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WD 2004/ 052899 PCT/ US2003/ 039643 PROCESS FOR THE

PRODUCTI ON OF 2' - BRANCHED NUCLEOSI DES CROSS- REFERENCE
wabeog/osa8pd i cation clains priority to U S. ProvPGT/ORZN3/039643

Application No. 60/432,766, filed on Decenber 12,

2002, and U.S. Provisional Application No. 60/466, 194,

filed on 5 April 28, 2003. FIELD OF THE | NVENTI ON

TPROUCESI Y ORTHE ERODUCPFONOF RF-BRAN OIS SAFCLEOSIDES

anal ogue conpounds that have protected oxygen

substituent groups, and in particular,

2,3,5-(independently optionally protected

hydr oxyl ) - 2- G- net hyl - (3- D-ri bof uranose and

2, 3, 5- (i ndependent | y oﬁ?P@ﬁﬁ“ﬂ?Rﬁﬁp%rotected

hydroxyl) 2-C-nethyl -D-ribonic-y-lactone. This

invention further includes a process for preparing

nucl g i ?ﬁ%a’u@ﬂ @wnﬁs Bﬁbh’cy%' @K, Pvistondl | APPERARAERS | §0/432,766,

opt i onal rot ect ed
ﬁhgldmdiqde)nber 12; 2962hsnd US. Dreyisiovd] epplivptioroNal 6§/466,1 9 filed on

prepared using the processes set forth
Aﬂ%ﬁ%ﬁ%g&%nd specifically, the synthesis of prodrugs of

phar maceuti cal conmpounds. Nore particularly, it

descri bes the synthesis of conpounds 15 that serve as
prodrugs for the delivery of antiviral nucl eosides and
nucl eosi de anal ogue FompiortHRENVESTONINDS, and in
particular, the 3 -Ovalinyl ester of
2'-C-nethyl-(3-D cytidine. BACKGROUND OF THE

sUgal M3 ARTBHHBLS BOURE e oBy e, 3igeE B oESoeompotnds that have

protéele@Qsidydas sabifitueht 8r6ups, 4l in partlcular 2,3,5- (1nde§endently optionally
2- C-net hyl - D-ri bono-1 act one. ear

prosbskoda iy 4 oribobisandeor ands ﬁ@mm@eppn@enﬂy optionally

pr. erc%gﬂ‘gygg é&ybr%ﬁo%eﬁkD The Sai harl ntﬁllsACI d onli{llrther mcludes a

pro6disi ol YrepaBRl | mltl@siks, 24 in (p&ﬁ&ma} 3UB’f éf@ﬁde%'tly optionally

product 'yiel ds were only approxi mat el y 10
pratseigd hyRwxybaeC-methy]-frD-agtilingniptiopali esing éh¢ sugar prepared using

o BBtk 4 BB LSS0 B USRS o s o

pl(aHnadélu‘utz& RompBefidsC fM@re ﬁ&tl&ﬂﬁﬁy (il &82jibesathie @yﬁtﬁébls 8f compounds
. Lop ez Herrera al Car bohydrate Chem stry
thqts-'(esye epFOdES éqrgfba)d)ﬂw%wé@evwr%l %C%Paé@s@n m@&msm gmalogue

SRR 5 il o S, O PO K S .

cytidinet o establi sh the positions of .inportant functional
5 groups on the conpound (John Sowden, "The
Saccharinic Acids" in Adv. Carbohydrate

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 Saccharinic Acids” in
Adv. Carbohydrate Chem. 12:43-46 (1957), citing C. Scheibler, Berichte 13:2212
(1880)). Unfortunately, product yields were only approximately 10% (Id.). At about the
same time, H. Kiliani synthesized 2-methyl-D-ribonolactone by treating D-fructose with
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Chem 12:43-46 (1957), citing H Kiliani, Ann.,

213:361 (1883)). In the early 1960s, Wi stler and
w@eddlos:sp9 at t enpted to i nprove upon Kiliani's PCT/US2003/039643

synthesis (Roy L. Wiistler and J.N. BeMIler,

"a-D-d ucosaccharino-1, 4-lactone” in Methods in

1S L [y - Rr 0l 4. s | st er

N o (S Sgnh epichie! B0 (ST B kitpd B, B Bbpes-Horrera
ethyblr dxirbehydmmte r dbamistey, 13GHAET775H6(1994)).emHuiviever, the process

Qi FRE R s Rcca R um ndroiat A e 1 100G at 768)

Kafdn€s pytesshhbweenhbiedhif tcy\@sttibl%%itﬁﬁrxﬁ loe ﬁn}g&{ i functional

di hydrate, and filtered under press e resi
grpEes om iecepmnepod (lolihSowulen, ‘ShelacthiakinicAnisls’s ireddy Caxbahydrate

| ]t i ned; L vent d duced
Ok RS (R Th e et RANET grBuabeo] MadlTs (07
crystallize under refrigeration (ld The final

pr odbicthe\eady d 96Rs Whistler and ?eMﬂlﬁntattiznﬁed(uodmmom&mn Kiliani’s

. i (F10) | | | S . 2 2
shlsB8 AherPigyd TRUYS, ARNEL 451 ppmassrarigp1 4octone i
Meehadsret OgtbolydrakeoCherlistry,l R4840A85 {1983)). Whistler and BeMiller added
2,.3- O i sopropyl i dene-D-gl ycer- al dehﬁde as an
bl Alst LAY Vi DSsionedushed Beezstrparite niogen gas,

ani%f’]re'ﬁ_éafted fashab élgd'cégse Al afeeks‘]j ﬁé&h&%?&ﬁaw%g%aﬁ{téiggd for 6-8

.J. Lopez-Herrera et al.,
wetkenafter rwhich it 3¢5 )treatd-witth COb 284 oxalic 768 dithd}ate, Had filtered under

rocess, of ez- Apari ¢i 0 i n¢l uded condensi ng
P8RS T et T WS grRreiBAl (ech HOP ke Pondistency, and filtrates
odbifeRt; R ¥ntCAaRRAME ' '
© to pr Qducen rret%gl E“u(n%ﬂ%h%&?{}ﬁ%/%?fg% %me %p %?ﬁ%%&ﬁ]&x allowed
tojesystal b dge reftigeragorh(Ii.) 2 The finehpandest yigidrvedsystillnanly bbout 10%
(Ici_lgt)IS nd photochemnically 25 isonerizing the
—pentenoate; | actonizing the pentenoate product to

produce a butenolide; tritylating the butenolide at
C 5 1Byan aempiofp Wnprove rreguct crields.i Hepeardipasicid ¢t rad, reported the

. G ST RY, | At Wi potassium ..

S 2 o AR BB P -

aldrhyde es amalterhitéve. toFhe Kiliane spnthésiOLdpbs-Alpatitipl et al., Cai_’borl]aydrate
reaction wt

tr n t hyl (o was achi eved by
e e (N T R e I S .
- } H r ] VAl f .
o R R i S
2,3-9-isepropylideseThiglycerbldgbyde based owithhe gr am(fasshoxy-carbonyl-

o oo DHGP R il el Tk sy 45-0-

isdpRliytide a2 an, ntotiofled Bfdraloib 3Y1E1)Wehd photochemi
2004/ 052899 PCT/ US2003/ 039@13 I9’ri oﬁ%l a0t nand | photochemically

isoReRaizingothe Penenenie deeeniging| thp penteynatd piodudtto produsas Huaenolide;
B FRTRY i 8 0P S O IFEAFe ol RS 0
cis-hydroxylation with potassium permanganate and methylene chloride in the presence
of a crown ether. Final removal of the trityl (triphenylmethyl) group was achieved by
reaction with TFA (trifluoroacetic acid) (Id. at 768). Lopez-Aparicio et al. reported
product yields of ribonolactone at about 80%, but others were not able to reproduce this
figure based on the gram mass amounts of materials provided in the experimental section

of their publication. Instead, calculations indicated a percent yield of about 36%
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per manganat e and speci al i zed equi pnent for irradiation
to attain photochem cal isonerization, and had a
worzovisaspof 60 hours reaction tine (l1d. at 768pCT/US2003/039643
770-772). 5 Walton et al. described the synthesis of
2' - G- et hyl adenosi ne from 2-C-nethyl - D-ri bono-1actone
1iboNvldcBhee tInaddditioh, A $r06eEs 98 TopeAApaidio +P &t was(thP &k complex
In this _case, the |actone was converted into its
than gthg . Kiljanp syathesis) remired dbevese af doxinereagedusech vist hotassium

pé}hﬁpgr 2 OF%E %p%ﬁih%{ea Cé)c{)gﬂgoyl f(gr %r %10%” t8 ngttcraqrrl Bhotochermcal

isomttiydtioR: ardieliur minieem(dfé0)houktegniohIinds ﬁ& SRT6RLTNG772).
the anonmeric nmixture both on acid 10 washed al unm na

d I a.
70 YA R B T ARRSTRER 8y 2 -
D(ﬂhﬂ))io-lhotomrr (W altdaroetaal 9 JdAmﬁkanaﬁ@e,l”ﬁB(lS}) 4324- Sadl®I66))O Malthis case,

ey i B o b bapy Se s e ihen reduced with
bl@@%@ﬂﬁk’l’ 2oty TBbANE 16 Blovidedn @'ohie?lﬁfrﬂﬁﬁﬂg oF 2,33914-0L benzoyl-2-C-

i solating the final product romat ogr aphy wer
meibyHPerilidfdranosel @d.pr Aviamptrat eepwahtlng:ths anéherdc mieture both on acid-
5-f 1 uoroc

W%%n%:hﬁg&lﬁ?%dsgl} Pﬁ"sq, %ea F?S&fp%‘im Igarangeme é{]@dl ?g-tetra-O -benzoyl-2-C-
m%y@@hbb!ftﬁéﬁo’sé’&m Micddrhe ﬁbi@&ﬁfrm@ﬁféﬁp rihé §@(ﬁ¥1619ﬂ steps of
[ .

(Malton et al vi ral Nucl eosi des

trqatiog dlg mixqshenarers withhsazed ¢hlpridgrig epyadm rto s>b1:eﬁn 1,2,3,5-tetra-O-

e b A A RRRP AR o, R Sk PR "o el amgpet by

: chr(bmabgraphy a/eré ﬁeeded (dag dniterViVaBen avali ﬂ@sﬁﬁﬁed ﬁle synthesis of 2’-C-

nt het.i c procedure

_%kg]@ % In both S¥1
meEi L5 BetocY bty 2 v e Taprouidie, ichal- FodiuSrmethylcytidine
v1¥ | @b ngﬁea't %Hn)éo@k}géhttloilllgwt e 9% %t{%ra? ]gwl%)s%es 22:306-309

descri a syntheticr or prepari
(186Yinrc Ndawevdno noedpectsilly elargeHamoyntO dfu@eglﬁtosﬁlle formhevghen 2’-C-

.62: 1754- 9 rcjally avail abl e . .
m%%‘m@“ilrl? WS 5 '36%‘? e N B R o0kee Tdre tyo bR HSruR iSelf is a
toRicatddeAOwhHR Roiddhee WeSRaNIEHID! R %Bﬁldsyfnﬂfém: PedceBREE described

or D-arabi nose (D arabi nopyranose).

| by1Walten etrdl., thetfi pwdu@mld|mmmm9911%s OXI di zed at

the free 2-OH with Dess-Martin periodi nane reagent,

and Ipr BIJCHerrg-BKard et a0 8867 aZsyketetic rrb@l@ff&%ﬁgﬁ&ing 2°-C-
as well as jts_ corres dlnghdrate The desire
brmaa@ ciboapeleny desa arePekers o el vi rzeXdisas GBSO (1997)

A KA SR T 05 i

m&aﬂwit whichalvhsyprepared kﬁ@ho]d?erélgﬂse dmﬁ])-aMraa'Bhgsdlé $_Bkgiz£tﬁi(iﬁpyranose) The
t Wi, t r/Ti or

1SR R By TR RE S CaES iz Rythe KssCh9H Grih Dess-Martin

TGRSRl M GO 0 SRR LA R
coakipeniting hydraa& k”i]heydeslred bofluctand shlydmteiw&elstmed with excess MgSO,

rpgrr}f?l ectl fo s’canc{3 overmght The mixture was then filtered and concentrated in order
‘to produce a substantially pure ketone product. The resultant 2-ketosugar was treated
with MeMgBt/TiCly (or alternatively with MeTiCl;, CH,=CHMgBr/CeCls, or
TMSC=CLi/CeCl3), which produced an anomeric mixture of the desired 1,3,5-tri-O-

benzoyl-2-substituted alkyl-, alkenyl- or alkynyl- ribofuranoside and its transesterified



10

15

20

25

30

WO 2004/ 052899 PCT/ US2003/ 039643 isoners, a- and

fl1-2,3,5-tri-0O benzoyl-2-substituted al kyl, al kenyl or
W@bkdoy1054899 r i bof uranoside in a nearly 5:3 rati oP@f/US2003/039643

desired product to isoneric forns (ld. at 1755). The

2-al kyl ated ri bof uranosi des then were converted to a

isBhR - dG8H " 9710 Brs0GHObentod douditituted alkyl,  al
St etrabgnzoyl -2-alkylri bopg? anossul% 2 eb Treat r?ekr?{lyl h alkynyl

ribefiurempbide i erneddy SEMedRicaeitiddsired lpmduy:t amsnmerm forms (Id at 1755).

TEF B Giulindiedinth el dohyBul R Sftpistead wpdver, 1235

tefrabdaz0Pt NulkyRibf@asdsies By ahiend! WEP RN QbHROSEMAP and
( Bei gel man et al ., Car bohydrate Research, "166: 219- 232

triettogatiine in mrmgm’_atajy ad0%eyield witlsa ffot ratig ofétle@ld.al |
1,2:5,6-di -0 isopropylidene-3-C nethyl -a-D

al | oBuigamemeet\as deseibed GHe aPEtheR8 \uiT e nfhyishefebiii& from D-
|ncorporat|on of ap-nethyl benzoyl 10 group via a

glscaendi Buibpbe ﬂ&m@lmaueqﬁ@l d€arbodyirate Restaych, Th6:21¥232 (1987)).
t t 90%
S BB b1 £ SR i, PSP OR Rbeputtens-Cometyt-

alﬁiﬂlﬂml@s%twakl’pr%aréd‘lﬁld @nyted 16 RUHRtIOO idcBEpoBATHRVSAGD- m@ﬂh?lbenzoyl
acetyl ati on Fi nal product yield was about "77%

gr@}lﬁ Via a SifP lbltb’lsm@%e aegyativei (i) ndthisrwag follgwed by treatment
A eliE gbéé; trffﬁ]B 98}6' eic(fldE “Hod\é t x‘fc?at %,o%lngmatlon of the formyl

progecte p05| I 'ONn was subj ect e
groop oanbatempousid] ind svetghtttahJdl, Fiﬂabproﬂuetaﬁeld vids abotit77% (1d.).

ss, tol uene-p-sul fony] chloride in pyridine (14).
Wathe Db o s SGEING Maishid i eATdirethyipopt Py lAtReaderivative with a

pfé%’te@tﬁyp&ﬁud?f @Qé'gifbfeclfé'ﬁ' t8 Qld%? Qﬁicfeﬁ%ﬁ%n KR dEllfﬁle Bfhtn treated

i ncludi'ng, for exanple, Kuhn net ation, re
with t ¢KCE$SAIt¢Menaap-§qunyhc¢lﬂemm alhymemﬂmdn(_bl y§hs compd)unds were

L@C et u\él tiX/I on g(}/ |£bl%ld {?L{,‘agﬂeﬂ 8?}%&@% Aﬁ%g%i)aoﬂ&%{1rgh§ 'kgxgwgd%the art,

lnbh!lﬁlrfgeﬂ)‘!' |ekﬁﬂ ROR i nidByBitio] £dadn RYEIAISL, Gh TH%Oamd-catalyzed
Novak and Sorm detail ed t he preparation of crystalline

hydrelysigtand acesylation by beiling idexeesaticn@ ie opmdioe dd)f rAwerage product

BT R AR AT 0
Czechosl| Ch , 34: 857- 866 (1969)). They
c hgflﬁg?aé?mr{er%t%mhgp@pa&aﬁ@n Ry elfyésa»ym(egz-guiagtayl Dte}@ose and

defivRidvd kl[ %}10%& hom?2 2CC ! ]? Efbgﬁtf)l%taﬁé) s{ide sodium borohydride

particu y I'n conparison e simlarly si
redctiondd X | Nawaliup o rSdring ColiedrizgpCredhosdo. mnm:ownum 34: 857-

SaiaDl . TN it i e Rh e ey hSBD ok e 2epsiion of the
-C%eﬁ&ﬁnﬁmt)ﬁﬁg pgrtféuﬁrltyr iir QodfRki¥on aﬁﬁh the similarly situated

55tri- O benzoyl-2- C net hyl - D-ri bonol act one
h}dnaiybgwg) omhﬂjponrmpgncpn@dmm dd)y While dhe ®yduoxy ydreup on the

i- O be D- ribofur
1P ¥ B e e SR ey ) Hogs SEIPTH R afford
2, BiS&ﬁrG)féeﬁ?fphlaﬁ@ N8 5AALOBERRBT-LLEne@iyl-D-ribonolactone, analogous
2-C-neth - | actones,
conditions produced only 3,5- di-0- -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-methyl-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

4
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whi ch were prepared from D-1yxose and D xyl ose via
hypoi odi te oxi dati on, and which had p-tol uoyl
wWEe@iesasing groups at C3 and C5 on the | act onePCDUS2083/039643
Novak, Collection 4 WO 2004/052899 PCT/ US2003/ 039643
Czechosl ov. Chem Commun., 39: 869-882 (1974)). In
Cparhbslow| @em. aCotnihid; 89: bggecs sk a97k ctlﬁ%rt\imar 2 2- CH3-r1bono 1,4-

synt hesi zed by‘zﬁ/drolysmfroms - p-tol uoyl - 2-
lagtopegwas gniesized byabydplysist dom Jbmrdokeyl- ak2 CHs-rlbono 1,4-

lagt%ﬁgr PR Woddver UNOYI 'He§c§‘f%%ﬁ ?ﬁ{&l’c r&t Se lgaﬁro%g%d lactone

S from one an resu
prpduxdmﬁtom whe anothbd, canﬂlregﬂmig Ej’lﬁp&lkle’o‘}ﬁbm vdmn alebRkcking of the

B BB b it 1O

Akt i endgesel | schaft (EP O 288 847) reported
epi nBothzEekyonTanabe eGs e d.td. ofP pilePE259RY andh (BASE Alaidndgesellschaft

O BB SRSE SRR Aol s

fréMD-aRbHRvE, 2ohRRotardinl SRS PR TR O BRA ng 10
or gani c sol'vent in the presence of prePera 'y

I I b
col | EOP atite 85,3487 Ralhel gpeli‘l%&z%‘fm STRgHraHs Praghipse in an
orgaride sOlveidt iatiRNpresa@calof 4 ﬁfé@er@lﬁ&lrﬁﬂlyﬁdi@h@ﬂg QcIBART h&oric acid
(a polystyrenesulfonlc acld-type strongly acidic ion

0@3&9%@»90@ legtianrandoppseage o thoreacten ligyid thugselpadr or Besdt;lqnt metal-

o UALEP kbt ek F SRR TSR, gy i o

exGlanpe 2892 corlested m:h)Ca-tS(ﬁe BASpredferaad); eﬁuﬁommlm&{l‘é separate the
roces n mhlch an aqueous al coholic_sol ution
B L B P ne B FOmPALE G BT Aotac),
basi ¢ ani on exchanger | oaded with a nol ybdenum (VI)
C orrpB)tl&ﬁEi teaThes ae¢qm£ineousqoro¢dsent whichnd aquemﬂ/aldayhbhcamhtion of D-
qr. & t hano L adde)g 0. pe drledefl ate and th ure
arlinfd® Bertas B v i B8 e tia LA SblrcBion pBanaet 1ogdcd with a

m&lyBdeakin O¥B ovaipindhernd sluaRparafcedd and d&%{% flang] TR ethanol

remaining filtrate is concentrated 20 and purif

adé?fl:t?rthﬁ ﬁgeql slugistanddhe wivgwre qooledito sbowidl 1G @dcryﬁamlhe useanverted

N 1 L e S—

and @u;&ﬁbdadcdoﬂh@g toameihodoBovat tottheseGkiltah keZat bW aStr888y acidic
(EP 0288847 Bath the rocedures of Tokgo Tanabe Co.,
ioy e¥chaggfy 13 QfGFIPe &Y progduetdreerabiagpdriagse eecycled into

arsHidse @E@all‘iz%ﬁgﬁ%g Wgzgglggaoroduct conpound has
tIng S

yet to prote grou added. Japan

Tob | | tect

t ﬁgaﬂéo?lefmgﬁrﬁes&uﬁ%ecﬁaf@anﬁ%naﬁsﬁé&acﬂfaeﬁéﬁéf e gplipticated
an@ CxPeltiNO by ilBmBAt &% FeBBHY AAdd thdVplddut ESHPOHY b V&8 0 have
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-elimination 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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to cause beta-elimnation of the 3-CH and fornmati on of
a doubl e bond between carbons 2 and 3 while

wa@rembsmmeous! y acyl ating the 2-OH group, and PCTEE1093/039643

catal ytically 30 hydrogenating the doubl e bond between
C-2 and C-3 and renoving the protective group 5 WO

t2RQdilcdite BAOHPSEE BBA0 636,639 34 3EP® 58YereAAl endPERD 552858 B1, as
EP 0 553,358 A, and EP 0 553, 358 B,

EE 0 526, 655 Al

wg asmrlU%gqlilWépmsUsSéq%?ﬁv%ﬁSemdsU 8. £3957692, 955 and

U S. 5,391,769. O her related work on syntheses of

ri boOdhenathtedswarid on wyathesesadd gibesoladtordes zﬁfdoml@t eflalogues with
substj t uent S|nc t following. 5 Li et al.,
P@eﬁzﬁﬁﬂ%‘gigﬁnﬁ@c “gf% fg’@?‘sﬂ%s (2001) synt hesi zed
2'-CO-trifluoronmethyl pyrimdine ribonucleoside from

1, 3, bi etral., @FMLWWa30-)r1|OBﬁ>-Q8r(2@ﬁi5) synthesizdd B rC-B-trifluoromethyl

ted
oG Sbbelsrids. dom . 435 herny o R Bbetmpsturan  then
céfttedrip b A% 5-di- Tj'lBeﬂz@?I-E-rC -premdendait-yabi lVﬁbdiﬁ%Q&eW ;jlr)]romlde.

was found t.o be an effective reaction internedi at
Thordafiggr heamide darivative cosingvad was Boimyb|trahe ean aiffective reaction

5. (1986 th d
ngér%%ag%lﬁ%%h‘gi%osgéf%éf g?‘? \(/e co?rpoﬁ%gs Sls’laze
benz Iatlon of 1,2:5, 6-di-0isopropylidene-3-C
ot RPFESIEn R lof b &bin o T2GPN 25967 G086k swithesied 2eC-methyl-

Dise! & Nich @oﬁ?hﬁﬂs’ R Ke&%’eﬁ%}legf lt?§ 6fciiIO°'-§sopropylidene-3-C-

|nterrre ilate to
mgthgl- bdh-aubﬁlﬂa,nﬁse&ol fsnp adjrstl ml@ﬁnah&ie l(hymdjllyyéd- andQeleatividy heylated
ia

ﬂlaéf %tdﬁﬁeﬂaifflgtra Z& %bg? %@némpﬁoqy&d%edﬁz?-a@m 6-Qoluoyl-
o-HRAG4NB8EE nd %@&ﬁe‘h’tlﬁﬂgﬁ Qelsg%gﬁﬂ}'d@n%ﬁ dogiffhed (Rlith HrBic acid),

again to provide 1,2
dﬁ@@@}ﬂa’fe&z @etdatag) debedzyloted ogrid @8statedbagain anopevate £2,3-tri-O-

g LR SRR
| ucosaccharinic acid, shown to

be
2 c- et -ab r4l4i6- Ghemisai Scandingyicab§9ANREBH#n@965), reported the

pr%#eﬁgﬁ(m;&t a-ﬁ %IF' Jsﬁ&%%ﬁﬁlﬁnat%féll, %r% 3v1’?fo € %kﬁ gatypy{-ngo-perﬁomc acid,

byd alalifih dreatioent , of SD{RARY 04015 1 80-s(BRiBHd DlEsiGtosdada & 1,4-lactone
- shor t, rout e for obtaining a furanose derivative of an
gdiate- hy reducing a tetraacycl ohexono-gamma- | act one

to its correspondi ng tetraacyl hexofuranose through use

of szﬁu‘aﬂ)dlbdrAané’thac BE@Bk:b41p-8@) €165), Wescrited Gt shott route for

IS _pa cul ar | ortant _for or mati on of
ofipfR e ifoas danthR G dgfen by et Prmmhclphssgro-gamma-
ladigd @PRE E6FespBBMRE t&iaadYlhexdiiah8icCthAfloHSuBEST disiamylb

10(21) : 6695- 6714 1982)&r eported the giPuBRAT. disiomylborane as
reducing agent. The reaction is particularly important for the formation of intermediates

in the synthesis of C-1’ furanosyl nucleosides.

Kempe et al., Nucleic Acids 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 protected nucleosides were used to synthesize
oligoribonucleotides on solid silica gel supports, and subsequent deprotection resulted in

the advantage of minimal internal nucleotide cleavage.
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2' -benzoylation at the cis 2',3 -diols of protected

ri bonucl eosi des and i sonerization of 2'-benzoates to
w@200beseBoat es. These protected nucl eosi des werBCTUESIH03/G39643

synt hesi ze ol igoribonucl eotides on solid silica gel

supports, and subsequent deprotection resulted in 30

t he alaMegRs6ab Sehmidret all aéteildibthe Biahedd offRir€ liBéyARRone from
6 WD 2004/ 052899 PCT/ US2003/ 039643 " U.S. 4,294,766 to

a gk e Bbonglactonstagd |agapopplaciopat Rekqnelagtong i an intermediate in the

- . . 3 Xt Wre: ri ;
R REBPPeDONE I AR Byt RRRL A 6008 o prsan
ribdrate vas ffhctonizedt, anidhthé resuiting( Mitoaeinrixfzy, .of Avliitx bbome 70% was

.gf ot assi um ar abo aé)c,e tand tassi um .ri bonate was

ribnglacighe, atie. SCRAiatnBY (ESHPEALngPALEEIRA NpREdiexansr or ethylene

g lcxhoﬁ&ﬁéthyl@f’(er\"'aﬁ'ac?mﬁia%%fi%&E{Séﬁgﬁmmz Iﬁaﬂa&ﬁr}fo%% the art,
I g di oxané or ethylene

racti onal crystalllzation usi
sughyaso fornaxaopls, byl usitghim, exchangend, xatbyoconearsrapiap fthe daetone in the

by met kn | n ar t uch as, for exanple, by
prﬁgﬁnﬁ& OF%%&‘E%&PE@ %gtFmB%/bgéﬁec%rﬁflpg?tan the | actone
in the presence of H2S04 or K2S04 and filtering off

the precipitate. 10 Nucl eosi de Coupling Walton

descri bed the synthesis of branched-chain nucl eosi des
Naclepsidedolipling eacting 2,3,5-tri-0O acyl -2-(or

3)-C-al kyl ri bof uranosyl halides with chloronercuric

puri 4&i18h %Fﬁ%—dd| e Fgﬁﬂ&?y&?sbﬁg?@géc%ﬁlﬁ‘%uﬁég’ des,_prepared by

3- Lower al ri bofuranos ernedl a
reagting (X EHan«dastl@for nB)-Crabkylribofuranosyl halides with chloromercuric

1,2-0O i sapr. i dene- 5- cyl - a- 5 .
Pl (F GYRRHUDY omposidn 600 by ARREED: ng-kewes lBikgfuranosyl
. r \/ _r- - J) X o _
A g A SRR L | U B4 1
eryihra-pengafunamay-ulost fixy reacting this compound with a Grignard reagent to add a

5-Oacyl -1, 2-Qi opyl jdene- 3- | ower .
o YRS oy KR ST GBS mupa: i th st pthvay
thal5a0kellyE2-0-ispfpyitiaR-Rldwdr afkyPTRAVbuBMoSMRES Albfdtted to acidic
D-ri bofuranoside; the |atter compound was then
algeholygisedot rmnanaplkyl $OsaelBrliower-alkyl -Bribofisancsidey| the latter
Lhof ur.a | de; e es | Ng ,rd bofur a I de
cogrg)l? {uﬁﬁ’t rY&égﬁ’ &géré:o%:'fye@? gdwo ﬂcﬁf férﬂggi sg’a?;r'gl'@' ¢ Eg]sl%‘g?ri n@lkyl'D )
ribdfiurtanosidd) and the misvithy sibsfiamtbsider dokt they e @okgdrtedith a free sugar

strong acid in aquepus  nedjuy or converted to a,_ .
byj, syby 8 dbig)p bgsig gpb’@%ﬁlsr@}ﬂ hydrolysist ingyirong acid in aqueous
0 e . .
GO0 s Y8kl MO RGN s i s
sotvebbf Um &m0 seond pathewaly athedS -Mrake - 1b 2s0-dsopporgilitlemea3-lower alkyl-D-

rléﬂ%&%@;}? %sla{,cgl_ai@%féfgﬁf ﬁ%}}f&%@h&nfg %]g%l ile i%?nert solvent to form 3,5-
diad eyy1= 122 10-RepoHANRSE-3-1keE N NRSI-DRAIS furBYSE O %(ﬁ’g&l | Nyas  then

strong acid and further acylated to provide
hydeadyzeddni stroag meidi aatddurtha-acylated to provide the desired intermediates. 2-

substituted, 6-substituted or 2,6-disubstituted purine nucleosides having a branched-
chain at the 2°-position or 3’-position on the sugar moiety were then prepared by reacting
*2,3,5-tri-O-acyl-D-riboﬂlrénbsyl halide‘ Wlth a chloroﬁefcuric42,6-d‘isubstit‘uted purine at
temperatures of 100 °C to 140 °C in a solvent such as toluene or xylene. Nucleosides
having a desired pyrimidinone base were derived from 2,3,5-tri-O-acyl-2 (or 3)-C-lower

alkyl-D-ribofuranosyl halide by reaction with a 2,4-dialkoxy-pyrimidine to form 1-

7
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substituted, 6-substituted or 2,6-disubstituted purine
nucl eosi des having a branched- chain at the
WQ@2600p0OSI8P9 on or 3' -position on the sugar noi et BPCTHESI03/039643
t hen prepared by reacting
2,3,5-tri-Oacyl -D-ribofuranosyl halide with a
(Z;?]B-@ﬁméyﬂlﬂ i(6r 3)&-tbveed bak It DirffdAehdsyH-Ahlk3Ry- 2(1H)-pyr1mldone
tenperatures of 100 Cto 140 Cin_a solvent such
whighywae thsn searted ewithysarmpenisgets a mamrnrgorasmgdar@oanune to afford

%d@?@@ﬂgﬁﬂ%ﬁ vg&ap&t@eﬁ{t aVd Cuo ﬁ%m% ?r’méﬁé, oPhff¥lyzEd under
adidiaof bawic vartditiens 29 éffdnded eityidiwne bheti iaeinge li}tallrdiﬁylgroﬂp at the C-
nf004/ 0 CT/ US2003/ 039643 (2,3,5-tri-Q acyl -2
4V\gl g ate W&{?’a Iton’s syntheses involve multiple steps, special conditions, and
mﬁhgﬂéhs @j)glé;gagéﬁtanosyl ) - 4- al koxy-2(1H) - pyri m done,
was then reacted wi t h anmoni a or a prl rrary or

seconda anm n ford conpou

SuboAs CHD. Ta; Fighge & H¥oRrigs, RIS 1BS CODIEIP b Iy tetra-0-
behREALD- C%ﬁétﬂ&?%—@-nﬁéﬁk&o@@ n@at WS N"Obe%% Eﬁoﬁne usnég BSA in

pyrini di noné base having a hydroxy group a
acghemigrilaandbe trqactwmmlnwre wey hedted és réfhuxofov eppreiimagily 30 minutes,

P e
abioln® 36 tplisNdo qfroﬂlda 43N§I' Eé?ﬁzbﬂ 2 37, 5tri- O-benﬁoyl B-D-2’-C-methyl-

benzo | -2- C et (3- D-ri bof ur anose (), W
D@e(%.iby esvlp@@?%@m yiap gbmdiby dikien oyith ethyleacetpteeand aqueous,
sa'ﬁﬁé’t‘é& 'sQ&iu{HeﬁEﬁ‘ggn%@ﬁagpﬁ{e%%g o%fultclj' élﬁl& t‘pﬁnﬁﬁatlon Removal of

appr oxi ma
thadaedzoyslpﬁftécuvaagoqﬁdwh @d&dnﬁaﬁﬂleﬂdbwbveiﬂlgﬁgﬁbﬁnﬁﬁﬁbie@ with a
o, reflux_for about 3.5 hours, to provide
soiu tQu. ﬁlfg)sapolzpresagurated with ammonia to provide B-D-2’-C-methyl-cytidine

-tri-0Obenzoyl -(3-D-2'-C-nethyl- cytidine (La).
onpound (La) was obtained by dilution with ethyl
acetate and aqueous, saturated sodi um bi carbonat e,
and extensive chromatographic purification. Renoval of
t he benzoyl protective groups was acconplished by
Prodaengy ght treatment of (La) with a 15 sol ution of
met hanol presaturated wth anmonia to provide

( 3- [Pharméeceitllyl actiyt icdinpunds. arEsOMELASs administered in an esterified
Phar naceut | cal lf’ active corrpounds are sometines
18

Pra@eiPEn-e CotPaylia Acid cpisrs atp aiged mosirasnorys while phosphonate and
phgﬁ%lglg%é@térg aftCiddd ‘fists HHe ué}ftﬁl teetke TR faﬁqgg&{i'ljgygsze% W% and may

onat e and phosp ate esters are us
prodweg Ueml‘twpmehnanss(eed Uy 66HRI662do Bribmodtyat . iAvyluxyalkghekters are

nmay. rod ce to cts (see U S 312,662 to
sofigHeE 5o 5 prociigs Y PPreiecaicposphnates vaed s, e cyclic
HSpHINERIesdss ddlarpharr) ey ph
P agp are cyclic rﬁ onaIt%g es eé}gﬁgﬂéggﬁﬁ ngés'ftEgF’di‘&&aretal .
Pl‘@ﬁpe@ﬁ&l (]598§he7'%(5) %Wd Uédn 243126662 tes Egioar q:uide)r &tikeahugleosides,
phosphomc 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 nucleoside analogue. Gosselin et al., supra, reported

nucleosides in which the H of the 5°-OH group is replaced by any of the following: an
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25 Pharm Sci., (1983), 72(3):324; U.S. 6,312,662 to
Erion et al.). Like nucleosides, phosphonic acids
wWGEowh/05e899 f or exanpl e, phosphonoform c aci d anPCPNERA03/039643
(Adefovir; 9- (2-phosphonyl nmet hoxy-ethyl)adeni ne) show
antiviral activity as do carboxylic acid or ether
adyl rgmhpo m:t]irdm@ tladse rlndvhmlilﬂﬂesnm%aﬂaongrl 4odlety /S the- ester group is

t . Historic rodrug synt heses and
EE%F A %ﬁﬁﬁahfén@{?ea QP fovaéléwlt %%er%"l or bgnzyl; a naturally-
o&ﬁﬁ‘irg &nncfﬁz-n cloeesitle aﬁ{ln@ YT éle 954> 4L ang &’Qﬁ’ @5 W}hlog%hoether

in et a supra reported’ nucleosl des in
hpltl,ealkbxyhlkyh mcﬁidn(g—mgﬂmupmethy}‘ eplllad doclbying bgnofl; drlexyalkyl such

| owi n 8 V\D 2004/ 99. PCT/ US2003/ 039643
T evém ﬂ'ﬁ Pherms Pl 85 lpﬁl an% ﬁé orStonally syhsfituted with
hd]@geﬁt ¢,-, d1ba 8 e ec, gk a' (ﬁcar&?)lyﬁeta@ﬁl bR AR, 361 éidaﬂﬁ‘ﬁe succinic

branched, or” cyclic Cl- al kyl',” phenyl or benzyl:
aqarbtmlsallfmate gsi@usuqhn@s, cfor mgmnpiat an allyy -oo cralkyl Slgplamyh cnncludmg
et her hoet her |i pid;
maﬁ%%gwg?W’l orlar{g%%-r ?%%g%?ﬁ% Ip ar al kyI i ncl udi ng
benzyl ; | oxyal kyl such 5 as, for exanple

phen¥ Wﬂé 1ic eﬁtyql (He. @24&18@)@?901’%%@!& synthesis of nucleoside
A B O D P v oo

attidhed 1oi the 3apbsition viaudtrf oxalef a&ﬁh%hd SUstBstiated fp¥kimidine base. The

ex npl e, an al kyl or aralkyl sul phonyl i ncl udi ng
@rmwtqlewgmw ingludghdithiogfes ¢ or Rhospheraisiisnaremay be part of

ol i ey 0 B L e

prowdprﬁlw, desitedohuniensoles andngucledsidea analogues. The compounds are
tached t.o the

IRSREPSH - SORLALRL D0, P AL, LU o rbofuanee

hd%{gi 40 By di6xyPas foetokyCzrolh Qﬁéﬂoﬁﬂ&ﬁb&ﬁﬂ%l%ﬁte@ﬁng gma@s at C-2-, C-3
i ncl udes di't hi oates or ‘phosphoramd

andaCG-5,0find ah SOSHdauaysimidige. toT psedice omp olr(lliéﬁarleo -benzoyl-ribo-

LSRR B S PRSP AL L e RO P

redidnCRANGALN @S rétfiével theS WeHZBHIS piblstting g&\oﬁ@& ttherS k@a@ts DMT-C1/Pyr
process that couples, as startin naterla S

reqgteshyith drodprotagiod REPANEE GRMROYRY, Wihic e@vbs(yl ‘e odditiam of DMT to
sk @g&é@ §0¥bo ﬂ,@gaglbsec%ap &9 %ﬁ)ﬂ% -G HNGZ Ind BTHF  with

rem ne to
the 5{-©-DIVEE $ubst1ﬁ3tdala1ﬂxﬁwﬂanassebmd finally performs standard phosphltylatlon to

iR e IPhbLHS-ConistRiGe ZBTiR fodeipd g the 3wlet Fagh pf the syntheses

r%eﬁ%ﬁﬁc@ude%@éﬁ@tlﬂﬁ?t@&zoyl protecting groups; then
reacts DMI-C/Pyr 20 reacted with the unprotected

d h t t ddi t f
Po’ ik, & t55giheth reirugs ot pten gl BiaiveneTupounds and
ofd, , inbEiA3, nadleosRI /aﬂ(ﬂ*':pﬁﬂsﬁﬁbr?flhﬁﬁ ﬁuc:l«%sméIT analogues (U.S.

substltuted ri bof uranose; and finally perforns
6,3t lahdadr Sughazidstirogiugs have gs@dvantages 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, Chu 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

9
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produce the phosphorus-containing group |ocated at the
3'-0 Each of the syntheses presented include at

WO e@gn352899 0 7 steps. 25 Chu et al. described ppOOUSZY83/039643
that are azide derivative conpounds and conpositions,
i ncl udi ng nucl eosi de and phosphoryl ated nucl eosi de

mivletsiolg W sloghbsSvher® el fattd Jadld inSualdonadindftufteddr 18)6r 0a0 €atty acid
their ability to ¢cross the hl ood-brain

as_adyvant ages_| [ [ity C )
W bprdsd topﬁm?' deosifiqroph e Rugleosider er nyelgosids gpglogue through an
' i |afdal ang, .i j Lty f
oSIER GrydhORUS (o1 o e BELEISEL SEANL LAY 1l o o
catidysty end @®hsl dltovald. to gpocdedd f@ 2300 dwgtshy, Prodlidti isslation was

synthesis required for prepari thei.,r azi de prodrugs.
acBimpliizd f?w&aﬁmw@a AR E&%ﬁgw?‘%nﬁ &pd mﬁﬁwg&mfg’w&awgraphy
aﬂﬂ%rqre&yghlﬁgﬁd}ﬁﬁoﬁ% dPpRo Rk %?venﬁnPE&%%ﬁeldU?Ql?(e product varied

reportéed certain fatty acid esters of anti-vira
witlelyl feomildeR2%nBorrétzACet 200 o 0652891 d RATUSCSROREN (BAEAR: .
nucl eosi de anal ogues where the fatty acid in a

NMONOMUNER WMEt@mhidk 38al0desetiBed Mhd YarBhAe fATtBANASHE: BROH of
the 5' -position of the nucl eoside or nucl eoside

guanasing usinganougiotaeted zibpseaty d ftapingomsterig (MeCormick et al., J. Am.

Clirk i 19%, 12100085 53T VEGRIR s Bk b B fiize.tt compound
by 9Eeqiénteld, Siepwise infoaakitivh dfid At heh Wi scolidiE BakAgks, SPplication of

by extraction with an organic solvent, and . .
cergém profeating nggypss Hubieaatisgyr agghfinah dgpigiection.  As one step in their

oot o el v . ont
poFER YL Eb R ] B el A AL BBl S BOL ST DA,
EENT aret RRISCedt rabm, tethpevetnes for diltbursatd obtain dinectlyer sarbonate at the 3°-
égf{odru%'.'. In 1999, McCormck et al. described the
OHAf YA ®e or mati on at the 3'-OH of guanosine, using
an unprotected ribose as a starting material
( Mc Chlsmi ink1299, dlang a3 aAndisclogedCharroceSodor p@Paring phosphoramidite

121(24).:.5 -5). .McCqrm ¢k s able.to synthesjze the
PepsS Ok 3 By P, oo RoRets tals Skt £ b it 199
60741 N Gike/g08y Of thelricokamass, TaRPkt Satdaeed af2,3,58¢tADbenzoyl-

pr ot ect roups, sulfonation and final deprotection.

in
2-Rsmeghul-BL2 pibp Rirangise withypessibidated K bidienzasicysesing in the presence of

ed. Fot A0S j - ydride, a
o EREN A SRCEL B0 R BUARPRN St L 2 DARSERR 1 <
to obtain directly a carbonate at the 3'- 15 OH of L
guarigsAtop: Naviis F%ﬁi@%{tw%%@%#éw@ dipcouprsd dhptghe stability and
. q e r | S . e -
bigh ARG Bf R ERAERORNC ARG AR £ Pl Y RS dhinistrtion of
anind -acidCesten forth9 99 ,antiGial 7aliclenSidys (WiSk Serralno009/864078, pending;

U 5eSRRNE ety At e Bne SRED RO 1RH apd e, Pupyiinuahdgptications
60(%‘%77)98?@5&1' 607593, 951 )4 - Prob&REONdeaYoP Dteprih® tRRE aRfifS 8R@%sters of
nucleosides and nucleoside analogues began with appropriately branched p-D or B-L
nucleosides that optionally could be protected by an appropriate protecting group such
as, for example, a silyl group, and subsequently deprotected, by methods known to those
skilled in-the art (Zhang et al., Tetréhedréﬁ Letters, 1992, 33:'1177-80; éreene et aﬂ.,
Protective Groups in Organic Synthesis, John Wiley & 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., Tetrahedron Letters, 1996, 37:5131-4). The optionally
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20 the Lewis acid, SnC 4, as a first step in their

synthesis (Id. at 748, Schenme la). In 2000, Novirio
wehanosaseut i cal s (now | deni x) di scovered that PEEUS2003/039643

stability and bioavailability of antiviral nucleoside

anal ogues i s enhanced by the adm nistration of am no
pﬂmwbde&hﬁdsheﬁ(mﬂ&oﬁﬁe &k 1thérl edupldCWRR S HRabIE lelc§1 do?f%ﬁl ﬁ!ch as an

Ni H_P9/ 864, 078, pendl ngﬂ U.S. Serial No. 10/
AR #0p #p goxbanhygide or an aptivaieds pcihain an appropnate protic or
aﬁ@ﬁé h(ﬁ%ﬂt Qhd a@sﬁ%i"é aciBR 18 )crgt%/ré?’ %ggf' ?f%e 06F S’pergdrug ofa

used for prepari ng these amn

Iael ¥ am4désam:held ﬁ{lﬁ oe ﬁsﬁ, d&clanmdlep @pﬁﬁndlil?gﬁﬂhd\/pfebence of a suitable
nucl eosi des t hat

ropri a%t e D or
oGBS ety Seel IPenE Carerutedionsy s, S SULshis Am Chem. Soc,
19997 2L LINS6E SUBY aﬁ’tfé% al. aznmﬁnfaﬁ%b%%gﬁﬁﬁ ;ﬁé’eihﬁﬁ}ek yh?(ﬁr ¥$P229.235;

and subsequent’l'y deprotected nowh
Standring etsali, UntviralrChdre &ﬂhe(nzﬂang 2601,40. (Suﬂjﬂt 1)aheg10h; Benzaria

s o R BT T e ——

CR00A-Sca @t Bl iamirad K29 12001K0r Aqh ab
Phar maceuti cal Sciences, 1994, 3 58,25.Slblel Co‘#’lmg reagents are any

regg@tsgtha’r@@me compoyndser (ng)letlesld be 71514¢d t@riohe @amhblr mrluding, but not

T MUTE T A T —

a m-ptoamtgedf Hoabeineledniedl @Rl theaseldodre pié&lﬁﬂbgdwé‘s Bt ﬁrotected
sui tabl e acyl donor, such as an acyl chloride and/
b"énw%sc(j‘i’uPA‘?%QHF‘Ftb’et%lanaﬁﬂkmq vataaine @iy, rasislugrvia a carbodnmlde-

coRBBRA ake protic or aprotic solvent and at a
E ‘(’pﬁﬁg reactlon tenperature, to provide the 2 or 3

pro 4' _pbranched 3 D or (3-L
nucld];ll?egﬁ aﬁd’ﬁ?‘?eé?]é'fqv‘ﬁﬁ mrﬁgwee ’fnég’élﬁ@éh pllgwing; reagsion sequence

fof ?H?Euh a @gﬁ/ﬁﬁn l%@?cr %gh]@s‘?&séo @W@&ﬂ% [1‘%6 gg% ?310§)enzoyl-

2-Bripethyl- léﬂ)-aboﬁlraqnse 4 r otms /agécd stoChenmiittere. ,of2@8A and N*-

beé%oey né%ﬁsn%es?n %gyp%%mg%@&damffﬂuﬁ% Vép%g)xirggtﬁg)a}(? mingigs, after

witith theAdviiy héia) SHRES -was2d8dd aﬁiﬁhe%ﬁtl Ka®dih Befbd & reflux fi
ATt viral s o og0r Bp . Angueqolttiof aglif Redted & reflux for about

3. %|h0urSAm Pavide 4R8d-benzrydr2’, 305° Mvi)-belﬁosbﬁﬁ} -2’-Campthyhgytidine

SRERS R S0 T S R it

sodiom bhaarbdna’d: tand ssaenshues cbﬂihi’a@@graﬁﬂl@i Gfurifiellion. BQEeIﬁWal of the
car bonyl di.i m dazol e. For exanp for a 3'-prodru
%_) with a

benzoy: -HS R Fe 8roNae WéaésﬁlC&emPllH@dnbwé@@mgivé tpﬁatrﬂ@rrta@ﬁ
solﬁﬁ%n Rtmahe ‘lgr@:gttlratp&' it Wl R fé)k/fcféc 3 ?/21 e. Gxggthyl cytidine

al kanoic or amno acid residue Vvia car
6)x c@xphpcngld @H@@MF vt rédutedowitbiN NFdlmBﬂ‘@lfeﬁ“ﬁaIﬁlﬁe \#iméthyl acetal at
ure | uded he il oW n% reaction sequence for
m‘B?&B‘BP?fﬁ‘@“% Wﬁ?’ﬁlmﬁe Yed Ochoust; dp dueyide cmfaa? $gvipg a protected
anfidd igtbupeat & &, B-RdiBéthPafiRBReMY ene]-p-D- -2’-C-methyl-cytidine (7); a

solution of amino-protected cytidine (7) in dry pyridine next was reacted with imidazole

and TBDPSCI at room temperature for approximately 6 hours to afford cytidine whose
5°-0 was silyl-protected (8); N-Boc-L-Valine in the presence of DEc; DMAP, and
THF/DMF then were added to the 4- and 5°-protected, B-D-2’-C-methyl-cytidine (8) at
room temperature for approximately 2 days to produce a 4- and 5’-protected, 3’-O-L-N-

11
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2-C-nethyl -(3-D-ri bofuranose (4) was added to a
m xture of BSA and N4- benzoyl cytosine in acetonitrile
w@anashemved to reflux for approxi mately 30 m nRPECEES2003/039643
after which the Lew s acid, SnCl4, was added and the
solution again heated to reflux for about 20 3.5
Bkilﬂmshnyll @stpr oF BdB—240\ﬂﬂeﬂ@[lESﬂtYdmé2(_) #he 4- and 5’-protected 3’-O-L-N-
benz -C-net hyl -cytidine (5a)
B@&fﬁ%‘uw eﬁf@a)of \ﬁaQ %b@aﬂ“ﬁbﬂ widiie D taketh uptiydry methanol to
t
ARH 857 (B0 BRANE AAHIE BhAThe MORHE bR BB injorder to
rdniim’e knhm zﬁn’yshlyﬂ)r ahd cd-audn@r profeting s gaepaMprddiuedl B/-O-L-N-(tert-

bRIgEY Btr‘@i'ayﬂe %@rééf Rﬂf)rﬁ %mﬁylacse@?r{slﬁéb)o Szélggh was purified by
c&lﬁmi% énoxﬁa h}% eyd ﬁﬁ%ﬂ}e ftg5a @olu PUpd). N' ({enﬁgq;co%ﬁrbonyl)

react ed di met or mam I et ace
velmcthestenpé lﬁd't)ti’r’ é:-ﬁmthyémytldme rfﬂl_)sirydﬂy Ethyban’esate tveas added a 20%

cﬁlrlt?d/n OF Hr(}f}e%hyﬁ rellgetld]t%w 1%ns ik e s%lrred fgrrgb%%t %rhours to remove the
BN@ f)ﬁ)ﬂdcﬂﬁé r@( @mlfé@%rbﬁhﬁ{g%e By@‘o@hlof;dér%mbh* S’C?I\}aﬂhﬂeester of

uti on of "am no-protected cytidine

Eyfnﬁ@yh@}’tlﬁj@?@t avasiinad guodectvililh iThederiarl @t spmtliesis shown in
SRR ol SO o BRI GBI

CéBdthyINyBdinel - VaI ine in the presence of DEC, DVMAP, and

THF/ DMF then were added to the 4- and 5'-protected,
(3-D-2"-Cnethyl-cytidine () at roomtenperature for
approximately 2 days to produce a 4- and 5'-protected,
3'-QL-N WO 2004/ 05 9 PCT/ US2003/ 039643
B&%aY‘FWﬁ]fltgg phoveyft Wau %2 ad¥antagqops 1e w‘fetjmhefﬁegept process for
i alcleriddb0h %ﬁ&l@é’s delandiydshch ’
P ?ﬁ"%a ? -lrrethyl-cytlld?’%% %swas@gta: tﬁ%nu%i% ide or a 2’-
mﬁ@b’h&ﬁ@kvatlmyl mivledsideas tlaaahdemtemmdlatesm flhcumimgle therd QL@enethyl-

A RS i B

3 OL tert 5 butoxycarbonyl) valinyl ester of
(3 lj.t;t_:s tqb;qct gg,thpmres@n‘r(m@enthmipmoma pracess fod tlte)/selectlve

T T AP QA p—

co(nﬂ)om&a-p&dmghyl cytidine 10 in dry ethyl acetate was
added a 20% solution of HO/ethyl acetate and the

m&tfg?sg %/itge%r{o%g é)r %Etp 9@9}% pr ésbe'ﬂp H{rvg{llﬁ(gl eﬁ%véeant Qficient process for
prhgwfmg(mbmchedi sumlatlaloguei%or@ouaﬂs; that 1rﬁstves a @finihth]l number of steps,

- -msth tidine as a final product 11 . The
ané}rqn@;z ST MEXRT 8%?%“%35 Figure 6 used uracil in
pl ace of the benzoyl ﬁ/t osine to prepare conpound
(1)1t 15(3331 [athher chiestofiyhe prgsend imwentiomtosdesveasd sighificantly the time

re@? g Cgfigg D e&anng pl'd%ectea éluagg}' ?rﬁeer%le%hatte% a@ac\é%lp%edet];fdtﬁelr pr(t)cesses for

synthesizing similar products.

Further, it is another object of the invention 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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15 preparing a nucl eoside or a nucl eosi de anal og, such
as a 2'-nethyl-nucl eoside or a 2'-

woreiohps28% - O val i nyl - nucl eosi de, their interneRPCHUSNN3/039643
including the 2-C nethyl- ribonol act one and
2-C-nethyl -D-ri bofuranose, and their salts and/or

pr odrtugget AvilaRlobjdct of thetin0édiRn 18196 o Rbcdsh el RPEYs easy-to-
invention to provide a process for the ‘selective

usgel dionrteRicCofeagenys.otsl avhose il -mpdett is easdlyeiselattd bhaechniques
¢ I e j ' conpound a prodrug. It
cftb iy IGB0Rn AR By VecaBlD, COTP pr odrug

sy anot her e present invention to have
an efficient process for = preparing protected sugar

. . SUg
anal Bgiest debiesiaet thevBiesead igventiennigl obfaishthe Bnal product
SRR i atii éﬁ%@" ' | i talgsbng material .

C(ﬁl [ s%%f}&qa{r?}éktglﬁéer | ggfk%g&tﬂﬁg?%?%sggn(tﬁ.gﬁﬁem ion to
decrgase significantl he tinme, 25 required, for ) .
pr epar°nd %&B?ree&@at é’fg’é? RIRREBt HRYARHPB st0a SRl BPRstpXiG casily

haldnapleReeanses for synthesizing simlar products.
Further, 1t is another object of the invention to have

a process that runs to conpletion in a matter of

hours and provides a final product high in both yield
and purity. 12 WO 2004/ 052899 PCT/ US2003/039643 It is
yet anot her obj ect SSMMARY ORFHEEANVENTIONhave a process

t hat enpl oys easy-to- use, non-toxic reagents, and
whose final product is easily isolated by techniques

conmppd Yorkf@VinvdhtibRedREbsNd G YmPre§ .agllogesgl for' Preparing

stil] another object of the present iInvention t
nuskgosidas and nh¢leedidpamdegst such asgivPoantdB4ln2 hCahethjylehwbicosides and

-ahd LiLy~exceeding. at | t. 90 or 95% It i§ a
> 10 BEP BRI, s Rei Prlsoner i Prodroen fiefipt by wilizing
orRQSF-thérsiof less @Biduits dTaBARARTH Fess SRUCHIR - simpMVPRHiAiod 'Sfeps and

| N\VENTI ON The present invention discloses a novel,

withngresies produst aiplds then fpwnsaini thg prieo arfu cincasidlitines thenprocess of the
L W LR R ———

prodwttiensi des, and their salts and/or prodrugs thereof,
by utilizing one or nore of |ess anpbunts of reagents

SRR i, B o HCAIAP 8 S5y g
thedttips iafr(p) réwetipg acBsfuadset with Gk se btaimwe2Hd-methiyb-D-ribonic-y-
la%%%% %&@gfb SrleXcti%%%.ln%%ltignathy grg%elctséayZ-&bn%et{l}ellglgl-rgbeogleclj}t(-facgne with
a suitable reducing agent, such as Red-Al, optionally in a solvent, such as ethanol, to
obtain an optionally protected 2-C-methyl-D-ribofurnanose; and/or (c) coupling an
optionally protected 2-C-methyl-D-ribofurnanose with an unprotected base, such as
cytosine, 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 SnCly, to obtain an optionally
protected 2°-C-methyl-nucleoside, for example a 2’-C-methyl-cytidine; and/or (d)
providing a 3’-ester of a 2’-C-methyl-nucleoside, such as 2’-C-methyl-cytidine, using
6ptimized reagenté, reaction c‘ondiﬁons (sdl%/ents, ‘feactAion times, etc.), and

extraction/purification techniques. In a particular embodiment of the invention, the

processes are exemplified in Figures 1 and 4.
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15 production. Enbodi nents of the present invention

specifically include processes that include the steps
w@boog@y28peacti ng a D-fructose with CaO to obt aPCI/ES2003/039643

2-C-nethyl-D-ribonic-7- |actone; and/or (b) reacting

an optionally protected 2-C nethyl-D-ribonic-7-1actone

Wi t hAIS froviledh@ SFRcles StalaBEeYnthelil Rt Iﬁldpl‘%%arin a nucleoside

optionally in a solvent, such"as ethanol, to 2 ogt ain

predrugoin; gl yigldspthet bas @ dleavadlevprointy aDthei Befasitivanafsthe nucleoside.

0 coupl i n. optionall r ot ect ed .
e ol oY BTN sC B ol eBhelt omopi scosents fo
pepaingsnudsdsife] Mecledsietdhglop] RS SN dﬁro&%é&ﬁéﬂeé!ﬂtﬁx R8mparison of

agent, such as a silylating agent (e.g. BSA), )
Fighre ¢haa njogess ©fi thp riresent anvsmiian,| wihs Figure 5,saanicasart process,

o5 B SRR Gty o BRI

2'-C-pethyl-cytiding;, and/qr._ (d) 25 providing a .

3' - e8is8rP ldﬁgzar@ EiHgeny scHlalle syathgtc mefhedsyfor preparing a 2-C-

iyl IBhN Yhiefddigth Jsn el I5§ i
R Syt o micBIdClLg P8 SEHARBLRdently) optionally
pratedtedp rnd asproteted B-Cimnethyi-Drritionddigimmedacténe @lso referred to as 2-

particul ar. epbodi nent. of the jpvent.ion, the rocesses
R ES R B Sngtly LA Sk oS 80 ecte0
arAGIARISRERS/ N8Ry 1-Blipd fiafYded 8y RIBif bhSbf r}ﬁ?re of inexpensive

scal’'apl e synthetiC nethods for preparing a nuc e05|3e
repgedy Wdessiiime yiithysiraplgs putification steps ehd withtgreatemprodyct yields than
fohﬁgin%hég)ﬁg#%ﬂt.on. of the nucleoside. Further provided

are cost-efféective processes that enploy non-toxic

reagents for preparing a nucleoside, nucleoside )

anal @gnovelsaspset ofr the prasemtudnventier ofesides danpher iusenobfspecific

' c . e t ciN ,on, -With

BRI O RaRAO G5 hhhe BC RN YRR, bl ancor
purifeatars et stepo imennediats ire s symthidin. | SgleaioddodspeedRSREgents that

Al so provided are effjcient, sqghgble synthetic L
conxert 8 o edpgpnaﬁllt prn starhng-matepa Wo ]gg@léc,t, that reduce racemization,
and'th&Y 78 dhdlySrendY&ikle FRnk ﬂfé%@.;ﬂ i i i

2,3,5-(i ndgggndent Iey opti ona ?}ﬁf{&%%!g{%vé(tiee )Sylglr%%flc process that is
mowepattcient than heretafeteHsiowd: r Theoowecalhrasulh id adtarase(ialtiwe for final

orp 8 giibish frfion 58 WSl ripeiasrry by Iebhal Ty desired product
MPfedves B )needFor WABI @he Gind OfedreorBmle! rebhit I1ROS AR @96all cost
by utilizing one or nore of inexpensive reagents in

effeseenepsand\grevide prriidustriglly sealable anstsast prosesanid sovledired.
greater product yields than found in the prior art. A
noven aspesibodinent)ethpr goedss dMiteNblessht riAseIRS isNdirdt€ed to the
use of specific 15 conbinations of reagents that

PreRaraona P 2 Reclenside thet 1s chwibalituisd, ati thel ArCosueh@s oy 2’-methyl-

nucleoside or a 2’-methyl-3’-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
optionally protected) and unprotected 2-C-methyl-D-ribofuranose, 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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20

purification at steps internediate in the synthesis.

Sel ection of specific reagents that convert a
w@e@domspant anount of starting material into PeDUSZIN3/039643

that reduce racem zation, and that are easily

renmovabl e fromthe final product, provide a synthetic

Iipyaaasthet preferied enibydémedttf theipeédent MentivRrie ueédPioor ﬁ'ﬂa@é\’g-D-Z -C-
result is a decrease in tine for fina

e al |
n}?ﬁ’a ﬁg‘{%‘? od (EPmiRg-frkd Auhbydroniep hydeoxamethytBelrawathyl-tetrahydro-
I [ 1 esiqy.e v th
RSP DG A s Rt B e
inyemirineis cawgadadut to qxeparetﬁee&’t-omnﬁs siciin@ingiding @at a6t limited to a

T ARt T S et S50 i
oX&YHny'nﬁﬁdﬂnsl S’l)f4eﬁ§<ﬁ'9x§ -G Bfethyp) Z%&Wﬁ &et?ahggﬁo-ﬁlran& -yl

nucl eosi de that is disubstitute

esierpor I’fiapt@ﬁﬂl’lfedZB’dmﬁhllC&‘Ebl sal form.aNucleosides, nucleoside analogs, salts or

| .eosi.de, I nt er nedi at es

esfer DAL pikra®a B R v RatE iSSR0 vl B Wi R By in the
repaaadeet & tide @uf&gv BY bttler hh&18ekide L I

prg?er red to as 2-C-nethyl-ribonol actmo%gs nganﬁe &@dscﬁrealy as

anfivirabangl/qriaptieqsetrstiaegents. opt i onal |y prot ected) and
unprotected 2-C nethyl-D-ri bofuranose, and its salts

and/ Iar ongepbodigsent, niheediprovéd prRedd 6f Gid PELsENPRIEARAN includes
the present invention is used to prepare 30

rerBEEGSRSCAEAICSp IO Y pamicele) thr presence of a Lews

t
e e oo SHRM S L2 2Ry, PO, Sfbtred o
unmdctecb Rr@patiey]- mDﬁ‘l&fﬁl‘aﬁbmeWenﬁﬁmt | 4-amditd- D&Ml (hdependently

rot cte or ot d 2-C D-ri bof ur anose.
laen D O SR S B oa Gy sy e e e Lctrahydro-

REL-DEMe  (sde G ghfEHent invention is used to
prepare (gﬁ{%ﬁz C ne(?hyl cyt‘?)dl ne

(4-am no-1| - (3, 4-di hydr oxy- 5- hydr oxynet hyl - 3- C- net hyI
etrahydro- furan-2-yl)-1H pyrimdi ne-2-one). In
anot her preferred enbodi ment, the present inventi
is carried out to prepare tI\HF‘ 3'-Camno acid
(including but not linited|td a 5 valyl ester) o /}\
(3-D-2' -G nethyl -cytidine - am no- 3- net hyl - but yN_C

VR N o

aci d 5-(4-am no-2- oxo-2¢F pyriNm di n- Ip1,

-yI )pig=hydr oxy- 4- G- met hy]| - 2- hyldr oxymet hy drb- f
uran-3 - ster) pr its pr red hydrocpl ori d&$spl t
form NucVeosi OPnucIeos@ye anQIogs sal O~ags| er
prodr ugs ed by t ention sed

as i nter nett CHn the preparation of a wi
of othep <huc|e@§#de anal ogues, or nay be usdd,directly
as 10 antiviral and/or anti neoplastic agenﬁ? | N"O®ne
enbodi ment, the inproved process of the present

i nvention i@ udes reacting cytosine and an (V)
activator, such as BSA, optionally in the presence of

wirdig vach P1 P?, P? and P*is independently hydrogen or a suitable oxygen protecting

group, such as an acyl and preferably a benzoyl;

and then

optionally ~deprotecting the 4-amino-1-(3,4-(independently optionally protected-
hydroxy)-5-(optionally O-protected-hydroxymethylene)-3-methyl-tetrahydrofuran-2-yl)-
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15

- 20

acid, for exanple as SnCl4, wth
1,2,3,5-(independently optionally protected) or
wanErosses ed 2- C-net hyl - (3-D-ri bof uranose to fRPCTUS2003/039643
4-am no-1-(3,4-(independently 15 optionally
pr ot ect ed- hydr oxy) - 5- O pr ot ect ed- hydr oxynet hyl ene- 3- ne
]mmﬂm&in’-h-bydr of ther PRevions )stéﬂ‘l- ﬁ)yrﬂoﬁhdl4~°a13m©nle(3(,45-ﬁﬁlydroxy-5-
ure 4) NH2 NH2 N N P10 N O P10 H3C OP4 H O
xypethylehmetlyl-tgseahyixp-furan-gpybr Hilpydaidingioner(p) lfp@cessary
and P4 is independently hydrogen or a suitable oxygen
protecting 20 gré&¥p, such as an acyl, and preferabh¥,
a benzoyl; and thgn optionally deprotecting the
4-am no-| - (3, 4- (A ﬁendently optionally protecte Xy

hydr oxy) - 5- (opt L
O prot ect ed- hydr oxy thyI ene) - 3- net hyl -t et rahydr ur%
-2-yl)- 15 WO 20894+05 9 PCT/ US2003/ 039643 N 0

| H pyiQ of the previous steplgQ form

4-am no- ydr oxy- 5- _

hydr oxy thyl -tetrahydro-furan-2- im

idin-2-0 iff/necessary. NH2 N H2 (tx 0]

O~ VO_ Z OP3 OH OH 5 For exanpl

P2 and P3 i ntlermedi ate (VO i s benzoyl,

conmpound  Qop? op? oH OH
® (YD)

For example, if P!, P? and P? of intermediate (Y) is benzoyl, then the compound
can be reacted with NaOMe/MeOH to provide 4-amino-1-(3,4-dihydroxy-5-
hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1 H-pyrimidin-2-one (VI), also known
as B-D-2’-C-methyl-cytidine, which optionally can be recrystallized, for example from
ethanol, to obtain the B-D-2’-C-methyl-cytidine in pure form. This compound can if
desired be utilized as is as an antiviral or can be further derivatized into a prodrug 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 p-D-2’-methyl-cytidine, such as 3’-O-valinyl ester of p-
D-2’-C-methyl-cytidine ~ (2-amino-3-methyl-butyric  acid  5-(4-amino-2-oxo-2H-
pyrimidin-1-yl)-4-hydroxy-4-C-methyl-2-hydroxymethyl-tetrahydro-furan-3-yl ester) or
its preferred hydrochloride salt form.

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: reacting -
D-2’-C-methyl-cytidine with Me;NCH(OMe), in DMF to form (7), N-[1-(3,4-dihydroxy-
5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-2-oxo-1,2-dihydro-pyrimidin-4-yl]-

N, N-dimethyl-formamidine, which is the amino-protected form of (VI); reacting (7) with
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can be reacted with NaOwke/ MeOH to provide

4-am no-| - (3, 4-di hydr oxy- 5- .
whyanoseet hyl - 3- met hyl -t et rahydr o- f ur an- 2- yl ) PATFAUR003/089643

idin-2-one (VI), also known as

f3-D-2' -Cnethyl -cytidine, which optionally can be

r 19hat ' -
R L AN AL S

uﬁy&dmémnylfsﬂa@uégxmhﬂérm duhymetyésme&yheuahydm-ﬁnan-z-

ST B 0 AT by B v

NERjcelbvalue), YEDQ] iapd M iIBCIEd Bfh eZJtefrl‘-Bﬁ’tof(?d'arbon lamino-3-
e.at the 3 -position, and optionally deprotected

m%il?"@'l tyG nddhs Re¢éebuty- dlnbera'ﬂ-tsﬂaIW)tym Db 4 dienethylamino-
m@thy%ﬁéﬁ?mﬁ{/—?—%’ég—%gf f)%élﬁ]dl%? érlfw%ﬁlge{oﬁ(&yi lﬁygteﬁrgﬂ%}o Hiran-3 -yl

es(e2 (QyiremedAnghdyilyl land wniigo-peitetting (fowsi b’}OreEctﬁigO(_? 92 Kkith NH,F in

M%H mﬂg WEW of ethylataase (to preMenblgEen of theeY 1Quvglind ester by
htfei’Ht@cf‘alﬁm)bhlﬁ Sy }ﬂﬁ}{m% {HeSnihufzb % f)t%@lc{éyfj FPERLS c%o%?i‘almno 3-

form As one nonlimt exanp nven
mcthEl-laltymahcldyS (Lbamlﬂro-}exq&rZﬁmlrrmﬂm- -y2Q-hydexy-2-hydroxymethyl-

es &{5‘:’35 ‘E{I olﬂ{fﬁg)'y e%t"@) fq;c?lgles It)ur}?ﬁe%lt l?}P Ssm?peléJ Icrystadlhza’uon
an@ﬁ;laﬂ@ r@wtﬂlglglngmnm IME@H%%W%%A 8-y 1tutyric acid 5-

form ydr oxy

(4= chyn%fﬁnynnmdmﬁtyiw=derm<ar|=myyﬂmxymeml-deﬂ)ylaetmmdro-

fuﬁ}xl\f?ﬁld E%d({lﬁy(%c}lrlr%rﬁ‘? il—il)\/é?acfﬁlql?rocdﬂ‘ét ani no- pr ot ect ed

f or m_ of (VI ; reacting () with 16 WO 2004/ 052899
PCT/is2B0 B atsing rathepfine) beareyli aytesineopeother PIOKcted cytosine as

7
fo?{ﬁ}éttgﬁyﬁ%pg bé’eﬁe n y%tgﬁleﬁ%éﬁg?% Xy ma%h) hr(ﬁ)e; §“r21ﬁ%i’:“ﬁ9 grasgdures.
tetr hydro furan- 2-
yI ] C%Szo fVRIFSS IO iVERtiQn s advantagrouy i that ity ptilizss up to
i
B S A B e R
therpsenof fqymrweagengs@ iadcomparison with the closest prior art process reveals an

i B oA SRR, S SR il Rt ST A e
advahtdpedis Fuunddn e Mstreh R o dife frefuied For M&mpl%ﬁ&l’? bf €1f) prodrug
rempving the silyl and am no-protecting groups

syntheds. | epnprmredata thenprier amt symtbiesis whownt the mlmpwd)prooéss of the

pre%&%}yhvegﬁ%h %h@e &Eﬂ% etgitl eféfm 889\/ ﬂ'gherv, g{ ?‘E&hﬁ%ﬁgaﬁllp{ do ?ournfgctors i)

an fincréase én loadfigowitide canIeﬁﬁEnt *dd&l@%sléqﬁ RO Y BEN dTbathdPrequired; ii)
butyric .acid

an an(fggs'ﬁﬁﬁl Reteontoxieldo ) fhe 1 of easily ;am}dlqah#y grlusafs anchgedgents; and
1V)yélﬁﬁfﬁ)i ion 8f 195 (glriﬁjgn%l% Eﬁjﬂ}f%o%r%p%%:ﬁ' c\é ?1? §t%§ [ ( 10)

which 1s puri
) thHCI in EtOH to rowde
f n%: ln\{y g{ %}%ﬁ:{t]{] &{I rnr%\ﬁseg‘bllavgmon resides in pthe use of specific

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

purification at steps intermediate in the synthesis. Selection of specific reagents that
convert a predominant amount of starting material 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 time for final
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(4- am no- 2- oxo- 2H pyri m di n- 1-yl ) - 4- hydr oxy- 2- hydr oxym
et hyl - 4-net hyl -tetrahydro- furan-3-yl ester,
walrdwygaisasehl ori de salt (11) as a final product.PdBUI1ve3/039643
use of cytosine rather than benzoyl cytosine or other
protected cytosine as found in the prior art inproves
ptodugprotu@ FBARMbnARGWSL AP hi ﬁﬂc?éas&llgéxfcé&%ﬁélafbf the desired product.
rocedures. The process of the present “invention Is
Ryt adeonesdi for tlhsst time and Iféwersreagents reguftr Dx igramtee| gverall cost

SRONLASS RS LA RSB BRLUSE i

conmparison Wth the closest prior art process reveals
taonsb empodimepkpf the nsesgnt inyentian, thenl,2.365-(independently

an
5 o;]?(iéﬁlt@qziée grcftécqgﬁs)lﬁ%’-ﬁl%gé D Avbites %‘sﬁ' Vaﬁ}tga | igsqnig nd 2,3,5-

ecreased cyc ine requiredTo

(indepepdenty wptiosallyt freticted)-Calmparled-D-eibbhie 1a¢tb&s viarteduction with a
rf:aﬁnthesns shown, the jnproved process of the present

RH B, TGh 25 Wih WdiyTbisy-matkawyebosy)aipmigumshydide (Red-Al),
O%fdtnam id ¥sdient Q4Eh g%%&é]{&: i) an increase in |oading

h "a consequent ease in the nunber of batches
requireg;, ii) 25 an increase in per cent, yield; iii)
the us€®@ sily handl eabl e sol vent s R

and iv) eli

on oOI abor-i ntensive
chromat ogr apl j

cation_steps. ,ﬁ novel

t he present ventifon resides in the use of
conbi nations ¢ 2 5 that elininate the ng L
separation, jSolatign and/or purification a§ steps
i nt er medi eﬂz@\l\\i n the/’@}fht hesis. Sel ection p?g\\\speci fi%}ﬁ
reagents that 30 convert a predom nant anmount of

10 starting materig i nto product, that reduce I
racem zation, and that are easily renovable f&U&\the

l.oal ' nthetic process.that is .
g B a0 BB R BER ST e o provcing
grows shich assanaacgie ané peteribly hibaBzdydr final 17 WO
2004/ 052899 PCT/ US2003/ 039643 prodrug product

anfi9kdgpt i on as wel | as an increased percent yield of the
desired product. Moreover, the need for less tinme and

f.e re nts result jn greater overall c¢ost
oplippalls; PORREES e Dpraovlaahfhe: HerfSrnesa fgrretise somponpof the
15 r&Ab6® BlePCRS Fornl 1,3 ' o t
P bod: nant ot he ot e Srigjﬁ\r}gﬂt@%r?? iy r6R8led)-2-Cmethyl-p-D
ribpfyrampss if hegespendent |y 5 optional |y
protected)-2-C nethyl-(3-Dribofuranose i s obtained
from tgig . 5- (i ndependently opti ongld)
pr ot ect ed) - oet hyl -D-ri bonic | actone vi agregyction
with a redugi OHsuch as with sodi um

optionally in\a sql 6ﬁ3 such as ethanol; P1 =%

S %, S %,
2 2 $ 2
PO op’ P’0 op°

il @)

wherein P* is independently hydrogen or a suitable oxygen protecting group, such as an

20 acyl, and preferably a benzoyl.
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OOOOH)NOfCH3 CH3 P 2 OCP P2~Cp3 10 Il 11
wherein each P1, P2, and P3 is independently hydrogen
wW®@r00a/052894 abl e oxygen protecting group, such BGI/ES2003/039643
acyl, and preferably a benzoyl; and then optionally
protecting (e.g. benzoylating) the ribofuranose
deri Tﬁé Y@ of WEAOAINSs Bfrelilténg &éerﬁ [67\th® Peesehe MveRidPiiBxpectedly
1,2,3,5-(independently optlona
affiords praduets havigg spacife ste@odxemlstnbfhat allnyssefor theireafBsisuirsgparation.
cH3 P20 OP3 (RD
T%gnge‘?i ﬁieﬁim%ogl ?Dt%ee%e rﬁ%’l@aﬁ/’r&figﬁ%n or a suitable
oxygen protecting group, such as an 20 acyl, and
preferably a benzoyl. 18 WO 2004/ 052899
PCT/ US2003/ 039643 The use of Red-Al as a reducing
5 agenin af further pnewdirhertnoiiié @reseme kpeatiad| thead Bgﬂ’-(dﬁdependently

rodycts hav st ereochenj stry at allo
otsmallh roterr HC SREhy By etonpr o Ludingd by rgasting D-fructose
with@a@)i on of the desired, final product. 5 In a
furthér embodi nent of the present invention, the

2, 3, 5- (i ndependent ldf]l optionally
prot ect ed) - 2-&- met -D-ribonic lactone i i ned by
reacting WifCa0 OH OHO OHPOgp
HONOCHS3 0]
_._._>
\\\‘\\“ CH3
= HO oH
OH
D-fructose @
10 and then,

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;

Yo —"Ye

Hc§$ ’,///OH on\\s ’////OP3
15 @ D
wherein each P!, P?, 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
20 form, which refers to at least 95%), purification step(s) may be added as needed.
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D-fructose (1) 10 and then, optionally protecting the

| actone, for exanple with benzoyl chloride (or another
waeonakdsed acyl chloride), to form 2,3, 5- (i ndepents2v3/§39643

optionally protected)-2-Cnethyl-D-ribonic |Iactone,

if necessary; HOPOOOOCH3 CH3 % HOOH P O OP 15

(1) IThe pydiRELHNthe pedert invéition MU zESinkBpeniIE PRGBS % a starting
rogen or a suitable oxygen protecting group, suc

ﬂ_g{e?@h therpby penvéripe éigléif&:@mw%t prvingsyior therpradiatiet.i dhis is especially
oA B Sap L BRI St sniorete

95% ., pyrjfication step(s) my be added as needed. 19
WO 20 aidionde tersignifices) ersvemis adyratageoet asingf Diffuctose as a

SEESTACHALOU A8 DS OSTRAS LT UELSHE s v
(Cal¥) asgsredgent irhtbe firs digperf thefrosess.s CeSpie ad@klltlly D-fructose in water to
appl i cations

NN 1 T
arfid oG} IRFORATICyRRY 8186909 byt diMfaplobSLORE R Sprior art.

a 5 starting material, the present invention enjoys
MoaeovienesiO isnoedoxiofeasy torupe @ad oiixen well with fUCHS) amd water.
reagent in the first step of the process. CaO is added

to DAf ﬁr@@ifﬂ@ﬁﬁ it Bsedab@Embee cAIEi@RAf8m the solution. In one embodiment,
2-C-met hyl - D-ri boni c- gamma- | actone. This step al one

Coarpadtan acishfilabiy grrnzesthen rikonit aaid.oandtin 4 preférreds embatiment, an

i vi ek f % .simJlar processes.in the I org. .
ot 844, 5800 10 e 5 o 560 gBIL e
omganie sacidsl inclotlé, bt rase hos Bmated tvb:eillic ablll, Andl6i6i6 iaBid, @Bécinic acid,

is used tg renmpve calciumfromthe solution. In one
glutapis dride Adipic acrd subeaic aaidasbaciciagid, azslaje peidgarleictagid, acetic acid,

, i coaci i of o g . : e .
PrOpRAR, Se1gClsoutpie a, FrpE oBld BGERAR MR, b goid pepranoie
aai@ | hekanvicanid onbexanoiBacidabl e  or gani ¢ aci ds i ncl ude,

but are not limted to: oxalic acid, malonic acid,

s u;gmk&gaﬁ! e m&(kjalr é}i}édléséqirgvidﬁﬁ i l@oxﬁﬁiingr : gﬁ&iﬁ& 9 and 4 is
adierigieors s iovilizeaspdp 305 lsss gidechtstha, o sioript peocess found in
th@ %hgr afft }E‘O&C \5&/}‘&1 iﬂ%e %%io? fevxpel%trxgéeﬁts? 5 i:(gmpaglesg}l %&1' he closest prior art
process reveals an increase in overall product yield from, for example, 12% to 38%. A
further advantage is found in the decreased cycle time required for completion of the
prodrug synthesis. Compared to the prior art synthesis shown, the improved process of
the present invention cuts cycle time by about 80%. This is due primarily to four factors:
i) an increase in loading with a consequent decrease in the number of batches required;

ii) 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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aci d, hexanoic acid or hexanoic acid. Mreover, the
overal |l process provided by conmbining Figures 1 and 4

WO 2004asb89mt ageous in that it utilizes up to 50PET/ESH03/039643
reagents than a simlar process found in the prior
art. Even with the use of fewer reagents, a conparison

Wi t hThérefosd, 4@k eRfbo@imeit lof AL RIVORESHS al YGRS $ortlle preparation of
ncrease in overall product yield from for exaine,

ZJIQ%I%tbyls@wﬁmne fipm Refruciereds peayidedscdnpnising thetsteps of:
decreased cycle tine required for conpletion of the

(apr odreagtimyDitheeiss withalgRieebthia o he-REth9T-Daibonsoldeesties
shown, the inproved process of the present invention
cuts cycle tinme bycgpout 80% This is due primarily to
four factors;O_i) /an increase in | oadi ngH®

25 ii) an|increade™n-percent yield; iii) the
easily haridl eabl ¢ sol vents and—+saggats; and iy)
elinhﬁﬁyfb f r-intensi ve chromat ographic CH;,
pur i ation steps.’oB0 WO 2004/ 052899 & =,
PCT/ US2003/ 03643 Therefore, in one enbodi rﬁai of th‘%H
i nvention, a@docess for the preparation of
2'-Cnmethyl-D-cytidine fromD-fructose is provided,

conpri si ngDifraceteps of : (a) reacting D fructose gl‘t h
CaOto obtain a 2-C-nethyl -D-riboni c-y-1actone; O

o % HO 5. D f .(b
b FeE et T Tighe, o Fitmable i bt SRGgideor another
benzsjthble ol élderide)) toafiinne,3,5-Ghddpahdtia CopriosAll P piot&led)-2-C-
to fo%£1 ggﬁ-(lndependently optionally

pr ot opic lagtongs iL 1gcessBOai ¢ | act one, i f
necessary; HOPI OCO OOH3 fCCH3 HS OH P20 ' OPs
10 THO P'o
0
(0] 0 0
—__>
[t CH, \ [ CH,
HO oH PO %p°
@ iy

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

protecting group, such as an acyl, and preferably a benzoyl;
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wherein each P1, P2, and P3 is independently hydrogen
or a suitable oxygen protecting group, such as an

waeook/o5me preferably a benzoyl; 21 WD 2004/ 052808S2003/039643

PCT/ US2003/ 039643 (c) reacting the
2,3,5-(independently optionally _
()r Ot Rattatd) the 2, 3BL(MdepsidehidP Noptionaly Oi18teMetii2 & -methyl-D-ribonic
reduci ng agent, such as w t’h sodi um bis-(2-
met hiBKiPBE howithal ani Tedueingdr agkat,( ReacbAl Jas optithonabdiymi n bis-(2-

g Eg%lgﬁl et al@.\i;nuﬁ I}%?ﬁlimg%grﬁ)l,g%}o?n%ly igza’cgglﬂgn_tg§uch as

i s iethapdndent|y hydrogen or a suitabl e oxygen
protecting group, such as an acyl, and preferably a
benzoylki~(d) optionally protecting (ea?. benzoyl ati ng)
the ribofura 0S&,) derivative conpound O heO
previ ous ste 0 r 2, 3, 5- (i ndependent |
optional |y priotect -2-C et hyl - (gsD-ri bof
necessary, Pl 0 OP4 :CCH3 CH3 2
P20~ OP3 111 } ePei't? P4 is independently e CH;
or a suitablg oxyges otecting group, suchg 15 aszn
acyl , and Pgpef er abl ?OEI benzoyl , 22 WD 2008/@52899 %P3
PCT/ US2003/ 039643 (e) reacting the

1,2, 3,5-(indepeddlently optionally (I
protected)-2-C nethyl-(3-D ribofuranose with cytosine

and iRerdiat dadBUP] P> S hsd) PASs BRfbpeRhnt19 Bdrdeen o B Suitable oxygen

protecting group, such as an acyl, and preferably a benzoyl;

(d)  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 Plo
OH © op*
—__>
. - CH;, ) [t CH,
P20 op° 20 %p
I | av)

wherein P* is independently hydrogen or a suitable oxygen protecting group, such

as an acyl, and preferably a benzoyl,
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presence of a Lewis acid, such as SnCl4, to form
4-am no-1| - (3, 4-(i ndependent |y
W paooseabd y- pr ot ect ed- hydr oxy) - 5- O pr ot ect ed- hpCF/UK20031€39643
thyl ene-3 -nethyl 5
tetrahydrofuran-2-yl)-1H pyrim di n- 2-one NH2 NH2 N N
10 0 1; (f
%/?mer gtlia%h%é; Ctl@ HBS. ﬂ"(lﬁhéﬂé‘ﬁde opt cf g?og %?1)% -C-methyl-B-D-
hydr sheftramose veithi tcaﬂoblae canylgan act}wabdsre(sucln gs @BSAP opﬁchiﬁally in the

bly 0 and th
Vo B 9580 sk A 36 5 uR s 10 fim AerBr Gyf-ndependently
depr Gptﬁﬁially‘-@rdtb&eéh%ﬁ?)' $-0-Brofctddnsi@RrSRIR R Yene-3-methyl-

opti onal | rotecte

5 hy dr by %qur%t}@cﬂé@yhmdm@y@m hyl ene-3-methyl -tetra
hydro-furan-2-yl)-1H pyrimdin-2-one of the previous
step to form 4-am no-|- (3, 4-di hydr oxy- 5- NH,

hydr oxynet hyl - 3- net hyl -t et rahydro-furan-2-y1)-1H pyngi m
idin-2-one VI if 5 necessary, NH2Z NH2 N N 1| |
O P1 OH3C HO H3C OP2 OPNKH OH (~) (g) optio

[y
protecting/ deprotecting and|[then esterifying the la /K

-positions of the 4-
P \N Plo N o}
! |
P'o
O 4 /k HsC
OP ﬁ o O0—
\ CH; >
S Y 4
P’O or O Op®
av) %)

wherein each P', P%, P}, and P* is independently hydrogen or a suitable oxygen

protecting group, such as an acyl, and preferably a benzoyl;

10 and then
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am no- |
- (3, 4-di hydr oxy-5- hydr oxynet hyl - 3- net hyl -t et rahydro-fu

WO 2004852809 - | H 10 pyrimdin-2-one (3j), for exeOpiUs2003/039643
with L-valine, to obtain the 3'-ester prodrug of
(3-D-2'-nmethyl -cytidine, for exanple the 3'-0Ovalinyl

(fpst ebptidnall tecking TR BYAmig¥1L@i @nd -
(2 p ?“ d@{) g i g gn dependenly optiopally protected

am no- 3 hyl -butyric acid

Wil arycapw)ri- pro&c@dwdwcyme@yﬂmewnwmymmam&nmmd-zm) 1H-

1 RSB0 oo (MR A e e e S roxy -

Fi guhﬁlrdxyrﬁethylsi{;hﬁtl@l-ltétraﬁfrd@ RfAL BRI ByREERRAMe (vD) if
5 preparing 1,2,3,5-tetra-0O
benz%%FPSSQIYG:- met hyl - (3-D-ri bof uranose and
2,3,5-tri-Oprotected-2-Cnethyl -D-ribonic- y=
actorie. Figure 2NHs a schematic of a alternative NH,
process for prepafing 2-Cnethyl-(3-D 20
ri bonol act one. 2004/ 052899 PCT/ US2003/ 03964
Figure 3 is a gchemafic of a alternative process|ffor N
,b-telra-o l /K

preparing 1, 2,
benzoyl - 2- C- net ri bofuranose. Figure 4 is
present

schepiati c of a preferred process of thgg,

i nvent i paring a nucl eosi de,

anal og, or prodrug thereof. 5 Figure 5Cs| a
schemat i er nat i ve—proeeess=f or prepari

phar mace acceptable salt of the 3O valipyl

-G nethyl -cytidine. Figure
I ternat i ve pathway known in i or

art for r@parlﬁ@ j3- D-2'-C nethyl-cytidi nedn DETAHLED

DESCRI PTI ON OF THE | NVENTI ON 10 Processes are provided

for prepari ngVhucl eosi des and nucl eosi de anal 0@&L) such

as 2'-C-nethyl-nucl eosi des and

WBhdIN prdt

o b o ons ther sof i R EFRAAHIE UE os oL g e 4

and/ or, pr 0 f‘btg
t autddHee-ld3 lhﬁdroxasySthydmwmwglylﬁemhylr Eﬁ@bydrs-ﬂnﬁn%ﬁlﬁ—llf-

rod e stha f.ou [ n the
0 TP B RSl 1 hec bR dBR B g
ti mfcmmmnemyaaﬁldl@dmorl éﬁaﬁfﬁé \Be B5. &baﬁmt Q85 ApRIRCD 2’
purl fi catl aQn, steps, and keeq%s undesired racem zati o

©cybflige | (@eAnaino-Prme belﬂm@ pragise s s Si(raimine3-oxo-2H-

it P}te g}ﬂfngag Hon tht){%lg&gnﬁglﬁlg&lg % th%grsl ot egwg etraﬁycﬁ*o-ﬁlran- 3-yl

advastelagqumhlyy imspltiferns dAd@tted.0 neet the

15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of a preferred process for preparing 1,2,3,5-tetra-O-
benzoyl-2-C-methyl- B D-ribofuranose and 2,3,5-tri- O-protected-Z C-methyl-D-rlbomc-

v-lactone.

Figure 2 is a schematic of a alternative process for preparing 2-C-methyl-B-D-

20 ribonolactone.
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requi renents of industrial production. Al so provided
are efficient, scal able synthetic nethods for
w@e@pasispy a 2-C 20 net hyl sugar internmedi at ePCHUSIN0ZE39643
2,3,5-(independently optionally protected) and
unprotected 2-C-nethyl-D-riboni c-ganma-| actone (al so
' ef eFrgaele BOisaS s&refﬁaﬁstdifyd altéth& 1364316} %f)grin 1,2,3,5-tetra-O-
(i ndependent |y opti onal prot ect B an%l e
qupylo?r @cmethybg O-rihefurgrios®- r i bof ur anose, by utilizing
i nexpensi ve reagents, such as D-fructose, in |ess
t i meFiguid 45ish| seheratid bi GapreRiredt ﬁﬂ@s,es@,n&f Met Bregérﬁ %@énuon for
product yields than found 1n the prior art. In
PIEpEB B afaicleosidaanyslegsids snalpg.tana sph@s emdrugﬁherwf on i s
directed to the preparation of a nucleoside that is
di s UElgtmt Sifiseal settentatie o a-aﬁemﬁVé prRessIOE PrePariy a pharmaceutically

uc| eosi de_or
achpt'?:E@ ﬁ%jr °f§g 2} -Payalinyl e%tﬂf@o@ﬂd@'meﬂyl'rcml@nﬁedl at es,
such as 2, 3,5- 25 WD 2004/ 052899 PCT/ US2003/ 039643
(i ncﬁgemjé dtussratapam altarhativepathvenyt lagwreincthe! pR6Are fir @eeparing B-

net hyl ri boni c-gama- | actone (also referred to
D- %Zméﬁwg ﬁa 2% bonol act one) and

1,2,3,5-(independently optionally protected) and
unprotected 2-C-nethyl -D-ri bofuranose, and its salts
and/or prodrugs thereof. In one preferred enbodi nent,

the inventi on DirAnSasDESCHIPRION 6F EHBINVENTION
(i ndependently optionally protected) or unprotected
2-Cmethyl -D-ri boni c-gamma- | actone. In another

S R LIS onen o) £ yeeg (o prepare
2’ l(l‘lﬁfeﬁiy‘f—’ﬁh@l@os?de@ aRd hylelhdthiof L@%ﬁ : nllaeys%es anqt B’%ﬁr salts

preferred enbodi nent, the present ention i s’ used
angfos pﬁ@@ugssﬂterwf @ r&ﬂtlltl%/lstere@yhemhrcaﬂeand tautomeric forms by utilizing

foty AR s S A O Vi ol PRUARA b Zyind i the ptor art

Fuaﬂhafnh&é eirbetimimiids, thbe npe®s Esit ﬁrﬁ&-@ﬂﬁétﬁﬁng S aﬁ@r 'Idb%g-mtenswe
out to prepare 3 -Ovalinyl ester of

chyoyatpgraphac rﬁmfwtl@y steap.nand keensi Hodesirad tragamipatiopr atc acceptable

le\@H dnheslﬁ’()}%r Vee yﬁ}g % ‘i’l]}]c?eFL tgé/ f}d ragp(rg% k >Rucle:o&de of interest as an

lnwmmydm thef prodmg?sydthasﬁt and adf/ant&géoﬁﬂ?frﬁdyf Bél scaled to meet the
rochlgggpe sglt form Nucl eosides, nucleoside
Fﬁﬂ@" usgiahprodugtign. nr odr ugs prepared by the
present invention nay be used 15 as internediates in
t he 131d$oe pravaddadoareoéifigient, dealablei se_stnyheﬁﬁ: omictheds rfoic bﬁxpsnﬁ@ a 2-C-

0 y be use as antjvir
m) SRAE TocRBafifes sheh donde-lndspaidenily opiasal rmtected) and
unplhﬁcfbﬁoQ@-ﬁle@{yIMbBﬁlﬁsgéﬁﬁnd-ﬁ\éﬁ)ﬁE' Q?soUtréfeJﬁ&?Sto as 2-C-methyl-
D-fructose as a starting material 1n a short
ribenolagiens) sandol 8 BehéindependerglysorttiondBy emotected)y amb tinprotdcted 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’-methyl-

nucleoside or a 2’-methyl-3’-O-valinyl-nucleoside, its intermediates, such as 2,3,5-
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protected)-2-C nethyl-(3-Dribofuranose. 20 In a
second enbodi nent, the process of the present
WO pwensison i s directed to the preparation of BCT/US2003/039643
nucl eosi de, nucl eosi de anal og, or a salt or prodrug
thereof, that is disubstituted at the 2'-C position.
(1ﬂd&p@1dehﬂy’ Coptishalty Heokcted) %n@rlﬁﬁﬁdiﬁectb@ VBl methyl-B)-tibd&c-gamma-
to prepare (3-D-2'-C-nethyl- cytidin
laf{tanearﬁaﬁe ref@gedzt el ay Froxypetylg I@J@femehyands 1. Bdt(idependently

op?'gfl}?py Bfog%clt%ﬁne d M{;%r%tegtéd ]Zkbg%féthﬂ'v 2 r{{fxloﬁlrgﬂ(?s)a abd’ 1@ Cfalts and/or

resen onis cafrie
proditugs thepgopdn end préi‘)err&thbmbydhmeﬁt, elie m‘ventlon 1s used to prepare 2,3,5-

(ugigpgpén’r(ly? gﬁ;}tqrx%hjéc ;olte%ltelgﬁ Srz u%g]roqgcte thyﬁ)y r1llaocmc-gamma-
1a&6ﬁ%2%pa¥1bt %&éﬁa ed’ |e)n'b6d§1¥éiiﬁ Ogh¥ - 1ﬁv§‘ﬁﬁﬁt Eyﬁseé tayﬁépa&’é(yl 2,3,5-
yl -tetrahydrofuran-3 -yl ~ ester Its preferred

(1rtdp;icmlchﬂly) Dptﬂmaﬂalprothoued) o3Gnhotetted 2-Qasgthyldiribofirdaose. In yet

et BT B e b et OR i LR b iedt % rgmethyt-
cyBdRRar hJaﬁﬁn&ﬁ @, 4vulﬁfdrw-lsqiym clfyl \éft%@é%ﬂﬁ%@&%m-ﬁm-z-

PCT/ US2003/ 039643 her” nucl eosi de "anal ogues, or "may
YlbéHtm’émlldmﬁé’c@llﬂ) I annthereimbatlinggnd/the preserit m@@pha@m qarried out to

{
e Qe RRECREp T o' RS EEM LRI oty b acid
5-QMafinot3-680-0f- ﬁﬁﬁﬁﬁdﬁi—S-yl)h@ﬁycﬁoﬁy-mdl-@{eﬂ@ﬂQCEﬁﬁroiﬁmﬂylL n
the closest prior_art. Even so, a_ conparison wth

tetpaydpr-fusan-artl estspb A sity rpr¢fﬁ@% é’é’échhloélﬁér sall foymp d Ripcleosides,
nt%le%L1Qe %ﬁeﬁ%sé %%Esoo% e?‘tg/ rr(]) I &%&)}{f)‘ﬁfed Vtggb)feg%etgxfrweegggn may be used

astlh’ermydlhtes in the mepdrbdorpoddvide syriéth exdicsher feicleaside haglogues, or
advant a\%éff? es in the af et%e@ Fd .easy scalability of
mgy,beuss 'I}l?f%scaé’élé’lrﬁ EntiRcopiaste p8@ent s of
production at industrial levels. 10 One novel aspect
of tlhe fpsemebndimentetieipooceseaf thepreismtﬁmntiele utkizes D-fructose as a
speci fi,c. .conbi nations . of agent s elimnate.the..
st abrias fh i VLBPis: Ry drio-paidepREieRsy, Gionally
prbt@&@ﬁm_ﬁlﬂéﬁ@] BfD.&ﬂ,@ﬁﬁyﬁHsBeSI s. Selection of certain
reagents that convert a predom nant anount of

st ath! n%cgi% g{nlbgbl eﬂ{,othé ??oceés @aﬂ th2" by d&%ﬁtt fnv&l&?otn secﬂx%g%d to the
racem zatron O e am no aci d prodrug norety, an ‘
prépupdtionr ef aamicleosiiepancleasidennthlog Ny & daktr einprolituglthereof, that is
final product, prqvide greater process efficiency than
dispbsiautsdat Bedhdnlositiofe overal | result is a decrease in
preparation tinme for the final product and an increase
i n ilhs thied embbdiment, the present invention is used to prepare -D-2’-C-methyl-

cytidine (4-amino-1-(3,4-dihydroxy-5-hydroxymethyl-3-C-methyl-tetrahydrofuran-2-yl)-

1 H-pyrimidin-2-one).

In a fourth embodiment, the present invention is carried out to prepare 3’-O-
valinyl ester of B-D-2’-C-methyl-cytidine (2-amino-3-methyl-butyric acid 5-(4-amino-2-
0x0-2H-pyrimidin-1-yl)-4-hydroxy-4-C-methyl-2-hydroxymethyl-tetrahydrofuran-3-yl

ester) or its preferred hydrochloride salt form.

Nucleosides, nucleoside 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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yi el d. Moreover, because less tinme and fewer reagents
are needed, there is an overall Dbenefit in terns of
weomt/05:99 ngs. Advant ages found in the inproveRCPUSEE39643
of the present invention include, in 20 Figure 1, the
use of D-fructose as an inexpensive starting nmateri al
o nGAEdsidd hsdlo &@C{neﬁfé@%et BR4TBRENY 98 ahtilRal®Ml/or antineoplastic
i ncreased the percent yield of lactoone production;
ageaict i on with Red- Al /et hanol that provided a
regi osel ective m x of anoneric product conpounds from
whi ciThé Ppeockssnél the present invention is advantageous in that it utilizes less than
1.2 3. 5-tetra-O benzoyl - 2-C net hyl - (3-D-ri bof ur anose
5Q%rofethe iqugntities of yapasnisgthay arﬁemﬂadsror@s@vfﬁumda imfhe @psest prior art.
r to
B8 3 e pRfedihiey Mo e et i3l S35 o P RRGE Sitd from
12%i 1puB8%%5) Aofurthbﬁ@dﬁantz(g%l @IUthe 1&):50&18 ifivaution ii§ ahh@ppsdidate 80%
art which i ml)rqves t he "atf om econony” of the process

dweaé?rb‘i‘ 6‘% eatlmgsgf the RIS aﬁghcpSéss SYgg(mgqr\pélvantage lies in the
saﬁ'&%ﬁ& Bk allan ofi g@%lséro&%k et é&@?&gﬁﬁ‘%l@l&@@ﬁ{%umon at

fewer eqU|v 0sl ne,
lqduﬁseﬂbvelmventl on conpared to simi I ar steps in the
prior art processes; the conbination of reactants and

30 reagendel id@{)éc@sﬁe fhe® Prbsead %Venﬁ&? %§1§e§ han; PHS&% of specific

her et of ore that produces the dual benefits o
comabipations ofhacagentss thad ismipatet thennesd: Hiom separatioh, hiselation and/or

oS B aPOHSHIAER 1 e Shinioar SPooH of SSigiarrgasgniythat convert o

preUeRinabt ahyurit Mfsta@tﬂ% inhRFal infd e TBIaP BFoAREY, that $QIuBE kRemization
and npurifjcation steps are rendered unnecessary.

ofthg wming agid prodiugdneietye aad that areeastylisaparatedfand removed from the
the t
LGRS DU el Bkl ORGP 80 REAERTE o Of, LS v

reBult f5 o dacodaos i prepapivrotimetidrehy fi48 producs aed ah Bfeseakd BiitPpercent

and r sults i n about 13. 6% product vyield,
sight oHofven b #EVS AESERC AR fPSS IRRECHIS arh@eededs diske s an overal

b@kﬁp{nt%ﬁsof%stﬁgﬁggrl son, the ribonol actone syntheses
ITani and Schéibler each took 2 or nore nmonths

te nd resyl t.ed in.an a matel% roduct
y| eI 135? 1983 - %}drlé]r © dfprogied pr9°e§§f’g§f?y %t"i’%}ude in
Fikape ,1131{65hse75l7 Difffctdde 468 - 1né5%eﬁ§1vé’\’§t%rtﬂig3ﬁ1ﬁté?iﬁﬁgnd Ca0, which
unexpect edly that cal cium oxi de (CaO and water can bé

deceagedde thenreaktiom dime, ang dnetegssd sthar pareagt rieldr dfalgctone production;

t
SO ot ARG b 8 i ot grocuo
copli@ahéy ﬁbhawmemequfdm 2,9 8tt8tr ©dbenZby12-OLAEBSER-I-iBYEranose
for iﬁl:e prepar ation of | arge quant ities

of
cap_e@sipbh3aparatedrdy metheds kaows © enrae rﬁé}ﬂbﬂb‘fﬁlé ettein Rigyrodythe use
ofJERNARe a8 SARAL! Halerlal bSHAE AR ﬁen&gyllggf?osfﬁé Elﬂgﬁfe 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, SnCly 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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15 of biologically active nucl eosides and certain
vitam n conpounds. An advantage ancillary to this
wale@aeosspy i s meani ngful cost-savings in maki NBCT/I82003/039643

product, an especially inportant consideration where

| arge-scal e, industrial synthesis is anticipated. For
irfer@iediae (2) in Figure 4 of such purity that additional chromat hic isolati d

1,2,3, 5-%& r a-g&rbenzoyl % Cyrret hyl - (3-D-ri bo?%r?gngéséo aHot an
rrudficasiepsiepy aregerdssedagnneeessat®- ri bose by usi ng

D-arabi nose as a starting material. The synthesis from

20 DrFigwabilnise sclegniticas @le tribsdimeniSbL{e @8sknt invention. In this
.chronmt ographi c purification. In addition, the cost
IpproVv pwﬁs;rrﬂe?f time geqieddedorm the phenelagiers (coppound dp from D-
fhbiRte 8 afprbki |30 dhidhes cgs

t he epr e?%{){l#%% ntq Po}%usoﬁﬂ/ég% ﬂg#e%sd g‘g{ﬁ%lﬁgrgglg%n@i E?/Dé’%{ a 13.6%
prodagie piedd, awhicheisdd0r40% preapar thaid - Gun@tinyther closse pMdrhart. By

rotecti roups at positions..l, . 2,. 3, and 5. Thus

oo e aHoPelcione sEMiHee oL ke eriad $Fhafier s took 2 or more
mRhiR 4 toBbMteMnldtBslltel Man ZpproSBithtd Pd%gﬁl(?cﬁil nEPd' %gf %f—Herrera et

purifications. Also surprising was th
alGalOCavlwdpdnatec@hansistr n 8990 118{5a1767V-F46@hT63)n t he process,
significantly decreased the tinme required for
f or mRt wad dabovdied AnbxpBiellyl tHaB-cBrcirh RAAR! 2CA0)8nd WMt can be
significantly | essened the overall tine required for
regoigd (et sheainexpessiyardatting materialaD-fraetoseart poépare 11i2H,5-tetra-O-

oA M G T S S e, ity

obtaisedli This\pescess lwis foe Mrgp@aidrmﬁbﬂg\é quinteiRDTQLC-nddthyl-B-D-

,;Oiryl(_educi ng. agent, %r oduce . . L )

rigotgragose havinasuptesiph hydioyd esxips ancmpet Ayt infegnglipiein thersynthesis

of'Bisto ﬂ%ﬁf? amnnuﬁgé'sF&% eghd 98¥4n S\‘fi‘?&?ﬁiﬂ%dl@&dlﬁdg SAﬂg]acR/antage
anoner product, resulting a nore efficien

ars@ray atbi s digvosergi isphichniagful salsatdvingsofn toekigte she adoduct, an

fin roduct. 5. ects, of .the agvantages of .the. .
espr A BpORAGh BT R U HETE HEF 51 ARG el sathests is anticipated.
Férel @ainipdd) of 2 B:stiet8IRE 6nAG1- AT - lﬁgﬂ’-?[ﬁlﬁb%ﬁﬁﬁﬁd'sy N8  commonly

material is _economcally favorab or preparing the
prepaied fropy Btréhose by sisiggD-arsbinoge e a stagingsmatefialCalhe synthesis from
r LNl NCrease, roduct ield and decr ease .
DI RS s qlilel 4 BRSSPt prathoetmiicpiinicalinie: fopdditon, the
cost pbr Réshrah ofDavibiRse ds PEioREAAEGT 250 tiMb th R TOTREioSe! By
product conpounds fromwhich the tinal 10 product is
usgngs they imprgyed Pepasys 6F dhey Rrspenteinyertiona il dusteptand inexpensive
ause [ ensi ve ..
L P MR edSSepk RSB HOBIRpRISe s posions 1
2,3 agbht Thes, thendeséd prododids malle sffiefstll and basi @Ffestively without the
iat er nedi argr conpoynds. in the overall process, and the
need for; Gheorasie @B]i’lc@mlac%‘r"&?-nar y met hods and equi prent
well known to those skilled in the
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-p-D-
ribono_laptone. This signiﬁcantly lessened the overall time required for synthesis as
compared to the earlier work of Kiliani and Scheibler in which Ca(OH), was used as a

reagent.
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art rather than conplicated steps and expensive

apparatus. 15 Figure 4 is a schematic of another
wepdvaasasent of the present invention. Advant aperUSIORII643

in this inproved process include the follow ng. The

use of cytosine as a starting material rather than

benzhydlsoCwa® AisdEvered Hakt Red)ARoptbRly in( &haldi Casba r&ﬁminig agent,

found in the prior art inproves thé "atom econony” o
Progecedr 0@8sstrb(-eansbylyl-hydraxy-89S-matiytyl-Bwritofdrahess  that, when

SRR SRRy oL B el o pin

sebeEion.eUhis khlifes iRflatfiloTshd Wosir®) il BRdudSA _conpar ed
to simlar steps in the prior art processes. This

conbj 1.0 t nd__reagents in ser .

equi ‘é%&{ﬁt &a?rlt% ua:ﬁlt9 %ﬁ%% g nosfutgg & f??SPteﬁ‘aF%?% B’Fhﬁ% éE% follgwing:  the
sethetibn bEDefrudtosecds ancinegRative statthift mhtefial i eSIIMLAl BRorable for

within 3_tao 4 hours, and the production of

PIERATE g fingleProtesiedsugar ammloguesi thy ustef Cad asulteinsincreased product
SIRr .G ~l:s0lat | i i Jdon st.eps. _ar

R AR ARL S 9, UNPVLASL ) SURBRHES o rotn

provides a?egiﬁsdecnfvel\mﬂ\/bf ianoﬂsiélﬁ}lp%(rdﬂch eoﬂgﬂﬁlfdseﬁ&ﬂ(loﬂhich the final
step.o e present jinventio Figure 4, (5) -(), )

prpilﬁ%eﬁa?as 158&%%’2‘;»{ ordigreprethegs gpd eupmenss f@l’lél' chvéntages include

thedyeaoH | i | f & mini
Pt ROLBA RSSO KL R L i

nupber [9é stepe forf hanvilingiiatermeditny @mipunds fin reocessll pFocgss; and the

s b B BTt B Bl

art tath@r than compliditPfiepsindRRPénsivePPhiranRMPared to 1-2
days for the sanme Treaction usiing ammoni a. Mreover, a

Si . hangl A refera t ol 29 WO .
2004 889540 ptry Blsfhs Pl ouor® v RhBPmERC ob, Bei s dyvention.
Advantageshfopnd irt this impived praeedtinciudy @ follBwirgh emnRRiXe of cytosine as
|i.mnating a |aborious and time-consumng
a %W“%%Pgbaﬁh% tE%Pf benzeyr¢ydosing diigunead) arguecik@igurel 6)tas found
ot i es, S | Qudr Tt
i 6 0 i G6°oboBRn 0 e bkl ol Hppping a 1
copplex, anghless espenabedcaafonny off lowsr titdedudacieighs amdddition, the
reatgent S used .thﬁ}fi rst.two steps.in the process of
ProsRt v Bigh Tedhiyeh fieopse R fRver QagRBIGE OB syiopinea§eEls and BSA
cotpged t6 it &€bpk Gn ﬂlezﬁ%rpaﬁ'f)%%éssé’é. et Q:Qﬁl%fn‘éggn LF réa@%gts and
prior art process shown in Figure 5. The product yie
reaggils i lesseiiequiyalent athowntts 80= wed beretofurkipreducesthicidwal benefits of

NIRRT A AT T -
(2)sehsichi pigity dtirasdddionst- ﬂﬁ@l%l%b?a@ﬁi&is@ﬂtibl@ @hd RuRYLASR steps are

7 10 (Figure 4, (6) 4
rendefed unnecessary.

It was surprisingly found that the use of NaOMe in MeOH in the deprotection
step of the present invention (Figure 4, (3) =(6), removal of benzoyl-protecting 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,
(82) 2(6)). An added benefit results from 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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A single inprovenent over the prior art positively
affects the next two process steps,

W@ doyglosaspon- pr ot ecti on and BOC- est er coupl i ng, PETTES2003/039643
provide, for exanple, (8) and (9). First, the nore
expensive and difficult to renove pyridine that was

trbkﬂ:ﬁi@nﬁﬁrdvhﬁ:s 65 3% thigh pfyVBNthe! prebdh® iVenBbon afHerébE' dithiBating a

(D- (a)) s replaced by dic | or omret hane’ 15 ( Fi gure
lahorlqus) and) tingyepnsugiing ichromstographi¢ phtiBeasiontstepndabisoseangisl to the

PR RS i Stued @l B16F over tisilyi by pr oduct

forrratl on _and the_conversion of nmore than 99% of (7
i nt oDespite the @reste implicity: Arsseromeuninandices, andsingeraspdasafety of
I V,
e PR reh it S B Bt s T e bt O hpiinvention
hBECG Mahbifkl 86%pproducteyiéld)compagidnpl ae24%tpramldt giel®@bserved in the
rocedure allows for the oIIe tion hefore it is
P A8t BRROGiSShO B Wigurey f Cé yis] eNaé raalnteelfdﬁéalegut 80+ %
W ihilell8atRiBosthifPwhelinkRGsdA @h 5 9
© Furt her, at he c|c))r| or arltIl pr%cess g%]{tgy/tég%gpﬁ&aﬁto about 13% in
th, pﬂeihnhemmtlbm rfom thed senartive afoehamidind-protection tskep that provides (7)
upling reaction solvents (Figure 5, () -
%‘gje)f(@o?_'h&%hese reagents are expensive, provide a
| ow | oadi ng ratio of about 3% in this reaction, and 25
NN- diriitgly |1mpmamien¢eoven theapriorcart aosmselmafﬁectc dhe next two process

st%&rn?ﬂﬂaglénq o‘i&% § (?6 eéntgﬁtfgr 23/ pg)vidci& Sth Ié%)&?mple (8) and

(99X CRifsS, mﬁﬁﬂdil"esex@fenmmd/aifﬁadt tcE%in@ﬂﬁ yridine that as used as the
dlmsthlamnopyrldlnef DVAP) arereqwredfor t he
1]

rea%)@t# Yent do thmnrl@roaré B ﬁoﬁ.) Phbiscieplased g slighieremethane
en?e@sen r'S\f attllaﬁ 156(38{16%%{&948%&5{?&&%% I‘f%ﬁ ?rfrzzigélred 3’,5°-

e| r I cates pro
dlbﬂlﬂ elerlsateums ﬂmfehyi’aélomng: ﬁﬁ&gredtdfr Qftrabloveridigilyl bh@r@tﬁﬁt €drmation

orsg Eomiariongl mikjam QG aiq G Asg besiop oiHbaomegane also

is Risdd b5SARAMRAP REZoupind Rth RS E- \1’29-(51@ EthBfel 8o El'feted for %ﬁglra‘aon of

@grocesses t he use of dichloronethane as a sol vent
tneiog dapits equplewc witbhnBOC-VakOPBY & enaviden(®nt | ok silEplguesdraction

e allah€lor T GeieRl 8 (B7DHRE R oliled avifp BQG-Val-oH
(chinpareRigiite Q{8Y -0A9PNith RS sanRIERPOMEe o HEFRUKES). ar t

and producing a reaction that runs to conpl et| on in

22& rmﬁ (}ﬁe E{é %n: 8{&%@3}5}8@9@ NL tdLrS&ﬁ%lF‘% nam 88 20 acetonitrile

asi the BOCoValr@Huampling eettizatsobentef (Fidiare a3y (89 -BIC@__)) Both these
nmoi ety of the L-val. ne derlvatlvetolessothan 2%
TCARTHSAATE FXPENSYo IOVidE Adewnioadipg Gati of aboyt3% 1B thisiresction, and

NA- Hnnetlﬁ}Hﬁj?rnlaHl‘inJ BC 1Eullcnei’se 1?% i & 1%4?0% Groth M Pealtion mixture

nor e phar maceut | ca y accepta rang
due to its high boiling point. Moreover approx1mately 2 days and excess amounts of

BOC-Val-OH, EDC and dimethylaminopyridine (DMAP) are required for the reaction to
run to completion. These 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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for drugs, because they are associated with the

greater activity associated with one 10 enantioner as
weowpasmsg to its counterpart. The subsequent PCT/US2003/039643

deprotection of the esterified _ _

(3-D-2'"-Cnethyl -cytidine can wutilize ammoni um

f1 uoli centfabiHbfthe ot Prstedses, ARITEY Mﬂl&lﬁlHﬂfrﬁéiﬁan@%Fs)olvent for
in met hanol is the reagent of choice for compound

ﬂ’&éﬁS’P Recepefiony in, the prosetanvantion (Figare ) @) > éﬂ)j allows for a loading

o DY AP 1 e FBibe soroRind 9 ol Gl Biontlof gonts as

etfiploged ierbheq:m;lr aylswﬁhﬁo&a}ﬁlg i e@gﬁm that Butis tué‘e@mptleﬁlog in about 4-6
ts of .anmonj um uori de, an approxi mat e Yo
il T REvA9e iAERchog e SndAFleb ghiapRt ef DMAP used in the

PREFAT Bl Aot i%dﬁ@ésake{beﬂ'@zaﬁ G rﬁﬁluﬁo ayaenﬂﬁ‘ﬁ Oéf o L-valine
T uori

equi val ents of ammoni um e, an appr oxi
dﬂn@dv*ﬂg) Iem thap (204 compatedaetbogtr 64hicemisatimr ﬁiun@ﬁn the prior art.

SRSl e i 88 e B0 wkios iy SknRcenpellp aftapisble range

I I t
g e Sl i S!S i i o

erpBymeras(@paged-teityeommyterpestt i di ne, also identified as
4-am no- | - (3, 4- di hydr oxy-5-hydroxynet hyl - 3-met hyl -tetr

ahy dTied Wubdeqdent Yddprdtettiyn iofi tHé Nester#RE H-2’ Csmgﬁgfﬁcﬁﬁlme can
tai m ni nrum Thus, the&ocess of the present inveéntion
Ui

ilize s prpEionie dinorids (NI mi meéhﬂﬂohseAUﬂmremgeﬂusn@] dNH4F) in
I
e RSRSTE: NP O AR R PR 5 e
arel dimetipf fongamitineng@apd)dn thé gmﬁbllo of @hﬂtocfoﬁﬁqd_?)itli‘lg{ire 4). The
mnating yet anot her
Pr%’gd %‘:ﬁ{eléﬁ: {33?%11% n&i)tnée &iﬁ)ﬁmﬁ?mlgy%ﬁﬁoﬁ%g@éeaﬁgmc but uses 10
ec,if%Waﬁefnit§ of | I SifR: ﬂI&‘?deoeJnC%SHro 1'rrralted 30/3; 18&5112% ]r?noﬁ and_ requires

| owi ng the three steps o
clﬁ@'patgg@phllcmparasorapp obtaim el lay oﬁﬁﬂzﬁa&ﬁ%) tBO uké olf Izleequlvalents of

o B, W BB TS B o S i
sepaptiet 8€dded dn tHeepr3seny @lviehdbn. €&n rbeﬂ@ﬁt' d‘sﬁi% %8s Afimonium fluoride

13-D-2' -G net hyl - cytidine by renoval
Wl@o@pprpzstr@aé@lyvlé) gobupquivalents o€ eﬂxyéapﬁgterlatﬂm step of the improved

8L 535 5003 R0 ERASRD FSTH VAR 00 .

idémtified abcakmmon (emdlhymysdlymm@mymeﬁleﬁgﬁ&tﬁhwbﬁmn-z-
tate .used in the Erl or art as the _sol vent of choice
y )(%EI@HXP@H in-Jrgne (@) 1y heldrig & misingman gEuse diel process afttde present

in gﬁ Yﬁegivbﬂtﬁéé?gr??n 1t§ ei;f%%ﬂ 08 or38] gﬁt{s mcrea“g(;:(i1 %sglng ratios.

al co as a vent | Aicrease ] .y
res |na ncrea. reaction yleld5froma out 0

o erehFsro PLOS TR et S S Fo@he BV Ssement, again

ehhﬁﬂﬁfﬂg' tha. néH@ld £ chromatographic separation and purification, and thereby

eliminating yet another labor-intensive and time-consuming chromatographic

purification step. The percent yield of pure (10) following the three steps of sﬂylatlon

coupling and deprotection, is approximately 60%-99%.

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 p-D-2’-C-methyl-

cytidine by removal of the BOC-protective group, and the loading ratio is increased from
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avoi dance of contam nation due to generation of acetic
acid fromethyl acetate. The final product, (L 1), is
W bdioaioseseb i n >98% pure form and L-valine racePCmH$10031039643
is held to less than 0.2% Thus, the overall inproved
synthesis of the present invention for preparing a 10
20 iated jyh@& HORPIVYH e ﬁleg@s\éﬁi Provdss. eE‘tngl aRbhol in the improved process
o-

fi-D-2" -Cnethyl-cytidine (2-amn met hyl - butyric
repigegs ethyl acetate used in the prior art as the solvent of ch01ce (Figure 5, (10) >

SRR R TR s PRI S R i
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prgﬁggures. O her inportant factors include an
&se in loading that results in the need to run
fewer batches, and the use of easily handl eabl e
sol vEhuss tha dvq:rekigmpr@edwatlmﬁisscﬂ] the miresean mvenétagécm preparing a

10 pighiim fobnmegnd gtk Syfeet b2 e Sidud i) Bramino-3-methy -
bithese heaef i3-a- ﬁhﬂﬁtz bﬁo-gyﬁgﬁﬁﬁhﬁﬂwt) 4—H?dr6§§r quydmxymethyl 4-

yi el d of cﬁ)roduct 20 was | ess than provided
I

msﬂlybtetrahr priveeasisyl eptea), of éllwdms:ékmdg falt ﬂ@rq@if,ergsﬂts in an overall
ﬂ%ﬂé}?%‘t‘én? %{géﬁ{ ad AP 2BHR T E{R& gr?%ﬁleq%;cgzglseﬁlrge OE gl%out 80%.

prov he“Sulfn nati ng t &t

The tedredse dAscyaledtimb tie dna thatalyReage rdlisniAtidss 6f 14bef-Bitéhsive, time-
the term subst antially free of _enantionmer"_ or
15 coné%@tgam g0ty qhromatggiaphic sspEAtien end pHEREationeprocedures. Other

e I
LB e MAGL IR SOTIaLAP Dol oLyt 3R AL, g v
baﬂ&%s,t andl 3% sb yofesidih handiéatid solsersts gndltren:gentsn adse ofreslvents and
of that nucl eosid In a rred, . odj ment, .in
Sl B SRS o RS i HERATEN vl prsen
profEROUNGISeRY, ethéééh%n@ﬁfs‘ RighY bk 0RerledkeANARMd ﬁé@érﬁ yield dof product

Slmlarly the term "isolated” refers to a nucl €osi
20 W@@hpﬁ)tbam pravidedary theiptiomist process3 Thatthe pra@sss afithe P8dsdny invention

5080 el ORI T e B S o v

ust00% by MEIght, of the nucl eosi de, the remai nder
conprising other chem cal species or enantioners. The
ternms "riboni c-ganma-| actone” and "ri bonol act one" are
used interchangeably throughout, and refer to the

Démiipio s Sndl AtepmahaR@seagNPOUNd 1 in

As used herein, the term “substantially free of enantiomer” or “substantially in

25 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 free of enantiomers.

Similarly, the term “isolated” refers to a nucleoside composition that includes at

30 least 85% or 90% by weight, preferably 95% to 98% by weight, and even more
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5 Figure 1, or an oxygen- protected derivative

thereof. The term "protected”, as used herein and
wandoems2sgpeci fied otherwi se, refers to a groupCT/ist003/639643

added to an oxygen, nitrogen or phosphorus atomto

prevent its further reaction or for other purposes. A

prefeglsbly 39Vetoy 160% Byy@eiBht, B o HededE, PROSRIRMIAS comprising other
prqotecting groups are known to those skilled in the

chepiica) ppesighamicganfipmaiesi s. 10 Exanpl es of suitable
protecting groups include, but not imted to,
benzlyd ; tesudst iribohiechagimatkstons? i t atded “alblsidlagoIPs are  used

sulhstityte unsubstituted aryl groups, substituted
khfﬁ %?E?& Citra'e%@uélm reé@rrote dhe compernd designagad as compound 1 in
i#ﬁﬁé‘i’sﬁr'ah%k?Qeng)?d{@été&da{vau% P{% ic esters, such as,

or exarrp e mat 1 c groups benzoyl , toI uoyl s

gr ogB}gJ) ESHB !pgcgtgct e %!ég(lra nél%y%ddlgésg{slggﬁﬂgg leervsltsg er[afers to a
grouPtidt Ky ladd&d to‘ fm Oxpgenl nitPiddn arl pHR @l‘l&ug hidrP %o Pfegf@nt its further
acyl or acetyl groups, including an substitu
regeimben faruatbet purposesi cAowidgl vaietpt iof oaggdn, nitrogen and phosphorus

R 600 ool ol e e SrRREARORE, Con

be strallght- chai ned or branched; all of which ma
f ur tireampien pbsuitable w@g@tirxgugwmyn@udm pat st linafte m,ebf:nzoyl

ed
LR, ORI RS oo, ot TR 5 IRt aoum,
suByt[ttmdsoB unduﬂﬁtlthd silylgoupsn Substitateddort uasubsARBYH) hromatic or
one enhodi nent of the invention, the

alwﬁ@fcg)é%% 9 I&ho%ﬁp@raf-‘)@n&}bs%rpmﬂ% Eopsdiksubenzapl toluoyls (e.g. p-
|

kiSO DRI, 288 e 01Ty LS SEL0 i

C-Q2-ullpt, ioo ACH3-adyly end eliphatic lgrﬁlps(iﬂ&%yDGBactemyl@omh &ich&ling any

suBaihief G et g B o of ALY O B (e il or -
(CoO)LepylraheRid fie a?rbﬂﬁ!lé bE Ahafie YERITIhe Qé’}rltg‘r&kﬂ &l B straight-

at the 5 cgosmlon of a pent of uranosi de,

chgtna@mlrubwa,n edicalldof whighrmay be dmphqma%mndbnmbtsnm byT Biosips not
t]
SRl T AR YR AR L nRE0R 8 st . rpetive

Gltohvssm @mamhcsmmﬁs clohs Wiéycaidt Sotise2™ Edition (39919, For example, in
hydr oxyl protecting groups can_be as nonlimti n%
dggentqfj the inventjomehe dyotecting g]ogpg, pre substituted by groups not

afi_‘%'f%: %y?tlgﬂgky %ﬁqgge‘fl'ﬂ %_%?@ rzﬁﬁé%er%ﬁi’f kefi -AC eﬁ(%lj the 55,8 of ethers as

profastizgs gioups, eattentios Ubstiettet ed U)S. 06122000810 Gaw:mkpSt 8R! herein

. 33 WD 2004/ 052899 PCT/ US2003/0 43 affected by the
1ncsoépcgef[eé YRy VA e 1t 1 ’ﬁ’p%@?gﬁ"b B yseipf antqs}@r% gdrotective

ra%y! off WELEEDY WRHRES BeRzakl nisno
gr%%t ec%llgg gro%gé are prefer éb?y Bg%}y PR Opafich of a
pentofuranoside, for stability toward reagents and process conditions. This affords an

’ED

ultimate advantage for separation, isolation, and purification of the desired product and

thus, on the product’s percent yield.

The sugar hydroxyl 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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(but oxycar bonyl), -(C=0)-aral kyl, -(C=0 -alkyl or

-(C=O-aryl. In one enbodi nent of the invention, the
wW@ionos52e9 d protecting group i s BOC (but oxycarPornys3003/639643

Thr oughout this application, the term "substituted"

means single or nultiple degrees of substitution by
affEte® by MheCsdlIRO r&ioip! hotaR! SIn VHET EntbdthBE! fhe sugar hydroxyl

substifuent is disclosed or clainmed, the cofrpoun 3 ny
prgtectind Froyniie enpopk dihe ramigo tdeih prmwmgygrbhpet ate preferably BOC

RSB (55 b ELE B ST S ment o
thfeliﬁ)ﬁemlbﬂ,ttﬁel amfidepensiokliNg BloupAEBOC (BatokySdrbéiie).
di scl osed or clainmed 10 substltuent noi eti es, S|ngly

or Pl ﬂgﬁélut timeaﬂa)ﬁ(]:%orf‘lthg te er ul ?glqecp’erg%%lﬁq, gl?lgkf or multiple

unl ess specified erwse
depreesioflstibstitutimmddyeshe q@mary @bmed silfstifcRhts. Wheedddgle Substituent is
rtlarry hydro&)grbon of typically C1 to Cl0, and
d’§§8§ﬁdf‘? c“é"f‘lm? I@&&’é’“ﬂ%f’ﬁ}/ ¢ sybstifyted Pb‘??e‘?lhlylpre thappnce by that

51{%%&11’(. Wﬁ&@rfhﬂ}f le ‘\s}iﬁétﬂlﬁ)é’ ‘l)so)é}e dpsldfo\é&f drsag{rﬁéﬁl tfle spbstituted

-butyl, penty c openty I sopent neop
cchquind cas bk esulys!tl,tuted( mdebmdphﬂy iby colne foe mdrabf Ithd dlsclosed or claimed

th pent butyl. The termincludes
Suggtt“?‘f ‘X‘?Seﬁl@ yé’ﬁnﬁlf%i)ﬁbst ituted al kyl groups.
Mbi etles with which the alkyl group can be
subsThe tered “alkylsnes awsedrbereip@ad tundess sgc@ﬁséloelnﬁrwef refons to a

it e BT S P AT o Rk Bigrocnhon o
typichitp et Cl(g'ﬂlﬂ"ﬁaeciﬁdalw(ﬂrauws %quﬁ])u&omethyl ethyl, propyl,
al kyaam no, yl ami no, 20 al koxy, aryloxy, nitro

ls%ﬁrpﬁﬂ %%OPTOEMNE)(I isoputyb t(b@Fﬂmmtylswcﬂmntyl,asommyl neopentyl,

hez(xy 12(?1%}(?1 Qg@%@ﬁg@,hgycﬂeg F‘l ng;f hanﬁpc? g}y?butyl The

tepn atcdhades dotts substimssioang, ulﬁﬁbdtllﬁﬂwm allk§>l gmpsa Moaidtleg dvitiwhich the
e art an stau?t for exanp in Geene et al.

OFIQER PR 1@%%%@%@9@ argoteteotad Symathg group
co§§’i§§ng of l?algctﬁﬂdll nc% ]fg.\gilﬁle gﬁoﬁrﬁg biohilRe ‘! foul Iﬁmoﬂygdroxyl (eg.

and "aryl am no an am no 'group that has
CHxPB), aqulb (cg &‘rH/szku EHLNHEHS o1 GIEM@EE)z)éeillyylaﬁmb arylammo

| k | k I I
TPk, 208, (3L LR, e 5, S S

ho hond) 434, "pHogpiRke b Iﬁﬁﬁdﬂé't ahPep M"otfhvlﬁéhﬁl W
P stltuentp g‘é 'I?he erlr)n h; o' 9| ngl udes chl g?oeunprotected or

@rwoteict@doas RAGESSATYL @ dknows 4o \Wpseoxkdllc@is 8@ art and as taught, for

E&g %@g%ﬁg %{2&@42 glﬁlletl(?rrg%m agr(xrlgg@g&:yn ieseigh{é])ﬁ?&’ﬂéy 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 alkyl
substituent.

The term “halo” includes chloro, bromo, iodo, and fluoro.
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bi phenyl or naphthyl. The term i ncl udes both
substituted and unsubstituted noieties. The aryl

wW@e@up5189Nn be substituted with one or nore noi BCT/ES2003/039643

including but not limted to hydroxyl, am no,
al kyl am no, aryl am no, al koxy, aryloxy, nitro, cyano,

S U| f ORé ferMOtalyl” SasSiidbd ﬁ&%m ﬁ% cﬁﬁﬂ Q)th@?@%% PR#:E to phenyl,

phosphonat'e,” any or al
blﬁ’hﬁﬁ)@ tozgtaphthyl. {The ttérm 1rpﬂudee dIOQd Sldzstltm@b 8&%\ ul;lsuba’etuted moieties.

TE?( %ﬁvyrg { % ptc%r?gg gﬁ%&“&?‘gg’ﬂtﬂ otngl%&%rg)t&? %{;,get%% &fgg&‘ ﬂ% Iaut not 11m1ted to

hydrereyl] ﬁmﬁlmtaﬂléﬁarﬁmo\] @RlamMb] &lkoRy) dar%&?; nﬁfbd c?&’r&d 'sﬁﬁ‘omc acid,
L‘(11991) The term "acyl ™ i ncl udes - O -
sphaniso ggid, mbpephpteR qrsphqsphom@e exanpt eall of whlch may be

0
frh B0 oy SRD BTl fobEiently R Y o G ifted h the art and as
taiiglet] doli exganigse zinl Gr@hw@&ﬂ a'PKMbct&keCGTcﬁﬁ)s piheoepavite Sithesis, John
yl Inclugd%? phenyl optionally substituted wth
“ﬁ%ﬁ’&@@&’n%@t o gi%N)- or C1 to C4 al koxy, sul fonate
esters such as al kyl or aral kyl sul phonyl including
met hﬁlmamuhf“tanyﬂ’ indlimdes momlj— O)-Rdin-which tid ngrhesaphiai enoiety R is for

RIS | S DRCRATyor SEley HRYheor fogiet chliip abkoxyalkyl including
mefiheRyA¥hyL &Mkyll fcludidg b r@ f@ﬁﬂégéﬁ?f Igﬁféhs bl ﬁ}hencﬁ[y}ﬂethyl aryl

groups in'the ~esters optl | se
inghuding. plithy Qrélomill)f mn‘fumdyWi'th ihelfogcn; @1ct0£(h; aslkyll orgildn [C4 alkoxy,

ch t h bo t I
s e St i T PSR gAY o lyning mefrnedidgpt e mono-,
dil- € ltHGRobiHRateS bstetC ki B Sr nR%nQ}rQstﬁﬂgil RbsHRlEd l'b’enzyl trlalkylsﬂyl
respectively. Here the non-carbon I et
sush sy oReXarm e GmuedirhpHB 15 st & Givhenyimatioliktl. eyl groups in the
£ I k I | udi
es%%h%t%@@f%dﬁlﬁfse ag%’l\éﬁylaér% TI 4#9@ X ac 1??;13% I n%fgﬂcyl group
inszldﬁbhﬂﬁnoplwﬂmny]rfﬁbiew is lawatl allydcl ud| ng phenyl
optionally substituted with hal ogen, Cl1L to C4 al kyl

Or Cind Rkl Shibtic Ai@Oabdbeh ﬁ%}g ol fd bAGRbRARe MY Sructures
are sul fonate esters suc as aral Ky
R@(ﬁcb)ﬁ)ﬁlyhd ROFOIDR], mspchmvebful Hereythe nbhkealﬂmnyi moidty, vitfether R

oo 5 B len Syett, bl o RIS aT 26w sl akoxyaliy

m@l&dﬂi@' emeﬂioﬁﬁh@ﬂﬁ 1't arQHtS'}/' $hdl¥dihg . Wenzyl, aryloxyalkyl such as
di phenyl met h groups in the esters

phepexymedthyl, @aﬁmpluslmga)hepﬂeqmongtmwstmutedamh halogen, C; to Cy alkyl

R
ordih KOS9, AR fepine PO inRfstoB TR aHTE mlFurllesfiia pusheas aliot or
arflylsudpoyyomeidingngetatselystynahé encho-, Gi- o tri gﬁhosﬁﬁ)ate ester, trityl
am no acids, and includes but is not lTimte am no

orgpenpetearyEityh SBIPS@IIEP(II benzyl, drialkylsij¥l sveh as) fanenample, dimethyl-r-
buéﬂglhnfa?r ﬁéerﬂﬁﬁp g@l uc'zﬂ?l p(ﬁfprs]'lgnl!hg eersters optimally comprise a

phichylegrouip.e, Incy1$ toetureencesy rR)SindeR’ asigaba dheSamd lodtraay} BE, different

g artate, glutamate,
substituents.

- The term amino acid includes naturally occurring and synthetic o, B, v, or &
amino acids, and includes but is not limited to, amino acids found in proteins, i.e.
glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine, tryptophan,

proline, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartate, glutamate,
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35 WD 2004/ 052899 PCT/ US2003/ 039643 |ysine, arginine

and histidine. In a preferred enbodi nent, the am no
w@eiod/ 052399 n t he L- configuration. |In another prPerf/E820831039643

enbodi nent, the amno acid is L-valinyl.

Al ternatively, the amno acid can be a derivative of

d.an u | -
lygihg,n%klmﬂeaﬁﬂdq?ﬁlsudlhg Gh WY preferq dpitoaiBN:, T.he i yb r%&fid is in the L

al ani ny trypt ophanyl’,  met hi oni ny cinyl,
capfigitragibn. tHne@n@ﬂlyﬂ Jpréfenyd t embgdimetlyr 8wi aglino acid is L-valinyl.

ARGBRRG. U apilo iy et R AGTS aah dfist bveiapt plenceims

rofiny1e Ialan&ylsqw |, meBridfigyli "Mbeinyl, serinyl, threomnl
P -p§{1eg1§5/lli ani nyl - trag%tophanylﬂj'(?,glket |on|nyl 5

cystenyily éyrngmyl (asp%glnﬁlylglut@sumﬂ; @@pﬁrtwl glp@r@gl,sﬂmw; argininyl,

n
%@dlﬁglpgsa ar.llléi -V%%&f%?l;&rl%%l ﬁ(lipléucc ﬁ’)i; Balgrllt)g}{%l wpheli%lfllamnyl B-
tr@stoptanil, Btméthi’ohinyl ngijhBlyI -§Brinf) - thedoe g, {Bﬁ?sf@nﬁcﬁiﬂyrosmyl
refers to a carboxy I C acid having an amno  gro
B-penapagind. dhelutaminyl, sP-aspartoglin§- glwami,u Pelysinde B@fgmngl or f-
hikfiigRded to embrace both D- and L-am no acids, and any
%au oneri c or stereoisoneric forns thereof. The term

nucl 03|de ase, cl udes i pe or i m.di ne ase
ST %OB@PTLWQ %‘PmBWF eﬁ'iet%%lgérbmﬂbé}clﬂféd A\jpg an amino
[ t [ _
té%ﬁnds it %l‘%ﬁls ddt fé\ﬂﬁﬂ | I ég(G'(r) ( %&F tiﬂt&’ﬁﬁ:d tD@mble both D

purlnes erein acy aryl,
amil lkyinarwac;ldso anchanyl tatitkrieyic oNStetpoispyiepa fomss, thereof.
N6- hal opurine, N6-vinylpurine, N6-acetylenic purine,

NG- aEnd tephhl hiteoshe- Base %ﬁﬁek)ﬂunn@ Wl }?1}@1mlﬁ|ﬁret biseal Bxdmples of
purine, N2-al kyl purlnes N2-al kyl - 6-thi o purines,

pqrmprﬁrrmfrmggimg dageinchgles blu(ﬁr@ @9t tﬂ@ to, adenine, N alkylpurmes N°-

oA URER 5 CRPARSL I AP AR N o

Nshﬂabmﬂ{eaqumylpﬁﬂm&INI@a&t}flérﬁﬁ P8 CNP-acyl purine, N®-hydroxyalkyl
Co-al kyl pyri m di nes,, 20 C5-benzyl pyri m di nes

pltlzaler]hﬁ 6@9@11% BTERSs N @lePWWeEle kd’ ﬁéhw@u%ﬁéeﬁmm,ccywsme
5 P¥ibio 51 AR %H@@%}lrtﬁ)%ﬂ% I6ne b@mdg;e Wéﬂﬁcﬁﬁ%@ aa!ﬂéltosme 2- and/or

purin cyanopyr
4-@&raaptapgmudlm drani, S-Eﬂoamﬂl,apyludmgcﬁ-ﬂmrouracﬂ C°-alkylpyrimidines,

CobaPyERRGY * CabdarEnines | T Capirapipimiingy | Chacetylenc

pyﬂﬂlﬂﬁém@béﬂyﬂ df)ﬁirihldmepyd') Rl @By }pﬁ‘ﬁhlle @'-’]-ﬁmldopynmldlne C’-
pyrazoio pyrimdinyl Purine bas€s include, but are

cyiaoopyrmmddeiﬁlttqpyngudmc e’ -amenyimjdiiey @b)@hxlpmmc,s, N2-alkyl-6-

2, 6-.di am ur i 6c:hl OpUL |
RN arteA LDt GrEpEaiR ¢ NG ko iMRecolopyridinyl,
PRI BEInEdingE aRe $efSaloypyimidasi. f Pdﬂne Babe$ ﬁﬁhﬁle but are not limited

protectlng groups are well knomn to those skilled in
tog peanie, ademag, ihypoxanhing, r2,6rdiaminepuripe, and 6-chloropurine. Functional

)&ggiﬁ %{ dxﬁﬁﬁ% 'gl'c)(lk) dn F%t E‘Aﬁg éEBt F{ )P?&Sér%% %g q‘lece esgary 01i desired.
Stﬁfablepprosemhg a@oqﬁsehgel w@ﬂdklwwiplt@ Alydse ﬂ@lllehiahﬁﬂtﬂ ﬁﬂﬁﬁhd include
tri?nne(tjhyrl)silyl, dimethylhexylsilyl, z-butyldimethylsilyl and #-butyldiphenylsilyl, trityl,
alkyl groups, and acyl groups such as acetyl and propionyl, methanesulfonyl, and p-
toluenesulfonyl. Alternatively, the purine or pyrimidine base can optionally substituted

such that it forms a viable prodrug, which can be cleaved in vivo. Examples of

36



10

15

20

25

30

30 toluenesul fonyl. Alternatively, the purine or
pyri m di ne base can optionally substituted such that

WO 20oft052889 a vi abl e prodrug, which can be cl eavedI/U82003/039643
vivo. Exanples of 36 WD 2004/ 052899 PCT/ US2003/ 039643
appropriate substituents include acyl noiety, an am ne

apProptietd ewisRihts(Rclide adyleoRy, ar’afifél &ERToRbpyl (e g., 2-amino,
cycl opropyl guanosine). Other” reagents used inth

2,frdiamme opEyelperopylemiendsinelvent i on or t he prior art are
defined as: BSA (bis(trimethylsilyl)acetam de), TNMSCl

IS cOther odagenmstudyd i tRNerocdss A thé p téieﬁtrllhffél}ﬁthﬁCtﬁé Ipfior art are
eny Si

df‘gﬁwggg h%%&é%p(fg%%h% Siyl gcgtagﬁé%s 1y plzrlpm}mmethylsﬂane TFAA
1sqﬂh95ﬂog@etlcaa%ﬂ%m\4 RIS Qrt&%hﬂ?zﬂgh?ngﬂﬁﬁ%%ﬁéé f'ﬁ%IRMSCI is

he present vention is not use ¢
tertthoityd dimiedleylsilyp chloeidé;end G Mds divhtbremethane. and r eagent s
exenplified. Suitable alternative reagents for the

pr eSERY proBY YT 'tHé‘ pFRtRBvesind i Hotﬁfnﬁlﬁ@d & gﬂeh&é Qf Qhé’ fiflcleoside,

above. For exanple, TEA 10 (tri et am ne
Prp@pleéca@dnbywdmﬁten,t zhmi“ reagfﬂttsabi&@n}zhﬁede Smtablwaitengatiba treagents for

| d. th
RRERT TOFHINE) TS oGOty beGe o 5o T phahve: o fuample, TEA
(tfidvEy16rhing) nﬁ}yrﬂétrbﬂéééﬁtﬂ&adiﬁr)otﬁ@ysuﬁ@olé ﬁﬂlnﬁac ﬁﬁangﬂ‘E\}t not limited to

sui tabl e roti ¢ solvent, such
dijsppropyleihytastioe. aN)eﬂ@ﬂQOhObnheqr arem@rtraeﬁ ahphﬂc@mme DME (1,2-

dl&%@%&%ﬁeﬁ [nfa | Ue n c an %g)%]y y %gl% &d Ogasy aﬂg‘gﬁl ; ?‘§II# 29(1| chygs THF

(tetraRgldrdFurpi)oop harfye etitt;alandt Re@AlEHOH ((Qcﬁi!tﬁl:%bis -hfeﬂiobiﬁéthoxy]
of

trj-tetlar y..al um num hydride), all
?%é‘s‘/ a«{e@bpk)én Maewd@eneebw%y NeblTet Swihs Ha + Pd-
P@%ﬁ‘@%@%ﬁ?@ﬂ? (QEADEERbER et Rty B RPN IR hycride), an

ofbehich eprodunct d‘fdnm*selbbtﬁ/eﬁahmﬂ regiosebdetiig S%ctrmys ﬁﬁlt not by LiAlH,,

B T
an@d el RN adddbn OF MBI hal/ %%Blaé&i b asﬁ@s fneéﬂe?&l%d R¥eed, for

g&/ pol ar solvent “such as, for exanple
scgled e prgedwigs fagsiotels, theprefstegrsoDivBL. i s pr ef err ed based
upon ease of handling and renovability fromthe

I eadhiadditiBhX Dl\lﬁD@dlﬁﬂetﬂy@ -formamide) mag be. replaced by any polar solvent
odiimd

(di met hy Iamno)dar 8 d]i 3-et hyl -car
Suﬁy a@¥-0loRiesrmple) DMPQo(dimaethyk @dquaieé,saltm@gh DM;? igepreferred based
PLAGE g e
Pk AR gl 5800 il O] BBy DO
(dmathnylaiaﬂmbmbpyl]%ﬁl%th}&&gtbbﬂl1m1de hydrochloride); also referred to as DEC)
b%r; L%(g oxy tris(dinmethylam ng)- phosphoni um
MY GHP G é %t)tt hgenables poppling algﬂlv%g,r@ag igiteds to, CDI
t S e h
ot g3t 50 il My B RO
phimélomum hexafluorophosphate), 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

A Lewis acid includes, but is not limitegl to SnCly, BF;, AlCI;, TiClg, TiCly, FeClz, SnCly

and any mixture thereof. In one embodiment, the Lewis acid is SnCly. Any organic
solvents such as, for example, toluene may replace acetonitrile. Any activating agent, for
example a silylating agent can be used to activate the nucleoside base for coupling.

HMDS (hexamethyldisilazane), TMSCI, or TBDPSCI, for example, may be used in place
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Lewis acid includes, but is not limted to SnCl4, BF3,

Al1C13, TiCl2, TiCl4, FeCl3, SnCl2. and any m xture
w0 banesf9d | N one enbodi nent, the Lewi s acid i sPET32003/039643

Any organi c 30 solvents such as, for exanple, toluene

may replace acetonitrile. Any activating agent, for

e , ¢ " .

oﬁ???ﬂgglg?(dﬁgﬁ%%gfgﬁ?g%&?%ggﬂ ngg?d. hﬁﬁ@%?%ﬂ ARrREVE Yoetnt RS use in
plebe v sediny dietoxideainenethavICind any TRIDRS@lyentt such as DMSO may

re%é??ﬁ@go%mbe Se?gqfl (%g%l gfy?atineg’;?re\é\gzn s(,) (r)rffa{yOrSe% a%g TBDPSCI, any
fH{ui el dalticaR tép¥Ace INHLE), 86€6@BI £8ds subAERTFA thSy Bdlused to replace HCL.
alternative reagent for use in place of sodium

nmet hoxi de in nmethanol, and any pol ar sol vent such as

DVSO may replace DMF. Any nunber of other silylating
Defidlea DeScription 8PPAeBss SIEHRSCL, any fluoride salt can

repl ace NH4F, and ot her acids such as TFA may be used

to replace HCl. 5 Detailed Description of Process
Prgpapation efyhe Ribowolactorpe R bonol actone OH O P10 CH O

0O HOMCH3 OH~'"~ P O2  OP 6HDfructose Il The
ri bonol act onegggan be prepared by any published or
: ' 10 i ncl udi ng st andar d Kgi-dagi on and

The

« N Can be prepared by reaction of ) [sst CH,
fructdse wi tQHcal ci um oxide (CaQ. The Dfrléétose"a,,/
can be Eeacted with CaO at any nolar ratio tpad al |l owsHp?
the 15%Laction to proceed at an acceptable rate
wi t hout excessive side products, preferably at a 5:1
mol ar Drfrugese and even nore preferably at a 3:1 no(l&
ratio, and nost preferably at a 2.3:1.3 nolar ratio
t o Drlid didbaslectodd@aidfeo pRpatee WEdeY miblished bAuBpitIRhed means

.allows for the, . L. . .
including standard oxidation and substitution techniques. One embodiment of the

process for the synthesis of the ribonolactone is synthesized via D-fructose by the

following protocol.

The ribonolactone can be prepared by reaction of D-fructose with calcium oxide
(Ca0). The D-fructose can be reacted with CaO at any molar ratio that allows the
reaction to proceed at an acceptable rate without excessive side products, preferably at a
5:1 molar ratio, and even more preferably at a 3:1 molar ratio, and most preferably 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, e.g. for 6-22 hours, in which the
reaction progression can be monitored, for ei(ample by taking aliquots periodically for

TLC analysis.
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reaction to proceed at an acceptable rate and w t hout
the generation of excess heat or excessive side

wEe@dosass? | n one enbodi ment, the CaO i s addedPCT/US2003/039643

incrementally over a 5 20 m nute period at room

tenperature. The reaction can be allowed to proceed

unt i IThi3 resuiios lcaf b %bccﬁg@iéﬁed of arf Tafut€ 1R Gl i

consuned, e.g. for 6-2Z hours, iygérvr\ﬁiec?h t he rggl?:tﬂlleorﬁacuon to
P’ﬁﬂc@ﬁ' at gnofrceepiablgeraie vitlmue dyromoting xdeopinpodition aki exgessive side

l1i. quo Lodically for . TLC anal ysis. 38 WD o
p‘g’é}ﬁ%‘o@%@‘%@ﬁ%%/%ﬁﬁﬁé‘?fﬁﬁﬁ%r°°ﬁ1?¢§¥1°reé '8 APRY3pet0 °C.
acconpl i shed at any tenperature that allows the

reacti BIECiMap; sardy atedafo demepe avlciumafremwithensolution. In one

' e St siye side roducts.

cfpaehy LOCTRTBR AL B 30 OB NS sfho Bl ot i pproferred
embadime®3 an dfpafic Acify atd pid@nto abe rbtios eshittOrer RPYE calcium
Cﬁl ci un‘sf,rag)[in the solytion. In one 5 enbodinent, CO2 )
capopalf, JWiaple Arganicsacids wRlyde, buiame nphlimited o7 exaligragid, mnalonic
d&d, Phetialcr i tod; roan ¢ .ackd, ed to .
o e A, TRAC, CRP 0 o0 B A, iy BT ol acie
mgigict adid,cacetig acigcpﬂ)pliﬂiﬁic acid) isdleytyticitcidy scrplié alaiﬂﬂiﬂeﬂﬁcrylic acid,

to. oxalic acid,. oni ¢ I d, sugcinic acid,
blﬁm‘f %\?ﬁ?’@eﬁ@flﬂlf’ agid Berangis; a&fdc %rﬂ’ﬁéi‘rioéc adid, sebacic

acid, azelaic acid, maleic acid, acetic acid,

pr opllsi¢lerea dh dinei eabadimeintcof tiedpresant yihventianj €0, can be bubbled

b i1d, 0 .butyric acid, pentanoi ¢ acid, )

S AL e 3 P ool oY o e B R S mount of time
todowecthepHtfrazh bhdie tdiBaNevEls e tabBit 2-8R8uGAARCaCO; that forms

bubbl ed. through the m xture at the concl usi on of the
asggedlt of thepeutphizatinon siepseantbeispmovards fortexample byevactiem filtration.

| ower the pH frombasic to neutral levels,, e.g. about

2-3 Fiml aqseor gyt (ien cah bg tlfe@l'e&&vithg& ?id, 86¢H s zlﬁf o%ﬁﬁc acid, that
. neutralization step.can be renmpved, for exanple
i SEEgSA e HEOMS SHIC. F0E HHBPIS QIR Py reclprraba basallows the
redtRAl RdpMctdl ﬁf‘aﬁccicg%ptéﬁlg r}at%swﬁpo&r &?d%bs‘}Y@%id‘éé?&Hé&s. In one

IS stronﬂqjer than ribonic acid, tTor exanple oxalic
enzhoidimends the agidnwichas psalicacidy &t added ans 1 2hnolar etiotwitnDiffuctose.

proceed at an acceptable rate w thout excessive side

pr odiietBaction cafie RIBNREHItHPRScced DRLIBE ist?osﬁaﬁl%‘_a‘ﬁarﬁémﬂ’@'chﬁium is

acid, is added in a 1:2 nolar ratio wt fructose.
progiaitatedhatiany terepgratbes that alleas thocaleivwde gresipitate aut of solution at an

Lal.: A [ciumis_ 20.precipl.tated at . .
aoSHRRHAE Rtk WintRiED HomBiing” BeCliclin, G 1R RFRUGE0F Srflspine side
produfctsof Fepkxdmpls, de silutidc capbaktifred ainfil W WhR!slurry appears, for

r opot i ng gﬁco,nposml on or the formation of excessive ]
exgﬁnago arghigly & d manutes, atcabaph Feom fepapesaiiis poaropad 25¢’C. Then, this

i I B "8yodor  exanple
Sllgl‘r;}}o%aﬁgﬁje?{fgggrﬁnnhﬁtags, a%%t,gﬂgg%){a){nr%‘ggnte e§rr%eér'ature or around

25 Then, .this .
%pon 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 example,
NaCl and an organic solvent, such as THF, can be added into the slurry 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 adding solvent, stirring,
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slurry can then be stirred overnight, for exanple at
45-50 C. 25 Upon conpletion, the solution can be
weraposnved, for exanpl e under reduced pressuPET/USI03/039643
renove nost of the water while still |eaving an
aqueous m x. The product can be isol ated fron1the
ueou by any neans .known in the art
B SR g, P S RO JATRR S P vty st topeg as necessy,

farRalaple tbd dbend NEmes. UFindl1@tthe O@thic sERBBAPEAN R dRtbined and
stirred, for exanple_ for aegrOX|nately 30 m nutes. The
Oh

stirgas iwith aglrying agentagich 8 apbyewnMeb O, fon pxpmple f@qﬂbm@tes then
ﬁht?ﬁérﬁ,:aed %ﬂ@& %ﬁl%%ﬂ'e%ﬁﬂeﬁg%ﬁ(cag% "l{I?% EEP‘?%HI c a@e eva?ﬂlgted for

exanysle sada@iredutad pgsss.ﬁé Vvt aboutstoi °C),i ang the &ﬂdé/‘@oduct can be collected,

2004/ 052899 PCT/ US2003/ 039643 and separating the
forexamplery asatkedyaasq sspusolidan be repeated as many tinmes

as necessary, for exanple repeated around 3 tines.

Fi na[]pyipnetl]ye to pyafyi the spnd>duct anscodh stleert psdvhrschcatotle is added to

ol b o) (iR Poiredan xmmIE F 50 C A fiadftech whit
cf&'sttaflln@%l?on%fﬂc&ﬁ@ 5pro§l!t{9 t'baf?lSbeTl?l')'_llec‘E'éGefofr'éx'é\fn?hae bg %c@t‘ﬁn filtration,

évapor at ed, exanpl e under reduced ess
waghsdt witly ti secamd soleent,r gk gsr andtooe, aadwlaenmmldredt(sc:f; Figure 1,
for |l e as a dark orange sem solid. Optionally, to
1F§igﬁe product, a second solvent, such as acetone

is added to the crude product, and the m xture is
st i r Peduetoyicldeom his rgaction @nrhsyappraxdmeaisly 18.6%i nearly 4% increase
' C duct can be collected for
oy oh%&%%%sﬁ%%ﬁ#%% o105 washed wi th the
such as_acetone, and vacuumdried (see

B S 8{?@ éms&h&reun% of thegihnmplagtope dhen; e henfedectively protected
with %Cstuit%le %?&e&ﬁltgﬁgg%pp? ?gél%aﬁ Y\gﬂ}g afl 4 éo v ‘g @fl#ﬁy%réléf) bry methods well

I ncrease ~over
kigovwm tar tilgose r skl lefaly Ty dhcydlrt,gms)tqughtofn Gn&ne; boRD) ﬂncttemare Groups_in

O 50 SEEE. T8y ot 20 50 FhaPand b o PR b chor-+
b@§ 0 diphesilRE NagE beelehcted RAN tﬁeo ri'bbﬁ’(ﬁﬁ‘ct&lfé bi 86brh NefpErature in
art, as taught in Geene, et al., Protective Goups in

angyygeaws @ysglineh editernativehn awacery cldnudc‘ao;nsh aségmmrl chloride, may be

regiibh ot 4% ool onds SRR G Pe Prtisn®y b s s reftusing

caiditione in DaMMer ature in  anhydrous pyri di ne.
Alternatively an acyl chloride, such as benzoyl

chl of nrdﬁ r1%9nd'l§cq&{ee o?ﬁétfhbah ri)% thi )J% D\,thlg ]:1%96 for example

opti ona presence o0 ase, er r ef
Dh/mnlﬂlmlanysmolar % 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
invention, the additional base (such as TEA) is 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 in

approximately a 5:1 ratio with ribonolactone.
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For exanple, the ribonol actone product can be m xed
Wth a base, for exanple DMAP in any nolar ratio that

w@bdogms2sphe reaction to proceed at an accept abPE@I/D81083/039643

wi t hout excessive side products. In one enbodi nent,
the rml ar ratio of ribonolactone: 25 base (such as

The | t] I
o RN, b 8 SRR 90 0 L3RG 1 i o
terhpéyatune any thelsatubility i of ﬂlhahagdntsw\@ohh:ﬁtsr ez torsist todf any aprotic

oo etuth it nat b e slob ol ol S Shdeeme Fohohexane,
toREAE, 1408k, ba 1%&&%& an"i’a?aanHFS?h% 'a@et%ﬁﬁézdlcﬁfohﬁﬁethane

a sufficient period, —an acyl ori de, such
didhdomethlang h dietlgd, é¢tberad dudidine, andimetiylfiormamide t(ilaMF) DME,

et tSiorge CSOEc PR o BIaRaR, of oo oo i Rieh bSreqt toush

préRRLBXDIRt el y a 5:1 ratio with ribonol actone. 40 WO
2004/ 052899 PCT/ US2003/ 039643 The ri bonol act one can

¢ enp PR Respfon e B et SiPlited € e bR B v B reaction to

pr&&le&eitt &n CRBeptalls | fafe GfithaBy pRihétingC decodhptRftfon or excessive side
including, but not Iimting to, alkyl solvents sgch as

prpdycin el heritefepred swepessture is {rgm fope tempetabie fo oy p °C
acetate, dithianes, THF, di oxane, acetonitrile,
di cHkematee thuman be addeﬂ‘ﬂoah@ﬁ:bbmﬁﬂm)dmel dfydr vatidtethe crude product
pyr.i di ne,  di met m de

is daonﬁqt?ﬂu %’éﬂefio‘k’itgé‘ (sml; SOIHPfH?etS}‘Sh a%&r&hv% meghylgiler, filtered,
wiRERInadkied ﬁ)ﬂ aﬁgﬁe Vfanﬁb‘%ﬁa preferably DVE. This
conplis

reaction can at any tenperature that

al the reaction to ceed %{ an acc%\%aﬁ %

wi t Bt CHPBHBYEYS d’“&?é’é&?m i PPE8H By PR S e °T1Bfepa“ng
it Rfohe is given B Figie ed A %%ﬁédibwoﬁn! @f KIRm’§ gfa&ss as dglven by

tenperature to about 5 T. lce water then can

Sctw:denhe Adyadn i(ambotprrate & heat 11857 Wh:4h mdi@at@ﬁr that CotQdcis added
i S ol ] ect ed irre ent h a
oncg g L 7 ag%ient SIII ays ﬂ%trer %lfltqaft vgﬁfghat% BIXE 1'3 all %ﬁd to §1t with

octasio@X a;ﬁahﬁg \tbﬁlmmunms FOhe Goikpaé a4 itheh ﬁuéﬂed,seﬁd theh ﬁltrate is
rior art process of Kiliani for preparin

sapprgeth oY Cohe Nextgicaleinm jonsi e maeapitated by ghfr égdigea dan exact
ol P SRR Mgty e Bt iy and e

sy aidiﬁ;eeaﬂ toosrgstaltingl uhdrrcokd) eomlitighsdas ahather fewaﬂzt}er Fmally, the

the m xture i IIo dto sit w.t occa
mg Slkql%“’? Are)_sspaatet Bomryihe fryytalse and tqﬁe RO éﬁiﬁalved and

reélgg’taflﬂédf‘rbh{\kétbﬁ is saturated with OC2. Next, cal ci um
ns are precipitated by the addition of an exact
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20 equi val ent ampbunt of oxalic acid, the solution

filtered, concentrated to a syrup, and the syrup
W@bdoomea39e 0 crystallize under cold conditions PUBEDS2003/039643

anot her few days. Finally, the nother liquors are

separated fromthe crystals, and the crystals

' v recgrystallized fromwater. 41 WO

R%%%ﬂd’égegw%ﬁ%gﬁggﬁfggéﬁ Reducti on of the
Protected Ri bonol actone P10 P10 0 OP4 Am fCH3 CH3
Po0—P3 P20 ~~, OP3 (I1) IV The optiopa
protedqte 2-C—n5thyI-Dribono-garma | act one o
fromte 5 ous step can be reduced using
sui t abhke reduci ng agent—at—®ny—retar—»ati o that
al | ows \ LeaCH;on to proceed at an acceptabl e\rat ¢
W t hog:t’ exc'&§si ve side products. Suitable redyting %
agePA® i ncl ud@® but are not limted to, Red-paY Et OH %p3
(sodi um bi s[ 2- met hoxyet hoxy] -al um num hydri de/ et hyl

al cohol )qpNaHTe, Sm 2, H2 + Pd- phosphi ne cataly or
Li Al (O:(BU))SH (lithiumtri-tertiary butyoxy al umm

et BEEuticelyy o P e B B GEBm ons ohtgiged from the
prei6gs kep tan beGed R GIsihg AFuktable rBAidY é%‘eﬁe'lg ﬁ?%{yam%% ratio that

exanpl e, a solution of Red-Al can be a
allogysy dracionghet proeeed) 8t asy aqceptablg rate without excessive side products.

SfafeTRufhz Robht NAadE TR k5885118 18 REPADEGA" (Suidh bis[2-

m2th8x yetlioxiy]-Ghineingiay hy2ide/eisi hidohbt)] INYETWeS -Shily ] Ve, | -ﬁqftdggﬂﬁ)sphine
of approxinmptely 2:1. 15 Interestingly, it Is foun )

colahest, Gorifh (T GBI fertiag oy aminmyhydride),all of which

prmi&eu_&l’f‘emcﬁtﬂegﬁv% LG4 @@gsﬂggﬁ%' feﬁgcf‘tﬂ)rng.duﬂ o%@egﬂliﬁ_&di%&n of the
used 1n the process of the presen I nvention. For

ineetdiop] the rediemgRextnils Red-At/kthaall. iFor eephple ealsdliition of Red-Al can

Li -Bu) 3H, the_.latter reducing agent, slows
betelded 7, Sl of PRl eotefEd B PehBlap aivons Seminaraptone at a
mUREesid 86 ReBLAOKCD 3. 5-4:-OBNSEy1-2-C-methyl-D-ribonic-gamma 1

9- borabi cycl o-[3. 3. 1] - nonaneigy 9- BBnln\l‘,e %’md rbome-g @ lactone of
ap@rqxsm@tabyﬁ/:w um ni um 20 hydride, DI BALH, produce no

reaction or only only trace anmounts of the desired

pr odukestinflysitifehi tint Cahil Ccag6iats Wkl e HeBlor AWMt in a mixture
tenmperature that allows the reaction to proceed at an

ofadespd B eundssizedripradyat spacensovhery used dapbeinroesss of the present
inGEBRS F¥Pedinifle, when Red-Al in ethanol is replaced by LiAl(O-Bu)sH, 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 rate without promoting decomposition or excessive side

products. The preferred temperature is from about 0 °C to -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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products. The preferred tenperature is fromabout 0 C
to -5 T. 25 The ribofuranose can be prepared in any

w@iowesas9e hat is suitable for the tenperatur ePENUS100&039643

solubility of the reagents. Solvents can consi st of
any organic solvent including, but not limting to,

B roR R pE D Bondate. JRHAAS, S, Bl acetoniie

dishleramethares tdyéhlmetﬂqamea diethyh ieﬂteﬁSpyn'HIﬂE: dlinettsifermamide (DMF),

Dgilg Oﬁﬁme%\y%g];fom mgﬁmw Chl rog]t@g]?%ﬁ/ls?lvents such as

mMEnoldi dARiHAY, %fﬂpfaﬂél' Cﬁg%ﬂr%@ bﬁt’aﬁﬁ %91‘3% am 4 %ctano1 or any

t
al cohol sol Vents such met’hano ano pr opano
corgbipatdpethereot, thaugh girgferablyt iaracio]utimn e an]n)aimhs, tohtenaand 51hydrous
tgo i nation thereof, though preferably in a solution
hhydrous tol uene and anhydrous ethanol. The
reacti on can be quenched with a suitabl e proton
sour Ebe repgtion gan deequshehed wiih er suitahle drotenHEIurceTIsech as acetone,

e xtra t ed sol vent
A, SORChe TREAUREE Sl e B PAeRe itp 3ot bty Sho s ety
a@fdte/ @Vdshécﬁmﬁlﬁlnef @ﬁed;‘ a0 RheesINEHE frerR6 RIS WrCexarpledtinder pressure
about 40 C. The free hydroxyl group of f he
atr3bppf4% &nose then can be sel ectively protected with a
suitabl e protecting group, preferably with an acyl or
si | y'Il‘heg fiee mydmxyhgtdupdsf the| ribofiranvee then tchobe selectivéd protected
as, tau eeng, et al Protective
Wég&fagal?qﬁ Pr@@%ge m}@r@%b/ lelbﬁlh agyl |0 ilylgroup, by, methods well

koo B8 ke tdefiikd 1119% arE,04s t%?ﬁ Pt ﬁ%rttgeﬁteobo 61? Prototy! G_rtoups in

di phenyl si l ane may be reacte
WﬁfQMeWﬂny aadt Sy)ds, (ﬂ@sormhlEdlﬁDmel%l For example chloro-¢-

b St ) md Eokrerll ik e b iniissy Snostn temperature in
arf iRl Pytidinen Al'?&naﬁ[v%ﬁe Qaﬁeac?f cRohds Suck! QQ %énzro‘f‘yf Eh%hﬂ& may be
conditions in DVE. Figure 3, is an exanple

reggted rvnﬁt thf:enb@@mge beptiganlly iOthe presenceadf ana@p,gundez @efluxing
cgaﬁ{& 62(6):1754-59. This process |lacks a
ac ne I'n ermsdl ate but is used to obtain a product

i dentj cal to that of the present invention.
pr ocBigure:3, isgn sxample of an aliemative progesy %H@@é’@&ﬂu et al, J. Org.

C%]r)éi It Pl‘a?t@?)czt@%g 1734.53! lT}hE ?rd&&rlg :Qfagfbﬁlé 1%§§5Hmt£ Bt is used to

rofected or to ketone fornma
olit&in gupred®} ide"ﬁtleal po et cotf det mugat invastione aTheprovtss lof Harry-O’kuru

utﬁe}zsa [g%ra%mgf)s nan Jupt ka ga(ggﬁttits hr;fdrdo%lqér(z)upasngxcept or t}mat at C2
proReRY | prier ke ‘kéf?))ﬁla "fgl‘nlfﬁfﬁgh johie % OFfes prfiictell B was reacted with

subsequent l'y reduced wt
Dess-Martin periodinane reagent in CH2C12 and MgSO4 to provide 2,4-di-O-benzoyl-5-

methyl-O-benzoyl-dihydrofuran-3-one, which was subsequently reduced with MeTiCls,
MeMgBr/TiCly (or RCeCl, where R is the desired substituent on the ribose C2).
Reaction of compounds (3) and (4a) with BzCI/DMAP/Ei;N provides 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 product is formed and requires overnight
reaction with excess MgSO; to prepare an essentially dry ketone product. Further, it will
be appreciated that a mixture of desired 1,3,5-benzoyl-protected-2-alkyl ribofuranoside,

and its transesterified a- and B isomers of 2,3,5-benzoyl-protected ribofuranosides, result
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MeMgBr/ Ti C14 (or RCeCl2 where Ris the desired

substituent on the ribose C2). Reaction of conpounds
W@ 3osmss9q 4a) wi th BzCl/ DVAP/ Et 3N provi des t heP€T/n81003/039643

product (4b),

1,2,3,5-tetra- O benzoyl - 2- R—ribofuranoside It is

t | . .

ﬁgl? %gfg/r%ag%eeﬁe %ﬁﬁﬁé SI r e%qpr oduct %Pfrir%g} 39 éﬁ%ht n this
proesq;sj Mélsileoivenateriditto 8@ autlars berause etlht}meeqﬁséud@@% wsoful for their

are.an ess ially dry ketone., odu rther
pries, (i Bmpr ot Mecumiests MOMH FPRHE G SguiipRelsepatation step for
an]yoﬁe WilheR? Bied R 086 £t Akl (/ @}gucmas'léw 6RBN1754-9, at

i'ts transesterif a- and I SONers
17553, SEithenZdyibogsr olt Qearebﬁnmebmhm rmnwdo@sthe rmng mmmal\@"or this

2004/ 052899 PCT/ US2003/ 039643 . from react |
PIOREEr R PEReTIes BRS e 1658 HOdh Opp it PP Bﬁh"? 5&3&“8 cost is

appfoxifiately PI0GRSSthal¥iDErictsa@t eri al to the authors
because all three products were useful for their

pur p§§ ?1‘101I Qlt %rc?c%?seg F urk I%edl &t H&‘E’ tﬁe th[ ﬁl%gffﬂignein that all
a i"onal *separ at step anyo 0 an

hydmmr @9tpd on thel[Y-afbiiolg beuﬁlme rexéebt férthat dBh€Pnare profeéted prior
62(6):1754-9, at 5 1755). Either D-rjbose, or

topkeipig, if%@ém’f*myAbI@t%ﬁleasls tfpmed at G2nen dbg starting compound by
t o)

reh i, WRHCPERRMalt! p RO FRaBhP YR R J SkEEA By, and is

swaiserqmsmﬂyl atdwkd DwithuMed$€l dhR(uGlyr whete Br axahe defsired, second

sobysfic ey 5B (B TR oG TR ONS Sopdl | e dinal product,

1 Q’S@féﬁaﬁf@’oeﬁﬂbﬂ 200k b@ﬁﬁ'alﬂfsﬁfee% Sftodick@" in }9p1’o§1matelz a 70%
ket'one formatT on. tone then is forned at e .

visidar ti ng conpound by reactl on with Dess-Martin
peri odi nane reagent (see Figure 3, conmpound 3), and is

S ubsBgeemphiisong eHecarevdftibieMedrobdss orthd piRSdn? invéheibg phovides for

is the desired, second substituent on the ribose

lagtgne formation 3t rikeiweneses G, aneteghon T eavailahle PY&@NK t groups at
rl%vrféréﬁog é@t (05 aﬁ%i W%«%’ c%on%l Jé%lh}tfoh}kwfﬂ{' k?@%l yﬁ'loﬂaﬁy in ethanol,

ced 1’n appr oxr
thatoprpdiides oegiodeteeting feasibf s‘epamable; armnmr&q&od]ictd, tfiellgweeklgnprotection

| hventjon thVl f | act one, formati gn at

ofthe Speleatoines reiﬂazﬁ}e@f BN 3 Thediana # €l hydroxy
groups at ribofuranose C2, C3 and C5, and | actone
reduction with Red-Al, optionally in ethanol, that
produces regi osel ective, easily separable, anoneric
products, followed by protection 20 of the single,
remai ni ng free hydroxy group at ribofuranose . 44 WO
2004/ 052899 PCT/ US2003/ 039643
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Condensati on of the Ri bofuranose with Activated

Cytosine N2 NH2 N rJ PO NOPO H3C Oa OP NO H
WERB40289p3 OP2 op3 (i (Y) The optionally prpCBEUSEA3/039643

2-C-net hyl - D-ri bonof uranose, obtained either fromthe

5 previous steps or fromany other neans known in the

il BE R BoRiallle o B SMRRESVBAES Coupti g

techni ques using activated bases. One enbodi nent of

the present invention includes the process for the NH
synthesis of the (3-D-2'-C nethyl-cytidine by the
followi ng protocol. 10 (3-D-2'-C Methyl -cytidi ne DANN

be prepared by reaction of ¥hLC- net hyl -D I

ri bonof uranose with an actiyated cytosine that i /K
ed), such as an N o

n acty vating B

unprotected (i.e. not be
cytosine activated with

si | yP agent, includilng, Jout not Iinifed touRS
((N, Obis i | yl) aniNgg), HVDS, | TMB®._
TBDPSCI . enbodi nent ,\Ht he si |yl ating @gent

BSA. 15 Th dign cam be carT@®out opt | in

the presegte of, a Lewis acid, such as SnCl4
nol ar refol o t ha®phl | ows the reaction to procged atgpan
acceptable rate without excessive side products.

Sui t abl e Lewws acids includes, but are not limged to
SnCl4, BF3, C13, TiCl2, TiCl4, FeCl3, SnCl2 d any

m xtyure thereof. In enhodi t, the Lewis gcid i

SnCL e Ryapalippip e ST STE] Hpoio fhsdioss Oeaisd eiset fom the
pr3viBus Qlepe r £HAL arys oftiél AKING Krffwnt 1 thd AP RARIE &upd with a

the solubility of the reagents. Solvents can consi st )
nusfeogidy base otsing asp| method j knoivadiimghe bart, imoludingnistaindegd coupling

teé‘%’fi%‘gelﬁé‘,giln zlg{iya%ggasguch as hexane and cycl ohexane,

one, € ﬁﬁyl acetate, dithianes, THF,
di oxane, acetonitrile, dichloronethane, )
One embodiment of the present invention includes the process for the synthesis

of the B-D-2’-C-methyl-cytidine by the following protocol.

B-D-2’-C-Methyl-cytidine can be prepared by reaction of 2-C-methyl-D-
ribonofuranose with an activated cytosine that is unprotected (i.e. not benzoylated), such
as an cytosine activated with an activating agent, such as a silylating agent, including,
but not limited to BSA ((N,O-bis(trimethylsilyl)acetamide), HMDS, TMSCI, or
TBDPSCI. In one embodiment, the silylating agent is BSA.

The reaction can be carried out optionally in the presence of a Lewis acid, such as
SnCly, in any molar ratio that allows the reaction to proceed at an acceptable rate without
excessive side products. Suitable Lewis acids includes, but are not limited to SnCly, BF;,
AlCI3, TiCl, TiCly, FeCls, SnCly and any mixture thereof. In one embodiment, the

Lewis acid is SnCly.

B-D-2’-C-Methyl-cytidine 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 acetate, dithianes, THF, dioxane, acetonitrile, dichloromethane,
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45 WD 2004/ 052899 PCT/ US2003/ 039643 di chl or oet hane,
di et hyl ether, pyridine, dinethylformam de (DW),

walemenspgbsul f oxi de (DMSO), di net hyl acet am de, POT/US2993/039643

conbi nation thereof, though preferably acetonitrile.
This reaction can be acconplished at any tenperature

that allows. ,eacti o oceed a e
i BRtolanfe it SHEES hyRind. GiipRER TR Radiac TS TR E Futroxiae
(DMBOY, ddiﬁieﬁlyldEBﬁnﬁdé‘;foﬁﬁlﬁ}eébrﬁlﬁﬁﬁﬁfrﬂhWeef itifouigh @refataBlitace@nitrile.
C to about 80 C. Subsequently the nucl eoside can be

depr
t he gfn? %aecﬁo{faug %'38&) g%degt' Eﬂly)t #Belta gﬂéﬁl ?ﬁb\% fid Ije&tlon to
plﬁ’:enalpat ian 4dcgptable faye twidrius ,promhoting WebﬁylpmilﬁbrﬁtmmSexcesswe side
cond _Edition, 1991. For exanple, a
prﬁﬁmtécT prefRpsddsperabreisifom abontge @é @qvéépe@ wi t h
NaOve in MeOH at around room 10 tenperature. The
pr i oBulmequenily ths sudéside dan beidgproteciedclnmeihodsi wel &nbwngdo those

Skgﬁ%lzgrygic%/atéf%q@%BS ?enndfz Sn%efﬁ a%es OnI;!t rile, m;t h m Svnthes1s

1) WiRyf MdNSons, Second Edltlon 1991 For example, an benzoyl protected
4- benzoyl anmi no-'1- (3, 4- enzoy OoXy- benzoy oxynet hyl -
hﬁhmlhmmetteet eah yodr depm@nteé yiith- ﬁéqm i imi MePH- ehar®md room
" Eﬁ%gtlng(La) with NH3 in nethanol and 15
egme Fographl cally separating the product,
4-anj no- | - (3, 4-di hydr oxy-5- hydr oxnet hy| -
3- meThg Priok AR APOeRss Shawann Figyne 3ieopprised apastipg deazoyjeytosine,

oS SIRRARETIR Fi o TP Mo ALY Bt

(ﬂ)outds tforrh or #abenzoylamino-1-(3,4- dlbenzoyloxy- -benzoyloxymethyl -3-methyl-
tefa )(:hr( @-g-lyry —%X 1m1d1|r} )é(-j(;n%x%a tlng Sa W%/dl I\}I-it 151argetlc11anol and

] d [ ;
c}ﬁ&ﬁa‘%%?a fﬁcﬁﬁ? Eﬂpgaﬁ’%fgf)gr%g #)fbdﬁcﬁ/ llanbd grﬁeﬁm%ro%? Sni?ﬂréj:lmethyl

reac TBDPSC pyri
3-munthny] tetrghyden-faran-2 -t - Blipyimidine-pneovi@dle also known as B-D-2’°-C-

-b | - .
g TR PR LS MR NCHIOM R P egorim, Rpperpis for 15
h&ﬁy@d €orh! Va=(3; 4\‘('.11}15/@1’0 =hlydéoxymethyl-3-methyl-tetrahydro-furan-2-yl)-2-
hydr o- r|md|n I Nl\l-dlrrethyl f ormam di ne (8);
oxceé,étdlhngﬁwynmldln-wl Nydimethyi-frsmamidinen )pvegacting  (7)  with
RSB RS SRR e LB BRSABLR-TRY ey
d19h£f@ﬂ-silﬂ1yﬂlﬁ@!ﬂeﬂ@lﬂ3 ﬂ&iﬁhyc&&xy— -methyl-tetrahydro-furan-2-yl]-2-oxo-1,2-
but oxycar.bonyl am no- 3- net hyl - butyric_acid
dllzyférpéwmydw)(-yariﬂﬁ\éﬂwei@f litgpmauaidinen pyaegeting (8) with N-Boc-L-

4
08 B A SO A2 o
profadt; fomhdéduxiromp 9thisM tehctiddd Foi nHMaCH iho rordéroub aorlmdes 2-tert-
bt BR TREM G o8 20 oRuy buPRP TS methyD
5 M(dlﬁieﬂﬁfidnﬁﬁoﬁ@thgfeﬁgéﬂﬁo )-2- oxo-ZH- ?/Irln}l%)ddrtl-y F}i/l]c4-hydroxy-4-methy1-

tert-butoxycarbonyl am no- 3- net
tetrahydro-furan-3-yl ester (9a); refluxing (9a) with NH4F in MeOH for about 3 hours to

remove the silyl and amino-protecting groups, and subjecting the product to

chromatographic purification to provide 2-tert-butoxycarbonylamino-3-methyl-butyﬁc
acid-5-(4-amino-2-oxo0-2H-pyrimidin-1-yl)-4-hydroxy-2-hydroxymethyl-4-methyl-

tetrahydro-furan-3-yl ester (10); and finally reacting (10) with HCI in EtOAc at room
temperature to provide 2-amino-3-methyl-butyric acid 5-(4-amino-2-oxo-2H-pyrimidin-
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30
aci d- 5- (4- am no- 2- oxo- 2H pyri m di n-1-yl ) - 4- hydr oxy- 2- h
wQ coexgased hyl - 4- net hyl - tetrahydro-furan-3-yl BSL/E§2003/039643
(LO; and finally reacting 10 with HCL in Et OAc at
room tenperature to provide 2-am no-3-nethyl-butyric

1%@#—825%)%%%3@8% én?&ﬁylmw Egu%h{}drodigra\ﬁg -%p gs% £éizhsy%rochlonde

sdlt {@l1) adla fiyalrpooduc?- hydr oxymnet hyl - 4- met hyl -t et rahydro-fu
ran-3 -yl ester, dihydrochloride salt (11) as a final

p rod Fféure ol 4 Liflﬁug’ed ﬁerﬁ 13§ laﬂqﬁgstﬁﬁf)ﬁ o?t%ﬁga{l]tgﬁalct)iyé grﬁ?&}fag pmown in

of an alternative way known 1 n
ﬂprmmaartrfgr mrépzﬁ)mg' B—D—Efe@-lm;dthsdyiyndlnaé_x 6Dhis Prioisarppiooess employed

ed 5 ur.acj | asast rt mat eri al,
ufihh a8 gribathiae el and omPHd reafiegisaci And BYOH geciqngiile with
1\@551tetra-0-benzo 12c- 1-B-D-ribofix 4) for about 30 tes, addi
1, 2,3, 5- tetray(} ber%eo%, P Cg-ln%trailmse( Dorr |ab%11c urarr%%uees acdiie

tl(e4T)eW1@ rcidoiniils mamtmtrds reﬂwsing d¢he tdseltingwobitianifor S@t4 hours,
t tr.l refl ing the ut.i on _f,or
ald) s Rstiticdty, sepactlitenthe Srodifh ki LB TRt R g Bheoviony-
miett 18 Ghethyl=te@alfded- ﬂﬁ'ﬁﬂ-&?‘lplﬂ p@rﬁhﬂﬂﬁm hotome (12); reacting (;g) with
nmet hyl - 3- rreth}ll-tetrah ro-furan-2-yl)-1H pyrimdin-2

N4OM%ﬁb ngethano rf@raepprmgmmelw 4.5 hpgrsneokemove thet benzoyl protecting

T T T
3-ttﬂ[mh§ﬂ¥taﬁah§'ﬂro-ﬁtrz€1324ﬂ)dlﬂ-3ﬁﬁﬁﬂ&in& aydioax (I3d} 41¥0 known as B-D-2°-C-

thI-tetragmaiofuran -IH-prlmdan
m&thgf e g5 Bl evsine 23] sheponcaly With HEMSG enchay-mettyl
PRI IS5 Y 45 SEBTIRI, il M ERERL A0 i

(1doA) fg abodt 3@ dningtes, adding dodiceticnolaath§ ACL dad Srr{ngFAA)about 3

i , 4- | at 0 C. and,

hf, AR WO B HiSTne ith Bohtihgitor i Rkt e Aepgrating the
t i

Sy 1 5T 0 D s

crystpdigatianyr aphi ¢ procedures and crystallization. 20
Esterification of the /-D-2'-C nethyl-cytidine The
optionally protected (3-D2'-C-nethyl-cytidine,
obtai ned either fromthe previous steps or from any
ot he r[ea known in the art, can be esterified by any

Esterification of fhe D13l -mathyleyédiftoodi ment of the present
i nvention includes the process for the synthesis 25
of g Jp tl&ﬁll%frg Rltectedt @']3—2* €. Hl%{hlgf%/ l:)(ﬁdﬁflé dbBiGime@Ethb from the
particular the -val i nyl ester

previogs stepsher fray any iother misgng kreowroin! tbevartgeaorhet esteoified Plyany means
3 e’Sttﬁ ?{gf (3-D-2'-Cnethyl -cyti dine can be prepared

[y

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 protocol.

The 3’-ester of P-D-2’-C-methyl-cytidine can be prepared by optionally
protecting the amine of f-D-2’-C-methyl-cytidine by any means known in the art., for
example as taught in Greene, et al., Protective Groups in Organic Synthesis, John Wiley

and Sons, Second Edition, 1991. In one embodiment of the present invention, f-D-2°-C-
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protecting the amne of (3-D-2'-C nethyl-cytidine by

any neans known in the art., for exanple as taught in
waz@enss9et al ., Protective Goups in O gani c PCT/US2003/039643

Synt hesis, John Wley 30 and Sons, Second Edition,

1991. In one enbodi ment of the present invention,

0
rkdpfiate 4f U000 GEPYI RHINOI ORI o N0
dihlyﬁrw(g-Sf hlydﬂ))t\jlr{léthﬂgi-ﬂlethﬂmmhm -foranf3rgi) e2xyomd [2ydih@dro-
- et byl - dr ur an ) - 2- ox0- 1, 2-di hydr o-
pWPf‘iﬁ/ yhf&r]@'p{ WPH%P%\/I formam dine. In a
parti cul ar enbodi rrent t he conpound can then be
f ur t lee partbaudart embogiment, ﬂleTandawm then dezivkthet protected with

T%b%?fﬁie t he ??zo‘? t(¥ lpr(?wge -sﬁ}(?ltg%g%écted compound, N’-{1-[5-(tert-

bllilyll-&iphéh}m%ﬂﬁlWIm{iynhe@lﬁW} gnydrﬁydm@ 3 3néth il ey SR fuBmPEY 1Y2-0x0-
| -tetrahydrofuran-2 (L 2- 0X0-
1.2-dihygirerpayrignigiprd- ﬁh}eN,X’- imefhyl-fprpasiicise Hip| arfyosateerit dhateis suitable

A T WLy e—

salodis iisdludihg,abyt rpl@iitiag t6,INANoIVeAE sidhng, helbie BRT cyclohexane,
limt al kyl solvents such as hexane and

Oéliﬁél?olﬁ“g%%ﬂtﬁg ethyp a?"é?‘téseﬁ’éhla%[f‘éet &He d 1@taﬁ9,l aggtanitgile dichloromethane
cdi
I aagrﬁcoﬁg%%et Ihane di é(}pﬁ{/ r}%{r {%ﬁﬁe pyri @&%mﬁgne(DMF)’

dMaﬁE}ﬂwfokmenﬂM/Iﬂé)),( Ei’lwﬂéthylacjatmidby los Linfy ccomisingtiddS@ereof, though

kmekgh et am de, or any conbi nation thereof, though
PrSteLeRy *DCM The optionally protected
(3-D-2'-C-nethyl -cytidine then can be coupled with any

15 sthe amncmauﬁ ipeitgctedbP-dbR 2 Crmethpheytivhisethen can by coupled with any

SRR s BB RRo B B R o A et

cytidnesRt by neRCkhGAS in thENat, ThEIOEMe GRmdRA @)ﬂaeﬂs‘aﬁbﬂ&@acuons
(i ncluding _nono-, di- or tri phosphat e and a stabilized

Thmegintnican besy phasghate dingluding monem diveer mphegmatecami plabilized
d
PGP Bk i HdoneCUE I O oG by ae

(lmllang;slbmmaeyﬂ)ﬁm alkylyl CORayE €6tatkoxyahsl,udiongryidkyl, CO-

aryI al ul f onyl cl u j ng _nethanesul f ony
’ersé fonat %eesfﬁﬁezlﬁ‘ fguglisys ‘%fptairﬂﬁléfb’]r ysult)onyl including
r
m%%?ﬁsrﬂg“éﬁ PohE JRFeRI e PR AR SHARAR, Shsitued with one o

matek yubstituentsyas, desaribéds in ftlon ylleﬁnlabal dfyduyh Igivmyherein; pilkylsulfonyl,

arylfiEptid, S i BLPRI IR Bl HimeBiRlbial Rpprka by drate

pepia¥; dhale8ief] 01t Y ﬁﬁarﬁfa@é’dti@ﬁﬁy cdep@Ble 135:'_\711'1‘@’ gfo%iS)fhat(;Q6V1des a free

phosphat e) adm ni stered in vivo.
Kmsﬁﬁtq)ﬁ\élepraé@@nﬂeﬁedVEmvmn the deS| red
3 -prodrug is the 3'-
In one embodiment of the present 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 B-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 B-D-
2’-C-methyl-cytidine) with N-Boc-L-valine, optionally in the presence of a coupling
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valinyl ester of 3-D-2'-C-nethyl-cytidine and is

prepared according to the following protocol. The
w@200abispy| ester of (3-D 2'-C nethyl-cytidi nePCHOS1963/039643

prepared by reacting an 30 optionally protected

(3-D-2'-Cnethyl -cyti di ne (for exanple a 5 - and

agﬁftggsgt_cﬁ%s ﬁngg g B‘% 8 tehé{f Cﬁﬁéed'sﬂgﬂ A b to form 2-tert-

€ presence o

bmypanbngylam&ovnmwbo’@&ﬁg 9c1HC2'-/(té82[61ﬁ§3]/—diﬁBcﬁﬂ/lB-sﬂaig?My,-methyl)-

5 b T RSP SOy SFRBE F3 e B - P f-methyl-

te@é’d OZﬁ{rguggI 1B4ty! - di phenyl -si | anyl oxy rret hyl ) -
di net yI am no- net hyl eneam no) - 2- oxo- 2Hpyrimdin

e st ﬁ; e 35-\:%1 ]gxs)(ea’(,ﬂf ﬁ@rﬁé- - )Gu?cl%g{ng c];ullJ rb%rf)rgpa}/ed in any solvent

thét3is uftable- OB HRY kenfipdrittiengnd @2 RSuBISPaT @k kdag aﬁy Solvents can
solvent that is suitable for the tenperature and t he

coggistfiany eprogie selwentrle@lg@ng,sbut 80t hmmrg t@,aaikylceoh@n‘rstsueif as hexane

ciyyy{%?lr o IeCto l%!n\éﬁ g%tdn%d <9et t %ﬂgéﬁﬁ o ¢ iﬂg)g(arrtleo’acetonitrile
dlémwcbﬁﬁ:&lanac‘(ﬁ@ﬂ)é dlehlbhdet}ﬁaﬁ@t die@hyl dithd?] pREGine.T tmethylformamide
di oxane, acetonitrile di chl or onet hane (DCV ,

(DM%l%mé@maﬁwd@.(@MM) etimethylagptamidescor any combination thereof,

gy de 10 (DWF), dinethyl sul foxide (DVSO),
th%‘l‘ggg E%* a%?em or any conbination thereof, though
pref ably DCM ThIS reacti.on can be acconplished at
any flg Pign can hepecomplizied at By faparatyie that alf%éh% geaction to

8dee@ Nt GREGI e raleCwithbiO BlonRStRIZDHE D181 lokd i
D o B ek by side
products: dihegprefoned temmpeeatareds aroun<$r®nbtsaaqmeamﬂey t he

3'-valinyl ester of (3-D-2'-Cnethyl-cytidine can be

depraubssfueskly 1 3RhHEE SsteR bt BANOWC-hethly NeRRIISddnl R Ueprbtected

the art,” as taught in Greene, et al. rotective

byanethpds well bngam e thogmslilied & thg @i asnanght inferesmaet al., Pr?tectlve
1
Gr%ﬁ‘b? 08¢ drdidib %Ih%gg Jcbl‘xln[ V\ﬂ}:?lp;ﬁ&fa gf)ﬁscl yeﬁgpr g&ggcinnggbl " one

cre rrveritr Oori, UTIe

pafticulad carbddhenBot thermtzembﬁﬁthb -nbakyldighergyilsilye petegpial £cOHnd N-
with NHAF in MeCH i 0(ihe presence_of 20 a oxwratel
Bogoprotactedefualing at @e epEqtpgied yuth AHRF (molvge dthe presence of

apg#%gir{ﬁﬂgl? & of éﬁ@ ?xluvaﬁ)éntg Yrl Jﬂ}{}ll fostafd (ttgﬁ)r%)\ieg? E%B@%e of the 3°-O-

uxi n m xt ure
vahuyloxgtmabyohl;dratad rmmﬁelmla), hgadd: lneihymmg the indixture to prov1de 2-tert-

b%%%nﬁ’g %Wﬁ%%{ylﬂg r%:ﬁ’c%y? 32 él?lﬁ%% g g2 yiniging | -yD-4-
hyaﬁ)tx?rz-h}]a}@XﬁnétHﬁL4-ﬁﬁéh1yﬁ$ét%y&1%mlp§1 fBgwnto a salt by

any means Known in the art,

The 3’-valinyl ester can be made into a salt by any means known in the art,
including, reacting the 3’-valanyl ester of f-D-2’-C-methyl-cytidine with HCI in EtOH to
provide  2-amino-3-methyl-butyric acid  5-(4-amino-2-oxo-2H-pyrimidin-1-yl)-4-
hydroxy-2-hydroxymethyl-4-methyl-tetrahydro-furan-3-yl ester, dihydrochloride salt as

a final product.

49



10

15

20

25

30

25 including, reacting the 3' -val anyl ester of

(3-D-2'-CGnethyl-cytidine with HJ in EtOH to provide
WQ2@ai0ss98- et hyl - butyric acid PCT/US2003/039643

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

hydr oxy- 2- hydr oxynet hyl - 4- met hyl -t et r ahydr o- f ur an- 3-yl

er i rochloride salt as a final product. 49 WD

P%%flf@é’é%ﬁé’i‘fsuszoosl 039643 Preferred Enbodi ments

One preferred enbodi nent of the present invention is

exenPheé fpreferréd embadifrent of dredpressip invvatdon éaetdnglified in Figure 1

D-fructose in the presence of CaOwater at 23-40 C
andpgorgprisss regsiing D-Anetoph ghthedipisgered Caiweizhpt 23-48i°¢- for 6-22
héifs, L ﬁ?@%ﬁgﬁgzﬁaﬁ(% OxAN 2@l 8 Feachbn kRS bhP B116Ring the

pr oceed ours to form
regetomiet fry¢ecd-for 8dBihouys- todotm 2eCmgthylFBattionivgy-lactone (1); reacting

- C .- D~ri honi c- 7 . ith,
2B et () ChtD) *abtretly laminompridinencDMAP)  and
tr%ﬁﬁﬁnih@ (FER) qﬂ@tdiﬁlggl%%baﬁﬁle((@mt¥ 9@3 tehfp) ﬁir@fo%%ngsbout 5°C,

rom about 5° C. “to for gafbou 0 nut es, an
tot 2e?C.donhbavg 30mainmest andethew codlingt the ngxtuantb abehait A¢'C. and adding

benzo chloride t rovi d I
b3580cYblofile G RSy Brie HERkpr By oty Dr s dactone. @
re@@ing 4,9,5€i@0Wefgbyl-2-C-methyl-D-ribonic-y-lactone (2) with Red-Al/ethanol in

2,3,5-tri-0O benzoyl -2- C-net hyl - D-ri boni c-y-|actone (2)
tolijenp afRe teeratutg 4 drom about of i@ AeCafor abpetrflemimutasdo pfovide 2,3,5-

; %{g}ggggg__ - MOl out 40 . put 0 prQvide
tr{Zb , 0= 1 :riltc('fI§ %éﬂz‘g)% ?Béf@:{aﬁgg%yléf(’& %@I bgﬁ?ﬁyan Y 1€3) ;benzoyl
cIﬁdSl;iHe‘/T]EAltd) ? caldiiohgionesfzn$)5-tricdbenisig/2TEAéthylap-Dotibbfuranose (3)
ution o

inhe presence ABPMAP gyl DIVE andeeligmingsthe reackion (@ Biseed fosfrom about

[ f i o
¢ B 068 30 o A N R0, Bl RN 50,1, oty
progidir@the fiatl modwt by 2815 iei-Ofbehrayh2aBan¢th@d- PeD-aibofitrardiBe.

C., thereby providing the final product (4),

2, 3, Spdeifical®y, banZfbuslsotutigat JMb-_‘ﬁL{cﬁ)'s@'i%i_)féﬁﬁﬂéH AP Bt temperature,

Specifical 'y, an aqueous sol ution of fructose 1s
angr @A ab preferably ond 1 anqler rtior and eved 1G© racfernblyf arabilymalar ratio,

: I 1.0, & ven re -pr.ef er abl t,.a 3:1
o o R S, 10 UG o G PERSE ot Bty over
5-nfdute peod)- Thel€daotien is Alonddad prétet® R 8-22 hyuB\wen3 a 4RQ. with
5-m nut.e_period. The reaction is allowed to proceed

aligyptsgeriodigglly withdrapy for YoCpmalysis.n  al i quot s
periodically withdrawn for TLC analysis. At the
concAtuthexondbsibhef theaeidtion peebd,odO, GEBbbiedatiingk the mixture for

t hr h the m xture for ut 2-3 hours jn order to
SO NS B PIFoiR 15uET therr HOm Pasic 1eiaral 16%6). GRrGnCOs that
fobM@hs a fRATRL 8% @ufr?f’ééﬁ&n Obp i enfdokt Bg ViGRk fftrafbs PThSaqueous
renmoved by vacuumfiltration. The aqueous 25 layers
layare ateoroivibind, treated veth mialib acida(bi othecoxgatioraci) lven 1:2 molar ratio
with %q{qrhgtogec,: Iag& stitted" at12§ o8 Ilo? gbOru%t_’»IOOminutes until a white slurry appears.
This slurry then is stirred overnight at 45-50 °C., and evaporated under reduced pressure
to remove most of the water while still leaving an aqueous mix: Next, NaCl and THF are
added into the slurry at room temperature 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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with D-fructose, and stirred at 25 T. for about 30
mnutes until a white slurry appears. This slurry
WO b@n/05289%5t i rred overnight at 45-50 C., and evREDDS10031039643
under reduced pressure to renove nost of the water
while still |eaving an aqueous m x. Next, NaC and THE
added i nta the slurry at..rgom ure and
reifing BHP8 i cBeRE o (o EiRAIe B | FiyeotutorR 8 Fmhiged and
stikr@l 6¥ich axﬂ?d&ﬁEGMQSQQ foraB@ nlifieled GHE MStuk O IKCAiltérSd, adidee MgSO,
to fresh THE and stirred for an additional 10

filtgr gefeeowashed avithy DB s dhe filtzatel iseyapemtedgmder feducedgmessure, at about
/ / 039643
e S
all THE sol utions_ are conbi ned stjrred wt

th
anhyRedReeiogsds addsd tgdherride @goda% @ngithe mrguresis stirred at 20 °C.
I d,
fof 3 WEBSL TABWARE Mibiine IbbhGhGRL iRt e Mibcled Ty vacuum
ﬁlarbmn, wa%ﬂed:mthrudemhe; mﬂu@umnaﬁmdt(scesﬂgufd E,odoaq)oaada Scheme
k.oran sol i 5 Next, e is add
D¢ q’&a@% VIS @9 %&%@nﬂf mrpélmaée ¥3Br6r/é’oa a?aﬂ%o‘% Indrdsse over

thé odgct@@émﬁoum%m Braiystalline ribonol actone
oduct” 1s collected by vacuum filtration, washed

L

abBiP 5 AX (riFdh6lattors. DYMIAR), nRaéss YTHAO hilf DVIEES aﬁ&’ %hrre&h‘.ﬁr about 30
product yields found in the prior art. 10 T

mmp@@rabrm tamepesatetey cFheotgsdliing gusphesion & mql@dtm @, Bnghpenzoyl
chicﬂlc@ i} 1{1% 388%%1m§t§§ a?io]w& 19(9&9% 1# gﬁh IQM%@e 'is stirred

excess I rre OI‘ a m nut es

at abomoRMperiirerfor ubsut FNeutssiicni dgnsleRPesisinnption of the starting
cooled tg .5 C., and benzoyl _chloride is added jn an

maigiialds ponfiraed by Tlds.ilee wateh is thepaddled o Hhrareaction mixgyrg pad stirred
{
foﬁgﬁ%%%ﬁ%(ﬁ% 30! miRPLY LREPGHR P%ﬁ ke a}??&l'itt % ggﬁgjc{tidf st1fred with

te consuhption o e st ng
teit-butyd ml[ldthyimlihdryﬁl]fhl@d weshedptmt vagutmhdmnediddbe white Iselid product

colFe K e SRR 2 LG P B T LT S .7 ield
atnleaﬂlyeglgwphﬂty {88 Figavé Y] ¢ dﬁ%}g)ﬁ&ﬁ;t her, filtered,

washed, and vacuum dri ed. te soI id product

COL BELES )2 oty b AT g fom e

préxﬂo@eﬂ St8s - 1§ghﬂ'lb@ gg a_?_ﬁlﬁtd—ﬁ @y, layd 33%0agdeEd toy 1t( & e6lufio® Wf Red-Al in
ound ). e

anizy@fo ngqlvmq@érﬁzﬁbyqims ethgaelrrevipnsly poied ghabrut 0adi-ofle molar

ra&gt T‘Rgd B{Iggét Igg%e-gﬁ %EBXF rr{e?h X olf'llbﬁﬂ dtgg.jnﬁﬁo Ubctone  is

ppl‘dxylﬂatel;ySQ 1 ol Thenaixaune 1ashnyett fmsabetlhdh olinpiese wihila dleld at a steady
m xed at a%out 0, T. Alhe m)la rati o of Red- Al qﬁ
tempeyarg pf abeub ez Gy AJBORALHYE TEXTIrG Bt emoNRdang destedny TLC

antl®r 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. Finally
the mixture is extracted with ethyl acetate, washed with brine, dried, and the solvent
removed under pressure at about 40 °C. The resulting 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-
benzoyl-2-C-methyl-D-ribono-gamma-lactone used at the start of this step (see Figure 1,

compound 3).
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approximately 2:1. The m xture is stirred for about 40
mnutes while held at a steady 25 tenperature of about

WO 2000058b9 quot s of the m xture are renoved andPCEES®A3/039643
by TLC and/or HPLC to confirm consunption of the
starting material, after which the reaction is

guen ' acet one, { an N HCL, and .brought ..
ot SBE Bkl BB R Lo Ine” BRartiaon s, PR B e ippctitely
pistédingitby. Bassiyhtloridevissdaded v 4 B °Orsohigion GF 635 -t béeyl-2-C-
sol vent, renoved under, pressure at about 40 T, The
hefuranger gy apppoximately p 20 meli agtio, 2lapgawith DMAP and TEA

meByiiD-ibefy . . . Swith
%P%OPPUM@ OfHE ?&8&@1 ig}sﬁg@@%@q @?&yé&bqﬂﬁg{f&k@h’t,\éﬁa which it is

rom the anmoun
quemohal Witk ide- watthynid dgueoisosodiuga oamohate solnton s EHFaE thdhaemoved,

sfart of this ste see Figure 1, _conpound ). 51 WO
e 6B 8 pﬁf}%@zﬁﬁg/%‘% aetater Washige «dymgeans salyenkremoval
pioddeddfa thitg, silPRGHEED aze 1@&@3?%&& tb gtggfégﬂf;g 'ngé@t%ther, heptane

precedi ng stép. Benzoy de 1s
argbater,amdd stired Bort appra@itmeteko (hofesGt about 20 °C. The final product,

t hyl - i bof 0S€ | ppr oxi mat el, 2: 1 nol .
LA B al e B i TReR rapen S 0E! DRESSpgield and
c8RE HaBMEYs pafityl bRk WAt hRIVestuld diyihoOes Pigds 1 d4
g{after whi chpitylrs 5 quenlgéned Wi th icllg v%ggéer agglgé > COMPOURE 24
s sodi um carbonate solution. THE is then
renoved, and the mxture is extracted with ethyl

acet AhetheMpelvriRg enthodirfiéht A theSEre ¥R inveBHiBY & exeRpHdbg &5 Figure
a thick, .oily product. The latter has added to it

4. &1 coupijses fERdiipe Gtorine, Bt raadeSuGvacatenibile vy 1,%3,5-tetra-0-
bei ggfﬁ%%%ﬁ@ﬂ%b%%&é’@ iR st BR8B&inRt If thlNfvention to

proyRe 3d-antind-1 43 @-diberzoylox 2-5chemed Yk yrdhid-3-intedfylHtetrabg érofuran-2-
S I ER A TN
(3?1;&11&9%91;,45- y%%&%%tﬂ&la-éﬁﬁ&tﬁ?ﬂﬁe&éﬁcﬁéﬁ%—ﬁggfgﬂﬁgﬂﬁ%ﬁga-

e present ‘invention is exenplified in Fi

ongp r(h); iadsesknavac vs feD-yiGuicthy]-cBSlinandhe use of cytosine as a starting

snCla/ acet.onitri | tth 1 2 3 5-1ekra-0- »'
SRS YRR b flosher iy te? T cBmgronermy; pfhe process and
sitiplifies gurrRetio®atlatef stepe | nvention to 15 provide

4-am no- | -(3,4-di benzoyl oxy-5-benzoyl oxymnet hyl - 3

- et - u 2 . di N~ 2-0ne .(.2);

o N PSR MASOLRi)bh e BB F6°16 B o
is¢lated royrsteps-known to those of skill in the art. Alternatively, the synthesis may be
ag’ 4- di hydr oxy-5- hydr oxynet hyl - 3- C-ngt hyl -tetrahydrofu
c ?ﬁi@-ﬂb@) to prepagg thed {-walmyl gitey of fbP-2°a¢ Jeethylgimhidipg (2-amino-3-

ybdyri& Y l5-@Vdhiflh B€ox ol 3 -pysifhi@h- 1CYH s 2-

P T O o SR Y OS85 € i
hyidmgrymedisyl ittteahiydtodmar-Seylossiet) of its peefprat hgdroalildrid®Galt form, the

siymplifies purification at |ater steps.
fourtf';r[;))referredS erhbodiment of theninvent{on. P

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-yl)-2-oxo-1,2-dihydro-pyrimidin-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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The synthesis may be termnated with the formation of

(k), and the product isolated by steps known to those
w@boogksIsho in the art. Alternatively, the synt hBGI/BS2003/039643

be carried further to prepare the 3 -Ovalinyl ester

of (3-D 2 C—nethyl cytidi ne (2-am no- 3-

ylEE?o%Xl 1I;nEnLH61}{ )ngih"_ﬁhn- - ?Ilr‘h =N, N—dl?ettpsl 91(1)1)% P4 ere Ehﬁ use of

DgMm ﬁroﬂiﬁehﬂﬂradxmmgd‘gﬂ hatrﬂigr@éatdmmhtrbmea d;sllylels;t profuctiformation;

repstiBedBh wiih ArBetHL IO JHDF RBd HINORRSIEMioh o apsterature o form
2- %%&5&%@1%59%1% 28lm ytﬁvi\ﬁﬁ e3&ht % gvgtrﬂdtﬁrﬂqglﬁeyl-sﬂanyloxy-

our IS reacte Me2NCH
méthyh)aSé[?l)(,dm_lethyla{rﬁn(( ﬁl,ethyd:bnlagatimoX-Q c5co-2H-pyr1mld1n- -yl] 4-hydroxy-4-

m%%glr%ﬁ‘ﬁgyedl&%%ﬁ—?nﬁoqs L{_%e,fr]r;,r%k]' dr %Bef: lél,{l}?lnan%_ aYm) -protectmg groups

I inghi , [ r r
or A LRV U BESyat  SACIHP o

ents off @thyld@cewt@ & 'prayienyy tlepvage edttbe 3f €)-walofyl €Fier &y liberated

anrrgmﬁl?»emd RGeS Ay e e et
bulg) C% gg&zda% y tgg’ggﬁﬂgﬁéQﬁi&?ﬁ?gfﬁﬂﬁ@in%w&&%gmydmxymethyl -4-
methy-tgt B@IM%%NIWST&IM AR dnptby, fryqtctmg {&@nivith AECl ig) EtOH to
prmﬁé € Egﬁn Iﬁ&h Wg OVé ch? S -E -ar m Qt §8621'? f)%PI%YdIHQ-yD 4-

greater con odu or na

hyﬁﬁﬁ@tft-hgdr()ﬁym&ﬂlylm-ﬁheﬂ@d-tétralﬁﬂtdﬂﬁlradf@@l asglerDVBRydifochloMde  salt
(—g m tenperature to form

1D) 354 n%m@sfcar bonyl ami no- 3-met hyl -butyric acid

2-(tert-butyl -di phenyl -sil anyl oxy 5

met hyI )-5-[4-(di met hyl am no- net hyl eneam no) - 2- oxo- 2Hp

yrimdin-1-yl]-4-hydroxy-4-

et hptis Liveh@dly Briarthét iBBstdited 1nQ§& %llo(v@}lg nﬁﬁﬁﬁﬁtlﬁg ckddples. The

silyl and_am no-protecting g ﬁg (Y reactin
werking eyarpldsrconta@ed; hereinerp s@sfe do @i appmdmtmr@ theligvention.

T s PHEL S s o B P B4 o

infefidd tsiangd shdidd Abobinterpretelt® i & way limit the invention set forth in the
2-tert-hutoxycarbonyl am no-3-nethyl 10 butyric acid

clajms gthatfllovo tasreafter pavivplanty synglqﬂ) on syl wglvents,y tragsnts, or
re%‘ﬁ‘gh%lnd onénzﬁtl txta Isﬁféﬁi?lli%? "0F fﬂ‘w %aﬁléﬁiaéesgiﬁ%ts( }Qggents and/or
re@tlonlcdndlﬂomdmrlBedThm’eml whhkbqtrdepamog drom the spirit and scope of the

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

Bxy- 2- hydr oxynet hyl - 4- net hyl -t et r ahydr o- f ur an- 3-yl

ester, dihydrochloride salt (11) as a final product.

15 This invention is further illustrated in the

following non-limting exanples. The working exanples

contai ned herein are set forth to aid in understanding

the invention.
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They are illustrative of the process(es) and
product (s) of the invention, but are not intended to
wapa4ekasod d not be interpreted to in any way |PeT/US1008039643
invention set forth in the 20 clains that foll ow
thereafter. Equivalent, simlar or suitable solvents,
reagents, or reaction corgi,tj may be substituted
for those particul ar sol vmﬁrﬁgagents, and/ or
reaction conditions described herein w thout departing
fromthe spirit and scope of the invention. 53 WO
2004/ 052899 PCT/ US2003/ 039643 EXAMPLES Exanple 1
2-C-Methy I--D-r ib on i cExgnmipdelion e De-ionized water
(100 mL) was stirred in a 250 nL 3-necked round bottom

f egui.oped with an overhead stirrer, a
Zéé'ﬁéfl%lég'srﬁgﬁ”f’?'7'2“?1‘?6‘?taI t enper at ure read-out device
and an argon line. Argon was bubbled into water for

t hi r Dg-ihipet Ratep(ID0nLY was QERAGRA-230 niL 3thedlidd fFBhEbottom flask,
was added and the solution becane clear in a few

equippadekith en oyeihaadbstites, a ptizing shaftoa digBahishpprafiers reafeut device
' i iod. i AUt d t
o Ptk 08 D AREELRY 1 Lk, B uctose o0

g 0hsEr meld) svad addsicdnidahe sctitiar bichine cleapiinefbwlimesd Calcium oxide
after 10 mnputes fromthe start of the cal ciumoxide
(efigQ-&73. make) dras addaghin portions Qvers Pertadof fivganinates end the mixture

wtg% ﬁ/feg&%sgﬁgﬁﬂrgﬁ edy %ﬁ)ﬁ‘ﬁl&ﬁﬁ’ W sOb el ?a&l\c}adxgg%ﬁ?ﬁ%py%a%g [reached

ter ree hours, an allquo
396 QCafiet ¥8 nsEnutthiroml the siatt ofidbe eadéidinf dxide addith. Aftenabng fifteen

sat ur at ed ueous so] ution of oxalic acid. The, .. .
i B BouE SRR faeloR gaife M daerek mith time. Afer
thi@AiRs ah BGEM WWastvitHRARY eortﬂe% &@%ﬁﬁs_ _TTn‘é'aﬁgﬁ‘%a Jéa’s d¥dified to pH

was added to 15 the residue and the m xtur
2 awingoatiratad agersus selition df pxekic acid. The redulthE White suspension was

r.enn any trace. of water. The residua ol i
< FORIR B, i, Bl B eV BENGSH ot T BE5 was adced 10
theBre$iane bndribd vigture\Was levaptRated Gded ¥wdoeed pRSsure (at 45-50 °C) to
suspension was allowed to settle and the supernatant

regloyg ranyofrade; oh Wi s dbe tretidyal rsofid oves ir¢-penstipited én RamL of 1:1
i 9 | A4 t al n

CFSMSUPRRD O ATSIRRNE! ADH ORLDL B 8RO e

tophatle andstht hezpeinetahe dleatiSohgion WaAkp@ted, fornTLE (shiea plate was

appear ancg of el owi sh_spots on_the pjnk ) .
dﬁtﬁfgﬁwsﬁri dJa nﬁﬂfo. mefianelod) el | A2eieisnand YR i1y L lsaline gpotassium
; f [t
P Pt et B el (AR E et i The Mifcirpnce of
yallowtishespRfs arathgepinkahgpkgofund). Thiealefir&l lactone typically appears at an Ry

value of 0.33 under the above conditions. More polar by-products and unreacted material

are detected in the Ry value range of 0.0 to 0.2.

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 ’Fhis 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
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Al t hough product formation was observed after 3 hours,

the reaction was allowed 25 to continue for 22 hours
waleoonspeswhi ch tine the reaction m xture was stPCT/ES2083/039643

25 C. At the end of this period, pH of the m xture

was 13.06. Carbon di oxi de gas was bubbled into the

' i r Was (.25, . ..
%l S ol HacRN o BT SR Gl il
colaclangely dishppdarednand the eiktieakensbiled milkhwh@e BlurSh. The pH of

de-joni zed, . water.. The aqueous | ayers were conbi ned

e TaLAEHE A i AR o fmrallvagid e oy B wasystygsd at 45-50 °C
o%}%ﬁg The %xﬁgm‘%ﬂ&fgé&?&%ﬁ Cul#&é# ?Qéiél@énk? leje?glsr Lé{{ £5-50 °C to

was vigorously stirred a
renmivei 2 milaokwatenl Godivar ghloyideli(3Qgp ead ectrahydrofivan (100 mL) were

j xture turned . into.a nilky white slurry). The of .
o it asleous Loy Qe g g e it s ViRl feipd at 25
oVt 3 MiARSs. TheMhREs Verdspafhtdd allV@ikHq@bdus 11%3 \g%sxéth‘feﬁ for 10

was then evaporat’ed under ‘reduced pressure a
miBuit&owith 76 8L 1of fissle tefBhydrofiframdlihés proSessi was repéated fbe three times

s e S e AR Pt s 7S o e i, PR B°of aifyarous

mAg TN Shi¥até Fdrl Jfhirfftes? The mikRke }ds MlBrand A ﬁlabfﬁééﬁhﬁ sulfate

wer e separated and the aqueous | ayer was stirred for

filter calie was sgshadywitly §0 mL of tetralesgirofuzan: Fhy diltedte was evapiorated under

e P d~far .thr [ nd_t he
refaé raﬁ%i#%% LEI#} gnaqg% u itgn%&%eﬁ)ggf’f: gggfls ﬁré%e RQIE g5, 3 fark orange
sentitdlidl QF¢r svhleauh yahsogallydroraemewilLibe seplhct ewitlp hcetbne instead of
m nut.es. The m xture was filtered and the nagnesi

XPRLPR of cTdecprogust o dunae)s IFHIGPAJuEowAY siied with acetone (20
Il el . I

oS SO ity PR RS, Y A s i

wpshed wdth 83 nd. dAndetarcatoggve endesivd grodifiot as edlite arystalline solid.

ryns tetrahydrofuran wl e ace i th aceton
Plofifiatis e VAHYFLIOi Y # e ER gt dicitps #pipheLegmpound 1.
g il ddi Vi kN o@f et 1
|G Rk MR B S O PRI T o s
1Hj ¢xtchawitbDANd S #hedf 1Hi exchcaith DaBs OO (v ltHg_ ckeh.nitoD,0), 4.15

t ' desi red prod 1l as white

(o e 73 e 2137 Cm a2 GBI PINiGree & pom 176.44,

. - %viel L1 i .
08 AT TP P SR Ot PHEE RN s: B gTROURE C. 4434,
H16300VR (DVSO-d6) 8 ppm 5.69 (s, 111, exch. w th D20),

5.41 (d, | H, exch. with D20), 5.00 (t, 1 H exch.

with D20), 4.15 20 (m 1H), 3.73 (m 2H), 3.52 (m

1H), 1.22 (s, 3H). 13C NVR (DMSO d6) 8 ppm 176. 44,

82.95, 72.17, 72.02, 59. 2 . (CBH1005: cal cd C,
44.45; H, 6.22. Found: C6E§3fn81f925 H,( 6.30). Exanple 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 ethane(50 mL)
was stirred at 25 °C under argon atmosphere for thirty minutes. This white suspension
was cooled to 5 °C and benzoy! 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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2,3, 5-Tri-ODb enzoyl-2-Cnethyl-D-rib onic- y-lacton
e 25 A mxture of lactone 1 (3.0 g, 18.50 mmol .),

wa2aisneasby | am nopyri dine (0.45 g, 3.72 nmol . )PEnts2003/039643

triethylamne (25.27 g, 249.72 mmol .) in 1, 2-di net hoxy
et hane(50 nL) was stirred at 25 C under argon

CRLTRRRTFOS | nd R o BB ey YR SO o iy
nrimes. )Thba&maddi evhitevsolids wees icoltected b vhEiren ﬂl‘irdititineﬁnd filter cake

tlrred at 25 C for two hours.
W&g\m‘&)ﬁ% Wﬁl era 50319% obie edp grodugt was shirred: @f@tattél)t-butyl methyl

L i
metty0 etper Q%smhbi dad| dtied hheaauam:lbi give WB3 tgui88 .46 giedd)i ofrdongound 2

S8 SOl BT r sty DPLElAt oIS oy Bh OE rmpoua s 137-140
°@ﬂh&@rauﬁ@%ib% Wik g@i ‘M%’%F“H ”qe)DCl;H;S ﬁpﬁgstlﬁ@ 2By 792 @

product was s Irre tert-but
2H),)7 B (d22HY, 75 (t1 Hi)x 75 dHgs7.32 (thH)‘ r7lhlt7€(|t ,&aH), § LS[U(@JIH) 5.17
et

e Sy G 86 i of e b vieipathy rfe@tég&@gpi PR ok 5 ppm
PO AN o0 BE PG, Dy g 1o,

128.78,d 28160y E28xl, 1RGO pIATRY, 7967 15449, CP.60168. DR 3(SODTGY MS ES+
Ppé{p .04 (d, 2H), 7.92 (d, 2H), 7.73 (d, 2H), 7.59
(1\?#,- L 7.45 (m 4H), 7.32 (t, 2H), 7.17 (t, 2H),
5.51 (d, 1H), 5.17 (m 1H), 4.82-4.66 (d of an AB
quartet, 2H) 1.95, (s, 3H). 13C NWMR (CDCl13) S ppm 10
172.87, 166.17, 166.08, 165.58, 134.06, 133.91,
133. 72, 130.09, 129.85, 1ERample129.37, 128.78,
128. 60, 128.49, 127.96, 127.8 79.67, 75.49, 72.60,
3,29, 23.80. TOF MB ES+ (M+l: 475). Exanple 3
2,3,53T55-Grlene@ieinC oyypethy - Resibgfiranosey. 1 i bof ur anose 15 A
solution of Red-Al (65wt.%in toluene, 2.0 nL, 6.56
ol A) sdliticanby REQAI (ﬁtSWt %ﬂ?t&l@en@ Blo) m) %6 g{nﬁ(ﬂ At afydrous

C under argon atnosphere. A sol ution o
toduena 30 mD) 98s ﬁﬂ_l'reCBaB@ °*@mwider) arigon atmgsqthmsAt silutémeof anhydrous

el 5P 2 S DS E0 e DS el e e

satiition’ e¢trad p&idd bPfive ihinbRENTHE RishRMmgantktwre Way dirded at 0 °C for
nmol . ) of thls Red- Al / et hanol reagent was added to a

ﬁﬁ@pnclgp'gltqs ad mo(3418 sunelp) of this Red-Al/ethanol reagent was added to a

A DA € 1

mpel.) adaniydidhs moloeiecd 0 nibpoves agietiod offl @ imifigtes. VYHﬁ: reaction mixture
Sti rred at -5 C for forty mnutes. TLC anal ysi

wEs§ tirredat pP atdfor fagty srdnes. T1 Lo pnglysis ¢silica plates, 35% ethyl acetate in

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 room
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 sodium 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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hept ane) i ndi cated conpl ete consunption of starting
material. HPLC analysis indicated only 0.1% of

W@ @rnsasge mat eri al remai ni ng. The reacti on wasPQUEShEWI643
with acetone (0.2 25 nL), water (15 nL) and 1 N HC
(15 nL) at 0 C and allowed to warmto room

tenperature. 1 N HO (5 n‘}z)x zjldded to dissolve the
inorganic salts (pH: 2-3 AR % vi xture was extract ed

with ethyl acetate (3 x 25 nL) and the organic
1,23\ it an Orbaofll- 28 -nlet Ky I pD-KiBbf uithosedr i ed (anhydr ous

sodi um sul fate, 10 g) and soI vent renoved under
redu d at rature 40 C tqQ
t he §L§ﬁ AP %gn?n t .Wamd\si%é oyer 9@@119}9 eﬁgwe minutes,
f
to@éold Ealhﬁoﬂ?f 9(8)4/ £ uH§9 486 meS 1{Panddl 27 £ Eﬁﬁ&anpﬂ)'{'igﬁ&lopyndme

tep. 56 WO 1'US2003/ 0396
(12 3, mg, 3.1 emmpold bnéd nmw;hylamme C{50st hyg, /1530 D=nmdd)) in anhydrous

et LD e Gepefion Prishie AR used sago tepgiature and under
ar%@x'l Wih6spheR GYerRioht OHPEQnéhﬁysﬁé'r%Qhé%d b. ﬁm' un-reacted starting
di met hyl am nopyridine 5 (12 ny, nmol . ) and

maferiak HEheamﬁ@I( 506 qvgnd@d@}nﬁ&mg lcenmdd ny@tcb (Y g) and saturated

S AR U8R 58 B RS AR HEI wndr et

praﬁmﬁfdeme nﬁ)(ﬁﬂeﬂ wah Extrefd&ldﬁvﬂ]il @ihyI{IS hé&etdt® BCALSATHS S2hielsolution
un-reacted starting_ _mat he reacti on was

W%ﬁwaﬂﬁé VY WalgH (Ihigmqlé,ebré@l @5 \M)e dried (andiyduonsl seditur silfate, 12 g)
RS eSS T B ot ol . T

craalrdpxbﬁectrwastsurled waith el r afaeedutyl infetiet biber faret mirﬁlte(sfiihd heptane
was washed with water

L T olutio
(5n’E1§L) aBE f‘ﬁ%&? ghl o Wgﬁl efl A06y DS V%aacﬁoaﬁ«msqsiq foata@ additional

n
SRy MO I et SIS B s

waghed smthr iédhaptanh t&t-butyd fmeltlesrl tetltm tsplutiont(h th)emtcbterf bJ.ltmeethyl

ettt DEiRe P a0 b wietont: e 200 i, Uihal o ghSied,groduct 4

(9 as%agul@fbyt HPLOPAUE) ab a2fhite sSiRl {Hd6 mMMBEE o 9548 56 @@cbmlterame
vacuum filtration alnd filter caked washed with 1:

meleipg @aintt B+ 13016 ). HENMR (6DEdy) SsppnutSi 18n(ng, 6L B. Oan(d 2H), 7.89

LR, T o748 B D A UL o o,

t ligel
iy SISO, 4, S SO0, A5t o

16613 INLOD.BE0G03)1, B4 18413, (133. 86LI-])33 79, 033.14,132H44, 130.88 129.97,

128% Gp039) 12938 12db ST sgd - (93 A0 108 T, ofot® gy, Tz, 7635,

64(035 of7.0an é@ﬁHgémr Eéd C210.34;H,9986. Foundtd), 70 LBCHNYS5),
CDC13) ppm

Example 5

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

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

bottomed flask equipped with a reflux condenser, overhead stirrer and an argon inlet
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166. 31, 165.83, 165.01, 164.77, 134.01, 133. 86,

133. 70, 133.17, 130.44, 130.13, 129.97, 129.81,
wa22e485889929. 39, 129.07, 128.84, 128.76, 128. 3RCT/882003/039643

86.87, 78.77, 76.35, 64.05, 17.07. (C34H2809: calcd

C, 70.34; H 4.86. Found: C, 70.20; H 4.95). 25

odpb D afe ooipo R s fimed, &t 20, 56 under sperp simosplptpyand N.O-

b1dqmmfethyh§ﬂy2aéé)arhlde (337 my,rd. Eﬂnﬁtﬂ)’lﬁfag 20ded in(deerfeeticitl Phe resulting
(89 g, was suspended in

SOA@S%\?{P% %?qtf‘éi t@sﬁﬁ’o (Pria?d ﬁ%ﬂ%i ﬁm ap adélﬁwaal hywir ebthesamie gerperature.

L RO e Ao B G0 BT £R300 Y od6Baafith wes

spaedrin atbnitiRpEI080 anl)wind &ided ftﬁdthatre&ﬂ)io@ MB@@E. The reaction
argon at nosphere and. N, O bis(trinmethylsilyl)acetam de
fcamg 056 r fdeWnintesi dothe tpwperawe diupped to ca. 50 ° C.

Tf;pgw d;gig (?IS’J{) #&lﬂl 1 Y& {iﬁ? Rt ReP ? gex@oc?of 15 'iﬂnrlutgéj and stirring

o ur e sane
wis a)lﬁl,nﬁed att r&0 OAfen oay hodr, Ga mbitphot] of (ré’aclﬁoh Inlimﬁwé fa9g8enched by

425, 0.73 5 suspended in acetonitrile
ditipimiedys Gl TRt PR RSAS LBEELON LS i ety
ac%f‘a@& @R thyla¥ e Qaie GG Ef(‘: E’sﬂ%ﬁ\'\%em\%b‘% Sthy?38ktate in

the tenperature dropped to ca.
heptiner Refier ¢ugas dmll\/atllle 314(Dboﬂ"LC\malyaﬂdmﬂcaw¢thea:op@ﬂete corsiimption

t
offhe Shith SR st Bfbdubbies BRermd b, Bl Gasinig, sk faghanol in
difMoroasiihang (Rﬂueqw Meuéﬂcﬁ’ﬂ W 5’1@8 HMShidRALY PIPL@ ethod # 2).

extracting e aqueous aéer with ethyl 10 acet at

Thleh@aétllqwmlﬁé@t weecodgdto sCeamlnqmdhdyy?yr adﬁl(lglshtlurzaed aqueous
SoHer va(?alé\”/ogltaney ls%gﬁgﬁ ?‘I%_@daﬁgf) e%a?f‘ %8?8 t% g8§ q ﬁl@g]&tS?‘rﬂPléﬁeév ed an

exothrsm tidncided thet fivet felv\gﬁhlilhﬂ%is y@thk \¢6diuREBicABONE 9614Hdn). Solid

get cted b TLC using 10% net hanol in
503@% ?‘ﬁéﬁ ( g wapadgesl in peetions de eveid faemingl The mixture was

t
oG N 4 1199 A, A B
toaqpazata Sorl B0 ammhteﬂnTbe @gudnns dyer sak drdinst 4id0Bredlyittovtyl acetate
S S5 50 B S S o SIS e e v
1s$lbt@éraﬁﬂ RAhBiea! With ) aceRRttith so‘ilﬁ?l‘i’drfJ PRI (ﬁ'gérh@ E&hﬁor( W3 Qvashed

was added in portions to avoid foamn e m xtur
v«n\%gbrmq: 0kek) and; thmleel\@ut grippeat toi & wolpide iof c2 750 ml. Product can be

d d | d
s b 3 0 Ther st RRD R BOHC Bt s B Tohesr>iihed i ity foamy
soHadirs tlumi@ﬂlw f'lhldetswictu@@ R aothpdtnd 2P Wl c)onﬁﬁ_ﬁl_ﬁd hg 1 NMR

m'x,ture was allowed to separate (30 m nutes)
anglysisini c | ayer was
Example 6

4-Amino-1-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydro-furan-2-yl)-1H-
pyrimidine-2-one: (Compound 3)

Sodium methoxide (13.8 g, 0.26 mol) was added to a solution of compound (2) (416 g,

0.73mol) in methanol (2000 ml). The reaction mixture was stirred at room temperature and
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i sol ated and conbined with the acetonitrile solution.

The organic solution was washed wth brine (500 m)
wa@ea40ke8m sol vent stripped to a volune of ca. FESOUR003/039643

Product can be wused as is in the subsequent reaction.

It may al so be further stripped to white foany solid,

A : C )

m&():rgtr? | ?[ﬁé’ié#(g;sjﬂ?/f% gm&% é%e%élhgl] 131}8%:{021!09 egl%gp,giyfgb? c&r%}))ou\ﬂ@i 0.53) and
(sHidarigaio 3D%( Bethambl fry dichioyonieitaye rRixgfn@intpplind33meLhy [Prddattr arted to

pr%E%?{ﬂ@%uﬁeg%%ﬁ% ir@?/cra%_ dl o ZH\REEO%%%?O EW(E }goués :I)‘Pre reaction

wasdlsstrha@itorfl bg GIPROUMEtHoN #(24_'|I€{et@anol %s £mbé3¢tinder Bduced pressure to a

th [ (2000 m.)...T t ' .
volym oc% %@rﬁ}]e gseﬂ%vsgthaeﬂgm ég%8%%x%%g§%o ca.‘c’ngrnrll.eflihe residual

thEEﬂhh@%E) 3ihIaPGIHB7 5 0minuif ethaed alil/thd I t4i® inlab tiired @t 20 °XOf% one hour.

P g AR 81 G FLE o T PG 00 et butyl

meéthylaatiep 0100dni3 and dizdd) to gRreOb8aS (99%ayitla dor the tywd Stepspiof product (3) in

afte ' d TLC i ndi cat e e th [ etion
il G 7ot B VDR Rioepi s Al izee b TEemort S8R0 oy

HPLC (Method # 2). Methanol was renoved under reduced

pressure to a 5 volune of ca. 500 mM chased with

ethanol (2 x 500 M) to a volune of ca. 500 mM. The

residual thick slurry waEBxampl¢Zd with 750 nl of

et hanol and the mi xture was stirred at 20'C for one

NI AR I G ms Sl el et ar-gp-2-0x0-1,2-

dipUFOLpy Fikhi@in e ALPR-NIN) disieehy o PRl atid e Y RC 4R ofind 9P Y0
yield for the two steps) of product (3) in purity of

> 97% (HPLC/ AUC). Product vvas al so anal yzed by 1H and
13C MR swepepgighpple cpmpound 3 (19 g, 0.0738 mol) in anhydrous N,N-

ol IO M A A e

mi; 10} 7385 I}hﬁl) am ﬂrﬁlmibcarrm’aiis diined at( 2062 BCin4lftek) onEhoar TLC (silica gel,

S yraisd INCHgHPREITHYS: o HRsoEoMba: AL didlos Ut 4: 0.55

1nMc&{‘eg Itﬁﬁtr%&)ﬁ rv%r@o?r%lé%é PRI 288 SEfent Woke rlﬁ_’lo%d under reduced

and the xture was stirred at -
prAfS!JEEr (tmleﬁraium WéI'SLKBp(E beloined) Y| Etleosh (ﬁﬁtnhialmals added to the obtained

gr Beaiflg\f: @ 5sboiven W&P gglglggepcf Hléc?er rgglécie%opreme Uhis process was
rep@arw 8iiGe a®DLNEB tpr&ﬂr@t SRR TIB lcPudeproded whddafred with 190 ml

reduced (gressure enperature was kept bel ow 40 C).

ofmtiranqbpt 3G far)ongdwun aebkent ¢t S1E f@btlauhﬁw Selidsywere collected by
ﬁﬂr%ﬁbr? 461 AR LRE B0t 4830 R UBKPERARY Gha 56 B Lold tert-butyl-

process was
methyl ether Drying the solid under vacuum gave 14.7 g (64%) of compound (4) as a

first crop. TLC (silica gel, 30% methanol in dichloromethane, R¢ 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) Mother liquor from the ethanol purification was evaporated

_to dryness and the residue was stirred with ethanol (80 ml) at 20 °C for one hour and kept

at5 °C for 12 hours Sohds were collected by filtration and filter cake washed with 15 ml
of cold ethanol and 15 ml 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, Ry for product (4): 0.55) and (silica gel, 10% methanol in
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20 repeated tw ce and crude product solidified. The

crude product was stirred with 190 mM of ethanol at
wWQ@0@0s28p9 one hour and kept at 5 C for 12 hourBCT/6810031639643

were collected by filtration and filter cake washed

vvith 30 m of cold ethanol and 30 ml of cold

é%ﬁ?r%l{h e n%t ;B{'ad‘t"(&j% 015"%8“,—%% ﬁg’ % %ng Spogl %%rl : g%pound 4);
m%. 201-206¢;(\si NMFe(I9RISO-39 B ppet Banak, 1}8 I\é—CH) 8. 17(d 1H, H-6, Js.

i chl or on®et hane, for product (4

= (5% H)e 5.9, 2H0 9% imﬁ'réhéllﬁ (b 181, G O h)acpmngerqblef),(ﬁ 06 (s, 1H,

ORLRINED bl ISP s SRS R 159,315 nd .0

28 U6Hf Ng@ 085 aCHY)eFAB® 633 (M4 813 (M+H
(re [ Il]]g Ivj\n"/a)g)1 st |r(§\egggvmtﬂ'1f-1) ethanolctwygio m( atH)TZJO C(for )

(Bjﬂéﬂ)ﬁ&iﬁ%ﬂa dGiepyz 413 (M+TéH)or40§£M%&rPB 38b (M) 5B
collected by filtration and filter cake washed with 15
m of cold ethanol and 15 m of cold
tert-butyl-nethyl ether. After drying the solid under
30 vacuum 3.5 g (15% wapyxpBprigied as a second crop.
TLC (silica gel, 30% nethanol in dichloromethane, Rf
for product (4): 0.55) and (silica gel, 10% nethanol

Ni-§l-[SeexseBeotdinesbolauinysrold)-83ek3droxy-3-methyl-

e e T RN R AR
o T "o H 1. 1), 5 1éH(tH?H,

OH5', D20 exchangeabl e 5.06 (s,
exchapgeewddy) (8823 051,3% ol pyas ﬁlsserse%manhﬁrosls dm%éoromethane

U e B AT 57 3034, N, eyt oo

dr@ﬁaasg ihtica. BABED usinGThe mtaryzemac(ram Hhis, driéd Tofige@rdH(4) 3iiidazole

Glih $10-37 PO v aRgE dieplobhrstsind 0oL wers cpesserintaye 21 4

nécked RBrﬁdskyﬁa& afrg&iiﬁhc?te)/ﬂ- %ut%‘ldifﬂ&énglc%ldi*béllaﬁg (43 1 g 0.156 mol, the

pyrimdin-4 di net | forman d

to(atb@ﬁpumtrﬁﬁdsgl 1mvprﬁi| partiony) Walsztrzgl8§ene(d to3m addItlpn\ﬁa@nel attached to

dis sed rous..di chl. nethane 0, in
o FESEP R 0 st | APer NeRIOBOMHE ™ ool o8, (KSR e
blﬁwdﬁihéﬂileldoio@llarw y3eRis g ( @05 Qﬁol) 3Adéd fromi ae ﬁdtﬁtldrpflﬁﬂlﬁl over a
evaporator, This dried conpound (4), imdazole

pegiodoots B0 ain) maieiaimgy te Jgactinclsrpestae Hagteeqs a0 tﬁ1 }2 9 while
AL PHelAR R noflyed L ASC RAER LRk o, oo

pdatidid 6f rewd- butyiidiphdryl ahilorasitana i(14d6 g00.063 mpm added over a period
ortions) was transferred to an,addit

& manwaintning the feaglion SRpFTage befveep 'é§é9 il gmam Adtegadditional 1
hd’ﬁ@,sthg RAERink Pert-Corftyl@MfedBEtiorosilane (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

bi-silyl derivative, and no un-reacted starting material. The reaction was quenched by

adding saturated aqueous sodium bicarbonate solution (150 ml) with stirring for 15 min
at about.15 °C (pH was around 8). The aqueous and dichloromethane layers were
separated. The dichloromethane 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 min). It was then filtered
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but yl di phenyl chl orosilane (13.74 g, 0.05 nol) added

fromthe addition funnel over a period of 20 mn
woreooasesmd ng t he reacti on tenperature between BOI/US2003039643

C while 20 stirring. The reaction was nonitored by

HPLC (Method # 2). After 1.5 hours, a second portion

[

ofl s e OB R! HR05 Lot e R s i i
thelsebseqeartt reaotivrenper at ure between 10 to 12 C. After

additional 1 hour, the remaining tert-

but yl di phenyl chl orosilane (14.8 g, 0.053 nol) was

added over a period of 20 min nmaintaining the

reacti on tenperature bet en 1? o012 C. It was then

25 stirred at 12 - 15 C f P‘a‘F‘Ret er 1.5 hours. HPLC

i ndi cat ed 95.40% of product, 3.00% of bi-silyl
24ertiBintbipearb apdaminoDniehgltiagty Acar t i qgd et e3-(tait-bdipBdiphenyl-

reactlon mas uenched by = addi ng saturated aqueous,

silgyy M{l@i@lﬁl’lamlmr"(efwewamW)-ﬁ-@%ﬂ%pﬂrgtmlém-l-

A G iy

di chl oronet hane | ayer was washed with water (2 x 150
m ) Arsdlution o€ cérhpourBIOS2 (I8 gl 0.1058ndol)in dithlwwemethane (500 ml) was

st B 20 GG Heth BEoats ORI BuST SRR agine (9.7 ¢,
0.39%¥ ﬁiaﬂ), ﬁqmﬁﬁethlﬁﬂﬁfno EHEA- BL %&ﬁywa?oodmﬁdé a5 ddeRbride (26.2

f oa was used as’is’in the’ subsequent
2 r&h¥7 mnl) mﬁq@meigy]@zmm)pyndme (1.3 g, 0.0106 mol) were added and the

re%é{h %1?)8%\3 nﬁ,‘ eﬁ‘&/ﬁm{;hédl tt%rg%lgl f%rt ﬁs: gnethod #2). After 4

hc{u%s (I@PMB&B(WV&UV 1995 6P bthptingnaaetiso N-Ger@batoxbtarbonyl)-L-valine (4.57
rimdi n 1- ylJ-4-hydroxy-4-methyl -tetrahydro furan-3

0%1& Bpl) nddnisodimeBylaming) niepdh—ct cdognsbertiingidy hydwchloride
ét i g’r ég&gat ﬂgb)\@ru gﬂé:cf'h&f g’tﬂ?i'hg %pﬁgﬁguéﬂ at Y&C for an additional

naer argon atrnos
peiofltcefr2t hdmug, aﬁynwhhhnHPLCLdmkddr(N%?& Ftagfing atdB47 Methanol (60

il Wi adiddoin e TrecHRrmEEatco PR SRS sverp cyapeaipdeunder reduced
préine @aﬂ Hattfl lf@t'io Baab@mm RY givdi Bfup 6&@%@@5 GhiDd 98, m!; }natenal

wer e ad ed and reaction m xture was stirred at
(98%epute by HRLEY AY) Ck)waﬂlﬂls@l g tforatie #absequait wactdon. hour s,

HPLC showed 7.9% of starting material.

N-(tert-butoxycarbonyl)-L-valine (4.57 g, 0.0210 nol)

and 1-[3-(dinethylarnino) propyl] - 3-

et hyl car bodi i m de hydr oclﬁﬁmﬂg 0(4.03 g, 0.0210 nol)

wer e added and stirring was continued at 25 C for an

addi tional 15 period of 2 hours, after which, HPLC
Zwmwcarﬁdm:himmt)ai-bieﬂg:lm;mnb al . adtdhan olS-((d-%unndZ}oxo—ZH-

pygygﬁgp ?&&-4&@4& Ellégg]ymrgt}(t}: 4-metF _}gl-tseg'la 1y It'os-fl\lll\%;l-e.?-yl 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 mixture 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 pressure at 40 — 45
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pressure (tenperature kept below 40 C) to give

conpound (~) as thick oil. This material (93% pure by
wWOR@HAIS®) was used as is for the subsequent rREUSIN3/039643

Exanple 10 20 2-tert

But oxycar bonyl ani no- 3- net hyl -butyric acid

°C%n§1f&2?%ﬁ§ﬂoxy%@g0 nhY.f TH%] P&{sﬂi’u&l foaﬁmy\zvast %otn}bém;d \Fvgh EtOAc (400
mif),uwater @09 Imlé,sdndrtert-b@@dy mtpzcbhbdcttlﬂe)‘ (mﬂ‘qnb)u et the ni@tBe mak friturated

ot SRR ATREBIE S 5 r00Re ST Pl P PR Pt eollected by

ﬁM@@orﬁ bhd ’b\ﬁ%&l%@ﬂ ﬁa@k \(Qowﬂpq UNEtO L5/ feflbut IR L& her (120 ml)
fluoride (45.0 . nol )" was added and the m xture

anddert-Suiyl methyl nth@r (lrQQmex T sobd 6eas shap dripd in vaemns forThere than

2 G ARSI i B 2 WAt s

Cdi 847 Pwassbthifed®in 99008% $arityodPNC, 28RO OEDB %NMR (DMSO-d(,) 5
/USZ 03/ 039643 C and chased w th Et QAc_ (300

P
PPIPHESY @s 1D, Foo ariiRdiD) codbiliee Wi €H and NAg, P chfmgsable) 59 (s,
1}1’@%?2 5(8Q8 1M, kx5,3nd- 1 8% Hz)byw ks lith dmiz’ qubeékcﬁaﬁgélbm )5‘24 @, 18,

m xture was triturated I ent tenpera

OX-5, %O‘S(dhbldffi-3 - Waria1 29-$87) H-40Ha 2§eﬁeﬂr 18613 i el(2 m. M Frs,

5’ Soii%t(ﬁldlﬁ)’cm '1|4bf(§t9fp@czrff3{t§ Ve sh@ﬁ @H;)ho\p@tse(rm (@p@cm)z(:ﬂ),
m, h et her 120 a@@

FATAY, (GFh DoV sty FSSoIVED), 036 0VHBO: Va2 16 dhocy D 110 (B
AB® 1 .
FAIDGH oGRS ”L‘{“e“f*?faﬁ."%@vzf‘??m%@@%m“ IFABLD (G ety

» 45 MED s 29IM-Boabh B BLY D whd Bbt ai ned in 99. 08%

purity (HPLC, nethod #3). 1H NVR (DVSO- d6) 6 ppm 7.99

(d, 1H, H6, J6-5= 7.42 Hz), 7.3-7.1 (m 3H, CH and

NH2, D20 exchangeable), 5.9 (s, 1H, H1'), 5. 75 (d,

1H, H5, J6_5 = 7.43 Hz) Exanfple (5, 1H, OH2', D20

exchangeable), 5.24 (t, 1H, 10 O+5'), 5.04 (d, 1H,

H3, J3-4=091Hz), 4.1-4.0 (m 2H H4' 6 CH
2-dngua-3amethyi-hutyyie agid 3-(4-qping-3-oxe 2H-pyrimidine-{ry)-¢olpy droxy-2-

iy by By i s L B ol s
(ComtpoudB)cVal ) 216 (BocVal OH) 110 (B) FAB>0 (GT) 913
(2M+H) +, 457 (I\/H-|—|)+ 112 (B+2H) +, 57 (CH3)3C)+; FAB<O

g glo_z:@g? tl(gn %69 é ii-)l\@i@n% %Qlf%n B e\{ﬁarkol 1 1rgl) was stirred in

a %uﬁﬂ"bﬁ@orﬁed’fﬁhsfk%qu M Raith ﬁpb'ﬁbrhead stlrrer temperature probe, argon line
5- (4- am no- 2- 0X0- pyrim di ne- ciq4 hédrox y-2-
ORQe Sa%

anld;}wdmgymhlwude zgaﬁ’ewbmr- tIéydragﬁ}wlrL ¥ 18) &gp bpbbled into the
cléag sgpﬁgog Sl?ér rﬁe‘ii%dso?’lohg hOLlI(. %g?é)all‘:ﬂgn %&nperature was kept below 30 °C

using an ice-water bath. Solid formation started after a few minutes of introducing the
hydrogen chloride gas. After 4 hours, HPLC (method # 3) showed only 0.8% of starting
material. Solids were collected by filtration and filter cake washed with ethanol (20 ml)
and di-ethyl 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 (meltéd); 'H NMR (DMSO-ds) & ppm 10.0-(s, 1H, 1/2NH;, D,O
exchangeable), 8.9-8.6 (2 br s, 4H, 1/2NH,, NHs, D,0 exchangeable), 8.42 (d, 1H, H-6,J
s.¢= 7.9 Hz), 6.24 (d, 1H, H-5, Js.s= 7.9 Hz), 5.84 (s, 1H, H-1"), 5.12 (d, 1H, H-3’, J3.4=
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A solution of compound (7) (21.0 g, 0.046 nol) in
ethanol (168 m) was stirred in 20 a round bottoned
WO bagksmsoui pped with an overhead stirrer, tenpRCHUSZ083/039643
probe, argon line and hydrogen chloride gas bubbler.
Fwdrogen chl oride gas (22 g) was bubbled into the
lear 9NV § )
B 2R e R e | BT B 3P G . P IR s,
SVROIB-2.30(nm,d H, @i len(ss3H) CEE), afd @ii (ﬁ-If(e)Hg,pEOBDI BABSD (GT) 713

| nt rqdum E@é—t@%\i} hydr \?\&gngar)z% @‘iygf‘l?sﬂaﬂﬂhgpﬁm (GT) 747

02@*@21 O L PR A S Py VB 0 G gy

ether (100 m). After dryi ng product under vacuum for
16 hours, 19.06 g (96.5% of product (8) was obtained
in 97.26% purity (HPLC, nethod # 3); mp. 210' C
5 (brown), 248-250C (neltedixampleN@R ( DVSO- d6) 6 ppm
10.0 (s, 1H, 1/2NH2, D20 exchangeable), 8.9 6 (2 br
NH3, D20 exchangeabl e), 8.42 (d, 1H,
@Lgyyt%g@}‘% 7.9 Hz), 6.24 (d, 1H, H5, J56=7.9
5.84 (s, 1H, H1'), 5.12 (d, 1H H3', J3' .>= 62

V\D 2Aﬂ4ﬂ@5@ﬁ9&bd&ﬁeﬂ8ﬁ@&ﬁe0ﬁ@6ﬁ6 phas8 cblll‘mn 4W2%rt{®d part number
1H. HA4 0-3.9 (m 1H, d])

HPA TR 243 Nova- Pty 00 g pore stiom i pirtrlp Size) 30 § 450 mim. Al

lﬁglﬁ}ﬁﬁ@n 4%:’593( %ﬁp&ﬂ?ﬁ ,“gl f‘ﬁ%ﬁ@gﬂf@ Zra’na ]19% PDA detector.

10 MoBite Bhase: FERBLO gfadd acotdiitrile 2t Gl gterdBSre (H\zﬂh@tﬁr()m?aﬂlBaker and 1M

MrCl)-,. 355 (MH) 116 (Val) 0 (B)', 35 (d)-. 5
S@M%ﬂi@%ﬁ@%@ﬁﬂﬂﬁmgl Al the descr bed
met hods use reverse phase col urm Waters(r) part
number  #WAT086344; Nova-Pak(r) C18, 60A pore size, 4m
. 5 Al'| chromat ograns were
O e i JUres85 HPLC and 996 PDA
det ect or. 10 l\/bb| I e Phase HPLC grade acetonitrile and

FloRt@fe: MO0enIakahbs deRmitdle/ Rale 'lm@eﬁ%rét%nt%@ hé'stchﬁ&l eélow
triet hyI ammoni um acet ate from Fl uka(r).
OO nt /

0 rate
Syt i Floa RS K b e fbld BBt i oo
described below. Systemis equilibrated for five
15 Wave langth: 8P brat i on bet ween runs. 15 Wave | engt h:
254 nm Retention time for Conpound 4 = 12.8 m nutes.
RateminrPtinde Edrdlunpaune 4% VS erinutes.

Time % 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
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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 PCT/ US2003/ 039643 Met hod
wWe2004/082899 f or Conpounds 2, 4, 5, 6 and 7, Fi guP€r/4S2003/039643
Flow rate: 1.00 mM / mn. of an acetonitrile/ 20nM
aqueous triethyl ammoni um acetate buffer gradient as

M ,; & iReg.0eL O m oghﬁ B PERiSd g Or five

and 272 nm
T| ms % Acetonitrile %Buffer 0.00 0.00 100.0 15.00
FB6: it d.@ n30.mMi. 86 af) a2éofitril@oP@aMabqueeud afbtleylammonium acetate
npounds v t| on Tinmes, Method #2: Conpound
T SRAGIEIN asflgRgrt ?‘ﬁ PWut es) vavel ength 1 18.2,272nm
2 13.4, 272 m 3 2.9, 272 nm Methyl benzoate 11, 272

System Bogquildiratgd ﬁrrdi\@an'mdtei’ betweg@ 2unsm Conpound 3

Partially protected 10.0, 272 nm Conpound 3 4 4.0,
WaR0 Idhgth: 32b3nd 2732 nm Di -silyl ated Conpound 5 16. 6,

320 urn 6 17. 8,

7QQ 279 a¥anl

320 nm DWVAP 3.7 (Broad Peak),

272 urn

77 Time % Acetonitrile % Buffer
0.00 0.00 100.0
15.00 80.0 20.0
30.00 80.0 20.0

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

Compound Retention Time (In Minutes) Wavelength
1 18.2,272 nm
2 13.4,272 nm
3 2.9,272 nm
Methyl benzoate 11,272 nm
Partially protected 7.2,272 nm
Compound 3
Partially protected 10.0,272 nm
Compound 3
4 4.0, 320 nm
5 13.2,320 nm
Di-silylated Compound 5 16.6, 320 nm
6 17.8, 320 nm
DMAP 3.7 (Broad Peak), 272 nm
7 83,272 nm
Partially Deprotected 6 16.3,272 nm
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Partially Deprotected 6 16.3, 272 urn 64 WD
2004/ 052899 PCT/ US2003/ 039643 Met hod #3: Test for
w@ooposeses 3, 7, and 8, Figure 4: Flow rate: 1rODUR1003/039643
mn. of an acetonitrile/ 20mM aqueous tri et hyl anmoni um
acetate buffer gradient as described below. Systemis
M 9P Cdmbbifad, WhEE sCRlL) By ati on betveen
. : etonitrile %
Buffer 0.00 0.00 100.0 30.0 50.0 50.0 Conparative
Fipabtage: 1Q8mbdmds. ofsan Retcenitrilel 2 0fivie squebhs iehyiammonium acetate
npound  Retent.j o ime (In Mnutes) 7 18.4 8 8.5 3
b .%gﬂ?{l}?ﬂﬁaﬁ B S 10 Exanpl e 13 Preparation of
1V [ (di net hyl am no) met hyl eneJ- fI-D 2
System preqquilibratod fatifive niaytes aquilibratipo hetwfeen runs.
(3-D-2'-C Methyl -Cytidine (3) (1.65 g, 6.43 mml) in
5 WRVE 1ength: 72 nmvas treated with N, N-di met hyl f or mam de
di methyl acetal (8.2 m, 61.73 mml), and stirred for
O NOUTS at [roomg epner-at tre: TWW
evapora;leg under 15 red é’e?‘%&a?o%trgrgsure, and o buller
coevapogeped W th ¢thanol. @roestalTTzat{ion Tromygg g
et hanol /ether vielded a hitherto unkngwn conpound,
Conpouni).Q4) (first crop of 50.021 g, 60%yvyield, 300

second  sliaghtly imure crop of 0. 46._qa! 23% vield) as
3 gy T ot Ind 7 7 7

A YAAARA~ ]

crystals. The followi ng physico-cheni cal

characteristics have been determ ned on the crystals
Comparative(Rablé:r Compoaniivs RtétinhSPind3CMéethda 33 039643

the first crop crystallization. F = 201-209C, 1H NWR

 (DVBO- d6 62 (S, 1H T N=CH Y N W= N YT )
U5 6 = 7 Sommg 07 L O 1 Rejefitio Tilg (3 Mihiifés)
O+ 5, D20 exchangeable), 5|06 (s, 1H O+1%4 D20

exchangeabl p)-: 3.8-35 (m 4H H3JI K6 H4
8 8.5

3 3.6

PRIOR ART PROCESSES

10 Example 13
Preparation of N“-[ (dimethylamino)methylene]- f-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

15 reduced pressure, and coevaporated with ethanol. Crystallization 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-chemical characteristics have been determined on the crystals that issued from
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H5 and H5"), 3.15 and 3.02 (2s, 6H N(CH3)2), 0.92

(s, 311, CH3); FAB>0 (GI) 625 5 (2MtH) +, 313 (MHH) +,
wasmw4pRs2H) +; FAB<O, (GI) nlz 419 (MT-H) 403 ¥OHCES14P3/039643

311 (MH) 165 (B)-; HPLC at roomtenperature for 5.96

mn (gradient fromO to 50% CH3N in 20 mMtriethyl

' cet.at e. buf.fe 1N
RO P PR oBF rapuPa P T My oMt Bamig2 G 11
Necanp8e7xd, 19, Bremag at7.9MAf 5.9V (m, 2H, H-1°, H-5), 5.16 (t, 1H, OH-5",
D[gé)dl met hyl am no) net IHI eneJ-5'-O-tent-b

erehasaeab|a)s 300 (s L 07522, InGheschgngeable), di .58y, 4HT d1-3”, H-4°,
sOl Utii B3> Qf ) : i
PO DI TOMENS )l ST 0 % (E ITLEAREY @D s
(QM€8) 313 M+HEY, m6DB+2H); FAB<O0, (GT) m/z 419 (M+T-H)', 403 (M+G-H),
ent - but yl di phenyl chl orosilane (0.66 m, 2.53 mol).
3 MR RSB WEPL] 7l iogm tsmpPgEs farnd &6 Biin (Eadinpt Bpm) to 50%
r:s,90t agt | ] it . .
CPON B 200 94 B Al hBull XS oHfS: RERMRLGED ¥ L30 min period
withd fBiw rateedk lainl/oR)y M, &ep%I6aT mhe for 2 hours. Fol | ow ng
extraction with sodium bicarbonate, the organic | ayer
was washed with water, dried over sodiumsulfate, and
evapor ated under reduced pressure. The crude m xture
was taken up in a m'xturZEof dl;?-ﬁ acetonitrile (30 m)
and dry di met hyl f or mani de*¥2MPIgild¢ 20 Exanple 15
Preparation of 3'-O L-N-(tent-butoxycarbonyl) valinyl
PE&aplitioh of\N*~[(dimethylamino)meth _5°-0-tert- i ilyl- 2
ﬁgi net hy{\?a\]:n[%o) metyhyl en)eJ- Sy_lege{ gr to fﬁﬁ 5flailgﬁgﬁ’§¥lglibljlyﬂ-p ?
Crmethy peytidige (B¢ hy| - cytidine (6). To a solution of
Compound O fromthe previous step were successively

?ggiﬁ‘{/g%é&ﬁbﬁ ﬁg%&mngd&gf%gﬁ%g lﬁﬁ"mﬁ@b' il Qry pyridine (15 ml) were

ad(zﬁedgtutv%ksiwdlyl dmfda%b xml; )Bigh)]{l .agmgmg]_) iafril gﬁlt-by@ldipﬁﬁnggdhﬂﬁosﬂane
, , a - dl net am nopyri di ne
(chmb;?-%gﬂ%ql)-gﬂ@ew i %ﬂ)vyasaﬂﬁreflr?é ORI (E BN AT Bps, the
. 8 o .
re8&ioAOnR AN QRgB8RRniEdd %@%r%ﬁé&%@%}?@gﬂﬁeb&om ml, 2.28

tenperature. The reaction profi
mpRl)GindTétsredeat appmntemipgratnre fomd houssc Fatlgwihgt dxtreticn mith sodium

bif o gy gEp i e, B o Q1o e BB fate, and
ev%?@raféﬁ undbt Q€A EEssufd=Che CRRIE hBtture WA ta¥ARP(iR%4 MBdure of dry

ter_tw days the starting material was totally 5
acgtonitiledd0 ayanddrydimeihgormeamide 6l UmBer reduced

pressure. The residue, Conpound

Example 15

Preparation  of  3°’-O-L-N-(tert-butoxycarbonyl)  valinyl ester of N*-
[(dimethylamino)methylene]-5’-O-tert-butyldip henylsilyl-p-D 2’-C-methyl-cytidine
(6): |

"To a solution of Compound (5) Vfrom ‘tAhe previous sfep were su;:céssively added
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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was taken up in dry nmethanol (70 m). Exanple 16
Preparation of 3 '-OL N (tent-butoxycarbonyl) valinyl
w@3a0en052899 f| - D 2' -C-nethyl - cytidine (7): 10 ApemOB2003/039643
fluoride (1.38 g, 37.30 mmol) was added to the residue
of Conpound (6) in dry nmethanol, and the reaction
r
ol R PRt o P P P grion mintr
wamdmhargdahmd m&mﬁeBoéFWal -0t (4hfemgwa 3),t BREN(71P mgl x 3), and
everal tinmes wth wa

cetate a d ract ed

chwgmﬁ 3 sre@h,aa&éf%ee@mam& BoarV AR k00 ing), DEC
r e I t \

i St e 0 RSB i v
ccmsmpodl aud ¢ M e T) Ier@d:d(lmldBﬂ reglpced7pi¥ssuce. Theereddue, Compound

as a. W foaQ7 Phl)SSI co-chem cal data

s ppm 7.99 (d, 1H H6,

J6_5 = 7 42 Hz) , 7 3-7.1 (m 3H, CHand NH2, D20
exchangeable), 5.9 (s, 1H H1), 575 (d, I H HS5,

J6 5 = 7.43 Hz), 5.43 (s, I, O+2', D20
exchangeabl e), 5 24 (t, |Exampl180 5'), 5.04 (d, 1H
H-3 3 -4 91Hz)4140(m2H H 4, CH),

H 5
P’.LePA’G‘”(’%” B 28 ot bl i e o G ety
ofifdine (93) 2CH); FAB<O, (GT) nle 911 (2MH) 455 (M H)
256 (MBocVaI) 216 (BocVaI OH) 110 (B)-; FAB>0 (GT)
913 (2M+ 457 m 112 (B+2H)+, 57 (CH3)30)+;
FAB utgﬂllol(IQM g, 35X mmoila)was a@laed tfovthBoesidie)of Compound

CHERABE B ouia® e pudile WIR GIVRRT B Spours. The mixture was

fikered®ahd iad kdlydnt @6h6Vedfrom3th® fltrate- lﬁﬂblhi@duééﬂ pidkdige. The residue
(di hydrochloride salt, (8): A solution of con&oun

Wewyquuazn gthybacstaierang extracknd scueml limge withtwatery Thejoyganic phase
w%ggvam%)r&t&g%a& Yhdulinf agd @Mﬁeé Jany! siIRGEEa! &@%éagrr?gﬂy column

he reaction m ure was s
(eluarrpneMaOH @0Y9rin EtGAU (&)%) HEhe desired comnpaimdd7) wés isolated (1.37 g,

ated in the reaction mxture, and was
78% e B%é%ﬁ%%‘ﬁ@t?% Et 20 (1.01 g, 81%yield).
Physi co-chem cal characteristics included: F = 210C
( br RirypicozBdmal dga ifereddde o H NMR NDRISOMHD @ﬁﬁn B9$J(xm 1H, H-6,

122 Pad B Y37 1 8N, RS A0E S hehgeable), 0 (s, 1H, FL1%), 5.75
(d, 1H, H-5, Jg.s = 7.43 Hz), 5.43 (s, 1H, OH-2’, D,0 exchangeable), 5.24 (t, 1H, OH-
5%, 5.04 (d, 1H, H-3’, J 34 = 9.1Hz), 4.1-4.0 (m, 2H, H-4’, CH), 3.8-3.4 (2 m, 2H, H-5’,
H-5%), 2.2-2.0 (m, 1H, CH), 1.40 (s, 9H, (CH3);C), 1.0 (s, 3H, CHjz), 0.9-0.8 (m, 6H,
(CHs),CH); FAB<0, (GT) m/e 911 (2M-H), 455 (M-H), 256 (M-BocValy, 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-H), 256 (M-BocVal), 216 (BocVal),
110 (BY. .
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10 (2 br s, 4H, 1/2NH2, NH3, D20 exchangeable), 8.42
(d, 1H, H6, J 5-6= 7.9 Hz), 6.24 (d, 1H HJ5, J5 6=
wWQa 2402899 5. 84 (s, 1H H1'), 5.12 (d, 1H, H 3PCT/US2003/039643
J3,-4,= 8.8 Hz), 4.22 (d, 1H, H4, J3' -4'"= 8.7 Hz),
4.0-3.9 (m 1H CH), 3.8-3.5 (m 2H H5, H5"),
2.3-2.1 (m 1H ¢CH, 1. , CH3), 1.0 (m 6H,
(CH3) 2CH) ;. FAB>0 (GT) 71%@2 449" (MrG+H) +, 357
(M-H) +, 246 (S)+, 112 (B+2H)+; FAB<O (GT) 747
Prepir@ion of 830-LovilityGestey YD B-CrinethyBoptidddeHylihy dvd€hloride
V?é). 110 (B)-, 35 (d)-; HPLCrt = 7.26 mn
s”?tg dient fromO to 50% CH3N in 20 nMtri et hyl
amoni um acetate buffer programmed over a 30 mn
per i AdoWitivh off chmPWi 082 L, 019/ ¥iddl) inZdietliyl dédtae (75 ml) w
run, UV (H20): XgaxcE@é?l #%m(S 750)0,2d]:gj[1_r%n.:24€9 ). ®
treaged vith s HCl/ethyl agetatg solugiog £6Hml). riph@iongnixpge was stirred
hesi ' - - L di ne FLaur . .
ot P eyt dolhots. B Rl SPBSIHE Er pRUIPRafl'in B reaction
m{x3ul; hd Wasiftdisd alywadhied evithsEt,® €f.01 gNg1d yiddd)ci gure 3.
In this process, a mxture of uracil (2.1 eqg.) and BSA
(1. r ' b ] . 0Bk ho t 8dy Hq10
to P Binleal tnarEkaRicd bichided, T STRMNCRBRT, PRa-241°C
(nsableq); i HANMERS (DMSEL-4) dnppind 16.056) LHj DANGH, D,0 exchangeable), 8.9-8.6
1,2,3,5-tetra-0O benzoyl -2-C 25
CritngH, (B8NS NEBs DeQ sescliangasble)n8 42 ddoHils Hi6, d se7 7.9 Hz), 6.24 (d,

d | . {>9.D 1> So,l____ .

B g G R B R S NN A2 IO

H#l, 33 we=8. MHS), did-810¢nh, 1 CH),3.883(5 @e AR5, 2-5""),1%3-2.1 (m, 1H,
vol une of toluene), and treated with col d, aqueous,

CHRt Unat@d3pNaHESB 1t (A, YAl YOBL S auH! FEA@JJOh S%T%lﬁt@M+H)+, 449

acet at+e. The V\,hqj em xt+ure was fi I+tere
(MOG#HD 5 269 ANPE) USA60S) 03D@4@B+2AHY p gl <de(GTe 74hd2MH€]), 483

OFefoaARF (UECR ST TGO B, FauClERBI R =726 min

(Yl fronPs RS0 LN ZemMitrictitl] Wainiéhilia 206Mte budRflprogrammed
evapor at ed under reduced pressure. Colum

oveh pGRanivgpesionyvithna diowi tete afdl mi/giing AnkG92 8. hym; ADe(H1Q): Amax =

j.n_hex rodu a 65%vyield t h ound (2),
2’(13’“’3)?82%%)@‘“”““%385’%&#8%?‘2”%’TW%S&SBI dine, as a
white solid. The benzoyl - protecting groups were
removed from (3-D-2'-, 3 -, 5 -benzoyl-2'-C
met hyl -uridine (2) by solubilizing (2) in nethanol
(12.5 nl /ol ) treated wExan@oON (3.3 eq.) and
stirring the resultant yellow solution at room
tenperature_ for approxinmatel 4.5 hours. The sol ution
SxiHbesie ot By 3 My kGatidipendigure 8k sowxa that was 10

prewashed with methanol. The mixture was filtered, and
the AgSiiRmifiFe EhiRAE ShRRYL 8! preparing B-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
minutes. The resulting solution was treated with a solution of 1,2,3,5-tetra-O-benzoyl-2-C-
méthyl—B-D-riboﬁmaﬁose @ in acetoﬁitrile 7 rr;L/mmol), and with SnCI;; (3.5 eq.). .The
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

NaHCO; at a volume equal to that of ethyl acetate. The whole mixture was filtered
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times with hot nethanol. The filtrates were conbi ned

and evaporated under reduced pressure. The residue
wo®4nsieen up in water, and washed 3 tinmes w tPCT/US2003/039643

di chl oronet hane. The aqueous | ayer was evapor at ed

under reduced pressure. Crystallization fromwater

t}ﬁ‘&g%H é@ﬁe ﬁﬂcpihe sofid %&eﬂa@‘sﬁ%h&y 'W'lt‘ﬁrét%lrh%ﬁta‘ce'1 B Srg¥biic layer was

a solution of -rrethy-ur|d|ne

seamyted ﬁromeﬂm ﬁlwﬁ,r whashedl vt _watem washod withebrine, dried using NaSOx,
alh‘FlF %ﬁ%&%téﬁgd% ??Ceeg Ig%ssui; 3% @Pﬂg% fonit r%,lllal}ey Sn silica gel using

sa%mtmlaaameluy héxabe pRIduSed 4 B8%SA¢Id tof et OaEp&ad 9y pLtp-2-, 3°-, 5°-
C., treated wth trifluoroacetic anhydrlde (3 eq.),
benrayk? - raethyruridiee, s gwhitesplid.at ure for 30 minutes.
4-ni trophenol (3 eq.) was added, and the solution was

stirThe béMOyhplmtaaﬁhgrgt(ﬁlby“&rénﬁmO&e? ZOmIpHD- B’Gﬂ’t-iiﬂben@cfyl 2’-C-
nch b ddi n ter to the sol utjon,
n@@} v(é} ﬁy S%lv%é'ém@t@hlwaﬁxanﬁﬂe@aée@ /mnac&}s HF?éed i@ MeONa
t
GiF o %i@ﬁ‘%ﬁ At fo R R 08 Gom il RE A boximatcly
415a§1eu|rs wag hevsoputioat eds nenttelizede Byx catiling Exsvexe H*Tﬁ@sz4 that was

PIE:GE’VU gl;eeggv?ﬂm E@D%M . dl o g£ @%ﬁ%l\%@ extracted several

tiffe$ R Bot ﬁ@@laﬁ(ﬁl UTheO RIMRS Q@I%t &ﬁlnl:%ﬁeci 8ndPBvaborated under reduced

overn|% Next, the solvenets were evaporated under
pressiug e h@reeshlg weas takied UpGh Vo mgir wpstied 3sterpm with dichlwemethane.
T ¢ Sﬂllle&u%E%’ e, X%é evq.l?]ec{l]réteg ng%t ced gSS%IQe/‘) Crystalhzatlon from water

px(osxdadzl?)Cﬁ@tzhEngms/l-ahdiﬁe ,id aﬁ87VJ"ﬁeldeS| red product in
75% yield. The product was crystallized further in

reaghsts Tnodaitl AT R g R, PR tne
man?;th rmﬁ@ﬂdroggiga%)dﬁlaﬁb r(ﬁteh))l1naeeﬁ)ﬁitnlfer(@g1nﬂl’miﬁa()r\)/as stirred at
R n m de over
1991 SRIRCEALuE; MW?W@EU%?’P ﬂﬁﬁe&)@aﬁﬂ@é Vs coglgd 40 °C., treated
wﬁh@fﬂu&b&&h@ k5 8q.).rAm s@ﬁ’éh 9t fAk Q%nﬁ@g%e&éﬁue for 30 minutes.

anal ysi s, erence No. 414607; 5 Diet from
A-pigrapbengl, 3 qu)emmaddechblnd Ihd)ﬁﬂﬁti015®@©$tlrred for approximately 3 hours.

t tyl di h I I f ado(r),
Th FerieBih Vo SUeesh By At DBies 1B oeRiR. ot seligass were
xN?ora%ﬂ%Qier Baduts pRsANE" THE h&SdleakasiaR¥E up i Mchloromethane, and
uka(r), Reference No. 82704; sodi um hydrogen

washed onit @qvfep@snseilum@( NyHCIQbfa@demt@r Nbhe qrgamg:layet Gvas evaporated
G0 SR, SRS 7 g B s, an
trédtetk evith)a, 2336 faglieus ol¥tion 00 SIHOH (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.
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10

15

20

25

N, N- di met hyl f or mami de over nol ecul ar sieve from
Fl uka(r), Reference No. 40248;

wOoR(ones89b Ut oxycar bonyl ) - L-val i ne from Al dri chfe)/1S2003/039643

Ref erence No. 35,972-6; 4-dinethyl am nopyridine from
Al drich(r), Reference No. 10,770-0; 15
N - ( Seuticesfoln yéagamta dpbath HExhmidtes tShund @aintladéd: m d

drochl gri de f i ch(r), f No,
N iR omieite Qv e pab g s Raerce Ror 49%Hs o
Nm-dilg%frl%rmaﬂﬁlﬁg G malba i & PR FriQd Mﬁgééz‘%lb. 40248;

acetate distilled over di phosphorus pentoxi
Ethydi radephol @hsadutedfomalhsiarknbs , ACSofor Pmakyisy ReRatwreehoe 414607;

) 1741100;, .anfe (i.et hyl.et he r erck(r),
D%Z@@?t fic OIRI&\./Ier Eod%fir?%%‘oﬁ?-%@zﬂgwgé/gi ng is merely
terl-bit§ldigHehylghiofosiige froh e dcall ™ RefdréncdMo. i1 pyEnded to
limt the inyention to the disclosed processes and
inidazale amcldnka t RefrsencedNa. 4678hs that are 25 obvi ous

. f b NAF il b Dot art .aren-Rsended to be
P n%ﬁ%g\ée n\}ﬁqgcﬁﬁ%}%leé('se ?@B&h%a ’ lﬂeg?rﬁpcee Ig?'%tz:zgi’i nventi on
saliurd @lyirogen tatboiige ApRFIded, Refiréfice N 7Y6262004/ 052899
PCT/ US2003/ 039643  WHAT |5 CLAIMED IS: 1. A process
sqdaym spldgeranfydrausy from Elkao RefergnessiVer7186€1 eosi de,

h SLNg: ' td I ted,
oI R o FRLPE Moo RS
Nivrdinethylfarthamidd eves inthdedds siexa drom Bluky?, Reffstrgnoeade em}zfs;

in the presence of a lLew s acigl tq forman _optionally
Mot B Resariney Bosvebe 7 Ao akeigernceaia pag e
AREALS .Jb‘&ﬁhﬁﬁ%&mﬁw&%&n@é Nt §617%0-0;

deprotecting reagent to provide an unprotected
Nrr(feHimogthydemirfoprigpyBs¥athylcafmydiiopdi orgltoghlosidet i rigpnh he Aldrich®,

amn rou f rotected or unprotected

nuclgsg"e(ﬁlgg}\]?" %@E‘?ﬁgu eosi de has an amine group, with
arBfoaTtin BudHdel fesih Mika® RaBRAE: Nod)o7apt i onal 'y reacting

the protected or unprotected nucleoside with a
methayeltistilgd overgdimit o provide a 5' - O silyl - protect ed

SRR i ko SR B REaf oL 4 ot ot

€o0sI anino acid derivative
hyaipd genrvhl drideyariHy deus, fosm Peaaic Refekdriog Noe apeI0g; 4nd f orm

a otected. 3' -0-am no acid ester:;
diethF}Jf{ether om Merck®, Reterence 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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(f) optionally refluxing the product fromstep (e)
Wth a reagent that renoves the silyl protecting

w@e@ypseeom t he 5' -C and the formam di ne- pr ot eRCT/NH2003/039643

group fromthe nucleosidic amne if needed; and (g)
optionally reacting the product fromstep (f) with a
reagent that renoves the protecting group fromthe

WHATQsamAeR§:d ester, thereby producing a

i

substituted or unsubstituted 3'-O ester-substituted
nucl eoside. 2. The process of claim1l, wherein in step
t he gglﬁl)onally rotected ri bofuranose contains a

tAhQ‘iOC rgparingea 3-Oenppe pgifl gster muclepsideppaspmisingsf

cl ai h

sel ec ed wﬁ{l%e élﬁ Obﬁbﬂlggjré%%tgés dr?glmé @%@'ﬂé& éﬂ?ﬁpﬁ“anose with
Al1C13, En@nprotm ﬁwdamdldSrlﬁie’zandd,a sfrﬁetmg @agas ivftheopraicite of a
3 wherei n The ocess of

# s acid.is 3 _
claim1; ve‘Feﬁ‘cé 'F?V\ﬁoﬁnﬁflé?ﬁtl?%uy Hrﬂtéc@ W?lﬁ?ﬁlﬁ[ﬂ“g agent is
I
o1 o) Cpls U hencri U G0BLEL! RLE N Ry (0 it o
t he sil ﬂbmtmgn@g@gcntut@pmm ahun"prt]cﬁeqlccbmrxsla)snfe 1ﬁh?1emary,
wh t i n action
L G Bl SRl 0! BeSGEE) RS s

2004/ 05218&9059&7' 152 A0 AIROHAE arBamibBSrbliR) GRBS af bl @brBlecting
1, wherein in step (b), the deprotecting agent is

NaOVe oreagms 9. The process of claiml, vvhere| nin

*he G onp AR TRRERE U Sl IRl <ls PR il Rivtating

ac et al m@eﬁﬂ-td pﬂovuta mowﬂgfhﬁmtéayﬂ@maiﬂhne 10. The
pr ocess of .claim9 wherein the am ne-protecting agent
s NEN- HfaRiasmhe Protectaday wepretesed ﬁwle%fé‘éﬁt with a;proteqtpdamino acid

p r ocess d&‘ﬁva‘ﬁlv? bg?tlaen(?llmﬁ?bﬂé Sk %Buﬂclg')rgsxgeg%nﬁs'gto f?l% h Dfbtected

reagent Is se the ‘group _
TBDPSCI 3’-OhMBinp agidckstBBDVSCI . 12. The process of claim

11 erelnt e silylating reagent is TBDRPSCI. 13. The

pro Opffong ¥| F#'fy %\}hﬁ ofust fratm sisp((8) Wither Eaeery thetiigmoves
deri Vat théesilys ﬁf&%bﬁﬁg oup4romi e PP A€ @88 BE f&lrﬁdrﬁﬁhﬁle-protectlng
wherein in step ( ﬁr am no acid protective group

sel ect egroup@mnsda@nucl(e@adi)caanm Wyeeded( @xD) - al kyl or

- ( C'(Q %tyénally reacting the product from step (f) with a reagent that removes the
protecting group from the 3°-O-amino acid ester, thereby producing a
substituted or unsubstituted 3’-O-ester-substituted nucleoside.

The process of claim 1, wherein in step (a), the optionally protected ribofuranose
contains a methyl group at the 2°-C position.

The process of claim 1, wherein in step (a) the Lewis acid is selected from the
group consisting of SnCly BF3, AlCl3, TiCly, FeCl; and SnCl,,

The process of claim 3 wherein the Lewis acid is SnCly.

The process of claim 1, wherein in step (a), the silylating agent is selected from the
group consisting of BSA, HMDS, TMSC], and TBDPSCI.

The process of claim 5 wherein the silylating agent is BSA.

The process of claim 1, wherein in step (a), wherein the coupling reaction is

achieved in a solvent that is acetonitrile.
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15. The process of claim 14 wherein the amno acid
protective group is BOC. 16. The process of claim1,

wob@re52899 n step (e) one of the coupling reagePtBUSR03/039643
EDC. 17. The process of claim1l, wherein in step (f),
the silyl-renmoving reagent is. NHAF. 18. The process

80f T t = 1 M i
st e AR b, e e e e or
prd¥dss for preparing a nucl eoside conprising the

f
o7 8 o PR aBHPLrinn en(ouys miperrptepingsampissciccid
vvu tfrom et gesmm@onsfsuhg 8f R-38n6t8yRérmBaNde BT betal $hd N-1,1-

forma4-amno-1-(3,4
di sbmethylthie alamgenzyl oxynet hyl - 3- met hyI-tetrahyd

2-
1O A bl BIEAT) Bl ontes Bl b Aok,
netfhlylhaimdéﬂﬂimtﬁylw‘ceuﬁan 2-yl)-1H pyrimdin-2-one from

‘12’ W|th SOdI um nethoxide to renove the benzoyl
1’; 2‘5’@&’( 98 Rfrdaips!, Wh?é@l@ﬂiystﬁp itk silylatinggaagest is|selected from

g R ST TR BUSL Sd TRRMACH - 2- one

11.C)Th|e @acniessmgf dldim 11 whereln the ﬁll}:jlatlng reagerr]lt llS "IéBDPSﬁl |

4- o] 5- [ oxymnmet met y-tetr
I %@Wﬁﬁ %rrv‘f@myf %”qm%y} e () m%@%%PW@%W i pyplinyl.
120 tithe Nrddest dFRIM 1, WHREGR N Q@;{ ﬁaz'ﬁ’f‘etzﬂﬂllno ALt L}ﬁbte&t‘?ve group is

protect the N4-am no group, pro

N- palegted from BQ@F f(@f@-alnz}lldyloa(gaﬁﬁ)#ajkﬂ dr F(&l@)tarylet r ahy dr

1R dR Rt ST T RS Hina bl pBistiee et s BOC.
162CThb/priResy dF2Rfich3l, V\(Hé}elﬁ ﬁﬁé%&p (é? ohdI&f ﬂhb' "ébﬁ‘}ﬂﬁi ageh%rfb EDC.

either of ste md]éor c) he silyl ating reagent
7reibseroces qf vigerein mt@a (0, ¢het Slb’tlrtrc;mc‘dng hrlagylht-ls NH,F.
18] ARSIy By BYSR0Re 3 Opamgino acid ester protecting
di gmhpcremwmgmhgentéﬁsﬂcn - N N- di net hyl - f or mam di ne;
9(1 reacting the N -{
1 f(’?eéﬁformy?lgﬁrlnauamﬁl@mﬁld% FPEPHIiB& (hestapy Of- 3, 4- di hydr
oxy | -t etyr Of L Wall .
o()&(lg 16{§}1m¥hy d?oz %5‘?‘?51{% eﬂ%oy%? ﬁl mef{lhle[} D-ribofuranose with
d| met hytytbsinereini tienpresérich M BS(A landafn@k, &N dofm@-bifino-1-(3,4-
di chl or t hane
2 tert- BE @%mﬁﬂgﬁéﬁmﬁgxwaﬁmi -3t tetrahydgpfuran-2-yl)-

2- (tert1gyyimidin-2-on
di phenyl si’l anyl oxyrret hyl ) - 5-[ 4- (di net hyl am no- et hyl e
nearfPholeagting othe “4-amino-1-(3,4-dibenzoyloxymethyl-5-benzyloxymethyl-3-

methyl-tetrahydrofuran-2-yl)-1 H-pyrimidin-2-one from step (a) with sodium
methoxide to remove the benzoyl protecting groups, thereby providing 4-
amino-l-(3,4-dihydr0xy-5-hydroxymethy1—3-methyl-tetrahydro-furan-2-yl)-
1H-pyrimidin-2-one;

(c) reacting the 4-amino-1-(3,4- dlhydroxy- -hydroxymethyl -3-methyl-tetra-
hydrofuran-2- yl) 1H-pyr1m1d1n—2 -one from step (b) with N,N-dimethyl-
formamide dimethyl acetal to protect the N*-amino group, thereby
producing N-[1-(3,4-dihydroxy-5-hydroxymethyl-3-methyl-tetrahydrofuran-
2-yl)-2-ox0-1,2-dihydro-pyrimidin-4-ylI]-N, N-dimethyl formamidine;

72



2H pyrimdi n-1-yl]
- 4- hydr oxy-4-net hyl -tetrahydrofuran-3 -yl ester; (f)
WO 2090523890 t he silyl-protecting group and the PCT/US2003/039643
f ormam di ne group from2-tert-
but oxycar bonyl am no- 3-net hyl -butyric acid

2- (t ed)t -roattinl- e ﬂﬁl@[é)bbldé'ﬂr(ﬁﬁyélﬂlePéYG%pQ g) orocy with the silylating
[ 4- (di met hyl am no- net hi/l eneam no) - 2- oxo- 2H pyri m di n-

| -yl ] -183geptr oxyBRPHEL hy tot et rpa%ydﬁ of uNail-B5-ffertdutdrdiphenyl-

o o SRRl bR SRR A 02 v
acid 5- (&hﬁhmmgrlﬁudlnm- ﬂI}LMWdlmemym-fdnnéhﬁldﬂiehydr oxy- 2-
hydr?xymst hyl - 4- et h I-tetrahydrofuran 3-yl ester;

and
(9) IR raiatt O ety rdiphang opilanyisymiethyD-3.4-dihydroxy-

3' -0 val AT AL
2 tent- B’u?%ﬁ‘yﬁ?“‘éﬂ R R Bt R k0
am no- 2-duneﬁ12]—t‘qmyxamndlde nvith N-BOC- L-vahne and EDC in dichloromethane

- - 4- [ - hyl -
t '\élt 3 aﬁy 3¥ 3»5%%!%2 ’%% 31 Paéi’ Sfl%tgﬁng?%glem -bijtyeis agsh 2+(¢gr-butyl-
provi de d@pﬁéﬁylnﬁraﬁgo%%lyt)?‘; (dnﬁeﬁiaﬂnﬂo gleth)?flenfammo)a 0X0-

5- (4- am no- 2- 0x0-
hydr oxy ét- hmmﬁlméfﬁkﬂmaomawmﬁﬂlyf-tﬁtmhyd}oﬁhamét}é Ester;

h hl.ori.d I f ring a
Fur afbs iR MR piclepe o ieLER Rl aeie o 2-ert
cyclic %hm&carb@tylﬁﬁmbaa-ﬁﬁﬂ@mu%exa&d aﬁ?eﬁ-bu@ﬂ%ﬁsﬂeﬁﬁ-sﬂanyl_

the carbon adjacent to the ring her eb

f orm ng oaymﬁhwarﬁrm (%@@m@mlomnedpﬂmmmq) qsmm-éatpymgudm-l-

necessary pediohEAmH P RaRIB RERTP SRt hublendo) by refuing
furanyl theacémpand ith NHEI e fcﬁﬁl agéenbutox ?foh%ﬂ9ﬁn{1ﬁkﬁ3-methyl-
| act one to a hydroxyl gro creatin ur anose

pr oduct PUEESpoundcidand (%‘S‘P -#pHIooHaKe Hr@ﬁ@tllldﬁb 14yheA-hydroxy-2-

V0 2004 SESREHEE PIRIHALF b s uRh O SRR 00 o 7

cl ai (g) 20cmdnangihe B@@ -mrytecting gtonp rfrone det ¥ GDWahhyl%@r IsBbstituent
ur anyl OV oiepfE (15 280 SRRy vcArhomy Bomes S g b acid 5-(-
ngst g;gﬁlﬁg&oz@-fé)x&lﬁf ﬁ}&gld{ﬁl@[ﬁ) D h8Rx PR RIS S dily 1M ethyl-
benzoyl Iezra@drgtfhgpin 33yl' e omastepr(®. with HCI to provide 2-amino-3-

methyl-butyric acid 5-(4-amino-2-oxo-2H-pyrimidine-1-yl)-4-hydroxy-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-yl ester (dihydro-chloride salt).

20. A process for preparing a furanose comprising:

(@) reacting aqueous CaO with a cyclic ether that contains a hydroxyl and a
CH20H on the carbon adjacent to the ring oxygen, thereby forming a
furanyl lactone;

(b) optionally protecting the furanyl lactone with a protecting group if
necessary;

(c) reacting the optionally protected fﬁranyl lactone with a réducing agentr fo
reduce the lactone to a hydroxyl group, creating a furanose product
compound; and

(d) optionally reacting the furanose product compound with a protecting group.
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24. The process of claim20 wherein the furanose is
2,3,5-tri-0O benzoyl -2-C nethyl -(3- D-ribofuranose. 25.
wab@4psaseess of claim20 wherein the protect edP¢dTIDS2003€39643
is 1,2, 3,5-tetra- O benzoyl - _
2-C-nmethyl -(3-D-ribofuranose. 26. The process of claim

220 THgi6td3s bhéelaik 20 %Eire'i}gthg rcgélﬂ: étﬁelsrgallc?&i @ﬁh Ua% Dfuctose.
roup conS|st|ng of sil enzoyl t ol uoyl
23 her Broepssogf clagnci GYhﬂmnu ztbt;/lfuraayy lle}ctcmeetsylz C-methyl-D-nbono-
(GsA! kyl, and -(C=O-aryl, optionally substituted
wi th Oné or more gr oups not affected by the reducing

2:age]me plocedsepf Clalm 2 whelén nhe GRo%ctell ﬁ&aatiymla?&oﬂms" ©i3)5-1ri-O-
th protectin %roup i s_benzoyl. 28. The process of

7 b-2nthanethy]-1p wbopedactanei ng group is - ( C=0 - al kyl .
| 2 Th-gr}ﬁo&"sg Sfélﬁmﬁ?&g GhRRkdTh AR Mogé {% ﬁg’gbdf: 18948 h2913980] -methyl-B-

sel'ected fromthe group consis _
Red>-fibbBtrsvmsel , NaHTe, Sml 2, H2 + Pd- phosphine

Li A By) 3H. 30. The process of cla
28 b B Pt TR B o o P S5 benso-
The. PLRAGRASE-PLrikdfidbed Wherein the reactions are

carried out in solvent selected fromthe group
2@ oridiesupengs of clpiia, 20DVAGeinDVE, protettirengroapds etlbend fronBzhe group

{ enBTSE <P PeBo, Biplinal Heoksnnty Gsbiorotspelsag, acety,
t he(d:t@ dlk V\ﬁ aal C=CNHRAUB 161@H9@ﬁ€st1tl§§d v&ﬂﬂeorﬁrd}‘}ﬁﬁ C%‘?r{)ups not

claim erein the tofal tine for synthesis Is
ab@ifﬁctsdbaﬂ@ne@ucmmgmtqﬁlst@ta@ 34 The process of

I tot time for s esis, is from
28 U RO i 30 ndrBnthe bloWh8 bl n&pya ai m 33
28 dihe Iprbciekbeoﬂdbehﬂi 24 wHaelanhe ﬁﬁ()’tﬁcﬁﬁg Ffodpﬁs 5( 1

rocess conprising reactlng aqueous

2 B e of GBS Fehercabdhn Tespiog AecHlsatsitetecbgom The group
h
(ofsaides, e SERIAMIGE SPATLISR, F PRy T,
0]

ox AAKKOR)¢H f or about 8 hours to about 12 hours,
3%%&%’2%6%? qfh ? gﬁ%{eﬁﬂging Zlgen\{\g l%gdqi/l/gt%ggcﬁg
31§b§35f%"r$ﬁélss bY tlahR Q@l @Hér@iﬁethc‘!‘"rée{&tlgﬁﬁé&yéarﬁé& Ol ifl8sobRnt selected
from the group consisting of TEA, DMAP, DME, toluene and ethanol.
32. The process of claim 20 wherein the reaction temperature varies from about —5 °C
to about 50 °C for the first product compound lactone.
33. The process of claim 20 wherein the total time for synthesis is from about 5 days to
about 14 days.
34.  The process of claim 33 wherein the total time for synthesis is from about 5 days to
10 days.
35. The process of claim 33 wherein the total time for synthesis is about 60 hours.
36. A process comprising:
(@) reacﬁng aqueous CaO with D-fructose for about 5 hours te about 25 hours at |
a temperature from about 23 °C to about 40 °C;
(b) reacting the product from step (a) with CO, and oxalic acid for about 8

hours to about 12 hours, to form 2-C-methyl-D-ribonolactone;

74



hours to about 6 hours to provide
2,3,5-tri-0O benzoyl -2-C nethyl -D ribonol act one; (d)

WO e@hu/052399 PCT/US2003/039643
2,3,5-tri-0Obenzoyl -2-Cnethyl -D-ri bonol actone with
Red- Al/ethanol for about 30 to about 60 mnutes at a
tenp atréHcﬁn%fZ @tlﬁ%hgpgqﬁbdnoﬁcfeﬁowﬁﬁ%gnzgylccﬁl@néé i8¢ dbout 3
2,3,5-tri enzoyl C et hyl - ( 3- ri bofuranose; (e)
benzoyl élpuﬁ;g to about 6 hours to provide 2,3 5-tr1-O-benzoy1—2 -C-methyl-D-
2,3,5-trj nzoyl - 2- G- et hyl - (3-D-ri bof uranose in
sol vent nbf)g?lg %?Jt 4 hours to about 14 hours at a
t enp@h) atreteingf  RINFURORBENRY2Pme ribéholadiéhel OFiTth  Red-
1,2,3,5-tetra-O benzoyl - 2- G net hyl - (3- D-ri bof ur anose;
and (f) Aj{ﬁha@g]afor ?bqtg épéqa alp@lt P aninutes at a temperature of from about —
1,2, 3, 5<tapr Z QY lop2- I =R ey AL
fur anose5 quﬁE&gr @Zegs é:f gfgf)%h?/r%,%ét&({)é)%ﬂ%og)l?CmethylﬁD
wher ei nribbﬁlrmertlon time is from about 6 to about 22

he @ombeiv iAok 255 tshﬁakw%%'lgséﬁaet WD Tlheforanoss in solvent
The pr oq:'&seﬁ)oﬁﬁ4 %I()ﬁfs%%@outsf@ %%e‘?étﬂiet ?@ﬁ@lﬁ a‘ﬁgﬂtt 0 °C to

is DVE process of c alm

the r eaaboﬂrﬁ(]o?(bdxeﬁdm 1.813, Bietat O-behamnyl-2-C- methyIIIB?B-rlboﬁJranose,
process of claim36, step (d), wherein reduction

proceed§n or about 40 minutes. 42. The process of

cl ai @) 36p tléﬂaﬁ?_ (Hdlatinberge n ltﬁ‘g 551 @Berfz%?pﬁ ')Giﬁl%thyl B-D-ribo-

t ol uene he procéss of ¢lai m 36, step
wher ei nfahrossol vent conpri ses DVE. 44. The process of
I m 36, the.te ure
ST PRt Of i 36 RO h et SRR il Eomifbont 64 about
abgglhoﬂrsto about 12 hours. 45. The process of claim
step (f), wherein isolation is perfornmed by
38neEI‘|h§ @EORSFHrelaimp 6, Bep 43) Wheysin tha éempesainesis Sontabeiua?d to about
whgpein the benzoyl -protected, optionally substituted
ri bof uranose is prepared by the process of claim 20.
3N7 Th&*bmcpmnf&%mt% stepi(0)) Whavbirthe soliéret is DME.
bst i tuted,

F 7 BBF HroRRo STmoice P 60, ByertindprIERELPispecd kot 4 hours.
4175 Tﬁ\@pg&gés/ JIRERAS 6',3%15 @?@Q@egﬁ%&%on proceeds for about 40 minutes.

42. The process of claim 36, step (d), wherein the solvent comprises toluene.

43. The process of claim 36, step (e), wherein the solvent comprises DME.

44. The process of claim 36, step (¢), wherein the temperature is from about 5 to about
50 °C, and the reaction runs for from about 4 to about 12 hours.

45. The process of claim 36, step (f), wherein isolation is performed by methods known
in the art.

46. The process of claim 1 wherein the benzoyl-protected, optionally substituted
ribofuranose is prepared by the process of claim 20.

47. The process of claim 1 wherein the benzoyl-protected optlonally substituted,

ribofuranose is prepared by the process of claim 36.
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48. A process for preparing a furanyl |actone

conprising: (a) reacting aqueous CaOwith a cyclic
we@edvensashat contai ns a hydroxyl and a CH2OH oPCT/082003/039643

carbon adjacent to the ring oxygen, thereby formng a

furanyl |actone. 49. A process for preparing a

48- O pRIch! folbrepafal ﬁscé;%p m@@gﬁbﬁaﬁgﬁ conpri si ng:

(a) reacting agueous . -fructose for about 5
hour €t deaghiagtaqrepusdea®® with azcyckiensthenthat eohtaty abydroxyl and a

. vebimpben :
(20 i LT o, e Bdn RGO Lo pBe G, &8RS hming o

about 1Zufapyirlactotied f orm 2- C- et hyl - D-ri bonol act one.
£go. A process for preparing an optionally protected
4% & proceryitor meparingod-rmaby b D-ieanotastnmecibapracsssepmptising:

duci :
0 R BB FIPDSEI st s g gt 25 hours
obt ai n ariempdratorefrom abowt 23c¥e@d about 40 °C;

2-C-pethyl -.(3-D-ri bofuganose. 51, A process for
prepar i ff© él,g &t Produet fromy %?F]é&@)e}}“th&‘se@@‘il @xalic acid for about 8

conpr | S higs 1é Mo 99 Rbly30toABre BLE AR BBhAGLGHL.
optionally substituted,  ribofuranose w an

SQungy greessedon pr¢moisg dan bepsienalhyd peotséted | ZC-methyBRIBFibofuranose
in the presence.of a Lews acid to forman optionally
prS’_l)lgB?lg}ﬁlecr%Fﬁné%ide. 52. A process for preparing an
opt 1@p akécwciﬁﬁoitﬁ%ﬁgne(l% Profectéd PREMNEAMY HBbRGactone with Red-
conprising the steps of:" (a) coupling  an opti onaf’?y
pr ot ect é&/%ﬂlanplﬁgtohsam gBomianaly proatentask2Caint thyl-ByR-cibofueanose.
I Nt . SA.and SnCl4, to forman . .

1, ot BSets 355G BuBl oF S0 S0 Foen hBlo iR, Brmprivine 6
WO 284 LA5pTiBE AnRpHOUSRP PRdteaE Aptiohaly AMHRAREES Sibbfiranose with

preparing a 2'-C nmethyl-cytidine conprising tﬁe st eps
of : (a) 2} saRretesigd apelseside basecrngdrn sibiatingtreagent jat the padseyce of a

in the : ' ' n. pptional ly
prot oot a3 o fpmfar ek el UGN QD 0
520 pAi pooexss for prepacing en optier@llygirbtydted BII-AN-Tembbh]-dydRliN¢ N

1gorr’}|pnosing the steps of:

(@ coupling an optionally protected 2-C-methyl-B-D-ribofuranose with
cytosine in the presence of BSA and SnCly, to form an optionally protected
B-D-2’-C-methyl-cytidine.
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P10l ~\ HH O OP4 ON H :CH3 p2(f %3 OPZ OP3 TD 1
| I wherein each P1, P2, P3, and P4 is independently
whyanosesm or a suitable oxygen protecting groR@r/Us2ed3/039643
then (b) optionally deprotecting the optionally
protected 2'-C-nethyl-cytidine of the previous step
53.0 A '\Pfdébs% fo%r%?&rmgl a Ty¢ ikl gt_lﬂinié“d%niﬁﬁgmg%é\hte}ﬁ @& NO

o1’ i f necessary. 77
V\D 2@04/reﬂryzag9=ymveus@om3/acﬁm3 opanallyhia the quessacepf a Lewis
claimb5 P
i ndepengglrﬁi}{\llqg{hhydr%dg;(%‘r%Py %Ot%ér?gd & -me@@r@-ﬁ.—llé-ﬁb%rfug%%sg g form an
claim 5axpumqujmtzcteaczh(}?ﬂaethlylzcytfaine and P4 is
i ndependently hydrogen or a benzoyl. 56. The proces
of claim53, wherein the activator is a silylating 2
agent. 57. The process of claim56, wherein the
silylating agent is BSA, HNDSNHTNBCI or TBDPSCI.l Y

ﬁ\ " N O
Plo /K H.C

3
0 0

~
CH;
PZO\\\\ %P3 Op? op®
ay) , )
wherein each P!, P?, P?, and P* is independently hydrogen or a suitable
oxygen protecting group;
and then

(b) optionally deprotecting the optionally protected 2’-C-methyl-cytidine of the
previous step to form 2’-C-methyl-cytidine (VI)

NH, NH,
N//LQb N//L§b
P'0 HO
H,C H,C
O\ —_— 0\
OP? op? OoH oH
&) YD

if necessary.
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58. The process of claim56, wherein the silylating

agent is BSA. 59. The process of claimb53, wherein the
wOo e@ensasm of step (a) is acconplished with a REWMUIS2003/039643

acid selected fromthe group consisting of SnCl4, BF3,

Al1Cl13, Tid,, TiCl4, Fed 3, SnC 2, and any m xture

54.heme@rocetPof cliith 55, MR asin, hacle PBIPA) 15"3and/vh"ei% %dép&ﬁ&ntly hydrogen
Lewis acid is SnCl4. 61. The process of claim53

wherenactlhe process further conprl ses the steps of

SIS, A ST B0 2, P ) Broen

wheiaibentdi® ester noiety is an amno acid. 63. The
rocess of claim 62, wherein the aming acid is
.- Vidreipagqess efclaim %ﬁ Geherein theraciyapmisiartylylghing B&nal | y
r
P %‘h%%&fc%s% ffd :w;]hgl?ééljri])ﬂ% sB %ﬁg@ﬁg&g is 9)310 tpﬁgﬁbe §9ri8ey, or
2 TBRRIGL - D-ri bom c lactone W|th a reduci ng agent

10.0 O P10 ~ ~0OP3 P20~ ~OP3 11
5{ ( 9th Progees @f Crhalglaiﬁ?@frelmﬁw sHilatipg 2t iskRpendent | y
é]y @ifheg;g(;kegg o?cleﬁ ?Wh%ré?ﬁ‘ﬁﬁ%@actl% Qf %g g@qs g&%ﬁg,hseaﬁwnh a

opt |on y protecting t eri uran
derhevxas acié se:icntq:rbﬁ(mi thé gonp cpnsstingud Sn€leBFt,AlCHs, meadiCly,

tected 2- hyl - (3-D-ri bof 78
Optﬁf@&#‘b@zﬁ’g %ﬁ@%@gﬁ@gg&g( F>1oIr IF>18 %r 820%6@4
6Wh@'ﬂ30065?& dl'ﬂ?ﬁsf WhefdiBtHWlewivadid ivyarigi n P4 is

|ndependentlty hydrogen or a suitable oxygen protecting
61gr ding process of claim 53, wherein the process further comprises the steps of

esterifing the 3’-position of the 2°-C-methyl-cytidine with an ester moiety.
62. The process of claim 61, wherein the ester moiety is an amino acid.
63. The process of claim 62, wherein the amino acid is L-valinyl.
64. A process for preparing an optionally protected 2-C-methyl-p-D-ribofuranose
comprising the steps of:
(a) reducing an optionally protected 2-C-methyl-D-ribonic lactone with a

reducing agent

Plo Plo
0 o)
0 OH
%
CH;, [t CH;
PO op? P20 op
am 11D

wherein each P!, P?, and P is independently hydrogen or a suitable oxygen

protecting group;
and then
(b) optionally protecting the ribofuranose derivative compound of the previous

step to form an optionally protected 2-C-methyl-f-D-ribofuranose
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65. The process of claim®64, wherein, each P1, P2, P3,

and P4 is independently hydrogen or an acyl. 66. The
w@e@soss9nf clai m 64, wherein, each P1l, P2, P3PCHO0P3039643

i s independently hydrogen or a benzoyl. 67. The

process of claim64, wherein the reducing agent is

sodi um b'Fs(g - t hoxyet hoxy) al um num hy 1'bde Red- Al),

optionally in s@glvent. 68. The process of [

wherein the so i nol. 69. A process

preparing an o y pr ot eected—2—cmret hyl -

| act one conpri eps of : (a) reacting

D-fruct ose Wlth 30 HOOH O O HOOCH3 3

OH D-fructgg Sand th 3 (b) optionally pro @Q&lng the

| actone, toforman opttonally protected 2- OP

nmet hyl -D-ri bonic | actone 79 WO 2004/ 052899

PCT/ US2003/ 039643140 P10 0 OO0 fCH CH3 3 HAIWM

P20 OP3 T wherein each P1, P2, and P3 is

i ndependdrtdiy Ph jsdndkgﬁﬁdaiﬂy&lyﬁw gen bt & seirdbliedkygen protecting group.
protecting group. 70. The process of claim 69,

65\’h e rﬁoce@?&lﬁcl? 1 64 wheR0f] dach PB P2 r‘ﬁ"%?d‘ﬁ%%&’ep@%&%ﬁ? #¥drogen

or an acyl

\"

66. The process of claim 64, wherein, each Pl, P2, P, and P*is independently hydrogen
or a benzoyl.

67. The process of claim 64, wherein the reducing agent is sodium bis(2-
methoxyethoxy)aluminum hydride (Red-Al), optionally in a solvent.

68. The process of claim 67, wherein the solvent is ethanol.

69. A process for preparing an optionally protected 2-C-methyl-D-ribonic lactone
comprising the steps of:

(a) reacting D-fructose with CaO;
OH

O HO
O
OH o
___._>
H O\\\\“ : o B = CH;
6H HO OH
D-fructose ()]
and then,

(b) optionally protecting the lactone, to form an optionally protected 2-C-

methyl-D-ribonic lactone
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71. The process of claim69, wherein, each P, P2, and

P3 is independently hydrogen or a benzoyl. 72. The
w@e@ees39nf claim 69, wherein a precipitant i sSPCEER008039643

renmove cal cium generated in step (a). 73. The process

of claim72, wherein the precipitant is an organic

aci d t hajy tronger than ribonic acid. pf4

process of cl & mg3, wherein the organic acid

sel ected from O consisting of oxalic adi

mal oni ¢ aci d, i c acid, gruraric™aci d, adi

acid, suberic\acid cic acid, azelaic acid,

mal ei ¢ aci d, aﬁetIC«@CId propi oni ¢ aci d, |sobgtyr|c,

aci d, acrylmﬁ)a0|d Reirhacryl i c acid, butyr| ki d,  %pd

pent anoi ¢ acid, hexanoic acid and hexanoi ¢ acid. 75.

The process of claim73, wherein the organic aCidﬁgf

oxal ic acid. 76. process for preparing an optio 'y

protected 2'- C—weth tidine fromD fructose,

conpr i sivhgreit éa°§1tpep 1%&? indspendentdy hydrogen ese suitable oxygen

CaO to gﬂ%&kgﬁiga? -nethyl D-ribonic-y-lactone; OH O

OH HO CH Dfructose( 1 80 WO
2004/ 052899 / UsS2003/ Q39643 opLi.on
Sﬂ’émq?@s ?ﬁg ipm,G%, Stherate, cagh R aél& 36?151%@/31}5‘?1313@]@("@%% or
r;l?&hyl D-ribonic |actone, i f necessary; HOO OO
P H3 CH3 HO OH P20 OP3 I) Il wherein each
7 Pl Tlpga;rocassjoﬂ:ésams@ vaependach Py Phyahdd]énindependsniyt lapiregen or
oxyge

)
N T

enzoyl

72. The process of claim 69, wherein a precipitant is used to remove calcium generated
in step (a).

73. The process of claim 72, wherein the precipitant is an organic acid that is stronger
than ribonic acid.

74. The process of claim 73, wherein the organic acid is selected from the group
consisting of oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
suberic acid, sebacic acid, azelaic acid, maleic acid, acetic acid, propionic acid,
isobutyric acid, acrylic acid, methacrylic acid, butyric acid, pentanoic acid,
hexanoic acid and hexanoic acid.

75. The process of claim 73, wherein the organic acid is oxalic acid.

76. A process for preparing an optionally protected 2’-C-methyl-D-cytidine from D-
fructose, comprising the steps of:

(a) reacting D-fructose with CaO to obtain a 2-C-methyl-D-ribonic-y-lactone;

HO

CH;

D-fructose @

80



protecting group; (c) reacting the optionally
protected 2-C-nethyl-D-ribonic |actone with a

WO e@hu/052399 agent P10 P10 O O O OH CH3 : C3 H2PGI/BS2003/039643

S~ 3 POOPPOOPIL NI vvherelneachP' p2,

and P3 i s independently hydrogen or a suitable oxygen
prot@yt bpgbr@dllY Urotectihg aRé i18¢iahd Yo Plogheat i opgioh#l®y protected 2-C-
ri bof uranose_derivative corrpound of the previous step
to for ningkhybhi-riberir lagtqneok dgeasspry;
2-C-nethyl-(3-D-ribofuranose if necessary, P10 P10 O
OH O OP4 GH3 P20~ OP3 P20~ ~OP3 |11 Ho
2004/ 052899 PCIYy US2003/ 039643 wherein P4 is

i ndependent |y hyd S a suitable gxygen pro
group; (e) react he optionally protected
2-C-net hyl - (3-D- &Hpse with cytosine and ¢
activator, optlﬁnal I yz,| n the presence of a Le s aci d’,,
to forman olrji)l onal | YOBr ot ected 2' - G net hyl Ol di ne

NH2 NHz N N P10 CNO P10 OH3C OP N O O\
D €y

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

protecting group;

(c) reacting the optionally protected 2-C-methyl-D-ribonic lactone with a

reducing agent;

Ve

s % S %
$ %, S %,
P20 OP’ P20 op?

Uy iy

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

protecting group;

(d) optionally protecting the ribofuranose derivative compound of the previous

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

necessary,
rlo rlo
O OH O op*
—
CH, S 1o
Pz()\\§ %’/”oﬁ | | on\\g %’/’oﬁ
(II) aw
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H CH3 Pz%3 OP2 OP3 wherein each P, P2, P3, and P4

i s independently hydrogen or a suitable oxygen
wEe@iesasing group; and then (f) optionally deprOr/E810051¢39643

the optionally protected 2'-C-nethylcytidine to form

optionally protected 2'-C-nethylcytidine NH2Z NH2 N N

N O N Ovflefidi® istiddeptidentlPhyliroghiz of P suifdble@dtygbi protecting group;

necessary. 82 WD 2004/ 052899 PCT/ US2003/ 039643 77.

The pro ' i A, e RL.; .
pa 1 @ 7GR e LI roltbR D Qo GRATS D-rivdférapfids whfiCytosine
processand aalaitivatéf), optioasléy im tleapleséiice d¥2a R8s acid, B form an
i s independent!|y hydrogen r.a.henzoyl. 79. The

pr ocessoB?O‘@ﬂé(iF%ﬁ’t?é?‘i gﬁéf‘@?tﬁylf’wé&}%t ivator is a

silylating agent. 80. The process of claim79, wherein

the silylating agent is BSA, HWVDS, TMSCl, or TBDPS

81. The process of claim79, wherein the silylatin
agent is BSA. 82. The process_of claim76, wherei

reaction of step (e) is acco ished wwth a Lew
acid selected fromthe group/gonsisting of SnCl4.
e
es
N
H

BF3, A1C13, TMClZ, Ti Cl4, , SnCl2pioand any N 0
m Xt ur e pt of . 83. The pjjoc of clai m3g, vvh%gcei n
0

the Lewi s act\das Sn&14. _

o
CH, >

‘.
o™

S
P20 P’ ot OP

I &

wherein each P!, P2, P3, and P* is independently hydrogen or a suitable

oxygen protecting group;
and then

(f) optionally deprotecting the optionally protected 2’-C-methylcytidine to form
optionally protected 2’-C-methylcytidine

NH, NH,
N/KO N/KO
P!o HO
HsC HsC
OP? oP® OH OH
&) D

if necessary.
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84. The process of claim 76, wherein the reducing
agent is sodium bis(2- nethoxyethoxy)al um num hydri de

W@ Redodsy9 optionally in a solvent. 85. The ppPODESE03039643
cl aim 84, wherein the solvent is ethanol. 86. The
process of claim 76, wherein the process further

7T.01fHei Becess bEclainePs vitfereigsdaek P iptgPY had B* rsﬁﬂ@dpbhdbﬁtl?ﬂlydrogen
the 2'-C methyl-cytidine with an ester noi ety. 87
ThOT3RE8¥ss of claim 86, wherein the ester noiety is

gn 'ﬂ{@rﬁ'i’@c%bfjcdalﬁﬁ?_-%}%rl n;ﬁi@ﬁ §;;?2 # ghdP8il indpE&infly hydrogen

79.
80.

81.

82.

83.

84.

85.
86.

87.
38.

no aci
or a benzoyl.

The process of claim 76, wherein the activator is a silylating agent.

The process of claim 79, wherein the silylating agent is BSA, HMDS, TMSCI, or
TBDPSCIL.

The process of claim 79, wherein the silylating agent is BSA.

The process of claim 76, wherein the reaction of step (¢) is accomplished with a
Lewis acid selected from the group consisting of SnCls, BF3, AlCls, Tict,, TiCly,
FeCls, SnCl,, and any mixture thereof.

The process of claim 82, wherein the Lewis acid is SnCly.

The process of claim 76, wherein the reducing agent is sodium bis(2-
methoxyethoxy)aluminum hydride (Red-Al), optionally in a solvent.

The process of claim 84, wherein the solvent is ethanol.

The process of claim 76, wherein the process further comprises the steps of
esterifing the 3’-position of the 2°-C-methyl-cytidine with an ester moiety.

The process of claim 86, wherein the ester moiety is an amino acid.

The process of claim 87, wherein the amino acid is L-valinyl.
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