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The present invention relates to an improved process for the preparation of 4-amino-1-
{(2R, 3R, 4R, 5R)-3-fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydrofuran-2-y1)-1 H-pyrimidin-}one of

the formula

HO— o
X W

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 X[1] and XIV.



HON O (I'V) NC, F which avoids the drawbacks known in the art. Summary

In one aspect, there is provided a process for the preparation of

4-am no- 1-

((2R, 3R, 4R 5R) - 3-f | uor o- 4- hydr oxy- 5- hydr oxynet hy1- 3- met hyl -t et r ahydr o- f ur an
-2-yl)- 1Hpyrimdin-2-one of fornmula conprising e @) transformng an

(aryl)allcanoic acid (2R 3R 4R -2 (aryl)al kapoy] oxymet[hyl-
4-fluoro-4-nethyl-5- dﬁ%hyd[“g&jﬂwﬂan- 3°—%$€ﬂ‘“ of'«ai.mula 11 wherein R
is aryl or alkyl i ntoo—gh’ (arydsyal kanoi c acier — F—

(2R 3R 4R)-2-(aryl)al | cahayloxy methyl-5- =5 %

chl oro-4-fluoro-4-nethyl-tetrahydro-furan-3-yl ester of fornula ITT
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An object of the present invention is to provide an improved and scalable process for the preparation

&
O F
Xy

of 4-amino-1-({2R,3R,4R,5R)-3-1] uoro—4—hydroxy—5—hydroxymethy}~3-methy!-tetrahydro-furan-.’).-y})—1H~

pyrimidin-2-one of the formula

which avoids the drawbacks known ir: the art.



wherein Ris aryl or alkyl; b) converting the (aryl)al kanoic acid

(2R, 3R, 4R) - 2- (aryl ) al kanoyl oxy

‘met hy1-5-chl oro- 4-fl uor o4- net hyl -t et rahydro-furan-3-yl ester of formula I1l]
into an (mypallcanoic acid

(2R 3R 4R, 5R) - 3- (aryl ) al kanoyl oxy- 5- (4- benzoyl am no- 2- oxo2H pyri m di n-1-y1)
-4-flyoro-4--nmethyl-tetrahydro-furan-2-ylnethyl ester of fornmula | NHBz
() ﬁé%%% Ris aryl or alicyl and Bz is benzoyl and c) hydrolyzing

the (aryealikasn Qsp@@ﬂ dhdré Rs 3o éiRebR) pr%ceisafoyhhéﬂ;k@ﬂ@addﬂxyf G=amino-1-
(4- benzoyl am no- 2- oxo-2H-pyrimdin-1-y1)-4-fluoro-4-
et Pyl (16 RefRy B o3 Pl VOSSPt m b odror e

4- am

((2R, %Ewwmg?qeuogrf% TRy dr oxy- 5- hydr oxymet hy1- 3- met hyl - t et r ahydr o- f ur an
-2- yl)-1Hpyrimciin-2-one of formyla IV. Detailed Description of

| nventi on

Sy

- comprising

2) transforming an (arylalkanoic atid (2R,3R,4R)-2 (arvlalkanoyloxymethyl-
4-fluoro-4-methyl-5-oxo-tetrahydro-furan-3-yl ester of formula II

R{O=)20 '
{O=) 5 s
) Me

R[Om)cd‘\\\\ ’ a”;: . (II)
wherein R 1s ary! or alkyl

into an (aryl)alkanmc acid (ZR.?:RAR) -2-(aryhalkanoyloxy methyl-5-
chloro~4~ﬂuoro-4-methy1—tetrahydro-furan— 3-y1 ester of formula Il

=3 e
R(O=)CO o
Ci
i e

\.
=

REmes @
wherein R is aryl or .alkyl;
b) converting the (aryljalkanoic acid (2R,3R 4R)-2-(aryl)alkanoyloxy
methyl-5-chloro-4-fluoro-4-methyl-tetrabydro-furan-3-yl ester of formula III into an

(aryl)alkanoic acid (2R,3 R,4R,5R)-3-(aryl)alkanoyloxy-5-(4-benzoylamino-2-0x0-
2H-pyrimidin-1-yl}-4-fluoro-4-methyl-tetrahydro-furan-2-ylmethyl ester of formula I

2a



The process of the present invention conprises a)transform ng an

(arypal kanoi ¢ acid (2R, 3R, 4R) - 2- (arypal kanoyl oxynet hy1-4-f| uor o- 4-

met hyl - 5- oxo-tetrahydro-furan-3-yl ester of formula Il M R(Or:)CO(_II)
‘wherein Ris aryl or alkyl Into an (aryl)al kanoic acid

(2R 3R 4R) 22- (arypal kanoyl oxy met hyl-5-chl oro-4-f 1uoro- 4- net hyl -
tetrahydro-furan-3-yl ester of formulawkil wherein Ris aryl or alkyl;

Ty

S
XY

R{O=JCO\\\¢‘ = (Ij
wherein R is aryl or alkyl and Bz is berzoyl and

¢} hydrolyzing the (aryl}alkanoic acid (2R, 3R 4R, 5R)-3- (aryl)alkanoyioxy 5-
(4-benzoylamine-2-oxo-2H-pyrimidin-1-yl)-4-fluoro-4- ,
- methyl-tetrahydro-furan-2-ylmethyl ester of formula I to afford the 4-amino-1
((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5 -hydroxymethy1'-3" -methyl-tetrahydro-furan-2-
y1)-1H-pyrimidin-2-one of formula IV.

Detailed Deseription of Invention

The process of the present invention comprises
Ca) transforming an (arylalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxymethyl-4-fluoro-4-

| methyl-5-oxo-tetrahydro-furan-3-yl ester of formuia I1

NP
| S

-

RO=CD  F

RCH
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b) converting the (aryl)al kanoic acid (2R 3R 4R)-2-(aryl)al kanoyl oxy

nmet hyl - 5-chl oro-4-fl uoro-4- nethyl-tetrahydro-furan-3Yl ester of formula
1l into an(aryl)al kanoi ¢ acid (2R, 3R, 4R, 5R) 23-

(ar y\jl})e@ir{<§rigqy>hgmk)5-(4- benzoyl am no- 2- oxo- 2Hpyri m di n-1-y1)-4-fl uoro-4-meth
yl -tetrahydro-fhran-2-yl t f s . rekRniR 1s aryl

or al kyl Tdpgp @%l)ﬁléafﬁgﬁﬁ’dﬁggé"&k??ﬁ@%}kg O)}'Tz(l?%g% éthglei %érblél)f%aﬁ);noi cﬁaci d

(2R B3R fRoFMhn-8-y( &ty Bablkanoyiloxy- 5- (4- benzoyl ami n0- 2- 0x0-

2H-pyrim di n-1-y0-4-fluro-4-nethyl-tetrohydro-furan22-yl nethyl ester of
formula Ito afford the 4-am no2l- ((2R 3R 4R 5 5

R) - 32f | uor o- 4- hydr oxy- 5- hydr oppgtinel - 8- net hyl -t et rahydro-furan-2-y1)-11-1-
pyrimdin-2- one of formula IV. The t¥r céfryl)al kanoi ¢ acid as used herein
refers to a group RCO2H wherein Ris gt F al kyl or aryl as those terns
are defined herein. Correspondi i§P§icChe Ferm (aryl)al kanoic ester refers to
a group RCO2R where R is either alkyl (%r aryl. Most typically the R
represents the 3' and/or 5 positi on(sg“ of a ribose ring. The terns
"(aryl)al kanoyl " and "ﬁ(alr_yl ) al kanoyl oxy" refer to the groups RCO and RCOO-

respect i vali§en e e R4 as” descri bed previously, The term i
b} converting the (aryhalkanoic acid (2R,3R,4R)-2-(aryl)alkanoyloxy methyl-5-chloro-4-fluoro-4-

methyl-tetrahydro-furan-3-yi ester of formula TH into an{aryDalkanoic acid (2R,3R,4R,5R}-3-
(ary1)a1kanoyioxy-5—(4-benzoy§amino-2—0xo~2Hpyrimidin—1myi)—4-ﬂu0r0«4~methyl~tetrahydro—ﬂlran«2~y§
methyl ester of formula [

WHBZ

l NAD

R{G#}CG e
—UMQ

RO=)CC F
Ui

wherein R is aryl or alkyl and Bz is benzoyl and

¢) hydroiyzing the {aryl)alkanoic acid (2'R,3R,4R,5R)~3-(aryl)aikanoyloxy-S—(4~beﬂzoyiamino—z-oxo-
2H.~pyrimidin-i—yl)~4—ﬂuro—4—methyl—tetrohydro~furan—2—yimethy1 ester of formuia I to afford the 4-amino-1-
((2R,3R,4R,53 R)—3—ﬂu0ro—4—hydroxy-5—hydroxymethyl—S-methyl—tetrahydr0~furan~2-yi)—1H_-pyrimidin~2—
one of formulaTV. _

The term (aryl)alkanoic acid as used herein refers 1o a group RCO,H wherein R is either alkyl or aryl
as those terms are defined herein. Correspondingly the term (ary.i)alkanoic ester refers to a group RCO,R’

 where R is either alkyl or aryl. Most typically the R’ rebresents the 3 and/or 57 position(s) of a ribose ring.

The terms “(ary}alkanoyl” and “(aryljalkanoyloxy” refer to the groups RCO- and RCOO- respectively, where

R is as described previously, The term



WO 2008/ 045419PCT/ US2007/ 021548 " (aryl)al | canoyl oxynet hyl " group refers a
group RCOOCI -12- where R is as described previously. The term"allcyl" as
used herein denotes an =branched or branched chain, saturated, nonoval ent
hydr ocar bon residue containing 1 to 10 carbon atons. The term"aryl" as
used herein refers to phenyl group. In a preferred enbodi nent of the

present iwyensidamoR has the neaning of phenyl. |n gen@CACS2HE2IFEnencl at ure
used in this Application is based on AUTONOMImv. 4.0, a Beilstein Institute
conputeri zed systemfor the generation of | UPAC systematic nonenclature. |f
there is a di'screpancy between a depicted structure. and a nane given that
structure, the depicted structure is to be accorded nore weight. In

addition, if the ster §Q§r 15 QRferdla RUQUCHN- whepoR isaon of a
structure is %%fhﬁﬁﬁ?ﬁg e_ﬁ%?t%%M?or exgﬁp e,” bold or dashed lines, the
structure or deswibedprevibutlthe structure is to be interpreted as enconpassing

al | stereoi SONEr s 4@f it “allcyl” as niddScteirnnabes amtibmmnched ertberched B¥hpri ses a
| ﬁd?ﬁtel 8?6'52;?25%&[ gﬁﬁg&ﬁq&y ; dgﬁis@&m%%%mgﬂ%%%%é@%ﬁm chlorinati on
. The term "aryl" as used herein refers o phenyi group.

In a preferred embodiment of the present invention R. has the meaning of
phenyl.

In general, the nomenclature used in this Application is based on
AUTONOM™ v.4.0, a Beilstein Institnte computerized system for the generation of
.IUPAC systematic nomenciature. If there is a discrepancy between a depicted

* structure and a name given that structare, 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 str_ucture or
-por.tion of the structure is to be interpreted as encompassing ail stereoisomers of it.

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 redﬁcing agent is sodium bis-(2-methoxyethoxy) (2,2,2-
niﬂuomethoxyj aluminum hydride which is commercially available under the
- gadename RedAl® as a solution in toluene.

The reduction usually takes place in an organic solvent such asin a
vhalogenated hydrocarbon like dichlorc;méthane at a reaction temperature of below
'O°C, preferably below -5°C.

Adfter completion of the reduction the reaction mixture is subjected to the

chiorination reaction.’ o
- The chlorinating agent is as a rule selected from sulfuryl chloride, thionyl
chloride or phosphorus oxychloride. ‘

Preferably sulfuryl chloride in the presence of catalytic amounts of tetrabutyl

ammoniaﬁ:n bromide is used. _ .

The chlorination is expediently performed ata reaction temperature between

| Q°C and 40°C.

The (aryDalkanoic acid (2R,3R 4R)-2~(arylalkanoyloxy methyl-5-chloro-4-

fiuoro-4-methyl-tetrahydro-furan-3-y1 ester of formula ITI can be separated from the
.reac..tidn mixture applying techniques known to the skilled in the art.

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

4



Sui t abl e reduci ng agent is sodium bi s-(2-nethoxyet hoxy) (2,2, 2-
trifluoroethoxy) alum num hydride which is comercially avail abl e under the
tradenarne RedAl'S as a solution in toluene. The reduction usually takes

pl ace in an organi c solvent such as in a hal ogenated hydrocarbon |ike

di-cl al orgnmet hane at a reaction tenperature of below 0C, preferably bel ow
-5C. Aft &0 B3P on of the reduction the reaction mPKE{BE07/821848bj ected to
the chlorination reaction. The chlori.nating agent is as a nale sel ected
fromsul furyl chloride, thionyl chloride or phosphorus oxychl ori de.
Preferably sulfutyl chloride in the presence of catalytic anounts of
tetrabutyl ammoni um bronide is used.

(2R,3R,4R)-2-(aryhalkanoyloxy methyl-5-chloro-4-fluoro-4-methyl-tetrahydro-
furan-3-yl ester of formmula I with O-trimethy] silyl-N4-benzoylcytosin in the
presence of a Lewis acid. )

The O-trimethy] silyl-N4-benzoylcytosin may be prepared in situ by reacting
N-benzoyl cytosine with hexamethyldisilazan 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). Geod results have been achieved with stannic chloride.

The reaction is usually performed at elevated temperature, for instance at
about 70°C until the coupling is complete.

The (aryDalkanoic acid (2R, 3R,4R,5R)-3-(aryDalkanoyloxy-5-(4- .
benzoylamino-2-oxo-2H-pyrimidin-1~yl}-4-fluoro-4-methyl-tetrahydro-furan-2-
yimethyl ester of formula I so obtained can be separated from the reaction mixture
applying techniques known to the skilled in the art.

'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 methanol as solvent is used.

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

The 4-amino-1-((2R,3R,4R,5R)-3 ~fluoro-4-hydroxy-5-hydroxymethyi-3-
methyltetrahydro-furan-2-y1)-1H-pyrimidin-2-one of the formula I'V can be isolated
following methods lkmown to the skilled in the art.

In a forther embodiment of the present ix;vention a process for the
preparation of the starting product, the (aryljalkanoic acid (2R,3R,4R}-2~-
(aryl)ancanoyloaneﬂzyludwﬂuam-4~meﬂ1yi~—5—oxo—tetrahydm -faran-3-yl ester of
Jormula II

R(O=)C0 O o

RO=CC F
("



The chlorination is expediently perfornmed at a reaction tenperature between
0C and 40C. The (aryl)al kanoic acid (2R, 3R, 4R)-2-(aryl)al |l canoyl oxy

met hy1l- 5-chl oro-4- fluoro-4-nethyl-tetrahydro-furan-3-yl ester of formula
1l can be separated fromthe reaction m xture applying techniques known to
the skilled in the art. The conversion in step b) conprises reacting the
(aryl)al kanoic acid (2R 3R 4R)-2-(aryl)al kanoyl oxy

met hy 1- 536 baeso4541% | uor o- 4- net hyl -t et r ahydr of ur an- 3- y pCeasenn7/ofis4sormul a 111
with O-trinmethyl silyl-N4-benzoylcytosin in the presence of a Lew s acid.
The O-trinmethyl silyl-N4-benzoylcytosin may be prepared in situ by reacting
N-benzoyl cytosine with hexamethyl disilazan in the presence of ammonium

sul fate in chl orobenzene under reflux conditions. Conmon Lewi s aci ds
known in the art are suitable for the conversion in step b). Good results
have been achieved with stanni¢ chlo The reaction is usually
performed at el eva‘th@{flft%ﬁ‘s@f*%}’tlB?Sebee?ﬂ?"eﬁﬁ’g‘“t“ance at about 70C until the
coupling is COﬁpl &8 process comprisaethe ateyd ) al kanoi ¢ aci d

(2R 3R 4R 5R)-3-(ar kano } -4-y1)-2-methyl-
benzoyl am no- 2- oxd %ZI'I%“ ﬁ%ﬁﬁﬁy?iﬁéz dlﬂem E)l %dmmlﬁ%l -yt)et ?nghydr o-furan-2
- yl et hyl esdceviicokidfetyiredta of fosoulabt ai ned can be separated fromthe

reaction m xture applying techniqgues known to the skilled inthe art. The

hydrolysis in step c) is perforned ithhe presence of a base.
, e, 0

Me ol Me

CO.Et
v

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

methyl propionic acid ethyl ester of formula V1

bl) converting the (28,3R)-3~((R)-2,2-dimethy]-{1,3]dioxolan-4-y1)-2,3-
dihydroxy-2-methyl-propionic acid ethyl ester of formula V1 into the sulfite of
formula Vil

CO.Et (VD)

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



Sui t abl e bases are organic bases |ike alkali netal al koxides. Preferably
sodi um et hoxi de in methanol as solvent is used. The reaction is
performed at el evated tenperature, for instance at about 50C until the
hydrol ysis is conpl ete. The

4-am no- 14( 2R, 3R, 4R, 5R) - 3-f | uor 0- 4- hydr oxy- 5- hydr oxynet hy1- 3-

net hylte h -furan-2-yl)-1Hpyrimclin-2-one of t Vcan be
i sol at ed%{'@lz%g{ﬂ%ﬁ{:f nmet hods known to the skilled in th%f/ﬁzﬁﬂ‘}oﬁsh

further enbodi ment of the present invention a process for the preparatl on
of the starting product, the (arypallennoic acid (2R, 3R 4R)-2-

(aryl)al | canoyl oxynet hyl - 4-f| uor o- 4- et hyl - 5- oxo-t etrahydro-faran-3-yl
ester of fornmula Il Me R(0O)CO F wherein R is phenyl has been devel oped.
The process conprises the steps al) transformng the
(BE)-34(S)-2,2-dinethyl-[1, 3)c| i oxol an-4-y1)-2-nethyl- acrylic acid et hyI
ester of fornula V Me ME_ o

fe
Q
" COEt (vill)

P-4

°,,s:\
(o]

d1) transforming the sulfate of formula VII into the fluorohydrin sulfate of
formula IX

MSO

' Me)g,.. CO,Et
o SNe.
\‘S’O F

PN -

G0 ELHANT
[{r.4]

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

formmla X
HO
r
- - Me
MO F
%
and finally

£1} acylating the lacione of formula X to form the end product of formula 1T

wherein R is phenyl.
- The present process can be described with SCHEME A below:



Me CO Et (V) into the
(2S,3R)-34(R)- 2, 2-dinet hyl -[1, 3] cl i cocol an-4-y1) -2, 3-di | aydroxy-2- net hyl
propionic acid ethyl ester of formula VI Me 0 MeXMe n CO2Et HO OH N )

Q..
mm Gm " Z :Me
cookL
COOE

“a,
COoRt “aH e
“ VI
o c o
Mer
Olira, Me Oln ..... OJu ..... O
‘\\
; coost cooR _ ) \ Me
g == é P g .
0\5/0 o\s/ g >s<°
” Vi O,,//\ vin -g/ o" EnAN X
5 Q
BzO o .
——-
1 Me

(al} acetone-NaMnO; (aq), ethylene glycol, NaHCO; -10 to 0°C; aq. NaHSO; {(quench); (bl) i-PrOAc,
MeCN, TEA, SOC1y; (cl) i-PrOAc, MeCN, NaOCl; (d1) TEA-3HF, TEA; (1) HCl (aq)}-BaCl;-aq; (f1)
(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 ghycol, sodium bicarbonate in acetone at a temperature of -20 to 0°
C which afforded the diol in 60-64% on pilot plant scaie. Starting compound (V) can be obtained from
{1 S,ZS)—l,2-bz’s-((R)-2,2—dimethy1—[1,3]_dioxolan-4-y1)»ethane-1,2~dioi.(C. R. Schmid and I. D. Bryant, Jerry
D., Org. Syn. 1995 72:6-13) by oxidative cleavage of the diol and treating the resulting aldehyde with 2-
(triphenyl-A’-phosphanylidene)-propionic acid ethyl ester. - '



bl) converting the (25,3R)-3-0R)-2,2-dinethyl-[I, 3]di oxol an-4-34)-2, 3-
di hydr oxy-2-net hyl -propionic acid ethyl ester of fornmula VI into the

sulfite of fornula VI Me5e0 Me-,,ne O tCO2Et (VIl) 0 0 0 cl)
further reacting the sulfite of formula W to the sulfate of fornmula VIII
Me C zEt (V110 ci.sto dl) transform ng the sulfate of fornmula VIII

into the fluorohydrin sulfate of formula I X

The cyclic sulfate (VIII} can be prepared by cyclization of the vicinal diol with ¢.g.
{hionyi chloride in step bl) and oxidation of the resulting cyclic sulfite (VII) in step c1) to the
corresponding sulfate (VIII) with NaOCl in 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

8a



M O MBXO0a ,COE ' M EzFIN (1X) el ) deconposing the
fluorohycirin sulfate of formula DC into the |lactone of fornula X 140

approximately 110 to 180 °C when 3.5 mole % of DIPEA was added to (VIII). Contacting (VII) with
triethylamine-trihydrofluoride/TEA in step d1) affords the sulfated fluorohydrin (IX) which in the presence of
water affords the fluorohyrin (X). An improved yield of (X) can be obtained in step el) when BaCl, is
incorporated in the reaction mixture to scavenge the liberated suifate. Under the acidic conditions
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 {1} affords the dibenzoate of the lactone XI which
is used in the glycosylation step.

While the benzoy] protecting group (R=pheny!) is preferred, other potential protecting groups
selected from methoxymethyl, methoxyethyl, benzyloxymethyl, ethoxymethyl, trityl, triethylsilyl, t-
butyldimethylsilyl, t-butyldiphenylsilyl, acyl including acetyl, pivaloy!, benzoyl, totuoyl, 4-pheny] benzoyl, 2-
, 3-, or 4-nitrobenzoyl, 2-, 3-, or 4-chlorobenzoyl, other substituted benzoy! may be applied. The base used
for step f1) inciudes, but is not limited to the following list: imidazole, pyridine, DMAP, TEA, DIPEA, 1,4-
diazabicyclof2,2,2]octane. - The solvent used for step £1) includes, but is not limited to acetonitrile, pyridine,
DCM, chloroform, DCE, THE. .
Ei{amgies

The abbreviations used include: 1,2-dichloroethane (DCE), dichloromethane (DCM), di-iso-
propylethylamiﬂe (DIPEA), N,N-dimethyl acetamide (DMA), 4—N,N»ciirﬁethylaminopyﬁdine {(DMAP),
ethanol (EtOH), ethylacetate (EtOAc), methanot (MeOH), methyl (Me), ethyl (Et), isopropanol (IPA),
acetonitrile (MeCN), pheny! (Ph), room temperature (rt or RT), triethylamine (TEA or Et;N), tetrahydrofuran
(THF).

Example 1 _

Benzoic acid 3-benzoyi0xy—5—(4—benzoylamino~2—oxo—2H-pyrimidmm1—yl)-4—ﬂuoro~4—methy§-

tetrahydro-furan-2-yimethyl ester (XHI) '



and finally fl) acylatbag the | actone of formula X to formthe end product

of fornmula Il wherein Ris phenyl. The present process can jse descri bed
with SCHEME A bel ow (al) acetone-NaMh04 (aq), e ene glycol,
NaHOOB -10 to OC, ag. NaHSO3 (quench): (hi) i-PrOAc, MCN, WTEA, SOCI2: (c1)

i -PrOAc, MeCN, 10 (dh) TEA; TEA, . (el) H ”Baﬁflz-aq; (f1)
(PhCO0) 20, DVAP, Yo The WC hydrm step al) was

di scovered to be beg T'r edout w Sodi um per nenganate in the presence
of ethyl ene gl ycol = sodi um bi car befake’i n acet oné®atu & tenperature of -20
to 0 C which afforded the diol in 60-64% on pilot plant scale. Starting
conpound (V) can be obtained from

(1S, 28)ludroahatnbis[4(0(§ RYri2a@ed lowiatiy bolfl d9l@kdi(A XU )afi REDyA)® eolhamd1 2.5 Rkgienl  ( C.
R Schm Bryant ,, Jerr. 1 2.6-1 i i
ol eava® R el SERE R e Pl P e AR By o e ©

(3 ri pheeiatde @a QIOﬁS)pdhanlysﬂiﬁd@RED -Ar® magcmt cibaek Boet Ipydut eSthed 7.6 kg prepare‘ﬂh'@ cycl i c

| f b t t
f‘ﬁ. ot Shinbi a6 e SRR I PesGaleFB SPerpms RECHID AR AR &
(V'] ynaiomisheRacioh téﬁ'@cﬁa{’t& @ or batsp afil.ngfies wldﬁeaioe of ¥k lalc;»onmlmdnztma@@ﬁmrmoqe#ﬁe
f CN. | b f d.that
Ot abFELL »dalr A Bt Erar g ny ST cletiie PO SFEkfs B AR, o 7o
or Dbl_HEiédea(Bl 26 1f) inmhéreadded ehiktmangainmg lrécaencmyerhpemat&ﬂ lf catbeiow[ﬁ°€f Ehentdtiah
RS TR k.S AR B SOLIL W Dbl B3 ol AEPATRRRL | O
( VI | kdmpefaoind (mtzle(g a(u‘i/ktiri‘e)i owdr tolipht (caeét6hyl Al nammbzﬁ mlrrgtﬂe Ofdovlled icddbEEAC,iand st ep
ff f at whi ch t of t

a:c f Olwgger flﬁgi@ g?e%lr'{:9l]1tﬁ)ﬁg¥ yénlé’l %’:ﬁzg a % acéo@emp%fat%f'e al %be@o&vﬂ%es%ﬁ gfwniglém?ner
St ep nekrevhdin HaEd 2 mldnnmmp@ﬁmmtfeﬂcmlrh b hmurad@dtdl;@m dmompumem o esaveligel t he
| i ber

fate. Under on|t| on r.ol ysi s of
{he SRBEG: Mg 4F ey TR e RO S B HON SR ftfbn B eHEhud
ysl a@lﬁre;fwed(w)dzsqﬁomg A&t kof i) avid irhsﬂiemfzmm) azdhlymimﬂheiﬁamdimttcm (mtepedf | )
af f o d%hsscﬂvmg gj %85/0%(&& ir;[ {h% ﬂ(%ﬁ “Ea?eril)e '1>§<}.IG o¥g1azlizg r}:])hase ISL‘EIEC%%O}IC%H‘CE’ERGed 2%d¥&9€%¥5‘.la% on

st ep.
replaced with chlorobenzene (2 x 150 kg) vig 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 chlorobenzene (52.4 kg) is heated to reflux (ca. 135°C) 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 prepared) and
stannic chloride (28.2 kg)

25

30

10



Wil e the benzoyl protecting group (R=phenyl) is preferred, other potenti al
protecting groups selected from net hoxynet hyl, nethoxyet hyl,

benzyl oxynet hyl , et hoxymethyl, trityl, triethylsilyl, tbutyldi nethylsilyl,
t- butyldiphenylsilyl acyl including acetyl pivaloyl benzoyl, toluoyl,

4- phenyl enzog -, 3-, or 4-njtrobenzoy or 4- chlorobenzoyl

ot her @aiikleqd tog é’éP“EféWQt@yf herygag lipnem i Fé“d'“‘mlfﬁ%atti‘él% 7’%@&%%? degighgopnling

ID%:DU dx_%l_ﬁEﬁmbg 'I[cg‘g%\et@ ?3%4 ﬂhst &eihRed hanbekdsowrng, Upstcombidazeactidyikidiene,

i CYC The sql vent used for ste

Ty O G T HE ] ie0d O RGO, P eohuet o Appon o " ©P
(ihlzo (r]I Osfomli MHOCGE47 Ig)-ahdfuzﬁmrmb e%g) in DCM (10T hegabhs ewiliatg sang msaei@ld tor‘l@l late:

|1 C O O 1 SOpro ne
(bt PEAT RN RO kbR tral B oA TR o it N BARORYP Rl e U BVAP)
et hano(lcaL(uEﬁ Q) evoktiby hecettate@ux £6.0AY)) andratihaimed fof M‘E}Oﬂ-@O minetdlunyNethen et hyl
(Et), is ropanal. I‘ i I Ph) gnpefature
(£, Lagpieaenct £ B a5eLL A0 00N RIGDH B0y A CTpCfa
Benzoi @rdgied filtrate is concentrated under atmospheric pressure (the distillate collected in the process is Ubed for

'?I’ g ﬁ;é%M ltr ul?/g, atﬁei ﬁl?m p&ﬁ\@%ﬁy tﬂm) 40y ln%m%f@mgl‘"teplﬁr flbmt@bd@f arjncﬂl./lle)l qﬁlov&cld 'f‘:pc,ogl' tﬂlourf%}é)hyl te

BzO. , , Newit-o4- -11o rsgillgzg @i@w(lgf;cg Fox at k,agt 2 hat 5°C Ehe pr’e&’:tﬁ}watcd producl is hitei ed and
washed with IPA (30 kg + 20 kg), and oven-dried in vacuo at about 70°C to afford 8.8 kg (57.3%) of 1-(2-
deoxy-2-fluoro-2-methyl-3,5-O-dibenzoyl-$-D-ribofuranosyl)-N-4-benzoylcytosine (14, CAS Reg No.
817204-32-3} which was 99.3% pure.=

Example 2
A4-Amino-1-(3-fluoro-4-hydroxy-S-hydroxymethyl-3-methyl-tetrahydro-furan-2-y1)- L H-pyrimidin- 2-one (IV)

NHBz 1iH,
d N
o N o P
Bzl HS
e @ - A Me 2
& % § %,
Bz0 HE 2
T W

A slurry of XHI (14,7 kg) in MeOH (92.6 kg) is treated with catafytic 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
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 repiaced with [PA (80 kg). The batch

is distilled to a volume of

11



XV Trifluoroethanol (4.08 kg) is added slowy to a cold solution (-15C) of
RED- AL(r) solution (12.53 kg) and toluene (21.3 kg) while maintaining the
reaction tenperature at or below -10C. After warm ng up to anbi ent
S5tenperature (ca. 20C), the nodified RED-AL(r) reagent mxture (30,1 kg out
of the 37.6 kg prepared) is added sl ovay to a pre-cool ed solution (-15C) of
f | uor okza60 bnéhdehbing slatre isXdaid10 ck §§°C and B Q@ﬂﬁi stovkglp et € endrvgehicaiZii). nige
reaction .t erature f [ f

(roni tgrr@eafabrga produc /s lS&&tCﬁhﬁ%ﬁlgwwa}’%ﬁ'\A{Iflﬁéﬁg S Zg%jfd?'?de @ragggkﬁy}ﬁﬁmtrgﬂ%ﬁ%

br oni de JfRO! @6 hgs{&aﬂ(d)e:dlﬂmmlhessa‘ye@i@ttgﬁdﬁ%mum ure. Sulfuryl chloride (11.86
kg) is then added while naintaining reaction tenperature at or bel ow 0C
The reaction 10m xture is then heated to 40C until formation of the

chl ori Beanigte Tonpl ete (ca. 4 h) or warned to anmbient tenperature (20-25C)
and sti rred(g@\éﬁz géﬂ%‘lﬁ 2{d6Reth él-f’l j’]ahexa-rﬁm f/?@-@tdﬁ%’/ﬂroﬁ} Kk br@px@ﬂ@h&(ﬂetﬁ}@es@@out
0C, and water is ad ed cautiously while maintaining reaction
terrper@f&ure at or below 15C. The reaction mxture is then stirred at

anbi ent tenperature for ca.1 h to ensure hydrolytic deconposition of excess
sul furyl chi or| de and the phases are separated. The organic layer is washed
with a di sol ution of ci acid 15(prepared by dissolving 15.5 kg of
citricvacid in 85 L of watter)\and then vvlth di lute KOH sol ution (prepared
by di ssol vierig®15 kgMf 50% KOA"i'm 100 Kfof water). The organic phase is

t hen concentr at nd Sol'vents arg’ aced with chl orobenzene (2 x 150 ko)
vi a atnospheri g repbacenent di st | ati 1. The resulti ng sol ution containing
30 is dried azeotropically. A suspension of N-benzoyl cytosine (8.85 kg),
amoni um sul fate (0.07 kg) and hexamet hyl di sil azane 20(6.6 kg) in

chl or Obenzeﬂ s(pé%iol}l olég)(;d%éﬁﬁéﬁz% I\¥008f9@f7|75’)&) Qfﬁ?icne%i@( ?—@Qg)s&)'tﬂ N@ﬁC@ﬁ@-}Sl
h) until the m'xture becorfes a cfear solution.” The Teactioh mxture 1S then
concenﬂig}aﬂiédceiqne (e Loisterlasise e i 5t RieA ol anPE BHy pauspsyyaMnO4 (19.5 ke) is charged

slowly (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 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 NaH SO (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
filtered, and the filter cake is washed with acetone (3 x 39 kg). The combined filtrate is concentrated by
vacuum distillation (vacuum approximatety 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 distiliation
and EtOAc is replaced with toluene. The volume of the batch is adjusted to ca. 20 L. Heptane (62 kg) is

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

12



N4- benzoyl cytosin as a syrupy liquid. The anhydrous solution of 30 in

chl or obenzene (as prepared) and stannic chloride (28.2 kg) 25 30 are added
to this concentrate. The reaction mxture is nmaintained at about 70C until
the desired coupling reaction is conplete (ca. 10 h) as determ ned by in
process |1 PLC. Upon conpletion, the reaction mxture is cooled to anbi ent

t enpertatdiishardoldd tout Ed-- vikftehadbEMvErnt & g)0° CTHE srodwst istiltgrd. ingshed el 19% a

SUus pen{%fug{& 159?16]9%19«13 b ()N@Lﬁ LG’ (A v%&)mﬁ@ Ar&EELTRL b 569 oﬂVlk(gl)/\ 02 {76100 .6

kg) . e resulting slurry is cooled to 10-15C, "and water .4 kg) is added
slomdywmﬁﬂaﬁéWé%“gﬁe reaction mxture. The resulting suspen5|on is very
slowy (caution: gas evolution) heated to reflux (ca. 45C) and nmai ntai ned
for about 30 min. The slurry is then cooled to ca. 15C, and filtered. The
filtert@aRE% s repeatedly reslurried in DCM (4 x 100 L) and filtered. The
conbi ned fiktkiRER)-3-FIGRANCRREGRALEGWRGRINAE MRaphehido-piessuegX ()t he
distillate collected in the process is used for reslurrying the filter
cake) until the batch tenperature rises to about 90C and then allowed to
cool slpwy,to about -5C. Thg regulting slurty is aged for at least 2 h at
-5C. The eci pitated product i i 1 washed, with I PA (30 kg + 20
kg), alfd vgn-drledeln vacu af f or N 57.3% of 1-(2-
deoxy- 2- f | Uor b; 2- pbhyl 23,5 ri-bof ur anpsyl/) ;N 4- benzoyl cyl o
sine (14, CAS/Reg WNo. 817204- 99. 3@6pure =~Example 2 4-Am

i no-1-(3-fl lor o- 4-h dr oxy-
r oxynet hy e 't figetrahydro fdh&ﬁﬂz yl)-113- pyrg@yfdwﬁﬁ -12-one (1V)

A slurry” of X lwi(kdse? kg) in MeOILl (92.6 kg) is treated WithH catal ytic
anounts of methanolic sodi um net hoxi de (0.275 kg). The reaction mxture is
heated to ca. 50C and aged (ca. | h) until the hydrolysis is conplete. The
react i giepsri&e uneiry, sleguenched chrygdelddiht\ﬂmo bf). sgohut acetie (2l Id), (NG -Kg) . The
resul tj 0 n r Jdual
cor vert B IEAoH bP ek B SRR iR B [o0 g TR L B A R BT e
of caxMEmﬂheHWWenmemuanﬁgt%MEwhyﬂW§Mhéﬁ@ed%@mﬂ@aewgﬁ@' echientit dreyiriesol ed

sl ow ym&t@ua@ s rRfF @(Egnaﬂglg}j 166 ?eact%n ms tygbﬁiygﬁﬁﬁl'«a@'v\t@h@@ olf Qe Gdaitlos i Sol ated
by filtration, dried in an oven at 70C in
vacuo ¢kt doghegn lzwrek»@ao@%d 9%:1 @fkgmd A ehrige él&y@w%\w@@ lgdipute: Eanpl e

3 | Zsaq%B)us §hake( @B)d‘ RardsOiniele I?}Vglrmt pl ase was washed with a mixture of water (8 kg) and saturated

, 3] di oxol an-4-yl]-2, 3-di hydr oxy- 2- net prop |on|c acid et hyl
: NaHCO; (4 kg ) !0!13110;} To thiemm ning organic plyfisc {,omdmmg VH was added Mc(yN (2. Sskge) and

’f/
=
F

solid Nal1CO; (3.1 kg). The resulting sturry was cocled to ca. 10°C. Bleach (NaOCl solution, 6.89 wi%
aqueous solution, 52.4 kg, 2 eq.) was added slowly while cooling to maintain temperature below 25°C. The
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 NaSOs

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



(V1) A suspension of V (10 kg, CAS Reg. No. 81997-76-4), ethylene
glycol (11.6 kg), solid NaHCO3(1 1.8 kg) and acetone (150 L) is cooled to
ca. -15 C. A solution of 36% aqueous NaMh04 (19.5 kg) is charged slowy
(over 4 h) to the suspension naintaining reaction tenperature at or bel ow
-10C. After stirring for 0.5 h at -10 C, an aliquot of the reaction m xture
(ca. Saumchied rsactjorem et fHisres Sugust o 6B USRS (renpeindeaps splids, Theilply wasa

porti of,REd beSH, E:ﬁ(ﬂﬁhas%k !rH% %éf)&!'&@d tn'zci tﬁ@%%u@-ﬂ%s@i‘d bRtddeadThed: geﬁ@ l@@ﬁ%%&*ﬁheﬁ 0
check the prog ress of the reac reaction is

react i bt h)<‘t”&| F‘é‘el%wﬁ‘ﬁ'e(r%H%Ha’"ﬂﬁa‘%‘F‘SWE%QQTSOWO'W%ké%td"i‘:ﬁ” "‘i“B r‘?f 2 "&‘Bjd\rméﬁjq ca.
OICI) 254 aaueaus). Nadpr h 308 (16Qvak ddded faghd cegaaezrpaﬁsa hel @f rctsmqgr«,e?a@n R Mexd ure is
al | one rin uen LI TE(r ca. 2.5 i s.the

ooy TS s LG B B A0 S0 e s s SP P B s e v
The r a{ﬁﬂv{z fs Ima@ [Sledifariye drsmagedor @imcajlmsle et tht:eqpematiod endtovaohiraians S0i9ghtabiran

?gu;r Y in?lg ﬂj&lﬂ%d.i-l‘h%g r%acn%ﬂauk%t[(‘fu )le dtur 95 %(Bl% tg Iaflfcgigr\/llfg‘sléﬁ% (}I[l?N %%hﬁg ]tqr?,?ﬁgt one

"7’ concen vacium d ation
( vacuups@ppyr wssiatit @hd/th@ daciume kh@@ aoefm Vg wmmtsemﬁkmm)tmmm’»@ Yot tm@lmgemﬂaft ure

IS 32(:%%&!1“%6rﬁvgg%\g%tédgg%ﬁge\;oﬂn% The aqueous concentrate is extracted with

Et OAc e conbi ned organi c extracts were washed with water
(25 L). The organic phase is then concentrated by atnospheric distillation

and EtQ4 ';5()15@&%@&1@%&\64 hontn leﬂJfaﬁtamﬂée\/Mbea's‘%EQ&FI\Q@B@I )Qslﬂi fiss-adj usted to
ca. 2 | dept ane (62 _kg) is added and the batch cooled to ca. 27 Cto

initi attléyd(‘:?[!}‘s}*t“&?l(ﬁ 3 k)i s MiTHE wap Bt 19 &° @ﬁ‘ér’? 'c JOF Bich s S0P 1o APt Tegi ng

over ni ghtre@bs ihd Ralon bPECPMAGUEL rehBio lwllstcﬁﬁ@ﬁie cVi@c,S h@d(QWSﬁ(EI) \ﬂ%@%&k@kd&ﬁ@e in
hept ane, and dried at 50C under vacuumto of VI (CA

RN 81ggyit%%llgr}heé_%‘mlgnwﬁtée Eeiaipgttcaqq & (grmlli "@aou%% éatczf%l c,cied) te reactlon
(3R, 4R &R BasklimQr 0 cd 9byTfo Xy mbrany the@saym@édwylecds BRI utidh h)%(ﬁl‘k@} fasradied2- one
(X1) The resulting suspension was stirred at about 90°C for 4 h. The resulting mixture was then azeotropically
dried under a vacuum {9-10 inches of Hg) by adding slowly n-propanol (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 distilt off residual n-propanol (and traces of water) 0a

minimum volume to atford 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
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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Steps 1 & 2 - A dry, clean vessel was charged with VI (6.0 kg), isopropyl
acetate (28.0 kg), MeCN (3.8 kg) and TEA (5.4 kg). The m xture was cool ed
to 5-10C, and thionyl chloride (3.2 kg) was added slowy while cooling the
solution to maintain the tenperature bel ow 20C. The m xture was stirred
until no starting material was |eft (GC analysis). The reaction was

t ypi cahfiss cemptpioarbthareatiion BOARN kaf verddddr BF ayrs apdghpleatiEng sTaemsion Smi xt ur e
was adged) nahiei ”s(Ogmkg) hedBet @f ﬁqﬁﬁsres\%srfﬁtb:@@thr(‘u@ﬁ?a OEKL Mﬁﬁpaﬂ@&m@'&'n@%@ﬂ fi tté} to
settle. The aqueous phase was di scarded and ed

a hase
with aCHmein %fmeffw%t'é? sofig C@éﬁ)waaweﬁhgda‘e’m HPeq %h%c%@ CE"H‘”RE:P fj“%wﬁt\’fa‘ ﬁs To
t hfa_ (r]I enak %smgd QlE@@@n&leCy WhasLer ¢ aisitiAgd Vhicvasadeded g@hﬁm%(ua athd &gm)(éc:a@a
SOl |

(3. The re ulting slur cooled,to 0C. Bl each
(Ra0C1 EOrat e ol 6 S e Orcatiaoush E Sra et B3P Rgras bley d el
sl oW yminbridn@vadosd. i1Rg (17 graisnidaddno t;emmaammma I bebowo2biliatthas il kdted @danas
2gn_g| \é\%lécgfi&wuﬁw éPgW‘P% ?10 1) nfz?a} %guh temPer%tuie 90 Iesz rbllt 4l ti{u cﬁd {)qucﬁ(}lslﬂa[mnu?iée VES
cooledemmnmgsmmaﬁwamﬁmthﬁndQu@nﬁﬁHdmwmumdaQMgdug%NQZSﬂﬁnsoﬂﬂmummn@QE%ﬂ@6
W w, 21 tel anéM%shgd G90 #f‘uPlQ é %@L @!4 Qg:,t %Hp oé‘(}cpw’?s #)L@{! QWelz\QigJut Q%O—?%et@(:hed

reaction mxture was a ca trldge ter to renove

i nor garioed 661 Hed€0. 77 Hworyiof &f whigh w&%%a?l% Biedy y-Settl e, and phases are
separated and t he aqueous phase is discarded. The organic | ayer was washed
first with a mxture of water (11 kg ) and saturated NaHCO3 solution (4.7
kg), then with of saturated NaHCO3 solution (5.1 kg). DI PEA (220 tulL) was
added to the organic phase and the resulting solution was filtered through
CELI TE6 (bag filter) into a clean drum The reactor was rinsed with

i sopropyl acetate (7 kg) and the rinse is transferred to the drum The
organi ¢ phase was then concentrated under vacuum ca. 850-950 nbar while
mai ntai ni ng reactor jacket tenperature at 45-50C to afford VIII as an oi
(-10 ID. Additional DI PEA (280 nL) was added and the vacuumdistillation
was continued (jacket tenperature 50-55C) until no nore distillate was
collected. (Batch volune ca. 7 L). Step 3 - To the concentrated oil from
step 2 containing VIIl was added TEA (2.34 kg )and TEAtri hydrofl uoride
(1.63 kg). 'The m xture was heated to 85C for 2 h. The batch was sanpled to
nmoni tor the progress of the reaction by CC. After the reaction was conplete
conc. MCI (2.35 kg) was added to the m xture and the resulting m xture
heated to ca. 90 C (small anount of distillate collected). The reaction

m xture was stirred at ca. 90 C for 30 mn and then saturated agueous
13aC 2 solution (18.8 kg) was added. The resulting suspension was stirred
at about 90C for 4 h. The resulting m xture was then azeotropically dried
under a vacuum (9-10 inches of Hg) by adding slowy n-propanol (119 kg )

while distilling off the azeotropic m xture (internal batch tenperature ca.
85-90C). 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 mininmumvolune to afford X. Step 4- To the residue fromstep
3 containing X was added MeCN (35 kg) and ca. 15L was distilled out under
at nospheric pressure. The reaction m xture was cooled to ca. 10C and then
benzoyl chloride (8.27 kg) and DVAP (0. 14 kg) are added. TEA (5.84 kg) was
added slowy to the reaction m xture while cooling to maintain tenperature
bel ow 40C. ' The batch was aged at ca. 20C and the progress of the
benzoylation is nonitored by HPLC. After conpletion of the reaction, EtOAc
(30 kg) was added to the m xture and the resulting suspension is stirred
for about 30 mn. The reaction mxture was filtered through a CECHE(r) pad
(using a nutsche filter) to renove inorganic salts. The solid cake was
washed with Et OAc (38 kg). The conbined filtrate and washes were washed
successively with water (38 kg), saturated NaHCO3 sol ution (40 kg) and
saturated brine (44 kg). The organic phase was polish-filtered (through a
cartridge filter) and concentrated under nodest vacuumto m ni num vol une.

| PA (77 kg) was added to the concentrate and ca. 25 L of distillate was
col l ected under nodest vacuum allow ng the internal batch tenperature to
reach ca. 75C at the end of the distillation. The remai ning sol uti on was
then cooled to ca. 5C over 5 h and optionally aged overnight. The
precipitate was filtered and washed wth of cold (ca. 5C) IPA (24 kg). The
product was dried under vacuum at 60-70C to afford 6.63 kg (70. 7%t heory of
XI which was 98. 2% pure by HPLC. Cains 1. A process for the preparation
of 4-am no- 14( 2R, 3R, 4R, 5R) - 3-f | uor o- 4- hydr oxy- 5-

hydr oxynet hy1- 3- net hyl -t etr ahydr o-furan-2-y1)-1H pyri m di n-2-one of formula



HO- * Het" % (1V) conprising a) transform ng an (aryeal kanoic acid
(2R, 3R, 4R) - 2 (aryeal kanoyl oxynet hy1-

4-fl uoro-4-nethyl-5-oxo-tetrahydro-furan-3-yl ester of fornmula Il wherein
Ris aryl or alkyl into an (aryl)al kanoic acid

(2R 3R 4R) - 2- (aryl)al kanoyl oxy net hyl - 5-

chl oro- 4-fl uoro-4-nethyl -tetrahydro-furan-3-yl ester of fornula Il

wher ei@airRsi s aryl or al kyl ;

1. A proecess fo.r‘ the preparation of 4-amino-1-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
hydroxymethyi-3-methyl-tetrahydro-furan-2-y1)-1H-pyrimidin-2-one of formula

" MH,

Ty

av)
comprising

a) transforming an (aryl)alkanoic acid (2R,3R,4R)-2 (aryl)alkanoyloxymethyl-
4-fluoro-4-methyl-5-oxo-tetrahydro-furan-3-y! ester of formula 11

R(O=)CO o 5
Me

&

R(O=}CO\\\ -Z’F; . (Ii)
wherein R is aryl or alkyl

into an (aryl)alkanoic acid (2R,3R,4R)-2-(aryljalkanoyloxy methyi-5-
chloro-4-fluoro-4-methyl-tetrahydro-furan-3-yl ester of formula 111

RUOC=CO '
©=) 0
Cl
Mea

~
N
N
O

R(O=)C

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 III into an
(ary}alkanoic acid (2R,3R,4R,5R)-3-(aryhalkanoyioxy-5-(4-benzoylamino-2-0x0-
2H-pyrimidin-1-yl}-4-fluoro-4-methyl-tetrahydro-furan-2-ylmethy! ester of formula I

16



b) converting the (aryeal kanoic acid (2R 3R 4R)-2-(aryl)al kanoyl oxy

nmet hy1l- 5-chl oro-4-fl uoro-4-nethyl -tetrahydro-furan-3-yl ester of formula

1l into an (aryeal kanoi c acid
(2R, 3R, 4R, 5R) - 3- (aryl ) al kanoyl oxy- 5- ( 4- benzoyl am no- 2- oxo-

2H-pyrimdi n-1-yl)-4-fluoro-4-nethyl-tetrahydro-furan-2-ylrnethyl

formula | WHI 3z nN -Vo R(O CO

NHEz

Sy

"
¥,
'/,
%,

R(O';)CO\\\\\ F )
wherein R is aryl or alkyl and Bz is benzeyl and

¢) hydrolyzing the (aryl)alkanoic acid (2R.3R 4R 5R)-3- (aryDalkanoyloxy-5-
(4-benzoylamino-2-ox0-2H-pyrimidin-I-y})-4-fuoro-4-
methyl-tetrahydro-furan-2-ylmethyl ester of formula I to afford the 4-amino-1
((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-
y1)-1H-pyrimidin-2-one of formula V. '

" 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 or 4, characterized in that the chlorinating
agent is selected from sulfuryl chloride, thionyl chloride or phosphorus

oxychioride.

6. Process according to claim 5, characterized in that the chlorinating
agent is sulfuryl chloride in the presencé of catalytic amounts of tetrabutylammonium

bromide.

17
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wherein Ris aryl or alkyl and Bz is benzoyl and c) hydrolyzing the
(aryl)al kanoi ¢ acid (2R, 3R 4R, 5R)-3- (aryl)al kanoyl oxy- 5-

(4- benzoyl am no- 2- oxo- 2H pyrim din-1-y1)-4-fl uoro- 4-

nmet hyl -t et rahydro-furan-2-ylmethyl ester of fornmula Ito afford the

4-am no-1 -

((2R, 3R, 4R, 5R) - 3-f | uor o- 4- hydr oxy- 5- hydroxynet hyl- 3- net hyl -t et rahydr o-f ur an
-2- yl)-1H pyrimdin-2-one of formula IV. 2. Process according to
claiml, chamagdess iczedliidiotdngtonR ofakirhhé toreahiarsgtegized inethgt the 3.
Process according to claim1 or 2 %ha tenizeg %€3§nﬁéxhhe transfornmation
in st eprarsionipiensscomnrsaucereie A ApbasRsAdE (oF B P¥atici ng agent and a
subsequent . chl or.i el he f 4-Aaki-ng/lagent . 4.,
Proceggyﬁﬁ%8WH@%§E$%H@P%F%?%{£5@%§§%?g§F§é3§¥%@$hat thg!reducing agent is
sodi ugy Rirsnf2HMmBEth@yrahbbaxysilyeNa-Berrzey i osine iethhexsspatauisnum hydr i de.

5. Process according to claim3 or 4, characterized in that the

chl or ibe#ts #gd-agent is selected fromsul furyl chloride, thionyl chloride or

phosphor us oxychl ori de. 6. Process according to claimb5,
charact er | L0 that  L0he: chl ofinatdifngadent chdaditielhiy thagfeor i de in the
pr esence oé§5§P§F§??§K%n &%?%P%$ﬂ$itrgﬁutylé%unoniun1bronide. 7. .

Proce%@d§g§§§giﬁgg&Qsgﬂ%nﬁﬁﬂjﬁﬁhaﬁﬁ&mmemfabmﬁ, characterized in that the
conversion in step b) conprises reacting the (aryl)al kanoic acid

(2R, 3R 4R) - 2-

(aryDal | canoyl oxynet hyl - 5-chl or o- 4-f | uor o- 4- net hyl -t et rahydro-furan-3-yl
ester of forrmula Il with O-trinmethyl silyl-N4-benzoylcytosine in the
presence of a Lewi s acid. 8. Process according to any one of clains
1 to 7, characterized in that the hydrolysis in step c) is perfornmed in the
. presence of a base. '
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