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i mmunodeficiency virus (H'V) has created an international health crisis.
According to the World Heal th BASKGROUND phy the end of the year 2001 an

estimated 40 mllion people worldw de were living with H V/ Al DS.
Approgi n@t{.aliy Ei r’r'il | i an of these people became infected with H V during
2001. “H @& urth | eadi ng cause 15 of death worl dw de, resulting

in 3 mllion fatalities in 2001 al one .(Meekl i dem ol.oqi Record
76: 381- 388 ( 20d'B)IVentigR{¢iales ﬁ?rqpﬁ@flgB(?gB%‘}iﬁosggeﬁnS‘{%gkﬂfﬂfns%g ealth problem
is the hepatitis B virus (HBV). Besides causing acute hepatitis, HBV can
resul t i ranthirargentsnirepariionan thediyeption relates nthe synfhesés ‘PfrﬁTgsﬁ'gu%rﬁd cancer of
the liver. By the year 2000, a reported 2 billion 20 peopl e had been
i nf ect ed Haigk hy: FaclidsheRbeyididedB4.-rad)d Heal th Organi zation (Cctober
2000)) . Vzgﬁ’r3i t(Z)!lIJCisé%>s(¥—(r%t’%e%hidc nucl eosietzj(gs have)been identified as potenti al
antiviral agent.s il H ng HV and HBV. Follow ng the devel opnent of
3' - azi do-3& (AZT) as an HV therapy (Mtsuya et al., Proc.
Nat|. Acad. Sci. USA,82:7096-7100 25 (198 several .2'. 3' -di deoxy (dd)
and 40, 3' - di dehgaigd smmyne delicienqy Sé’f’ﬂf%“’ﬁt@?@&?%‘égé §¥£Ireem%1€gnti fied as
potential H'V and HBV treatnments. For exanple, nucl eosi.de anal ogs WO
03/ 08711 9nPawodsiiciencysdms (HEY)Y kascseatest ancipfesnatipnal health erigiy quﬂ?‘géaent s
i ncluded 2', 3' -di deoxyi nosine (ddl), 2',3'- L

the World Health Organization, by the end of the year 2001 an estimated 40 million

people worldwide were living with HIV/AIDS. Approximately 5 million of these
people became infected with HIV during 2001. HIV/AIDS is the fourth leading cause
15  of death worldwide, resulting in 3 million fatalities in 2001 alone (Weekly

Epidemiological Record 76:381-388 (2001)).

Another virus that poses a serious human health problem is the hepatitis B virus
(HBV). Besides causing acute hepatitis, HBV can result in chronic infection leading to
often-fatal cirthosis and cancer of the liver. By the year 2000, a reported 2 billion

20  people had been infected with HBV (Fact Sheet WHO/204, World Health Organization

(October 2000)).
Various synthetic nucleosides have been identified as potential antiviral agents

for treating HIV and HBV. Following the development of 3'-azido-3'-deoxythymidine

(AZT) as an HIV therapy (Mitsuya et al., Proc. Natl. Acad. Sci. USA 82:7096-7100
25  (1983)), several 2°,3’-dideoxy (dd) and 2’ 3°-didehydro-2’,3’-dideoxy (D4) nucleosides

were identified as potential HIV and HBV treatments. For example, nucleoside analogs



di deoxycytidine (ddC) (Mtsuya et al., Proc. Natl. Acad. Sci. USA
83:1911-1915 (1986)), and 2', 3'-di dehydro-3' -deoxythym di ne (D4T) (Mansuri
et al., Jwousis7i@hem  32:461-466 (1989)). Wil e these nudlcwssodeisanal ogs
are used in the formof the 5 naturally-occurring "D' enantiomer, recent
devel opnments in.t I . : Ver i bogs

navi ng. AEPGRRRdrfplcafid s B P SYREneRAcA 20T AieAFIREI G N3
5-fluoro-2', 3" -djdeoxy-3"-1hiacytidjne (FET Jeo f Med. Chem
36: 181. 16adcoxyGEe (GHG) puinRel i, oc.Natly Aead, SCL ?‘%gbél('é-ép- FddC) (Lin
et al., Biochem Pharnmacol. 47:171-174 (1994)), and ,

13- L- 5- f 1(12%0), 2nd 3° 3 dilideladyo-3 -deoxytly raidiner{{do Sy ansrift al (3 MedeGhem. (| n et
al., J. Med. Chem 39:1757-1759 (1996)) have been identified as potenti al
t her api e 326461-446\(1889)).HBMile (Besk nEOdBidraamaprgs\nenused ibthedarneshbei al | y

prom sing antiviral agent for treating HV and HBV (Lin et al., J. Med.

Chem 539in]a?1§211318&%rﬁ4%!]1§’) dnanBamky, r&ent Ml pmened in deisfidlo have fepaseting P- L- FD4C
(Linet al., J. Med. em 39:1757-1759 (1996)) 15 suffered froml ow yield,
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comercial scale production of (3-L-FD4C for use in treating the worldw de
epi dem c(1893)HP/LehfludiB\2’,3’ Aileskdirine (BHeFddesdin ei ¢y Bivdham. addr esses t he
above- nenti oned need by providing new synthetic nmethods suitable for

| ar ge- scabe P QRupE 1 N1 2 (1634)h.- R4 -STHEodEL IBdisdeoRy-vBUe | nproved yield
and effi ?Im ong vvith( recfzced cost and envi ronﬁn%nt al 25 inpact. 2 WD

03/087119 PCT/ US03/ 11 n.one aspect, . t.he i Nvenidar '%S)sh t hods of
synt HOsi Aif yé@qytxgmpﬁéi-lgbﬁc) @19 SF GM%MQ@Q r7§23¥? nea%
((3-L-FD4C). According to the nethods:

been identified as potential therapies for HIV and HBV.

B-L-FD4C has proven to be an especially promising antiviral agent for treating
HIV and HBV (Lin et al., J. Med. Chem. 39:1757-1759 (1996)). Early synthetic
methods for preparing B-L-FD4C (Lin et al., J. Med. Chem. 39:1757-1759 (1996))

15  suffered from low yield, and therefore were unsuitable for large-scale production.
Alternative synthetic methods for preparing B-L-FD4C have been proposed (U.S.
Patent No. 6,005,097). However, a need exists in the art for new synthetic methods
allowing for efficient, cost-effective, and environmentally sound commetcial scale

production of B-L-FD4C for use in treating the worldwide epidemics of HIV and HBV.

20
SUMMARY
The present invention addresses the above-mentioned need by providing new
synthetic methods suitable for large-scale production of f-L-FD4C. The methods
pr.ovide improved yield and efficiency along with reduced cost and environmental
25  impact.



(a) L-xylose of formula I b ,,.( 0 \(OH HOB OH 5 is reacted with acetone
in the presence of a first aC| d catalyst and a dehydrating agent to afford
a di acet awoof3/Borgula 11. 11 ~( O (b) The 2,3 acetal of trETssetas of
formula Il is hydrolyzed in the presence of a second acid catalyst to

afford an acetal of for Cy._ al cohol

noi eties of t réc%gp?ﬁ %‘? I?V&n ?gl%vqesg%éﬂdg(%yrg{m%& Z%-%[?]g %)nglg)nce of a
base catalyst to afford a diester of fornula IV. . OIV%P \ (d) The
acet al n®di,¥FtrgidegxyrHed’ dlidehydrocytiding (Pri-BDHY). I%C‘}%Flélt%/%&n‘?t dShe presence of
15 an acid to afford a diol of formula V. HO,, 0 OCHO~0 O V 3 W

03/ 087118, PCT{ LUSASeloE46Bnul4 &) The hydroxyl groups of the diol of formula V
are rem)ved to afford a glycal of formula VI. OO

HOw.. © oH

HO OH
5 s reacted with acetone in the presence of a first acid catalyst and a dehydrating agent to

afford a diacetal of formula II.

O, O o
i Xo“%

(b) The 2,3 acetal of the diacetal of formula II is hydrolyzed in the presence of a

second acid catalyst to afford an acetal of formula IIL

10 OH
© The alcohol moieties of the acetal of formula I1I are acylated in the presence of

a base catalyst to afford a diester of formula IV.

e
e ol

(d) The acetal moiety of the diester of formula IV is hydrolyzed in the presence of

15 an acid to afford a diol of formula V.
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Vit 0O oa (f) 5-fluorocytosine of formula VIl NH2 N I F VI N ON 5
H is bis-protected to afford bis-protected 5-fluorocytosine of formul a

VIT1, NHZwWozad¥osmi1oVil1l F wherein Z is a protecting group.pqugsoIhetsgl ycal
of formula VI is coupled with the bis- protected 5-fl uorocytosine of 10
formila VLIl i j DAY g REROL fourRid Bt of |

hal ogenaygd cy pﬁre&w%%ﬂgse?fﬁ@%&gr ormJ alX 0 N/<O E‘l:\iﬁ

O Ix %&3$7387119 PCT/ US03/ 11445 (h) The hal ogenat ed cyt osi ne
derlvatl\ﬁ‘%r Tmula | X is treated with nmetallic zinc and acetic acid to

afford a di deoxy, didehydro cytidine deri vat| ve of formula X. O

« 0
“Q

® 5-fluorocytosine of formula VII

NH,

vim )
O)\H

F

is bis-protected to afford bis-protected 5-fluorocytosine of formula VIIL,

NHZ
VI N F

NS

ZO” N
wherein Z is a protecting group.
(g) The glycal of formula VI is coupled with the bis-protected 5-fluorocytosine of
10  formula VIII in the presence of a halogenating agent to afford a halogenated cytosine

derivative of formula IX.
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N'" O XHN~~ N~_UOKI ~/ /| F (i) The ester noiety of the dideoxy,

di dehydro cytidine derivative of fornula Xis 5 hydrolyzed in the presence
of a basewom3aBfuasd (3-L-5-fluoro-2', 3" -dideoxy-2',3 di detgydusessi446i ne
((3-L-FD4C) of formula XI. O N4 XI HZN N O ~OH F BRI EF DESCRI PTI ON OF
THE DRAW,NG 1 riai s i ' ; I ith
refer en::/\éhl\it 0 '& Rg% #%F%%f%%ﬁ%%@aﬁ%%@%x#gﬁ?&%gﬁ? tgg%{‘lgfﬁt&ﬁ]eﬁgg?dgose of
illustration only and_is.nqt, intended to..im¢t .the inventiong. FIG 1
illustr a?%g acetic aRiddarafiord 68@8"’%@“%’%%& yﬂaln(sé{eﬁy%’—}&@?i%r(%dr%ghg to certain
enbodi nents of the invention. 15 DETAI LED DESCRI PTI ON The invention

provi des new net hods for synthesizing, ( 2 i nt er nedi at es usef ul
in the synthesis of (3-L-FD4C. The ng ds @ low fRr efficient,
cost-effective, and environnext a'I"?N/ : S

R-L- FDAC with 20 good yield and purity. < pat ent s, publ i shed
patent applications, and literature ' references cited™ierei n are hereby
i ncorporated by reference to the same extent as if 5 WO 03/087119

PCT/ US03/(i) 144 Theeseh muite of e dideoss) digetaydeb cytifing dtuivhlive ofifoiouleddist o be

i ncorporated by reference. Any inconsistency between these publications

and the RLEEMeddh 8 Heihee sMPbdse APaffGRG-LeSlflubro-2’,3’-dideoxy-2’,3™-

didehydrocytidine (B-L-FD4C) of formula XI.
O
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BRIEF DESCRIPTION OF THE DRAWING

10 Certain embodiments of the invention are described with reference to the
following figure, which is presented for the purpose of illustration only and is not
intended to limit the invention.

FIG. 1 illustrates a synthetic route for preparing B-L-FD4C according to certain
embodiments of the invention.

15

DETAILED DESCRIPTION

The invention provides new methods for synthesizing B-L-FD4C and
intermediates useful in the synthesis of B-L-FD4C. The methods allow for efficient,
cost-effective, and environmentally sound large-scale production of B-L-FD4C with

20  good yield and purity. The issued patents, published patent applications, and literature

references cited herein are hereby incorporated by reference to the same extent as if



favor of the present disclosure. The term"lower alkyl," as used herein,
nmeans a straight chain or branched d- 5 &4 al kyl group, for exanple,

met hyl , ewoyls/osraopropyl, t-butyl, and the |like. The ter mpCragsod1icasal yst, "
as used herein, refers to any acidic agent that catalyzes t he desired

hem cal act th
Cynthot enaprobec BRI BRI TR l: Rt pARHR T hepele, Ay 1 11O
Sxchange inGESpisEnaY HORERIGH BOHERINES apagtq‘;@tgegt‘pﬁ APHAr el GeRud A "

limtation, sulfonated polystyrene resins, sulfonated polyfluorocarbon
resins, dmbrmxfllimpmwitdisclemhangers on pol ystyrene, dextran, agarose, and
the like. A "base catalyst"” is any basic agent that catalyzes the desired
chemical reacktieaBrm Mewvel hlity1’ moused dogeie sneahs basaghtahainystbsanched Gi- for t he
synthetic nethods described herein include pyridine, triethylamne, and

di met ?e yﬂﬂﬁtggg $H, 26: xEHBR) medy1 Ath ﬁaﬂs@lﬁ@ﬁﬂttﬁnﬁyﬁﬁﬁ@tﬁé like. Ty t@gent

capab t1'"Ag hal ogenation, i.e., int roductl on of a halogen atomto

a conmpound, dgﬁa hydr g edr}%re%g ?the\l;\% sdrr]@v\% %Q@éaté{l YiSdeshed er . A

"protecti Ag ny gr gup to o or nore reactive

sites on a c ound preve; ts rea cti n fro urr j.tes, and
which is Chﬁ@ﬁéﬁc@? BN ﬁﬁi‘gaﬁﬁt #?53 gﬁﬁheﬁmt hods. A
"derivative" or 20 "anal 0g" of a first corrpound isS. a secon ound havi ng
a si mi | armetheds destribed hesein includednenganie aeigh, suehEbIATISFeid %’fg’iy‘fi??ﬁ I9KE or nore
functional groups or substituents or including one or nore addijtional

f unct i onalcidyraad psti@r exshirpgpiresimntGatas exdmpge eesinsoire ngolublerasidiesidund. The
term "di deoxy" is used herein to describe a nucl eoside noiety having a

sugar)odr Gueukinehwathbidimieeion] susfoasedd pblystyrondrresind, sdfmafedat each of two 25
carbon atons. The term "di dehydro" is used to describe a nucl eosi de noiety

havi / ;0111414}@ doubl
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car bon

reaction. Non-limiting examples of base catalysts useful for the synthetic methods
described herein include pyridine, triethylamine, and dimethylaminopyridine (DMAP).

15 A “halogenating agent” is any agent capable of effecting halogenation, Le., introduction
of a halogen atom to a compound. A “dehydrating agent” is any agent that removes
water. A “protecting group” is any group which when bound to one or more reactive
sites on a compound prevents reaction from occurring at those sites, and which is
removable from those sites by conventional chemical methods. A “derivative” or

20 “analog” of a first compound is a second compound having a similar chemical structure
to the first compound but lacking one or more functional groups or substituents or
including one or more additional functional groups or substituents as compared to the
first compound. The term “dideoxy” is used herein to describe a nucleoside moiety
having a sugar group with a hydrogen instead of a hydroxyl group at each of two

25  carbon atoms. The term “didehydro” is used to describe a nucleoside moiety having a



atons. 5 FIG 1 illustrates a synthesis of (3-L-FD4C according to certain
enbodi nents of the invention. (3-L-FD4C 11 is synthesized via a seven-step
procedur ewasisrng7ilioxyl ose 1 as the starting material. |n acteasti€one
enbodi nments, synthesis of (3-L-FD4C 11 is achieved fromL-xylose 1 w thout

evaporation to dryness, of a f. thednter i@t e ol «0. 10 As
shown i nSE§EEH %ﬂtecomsﬁeés"c?ﬁg%btéo&ﬁh O\IME’?EFEH@%@B’J‘ %?ngg@g%% gl?d e%zc yl ose 1
into the 1,2 protected acetal 3. This conversion is acconpli shetgeby

pr epar i n@’ Bhdiddhpdrecytidime (Balnd DA hasnhytirogspsiinglace af Bydroxy FoNPs Abth&ty in 2
under mld conditions to formthe acetal 3. To formthe diacetal 2,

L- xyl ose 21 2h& 3 earfong 6ftheistghr agsét9nend contédyddablatgpnddenieen thosd carboaci d

catal yst. The dehydrati ng agent used in the synthesis showmn in FIG 1 is 15
copper sylfate, which has been found to produce superior yields.
Non-limting exanples of alternative dehydrating agents include MgSO4 and

Na2SO4. The acj catal yst used.in cedur.e il ] I lis
Anbe?gyst (r) %& ééﬁ‘hgtr %séf PSW&E%S& %fé'ﬂgg%Qéf?oéﬁpérto %:egfaﬁ%%ﬁg(gdé@g%lgé)ﬁ esin
with sulfonic acid functionality, Rohm and Haas, Phil adel phia, PA). Such a
resin cattad ipvention. S bEED4G &L iwyathiesized Yieageverrster pwosedure sging bresedo form
product with good purity, it is easy to handle and cost-effective, and it

can be rgnRvesiaasdidtiali B frilddst @lnhOdmbiRMehts yhibegs eRpAPFRECM ial ter native
resin catalysts T1nclude other cation exchange resins such as sul fonated

pol ystyreng. resins,, SUl f onaf . (o) I A0 r cation

exchangeragﬁlgﬁe(g%f)%lt’wfgﬁ%?%@g?tr%%g%{dg&?%sﬁﬁgg%5@?}% Fle. Xla%agbre native

non-resin acid é:%aéibysts for use in this reaction include, 25 without

i mitati SOOPOYNS 4L aci d and hydrochloric acid. 7 WO 03/087119

PCT/ US03/ 11445 Hydrolysis of the di-protected conpound to formthe

acetdD 3 is efAwrshoseh BFIBhb theisinthesis begingeritly the sonyeraeryahl-xylose §dMe such

as, for exanple, a lower al kyl alcohol, followed by the addition of an

aci d cat ahy$p prorcet atealsy Bosreorsetsoni iventanplisbébbepreniring the diaceteh i s

perfornmed, the solution of 2 prepared fromL-xylose 1 is neutralized to
and then hydrolyzing the 3,4 acetal moiety in 2 under mild conditions to form the acetal

3. To form the diacetal 2, L-xylose 1 is combined with acetone, a dehydrating agent,
and an acid catalyst. The dehydrating agent used in the synthesis shown in FIG. 1 is

15  copper sulfate, Which has been found to produce superior yields. Non-limiting
examples of alternative dehydrating agents include MgSO4 and Na;SOs. The acid
catalyst used in the procedure illustrated in FIG. 1 is Amberlyst® 15 resin (strong acid
macroreticular cation exchange resin with sulfonic acid functionality, Rohm and Haas,
Philadelphia, PA). Such a resin catalyst is useful because it affords efficient reaction to

20  form product with good purity, it is easy to handle and cost-effective, and it can be
removed easily via filtration. Non-limiting examples of alternative resin catalysts
include other cation exchange resins such as sulfonated polystyrene resins, sulfonated
polyfluorocarbon resins, and other cation exchangers on polystyrene, dextran, agarose,
and the like. Alternative non-resin acid catalysts for use in this reaction include,

25  without limitation, sulfuric acid and hydrochloric acid.



5 assure a successful change of solvent from acetone to | ower alkyl al cohol
or other organic solvent w thout degradation of 2 due to prenmature

hydr ol ysi wa@/o8ornm 3 or even convert back to xyl ose. Neuthrca/usnatii«an is
acconpl i shed by perform ng the solvent change in the presence of a base

such as, for ;ﬁ%ﬂﬁ%ﬁs o?t‘ﬁla 'dijpt%?&'t Mﬁﬂ@@tt‘é forhiMhe a%&hl"?i@%ffébt@&%?om | ows

t he di acet al e use rect e subsequent hydr ol ysi s reaction

to formthe acetal t.hereby inc icien t he need
for evafsraoitgR qfdva&er)}pléggr%@ L aib rngaéxbp;lg albléwgleﬁeﬁlgﬁ dHé?rrent s,
the solvent for the hydrolysis step is a |ower al k% al cohg such as for
exanpl e, folavesidvl the aédlgﬁmf\an geid patadysts -Inat Jeasispme ghibefiments, beforg

i ndustrial methyl at ed spirits (IMS), which is a cost- effective alternative
t o absol wtaetieh kapeaformed, t]heamjllﬁimxxzﬂkprppa:rddlﬁtonoh-xytﬂse 4 izoevtiatized ton 15
thereof. A non-limting exanple of an alternative solvent is toluene. The

aci d gat %Es)ﬁ%é a sBE A ThAlbR JTXEIveh)IBA abéteRe RSlo®BEMRYli alcdhbGor dthérs
Anberlyst(r) 15 resin. AIternatlve acid catalysts include, but are not

!s Iu Imf Lreidc tQ a%angé %1? g}rl hg &Bm%ﬁ f&ll}l]% Lpr&ﬂ@tukéﬂcﬁ@l?h@ to REMBSor VRN as

|c acl se of a non-resin catalyst
reduces the e onmenta ct of. t he e t he anopunt
of solid cﬁﬁv%n@t gtﬁéﬁlgﬁ%tl\e{ﬁl ﬁ%‘?ﬁlé&c%ﬂ? lssgl ﬁgﬁ‘fr ?%Q&ng‘%ﬁ%ﬁﬁgggtol ution of
acetal 3 is renoved by trituration. Non- Ilgutlndgwg nF Ewg wtable
sol vent's Cheﬁgetlﬁlﬂﬂwfﬁ%qné?lof }BasE §Bch & £orergmDls, 9t argeRET
t ol uene/ TBME, tol uene/ethyl acetate, and di chl or onet hane DCI\/p/et hyI
acet at e. sShvesiedmhgd allvetthe diacétalt Dt becused idirgethit indhe sbhseasnt Tylrelysis eved
wi t hout degradation of acetal 3 to xylose by perform ng the sol vent
exchaoge redetioheo Emphe senal 8, dierebyihabading éffigicnap by sliminatisg tHeareed fempl e,
sodi um bi carbonate. The use of a 8 WO 03/087119 PCT/ US03/ 11445

triturat 'e%% M HER drSHEH AR bPLEIe FEME Thhameiembalisnsyitieaolvent o use i n
t he next tion step increases efficiency by allow ng the solution of

acetal 3 40 h?(%ﬂféfgﬁ%te Fﬁ}v!léf all{y'f| alcBRoIE¥h ad, glcéfaﬁ‘l?les hhah8l, hO¥o¥eh in

trituration nol etrres 1 n conp oun eacylatedtoformthe

o eSO Sl Ioxe indRRAY &h“la@ﬂ shiRAUNRI! which s 2Bodci d

chl ori de

effective alternative to absolute ethanol for large-scale production; or a combination

15 thereof. A non-limiting example of an alternative solvent is toluene. The acid catalyst
used in the hydrolysis step as shown in FIG. 1 is Amberlyst® 15 resin. Alternative acid
catalysts include, but are not limited to, other cation exchange resins, and inorganic
acids, such as sulfuric acid or hydrochloric acid. The use of a non-resin catalyst
reduces the environmental impact of the procedure by decreasing the amount of solid

20  waste generated. Unwanted xylose in the resulting solution of acetal 3 is removed by
trituration. Non-limiting examples of suitable solvents for trituraﬁon include tertiary
butyl methyl ether (TBME), toluene/TBME, toluene/ethyl acetate, and dichloromethane
(DCM)/ethyl acetate. Successful exchange into the trituration solvent is achieved
without degradation of acetal 3 to xylose by performing the solvent exchange in the

25  presence of a stabilizing base such as, for example, sodium bicarbonate. The use of a



p-toluoyl chloride, and a base catalyst. The synthesis illustrated in FIG
1 enploys pyridine as the base catal yst and DCM as the solvent for the
reacti on. widous/871mt i ng exanpl es of useful base catal yst s RacUsedei4ayri di ne,
triethylam ne, dinethylam nopyridine (DVAP), and conbi nations thereof.
Sui t abl e, sol vent [ f ] J 5 tion include
DCM tol lﬁrétﬁaa?{m?gﬁ)é{egﬂz’isﬁgﬁ gsotr?é'l% rﬁlg}t;l}%\?sa i th%e?lg%%. EJE?CfCt?S %:lﬁéeénlgghffgé(?mr oved by
usi ng a solvent such as, for exa e,. tol uene.that i.s it .
per f or ma AR SR ACLASeSRE %PCM%?ngﬁ%ﬁlﬁwnoﬁ&s?@%%2‘?/%‘%%& ? Hé&k’eed f or
evaporation to dryness between reaction steps. In sone enbodi nents, in
parti cul an thegrext teaetipm stapalioBowing tHeypon.use of nore toxic materials such as
pyridine and dichloronethane 15 is limted to reduce the environnental
i mpact of t he Theet@tul ®oicliteinkohmaond 3largacylgsed to founmpwuradrespandingydr ol yzed
to afford the corresponding alcohol groups in conmpound 5. Hydrolysis is
acconpl i shepnRyeiREH Qinfoudll YOy tRfatdbnt with sh 8di€ Bhiaide fdh a8 Xfrpkamplé.or m c
acid or trifluoroacetic acid, 'in water. FIG 1 illustrates hydrolysis
using f ol Mofuftilolile YRk EhascUthAL. Tne QBRI SILGFaRERTACT REhpR 20

ude, Wit hou

hydr ol ysi's“step 1 nc imtation, acetonitrile, toludene, and

conbi nations, thereof. | ar t.i r .enbadi nent f Qr.m hd.Lp water is
used wi t PY} me@éﬁ@e%%ﬁ}[ﬁ]liy&rqnpéfw%ﬁtg%F@Vgﬁ?%rntﬁ? {ﬁ&\?@@.ﬁ%ﬁ%&l&ﬁ%ﬁ% reaction
yi el ding the g@oduct diol 5 with good purity. ILn sonme enbodi nents, the

product Zxpriplesof Beesel bage eatalysip inclusle pyridgie, BIEMMBING n hexane/ TBVE or

t ol uene/ TBME heptane. In sone alternative 9 WO 03/087119 PCT/ US03/ 11445
enbodi nentimethylaswhopmidirexXEMAFR aad dombiawtions heieoh Syitblessobvenisdpt Ustuch as,
for exanple, isopropyl ether is used to isolate the product diol 5 having

enhanoed ijpyeibining MEnceiabbn Sedction tieletiDAM, wltdne, M) @end rexbinations
5-fluorocytosine derivative 9 via a two-step coupling nmechanism First,

diol 5 A frRnL PistitBr@ed 53 usfheYsol RAE SilcAns Wok: Bxdmpledbhiene ihat dazol e,
and tri pﬁgﬁg%hosphfln}glﬁlagri Iel ugtursatgedS in FIG 1. A nonlﬁl imting exanple

nd_tri phenyT pho: | ed In I am
ol yeal - suntadie 3Tl of b RaEh el Enlchlh SRTES ARIE B TR 1 1

Non-1imting exanples of . . . .
eva orat)ion 0 (ﬁyness between reaction steps. In some embodiments, in particular for

large scale synthesis, use of more toxic materials such as pyridine and dichloromethane
15  is limited to reduce the environmental impact of the procedure.
The 1,2 acetal group in compound 4 is hydrolyzed to afford the corresponding
alcohol groups in compound 5. Hydrolysis is accomplished by administration of an
acid such as, for example, formic acid or trifluoroacetic acid, in water. FIG. 1
illustrates hydrolysis using formic acid in water. Suitable solvents for performing the
20  hydrolysis step include, without limitation, acetonitrile, toluene, and combinations
thereof. In particular embodiments, formic acid in water is used with
toluene/acetonitrile to afford a controlled homogenous reaction yielding the product
diol 5 with good purity. In some embodiments, the product 5 is purified by trituration,

for example, in hexane/TBME or toluene/TBME/heptane. In some alternative



such conditions include storage bel ow about 0C as a concentrated oil and
storage at about 5C to about 6C in DCM or TBME for periods of up to about
3 days. |wosmrms7® enbodi nents, the resulting solution of BT/ES0846E5
directly in the coupling step described below, thereby enhancing

T o e podlifenfOYRLIES, SLAR LAl (FOANEILE HOVERlvéhe b diefoha) 0genal 0

5-fluoro osiI ne erivative bi s-protected 5-fl uorocytosi ne

8. FIG 1 illustrat i S- tecti f 5:f 0S| j
Cri met hyCSIple bR gt s g e rRa e e LS B R e bty o o
Protection is acconplished by contacti nggg&q_‘g}g}und 7. WM

Wiih .
1, 1, 1- 3, 3, 3- hebharfealfyis gpryoried 4 thedipdpggn fQCYTC}%H%f‘?EV%tHﬁo"lePrént s, the

catalyst is amonium sul fate. Alternative protecting groups are well-known
in the anwoang couplitgmbechanisnhobirst] dio $ iwtdoomrteditﬁr@tehglb’wgﬁ)hw’ﬁﬂl%ﬂlop with
t-butyldinmethylsilyl, t- butyldiphenylsilyl, triphenylnmethyl. Non-limting
exanpkes jgdin8uhidbr, & Mﬁﬁé@l};ﬂiﬁspﬂﬁl@, RGlhishratedeén PIG! BcAimn-linsisiogi on i ncl ude
t ol uene, chl orobenzene, chloroform dichloroethane, dichloronethane,

| SOPT Y X BhBR of 2310 ga?%?ttfggﬁs R8I dichloraAEaRIDN eRNGSS glgcalsol vent

is used t 'S sul ormance of the subsequent coupling

reaction _descrjbed below_ and the sol uti hi.s

51 ur ocyt BT BUeE oo el et B Phe Mg Crample of,
Performng the protection step in a solvent suitabled25 for use in the
subsequertuck eenslilions iaglads stprgge belammAbeut O aratnarsiirated off %ffd%?f&%? fane 10 WO
03/087119 PCT/ US03/ 11445 (DCE), or dichl oronethane (DCM, i1 nproves

ef fi ci encipoansbP(Proatiuet6°¢i iaMICKINe TRMIE foy perinds af op ¢h aigput Belayredd sbmei sol at e

or evaporate to dryness the sonewhat unstable product 8. In sone

embogi,me r@[ﬁb(ﬁﬁﬁéﬁtﬁ%ﬂé %El!cljlﬁrl%‘ﬁﬂf)l_uki@ﬁ 986 SR8 dREQRUG thOEupliAE siep Bekib®r € t OXi €
as an is |

sol vents suc imted to reduce the environnental inpact

of the 5 syntheti rocedur e, . cal 6 and bis-protected 5-flurocytosine 8
are couplté%o‘?’ﬁlw}ﬁ?rﬁ@ %lﬁgeeﬁé%l%é&' hal ogenating agent to produce the

nal ogenat | ng_ aHOUPGNAEER BGS SRR mral ¢ fa o SRR PaRE b Bre 1 G
derivative 9 also requires bis-protected 5-fluorocytosine 8. FIG. 1 illustrates bis-
protection of 5-fluorocytosine 7 with trimethylsilyl (TMS) groups to afford the bis-

15  protected compound 8. Protection is accomplished by contacting compound 7 with
1,1,1-3,3,3-hexamethyldisilizane and a catalyst. In some embodiments, the catalyst is
ammonium sulfate. Alternative protecting groups are well-known in the art and
include, without limitation, dimethylhexylsilyl, t-butyldimethylsilyl, t-
butyldiphenylsilyl, triphenylmethyl. Non-limiting examples of suitable solvents for use

20 in the protection reaction include toluene, chlorobenzene, chloroform, dichloroethane,
dichloromethane, isopropyl ether, and combinations thereof. In some embodiments, a
solvent is used that is suitable for performance of the subsequent coupling reaction
described below, and the solution of bis-protected 5-flurocytosine 8 is introduced
directly into tﬁe coupling reaction. Performing the protection step in a solvent suitable

25  for use in the subsequent coupling step, for example, chlorobenzene, dichloroethane
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1. In at | east some enbodi nents, the coupling reaction is perforned in a
chlorinated 10 sol vent such as, for exanple, DCM DCE, chlorobenzene, and
conbi nat i wosostoserieof . I n  sone enbodi ments, use of DCE i s rvousbedi446
decrease the environnmental inpact of the procedure The product 9 is

ai conol , (et asdafitaRsl% PGB ilbethlfdd et B‘é’&rc99le?dsgrd‘*%ﬁﬁ£ o

product 9 wthout the need for evaporat on t Ves roductl on
time and bxaypiging the needstofaateop £VANOFAS éimﬁé abuﬁ%]?? Qg ses sone
degradation. Alternatively, product 9 is isol ated by trituration with
et hanol . 8. rinsome embbdigiemts particulady ferdaigetscde produgiiens dhe/esg, of pyre Bl e, in
a lower al kyl acetate, such as, for exanple, nethyl acetate or ethyl

acet at e, sbpfentdsich & IHOE aﬁdb}@vm@nhnﬁ’eémtedme tht epvirokniakineed impambofiticon of 9 to
the remaining reactants for the subsequent synthetic step avoids the need

to add s hflirg@ rial to the reaction vessel. As illustrated in FIG 1,
t he hgl o%&:’nateed Ig&%cﬁuuorocyt osine derivative 9 is treated wth netallic

zinc and acetig,_a af f gﬁﬁ)‘r i di ne
derivative 10 @P’ a(igdanﬁ%m Bm %gﬁ%ggﬁgng%?ﬁgnsr?g‘l{ éh;lﬁ e {’Jl{egé?lggrggg The
reaction is perfornmed in al k tate. exanpl e, a
conbi nat ihstpgsRatg) agRRyto PEO R@P 13%[1' ShEF 93%81050“1 %1“@ Veadzol{n dte i s used,
such as net hanol and ethyl acetate, as 11 WO 03/087119 PCT/ 5, ‘: 445

shown i n emt@diments, theskatesenatingipganhsN-iednspcnage (VIS). ap dlustpis tion
reactions between the al cohol and the al kyl acetate are avoi ded by using

an al cohal. mnleast sahdeydmboairatmts,ghdentiptige tdaetiomisperfokyed moi digrinatesk  exanpl e,
met hanol and net hyl acetate, or ethanol and ethyl acetate. In sone

enbodigmendovent §iRh RS, FoHEtanfle, SCME DGH, @HloRybehzdne] ardr @intimativing thezeof. In
hexane/ et hanol sol uti on. ternatively, acetone is added to the solution

of Produclon k. gb}[&@g@r@?&@@ 8¢ DRIDN &90ilEARRIBMRNINS cRirdiiortli ahbidiar TRt erfal 9

and tol uoy pr oducts, al so causes the product 10 to

preci pit atr8ﬂed5}f us]g}gtpgﬂ(gﬁ’%t gqs ga ead I d'pr F chi‘&lﬁ%tetdm%i’g H?Hf‘ﬁl%raﬂafhﬁﬂ okq dryness.

The addi t} queous Wwas

back-
ext rl%%/te? glk;[/loalgo\{l(())ll dsul:l?gsse z];no whlx\ﬁﬂcauses 9 to precipitate. Isolation of product

9 without the need for evaporation to dryness improves production time and avoids the
15  need for prolonged heating of 9, which causes some degradation. Alternatively,
product 9 is isolated by trituration with ethanol. In some embodiments, the product 9 is
dissolved, for example, in a lower alkyl acetate, such as, for example, methyl acetate or
ethyl acetate, for use in the subsequent reaction step. Adding a solution of 9 to the
remaining reactants for the subsequent synthetic step avoids the need to add solid
20  material to the reaction vessel.

As illustrated in FIG. 1, the halogenated 5-fluorocytosine derivative 9 is treated
with metallic zinc and acetic acid to afford the dideoxy, didehydro 5-fluorocytidine
derivative 10 via de-halogenation and elimination of toluic acid. The reaction is
performed in an alcohol and an alkyl acetate. For example, a combination of a lower

25  alkyl alcohol and a lower alkyl acetate is used, such as methanol and ethyl acetate, as

11



10 sol ubl e product 10. The ester noiety of conpound 10 is hydrolyzed to
produce the final product f 3- L-FD4C 11. Suitable solvents for the

hydr ol ysi war@astiion i ncl ude, but are not limted to, pol acTralsmeholss, such
as nethanol. In at |east sone enbodi nents, hydrolysis is effected using a

base. Th@h&%?ﬁ]}i‘l& Rr ?ﬁ?&be Fﬁg@diﬁ{eﬂis?t?(% fih§ trRfis-Edritichtibh raaBRoHRt . Non 15

l'i miting examnples of usefu ases 1 nc e anmoni a, sodi um net hoxi de,

pot assi u carhonate, . 1, 8-di azabi cycl o[ 5. 4 - (- PRy d

i sopr opy Irg]ﬁ??{eﬁ’éalel aﬂ@ﬁé“‘ﬁ&?ﬁéﬂ@iﬁ%%ﬁ aVPHIea}b%%g%% a%‘ya%!rb%lo§/3| S n|asné‘}ger f or med

using anmoni a in nmethanol. In sonme enbodi rren%laml_tagg use .of ammonia gas is
i

avoi ded tectale bpaag the anealkyl moigiy (o8 gxamplenmp MRl ACHAE L

Commerci al |y avail abl e solutions of amonia in methanol 20 are useful,

par ti cul atlayoliandathyduaietates lbsmopiembodigohtat the prasfuct Heisgsdefed by P- L- FDAC 11 as
a solid. In at |east sone enbodi nents, the product (3-L-FD4C is isol ated.

For exanmpji@ratiohRAtCA he@neeadustsohiions Atratively, aetong istddeddo thet echni ques
known in the art, such as trituration, crystallization, and/or silica plug

filtrati i ol 10 BORL Fer @t&&&iﬁ@\hﬁéoﬂﬂékﬁahﬁgg' @Brigroocedur e
i ncl udes%?truf@tljpg |og{r]1£q1tr(11et eﬁé acet at eveor ethyl 12 WO 03/087119

PCT/ US03/ 11445 .ace e/ et hanol_ foll r y.

Sonet | masan&f) P?Xlgg]ﬁé?ghy'wglﬁ&%ﬁleld f)duS P %ﬁ@s@g%@?ﬁ%ﬁg?{ﬁ%@?%iﬁﬁg bel ow 95%
crystallization or silica gel filtration js used tp.obtain the.desired
product llewing isejation el Wgh‘l"B§§aRﬁraté‘B‘r1t8 dﬁﬂleé?'?'gl?e ‘E‘ﬁjﬂt&%’g APRBLE net hods.
The quality of the product 1i-L-FD4C 11 is al so enhanced by the use of 5
purer st gmrederdel byaeaneous washes Cobigh aredbagi-eatiantes tosveit loss rtBaMRIE sol ubility
than (3-L- FD4AC 11. Thus, a wi der range of purification procedures,

i ncl udi ngotubysjradhdt 40 i ons, triturations, and/or silica plug filtrations,
can be perfornmed to increase the quality of the starting material 10, and

thus i ndirect IpheldiRE Bitfety BEcOHpdind 1 is hhérofyzBato protpaithe firal prodod - 11. 10
In sone alternative enbodi nents, (3-L-FD4C 11 is isolated by the addition
of a L-FD4C 11. Suitable solvents for the hydrolysis reaction include, but are not limited
to, polar alcobols, such as methanol. In at least some embodiments, hydrolysis is
effected using a base. The base is present in a stoichiometric or catalytic amount. Non-
15  limiting examples of useful bases include ammonia, sodium methoxide, potassium
carbonate, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), and isopropylamine. In the
synthesis shown in FIG. 1, hydrolysis is performed using ammonia in methanol. In
some embodiments, the use of ammonia gas is avoided to decrease the risk involved
with handling toxic gases. Commercially available solutions of ammonia in methanol
20  are useful, particularly in allowing subsequent isolation of the product f-L-FD4C 11 as
a solid.
In at least some embodiments, the product B-L-FD4C is isolated. For example,
the crude product 11 is purified using standard techniques known in the art, such as

trituration, crystallization, and/or silica plug filtration. A non-limiting example of a

25  useful purification procedure includes trituration in ethyl acetate or ethyl

12



solvent that causes it to precipitate. Exanples of suitable solvents for
initiating precipitation of pure (3-L-FD4C 11 include ethyl acetate and
i sopropanwloosmseappitati on of the final product (3-L-FDA@CIIUSBiim4nat es
the need for evaporation to dryness and subsequent purification

procedur gﬁ Qﬁt@‘éﬁ'}a%l%}l&ifsv%% 896 Cﬂ&%&%géﬁﬁh%&éthﬁ@s{ P&:ﬁg{ﬂgﬂy Whép desirable

from an nent a ndpoint, 1n or to reduce the volune of solvents

used and the quapti f id waste era e - Skid b0 B e art

wi | | applt]%f'cﬁ’"é‘t%(’{]%%ig P?’réFf?ghﬂdém%B R ER T Stéaﬁn\lﬂ?a&%g}‘a‘irggmgggi fﬂéfs%?‘? {cgabl ein
preparing conpounds related to (3-L-FD4C. Such rel ated cq unds i nclude
nucl eosi dieecinabtais thefdspiredprrgne pupitys despitg desdPst el 08%; Ia?et%ﬂ%rﬁ US4 deoxy 20
2' 3' - di dehydronucl eosi des having a purine or pyrimdine base attached to a
ri bose nmisemgthollbeThy guatitdiofithelpmednct B-LaFR4Cdrds phsbiehansag by e use of he
general class containing such conpounds as uracil, thym ne, cytosine, and

rel at ed ﬁﬂ?ér@gﬁingmgteﬁaum. NEorhpGiMdi 1 exhibets eice yersitile solnpidiythanB-Ii-he gener al
cl ass contai ning such conpounds as hypoxant hi ne, xanthi ne, adeni ne,

guani ne, g Sa b 4?% ikt ol f8cedBreR XRAPRIRS @stilliFtides, 0
pyrim di ne ang#gg@gf %g{f‘ﬁ%g%ﬁc bggles hgi ng 21 CH rm?%t yil 13 WO 03/087119
PCT/ US03/ 11445 rogen

repglaced b Nl L ato NP BEGRr nore

ring subdFfUaHoRs ,sana}org éﬁ’rcﬁ Bruﬁtafélg?ﬁ?‘gh%a\?eb(f , pe(rlﬁfon?}ltg)%lt fig%ﬁ%é;ﬂé 8ﬁv1egt ?o nal
substituents known in the art, e.q., halqgen,. h gro yl . am no C1l- C6
al kyl . Tréariieg maigsiabt0, ppd thusyeditschy 1apoye ﬁf}f’ep%’éﬁ ihe%% cQuURGIAL ??';1 ng the
various synthetic internedi ates descri bed herein and anal ogs 5 thereof. The
fol |l owi ngFN1L.i mting exanples further illustrate certain enbodi nents of
the invention: Exanple 1 (3-L-FD4AC was prepared according to the procedure
i Il ugorat ed i rnkbiGe alkernafi® Enbqtimants B LEFDAC 31 ad isalatedsby! the edditigm: g, 6.66
noles, 1 eq), acetone (10 L), copper sulfate (1.33 kg,

solvent that causes it to precipitate. Examples of suitable solvents for initiating

precipitation of pure B-L-FD4C 11 include ethyl acetate and isopropanol. Precipitation

of the final product B-L-FD4C 11 eliminates the need for evaporation to dryness and

subsequent purification procedures. Avoiding silica gel chromatography is particularly

15  desirable from an environmental standpoint, in order to reduce the volume of solvents
used and the quantity of solid waste generated.
One of skill in the art will appreciate that the methods of the invention also are
applicable in preparing compounds related to B-L-FD4C. Such related compounds
include nucleoside analogs, for example, 2°3’-dideoxynucleosides or 2°3’-dideoxy-
20 2°3’-didehydronucleosides having a purine or pyrimidine base attached to a ribose

moiety. The pyrimidine base is a heterocyclic compound of the general class

containing such compounds as uracil, thymine, cytosine, and related analogs. The

purine base is a heterocyclic compound of the general class containing such compounds

as hypoxanthine, xanthine, adenine, guanine, and analogs thereof. Non-limiting

25  examples of purine or pyrimidine analogs include such bases having a CH moiety
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8.3 nmoles, 1.25 eq), and Anmberlyst(r) 15 resin (1000g) were conbined in a
22 L round bottomflask fitted with a nmechanical stirrer, tenperature
probe, anwowstosogen inlet/outlet. The reaction was stirreddImd®s/ 1n4sr ogen
at roomtenperature for 16 hours. 15 TLC (100% et hyl acet ate,

vi sual i z?%ﬂl%g%gg?gé%i%&ggé Icp[gajsgs l?ag,g% dieNMMlors BayvREbsitientst arti ng materi al

(Rf 0.05 um ca ate was added and stirred for 30

m nutes. ,The sol ution s filtered through [ ' Lte, rid

W nor al  iGteporaedsga i op Mogi Sty dofvRRal oG kSR e Ao
concentrated to an oil under vacuumto vyi elq%él.zh?k of, a&lcl ear oi,l. 1H NMR
confi r medalogen hydrozyl, Emiye,os £1Cs atpd. The iethagls OF fhedAVERioR 4S9 8P YSHIY | of a
4:1 met hanol /water solution. Wile stirring, 1.4 kg of Anberlyst(r) 15

resi n wasoegtdtdsiaingrtbomimspenthetr miermhdiates dasoribad hersinsandranal@gét room
tenperature until TLC (100% et hyl acetate, visualization with PMA) showed
the agbsepgs,fof di-protected xylose 2 (Rf-0.75). The solution was filtered
and the filtrate was brought to pH 8 with solid sodi um bi carbonat e

(appr oxi mat el ; Sahi Reledin ¥ABYYMeats J70% t 0
yield 1160 g %Tfh%go |"§n&%?ﬁ%?ﬁ%%%&%@@?@%@%%d 14 WO 03/ 087119

PCT/ US03/11445 .with 10 L of a 3:2 dichl oronmethane/ethyl acetate sol ution
and dri edXSPEFUO8di um sul fate. The dried solution was then filtered through
Celite(r) and concentrated under vacuug;io yield 1055 g (83% of 3. 1H NWR
and TLC confirnmed structure. Prep of Diester 4 5 Acetal 3 (1050 g,
5.52 noles, 1 eq), pyridine (1800 nlL, 23.18 noles, 4.2 eq), and

di chl or omet harfeL{FD4A5 wa} prepreedcoadrilingdo e progedlure WlpsiredbithIgml f | ask fitted
with an addition funnel, nitrogen inlet/outlet, tenperature probe,

nmechani cal stirrer, and_ice bath. The solution was cooled to 5C with the
ice H&h BEMM C ogen. p-Toluoyl chloride (1.76 kg, 11.48 noles,
2.08 eq) was added via the addition funnel while the 10 t]?r’rgaj%tgr e was
mai nt ai ned bellowyRC] (1Y & 61af noles s+ 376tPn& I Gl GOPRST SBHF % hours
under nitrogen. TLC (1:1 ethyl acetate/hexane, PMA visualization) indicated
the reacs.} awlesas.26 eqplaad Ambnkyse® | Utdson(108Q2) tweze combined ing 2hL1ov0ad |
water, 1 x 5 L of a
bottom flask fitted with a mechanical stirrer, temperature probe, and nitrogen
inlet/outlet. The reaction was stirred under nitrogen at room temperature for 16 hours.
15 TLC (100% ethyl acetate, visualization with phosphomolybdic acid (PMA)) showed no
starting material (Rf~0.05). 750 g of solid sodium carbonate was added and stirred for
30 minutes. The solution was filtered through Celite® (diatomite, World Minerals Inc.,
Santa Barbara, CA) to remove solids. The filtrate was concentrated to an oil under
vacuum to yield 1.4 kg of a clear oil. 'H NMR confirmed absence of L-xylose 1. The
20  oil was then dissolved in 7 L of a 4:1 methanol/water solution. While stirring, 1.4 kg of
Amberlyst® 15 resin was added at room temperature. The solution was stirred at room
temperature until TLC (100% ethyl acetate, visualization with PMA) showed the
absence of di-protected xylose 2 (Rf~0.75). The solution was filtered and the filtrate

was brought to pH 8 with solid sodium bicarbonate (approximately 20 g). The solvent

25  was removed under vacuum at 50% to yield 1160 g of a light oil. The oil was triturated
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3N HO solution, 1 x 5 L water, and then dried over magnesi um sul fate for
three hours. After filtering off the drying agent, the filtrate was
concent r aveb3wsday vacuumto yield 15 2460 g (quantitati vedcTofSod/iagsa | i ght
oil. TLC and 1H NWR confirnmed product structure. Preparation of Diol 5 9.3
L formc [ dedmmihom f 1l ask

lg) I?Qfdag chéﬁ%x% %%ine’@/eggﬁ'ﬁéé?&g shIDtidn & driddBARes

fitted wt enperature anical stirrer, and heating mantle.

The diester 4 2 0. 44 I f
acetoni t P‘iﬂfaée-a'ﬁlée ird‘ipe%”l?tipno‘i‘i%sqg@?ﬁg‘?rf’fl ‘glﬁz)?%ﬁa? %lg @2@%C§g(§gl{}%%d %{1 %?rosol ution.
The conbi ned sol ution was then br t to é)l rred for 2.5 hours.
TLC (1: 1 vecuwy toadelddi0ss gdR3te of i &Mﬁé‘ﬂl; ?ﬂ’i’?lrmf’* 8ireti®8d absence of

starting material. The solution was then diluted with 6 L of saturated
bri ne and extract Wltf‘hZ x 8 L dichloromethane (or 1,2 dichloroethane or
chl or of O%Mﬂg—m%ﬁ—?{eﬂar di chl oronet hane | ayers were washed with 2 x 6 L
water, 2 25 x sat ur ated_sodj um bi.car bona H 7 by paper),
1 x 65L water Acgta)(Sﬂ)Oﬁ_O g,lsgS §/b@?1ﬁ3§1‘%§r¢1%%é§ﬁlfgi§ |rAfe2 hd dri ed
over sodiumsulfate. After renmoving the drying agent, the s nt . was
renoved wnddichiaomatirne (56 %L Hwaregembineddn 224+ roynd pgliemdlask gtte Wd#hsol i ds

were then triturated with a 4:0.5 hexane/nethyl tertiary butyl ether
(MTBE) s @hufiiiition fexinel Gritbogensinlet/Jitet rtempémiong prebe trecchenicalsstiwer. @nd &8l at ed vi a
filtration, washed with 2 L hexane, and 5 dried in a vacuumoven at 35C to

yi el d 1639n0 Tre8%uth wasa®okdlid 81T withihsiek ibgth Wikie under hitrpgevap-86Boply HPLC
and 1H NVR confirned structure. Preparation of Hal ogenated 5-Fl uorocytosi ne

Derivati Vglo%pg 6?’78 8t ?f:&§ﬂ10ir7’es( %g@ Eg)cwasoaﬂd@ﬁ v th@Q&ﬁiﬁb‘rﬂﬂlnﬁel\/Wﬁld)ﬂh@par ed as

foll ows. or ocyt osi ne 4.69 nmoles, 1.0 eq),

i‘ ullf ;'h()g (tggp%gt)l(lggs?ta{] i)/"é'g L3 lciéeq @%5(#‘ he éLog &(ﬁl \Z JBLE ﬁllovéecﬁg)sflr fd sammoni um

rogen In ean, dry 12 L
round bottomflask fitted with chanj cal r tln
t enper at thosrspigsenitiogeriehberl: 15%%&’@?@?" Renen %M’? 8’6‘9?1 12d1gz§?5'§1s
di ssolved after approximately 30 m nutes at refl ux, and t he gi L%t i on was
heat ed atreaagiohwasfcomplete. The solution was then washed with 1 x5 L water, 1 x ofa
3N HCI solution, 1 x 5 L water, and then dried over magnesium sulfate for three hours.

After filtering off the drying agent, the filtrate was concentrated under vacuum to yield

15 2460 g (quantitative) of 4 as a light oil. TLC and 'H NMR confirmed product structure.

Preparation of Diol 5

9.3 L formic acid and 2 L water were combined in a 22 L round bottom flask

fitted with a temperature probe, mechanical stirrer, and heating mantle. The diester 4
(2320 g, 5.44 moles, 1 eq) was dissolved in 2.3 L of acetonitrile and added in one

20  portion to the formic acid/water solution. The combined solution was then brought to
50°C and stirred for 2.5 hours. TLC (1:1 ethyl acetate/hexane, PMA visualization)
indicated absence of starting material. The solution was then diluted with 6 L of
saturated brine and extracted with 2 x 8 L dichloromethane (or 1,2 dichloroethane or
chloroform). The combined dichloromethane layers were washed with 2x 6 L water, 2

25 x4 L saturated sodium bicarbonate (until pH was 7-8 by paper), 1 x 6 L water, 1 x 10L
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anot her 2 hours. The solution was allowed to cool to approximately 70C and
was 15 transferred under nitrogen to a rotovap. The sol vent was renoved

under vacwan3ag71185C and azeotroped with 2 x 2 L anhydrouscaytsesei#s yi el d
8 as a white crystalline solid. The crystalline solid was dissolved in 6 L

di chl h f ' L 6b; 3 ' [
St ep. oA T A o A R PP iee. (35 L),

20 iodine (1985 g, 7.82 nole ) i ph I osphi ne , 7.82

ol es, 2@&9‘{6%?%“ Y%PH%%BW@E 1-%%‘%&9%9%131% S8§‘?' iﬁﬁs‘;ghd)s(véeg?émgonbi ned in
a 100 L reactor fitted with cooliq%ﬁfoils, ni trogen inlet/ouﬁiet,

t enper at thiwrasecwih arfe@ hdskaw/methyliterdiary byl eterriMIBE) selwtioafor Jhqurs

i m dazol e was added, the solution changed color frompurple to yellow and
t he t enpanatesdtingowhitd solilswersdisolnted vya B@Hom veashed with@rl wexanecsided to 15C
25 under nitrogen. Conmpound 5 (1510 g, 3.91 noles, 1 eq) vas di ssolved in
10 L 516 3403 934 98hhkPovialdt B8WB{olkdidT 630isghs») enshhalightan selididelhe n porti ons

to the 100 L reactor while the tenperature was nmaintai ned bel ow 20C. After
all of the. Mﬁ%iﬂ‘ﬁ'ﬁx] diffcgfe.at room tenperature for
at Ieastqﬁnﬁ%ﬁgisﬁgﬂga%ﬁﬂq%%?ﬁ% ace?ate exane, PMA visualization) after
2.5 hours showed absence of starting material (Rf 0.5), a slight spot at
Rff 0. 8 5 Prémiraloiasildledenardd-Fluocugtbsige Pealvattve(Rf f 0. 9) . The sol ution was
guenched with 20 L of a 20% sodiumthiosulfate solution and stirred for

appr oxi mat el y g0 bbb eS-flubRRylauRSs Compandspaiapeparadas foliewsr ani ¢ | ayer
was washed with I x 20 L water, 1 x 20 L brine, and dried over magnesi um

| fate f f Vi 919 A0Sl th
oL R o e T se ke hyimamasrst, i

sol uti on "was concent to an 4i riturated with 4 L of
10 methyl_tertiar ut et her Th j ' hosphi ne

oxi dé \/\/l=32r3e7e mPLﬁ%D%S‘%’ Bﬁ}l ?W’toplé'flf %/"Igagél\ﬁag%g@gg\nqt%ﬁé gﬁﬁﬁﬁgﬁde he filtrate
was concentrated to an_ oil_ under vac nd stored ynder, argon af. -10C
Unti |t heueompiin g e negy EhEIRAGotaHATE GF it DR RAC RO s
follows. Solution A fromthe 5- fluorocytosine protection reaction was
added undeantle tengrpeatuteprobe; cerlengpryangnifrogegujplgt/outlet. The solids dissolved

after approximately 30 minutes at reflux, and the solution was heated at reflux for
another 2 hours. The solution was allowed to cool to approximately 70°C and was

15 transferred under nitrogen to a rotovap. The solvent was removed under vacuum at
85°C and azeotroped with 2 x 2 L anhydrous xylene to yield 8 as a white crystalline
solid. The crystalline solid was dissolved in 6 L dichloromethane to form solution A,
which was held until the coupling step.

Glycal 6: Compound 6 was prepared as follows. Dichloromethane (25 L),

20 iodine (1985 g, 7.82 moles, 2 eq), triphenyl phosphine (2051 g, 7.82 moles, 2 eq), and
imidazole (1170 g, 17.18 moles, 1.4 eq) were combined in a 100 L reactor fitted with
cooling coils, nitrogen inlet/outlet, temperature probe, mechanical stirrer, and addition
funnel. As the imidazole was added, the solution changed color from purple to yellow
and the temperature rose to approximately 30°C. The solution was cooled to 15°C

25  under nitrogen. Compound 5 (1510 g, 3.91 moles, 1 eq) was dissolved in 10 L
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15 bottomflask fitted with a mechanical stirrer, tenperature probe, ice
bath, and nitrogen inlet/outlets. The glycal 6 was dissolved in 7 L of

di chl or omatchewe7and added to the 22 L round bottom fl ask.rClinesosonas ned
solution was stirred under nitrogen while N iodosuccinimde (NI'S, 1100 g,

+.88 0! Gpiotofehfi PRl HPHoriBP@ b POPL, 1diifor HIEIRRE RnifiefuiRsydeel d bel ow

15C with was added, the 20 solution was all owed

to stir at _room erature, f I t 1 JLC :
cthyl  acEritERHLRARS, Sk At aliof B By it sty B0t (So”
the reaction was quenched with 1 x 20 L of 20% sodium thi o?ul fate. The
sol ut i on texaperatutel foneileass 2dours. {I/C dsbedy] astate/herspeF My weualizdiond b ous

anount s of s_olids _had formed, these were allowed to settle for 24 hours to
facilit atftef2.5 hoatsishowed hissencd ofdarting makial @fo080 awfight spotat RigOtthr ough a 1
mcron filter bag on a centrifuge. The filtrate was 17 WO 03/087119

PCT/ U0 3@%@&1415&&')%@%8&9&6 giyohics (RFE0.990The ScaesrOwasqetntie widy20 & ofer e
separated. The or@gani ¢ | ayer 'was then washed with 1 x 20 L water, 1 x 20 L

bri ne, arée 0% LR los BB %iﬁ%t?\# dlBirred %ﬁ%@rdx%ﬂgﬁéim il Mhedayegent , the

di chloro hane was renove er vacuum t yield"a dark oil. The oil was

triturated with 4 ef hanol at. 20C and stirr . solids
were i soI‘%ﬁ%?W@*ﬂi@? CERMG AL JS W atsﬁuﬁd4w tﬁgt}{éaql% Ily?at%hggg pﬁ“e%a_ﬁ t he
vacuum oven for 16 hours at 35C to yiel 259 g, (53% of as_an off-white
sol i d. Thédped PYer masnesigns pfalripratiprst ?ﬁ]}w c‘ﬁfl(ﬁ?rirF ?ﬁmﬁglﬂf’a%é’{ngstructur e.
Preparation of Dideoxy, Didehydro Cytidine Derivative 10 Two separate runs
wer e per fagentetheaslutioh vassoncedtrRigd to an oid ipdarrvacoin gubirfuratedsgyith 4 s | eq. ),
ethyl acetate (8.4 L), nethanol (1 L), and acetic acid (93 nL, 1.544

nol esp 1 psthymertiarpseetethe @ITBERThedblid2@riphengliplbsphioe oBide] Wersk. The
solution was stirred for 10 mnutes and zinc (200 g, 3.08 noles, 2.0 eqQ)

was addedginByongy ARFioR And WashddAMBES AIMTBE. O8R flta@ividConcnddGdaven 15
m nutes. TLC (9:1 ethyl acetate/nethanol, PMA & UV visualization) showed no

15 reacti on;, (NG, MRhFartiUtbrdd il abfon%h Mfo- €11 ek MBSLAAIGS 1 n one portion

and the
Coupling: The coupling step was performed as follows. Solution A from the 5-

fluorocytosine protection reaction was added under nitrogen to a clean dry 22 L round

15 bottom flask fitted with a mechanical stirrer, temperature probe, ice bath, and nitrogen
inlet/outlets. The glycal 6 was dissolved in 7 L of dichloromethane and added to the 22
L round bottom flask. The combined solution was stirred under nitrogen while N-
iodosuccinimide (NIS, 1100 g, 4.88 moles, 1.25 eq) was added in portions. The
temperature was held below 15°C with the ice bath. After the NIS was added, the

20 solution was allowed to stir at room temperature for at least 2 hours. TLC after 4 hours
(1:1 ethyl acetate/hexane, PMA visualization) showed no glycal 6 (Rf~0.9), so the
reaction was quenched with 1 x 20 L of 20% sodium thiosulfate. The solution was
allowed to stir for approximately 20 minutes. As copious amounts of solids had
formed, these were allowed to settle for 24 hours to facilitate filtration. The solids were

25  removed by filtering through a 1 micron filter bag on a centrifuge. The filtrate was

17



tenperature rose to 41C over 15 mnutes. TLC showed the reaction was
conplete wthin 30 mnutes. The reaction was allowed to stir for 16 hours
(over ni ghwo @tosriaem tenperature. The zinc was renoved vi @di/vsosatd4son and
the filtrate was washed with 1 x 10 L water and 1 x 10 L of a 10% ammoni um

chl ori de Eﬂc’é&'f)ﬁcﬁﬂpﬁﬂﬁg 1686 F%{'leac@&eaﬁlﬁttﬁe s alrél HQCBRIrgdfdllaber 1.5 L

under va®uuRy an e resulting slhurry S owed to stir  overnight at

roomtenperature. The.sali were is d by fil.t [.QN with 1 L
et hyl acé‘taét%?na‘ﬁ't‘fhe‘?iwé %%gngﬂu%X%gﬁE?lB?’ apd dﬁlg(trlJ?%s’élap dlgﬁ%%%gyi eld 275 ¢
(52%9 of 10 as a white solid. The purity was 98% by HPLC and 1H NWVR

conf i r ned\ier seineying herdipingragent Ahe dighloyomsthgpg Was, rer’FB(%/V@d UBAF G fYm t he

mot her |iquor were 25 unsuccessful. 18 WO 03/087119 PCT/ US03/11445 Run 2:
The st ar tyidlg a daikesil. alheoil vas trivumtedumithd . doleemol 81t 26 € dnd stirradior A6y
approximately 3 nonths. TLC showed no degradation. Ethyl acetate (5.5L),

met hagol po( RO HsblidPGEleiiSol@6d By fifidatish, wished withl £5 etlibnely hnd dil inithe (195 g,
3.01 noles, 3 eq) were added to a clean dry 22 L round bottom fl ask. The

sol ut] on s, SELLT £ 154020 B4 34185 1269988 gof (6P wi@lonel €5, 1 c0)

was added T one portion and the “tenperature was maintai ned bel ow 30C with

an ice bath. TLC (9: t acef /et h Mauyl sual i zat i on)
showed t HeePELEY Wé%gé%iy%%pq 3{1‘2 @mgﬁ’“@ﬁﬁ%‘w@{ u&ﬁg soﬁéuti on was then
allowed to stir for 16 hours (overnight) at room tenperature. The solids

vere fil tiggeda@fdf ofahidesfie Diddnymt @yinise Dashedewdt h 1 x 4 L 10 water, 1 x 6
L 10% ammonium chloride and 1 x 6 L of a 10% pot assi um carbonate sol ution

saturated wit hr&?ﬁ%‘é@éﬂlngrv&e&j@ e chiaf@dilowsdri ed over sodium sul fate.

After renoving rying agent, the solvent was renoved under vacuumto

i el d 382 titati l,i.d- N i d with
5 Hoxaner et T Cortrpiihs Cs 1o IRAS 164 ek a0 T ubpERAG" 11 11 @
filtration, hed with 500 mi _of the above 15 t i ed
Vacuum odbi] 61 st O ILEEEH e gmee gt dpim 3R LiSid" °

powder. The purity was 95% by HPLC and 1H NVR confirned structure wth
bottom flask. The solution was stirred for 10 minutes and zinc (200 g, 3.08 moles, 2.0

eq) was added in one portion. The temperature rose from 15°C to 23°C over 15
minutes. TLC (9:1 ethyl acetate/methanol, PMA & UV visualization) showed no

15 reaction. One more equivalent of zinc (100 g) was added in one portion and the
temperature rose to 41°C over 15 minutes. TLC showed the reaction was complete
within 30 minutes. The reaction was allowed to stir for 16 hours (overnight) at room
temperature. The zinc was removed via filtration and the filtrate was washed with 1 x
10 L water and 1 x 10 L of a 10% ammonium chloride solution. The ethyl acetate was

20  then concentrated to 1.5 L under vacuum and the resulting slurry was allowed to stir
overnight at room temperature. The solids were isolated by filtration, washed with 1 L
ethyl acetate and dried in a vacuum oven for 16 hours at 35°C to yield 275 g (52%) of
10 as a white solid. The purity was 98% by HPLC and 'H NMR confirmed product
structure. Attempts to obtain more compound from the mother liquor were

25  unsuccessful.
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sonme inpurities present. Elenental analysis indicated 8% ash content, which

was renoved by filtering through Celite(r) in the next step. Preparation

of (3-L-F®30%730 Two separate runs were perfornmed as folH@WsSO3RuAS1:

Compound 10 prepared in Run 1 above (273 g, 0.79 noles, 1 eq) and

anhydrous et RANYL i dauPLECATD Kl BaFhEAT &ARtor ¥ -28'CLground bot tom
nmec

flask fitted |ca stirrer, ice t enperat ure probe, and

di t ) t d
25¢, 'aﬁE?é?r‘e%@nag%apambaiwééhéé&ﬂﬁ%ﬁ aep %kwl e ?W‘ﬂ%%% " The
flask was then sealed and allowed to stir for 5[139 e{0871
PCT/ US03XG00mb). aeetin acid tlaphi AT modes, iléehmatlféﬁﬁ'ér(h% : & et hy

acet at e/ net hanol, PMA visualization) indicated that the reaction was
conpl et e weFbaddedltoictan das22 heourfd batemetiaskt Hitesghition mias stinyd i d0t he
filtrate was concentrated under vacuumto yield 180 g of a light solid. The

sol i ds “@ﬁlﬁu&é'b@ﬁ% 9'\'¥61|5g2101 afol@l i) wescidlee if e pditiwandsthei sol at ed by
5 filtration ried 16 hours in a vacuumoven at 35C to yield 151 g

(84% of t%xlﬁgé'r %EER%% 1111111n?a§n ana?O%)MtH an 1L TLY @au@i. 7% by HPLC. 'H

NVR, 13C rrent ysis, and optical rotation confirnmed

ol os, 1 seeeiinadl B o BN SRR s e RIRRH R Rl B 00

22 L round bottom flask. Wajle stirrin nd rmai nt ai ni.n e tenperature

bel ow 258, h@ﬁ%y’ﬂﬁoﬁ%“%ﬂh“bﬁ?%%&b’%ﬂrgé hioﬂliséo‘f%g agfqogh for 1 hour.
The flask was then sealed and allowed to stir for 24 hours (overm ght). TLC
i ndi cat edemperatuea cTheosolidewersofilired off and thet filérateovastwashedwydthflix ¢ &r ed t hr ough
Celite(r) to renove suspended insoluble material. The filtrate was then
conceqot r ayfer, | & GL18% atmbiiuibchioddr andacxi 6 of ThE)% pbiasksumeaopaver i zed

with a nortar and pestle and triturated with 3 L of ethyl acetate for 3

days (OVeLnidda s%%@d‘@)th sdiBmSPUdritR, mrmlal Rt @Felyodivnh bilfad.i After washed
1 L of ethyl acetate, and dried for hours in a vacuum oven at
removing the drying agent, the solvent was removed under vacuum to yield 382 g
(quantitative) of a tan solid. The solid was triturated with a 9:1 hexane/ethanol solution
for 16 hours. The solids were isolated by filtration, washed with 500 mL of the above
15  solution, and dried in a vacuum oven for 16 hours at 35°C to yield 226 g (65%) of 10 as
a tan powder. The purity was 95% by HPLC and 'H NMR confirmed structure with

some impurities present. Elemental analysis indicated 8% ash content, which was

removed by filtering through Celite® in the next step.

Preparation of B-L-FD4C 11

20 Two separate runs were performed as follows.
| Run 1: Compound 10 prepared in Run 1 above (273 g, 0.79 moles, 1 eq) and
anhydrous methanol (3 L) were combined in a clean, dry 22 L round bottom flask fitted
with a mechanical stirrer, ice bath, temperature probe, and gas dispersion tube. While
stirring and maintaining the temperature under 25°C, anhydrous ammonia gas was

725  bubbled into the flask for 1 hour. The flask was then sealed and allowed to stir for 24
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35C to yield 147 g (98% of (3-L-FD4C 11 as a tan solid. The purity by HPLC
was 96.5% After sone investigation, the 147 g of crude (3-L-FD4C 11 were
trituratedomstos7@d® 10 nl/g of a 1:1 ethyl acetate/ethanol mualusmBenssor 16
hours. The solids were isolated and dried to yield 105 g (70.6% of

3-L- FDAC 11 . : Ao : |
( gg%lres égz%ﬁl‘ghﬁ%%ﬁoﬁﬁ Ifé:gg{é‘f%%g! gﬁe@% Itegtlh?l ac@fléfé/&Xthﬁflol?ﬁ%A However, 1H

NVR i ndi anal ysis indicated 8% ash

content. 20 WD 03/08711 CT/ US03/ 11445 np 2 -l- repar ed
o i | RO A MR T RS Ut guer ok el

enpl oyi ng several alternative solvents and reagents as ciﬁslg i b?d bel ow. All
wei ght s ahgugloCalie® andgheGhiaimmasemesairaiedhspdir Yaeugmyiogaeld é@to &nd out put
quantity, 5 purity, and yield data are presented in Table 1 bel ow.

Pr epar at ilipht eflidAckHeablids Wereeritratedwith 2de bf ethyl ashtatefiod 1omprrsisglpteddy 1 (1.0
w, 1.0 nmol eq) and acetone (7.9 wt, 10.0 vol). The resultant slurry was

stirred ﬂlﬁ%ﬁ%%ﬁddﬁé’tﬂf&@@h@ﬁﬁlﬁ AGABREK ovabdiBt@d ield31 Sitg (34e of@ded whi | e

mai ntai ning t reaction tenperature bel ow 25C. 10 Anberlyst(r) 15 resin
(1.00 w) hen ded. whi.l e i Nt appi aegty BERReE alrdr € bel ow
25C. The Fr[gg(sjﬂ F‘%ﬁwﬁf%ts%}msp“g&magg%%@g‘ﬂﬁ gN%’ZS% until the
reaction to form2 was deened conplete by 1H NVR (<1 mol 9% L-xylose 1

renai ni ngzlem%ﬂ@aﬂyylsaa@é&&mi% IR3HPR Y?nﬁfﬂédrﬁr%ftﬂlfeea(‘@é’é‘rﬁg%g ﬂl?i | tered through
Celite(r) and the filtrate transferred via a 1 15 gmfilter to a second
vessel . Toempouhd.er cake was washed with acetone (2 x 1.58 wt, 2 x 2.0 vol)
and the conbined filtrates were transferred to a second vessel contai ning

sodi um car bonakn 2:0Compbind ThE26es 01655 nwples, 1 teg) andwardiydious msthapply@rlaus| y f or
30-40 mnutes, after which it was verified that the supernatant liquid in

vat erjphadygbl cmbihed id Beledh, Xry D8 IV¥@End Bewors GrAcle MWhilt edrrig and eaintaining
distillation at up to 30Cto ca 5 vol. 20 Industrial nethylated spirits

(IM5, 2. 0g, %npe%atﬁrevﬁ%kc)w b o8 tafﬂ%’&lr&&ad’rﬂﬁgmﬁ Qad R8s ¥&5HR&I inf e solution for

1 hour. The flask was then sealed and allowed to stir for 24 hours (overnight). TLC
indicated the reaction was complete, and the solution was filtered through Celite® to
remove suspended insoluble material. The filtrate was then concentrated to a tan solid
15 under vacuum. The solids were pulverized with a mortar and pestle and triturated with
3 L of ethyl acetate for 3 days (over the weekend). The solids were isolated by
filtration, washed with 1 L of ethyl acetate, and dried for 16 hours in a vacuum oven at
35°C to yield 147 g (98%) of B-L-FD4C 11 as a tan solid. The purity by HPLC was
96.5%. After some investigation, the 147 g of crude B-L-FD4C 11 were triturated with
20 10 mL/g of a 1:1 ethyl acetate/ethanol solution for 16 hours. The solids were isolated
and dried to yield 105 g (70.6%) of B-L-FD4C 11 as a tan solid. HPLC indicated a
purity of 98%. However, 'H NMR indicated some impurities, and elemental analysis

indicated 8% ash content.
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the resulting m xture was concentrated to ca 5 vol under vacuum at 25-30C.
A further portion of IM5 (2.02 w, 2.5 vol) was charged to the vessel and
t he resul wiongp/osiapbure was distilled under vacuum at 25- 33CTVws06a145Vvol .
The I M5 charge and distillation was repeated once nore. 1H NVR was used to
verify that the sanple contained | ggsndR4han 1 nmol % of acetone with
respect to ethanol. The m xture wa iltered and the 21 WD 03/087119

PCT/ US03/ 11445 filter cake washed.with IMS (1.62 W, 2.0 Vv The

corbi ned fi | t BakdDA{dWanREPHES & aHlé%ttfé@%"ozg@%S%Fheé’r’i%ceélgf ‘81“1){}?‘39{6? sol ution
(0.34 vol) was added while maintaining the reaction tenperature at 25-30C.
The pH aFIGhi Supemployiesseverdl alfmeativesolvewn andisagents angdescubsd bedop il |
deprotection to form conpound 3 was deemed conplete by 1H 5 NVR (>94 nol %
product 3yeitMPhsBVoMmaP e notifk whtess ofhbievisestatet.i hputrind ertputwpientityansf er r ed
to a separate vessel, which contained a slurry of sodium bicarbonate (1.0
w) ing | (1, | i yhing the tenperature at

20- 3032 !ﬁg%%élg%ﬂ%%%ﬁ%%ﬁﬂg%ggmﬁg@hIsItﬁPlgﬁeHgl(ﬁ;r 30-40 m nutes, after which
it was verified that the supernatant liquid in water had pH >_ 7. The

m Xt ur e VRAspatfliohafcentaldt ed by vacuumdistillation at up to 35Cto ca 4
vol. Toluene (4.31 w, 5.0 vol) was then charged to the vessel, and the
resul ting ni XtAlE&cHES veRelGRRtdhatsed with Laykbse 1 ¢l.0iwt, V.aaud eg) aRbacdBDe A
further portion of toluene (4.31 w, 5.0 vol) was charged to the vessel,

and the ve3sel 169V .tl%e‘é@sruftw{vraﬁtﬁ%d@?%uﬂy‘ﬂﬁa uslddpp@cuo at 25-

35C. 1H was used to veri the sanple contai ned <1 nol % et hanol

(IM5) 15 with respect to | uene. .Tert.ia but. dBVE) (2.96
W0 eI eidegRtR s AR P SIS 75T s
performed to verify that the toluene/ TBVE nolar ratig was 1:1. The

r esullOant Ambsilyst® MAassin (1.0 8¢) Wy thep added ik maBtagurg e 16100 il tered, and
the filter cake was washed with TBME (1.48 wt, 2.0 vol). 20 Preparation of
Di ester 4ehipsRtdiy baloivRH¢! IThieresuliddRn{x0urd 2Eas wtijredwigorshialygs @0t25°@ uptihct i on
vessel .

the reaction to form 2 was deemed complete by 'H NMR (<1 mol % L-xylose 1

remaining, typically about 16 hours).

The mixture was then filtered through Celite® and the filtrate transferred via a 1

15  um filter to a second vessel. The filter cake was washed with acetone (2 x 1.58 wt, 2 x
2.0 vol) and the combined filtrates were transferred to a second vessel containing
sodium carbonate (0.5 wt). The resulting mixture was stirred vigorously for 30-40
minutes, after which it was verified that the supernatant liquid in water had pH 2 7.
The mixture was then concentrated by vacuum distillation at up to 30°C to ca 5 vol.

20 Industrial methylated spirits (IMS, 2.02 wt, 2.5 vol) was then charged to the vessel and
the resulting mixture was concentrated to ca 5 vol under vacuum at 25-30°C. A further
portion of IMS (2.02 wt, 2.5 vol) was charged to the vessel and the resulting mixture
was distilled under vacuum at 25-35°C to ca 5 vol. The IMS charge and distillation
was repeated once more. 'H NMR was used to verify that the sample contained less

25  than 1 mol % of acetone with respect to ethanol. The mixture was then filtered and the
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The solution of acetal 3 (1.0 wt, 1.0 nol eq) in toluene/ TBME (ca 10 vol
total) prepared as described above was added to the vessel and stirred,
fol | oned WP a3ws711addi tion of triethylamne (2.11 w, 2.9 wiT/ush3@i4asl eq).
TBME (0.74 wt, 1.0 vol) was 25 then charged to the vessel as a line rinse.

1o SRR g SR RIUIRONEES
Ao TN HAS B O o SR bt %0,

vessel . The m xture was then war nmed to 20-25C over 30-40 m nutes and

stirred unéidactibieterpaiiont 25-308C.nThe pHaptimpbidt wes<teEhewadtmpl ete by HPLC
(<0.5% by area nono-acylated internediate, approxinmately 4 hours). A 3M

HC  sol utf, oy L 4,Q sﬁﬂ%a Tu‘ftﬁ%e ﬂﬁé(ﬁi%ﬁ t¢ Bori@mpeass 8lwatictSedbomptsByTel t he

reactor contents at ow 2 C and it was verified that the aqueous phase
had p rea owed to separate. The organic

| ayer “wa i\H\WE% Cl%pwg}mt@? \[@%85 ﬁéﬂrén)d t hen sodi um bi carbonate 10
solution (1.0 vol). It was verlfled t hat theaa%ueous Q, % g}é H >7. The
organic phase %@sqlﬁ%%%\aawwe&? itp P SePafEE SPSSh W 152 After the
washes were conplete, the m xture was concentrated to._ca 4.5 voI by vacuum

di stil | atshemy af s@ijum B&@qunﬂ@déﬁatfﬁ) snIMP (bobWts2-9 sohowhile BRINAIBIREMRS t he
diester 4 (1.0 wt, 1.0 nol eq) in toluene fromthe previous step (ca 2 vol

in total )teﬂ@éraﬁhaagaﬂsmet"pm fesultieg (ulxthie wis stitred fun30-40 olihgeeaftey purified
water (1.0 voI) and formc acid (4.88 w, 4.0 vol). The resulting two-phase

M xture weg; @%_ﬁ%%&tf% ﬁe%u%?gx @%}ﬁ lﬁg i Rhdel hé@é‘ﬂtﬁ PThOmWae diol 5

was conpl e anal yS1'S artl ng rrat typically 12-16
ww B nifonégric;ft&iu%; VRSB LB FENER 5 ¢40 G ?5?9@@6 EleIr sl s vere
separated and the aqueous |ayer was washed w th TBME (1.85 wt, 2.5 vol and
2.59 wt, ®lpwasthen clidrged to the vessel, and the resulting mixture was concentrated toca 4

vol in vacuo at 25-35°C. A further portion of toluene (4.31 wt, 5.0 vol) was charged to

the vessel, and the vessel contents were concentrated to ca 4 vol total in vacuo at 25-

35°C. 'H NMR was used to verify that the sample contained <1 mol% ethanol (IMS)

15  with respect to toluene. Tertiary butyl methyl ether (TBME) (2.96 wt, 4.0 vol) was
then charged to the vessel, and 'H NMR analysis was performed to verify that the
toluene/TBME molar ratio was 1:1. The resultant mixture was stirred for 30-40

minutes before being filtered, and the filter cake was washed with TBME (1.48 wt, 2.0

vol).

20  Preparation of Diester 4

Dimethylaminopyridine DMAP (0.025 wt) was charged to a reaction vessel.
The solution of acetal 3 (1.0 wt, 1.0 mol eq) in toluene/TBME (ca 10 vol total)
prepared as described above was added to the vessel and stirred, followed by the
addition of triethylamine (2.11 wt, 2.9 vol, 4.0 mol eq). TBME (0.74 wt, 1.0 vol) was
25  then charged to the vessel as a line rinse. The mixture was cooled to 0-5°C and p-
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conmbi ned organic |ayers were washed with water (2 x 3.0 vol), then 1:1
brine:5% w v sodium bi carbonate solution (4.0 vol), followed by 5% w v
sodi um bi vardsesatie 25 solution (2 x 3.0 vol), and final |y puvusosedisdat er
(3.0 vol). The resulti ng organic 23 WD 03/087119 PCT/ US03/ 11445 sol ution

was concen t vol..h | i 5C, and the
wat er coﬁ?@ﬁ?f&ﬁ%m%ré? t?sf?’ V%}‘iéaf%t% (ﬁ)atﬁtChL%Eh?&h%tvf#b\%} Mhl%ol uene (3.46
w, 4.0 vol) was added and renpved by vacuum disti é@atl on gﬁ?%o 35C.
The wat ermaisininipg theeraperatmeails H0°4nerver Rockiod pleifdeass a0 FHgHes. ?@& 9 as
necessary. The solution was then 5 clarified, the filter rinsed with

t ol uene (tink ¥avvinsed vithvOBME @il whd .Godlyiniothecosseb nTheamaduretveasdben? vol by
vacuumdi stillation at up to 35C. The solution was adjusted to 30-35C as

necessary, aﬁ[{éﬁ th 80P500 ¥e 30186 rfitEs arfh s%ﬁe%nuﬁthe r&Rlidn WR®r@har ged sl owl vy,

mai ntai ning the tenperature at 30-35C. The resulting solution was cooled to

0-5C _and aged 4 hours t.er sol at ed by

cent r Pf ug%?ﬂ%&‘fngaﬁg‘ssdGFﬁnag%mB% b%ﬁgfﬁg%%’ 5%9@%(215571%96 45 wt, 2 x 2.0
vol), and the solid dried in vacuo at _up to 350 Pr epar at 8

Hal ogenat@tﬁf@ﬂ¢ﬂiﬁoﬁlm9¥16ﬁerhé4b@?‘is?/afxlmg@l@k‘r‘eﬁp 0 veumrs & h‘ e pr epar ed
as follows. lodine (1.447 w) and dichl oronethane (DCM 7. 30 wt, 5.5 vol)

ver e char gsst] while nigaminionthe essadr cofiehts ewezlow 25 °Gyandrit p’laemlifpﬁddb@ihl ne (1.50
w) in DCM (5.84 wt, 4.4 vol), while maintaining the tenperature at 20-30C.

A DCM (1. 48 aéﬁeoug ﬁas\é‘?llaai pH E‘P Th R EctWRSnikARH wRS Eedrameded td s8pdazel Fhe( 0. 85
wt) in DCM \R/t 4.4 vol) was charged to the slurry while rmaintaining

the tenpepalur s al g/%?w%&%d xﬁﬂ% £ & £5.0%op) sha'thiPlokilsh BRaftioigae s

perforrred s urry was to 0 npound 5 (1.00 wt, 1.0 nol
eq) | 84 wt added sl o { ing the

t enpelat u? t&%n((ifb\@l) rFS‘iaFé'Wéﬁe%?m@ﬁweﬂs H%aS%Xd\ﬁﬂll ’]ﬁ%cﬂ %{égri gse The
resulting m xture was adjusted to 5-10C and ed untll the reaction to
form 6 waghasewss thea wiphadwighvrurified yates X dils ‘é’z})eéé%fﬁb%wé‘?heé WS pical Iy 30

m nutes). The reaction m xture was unstabl e and o
complete, the mixture was concentrated to ca 4.5 vol by vacuum distillation at 30-

U

35°C.

Preparation of Diol 5

15 To a solution of the diester 4 (1.0 wt, 1.0 mol eq) in toluene from the previous
step (ca 2 vol in total) was charged acetonitrile (1.57 wt, 2.0 vol) followed by purified
water (1.0 vol) and formic acid (4.88 wt, 4.0 vol). The resulting two-phase mixture was
heated to 40-45°C and stirred until reaction to form the diol 5 was complete by HPLC
analysis (< 7% starting material 4; typically 12-16 hours).

20 The reaction mixture was cooled to 20-25°C and charged with 30% w/w brine
(3.0 vol) followed by TBME (0.74 wt, 1.0 vol). The layers were separated and the
aqueous layer was washed with TBME (1.85 wt, 2.5 vol and 2.59 wt, 3.5 vol). The
combined organic layers were washed with water (2 x 3.0 vol), then 1:1 brine:5% w/v
sodium bicarbonate solution (4.0 vol), followed by 5% w/v sodium bicarbonate

25  solution (2 x 3.0 vol), and finally purified water (3.0 vol). The resulting organic
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began to degrade after 3 hours. 24 WD 03/087119 PCT/ US03/ 11445 20% sodi um
thi osul fate solution (11.0 vol) was added to the reaction m xture while

mai nt ai ni w @hs7tienper ature at <10C, and the two-phase m xaaesodassstirred
vigorously at 5-10C for 15 minutes. The organic |ayer was tested for iodine

content, e Ia ers arat shed wth
purified S\R/Si'{%’é’P‘Y foﬁce\éﬁ\a%ﬁ) ¢ 45" Oig% %&gn@%@%ﬂ@[}l& ﬁ %t(gg?{g é@éth\éla

charged to the organi c phase and the m xture s stl red %Ag 2 h urs at
5 00 Theater GasePre Db Chekedheld ths WeGF eomemiON e ivd L BY Y cloligas sMEA G 1t pow
(2.92 wt, 2.2 vol). The resulting organic solution was concent rated down
to ca 5 wall) wislalded andiveimated by viaow2h GistitatiohBNED(t8 3532C.wiThe wateDcontait) was
added. The solution was again concentrated to ca 5 vol and TBME (8.14 w,

10 11.0 v ' td LYREQRIyATRE sbRtisRwas teh and 1H
NVR was ﬁé%gé%%ﬁ%@%@&h%&%@@gt@% ?10: 1. Tgrl\rg sol |Sd vbas fIS| tered off

R Il

concentrated to ca 2 vol at_up to 20 (7.30 wt, added to
t he conce‘iﬁ’tqaa?t‘é)lé?ﬁdaﬂﬁlén§¥§FIH%WW%‘P t‘63§v§s F’é‘?%f’l‘atﬂ‘)‘k“f%@ 30\:25%(% n the
coupling step. The product 6 was unstable and began to degrade after 48
hours at asfecesSiny; pidisembpyl Bk I(IRH, d Sptvats b.0evoB) woehargeddl@vlas prepared as
follows. W/vol ratios refer to input weights of 5 in the preparation of 6

descri bed RN sing AR teﬁlgeraafr@ afl 80-859CY eTHeQe furlfih & QF10GME Wad Edled to 0-5°C
5- Fl uor ocyt osi ne 7 : and, ammoni um sul fate 20 (0.0 16 w, 0.04 nol

eq) were %Q%‘aggg%rt%ilo@lﬁga e H&q‘l t‘ﬁ?%gﬁd wQéJ sBRekdY &nﬂiﬁl S9n0- Thg%f?& obenzene

(2.2 wt, he resu ting uspens on subjected to KF

S A aﬁ%&ﬁ}%ﬁﬁ rvg%%t@éo@lﬁnbé ERIRdpst RomaduBl

110- 115C and stirred at that terrperature for 16 hours. The resulting clear
col or | esstes¥fi°Gt i on of bis-protected 25 5-fluorocytosine 8 was cooled to
25-30C, analyzed by 1H NWMR (typically 90-100

Preparation of Halogenated 5-Fluorocytosine Derivative 9

Glycal 6: Compound 6 was prepared as follows. Iodine (1.447 wt) and
dichloromethane (DCM, 7.30 wt, 5.5 vol) were charged to a reaction vessel, followed
15 by triphenylphosphine (1.50 wt) in DCM (5.84 wt, 4.4 vol), while maintaining the
temperature at 20-30°C. A DCM (1.46 wt, 1.1 vol) line rinse was then performed.
Imidazole (0.85 wt) in DCM (5.84 wt, 4.4 vol) was charged to the slurry while
maintaining the temperature at 20-30°C. A DCM (1.46 wt, 1.1 vol) line rinse was
performed and the slurry was cooled to 0-10°C. Compound 5 (1.00 wt, 1.0 mol eq) in
20 DCM (5.84 wt, 4.4 vol) was added slowly while maintaining the temperature at <10°C,
followed by a DCM (1.46 wt, 1.1 vol) line rinse. The resulting mixture was adjusted to
5-10°C and stirred until the reaction to form 6 was complete by "H NMR analysis
(disappearance of 5, typically 30 minutes). The reaction mixture was unstable and

began to degrade after 3 hours.
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25 WO 03/087119 PCT/ US03/11445 nol %di-silyl, 0-10 nol % nono-silyl), and
hel d at anbient tenperature until required for use in the coupling step.
Coupl i ng: wohes/osoupl i ng step was perforned as fol l ows. W/ wadT/usasitogsr ef er
to input weights of 5 in the preparation of 6 described above. A clean,

dry vessel Wai%@? g@h@é@ﬁgﬁgﬁ sotiGd W w1 Whi fie@ko helefMvh adx@Rove (ca

7.7 vol) was reacti o essel containing the chl orobenzene

solution of, 8 prepared above (ca 4.4, .vol ile i.nt aini

t enper at u‘?’]é‘lea?lg@ ng HFLCTHPTYIS AL s Ce t&%’?‘{Vé‘PBgsﬁfld’Et"%afﬁhﬂ %thi]e?do. 80 wt)
was added in 5 equal portions over 50 minutes at <10C  The.  reaction

m xt ure weagorsnsly eedH18¢C frildaniniesi The qesnisHayss Yastestes! (RE LUNSEBE b onpl et e
by 10 1H NMR analysis (typically 1 hour). 10% sodi umthiosul fate solution
(11. 0 vol the twysrsankete depianatedyend elactriganic bhyet wae washed| veithpurified; witerg 14 Qe
tenperature at <20C, and the resulting two-phase mxture was clarified to
I enoves sURERGRI°EDINfgnesiliiesdIRYEI0S Wer) v ek thirgs@ pratha beghnivnshatdindahegani ¢

| ayer washed with purified water (7.7 vol). The organic |ayer was checked

for iodi “%@gg%%ag&%ﬁ}gz i€ 51 0vC ProTaaRASbmoR Wak #liRrddtnd ¥ oliior 2

hour s at organic layer was filtered and the solid washed

with DCM (2. 92 2. E ol ‘ . added to the
conbi ned ?Sg‘é{?ﬁh\é\@ Wéﬁ"(ﬁgﬁg@% ‘O’E’!}g}v%s’f@eo%?%lﬁgg 8%8{%?&%5)\?3% hours. The
resulting solid was filtered off and washed with eth%ol 2 X i 3w, 2 x
2.2 vol ), consentrad dasg e polomdet vaguaat BP @40 e T 4t Lhc. 20
Preparation of D deoxy Dideh d~ytidine Derivative 10 W/vol ratios refer to
i nput wei g1y waofidded. dbeselationgrab agaietommeotrated cned haol ddiBME8dtteyt, Zi nc
powder (0.33 w) was charged to the vessel, followed by nethyl acetate

(3.5 ¥9!) 11.0%61H208¢d. (TheXbIntRIn)wasaReinaesédreratditd ch 8. vd9 and! ] NMRevasesul t i ng
gray slurry was stirred for 30 mnutes before heating to 25-28C. Conpound

J (1.0 WA MRS it TAIEBEM Rdb iy, ARFISvdsRetPbth (&3 AGI1ARE 1 2

separ at e

cake) and washed with TBME (2 x 1.63 wt, 2 x 2.2 vol). The water content of the
combined filtrate was checked and it was concentrated to ca 2 vol at up to 20°C. DCM
(7.30 wt, 5.5 vol) was added to the concentrate and the solution of 6 was held at <5°C

15  until use in the coupling step. The product 6 was unstable and began to degrade after
48 hours at >5°C.

Bis-protected 5-fluorocytosine 8: Compound 8 was prepared as follows.

Wt/vol ratios refer to input weights of 5 in the preparation of 6 described above; mol eq
are relative to 5-fluorocytosine 7. 5-Fluorocytosine 7 (0.4 wt) and ammonium sulfate
20  (0.016 wt, 0.04 mol eq) were charged to a clean, dry vessel purged with nitrogen.
Chlorobenzene (2.2 wt, 2.0 vol) was charged and the resulting suspension subjected to
KF analysis (typically <0.01% w/w). Hexamethyldisilazane (1.08 wt, 1.42 vol, 2.17
mol eq) was added, and the resulting white slurry was heated to 110-115°C and stirred
at that temperature for 16 hours. The resulting clear colorless solution of bis-protected

25  5-fluorocytosine 8 was cooled to 25-30°C, analyzed by 'H NMR (typically 90-100
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WO 03/ 087119 PCT/ US03/ 11445 zinc slurry slowmy while maintaining the
tenperature at <30C (about 30-60 mnutes). Aline rinse of nethyl acetate
(I'vol) wawopwsroBorioed at 25C. The resulting reaction to faowudsmessstirred
at 25-30C for 1 hour before a sanple was taken for HPLC analysis (confirm
9 <0. 5%ar t e h (filter
5 cake =T8° %%d]v%ﬁl d @&ro(lla%gfl (Eg:ouﬁt %)égfﬁ? ﬁelglag?ﬂ)fehtg z;gra Lﬁ'% gi;m(r:} g@‘gfg\/?/as washed
with 9:1 et hyI acet i’;;te rret hanol (2 x 1.0 voI) at 25-30C. The conbi ned
filtrat edongsedD s * 25% w/ w ammoni um chl ori de (5 vol) and the

| ayers were separat ed The aqueous layer was washed with 9:1 nfe

acetate: met haimipling: Theepypling sEpcvasierior@ed ay/tollows, JY t&vol giigs 4¢ @Hto The
conbi ned organic |ayers were then washed with 1:1 brine (30% 10 w w): sodi um
car bonat gnfAGReigHtwbf § By thle, prepaeativiood @)dessribetaboveays clanalry vespavat ed. The
aqueous Iayer was washed with 9:1 nethyl acetate:nethanol (3.0 vol) at 25C

and  tshe d Sfe?l Vﬁ{eerﬁmmews’olu&&?ompmd a86\@30k 0.7 vayerss cargeddoi ed over
magnesi um fate (1. . The dried solution was filtered, the filter

T A i T
30C. A
i st 11 e bhiniinthg (e et A<y Crigibto e §1’ 108

met hanol content was <4 nol % with respect to % et.one. e H|t| ng white
slurry  wensl NI 80owh) strstaddol BS egvgl pryEians gyer ?“H‘btﬁ?%t f(é Z Bei ng
filtered. The filter cake was washed with acetone at 05C(2x2vo|) and
dried in reacion mixtup was s8HS] 22D 1PiCpiilacaction &f fore-9 wrpipemed compless by at i os
refer to input weights of 10. Conpound 10 (1.0 wt) was charged to a

vesselo fiof Nerrdnilysigiyprany 16360 vol ). The resulting slurry was stirred,
and ammonia (6 Min nethanol, 5 vol) was added. The m xture was then

heated to 30- $§f &ﬂn?ﬁlwsﬁﬁﬁke\ébﬁ%ﬂvﬁﬂ (yvylgwals a8 @b i reh@ichanixa(rd- L- FDAC
11 was conplete by 25 HPLC (typical 24- 32 hours). The tenperature was

adj usted ¢ ?111@1?11a?n gdthé Pe?npe%gtuISQQt %6‘%8, Lhd theft Qﬂlﬁ@t’%&olﬂﬁh@é mixture was

clarified to remove suspended solids. The layers were then separated and the organic

layer washed with purified water (7.7 vol). The organic layer was checked for iodine
15  content and stirred with magnesium sulfate (1.1 wt) for 2 hours at 20-25°C. The dried
organic layer was filtered and the solid washed with DCM (2.92 wt, 2.2 vol). Ethanol
(8.64 wt, 11.0 vol) was added to the combined organics and the solution was cooled to
0-5°C over 2 hours. The resulting solid was filtered off and washed with ethanol (2 x

1.73 wt, 2 x 2.2 vol), and the isolated product 9 was dried under vacuum at <20°C.

20 Preparation of Dideoxy, Didehydro Cytidine Derivative 10

Wit/vol ratios refer to input weights of 9, correcting for ethanol from the
previous step. Zinc powder (0.33 wt) was charged to the vessel, followed by methyl
acetate (3.5 vol), methanol (0.97 vol), and acetic acid (0.09 vol). The resulting gray
slurry was stirred for 30 minutes before heating to 25-28°C. Compound 9 (1.0 wt) was

25  dissolved in methyl acetate (4.5 vol) at 20-25°C in a separate vessel and added to the
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solution was clarified, followed by a 1 vol nethanol line rinse at 45-50C

| sopropyl al cohol (1PA 15 vol) was added to the m xture. The resulting

m xture wa® @hsni1odi stilled under reduced pressure at up tRETREB3UNM4s| t he

| PA/ met hanol nolar ratio was between 1.5:1 and 2:1 (at around 15-20 vol in

e, L eacthRtEe Rshly whlE hfRihink i Wb Rufe 8 LIG°C (BSuO0MATIRRD” 5C and

filtered?® e was waShed wwth I PA (2 x , and the product

(3-L-FD4C 11 was ied in vacuo .at u o 3 0 e : t

Synt het | & éa% E%ﬂsf’\/gfir f@ﬁgylm‘f?‘iaﬁﬁ?g%ﬁgﬁs ﬁif&%rm“%rﬂg P Ebb?eeéﬁjlﬁﬁéj%eﬁ&%%) (LC
area% (kg) (LC area% %th %ww 1.3 A50 99.78 C53.4 --- 84.3 107 B 50
D 45.76 -form 18 vas stirred a5~ Cofar Bhogubejgre aggmple was taken f@@?’é’é‘gaﬂ ix
53.4 --- E 50.58 96.2 46.6 94.7 D 45.76 --- F 60.7 98.17 65.3 132.6 5-49
E 50. 58 Q6ordirt $20.53%0%e58 Th2 rdactivd niixmr&@asthes filtered taguglpcloth Hiltes2 8 82. 6
9 - 10 GtH 80 | 20.94 98.93 46 26.2 G 36.76 99.58 H 43.24 99.21 10 -3 11 |

20. 94 598.9RBe 3 0108 FolPhd’@-BRulbtdddo laritiReThy filier cakemasindstedwier $ilons usi ng
the reference nunbers in FIG 1. **The yield for conmpound 4 was assuned to

be 100% t e 50k BYhA 2 X1 160 Goaead 6t tAR cohibBuaRiERey deSwheg ompound

5. Wile oregoi ng 1 nvention been described in sone detail for

ur pose
Purp S vgifth 25% w/w ammonium chloride (5 vol) and the layers were separated. The aqueous

layer was washed with 9:1 methyl acetate:methanol (3.0 vol) at 25°C and the layers
were separated. The combined organic layers were then washed with 1:1 brine (30%

10  w/w):sodium carbonate (20% w/w) (5vol, pre-mixed) and the layers were separated.
The aqueous layer was washed with 9:1 methyl acetate:methanol (3.0 vol) at 25°C and
the layers were separated. The combined organic layers were dried over magnesium
sulfate (1.0 wt). The dried solution was filtered, the filter cake was washed
(displacement) with 9:1 methyl acetate:methanol (2 x 2.0 vol) at 25-30°C, and the

15 combined filtrates were distilled to 3 vol at up to 30°C. Acetone (4 vol) was added, and
the resulting solution was distilled to 3 vol at up to 30°C. This cycle was repeated until
the methanol content was <4 mol% with respect to acetone. The resulting white slurry
was then cooled to 0-5°C and aged for 1-2 hours before being filtered. The filter cake

was washed with acetone at 0-5°C (2 x 2 vol) and dried in vacuo at up to 35°C.

20  Preparation of B-L-FD4C 11

Wi/vol ratios refer to input weights of 10. Compound 10 (1.0 wt) was charged
to a vessel, followed by methanol (10.0 vol). The resulting slurry was stirred, and
ammonia (6 M in methanol, 5 vol) was added. The mixture was then heated to 30-
35°C and stirred vigorously until reaction to form B-L-FD4C 11 was complete by

25  HPLC (typically 24-32 hours). The temperature was adjusted to 45-50°C and the
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10 clarity and understanding, it will be appreciated by one skilled in the
art froma reading of this disclosure that various changes in form and
detai |l cawds/osede wit hout departing fromthe scope of tIlrT/UR0entd4on. 28
WO 03/ 087119 PCT/ USO03/ 11445 \What is clainmed is: 1. A nethod of

synt hesi Z!engm% a{ hlg&) rfgﬂgwedgbéz Qﬁ%?ﬁ;}éﬂﬁnoﬁme@r@@ Qﬁ’@' 6. i bpBpyl

((3LF od co reacting L-xylose of fornula l

HO ~, . Wi.th ace res first acid
cat al yst alé’ﬁ@%%%h%@?”ﬁg%gm th[edm q‘r? 0?8 Elesﬁlltlg gtllEl %glr%rrlrul all Qu. 0
Il O OTC 10 (b) hydrolyzing the 2, 3 acet al [F}he di ce al of formula Il
in the pditidadendst redused pressuae A ICiR3a’y Satik e Zpdsm APUBYFA or ul a
1 OH 11l ><c¢ OH (c) acylating the al cohol m)letles of the acetal of
fornul a bkiwden 1theand2Aageaneumnt 1220 sskindle whotam vessedf fihedesplangyhise of
formulalVO Onh.. OIVO~\ 15

5  slurry was cooled to 0-5°C and filtered, the filter cake was washed with TPA (2 x 2 vol),

and the product B-L-FD4C 11 was dried in vacuo at up to 35°C.

Table1
Input Output
Synthetlc Batch | Weight Purity Batch | Weight Purity Yield
Step (kg) (LC area%) kg) | @LCarea%®) | gy th | % wiw
1-3 A 50 99.78 C 534 - 84.3 107
B 50 D 45.76 --- 73.3 91.5
Bl 99.94
B2 99.95
B3 99.78
B4 99.68
355" C 534 - E 50.58 96.2 46.6 94.7
D 45.76 - F 60.7 98.17 65.3 | 132.6
5-9 E 50.58 96.2 G 57.7 99.58 723 | 1141
F 58.6 98.17 H 48.42 99.21 528 | 82.6
9510 | G+H 80 I 20.94 98.93 46 26.2
G 36.76 99.58
H 43.24 99.21
10->11 I 20.94 98.93 J 11.4 99.76 82.7 54.4
#Refer to compound conversions using the reference numbers in FIG. 1.
#+The yield for compound 4 was assumed to be 100% th, so the overall yield was reported
from compound 3 to compound 5.

While the foregoing invention has been described in some detail for purposes of
10  clarity and understanding, it will be appreciated by one skilled in the art from a reading
of this disclosure that various changes in form and detail can be made without departing

from the scope of the invention.
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(d) hydrolyzing the acetal noiety of the diester of formula IV in the

presence of an acid to afford a diol of fornula V 29 WD 03/087119

PCT/ USO3/ whvesms7a» HO',, O 1Cz40"1" HO O o\ V ~/ (e) reawviswgiifs

gydu)xyl glroijpz ?; tge diol of formula Vto afford a glycal of fornula Vi
o] | s-protecting 5-fluorocytosine of formula VI NH2 N,

Vi1 O )" Whatys clpimeisisr g bis-protected 5- flugrocytosme of formula VIII NHZ

VIII NF ZO N wherein Z is a protecting group;

1. A method of synthesizing B-L-5-fluoro-2’,3’-dideoxy-2’,3’-didehydrocytidine

(B-L-FDA4C), the method comprising:

(a) reacting L-xylose of formula I

HOII,. O
I f_z/\OH

5 HO OH
with acetone in the presence of a first acid catalyst and a dehydrating agent to
afford a diacetal of formula II
O
Om,
O
1 Xo\‘%
(o]
10 (b)  hydrolyzing the 2,3 acetal of the diacetal of formula II in the
presence of a second acid catalyst to afford an acetal of formula IIX
O, O
OH
1 XO\\LZ’\
OH :
(©) acylating the alcohol moieties of the acetal of formula I in the
presence of a base catalyst to afford a diester of formula IV
O
O, O
Ko
o 0
O
v 0L
15 ;

(3D hydrolyzing the acetal moiety of the diester of formula IV in the

presence of an acid to afford a diol of formula V

29



10 (g) coupling the glycal of fornmula VI wth the bis-protected 5-
fluorocytosine of formula VIII in the presence of a hal ogenating agent to
afford awoalsmgenated cytosine derivative of fornula | X OPAWESO®11442N- ~ | N
OYO~\ F~OIXOIl / 30 W 03/087119 PCT/US03/ 11445 (h) treating the
hal ogenat ed cytosine derivative of fornula I Xowith metallic zinc and acetic
acid to afford a dideoxy, di dehydr,qb,p,@@_qe eri vative of fornmula X 0
(N-< 0 XHN_ \-"N~J~OF I ; and i) onyty zing the ester noiety of
the di deoxy, didehydro cytidine dggwatyvve of f la X in the presence of
a base to afford (3-L-5-fluoro-2',3" - didtoxy-2' 3" -di dehydrocyti dine
((3-L-FD4C) of formula XI O N XI H2NoWN Ry, 2. The nethod of claiml1,
further conprising isolating the oduct ( 5-fluoro 10

2', 3" -dideoxy-2', 3" -didehydrocytidine ((3-LFDaC). ;

(e) removing the hydroxyl groups of the diol of formula V to afford

a glycal of formula VI
0 O
WO)J\ED\
V1 0
0L
5 ® bis-protecting 5-fluorocytosine of formula VII

NH,
F
VII N)T
O)\N

to afford bis-protected 5-fluorocytosine of formula VIII

NHZ
VIII N F
zo/k\ NT
wherein Z is a protecting group;
10 () coupling the glycal of formula VI with the bis-protected 5-

fluorocytosine of formula VIII in the presence of a halogenating agent to afford

a halogenated cytosine derivative of formula IX

0
N— 0

H2N—€_/N 0
_ *(_Z’\O
F N



3. The method of claim2, wherein isolating conprises treatnent with a
sol vent that causes precipitation of

(3-L-5-f] wares/87118' - di deoxy-2', 3' -di dehydrocyti di ne (13- 1rdaDg0p/11445 The

met hod of claim 3, wherein the solvent is ethyl acetate or isopropanol. 15
5. The method of claim1, wherein removing the,hydr Lix step (e)
conpri ses treat rrema%\/vi t (EeRERR ﬁﬁ?gl,ha][olgf: eednv?%s#;es% r%%é?géﬂnfg%ﬁ’lﬁgg(z% e. 6. The

met hod of claim1l, wherein bis-protecting in ste canpri.ses .treat nent
with 1,1, 1-3, Betalliegiacens peaicscid t@&ﬁf@rdaﬁgldao’%flgfeywo oytdipg SeRGNGd of
claim6, wherein the catalyst is ammonium sulfate. 31 WO 03/087119

PCT/ US03/ 1144%f f@mulhX net hod of claim 1, wherein the protecting group Z at
each occurrence in fornmula VIIl is trimethylsilyl. 9. The nmethod of claim
1, wherein the first and second acid catalyst{® in steps (a) and (b) are

i ndependently selected fromthe group con ingof sul®uric acid, 5
hydrochloric acid, and cation exchgngs: in .@ﬁe d of claim1,
wherein the dehydrating agent in step (a) f/= se ted? fr he group

consi sting of copper sulfate, magnesi um dul fate, and sodi {dnate. 11.
The nethod of claim1, wherein the base catalyst in step (c) is selected
fromthe 10 group gonsisti .of .pyridine, trlethyl am 35

di met Ryl ani nopyr i di(ﬁe, ﬁ&roqg%%p%ﬁ%eﬁﬂ’glﬁ%gfgl&d ! gef%?”%ﬁeehyrcrl%% Fodne ¢ aim
1, wherein the acid in step (d) is formc acid or _trifl oaceti,c acid.
13. The net hodleviatévesdfifoamul heprepencp g5 & base tepEgr é)L-gg{“QQ" ééd from
the group 15 consisting of anmoni a, sodi um net hoxi de, potassium carbonate,
1, 8- di azabi cyflcx9-24,30duidsaesrodytige (BBHDA@ forsoyda Xyl ami ne. 14. The

met hod of claim 1, wherein the hal ogenating agent in step (g) is N

0]
G
N
I
F )

2. The method of claim 1, further comprising isolating the product -L-5-fluoro-

10 2’,3’-dideoxy-2’,3’-didehydrocytidine (3-L-FD4C).

3. The method of claim 2, wherein isolating comprises treatment with a solvent
that causes precipitation of B-L-5-fluoro-2’,3’-dideoxy-2’,3’-didehydrocytidine

(B-L-FD4C).

4. The method of claim 3, wherein the solvent is ethyl acetate or isopropanol.

15 5. The method of claim 1, wherein removing the hydroxyl groups in step (e)

comprises treatment with iodine, triphenylphosphine, and imidazole.

6. The method of claim 1, wherein bis-protecting in step (f) comprises treatment

with 1,1,1-3,3,3-hexamethyldisilizane and a catalyst.

7. The method of claim 6, wherein the catalyst is ammonium sulfate.
31



i odosuccinimde (NI'S). 15. The nmethod of claim1, wherein step (b) is
performed in a | ower al kyl al cohol 20 solvent. 32 WO 03/087119

PCT/ USO3/ whiesms71i®. The met hod of claim 1, wherein step (@cT/ssopeifsor med in
a solvent sel ect ed fromthe gr oup consi sting of dichloronethane, toluene,

cl ai m 1 Saner GPRESOY Gyl sitrof HEPARAR0EpbR R BT 5o

group consi sti ng of acetonitri I e, toluene, and conbi nations thereof. 18.
The met hod of femuilaVIILigfrapethisiylep (e) is performed in dichl oromet hane.

19. The method of claim1l, wherein step (f) is perforned in a sol vent

sel ected from the group consisting of toluene, chlorobenzene, cglnoroform
di chl or 0@t han&he ntitlodil ofr cdaret havterein gefirsipgpd seeonsk aciderialysse siensi(

t hereof. 10 20. The nethod of claim11l, wherein step (g) is performed in a
sol vent sel ectygd ()r@enndependenitdy peletsisirat itggrofip donditimgaselfiaiveicid,

di chl or oet hane, chl orobenzene, and conbinations thereof. 21. The nethod of

claimsl, wher gip3hpicalid, mﬁ@ﬁfi&&m ¢ festrRe presence of a lower alkyl
al coggl and a%pgrwer acky acet atoe %2. The nethod of claim1, wherein

step (i) is perfornmed in nethanol. 23 The nethod of claim1, wherein

synthesi §00f (Fielmdtndd 4081 - viherth 8085 Aratifls nedl SRR (HGY lddiaae

((3-L-F i s achi eve romL xy ose WI aporatlon to dryness of
any of the int reormm?hdel garE)l?p g(?nnps?lng o (S)pfpe}c gllfmtje maglnesuén sgﬂ%ate, and sodium

sulfate.

11.  The method of claim 1, wherein the base catalyst in step (c) is selected from the
10 group consisting of pyridine, triethylamine, dimethylaminopyridine, and

combinations thereof.

12. The method of claim 1, wherein the acid in step (d) is formic acid or

trifluoroacetic acid.

13.  The method of claim 1, wherein the base in step (i) is selected from the group
15 consisting of ammonia, sodium methoxide, potassium carbonate, 1,8-

diazabicyclo[5.4.0]lundec-7-ene (DBU), and isopropylamine.

14.  The method of claim 1, wherein the halogenating agent in step (g) is N-

iodosuccinimide (NIS).

15.  The method of claim 1, wherein step (b) is performed in a lower alkyl alcohol

20 solvent.

32
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16.

17.

18.

19.

20.

21.

22.

23.

The method of claim 1, wherein step (¢) is performed in a solvent selected from
the group consisting of dichloromethane, toluene, tertiary butyl methyl ether,

and combinations thereof.

The method of claim 1, wherein step (d) is performed in a solvent selected from

the group consisting of acetonitrile, toluene, and combinations thereof.

The method of claim 1, wherein step (e) is performed in dichloromethane.

The method of claim 1, wherein step (f) is performed in a solvent selected from
the group consisting of toluene, chlorobenzene, chloroform, dichloroethane,

dichloromethane, isopropyl ether, and combinations thereof.

The method of claim 1, wherein step (g) is performed in a solvent selected from
the group consisting of dichloromethane, dichloroethane, chlorobenzene, and

combinations thereof.

The method of claim 1, wherein step (h) is performed in the presence of a lower

alkyl alcohol and a lower alkyl acetate.

The method of claim 1, wherein step (i) is performed in methanol.

The method of claim 1, wherein synthesis of B-L-S—ﬂuoro-Z’,3’—dideoxy—2’,3’—
didehydrocytidine (B-L-FD4C) is achieved from L-xylose without evaporation

to dryness of any of the intermediate compounds of formulae I-X.
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