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15 The present invention provides (i) a process for preparing a 2-deoxy-2-
fluoro-2-methyl-D-ribonolactone derivative, (ii) conversion of the lactone to
nucleosides with potent anti- HCV activity, and their analogues, and (iii) a method to
prepare the anti-HCV nucleosides containing the 2'-deoxy-2'-fluoro-2'-C-methyl-f3-
D-ribofuranosyl nucleosides from a preformed, preferably naturally-occurring,

20  nucleoside.

BACKGROUND OF THE INVENTION
In light of the fact that HCV infection has reached epidemic levels

worldwide, and has tragic effects on the infected patients. Presently there is no

25  universally effective treatment for this infection and the only drugs available for
treatment of chronic hepatitis C are various forms of alpha interferon (IFN-a), either
alone or in combination with ribavirin. However, the therapeutic value of these
treatments has been compromised largely due to adverse effects, which highlights
the need for development of additional options for treatment.

30 HCYV is a small, enveloped virus in the Flaviviridae family, with a positive
single-stranded RNA genome of ~9.6 kb within the nucleocapsid. The genome
contains a single open reading frame (ORF) encoding a polyprotein of just over

3,000 amino acids, which is cleaved to generate the mature structural and
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What is needed is a novel and cost effective process for the synthesis of 2-C-
alkyl-2-deoxy-2-substituted-D-ribopyranosyl nucleosides that have activity against
HCV.

SUMMARY OF INVENTION
The present invention as disclosed herein relates to the composition and

synthetic methods of compounds of general formulas [I] and [II],
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X is halogen (F, Cl, Br),
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In other aspects, the present invention provides methods to prepare
nucleosides containing the 2-deoxy-2-fluoro-2-C-methyl-D-ribofuranosyl moiety of
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15 Still another aspect of the present invention are the novel lactone intermediates
of formula V and processes for the preparation of the lactone intermediates as

detailed below, including precursor ester intermediates as also detailed below.

DETAILED DESCRIPTION

20 Presently no preventive means against Flaviviridae, including hepatitis C
virus (HCV), Dengue virus (DENV), West Nile virus (WNV) or Yellow Fever virus
(YFV), infection is available. The only approved therapies are for treatment of HCV
infection with alpha interferon alone or in combination with the nucleoside ribavirin,
but the therapeutic value of these treatments has been compromised largely due to

25  adverse effects. It was recently discovered that a group of nucleosides, including 2’-
deoxy-2’-fluoro-2’-C-methylcytidine (14), exhibit potent and selective activity
against replication of HCV in a replicon system. However, the difficulty of chemical
synthesis of this and analogous nucleosides impedes further biophysical,
biochemical, pharmacological evaluations mandatory for development of clinical

30  drugs for treatment of Flaviviridae infection.
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20 absence of” refers to a nucleoside composition that includes at least 85 or 90% by
weight, preferably 95% to 98% by weight, and even more preferably 99% to 100%
by weight, of the designated enantiomer of that nucleoside. In a preferred
embodiment, in the methods and compounds of this invention, the compounds are
substantially free of enantiomers.

25 The term “alkyl,” as used herein, unless otherwise specified, refers to a
saturated straight or branched hydrocarbon chain of typically C; to C;o, and
specifically includes methyl, ethyl, propyl, isopropyl, butyl, isobutyl, ¢-butyl, pentyl,
, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, cyclohexylmethyl, 3-
methylpentyl, 2,2-dimethylbutyl, and 2,3-dimethylbutyl, and the like. The term

30 includes both substituted and unsubstituted alkyl groups. Alkyl groups can be
optionally substituted with one or more moieties selected from the group consisting
of hydroxyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic
acid, sulfate, phosphonic acid, phosphate, or phosphonate. One or more of the
hydrogen atoms attached to carbon atom on alkyl may be replaces by one or more

35  halogen atoms, e.g. fluorine or chlorine or both, such as trifluoromethyl,
difluoromethyl, fluorochloromethyl, and the like. The hydrocarbon chain may also
be interrupted by a heteroatom, such as N, O or S.

The term “lower alkyl,” as used herein, and unless otherwise specified, refers
to a C; to C, saturated straight or branched alkyl group, including both substituted
40  and unsubstituted forms as defined above. Unless otherwise specifically stated in
this application, when alkyl is a suitable moiety, lower alkyl is preferred. Similarly,
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used herein and unless otherw se defined, refers to a

group that is added to an _oxygen, nitraqgen,

phadisnalkyboriowist alkylis asiably mgietyy Ppﬂ@ﬁtl?“éfd]c%lkﬁ ot dwargikyl is

ot peaferpadk poses. A wide variety of oxygen and ni trogen

protectlng groups are _known to those skilled in the

art of ' hgiermc cyglaalkuk as uspd herpinnmlessgthsryigs specified, refers to a

i nedtuhted hyd®cariorying haydEBRS cath@) atoinis, prefeBabl 36 adrkgn atoms,
5 CH2uchl dsegylopropy2 Phxloliitidl; eycidpentgHG ayiclohlexyl CHR®csiclyalkyl group

lakp| be sDb&Ritated on tﬁeﬁﬁﬁél?i atiddiliog tghtps sichl as cyclopropylmethyl

er badiHeMikdl phenyl silyl, and 1,3-(l, 1,3, 3-

t et rai sopropyl di sil oxanyl i dene) The term"aryl," as

used hemge fermaMalkyRhESE" Gt GR1MhIRE" Fiferab fah Qfhind @Ifoﬁf) $hat Bas one

ph%PW/o alR{ ISR I sub@itudha RisPadtivegnd preferably phenyl .
The termincl udes both Substitufed and unsubstituted

10 DI et | eThe {1 ‘Protectd,0dPusedheRen SiEi1bds WiiRtwive [ABfiAGE refers to a
&fﬂﬁ%} AYPddeh S 2 Sxydeh Cﬂlﬁg%{ﬂ!for Pdspiiths hibt o e\;eﬂt its further
é{ oﬁxer Qé)e’s %’0 ;(y%eﬂ H?htr ?ﬁ%{ectlng

ph 5111? ﬁfeﬂﬂﬁzvn& éﬁ” zagg igp SULY 3l Non fimiting

S oTRles aluds; Ci)eh 3 Co-dl Blkenyl,
15t h@bek@Ht'éB’Ll 1Qrelkylh CHA 0y 9SSkl $-auxlsgert- i n
T. Watydimethylsdyl t@t-@JMdlmnSSlSllylFMdt eI \l«é & oups in
O ganisopopyididbixanylidang). ed., John Wl ey & Sons, 1999.
The terns "al karyl ™ or "al kyI aryl" refer to an al kyl
gr oup wiThh team ‘“eryl)” aswibed hereinyand uhtess pthermise spegified) tefess to
" apyémi,ibipheny e benaphthydand pydfergblyyhenylt Thateral ingludes both
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or more substituents, including, but not limited to hydroxyl, halo, amino,
alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, or phosphonate, either unprotected, or protected as
necessary, as known to those skilled in the art, for example, as taught in T.W.
25  Greene and P.G.M. Wuts, “Protective Groups in Organic Synthesis,” 3rd ed., John
Wiley & Sons, 1999.

_(

- The terms “alkaryl” or “alkylaryl” refer to an alkyl group with an aryl
substituent. The terms “aralkyl” or “arylalkyl” refer to an aryl group with an alkyl
substituent, as for example, benzyl.

30 - The term “halo,” as used herein, includes chloro, bromo, iodo and fluoro.

The term “acyl ester” or “O-linked ester” refers to a carboxylic acid ester of

the formula C(O)R’ in which the non-carbonyl moiety of the ester group, R’, is a
straight or branched alkyl, or cycloalkyl or lower alkyl, alkoxyalkyl including
methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as phenoxymethyl, aryl *

35 including phenyl optionally substituted with halogen (F, Cl, Br, I), C, to C,4 alkyl or
C, to C, alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl including
methanesulfonyl, the mono, di or triphosphate ester, trityl or monomethoxytrityl,
substituted benzyl, trialkylsilyl (e.g. dimethyl-t-butylsilyl) or diphenylmethylsilyl.
Aryl groups in the esters optimally include a phenyl group.

40 The term "acyl" refers to a group of the formula R”’C(O)-, wherein R’ is a
straight or branched alkyl, or cycloalkyl, amino acid, aryl including phenyl, alkylaryl,
aralkyl including benzyl, alkoxyalkyl including methoxymethyl, aryloxyalkyl such as
phenoxymethyl; or substituted alkyl (including lower alkyl), aryl including phenyl
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The term "hal o," as used herein, includes chloro,
brono, iodo and fluoro. The term "acyl ester" or

WO biondead ester” refers to a carboxylic acid BST/@6200$/025916
t he fornula C(O)R in which the non-carbonyl noiety of
the ester strai ght aor branched alk
or oeperraélmsuwntwd w&h@hloawbyvmo 4521809\ tp e alkey! ﬁéCI to Cq
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as o titlly Qc‘im%h3 eny 1 aﬂleﬁ’llaﬁ ‘Qb s 1nc1ude acetyl,

th

{anIb ‘%&Qe (%yl:ﬁr e Zé{ ﬁlroplonyl

tri xlag} ep 2 tyl, 2-acetoxy-2-

d g HI}IP ey ipetying wet wgsgl r‘P’HS léqnylacetyl
rcrchytyi Achitradenzenn enﬁ@le@@@% {gro-2

r efdmisnyleceaylgil-ghﬂpmﬁ phhwlaoatyrh,tnmemyta(cejyl chWn@dlﬁuwoavetyl

i s parfhioraicetipl, floordacaylc bethaodl fluydreacetyl,ayethaglakstyl, 2am no

acitidoplanycetynChlstbaidfoptiacetyl, 3-adtydxaplidnylaesd phenoxyacetyl, tert-

I n%hmidceﬁn hﬁaﬂaﬂoacahkﬁw@dhlwfb abagi uwhnﬁoareaf 04 Y-aB8 4 tTuoro-

Yd % Exin ogaoagﬁg%{uoeﬁﬁ oy?h ﬁéﬁ‘a«?&i@‘*ﬁ“ﬁﬁf‘”w'

‘%Pa' Eoylpnes- w % 10& ? oYL g fiucro-3,6-
Sul fcaqqh%ma@yl @Pgﬂl@e@wp@go ? thoxgybenzaylipethyl -ing -
i n@h@m/llﬂig)ph@mqﬂ%rﬁérbgmlowfdlcltltwe Jgthoxphbengoyl, 4-(1,1,2,2-
20t r itgradlmpioactboxgdtbenzoyl,r3-brpmospropionyliremiagacgminocapyl, decanoyl, n-
S ubshtadethasy eenzyll 3-cadlpenyyl;prapiadyityl -Henzdneetiartpxigb eyl |,
al ls@etymdﬁnélyl Blaltdil BeetyTEL-A@atyditdridYdarborkyl lc poyindsie- caﬁakyl 2,6-
&ﬂ@dﬁfzﬁ:ﬁ&?&){ cﬁprA aﬁé eﬂﬁﬁl%ﬁ%uﬁﬁb Rhdopt | mal |y
iccn) fludtoc clB

{5@( r ni% sgf(%ﬁ’fi carbonyl,
cy®F LE"?B ?f?lgg‘é’{ f:arlbg E‘E P % b}’)’@?g‘li)onyl 2-

but? pyl, éh%tan acyl is
ph&if atd@try:pnt g@ép@p)tgc g1 wﬁw (ggéltsglosure of acetyl, trifluoroacetyl,
di pretiylacetydtgyclopropylacetyl, propionyl, butyryl, hexanoyl, heptanoyl, octanoyl,

- makb-heptacoy rphchylacaoytpdiplényteetyl; I tréflupromethyl-phenylacetyl,

30 bromoacetyl, 4-chloro-benzeneacetyl, 2-chloro-2,2-diphenylacetyl, 2-chloro-2-
phenylacetyl, trimethylacetyl, chlorodifluoroacetyl, perfluoroacetyl, fluoroacetyl,
bromodifluoroacetyl, 2-thiopheneacetyl, tert-butylacetyl, trichloroacetyl,
monochloro-acetyl, dichloroacetyl, methoxybenzoyl, 2-bromo-propionyl, decanoyl,
n-pentadecanoyl, stearyl, 3-cyclopentyl-propionyl, 1 -benzene-carboxyl, pivaloyl

35  acetyl, 1-adamantane-carboxyl, cyclohexane-carboxyl, 2,6-pyridinedicarboxyl,
cyclopropane-carboxyl, cyclobutane-carboxyl, 4-methylbenzoyl, crotonyl, 1-methyl-
1H-indazole-3-carbonyl, 2-propenyl, isovaleryl, 4-phenylbenzoyl.

gpc

"’w

25

[onlm

The term “lower acyl” refers to an acyl group in which R”, above defined, is
lower alkyl.

40 The term "purine"” or "pyrimidine" base includes, but is not limited to,
adenine, N®-alkylpurines, NS-acylpurines (whereln acyl is C(O)(alkyl aryl, alkylaryl,
or arylalkyl), N6-benzylpur1ne NC- halopunne NS-vinylpurine, N®-acetylenic purine,
NS-acyl purine, N -hydroxyalkyl purine, N%-allcylaminopurine, NP-thioallcyl purine,
N2 -alkylpurines, N 2_alkyl-6-thiopurines, thymine, cytosine, 5-fluorocytosine, 5-

45  methylcytosine, 6-azapyrimidine, ncluding 6-azacytosine, 2- and/or 4-
mercaptopyrmidine, uracil, 5-halouracil, including 5-fluorouracil, C*-
alkylpyrimidines, C>-benzylpyrimidines, C*-halopyrimidines, C*-vinylpyrimidine,
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br onmpacetyl, 2-nitro-benzeneacetyl,

4-chl oro- benzeneacetyl, 2-chloro-2,2- diphenylacetyl,
wQ2ohloax4ae 2- phenyl acetyl, trinethyl acetyl, PCT/US2005/025916

chl orodi fl uoroacetyl, perfl uoroacetyl fl uor oacetyl,

br onodi f | uor oacetyl Jret hoxyacet yl .

t hiCopRetieatcapyimid I@ﬁ&rwbprraﬁwr&@@tw}wdroxyalkyl purine, C*- .
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7Hpoosiadiad, Nfailiopwiasayi-alkples-tHiomirinek epizacmidinyl, S-azauracilyl,

5 7"'115’&@%%31‘1199 [RI¥GES185\RMiny], pyrrolopyrimidinyl, and pyrazolopyrimidinyl.
’- ?’tl*-lﬂé pied efhfd%: Uit @ ﬂﬂﬁéh , guanine, adenine, hypoxanthine, 2,6-
7H- n dfé(gp ?1 anq 61 Hﬁér%g é C?nal oxy]an and rﬁltlﬁgen %roPps on the
noRé 3%“ ec gﬁ ﬁ:i Ipﬂ’ ¥ 3 g groups’are well

mwébq o Hillgdapt eu%ﬁ &Hé rimeh sk gERebhpyIsilyL o
nepngml ilctionyl, oo h@mwnmnﬂgmn@rﬂ allsyltgsyps, and acyl groups such

3, @s aetylland prapiomyi, hmﬂyalbeldﬁomlyl, and p{tblubne@ulfonyl.

tetrafl uoro-ethoxy)-benzo 2- br ono- pr opi org%/

omega- afhaérapiagiino aud sin 9§Qries naveratly decisng an syp@gtlymﬂvorﬁ

3- eyndhoogrids, yid mcmdeobutlis ndt linhitadzemnica abids yound in proteins, i.e.

CagBfcitlelaianiat Walin@ilsirhney IsoRaeihy, methionine, phenylalanine, tryptophan,

151- Qﬁﬁ%%ﬂ@ tﬁl%bﬂi%éydysteﬁl\écfyﬂﬁﬁiéaﬂﬁmfa%[& MtamiBe,Brspartate,
py% ;?cg'lgﬁﬁ dfhine GHEhRRIRPANG- @EH@&‘&’ bodlment the amino acid
)h?;l ’lte&%{lt/ chlg ﬁ%ﬁlooﬁgf%gn aarb %%4 ive of alanyl,

peﬁ'ﬁ%’; g}‘fm%apfg R rph‘g;g’[%;gag methlonlnyl
P%

| Hg YGHY: psteipyl tylr aragigyl, glut 1nyl aspartoyl,
20 1- glptareyh mswyb arga@ﬁyh isfidighile Ayalaserh ﬁo\gallnywﬁelﬁuqm:é B-isojgucinyl,

ac ﬁ#prohnﬂs&nhenylalmnym@mmphml #-mpbininiyd, Bglycinyl, S-serinyl, 8-

i ndepatig@ng-caitsiaylpStyresiafl, Aasparhgingly B-glutaningt @taspartoyl, 5-

”e%hﬂirafeﬁéwsmﬁy&h@ﬁ@ﬁﬂr Bafiétidinyl D MHENQRY termbiidé ¥did is used, it

he)l‘saé&)ﬁdere %’B@Q %ﬂ@éﬁdﬁﬁ @fend i€ AisBRBIraRP¥Ach of the esters of o, 8

ph
25 ot - {E%‘ﬁgﬁ:ﬁry ala i 1so euc ne, methlonlne phenylalanlne

e
ot gP{P (S)Ph or nggl er1n ﬁregﬁl%g eine ygﬁgf zﬁgme amine,
2_ AHaFALS: glu % ysgy;y ning g} he, p and Lo con ations.
chl or C)dll‘fhI tfIecl):arrizagjla‘Iﬁ’l(z:i‘m){acb\f:t]%l?:la[lg' a&%{:&%ﬁsa%lor p?odluﬁ) getdytin‘oughout

the specification to describe any pharmaceutically acceptable form (such as an ester,

30 phosphate ester, salt of an ester or a related group) of a compound which, upon
administration to a patient, provides the active compound. Pharmaceutically
acceptable salts include those derived from pharmaceutically acceptable inorganic or
organic bases and acids. Suitable salts include those derived from alkali metals such
as potassium and sodium, alkaline earth metals such as calcium and magnesium,

35 among numerous other acids well known in the pharmaceutical art. Pharmaceutically
acceptable salts may also be acid addition salts when formed with a nitrogen atom.
Such salts are derived from pharmaceutically acceptable inorganic or organic acids,
such as hydrochloric, sulfuric, phosphoric, acetic, citric, tartaric, and the like.
Pharmaceutically acceptable prodrugs refer to a compound that is metabolized, for

40  example hydrolyzed or oxidized, in the host to form the compound of the present
invention. Typical examples of prodrugs include compounds that have biologically
labile protecting groups on a functional moiety of the active compound. Prodrugs
include compounds that can be oxidized, reduced, aminated, deaminated,
hydroxylated, dehydroxylated, hydrolyzed, dehydrolyzed, alkylated, dealkylated,

45  acylated, deacylated, phosphorylated, dephosphorylated to produce the active
compound.
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Py Eﬂdﬁlﬂh@lﬁxt@ﬁbﬂﬂﬂﬂeﬂﬁie%h fRidkinARd r1@5nolactone (48) is isolated.
am dopyri m di ne, C5-cyanopyri m dine,

Csiq“Morpyneatmedt o7 @ih Exages, pquerabloh thrge (P:quiBialentsnof tertiary

pyr | rlr%qsi h%%rg%&llﬁ@m etgﬂ%/.\# g ci,ﬁx(ﬂeﬁepreferably five (5) equivalents,

OFUMTF’W DEES ludpra ¥ 4ﬁ1nu§0°)@§'1'élcf‘ YBwas also found that using 3,5-
5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,

| nﬁh@ﬁ/[apgteadjmfmphzoyﬂ)pmt@:IUOpwhe mict ofy48 appnahches 90%. Thus
pyrazol o i ncl ude, but are

i m dj Purl e bases
Y ek @uent o 4G esthaxanstgs Th B BHReFH Hlotrops adkd Suckas

204 gr%ﬁwgﬁ%fhﬂﬁulf&ﬂg 284 Q%ﬁfs%y%hﬁﬁ upbt RGEH O & th DAGE Br

25

nitrogen groups on
Deoxofluor in the presence of base yielded 87% isolated yield of 49.

It was also discovered that smooth fluorination can occur upon treatment of
the open-chain monobenzoate 43, which can be readily obtained by selective
benzoylation of 42, with DAST or Deoxofluor giving rise to the desired ethyl 2-
deoxy-2-fluoro-2-C-methyl-3-O-benzoyl-4,5-O-isopropylidene-D-ribonate 44.
Lactonization of 44 gives only the y-lactone 45. Further benzoylation of 45 affords

dibenzoate 49.
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base can be protected as necessary or desired.
Suitable protecting groups are well known to those
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di met hyl hexyl silyl, tbutyldinmethylsilyl, and
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al anyl ,*valinyl, |eu uci nyl , prollnyl
phenylal 'nyl, tryptophanyl, nethlonlnyl glychawbﬂ
serinyl, hreoninyl, cysteinyl, tyrosinyl \
aspagagi pyl, gl utam nyl, asparto glutaroyl

| ysi nyl i ni nyf° o digy! Wnyl . §G-val |
/ 3- Ieu01 ﬁg / 3-1 sol iﬂﬂmmﬁS -\ﬁzk

/ 3- phenyj&l i nyl, ¥8- tamypt oph y#> t@ nethlonlnyP CH,
JS—egC|nyIaqraigggggg;grg;/kﬁfgonﬂhyI -cysteinyl
/3-tyr osrnaw / 3- yl, /3-glutam nyl, cn,(OMe);L

| 3-asparlt Byl , b- glutaroyl /3-1ysinyl, [3- arginin

or /3- hlstldlnyl When th%_tern1an1no aci d I So &§ed, it
i s consi"de do0 be a speC|P |nda@endent o
di scl osur e Fe¢CBach;@f.of he est cipf A, wbweg or d 1

gl yci ne, a?anlne val i ne, Meweij rre, |soleu0|ne“mM° tm
met hi oni ne, ®*phenyl al ani ne, tryﬁtophan proline, %
serine, threonine, cysteine, tyrosine, asparagine,

gl utam ne, aspartate, glutamate, |ysine, arginine and

hi sti di meondlerhbaiiedtitd the rostht (pvetiono asnetfidieis pesvided for the
"pharmaceutically acceptable salt or prodrug" is used
t hewubgsisel lnwéngci;@té 4P |t1@avg1bﬁeﬁ06n@rél§c¢qnsénsaﬁyn of 39 with an alkyl

pharbqg&gg}opfo%g4e%uc% § e&t @Leemé 9f m tﬁéc' Hx%gen%g o?gctﬁi%{e% zinc in an

ethereal solvent such as diethyl ether or tetrahydrofuran (or a mixture of the two
solvents) to give 54, which is converted to 55 by oxidation. Possible oxidizing
agents are: activated dimethylsulfoxide, such as a mixture of dimethylsulfoxide,
trifluoroacetic anhydride or acetic anhydride (a Swern/Moffat oxidiation); chromium
trioxide or other chromate reagent; Dess-Martin periodinane; or
tetrapropylammonium perruthenate (TPAP) with or without molecular sieves. This
oxidation to provide the C-3 ketone preferably proceeds without affecting the
stereochemistry at C-4.

Fluorination of 55 is performed at the 2-position using an electrophilic
fluorination (“F ™) in an appropriate solvent such as dimethylformamide,
tetrahydrofuran, ethanol, zert-butanol, or diethyl ether or any combination of these
solvents known to those skilled in the art (Rozen, et. al., J. Org. Chem., 2001, 66,

7646-7468; Jun-An Ma and Dominique Cahard, Journal of Fluorine Chemistry,
-12-



phosphate ester, salt of an ester or a related group)
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COVPOUNDS (i) Synthesis of
3, é@cm@%aﬁd%%s E$IPT- bono- g- 1 actone Wttig reaction
of 2,3-0isopropylidene-Dglyceral dehyde 39 (Schene 4)
with commercially available 40 affords the (E)-product
41 as a mmj or product. Sharpl &hemleydr oxyl ati on (J.
Og. Chem 1992, 57, 27£8-2771) using AD-mi x-b as a
di hy% yl ati opmr eageXf piv onI){) heflesired p((’o ci,
42 i AVeLYo I’ﬁ"ﬁozﬁm. o Oz;:;_» 0" CO,Et o COLEt
0o
54 56

H

39 53 55
~\
HO F, H
s CHJ —~——— CO,Et
. H OH

(ii) Preparation of nucleosides containing 2-deoxy-2-fluoro-3-methyl-D-
ribofuranosyl moiety by condensation.

A lactone such as 49 can be reduced to the corresponding sugar with DIBAL-
H. After acetylation of the anomeric hydroxyl group, 59 (Scheme 12) is obtained in
high yield. Condensation of 59 with silylated base (e.g., silylated N’
benzoylcytosine under Vorbriiggen’s conditions) affords a mixture of protected
anomeric nucleosides 60 and 60-a. After separation of the anomers, the desired -
nucleo‘side 14 is prepared by deprotection with metal alcoholate in alcohol,

preferably NaOMe/MeOH, or methanolic ammonia.
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yield lactoni zation of 42 to
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obt ai ned by sel ective benzoyl ati onaegPny A th DAST or
Deoxof luor giving rise to the desired ethyl 2-
deoxy- 2-fl uoro- 2-C net hyl - 3- . )
- benzoy Compoupd 59 sypboeAnvedetiatoshe brwpsugangl, (Scheme 7) which
Lae ' i QR..of ' . e Q- t . :
Fat REUEREN S ot FLHFOR AP & ool RE R0 atenine o give the
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Scheme 7

N
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g I
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N~ N
BzO BzO
HO
O\ w0Ac O\ wrBr 820 4
CHy CHy — HiC
Bz0 F _ Bz0 F 820 F H
59 61 62
+
62-0

(iii)  Synthesis from preformed nucleosides:

Using preformed nucleosides as starting materials for preparation of the
desired 2’-C-alkyl-2’-deoxy-2’-fluoro-B-D-ribonucleosides has certain advantages,
as the formation of anomers and their subsequent separation can be circumvented,

resulting in high yields of the targeted nucleosides.
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ox ilatet producal prighbering grogp Pakisipation ps éfoe‘_rraim Sgheme 8. The
Pl e o5 e fesise! nETonsth iR e PGS il phbeFie
US ds, 3s %\%ﬁfifﬁ\?@%i&léﬂ@ %'dﬂ&fdn,rlﬁfzb%in? oti-partidipdhg protecting

appropriate so su as di net hyl formam de,
t egraaipy sirchfas T&FP, metthdrethyl, benzylup-andhgxybenzgl-ebdngzlylosyinethyl,
or any conhipation of these solvents known to.those
kPRI Fneshoxypieddithoymetiyl, mesyl fgsyl, Uefiqzpacetyl
20 4 &: : Ma and Dom ni que Cahard,
Jo%r%?gg%e%aﬁg%ﬁfgg%ﬂ%@?ry,2004, in press, and
references cited therein), to afford 56. Sone
non-limting exanples of electrophilic fluorinating
reagents are Sel ectfl our (r)Scheme &or osul f oni mi de
(NFSI'), and AcOF. Stereosel qegtive fluori natd on can be ez
achi eved by using a clatal ystsy,such as an asympetric SN
transition netal conplex cafadlyst ag taugpk, by 2 'N/&O
Sodeoka, et al. (JP2 84 or b r catal ys?w
The startiiff b-keto este ¥ a so%gﬁrci“fé,t H:0 e
convert edj f% a ket acetal pri%yto g
fl uckboat nono (Rgzen, let K g, J. Og. Ckem,12001, 66,
7646- 75?%%% edtive reduction of the C'3 ketone 56
usi ngrég i phienyl si lage in théepresence of a LW s acid
such a8 ALC 3 or in the pré:ance of an oorgagﬁg acid
such asRtme el uor oacet (k& _aci ’g(oKi azunexgdoet So J.
Org. Chem, 1987, 52, 32@ﬁg;§gtzmi des©
RCO C(IJ}-::J RCO  CH,

H

0 ] o}
19a 23

An example is shown in Scheme 17. When N*,5°-O-dibenzoyl-3’-O-mesyl-
2’-deoxy-2’-C-methyl-B-D-arabinofuranosylcytosine (64) is treated with DAST or
Deoxofluor, the desired fluorinated product 65 is obtained in 54% yield along with
the olefin 66 in 39% yield. As expected, no unfluorinated cytidine derivative 67 is
formed in detectable amounts. There are several ways to de-protect 65 to 14. An
example is shown in Scheme 9 that requires a double inversion of the 3’-

configuration.
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two 2,3 anti products 57 and 58. However, by utilizing

a stereosel ective fluorination conbined with the
waedoeoiis@ reduction, a good yield (wth high PCT/US2005/025916

di astereoneric excess) of 58 can be achieved.

Benzoyl ation of 58 gives 44 which is converted to

| act one 45 as descri bed earPehame 8chene 5 (ii)

Preparat | on of nucl eosiges cont ai ni

2- deoxy-R- Tl uoro- 3- net -Dri bofura

congens on. | agto uch asp49

t hé&®° sPordng (] Wit h DI Y After acetyl ati"o

of th néheri c hydr Cogr oup, Scherme 12) is

obt"s¥Ref™ n high Y¥EPdT Condené"é’tngnC”(‘)f 59 with Mekso on

silylated base (e.g., silylated N4- benzoyl cyt osi ne

under Vorbrggen's conditions) affords a m xture of

pr ot ect avheBEBT-OCsubbithenss §asn- ﬁ&'tlai’pdtlﬁ%arﬁl noEle@¥ing group, such
separation of the anoners, the desired nucl eosi de

5 14 ap gleﬁmmp@dl Moa@pmtlwbtbﬁwl,vmthmﬁ@@myl &r tsabydippyranyl, the
I co efera met hanol i c
Ia?é%bg ém?fgﬁ'ﬁﬁo lvgl\g@;%legéonvert ed into the

brom) sugar 61, (Scheme 7) which is condensed with a
sodium salt of purine, e.g., sodio-N6-benzoyl adeni ne
to give Tlhh éoltqyrme spomplEnee praserted tevilllpsirate herpueseaioslersion but
62. Th retd e nucl eoside 63 is readily
ob 5 ¥ ?‘IS%BB’H?% cation. Scheme 7 62-a (iii)

10 Synt heS| s from prefornmed nucl eosi des: Using preforned
nucl eosi des as starting materials for preparation of

HBz

syl noiety by
be reduced t®

t h‘ilxperimental: 2,3-O-Isopropylidene-D-glyceraldehyde (39) is prepared by
literature procedures (Organic Synthesis, Annual Volume 72, page 6; J. Org. Chem.
1991, 56, 4056-4058) starting from commercially available protected D-mannitol.

Other reagents, including 40 and AD-mix-f3, are from commercial sources.

15
EXAMPLES
EXAMPLE 1
Ethyl trans-2,3-dideoxy-4,5-O-isopropylidene-2-C-methyl-D-glycero-pent-2-enonate
(41)
20 To a solution of (carbethoxyethylidene)triphenylphosphorane (40, 25 g, 69

mmol) in dry CH,Cl, (65 mL) at room temperature is added dropwise a solution of
2,3-O-isopropylidene-D-glyceraldehyde (39, 9.41 g, 72.3 mmol) in CH,Cl, ( 30 mL).
The mixture is stirred at room temperature overnight. The reaction mixture is then
concentrated to dryness, diluted with light petroleum ether (300 mL), and kept at

25  room temperature for 2 h. Triphenylphosphine oxide precipitated is removed by
filtration and an aliquot is concentrated in vacuo. The residue is purified by silica
gel column chromatography with 0-1.5% EtOAc in hexanes to give 41 (10.4 g, 71%)

as an oil (Carbohydrate Res., 115, 250-253 (1983)). 'H NMR (CDCl3) & 1.30 (t, J
-16 -



desired 2'-C-al kyl -2'-deoxy-2'-fl uoro-
b- D-ri bonucl eosi des has certai n advantages, as the
wo ovoamtiidam of anoners and their subsequent sepRCHBUSZING/025916
can be circunvented, resulting in high yields of the
targeted nucl eosi des. Two procedures to prepare the
desi [ t i =
mat e({ifa Sﬁﬁav %%‘Erf}él g]s??égfgﬁe%@%@%%{]g 1'89Agd /=12
e Riy 9esCaRy,! 3.6 ¢, J“Q\a@)\’ﬁi 1H, lesg 49&1043235(&5 3%, @i 50and -
produced two unde3|rable products 22 and
I aU@zaﬂggwwwdby =I7e6 GR8Q8.6/HE, grmlﬂmpasr@ (Hdp.s’wit=l 106) a2 8.0 Hz,
shown 1 n Schenme 8. The separatlon of the desired
nu¢lasByle 14 fromthe mxture is rather cunbersone.
Thus, this invention prevents production of 23 using
S5non-participating protecting group, such as THP,
net hyl , ethyl, benzyl, p- nethOﬁybenzyl
benzyloxynethyl phenoxyneEK#®41H%ﬂhoxynethyl
et hoxymet h trifluoroacetyl,
11 oV dRba AR -4 Ritery-Lckldalp-1 Sy dnary-2ethyl-
An exanple is shown in Schene

- O di benzoyl - 3' 1@%ﬁ8@§ﬂad%ﬂb658§90§9 C>nethy|
2; DDZ‘[&‘%T oot ORRRA BT Bmrdi i Pkl 1 Shardd with 25
10 0P Lt SFERL DI ' ol A0 Bield ATIGQLE! Gl ol Rot?*

AS” eXxpect e i na

de&é ﬁa&ﬁ% Iﬁzdﬁc%dft\sas Hf‘cgr ﬁH&sé&th%%@Q‘ @%ﬁ%ﬁﬁ ag)kg%%nght

are eral” ways to de- protect 65 t

S h%wbw.nlv@@ﬁh;%ﬁn@mam{e é By @Sadaedmumls ?)oirfﬁV Fhé e is cooled
thé 3'- configuration.Schene 9 Wen t

3" 16D 30 hdictdupen torhé ofithe disseiaed sabts @ﬁdcllpi@tteal[ld 07 g (5 mmol) of 41 is
non-| eavi ng group, such as net hoxynet hyl

mettddd, at beeg whd thegteteogehenmsslurnyris SMe(thdmplyraaﬁ)?C for 24 h.

15 t hiﬁer this time, while the mixture is stirred at 0 °C, solid sodium sulfite (7.5 g) is
added and the mixture allowed to warm to room temperature and stirred for 30-60
min. EtOAc (50 mL) is added to the reaction mixture, and after separation of the
layers, the aqueous phase is further extracted with EtOAc. The organic layer is dried
over Na,SO; and concentrated to dryness. The residue is purified by silica gel

20  column chromatography with 20 % EtOAc in hexanes to provide 42 (1.13 g, 91%) as
a solid.

lH NMR (DMSO-dg) O 1.18 (t, J= 6.8 Hz, 3H, -OCH,CH3), 1.24 (,s, 3H, CHa),
1.25 (,s, 3H, CH3), 1.28 (s, 3H, 2-CH3), 3.67 (t, J=7.2 Hz, 1 H), 3.85, 4.06 and
4.12 (m, 4 H), 4.96 (s, 1H, 2-OH, D,0 exchangeable), 5.14 (d, J=7.6 Hz, 2-OH,
25 D,0 exchangeable). Anal. Calcd for C;H00s: C, 53.22; H, 8.12; Found: C, 53.32;

H, 8.18.
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internediate is fluorinated nore effectively than 64.
The follow ng exanples are presented to illustrate the

wWEe@s®om440 nventi on but are not to be limted tPEr/ESWI5025916

5

15

20

25

Experinental : 2, 3-OIsopropylidene-D gl yceral dehyde
(39) is prepared by literature procedures (Organic

Synt hesi s, Annual Vol une 7)“52?395 ; J. Og. Chem
1991, 56, 4056-4058) startllgng rom%com’rerci ally

avail 4?’ 3 g)g d?hg)ci ODibeBAN, Fﬁhoxo@rm s @Qr%wxy-Z hydroxy-2-

i nclu AD-m x-b, are from conmer ci

sources. EXAVPLES BsfiVidrbpibnictddid ethyianter ¢43)
3- di deoxy- 4,

- O i sopTepysoluleaef cefipomidud 285 glgy e9DPmpmilf i-den padige (3 mL)
(41) To a solution of

( ¢ o daleibdh dropetiseyd sodieiva)dfBz0h €300 s bhomapm gytdine2d ngl). After
69 mmol) in dry CH2A 2 (65 nlL) at roomtenperature is
adthedniktwpvs stisred at pdom teppersture for 2 h, the reaction is quenched with H,O
2,3-0-isopropyl i dene-D- gl yceral dehyde (39, 9.41 gq,.

72 (BmiypThe mixtarpieconqentgaedrio drymess and sheuﬁiédtilesls wﬁﬁw&aﬂ

t he%‘v’v?s"rht@enﬁﬁzé?féﬁif Bﬁﬁﬁﬂségﬁugog 16 besanicingasg 1@ fied anihs
300
P oNaS il Bifirsond FpRa it o o ettt f bur by SR koo

r enRr\éSl%t &aﬂglg'&l[h% Et(ﬁ&]cdmar{éx%lés g‘Ve '4§ (ngﬁ %g%lt’fl%%l%g 2 solid.

|n vacuo ue I'S puri

T ort j 41
1%3?’&?%9?%“ Egthidh: & 1 SE TGRS Foln B ss 1 sihave
250-253 (1983)). 1H NWR (CDA 3) d 1.30 (t J— 6.8 Hz,
3H, -OCH2CH3), 1.41 (,s, 3H, CH3), 1.45 (,s, 3H, CHI3),

1.89 (d, J = 1.2 Hz, 3H 2EXHWRIRLEB463 (t, J = 8.0 Hz,
IH, H5), 4.14-4.23(m 3H, H5 and - OCH2CH3), 4.86

(dd2r, \BR§t 37[(BRBAQ-DidndtyiH] ], 3 Mdox dtart ¥yl 6 3-b8ndoghtbxy-L-fauoko-@-methyl-
and 8.0 e, propionic acid ethyl ester (44)
To a solution of compound 43 (36 mg, 0.102 mmol) in anhydrous THF ( 1.5

mL) is added DAST or Deoxofluor (0.08 mL, 0.68 mmol) at 0 °C under argon. The
reaction mixture is stirred at room temperature for 3 h, then cooled down to 0 °C,
and carefully treated with cold saturated NaHCO; solution (2 mL). The organic
layer is dried over Na,SO;, and concentrated to dryness. The residue is purified by
silica gel column chromatography with 1-3 % EtOAc in hexanes to give 44 (24.6
mg, 68%) as a syrup. HR-FAB MS; Obsd: m/z 361.1621. Calcd for CigH»306FLi:

m/z 361.1639 (M+H)".

EXAMPLE 5
3-O-Benzoyl-2-methyl-2-deoxy-2-fluoro-D-ribono-y-lactone (45)
A mixture of compound 44 (308 mg, 0.86 mmol), MeCN (20 mL), water (1
mL) and CF3CO,H (0.17 mL) is refluxed at 80-85 °C for 3 h. The open-chain

intermediate is not isolated, but converted directly to 45 by azeotropic distillation
-18 -



1H H3), EXAMPLE 2 (2S,
3R)-3-[(4R)-2,2-Dinet hyl -[ |, 3] di oxol an-4-yl]-2, 3-di hyd
WO eoogA224p®t hyl propi oni ¢ acid ethyl ester (42) BCT/US2005/025916
round- bottoned fl ask, equipped with a magnetic
stirrer, is charged with 25 nL of t-BuOH, 25 nilL of

}Ngf;%gég 2 uerag Fgark A & argl?o%( Tl?e re§1r<1)%& Mleg‘tlﬁ} ijé}gl\%/égrd with dry

uce ases

o RoE, BIPEE ARRERIY %“‘a%ﬁ SHLAB £ il albgemperature

Th %&héﬁ HEd. SstiARk ﬁmwcols%tmﬁa %U&ﬂ%@ 011"Ee RfixtiRSs then
di ssol ved salts precipitated, 1. of 41 is

addgsledto ROREIempBnird endlﬂlteesbneﬂtrie E&#ﬁov&:ﬂ P Wcuo&o givera Sep,
vigorously at 0 OC for 24 h. After this tine, while

5t hevhighxiks pudfiedbgtilica gel catunth difomstopiaghy evith Uiy KUY EtOAC in
(7.5 g) is added and the m xture allowed to warmto

r obexdnesireging, wfler solvensy ¢vapemdtibmsoBO4B 0136 mg, B.I4E (50
m.) is added to the reaction m xture, and after
separation of the layers, the agueous phase is further
extracted with Et OAc. The qgrganic | ayer is dried over
Na2SO4 and concentrat ed toEm The residue is

Blonc i n niahie et S L AT RN
10° OO'CLS' '\"1:55&)[’('\6’?85 (g(i'mgcé@%l? m%ncg)sm(lirtOGA%(']]'_r%a_él)él’added
3'1' g’%ﬂéﬁg (ﬁddlfﬂg (i M) glf ‘%gm‘zelhy'féf:ﬁrnggﬁl@‘négomﬁ $hRe mixture

ex qﬂa&m%%b O tankBA, ( 10 rn]g70 69 hEnol?—mCEioM@ 4 mL) is added
exchangeabl e). Anal. Cal cd
8. Héopwisd! nﬁﬁex@ﬁn@i’g 23 hthe8nikfur&EXANBIeE t8 0 °C and pyndme HCl salt
is filtered off. The filtrate is diluted with EtOH and the mixture is evaporated to
15  dryness. The residue is purified by silica gel column chromatography with 3-6 %

EtOAc in hexanes to provide, after solvents evaporation, solid 49 (75 mg, 91%).

EXAMPLE 7
2-Methyl-D-arabino-y-lactone (46)

20 - A solution of compound 42 (248 mg, 1 mmol) in 1.5 mL of EtOH is treated
with 0.3 mL of concentrated HCL. The reaction mixture is stirred at room
temperature for 2 h. The solvent is removed in vacuo (bath temp. <45 9C). The
residue is co-evaporated with toluene (3 x 10 mL) to give a residue, which is
purified by silica gel column chromatography with 70 % EtOAc in hexanes.

25  Evaporation of solvents give oily 46 (170 mg, 105%). Anal. Calcd for C¢H;00s: C,
41.24; H, 6.22; Found: C, 41.00; H, 6.74.
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(2S, 3R -3-[(4R)-2, 2-Dinethyl-fl, 3]
di oxol an- 4-yl ] -3-benzoyl oxy- 2- hydr oxy- 2-
woretoapliaropi oni ¢ acid ethyl ester (43) To a soPOr/USMWODH25916
conpound 42 (245 ng, 0.99 mmol) in dry pyridine (3 nli)
I's added dropw se a solution of Bz (300 ngy, 2.1

mol) in pyridine (1 nl).gdf m xture is
ERRAPILE

stirred at roomtenperatur the reaction is

quenched Wi t h3 K26 ©_pbnsBhy)-2-nldd 11D-ShdHifo-h-3aBMRGRNS T at ed

to dryness and the residue is partitioned betweén
CH2A 2 g6, stigled sHlatibiBf esthptiun@deé (F8Eme! 12 mibiol) Meas Pgysidine (80
dried (anh. Na2SO4), filtered and concentrated. The
r esildueadded pluspwisealsdlyticn ofi B2C1qe)73 @0l 2129 mmol) in dry pyridine (45
chromat ography with 5 % Et QAc i n hexanes to give 43 (

5 24 lyygt rodbengeraturs oveca pekivdl 75 il dthefnoix tudd BHEiaed forgnother 90
61.35; H 6.86; Found: C, 60.95; H 6.73. EXAMPLE 4
( 2min3kyn Gegt¢dirith MeQH (F mdorand-cdogeengpted to dryness. The residue is
di oxal an- 4-yl ] -3-benzoyl oxy- 2-f| uor 0- 2- net hyl prqpi oni c
ac purifedy sities ggl column chgorgategiaphy with d2-Xorpttie 1 hexanss to

ng, . 0. 10 l) .in anhydrous THF ( 1.5 nlL) is added
DAS*I‘VC&]’(ééggfsmaﬁa‘wHos n., 0.68 mmol) at 0 OC under
argon. The reaction mxture is stirred at room
tenperature for 3 h, then cooled down to 0 0OC, and

carefully treated with col ted NaHCOB sol uti on
10(2 mL). The organic |ayer ?ég%%% 9gver Na2SO4 and

concent rﬁf—@#—d—@ergb}’lnﬁgéoxgzﬂj SrB - @Yfethy-IDWpohbBERY (49)

silica gel colum chromatography with“1-3 % EtQAc in

hexanes TG @lRn4d 40 243(PmeD1. 16 MolRm shh a/xbupcrHHrF%zEA&) and
z

MS;, Obsd: mlz 361.1621. Calcd for G 8H2306FLi :
36 Hiiddp3Spyi dvtryRarhineEEKANELSE7 H6mmol) is added DAST or DEOXOFLUOR (0.48
mL, 3.66 mmol) at room temperature under argon. The reaction mixture is stirred at
15 room temperature for 3 h, then cooled down to 0 C, and carefully treated with cold
saturated NaHCO; solution (5 mL). The reaction mixture is partitioned between
EtOAc (100 mL) and water (20 mL). The organic layer is dried over (Na;SOs) and
concentrated to dryness. The residue is purified by silica gel column

chromatography with 3-6 % EtOAc in hexanes to provide 49 (220 mg, 51%) as a
20  solid.

EXAMPLE 10
3,5-Di-O-benzoyl-2-methyl-D-ribono-lactone (48)
To a solution of 47 (160 mg, 0.432 mmol) in anhydrous CH,Cl;, (5 mL) is
25  added DAST or DEOXOFLUOR (0.15 mL, 1.14 mmol) at 0-5 °C under argon. The
reaction mixture is stirred at 0-5 °C for 1 h then at room temperature. After 24 hrs,
the reaction still does not go well as there is no major less polar product appears in
the TLCs. The reaction mixture is cooled to 0 °C, and carefully treated with cold

saturated NaHCO3 solution. The organic layer is dried over Na,SO,4 and
-20 -



3- O Benzoyl - 2- net hyl - 2- deoxy- 2-fl uoro-D-ri bono-g-1 acto

ne (45) A m xture of conpound 44 (308 ng, 0.86 Mol ),
woR@blo(2® M), water ( 1 nL) and CF3CO2H (0. 17r@n/PS1085/025916

refluxed at 80-85 OC for 3 h. The open-chain

internediate is not isolated, but converted directly

" . .
R ISAR  p Frohg
to hﬁ?’&%roﬂﬁglstj‘@ %Ry 9Rh AL BIrdohatL lQ&oﬁ‘@gC),rWrﬁéh is 1dentlcal

unt i he oi |l Bath teriperature reached 13

St iwifhi duéhedtic 3a3Rp10.C Traces QN U9 BreaTetcRuRdh tHB Epecttim. M xt ure
is then cooled to roomtenperature and the solvent is

removed in vacuo to give a syrup, which is purified by
5silica gel colum chromat gapPyEMih 10-15 % Et QAc in

hexanes to give, after solvents evaporation, solid 45
(136 ny, SBI-BHO-neshePr@hy-2-C-methyl-D-arabino- y-lactone (50)

3, 5-Di b b
g I act 098 3?5??5;% gtlggp‘%lﬁa Wogft%%%‘aédg%%gtl)}z“ E‘Hbl )
(Bt el taﬂéi@gf%@‘#o O R G CRAIBA GO, and the
m xdslutlen was veirreted Rl’IOurﬁi&r BGon fiat 1BAC THe reddiongyasQuéfiched by
i.s ad |

QAC 4 d.d . AF ..
10 st a«x%mw;;‘ of %$% 5\11&401% Mel mlyét %ndég?e gli@é?ﬂp\ém@sfr&d@ﬁ%ﬁgm of N2;50,.
yr il
o e B o B A e B A AR5 ot
dr y]meﬁ&tog'rrmﬁroassnlwgggl glun}ngMCt)}& e]}{zbyzr/]lsﬁemb@s deto bl targive 450
onmat o W % Et i.n
o1 085 O & RO ugh gl YD Sl He Mg (i»égégcb A1 s B8, .0

t
EX et MO oR: RERRING @ dRce s Sk, Aalithon @, 1m
151 r éRBRd.80r3.65 @nmﬂmw) xmae@st(rzat@ﬂ 2Hm3), T26 (5, 685G OEB)

m xture is stirred at room
EXAMPLE 12
3,5-Di-O-methoxymethyl-2-deoxy-2-fluoro-2-C-methyl-D-ribono-y-lactone (51)
- To a solution of 50 (100 mg, 0.4 mmol) in CH,Cl, (3 mL) and pyridine (0.5
20 mL)at-78 °C is added DAST or DEOXOFLUOR (0.21 mL, 1.6 mmol), and the
solution is stirred at -78 °C for 15 min. Then the solution is allowed to warm up to
room temperature and stirred at room temperature for 2 h. The reaction is quenched
by addition of saturated aqueous NaHCOj3 (0.5 mL) and ice-water (0.5 mL),
followed by CH,Cl; (20 mL) and saturated aqueous NaHCO; (10 mL). The aqueous
25 layer is extracted with CH,Cl, twice, the combined organic layers are washed with
NaHCO;, and dried over Na,SO,. The evaporation of the solvent gives 51 (88 mg,
87%) as a brownish-yellow oil. 'H-NMR (DMSO-dg): 4.74 (q, ] = 6.9 & 18.1 Hz,
2H, CH,), 4.63 (d, ] =0.77 Hz, 2H, CH;), 4.54 (m, 1H, H-4), 4.18 (dd,J =78 &
20.0 Hz, 1H, H-3), ’3.86-3.71 (m, 2H, H-5), 3.34, 3.28 (25, 6H, 2 CH3), 1.59 (d, ] =
30 24.26 Hz, 3H, CH;).
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tenperature for 2 h. The solvent is renoved in vacuo
(bath tenp. < 45 0 C). The residue is co-evaporated

wowrah/otakuene (3 x 10 nL) to give a residue, wWAETHS1085/025916

5

10

15

20

25

30

purified by silica gel colum chromatography with 70 %
Et OAc i n hexanes. Evaporation of sol vents give oily 46
(170 ny, 105%. Anal. Cal EKAMPLEsIi00s: C 41.24; H,

6.22; F
3 5L oA P p%zew%e BB e dyalerss (5
a stir medcgedted xi06 (605 gp@mﬁmmﬂ) ﬂ&dﬁ&ﬁﬂ)dﬂiﬂZO 51L4oﬁmsnih)tlon

in dry pyridine (80 nlL) is added dropw se a sol ut
of ngt@lmf{gl397@3é) 5. 96l BgiowSH § 13 e ﬁa/mnml)n THEAGO L), and

al o[ RTHEPRY ALY £ QURL o fyREL RS AR, 1RGO HHER an

( 5 ef@themﬁﬁ%eﬁﬁﬁté& rﬁaﬁﬁhg dmt s@luﬂfo)m@ ﬁﬁluxﬂ’[@lerraﬁmdug sofution is
purified by silica gel colum chromatography with

12 agdpdopver @mlt D Sthedsdn ampinteing; sgatlqreflux. Thg mixweg isggnyheated

0| l .

to 5T M Algiiopal e figglagdision. Thewyjcs i ggleg o room
act p()fh%h ifte ide @Ob will)@Rd QfN #HC1 (FRPmIy andlallcﬁvdﬂll’te Isfir iitil most
anhydrous THF (20 nlL) and diisopropylethylamne ( 1
mLof thedee lnﬂddnyltqu(aw 8¢b IDAThe o sapRAxE I URRaratedsmdthe aqueous

5 TR AR TRAEL L MO BBt i s o

h, wabes wpbad Niﬂ@w 0 x0 5@%L)aeﬂn@ ar£f s hm)tdrﬁsat(sdzso4)
with cold saturated HCO3 sol uti on

r e fidteiednand conpendrates tp drymiess zo vadid &uxéundmr@«a veaopravides 54

(st 6 iedreorm s B4 P Bob by B oSmaops B ighou

PURidepfuificatiohi ca gel colum chromat ography with 3-6
% Et QAc i n hexanes to provide 49 (220 ng, 51% as a
EXAMPLE 14
Ethyl 4,5-O-Isopropylidene-3-oxo-2-methylvalerate (55)

Compound 54 (9.85 g, 0.042 mol) is dissolved in dry THF (50 mL).
Anhydrous DMSO (16.0 mL, 0.22 mol) is added and the resulting solution is cooled
to between -20 °C and -15 °C. Trifluoroacetic anhydride (9.8 mL, 0.69 mol) is
added dropwise over 15 minutes and the solution is stirred between -20 °C and -15
°C for 2 h afier which anhydrous NEt; (24.0 mL, 0.17 mol) is added over 20 min.
The resulting solution is stirred at room temp for 1 h, diluted with diethyl ether (50
mL), and washed with H,O (3 x 100 mL), dried (Na,SO,) and concentrate in vacuo
to compound 55 as a yellow oil (8.1 g, 82.0%) that is used without further
purification. '"H NMR (CDCls, 400 MHz): & 1.24-1.38 (m, 26H), 3.81 (q, 1.3 H, J
=7.3 Hz), 3.89 (q, 1.0H, J= 7.3 Hz), 3.99-4.04 (m, 3H), 4.10-4.20 (m, 7H), 4.21-
4.29 (m, 3H), 4.51 (dd, 1.0H, J= 8.1, 6.2 Hz), 4.58 (dd, 1.3H, J= 7.7, 5.0 Hz).
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solid. EXAWPLE 10

3,S-D -0 benzoyl *-nethyl -D-ri bono-| actone (48) To a
wa@edodizmo of 47 (160 ng, 0.432 mol) in anhydr BOFUS2005/025916

CH2CA 2 (5 nmL) is added DAST or DEOXOFLUOR (0. 15 nmi,

1.14 mol) at 0-5 O0C under Q Thereactlon m xture

IS stlrred at 0-5 0C for ﬁPﬁAE’I{P roomterrperature

After E[h;l 4 Elﬁl 51’19 Sk ﬂJu; -dﬁﬁe% @oﬁlet%?lvmut )
oy {5

there is no ol ar “pro duct appears 1n
TLCs. an;roemdiss Qmmg;(o O4ZEmiod) is asElded i a&h@&ouﬁDMF (5.0 mL)
carefully treated with cold saturate HCO3 sol uti on.

Thang frgated withadurry of Splectuases.0 @a@é&ﬁmm@d?w&{é? Qinalg). The

;g&@é %%fpl%ﬁ%g %ﬁﬁgnegllll %ﬁt?lé%%%t%&%é keSS D%0REQLThnd suspens}on is
3, nathtaied MMt ﬁn’ﬁ?g fythat @rﬁ;bé?ﬂﬁﬂe—ov@nh tuA6r 4BYon Mtiosphere.

is identical with authentic sanple. aces of 49 are
detlbetselutionis MCgp@mdrtg meargixyness & vacgo, treated with diethyl ether (~25

oD BB R & 100 B n it Srdi kB B R RS and

1o A)g B A S eV 8801090 s

10st iappmodinadte R mixdee o& ﬁgoﬁSﬁhpnnatechcorfrpmmd@a@mdggd bya§ NMR.

m SR, oz bt Bsdial bl Berrasnd Moo M ddme

of 4t b t I el
putFrAde PN %ﬁf‘%ﬁgﬁoﬂ?z A on G LS B (Gl 376

W MHE}I-&(BI&mﬁHI ftamdapd)t (Bz93(16q)141013(qbe 450 nmg (90% of
product as a pale yellow oil. 1H NWR (DI\/ISOd 6) . 6.10
(s, OH, D20 exchangeable), 4.70 (q, 2H, CH2), 4.62 (d,

15§H80Cg|2235 E‘rm302l(-lm HI- I5_|) " A%Aﬁgﬁg% €ZSI H6HH g) CH3) ,
1.26 (s, 3H 3348)dipivaloyl-2-methyl-D-arabino-y-lactone (47 B).
To a solution of 42 (4 mmol, 897 mg) in EtOH (20 mL) was added

concentrated HCI (2.0 mL), and the solution stirred at room temperature for 1 h.
The solution was concentrated to dryness and the residue was co-evaporated with

20  THF (10 mL) and dissolved in pyridine (6 mL) and CH,Cl, (14 mL). The solution
was cooled in ice-bath. To the solution was added pivaloyl chloride (8 mmol, 0.98
mL) and the solution stirred at 0 °C for 30 min. To the solution was added an
additional pivaloyl chloride (4 mmol, 0.49 mL) and the solution stirred at room
temperature for 5 h. To the solution was added 4-dimethylaminopyridine (100 mg)

25  and the solution was stirred at room temperature for 20 h. H,O (5 mL) was added
and the mixture was stirred at room temperature for 20 min. EtOAc (50 mL) was
added. The mixture was washed with water, brine and dried (Na,S0O4). Solvent was
removed and the residue was recrystallized from EtOAc-Hexanes to give fine
crystals (625 mg, 47%). H-NMR (CDCl;): 6 5.18 (d, J = 6.80Hz, 1H, H-3), 445,

30 4.22 (m, 2H, H-5), 4.41 (m, 1H, H-4), 3.32 (br s, 1H, OH, D20 exchangeable), 1.43
(s, 1H, Me), 1.25, 1.22 [ss, 18H, C(Me);].
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EXAVPLE 12
3,5-D - O net hoxynet hyl - 2- deoxy-2-fluoro-2-C nethyl -D-r
WO b@aoizy40 act one (51) To a solution of 50 (100PemyUSDINFH025916
nmmol) in CH2A 2 (3 nL) and pyridine (0.5 nL) at -78 C
I's added DAST or DEOXOFLUOR (0.21 nL, 1.6 nmol), and
the solution is stirred aEXAMPEEflgr 15 nin. Then the

| uti [ | ed t

o011 eDapSr o el S o Cod T R G e B
H D
Y g o softh bl 76 o U ShittolPAUDINES BN fided BNPr,
an( maiolyred et Ly et Dasx NEIMG(031 § 10D, ¢ mmdheanddheslation was
| ayer is extracted with 2 twce, the c i.ned
5o it o R TP S wid S U5

Na e [ f '
P gk (0 TEMAL 2URAE A8 1 cohltn Sk WEfEd 67, BihobEfue for L6,
4. iefluke foi 1sh. GEtD A% (56 nil)kizas addkd. CFHIR) solwtioB3vdsdyashed-with

0.77 Hz, 2H, CH2), 4.54 Nz! 4), 4.18 d, = .
7. BugoppNaH{O:, hrige, fried (N( agg.@é- §9ng% Yips rfptovgig gyd &ﬁ.f%%‘,‘“e was
3&%@%%% §/ ﬁ%’ho&c ﬁ?héx%esg to‘glgé p?o@uﬁzas a?’s'dhd%)ng,

10 4, §5%). I-DMRIZDCIHNE 53 24m51 Hy HIB)O4.68 ym 2t HEHM)) 4.d1 64 H @nm,
(54) To activated zinc ]((%6.5 g, 0.10 mml%}!is added
ab3dt He)), kb3 64, I SbRlL: [5h Mont 2b - 2Q(s30l FLEWIG:)- 0. 1
mmol), 53 ( 13.0 nL, 0.10 mol ), THF (50 i), and
diethyl ether (50 nL). After the addition, one crystal
of 12 is added, whereby an exothermis generated,
causing the solution to reflux. The remaining solution
i s added over about 0.75 h as to maintain a gentle
reflux. The m xture is gently heated to reflux for an
additional 1 h after the final addition. The m xture

is cooled to roomtenp, poured into ice (200 nL) and
IN HO (200 nmL) and allowed to stir until nost
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of the ice had nelted (about 0.5 h). The organic |ayer
is separated and the aqueous |layer is extracted with
waele@bhyl44@t her (2 x 75 nlL). The conbi ned or ganPCI/Us20e5/625916

are washed with satd NaHCO3 ( 1 x 150 nL), brine (

150 nmL), dried (Na2SQ4), filtered, and concentrated to
dr YWWe§4AIN:vacuo. Further drying in vacuo provides 54
as a mxture of diastereoners (15.1 g, 65.1%. This
conpound is used wi thout further purification. EXAMPLE
14 Et hyl. 4, 5A3 bs0-pRYdctede éeckyox dudrorB Chyibthgl-Pritiotio-v-
(55) Corrpound 54 (9.85 0.042 nol) is dissolved in
driacthqﬁ%mfﬁuymngrﬁwwg{@mmso (16.0 nL, 0.22 nol) is
5added and the resulting solution is cooled to between
-20 0C and -15 OC. Trifluoroacetic anhydride (9.8 ni,
0.69 nol) is added drogg@se over 15 mnutes and the
solution is stirred be en\- 20 and -15 Cfor 2 h
after which anhydrous NEt3 (R4H) 7 nmol) is
added over 20 mn. The resul t\ng ution is stirred
at roomtenp for 1 h, diluted W+ di ethyl ether (50
m), and washed with HO (3_x $100 ¥ ), dried (Na SO4)
and concentrate in vacuo tdQéanpou d 55 as a yell ow
oil (8.1 g, 82.0% that is used w thout further
purification. ;LH NVR (CDO 3, 400 MHz): d 1.24-1.38 (m
26H), 3wderefmR an@ipanbeandep@ndmﬂym @&, pyacyl,. OH, J =

Z 39 I_%?Tﬁlt%p;t?ve}ly g%{i; a%@&l Bp}( dglgr_o“r %g]-%gigz)- or Zglég-, wherein
10 ( dﬁ ish l@’»b!ﬁ:r aikﬁ sdeh/as GHY eﬁ’E') W'ﬁ?lﬁ Et hyl

5- O | sopropyl i dene- 2-f | uoro 3-keto-2-net hyl val erate
(56) Cbnpound 55 (7 36 g, 0.042 nol) is dissolved in
anhydr oys

Sel ect f Fuor (45 n@a f ?lggn ﬁm\i\/?trgﬁ %ﬁ@%ﬁ%é‘@ 1n<?epﬁ1édently

H, CHj, acetyl, benzoyl, p1valoyl, 4-nitrobenzoyl, 3-nitrobenzoyl, 2-nitrobenzoyl, 4-

chlorobenzoyl, 3-chlorobenzoyl, 2-chlorobenzoyl, 4-methylbenzoyl, 3-
15  methylbenzoyl, 2-methylbenzoyl, 4-phenylbenzoyl, benzyl, 4-methoxybenzyl, trityl,
trialkylsilyl, z-butyl-dialkylsilyl, ~-butyldiphenylsilyl, TIPDS, THP, MOM, or MEM.

3. A process for the preparation of the lactone of Claim 1, comprising
the steps of:
20 (a) reacting a compound of the formula, 39,
><Z']\CHO

39

with an alkyl-2-bromopropionate in the presence of activated zinc in a suitable
25  solvent;
(b) adding an oxidizing agent to provide a ketone;
(c) fluorinating the product of step (b) to produce a fluorinated
ketone;

(d)  reducing the fluorinated ketone of step (c);

225



m xture is placed in an oil bath maintained at 45 - 50

C and the suspension is maintained with stirring at
w0 bab/ot=mper at ure overni ght under an argon at nPGEPI82005/025916
The solution is concentrated to near dryness in vacuo
treated with diethyl ether (-25 nL) and washe th
water (3 x 100 nipenzyiaii nsrﬂgea?fpéu%ﬁﬁgtép (@ tameédjthe desired lactone.
(Na2SO4) and concentrate in vacuo to conmpound 56 as a
yellow oil (5.65 g, 71.2% that was an approximate 1:1
m xt ur e 40f 2Rhe pZitetd falhinas em@aﬁmmawv@sofsté;geqlmelected
19F NWVR 1H NI\/R(CDCIS 400 MHz): 1.20-1.46 (m
16#pm the Booupxensisting of diethyl eghepand tetmhﬂBOfUI@ (m 2H),
4,12-4.32 (m 2H,), 4.90-97 (m IH. 19F NWR (CDC 3,
376 M1z, C6F6 external standard): d 4.30 (qg), 4.01
(q). EXAMPLETHS ocessofii1inY 3| vehereir tHES Nz img- age MU Meep (b) is
g-lactone (47 B). To a solution of 42 (4 mmwl, 897 ny
i nseleatpd frgml thtgrqmas;oasjs.tmg of cancastivaigd dimedrylsylfoxidayichromate

and t he n st.irred at room t emper at ur e f .
Thaseia PR Rl EhRUR A PPy AL i flende”
resi due was co-evaporated with THF (10 L) and
di ssolved in pyridine (6 nm.) and CH2A 2 (14 nmL). The
10s0l ut i 0. was Acprokesd fonthe prepiyation offmlagteae dsenddinie. s
added pival oyl chloride I, 0.98 nL) and the
solution stirred at 0 C for Q30 To the solution
was added an additional pival O)HO i de (4 nmol,
0.49 nL) and the solution sti at room tenperature
for 5 h. To the solution was added,
4- di met hyl ami nopyri di ne (1007%y) aAlds t he sol ution was
stirred at roomtenperature for4&0 h. H20O (5 nL) was
added and the m xture was stirred at roomtenperature
for 20 mn. EtQAc (50 nL) was added. The m xture was

wash@rivihg henddesf: brine and dried (Na2SO4) . Sol vent
was

5

treatment of the compound 42 with concentrated mineral acid

15 42

7. A process of preparing a 2'-deoxy-2'-fluoro-2'-C-methyl-B-D-
ribofuranosyl nucleoside of the following formula: ‘

NH,

20 B
N/L o

HO o

HaC

HO F
87

25  comprising the following steps:

(a) reducing the lactone of formula 49,
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renoved and the residue was recrystallized from
Et OAc- Hexanes to give fine crystals (625 ng, 479%.
wokdMRIUEDC 3) : d 5.18 (d, J = 6.80Hz, IH HB)T/UL045025916
4.22 (m 2H, H5), 4.41 (m IH H4), 3.32 (br s, IH,
OH, D20 exchangeable), 1.43 (s, IH M), 1.25 1.22
[ss, 18H, C(Me)3] .EXAMPLE 17 2-Deoxy-3
, 5- O-di pi val oyl - 2-fl uoro-2- @msthyl D-ri bono-
g-lactone (49B). To a sol ution B (100 ng, 0.3
mmol) in THF (5 nL) were addedq%-rﬁ? (2 mmol, 0.35
mL) and Deoxo- Fluor (0.18 nL, &9 rmol), and t he
solution was stirred at roomtenperature for 4 h. To
the solution was added additional Deoxo- Fluor (0.18
m., 0.9 mmol) and the solution was stirred at room
te I :
Wa@’agﬂfewfn%’sﬁ%%}.vgﬁﬁm#é%@% o A e R hydride
3, réugenis foltbweelhy(Ma@Bibiay withSol acéhinhydsde/pyrisiesioravy] idlige to
re3|d e was purlgéfd b% %olunn (10% Et OAc i n hexanes)
t o Yild thesopwpgrnrd gkfogmul3i3%y (65 g, 65% . H NMVR (CDA 3)
»d512 (m IH H3), 4.68 (m IH H4), 4.41, 4.18
(mm 2H, H5), 1.63 (d, J = 23 2Hz, IH M), 1.25,
101. 20 [ss, 18H, C(Me)3] .WE CLAlI MOJl.o0
SM-di - O protected™-deoxy”™-fluoro Smet hyl - D-ri bono-
g- lactone of the follow ng gepgralr forrmula: wherein
R3 and R5 can be independently H, CH3, or acyl;
alternatively, R3 and R5 are 1ink®d through
-SiR2-O- SiR2- or -SiR2-, wherein Rlsalovver al kyl

such as CH3, ethyI and n-Pr.or 1-Pr. 2. A.co nd .of
claim 1, whel®n Rsn%ﬂaatm@ of the @aéwt.Oﬁat@béq)d vr1§11 arel?ylated

15 gﬁ)l e?t% 1'ryciuce P%’ﬁg ?f ﬁg%ﬁe@%cleé&@és

enzoy enzo enzoyl,
3-chlorobenzoyl ngchlorobenzoyl 4- nethylbenzoyl, 3-
| XN ’ BzO o
N/LO \ HaC
+
B0 o B0 F\
HAC N
oA _
20 Bz0 F 60« N7 "nNHBz

60

(c) separation of the anomers of step (b), 60 and 60-c; and
(d) deprotection of the nucleoside of step (c), 86, to produce the
desired nucleoside.

25
8. The process of Claim 7, wherein the silylated base of step (b) is

silylated N’-benzoylcytosine.

9. The process of Claim 7, wherein the deprotection of the nucleoside of

30 step (b), 86, is deprotected with a metal alcoholate in alcohol.

10.  The process of Claim 9, wherein the metal alcoholate in alcohol is

NaOMe/MeOH or methanolic ammonia.
-27-



nmet hyl benzoyl , 2-net hyl benzoyl, 4-phenyl benzoyl,

benzyl, 4-nmethoxybenzyl, trityl, trialkylsilyl,
WO babpliz4d al kyl silyl, t-butyldi phenylsilyl, TIRDBUSIb#N25916
MOM or MEM 3. A process for the preparation of the
| actone of Caim1, conprising the steps of: (a)
reactindla cdnpooesd forfthe peeparghionpha 2'3ox 33 -fAkene-2n¢-methyl-f-
al kyl.- 2= br omgpr opi opate. i n t presence of activated
i dﬂPﬂﬁléa“SnEP(qPé‘B@?lé%?ﬁfSHPE‘la%g) addi ng an oxi di zi ng
agent to provide a ketone; (c) flIuy &inating t he
product of step (b) to produce a filuqsinated ketone;
(d) reducing the fluorinated ketpneod step (c); (e)
benzyl ati ng the product of step N yield the
desired | actone. 4. The processHofy Cfaim 3, wherein
the solvent of step (a) is selectgdcfromthe group
consi sting of diethyl ether and te hydr of uran. 5.
The process of Claim3, wherein ﬂw%36xidizing agent of
step (b) is selected fromthe group”consisting of: an
activated dinethyl sul foxide, a chromate agent, a
DesmiREihl dBlIbRfiges: and tetrapropyl ammoni um
perrut henate. 6. A process for the preparation of a
101 act one i nt e@edi abeverdén ofHCcarpqund ®f thenformulardg, t he

step of: treatnent of the conpound 42 with

concentrated m neral acid
BzO 0
OAc
CHs

BzO F

5

59

15
into a bromosugar of formula 61,
BzO
° Br
CHg
BzO F
20 61
(b) condensing the product of step (a), 61, with a sodium salt of a
purine to give the corresponding protected purine nucleoside of formula 62; and
NHBz
VS
25 k\N N
BzO o
HaC
BzO F
61
30 (c) saponification of the product of step (b), 62, to produce the

desiréd free nucleoside, 63.
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HO CH3 42 7. A process of preparing a

2|

-deoxy-2'-fluoro-2 | -G net hyl - b-Dri bof ur anosyl

wor@eeositde of the follow ng formula: 87 conprPEi/mg2ba25916
followi ng steps: (a) reducing the | actone of fornula
49,49 5 to the corresponding sugar with Li Al (Y-OBu) H

Red- Al , 18r otAnpiocessdor thepiengatipaef %a@@m’@“ﬂb?llo%ézj' mgthyl-B-

5

10

15

20

25

30

natr pEh e Rla28 BRRMST ' Tor il 2 50 50 (b)

of formula 59; 59 (b)

condensation of the product of stepw(a), 59, with a

Si

nucl eosi des, 60 and 60-aV (c)

| ylated 5 base to produce a m xtuse of protected
epatatj on of the

anoners of step (b), 60 and 6d§ ognd (d) deprotection

of

the nucl eosi de of step (c), §),Ff3 produce the

desired nucl eoside. 5 8. The procgss of Claim7,
wherein the silylated base of step (b) is silylated

i V-benzoyl cytosine. 9. The process of Claim7, wherein
t he deprote

i s

t of the nucleoside of 0 step (b), 86,
fn&tﬁ%toq%“?ﬂg ¥P%tal al cohol ate in al cohol .

(a) treating N¥, 5'-O-dibenzoyl-3'-O-mesyl-2'-dioxy-2'-C-methyl-
B-D-arabinofuranosylcytocine, 64,

0 |
I A
PhCO N~ "0
OH
MeO,SO  CH,

with DAST or Deoxofluor to produce fluorinated product 65, and an olefin, 66;

NHBz NHBz
Cy Ot
0 o}

RCO N No -RCO N o

0 + 0
CH,

Me0,S0 F Me0,SO CH,

102 103

(b) deprotection of the product of step (a) to yield the desired

nucleoside of formula 14.

13. A process for the preparation of a 2'-deoxy-2'-fluoro-2'-C-methyl-f-

D-ribofuranosyl nucleoside of formula 14,

comprising the following steps:

-29.



10. The process of Claim9, wherein the netal
al cohol ate in al cohol is NaOwe/ MeCH or nethanolic
W(ammimmll. A process for the preparation of BCT/US2005/025916

-deoxy-2'-fluoro-2'-Cnethyl - b- D-ribofuranosyl

nucle03|de of formula 63 63 co r|3|n the follown

steps: (a) céfver §?36HH%PH5CIE%%‘H latleh)éth%f‘)ﬁ‘ﬁmq& ‘%9

59 b g?d A{g)m)sugar of formula 61; 6 1 (b) condensi ng

the product of step (a), 61, with a sodiumsalt of a

purine to give the correspondi ng prtgcted purine

nucl eosi de of fornula 62; and 61 (c saponlfl cation of
the product of step (b), 62, to pr yge the desired

sfree nucl eoside, 63.12. A pro &5s 4 r Yhe preparation
of a 2'-deoxy-2'-fluoro-2'-C- net Oth-

D-ri bof uranosyl nucl eosi de of f&fPnmuta 14 14 conpri sing
the foll owi ng steps: (a) treati nglP,

- O-di benzoyl - 3" - O nesyl -2' -di oxy-2' -G net hyl - 10
/ 3-
De%?f{@%? gﬁéﬁé?l%%ﬁﬁléﬁ%ﬁ%ﬁ%ﬁﬁfﬁaﬁ SR, Sl PacRMEMEM, EOM,

ol etmethoffbentyl) trld}ﬂpafdyt 60C -0 aryl, tplikfald}ﬂ iy tor @fyl Sﬁlﬁmate with
(a) to yield the desired
DAST or Deoxofluor to yield the fluorinated intermediate, 65B;

15 658

(b) removing the O-protecting groups of the product of step (a),
65B, by treatment with a boron trihalide to yield the intermediate, 65C; and

NHBz

20 | \/’J‘;

HO N "0

O
CH;
HO F

85C

(c) saponification of the product of step (b), 65C, to yield
25 the desired nucleoside, 14.

14. A process for the preparation of the lactone of Claim 1, comprising
the steps of:
(a) reacting a compound of the formula 39 with (1-
30  alkoxycarbonylethylidene)triphenylphosphorane under Wittig conditions in a

suitable solvent;
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nucl eosi de of formula 14. 25 13. A process for the
preparation of a 2'-deoxy-2'-fluoro-2'-C nethyl- b-

w@2006of4a0 anosyl nucl eosi de of fornula 14, conpeT/&81095/025916

10

15

20

the followi ng steps:(a) reacting a nucl eoside
internmedi ate of the fornmula of conpound 64B, wherein
R3 and R5 are each i ndependent CH2Owe , CH2Ph, MOM
MEM EOM p- et hoxybenzyl, trAN.) acyl of G -C6
aroyl, pivaloyl, alkyl or aryl "su %nate, with DAST or
Deoxofluor to yield the fluorinded internedi ate, 65B

removing the O protecting groups of the

product of st{Bpasymmetnsdhydrpxylation ofthe Wittigreactispspduct 41 to
tri [.
5 IP@Vl

yield the desired nucl egsi 14. 14. A process for
the preparation of the | gCtohe o aim1, conprising
the steps of: (a) reacti’nda éﬁﬁhEbf the formul a

39 with (1- H oy

al koxycar bonyl et hyl i dene) tri phenyl phosphor ane under
Wttig conditions in a suitabl d2solvent; O CHO 39 (b)
asymmetric di hydroxylation of the Wttig reaction
product 4 1 to provide a diol 42; (c) treatnent of the

compound 42 i) theaGRAGOPtHAIREhoEd 42 WithlddARRkrated HCl in ethanol;

ield the internediate, 65C, and (c)
?%gﬁﬁg%’of the product of step (b), 65C, to

(d) selective O-protection of primary and secondary OH groups

yielding 3,5- di-O-protected derivative 47,

BzO
e

M Y

BzO CH,
47

(e) fluorination of compound 47 provides the desired lactone 49.

15. A process for the preparation of the lactone of Claim 1, comprising
the steps of:
(a) selective O-protection of secondary OH group of compound 42

yield mono-O-protected derivative 43;

X
- “ COzEt
OH

H OBz
43

(b) fluorination of compound 43 provides the fluorinated product 44;

>{ 0,Et
- ~CH,
L F



(d) selective Oprotection of primary and secondary CH
groups yielding 3,5- di-Oprotected derivative 47; 47

W@ egocfi24a0 i nat i on of conmpound 47 provides the PEeFUSEAS/025916
| actone 49. 15. A process for the preparation of the
| actone of Claim1, conprising the steps of: (a)
sel ective O f¢)oleetonizatiorodf 4evidhaeid givestheridagrons 45;

conpound 42 yield nono-O projgct ed derivative 43; 43
(b) fiuorination of conpound 43 tales t he
fluorinated product 44;(c) Iacjﬁ%ﬁpn of 44 wth

acid gives the g | actone 45; 4> {d) protection of the

primary COH provides the desi rech acfone 49. 16. A
2-al kyl -4, 5-di - O prot ect ed- 2, 3- di‘ﬁydr OXY- pent anoi c- aci

d ester

R ,R' is isopropylidene ;

of t i@ prelcoom Hthe Eﬂﬁfagl OHgr5¥les thé desihr@ngdtdne 49.
and R can be independently

H, or acyl, benzyl, substituted benzyl, trialkylsilyl,

5t-butyl
MOM or

L Pl R e S TR T e o

WheefolloR il gehSraPfodinMla: benzoyl, pival oyl
2,3,4-nitro, chloro or nethyl benzoyl, or 4-

phenyl benzoyl. 18. A process for the preparation of

t he di ol

of the formula, gy
H;
R"O"" —~=CO,Et
\__ OH
H on
42
wherein R',R" is isopropylidene ; R and R’ can be independently H, or acyl,

10  benzyl, substituted benzyl, trialkylsilyl, ¢-butyl-dialkylsyl, z-butyldiphenylsilyl,
TIPDS, THP, MOM, or MEM.
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17.  An ester according to claim 16, wherein acyl is acetyl, benzoyl,
pivaloyl, 2,3,4-nitro, chloro or methyl benzoyl, or 4-

phenylbenzoyl.

18. A process for the preparation of the diol of the formula,

XL £
'-\J>/“tC02Et
H by OF
42
comprising the steps of:

(a) reacting of a compound of the compound 39 or its

analogue

(o) CHO
39

with compound 40 or its analogue
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42 conprising the steps of: (a) reacting of a conpound

of the conpound 39 or its anal ogue 39 with conpound 40
woroleiog24amal ogueH O 2 Et 4 0 under Wttig CONBCT/USIN®S/025916

in a suitable solvent; (b) asymetric di hydroxyl ation

of the Wttig reaction product 41 41 de a diol 42.

H,

CO,Et

under Wittig conditions in a suitable solvent;

(b) asymmetric dihydroxylation of the Wittig reaction product 41

g
10 0N

to provide a diol 42.

15
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