PROCESS FOR THE PREPARATION OF A FLUOROLACTONE DERIVATIVE

The present invention relates to a novel process for the preparation of a fluorolactone

derivative of the formula

and of its acylated derivative of formula

O 00 Vv
2 CH,
R-0

RL

F

wherein R' stands for a hydroxy protecting group.

The acylated fluorolactones of formula V, particularly the benzoyl derivative with R
10  =benzyl are important precursors for the synthesis of prodrug compounds which have the
potential to be potent inhibitors of the Hepatitis C Virus (HCV) NS5B polymerase (PCT Int.
Publ. WO 2007/065829).

Object of the embodiment disclosed herein was to find a selective and scalable synthesis

for the preparation of the fluorolactone of formula I and its acylated derivatives of formula V.

15 The object could be achieved with the synthesis of the present disclosure as described

below.

In one aspect, the process of the present disclosure comprises the preparation of a

fluorolactone derivative of formula I:
HO O 0
2 CH3
HO F
20 comprising :

a) reacting an aldehyde of formula II:
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H,C_ CH,
O O Il
CHO

with a fluoropropionate derivative of formula III:

F
no
@)

wherein A is selected from the chiral moieties:

o)

0 0
)i\iio A ><NJ\O A2 jJNJLo A3
‘g_/ Ph
Ph H,C - Hscﬁ

3 and CH,

and Ph is phenyl, to form an aldol adduct of formula I'V:

OH O

H‘*Cxof}% v
H,C o— F CH

3
;and

b) subjecting the aldol adduct of formula I'V to hydrolysis to provide the fluorolactone

derivative of formula I.

The term “hydroxy protecting group” used for substituent R' refers to any substituents
conventionally used to hinder the reactivity of the hydroxy group. Suitable hydroxy protecting
groups are described in Green T., “Protective Groups in Organic Synthesis”, Chapter 1, John
Wiley and Sons, Inc.,1991, 10-142 and can e.g. be selected from benzyl, acetyl, trimethyl silyl,
tert-butyl, tert-butyl dimethyl silyl or dihydropyranyl, but particularly benzyl.

. ,.r"r . . . / A‘\\
The wave line “ ” indicates a chiral bond, “ “or “ “.

Step a)

Step a) requires the reaction of the aldehyde of the formula II with a fluoropropionate

derivative of formula III to form an aldol adduct of the formula IV.
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3-
D-glyceraldehyde acetonide is the aldehyde of formula I and commercially available.

The fluoropropionate derivatives of formula III can be prepared by converting 2-
fluoropropionic chloride with e.g. butyl lithium in tetrahydrofuran at temperatures between -
50°C and -10°C following the scheme below

T ol BuLi/ THF E A
Hﬁ)ﬁr +AH — Hﬁ)ﬁ(
o O

5 1l
The chiral amines A-H, wherein A is selected from the chiral moieties
X X X
Jﬁﬁ o Al :TiN 0 A2 /TJN o A3
/Q‘J Ph
CH, CH,
are either commercially available or can be prepared according to the following schemes:
Scheme la (A-H with A = Al)
b
(CH,0),CO, K,CO
Hf}_/OH 3~/2 2 3 HN o
Ph Ph/‘}_/
10 Scheme 1b: (A-H with A = A2)

o]

(CH,0),CO0, K,CO, J
:%_/ HN™ "0
e

Scheme 1c: (A-H with A = A3)



MgBr
H,N 0 Boc,O BocHN @) BocHN OH
- - = Ph
— 0— Ph
X
KOtBu HN O
Ph

In a particular embodiment the fluoropropionate derivative of formula III wherein A is A3

1s used.

In a more particular embodiment the substituent A in the fluoropropionate derivative of

5 formula III is selected from the chiral moieties

bt i i

A O Ala ><N O A2a JJN 0 A3a
: STpn

Ph— H,C— H,C\ Ph

CH, CH,

even more particularly from A3a.

The fluoropropionate derivatives of formula III

F
wo
@)

10 wherein A is selected from the chiral moieties

0 0
fNJLo A ><NJ\O A2 JJNJLO A3
th Hscf H3C/§>_P/E il

wherein Ph stands for phenyl have so far have not been described in the art and therefore

represent another embodiment of the present disclosure.
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5.

In a more particular fluoropropionate derivative of formula III A is selected from

@)

0 0
J
)JNJLO Ala ><NJLO A2a JJN 0 A3a
S >pPh

3 CH,

even more particularly from A3a.

In one aspect, there is provided fluoropropionate derivative of formula:

HaC

The reaction is performed in the presence of a catalyst selected from dibutylboron
trifluormethanesulfonate, titanium chloride, titanium(IV) trichloride isopropoxide, titanium isopropoxide,
magnesium chloride, magnesium triflate or zinc chloride.

Particularly dibutylboron trifluormethanesulfonate is used.

As arule a base such as a tertiary amine selected from 2,6-lutidine, 2,3-lutidine, 2,4-Iutidine, 2,5-
lutidine, 3,4-lutidine, 3,5-lutidine, triethyl amine, diisopropylethyl amine, diethylamine, pyridine or 1,6-
dimethylpyridine and a suitable organic solvent such as methylene chloride, 1,2-dichloroethane,
chloroform, acetonitrile, toluene, xylene, chlorobenzene, tetrahydrofuran, 2-methyl tetrahydrofuran or
methyl isobutylether, or mixtures thereof are present.

A particularly suitable tertiary amine is 2,6-lutidine and a particularly suitable organic solvent is
methylene chloride.

The reaction temperature is usually held between -78°C and 50°C.

The resulting aldol adduct of formula IV can be obtained from the reaction mixture applying
methods known to the skilled in the art, particularly by adding water to the reaction mixture, by
separating the organic phase and removing the solvent. Further purification can be achieved by
crystallization from a methylene chloride solution with hexane.

The aldol adducts of formula I'V are not known in the art and therefore represent particular
embodiments of the present invention.

More particular the aldol adducts have the formula

OH O

IVa
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wherein the chiral moiety A is as above and selected from A1, A2 or A3, more particular
from Ala, A2a or A3a and even more particular from A3a.

Hence, in another aspect, there is provided an aldol adduct of the formula I'V:

OH O

x v

CH

wherein A is selected from the chiral moieties A1, A2 and A3:

@)

0 0
fNJLo A1 ){NJLO A2 JJNJ\O A3
th H3C‘§>_/ H3C/§>_P/E "

CH, and CH,

wherein Ph is phenyl.

Step b)

Step b) requires subjecting to hydrolysis the aldol adduct of formula IV to give the

fluorolactone derivative of the formula I.

In a particular embodiment the aldol adduct of the formula IVa with the preferences as

outlined above is used resulting in the fluorolactone derivative of the formula

O_o
HO
UCHB la

HO ,'F

The hydrolysis is as a rule performed with an oxidizing agent selected from hydrogen
peroxide, meta-chloroperoxybenzoic acid, sodium hypochlorite, sodium perchlorate or ethylene
oxide in the presence of an alkali hydroxide selected from lithium-, sodium- or potassium

hydroxide as base.

Hydrogen peroxide is usually selected as a suitable oxidizing agent and an aqueous

solution of lithium hydroxide is particularly used as base.

The hydrolysis is usually performed at reaction temperatures between -30°C and 50°C.



It is a particular embodiment of the present invention that the chiral moieties A are cleaved

off with the hydrolysis and can be recovered in the form of the respective chiral amine A-H of

the formulae

i Jci
TS_/O A1 HN O

H C~§>_/

Ph 3 CH,

or more particularly of the formulae

i J(])\
HN O Alla HN O
— H,C—
Ph 3 CH

3

i
A12 HN O A13
Ph
CH,
i
Al12a HN O A13a

Ph
H,C\ Ph
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The chiral amine A-H can be isolated and recovered from the reaction mixture by methods
known to the skilled in the art, e.g. in case of the chiral amine A13a by simply filtering it off rom

the reaction mixture.

In a further particular embodiment of the invention the fluorolactone derivative of the

5 formula I is acylated to form the acylated fluorolactone of the formula

;
R\O O 0 v
\LwCH,

R-0

F

wherein R' stands for a hydroxy protecting group.

The acylation is performed with a suitable acylating agent selected from benzoyl chloride,
acetyl chloride, pivaloyl chloride, trimethylsilyl chloride, tert-butyl dimethylsilyl chloride or 3,4-
10 dihydro-2H-pyran, particularly benzoyl chloride in the presence of a tertiary amine, such as with
triethylamine, diisopropylethylamine, 2,3-lutidine, 2,4-lutidine, 2,5-1utidine, 3,4-lutidine, 3,5-
lutidine, pyridine, 1,6-dimethylpyridine or 1,8-Diazabicyclo[5.4.0]lundec-7-ene or mixtures

thereof, particularly with triethylamine.
Usually 4-(Dimetylamino)-pyridine is added as catalyst.

15 A suitable organic solvent such as tetrahydrofuran, 2-methyl tetrahydrofuran,
dichloromethane, 1,2-dichloroethane, acetonitrile, toluene, xylene, methyl isobutylketone,
methyl tert-butylether or acetone, but particularly tetrahydrofuran is be present and the reaction

temperatures is as a rule maintained between -20°C and 80°C.

In a particular embodiment the acylated fluorolactone has the formula

R\ Oo_o
O

R0
20 F

wherein R’ stands for a hydroxy protecting group.

Suitable hydroxy protecting group R is benzyl, acetyl, trimethyl silyl, tert-butyl, tert-butyl
dimethy] silyl or dihydropyranyl, but particularly is benzyl.

The acylated fluorolactone can be isolated from the reaction mixture applying methods
25 known to the skilled in the art, e.g. by extraction from the reaction mixture with a suitable

organic solvent like methyl-tert.butyl ether and by removing the solvent.
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Examples:

Abbreviations:

EA ethylacetate

HE hexane

MeOH methanol

THF tetrahydrofuran

TLC thin layer chromatography

Starting Materials:

A. Preparation of (R)-2,2-dimethyl-1,3-dioxolane-4-carbaldehyde

OH ojg \¢

o/\(k(‘\/ \_(
)(O OH CHO

Methylene chloride (400 g), saturated NaHCOj3 solution (21 g), and
(1S,2S)-1,2-bis(2,2-dimethyl-1,3-dioxolan-4-yl)ethane-1,2-diol (55 g, 0.21 mol) were added to a
vessel. NalOy4 (64 g, 0.30 mol) was added in 6 portions in 60 min., while maintaining the
reaction temperature at 20-25°C. The reaction mixture was then stirred at 20-25°C for 5 hrs,
TLC check showed reaction completion. The reaction mixture was filtered to remove the solid,
and the separated aqueous layer was extracted with methylene chloride (140 g). The combined
organic layers were dried with anhydrous magnesium sulfate (40 g) at 0~5°C for 3 hrs then
filtered to remove Na,SO4 and rinsed with methylene chloride (50 g). The filtrate was
concentrated under reduced pressure until dryness. The residue was distilled under reduced
pressure and the fraction was collected at 40°C /1 Kpa. (R)-2,2-dimethyl-1,3-dioxolane-4-
carbaldehyde (23 g, 0.18 mol, 42% yield) was obtained.

B. Preparation of Chiral Amines

B 1. Preparation of (S)-4-benzyloxazolidin-2-one
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(8)-phenylalanol (25 g, 0.17 mol), anhydrous potassium carbonate (2.3 g, 0.017 mol), and
dimethyl carbonate (30 g, 0.33 mol) were added to a vessel. The mixture was heated to 80°C.
The distillation receiver was cooled in an ice bath, and methanol (ca. 13.5 ml) was collected
from the reaction mixture over 4.5 hrs. The oil bath was removed, when the distillation of
methanol ceased. The light-yellow residue was cooled to ambient temperature, and diluted with
125 ml of ethyl acetate. The solution was transferred to a separation funnel, and washed with
water (125 ml). The organic phase was dried over anhydrous magnesium sulfate, filtered, and
concentrated with rotary evaporator, to afford a white crystalline solid. The crude solid was
added into a hot solution of 2:1 ethyl acetate/hexane (100 ml), and filtered hot. The filtrate was
allowed to come to r.t, and the solids crystallized from the solution to afford (S)-4-
benzyloxazolidin-2-one (Alla) (23 g, 78.5% yield).

B 2. Preparation of (S)-4-isopropyloxazolidin-2-one

X
HN O  Al2a
\/

H,C—
CH

3

L-valinol (5 g, 48.5 mmol), anhydrous potassium carbonate (0.67 g, 4.85 mmol), and
dimethyl carbonate (8.7 g, 96.7 mmoll) were added to a vessel. The mixture was heated to 80°C.
The distillation receiver was cooled in an ice bath, and methanol (ca. 3.8 ml) was collected from
the reaction mixture over 4.5 hrs. The oil bath was removed, when the distillation of methanol
ceased. The light-yellow residue was cooled to ambient temperature, and diluted with 30 ml of
ethyl acetate. The solution was transferred to a separation funnel, and washed with water (25 ml).
The organic phase was dried over anhydrous magnesium sulfate, filtered, and concentrated with
rotary evaporator, to afford a white crystalline solid. The crude solid was added into a hot
solution of 1:1 ethyl acetate/hexane (20 ml), and filtered hot. The filtrate was allowed to come to
r.t, and the solids crystallized from the solution to afford (S)-4-isopropyloxazolidin-2-one (A12a)
(5.0 g, 80.0% yield).

B 3. Preparation of (S)-4-isopropyl-5,5-diphenyloxazolidin-2-one
X
HN O A13a

s I>~ph
H,C—\ Ph
CH

3
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L-Valine methylester hydrochloride (50 g, 0.30 mol) and 200 g of methanol were added to
a vessel. Triethylamine (37.5 ml, 0.27 mol) was charged and the reaction temperature was kept at
<25 °C. Then di-tert-butyl dicarbonate (68.3 g, 0.31 mol) was charged. After that, triethylamine
(63.7 ml, 0.46 mol) was charged dropwise, while controlling the reaction temperature at <25 °C.
The mixture was stirred at 25 °C for 2 hrs until TLC showed no remaining starting material.
Thereafter methanol was removed under reduced pressure. Methyl isobutyl ether (200 ml) was
charged, followed by addition of water (150 ml) and then the mixture was stirred for 30 min. The
layers were separated, the aqueous phase was extracted with methyl tert-butylether (100 ml). The
combined organic phases were washed with NaCl solution (150 ml), dried with Na,SO4 (10 g),
then filtered, and the filtrate was concentrated under reduced pressure until dryness. Boc-L-
valine methylester (74.5 g) was obtained as crude product which could directly be used for the

subsequent reaction. .

Bromobenzene (158.6 g, 1.0 mol) and THF (500 mL) were charged into a vessel to prepare
the bromobenzene/THF solution and filled in a adding funnel. Mg (27.1 g, 1.1 mol) and THF
(100 mL) were charged into a flask, then 1/10 of the bromobenzene/THF solution and a small
granule of I, were added and heated to 60 °C to initiate the reaction. The remaining
bromobenzene/THF solution was charged at such a rate that a gentle refluxing of the reaction
mixture could be maintained. Reflux was maintained for another 1 hr, then the reaction mixture
was cooled to 0°C. A solution of Boc-L-valine methylester (74.5 g, 0.30 mol) in THF (75 mL)
was then added dropwise while controlling the reaction temperature at <3 °C. After addition, the
solution was warmed to 20 °C within 1 hr and maintained at 20°C for15 hrs. After cooling to 0
°C a saturated NH4Cl solution (200 ml.) was charged, the mixture was then stirred for 30 min
followed by phase separation. The aqueous phase was extracted with ethyl acetate (2 x 250 mL).
The combined organic phases were washed with saturated NaCl solution (150 mL), dried with
NaSOy4 (20 g) and filtered. The filtrate was concentrated to dryness under reduced pressure.
Ethyl acetate (250 mL) was added to the residue, and the mixture was heated to reflux to
dissolve the solid. Hexane (250 mL.) was added at >60 °C and the mixture was then cooled
down to 0°C in 2 hrs and stirred at 0°C for 1 hr. The solid was then separated by filtration,
washed with 70 mL of hexane and dried under vacuum, to give the Boc-aminol ((S)-2-(Boc-
amino)-3-methyl-1,1-diphenyl-1-butanol) in the form of a white solid (84 g). The mother liquor
was concentrated to ca. 70 g. Then hexane (70 mL) was charged for crystallization. A 2™ crop of
solid was collected by filtration and was washed with small amount of hexane. The solid was

dried under vaccum and 12.5 g of solid was obtained.

Boc-aminol (96 g, 0.27 mol) and THF (1500 mL) were charged in a vessel and the mixture
was cooled to 0 °C. Potassium tert butoxide (36.3 g, 0.32 mol) was charged in one portion and
the mixture was stirred at O °C for 3 hrs. Upon completion (TLC check) the reaction mixture
was poured into a 10% NH4CI solution (2000 mL), and stirred for 10 min. The solid was filtered
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off, rinsed with water (4 x 400 mL) and then dissolved in methanol(500 mL).The solution was
heated to reflux for 1 hr, then cooled to 15~20 °C, and stirred for 1 hr. The suspension was
filtered and the cake was washed with methanol (100 mL). The solid was dried under vacuum at

38 °C and 75g (S)-4-isopropyl-5,5-diphenyloxazolidin-2-one (A13a) was obtained.

C. Preparation of fluoropropionates of formula II1

C1. (45)-3-(2-fluoropropanoyl)-4-benzylloxazolidin-2-one
(Formula IIT with A = Ala)

o)
F Y\(}
ch)ﬁ]/N (
O “pp

(S)-4-Benzyloxazolidin-2-one (10 g, 0.056 mol) and THF (200 ml) were charged to a
vessel. The solution was cooled to -70 °C, then n-butyllithium solution 2.7 M (27.5 ml, 0.074
mol) was added dropwise, while maintaining the reaction temperature at <-70°C. The reaction
mixture was then stirred for 30 min., then 2-fluoropropionic chloride (10.1 g, 0.095 mol) was
added dropwise, while maintaining the reaction temperature at <-70 °C. Then the reaction
mixture was warmed to 15~20°C within 3 hrs followed by stirring at 15~20°C for further 60 min.
Upon reaction completion, 10 % NH4CI solution (60 ml) was added and the mixture was stirred
for 30 min. Phases were separated and the aqueous phase was extracted with methyl tert-
butylether (30 ml). The combined organic layers were washed with saturated NaCl solution,
dried with Na,SQOy, filtered and evaporated under reduced pressure to remove the solvents. The
residue was purified by column chromatography (eluent: HE/EA=3/1 v/v) to obtain 4S)-3-(2-
fluoropropanoyl)-4-benzylloxazolidin-2-one (12.1 g, 85 % yield) as a light yellow oil.

'H-NMR (CDCls, 400 MHz): §7.28 (m, 5H), 6.05 (m, 1H), 4.74 (m, 1H), 4.31 (m, 2H),
4.39 (m, 1H), 2.87 (m, 1H), 1.65 (m, 3H).

C2. (45)-3-(2-fluoropropanoyl)-4-isopropyloxazolidin-2-one
(Formula III with A = A2a)

O
F YO
O

I~
H,C  CHa
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(S)-4-Isopropyloxazolidin-2-one (3.8 g, 0.029 mol) and THF (75 ml) were charged to a
vessel. The solution was cooled to -60 °C, then n-butyllithium solution 2.7 M (18 ml, 0.049 mol)
was added dropwise, while maintaining the reaction temperature at <-50°C. The reaction mixture
was then stirred at -50°C for 30 min, then 2-fluoropropionic chloride (6.3 g, 0.057 mol) was
added dropwise, while maintaining the reaction temperature at <-50 °C. The reaction
temperature was then raised to 15~20°C within 3 hrs. followed by stirring at 15~20°C for further
60 min. Upon reaction completion, 10 % NH4Cl solution (30 ml) was charged and the reaction
mixture was stirred for 30 min. Phases were separated and the aqueous phase was extracted with
methyl tert-butylether (30 ml). The combined organic layers were washed with saturated NaCl
solution (30 ml). The organic phase was dried with Na,SOy, filtered and evaporated under
reduced pressure to remove the solvents. The residue was purified by column chromatography
(eluent: HE/EA=3/1v/v) to obtain (45)-3-(2-fluoropropanoyl)-4-isopropyloxazolidin-2-one (2.9 g,
48 % yield) as a light yellow oil.

'H-NMR (CDCl3, 400 MHz): 36.00 (m, 1H), 4.39 (m, 3H), 2.43 (m, 1H), 1.61 (m, 3H),
0.91 (m, 6H).

C3. (45)-3-(2-fluoropropanoyl)-4-isopropyl-5,5-diphenyloxazolidin-2-one
(Formula IIT with A = A3a)

F 0\7'0 Ph

HBC)\,(N\% Ph
hc R

(S)-4-isopropyl-5,5-diphenyloxazolidin-2-one (70 g, 0.25 mol) and THF (500 mL) were
charged to a vessel. The solution was cooled to -50 °C, then n-butyllithium solution 2.5 M (120
mL, 0.30 mol) was added dropwise while maintaining the reaction temperature at <-40°C. After
addition, the reaction temperature was raised to -10°C within 3 hrs., and stirred at -10°C for 30
min. the reaction mixture was cooled to -78°C, 2-fluoropropionic chloride (41 g, 0.37 mol)
added dropwise at such a rate that the reaction temperature was maintained at <-60 °C. After
addition, the reaction mixture was warmed to 15~20°C in 3 hrs., and stirred at 15~20°C for 60
min. 10 % NH4CI solution (350 ml.) was charged and the mixture stirred for 30 min. Phases
were separated and the aqueous one extracted with methyl tert-butylether (500 mL). The
combined organic layers were washed with saturated NaCl solution (150 ml). The organic phase
was dried with Na,SQy, filtered and evaporated under reduced pressure to remove the solvents.
The residue was dissolved in methylene chloride (70 mL) by warming up the mixture then 210
mL hexane was added within 30 min. The suspension was cooled to 0°C in 2 hrs.and stirred at

0°C for 60 min. The suspension was filtered and the solid dried under vacuum. (45)-3-(2-
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fluoropropanoyl)-4-isopropyl-5,5-diphenyloxazolidin-2-one (74.5 g, 84.2 % yield) was obtained
in the form of a light yellow solid

'H-NMR (CDCls, 400 MHz): §7.36 (m, 10H), 5.96 (m, 1H), 5.49 (d, J=3.2 Hz, 0.5H), 5.31
(d, J=3.2 Hz, 0.5H), 2.02 (m, 1H), 1.73 (dd, J=23.6, 6.8 Hz, 1.5H), 1.15 (dd, J=23.6, 6.8 Hz,
1.5H), 0.83 (m, 6H).

D. Preparation of Aldol adduct of formula IV

D1. (S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-benzyloxazolidin-2-one (Formula IV with A = Ala)

OH O 0O

H"‘CXOJJ\QL (P
H,C 0- F CH, §
Ph

(4S)-3-(2-Fluoropropanoyl)-4-benzyloxazolidin-2-one (2.9 g, 0.0115 mol) and methylene
chloride (20 ml) were charged to a vessel and the mixture was cooled to 0 °C. Dibutylboron
trifluormethanesulfonate (Bu,BOTT, 1 M in CH,Cl,), (17.3 ml, 0.0173 mol) was charged and the
reaction mixture was stirred at O °C for 10 min. Then 2,6-lutidine (2.47 g, 0.0231 mol) was
added, while maintaining the reaction temperature at O °C for 15 min. Thereafter the reaction
mixture was warmed up to 15~20 °C and stirred for 4 hrs. The mixture was then cooled to -78 °C,
thereafter 2,3-O-isopropylidene-D-glyceradehyde (2.25 g, 0.0173 mol) was added dropwise,
while maintaining the reaction temperature at <-65 °C. Then the mixture was warmed up to 0 °C
in 5 hrs and further stirred at 0 °C for another 1 hr. Water (30 ml) was added, the mixture was
stirred for 30 min, then the layers were separated. The organic layer was washed with water (30
ml), dried with Na,SOy4 (10 g), filtered and concentrated at reduced pressure to remove the
solvent. The residue was purified by column chromatography (eluent: HE/EA=3/1 v/v), to give
the title product (S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yI)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-benzyloxazolidin-2-one (3.5 g, 79.5 % yield) as a light yellow oil.

"H-NMR (CDCls, 400 MHz): 87.29 (m, 5H), 4.63 (m, 2H), 4.22 (m, 4H), 4.04 (dd, J=8,
6.4 Hz, 1H), 3.56 (dd, J=13.2, 2.8 Hz, 1H), 2.65 (dd, J=13.2, 10.8 Hz, 1H), 1.86 (d, /=23.2 Hz,
3H), 1.42 (s, 3H), 1.33 (s, 3H).
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D2. (S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-isopropyloxazolidin-2-one (Formula IV with A = A2a)

OH O Jcl)\
HSCXO]J\“%LN\_/O
H,C o~ F CH, !

\
H,C  CH,

(4S)-3-(2-Fluoropropanoyl)-4-isopropyloxazolidin-2-one (1.5g, 7.4 mmol) and methylene
chloride (20 ml) were charged to a vessel and the mixture was cooled to 0 °C. Dibutylboron
trifluormethanesulfonate (Bu,BOTT, 1 M in CH,Cly), (11.0 ml, 11 mmol) was charged and the
reaction mixture was stirred at O °C for 10 min. Then 2,6-lutidine (1.6 g, 14.9 mmol) was added,
while maintaining the reaction temperature at 0 °C for 15 min. Thereafter the reaction mixture
was warmed up to 15~20 °C and stirred for 4 hrs. The mixture was then cooled to -78 °C,
thereafter 2,3-O-isopropylidene-D-glyceradehyde (1.5 g, 11.5 mol) was added dropwise, while
maintaining the reaction temperature at <-65 °C. Then the mixture was warmed up to 0 °Cin 5
hrs and further stirred at O °C for another 1 hr. Water (16 ml) was added, the mixture was stirred
for 30 min then the layers were separated. The organic layer was washed with water (16 ml),
dried with Na,SO4 (10 g), filtered and concentrated at reduced pressure to remove the solvent.
The residue was purified by column chromatography (eluent: HE/EA=3/1 v/v), to give the title
product (S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-isopropyloxazolidin-2-one (2.2 g, 89.8 % yield) as light yellow oil.

"H-NMR (CDCls, 400 MHz): 4.50 (m, 1H), 4.46 (m, 1H), 4.35 (m, 1H), 4.28 (m, 1H),
4.20 (m, 1), 4.10 (m, 1H), 4.01 (m, 1H), 2.94 (d, J=6.4 Hz, 1H), 2.45 (m, 1H), 1.81 (d, J=23.2
Hz, 3H), 1.40 (s, 3H), 1.35 (s, 3H), 0.96 (m, 6H).

D3. (S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-isopropyl-5,5-diphenyloxazolidin-2-one (Formula IV with A = A3a)

oHo 9
HsCXOJ/QLN\_&O Ph
HC 0~ F TCH, [~ Npy,

H,C™ CH,

(45)-3-(2-Fluoropropanoyl)-4-isopropyl-5,5-diphenyloxazolidin-2-one (90 g, 0.25 mol)
and methylene chloride (720 ml) was charged to a vessel and the mixture was cooled to 0 °C.
Dibutylboron trifluormethanesulfonate (Bu,BOTT, 1 M in CH,Cl,), (378 ml, 0.38 mol) was
charged and the reaction mixture was stirred at O °C for 10 min. Then 2,6-Lutidine (55.8 g, 0.52

mol) was added, while maintaining the reaction temperature at O °C for 15 min. Thereafter the
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reaction mixture was warmed up to 15~20 °C and stirred at this temperature for 24 hrs. The
mixture was then cooled to -78 °C, thereafter, 2,3-O-isopropylidene-D-glyceradehyde (54.6 g,
0.42 mol) was added dropwise, while maintaining the reaction temperature at <-65 °C. Then the
mixture was warmed up to 0 °C in 5 hrs and stirred at O °C for another 1 hr. Water (450 ml) was
added, the mixture was stirred for 30 min, then the layers were separated. The organic layer was
washed with water (450 ml), dried with Na,SQOy, filtered and concentrated at reduced pressure to
remove the solvent. The residue was dissolved in methylene chloride (90 ml) upon heating to
reflux. Then hexane (270 ml) was added dropwise for iniating crystallization. The suspension
was cooled to 10 °C in 2 hrs, stirred at 10 °C for 1 hr, filtered and the filter cake was washed
with hexane (90 ml) and dried under vacuum. (S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-
4-y1)-2-fluoro-3-hydroxy-2-methylpropanoyl)-4-isopropyl-5,5-diphenyloxazolidin-2-one was
obtained in a yield of 79 g (64.3 %).

'H-NMR (CDCls, 400 MHz): §7.38 (m, 10H), 5.30 (d, J=3.2 Hz, 1H), 4.63 (m, 1H), 4.00
(dd, J=12.8, 6.4 Hz, 1H), 3.68 (m, 1H), 3.70 (m, 1H), 2.20 (d, J=6.8 Hz, 1H), 1.47 (d, J=23.2 Hz,
3H), 1.39 (s, 3H), 1.33 (s, 3H), 0.98 (d, J=7.2 Hz, 3H), 0.86 (d, J=6.8 Hz, 3H).

Example 1

Preparation of (3R,4R)-3-fluoro-4-hydroxy-5-(hydroxymethyl)-3-
methyldihydrofuran-2(3H)-one (from aldol adduct of Example D1)

0
HO/\S—??HC,

HO F

(S)-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-benzyloxazolidin-2-one (3.3 g, 0.0086 mol), THF (10 ml) and water (2 ml)
were charged to a vessel, and the solution was cooled to 0 °C. Hydrogen peroxide 50% (2.36 g,
0.035 mol) was added, followed by a solution of lithium hydroxide monohydrate (0.3 g, 0.014
mol) in water (15 ml) while maintaining the reaction temperature at <5 °C. The mixture was then
stirred at 0~5°C for 1 hr. Upon completion of the reaction (TLC check) a solution of sodium
sulfite (5.50 g) in water (60 ml) was added at <10 °C. The pH of the reaction mixture was
adjusted to 6.5~7.0 by adding 10 % HCI aqueous solution. THF was then removed under reduced
pressure and methylene chloride (20 ml) was then added to the residue. The layers were
separated, the water layer was extracted with methylene chloride (20 ml) and the aqueous layer
was evaporated under reduced pressure to dryness. THE (20 ml) was added to the residue and the
solids were filtered. The filter cake was rinsed with THF (10 ml) and the combined filtrates were

concentrated to dryness. The residue was again taken up in THF (20 ml) and the mixture was
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stirred for 30 min and filtered. The filter cake was again rinsed with THF (10 ml) and the
combined filtrates were concentrated under reduced pressure to dryness. Then ethanol (15 ml)
and 0.3 ml HCI (0.3 ml) was added to the residue and the mixture was warmed up to 70 °C and
stirred for 5 hrs. The mixture was concentrated until dryness, and was purified by column
chromatography (eluent: CH,Cl,/MeOH =1/1 v/v), the title product (1.2 g ) was collected and
crystallized from CH,Cl,/MeOH=20/1 v/v to get the pure title product (3R,4R)-3-fluoro-4-
hydroxy-5-(hydroxymethyl)-3-methyldihydrofuran-2(3H)-one (1.0 g, 70 % yield).

'H-NMR (D,0, 400 MHz): §4.55 (m, 1H), 4.19 (dd, J=21.2, 7.6 Hz, 1H), 4.04 (dd, J=13.2,
1.6 Hz, 1H), 3.81 (dd, J=13.2, 4.8 Hz, 1H), 1.62(d, J/=24.4 Hz, 3H).

Example 2

Preparation of (3R,4R)-3-fluoro-4-hydroxy-5-(hydroxymethyl)-3-
methyldihydrofuran-2(3H)-one (from aldol adduct of example D2)

0
Ho’\g_\ggHa

HO F

(S)-3-((2R,3R)-3-((R)-2,2-Dimethyl-1,3-dioxolan-4-y1)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-isopropyloxazolidin-2-one (2.2 g, 0.0066 mol, THF (10 ml) and water (2
ml) were charged to a vessel and the solution was cooled to 0 °C. Hydrogen peroxide 50% (1.75
g, 0.026 mol) was added, followed by a solution of lithium hydroxide monohydrate (0.2 g, 0.011
mol) in water(10 ml) while maintaining the reaction temperature at <5 °C. The mixture was then
stirred at 0~5°C for 1 hr. Upon completion of the reaction (TLC check) a solution of sodium
sulfite (3.6 g) in water (35 ml) was added at <10 °C. The pH of the reaction mixture was
adjusted to 6.5~7.0 by adding 10 % HCI aqueous solution. THF was then removed under reduced
pressure and methylene chloride (15 ml) was then added to the residue. The layers were
separated, the water layer was extracted with methylene chloride (20 ml) and the aqueous layer
was evaporated under reduced pressure to dryness. THF (15 ml) was added to the residue and the
solids were filtered. The filtered cake was rinsed with THF (10 ml) and the combined filtrates
were concentrated to dryness. The residue was again taken up in THF (20 ml) and the mixture
was stirred for 30 min and filtered. The filtered cake was again rinsed with THF (10 ml) and the
combined filtrates were concentrated under reduced pressure to dryness. Then ethanol (15 ml)
and 0.3 ml HCI (0.3 ml) was added to the residue and the mixture was warmed up to 70 °C and
stirred for 5 hrs. The mixture was concentrated until dryness, and was purified by column
chromatography (eluent: CH,Cl,/MeOH=1/1 v/v), the title product (3R,4R)-3-{luoro-4-hydroxy-
5-(hydroxymethyl)-3-methyldihydrofuran-2(3H)-one (0.72 g, 67 % yield) was collected.
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Example 3

Preparation of (3R,4R)-3-fluoro-4-hydroxy-5-thydroxymethyl)-3-
methyldihydrofuran-2(3H)-one (from aldol adduct of example D3)

0
Ho’\g_nga

HO =

(8)-3-((2R.3R)-3-((R)-2,2-Dimethyl-1,3-dioxolan-4-yl)-2-fluoro-3-hydroxy-2-
methylpropanoyl)-4-isopropyl-5,5-diphenyloxazolidin-2-one (75 g, 0.155 mol) THF (375 ml)
and water (95 g) were charged to a vessel and the solution was cooled to 0 °C . Hydrogen
peroxide 50% (42 ml, 0.62 mol) was added followed by a solution of lithium hydroxide
monohydrate (10.39 g, 0.25 mol) in water(100 ml) while maintaining the reaction temperature at
<5 °C. The mixture was then stirred at 0~5°C for 1 hr. Upon completion of the reaction (TLC
check) a solution of sodium sulfite (120 g, 0.95 mol) in water (600 ml) was added at <10 °C.
The pH of the reaction mixture was adjusted to 6.5~7.0 by adding 10 % HCI aqueous solution.
The reaction mixture was filtered and the filter cake (= chiral amine of formula A13a; see
recovery example below) was washed with water (75 ml). THF was then removed from the
filtrate under reduced pressure and methylene chloride (375 ml) was then added to the residue
and the mixture was stirred for 30 min. The layers were separated, the water layer was extracted
with methylene chloride (375 ml) and the aqueous layer was evaporated under reduced pressure
to dryness. (for work up of organic layer see recovery example below). The residue was taken
up in ethanol (150 ml), the mixture was stirred for 30 min. and filtered. The filter cake was
washed with ethanol (25 ml) and the combined filtrates were concentrated to dryness. The
residue was again taken up in ethanol (75 ml), the mixture was stirred for 30 min and filtered.
The filter cake was washed with ethanol (15 ml) and the combined filtrates were concentrated
under reduced pressure to dryness. The residue was then dissolved in THF (75ml), insoluble
solids were filtered off and the filtrate was concentrated to dryness. This procedure was repeated
three times. (3R,4R)-3-fluoro-4-hydroxy-5-(hydroxymethyl)-3-methyldihydrofuran-2(3H)-one
(25.5 g, 100% yield) could be obtained which was without further purification used for the

benzylation step.

Recovery of (S)-4-isopropyl-5,5-diphenyloxazolidin-2-one (= chiral amine of formula
Al3a

The wet cake (see above) was taken up in water (375 ml), the mixture was stirred for 30
min, filtered and the filter cake was washed twice with water (100 ml x 2). The wet cake was

dried under vacuum at 50°C for 24 hrs to get a white solid (35.2 g). The organic layer (see above)
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was evaporated under reduced pressure to dryness and the residue was taken up in methanol
(25 ml), filtered and washed with methanol (5 ml). The wet cake was dried under vacuum at
50°C for 24 hrs to give a white solid (6.3 g). The total recovered chiral amine was 41.5 g=95 %

recovery yield.

Example 4

Preparation of ((3R,4R)-3-(benzoyloxy)-4-fluoro-4-methyl-5-oxotetrahydrofuran-2-

yDmethyl benzoate
=oNCER
—=CH,

Bz-O "F

(3R,4R)-3-fluoro-4-hydroxy-5-(hydroxymethyl)-3-methyldihydrofuran-2(3H)-one (25.5 g,
0.155 mol) obtained from example 3 was dissolved in 200 ml of THF. 4-(Dimethylamino)-
pyridine (8.3 g, 0.067 mol) and triethylamine (35 g, 0.35 mol) were added and the reaction
mixture was cooled to 0°C. Benzoyl chloride (46.7 g, 0.33 mol) was added, and the mixture was
warmed to 35~40 °C in the course of 2 hrs. Upon completion of the reaction (TLC check) water
(100 ml) was charged and the mixture was stirred for 30 min. Phases were separated and to the
aqueous phase methyl-tert-butyl ether (100 ml) was added and the mixture was stirred for 30 min.
Phases were separated and the organic phase was washed with saturated NaCl solution (100 ml).
The combined organic phases were dried over Na,SO4 (20 g) filtered and the filtrate was
evaporated to dryness. The residue was taken up in i-propanol (250 ml) and the mixture was
warmed to 50 °C and stirred for 60 min, then cooled down to 0°C and further stirred for 60 min.
The solid was filtered and the wet cake was washed with i-propanol (50 ml) and then dried under
vacuum. The title compound ((3R,4R)-3-(benzoyloxy)-4-fluoro-4-methyl-5-oxotetrahydrofuran-
2-yl)methyl benzoate (48.3 g, 83.9 % yield) was obtained.

'H-NMR (CDCl;, 400 MHz): 88.10 (d, J=7.6 Hz, 2H), 8.00 (d, J=7.6 Hz, 2H), 7.66 (t,
J=1.6 Hz, 1H), 7.59 (t, J=7.6 Hz, 1H), 7.50 (m, 2H), 7.43 (m, 2H), 5.53 (dd, J=17.6, 5.6 Hz, 1H),
5.02 (m, 1H), 4.77 (dd, J=12.8, 3.6 Hz, 1H), 4.62 (dd, J=12.8, 5.2 Hz, 1H), 1.77(d, J=23.2 Hz,
3H).
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Claims
1. Process for the preparation of a fluorolactone derivative of formula I:
@)
HO O
\_{nCH,
HO F
comprising:
5 a) reacting an aldehyde of formula II:
H,C_ CH,
o O Il
CHO
with a fluoropropionate derivative of formula lll:
F
no oy
O

wherein A is selected from the chiral moieties:

?L it )OL
)BJ) A1 ><N 0 A2 jJN O A3
H cg_/ /§>_|=>/th
Ph S H.C

3
and CH3

10  and Ph is phenyl, to form an aldol adduct of formula IV:

OH O

H,C 0~ F CH,

; and

b) subjecting the aldol adduct of formula IV to hydrolysis to provide the fluorolactone derivative of

formula l.
2. Process of claim 1, wherein the chiral moiety A is A3.
15 3. Process of claim 1, wherein the fluorolactone derivative has formula 1a:
@)
HO/UO "
—/=CH,
HO F

and A is selected from the chiral moieties: Ala, A2a and A3a:
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0] ) @)

)y J Iy

fN O Ala )<N O A2a N~ O A3a
\_J/ \_J/ L
s: HC ~: 3‘ Ph

Ph— SR H,C—\ Ph

’ CH3 and CH3

and Ph is phenyl.

4, Process of claim 3, wherein the chiral moiety A in the fluoropropionate derivative of formula lll
is A3a.
5. Process of claim 1, wherein the hydroxy groups in the fluorolactone derivative of formula | are

protected to form the protected fluorolactone of formula V:

1

R\O O ') v
) CH3
R-0

F

wherein R stands for a hydroxy protecting group.

6. Process of claim 5, wherein the acylated fluorolactone has the formula
ToNOpe
, M—=CH, Va
R—O F

wherein R! stands for a hydroxy protecting group.
7. Process of claim 5 or 6, wherein the hydroxy protecting group is benzyl.

8. Process of any of the claims 1 to 5, wherein the chiral moieties A1, A2 or A3 can be recovered in
the form of the respective chiral amine of formulae, A11, A12 or A13:

i X i
HN O A11 HN O A12 HN O A13
/§>_/ Ph
Ph HSC‘S_/ H Cﬁ
’ CH, ° CH
3
9. Process of claim 1, wherein step a) comprises a catalyst selected from dibutylboron

trifluormethanesulfonate, titanium chloride, titanium(IV) trichloride isopropoxide, titanium
isopropoxide, magnesium chloride, magnesium triflate and zinc chloride.

10. Process of claim 9, wherein the catalyst is dibutylboron trifluormethanesulfonate.

11. Process of claim 1, 9 and 10, wherein step a) comprises a base and an organic solvent at
reaction temperatures between -78 °Cand 50 °C.

12. Process of claim 1, wherein step b) comprises an oxidizing agent in the presence of an alkali
hydroxide base.
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13. Process of claim 12,wherein step b) comprises hydrogen peroxide as the oxidizing agent and
lithium hydroxide as the alkali hydroxide base.

14. Process of claims 1, 12 and 13, wherein step b) comprises reaction temperatures between -30°C
and 50 °C.
5 15. Process of claim 5, wherein the process further comprises a tertiary amine at reaction

temperatures between -20°C and 80 °C.

16. Process of claim 15, wherein the hydroxy protecting group is benzoyl.
17. Fluoropropionate derivative of formula:
0]

HaC

10 18. Aldol adduct of the formula IV:

OH O
Hscxoj/g# A v
H,C o— F CH,

wherein A is selected from the chiral moieties A1, A2 and A3:

o) 0
)ﬁio A )<NJLO A2 JJNJLO A3
HC~§>_/ ﬁph
Ph 3 CH3 HSC

and CH3

wherein Ph is phenyl.
19. Aldol adduct of claim 18 of formula IVa:
OH O
HSCXO A IVa

15 H,C o— F CH,
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20. Aldol adduct of claims 18 and 19, wherein A is Ala, A2a or A3a:

0 0 0
N0 Ata T aza jJNJLo
5 H,C— N

Ph " eH H,C\ Ph

and wherein Ph is phenyl.

21. Aldol adduct of claims 18 to 20, wherein A is A3a.

A3a
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