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Process for preparing 2-fluoropropionaldehyde

The present invention relates to a novel synthesis for preparing 2-fluoropropionaldehyde. The
present invention further relates to the use of 2-fluoropropionaldehyde as a substrate for an
aldol condensation reaction. The present invention further relates to the use of 2-
fluoropropionaldehyde as a reagent in an aldol condensation reaction, preferably in an enzy-
matic aldol condensation reaction. The present invention further relates to the use of 2-
fluoropropionaldehyde for preparing nucleoside phosphoramidate derivatives such as sofos-
buvir and intermediates for the synthesis of nucleoside phosphoramidate derivatives such as

sofosbuvir.

Sofosbuvir according to formula (I)

(A)
with IUPAC name (S)-isopropyl 2-(((5)-(((2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydropyrimidin-
1(2H)-yl)-4-fluoro-3-hydroxy-4-methyltetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)-
amino)propanoate is a drug inhibiting the RNA polymerase used by the hepatitis C virus to
replicate its RNA. 2'-deoxy-2-fluoro-2'C-methyluridine is an intermediate in the synthesis of
sofosbuvir. This nucleoside is usually prepared according to a process as disclosed in patent
application WO 2005/003147. 2'-deoxy-2-fluoro-2'C-methyluridine is prepared starting from

a compound of formula

Pat
29
P

wherein "Pg" is a protecting group. Alternatively, 2'-deoxy-2-fluoro-2'C-methyluridine is pre-

pared starting from a preformed nucleoside.

Ojima et al., J. Am. Chem. Soc. (JACS) 1987, 109, 7714-7720, discloses the synthesis of 2-
fluoropropionaldehyde. 2-fluoropropionaldehyde is prepared by hydroformylation of vinyl
fluoride. The complex compounds Rh4(CO);,, or HRh(CO)(PPh3);, Ru(CO);; or Co(CO);,
are used as catalysts. Thus, the hydroformylation reaction includes the use of expensive and
toxic metal catalysts. Moreover, the reaction makes use of the toxic carbon monoxide as a

reagent and needs to be carried out at very high temperatures (80 to 100 °C) and high pres-
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sures (68 to 110 atm).

Bergmann et al., Tetrahedron Letters no. 17, pages 1151-1153, 1965, discloses the preparation
of 2-fluoropropionaldehyde via reduction of 2-fluoropropionic acid chloride using lithium
aluminum hydride. The handling of the final product however results cumbersome due to the
solubility of the product in water and the difficulty in removing the salts formed due to the

presence of the lithium aluminum hydride catalyst such as aluminum salts.

Therefore, the problem underlying the present invention is the provision of a novel process for
the preparation of 2-fluoropropionaldehyde which is carried out in mild and simple condi-
tions, is economic and provides 2-fluoropropionaldehyde in good yields and leads to a prod-
uct easy to be purified, which can be directly used in subsequent reactions such as in aldol
reactions for example for the preparation of 2'-deoxy-2-fluoro-2'C-methyluridine and, hence,

of sofosbuvir.

Surprisingly, it was found that this problem can be solved by a process for preparing the 2-
fluoropropionaldehyde carried out by subjecting a 2-fluoropropionic acid halide to a hetero-

geneously catalyzed reductive hydrogenation.

Therefore, the present invention relates to a process comprising

(1)  providing a 2-fluoropropionic acid halide;

(i) hydrogenating the 2-fluoropropionic acid halide by contacting it with a heterogeneous
hydrogenation catalyst in an atmosphere comprising hydrogen, obtaining a mixture

comprising 2-fluoropropionic aldehyde.

Further the present invention relates to a compound of formula (II)

(1),
which is optionally at least partially dissolved in one or more solvents.

Preparation of the 2-fluoropropionic aldehyde

Step (i)

According to the present invention, the 2-fluoropropionic acid halide provided in (1) is 2-

-0
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fluoropropionic acid chloride, 2-fluoropropionic acid bromide or 2-fluoropropionic acid io-

dide, preferably 2-fluoropropionic acid chloride or 2-fluoropropionic acid bromide.

Generally, the 2-fluoropropionic acid halide is provided in (i) as (S)-2-fluoropropionic acid
halide, as (R)-2-fluoropropionic acid halide, or as a mixture of (S)-2-fluoropropionic acid
halide and (R)-2-fluoropropionic acid halide, for example comprising from 0.1 to 99.9 mol-%
of the 2-fluoropropionic acid halide as (S)-2-fluoropropionic acid halide and from 99.9 to 0.01
mol-% of the 2-fluoropropionic acid halide as (R)-2-fluoropropionic acid halide, such as a

racemic mixture of (S)-2-fluoropropionic acid halide and (R)-2-fluoropropionic acid halide.

Generally, there is no specific limitation how the 2-fluoropropionic acid halide is provided in
(1), with the proviso that it can be subjected to the hydrogenation reaction according to (ii).
Preferably, the 2-fluoropropionic acid halide is provided comprised in a mixture which sub-

jected to (i1).

Preferably, this mixture comprises one or more suitable solvents, preferably one or more or-
ganic solvents. While there is no specific limitation with regard to the chemical nature of the
organic solvents, one or more aprotic organic solvents are preferred. Apolar aprotic solvents
are conceivable, including toluene, xylene, cyclohexane, hexane, heptane, diethyl ether, me-
thyl-tert-butyl ether, diisopropyl ether. Preferred solvents are polar aprotic solvents, prefera-
bly including acetone, acetonitrile, dioxane, tetrahydrofuran (THF), methyl tetrahydrofuran,
ethyl acetate, methyl ethyl ketone, and butyl acetate, more preferably being selected from the
group consisting of acetone, acetonitrile, dioxane, tetrahydrofuran (THF), methyl tetrahydro-
furan, methyl ethyl ketone, and butyl acetate. Tetrahydrofuran and ethyl acetate are especial-

ly preferred solvents.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a

mixture comprising tetrahydrofuran as solvent.

Preferably, the mixture provided in (i) which comprises the 2-fluoropropionic acid halide fur-
ther comprises one or more bases preferably one or more organic bases and/or one or more

inorganic bases.

Examples of inorganic acids include carbonates, alkali metal and alkaline earth metal car-
bonates, such as Na,COs, K,COs, Ba;COs, CayCO;5, Cs,COs and LiCOs,
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Preferably, the mixture provided in (i) which comprises the 2-fluoropropionic acid halide fur-
ther comprises one or more organic bases. Preferred organic bases include amines, amidines,
heterocyclic compounds comprising a basic nitrogen atom in the cycle, and mixtures of two or

more thereof.

Preferably, the one or more organic bases are organic tertiary nitrogen bases, wherein, more
preferably, the organic tertiary nitrogen bases do not comprise primary amino groups or sec-
ondary amino groups, preferable neither primary amino groups nor secondary amino groups.
Preferred organic tertiary nitrogen bases include N,N'-diisopropylethylamine, triethylamine,
1,8-diazabicycloundec-7-ene, pyridine, quinoline, isoquinoline, acridine, pyrazine, and imid-
azole, preferably one or more of N,N'-diisopropylethylamine, triethylamine, 1,8-diazabi-
cycloundec-7-ene, and pyridine. Preferably, organic tertiary nitrogen bases include N,N'-di-

isopropylethylamine and triethylamine.

No specific limitations exist with regard to the amount of the one or more bases comprised in
the mixture provided in (i). Preferably, the one or more bases and the 2-fluoropropionic acid
halide are present in the mixture provided in (i) in a molar ratio of the one or more bases rela-
tive to the 2-fluoropropionic acid halide in the range of from 0.1 : 1 to 3 : 1, preferably in the
range of from 0.75 : 1 to 1.5 : 1, more preferably in the range of from 0.95: 1to 1.05: 1. If
more than base is comprised in the mixture, the molar ratios relate to the total molar amount

of all bases.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, and an organic base selected
from the group consisting of N,N'-diisopropylethylamine and triethylamine, wherein the mo-
lar ratio of the one or more bases relative to the 2-fluoro-propionic-acid halide is preferably
the range of from 0.95: 1 to 1.05: 1.

Without wanting to be bound by any theory, it is believed that the base neutralizes the hydro-
gen halide which is formed during the hydrogenation reaction of the 2-fluoropropionic acid
halide. Therefore, in case a base is present, a hydrogen halide-base salt may be formed during
the reaction. As mentioned above, the one or more bases may serve for neutralizing the acid
formed during the reaction by forming a salt. Hence, according to the present invention, the
mixture obtained according to the below step (ii) may additionally contain the hydrogen hal-
ide salt of the one or more bases. Depending on the separation or purification used to purify

the 2-fluoropropionaldehyde or a solution comprising the 2-fluoropropionaldehyde, the base

4.
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may be selected considering whether the salt of the base and acid formed during the reaction
is insoluble under the separation conditions and optionally under the process conditions and

can be easily separated, for example by filtration.

Preferably, the mixture provided in (i) which comprises the 2-fluoropropionic acid halide fur-
ther comprises a solid porous adsorbent. Without wanting to be bound by any theory, it is
believed that the solid porous adsorbent may adsorb the water possibly formed during the
hydrogenation process, or absorb any residual water possibly present in the one or more sol-
vent and/or the reagents that might hydrolyze the acid halide, thus possibly resulting in a low-
er reaction yield, and possibly prevent the formation of by-products, for example due to the

condensation of the halide with the corresponding acid.

Preferred solid porous adsorbents include molecular sieves. Preferably, the solid porous ad-
sorbent, preferably the molecular sieve, is a microporous compound having a pore size of less
than 2 nm, determined according to DIN 66135-2. More preferably, the pore size in the range
of from 0.35 to 0.45 nm, determined according to DIN 66135-2.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of tetrahydrofuran, ethyl acetate and toluene, preferably in a mix-
ture comprising tetrahydrofuran as solvent, and a microporous molecular sieve, preferably
having a pore size in the range of from 0.35 to 0.45 nm, determined according to DIN 66135-
2.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, an organic base selected from
the group consisting of N,N'-diisopropylethylamine and triethylamine, wherein the molar ratio
of the one or more bases relative to the 2-fluoro-propionic-acid halide is preferably the range
of from 0.95 : 1 to 1.05 : 1, and a microporous molecular sieve, preferably having a pore size
in the range of from 0.35 to 0.45 nm, determined according to DIN 66135-2.

Step (ii)

According to (ii), the 2-fluoropropionic acid halide is hydrogenated by contacting it with a
heterogeneous hydrogenation catalyst in an atmosphere comprising hydrogen, obtaining a

mixture comprising 2-fluoropropionic aldehyde.

-5-
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Regarding heterogeneous hydrogenation catalyst according to (ii), no specific limitations ex-
ist. Preferably, the heterogeneous hydrogenation catalyst is a solid catalyst which, more pref-
erably, comprises one or more hydrogenation-active metals. No specific limitations exist with
regard to these hydrogenation-active metals which preferably include one or more of palladi-
um, platinum, rhodium, ruthenium, nickel and iridium, more preferably palladium and plati-
num. More preferably, the heterogeneous hydrogenation catalyst according to (ii) comprises

palladium.

While it is conceivable that the hydrogenation-active metal is employed as such, it is preferred
that the one or more the hydrogenation-active metals are employed supported in one or more
suitably supports. No specific limitations exist with regard to these supports provided that
they can be employed in the hydrogenation reaction according to (ii) and are substantially
inert under the reaction conditions. Preferred supports are oxidic supports and preferably in-
clude one or more of silica, titania, alumina, preferably gamma-alumina, mixed oxides of two
or more thereof, sulfates, preferably alkaline earth metal sulfates, carbonates, preferably alka-
line earth metal carbonates. More preferably, the oxidic support comprises calcium carbonate
or barium sulfate. More preferably, the oxidic support comprises, more preferably is, barium

sulfate.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, and a microporous molecular
sieve, preferably having a pore size in the range of from 0.35 to 0.45 nm, determined accord-
ing to DIN 66135-2, and wherein the mixture is subjected in (ii) to hydrogenation reaction
conditions in the presence of a heterogeneous hydrogenation catalyst, preferably palladium

supported in barium sulfate or calcium carbonate.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, an organic base selected from
the group consisting of N,N'-diisopropylethylamine and triethylamine, wherein the molar ratio
of the one or more bases relative to the 2-fluoro-propionic-acid halide is preferably the range
of from 0.95 : 1 to 1.05 : 1, and a microporous molecular sieve, preferably having a pore size

in the range of from 0.35 to 0.45 nm, determined according to DIN 66135-2, and wherein the

-6-
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mixture is subjected in (ii) to hydrogenation reaction conditions in the presence of a heteroge-
neous hydrogenation catalyst, preferably palladium supported in barium sulfate or calcium

carbonate.

Surprisingly, it has been found that under the reducing hydrogenation conditions of the pre-
sent invention, the acid halide is selectively dehalogenated to give the corresponding alde-
hyde. More surprisingly, substantially no reductive dehalogenation of the fluoro residue in

alpha position to the carboxyl group has been observed.

Additionally, with respect to the prior art, J. Am. Chem. Soc. (JACS) 1987, 109, 7714-7720,
the present invention provides the advantage of the use of a catalyst that does not contain tox-
ic moieties such as carbon monoxide and that is easily separable from the solution in which
the hydrogenation reaction is carried out. With respect to the prior art, Tetrahedron Letters
No.17 pp 1151-1153, 1965, the present invention provides an easily separable catalyst as
well. It is conceivable that the heterogeneous catalyst may optionally be suitably poisoned by
any method known in the art, for example to avoid a further reduction of the aldehyde product

to the corresponding alcohol.

While there is no specific limitation with regard to the amount of the heterogeneous catalyst,
it is preferred that it is employed at a molar ratio of the heterogeneous catalyst relative to the
2-fluoropropionic acid halide in the range of from 0.01 : 1 to 1 : 1, more preferably in the

range of from 0.05: 1 to 0.6 : 1, more preferably in the range of from 0.06 : 1 to 0.5 : 1.

According to the present invention, it is preferred that at least 90 volume-%, more preferably
at least 95 volume-%, more preferably at least 99 volume-% of the atmosphere comprising

hydrogen consist of hydrogen.

Preferably, the hydrogenating according to (ii) is carried out at a hydrogen pressure in the
range of from 0.5 to 2.0 bar, preferably in the range of from 0.7 to 1.7 bar, more preferably in

the range of from 1.0 to 1.2 bar.

Hence, when compared with the prior art, in particular to the teaching of J. Am. Chem. Soc.
(JACS) 1987, 109, 7714-7720, the present invention advantageously provides a process that
can be carried out much milder pressure conditions. While the hydroformylation disclosed in
JACS is carried out at a pressure of 68 to 110 atm, corresponding to 68.9 to 111.4 bar, the
present process can be carried out at a far lower pressure. This allows for having a simpler
and more economic reaction avoiding the problem generically associated with the carrying

out of a reaction at a high pressure.
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Preferably, the hydrogenating according to (ii) is carried at a temperature of the atmosphere
comprising hydrogen in the range of from 10 to 40 °C, more preferably in the range of from
15 to 35 °C, more preferable in the range of from 20 to 30 °C.

Hence, when compared with the prior art, in particular the teaching of J. Am. Chem. Soc.
(JACS) 1987, 109, 7714-7720, the present invention provides a hydrogenation process that
can be carried out at much milder temperature condition. While the hydroformylation dis-
closed in JACS is carried out at a temperature of 80 to 100 °C, the present process can be car-
ried out at a far lower temperature, resulting in a simpler and more economic process. When
compared with the teaching of Tetrahedron Letters No.17 pp 1151-1153, 1965 the present
invention provides a simpler and more economic process as temperature of —80 °C can be

avoided.

The hydrogenation reaction according to (ii) is generally carried out by stirring the mixture as
disclosed above under an atmosphere comprising hydrogen as disclosed above for a time suf-
ficient to give the 2-fluoropropionic aldehyde. Preferably, the hydrogenating according to (i1)
is carried for a period of time in the range of from 1 to 24 h, more preferably in the range of
from 2 to 8 h.

Generally, the hydrogenation reaction according to (ii) can be carried out in batch mode,
semi-continuous mode, or continuous mode. If it is carried in continuous mode, it can be car-
ried out in either a fluidized bed or a fixed bed. In a fluidized bed, the heterogeneous hydro-
genation catalyst is kept suspended in a portion of the mixture which is maintained in the re-
actor whereas in a fixed-bed reactor, the heterogeneous hydrogenation catalyst is maintained
during the reaction in the form of a fixed catalyst bed, and the mixture and atmosphere com-

prising the hydrogen are continuously passed through the respective bed.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, and a microporous molecular
sieve, preferably having a pore size in the range of from 0.35 to 0.45 nm, determined accord-
ing to DIN 66135-2, and wherein the mixture is subjected in (ii) to hydrogenation reaction
conditions in the presence of a heterogenous hydrogenation catalyst, preferably palladium
supported in barium sulfate or calcium carbonate, wherein the hydrogenation reaction condi-
tions comprise a temperature in the range of from 20 to 30 °C and a hydrogen pressure in the

range of from 1.0 to 1.2 bar.
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Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, an organic base selected from
the group consisting of N,N'-diisopropylethylamine and triethylamine, wherein the molar ratio
of the one or more bases relative to the 2-fluoro-propionic-acid halide is preferably the range
of from 0.95 : 1 to 1.05 : 1, and a microporous molecular sieve, preferably having a pore size
in the range of from 0.35 to 0.45 nm, determined according to DIN 66135-2, and wherein the
mixture is subjected in (ii) to hydrogenation reaction conditions in the presence of a heteroge-
neous hydrogenation catalyst, preferably palladium supported in barium sulfate or calcium
carbonate, wherein the hydrogenation reaction conditions comprise a temperature in the range

of from 20 to 30 °C and a hydrogen pressure in the range of from 1.0 to 1.2 bar.

Preferably, in case the 2-fluoropropionic acid halide is provided in (i) as (S)-2-fluoropropionic
acid halide, the 2-fluoropropionic aldehyde obtained in (ii) is (S)-2-fluoropropionic aldehyde.
Preferably, in case the 2-fluoropropionic acid halide is provided in (1) as (R)-2-
fluoropropionic acid halide, the 2-fluoropropionic aldehyde obtained in (i) is (R)-2-
fluoropropionic aldehyde. Preferably, in case the 2-fluoropropionic acid halide is provided in
(1) as as a mixture of (S)-2-fluoropropionic acid halide and (R)-2-fluoropropionic acid halide,
for example comprising from 0.1 to 99.9 mol-% of the 2-fluoropropionic acid halide as (S)-2-
fluoropropionic acid halide and from 99.9 to 0.01 mol-% of the 2-fluoropropionic acid halide
as (R)-2-fluoropropionic acid halide, such as a racemic mixture of (S)-2-fluoropropionic acid
halide and (R)-2-fluoropropionic acid halide, the 2-fluoropropionic aldehyde obtained in (ii)
is a mixture of (S)- 2-fluoropropionic aldehyde and (R)- 2-fluoropropionic aldehyde, for ex-
ample comprising from 0.1 to 99.9 mol-% of the 2-fluoropropionic aldehyde as (S)- 2-
fluoropropionic aldehyde and from 99.9 to 0.01 mol-% of the 2-fluoropropionic aldehyde as
(R)-22-fluoropropionic aldehyde, such as a racemic mixture of (S)- 2-fluoropropionic alde-

hyde and (R)-2-2-fluoropropionic aldehyde.

Step (iii)

According to the present invention, it is further preferred that the 2-fluoropropionic aldehyde
comprised in the mixture obtained in (ii) is suitably separated. Therefore, the present inven-
tion also relates to the process as defined above, further comprising

(ii1) separating the 2-fluoropropionic aldehyde from the heterogeneous hydrogenation cata-

lyst comprised in the mixture obtained in (ii).
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Preferably, the separating according to (iii) comprises subjecting the mixture obtained in (ii)
to solid phase separation wherein the solids comprised in the mixture are separated from the
liquid phase. As mentioned above, it is preferred that in addition to the heterogeneous hydro-
genation catalyst, the mixture obtained from (ii) additionally comprises the solid porous ad-
sorbent and optionally the possibly solid hydrogen halide salt of the one or more bases. There-
fore, according to the present invention, it is preferred that during separating in (iii), the het-
erogeneous hydrogenation catalyst, the solid porous adsorbent and optionally the solid hydro-
gen halide salt of the one or more bases is separated from the liquid phase of the mixture ob-

tained from (ii) comprising the 2-fluoropropionic aldehyde.

Preferably, the solid phase separation according to (iii) comprises centrifugation or filtration,

preferably filtration.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, and a microporous molecular
sieve, preferably having a pore size in the range of from 0.35 to 0.45 nm, determined accord-
ing to DIN 66135-2, wherein the mixture is subjected in (ii) to hydrogenation reaction condi-
tions in the presence of a heterogeneous hydrogenation catalyst, preferably palladium sup-
ported in barium sulfate or calcium carbonate, wherein the hydrogenation reaction conditions
comprise a temperature in the range of from 20 to 30 °C and a hydrogen pressure in the range
of from 1.0 to 1.2 bar, and wherein the mixture obtained from (ii) is subjected to filtration,
obtaining the 2-fluoropropionic aldehyde separated from the heterogeneous hydrogenation

catalyst and the solid porous adsorbent.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, an organic base selected from
the group consisting of N,N'-diisopropylethylamine and triethylamine, wherein the molar ratio
of the one or more bases relative to the 2-fluoro-propionic-acid halide is preferably the range
of from 0.95 : 1 to 1.05 : 1, and a microporous molecular sieve, preferably having a pore size
in the range of from 0.35 to 0.45 nm, determined according to DIN 66135-2, wherein the mix-
ture is subjected in (ii) to hydrogenation reaction conditions in the presence of a heterogene-
ous hydrogenation catalyst, preferably palladium supported in barium sulfate or calcium car-

bonate, wherein the hydrogenation reaction conditions comprise a temperature in the range of
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from 20 to 30 °C and a hydrogen pressure in the range of from 1.0 to 1.2 bar, and wherein the
mixture obtained from (ii) is subjected to filtration, obtaining the 2-fluoropropionic aldehyde
separated from the heterogeneous hydrogenation catalyst, the solid porous adsorbent, and pos-

sibly the solid hydrogen halide salt of the organic base.

Step (iv)

According to the process of the present invention, it is preferred that after the separation pro-
cess according to (iii), the liquid phase obtained, comprising the one or more solvents and the
2-fluoropropionic aldehyde, is further worked-up. For example, the 2-fluoropropionic alde-
hyde can be separated from the solvent via distillation. More preferably, the liquid phase ob-
tained, comprising the one or more solvents and the 2-fluoropropionic aldehyde, is subjected

to extraction wherein the 2-fluoropropionic aldehyde is suitably extracted.

Therefore, the present invention also relates to the process as defined above, wherein accord-

ing to (i), the 2-fluoropropionic acid halide is provided comprised in a mixture comprising

one or more organic solvents and wherein from (iii), a mixture is obtained comprising the 2-

fluoropropionic aldehyde and the one or more solvents, further comprising

(iv) extracting the 2-fluoropropionic aldehyde from the mixture obtained in (iii) with one or
more solvents, obtaining a mixture comprising the 2-fluoropropionic aldehyde and the

one or more solvents.

Preferably, the one or more solvents according to (iv) include water and one or more organic
solvents, preferably including pentane, hexane, heptane, cyclohexane, ethyl acetate, methyl
isobutyl ketone, methyl tert-butyl ether, diisopropyl ether, and methyl tetrahydrofuran. More
preferably, the one or more solvents according to (iv) are water or a mixture of water and one

or more organic solvents. More preferably, the solvent used in (iv) is water.

Hence, when, compared with the teaching of Tetrahedron Letters No.17 pp 1151-1153, 1965
the process of the present invention provides the 2-fluoropropionaldehyde in a form that is
easy to be purified and directly usable in further reactions. On the contrary, the use of
LiAl(OtBu); as a reducing agent leads at least to the formation of aluminum salts which are

difficult to remove from the solution comprising the 2-fluoropropionaldehyde.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a

mixture comprising tetrahydrofuran or ethyl acetate as solvent, and a microporous molecular
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sieve, preferably having a pore size in the range of from 0.35 to 0.45 nm, determined accord-
ing to DIN 66135-2., wherein the mixture is subjected in (i1) to hydrogenation reaction condi-
tions in the presence of a heterogeneous hydrogenation catalyst, preferably palladium sup-
ported in barium sulfate or calcium carbonate, wherein the hydrogenation reaction conditions
comprise a temperature in the range of from 20 to 30 °C and a hydrogen pressure in the range
of from 1.0 to 1.2 bar, wherein the mixture obtained from (ii) is subjected to filtration, obtain-
ing the 2-fluoropropionic aldehyde separated from the heterogeneous hydrogenation catalyst
and the solid porous adsorbent, and wherein from the liquid mixture obtained from (iii), the 2-

fluoropropionic aldehyde is extracted, preferably with water.

Therefore, the present invention relates to the process as defined above, wherein the 2-
fluoropropionic acid halide is provided comprised in a mixture comprising a solvent selected
from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydrofuran (THF),
methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl acetate, preferably in a
mixture comprising tetrahydrofuran or ethyl acetate as solvent, an organic base selected from
the group consisting of N,N'-diisopropylethylamine and triethylamine, wherein the molar ratio
of the one or more bases relative to the 2-fluoro-propionic-acid halide is preferably the range
of from 0.95 : 1 to 1.05 : 1, and a microporous molecular sieve, preferably having a pore size
in the range of from 0.35 to 0.45 nm, determined according to DIN 66135-2, wherein the mix-
ture is subjected in (ii) to hydrogenation reaction conditions in the presence of a heterogene-
ous hydrogenation catalyst, preferably palladium supported in barium sulfate or calcium car-
bonate, wherein the hydrogenation reaction conditions comprise a temperature in the range of
from 20 to 30 °C and a hydrogen pressure in the range of from 1.0 to 1.2 bar, wherein the
mixture obtained from (ii) is subjected to filtration, obtaining the 2-fluoropropionic aldehyde
separated from the heterogeneous hydrogenation catalyst, the solid porous adsorbent, and pos-
sibly the solid hydrogen halide salt of the organic base, and wherein from the liquid mixture

obtained from (iii), the 2-fluoropropionic aldehyde is extracted, preferably with water.
Compound of formula (II)
When being extracted according to (iv), preferably with water according to the preferred em-

bodiment above, the 2-fluoropropionaldehyde can be present as trimeric compound. There-

fore, the present invention also relates to the compound of formula (II)

X
F
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which is at least partially dissolved in one or more solvents, wherein the one or more solvents
are preferably selected from the group consisting of water, one or more organic solvent, and a
mixture of two or more thereof, wherein the one or more solvents preferably comprise, more

preferably consist of, water.

Preparation of the 2-fluoropropionic acid halide

According to the present invention, no specific limitation exist how the 2-fluoropropionic acid

halide according to (i) is prepared. Preferably, it is prepared by a process comprising

a)  mesylating ethyl lactate, obtaining ethyl-2-((methylsulfonyl)oxy) propanoate;

b)  fluorinating the ethyl-2-((methylsulfonyl)oxy)propanoate) of step i), obtaining 2-
fluoropropanoate;

c¢)  hydrolyzing the 2-fluoropropanoate of step ii), obtaining the corresponding 2-
fluoropropanoic acid;

d) converting the 2-fluoropropanoic acid of step iii) to the corresponding 2-fluoro-

propionic acid halide.

Further, the present invention also relates to a process for the preparation of a 2-

fluoropropionic acid halide as such, comprising

a)  mesylating ethyl lactate, obtaining ethyl-2-((methylsulfonyl)oxy) propanoate;

b)  fluorinating the ethyl-2-((methylsulfonyl)oxy)propanoate) of step i), obtaining 2-
fluoropropanoate;

c¢)  hydrolyzing the 2-fluoropropanoate of step ii), obtaining the corresponding 2-
fluoropropanoic acid;

d) converting the 2-fluoropropanoic acid of step iii) to the corresponding 2-fluoro-

propionc acid halide.

Step a)

As a general procedure, the mesylation of a) is carried out by adding ethyl lactate to a
solution comprising an organic base or a combination of one or more organic bases.
Preferably the one or more organic bases include N,N'-diisopropylethylamine, triethyla-
mine, 4-dimethylaminopyridine, 1,8-diazabicycloundec-7-ene, pyridine, quinoline, isoquino-
line, acridine, pyrazine, and imidazole, preferably one or more of N,N'-diisopropylethylamine,
triethylamine, and 1,8-diazabicycloundec-7-ene. More preferably, the one or more bases
comprise triethylamine. The reaction can be carried out in a solution comprising one or more
solvents. Preferably, the one or more solvents include THF, MeTHF, dichloromethane, cyclo-

hexane, hexane, heptane, toluene, xylene, acetonitrile, acetone, diethyl ether, methyl isobutyl
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ketone, methyl-tert-butyl ether, and diisopropyl ether. Preferably, the one or more solvents

comprise THF.

Preferably, the reaction according to a) is carried out at a temperature in the range of 40 to 80

°C, more preferably in the range of from 50 to 60 °C.

Preferably, the mixture comprising the lactate and the base is cooled to a suitable tem-
perature below room temperature (RT=23 °C). Methanesulfonyl chloride is then pref-
erably added, preferably drop-wise. The mixture is preferably allowed to warm up, prefer-
ably to room temperature. It is preferred that then, the mixture is stirred for example for 6 h
at a temperature elevated with respect to room temperature, preferably in the range of from 50
to 60 °C. The mixture is then preferably filtered and optionally washed. The solvent is then
preferably removed, preferably under vacuum, to yield crude 2-((methylsulfonyl)oxy)-

propanoate. The crude can be used without further purification.

Step b)

The 2-fluoropropanoic ester, preferably 2-fluoropropanoic ethyl ester, can be prepared from
2-((methylsulfonyl)oxy)propanoate according to all suitable processes, such as disclosed in
Tetrahedron Lett. 1993, 34(2), pages 293-296.

Preferably, the reaction is carried out in one or more solvents. Preferably, the one or more
solvents include formamide, acetamide, dimethylformamide, and dimethylacetamide. More

preferably the one or more solvents comprise formamide.

Preferably, the reaction according to b) is carried out at a temperature in the range of from 40

to 90 °C, more preferably in the range of from 50 to 80 °C.

According to the present invention, the 2-fluoropropanoic ester is preferably prepared by reac-
tion of the ethyl-2-((methylsulfonyl)oxy)propanoate) of step a), preferably in the presence

of potassium fluoride and formamide at the conditions and time until the ester is formed.

Step ¢)

According to the present invention, the 2-fluoropropanoic acid can be prepared from 2-
fluoropropanoic ester, preferably the 2-fluoropropanoic ethyl ester, according to all suitable

processes known in the art.
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The 2-fluoropropanoic acid is preferably prepared by hydrolyzing the ester of step b) in acidic

condition such as in sulphuric acid conditions.

According to the present invention, step c¢) is preferably carried out at a pH in the range of

from 1 to 5, preferably in the range of from 2 to 4.

Step d)

According to the present invention, the 2-fluoropropionic acid halide can prepared from

the 2-fluoropropanoic acid, according to all suitable processes known in the art.

The process of step d) is preferably carried in one or more solvents. The one or more solvents
preferably include dimethylformamide, dichloromethane, THF, MeTHF, diethyl ether,

MTBE, and dioxane. More preferably, the one or more solvents comprise DMF.

Preferably, the reaction according to d) is carried out at a temperature in the range of from 40
to 60 °C, preferably in the range of from 45 to 55 °C.

The 2-fluoropropionic acid halide is more preferably prepared by reaction of the acid of step
¢) in the presence of SOCI, in DMF at the conditions and time necessary for the acid halide

to be formed.
Aldol Condensation

According to the present invention, the 2-fluoropropionic aldehyde can be used directly in a
further reaction. Preferably, the 2-fluoropropionic aldehyde is reacted with a carbonyl com-

pound in an aldol condensation reaction, preferably an enzymatic aldol condensation reaction.

Preferably, the aldol condensation reaction is carried out in the presence of a carbonyl com-
pound, either an aldehyde or a ketone. According to the present invention, the carbonyl com-

pound is preferably a glyceraldehyde derivative, preferably a (D)-glyceraldehyde derivative.
Glyceraldehyde is generally the starting molecule for the synthesis of further carbohydrates.

Glyceraldehyde or derivatives thereof can be used according to the present invention to pre-

pare a compound of formula (I) or diastereomers or stereoisomers thereof
O _-OH
HOA@CH 3
HO\\\ F ).
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The term “glyceraldehyde derivative” in the context of the present invention relates to a “pro-
tected glyceraldehyde” or an “activated glyceraldehyde”. A protected glyceraldehyde is for
example a glyceraldehyde wherein the OH groups in positions 2 and 3 are suitably protected
to avoid side reactions during the aldol reaction. Any protecting group of OH groups or of
diols suitable to be used in aldol reaction conditions can be used according to the present in-
vention. For example, a suitable protecting group of the diol moiety of glyceraldehyde is an
acetal. An “activated glyceraldehyde” is for example a glyceraldehyde bearing a functional
group that provides the glyceraldehyde in the suitable reactive form for the subsequent reac-
tion. For example, glyceraldehyde-3-phosphate is an activated form of glyceraldehyde in en-
zymatic reactions, such as an enzymatic aldol condensation reaction. An aldol condensation
of (D)-glyceraldehyde-3-phosphate and 2-fluoropropionaldehyde carried out with deoxyri-
bose-phosphate aldolase (DERA) leads, for example, to the compound of above formula (I).

The enzymatic aldol condensation reaction of the present invention is preferably carried out
with a ribose phosphatase-aldolase enzyme, more preferably a deoxyribose-phosphate al-
dolase (DERA) enzyme.

Hence, the present invention also relates to a process comprising:

I)  preparing the 2-fluoropropionaldehyde with a heterogeneous catalytic reductive hydro-
genation, preferably according to a process as described above;

II) providing a solution, preferably an aqueous solution, comprising the 2-
fluoropropionaldehyde of step I);

III) performing an aldol reaction, preferably an enzymatic aldol reaction, even more prefer-
ably enzymatic aldol reaction carried out by a DERA enzyme, with a carbonyl com-
pound, wherein the carbonyl compound is preferably a glyceraldehyde derivative, more
preferably a protected or activated glyceraldehyde, obtaining the aldol condensation

product of 2-fluoropropionaldehyde and the carbonyl compound.

Preferably, I) comprises preparing the 2-fluoropropionaldehyde with a heterogeneous catalyst
reductive hydrogenation according to the present invention as disclosed above. More prefera-
bly, I) comprises preparing the 2-fluoropropionaldehyde with a heterogeneous catalyst reduc-
tive hydrogenation of 2-fluoropropionic acid chloride according to the present invention as
disclosed above wherein the heterogeneous catalyst is selected from the group consisting of
Pd/BaSO, and Pd/CaCOs.

Preferably, III) comprises contacting the the 2-fluoropropionaldehyde in the solution of step

II) with (D)-glyceraldehyde-3-phosphate and an enzyme, wherein the enzyme is preferably a
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DERA enzyme, obtaining the compound of formula (I) or diastereomers or stereoisomers

thereof
HO \ CHs

HO\\\ F ).

The compound of formula (I) can be obtained as a mixture of diastereoisomers

O

~ o, A~
HO CH, HO CHj

HO F (IA) and HO F (IB).
Compounds (IA) and (IB) may optionally be separated before further use.

Preferably, III) is carried out in water. Hence, preferably, the 2-fluoropropionaldehyde is pro-

vided in II) in an aqueous solution.

The compound obtained in III) may be used in the preparation of phosphoramidate derivatives
such as nucleoside phosphoramidate that are useful in the synthesis of biologically or pharma-

ceutically active compounds such as sofosbuvir.
Use of the 2-fluoropropionaldehyde

The 2-fluoropropionic aldehyde or a solution thereof as disclosed above and prepared accord-
ing to the process of the present invention or obtainable or obtained by the process of the pre-
sent invention can be used as an intermediate for the synthesis of further compounds, for ex-
ample for the preparation of biologically or pharmaceutically active compounds or intermedi-

ates of biologically or pharmaceutically active compounds.

According to the invention, valuable biologically or pharmaceutically active compounds that
are prepared using the 2-fluoropropane aldehyde or a solution thereof are 2'-fluoronucleoside
and pentafuranose precursors thereof for the preparation of nucleoside phosphoramidates
agents that are useful for treating viral diseases. Preferably, sofosbuvir is a valuable com-
pound that is prepared starting from the 2-fluoropropane aldehyde prepared according to the
process of present invention, via intermediate of formula (I) and (I-A). Compound (I) or (I-A)
is a known intermediated in the synthesis of sofosbuvir. The preparation of sofosbuvir starting
from compound of formula (I) or (I-A) is disclosed for example in patent application WO
2008/121634.
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Preferably, the 2-fluoropropionic aldehyde obtained or obtainable by the process of the inven-
tion is used as a reagent in aldol reaction, preferably, in an enzymatic aldol reaction. Prefera-
bly, the aldol reaction is carried out with a glyceraldehyde derivative, preferably a (D)-
glyceraldehyde derivative. Without being bound to any theory it is believed that the reaction
of the invention provides a highly pure 2-fluoropropionic aldehyde that can be directly used in

enzymatic reaction without further purification/separation other than those disclosed above.

Preferably, the 2-fluoropropane aldehyde or a solution thereof obtained or obtainable by the
process of the invention is used in an enzymatic aldol reaction to prepare the compound of

formula (I) or diastereomers or stereoisomers thereof

HO \ CHs
Hdb F ).

In general, according to the present invention, the compound of formula (I) is prepared by
contacting a solution, preferably an aqueous solution, comprising 2-fluoropropionaldehyde
and a glyceraldehyde derivative, preferably a D-glyceraldehyde-3-phosphate with an enzyme,

preferably a deoxyribose-phosphate aldolase enzyme.
The compound of formula (I) can be obtained as a mixture of diastereoisomers.
HO \ CHs HO \ CHs
HO F gA) and HO F ap)
Compounds (IA) and (IB) may optionally be separated before further use.

The present invention is further illustrated by the following embodiments and combinations of

embodiments as indicated by the respective dependencies and references.

1. A process comprising
(1)  providing a 2-fluoropropionic acid halide;
(i)  hydrogenating the 2-fluoropropionic acid halide by contacting it with a heteroge-
neous hydrogenation catalyst in an atmosphere comprising hydrogen, obtaining a

mixture comprising 2-fluoropropionic aldehyde.

2. The process of embodiment 1, wherein the 2-fluoropropionic acid halide provided in (1)

is 2-fluoropropionic acid chloride or 2-fluoropropionic acid bromide.
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The process of embodiment 1 or 2, wherein the 2-fluoropropionic acid halide provided

in (1) is 2-fluoropropionic acid chloride.

The process of any of embodiments 1 to 3, wherein according to (i), the 2-fluoro-
propionic acid halide is provided comprised a mixture comprising one or more organic

solvents.

The process of embodiment 4, wherein the one or more organic solvents are one or

more aprotic organic solvents.

The process of embodiment 4, wherein the one or more organic solvents are one or

more polar aprotic organic solvents.

The process of any of embodiments 4 to 6, wherein the one or more organic solvents are
selected from the group consisting of toluene, acetone, acetonitrile, dioxane, tetrahydro-
furan (THF), methyl tetrahydrofuran, methyl ethyl ketone, ethyl acetate and butyl ace-

tate.

The process of any of embodiments 4 to 7, wherein according to (i), the 2-fluoro-

propionic acid halide is provided comprised a mixture comprising tetrahydrofuran.

The process of any of embodiments 4 to 7, wherein according to (i), the 2-fluoro-

propionic acid halide is provided comprised a mixture comprising ethyl acetate.

The process of any of embodiments 4 to 7, wherein according to (i), the 2-fluoro-

propionic acid halide is provided comprised a mixture comprising toluene.

The process of any of embodiments 4 to 10, wherein the mixture provided in (i) further
comprises one or more bases, wherein the one or more bases are preferably one or more

organic bases or inorganic bases.
The process of embodiment 11, wherein the mixture provided in (i) further comprises
one or more inorganic bases, preferably comprising a carbonate, more preferably an al-

kaline metal carbonate, more preferably sodium carbonate.

The process of embodiment 12, wherein the mixture provided in (i) further comprises

one or more organic bases, preferably one or more organic tertiary nitrogen bases.
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The process of embodiment 13, wherein the one or more tertiary nitrogen bases do not

comprise a primary amine group.

The process of embodiment 13 or 14, wherein the one or more tertiary nitrogen bases do

not comprise a secondary amine group.

The process of any of embodiments 13 to 15, wherein the one or more bases are one or
more of N,N'-diisopropylethylamine, triethylamine, 1,8-diazabicycloundec-7-ene, pyri-
dine, quinoline, isoquinoline, acridine, pyrazine, and imidazole, preferably one or more
of N,N'-diisopropylethylamine, triethylamine, 1,8-diazabicycloundec-7-ene, and pyri-

dine.

The process of embodiment 16, wherein the one or more bases are one or more of N,N'-

diisopropylethylamine and triethylamine.

The process of any of embodiments 11 to 17, wherein in the mixture provided in (i), the
one or more bases and the 2-fluoropropionic acid halide are present in a molar ratio of
the one or more bases relative to the 2-fluoropropionic acid halide in the range of from
0.1 :1to3:1, preferably in the range of from 0.75 : 1 to 1.5 : 1, more preferably in the
range of from 0.95 : 1 to 1.05 : 1, wherein, if more than base is comprised in the mix-

ture, the molar ratios relate to the total molar amount of all bases.

The process of any of embodiments 11 to 18, wherein the mixture obtained according to

(11) additionally contains a hydrogen halide salt of the one or more bases.

The process of any of embodiments 4 to 19, wherein the mixture provided in (i) further

comprises a solid porous adsorbent.

The process of embodiment 20, wherein the solid porous adsorbent is a molecular sieve.
The process of embodiment 20 or 21, wherein the solid porous adsorbent is a mi-
croporous adsorbent having a pore size of less than 2 nm, determined according to DIN
66135-2.

The process of any of embodiments 20 to 22, wherein the solid porous adsorbent is a

microporous adsorbent having a pore size of from 0.35 to 0.45 nm, determined accord-
ing to DIN 66135-2.
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The process of any of embodiments 1 to 23, wherein the heterogeneous hydrogenation

catalyst according to (ii) comprises one or more hydrogenation-active metals.

The process of embodiment 24, wherein the one or more hydrogenation-active metals

are one or more of palladium, platinum, rhodium, ruthenium, nickel and iridium.

The process of embodiment 24 or 25, wherein the one or more hydrogenation-active

metals are one or more of palladium and platinum.

The process of any of embodiments 24 to 26, wherein the heterogeneous hydrogenation

catalyst comprises palladium.

The process of any of embodiments 1 to 27, wherein the heterogeneous hydrogenation

catalyst according to (ii) comprises a support, preferably an oxidic support.

The process of embodiment 28, wherein the oxidic support is one or more of silica, tita-
nia, alumina, preferably gamma-alumina, mixed oxides of two or more thereof, sulfates,
preferably alkaline earth metal sulfates, carbonates, preferably alkaline earth metal car-

bonates.

The process of embodiment 29, wherein the oxidic support is calcium carbonate or bar-

ium sulfate, preferably barium sulfate.

The process of any of embodiments 1 to 30, wherein the heterogeneous hydrogenation
catalyst according to (ii) comprises, for example consists of, palladium supported on
BaSO4.

The process of any of embodiments 1 to 30, wherein according to (ii), the molar ratio of
the heterogeneous catalyst relative to the 2-fluoropropionic acid halide in the range of
from 0.01 : 1 to 1 : 1, preferably in the range of from 0.05 : 1 to 0.6 : 1, more preferably
in the range of from 0.06: 1t0 0.5: 1.

The process of any of embodiments 1 to 32, wherein according to (ii), at least 90 vol-
ume-%, preferably at least 95 volume-%, more preferably at least 99 volume-% of the

atmosphere comprising hydrogen consist of hydrogen.
The process of any of embodiments 1 to 33, wherein the hydrogenating according to (ii)
is carried out at a temperature of the atmosphere comprising hydrogen in the range of

from 10 to 40 °C.
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The process of embodiment 34, wherein the temperature is in the range of from 15 to 35
°C.

The process of embodiment 34 or 35, wherein the temperature is in the range of from 20
to 30 °C.

The process of any of embodiments 1 to 36, wherein the hydrogenating according to (ii)
is carried out at a hydrogen pressure in the range of from 0.5 to 2.0 bar, preferably in the

range of from 0.7 to 1.7 bar, more preferably in the range of from 1.0 to 1.2 bar.

The process of any of embodiments 1 to 37, wherein the hydrogenation according to (ii)

is carried out in batch mode.

The process of embodiment 38, wherein the hydrogenating according to (ii) is carried
for a period of time in the range of from 1 to 24 h, preferably in the range of from 2 to 8
h.

The process of any of embodiments 1 to 37, wherein the hydrogenation according to (ii)

is carried out in continuous mode.

The process of any of embodiments 1 to 40, further comprising
(iii) separating the 2-fluoropropionic aldehyde from the heterogeneous hydrogenation

catalyst comprised in the mixture obtained in (ii).

The process of embodiment 41, wherein the separating according to (iii) comprises sub-

jecting the mixture obtained in (ii) to solid phase separation.

The process of embodiment 42, wherein the solid phase separation comprises centrifu-

gation or filtration, preferably filtration.

The process of any of embodiments 41 to 43, wherein the mixture provided in (i) further
comprises one or more bases, the mixture obtained according to (ii) contains a hydrogen
halide salt of the one or more bases and a solid porous adsorbent, and wherein during
solid phase separation, the hydrogen halide salt of the one or more bases and the solid

porous adsorbent are separated from the 2-fluoropropionic aldehyde.

The process of any of embodiments 41 to 44, wherein according to (i), the 2-

fluoropropionic acid halide is provided comprised in a mixture comprising one or more

-22 -



10

15

20

25

30

35

46.

47.

48.

49.

50.

51.

52.

53.

WO 2016/016446 PCT/EP2015/067716

organic solvents and wherein from (iii), a mixture is obtained comprising the 2-

fluoropropionic aldehyde and the one or more solvents, the process further comprising

(iv) extracting the 2-fluoropropionic aldehyde from the mixture obtained in (iii) with
one or more solvents, obtaining a mixture comprising the 2-fluoropropionic alde-

hyde and the one or more solvents.

The process of embodiment 45, wherein the one ore more solvents according to (iv) are

water or a mixture of water and one or more organic solvents.

The process of embodiment 46, wherein the one or more organic solvents include pen-
tane, hexane, heptane, cyclohexane, ethyl acetate, methyl isobutyl ketone, methyl tert-

butyl ether, diisopropyl ether, and methyl tetrahydrofuran.

The process of embodiment 45 or 46, wherein the one or more solvents according to

(iv) are water.

The process of any of embodiments 1 to 48 wherein the 2-fluoropropionic acid halide

provided according to (i) is prepared by a method comprising

a)  mesylating ethyl lactate, obtaining ethyl-2-((methylsulfonyl)oxy) propanoate;

b)  fluorinating the ethyl-2-((methylsulfonyl)oxy)propanoate) of step a), obtaining 2-
fluoropropanoate;

¢)  hydrolyzing the 2-fluoropropanoate of step b), obtaining the corresponding 2-
fluropropanoic acid;

d) converting the 2-fluoropropanoic acid of step c¢) to the corresponding 2-fluoro-

propionc acid halide.

The process of embodiment 49, wherein mesylating according to a) is carried in one or

more solvents, preferably comprising tetrahydrofuran.

The process of embodiment 49 or 50, wherein mesylating according to a) is carried out
at a temperature in the range of from 40 to 80 °C, preferably in the range of from 50 to
60 °C.

The process of any of embodiments 49 to 51, wherein fluorinating according to b) is

carried out in one or more solvents, preferably comprising formamide.

The process of any of embodiments 49 to 52 wherein fluorinating according to b) is
carried out at temperature in the range of from 40 to 90 °C, preferably in the range of
from 50 to 80 °C.
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The process of any embodiments 49 to 53 wherein hydrolyzing according to c) is car-
ried out at a pH in the range of from 1 to 5, preferably in the range of from 2 to 4, as de-

termined with a pH sensitive glass electrode.

The process of any of embodiments 49 to 54 wherein converting according to d) is car-

ried in one or more solvents, preferably comprising dimethylformamide.

The process of any of embodiments 49 to 55 wherein converting according to d) is car-
ried out at a temperature in the range of from 40 to 60 °C, preferably in the range of
from 45 to 55 °C.

The process of any of embodiments 1 to 56, further comprising reacting the 2-
fluoropropionic aldehyde with a carbonyl compound in an aldol condensation reaction,

obtaining an aldol condensation product.

The process of embodiment 57, wherein the aldol condensation reaction is an enzymatic

aldol condensation reaction.

The process of embodiment 57 or 58, wherein the carbonyl compound is a glyceralde-

hyde derivative such as a phosphorylated glyceraldehyde or glyceraldehyde acetonide.

The process of embodiment 59, wherein the glyceraldehyde derivative is a (D)-

glyceraldehyde derivative.

The process of any of embodiments 57 to 60, wherein the aldol condensation reaction is
an enzymatic aldol condensation reaction and wherein the enzymatic aldol reaction is
carried out using a ribose phosphatase-aldolase enzyme.

The process of any of embodiments 57 to 61, wherein the aldol condensation reaction is
an enzymatic aldol condensation reaction and wherein the enzymatic aldol reaction is

carried out in an aqueous solution.

The process of any of embodiments 57 to 62, wherein the aldol condensation product is

the compound of formula (I) or diastereomers or stereoisomers thereof.

HO\\\ F M.
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66.

67.

68.

69.

70.

71.

72.

73.
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The process of any of embodiments 1 to 63, wherein in (i), the 2-fluoropropionic acid

halide is provided as (S)-2-fluoropropionic acid halide.

The process of any of embodiments 1 to 63, wherein in (i), the 2-fluoropropionic acid

halide is provided as (R)-2-fluoropropionic acid halide.

The process of any of embodiments 1 to 63, wherein in (i), the 2-fluoropropionic acid
halide is provided as a mixture of (S)-2-fluoropropionic acid halide and (R)-2-
fluoropropionic acid halide, preferably comprising from 0.1 to 99.9 mol-% of the 2-
fluoropropionic acid halide as (S)-2-fluoropropionic acid halide and from 99.9 to 0.01

mol-% of the 2-fluoropropionic acid halide as (R)-2-fluoropropionic acid halide.
The process of embodiment 66, wherein in (i), the 2-fluoropropionic acid halide is pro-
vided as a mixture of (S)-2-fluoropropionic acid halide and (R)-2-fluoropropionic acid

halide.

Use of 2-fluoropropionaldehyde as a reagent in an aldol condensation reaction, prefera-

bly in an enzymatic aldol reaction.

The use of embodiment 68, wherein the 2-fluoropropionaldehyde is comprised in a mix-

ture obtainable or obtained according to a process of any of embodiments 45 to 48.

The use of embodiment 68 or 69, wherein the aldol reaction is carried out with a glycer-

aldehyde derivative, preferably a (D)-glyceraldehyde derivative.

The use of any of embodiments 68 to 70, comprising preparing the 2-

fluoropropionaldehyde by a process according to any of embodiments 1 to 56.

The use of any of embodiments 68 to 71, wherein the product of the aldol condensation

reaction is the compound of formula (I) or diastereomers or stereoisomers thereof.

HO\\\ F (D).

The use of embodiment 72, wherein the compound of formula (I) is used for the prepa-

ration of a compound of formula (S)
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74. An aldol condensation process, preferably an enzymatic aldol condensation process,

comprising reaction 2-fluoropropionaldehyde with a carbonyl compound.

5
75. The process of embodiment 74, wherein the 2-fluoropropionaldehyde is comprised in a
mixture obtainable or obtained according to a process of any of embodiments 45 to 48.
76. The process of embodiment 74 or 75, wherein the carbonyl compound is a glyceralde-
10 hyde derivative, preferably a (D)-glyceraldehyde derivative.

77. The process of any of embodiments 74 to 76, comprising preparing the 2-

fluoropropionaldehyde by a process according to any of embodiments 1 to 56.

15 78. The process of any of embodiments 74 to 77, wherein the product of the aldol conden-

sation reaction is the compound of formula (I) or diastereomers or stereoisomers thereof

HO\\\ F M.

79. The process of embodiment 78, wherein the compound of formula (I) is used for the

20 preparation of a compound of formula (S)

o H
Hap i
P> ° N\j
HN Q\&Z‘ _
o) -
Yj\ Ho IF
\rg
(S).

80. Use of 2-fluoropropionaldehyde for the preparation of a compound of formula (P)
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8 (P).

The use of claim 80, wherein

Ar is phenyl, naphthyl, quinolinyl, isoquinolinyl, quinazolinyl or quinoxalinyl, each op-
tionally substituted with at least one of C;-Cs alkyl, C;-Cs alkoxy, C;-Ce cycloalkyl, ar-
yl, halogen, COOH, CHO, C(O)(Ci-C¢ alkyl), C(O)(aryl), COO(C;-Cs alkyl),
COONH,, COONH(C;-Cg¢ alkyl), and CN;

R» and R3 are independently H or C;-Cs alkyl optionally substituted with at least one of
OH, C;-Cs alkoxy, aryl, heteroaryl, C;-Cs alkyl, C3-C¢ cycloalkyl, F, Cl, Br, I, NO,, or
carbonyl;

R is C;-Cg alkyl or C3-Cyg cycloalkyl optionally substituted with at least one of C;-Csg
alkyl and aryl;

Base is a purinyl residue or a pyrimidinyl residue linked to the furanose ring according
to formula (IIT) through a carbon or nitrogen atom;

R; and Rg are independently H, OH, F, Cl, Br, 1, azide, nitrile, NH,, NHR,3;, NR»3R»4,
(CO)-NH,, (CO)-NHR23, (CO)-NR23Ro4, C1-Cs alkyl optionally substituted with C;-Ce
alkyl, or Cs-C o cycloalkyl optionally substituted with C;-C ¢ alkyl, wherein Ra3 and Roy
are independently C;-Cs¢ alkyl;

Ry is H, OH, C;-Cs alkoxy, SiR,R,R., OC(O)R;s, or C;-Cg alkyl optionally substituted
with C;-Cs alkyl or aryl, wherein Rys is C-Cs alkyl or aryl, and wherein R,, Ry, R are
independently C;-Csg alkyl or aryl.

The use of embodiment 80 or 81, wherein the compound of formula (P) is the com-

pound of formula (S)

(S).

A compound of formula (II)
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X
F

The compound of embodiment 83, at least partially dissolved in one or more solvents,

(1D).

wherein the one or more solvents are preferably selected from the group consisting of
water, one or more organic solvent, and a mixture of two or more thereof, wherein the

one or more solvents preferably comprise, more preferably consist of, water.

A process for the preparation of 2-fluoropropionic acid halide, comprising

a)  mesylating ethyl lactate, obtaining ethyl-2-((methylsulfonyl)oxy) propanoate;

b)  fluorinating the ethyl-2-((methylsulfonyl)oxy)propanoate) of step a), obtaining 2-
fluoropropanoate;

¢)  hydrolyzing the 2-fluoropropanoate of step b), obtaining the corresponding 2-
fluropropanoic acid;

d) converting the 2-fluoropropanoic acid of step c¢) to the corresponding 2-fluoro-

propionc acid halide.

The process of embodiment 85 wherein mesylating according to a) is carried in one or

more solvents, preferably comprising tetrahydrofuran.

The process of embodiment 85 or 86, wherein mesylating according to a) is carried out
at a temperature in the range of from 40 to 80 °C, preferably in the range of from 50 to
60 °C.

The process of any of embodiments 85 to 87, wherein fluorinating according to b) is

carried out in one or more solvents, preferably comprising formamide.

The process of any of embodiments 85 to 88 wherein fluorinating according to b) is
carried out at temperature in the range of from 40 to 90 °C, preferably in the range of
from 50 to 80 °C.

The process of any embodiments 85 to 89 wherein hydrolyzing according to c) is car-

ried out at a pH in the range of from 1 to 5, preferably in the range of from 2 to 4, as de-

termined with a pH sensitive glass electrode.
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91. The process of any of embodiments 85 to 90 wherein converting according to d) is car-

ried in one or more solvents, preferably comprising dimethylformamide.
92. The process of any of embodiments 85 to 91 wherein converting according to d) is car-
ried out at a temperature in the range of from 40 to 60 °C, preferably in the range of

from 45 to 55 °C.

93. A mixture, obtainable or obtained by a process according to any of embodiments 1 to
56.

94. A mixture, obtainable or obtained by a process according to any of embodiments 85 to
89.

The present invention is further illustrated by the following examples.

Examples

Reference Example 1: Synthesis of (S)-2-((methylsulphonyl)oxy) propanoate

OH 0 OMs
A OEt » A OEt
N wsci,TEaomap Y
0 0

(S)-Ethyl lactate (10 mL, 87 mmol, purchased from Aldrich) was added to a solution of
triethylamine (TEA, 15 ml, 108 mmol) and 4-dimethylaminopyridine (DMAP, 220 mg,
1.74 mmol) in 160 mL THF and the mixture was cooled to -15 °C. Methanesulfonyl chlo-
ride (MsCl, 8.0 mL, 104 mmol) was added dropwise and the mixture was allowed to

warm up to room temperature and stirred for 6 hours at 60 °C.

The mixture was filtered over Celite® and washed with 20 mL. diethyl ether. The solvent
was removed under vacuum to yield 1895 g of crude (S)-2-
((methylsulfonyl)oxy)propanoate, which was used without further purification. Character-

ization of the product:

'H NMR (CDCIs, 300 MHz, d): 5.06 (q, J = 7.0 Hz, 1H, CH), 421 (q, J = 7.1 Hz, CH,),
3.10 (s, 3H, OMs), 1.56 (d,J =7.0 Hz, 3H, CH3), 1.26 (t, J =7.1 Hz, 3H, CH,CHa).

BC NMR (CDCI3, 75MHz, d): 169.4, 74.3, 62.0, 39.0, 18.3, 14.0.
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Reference Example 2: Synthesis of (R)-2-fluoropropanoic acid ethyl ester
OMs (ii) s
~ OEt - OEt
/\[r KF, formamide
o o]

(S)-2-((methylsulfonyl)oxy) propanoate (15.0 g, 76 mmol) according to Reference Example
I and potassium fluoride (KF , 17.8 g, 310 mmol) were suspended in 60 mL formamide
and heated to 75 °C. (R)-Ethyl-2-fluoropropanoate was distilled off during the reaction
(20-25 °C, 15 mbar). Yield: 6.9 g (75 %). Characterization of the product:

'H NMR (CDCIs, 300 MHz, d): 4.96 (dq, JHH = 6.8 Hz, JHF = 48.6 Hz, 1H, CH), 4.23
(g, J =7.1 Hz, CH, (1.56 *d, JHH = 6.8 Hz, JHF = 23.5 Hz, 3H, CHs), 1.26 (t, J=7.1 Hz,
3H, CH,CHzj).

3C NMR (CDCls, 75 MHz, d): 170.4 (d, JCF=23.4 Hz) 85.6 (d, JCF=181.3 Hz) 61.4, 18.2
(d, JCF = 22.5 Hz), 14.0.

Reference Example 3: Synthesis of (R)-2-fluoropropionic acid
(iii) e
/k“,OEt — OH
H,S0,
0]

(R)-ethyl-2-fluoropropanoate (99.6 g, 0.83 mol) according to Reference Example 2 was
suspended in 1000 mL. 10 % H,SO,4 and the reaction mixture was refluxed for 2.5
hours. The aqueous phase was saturated with sodium chloride and extracted repeatedly
with methyl tert-butyl ether (MTBE). The combined organic phases were dried over
MgSO, and the solvent was removed under vacuum to yield (R)-2-fluoropropionic acid as

a pale yellow oil (Yield; 52.1 g, 70 %). Characterization of the product:

'H NMR (CDCI;, 300 MHz, d): 11.94 (s, 1H, COOH), 5.07 (dq, JHH = 7.0 Hz, JHF =
48.4 Hz, 1H, CH), 1.63 (d, JHH = 7.0 Hz, JHF = 23.5 Hz, 3H, CH,).

PC NMR (CDCI;, 75 MHz, d): 175.0 (d, JCF = 23.9 Hz), 85.2 (d, JCF = 181.7 Hz), 18.1
(d, JCF =22.5 Hz).

-30 -



10

15

20

25

30

WO 2016/016446 PCT/EP2015/067716

Reference Example 4: Synthesis of (R)-2-fluoropropionic acid chloride

F F

(iv)
OH ——» o
SOCI, DMF
o)

O

Dimethylformamide (DMF, 3.8 mL) and thionyl chloride (81.3 mL, 1.12 mol) were added
to (R)-2-fluoropropionic acid (90.0 g, 0.98 mol) according to Reference Example 3 and the
mixture was stirred at 50 °C for 18 hours. The product was distilled from the mixture
under vacuum to give 63.10 g of crude (R)-2-fluoropropionic acid chloride, which was puri-

fied by re-distillation. Characterization of the product:

'H NMR (CDCls, 300 MHz, d): 5.07 (dq, JHH = 6.9 Hz, JHF = 48.6 Hz, 1H, CH) 1.63 (d,
JHH = 6.9 Hz, JHF = 22.8 Hz, 3H, CHs).

3C NMR (CDCLs, 75 MHz, d): 172.6 (d, JCF =27.7 Hz), 90.3 (d, JFC = 193.8 Hz), 17.7
(d, JEC = 22.0 Hz)

Example 1: Synthesis of (R)-2-fluoropropionaldehyde according to the present inven-

tion

F

F
(v)
cl ———» H
Pd/BaSO4,
o)

. o)
mol sieves, H,

5.1 0.17 mol Scale

(R)-2-fluoropropionic acid chloride (19.37 g, 0.17 mol) according to Reference Example
4 was dissolved in 310 mL. THF and 51.1g molecular sieve (powdered, 4 Angstrom pore
size), N,N'-diisopropylethylamine (20.1mL, 0.11 mol) and the heterogeneous hydrogena-
tion catalyst Pd/BaSOy4 (21.7 g, 5 weight-% Pd, 10 mmol, 6 mol-%) were added.

The mixture was stirred at a temperature of 23 to 25 °C under a hydrogen atmosphere at a
hydrogen pressure of about 1 atm for 24 hours, after which the solids were filtered off,
yielding (R)-2-fluoropropionaldehyde as a solution in THF in 47 % yield. The yield was
determined via HPLC by derivatizing the aldehyde sample to the 2,4-dinitrophenyl hydra-

zone.
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5.2 4.5 mmol Scale

2-Fluoropropionic acid chloride (500 mg, 4.5 mmol) according to Reference Example 4 was
dissolved in 8 mL. THF and 1.32 g molecular sieve (powdered, 4 Angstrom pore size) and
the heterogeneous hydrogenation catalyst Pd/BaSO, (560 mg, 5 weight-% Pd, 10 mmol, 6

mol-%) were added.

The mixture was stirred at a temperature of 23 to 25 °C under a hydrogen atmosphere at a
hydrogen pressure of about 1 atm for 3 hours, providing 2- fluoropropionaldehyde in 47 %
yield. The yield was determined via HPLC by derivatizing the aldehyde sample to the 2,4-

dinitrophenyl hydrazone. Characterization of the product:

'H NMR (THF-d8, 300 MHz, d): 9.69 (d, JHH = 6.4 Hz, 1H, CHO), 4.94 (dq, JHH = 7.0
Hz, JHF =48.5 Hz, 1H, CH), 1.41 (d, JHH =7.0 Hz, JHF =28.1Hz, 3H, CHs,).

Cited Prior Art

- WO 2005/003147

- Ojima et al. J. Am. Chem. Soc., no. 109, pages 7714-7720 (1987)

- Bergmann et al. Tetrahedron Letter, no. 17, pages 1151-1153 (1965)
- WO 2008/121634

- Tetrahedron Lett. 1993, 34(2), pages 293-296
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Claims

A process comprising

(1)  providing a 2-fluoropropionic acid halide;

(i)  hydrogenating the 2-fluoropropionic acid halide by contacting it with a heteroge-
neous hydrogenation catalyst in an atmosphere comprising hydrogen, obtaining a

mixture comprising 2-fluoropropionic aldehyde.

The process of claim 1, wherein the 2-fluoropropionic acid halide provided in (i) is 2-

fluoropropionic acid chloride or 2-fluoropropionic acid bromide.

The process of claim 1 or 2, wherein according to (i), the 2-fluoropropionic acid halide
is provided comprised in a mixture comprising one or more organic solvents, preferably
one or more aprotic organic solvents, more preferably one or more polar aprotic organic
solvents, preferably selected from the group consisting of toluene, acetone, acetonitrile,
dioxane, tetrahydrofuran (THF), methyl tetrahydrofuran, methyl ethyl ketone, ethyl ace-
tate and butyl acetate, wherein more preferably, the 2-fluoropropionic acid halide is

provided comprised in a mixture comprising tetrahydrofuran.

The process of claim 3, wherein the mixture provided in (i) further comprises one or
more bases, wherein the one or more bases are preferably one or more organic bases or
inorganic bases, more preferably one or more organic bases, more preferably one or
more organic tertiary nitrogen bases, the tertiary nitrogen bases preferably not compris-

ing a primary or secondary amino group.

The process of claim 4, wherein the one or more bases are one or more of N,N'-
diisopropylethylamine, triethylamine, 1,8-diazabicycloundec-7-ene, pyridine, quinoline,
isoquinoline, acridine, pyrazine, and imidazole, preferably one or more of N,N'-

diisopropylethylamine, triethylamine, 1,8-diazabicycloundec-7-ene, and pyridine.

The process of any of claims 3 to 5, wherein the mixture provided in (i) further com-

prises a solid porous adsorbent, preferably a molecular sieve.

The process of any of claims 1 to 6, wherein the heterogeneous hydrogenation catalyst
according to (ii) comprises one or more hydrogenation-active metals, preferably one or
more of palladium, platinum, rhodium, ruthenium, nickel and iridium, more preferably
one or more of palladium and platinum, wherein more preferably, the heterogeneous
hydrogenation catalyst comprises palladium, said heterogeneous hydrogenation catalyst

according to (ii) preferably comprising a support, preferably an oxidic support, more

-33.



10

15

20

25

30

35

10.

11.

12.

WO 2016/016446 PCT/EP2015/067716

preferably a one or more of silica, titania, alumina, preferably gamma-alumina, mixed
oxides of two or more thereof, sulfates, preferably alkaline earth metal sulfates, more
preferably barium sulfate, carbonates, preferably alkaline earth metal carbonates, more

preferably calcium carbonate.

The process of any of claims 1 to 7, wherein the heterogeneous hydrogenation catalyst

according to (ii) comprises palladium supported on BaSOj.

The process of any of claims 1 to 8, wherein the hydrogenating according to (ii) is car-
ried out at a temperature of the atmosphere comprising hydrogen in the range of from
10 to 40 °C, preferably in the range of from 15 to 35 °C, more preferably in the range of
from 20 to 30 °C, and at a hydrogen pressure in the range of from 0.5 to 2.0 bar, prefer-
ably in the range of from 0.7 to 1.7 bar, more preferably in the range of from 1.0 to 1.2

bar.

The process of any of claims 1 to 9, further comprising:

(i) separating the 2-fluoropropionic aldehyde from the hydrogenation heterogeneous
catalyst comprised in the mixture obtained in (ii), wherein the separating accord-
ing to (iii) preferably comprises subjecting the mixture obtained in (ii) to solid

phase separation, preferably filtration.

The process of claim 10, wherein the mixture provided in (i) further comprises one or
more bases, the mixture obtained according to (ii) contains a hydrogen halide salt of the
one or more bases and a solid porous adsorbent, and wherein during solid phase separa-
tion, the hydrogen halide salt of the one or more bases and the solid porous adsorbent

are separated from the 2-fluoropropanaldehyde.

The process of claim 10 or 11, wherein according to (i), the 2-fluoropropionic acid hal-

ide is provided comprised in a mixture comprising one or more organic solvents and

wherein from (iii), a mixture is obtained comprising the 2-fluoropropionic aldehyde and

the one or more solvents, the process further comprising

(iv) extracting the 2-fluoropropionic aldehyde from the mixture obtained in (iii) with
one or more solvents, wherein the one or more solvent are preferably water or a
mixture of water and one or more organic solvents, said one or more organic sol-
vents preferably including pentane, hexane, heptane, cyclohexane, ethyl acetate,
methyl isobutyl ketone, methyl tert-butyl ether, diisopropyl ether, and methyl tet-
rahydrofuran, the one or more solvents more preferably being water, obtaining a

mixture comprising the 2-fluoropropionic aldehyde and the one or more solvents.
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13.  The process of any claims 1 to 12, wherein the 2-fluoropropionic acid halide provided
according to (i) is prepared by a method comprising
a)  mesylating ethyl lactate, obtaining ethyl-2-((methylsulfonyl)oxy) propanoate;
b)  fluorinating the ethyl-2-((methylsulfonyl)oxy)propanoate) of step a), obtaining 2-
5 fluoropropanoate;
¢)  hydrolyzing the 2-fluoropropanoate of step b), obtaining the corresponding 2-
fluropropanoic acid;
d) converting the 2-fluoropropanoic acid of step c¢) to the corresponding 2-fluoro-
propionc acid halide.
10
14.  The process of any of claims 1 to 13, wherein in (i), the 2-fluoropropionic acid halide is
provided as (R)-2-fluoropropionic acid halide, obtaining in (ii) a mixture comprising the

2-fluoropropionic aldehyde as (R)-2-fluoropropionic aldehyde.

15 15. A compound of formula (II)

(1),
optionally at least partially dissolved in one or more solvents, wherein the one or more
solvents are preferably one or more of water and one or more organic solvent, wherein
the one or more solvents preferably comprise, more preferably consist of, water.

20
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