PREPARATION OF NUCLEOSIDES R1BOFURANOSYL PYRIM1DINES This application is being
filed on October 5, 2007, as a PCT International Patent application in the 5name of PHARMASSET,
INC., a U.S. national corporation, and F. HOFFMANN LA-ROCHE AG, a Swiss national corporation,
applicants for the designation of all countries except the US, and Steven D. Axt, U.S. citizen; Keshab
Sarma, U.S. citizen; Justin Vitale, a U.S. citizen; Jiang Zhu, a Canadian citizen; Bruce Ross, a U.S.

citizen; Suguna Rachakonda, an Indian citizen: Qingwu Jim a Chinese, ci : oung-Kwon
Chun, a Korean citizen‘? Wp%%ﬁﬂ?%?%%%ls Aﬁgﬁ g}%ﬁ%r %J%A‘%q $ &h‘%gl}ﬁn]%q%%ity to U.S.
Provisional patent 10application Serial No. 60/850,962, filed October 10, 2006. The present
invention relateg {g Qﬁbi%@%@qeﬂ{gﬁ%%ﬁ%é{&%a?'ﬁ?@@@@,tﬁrh Pt4-RaiRRbmal Patent application in the

((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-hydroxymethy1-3-methyl-teir rofuran-2-y1)-IH-pyrimidin-2-on
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PCT PubtigatichcWiOr2006/01/2440 fiistlodeapaprocést aradrdingaritte SShemébeow.: Fre pocess

requires the burdenseRie.sepasatipnoftheanemess XlILianchXivheathan dbhtRZn citidn; ohjretekihe
present invention is to provid? an improye and. scalable praces lf.or thelptepaggl 'og qf_ -\%(r)nni%%%
-((2R,3R YR SHT IS4 A aF S s i 3k yitathy "simethyl-tetrsayarsfuran-22y ) ST Hpyrimidin-2-o

ne of the édtmeamcitizen; applicants for the designation of the US only, and claims priority to U.S. Provisional patent
10 application Serial No. 60/850,962, filed October 10, 2006.
The present invention relates to an improved process for the preparation of 4-amino-1-
((2R,3R.4R,5R)-3-fluoro-4-hydroxy-5-hydroxymethyi-3-methyl-tetrahydrofuran-2-yl)-1H-pyrimidin-2-one of

the formula
NH,
Cy
He o N'J%O
X w

HG F
15 which is a potent inhibitor of Hepatitis C Virus (HCV) NS5B polymerase.
The PCT Publication WO 2006/012440 discloses a process according to the scheme below. The

process requires the burdensome separation of the anomers Xill and X1V.
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which avoids the drawbacks known in the art. The process of the present invention comprises
a)transforming an (arypalkanoic acid (2R,3R,4R)-2-(arypalkanoyloxymethyl-4-fluoro-4-
methyl-5-oxo-tetrahydro-furan-3-y1 ester of formula Il 10 1S 20 wherein R is aryl or alkyl
(aryhalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy
methy1-5-chloro-4-fluoro-4-methyltetrahydro-furan-3-y1 ester of formula I1l

A
5
o ) @ (k
820 820 Ohe N’]\oms
e (1) LARIO-Aest- D)y e i
g E

(it} A Lipyridine

o
g
=%
o
g
o)
b

X

By,
o

X XY W

Into an

An object of the present invention is to provide an improved and scalable process for the preparation

of 4-amino-1-((2R,3R,4R,5R )-3-fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-
pyrimidin-2-one of the formula

which avoids the drawbacks known in the art.

The process of the present invention comprises

a) transforming an (aryDalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxymethyl-4-fluoro-4-
methyl-5-0xo-tetrahydro-furan-3-yl ester of formula 1l
10
O
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(1) wherein R is aryl or alkyl, b) converting the (aryl)alkanoic acid
(2R,3R,4R)-2-(aryl)alkanoyloxy methy1-5-chloro-4-fluoro-4- methyl-tetrahydro-furan-3-y1 ester of
formula Ill into an(aryl)alkanoic acid (2R,3R,4R,5R)-3-
(arylhalkanoyloxy-5-(4-benzoylamino-2-o0xo-211pyrimidin- |
-y1)-4-flugrerdrprethydtetraydro-furan-2-y1 10methyl ester of formula 1 (1) wherein R is aryl or alkyl
e A LR L e B o .-
-y1)-4- fIumﬂlm@tﬁwateirmmfwaﬂugmmethyl ester of formula Ito afford the 4-amino-I -
I((2R,3R,4R,5 5 R)-3-fl uoro-4-hydroxy-5-hyd roxymethy1-3-methyl-tetrahydro-furan-2-y1)-1H-pyrim
idin-2- one of formula IV. The term (aryl)alkanoic acid as used herein refers to a group RCO2H
wherein R is either alkyl or aryl as those tefHt&=4#@ Tafiied Regein. Correspondingly the term
(aryl)alkanoic ester refers to a group RCO2R' where 'Q her alkyl or aryl. Most typically the R’
represents the 3' and/or 5' position(s) of a riboggdj,ljgg"zoﬁte terms "(aryl)alkanoyl" and
"(aryl)alkanoyloxy" refer to the groups RCO- and RC00- respectlvely, where R is as described
previgusly. The term 25 {im

wherein R is aryl or alkyl;

b) converting the (arylalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy methyl-5-chloro-4-fluoro-4-
methyl-tetrahydro-furan-3-yl ester of formula HI into an(aryi)alkanoic acid (2R,3R,4R,5R)-3-
(aryDalkanoyloxy-5-(4-benzoylamino-2-oxo-2Hpyrimidin- 1 -y1}-4-fluoro-4-methyl-tetrahydro-furan-2-yl

10 methyi ester of formula |

NHBzZ
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wherein R is aryl or alkyl and Bz is benzoyi and

¢} hydrolyzing the {(aryhalkanoic acid (2R,3R,4R,5R)-3~(aryDalkanoyloxy-5-(4-benzoylamino-2-oxo-
2H-pyrimidin-1-yh-4-fluro-4-methyl-tetrohydro-furan-2-ylmethyl ester of formula I to afford the 4-amino-1-

15 ((2R,3R,4R,5 5 R)-3-fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1 H-pyrimidin-2-
one of formula IV.

The term (aryhalkanoic acid as used herein refers to a group RCO,H wherein R is either alkyl or aryl
as those terms are defined herein. Correspondingly the term (arylalkanoic ester refers to a group RCO,R’
where R is either atkyl or aryl. Most typically the R’ represents the 3’ and/or 5° position(s) of a ribose ring.

20 The terms “(aryDalkanoyl” and “(aryDalkanoyloxy” refer to the groups RCO- and RCOO- respectively, where

R is as described previously. The term

25



"(arypallcanoyloxymethyl" group refers a group RCOOCH2- where R is as described previously. The
term "alkyl" as uged herein denotes an unbranched or branched chain, saturated, monovalent .
hydrocarbon residue containing 1 to 10 carbon atoms. 5The term "aryl" as used herein refers to phenyl
group. In a preferred embodiment of the present invention R has the meaning of phenyl. In general

the nome_nclature,used in this Application is based on AUTONOIVITm v.4.0, a Beilstein Institute ’
computerized system for the generation of 10TUPAC systematic nomenclature. If there is a

discrepancy betwegn a.depicted s X ' | : :
g&‘é@n ncg/(f ﬁ%ﬁ?%ﬁ ARHAORME giyap HredsiuntuehiRerippisted structure is to

be accorded more n e stereochemistt ] [ [
1CCC : jnt. | y of a structure or a portion of a structure is
not indicated Wlth,d@?céié&%b‘l@‘{lﬁﬁféb’or dashed lines, the structure or portion of the structure is to be

interpreted as encompassingtathstategisamers beitin STinsasansrobrasidipr tepRre shittises a

reduction in the presence of a reducing agent . At GAL

Lo o : 295050 Raubseasentiapioinatearvhagnesence of
chlor!natlng agfent.sgqlrtaa%?g rechuu‘pg agent is sodium btis-(%-mgthOf( %erloxy) (2,2,2ﬂ:ifluoroethoxy)
aluminum Bydride which EhedRRerdIP RhRE THIS the Fadendme RedAle as a solution in

toluene. In a preferred embodiment of the present invention R has the meaning ot
phenyl.
In general, the nomenclature used in this Application is based on
AUTONOM™ v.4.0, a Beilstein Institute computerized system for the generation of

10 [UPAC systematic nomenclature. If there is a discrepancy between a depicted
structure and a name given that structure, the depicted structure is to be accorded
more weight. In addition, if the stereochemistry of a structure or a portion ofa
structure is not indicated with, for example, bold or dashed lines, the structure or
.portion of the structure is to be interpreted as enéompassing all stereoisomers of it.

15 The transformation in step a) comprises a reduction in the presence of a
reducing agent and a subsequent chlorination in the presence of chlorinating agent.

Suitable reducing agent is sodium bis-(2-methoxyethoxy) (2,2,2-
trifluoroethoxy) aluminum hydride which is commercially available under the
tradename RedAl® as a solution in toluene.

20 The reduction usually takes place in an organic solvent suchasina
halogenated hydrocarbon like dichloromethane at a reaction temperature of below
0°C, preferably below -5°C.,

After completion of the reduction the reaction mixture is subjected to the
chlorination reaction. .

25 " The chlorinating agent is as a rule selected from sulfuryl chloride, thionyl
chloride or phospherus oxychloride. '

Preferably sulfuryl chloride in the presence of catalytic amounts of tetrabutyl
ammonium bromide is used. _
The chlorination is expediently performed at a reaction temperature between

30 0°C and 40°C.

The (arylalkanoic acid (2R,3R,4R)-2-(arylalkanoyloxy methy}-5-chloro-4-
fluoro-4-methyl-tetrahydro-furan-3-yl ester of formula III can be separated from the
reaction mixture applying techniques known to the skilled in the aﬁ.

The conversion in step b) comprises reacting the (aryl)alkanoic acid

4



2_0The reduction usually takes place in an organic solvent such as in a halogenated hydrocarbon like
drchloromethane at a reaction temperature of below 0C, preferably below -5C. After completion of dm
reduction the reaction mixture is subjected to the chlorination reaction. 25The chlorinating agent is as
a rule se_lected from sulfuryl chloride, thionyl chloride or phosphorus oxychloride. Preferably sulfuryl
chlorrde in tr_re presence of catalytic amounts of tetrabutyl ammonium bromide is used. The
chlorination is expediently performed at a reaction temperature between 300C and 40C. The

(aryl)alkanoic aCld(r%{?a(% 93(}0)% atBkrehiomsto-4-methy!-tetrahydso-
fluoro-4-methyl-tetrahydro- furan- - 1 es er

||| b
applying technique@RAcwH Fﬁ‘ﬁﬁ@%ﬁif’é’@ g ar & co :/iesr@y 2?&%%&%%%%%&%5&%?%2
(aryl)alkanoic acidp{@ienBRofR)E2vEryhiikanoyloxy

methy1-5-chloro-4-fluoro-d;methviigiahygiofiuasndoylcgaisin ehipiayieidtinGitnine thytting

silyl-N4- benzo Icytosin in the presenc
Y y N-benzoyl cﬁos;sne w?ﬂ? c%(!a‘r%m{

1yiadc§dlazan in the presence of ammonium sulfate
in chlorobenzene under reflux conditions.

Common Lewis acids known in the art are suitable for the conversion in step
b). Good results have been achieved with stannic chloride.

The reaction is usually performed at elevated temperature, for instance at

10 about 70°C until the coupling is complete.

The (aryl)alkanoic acid (2R,3R,&R,SR)—E:—(aryi)alkanoyloxy—ii—(tl« .
benzoyiamino-2~oxo—2H-pyrimidin-1~yi)‘4-ﬂuoro-4-methy1-‘te£rahydro~furan—2-
ylmethyl ester of formula I so obtained can be separated from the reaction mixture
applying techniques known to the skilled in the art.

15 The hydrolysis in step ¢} is performed in the presence of a base.

Suitable bases are organic bases like alkali metal alkoxides. Preferably
sodium methoxide in methano} as solvent is used.

The reaction is performed at elevated temperature, for instance at about 50°C
until the hydrolysis is complete.

20 The 4-amino-1-((2R,3R 4R, 5R)-3-fluoro-4-hydroxy-5 -hydroxymethyl-3-
methy]tetrahydro—ﬁlran—Z—yl)«IH-pyrimidin—Zuone of the formula I'V can be isolated
following methods known to the skilled in the art,

In a further embodiment of the present ievention a process for the
~ preparation of the starting product, the (arylalkanoic acid (2R,3R,4R)-2~
25 (aryl}alkanoyloxymethyl—4—ﬂuoro~4vmethyiwswoxo—tetrahydro-ﬁxrané -yl ester of

formula If

R(0=)CO oo

ROO=CO F

an



The O-trimethyl silyl-N4-benzoylcytosin may be prepared in situ by reacting 5N-benzoyl cytosine with
hexamethyldisilazan in the presence of ammonium sulfate in chlorobenzene under reflux conditions.
Corrunon Lewis acids known in the art are suitable for the conversion in step b). Good results have
been achieved with stannic chloride. The reaction is usually performed at elevated temperature, for
instance at 10about 70C until the coupling is complete. The (aryl)alkanoic acid
(2R,3R,4R,5R)-3-(aryl)alkanoyloxy-5-(4-
benzoylamino-2-oxo-2H-pyrimidin-l-y1)-4-fluoro-4-methyl-tetrahydro-furan-2- yimethyl ester of formula!
so obtained can be separated from the reaction mix&urel?ggéying techniques known to the skilled in the
art. 15The hydrolysis in s‘f@]ﬁ@‘?&‘ér‘?&f’m@&‘?ﬁ ‘fﬁ%nprcevseeo ce of a base. Suitable bases are organic
bases like alkali metal alkthdgesciRsefarabisestddigitpmethoxide in methanol as solvent is used. The
reaction is perfortned at glpvataddemneraiie)-rsianaemadapout SR lth e hyEnotyisys-is
complete. 20The 4-amino-14(2R,3R 4 ,gg)-B-[lu8r0-4-hydr0xy-5-1tydroxymethy|-3-
methyltetré’nydro-fﬁ?é}ﬂlﬁ%?l‘ﬂ-'itﬂl-BWﬁﬂ I2¥e’ of the formula IV can be isolated

MEO

Me)g..l“(ma

COEt
V)

into the (25,3R)-3-((R)-2,2-dimethyi-{1 ,3]dioxolan-4-y1)-2,3-dihydroxy-2-

10 methyl propionic acid ethyl ester of formula VI

Me o

Me)g “ 2 Me
CQEL

HO ©OH
(Vi)

bl) converting the (2_S,3R)—3~((R)—2.,2—dimelhyl-[1 ,}dioxolan-4-y1)-2,3~

15 dihydroxy-2-methyl-propionic acid ethyl ester of formula V1 into the sulfite of
formula Vil
Me Q
Me%n Me
T COEL (V)
O -0

i

0
20 cl) further‘reacting the sulfite of formula VII to the sulfate of formula VIII



following methods known to the skilled in the art. In a further embodiment of the present invention a
process for the preparation of the starting product, the (arypalkanoic acid (2R,3R,4R)-2-
25(arypalkanoyloxyrnethy1-4-fluoro-4-methy1-5-oxo-tetrahydro-furan-3-y1 ester of formula Il
R(Ott)C00 0 Me R(0=)COF (11) wherein R is phenyl has been developed. The process comprises the
steps al) transforming the (E)-34(S)-2,2-dimethyl-[1,3]dioxolan-4-y1)-2-methyl- 5acrylic acid ethyl ester
of formula V

Me o

Ma)(()" 'E Me
COEL  (vill)

d1) transforming the sulfate of formula VIII into the fluorohydrin sulfate of
5 formula IX

el) decomposing the fluorohydrin sulfate of formula IX into the lactone of

10 formula X
HO
ra
> . Me
HO F
%
and finally
15 1) acylating the lactone of formula X to form the end product of formula II
wherein R is phenyl.

The present process can be described with SCHEME A below:



into the (2S,3R)-34(R)-2,2-dimethyl4 | ,3]dioxolan-4-yl)-2,3-dihydroxy-2- 10methyl propionic acid ethyl
ester of formula VI Me 0 me (cop HO b1-1 NO hi) converting the
(2S,3R)-34(R)4,2-dimethyl-[1,3]dioxolan-4-y1)-2,3- 15dihydroxy-2-methyl-propionic acid ethyl ester of
formula VI into the sulfite of formula VII Me k.0 Me CO2Et (Ma) 0 20(:I) further reacting the sulfite of
formula VII to the sulfate,pf formula VIII M(,ee,e C02Et 0

Oln ..... Me
Ot ™ O Henn,. Me
al hl COOR
Grmret COOEL
S o,

Me Me
o] o]

Me

M

[e17 7

5,
rd

BzO Wi

(al) acetone-NaMnQ, (aq), ethylene glycol, NaHCO; -10 to 0°C; aq. NaHSO; (quench); (b1) i-PrOAc,
MeCN, TEA, SOC1y; (c1) i-PrOAc, MeCN, NaOC1; (d1) TEA-3HF, TEA; (e1) HCI (aq)-BaC l-aq; (f1)
5 {PhCO)0, DMAP, MeCN.
The asymmetric hydroxylation in step al) was discovered to be best carried out with sodium

permanganate in the presence of ethylene glycol, sodium bicarbonate in acetone at a temperature of -20 to 0°
C which afforded the diol in 60-64% on pilot piant scale. Starting compound (V) can be obtained from
(18,28)-1,2-hbis-((R)-2,2-dimethyl-[ 1,3]dioxolan-4-y])-ethane-1,2-diol (C. R. Schmid and 1. D. Bryant, Jerry

10 D., Org Syn. 1995 72:6-13) by oxidative cleavage of the diol and treating the resulting aidehyde with 2-
(triphenyl-A’-phosphanylidene)-propionic acid ethyl ester.

The cyclic sulfate (VIi1) can be prepared by cyclization of the vicinal diol with e.g. thionyl chloride in
step b1) and oxidation of the resulting cyclic sulfite (VII) in step c1) to the corresponding sulfate (Vi) with
15 NaOClin the presence of MeCN. It has been found that the cyclic sulfates can be stabilized during
processing by the addition of a trialkylamine such as TEA or DIPEA at 2-10 mole % relative to the cyclic

sulfate. Differential scanning calorimetry (DSC) showed a shift in the onset of decomposition from

20



dl) transforming the sulfate of formula VIII into the fluorohydrin sulfate of 5formula IX el)

decomposing the fluorohydrin sulfate of formula IX into the lactone of 10formula X HO (X) and finally
15fl) acylating the lactone of formula X to form the end product of formula 11 wherein R is phenyl. The
present process can be described with SCHEME A below: (al) acetone-NaMn04 (aq), ethylene glycol
NaHCO3,p1QiehAfehad o NAHREGES kasiensmofbh, bPIKPAS, was Mﬁ&il\b REA). 3QRA2n Y itRRAC, MeCN,
NaOCL; (CTEASHELTEALEMIC) (gl Barraiag, (11) 2 (LHG0R0, DMAR, MSGh: Jbs asumetre

hydroxylation’in Ste Was discovere Carfied Wlt
water aﬁords the fluorohyrin (X). An improved yield of (X} caﬁ be obtained in step el) when BaCl, is

incorporated in the reaction mixture to scavenge the liberated sulfate. Under the acidic conditions
5 concomitant hydrolysis of the acetonide liberates a triol which spontaneously cyclizes to the y-lactone (X).
Contacting {X) with benzoic anhydride and DMAP in step f1) affords the dibenzoate of the lactone XI which
is used in the givcosylation step.
While the benzoyl protecting group (R=phenyl} is preferred, other potential protecting groups
selected from methoxymethyl, methoxyethyl, benzyloxymethyl, ethoxymethyl, trityl, triethylsilyl, t-
10 butyldimethylsityl, t-butyldiphenylsilyl, acyl including acetyl, pivaloyl, benzoyl, toluoyl, 4-phenyl benzoyl, 2-
, 3-, or 4-nitrobenzoyl, 2-, 3-, or 4-chlorobenzoyl, other substituted benzoyl may be applied. The base used
for step f1) includes, but is not limited to the following fist: imidazole, pyridine, DMAP, TEA, DIPEA, 1,4-
diazabicyclo[2,2,2]octane. The solvent used for step f1) includes, but is not limited to acetonitrile, pyridine,
DCM, chloroform, DCE, THF.
15
Examples
The abbreviations used include: 1,2-dichloroethane (DCE), dichioromethane (DCM), di-iso-
propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAPY},
ethanol (EtOH), ethylacetate (EtOAc), methanol (MeOH), methyl (Me), ethyl (Et), isopropanol (IPA),
20 acetonitrile (MeCN), phenyl (Ph), room temperature (rt or R'T), triethylamine (TEA or Et;N), tetrahydrofuran
(THF).
Exampie |
Benzoic acid 3-benzoyloxy-5-(4-benzoylamino-2-oxo-2H-pyrimidin-1-y! }-4-fluoro-4-methyl-
tetrahydro-furan-2-ylmethyl ester (XHI)
25

30



permanganate in the presence of ethylene glycol, sodium bicarbonate in acetone at a temperature
of-20 to 0 C which afforded the diol in 60-64% on pilot plant scale. Starting compound (V) can be
obtained from (1S,2S)-1,2-bisff(R)-2,2-dimethy1-11,31clioxolan-4-y1)-ethane-1,2-diol (C. R. Schmid
and J. D. Bryant, Jerry 10D., Org. Syn. 1995 72:6-13) by oxidative cleavage of the diol and treating the
resulting aldehyde with 2- (triphenyl-X5-phosphanylidene)-propionic acid ethyl esfét. The cyclic
sulfate (VIII) can be prepared by cyclization of the vicinal diol with e.g. thion)((cﬁlé?ide in step hi) and

oxidation of the resulting cyglic sulfite (VI1) in stgp c|) to the correspapdin qug?\LleN(VIII) with 15Na0C1
in the presence of Mecw%iﬁn founo“?f%ﬁ‘c sulfaté’s cax beyStabilized during processing
by the addition of a trialkylamine-‘stith-as TEA or DIPER"at 2=16"mole Jréfalive to the cyclic sulfate.
Differential scanning calorimetry (PSC) showeda shiffin the onset dfdeeomposition from 20

approximately 110 to 180C when 3.5 mole % of DIPEA was added to (VIII). Contacting (VIII) with
triethylamine-trinydrofluoride/TEA in step dl) affords the sulfated fluorohydrin (I)l()_whi?h in the
presence 6 WSROt i atds R fC AR ETaUad laid bR ) h oo ed i &B871 when
BaC12 isisheorpdtatég)in!theraaciionemixtereito soavernge therliseratéd sulfater Wnderthetasidicent
conditiong aeancemitant hydiQlvsis: atihe: Beetanida.linerates.a MiokwhigchsRomangayshveycizes to
the Thlactone (X). Contacting (X) with benzoic arnd?yqude and DMAP gsé(?qokfj ). ag%lﬂs 9tgu,?kollbep%oate
of the lactdfi XPWRIHL GEEATH A8 gl cbayihtbhei@geione ARMIRRYRE bERZS) I brdteeting GEaup"
(R=phenythistpnafereedicoothenpotentiabprotectiiy GrolipsstidstedifomematHmoniatd/ly methesyethyl,
benzyloxyipethyl.Qexumetiybe teitb i athvSHyin to-bARtybdimetylisiyh tbutidipherylsilybuaty!
nclucingagei BUBIoY, banzo ooyl A pflemy Deraorl oo 80,1 LTOPRIEOM 2o o
4-chlorob ‘?b%ﬁ, othar &l SRt BERY Sy ‘}ha%}rbéappiled. THe base’ued for step fl) includes, but is
not litnitedhitottieesfokovringdist4ifitidatiblerpyivdinethpNiamdeTEgQMDIRERa. 1 1) dispapidyelsPignp]octane.
The solvegtpsed fanstepd) dncludes obutigmetdimited toacatenitilepyridinecD6 Mochterpfagm, DCE,
THE 15 Ev?f(eg'fr:p Pllgg L) is added cautiously while maintaining reaction temperature at or below 15°C. The reaction
mixture is then stirred at ambient temperature for ca.l hto ensure hydrolytic decomposition of excess sulfuryl
chloride and the phases are separated. The organic layer is washed with a dilute solution of citric acid
15 (prepared by dissolving 15.5 kg of citric acid in 85 L of water) and then with dilute KOH solution (prepared
by dissolving 15 kg of 50% KOH in 100 L. of water). The organic phase is then concentrated and solvents are
replaced with chlorobenzene (2 x 150 kg) via atmospheric replacement distillation. The resulting solution
containing 30 is dried azeotropically.
A suspension of N-benzoyl cytosine (8.85 kg), ammonium sulfate (0.07 kg) and hexamethyldisilazane
20 (6.6 kg) in chiorobenzene (52.4 kg) is heated to reflux (ca. 135°C) and stirred (ca. 1 h) until the mixture
becomes a ciear solution, The reaction mixture is then concentrated in vacuo to obtain the O-trimethyt silyl-

N4-benzoylcytosin as a syrupy liquid. The anhydrous solution of 30 in chlorobenzene (as prepared) and

stannic chloride (28.2 kg)

25
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The abbreviations used include: | ,2-dichloroethane (DCE), dichloromethane (DCM), di-iso-
propylethylamine (DIPEA),N,N-dimethyl acetamide (DMA), 4-N,N-dimethylaminopyridine (DMA P),
ethanol (EtOH), ethylacetate (EtOAc), methanol (Me01-1), methyl (Me), ethyl (Et), isopropanol (IPA),
20acetonitrile (MeCN), phenyl (Ph), room temperature (rt or RT), triethylamine (TEA or Et3N),
tetrahydrafugam{ TéHE) oxamphe. 1The reaaanzmiﬁaeid ﬁabemeg/hmwoﬁt(mﬁanmyﬂamwed coupling

'T'ﬁfﬁjgéoetezhlg_n O nrg%jége(l %‘2343%@] ete mf%mgte %T Srso IJnBEJ 15 Cﬁl comée?%eghg(fl I&t%% %thure is

owy toaco d s olutio solution (12.53 kg)
and to|uerrﬁ>@1e2103trkayeWFﬁréPﬁﬁ§rH?awﬁﬁ¢Hﬁé yeRdabM e rigePatdis é?‘t&‘i‘%@ﬁﬂﬁd ea ﬂﬁ%ff’%%&ﬁﬂng up to

ambient séaaRenatores(oay) 200) Fihe prodified) REREML(Ireage Nt stuhen30uinkg aulafith®-37°6.kg
pfep%‘fedznﬁkwglgr @ giowhy 198 RISl 50l %9&&&?&%&&&9%@%& A%Q%@@Me@%a

DCM (94.7 alntalnln reaction temperature at or below - er reduction of the %ntone

(monltoréﬁabﬁboifh—%ﬂ%%‘@&‘ﬂ‘@l‘_‘@}e%&ié%é & arﬁ%%ﬁf@ﬁﬁ@tﬁ?ﬂﬁ‘iﬁ%’ﬁi&&”ﬂifbrﬂ‘d’é‘(@@ §&hdded to
the reactianisdixure | Sulfusylickledidentlli864g)iis ¢harddded whilénrhaimtainingoréaatibnltesdpéitature

at or belovgn%% g%J%&%%%%Qme@ﬁ%%aﬁatn%@pngaéﬁsﬁe;&r Mt formation.effhe gh!&mdg [Red for

complete (ca. 4 h) or warmed to ambient temperature (20-25C) and stirred over ﬁg t (ca ). The

reaction rw&w.aé%tewé?a ek abBiit GEbUA RS IO 1R Hadel Catitbhsh i i‘ﬂéii’r?fa?i‘ﬁ‘%‘é to
readtion tgimpesaturehatranielow: 456 afhicfreadtion2nmixtefeds The pratipied:dpachbientiteraperature for

ca.1 h to gnsure AXJEYG Qampg?sm@evgﬁ e85 ulbnshierse anckihe phasesam sengated.

The organic layer is wash egLth a dilute solution of citric acid 15(prepared by dissolving 15.5 kg of
citric ac.odﬁms%ﬁa?w&réﬁtaﬂ&ﬂn@rfit}aﬁwiL&@Kt?ﬁu&Hﬂiﬁ&d“(ér%wé&%%ﬁ%%‘lvﬁn@si%%} bf 50%
KOH in 180rtoef3aaterkichheaofgatiephase is then concentrated and solvents are replaced with
chlorobenzene (2 x 150 kg) via atmospheric replacement distillation. The resulting solution containing

30 is dried azeotropically.
Example 2

- 4-Amino-1-(3-fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-y1)- 1 H-pyrimidin- 2-one (1V)

20 A sturry of XHI (14.7 kg) in MeOH (92.6 kg) is treated with catalytic amounts of methanolic sodium
methoxide (0.275 kg). The reaction mixture is heated to ca. 50°C and aged (ca. 1 h) until the hydrolysis is
compiete. The reaction mixture is quenched by addition of isobutyric acid (0.115 kg). The resulting solution
is concentrated under moderate vacuum and then residual solvents are replaced with IPA (80 kg). The batch
is distilled to a volume of

25

30
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A suspension of N-benzoyl cytosine (8.85 kg), ammonium sulfate (0.07 kg) and hexame hyldisilazane
20(6.6 kg) in chlorobenzene (52.4 kg) is heated to reflux (ca. 135C) and stirred (ca. 1 h) until the
mixture becomes a clear solution. The reaction mixture is then concentrated in vacuo to obtain the
O-trimethyl silyl- N4-benzoylcytosin as a syrupy liquid. The anhydrous solution of 30 in chlorobenzene
(as prepaerae%b) @nd“lﬁ@é&ﬂiﬁr@'ﬂﬂl‘liﬁiﬁs @B I&%&e%o@l@ aﬁﬁ&f@ﬂ@@&d@s‘hbﬂﬁ%&ﬁﬁ(ﬁiﬂdg@ﬁ (r@agui@.n'm%tgre
is maintained at about,70C until t sired coupling reaction i e (ca. 10 h) as.determined by
in proces%r?ﬁisﬁ%&?%ﬁ%iﬁl Céésn%sﬁlfg&?gr% Tt gartéoanét‘%ﬁgﬁclll%ﬁ%ﬁg‘ g%?e%oﬁgﬁ%?gﬁ ?gr%\b%rﬁzj%re(t%ﬁaa difited
with DCMo(@FardkeyoReiS§alatioh! Fveddettstysd sUSpehsipiodf solid NaHCO3 (47 kg) and CELITEO (9.4
kg) in DCM (100.6 kg). The resulting slurry is cooled to 10-15C, 5and water (8.4 kg) is added slowly to
quené:h ttée re cet'gon mixture. The resulting suspension is very slowly (caution: gas evolution) heated to
reflux (ca—’%!@?n. d maintained for about 30 min. The slurry is then cooled to ca. I5C, and filtered. The
filter cake is rep@&téRiA rédRirdiddlingon! Gdicro-3-aHd fitdied orie-sithimeer fmiansiethyl ester
concentratggl under atmospheric pressure (the distillate collected in the process is used for reslurrying
the filter cake) until the batch temperature rises to about 90C and then allowed to cool slowly to
10about -5C. The resulting slurry is aged for at least 2 h at -5C. The precipitated product is filtered and
washed witinPA°(30 kg + 20 kg), andFay ied in vacuo at about 70C to afford 8.8 kg (57.3%) of |
-(2- deoxyeZ-flyoro-2-methyl-3,5-0-dib€nyoyL{3-D-ribotbranosyl)-N-4-benzoylcytosine (14, CAS Reg
No. 817204-32°3)which wa$ 99.3% pure®&"I15Exam HgthA-Amino-l-(S-fl uoro-4-hyd
roxy-5-hydroxymethyI-3-inethyl-tetrahyd rojéyan- =%%2-1H-pyri mid i n- 2-one (1V)

v COE Vi

10
A suspension of V (10 kg, CAS Reg. No. 81997-76-4), ethyiene glycol (11.6 kg), solid NaHCO;(11.8

kg) and acetone (150 L) is cooled to ca. -15° C. A solution of 36% aqueous NaMnO4 (19.5 kg) is charged
siowly (over 4 h) to the suspension maintaining reaction temperature at or below -10°C. After stirring for 0.5
h at -10° C, an aliquot of the reaction mixture (ca. 5 mL) is quenched with 25% aqueous sodium bisulfite (ca.

15 15 mL). A portion of resulting slurry is filtered and submitted for GC analysis to check the progress of the
reaction. When the reaction is complete, the reaction mixture is quenched by slow (over 40 min) addition of
cooled (ca. 0°C) 25% aqueous NaHSO; (60 L). The temperature of the reaction mixture is allowed to reach
4°C during the quench. CELITE® (ca. 2.5 kg) is then slurried in acetone (8 kg) and added to the dark brown
reaction mixture. The resulting slurry is aged at ambient temperature to obtain light tan siurry. The slurry is

20 filtered, and the filter cake is washed with acetone (3 x 39 kg). The combined filtrate is concentrated by
vacuum distillation {vacuum approximately 24 inches of Hg (ca. 810 mbar); max pot temperature is 32°C) to
remove the acetone. The aqueous concentrate is extracted with EtOAc (3 x 27 kg), and the combined organic
extracts were washed with water {25 L). The organic phase is then concentrated by atmospheric distillation
and EtOAc is replaced with toluene. The volume of the batch is adjusted to ca. 20 L. Heptane (62 kg) is

25  added and the batch cooled to ca. 27° C to initiate crystallization. The

36
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20A slurry of X1l (14.7 kg) in Me014 (92.6 kg) is treated with catalytic amounts of inethanolic sodium
methoxide (0.275 kg). The reaction mixture is heated to ca. 50C and aged (ca. 1 h) until the hydrolysis
is complete. The reaction mixture is quenched by addition of isobutyric acid (0.115 kg). The resulting
solution is concentrated under moderate vacuum and then residual solvents are replaced with IPA (80
kg). The hatshs i distird to-avalumepidi carbght aThe esulingdshysfisheaiashtd ¢ah80% and
then Coole IO .02 R AKL 900 (68 2 0 TNE BYSIRIASY gt solRted Blieaton,
washed with IPA (16.8 g ddrled In an oven at 70C in mew) to afford 6.26 kg (88.9%) of 18 which
assayed ‘&?‘%WS%I‘WFQ S’Example 3
(2S,3R)-3-1(4R)-2,2-dimethy1-[l,3]dioxolan-4-y11-2,3-dihydroxy-2-methyl-propionic acid ethyl ester
(V1) 510 rxahyguspension of V (10 kg, CAS Reg. No. 81997-76-4), ethylene glycol (11.6 kg), solid
NaH and acetone (150 L) is cooled to ca. -15 C. A solution of 36% aqueous NaMn04
(19.5 kg) is cha %)éﬂ'%mﬂ [bosr-armydierne SuspensEr Mt antig rEadiiBh tetpetiture at or below
-1 OC. After stirring for 0.5 h at -10 C, an aliquot of the reaction mixture (ca. 5 mL) is quenched with
25% aqueous sodium bisulfite (ca. 15 15 mL). A portion of resulting slurry is filtered and submitted for
GC analysis to check the progress of the reaction. When the_reaction is complete, the reaction mixture
is quenchéd by.slow (over 40 min) addition ooled (ca. 0C) 25% aqueous NaHS03 (60 L). The
temperatusreOf the/reaction mixture is gdlewed tg reach 4C during the ncho CELKTES (ca. 2.5 kg) is
then slurried irracstone (8@4( )Eandaad ed tosthe'dark br@%m r actlon Wesultmg slurry is
aged at ambient te Gre to obtair light tan s <the sl rry is 20filtere 'the filter cake is
washed with acetine (3 x 39 kg). The [copebiiied filtrate is concentrated bysvacutim distillation (vacuum
approximately-24-inches df Fig (ca. 81 mbar)> &R pot temperature is 3 remove the acetone.
The aqueous CORGERtaLe is ce)(tracted with EtOAc (3 x 27 kg), and the combingd brgdhic extracts were
washed with water (25 L). The organic phase is then concentrated by atmospheric distillation and

EtOAc is replaced with toluene. The volume of the batch is adjusted to ca. 20 L. Eleptane 562 kg) is

25added Bt {8 bafcAreodren o ehworebaigr dntide IS S taiZatisAp T ety (28.0 kg), MeCN (3.8 kg
and TEA (5.4 kg). The mixture was cooled to 5-10°C, and thionyl chioride (3.2 kg) was added slowly while

cooling the solution to maintain the temperature below 20°C.  The mixture was stirred untit no starting
material was left (GC analysis). The reaction was typically complete within 30 min after addition is

15 complete. To the mixture was added water (9 kg) and after stirring, the mixture was allowed to settle. The
aqueous phase was discarded and the organic phase was washed with a mixture of water (8 kg) and saturated
NaHCO; (4 kg } solution. To the remaining organic phase containing Vil was added MeCN (2.5 kg ) and
solid NaHCO; (3.1 kg). The resulting slurry was cooled to ca. 10°C. Bleach (NaOCl solution, 6.89 wit%
aqueous solution, 52.4 kg, 2 eq.) was added slowly while cooling to maintain temperature betow 25°C. The

20 mixture was aged with stirring over 90-120 min at 20-25°C, until the reaction was complete (GC analysis).
After completion of the reaction, the mixture was cooled to ca. 10°C and then quenched with aqueous Na,S0;

solution {15.1% w/w, 21 kg) while cooling to maintain lemperature below 20°C. The

25

30
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batch is then cooled to -10 C. After aging overnight at -10 C, the product is filtered, washed with 10%
toluene in heptane and dried at 50C under vacuum to afford 6.91 kg (59.5%) of VI (CA RN
81997-76-4) as a white crystalline solid. 5SExample 4
(3R,4R,5R)-3-Fluoro-4-hydroxy-5-hydroxymethy1-3 -methyl-di hydro-furan-2-one (X1) I O Steps | & 2 -
A dry, clegenviesisehwias chargedwilieivl (6:Qik0) cisopiepyliacetateo(2800rkg)ic MEGIN 1881 kgjcamd TEA

(5.4 kg). z;ll_ Q%ﬁ‘ %t%t e‘,’vﬁﬁﬁﬁgle%%r@sgﬂrgtgd Qﬁqh%équ%lgglggégﬁs @Sgam}i% 3 ﬁg Q%leay\@zlt@md

cooling the solution to maintain the temperature below 2 e mixture was stirred until no starting

material WASTER (BB MR QL LR TH v ardorurird TG SeBpI&te ihifea o A arer Y daE T &
15completeuibothekmixifEwaxaddedvasateie{Iokgy anenaftarastinriadctheuringsrenvasyallOUedito

settlg. The.a H%ﬁﬁ&@j@gﬂ&%ﬁ@ﬁd&a;@a}qgﬁherperge@_@ésr%@%g@@aim%b%ipwisbeam e.Qf water

(8 kg) and saturated Na 3 (4 kg ) solution. To the remaining organic phase contalnlng Il was
added MEEBRITZ YT ARG SN NaHe eS8 s PRE) MHHE PSR It Was Cosled 5°¢a 1 0 Bleach
(NaOC1 sdiiition Byt @qircbuscspition, $2 45Ky B edl)rwss laddedislony wHildicooling td A
maintain tamperaiure RElOW LR TG A0MIKIHIE WS AGRG NItR IRl TERE.AYGE 90-420 i 3120525 C.

until the reaction was complete (GC analysis_,f). After completion of the reaction, the mixture was cooled
to ca. 108 HHHGHER QUEHTheSWith Aylests’ 2503 solution (15.1% wiw, 21 kg) while cooling to

maifitain temperature below 20C. The 25 30 quenched reaction mixture was filtered through a
cartridge djlies torremQug Inasaanis selids.the filtiale was alloyveditorsettle and:phasas are separated

and the agueous phase is discarded. The organic laygr was ywashed first with a mixture of water (11 kg
ol SedTACA NEHE 4 SOOI (4 RS AR O Saradoe RSO TSR (B RAY P
(220 mL)pwasaddd teathiendry&iic phadbeasmdtipe rasultmiescioniohilas Titkeed Susksddn CELITE(r)
(bag filter}jintecacleandium: Thadeactarwas rinsed with iserrenylacetate (f-kerantdheadinse is

transferred to the drum. The o ic phase was then concentrated under yacu . 850-9 bar
it A P CHEE A o R, 4E BB SR O 20 A0 R o
DIPEA (78@ ralujtinasusicideidrame hiesbisabent A6 Bt drivwake conthipeti ke émiperating B0v55C)
until no meg digtiliatacvas eolleciads Batohhyaldmestany bhropanol (119 kg ) while distilling off the
azeotropic mixture (internal batch temperature ca. 85-90°C). To the residual suspension was added toluene

(33 kg ) and vacuum distillation was continued to distill off residual n-propanol (and traces of water) to a

20 minimum volume to afford X.

Step 4 - To the residue from step 3 containing X was added MeCN (35 kg) and ca. 151 was distilled out

under atmospheric pressure. The reaction mixture was cooled to ca. 10°C and then benzoyl chloride (8.27 kg)

and DMAP (0.14 kg) are added. TEA (5.84 kg) was added slowly to the reaction mixture while cooling to
25  maintain temperature below 40°C. The batch was aged at ca. 20°C and the progress of the benzoylation is

monitored by HPLC.
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10 Step 3 - To the concentrated oil from step 2 containing VIII was added TEA (2.34 kg )and
TEAtrihydrofluoride (1.63 kg). The mixture was heated to 85C for 2 h. The batch was sampled to
monitor the progress of the reaction by GC. After the reaction was complete conc. HCI (2.35 kg) was
added to the mixture and the resulting mixture heated to ca. 90 C (small amount of distillate collected).

The reacligg; Je@ﬂﬂ?@%ﬁdﬂ@s% %ll’:Eﬁﬂ 3402 9D Ghar3Q4min @Q%%%@&HH@I@Q@&H@Q&@@M@@NUtion

(18.8 kq) was he (esy sus ension wa stirre at abo The resulting mixture
bt RN T e b S e R L P
) while distifiirg ioff ke cazbotrbsi eqhﬂmhfe“(amem‘aﬂ trte Fafadebattre Idg. C@@@G@)ﬁftreqheireeﬁaﬁal

suspensiqe-Wasadded-iiuenavase) @ angwmmmm@mmmt@ eslitadistilt offqaidual
n- pr%pan?Léand traces of water ? r29n]nn|m V‘g‘il_% %szogd X. S eR4 - To the residue frem step

3 containing %%N}fép asé?e‘ﬁawe Pt ﬁeéonc n racferug I%(S%O eetr}/gcp}le%sure

The reactivi:niRtLreWad b olédgo e, aﬁ@@ @ﬁb?t‘ﬁ@ﬁeb%ﬁ?@yﬁ @h{éﬁé@(@lsﬁlk@)@ﬁaomﬂméﬂ4. kg)
are addegod&A £8:84 Ke)wasirddrehglevdy tatheareactianmidurewhilecoalingrtoigBmaiitaine

temperature below 40C. The batch wa, t ca.20C an%th progress of t enzo | ton IS
montoredl 55 L CU 4 A o o e b PR SO P Aehgs BT AS 2
the resulﬁ‘ﬁgf@%ﬁfbﬁ@nw %mféalqidﬁeaédak@e fﬁ%ﬂh@%&r@ﬁéﬁ Wﬁxﬂw waeﬂrﬁeve@ flifdughtato
CELITES:pad fusing @omutseherfileRiteemavesmganicsalts.The solid cake was washed with EtOAc
(38 kg). The combined filtrate and washes were washed successively with water (38 kg), saturated
NaHCO3 solution (40 kg) and saturated brine (44 kg). 5 The organic phase was polish-filtered (through
a cartridge filter) and concentrated under modest vacuum to minimum volume. IPA (77 kg) was added
to the concentrate and ca. 25 L of distillate was collected under modest vacuum allowing the internal
batch temperature to reach ca. 75C at the end of the distillation. The remaining solution was then
cooled to ca. 5C over 5 h and optionally aged overnight. The precipitate was filtered and washed with
of cold (ca. 5C) IPA (24 kg). The product was dried under vacuum at 60-70C to 10afford 6.63 kg
(70.7% theory of XI which was 98.2% pure by HPLC. Claims
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1. A process for the preparation of 4-amino-1((2R,3R,4R,512)-341u010-4-
hydroxy-5-hydroxymethy1-3-methyl-tetrahydro-furan-2-y1)-1H-pyrimidin-2-one of formula comprising
a) transforming an (aryflalkanoic acid (2R,3R,4R)-2- (arypalkanoyloxymethy1-4-
fluoro-4-methy1-5-oxo-tetrahydro-furan-3-y1 ester of formula 11 R(0=)C00 0 Me R(0=)COF wherein R
is aryl or alkyl into an (aryl)alkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy
methy1-5-chloro4-fluoro-4-methyl-tetrahydro-furan-3-y1 ester of formula Il R(0=)CO-Thscrivi C1 a
R(0)CO wherein R is aryl or alkyl,

Claims
1. A process for the preparation of 4-amino-1-((2R,3R,4R,5R)-3-fluoro-4-
hydroxy-5-hydroxymethyl-3 -methyl-tetrahydro-furan-2-yl)-1H-pyrimidin-2-one of

formula
NH,
N
.
HO—, o o
-~ - Me ‘iv}
HO F
 comprising

a) transforming an (aryl)alkanoic acid (2R,3R 4R)-2~
(aryDalkanoyloxymethyl-4- fluoro-4-methyl-5-oxo-tetrahydro-furan-3-yl ester of

formula 11
RIO=ICO\_O__o
—\S_Ev!e
RO=ICO  F
()
wherein R is aryl or alkyl

into an (arylalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy methyl-5-chloro-
4-fluoro-4-methyl-tetrahydro-furan-3-y1 ester of formula III

RIO=ICO\ 0 ¢y
Xope

RO=ICO  F
(i

wherein R is aryl or alkyl; ,
b) converting the (aryl)alkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy
methyl-5-chloro-4-fluoro-4-methyl-tetrahydro-furan-3-yl ester of formula I into an

(aryDalkanoic acid (2R,3R,4R,5R)-3 ~(arylalkanoyloxy-35-(4-benzoylamino-2-0xo-

16



b) converting the (arypalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy
methy1-5-chloro-4-fluoro-4-methyl-tetrahydro-furan-3-11 ester of formula 11l into an (arypalkanoic acid
2H-pyrimidin-1-y1)-4-fluoro-4-methyl-tetrahydro-fural-2-ylmethyl ester of formula wherein R is aryl or
alkyl and Bz is benzoyl and c¢) hydrolyzing the (arypalkanoic acid
(2R,3R,4R,5R)-3-(arypallcanoyloxy-5-
(4-benzoylamino-2-oxo-2H-pyrimidth-1-y1)-4-fluoro-4-methyl-tetrahydro-furan-2- ylmethyl ester of
formula I to afford 4-amino-14(2R Ry 5 < - -3.vimethvl ester of formula
hydroxy-5-hydrox;gtn&(?éﬁﬂr)}’flEl %éﬁ%%ﬁ%@%ﬁlﬁﬁ%ﬁ -1ll§gyﬁrﬁigin-%tflgne of formula IV 2.
Process according to claim 1, characterized in that R has the meaning of phenyl. 3. Process
according to claim 1 or 2, characterized in that the transformation in step a) comprises a reduction in
the presence of a reducing agent and a subsequent chlorigation in the presence of chlorinating agent.
4. Process according to claim 3, characterized in that the cing agent is sodium
bis-(2-methoxyethoxy)(2,2,2-trifluoro-ethoxy)aluminum )’&;I%Eie 5. Process according to claim 3,
characterized in that the chlorinating agent isé&i&&en foul sufturyl chloride, thionyl chloride or
phosphorus oxychloride 6. Process according to claiBe characterized in that the chlorinating
agent is sulfuryl chloride in the presence of cataiygig@®nmuis of tetrabutylammonium bromide. 7.
Process according to claim 1 or 2, characterized in that me conversion in step b) comprises reacting
the (arypalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy
methy1-5-chloro-4-fluoro-4-methyl-tetrahydro-furan-3-yl ester of formula Ill with O-trimethyl

‘silyl-N4-benzoylcytosin in the presence of a Lewis ggitl,v1 ang8- Process according to claim 1 or 2,
characterized in tha f’ﬁ%uhg]d?o efo;;ﬁ?? [ 2

sis In step c) Is performed in the presence, of a e. 9. Process
according to claim 1, consphEmglrag s {raY WWI@I&Q%&%&”S"{WB%HWMW 5
(2R, 3R 4R)-2-(aryfalisaneyissynetbut oA Auproihidiethyllb4 dkemtettamptinl-figraingipt fame2of formula
1R(0=)CO yimethyl ester of formula I to afford the 4-amino-1-((2R,3R 4R,5 5 R)-3-fluoro-4-
hydrexy-5-hydroxymethyl—3—methyi-tetrahydro-ﬁlran—z-yl)- iH—pyri_midimZ—one of

formula IV

2. Process according to claim 1, characterized in that R has the meaning of

phenyl.

3. Process according to claim 1 or 2, characterized in that the transformation
in step a) comprises a reduction in the presence of a reducing agent and a subsequent

chlorination in the presence of chlorinating agent.

4. Process according to claim 3, characterized in that the reducing agent is

sodium bis-(2-methoxyethoxy)(2,2,2-trifluoro-ethoxy)aluminum hydride

5. Process according to claim 3, characterized in that the chlorinating agent is

selected form sulfury! chioride, thiony! chloride or phosphorus oxychloride
6. Process according to claim 5, characterized in that the chlorinating agent is

sulfuryl chioride in the presence of catalytic amounts of tetrabutylammonium

bromide.
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R(0=)CO wherein R is phenyl, comprising the steps of al) transforming the
(E)-34(8)-2,2-dimethy141,31dioxolan-4-y1)-2-methyl-acrylic acid ethyl ester of formula V Me3e..0
COzEt (V) into the (28,3R)-3((R)-2,2-dimethy141,31dioxolan-4-y1)-2,3-dihydroxy-2- methylpropionic
acid ethyl ester of formula VI MemMe CO2Et HO 01-1 bl) converting the
(2S,3R)-3-((R)-2,2-dimethyl-(1,31dioxolan-4-y1)-2,3-dihydroxy2-methyl-propionic acid ethyl ester of
formula VI into the sulfite of formula VIl Mav Me 0 ,* 002Et (VII) ,

7. Process according to claim 1 or 2, characterized in that the conversion in
step b) comprises reacting the (aryDalkanoic acid (2R,3R 4R)-2-(aryDalkanoyloxy
methyl—s-chloro-4-ﬂuoxo-4-methyl—teuahydro-ﬁ1ran—3—y! ester of formula I with
O-trimethy! silyl-N4-benzoylcytosin in the presence of a Lewis acid.

8. Process according to claim 1 or 2, characterized in that the hydrolysis in

step ¢) is performed in the presence of a base.

9. Process according to claim 1, comprising the preparation of an
(aryDalkanoic acid (2R,3R,4R)-2—(aryi)alkanoyloxymethyl-dt-fluoro-4—mcthyl-5-
oxo-tetrahydro-furan-3-y! ester of formula 11

(RO=ICO 0o

ROO=CO  F

(1

wherein R is phenyl,
comprising the steps of
al) transforming the (E)-3-((S)—2,2-dimethyl-[1,3]dioxoian~4»y1)-2-methyi-acrylic

acid ethyl ester of formula V

into the (28,3R)-3-((R)-2,2-dimethyl-{1,3]dioxolan-4-y1)-2,3-dihydroxy-2-

methylpropionic acid ethyl ester of formula VI

18



-0 cl) further reacting the sulfite of formula VIl to the sulfate of formula VIII Me o Me CO,Et .:8. 00 dI)
transforming the sulfate of formula VIII into the fluorohydrin sulfate of formula IX Me 0 MeX..,CO2Et ic
Me C.".’s.:43F 0 0- Et3HNI" (IX)

Me O
MeX()tlt ME
—£=CO,Et
HO OH
v

bl) converting the (ZS,3R)-3-((R)-2,Z-dimethyl-{I,3]dioxolan—4-yl)-2,3-dihydroxy-
2-methyl-propionic acid ethyl ester of formula VI into the sulfite of formula ViI

Ma O

Mﬁ)g“ E Me
COEt  (vil)

= )

¢1) further reacting the sulfite of formula VII to the sulfate of formula VI1II

MB)(()" E KMe
COEL (vl

S
o "o
d1) transforming the sulfate of formula VIII into the fluorchydrin sulfate of formula

X

M&O

Me)g. . CO.Et
o ~Me

39 F
O 0" EtHNT
{IX)

e1) decomposing the fluorohydrin sulfate of formula IX into the lactone of formula

X

19



el) decomposing the fiuorohydrin sulfate of formula IX into the lactone of formula X 0 0 Ht5 (X) and
finally fl) acylating the lactone of formula X to form the end product of formula Il wherein R is phenyl

- 10. Process according to claim 9, characterized in that the transformation in step al) is performed
with sodium permanganate in the presence of ethylene glycol and sodium bicarbonate. 11.
Process according to claim 9, characterized in that the transformation in step bl) is performed with
thionylchloride. 12. Process according to claim 9, characterized in that the transformation in step
cl) is performed with sodium hypochlorite. 13. Process according to claim 9, characterized in that
the transformation in step dl) is performed with a trialkylamine.14. Process according to claim 13,

characterized in that triethylamine together with tHRt istrinydrofluoride is used. 5. Process
according to claim 9, characterized in that the decompositme in step el) is performed with barium

chloride in water. 16. Process according to claim 9,kgharaiterized in that the acylation 5 in step fl) is
performed with benzoic anhydride. 17. The process as {tl(()areinbefore described.

and finally
f1) acylating the lactone of formula X to form the end product of formula II wherein
R is phenyl '

10. Process according to claim 9, characterized in that the transformation in
step al) is performed with sodium permanganate in the presence of ethylene glycol

and sodium bicarbonate.

11. Process according to claim 9, characterized in that the transformation in

step b1) is performed with thionylchloride.

12. Process according to claim 9, characterized in that the transformation in

step ¢1) is performed with sodium hypochlorite.

13. Process according to claim 9, characterized in that the transformation in
step d1) is performed with a trialkylamine.14. Process according to claim 13,
characterized in that tricthylamine together with triethylamin-trihydrofluoride is
used.15. Process according to claim 9, characterized in that the decomposition in
step el) is performed with barium chloride in water.16. Process according to claim
9, characterized in that the acylation 5 in step f1) is performed with benzoic

anhydride.17. The process as hereinbefore described.
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