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BACKGROUND OF THE INVENTION

A key intermediate in the preparation of sugar analogues used in the synthesis of .
nucleosides and vitamins is 2-C-methyl-D-ribono-lactone.. As early. as. 1880, Scheibler
described a process for preparing the lactone (John Sowden, “The éaccharinic Acids” i;l
Adv. Carbohydrate Chem. 12:43-46 (1957), citing C. Scheibler, Berichte 13:2212
(1880)). Unforiunately, product yields were only approximately 10% (1d.). At about the
same time, H. Kiliani synthesized 2-methyl-D-ribonolactone by treating D-fructose with




boi Il i ng water and cal ci um hydroxi de to D-fructose,

flushed the systemw th nitrogen gas, and repeated

the sane process. After 2. weeks; the m xture then was

mai ntai ned for 6-8 weeks, after which it was treated

with CO2 and oxalic acid dihydrate, and filtered under
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isomerizing the penienoate; lactonizing the pentenoate product to produce a butenolide;

tritylating the butenolide at C-5 by reaction with trityl-chloride and pyridine, followed by
cis-hydroxyiation with potassium petmanganate and methylene chloride in the presence
of a crown ether. Final removal of the trity] (triphenylmethyl) group was aéhjeved by
réaction with TFA' (trifluoroacétic acid) (Id. af 768). ~-Lopéz—A1l)aﬁcio et al. reported
product yields of ribonolactone at about 80%, but others were nét able to reproduce ﬂﬁs
figure based on the gram mass amounts of materials provided in the experimental section
of their publication. . Instead, calculations indicated a percent yield of ébout 36%
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the |l actone was converted into its 2,3,5-tri-0O benzoyl
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-|

corresponding hydrate. The desired product and hydrate were stirred with excess MgSO0Oy
and pe}mitted to stand overnight. The mixture was then filtered and concentrated in order
. 'to produce a substantially puie ketone product. The resultant 2-ketosugar was treated
with MeMgBr/TiCl, {or' alternatively with MeTiCl;, CH;=CHMgB1/CeCl3, or
TMSC=CLi/CeCly), which produced an anomeric mixture of the desired 1,3,5-tri-0-
benzoyl-2-substituted alkyl-, alkenyl- or alkynyl- ribofuranoside and its t_rahsesten’ﬁed
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2,3,5-tri-O-acetyl and 2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonolactone, analogous
conditions produced only 3,5-di-O-acetyl- and 3,5-di-O-benzoyl-2-C-methyl-D-

" ribofuranosides from 2-C-methyl-ribofuranosides Id.). -

Later, Novak described chiro-optical properties of 2-C-methyi-1,4-lactones,

‘ Which were prepared from D-lyxose and D-xylose via hypoiodite oxidation, and which

had p-toluoyl protecting groups at C3 and C5 on the lactone (J.J.K. Novak, Collection
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Commun., 39: 869-882 (1974)). In particular, a

2- CH3-ribono-1,4- |actone was synthesized by

hydrol ysis from 3, 5- p-tol uoyl -2-Br, 2-CH3-ribono-1, 4-

| actone (1d.). However, Novak descrlbed difficulty in
WO200403289% ng protected | actone products fr ETAISR003039643

anot her, and resulting syrup-Ilike products when

d blocklng of the |actones by al kaline al coholysis

Czeghasion Coapt Comamr., 3%1868883 (zsgéi)h hgleytizulia e €Hzaibono-1,4-
J I
i A A L RIS kT

IaCWne [!SEOL n @Iomperp Newile dedaﬂbecb dﬁculﬁsrr BMdparatiad iphAstesd Ectone
&ygg startlﬁ%rzm%erl for rlbose production. Toky
ana SyWE-1si preducisawhandeblociigg @él!he
Iacﬁnallﬁhllﬁl;iﬁ@albdhoﬁf@xsvﬁ%ﬂl@éﬁh @ UESI)I N the presence of
a preferably molybdic (VI) acl d an& a boric acid

co thONy AN of _
ORA ey B SR AN Y8R IRB% D BA SR eiRsstischan
(EP&M%@B remttgd Iepime@aatml %ﬁée,ﬂﬁe@ B Prépamhe lﬁ‘?ﬂ()@t"bﬁeﬂ PB-ribose
acidic i exchange resin conver
ﬁn ?@%@y @E%mﬁﬁnm%wagmawqﬁE@m%ﬁﬁM'to separ at e
the unprotected ribose, and collection of the ribose
corksbymfarebeCeq L. e8hes the spimetizafion Bﬂaﬁuebmbmumse in an

B e e e T -

ution o

COquDBE?emibc‘mdn :mdtmssage afthe maeﬁ&ﬂ&fiﬂe throupBGEH oM3LAleRt metal-
de ound Theeuatels ol l ected and
’?‘?Eﬂ%% % ’Bﬁanét H‘gﬁ%}’fenﬁé'dé@éc egiditye alrongly aetidiat ion

exclﬁﬁgle feEiﬁ cBiveited & £0RE wal pfh'f&'l’gdg Q:hﬁoh Qi WtkiAb st fate the

unconverted D-arabinose whi I'S Separate
unprofeted rigese, andecollestian af the ribese Wlap@ludiJR:G)hEmSBB ,amﬂact)a nd

purified according to nethods known to those skilled

i nBARE teachesemvmntiznoss pmmgk n \ahzbldaanue&Esl@ébﬁbﬁmﬁ;ﬁfuoh Bf D-

d t-f
erabidf el R gL B el Basip abiom sxcbnnger lopded with o
molﬁ:dymﬁral(VI)Zc%hjpﬁﬁtht TBE el i9 %ﬁ&ﬁéd[%mdd ﬁg « é@%golr (ér etharngl :
ul

wda 5 iF oo Bl and i T el oApaRb Ao crmlfsagmabsicd

D- I tecti
argfhgbus& gﬂ%dgdtgcg% %%%%b ‘i’ec?é!@d yﬁlte r&ﬁal % tr%é 2 concenga%d
and pyuifiehagegrdingrfo nipphods bn@mﬁomlgase lsiellﬁl ﬂﬂlegerrmmr 8Btrdbgly acidic

ion & df]] kﬂ%r@%z: ‘f’c%M Nend zlxjr{ylellg It E%rl «?\%t ?r C llgn%{g%gfg@?ed into

-arabibwatthbmyslahizamwgemfeoﬁsg}ﬂl)and formatl on of a double
bond between carbons 2 and 3 while sinultaneously

agdR tHeNodeBred ofbIGH ARabe AR I{,} Nal Q/A%agealé%% ﬁo‘ggzgh%%edl

. hydrogenating the doubl e bond bet ween
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protecting groups added.

Japan Tobacco, Inc., prepared 3-DPA-lactone by protecting the 5-OH group on a
gamma-ribonolactone, utilizing an acid chloride or acid anhydride with a tertiary. amine
to cause beta-clirination of the 3-OH and formation of a double bond between carbons 2
and 3 while simultaneously acylating the 2-OH group, and finally catalytically
* hydrogenating the double bond between C-2 and C-3 and removing the protective group
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reducing agent. The reaction is particularly important for the formation of infermediates

in the synthesis of C-1 furanosyl nucleosides.

Kempe et al,, Nuclezchcz‘ds Res., 10(21):6695-6714 (1982) reported the selective
2’-benzoylation at the cis 2°,3"-diols of protected ribonucleosides and isomerization of
2’-benzoates to 3’-benzoates. These protectéd nucleosides were used ‘to synthesize
oligoribonmcleotides on solid silica gel supports, and subsequent deprotection resulted in

the advantage of minimal internal nucleotide cleavage.



t he advantage of m nimal internal nucleotide cleavage.
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al f\ctl on | n a%p(d%gi: (5 sol vent. In the second
BB e PO oS oWeg lirh fy Fibafbreos i oher latir

compbid - Bas rth@@f HEMIRE Etoahe G AL 86 SURAS! Ecgkf?‘ﬁbﬁ'er alkyl-D-
condi ti onsﬂ(lpyrl di ne?a in inert solvent t 3,
ribofyrangs p,yqnd czre@ulpgg,p prganoag@r@ugilhgmbcr converted to a ﬁee sugar

by BRI A PR Gria AR FF B ST A0 aons

| meddms,lur@dnvermét;tmhhlegegase t-a sajds@n :réplioegentﬁﬁ@ﬂbﬁiﬂ Apptcpsiate
6: di su ut e e nucgl egosi des_havin
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nbofd&ﬁloﬁdlﬁﬁ acyRitedtun M asic E&ﬁﬁmﬁfs%’?{ 'm/méx% %%érx@% form 3,5-
-tri-0-aryl-D-ribofurano

di- OC"IWH Br%rsemopﬂldzneeﬁn\g%s@lkﬂc&)@dwﬁmm awmch was  then
hydrolyzed in strong acid and further acylated to provide the desired intermediates. 2-

substituted, 6-substituted or 2,6-disubstituted purine nucleosides having a branched-
' _cham at the 2° -posmon or 3’-p031t10n on the sugar moiety were then  prepared by reacting
©2,3,5-4ri- O-acyl-D—nboﬁlranosyi hahde w1th a chloromercunc 2,6~disubstituted purine at
temperatures of 100 °C o 140 °C in a solvent such as toluene or xylene. Nucleosides
baving a desired pyrimidinene base were derived from 2,3,5-tri-O-acyl-2 (or 3)-C-lower
alkyl-D-ribofuranosy} halide by reaction with a 2,4-dialkoxy-pyrimidine to form 1-
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tenperatures of 100 Cto 140 Cin a solvent such as
tol uene or xylene. Nucl eosides having a desired
pyni m di none base were derived from2,3,5-tri-0Oacyl-2
(or 3)-Clower alkyl-Dribofiiranosyl halide by
reaction with a 2, 4-di al koxy-pyrimdine to form1- 7
WORS4HEX 052899 PCT/ US2003/ 039643 (2, 3, 5- tRGTAS2008/)19643
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compiwds hayirigdingrgno fubstiteent eirtbe Cidonspyrimidifiérey of lydrolyzed under
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sl e ARG R ety o w o
4. stsfpsunatdde CWaltorC® Beithids@BwolRe Gnul e Bleps) Sspedif Xofiditions, and

reagents. As shown in Figure 5 the prior art teaches

Duperatss VA eREgSF 1, 2, 3, 5-tetra- 0-
benzoyl - 2- G- net hyl -f 3-D-ri bof uranose (4) with _
N4- Heshoy dy Figirads thei pripr BBAtdaches ahe coupiling idf 1,2,3,88¢tra-O-

' i heated lux for. . .
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reflux for _about 3.5 hours, to provi
afteg “NF‘F-%GB%%%W aoid, Snfls, was added and the solution again heated to reflux for

bottt 315 ho e UINB-tonzeT- 98 Y b p Lot Sl NE s S0
o 1 o e R R 75 Sy o ..
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Irr.eth nol aﬁxrgfsatura{e&d W th anmmonia to provide o
solyiop, of . methano} presatugied dyithoamponia io, provisied-Red riethal-xpidine
(6).active conpounds are sonetines adm nistered in an
esterified prodrug form Carboxylic acid esters are
used nost comonly, while phosphonate and phosphate
esters are used |less frequently because they fail to .
_Pm{; drolyze in vivo and may produce toxic byproducts
US 6,312,662 to Erion et al.). Acyloxyallcyl
esters are _sonetines used as prodrugs for phosphate

anghErastenkt wtivosernanads ar sometinesydmingsterph osphateaified
okl 658, SRR o ATLALS s GRRS AGT Vi A
phosphyigpstas 3;&: mﬂeﬁﬁﬁmtm&chwg E[eiycﬂii%] ibthyﬁfc?l))ze -6 a1|1d may

Nnucl eosl de 0 ony | SucC as, I exa e,
prod RSB ae (RR1T & e PR e et o AcyBboatlo] Soters are

- somdtitng3hB6P B0 Prodimt Fphosihak anddgoiihehats E&ﬂf}{ﬁl&%, &E R cyclic

activi té as do carboxylic acid or ether p

phosghonate rslersand spd peers caresiafly plenybandggnzyt gsters (Raopbe dt Al ot
Phar. -Sci., (1983), 72(3):324; US. 6,312,662 to Erion et al). Like mucleosides,

phosphonic acids such as, for example, phosphonoformic acid and PMEA (Adefovir; 9-

(2-phosphonylmethoxy-ethyl)adenine) show antiviral activity as do carboxylic acid or

.ether lipid prodrugs.of nucleosides (U.S. 6,458,773 to-Gosselin et al ).

Historically, prodrug syntheses and formulations have typically involved the 5°-

- position of a nucleoside or pucleoside analogue. Gosselin et al., supra, teported

nucleosides in which the H of the 5’-OH group is replaced by any of the following: an
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typically involved the 5 - position of a nucl eoside or

nucl eosi de anal ogue. Cosselin et al., supra, reported

nucl eosides in which the H of the 5 -OH group is
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s L T

presnteqbnmh:ﬁhatlea‘sttatowﬂ@scri bed prodrugs that are azide
derivative conmpounds and conpositions, including

NUChOS dF AeHHRNOBBARAGY | fhi®to IS ARIRVBBLRMESS and
composmons, including nucleoside and phosphorylated nucleoside analogues (U.s.
6,271,212). Such azide prodrugs have as advantages their ability to cross the blood-brain

 barrier, provide a longer half-life, and afford greater bioavailabilty and increased stability
- of the active form of the drug than previously observed.- However, Chiu et al. reported a

- lengthy, multi-step synthesis required for preparing their azide prodrugs.

Borretzen et al. described antiviral prodrugs that were nucleosides and nucleoside
analogues. They reported certain fatty acid esters of anti-viral nucleosides and
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6,271, 212). Such azide prodrugs have as advant ages
their ability to cross the blood-brain barrier,
provide a longer half-life, and afford greater
bi oavai l abilty and increased stability of the active
formof the drug than previously observed.- However,
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required for preparing their azide prodrugs. Borretzen
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6(}/377 983 and 60/392 351). p%mcess%s used for preparing these amino acid esters of

nucleosides and nucleoside analogues began with appropnately branched B-D or B-L

nucleosides that optionally could be protected by an appropriate protecting group such
as, for example a s11yI group, and subsequently deprotected by methods known to those
skilled in the art (Zhang et al., Tetrahedron Letters, 1992, 33: 1177-80 Greenc et al '
Protective Groups in Orggmc‘.Svn_ﬂ_lgs,l_s,, John Wlley & Sons, 2™ Edition {1991); Kerr et
al., J. Pharmaceutical Sciences, 1994, 83:582-6; Tang et al., J. Org. Chem., 1999, 64(3):
747-754; and Cavelier et al., Tetmhedrfon Letters, 1996, 37:5131-4). "I‘he optionally
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U S. Serial No. 10/261, 327, pending; WO 01/90121; and
U.S. Provisional Applications 60/377,983 and
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fi-D2 -C-nethyl-cytidine as a_final product (L |). .
ThE Hnogher grgm Wﬁfrg meninaRpyvidsa propess fer e selesdive pddition
of aigfoupl AGK: FLOHNG DRAIQKde il QRIINE rdn@erPthE RIRF $atS L WBRYAGh 2
(11), ii-D2'- Cnethyl-cytidine. In view of the
prodgigove, it woul d be advant ageous to have an efficient
process for preparing a nucl eoside or a nucl eoside
anBlibyet aoibpr etempleembpdihgit to bavesmsifficemrprecess for preparing
[Jnyl.- nuck eosi hej t _i.nt er,mediat es,
pmteir&%gr%g?lﬁ%nat eQZd-O@b e y‘ihgt iﬁl:v %ﬁso%ac AR wmper of R, and
utilizes @ wexpepbivestritinginmtaiabse, and their salts and/or
prodrugs thereof. It is another exanple enbodi nent to
privvs yhe asotheraxasplefentbotiingens @l dcichstesig@ifiddntip the time required

for preparing protected sugar intermediates as compared to other processes for

p]

synthesizing similar products.

‘Further, it is another example embodiment to have a process that runs to

completion in a matter of hours and provides a final product high in both yield and

~ purity.
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of a group at the 3'-OH of a nucl eoside that woul d
render the derivative conpound a prodrug. It is yet
anot her exanpl e enbodi nent to have an efficient :
pr ongs Sef MotRF RO SmbOLRLACH Al vS H PRbcefNBhOGHoys easy-to-
conmpounds that involves a m niml nunber of steps, and
usgtORHO%S TaREchie AP diove fmehpraduel iaeasily aisolatpd Yys tepkniques
coiBhIRhoPX AIRL 8t SHPOGARAL, 0 dect ease significantly

ime require prepari ng protected sugar

i nt i3t g@tﬂl Q&O?hcér %§ar9ﬂg9§15 tgmteﬁ)t 8 E\%’in Qﬁl%fsﬁr%augt %{)m und n

synthe3|2|ng siml7ar products. rs anot
highyiehdsl aad entitydkereding toledra 9@ oa9336.0cess that runs to

conpletion in a matter of hours and provides a fina

pr oHusta Hirthlar iemarysl¢ remblodindenane empioyi hoh-toki2, lebsilyshandleable
rea ?ther exanpl e enbodi nent to have a process that

%np oys easy-to- use, non-toxic reagents, and whose

final product is easily isolated by techniques

commonly known in the art and easily scaleable. It is

still another eXampiARETOTHPEIVENTIORtain the fina
product conmpound in high yields and purity exceedi ng

at  Ineafirkt RPecdth&d %Jpré\hdddsa Iﬂocfeb'sf foh ﬁfegm%ﬁnsmmpﬁﬁﬁg:

to enpl oy non-toxic, easil hand reagents

SUVMARY #99ing; a0} 1QumIquyaonss fcrkutwnrqf @@yclarseﬁaeeﬁubstlw&demﬁsa
provide

Bompr s."%%rﬂygom) OO RRERRH Rafoh WANGR & e ing oxygen
a cycl i ctherebe r@uig@tﬂuaurlel@btwech a hydroxyl and a '

O 2o i SRS B s W

pron&c&mmg,the furanyl Iactone mnth a protectlng gr oup

ecess ( actln i onal | tected
fur d JI atpb e ot arutied ﬁ@&@éﬂ?ne‘g a iliging pasit
t he gr ouplecrRd Sioft the grobh cHIRTRR: ofSNERTe, Hn120d a@d Pa-
phosphi ne catal yst, and_ Li Al O Bu)3H to reduce the

| act one RhgsRhinefatmsstgnd GrA(E)E “bHé%fqu@F the fagioan o
product AR Eup, %fk‘itu([f,ﬁ& ﬁa?éh% @5}6&&&( cbdt @ﬁ&ﬁ%dt he

furanose "product co a protecti
(d) optionally reacting the furanose product compound Wlth a protecting

group.

‘Ina second aspect, there is provided a process comprising:

a) reacting aqueous CaQ with D-fructose;

b} reacting the product from step (a) with CO, and oxalic acid, to form 2-C-
methyl-D-ribonolactone;

¢) reacting 2-C-methyl-D-ribonolactone with benzoyl chloride to provide 2,3,5-
tri-O-benzoyl-2-C-methyl-D-ribonolactone;

d) reducing 2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonolactone with a reducing
agent selected from the group consisting of NaHTe, Sml;, H, and a Pd-
phosphine catalyst, and LiAl(O'Bu);H to afford 2,3,5-tri-O-benzoyl-2-C-
methyl--D-ribofuranose; _

e) benzoylating 2,3,5-tri-O-benzoyl-2-C-methyl-B-D-ribofuranose in solvent to
form 1,2,3,5-tetra-O-benzoyl-2-C-methyl-p-D-ribofuranose; and

f) optionally isolating the 1,2,3,5-tetra-O-benzoyl-2-C-methyl--D-ribo-
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group. In a second aspect, there is provided a process
conprising: a) reacting aqueous CaOw th D-fructose;

b) redotanesy. t he product fromstep (a) with CO2 and
oxalic acid, to form2-C nethyl-Dribonol actone; c)
Lﬁf‘ tin Hﬁ ?25 ? y@%&' 265:808s Wit Brp&RAELY%h optionally
tplfd:tetﬁbcb@ Qzmythyl2)- Dnﬁifhmhes@combanmﬂ caotpameg: d) reducing
2,3,5-tri-0O benzoyl -2-Cnethyl -D-ri bonol actone with a

r edajc irékglcﬁgeiﬁtopﬁahﬂgtpﬁﬂed‘tdfdﬂ?ﬁrhethw]D{rﬂnoncﬁmﬂblﬁWiltigRQd-

A (s @abt%?r?%wﬂsﬂ R Rt LAY BB iranose.

net hyl - (3 D-ri bof uranose,

D S foprth 3mbn oy s DO RYRSTSOLE PR R 3P aRkal
sol VentottQed 3-0Libthyl-B-D- rlboﬁlranose comprlsmg the steps of:
1,2,3,5-tetra- O benzoyl - 2- C- net hyl - (3-D-ri bof ur anose,;
an da)f ye%t%o Al | q@zmp@lbq ﬂqt?@eq ﬁeC—methyI—D-nbomc lactone with a
{I' 2,3 r (44 ) and a
fur ang‘%{élkﬁ% %ergsgﬁlaé(gﬁg?%g % %Ggésé&?s %Fge?%e Lt
pr ocedd- 1ﬂ10$phpres1@mﬂ)rshgméhlﬁd@i39hbll |y protected
2-C-met hyl - (3-D-ri bof uranose conpound %@ rising: a)
reduci gy an i ly protected
2- C net hyl - ' one with Red- Al/ethana (P
obtain an d-pt onal | ¥"protected 5.
2-Cmethyl - (3-\D-ribofuranose. In a fourth aspect,
there is provi, Hess for preparing an B o
optional ly reﬁtected, C-met hyl - (3-D-ri bof ur ghose %
conpri si ngPt he steps(li’f3 a) reducing an- optil’er all}/ or’
protected 2-C meffRyl -D-ribonic |actone with a 11
reduci ng agent sel ected fromthe group consisting of
NaHTe ,WhSﬂEthaclrl?l $Achnd P? Rdnddpendsnilp &ydragal orsitspitahieloxygen
L| Al (g&ehﬁ aﬁ’;dO OO0 M CH3 CH3 PZ0 OP3 PZO-
and P3

er e
in d@p@ﬂ%‘éﬁpy yrq{%% L}'g‘hﬂgq‘ﬂ@ngﬁ?, egllb’fﬂéveoggg}‘&)é)Hnd of the previous

step to form an optionally protected 2-C-methyl-B-D-ribofuranose

rlo PO

6\\\\ %)P3 on\\\\ ””093
(1D (1A%}

wherein P? is independently hydrogen or a suitable oxygen protecting group.

P2

Disclosed. is a novel, improved process for prepanng

nucleosides and nucleoside analogs, such as f-D and B-L 2’~C—methyl-nucleosxdes and
2’-C-mcﬂ1yl—3’—0—cster nucleosides, and their salts and/or prodrugs thereof, by utilizing

one or more of less amounts of reagents in less time with simpler punﬁcahon steps and

with greater product yields than found in the prior art. In addition, the process dlsclosed

can advantageously be scalable to satisfy the requirements of industrial production.
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protecting group; and b) optionally protecting the
ri bof uranose derivative conmpound of the previous step
to forman optionally protected
2-C-nmethyl -(3-Dribofuranose 1310 PO O OH OP4 CH3
CH3 PZ(f" ~OP3 PZCs OP3 |V wherein P4 is
i ndependent|y hydrogen or a suitable oxygen protecting
~grqup. Disclosed is a novel, inproved process for
pr diahaditpeniupeeifisilivdacludrpraeasics Uit ifeludnal ogs, such as
Sa
the *"?Ps%?@? FoP ol & DRl i T4) R hER% 30 metiyt-Dogibopio
lactoneschndfor ﬁr) achetigsant dpdivedly protectat |2I-¢-me|tig'i-Denh)Im-7-imtoae ofith

a ol v oo sufSRER ARl ol et Sttty bt §F ol 1o
obtaikhan of)mﬂanylpaotta&tai 2-C-@etifD-ribouAbbse] aRd/of © BOUPHES San

d| scl osed | can advant ageously be scal able to satisf

optiopplly peesiade brimethgkDirbeliupanoss withoam snpretected) @ae, such as

o IR SR gl ol W8 PRGNSR o, o

optio@lly tnoﬂmkprasenccaoﬁ aCkawds hayid; Bucli bo i€l td abtannen optiokadly

proteyd. £ A En oottt 907 exgmh o o 1 Metbb vty eendror (@

providiag ucs’ nﬁtea%atz’-@uﬁmyaﬁuoﬁaﬁrdél such sl D@xethyl-BytRiine, using
solvent, such as ethanol, to obtain an opfi onal Ii/ q
an

* optimizegt é@#géefs,z reaqien hywpndtiensh dSelvenis o geaction dﬁlmcs ( e
a e

exus RPN (cAREAROK Yo AR Cehbodiment, the proceses are

exem}slifoﬂdimﬁ'lgm'gstbmdnb in the presence of an activating
agent, such as a silylating agent (e.g. BSA),
optionally in the presence of a Lewis acid, such as
SnCl 4, to obtain an optionally protected
2' - C-net hyl - nucl eosi de, for exanple a
2'-C-nethyl-cytidine; and/or (d) providing a 3'-ester
of a 2'-GC nethyl-nucl eoside, such as
2'-Cnethyl-cytidine, using optimzed reagents;
reaction conditions (solvents, reaction tines, etc.),
and extraction/purification techniques.,In a
particul ar enbodi nent, the processes are’ exenplified
in Figures 1 and 4. 13b WD 2004/ 052899 '
PCT/ US2003/ 039643
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Al so disclosed are efficient, scalable synthetic

nmet hods for preparing a nucl eoside prodrug in high

yi el ds that has.a cleavable noiety at the 3" -position

of the nucl eoside. Further provided are

cost-effective processes that enploy non-toxic

for preparing a nucl eoside, nuclegside

wog@giﬂ%g%gsi ts salt or a prodrug thereof. A c%%%zim?@ﬁ%é?

Figure 4, process disclosed, with Figure 5, a prior

art, ,process, demonstr S the .increased econor f

ot QI PRI Rt FEPBRL IR sudout MRP a0 S Bes fudioside
pro@fulpi if e yiclds atae Bhea SHBFBRL hGicBL 0T SRl \[%o
.. 2-C nethyl sugar internediatggﬁiggﬂ§a§g?ﬁ§éggﬁégn 'éd&
Furgheyy proYifeh apre @etraffegtivepprasessed yhat peropley. treatosin dreagents for

RS o BT

L3 r - - - - -
Figprptb pegrgesrdiscjosed, 2wish Bigumel5,memibe att pyocesst i onal |y
cted, 2- G net hyl - D-ri bof ur anose,

rotected) and unprot
: deggofgﬁ%sl tﬁezgnﬁrja%ﬂé’cﬁtﬁmﬁb&éwa?qtﬁ%&?ﬁ%ﬁ‘éﬁd@é"ceﬁéﬁgent s in
less tinme with sinpler purification steps and with
Coogr égioaﬁsqgrsgdi axeteffjdialt dsalhble syntiedid iekthiods FR@rapatify ; ud-
_ 1S 1 shecific C i nati ons )
e e oriopae i, 46 B BRTNeufy FETS (B e sl optonaly
protegfed)anil enpratedied2-Consthyfl il Abode gahms e pshe i(AES FMBIab §s 2-
] he synthesis.. Sel ection of specific reagents that
C-aleb Ao Plone R nGReRGEHLY dolsoneaperdeaty PGpRKT procated)
and ivaprotdated W CImethjIAD-rTbBfiaRsd, 35 SHIZH cor RO $MRExRhSve
_easily removable fromthe final product, provide
- Tageyls Iises g ik aplenrificafionrstppe aed Witk igwater prudnct yields than
fourldh Ble@figf & known. The overall result can be a decrease
in tifme for final prodng product formation as well.
as.an increased percent yield of the desired product.
NbPE%W&?ﬂsﬁﬁémﬁ@ °¢ife | ess time and fewer reagents
combiesiitnt éfMregpens ahatoMpiakle @OSheed Ofot SEHANGRE SSoARS and/or
LAV de an jndustrially scal able and safe process, 1Tt -
purtiicahoy af sters, 1njepm éteéﬁﬁ%%FMI,S- tSekeciio oE specifc tehgents that
RIS A bretiCBEM: ia@Burlt S Hhdif i I |00 0f .18
maynucleogri.ede %hat igtdiSugs§%f%?%gmgpﬁ?ﬁgt%ﬂ%%?&g%%ﬁnggom
and thatzare pasily yemovablsl feens ithbefimid pdast; providy la-s$hih@ic process that is
vl b -nucl eoside, its internediates, such as 2,3, 5-
m""efﬁw‘“ %%'!é“%‘aﬁéeﬁ?t?@m&?}f’f”&%ﬁW%‘f@ﬁ%ﬁaé by a deserasiip fimeden fmgl
prodidg @roviebthfptmatian d3omilLasyaiitbreaded oA yieM 8 tHe GeGdiGHoduls,
MoredS 2-,C- et %I -ri bonol act one) and )
PV, s nqed g Jestqalme 1apd fspei essaeaty reselitincarentyr avemll cost
effectiveeRLAE hRdidR A inhikiMily Ral g .palts
and/ or %rodrugs there%%%k$%g%%g£%?§§g¥$ggj%ﬁ%%%inent,
dto

th e -lpveption i s us repare . .

215 B TRt B et S EF meporiiian) s giected o the

prepaatipn oifex nedledbids: Mk Hy Idisobstinked iaf tADTR; shAChO3y thithyl-

o3 ther prefer fp enhodi ment, the present inventions -
nuclepside, of & F]@Btgp’g— -O-valinyl-nucleoside, its intermediates, such as 2,3,5-

{independently optionally protected) and unprotected 2-C-methyl-D-ribonic-gamma-

lactone (also referred to as 2-C-methyl-ribonolactone) and 1,2,3,5-(independently

. -opﬁonaﬂy protected) and unprotected ZQC—meFl;ylfD-ﬁboﬁuanose, and its salts and/or

prodrugs thereof. In one preferred embodiment, the present invention is used to prepare

2,3,5-(independently optionally protected) or unprotected 2-C-methyl-D-ribonic-gamma-

lactone. In another preferred embodiment, the present invention is used to prepare

1,2,3,5-(independently optionally protected) or unprotected 2-C-methyl-D-ribofuranose.
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1, 2,3,5-(independently optionally protected) or
unprotected 2-C nethyl-D-ri bof ranose. 14 WO
2004/ 052899 PCT/ US2003/ 039643 In yet anot her
preferred enbodi nent, the present invention is used to
prepare d-D-2'-C nethyl cytidine

W0(2ﬂ°4é1’ﬁ%8ﬂ% | - (3, 4- di hydr oxy- 5- hydr oxynet hy| - BCTHSea3/§9642
etrahydro- furan-2-yl)-1H pyri m di ne-2-one). In
anoth preferred enbodi nent, the present invention
.Y%* R re& eaferl epbodimepathe Présent 3aveticmis meedaviptepare §-D-2°-C-

g PR b s S it ey

ﬁnan—ﬂdrl}aﬂ((-@ymdnm—zzene) In ahnoéher preié"rerrgd embodlmeznt,h tlaa present
i, r oX met roxym .

! e Do it e i wmw fedtoa

valgy &‘tﬁ)ﬁ bf QJD-Q’GCﬁﬂdtﬁyl-fc?ﬁdIhe ahBOSLASRy I-lﬂl e:%fﬂ ?ﬁfl-ammo-}
salts or ester prodrugs prepareg

x50 g i) L Gy el ke st Gty fivad. b

ucl eosi.de

‘estél) SP ] ﬁr%fcﬁ@d Q;fdr;g?/h\i\% Sie salt gdr%r ?i\gglfio;itdgg Emcg?ﬂsf japalpgs, salts or

anal ogues,
cstgnupdmg&amepamb by st pmseag evestiont iy bé @sednddOigicBakatest i Ghe

pespEBEE S BB &R SL o llebeiic smlopion pe o omeml directy as

antivirtd zadak katineoplidie aggngsence of a Lewis acid, for
exanpl e as. SnC14 with 1,2, 3;5- (|ndependently

| gpghonrgtﬁlh&%(bogi% c ggﬂrn ?‘%Vﬁ% ngct )gﬁ.tmd present invention includes
reacting Wﬁi@mﬂ ad ama(hvaﬁhe,rmnlﬂ emBS)}L, optﬁin ) fhy presence of a Lewis

- ecif BRI A (SIS S ?q%@é%méﬂéhé?&é@?e&

Fotgide 2 - R
unpFotee: )C Myl ﬂxﬁmﬂugu%lpogé Otm%\z fo\é’?n %é%ﬁg-g{(?:()p&ﬂd—%%nﬁy

opigfiiyp, | R"%‘e‘?%’wéﬁ’mﬁt -prageiddiydroxpmethylout-3-atsthyl-tghyeino-
ﬁuﬂmpﬁyquﬁgﬂmgﬁgqgw éggﬂ%@?_gn acyl, and preferably a
i o

benzoyl ; "and then oOpt deprotectlng t he
4-am no-1-(3,4-(independently optionally proteg&ed-
o

NH,
R N
Flo l /K
: 0

. or* N

H
[ weet CH,
O
i\ | ®

wherein each P!, P?, P and P* is independently hydrogen or a suitable oxygen protecting
group, such as an acyl and preferably a benzoyl

aﬂd then

- optionally deprotecting - the 4-amino-1-(3,4-(independently optionally protected-
hydroxy)-S-(optiqnally O—prqtected—hydroxymethylene)—B—methyl-tetrahyaroﬁlran—z-yl)-

15



hydr oxy) - 5- (optional ly
O prot ect ed- hydr oxynet hyl ene) - 3-net hyl -tetrahydrofirra
n-2-yl)- 15 WO 2004/ 052899 PCT/ US2003/ 039643
| Hoyrim di n-2-one of the previous step to form
4-am no-| - (3, 4-di hydr oxy- 5-
WOﬁVﬁB%Wnet hyl - 3- net hyl - t ei r ahydr o- f i van- 2P¢TUSTO0RARE4E m
idin-2-one (0 if necessary. NH2 N2 ~"k PIO LLO HO L~0
H13C H3C, OP2 OHd Od OD For example, if P, P2 and
1 F‘??"gi}“ﬁfl'ﬁf‘g’tené’ iglee Prayious| gtep et ofprm  daering k. d-6iydion -
hydiagynehyl 3a64tRe-MikhhdDERYRH RERNDS i '
© 4-am ngi-ll - ( St,gﬁ- di h% OoXYy- 5%@1&5 %ﬁe(@lfnecessaxy,
hydr oxynet hyl - 3yget hyl - t et r ahydr o- f um- 2-yl) - 1I—|Nﬁ%/ri m
di n-2-one V(~I, |al so known as
P-D-2' - G net hy tidine, which optionally can

recrystallizgg, f exanple from ethanol, tc
the (3-D-2'-Gfnmethyl -cytidine in pure form [
conmpound can i ired be utilized as is as

antrgiral or caH be flrther derivatiged into a
for delivery.-The internediate (3 J) en c e
sel ecti Pffonal |y protected, esterffi

exanpl e "-position, ana’option :
using a known in the art to obt
3' -ester |prodriug of (3-D-2'-nmethyl-cytidijne, dquch as
- 3' -0 val ppyl ter of (3- D-2'-Cnethyl-dytidilne
(2-am no- 3-net hyl -butyric acid 5-(4-am no-2-o0xXo-2H
pyrimdin-1 I)-4-hydroxy-4-C—nethyI-2-hydk2§ynethyl-t
etrahydro-furan-3-yl ester) or its prefer
hydrochl oride salt form As one nonlimting exanple of
the invention, if the 3 -valinyl ester is preferred,
‘the esterificgtipn process may include the steps

depPEeRREmpler M gl andZ” of ntempdiated3D id by then the compound
can?ggm'r%c{né’ﬁt :@‘ikhi ?ﬁ(ég({’)l%'_e)g?%%tr 2()}( L\/’_S?o'x\z'%é'( qyb 1'%0-'1&3,%&3}6?0}(%5-
hyd@mah;ixgmﬂwww@?mfﬂ?uwmﬁnw@n@y dlko Znow
- dj ro-.pyriun.din:4- - .
o B RACRBYRC SR Wb brtiotaly ban bq eopmelizsd o crampls o
ethahely M obtaiQ@fthe PIRQL-CaEEthY-byiMihd in ﬂﬁBMO%{S%a%%%‘ldt can if
0

desife o UEPO0BL039643 8, TBOPSCL and 1 i dazol e | n
SIS RFi W24 1823 an poffviral o e@pthefurthar dedvatizydyinges a wrodfug- for

delivery.

The intermediate (VI) then can be selectively optionally protected, esterified for
‘example at the 3”-position, and optionally deprotected using any means known in the art
to obtain the 3-ester prodrug of B-D-2’-methyl-cytidine, such as 3°-O-valinyl ester of B-
D-2’-C-methyl-cytidine  (2-amino-3-methyl-butyric  acid  5-(4-amino-2-oxo-2F-
pyrimidin—l—yl)-4-hydroky-4-C—methyi—2-hydroxymethyl-tetrahydro—ﬁ;ran—B-yl ester) or
its preferred hydrochloride salt form. o

As one nonlimiting example of the invention, if the 3’-valinyl ester is preferred,
- -the esterification process may include the steps depicted in Figure 4, namely: redcting f--
D—2’~C—methyl—cytid.ine with Me;NCH(OMe), in DMF to form (7), N-[1-(3 A-dihydroxy-
S5-hydroxymethyi-3-methyl-tetrahydro-fizran-2-y1)-2-oxo-1 ,2-dihydro—pyﬁ1iﬁdh—4—yi]-

N N-dimethyl-formamidine, which is the amino-protected form of {VI); reacting (7) with
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[5-(tert-butyl-diphenyl-silanyl oxynet hyl) -3, 4-di hydr ox
y- 3- et hyl -t et rahydr o-f ur an- 2-
yl]-2- oxo- 1 2-di hydro-pyrimdin-4-yl}-N, N-di rrethyl fon
uam dine (;; reacting (8 wth N Boc-L-valine, EDC,
and DVAP i n DCMto form 2-tert-but oxycarbonyl am no- 3-
wonetlegissut yri c acid PCT/US2003/039643
2-(tert-butyl - Bi phenyl -sil anyl oxynet hyl ) -5-[ 4- (di net hy
| am no-
TBIDPSY hl&hﬁﬁdﬁzﬁm)m DOM o prolvidy tha s’ diilgk-protebded 4orhwfr(g)<ys HR m -

[5-Grprish b s SRRy g sy e G e ooy
-yl G- 1,3 dik yi%ﬁ&]n—tlt}?} Ng‘ﬂﬂﬁﬁéﬂﬁlgf)mﬁhﬁdﬁ @efe%tﬁlg(@?mth

revent cleavage of the 3' -Ovalinyl ester

N-Bocwlewalingd ERgromidalPMadhin RGN utei fogmt Rr@erﬁbu@oxurcerbmylammo-3-
meg:léflﬁw 2- Lt Zbdl’erp m%ﬁ%gw ﬁfeﬂnﬂgxﬁuetﬂgﬁ} 51 ﬂl (cﬁmte y athino-
meﬁl?(eﬂeaﬁmﬁ)@&m@ﬂﬁ??ﬁﬂﬂ!ﬂ IM]ﬁwéﬁwﬂfﬂ?yﬁﬁﬁM@ﬁﬁwﬂ%

B o A o e
Mef)fl"@itﬁ the aﬂ(ﬁﬁ@ﬁ 6%54 Qcetihtd o 'ﬁi@%edt @le%a?é'of the BF- D4 fERy] ester by

- am no- -butyric acid

| hbeMeChmm@m@, @mbcegwwﬂm miiare to mwddﬂ-wﬂvwc@bmmmﬂ*
t L
il T8 B bl AN oy AR VAR 2 vt
-nIBthyb;ehalsyc?ﬂEﬁn‘@i -het estté]ra(l;l_b eﬂgdy lis tp‘%ﬁﬁbﬂl B}Esnﬁ{plwbhaﬁlhzatzon,
ecte C 0S| n | e rior | I oves
iyl %é&%%@%ﬁfﬁﬁ for Ii’fégld?)%@fl‘l%i‘“c‘%\ﬂe bbutyhe Goid >
(4-dRRES b OFFp yn‘n’hﬁnﬂtﬁm?dxﬁkﬁglh%ﬁi}qﬁ&ﬁ 1@@&3@&&%@9&

in that it "utilize o approximately 50% [ ess
m%éﬁﬁsdmmcﬁoﬁﬂwt&)meﬁm@mtb@hd in the prior
art. Even with the use of fewer reagents, a
- cofifhaniss oficytbdidie tather than bestoybeytodinast othérquesstied eytoghs as
i ncr e?lge in overall product yjel, . |n, ne exanpl e,

o e e ey e o RO

t he decreased cycle tine required for conpletlon of
t hé&he procdy diglegdrhhbesidsantagoo ar teal ittudlidelrap tor i or art

T
the tlsr ofofewer sopgons a ¢o)npansqnnmtha alseclosest préai axg process reveals an
e 35 GO ST SR, B S S, P TSRl SR il
advaﬁﬁ’a%e'c)fn bandhe fhbchg d&:?é Ieat[hqe fe gﬁ%lscongnﬂlon of )che

l'imnation of |abor- |nt nsive c orratogr P
pr 0%%8 symtheais Gnpresiys theiroe ko spathésis shbven,ubeingfrowderodes

- - combinations of reagents that elimnate th
disclogrg Pt 6¥Fle HROPARPE T g dhimay Eﬂ?efﬁfﬁ%?ﬁyo‘ﬂ%%‘{f.%a"g?‘s ‘i

an ipongase nddatd:ﬂgmth atchsequent dresdass in3bé sawhbepof bitclsp eezquﬁned; i)

an TR PGSR BP0 05 5 SIS oS SR Feogents and

iv) ¢IRGIRATIoRAE 1aBBE-inteRLTde &lﬁ@hat@ér&plﬁ@ﬁhﬁﬁbaﬁ&ﬂ%m e fromthe
final product, provide a synthetic-process that is

@ ffi.ci,ent tfgsg Peretofore known. The overal |
r eSiFPsqads e yae MSREANS 1 time for final

_ combinations of reagents that eliminate the need for separation, isolation and/or

purification at steps intermediate in the synthesis. Selection of specific reagénts that
_ convert a predominant amount of starting matelial‘into product, that reduce racemization,
and that are easily removable from the final product, provide a synthetic_process that is
more efficient than heretofore known. The overall result is a decrease in ﬁmé for final
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17 WD 2004/ 052899 PCTI US2003/ 039643 prodrug product
formation as well as an increased percent yield of the
desired product. Moreover, the need for less tinme and
fewer reagents result in greater overall cost
WO Jfﬁctiveness and provide an industrially scal able and
B ocess, if so desired. In an additi BREPS2003/039643
enbodi ment of the present invention, the
, 2,3, 5- (i ndependently optionally
progugrreedqugtio tve)ll as (a8 -imeedstrbperceah piskl ofdhodtsaedpdduct.
Mokd: t 352 - fad| I i onal I
EeRee (R Afed o ek PR 150 2ealtRle BB o gt vl
effegtiviness and priwideray imlgerislly salable asd sifé froce iftsddesired.
bi s(2- met hoxyet hoxy) al um num hydri de (Red-Al)
optinanalidiional e@bsddhe BF th i §
OH CH3 : CH3 P20~ 1101, :5'% %%“@ﬁ‘éﬁggﬂﬁﬁée%%’?%%"ﬁ%@a nﬁ%‘?
optigpally, proteeted)2-Crieptipd-Rdemiboiirdnpstr Gigewbtaimed ot athbe235-

i i an,_acyl .. and . .
(AR OB RGect D% Eom T D-BierRC 1Pl via Fficton wih o
rcdl(cg;ggageME ﬂz:?;pf ﬁﬁhhrsgﬁium_ﬁﬁs(ﬁhﬂhgﬁdxyftm?@hhdﬁhw HyiN® (Red-Al),
: nd .o evi,ous ste o form
°N%§@B§?%??Fﬁ%éBéﬁﬁ§ﬁ?P ;optionglly
pr ot eqt ed)-2-Cnethyl -p-D ribofaranose if necessary,

PLO A OHOOP4 CH3 CH3 P20 P! ".OP3 M
d wherei n{P44Y%s inquendently hydr ogen suit%gie

oxygen prottectin oup, such a; an acyVy;
preferably - 52899

PCTI US2003/ ( CH _ CH
SO % SO

wherein each P!, P? and P? is independenily hydrogen or a suitable oxygen protecting
group, such as an acyl, and preferably a benzoyl;

and then

optionally protecting (e.g. be‘l_)zoylating) the ribofuranose derivative compound of the
previous step to form 1,2,3,5-(independently optionaily protected)-2-C-methyl-g-D-

ribofuranose if necessary,
PIO P‘IO
O
op*
I ;8 \ o femmcH,
PO % s %
ay av)

wherein P” is independently hydrogen or a suitable OXygen protecting group, such as an

acyl, and preferably a benzoyl.
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The use of Red-Al as a reducing agent may unexpectedly
af fords products having specific stereochem stry that
allows for their efficient separation. This
Si ifies isolation of the desired, final product. In
Woaz"%ﬁ%%%r enbodi ment of the present invent PERUSRIFE039643
2,3, 5- (|ndependently optional l'y
protected)-2-C-nethyl-D-ribonic |actone is obtained by
r ea@hﬂﬁg@Rﬁdwdtasgeedumﬂglﬁg@a@aymﬂex@cﬂdiy OH 0 O H |

opt |p onaf"?y %%%}QC{ |Cr§§;| g‘i&%f @]ﬁ%ﬁl orégmmw {eRaration.

Thiesimplfies dsolativh dethe desirdpfif® produdtt abl e  acyl chlori de),
td form 2, 3,5-(independently optionally

protected)42-C-nethyl -D-ribonic .lactone, if
necessary; HO -V OOOO CH320H3 HO ' OH P20~

hy o bacRER LiefRler s et %@W%Bfegﬁﬁén&g%nﬂy

optienaln Pﬁﬁgdtcd)-&mnﬂiﬂgﬂ-lﬂ fibdric ZachRBZ9Ybtainkd b?%b&ﬂn@']) ffuBtose

éxfi%@fte a pure, single anoiner product (i.e.,
antially pure form which refers to at Ieast

95%, purification step(s) my be added as needed. 19
WO 2004/ 052899 PEIMUS2003/ 039643 The process

dlsclosed

HO\\\\\\V\

Ol‘“ (Y
m ]

D-fructose .M

and then,

~ - optionally proteq_ting the lactone, for example with benzoyl chloride (or another suitable
acyl chloride), to' form 2,3,5-(independently optionally protected)£2-C-methyl-D-ribonic

lactone, if necessary;

- HO P'o

O

CH; \ oot CHy

%,
“OH : $20 op’

® @

N
HO

wherein each Pl,, P2, and P? is independently hydrogen or a suitable oxygen protecting

. group, such as an acyl, and preferably a benzoyl.

In addition, to isolate a pure, single anomer product (i.e., in substantially pure
form, which refers to at Ieast 95%), purification step(s) may be added as needed.
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i nportant where scale-up for industrial applications
is required or envisioned. In addition to the
signi ficant econom ¢ advantage of using D-fructose as
a starting material, also disclosed is the use of
calciumoxide (CaO as a reagent in the first step of
WO 200485289%0cess. CaO is added to D-fructose i PCTHES2003/03%43
prepare 2-C-nethyl-D-riboni c- ganuna-lactone. This
step alone can run to conpletion faster and accounts

i SRS Wi i IS A
matcgh %ﬁ%%Ych“S'&SW@@Ca%téméfrﬁaﬁﬁg&@% tygprpdser.  This %@S@@@aﬂy
imparBelt Wad:S gmﬁﬁo@maﬁgtﬁa%pﬁmo&qs f@&ﬁedd} BN cal ci um

fron1the solution. I n ohe enbodi an acid

enbo A R hBhe RS Pl Chf pie Tt bt

startiiiigxﬁdﬁrﬁl tafo ldRCMs&chik leliFt 6ALRAA b ide &%G)aag la“?ea(’ggﬁtgﬁ g{ecﬁrst

acids include, but are not limted to. ‘oxal
step g the Rrogessct ) 1sadded Wil fuetpst, in wtan tepreparagi@metigtl-Piribonic-

ganuﬁ&-lléll:tonﬁuﬂﬁ sbp aﬁggcanwgcdoﬁlpﬁ%mq fag%%el aic acid, maleic

acid, acetic acl Ic aci i sobutyric acid,
and ggepynts for dpgrepsesrist mlsirqﬂ 3%40% joter uritgr procfamsdn the prior art.

I an0|c acid noi c
Mor %‘éé@é o R B WPl w8 el ng
ures 1 and 4 can be advantageous in that it
’g Pregigiany piay e 88940 wmove edniiumfr Qfﬂlﬂhiainluams imbreambodiment,
CO, Bﬁd)ﬁ&?ﬁéd fey '?éjstl'dbgelt A8 BbbRE aéIHt hjad EeBodiin n f

f ewer reagent S, corrparl son VVI the C oses prior
orgamg mcidpisoedded tp dbe atagtiommiwectasorm realviu abztbomtmd (Suitable

' 2% 38U
orgaﬂﬂ: ?{J:xgs Iﬂrcmrfaglﬂbe Wﬁjal'?ed t]c')t ﬂ/’é‘}h‘g e Bde 1, ma dn a%ia,esuﬂ:% acid,

advant a
glutanenpld radljbld ac[d, sahmb atitl aabmic acid) ezeiosh d—J @Ja‘&)idﬂﬁ&i@ sik&tic acid,

propif RS ol S etk bt cobdy QUi 4 rntanoie

acid, Bb@tiéic 880r Td¥asoidBMabe due primarily to four factors:
i) an increase in loading with.a consequent decrease

o QR IE el et RESigRO0 forluine iy wlEf 85 1

advargaglequsrin ﬁm midutrlaag emte50% dasdl reag&ntsa thaman;ahilairprafess found in
20

inte e chromato c purification_ steps.
the pg A B RS s St B0 B Db AP Sibite Hovrst e ot
proccﬁﬂ’éﬁﬁlsfmﬁhcr@afsetdﬂ Qvérélllﬁﬂaﬁh&ﬁqekﬁﬁgﬁnoﬁﬁ%ﬁadﬁﬁé 1980 38%. A
preparation of 2'-C nethyl-Deyti dine fromD fructose

further Stdrmmagedmy becionpd irsthe gectrb@ed; twibstint requitkd faoiipi@on of
e oUEISHRES, PRI 10,984 81 s e e e

: dlsclosed can cut cycle time by about 80%. This may be due primarily to four factors:
i} an increase in loading with a consequent decrease in the number of batches required;

if) an increase in percent yield; iii) the use of easily handleable solvents and reagents;

and iv) elimination of labor-intensive chromatographic purification steps.
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HOO HOOHCH3 OH HOB® OH D-fructose (b)
optionally protecting the |actone, for exanple with
benzoyl chloride (or another suitable acyl chloride),
to form 2, 3, 5- (i ndependently optionally
protected)-2-C nethyl-D-ribonic |actone, if

WOapessaty; 330 ptO OO O C CH3 CH3 HOPCINGHHPDIEES
wherein each P', P2, and P3 is independently hydrogen
or a suitable oxygen protecting group, such as an

ac H‘herafmb i efccemindiment béﬂﬁcijﬂmntxaﬂ-, 38060 fdrARLB8Rration of

s 2 39643 reacti ng.the

2 -ﬁf—’%%tgqgls (8‘3‘?1 o - b‘ué AHPrg compnsmg the steps of:
protect ed) - 2- C—WQIhé|-D-rIQOnIC | actone with a

@) eqtrarting Rifstose willebaQuto atitaima eHmethybDsriodic-y-lactone;
nmet hoxyet hoxy) al um num hydride (Red-Al), optionally in

a sol vent, such et hanol; P10 PI0O 0 0 OOH  CH3
CH3 P2d oP® 20~ 'OP3 M M wher & P2,
~and P3 i¢ indeppaden OH hydr ogen or a suit Xygern,
protecti , such as an acyl, and pref '
benzoyl o i onal | y pm(e g. benzoyl gting)
the}ﬂﬂbof se rivative conpound of the ' H,
step to form 1,2, 955 (i ndependent | y optiongfly %
prot ect ed) - C HO OH
‘D-fructose _ ' 1))

(b)  optionally protecting the lactone, for example with ‘benzoyl chloride (or another
suitable acyl chloride), to form 2,3,5-(independently optionally protected)-2-C-
methyl-D-ribonic lactone, if necessary;

HO

& >,
'
Ny Z

Ho ol 5

A
-
Z

-

op?

@ Im
wherein each P!, P%, and P° is independently hydrogen or a suitable oxygen
protecting group, such as an acyl, and preferably a benzoyl;
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nmet hyl - (3-D-ri bofi ranose if necessary, PLO pl0 -v- O
OH O OP4 CH3 CH3 P20\\ %3 P2d %3 (UD wherein P4
i s independently hydrogen or a suitable oxygen
protecting group, such as an acyl, and preferably a

wol6ASge 22 WO 2004/ 052899 PCTI US2003/ 039

b ["{gz
reacting the 1,2,3,5-(independently opti ogl)g(lzi‘ '?0)3"039643
protected)-2-C nethyl-(3-D ribofiuanose w th cytosine

0 30:ACkH BSA, optionally in th
O s Be e 3o e el Sntonofl matcried 246 mohsD-ribonic

@

4- alaetome | (it 4a(i rdegendapbhy et i oral : (T
prot ect ed- h yl-S- O t?%gct%/ed-%/d%gx l-N?rt%t hsyold_leurtfle- fPlsrr%2
t hyP® ?’-8‘?1"8?!3%6#1}% dridey BedrAD,poptiomally in 2- soivenilAch as
NHZethdnoN PIO N."KO PO 0O I H3C OP4 HO 0~ CH3 ~~

P20~ "®P3 0 P2 OP3 d O wherein each PI, P2; P3, and
P4 is_j hdependently hydrogen or a suli t abl e oxygen

pr ot B f ng¥grqup, such as an acyl, Bifd—pyeferably a
benzoyl ; andAten 23gWO 2004/ 052899 PCT/ §S26% /039643

(f) optiona{ly d ot ect] the .
4-am no-1-(3, 4-(} ndfe:%gndent ly op%i onally N ¢ _
hydr oxy) - 5- - hydr oxynet hyl ene- 3-\ret.bidesCHY r a

hydro-f wm2-yl)-%4H, pyrinidin-2-one of_ tfhe pr"ég}/i ous
step to F& m 4- amGh-| - (3, 4- dI hydr oxy-BO opP°

@ @

wherein cach P, P?, and P? is independently hydrogen or a suitable oxygen
protecting group, such as an acyl, and preferably a benzoyl;

optionally protecting (e.g. benzoylating) the ribofuranose derivative compound of

the previous step to form 1,2,3,5-(independently optionally protected)-2-C-

methyl-B-D-ribofuranose if necessary,
Plo

O
OH

5 " CH3 - O CH3
PO op° P> “op°

I | )
wherein P* is independently hydrogen or a suitable 0Xygen protecting group, such
- as an acyl, and preferably a benzoyl,
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hydr oxynet hyl - 3- net hyl -t et rahydro-furan-2-yl)-I1H pyrim
idin-2-one Oj if necessary, NH2Z NH2 AN I AN N---kO
PtOHO 1 H3C H3C 00 OP? OP3 OH OH (D (ED (g9)
optionally protecting/ deprotectingand then esterifying
the 3'-positions of the 4-

WO z2003/052849- ( 3, 4- di hydnxy- 5- hydr oxynet hyl - 3- netiyk2dgizoaby
dro-furan-2-yl1l)-1H pyrimdin-2one V(_I), for exanple
with L-valine, to obtain the 3'-ester prodrug of

¢) ( 3- facding MakY ik _ he v Oaval i ny

()est er of (3- D!ggy%ﬂr%ﬁdﬁ&%y%ﬁﬁlf ? ro%ct%d)—é-}(:-mcthﬂ_ -D-
( 2-Bhafigancse vetthgytosine ynd en activhidr; Gdchaas BSA2 optiemBytin the
PY el Nedl-wl )z 4-.0y dr 0XVe4-.C- net hyl - 2: hydr oxynet hy| -t
oy Vet Menks dedy LR 1Y S90Ic B St haing o ndeoradendy
i f qﬁehdlﬁ@ottaﬂﬁydﬂiﬁ@&(?mamywyw&@_ﬁg@ re 1
is,.a.schematjic,of a preferred process for preparing
1, 5c%&¢ww-f%w-@%t hyl - (3- D-ri bof ur anose
and 2, 3,5-td-0-protected-2-C nethyl-Dribonic-
y-lactose. Figure 2 is a schematic of a alternaliive

process for preparing 2-C nethyl-j3-D ribonol a¢t one.
24 WD 2004/ 052899 PCT/ US2003/ 039643 Figure 34"

schematic of a alternati process for preparning
2-Cnet hyl - (3-D-ri bdf urangse.
ORng@ preferfed process .

1,2,3,5-tetra-O benzoyl

Figure 4 is a schemati

pregent. i nvention for || preparing ah eosi de

nucl eosy degy anal og, or sal¥._or prodru

Figure ¥ €Remati c™@f a>al ternati for

prepari har maceut i cal |y Cw:ept abl t he
3' - 0-val, —~e&fer of p-D-2'-Crnethyl-c .
PO o) o o

wherein each P!, P?, P°, and P* is independént[y hydrogen or a suitable oxygen
protecting group, such as an acyl, and preferably a benzoyl;

and then
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Figure 6 illustrates an alternative pathway known in
the prior art for preparing j3- DD2'-C
met hyl - cyti di ne. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Processes are provided for preparing nucl eosi des and
nucl eosi de anal ogs, such as 2'-GC- nethyl-nucl eosi des
WOZMYO5282%. et hyl - 3' - 0-val i nyl nucl eosi des, B{HEHSNFI643
salts and/or prodrugs thereof, in all its
stereochem cal and tautoneric fornms, by utilizing

O ewneptionally; denretesting| the $-anine 1-43\d-(intlégendrndn lopfioIlP Grdtdcted-
yi e anf 40 it he ipr art. _Furthernore, it
21 + Bl 0B Ated ik pSpplhatebe Tttt abino-formn 2-sD-1 77
| abpyrimidireteny @f hbrEEvLRYERBNioC faHH 4EdnGAS T 994 SRR xy-5-
and, %Ee S n? Si%ﬁ@ ra enigg?ion at acgeptgg?lg§1 xy-5
| eV ‘?’gﬂ?gly' ﬁﬁ ﬁeﬁwg%aﬂﬂdﬂhﬁé@mm—bpm i @) ofif
themﬁaﬁhgpside of interest as an internediate in the
prodrug synthesis, ‘and advant ageously may be scaled to
nmeet the requiggpents of industrial production, Also
provi ded are efffi cient, scal able synthetic nethgo’ for
preparing a 2- net hyl sugar internediate, such.as
2,3, 5-(indepefpdent¥y optionally protected) a XN -
unpr ot ect ed C-nmejhyl -D-ri boni c-gamma | acto (al po
referred to as~2-€~get hyl - ribonol actone) an

1,%@8,5-(indepeﬁdentﬁy optionally protected) an o]
unpr otect ed 2-C{ met hyl - D-ri bof uran8%e, by util{zing

I nexpenjsi ve ents, such as D-fiuctose, innless
time with s r purification gteps a d\M@iLg eat er
product \yi han found in the priorkart...i~n one
enbodi ne process of the present i oONn i s

directed|to tHe preparation of a nucleogide tlhat is
di substi PBft edoat the 2'-C position, suchgas agpy

2' -nmet hyl - nucl eosi de or a

2' -met hyl - YVO-val i nyl - nucl eoside, its int di at es,
such as 2, 3,5- 25 WO 2004/ 052899 PCT/ US20037039643

. ) | N
O Bt kAR R L Efng L 3 PRI 2k 4
as 2e- @ hifihydrpe iy dexophyl druethyl-tetrahydro-futan-2-yl)-1 H-

1, yﬁnﬁ- b.| i enal. rot ected) and
ungroteg%%gﬂggﬁy%§$E%%ﬁﬁggﬁggf%%% Jﬁ@ggﬁh eSF?*&ﬂW@Wg
?E@f &rD—zbfpdwhgﬁidmwe (r-jfa?ﬁ:xanip’le aine 320;&%@1?@!“%@3) 93;@?9
Y nig used,to are 2, - (i.ndependen
op%gg‘gﬁlf}ingr o_t@\I‘f‘?’_é‘&ﬁ"‘ﬂj 'BPHEIL" E’?%‘F‘éct agd S~(-ami0-2-0x0-2F-
2 Grimstiny]-yDeiyeaRy -0 BBH1-2 90 et Hot BI04 D a1
pre; rred epbodi pent,  the invention i's used to preﬁ%re
11‘?,@’8911@(“?%%'%1@6%@4 onal |y protected) or
unprotected 2-C-nethyl-Dribofuranose. In yet

BRIEF DESCRIPIION OF THE DRAWINGS

Eigure 1 is a schematic of a preferred process for preparing 1,2,3,5-tetra-O-

benzoyl-2-C-methyl-8-D-ribofuranose and 2,3,5-tri-O-protected-2-C-methyl-D-ribonic-
“y-lactone. ” T I S o

Figure 2 is a schematic of a alternative process for preparing 2-C-methyl-B-D-
ribonolactone. |
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anot her preferred enbodi nent, the present invention is
used to prepare P-D-2'-Cnethyl- cytidine

(4-am no-1| - (3, 4-di hydr oxy- 5- hydr oxynet hyl - 3- C- net hyl -t
etrahydro-fiuan-2- yl)-IHpyrimdine-2-one). In

anot her enbodi nent, the present invention is carried

WO 904/052899 prepare 3'-O-valinyl ester of, PCT/US2003/039643
P-D-2' -Cnethyl -cytidine (2-am no-3-methyl -butyric
acid :

5 (Bgawinis 2 sudadt opy aibindive provbsh o %43 S ORLG.
b éé%’@ net hyl tetrahydro iran- 3- estery I'ts
© Yé' t éﬂﬂém?%e salt form Nucl e05| des,

nucl eosi de anal ogs, salts or ester prodrugs prepared

by Figwe s &sersthenmiie nifi ao[prafmedbpmu&ed)f e pradb@! inPehtioh 98¢

reparatijon. of ariety of other
P reﬂ cé%ﬁ%"? ﬁ i esana@g ﬁﬁﬁﬁépﬁé’%%‘i@@ct ly as
an | viral, and/or antlneoplastlc agents. In a first
ST Era it 2 sehpmatis ofacaltergtive Brocess derpreparing e pharorceutically

““%‘;‘ﬁ{eﬁ?i?%‘% o el B g Bﬁﬁ?- Ry ERHERTy opt ?oﬁgg{ty
3- I
eI E s A GRoats Tt g e ik prpingie -

D-z’eﬁjmdiyﬁdyﬁd@]et he preparation of a nucl eosi de,
nucl eosi de anal og, or a salt or prodrug thereof, that
is disubstituted at the 2'-C position. In a third
enbodi nent, the present invention is used to prepare
f3-D-2'-C l - tidi ne .
(4- ani no- | n'? @HP%E?@W%-%WW‘H?I -3-Cnmethyl -t
etrahydrofuran 2-yl)- 1Hpyrinidin-2-one). In a fourth
enbodi nent, the present invention is carried out to
prispessees Qte-l;@wd'ai ﬁonpﬂepz&ﬁigemcl@ﬁmdes and nucleoside analogs, such as

2°-C- %c@iatg guc(q rg}? hyI dC %I bmertlﬁyl (32-0a-‘rrnah[1]1(§)r1 3nugleegm ls- bag& ytrhla; salts
and/ommec&hgspﬂlereﬁf Cin rmnns/ IstkreAcHRRHED Al dafto B Ydrims: Esv fiug"
rre

tetrahydrofjuan-3-yl ester) or Its pref

| fe“’e‘hﬁfage&w&%s dncsapd; withy preptenpadeesiields tham dieind ds iflebeprior art.
FurthaR@rJUE SelintinhttS @b S8dET " gﬂg l?]ﬁlﬁ%:r e(g ‘ ggor'-lﬁte{lwée

present i nvention may De use
hromytesanhia pewificstion siopsleandakéeps yundésuea &a&%ﬁuﬁ@ﬁﬂlﬁaﬁsa&me

I
lcvelsp Cﬁ{elﬁ%%gféég i@é:%%csl’@cfgg ﬁﬁqﬁ%ﬁ%ﬁ%@q Pe qnggqsf %5' an
inte m;cggm n thEtmodmg) Sﬁﬂﬁesﬁf aﬂchﬁivﬁﬁl@@&ﬂ&ly' ﬂié(yeﬁé b@Akdi 8 meet tﬂ'ﬁee

at it utilizes less than 50% of

in.th
requu%meqf figg@%@flp{”gﬁ%’é’ﬂts than a sinilar process found in
tquZsoCl osest prior art. 5 Even so, a conmparison wth
pPIoBiediate effigisnt, scalablé sputbetive miethody dvraprbpaping 41 Q1C-

methyY | b8 {h@Hediate, such as 2,3,5-(independently optionally protected) and
unprotected 2-C-methyl-D-ribonic-gamma-lactone (also referred to as 2-C-methyl-

ribonolactone) and 1,2,3,5-(independently opﬁonally protected) and unprotected 2-C-
methyl-D-ribofuranose, by utilizing inexpensive reagents, such as D-fructose, in less
time with simpler purification steps and with greater product yields than found in the
. ‘prior art. .

In one embodiment, the process of the present invention is directed to the
preparation of a nucleoside that is disubstituted at the 2°-C position, such as a 2’-methyi-

‘pucleoside or a 2’-methyl—3’-0—valmyl—nucleo31de its intermediates, such as 2,3,5-
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12%to 38% A further advantage of the present
invention is an approxi mate 80% decrease in the cycle
time of the prodrug synthesis. Yet another advantage
lies in the safety and easy scalability of this novel
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,perce i e ,lac e production;_ reduction
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tetrabydpo-Buar-3y1 I5&ter) eqraitapeafensyd edrndderidensalin farm. odNnclebsides,

kS bt A0 R 36 ) B

as infeFeliates 1) the prepamtion of § Widpuvasiet) ofasthdramoldodide ifatbopss, of _

: ar ich inproves the "atom econony" of the process
ey @%‘S%gn%%@#ﬁﬁ ! gi@d;é&ﬁ‘ﬂﬂn@%gp 2BES expensi ve
canrpoun‘d of |ower nolecul ar weight; the_ requirenent
offu pdifgt embadiment, e process of hegsesprt inantipmutilizesD gRytoispas a
tartihg) SnRERS SR a | AYS b PBsi The {93 SidH; PSod
_S the 2‘pri or aarlt Eél?(g%yggig%%?Qt € ag%r}blﬁ%fgtqﬂg%&g? %a@dgﬁfng
protegied)-3-Crreetlyd B B-ribafiraoseer  equi val ent anounts than used
heret of ore that produces the dual benefits of a
r égatsiemmdtehﬂubd difient mfpmgagp%mg%i%% igliéégilgﬁn idifechd b She
and the prqduction_of, C
prepagEpp Lﬁis}zﬁb braglepsdleu Bicleonide alag apiea 5okt mredivg thereot, Bhat is

disubm&&y“h@@’tcgggﬁgﬂ_onal chr omat ogr aphi ¢ i sol ati on and
purification steps are rendered unnecessary. Figure 1

[ ic of. one enbodi.ment of the present
o %g%ﬁ@%ﬁ&% I etnﬁ iﬂ:ée present invention 1s use(I to prepa?c g—lcf)-il—ﬂmethyl-
cytidine (4-amino-1-(3,4-dihydroxy-5-hydroxymethyl-3-C-methyl-tetrahydrofuran-2-yl)-
1H-pyrimidin-2-one).

In a fourth embodiment, the present invention is carried out to prepare 3°-O-
valiny! ester of §-D-2°-C-methyl-cytidine (2-amino-3-methyl-butyric acid 5-(4-amino-2-
.oxo-ZH-pyﬁmidin-1-yl)-4-hydroxy-4—C-methyl-2—hydxoxymethyl—tetréhydroﬁnan—fi-yl :
estér) or its preférred hydrochloride salt form.

Nucleosides, mucleoside analogues, salts or ester prodrugs prepared by the

present invention may be used as intermediates in the preparation of a wide variety of
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q& resent invention, only 4 steps I nexpensi ve
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yields Mereoven | bpcanise fesutime ad fmdeatgemts ater meodddp greBpisi i overall
A s0 surprising was the finding that
ben@b“%%#%é% “3% the initial reagent in the process,

%fl cantly decreased the tine required for
s §pund i the wmptevedyrogsssoaf the ipeRent Arteatien inphide, in

Flgﬂegﬂltﬁé 626 D-HhRE36 28 Un tilg eas%agn{naeg m%e;lgﬂy@cf Eg?f Qhich

synthesis as conpared to he ear 1an
decrggrgd o spaptiany timg andi whreased Chy Pewart yiskddoffacwne r;eagemn,

/ 3/039 4 | t.
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compaxhds ifwg aiehtthe fingldiyz,By d~tetra O—benzoy}—Z—C—memyLB-D«nboﬁxranose

: C-net hyl --D-ri bof
can gdéﬁ¥ ﬁ%fepm\'mg %yrge%}/()ds km trooo)% o% skiil rerethe art; In Flrgllll‘eo4 Ith%%r;g

of cytosine as a starting material rather than benzoyl-cytosine (Figure 5) or uracil

~ (Figure 6) as found in the prior art which improves the “atom economy” of the process
by employing a less complex and less expensive compound of lower molecular weight;
_ the requirement of fewer equivalents of cytosine, SnCl and BSA in the present invention
compared to similar steps in the prior art processes; the combination of reactants and
reagents in lesser equivalent amounts than used heretofore that produces the dual

benefits of a reaction that runs to completion within 3 to 4 hours and the production of
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acyl ated, gave substantially a single anoner product,

resulting a. nore efficient separation. This

sinplifies isolation of the desired, final product.

Aspects of the advantages of the present invention

i nclude the follow ng: the selection of D-fructose as
WO ERDensi ve starting material is econonfEHV$2H03/039643

favorable for preparing the final, protected sugar
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Also surprising was the finding that CaO, when used as the initial reagent in the
process, significantly decreased the time required for formation of the 2-C-methyl-8-D-
n'bonolactone This signiﬁcantly lessened the overall time required for synthesis as
compared to the earher work of Kiliani and Scheibler in which Ca(OH)z was used as a
reagent. '
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(O in high purity in the present invention, thereby
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the prior art process (see Figure 5 Sa -3 (k)).
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It was surprisingly found that the use of NaOMe in MeOH in the deprotection
step of the present invention (Figure 4, (5) 2(6), removal of benzoyl—protecﬁng groups)
offers the advantages of being less expensive, safer, and easier to use in an industrially

scalable synthesis compared to the use of ammonia in the prior art process (Figure 5,
(5a) 2(6)). An added benefit results friom a faster reaction time: the reaction using
sodium methoxide runs to completion in about 1 hour compared to 1-2 days for the same

* reaction using ammonia. Moreover, a simple methanol or ethanol, preferably ethanol,
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L-valine derivative. 30 WO 2004/ 052899

PCT/ US2003/ 039643 I n contrast to the prior art

processes, the use of dichloromethane as a solvent for

the coupling reaction in the present invention (Figure
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s R RaD b B S S 5. h e
reagents are expensive, provide a low loading ratio of about 3% in this reaction, and
N,N-dimethylformamide in particular is difficult to remove from the reaction mixture
due to its high boiling point. Moreover, approﬁmately 2 days and excess amounts of
BOC-Val-OH, EDC and dimethylaminopyridine (DMAP) are required for the reaction to
rug to completmn. 'Ihese excess reagents are needed to drive the reaction to completion,
but their presence complicates product purification in later steps of the process. In
addition, the use of excess DMAP triggers racemization of the amino acid moiety of the

 L-valine derivative.
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coupling and deprotection; is approximately 60% 99%
In the final step of the inproved process (Figure 4,
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priog, A qeefsrse S igwrendr (92} mp lOR remyfleyst the ssainecleagbatsabut uses 10
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chromelograpkis sepriationcig@btain (103 @s @bmpaty entis RBGhT 4 ERIRN:E of

1 e.safer and .l ess stly. afford additi onal
O IE B T R A S S —
sepataties seedbi iretht tpfeseit GiMentieh. 0VBE bARKE dsihf 1458 ﬁmﬁ?rhfuﬁ{‘ﬁuoridc

.. yield of product was |ess than provided:by e prior
with ai’PPfowef‘é‘E §8 mele, eqyivalents gt ethgl aretathin thisstemof itevimproved
&k fior ' 0. i S8 I Y rovi des
o o 839%‘ SRRy JIOF IS 1B 2 He o, 485

identificd 2 t &aminot 118, RéhpdntyeShydwsedethglrBinethyl-foerab Rl Gfuran-2-
" .anti al |y f. f i " "subst antj al |
YD-IHI ﬁﬂlﬁﬁt %ﬁﬁg-bl-o%e (1 1% ?nglggtg nate }%21'11 ulrm%nf %91? rghet Er%ﬁg’saa f| % §§‘eé=@t

e abse
inventionjroslivirtageodsia its fficletitiers offeab@iSdndIR Rased loading ratios.

_ Moreover, (10) is purified using a simple FtOAc/TBME/H,0 treatment, again
eliminating the need for chromatographic separation and purification, and thereby
climinating yet another labor-intensive and time-consuming  chromatographic
purification step. The percent yield of pure (10) following the three steps of silylation,
coupling and deprotection; is approximately 60%-99%. " R )

In the final step of the improved process (Figure 4, (10) > (11)), ethyl alcohol is
used as a solvent for deprotecting the 3’-valinyl ester derivative of B-D-2°-C-methyl-
c_yﬁdine by removal of the BOC-protective group, and the loading ratio is increased from
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to 98% by wei ght, and even nore preferably 99%to |100%
by wei ght, of the designated enantioner_of. that
nucl eoside.. In a preferred. .enbodinent, in. the
nmet hods and conpounds of this invention, the
ounds are substantlally free of enantioners.

co
W98y, the term "isolated” refers to aPALEFWGHIHNES

conposition that includes at 1 |east 85% or 90% by
wei ght, preferably 95%to 98% by weight, and even nore
2%n the prigDart G239 PEPcRIDP POBES.3 EﬁlérBalchroé frethe hhgro%%mbc@ss

ROX f the.nuc] eosi e
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pr?&%?ﬁ_a) ﬂr Dtal 8‘%2)81? or U3 dg[tﬁy%‘lgng & eu% he?d to less

thae.2%t y of oxygen, ni trogen and phosphor us prot ecting
groups are known to those skilled in the art of

or gqmLe Ry Brhas 'u%ﬂrto@r%%%s QU éﬁéj glteéﬁllt qmﬂ:ﬁf%ne By F%aring a

groups i ncl ude, Imte
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n st S t ed.qr
e DAY | e GG e S AR g T Emaogy-2 Bdronymethyl4-
m?ﬂmﬂu&lﬁahydrutfadnam Bfér), or aﬂlhy&lot:lﬂgﬂddbs@lt ﬂi‘t&@ﬂ'&fsulﬂbl G bnVerall
or exa aro oups |i ke benzo ol uo
imppvemery | P%’P%W;](P flrﬂ%f’\%c?égf ec&%%wd%’é‘?ztﬁ% of %@ﬁe&o
Tlﬂr(@bhﬁéseﬁﬁ(b?cl@%mef Brdu%)ﬁﬁmyeto th@e%&ﬁﬁ&ﬂ‘){f labot-infen ive, time-
C 0-al kyl , -G O [; and ali tic groupsf ke

&%mmaaanda%ﬂx/ Ich@m@smphﬁc rsepamongend rgunﬁsatmt procedands. o Other

. mﬂ&%@& ol anﬂlldé‘ 8 ?@6& %F llﬁlding Nk rg?uﬁgé} the r%ed to qun fower

batches, ambthatusc oﬁ easilly i hahdledble mveﬁtsyandfreig&ﬁtsadyde @Ts@m@n@ aﬁd

relfef i el 157 Sl AR oy et s b e

- prdeysst Heowedas thedd Beribﬁfmiﬂ@t B8 ol ok U AL Flrsil Yy RES bSproduct

ee Greenegi‘tah Protective Goups in Organic
W W@%P@“ thoypriex arbprgcest nkhat the gracgss:af dhe Frasotipyention

affbidt af %EPlifate! 5% ﬁﬁﬁa&rfﬂgﬁjélﬁr? dg£ g:%%ﬁlﬂuﬂgtﬁfétfa@&aletf&e its

protecting groups are su groups “not

- useaf f ected by the reduci ng agent of ch0| ce, preferably

Red- Al . For the use of ethers as protective groups, .
attenti on is directed to U S. 6,229,008 to Sai schek et
., herein |ncorporated by reference, wherein it is
Deﬁ%‘ﬁ‘@?”{ AlgrpativeReagentsf an et her as a protective
As used herein, the term “substantially free of enantiomer™ or “substantially in
the absence of enantiomer” refers to a nucleoside composition that includes at least 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 fiee of enantiomers.

S_imi_larly,- the term “isolated” refers to a nucleoside composition that includes at
least 85% or 90% by weight, preferably 95% to 98% by weight, and even more
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group may offer significant advantages, particularly
at the 5' position of a pentofi ranoside, for
stability toward reagents and process conditions. This
affords an ultimte advantage for separation,
- isolation, and purification of the desired product and
wothgms2sen t he product's percent yield. The mug@003/039643
hydr oxyl protecting groups can be as nonlinmting
exanples, silyl, benzoyl, p-toluoyl, p-nitrobenzoyl,
reflerabily O0TB N0V by Peight, oPAR! i coifiisi
¥ -(,C:%))-aryl, aI_IY of?ghV\?ﬁi ch nlgj)?bgseléﬁnsurbe?ta%ﬁ%ﬂhﬁ ed orm’g()ﬂm]r
Ch%fé%ltsi"i"’c??@ﬂe'}ﬁ?“w-or more groups not 33 WD
2004/ 052899 PCTI US2003/ 039643 affected by the
sel Bt edermeduttibvpicagamia-lattona’n e asdvb O@ibbRdctodeNe $el0adsed

im0l R Rl 24l Sproalesigonted &8 Compoud £ in

Figbe!1,0x @ akypeirdtected derhi/ kot , - (C=0) -al kyl or
-(CO-aryl. I'n one enbodi nent of the invention, the
am | et | (bu ar bon . ,
T Dacrian PR sk ARl ah s spRth QiR s o o

grome dhag isadigil do @n oxpgen) pitwgerdegplesphaiis Sofstol frenenOls B)fther

re q{l?g or. nor.e namned sg&st.l tuents. Were a_ _single

Tealon G 1Y QT PRIPOSES 4 WG VEHEtE [ofjoEeen, Pitweeh Awhphesphorms

pro®etifiR6ips it I8dwa A6 Rof skilRE $n thB 3R oP BipEniP ¥yriads.
substi t l}jent. Where nul tiple substoi tuents are discl osed

' st yt d .
Sl BoBplEEr tfhis SRatohl s SRIBE e 58 iied o, benzoy
subglitatcd o ewhsobsticitali aikgl grubstsubstittted dl’ﬁiihﬁish&ﬁtutéi;j gl xS,
" erej n and unl ess

opblurally. The t Ikyl ", as. ,
s o] s B9l o esbund oo
I ’ > | ot

| "h;g‘-‘“r%cmar o, oy vpRy afate ASE3 Ie Ben L BhpHE g, p-
- toluoy,mifgpbenzoxl, hlorobenzopk; gibengrernsmch e fyrlexapplopytQ-aralkyl, -
_J-s9 LO- o X -but vl .
C..8890 309 IR e Ky, ol o

substjigted laepatic oy liphhtéoadyefCyl)-arailetl C-E@RAl), or -

substeg

(= i.et but vl .. The,. m i.ncl udes both substituted
(Cfgﬁg”@rr@%% o i o o idls of Ptcdests s et
chaipéreor larbiohkd;gloofowhieln nfag b8 ihlidr optiexhily BuBdEetQ! by Blofips not
ons are selected fromthe grou consi st’i ng of

0s] t C
affople by (e e GRS SEEPTRE 1o EOPTEYRAGH IS (Bpectifomne bl Protective

GrouGh O8danic DA HRNY. JokEWiley SidPSd) 2261 Npte, i
f%ﬁ%ﬁc—gs%@ﬂ( orB) 2)° al ky|’a2mg%?9%§13?%%,% te, in
one gmpediment-gfythe javentign; ths, protesting greups, arChitBintedcyagroups not
2 reditt 00 s ... SUI hosphopi c acj.d
aﬁe%hosp ate of gg%gfs}tpﬁgdrl]lg ¥ 2 3%%% rR%{ﬂAE o? oﬁlﬁi'?d’ﬁe ﬂ’gﬁthﬁéas
protestipe graps, eatention isudirdored for UISC @, 229,008 (0SBl ¥t al., Aercin

. known.to those skil.led in the art and as taught, for
-mcorpora% by reference, \asrhermn it 1s reported that ti)e use of an ether%s a protective

group may offer sigpificant advantages, particularly at the 5° position of a
pentofuranoside, for stability toward reagents and process conditions. This affords an

~ ultimate advantage for separation, isolation, and purification of the desired product and
thus,h on the product’s percent yield.

The sugar hydroxy! protecting groups can be as nonlimiting examples, silyl,
benzoyl, p-toluoyl, p-nitrobenzoyl, p-chlorobenzoyl, acyl, acetyl, -(C=0)-alkyl, and
~ =(C=0)-aryl, all of which may be unsubstituted or substituted by one or more groups not
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exanple, in Geene et al., Protective Goups in

Organic Synthesis, John Wley and Sons, 2nd Edition

(1991). The terns "al kyl am no" and "aryl am no" include

an am no group that has one or nore aIkyI or aryl

substituents, respectively. The terns "al karyl" and

WOQ%‘(’F’RVF’%WI i ncl ude an al kyl group with a R CH{Uy1003/039643

substituent. The ternms "aral kyF' and "aryl al kyl" refer

10 -an aryl group with an alkyl substituent. The term
affeqiedl by the) seleeteds resiabing ggetsr ol ong cuttodimit,{ thacugar hyBioxyl

/ .The term'
proficite RARODS Benkohl™ THE RS 07 Broleeal i e Pikirane g
(blmxec@rbqnyb; f{Ge0y-hraliyl, @B YIty] off HE=D3&LI NEbishoaRhdat of
h ubstit ed and nsubstituted nojeties The aryl
ed? (S’H% tF?H“g&I%PtIﬁBQﬁ‘e(gEtPXYFB?@nYM eties
i ncl udi ng but not I imted to hydroxyl, am no,

al kiimawghay thig snpkiedties, thei coxy” sulanmtmiszwxeans tsmgle mymmﬂ:;ple
deg%égfoﬁﬁibg%on antdbg O%e%i“l'tlfo%t eﬁg?o uﬂxgnt'. C@g;'r de ne glﬂ)shatuentls

ora

dlsmloq@d@t elatrml, tie cbmpbrhﬂrcap rbetseadtmde(ao‘nce%e efretlvn ofdse by that
hose s illed in the art and as. taught, for

Subé‘ilg% e eSubstitypnts aps disgloped, er cjadsagss they substituted
conPoadib b%/ﬁbﬁﬁﬁwmAQJammw 'b?ﬁ)alggf’g@?%?f %%d CIEQH%#L] Plimed

1991). The term"ac I he
subgtiuent Breicgies pisglylor plot Vy Ris for exanple, straight,
branched, or cyclic alkyl or |ower alkyl, alkoxyalkyl

i ncThediemg “alipl has yseet eydin and ainket spediieddbthawieNZfdrs to a

st AR i oF B e ity Eichou o
typlaéﬂsfyu % (b, dnd s?&]ﬁéamgwelude%%&ﬁﬁatﬂﬂ&%ﬁ&ﬁyﬁ gﬁlpl ﬁﬁ?pyl

or aralk I ncl udi ng et hanesu
lsonfmé’ r?ﬁﬁepmpyldlvutylolﬁoml tﬁh@dmmﬁé. ayslopentylf iséptentyl, mmpentyl

RS St SR ol i i
temd mhdﬁybqﬂe sutbytitgictl yuhd mmrn]lwuuged)alm grmgl_ﬁrs]h ot @ﬁﬂz which the
S : e ter
kR T LR o ot 5 g bR ke o e group
consimgg@ﬁ lem(incmdh@t Sudrie) Gﬂgﬁn@| lh'MtheTgke 1Jdtﬁfe MShy droxlyl éeg
r box carboxylic acid ester" ‘inclu
CHRf it et L8 o COPBIC o RN B sibvempectniay.
alkoklzr ﬁ'yfolﬂ? nRe; GAROQEY] IR Y: aﬂ@h? ?]E({nluﬁacﬂ' §ulfa?er
exanpl e,” strai ght, branched,
phosphesje acigh) nhesphateloy phospheriated emy omadt hbwmmaymp mpmtdcgeu or
furttleP ﬁ}dféyter&gas%@gs&lry, a%rl%lo%% DAY sl%ﬁllcé-] ifthe art and as taught, for

example, in Greene et al., Protective Groups in Orpanic Synthesis, John Wiley and Sons,
2" Edition (1991).

The terms “alkylamino™ and “arylamino” include an amino group that has one or

more alkyl or aryl substituents, respectively, -

The terms “alkaryl” and “alkylaryl” include an alkyl group with an aryl
- substituent, The terms “aralkyl” and “arylalkyl” refer-to -an aryl group with an aliyl
substituent.

The term “halo” mcludes chloro, bromo, jodo, and fluoro,
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phenoxynet hyl, aryl including phenyl optionally

substituted with halogen, O to C4 alkyl or Cl to C4

al koxy. Al'so intending for inclusion here are

sul fonate esters such as al kyl or aral kyl sul phonyl

i ncl udi ng net hanesul fonyl, the nono-, di- or
wouneopagsphate ester, trityl or nononet howyetenistopbosoess

substituted benzyl, trialkylsilyl such as, for

exanpl e, dinmethyl-t- butylsilyl), or

di piRMeAELY] & dbd haei! afl 19ﬂ'é§§ o%eﬁlﬁeﬁ %th%ﬁl?er Yefers to phenyl,

optimally corrprlse a. hen
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Wil i Aphit referred enbodr ment , theam no
: 29%&11;&13 2 ?ﬁum]tﬂQ?lJﬁ I n anot her preferred

isin figuration.
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sulfgrgxtd: @tm:s suph as alBylrosaiaﬂdyt siilphonyl ﬁ&uﬁﬁ@ifn:em}tﬁesrrr]lfonyl the mono-,
- met_hi oni ny

di- ()i g—g{)@rng gnl A rlf)r_mtgrrx o hany} subf@tu 9 g;)rl,,yqna]kylsﬂyl
gucrpasr, ycsmampre, m%maﬁraar tAeilyl), |0r mi:ﬁelgﬂhu | Aryl grou 5 in the

-ar gl AN

aspa l.ut ar oyI ySi nyI
PHB@[ agwrse a-pg teﬁzat Isprvar acyF mfsrsoian acyl gmup
mwhﬁi]%e?n&l%aﬁ,oﬁ rr@&é?‘hdl%w@ﬁ jhaving an.am no group

term nus but that I's not und in nat ure. The termis

¢ a e s Sy BE G el e Er ool T

oneric or
Rcrﬁo;ﬂué and REHEARRR’,I re.qiettde@ Pt iR fn-dAoh{l flbRE, %@!ﬁer R

| es of ri mdine base include, but
or K B bl i Dransbi o6 YRS slRyrglanPh ey, Msosyalio
inchf@d P Hicthd er %ia‘l]q@c% bdin ﬁv}jw
al kyl aryl S%]?nciérth\yalryl al K %:én@%% éfklox I such as
phenqyethylpary ingluding pheny %mmnmryeubmmwmmm fumi ol
-t hj oal I
or O bt Al Boebind E LG i ool el &
ala]kwh Wlplmayl ingltding nethandulfbriyd thenbas] dicor tr1~phosphate ester, trityl
t.osi.ne, aza yr| di ne, _incl udi ng
or mgﬁfglg 1 g.lbstgut Isilyl such as, for example, dimethyl-r-
~ butylsilyl), or dxphenyhncthylsﬁy].- Aryl groups in the esters optimally comprise -a
phenyl group. In all occurrences, R and R’ may be the same or may be different

substituents.

* The term amino acid includes naturally occurring and synthetic @, B, 7, or &

- amino acids, and includes but is not limited to, amino acids found in prr)teins, Le.
glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine, tryptophan,
proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartate, glutamate,
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4- mer capt opyrm di ne, uracil, 5-halouracil, including
5-fluorouracil, C5-alkylpyrim dines,
C5- benzyl pyri m di nes, C5-hal opyri m di nes,
C5-vinyl pyri m di ne, Co5-acetylenic pyrimdine, C5-acyl
pyri m di ne, C5-hydroxyallryl purine,

WORBUHTdpyri i di ne, C5- cyanopyrini di ne, PCI/US2003/039643
C5-ni tropyrimdine, C5-am nopyrim dine,
N2- al kyl puri nes, N2-al kyl -6- thiopurines,
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it forms a viable prodrug, which can be cleaved in
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process of the present invention or the prior art are
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Pmes%eﬁp 94%@& purgg %tﬁﬂa s RatALkyk6 rﬂ@a@msﬁ thygpine,; gytosine,
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e I
o %J bk gL Sk, 2RI Pt Bopuid R
oxypert ambmttmgemgﬁupm on the base can be protected as necessary or desired.
Suitable protecting groups are well known to those skilled in the art, and include
trimethylsilyl, dimethylhexylsilyl, t-butyldimethylsilyt and z-butyldiphenylsilyl, trityl,

~ alkyl groups, and acy! groups such as acetyl and propionyl, methanesuifonyl, and p-

toluenesulfonyl. Altematively, the purine or pyrimidiﬁe base can optionally substituted
such that it forms a viable prodrug, which can be cleaved in vivo. Examples of

36



which results in an open-chain diol. Washes of the
product slurry with THE just before and after the
addi tion of MgSO4 nay be repl aced by washes in
acetone. Indeed, for scaled-up procedures, acetone is
the preferred solvent. In addition, DVF (dinethyl

wohemmeasbede) nmay be replaced by any pol ar sopygid200388%
as, for exanple, DWVMSO (dinethyl sulfoxide), although
DMF is preferred based upon ease of handling and
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AispSRANE R, R RARRhoing By Boonnphpihip gudise DME (1.2

dml%b"tﬁdﬁﬁﬁé)&hﬁs% A?lacetf bﬁ&ﬁy suitable polar aprotic solvent, such as THF

ool Vi Wi sUlE Pt TReANHORG arsbana ll)lgBd{i]fﬁbﬁXYcﬂmXY]-

aiulﬁﬁtulﬁmytlﬂ&lé lfmioh&gM:tohﬁHé‘ @ We i%?iaééd &Dﬁ rH as pd-
| ace er SI fat’ ng

phoi:f@g}g@ﬁ A PRy Ph@m-tfam beityyoreyr Alaingual hydxdde), all
0. KH CIIN e TFA
kR ik i RS A ST e PN B L

to repl ace
whighy @ﬁ)disalt P npepkchainaliol D¥asbbscf the prod@i shi@ypivigh THF @isDbefore

ond SRS A o M iy, B b, Y G et e, B

scal@;h@qbrbceslb&d, aceiantsis the preferred solvent.

In addition, DMF (dimethyl formamide) may be replaced by any polar solvent
such as, for example, DMSO (dimethyl sulfoxide), although DMF is preferred based
upon ease of handling and removability from the reaction mix. EDC (1-[3-
(dimethylamino)propyl]-3-ethyl-carbodiimide hydrochloride); also referred to as DEC)
may be replaced by any reagent that enables coupling ihcluding5 but not limited to, CDI
(carbonyl diimidazole), BOP reagent (benzotriazol-1-yloxy-tris(dimethylamino)-
phosphonium hexaffuorophosphate), or similar coupling reagents as known to those
skilled in the art. While SnCly is preferred, any Lewis acid may be used in its place. The

_ Lewis acid ﬁnclqdes’, but is not _limite_d to SnCl,, BF§, AlCl, TiClp, TiCly, FeCls, SnCly’
and any mixture thereof. In one embodiment, the Lewis acid is SnCl,. Any o;’ganic
solvents such as, for example, tolnene may replacé acetonitrile. Any activating agent, for

‘example a silylating agent can be used to activate the nucleoside base for coupling.
HMDS (hexame_thyldisilazane), 'IMSC], or TBDPSCI, for example, may be used in place
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i ncl udi ng standard oxi dation and substitution

techni ques. One enbodi nent of the process for the

synt hesi s of the ribonol actone is synthesized via

D-fructose by the follow ng protocol. The -

ri bonol act one can be prepared by reaction of
WOM40580bse with cal cium oxide (Ca0. The WEHY63H3%843

can be reacted with CaO at any nolar ratio that allows

the reaction to proceed at an acceptable rate w thout
of B {bib(rimethylgilyhacdamitls) pmadceiabl an Aterfutive rdagsB|far use in

en.more preferaply at. a 3:1 nolar ratio,

t ] d
PH P AR EEide ) mebagol, 3ncady golap salyer usipas BMSO may
replader DRIFOS Any BambeA6Y 6@6r H8/1AMEathadhtsaRYy fplate trRPP CL any

~allows for the reaction to proceed at "an accepta
ﬂ@&f‘%@ﬁaﬂ wleseYH.E vad glheracidsisash asfTFdaearbe tredto replace HCI.
excessi ve side products. In one enbodinent, the CaOis
added increnentally over a 5- mnute period at room
e ature. The reaction can be allowed to proceed
Deﬁﬂgﬂﬁ{ea*‘-ﬂ@mf wosesy Stapunt of the D-fructose'is
consuned, e.g. for 6-22 hours, in which the reaction
Prip @06iAES1 AP ReFoRokRioweni tored, for exanple by taking
aliquots periodically for TLC analysis. 38 WO
2004/ 052899 PCTI US20031039643 Thi s reaction can be
acconply she B any tenperature that Iboms t he
reagti on proqggd at an acceptabl e rate
ition or excessive side
The|preferfred tenperatureygls fromrgomtenpégraturg to
H UN23-“N0 C. A precipitant can be used t§ re
al ci ump frorffpgghe sol ution. In one i enbodi gent, =
and anZacid that is stronger than riboniqgé%id, a i n
a pref®Hred enbodi nent, an organic acid, are added to
the reaction m xture to form cal cium carbonate.
Sui t Bfrectesegani ¢ aci ds include, but are not lignted
to: oxalic acid, malonic acid, succinic acid,
gl Ulter fibordRictdne agh FUeCpr@fdr;Gﬂ b9 UROT hublisel Cor SPRABKhET! means
. jd, azelaic acid, maleic acid, acetic acid,
md‘E} 8| da@idationsEd, supstitation: feghnigegsy | Ooe apibddiment of the
rofaRé | 4 | ' id, - AN0I:C RG]
P oL JAANS b (S MR RE ¥ RERLANE (PEbose by the
follawipg arateael of the present invention, CO2 can be
bubbl ed through the m xture at the concl usion of the

T eﬂ&bil'itbnncriar_ldrnwbaﬁf cbg pﬂa_pswiti bybéaeii@mmll | ﬁu@{osé {vﬁﬁcaléiﬁmboxidte

! ro asli C Q. _neutra evels,. e.(g. abou
(o83 Tk JF‘EF“&% PR MIBCEHR 2 4y anclasatie i allpes the
readigh! g Rbéceahi AacRbREblS A WihduE BRYES e sﬁ&rqg&iﬁ%ﬁ,p rg%g%ly ata

vacuum filtration. The aqueous layers then c
5:1 molag ratig, ohd evenmare preferahiy: bt %1 amplar rgtioiand awsicprefeiahly at a

2.3:1.3 molar ratio to D-fructose. The CaO can be added at any rate that allows for the

reaction to proceed at an acceptable rate and without the generation of excess heat or
excessive side products. In one embodiment, the CaO is added incrementally over a 5-
minute period at room temperature. The reaction can be allowed to proceed until a
substantial amount of the D-fructose is consumed, ¢.g. for 6-22 hours, in which the

- reaction progression can be monitored, for ei;ainple by taking _'aliqﬁots periodically for
TLC analysis. ' '
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Is stronger than ribonic acid, for exanple oxalic
acid, at any nolar ratio that allows the reaction to
proceed at an acceptable rate w thout excessive side
products. In one enbodinent, the acid, such as oxalic
acid, is added in a 1:2 nolar ratio with D-fivctose.
WOrHaH#95288t i on can be all owed to proceed unt PCT/HS2003/039643
substantial amount of calciumis precipitated at any
tenmperature that allows the calciumto precipitate out
of shiismergionatn boaccamplishiod bl @yrtahperiiteBatallBwe MRtk don to

RO, |t|o e f tion_of excessive side
' ‘g?%guct m@ﬁa‘ﬁ}&l tg‘?"’:ﬁm ragpting decomprsiien o pxeesgive side
prodicis. mepfvfdzﬁdfiénhifemmram%ﬁ foond Rfape &m'aﬁogﬁg&@ og0

m nut es, at about room tenperat ur or aroun

Th ¢ f
exZR’*pP'é&‘ﬁ‘ bl B 0 10 NGB bl FonD Yl e, By one
enghodiment IPQt enl] ad acid ethatnip |seronel eliant BlHEE eloid PARISBUS SreflrRed

ve, nost of. t he, wat er ile still |eaving an
oA "B e o o <t DoRreima ey omkemecalctu
HﬂélUSUi@b‘k anlé t I
e e o e
ﬁ“oﬁ’@l“a’éfé‘é Elptaric aqitheadipic peig, subericoaci, 3ebamce aaﬂmzela&mind
oxXi e The
“"‘“?*é‘é B oot Ohoi XR0RT. L SARERIK AR Sttt beil Bebesiti avid,

butysip aeid, Wﬂme Gbld,dlekmﬁml”acﬁhirhémzhmcﬁbiﬂh as THF and
stirred, for exanple for an additional 10 mnutes. The

pr oTRGEfoR] iR BELSAIMANE thet réséﬁt ventiog, HQ an be bubbled

052899 PCT/ US2003103964 separ at A
thIP%Egh P“ alth eepclugipa pf &lamab@onmétﬁn-da suﬁahiamyoﬁmt oFtime
to R f el arou
eﬁﬁe EFI basic'td Ee L€ B) g‘ﬁg@gmg.o %’(W i@bOgﬁﬁt forms

Fi nal | e organlc SO u
as arepyli dhweuxhalmaﬁwwstqgcaa@e rdmavsmct& xamplitydassn
for exanple for 30 mnutes, then filtered, and washed

Wi t Themgieous Glyws llien cibl 68 trédedNith an 2t8d. fshid o]l“t i S%?lleﬁ Jéﬁf that

orated, for, 5 exanple under reduce
55 %%f Hgomc afid- forexanlelexalie eeidcat apu maie retiy ﬂnet:alhadrs the

reaétidh ﬁxﬁ’fﬁw& A SnPaldGtiHO a8 gﬁth%ﬁ fc%%sll\ge s:% pé% get {Slncéne

ur| y the product,” a secon ven
ém MJ sydhas exam@cngmdmtaﬁm ah? mhdler miiocvith B-firsctose.

stlrred for exanple at 20 C for 3 hours. A white

cr y'Elead:dothEcm lizodilolved t@ﬁac&ﬂﬂﬂﬁpi sERANRA ARLhCH GRlidhP}
ration, washed with the secono'l(s

by vacuum
Pfe%%‘%rz%ﬁ? SteeRe %L@@hﬂ@s aﬁd*?%e prectpitaie g ofelubipyaran

accdptableC AN GAthGt! o t action can.
épta u@{ oxi nattel?rgllggtg%gg’/%c ﬁﬁgg&ﬁ% éfo)ﬂe n@#@%@g b1 SUSFSIR gide
pro r gxpapl¢s theotphrtion rean Hhe qnmed) mntik & .white slarry appears, for

example around 30 minutes, at about room temperature or around 25 °C. Thep, this
slutry can then be stirred overnight, for example at 45-50 °C,

Upon completion, the solution can be evaporated, for example under reduced
pressure, to remove most of the water while still leaving an aqueous mix. The product
can be isolated from the aqueous mix by any means known in the art. For exampie
NaCl and an organic solvent, such as THF, can be added into the shurry at room
temperature and stirred, for example for approximately 30 minutes. The resulting layers
can ‘be separated, and the aqueous layer is added to fresh solvent, such as THF, and
stirred, for example for an additional 10 minutes. The process of addmg solvent, stirring,
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The free hydroxyl groups of the ribonol actone then can
be selectively protected 5 with a suitable protecting
group, preferably with an acyl or silyl group, by
met hods well known to those skilled in the art, as
taught in Geene, et al., Protective Goups in
WO@”@{EW?% Synthesis. John Wley and Sons, SEBEHN§2003/039643
Edition, 1991. For exanple, chloro-t- butyl
di phenyl sil ane may be reacted with the ribonol act one
andibeph@fi the FRRkink 4G Reo laya Ay Bt Qeptaidl ab ﬁ'laﬂﬁ times as necessary,
Alternatively, an acyl chloride, such as benzoyl
forexammple grpeateddround 3 firaese Faylly tharoresric salwioms parcheoteabined and
) . . h b ;
R s o St e o SR S
filteredyhard tvasheed viith morg eclvesit,tsheheastRIER , Thedfiltrate ampbecvapbiied, for

ar ,ratio that allo he.reactjon o prqceed at
exifple I leali oot ot hon Bl L ude o B e olect,
forlepample asndiekl oiaRgd semisoBd. ol ar rati o of ribonol actone: i
base (such as DVMAP) is about 5:1. The reaction
opt ¢ : ' 0 . _
ey PuRauLy, o B AR sobid kU, 43h o %ol i idpd o
thegnide \psodnbip andsthe wiixinret io streddoreekample @202Cdops Able. Aaivkite

B L T O R

wash8@ duithnthe s6@smd - soNehte budht asuicBoh& NindPRicingf drie@ (s@CHizure 1,
chloride, such as benzoyl chloride, is added in any
componad D atj o that allows the reaction to proceed at an
acceptabl e rate w thout excessive side products, for

ex dirplust yield froapthisoxictiat ednybeapproiniatdiy 03.6%4 hearly 4% increase

_rikbonol act 4 2004/ 052899 PCT/ US2003/ 039643
ove%_ S.PF°%B§‘%$§S3PB‘PPS‘“¥§W“85%repared in any sol vent that
is,suitahle for the tenperature and the solubility of

t hethedieg dptoxylgmoups of Sheczhonelastanesthon panghiyselgstival ¥ protected

- witBRkYi8Ble prol6ding igﬁﬂlg, ﬁE‘felr oﬁ'twiltﬂ | :Iciyp&' ityl @é?gf@%ﬂé{?’d@ e

such as_ hexane and cyc exane, “toluen

knogmhip| thesseskilied, indthe hitane tughtHe, Gk anef., Rovtating (Grous. in

Or%;s %ﬁ%&?@, Wﬂgx %g%%g%rsggotnp %’o’ng g‘?té’h )ﬂor %)tcaqgglé, chloro-t-
butyi dinf)l_tehylbi.jlmlefmagi te r?aﬁdh’&?’ith diermdnfylaaegelt atTksben t@tipeRife in
conbi nat.i on t.hereof, though efera ... This
SO S T g g M AL R
reactdd Wil i BbdrBREILE bptiOnallp iR GRS frefincd bf ACKAE ! AL iRk Sg
wi.t hqut _pronoti ng deconposition or excessive side
conditignsie DME.The preferred tenperature is fromroom

tenperature to about 5 C. Ice water then can be added
t 0 Fohexampl; theabomblettomeeprodifct ean bhindedtvith € badefop eraiisle

" DMAP-in any molar ratio that allows the reaction to proceed at an acceptable rate

without excessive side products. In one embodiment, the molar ratio of ribonolactone:

base (such as DMAP) is about 5:1. The reaction optionally can be promoted with the use

of an additional base, such as TEA in any molar ratio that allows the reaction to proceed

at an acceptable rate without excessive side products. In one embodiment of the

- “inveéntion, the additional base (such'as TEAYis used in excess. After a Sufficient period,

an acyl chloride, such as benzoyl chloride, is added in any molar ratio that allows the

reaction to proceed at an acceptable rate without excessive side products, for example, m AT

approximately 2 5:1 ratio with ribonolactone.
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is collected, stirred wwth a suitable solvent, such as
tert-butyl nethyl ether, filtered, washed, and dried,
for exanple via vacuum For conparative purposes, the
prior art process of Kiliani for preparing

Worl b% nol actone is given in Figure 2. A detail ed account
3PP %hni ' s process as given by Sowden iRCTAGR0030pp643
Car bohydrate Chem 1957, 12:43 indicates that Ca(OH) 2
is added once and then again 14 days |later, after
whi e tihenalacidner @mi be pkdpaseddint anys isélvaitt that @CgE@RbleNRY the

haki 1-2 .nonths. Th then filtered
teupa Bt o e riiliLor s rpbgeiay Sqlveniscess, oot of e ey
sol Ve Snchfdengp bﬁtcmliﬁ.ﬁﬁ@gimbw@h Eol?éﬁ@é §dcﬂrz’|s A lfaﬁQ afik @fdlohexane,

~.equival ent anount of oxalic acid, the solution
t"h?ePFataéPf@a% e@b’h aestate. lithipnes, THES yliaxpne, anetonityie, chghlqmnethane,

st ons
dw%h}g? er few %lys%%f n%yﬁﬁﬁ g%eg%‘?ﬁ’%d uo re DME,
dimsthybmlivxdde {OMS0)N dnmhyk{cdlamdeamd dnf ecoqibittied Shercof, though
pm%%%o%@ and recrystallized fromwater. 41 WO
99 PCTI US2003/ 039643 Reduction of the
Protected Ri bonol actone PFIOOPIO OOOCP4 f H3 :CH 3
ofhistgactiopzan bopgompliged pt anyriempsratpredhaetlevs the reaction to

e 4 s AT SR RS

previous st

proguetiu Giha gre&;mdttermeramy infedma rootrafenedatidd to abbhiGVE. t he
reaction to proceed at an acceptable rate w thout

EXOSWAYEh& &8 bR hGs fhe rezéﬁ'éﬂ ABltGe C@%ﬁ%@ﬂ d._lfé?:ggag roduct

i nclude, but are not limted to,

is cpllegten, stimech with e ﬁasabls selvent, sueh B\ﬁymlmﬂenetwl etharp ﬁﬁbr):d,
phi ne catalyst, or LiAl
wasE 0:; Bu%%ﬁa}%re}%]r%trl -tgéh ary butyoxy al um num
|d§?ng .l of whi th&en produce chem)sgl ective and
re Post 8?1\’/% PRERES i PHiof rprt REcCETSn OHi il &1 prgparing.
nbondiluaaiel 18 Riveh REFigAALET AGleREIE hmﬁa%@daﬂ:ﬁ%ﬁﬁ%'as ghiRh by

a solution of Red-Al can be add

Sowdey i 46\‘1 IsiCopparvdiatn herprigf oA indicates that Ca(OH)z is added
mzmcd mhygaum B G2 ARG AGh WE nBkf i Rled" Bl 4CwRh

occazloaalsslmbng)fme irZosbatls. Clire trhiyturDisr thew itiereg 2 amh theafiitratecis
satufdfed M”Cﬁé %éxil é/alc%u% lons are precipitated by the addition of an exact

equivalent amount of oxalic acid, the solution filtered, concentrated to a syrup, and the

syrup allowed to crystallize under cold condiﬁops over another few days. Finally, the
mother liquors are scparated from the crystals, and the crystals dissolved and

recrystallized from water.
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Interestingly, it is found that certain reagents work
|l ess well or result in a mxture of desired and
undesi red product species when used in the process of
the present invention. For exanple, when Red-Al in
et hanol is replaced by Li A1(OCE-Bu)3H, the latter

WO 0410338y agent sl ows reaction tine and resREFES2pE3/089¢43
formati on of several undesired products. Likew se,
9- borabi-cycl o-[ 3. 3. 1J- nonane, 9-BBN, and

Reductivnvftlyd Proteredd RiBonéhtétohele, Dl BALH, produce no
reaction or only only trace anounts of the desired
sproduct. This reaction can be acconplished at any

enpyrature that allows the reacti on tPO—pmgoceed at an

accept Wi t hout pronoting deconposi¥idhor ,n
excessi products“’The preferred tenperat gre I's
from &bout/ O to -5 T. - The ri boﬁranose an bg

T any solvent that is suitable forMthet~=CH

prepared 13y $ :,
t raturé&.gnd the solubility of the reagghts. %
O . . o3
Sol vents can consi st of any organic sol vent
including, but not limting to, alkyl solvents such as

pent an&~ hexane and 42 WD 2004/ 052899
PCTI US2003/ 039643 cycl ohexane, tol uene, acetone,
et hilie optieaadly grotefited2-ErmethyHIpiEbouk-gamme Jactone bbiinkd fos:, the

et SO A 0 B PR R ] ] Shtr o
 allogisrthe hopbtionl foopriocked (ADMBQocepttiblee ty Wamehiodkcbdfe sileCRb@Icts.
Sui @Iﬁve ts such as ]éﬂeghanol , ethanol, prjgﬁgmol , 1sopro

Gl Jrducihg aepip inqbuty AHGH niah Giniled 4 - AVEIDH (sodigm bis[2-
netheHyeihbRf]LRintiar Bk REfEAR Ypdih I On .
e o?@gngf?t rous {ﬁgl ye_ngelgir}gd’lugg?ﬁtgﬂd)? ous é%sﬁg%o]% i%débﬁo%hm ©
catafysh Of Lt (©B1)5E (ifbiamctisertiai ityoxylungiohe hydodedrall of which

r &6 . . ter. and.1 N . .Jhe
proiPh hEimo ety Bnd G O ftive PiBlonk i ob Wihpailiehi ot s
inveptiony the mdwiinag azentna Red-d\listiaholb rHop exantlilé, etkoluibgl of REd-Al can

: vent moved, ..for ex I nde ressure at_  about
be o306 Y s SFR OE pnaily rotlrg dnC Sheton > Fbemr rpamicadoretn
molaranmtid &f FedeAll ioVEB $-tRPbetbAd-CWhdthylaD 2i8biidlshEma lactone of
rotecting group, preferably with an acyl or S|Iy(f
aPPfgm?g‘iY%}- met hods well known to those skilled in the
art, as taught in Geene, et al., Protective Goups in
Or Bmptingynit indfoiugd thataiertaivit¢agyntanorSesssyel Saaantt in a mixture

of dedliel! llrild%glkd Fr%ﬁuc?xs%%ésebsrhglp luga[do mt the process of the present
~ invention. For example, when Red-Al in ethanol is replaced by LiANO“Bu);H, the latter

reducing agent slows reaction time and results in the formation of several undesired

products.  Likewise, 9-borabicyclo-[3.3.1]-nonane, 9-BBN, and diisobutylaluminium
hydride, DIBALH, produce no reaction or only only trace amounts of the desired
product.

This reaction can be accomplished at any temperature that allows the reaction to
proceed at an acceptable raie without promoting decomposition or excessive side
products. The preferred temperature is from about 0 °C 10 -5°C. -~ -

The ribofuranose can be prepared in any solvent that is suitable for the
temperature and the solubility of the reagents. Solvents can consist of any organic
solvent including, but not limiting to, alkyl solvents such as pentane, hexane and
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butyl di phenylsilane may be reacted with the

ri bof uranose at roomtenperature in anhydrous

pyridine. Alternatively, an acyl chloride, such as

benzoyl chloride, may be reacted with the

ri bof uranose, optionally in the presence of a base,
WOIHE® 8% | uxi ng conditions in DVE_ Fi gur SPGR/US28034p0643

exanpl e of an alternative process by Harry-O kuru et

al, J. Og. Chem, (1997); 62(6):1754-59. This
cytplohﬁxm tbheries mtbm;te:thﬁ adetaty, ndithiiaabs DUF, dioxhisg thobtBnitrile,

S SRR RS b e, el arbelpvee O,

DME.Af cﬁh@tﬁﬂﬁﬁfoﬂide D@M‘S@?e difiathyiBRenald, hlgﬁhdiy 961938(5 such as
roups except for tha C2 protected prior
ofn ctiagplraroranok pﬁwmangl) butiwel, pP&mtmL eahds ogamol,ms any

T 0 T

cthnmlhyl Obenzoyl di hydr of uran- 3-one, which was
subsequently reduced with MTi C13, MMBr/TiCl 4 (or

ROe’ﬁilee%tE:hQ:aB Hesc% | vehéhed SSitH Emﬁsﬁrb{dﬁ%gxc? ) \gcﬁeas acetone,

ri bose C2). Rea on of conpounds L)
waigh epd DNABIGEH e pristareiean bﬁh@iﬁﬁﬁﬁhmtbmgammtsoh(enb sjich as ethyl

t hofi u si de.
sockics st i, BEQE G g ol o Topis R i wpiif nsre
atabmttylﬂfate of the desired product is fornmed and
requi res overnight reaction with excess MgS™4 to .

Pr ENR! feethydRHSE Bidup! df)thg E¥oftBhaRenme 9%}1 gé selgéi!{yglgreﬂmteétgd

will, _be apprec:latedt at a mxture o esire

with a guitablegrotesting srepe prearably with wh jpéy of silyd gosipdly methnds well
j t f i oners, of .
kno'vﬁlsto ﬂl‘?)%f]%l; irIJlr %lt cej‘“‘l?eaa %t]?'} FAne% Hed Trglective Grpuns s
mgﬁmm gomz Hep20DSB 34 Edmamwancmmaﬁlbla &fdto-1-
jate et one anot i tani um r eagent
b‘“’f‘ &?%egggﬂ?ﬂ?o%%g’ fiod “P‘?}n’Z*Fe‘? Birajose 1o doofl gperature in
anhjmﬁommd&iel Altﬁhﬁﬁwﬂiyoﬁiﬂ Gdy® cMBfide, UBaS 4 behos ltcﬂﬁahﬂc, may be

‘%ﬁr %E this aspect of the synthesis vvoul requir
rea G ei?aroaw@ﬂygtlélee Pessence of g basgi thdes efluxing

condlﬂ@,@r]gm‘n only a single isonmer (J. Og. Chem, 1997,
62(6) 1754-9, at 1755). Either D-ribose or

RO sed..as the starti terial r
SRt 308 B SRR of 3SR AR Br S 4y ﬂ-ia?a"&wwue? re.
Chews i(HYTN-R(@HT75052. ThizgodesSladlasH labibne RRPHOHhEBIELYis2DB
tinme D-fructose! The prjor art process of

h
obtagy "’gﬁ‘Pé‘t‘% Rppfead ot iths Presspt wyerion; The aracess of MapiAd kuru
utiligddl D-shiiosixts DLAKES 1R bRl R B4@0Lp BRfipd Expt KR U at C2

except for that on C2 are prot cted
Prof%‘idrmqr dh ketang Eormatéont ﬂhgnnes’i)f amnmtaﬂemgmmmacted with

DessS &act th Des
R T e T L —
methyliOseguehdibydrofidacadnwi whichbdi GbSeentRCGREhRd WREVRTRYL,
MeMgho 6L 988 L, SHEQR 5

eMgBr, 13 (or eCl, where is the desired subsutuent on the ribose C2).
Reaction of compounds (3) and (4a) with BzCYDMAP/Et;N prowdes the final product
(4b), 1,2,3,5-tetra-O-benzoyl-2-R-ribofuranoside. It is noted that in the first step, a
significant amount of a hydrate of the desired jproduct is formed and requires overhight

‘reaction with excess MgSO, to prepare an essentially dry ketone product. Further, it will
be appreciated that a mixture of desired 1,3,5-benzoyi-protected-2-alkyl ribofuranoside,

- and its transesterified o- and § isomers of 2,3,5-benzoyl-protected ribofuranosides, result
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substituent on the ribose C2 (see Figure 3, conpounds
3 and 4). The final product,

1,2,3,5-tetra- O benzoyl - 2-al kyl -ri bof uranosi de, is
produced in approximately a 70% yield. By conparison;

W(E)he nmore efficient process of the present invention
tBYPEEL for 1actone formation at, ribof uPEHES03437643

protection of avail abl e hydroxy groups at
ri bofuranose C2, C3 and C5, and | actone reduction with
frome deatting dipt kgnadtérpedinteel-khetme withtdnadrgmiotichnbes reagent in this

' ectiyve i.ly,separabl e, .anoneric produ v ..
b R Bymiisl B0Be oSS Poiaher L thp Brodnisa e retof b i
pulySesp Xhis gepeetPofathe fsiitdsy WoMa Seddire hdadiBodR0MHREEROGep for

PCT/ US2003/ 039643 , Condensati on of the Ri bofuranose
anypne Wi p iptarest) inrgaly @; singlaspmer (UNFeg: (¢7eme 1890 60)d 7668 at

1755%  Elifier Drriboder dral)Jagib%% il_la 19%1:3 as %gxybt?rﬁpg material for this

optionally protected 2-C- nethyl nose,
presigssa btk dcaspmfnsr play enfatgecrolepmben msing Id-apbinose kibcamitarigst is

‘ . kKnown | h rt, can be coupled with a
apﬁﬁgf‘{e%e %@%gﬁﬁﬂ%&mt hod known in the art,
i ncludi ng standard couplin techni ques using =
act 19aPBY Bhpwsess ohdige éo‘gﬁetﬁtfrfm theywessniciagention in that all

hyBISKP QO B DURinds0 0 PRERS Buckfh ol 15 G2 A rctecsdprior
to felone ;&@;m.aﬁ@. DA2 ketGaavEich ik fopteddit €2 onrthd staptivgpangduity by
sk BARE P Qo ot Pet Yo 3 Sl . nd s
subsenzoyy abdudyd vaHhC MeTaCk; a6t RVeOB] RheRCR YAURS ddkifel, 38bond
activati ng %gené such as a silylating agent,

SURSHRPRICA™HGE TibRtR CA dtee Nigprect copp@umds 3 and 4). The final product,

o LE i : . S .
1;%%&1. Bénh@yl@(zﬁbl}l%bbﬁir&r@&ﬁ&,?ﬁ‘eﬁg?iﬁmﬁ'g@ ?P&I&@%wf b 70%

I n 'one enbodi nent, agent
yieRkA, |

By comparison; the more efficient process of the present invention provides for

lactone formation at ribofuranose C1, protection of available hydroxy groups at

tibofuranose C2, C3 and CS5, and lactone reduction with Red-Al, optionally in ethanol,
that produces regioselective, easily separable, anomeric products, followed by protection

of the single, remaining free hydroxy group at ribofuranose C1.



The reaction can be carried out optionally in the
presence of a Lewis acid, such as SnCl4, in any nol ar
ratio that allows the reaction to proceed at an
acceptable rate without excessive side products.
Suitable Lewis acids includes, but are not limted to
WOZHan®pssBF3, AMC13, Tid 2, TiCl4, FeCl3, PCTUB208/039643y
m xture thereof. In one enbodinent, the Lewis acid is
SnCl4. (1-D-2'-C Methyl-cytidine can be prepared in
Conldhsatibn §the RYGHfudahost Wbk RAL Gy 8 Ch3Sne t €MPET at ure and
the solubility of the reagents. Sol vents can consi st
of any aprotic solvent including, but not limting
to, allcyl solvents such as hexane and cycl ohexgrie,
tol uene, acetone, ethyl acetate, dithianes, TBF
di oxane, acetonitrile, dighloronethane, 45 XN
2004/ 052899 PCT/ US2003/ 039643 di chi or oet han , dliL;zl

et her, pyridine, dinethylformam de (DW),
di met hyl sul f oxi de ( )T\ﬂinethyl etani de, ON"any'o

confhipnati on thereof, t pugELz:fera : ile.
Thi's redctbon can,be asconpkished at an ture
that all ‘?%actiongto oceed at tabl e
rate w t hout /pronot i Liion or e side
‘5 products- Hyreferred tenpérature is about 20

Cto Sut 86"4 Subsequent |y the nucl eogi de an be

deprotected by nethods well known to thoS& s led in

the art, as_taught in Geene, et al., Protective

Groups i n¥gani ¢ Synthesis. John Wley arf®Sons,

Second Edition, 1991. For exanple, an benzoyl

pr dihe optenalli pritated 2-Gonahyldsribanfirencde pbeiiedteitteridol the
- [N OH at atound room D tenperature. The prjor
provy per:dgcoerg/g(’%h%&?‘?f SR lift OWC%’g‘Fi”{L;FaP éﬁci’quﬁ with a
nuclvesido phseytss) By médeA RASWISACIHd anetiditd s@ndhd Roupling

1,2, 3, b-tetra- 0O benzoyl - 2- C- et hyl - o- D-ri bof ur anose
tec};gqu{e%tispgraﬁpvated ases.

4- benZO{I am no- | - (3, 4-di benzoyl oxy- 5- benzoyl oxynet hyl -

3- (e iggpbodiment eftihel presant inmantionyihgludesHthey priopéss ifor-tBe synth
fthe f-B2E1. a. Wi 3 40 et hanol . and 5 '
° ce tﬁ%rrapo%?%ﬁ?fgg{n? )‘/)lj\lg%p%]?%l?%ﬁm Oﬁgl' pr oduct ,

4- am o=l - 4- di.hydr oxy- 5- hydr oxnmet hyl -

3 R R NS o i PRoRs |5 ggAetion din 2:C-gietayh -
riboféhmandit Stk QvaAE Ssiae hat & unPRd¥Ed (EY bofbdiSoylated

reacting (0 wth M2NCH Owe) 2 ?ﬁkDNF(gt (oonwoyae)’mwh
as ap gHigEpafcivated ayithjansactivging sigens, sush ms a silylating agent, including,
but Mol | et 161 Y QN0 B ALY Lot B DS, TAAREY
TBORSEL. 1ln2ne enbottimentythe silydating 4gart s B§A- di met hyl - f or mani di

ne (72); reacting ") with TBDPSC and pyridine at

r oml{iel xteajm[ : ? fbﬂ I:H(%Ilﬁe@{ouﬁoﬂﬁﬁﬂﬂ@ ih Theh QUARRS a Lewis acid, such as
SnCL\[ in any molar ratio that a]lglws the reaction to proceed at an acceptable rate without

excessive side products. Suitable Lewis acids includes, but are not limited to SnCly, BF;,
AlCl3, TiCh, TiCly, FeCls, SnCly and any mixture thereof. In one embodiment, the
-Lewis acid is SnCL;,. |
B—D-Z’-C—Metﬁyl-cytidin-e can be prepared in any solvent that is suitable for the
temperature and the solubility of the reagents. Solvents can consist of any aprotic
solvent including, but not limiting to, alkyl solvents such as hexane and cyclohexane,

toluene, acetone, ethyl acetaie, dithianes, THF, dioxane, acetonitrile, dichloromethane,
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'

di phenyl - si | anyl oxynet hyl ) - 3, 4-di hydr oxy- 3-net hyl -tetr

ahydr o-fiuan-2-yl]-2-oxo-1, 2- -

di hydro-pyri m di n-4-yl }-N, N-di net hyl - f or mam di ne (!;

reacting ) with N-Boc-L- valine, DEC and D' 'in

THF/ DVE at roomtenperature for 2 days and subjecti n
WO 2040528 duct formed from. this reaction PGL @’(P?f"

order to provide 2-tert 5

but oxycar bonyl am no- 3-net hyl -butyric acid

dicBlofdethate, hiiétyyl - efiephpyiiines tinwtil foridaniies hDMFj dimethylsulfoxide

@ﬁSb%]ﬂ'%é@%ﬁﬁ@% bR gt GovDATAFPab o el

%}gsrefluxm (La) W|th NH4F |n I\/b()—| for about 3
hou re@cthnem e agdomplished Ia’wll}’dﬂdpmdhat pHaowsetht iagtion to

progieﬂuﬁs?% 5% Bﬁbcu%terel ith: cat? omo ?c%t\g}ptaghon or excessive side
pro@udie rThelputfaxadctampastyre dnfio aBmiﬂE@ Py io-dbuiit)B0I°C,
aci d- 5- (4- am no- 2- oxo- 2Hpyri m di n-1 -yl ) -4-hydroxy-2-h
}/d rSiib!!é’@Eﬁﬂ&l théniBdoBMt cant lﬁtd'eﬁxla’e@feﬁ E%'fﬁe%{bd%w&kﬁaﬁffo thite

c at room

final'ly reacting (10)
Skﬂilfélntpéhtaﬂﬁ,r@ ﬁauglqbaxoﬁrme,ztaln' rotegtiverGitopbs n
Johﬁﬁ@%@%o 9 o I%i_l- Eﬁ}ﬁ le 1:%1' \é\g:)algp 9 4&4110%%1182%)91 protected
hyditoxyl )meietiosd cax be 2ddpytscaedy With hOMemat IMEOH eitr alysll Qodk

ran-3-yl ester, dihydrochloride salt (I1) as a fina

temBEEWfct . Figure 6 is included here as an illustration
of an alternative pathway known in the prior art for

pr didgririoy agtaproress slowmmrﬂagum |0dlmpmed)reacﬂitg $empoyloytosind,
d
BS*"? R SRR it 1235 Rad R C R LRty
4) 1 ta 3fdmt eﬂﬂnn@ytmﬂme}j{}@d&m&]bx&é-b&myb@ﬁu&t&ﬂ@slﬁcthﬂ)
oGt P o i S8 Rk o ol
chrabRétraphidaliyi & atmglﬂﬂ p?dﬂu@tmiaﬁﬂ!cﬁp@ &ﬁihkﬂro%@-%&%hﬁ&hyl—
t he product (3 4d|benzoyloxy - enzo oXYy-

- 3-mphyhigirahy f“FP}lI' Hepsyienidin mnan@r oy rasmBdd-A-0-

metﬂyl-dz difte; (réa%}mg gs%%.'m N%:%I re M@/ﬁeg y;}l@ii‘&% &5

pprOX| mat el ours t
housrto tfemn aNh[g—(%rdﬁnyydg)xy{ﬁﬁerdrqubthﬂ—hgle@mﬂtemwmm -yiy2-

oxorf, EGRE S0 Sotimidls i A it DA iy @ with
TBmanmn@pﬁﬂfﬂhe atab@ﬁ) tdtipeitRe for $—1Bu£§; toqsmvfﬂ%tmﬂl [9(ieeH- byl
uentially with TMSC1 and

f 13
& h%ﬂﬂ@tl#ﬁy? O R i L HR N e B
FHehaBeet® AL
for yé%gﬂiﬁmg?‘r}n@rﬁ%imﬂ ggjgl ng %@n(‘ljt: r%%ghﬁg% q_g ﬂ% SR

valing; DEE; ewg BMAP athSHF/DMF #G0e fenapgeriturg fcmmr@ys :md stibjecting ¢he
t v n an d rating t
prod\TN*: 0 :50 070 d{]]&{l ?lg? q& %ﬂﬁ, y]tnl d)r 2{( prgv%e Ii—z‘em‘..
butoxjmathmylami@@#metbpkbmﬁﬁzu B@S Bﬁd‘t—butyI—d]phenyl-sﬂanyloxy-methyl)
5-{4-(dimethylaminomethyleneamino)-2-oxo-2H-pyrimidin-1-yl]-4-hydroxy-4-methyl-
tetrabydro-furan-3-y! ester (9a); refluxing (92) with NH;F in MeOH for about 3 hours to

remove the_ silyl and amino-protecting gi‘o_ups, and subjecting the product to |

chromatographic purification to provide 2~tert~butoxycarbony1amino—3-metbyl—butyric
acid—S~(4—amin0-2—0x0~2H—pyrimidin—1-yI)-4-hydroxyf2-hydroxymethyl-4emetbyl—

'- tetralyydro-furan-3-yl ester (10); and finally reacting (10) with HCI in FtOAc at room

temperature to provide 2-amino-3-methyl-butyric acid 5-(4-amino-2-oxo-2H-pyrimidin-
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L

crystallization. EsterjrlcahFon of the fl-D-2
"-C-netkyl-cytidine The optionally protected
f-D-2'-Cnethyl -cytidine, obtained either fromthe
previ ous steps or fromany other neans known in the
art, can be esterified by any means known in the art.
woQsetestndi nent of the present invention i niTukzesobeeds
process for the synthesis of the 3'-ester of
(3-D-2'-Cnethyl -cytidine, and in particular the
1-ghy =AMkt dR Y- 3 i E:a-]g)a}_ < cyti di.ne- . 3
? ())I I ovwoﬁyé 2p@§%0§g%%yl%1getg§{ fgst r J(;?ﬁ!mn ?’SII gété}’ dlh?&oct'h@&de
sap (1) s a Gnakpradyet. cyti di ne can be prepared by optionally -
protecting the amne of (3-D-2'-C nethyl-cytidine by
any Rigaes$ ik iwivded Rerel® o illustrafi@ of LXAERIsEvASathitiOlown in

Greene,. et al., Protective Goups in Organic

theprigrag fprprepsging Pi-# o-meshid-ogistine (G Eaip ariemaitnrensss engdayed
. t f i L )i - [2e-Ca
N e T
1,338 teiee-Obarop-WhmetheRicioineoge (4 HiVEbdub 30 aninutes, adding
Y3 B, gyl A odae e mslent gt syt dhonss,
anyt | ghrainato@aphicaligli sopyaditing the product, 1-(3,4-dibenzoyloxy-5-benzoyloxy-
ri,mdin-4-yl]-N N-dinethyl formamdine. In a | .
mdflorndheictabmbartivane v Heeomidiad-diohs (Berrapine (12) with
NaOMIS 8 neRfafdtefol %Q?Mﬂ&telyT E.@Pﬁgirs ‘iierhér?gdﬁé YefzdyP protecting

provide the 5 -silyl-protecte cg(pn'pou
grayps,{ther| isolgtingrand crystallizing the product, 1-(3,4-dihydroxy-5-liydroxymethyl-

3R %jﬁn%%%%‘;ﬁf%'})%’}yﬂmﬁ Ead) AN B p TR

methyRuddihg;damst fiyallyirelictingd (3} seyuddtiilyreiigy IEMSON amd d-RRthyl

o in.any. that i g suitable for the tenperature
| Pylaﬂaﬁ'%%‘ss@#ﬁgﬁ phayt 36 hoHe, seolie Ard adding igHergacesin anhydride

(TERAp o3 tab&lft FhirdRE Odddfng ARiERnol £C6 001 BQ sthifle RPlabout 3
limting to, alkyl solvents such as hexane and
hO@ﬁ&dém%ﬁ@,H iy §pxpmp avithcheatingte, S yoveright, sand separating the

i t.hisane HF..c t QN L i.chl or onet hane
ol GRS 50 b 308y 367 1L g il RS0
crysfbhigation) f or mani de (DVF),  di met hyl sul f oxi de (DVSO),
di nmet hyl acet am de, or any conbi nation thereof, though
preferably DCM The optionally protected
(3-D-2'-Cnethyl-cytidine then can be coupled with any

suitable npiety to obtain_a pharmaceutically
E’fﬁeﬁtﬂogmfgﬁgb&-&gm&ywq@m 2' -C-methyl - cytidine
usi ng any means known in the art, including standard
conttpnaiohally pR%eielopD-2-ChRURL Aldind ABiARA%RE0HERAUR
I ncl udi ng nmono-, di- or triphosphate and a stabilize
8]

prexgious steps or from any other means known In the art, can be esterified by any means

known in the art.

One embodiment of the present invention includes the process for the synthesis

" of the 3"-ester of B-D-2’-C-methyl-cytidine, and in particular the 3*-valinyl ester of B-D-

2’-C-methyl-cytidine, by the following protocel.

‘The 3’-ester of B-D-2-C-methyl-cytidine can' be prepared by optionally
protecting the amine of 5-D-2’—C-meﬂ1yl-cyﬁdine by any means known in the art., for
example as taught in Greene, ef al., Protective .GTOLIQS in Organic Synthesis, John Wiley

- and Sons, Second Editian, 1991. In one embodiment of the present invention, p-D-2°-C-
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phosphate); strai ght chai ned, branched or cyclic alkyl
(including |l ower alkyl); acyl (including |ower acyl);
CO al kyl, CO aryl, CO al koxyal kyl, CO aryl oxyal kyl,
CO substituted aryl, sulfonate ester (including al kyl
wo U arylalkyl sul fonyl i ncl udi ng nethanesulfon 2
PRHIY wherein the phenyl. group is opti BREURIP03/039643
substituted with one or nore substltuents as
described in the definition of aryl given herein;

meﬁwkynrnﬂmef ermybe reagteg| with f MRNCHE@ME)K ih SUMF otoy Forml Nefild3,4-

i e PR B R B D Py VR abl o

pwhnﬂnwﬁgﬂQﬁmwmm&Mﬂﬁm@mﬁMhﬂes a free hydroxyl (or

phosphat e) when adm nistered in vivo. In one

- eﬁhﬂdd Hﬁﬂ&nﬂzﬁfeﬁﬂ%ﬁm@hﬁ%ﬁé‘tco wﬁgtaaﬁ% D rdfsi {n%iﬂemd with

odrug is t - valin ster

r
TBBQS& and @Jld@mlwta p!;omddl the Sérsﬂylrmoqecterp aomapound & -¢1 5 (rero-

by ey RS2 fimadioin S e S g

1, 2am§?mg§(}gmﬁiagmlpmmﬁm@1{f§%%§nﬁfaﬁ ¥bivéit tthal i Quitable
for é’e *@IR?&W%) raﬂ(k@? P%IP?@BY %ﬂ@fhrmea@c Splvorts panecongipiof anpdprgtic
solvefit inBRdRECRR OMHII' Dfventd %u%ﬁeg{%eto %{Kﬁ%%loglg)‘g]ag&

PCT/ US20 3/ 039643 ent such
tolugye, gedionse ethyliadetats dbhhﬁbst dHF ﬂmxﬁnd, @cdteniirile, dichloromethane

(D%t erct(i'ﬂ’o%J)et(i‘)hiﬁ)A & :T%'ﬁtg' FlihglrWﬁ yﬂé@l@yydmmde (DME),
mmsthpmmfmdme@)msm dmcmyrabamne api aey) 'cgmﬁihgm%"'th@bébf rm&ign

4- hydr oxy- 4-net hyl - tetrahydro-furan-
prefg?jf’]gﬂéﬂi!he 3'-valinyl ester of
(3-D-2'-Cnethyl -cytidine can be prepared in any

_ s olfhe aptiongllyprotested B B-2bCemétbyl-aytidint dpermbel cmlphddmtlimly
smtéb‘ri]’é fﬁg%b’;?%g&%j gﬁrﬁngﬁ%ﬁ c%hguaﬁ‘gép @n),t, 5%‘?'115 ?\tﬁﬂi ?#gii'ﬁwthyl'
Cyﬁ?h‘lkywmg ety mBdrs lmuwhtlﬁﬂlefm %Wmd it &Jhﬂéfrﬁflil_ﬁ? reactions,

ol.ue acetone,. e acetate,. dit hianes
The fRoid5 Fab b8 Gagnitete (g gy o Gt ravesRbsiepd a stabilized
phoﬂ)hﬁtbj Gaeighth déhedd bﬁh&ﬁéﬂ &t ERlic a1 i (HicRRing lower alkasl? acyl

et hyl f or nami i met hyl sul f oxi de

Gnclyig Ry pcen M%ﬂw& CQrP}YIe Sielkariiyly Serapbrelohotgh
| |
subsRR@RIChAR! Yuildahe at a V\g oﬁl}gféla ?Ié o C{flgﬂtﬁp f&ny" Fod e@‘%ﬂg

any t en‘per ature t
methapesgiforyds baizal wbeneintthe phmybgroumm @ptidriatiy suistinrd ok dne pr

[ rod eferredte ure
mon AR o SRS R o B o S RIS
aryl&ﬁlfemé,l arﬂljlﬁsmhﬁ[ ligidl (ﬁauang aphodpRIIA); SMinoGLCcaBthyDie;
peph%g chofestem? or a pharmaceutically acceptable leaving group that provides a free

hydroxy! (or phosphate) when administered i vivo,

In one embodiment of the presént invention, the desired 3’-prodrug is the 3'-
valinyl ester of B-D-2’-C-methyl-cytidine and is prepared according to the following
protocol.
| The 3"-valinyl ester of f-D-2’-C-methyl-cytidine can be prepared by reacting an

| optionally protected p-D-2°~C-methyl-cytidine (for example a 5'- and N-protected §-D-
2’-C-methyl-cytidine) with N-Boc-L-valine, optionally in the presence of a coupling

48



by net hods well known to those skilled in the art, as
taught in Geene, et al., Protective Goups in
Organic Synthesis John Wl ey and Sons, Second Edition,
1991. In one particular enbodi nent of the invention,
the t butyl di phenyl silyl protected 5 -OH and N- Boc
Woﬁp(’d{"%@?ed L-valine can be deprotected wit POUAHR003§39643

MeOH in the presence of approximtely 10 nol e
equi val ents of ethyl acetate (to prevent cleavage of
agenhesugh 2O ERE imylie preobamce byf 4 itasy, asueld sarDmmAPate famd 2-rerr-

refl uxin re to vde2trt- .
b e i) 2ty kel silenylony-methy)-
&[@(&Aaﬁylwﬂet@ﬂ&iéa@mb oAb 2 H pYindidifl-1-y1]-4-hydroxy-4- X
gydroxy hydroxyrret hy? 4- et hyI -tetr %{/drg Pﬁ)rrar?l%ﬂll
ﬁH@h?EYS’Ste‘{/aI inyl ester can be made-into a salt by
any means known in the art, including, reacting the

3 na|3éw;1ﬁnyéemmof@m(23mnefhy@yﬁambwhn By pleflirB® inhdysol¥eht

ﬂlaISiQ, sEtt%ilgf %{g tgg y OVIed?Zprﬁﬁna"rfFa IS?]III %)/tl gurteg/grelntcs aé:c;lvents can
conki}:tdif@%ﬁs/ap?otft)é@fv@ﬁﬁﬁ@ﬁdiﬂé bérﬁaeilﬂﬂdngttstam&‘ c{”éﬂtsf %ﬁé

I ester, dihydrochloride salt as_ & fin pro uct
and \PW 2@%‘4‘#@ tolpang, wetpneiSlad Acoatesdighianes, SR, rdickane, acetomtnle,

e d dioent of t
dicidfoa i nvent | on ﬁgxdel?r‘lﬁ%fo%ﬁg% eal}e& Iim‘{élf?d Iaegg%e]?
(DMIBa dhmaﬁgrldiﬂfbmde: (DMSON dini%ymfceﬁﬁlmé? o fanfCaoibiRh&sn ﬁiereof
6-22 hours, and then adding COQ2. and

thou&ﬁ&’fqg?atgg ‘0 the reaction nixture and allow ng the i

reactlon to proceed for 8-12 hours to form
Ehigaeastion eanrbersgernaplish¢dsas tapy tenfpRyature thot altogvs the reaction to

proc%ecg aﬂ%%l%:c ﬁﬂri]éo g@?: Itﬁr(])g{ ?ﬁg&cﬂ,ﬁg %]eaom{p?sp&nh% sxeessive side

produ@EATheé preferrad winpehinesis atdad eofrMnperaturd, enper at ur e of
fromabout 5 C. to 25 C.. for about 30 m nutes, and

t hgbse@Rhilytic BRalfyKéstér 8F B-@—Q’bgliﬁeﬂﬁrl SeytidfeaA b dBfkotected
benzoyl chloride to provid

by methods Vel ko @nb@rtbwshélﬂ@:m@@ la5t4 asTsaughb b @reeney ef alc Pootective
010qu 1{]Q§1F i &y tlem?ls%so JPhDZ “éle%eanﬁi ?onB,_ 8% |Eg1t§/° % nén gne
pmwﬂmnﬂpdmmn: eff the.imykntion, ﬂmmbumcbpmyiaz)ﬂ prqmatﬂaxcm ahd V-
Boc AP Pibiine ey b adbrosbclb, R Sl s MAEE Sy e BisSepes of
appré)ﬁmatebm]:ﬂ ﬁ]olbaédubvahdﬂldfgsﬂi}&é Rzaxmt (toCheRt dﬂéﬁﬁé\ otf%@a.’ O-
ol Bth g tlon of 2,3, 5-tri-0Obenzoyl-2-C neth

valinghy eftey, by ; liherated ammegia), ; pd; Friluging stbp geixtme Wﬁﬂ@m
butoRerbahyl - | QBigt ; &
ORISR SBIRSEL A0 5 LARRRS 02BN

hydrexyt Hbydsemmetyl-Emethyhiésteabydrofwen3 i edert he fi nal product
(4), 2,3,5-tri-Obenzoyl-2-Cnethyl- f3 Dribofi

r dites¥-valinyl ester can be made into a salt by any means known in the art,
including, reacting the 3’-valanyl ester of B-D-2°-C-methyl-cytidine with HCl in EtOH to
provide  2-amino-3-methyl-butyric  acid 5-(4-amino-2-0x0-2 H-pyrimidin-1-y1)-4-
hydroxy’-2—hydroxmethyl~4-—mc_ﬂ1yl-tetrahydro—ﬁ:tran-?»-yi ester, dihydrochloride salt as
‘a final produet.- -+ - - S :
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Specifically, an aqueous solution of D-fructose is
prepared at roomtenperature, and CaO at preferably a
5:1 nolar ratio, and even nore preferably at a 3:1
nolar ratio, and nost preferably at a 2.3:1.3 nol ar

W rzaoti 0.to D-f uctose, is added increnentally over a

VO RIPE period. The reaction is all owed tECHPHEGHF643
for 6-22 hours at 23 - 40 T. with aliquots
periodically withdrawmn for TLC analysis. At the

Preforcdd Bribmliménts he reaction period, CO2 is bubbled
through the m xture for about 2-3 hours in order to
l o th frrom basi ¢ .to.-neutral J]evels. y ., CaCX
t hame e o of therbrpeh! neneion i sisemuiied o Bipiee 1

and eomjdsls PaactvRCDUAcidst il Bl RébencENT CHD/RALS at IPNE'E 1Bf 6-22

reated with oxalic acid (or other organic

conbi nhed, g oxal, . )
hougs; %Bdn 'E‘FP aft‘dl'%'@Cﬁ)elaaii oxaliG #rid §g the tEnctipn anisiee, lowing the
: _ T | 30 T nbie 0. X .
rostfon offod 102 8112 At 8 30Hn 2 OnREDET Y e i) foctne
2-Getiyl-Borit@nic-pladony afldr atitd 4+duiesthyladnaeyeidine e XPMAP) tead
. of e wat er, Whi till |eaving. an o
widlTBN e (PP R 4. Aokt o) oottt OP ot oo 5 °C.
to 85 8T fgr sout IPMirveIPRIGAther SolRg! tHe! iR td Mout 5 °C. and adding
appr oxi ely 3. mnutes. The resulti ng | ayers are

t
benglopl Blpade to P idto 2erirbcbenzaykR-G-metHBiboichylagneT kED;
. H . . t . . - i h
B 2 8 S B FLE P

tolgpe 41 DEMPSYPURC B2 FBRE 36N L. forabuktt40nginagsi RQuEviley,s)5-

i t pges. Final Iy pall THE sol uti
i Q2R Rty b P SofhhRe 25 arple Rapdes Pieso benzoyl
chlntiduITIe% to 4 &vdd sohtionred 3,3,5ii0-Baedyl-2a06h O A
. %ilter cog}ég. shed_with THF.,TI'%gyfil.trdgpg.is ose 3
In the BGsose cmd LB @ad) alloveieg theaeacipn igoeeed iy fom sheut

4 HoliR 16TaHG\R 1R IRMHCA: d RenfpBlahRE bE ﬁgﬁéa@uﬁ?rtg aQ&fi'g:ge’C., thereby

sem sol i d. Next, acetone Is added to the cru
propiding e finah pradeds éDn?. 35 dri€O-benzeyl2-Caethyl- RD-Ghofuhnrse.3
' hours. The white crystalline ribonol actone produet is
col Specifieadlypyn apeousrsolitioh of Btfravtose iaslegded\ittrbora Gahthure,

' Ei 1, d 1 Sch 1).
ol RERAPLOS £ atelieo, Fol Evenisnor Sreimabis 2 el apglo o,
and’idosh Yefoablieara 3/3:4 Hrholed BES & DMRktosd, REadde® ﬂi&&k%aﬁagy d%er a

found jn the prior_art. The ribonolactone produc

S-TEtiepHd. e feaptionis allever torpronepdior§-22 havrsat 28at 4b° G fwith
7 aliqﬁ@@idéﬁq'ﬁic;ul(a,;%gﬁ?@%@ P), excess TEA, and DME,

and stirred nut es at room tenperature.

The,.resul ting s ensj.on is.cql e C.,.and .

perttali Sonkhey BHER Rl eonr Gl Puhiled irsh o mivre s
aboutt 3-8 hourd @nerdach 9ower HOIBHMON bAsk: foshedltdl 16RR, Aly ERY that

tenperature for about 4 hours, when conplete
formsas & resyitiof the gputralizgation siepi ipgpmoved by vacuum filtration. The aqueous

layers are combined, treated with oxalic acid (or other organic acid) in a 1:2 molar ratio

with D-fructose, and stirred at 25 °C. for about 30 minutes vntil a white slurry appears.
This slurry then is stirred overnight at 45-50 °C., and evaporated under reduced pressure
- fo-remove most of the water while still leaving an-aqueous mix. Next, NaCl and THF are
added into the shurry at room temperamre and stirred for approximately 30 minutes. The
resulting layers are separated, and the aqueous layer is added to fresh THF and stirred for
an additional 10 minutes. The process of adding THF, stirring, and-separating the
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material is confirnmed by TLC. Ice water is then added
to the reaction mxture and stirred for approximtely
30 m nutes, after which the crude product is
collected, stirred with tert-butyl nethyl ether,

filtered, washed, and vacuumdried. The white solid
WO PARY  coll ected is PCT/US2003/039643

2,3,5-tri-0O benzoyl -2-C et hyl -D-ri boni c-gamma | act one
in an 83.4%vyield and nearly 98% purity (see Figure

resultingGQiaRRs Bfferds reptfted 3 times. Finally, all THF solutions are combined and
-tri-O benzoyl - 2-C-net hyl™-D-ri bono- ganma | act one

. 2,3,.5 I ) ]
stirrgd, with rehydrousedi@: 95130\ intes.she mixtgrecifiliered, ansl thb AdgSOs
filtor Sak shagRd ; | Qe

LS e iR R ot eftoBled v splucHE BBl abou
40 °g} spddhextrudeeducOisColletied aspldark orangt sanislidRed- Al t 0
2,3,5-tri-0O benzoyl -2-C nethyl -D-ri boni c-gamma | actone

| S NeRfp Béctofie TRh®IeH 1@ the: cruddSrsduet, Whe tHeSmixhird 1Link @5t 20 °C.
about 40 m nutes while hel'd at a steady tenperature
for 3r howp (The wiite ayysigllise sitonolaetenaypsodusteisasalerteddyevicavd

filirdt®a! @k / f. 0 k QN Qf
KRR SR ok e o v SRATRT gl T B 15 6eme
1). Brodnatlyiid fibmithia cetctionis apptosimateiyl 11.6%, hiGkarkyedid ir@isg bier
* to.rpam.t rature. Finally the mxture is extracted
the R PG FURL B b B0r Afmaned. wi t h brine.  dried. and
the solvent renpved under pressure at about 40 T. The

r e Sk ihonglagiprsipreduct pbigined then isaniyed with DMAR in a molar ratio of
o R LS sk LSS MU B

mintesat mgdx? E:nfqpenmrhy ﬂh@:esulltingu suspaniva-ik acdleh® ﬂg@da:ﬁit behisy]
start .this step, see Figyre 1, conpound,. 3). . 51
chloBE e 3 o Booriliaists] G50eHE TORRUIAHPEE oLt W IR e
at rdonil tefifpetafige Forbaout ankes, ivthelBBtplele EHRUNPHBH bAHR! Marting
__preceding te%. Benzo%ll .chloride is added to a 5 C_
mategig) 5 conmied by ThCrlep walepisfhenyaspd tp-the reaction mixture and stirred
Fi i i A : .
o gy D OSLILURE B IARRI PR i
tert-bugd andtlyrh efher, dilieradewashed, aiid) oavewn tded.uThevehité gilid, product
e it ] WLth ice ter ang, ... .
coll el B2 L Dbl 2 SR AE e B0y B0 6 yiea

and nreedp933d purityfate Figrail xdoawtpeunds2)ext ract ed wi th et hyl
acetate. Washing, drying and sol vent renoval produces

a THel K5t 0-benBb R IUC et Hifnb SamBASI AFREGhthiRed .%om the
tert-butyl nmethyl. ether, heptane and water, and Is
Previgys sterois %@iedatp Wi riaf@l gndhasoadded ta itab enluti@OofTRedFAkin

anhy o PlonBhe i huydions cthopol pexionsly ied a ot 06 P moler
ratio | of oOBe¢Ahetd |2)3,52660balzdylN0-magliydD-Hborid g8 Y=ptoht t Yo
appro%g{lpgtgiyj \#218 Mc%@ﬁ%%%@%ﬂ%ﬁ fgl[ Xlrlyorz}? 46 %?Eutgsl %girk? héllc’l at a steady
temperature of about —5 °C. Aliquots of the mixture are removed and tested by TLC
and/or HPLC to confirm consumption of the starting material, after which the reaction is
quenched with acetone, water and 1 N HCI, and brought to room temperature. F inallf
the mixiure is extracted with ethyl acetate, washed with brine, dried, and the solvent
rem;)ved under pressﬁre at about 40.,&',C. “The resulttng product, 2.3,5-tri-O-benzoyl-2-C-
methyl-D-ribofuranose, is obtained in quantitative yield from the amount of 2,3,5-tri-O-
: ben;oyl-Z—C—methyl—D-ﬁbono—gamma-lactone used at the start of this step (see Figure 1,
compound 3).
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Anot her preferred enbodi nent of the present invention
is exenplified in Figure 4, and conprises reacting
cytosi ne, BSA and SnCla/acetonitrile with
1,2,3,5-tetra-0 benzoyl - 2- G et hyl - o- D-ri bof ur anose
(4) fromthe first enbodi nent of the invention to i
WO gpidip528% PCT/US2003/039643

4-am no-| - (3, 4-di benzoyl oxy- 5- benzoyl oxynet hyl - 3- et hy
| -tetrahydrofuran-2- yl)-1H pyrim din-2-one (55); and

reaq:ﬁé B NatVES v A+ e
d?ﬁ))t/%ra)é?()\%ﬁl dr oxiﬁ'\%ﬁblbﬁrﬁb& I -tetr aanﬂtfglo elljy

qe%dm&&'tgn) @isziychio gisadded to ad) C(SB)utioabﬁblﬁfthhbaEeyl-z C-

L I e o e

in alﬂlpdrouseﬁl\/lﬂ] &hé adaotioneis stivesdsihd aflovwdiao mmeeﬁﬁglﬂ,mer which it is

si li. rifjcation at |ater stéﬁ The synthesis
ek o Spdim biign. (1TF i epnapgoved,

anfpfhe d}h&ﬁﬁne is%iﬁ@&t&ﬁwﬁu oy Rtk OWasthify, tcﬁ‘ﬁﬁ% afd sttt bentofal
the art. Alternativel the synthesis may be carrie
 profiues pdick, gilp pedaste Th bitgr ha@adémtw jtitereutir meshyl ether, heptanc
and @ét? and f¥ FREDYSr a‘i}iﬂfo'}cgﬁﬁay &2110%:@ t%Bgﬁt ZBBbh y'i'ﬁcbllilnta}/ }r)rloguct,
125,%ﬁmmmmammyppm-ﬁtmd n?sey 9 gamml rmxyz% ficldedda
roxyme ro yl ester) or its
gfe%}‘ﬁf %@ff %% E’Y V&Ffﬂa g%’@% ing (e Fu@i¢ {Heompound 4,
Schefefigr r ed enbodl nment of the invention. In another
preferred enbodi nent of the present invention,

o Ofagfaﬂ{agfﬁeféﬁd% phBaEhES il BB ENELRYS VoL anl e P i e

dmgl deompyinest fepdting -aytishug) BEAt &nﬂfﬂﬁﬁlﬂa&etoﬁﬁﬁleZWi!h )1,223- Diealo-

R Al e e Tttt (e o
pro(idd mmmo-lrro,tam L3Tbg bﬁrﬂc&y@%&@lﬁé&ﬁ&&@ﬁﬁﬂ@-

yb- ?ij?{ll@fqm-gwy Dpdreasire & wgh%a@km Hity prviedi-apinod

G, @W hydes Jé&%ggﬂ@-qi-&%gﬂe&ﬁ&o\ﬁ&@ 994 02 589 idin-2-

onep (&) pigaikeovpy as FIH2 WCanepivi-ciidinedi Fbe yd off cytosire ab enaar{mg
PLov. des t he agdv a
a2l 968, 05 Sl RGP o R 3058
simplifiesptiifivation atdsetstapg () W th N-Boc L-val i ne, EDC and
' DVMAP in DCM at roomtenperature to form

2 rRE lsyRhidRXpan %@Q&i&hﬁ‘ﬁéﬂ @ﬁh%ﬁ@%rﬁl\é{lon BR{&Y Lfd BE Froduct

(tert-butyl - dlphe si | anyl oxy-
13014@ iy stypsckopivn (el these pgakdhmrtbe At WYiematieely, the) syBthesiomaybe

B L e T

met@qu-buiprsc tagidr ea{{ﬂl-amglo(i?c)e}?dﬂ}g-gy:ﬁihwm - l-lyl)MEl@drl d)dgEtOg?ethyl_z_
es ro

P dury Rk Fida o GapEEd RREeidasalidom e

fom&%&ﬁén&yelﬁboﬁﬁﬁ@i 6fthe invention.

In another preferred embodiment of the present invention, compound (6) is
. reacted with Me;NCH(OMe), in DMF to form (7), _N-1-(3,4-dihydroxy-5-
hydroxymethyl-3-methyl—tetrahydro -furan-2-y1)-2-ox0-1 2~dlhydro~pynm1dm—4~yl]-N N-
dimethylformamidine, which is the amino-protected form of (6); reacting (7) with
TBDPSCI and imidazole in DCM to provide the 5°-silyl-protected form of (7) as N'-{1-
[5-(tert-butyl-diphenyl-silanyloxymethyl)-3,4-dihydroxy-3-methyl-tetrahydro-furan-2-
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amoni a, and refluxing the m xture to provide

2-tert-butoxycarbonyl am no-3-net hyl - butyric acid

5- (4- am no=2- oxo- 2H pyri m di n-1-yl)-4-hydroxy- 2- hydr ox

ymet hyl 4- et hyl -t et rahydro-f man-3-yl ester (10); and

finally, reacting (10) with HC in EtOH to provide
WOZOE952882 3- net hyl - butyric acid PCT/US2003/039643

5- (4-am no- 2- oxo-2H pyri m di n-1-yl) - 4-

hydr oxy- 2- hydroxynethyl 4- et hyl - tetrahydro f

Vi 2Lad=13 2¥dih Qintwyr}w}v*«ﬁhbﬂgl-ﬁ, eﬁnd‘n% - tﬁkalhse of
r oduct hi s invention is further ustr f
ff%momeﬁ@e ﬂdmntagmft' hapiipg axeatep egrol v dlsdmﬁ’ﬂyt—prgdwt(ﬁmphtﬁm,

w8 D0 Mol B ot i),

2-tgr-batexgirbenylanito3 nmetuﬁtuusy)ncof aciche Zi(mltﬁjilt}*liﬂiphe:?tllsﬂﬁfyﬁ)xy-

mff@lﬁ%fé%ﬂ?ﬁﬂwfmﬁlﬁ%%@ RO e ST sty 4+
methBfetchlSAdt Ieéfe‘i' Q9); rSRMWIYAIR Myl Sl Unhifd- 8&3?0%1?% groups

Sui tabI e soI ven reagents, or reaction c
by geapting @hmthmﬂulédnflup Hhmsélepmesangmcﬁrappmxmtels 10 mole

cof FRRETICeTABHAE o PRAEH AT b 0> LBR M i
ammame,rﬁndaﬁﬂwﬁﬂg e zﬁﬂﬁ#é %?ﬁﬁﬂiem M&%@ﬁ:o—f&-mcmyl-
i boni c

DU (I bR 26 ATV BTS L p Dy or 4 2 gk nethyl-4-
metByleeAtS ot R - ﬁ%{epg@r_f) . aa:akﬁnang %éo%gw with 81 in BIOH to

over head stirrer irring s
meéﬁpez—ammOé’»-methﬂWCd ewride Ss(ﬂaxmm-&pg@aMpmdm@dm-

RE5 ARGl Gty Bl o8 RGeS pntiorigs sl

(LD&BH&hmbmn@nmane clear in a few m nutes. Calcium oxide
(12.5 g, 0.223 nole) was added in portions over a
period of five mnutes and the m xture was vigorously
stlrred An exot herm was observed and reaction

S e e

wovkmg ten@nplmmmd hetelire are esaic forrthrto midkinumdedandihg ﬂecineennon

at _deepeped, w Af.t er
i AtbsGg ot 8 rdtEERRT Bie Prdio Dy or el igagions hut orgot
inteided tpid sheld ac baiifte:@ebtddao PhhnydwaiSlini (h2 A ehBS Gt AFIUSRHR
solutlo of oxalic acid, The resulting white

clairas, dhat fo tehy djsivaleats Sty or aiable obreaiss tagents or
reacﬁﬁi‘"@bﬁﬂﬂdﬁ@ lﬂ@t B subb@uté@ner %S@?ﬁm\e@ﬁr gﬁg& trc:‘?a Q and/or
po Jce

resi due and fhe m xture was ev rated undér
reacyplggcglgw@m( descr®d3@rad) witbout departing from the spirit and scope of the

invention.
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renove any trace of water. The residual solid was
re-constituted in 2 nL of 1:1 tetrahydrofuran
nmet hanol m xture. After thorough m xing, the
suspension was allowed to settle and the supernatant
cl ear solution was spotted for TLC (silica plate was
WO wd/328%%ed i n 2% net hanol in ethyl acetate MANUS06303cEP
in 1% al kal i ne potassi um pernmanganate di p. The plate
was then heated, using a heat gun, until the
appearance of vyell ow sigxap@iss on the pink
background). The desired | actone typically appears at
an Rf value of 0.33 under the above conditions. Mre
pol ar by-products and unreacted material are detected
in the Rf value range of, 0. lto 0.2. Although product
formati on was observed &ftep é hours, the reaction was
allowed to continue for 22 hours during which tine

2-C-Dethyddrvibonicilibtone Was stirred at 25 C. At the end
of this- perlod pH of the m xture was 13.06. Carbon

%_9031 W@ ngubgl ed | ntg theé{]fg;:tl ongg;ufdfh%%gmfﬂggk,
&@é@%@ﬁ ovelehfsthis, 4 QRN %a?tl/ ?%M%éﬂa%ﬁ@feh@ 2Qut device

fllter cake washed vvlth5 lonfize
drmeargaplisudrgonyss émbldcdam@:owbﬁenﬁm thirtyl mimueestond DAﬁ‘tuhose (20.0

- ‘E@?ﬁ*ﬂ?@?%%ﬂé%@%é%%oﬂu PR B e 4 (R AAEs. Colcium oride

(125 g3 61208 rloje) Siab bdded i@ porfionsoved b pSbd 3fHivk @findtdd Wndihe fhixdlre

_dark ol qr di sappear ed and the m xture taned
wag Rggroustof #w&? %g@?rm ¥y obsprued did gpaction demppsrataecreaghed

39.6 M 8fis19GRinkiSs frithdbthy oPthd X PESificen
_stirred at 4 §50 C ove?nl glg?ﬁﬁ&h%b&rg%(dtﬁﬁfrag %éeatb en

¢ éﬁaé@mma@rre devilensd apiedew solor dratl degperkdl- §ith hme.o After
d
s SR Rl i msﬁpz‘gﬁzén&%de e

2 usihgisatyrated iqueoud !Soln‘tu)n afldxaﬂihe:cni. Thel E@ub)hg whiitg GhSpaasiyn was
stirred,at. for 30 m nu | aye
evadiind §ud eiged eSS DoV e, gt e G fres aded to
the mésidut ead hé Me%m@évaﬁ:bﬁﬁaﬁ ﬁrﬂbf ﬁ’.'dﬂébﬁoﬁréhrs@l% (afr B530 °C) 1o
process was_repeated for three tines "an

rem?‘éfi AIh areo P Maters ol it resislealngnlid wwmamawa @tz mple@f 1:1
tetralyfidofiléh ImBhad RYAHLAUA Al: AR 'nh'ﬁh% g‘jlé ﬂ.fsﬁ erlsh Wi allowed

m nutes. The m xture WanI| r ed nmagnesi um
to sgiflef %tldethefsupe:@ata@tawmuumsww spatteﬂ o0 THC (rﬁhca plate was

[ h eva under
deviGh I OB i Enly bl i 0 B Tl By
perpmgahatt dipsTlee piajekvasrthemglmteﬂ,emmgoé héiit gk, @intib @3 lafpddnce of

Yeﬂ?‘ﬂgnﬁgg?gst r a&yd[ gft &TP‘&)‘#) repl gtggﬁojlmv)\fct h acet oggan R,
valuEof0183 RARS URlab¥RSconllinohe Aok ma@syeﬁa&ga; AR \Arddbbd BlteAR

C for 3 hours. Product was collected by vacuum

are defacted dn the Rs yakee range pf 0.040 0.2ake

Although product formation was observed after 3 hours, the reaction was allowed
to continue for 22 hours during which time the reaction mixture was stirred at 25 °C. At
the end of !:his.period, pH of the mixture was 13.06. Carbon dioxide gas was bubbled into
the reaction mixture for about 2.5 hours (pH was 7.25). The formed calcium carbonate
solid was removed by vacuum filtration, filter cake washed with 50 ml of de-ionized

water. The aqueous layers were combined and treated with oxalic acid (5.0 g, 0.056

54



't

washed with 12 nL of acetone to give the desired
product 1 as white crystalline solid. Product was
dried irn vacuumto give 2.45 g (13.6%yield). Melting
poi nt of conpound 1: 158-162 C (literature nelting
point: 160-161 C). 'H NVR (DVMSO- d6) 8 ppm 5.69 (s,
WORM4/0833%h. wi th D20), 5.41 (d, 1H, exch. wiRdT/R2@)5/)39643
5.00 (t, 1H, exch. with D20), 4.15 (m 1H), 3.73 (m
2H), 3.52 (m dl), 1.22 (s, 3H. 13C NWR (DMSO-d6) S

0t 6 S o {4 5,05l O e

co]p; lar@lB@);appggg(hpmbthg mixture turned into a milky white slurry). The pH of

the ikl B p WA Moy 2.5 0B sy e oot Bicd & fs

ovetnightnihd ﬁmmem(ufmh&:rde\ﬁpor(ztﬁ% 4bdeg Iedﬁcgcﬂpﬁ@ie éznd% ﬂS—tS?] °C to
, 2= 0l e (0),¢
rerb i A dh s er. (e P (20 £ Sne eiinsioiFapo 00 D) oo

SO Uit ) G G PR

o Was cooled t
Cﬁ%ﬁ . ingigs. Haederire were sapmﬂenﬂthofaqﬁemmmm for 10

anal S| s#%]ﬁ q%gﬁ {""iﬁ)fag n%@ﬁgnggP{?gr@P%fprﬂjféF‘if%)  times

and thelitetehpdtofimarp boltttons oree ophbitel Sid St i) 108 8f hiblydrous -
| ce 55 WD 2004/ 052899 PCTI US2003/ 039643 cold wat er

magnpsigm siigle £o ufes. '{hrew@ﬁ%wa%ﬁh?ﬁe&ﬁm ﬁleamnwmn sulfate
filtohR Bk ORRIBHEP WP 60 fnft] drletranParDREES 'qlt i | s an%ﬁggt%cfunder

sol.ids were coll ect ed by vacuum f
reducefl Presipre g ati 40h "€ ¢o iveal®86 g56F erille piddust ax aidlerk orange

s 5 R b0PHL Yol B o

—evaptak@wﬁsdmdab piiothtmt tte ﬁrymbs&) Yrude prtist!wRtsieed Wit dEbtbné (I

.mg%tr%(gggfr¥%cuurg & ?I ve e?tadg)ﬁ (83. 4% yi el dz%zg?.lzeﬁltercake
washtdPlith AY@IL. oVBdetdnB o @ﬁbﬂﬁe &B‘s;ré‘cpqﬂé@ﬁﬂiq & wﬁéﬁés%&%gg id,

@lterture mel ting, point:
Pro hpR edan Yepuumity gm; 245 g((&'_" 6%igld). Mehglg(mmt afHyomppnad] :

153(1%2 e E(%;emﬁﬁlégk% péi(a'l 160 fﬁ) & g é’é&‘%@ Urs G kiso G

1H, qudrr weth, D.ZD) 5.41 65, 1H, sxci3 bhith TLBY; NR(t( GDC3). ﬁﬂppﬂb), 4.15

(m, ﬁﬁ?%’(mﬁ@?é;‘? éagHg% 22%(33?}38’30%%)1\4%3%) 3 ppm 176.44,
82 9$ 2@2 1778 ,7% gﬁ 2%50632:?6 339 ((%17%0(95 st7c 8%57%,}72@) E&B?(l G434

]1623013 S—Trl O benzoyl - 2- G- net hyf- fD-ri bof uranose

Example 2
2,3,5-Tri-O-benzoyl-2-C-methyl-D-ribonic-ylactone

A mixture of lactone 1 (3.0 g, 18.50 mmol.), 4-dimethylaminopyridine (0.45 g,

- 3:72 mmol) and triethylamine (25.27 g, 249.72 mmol.) in 1,2-dimethoxy efhane(50 mL) =
was stirred at 25 °C under argon atmosphere for thirty minutes. This white suspension

was cooled to 5 °C and benzoyl chloride (11.7 g, 83.23 mmol.) was added over a period
of fifteen minutes. The mixture was stirred at 25 °C for two hours. TLC analysis (silica,

2% methanol in ethyl acetate) indicated complete consumption of starting material. Ice
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A solution of Red-Al (65wt.%in toluene, 2.0 nL, 6.56
mmol .) in anhydrous toluene (2.0 nL) was stirred at O
C under argon atnosphere. A solution of anhydrous

et hanol (0.38 niL, 6.56 mml.) in anhydrous tol uene

1.6 nL) was added to the toluene solution over a
WORMMIEE>%f five minutes. The resul ting m xtHGTAISERH/039643

stirred at 0 Cfor fifteen mnutes and 2 nL (2.18
mmol .) of this Red-Al/ethanol reagent was added to a |
coldobater((139 £))was alldédit®the @éaction mixture and stirring was continued for thirty
2,3, 5l'btérfj - O benzoyl - 2- C- et hyl -D-ri bono% actone 2 (475
migies. 1y fonmed) wiity §plids, wesr enllected by enemm fltratipn spd filter cake

wasidd! SPLEP Thid\Gu i S
stipggh&g%$g?pg forfggrty %1 u%ggg@gf %ﬁgF%ﬁﬁgm“ﬂ’Mdhﬂ

ether (60inela) a5 RO.P@ for tEBYmEmtsd, then Siltered, filfer cileprahes) with telrt-butyl

i i . ' f,.starti teri .
e 588 B8 o Rt S5 EARHIRIG B0 95,85 b et loniboima 2
as amdhite kalld ik MUY mgity (HRL.C/AUCY).] Maltin¥psinfieraetnd?:t187-140

" o.acetone (0.2 m_) wat er ‘%{15 n.) and |- N HCI i315 HL%@

C flttergtuge mplting poigtd 4144 \Gair H NHIE L) 2ppre B4 (A.SHDA7.88 (d,
2HY TR Ay 70, B 95 (8, 2992 (oL 0. WGRHR Bl Gtebs 17
(matif), di8e-46 (@ FanmB qamtht, 1) 10955838 d*dem c&gha?@ ppm

OousS sodi um su at e

. [Lne 5 ,.dried (anhydr ,
1744, 460 LS BvioRob: hAse Ao dds. 75 d 30 0 2B 5cidnie, Laseh
12818, U 2STOR168.49,82956,497 Gol .64 Y49, "rg,hﬁﬁ,e@iis»eﬁa.ﬁé.oﬁéﬁ MSES+

in quantitative yield (480 nyg). I's maferral was
MukddShs is for the subsequent step. 56 WD 2004/ 052899

PCT/ US2003/ 039643 Exanple 4

1,2,3,5-tetra-0-benzoyl -2-C nethyl -. D-ri bef uranose

Benzoyl chloride (283 ng, 2.0 nmol.) was added, over a

period of five m nutes, gxahpi@zcol d solution (5 ) of

conpound 3 (480 ng, 1.0 mmol .),

4-di_net hyl am nopyridine (12.3 ng, 0.1 nmmol.) and
2?‘%?’? rél%?’f’ﬁ"ﬂ”n%c(’ﬂﬁf@yhﬁpﬁf’dwsﬁ) i n anhydr ous

tetrahydrofuran (5 m,). The reaction m xture was

SUIA Islitiad of REMA FFRAIBIiN STl 2078E! 6,58 BHRBL) in anhydroys

at myspher e overnj ght, HPLC anal ysi s indicated 0.25% o
tohiepe (Zah g avag stned #P “Grmdsy prgpn aippesplcsech Sejntioaef anhydrous

AN G865 r

ethASEACTRGHL Y 56¥ oﬂ}g%n glglg‘c‘l@ugl us Eomhg El@ éﬁgqr)as CIDSI T e

aqueous solution © I car bon
solutien raxkwy a pefied aihfiveamimeso Thel resnitieg mistincods strelsat Ly &C for

o . ' ' t hyl t at 0
sl B B3 LABAR Ml fofST a0 5 30o
coldi=3 "Chsolution (02 3,305 4ri- O Beng-f-@hmeyIoD SibsAslhdisheSUiAT 8 b, 1.0

1&/@) and sol vent repoved under reduced pressure to
mmg}. S5ty tereneki t iy e aegedief 10 miputes. ‘th feectipn sdure
was'§fitred bi 15T RUoWESHY minfHes Of Lt %Hl)?s@%ﬂilca %&Qy LL'S%EEEIW adeBe iR

m nut es and heptane
heptane) indicated complete consumption of starting material. HPLC analysis indicated

only 0.1% of starting material remaining. The reaction was quenched with acetone (0.2
mL), water (15 mL) and 1 N HCI (15 mL} at 0 °C and allowed to warm to toom
~temperature. 1 N HCI (5 mL) was added to dissolve the inorganic salts (pH : 2-3). The
mixture was extracted with ethyl acetate (3 x 25 mL) and the organic solution washed
with brine (25 mL}, dried (anhydrous sodiwm sulfate, 10 g) and solvent removed under
reduced pressure and at temperature of 40 °C to give the desired product 3 in quantitative

yield (480 mg). This material was used as is for the subsequent step.
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(5 nm) and water (0.1 nL) were added and stirring was
continued for an additional period of two hours at 20
T. Solids were collected by vacuumfiltrati on and
filter caked washed with 1:1 heptane:tert-butyl
met hyl ether solution (6 nL) and tert-butyl nethyl
WOmMEr289%2 ). Drying the solid in vacuum FEFAISIOH0IIGH3
(52% of desired product 4 (98.43% pure by HPLC AUC)
as a white solid that nelted at 154-156. 3 C
(literature nelting pog :Elet1.55 156 C ). '"H NWR
(CDC13) 8 ppm8 13 (m 4H) 8.07 (d, 2H), 7.89 (d,

3;9 3 m 6H), 7.15 (m 311) 7.06
52 ,-feiﬂq)f?-bsﬂ%b meém)& -qibpfergmgse 1H), 4.70-4.52 (d
of an AB quartet, , 1.95, (s, 3H). 13C NMWR (CDClS

S PBzov GhiloRde (258 Oé% 0 Aﬁg OP\%%G éh?%dg %ge} a]ﬁe‘lliag %g g@é%&fées

133.70,” 133.17, 13
1o ajeodd gguuollgg gqu cpmmid 3 1@9 g} 1.012fols 4-diR@hFdmidPyiidine

023518 o nffey S i, | STGHERS, s

tetrmdrmhu (Sualt). A esict m&uur&na@aﬁyéd% y&mi iehqslara&ma&imczer

yrimdi ne-2-one: (Conpound

t el rah dro furan-2 rlé:)*
argen aﬁﬁ?ﬁ{j eEe gyerpigh fosﬂly @s@iygs 1@1®@dn@>2§%v@fsmswge¢h ditarking
matbﬂalaTﬁé Q&bﬁéd kvﬁs ﬁ?ﬂﬂh&ﬁ b aﬁchﬁg %&Jgﬂd Qang (16’g>ta83§91mated

| ask eqg ui ppe a re condenser,
aquwﬁ rseluuam df sndnan @mhomtet Tenaﬁymmoms%ﬁaeai under reduced

prespsgg fﬁé @QQ%% qﬁﬁg@% ﬁgllyg ecgﬁiges&ﬁ @T,) 0 e\l\ggan?(t: Isgltgtﬁ)%
‘wasbwashéd wmetvbw sl ryL)), beied e3i16E), (B (althydiohs ZodiB)suliRE, 12 g)

in o ortlon The resulting solution was

and RRS5) qorey ol qndet reghgec e foreiwe 690 gion il et s

crude cﬁlmastsﬁﬂa&w%%ﬁ, f ter-butyl
Iﬁo tetra- Obenzo?/ © my meHW’ t?efgfg S)?g%ge

5-
& nefa)zgldo er (. Wall;}rwe;e m@dsardmpemwas ontiauek ﬁm.anradumonal
L
peibd 9P Holrs 5 46450d Qo NEILERSY) B0 bl B e
washddewitle mehe@tane e:nebqu pmﬂh)tl atlen solﬁﬁk()jnd@dmL)T brid devhbutyt meth}%l
ori.d aade over a_period o
eﬂl"ﬁ@ Ay &éﬂ i‘?i‘f‘ﬁ? .Vﬁﬂl%%vec@% B (SHAL et desired rqdupt 4

(8. me plmwy HBDC@lU@)L@ta Whité S thR el 411 64166 3 Ge T Rad.
di ng aqueops sodi um bi car bonate sol ution and

meltésemoa@{ 1ﬁ§g156h€ Jadli R (CREE) SwpmnS. 61 (nyl 4H)a8.67 44, 2H)THE9
t
. 40 R P Bt MR S ol b
1H),d670-4.42 i(§ @f 2f. ﬁ}j@%qﬁ&tﬁt,@ﬂﬁ alj%s € 3tH)dl ‘@@%g\th fqgnmﬁrg ﬁ{n?
0 e sugar erivatil ve sire roauc
166.55. 384 EE 6 D 971 G40} R S0 083, HERST, 18044, 130113, 129,97
129,84, Czlzb%omiyﬁf!%bﬁf 178, % gﬁg'f TP 47238101 086 $3S7847 %6 35,

moni t or ed by
64.05, 17.07. (034112309 calch 70 34; H, 4.86. Found C, 70.20; H, 4.95).

Example 5

- 4-Amino-1-(3,4-dibenzoyloxy-5-benzyloxymethyl-3-methyl-teirakydro-furan-2-yl)-
1H-pyrimidine-2-one: (Compo:)nd 2, Figure 4)

Cytosine (89 g, 0.80 mol) was suspended in acetonitrile (900 ml) ina 12 L round

.bottomed flask equipped with a reflux. condenser, overhead stirrer and an argon inlet
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it}

The reaction m xture was cooled to 20 C and quenched
by addi ng saturated aqueous sodi um bi carbonate
solution (3000 m.) over a period of 30 m nutes
(observed an exotherm when added the first few
mlliliters of the sodium bicarbonate solution). Solid
WO2HAN?Ei car bonate (1350 g) was added in BEFUSHAY0PYS
avoi d foam ng. The m xture was checked to nake sure
that its pHis > 7. Agitation was stopped and | ayers

adaptere Thd:lmspgdsiqﬁ @vasadﬁaﬁb&:zﬂ yiis SCZ&}%dﬁi ﬁfaunxﬂtﬂ]ert%qh&?@ WEO-
.- L.dye ral ne an stirre W et Yy acetat e

blstt%‘ﬁ'%ﬂ\gﬁ ﬁ)aﬁ%mgﬁ 25% 152}, drlemoh) gvag Iaﬂ‘if%é@l onppatipmr heresdlng
solflidhbRSeated RESPTOR Stirke@%E anVRiSi hzg%alta‘%% e% é 2,

with the acetonitrile solutlon organi c S6IU
1,2gSsteirahbanzoyki2e Grtetliyh 8-I)-5ibGurdnpseand25.be rg, s o0, 3 ntmol) was

susheblP S “raS s PO BB e B At reion ey Abe sgiion

misfte (3L EEdrMRE a tow MihditBs SRR tefifiritire drfpped to ga. 50°C.
ing%ﬁm itative yield. .Structure of conpoun IB
PHOH%(I% ol M/Rol)mmgi@q@vea amd@f654nmutes and stirring

hyd ur gn&; | ; gﬁ% p’yr i m ‘T['tno)é)fn%%?%mn%%mt hﬁl %d
addgwdiquenussedion bd:e:rb()ﬂﬁe SolgtionCind Gxtarking tie qasbile thytOwith ethyl
ace 81t Ay Yoo TRRERRs (it B, @iike pol 2o T g in
hept&&'ﬂﬁlﬁﬁ'tsuge@ da@ﬂmé 9.409 ﬁ@ﬁfaﬁr’éﬁ SRR &W@é&gﬁﬁpﬁn

tgonl t ored TLC (silica gel, 10% net hanol
£ &85 F‘%fﬁ@??ﬁa Messired proguce gvap detaeted by a"ISsu;smw% (osithanelain

mctg&bmeé% (%! 0390 !rsk RedlliGDRY OOF LG B (R CATRRUIY 2.

uct started to precipi
erﬁemﬁlpesmm WesCedoledi to 206°C atrfelamehﬂred by rgdtiiag i sanrabdd Rjacous

- sodbufEpiNb ey GG IR P, 8% o ptind B e faiperied an

exoﬂnems sitercadded the fitg Wﬂltdi@@f 86 Godilm %ﬁmﬂaté\fs&ﬁhon Solid
ano ZXSg)kg(}nll)toavolumeof ca. 50 he

mate (h3018) rag e ded ja ortions fasavoid fORmmoThtf mésgture was

chedkb@ mbkead%% thixStsPEK iU ¢ g&l h}ﬁ.{ %P%& a@lax&s }xf% zﬁﬂ%ed

hour. Product was collec tratio
to sepatete i 3hmdnwigst hheaqyaensilayel pos dﬂainedmnﬂ stizret! vitht qﬂhyl acetate

L e e N -

lsoia@ezb@qdlcbmbmed\u@yh th@naemimm&ﬂa/m;tmhswheaaghme eslutih wis wiled

it O TP ctyens sipesn ety fsn:A0m, Produstcambe
‘usedr &- i Ui alit- sib¥dqhier? x@acBod. . 12 magli dldoYish” Rirth” 47 L{Qﬂ N6 vihite foamy

[.J- N, N- dj net hyl formam dine: (Co ound
solid, in quantitative yield. Structure of compound (_) was conﬁrmed by 'H NMR

analysis.

Example 6

4-Amino-1-(3,4-dih ydrwg!—S-kydrowmei]zyl—.?—meﬂzyl—tetrakydro-furtm—2-iyﬂ~=IH--
pyrimidine-2-one: (Compound 3)

Sodium methoxide (13.8 g, 0.26 mol) was added to a solution of compound @2 (@l6 g,
0.73mol) in methanol (2000 mi). The reaction mixture was ‘stirred at room temperature and
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To a suspension of conpound 3 (19 g, 0.0738 nol) in
anhydrous N, N- di net hyl formam de (150 nil) was added
N, N- di net hyl f onnam de di net hyl acetal (98 nil, 0.7385
nol) and the m xture was stirred at 20-22 T. After one
hour TLC (silica gel, 30% nethanol in

WO 20048328¥onet hane, Rf for conmpound 3: 0.21 REA/USH03/639643
product 4: 0.55) indicated that reaction was
conpl ete. Sol vent and reagent were renoved under

moiRFHd & 'L CREIRSSHL, 20% RS 3 MEWorWBShdE I, oP&InPWi: 633) and
Ethanol (50 m ) was added to the obtained oi

- . - - |
(il grl s Aivthanaldn dishlpwmethonss Re efvermpgudndiel2 1) Riodvetgstarted to
predpiRBNRES0 mhhlites aRd PO HdicHBFreachiGP@apRHod WefiGro BB, Gfgourq&ti n
product solidified. The crude product was stirre vvlt?1

waspalg mopitorggk by Sridfethed # 2 Metimpn! wenempvdrindss erdpesp pregmre ©

vohimef Flca. 580 FiD biaSed Wi cktiol (1 S00GHN) tPLHoAfneRY ca.f500 fal. &hd Rfdual
'ﬂﬁ"ggd filt hrl%gake washed. with 30 m of cold, ethanol and

urmy yas iR 730 1 of ethanpi and fhe mprturg prgstired gt 2P r{e fof prg hour.

* Prodwot ek ¢olieitsd MaflriongANG cdkd. Washed(€lPthabl a0rmpoad utyl-

. first c o JLC (Sili l.,. 30% net hanal in A
ey oft 008D e v 15 p P A e g en o @ i
purifysif -198% (RILC/AUCYProdiid aaodlsoiatialghed by 'Sr-aatChame, Rf for
product (4): 0.1) showed only a single spot for
compound (4) Mother liquor fromthe ethano
purification was evaporated to dryness and the

resi due was stirred wt ﬁ#tﬂ@pol (80 m) at 20 C for

one. hour and kept at ﬁg or 12 hours. Solids were

collected by filtration and filter cake washed with 15
N-[H{3,4-dihydvoxr-elivinogy methpl-3-Betipil-tafahydrelfuran-2-yl)-2-oxo-1,2-

ot ert - Dut b - frer.dryipg th id und
aitf g Pihafhic ED Xy Sl Qb Slnidihdl REomgliesdD o1 op 11
(silica gel, 30% et hanol in dichloromethane, Rf for
pr douet suspensiod . &5 oraproing s3 |(12 az, g&D7381 @fdmiri Eaknelouis NN,N-
. 20041052899 PCTI 1J$2003/.03 di chl th
iy (137 sl Bar” BN et i b (el e e
o 0-06 ﬁﬂa?d)hb e g -HEQQ?O'%ZJMQMS£ J5. 6 glg%gu%@e‘l’
'30%'%1}39 tﬁ.]’in gﬁlqrp;pgﬁ% g‘, %orgg@?gmﬁd: 3: Q21 epd Bor progot 4:)0’.55)
indi@XGIARYSHoR Ivas 2odfleleS Solldht anPRagent wetlreBieAPRIEA RIS :d
3.8-3.5 (m 4H, H3 , H4' , H5 “and H5"), 3.15 an
presgurg ffemperaturesips kepithelyved0 Q. Bthagad (5G] vasRyidedrate@blail

i S U oy s BERE oi e h610s Ud

repelixditrpke agl dudd firoduct solidified. The crude product was stirred with 190 ml

of c@%ioﬁé‘e %(i/i%] }‘% lé)%lg hﬁ'?fg’?l I}cf:}?}iagg_@élfgrxyznﬁ)tu?z lS%)l_idgs’ \#él‘g ico egtfst? )é}¥

- filtrafiod ard fike-chkPwikihbd Weth 30 RIIdf bl eftraftolydntl 30! ol e dibutyl-

f or mam di ne: (Conmpound 5)
methyl ether. Drying the solid under vactum gave 14.7 g (64%) of compound (4) as a

first crop. TLC (silica gel, 30% methanol in dichloromethane, Ry for product (4): 0.55)
and (silica gel, 10% methanol in dichloromethane, Ry for product (4): 0.1) showed only a
single spot for compound (4) Motber liquor from the ethanel purification was evaporated

. to dryness and the résidue was. stirred with ethano} (80 ml) at 20 °C for one hour and kept
at 5 °C for 12 hours. Solids were collected by filtration and filter cake washed with 15 m}

of cold ethanol and 15 mi of cold tert-butyl-methyl ether. After drying the solid under

vacuum, 3.5 g (15%) was obtained as a second crop. TLC (silica gel, 30% methanol in

dichloromethane, R¢ for product (4): 0.55) and (silica gel, 10% methanol in
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Compound (4) (42.9 g, 0.137 nol) was dispersed in

anhydrous di chl oronmet hane (200 m) using an overhead

stirrer for 30 mn. The m xture was then evaporated to

dryness (at ca. 30 C) using the rotary evaporator.

This dried conmpound (,, imdazole (37.4 g, 0.55 nn“&
WO SR dr ous di chl or onet hane (800 nl) wer BCHHEPEE0643

into a 2L 4- necked RB flask under argon and tert-

but yl di phenyl chl orosi | ane (43,1 g, 0.156 nol, the
di¢hddramethiiR R} for Qeeitet (4): DeMShaved Oly iaGisle ¥ for compound 4);

transferregd to an addition funpnel attached to

mvPe%[BtROQrpaf FMMRIGMI @S rpen %ﬁ% (Su rlﬁL Na&H.dbl 6@ HIL H6, bs

-rahd sl o AR NP et B

OLZQ" 10 avshanpebt) s S15c(, 8 Hﬁnﬂt-ztépﬂeff’ and H)S’b)_@ﬁﬂ/éend 302
ChRreNGERRb o 6 Sibhs; FiSo EI5 LSRR TID BhFp. f67
(BQQHI*eFAB<d)gG Y ®2ho v Q403 (MW i1 (0-9), 1850883

was added over a perlod of 20 m n nai ntal ning
the reaction tenperature between 10 to 12 C. After
~additional 1 hour, the remai ning tert-
but yl di phenyl chl or osi I ﬂi‘tﬁ 8 g, 0.053 nol) was
added over a period of ﬁ mai nt ai ni ng the
reaction tenperature between 10 to 12 T. It was then

NS5 et-Bluty Ldiph &l LSilbriploxiy it yRx-3, J—dﬁzﬁdﬁbhb;s m‘dFﬂy@
. indicated 95.40% of product, 3.00% of
tetpplprdgodfyrgu-2-3déroses L rilihvdz e wa oimid g4 yﬁﬁ%%drmeﬂa! The

ogmyﬁnmwg%hed by addi ng saturated aqueous
- sodi um brcarbon solution (150 mM) with stirring for
15 min at about.15 C (pH was _around 8). The aqueous

andCampengd(BhdR9m 8. 1B3m)sww&1@er3§é pramdwé@us Yigbloromethane

t h
ed @ % Jr;:% é%‘%ofg?ﬁ?;%ﬁ eﬂ‘ \gl‘l e’d over an%ygcgrg%d to
: drxneﬁl (masm fQtwsingBbe Mtagy eSportar) Thist dmds:otdpemndf(_),tsmcbzble

2 CT, 2003/ 03 and s
(e T LT i S 3‘ oBRERcIpRe (D e g 2 2L 4
necked RB sk uhkde drgon aﬂ&tertnbutylﬁﬁ)hsmbaﬂ&uﬁﬁhe 8 C% L0136 mol, the
1 Taix @pgﬁyzteaéggf lptsg{ptr %)%%B%C&r ti):r%plg/er?erg tr{])%neédcrlrl%gn glua}ﬁached 1o
theS irbaatidn OpakTet fme) Teachidh (SHeRE hyh@ntmsamah hyb ePeamd Ogrs-
2-0x0 2Hpyrimdin-1 -

buiyldiphgnylehjerpalage (13q#k £1y0.0% sobatddad dromy ﬂ@nﬁd@hpn fasnck over a

rrk TP M Dl B ORI R 135t

stirﬁngie”t‘heanegmion atasoppitercé by HPLC (Method # 2). After 1.5 hours, a second

rﬁ%é tetf %ty@#car%nmy\igl | n@ O%E %}0@ \%as adgedl g\gaz a period
of B Jiiiﬂ BaLRRMg it dachindeashhtile Revded 0% 12 °C. After additional 1
hour, the remaining fert- butyldiphenylchlorosilane (14.8 g, 0.053 mol) was added over a

period of 20 min maintaining the reaction temperature between 10 to 12 °C. It was then
stirred at 12 — 15 °C for further 1.5 hours. HPLC indicated 95.40% of product, 3.00% of
- b1~311yl derlvauve and no un—reacted startmg matenal The reactlon was quenched by
adding saturated aqueous sodium bicarbonate solutlon (1 50 ml) with stirring for 15 mm.' |
at about.15 °C (pH was around 8). The aqueous and dichloromethane layers were
separated. The dlchloromeﬂxanc layer was washed with water (2 x 150, ml) and brine (1 x
200 ml), and dried over anhydrous sodium sulfate (60.0 g, 30 mm) It was then filtered
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g, 0.1367 nol) and 4-(dinmethylam no)pyridine (1.3 g,
0.0106 nol) were added and the reaction m xture was
stirred at 25 C and nonitored by HPLC (net hod #2).
After 4 hours, HPLC showed 7.9% of starting material.
N-(tort-butoxycarbonyl)-L-valise (4.57 g, 0.0210 nol)

WO 2004052899 3- ( di net hyl am no) propyl] - 3- PCT/US2003/039643
et hyl car bodi i nri de hydrochloride (4.03 g, 0.0210 nol)
wer e added and stirring was continued at 25 C for an

I

o A 2B B O led] penbR: Tho bR b S Wsed syl n

the yghsequentgeaction.t he reaction nmixture and sol vents were
evapor at ed under reduced pressure (tenperature kept
bel ow 40 C) to give conpound (6) as thick oil. This
material (93% pure by HPLC/ AUC) was used as is for
the subsequent reacti Oy fppf@! € 10 2-tert
But oxycar bonyl ami no- 3- net hyl -butyric acid 5-(4-am no

2-0x0-2H pyrimdin 3
2-teyt-ButpxpspabeiNanpinpion ety bdutmic - 4- weidny | - 2-ertabupik-diphenyl-

o STE B ATy DL o

yij-¢hpdgag-4-methy B effulinirogaked3- B&sfdr&?@ompduﬁd‘l@ m xture
vvas stirred to dissolve conpound . Anmoni um

i P&ﬁ‘r’w%m f@i%*f diﬁﬁ’?@dﬁﬁ Gohipietie Ghe &

stm’E@ it 153 neder aSonC SidisSHiege, AT @ﬁ-al cafIhyB-[25aline (29 7 g
i ndi cated by H LC Met hod # Solvents were th
0.136d paefh d -idridintethy Propsdks ér é ylﬁ@rbq@umdqéydxeihlv@e (262

> O?gggb%ﬁféa%he re ﬂﬁ%%gﬁ'{p%am glas con‘gol ne %&%m%

reacelfm) @nixfrre) waswetimeed af 66 FCnand, marithredeby }Bimy(mcrthmd] ¥2). difeert

3 h X t t t ed
boufs BLE popdl £ ok'S i et i ySoon i £ RN
g, 01021 @ mob)| dnd dt—[?ddé:::wﬂlyia'/rﬂlitw)q{m%ﬂﬂt laneth?aab@cﬁmﬁué h}(rdli%lﬁdnﬂld)e
r u r
@ 0% 8@314 ingl); ?PB?@W shiHiag W&&%@lqr{fﬁy atr%‘@%? T 2 afidigional
peribd 682 Bduir€ AftérwhiGC WM QitectERI0E7% bR rﬂﬁ’déﬁzﬁ MetRnbOged
conmpound O7 as vhite solid. Yield 71, g, 52% for

ml) twes addegk opthe Teachon minarg @d mgentﬂowaqer@@pq»rﬁteggmgoxscduced

o TR S5 M. 0 ), PR3

(93%\pixe bPRHPLEXAUEhwasalsbd)s is forShe mbseqiddt rddetion) , 5. 75 (d,
1H H5, J 6.s = 7.43. Hz), 5.43 (s, 1H, O+ 2', D20
exchangeable), 5.24 (t, 1H, O4+5"), 5.04 (d, 1H,
H-3',J3-4'=9.IHZ) 4140(m 2H, H4', CH),

3.8-3.4 (2111, 211, n;ihf(i,) 2.2.2.0 (m 1H CH),
1.40 (s, 911, (0143)3(:) 3H, CH3), 0.9-0.8 (m
61L (CH3) 2

2-tert-Butoxycarbony mmo-3-meﬂg¢l—butync acid 5-(4-amino-2-o0xo-2H-
pyrimidin-1-ylj-4-hydroxy-2-hydroxymethyl-4-methyl-tetraltyydro-furan-3-pl ester:
(Compound 7)

Compound (6) (0.3 mol), MeOH (1650 ml) and EtOAc (265 g, 3.0 mol) were
charged into a 3L 5-necked RB flask-and the mixtire was stirred to dissolve compound
(6). Ammonium fluoride (45.0 g, 1.21 mol) was added and the mixture was stirred under
reflux up to 64.5 °C for 4 hours. The reaction was complete after four hours as indicated
by HPLC (Method # 2):__ Solvents were then removed under reduced p_res_sure at40-—-45
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FAB<O, (G) me 911 (2MH)', 455 (M1V, 256
(M Bocval )-, 216 (Bocval O+, 110 (B); FAB>0 (GT) 913
(2MHl i f, 457 (M¥H), 112 (B+2HW 57 (CH3)3C)'; FAB<O .
(GI) 911 (2MH)" ,455 (MH)', 256 (M BocVal)', 216
BocVval ), 110 (By. Exanple 11 2- Am no-3-nethyl -butyric
WO ZWME282( 4- ani no- 2- oxo- 2H pyri ni di ne-1 vyl )Pﬁi(’ﬁwp"tﬂ%?ﬁ“ﬁ-
hydr oxynet hyl - 4- net hyl -tetrahydro furan3 yl ester
(di hydrochloride salt): (Conpound 8) A solution of
°C andwhoethwith FIOA(B00 md). Thegasiduablopmiwas sembined with 5804¢ §400
St d_j I e ;
) it T il a2 Rl 3 BERs B
at apabibnh ystipegaire ¢ 2 ihdersg aWhine bhilde rthat Hyghraierk weghtaliettek® by

s ol S 2y Pl s T
andRE- Oy BRetfyl etttk (19034, TR 0Bl as BRh RricdR Vaudu? frekdr®than

started after a few mnutes of introducin h

the
20 hopay ogadterd poropauad (Pass. wirltet solid4 Yieldrd 54HR15C% Frstthveel staps-

Confioe FS8s Rffed 38Rl PR SITE, a7 AR RIS 6

PPOEL 9B A, HFOJ 37428 7017 el $H, ©F hiet NE;L DD edchangsable); 6.9 (s,

1, S0l 555 LB 4% dc Pl ok, By bt B 584

OH-GHiRLIE (d, 18 HEY T#.43)9.1Hn), B.1-4201@1 200, H-47, BHhWE)3.4 248 2H50C, H-

¥ 3 p , 1 _.
) B, G MM e, By B D g (ko
FABPO(GE) st Ae@M-B),, 458 (MEEY, 356 (MBopVd), 216|(BeVBIOH), 4104B);
( ¥ Y. AT - LBy
- FAROfgniis ol Myl QR A b Esss g e kM
, S PMFHLSS005PoG4 316 o a3 10®Y 22 (d, 1H, H- 4, J3...=
8.7 Hz), 4.0-3.9 (m 113, d?), 3.8-3.5 (m 2H, H5',
H 5"), 2.3-2.1 (m 1H CH), 1.16 (s, 3H CH3), 1.0
(m 6H, (CH3)2CH); FAB>0 (G f) 713 (2M+H)+, 449
(M-GHH7, 357 (MH) +, ZGoB# 112 (B+2H){; FAB<0 (GI)
747 (2M#Cl)-, 483 (M¥G+d)-, 391 (MeCl)-, 355 (MH)',

_ 116 (Val)", 110 (B .., 35, -, Exanpl e .1 HPLC
2-A BRI R e b b AR S s g >
hyd phi@artIgDY\wieiky Nblr eXySlr pguiraniBiylester (dANIYOTAI4de salt):
_ Nova- &kn( r) C18, 60A pore size, 4d4mparticle size, 3.9
(Coxupq Al chromatograns were generated using a
Waters(r) 2695 HPLC and 996 PDA detector. Mbbile
Phaslutibitbfeogipagl @ 1O, 01046 thoBifl eth@iot (1688413 waostiiel in
fromJT Baker and LM . .
a round bottomed flask equipped with an overhead stirrer, temperature probe, argon line
and hydrogen chloride gas bubbler. Hydrogen chloride gas {22 g) was bubbled into the

clear solution over a period of one hour. The reaction temperature was kept below 30 °C

using au ice-water bath. Solid formation started after a few minutes of introducing the
hydrogen chloride gas. Afier 4 hours, HPLC (method # 3) showed only 0.8% of starting
material. Solids were collected by filtration and filter cake washed with ethanol (20 mi)
and di-cthyl ether (100 ml). After drying product under vacuum for 16 hours, 19.06 g
(96.5%) of product (8) was obtained in 97.26% purity (HPLC, method # 3); m.p. 210°C.
| {brown), 248-250°C (melte;d); "H NMR (DMSd'dﬁ) 8 ppm IO.OA (s, 1H, 1/2NH;, D;0
exchangeable), 8.9-8.6 (2 br s, 4H, 1/2NH,, NH3, D,0 exchangeable), 8.42 (d, 1H, H-6,)
s6= 1.9 Hz), 6.24 (d, 1H, H-5, Js= 7.9 Hz), 5.84 (s, 1H, H-1"), 5.12 (4, 1H, H-3’, Jy4—=
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solution of triethylamonium acetate from Fl uka(r).
Met hod #1: Test for Conpound 4, Figure 4. Flow rate:
1.00 M / mn. of acetonitrile/ water |inear gradient
as described below. Systemis equilibrated for five
m nutes equilibration between runs. Wave | ength: 254
WO ae/0R8%ent i on tinme for Conpound 4 =12. 8 mPEEUSH03/BoGE
% Acetonitrile % Water 0.00 40.0 60.0 1.00 40.0 60.0
13.0 95.0 5.0 15.0 95.0 5.0 63 WD 2004/ 052899

265 VDRI FEE 5, o G O SRR B

ure

5" hR- e dtlmn ilﬁr CHA}/I M%@fémdsﬂ (m.j @K HaG); FAB>A (BT RV ES

BT a9 LGP B B o B o RS i, o 747

(2Me(mg; 483 RBEGECH, @Im)‘mﬁﬁa%bmqw vdly,il1e (8¥, Blsf(tgr
0.00 0.00 100.0 15.00 80.0 20. 30. 00 80.0 20.
Conpar ati ve Tabl e: Conpounds vs. Retention Ti mss,

Met hod #2: Conpound Retention Tine (In M nutes)

Wavel ength 1 18.2, 27 n@)@ ]23 4,272nm 3 2.9, 272 nm

Met hyl benzoate 11, 27 rt| ally protected 7.2,

272 mu  Conpound 3 Partially protected 10.0, 272 nu
HPLC Test Methods

All the described methods use reverse phase column; Waters® part number
#WATO086344; Nova-Pak® C18, 60A pore size, 4pm particle size, 3.9 x 150 mm. All
chromatograms were generated using a Waters® 2695 HPLC and 996 PDA defector.

Mobile Phase: HPLC grade acetonitrile and water were bought from JT Baker and 1M

solution of triethylammonium acetate from Fluka®.

Method #1: Test for Compound 4, Figure 4:

~ Flow rate: 1.00 ml / min. of acetonitrile/ water lineat gradient as described below.

System is equilibrated for five minutes equilibration between runs.
Wave length: 254 nm.

Retention time for Compound i = 12.8 minutes.

Time % Acetonitrile : % Water
0.00 400 600
1.00 40.0 60.0
130 | 95.0 50
150 050 50
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Compound 3 4 4.0,320nm 5 13.2, 320 nm D -silylated
Conmpound5 16.6, 320 nm6 17.8,320nm DVAP 3.7 (Broad
Peak), 272 urn 7 ---8.3, 272 nm.... . Partially
Deprotected 6 16.3, 272 nm 64 WO 2004/ 052899
/ US2003/ 039643 Met hod #3: Test for ounds
woiﬁémgzs%h gure 4 Flowrate: 1.00 nl / m n qng%o&sok%ﬂ
acetonitrile/ 20mM aqueous triethyl anmoni um acet at e
buffer gradi ent as described bel ow. Systemis
F2:H T est deir Campérnds 2 6 end EgRishredf:at i on bet ween
runs. Wavelength: 272 nm Tinme % Acetonitrile % Buffer

i 800 08 3, B SRR By

buﬂatgmimmasd'esaﬁ)eﬁlbﬂlom nutes) 7_18.4 8 8.5 3 3.6
PRI OR ART PROCESSES Exanple 13 Prepar ation
s;;a&M écﬂiliﬁitécfﬁ a9 ﬁ%{@%&%&pﬁ]ﬁ- fl-

-C-nethyl-cytidine (4): A sol utlon of
{%E%g Cytidine (3) (1.65 g, 6.43 nmol) in
w 3%())"’yg(tlazisrmtlreated wi th NN-di et hyl f or mam de
dinmethylacetal (8.2 m, 61.73 mmol), and stirred for

about 'L’EDE hours r od¥nAcetgpitrtle ur e. | The soVaBuffer was

nnnnnnn roducaoad. nranccnir o nd coeV-3pef 2t o

T UUUUUU I IO UT Uy .A.IIU T \C S |

CVU'JUI \¥ | UIIU\.I
W th QAH(ZnoI Cryjstal li zap1 Bn from ef hanol | ed¥&

yi el dqg gg hirthertjo unkno OfTpound, | COMpoUunG;(#)
(first é)raop of 1.121 q, W?/o?lldd %0(04

30.00 80.0 20.0

Comparative Table: Compounds vs. Retention Times, Method #2:

Compound Retention Time (In Minutes) Wavelength

i T 182,272 om

2 134,272 om

3 | 2.9, 272 om

Methyl benzoate 11,272 nm

Partially protected 7.2,272 nm
Compound 3

Partially protected T 100,272 mm
Compound 3

4 | 4.0, 320 nm

3 | 13.2, 320 nm

Disilylated Compound 5 166,320 mm

3 ' 17.8,320 nm

DMAP 3.7 (Broad Peak), 272 nm
7 .. el oL ..83,272 0m
Partially Deprotected 6 ' 163,772 om
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and second, slightly inpure crop of 0.46 g, 23%yield)
as crystals. The follow ng physico-chem cal
characteristics have been determ ned on the crystals
that issued from 65 WO 2004/052899 PCT/ US20031039643
the first crop crystallization. F = 201-209C, 'H NUR
WO LRWB28M6) 6 ppm 8.62 (s, 1H, N=CH), 8. 17 KQI/USR103/039643
H6, J5.6 =7.3 H), 5,91 (m 2H H1, H5), 5. 16 (t,
1H, O+ 5, D20 exchangeable), 5.06 (s, 11i, OH2',
MM#@(%&W@% dundt B 73 bl H3°, H4', RS
an S, (CH3)2), 0.92 (s,
2) ' FAB>0 GT) 625 5 2MFH) +, 313 (MrH) {, 167
FI"(’"B@?H)W o ey, o @ jeetopstriled S0mii nqwepns trictwlgmapipp. acetate

buff bt dedSBed Blow HPLC at room tenperature for 5.96
mn (gradi gnt ?rom% to 50% CH3N in 20 nMtriethyl

um a buf f er a over a 30 mn
Sy Pt T ARA K e it el R o) MR = 316, 1
nor. Exa e 14 Preparation of
Wa’IWﬂ gthy? %Iﬁyl am no) met hyl eneJ-5'-O-tert-butyl di phenyl
silyl-fi-D2'.. GConethyl-cytidine (5): To a solution
of coffpmeind (4) (1. 16% @cefdnitdlen ol )f i n dr V4oiffe! N
Hed successively imldazole (760 ng
11. 19%8%01) and | ert - buty@@ﬁ phenyl eHl or osi | aH¥.0°(0. 66
m——2283 HHU1). FHre DUIULs —was—st-Hrred—at i
tenperature. After 4 hours, the redction mfﬁpgre was
recharged wth tert-butyldi phenylchl orosiTane {040

nil, 2.28 "mmol) and stirred at roomtenperature for 2
.0 C n h sodj j.car bonat e,
C°'“ﬁ=*éfa§¥e o P“"ﬂ'%ﬁééé%éﬁe*a trcedigioa 2 over

soth-um-stH-fate; rat-ed_under—reduced

pr essured “ﬂ’f@‘"@r ude mi xt urje wasRetgrden Tine dn Migntes)r e

of dry acejonitrite (30 rm—)“?nd—d'ry—m—q'g’ghyt‘f—orn‘mde-

(15 m). Exanple 15 Preparjati on of ’

3'-OL-N-(t@rt-butoxycar bﬂnyl ) valinyl esger of M-
hyleneld-5': O tent-hutyldiphenylsily

|-J-D 2' C§rethy| cytldlne (6): To a sd-tion of

'.'Lonpounu \O) from-the pre ous step—v

added N-(tert-butoxycarbonyl)-L-valine (Boc-Val-OH,

400 ng, 1.87 mmol), N -(3-

di met hyl am nopr opyl ) - N- et hyl car bodi i mi de hydrochl ori de

(DEC, 715 ng, 3.73 mol and 4-di net hyl am nopyti di ne

(DVAP, 68 ng, 0. 56PRIGRART BRRORSBES sol ution was stirred

Example 13
Preparation of N’-[(dlmeﬂ:y[amma)methylene]- D 2 ~-C-methyl-cytidine (4):

A solution of B-D-2’-C-Methyl-Cytidine (3) (1.65 g, 6.43 mmol) in DMF (32 ml)
was treated with N,N-dimethylformamide dimethylacetal (8.2 ml, 61.73 mmol), and
stirred for about 1.5 hours at room temperature. The solution was evaporated under
' reduced pressure, and coevaporated with ethanol. Crystaliization from ethanol/ether
yielded a hitherto unknown compound, Compound (4) (first crop of 1.21 g, 60% yield,
and second, slightly impure crop of 0.46 g, 23% yield) as crystals. The following

physico-chentical characteristics have been determined on the crystals that issued from
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66 WD 2004/ 052899 PCT/ US2003/ 039643 at room
tenperature. The reaction profile was foll owed by
HPLC. The reaction m xture was recharged three tines
wi th Boc-Val-OH (400 mg x 3), DEC (715 ng x 3), and
ng x 3), and finally recharged one_tinme wth
W"%ﬁ’?}g%sm (200 ng), DEC (357 ng), and Dl\ﬁ&ﬁ"(%%‘?ﬁ’f“
After two days the starting naterial was totally 5
consunmed and the DVMF was renpved under reduced

thepfiest snap erysthlizatiors iFd=a a01- WQMM@MS@%NW 8160 (5,1H,

R TR, Ao O gl a7 846, G,

D@ ex@ndii@ézﬂéb -5 %y(bl 0, o0 )Dzozex@mg&blémfﬂ-ygr(fndm(ﬂnﬁ 4,
ng was added t Fesi due of

631’-“*1 f?rf' ) ;3 We%ﬂﬁé’»rﬂ% (2s, ity N(ﬁféls)zb Qc?&(&rﬁHnG&sMrFeAEvals(GT) 625
QU SEURLADT 3 7 HESEY D ERRRY 1) k) QUERS 363 Mo,

31p(MIHrl6S (BFHPIES atiwem temperstatoeior 56 infin Grkfiént ARt O E50%

CHE S AR S St o s

&Idﬂ(ﬁ&agqulqﬁ]] 8 =2q3lg el um | (el uant @ McOH
(20% in EtOAc (80 The desired conpound (2) was

isolated (1.37 g, 78%for the 3 steps) as a white
foam Physico-chenical data included: 'H NVR ( DMSO d6)
Sppm7.99 (d, IH H6,. J6.5=7.42 Hz), 7.3-7.1 (m
3H, CH and NH2, D20 ex&amgleMie), 5.9 (s, IH H1'),
5.75 (d, 1H, H5, J6.5 = 7.43 Hz), 5.43 (s, 1H,

Pré&parati - ;
r@gr ml;_z| @El-% Wbﬁﬁz‘) ﬁeﬁfﬂ 5(10 telﬁbmﬂd‘l'fﬁzﬁkdf‘l R 2
’gﬁi‘f'y’y@f@"@@4(2m 2H, H-5 H-5), 2.2-2.0 (m IH,
al'), 1.40 (s, 9H, (CH3)3Q), 1.0 (s, 3H, CH3)

0.
( AV %&ﬂ%fgg&mﬁ&@) ALk o b gﬁry?fgdi%éhs ml) were

| adde@gw@ymdpg@e -mg,HABS0minaly an @mt— Wﬁiﬂ)lenylohﬁi‘osxlane

(0. 6'6%'53 rﬂﬁlléi% ('%\A%Eguﬁong\éé s%r%}%] %)alifl 5tenf B<O (:%%r)\jla%» , the

reacptlon 1@(}{1@3 owas\\RcRaget 063 w-ﬁ@na@m@&mmaw (0 AHx anip I 228
O Lzv ter of/!

' mm%iﬁ %ltl lg?;lgl]ot]ca?lﬂga?lgﬁ ﬁ)f/ r}l?é%l gpﬁqygng extractlon with sodium

blca:rbonate, the organic layer was washed with water, dried over sodium sulfate, and
evaporated under reduced pressure. The crude mixture was taken up in 2 mixture of dry
acetonitrile (30 ml) and dry dimethylformamide (15 ml).

Example 15

Preparation  of  3’-O-L-N-(tert-butoxycarbonyl) valinpl ester of N'-
[(d:methylammo)metbylene]—5 -O-tert-butyldiphenylsilyl-p-D 2°-C-methyl-cytidine

- (6):

“To a solution of C'ofn,péund & from thie 'lr;rew:ous Sfep were su_ccé—s—s-ively ﬁdded
N-(tert-butoxycarbonyl)-L-valine (Boc-Val-OH, 400 mg, 1.87 mmol), N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (DEC, 715 mg, 3.73 mmol),
and 4-dimethylaminopyridine (DMAP, 68 mg, 0.56 mmol), and the solution was stirred
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salt, (8): A solution of conpound O7 (1.32 g, 2.9

mol) in dry ethyl acetate (75 mM) was treated with a

20% HCVet hyl acetate solution (75 m). The reaction

m xture was stirred at roomtenperature for 2 hours.

The title conpound, L), precipitated in the reaction
wonodlosses and was filtered and washed w t h fgirAfSadodosddss

g, 81%yield). Physico-chem cal characteristics

i ncluded: F = 210C (brown), 234-241C (nelted); 1H NWR

o Ao, TRETsAcho) sl 5 oy 1PEL o rgson e

was wedharggé dlote JimeS with Bek-VALOH mm; m@ :53§=DEC Q7 tzng )63524@&

DIIAP (¢ e o g and Gl eiapgefie e mth Hoo-YeOB 200 ng 235
(3§7 Z‘l énd. 11)1\@&13 (94 (.ﬂ%) | Ather %) dafé B %éuﬂﬁ:baiédag Rbas' 3 totally

mleﬁ‘imeé d (hem)fﬁera); TR @n @Tydtchsp sipeThe resiive, Compound
(Wj}m ?(S)+ 112 (B+211) +; FAB<O

© (“gﬁ)&é{"%\@ﬂ.}’h‘gg%'w&a)-, 391 (MCl)-, 355
(MH-,116 (Vat)-, 110 (B)-, 35 (C); HPLC rt= 7.26
mn (gradient fromO to 50% CH3N in 20 nMtri et hyl
amoni um acetate buffer programed over a 30 mn

period with a flow rat &sampledi /nin), X = 273.5 nm
W (1120): Xmax = 271 nm (s 7500) Xmn =249 m (s

34r h
PrgRton 4P =0 QU5 b bpulr) S} S PP et
cytidime (Bt i ¢ pat hway for preparing
P D-2'-Cnethyl-cytidine is referenced in Fi gure 3.

f
(1 Aindp it (Patlh 85 46 fnfin HSSita s eSitilo e
(&) imduyeridthanof, aud thp pesaommmmy “ag)reﬂm;mfoes houib.ETHea bt uird H8k
ﬁit%%a%d%n strea tge solutlon of
© sghvpny %PB fretodsn refucepprgspye. Theaksidee
Wa:(fhkeﬂ p ﬁféﬂiy@ Bhckdid bRl éxﬁ-a&[bd 580/ hmé‘ﬁﬂltﬂ"wraﬁr I chgdaf: ]'i_hase

g.). The solution was heated to refl ux . for about
wash giparated endpio YeRURBI AL BTILiod o arslioncst @htogatography tchlunm

(eltﬁht"‘%e@‘i gio%g% EOR: 6869 )4 %&'tg%ir% M af‘a@ gvaggﬁilﬁfﬁg??g’? g,

queous, u at
S‘Vé@aﬂw&&iﬁm}@ta\dﬁw@ohw acetate. The whole nmixture was
filtered 68 WD 2004/052899 PCT/ US2003/ 039643 t hrough

celPhygecadi@midab dae iricthde@t & INMR \(BSRed7Yistipnes by td, 1H, -6,
acetate. The organlc | ayer was separated from't
Jo:s Fi 142 B8 €] 3l e AHwCHrn rDzQ\mhmml@hs Bs, A, Hdlr’) 6d5

@ Y11 RS, Ha25Pds Ihgg%f&agﬁrglhﬁﬁ #! Schaxgge%b%ds%?ﬁﬁﬁf O

5%), 5.04 (d, 1H, H-3’, J 3.4 = 9.1Hz), 4. 1—40(m,2H H4’ CH), 3.8-3.4 (2 m, 2H, H-5°,
H-57), 2.2-2.0 (m, 1M, CH), 140 (3, 9H, (CH3)C), 1.0 (5, 3H, CH3), 0.9-0.8 (m, 6H,
(CH3),CH); FAB<0, (GT) m/e 911 (2M-HY, 455 (M-H), 256 (M-BocVal), 216
(BocValOHY, 110 (B); FAB>0 (GT) 913 2M+H)", 457 (M+H)", 112 (B+2H)", 57
(CHs);C)'; FAB<0 (GT) 911 (2M-HY, 455 (M-HY, 256 (M-BocVal), 216 (BocVal),

110 (BY.
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50% et hyl acetate in hexane produced a 65%yield of
t he Conpound (9), P-D-2'-, 3 -, 5 -
benzoyl -2' -C-nethyl -uridine, as a white solid. The
benzoyl - protecti ng groups were renoved fromp-D 2" -,
3 -, 5 -benzoyl-2'-C nethyl-uridine (2) b

WO zing (2) in nethanol (12.5 n/ rmolFCT{US200p/EH643
with MONa (3.3 eq.) and stirring the resultant
yel |l ow sol ution at roomtenperature for approximtely
4.5 hours. The sol uti oEExampleridut ral i zed by addi ng.
Dowex H} 50wx4 that was prewashed with nethanol. The

R S T S R e e A T

sal; 8)bi ned and evaporated under reduced pressure. The
resi due was taken up in water, and washed 3 tines with
di chl aronet hane. T ue | ayer was_ evapor ajed
ndo B damapudldF 0 A meia R e S S ) s
treqMdOMitiEl R d0% ¥V /etfly] abdtate statBRl (7Y hl)! "The rBRtiod iBReSalstirred
yield. Next, a solution of P-D-2° -C-nethyl-uridine 10
at foom_taEpaEgss, oY &1 Honisn &he title gompawsd) (8).aprgeipitated in the reaction

. . ; ; i 10
el Ul ok BTGB et R it BON1 DT 86%% PRI ° |
i mately. 3,5 s..T | Ut | led to 0
P i hetpicnl comg iR, draedt | & Rrpites uovs; dgigetec
. i f: i
(o T RS OLAT D9 APEE FLHANEL, 190 ndBeBithios.0 8.6
(2 b tsi 4H.ldN s, NEhpPoX excheudesbls), BA2KE, 1H, Th6, F earcl. ), \624 (d,

e SR oM e L0 0 St B Bt b BdEn DR gim
H-4 Bsj-d.8 Hap 9. 0-2R €n, 110 GHY, 3183LH @i, OFE FRSINE,5°9[12l3-2vieEd) o H,
W t h aqueous, saturated NaHCO3 and water. The organic

CH), /RS (a8l QY.L ot @ aﬂ%ﬁf)zr:ﬁ?umggg "&s5un8, gzﬁlrgagg 449

crude residue’taken up in di ox&ne

(MAGERE.e 3 TWMNHER, 26043000 B8T) it FAR<O(GIMIGH @BI+C), 483

- i+@n eat -t - rnj.ght.
OnfECph (IR, 355 g LB QBB Ty B Fa Rt g B
(gradicasizam @ to 50%d CERNrin B8 ity emsepiinpidetare Wdkr fRpRmmed
using.a gradi.ent _of nethanol (5-20%._.in
over i erof AP 10 e 9 R e = 273 i UV (F0): A =
271 03 72000 GRS D9 Y bR, 13 tpgpfesired product .
in @;502?yi el d. The)(pr%bggcts vva%ngl?gfsdtﬁg?fl zed further in
Et OH. 69 WD 2004/ 052899 PCTI-US20031039643 Sour ces for
reagents in both Exanples 5 and 6 included: ‘
N, N- di net hyl f oi mam de di nethyl acetal from Fl uka(r),
Reference No. 40271; Bamplg et hyl f or nani de over
nol ecul ar sieve from Fluka(r), Reference No. 40248;

SynkBeRy bf plCPROM ARt d £g):1 o Erba ACS for
}manal ysﬁas, Referenceﬁl.\lo. 4 4607{

An alterpative synthetic pathway for preparing p-D-2’-C-methyl-cytidine is
referenced in Figure 3. In this process, a mixture of uracil (2.1 eq.) and BSA (1.1

- mL/mmol) in acetonitrile (7 mL/mmol) was heated to reflux for approximately 30

‘miputes. ’_I'he resu;ﬁng solution was treated with a solution of 1,2,3,5-tetra-O-benzoyl-2-C-
methyl--D-ribofuranose (1) in aceigo-l_ﬁh'ile' ¢ n;L/r‘m-nol), anduwitil SnCL; (3.-5 €q.)- -Z{“he
solution was heated to reflux for about 4 hours. The resultant dark mixture was diluted
with ethyl acetate (2.5 the volume of toluene), and treated with cold, aqueous, saturated
NaHCQg at a volume ;qual to thét of ethyl acetate. The whole mixu;re was filtered
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5 Diethylether fromMerck(r), Reference No.
1.00921. 5000; tert-butyldi phenyl chlorosilane from
Avocado(r), Reference No. 12721; imdazole from
Fl uka(r), Reference No. 56750; pyridine over nol ecul ar
sieve from Fluka(r), Reference No. 82704; sodium
WO YHeE#eN carbonate from Fl uka(r), Refer en®€TNS20079868;
sodi um sul f at e, anhydrous, from Fluka(r), Reference
No. 71960; acetonitrile over nolecular sieve from
thrétighlcalite Jand Bef slid meaertib wafii6 $th ethyl Neettar Uy lokginitanyod fvas

I r. sieye, fromFluka(r), .Reference No.
sopgGHom il Ete b pLB iy hed it e Rishusing NSO,
andbvipbiaRA runderRRfligde8 Mr&sh¥e. Gt 2hRmato phﬁ on silica gel using

4- di et hyl am nopyridine from Al drich(r ef erence No
50% @thylm:s fe i hexane produced a 65% yield of the Compound (9), -D-2’-, 3°-, 5°-

= j ] N et hyl carbodiimd
bﬁ%%ﬂ%%—}ﬁn%&%%ﬁﬁ%%@%gﬁ% d Ref )ér ence No. 16, 146-2;
e s i T
melyBiridid ) 8Y SélubHifie 9 iR eaREI 1 931 APnY ) tREGT with MeONa

| ori de, anhydrous, Trom Praxair, Referéence No.

B J1endrand stiring dhe rgsulianiypicBew splutiomatrivom tduipeyaturREdrappogigately

. 21. 0, T [.NGy st S rel i LLustrative
45 s, T onto v HEmiRLEORY ol TRV, SpYRS B Vs
prewsshed tvith metlanblh §'hd insigfupse hah filtepale Sﬁdgﬂleaébﬂl WweEitia a&% several
. conditions, Varigtiqgns that are. gbvious to one_ o
mey mﬁhﬁP&mqu- i ecHiat o omuinedrindveporaed upder deruged
preddineh Thb GesRIBORAs BReh uﬁ]ﬁmatgf, %id {h@ed g \aﬁrAe& W RechidiGhdhad,

in the appended clains. 7 aims 1. process for

Thepnqueras ilangr avas GY@%*?E@ mﬁmfeﬁewtgzres@ay. ga?stflj?s@gmﬁp?hwﬁer
géiﬁgg)s Uk . substituted w a
pmﬁy r 9?‘3[9265"%&'8&2‘8@1‘“8’?/%{?}6%3% t%&e' carbon adjacent to
the.ring o en therehy formng. a anyl | actone;
( b%eétat gof?i‘?(tﬂ? B? oﬁ%’? r%'alef"r?é‘“gﬂ}fl%nwﬂ Tmegndoxgolifing @1
mi/ipmel)eaid dhibrekigiéthyisilattaGan9an Keetodifile (ARLMABIWA stirred at
optionally protected furanyl |actone with a reducing

TOOR (REPRETSUP S APEOXIRARY 8 RE0FI0 dpe s vRRgolstl thA Fi-etreated
withWilforohietid %yﬁn&érjgg,ﬁ??ﬂa' Hfe® Al éﬁﬂe't@:ﬁﬂcﬂatarreof%/ 30 mimutes.

LIAI(Q Bu)3H"to e the lactone to a hy
4-nigpphepo! (8 ead Wag gddeds andthesdution was stirred for approximately 3 hours.

The reaction was quenched by adding water to the solution,I and the solvents were

evaporated under reduced pressure. The residue was taken up in dichloromethane, and
washed with aqueous, saturated NaHCO; and water. The organic layer was evaporated
under reduced pressure. The crude residue taken up in dioxane (25 ml/mmol), and
treated with a 28% aqueous solution of NH4OH (5 ml/mmol). The solution was heated
to 50 °C. overnight. Next, the solvenets were evaporated under reduced pressure, and
chromatographic separation was done using a gradient of methanol (5-20%) in
dichloromethane. This produced B-D-2’-C-methyl-cytidine (11) as the desired product in
75% yield. The product was crystallized further in EtOH.

69



product conpound; and (d) optionally reacting the
furanose product conpound with a protecting group. 2.
The process of claim1l wherein the cyclic ether
reacted with CaOis D fructose. 3. The process of

wherein the furanyl lactone is
wo}"@‘%@?ﬂ -D-ribono-lactone. 4. The pr oc eBST/B20y04164
1 mhereln the protected furanyl | actone is
2,3, Ll nz o [ o-l actone. 5.
The S%}%cgseieogiegge%‘? %ﬁbﬁﬁﬁ&tﬁi’g’f" R ‘il‘tﬁggn ose is
Nﬂ~fﬁnﬁtﬁylﬂ:rr£énhi&md1ﬁ:§éthyﬂa£tam5ﬁ}ﬂluk@ Rferbhde®fclnaayase. 6.

rocess of claim1 wherein the %(otected fur anose
N; —&Ti%@y oxuqnyfls avermglerylay fievs from Fluka®, Reference No. 40248;

%emwmt 3bE16tk RSN GRS Brba TACS 6r BRAGES e?ére&éeaigﬁ‘ &14607,

rein the protecting group is se

Digthglefher GomdVerck h §efstence Nl 1 009@112@@1],, p-t ol uoyI

teﬁpg{z&ﬁgjﬁzﬂ)‘msﬂ% %r?) 139 ber?(i/r ﬁefg %%Iﬁ%l I?zf]subst i tuted

mﬂatﬁeﬁnmmﬁka%ka‘e@ﬁwmsﬁmo affect ed by the reducing
ent of The®pr gcess _of claim7 wherein

PYF _BY"d’ “%ég’ﬁt’eof&‘ipf AedRpence dlo. 82784 pr ocess of
,so—aahﬂxguzy%Memnatetmm@eRue \c/ﬁmuﬂﬁﬁé‘* (C=0 -al kyl .

he process of claim1 erein the reactions.
sodipe sybipte, ankiydsons, ﬁomi‘dlﬂm%rﬂef@eioeﬁoeal%ﬂpm t he group

oo BRSSP Befbeul ST RS, BB BB T ocess

NNfdde:thylfbrﬂaaﬂﬁiﬁroeemdiémz{r eReé from FndaP Refdrenice N IRS;

' about t bout 50 C for the first pr oduct
M- ‘3 B*Bﬁt{?athé’e gevaﬁﬁﬁg erepge N9- 35,87 X 6inher ei n

4-difethyRindtop atﬁeﬁ%pga&tuhﬁeﬁé ut 5 days to
' abou? 14 Odgi;s 13. The rocfgrggéo qu7?(%912 wher ei n the

N t(%'@ﬁﬂlet]tlﬁ%mﬁﬁppﬂjrmeﬁé@aﬁ)qd@ﬂd oninalesilorie dafiomt o Aldrich®,

dayﬁ 14 npeess of claim 12 wherein the total
e%orc%ﬁﬁt 62@?? i s about 60 hours. 15. A process

amwmm ﬂluqrglf: fiam Ftela& Refgreac i@ 097420 Wi t h D-fruct ose;
BZ the oduct fromstep (a) with C& and

06K ?lea@&’it%‘?g" m 2- C- net hyl - ri bonol act one;

ethyl acetate distilled over dtphosphorus pentoxide

hydrogen chloride, anhydrous, from Praxair, Reference No. 1741100; and

diethylether from Merck®,'Reference No. 1.00921.5000.

The foregoing is merely illustrative of the invention and is not intended to limit
the invention to the disclosed processes and reaction conditions. Variations that are
obvious to one of ordinary skill in the art are intended to be included with the scope and

nature of the invention as defined in the appended claims.
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c) reacting 2-C-nethyl-Dribonol actone wth benzoyl
chloride to provide 2,3,5-tri-0O

benzoyl - 2- G- et hyl - D-ri bonol act one; d) reducing
2,3,5-tri-0Obenzoyl -2-Cnethyl -D-ri bonol actone with a
reduci ng agent selected fromthe group consisting of
NaHTe, Sm 2, H2 and a Pd- phosphine catalyst, and
LiAl(OBu)3H to afford ¢laims

2,3,5-tri-0Obenzoyl -2-Cnethyl-(i-D ribofuranose; e)
benzoyl ati ng

. gqoﬁr\?ées% E‘(%rg%pglﬁﬁggﬂr&%sgé&ﬁﬁﬁgﬂg? (3-D-ribofuranose in
1@, 3p8dinpCaai Dubampaysolion 028 ylic(eDsurstiote et droxy

12, ansf PoHE R a0y F b Mifeegh o fae ias paen By Ggmine

16. TheéukiRtasmeof claim 15, step (a), wherein the
reaction time is fromabout 5 to about 25 hours 17.
TH ppbtecélglsly protasting the feranyilegioneayith quprotcsting gnup if necessary;

EI' (gp e fé%EﬁH tf({ n?r%géd{ed%%aﬁ%l l?&&i&twﬂpa reftu Kg aée‘%t selected

proce step Where; n the: sol vent
is 1, frooi thegﬂmupxyetsisangof NeHTq [fmlpihcad 9 Ftﬁﬁplmsldmm caglyst, and

5 ouFATGBRAL RbE e TR 3P o BROET Bodep reY rufan

V\,her eEfbdﬁﬁ@Ufﬁbbm pidceeds for about 30 to 60 m nutes
e process of claim15, step (d), wherein the

s &Dv eARticalkprepeing thefurnae proguct ‘Fﬁ'@P?}F'é’d’é‘élka BROtECing gHoup.

15, step (e), wherein the solvent conprises

. ﬂrhapwcé@%toh epsel RARRin thé 3yclitiendP FRERA i C) RIDHbStose.

step (e), wherein the tenperature is from about 0Oto

about 50 oC. 24. A process for pre%arln
- e posassiof clpinpl abewsin e furpry] faptaneds HGmg Vhpamglacmne-

compound conprising: a) reducing an optionally

: @‘ﬁ@bl%%&s@ dr glaﬁ'x IeinRder fe bERQR RFMONECt¥hd R 2,3 5-tri-O-benzoyl-2-

Red- Al /ethanol = to obtain an optionally protected
g-1aethpl- Pyrlbop@atanebof ur anose. 25. A process for
prepari ng an optionally protected 2-C- nethyl-(3-D

R e P e e

abmmmnos;mg agent selected fromthe group consisting
of NaHTe, Sm 2, H2 and a Pd-phosphine catalyst, and

. Jl'hé_\l p&%s@%} gilgllm 1 wherein the protected furanose is 1,2,3,5-tetra-O-benzoyl-2-C-
methyl-p-D-ribofuranose.

.. The process of claim 1 wherein the protecting group is selected from the group
consisting of silyl, benzoyl, p-toluoyl, p-nitrobenzoyl, p-chlorobenzoyl, acyl, acetyl,
-(C=0)-alkyl, and -(C=0)-aryl, optionally substituted with one or more groups not
affected by the reducing agent of step (c).

.. The process of claim 7 wherein the protecting group is benzoyl.

.. The process of claim 7 wherein the protecting group is -(C=0)-alkyl.
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P10 P10 OOO O™ CH3 CH3 =~~ nod" % P20 OP3 P 2
OP3 Il 11l wherein each PI, P2, and P3 is

i ndependent|y hydrogen or a suitable oxygen
protecting group; and 73 b) optionally protecting the
ri bofuranose derivative conpound of the previous step
to forman optionally protected

10. 2FHe-predeby bt f 3mD> Wheﬁ@fﬁ@ﬂieﬂr@@c&ﬁm?bx@ CM o i@ sélvefttdelebled from
Cifi:%é PZO. 'OP3 P20 %3 |11 \% wherein P4 is
PEHResEIRe ‘rﬁf’a?tbljlé??“}?rl %d%%ﬁthoaﬂa angy {pabydselyrane tolusge
Gh@HRancA6. The process of claim25, wherein, each P,
P2, P3, and P4 is independently hydrogen or an acyl.
The process of claim 25, wherein, each P, P2, P3,

57
11. Theipmgess of plawe h arhgesin th reasijen @g@ﬁramre sarigs gy aboupss °C to
T 0% I the reduci ng agent is
P DO EE Bl e U2 150" "
rocess of claim 25, mhereln the reduci ng agent is H2
12. 3helprocesd opplaisph whereirctie ditgldime 00 syrtimeisps bomsbowfs ddyatan
in the reducing agent is NaHTe. 31. The
g@%%zgg&gf clai m 25, wherein the reducing agent is
Swlz 32. The process of claim1l1l, wherein the total
13, Theprotess ofglainh &3 vherics thetsal tinerfob§mtteais issfrorl 3bout Salays to 10
Qégcess of claim1, conprising:

14. The process of claim 12 wherein the total time for synthesis is about 60 hours.
15. A process comprising:

a) reacting aqueous CaO with D-fructose;

b) reacting the product from step (a) with CO, and oxalic acid, to form 2-C-methyl-D-
ribonolactone;

¢) reacting 2-C-methyl-D-ribonolactone with benzoyl chloride to provide 2,3,5-tri-O-
benzoyl-2-C-methyl-D-ribonolactone;

d) reducing 2,3,5-tri-O-benzoyl-2-C-methyl-D-ribonolactone with a reducing agent
selected from the group consisting of NaHTe, Sml,, H, and a Pd-phosphine
catalyst, and LiAlI(O'Bu};H to afford 2,3,5-tri-O-benzoyl-2-C-methyl-§-D-
ribofuranose;

e) benzoylating 2,3,5-tri-O-benzoyl-2-C-methyl-B-D-ribofuranose in solvent to form
1,2,3,5~tetra-O-benzoyI-Z—C—methyl—B-D-ribofuranose; and

f) optionally isolating the 1,2,3,5-tetra-O-benzoyl-2-C-methyl-B-D-ribo-furanose.

16. The process of claim 15, step (a), wherein the reaction time is from about 5 to about 25

hours

17. The process of claim 15, step (a), wherein the temperature is from about 23 to about 40
°C.
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(a) adding CaO to an aqueous solution of a cyclic
et her substituted with a hydroxyl and a CH2OH group
on the carbon adjacent to the ring oxygen reacting
aqueous CaOwith a cyclic ether that contains a
hydroxyl and a CH2OH on the carbon adjacent to the
ring oxygen, thereby formng a furanyl |actone; 74 (b)
18 AR ipRee &R A5 03R), bhetdRteth@ sk bkt §s pgrmlﬂetﬁbmﬂ;ah@
furanyl I actone; C) separating any resulting solid
d aqueous. phases; (d) .treating the aqueous phase
19-%%@%{%88&@ chim () stepf@). hersin e gastion gr@f:ﬁzﬁéﬁfor oyt 3o 6 hours
product of step (d); (f) separating the organic and

20. 304 §R6sP BASHSm S&Ea@w@her@ﬁ feBEctRhIFBERIS %rvﬁd%t 30ft0 60
t he organi c phase, ereby i solating said furanyl

Ineutehe; (g) optionally protecting the furanyl [|actone
with a protecting group if necessary; (h) reacting

21. 1€ pRREds QR RlalnY 1B) éﬁﬁj %efe'ﬂ{ 1@1@35 IvERChRPEseltdifer,

reduci ng agent selectéd fromthe group consisting of
NaHTe, Sm 2, H2 and a Pd-phosphi ne catal yst, and
22. [Thppragrsef slaim &5 rséap () Wiheesin the selvent comaridey d Podispicthoxyethanc.

group, creating a furanose product conpound; and (i)

23. Q‘IHE :pﬁ:raegsl&fcra@rﬁqts' f6 té;ewﬁéfélﬁraﬁéémg@&ﬂﬂg fs £ATRBLRD ¥ abBut 50

otecting group

24. A process for preparing an optionally protected 2-C-methyl-B-D-ribofuranose

" compound comprising:

a) reducing an optionally protected 2-C-methyl-D-ribonolactone with Red-Al/ethanol
to obtain an optionally protected 2-C-methyl-B-D-ribofuranose.

25. A process for preparing an optionally protected 2-C-methyl-B-D- ribofuranose

comprising the steps of:

a) reducing an optionally protected 2-C-methyl-D-ribonic lactone with a reducing

agent selected from the group consisting of NaHTe, Sml,, H, and a Pd-phosphine
catalyst, and LiAl(O'Bu);H

. Plo rlo
0
0 © OH
——— -
CH; \ [ CH;
P20 “op 20 %P’
(an (1m)

wherein each P!, P, and P* js independently hydrogen or a suitable oxygen
protecting group; and
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b) optionally protecting the ribofuranose derivative compound of the previous step to
form an optionally protected 2-C-methyl-p-D-ribofuranose
P'o p'o

0 OH 0 opr*

......__._b.
CH, \ CH;

\\S‘ ",,,,, \\\\‘“ ‘."’l/
o or’ P20 op’
101 vy

wherein P* is independently hydrogen or a suitable oxygen protecting group.

PZ

26. The process of claim 25, wherein, each P, P?, P, and P* is independently

hydrogen or an acyl.

27. The process of claim 25, wherein, each P!, P2, P, and P* is independently

hydrogen or a benzoyl.

28. The process of claim 25, wherein the reducing agent is LiAl{O'Bu);H,

optionally in a solvent.

29. The process of claim 25, wherein the reducing agent is H» and a Pd-phosphine
catalyst.

30. The process of claim 25, wherein the reducing agent is NaHTe.
31. The process of claim 25, wherein the reducing agent is Sml,.

32. The process of claim 1, wherein the total time for synthesis is less than 60

hours.
33. The process of claim 1, comprising:

(a) adding CaO to an aqueous solution of a cyclic ether substituted with a hydroxyl
and a CH,OH group on the carbon adjacent to the ring oxygen reacting aqueous
CaO with a cyclic ether that contains a hydroxyl and a CH,OH on the carbon

adjacent to the ring oxygen, thereby forming a furanyl lactone;
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(b)
©
(d)
(e)
®

(g)
(h)

(1)

adding carbon dioxide to the mixture containing the furanyl lactone;

separating any resulting solid and aqueous phases;

treating the aqueous phase with an acid;

adding an organic solvent to the product of step (d);

separating the organic and aqueous phases and evaporating the organic solvent
of the organic phase, thereby isolating said furanyl lactone;

optionally protecting the furanyl lactone with a protecting group if necessary;
reacting the optionally protected furanyl lactone with a reducing agent selected
from the group consisting of NaHTe, Sml;, Hz and a Pd-phosphine catalyst, and
LiAl(O'Bu);H to reduce the lactone to a hydroxyl group, creating a furanose
product compound; and

optionally reacting the furanose product compound with a protecting group.
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