10

15

20

WO 2005/ 023827 PCT/ EP2004/ 009911 Process for Preparing

Antiviral Nucl eoside Derivatives The invention relates
wOQo@/mss2el process to prepare prodrugs of | evewirmPz4/009911

or an acid addition salts, solvate or hydrate

thereof. Levovirin is useful for treating Hepatitis C

Virus (HCV) nedi ated di seases. Mire specifically the

invention relates to a process for preparing

hydrochl oride salts of 3, 4-dihydroxy-5-(3-nmethyl- |

1,2,4]triazol-1-yl) 5 tetrahydro-furan-2-yl nethyl

2-am no- car boxyl ates. The invention further relates to

novel cheni Pajcedsibrerrepainat/agivisabENutlebdidd Deriabioye

process and to a process for preparing the

internedi ates. Hepatitis Cvirus (HCV) is responsible

f or The iviegBomfedpey tbla(m)vdfprbdfees whyrepdre pfddtﬁgs Of(ﬂé\f@eﬁﬁle or an acid

<ABBoR SRR AR B9 L0 B R ERTRLS wRag afoars ©

Virue pBGV) one<b¢tedh diseasést |M01© SP@Ifssﬂy thetiederttionavleteatyea Bdcess for
SEI)

PRSI £ Sl S

tepypay dra-Buran-2opmethil raminaserrbeorylates: ddeiipeentien fapsartplates to

n3¢8 BhémRgkinfteinetiedds usifd sl Hechbot O BFRBY ah@fo B ﬁﬁﬂ:‘ééstfbﬁpr%)armg
i nf ctlgpgﬁresently consi sts of conbi nation therapy

G PFTRSYGSt i viral | ribavirin, and an i munonodul at ory
interferon derivative. 15 WO 01/45509 G Lau et al.)
di stlepstitss Cvivuc(lE0¥) despondible for a/llaxge paoparvion af the chronic liver

d%% g\(f\t?trlglr o%%_ﬁgf;a%ﬁ %‘E%/ e or zg%%;:cggteg é}hggé he]Fatltls in brglustnahzed

cwr)tanThe gobpl prqp@zmreofjle@amtnﬁ&w qstzmatqddo avdrege 3% (ranging from

01196 &fa%ﬂfﬂﬁeﬂé)are alﬁeshhﬁtéd mmrorpéhrsﬁh@ cardfatd tYlHL%Ihout the world.
ucle03|de ri aV|r|nf£I Unlike ri aV|r|ngg#§v§ é H
Thgreds i entHuRe weer det effeqitedhraBPuicASERts ppaipst ar

tHepayenier hepagivio @ mfenu@ﬁ pméxﬂltyesmlsmuﬁ@)mlﬁﬁmﬁmsaraby WZ‘@. an

enhanC|n antl ra ThlL ¢ |ne e Levovirin
gt iy 2 *t Bty RN S

avirin.

H2NOC ONH2  ~ NNOIRlOON~R30 JR2 R30 ° OR2

| a: VD 0&/43209-(IRBaU=etH1 Xclh8¢1@8@nbﬂ)uclebbidemiﬂtifﬂz'vm1miml ddtivity

akdhdt 3RO Levovirf (18Bs 4ICRH droxyRiethylFoua _
%I§¥ C cﬂg%r H%r optional ['y substl uF%d 6gﬁkh?Ehnulzs
v ‘Fﬁi ngp:]zoxyh@aqd pmide; I3 ZZﬂﬁg/I—@gleze]L isomer of the

aﬁl@ifﬁﬂﬁ@l@éﬂ@ﬁ&lﬂnm (Ib). Unlike r1bav1r1n, levovirin does not have direct
detectable antiviral activity; however, levovirin stimulates immune responses by
enhancing antiviral Thl cytokine expression. Levovirin appears to lack toxicity
associated with ribavirin.

H,NOC

L /iONHZ

N, N NZ
\ N N
N
\@/\ORI Rlo’\iirN\’/
R0 OR’ R0 Or

Ia: R! = R? = R3=H (L-isomer); Ib: R! =R2 =R3 = H (D-isomer);

Ic: R1 CO-CHRNH,;*CI; R?=R3=H;

= alkyl, cycloalkyl or optionally
substituted benzyl
Id: R! = CO-CHRNH,; R? =R3 =H;
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-2 Wil e nucl eoside derivatives frequently possess
hi gh I evel s of biological activity, their clinica

waRidsioeys2r s of t en hanpered by suboptinal physi eai/EP2004/009911

properties and limted bioavajlability requiring
| ar ge doses at frequent intervals to maintain

t he uticall effectjive | evel s
roa T RER RN defREL fetien it B BT ef biological activity,
tbdnydun@d: helifydabitén emopeed bepsubobtittabphsiabpriogeriesland limited

b&&%@?@‘gﬂu& p%o“l%lfnfl g £l gele&éesaa? @reﬁﬁ%ﬁ ?%Wafs ¥Cj. 8‘%&1‘1 rillélqgﬁfipﬁif cally
effedive é@élSt ﬁbe@#@bmdtﬁcehoroof thanaeleosids qanlaétereéle@hyswochemlcal

drM&ldf¥eScdih hé
p@lﬁS rrn de an dC ba%@ﬁwmh{mg\)eleatﬁgﬁfgﬁ% e}?&f &l&{m%f}’&rhé‘déwery

am RSTAEI 1 UsbER<Chitas 980 E0RDEpdrslese3f %ﬁrséﬁa‘?épw?water

sa]mﬁleteh&r dereifaftnves &fhaey ce@wﬁlsy mnﬁrelmtug&cxmfphﬁgm)acdml\ﬁdé and base. L.

I\ﬁq%!ag%{an yr g?l Vit %l (I:_h va y@‘ %’L&ﬁl #%?l ﬁ%{i S%LP dd%%ﬂse cighteen
amineg efid geys of thmttﬂnprmylb drugregydloyir am theg'ﬁfﬁzcnenaes as prodrugs of
aéf&&ﬁldlh@lgldi Sﬂnﬁlycg fan lhE akan}frﬁlLyi aﬁﬁ(ﬁfutﬁjate, D,L-valyl, L-

acyclovir esters
i; edrisglsue. -lwkélssé %ﬁ"é‘i‘@n%e%rél Lpspizk esterphceradingde the
aBitHr$ fe Ul-ﬁalﬂh:@féﬁ oﬁz[@ﬂ@ﬁ@ dfabﬁle@@&ﬂpilo@ﬁu f thedBteds BF&ti329d.

ieke gt B R AL L SELPIS Payar L OPanPoR Bbo it e

an optionally protected am no acid or a functional
equiBPdl ¥15t320Heér EoBeaichima) disdpéedribe ppatation of thedidEGeucine

eg’ngi bfs%ﬁlg&é[lo bgt& %E@ﬁﬁ{}g(?pnte gaﬂ)‘églto%%%go/ﬁn#ﬂ%%ﬁld %:lgfg{lcet}onal

eaﬁwalﬁbbf@ﬁrwim@@fcwp srasabschps DGC wptiqugllp it thripsesence of

c@ta%%é bade! Tt ﬂré‘due‘ﬁso B¥RIRE Bhtatled)abofs $HBE 0PER d@éste& @nd about
vatgrak et al.) and 6,040,446 (C. A Dvorak

129%‘? F§1ﬂn6’§§erpr ocesses and novel internediates usef ul

for the preparing the nono-L-valine ester of

2- ( 23.@uPmentlNGs. & 11300 D B6 - GxA- IDWrahetQﬂ) 6,218,568 B1 (C. A. Dvorak et

a{ w&%& 6%’ Af(é %C?’ )PP 253@ og élg cggcqgsn g)rgceg%l? ar)ld n%l ?n%érrr?e%%‘a]ces useful
fesﬁlerprretpamagutbmmoydt-mlme estario fﬂaamllmrilﬁ -dbydresd-pyepurin-9-
)}Nl\nééga &)nﬁeeﬁﬁdl Yﬁn@ﬁ MW g\‘/\ﬂ@v%/g%%gg}r/gdr Q&%’rﬁ discloses a
r@?ﬁgm e@?ﬂ%@@ﬂ&%&@%@@ PBFIE\PER SeBVa1vss Wi @g%xao‘% aza-
dytlb@kid-N3ldlone ERRRALNIESNLArbYXyathydhideH Ntydr oxy of Ib

is esterified to natural and unnatural am no acids

2o0 WOADLEAEL 4 Y el DS W SRS Y o Shayicin b
(emnhposndefin whiahdhe 6ilydroxy.ofIb Rasterified\m. nabyrP8)G@atiRal amino
a-Eﬁﬂqa?et d1?élos)ed gh-?ﬁb Q38 eE[El[ %Ej%]i)l%?alteﬂ% tSPr&QS fl’i Qs%tc gg&ed reaction

VI rus ection Ster ng am |ne
QflcbéWll aesterte qm@awtﬂsmfmlmace@@w PatentBlag6:623,685 (R Tam et al.)
Hickk BReh Qs T BveHSE PpRieRPRERAGN ﬁ{f@@ho@i d¥nistering amidine

hospho Iated prodrugs of Ievovirin. cyl and
Pg %r‘%s?ﬁy M compounds are di scl osed and 5- am no

acid esters are also described generically. US Ser.
No. WO 1380B88GdVWankesds diskysé biceeepildel phgphofylated and non-

ﬂh%\él%/clrgflia{éd prodrugs of levovirin. 5-Acyl and 2,3,5-triacyl compounds are disclosed
and 5-amino acid esters are also described generically. US Ser. No. 60/432,108 discloses
acylated prodrugs of levovirin.
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WO 2005/ 023827 PCT/ EP2004/ 009911 -3 The present

i nvention provides a process to prepare
wé2emsyeaseynucl eosi de  conpounds. The i ndi vi duaPCStE@P®4/009911

whi ch conprise specific enbodlgents of the present

invention are depicted in the eaction sequence in

Sch esent invention ovid

o 11 e eeseBt By M ES oA PR itb e lrintiossh

OFIPOYNGS. Thf—‘elndbfyd@i( steps luolp campigsewsherifc emBodisentst dfyhe present

iB¥di¥ibn abks &J_})@(Ré(& in ﬂh]\s;g a]Q{lep ¥d erﬂ:e%' gé’ljlemé B OJ]'}E%‘XJent #5&ition

cyglo eny optiona

fﬁﬁiﬂ%ftﬂf?ﬁé@bawfﬁﬁwat Biepess for femisoladomnef ac #ﬁmn sallfs of the acyloxy
dgfr@a@pnamﬁe&tﬂ ms Iﬁf:thﬁlet%ylahlﬁ}fb 1Qh%r ylquu Dq’so butyl sec-

%%Elo %ECY 0839’ ﬁw&,ﬂét?o&éﬁ‘)g e?i \fnﬁée t seﬁected from
tbe goep sonsigingdd<C, gtdlle, Claeﬂkowtaﬁd hhlogémt Iemt:haﬁnam the acylatlon
39 %TI%&%& WEhGRAINT d:gf’bc éggaq%lyaﬁdee BHRE Qrer¥h agrﬁge& gE?ceff dncludes other

o are in are Al conet
ag?lw@s%NmromCﬁdeanablds sgféclhtetrremtlefe to estarifpwklcohol. R'™ and R™®

apE &uﬁg&admg g ﬂemlcﬁt g?’ot%n' %nmﬁé 0P @, dea 'Eb%élth% Qfeed%& Agbl

rou

Ry %ﬁr%P a%& Fshydeescaer an il\%ar%é,@g.gmqpo Thstul peope of R, R™
AR esimofd fallg disSobalB the QaNR dbMNPRionN 4N PYocds Bteps. LN

(Hc) step (c) 2 HO step (b) R Step (a)

cycl opent anone, trinmethyl oxthaior mate, p-TsOH step

(b) cat TEA, THF; 15 step (c) HCl, H2O, tol ugne,
isoprifﬁﬁ& The individual s ich conpris 0
spegyfhg enbodi nents of theypegsent invention 4 W

deplaLﬁd(gy t he reactlon sequgnce in Schene | Raher@i n
Ris ne —R—p-ay | 6Ry! . n- butylogm
i so- but W= sec- utyI“BEﬂﬂ7 cycl Ikyl “or phenylmepﬂn
opti oH&l | y QHbst ituted W th E*Sulgkit uent sel ected
fron1thegﬁ oup consisting of Clgﬁiflkyl Cl_3-al koxy
and 20 h 39 Rla and R b tak oget her are R3R2C
where R3 and R2 are (CH2)4_6i or taken independently

are | lkyl or R2 is optlonall QNHst it uted phenyl
or | al koxy and R3 is hydrog S Rla and R b taken
i ndepegdent |y a trlalkyIS|IyI O\ 1argllgyl()radlca
One ski NHR Wil _reglize é

nunber gydr oxyh prot eckiep@c)gr oups 2hy ee

|dentufh§d(mﬁwch coul d be used mnthﬁgy dQﬁfrtl from
the spirit of the invention
(IIb) 1d)

Step (a) cyclopentanone, trimethylorthoformate, p-TsOH; step (b) cat TEA, THF;
step (c) HCl, H,O, toluene, isopropanol

The individual steps which comprise specific embodiments of the present invention
are depicted by the reaction sequence in Scheme I wherein R is methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, Cs_7-cycloalkyl or phenyl optionally substituted
with a substituent selected from the group consisting of C;.3-alkyl, C;_3-alkoxy and
halogen. R and R taken together are R’R®C where R® and R? are (CH,) 4., or taken
independently are lower alkyl or R? is optionally substituted phenyl or lower alkoxy and
R’ is hydrogen. R™ and R taken independently are trialkylsilyl or an aralkyl radical.
One skilled in the art will realize that a large number of hydroxyl protecting groups have
been identified which could be used without departing from the spirit of the invention
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OH step (a) JONHZ N NLN1O4 5 0 Y+ -_ 3 1( YOW

2005/ 023827 PCT/ EP2004/ 009911 -4 and any protecting
wanroesp2sdi ch can be renoved under conditions WRCTHP2004/009911

allow for the efficient isolation of an acid addition

salt are wthin the scope of the invention R4 is an

rotectin p or hydro en rge n er._ of
amspg%tsctﬁé’@t&rw& %L’&Eﬁén be B Wﬁ QRIS mi‘tél@&’ for the
dfﬁtﬁ@ft tdobmigaaliby acidradtitivneslt bepridde tie @bpe gf the ﬁhx@ﬁtlon R*isan

f
FPBE Brte B EE SRl BRS A 16 i S R -bhet B ronpe e
wp@ludn cinkbeused entewhengsablpx Y rethatrs ngpiregentione group of amine

[3}8{& %f%égﬁi@gfrel}{ gré AARAR e P ﬁt’ebrﬁges and common used urethane

N-car e IS use atlng
meﬁ@ngﬁr@tlﬁﬁ:w e dheligp-hugoxy @qlmr%ep benzgiegy @%’E%ﬂ’ FrStels.

Wheit BENPERESanhyARLE Qd b Bt chistiRS Hehdgd aﬁmﬁHﬁ@%‘éﬁng group is

for, to preparing a conpound according to formula I

IEBHETS sing the steps of (i) contacting Ila wth an

acylating agent to afford Ilb; and, (ii) contacting

I I b Inionk eenbddpmattet thqueseaagﬂmtmrt thewefis prayided,a moceasfod

;g@ﬁ’ Fg}dgoanclgﬁ‘géotungadcéﬁlclﬁﬁg éf : B ﬁ%s&%ﬁ%%%s oi’\{]ﬁ&q{t&tmg ITa
viitto e esylasimgeaeniin aiford Hpangs (elé eprtactingalil with a depretegting reagent

tBra%Mjﬁfj afladll Q&@ﬁﬁn SQIE 2153 1vRfeQR Ay tht&tHePdI O ein R, R™, R'® and

accor di ég» la I'd conprising the steps of (|)
%dﬂ?é&@gﬁﬁ ﬁ&“m'ﬁﬁéreln Rla and Rib are together are

R2CR3 and R2 and R3 together are C3_6-al kyl ene,
I ndeipenddek Iembadmdrmwétheqirks‘y!ht ine¢ntidd therefiproyidedra process for

h
B FPanr}O/g 3 ﬁo%lp Sac (yrg,; O%[%qf? nWElg Fd %%ﬁﬁgé ﬂi spe%s agah I:orftgctlng Ila,
*dbq:amtlbl@tamdgllb@agmgtﬂteoalaf 6Rdand R arghR af@gcthaﬁaiﬁ Gsenlkylene,

ﬁlﬂéﬁendén r¥ ?J oli] yd 'isgﬁh%nﬁrb? LB8ky aI‘M‘ ! Er}[ﬁdﬁ)géﬂ dyifitan

|ne erelna ove. |In_anofher e

wylating agang &é#forﬁﬂ% ard.di) eongraingdIhyish ?d’éHrOéeC,Sws fegent to afford

lfdo An 288 8AEFiLA Galf aGONRRWRY 1HER0F theRtdf, tvehek@h MUl R'thre as defined
rising the steps of (i) contacting Ila, wherein

Q YR b together are R2CR3 and R2 and R3 toget her
are C3.6-alkylene, with an acylating agent; and, (ii)
cont bctniotiter kinbodirbéntaf degretcetinvengionethgeeris pt@icﬁifamrdcess for

}Itn%gal‘?r% aa%rxg?&ﬁm@%g&d%%rﬁula sl §&Hfﬂ§1§g eers‘”g? gﬁE@ntactlng IIa,

Whersindt Hiend Bmemth@mr CR w@d& asdm t@&ﬁvleqaitar@ﬁa rhl«kvlénea with an
AS1aRih Mgéilﬁ%fa. ANReAERHHSIIL vRIHEPEDHtdctih &argml ®flafford Id, an acid

%‘@?\ﬁé\t&?aﬂn@ scﬁy g E);r}ij }afldrlage therebt wﬁerel 1{ arllr?d ﬁ aTe 25 8eﬁned)here1nabove

In another embodiment of the present invention there is provided a process for

preparing a compound according to formula Id comprising the steps of (i) contacting ITa
with an activated N-protected alpha amino acid according to formula IV

4
XOJLT,NHR av)
R

wherein X is an activating group rendering the acid sufficiently reactive to esterify an
alcohol, R* is an N-urethane protecting group to afford IIb; and, (ii) contacting ITb with a
deprotecting reagent to afford Id, an acid addition salt, a solvate or a hydrate thereof, and
wherein R, R'® and R are as defined hereinabove.
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with an activated N-protected al pha am no acid
according to fornmula IV x-o0 NHW 30 wherein X is an

wactiswasizng group rendering the acid suffici enPCY/EP2004/009911 _

reactive to esterify an alcohol, R4 is an N urethane
protecting group to afford | 1'%~ and, (ii) contacting

I1b t t fford | d d
s B GERESRT RE 20,200 o,
pmarrleg 1 cazrnplauad acmrdihp tafoemad debimedidyahe slephoi(e). co\ﬂactmg Ia
8 FenRH2 W%h%p ?rgﬂi:&s arP aét&aﬁ‘l\% %}%glfn sﬁfgalenldg geacttve to

resent i nvention
eﬁférl s ouAprand Risdurcdinehzrads Giiahtactug Lb with a
depraRéd:i %g Ellﬁﬁto %ff@ﬂlsldoﬁn Qéﬁt a&cﬂﬁbﬁ@ﬁlt RGolvh@ orWHylrde thereof, and
1gorrrula I\ wh X is an activati'ng
@ﬁn%’bﬁs ik er?taﬂdeﬁ%%lchqf%a Ode esterify an alcohol, R

is iso-propyl and R4 is boc or cbz; and, (ii)
contiaebothgr drhlbodiirteht f the dmsémmescehhﬂg thie&a@@'rbviﬂed abfaved for

p'r%:arﬁ’lg fa%ghlﬁgﬁg%&o%ﬂnggé fo’rm%glsl%l ens?nr tﬁa e%?sn(gtto(% contacting Ila
with eNreaanhydrida N acaondis mafﬂrnmﬁa Yhe present

invention there is provided a process for preparing a
compound according to fornﬁla Id conprising the steps
of (i) contacting lla wt car hoxyanhydri de ( NCA)
according to fornula V 10 wh I n R®boc or cbz to
afford Ilb; and, (ii) contatti llb with a
deprotecting reagent to afford Id, or an acid

ddi.t i@ saI ol v te hydrate t here and .
V%ﬁé?llé?ng?e OTrg & T (il sorarinb 1 FRjgeingpagent to
affoed kg or enidd hddition edlt, hrselvtwe es ehydiabeidofind Waerin B, R" and

wsgeagggﬁn%td@lr?e(fna%ovgor 15 preparing a conpound
accordrn ormil'a Id conprising the steps of (i)

contacting Ila with a conpound of fornula V wherein R
i s iBengthepgmbediseryof the preserttdneehtion there ks; pravided a pidcess for

pIQ trﬁgta'ce& bl %dolﬂdlﬁ Q@Rﬁﬂﬁlﬁﬂﬁ' c'dglﬂrf‘s At stteg s G (Ii Qo tacting ITa

1.on a sol vate

.d, an aci K
Wil gBRPO af&rré%lr N Vrirleaelar%ls rRorprape and Rids b%@ afford IIbs and,
h)éfcﬂitmih@\lm wikida dB@*o&QﬁngE reRgetit e afforl Id‘,’ ﬂ?acﬁkﬂ 88&0bn salt, a solvate

o R sitihet e e st B FBRCt Hera et rg e

steps of (i) contacting Ila, wherein Rla and R b
t ogén heother enlRRDREn bofthepreaed ilR@ntiog eidreis proeided a process for

(rgnpa@m al%tn ﬁnd &‘écro?dlﬁ fb Qﬁlu?at drbg ﬁH&rthQ st?fJ{ @Johpactmg I1a,

I‘OteCtI n

a’r‘rﬁlélR atﬂge%uer@ CRy amch errtr‘r Retogethgr arg Qafsfaﬂ%ﬁnea with an
atﬁlsuﬁg;/@@@pthlaﬂgwrmc%rd ﬁ@cﬂebt&&:ti‘h%'ﬁb wﬁﬁs |ngixtd§g oﬁtnoéuene,
sol vat e, or rat.e [ fi
e e 5 i bR s i G ackEhdition sal
of hd;@n tisclmate loe hedriate théreut, dddrein RiOGRSEnEdherefiaBP@ | N a
compound according to fornula Id conprising the steps

of h hnGRE AfbddiGehd S the present invention there is provided a process for
preparing a compound according to formula Id comprising the steps of (i) contacting Ila,
wherein R1la and R1b together are R*CR® and R? and R? together are (CH,)4, with an
NCA according to formula V wherein R is iso-propyl and R* is boc to afford IIb; and, (ii)
contacting IIb with a mixture of toluene, isopropanol and aqueous hydrochloric acid to
afford the hydrochloric acid addition salt of Id, or a solvate or hydrate thereof.

In another embodiment of the present invention there is provided a process for

preparing a compound according to formula Id comprising the steps of (i) contacting 1-
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wherein Rla and R b together are R2CR3 and R2 and R3
together are (CH2)4, with an NCA according to fornula

W 20d5a882m R i s i so-propyl and R4 is boc to af Porapridobposstt
and, (ii) ~contacting Ilb with a mxture of tol uene,
I sopropanol and aqueous hydr ochl ori ¢ aci d to 30 afford

(oo ate S g ST bF G mAAYS e HeroLiiss Hin or
[1,h¢] tpinesledtcaioagiit dahamindr @lc) withraond-dietipeotartingessurf orafford a
cgm B&LA ngo?rtnﬁfé g@gcoggac?nl? hqgm ho ! ockﬂ'cﬂige%%t to afford IIb; and,

SN co n ?
@@@Qgé?b W@F/ammmt@@gmntt@ afford d, an acid addition salt, a

s&l(rgtgog §hgﬁa§esﬁle1%o{ﬂwﬂé1@iﬁd£( R, B° YA ROXNETR td@ﬂllled: I?Jr&ﬁQS’dif%

furan [1,2, 4] triazol e- 3-carboxylic acid

am th aV| dIO| pr.ot ect | Io o,afford

a %?M}F%e%v? fhe presertiryention ik o g‘flﬁ%fl fpragess for
padpatigy habimpguad ecn:brdlﬁg & fopmtld Idpnfpriding the $tE])s of contactmg (i) 1-

I tote

B e e e A A e I
[t ,Béﬂ@mfzol\$ﬁe¢aeboxyli‘«; adkil amnidki (5]c) avirdh areic-dicd paﬁe@mglgn@l@p R’C(=O)R
V\hﬁ?&h FRaQﬁ’cY R§ t ch@ln'g*pe Q%f -a%ggé?l@' o] engranﬂ}l?re Rveals] or R? 1s

i nvention the e | [ OVi cess prepari ng

S
PEERP Ot A 0&5&@&]& in §ydrogem inatford P&O@@ﬁﬁlﬂ‘ﬂ of fogmplell %t(lé)p@ntactmg
Iﬁfm‘ﬁl@@ﬁ %a génkt td afford ITb; and, (111) contacting ITb w1th a deprotectlng

<be o) 1 o i g AN SR Do G, am

mrdesddﬂnealh\anetrfabavau c-diol protecting group RRC(=0O) R3
1o wherein R2 and R3 together are C3_6-al kyl ene,

i nd §R %Hgt%g; %:%b@cﬁ ellpg\ﬁhe &Xﬁt 1?\?enﬁ§n Itl’?‘ere R nge@ ? process for

al kox t 0 a oun
Pﬂf@j}l’aﬂmga coppoupil @gcoedmg a@ fqrﬁgﬂa Id carrmrtsmgathe sleps efjoptpcting (i) 1-

(Bt 41t 95)24 &%ﬁiydkéﬂz 5.3 xzriggt}ﬁyl %ﬁh?&xb'—ﬂﬁgad h? men a
ail

depr ot ect| ng gent n acid addition
(3214 thiagolec b Faadﬁyasi t‘”ﬂ@rae\ﬁf doRERES PEEroun Y
R?és(aoeRhsh&ahm?addméﬁmmﬂwene fbafford Ashpeind of formula ITa

R e Dy esfhelEICTR LA RO PR 0SS A3 BLOMLASY, i

cbntam;lhgllh G&mﬂnmmylstm@agelneusatfépé bt amb rﬁnlacommqlr(g b with a

e S
vehrarela Randy* ane asdefingd betgingb oot ecting group is

R2C( O)RS wherein R2 and R3 is C3_6-al kylene to afford
a CcqrRabiér &hbbaniEt af e presdf) inbeitiohRhdRe & p’cfﬁﬁhd&l B process for

t th
RSP Gl ARG CEocy SR SRl 4 ST G ety PLsomgting () 1-
(miﬁﬁ 4R,6S)ad tatiblydrody-5-diydroxiviethyl-caribadto-fogar -REyai iR a
t d

2P B sl PeBRRE it Bl LR Syt B e BeL AL e
Bﬁ@(a@éR asheteini K emdt?e nseﬂnad&svlene torefiond e hempewndaf feemula Ila
\?gerélﬁ?lpﬁxﬁﬂ@mttogem’e? Bid PTPheA R LRd RP ’Eﬁg'egl%g aré CE!; 50.9@}%&1@ (ii)

or 25 preparing orrpoun accor.di ng {ovmf_1 ﬂ
©atastns Hag N ey st hydside ae9or4ge (9 §0r111u a V' wherein R is iso-
lir() ﬁ‘ﬂadzlc%r&ﬁ}z radd 4Gy lcbﬁﬁbﬁﬁﬂg/t Hb Mﬂ&@rrﬁmm‘ebﬁ Wluére fsalblm@ﬁnol and

L a

Svetits Tierashidiiaid o toFa e v S B At R el b1 BE o solvate

or hydrate thereof.

In another embodiment of the present invention there is provided compounds
formula XI, wherein R is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl,
Cs.7-cycloalkyl or phenyl optionally substituted with a substituent selected from the
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R2C(=O)R3 wherein R2 and R3 is C4.5-al kylene to afford

a conpound of fornmula Ila wherein Ria and Rib
woagstons7are R2CR3 and R2 and R3 toget her ar ePCT/EP2004/009911 _ _

CA_5-alkylene; (ii) 30 contacting Ila with a

N- car boxyanhydri de accordi ng i6-formula V vvher e| n Ris

4 Ilb
0B 9, Ry b T A it
Rysialbem andi R iskydtogam; & fsdtydrdgen, bucdir@bizlad) mlsaCtb@ which are
lﬁgfgl ;n't&ﬂ]eaﬁltés if? gmelngnthggl? 8‘{%}%%&}11%8 0 gt e thereof.

n anot her résent 1T nvention there

lkgﬁa rrpounds 35 formula XI, wherein Ris
Iéff q@rbwglgygognngzéhgra(ljb9pgh helsirgpchemistry of the amino

abﬁl&vﬁlﬂepictediﬁ @hdl)xbﬂtﬂfal S- c@ﬁﬁ% re6h BRdck¥he Oand ?&Hﬁhae IV and V, the

qﬁ%é sub%% sub i tuent sel ected
17nna;’cu wpgggg%f SEG dppnner and the
Cbans mctqnn@sm pi1©tess imivkich, theamarcedcl'@ Yy tieehihalaoideRiivitdve,
M%Q%ﬂ%rﬁf (CH2),,, or R2 is alkoxy and R3

ydro en, ydrogen boc or cbz; and, nis 1
to 3.which are wuseful internediates in the syntheS|s
of dOHpSQHEEWiSE staisentie follawingresms kis¢d indhis Appheatiant including the

sp&dﬂﬁcaﬁ@ﬁ Qfdtlaknd, BQ\te thk HQﬁ’MQBn dgleerﬁﬁe%@ O?H@?Béger %" Bf "an" entity

t in the na
R eSO OCBRETE (B CHROF GrARREIS YoemBowd Yfes to one
opmowre ssmpouhds dret teastrome doﬁhlpbuﬂ\dt hs mngﬂhu E@his ”I " (or "an"), "one or
0 gur " nne the clalns
n%r% %gsés{ l&ts{p(?%c 635 ?use\/\ﬁflt@ﬁ g?ﬂ%e é]r%é}’r%enéci d, or the
am no acid derivative, possesses either
confln gerestli e systrmatissnamérstatinsaissd it this, Applieaticpl s bededgn

AW(DN OMES +.8.0] ehB&lsi&?rpiﬂsﬁﬁIté Q&nph@ﬁg&? G ilaf"theggnera’uon of

I@gm i cation and.cl ai ns, have I'ni tons
ystematippemerclatyre. o an* entity as used herein
refers to one or nore of that entity; for exanple, a
confit plirasefBrdefihal ldeinalosvelredtfers &Dﬂ%%éﬁiﬁst@eﬁﬁiﬁdn%ﬁ@hded in

tﬁ@gnﬁglq}e)}%ﬂgegwe fuch t he terrrs "a" (or "an"), "one

"feast one" can be used
| nt er chang"eabl Y herein. In general, the systenmatic
ihe Iterny falicyli'se wsedrhertinslengioh iw anbranchied drasetthed ctifin,

sﬁUFMMo‘GaI‘éniﬁ%é%dnsfe@ L%& R@%ﬁto%@tﬁo%rdtér%g The term

"o LTI e i i 0B beanched s srodeben il ortaining Lo

cibbansorhe "01§-ike aase@&d @i@lfelix{lfetférQEb Qfﬂkﬁ@@ﬂl békd &fh% 10 carbons.

S he |
EREPEl ﬁ%@%@fg@@aﬁnﬁlﬁ% BRctredbhmParbister i wouppinclude
nsedlydy ﬂh}dd}?rowhnpajpehh -byesll bbatyhasbutgoir geteryk bopaiti Aeppkntyl,

[N eE] r orrs The term "lower alkyl" denotes a
s}a’ral ﬁ?ag'?%branched chai n hydrocarbon residue

contal ning 1 to 6 carbon atoms. "G _lo-alkyl" as used
her d1f teray é]fl"é)XY groap” a3 vopH hernimorans asf -Qrakkyl group,artizoeis alkyl is

aEéI@HHéH%Berf sugh KyinefoRy Fé%hd h 1 FHyRay, d-b -

B opRr AL roust gél‘i}fjdlﬁquyw i-BEDy R, d-bUtASS, i
butyloxy, t uty OXY; pen%rloxyiJ exy OXY, 1nc1ud1ng their isomers. "Cy.jo-alkoxy" as used
herein refers to an-O-alkyl wherein alkyl is Cy_1o.

The term "alkylene" as used herein denotes a divalent linear or branched saturated
hydrocarbon radical, having from four to six carbons inclusive, unless otherwise
indicated. Examples of alkylene radicals include propylene, butylene, pentylene or
hexylene.
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met hyl, ethyl, propyl, i-propyl, n-butyl, i-butyl,

t-butyl or pentyl, isopentyl, neopentyl, 25 hexyl,
waepisyk3s2and octyl. The term "al koxy group” asPas@E®2004/009911

herei n neans an -0-al kyl group, wherein alkyl is as

def i ned above such as nethoxyfgethoxy, n- pr opyl oxy,

e DEBPE R Wk Rl SHop Ao S g

corthindil at&bwbomstottseﬁe cydaobpyly @ifchjbatyﬂ Ozydnp@tjall, kyelohexyl or

Cﬂ‘%eep !HH efidt" g%loagkygl Se&‘;ﬁeremnree{aerr s oranbcryan?:]l%gl Solﬁ?cg&d?’ to7

civpdnomathbomrboglicehg. having from four to six carbons
i nclusive, unless otherwi se indicated. Exanples of

al krr*he Béni %ﬂ&aﬁéﬂ”%s hraalhlee@n RleRRYAENS- RS @ Svherein alkyl is as
penté ne or Te WO 2005/ 023827

ewc@@gm an@ FHEnEk prpropgRqloareprnolyy bkagl, i-butanol,
tIhRkRioN 1ﬂﬁﬁ@f&1§$heﬁir1§@hbk’@at ed carbocyclic ring
contalnlng to 7 carbon atons I.e. cyclopropyl

l.obut t il I
cye T% Ev%rf LgF%; SRS gse\élshee § (re? grs%( X é{;oulps (?é%—@mﬁ Where the
@gemaittdamlls .uoa‘lpbagmugf grgup of 7n amardowics R in thisearethane is alkyl as
us& ﬁ’é}&\ﬁﬁ; h%ﬂ) yrtgft Eﬁoé)q{rrﬁ is %Ire]@f' Eébz) 38n é@ﬁ@alaﬁrd%ﬁﬂmon for

mherel IS as e(lne
'g][e@hpéles @pcuﬁeégewg{ ip ap, bengy @W{honyl linked to an amino
gkowgy.opanol , n-butanol, |-butanol t - but anol ,

|nclud|ng their isomers. The term " urethane as used

h f
n Ietr rellg’gg%r%ﬁ c%ﬂ?qegcelé ﬁg gf%ﬁ‘gMﬁQS ép a l%oué)f I?%@(S@PT?{ wherein R is alkyl

catiydrogeh bnd Rhis alkyket hane is al kyl as 1o used hereln
preferably tert- butyl (boc) or Ris benzyl (cbz). An

equinal t?xEl[é " %ﬂl ) solv¥n®lAEBRE or 1&'&%%nﬂesﬁ@ﬁ Bs diethyl

i s an a car enzyl oxycar bonyl |1 nked to ag
rligroim perganer h@(atnérCrYFO ?xanéelsqp e, %réar}fs bepzgas éplgene, dioxane,

té@i}%rd%ﬁ?a@cabeﬂetﬁ%%és wherein Ris alkyl or
ydrogen and R is al kyl. 15 The term "aprotic ( or
non vent ', ans ni c lvents such as
i oM et Yot g b PG Briied REYABee By BB gbtainable
fheptthaerigiaalt@rpouhé by e nimplt ohareied, prdiesxane,
tetrahydrofuran carbon tetrachloride. The term

"d
erAably e%cgfatmg F%e%'?pa% Wty ﬁ%efﬁ%@@rmreﬁh& J%%ﬂﬁ?dﬁde, acid halide

conpound ob omt ori gi nal "
@i ammcevrttbrédr:rwhvix@fc?@elgﬁoizete alpbe apno aasH 31 ahs F?gma@e]nxdﬂde as
1?s§d H&%&‘h fb%e"rﬁtcrkdi@go%&las bethRig Eﬁ@ﬁl smcanm@(@m CROVH Wherem R is
a activ ed derlva ]dr‘f QN-‘JE ﬁei d
e e S S S
dfehes&erd) seaama i@ 0f whéreingesartalogehr The term "activated derivative"

. - O R wherein Ris an N protected al pha
S T REber m el d hal i ;

erm "acid halide" as used herein refers to
compounds

The term "activated derivative" of a compound as used herein refers to a transient
reactive form of the original compound which renders the compound active in a desired
chemical reaction, in which the original compound is only moderately reactive or non-
reactive. Activation is achieved by formation of a derivative or a chemical grouping
within the molecule with a higher free energy content than that of the original
compound, which renders the activated form more susceptible to react with another
reagent. In the context of the present invention activation of the carboxy group is of
particular importance and corresponding activating agents or groupings which activate
the carboxy group are described in more detail below. Of particular interest for the
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of the general structure RC(O X wherein Xis a hal ogen.

The term"activated derivative" 25 is as defined
woebww23sthe term "acti vated derivative" of a ceapmez®s/009911

as used herein refers to a trapsient reactive form of

the ori gi nal conpound whi ch r'ehders the conpound

p?&itﬂllt 1ﬁv<1[lﬁlo% S ar(rjun ack nanHYﬁar{}é%FVE{a |t1§/gr? %cé ér%!; omamino
aﬁléaxg,mdv@ndmtthwmn@raqu(esp:emalé)a bdfahye)fsusaephblemo edterification. An
eﬁiﬁﬁfDN %‘f hIY Qctﬁfate@l PSR LYAHPI e &nﬁf{ﬁﬂ{ '\{f}@ﬁerteﬁl R is iso-

E a higher free energy co
PE7PY: AR is Q?al compound, which renders the activated
form nore susceptible to react with another reagent.

| n {The teant@estectiig srogphisesehhercieRttd @ @@ml&agﬂogp It (a)

3 D U e B 5 g B B0 B

Blctainheteasilytramoved dftx prafediop fithe thestive goeap ismortonger required. For

ezool%%'c%%%%a%l&%?%%éﬁ%@é ot goET by bifatitupsion
no acid anhydride which is an activat ed f orm of
%ﬂe FEm AEpgoHPleringsRaep sastsed hereingefsrs t a protecting group that

pfe%Slﬁ'eth Bdabfivelantiabl Ftﬁip BHEABEWI R Woull @ b8 i dRhifidd 15adeHRM: chernlcal
erivative of _L-valine is

l.e.of. an I vat
rfiioRt BB dRGiten {ncfilss Hiefo SR ppot lovspyikangydeieups with 2 to 4
cbon aforithyén pertiulapthetaeetyl orgprgpionpl grasp, tbetitierauibstituted trltyl

h
T e T
demethpmn che tﬂl@iﬂproaw@'l glaip, tiErtrlgeomsetykgm@mlv@dlyl group, the
pBiHaBi gRSRY, 864 NOBre@fantd q)rEi%ﬁ"E(ti 'a?ﬁ?n %{Qctin% g?@uaﬂs%?gﬁ Lurethanes

‘b&iﬁsé{% %n]@g%;']@waa&nyggrﬁpp Z‘ﬁqze dy y 3{’6?}'}‘1 %ﬁ%m’&qlliq;ﬁcarh'lp@te or N-

aﬂcekyﬁarl:&ffiyh Sroppd. @Qéﬂt%ugdy@ason;as\rm@ﬁd Péfi’aﬁédrbyrr@i&lbﬁ with di(t-

cting group that 1o preserves a reactive am no
bﬂP’@ bca%h t%t herwi se woul d be nodified by certain

chem cal reactions. The definition includes the fornyl
gr olipe term ‘Gwdroxyl rabestihg groopper ValdohoPptotecting gardpd means a

?(E{c@&'ﬁ}g g(rBFIP At .E&E!er%s Jﬁ%r@ff%trxg}f Hat 8{&M9WOHﬁrb%qﬁ%d1ﬁed by

stituted
HAIB @Iﬁmlytewt}omwlngh@mta@ pﬁﬁtermwm Inﬁfyllltlcgr, aUyis-dinlcprotecting

gﬁﬁlpt ﬂé@rs’%o“a moftyPRE{RR XiYﬂlﬂ‘caBk‘(I)usl)I ﬁl%téc’fs't%llﬂfﬁ Rlotladj acent carbon

sp l‘ﬁ h&crrgfqtf [g}c%%%&%%%&? a@fb&aﬁo ue{aﬁpléeg’ f aqe:ﬁszéarlelqr rn%l"éﬁat can %e
ranbved-epsibt ek chilgpbtl@m bSalB@tﬁeNeH&tﬁiﬂb@élﬁSsucﬁ dehloer b group
Car rou .V
%'%h G er T R Boe b A Y B A g el srowp
(¢.@rthe kb@nwlgmpbopﬂycbnmum sdhstitgepatgheapbehybyingk o' tvicediolpriokecting
g%ﬁi‘;s UL dn QH&?})‘&Q BPRLy ne,-g%reaée%r{p bgﬁﬁgfdgléy or, cyclogentanone,

rotectin roup rotectin
B ks eﬁ@m@}véeﬁm hé&oxgl@e@ewﬁcém@r as’c@; grigecipcontacting

ah Bé’;fch@bftﬁb \é&télewim avit-die] t3Ferh a @Callyxy-&iBk1Rhdal6d 8 Th €Fbctive
@F tions. cont e of the present invention, a

g BPYP ‘fff ls??é’e gﬁwﬁe%? €4 noi ety whi ch
simul taneously protects two hydroxyls on adjacent
car Bbaterm "deprotecting reagent” as used herein refers to reagents contacted with

the levovirin derivative to remove the amino- and vic-diol protecting groups. Reagents
and protocols for deprotection are well known and can be found in Greene and Wauts or
in Harrison and Harrison (infra). One skilled in the chemical arts will appreciate that on
occasion protocols must be optimized for a particular molecule and such optimization is
well with the ability of one skilled in these arts.
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atons. A hydroxy-protecting group can be an ether, an

ester-, or silane that can be renoved easily after
woanplesszon of all other reaction steps, such BETAP2004/009911

| oner acyl group 25 (e.g., the_acetyl or propionyl

group or a dinmethyl-t- butyIS|I9r group), or an ar al kyl

gro e benzyl .gro pti.onal | stituted
the t‘%ﬂ’e ﬁwmmﬁn g5 oPROGHIY 8 Bied BRETRBEPRYDAGIPGGRPseREently
des;uhéd gveahontitteimystince indydlioneed mt gccacaidthet the description

1&%@ rgg %Q%ewheq 15 legtoorrlgrgl[frggﬁnce gg&hlcshanda#t&c!ey 1navol%ch it does

rever si
npbERe @camplgo ﬁIYliglttu @ptianallyanend- coralmshbst@stteé withi antellgyl group”
nYe'aﬁs ﬂia@ﬁet ﬁf At gecdl d6PBY 1 idés%oilﬁf‘ﬁe @Ie&?x tiSn %Eludes s1tuat10ns

tiv ectin ope of
"‘%F@stg‘ﬁ @rv? BTN 1P &?HOT%‘%{S‘%?SH“" tﬂ@@@hﬁ?ﬁ@t% 4gd ﬁttua‘%ls where
thisadl diengishdtehigtisutt@ withaedlkyl gequp.acted with the
| evovirin derlvatlve to renove the am no- and vic-di ol

e e S
chq:rdlcvmegctmn meansiandd gomixdtmd dlaneiegeagenisnindea) app@ppriate
cg}ﬂhhbﬁgto' Solifi& tﬁ@ ﬁ{q1&@éd aq{d'}’(%etﬁ’é H&n@@%ﬁ-&ﬁ%&t R sh&l b3ppreciated

occasion protocols nust
thyd the reastion ypich prpdicanige ?ﬁt%ﬂp%r}dmrzté@ desirddproggtmmay not
n‘étetsghrﬂ}hfés@lb dirkdtly m Fecobkiihdtsh dftwbhesen@ritich Wle 1n1t1a11y
580 [ 023827 P /EP2004/ 009911 d.10 The .t erm%,gjpcl1 t% it
be %may © gRe pBYreiBfEm it NI p Prgfiiced in the mixture
wHitiselguend) jeaddeshe fdvedtien efithedndicited and/oatheelenipgd frotiuct.
need not occur, and that the description includes

| NStRRGES, iR s1tdE s P& erh rsfefsng%eag&ogm%c  base

i nstances in

ligkedifo opertoseaniyr hysrabrcosidichiondgb6t - tlﬂaf@@al]ﬁa ocRuTsmgRRsey include
Wiy E}an;_l Qﬁ,zﬂ)%mtehﬁen{ﬂé%nél o ¥in&RYd Raturdl§ R citingREgars are ribose
an

pres e descrjption includes situations

oefwcéb%ew §EBTHPY oHeR Bt emsrmpStes CamBaL iR Hich the
sﬁkéﬁé'ndlb’r&ﬂ@nﬂ esdisibatd 10196 bedhedhemidaliie nesdifiedyr oup i s

not substituted with the alkyl group. As used herein,

!0 ifioeh SEESHC fthods 6P BARIAS. oBllons BRI deri MG are
devwibed beiome numg&mmochﬁ@@pnamﬂ d}:ﬁrnmvs precesutietistwib s apparent
t{y ?hcps.h 3K Pg@bﬁ e aftnﬂk&)‘?&lﬁgl aﬂﬂﬂj&%'écr I#gf%nda%%l' th&d eﬂrﬁﬂl‘é&&re to be

reciate reactio
oReaLRdes Mw@ranﬁ@@@aﬁe@ 1SefﬁH?h6 r‘PUfme gEtepshipg ﬂ}%ﬁ ﬁ}%ﬁedriﬁ)l‘he art
¥t proEeS IS ﬂ)ﬂoﬁu&ﬁ§ glicylbicy REbYi¥infdesimatiee ThutbbFdedsemay be

rea nts Whl tiall dde .
Ny S aTBHGnER Jr et HAP I (TSR igrd the exclusiv
e oflalteddifitatibues wihixt usree withircthe wédpersditied apperdaiiscldio is heserved.
formation of the indicated and/or the desired product.

15 T ?ﬁgeoside" as used herein refers to a
n|trogenoust% erocyclic base |inked to a pentose
sugar by a glycosidic bond at C1. Naturally occurring

basé¥<i ncl ude uracil, thynlnéﬂtéyﬁﬁ§ﬁﬁémﬂédenlne and
guani ne and naturally occurring sugars are ribose and
2-demxyri bose. The term nucl ebsh further enconpasses
compounds in which the sugar and/or the nitrogenous

basebhave been chem cal ly nnd&éhgﬂnqmmbonﬂ

DCE 1,2-dichloroethane

DEAD diethyl azodicarboxylate



20 Al t hough specific nethods for producing 5 -acyl oxy

l evovirin derivatives are described bel ow, numerous
waonadisfoesatri ons and al ternative process steps WPCH/ER2004/009911

apparent to those skilled in_the art. Accordingly,

this description and these eiéllqﬁl es are to be

construed as illustrative only, and is.for, the purpose
of i)gébm ng those skilled in %{%EO?FPPYIW&P&@X@&ESS%
for producing 5 -acyloxy levovirin derivatives. These
proédBdBes may be 25 varied suNs¥alitietiylfgrmamhieut
departing fromthe spirit of the invention and the
exclgygihye use of all nodificghlongphi ch come within
the scope of the appended clainfis reserved.
ABBREVI ATI ONS Boc tert-butoxyc rgonyl Bn benzyl 30
cbz Bhzyl oxycar bonyl DCE 1, leg}Y RN6F oet hane DEAD
di et hyl azodi carboxyl ate WD 2005/ 023827
5 PCT/HBR004/ 009911 -11- DI AD ethanol
di -i so- propyl azodi car boxyl ate DWW
N, N-di ket hyl f or mam de Et OAc . etate Et20
di et f/&et her '5 Et OH et hanol S&E%J&ﬁﬁgcet onitrile MOH
met hanol ~ NCA N-car boxyanhydri de NWP
N- meeYHpyrrol i done 10 psi powedkaneér square inch pyr
pyridine rt roomtenperature TEA triethylamne TFA
trif\jggroacetic acid 15 THE tN.E@BMﬁ}Fagﬁwlﬂb TLC thin
| ayer chromat ography TsOH p-tol uenesul foni c acid
non rate UNCA N-uret hane- ca&??x%ar]hdydri de vic
Yipyrro

vi ci 20 PROCESS STEPS e wdone
10 psi pounds per square inch
pyr pyridine
rt room temperature
TEA triethylamine
TFA trifluoroacetic acid
15 THE tetrahydrofuran
TLC thin layer chromatography
TsOH p-toluenesulfonic acid monohydrate
UNCA N-urethane-N-carboxyanhydride
vic vicinal
20 PROCESS STEPS

Step (a) hydroxyl protection

To insure selective esterification of the 5-hydroxy of levovirin (IIc) the 2'- and 3'-
secondary hydroxy groups of the ribosyl moiety must be protected. Protecting groups for
vicinal diols often convert the diol into a dioxolane or dioxane ring. Most commonly

25 these protecting groups include aldehydes and ketones which readily form dioxolanes.
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Step (a) hydroxyl protection To insure selective
esterification of the 5-hydroxy of levovirin (llc) the
wa'2005a28823' - secondary hydroxy groups of the r Poo&PR004/009911

noi ety nust be protected. Protecting groups for
vi ci nal d| oI s often convert tHé -di ol into a di oxol ane

r d|o g. JMost 5 these protecti
%F @%d@ﬁw@% ?eéf igljaeteghing aroaleamc{lgde acetone and
CfsQlfd?‘tldalkXﬁxbr&ﬁ EReveY¥on2PQ keQPBIAE dRLTY dcB2BPHIHA Nthlaquddus acid

agg ﬁ&ggan%éoéslga%v %e %aﬁj%gxgggietg?lg%éor% ggeltrlﬂls t th wc—gloPs which can be
IOTecttgd:lb)thd(agﬁmnbism oRedidicdydradysisa Mehaky fubstitugodioolthe
Hefiz aptddhed deaEe (%21 iic] cﬁ&ygs aﬁ@gls@gtrﬂflgacma%%e of the

c o SO Benza Qrns_ac
%med} ewéw‘f@aﬁn%@onﬁ &[5 6@ e NS ) ylﬂwéﬁ@ﬂ%ﬁbvées afford
cﬁéxcﬂﬁie@l iw‘PnJBN&lh Bk b chdYBIcAIBX eaﬁﬂé@ SCy&iétdr%eﬁ&st
enzal g'g’tf reases tlli 4 f aci.di c ,gfé SIS d
%’&raﬁ‘?tf‘ AF BEFPAHRIZET 2 r&’?"tﬁ%g ﬁ’ﬁ’ € compounds
CGJX bd aleaweel wnled ild aoisljc @nd1t1dﬁ@;(}NH¢k:)J&( tNeB)iGal product is an ester which
Séc:bg%%e ﬁ%}%lg& I’?cy Qeggne?efltfe gl c&/ld I'ﬁéoéganes o ngagggl %lg)e%tylidene

eave ¢lic

cethmmffhgds éhsadlal:@t@tly npoe atid dpdeplysisi fe'dlua@rlmrmltes and cyclic
glféa?&t nd]l so@?ﬁtﬁ&@@lﬁfi&%&%ﬁ?&oﬁﬁs C}u?}aéﬁecﬁese diol

aCI ILc conditi‘ons

P;spt?s%g gnogpa?p%%b%a apkAdtR the PrasEt Precepy CMB’I%AE z ¢ gpformation

reQGENe I b@cﬂi&tﬁ‘arﬂi %ﬂ rotI«ftﬁ)ntC%ﬁ'élldo%oEQah B@found i 1{1 T. W. Greene and P.
ene. ortho ester

GifeBers PERERE Ry o e T eftn o B4 Barabad iy e sons

N«w York, 1598, andtesri@hsodiéaresdoetrad, @ompemdhum ¢fySyathetic Ofrganic

1‘& ﬁét\*og%l%{ @)‘1418%11@%&%‘1‘0& %? 1@9@ ! G?rperrﬁtrgﬁgvbpgfwge }éreparatmn

c 10t
Qfema epside corhpouralsipoeviding glesmﬁsmgls pf sitaéeg1¢Scfﬁr nwdeoside synthesis also

l‘gﬁg 'b@etnel%lﬁlﬂﬂeﬂA ol o eReksn $RO Chemb Nd%le-gmdyyan@ﬁ@dl‘&)udes

P. Protective ups.in nic
Aspdemisslitsss, Bey S@E{fﬂ?%n L Gpodmapifasis g}l@&%@ m Nué%l%ﬁl@ Chemistry
E@@% ParytD Hadadem @ Pra®d dNHa Yokls 09748V oR, cha Itlhidnc@&ocedures

XA 54 C 005 a0 el S ) 'Ri%% Bk 107

Wél. hued 20di Werbewgygpo andl€. Run\Hotkmdlatidbook ef Nudeqmﬁde Chemistry

t u
SRS RS AR B Rl

pial enfiestieot | des 20 Academic Press, New York 1963; L
Goodnman Basic Principles in Nucleic Acid Chem stry

Ed. IPreférPoM %Qt)ro&?cﬁﬁ le ﬁ"§ f5&tedNBWIYR ke ﬂi&Ye‘hsolM@én ofls acid

ter heti ure cleic.a
el e 2 %’é%tﬁ estef b miniweag g
ﬁ(&tﬁcau&ﬁ) 7Bhe se¥ation df ﬁptbtéttlnlgl grdlgr willldyeve iafigenCed by the need to
R G50 B0y S AL A5 ST b M B e e
¢pamerization arekedrage of the 204 gtdvei witke newly deproteiest lefda@w;groups
the protecting group is selected to allow the facile

| solgacgl%gp) feri®cfdnd addition salt of the am no
substitut'ed al kanoyl ester with m ninal additional

glugl nlbéra’r:olrfg{nrwélgggla sbgiﬁgtt%% gﬁlé)glgstqpo Bleoatn%%tol oqlpgcgfo thOan! ammo ac1d
must be protected to prevent undesirable amide formation. Numerous N-protecting
groups have been developed which can be selectively cleaved under a variety of
conditions. Protection strategies for coupling amino acids have been extensively
reviewed (see e.g., M. Bodanszky, Principles of Peptide Synthesis, Springer Verlag, New
York 1993; P. Lloyd-Williams and F. Albericio Chemical Methods for the Synthesis of
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- Prior to carrying out the esté

avoi d rigorous deprotection conditions which could
lead to partial hydrolysis of the ester, 30
weplosesat i on or exchange of the acyl group weCH/ER20KP09911
deprotected hydroxy groups. gp (b) esterification
ification step, the

of ted t
FAPHS ARl Gl e PR e Febnoll Bl NpRER b SCes o
mlsqmp@taeedthengn igtheirpatinety. e Theeniode veimppbtediinggrags useful in this

I
LT AL Uit ) St A Q0T
A¥russthasiNv@rgpo XYraebV@r y@e commerqgdlyvailable (SNPE Inc.,
F@tﬂcssbhptgq% Aﬁirldl_ﬁlﬁﬂl‘iééﬂls\?lﬁlyd"tMﬁﬁhﬁ(ee SMAAI%ers@{ﬁa b&ermcléte@b St.
N AT AU M RSN
d%ﬁEHbEH’i’xﬁ)ﬂﬁ/Hﬁ&Qﬁ&é (Wﬂ]ﬂallﬁdmfhﬂieﬁetahdj RintChens SCRAOPD 537414~
ﬁ%)awﬁ@ﬁ ?srln%d: hoxla?edmérelnlhﬁr rgfere%f e e mar%hgf these could be effectively

I'ncor porate
eamp ﬂxﬁdpn thegureseny prgtcgs;pgretesle:ﬂuulrethanet pnogectlng gre:mpus tm:lude the tert-

HulGyeal® ohy1Re Rz zlo - (cbz),
tert but oxy- car bonyl (Boc) N—fornyl and
ur.et hane- N-.gar box nhydri es whi ch are al ) .
mﬁ’reé‘FI&PP 9C1§\¥%‘1‘Slt é%? g G@NPEC II’t‘i’cS’r to earppng ek t&i‘ﬁ eStRTlﬁjcauon step.
P‘icbt?b’cbls or@ifditraabuflng ofMiliprstkied achSac,ldsﬁl{h@e Begimfined and

R S @&%&SZ%W&& b RN Poend &y Agicig v

fkitdsast i badvilenttoffighd pmmcmdmmn() ¥iill lknd mefuiveleht efra siitable coupling

n C 0 pogg(tﬁ’giénﬁ nt, :Ia%gq %&r Y n&loZ%ﬁflm‘ME &]'Eaitfof such d11m1des
WighybapiqgEoups él:@thvleNy( é@iﬁteﬁw@dminﬁ PIPYhEESed mpiedwééq:; oride,
d%ﬁqu{er 1&')Fe@tfftﬁﬁ €hdt &Y SOthke NG Hﬁ%ﬁ agaﬁt sete ok hentert -

T LS béélog{%tﬁteggt“g{&%ﬁféﬁ 3R BT e el A qrfgs may be

mﬂ GN uheoat adﬂittﬁdséﬂve bimdtdanifled whidh iefgroed &i&tcoﬁpiu@ dffigency

%)thl re?c‘ei%(i\'zta d a CI dnsnélg ?‘a\élﬁt SHZQ qg(ri]lnrée{ Ih?fgligxebenzotrlazole and 3-

Imdow~W+d1h)a1me 4amd> 1%2 3Ah>dmeotrmzme éWp K@)ng an®itR | Geger Chem.
]@é}Li@y@l(MOZQ nll 56348 ?ﬂr&% ﬂiﬂn@é: Ej\/@tﬂ%cﬂ' and F. Drees, Chem.

equi val ent o a sul't I ng 15 agent or

Rrsnifgp 8Pilag), édré'étOXYe7~gzabenzosﬂeﬁOWét Shiexipinak Bert Ghepy doc. 1993

%rs 4?ﬁ1714§989f Ashial I/lhﬂr?nletaﬁ andl HbsPrasH 1ﬁm§Hng/${OAt -based coupling
e I e am carpodi i m

RO OP PV ORGh b&é@tﬁ%ﬁ@ PG At |benzotriazol-1-

Wohebis @@Mﬂdﬁbbﬂt@nﬂgﬁ h&&ﬂauﬁph&@ﬂ&td‘{] -Xu and S. Chen Tetrahedron

fe%% ?%}y% 6475']1 azgfi %ﬁalﬁoﬁcgltme%h gl%ﬁﬁ alq%'lm{Hm

lmxglq:hl@mestlmavetelﬁ%eln andénXm,fl‘ ee:dhemm helitieoode: 36@@ O-(7-

&QUQszG&z&ff ZB' €N %- t%&aﬁ&@ﬁ‘l iath:&m{lﬂﬁ%ﬂﬁﬁ{ h&aﬂe&ogﬁes hate (

glehean 1o 8 el g ot at ool sl
d‘f&?drﬁetﬁ endfur daeirg @lex &N Rdph lﬁaté-@AZQErK&Set?aQZPEt@ﬁgdron Lett. 1993
T R
tetraflvorotanafs (RoKaorrAmal. CeabedBacLetl 9989 341873387~ 4398) .

&}idfﬁa(zlﬁfy%} W (AR LRRRST REGRAHIBHORHAHNYE. ARASRE et al,,
Tetrahedron Lett. 1997 38:4853), 1-benzotriazolyloxy-tris-
(dimethylamino)phosphonium hexafluorophosphate (B. Castro et al. Tetrahedron Lett.
1976 14:1219) and, 1-benzotriazoloxy-tris-pyrrolidinophosphonium
hexafluorophosphate (J. Coste et al. Tetrahedron Lett. 1990 31:205).
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25 reagents have been devel oped, e.g based peptide
coupling reagents, e.g., 1l-benzotriazol-I-
\Nghmwyahn$(pyrrolidino)uroniun1hexaf|uorophospharﬂmmmmmw9n
Xu and S. Chen Tetrahedron ﬁé 1992 33:647),
1-benzotriazol - 1-yl oxy- N, N- di mét hyl net hanani m ni um

EZ? Cgﬁ&g@nt I%@é&he 1% fe?hnaz?gtg%rﬁ%rsﬁj uge-{ﬁ%r{egl&ega{rg&cy anhydrides
(UNGA's) WH1Bn8Dt Btltexree tlhj [Aamy@irenu Boc.dRPY i 2:7414-7416, which is
1%%%8(5%%?1‘1%2%19 ﬁg g%r%n&) LotR0 pfotedte it acitt NADb Sp@Hhydrides are

desctibed mBEH Potant ApplicatiopWOH4429315. YNEA's V do not require an

u the(cBupliid ir€Rersibl
agﬁ@attl'i)ﬁ'lﬁg{iirfg&g@%%’t%ﬂ%% ?h@%%%ﬁb&@ﬁp@bg’éﬂﬁﬁg e(cbupliid irfRersibly

34
we%th& CBPNWIGE‘%%‘)?S Floyienern 9ng difed %1 e heyniqal greswill
rE@ighﬁMdtkﬂer@ﬁtleﬂ etgeinrs afd uedabestatfy thikenttming 5dtydadxy group

Ogi%bg E‘%ergg[f}%.%aetgﬁtat &S&,Pliof e?aof é%/cr%r\% %; goosl yield without racemization of
dsmm‘etru:menprhs) s‘idhanetn(el-'eouphmeagﬂn@s @n bg|readily gdentified without undo

%S% Loh Lett. 1997 38:4853),
enzotrlazolyloxy tris- (dinethylam no)phosphoni um

hexaf | uor ophosphate (B. Castro et al. Tetrahedron
Let tStep (9 Aeprotection stePand,

1- benzotri azol oxy-tris-pyrrolidi nophosphoni um
hex affleuore1he a gl ai6tetting &08p enétheaibosjldtydahgbipotectieg group(s)

1990 31: 005/ 02382 /

358 Fetlp%‘ffﬁi’iy% R}V\gefﬁpn eélrcg 100s, the 9 tlﬁ}cﬂ-l nvenC?nlég (;fglolge?ﬁlojval of the
Protictihg groeps mbmmdyonahhymmdespro(cqgmgg)upe wplqgysdimthe
B\E)lcésﬁ D& {)ro%lectloﬁ urfdd a e%hﬁ DnRA6ns RSids thad tl?e‘%ﬂm@%l&p liberated in

I'ncor por at erein by refer
@pd{:@gp@gﬁmﬁqq@tlcgbwd bq_Rrg’pq@@;@)gl, Leuibe ?cflg ééglgpg salt w1l1 be formed

%@I\%Zdrt !éﬁi&/@tdl&lgﬁ&rﬁa&rﬁéﬁn%@ RLil (g‘)@{%sblﬂﬂ tIMﬁtﬁfg/ tBO3orhpound of Formula
S re an 5 activation

@é}_@q s aﬁqﬂhqrbﬁi&e:l}bsﬁo élﬁpw rac(?mlg.?émlnﬁ)gﬂ&egad‘&nometﬁﬁene
Eb &Y BB habilivate Biblavies of tie: prodyndti Tigerefers tHosnextampls. given below
flg)gvo%lﬁ de- ébcl)?{)]‘%gﬁorél t|§]i()e gvrltglr{h% &, ?Hﬁﬂhg B m3fids ot :!méd addition salt.

eagent's can us
The pracésg chun furtlemaomiprige @My@m tlgq asifhaddition ait tgdhq: BRgbase or

ﬂﬁ%rﬁ LSRG S RE a?ﬁa%@éiﬁmﬁ a%@é it MR Yoid hadiaeRsalki el d

racen1z |on of tric centers.
Alternatlve couplin agents can be rea . .
it EH R U STIRRIG STOTD ICRTRE PGP BRI DT e Eg P s

9@%%\@1 RGefbasd ﬁtﬁ&cfﬂhﬁclNa@d’Quﬁ@uﬂﬁCﬂaﬂﬂ of @ghningo-golvep or with

th b
O e AT TLEELLIR AR
dﬁedlytwlﬁhﬁhé bitter esrodiadnsofilltafford @ﬁ(bltlﬁ@(lrpmcg:ta@q: slifpsThgi | |
%oep%gty%ﬁeneh\%cfgﬁgéxSéékt?ﬁ&%%ﬁﬁ e5l bR nved RS BARL QXS THe

rocess under acidic caonditions
eomp}eggnpﬁéte rﬁ*réloarﬁan ge g?%’fpr@d wnggoayertipnal fleC analysis. The

ﬁngEﬂgﬁC&f 'tf?@pfo%ﬁ@@ drﬁlﬂh@ﬁsbiaﬁ@ﬁ oP4 @xty@tﬁﬁitne @stexi is ear,neﬁ et by

tion sal f or med

FeBYSCHIZHER OF eﬁe@ﬁ@aﬁﬁ%onéew“ﬁﬁeé §‘é‘tli’tas Tlﬂg’cﬁ C&E ?W&t%ﬁ%’hm
¢QRpRues of Fornula (I1d) as an acid addition salt
hel ps to suppress racemn zati on of the am nonethyl ene

If the cbz group is used as the amino-protecting group, its removal is effected by
hydrogenolysis. The de-protection reaction is carried out by dissolving the product of
the esterification step (c) in an inert solvent, preferably in an acidic solvent, using a

hydrogenation catalyst such as palladium on carbon, or palladium hydroxide on carbon
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carbon and facilitate isolation of the product.

Therefore, those exanples given bel ow 20 show t he
wdee@roassect i on step with the conconitant formaPComrPefo4/009911

an acid addition salt. The process can further

conpri se conversion of the acild addition salt to the

(RERERT TS Et G PR N EPED: Do taean T aad 36 po (0.1-140
alti@) tpr letaply20yto20D piiy(t 4gtbatm)i s bei ng used as
am no- protecting group, its renoval is effected with

aC| qnfél%ig gous HC1 and an organi c co-sol vent or
rl? uoroacetic acid neat. The forner

condrtr ons wll afford the_hydrochloride_ salt direc
whi 1@ng efeordizeneskilbnbe artanrd alsp Fecogrirgihgt {hﬁéompoung otf %c}{rmula Id

thiy b preparag efthérars 9a |at:1d a_ﬂﬁﬁlon%éﬂ@ bﬂ@ﬁh& ybirespoadingdredibase. If

tect
BmrLe Gl SRS B AR e P CHERT [ dree base by
teemwent witna buiTdb{z tase bychias anifivenivypuryidf oxide sodutiaf, sa)chem
drc%H& 2 p%{%;m%&er%}d?&h&er %)/Ptg{aﬁ(e @I&/&é(f@lt i irﬁﬁ ot 86 pbit out that

rr e I zat1 on_or

tha fiet besgtof fmmtéelﬂ'his @fter maze Hiffanly tqua@ceﬁ%rb&pd@rae&mdéﬂwn
Leehniques If the cbz group is used as the

am no- prot ecting group, its renmoval is effected by

hydr o ? The de- rotefﬂtlon reactl IS .C ed..

out F\?Pﬁ Basgggora s@fan JpRroxe Rhfypggtpr%emes ofa
pdreft doﬁ)poluﬁda Dddalip i actbleempound &) posbisys ddeqaate alpérdical stability

%ol VO H?ﬁ%ilﬁan grg?rbggﬁro dr Ogﬁ (fhe%rgy%? %%cf ggﬁggﬁ]aﬁ?%ecovered (ii)
M!Bﬂﬂﬁs&&@tﬁﬁ@sblutmﬁtyﬁ@?hquaw mpﬁabl?a‘.plmﬁqq, @ii) is amenable to
éﬁ‘%g%g ﬂo‘dﬁ?gﬁ%%@gﬁk£ﬁ sﬁMrRﬂ%ﬂnﬁfaﬁ%ﬁ With Ire%h%@en 1

20 1Q2
decomppaitianey cheiesgh o DU S h R e R FS Riye Compound,

ﬁjﬂ J:)Jhﬂid% ak&ptabld lowk kérnﬁ&h%ﬁn&aﬁi @L@Eﬂﬁt}zﬁi thé ffrntuibdeiono ISpbmHerem a

Lt e 0PRSS SE F2yp rviy
fésefable @iﬂlcaﬁhe&nmahnde slskditaintity afahateridl véhicompetiredforranlated and
§(§)ﬁn{1§%1t3r§g Bctégrotvg e 4, rh%l%p?l?t%c%ﬂ Xffecﬁ{/g(%sgeglg éﬂa\trﬁla@eutlcal chemist,

ut.l on
bowatevwem mhgtddqnmfyj@esqﬁgitgfggnmmaggnﬁ, srpddcally sinee thergis no reliable

E’%‘Efovcﬁ]b pfrEchﬂ < ﬂ%ﬁh&?@fta SR spRids BnQHé bdhdfor of ABafeh&mpound in

ase 0 or nu I's often hore
dpwgatarersi ZHeetiancicesing Echnighes 1 COT@LJ%@P{ gtheéﬂki%‘on process,
Q{e Wb @igatdh thcRASI (G. wrmaem@h ahsd. mavmrmefmmutarmen In,

ysi cal erties ent co I deal
B SuE Sk PSDRh P Be i BB TS gl 057 e Puiing
SloaBastdrt, PA, d995; pg 1ub@ 143Muf act uri ng process, (ii) is
efficiently prepared, purified and recovered (i)

exhi kf‘thg grlegﬁés%%tf?g% @orﬁ%kﬂé@ td ddothdral® Eﬁ@&ﬁ?ﬁj tWE@A &c}hvertmg the

accepta IS anena
(ise Gaseftp emapidladdifioarsaltyshe r@repeursd 1 ésa%rédm}br ?H}Fagrq Qs&amc or
\WhdrBal€ai#l 9irPAacid addition salt-forming step, the free base is dissolved in a polar

solvent such as water or a lower alkanol (preferably isopropanol) or mixtures thereof,
and the acid is added in the required amount in water or in lower alkanol. Typically the
free base is treated with an at least stoichiometric amount of an appropriate acid. The
reaction temperature is usually kept at about 0 °C to 50 °C, preferably at about room
temperature. The corresponding salt precipitates spontaneously or can be brought out of
the solution by the addition of a less polar solvent such as ether or hexane, removal of the

solvent by evaporation or under vacuum, or by cooling the solution.
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deconposition or change of the physical and chem cal
characteristics of the conpound, (iv) exhibits
wacoewspeatal e | ong term chenmical stability in theCcT/EP2004/009911
formul ation. Salts wherein a %ow nol ar percent of the
active |ngred| ent is attri but’% e to the counterion

are 7 k;géélaﬁ/t pr V\g&é LQJ%E%?P%H?[} B!}%?ﬁ iy i L ﬂ%ﬁ%r(?'i‘e%uﬂg HUublahd R is

bad wilth dluee bscdrpdﬂpmmqldjpromdehémép’émqhifaide;salé flfreetlyi \Idre present
g@&?s rbPRlePhAT rﬁgi%%ﬁ inefod GRERE ProduchBUBY ﬂ?ha%ﬁﬁoacﬂ derivatives

entify thes It-fqrmng agent
of %@P@rm@?m@@ PERyRdes dﬁ‘éﬁﬁ%&"%ﬁa%?g @a?rcqtﬁﬁrrfgomﬁlﬂrﬁe 15g desired
caﬁlpauﬁa[[d 1s&¥b®ﬁh&£as@?tr?slfdlnﬁeﬁ}aduﬁrdlﬂﬁﬂﬁfrbﬁfth_B teaCOOPBilre
e sFa B U PRt P b SBEtr Lo PalEEdyagfigride slt may be
aunl‘vatetamwaﬂmty Fadiermgre G witer Ralbbleasalylis metdhygrosdapicend pulk
If?gé % ¢ 9E 4 Ar{gcrng §2\5§%€%ﬁ§g sifip Elé(%ﬁ 'fc%&ﬁﬁd%atlon, drying
apé kgplpsggwmj a@@hn ryacessipg. The grm:ﬁ@npﬂg@.u;qu;tallmﬁ product

elifB8atBASEraGBMoREp GPYBHA SElpd PordNRE PRIcegal t i f

requi red. Wen convert| ng the free base to an acid
addi n salt,..the, conpound is reacted with sui tabl e

o1 ot SRS Tvert e REUP e Tgh putposes of
iBadttatiboand ﬂgscsipﬁpn té breablertheselshsled irs thiti asstol ruext deaarlpunderstand

?18ltg¥>rac916? ﬁie\i:ggsents 1919&1@)?1 \ggtth?@n[l%l?{he%es #g on Iﬁ?enl%kfglt%o# has

&) opano res reo
1adud|ed @esemiptw plronelps nrasg enbedinzansand ¢entama‘taélrat1@ms 4nd

1£8c¥YﬁEatﬁJn|§ anAkr va?ﬁéﬁbﬁ@irﬁdﬁn&&lﬁcatfdh@ SrRRIS 'tEe §c6ﬁ@¥>ﬁﬂe invention,

I
eEyAS RN b??t‘é‘ﬂ& ithe sskqiﬁ 1Ff¥§>g§l ¢4g8 3@%@} té?@afteaﬁteg wpdergfapgling the
peeRht dibclafiRelt '_II'_Ige Gisésidp \«;Kéu(ljclJﬁ@ﬂc l%cla)?ki)ﬂeﬁﬂ ag ifiiing theBtope of the
ure. e.corr ondi ng, sa rec
EF oAt ey bEak IR ERR A e it SBiket CThe gy are
ibtentlbbtcaatethini rightodhiah irebsleplibanatisotnbodinsntso dise extdnd permitted,
18Elaﬁ%é%ﬂ§rnage? ﬂﬁgﬁhaﬁ) eaﬁlF End/ 81? %ﬁﬁ%‘@@éuﬁl’ﬁ[’e&bﬁh&‘?&s fanges or

2P0 30 Umse lem@mémmm mﬂggq}naltematpnn]@ﬂré@emabha@ééwquwalent
R Al Mnc‘ﬁgné P gel6F ﬁbi& i dik@ofd Rl RHNiBBUt Hending to

gr.ou dilute hydrochlorlc acid
g’d%élcﬁﬁénﬁ)ﬁ’ﬂeé?ﬁeéfl jget A directly. The present

process provides an inproved nethod for the production

of aypkietiaMencrayParsaetersat i ves of l[evovirin (1d)

whi ch provi des distinct advant ages over ot her

pr oc[?ﬁllllé sesﬁqu?ag@&g? cégﬁ rg ttﬁg@%}g (119cr b%d %QEe?H ﬂﬁg gﬂée a

crys
aLmOISIehqmezaqrehsme Withip aé@nmrstur@mgﬁ from 3 dﬂ tq 17(9n ¢ ﬁméferably from
aéo' oy ﬁld@b’g{e?eﬁﬂlﬂt‘ "OSora Bl "a FRYDS" teﬁlp%{‘)itﬁ{ﬁ:t £e.Mbout 20 °C to

rat Furt m)re{he wat er-sol ubl e. salt is not
f@ o%IQUSYeé’ tRREF e FlRarlypems redrtions v ﬁérestg? fempegptyrefapgegped in
e dhéraiclerep@ionl ﬁﬂl%eab?@hcalblgllbw these téﬁh@bﬂttﬁﬂe rdrigad.i Elﬁrther, unless
in en andl,i n c
it soR0Bed 4R S A R PR B R e R e i Prgimate,
ext ﬂahlnigqﬂhcelasahmm afm@s-@helmmpxsl;sapswfthmm telpemtoe essge of heout 5 °C
tfo a'ESQP WC‘?@%%&M or%béd’telo"’fiuS QBb%OWu%@ﬁﬂeferably about

29e§c6® e @ver tad?e@ﬁ f @ouh b seabyiit ﬁpéﬁgllmg npfé?&réﬂr apqut pgp 60
4B PYraHR4SE 85Nt the Examples are intended to be approximate. Isolation and
purification of the compounds and intermediates described herein can be effected, if
desired, by any suitable separation or purification procedure such as, for example,

filtration, extraction, crystallization, column chromatography, thin-layer
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and to practice the present invention. Although the

description of the invention has included description
wofRowre3ar nore enbodi ments and certain vari at PONEP200d/009911

15 nodifications, other varlaﬁbons and nodifications

are wthin the scope of the |nvent|on e.g., as maybe

g‘f({matg%lla {glﬁ%( a%&ﬂcﬁp or%tggrggh)? %éllﬁa?grnrb? (sd procedures.
S@e@ﬁ@élslﬁ’@ﬂl@h(ﬂﬁ bt sep@ab@nsm@éﬁ]@’doa@mmﬁmes FAR beﬁtad by
réﬁé%’ﬁ@e & thk t&ﬁam%l@é’ EOEInBRowPHbwER: Shthed el dhg separatlon or isolation

ustrative a r epr esent at .|l ve her eo al s
papeedurss camdd gopge-ghodiefised yihaut P%qﬁmsrﬁranag? invention.

alternative enbodinents to the extent permtted, 20
I nclBtainpie Bl t ernate, interchangeabl e and/ or equival ent
structures, functions ranges or steps to those

cl al LGl et %t,m?a%d'lg]g ﬁlsnﬁ)eﬁ £3 carbamoyl [1,2,4] triazol-

i nt gan ea e and/ o

lf-]zibrét‘i -Gy (mftgfeshYdrO@repeZ -Amethyl s&iqfrobié%mhlép@dﬁ (viber
%Qggﬁ |ntend|ng to publicly dedicate any patentable
ject” matter. Synthetic Reaction Paraneters 25

Unless specified to the contrary, the reactions

desci§lbkd herein take pl ace at atnospheric pressure

wthin a tenperature range from5 Cto 170 C

( pr &£ etivdokey/of the lﬁvoxhﬁn((ll@(bg,@@ﬁ@mmthsjydpp@ftmmhl (0 g0.839 mol),

té]%l%)%?flgﬁfloforma%e?ge d%&]ﬁég& ?Ts(bHﬁg 8 gggg’ 'Strm%gl) V\EH R1eCN (1.0

wever ‘erare actions
k)rboverspaerds washeatadge 30 §@dv1th1stlrnn§ Aferiwodioure é@ﬁp@ﬁmre was

1‘|{_Yl:lleL1 %020 e@%loz{n Qﬂlt@d/ﬁal ﬂﬁ?‘ﬁodr@ PRE ﬁ‘ﬁ}h i Be@REERomogeneous and
t he .reaction

unl ess erm%ﬁ ec&L deb
R Restianis C@@ﬁléplterim@%ﬁteeatu ¥ ERtEG B TSt PR gsgnade basic
Rith 2,5 o ttetHythrRin@agd e MQ@NTwaatréfﬁa{tﬂthlvﬁcw elsureddue was stirred at

MRt e R T

Phedgieatyd lxayfﬁrb/@astse}ﬁﬁ)atéﬁ 201 Bjeflydistilled pe ramavechethbalt On coohng
‘%1;}0 aalkfg Wt 0B o0 ¢ fo?%ﬁfy%(e%gl ?ys@alﬂ%a and Ws gﬁgeﬁ QH% Qied to yield

eérs grven i’'n es are I nten
Hﬁﬁﬁﬁg;ﬁ@@%thﬁsﬁ]atlon and 35 purification of the
conmpounds and i nternedi ates descri bed herein can be
effegigd, if desired, by any suitable separation or
purification procedure such as, for exanple,

f||trat|on traction, aII|za 0
chr ot PR AL 4 RPOPHy EP s tE i3s3/ e acid ter-butl
&3ek/ (EBZQO%D 900125 L Hittieasolrvdp hydal totahnizkureay gre levovirin

gﬁL (?e?l%yglggr‘ﬁ) {}M{ rSQ{) Fggln%) i n'ﬁiAggff ng 1736561 Qﬁ&)@g’g g,r’ﬁstF The

Sur't sep ara |on an
imgxtiat Wanstipreddenil-84 he Zhe méumuwwom@ftéat Bevacio yojatile solvents

SXPIR EFaheE & cﬁE%%iv@&Vm {HRUBURE (2.91LN8Ad SSIHIIVEH vR#dr was added to the
separation or isolati og r oc Elfu[[ s..can,, of, cour €
wlg@mb d hegmigrtuie s DPWEe oA E ESilter ald andlsatirad agueous

200! &dtidnS) 1'63'rrﬁfb1vﬂa@-aadéﬂi‘ﬁohhb sthruéd/minausc Tdluene (3.5 L) was added

3- riazal

%f%ﬁﬂ a)ab Reﬂ?‘%g}?ﬁ e Rt MRy Ao MR SRS Mgt peo 650
byrtiome bf @nfedel }(e\nr@mophase was separated and ﬁltered through the sochum
carbonate and the filtrate is stripped to remove solvent, yielding 800 g of IX (98% theory)

as viscous liquid which crystallized upon cooling.

Step 3



10

15

20

25

30

protection) Step 1 10 A m xture of the levovirin (100
g; 0.453 nol), cycl opentanone (70 g; 0.839 nol),

wonrpesmessel or t hof ormate (90 g; 0.857 nol) and pPeOHPL®4/809911

g; 35.8 mmol) and MeCN (1.0 &% above reagents was
heated to 35 Cwith stirring. "After two hours,

t enper at.ur . _ingreased. to 40 .or ditiona

t wo TG aHEeS D Tan of e S peema hBnSeifas IO T | pe
buagtarbonylammond-noendducuae(BE80aE; 157 mohovastdisspived in a

r. i i i it . .
SHERSH LRI MR B0 ) et gl
(36 éﬁ%ﬂ) wilstedttp mvelima of 690 mlpwitls wake. Elé\'-’r HepgtioFfagkture was stirred
Rl ERER AR OTHE o {ve 44286k 13520 wik sdafdt B RArA8D td135-B@ € and slowly

The aqueous | ayer was, separated and brlé%% sti.l]ed
dilgted SR SOPROPARP GT2r e t%@lasms Rl ety £)- J158 iFRe was
cbéled exé bipediorstvdeddoarsyBliedrystaliide predipiate waslcoBeatal triiltration
agg Iflglgfl %%y%*dﬁlfzﬁogir}/rll xlral.&g’z: }gfﬂro%ﬁlo%%?et(&?gf @Q 20 Step 2 A

4-i sopropyl -2, 5-di oxo- oxazol i di ne- 3-carboxylic acid

ter tBxbopld2 ester (Vlilla; 450 g) in 1.25 L THE was

slowy added to a m xture of the levovirin

gyi ggp?%iﬂodgﬂlgetﬁ lHtl; R i&%SQRY@,StB)lsl(3-J£Barﬁéﬁ-[932,4] triazol-
: an . : e xtuye St i .

IS0 B s g 2 e ER PRBap e (L faatve

c6@platd pcedireent s 25 and the residue was di ssolved in
the EtOAc (2.5 L) and 55 nL of water was added to the

sol utiqgn. The.,m X e : -
11 thiodior SERT e Sl HRHE AT %ﬂ%%?.‘%%%g%ﬁw
astey (WHE:; 48Q2dDMF (1A md o) iDME @ndriolpere-0 Fhvaesewlyadded to 2
: f 1 i ' , dlirhil E&eM®Bours, th

AT YR AT 25 3%’2%@%0%‘% %‘E‘.@fgm 050
spbttionons shpinailiied WivERgAR 1o pRaSE IS LSE BT SPRd
Jiidlté@wtﬁﬁ t&llﬁéﬁkil@bo hﬁg yhd btgih&cp}ﬁedxbmt shechw::thm@ (2x 500 mL)

iltrate.is rijppe o re e.sglvent . . yi [
o e Spraiont P cubSor€ BT Rt St i & AR e e
sditah @hdbonetd auf ol filoate wig.coteapradWDvaoE50 Y8800 g ¢gX as
PCT/ EP2004/,00 j+red solution of the
Ygous Py o St R 3hbitd) 50t or |
but oxycar bonyl am no- 3-net hyl -butyrate (1X; 800 g; 1.57
mol ) ExeaspldPssol ved in a mixture of the toluene (2.4
L) and isopropanol (500 nL) was added hydrochloric

aci d(S)(Z?_%ﬁqiﬂé-331t%_%ﬁ1yﬂblht§J%ieQci& masw,?_S,H)egQg-c@ﬂﬁmfyl—W,z,h] triazol-
wal. er . e reacti on,m ur L rr r. -.
o - BBy e Sy ethnesieh Faeaf i

poté&dioh C, and slowy diluted with isopropano
warmed to the sanme tenperature (4.5 Q The m xture was

cool§p qnd stirred for several hours. The crystalline
eP . .
precipftate was collected by filtration

A 500 mL 3-flask equipped with a mechanical stirrer, thermocouple and nitrogen
inlet was charged with levovirin cyclopentylidene (VII; 30 g; 96.68 mmol) and 4-
isopropyl-2,5-dioxo-oxazolidine-3-carboxylic acid benzyl ester (VIIIb) and EtOAc (240
mL). To the resulting slurry was added TEA (1.34 mL; 9.67 mmol). After 1.5 h the
reaction mixture was a homogenous solution and the mixture allowed to stir overnight at
rt. Approximately 170 mL of EtOAc was removed by vacuum distillation and replaced
with a similar volume of isopropanol. The distillation was continued until another 170

mlL of solvent was removed and another 200 mL of isopropanol was added.
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and dried to yield levovirin valinate hydrochl oride

(X; 51Qg). Exanple 2 10 (S)-2-Am no-3-nethyl-butyric
waehw/R&37 3R, 4S, 5S) - 5- (3-car banoyl -[ 1, 2, 4] tri 2eOEP2004/009911

1-yl') - 3, 4-di hydr oxy-tetrahydro;furan-2-yl methyl ester;

hydrochl oride (Al ternative g%pl i ng procedure) A

soI tlgn of the

Bropyl - 2, 5- di oxo- oxazol i di ne- 3- carboxylic acid
tert butyl ester (Villa; 450 g) DVF (100 nL) DMF and
t ol Werke Rshltih) saiasoxswm@ded@aemL o OHz0,119% Bl (1632 Hfand

cé&%n’é{la‘{ed% (TE/I\ L§6 THe ﬂa J?Miit(e%%m Hzfma&rbaﬁ&éﬂ &wg

vera qu I on was s
mntained Bndech artn@Sbejaﬁﬂ@ flagk wps masodsf@ﬁapartg@@ ViR sende
'nguu'rﬁ ﬁfjdég% 00!, hdpfBed 28 Hytroged h& fieF BBMHI a@oﬂﬁﬁS@mlIﬂsf water was
ed w O (2 x 50 ?% l[tered t 6’&% d
@rﬁl@a%rb PBOBERSYS §9lutt é@?@f&?ﬁlapﬁ%ﬂaofj@ 2 Was continue
Thb ré2Ei68 ndxeire Whealloseditosircavehoglat &ha Iﬁdldng frioringe additional
Zgarrri[C %10 ! Cg f %%F \g'ﬁsl a%r:]drdegff‘% s%og‘é dﬂh@ %gocﬁlgp a cbté}ﬁ@v%(}emoved
b SiteBnAthrnoglB CHBEIBPI ,Pmp(rq}nmt@)cﬁﬂ) mL of 1sopropanol and water were
% %@ﬁ% tgﬁ?gll g rag()% ;ﬁ t@&e&ﬁifﬁgﬁiflgarélg %%Iﬁe)ig%’z&tzxﬁés%%lﬂéd The reactlon
npiEETe 29 akqviRs te\ﬂ)%} skayy apd eded Wﬁf’.)a C@@t%f’ggmgmﬂ 32 i °C and
cgoﬁlll tREEd BPRAnWiihllpe olmallrurplaé bathi Mhegolid product was filtered
ragen...in
L S S
4@°Chﬁ@ﬁm@myb7%*5Xd2@&&gnwﬁ&dkbqnne 3-carboxylic acid
benzyl ester (VIIIb) and EtOAc (240 nL). To the

res uﬂ'ﬁel {0 %uﬁels ;d&c%éééﬁﬁ tﬁ‘@fé)‘f%ﬁ)ﬁfﬁ%&éﬂﬁfo%r thR-fEIloviHE tikims,

Afte 0 reacti ture S a honp
esptetasqdon thewdspepific farmsor dn ErmsRéa n%eéngf%if Pe’EfQTé’inﬁg gh“t ‘ﬂéilosed
fihctiP BE Q)ﬁﬁe@ﬁ&@é)ﬁ/pré&gs fH-r a@cﬁmﬁi@ﬁ@ delséeRpulE ds hpproprlate, may,

vacuun1d|stlllat|on and

SBYHI: 6F in 5P BYGRSOD Ofteds g it iR Feasiine hfpvention
iHtivdrscophbtierebfO nL of sol vent was renoved and
anot her 200 niL of isopropanol was added. WO

2005{,023827. - 19 S 2 P I;

res ﬁlﬁ % ggg}%}f“’%%l%\%élés g%cg %8)%6 i 9(%8%% etdf? bg Qﬁgof illustration
4rit %rr@)le, forpurponceiarity ead paferstagdingniwillhgob Vuoagt@ one of skill
1Wac§ Lft&B&(EhX\ﬁiep ﬁ&‘m’d&fie‘aﬁ&%@n@y‘%é 1919&1@6.@&7&}{{& thts@b the

ere rIO I Ca

wihended dems, Bh&elpi Hinia bf B erée;?%n%ﬁ intended
ﬂ?og%r %ﬁﬁfhﬁv@ﬁﬁ&hot&eﬁnﬁtr&m thé%Eo;_:&(bf e mfvel\imtrﬁdho\ahls therefore, be
%ﬁ?rgpwtﬁg get \@é ?%/fgrgr?%e Eﬁ%&o&% %iessc%lpﬁgh Q00 0SB Fhst Qe
determined with reference to the following appended claims, along with the full scope of

equivalents to which such claims are entitled.

All patents, patent applications and publications cited in this application are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each

individual patent, patent application or publication were so individually denoted.
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15

The reaction m xture was allowed to stir overnight.
The followi ng norning an additional 25 nL aliquot of
woavwsro2seas added to di ssol ve the product and t RET/EP2004/009911
catal yst was renoved by flltg i ng through CELITE(r).
Approxi mately 350 niL of isopr @énol and water were to
renoved by distillation and o I addi tional 340 nL of
| PA was added. The reacti on——m-xture was allowed to
cool slowy and seeded with a crystal of product at
ca. ,56 C a nally to 0
1o ﬁpéﬂ“fsﬁg r@aﬁ%gm%ﬁ%ﬁlgphg@ ?%d%lg? E(zi/\/ifrio"si%%|lal( 1tder ed and
washed with IPA (75 nL). The solid was filtered and
dried in a vacuum oGONHgt 40 C overnight to yield X
(26.48 g; 72% the 15 The features disclosed in
t he foregoi ng des% ion, orOthe foll ow ng clains,

expressed in their s 6 r i ®®erns of a
means for performng t di scl oged function, or a
met hod or process fCﬁ it t’ aghi ng the disclosed result,

as appropriate, nay, separately or in any
conbi nati on of such features, be utilized for

wieabih R 8 gheting, dtidd enpirapyl, moﬂpxd)pykanémtﬂmsquutyﬂxeccebtﬁtyl 20

Ih ecﬁfc oa@% Q/Haieaqu%%foﬂgrw Ftbtﬁl?ed ng-?g' g&ﬂsﬁﬁ%nlc %le%?é@from the

U esRssting bf C|_pulkyly Capdikorgendhaoginng. It will be
obvious to one of skill in the art that changes and
nodi fi.cati ons n'faybe practiced within the scope of the
OTRINYEIEPEPHRL " Therefore, it is to be understood
that the above description is intended to be

(al) Ebt&b&tﬁig NG(ZS,BQ 4R§55)-Bdsdlﬂllydltoucyé hyﬂnexyg@ﬁb)gl t@'fra]@)fdéo -furan-2-yl)-

ul d ere are r
]‘Igf i;}e‘h ZS]G' j aéb%’i}’ 3“ egncl(ri? g? [ %ﬁﬂgﬁft@ ds 13 d i n eglgea
btnp slaidesibneda Nal Wherefnek 8and Rt are heicidol cuwqu@ol protectlng
appended clainms, along with the full scope of
gQUP¥al ents to which such claims are entitled. Al
patents, patent applications and publications cited in
this appl i cat I(O(DNHlée hereby i ncor por€@O&d,by reference
in their entir t or all purposes t e sanme extent
as if each 3@1\\_| di vi dual patent, pat'\g%\h 8p| ication or
publ i cation wer di vi dually dgnot GWOH
2005/ 023827 - 20- Qi 9B, A process for eparing a
conpound accorgpig "mifor mila |d NH 1%5
PCT/ EP2004/ 009911 wherein R is nethyl, 8%%
n-propyl, iso-profJ#), n-butyl, iso- butyl c-butyl, 5
CS 7- cycl oal kyl or phenyl opti onal |y substituted with
ub ti.tuen I ifrgdede a
%o o S SR EE RO R A o e e e T
epsund of fm):muhriﬁlawheneglR and R'® are as defined above and R” is an amine

2S, 3S, 4R, 5S) - 3, 4- di hydr oxy- 5- hydr oxynet hyl -t et r ahy
étgf?tﬁﬂga%’f OBy | ) -

iONH iONHz
N NN
N = 0
\CJ"OH — NX?_]» OJ'\‘,NHR4
125 Zob — R
RO OR Rlao ORlb

(IIa) (IIb)



1H[1,2,4] triazole-3-carboxylic acid amde (Ilc) wth

a vic-diol reagent to provide a to conpound of fornula
wobkens/oaserein R and R b are a vic-diol or al cetmlEP2004/009911

protecting groups; ON112 yO NN N NN _O r.

WN.OOHHOOH (Ile) HRaOOR Ib (lla) (b)

ont act i d_of ul aqll i '
( gonachng e Bt i a e 2Rt b BB aftnad
céthpo@ditofffbimaladd;as defined above and R4 is an amine
15 protecting group; (Ha) WO 2005/023827 -21

[ EP2004/ 009911 (c) contactin co f f
b taen hTREPaTsbbagRIbARbARA ] S ATIRY UaRbp S B B
oPhydrafentidreofl d; (d) if desired, converting a conpound
of formula Id to an acid addition salt or a solvate

or hydrate thereof. 5 . . ' i
s 28 B REREoafed), PBESR R AR il Aot
c?ﬁh@fﬁ?ﬂ@ of @fmﬁlégﬁ(ﬁ?iﬁ@h@iﬁﬂlzwhé R i(1) toetlaan dr@s-(-#lkylene, (ii)
. et her. ar - b i '
1qc§-%€?£eglﬂw>g¥eel8welékyﬁ or %h gsnr@*{en\gllrdr 2 0(5)(2 g&g ﬁgg%%%eﬁ bfan
obthdeqgekrioatv@n orthoester derivative. 3. A process
according to claim?2, wherein R2 and R3 together are

C3.6-al kylene. .. 1 . r10 2 B (] [
5 L SR ynd o BRI R AR e G e
wherein R2 and R3 together are C3_6-al kyl ene,

10 4 ndepprodestitoprding td dusen 1.avheyéin sud vRedipkprofesing Brogp is R'CR’

| kaxy,2an i s hydroge [ 2;
TG o Re e e R Re Ty s, BePRRERS BERAG LA R s
phenf prikoes sndBtihgirgeno claim 1, where said
acyl ating agent is an activated N 15 protected al pha

m no_acid of foroula. Y [ [N -
bovepriies eeqrtRay sk Y REEEID HUC LORURE i cfallylene.
an al cohol, and R4 is am ne protecting grou

6. A process according to claim 1, where said acylating agent i? an activated N-
15 protected alpha amino acid of formula IV wherein R is as defined above, X is an

activating group suitable to esterify an alcohol, and R* is amine protecting group.

4
x-oj\rm av)
R

7.  Aprocess according to claim 6, wherein R is an iso-propyl group and R* is

tert-butoxycarbonyl or benzyloxycarbonyl.

20 8. A process according to claim 1, where said acylating agentis a N-carboxyanhydride

of formula V wherein R and R* are as defined above.

0

O
e

™

9. A process according to claim 1, wherein said deprotecting reagent comprises a

mixture of toluene, isopropanol and aqueous hydrochloric acid.



X-0 NHRQ (I'V) 7. A process according to claim 6,
wherein Ris an iso-propyl group and R4 is

woents/es2oxycar bonyl or benzyl oxycarbonyl . 20 8CTAP2004/009911
process according to claim1, ere said acyl ating

agent is a N-carboxyanhydride of formula V wherein R

%nd Aﬁ)};{)@&\?\ﬁ&%r@iﬁg g@a ?g r[gl?%% en? tSeu E{cﬁ&lgﬁﬁtegﬁr?ﬁsérghggs RPR?

epr 0 nt c
Whexém iRé and Rf tigetheearei (Qihr)@ pxaaah atylaimg agepidoud-car oxyanhydnde of

USRS URL LR 500,200 02381, PETLEAI0HA0H, ciog

reagentlis talmlmmt eﬁaquegughyﬂ:pchlenmand tdiesmeiand R d anid aRdition salt

.toget h are CH2)4 said acylating agent is a
> lf\fgg‘ﬁ’rﬁggygﬂﬁ ffide of formula V wherein Ris

10

i so-propyl and R4 is tert-butoxycarbonyl, said
depriotespongl accerljmgto fosmala¥Ixt ur e of aqueous
hydrochloric acid and toluene and said acid addition

salt 5 is a hydr ?ﬁgt ride salt. 11. A conpound
according to for a R2XR3 V\herel n Ris nethyl,

et hyl, n-propyl, Nl‘sN) propyl n- butyl, iso-butyl,
sec-butyl, C3 7- 0@l kyl Ni_ﬁ{sphenyl opti onaIIy
substi t ut ed with a ég_gi#}(men sel ected fromthe group
consisting of Cl1_3- CR 3- al koxy an@Mbal ogen; R2

and R3 toget her are n, or RR2 is alkoxy and R3 is

hydrogen; R5 is hyBrod®n, tert-butoxycarbonyl or
benzyl oxycar bonyl ; and nislto3.

wherein

R is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, Cs.7-cycloalkyl or
phenyl optionally substituted with a substituent selected from the group consisting of
C;.3-alkyl, C;.3-alkoxy and halogen;

R?and R® together are (CHj)y, or R*is alkoxy and R%is hydrogen;

R’ is hydrogen, tert-butoxycarbonyl or benzyloxycarbonyl; and

nis1to3.



