at
0°C was added a solution of 1.59 M NaOCl (140 mL, 1.3 equiv) within 5-7 min. The reaction mixture turned to orange
then to bright yellow during the NaOCl addition. The mixture was stirred for an additional 1-2 min, and then the solid
was filtered off by suction filtration. The filtrate was placed in a separatory funnel, and the organic fraction was collected
and dried over sodium sulfate. Analysis of the crude mixture by HPLC Method 1 (λ = 280 nm), as described above,
indicated the presence of the over-oxidized product (5-benzyloxy-4-oxo-4H-pyran-2-carboxylic acid, peak percent area:
6%, RT = 9.42 min), the desired product (5-benzyloxy-4-oxo-4H-pyran-2-carbaldehyde, peak percent area is 85%, and
its RT is 11.34 min) and the starting material (5-benzyloxy-2-hydroxymethyl-pyran-4-one, peak percent area is 8%, and
its RT is 12.18 min).
[0104] The organic fraction was filtered and the volume was reduced to about 60 mL using the rotary evaporator. The
mixture was placed on top of a wet-packed silica gel column, and eluted with ethyl acetate. The fractions containing the
product were combined. Upon concentration on the rotary evaporator (volume reduction), the product separated out as
a solid. The solid was collected by suction filtration to provide a first crop (10 g after drying under vacuum). The filtrate
was collected and the volume of solvent reduced under vacuum. The precipitated solid was collected by filtration to give
a second crop (5 g after drying under vacuum). The crops were combined to provide a 38% yield of the titled compound.
The purity (peak area percent is 97.4%) of this material was analysed by HPLC Method 1 as described above. 1H NMR
(400MHz, DMSO-D6) δ (ppm): 9.64 (s, 1H), 8.41 (s, 1H), 7.32-7.43 (m, 5H), 7.13 (s, 1H), 5.01 (s, 2H, CH2Ph).
[0105] Method 2: sulfur trioxide pyridine complex oxidation: A suspension of 5-benzyloxy-2-hydroxymethyl-pyran-
4-one (30.0 g, 0.129 mol) in CHCl3 (500 mL) and CH2Cl2 (100 mL) was cooled in an ice-salt bath to about 0°C. DMSO
(150 mL) and Et3N (105 mL, 0.752 mol) were added, and a clear yellow solution was obtained. The mixture was stirred
for about 30 min as the temperature reached to below 0°C. Then, sulfur trioxide pyridine crushed powder (105 g, 0.660
mol) was added portionwise over 30 min. No significant exotherm was observed as the reaction temperature read below
0°C. The progress of the reaction was monitored by TLC using a mixture of hexanes and ethyl acetate (1/1, v/v) as
eluant. After 1 h, the cooling bath was removed, and the reaction mixture was allowed to stir at room temperature for
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overnight. The reaction mixture was diluted with CH2Cl2 (200 mL), then quenched with a 5% citric acid solution (150
mL). The organic fraction was washed again with 100 mL of the citric acid solution. Each of the aqueous acidic fractions
were back-extracted with CH2Cl2 (2 x 100 mL), and all of the organic fractions were combined, dried over sodium sulfate,
and purified as described in method 1 above. Thus, 13.4 g (45%) of the desired compound was obtained, and its 1H
NMR was similar to the one described in method 1 above.

Example 3

Preparation of 5-benzyloxy-2-difluoromethyl-pyran-4-one

[0106] To a clear solution of 5-benzyloxy-4-oxo-4H-pyran-2-carbaldehyde (10.0 g, 43.4 mmol) in CH2Cl2 (125 mL)
was added DAST (8.40 g, 52.1 mmol) dropwise at room temperature. Soon after addition, TLC analysis of the reaction
mixture using a mixture of hexanes and ethyl acetate (4/1, v/v) as eluant indicated consumption of the starting material.
The reaction mixture was diluted with CH2Cl2 (80 mL), and quenched by the slow addition of a 10% NaHCO3 solution
(80 mL). Another portion of CH2Cl2 (125 mL) was added, and the mixture was left stirring for about 20 min. The organic
fraction was collected, and the aqueous layer was extracted with CH2Cl2 (80 mL). The combined organic fractions were
dried over sodium sulfate, filtered, and the volume was reduced using the rotary evaporator to about 30 mL. Purification
of the residue by column chromatography on silica gel using a mixture of hexanes and ethyl acetate (4/1, v/v) as eluant
afforded the title compound (5.02 g, 46% yield). 1H NMR (400MHz, DMSO-D6) δ (ppm): 8.40 (s, 1H), 7.35-7.43 (m, 5H),
6.96 (t, J = 52.6 Hz, 1H, CF2H), 6.77 (s, 1H), 4.98 (s, 2H, CH2Ph).

Example 4

Preparation of 2-difluoromethyl-5-hydroxy-pyran-4-one

[0107] To an ice-salt cooled, clear solution of 5-benzyloxy-2-difluoromethyl-pyran-4-one (252 mg, 1 mmol) in CH2Cl2
(4 mL) was added dropwise a solution of 1.0 M BBr3 in CH2Cl2 (1 mL, 1 mmol) diluted with CH2Cl2 (1 mL). After 10 min,
TLC analysis of the reaction mixture using a mixture of CH2Cl2 and MeOH (20/1, v/v) as eluant indicated consumption
of the starting material. The reaction mixture was quenched with MeOH (5 mL), and evaporated to dryness. The residual
oil was taken up in ethyl acetate (30 mL), and the organic layer was washed with brine (2 x 10 mL), dried over sodium
sulfate. The mixture was filtered, and the filtrate was concentrated in vacuo to give a solid. The solid was triturated with
ether, and was then collected by suction filtration. The title compound was obtained as an off-white solid (80 mg, 50%
yield). The purity (peak area percent is 97.3%) of this material was analysed by HPLC Method 1 as described above.
1H NMR (400MHz, DMSO-D6) δ (ppm): 9.59 (s, 1 H), 8.22 (s, 1 H), 6.93 (t, J = 52.8 Hz, 1 H, CF2H), 6.76 (s, 1 H).
[0108] On a 2.6 g scale, the product was isolated in 90% yield (1.5 g).

Example 5

Preparation of 5-benzyloxy-2-difluoromethyl-1-methyl-1H-pyridin-4-one

[0109] A 2.0M methylamine solution in methanol (19.0 mL, 38.0 mmol) was added to a suspension of 5-benzyloxy-2-
difluoromethyl-pyran-4-one (3.15g, 12.5 mmol) in methanol (18 mL). The reaction mixture slowly turned into a clear
yellow solution. The progress of the reaction was monitored by TLC using a mixture of methanol and dichloromethane
(1/20, v/v) as eluant, and HPLC method 1 as described above. After 70 minutes, the reaction mixture was concentrated
in vacuo to obtain an oil. The oil was diluted with ether and allowed to stir overnight at room temperature. A precipitate
had formed and it was collected by filtration. The solid was washed with ether, and the title compound was obtained as
an off white solid (2.50 g, 75% yield). The purity of this material was analysed by HPLC Method 1 (peak area percent
is 98.8% at λ = 288 nm) as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.75 (s, 1 H), 7.44-7.34 (m, 5H,
ArH), 7.12 (t, J = 53.0 Hz, 1H, CF2H), 6.48 (s, 1H), 5.02 (s, 2H, OCH2), 3.71 (s, 3H, N-CH3).
[0110] The following compounds were prepared in a similar fashion:

5-Benzyloxy-2-difluoromethyl-1-ethyl-1H-pyridin-4-one

[0111] 5-Benzyloxy-2-difluoromethyl-pyran-4-one (2.0 g, 7.93 mmol) was suspended in 15 mL of methanol. A 2.0M
solution of ethylamine in methanol (8.0 mL) was added at room temperature, and the reaction slowly turned into a clear
yellow/green solution over 10 min. After 4 h, the reaction mixture was concentrated in vacuo to an oil. The oil was diluted
with 10 mL of ethyl acetate and stirred until a solid precipitated out. The solid was collected by suction filtration, thoroughly
washed with ether, and dried to afford the title product (1.14g, 52% yield). HPLC purity (peak area percent) is 97.5% at
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λ = 280 nm using HPLC Method 1 as described above.

1-Allyl-5-benzyloxy-2-difluoromethyl-1H-pyridin-4-one

[0112] A mixture of 5-benzyloxy-2-difluoromethyl-pyran-4-one (4.00 g, 15.8 mmol), allylamine (3.60 mL, 47.5 mmol)
in methanol (40 mL) was stirred at room temperature for 1 hour. The reaction mixture was evaporated to dryness, and
the residual solid was dissolved in 10 mL of ethyl acetate, and again concentrated in vacuo. The solid was suspended
in a mixture of ethyl acetate and ether, then collected by suction filtration and thoroughly washed with ether. The off-
white solid was dried to constant weight in a vacuum oven at 40°C to afford the title product (3.38 g, 73% yield). HPLC
purity (peak area percent) is 98.9% at λ = 278 nm using HPLC Method 1 as described above. 1H NMR (400MHz, CDCl3)
δ (ppm): 7.35-7.43 (m, 5H, ArH), 7.16 (s, 1 H), 6.79 (s, 1 H), 6.48 (t, J = 53.1 Hz, 1H, CF2H), 5.80-5.86 (m, 1H), 5.29 (d,
J = 10.4 Hz, 1 H), 5.22 (s, 2H, OCH2), 5.10 (d, J = 17.1 Hz, 1H), 4.58 (d, J = 5.2 Hz, 2H); MS-ESI (m/z): 291.9 [M+1]+, 91.0.

5-Benzyloxy-1-cyclopropyl-2-difluoromethyl-1H-pyridin-4-one

[0113] A mixture of 5-benzyloxy-2-difluoromethyl-pyran-4-one (4.0 g, 15.8 mmol) and cyclopropylamine (3.6 mL, 47.5
mmol) in methanol (40mL) was stirred at room temperature for 7.5 hrs. The reaction mixture was concentrated in vacuo
to obtain an oil. The oil was diluted with dichloromethane and ether, and a solid precipitated out. The solid was collected
by suction filtration to afford 1.64 g of the title compound as the first crop. The filtrate was concentrated and then purified
by column chromatography using a mixture of methanol and dichloromethane (1:20, v/v) as eluant. Fractions rich in the
product were pooled together and evaporated to dryness, thereby affording a second crop (2.4 g). Crops 1 and 2 were
combined to give 4.0 g (87%) of the title product. HPLC purity (peak area percent) is 98.8% at λ = 280 nm using HPLC
Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.57 (s, 1H), 7.21-7.48 (m, 6H, 5ArH + CF2H),
6.44 (s, 1 H), 5.05 (s, 2H, OCH2), 3.50-3.56 (m, 1 H), 1.10-1.16 (m, 2H, CH2), 1.05-1.09 (m, 2H, CH2).

5-Benzyloxy-1-cyclopropylmethyl-2-difluoromethyl-1H-pyridin-4-one

[0114] A mixture of 5-benzyloxy-2-difluoromethyl-pyran-4-one (4.03 g, 16.0 mmol) and cyclopropyl-methylamine (3.50
g, 47.9 mmol) in methanol (40 mL) was stirred at room temperature for 3 hrs. The reaction was concentrated in vacuo
to obtain an oil. The oil was diluted with ethyl acetate and ether and allowed to stir overnight at room temperature. A
precipitate had formed and was collected by suction filtration. The solid was thoroughly washed with ether and dried.
The title product was thus obtained as an off white solid (3.98 g, 82% yield). HPLC purity (peak area percent) is 99.5%
at λ = 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz, CDCl3) δ (ppm): 7.29-7.44 (m, 6H, 5ArH
+ CH), 6.78 (s, 1 H), 6.51 (t, J = 53.2 Hz, 1 H, CF2H), 5.26 (s, 2H, OCH2), 3.86 (d, J = 7.0 Hz, 2H), 1.06-1.09 (m, 1 H),
0.58-0.63 (m, 2H, CH2), 0.25-0.30 (m, 2H, CH2); MS-ESI (m/z): 306.3 [M+1]+, 252.0, 91.4.

Example 6

Preparation of 2-difluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one

[0115] A mixture of 5-benzyloxy-2-difluoromethyl-1-methyl-1H-pyridin-4-one (1.90 g, 7.16 mmol) and 10% Pd/C (190
mg) in methanol (60 mL) was hydrogenated under a hydrogen atmosphere at 15 psi (1,03 bar) of pressure in a Parr
apparatus for 25 min. The mixture was diluted with methanol (180 mL), sonicated for 15 min, and then filtered through
a pad of CELITE™ (pre-treated with dilute HCl and washed to neutral with deionized water). The volume of the filtrate
was reduced using a rotary evaporator until a solid precipitated out. The mixture was diluted with 2 mL of methanol and
the solid was collected by suction filtration. The solid was thoroughly washed with ether, and then dried in a vacuum
oven to afford the title product (1.00 g, 79% yield). HPLC purity (peak area percent) of the product is 99.2% at λ = 288
nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.56 (s, 1 H), 7.12 (t, J = 52.7
Hz, 1 H, CF2H), 6.47 (s, 1H), 3.70 (s, 3H, N-CH3); MS-ESI (m/z): 176.5 [M+1]+, 126.2; Anal. Calcd. for C7H7F2NO2: C,
48.01; H, 4.03; N, 8.00 %. Found: C, 48.15; H, 4.14; N, 7.88 %.
[0116] The following compounds were prepared similarly:

2-Difluoromethyl-1-ethyl-5-hydroxy-1H-pyridin-4-one

[0117] A mixture of 5-benzyloxy-2-difluoromethyl-1-ethyl-1H-pyridin-4-one (2.00 g, 7.16 mmol) and 10% Pd/C (200
mg) in methanol (75 mL) was hydrogenated under 15.0 psi (1,03 bar) pressure in a hydrogen atmosphere in a Parr
apparatus for 23 min. The reaction mixture was worked up as described above. The title compound (0.87 g, 64%) was
obtained as an off-white solid. HPLC purity (peak area percent) of the compound is 97.7% at λ = 280 nm using HPLC
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Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.61 (s, 1 H), 7.15 (t, J = 52.7 Hz, 1 H, CF2H),
6.46 (s, 1 H), 4.03 (q, J = 7.0 Hz, 2H, N-CH2), 1.31 (t, J = 7.1 Hz, 3H, CH3); MS-ESI (m/z): 190.2 [M+1]+, 142.2 (100%);
Anal. Calcd. for C8H9F2NO2: C, 50.80; H, 4.80; N, 7.40 %. Found: C, 50.64; H, 4.85; N, 7.38 %.

1-Cyclopropyl-2-difluoromethyl-5-hydroxy-1H-pyridin-4-one

[0118] A mixture of 5-benzyloxy-1-cyclopropyl-2-difluoromethyl-1H-pyridin-4-one (3.0 g, 10.3 mmol) and 10% Pd/C
(340 mg) in methanol (60 mL) was subjected to hydrogenation in a Parr apparatus under a 15 psi (1,03 bar) hydrogen
pressure for 22 min. The mixture was diluted with 300 mL of methanol, sonicated for 20 min, and then filtered through
a pad of CELITE™ (pre-treated with HCl and washed to neutral with deionized water). The volume of the filtrate was
reduced in vacuo until a solid precipitated out. The solid was collected by suction filtration. The recrystallization was
repeated on the filtrate to obtain a second crop of solid. The combined solids were dried to constant weight in a vacuum
oven thereby affording the title product (1.61g) in 77% yield. HPLC purity (peak area percent) of product is 99.5% at λ
= 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6 + D2O) δ (ppm): 7.54 (s, 1 H), 7.33
(t, J = 53.0 Hz, 1 H, CF2H), 6.51 (s, 1H), 3.53-3.57 (m, 1H, N-CH), 1.07-1.10 (m, 4H, 2CH2); MS-ESI (m/z): 202.5 [M+1]+,
142.3 (100%); Anal. Calcd. for C9H9F2NO2: C, 53.73; H, 4.51; N, 6.96 %. Found: C, 53.75; H, 4.80; N, 6.89 %.

1-Cyclopropylmethyl-2-difluoromethyl-5-hydroxyl-1H-pyridin-4-one

[0119] A mixture of 5-benzyloxy-1-cyclopropylmethyl-2-difluoromethyl-1H-pyridin-4-one (3.0 g, 9.82 mmol) and 10%
Pd/C (300 mg) in methanol (90 mL) was subjected to hydrogenation in a Parr apparatus under a 15 psi (1,03 bar)
hydrogen pressure for 27 min. Work-up as described above for the cyclopropyl derivative, afforded the title product (1.76
g, 83% yield) after vacuum oven drying. HPLC purity (peak area percent) of the title compound is 99.5% at λ = 288 nm
using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.65 (s, 1 H), 7.19 (t, J = 52.6 Hz,
1 H, CF2H), 6.48 (s, 1 H), 3.88 (d, J = 7.1 Hz, 2H, N-CH2), 1.19 (m, 1 H), 045-0.57 (m, 4H); MS-ESI (m/z): 216.1 (M+1]+,
55.2 (100%); Anal. Calcd. for C10H11F2NO2: C, 55.81; H, 5.15; N, 6.51%. Found: C, 56.20; H, 5.44; N, 6.40%.

Example 7

1-Allyl-2-difluoromethyl-5-hydroxy-1-H-pyridin-4-one

[0120] An alternative debenzylation procedure was used for the allyl derivative in order to avoid reduction of the allyl
double bond. Thus, a clear yellow/brown solution of 1-allyl-5-benzyloxy-2-difluoromethy(-1H-pyridin-4-one (2.91 g, 10
mmol) in dichloromethane (30 mL) was cooled in an ice-salt bath under a positive nitrogen atmosphere. Then, a premixed
1.0 M boron tribromide solution (10mL) and dichloromethane (10mL) was added dropwise. After 20 min, the reaction
mixture was quenched with 25 mL of methanol. The solution was concentrated to dryness. The obtained solid was
suspended in ether. The solid was collected by filtration to afford the title product (2.65 g, 94% yield) as the hydrobromide
salt. HPLC purity (peak area percent) is 99.4% at λ = 267 nm using HPLC Method 1 as described above. 1H NMR
(400MHz, DMSO-D6 + D2O) δ (ppm): 8.10 (s, 1 H), 7.29 (t, J = 53.0 Hz, 1 H, CF2H), 6.26 (s, 1 H), 5.07-6.00 (m, 1 H),
5.36 (d, J = 10.3 Hz, 1H), 5.20 (d, J = 17.1 Hz, 1 H), 4.95 (d, J = 5.1 Hz, 2H).
[0121] The hydrobromide salt (2.1 g, 7.44 mmol) was dissolved in ice cold deionized water to give a clear brown
solution. The solution was filtered to remove solid particulates, and the filtrate was cooled in an ice bath. A 6N NaOH
solution (1.24 mL) was added dropwise, the pH of the solution was adjusted to about 5.5, and a solid precipitated out.
The solid was collected by suction filtration, washed twice with ice cold deionized water and twice with 5 mL of ether.
The solid was dried in a vacuum oven at 40°C to afford the title product (1.37g, 91 % yield). HPLC purity (peak area
percent) of the title compound is 99.2% at λ = 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz,
DMSO-D6) δ (ppm): 7.50 (s, 1 H), 7.10 (t, J = 52.6 Hz, 1 H, CF2H), 6.51 (s, 1 H), 5.92-6.00 (m, 1H), 5.27 (d, J= 10.6 Hz,
1H), 5.13 (d, J = 17.1 Hz, 1 H), 4.65 (d, J = 5.0 Hz, 2H); MS-ESI (m/z): 202.4 [M+1]+, 142.1, 41.2 (100%); Anal. Calcd.
for C9H9F2NO2: C, 53.73; H, 4.51; N, 6.96 %. Found: C, 53.85; H, 4.69; N, 6.84 %.

Example 8

Preparation of 6-difluoromethyl-3-hydroxy-2-hydroxymethyl-1-methyl-1H-pyridin-4-one

[0122] A clear slightly yellow solution of a mixture of 2-difluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one (3.50 g,
20 mmol), prepared as described in Example 6 above, a 37-40% formaldehyde solution in water (60 mL, 0.80 mol) and
a 6M NaOH solution (4 mL, 24 mmol) was heated at 42-44°C for 24 hrs.
[0123] The reaction mixture was cooled to room temperature, then placed in an ice bath, and the pH of the mixture
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was adjusted to about 5 with a 6.0N solution of HCl (2.5 mL). The mixture was stirred at room temperature for 48 hrs.
The bulk of the solvent was removed under reduced pressure using a rotary evaporator and a solid precipitated out.
Deionized water (5 mL) and a small amount of methanol were added. The first solid crop was isolated by suction filtration.
The filtrate was concentrated and recrystallization as described above afforded 1.18 g of a second crop. Thus, a combined
yield of 73% was obtained for the title product. HPLC purity (peak area percent) of the title product is 97.5% at λ = 280
nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.21 (t, J = 52.7 Hz, 1 H, CF2H),
6.48 (s, 1 H), 4.68 (s, 2H, CH2), 3.77 (s, 3H, NCH3); MS-ESI (m/z): 206.0 [M+1]+, 188.3, 160.3 (100%); Anal. Calcd. for
C8H9F2NO3: C, 46.83; H, 4.42; N, 6.83 %. Found: C, 47.01; H, 4.43; N, 6.78 %.

Example 9

Preparation of 6-difluoromethyl-3-hydroxy-1,2-dimethyl-1H-pyridin-4-one

[0124] Step 1: A mixture of 6-difluoromethyl-3-hydroxy-2-hydroxymethyl-1-methyl-1H-pyridin-4-one (2.47 g, 12.0
mmol), obtained as described in Example 8, benzyl bromide (1.72 mL, 14.4 mmol) and a 6.0 M NaOH solution (2.20
mL, 13.2 mmol) in MeOH (15 mL) was refluxed for 3.5 hrs. The progress of the reaction was monitored by TLC using a
mixture of CH2Cl2 and MeOH (10/1, v/v) as eluant. The reaction mixture was concentrated in vacuo. The residual oil
was taken up in CH2Cl2 and then washed with brine. The organic fraction was collected, dried over sodium sulfate,
filtered, and evaporated to dryness. The residue was triturated with i-PrOH, and on stirring a solid precipitated out. The
solid was collected and dried under vacuum to afford 2.55 g of crop 1.
[0125] The filtrate was evaporated to dryness, and the residue was purified by column chromatography on silica gel
using a solvent gradient of a mixture of CH2Cl2 and MeOH (20/1 to 10/1, v/v) as eluant to afford another 350 mg of the
benzylated product as a second crop. The 2 crops were combined to give 2.9 g (80% yield) of 3-benzyloxy-6-difluor-
omethyl-2-hydroxymethyl-1-methyl-1H-pyridin-4-one. HPLC purity (peak area percent) of the title product is 99.6% at λ
= 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.33-7.50 (m, 5H), 7.22
(t, J = 52.7 Hz, 1 H, CF2H), 6.56 (s, 1 H), 5.57 (t, J = 5.1 Hz, 1 H, OH), 5.07 (s, 2H, CH2Ar), 4.61 (d, J = 5.1 Hz, 2H,
CH2OH), 3.74 (s, 3H, NCH3).
[0126] Step 2: To an ice-cooled suspension of the benzylated derivative, (1.51 g, 5.10 mmol) obtained in step 1 above,
in CH2Cl2 (50 mL) was added a solution of Et3N (1.20 mL, 8.63 mmol) in 2 mL CH2Cl2, followed by methanesulfonyl
chloride (0.65 mL, 8.40 mmol). After 5 min, TLC analysis indicated consumption of starting material. The reaction mixture
was diluted with CH2Cl2 (50 mL). The organic layer was washed with brine (2x 30 mL), dried over Na2SO4, filtered and
concentrated to an oil.
[0127] The oil was taken up in i-PrOH (120 mL), AcOH (1.2 mL) and a 10% wet Pd-C solid (750 mg) were added. The
mixture was subjected to hydrogenation in a Parr apparatus under a 16 psi (1,10 bar) hydrogen pressure. The progress
of the reaction was monitored by HPLC Method 1 as described above. The reaction had stopped after 1 hr. The mixture
was filtered over an acid pre-treated CELITE™ bed. The filtrate was collected; fresh Pd-C (300 mg) and AcOH (0.6 mL)
were added. The mixture was again hydrogenated at 16 psi pressure of hydrogen for another 10 min, at which time all
the sulfonylated material had been consumed. The mixture was filtered over pre-treated CELITE™. The filtrate was
collected and evaporated to dryness to give an oil. The oily residue was dissolved in de-ionized water, and the pH of
the solution was adjusted to 6 with a 6.0N NaOH solution. A solid which separated, was collected by suction filtration.
The solid was thoroughly washed with ether and then dried overnight under vacuum in an oven at 40°C. The title
compound was obtained as an off-white solid. HPLC purity (peak area percent) of title compound is 96.5% at λ = 280
nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6 + D2O) δ (ppm): 7.17 (t, J = 52.7 Hz, 1H,
CF2H), 6.46 (s, 1 H), 3.45 (s, 3H, NCH3), 2.35 (s, 3H, CH3); Anal. Calcd. for C8H9F2NO2: C, 50.80; H, 4.80; N, 7.40 %.
Found: C, 50.69; H, 4.99; N, 7.22 %.

Example 10

Preparation of 6-difluoromethyl-3-hydroxy-2-(1-hydroxy-ethyl)-1-methyl-1H-pyridin-4-one

[0128] Step 1: To an ice bath cooled suspension of 2-difluoromethyl-5-hydroxy-pyran-4-one (1.00 g, 6.17 mmol),
obtained as described in Example 4, in deionized water was added a 6.0M NaOH solution (1.23 mL, 7.40 mmol). A clear
dark brown red solution was obtained, and CH3CHO (6.0 mL, 107 mmol) was added dropwise. After 2 hrs, the reaction
mixture was cooled in ice and another 3 mL of CH3CHO (54 mmol) was added. The cooling bath was removed and the
reaction mixture was allowed to warm to room temperature overnight. The progress of the reaction was monitored by
HPLC Method 1 as described above. Thus, after 24 hrs, the composition (% as peak percent area) of the reaction mixture
was as follows: desired product (72%), starting material (7%), side products (15%, 2 major less polar components). The
reaction mixture was cooled in ice and the pH was adjusted to 6 with the addition of a 6.0M HCl solution (1 mL). The
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mixture was concentrated in vacuo, and the residue was taken up in EtOAc. The organic layer was washed with brine
(2 x 15 mL). The combined brine layers were back-extracted with EtOAc (2 x). The organic fractions were combined,
dried over Na2SO4, filtered, and evaporated to dryness. The residue was purified by column chromatography on silica
gel using a mixture of CH2Cl2 and MeOH (25/1, v/v) as eluant. Fractions rich in product were combined together, and
concentrated to give 6-difluoromethyl-3-hydroxy-2-(1-hydroxy-ethyl)-pyran-4-one as an oil. HPLC purity (peak area per-
cent) of this material is 88.0% at λ = 280 nm using HPLC Method 1 as described above.
[0129] This reaction was scaled up, and 3.0 g (18.5 mmol) of 2-difluoromethyl-5-hydroxy-pyran-4-one was used. The
reaction mixture was stirred at ice-cold temperature for 6 h. The progress of the reaction every hr was monitored by
HPLC Method 1 as described above. Thus, after 6 hrs, the composition (% as peak percent area) of the reaction mixture
was as follows: desired product (67%), starting material (9%), side products (24%, 2 major less polar components). The
work-up and column purification were as described above. HPLC purity (peak area percent) of this material is 91.0% at
λ = 280 nm using HPLC Method 1 as described above.
[0130] Step 2: The 6-difluoromethyl-3-hydroxy-2-(1-hydroxy-ethyl)-1-methyl-1H-pyridin-4-one product obtained in the
2 experiments in step 1 above were combined together and dissolved in MeOH (50 mL). A 6.0 M NaOH solution (4 mL,
24 mmol) and BnBr (2.85 mL, 24 mL) were successively added at room temperature. The progress of the reaction was
monitored by HPLC Method 1 as described above. After 1.5 hrs, HPLC analysis of the reaction mixture indicated presence
of about 15% of unreacted starting material. Thus, another 1 mL of a 6.0 M NaOH solution and 1 mL of BnBr were added,
and the mixture was refluxed for 1 hr. The mixture was cooled to room temperature, and evaporated to dryness. The
residue was taken up in CH2Cl2, and the organic layer was washed with brine (40 mL). The aqueous brine layer was
back washed with CH2Cl2 (40 mL). The organic fractions were combined, dried over Na2SO4, filtered, and evaporated
to dryness. The residue was purified by column chromatography on silica gel using a mixture of CH2Cl2 and MeOH
(100/3, v/v) as eluant. Fractions rich in product were combined together, and concentrated to give 3-benzyloxy-6-dif-
luoromethyl-2-(1-hydroxyethyl)-pyran-4-one (4.00 g) as a bright yellow oil. HPLC purity (peak area percent) of this
material is 88.8% at λ = 280 nm using HPLC Method 1 as described above.
[0131] Step 3: A mixture of the benzylated pyran-4-one derivative (4.00 g, 13.5 mmol), obtained in the step 2 above,
and a 2M methanolic MeNH2 solution (20 mL, 40.0 mmol) in MeOH (50 mL) was stirred at room temperature for overnight.
The mixture was evaporated in vacuo to dryness, and the dark red oily residue was dissolved in CH2Cl2 (30 mL). The
mixture was purified by column chromatography on silica gel using a mixture of CH2Cl2 and MeOH (25/1, v/v) as eluant.
Fractions rich in product were pooled together, and concentrated to give 3-benzyloxy-6-difluoromethyl-2-(1-hydroxy-
ethyl)-1-methyl-1H-pyridin-4-one as an oil (0.75 g). HPLC purity (peak area percent) of this material is 96.5% at λ = 280
nm using HPLC Method 1 as described above.
[0132] Step 4: A mixture of the benzylated pyridin-4-one derivative (0.75 g) obtained as described in step 3 above
and 97 mg of a wet 10% Pd-C in methanol (25 mL) was hydrogenated under a 15 psi (1,03 bar) hydrogen pressure in
a Parr apparatus for 25 min. The mixture was diluted with MeOH (40 mL), sonicated, and filtered over a bed of acid pre-
treated CELITE™. The volume of the filtrate was reduced by rotary evaporation under reduced pressure, as a solid
precipitated out. The solid was collected by suction filtration, dried overnight in a vacuum oven. Thus, this first crop
provided 260 mg of the compound as a white solid.
[0133] The filtrate was collected and the volume of solution was reduced. The flask was then cooled in ice. The
precipitated solid was collected and vacuum-dried. This second crop afforded another 100 mg of the product.
[0134] The combined crops afforded 360 mg of 6-difluoromethyl-3-hydroxy-2-(1-hydroxy-ethyl)-1-methyl-1H-pyridin-
4-one. HPLC purity (peak area percent) of the title compound is 99.5% at λ = 280 nm using HPLC Method 1 as described
above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.20 (t, J = 52.9 Hz, 1 H, CF2H), 6.48 (s, 1 H), 5.53 (q, J = 6.9 Hz, 1 H,
CH3CH), 3.92 (s, 3H, NCH3), 1.45 (d, J = 6.9 Hz, 3H, CH3); MS-ESI (m/z): 220.0 [M+1]+, 202.4 (100%); Anal. Calcd.
for C9H11F2NO3: C, 49.32; H, 5.06; N, 6.39 %. Found: C, 49.67; H, 5.42; N, 6.29 %.

Example 11

Preparation of 6-difluoromethyl-2-ethyl-3-hydroxy-1-methyl-1H-pyridin-4-one

[0135] Step 1: To a solution of 3-benzyloxy-6-difluoromethyl-2-(1-hydroxy-ethyl)-pyran-4-one (1.30 g, 4.38 mmol),
described in step 2 of Example 10, in CH3CN (14 mL) cooled in an ice-salt bath was added a solution of SOCl2 (0.45
mL, 5.44 mmol) in CH3CN (0.5 mL). The reaction mixture was stirred at ice-cold temperature for 9 hrs. The progress of
the reaction was monitored by TLC using a mixture of hexanes and EtOAc (1/1, v/v) as eluant. Volatile materials were
removed in vacuo, and ice-cold i-PrOH (15 mL) was added, and the mixture was cooled in an ice-salt bath. Then Zn
dust (600 mg, 9 mmol) was added followed by concentrated HCl (1.1 mL). After 20 min, the reaction mixture was filtered
through a CELITE™ bed, and the filtrate was evaporated to dryness. The residue was taken up in CH2Cl2 (100 mL),
and the organic layer was washed with brine (2 x 30 mL), dried over Na2SO4, filtered and concentrated in vacuo. The
residual oil was purified by column chromatography on silica gel using a mixture of hexanes and EtOAc (10/3, v/v) as
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eluant. Fractions rich in product were combined together, and concentrated to give 3-benzyloxy-6-difluoromethyl-2-ethyl-
pyran-4-one (0.62 g) as a yellow oil. HPLC purity (peak area percent) of this material is 99.0% at λ = 280 nm using HPLC
Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ(ppm): 7.30-7.40 (m, 5H), 7.06 (t, J = 52.7 Hz, 1 H, CF2H),
6.76 (s, 1 H), 5.07 (s, 2H), 2.56 (q, J = 7.4 Hz, 1 H, CH2CH3), 0.97 (t, J = 7.5 Hz, 3H, CH2CH3).
[0136] Step 2: A mixture of the 2-ethyl-pyran-4-one derivative (0.62 g, 2.21 mmol) obtained in step 1 above, and 8 mL
of a 2.0M methanolic MeNH2 solution in MeOH (6 mL) was stirred at room temperature for 2 hrs. Volatiles were removed
in vacuo, and the residue was subjected to purification by column chromatography on silica gel using a mixture of CH2Cl2
and MeOH (20/1, v/v) as eluant, thereby affording 3-benzyloxy-6-difluoromethyl-2-ethyl-1-methyl-1H-pyridin-4-one (400
mg). HPLC purity (peak area percent) of this compound is 98.6% at λ = 280 nm using HPLC Method 1 as described above.
[0137] Step 3: A mixture of the benzylated pyridin-4-one (400 mg, 1.36 mmol) obtained in step 2 above, and 63 mg
of a wet 10% Pd-C in MeOH (25 mL) was hydrogenated under a 15 psi (1,03 bar) hydrogen atmosphere in a Parr
apparatus for 25 min. The mixture was diluted with MeOH (40 mL), sonicated, and filtered over a bed of acid pre-treated
CELITE™. The volume of the filtrate was reduced by rotary evaporation under reduced pressure, as a solid precipitated
out. The solid was collected by suction filtration, dried overnight in a vacuum oven. Thus, this first crop provided 76 mg
of the compound as a white solid after vacuum drying.
[0138] The filtrate was collected, and the volume reduced to obtain a precipitate. In this manner, a second crop (71
mg) and a third crop (30 mg) were obtained. The combined 3 crops thus afforded the title compound, 6-difluoromethyl-
2-ethyl-3-hydroxy-1-methyl-1H-pyridin-4-one, (177 mg). HPLC purity (peak area percent) of this compound is 99.4% at
λ = 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.17 (t, J = 52.8 Hz, 1
H, CF2H), 6.47 (s, 1 H), 3.67 (s, 3H, NCH3), 2.80 (q, J = 7.4 Hz, 1H, CH2CH3), 1.13 (t, J = 7.4 Hz, 3H, CH2CH3); MS-
ESI (m/z): 204.3 ([M+1]+, 100%), 189.4; Anal. Calcd. for C9H11F2NO2: C, 53.20; H, 5.46; N, 6.89 %. Found: C, 52.94;
H, 5.48; N, 6.85 %.

Example 12

Preparation of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-pyran-4-one

[0139] Step 1: A mixture of allomaltol (5.00 g, 39.6 mmol), trifluoroacetaldehyde methyl hemiacetal (4.67 mL, 54.2
mmol, 90% technical grade) and zinc iodide (632 mg, 2.00 mmol) was refluxed for 7 hrs, then allowed to cool to room
temperature and stirred overnight. Analysis of the reaction mixture by using HPLC Method 2 indicated the presence of
about 53% (peak area percent) of the starting allomaltol. HPLC Method 2: Column: Waters symmetry C18; 5 mm,
3.93150mm; Mobile phase: A = the aqueous phase: 0.035%HClO4, pH 2; B = the organic phase: CH3CN; gradient:
B%: 0 min - 10%, 10 min - 90%, 12 min - 90%; Flow rate: 1 mL/min; λ: 220, 254, 280 nm. Thus, another 200 mg of zinc
iodide (0.63 mmol) and 2 mL of trifluoroacetaldehyde methyl hemiacetal (20.0 mmol) were added. The mixture was
refluxed for another 8 hrs, then allowed to cool to room temperature and stirred for overnight.
[0140] The reaction mixture was quenched with water and extracted with EtOAc (2 x). The combined EtOAc layers
was washed with brine, dried over anhydrous sodium sulphate, filtered, concentrated to dryness. The solid residue was
suspended in EtOAc and hexanes and stirred. The solid was collected by suction filtration, and dried to afford 5.47 g of
a light yellow solid. Analysis of the reaction mixture using HPLC Method 2, as described above, indicated the presence
of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-pyran-4-one (peak area is 82%) and allomaltol (16%). 1H NMR
of mixture (400MHz, DMSO-D6) δ(ppm): 7.98 (s, 0.3H, allomaltol), 6.30 (s, 1H), 6.25 (s, 0.3H, allomaltol), 5.32 (q, J =
7.0 Hz, 1H, CHCF3), 2.28 (s, 3H, CH3), 2.24 (s, 0.78H, CH3, allomaltol).
[0141] Step 2: To obtain a pure sample of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxyethyl)-pyran-4-one, the mix-
ture above was reacted with benzyl bromide as described in Example 1 above. Purification by flash column chromatog-
raphy afforded a pure sample of 3-benzyloxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-pyran-4-one (3.08 g). HPLC
purity (peak area percent) of this compound is 98.4% at λ = 254 nm using HPLC Method 2 as described above. 1H NMR
(400MHz, CDCl3) δ(ppm): 7.38-7.45 (m, 5H), 6.25 (s, 1H), 5.18-5.29 (2d, J = 10.6 Hz, 2H, CH2Ar), 5.10 (q, J = 7, 0 Hz,
1H, CHCF3), 2.29 (s, 3H, CH3); MS-ESI (m/z): 315.0 [M+1]+, 91.4 (100%).
[0142] Debenzylation of this material was carried out as described in step 3 of Example 11 above, to afford a pure
sample of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-pyran-4-one. The reaction time was 1.5 hrs. HPLC pu-
rity (peak area percent) of this compound is 99.7% at λ = 254 nm using HPLC Method 2 as described above. 1H NMR
(400 MHz, DMSO-D6) δ 9.66 (br s, 1 H, OH), 7.14 (br s, 1 H, OH), 6.31 (s, 1 H), 5.34 (q, 1H, J = 7.2 Hz, CHCF3), 2.28
(s, 3H); MS m/z 225.2 [M+1]+, 207.1, 179.4 (100%), 159.3, 91.1; Anal. Calcd. for C8H7F3O4: C, 42.87; H, 3.15 %. Found:
C, 42.55; H, 3.20 %.
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Example 13

Preparation of 3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0143] A mixture of 5-hydroxy-1,2-dimethyl-1H-pyridin-4-one (9.40 g, 67.6 mmol), trifluoroacetaldehyde methyl hemia-
cetal (28 mL) and K2CO3 (1.40 g, 10.0 mmol) was sealed in a parallel reactor and stirred overnight at 130°C. The reaction
mixture was evaporated to dryness, and the residue was purified by flash column chromatography using a mixture of
i-PrOH and a 28-30% conc. NH4OH solution (70/30, v/v) as eluant. Fractions containing pure product were pooled
together, and evaporated to give the title compound as a light orange powder (6.3 g, 39% yield). HPLC purity (peak area
percent) of this compound is 99.8% at λ = 254 nm using HPLC Method 2 as described above. 1H NMR (400 MHz,
DMSO-D6) δ: 6.83 (br s, 2H, 2OH), 6.21 (s, 1 H), 5.88 (q, J = 8.7 Hz, 1 H), 3.73 (s, 3H, NCH3), 2.31 (s, 3H, CH3); MS
m/z 238.1 [M+1]+, 220.2, 192.3, 172.3 (100%). A second less pure fraction of the title compound (7.0 g) was also obtained,
and was used without further purification in step 1 of Example 14 below.

Example 14

Preparation of 3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0144] Step 1: The benzylation reaction was carried out as described in Example 1 above, using 7 g of 3-hydroxy-1,6-
dimethyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as starting material. After usual work-up, purification of the
crude by flash column chromatography on silica gel (5% MeOH in CH2Cl2 as eluant) afforded 3.49 g of 3-benzyloxy-
1,6-dimethyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as a orange solid. 1H NMR (400 MHz, DMSO-D6) δ:
7.32-7.46 (m, 5H), 6.29 (s, 1 H), 5.99 (q, J = 9.0 Hz, 1H), 5.05-5.20 (two d, J = 10.8 Hz, 2H, CH2Ar), 3.72 (s, 3H, NCH3),
2.32 (s, 3H, CH3); MS m/z 328.3 [M+1]+, 91.1 (100%).
[0145] Step 2: To an ice-cooled solution of the product obtained in step 1 above (3.47 g, 10.6 mmol), and Et3N (1.92
mL, 13.8 mmol) in CH2Cl2 (60 mL) was added dropwise methanesulfonyl chloride (0.99 mL, 12.7 mmol). After stirring
for 2 hrs, the reaction mixture was quenched with water and then extracted with CH2Cl2 (2 x). The combined CH2Cl2
layer was washed with brine, dried over anhydrous sodium sulphate, filtered, and concentrated to dryness. The residue
was purified by flash column chromatography on silica gel (5% MeOH in CH2Cl2 as eluant) to afford 2.3 g (53% yield)
of methanesulfonic acid 1-(3-benzyloxy-1,6-dimethyl-4-oxo-1,4-dihydro-pyridin-2-yl)-2,2,2-trifluoro-ethyl ester. HPLC
purity (peak area percent) of this compound is 91.1% at λ = 254 nm using HPLC Method 2 as described above. 1H NMR
(400 MHz, CDCl3) δ: 7.50-7.55 (m, 2H), 7.32-7.40 (m, 3H), 6.98 (q, J = 7.5 Hz, 1 H, CHCF3), 6.60 (s, 1H), 5.28-5.50
(two d, J = 10.7 Hz, 2H, CH2Ar), 3.68 (s, 3H), 3.03 (s, 3H), 2.39 (s, 3H); MS m/z 406.0 [M+1]+, 220.4, 192.2, 172.3, 91.0.
[0146] Step 3: To a solution of the product obtained in step 2 above (1.46 g, 3.60 mmol) in 100 mL of EtOH was added
10% wet Pd-C (330 mg), and the mixture was hydrogenated under a hydrogen atmosphere at 50 psi (3,45 bar) pressure
for 2 hrs. The reaction mixture was filtered through CELITE™, and the filtrate was concentrated to dryness. The residue
was purified by flash column chromatography on silica gel using a mixture of i-PrOH and a 28-30% conc. NH4OH solution
(80/20, v/v) as eluant. The solid obtained was stirred in a mixture of i-PrOH (4 mL) and H2O (1 mL), then collected by
suction filtration. Then, the solid was thoroughly washed with 4 mL of a mixture of i-PrOH and H2O (9/1, v/v). The solid
was then dried overnight in a vacuum oven at 40°C to afford the title product, 3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-
ethyl)-1H-pyridin-4-one (420 mg, 53% yield) as light orange powder. HPLC purity (peak area percent) of this compound
is 97.2% at λ = 254 nm using HPLC Method 2 as described above. 1H NMR (400 MHz, MeOD-D4) δ: 6.39 (s, 1H), 3.96
(q, J = 10.1 Hz, 2H), 3.69 (s, 3H, NCH3), 2.42 (s, 3H); MS m/z 222.2 [M+1]+, 202.4, 182.3, 153.3.

Example 15

Preparation of 2-difluoromethyl-3-hydroxy-1,6-dimethyl-1H-pyridin-4-one

[0147] Step 1: The benzylation of 3-hydroxy-2-hydroxymethyl-6-methyl-pyran-4-one (25 g, 160.1 mmol) was carried
out as described in Example 1 above. The benzylated product was slurried in a mixture of EtOAc and hexanes, filtered
and dried to constant weight. Thus, 3-benzyloxy-2-hydroxymethyl-6-methyl-pyran-4-one was obtained as a light yellow
solid (32.5 g, 82.4% yield). 1H NMR (400 MHz, CDCl3) δ: 7.39 (s, 5H), 6.29 (s, 1H), 5.23 (s, 2H), 4.30 (s, 2H), 2.30 (s, 3H).
[0148] Step 2: A solution of the product obtained in step 1 above (5.00 g, 20.3 mmol) in 20 mL of CH2Cl2 was cooled
to 0°C, TEMPO (57.3 mg, 0.367 mmol) was added followed by a 2.75M aqueous solution of potassium bromide (5.2 g)
and a saturated aqueous solution of sodium bicarbonate (22.4 g). To this resulting mixture was added 18 mL of bleach
(10-14%) over period of 30 min. After stirring for 40 min at 0-5°C, a 1.0M aqueous solution of sodium thiosulphate (11.8
g) was added. The organic layer was collected, and the aqueous fraction was extracted with CH2Cl2, and the combined
organic fractions were washed with brine, dried over anhydrous sodium sulphate, filtered and concentrated to give 3.6
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g of crude 3-benzyloxy-6-methyl-4-oxo-4H-pyran-2-carbaldehyde. 1H NMR (400 MHz, CDCl3) δ: 9.86 (s, 1H), 7.37 (s,
5H), 6.32 (s, 1 H), 5.51 (s, 2H), 2.34 (s, 3H); MS m/z 245.2 [M+1]+, 91.2.
[0149] Step 3: To a solution of the crude aldehyde obtained above (3.2 g, 13.1 mmol) in 50 mL of CH2Cl2 was added
diethylaminosulfur trifluoride (DAST, 2.2 mL, 17.06 mmol) at ice-salt bath temperature (-5°C to 0°C) under N2 protection.
The reaction was complete after 5hrs based on HPLC analysis (HPLC Method 2 as described above). The reaction
mixture was quenched with a 10% NaHCO3 solution, then extracted with CH2Cl2, the combined organic layers was
washed with brine, dried over anhydrous sodium sulphate, filtered and concentrated to dryness. The residue was purified
by flash column chromatography on silica gel using a mixture of EtOAc and hexanes (1/1, v/v) as eluant. Thus, 3-
benzyloxy-2-difluoromethyl-6-methyl-pyran-4-one was obtained as a light brown solid (2.01 g 57.6% yield). HPLC purity
(peak area percent) is 95.7% using HPLC Method 2 as described above. 1H NMR (400 MHz, CDCl3) δ: 7.38-7.37 (m,
5H), 6.54 (t, J = 52.3 Hz, 1 H), 6.27 (s, 1 H), 5.30 (s, 2H), 2.33 (s, 3H); MS m/z 267.0 [M+1]+, 91.3 (100%).
[0150] Step 4: To a solution of difluoro compound obtained as described in step 3 above (1.94 g, 7.29 mmol) in 10
mL of MeOH was added MeNH2 (2M in MeOH, 36.5mL, 72.9mmol) at RT and then stirred for 2.5h. The reaction mixture
was evaporated to dryness, and the residue was purified via flash column chromatography on silica gel using a mixture
of CH2Cl2 and MeOH (19/1, v/v) to afford 1.3 g (63.9% yield) of 3-benzyloxy-2-difluoromethyl-1,6-dimethyl-1H-pyridin-
4-one as a light brown solid. 1H NMR (400 MHz, DMSO-D6) δ: 7.41-7.36 (m, 5H), 7.18 (t, J = 52.5 Hz, 1 H), 6.31 (s,
1H), 5.23 (s, 2H), 3.55 (s, 3H, NCH3), 2.31 (s, 3H); MS m/z 280.0 [M+1]+, 91.2 (100%).
[0151] Step 5: To a solution of benzylated pyridin-4-one obtained in step 4 above (100 mg, 0.358 mmol) in 20 mL of
MeOH was added 10% Pd-C (10 mg). The mixture was hydrogenated under 15 psi (1,03 bar) hydrogen pressure for 1
h. The reaction mixture was filtered through CELITE™, the filtrate was concentrated to dryness. The residue was
suspended in EtOAc and then filtered to afford the title compound, 2-difluoromethyl-3-hydroxy-1,6-dimethyl-1H-pyridin-
4-one, as a light brown powder (34 mg, 50.2% yield). HPLC purity (peak area percent) is >99% using HPLC Method 2
as described above. 1H NMR (400 MHz, DMSO-D6) δ: 7.40 (t, J = 52.0Hz, 1 H), 6.22 (s, 1 H), 3.63 (s, 3H, NCH3), 2.33
(s, 3H); MS m/z 190.1 [M+1]+, 170.3, 142.2 (100%).
[0152] In a similar manner, 2-difluoromethyl-3-hydroxy-1-methyl-1H-pyridin-4-one (R = H) was prepared. 1H NMR
(400 MHz, DMSO-D6 + a few drops of D2O) δ: 7.99 (d, J = 7.0 Hz, 1 H), 7.46 (t, J = 51.2 Hz, 1 H, CHF2), 6.79 (d, J =
7.0 Hz, 1 H), 3.95 (s, 3H, NCH3); MS m/z 176.3 [M+1]+, 156.1, 128.2 (100%).

Example 16

Preparation of 2-fluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one

[0153] Step 1: To an ice/salt cooled suspension of 5-benzyloxy-2-hydroxymethyl-pyran-4-one (30.0 g, 0.129 mol) in
dichloromethane (500 mL) were added, successively, triethylamine (21.0 mL, 0.151 mol) and a solution of methanesul-
fonyl chloride (8.3 mL, 0.129 mol) in 10mL of dichlroromethane. The progress of the reaction was monitored by TLC
(CH2Cl2/MeOH, 10/1, v/v), and by HPLC Method 1 as described above. An additional methanesulfonyl chloride (0.5 mL,
7.70 mmol) and triethylamine (2.0 mL, 14.2 mmol) were added to the solution after 50 min. Again, an additional meth-
anesulfonyl chloride (1.0 mL, 15.4 mmol) and triethylamine (2 mL, 14.2 mmol) were added an hour later. The reaction
was quenched with 150 mL of brine. The organic phase was separated and collected, dried over sodium sulfate and
concentrated in vacuo to give an oil. The oil was diluted with 200 mL of hexanes and a precipitate was formed. The solid
was collected by suction filtration, and dried in a vacuum oven to give methanesulfonic acid 5-benzyloxy-4-oxo-4H-pyran-
2-ylmethyl ester (39 g, 85% yield). HPLC purity (peak area percent) is 82.1% at λ = 280 nm using HPLC Method 1 as
described above. 1H NMR (400MHz, DMSO-D6) δ (ppm): 8.32 (m, 1 H), 7.43-7.37 (m, 5H), 6.62 (m, 1H), 5.18 (m,
2H,OCH2), 4.98 (m, 2H, OCH2), 3.36 (m, 3H, SCH3).
[0154] Step 2: To an ice/salt cooled solution of the sulfonate ester obtained in step 1 above ester (20.0 g, 64.4 mmol)
in acetonitrile (120 mL) was added a mixture of a 75wt% solution of tetrabutylammonium fluoride (35 g, 96.6 mmol) and
40 mL of acetonitrile. Additional tetrabutylammonium fluoride solution (35 g, 96.6 mmol) was added after 2.5 hrs and
the reaction mixture was allowed to stir at room temperature for overnight. The reaction was concentrated in vacuo to
give a dark red oil. The residue was diluted with 700 mL of ethyl acetate and washed 5 times with 120 mL of a 10%
sodium hydrogen carbonate solution and twice with 120 mL of brine. The organic layer was dried over sodium sulfate,
and concentrated to give a dark red oil. The crude product was purified by column chromatography on silica gel using
a mixture of ethyl acetate and hexanes (1/1, v/v) as the eluant to give 5-benzyloxy-2-fluromethyl-pyran-4-one as a waxy-
like solid (10.0 g, 66% yield). 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.69 (s, 1H), 7.42-7.37 (m, 5H, H-Ar)), 6.57 (s, 1
H), 5.36 (d, J = 46.5 Hz, 2H, CFH2), 4.97 (m, 2H, OCH2).
[0155] Step 3: A mixture of the 2-fluoromethyl-pyran-4-one derivative obtained in step 2 above (5.0 g, 21.3 mmol) and
a methanolic 2M methylamine (53 mL, 106.7 mmol) in methanol was heated to 40°C for 80 min. The reaction mixture
was concentrated to give a dark oil. The residue was purified by column chromatography on silica gel using a gradient
of 100% CH2Cl2 to 6% methanol in CH2Cl2 to give a brown solid. The solid was suspended in CH2Cl2 and ether, and
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then collected by suction filtration. The filtrate was concentrated and crystallized to obtain a second crop. The combined
crops were dried in a vacuum oven to give 5-benzyloxy-2-tluoromethyl-2-methyl-1H-pyridin-4-one (2.62 g, 50% yield).
HPLC purity (peak area percent) is 93.1 % at λ = 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz,
DMSO-D6) δ (ppm): 8.31 (s, 1 H), 7.43-7.36 (m, 5H, H-Ar), 6.36 (s, 1 H), 5.48 (d, J = 46.9 Hz, 2H, CFH2), 5.01 (s, 2H,
OCH2), 3.64 (s, 3H, N-CH3).
[0156] Step 4: A mixture of 5-benzyloxy-2-fluoromethyl-2-methyl-1H-pyridin-4-one obtained in step 3 above (0.5 g,
2.02 mmol) in 5mL of 4.0M HCl solution was heated to 70°C and then to 120°C. The progress of the reaction was
monitored by HPLC Method 1 as described above. After 3 hrs, the reaction mixture was cooled in an ice/salt bath and
the pH of the solution was adjusted to 6 with aqueous NaOH. A precipitate formed upon stirring. The solid was collected
by suction filtration, and thoroughly washed with cold 0.01 M HCl solution, and then with ether. The solid was dried under
vacuum in an oven (40°C) to give the title product, 2-fluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one (110 mg). HPLC
purity (peak area percent) is >98% at λ = 280 nm using HPLC Method 1 as described above. 1H NMR (400MHz, DMSO-
D6) δ (ppm): 7.52 (s, 1H), 6.36 (s, 1H), 5.47 (d, J = 46.8 2H, CFH2), 3.70 (s, 3H, N-CH3); MS-ESI (m/z): 158.2 [M+1]+, 110.1.

Example 17

Preparation of 2-Difluoromethyl-5-hydroxy-1H-pyridin-4-one

Preparation of 5-Benzyloxy-2-difluoromethyl-1H-pyridin-4-one

[0157] 5-Benzyloxy-2-difluoromethyl-pyran-4-one (0.47 g, 1.9 mmol) was dissolved in ethanol (15 mL) to give a slightly
yellow clear solution. Ammonium hydroxide (28-30% aqueous solution, 15 mL, 235 mmol) was added at room temper-
ature. The resulting solution was stirred at ambient temperature for 24 hours. The progress of the reaction was monitored
by TLC (CH2Cl2/EtOAc, 7/3, v/v) and HPLC Method 2. Volatiles were removed in vacuo and the residue was purified

by column chromatography on silica (95/5 then 85/15 CH2Cl2/MeOH, v/v) to give the title compound as a light yellow

solid (0.35 g, 74%) with a HPLC purity (peak percent area) of 98.2%. 1H NMR (300MHz, DMSO-D6)  (ppm): 10.99
(br. s, 1H), 8.22 (s, 1 H), 7.32-7.32 (m, 5H), 7.06 (s, 1 H), 6.75 (t, J = 55.4 Hz, 1 H), 5.23 (s, 2H); MS (m/z) 252 [M+1]+,
192.2, 91.3 (100%).

Preparation of 2-Difluoromethyl-5-hydroxy-1H-pyridin-4-one

[0158] 5-Benzyloxy-2-difluoromethyl-1H-pyridin-4-one (300 mg, 1.19 mmol) was dissolved in methanol (20 mL) to give
clear a yellow solution. Pd/C (55 mg) was added at RT. After purging with hydrogen gas, the mixture was hydrogenated
at 50 psi (3,45 bar) H2 pressure for 15 min. The reaction mixture was filtered through a short pre-treated CELITE™ bed.

The filtrate was collected, and the solvent was removed in vacuo to give the title compound as an off-white solid (170
mg, 88%) with an HPLC purity (peak percent area) of 98.8%. HPLC Method 1 is used (see Example 1). 1H NMR (300MHz,

DMSO-D6)  (ppm): 10.3 (br s, 1H), 7.97 (s, 1H), 6.98 (s, 1H), 6.72 (t, J = 55.4 Hz, 1H); MS (m/z) 162.2 [M+1]+, 142.1

(100%).

Example 18

Preparation of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

Preparation of 5-benzyloxy-2-methyl-1H-pyridin-4-one

[0159] A suspension of 3-Benzyloxy-6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid (3.2 g, 0.02 mol) in DMF
(30 ml) was heated in an oil bath at 120°C for 8 hrs. The mixture was cooled to room temperature and the insoluble solid
was filtered. The solid was washed with hexane and dried under vacuum for 16 hrs to give 5-benzyloxy-2-methyl-1H-
pyridin-4-one (3.32 g, 77% yield).
[0160] H-NMR (MeOH-d4) δ 2.30 (s, 1H, CH3), 5.06 (s, 2H, OCH2), 6.34 (s, 1H, CH), 7.29-7.38 (overlapping peaks,
4H, Ph), 7.44-7.46 (overlapping peaks, 2H, CH and 1H of Ph).

Preparation of 5-hydroxy-2-methyl-1H-pyridin-4-one

[0161] A solution of 5-benzyloxy-2-methyl-1H-pyridin-4-one (2 g, 9.29 mmol) in methanol (30 ml) and water (8 ml) was
placed in a Parr bottle. 10% Pd/C was added and the mixture was hydrogenated at 50 psi (3,45 bar) for 3 hours. A bed
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of CELITE™ was placed on a sintered glass, and washed with 0.1 N HCl and then water. The content in the Parr bottle
was removed from the Parr hydrogenator and flushed with nitrogen. The solution was filtered under suction. The filtrate
was evaporated to give a white solid (820 mg, 70% yield). H-NMR (300 MHz, DMSO-d6) δ 2.178 (apparent s, 1H, CH3),
5.99 (s, 1H, CH), 7.22 (s, 1H CH).
[0162] Preparation of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

A. 5-Hydroxy-2-methyl-1H-pyridin-4-one (700 mg, 5.59 mol) was suspended in a parallel synthesizer reaction tube.
Potassium carbonate (231 mg, 1.67 mmol) and CF3CH(OH)OMe (2.1 ml, 22.36 mmol) were added. The mixture
was heated in a sealed tube at 120°C (metal block temperature) for 2 hrs. The mixture started to solidify and it was
cooled. An additional amount of CF3CH(OH)OMe (2.1 ml, 22.36 mmol) was added. The suspension was heated for
another 8 hrs at 120°C. The material was cooled and evaporated to dryness. Water (10 ml) was added and the
insoluble product was filtered. It was dried under vacuum for 16 hrs at 40°C. Yield (920 mg, 73% yield). H-NMR
(DMSO-d6) δ 2.49 (apparent s, 3H, CH3), 5.39 (dd, JHF1 = 7.2 Hz, JHF2 = 7.2 Hz, JHF3 = 7.2 Hz), 6.04 (br. s, 1 H,
CH). MS (m/z) 224.1 [M + 1]+.

B. Proceeding in a similar manner as A, 2-difluoromethyl-5-hydroxy-1-methyl-1 H-pyridin-4-one was converted to
6-difluoromethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one. 1H NMR (DMSO-d6 + 1

drop of D2O)  ppm: 7.12 (t, J=52.8 Hz, 1H), 6.56 (s, 1H), 5.83 (b, 1H), 3.79 (s, 3H). 19F NMR (DMSO-d6 + 1 drop

of D2O)  ppm: -73.3 (3F), -117.8 (2F). MS (m/z) 274.1 [M+1]+. HPLC conditions: Column: XTerra MS C18 5 mm

4.6x250mm. Mobile phase: A = the aqueous phase: 4 mM Tris, 2 mM EDTA, pH 7.4; B = the organic phase: CH3CN.

The gradient program: B%: 0 min. 5%, 15 min. 55%, 25 min. 55%, 25.05 min. 5%, 30 min. 5%. Flow rate = 1 ml/min.;
injection volume= 5 mL; wavelength: 220, 254, 280, 450 nm. Retention time of 2-Difluoromethyl-5-hydroxy-1-methyl-
1H-pyridin-4-one = 6.7 min. Retention time of 6-difluoromethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-
ethyl)-1H-pyridin-4-one = 11.4 min.

Example 19

Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0163] Preparation of 3-Benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one 3-Benzyloxy-2-me-
thyl-1H-pyridin-4-one (1 g, 4.64 mmol) was mixed with potassium carbonate (0.2 g, 1.45 mmol) and CF3CH(OCH3)OH
(4.34 g, 33.36 mmol) in sealed parallel synthesizer reactor and heated at 120°C metal block temperature for 2 days.
The mixture was cooled, and an additional amount of potassium carbonate (2 g, 14.5 mmol) and CF3CH(OCH3)OH (2
g, 15.30 mmol) was added. The mixture was again heated in a sealed tube at 120°C for 60 hours. The mixture was
cooled to room temperature and then evaporated to dryness. The residual material was purified by column chromatog-
raphy (5% MeOH : dichloromethane) to give 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one
(0.55 g, 37.8% yield).
[0164] H-NMR (300 MHz, DMSO-d6) δ 2.08 (s, 3H, CH3), 5.06 (dd, 2H, CH2Ph, J = 11, 8.4 Hz), 5.35 (m, 1H, CHCF3),
7.31-7.35 (m, 5H, Ph), 7.57 (s, 1H, CH).

[0165] Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one 3-benzyloxy-2-methyl-
5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (0.5 g, 1.60 mmol) was dissolved in methanol and hydrogenated
over 10% Pd/C for 3 hrs at 50 psi (3,45 bar) hydrogen on a Parr hydrogenator. The mixture was filtered through CELITE™
and the filtrate was evaporated to give a solid (300 mg, 84.2%).
[0166] H-NMR (300 MHz, DMSO-d6) δ 2.20 (s, 3H, CH3), 5.32 (m, 1 H, CHCF3), 7.51 (s, 1 H, CH).



EP 2 134 688 B1

38

5

10

15

20

25

30

35

40

45

50

55

Example 20

Stability studies

[0167] The stability of the following products:

(i) 2-difluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one;
(ii) 3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one;
(iii) 3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one;
(iv) 2-difluoromethyl-3-hydroxy-1,6-dimethyl-1H-pyridin-4-one;
(v) 2-difluoromethyl-3-hydroxy-1-methyl-1H-pyridin-4-one;
(vi) 3-hydroxy-1-methyl-4-oxo-1,4-dihydro-pyridine-2-carbaldehyde; and
(vii) 2-fluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one in

(1) aqueous 0.01 N HCl;

(2) de-ionized water at pH 5.6;

(3) 50 mM phosphate buffer at pH 7.4; and

(4) aqueous 0.01 N NaOH

was monitored at room temperature over 4-19 hrs by HPLC Methods 1 and 2 as described above.
[0168] Under these conditions, it was observed that the di-fluorinated compound (i), the trifluorinated compound (ii),
and the aldehyde (vi) were stable in all the four media at room temperature for at least 8 hrs.
[0169] The trifluoro derivative (iii) was stable in 0.1 N HCl, in the 50 mM phosphate buffer at pH 7.4 and in 0.1 N NaOH
solution for at least 21 hrs at room temperature.
[0170] Freshly prepared solutions of the difluoro compounds (iv) and (v) were stable in aqueous 0.01 N HCl and in
de-ionized water at pH 5.6. However, the difluoro compounds (iv) and (v) were almost instantaneously hydrolysed to
their corresponding aldehydes either in 50 mM phosphate buffer at pH 7.4 or in aqueous 0.01 N NaOH. In both cases,
the corresponding aldehyde was the only major product formed in each case, as monitored by HPLC Method 1.
[0171] The mono-fluoro derivative (vii) was stable in MeOH for at least 4 hrs, but decomposed rapidly in aqueous 0.01
N NaOH to form at least 3 decomposition products. In 50 mM phosphate buffer at pH 7.4, about half of the compound
(vii) remained after 5 hrs. At least 4 decomposition products were detected by HPLC Method 1.

Example 21

[0172] Determination of log KBMC of compounds of formula (I) of the present invention and reference drug substances
by Biopartitioning Micellar Chromatrography (BMC).
[0173] The BMC determination was conducted on an Aligent HPLC 1100 model equipped with a column heater set
at 36.5°C. The chromatographic column was a Kromasil C18 column with guard column (5 m, 150 mm X 4.6 mm). The
flow rate was 1 ml min-1 in the isocratic mode. The mobile phase was 0.04 M Brij35-polyoxyethylene lauryl ether solution
or 0.04 M Brij35 solution with 4 mM EDTA, 0.05 M phosphate buffer at pH 7.4 and 9.2 g/L NaCl. EDTA was used in the
mobile phase to ensure that the chelator was completely free of metal chelates. A UV variable wavelength detector was
used, with the λmax selected for each analyte. Thirty-one reference drug substances were analyzed by BMC according
to the technique reported by Escuder-Gilabert et al. (Escuder-Gilabert, L., et al., Journal of Chromatrography B, 2004,
807, 193-201). The results for the reference drug substances are provided in the table of Figure 2. The log KBMC and
log BB values for the reference drug substances reported in the literature are provided in Columns 3 and 4 of the table.
The log KBMC for the reference drug substances measured by us are provided in Columns 1 and 2 of the table. The
compounds of formula (I) of the present invention were analyzed by the same chromatography method. The log KBMC
values for the compounds of formula (I) of the present invention, using 4 mM EDTA in the mobile phase, are recorded
in the table of Figure 1. The calculated log BB values were computed using the linear regression mathematical equation
shown in Figure 3. The test articles showed calculated log BB values between -1.05 to -0.22. These values fall within
the log BB range of the compounds provided in the table of Figure 2, and 14 of the drug substances studied have log
BB values below zero and are in the negative range.
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Example 22

A. Preparation of 5-benzyloxy-1-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid

[0174] A mixture of 5-benzyloxy-4-oxo-4H-pyran-2-carboxylic acid (20.0 g, 81.2 mmol) and a solution of 2M MeNH2
in methanol (162.5 mL, 325 mmol) was stirred at RT for 16 h. Volatiles were removed under reduced vacuum, and the
residue was dissolved in 70 mL of de-ionized water. To the ice-cold mixture was added a 6N HCl solution (13.5 mL,
81.0 mmol) dropwise. The precipitated solid was collected via filtration, and washed with water and acetone to give the
title compound as a light yellow solid (18.9 g, 90% yield). 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.82 (s, 1 H), 7.45-7.33
(m, 5H), 6.72 (s, 1 H), 5.05 (s, 2H) and 3.84 (s, 3H); MS-ESI (m/z): 259.8 [M+1]+, 91.2.

B. Preparation of 3-hydroxy-1-methyl-1H-pyridin-4-one

[0175] A suspension of 5-benzyloxy-1-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid (18.2 g, 70.2 mmol) in 100
mL of DMF was stirred at oil bath temperature (130-140°C) for 1.5 h. The reaction mixture was concentrated in vacuo,
and the residual oil was diluted with dichloromethane (10 mL) and ethyl acetate (80 mL). The precipitated solid was
collected by suction filtration to give 3-benzyloxy-1-methyl-1H-pyridin-4-one as a yellow powder (14.2 g, 94% yield). MS-
ESI (m/z): 215.7 [M+1]+, 91.2. A mixture of 3-benzyloxy-1-methyl-1H-pyridin-4-one (14.1 g, 65.5 mmol) and 10% Pd/C
(1.20 g) in methanol was subjected to hydrogenation in a Parr apparatus under 50 psi (3,45 bar) pressure of hydrogen
for 70 min. The mixture was filtered through a pad of CELITE™, the filtrate was concentrated to dryness, and the residue
was triturated with acetone. The solid was then collected by suction filtration. The title compound was obtained as a
light-brown powder (7.13 g, 87% yield) after vacuum oven drying. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.49 (br. s,
1H), 7.38 (s, 1H), 6.12 (br. s, 1H) and 3.63 (s, 3H); MS-ESI (m/z): 125.7 [M+1]+.

Example 23

A. Preparation of 3-Hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0176] A mixture of 3-hydroxy-1-methyl-1H-pyridin-4-one (7.60 g, 60.7 mmol) and K2CO3 (0.84 g, 6.07 mmol) in
trifluoroacetaldehyde methyl hemiacetal (26 mL) was sealed in a parallel reactor and stirred for overnight at 120°C. The
reaction mixture was evaporated to dryness, and the residue was purified by flash column chromatography on silica gel
using a mixture of isopropyl alcohol and a conc. NH4OH solution (80/20, vlv) as eluant. Pure fractions were combined
together and evaporated to give the title compound as a white solid (2.32 g, 17% yield). HPLC purity (peak area percent)
of this compound is 99% at λ = 254 nm. 1H NMR (400MHz, DMSO-D6) δ (ppm): 7.59 (d, J = 7.2 Hz, 1H), 6.20 (d, J =
7.4 Hz, 1 H), 5.80 (q, J = 8.5 Hz, 1 H) and 3.83 (s, 3H); MS-ESI (m/z): 223.7 [M+1]+, 206, 158. Other fractions were
combined to give a second crop of the product (8.26g, 61% yield). HPLC purity (peak area percent) of this compound
is 98% at λ = 254 nm. HPLC method: Column: Waters Symmetry C18; 5mm, 3.9 x 150mm; Mobile phase: A = the
aqueous phase: 0.035% HClO4 pH 2.5; B = the organic phase: CH3CN; gradient: %B: 0 min-10%, 10 min-90%, 12 min-
90%, 15 min-10%; flow rate: 1mL/min; wavelength: 220, 254, 280 nm.

B. Preparation of 3-hydroxy-1-methyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0177] A solution of NaOH (1.77 g dissolved in 20 mL, 44.4 mmol) in de-ionized water was added dropwise to a
suspension of 3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxyethyl)-1H-pyridin-4-one (9.00 g, 40.3 mmol) in methanol
(100 mL), and followed by benzyl bromide (5.28 mL, 44.4 mmol) at room temperature. The resulting suspension was
refluxed for 3.5 h, and then stirred at RT for overnight. Methanol was removed under vacuum using the rotary evaporator,
and the residue was diluted with water and extracted two times with CH2Cl2 (2x100 mL). The combined organic fractions
were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated to dryness. The residue was
purified by flash column chromatography on silica gel using a mixture of methanol and ethyl acetate (10/90, vlv) as
eluant. Fractions rich in the product were pooled together and evaporated to dryness to give 4 g of 3-benzyloxy-1-methyl-
2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as a solid.
[0178] To a suspension of 3-benzyloxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (4 g) in CH2Cl2
(80 mL) was added Et3N (2.40 mL, 17.5 mmol), followed by methanesulfonyl chloride(1.25 mL, 16.2 mmol) at ice-water
bath temperature. The resulting mixture was then stirred for 3 h. The reaction mixture was quenched with water and
extracted twice with CH2Cl2 (2 x 50 mL). The combined organic fractions were washed with brine and dried over anhydrous
sodium sulfate, filtered and concentrated to dryness. The residue was purified by flash column chromatography on silica
gel using a mixture of CH2Cl2 and MeOH (95/5, v/v) as eluant, thereby affording the product, methanesulfonic acid 1-(3-
benzyloxy-1-methyl-4-oxo-1,4-dihydro-pyridin-2-yl)-2,2,2-trifluoro-ethyl ester (0.97 g, 19.4% yield). MS-ESI (m/z): 391.9
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[M+1]+, 206, 91.
[0179] A mixture of methanesulfonic acid 1-(3-benzyloxy-1-methyl-4-oxo-1,4-dihydro-pyridin-2-yl)-2,2,2-trifluoro-ethyl
ester (2.80 g, 7.15 mmol) and 10% Pd/C (0.56 g) in ethyl alcohol was subjected to hydrogenation in a Parr apparatus
under 50 psi (3,45 bar) hydrogen pressure for 90 min. The mixture was filtered through a pad of CELITE™, and the
filtrate was concentrated to dryness. The residue was purified by flash column chromatography on silica gel using a
mixture of isopropyl alcohol and a conc. NH4OH solution (90/10, v/v) as eluant. Fractions rich in the product were pooled
together and evaporated to dryness, thereby affording 3-hydroxy-1-methyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one (first
crop: 143 mg, 9.7% yield, second crop: 240 mg, 16.2% yield). 1H NMR (90MHz, CD3OD) δ (ppm): 7.66 (d, J = 7.2 Hz,
1 H), 6.41 (d, J = 7.4 Hz, 1 H), 3.89 (q, J = 10.2 Hz, 1 H) and 3.82 (s, 3H); MS-ESI (m/z): 208 [M+1]+, 188.2, 168.2.
HPLC purity (peak area percent) of both fractions are about 98% at λ = 254 nm, RT = 3.75 min (HPLC method is
described in Part A above).

Example 24

HPLC Methods used in the preparation of compounds of the present invention

[0180] The HPLC methods used (Methods 1 to 4) in the monitoring of the synthesis of the compounds of the present
invention and their intermediates are described below:

Column: XTerra MS C18, 4.6 x 250 mm

A = Aqueous phase: 4 mM Tris, 2 mM EDTA, pH 7.4

B = Organic phase: CH3CN

Flow rate = 1.0 mL/min

Injection volume = 5 mL

Wavelength (λ): 220, 254, 280, 450 nm

Method 1: Gradient method; min-B% 0-5, 15-55, 25-55, 25.05-5, 30-5.

Method 2: Isocratic method; aqueous : organic = 80 : 20.

Method 3: Gradient method: min-B% 0-5, 15-55, 32-55, 35-5, 40-5

Method 4

[0181]

A = Aqueous phase: 8 mM Tris, 4 mM EDTA, pH 7.4

B = Organic phase: CH3CN

Flow rate = 1.0 mL/min

Injection volume = 5 mL

Wavelength = 220, 254, 280, 450 nm

Gradient: min-B% 0-5, 15-55, 25-55, 25.05-5, 30-5
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Example 25

Preparation of 5-Hydroxy-1-methyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

A. Preparation of 5-Benzyloxy-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-pyran-4-one

[0182] The entire experiment was performed under an inert atmosphere by bubbling argon gas into the ice-salt cooled
reaction mixture. To a cloudy solution of 5-benzyloxy-4-oxo-4H-pyran-2-carbaldehyde (5.00 g, 21.7 mmol) in dry tet-
rahydrofuran (185 mL) previously purged with argon for 35 min was added trimethyl(trifluoromethyl)silane (10.8 g, 76.0
mmol) dropwise, followed by caesium fluoride (0.34 g, 2.2 mmol). The color of the reaction mixture turned to yellow and
almost clear within a min. TLC was used to monitor the reaction (eluant: 50:50, ethyl acetate:hexanes, v:v). The reaction
was completed within 10 min. The reaction mixture was quenched with a 6.0N hydrochloric acid solution (20 mL) under
cooling, followed by addition of a brine solution (50 mL). The mixture was stirred for 10 min, and then transferred to a
separatory funnel. The organic THF fraction was collected, and then concentrated in vacuo to about 10 mL using the
rotary evaporator. The residual solution was diluted with dichloromethane (80 mL). The mixture was transferred to a
separatory funnel, and the separated dichloromethane layer was collected, dried over Na2SO4 and filtered. Upon con-
centration under reduced pressure, a first crop of the titled compound was obtained as a solid product (3.72 g, 57%
yield, HPLC Method 1 (Example 24), RT = 16.8 min, HPLC purity (peak percent area): 96% at λ = 280 nm). 1H NMR
(DMSO-d6 + D2O) δ ppm: 8.20 (s, 1H), 7.36 (br m, 5H), 6.57 (s, 1H), 5.11 (q, J = 7 Hz, 1H), 4.92 (s, 2H).

B. Preparation of 5-Benzyloxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0183] In each of four parallel synthesis tubes equipped with a magnetic stir bar was placed 5-benzyloxy-2-(2,2,2-
trifluoro-1-hydroxy-ethyl)-pyran-4-one (0.90 g, 3.0 mmol), and a 2M methylamine solution in MeOH (5.5 mL, 11 mmol).
The resulting solution was heated to reflux. The reaction was completed in 60 min. The solutions from the four reaction
tubes were combined, and evaporated to dryness to give a semi solid mixture. The mixture was taken up in dichlo-
romethane (15 mL) to give a thick solution. On standing, a solid product precipitated out to give the first crop of the title
compound (2.90 g, 77% yield, HPLC Method 1 (Example 24); RT = 13.0 min, HPLC purity (peak percent area): 99.5%
at λ = 280 nm). 1H NMR (DMSO-d6 + D2O) δ ppm: 7.64 (s, 1 H), 7.37 (m, 5H), 6.49 (s, 1H), 5.38 (q, J = 6.5 Hz, 1H),
4.97 (s, 2H), 3.69 (s, 3H).

C. Preparation of Methanesulfonic acid 1-(5-benzyloxy-1-methyl-4-oxo-1,4-dihydro-pyridin-2-yl)-2,2,2-trifluoro-
ethyl ester

[0184] To a tap-water cooled suspension of 5-benzyloxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxyethyl)-1H-pyridin-4-one
(1.81 g, 5.8 mmol) in dichloromethane (95 mL) was added triethylamine (0.80 mL, 5.8 mmol) dropwise, followed by
methanesulfonyl chloride (0.45 mL, 5.8 mmol). The suspension cleared and a slightly cloudy solution was obtained. The
progress of the reaction was monitored by HPLC Method 1 (Example 24), which indicated about 75% conversion at this
time. Another portion of triethylamine (0.30 mL, 2.1 mmol) and methanesulfonyl chloride (0.160 mL, 2.1 mmol) was
added to the reaction mixture, and a bright yellow clear solution resulted. The reaction was completed within 10 min
after the addition. The resulting solution was washed with a brine solution (2 x 50 mL). The organic layer was dried over
Na2SO4, and then filtered. To the filtrate was added morpholine polymer-bound beads (1% cross-linked w/DVB, 200-400
mesh, 2.5-4.0 mmol N/g, 4.3 g), and the mixture was vortexed for 1 h. The solid morpholine beads were removed by
filtration. The filtrate was evaporated to dryness, and the residual oil was taken up in dichloromethane and ethyl ether,
and a solid product was obtained upon stirring. A first crop of the title compound was collected by filtration (1.80 g, 80%
yield, HPLC Method 1 (Example 24); RT= 15.0 min, HPLC purity ( peak percent area): 99.3% at λ = 280 nm). 1H NMR
(DMSO-d6) δ ppm: 7.77 (s, 1 H), 7.40 (m, 5H), 6.61 (q, J = 6 Hz, 1 H), 6.43 (s, 1 H), 5.01 (s, 2H), 3.77 (s, 3H), 3.50 (s, 3H).

D. Preparation of 5-Hydroxy-1-methyl-2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0185] In a 500-mL reaction vessel was placed methanesulfonic acid 1-(5-benzyloxy-1-methyl-4-oxo-1,4-dihydro-py-
ridin-2-yl)-2,2,2-trifluoro-ethyl ester (1.80 g, 4.60 mmol), and ethanol (120 mL). The mixture was sonicated to give a
clear solution. To the solution was added 1.80 g of Pd/C (10 wt. %, dry basis, on activated carbon, wet, Degussa type
E101 NE/W). Hydrogenation was carried out under a hydrogen atmosphere set at a pressure of 50 psi. The reaction
was completed within 90 min. The reaction mixture was diluted with methanol (120 mL), and the resulting mixture was
sonicated for 10 min. The reaction mixture was then filtered through a short hydrochloric acid pre-treated CELITE™
bed. The filtrate was collected, and concentrated in vacuo to a volume of about 100 mL. To the resulting solution was
added morpholine polymer-bound beads (1% cross-linked w/DVB, 200-400 mesh, 2.5-4.0 mmol N/g, 5.2 g), and the
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mixture was vortexed for 3 h. The morpholine beads were removed by filtration. Upon partial concentration in vacuo, a
solid separated and the first crop of the title compound was obtained as the free base (0.74 g, 77% yield, HPLC Method
1 (Example 24); RT= 8.2 min, HPLC purity (peak percent area): 98.7% at λ = 280 nm). 1H NMR (CD3OD) δ ppm: 7.55
(s, 1 H), 6.52 (s, 1 H), 3.77 (q, J = 10 Hz, 2H), 3.78 (s, 3H); MS-ESI (m/z): 208.2 ([M+1]+, 100%), 188.2, 139.2.

Example 26

Preparation of 3-Hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0186] In a parallel synthesis tube equipped with a magnetic stir bar was placed 5-hydroxy-1-methyl-2-(2,2,2-trifluoro-
ethyl)-1H-pyridin-4-one (0.70 g, 3.40 mmol), a 36.5% by wt. formaldehyde solution (8 mL, 107 mmol) and a 6.00 N
sodium hydroxide solution (0.62 mL, 3.70 mmol). The resulting solution was heated to about 40°C for 3 h. The progress
of the reaction was monitored by HPLC (Example 24, HPLC method 2: RT of 5-hydroxy-1-methyl-2-(2,2,2-trifluoro-ethyl)-
1H-pyridin-4-one and 3-hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one are 4.4 and 4.2
min, respectively), which indicated that there was about 90% conversion at this time. To the solution was further added
a 6.00 N NaOH solution (40 mL, 0.24 mmol). The reaction was heated at about 40 °C for another 1.5 h. The reaction
mixture was cooled in an ice-water bath, and the pH of the solution was adjusted to 6 by adding a 6.00 N hydrochloric
acid solution (475 mL, 2.85 mmol). A lot of solid separated upon stirring. The reaction mixture was concentrated. The
solid product 3-hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoroethyl)-1H-pyridin-4-one was collected by filtration
and thoroughly washed with deionized water, then dried (0.62 g, 77% yield, HPLC Method 2 (Example 24), RT = 4.2
min, HPLC purity (peak percent area): 94% at λ = 280 nm). Recrystallization of the solid in methanol gave a 1st crop of
purer 3-hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one (250 mg, HPLC purity (peak per-
cent area): 98% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 6.28 (s, 1 H), 4.66 (s, 2H), 3.95 (q, J = 11 Hz, 2H), 3.73 (s,
3H). MS-ESI (m/z): 238.3 [M+1]+, 220.1, 192.2 (100%).

Example 27

Preparation of 3-Hydroxy-1,2-dimethyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0187] In a parallel synthesis tube equipped with a magnetic stir bar, 3-hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-
trifluoro-ethyl)-1H-pyridin-4-one (0.50 g, 2.11 mmol) was suspended in methanol (9 mL). A clear solution resulted upon
addition of a 6.00 N sodium hydroxide solution (0.39 mL, 2.32 mmol). Benzyl bromide (0.32 mL, 2.69 mmol) was then
added, and the resulting solution was heated to reflux for 60 min. The reaction was monitored by HPLC Method 1
(Example 24), which indicated that about 15% of the starting material still remained. An additional solution of 6.00 N
sodium hydroxide solution (95 mL, 0.57 mmol) and benzyl bromide (85 mL, 0.71 mmol) were added to the reaction
mixture, and the resulting solution was heated to reflux for another 30 min. The reaction mixture was purified by column
chromatography on silica (methanol : dichloromethane 5:100 to 8:100 v:v) to give 3-benzyloxy-2-hydroxymethyl-1-me-
thyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one as a solid (0.34 g, 49% yield, HPLC Method 1 (Example 24), RT = 13.1
min, HPLC purity (peak percent area): 96.2% at λ = 280 nm). The product was used directly in the next step without
further characterization.
[0188] To a suspension of 3-benzyloxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one (0.34 g,
1.04 mmol) in acetonitrile (15 mL), was added thionyl chloride (0.38 mL, 5.19 mmol) at room temperature. A clear solution
resulted and the reaction was completed within 10 min. The reaction mixture was evaporated to dryness to give the
crude 3-benzyloxy-2-chloromethyl-1-methyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one as an oil, which was taken up in
ethanol (15 mL) to give a clear solution. Sodium borohydride (430 mg, 11.4 mmol) was added to the solution portionwise.
The reaction mixture was stirred for another 10 min, and the progress of the reaction was monitored by TLC (methanol/
dichloromethane, 1/10 vlv as eluant). There was still some unreacted chloride derivative present at this time. Additional
sodium borohydride (360 mg, 9.5 mmol) was added in several portions. The reaction mixture was stirred for another 10
min. The reaction mixture was purified by column chromatography on silica gel (methanol/dichloromethane, 1/20 vlv as
eluant) to give 3-benzyloxy-1,2-dimethyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one as an oil (0.20 g, 61% for the two
combined steps, HPLC Method 1 (Example 24), RT= 15.1 min, HPLC purity (peak percent area): 92% at λ = 280 nm).
This material, 3-benzyloxy-1,2-dimethyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one (0.20 g, 0.64 mmol) was taken up in
methanol (25 mL) to give a clear solution. To the solution was added Pd/C (10 wt. %, dry basis, on activated carbon,
wet, Degussa type E101 NE/W, 90 mg). The hydrogenation reaction was conducted under a hydrogen pressure of 50
psi (3,45 bar). The reaction was completed in 30 min. A CELITE™ bed was prepared on a sintered glass, and washed
with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under suction. The reaction mixture
was filtered through the pre-treated CELITE™ bed. The filtrate was evaporated to give the first crop of 3-hydroxy-1,2-
dimethyl-6-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one as a solid product (free base, 74 mg, 52% yield), HPLC Method 1
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(Example 24), RT = 9.9 min, HPLC purity (peak percent area): 96.4% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 6.25
(s, 1H), 3.94 (q, J = 11 Hz, 2H), 3.57 (s, 3H), 2.32 (s, 3H). MS-ESI (m/z) 222.2 ([M+1]+, 100%), 202.3, 153.2.

Example 28

Preparation of 5-Hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0189] A mixture of 5-benzyloxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (3.1 g, 9.9 mmol) and
methanol (60 mL) was sonicated to give a clear solution. To the solution was added Pd/C (10 wt. %, dry basis, on
activated carbon, wet, Degussa type E101 NE/W, 0.58 g). The debenzylation reaction was conducted in a Parr hydro-
genator under an atmosphere of hydrogen pressurized to 50 psi (3,45 bar). The reaction was completed within 20 min.
The reaction mixture was diluted with MeOH (100 mL), sonicated for about 20 min. A CELITE™ bed was prepared on
a sintered glass, and washed with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under
suction. The reaction mixture was filtered through the pre-treated CELITE™ bed. The filtrate was collected and concen-
trated in vacuo to give 5-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as a solid product (2.05
g, 92% yield, HPLC Method 1 (Example 24), RT = 7.4 min, HPLC purity (peak percent area): 99.4% at λ = 280 nm). 1H
NMR (DMSO-d6 + D2O) δ ppm: 7.50 (s, 1 H), 6.50 (s, 1 H), 5.37 (q, J = 6.5 Hz, 1H), 3.67 (s, 3H); MS-ESI (m/z) 224.2
[M+1]+, 206.2, 155.2 (100%), 140.1, 126.1.

Example 29

Preparation of 3-Hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0190] In each of three parallel synthesis tubes equipped with a magnetic stir bar was placed 5-hydroxy-1-methyl-
2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (0.50 g, 2.24 mmol), a 36.5% by wt formaldehyde solution (6 mL,
80.4 mmol), and a 6.00 N sodium hydroxide solution (0.45 mL, 2.7 mmol). The resulting solution was heated to about
40°C for overnight. Analysis by HPLC Method 1 (Example 24) indicated consumption of the starting material. The contents
of the three tubes were combined, and the resulting solution was cooled in an ice-water bath. A 6.00 N hydrochloric acid
solution (1.1 mL, 6.6 mmol) was added to adjust the pH of the solution to about 6. The mixture was concentrated in
vacuo to remove most of the solvent to give a solid/liquid mixture. To the mixture was added methanol (100 mL), and
the mixture was stirred for 1 h. The first crop of the solid was collected by suction filtration and washed with de-ionized
water thoroughly to give 3-hydroxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-1-hydroxyethyl)-1H-pyridin-4-one (0.83
g, 48% yield, HPLC Method 1 (Example 24), RT = 7.7 min, HPLC purity (peak percent area): 99.2% at λ = 280 nm). 1H
NMR (DMSO-d6 + D2O) δ ppm: 6.53 (s, 1 H), 5.54 (q, J = 6.5 Hz, 1 H), 4.67 (s, 2H), 3.76 (s, 3H); MS-ESI (m/z) 254.1
[M+1]+, 236.1, 208.1 (100%), 139.2.

Example 30

Preparation of 3-Hydroxy-1,2-dimethyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

A. Preparation of 3-Benzyloxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0191] A 6.00 N sodium hydroxide solution (785 mL, 4.71 mmol) was added to a suspension of 3-hydroxy-2-hydroxyme-
thyl-1-methyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (1.08 g, 4.26 mmol) in methanol (5 mL). Benzyl bro-
mide (650 mL, 5.46 mmol) was added to the clear solution, and the resulting solution was heated to reflux for 45 min
Some solid had separated out in the solution. Analysis of the reaction mixture using HPLC Method 1 (Example 24)
indicated that the starting material was consumed. The reaction mixture was allowed to cool down to room temperature,
and the first crop of solid product was collected by suction filtration, and washed with acetonitrile. The title compound
was thus obtained as a solid product (1.11 g, 76% yield, HPLC Method 1 (Example 24), RT = 12.6 min, HPLC purity
(peak percent area): 99% at λ = 280 nm). 1H NMR (DMSO-d6 + D2O) δ ppm: 7.36 (m, 5H), 6.59 (s, 1 H), 5.53 (q, J =
6.5 Hz, 1 H), 5.01 (s, 2H), 4.58 (s, 2H), 3.72 (s, 3H).

B. Preparation of 3-Benzyloxy-1,2-dimethyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0192] To a suspension of 3-benzyloxy-2-hydroxymethyl-1-methyl-6-(2,2,2-trifluoro-1-hydroxyethyl)-1H-pyridin-4-one
(0.31 g, 0.90 mmol) in acetonitrile (8 mL) was added thionyl chloride (0.33 mL, 4.5 mmol) at room temperature. A clear
solution resulted. The reaction was completed in 10 min. The reaction mixture was evaporated to dryness to give crude
3-benzyloxy-2-chloromethyl-1-methyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as an oil. The crude oil ob-
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tained was taken up in ethanol (10 mL) to give a clear solution. To the solution was added sodium borohydride (380 mg,
10 mmol) in several portions. The reaction was completed within a few min. The reaction mixture was diluted with
methanol. The resulting clear solution was evaporated to dryness to give a solid. The solid was repeatedly extracted
with dichloromethane. The combined dichloromethane solutions were combined and evaporated to dryness. Purification
of the residue by column chromatography on silica gel (methanol/dichloromethane, 5/100 to 8/100 vlv) afforded the title
compound (0.20 g, 67% yield, HPLC Method 1 (Example 24), RT= 14.4 min). 1H NMR (DMSO-d6 + D2O) δ ppm: 7.36
(m, 5H), 6.53 (s, 1H), 5.50 (q, J = 6.5 Hz, 1 H), 5.00 (s, 2H), 3.56 (s, 3H), 2.24 (s, 3H).

C. Preparation of 3-Hydroxy-1,2-dimethyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0193] A suspension of 3-benzyloxy-1,2-dimethyl-6-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (190 mg, 0.58
mmol) and methanol (30 mL) was sonicated for a few min. The addition of a 6.00 N hydrochloric acid solution (50 mL,
0.30 mmol) gave a clear solution. To the solution was added Pd/C (10 wt. %, dry basis, on activated carbon, wet, Degussa
type E101 NE/W, 80 mg). The debenzylation reaction was conducted under a hydrogen pressure of 50 psi. The reaction
was completed within 30 min. A CELITE™ bed was prepared on a sintered glass, and washed with 6M HCl (100 mL),
followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under suction. The reaction mixture was filtered through
the pre-treated CELITE™ bed. The pH of the filtrate was adjusted to 6 by addition of a solution of 6.00 N sodium hydroxide
(ca. 50 mL), and then concentrated in vacuo. The first crop of the solid was collected by suction filtration and washed
with deionized water thoroughly to give 3-hydroxy-1,2-dimethyl-6-(2,2,2-trifluoro-1-hydroxyethyl)-1H-pyridin-4-one (54
mg, 39% yield, HPLC Method 1 (Example 24), RT = 9.4 min, HPLC purity (peak percent area): 95.8% at λ = 280 nm).
1H NMR (CD3OD) δ ppm: 6.78 (s, 1H), 5.51 (q, J = 6.5 Hz, 2H), 3.80 (s, 3H), 2.50 (s, 3H); MS-ESI (m/z) 238.2 [M+1]+,
169.2, 154.2 (100%), 140.1.

Example 31

Preparation of 6-Difluoromethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0194] A suspension of 2-difluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one (0.50 g, 2.85 mmol), CF3CH(OH)OCH3
(2.37 g, 18.2 mmol) and potassium carbonate (0.122 g, 0.88 mmol) in a sealed parallel reactor test tube was heated to
about 100 °C. The progress of the reaction was monitored by HPLC Method 1 (Example 24), and only one major product
peak was detected (HPLC peak percent area was about 20% after 1.5 h, and 38% after 3 h). The reaction mixture was
heated for another 21 h, then cooled down to RT, and some white solid separated. The solid was collected by suction
filtration. HPLC analysis of the solid dissolved in methanol showed the presence of 2-difluoromethyl-5-hydroxy-1-methyl-
1H-pyridin-4-one and 6-difluoromethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one in 18/82
ratio. A portion of the solid was purified by column chromatography on silica gel (conc. NH4OH/isopropan 10/100 vlv as
eluant) to afford 6-difluoromethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (35 mg).
HPLC Method 1 (Example 24), RT = 11.3 min, HPLC purity (peak percent area): 97.9% at λ = 280 nm. 1H NMR (DMSO-
d6 + 1 drop of D2O) δ ppm: 7.12 (t, J = 52.8 Hz, 1 H), 6.56 (s, 1 H), 5.83 (b, 1 H), 3.79 (s, 3H). 19F NMR (DMSO-d6 + 1
drop of D2O) δ ppm: -73.3 (3F), -117.8 (2F). MS-ESI (m/z) 274.1 [M+1]+, 256.1, 228.1, 208.1 (100%), 180.1.

Example 32

Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

A. Preparation of 3-Benzyloxy-2-methyl-1H-pyridin-4-one

[0195] To a suspension of maltol (126 g, 1.0 mol) and methanol (450 mL) in a 2L 3-necked round bottom flask equipped
with a mechanical stirrer was added a 10.0 N sodium hydroxide solution (110 mL, 1.1 mol). A clear solution resulted
upon stirring. Benzyl chloride (138 mL, 1.2 mol) was then added, and the resulting solution was heated to reflux for 1.5
h. To the reaction mixture was further added a 10.0 N sodium hydroxide (20 mL, 0.2 mol) and benzyl chloride (27 mL,
0.23 mol), and the reaction mixture was heated to reflux for another 2 h. The progress of the reaction was monitored by
HPLC Method 4 (Example 24), and the amount of remaining unreacted maltol was about 2%. The reaction mixture was
stirred overnight. The mixture was cooled to RT and filtered. The filtrate was concentrated in vacuo to a volume of about
300 mL, as two phases could be observed. The top layer was collected via separatory funnel, and was concentrated
under reduced pressure to give 3-(benzyloxy)-2-methyl-4H-pyran-4-one as an oil (220 g, 95% yield, HPLC Method 4
(Example 24), RT= 15.5 min, HPLC purity (peak percent area): 95% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 8.04
(d, J = 5.5 Hz, 1H), 7.37, (m, 5H), 6.37 (d, J = 5.5 Hz, 1 H), 5.02 (s, 2H), 2.12 (s, 3H).
[0196] A clear solution of 3-(benzyloxy)-2-methyl-4H-pyran-4-one (150 g, 0.69 mol), ethanol (300 mL) and ammonium
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hydroxide (28.0-30.0% solution, 690 mL, 10.5 mol) in a 2L 3-necked round bottom flask equipped with a mechanical
stirrer was heated to reflux for 5 h. The reaction mixture was allowed to cool to room temperature, and a further 230 mL
of ammonium hydroxide (3.5 mol) was added. The resulting solution was heated to reflux for another 3.5 h, then allowed
to cool to RT and stirred for overnight. A solid product had separated, and was collected by suction filtration. Thus, 95
g of 3-benzyloxy-2-methyl-1H-pyridin-4-one (64% yield) was obtained as a first crop. HPLC Method 4 (Example 24), RT
= 10.7 min, HPLC purity (peak percent area): 99% at λ = 280 nm)). 1H NMR (DMSO-d6) δ ppm: 11.3 (br s, 1H), 7.46 (s,
1H), 7.35, (m, 5H), 6.13 (s, 1 H), 5.04 (s, 2H), 2.05 (s, 3H); 1H NMR (DMSO-d6 + D2O) δ ppm: 7.47 (d, J = 7.0 Hz, 1H),
7.39, (m, 5H), 6.20 (d, J = 7.0 Hz, 1H), 5.01 (s, 2H), 2.03 (s, 3H).

B. Preparation of 3-Benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0197] A mixture of 3-benzyloxy-2-methyl-1H-pyridin-4-one (10.0 g, 46.4 mmol), potassium carbonate (19 g, 138
mmol), and CF3CH(OH)OCH3 (35 mL, 0.35 mol) in a 500 mL 3-necked round bottom flask equipped with a mechanical
stirrer was heated to reflux for 6 days. The progress of the reaction was monitored by HPLC Method 3 (Example 24).
Analysis of the HPLC data indicated that there was about 42% conversion. The reaction was stopped, and dichlorometh-
ane and deionized water were added. The organic fraction was collected, washed with brine, dried over Na2SO4, filtered
and concentrated to dryness. Purification of the residue by column chromatography on silica (methanol/dichloromethane
2/100 to 5/100 v:v) afforded 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as a solid product
(3.5g, 24% yield, HPLC Method 3 (Example 24), RT = 14.3 min). 1H NMR (DMSO-d6) δ ppm: 11.68 (br s, 1H), 7.58 (s,
1 H), 7.35, (m, 5H), 5.34 (q, J = 7.3 Hz, 1 H), 5.06 (m, 2H), 2.08 (s, 3H); MS-ESI (m/z) 313.7 [M+1]+, 206.1, 91.1 (100%).

C. Preparation 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0198] A mixture of 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (1.00 g, 3.19 mmol) and
methanol (30 mL) was sonicated to give a clear solution. Pd/C (10 wt%, dry basis, on activated carbon, wet, Degussa
type E101 NE/W, 0.158 g) was added. The debenzylation reaction was conducted under a hydrogen atmosphere pres-
surized to 50 psi (3,45 bar). The reaction was completed in 20 min. The reaction mixture was diluted with methanol (30
mL), sonicated for 10 min. A CELITE™ bed was prepared on a sintered glass, and washed with 6M HCl (100 mL),
followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under suction. The reaction mixture was filtered through
the pre-treated CELITE™ bed. The filtrate was collected and concentrated in vacuo to give 3-hydroxy-2-methyl-5-(2,2,2-
trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as a solid product (0.59 g, 83% yield, HPLC Method 1 (Example 24), RT =
7.9 min, HPLC purity (peak percent area): 99.5% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 11.72, (br s, 1 H), 7.51
(s, 1 H), 5.32 (q, J = 7.4 Hz, 1 H), 2.20 (s, 3H). MS-ESI (m/z) 224.2 [M+1]+, 206.2 (100%), 186.2, 178.2, 158.2.

D. Preparation of 3-hydroxy-2-methyl-1H-pyridin-4-one

[0199] A 500-mL high-pressure reaction vessel equipped with a magnetic stir bar and a thermometer was charged
with maltol (20 g, 0.16 mol), ethanol (40 mL) and ammonium hydroxide solution (28.0-30.0%, 35 mL, 0.52 mol). The
reaction vessel was sealed and heated at 66 °C for 2.5 h. HPLC analysis (HPLC Method 1, Example 24) indicated that
only 26% of product (peak percent area) was formed. Another 30 mL of conc. ammonium hydroxide (28.0 - 30.0%, 0.45
mol) was added, and the resulting mixture was sealed and heated to 75 °C for overnight. Upon cooling, a solid separated,
and it was collected by suction filtration (8.7 g). HPLC analysis of the solid indicated presence of the desired product
and maltol in about 4/1 ratio. The solid was slurried in methanol (30 mL), and the resulting mixture was stirred. The solid
3-hydroxy-2-methyl-1H-pyridin-4-one was collected by suction filtration (4.8 g, 24% yield, HPLC purity (peak percent
area): 99.7% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 11.6 (br s, 1 H), 7.40 (d, J = 6.8 Hz, 1 H), 6.09 (d, J = 6.8 Hz,
1 H), 2.17 (s, 3H).

E. Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0200] A mixture of 3-hydroxy-2-methyl-1H-pyridin-4-one (6.1 g, 48.7 mmol), potassium carbonate (17 g, 123 mmol),
and CF3CH(OH)OCF3 (25 mL, 0.25 mol) was heated to reflux under a blanket of nitrogen for 30 h. The progress of the
reaction was monitored by HPLC Method 1 (Example 24), which indicated 63 % (peak percent area) of conversion to
the product. The reaction mixture was diluted with methanol (50 mL), then filtered to remove solid particulates. The
filtrate was evaporated to dryness to afford an oil. The oily residue was taken up in ethyl acetate (150 mL) and washed
with a saturated ammonium chloride solution (80 mL). The organic fraction was collected and set aside. The pH of the
aqueous fraction was adjusted to 6 with a dilute hydrochloric acid solution, and the resulting aqueous solution was
extracted with ethyl acetate (2 x 40 mL). All the organic fractions were combined, then washed with saturated ammonium
chloride, dried over Na2SO4, filtered and then evaporated to dryness to give an oil. On trituration with ether, 3-hydroxy-
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2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one separated as a solid product and was collected by suction
filtration (3.5 g, 33%). NMR data is described in Part C above.

Example 33

Preparation of 3-Benzyloxy-1,2-dimethyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0201] A mixture of 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (2.07 g, 6.6 mmol), ac-
etonitrile (60 mL), potassium carbonate (2.62 g, 19 mmole) and methyl iodide (15 mL, 0.24 mol) was heated to reflux
for 30 min. On cooling to RT, the reaction mixture was filtered over a pad of CELITE™, and the filtrate was concentrated
in vacuo to give a solid. The solid was dissolved in dichloromethane, and the resulting solution was washed with brine,
dried over Na2SO4, filtered and concentrated to afford 1,2,3-trimethyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-
one (1.48 g, 70% yield, HPLC Method 1 (Example 24), RT = 15.4 min, HPLC purity (peak percent area): 99.9% at λ =
280 nm). 1H NMR (DMSO-d6 + D2O) δ ppm: 7.75 (s, 1 H), 7.37, (m, 5H), 5.35 (q, J = 7.1 Hz, 1 H), 5.01 (m, 2H), 3.63
(s, 3H), 2.18 (s, 3H); MS-ESI (m/z) 328.1 [M+1]+, 220.2, 91.2 (100%).

Example 34

Preparation of 3-Hydroxy-1,2-dimethyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0202] 3-Benzyloxy-1,2-dimethyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one (0.97 g, 2.96 mmol) in methanol
(30 mL) was debenzylated with Pd/C (10 wt. %, dry basis, on activated carbon, wet, Degussa type E101 NE/W, 0.15 g)
as catalyst under a hydrogen atmosphere at 50 psi (3,45 bar) pressure. The reaction was completed in 10 min. The
reaction mixture was diluted with methanol (30 mL), sonicated for 10 min. A CELITE™ bed was prepared on a sintered
glass, and washed with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under suction.
The reaction mixture was filtered through the pre-treated CELITE™ bed. The filtrate was collected and concentrated in
vacuo to give 3-hydroxy-1,2-dimethyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one as a solid product (0.43 g, 61%
yield, HPLC Method 1 (Example 24), RT = 9.4 min, HPLC purity (peak percent area): 99.8% at λ = 280 nm). 1H NMR
(DMSO-d6) δ ppm: 7.72 (s, 1 H), 5.34 (q, J = 7.3 Hz, 1 H), 3.71 (s, 3H), 2.27 (s, 3H); MS (m/z) 238.1 [M+1]+, 220.2
(100%), 192.3, 172.1.

Example 35

Preparation of 3-Hydroxy-1,2-dimethyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

A. Preparation of 3-Benzyloxy-5-(1-chloro-2,2,2-trifluoro-ethyl)-2-methyl-1H-pyridin-4-one hydrochloric acid salt

[0203] Thionyl chloride (7.5 mL, 102 mmol) was added to a suspension of 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-
hydroxy-ethyl)-1H-pyridin-4-one (8.0 g, 25.5 mmol) in acetonitrile (100 mL) at room temperature. The resulting mixture
was heated to 60 °C for 1 h. The progress of the reaction was monitored by TLC (methanol/dichloromethane 5/100 vlv
as eluant). The reaction mixture (suspension) was evaporated to dryness to afford a solid. After stirring in acetonitrile,
the title compound was collected by suction filtration (7.1 g, 75% yield). 1H NMR (DMSO-d6 + D2O) δ ppm: 7.88 (s, 1
H), 7.33 (m, 5H), 6.03 (q, J = 7.3 Hz, 1 H), 5.02 (s, 2H), 2.10 (s, 3H).

B. Preparation of 3-Benzyloxy-2-methyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one and 3-Benzyloxy-2-methyl-
5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one

[0204] To a clear solution of 3-benzyloxy-5-(1-chloro-2,2,2-trifluoro-ethyl)-2-methyl-1H-pyridin-4-one hydrochloric acid
salt (2.03 g, 5.50 mmol) in methanol (70 mL) was added sodium borohydride (1.25 g, 33.0 mmol) in several portions.
The reaction was completed within 20 min. The reaction mixture was quenched with deionized water (80 mL). The
volume of the resulting clear solution was reduced to about 10 mL by evaporation under reduced pressure to give a
solid/liquid mixture. Another 50 mL of deionized water was added. The aqueous solution was extracted with dichlo-
romethane (3 x 50 mL). The combined organic fractions was dried over Na2SO4, filtered, then concentrated in vacuo to
give an oil (1.3 g), which solidified upon standing. HPLC analysis (HPLC Method 1, Example 24) of the crude solid
material indicated presence of a mixture of the desired compound 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-ethyl)-1H-py-
ridin-4-one (RT = 14.7 min, peak percent area = 80.6%) and 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-
1H-pyridin-4-one (RT = 15.7 min, peak percent area = 16.2%) in about 5/1 ratio. Purification of the solid by column
chromatography on silica gel (methanol/dichloromethane 2/100 to 3/100 v/v as eluant) afforded the title compound (0.9
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g, 56% yield, HPLC purity (peak percent area): 98% at λ = 280 nm). 1H NMR (DMSO-d6 ) δ ppm: 11.47 (br s, 1 H), 7.60
(s, 1 H), 7.37 (m, 5H), 5.06 (s, 2H), 3.41 (q, J = 11.5 Hz, 2H), 2.06 (s, 3H); MS-ESI (m/z) 298.2 [M+1]+, 91.1 (100%).
[0205] 3-Benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one was also isolated from the column
(0.2 g, HPLC purity (peak percent area): 95% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 11.67 (br s, 1 H), 7.50 (s, 1
H), 7.35 (m, 5H), 5.22 (q, J = 6.9 Hz, 1H), 5.08 (m, 2H), 2.09 (s, 3H); 1H NMR (DMSO-d6 + D2O) δ ppm: 7.51 (s, 1H),
7.35 (m, 5H), 5.19 (q, J = 6.8 Hz, 1 H), 5.05 (m, 2H), 3.32 (s, 3H), 2.06 (s, 3H). MS-ESI (m/z) 328.2 [M+1]+, 206.2, 91.1
(100%).

C. Preparation of 3-Hydroxy-1,2-dimethyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0206] Methyl iodide (11 mL, 176 mmol) was added to a suspension of 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-ethyl)-
1H-pyridin-4-one (1.18 g, 4.0 mmol) and potassium carbonate (1.06 g, 7.7 mmol) in acetonitrile (25 mL). The resulting
mixture was heated to reflux, and the reaction was completed within 40 min. The mixture was cooled to RT, and the
solid particulates was filtered off. The filtrate was concentrated in vacuo to give a solid. The solid was taken up in
dichloromethane, and the organic layer was washed with brine, dried over Na2SO4, filtered and concentrated in vacuo
to afford 3-benzyloxy-1,2-dimethyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one as a colorless oil (1.3 g, 95% yield, HPLC
Method 1 (Example 24), RT= 15.9 min, HPLC purity (peak percent area): 98% at λ = 280 nm).
[0207] A clear solution of 3-benzyloxy-1,2-dimethyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one (1.1 g, 3.53 mmol) in
methanol (32 mL) was debenzylated using Pd/C (10 wt. %, dry basis, on activated carbon, wet, Degussa type E101
NE/W, 0.17 g) as catalyst in a hydrogen atmosphere at a pressure of 50 psi (3,45 bar) for 30 min. The reaction mixture
was diluted with methanol (30 mL), and sonicated for 10 min. A CELITE™ bed was prepared on a sintered glass, and
washed with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under suction. The reaction
mixture was filtered through the pre-treated CELITE™ bed. The volume of the filtrate was reduced to about 20 mL by
evaporation under reduced pressure. HPLC analysis (HPLC Method 1, Example 24) of the filtrate indicated the presence
of about 42% (peak percent area) of the starting material. Another 150 mg of Pd/C was added, and the mixture was
subjected to the debenzylation reaction condition for a further 20 min, and worked up as described above. The catalyst
was filtered off, and the filtrate was evaporated to dryness to afford 3-hydroxy-1,2-dimethyl-5-(2,2,2-trifluoro-ethyl)-1H-
pyridin-4-one as a solid product (0.54 g, 69% yield, HPLC Method 1 (Example 24), RT= 9.9 min, HPLC purity (peak
percent area): 99.3% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 7.70 (s, 1 H), 3.65 (s, 3H), 3.39 (q, J = 11.5 Hz, 2H),
2.26 (s, 3H). MS-ESI (m/z) 222.2 ([M+1]+, 100%), 202.2, 182.2.

Example 36

Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one

[0208] In a similar manner as described in Example 35C, the debenzylation of a clear solution of 3-benzyloxy-2-methyl-
5-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one (0.60 g, 2.02 mmol) in methanol (25 mL) using Pd/C (10 wt. %, dry basis, on
activated carbon, wet, Degussa type E101 NE/W, 93 mg) as catalyst under a hydrogen atmosphere at a pressure of 50
psi afforded, after work up as described above, the title compound 3-hydroxy-2-methyl-5-(2,2,2-trifluoro-ethyl)-1H-pyridin-
4-one as a solid product (0.29 g, 71% yield, HPLC Method 1 (Example 24), RT = 8.4 min, HPLC purity (peak percent
area): 99.6% at λ = 280 nm). 1H NMR (DMSO-d6) δ ppm: 7.51 (s, 1H), 3.41 (q, J = 11.7 Hz, 2H), 2.18 (s, 3H); MS-ESI
(m/z) 207.9 [M+1]+, 188.2 (100%), 168.2.

Example 37

Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one

[0209] A clear solution of 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one (609 mg, 1.86
mmol) in methanol (32 mL) was debenzylated using Pd/C (10 wt. %, dry basis, on activated carbon, wet, Degussa type
E101 NE/W, 154 mg) as catalyst under a hydrogen atmosphere at 50 psi (3,45 bar) of pressure. The reaction was
completed in 55 min. The mixture was diluted with methanol (50 mL), sonicated for 10 min. A CELITE™ bed was prepared
on a sintered glass, and washed with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL)
under suction. The reaction mixture was filtered through the pre-treated CELITE™ bed. The filtrate was collected and
concentrated in vacuo to give 3-hydroxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one as a solid product
(0.27 g, 61% yield, HPLC Method 1 (Example 24), RT= 9.7 min, purity (peak percent area): 99.3% at λ = 280 nm). 1H
NMR (DMSO-d6) δ ppm: 7.42 (s, 1 H), 5.19 (q, J = 7.0 Hz, 1 H), 3.32 (s, 3H), 2.20 (s, 3H); MS-ESI (m/z) 238.1 [M+1]+,
206.2 (100%), 186.1, 178.2, 158.2.
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Example 38

Preparation of 3-Hydroxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one

[0210] A clear solution of 3-benzyloxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one (609 mg, 1.86
mmol) in methanol (32 mL) was debenzylated using Pd/C (10 wt. %, dry basis, on activated carbon, wet, Degussa type
E101 NE/W, 154 mg) as catalyst under a hydrogen atmosphere at 50 psi (3,45 bar) of pressure. The reaction was
completed in 55 min. The mixture was diluted with methanol (50 mL), sonicated for 10 min. A CELITE™ bed was prepared
on a sintered glass, and washed with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL)
under suction. The reaction mixture was filtered through the pre-treated CELITE™ bed. The filtrate was collected and
concentrated in vacuo to give 3-hydroxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one as a solid product
(0.27 g, 61% yield, HPLC Method 1 (Example 24), RT= 9.7 min, purity (peak percent area): 99.3% at λ = 280 nm). 1H
NMR (DMSO-d6) δ ppm: 7.42 (s, 1 H), 5.19 (q, J = 7.0 Hz, 1 H), 3.32 (s, 3H), 2.20 (s, 3H); MS-ESI (m/z) 238.1 [M+1]+,
206.2 (100%), 186.1, 178.2, 158.2.

Example 39

Preparation of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

A. Preparation of 5-benzyloxy-2-methyl-1H-pyridin-4-one

[0211] A mixture of 3-benzyloxy-6-methyl-4-oxo-1,4-dihydro-pyridine-2-carboxylic acid (5.2 g, 20.0 mmol) in dimeth-
ylformamide (12 mL) was heated in an oil bath for 8 h. The temperature of the oil bath was maintained at 120°C. A solid
separated upon cooling to RT. The solid 5-benzyloxy-2-methyl-1H-pyridin-4-one was suction filtered and washed with
hexane. The isolated solid was dried under high vacuum for 16 h (3.32 g, 77% yield). 1H NMR (400MHz, MeOH-D4) δ
(ppm): 7.45-7.46 (m, overlapping peaks, 2H, Ar-H and CH), 7.29-7.39 (m, overlapping peaks, 4H, Ar-H), 6.34 (s, 1 H,
CH), 5.07 (s, 2H, OCH2), 2.30 (s, 3H, CH3); MS-ESI (m/z): 216.3 [M + 1]+, 215.6 [M]+, 188.3.

B. Preparation of 5-hydroxy-2-methyl-1H-pyridin-4-one hydrochloride

[0212] 5-Benzyloxy-2-methyl-1H-pyridin-4-one (15.5 g, 72.0 mmol) was mixed with 10% Pd/C (1.60 g) in methanol
(200 mL) and water (35 mL) in a Parr hydrogenator bottle. The mixture was hydrogenated on a Parr hydrogenator for
45 minutes at 50 psi (3,45 bar) hydrogen pressure. 6N HCl (12 mL) was added. A CELITE™ bed was prepared on a
sintered glass, and washed with 6M HCl (100 mL), followed by water (7 x 50 mL) and then methanol (2 x 50 mL) under
suction. The reaction mixture was filtered through the pre-treated CELITE™ bed. The filtrate was evaporated to dryness
and the residue was triturated with acetone, then filtered to give 5-hydroxy-2-methyl-1H-pyridin-4-one hydrochloride
9.30 g as off-white solid. The mother liquor was diluted with hexane and placed at room temperature over night to give
an additional 1.63 g of product. Thus, 10.9 g of the title compound was obtained (94% yield). 1H NMR (90 MHz, MeOD)
δ (ppm) 7.93 (s, 1H, CH), 7.07 (s, 1H, CH) 2.56 (s, 3H, CH3,). MS-ESI (m/z): 126.1 [M + 1]+, 108.2, 110.1.

C. Preparation of 3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one

[0213] 5-Hydroxy-2-methyl-1H-pyridin-4-one hydrochloride (1.00 g, 6.19 mmol) and potassium carbonate (1.02 g, 7.42
mmol) was mixed together in water (10 mL) at room temperature, and stirred until evolution of carbon dioxide ceased.
Then, 2,2,2-trifluoro-1-methoxyethanol (1.60 g, 12.4 mmol) was added. The reaction mixture was heated in a sealed
flask at 100°C for 20 h. The mixture was cooled down to RT and neutralized with acetic acid to pH at between 5 to 6.
The precipitate was collected by suction filtration and washed with water and ether. Thus, 3-hydroxy-6-methyl-2-(2,2,2-
trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one was obtained as an off-white solid (1.06 g, 76% yield). 1H NMR (90 MHz,
DMSO-d6) δ (ppm): 6.09 (s, 1 H, CH); 5.42 (apparent q, 1 H, CH), 2.28 (s, 3H, CH3); MS-ESI (m/z) 224.1 [M + 1]+, 206.1,
186.1, 178.1.

Claims

1. A fluorinated compound of formula (I)
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or pharmaceutically acceptable salts thereof,
wherein (i):

Y is NR1, wherein R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropylmethyl, allyl
and cyclopropyl;
R2 is selected from the group consisting of hydrogen, C1-C4 alkyl, and R5CHOH
wherein R5 is selected from the group consisting of hydrogen, C1-C3 alkyl and trifluoromethyl;
R3 is selected from the group consisting of methyl, hydrogen and CF3CHOH;
R4 is CHF2; and

wherein the compound of formula (I) is a compound of formula (II)

or (ii):

Y is NR1, wherein R1 is defined as above;
R2 is selected from the group consisting of CHF2, CH2CF3, and CF3CHOH;
R3 and R4 are each selected from the group consisting of methyl and hydrogen; and

wherein the compound of formula (I) is a compound of formula (III)

or (iii):

Y is NR1 and R1 is defined as above;
R2 is selected from the group consisting of hydrogen and C1-C4 alkyl, with the proviso that when R4 is hydrogen,
R2 is not hydrogen;
R3 is CF3CHOH;
R4 is selected from the group consisting of hydrogen and methyl; and

wherein the compound of formula (I) is a compound of formula (IIIC)
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or (iv):

Y is O;
R2 is CF3CHOH;
R3 is selected from the group consisting of methyl and hydrogen;
R4 is selected from the group consisting of hydrogen and C1-C4 alkyl; and

wherein the compound of formula (I) is a compound of formula (IV)

or (v):

Y is O;
R2 is hydrogen;
R3 is hydrogen;
R4 is difluoromethyl; and

wherein the compound has the following chemical structure

or (vi):

Y is O or NR1, wherein R1 is defined as above;
R2 is selected from the group consisting of hydrogen, CHF2, CH2CF3, C1-C6 alkyl and R5CHOH, wherein R5 is
selected from the group consisting of hydrogen, C1-C6 alkyl and trifluoromethyl;
R3 is selected from the group consisting of methyl, hydrogen, CH2CF3, CF3CHOH and C1-C6 alkyl; and
R4 is selected from the group consisting of CHF2, CF3CHOH, CH2CF3, methyl, hydrogen and C1-C6 alkyl;

with the proviso that when R3 is CF3CHOH and R4 is hydrogen, R2 is not hydrogen.

2. A compound according to Claim 1 wherein
Y is NR1, wherein R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropylmethyl, allyl and
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cyclopropyl;
R2 is selected from the group consisting of hydrogen, C1-C4 alkyl, and R5CHOH wherein R5 is selected from the
group consisting of hydrogen, C1-C3 alkyl and trifluoromethyl;
R3 is selected from the group consisting of methyl, hydrogen and CF3CHOH;
R4 is CHF2; and
wherein the compound of formula (I) is a compound of formula (II)

3. A compound according to Claim 1 wherein

Y is NR1, wherein R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropylmethyl, allyl
and cyclopropyl;
R2 is selected from the group consisting of CHF2, CH2CF3, and CF3CHOH;
R3 and R4 are each selected from the group consisting of methyl and hydrogen; and

wherein the compound of formula (I) is a compound of formula (III)

4. A compound according to Claim 1 wherein
Y is NR1 and R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropylmethyl, allyl and cyclo-
propyl;
R2 is selected from the group consisting of hydrogen and C1-C4 alkyl, with the proviso that when R4 is hydrogen,
R2 is not hydrogen;
R3 is CF3CHOH;
R4 is selected from the group consisting of hydrogen and methyl; and
wherein the compound of formula (I) is a compound of formula (IIIC)

5. A compound according to Claim 1 wherein
Y is O;
R2 is CF3CHOH;
R3 is selected from the group consisting of methyl and hydrogen;
R4 is selected from the group consisting of hydrogen and C1-C4 alkyl; and wherein the compound of formula (I) is
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a compound of formula (IV)

6. A compound according to Claim 1 wherein Y is O;
R2 is hydrogen;
R3 is hydrogen;
R4 is difluoromethyl; and
wherein the compound is 2-difluoromethyl-5-hydroxy-pyran-4-one having the following formula:

7. A fluorinated compound according to Claim 1 wherein
Y is O or NR1, wherein R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropylmethyl, allyl
and cyclopropyl;
R2 is selected from the group consisting of hydrogen, CHF2, CH2CF3, C1-C6 alkyl and R5CHOH, wherein R5 is
selected from the group consisting of hydrogen, C1-C6 aikyi and trifluoromethyl;
R3 is selected from the group consisting of methyl, hydrogen, CH2CF3, CF3CHOH and C1-C6 alkyl; and
R4 is selected from the group consisting of CHF2, CF3CHOH, CH2CF3, methyl, hydrogen and C1-C6 alkyl;
with the proviso that when R3 is CF3CHOH and R4 is hydrogen, R2 is not hydrogen.

8. A compound according to Claim 2 wherein R1 is methyl, R2 is hydrogen, R3 is hydrogen, and the compound is 2-
difluoromethyl-5-hydroxy-1-methyl-1H-pyridin-4-one, having the following formula:

or wherein R1 is cyclopropyl, R2 is hydrogen, R3 is hydrogen, and the compound is 1-cyclopropyl-2-difluoromethyl-
5-hydroxy-1H-pyridin-4-one, having the following formula:

or
wherein R1 is cyclopropylmethyl, R2 is hydrogen, R5 is hydrogen, and the compound is 1-cyclopropylmethyl-2-
difluoromethyl-5-hydroxy-1H-pyridin-4-one, having the following formula:
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or
wherein R1 is allyl, R2 is hydrogen, R3 is hydrogen, and the compound is 1-allyl-2-difluoromethyl-5-hydroxy-1H-
pyridin-4-one, having the following formula:

or
wherein R1 is ethyl, R2 is hydrogen, R3 is hydrogen, and the compound is 2-difluoromethyl-1-ethyl-5-hydroxy-1H-
pyridin-4-one, having the following formula:

or
wherein R1 is methyl, R2 is ethyl, R3 is hydrogen, and the compound is 6-difluoromethyl-2-ethyl-3-hydroxy-1-methyl-
1H-pyridin-4-one, having the following formula:

or
wherein R1 is methyl, R2 is 1-hydroxyethyl, R3 is hydrogen, and the compound is 6-difluoromethyl-3-hydroxy-2-(1-
hydroxy-ethyl)-1-methyl-1H-pyridin-4-one, having the following formula:

or



EP 2 134 688 B1

54

5

10

15

20

25

30

35

40

45

50

55

wherein R1 is methyl, R2 is 1-hydroxymethyl, R3 is hydrogen, and the compound is 6-difluoromethyl-3-hydroxy-2-
hydroxymethyl-1-methyl-1H-pyridin-4-one, having the following formula:

or
wherein R1 is methyl, R2 is methyl, R3 is hydrogen, and the compound is 6-difluoromethyl-3-hydroxy-1,2-dimethyl-
1H-pyridin-4-one, having the following formula:

or
wherein R1 is methyl, R2 is R5CHOH wherein R5 is trifluoromethyl, R3 is hydrogen, and the compound is 6-difluor-
omethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one, having the following formula:

9. A compound according to Claim 3 wherein R1 is methyl, R4 is methyl, R3 is hydrogen, R2 is 1-hydroxy-trifluoroethyl,
and the compound is 3-hydroxy-1,6-dimethyl-2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one, having the follow-
ing formula:

or
wherein R1 is methyl, R4 is methyl, R3 is hydrogen, R2 is trifluoroethyl, and the compound is 3-hydroxy-1,6-dimethyl-
2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one, having the following formula:
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or
wherein R1 is methyl, R4 is hydrogen, R3 is hydrogen, R2 is trifluoroethyl, and the compound is 3-hydroxy-1-methyl-
2-(2,2,2-trifluoro-ethyl)-1H-pyridin-4-one, having the following formula:

or
wherein R1 is methyl, R4 is methyl, R3 is hydrogen, R2 is difluoromethyl, and the compound is 2-difluoromethyl-3-
hydroxy-1,6-dimethyl-1H-pyridin-4-one, having the following formula:

or
wherein R1 is hydrogen, R4 is methyl, R3 is hydrogen, R2 is CF3CHOH, and the compound is 3-hydroxy-6-methyl-
2-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one, having the following formula:

10. A compound according to Claim 4 wherein R1 is hydrogen, R4 is hydrogen, R2 is methyl, and the compound of
formula (III) is 3-hydroxy-2-methyl-5-(2,2,2-trifluoro-1-hydroxy-ethyl)-1H-pyridin-4-one, having the following formula:
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11. A compound according to Claim 5 wherein R3 is hydrogen and R4 is methyl, and the compound of formula (IV) is
3-hydroxy-6-methyl-2-(2,2,2-trifluoro-1-hydroxyethyl)-pyran-4-one, having the following formula:

12. The compound of claim 7 wherein Y is NR1, R1 is methyl, R2 is methyl, R3 is CF3CHOH and R4 is H, and the
compound is 3-hydroxy-1,2-dimethyl-5-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1 H)-one having the following for-
mula:

or wherein Y is NR1, R1 is methyl, R2 is methyl, R3 is CH2CF3 and R4 is H, and the compound is 3-hydroxy-1,2-
dimethyl-5-(2,2,2-trifluoroethyl)pyridin-4(1H)-one having the following formula:

or
wherein Y is NR1, R1 is H, R2 is methyl, R3 is CH2CF3 and R4 is H, and the compound is 3-hydroxy-2-methyl-
5-(2,2,2-trifluoroethyl)pyridin-4(1H)-one having the following formula:

13. The compound of claim 7 wherein Y is NR1, R1 is methyl, R2 is H, R3, is H and R4 is CH2CF3, and the compound
is 5-hydroxy-1-methyl-2-(2,2,2-trifluoroethyl)pyridin-4(1 H)-one having the following formula:

or
wherein Y is NR1, R1 is methyl, R2 is H, R3, is H and R4 is CH(OH)CF3, and the compound is 5-hydroxy-1-methyl-
2-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1H)-one having the following formula:
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or
wherein Y is NR1, R1 is methyl, R2 is methyl, R3 is H and R4 is CH2CF3, and the compound is 3-hydroxy-1,2-dimethyl-
6-(2,2,2-trifluoroethyl)pyridin-4(1H)-one having the following formula:

or wherein Y is NR1, R1 is methyl, R2 is methyl, R3 is H and R4 is CH(OH)CF3, and the compound is 3-hydroxy-1,2-
dimethyl-6-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1H)-one having the following formula:

or
wherein Y is NR1, R1 is methyl, R2 is CH2OH, R3 is H and R4 is CH2CF3, and the compound is 3-hydroxy-2-(hy-
droxymethyl)-1-methyl-6-(2,2,2-trifluoroethyl)pyridin-4(1 H)-one having the following formula:

or
wherein Y is NR1, R1 is methyl, R2 is CH2OH, R3 is H and R4 is CH(OH)CF3 and the compound is 3-hydroxy-
2-(hydroxymethyl)-1-methyl-6-(2,2,2-trifluoro-1-hydroxyethyl)pyridin-4(1 H)-one having the following formula:

14. A pharmaceutical composition comprising a compound according to any one of Claims 1 to 13 and at least one
pharmaceutically acceptable carrier.

15. A compound according to any one of Claims 1 to 13 for use in treating a neurodegenerative disease in a patient.
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16. The compound for use of Claim 15 wherein the neurodegenerative disease is caused by the presence of free iron
or iron accumulation in neural tissues.

17. The compound for use of Claim 15 or 16 wherein the neurodegenerative disease is selected from the group consisting
of Parkinson’s disease and Alzheimer’s disease.

18. A compound according to any one of Claims 1 to 13 for use in treating an iron overload disease in a patient.

19. The compound for use of Claim 18 wherein the iron overload disease is selected from the group consisting of β-
thalassemia, Friedreich’s ataxia and Hallervorden-Spatz syndrome.

20. A compound according to any one of Claims 1 to 13 for use as a chelator for the removal of excess iron from the
body of a patient.

21. A compound according to any one of Claims 1 to 13 for use as a chelator for the redistribution of iron within the
body of a patient.

22. A method for the preparation of a compound of formula (II)

wherein:

R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropylmethyl, allyl and cyclopropyl;
R2 is selected from the group consisting of hydrogen, C1-C6 alkyl, R5CHOH wherein
R5 is hydrogen, C1-C6 alkyl and trifluoromethyl;
R3 is hydrogen; and

wherein the method comprises the following processes:

Process (A) which comprises the following steps:
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(a) oxidation of a compound (1) with an oxidating agent selected from the group consisting of 2,2,6,6-
Tetramethylpiperidine-1-oxyl (TEMPO), potassium bromate, sodium hypochlorite and sulfur trioxide pyridine
complex to give compound (2);
(b) reacting compound (2) from step (a) with diethylaminosulfur trifluoride (DAST) to give compound (3);
(c) reacting compound (3) with an amine of the formula R1NH2 wherein R1 is selected from the group
consisting of hydrogen, C1-C6 alkyl, allyl, cyclopropyl and cyclopropylmethyl to give compound (4) wherein
R1 is defined as in R1NH2; and
(d) hydrogenation of compound (4) with palladium on charcoal to give compound of formula (IIA) wherein
the compound of formula (IIA) is a compound of formula (II) when R2 and R3 are each hydrogen, with the
proviso that when R1 in compound (4) is allyl, boron tribromide is used instead of catalytic hydrogenation,

or
Process (B) which comprises the following steps:
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(e) debenzylation of compound (3) from Process (A), step (b), with BBr3 to give compound (5);
(f) reacting compound (5) with an aliphatic aldehyde R5CHO wherein R5 is selected from the group consisting
of hydrogen and C1-C6 alkyl to give compound (6) wherein R5 is as defined above;
(g) reacting compound (6) with benzyl bromide and sodium hydroxide to give compound (7) wherein R5 is
as defined above;
(h) reacting compound (7) with an amine of the formula R1NH2 wherein R1 is selected from the group
consisting of hydrogen, C1-C6 alkyl, allyl, cyclopropyl and cyclopropylmethyl to give compound (8) wherein
R1 is as defined in R1NH2; and
(i) hydrogenation of compound (8) with palladium on charcoal to give a compound of formula (IIB) with the
proviso that R1 is not allyl; a compound of formula (IIB) is a compound of formula (II) when R2 is R5CHOH, or

Process (C) which comprises the following steps:

(j) reacting compound (7) from Process (B), step (g), wherein R5 is hydrogen or C1-C3 alkyl, with thionyl
chloride to give the chloride (9) wherein R5 is defined as above;
(k) reduction of compound (9), prepared from step (j) in situ, without isolation, with zinc in hydrochloric acid
to give compound (10);
(I) reacting compound (10) from step (k) with an amine of the formula R1NH2 wherein R1 is selected from
the group consisting of hydrogen, C1-C6 alkyl, allyl, cyclopropyl and cyclopropylmethyl to give compound
(11) wherein R1 is as defined in R1NH2; and
(m) hydrogenation of compound (11) from step (I) with palladium on charcoal to give a compound of formula
(IIC) with the proviso that R1 is not allyl; a compound of formula (IIC) is the same as a compound of formula
(II) when R2 is CH2R5, or

Process (D) which comprises the following steps:

(n) reacting a compound (8) from Process (B) wherein R5 is hydrogen with triethylamine and methanesulfonyl
chloride to give compound (8A); and
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(o) hydrogenation of compound (8A) with palladium on charcoal to give a compound of formula (IIC) wherein
R5 is hydrogen, with the proviso that R1 is not allyl; a compound of formula (IIC) is the same as a compound
of formula (II) when R2 is CH2R5,

or
Process (E) which comprises the following steps:

reacting a compound of formula (IIA) with CF3CH(OCH3)OH in the presence of potassium carbonate at a
temperature of about 100°C to about 130°C to give a compound of formula (IIB) wherein R3 is hydrogen, and
R2 is R5CHOH wherein R5 is trifluoromethyl.

23. A method for the preparation of a compound of formula (III)

wherein:

R1 is selected from the group consisting of hydrogen, C1-C6 alkyl, cyclopropyl and cyclopropylmethyl;
R4 is selected from the group consisting of methyl and hydrogen;
R3 is hydrogen;
R2 is selected from the group consisting of CF3CHOH and CH2CF3; and
wherein the method comprises the following steps:
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(a) reaction of compound (12) with CF3CH(O-C1-C4 linear alkyl)OH to give a compound of formula (IIIA);
a compound of formula (IIIA) is a compound of formula (III) wherein R2 is CF3CH(OH);
(b) reacting the product of formula (IIIA) from step (a) with benzyl bromide and sodium hydroxide to give
compound (13) wherein R3, R4 and R1 are defined as above;
(c) converting compound (13) into the methanesulfonate (14) with methanesulfonyl chloride and triethyl-
amine, wherein R1, R3 and R4 are as defined as above; and
(d) hydogenation of compound (14) in the presence of palladium on charcoal to give a compound of formula
(IIIB) wherein R2 is CF3CH2; a compound of formula (IIIB) is a compound of formula (III) wherein R1 is
selected from the group consisting of C1-C4 alkyl, cyclopropyl and cyclopropylmethyl; R4 is selected from
the group consisting of methyl and hydrogen; R3 is hydrogen; and R2 is CF3CH2.

24. A process for the preparation of a compound of formula (IV) wherein YisO;
R3 is selected from the group consisting of hydrogen and methyl;
R4 is selected from the group consisting of hydrogen and C1-C6 alkyl; and R2 is CF3CHOH,

wherein the process comprises reacting compound (18) wherein R4 is selected from the group consisting of hydrogen
and C1-C6 alkyl; R3 is selected from the group consisting of hydrogen and methyl, with CF3CH(OCH3)OH in the
presence of potassium carbonate.

25. A process for the preparation of a compound of formula (I)
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wherein Y is O, R3 is hydrogen, R2 is hydrogen, and R4 is CHF2, the compound is 2-difluoromethyl-5-hydroxy-pyran-
4-one, wherein the process comprises the following steps:

(a) reacting kojic acid with sodium hydroxide and benzyl bromide to give 5-benzyloxy-2-hydroxymethyl-pyran-
4-one;
(b) oxidizing the compound from step (a) with TEMPO, sodium hypochlorite and potassium bromate to give 5-
benzyloxy-4-oxo-4H-pyran-2-carbaldehyde; or oxidizing the compound from step (a) with sulfur trioxide pyridine
complex to give 5-benzyloxy-4-oxo-4H-pyran-2-carbaldehyde;
(c) reacting the compound from step (b) with DAST to give 5-benzyloxy-2-difluoromethyl-pyran-4-one; and
(d) reacting the compound from step (c) with boron tribromide to give 2-difluoromethyl-5-hydroxy-pyran-4-one.

26. A process for the preparation of a compound of the formula (IIIC)

wherein R1 is hydrogen;
R2 is selected from the group consisting of hydrogen and C1-C6 alkyl; and
R4 is selected from the group consisting of hydrogen and methyl; and
wherein the method comprises the following steps:

(a) reaction of compound (19) with CF3CH(OCH3)OH to give compound (20); and
(b) hydrogenation of compound (20) in the presence of palladium on charcoal to give a compound of formula
(IIIC).

27. The compound 3-hydroxy-2-methyl-5-(2,2,2-trifluoro-1-methoxy-ethyl)-1H-pyridin-4-one.

Patentansprüche

1. Fluorierte Verbindung der Formel (I)
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oder pharmazeutisch unbedenkliche Salze davon, wobei (i):

Y für NR1 steht, wobei R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Cyclopropylmethyl, Allyl
und Cyclopropyl ausgewählt ist;
R2 aus der Gruppe bestehend aus Wasserstoff, C1-C4-Alkyl und R5CHOH ausgewählt ist, wobei R5 aus der
Gruppe bestehend aus Wasserstoff, C1-C3-Alkyl und Trifluormethyl ausgewählt ist;
R3 aus der Gruppe bestehend aus Methyl, Wasserstoff und CF3CHOH ausgewählt ist;
R4 für CHF2 steht; und

wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (II)

handelt;
oder (ii):

Y für NR1 steht, wobei R1 wie oben definiert ist;
R2 aus der Gruppe bestehend aus CHF2, CH2CF3 und CF3CHOH ausgewählt ist;
R3 und R4 jeweils aus der Gruppe bestehend aus Methyl und Wasserstoff ausgewählt sind; und

wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (III)

handelt;
oder (iii):

Y für NR1 steht und R1 wie oben definiert ist;
R2 aus der Gruppe bestehend aus Wasserstoff und C1-C4-Alkyl ausgewählt ist, mit der Maßgabe, dass dann,
wenn R4 für Wasserstoff steht, R2 nicht für Wasserstoff steht;
R3 für CF3CHOH steht;
R4 aus der Gruppe bestehend aus Wasserstoff und Methyl ausgewählt ist; und

wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (IIIC)
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handelt;
oder (iv):

Y für O steht;
R2 für CF3CHOH steht;
R3 aus der Gruppe bestehend aus Methyl und Wasserstoff ausgewählt ist;
R4 aus der Gruppe bestehend aus Wasserstoff und C1-C4-Alkyl ausgewählt ist; und

wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (IV)

handelt;
oder (v):

Y für O steht;
R2 für Wasserstoff steht;
R3 für Wasserstoff steht;
R4 für Difluormethyl steht; und

wobei die Verbindung die folgende chemische Struktur

aufweist;
oder (vi):

Y für O oder NR1 steht, wobei R1 wie oben definiert ist;
R2 aus der Gruppe bestehend aus Wasserstoff, CHF2, CH2CF3, C1-C6-Alkyl und R5CHOH ausgewählt ist,
wobei R5 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl und Trifluormethyl ausgewählt ist;
R3 aus der Gruppe bestehend aus Methyl, Wasserstoff, CH2CF3, CF3CHOH und C1-C6-Alkyl ausgewählt ist; und
R4 aus der Gruppe bestehend aus CHF2, CF3CHOH, CH2CF3, Methyl, Wasserstoff und C1-C6-Alkyl ausgewählt
ist;

mit der Maßgabe, dass dann, wenn R3 für CF3CHOH steht und R4 für Wasserstoff steht, R2 nicht für Wasserstoff steht.
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2. Verbindung nach Anspruch 1, wobei Y für NR1 steht, wobei R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Al-
kyl, Cyclopropylmethyl, Allyl und Cyclopropyl ausgewählt ist;
R2 aus der Gruppe bestehend aus Wasserstoff, C1-C4-Alkyl und R5CHOH ausgewählt ist, wobei R5 aus der Gruppe
bestehend aus Wasserstoff, C1-C3-Alkyl und Trifluormethyl ausgewählt ist;
R3 aus der Gruppe bestehend aus Methyl, Wasserstoff und CF3CHOH ausgewählt ist;
R4 für CHF2 steht; und
wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (II)

handelt.

3. Verbindung nach Anspruch 1, wobei
Y für NR1 steht, wobei R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Cyclopropylmethyl, Allyl und
Cyclopropyl ausgewählt ist;
R2 aus der Gruppe bestehend aus CHF2, CH2CF3 und CF3CHOH ausgewählt ist;
R3 und R4 jeweils aus der Gruppe bestehend aus Methyl und Wasserstoff ausgewählt sind; und
wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (III)

handelt.

4. Verbindung nach Anspruch 1, wobei
Y für NR1 steht und R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Cyclopropylmethyl, Allyl und
Cyclopropyl ausgewählt ist;
R2 aus der Gruppe bestehend aus Wasserstoff und C1-C4-Alkyl ausgewählt ist, mit der Maßgabe, dass dann, wenn
R4 für Wasserstoff steht, R2 nicht für Wasserstoff steht;
R3 für CF3CHOH steht;
R4 aus der Gruppe bestehend aus Wasserstoff und Methyl ausgewählt ist; und
wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (IIIC)

handelt.
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5. Verbindung nach Anspruch 1, wobei
Y für O steht;
R2 für CF3CHOH steht;
R3 aus der Gruppe bestehend aus Methyl und Wasserstoff ausgewählt ist;
R4 aus der Gruppe bestehend aus Wasserstoff und C1-C4-Alkyl ausgewählt ist; und
wobei es sich bei der Verbindung der Formel (I) um eine Verbindung der Formel (IV)

handelt.

6. Verbindung nach Anspruch 1, wobei
Y für O steht;
R2 für Wasserstoff steht;
R3 für Wasserstoff steht;
R4 für Difluormethyl steht; und
wobei es sich bei der Verbindung um 2-Difluormethyl-5-hydroxypyran-4-on mit der folgenden Formel handelt:

7. Fluorierte Verbindung nach Anspruch 1, wobei

Y für O oder NR1 steht, wobei R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Cyclopropylmethyl, Allyl
und Cyclopropyl ausgewählt ist;
R2 aus der Gruppe bestehend aus Wasserstoff, CHF2, CH2CF3, C1-C6-Alkyl und R5CHOH ausgewählt ist, wobei
R5 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl und Trifluormethyl ausgewählt ist;
R3 aus der Gruppe bestehend aus Methyl, Wasserstoff, CH2CF3, CF3CHOH und C1-C6-Alkyl ausgewählt ist; und
R4 aus der Gruppe bestehend aus CHF2, CF3CHOH, CH2CF3, Methyl, Wasserstoff und C1-C6-Alkyl ausgewählt ist;
mit der Maßgabe, dass dann, wenn R3 für CF3CHOH steht und R4 für Wasserstoff steht, R2 nicht für Wasserstoff steht.

8. Verbindung nach Anspruch 2, wobei R1 für Methyl steht, R2 für Wasserstoff steht, R3 für Wasserstoff steht und es
sich bei der Verbindung um 2-Difluormethyl-5-hydroxy-1-methyl-1H-pyridin-4-on mit der folgenden Formel handelt:

oder
wobei R1 für Cyclopropyl steht, R2 für Wasserstoff steht, R3 für Wasserstoff steht und es sich bei der Verbindung
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um 1-Cyclopropyl-2-difluormethyl-5-hydroxy-1H-pyridin-4-on mit der folgenden Formel handelt:

oder
wobei R1 für Cyclopropylmethyl steht, R2 für Wasserstoff steht, R5 für Wasserstoff steht und es sich bei der Ver-
bindung um 1-Cyclopropylmethyl-2-difluormethyl-5-hydroxy-1H-pyridin-4-on mit der folgenden Formel handelt:

oder wobei R1 für Allyl steht, R2 für Wasserstoff steht, R3 für Wasserstoff steht und es sich bei der Verbindung um
1-Allyl-2-difluormethyl-5-hydroxy-1H-pyridin-4-on mit der folgenden Formel handelt:

oder
wobei R1 für Ethyl steht, R2 für Wasserstoff steht, R3 für Wasserstoff steht und es sich bei der Verbindung um 2-
Difluormethyl-1-ethyl-5-hydroxy-1H-pyridin-4-on mit der folgenden Formel handelt:

oder wobei R1 für Methyl steht, R2 für Ethyl steht, R3 für Wasserstoff steht und es sich bei der Verbindung um 6-
Difluormethyl-2-ethyl-3-hydroxy-1-methyl-1H-pyridin-4-on mit der folgenden Formel handelt:

oder
wobei R1 für Methyl steht, R2 für 1-Hydroxyethyl steht, R3 für Wasserstoff steht und es sich bei der Verbindung um
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6-Difluormethyl-3-hydroxy-2-(1-hydroxyethyl)-1-methyl-1H-pyridin-4-on mit der folgenden Formel handelt:

oder
wobei R1 für Methyl steht, R2 für 1-Hydroxymethyl steht, R3 für Wasserstoff steht und es sich bei der Verbindung
um 6-Difluormethyl-3-hydroxy-2-hydroxymethyl-1-methyl-1H-pyridin-4-on mit der folgenden Formel handelt:

oder
wobei R1 für Methyl steht, R2 für Methyl steht, R3 für Wasserstoff steht und es sich bei der Verbindung um 6-
Difluormethyl-3-hydroxy-1,2-dimethyl-1H-pyridin-4-on mit der folgenden Formel handelt:

oder wobei R1 für Methyl steht, R2 für R5CHOH steht, wobei R5 für Trifluormethyl steht, R3 für Wasserstoff steht
und es sich bei der Verbindung um 6-Difluormethyl-3-hydroxy-1-methyl-2-(2,2,2-trifluor-1-hydroxyethyl)-1H-pyridin-
4-on mit der folgenden Formel handelt:

9. Verbindung nach Anspruch 3, wobei R1 für Methyl steht, R4 für Methyl steht, R3 für Wasserstoff steht, R2 für 1-
Hydroxytrifluorethyl steht und es sich bei der Verbindung um 3-Hydroxy-1,6-dimethyl-2-(2,2,2-trifluor-1-hydroxye-
thyl)-1H-pyridin-4-on mit der folgenden Formel handelt:
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oder
wobei R1 für Methyl steht, R4 für Methyl steht, R3 für Wasserstoff steht, R2 für Trifluorethyl steht und es sich bei der
Verbindung um 3-Hydroxy-1,6-dimethyl-2-(2,2,2-trifluorethyl)-1H-pyridin-4-on mit der folgenden Formel handelt:

oder wobei R1 für Methyl steht, R4 für Wasserstoff steht, R3 für Wasserstoff steht, R2 für Trifluorethyl steht und es
sich bei der Verbindung um 3-Hydroxy-1-methyl-2-(2,2,2-trifluorethyl)-1H-pyridin-4-on mit der folgenden Formel
handelt:

oder
wobei R1 für Methyl steht, R4 für Methyl steht, R3 für Wasserstoff steht, R2 für Difluormethyl steht und es sich bei
der Verbindung um 2-Difluormethyl-3-hydroxy-1,6-dimethyl-1H-pyridin-4-on mit der folgenden Formel handelt:

oder wobei R1 für Wasserstoff steht, R4 für Methyl steht, R3 für Wasserstoff steht, R2 für CF3CHOH steht und es
sich bei der Verbindung um 3-Hydroxy-6-methyl-2-(2,2,2-trifluor-1-hydroxyethyl)-1H-pyridin-4-on mit der folgenden
Formel handelt:

10. Verbindung nach Anspruch 4, wobei R1 für Wasserstoff steht, R4 für Wasserstoff steht, R2 für Methyl steht und es
sich bei der Verbindung der Formel (III) um 3-Hydroxy-2-methyl-5-(2,2,2-trifluor-1-hydroxyethyl)-1H-pyridin-4-on
mit der folgenden Formel handelt:
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11. Verbindung nach Anspruch 5, wobei R3 für Wasserstoff steht und R4 für Methyl steht und es sich bei der Verbindung
der Formel (IV) um 3-Hydroxy-6-methyl-2-(2,2,2-trifluor-1-hydroxyethyl)pyran-4-on mit der folgenden Formel han-
delt:

12. Verbindung nach Anspruch 7, wobei Y für NR1 steht, R1 für Methyl steht, R2 für Methyl steht, R3 für CF3CHOH steht
und R4 für H steht und es sich bei der Verbindung um 3-Hydroxy-1,2-dimethyl-5-(2,2,2-trifluor-1-hydroxyethyl)pyridin-
4(1H)-on mit der folgenden Formel handelt:

oder
wobei Y für NR1 steht, R1 für Methyl steht, R2 für Methyl steht, R3 für CH2CF3 steht und R4 für H steht und es sich
bei der Verbindung um 3-Hydroxy-1,2-dimethyl-5-(2,2,2-trifluorethyl)pyridin-4(1H)-on mit der folgenden Formel han-
delt:

oder
wobei Y für NR1 steht, R1 für H steht, R2 für Methyl steht, R3 für CH2CF3 steht und R4 für H steht und es sich bei
der Verbindung um 3-Hydroxy-2-methyl-5-(2,2,2-trifluorethyl)pyridin-4(1H)-on mit der folgenden Formel handelt:

13. Verbindung nach Anspruch 7, wobei Y für NR1 steht, R1 für Methyl steht, R2 für H steht, R3 für H steht und R4 für
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CH2CF3 steht und es sich bei der Verbindung um 5-Hydroxy-1-methyl-2-(2,2,2-trifluorethyl)pyridin-4(1H)-on mit der
folgenden Formel handelt:

oder
wobei Y für NR1 steht, R1 für Methyl steht, R2 für H steht, R3 für H steht und R4 für CH(OH)CF3 steht und es sich
bei der Verbindung um 5-Hydroxy-1-methyl-2-(2,2,2-trifluor-1-hydroxyethyl)pyridin-4(1H)-on mit der folgenden For-
mel handelt:

oder
wobei Y für NR1 steht, R1 für Methyl steht, R2 für Methyl steht, R3 für H steht und R4 für CH2CF3 steht und es sich
bei der Verbindung um 3-Hydroxy-1,2-dimethyl-6-(2,2,2-trifluorethyl)pyridin-4(1H)-on mit der folgenden Formel han-
delt:

oder
wobei Y für NR1 steht, R1 für Methyl steht, R2 für Methyl steht, R3 für H steht und R4 für CH(OH)CF3 steht und es
sich bei der Verbindung um 3-Hydroxy-1,2-dimethyl-6-(2,2,2-trifluor-1-hydroxyethyl)-pyridin-4(1H)-on mit der fol-
genden Formel handelt:

oder
wobei Y für NR1 steht, R1 für Methyl steht, R2 für CH2OH steht, R3 für H steht und R4 für CH2CF3 steht und es sich
bei der Verbindung um 3-Hydroxy-2-(hydroxymethyl)-1-methyl-6-(2,2,2-trifluorethyl)-pyridin-4(1H)-on mit der fol-
genden Formel handelt:
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oder
wobei Y für NR1 steht, R1 für Methyl steht, R2 für CH2OH steht, R3 für H steht und R4 für CH(OH)CF3 steht und es
sich bei der Verbindung um 3-Hydroxy-2-(hydroxymethyl)-1-methyl-6-(2,2,2-trifluor-1-hydroxyethyl)pyridin-4(1H)-on
mit der folgenden Formel handelt:

14. Pharmazeutische Zusammensetzung, umfassend eine Verbindung nach einem der Ansprüche 1 bis 13 und min-
destens einen pharmazeutisch unbedenklichen Träger.

15. Verbindung nach einem der Ansprüche 1 bis 13 zur Verwendung bei der Behandlung einer neurodegenerativen
Erkrankung bei einem Patienten.

16. Verbindung zur Verwendung nach Anspruch 15, wobei die neurodegenerative Erkrankung durch das Vorliegen von
freiem Eisen oder Eisenakkumulation in Nervengeweben verursacht wird.

17. Verbindung zur Verwendung nach Anspruch 15 oder 16, wobei die neurodegenerative Erkrankung aus der Gruppe
bestehend aus Parkinson-Krankheit und Alzheimer-Krankheit ausgewählt ist.

18. Verbindung nach einem der Ansprüche 1 bis 13 zur Verwendung bei der Behandlung einer Eisenüberladungser-
krankung bei einem Patienten.

19. Verbindung zur Verwendung nach Anspruch 18, wobei die Eisenüberladungserkrankung aus der Gruppe bestehend
aus β-Thalassämie, Friedreich-Ataxie und Hallervorden-Spatz-Syndrom ausgewählt ist.

20. Verbindung nach einem der Ansprüche 1 bis 13 zur Verwendung als Chelatbildner zur Entfernung von überschüs-
sigem Eisen aus dem Körper eines Patienten.

21. Verbindung nach einem der Ansprüche 1 bis 13 zur Verwendung als Chelatbildner zur Umverteilung von Eisen im
Körper eines Patienten.

22. Verfahren zur Herstellung einer Verbindung der Formel (II)

wobei:



EP 2 134 688 B1

74

5

10

15

20

25

30

35

40

45

50

55

R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Cyclopropylmethyl, Allyl und Cyclopropyl ausge-
wählt ist;
R2 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl und R5CHOH ausgewählt ist, wobei R5 für Was-
serstoff, C1-C6-Alkyl und Trifluormethyl steht; R3 für Wasserstoff steht; und

wobei das Verfahren die folgenden Prozesse umfasst:

Prozess (A), der die folgenden Schritte umfasst:

(a) Oxidation einer Verbindung (1) mit einem Oxidationsmittel aus der Gruppe bestehend aus 2,2,6,6-
Tetramethylpiperidin-1-oxyl (TEMPO), Kaliumbromat, Natriumhypochlorit und Schwefeltrioxid-Pyridin-
Komplex zu Verbindung (2);
(b) Umsetzung von Verbindung (2) aus Schritt (a) mit Diethylaminoschwefeltrifluorid (DAST) zu Verbindung
(3);
(c) Umsetzung von Verbindung (3) mit einem Amin der Formel R1NH2, wobei R1 aus der Gruppe bestehend
aus Wasserstoff, C1-C6-Alkyl, Allyl, Cyclopropyl und Cyclopropylmethyl ausgewählt ist, zu Verbindung (4),
wobei wie in R1NH2 definiert ist; und
(d) Hydrierung von Verbindung (4) mit Palladium auf Kohle zu der Verbindung der Formel (IIA), wobei es
sich bei der Verbindung der Formel (IIA) um eine Verbindung der Formel (II) handelt, wenn R2 und R3

jeweils für Wasserstoff stehen, mit der Maßgabe, dass dann, wenn R1 in Verbindung (4) für Allyl steht,
Bortribromid anstelle von katalytischer Hydrierung verwendet wird;

oder
Prozess (B), der die folgenden Schritte umfasst:
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(e) Debenzylierung von Verbindung (3) aus Prozess (A), Schritt (b), mit BBr3 zu Verbindung (5);
(f) Umsetzung von Verbindung (5) mit einem aliphatischen Aldehyd R5CHO, wobei R5 aus der Gruppe
bestehend aus Wasserstoff und C1-C6-Alkyl ausgewählt ist, zu Verbindung (6), wobei R5 wie oben definiert
ist;
(g) Umsetzung von Verbindung (6) mit Benzylbromid und Natriumhydroxid zu Verbindung (7), wobei R5

wie oben definiert ist;
(h) Umsetzung von Verbindung (7) mit einem Amin der Formel R1NH2, wobei R1 aus der Gruppe bestehend
aus Wasserstoff, C1-C6-Alkyl, Allyl, Cyclopropyl und Cyclopropylmethyl ausgewählt ist, zu Verbindung (8),
wobei R1 wie in R1NH2 definiert ist; und
(i) Hydrierung von Verbindung (8) mit Palladium auf Kohle zu einer Verbindung der Formel (IIB), mit der
Maßgabe, dass R1 nicht für Allyl steht; es sich bei einer Verbindung der Formel (IIB) um eine Verbindung
der Formel (II) handelt, wenn R2 für R5CHOH steht;

oder
Prozess (C), der die folgenden Schritte umfasst:
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(j) Umsetzung von Verbindung (7) aus Prozess (B), Schritt (g), wobei R5 für Wassersotff oder C1-C3-Alkyl
steht, mit Thionylchlorid zu dem Chlorid (9), wobei R5 wie oben definiert ist;
(k) Reduktion von Verbindung (9) aus Schritt (j) in situ ohne Isolierung mit Zink in Salzsäure zu Verbindung
(10);
(l) Umsetzung von Verbindung (10) aus Schritt (k) mit einem Amin der Formel R1NH2, wobei R1 aus der
Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Allyl, Cyclopropyl und Cyclopropylmethyl ausgewählt ist,
zu Verbindung (11), wobei R1 wie in R1NH2 definiert ist; und
(m) Hydrierung von Verbindung (11) aus Schritt (l) mit Palladium auf Kohle zu einer Verbindung der Formel
(IIC), mit der Maßgabe, dass R1 nicht für Allyl steht; eine Verbindung der Formel (IIC) mit einer Verbindung
der Formel (II) identisch ist, wenn R2 für CH2R5 steht;

oder
Prozess (D), der die folgenden Schritte umfasst:

(n) Umsetzung einer Verbindung (8) aus Prozess (B), wobei R5 für Wasserstoff steht, mit Triethylamin und
Methansulfonylchlorid zu Verbindung (8A); und
(o) Hydrierung von Verbindung (8A) mit Palladium auf Kohle zu einer Verbindung der Formel (IIC), wobei
R5 für Wasserstoff steht, mit der Maßgabe, dass R1 nicht für Allyl steht; eine Verbindung der Formel (IIC)
mit einer Verbindung der Formel (II) identisch ist, wenn R2 für CH2R5 steht;

oder
Prozess (E), der die folgenden Schritte umfasst:

Umsetzung einer Verbindung der Formel (IIA) mit CF3CH(OCH3)OH in Gegenwart von Kaliumcarbonat bei
einer Temperatur von etwa 100°C bis etwa 130°C zu einer Verbindung der Formel (IIB), wobei R3 für Wasserstoff
steht und R2 für R5CHOH steht, wobei R5 für Trifluormethyl steht.

23. Verfahren zur Herstellung einer Verbindung der Formel (III)
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wobei:

R1 aus der Gruppe bestehend aus Wasserstoff, C1-C6-Alkyl, Cyclopropyl und Cyclopropylmethyl ausgewählt ist;
R4 aus der Gruppe bestehend aus Methyl und Wasserstoff ausgewählt ist;
R3 für Wasserstoff steht;
R2 aus der Gruppe bestehend aus CF3CHOH und CH2CF3 ausgewählt ist; und

wobei das Verfahren die folgenden Schritte umfasst:

(a) Umsetzung von Verbindung (12) mit CF3CH(O-(lineares C1-C4-Alkyl))OH zu einer Verbindung der Formel
(IIA); es sich bei einer Verbindung der Formel (IIIA) um eine Verbindung der Formel (III), wobei R2 für CF3CH(OH)
steht, handelt;
(b) Umsetzung des Produkts der Formel (IIIA) aus Schritt (a) mit Benzylbromid und Natriumhydroxid zu Ver-
bindung (13), wobei R3, R4 und R1 wie oben definiert sind;
(c) Umwandlung von Verbindung (13) in das Methansulfonat (14) mit Methansulfonylchlorid und Triethylamin,
wobei R1, R3 und R4 wie oben definiert sind; und
(d) Hydrierung von Verbindung (14) in Gegenwart von Palladium auf Kohle zu einer Verbindung der Formel
(IIIB), wobei R2 für CF3CH2 steht; es sich bei einer Verbindung der Formel (IIIB) um eine Verbindung der Formel
(III), wobei R1 aus der Gruppe bestehend aus C1-C4-Alkyl, Cyclopropyl und Cyclopropylmethyl ausgewählt ist;
R4 aus der Gruppe bestehend aus Methyl und Wasserstoff ausgewählt ist; R3 für Wasserstoff steht und R2 für
CF3CH2 steht, handelt.

24. Prozess zur Herstellung einer Verbindung der Formel (IV), wobei
Y für O steht;
R3 aus der Gruppe bestehend aus Wasserstoff und Methyl ausgewählt ist;
R4 aus der Gruppe bestehend aus Wasserstoff und C1-C6-Alkyl ausgewählt ist; und
R2 für CF3CHOH steht;
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wobei der Prozess die Umsetzung von Verbindung (18), wobei R4 aus der Gruppe bestehend aus Wasserstoff und
C1-C6-Alkyl ausgewählt ist; R3 aus der Gruppe bestehend aus Wasserstoff und Methyl ausgewählt ist, mit
CF3CH(OCH3)OH in Gegenwart von Kaliumcarbonat umfasst.

25. Prozess zur Herstellung einer Verbindung der Formel (I)

wobei Y für O steht, R3 für Wasserstoff steht, R2 für Wasserstoff steht, R4 für CHF2 steht und es sich bei der
Verbindung um 2-Difluormethyl-5-hydroxypyran-4-on handelt, wobei der Prozess die folgenden Schritte umfasst:

(a) Umsetzung von Kojisäure mit Natriumhydroxid und Benzylbromid zu 5-Benzyl-oxy-2-hydroxymethylpyran-
4-on;
(b) Oxidation der Verbindung aus Schritt (a) mit TEMPO, Natriumhypochlorit und Kaliumbromat zu 5-Benzyloxy-
4-oxo-4H-pyran-2-carbaldehyd oder Oxidation der Verbindung aus Schritt (a) mit Schwefeltrioxid-pyridin-Kom-
plex zu 5-Benzyloxy-4-oxo-4H-pyran-2-carbaldehyd;
(c) Umsetzung der Verbindung aus Schritt (b) mit DAST zu 5-Benzyloxy-2-difluormethyl-pyran-4-on; und
(d) Umsetzung der Verbindung aus Schritt (c) mit Bortribromid zu 2-Difluormethyl-5-hydroxypyran-4-on.

26. Prozess zur Herstellung einer Verbindung der Formel (IIIC)

wobei R1 für Wasserstoff steht;
R2 aus der Gruppe bestehend aus Wasserstoff und C1-C6-Alkyl ausgewählt ist; und
R4 aus der Gruppe bestehend aus Wasserstoff und Methyl ausgewählt ist; und

wobei das Verfahren die folgenden Schritte umfasst:
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(a) Umsetzung von Verbindung (19) mit CF3CH(OCH3)OH zu Verbindung (20); und
(b) Hydrierung von Verbindung (20) in Gegenwart von Palladium auf Kohle zu einer Verbindung der Formel (IIIC).

27. Verbindung 3-Hydroxy-2-methyl-5-(2,2,2-trifluor-1-methoxyethyl)-1H-pyridin-4-on.

Revendications

1. Composé fluoré de formule (I)

ou des sels pharmaceutiquement acceptables de celui-ci, dans lequel (i) :

Y est NR1, dans lequel R1 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6, cyclopropylméthyle,
allyle et cyclopropyle ;
R2 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C4, et R5CHOH dans lequel R5 est choisi dans
le groupe constitué d’hydrogène, alkyle en C1-C3 et trifluorométhyle ;
R3 est choisi dans le groupe constitué de méthyle, hydrogène et CF3CHOH ;
R4 est CHF2 ; et

le composé de formule (I) étant un composé de formule (II)

ou (ii) :

Y est NR1, dans lequel R1 est tel que défini ci-dessus ; R2 est choisi dans le groupe constitué de CHF2, CH2CF3,
et CF3CHOH ;
R3 et R4 sont tous deux choisis dans le groupe constitué de méthyle et hydrogène ; et

le composé de formule (I) étant un composé de formule (III)
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ou (iii) :

Y est NR1 et R1 est tel que défini ci-dessus ;
R2 est choisi dans le groupe constitué d’hydrogène et alkyle en C1-C4, à condition que, lorsque R4 est hydrogène,
R2 ne soit pas hydrogène ;
R3 est CF3CHOH ;
R4 est choisi dans le groupe constitué d’hydrogène et méthyle ; et

le composé de formule (I) étant un composé de formule (IIIC)

ou (iv) :

Y est O ;
R2 est CF3CHOH ;
R3 est choisi dans le groupe constitué de méthyle et hydrogène ;
R4 est choisi dans le groupe constitué d’hydrogène et alkyle en C1-C4 ; et le composé de formule (I) étant un
composé de formule (IV)

ou (v) :

Y est O ;
R2 est hydrogène ;
R3 est hydrogène ;
R4 est difluorométhyle ; et

le composé ayant la structure chimique suivante
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ou (vi) :

Y est O ou NR1, dans lequel R1 est tel que défini ci-dessus ;
R2 est choisi dans le groupe constitué d’hydrogène, CHF2, CH2CF3, alkyle en C1-C6 et R5CHOH, dans lequel
R5 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6 et trifluorométhyle ;
R3 est choisi dans le groupe constitué de méthyle, hydrogène, CH2CF3, CF3CHOH et alkyle en C1-C6 ; et
R4 est choisi dans le groupe constitué de CHF2, CF3CHOH, CH2CF3, méthyle, hydrogène et alkyle en C1-C6 ;
à condition que, lorsque R3 est CF3CHOH et R4 est hydrogène, R2 ne soit pas hydrogène.

2. Composé selon la revendication 1 dans lequel Y est NR1, dans lequel R1 est choisi dans le groupe constitué
d’hydrogène, alkyle en C1-C6, cyclopropylméthyle, allyle et cyclopropyle ;
R2 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C4, et R5CHOH dans lequel R5 est choisi dans le
groupe constitué d’hydrogène, alkyle en C1-C3 et trifluorométhyle ;
R3 est choisi dans le groupe constitué de méthyle, hydrogène et CF3CHOH ;
R4 est CHF2 ; et
le composé de formule (I) étant un composé de formule (II)

3. Composé selon la revendication 1 dans lequel Y est NR1, dans lequel R1 est choisi dans le groupe constitué
d’hydrogène, alkyle en C1-C6, cyclopropylméthyle, allyle et cyclopropyle ;
R2 est choisi dans le groupe constitué de CHF2, CH2CF3 et CF3CHOH ;
R3 et R4 sont tous deux choisis dans le groupe constitué de méthyle et hydrogène ; et
le composé de formule (I) étant un composé de formule (III)

4. Composé selon la revendication 1 dans lequel Y est NR1 et R1 est choisi dans le groupe constitué d’hydrogène,
alkyle en C1-C6, cyclopropylméthyle, allyle et cyclopropyle ;
R2 est choisi dans le groupe constitué d’hydrogène et alkyle en C1-C4, à condition que, lorsque R4 est hydrogène,
R2 ne soit pas hydrogène ;
R3 est CF3CHOH ;
R4 est choisi dans le groupe constitué d’hydrogène et méthyle ; et
le composé de formule (I) étant un composé de formule (IIIC)
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5. Composé selon la revendication 1 dans lequel Y est O ;
R2 est CF3CHOH ;
R3 est choisi dans le groupe constitué de méthyle et hydrogène ;
R4 est choisi dans le groupe constitué d’hydrogène et alkyle en C1-C4 ; et
le composé de formule (I) étant un composé de formule (IV)

6. Composé selon la revendication 1 dans lequel Y est O ;
R2 est hydrogène ;
R3 est hydrogène ;
R4 est difluorométhyle ; et
le composé étant la 2-difluorométhyl-5-hydroxy-pyran-4-one ayant la formule suivante :

7. Composé fluoré selon la revendication 1 dans lequel
Y est O ou NR1, dans lequel R1 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6, cyclopropylméthyle,
allyle et cyclopropyle ;
R2 est choisi dans le groupe constitué d’hydrogène, CHF2, CH2CF3, alkyle en C1-C6 et R5CHOH, dans lequel R5

est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6 et trifluorométhyle ;
R3 est choisi dans le groupe constitué de méthyle, hydrogène, CH2CF3, CF3CHOH et alkyle en C1-C6 ; et
R4 est choisi dans le groupe constitué de CHF2, CF3CHOH, CH2CF3, méthyle, hydrogène et alkyle en C1-C6 ;
à condition que, lorsque R3 est CF3CHOH et R4 est hydrogène, R2 ne soit pas hydrogène.

8. Composé selon la revendication 2 dans lequel R1 est méthyle, R2 est hydrogène, R3 est hydrogène, et le composé
est la 2-difluorométhyl-5-hydroxy-1-méthyl-1H-pyridin-4-one, ayant la formule suivante :
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ou
dans lequel R1 est cyclopropyle, R2 est hydrogène, R3 est hydrogène, et le composé est la 1-cyclopropyl-2-difluo-
rométhyl-5-hydroxy-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est cyclopropylméthyle, R2 est hydrogène, R5 est hydrogène, et le composé est la 1-cyclopropyl-
méthyl-2-difluorométhyl-5-hydroxy-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est allyle, R2 est hydrogène, R3 est hydrogène, et le composé est la 1-allyl-2-difluorométhyl-5-
hydroxy-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est éthyle, R2 est hydrogène, R3 est hydrogène, et le composé est la 2-difluorométhyl-1-éthyl-5-
hydroxy-1H-pyridin-4-one, ayant la formule suivante :

ou
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dans lequel R1 est méthyle, R2 est éthyle, R3 est hydrogène, et le composé est la 6-difluorométhyl-2-éthyl-3-hydroxy-
1-méthyl-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est méthyle, R2 est 1-hydroxyéthyle, R3 est hydrogène, et le composé est la 6-difluorométhyl-3-
hydroxy-2-(1-hydroxy-éthyl)-1-méthyl-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est méthyle, R2 est 1-hydroxyméthyle, R3 est hydrogène, et le composé est la 6-difluorométhyl-3-
hydroxy-2-hydroxyméthyl-1-méthyl-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est méthyle, R2 est méthyle, R3 est hydrogène, et le composé est la 6-difluorométhyl-3-hydroxy-1,2-
diméthyl-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est méthyle, R2 est R5CHOH dans lequel R5 est trifluorométhyle, R3 est hydrogène, et le composé
est la 6-difluorométhyl-3-hydroxy-1-méthyl-2-(2,2,2-trifluoro-1-hydroxy-éthyl)-1H-pyridin-4-one, ayant la formule
suivante :
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9. Composé selon la revendication 3 dans lequel R1 est méthyle, R4 est méthyle, R3 est hydrogène, R2 est 1-hydroxy-
trifluoroéthyle, et le composé est la 3-hydroxy-1,6-diméthyl-2-(2,2,2-trifluoro-1-hydroxy-éthyl)-1H-pyridin-4-one,
ayant la formule suivante :

ou
dans lequel R1 est méthyle, R4 est méthyle, R3 est hydrogène, R2 est trifluoroéthyle, et le composé est la 3-hydroxy-
1,6-diméthyl-2-(2,2,2-trifluoro-éthyl)-1H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est méthyle, R4 est hydrogène, R3 est hydrogène, R2 est trifluoroéthyle, et le composé est la 3-
hydroxy-1-méthyl-2-(2,2,2-trifluoro-éthyl)-1 H-pyridin-4-one, ayant la formule suivante :

ou
dans lequel R1 est méthyle, R4 est méthyle, R3 est hydrogène, R2 est difluorométhyle, et le composé est la 2-
difluorométhyl-3-hydroxy-1,6-diméthyl-1H-pyridin-4-one, ayant la formule suivante :
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ou
dans lequel R1 est hydrogène, R4 est méthyle, R3 est hydrogène, R2 est CF3CHOH, et le composé est la 3-hydroxy-
6-méthyl-2-(2,2,2-trifluoro-1-hydroxy-éthyl)-1H-pyridin-4-one, ayant la formule suivante :

10. Composé selon la revendication 4 dans lequel R1 est hydrogène, R4 est hydrogène, R2 est méthyle, et le composé
de formule (III) est la 3-hydroxy-2-méthyl-5-(2,2,2-trifluoro-1-hydroxy-éthyl)-1H-pyridin-4-one, ayant la formule
suivante :

11. Composé selon la revendication 5 dans lequel R3 est hydrogène et R4 est méthyle, et le composé de formule (IV)
est la 3-hydroxy-6-méthyl-2-(2,2,2-trifluoro-1-hydroxy-éthyl)-pyran-4-one, ayant la formule suivante :

12. Composé de la revendication 7 dans lequel Y est NR1, R1 est méthyle, R2 est méthyle, R3 est CF3CHOH et R4 est
H, et le composé est la 3-hydroxy-1,2-diméthyl-5-(2,2,2-trifluoro-1-hydroxyéthyl)pyridin-4(1H)-one ayant la formule
suivante :

ou
dans lequel Y est NR1, R1 est méthyle, R2 est méthyle, R3 est CH2CF3 et R4 est H, et le composé est la 3-hydroxy-
1,2-diméthyl-5-(2,2,2-trifluoroéthyl)pyridin-4(1H)-one ayant la formule suivante :
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ou
dans lequel Y est NR1, R1 est H, R2 est méthyle, R3 est CH2CF3 et R4 est H, et le composé est la 3-hydroxy-2-
méthyl-5-(2,2,2-trifluoroéthyl)pyridin-4(1H)-one ayant la formule suivante :

13. Composé de la revendication 7 dans lequel Y est NR1, R1 est méthyle, R2 est H, R3 est H et R4 est CH2CF3, et le
composé est la 5-hydroxy-1-méthyl-2-(2,2,2-trifluoroéthyl)pyridin-4(1H)-one ayant la formule suivante :

ou
dans lequel Y est NR1, R1 est méthyle, R2 est H, R3, est H et R4 est CH(OH)CF3, et le composé est la 5-hydroxy-
1-méthyl-2-(2,2,2-trifluoro-1-hydroxyéthyl)pyridin-4(1H)-one ayant la formule suivante :

ou
dans lequel Y est NR1, R1 est méthyle, R2 est méthyle, R3 est H et R4 est CH2CF3, et le composé est la 3-hydroxy-
1,2-diméthyl-6-(2,2,2-trifluoroéthyl)pyridin-4(1H)-one ayant la formule suivante :

ou
dans lequel Y est NR1, R1 est méthyle, R2 est méthyle, R3 est H et R4 est CH(OH)CF3, et le composé est la 3-
hydroxy-1,2-diméthyl-6-(2,2,2-trifluoro-1-hydroxy-éthyl)pyridin-4(1H)-one ayant la formule suivante :
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ou
dans lequel Y est NR1, R1 est méthyle, R2 est CH2OH, R3 est H et R4 est CH2CF3, et le composé est la 3-hydroxy-
2-(hydroxyméthyl)-1-méthyl-6-(2,2,2-trifluoroéthyl)-pyridin-4(1H)-one ayant la formule suivante :

ou
dans lequel Y est NR1, R1 est méthyle, R2 est CH2OH, R3 est H et R4 est CH(OH)CF3 et le composé est 3-hydroxy-
2-(hydroxyméthyl)-1-méthyl-6-(2,2,2-trifluoro-1-hydroxyéthyl)pyridin-4(1H)-one ayant la formule suivante :

14. Composition pharmaceutique comprenant un composé selon l’une quelconque des revendications 1 à 13 et au
moins un véhicule pharmaceutiquement acceptable.

15. Composé selon l’une quelconque des revendications 1 à 13 pour utilisation dans le traitement d’une maladie neu-
rodégénérative chez un patient.

16. Composé pour utilisation de la revendication 15, la maladie neurodégénérative étant causée par la présence de fer
libre ou d’accumulation de fer dans des tissus neuraux.

17. Composé pour utilisation de la revendication 15 ou 16, la maladie neurodégénérative étant choisie dans le groupe
constitué de la maladie de Parkinson et la maladie d’Alzheimer.

18. Composé selon l’une quelconque des revendications 1 à 13 pour utilisation dans le traitement d’une maladie de
surcharge en fer chez un patient.

19. Composé pour utilisation de la revendication 18, la maladie de surcharge en fer étant choisie dans le groupe constitué
de la β-thalassémie, l’ataxie de Friedreich et le syndrome de Hallervorden-Spatz.

20. Composé selon l’une quelconque des revendications 1 à 13 pour utilisation en tant que chélateur pour l’élimination
du fer en excès du corps d’un patient.

21. Composé selon l’une quelconque des revendications 1 à 13 pour utilisation en tant que chélateur pour la redistribution
de fer dans le corps d’un patient.

22. Procédé de préparation d’un composé de formule (II)
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dans lequel :

R1 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6, cyclopropylméthyle, allyle et cyclopropyle ;
R2 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6, R5CHOH dans lequel R5 est hydrogène,
alkyle en C1-C6 et trifluorométhyle ;
R3 est hydrogène ; et

le procédé comprenant les procédés suivants :

le procédé (A) qui comprend les étapes suivantes :

(a) oxydation d’un composé (1) avec un agent oxydant choisi dans le groupe constitué des 2,2,6,6-tétra-
méthylpipéridine-1-oxyde (TEMPO), bromate de potassium, hypochlorite de sodium et complexe trioxyde
de soufre-pyridine pour obtenir le composé (2) ;
(b) réaction du composé (2) de l’étape (a) avec le trifluorure de diéthylaminosoufre (DAST) pour obtenir le
composé (3) ;
(c) réaction du composé (3) avec une amine de formule R1NH2 dans laquelle R1 est choisi dans le groupe
constitué d’hydrogène, alkyle en C1-C6, allyle, cyclopropyle et cyclopropylméthyle pour obtenir le composé
(4) dans lequel R1 est tel que défini dans R1NH2 ; et
(d) hydrogénation du composé (4) avec du palladium sur charbon pour obtenir le composé de formule (IIA),
le composé de formule (IIA) étant un composé de formule (II) lorsque R2 et R3 sont chacun hydrogène, à
condition que, lorsque R1 dans le composé (4) est allyle, le tribromure de bore soit utilisé à la place d’une
hydrogénation catalytique,

ou
le procédé (B) qui comprend les étapes suivantes :
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(e) débenzylation du composé (3) du procédé (A), étape (b), avec BBr3 pour obtenir le composé (5) ;
(f) réaction du composé (5) avec un aldéhyde aliphatique R5CHO dans lequel R5 est choisi dans le groupe
constitué d’hydrogène et alkyle en C1-C6, pour obtenir le composé (6) dans lequel R5 est tel que défini ci-
dessus ;
(g) réaction du composé (6) avec du bromure de benzyle et de l’hydroxyde de sodium pour obtenir le
composé (7) dans lequel R5 est tel que défini ci-dessus ;
(h) réaction du composé (7) avec une amine de formule R1NH2 dans laquelle R1 est choisi dans le groupe
constitué d’hydrogène, alkyle en C1-C6, allyle, cyclopropyle et cyclopropylméthyle pour obtenir le composé
(8) dans lequel R1 est tel que défini dans R1NH2 ; et
(i) hydrogénation du composé (8) avec du palladium sur charbon pour obtenir un composé de formule (IIB)
à condition que R1 ne soit pas allyle ; un composé de formule (IIB) est un composé de formule (II) lorsque
R2 est R5CHOH,

ou
le procédé (C) qui comprend les étapes suivantes :
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(j) réaction du composé (7) du procédé (B), étape (g), dans lequel R5 est hydrogène ou alkyle en C1-C3,
avec du chlorure de thionyle pour obtenir le chlorure (9) dans lequel R5 est tel que défini ci-dessus ;
(k) réduction du composé (9), préparé dans l’étape (j) in situ, sans isolement, avec du zinc dans de l’acide
chlorhydrique pour obtenir le composé (10) ;
(1) réaction du composé (10) de l’étape (k) avec une amine de formule R1NH2 dans laquelle R1 est choisi
dans le groupe constitué d’hydrogène, alkyle en C1-C6, allyle, cyclopropyle et cyclopropylméthyle pour
obtenir le composé (11) dans lequel R1 est tel que défini dans R1NH2 ; et
(m) hydrogénation du composé (11) de l’étape (I) avec du palladium sur charbon pour obtenir un composé
de formule (IIC) à condition que R1 ne soit pas allyle ; un composé de formule (IIC) est identique à un
composé de formule (II) lorsque R2 est CH2R5,

ou
le procédé (D) qui comprend les étapes suivantes :

(n) réaction d’un composé (8) du procédé (B) dans lequel R5 est hydrogène avec de la triéthylamine et du
chlorure de méthanesulfonyle pour obtenir le composé (8A) ; et
(o) hydrogénation du composé (8A) avec du palladium sur charbon pour obtenir un composé de formule
(IIC) dans lequel R5 est hydrogène, à condition que R1 ne soit pas allyle ; un composé de formule (IIC) est
identique à un composé de formule (II) lorsque R2 est CH2R5,

ou
le procédé (E) qui comprend les étapes suivantes :

réaction d’un composé de formule (IIA) avec CF3CH(OCH3)OH en présence de carbonate de potassium à une
température d’environ 100 °C à environ 130 °C pour obtenir un composé de formule (IIB) dans lequel R3 est
hydrogène, et R2 est R5CHOH dans lequel R5 est trifluorométhyle.

23. Procédé de préparation d’un composé de formule (III)
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dans lequel :

R1 est choisi dans le groupe constitué d’hydrogène, alkyle en C1-C6, cyclopropyle et cyclopropylméthyle ;
R4 est choisi dans le groupe constitué de méthyle et hydrogène ;
R3 est hydrogène ;
R2 est choisi dans le groupe constitué de CF3CHOH et CH2CF3 ; et

le procédé comprenant les étapes suivantes :

(a) réaction du composé (12) avec CF3CH(O-(alkyle linéaire en C1-C4))OH pour obtenir un composé de formule
(IIIA) ; un composé de formule (IIIA) est un composé de formule (III) dans lequel R2 est CF3CH(OH) ;
(b) réaction du produit de formule (IIIA) de l’étape (a) avec du bromure de benzyle et de l’hydroxyde de sodium
pour obtenir le composé (13) dans lequel R3, R4 et R1 sont tels que définis ci-dessus ;
(c) conversion du composé (13) en méthanesulfonate (14) avec du chlorure de méthanesulfonyle et de la
triéthylamine, dans lequel R1, R3 et R4 sont tels que définis ci-dessus ; et
(d) hydrogénation du composé (14) en présence de palladium sur charbon pour obtenir un composé de formule
(IIIB) dans lequel R2 est CF3CH2 ; un composé de formule (IIIB) est un composé de formule (III) dans lequel
R1 est choisi dans le groupe constitué d’alkyle en C1-C4, cyclopropyle et cyclopropylméthyle ; R4 est choisi
dans le groupe constitué de méthyle et hydrogène ; R3 est hydrogène ; et R2 est CF3CH2.

24. Procédé de préparation d’un composé de formule (IV) dans lequel
Y est O ;
R3 est choisi dans le groupe constitué d’hydrogène et méthyle ;
R4 est choisi dans le groupe constitué d’hydrogène et alkyle en C1-C6 ; et
R2 est CF3CHOH,
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le procédé comprenant la réaction du composé (18) dans lequel R4 est choisi dans le groupe constitué d’hydrogène
et alkyle en C1-C6 ; R3 est choisi dans le groupe constitué d’hydrogène et méthyle, avec CF3CH(OCH3)OH en
présence de carbonate de potassium.

25. Procédé de préparation d’un composé de formule (I)

dans lequel Y est O, R3 est hydrogène, R2 est hydrogène, et R4 est CHF2, le composé est la 2-difluorométhyl-5-
hydroxy-pyran-4-one, le procédé comprenant les étapes suivantes :

(a) réaction d’acide kojique avec de l’hydroxyde de sodium et du bromure de benzyle pour obtenir la 5-benzyloxy-
2-hydroxyméthyl-pyran-4-one ;
(b) oxydation du composé de l’étape (a) avec TEMPO, de l’hypochlorite de sodium et du bromate de potassium
pour obtenir le 5-benzyloxy-4-oxo-4H-pyran-2-carbaldéhyde ; ou oxydation du composé de l’étape (a) avec le
complexe trioxyde de soufre-pyridine pour obtenir le 5-benzyloxy-4-oxo-4H-pyran-2-carbaldéhyde ;
(c) réaction du composé de l’étape (b) avec DAST pour obtenir la 5-benzyloxy-2-difluorométhyl-pyran-4-one ;
et
(d) réaction du composé de l’étape (c) avec du tribromure de bore pour obtenir la 2-difluorométhyl-5-hydroxy-
pyran-4-one.

26. Procédé de préparation d’un composé de formule (IIIC)

dans lequel R1 est hydrogène ;
R2 est choisi dans le groupe constitué d’hydrogène et alkyle en C1-C6 ; et
R4 est choisi dans le groupe constitué d’hydrogène et méthyle ; et

le procédé comprenant les étapes suivantes :
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(a) réaction du composé (19) avec CF3CH(OCH3)OH pour obtenir le composé (20) ; et
(b) hydrogénation du composé (20) en présence de palladium sur charbon pour obtenir un composé de formule
(IIIC).

27. Composé 3-hydroxy-2-méthyl-5-(2,2,2-trifluoro-1-méthoxy-éthyl)-1H-pyridin-4-one.
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