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PHARMASSET, INC., a U. S. national corporation, and F
HOFFMANN LA- ROCHE AG a Swi ss national corporation
applicants for the designation of all countries except
the US, and Steven D. Axt, citizen; Keshab Sarns,

L S s Roremer gseones

Suguna Rachakonda, an Indlan C|t|zen Q ngwu Jin, a

Chi nese &‘iuisl ?lﬁ:.ati?ﬁ]g lﬁ)ﬁ%tmgd Jﬁ‘l\@@toﬁtluﬁ 2067, K9k ear Intematlonal
S

citizen; appricants for the de5|gnat|on of_the

onl Pateatrepplicasionsn freingmierof PHARYIASSEF JNCod 0 nﬁ&l“éht
appl 5&%&183 8 oA RR 1BRRAEZE Al lagsivisdatibadl cﬂ)ﬂmratlon

e present I nvention rel ates tO a

p r o@astsanfe forithe designatipmed Brroypirigs exgepiihe E]S( wgﬁnﬁ Axt,

SSRyr 8 cfltlliéﬁr ﬁesflag BEnX Y LA PeMIEV G, -a30 ISetikiyd; Gan@ihu, a
ydrofuran- ﬁpﬁe yrimdin- '2-opne of

whi élqnalc&alamta%ﬁne Hesbinr- BHZHe PP Psahlﬁk%‘i%gn ?ﬂﬂ(‘i‘b‘““z"“
NS5 ByiRal-y 1B r@@ﬁines@wda%xﬂmlouﬁ@mm OMNan 20 R67e31 2itidén;

di scl oSes a process acco chene
O o P ho S iss O e Ot 40, LASRENSHE 5l MiGisiona
anofmpefest a%had%nmnamd_aso(ssepszxﬁle@ Octobext Wez@ﬁﬁes ent

:o P\c/) g 2; |S 05,8!? S fe%gnts?v%ag?n {e?aQes thgﬁ ‘i’r}{x?r%vé'd“ﬁoée%é‘ hﬁ%eepreparatmn of 4-

4- amrﬁﬂo-ll—((m 3R, SRR 35M)orG-4f Hiydorxy-$hyviyerymephyd-3-methyl-
hydr ox o 2-yl)-|
H- pyrl 5“ ﬁﬁwhﬁlﬁh zmg)%\%h{fggﬁ‘ggm ds the

drambacks knomn in the art.

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 14

and 16.
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The process of the present invention conprises a)
transform ng an (aryl)al kanoic acid (2R, 3R, 4R) - 2-

woaoosiopsdikanoyl oxynet hyl - 4-f | uor o- 4- net hyl - 5- orOTUSRGVAN21548

ydro-furan-3-yl ester of forrmula Il (IDwherein Ris
aryl or alkyl into an (aryl)al kanoic acid

(2R, 3R 4R) - 2- (aryl ) al kanoyl oxy net hyl - 5-chl or o-
4-fluoro-4-nmethyl-tetrahydro-finf n-3-yl ester of
formula Il R(O=)C0- tCl R(O=0CO (H') wherein Ris
aryl or al kyI b) converting the (aryl)al kanoi c aC|d
(2R, 3R 4R) - (ar yl ) al kanoyl oxy

met hyl - 5- chl or o-4-f | uoro-4-net hyl -tetrahydro-fu |ahN3-y

| ester of forrmula II] in (aryl)alk Obg acCi Difas
3R, 4R, 5R) 5% yal H%H’%’ff%}gen% ( 4BEEN @ am no-220__ _
0XO0- 2Hpyri m di W | )(“) MR- 4 met hyls 1 P"Fahydro fur

an2y|n|eth§ﬁ10e8’tero ormul a | (I)V\hgeln Ris
aryl or alkyl atd Bz is benzoyl and c) hydrolyzing the

(aryl)al kanoi ¢ aci g (2R 3R54R g, NH,
5R) - 3-(aryl)al k?n.@ oxy 5- (——( a
(4- benzoyl am no 2_£®xo 2H pyr r‘m@ml -yl )-4-fl uor 4
hyI-tetrgJa,yd(@‘h ’{(Zmo
Bz0 F BZO F HO
14 16 . (18)

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 (aryl)alkanoic acid (2R,3R,4R)-2-
(aryl)alkanoyloxymethyl—4-ﬂuoro-4-methyl-5—oxo-tetrahydro—furan-3 -yl ester of

formula IT

R(O=)CO— o _q

ROO=)CO F

(n



yl met hyl ester of fornula | to afford the
4-am no-1-((2R 3R, 4R, 5 5 R)-3-fl uoro-4-

woydsay+15- hydr oxynet hyl - 3- net hyl - t et r ahydr o- f BCaWS2007021548
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)-IHpyrimdin-2-one of formula IV. The term
(aryl)al kanoic acid as used herein refers to a group
RCO H wherein Ris either alkyl or aryl as those terns
are defined herein Correspondingly the term
(ar%k% @bf e refers to a group RCO R where R
R r ary . Most typically the R
r epr esening art(ersa)allaneﬁb orid 5&%@3»4&)%@1%&3“83/19?%%@yl’5 -chloro-
rin - ) Yormula ITI
"(d?yu§p1ﬁano g%%ﬁ&%é#@%K?29¥%%mgﬁoups RCO- and
RCC[Xespectlver, where R is as described previously.

The ternt (aryl) al kanoyl oxymeidayl" ogroup refers a group
RCOOCH2- where R is as describe pr Jously. The term
"al kyl" as used herein deno%g__ ranched or
branched chai n, saturated, n&valent hydr ocar bon
residue containing 1 to 10 carbonmatons. The term
"aryl" as used herein refers to phenyl group. In a
preferred enbodinent of the present invention R has

t he nean ﬂ%ﬁgﬁhal general , the nonencl ature
used in atlg§$ls based on AUT

V. 4.0, amenNSIttleB thel (eyDetkarqic gt ptR-8Ri4Re (nga@wp?bé}?xy

the Qaps ts%&&8-4%uerJBR&1ﬁyt§&ﬁfyaid-ﬁummnedtatow f&muld III into
there I's a |screpan0£§&etme E qﬁgl ed s@yuctuqe 5
andan(apdlkagpig e ERORAR- R Y frfaryly °éfE>;§Vét gpenzoylamino-2-
St I 48V HByiMidie- 188)-2EROfodBtheMyl-CoriaRy dybifurahs2-idaityl exter of
if the stereochemistry of a structure or a portion of

a st¥mat e is not indicated with, for exanpl e, bold
or dashed lines, the structure or

NHBz
™y
|
RO=)CO—, o NV ©
RIO=)CO F

U]
wherein R is aryl or alkyl and Bz is benzoyl and
¢) hydrolyzing the (aryl)alkanoic acid (2R,3R,4R,5R)-3- (aryl)alkanoyloxy-S-
'(4-benzoylammo-2-oxo-2H—pyrumdm— -yD)-4-fluoro-4-methyl-tetrahydro-furan-2-
ylmethyl ester of formula I to afford the 4-amino-1-((2R,3R,4R,5 5 R)-3-fluoro-4-
hydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-pyrimidin-2-one of
formula IV.
The term (aryl)alkanoic 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
(aryDalkanoic ester refers to a group RCO;R' where R is either alkyl or aryl. Most
typically the R' represents the 3' and/or §' position(s) of a ribose ring. The terms
"(aryl)alkanoyl" and "(aryl)alkanoyloxy" refer to the groups RCO- and RCOO-

respectively, where R is as described previously. The term
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portion of the structure is to be interpreted as
enconpassing all stereoisoners of it. The

woOnRrensgisnoat i on in step a) conprises a reducti BATIUS2M0M021548

presence of a reducing agent and a subsequent
chlorination in the presence of chlorinating agent.
Sui tabl e reduci ng agent is sodi um

/.y-(2-met hoxyet hoxy) (2,2,2- trifluoroethoxy)

al um num hydri de Lch is ¢o rCi i er

C heep Helamo ey Fout S BBl ROO0RNS; WAL HaE

r eddesérived pisdadsly takes place in an organic sol vent

such as O'#gett% haelll er&lg{lseeq hgxyeg{ Q5312 9R uhBritfiched or branched chain,

di chl or ne at a reaction tenperature of bel ow
Oogsaupated,anmbivylebehwcaﬁm revidusconiginyieel ool @rbanpgoms.
reduct i t b t] an s o puéR to the

chlori ngﬂ?eotﬁﬁrrl ea ?iag%%dﬁeg&ﬂgteﬁ%ﬁ? igona_t i nlgffgﬁgnt Is as .a

rul e sellmotmefetred ambedimgriaf thapresengvey has thepgpnipgof

or @Qggphorus oxychl oride. Preferably sulfury

chloride in the presence of catalytic ampunts of

t et r abut iy geasmb shapanpogiavgRused I%Q’é?d}_\PPHﬁ’é“%ThFi’P?ﬁ‘i‘éini on

I s RYATNEITMY,. 06 BeikReth BbtitateldaPhictited S8RAT fok tegeneration of
bet ween 00C and 400C.. The { r L%&Ikanoic %c&g devicted
(2R G Rysonqiin RAmeRP e JT 5 iR ERTPERcY R ffogn g dopicte

or o-
f | ughRnfe BRI Dihmé givea Madstaciuié, alie dpidtedostueturads t6 be sspaled

e RS e BRI S ot
Thesta@ae ission indicatst eith, 5y cxemplei bald or eashed Hpest the structure or
act HrsBn SE oo o 1 Y pirpred as socampaging l stseetomar of
uor o- 4- nEhdyransfematioy dr $¢pA) sAmprises a reduiction 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.

The reduction usually takes place in an organic solvent such asina
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.

- 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
ammonium bromide is used.

The chlorination is expediently performed at a reaction temperature between
0°C and 40°C.

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 can be separated from the
reaction mixture applying techniques known to the skilled in the art.

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

4
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3-yl ester of formula Il wth Otrinethyl
silyl-N4-benzoyl cytosin in the presence of a Lew s

wacia/o43ne O trinmethyl silyl-N4-benzoyl cyt osi nPaBUSE®7/021548

prepared in situ by reacting Nbenzoyl cytosine with
hexanet hyl di sil azan in the presence of ammoni um

sul fate in chl orobenzene under refl ux conditions.
Common Lewis acids known in the art are suitable for

t he _conversion j.n ste / i
B
US Ufirdny3-pEesiarmofifctmata BY witl Oetimethy sitdtNg-benzpylcytosin in the

i nst ance a4 OC until the coupling is conplete.
Th prfsenc?ﬁ’ Eanmtacaam d

(2R 3R, 4'H16<R)tn@5(ha} §;1yj-§]4klm@@?yl@§9m15n@g be prepared in situ by reacting
ben h@d}m}yt%sﬂé( Qith 'ﬂ‘eﬁéﬁﬁétﬂ%]lgisﬂaﬂan ¥ the ?)I‘Jsbﬁ&rdf afmiGAiRY bulfate
a Io-

-te ur an- 2- ester formula | so
obtm@wome@el@efpfaﬂ%é‘a‘ tF‘{S‘rsmthe reaction mxture

appl yin gCBﬁﬁﬁH'L%b@ssadﬁmwBQn tHeQirtsdeé bdiglel for thh@omveksion in step
The hydrolysis_ in step c) rforn&ﬂ J; t he presence
T AT

of - kﬁ%lresﬁwam ‘éeeBéglé‘g"eélr"?é‘ RN s |ike

al kal i MphefeadidnOx uslofy pRf&inedabtlyvaatietpermnirb,der tistande at
met hanol 02,3 ﬁl vent h’? used. The reaction is perforned
at 8P 20 Eematt seSouPlipg:!s SPEPIeS st ance at about 500C

unt it hm@wlymiumb& dcRl (@BRUBR,4R.6R)-FHeryDakkanoydory-3-(£R.
4R 5R) - | uoro- 4- h —furan-2-
o R PRy oS PO ey | VDo Busto SR Dibaidiasy-fypn.2
f or mnﬁahyl‘dsteaof ﬂoamnla & Bcaobsdmf:d)barxm afrgarn@fl eEsthR HeARHOR wixture

the a;?ﬁi'yﬁxg %%hhﬂué%o@srn to the skilled in the art.

The hydrolysis in step c) 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-hydroxymethyl-3-
methyltetrahydro-furan-2-yl)-1H-pyrimidin-2-one of the formula IV can be isolated
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 (aryl)alkanoic acid (2R,3R,4R)-2-
(aryDalkanoyloxymethyl-4-fluoro-4-methyl-5-oxo-tetrahydro-furan-3 -yl ester of

formula II

RIO=ICO—\ o _ o

RO=CO F
an
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In a further enbodi nent of the present invention a
process for the preparation of the starting product,

woOheos(oasaid ) al kanoi ¢ acid (2R 3R 4R) - 2- PCT/US2007/021548

(aryl) al kanoyl oxymnet hyl - 4-f | uor o- 4- net hyl - 5- oxo-tetrah
ydro-furan-3-yl ester of formula Il (Hwerein Ris
phenyl has been devel oped. The process conprises the
steps al) transform ng the

(E)-3-((S)-2,2-dinmethyl-[1, 3] di oxol an-4-yl)-2-net hyl ac
rylic acid ethyl ester of formula V (V) into the

(2S, 3R) - Bhdré¢iRR R pRemiil irat begh dpveloped.

1, 3]di oﬁ alpro 4- Yl &?s?asﬁief;veﬂg OoXYy- 2 rret hyl propi oni c

acid et ter o g convertln

(2S, 3R) - &)(n(a@fox:n@g hiertB)-By(Hf2.2- @mhsdi Ioxplan-4-y 23mth>’1'
di h ég@é PlooRL@RF ¢ acid ethyl ester of
forxcq§’198(%/7fge hg soul fite of formula VII1 cl) further
reacting the sulflte of formula VII to the sulfate of
formula VI11dl) transform nguthg sulfate of formula

VITl into the fluorohydrin gul{ate o formJIa I X el)
deconposi ng the fluorohydrin s&I of formula IX
into the lactone of forrmula X (X) arePEinally

v)

into the (2S,3R)-3-((R)-2,2-dimethyl-[1,3]dioxolan-4-yl)-2,3-dihydroxy-2-
methyl propionic acid ethyl ester of formula VI

Meo

Me)(o 2 Me
CO,Et

HO OH
v

b1) converting the (2_S,3R)—3-((R)-2,2-dimethyl-[1,3]dioxolan-4-yl)-2,3-
dihydroxy-2-methyl-propionic acid ethyl ester of formula VI into the sulfite of
formula VII

Me>(()..2 Me
—~CO,Et (Vi)

cl) further .reacting the sulfite of formula VII to the sulfate of formula VIII
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fl) acylating the lactone of formula X to formthe end
product of formula Il wherein Ris phenyl. The present

wonosagsiigan be described with SCHEME A bel ow ¢ar)us2007/021548

acet one- NavMhO4 (aq), ethylene glycol, NaHCO3, -10 to
00C; ag. NaHSC3 (quench); (bl) i-PrQCAc, MeCN, TEA,
SO 2; (cl) i-PrOAc, MeCN, NaOd ; (dl) TEA-3HF, TEA
(el) HA (aq)-Bad 2-aq; (fl) (PhCO 20 DWVAP, MeCN.
The asymmetric hydroxylation in step al) was

di scovered to be best carried out with sodium

per manganate in the presence of ethyl ene glycol,

sodi um bi carbonate in acet Oat a tenperature of -20

to 0 C which afforded the ¥ a.{ n B8- 64% on pi | ot
plant scale. Starting conpound JVE%4Tt 880Dt ai ned
from (IS, 29)-1, 2- S

2>((R) - 2, 2- di met hyl - [, 3] di oxol°an-4-yl ) - et hane-

1,2-diol (C R Schmd and J. D. Bryant, Jerry D.,-

Org. Syn. 1995 72:6-13) by oxidative cleavage of the

di ol andil)teasforeing the shiafa of forguly \@éhlyabthwﬂflﬂfogydﬂn sulfate of
(trg | 5- phosphanyl i dene) - propi oni ¢ acid et hyl
est%?ﬁ.m@\ﬁ{g cyclic sulfate (VIIl) can be prepared by
cyclization of the vicinal diol with e.g. thionyl

chloride in step bl) and oximmtion of the resulting
cyclic sulfite (M1) in st.ep;eéﬂ'). to g¢het corresponding
sulfate (VII1) with NaOd in t§eprémence of MeCN. |t

'has been found that the cyclic)s0l fates can be

d

stabilized during processing By‘Q'heEtam tion of a
trial kyl am ne such as TEA or DIRRA at 2-10 nole %
relative to the cyclic sulfate. Differential scanning
calorinetry (DSC) showed a shift in the onset of

c try | , B
ecomDOSL kL AIRRAL AKI ORI Bl of Sorkfih BCnM8E 1edichc of

mol e % of

formula X
HO
) 0O
i_r Me
HO F
Xy
and finally

f1) 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:
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(M11). Contacting (M1Il) with
triethylam ne-tri hydrofluoride/ TEA in step dl) affords

woOhersausfiat ed fl uorohydrin (1X) which in the prPesaSe®7/021548

of water affords the fluorohyrin (X) An inproved yield
of (X) can be obtained in step dl) when Bad is
incorporated in the reaction m xture to scavenge the

| i berated sulfate. Under the acidic conditions

concom tant hydrolysis of the acetonide liberates a
triol which spontaneously cyclizes to the g-1actone
(X). Contacting (X) wth benzoic anhydride and DVA
step fl) affomegs the di benzoateMafothe |actone (Ii ir
which is useaers §he glycosylaﬁqgg. teg. Wile the °-<_A
benzoyl protect? up (Rophenyl ) M-$cpuef eTT g,

ot her potential protest ng groups'ﬁbl@ﬁted from S

met hoxynet hyl , met hoxyet hyl, benzyl oxymet hyl, e _ oW

et hoxynet hyl , %gotyl trlethyk§D¢9 , MEArO

t- butyldlnethyl | e tbutyl di phe el yl, acyl Me

i ncl udi ng acet yl , ypfeedeoy| ——penzoyl- ?‘?SJEIJoyI‘,—ﬁ%[*phenylo,_,OCC'OEt .
benzoyl, 2-, 3-, %§°4 ni trobenzoyios3-, 3-, G N
4- chl or obenzoyl, o®hen substltuteé’b%anWI nay be X
applied. Themhage used for step fl) includes, but is o

not |linmtedMe fO||OMAng [ ] 'dazole, 820 c
pyridine, DVAP.” QEA&,@I PEA— S v — ;-(—7::""9

|, 4- d|azablcyclaigpzigbmctaﬁe TH@ sofvent used for
step fl) includes,obutxis not linmted to acetonitrile,lfk
pyri di ne, DCM chloroforn1 DCE, THF. Exanpl es The
abbrevi ati ons used include: 1,2-dichloroethane (DCE)

di chl oronet hane (DCM, di-iso-propyl ethyl am ne

(DI PEA), N N-dilyeédiyte-NaMnO, (aq), ethylene glycol, NaHCOs3, -10 to 0°C; aq.

NaHSO; (quench); (b1) i-PrOAc, MeCN, TEA, SOCly; (cl) i-PrOAc,
MeCN, NaOCI; (d1) TEA-3HF, TEA; (el) HCI (aq)-BaCly-ag; (f1) (PhCO)
20, 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 plant scale. Starting compound (V) can be
obtained from (18,2S)-1,2-bis-((R)-2,2-dimethyl-[ 1,3 ]dioxolan-4-yl)-ethane-
1,2-diol (C. R. Schmid and J. D. Bryant, Jerry D., Org. Syn. 1995 72:6-13)
by oxidative cleavage of the diol and treating the resulting aldehyde with 2-
(triphenyl-)\s -phosphanylidene)-propionic acid ethyl ester.

The cyclic sulfate (VIII) can be prepared by cyclization of the vicinal
diol with e.g. thiényl chloride in step b1) 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
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acetam de (DMA), 4-N, N-di net hyl am nopyri di ne ( DVAP),
et hanol (EtOH), ethylacetate (EtOAc), nethanol (MeOH),

worbdsyus4ide), ethyl (Et), isopropanol (IPA), PCT/US2007/021548

acetonitrile 5 (MeCN), phenyl (Ph), roomtenperature
(rt or RT), triethylam ne (TEA or Et3N),
tetrahydrofuran (THF). Exanple 1 Benzoic acid

3- benzoyl oxy- 5- (4- benzoyl am no- 2- oxo- 2H pyri m di nl -

o R P P AR g o
to a col(mm)obuhuamng((ww@)th Qﬁem@nm(mﬂk@ﬂmndsﬂm ih step d1)
(12.53 k K flje W %a{égr}ﬁlog }'dxgn b&év\{iﬁuﬂxﬁ tlﬂ@;'%r@ieﬁbé‘bﬂ’\gat&rh?fords

reactloﬁ era ure at o After warmn
up to arthe Surrolein(@)dmimpreved yigkd offX) cepke ppdined dystep ya1)

RED- AL [ﬁ%lgs a(]:]zg% Cufl% Vétg%pm]thgﬂ:a&'iﬂn rﬁi‘xtdrgﬁ) S%Zveﬁxglé ¢he liberated

pr epar e to a pre-cooled solutio

(- 1500 sgrfatmldnﬂeelt}&@lc&ifécqalidﬁ@ﬁ% &a%cemitent(hifdf wys ?fﬁﬂmefomde
(94.7 k%%a%@s Kfent"lgira\k'ﬂit:ﬂ n%e&&?}%)}cﬁgesttsm Rtidheal or

bel ow reduction of the |lactone (mnitored
by i n- prémastng0yh bmza}Wzdr@rmﬁWGP in step £1) atfords the

t et r abut i A0TROLEE: li’c{c%ﬂe‘éﬁb)(@ﬁ&cﬂ)s us&d adde @lyk@syldﬂﬁn step.
reaction mxture. Sulf chl ori de ﬁ,R g% LS 3 other
t hen added whVhide Wﬁlbﬁw Prﬁﬁc?‘é%%rf’}‘% Pé‘ﬁ}g?? plereg:

or bel ovdadal ﬁb@cﬁﬁg,agbumembeeﬂ ffomn insthbkemethyamethokyethyl,

T

stirred mﬁanpnergmlly( Giayl]:ﬁclhk)mg Adetyly pudoylobenzpylt Wiuoyl, ¢-phenyl

cool ed to awiﬁ 9 08 4. Nebput o o 500, L) Hickohdgsd, other

cauti OUS al ni ng r’eéct 1 On te erature at
or bel ovsub&Guted benzogbmty bmaxmhxd Ukhe Hase wigd rﬁo@ﬁprfrlb@dﬁf‘es but

anbi ent 1ts %o 1m§édi{o§hé {%rllowmg list: imidazole, pyridine, DMAP, TEA,
DIPEA, 1,4-diazabicyclo[2,2,2]octane. The solvent used for step 1)
includes, but is not limited to acetonitrile, pyridine, DCM, chloroform, DCE,
THE.

Examples
The abbreviations used include: 1,2-dichloroethane (DCE)

dichloromethane (DCM), di-iso-propylethylamine (DIPEA), N,N-dimethyl
acetamide (DMA), 4-N,N-dimethylaminopyridine (DMAP), ethanol (EtOH),
ethylacetate (EtOAc), methanol (MeOH), methyl (Me), ethyl (Et),
isopropanol (IPA), acetonitrile 5 (MeCN), phenyl (Ph), room temperature (rt
or RT), triethylamine (TEA or Et;N), tetrahydrofuran (THF).
Example 1

Benzoic acid 3-benzoyloxy-5-(4-benzoylamino-2-oxo-2H-pyrimidin-

1-yl)-4-fluoro-4-methyl-tetrahydro-furan-2-ylmethy! ester ( 14)
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ca l hto ensure hydrolytic deconposition of excess
sul furyl chloride and the phases are separated. The

wongssiibayer is washed with a dilute sol uti ORCDMUS2007/021548

citric acid (prepared by dissolving 15.5 kg of citric
acid in 8 L of water) and then with dilute KOH

sol ution (prepared by dissolving 15 kg of 50% KOH i n
100 L of water). The organic phase is then
concentrated and solvents are replaced with NHBZ
chl orobenzene (2 x 150 kg) via atnospheric repla enent
distillation. The resulting solution containin f 3

dri ed azeotropbcal ly. A e83| n of Nbb b N

cyt osi ne , anmoai u Al e 667 k

hexamnet hyI i ne (6.6 k chI or oben (o2.4
kg) is heate(éto':reflux (cd. 13'20) and stlﬁgd (ca. 1

h) until the mdxture becomes 3 cl ear sol ution. %he
reaction mxture is then concentrated in vacuo to

obt ai n tirifludrdettianel (498 kg) sydddedisipwly e celf solitign &< 52C) of
syrupy | M IAqJ? I(hﬁtxcﬁpgi %giﬁ ax?cpdomehgfﬁ 10§ k%'-]f WHiR mamtammg the

chl or obenze as prepare stannic chlorid
kg) ar e adeidian tamperitare@bATRIRY a’chC AHEr VIR %tqﬁm‘ﬂ}fe

i's mai ntt@ﬂn G cg%u@),m&ﬁtadl REDISI dasehtadixbmel (B0l Nk out

-reactlonls co ete (ca. 10 h) as determ o
process Hithe37. &@Hre%fﬁﬁ) igpfdpg s )l‘t‘ﬂ@ tq %B’E,“f"r°8PF%r?PE‘¥B?E1? C) of

cool ed t@,RshéteRY dib&izpRaE ab UTEkHRA DN mzeml kayi wiiileDEdhtaining
(121 kg). This sol ution i add eg%% N 19%one
solid Nmnmp%w%ar E%F) ftﬁ.rf ﬂ gy i

(100. 6 k@jonitdfee byeﬁpfdcbng{mm)t catalytic mwmﬂoﬁm@tﬂnﬁ@l@mimn
and water (8 . 1.5,add W

react | oﬁb ﬂ‘ﬁg“%{ i?é 9 ‘fﬁéderdgtg Sl?‘? ‘F%%“’é‘ ﬁ%‘%&% .légﬁﬁ‘f}é I:}\t/lgnde (11.86 ke)
sl owl y (isaeniadded White muiptaininprepctimetewderapry afor D?(lotvcoac The
45C) and ng‘{on tn%k&?edlffél%r }QQ%H o AP fokRatish S thy chiSride is

then cool
complete (ca. 4 h) or warmed to ambient temperature (20-25°C) and stirred

over night (ca. 16 h). The reaction mixture is cooled to about 0°C, and water
(100 L) is added cautiously while maintaining reaction temperature at or
below 15°C. The reaction mixture is then stirred at ambient temperature for
ca. 1 h to ensure hydrolytic decomposition of excess sulfuryl chloride and the
phases are separated. The organic layer is washed with a dilute solution of
citric acid (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 (6.6 kg) in chlorobenzene (52.4 kg) is
heated to reflux (ca. 135°C) and stirred (ca. 1 h) until the mixtuie becomes 4
clear solution. The reaction mixfure is then concentrated in vacuo to obtain
the O-trimethy! silyl-N4-benzoylcytosin as a syrupy liquid. The anhydrous

solution of 30 in chlorobenzene (as prepared) and stannic chloride (28.2 kg)

10
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filtered. The filter cake is repeatedly reslurried in
DCM (4 x 100 L) and filtered. The conbined filtrate is

woaonsmasaat ed under at nospheric pressure (the PCT/US2007/021548

distillate collected in the process is used for
reslurrying the filter cake) until the batch
tenperature rises to about 900C and then allowed to
cool slowy to about -5C. The resulting slurry is aged

for at |eas h.at -5C Th
filtered™ éé foisoRr L ih‘%%g&i& J’&%‘ggff%mﬁ’%d aPabout
oven-dr |7®dc |unt1Ntae desiat calpding rEQOMN tswome(w agl Ogh)jag determined

(57.3% led t
deoxy- 2 qyl in gr e %s HPIt,(];1 I]Ipoéx com letlon the reactlon mlxture is cooled to

8- D-ri bof urano
syl ) - N- amthen z@weg;z}tpqggmﬁ, éll(ugdr W1@/%3M)é(é y). This solution 1s added
817204- %% % ngUSPo%ﬁd %%I-ﬁ%,oqgﬁ ?cgya@@mmﬁ@@ 4 kg) in DCM

4-"Ami no or o- 4- hydr oxy dr oxynet h 3-
t et r ahy dil 80.6ke)- ahezesynnmshmw? P?ﬁl%ﬁw 1032/15°§ Xftﬁ t”%&%% is

A slurr yacﬁattd éw( Zexlﬁ:gl)thé FeadlefadinixO2e STHeG¢sultingtsughian is
Wth cata

tic armunts of neth oI|
(0. 275 KeFY slvwé/ (caufton; 836 %YP&PPB? “13%8 ée?i@a@%ﬁ%@ aggoc
$ Eg ?g: g:%léﬁau&edff%r 46ahd 30 hhie THY dlgﬁgwmsn teolebwophetEC, and
I oNn.m X re s uen
i sobut yrfilteredilde figer li%)e?e F&S W‘%ﬁﬁg@gl(g% 190.L) and
concent r ak@ed. Thd eombidede filttate isaoveemratad updes nM@nhwmressure

sol vent
di S:Z/I [ :ﬁgﬁi %“gﬁ’@ ot %gte(ﬂn fle &)Eﬁ %qglf%g)f?rer;g% tin ﬁg 9% f‘lijl;&rr cake)
I S heat eantil thectmich3SfGratue tises fo aksot 8Rf Csang\thsp ql]@weg to @el

and age dsléwg?tlo %Pmt 50019 "re?sﬁin%btsﬁﬁﬁqs g%é&%fiét 1éa8t 2 h at -5°C.

i sol at ed ration, 1)( 8
dried i nThmpxwenatad prodact is filierad el washsd MMPA (3((’1J g+ 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-Odibenzoyl—B—D-ribofuranosyl)—N—4—
benzoylcytosine (14, CAS Reg No. 817204-32-3) which was 99.3% pure.=

Example 2
4-Amino-1-(3-fluoro-4-hydroxy-5-hydroxymethyl-3-methyl-
tctrahyéiro-furan—2-yl)-lH-pyrimidin- 2-one (18)
NHBz NH,

¢ o)
Bzo—\j%l‘go HO o /N’zo
Me — Me
B0 F HO F
14 18

A slurry of 14 (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 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 batch is distilled to a volume of

11
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6.26 kg (88.9% of 18 which assayed at 99.43% pure
Example 3 (2S,3R)-3-[(4R) -2, 2-di nenyl -[ 1, 3]

wdi2zeospsng 4-yl | - 2, 3- dhydr oxy- 2- net hyl - pr opi onPCTASRM@7/021548

ethyl ester (24) A suspension of 22 (10 kg, CAS Reg.

No. 81997-76-4), ethylene glycol (11.6 kg), solid

NaHCO3 (11.8 kg) and acetone (150 L) is cooled to ca.

-ﬁS C. dA IsoI ution of 36% aqueous NaMO4 (19.5 kg) is
charged s over

mai nt ai fPn li e %mfgesqa@é l(a‘g’thtﬁ:lf?tgd gd;&gg@% ?mthen o slowly o
After stdar sqmgad‘ agled (:a52 h) Fhe picgirdiated preducy LFGFOlé}Fd P}ﬁ gltration,
reaction [

aqUeOUS nggl um Ié‘&u? ?kg)iz)nd d?neﬂln’r?mmq a‘:f)\"é(?:tf:I zgﬁw{%z%o to afford
resul ti r@z@kyfw%)sofrlusmleelwswas f‘ﬁ%tpéff for GC

anal ysis to check the progress of the reaction. Wen

the reaction is conplete, the reaction mxture is
quenchedExampl¢ 3w (over 40 nmin) addition of cooled (ca.

00C) 25% aquepits W) QQOdlb)ethyiEDEﬂtcﬁﬂSﬁﬂﬂrﬁl-yl’]éz Hilibytexy-2-
reaction mxture is a VQ to reach 4C during the

quench. wgthylrpropionicagid eshyg egtes (3Lt hen sl urried in

acet one (8 kg) and added to the dark brown reaction

m xt ure. @sultl ng sl M yois aged at anbient
terrperatur“é?t btai n_Li gt & htel yrry. The slurry is.
filtered, and t ilter cake l%1ed wi th acetone

(3 x 39 kg). The i ned filFPraPB is concentrated by
vacuum di sti | Fation (vacuum app%"om mately 24 inches of

Hg (ca. 810 mpap %F ﬂ%of)ﬁ(& ?cgg AJIRYEND 381§8£)76149 ethylene

renove the aceto concentrate Is
ext r act eglyopli(hl. Eﬂc@&@ol(cBNgHQ@; k]gl)S kg)agd acetone (150 L) is cooled to

ca. -15° C. A solution of 36% aqueous NaMnO4 (19.5 kg) 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 NaHSOs (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 slurry. 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 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 added and the batch cooled to ca. 27° C to initiate crystallization. The

12
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the conbi ned organic extracts were washed with water
(25 L). The organic phase is then concentrated by

wabtosgphasi c distillation and Et OAc i s repl acedCWius07/021548

tol uene. The volune of the batch is adjusted to ca. 20
L. Heptane (62 kg) is added and the batch cooled to
ca. 27 Cto initiate crystallization. Thebatch is then
cooled to -10 C. After aging overnight at -10 C5 the

product is filtere j 109% . i .
hept ane P&K8 1Y e‘éﬁocg?d %35?@%%%’]% fi:\n%u&l}'%nﬂitl%ﬁgﬁlgfg’ t(:lsw 3 ioauct ®
kg (59. Fofjera washefl GAHRINS kO@Hhe fshepanggng diipd #50°C under

crystalline ' I o -76- i

(ks ar Seport B dfrd BT (Bo doe) or 2 (CA RN 81597,76:0) 2 e

- di hydr afrystalline @lidne (10) step i 24: R= R* = H 38
SsltBeDp4 I|_ 2 108 : : RR'.. - cH oph step 2 1 -36:

R R =SO026: R R = SO2 Steps 1 &2 - Adry, clean
vessel \Ewempledged with 24 (6.0 kg), isopropyl acetate
(28.0 kg) . NESH 4o K ShuohPal bl 5. 1halcGymotlyb 3mhonhylrdshydro-
was cool ed to 5-100C, and thionyl 10 chloride (3.2 kg)

was addedranrZans/(l@hi | e cooling the solution to

mai ntain the tenperature bel ow 200C. The m xture was

stirred
Me -] Me
o 0
Me)( . step 3 Me’\/ ey On 0
onvd Me 2 | T 0 COOEt R o’\{r
= GOOEt Xs “Me g Me
RO OR 07120 F F
O™ Et,NH+
step 1 24 R=R=H 38 step 4 | ‘128 E: z gOFh

36 R, R = SO
step2l . 56 R, R'=50,

Steps 1 & 2 - A dry, clean vessel was charged with 24 (6.0 kg), isopropyl
acetate (28.0 kg), MeCN (3.8 kg) and TEA (5.4 kg). The mixture was cooled
to 5-10°C, and thionyl 10 chloride (3.2 kg) was added slowly while cooling
the solution to maintain the temperature below 20°C. The mixture was stirred
until no startiﬁg material was left (GC analysis). The reaction was typically
complete within 30 min after addition is 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 witha
mixture of water (8 kg) and saturated NaHCO); (4 kg ) solution. To the
remaining organic phase containing 36 was added MeCN (2.5 kg ) and solid
NaHCO3 (3.1 kg). The resulting slurry was cooled to ca. 10°C. Bleach
(NaOCl solution, 6.89 wt% 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 NazSO3 solution (15.1%
w/w, 21 kg) while cooling to maintain temperature below 20°C. The

13
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until no starting material was left (GC analysis). The
reaction was typically conplete within 30 mn after

waddisiusnoi s conplete. To the m xture was adde#CWASEN07/021548

(9 kg) and after stirring, the mxture was allowed to
settle. The aqueous phase was discarded and the

organi ¢ phase was washed with a m xture of water (8

kg) and saturated NaHCO (4 kg ) solution. To the

remai ni n ni c cont rﬁ-ﬂ@ MeGNe
(2.5 kg 9 e’é‘ﬂ’gg ’%ﬂfﬁ?’ %ltfrelgq?xég e§ar esu??illn move
slurry Viasrgao kﬂoﬂst Bha:ﬁurana@@{s: auswame(thaw pbf?éffsl?ﬁ tparated
6.89 wt % eous was waskda

i owl y TS BarT 2 Asetfed’ 60 orgtnfeaer YaF yagHa et with
25C. Then mixtira péwms (Hgez) amtsw<?drlﬂ4%0®‘éfé\““§d-4172‘f¥)’ then

m n at g\? if GiurdtBh Narl‘di'ﬁ sbRAGH %ﬁﬂkg)aﬁlmm?.@txﬁmm added to

anal ysi [t er conpletion of the react

m xture magrg@wlpéaset%’@dé@ requliine soiions I EGrﬁlc‘h{—?&g'i)\FFFrITE@
aqueous @lgg §Qe %tyta'cfé@.n (k. THe Wéadtor Had rlkls’ﬁ‘)d wiltth 1sepropyl acetate

coollng mal ntaln tenperature

el ow
Thequencld®) pehibe rinse mt;@pﬁfpngecwggg %88 oigﬁpl&?&ﬁse was then
cartri dognbédtta@ld dr@er RIFBME ch. I’BSO%O infbag o/hilel snainfhiging reactor

filtrate was all owed t hase coe

separ at ol@ckeh IFRRTEREFh gﬁé &Iﬁfn gfofcgg R dggb i?'hpéddltlonal

?r gzimlk C bmm% (2BBMmUpehedidéd al thewsduuem distillatioe wes comtinped .
g sat u 0 i on.

with of UakGHEPRE® kﬁﬁ%@é§§3|“afﬂ & {f.‘ﬁ%l{?g‘??asg’iq’gﬁﬁw Whatch

(220 nl)volmsmeaadel).t o t he organi c phase and the

resulting solution was filtered through CELI TE(r) (bag

filter) into a clean drum The reactor was rinsed wit

i sopr opyﬁtga_éet'@t the cqnoepfyatechell frav stapriseonfaining A $pE P P%%Fd TEA

to the depdnNiGd HEIMN 8&%@@:%/@%3%@%&9&&&@& wad Rted to

under vacuum ca 850- 950 nbar whi | e mai nt ai ni ng
r eact or 85°C 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 reaction mixture was stirred at ca. 90° C for 30 min
and then saturated aqueous BaCl, solution (18.8 kg) was added. 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 distill off

residual n-propanol (and traces of water) to a minimum volume to afford 28.

Step 4 - To the residue from step 3 containing 28 was added MeCN (35 kg)
and ca. 15L 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.

14
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j acket tenperature at 45-50C to afford 26 as an oil
(~10 L). Additional DI PEA (280 nlL) .was added and the

woacsias4dpstil | ati on was continued (jacket tenmpeTaSH02/021548

50-550C) until no nore distillate was coll ected.

(Batch volune ca. 7 L). Step 3 - To the concentrated

oil fromstep 2 containing 26 was 5 added TEA (2. 34 kg
)and TEA-tri hydrofluoride (1.63 kg). The m xture was
heated to. 85C A %Is‘ﬁgdédQOmemlxture
moni t or A& ﬁ?Bg{lggg%?I%gté&?tgg@tl GC, After the
react i onnds: reoiiguspension is stinied for, 33'5‘1 3P mina She Fraetpn gixture
Lhe m xtyLGiRARM chidigh SRS pll Kol ARAKE B (O RomdI0

C (sm anount tillate coIIected i on

m xt ur e lmsa@? ﬁqltse'aheastdlé gakegpasavashed wigh ?‘?\tﬂl‘éﬁ%glfﬁeﬁ

_Sl_‘ﬁt ur at %ﬁ@%@%ﬁm@@ﬁ w§éﬂe§|{vb£é{we(sﬂ;&l :&ck@)ﬂg‘%‘l&@vlﬂﬂﬂﬁdr (38 kg),
e resulting suspension was sti ou

4 h. Theatugated Nﬁﬁgoﬁ%%%(“m) ﬂéﬁ“ﬁ%@%ﬁ% p¢ ?ﬁg? ipulfganic

dried u qgi,gge @asvmlghxmté&d ;t@mugﬁ IaeanﬁdigeH@)erb@nda:@dcmgrated under

| ow | (119 k i | ¥
2zgot ?/OS}’l%dr ano fnml.glluﬁla ohﬂg? gﬁAqJT?{(%)r v s%ggé fo thde

85- 900C)oona_é3mta’fbemﬁezil THUAbf mmwwamlmasd Butite chadedtyagram
(33 kg cuym Lat I -2d,

di st i I I 36]?’1‘” "?%@ dlnbag)clh pan r?tg ea%gg%e? g% th\/\llgegclr1 of the
to am mlmmhumlmﬂemana@fsomdoﬂafas &ee godled tofeg. pHeover 5 hand
resi due from@{e%%a%v%ﬁ%? gg%cﬁﬂta%sqﬂféﬁé& d}@%sﬂé%ﬁmth of

kg) and % 1on under  at nospheric .
pr essur ecold tve. F°62AEPA G hg)xThﬁE’OM wap drigdjurdgr yaguums €0-70°C

dth c s DB ulde BAHP
re adae HRERY oy R R A e e 7 oL

reaction
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m xture while cooling to maintain tenperature bel ow
400C. The batch was aged at ca. 200C and the progress
wohodsiesdaenzoyl ation is nonitored by HPLC. Af t ePCT/US2007/021548

conpl etion 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 .CELI TE(r) pad (using a nutsche filter) to
renove inorganic salts. The solid cake was washed wth

Et OAc (38 kg). The conmbined filtrate and washes were
wadtieshssuccessi vely with water (38 kg), saturated

e

NaHCg 3 s S&'Cﬁ%%e%{;‘ Fhr R 5 ParRtA craldiind Ad(IR BRAR(FR)-FGhoro-4-

The or gani ase was polish-filtered (thr h.a...

c arhiydiayeS-hydroxsmetayld-methrkigrabyder ey é’rylisl’rﬁg%w'& (e of
to gipiaum volume. 1 PA (77 kg) was added to the
concentrate and ca. 25 L of distillate was coll ected
under nodest vacuum allowi ng the infernal batch
tenperature to reach ca 75C atNHthe end of the

distillation. The remaining gtion was then cool ed
to ca. 5C over 5 h and optio ,Ilg/o aged overni ght. The
precipitate was filter %hed with of cold (ca.
5C) | PA (24 kg). The produc dri®®¥ under vacuum at

60-700C to afford 6.63 kgHE70F7% t heory of 10 which
was 98. 2% pure by HPLC. Clains 1. A process for the
preparation of 4-am no-I-((2R 3R 4R, 5R)-3-fl uoro-4-
hy deamgyrismehy dr oxynet hyl - 3- met hyl -t elr ahydr o-rur an- 2-yl

) - | B pyriym dig 2008 %1 IR5TH &if QTONR 4RY22)

t r ansf orar‘?]mnaggfaaﬁa?gr yl( I)ianoi c z:\m d 2R,% ) 41E§2r5 2-

(ar Wylﬁlmﬂyxmgthﬁ%ﬂuom-tt—methyl—s-oxo-tetrahy o-furan-3-yl ester of
flugl.Qufiriret hyl - 5-oxo-tetrahydro-furan-3-yl ester of

RIO=)CO—\ o o

R(O=)ICO F
{n

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

R(O=)CO O _sct
\(_ZQMe

RO=)CO F
am

wherein R is aryl or alkyl;

b) converting the (aryl)alkanoic acid (2R,3R,4R)-2-(arylalkanoyloxy
methyl-5-chloro-4-fluoro-4-methyl-tetrahydro-furan-3-yl ester of formula III into an
(aryDalkanoic acid (2R,3R,4R,5R)-3-(aryl)alkanoyloxy-54(4—benzoy1amino—2-oxo-

16



formula Il (H) wherein Ris aryl or alkyl into an
(aryl)al kanoi c acid (2R, 3R, 4R)-2-(aryl)al kanoyl oxy

waorRbdsyus4a9 chl or o- PCT/US2007/021548
4-fl uoro-4-nethyl -tetrahydro-furan-3-yl ester of
formula I'l'l (I1l) wherein Ris aryl or alkyl; b)

converting the (aryl)al kanoi c acid

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

met hyl -5-chl ora-4-f | uoy 0- 4- m € - ula
1 i artrtn ot Tttt sty PR abark Tla DRI e of on
acid( 2R, 3R, 4R 5R) - 3- (aryl ) al kanoyl oxy-5- (4-benzoyl am n
0-2-ox02Hpyrim din-1-yl)-4-fluoro-4-methyl-tetrahydro
-furan-2-ylnethyl ester of formula I (1) wherein Ris

aryl or alkyl and Bz is benzoyl HM& c) hydrolyzing the

(aryl)al kanoic acid N
(2R 3R 4R 5R) - 3- (aryl ) al kanoyl oky-As:
(4- benzoyl am no- 2- oxo- ZHPYT ' n-P- yl)-4-fluoro-4-ne

thyl -tetrahydro-furan-2- yl met\ayMester of formula |
to afford the 4-am no-I| - (RPEBR BER 5 5 R)-3-f| uoro-4-
hydr oxy- 5- hydr oxymet hyl - 3- et hy| -t et rahydr o- f ur an- 2-yl
)- 1H pyrimdin-2-one of formul® 1V 2. Process
according to claim1, characterized in that R has the

meani ng of phenyl. 3. Process according to claim1 or
2, wheredk évaryled alkyl anibBz isthenzaya At or mat i on
¢) hydrolyzing the (aryl)alkanoic acid (2R 3R 4R,5R)-3-(aryl)alkanoyloxy-5-~

(4-benzoylamino-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,5 5 R)-3-fluoro-4-
hydroxy-5-hydroxymethyl-3 -methyl-tetrahydro-furan-2-y1)-1H-pyrimidin-2-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 sulfuryl chloride, thionyl chloride or phosphorus oxychloride
6. Process according to claim 5, characterized in that the chlorinating agent is

sulfuryl chloride in the presence of catalytic amounts of tetrabutylammonium

bromide.
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in step a) conprises a reduction in the presence of a

reduci ng agent and a subsequent chlorination in the
wonesmasao of chlorinating agent. 4. Process aceoraiSmg7/021548

to claim3, characterized in that the reducing agent

I's sodium

bi s- (2- met hoxyet hoxy) (2, 2, 2-trifl uoro-ethoxy)al um num

hydri de 5. Process according to claim3, characterized

in that the chlorinating agent is selected form

sul furyl chloride, thionyl chloride or, phosphorus .

oxychl orfi Beocéss deradingdo eleinl @F Aghameierizgdinghat the conversion in

c haéreacbt %Hnﬁﬁgeslr cti %‘:het(gﬁll)gﬁkhﬁ)d'ié 5@3$Zl§3ﬂ9@)&_—0a§yl)alkanoyloxy

sulfﬂi’r))l Chloride 1h the presence o atal ytigc. a u?lgs.th

of mehylabahlptoatrifiyatortrinsthy| e&éhﬁ"f"ﬁ“&ﬁ%?é e %&%fffar*ﬂnﬁa wi

cl a(b—'i%l%:eﬁgzl Sy NI RACEAES1888lin tHe pRradnct bPa LowisakRl On i n

step conprises reacting the (aryl)al kanoi c acid

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

net hyl - . ehl@Oacdoddingab Glafin Mek Dydhataeteriabd/ b thatfthé hyainelgsis in

yl ester of fornula Il] vvitQ{t] gtrimethyl

si | 0 Pus PEFBH & G PFHERS L R2% St esence of a Lewi s

acid. 8. Process according to claim1 or 2,

characterized in that the.hyd LS, . |

per f or ned Pir?f’ef'sn&éccﬁltr@%getﬁ & ieeal%%i ’ éoq%%@gfg tbg p%?%%telgas of éh

ac c@ryjalignbic aclda@Ry 3R, 4R)ev(aryBalkeapoylonypethplat-Supiort-gethykS-
(aryl) al kanoi N e
( 2R¥’S‘)Ffebf%y%g°%§rg§ P%’é"’ﬁ%"n‘gff’%’i“fn& hyl - 4- f | uor o- 4- met hyl

-5- oxo-tetrahydro-furan-3-yl ester of forrmula Il C1I)
wherein R is phenyl, conprising the steps of al)
transform ng the _R{O=)CO oo
(B)-3-((S)-2,2-dinmethyl -[1, 3] di oxofag-4-yl)-2-methyl-a
crylic RO=CO F

(m

wherein R is phenyl,
comprising the steps of
al) transforming the (E)-3-((8)-2,2-dimethyl-[1,3]dioxolan-4-yl)-2-methyl-acrylic

acid ethyl ester of formula V

CO,Et
V)

into the (2S,3R)-3=((R)-2,2-dimethyl-[1,3]dioxolan-4-y1)-2,3-dihydroxy-2-
methylpropionic acid ethyl ester of formula VI
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acid ethyl ester of formula V CV) into the
(2S,3R)-3-((R-2,2-dinethyl -1

wO2p@iazaban- 4-yl ) - 2, 3-di hydroxy-2- et hyl pr opPOmiUus2007/021548
acid ethyl ester of formula VI(M) bl) converting the
(2S,3R)-3-((R-2,2-dinmethyl -[I, 3]di oxol an-4-yl)-2, 3-di
hydr oxy- 2-net hyl -propionic acid ethyl ester of
formula VI into the sulfite of formula VII cl) further
reacting the sulfite of formula VIl to the sulfate of
formula VIIl dl) transformng the sulfate of fornula
VIIl into the fluorohydrM [fate of formula I X (1X)
el ) deconposing the fl uadh drinmMeul fate of formula I X
into the lactone of forrmula XgXEhE finally-fl)
acylating the | actone of for k;?"k to formthe end
product of formula Il wherein i s phenyl - 10.
Process according to claim9, characterized in that

the t f tion i ) d i :
Sod)peperi BB B e st EE TR Lk S giygron-
anch_gREKMBIRidHE hanah sttt of fnoolesE iatodhe dilfilg of Sormuls YAl

9, characterized in that the transformation in step
bl) is performed with thionylchloride. 12. Process

according to claim9, d‘i@g cterized in that the
transformation in Me 0,,2 Me

Y—&COEt (Vi) |
0.0

0

c1) further reacting the sulfite of formula VII to the sulfate of formula YIII

Me Is)

Me)%,,, Me
—~E=CO.Et (Vi)
O.S.O
o“ o

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

IX
Me)( (o)
Me Ore ‘.CozEt
o > tMe
-0 F

0" 0" EtHN*
(1X)

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

X
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step cl) is performed wth sodi um hypochlorite. 13.
Process according to claim9, characterized in that
woheostimansf ormation in step dl) is perfornmed weCH/u32007/021548

trial kyl am ne.14. Process according to claim 13,
characterized in that triethylamne together wth
triethylam n-tri hydrofluoride is used. 15. Process
according to claim9, characterized in that the
deconposition in step el) is performed with barium
chloride in water.16. Process.according to claim9,

characterized in that the lgtion 5 in step fl) is
performed with benzoic anhydr J;17. The process as
her ei nbef ore descri bed. e F

x)

and finally

f1) acylating the lactone of formula X to form the end product of formula IT 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 d1) is performed with a trialkylamine.14. Process according to claim 13,
characterized in that triethylamine together with triethylamin-trihydrofluoride is
used.15. Process according to claim 9, characterized in that the decomposition in
step e1) 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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