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PREPARI NG THE ANTI VI RAL AGENT [IS-(I( X,

wé0d4/032A01 no- 1 PCT/US2003/039554

9-di hydr 0- 9- [ 4- hydr oxv- 3- (hydr oxymnet hyl ) -
2-met hyl enecycl'en Ity 1-6H purin-6-one 5 RELATED

APPL| CATI QNEOTHEBSS FIp PRERARINGCTHEENTNERATI AGENT
benef |tS of U S Pr ovi SI ongll _Appl i 02t| on No.

entirety. 10 BACKERE N-28ht ecavi r,

[1S-(1a, 3a, 4(3)]-2-anmi no-1, 9-di hydro 9 [ 4- hydroxy-
3- (hydr oxynet hyl ) - 2- met hyl enecycl opentyl ]-6H purin-6-o0
ne, is currently bei RELA rug for use in

1o ussantieLeR FRPLe HD HRET oSS! Dag oA S feation
PR E4t/43555 40, t%Q@D%ééhﬂBé% 14abbe iRtdiglosureSHSiKIBE & iheorbhited

present assignee. |nproved processes of preparing
elndrein dyirefemnee thascentioetyd. by Bi sacchi et al,. in WO

98/ 09964, also to the present assignee. Cblonno, et
al. in WD 01/64221 descri be conpositions containing a

| ow dose of entgagyERAGRM O ATEINVENTIBA | Y basis
to treat hepatitTs ViTUus i nfectton and/ or co- 20

i nf ect EgwsavirSEVARY 304 FHE-doENTI-Nydio- %—[4—hydmtcjf-on i s
directed to various nethaods for ﬁreparl ng ent ecavi

r énideerymethyt ha-neqthylprecye plesiipd [t O Haruatiod- O, dd e {R0f LY

R R R DR Bl D R, o -

I nvent Eficdver ldsn we beat adivinal ygent avslesonibed IIlEHTLSatPe&:nt
useful in the preparation of entecavir and the
nb2hbadt erZahlasan. ,nagmgg%toﬂm PlepssH pesignee. Jmpyoved processes of

20r%§ér9n5gze:;’ %e%aﬁ%e%%&go?’e/d%%%?ﬁchl et al,. in WO 98/09964, also to the

present assignee.

Colonno, ef al. in WO 01/64221 describe compositions containing a low dose
of entecavir administered on a daily basis to treat hepatitis B virus infection and/or co-

infections.

SUMMARY OF THE INVENTION

This invention is directed to various methods for preparing entecavir as recited
in the claims appended hereto. Entecavir (the compound of formula 21) has the

structural formula shown below:

0
N
i NH
A&ﬁ“ N/)\NH
HO
oS

This invention is also directed to various intermediates useful in the

21

preparation of entecavir and the methods of preparing such intermediates.
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This invention is also directed to a resin adsorption
process for isolation and purification of entecavir

weand4ostaonedi at es thereof. DETAI LED DESCRI PTI @NTOS2006#039554

| NVENTI ON 5 ABBREVI ATIONS For ease of reference, the
foll owm ng abbreviations are used in this application

and haygis iRRniBRIRI AMBSdifick@no B eéavadsOeptionadtydess AP iselation and
HPLC ar ea percent 10 Bn = benzyl; BHT = 2,

eputification Ogmtwaw;anéﬂlﬁ?mpﬁdeaﬁ@ﬂ therlepf = cumene

hydr oper oxi de, or a, a-di net hyl benzyl hydr oper oxi de;

DCM = di chl oronet hane; de = di astereonetric excess; 15

DBU = 1, 8- di araiie vy DESCRIPTION OF THEMEVENIEON =
di et hyl azodi car boxyl at e; DEMA = di et hoxynet hyl

acetate; D1PT = (-)-di Wrate DVAP =

4- NN- di.net hyl am di s e

N, . i RO PO RATICHE B HRSaBhe ey Bieg Ps i gppticasion
aget 1Bhe thd thbRlingd 2 Mdw: DVBO = dimet hyl sul f oxi de;

ee = enantioneric excess; Et = ethyl; 25 EtOAc =
eAhyI acetateyl; Et3N = triet hyI am ne; FMBA =

oronetha ul foni c = hydrochloric acid
= |soprﬁg£ﬁ&feaﬁf60%%cos = pot assi um carbonate; KF

—Bgot assi uny, AZZ pride; 2 WO 2004/052310
PCT/ US2003/ 039554

BHT = 2,6-di-tert-butyl-4-methylphenol;

CHP = cumene hydroperoxide, or a,0-dimethylbenzylhydroperoxide;
DCM = dichloromethane;

de = diastereometric excess;

DBU = 1,8-diazabicyclo[5.4.0]Jundec-7-ene;

DEAD = diethylazodicarboxylate;

DEMA = diethoxymethyl acetate;

DIPT = (-)-diisopropyl tartrate;

DMAP = 4-N,N-dimethylaminopyridine;

DMF = N,N-dimethylformamide;

DiPMA = di-isopropyloxymethyl acetate; [(iPr-O),CHOAc];
DMSO = dimethyl sulfoxide;

ee = enantiomeric excess;

Et = ethyl;

EtOAc= ethyl acetate;

Et:N = triethylamine;

FMSA = fluoromethane sulfonic acid;

HCl = hydrochloric acid

IPA = isopropanol;

KyCO3 = potassium carbonate;

KF = potassium fluoride;
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woi2edsose3ret hyl si |l yl ) am de;

KHCO3 = pot assi um bi car bonate; KHVDS = pot assi um
hexanet hyl di si |l azi de or potassium

-5 KO Bu= potassiumtert-butoxide; LAH = [ithium
al um num hydride; LiOH = lithium hydroxide; m CPBA=
MEHEO0e H or qpesshienzlsicabaeite; MOH = nmet hanol 10 MOP =
t hoxy- 2- pr opoxy-acetal ; .. MSA = net hanesul fonic
é%ﬁgﬁDS MTBE’ W%ﬂ]ﬁ/@%%ﬂee@mwﬂ%sm— sodi um
bor ohydri dg, 1 aﬁg L.um carbonate; 15 NaHC®B =
sodi um bi car onat e, yf{l)a ="sodi um hydri de; NaOH =
SOHuUmR hydrm«asﬁemhm&;- sodi um tert-butoxide; NW
= N-nethyl-2-pyrrolidinone; 20 TM5 = trinethylsilyl;
FW-Q@“- pyrlmlit%is%@’fftt&’lt%%sul fonate or
dml u PTSA = para-tol uene
on| c g@l gﬁhﬁﬁﬁﬁ%ﬁ%ﬁg}% REDAL(r) = sodi um
HJ16)¢LE et haiyeiheydrdalieni num hydride; TBAH =
n- tetrabutyl amoni um hydr oxj de; 25 TBHP =
tn@ﬁt HAT y| Hjelrsploreperpazoicpedy =
ﬁ{_hyl orlﬁ ;rpr mate; TFA = trifluoroacetic acid;
= tetra ro uran; Ti(OiPr)4 = titanium (I1V)
|Mo)fpr GPOXI dBmeﬁﬁxSF-iZEi%poxyta’de&(Dpr opyl or t hof or mat e;
TMOF = trinethylorthoformate. 3

MSA = methanesulfonic acid;
MTBE = methyl zert-butyl ether;
NaBH4= sodium borohydride;
Na,COs3 = sodium carbonate;
NaHCO; =  sodium bicarbonate;

NaH = sodium hydride;

NaOH = sodium hydroxide;
NaOtBu= sodium fert-butoxide;
NMP = N-methyl-2-pyrrolidinone;
T™S = trimethylsilyl;

PPTS = pyridinium 4-toluenesulfonate or pyridinium p-toluenesulfonate;
PTSA = para-toluene sulfonic acid;

Red-Al® or RED-AL® = sodium bis(2-methoxyethoxy)aluminum hydride;

TBAH = n-tetrabutyl ammonium hydroxide;
TBHP = tert-butylhydroperoxide;

TEOF = tri-ethylorthoformate;

TFA = trifluoroacetic acid;

THF = tetrahydrofuran;

Ti(O-iPr)s = titanium (IV) isopropoxide;
TiPOF = trisopropylorthoformate;
TMOF = trimethylorthoformate.

KOH = pot assi um hy@Conisd®3/039554
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WD 2004/ 052310 PCT/ US2003/ 039554 DEFI NI TIONS The
follow ng ternms shall have, for the purposes of this

weappldsadibon, including the clains appended hecetus2003/039554

t he respective neanings set forth below It should be
under st ood that when reference herein is nmade to a

general term such as acipghrIREBI®ONS oxi di zi ng agent,
etc. one skilled in the field may nmake appropriate

sel ecty L0928 1t Yftichtiod BRIudi
definf??@ﬁggggﬁgéﬁﬂggﬁgggﬁgggt%%gﬁ?a%hitio% rceagénts;u]Ilg
rte€ thaigh appehdieel lwpeto) the egpéctine fratingobdt dowsh belowf fiovould be
those found in literature references in, the field.

d..
uRdpRpEnod dlat whepapferegenBerging i§,n'{age Eb%%%{ﬂ??a derm, such gsjacid, base,

r R . . | i .

B SRR YR ol B ftofichs o s

fresgedtsaronRiese @veitChe @eRhitionhbslewnasRvelhas fomaudditional reagents

sel ected fromal kyl or_ aryl groups, a? 3ef[ned bel ow, .

rfevitedin SreeipasifigatiqibatdoHo s, 97 drop thepefoya étbilf@%% rences in
]!d and ethyl. "Acid" refers to any conpound t hat

contar hs hydrogen and di ssociates in water or sol vent

t jt] hyd [ , I |l

s CearSTSARa ok g gmar s fo Pof pea v BR afngr
SYRRnES BHARAGBIA0L bC ikbidhg Sbdxylit GcidGhBydrRREMAAE tHe formula
acld, acetic acid, "trihal oaceti¢ acid (e.g., TFA),
B0 -6 iRlewhemalndk endiB/ are selsatefl dronv aliiyl afsird gronpasas

SO AT BoF e LRy 07 FOHIdT B SOFOf Comanghyl and et
phthal am ¢ acids such as N[ (R)-1-(1- napht hylldgﬁset,h |']

pht hal ‘#i¢" eéirgto anyrcogprundtipticoniaiphhygsogenagi diyspgiates In water
aci . L . . . . '
e o
Bdidding BBt Bot 18hiedSto atidk biich abhydrochlvegictaeidnsilfigicudils phosphoric

weak acids_such as ethanoic acid and hydrogen == |
gid; iaerdic asid; gilplencaimacid tes. dd' Aukyfragenhip ggleicfid
acid.. triflugroacetic i.d.. : r "
5o bl s RTPReb UL e 54 corihy ol propioni

rRasenth &f (Rocdhloteplopiopiceat, phthdbindic BEHHYIchea NoRMI&(1-
ester froman al cohol. Non-limting exanples include
rmaphipy]) egnilbplehalamistasid, drtese lagids g drisgatie acid apd dibgazyl-L-

like. "A [,.' as, used.herej.n. incl Sali rqQr, ..
et SRR G Rl P 30 ARRGLR pgios B
CBBA @GR, MRLE (Y ©fR irthldés Weakheifesich sieBlahoic atiand
atons, and nost preferably, fromone to four carbon

dtydnagen gnlfide sstmgerganieacifsevrt praethpnaoligeis eeidpiluomgeetic
ter | kyl, incl.udes such groups optionally having up
(i S5 hopdorty

“Activated methyl carbonic acid reagent” means a reagent efiective to prepare

a methyl carbonate ester from an alcohol. Non-limiting examples include methyl

chloroformate, dimethyl pyrocarbonate, and the like.

“Alkyl” as used herein includes linear or branched alkyl groups having from
one to twelve carbon atoms, more preferably from one to eight carbon atoms, and
most preferably, from one to four carbon atoms, unless otherwise specifically

described. The term alkyl includes such groups optionally having up to four (more
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WD 2004/ 052310 PCT/ US2003/ 039554 preferably 0 to 2),
substituents selected fromthe group of

woanedigsezaonf eri ng substituents recited bel ow Poe/usess1039554

| oner al kyl refers to al kyl groups having fromone to
four carbon atonms. When a subscript is used with
pedfenelydaot2d, sahstiient$ sedectat faem tlgergmpp of hen-ingerfy g spbstltuents

refers to t enu er 0 arbo rrstht t [
egjiet BroR: 11 s alial B ket Hayngreth B o four
thrb% k¥ sg rWHH?a Qlibs d}StCls ﬁseg%lﬁ%f@f&%&o afalkyt or other group, the

noi eties i ncorporated in other radicals are al so
Isisvesipt referdtocthe hemibenntlcedon sireas thatcth Byoupdeaseedntagn For

g%sgﬁ%\g FE imtelshgs gﬁﬁ%ﬁéﬁ: §f°%8§ SRS S 9{0“1% o
g;?cggffeesgl?%ﬁgdrg%h u?ﬁ‘thglelfaﬂféﬁg a?@ﬁy@ldle“ar Bf B28Med@8nl8ss specifically

lety kyl ene), creating a |inkage
tdesdribed ofhkewise.nWited tlyr terrp alk?hlssu,sed a0 pﬂeﬁyluacgnjunctmn with

:aggqlhgrgégu}gﬁlg Z al&ya]ggﬂ,tsth ggl%agtg Fkﬁ:eagfqg gg% is presen asa
. I
o Y gy ST s o

@ﬂ@ﬂ@ylab&lyd@adehzylmhd tlscoldieum | i t hi um or potassium 15
"Allyl" refers to the group -CH2-CH=CH2, as well as

such gRORS” aPliscdRidiy inchalts AyDHeusy astefited ph@lectdailey
0 to 1) non-interfering substituents as defined bel ow.

'tiough axoxfean atonafier,sOtalkd. cheni cal conpound or

conplex that is effective to slowor inhibit the rate

of an “Alkadamhb@hsal®aetisan salExfrméedwith atitali-moetald apreErablyysalts of
i ncl ud wi thout limtation, (3-carotene, Zr02,
é@é@%i@l‘é‘&o@l’oﬁf%ﬁ%‘tl c am nes, phenols, 20 qui nones

i ncluding BHT, citric acid, ascorbl c acid, vitamn
benzoi“AllE] rgfers bﬂbg Bt~ EacC ld=Chppssvelk a5rsuph gI‘OAWPP“OﬂaHY

ANEUdes JIRRocHELLEnRT0 B G %L.'l&te%é&g&dbgu& RUBS abRIow.

p heny |« a/fdoNaatt Fafbrs 3% cmlrﬂcaﬁéoﬂihﬁilﬁﬂ@@ E:Nﬂnp@&@htﬂis effective to
e.g., 4 to 7 nmenbered nonocyclic, 7 to 11 nenbered

tsilcwy ot inbjbitghe ¢ pﬁammd@tmerp@dmzs Exemplacy ausi-axigaRts may

ﬁ%eagﬂfl&iaﬂ@mlﬁh tll«%)g ﬁhc%f %ﬁ a?l%]co% Flclzlﬁg [)%%{19 55}1%9 phenols,

r@%%)é&hfcﬁm et BHYaEMC M0 URGrbiD (éh'ddﬁtanQMVH Q)leﬂicnc acid,
razolyl, pyrazolinyl, imdazolyl, oxazolyl,

iphox@woic ybid, st szlokthl ,  t hi adi azol yI i sot hi azol yl,
furanyl, thienyl, oxadiazolyl, pyridyl, pyrazi nyl,

pyr i mi‘Qrillinclpdesirlaricstic, orthidyalic Bn}olmaain@rmipe hevikeg 6 to 12 carbon
Exenpl ary bicyclic heteroaryl groups 30

iateres i the Fag pPettiitas el gllenyloaéﬁzﬂéah%x’g PWG” B ﬁ%tSSPé% BYAuPpS; €.8-5

béf t%zf)xtngmgé%h mon%cychc, 7 to 11 membered bicyclic, or 10 to 15 membered
tricyclic aromatic ring systems, which have at least one heteroatom and at least one
carbon atom-containing ring. Exemplary monocyclic heteroaryl groups include
pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl,
thiadiazolyl, isothiazolyl, furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, triazinyl and the like. Exemplary bicyclic heteroaryl groups

include indolyl, benzothiazolyl, benzodioxolyl, benzoxaxolyl, benzothienyl,



WD 2004/ 052310 PCT/ US2003/ 039554 qui nol i nyl,
t et rahydr oi soqui nol i nyl, isoquinolinyl, and the |ike.

woheostoszaro " aryl " i ncludes aryl groups opti onakCy/US2003/039554
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having up to four (preferably O to 2) non-interfering
substituents. "Base" when used herein includes

ggﬂg,%l,Q%a}@e@éd@mo@ﬁﬁﬂ, isoyeihblieyd, andrthe Bke ofjpoterms'aryl”
uch as ammoni a, that accept protons,_i t L) OF o fori
swludenaryl Fouss optioselphavipe Bp U EI&P%EPE’}Y\A@EH )A@-ipsrierng
limted to, alkali nmetal hydroxides and al koxi des
gybsttueni§n  wherein Mis an alkali netal such as

LS T D R A
?:%1%1%% s st h V&s?&%ﬁ?ﬁ?ﬁh&%hébt Snfinkdter drRERent. Thus,

g I mtation, potassium hydroxide, 10
RRémplalmstsSntiutie ok ideot [intitad $0, afkalisnetalfwidrasidesend alkoxides
sodi um hydroxi de, sodiumtert i de

- . but it hi .
el MR hege M 1s @l y'al Bich g boGrnn ki Hllsodium, and R

hydr pxi de | g Xytee RGA kiR
B%ﬁjf(g?ﬁeﬁ‘yoa A g&?%egd%%%\e(%%oge;rﬁ%ﬂé%ﬁﬁﬁget al ° hydr_iﬂ({j%s * i
(brarRhed Mdin Bheskyinths inscladinglefithvat limifetien, pofaggium hydroxide,
including, wthout |imtation, sodi ot assi umy: "
Ipiotashivm e duiards, potaﬁ%wdf"é-@e%‘%ﬁdr?a%ﬁﬁ]&% By‘ifﬁéﬁieass",d@g o
for exanpl.e i h 1 @Hs S| | 8o@ifhm hydroxid
e R S 4D LG R Sullpal MipRiin: ivdroxide
F{M%% g cAchanRyRoXile COKPH)goblarim bpdrowida(Ba(OH),); alkali
(Na .. potassium bj carbonate aKEICCB%}_mSanq odi Lt ¢
bhoiapsided enaRa0mRcrom Yyt 25 KRG AR en e STuBEE o7

S n-tetraputyl [ : ' .Ta@éha' il&8#des, such as,
gB?{tﬁ?onzﬁpa‘ﬁ%&%;%gﬁlﬁ?igﬁ %@é&?h g?%sg’p - lelgéig%én | ?S 2;0 *
W3 LS8, WolhsiALRKatpthyiiiilaride and titidumihegamethyldisilazide;
non-i nterfering substituents on @Se Het hél or t€§§n§b)
parbanates sech ashpothssiuy carbopgie @ HorHne EAtpaRAte Bl 3)
"Benzyl halide" t e w@m;@' 1
h%t?ﬁﬁé’n%ﬂlﬁ?{b%a&%@?@%’ﬁgd@%@<yzc}{éf)a8§‘%r%on of t?g°%§12yl

04 ABniuin BydroBhesreh ¥ nuhiedbeiyh amMdnsuhaydrdside R ARH;ap8 so
denotes a phenyl ring as defined bel ow. "Benzyl oxy"
rfoithr s to the group - O benzyl, wherein the benzyl

noiety is as described i medi ately above. "Brom nated
st yr eneBhagkdndleddsite gohpSHhohond, sy Welbassuch groups optionally

CeEtnaRPSRIeE RS HOPUGEL O CRBETY] ST g 56 e ben
g}%‘%}lg;sp &a,gs%]%{gg%g&) Sepabeads, Di ai on HP20, D ai on

alron Di aion 6
“Benzyl halide” refers to a benzyl group having a halide substituent on the

alkyl portion of the benzyl group, i.e., Ph-CHy-X, wherein X is halide, and Ph
denotes a phenyl ring as defined below.

“Benzyloxy” refers to the group ~O-benzyl, wherein the benzyl moiety is as
described immediately above.

“Brominated styrene-based resin” refers to one or more styrene-based resins

having one or more bromine substituents, and includes without limitation, SP207

Sepabeads, SP700 Sepabeads, Diaion HP20, Diaion SP70, Diaion SP825, Diaion
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WD 2004/ 052310 PCT/ US2003/ 039554 SP850, Di ai on HP2MG
met hacryl ate, AMBERLI TE XAD4, AMBERLI TE XAD7HP,

wONBEHRIEITE XAD 16, and AMBERLI TE XAD 1600. " CheCalus2003/039554

am ne" or "CA" as used herein refers to an ani ne or
m xture of amines that is optically active including
G609, driaicat P IM Ormethesrplatet AMBERIDINE A, AMBERELTE XADTHP,

AT prAP fordt PR R STBIRC: ° Sorer  bur
optically active m xtures (i.e., mxtures that are nog
equi nof iyl g’ o Yo caise | TABEPLOTE fO FLFBINE € BUF e O
P B e R o SR BT o o e Tprolo T IR of

\wilihes. FoéfebBNHechiral digihe canibriess d et vaaibstahtidibugure form of
limtation, (1R 2R)-(+)-1,2-di phenyl ethyl enedi am ne,
Poe eRyical isomer,dyp¢ PpfEKY el YR nEriLee (7., mixtures that are not equimolar)

g - i - - i I' - ¢ i s b
S PR, 1o balel ORI o A ROABANGT e i &
(B ddd) to Encomshis@Hetpomichydreyst affieliadlemicd ehesll. didr@xample,
and ci nchoni ne "Di ast ereosel ective epoxidation” refers

ttleesq apngstipdvdemathepiiniiaiong (s ER-eonk?idiphepygibgienpdiamine,
f i al | T " ' :
DRSS T, BIEe i A PSR P en i

WS 08)-(HERR-dishihbdalcdbxaiR, ddHyitdabietydha@BO(1R,2R)-1,2-
preferentlall%bglves one enantioner. However, the term

"difmaigpeethylariobeyane cirghoRiding ndrrincienizéed herein al so
o) I 3 th i dat i . ,
i nst e Bn e R EetrnetB eha ko DseRridh whergin ons

iR W56 0 POxIIR GEPlefer SRIIPO Yiehed. TR tér& Thiastereoselective
"di ast ereosel ecti ve epoxidation” is intended to

iepokidaiond thus inolydescTharplessxpowidaidensi whereih eppxifiatinn ¢fgn allylic
d i bed in. ini and Ri.ghi. ~A Critical Qutlook .
el el TEm: pRCGRiRRs TRy R b R iR sPiadive

@gogdgﬁém’s.{é usdEh &l atbohore bYSHdly &Rrefs2O ePoxiditioRdf a
4981-5021, incorporated herein by reference. "Halide"

aliastdnedmoeria ehgroynd,mr the ¢oxidation of an othervasenerbagemgic eompound.
.. "Hydri.de reagent" refers fo.reagents that ar .

TS A5PE BT Do e TG S BETBSaRSlIy R lsctive
rRADE0h of bREWYSEIesBedah Bondli ahdl Wigl8 4 Oritibd AV And

al um num hydri de (Li ALH4), sodi um borohydri de
((anBtasspn REBraNtioyelégivdiQuiddsiog [ Methodologies of Olefins”, Tetrahedron,

th oxyal ymi hydri de) ,..zi nc. bor.ohydri de,
(r]{F QIS%@@&F‘%W' ﬁ%ﬂﬁ%i‘%‘@@“@%ﬂ#ﬁﬁﬂ%@f%ﬁ? SCde- ceri um
chloride, lithiumtriethylborohydride, lithium 9-BBN
hydr i d&lalide BENhalpr irefersco T 6. dife 0k Praferably Srher éx |
5, 5-di phenyl - 2- et hyl - 3, 4- pr opan 30
1, 3, 2-blydridbmagtntdiafes (CmagsntRhati@nicipablé ofdelivering H ions.

emotiy hoRS Y ny iy DY L 90 tidhited to, Tithium aluminum hydride
(LiAlHy), sodium borohydride (NaBH,), Red-Al® (sodium bis[2-
methoxyethoxyaluminum] hydride), zinc borohydride, diisobutylaluminum hydride,
sodium borohydride-cerium chloride, lithium triethylborohydride, lithinm 9-BBN
hydride, 9-BBN pyridine, borane-sulfide complex, 5,5-diphenyl-2-methyl-3,4-propan-

1,3,2-oxazaborolidine (Corey Reagent), lithium tri-ferz-butoxyaluminum hydride,
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WD 2004/ 052310 PCT/ US2003/ 039554 sodi um
cyanobor ohydride, lithiumtri-sec-butyl borohydride

wObLe@aiseavri de(r)), diisobutylal um num chl ori #eT/US2003/039554

borane-tetrahydrofuran conpl ex, and the I|ike.

"Hydr oper oxi de" neans a conpound or conpl ex conpri sing
tsh@unhoyahemesipdride, litpiued i-tdobutylboedhydsde drfelacidgde®),
having the fornmula (RPOOH), 5 wherein RP can_&
Idjisetaiidnlupimen chiegide.dgeanegeirawidmiapsompley, apdheyken
al kyl, substituted al kyl, aryl, alkylaryl, substituted
aryl, “Hydmptemmdajmeecanaa Icymaognd arcoptphex connmw@tgythe

e d ErrTetorcB o pe Ui ah PP e B oy e i REREHats OB,
ﬁﬁt%#ﬂﬁg%e Fﬁ&%&p@%"xhﬁﬁgg&?ﬂw@l&@ £, & dn be an alkyl,

benzy operoxide, tert-buty hydroperOX|de

aﬁﬂstithted blkgk ar;ZIl,OalkMt oubstitrted exyl,iom gulgih@up@ alky@gf]; gr other
:ngtglg%r{%;:&cﬁg ﬁ%%gﬁfa?lglﬁ :clgglggllnglrsg}fr}ge&m glﬁeme@f moiety of the

" SASHBM Reludegeri bed
?%r lﬁ%@(}gv\gﬁ %n%hg%htga rm}\l/}gglg%ﬁ%er depr ot élct ion
lemdthtylbaﬁzylhydmpmomde trthrobetydisidedpedodide, mhé theildded as set
forth, for exanple, in the latest edition of G eene

and WHEsydrd: ﬁrﬁﬁﬁﬂn@gﬁw 1S¢hnk EhdSe gevtips 18y bhdksilal in the field
i ncor porat ed "herein 15 an illustration,

rvoenli mopgmge exbeipg sujtable tn;vmte@wh@rgﬂes@bwrgel}j g @p&lkyl or ringed

D5 Gt ed BT8R e BSRrhBy fypEr iroBoAlE Gmditions

qafo%ﬁo (Bos8 skillR8 M7 BRRII ACRE ﬂinﬁhl forangmplepinahs l4et gdition of
"Honochi raI d| est er of tart aric acid" as used

I’@Jreeimandeull_;ﬂ;i g ig papthesis, inggeperated herein. As

tar S |nclud d| et rtrat
FETLE NEETTIEN lsﬁy?fs‘{ %rozgf B SEhaREae ther
ibBLyIBthets! 4if1 elhersants ad Ratbayldimethylsilyl
é@?ﬁ%ﬁ%%%mgs§éﬂfalysts and g%conpasses mnsﬁ%ut i
| éthen), astecm(e.g. , Henzouts, BEaterend pcetals f.g:sMOP). Met al
catal ysts include, without limtation, titanium (1V)
i sopr Gﬂ@dm&ﬁﬁrapaiehtaﬂd)ﬂmmaw etcsid”sasatsechherpml ihelddesrmingdy
catal yst, e. ..
t@@&t@z@p@@tsmf@il@h W@%% uﬁgl)gﬁié(ptpgl&plame and diisopropyl tartrate.
copper(l)triflate, rhodiun(ll) acetate, 25 Rh6(CO) 16
and so“Metat tataly$td refente mremmpgls mgqmplawmclﬂéms ni%et%lbc
a substi. t uent S ed to a | ex
i dements thal a‘f?eeiﬁ[éqc i :ffacta sanﬁloelnc?lgﬁ ?yéwﬁ@g%@%gﬁn
C‘Q &%n'n&%%ﬁ%@a‘?}s?s » Widthl cﬁ@gﬁfs%&lﬁdé RetounBinitetie, ttftaynum av)
object to be ‘achieved with the partlcular conpound
omopmpmhdx, paﬂmdiumatthsmé as paipaxdiub|(8) eatalystice, r eact i on

RSy De B S B RS DSARLL T
Rhs(CO)ls, and so forth.

“Non-interfering substituent” refers to a substituent that is bonded to a
compound or complex identified herein that does not render the compound or
complex inoperable, with regard to the functionality or object to be achieved with the
particular compound or complex, and which is compatible with the reaction sequences

detailed herein. Such substituents may be selected by one skilled in the field
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WD 2004/ 052310 PCT/ US2003/ 039554 dependi ng on the
particul ar reaction step and function to be achieved.

wexenpis2aly non-interfering substituents may i RCIU$e003/039554

without limtation groups such as al kyl, hal ogen,

cyano, nitro, trifluoronethyl, trifluoronethoxy, -OR
dgRnding(onh RpartioTaRycactimystep zdddithetion to b@achncwqy daeRgplary

}1@]{‘ Eé%fﬁﬁg%ﬁ%‘z’?‘ﬂé H}aV%“%‘gn‘ﬂﬁ%‘W f)r%% 184, ﬁ%ouga 6‘%’% aisl

Whaio erp@ arddd nftRY ’Eﬂﬂlfo%rﬁétﬁ&laﬁ{ﬂuo}o&@thgiy,QDRh EY1) QQX\:O)R -COzR,

cyano itfo, trifluoronefhyl, trlfluoromsthoxy -

m@%ﬂ;ﬂﬁﬁﬁ%&}g—lm I\mgfb,j I\H?.(R@EII?;E&I S)G&;gR?,o*;NRS@ qj&/’l,
S0’ NRQ(—O L iead [tlpeKlékeq aprdalkylerau d bﬁitutg& @Vl’&‘? one'to four

UE0BIT s «8f et BER7 Koo Uiy oSk AL ARRNE RO -
5re OC%O)R(IG:(DQ{ @fﬂ‘ﬁn@yl&*?f 'Oé BEJCURKY ] TBERTS -V EEO)R,

effective for the preparation of dioxol anes from
WS gRT, —NREFO@RI”E{“$@@R”D1‘CF@)NM prcetba dike. wirerei R and R’ are

i, m dazol s from, vi nes f or exa
Sy ogr A bR IH o8 s ERfarpad OB RGPy &

t hyl ort hof or mat e,
?;é?ﬁrr%it%? %Egz?iorlnglt()gg )1/5 triisopropyl orthof or mat e,

di elt gg‘ﬁﬁg‘gy‘%&t@ eﬁg@ﬁg@g’éﬁﬂ?m reagens ¢ fe cht%% foar tté n?reparauon of

d‘i@ido‘l’dnéé ﬁﬁnﬁﬁ%@ﬁﬂmfﬁﬁﬁﬁ&s bpfarflye px@mt@umontmdmtd ngs from
that is known in the fleld for its effects in

oorna dianpigesor, fafcexaomig S-gribaminppyrimidineadenvatives, dpngimiting

ggé\a:fﬁ%]legﬁcg%éfe f‘%@ﬁ%’%&f@ﬁ?eﬁgy :ﬁﬁﬁ?ﬁﬁédfgﬁﬁét?ﬂoﬁi ate. For

|thfélz}§1%byl@ﬂhof&1%Adlelﬂi&iyﬁﬂﬂﬂ'l pe0Y e di-Aopgylorymethylacetate.
pot assi um per oxynonosul fate, sodi um peri odat e,

sodi u “o p g anRESmpound or complex
Ut honLiERE 48R o oA ARNONES #E(ER0RPLAnpound of comp
uket ds knovirhim the ﬁshlrtbmtsnéffmtsamm:pnvmﬁag admhctlpmdsgromh ra@lecule
KF, KHCO3, NEt3, AcONa, . and the |i é:AS ski |.

itrprR héowqré%da\momsta&‘pteraéeg%qr @deéaafil ftﬁ‘i?e OR XA 8 Sxdise

zaglggg gn%rﬂ QiR 3Rkt WPBR%%& geﬂr&r&xlaa RGN $n

eactlon condrti ons aci d

UsEH estassinn pabytesnosiifite sbdiinpératdamnsodiag lpemarhmnate
nmonoper oxypht hal at e (I\/PPA) per henz cjds, an
(ReFaaBIEE RETREDANatey M@WF" xides %’@éﬂ Biﬁ"e n@?‘@%%%gems may be

qg&g?ﬂﬁ!a h}/esgﬂtl@%# oh¥ Bleﬁilo dalt%s sgclg QQKF( |t3¥ AQONa

ering SU stituents as |ne ove.

\dherihd e tA&Y ohe sitiltsdyih thesficld edll appraciatef ﬁddltl‘faslmayvba’sglected
another term as in allcylphenyl, or_alkoxy phenyl

gpending prHigartiel %I‘?éhiﬂm@?ﬁ@ﬁ ysed aph heapasgiop cgndjtions.

di val ent noiety of the other, 9
“Per-acid” as used herein includes without limitation, magnesium

monoperoxyphthalate (MPPA), perbenzoic acids, and peracetic acid.

“Phenyl” includes phenyl rings optionally substituted with up to four
(preferably 0 to 2) non-interfering substituents as defined above. When the term
phenyl is used as a suffix following another term, as in alkylphenyl, or alkoxy phenyl,

this means the phenyl group is connected via a divalent moiety of the other,
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group. Thus, al kyl phenyl includes benzyl, phenylethyl,

wand4oses1ol i ke. "Protecting group” includes w PODmIS2003/039554

limtation such groups as are set forth, for exanple,
in the latest edition of G eene and Wits, Protecting
Grenifiealiyma@redgnowp. STiSpnalkdshenyl inebwlep beryb ghensiehyl, 4nd the
rref erence. "Reducing reagent” refers to any conpound

d ®conplex that is known in the field for its effects

in converting a functional group.in a nglecule from
one oxFERIEGIHE ereymicidesavithinne hmiation such grapg e are set forth, for

Lt E UEPRRoh SRBIE g8 S Sy o n i
Fvnebis! tabomatedbrrdiy 8y referenseodi um 10

bi s(2- met hoxyet hoxyal um num hydride, and the |ike.

The t eRRHuIREHEEAM” FFQY Ay cothpdunil BE EotdSlex A id R wn in the
reagents" as recited above.” "Strong non-nucleophilic
Heeddfor ite affects imemvardingaufondmsel grhap idbeelegole frarn opg oxidation

I il Such di t. [ . .
51 G PR e EXPEH AREcinE SBR U eldegithont
SREHkMoh P SB I, TA YR ivnY bétdh i ideP @b ety minubhydide Wodium
sodi um 15 hydride. "Tertiary am ne base" neans a
thig(2inkethanyethexyaduninuas) lydiide, lapd ghei lide, The term “reducing reagent”

N, .N-.di.methyl.ethyl am ne, di.i sopropyl et hyl am ne (Hunig's
B’%‘yé’j‘dg&e t]{y 1&%#@5?3;? e??eta?%ﬁiaﬁ@ “TMEDA), or a nitrogen
contai ning heterocycle, such as pyridine. 20

" Tr i neSHYRS neyrnuelpophiliehase nmeansahgisagiepislpss that does not act as

A, S o LA A

co
Cdﬂis@;{@pylhlﬁiﬁiebSd(ﬁihmmmteﬂliyﬁﬁylhyﬁﬁd, bytassium, lithium, or sodium
trifluoronet hanesul fonate, and the |ike. Additionally,
ikydg@dul d be understood in the nethods of preparation
and clainms herein, that the pronoun "a", when used to
r ef er ‘flertery aageritase suedns adribiglatnine, sughetsgticthplgmine,

Lyst", "a hydrqperxoide" and forth, is intended
RAR IR WAL TR LA R GRS
Sk 4 AGh ReniHFhE (TRAIEOS ¥ @ﬁmgbﬁ céftaiflingtHaf@Scyele, such as
reagents. Thus, for exanple, reaction step

ipyvidinei ng use of "a base" , or for exanple, involving
use of "a base selected fromone of potassium

hydr 0Xi’[‘ﬂﬁwtl@@iiﬁ&zﬁhﬁ%i@hﬁ”—&%@&iré@pnmreaﬁﬁé toprepare a
tert-pentoxide, sodi um hydroxide, sodium
tteimethylpilykether, frompnialpehply d¥exiiaing sxemplsdridsses use

}%}%g%ﬁ%@gﬁ]%%@ﬁ@?%ﬁ tr%%?osrgétha%{eml\fghea{e? and the like.

Additionally, it should be understood in the methods of preparation and claims
herein, that the pronoun “a”, when used to refer to a reagent, such “a base”, “a metal
catalyst”, “a hydroperxoide” and so forth, is intended to mean “at least one” and thus,
include, where suitable, single reagents as well as mixtures of reagents. Thus, for
example, a reaction step involving use of “a base” , or for example, involving use of
“a base selected from one of potassium hydroxide, potassium zert-butoxide, potassium
tert-pentoxide, sodium hydroxide, sodium ferz-butoxide, lithium hydroxide,”

encompasses use of potassium hydroxide as a base, or, where appropriate, mixtures of

10



WD 2004/ 052310 PCT/ US2003/ 039554 pot assi um hydr oxi de
pl us one or nore additional bases set forth in the

wgroeumstaiom which a sel ecti on maybe nade. Onepekiusk@d 039554

10

15

20

in the field may nmake appropriate selections given

the reactions steps and conditions and result to be
otdsevachydiptifopias ohe & @perAiditionabbafesset ﬁnﬂnnrﬁhb group from
ent ecavir and novel internedjates tgerefor

pﬂ@slaa selectiop mawbRads| Argsipletiadie el&é%aé’rfrlgg%aﬂpﬁoﬂfﬁ&e
B e R Y T G Al S
are described above. Starting materials are

commerci al |y avai | abl §1&#hods0T Frepididnl Yy prepared by
one of ordinary skillT 1Tn the art. Solvents,

tenper ayyl cgpsmgllqo%lﬁ%ﬁfé'ég\gx rﬁ]ﬁfvtel B RISk %e?efti@iﬂa? Be bpared

the desire oups, an reaction conditions, my

bg; the agirhMasereckad dascribag i teIfolidweinp yeaotion Sthemesi Eaemplary
skill in the art. PROCESS A SCHEME 1 1. RaRb2SiY
SieaERand. pr@aé@resif@ﬁhm regetiony me@d(e@m} g or p{@diggqr@d@bove

B @]
Mg@%%ié&e% Bl e or i % epdify prBARY one of
lmf?th aﬁpﬂﬁ%h@nte eratl.gés Biddsi6és Aaftihg mdferi® having
Pr oce S t he

I nvention conprises preparation of
t e desitedrgr@ipsf @idrothe rédution cpmdifiens; exdy be teadily delacted os
starting material for preparing entecavir 21. In the
eaa:n?eqmr@febyr@nermﬂoadle@ySEzl @tbe@,%- to C4 alkyl or benzyl,
preferably nmethyl; Ra is allyl, phenyl, Cl

PROCESS A
SCHEME 1
b .
1. RaR ZSIY, gszRa 1 Base gszRa
Base w reagent q 2
62 63 cl
Y = leaving cl
group

1. CA

(chiral amine) COH CA Acid CO.R

2. separation ) ROH -

- OH OH
65A 66

Process A of the invention comprises preparation of the ester of formula 66, a

preferred intermediate or starting material for preparing entecavir 21. In the ester of
formula 66, R is a C; to C4 alkyl or benzyl, preferably methyl; R® is allyl, phenyl, C,
to Cg alkylphenyl or C; to Cs alkoxyphenyl, more preferably R* is selected from
phenyl, C; to Cs alkylphenyl, and C; to C3 alkoxyphenyl; and R’ is C; to Cs alkyl,
preferably methyl. The ester can be prepared by any method that provides the ester in

11
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20 to C6 al kyl phenyl or Cl1 to C6 al koxyphenyl, nore
preferably Ra is selected fromphenyl, ClL to C3

walbogosbeanyl , and C1 to C3 al koxyphenyl; and RbBCTAIS&D3/039554

to C6 alkyl, preferably nmethyl. The ester can be
prepared by any nethod that provides the ester in 11
WRIPAIA441062 31 OardEhahiSAA63¢ PBREF5A priafegled g st doshemincin

%r‘}g@;?gﬁg‘t’vl %@ng’gslf?émpﬁjgﬁll@e@éﬁ?e%le Y edygtpg tgltj < bﬁllng geagent,
6
ﬁg %a(%gf-e%&e%}é\%eﬁm ?‘Jg}égl%tér &-32' nga%?lgﬁl}gdm%ﬂgflehlomsﬂane

Mt&i’eyﬁ-l & Repiieylic RP srachylamed Yvibel.eThe faction miebeytarrigbout in a
is methyl, and Y is C. The reactloq may be carried
sotvepirsugh &5 BRI QUEIF o3 hnAeskitus ) e HpietEves a5 @ masked

hlygl%lggf lgﬂ&}p t%:x%{tﬁcgg g%@é%ﬂ%%@%’ glftg(??%nﬁhﬁz)lf&gss ey 8 duct of the

unvel synthetic

RE9EBESS reatlich GaHeChe €lfbdrhted usink wl2aRicycloadiition wactoanwith
then be el aborated using a 2+2 cycl oaddition reactiaqgn
vietee, qt gensrated fom dipbierpagedd chloside and Ak BPRIGRIALY pase (e.g-,

R AT R ORI RRIS By 1o oG e ot e

Gy¥IRbhifABoredb R @naR 63.aMhe Sy dbuitAiont can than bd bpened w1th a suitable
cycl obut anone can then be opened with a suitable base

(es(e,2-EE BN, Na@BHK ORDNaHEPIOHITCRHdEB COnSisd:, TRASH:SIc.), and
\kﬁ? ngl%gg @tg%qegdafj%g ece{%i;}\%g%én?gablé’]}eﬁ{lﬁﬁg E%E{fr‘ d % dNQ]?ﬁ;; to

&{rQMHQ&etdaﬁoo%§ﬁ@%&bffbrﬁﬁla%4of formul a 64. Resol ution
of the enantioners of the carboxylic acid 64 can be

acconRésslwtian of helppansigmers of thatcarzbﬁxy\hq 3id b4 Fan baapcpmplished

and separat.i.o I tin
el SRR ST S e b S or P e SFREE: ©
LSt GRERONY LS. ABGhFerBbmbRe ﬂ?&t@re@ﬁ' ahﬁn&ﬁ@il%ﬁl@é)&)ﬁfche carboxylic
prepared using R R-(-)-2-am no-I|-(4-nitrophenyl

) -
Iacal o fopranledos prefraisy pmpamddllsmgr&Rs@-l-lammp-i’rﬁé—néifqphenyl)

[ h | b
oS wetBiAioh FEhose SEptenr S T e e AP erL WA g Chire
ot Cxpgs?(é’én' e REd B a%ﬂw% tﬂe%ﬂht)@or%é‘f) thd @%ﬁoﬁfé‘rs"tﬁ&he carboxylic acid

ude, for exanple,
dififbemylh 64 hTheseaeakiiags inepde, for example (1R 2R)-(+)-1,2-

ctlaﬁeréﬂe{ﬂélYé%}@@%@%ll}%%rcaﬁ S Oh A% B AL -1
3&%?7%}} f (13)% éfog’hﬁé&&oﬁgoisaqﬁﬁ(@Qedlammocyclohexane

(deRy&Bhblktyfaxﬁne,r(ﬂRmur@/-klmymhmhelhyhgclohnmnh@mChomidinarmd
ci nchoni ne. 25 Separation of the resulting
diiaghoaimeoneri c salts can be acconplished by any

Separ aé%)%{ht@é %‘g Erfé%&hﬁg&‘{ﬁst&%o&@ﬂﬁ @al@fcaﬂ be bARYpIRKdd by any

in the ,
}ééﬂaﬂbﬂl pAREdRE kn SRR thbseOst diﬂmtalbfskdl ms:he poneh Be

chrg;atloirag}rlg ];re (Er?fsbtlal){lzatlon. Separation of the diastereomeric salts is preferably
effected by crystallization. For example, the diastereomerically enriched ammonium
salt of formula 65A (where the chiral amine used is R,R-(-)-2-amino-1-(4-
nitrophenyl)-1,3-propanediol) can be isolated by crystallization from EtOH. The

ammonium salt of formula 65A. isolated by this procedure can have a chemical purity

12



effected by crystallization. For exanple, the

di astereonerically enriched amonium salt of fornula
w62bo4(osbane the chiral amine used is PCT/US2003/039554

R R-(-)-2-amno-1-(4 30 nitrophenyl)-1, 3-propanedi ol)

can be isolated by crystallization fromE OH The

af %% iam]r98%| de Gbnvessiombhithe ammpiatseld obformhlabSA to the ester of

s ioiRb o) e esBad 0w DEheasesh fugdsglion ez
e
Gy SRS Sl A 41510
bymédtglehe ghlbrida nAhem@hntbl}s @bmpbmd 6%\ gan be ddn@kttathitceemiree acid
praopriate acid, 364"&? as suI furic acj

Wﬁtcauwbé%cm@rﬁw n gith alephol 1%»1%4@&}%%&11%%?%5’%1?%%?

r verted into a
ﬁgg %%%gmgh%/ﬁ 'S’ s&b é\?egﬂ?o esterification with
al cohol, e.qg., I\/EO—L in the presence of PTSA, at

refluxing conditions, to Erovi de compound 66. PROCESS
B SCHEME 2 13 WD 2004/ / US2003/ 039554 X

SI Rb2Ra 1. Hydroper oxi de iﬁg@y CORTI(OGiPr)da ( N
2 DODPT OHN NNH OH _H 2. Reducing O 72 ,
Li salt 28 agent (X=Cl, | or BnO SIRb2Ra OH a OH
HZN° /N1 NOHNy N73 X (where Xis O or |I) (where
X is BnO

13



1. Othoformate 2. Ac20 (AcOH anti-oxidant) O X 3.

Acid </ :]I HONNNH2 HO N N NH2 Rb2RaS 71 Rb2Rag~
wO20ds/058x10t odesi | yl ation 2. Oxidation X O N RcOwHs2008/039554

I NH FiO N N~NH2 HO N N~NH2 HO-\ 93 HO 21 Process B

of the invention conprises preparing entecavir 21, via

coupling an epoxide of formula 72, wth aXsubsti t ut ed
guani &5 fer i vatli perersrosiEepai® & car boc el ity 5

nucl edside.rt he ¥ BiPdund of Fogaul a 7 iN%Q[isthen
el ab ed to tR onmpound . Qile e dirnentNHef

Procegs Ohs depiected—in Sci o Inn‘qﬁi ocess, a
preferred starbi pgiuamgeri al Faqp the ep.gikfﬁf%_j,orrml a
72 is an ester agéntfornula 66 (which g bg gogpar ed
as described in Schene 1). The conpound of formula 66
can be epoxidized and the ester, group can be reduced
to furnish the cycl opentane ¥pdki de 14 WO 2004/ 052310
PCT/ US2003/ 039554 of for S i n high

di astereoneric purity. For n’pl‘é*, t he conpound of
formula 66 can say e_R arfPn@material for a

di ast er eosel ecti ve epoxijdapi o' reaction. In one

enbodi nent, the cycl dseritane ,gpoxi de of fornula 72 is
formed after the epoxidation and reduction steps in
at | east 96% de The di,ast ereosel ecti ve epoxidation is
ef f ect e@vhBrewis Bl @ hhopbchi ral di est eN of(wheie Xdg BrOaci d,
a hydroperoxide, and a netal catal yst) such as a
transition netal cat élzgtofo"mtéf er abl y, Xt he honochiral

ester is DI PT, the gy ,@M?W@XP%”"}I’BHP or CHP, a
the metal cataPyst i$ %9t anium (1V) isopropoxidey "
r
@/)\NH2

Preferably,nt eaction is carried out in an i|2$l
sol vent sué‘h s dry DCM or tol uene. j
f Qb ANg e~aat al ytic epoxidation reactigns are

descr i\\\ in RORESN 71
R°,RSY 92
1. Protodesilylation
2. Oxidation
X O
N ort- N NH
XN
¢ C
~
HO/\&‘N N/)\NHZ HO/*&AN N~ NH,
™S 93 Ho' 21

Process B of the invention comprises preparing entecavir 21, via coupling an
epoxide of formula 72, with a substituted guanine derivative to prepare a carbocyclic
nucleoside, the compound of formula 73, which is then elaborated to the compound
21. One embodiment of Process B is depicted in Scheme 2. In this process, a
preferred starting material for the epoxide of formula 72 is an ester of formula 66
(which can be prepared as described in Scheme 1). The compound of formula 66 can

be epoxidized and the ester group can be reduced to furnish the cyclopentane epoxide

14
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10 United States Patent Nos. 4,471, 130; 4,594, 439; and
4,900, 847, incorporated herein by reference. After

woenkuys23ibhe crude product can be carried on i RCThS2003/039554

synthesis wthout further purification. The crude
product fromthe epoxidation reaction is treated with
af foeniuti T0in highadjesttrebimatic padityc Fov etampledbe esmphrmdadtfenmula

B O 5ot s Prssrioh GBSy Rose RATS Iy tpRasiction. T one
e

thh@rddeaidn wepsiis alNeBtP6VNdd PRAe dBserecsdoctivempopidativmssifected
the cycl opent ane époxi de having the fornuja 72 Thlg{ h
s adpanchival Epws ofdatsiricrasida hydreperoxifiey ?’Féi?’é‘étaﬂ gafplysf, sue

for i -

a8 pG! Rt L 3O ool i DI e ¢

hoarsptaxidd is WREPairCHP,id Ghe mbtal catalpeng titanioyn (IB) Goprapoxide.

a di polar aprotic solvent such as DM t repare the
Soviobbalion o et v SessopE oo bl fo] el Bl

f 2-.am.ng- 6- ] j i. o g
R ST B SRS T R R B cscra i
iRl iSRgey TRAGH INIR. 4,97 11 BMaK 394(439; et £009,847,dncorporated herein
nucl eosi de i s advantageous in that it 25 provides

iy gefenange. t ftar workup; the caidg prodyciear bp captpdion ndhg gypghesis

canvepjent workup and purification procedures, and
B’Y%\?Pﬂ@ﬁ’ﬁ%@ fca{;?%‘l ds of the conpound of formula 73.

For exaRrRhie prbdirt foBi e chpSiilation redetion ivdeatat witbatredlcing
the coupling reaction of the purine ound o

cQ f
fregent thatzgleptivalirastupes the Byiey grawitor ﬁlﬂi’eal‘é%hglrﬂék}%}h k€., NaBHs,

i.de. of, for a,./2, C b I | e
?Lg@{%’;}gﬁ‘élﬂ ??8&'&3‘\&#61‘ ﬁhbsr%b‘étygag ?‘P%lnﬁigf 1d§td88§%:{m§ hﬂ?é xanes
LRetRESEHER ARG de,Qhd 1oy 1Ry, dn 8¢ bib6&Meyt, eheeducing
15 WO 2004?'052310 PCT/ US2003/ 039554 The conpound - of

fagembised 73he wiaetien is NeBE: iBIBA. dde rednetion pravifes dhe @glopgntane
the ..c ound of forpgula 71 by converting the vicinal
(ﬁp8¥1dﬁgig%f1%ﬁ}ec;8’§w_ﬂﬁl7 ene. Anal ogously, the conpound of
form '1%37 clopBRERI dboXideof Brmfla 12 chiftheRBe ROMNE Toeskaiple, to

compoun 2 by converting the vicinal diol noiety to
aboal 30e0avitl m dkdi artddaltrerg, a littumbseltyofahepirint esimpefund of

th d of f la 73 i ted. t al k
orinute BB pOIFASK Il BN IO DOV 1L AipoR SR SaI e puch
t heyf ol s i R )
IS b SRR L. B AeS a2
Tineb-6-0BelmaylyplithFis préparEbypiresmastevidf base sadi ab IsidFhor LiH.

as PPTS or TFA. The reaction is. pref egjﬁbl,y carried .
GRhis aupking rasetion toropare thararbogclisamcleogids étndvagipggqus in that it

provides a high N-9 to N-7 ratio (e.g., N-9:N-7 >20:1), allows convenient workup and
purification procedures, and provides useful yields of the compound of formula 73.
For example, after water workup, the crude product of the coupling reaction of the
purine compound of formula 28 wherein X is BnO, and the cyclopentane epoxide of
formula 72, can be purified by simple recrystallization from a solution of EtOAc-

hexanes to provide the compound of formula 73 in 65% yield.
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the second step, the diastereoneric mxture of
di oxol anes is heated with acetic anhydride, preferably

i Nt herheRLEHBREE o PlorRERIA3C whkleth HNSIBAO, et thebelamtverted to the
e.g., BHI, to formthe al kene. In enbodinments wherein

XommpoBndpf formeulrildy qonvettiog terdeingltiolipeietydo aplienrde

RTINS
\A’éghp%{mw b% E&k{yﬂ{%iy IR idd1 8P nRERT Y AXYkEHeO UR oh@8mbodiment,

as an ace group forned in the acetic
ahbyitiriatiiol ok cempputdoffornmild§3tiheonvetted toemealkene as in

o O TS S PR g o
i SQl-at: ' . :
S A G Aoy s bisak kv

aripF, (ROT bt OMUOF, Gpthenireseacd of, anMcfd Rchlas PPTS o glifdhyThe
ethyl] phthalamc acid, L-tartaric acid, I tert
oeaesioayip prefarably setried guf i anjingrh sqlyent such 4§ DYz toluene, or fert-

S). - camphord j - i o] - s i
Bl AR A5 PSR 1y e Shogi el o

C l%dmﬁﬂisiﬁga dﬁeﬁﬁﬁﬂedﬁﬁbﬁiogﬁbmn'p loif divexdlabys. dotiwesecpmdystep, the

the silane nolety to a_hydroxy noiety. .This canversi .
2djagensomeria BRF Eieetf M@lwéﬂ%@éﬁdlwﬁh%/%ﬂ gy dPg PRIARLY in the
nmoi ety foll [ s ' toflh Z1 e,
chefnke O pos R B A 1 SSR G Y 4 oA, BRI SR G

PEAbQHRShs YREdRX is BneR titadtudepradinit doad theiaacticeaditydide
wi th boron trifluoride-acetic_acid conplex, or.a
Biremtmeniccan dhan e heated Svithrarid psh as prpgous gpineral acid or aqueous

tetrafl b ey i ' _ )
arieeriar ey 1 BB i P he BRN AR Byt et an 2
aNbR8/1 gfoug Ghieh iSin 3 Alesic bhlbeddb ekawent) [Gptwirde tBe nigipene
debenzylation (which may, in some 16 WO 2004/052310,.
PETARSRO0Ef0B98571, s s caliters:.VISHer 4iH; 8lidd Tibg ptggnediates of

5%(8‘%1;1)1’ a%?iﬂlé%aghg:g% E%?ﬁ%@i%l fﬂi%e %&r@{]oofg{e%é}t I%§/’ ltljaé%@?n@(ﬁth an acid such
A OIS Flon DA, (1
t tlenaghehydxétbiyl} plithaliindc aoid,di-tartagic gcigg@ihgl(zg}-Lgaﬂaryeamd, L-lactic

® e B abheamsimidagid £-As5aHE Blia F5LittcheRR Mol Erc.

Preparation of the final compound 21 from compound 71 can then be
accomplished by converting the silane moiety to a hydroxy moiety. This conversion
can be achieved via protodesilylation of the silane moiety followed by oxidation with
an oxidizing source, such as, for example, hydrogen peroxide. The protodesilylation
step can be achieved via reaction with boron trifluoride-acetic acid complex, or a
Bronsted acid such as TFA, MSA, FMSA, or tetrafluoroboric acid in an inert solvent,
e.g., DCM. Alternatively, protodesilylation can be achieved with a base or acid as

described below in Scheme 6. Upon debenzylation (which may, in some
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exanpl e, when boron trifluoride-acetic acid conplex is
used, the conpound can be oxidized with hydrogen

wpeneiseoand KHCO3, to provide the target conpound2@B8/039554

formula 21, and when a Bronsted acid is used, conpound

91 may be oxidized with hydrogen peroxide, KHCO3, and
dfibodBnbets, rcictlipvedih thx priitadesiiydigerstep (¢ gatWhmM% o1 HMSA are
useful may be recited abgve. Alternativ ver sion
wed), Heere is Brpvided )vr?teg%%llyllargﬁdr%?yn@‘ﬁ%tﬁ B? ﬁ‘ﬁ?l”gae

achi eved as described in Scherrecﬁ bel ow, and

addi tional nethods that nmay seful for the

transformati on of the silyl /'& t he hydroxy
group are described in Fle )\g\l enmtracts-Organic
Chem stry 1996, 9,H "o R et al.

(Tetrahedron, 1996, 52 99- 7662) both of which are
herein 15 incorpora gby ref erence. The conpound of
formula 21 can be f tﬁ%r purified, for?! exanple, by
recrystallizatjon fromwater anqﬁor via. e

pur i f Teaproseresdylaed itpmegdiain, 2} 63 AR by 8’61é1¥§8| l}hf oxidizing
a0 %ﬁ%&%eﬁ%ﬁggg?fwﬁf &Ftnd fe%g&ﬁ Sisdd totat!ﬁlepélﬁﬂdﬂ&le?i@atlon For

opent ane epoxid to give conpound
Z;Sam 18, WﬁéiﬂforbﬁlﬁlﬂuzﬂdmaMw&CRDCdm@‘l@yiSODS?Cb dled erampazing jgan be
as -am no- 6-chl or opuri ne or

pridized avidolidaesgen pewﬁmﬁﬂgééoyﬁ%ﬁgﬁ%g@%ﬂ D }nﬁc{] of
S 31100 CIBRE BB5LE o fuscd COPYRIARH1 ity SOTRREAA with

Ketpon prot o atrgn and oxidation is
GAVSEET Sdoxitle, KHADRM T8,  Otter bdidsandetidiaeg, agwte theit may be

2- am no- 6- chl oropurine or 2-am no- gl%g
st manbatited S, MeREHEY: SPTFORE O hEBiGT o o
g?ﬁéf\‘?é %fu%&ﬁ%%é’ac%?ev@g e%§r11§’e%%ﬁ)s(§ﬂ§§ e BEhdidiy) dn@@Hd#dnal

0 group o Into the 6- oxo

PRIteS tha{f%ay@é&{wfue for am@mﬁorﬂaﬁbh sbthetsilplngrowytotbe hpddxy
to convert the conpound of fornula 93 to theééggpo% & d
gfouporerdbssripad infFlempe2b (Ghawpatey OrerricShensiy3g8s., 1-64) an

s Ay S B i G
hd3RFdRaEREERLEQ TR d3agfdandof formula 21 can be further purified, for

example, by recrystallization from water, and/or via resin purification as described

below in Process K.

In alternate embodiments of Process B, the purine 28, coupled with
cyclopentane epoxide 72 to give compound 73, is other than 2-amino-6-
benzyloxypurine, such as 2-amino-6-chloropurine or 2-amino-6-iodopurine. In this
embodiment, compound 73 is upon treatment with the orthoformate, acid, etc.,
converted to compound 92 , which upon protodesilylation and oxidation is converted
to compound 93. In this instance, wherein 2-amino-6-chloropurine or 2-amino-6-
iodopurine is used, an additional treatment with aqueous base or acid (preferably
aqueous base) may be utilized to convert the halo group of compound 93 into the 6-
oxo moiety. For example, aqueous NaOH solution may be used to convert the

compound of formula 93 to the compound of formula 21.
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1. Base, conditions / ::1l benzyl halide OBn 013n N N
NN 2. B+, HRO76 OH OH H 77 Li salt 28 . |IRb2Ra

wleheymiss310 OBn 4, 5, 6 NI OH H2ZN /N N CH Hecwus2003/039554

NHNH2 Y x NN 78 Hd 21 5 The ester of fornula 66 can
al so be converted to the conpound of formula 21 by
t he net hods of Process C. One enbodi nrent of Process is

depicted in Schene 3. In.c st to Process B, the
epoxi dation reaction of m&g&%ent ane in Process C
is performed after the egg kety has been reduced.
I n Process C the prirrary“é%g%‘r 10 noiety of the

est @Rﬁﬁﬁ for 6 (R—suaﬁlzdﬁ/l) is protected w sR>%a

pr op= CtH grou such % didSatymnt wrt h

2- oxy%r opene afld %P%\/%P M’l F @ OH
suc S d2PTS, +a—-an~in t s@ent such as tolTe eomb@

yi ef® The conpound of ffdrifula 74. The carboxybicC
ester noiety of 74 can be reduced with a hydride
reagent, preferably Red-Al8 or LAH 1In one

enbodi nent, thesedRer noigby..ef 74 Sr%R%educed, :tmk

prefeabl y aft e t he addidobdpipnsof a abl e b fh
y~ argeme base, e. n‘S‘i/

elyto give the c od of frer

asbéﬁ%}?l Iﬂalﬂiet ert . ? %
75~ "1 nh "4not her 76e Odl nment, the est®r 7rm| ety ofisdd 23

reduced with a hydride reagent after vvorkup, to give
conpound 75. The resultant al cohol noiety of the

conpound of forguba.75 is first protected with a
protecting group t at i s r&deméaant to hydrolysis O
conditions th V\D"Q@(ﬁl/ 052310 NH
PCT/ U82003/ 039 used to renove the /grpu/ek

For N e— c"l’rol moi ety of theg,
formul a arybetreated wWth a base (e.g
KHVDS,

The ester of formula 66 can also be converted to the compound of formula 21
by the methods of Process C. One embodiment of Process is depicted in Scheme 3.
In contrast to Process B, the epoxidation reaction of the cyclopentane in Process C is
performed after the ester moiety has been reduced. In Process C, the primary alcohol
moiety of the ester of formula 66 (R= alkyl) is protected with a protecting group such
as a MOP by treatment with 2-methoxypropene and a catalytic amount of an acid,
such as PPTS, in an insert solvent such as toluene, to yield the compound of formula
74. The carboxylic ester moiety of 74 can be reduced with a hydride reagent,
preferably Red-Al® or LAH. In one embodiment, the ester moiety of 74 is reduced,
preferably after the addition of a suitable base, such as with a tertiary amine base, e.g.,
Et3N, in the same reaction vessel to give the compound of formula 75. In another
embodiment, the ester moiety of 74 is reduced with a hydride reagent after workup, to
give compound 75. The resultant alcohol moiety of the compound of formula 75 is

first protected with a protecting group that is resistant to hydrolysis conditions that are
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phase-transfer catal yst conditions using 50% NaCH),
and a benzyl halide, e.g., benzyl brom de or benzyl

wohbewaseap preferably in solvent such as tol uereTars2003/039554

THF, to protect 5 the al cohol npiety as a benzyl
ether. The MOP acetal can then be hydrol yzed by
debdiusedio mmoaqﬂEdMQP@roup Emcehamplelthl&la ol moiegi hdhe he

BTl In 78 fe Py BRIy BTy S, g AMDS, Nal
kghés%ft&hb{ﬂ‘e?fa%lgg&oﬁ&uoﬁ% ﬁﬁgﬂ@)ﬁ N2HL)S an(Ph bEhyRRAKR, &. 2 benzyl

e genera initions eln. The allylic al cohol
besmide ar Bﬁlzghehlmsdeapreﬂrably iimgplwett endheds thimengon BHF, tO pr OteCt

G hrseaLes e S e o MR 19,
LE&EES o a¥ %&b@aﬁ%@ﬁ&f% @ECP tcP%x kbt alRAE aﬁ%ﬁ@ﬁf@emﬁdl@ 76.
dsi Ag

epoxi n can a honochiral diester

Tthdraprétasting goish, knewnhiy dicofieid meiyde  foanmingherbtesdture, such as

catalyst, such as_a trapsition cat al yst.
égfmlggn

Aireeeend Wyts, cited @bayeiaths %@éﬂl Lg% dat i on may
g :s (r:):elr Q" H?ﬁlc %’k(&l{bl 3r BS ﬁiﬁﬁ e?xteg hs 88t MeRfntedial f@?a

nple 12. "Preferably,

@ha%ﬁetr&fsa@@tﬁ@@pdﬁidaﬁ@h teactiqee mmeremetﬂle\prcbdmct e ¢yohnpenianea|

ester DI PT, the hydroperoxide TBHP or, CHP, and the

iepoxife @féioamybﬂﬁw(feﬂn@t migtpigstereamietic PRRE.- Fon exqrgnle; the

carr.i.ed ou €,

ﬁB?Wteté%ec edpRst Uhh a SplrEiitel SR oF Bkl R

| O?@i%ﬁk@nﬁld Lol 62al9ét, fueh ab b araksitibs nfec] ortlyst Aitemately,
eas

96% de 20 The cycl opent ane epoxi de of f r a7
dhdinstensosedectiza eperddationgnay @ﬁpeétoeve@ with atI@ﬁ%‘}é!? M;PA,

S PesepBe T et BB gl Mg i

erfotm& with e HotcthihPRted DIRD) e hoddpéreeide TBHNor @HP, and the
to prepare the conpound of formula 78. Preferabl

tmgalpqatalwe’fc(&qﬁg)gn Breferablyothgueastios i carried out in an inert so%'/vent

2 m no: 6- ben
R e e
oﬁﬁeobeorﬂﬁlweq‘oﬁﬁéa%ﬁtréaét%%a&@m ne and the sodi um
salt of benzyl alcohol (e.g., upon treatnent with

NaOH iTheteyrlppéntaecepioside otf@»rmlmﬂ eamhem/emactgd (apopt elevated
t t t th od |

BB, € Gheteragly PR n e} Wit e bl mlp SO gyrine
Sé’:?sg{r%oﬁ%? %fﬁaggﬂ%%a%greth% ey IQYEB 8ae 4 8ok aprotch solvent such

enz oxypurl ne 'wt for exarrp e

Lds DMEF T preparedie depcﬂmﬂd)f dbrofuda 78Il BreB@abl®, thevpeuin cn)n)pound of
|s benz§ oxy, can be isolated and purifie

it Bt Bben OG0 A6 §p0-0-benizy oNypurine s

Fz:grgér{txjesr%% gé%ﬁ%gﬁe or H?gtéﬂ%[ é%ro‘ﬁ‘?ﬁ rclﬁgn'%%ﬂbﬁfe &fd #RY3dium salt
rkcﬁgb&nﬁ@fl %let)%mzlé(b Igg rmpmh trBataRhy®ith NaOH ﬁﬂbeﬂeyltalmhm toleane, and
MeOH, or upon treatment ‘with the sodium salt of benzyl alcohol, benzyl alcohol, in
EtOH/water.). The alkali metal salt can be generated in situ by reaction of 2-amino-6-
O-benzyloxypurine with, for example, LiH or LiIOH. The crude compound of formula

78, wherein X is benzyloxy, can be isolated and purified. For example, the crude
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The conpound of fornula 78 can then be converted to

the conpound of fornula 21 using various reaction
weeoquaiszas anal ogous to those used to convert PO®/US2003/039554

compound of formula 73 to the conpound of fornula 21

in Process B, which are further described in Schenes

&ombownid7Ssantbe isated PROCERSI@ of) [PASOHENEe theh Renfed by

Eéé%”sta?zatw“%@w orﬁ“%w%%%ef%m“@% Hobitate -

N I SIRIRES LB thePBR o8RRI To G- chplpeoMhd of
( O) Cl 4a| yl Ac20(HOAc/ anti-oxidant) O OBn N

Acintlila 21 gsmg H@loul&l ertloﬁ:/sequeﬁm analbgous<s tiBse upedNoROvVat the

S RORDRIISE [QRTBAS feNo PRRRGOH SR R 1 Ripcess Fviseh gt
%h&e%%ﬁg%eéegg?%ygaﬁﬁwprocess for converting

compoun (conpount erein Xis OBn), to the
conmpound of formula 21. Conpound 78A can be treated
with an orthoformate derjyvat IE\é%C(SUCh as DEMA, D PVA,

TMOF, Ti POF, TECF, PROC
SCHEME 4
_s,._inZRa OBn ’ OBn
s "Oro Nt py LT
m N —— ol St A, Il NP or
HoN . N< ~NY e—OH Bno-a AN TNTTNHz - Bno
Y I OH Orthoformate \ W
Ny N SiR}Rb 101 SIR°RP 103
OBn 78A R’ = Gq4alkyl, C(=0)Cq4alkyl
Ac,O(HOAG/
anti-oxidant)
O 0Bn
N Acid, e.g., HCI
</ | )N\H MSA, etc. </ )\
BnO NTSNTSNH, N7 “NHAC
BnO
S o
RSSO SRARD 105
l Protodesilylation
0
<N NH Oxidation </
A
—e— -
HO%‘N N/)\NHZ
RSX ol
HO” ¥
10 RP 91

Scheme 4 describes a process for converting compound 78A (compound 78
wherein X is OBn), to the compound of formula 21. Compound 78A can be treated
with an orthoformate derivative, such as DEMA, DiPMA, TMOF, TiPOF, TEOF,

15  etc., preferably in an inert solvent such as toluene, DCM, MTBE etc., as described in
Scheme 2, in the presence of a catalytic amount of an acid such as TFA or PTSA, or

an acid catalyst such as PPTS, etc., to form a product comprising a diastereomeric
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15 etc., preferably in an inert solvent such as
t ol uene, DCM MIBE etc., as described in Scheme 2, in

woheoqpiserence of a catal ytic anobunt of an aci dpewais2@s3/039554

TFA or PTSA, or an acid catalyst such as PPTS, etc.

to forma product conprising a diastereoneric 20 V\D
FOCTOFBEOPET,/AS200 VRS B and 303w ridhesHastireptpsripraixture of

oSS OB R S BT RSB roene
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arlc tartaric aCId 10 lactic

l?eféltld a016;l6,R 3S)-canphpinioracil, aeasﬂartlhaalslpéﬂ)taﬂcomﬁlaja,c1d etc. Inone
etc. In one _enbod

|l d
é%eéiééﬁaigeén&d&%e‘ Shorsle mwfmﬂmﬁwr#é%%garmt@wauon
DeriBE it 7b 51 Bleof e frepieh MBI TRSHI2h n fkafifl ot and

ARtalledell e fikrd { rz)e@bdlﬁeg‘t@rtﬁe psaeeedi ng to the next step
Preparation of the final conmpound of faorrmula 21 f

c o n‘p oPeeparation of thedfinad cormgomﬁg}fé‘@qmu 23k ﬁpﬁéq;prggmnd 7 9 or salts
SR RS Y S SHel bSoh0G kL BNRAPAEIN b Bdrory

ersion-can
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reagent (s) selected to provide the internedi at e

cdfipreagrt©)lseldotsid to weayids,the dxteapadiain coppeingddds £ mfﬂuban

h th b trifl d
e B SIS R Bl B Py B i
MBApidk FRIBShGELaGH hpﬁabéifsola&n Qb RIS 201 wBhylRBe Glﬂbfide‘-:d
out as described in Schenme 2, using oxidizing agents

anddatmadndyi bﬁecsxn;mbmb |as descebed swe$cé1@md! uping OXIdGI?@m&gﬁnfﬁgand

th t d t
S ss ey Sgosged e Beo S e Rl RE R "aci o
Eﬁ‘&f)@&gg}laﬂsﬁ oxd ﬁil% okﬁhztlﬁ%p S Se%% CR tﬁé cASECER Bkt aciy

use to provid npound 21 can be
fhydtdgen pgroridtiiethe presenexafifpH€Os layd Kédn%sb%mﬂedzfatpr@‘fidQS

Serpat ShiCsaamun2) bbb Rp i e, 65 Fothystitzation

from water, and/or via resin purification as described below in Process K.

PROCESS C(b)
SCHEME 5
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Scheme 5 describes an alternate process for making compound 21, wherein
the purine 28 of Scheme 3 is 2-amino-6-chloropurine or 2-amino-6-iodopurine, such
that coupling with cyclopentane epoxide 77, yields compound 78B (compound 78
wherein X is Cl or I). As in Scheme 4, compound 78B can be treated with an
orthoformate derivative to form a product comprising a diastereomeric mixture of
dioxolanes 102 and 104. which can be heated with acetic anhydride, preferably in the
presence of acetic acid and an anti-oxidant, e.g., BHT, to form alkene 106. The
product 106 can then be heated with acid, such as HCI or MSA, as described in
Scheme 4, to hydrolyze the acyl group and provide compound 94, or salts thereof,
which retain the 6-position X group. Protodesilylation, debenzylation, and oxidation
as described in Scheme 4, provides the intermediate compound 95. Compounds 94
and 95 can be isolated in the form of their salts by treatment with acid(s) as previously
described for compound 79. Compound 95 can then be treated with aqueous base or

acid (preferably, an aqueous base) to convert the halo group of compound 95 into the
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wherein Xis O or I). As in Schene 4, conpound 78B
can be treated with an orthoformate derivative to

woOaooweazanooduct conprising a diastereomnmeri c m RCWUS28/039554

di oxol anes 102 and 104. which can be heated wth
acetic anhydride, preferably in the presence of
&Cchlo hoies of canghoand 2Nt As exdydbanppreeiated, wBhiProdess €€) an
al kene 106. The 10 product 106 can then be _heated with
additional stey taay haapsed fonvBRComISTIRL L GOBIPUNE 78 é&ﬁier?é cgmpared
to dr ol the acyl group and provi de conmpound 94,
3Wﬂ£%P9§S¥ﬁ§reof, whi ch rgtain Phe 6-posi??on X
group. Protodesilylation, debenzylation, and oxi dation
as described in Schene 4, Erovides the internediate
fgnp?und 9?. ﬁbnpounds 9BR! C¢an be isolated in

e formof their salts b nt wth acid(s) as
previ ously 15 descri bed fé*ﬁggg%ggnd 79. Cbnpogné 95
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be apprecilated, with Process C(b) an additional step
may bgerus®d f@® the conversion of compaghd 78 to!21,
as conpared with Process C(a). 5 PREeE C(c) SCHEME
6 O Base (e.g., hydroxide) O N /solvent, or|s
acid NNH | NH (e.g., TFA) <N \\ N NH2 Bn
BnO 30 RaRb2S~ 79 Rb110 HO'fib R Oxidizing agent OO
N ~ Acid N NH NH2o HO N N NH2 BnO HO 21 HO ~\ 11

tNd'x%ﬂRInﬁsgent

Schene 6 shows, a ar\IlHter nate process for prepamn NH
conpound 2} f¢o by S
N N/ NH - N N NH>
HO 2 BnO
™ 21 HoV 114

Scheme 6 shows an alternate process for preparing compound 21 from
compound of formula 79, which is shown in Scheme 4. As compared with Scheme 4,
in this scheme a different base or acid is used to achieve the protodesilylation,
followed by oxidation and debenzylation to convert compound 79 to compound 21.
Compound 79 is treated with a base such as a hydroxide, e.g., NaOH or KOH, or
alkoxide such as KOtBu, in a polar aprotic solvent such as DMF, DMSO, or NMP, or
with a strong acid such as TFA, and heated at a time and temperature sufficient to
achieve the conversion to intermediate 110. Compound 110 can then be oxidized with
hydrogen peroxide in the presence of KHCO3; and KF in a solvent such as MeOH, to
provide intermediate 114. Intermediate 114 can be debenzylated upon treatment with
a Lewis acid such as BCls, BBr3, etc., or a Bronsted acid such as MSA, TFMSA, etc.,
in solvent such as DCM, and the reaction mixture can be neutralized with base such
as NaOH, to provide compound 21. Compound 21 can be further purified by

recrystallization from water and/or resin purification as described below.
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In Process D of the invention, the ester of the formula 66 (Scheme 1) can be
converted to the compound of formula 21 using different synthetic methods. In
Process D, the ester of formula 66 is aminohydroxylated to provide a chiral
oxazolidinone of the formula 67. After a series of synthetic steps, a pyrimidine
carbocyclic nucleoside, the compound of formula 70 is prepared. The pyrimidine
carbocyclic nucleoside can be elaborated to a purine containing compound, the

methylene compound of formula 71 which is subsequently converted to the compound
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HNOc - - 1 2. hydride reagent Y 67 HNO OH 0 O 68
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HO N NH2 HOB 21 RaRb2Si$ 71 5 In Process D of the
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shmoxreolidineneeqfSornanlp i intdinn bydoxylatibroprpeéduges are analogous to
nucl eosi de, .t he coppound of fqrnu 70 is e e

e gt raimbs CCoTiat i Rhelerebar doeeirChah Tt £k, (1996),
%?ﬁfﬁ  peeflrdoly, Qh&agﬂ%fﬂﬁ%%reﬂ}%g&{%&%ﬁﬁﬁp O Fhisel thfatment with: the

ene corpoun Ich is subsequently
aeapent firephrédfrbinehe traggmendo2detid OG5 RBA @ers-butyl hypochlorite

e
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epicted In 7. Amn droxylatio Itions
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The primary alcohol moiety of the oxazolidinone of formula 67 can then be

converted to an iodide. For instance, in one preferred procedure, the compound of
formula 67 is treated with trifluoromethanesulfonic anhydride (Tf,0) in the presence a
tertiary amine base such as pyridine, and subsequently treated with an iodide salt, e.g,
lithium iodide. The resulting iodide of the formula 68 can then be converted to a
methylene compound of formula 69 by a two step procedure. In the first step the
iodide of formula 68 is treated with zinc powder and acetic acid. The ester moiety of
the resulting intermediate can then be reduced to a primary alcohol in the second step
by a hydride reagent such as sodium bis[2-methoxyethoxyaluminum] hydride to give
the amine of the formula 69.

The amine of the formula 69 is subsequently reacted with a substituted
chloropyrimidine. The amine can be condensed, for example, with 2-amino-6-chloro-
5-nitro-4-(3H)-pyrimidinone in the presence of a tertiary amine base, preferably
triethylamine, in refluxing n-butanol to give a pyrimidine compound of formula 70.
The pyrimidine compound of formula 70 can then be converted to a purine derivative
by a two step procedure. In the first step, the nitro moiety of the pyrimidine is
reduced with, for example, sodium dithionite, to give a triaminopyrimidine
intermediate. Alternative reducing agents and conditions that can also successfully
reduce the nitro group include NaBH4/THF, NaBH4-BiCls, Sn/HCl, SnCl,,
Mg/(NH4),S04/MeOH, CuBr-SMe;, TiCl>(Cp)./Sm, iron and nickel catalyzed
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Process E of the invention comprises using an alternative carbocyclic sugar
precursor, an allylic alcohol of the formula 16, to prepare the compound of formula
21. Process E is similar to Processes B and C as all three processes use cyclopentane
epoxide intermediates to accomplish a coupling reaction with a guanine precursor. In

a first embodiment of Process E, the protecting group that serves to protect the
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formula 71. The met hyl ene conpound of formula 71 can
be converted to the 5 conpound of fornula 21 by the

WORDEHAB230 procedure described in the final steps/usto03/039554

Processes B and C. PROCESS E SCHEME 8 CH2OBn
Hydroperoxide, Ti(OGiPr)4 R Oi, CO2R hydride reagent
Regyndaryclpaboh ome (cyqlomﬁnanz rm of 1638a betagBsubsifuraiirengy ether,

~ R Li,H OH 1.

BRINRE st bedinRebsss TR sl protebihatlons (RIS ket the
Xafel skcdadAiy aﬂ'@hol/\’f’@'i ﬁlﬁ%ﬁcé\'RNﬁ lﬁgaﬁor lﬁﬁ@ﬂé@ tJ)\|U\|Hﬁ<y1 or
jh- BnOCH2Z'N N-NH2° R O~ 19 R 0' n-

Thond; and R s |1mRMNH2>r@chsd C:; tot s @4yla| Ayprsafeupd igheryi,fether

f
PO R U B et e ¢ PR ST BB ©
Grb@EEEHy @ﬂﬁ%li’err TRE QFHSRE in ﬁl@S@}BﬂOthlﬁ ?éo%ﬁi‘@ﬁan@és the
the forrmula 16, to prepare the conpound formul a

ddentipy ofibs sntam@mcmfor the differPnicrexslanes ahBroCess$E. alértain

L o6, processes | ﬁga'n&gﬁ S35 S 0+ eact i on vi th a

guani ng oRé LML Rent bfrpmee afe BFRO i BB o f Pornk Jlé’ﬁ@?ssbbtained
E, the protecting group t serves to protect the

through a reduction of the ester of the formula 7. The ester of the formula 7, wherein

R and R’ are as defined above, can be obtained by Processes E(a)-E(d) that are
described below. The ester of formula 7 can be reduced with hydride reagents that
selectively effect 1,2-reduction of the ester. For example, in one embodiment,
diisobutylaluminum hydride reduces the ester group and provides the allylic alcohol
of the formula 16.

The allylic alcohol of formula 16 can then be diastereoselectively epoxidized.
For example, the epoxidation can be accomplished using a homochiral diester of
tartaric acid, a hydroperoxide, and a metal catalyst, such as a transition metal catalyst,
to yield a cyclopentane epoxide of the formula 17. In one embodiment, the
homochiral diester is (-)-diethyl tartrate [(-)-DET], the hydroperoxide is TBHP or
CHP, and the metal catalyst is titanium (IV) isopropoxide. Preferably, the reaction is
carried out in an inert solvent such as DCM.

The epoxide of formula 17 can be subsequently coupled to an alkali metal salt
(e.g., lithium) of a purine compound of formula 28, wherein X is Cl, I or BnO, in a
dipblar aprotic solvent such as DMF to afford the compound of formula 18.
Preferably the coupling of the cyclopentane epoxide of the formula 17 is conducted
with the lithium salt of 2-amino-6-benzyloxypurine. The compound of formula 18,
wherein X is benzyloxy, can be purified by crystallization from solvents such as ethyl
acetate and hexanes. Typically the yield of the coupling step after purification is at
least 75%.
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POTY 1WSRGRSHE3TER forBRROBNPrefdpabin theldpeBne 1EE, is a hydrolse such as
0 !
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excess of the product monoacetate of formula 3 is at least 96% ee, more preferably at

least 98% ee. In some embodiments the enzyme is immobilized on a support, e.g.,
polypropylene, to aid in recovery of the enzyme and facilitate reaction workup. The
reaction is typically carried out in a mixture of a buffer and an organic solvent,
preferably having a buffer/organic solvent ratio of about 3/1 to about 20/1, preferably
about 9:1. The buffer'is selected to have a buffering range effective to maintain the
pH of the reaction mixture in a range effective to support enzyme catalysis, such as at
about pH=7. For example, 25 mM potassium phosphate buffer can be used. In one

embodiment the organic solvent is toluene.
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PROCESS E(b)
SCHEME 10
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;ld%?g*%y Wj‘lé aI ﬁ‘e {Igztl ng 'f'”l‘?é%l%?@f KaRCe R B‘c‘?d'@m@ﬁ

of “ordi nar nary ski in the art, the al koxide and

al cohol mixture &re preferably sel ected so that 6
transesterificatkﬁg gf the ester noiety during the

i i zation i BPhi zedR'ds Catb Caalabetyl, Bynyhagphedyl substituted

i sonerization is
exQibkRoni f Baomiify*c@gt erbyiCy ta@silkyied Cf trCstatiexyc onpound
of_ggﬁnuLa 7 (i. R=net hyl) then the basic

condi tions chosenzfor the isonerization are preferably
sodi um 20 net hoxi de/ MeOH. The ester of fornmula 7 can
be purified by recrystallization froma mxture of

oL 45T, B AR B i

Eﬁ&h&@m&ﬁ&ﬁﬁlﬁm@‘ﬂm&s@@ Bdepid2éBin Siheme. 19, Thekdiol of
enzyme AcO,,. ,SOH CICO2R4 AcO,,, . % O0O0CR4 13 14 0

NoruleliosiearebRsetylatgbusigpa hcholpse mn,e; such as LgpspRS-30 or
St S i st el g Sy R EOgllnd of formla
ONGERE agnin HRSEHynRAdn Be @amobilize@@A R support. The acetylation
reaction can be carried out in an organic solvent such as mixture of heptane: methyl
tert-butyl ether. Preferably, the enantiomeric excess of the product, the monoacetate
of formula 13, is at least 96% ee, more preferably at least 98% ee.

The monoacetate of formula 13 can be converted to the alkyl carbonate of the
formula 14, wherein R* is preferably C; to Cg alkyl, benzyl, phenyl, or phenyl
substituted by C; to Cs alkyl, for example, by treatment with an activated alkyl
carbonic acid derivative, such as methyl chloroformate, dimethyl carbonate, etc.
Preferably, the conversion is accomplished with methyl chloroformate and a tertiary
amine base, e.g., pyridine, in an inert solvent, preferably DCM.

The alkyl carbonate of formula 14 can then be coupled with
phenylsulfonylnitromethane to provide a compound of formula 15. The coupling is
preferably catalyzed by a Pd(0) catalyst, e.g., tetrakis(triphenylphosphine)palladium,
tris(dibenzylideneacetone)dipalladium(0), bis(dibenzylideneacetone)-
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~5 SO P.- 156 CH20Bn R4is Cl1 to C6 al kyl, benzyl,
phenyl , or phenyl substituted NaOR/ ROH BnQ,,.~CO2R

woyro@sea0C6 al kyl or Cl to C6 al koxy 7 | n Pr®ecedas2003/039554

E(b), the ester of fornula 7 is prepared using
alternative Sf/nt hetic nethods. One enbodi ment of
Rretedivs (BB Chsindepleng ¢ g. TS Heitea totiaryaming baseouckas

fortw@g“é% Ic]a“eggnﬁﬁ%t I l%émégtlg s edtﬁ@ e ??Sib gedgr O HEium
ASRRLAE§n R It0 E'aﬁb%b xce%&é bf RS dniPRR3EEHR 8mpound of

conpound of formula . Here again, the enzyne can be

ifommda Wi Téad scmndalsrmitq@hol mofénecaadaetwdﬁa@teab as a beayt éther group by

can be carried or nt sych .

rFF%&UE}g éheoqﬂnﬁ@rs}%uiﬁé Ay it g@@)ﬁﬁﬁ@@ﬁe gighefenzy! bromide,
&fel%() a%:ﬂ’éet n?%@f‘% Et?&%%o‘ﬁ -t Iﬁ%@fat&aééq € ggtsggf‘gﬁg %yéinde to

rgw@ethp b&iﬁlpmﬁiﬂ of faimhle&sThe 8&mpeundr teformule &aah & eonverted to the

formula 13 can be converted to the al kyl carbonate of

teter of Brmilag tuthe yprdaeds dliredy; deseribeddn BRcgssci(@-0 s

al kyl, benzyl, phenyl, or phenyl substituted by Cl to

C6 al kyI, for exanple, by treatnent with an activated

al kyl carbonic acid der PRAXGBSS EgMch as net hyl

chl orof ormat e, di nethyl carbonate, etc. 15 Pref erably,

the conversion is accorrplﬁ.@ﬁ&é@uih net hy

chloroformate and a tertiary amne base e.g :

pyridine, in an inert solvent, preferably DCM The

al kyl Clgasmnat e of formul a D&lzﬁann t hen be coupl e@Hy¥Bnh

y sul fonyl onet e vide a co iIngAof 4

Pg},@ ‘I"H'B\A[g%upl i Egal {jﬁ&g er@@Bﬁ“gat a yib\)s)fg/OR

Pd(O) Iyst e.g.,

t et I‘akIBS(t ri phenyl phosphi ne)pal | adi um 20 10

tris(dibenzylidengaoghone)dipal I adi un(0), CH,0Bn

bi s(dr benzyl i dendacet 31 WD 2004/ 052310 5 CO.H

PCT/ UBRARD3/ 639552 ) pihe @b UPKIIH GHEER, 1 904TR0l VERE: (™ ) C02

e.g., THF, with ertiary amrme base, sUuciT as

triethyl am ne. Th53 conmpound of fornula 15 is treated!?

with a base, e.g., potassium carbonate in MeOH, to

r ehby@®04 he acet at €HgPBup and provi de the conpound of

forRetla 4. The,secqndap)k al cohol noiety can be
%N@QW"%\S %Rher group by 5 reacting the

conpouna of fornu a 4 wwth a benzyl halide, e.g.,

benzyl bronide, pfeferably in the presence of a

strong non-nucl eophilic base, e.g., sodiumhydride, to

gi ve the compound of formula 5. The conpound of

f or nul Alt&natavelyh Bravessvigic) emh tieqisedh & prepare the ester of formula 7

(where R” is benzyl). One embodiment of Process E(c) is depicted in Scheme 11. A
cyclopentane epoxide of the formula 8 serves as the chiral starting material. The
cyclopentane epoxide of formula 8 can be prepared according to the procedure
described in United States Patent No. 5,206,244, the disclosure of which is
incorporated by reference as if fully set forth herein. An allylic alcohol of formula 9
is prepared by heating the epoxide of formula 8 with a strong non-nucleophilic base,
e.g., lithium hexamethyldisilazide in THF. After aqueous workup, the allylic alcohol

of formula 9 can be used without further purification. Here again, the allylic alcohol
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ester of fornmula 7 by the nmethods al ready described in
Process E(a). 10 PROCESS E(c) SCHEME 11 CH2OBn CHZOBnN

wokB@rs2318nQ' ,,. Li HVDS BnG,,. %4H Cl CO2R4 BrOL/US2003/039554

, 170 0R4 8 9 10 N2 CH20Bn CH20Bn N2 <S02Ph BnQ:, , .
S02Ph 2KHSGB' KHSO4' K2SO4/ TBA BnO h Q CO2H 5,11 1.

asichy capboppnvROE( tpthe REKRERIFNABNGIOND, WIBDER R s prsferably C; to

SRS S SR B B AR PRBRSL S
RRRASUNTRAh aBfactiASEARyEafonicadi®BbBlagide,isicibe@eiyll. A

cycl opent ane epoxide of the fornula 8 serves as the

chloreformatey dimethyhearberiatd, ctcThegivedhe hiiyberrbonateqfche thampia 10.
f la, 8. ding.to. the . d

JB68s Pt Ly EERehu IR Ry G ARESY o
g;';@%fesﬁﬁﬁte afd 2 WM& aﬁn@@as%me?m bR, ik @eli ﬁ%fﬁ%ﬁ/eﬁé e.g,

fully set forth hereiln. yl1c al coho
REMLagi9e a nwtiyl ephoeae.b¥hhemte allyt ¢rebaptexdad deafirectly coupled
f or prul Wth a stron n- nucl.eophil i ¢ ha . g.
It Pﬂ?@%ﬂﬁf@&m@s oI5 Provide Ecompq Oﬁﬂa&ﬁ%g- The

: RYARY I f

BRI of he R it i coRthnd Rlprt AW uty D Ml (0
ahmbosuch 3R tBk R GyR3ibep RGN pAIBANGE LHOBEE5#ith arteirtédry amine
can be converted %gg the al k car honat e. grou

I , [
Roass, ¢-gp frististamping. Ehe pompety: f@m%émb? Cﬂh\%ﬁﬁ?oe{?g'egter of
| : 6*% I, f le, b
?{r; ea% !rlrg?i)tk} QI\?\% ltn%{ﬁtaoﬁgg%ﬁl%dt %g)ra SéFt@éar bo(rjlir ce)e(lging =

derivative, such as nethyl chlorofornmate, dinethyl
carbonate, etc to give the alkyl carbonate of the
formula 10. 5 In one ean&Q@é%s—Jéh,E e allylic al cohol
of fornula 9 is stirred wytRpgpthy! chloroformate and
a tertiary am ne base, pre%r%pyri dine, in an
inert solvent, e.g, DCM to give a nethyl carbonate.
The crude al kyl carbonate can be directly coupled to

pheftpers 8l  B#yIShI t r omet hane in THE to provide a
conpoungHgfBnf ormul a 5. The  CHx0Bn

’
HO//, WOAc  R°RYSi-Y RO/, WOAc
———
3 22 base/alcohol
(where R' = Bn)
CH,OBn CH-OBn
4
R0/, LIHMDS RO/1 WOH  ppe
,
WO -
8 9
CHzan CH,0Bn
, 1. lithium tri-sec-butylborohydride ,
RO/, O 2. N-phenyltriflimide R O/, OTf
80 81

CHzan
CO, ROH ,
Pd catalyst RO/, CO2R Y= leaving group
—_—

7
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coupling of the al kyl carbonate conpound is preferably
catal yzed by a palladium (0) 10 catal yst such as

woevssalsem(t ri phenyl phosphi ne) pal | adi um i n THE wCrhis2003/039554

tertiary am ne base, e.g. triethylamne. The conpound
of formula 5 can be converted to the ester of fornula
7 by threcaseEfDdan diss be nbwidoiprerRroibe sstei¢ffprmubr@CrBgein R is

(d) . 15 ENE 12 re R_ = RcRd2Si - OB
BT S EITERE PeRToesss BB TeAPIoe] B a2, In the
| : I — - . g
BRSO o ) R RO g o
tpyridsden dithyérbae GHQ), pyddinRidchlorddhfamate, manganese dioxide, and

%P{;]gqgl':l %/U; %Ife%iiéP .ngelf@%f r{aflﬁ_.ly@&: ngfg}sré H&%@%l%gnt%ne I:\o)(t]'f'ormula
é@@ %h%%%@l%i}erﬁ’éﬁﬁ’nyﬁ%% eﬁ%ﬁgféyodfrﬁ% s 'ﬁga‘# LelE@veR SReta 1.4-

used"to prepare the es wher ei'n
ibydhénadditiar. Siitaple. redrrgpconditions dichiRteo fre esarfpld) treatment with

B e b bt b s T B e gtion's
e I e L T
tghenylirkimidatogovidethe t8Hhte @fithe fpriedle8ablAn dIGNbxtcarbonyl group
afford the_cycl opentenone of fornmula_80. The
dy e prssited orfe theringuring doxgxempls ameledipmsgiahized carhpnyl

[ ect | ; ) . A o o
SBlTEH e bR b IR 2 AL 00 L B Facin '

Wetforméd i st iof DACF bk ¥ Slesiedlystefegtbly MeDHE wihttean excess
intermediate fromthe reduction is_ trapped with an
asquphokaitertiary puiednet, Wasteasripbilaging | 4 padpirehedtalest for the

ngé:clgioﬁsw ell\l palladium (0) catalyst, e.g., tetrakis(triphenylphosphine)palladium.

In embodiments of Process E(d) wherein R’ is a benzyl or substituted benzyl
group, the allylic alcohol 9 can be prepared as described in Process E(c) from the |
cyclopentane epoxide of formula 8. In embodiments of Process E(d) wherein R is a
silyl ether protecting group, the allylic alcohol can be prepared in a two-step
procedure from the monoacetate of formula 3 (which can be prepared as described in
Process E(a)). The secondary alcohol moiety of the monoacetate of formula 3 is
reacted with a silylating reagent R°R%,SiY, wherein Y is a suitable leaving group, e.g.,
chloride, triflate, and the like. In one embodiment, the secondary alcohol is protected
as a tert-butyldimethylsilyl ether using tert-butyldimethylsilyl chloride (TBSCI) in the
presence of pyridine in an inert solvent such as DCM to give a compound of formula
22. The acetyl group of the compound of formula 22 is hydrolyzed by using a base
e.g., potassium carbonate in an alcohol solvent, to give the allylic alcohol of formula
9.

PROCESS F
SCHEME 13
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10 phenyltriflimde to provide the triflate of the
formula 81. An al kyl oxycarbonyl group is then

wonseyosexloont o the ring using, for exanple, a pariddioansyss4

catal yzed carbonyl insertion reaction to prepare the
ester of formula 7. Preferably the insertion reaction
is perforned | a m xtur® of DMF and an al cohol ,

ani e baRBLSUcH as trietiyl ani ne. A pr efer,q@,qlo Yb(OTH;
re@(ﬂBkQMe S a ' h adi UIIITU/

et enyl '-- Jal | adi um

espoodi rren s ofz P CBCR%IGFS /%FEL?% a benzyl

or substituted benzyl group, the a fyllc al cohol 9

can be poepayed as describedin Process E(c) fromde

. cycl oglent pne eh@%S@gClof flormula 8. In enbodi nelks

of Proc (d) v@@fB@ n R SiLIB(CHg@HyH

pr ot ect ar, - the dlly W

| RORE, i -sf’e’ﬁ%zg@ pr oa@d‘us:e fro’ﬁf é” nonoac et°rt,eic00f //S'R "2R®

formul a 3% (which can be pregfired as described in 37

Process E(a)). The secondary al cohol npiety of the

monoacgtate of formula 3 is reacted with a silylating

r eagent RRdZSl Y, wherein Y is a Xuitable |eaving

groupq chl ori de, trlfI,\,ate\andtheIike In one

errbo >t he secondary {:o pl S protected as a

t &N i methylsilyl et

texgﬁy | et ks, N aeN(TB8E ) in the 25

pre pyri di ne in nert sol vent such as DCM

tﬁ Lj%@{{pound elefs@tul a38 22, The acetyl group of

t >é‘ of fornula 22 is hydrolyzed by using a

base e g.,_ potassiumgxcarbonate in an al}ohol so|vent,

to gi vOVRERRXE Fr e al cohetotefeshynmionl a O\ fBn

30 SCHEME 13 34 2004, 0x@3tdh PCT/ US2003K039554 Rb

0 O 1. Ra-Si-CH2MyX' OTMS RcRd2Si Y Rb HCHO, Yb(OTt}3
CuBr' SMe2 HO 32,RRd2Si O 33 2. TM5CI RcRd 2Si0

],Si Rb2Ra 34 OH1l. R3 S2C1 0 OH 2. DBIJ
Li B( CH2CH3) 2Si 0 Si Rb2Ra RcRd2Si 0 i/ Si Iza

RRA2Si O i Ral_ NaOH
N HOCH

N HO™ 21
HO 39

prefrably MeOH H wi tth iaprseamﬁM@(' amurms of a tertlary
t

fal yst,

Process F of the invention includes preparation of a suitably substituted
cyclopentanol of formula 37, and coupling of the cyclopentanol with a guanine
precursor, such as 2-amino-6-iodopurine under Mitsonobu conditions to give a
carbocyclic nucleoside, the methylene compound of formula 38. The methylene
compound of formula 38 can then be elaborated to the compound of formula 21. One
embodiment of Process F is depicted in Scheme 13.

The cyclopentenone of formula 32 (also known as 4-(S)-hydroxy-
2-cyclopenten-1-one) serves as starting material for Process F. The cyclopentenone

can be obtained according to procedures described in Khanapure, S.; Najafi, N.;
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35 36 37 x x NNHNN- \N 28 HN NH2 Ph3P, DEAD
RaRb2Si (X = C, |, or BnO RcRd2Si O 38 (where X is C

wonrods/osEriot odesi | yl ati on (where X=0Bn) ) 2. OrCUASR@B/039554

X O NN:[I NH:]I NINH2 NaOH HOCH2 N N/7NH2 HOCH2

Ak- HON' H(~ 21 39 Process F of the invention )

iMarinad®s YangarRkiasin Jof. Qrgs Gherahl99% GBsT1448utldg alcohol moiety of

cycl opent anol of_ for a 37, and couplin f the . .

e rTorbante o b go ari HerR iR Peliafy e silviating

%é%@hp&f ths FRARPURIRIS Y REreM RS RQRH YCAREs He®RS th Process B
Ive a carbocyclic nucl eoside, the nethyl ene conpound

@hd Bed)yuFar S&mpld) ¢heraitdingl mnoéety obiip oyeldpaterfooe nfifaamad: 32 can

R GToBTIBbAT MDY CishhuS Ly el SBg et borvidelsfy diorice
XE’%%@‘X)C b %}ﬁ%%ggﬂegbﬁg s{x&f A R7_3idn i1 SRy KRN a@Ba catalytic

;hydroxy -cycl opent'en-1-one) serves as
sinanint ofy-dgN etimathyfaorindprysidessn En inkiesotwent sypbras Edvido give the

b bt ai ned [ i i
can be obt 2 ngd acoor ding, Lo brocedues, 4SS1LR0H b Be reated

I & Bpa s org§ RO o (aliBhy iqucBKaS Bilad ofthe
FyEhEpRIR BRATIE, X f(where ik BardiR a8 abdespribéationd faPracess A, and

si,l.yl ether using the silylating reagent of the
36 risrGlL, BrRRoD 8hdy naghesiusi,rin the Frgsengel ofcapper dhsaeurihatCgh

GrOEHE UperSRHE et Ty SF TR accis RSB IR kLo

Bmeth Eihelltiylmhtn)é |i§1%1§€‘_&}%@?ﬁ‘e§ | Yhe €FiBRdrd @@%e?. A trimethylsilylating

tert-butyldinethylsilyl chloride  (TBSC!), a tertiary
apigest hwbes shlotrtameyNilain@MFCHchy barseddo trgpidhe intermediate
cat

enoﬁlltey ttoi fgrm the silyl enol ether of formula 34. The resulting silyl enol ether is
hydroxymethylated, for example by using aqueous formaldehyde in the presence of a
Lewis acid, e.g., Yb(OTf);, La(OT{£)s, Pr(OTf)3, Nd(OTf)3, Sm(OTH)s, Eu(OTo)s,
Euw(OTf);, GA(OTDs, Dy(OTH)3, Ho(OTL)s, or Ex(OT£); in THF to give the compound
of formula 35.

The compound of formula 35 can be dehydrated by reacting the compound
with a sulfonylating agent of the formula R3S0,Cl, wherein R® is C; to Cg alkyl,
trifluoromethyl, phenyl, or substituted phenyl (substituted by C; to Cs alkyl and/or C;
to Cs alkoxy) in the presence of a tertiary amine base, e.g., triethylamine, and then
eliminating the intermediate sulfonate by addition of a strong base, preferably
DBU, to give the methylene compound of formula 36. Preferably the sulfonylating
agent used is methanesulfonyl chloride. The carbonyl moiety of the methylene
compound of formula 36 can be reduced by hydride reagents that selectively effect 1,2
-reduction of the carbonyl group and provides the allylic alcohol with high
diastereoselectivity. These hydride reagents include sodium borohydride, zinc
borohydride, lithium aluminum hydride, diisobutylaluminum hydride, sodium

borohydride-cerium chloride, lithium triethylborohydride, lithium
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amount of 4-N, N-di net hyl am nopyridine in an inert
sol vent such as DCMto give the cyclopentenone of

woOaoomis23183. The cycl opent enone of fornula 33 eamush®s/ 039554

be treated wth a Gignard reagent prepared froma

( hal onret hyl ) di al kyl phenyl sil ane of the 10 fornul a
ReBBY diydrigs 9-BRbepeidineRboranetstfde pemplex g s wintseyl- iyl

T85O B
;Bg@ﬁ@lé? SodtiARlyaN bbby e, A RRRhEN-s e Ibud Bofs B INEN electride®),

hl or omret hyl") - di mét hyl phenyl silane is used to

podipar es@heetBox gpttarxg)aleament hydAde (Rek ARS), siilsghuylpiugninum
reagent ch as chlorqtrinethyl si]ane (TMSCl) can be
508106 and S oy o BEML TBET 1 SRS R PR SybreaR e Fced.
e e R i S R
af featida 3Dinne%d gliefdim 4nB:1 iaspreaenicaaid. FHhe erudepmioguct is
acid, e.g., Yp(Orf)3, . La(OIlf)3, Pr(Orf)3,. Nd(OIf).3,
opitd)for exammissrusnig stice v shomaigersphy 40 1SBWECSSFF ﬂeg,lred

f ' [ t he conpound of
Figa{rs%%gﬁeggg%%ﬂ?(% a%:cglﬁ%lgb lﬁ%&%ﬁp %rgnbgl a 35 can be
dehy drieediyhy alcelis! tof fgniule3 T Bropadeided with2-@anino-6-iodopurine

sul fonyl at i ng agent of the fornula R3SO2Cl, wherein R3
i(pur@e cosnpognd ok farmula %8, mhgesines Ryyndepaisgnobugionditions.

P S BB i e B Bl i

S
FIORnPASLypuRing can b it Ry HiRofigensatich. treferred NMitdonabh ng
the internmediate sulfonate by addition of a strong

[senditiony intkda regtnmst pbe attyiqleahol méthiabpwyl -2 molar equivalents

Zh e EonG U RhnG RIAP, YRl Fafiols i p BT TP product
R ied Mit9éndbligedBBibhythe BR thytaRReppdud of REililaB836arCiy fultBer

reduced by hydride reagents that selectively effect
pupified bydoc examplefsilidacget drbmatpigraphpup and provi des t he

allylig al cohol with hi di asjereosel ectivjt These
o ek e R ot EROR R b e T of
381‘119&“%%.‘ ﬁ?oné ddnREMOnahRbA iR Byl ighenylsilane moiety of the

I'1 sobutyl al um num hydri de,” sodi um bor ohydri de-ceri um
ahdthylenkeconhpdunid winformivde 38/ Edmdrecivnsieritaiso al hy;imxurmdiaty\m
é)%oc}i/&gg é?o]éggy?r%éu %gootp.)lg’{ggt 9%%3&16@31:1 EE)Nceshs)ég EI a%ﬁ’c.gi‘hBeBs'ﬂyl ether

ol is%] ] hedrBfy 20 ARiring th dures. F le,
%ﬂg[e %h%gggé)gr%gﬁlﬁ a|mr§:léus(1 %o ey y%eagerlﬁg) , R Ry am s o erampee
tthe miethylenb compyandiof formulaBdan He frested it tetrafluoroboric acid-

hvdr Lithi - : .
?{ﬁg@gg&&;g@&ﬁ% in ll)éMld Fgﬁqtrralddisti%% 0 %gélssigﬁrb?pgggr{ageeand

gx:o?a{g%%u xilltbg‘ﬁ&fen&lggﬁtng%ﬁ%% 5 'I ghgnfgf 18 eRednA bfididzed with
beiokatd pedvidethe compbhexi of ToamslaBBoMk twe caapticarcan be

be reduced, ) .
conveniently performed using a one-pot procedure. The 6-iodo group can be

hydrolyzed by heating the compound of formula 39 with aqueous base such asa 2 N
sodium hydroxide solution. After neutralization the aqueous solution can be heated
with decolorizing carbon and allowed to crystallize to furnish the purified compound

of formula 21.
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for exanple, with lithiumtriethyl borohydride in THE
to give the crude allylic alcohol of fornmula 37 in

wO2064y0sed1d in an 8:1 diastereoneric ratio. TherPCTase003/039554

product is purified, for exanple, using silica gel
chromat ography to isolate the desired diastereoner of
the allylic alcohol of thBROGE®ING 37. 10 The allylic

al cohol of fornula 37 isu&ﬁg@% with
2- am no- 6-i odopuri ne (pur ound of formula 28,

wherein X is |I) under Mtsonobu conditions.
Al ter nat ively, other guanl ne pr ecur sors, such as

2-am no 6- chl or opulji ne mzne
6- 0- be I G 1 ca %{ used | cor@didtht i on.
Prefer MTS0Nno € ude tPeERENEht of

the gl ylic k<@ Wi th abghgd s?o mol ar equi val ents
15 each320f tri pheny:’. phosphi ne, " DEAR, and

2-am no- 6-i odopurine in THF. The product of the

M t sonoby, yeaction, the nethylene Qonpound of frrnula
38, can furt her purified by, zf exarrpl eRaséiLéFgang

gel chr @‘Pﬁph? COFe net hyl en® coypound of frmul a
38 can onverted-to the conpoun GPgt nul aC21. I n
ON&°Re 8‘{1si on nmet hod, the dial kyl phefyl si | ane—Troiety™
of the 20" met hyl ene conpound ofrEswmulse 38 can be

converted to a hydroxy noiety by OXI dation procedugges
anal ogo olfiose used in Proc B and C. Th OH
silyl ﬁ/@ pr oyedei reagegr oup mﬂHLMB%ﬁLLsI y

hygdrol Wred, duri,ig These progeddr €. skoge exanpkesid! t He-SiR’R?
gl el sl TIGSE Priegdrts eor: xammi

enés conpound of for 38 can be treated with
tetrafl uoroboric acidx dimethyl ether conplex in DCMo
After xaddition of potdssium bj gardonatprand 25
pot as umeI uori d heNl nt er sadica eori | anol fro@t i sH
reacti o O di ﬁe n, hyd Hoy@heperioRn@ert 0 'y J\
PV g conpo do foFmJI Aa@H (whemeXis@ orlbactt ons
can be 2déhvenje

S
rfor nred—usi-ng—a—onhe-pos 47
procedure. The 6, o grd8p can be hydrolyzed >

heating the P&R?rﬁ@und/’—of-slﬁb@?arml a 39 with agueoudo base—SR*R®
such as a 2 N sodi um hydroxi de solution. After
neutral [ zati on the aqueous sol utionQcan be heated 30
r12|ng carbon and al | P crystallize to
fur Qéo eﬁéak?url fied conpoungd f |forjmula 21. 37 WO
200 / 8310 PCT/ USZOO.%&@ 5 NS SCHEME 14 0 O
pyridin ] CO ROH

HOY 21

NH,

Process G includes preparation of a cyclopentane epoxide of the formula 45,
and coupling of the cyclopentane epoxide with a guanine precursor to give a
carbocyclic nucleoside, the compound of formula 46. The compound of formula 46
can then be converted by a series of synthetic steps to the compound of formula 21.
One embodiment of Process G is depicted in Scheme 14.

In Process G, the cyclopentenone of formula 33 (prepared as described in
Process F) can be iodinated, for example, by treatment with iodine solution.

Preferably, the reaction solvent is a mixture of DCM and pyridine. The resulting iodo
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2. NaBH4 Pd catalyst HO 32 RoRd2Si 0 RcRd2Si 0 33 40
OHORb 1 2 ORa-Si-CH2ZWX C02R R2COY R Rb CO2R Cul

wenRadaSim 41 RRd2S10 42 O CO02R OH MPPA OH hy@CTas2003/039554

reagent RRd Si0 %6 Rb2Ra RRd Si 0 %Si Rb2Ra RRd2Si 0
Si Ro2Ra 2 43 2 44 45 X 0 X N (MeO) 3CH,  PPTS N
Kyelppentegope interpediatg Bredyced, with ahycmdq rreganhorexample, Sodlum

Pyt Ry eOR) sclopishe [ED comgPul ot 48 plSids The

fodoxdRRBad H@fo?mﬁlm tﬁen He suBjcetcdds aichibahyORsditidn teaction.
2. Oxi dation HOCH2 H6~ 21 5 Process G

iFloc Exeherde, pth@pléylmalmlnot)bf @nmykampe reaglied vefoserbim menaxide and an

\ﬁchvﬁullaﬁ@éla\ﬁl,qu ptlg I&ﬂ%lﬂgrfl a{ E lfo H‘E rhe es?er o? 90%%‘193 41.

Preferably, the insertion reaction is conducted w1th carbon monoxide and MeOH in

the presence of a tertiary amine base, e.g., triethylamine, in a pressurized sealed
reaction vessel. The reaction is preferably catalyzed by a palladium catalyst, e.g.,
dichloro bis(triphenylphosphine)palladium. The crude product from the insertion
reaction can be purified by column chromatography to provide pure compound of
formula 41.

The secondary alcohol of the compound of formula 41 is acylated by treatment
with an activated acid derivative of the formula R*C(0)-Y, and a base, preferably
lithium hexamethyldisilazide. While other activated acid derivatives can be used
(including alkyl and aryl acid derivatives) to form the acyl intermediate 42,
adamantane carbonyl chloride is preferably used (i.e., R*=adamantane). With this
preferred reagent, a more crystalline intermediate is obtained that is more easily
purified and handled. The intermediate of formula 42 is subjected to allylic
displacement by treatment with the Grignard reagent prepared from a
(halomethyl)dialkylphenylsilane of the formula R*R®,SiCH,X’ (wherein R* and R” are
as described above for Process A, and X’ is Cl, Br, or I) and magnesium, in the
presence of copper (I) salt such as Cu (I) iodide. In one embodiment, (chloromethyl)-
dimethylphenylsilane is used to prepare the Grignard reagent. The reaction product,
the compound of formula 43, can be used in the next synthetic step without further
purification.

The compound of formula 43 can be reduced with a hydride reagent, such as
diisobutylaluminum hydride in toluene, to provide the allylic alcohol of formula 44.
Epoxidation of the crude allylic alcohol of the formula 44 provides the cyclopentane
epoxide having the formula 45. For example, in one epoxidation method, the allylic
alcohol is treated with a peracid, e.g., magnesium monoperoxyphthalate (MPPA) in
MeOH, to prepare the cyclopentane epoxide. Using this method, the cyclopentane
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carbocyclic nucl eoside, the conpound of fornula 46.
The conmpound of formula 46 can then be converted by a

weeannms2116 synthetic steps to the conpound of PoTOSE@3/039554

21. 10 One enbodi nent of Process Gis depicted in
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The internmediate of formula 42 is subjected to allylic

avapr afc@mﬁﬂle beeticrapbydriskiandiacid warkumhiehuirertmenigdser hydrolyzes
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such éﬁlecphe(lyl)ilrm@hbrlsibfhnbﬂnybgreup nﬁtmnrm lene compound of formula
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73816 SO or BB o e Tt eiplin s gerpgedures
td%@crﬁﬁm BRfLeQEs EOC”M{daF 4Bor e%ﬁﬁhphae iHSREBbAHENEY imethylene

synthetic step w thout further
compound of formula 47 can be treated with tetrafluoroboric acid-dimethyl ether

complex in DCM to provide the silanol intermediate. Treatment of the silanol
intermediate with potassium bicarbonate, potassium fluoride, and hydrogen peroxide

provides the compound of formula 21.

PROCESS H
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In Process H of the invention, a bicyclic lactone, the compound of formula 52,
is converted to a methylene compound of formula 56. The methylene compound of
formula 56 is coupled with a guanine precursor such as 2-amino-
6-chloropurine (purine compound of formula 28, X=Cl) to give a carbocyclic

nucleoside, the methylene compound of formula 57. The methylene compound of
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47 can be converted to a hydroxynethyl noiety, for
exanpl e, by the procedures 25 described in Processes

w8,20@/052a10 F. For exanple, in one enbodi nent, PO®/US2003/039554

nmet hyl ene conpound of formula 47 can be treated with
tetrafl uoroboric acid-dinethyl ether conplex in DCM
FOmRIDFT fb%ubmlusmtl}wmkzeﬂtm terthectinapand Bf fermmdn2 1 by detetection

silanol int di at th
pos ag@pmsﬁgq%éfﬁa@%d%t atsan 1707 G5 620 TSGR LS
e cC oun
2004/ JSB5TB0eEN LT o3 sen 0 nRBHERER e ofR e oagent. -
((i'@:g)))(l@N@(@ﬁﬁﬁﬁlf"nyﬁo&aﬁﬁﬂmeJ—ﬁﬁ%tmg)noahmohophlhﬁoasq
d2Si - c ~~/1 49 Acd~
(pfc)felehb'rﬂOdbmblswwwlsllyllmlﬁﬂﬂgé/%?w- [HF, to @ene,_rzatﬁg

T .

Ro %@oﬁt%ﬁnﬁﬁ%%%aﬁ 12 IBectGHRGHAH3ABARRM with Rndtable hydride
RCR %%%Sl Q0--c O R3S2CI/RRd Sid "\A RcRd2Si 0 SOH
dredgeBNsuRh @S aodmnmboxolggtjd@ igMeOH, to reduce the lactone moiety and

provide the compound of formula 53A. The vicinal diol of the compound of formula

53A can be oxidatively cleaved by treatment with an oxidizing agent such as sodium
periodate, potassium permanganate, or ruthenium oxide. The resulting aldehyde
containing intermediate S3B can then be reduced with a suitable hydride reagent, e.g.,
sodium borohydride, to generate the diol of the formula 54.

The primary alcohol moiety of the diol of formula 54 can be selectively
converted to a suitable leaving group, preferably using a sulfonylating reagent having
the formula R*S0,Cl, wherein R? is C; to Cg alkyl, trifluoromethyl, phenyl, or
substituted phenyl (substituted by C; to Cs alkyl or C; to Cs alkoxy). For example,
the diol of formula 54 is treated with p-toluenesulfonyl chloride (TsCl), a tertiary
amine base such as pyridine, and a catalytic amount of 4-N,N-dimethylaminopyridine
to convert the primary alcohol to a tosylate group. The secondary alcohol is protected
as an ester by acylation with an acylating agent to provide the compound of formula
55. Preferably the secondary alcohol is protected by an acyl group of the formula
R*C(=0)-, wherein R? is alkyl, aryl, arylalkyl, any of which can be substituted. Most
preferably, R? is methyl so that the acyl protecting group in the compound of formula
55 is acetyl. A preferred acylating agent is an acylating agent of the formula
R2C(0)Y, wherein Y is a leaving group. For example, the acylating agent can be an
anhydride, acid chloride, and the like.

The compound of formula 55 is treated with an iodide salt, e.g., lithtum
jodide, and a strong base such as DBU to effect elimination of the intermediate iodide.
Hydrolysis of the acyl ester is carried out by direct addition of MeOH to the basic

reaction mixture, providing the methylene compound of formula 56. The methylene
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RR2Si0 54 2. RC(O-Y RRI2SI0 55 2. MOH R R 25 0 56
XN NNN'"XNDN/ F~ NN NN-12 cRd_ NHO N~ H

wo&oR/sx1d SI0 Ph3P, DEAD R2cRd N NI -12 HO ° 38CkdR2003/039554

2510 57 4 N\jO NaOH (where Xis O or 1) N~ NH H+
(where X is BnO HO N=< HOB 21 N=< NI-12 5 In Process
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tcoupgjingevith & gudndmeymreéugsori{pradimomingwund héfqrmullwz&e mherem X is Cl,
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eprotection and hydrolysis steps odi nent s~ of
Rompewsl of farrsuld 63 Sraferably the thandkﬁl cofitigions npoprist tofatment
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PatyeRA] aéld!}%phenéf}[phgﬁaﬁ*(mg e met yleeng é&ﬁ{;&dn ' ot Formula 57 can be

TTRIRLE A LR i o0

b| s[ t mh%bﬁ]\}drﬁbﬂl yt tha mmeibyléﬁ\da}dh‘[p‘ﬁ)md of iﬂrEmlatsﬂ t@eth@ccahpound of
ng nd of faornula 53. guenchi ng t
EvsHE

heai becompipted Ry #ﬁmr@tec%@f the gyl ﬁ‘élaﬂww%esc@fld hydrolysis

A TS A AL FAR b
itratifRativith Aluogidel & (el thipalkyinamvaieh fluardt eagonit sechtase
conpound of fornula 53A. The vicinal diol of the

é@mb@t)f&?dm@pmﬂm fiuaride in FTE to sixa threcomnoyad of Erppuds 3 Jad
é}, t LR geonfttB%M grtog?sg nmwl%)r( ' Lg tt%e' r{gmt% %&Ety%lé% F ﬁzc%iloﬁrgn %% )i(b@g group,
Tlﬁk%h@l%%&dﬂhg haddehydsy heatmg the compound of formula 39 with aqueous

base or acid, preferably aqueous base, e.g., 2 N sodium hydroxide solution, to give the

compound of formula 21. In embodiments of the process where X is a 6-O-benzyloxy
group, conversion to the 6-oxo group can be performed using acidic conditions, e.g. 2
N HCI. The compound of formula 21 can be further purified by, for example, silica
gel chromatography.

In Process H, the homochiral bicyclic lactone of formula 49 can be used as
starting material for the preparation of the compound of formula 52, and can be
prepared as described in Corey et al. J. Med. Chem. 1993, 36, 243. The bicyclic
lactone of formula 49 can be treated with paraformaldehyde in a mixture of glacial
acetic acid and sulfuric acid to add formaldehyde across the double bond. This
treatment yields a diacetate of formula 50. The diacetate of formula 50 is
subsequently stirred with a base such as potassium carbonate in an alcohol solvent,
e.g., MeOH, to hydrolyze the acetate moieties and provide the diol of the formula 51.
The alcohol moieties of the diol of formula 51 can be protected as silyl ether groups

by treating the diol with a silylating reagent of the formula R°R%SiY (wherein R®, R¢
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Hydrol ysis of the acyl, ester is carried out by direct
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provi di ng the rretgy nconpound of fqrmun 56X The
net hyl ene 42 WA 28041 052310 PCT/ US2003{ 089552% F-
e

or mul 6" caitb - tATex” pyri N ed¥ by, Tor
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The net hyl ene conpound of formula 57 can be further
purified by, for exanple, silica gel chromatography.

10 TheSimilawerBbcass B ofttheinventiy, @neesangfdhmuivesticnaoomyrises

57 to the conmpound of ) .
preparation of a nqghy ene compound of formula 56 from the homochiral bicyclic
lactone intermediate, the compound of formula 52. The coupling of the methylene
compound of formula 56 to a guanine precursor (purine compound of formula 28),
and subsequent conversion of the resultant carbocyclic nucleoside to the compound of
formula 21 are analogous to the methods used in Process H as well. The preparation

of the methylene compound of formula 56 from the compound of formula 52,
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N==< HO N-~ Hd, 39 NH2 g%ﬁé%lo Simlar to
Process H of the inventi of: s | of the invention
conprises preparation of a nethyl ene conpound of

formula 56 fromthe honochiral bicyclic |[|actone
i nter fEEP3 e, the conmpofifizZPBY fornul a 52. TheClemupl i ng

of t ﬂR(blhRfR?E@Y conpotind,cHfirE QY ntd, 8IB6 to g u\@éungueRc

(§ (—purﬁwcoig?" d of formut=a28),
sub eqguent conversio resul t ant carl%' V Ilc84

nucl edsi de to the corrpound g? 15 formula 21 are

anal_gous to theHpesdmds used in Progess H as wel | .

T aratio rfEkomene conpound aafc f_q?ragglfy

56 fr'_%jqulﬂp ce‘oaélQ B ot 50, 4y VT84l 0

PCT however, is acRi'eved by different

synthetic mat hocﬁ than those used in8process H One

enbodi mrent of Process | is depicted in Schene 16. In

Process ||, the | acteangeipmdczdy of the gonpound of 1. R2C(0)-Y/Et:N
W%SRJelauced\laBmderaycodiQo \F%%Bg Rény. TBAL/'?'HF ?

conditi) to provide-thetactol of nul a 59. For— >

i nst ange 5 the conpound of for rrulha 52 can be treat ed

wth a h%rl de reagent, e_g., diisobutegl al um num

hydrg de i njtol uene at 25(3Xto achi eve reduction tg the
| actiol
S&J@O/\&,\\OH )\ N \N
S 28N e </ l //k
RA O i " e A NTONTONH,
\g/ 89 PhsP, DEAD
Rz\n/cf 90
Q o
hydrolysis </N | NH . |
z N//I\NH2 X=BnO, Cl,
HO
HO 21

Process J of the invention depicts another approach for the preparation of the
compound of formula 21 (Scheme 17). Process J includes formation of a methylene
compound of formula 89, and subsequent coupling of the methylene compound with a
guanine precursor, e.g., 2-amino-6-iodopurine, using Mitsonobu conditions to yield a
carbocyclic nucleoside intermediate, the methylene compound of formula 90. The
protecting groups of 90 are removed and the X group is hydrolyzed to provide the

compound of formula 21.
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oxi dation state. The reduction product, the lactol of
formula 59, is subsequently cleaved using an

woxd@ls2lg agent, such as i odobenzene di acet at eCuusen03/039554

W irradiation (sun lanp) in DCMto give the iodide
conpound of formula 60. The iodide 10 conpound of
f or mul Hleagetbﬁ]ﬁnmomm@d@d fovinthe 89 strenfgedbaiem theieyelepsntane

DB he.i odi de noi i
B 0 B B AT
@'5@0&@4”%'3%13&9@31?03?&3?6?&0 W bdote@ed Ish%?sﬂyl ether

net hyI ene conpou mul a 56 can Ee coupled to a
ghaiamgrthe fopmata R 851Si0s udahrmRéam&ﬁt%@re@s dewtoibed abree in the

i Pn G PR i S it rrta e prigdaay abonphatpas protected

tRE ERMURN aixﬁahﬁéﬂﬁf&lewrﬁag QLR asﬁézfma%a?&c

to the conpound formul a crlbed ove
Redxm@s-s ofthe Heezylesaipt ofi83 veitls, lfonogxatnpd:e paﬂéc’emmo&ie:,aﬂioln&o give

CEW%HSH% £FifFTHlR B4 2 ThngoimenRaAS U §G e issabase

LR e e B P S e e Ry

a‘l’&dHSI &TBRRs cbizverted/ifiio a, sh%lRﬁaaﬂiﬁ@ gr@xp, pﬁferaﬂy uSihg@3uffdnating

OCHZOSOZRS R3-S-Cl _d ¢ KOBu Li_; 11 X
reage@pq:@g:\tge forgmylaR¥PPG1 wherein R is gs; d@grl‘gecgab_pve %Process F,

U Y My B A, B 28 ol

butoxide, in a suitable solvent, e.g. THF, is then used to effect the elimination of alkyl

or (substituted) phenylsulfonic acid to provide the exocyclic methylene moiety in the
compound of formula 86.

A hydroxymethyl moiety is then installed on the cyclopentane ring adjacent to
the exocyclic methylene moiety in the compound of formula 86 to give the compound
of formula 87. To efficiently effect this transformation, a regioselective 1,2-addition
of a carbon nucleophile to the epoxide of the compound of formula 86 is preferably
conducted. Preferably, the carbon nucleophile is a carbanion of 1,3-dithiane, e.g.,
lithium salt of 1,3-dithiane, that adds to the allylic position to provide the compound
of formula 87. The lithium salt of 1,3-dithiane can be generated with a strong non-
nucleophilic base, e.g., n-butyl lithium, lithium diisopropylamide, lithium
hexamethylsilazide, and the like in an ethereal solvent, e.g., THF. A chelating agent
such as 1,4-diazabicyclo[2.2.2]octane (DABCO) is preferably added to enhance the
efficiency of the process. The reaction is preferably carried out below 25°C, more
preferably below about -15°C to ensure high regioselectivity. Preferably, the
regioselectivity of the addition is >10:1, more preferably >15:1.

The dithianylmethyl group of the compound of formula 87 is readily converted
to an alcohol by a hydrolysis reaction followed by a reduction reaction. The

hydrolysis to an intermediate aldehyde is carried out, for example, by stirring a
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N NNH2 0 89 Ph3P, DEAD R290 O 0 hydrolysis N NH ~N
wo2Bn@s5233h, | HO N NH2 HOB 21 5 Process J of pCinais2003/039554

i nvention depicts another approach for the preparation

of the conpound of fornula 21 (Schene 17). Process J

ipfig tudel e cdnpyouat] o6 forafula8 Trwith ghleive carbonpéamsl ioflorhethand iz

%ﬁuw%g%c%@%f%gem sk IR Sog e S Ua i g in
Yl Yand lttr'lgfﬁﬁg %ttﬁ)%g S’é&ﬂa&‘ﬂé ec%nw k)\{d Wutd Pc@'lj?q@i%@échﬁg Groups

nuc I nt er medi at e, ene compound
fip OFgdndic gﬁzthéﬁhse,ZnapEdztzthﬂgy gid)&qms NevOVods, 99k rppvbfw 201.

d the X hyd d
%hefnt@ﬁegmdaggzg%ghﬁew@y@reg G55 YD PRI ISISeSRh £
81u%\5 X%ﬁﬂlt%ect (9\5‘1@9 %fco%@]por ngﬁf%ﬂg{éﬁ gorepared from

€ CcyC ahe epOXI prepared as

d escr imRtohpotidoPiotmila®8 ibobieteSied mﬁamdmmta% for coupling
5, 206, 244. The secondary al coho] nolet
pith @ brosestegsguanine (dprivaiiigeby agyiaion@T et ?@PH&IIO&PS Acyl groups

e O Ry B AEAS RS RRRR! ORE FARRE g erve s

gﬁ SohsC Freferably, B2 i mepiyDichbietle agd geoupdn hedhylt Vithe silyl
i met hy S|IyI ether. The primary al cohol is unmask

ed
teyhes smpws then clestieibesinmToorideionan Zipiraltyapmsmiygn Huoride, to
Wi.t h Ie carbon to give the
c%%@ﬁr%ﬁ lE‘ger'feoro Ogggﬁ%%%ﬁ‘g %6impound of formula 86 is
pr epargg ynpduhd@seforsalaBoiz eduritd 1 I\Rijthbie gamﬁﬁegmersor eg.,

In the first step of the procedure, the primary 1
&-soho6-ifdogurites tccl@mv@ma@@rbqulcal@l?psldb [demediAis @he

5 S BB e AR B R
| cbRpEASe b 2-amino-6-benzyloxypurine can be used as the guanine precursor.
The methylene compound of formula 90, can be converted to the compound of
formula 21 by suitable hydrolysis methods. For example, the ester groups can be
cleaved by treatment with an alkali metal alkoxide, e.g. sodium methoxide, and the
6-halo group can be hydrolyzed by heating in aqueous base. In embodiments of the
process wherein 2-amino-benzyloxypurine is used as a guanine precursor, the
6-benzyloxy group is hydrolyzed using acid, e.g., HCL.
PROCESS K
RESIN PURIFICATION

Another aspect of this invention is the use of a resin adsorption process for

isolation and purification of the compound of formula 21 or intermediates therefor.
This process employs a crude mixture comprising compound 21 or a mixture
comprising entacavir intermediate(s) and other reagents , such as, for example, an
oxidative mixture resulting from the treatment of an intermediate for compound 21
with hydrogen peroxide in an oxidative desilylation reaction in the presence of KF

and KHCO;. Compound 21 is soluble in water at 2.2 mg/mL and more preferably
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to give the conmpound having the formula 85. A strong
base, e.g., potassiumt- butoxide, in a suitable

weabmastitoe. g. THF, is then used to effect thePCT/US2003/039554

elimnation of alkyl or (substituted) phenylsul fon| c

acid to provide the exocyclic nethyl ene nnlet
Bslovohp ongiuﬂofcmopmﬂalsa@d re&aﬂqg GPaROwRsSI8y4 adsei fiynuﬂée resin

th d th
nem By g R PBET Mgl T phea wi
fvgal;t&% FeAGvd & T}&u&ﬁmhmesaﬁ@mmﬁipouaa 2M1 o BebpSifad Bated thereto

Iciently effect this transformation, a
r(e.gi, o8cH @cii inerrediatadd ptacmrsor) o clated fraso ﬂlerre-‘én gigprishing with

to t he egﬁx%%egg%ﬁ&h ngﬁetggp%féfosrﬁgg% 1s%sam1xtureof

' Ro09 kg ef bly 45-55%
|§(2|ﬁ3a?lnas\ga[%%ﬂ f?e{&%& 3??5 Rmb}%ﬁat adds too?eﬁper glr;g(ll iC

IsOH: 455 3% wpten\eveie oneprefemgity 60k SO Me@ L and wateg.7as SPeMeOH
e o e oL SRR s
DL e SPRHARY AT it db'téu'i‘hﬁé{{%efb%iﬁﬂ%ﬁhdllmgr hk@lidr@liﬁ, by

e I n a er eal sol vent, ., THF. A
Cfp@fea’tlt Ranagea tomﬁ(iuﬂl]mhmgsgreater than or equal to 97%, or more

4-di azabi cycl o] ne (DAB refera
an;@r@@abhb LhrRiEes M?ét Pré 1%?1&?}116?“1%%‘%“"6588@ “‘f’%g(é”aks are
0p ¢ PSR d @Rfoeh h;
ef ieléru};lg’l yﬁ%%eg%ﬁg%g%e%(elﬁﬁg% t'o gﬁjgur e hi Eﬁﬁ@‘" alography
remmgel ectivity. Pr ef erably, the regioselectivity of
e addition_ is >1 re preferablg >

1
d| thi alﬁ%mﬁew?‘vle é@ro%s inyfhis SOBERP HIRGE LA Pistipibiggpsing with
SR ERRERES g8, Hoft SRR, BghR wiche b

fM@f@lbﬁéﬁdr@oly Qh@ﬁyﬂeﬁé-bﬁstﬁd&sﬂﬁ@ara betehipated s poaideifecigroates
for exanple, by stirring a 47 WO 2004/ 052310 de. but
ROPAESX00 3T TBERSISHHRL m@%ﬂ%&ﬁ%ﬁ)@dﬁ&‘ Beh peapifics igppude, bu

Z\%tgtrﬁ 8ﬁﬁ?lﬁl g] %gﬁgg‘%a% dSFWy Dead yﬂ%l.lalnoéﬁWE?alon SP70,

dbidbPSeEtsansaiah SPIEY, Dikion MP2MG nidtieacaylite sAMBERILITESX AD4,
nmethods recited in Geene, T.W: Wit

PAM%E:RLH‘QE KADTHE, AMBEREERE AR H:, gad %ﬁ%ﬂﬁﬁ FAGHL600. Ina
%%gjts ﬂ%%,'ﬁf;%gz% feea b e g&ﬁ as t a9 reﬁﬁgeth’olt-g '%Srasmn

can be reduce sui tab
hﬂé@fstaﬂ@c, &agehh, recS/cEn% utllszadbmranb@n@mmyu tol @vithstang Bxiv&mi@ of
t he conpound of fornula 88. The conmpound of  f or guﬁin?S
|srgemmsehfbletcbmdlt@n&dmmm@%umddﬂﬁéoﬂ’é pagisalsrly yge

cte uani der| vative ion of the
aP bng&ﬁo’é Pg &‘%on ahd SqRpoui}s T tee%ﬁ%éﬁr?rtutor a R2C(=O) -
wher ei ‘T'hge?ollo%vﬁg eﬁ?fﬁﬂéé ﬂﬁﬁﬁeﬁﬂ@é&@té D préseidiasentionabut of course,

serve as 10 protecting groups. Preferably, R2 is
nEttduid ncstd)etcloadstmeﬂas acyly yrolimiting iE6eRa-. The sil yl

EXAMPLE 1
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ether group is then cleaved using fluoride ion, e.g.,

tetrabutyl ammonium fluoride, to give the nethyl ene
woanpseadoof formula 89. The conpound of for mulp@T8%2003/039554

coupled to a suitable guani ne precursor, e.g.,

2-am no- 6-i odopurine, to provid?’a garboc clic

co “7“7 7‘ V lcn 11-

H O ot o-DCITZY he
used as the guani ne prqubggg64n@@gnnethylene compound
of formula 90, can be converted to the conpound of
formula 21 by suitable hydrol ysis nethods. For

and the 20 6-hal o GroHR108MLAR- 1Y _.g_ ¥ by heati ng’
i n agueous base. | ( SO0 € process
wher ei n 2- am no- benzyl oxypurine is used as a guani ne

precursor, the 6-benzyloxy group is_hydrolyzed in
aci d, &3g: ?hrchkﬁh@ﬁakggumpe%ﬁﬁgﬁ Wﬂ%ﬁé&%@& azﬁ’%'mg

Qélg@}tl At eacﬁe%oﬁaéfaﬂd{géga?%dn%leit Wak Pfar gf a resin

orptron ’process tion and purification of

thenglampabylehiefosilafe Wb 36 21000 niciésy ane dnlatdesustHEF €20rmL). The
hi s process enploys a crude m xture conprisin

Je | . g ..
citasioias thepicogtedgo m7 K Cu ko thisHpingIohyiasn e added sodium

i nter nedi.at. an . .
Ssfiprassigpiae t41980: TRV R i DR TA T aiol G A erpflf one hour.
IFIRALARIL Rk @B wab behSEf abdut 106 he@RRAd fbndflwadallevied to warm
hydrogen peroxide in an oxidative desilylation

rte abbutdiCi avet hpenodsfmodonfs. KR thistignethensction gs ajsdmed to be
' | uble i vat t 2. /. f |
SRS 50 6h? BT P B 55BiB A OBl B Ca S Gten
R4 \x%}m?? %1 f?‘ft%/ afvﬁﬁnﬁ&ﬁg Qrae ‘élﬂuf%ﬁ%vi?&jﬁe%raﬁc%ct@@o 1§ and

resin speci a e 1norganic salts pass

t freRegRd td Beepaestory fametli Thé bezanisdsyve sasitfaratedhirel the equeous
renove ani/r addi tional salts and_conpaound 21 ar.a
cleygsorasexirastad vdththessnss @OO(IEL : Thes‘EP@PP”é%d gygantc layer was washed

| PR Aol ARLESHL A rb S Bhitketlnl LA BRereasiny

an organic sofvent. In
echeshitnme in Vubgo o gadihe cale\déske as dagirirews odl (7 k gurd8%ofield).
MeOH and water, preferably 40-60% MO 40-60%vat er,
mbhecrpdedienayry uspd st NiEber puifation ibthe ng¥idRadivhe

prefer 1:?}[}'5% 6130% ?(?c(l)(%/g %@WE S‘ﬁ? SealfidyPéd: r,pf(f@-linggﬁdition

opti nd 1 or conpound Tel at
t RAR& MemhoBbiet, 3nd bR isloNeaythagicd dvidndiens yfthabbiveeection

to obtain a pure conpound. As use herein, by
(176.5 g, 0.88 moles) and hexanes (600 mL). The mixture was cooled to about -10°C
and dichloroacetyl chloride (173 mL, 1.80 moles) was added over the course of five
minutes. To this stirred mixture a solution of EtzN (251 mL, 1.80 moles) in hexanes
(400 mL) was added over a period of one hour. The resulting mixture was stirred for
about three hours at 0-4°C and then at ambient temperature for about ten hours to
complete the reaction. The reaction was quenched by addition of water (400 mL).

After stirring for about 30 minutes at room temperature, the solution was transferred

to a separatory funnel and the organic layer was separated. The aqueous layer was
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| ess than 0.1 area percent as determ ned by high
performance |iquid chromatography (HPLC). Resins .
Sitirhettd withexamee (300 mh). sThdsotynédoereptie dayss wag washed with

hydr ophobi ¢ resins, wi.th S ctivi fo QN+ r
a1 i bisatrsar e 21 G i YeloR (SRS TR
SLYLENa-MasE Was MRESRIAT#VARbY Th A&uling'RACoD 8&€ turther dried
resins are bromnated to provide for greater strength
andeclipashannT ©gied 307ce of e emple ity coeppwrd.wi t h such
properties include, but are not limted to, SP207
Sepabeads, SP700 Sepabeads, Di ai on HP20, Di ai on SP70,

".ﬂiﬁis Oa'

AD16,

and AVBERLI TE XAZL6Qfopdntme-lprasbanytiedcidfidi ment ,
SP207 is used as the resin as this resin exhibits
abrasion resistance, long-termrecycling utilization,

and th b ' r | £00-

2ol verth otk fesk8d Mb\h e B AES aflcal QEERN S00-m.
pﬁ{jd‘iﬁcﬁltﬂuﬁlﬁélﬁa thSﬁilﬁd)ﬂleﬂgﬂar;]M drforcilet mr::ls chargedrpithitiee sbpve

and conpounds rel ated thereto. 25 The fol |l aow n

eotiniped63 (A1 2 8,08 mplgs) fert a0l %%ﬁge@eﬁ’f‘tef R And BN (343
of cqurse.. ~shoul d. . j i

| 8339 IHBFCF)( The r%c%oﬂ%&@ﬁi%g%ﬁéa%é@t‘g reffust for3Mouy@¥he reaction

S 'ScopeE. 9 WO 2004/ 052310

Fﬂ%@%@%&?@@g@ﬂ%&m FelrlForRREBARATR ONnfefes) 1@s added
a ) a ) = = no A
Oetir B aiminuts.j Afibwy3} mrayutes, soriembrahyergs 132 gl 137 kRl was

EESl o P AT E A I o
b{‘lﬁ%ﬁfeq{fz%- AoBthePlvasgn @R)\Xﬁ% OMRe {8 onAntire tWis earefidbkpenched
flas mec

equi pped wth a ani cal stirrer, a 500-nL

adhithtvater (BQMma)., The pHevasmdisted tond.-Opmdsheisuliing spxiies

o ogtirg i o BRI DL IR QR sREEE ufUicbriie@phacuo. The
t if Qas ' h ok 9k UB5 @rof theacemic titl
AREERHI O P Bt BRhagine, g gy e i

Tebmp&undO nol es) over a period of one hour. The
reaction mxture was stirred for about two hours and
then it was allowed to warm to about OC over a period

gf t WOR RENRATION OBI(ER 9B -DifheftBAHh ARIVIRS - (BgdruRptethy)-
e
2-cyclopentene-1-carboxylic acid, (1R, 28)-2-amino-1-(4-nitrophenyl)-
1.3-propanediol (1:1) salt (65A)

A 3-L three necked flask equipped with a mechanical stirrer, addition funnel,
thermometer and argon inlet was charged with 64 (185 g, 0.67 moles), absolute
ethanol (925 g) and R,R~(-)-2-amino-1-(4-nitrophenyl)-1,3-propanediol (102 g, 0.483
moles), and heated to 50°C. The solution was seeded with the salt 65A and left at
40°C for 5 hours. The resulting crystals were filtered on a Buchner funnel and
washed with ethanol. The solid was dried to give the title compound in ~28.3% yield
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15 conpl ete. The reaction was quenched by addition of
cold water (-150 nL) and allowed to warmto -15C. The

woisdqoses1eas diluted with hexanes (-100 nlL) an@CT/US2003/039554

transferred to a separatory funnel. The organic |ayer
was separated and the aqueous | ayer. was extrgcted .
WPt B) fiewsadizm gutepentpdieride. doaBrosat ks gamrey pEYSAPgrd 99%
washed wth brine (200 nlL), dried over anhydrous

gnesiumsulfate, filtered, and 20 concentrated in
vacuo to give the crude diene as dark brown oil (177
g, -98%yield). The crude diene was used w thout

fur P . O8)-P K Pimethylph 1

necked flask equipped with a_mechani i paer,
500- L additi To B Vin’—c 0 Cl I?rlle’ct le ttef il 0 inl et
was charged with diene of the above reaction (176.5

g, 0.88 noles) and hexanes (600 nmL). The m xture was .
cool edra®24dbboecked pmurdhostnthediflask equipred:With & meghardeal stirrer,

PN fe pie Rt Raeh E sra et SRR FEH GF nilgyght Sac0m
g@/éénﬂj)s The RAHR] A%t wiv68Ra%0 aﬁ&? Qeal Copestasdad!furic acid

er a'period of one hour. The resulting mxture was
123 ped? tmiles) slas slowihadiedho thesreattiof flagk il stitring. ad fter addition
anbj ent tenperature for abaqut %en ho

|
tHé0G b HROITACHART KEYE 1138 AU TRES %&Bﬂ@ﬁr@}@% Ade ;‘f%it%ged?m o
\gt% eté ARQe4Bkibn., %Q’teﬁ:&ﬁfélegglil bf {8 JedcBbn, aROHAcEh Mi-HH]Pas

oom tenperature, t uti on was transferred to
aodefriaridan yaduortn eémavechtohe5 @) mhnifMeQb e Themesidue was diluted

ted, Th 5Q WO 2004/ 0523

Pelt ERb 0 baoE S eiter LBVEIL: The FRXHREAY SH0TaHS Lo @
T j i : jt { 0
e EREARARE 86 9B YREr HES RRASE Ml e dBBer s
rﬁﬁ}ractw ezlitth_CEl@tAlgr(éﬁb fn:I_Pt Tat e?mh'?lﬁd org;nﬁ:rmt leyer exchs iwashatwish
R Sesyn Pisagtmg (500 A, HHEEE0p e bt BUTRD) B4
P . :
(PIRETS R e P TR ST e ST B gy o o

2-cycl opent ene-1-carboxylic acid (64) A 3-L three

necked flask equi pped with a nechanical stirrer, |;
500- m PRERARA B 205 3B haisndlimet Byisi)
inlet was char t;he, abo I (211 g,
0. 68 nol es), teft Ao Wat e & nL), and

Et 3N (343 g, 3.39 noles). The reaction nixture was
heated to reflux for 3 hours. The reaction m xture

was cobd @8-It Irned@d rowrl ptoaediflask eawibprtawih o 3pwhepical stirrer,
AN OE TR R M A M
and DCM (1000 mL) under an atmosphere of argon. The solution was cooled to
about -30°C. DIPT (18 g, 0.08 moles) was added to the solution and the mixture
stirred at -30°C for about 20 minutes. Titanium (IV) isopropoxide (18.2 mL, 0.064
moles) was then added to the reaction mixture. The reaction mixture was stirred at -
30°C for about 20 minutes.
Compound 66 (224 g, 0.8 moles) in DCM (500 mL) was charged to the

reaction mixture via syringe at -30°C. The reaction mixture was stirred at -30°C for
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15 added in portion-wi se. After 1 hour the cooling
bath was renpbved and the reaction m xture was all owed

woeosaismisl owl y. The reaction m xture was car ePairug2003/039554

guenched with water (800 niL). The pH was adj ust ed to
-3.0 and. the resultlng m xture extracted wth

@99‘@ Zypinutes o THEFAIO8 n@a[)etSrM&ec% 1 6gReleR: Was aélgeqi Fp QS reaction
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t n
Hevlfiln é‘Z‘ﬂ% AR A8 o bELERTEL AN Me bk ke was
gtitrad fdr ab6@B0ghinated and ﬁltered through a pad of diatomaceous earth

O HBo® o e as e Garet o BoEBarfh ORI EDGFhedaeons
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al's were

Bicoltneatef sohnioh (800D mWpstefienivater €500a0D). . THhe ganit 4 evvas
dried to give the title conpound in -28.3%yield 51
wencoaied w1 sacyo prEivedzousio seside (2(764)39arw m sodi um

cycl onent ay! f%&@%gﬂéﬁ&%{%ﬂé@@&ﬁ%ﬁ%& o ci98hiAPstirer

22 aFhdrBlofRtdd Yk I@Hﬁ@b’d thelaypbye &fté}hedﬂ éﬁﬁbﬁﬂd@@hﬁ' 0.8-mdles) and
cl o entene-| -carboxylic acid nethyl ester (66) To a
21-{& (80Ghed it aadar oo aEm @r@rﬁé@rméﬁheé el tpEee woslhvaé cooled to

| t t
aﬁg&zﬁhﬁ T et R Ve O TR
it BOPiohd.) AftdBe LERGHH FAs Bbaiplfee tﬁ%oﬁﬂ%ﬁﬁﬂ wWa8 removed
about 0 Concentrated sul furic acid

and 8%) rem$nsmaivur§/ wasl shaedt for thait 6 dotisdo Ctnlnabke tie 1r¢act10n
of t the re

Al GPBlation o e etf iphy e sexse HooRide wab qrbfeed by dding the
E@JEBSﬁ ikiufe tto% soﬁ%ﬁ'&%&ufa?&l dRRGhiuchlAHideBR000 mL). After the

conpletion of the reaction, the reaction mXture was
dnorcdsdﬂdaWesjconmlvlaWendleﬂeﬁn veactibo ntixHOOwad exdfacteld @rith

BB 06 A ST et b e Syt g 0o 33, Bk elsoo
BADALA Qe 480Rh: B LNBrRA MR ol zgfsl aéﬁlgﬁgnow

aqueous ayer was extracted wt
Biie conmbi ned organi c |ayer was washed with

PREPARATION OF [1S-(1a, 28, 3a. 48)1-1-[2-Amino-6-(phenylmethoxy)-
9H-purin-9-v1]-4-(dimethylphenylsilyl)-2-hydroxy-

2.3-cyclopentanedimethanol (73, X=BnO)

To a 3-L 3-necked round bottomed flask equipped with a mechanical stirrer
and a thermometer, was charged 2-amino-6-benzyloxypurine (193 g, 0.8 moles),
lithium hydroxide monohydrate (33.6 g, 0.64 moles) and 72 (251 g, 0.8 moles) in
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saturated sodi um bi carbonate (500 nL), water (500 ni),

brine (500 nL) and concentrated in vacuo to afford
wohevsmisede title conpound (224 g) as a brown oPCT/UR0003/039554

PREPARATI ON OF [1R-(la 2a 33,

5a) 1- 3- (Di net hyl phenyl sil yl) - 6-

' f 3 -td igoet had ofirrdd/ ) aBaut 40 hotrs.

@%&ég%?bﬁ%é%{&?%ﬁgﬁhﬁtﬁsk equi pped with a
ARshenigtaionsifiths eactionatheachtiioh snxfugmvas copes tg room temperature

t hernoneter, was ¢ ed. acti vat ed ol ' :

amiznggted SR ASANIB0D TS SR s P bR AtPEne
580y T ' ith GitadaHE (FBOGL DbRie (1080

@Sgﬁn{}é %Fg)%aﬂ\{/\%g%é eﬁggéﬁgﬁgg?ﬁti or(1 and ,tEe o .

WX bkl oncsiitiatedth vaicuo B0Rrfigty crafotitol £33 0hg)rg edhick brown oil. The

Titani um (1V)_ i sopropoxi d 18. 2 ni, ..0..064 .
pivdnctar e B B AR O BT ikt sonfReRs 2999 as
m xture [ d at - 30C for about 20 m nutes. 30
(09 %%%X@%ef%gi{ag, 0.8 noles) in DCM (500 nL) was
charged to the reaction mxture via syringe at -30C.

The reaction m xture wa

MO/H : Q-2 I VARICIAS

\ AR H DutiiS-one (7
& Ligvameimc annel , keepi ng

the reaction tenperature between -20C to - 30C. After

conpl ete addition of TBHP, the reacti,an m'(ifltur.e Siha
sti rr ad2.Bet Hsecked rowd hastonddlagkovep giied anheRPeI AT}

t he. reactj.on was et e, \ Mg,

AR SO AR O B BREL, a Lo B ROk, RE Rl fras
Qla%fge@%h%(7’¢.i5§gﬂbflh_9§nioﬁbs§%riﬂmimﬁ pvatvengsulfanate 1.8 g,
a tron of sodiumbisulfite, the m xture was StI&Eed

0000746D 1ol §0ant PGVES T ML funderanes ph RigARgAhsTe p e fspulting sturry
di at t it f i It

Sremsaned Apbcadediods s e s hadet e (TPF T, 07485 016 "

| ' . | ios mishewasvatmed to
R PRy QR Bl B e e 00 ). and

trh&n t¥ap&atutSEr miperiod heomsr lysimi Aflenthercopgiete consumption of the

concentrated in vacuo to give. the cru ' o

Gyt e, herissaging broguntetstisl T3 AT o LSk et &L siming

egul nped. ' : . BiSheulting o veas
e U T AT

Rk @s:d With EtDAA (1800mi).) The degenigrdayer wss goraeairgied 4 ysHo o

The resulting solution was cooj ed to . '

e rbaraixEMIof Goxlawds aRearSIONd Sha A Lo sty ittered
(88 By 3L QxRS bol | ik @as b@itianidlytdhargedaith
(8% P 0 BT hohnpR A the 6k S hdiodl (chons

r RRAL LA ANA (270emIes 96 triolesp and satatrs aboutd 2A%a fay 30dours. After
conpleté the reaction. ) ) ) ) od
the complete consumption of the starting material, the reaction mixture was coole

~65°C, and MeOH (745 mL) was added. The reaction mixture was stirred while
maintaining the temperature at 65°C for 40 minutes. Water (5-10 mL) was added to
the reaction mixture, and the reaction mixture was cooled to about 45°C.
Concentrated HCI (220 mL) was added and the mixture was reheated at 65°C for 4
hours. The mixture was cooled to ~20°C, and extracted with a hexane-tert-butyl

methyl ether (9:1) mixture (1500 mL). The organic extract was concentrated in

54



10

15

20

25

30

After conpletion of the reaction, the excess
bor ohydri de was quenched by adding the reaction

woi2sd4se310o a sol uti on of saturated anmmpni um chRCoUISA®3/039554

(2000 ). After the 20 borohydride was conpletely
guenched, the reaction m xture was extracted with
B Tlmeﬂdnct_\)vas tThrsfaregdn ind-1 dyneckedaaskaot ddated toh55°C and at

B 053 RO S0 SRR SRS i ion o

%?%y%tq\ﬂ 8. OTﬂe regémlﬁ walpﬁle% {017%"@ Add sakrad atgtﬁat temperature

Am no- 6- (pheny oxy)- 9H purin-9-yl
fér {@hcmﬂ h@blplh:ﬁﬁ;tﬂed HGAI(306 2D ydis cloyrly added to the reactlon mixture to
2 3 c cl Iq]pent anedi met hanol (73, X—BnO) N
t9urndifhe reastion mpddR s dlpped twqqk t<a20 C over a 4 hour

h n Q
A St AV REhrtf i
hzvaﬂérC(XWQ' @Ommmfdm@m& 9;00 GnIBd alidleeshutindeti o2 1150
0.8 noles) in 53 WO 2004 052310 PCT/ US2003/ 039554

m&l@ (Bodight browpreolored ervde prpsiichiuas dripdte adiord e ditle compound
%%#Z gﬁipr about 20 hours. After conpletion of the

r ‘the reaction m xture was cooled to room
tenperature and extracted with EtOAc (3000 ni). The
organlc Iayer was mashed W th brlne
or gBRERARAHONEE [\h8 < fhes. o3 0
bri ne (1000
crude triBK i
was crystalllzed fronmEtOAc hexanes to glve the title

compound ('225 g) as a solid crystalline material.
PREPAE@AZ-II@dné}ke[iI@deMtoBEd flask, oven dried and equipped with a

43‘% 91?215:5%? 1&8& %9:%@@& g\ﬁglﬁg hﬁ?q?a\xl | SeI pro 60 agg argon 1r)1(let was
%hgr' qzé - Bh Hﬁd ! gX g’e%zan 168), 208 é:?ﬁ PRCKSE, & enAhd

bot t flask, ove eqU|ppe wWth a

raeeitma:nct horogttriflaeride c@mmcdcl@ﬁ ingln). fihenredctioa nhigtwpewas heaeed to
probe . and argon inle charged with 73 (77.5

§51Y ostirred 0159 an@ﬂwnaﬁ?lsd fOI0eBHEBPErH S é“hf 1ea8t7<51 gixture

]v? s%ﬂﬁﬁeﬁ”v?ﬁq o@l'}ﬁLng . PR fuddheA Wil ;{bglt by @A, ~220 mr)

ere urry Irre

GO @dijaet th®pHGo a&m@m XBatadstuyh bﬂ@l@bﬁéte (1A2g) fillowed B4@Jueous
nol es) was added slowy over a period of about 15

yAoRes permﬁleie (3wt ‘ord3hEhwasraddodhto tha saltion.oThe geiting solution
tenperat f onehour..After o
A T RS oL AP et b PR 10
rs%auﬁﬁ bi@ﬁlﬂ@é QWD 5RRsd ddaBd Fbﬁé%ﬁfvﬁsé’\@x%r%b%te@@ﬁ@reb@u@
stirring 20 saturated solution of sodium bi carbonate
@¥ixBrervps caiiventraedi it vacgo i semeve nwasof the MeOH. The resulting
yellow semi-solid was cooled to -5°C and concentrated HC1 (~55 mL) added to adjust
the pH to 0.15. The resulting solution was extracted with EtOAc (500 mL) and
aqueous KOH (10 N, ~48 mL) added to adjust the pH to ~11. The solution was
stirred for 1 hour and then the pH was adjusted to ~7 with HC1 (4 mL). The reaction
mixture was stirred at room temperature for 1 hour and at ~5°C for 3 hours. The solid

was collected by filtration and dried under high vacuum for 16 hours. The solid was

redissolved in water (600 mL) at 90°C. The clear solution was cooled to ~60-55°C
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extracted with Et QAc (1000 nlL). The organic |ayer was
concentrated in vacuo to afford a m xture of

wdi2onmiszaies as a viscous brown oil (125 g) whi ebTWE3003/039554

transferred to a 2-L 3-necked round bottoned fl ask.

The flask was additionally charged with . acetic
amﬁy@ndﬁél with 249 The soutiog waslaleyWed frocded ke w@naiempbrstiire for 5

0 0 R, G i S o TR TR et wnce
%@l!uﬁﬁi at 50°@5f€r 1@&&&@9&&&3% g cd@ﬁ%&&@ﬁm glhe

reaction mxture was stirred while ™ nmaintaining the
tenperature at 65C for 40 m nutes. Water (5-10 nL) was
added to the reaction mxg d the reaction

m xture was cooled to ab éﬁ&é‘——gwncentrat ed HC
(220 phbas RORAGIARHEPAR ATRIWOE 1851620025 Am B3¢
for 4730 hours. The m xture was cool ed to - 20C,

ext r adt®edihwdokD- Bl -hedcaxe 3 {(eatreyhathyl)- aahéthﬂeﬁédvelbvérﬁbfll)
m xture (1500 nL). The organic extract was
concentrated in 54 WOSkbpuinganed2BCT/ US2003/ 039554
vacuo. The residue was transferred to a 3-L 3-necked
flask and heated to 55C and at this tenperature, 10 N
NaOH (RRIEPARATI@N GRIA®] 55p-5abiimethylphenyddilydf 2 t1emethoxy-
solution to about 12.8. The reactl on mxture was
heat ed to Igeethvigthexyymethyll apentengrlemgthanel (75
hour s. Concentrat ed HC (30 rTL) was sI ovvly added t o
the reaction mxture to 5 adjust the pHto 7 and the

r eact it MD3-hecRedBsimdlbofvRed flasicaplipged vAfHa Aéeiangalistirrer
hour period. The slurry was filtered and the cake

\iad pélepromstes was gharged 66 (2901 g Q\/bmqlesmteme@ 83 Jyscyibabin

Fimple DSt B i) it el S5 hont ofioFemmtiing

rgbmiuﬁ tva¥asoled toeh o ahfied shil hgd iJntétm@@f@@ﬂ@@s thB,71.d mole)
649 . 10 PREPARATION OF [1S- la, 3(X,

&ka@)agldezi Ahfridgrame- @ﬂmdmbfogatp 40.h el 9@93, mples) was added at 0°C and

A Bttt e oh B G B0 PR e e i o

288 RAUNAREIrWbtidh Bixtdre Wi GHAEd SBbodltbip&hturdfr 1.5 hours.
addi tion funnel, tenperature probe, and argon inlet,

viefter comaletien ofiihe meastiop.the ceagtion @mmregyas&@OEdrto FESY,

., d-b
A a2t e padehle PERHE A RIHES fisbesi
%ﬁﬁ}ﬁﬂnén@ LAPG1 Mtih THEE 0f 100 ks R4 a%id@dilgt Hhen, TH@!:&&m"g%ath

roomtenperature. The feaction m xture was dil uted
wiats nerives@d afi2080 miiuteswhdihe reabiech wag dlleevpdgo ussmmmﬁ afubent

-220 .0 adj ust the to about 9.5.
EASRBE Qe W 2SO S e eckat PR RSP o 2 houss.

The reaction mixture was cooled to 0°C and 2 N NaOH (20 mL) was added. After

this addition, the reaction mixture was stirred for 30 min and filtered. The pad was
washed with DCM (400 mL). The organic filtrate was washed with brine (100 mL)

and concentrated in vacuo to afford the title compound (35 g) as a light yellow oil.
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hydr ogen peroxide (30 wt. % 39 g) was added to the
solution. The resulting solution was warned to 70C

wandoaiseymed for 10 hours. The reacti on was coelCEdSt@m3/039554

5-10C. Sodium bisulfate (16.2 g) was added
portion- mnse.over 30 n1nutes The reactlon m xture

was concentPEERARATIONCOB (45 SRerfintliimg shylsityd)-\e OH.
The resul ting 81 L ow < i X i d we led 10 -5C
and conce ' Y —adtet Rt & pH

to 0.15. The resultlng sol ution was extracted mnth
Et OAc {goo m.) and aqueous KOH (10 N, -48 nL) added
to ad j s 23l neaked 1qund1t1¢@tomtilﬂaslo¢qumd veith 2 mechandgal

st i PR Vedtarea B bE 01 aidle) SpdHE Gt under
ta%rﬂﬁﬁf)@}i}@fe%ffa@g‘onl NEHJ( d@%%ﬂmmé@l (f)l%usﬁe&‘?dﬂ 9: 151;9@168) was

solid 30 was collected by filtration and dried under
mdghd tpetbesatntior. Tie hixture washeatsd bi @°@Wefor 1 hewli asicherecboled to

B dtmbyting By ot ohsSE ke Pk Sleinolsesaopium

HImAR]IE S, (ms Moteky wmeac@ea w 1h@BudfRasidn. @M@féa&tsbrﬁﬁﬁémre was

to roomteénperature for hours. "The resulting white
dregtsd at 74°hkefos 6 hours\ead tlmml the ceaetiorhmixtidetwaatcooled dmcbom

SRl ST PO o0 R BB

%BE%B@J hi@Y-EFrol 45%1% (¥he é@ctlﬁl(lﬁ?x%rg WA BGed to room temperature,
, 9-di hydr o- 9-[ 4- hydr oxy- 3

-C{llhmhed xitietNh OL @ pHetl hapldentragted opithratngixiure of EtOAc-hexane (250

%)D hl(erl]ﬂrgaé]? (hn%y%fﬁ‘%% ‘%-gsygé?‘%;ﬁ%-{ér%bg@iﬁﬁle (100 mL) and
' 2) hs 4 |
B T L S B ) po PR B e

MAth a nechanical stirrer and a thernoneter was
obtaln%d as descalP?d

m, 1.0 nDIe) mas added Pyri di ni um

p-tol uenesul f onat e £ g 0. 002 nol es) was added at
oc and o anrevep dsiad.tl-hg-neckedroundhstiemed ek eqnippest fath 210

bat h d t
Rotthige of0E, Bl a3 S ARG 8 Whs b ebE iR
%Eblé\ﬁﬂﬁrsm&@ms laf DEM (DD meRGhdR AN atHEsphORH afidn. The
m xture -was cooled to -78C. ri et hyl am ne %27 , 0.2

elutisl was soleditochbont 1388p. DHRT (»3¢ g ﬂl mOJﬁsm cdlq\wdévy titanium

Zﬁ\’é‘)ieigopgeﬁo‘%%eéa”é% ,C(%@:)_% %le%/gwﬁs a(ﬂétl to the reactlon )ml;cl\%re The

reaction mixture was stirred at -30°C for about 20 minutes. Crude 76 (42 g, ~0.1

moles) in DCM (40 mL) was added to the reaction mixture and stirred for about 30
minutes. TBHP (40 mL, 0.2 moles) was added to the reaction mixture at -30°C.
After complete addition of TBHP, the reaction mixture was stirred at -30°C for about
5 hours to complete the reaction. The excess peroxide was quenched with aqueous
sodium bisulfite (20 g). The mixture was filtered through a Buchner Funnel with a
pad of diatomaceous earth (Hyflo Celite®). The filtrate was washed with saturated
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was renoved after 30 m nutes and the reaction was
allowed to warmto anbient tenperature. The reaction

woizsiqoseseas stirred at roomtenperature for 1P2TIhISDN03/039554

25 The reaction m xture was cooled to OC and 2 N NaCH
(20 nL) was added. After this addition, the reaction
NaH OO gsoketfons(l D6 rrﬂd aﬁd) brlﬁé)(lrﬁOrmhh dT'He drgarietiyermwas cmgentrated

hed th Th .t
1St gD (9% 1) 0 e RS el LLERS & .

vacuo to afford the t|tIe conpound (35 g) as a light
yellow oil. 56 WD 2004/052310 PCT/US2003/039554

- et hanol  (76P

flask eq e th.a ne—

t her mome 8 V¥Ih Xy)me %ltan% % aﬁ&e(g_g%%n_g_?%“z
(60 nL) under an atnosphere of argon NaH (6 g, 60%
m neral oil suspension, 0.15 noles) was added to.the.

s oI ut iTma 1Fhenadked geundhestomsd lagk aqulmﬁé Wigh a meghanyical sggrer

| ed .t t t 8
R A R e R
qltﬁl%nm;bcﬁﬁi)e @\ae% @06 atb14s) 2hDMEISPERE). OThe ﬁbemreemmemd at
m xture was 10 heated at 70C for 6 hours and then t

r@ﬁ@tfombdmt % howeundesacgolosphere of rep- 10k &t lumeleS) m 20 mL

- d 5.4.0]und

i S S HRBE R S B AR G P oo
M6 "i‘&grh éhlé&réﬁiﬂa' ﬁld%ﬁtéﬁ%ﬁl@ﬁt@&c (6D0RLE MRS @gaﬂie Iayer was
guenched to pH -1 and extracted wt

nivashed evithfbrife (BR0 méxm qizs@cidgl§0 Hﬂfﬁea@rhjﬂﬁﬁ?@a pcgytéqn (100

shed wi h wat er 0 br|
Cohe oFie Sreamic el St o er e bt R el i frofilg o0
br%‘ﬁ ﬁ&’rﬁ%p@%@% k4316 lafve, 232801 (BE Btle
%)a?%% i Imat &F,%%lgﬁy [ silyl)-2- e s o
d@t;mmﬂmhhms;a}lmtshhﬁ 6- oxab| cycl o[ 3. 1. 01hexane- | - net
hanol (77) 20 To an oven dried, 1-L 3-necked round
bot t oned fI ask equi pped with a nechani cal stirrer, a

s .
under an at @ﬁﬁﬂﬂ@e@ﬁr(ﬁmwwmﬂ:cool ed

to about -30C. DIPT (2.34 g, 0.01 nole fol |l oned by

titanium (IV) iso&éﬁ&&%&w&é% nol es) was
added to the reaction m xture. The 25 reaction m xture
was stirred at -30C for about 20 m nutes. Crude 76 (42

g, -0.A 1000hES)ndckedioivhd BOttsthyd flask, avtbaiticdant lequipped with a

reaction mxture and stirred for about 30 nut es
T@eFhapie! stirrerarpadgiiossimiglss WERPEERIE PEARS: ATgop inlet was
m Xt ur.e

charged wf’i’h 7 gg?le g, 0.02 moles), pyridinium p-toluenesulfonate (0.25 g, 0.001
moles) and DCM (20 mL) under argon atmosphere. The resulting solution was stirred
at room temperature and DEMA (16 mL, 0.1 moles) was added. The reaction mixture
was stirred at room temperature for one hour. After the complete consumption of the
starting material, the resulting reaction mixture was quenched with a saturated
solution of NaHCOj; (100 mL) and extracted with EtOAc (100 mL). The organic

layer was washed with brine (2 x 50 mL) and concentrated in vacuo to afford the
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After conplete addition of TBHP, the reaction m xture
was stirred at -30C for about 5 hours to conplete the

woeeamHoszao The excess peroxi de was quenched w POT/US2003/039554

aqueous 30 sodiumbisulfite (20 g). The nixture was
filtered through a Buchner Funnel wit

diiatueratdiorslaresies la visaphs eil wémhtvéqslrtya}lsfemgé tq 250 gtle3 Weeked

vvas h d ot ;{ 6‘%@%}“ at ed%&% S%?&Jgg%éps?%é a n%_o)ndens , g femperature

(p%&Q: fitd an dilBatl! QRHiE aniBMAHe (FUSMLOME (ﬁliﬁlési}tv@@ adddtl teakiy @lask
to give the crude title conpound (60 >100% mat eri al

matl dreceyulting mixteid wasHRERARATIWK foF 1§ 119311(51 Aty thg(conmpdgta

b FAPR TR B R o mingy v gogled ~60°C and

iNebaTIO A ResuHaEs. h HU%I%HS& (SJU@EEG II‘@WS aﬁ&&ﬂo the reactlon
X=BnO)' To a 1-L 3-necked round bot t omed f | ask equ

whixbnre andibl dehperktuse way raised tmd0°% mﬁie&ﬂmdé"@re& total @€ 6 Fl?wur's

SRR T ar s RO PRI BS nlf dadba (g R i keaction

ik turd B@s Hbﬁ%ﬂfr@ce&"&ﬁreﬁﬁﬁé ek e?&:ess@»@@)ﬁqll 5@BaUedH)Qura rotary

under an at nosphere of argon. 77 (60 g, 0.1 noles) in
20 apdratoDVFhevsesultivg edxtuftheas warmdddn %@ﬁéé@aﬁ\l@@l (WASN) was

eaEiatinet Bt 8 w007 10, PR rBlshRRRrensign wes stime a

Qrs@aR S 1 RART mi%ﬁﬁeﬂ‘@&d]&ﬁto‘@@@ JREr A8 0613&@9 o2 hourk. Thé solid was
citric acid {150 nl), and NaHCO8 sol ution (100 15

rﬁl)eredﬂmslmdgmln t:2l My@H/msr @6 male)n water €00 mLyaod dried to afford
rni.sh crud product (60 g) as an oil. It was

6 QEI%F‘I’IPE‘%}@%T(&é%gEt OAc and hexane to give 23 g of the

t|tIe conmpound as a crystalline solid. PREPARATI ON OF

11 S la 3a, 5X3)1-2-Am no-9-[4-(dinethyl phenyl silyl)-

20 2- et hyl enALBERNATEVE GONVEBRSION 6F| 184/ T0d9ent yi |

1 9-di hydro-6H purin-6-one (79) A 100-nL 3-necked

round bottoned flask, oven dried and equi pped with a

mecha [ I t

or obo, 0ty 1 vk fiesofiRy 3R O LR weafpd AREBY RO

(tdRieResglfofht® 2l mmg 095, melyy ardi DEMA (- 333kg; dnmsleb)¥ ap aadbéent
(0. 25 %@WO 00..1 noles) and DCM (20 &E&)under arg n

é?lﬁﬁ%fﬂ affordiag aégaatefqonbeﬂgéwf%ﬁf eslersy ridyg reagfion was

SR ATRE AU, SRS i e TGS S0y et

tetinep €7 @L) s Addedané thixdldyers Akteesepiraredc Ap peddact rich organic layer
consunption of the starting material, the resulti

reascdried byrizsirenie disilatinnda araeistire spngens of [ssathan Og(% "Butylated
?h]}’&% :}F%Tue%ﬁ( A g%%(%gc%l WhdticPoeh &)stgr lgébeeqluW) tha Eée%%nhydride

(10.9 kg, 13.2 equiv) were added to the toluene reaction mixture, and the mixture was

heated to 120 to 125°C for several hours.

At the end of the olefination reaction, the reaction mixture was added to
MeOH (80 L) and aqueous HCI (6 N, 21.6 L) while maintaining the temperature at
less than 35°C. The reaction mixture was heated to 60 to 65°C to effect
debenzylation/deacetylation. The reaction mixture was cooled to ambient temperature

and washed with heptane (2 x 35 L) to remove butylated hydroxytoluene. The layers
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oil which was transferred to a 250-nL 3-necked round
bottoned flask, equi pped with a nmechanical stirrer, a
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of 6 hours. During this period, a 50% McOH wat er
o¢ldki on was added (50 nl). The reaction nixture was

concent ateg. Loy LATBNE: HRr983728 KIPOSS (ikathdsl HRAAH (13 1)

on a ary evaporat or. The Testlting m xture was
VWATRSkel & 558 &BC toNakievd ddinpite\dissolusidale@he epjzad¢nd o of the

LGRS SEE R W TCT I e
o EShAS TN R 3 ) o

i tH&d @8wivodlelias dmbidnetenpelature over 90 to 120
Y:%%@S%W?@%“&?‘@ls ALTERNATI VE CONVERS] ON OF 78A TI% s
c

78int%A. (Mork gyatava(gbait 4 sSol \eeb added ovardiddo 09 mipyteg,fad th

St LR Rl e TPach MRS Yl AL sy fiftnBPand
gx‘fv?%%& A €1 MICIRLHAT B 10 AHoRe8 8FEate (MBXL)Whe fioblly heptane

oesters. The reaction'was quenched w th aqueous

Vithel cak o tiid cdhinnegy dehemivera bioae6 5 Coto aTagistuseiegrtent of less
net hyl et her g70 L) was added and the | ayers were
stead % 3 Khd5¥Woduct rich organic layer was dried

DY azerf ORLEy AL ahh bt ;%pg%gp&{a?%daﬁ% S P PR 8OO highly

| ess t ydr oxyt ol uene (10 kg) and

oh@eficd 79Il 9398 §ielt, 0099APkE.0 2 % quienpy.and acetic
anhydride 25 (10.9 kg, 13.2 equiv) were added to the
tol uene reaction mxture, and the m xture was heated

to 120 to 125C fx 10k AN ERSAONIdE 78RS Of € he
ure

ol efmati on rea was added to

MeOH (80 L) and a@BeBusNBAWTKONATENABTIOF i |

mai ntai ning the tenperature at_ |ess than(@SCm The
react i binden nitroge, aaslutien PEIBA 65060 2t 32-¢Eema)). Shiserreryo

C Gohdarae LS e Rt B TTE . 62E! 128 M1y ol (300
ml) was stirred for one hour at room temperature. To this solution were added
butylated hydroxytoluene (50 g), acetic anhydride (100 ml) and glacial acetic acid
(4.93 g, 82.10 mmol) and the solution was heated to 120°C. After holding the
reaction solution at 120°C for 12.5 hours, the dark solution was cooled to room
temperature and added to a cold (4°C) solution of methanesulfonic acid (63.40 g,
659.70 mmol) in water (300 ml) at a rate to keep the temperature at 5-10°C. The
reaction mixture was stirred for 15 minutes at 5-10°C and MeOH (600 ml) was added

at a rate to keep the temperature at 5-10°C. After stirring at 5-10°C for 15 minutes,
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and washed with heptane (2 x 35 L) to renove butyl ated

hydr oxyt ol uene. The layers 59 WO 2004/052310
WwOCHI4dS2003/ 039554 were separated and the pro@8gTiuseoosin39ss4

aqueous nethanolic |layer was heated to 55 to 65C.

Water (14.2 L) was added, followed by cooling to
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(1.26 kg}) was sus L)
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F) 0 vader tvhanns tooafford 38 dl gdf the nattizinesul fohatepealt af 719 wmhvﬁeﬁ’ of
90 to 120 s. More water (about 1.5 L) was added
89&31’745’”{”5’%%% futes, and the pH was readjusted to
5.5t0 6.4 with 1 NHJ or NaCH. The crystal slurry

was filtered and washed with 1:1 MeOH water (2.6 L),

f ol | RRERA R TV@NEDF (15-6 o, Boh] {2 Aalinot 1 efibwire-9L[E-Hyéiroxy-
L). The cake was dl‘ll ed |n a vacuum oven at 60 65C to a
noi st ur e-(8HHPS =G Ag ‘ g )

free a [ epr. e I en a

t o’ af A PG ER R 4%(}‘97% bRyl oayf.n%#&“% B%&
98rdden ie DA 61 GXth, 2 AMehipR Mﬁ%g&&%&ﬂ&@h@ﬁ Z8A4 TGhmols)
METHANESULFONATE SALT OF 79 Under nit rogen, ol ution

end bemn(tgﬂucmc@-acg’gc agd gpmplex (12. Bm]g,&ﬁr?otpmols) The reaction

S B “Fsa‘?qd‘rﬁ‘* gﬁ%ﬁd@ 5By R . G

RthHM@DHf ﬁﬂlJP eThéF ﬁlﬁtﬁfeswﬁsQ{ehiﬁh@ibd\/\@lEEK@Hj gd N,
25 butyl a ed hydr oxyt ol uene (50 g), acetic anhydride

¢-40 )i tp pine.@| Betrssium bitartonatsi(d. 45 4443 ngmolgpwaadred|ty the
P Gl oS0 ot bl MR

0 w199 Wakr, o8 £73LRmORY Was heJHISHRE HER HRNELIE %ﬁxfu@e was
a col'd (4C) SolutTon of methanesulfonic acid (63.40 g,

Gsged at 65101 fpr | nhows.eTh¢ BO0ltng mistirawast@lediokde€mntsedium

e r at 5-10C, , The 30 reaction xture was
bRPRRR TSP e el betll ws® 1o\t e RSO A s The
addRehg mixture was diluted with water (50 mL) and acidified with HC] to pH ~0.5.
The mixture was washed with methyl fert-butyl ether (100 mL) and neutralized with

NaOH (10 N) to pH ~6.7. The resulting solution was cooled to room temperature and
stirred for 6 hours to crystallize the product. The white crystalline solid was collected

by filtration to afford 2.05 g of the title compound.

ALTERNATE CONVERSION OF 79 TO 21
WITH METHANESULFONIC SALT
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at arate to keep the tenperature at 5-10C. After
stirring at 5-10C for 15 mnutes, 60 WO 2004/052310

WwWOCHI4WS20303/ 039554 the reaction m xture was hearan2d06/039554

65C and held for 12 hours. After cooling to room
tenperature, the crude reaction mxture was washed
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&Bn@fntra&a ozl aﬁ[ﬂstﬁﬂ td 7.8 t68. 8&51’[14%@&01’&921@858&8/61'7 oY) @hd then
118—(Ia 3a 46) 1- 2- Ami no- 1 hydr o- 9- 14- hydr oxy-

dregied ayiduaavee CO: 3. ﬁ)glleﬁa@glep Wit Al 4quBbi- gsiepts 16F 691 ¢

0 2 P o e 2 Sl b Sl R e B3 SO B 3.
Ratf). anareacﬁ&ma&@% Wd RO MRS POV kel (eFofratPorlof 21 was

4.7 mmols) 15 and boron trifluoride-acetic acid
completxaq degergrimdd by88PRCanalysiy.. The reaction mi xture
was heated at -70C for 3.5 hours, cooled to room
tenperature, and diluted wth I\/b(]—| 80 m_ /H20 (4
n). The ni xt uAdTERNATEGQNYE 3- () - 40
m.) to pH -9.6. Patla
nol s) was added to the soI ut| on and the resul ti ng

Sus pensPRBP MR TIONBH [ L1 30698)]- M diiegen-deydyide:- 20
(30 vvt %ln vvater .7 49 g 73 mmls) was added and1

hours The resul ti ng m xt ure was oI ed to 0oC and
sodium bisulfite (4. 4295—@35%@@&. MeOH was renoved
fromthe reaction mxture. The resulting mxture was

di | ut oh Whdebus'@hilon(? K Gleka2RfloAS Ot ) &8s afrEecHG'a Jofltion of

pH -0.5 m xture was ‘washed
tcempeimd 7 (4eﬂ5hg r10(AMO]) fib. NMP (4 Neill). Thé mctum Wi 125teNabs) °C

6. 7. The resulting solution_was cool ed
22%9% eﬁ&feneathaéﬁeo ledtp pqomg teperaguigo Y atex (75 mL) was
d
SRR o AR SAE o8
niktvee eanpaiatito Wﬁreﬂi@ﬂ/ﬁﬁtﬁla@}bcﬁﬁ HS & ®I 2110 181@) to

W TH METHANESULFONI C §
pH~7, and then stirred at 0 —

for 0.5 hour. The solid was collected by filtration,
and the wet cake washed with water (3 x 50 mL). The solid was dried under vacuum

at (50 °C) for 24 hours to afford the title compound 110 (3.66 g in 87% yield).

PREPARATION OF [1S-(1ot, 3a. 4B)]-2-Amino-1,9-dihydro-9-[4-hydroxy-2-
methylene-3-[(phenylmethoxymethyllcyclopentyll-6 H-purin-6-one (114)

A solution of KF (0.14 g, 0.23 mmol) in MeOH (1.4 mL) was added to a
suspension of compound 110 (1.0 g, 2.3 mmol) in MeOH (8.4 mL) at room
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61 WD 2004/ 052310 PCT/ US2003/ 039554 A solution of 79
(30 g, 61.77 mmol ) in nethylene chloride (90 nL) was

woaald@d2zand treated with net hanesul fonic acid e@®/uskgo3/039554

Th;e {efﬁlti ng dark solution was stirred at 18-25C

unti er t d
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(19.8 L, 1 10 equiv). Thereactlonm turelgas tt g,
S ta P&~

rfdteuedanf e@d trodilgee mpuﬁraﬂ@eql vithaarenysfaCH

SPereTor R Ym Emente fhdradnt TN oo BN R on

%d[dah%d thaer v38uurd 6830 *QfoTiMouts, 18 affoRyie 6it18 chrpound 114 (0.66 g
(di met hyl hydroxyl si |yl

Yin Z7%eyibl).ene- 3- [ ( phenyl met hoxynet hyl |

cycl opentyl | -6H purin-6-one (110) 20 An aqueous

solution of KOH (45 w.% 5.1 nL) was charged to a

sol UPREPA‘RfAﬂ eNOEYNSL(¥8, 3(0&48‘51-2;Anaaﬁommﬂﬂwm NMRhy{dtBxy-
L) . TNes ST R, 2GRN Ly belryi -6 o%%ntmyﬁes(zﬂh)e

reacti omWwas COOl €0 tO roomteNperature. Vater

was charged while nmaintaining the reaction

t enperpd HESul6h 67 32D g, Fiet meRldsi)an metiytdnsroblotkis (20 mL),
cooled to 5 -10 C, neutral i zed with aqueous HC

-cobledntb )-2Q°C, s p&déd?a, methsilendreloddé saletionsef toron Bic opgp (1M,

? WSHCQ%: 5%5'419% Co'\fagﬁintcs‘(s gly férl o ~13ﬁ éﬁm% Q dDurmg
o MM DA i

Pa@ﬁﬁﬁi%ﬂ GBSt [0Sc (hethaddl (14 mL) was added to quench the reaction. The
4J3) ] -2- Am no- 1, 9-di hydr o- 9- 14- hydr oxy- 2-
meadiydngnixhge [V(ap H@ﬁy?d wiil W@%Wdl wr@rﬁeﬁster {~4 hours). MTBE

n@@ r?fxur I (2 d 1}14 ction rﬁ&g%g g\%{s] sOfred By e ljrt4at%o
( TR 0 a suspe fsion 0
C@Hif,@fé\gtge.l The @thcpotﬂamé’d WadFRérkd, washeOWith 3 ABEI()-5 afL), and dried

room
under vacuum at room temperature to obtain 1.66 g of the hydrochloride salt of 21.

The HCI salt (0.72 g, 2.29 mmoles) was taken in ~13 mL of water and heated to
~40°C. The pH was adjusted to ~7 with 2N NaOH. The thin slurry obtained was
heated to 80 - 85°C and treated with activated carbon (0.12 g). After 30 minutes at
reflux, the hot mixture was filtered on a small Hyflo pad. The filtrate was cooled to
room temperature over 3 hours and further stirred at 0°C for 2 hours. The crystals
obtained were filtered, washed with water, and dried under vacuum to obtain the

compound of formula 21 (0.32g, 44% overall yield from 114)

ISOLATION AND PURIFICATION OF COMPOUND 21
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at 45 Cfor 0.5 hour to forma clear solution and
aqueous hydrogen peroxide (30 wt.% 1.6 nL) was added.
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i arysialtizg 2 bnd fienstoring theshniioy severad hpwg o gubispiie &
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ESFUhY BloaibiSyasBéBrech QaId Dt 0b. TBE prodediuieszavORt iman average
addi t1on, the tenperature was_mai nt aloned ate&f}ll gé)
- 986 of Af e fropt ¢ampavgd 79rand An HRAE: 1P iupt gegipihan 279
-20C, nethanol (14 nL) was added to quench the
reaction. The 20 reaction mxture was stirred until

HPLC showed no borane estgxAMBLAGUrs). MIBE (30 ni)
was added and t he react| on mxIt\Iure vvas_st3| rrd

'4 w5 .‘ - e -
hydr ochl ori de salt of 2@ _Hu}',geggﬂg(zqylt (0. 72 g, 2.29
mol es) was taken in -1 of water and heated to 25
-40C. The pH was adjusted to -7 with 2N NaOH. The thin

obta| ned vvas heated
A/E FI3R43a05 Seo6f

p < Vo) -
3 hour g, zarydofrﬂur&efd tsitﬂonfee dlaat ecﬁl(i‘plfednmﬂl homgseticBhigrer and a
crystals obtained were filtered, hed
aﬁx);rrdomefdr e ehargecbmgthvk R (-1 B Mtﬁgﬁgﬂo mL)
for 0 40/ eral %ag* °

E‘éé g{P&H Ia{ﬂ EfA t‘J{ B&Qag]fdc}léé td/\o() Cinan ice
ZQQLﬂ/ Pa£8491 ﬁ%ﬂcﬁﬁ?@@@ﬂeﬁ %94nmol) was added and the resulting mixture

was stirred at 0°C for 15 minutes. A methanolic solution of sodium hydroxide (2.44 g

of sodium hydroxide (60 mmol in 40 mL MeOH) was added to this solution and the
resulting mixture was stirred at room temperature for 1 hour. The mixture was
directly concentrated in vacuo to give a white powdery reagent. To this reagent,
isopropanol (53 mL), and water (26 mL) were added. The resulting mixture was
stirred at room temperature until the mixture became a clear solution. This mixture

was cooled to ~0°C and then 66 (5.8 g, 20 mmol, obtained as described in Example 1)
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I solation of 21 was achi eved by a resin adsorption
procedure in which the oxidation m xture was dil uted

wahoutos2qof ol d with water (about 1 ng of 21 pepPCWUS®F03/039554

diluted stream) and | oaded onto SP207 resin (1 kg).
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gaa@eﬂﬂm sulfate. The romlc MpyeiveRs @bnce@u%ed o Heaxortp etfard thotitle
and an HPLC a greater than 99.9. EXAMPLE 3 15
ﬁé&ﬁh@é TI(]\I(J:[ls-(Ia 3a,
4(3)1 2- Am no-
di hydro-9-[ 4- hydrox3 (hydr oxvnet hyl ) - 2- nethylenec cl op
enPNEPAR@HI@Nr(DF\ { FaSoftac,( 2.6 RREMIATI Ihezahydro-

aci ngt Q?Q)O- ‘ ?B{eéléa)rouno"i‘tg Efﬂgﬂeéi%ﬁ Qﬂﬁ%netlc stirrer

fl ask ‘equi ppe a magnetic stirr

t Al RER et Wasascihareee &71(83. 1y b, TET bawa), OCML (50@mle@ouowed by
mmol ) and MeCH (40 nl) under an atnpspher aiegg
Tyeidined Q14 kgl onmoDomdgran 2eosehere 9f e 5‘1‘ mixture

iR A YRR Ao BB e 1

far, ifs Ehﬂwﬁeﬁs sl&v%‘dﬁé‘d‘@slrdr @ peAbdbf PMmkuteicieping the
hydr oxi d of sodi um hydroxide (60 mol in 40

nﬂemﬁdé@:tbre hdswsﬁd’ﬁfe dHeonixhire wae smnrubat tmwmm@mpp@gup forZpours
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it oy S SRR AN 0k s v

@pﬁ §iate, 484 E(IEHC% tr28d B Wacuo to afford the
opr%(%{%fl%% EélnerSFn%gwateer (26 rrLI)l wer e added. The
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until the m xture becane a cl

| u
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R BegRRR e A BES S B SRS B it Lithtum
VRIidR(DS b3 Mmol0r4s dddb@h poitlod-he qvet apaiadofBnminates. The

mixture was stirred at room temperature for 3 hours to complete the reaction. The

mixture was directly concentrated in vacuo to remove the acetone. The resulting
residue was dissolved in DCM (100 mL). The solution was washed with aqueous
sodium thiosulfate solution (2 x 100 mL), water (2x 100 mL), and dried over
magnesium sulfate. The organic layer was concentrated in vacuo to give the title

compound (51.5 g) as an oil.

65



10

15

20

25

30

hydrate (280 ng) was added. The m xture was stirred at

OC for 1.5 hours followed by 12 hours at room
woOenp@sadinre to conplete the reaction. The reaeCTms203939554
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sodi um t hi osul*fate solution (2 x 100 nL),

2% otgr,3 stepd) abyd mdgsovaoredsalithesi um sul fate. The
organi c | ayer was concentrated in vacuo to give the
title 30 conpound (51.5 g) as an oil. 65 WD

200HR3AR it 2938036039 2eh. o DREORAT i bt efty)-

-5-nitro-4(3H)-pyrimidinone (70

A 3-necked 500 mL round bottomed flask equipped with stirrer, temperature
probe and reflux condenser was charged with the amine 69 (1.49 g, 5 mmol), 2,4-
diamino-5-nitropyrimidin-6-one (1.56 g, 5.35 mmol) and n-butanol (20 mL). The
resultant thin shury was subjected to heating at 40-45°C over 15 minutes.
Triethylamine (0.71 mL, 5.1 mmol) was added slowly over a period of 2 minutes.
The reaction mixture was stirred at about 70°C for 1 h. HPLC data showed that the

reaction was almost complete. At this point, five washes of 25 mL of water was given
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2- met hyl ene- 1- cycl opent anenet hanol hydrochl oride (2:1)
(69) To a round bottoned flask was m xed crude 68

wO02004@5281020. 5 Mol ) zinc solid (2.68 g, 2 eqpPC#AIS2003/039554

nmmol) in acetic acid (20 nmL). The reaction m xture was
heated at 5 100C for 1 h and then cooled to room
tte theercantion enixthineatci0iGe Thiexash mashwerss afimosticolol¢ss. The crude

tent - yl thyl ether (3 and filtered and the .
@5@05"3 iR ohias Ve Wltg?}%hwwat&nﬁe the Bext agtion.
at room tenperature. The conbined filtrate was
neutralized to pH 7 with NaOH solution (1 N). The
or g AREP ARKETOMEDT Widstled 3w 43)]-2bAinhey-§-B (ditnethylishieadsilyl)-
(MySAH4) . and concentrated in vacuo to afford a |ight
yel AYALC ¢id)-drmnethylgpecyslopentvidil.9-gihydieseld 1
next | fwthe uri.ficat. h crude ail
nas. oo TN D bR S LB s Pk il Bruae 7o
20d ithopelilSAPsluip Wao kyRth YR UsTR 20 niieies. dBormic acid (9.5 mL,
\%ged-Al ry, 65w. %in toluene, d=1.036, 12.3 nl) )

9 myele vap Addedisiawly eiver the sowve el 1Qmimites at FARC r Fhe tasuling

1. I t - 2 tirred at
FlShHE G S 4 0 VB Pt Do Y
Noolk8 t@ 9590 dnd rRbtrdized WO NTREOHG oo SRR bHE04. The
After stirring at roomtenperature for 1.5 h, the

#IReaus dyrwas seperateddngientraeipd with acBePHdP arlondldecembined
BERPRBG adeire Bep =R 67 (o TR R Al ripafgred ino
driee’ 50 D R¥dorMbk@qERped wWah ovbrhbkd stirferSleRPeratike Probéand

nL) was added at room tenperature to precipitate out
distiilpgorHmads Jhe respftargsobition was glistibled tindter a vaaiortp remove water
temperature, the 0 salt.was coll.ected by

PR BRR hSiantl G Pl R aePilS ARSI or a B (Ha

sal t, Thedestitant §RIyR0REaidng (RNSlersdidte RRs W26 kO EGF0°C and
solid. PREPARATION OF [I S 1(x, 3a,

trieshylonthofoimase B ful44% dimel) b plded dveyd minBey, Hyltyvood by cone.

HG PG o 386 KeosBRE Bibttn Ml e Bolt bl be
kaRakn SRR Woldd t8tbdh @qupér@cﬁﬂein@ts%@d B 19B& @ferature for
refl ux condenser was charged wth (149

Ba-PURR-O-Ofac

the am ne 69
d2 b5 ThewédctioR pdxtuch wiad morBlindd to@pH b2 mth apmeousINSHH

.2, 35 | )...and n- but | (20.m).. Th | t ant
Shio T a8 oy SRR e st AR e sol RS s
B}da%@ﬁ-(l.zﬁfgg%hxb%giiélg. (0.71 nL, 5.1 nmmol ) was added
0

slowWy over perio )2 mnutes. 30 The reaction
m Xt ufTle wampsindrafdomaila 40 cotld TG Beosonterted thifhecatapamd of
howed _that the  reaction was al nost conplete. At this
a 2% ps qescigheddn therExatnle 1of water was given 66 WO
2004/ 052310 PCT/ US2003/039554 to the reaction m xture
at 70C. The | ast wash was al nost col orl ess. The crude
EXAMPIE 4

PROCESS FOR THE PREPARATION OF [1S-(1a, 3c, 4B)]1-2-Amino-
1,9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)-2-methvlenecvclopentyl]-
6H-purin-6-one (21)
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product, 70, in n-butanol was used w thout further
purification in the next reaction. PREPARATI ON OF RS-

woOap043a2314() ] - 2- Ami no- 9- [ 4- (di et hl phenyl si | yl PETAIS2003/039554

3- (hydroxynet hyl -2-meth | enecycl opentyl 1-1
9- dlhydro 6H purin-6-one (71) SO|Id Nazszcn (2 g, 12
RyaRA (A4S0 6R)-# s ' ‘ :

and the resulting slurry was at ed ‘ -60C over 20
m nutes. Fornic ac@dﬁ@gmglﬁéikgﬁﬁ was added
sl oW ¥ oQMBlind Bt ﬁ%k%ﬁulﬂn? J"{V?ﬂ‘ltaﬁsar%}fln lﬁﬁpma@ﬁ@hc stlrrer and

resulting mxture was stl n and heated to

cFd@gf mth Wak dlssolvéﬂ(éSni;R) H(BhemyindBoxy) - Ephangln2Gibxanuehethyl]-
neutralized w N NaOH sol ution ef f ect %.
émvlomnte%é car&aﬁﬂm@ Byl Gag %@péa?r S8 mpgl) in DCM (40

r i
P At Sl S B A bd Al B YRR
aoidertel; 2n4fel, 1220t mfricd) wak- atded ik thd soheratdventht lcasdse of 10

equi pped wi th over head stirrer, tenperature probe ﬁﬂf )
agytes.| éft%ﬁlrﬁeeat -7%He fordinur e reagsiopmigiprgaes quenched with a

O L T

Qg kdrﬁiﬁﬁratﬁi‘dﬂvremﬁgl{tt giheiofgnidlayériviasrdilackidatieh whgl dtteiateed
to 40-50C and _triethylorthoformate (8 ni,
senpratedieliicd radiun salfaie)end copeqniisd i yacugrie affomhe eeldz allylic

GiN O

b ool it (5 B 2RFHL AndF i et By the e

%mwfﬁmeﬂ Siitiak behigtsoli@om t enperature for 20 12

he reaction m xture was neutralized to a pH of

-7.2 wth aqueous NaOH sol ution. The resulting crude
pr oduct :
pr oduct S
for WUlsz(p%Qnﬂﬁi&rﬂ)xwlﬁahﬁ%Q%Mﬁ%le@ f, @]h%ﬁﬁxeclofﬂ%ﬂﬁﬂ@l %fn
formuTa 21 as described in the Exanple 1. 4
PROCES® iRnd HifcPRERARSTIaRd sk ey8ipped ; w1‘®aan argon inlet, magnetic
4J3
S wércé“lsn% B et Ao ey 85 e 013 el and 44
GEotORER I g BlhP4iddn1 85 ﬁl HeM O&ﬁpmﬁi Y2 2900 HRion was
PCTT US2003/ 039554 PREPA (4S
5R)led { %éﬁ)ahdmdmmxy IIV54$qphIWQthﬁE(0W@>¢yLr@69ly1n101) was added into

1-cycl opent | - nmethanol
the uspen%?on e ‘Teaction mixture wa; s:,l’tg%ed at -25°C for 1 hour and then zert-

butyl hydroperoxide (3 M in octane, 1.52 mL, 4.5 mmol) was added. After stirring
the mixture for about 1.5 hours at -25°C, 16 (0.73 g, 2.28 mmol in 4 mL. DCM) was
added into the solution over the course of 10 minutes. The reaction mixture was
stirred at -25°C for 3-4 hours and quenched with sodium hydroxide (5§ N, 2 mL). The
mixture was stirred for 1 hour at room temperature and filtered through a bed of
diatomaceous earth (Celite®). The bed was rinsed with DCM (2 x 10 mL). The
combined organic layer was washed with brine (20 mL), dried (sodium sulfate) and
concentrated in vacuo to afford (0.76 g, ~100%) a colorless oil. Flash column
chromatography (2:1 to 1:1 hexane/ethyl acetate) gave 0.55 g of the title compound
(73%) as a light yellow solid (mp 60-62°C).
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To a round bottonmed fl ask equi pped with an argon
inlet, magnetic stirrer and cooling bath was

wdizesimisyad (4S, PCT/US2003/039554

5R) - 4- ( Phenyl nmet hoxy) - 5- [ (phenyl net hoxy) net hyl ]- 5

1-cycl opentene-| -carboxylic acid nethyl ester 7 (3.62

g, 10.2 mmol) in DCM (40 nL). The solution was cool ed
u )

t ol AR ABATION P L AT, B0 B S af

sol ution over gfj ﬁo;u 9 - 18fardQ-3- MU ﬁ?eth ol

stirring at - our € reaction mxture was

guenched lmeﬂma imgmetfan XFBn0

sodi u tartr (Rogchel | e sal stirred at

10 r of}q at‘fé’h"a ‘BFP%Cf ﬂ%sereﬂ}l@ﬁ?‘g Wﬁ‘ﬁé‘né‘ng’é‘r}Pg‘ bagpagneijg stirrer and
[ t 0

ST Par A ?%%%‘é%ﬂ%%ﬁ?ﬁ?ﬁﬁ%ﬁ%ﬁw R e e

atithydimethyffloonimideq20 odl)oiithmen ydride 3308 nog, 49CG%hmoBh) tvas added
st andi n

roo tenperature the title _co
dity e %P%U&Pno o e TosUl B TRIXENE NS Stilseqaﬁeﬁ%%mn gNO@lﬁOﬂ of 17

l;
gf‘lF{ gt@%y ?ﬁ%%])fo%g%a#% %?q%m cycl oj %’.d ]ft eesglgﬁgl-l'l The
sofetibamal he¢dtd] toli20al JoP@rfer Hhéwrd The westhitinpt sohitivd \ﬁdsaoﬁdrked up
equi pped with an argaon inlet, magnetic stirrer

OGPy ngay ih frdivadydepxide)d @bl)zo(%} - B)¢ extFacting &1@1@8@1 acetate
530 PN iR et ey 6% B ARUE Rt ey

chlokide sdlatie GZDOaﬂI:i) dridtbainie DO 1Y), dr&dr(mmmmsdﬁ‘atép aﬁ’d)

m., 0.69 mml) was_added into the suspension.
cenceniratRd f yadye o aifardsy ight Bepvay solisls @ higsiolid Wﬁélﬂlssal’vad in ethyl

%gé?gtﬁffgfﬂ[ an?;f)tag\%g Q%ggépg B%ﬁ)iﬂi?asfsl?}l% Igﬁl (%ﬁ{t%f@ith %Ehgr?acetate) to

faﬁbrcﬂb!) glof thtifhottspaind (@86 aslifohf Qellciv gohcﬁ R rysoatlization
mL was added into the solution over the course
6¢thrzﬂ@6¢ﬁu eggnesypaverlelcg phihe titlecompourding s/ 834 yiekdeas aaroff
(@‘ﬁsg c'i 3 4 hours and quenched wi th sodi um hydroxi de
The mixture was stirred for 1 hour at
roomtenperature and filtered through a bed of
di atomaceousi earch Clellte(r ). The bed was ri nsed

c 0' or 'Aeﬁ-i r%hhd b&'tcﬁﬁéﬂ ﬁé&kléqﬁ‘l ﬁ@d &rﬂh%ﬁ%}g&ﬁﬁﬁh )én& g n’]agh@tlc

1: 1 hexane/ethyl acetate) ‘gave 0.55 of thé title
sﬂnnmmcbha(g%ﬁ%ﬂln}ﬁ @.4 gg nymsdl) dmmsﬂnlyl ort{afprnGe @Y mL, 21.8

P&%O AT gaton 5%1@3820803;\%3 HWP)EPARM@;Q,@) The
PR btk Brilhs dtirre@MG S6¥s F5 AANRE Qtytloﬂﬁftgﬁﬁ&)aﬁ@e. After the

completion of the reaction, the reaction mixture was quenched with sodium
bicarbonate solution (50 mL). The resulting mixture was extracted with ethyl acetate
(2 x 50 mL) and the combined organic layer was washed with brine (50 mL), dried
(sodium sulfate), and concentrated in vacuo to afford the orthoformate intermediate.
The crude product was dissolved with acetic acid/acetic anhydride (1.5 mL/30 mL) in

a round bottomed flask. The solution was heated to reflux for about 5 hours and then
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(phenyl nmet hoxy) met hyl | cycl opent anenet hanol (18, X=BnO
5 To a round bottoned fl ask equi pped with an argon

wonb@tos2aomagnetic stirrer and a refl ux condeRrewIUSMBBM39554

charged 2- am no- 6- O benzyl oxypurine (1.66 g, 6.87
) with dinethylformamde (20 ni). Lithium hydride
(csgleti torgpona tepperptiie) JThaagetisciskiacetia ghhydride sias p@n@vedrby

t t 1
Pl B AR P 3 il e Rl
fintzﬁnmb mixase @Hled 7 fifoll Has &i@bdmcplﬂ acdtofitd} (60 mL) and 2 N
sol ution was heated to 120-130C for 1 hour. The

slPP mﬂ@ @Qﬂ tlien beatodi 1Bk teoamplets phafigeriihi ihewhixfire was

3BHH T BEPL b st ot St HERbP Gt oo mixtre
|v@déQﬁreWcM@§ﬁt@éﬂed\dﬁ\hzc§@td«&reﬁfoeg nﬁﬁfmc%mtﬁtél EthR] was added
solution (200 nL) and brine (100 nL), dried &lso i um

dotfeaeaiitingsndid re@d@éemchht subpensiom abstireedabs bhduia The gelid was

FoBt s PRt Bl olahind SiEEoni? P touh i afford

Q‘?M%Gfﬂhﬁ@lﬂe%ﬁqbo&ﬁ&‘ﬂﬂ%@G%ﬁi e) to afford 3.1 g of
itle conpound (85% as light yellow solid.

Recrystalllzatlon (ethyl acetate/hexanes) gave 2.81 ¢
d | N - 78

of t 7-6% y a§ Qﬁtﬁwﬁagt

sol i e7—=26"H
413) 1- 2 i- “purin-6-one (21
4 (pheny yci opent y|

y Xy y
- 6H [Alord roufid bnﬂmﬁ&ﬂ) ilaskﬁeqinﬁped mﬂﬁhdndimktlo stidlerfand siirogen inlet-

SR S0 180 i it TORH] et o

Sobisti ARG Ant B (e a8yt S tnbno e A thespaction
rﬁ‘dapengibﬁ at Zutd &Amhi BB réickbM ferpsPiturSidid AGxtd -Bhaut THS
hours at roomtenperature. After the conpletion of the

rreatibn anxtutdwas gaodd ad A7 $TCxtbu ﬁé hmrd tha:rem chas dvammed up to -20°C.
sodi um bi carbonat e sal uti on . The resultin

i gheingaat - Crige { dethgireastion ﬁwtuaecwawwéeﬁ te- %q%@)d MeOH

RS UL, LSO LG YRR Sl Dl 1o
\tegution hixatd wadcdeenteatédmfaenmioareinol € M & £ffordQ liheyellow
crude product was dissolved with acetic acid/acetic

amlh;ﬂav § eibwes rexdipgolvd ipiMeQR Gl yuRgceletiziagearbpp 5K g) was

S8Rl B s A dof licrtbefil Pb s ROt agon was

tﬂ]tef@l&lﬁcﬁlgﬁﬁﬁfc@hwe@us ddith ;hdehd Eakavad/rive&d with MEOYHE (1 GIfL).
was renoved by vacuumdistillation to afford _an

|W@pﬁ@medtﬂ=ltfﬁp weag cenqepiraigd gy vacphdo afierden clpatodls it @it was
fé’ﬁﬁ? {J]S Wfltgr %@Mﬁnwoﬁ#aﬁt\éﬁl%ﬁi e%l%ﬁlace ate (E x 30 mL). The

aqueous layer was neutralized by addition of NaOH to effect a pH ~7.2. The solid
from the suspension was collected by filtration and recrystallized with water (30 mL)
to afford 1.36 g of 21.

EXAMPLE 5
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HC1(30 nL), and then heated to reflux to conplete the
reaction. The m xture was 5 cooled to roomtenperature

weand4nsedinal i zed by addition of triethylam ne. pCnAIS2003/039554
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m xture was directly concentrated in vacuo to renove
nost of acetonitrile. Ethanol was added_ to the

. s o \ Z: i O > _..
afford 157gof the tjitl in 93%y|eld. 10
PREPARATI ON OF 11S-(1 éﬁ ug%%g 2

413) 1- 2- Am no- 1, 9- di hydr o- 9- 14- hydr oxy-

3- (hydrox) nmet hyl ) - 2- math Ienlecyc
ATHO A AL

| opent
3p Ph

magneti c tlrrer aTdn trq Jett%t& m xed
20 (2.7 g, 5.9 r%@%@%—@}he m xt ure
was 15y &Qf&ugug bbRoméS ﬁaﬁ@éﬁu%lsa with Mhgndtic 4tiér, wadigsolved 1

nmol ) was a Into the reaction suspension at

a
r(@t2ee, 40 rhrhal) it hm:tuc ealrydrisk: (¢ erfpend pyriding (%5 mdly)- dftss etirring at

&gggﬁelgg%a‘fu%%g\?«qtr%1o Xt dosk &V\%Sc e?nyyér;%e@n%tpﬁltd%% V(fz%rremoved by
Séac{lﬁlh éﬁ‘lhtéor_?%e érﬁae 4 lavas t:iﬁ%n{ %%Aph@a (diid, QrieHwame/BtOAC) to

re-cool e ) was added into the

r el DAg () Wi amght/\mﬂmdoﬂo roomtenperature. The
20 reaction m xture was concentrated in vacuo to
remove MeOH to afford a light yeI I ow oil. This oil

Obentene-

r oom { @Mbﬁhﬁﬁ&c@t@fe e@te’ﬁ ( 31) (WTﬁheu&ttﬁmﬂnBzamnn\mﬁ@e enzyme)
filtered through di atomaceous earth and the cake wa ¢
r i nsedEmintieselesOr asyometric hydrofysis ghibe digeteia 4 Wag garjfedout using

t d t h
S R L T o
eﬁllil%llre%ﬁfaﬁ{eﬁ 263n¥ RAas¥laim pHdyphata gufaus6 nay, @IH @y toluene
neutralized by addition of NaOH to effect

T(¥emEd bidithe Uiaoetate (s g/pensind - ipass P§cﬁq cliagareat}n 250 mg/mL).
;Iﬂ"il%;eggtlioorg‘gg%dagqraeéq&/ a%gg zed \éumtgpg %’c gg)obpj %%1'? Jiaoof 1N
Pﬁébﬁs%sqg@ﬁga é ff@%&@%&z I%t%‘ﬂ’-%vzﬁm @\hl pressure

Amino 1 9-di hydro-9- [4-hydroxy-3
(1&Mdrcaj@11m¢giy[bh)y- ZF hmbzivploarvem’wrhm@ﬁ hé¢n the concentrat1on of the

6;31%112152 an frac (%%H%(@?Efgﬁ hed S“@L The reacqgn mfxtu{f‘re was
concentrated under reduced pressure to obtain (+)-monoacetate 3. After 16 hof

reaction time, a reaction yield of 80 M% and an ee of 98% was obtained using Lipase

PS-30. A reaction yield of 75% and an ee of 98.5% was obtained using Pancreatin.

PREPARATION OF (+H)-(1a., 2B. 300)-2-[( Phenvlmethoxy)methyl]-4-cyclopentene-

1.3-diol monoacetate ester (3) (using immobilized Lipase PS-30)

Enantioselective asymmetric hydrolysis of diacetate 2 was carried out using

immobilized Lipase PS-30. Crude Lipase PS-30 from Pseudomonas cepacia was

immobilized on polypropylene (Accurel Systems International Corp.) and
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cycl opentene-1 3-diol diacetate ester (2) To a round
bottonmed fl ask equi pped with magnetic stirrer was

woizesisyad 1 (2.2 g, 10 mml) in acetic anhydpCuasebs3/ 039554

m) and pyridine (2.5 n). After stirring at room
tenperature over ni ght the excess acetic anhydride and
d\fagyme sy edbiThe ceaghien conteined 29 mM pefgssipm@hosphate

x a n OEHJ%% Otc)htro % rgfggiba(:ft]@%% (%% fg%a% mlmobﬁlfzed Lipase

VP mawsou d). Aﬁ%EszRMdc@bh e 4ieattiéh (D M% (32.5 g) and ee of 98%
3a) - 2-f (Phenyl net hoxy) met hvl | - 4-cycl opentene- 1 3 di ol

e allatngd dordhe Er)-panoacaipterdo LAt thermbp ﬁhz malctam dlpe Epymobilized

SHEHIF ot FFBEN BRL6H S PoATTR g b o

Rangh&alfiethyDhcekitPathe &'gaﬁ&dfdrg&ﬁlé’gwsmaa&eﬁme@ uAder
The reaction mxture contained 25 mM pot assi um

pedispd arcesiye o ehtaipn dige dasiregproduen)3. t ol uene (4 nl) and
the diacetate 2 (2 ng/nL) and Lipase PS-30 or
Pancreatin (50 ng/nL). The reaction was carried out

at 2SREPRR AR GW] 1@ Pr. 3B) 1 -4 nbﬁro@ﬂ%wsm@orﬁfnn;etM-

20 NaOH as required. The progress of the reaction was

nmoni t or ed by SHi(genpinesisuxyiméthllH2ecyelopeman-degldphy. The
reactl n was . term nated when the concentration of the
r emai q?gr%la%§9¢%@? é Sg(reaﬁw@aé Beth s 285 leh mgnetip girrer,

t
3BT M A Bt SR A RLE R o 0948 7
iphet sudfonyIniometharea 0191 <g;1 4 i rahdl) @hd wraﬂ@é{mpﬂe@mp}&@mﬁe]

98% was obt ai ned _usi &2 ase 25 A reaction

prlsdiui4 g, 4087 amel i THE47 A %bifhfr* Frégflansiptgre was

PR s T RRY S, TR g Gl 1.4 mmol

Sradiadledrippothe eéadtion fettare dvay th(eutaung of pamibites 260, i TiRS€action
PS-30) Enanti osel ective asymetric hydrol ysis of

dnigee yeestrredad 0caries blaols @pd aprgd 03P 19} Topidgmperature.
I‘['h@ qga%‘u&? rrﬁJQtureqv 5'%5 deat orﬁ QCI‘II%C? Sf%i" ?%‘3&1@ A% he reaction
cepacl a was I MO ccure

Dyistueersas ghaichat with a|N H@l @t ()°Ca(’1<$ rfrﬂl) a\/t‘ﬁ e&@@%@ 52t xane/ethyl
PCT/ US2003/ 039554 i mobi |l i zed enzyne was used. The
ﬁ@%tétpu(bﬁ 8 & 20anhk dTerombinsst eraanie W%‘@%ﬁo‘ﬁ%ﬁhéd viiltriae (30

o e By el S E Bt ety AR R bty

lir@@diiel @2 &)l 'Selicadpall FEiticArw A peB@riydd (o%&n@v@iheaﬂgelﬁl@ n@dterials
98% were obtained for the (+)-nonoacetate 3. At the

énaivefthe tide easapoundfl.36 Bk i mobi | i zed 5 enzyme was
filtered and the clear supernatant obtained was
extracted wth two volunes of ethyl acetate. The

separ atpgdsF RATION RIFPER VRS 46053 PN fbRA(pHEARMethoxy)-

5-[(phenvlmethoxy)methyl-2-cyclopenten-1-ylimethyl]sulfonyllbenzene (5)

To a round bottomed flask with an argon inlet, a magnetic stirrer and a cooling
bath was charged 4 (3.0 g, 7.43 mmol) in THF at 0°C. Sodium hydride (60%
suspension in mineral oil, 0.68 g, 17 mmol) was added into the reaction mixture
portion-wise over the course of 10 minutes with stirring. The resulting suspension

was stirred at 0° for 30 minutes, warmed to room temperature, and stirred for 1 hour
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reduced pressure to obtain the desired product 3.
PREPARATI ON OF [1S- (I (x, 4a,

woh8)4lek2316 FNi t r o( phenyl sul fonyl ) net hyl ) - 10 PCT/US2003/039554
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5- 1( phenyl et hoxy) net hyl ] - 2-cvcl openten-1-ol (4) To a
round bottoned fl ask equi pped with an argon inlet,

RedRh tenpebdtitee Benzyd Ggbrhideril.f2an ED6 aﬂcj 8oif ﬂnmol) was added and
condensor was added conpound 3 % 3. 74 2
pherepptian m@men’vatsmmﬁfti BeS C(for & hoys ‘fa Lmifets tile Igagtion. The

t t k t
: r a I ﬂrr"]llgg)l(ﬂgd @Q%?&)géilgﬂﬂe r ea tq%l% E%t{rﬁ%%dﬁréh Wwa Cetate
ct@ &aﬁﬁﬁl;l) USh\@rabigalorgatic faykewasrivasted svithTbriret B9 ) dneed

(1.1 g, 6 m., 11.4 mmol) was added into the
r(e‘ahtlm@nlfﬁﬁe)etaad consipBirated i vasiip Kualirdsha it sempopnd g light

0 ST 50k T LA MR8 oAl ool

oom tenperature eaction
Mext 46 _Was then stlrred at roomtenperature for 3
hours.” The reaction m xture was quenched with 1 N HC
at 0C (15 rrL) and extracted vvlth hexane/ et hyl 20

acehy b ethyl]-

nwastBEPARATION OF (4.3
and concentr aﬁ)@ sem&féupcéraogfc%ﬂi Bethglesepl(Dy ed 0i |y
residue (2.2 g Ica pa Iltration was perforned
to renbwerdund Hottomicil Mleskrequipricd vsith amargpy Mlethp magpqtis stirrer, an
544}1‘? I%pét%l&tlg %%% Z%DE%R[%ESE’QQA %I' él(%\l dg:(2[71§ S(Ai]?amm%ﬁ)xand sodium
v OHLEY1, o t F8d
@%ﬁ%ggﬁz h@%@%yhm?mfe SITSORMROHLEY], I0MhL) diredm

ene (5) To a round bottoned flask with an
atregrperaltmb efThe seantigmmiviterestastheated mebflax @oé kisalytiop of potassium

raprR B R SRR S b T 15 mLof
oor LI\% ME SRR ﬁa§ N1l 26 ftlﬁeotréaéﬂdﬁts%}%n@i@n dropwise over a

on- WISG over the course of 10 minutes with
spérfodi ofd 0 libhes. rAeerlreflugngs fos pbmmlédlouveathes*@&lqﬁpédmatumwas

fsgcproflefsdgt@rppgr:rjlttgriﬂg\égrren;gi %teﬁ%@ﬁl} %@i@ mL§ TRO resulting mixture
P@éé@&&p ’%/ 8?&5 séo%c%gtrﬁ 9}1&&{&%{@&% ﬁde@@@ﬁéﬂtrah&@fﬂed&actmn

was added and the
r @@t acidit pHe 1 \2asl, Imeaaulemﬂ)aﬂ‘hdmciﬁm mixthesuvas wasmed up to

o Pl s T St o
%qlg Qlcﬂéci‘gvgg %ﬁjrﬁ)?igp ek Z gy (91?195‘ Bh& ed BRI W‘ﬁ‘?hé‘)@ﬁ@’@ﬂiyl acetate

I'ne ( odium sul fate),
cgzm:: ent OO £1.)] Thy acmibinkd oggahiorlayet weas twasheel Wmlmmumttdagdlum

I h b |
isbanath g ipyF K9hL L Y 41 DG it ied oot sult) and

concentrated in vacuo to afford crude intermediate (1.88 g, >100% material balance)

which was used in the next step without any further purification.

To a round bottomed flask equipped with an argon inlet and a magnetic stirrer
was dissolved the above obtained intermediate (2.95 g, 8.1 mmol) in dry MeOH (10
mL). A sodium methoxide solution in MeOH solution (25 wt. %, 0.34 g, 1.6 mmol)
was added at room temperature. The reaction mixture was stirred at room

temperature for 2 hours. After completion, the reaction mixture was neutralized with
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next step. PREPARATION OF (4S
5R) - 4- ( Phenyl net hoxy) - 5- 1( phenyl nmet hoxy) net hyl | - 10

wo-200nisoqaent ene- 1- car boxyl i ¢ aci d et hyl est er pCT)usI@3m@39554
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round bottoned fl ask equi pped with an argon inlet, a
magnetic stirrer, an addition funnel and a refl ux
EROI0e 0 $41t) ana3C &ﬁhd&:dtrfact(edw?th@thﬁa@b’fatwhDXa)nea(hd 2odi0dmL). The

b (2.5 , 46 |
Combinedoreays Rrer s rshenh apnon o Fud . S
5:8{1%6%&[6}%@’? gg 9246 e 4 ?c]‘li 4UR RARRIAAbY Wl@ﬂhe%ne/te; --butyl

Ssiu peroxynonosul f ate:"tetrabutyl ammoni um

thyl(eheBYD(ALY dtVR0 XBQRM gaviell.§3 iof fifs title avinpoD@iin 4% yield as
rnDI in DCM was added into the reaction suspension
drlighiwellovosadid-a  period of 10 hours. After refluxing

for about 14 hours, the r xture was cool ed

to roomtenperature and dgg%@th MeOH (50 ni). The
r esul PROSCERXFORETHRPR BIOM LTI OFQS-(1Godac)i-atAdino-
sul furl c acl d vvag addec to greutral i ze the 1react| on 20

m xture was vvarrred up t room te ature and stlrred
at room tenperature for@ﬂﬁ%rv-—&@rgreactlon m xture
was quenched with water/brine (1:1; 40 nmL) and
extracted with hexane/ et hyI ace}tlate (2 1 2 x 200

A-cvclopentene-

sat ur at ed.sodl um b| carbna e _solutio
etate asie REROL mabiliza 10

conce nﬁﬁa?xhggeé% V¥ ALt afx&%)éf tilQ Gﬂ)l q rv#ﬁl%ai‘rf&ieduﬁfﬁﬁh if@mobilized

(1.88 0, mat er ance) which was used in
t NipaepS-36 frem Micubombnarigpdain.t The repotiarf mcmne@nntamd &eptane/

v e AT B s .40 o
TR AL ED Qo B TS e

%539, 3theDrogres dPTRE deactBéh Wmaﬁitt&éd Bj‘zhrghmssure liquid
tenperature. The reaction mixture was stirred at room

t d'n'pmawgmphyf Bhe eahion was tqu@gteémé]@q gmlcelgtﬁaélon of the

eas SRt BT R rs TR ey 4 Bpetign vild g 50%
T?ﬁ&d fﬁ,%‘% Ra€bhiine@ssias ef-hpranetdid1d;, 2 x 100 ni).

ned organic |ayer was washed with brine,
dried (sodiumsulfate), and concentrated in vacuo to
af ford _
hexanBERpRALLY Gk 39 i 3¢
gave 1.3 Gs_ﬂ%hémna m“ Qﬂ@%lb&n%@—ﬁ ahs e 5 a
l'ight yell ow'sofrad.
To a round bottomed ﬂask eqmpped with magnetic stirrer and N, inlet-outlet

were mixed 13 (2.62 g, 10 mmol), pyridine (1.18 g, 12 mmol) with CHzCl; (5 mL).
The mixture was cooled to -5°C and methyl chloroformate (1.134 g, 12 mmol) was
added into the reaction suspension at a rate so that the reaction temperature did not
exceed 0°C. The reaction mixture was stirred at 0°C for 1 h and warmed up to room
temperature for 1 h. The resulting mixture was quenched with saturated ammonium
chloride solution at 0°C. The quenched solution was extracted with 1:2

EtOAc/hexane (30 mL x 2). The combined organic layer was washed with brine
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PROCESS FOR THE PREPARATI ON OF [1S-(I(x, 3a,
4(3) 1- 2- Ami no- 1 9-di hydro-9-[ 4- hydroxy- 3- (hydr oxynef |

w0 20047082318t hyl enecycl opentyl | - 6H purin-6-one e21USIW3/039554

PREPARATION OF (-)-(la 2[3
2%-2-[ Phenyl met hoxy) nmet d%/l | - 4- cycl opent ene- 3-di ol
whedriddNegtQy); qongintyajid: inoacud, andoiied wader brgho»racmﬁ@ to

ST PR 0B RS2 IR g Setcfon

%ﬁgﬁd@@tﬁg{sp&gﬁggb@. The reaction m xture contai ned
heptane/ 15 t-butyl methyl ether (10/1 v/v, 1 L),

diol 1 (5 g), |mmb| li zed Li pase PS-30 (25 g) and

I Sopropen :
reacti on=wer - | Seale

' eacl:fr%lt&)é—ﬂ& HB Cﬁ eﬂténplr lédlﬂ)lﬂ benze e (15
chr ofatogr apny. TOon wWas term e en the

conc e fioraatoundb ontométbﬂaskeaqmppieuh withubagnetit ethierdmasphssdlved

beIowOl mL. After 4 h, a_reaction ¥I6|d0 8
f%rwllggowthgee/&%lsg,d&ram@dnfiaf THE 25 mL). At0 & Sodium

gli’éyl)lélg) @a@g%tg@%e%%l%aal oﬁ%f@RﬁT%og‘%éﬁ?gli %ag bded*Rrer 5 min. After

SvarfaRanyto resh senipdrefubyAdd time at ﬂi@ﬁﬂﬁeﬁgbefatwrb f&st Bfcrude 14

(10) To a round bottoned flask equi wi th magnetic

€381 &0 mamel in3 tilp pETHE ) PR pddedDviRier meﬁhq@a@@n@wsgthre

Aoy e RlGe inef b oo 67T T R Yas

RSO Phy b addifios 3ft sdturated afﬂﬁ%ﬂlufﬁﬂﬁlorﬁﬂq,eﬂltlbﬁ (90 £0§ followed

reaction suspenS| on at a rate so that he reaction
by epacionvativétbylaottatedR cebmDL. Tﬁm@omlaa@d prganigiphadgrweas

Vel it o o L e e SE0) FRLGRRrtPR G to affora 1505

%@ﬁtfefb%gwmoms 38 UWG(% HHRR N 'ﬁhe@iﬁ thdh&lisHs v%@AdﬁE i on

at 0C. The quenchéd solution was extracted W th
Bufdfcdtivaxane (30 nL x 2). The conbi ned organic Iayer
was washed with brine 74 WO 2004/ 052310

PCT/ US2003/ 039554 (30 rrL) dried (Na2804)
concentra%M. de
afford cr 2 JC '

was ﬂﬂﬁlﬂeﬂvﬁnéth@cﬂ@&ﬂwﬂ%ﬁdl@ﬁntdmlt-ﬁlqmbthfvuﬁlllft@nvl]benzene (4

purification. 5 PREPARATION OF [1R-(la, 4(z
5R) ] - [Ton mp@@@{t{gp@f}gsk@qulpped with magnetlc stirrer was dissolved crude

39 o en SERIR AR A Ve SRR Gl IS R 5B wes
widdd HROAE Flask £trbdheEmpéErstueh zﬁﬁi&h& &Qultmg mixture was stirred

overnight. The reaction mixture was concentrated in vacuo to remove MeOH. The

concentrate was extracted with ethyl acetate (2 x 30 mL) and saturated ammonium
chloride solution (30 mL). The combined organic layer was washed with brine

(20 mL); dried (Na,SQ4) and concentrated in vacuo to afford a light brown oil. Flash
column chromatography (1:2 to 1:1 EtOAc/hexane) afford 2.92 g of 4 (73%) as a
colorless oil.

EXAMPLE 7
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phenyl suf onyl ni tronet hane (2.41 g, 12 mmol) in dry THE
(25 nm). At 0C, sodium hydride (0.46 g, 60% m ner al

woizboahissqaer si on, 12 mmol ) was added over 5 mi npPCAUSE003/039554

10 warmng up to roomtenperature and stirred at room
tenperature for 1 h, crude 14 (33 ? 10 rmol in5 nm

1_

addltl on of satur at ed %@;‘rpﬁmpmoglgl(pfl de sol ution (30
m.) followed by extraCiion wth eThyI acetate (2 x 40
nm.). The corrbl ned organic phase was 15 washed with

brine (30_}
vacuo to s

>100% whi se @i pséi %é E@E@— }
purificat égﬂz%/-\ ‘ﬂlﬂe t@{f 1\%1 Bn

5(3)] T[o[d\iiohﬁ@bét't(ﬁﬁuﬁﬂ@k)éhu@)@ed with an argon mlet amagnet1c stirrer, a
5-[ (phenyl net hoxy) net hyl | - 2- cvcl opent en- 1- ;rret hyl ] su
cpeling qondensenand an ont@a‘da wasuahdrgsdt{ Bitka Xoi, éék @qlspped

e S St iR e SRRl TR

B8 RhholVas prepateg th URK& stlaes phaskns! 5,000014, @ERE! ﬁb&&)erated by
and thé resulting mxture was stirred overnight.

refachednn MR (6@ mias Latbnwe hexaaeslny disilazada @ NMan hexmiv,el90 mlL,
25 t t t ed t hyl .
Z?@Sg@ bist 0 B he S e B R am T heThitbon quixture
M kPRl (P nle%ﬁ‘ - R iy SRR L AXBEINAS oom

wmpnemnreeetxﬁdhﬁutedmdublem{ 00ank). aA fterghitridy o0 aiihutes at room
Fl ash col um chromat ography (1:2 t / hexang)

SeopRRTebuze, @@rea%lpnmwg@/avaegue&ch%wah Hé%lilgf %@@ and

AL T LR PR ST BRI AEE v s

Mﬂl)ﬂrﬂ%-(m WO-mL), dried (sodium sulfate), and concentrated in vacuo to afford
%ﬁdro 9-[ 4- hyd ro@a/ 3- (hydr oxynet hyl) - 2- net hyl ene
89c7| Bofdhe jillp compernd (71 80% maatersel palsnenmrlighwrnseda the next

S el T

(R =Bn) To a round bottoned flask equi pped with an

argon inlet, a naonetlc stirrer, a cooling condensor,
adRERARL TONOF Rl 0203 11Cas peth (4q(phenvlmethoxv)-
5a)] 1- 3-

(Phenyl net #6

[3.1. Qﬂo@?&ﬂﬂ&b&t&ﬁé& ﬂa%k%qulpped W1th an argon mlet a magnetic stirrer and
a cooling bath was charged crude 9 (12.3 g, 39.6 mmol) and pyridine (9.7 mL, 120
mmol) in DCM (100 mL). The solution was cooled to -20 to -15°C and methyl
chloroformate (4.2 g, 3.41 mL, 44 mmol) was added into the solution over the course
of 20 minutes. The reaction mixture was stirred at -15°C for 0.5 hour and then slowly
warmed to room temperature to complete the reaction. The resulting mixture was
quenched with HC1 (2 N, 120 mL) at 0°C and extracted with ethyl acetate (2 x 300
mL). The combined organic layer was washed with brine (200 mL), dried (sodium

sulfate), concentrated in vacuo, and dried under high vacuum to afford the crude title
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10 65 mmol, as prepared in United States Patent No.
5, 206, 244, herein incorporated by reference) in THE

wO2bOas310 Lit hi um hexanet hyl di sil azide (1 M i RCA%2008/039554

190 m., 190 mmol) was added into the solution at room
tenperature. The reaction m xture was heated at 60C
feompbusd hoambmownldibwhieh wids iusel maheinéxs stepamwithoub imsdfurtber
room tenperature and diluted with MeOH (200 ).

AR rring for 20 minutes at room 15 tenperature,
the reaction m xture was quenched with HO (1 N, 300
m.), and extracted with et hyI acetate (3 x 300 n).
The corPRPPARATION OF [ER-€ 2 s pinatieox(y]

3 Kemylm o v svelop ca :. b h 4
mat er i
i t hout ﬁnﬁ%%ﬁhe?@ t}%%ic. %@@#?Sﬂtﬂ %&E%E%Z%w%%% sirrer and
[alc%otlhgbadtavas%s?sbive@@ﬁta@ 0§93, d6.5einbY)|
4- (phenvl net hoxy) - 5- 1(phen | met hox
métenylsqlf@ybytwmp@ﬁmeﬁ 4 g\2 %@r@l ) To a round
bot t o d.fl n on
R E e hosp b ARG YisP, il AR BT aH85C
rhelaciod: m&ﬁlr@ vﬂﬁrﬁé as@A s dr S r b Jevf nithuted. 2PrietBylamine (8.4

nunol ) 1n ). The solution was cooled to -20
tg 11 I56LATRHS nencbiy Iwas addedrto tlermantion Maixpirg oveg thel course czf41 0
nnDI) dded into the soluti.on ov cours

s D20 FHeronGAR TR e SHEShAT G of § eGRE flgRed t

f\,%rrrp tOSEOBHHE]%JgQ[qner e‘f‘hesfegc‘ﬁ‘wﬁ m¥AERs 58 @A Toom temperature for

tenperature conpl ete the reaction. The resulting

M Ktk e THEeactiENOed wils tiilenhfdenétzdNyitil 20 HC) ataﬁ"(ll((lI)@mi) and
extracted with ethyl acetate (2. x 300 30 %m
c@mpﬁ@éwlﬁt@é&ﬁn@eﬂlﬁ%ﬁa% WA Sy -+ Fheypom %f&@f@am)layer

O RA SRR QAT TR Wil Aol 5y pgacuo o

VWPr28Q4£ 062134 IS TELiRRD @tlw&ﬂ&ﬂtraﬁ@meymm&ea ukingathyl
oil which was used in the next s B W t hout an

fapetatesio remar¢ fiedusdling matmEbyRatTy mnmpancftw 2 g crude,

= R e R E T e B P@B%H%%ﬁfﬁp i gy forther

{f@@Mbﬂbenzene (5) To a round bott omed fI ask
eqU| pped with an argon inlet, a magnetic stirrer and
a cool Thgcdmetsionzef cdinpewid efformuled todhq gt of forppilaw? is

aeAtea BARAERR T phonyl phosphi ne) pal I adi m (0.6 g,
0.52 mvol) in THE (80 nL) at OC.
EXAMPLE 8
PROCESS FOR THE PREPARATION OF [1S-(1at, 30, 4{3)]-2-Amino-
1.9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]-

6H-purin-6-one (21)

PREPARATION OF (4S, 5R)-4-(Phenylmethoxy)-3-[(phenylmethoxy)methyl]-

2-cyclopenten-1-one (80)
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10 The reaction m xture was degassed using argon for a

few mnutes. Triethylamne (8.4 g, 11.1 nL, 79.5
womi4)osyas added to the reaction mixture over PO®/US2003/039554

course of 10 mnutes at 0OC. The reaction m xture was

stirred at OC for 1 hour and allowed to warmto room

t enperka arand promed Saskoruiriped wik ansasgen intatadaguetie stimer were

R R R N G R
EH(‘)A@@(‘) 80l oM ¢ Ank¥IyRRRICRE, Y (23 %At )3k 8°C Jm& stirfed‘fop @ hm15110

The conbi ned organi c | ayer ~was 'washed wth brine
rellgoho? (et ¢sidbmmul, guédaaddegecorditg todixaamle 'ﬂ)tlﬁGCHZEIN(éG_ﬁD) was
to cfn‘ford red-colored oily resjidue. Silica p
fadde Oﬁ%wéaemed%f&rg.sﬁau@tfﬁw > bt Gt @emctmn mixture

R iy 29 5 e D T B Bl GO VR AR AR
\EHLL,/BeGA S Ehe iesulting filtexé wa extrastddhoiti Hanyl Nuso hary BOAc

purification. The conversion of conpound of fornmula 5
t®0 - d e ergapic leymrnvas slripd (Na:SQakand eoagentratadiapruy ® afford a

BONPHE 315 POROR R BTGRP o 80

(L)Y g myrsfhgﬂt)yeﬂomﬂhyl enecycl ogent yl I -

6H puri n- 6- one (21) PREPARATI ON OF (4S 5R)

4- (Phenyl net hoxy) - 5- [ (phenyl ni et hoxy) nmet hyI ]- 30 2-c
QRBA z Q D 2004 / 052310 ) )

with an ar gqrbheﬁmﬁiethdmmtmmsivbrob&iteﬂ\@rﬁ em:fwi) W t h

nol ecul ar sieves 8 pyridiniumdichromate (4.16 g,
20 nmdio)a mmad bpmec( ask(Pqyipped withoin)argdn inleCHREENRtC Strer were

("%‘g‘i‘ilw&‘o‘%ﬁ?%ﬁi %f@&%‘a@?é&?d &Pﬁ@f@&%ﬁgﬁ%c’;@ é) Lithium
RGBS 25RO DD Ao SEL ST L et

wasr £10 ey agl- mmough r@cOImOftuRl wisektinge lat 8ACHhel £ alkad N-
was rinsed with 1:3 CH2Cl12/ Et OAc. The resulting
mhbmﬁﬁtfhlometbaaem&rm@m A 9819CE ol sesradyied ait- @«C After

gg‘ﬁb‘@r‘% ?ﬁzgjgf of i%vﬂ’é Sr \A‘%?ﬁ‘d‘%élsl 5&‘*&%3 f)@l}”fvﬁpg up to room

A R PRARERRS Yy i D 4 o
I?REEH&WPTWGN s@hratetiSNHIHR) soﬁmoh(amnhmmammumm EtCod @2 mL).
4fh% emu[lqsy énn\%gg gﬁgl)ed through a pad of diatomaceous earth and washed with
EtOAc (20 mL) the combined organic layer was dried (Na,SQj,) and concentrated in
vacuo to afford a brown oil (3.2 g, 100%). This brown oil was used in the next

reaction without further purification.

PREPARATION OF (4S. 5R)-4-(Phenvlmethoxv)-5-[ (phenylmethoxy)methyll-

1-cyclopentene-1-carboxylic acid methyl ester (7)

To a round bottomed flask equipped with an argon inlet, magnetic stirrer were
mixed crude 81 (3.2 g, 5.5 mmol) DMF (25 mL); MeOH (10 mL) and triethylamine
(1.54 mL, 11 mmol). Pd(Phs)s4 (635 mg, 0.55 mmol) was added into the solution and

78



10

15

20

25

30

5-[ (phenyl net hoxy) meth 11-1-cycl openten-1- | ester

(81) To a round bottoned flask equi pped with an argon
wonb@tos2aragnetic stirrer were 15 mxed with 8®cfAISZ009/039554

5.5 mol) with THE (15 nlL) and cooled to -78C. Lithium

tri-sec-butyl borohydride (L-Selectride(r)) (1 Min

’EH? éesuﬁu'% Hixture dogd¥ed 3 tiMes waH 48l gasQVEHe reaffiofivas seifred at

reaction mxture was stirred at -78C for 1.5
h anasphere ph €0y Eas et fdomp teppstatanadend hoh i shewed noghegpbsence of

Stquting npptgrfq\fa ’T’}:xggf%&q%ﬁ\twﬁ? Wp%egAf L e{%ﬁ“?@t}ég' fy() r&ﬁ& room
%}d‘ﬂﬁetaﬁd ERRR 0w iE FREAS (ML S0RNT). SMthe rcbﬁﬁ)ni&i HtO@®@ layer was

rature overnight. The resulti'ng m xture was
washeddvittpbrinviet (50 skt )y daed MNP and shucdngated 61 Heguodp giford a

extracted w th Et 2 nmL rTU|SI

Rehiosiied o Edg o oo e BT LR SRR DA e 7 (136 &
oh)g/g xvé P Et OAc (20 nmL) the conbi ned organi c | ayer
S I e %2804) and concentrated in vacuo to

afford a brown oil (3.2 g, 100%. This brown oil was

used in the next 25 react] ' é)ut further
purification. PREPARATI
gRl) i Xl Ry PR Mzm%)dﬁﬁ : yaé L El A;mﬁo-

" ounl bolihared. [ laskoedBipaeskynicthy b rarladenccntlepentyl ]
magnetic stirrer were 30 mxed crude 81 (3.2 g, 5.5
mmol) DVF (25 mL); Me 1 triethyl am ne

(1.54 m., 11 mmol ). Pd(Ph3)4 (635 ng, 0.55 nmol) was
added into the solution and 78 WD 2004/052310
PERESSA0QBICIS BEEA R - L1106 465N UL [NQ  IWDkchetheletei)danehylsilyl joxy]-
times wth CO gas. The reactlon vvas stlrred at 1

at nos ph érgplofnyIne thyessy )at YCEopsBRicht 10l C C3\Ch

pplbding SR Rﬁ‘?@ﬁ%ﬂc g %mﬂ%d{%}, 4 "%b@?lsst}lwd
ng%%%@fgﬁ%% nufe§5 ?ﬁ‘ﬁjolfﬁlt cBgiiga ()’&‘hU1 a8 @fécreéLﬁtMg &fution was

QCAc | ayer was washed with brine
(coBletito 0°CIrTe me(r%%mmdmmmdﬁnahﬂdmmﬁ (B 2tmal, 14.1

2;1;18{334 glgNlall;y%gtt (yl}lﬁglxzngf\évezﬁliff%/ EN&&B)N@ \Pég%(lfe”éé’“&ld‘m?&hﬂ
0 E{@St g\ﬁ ﬂ%mﬁl-o% % 018 %%E&F%ﬁ?gwals warmed to room

%m%bé}éﬁf@a&i ngmbdé&?gm 3Thbyediilony nekioyd wis Weﬂgeﬁmpéxy)adﬂltlon
o 1- urin-6-one
of NaOH soplutlon (0.5 N, 20 mL) at 10°C and extracted with a solution of ethyl

acetate/hexanes (1:2 v/v, 2 x 30 mL). The combined organic layer was washed with
brine (30 mL), dried (Na;SO4), and concentrated in vacuo to compound 22 as a crude

light oil.

PREPARATION OF [1R-(1at, 40, 5B)]-4-[[(1.1-Dimethylethyl)dimethylsilyl]oxy]-5-

[ (phenylmethoxy)methyl]-2-cyclopenten-1-ol ( 9

The above obtained compound 22 was dissolved in MeOH (30 mL), and
potassium carbonate (150 mg) was added at room temperature. After stirring at room

temperature for 5 h, the MeOH was removed by concentrating the reaction mixture in
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PREPARATION OF f 1R-(la 4a 5 3)1-4-ff(1
1- Di net hvl et hvl ) dunet hyl silylloxyl- 15 5

woO (plamsyjioet hoxx) met hyl | - 2- cycl opent en-1 - ol aceCats2003/039554

ester (22) To a round bottoned fl ask equi pped mﬁth a
nitrogen inlet was dissolved conmpound 3 (1.85 g, 05

ko), Thc remwmmewta)s extracied Withredsl a@qtattg/hgmn@s ( loa v, 2%

YL\@. oct ]%ﬁAg 1“2&(@8 n%l;) Oﬂ-le orgamc fjayer was

A
il el e e e—

dight)@lloml r Bsubit vag furihet pwreﬁadda/ flash webimmchromatography

t nd s do I
%a?sz el Ty aifi e Sgnouty AR S Bt fom
(CQE@ rrL) at 10C and extracted with a sol ution of
I etate/ hexanes (1:2 v/v, 2 x 30 n.). The

conblned organi c | ayer was mashed with brine (30 nmL),
dried_ %Ia2804

22 abRE Id i ( LEmeg :: qtlayl)disp SiiY
5J33) 1- 4- i |-5.
[(ph)enyl m[3H1 B i) 'te?x'— -xhé 0 *The

%t_) ove "Dget ?Omﬁﬂ Loeqked lﬁldskZ ngadrmﬂ aﬁlcdquqnbed Wlﬂkibil‘iec(h&ﬁlcal
an t t d
rsaérm wew@rga%&%f DRSOl @0 3¢ Gok 0 Bipedpelear
5 °
et QI S 9 B

m/slﬁ%oggdtl@%&af(éahlcm@a@eeﬂ hied @ nidltalarisieies; @. amags 26 90
extracted with et hyl acet at e/ hexanes (1:2 v/v,

2
nm)loa rmhss;hangﬁdu Bl tapiling sukiurd was tedrpy 30 mmélt@sow. ﬁea (10 g,

oD TS T R iy i agded Ot iaCtics b Priggof 10
%ﬁmhfé‘@’ tha resififfle %ddﬁl\ﬁﬁ)lcﬁr@& Hﬁ%ﬁorpﬁh'bttﬁfee\%skéﬁréh &SP hours at

co hr omat ography 5 (hexanes/ethyl acetate 8:1 to
3)°!E) Af@eralﬁa‘ madlomommomj)l@ecl 21188 acptat® {PA0auE), abebtomltrdm(S mL),
npound 3). PREPARATI ON OF (4S 5R)-4-] (1 1- E‘ Ly
@ﬁﬂl@t@m@pﬁwﬁm (ﬂe}l&@ep D-WeH H@‘WI SHELERYY et MA qesult g
frpg(glé‘c lvx%e ep for 1%1? eé S@%e %1 fi %@gd% aaoe'aeq‘flﬁ?aqomaceous

é@éhﬁé@? t&%@é g ﬁﬂrk‘Mo‘lJi‘e@ YillthoAlé. nThHTﬁIﬂﬂaﬁe’RKJm&eﬂ Fth2 A%
nmol ecul ar sieves (oven dried) and DCM

aq@ewns)Nam Res20tmhyfodlowedpyweaterd b0 sd)+ Sheoregnig leer was

R R R G R L T ERIEE
gdéﬁh%ﬁt?é{%adéﬁ&nmﬁ%& tWaSpathtl bR A1 30 ninutes at

PREPARATION OF (4S. 5R)-Trifluoromethanesulfonic acid 4-[[(1.1-
dimethvlethyl)dimethylsilvlJoxy]-5-] (phenylmethoxy)methvi]-

1-cyclopenten-1-yl ester (81)
An oven dried 250-mL 3-necked round bottomed flask, equipped with a

mechanical stirrer and an argon inlet, was charged with 80 (9.5 g, 29.89 mmol) and
THF (10 mL). The resulting mixture was cooled to -78°C. Lithium tri-sec-
butylborohydride (L-Selectride®) (1 M, 6.25g, 32.88mmol) in THF (20 mL) was
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15 29.89 mmol) in DCM (10 nL) was added to the
reaction m xture over a period of 10 mnutes. The

woesaloseag reddi sh col ored reacti on m xture waBCEUSROI08M39554

for 2 hours at OC After the reaction was conpl eted,
ethyl acetate (100 niL), acetonitrile (5 niL), and
Addedotise é@QsméaﬁemneMp 1t19§ mactonymixtateeNapheagitriflimide (10.46 g,

PO it 8 s ed 08t S 0 S iR gbRE e
déRtioMeaRuauRbeRAF I18°CCaht k&l hﬁxtﬂfevﬁasastﬁiﬁﬁl‘ovemlght while

colored filtrate. The filtrate was washed w't
atjoemgst Nawmsto(rgom t@ﬁﬁeram‘,re f Bart- bmﬂnbghyi/\ahar(l()ﬂ ﬁfL) was

S p B RSyl G Hitemine ineh i A VRS i

QhiMeu S @u%usosfodfulﬁ?bfc%taﬁate HRANN b 295 %L%%Eﬁowed by brine (5 mL).
transparent, brown oil. 25 PREPARATI ON

TRy -ofgainid laperorrstdhiad eser Iflmemum:swifaﬁ:— E[I{d(clondentrated in vacuo to give

hyl et hyl.) th S|Iy oxy]-5-[(
Slﬁetl‘éﬁ%é]i‘ 6‘%‘9)(%%3%/1 lcycl openten- | -yl ester
(81) An oven dried 250-nL 3-necked round bottoned
fl ask, eqw pped W|th a mschanl cal stirrer and an
APREPABA TIONSORE S, gRA-4v B mvEtlwl)dﬁﬁetBQlﬂmitdzM 5-
I XtUr e yas €90 ol e

( L) Saléf‘g%%fc’)ﬁ\%oﬁézﬁ& jlo 'Mgs 88%%‘%%%@&35%‘2{41 e tirer

maechargaﬂwrthrsut(m per 2289 mhaol), rdu&etth@lfmtrmmda(za mlE,MeOH (20
yl.triflimde (10.46 29. 29 2|nTHE(20
HH5 ana Eﬂé@ﬂ&(@? 7 n&erlﬂ8%5c;pmsl)mThatr@§ ion BEETegVaTidnshed
at
B b 0B R ) il B b G ISR R PRApHIS)
(D62 ¢ e]mttbmatdl)r éI‘ heTﬁﬁdttohuﬁi)(turmhl Ylhsl%ﬂhﬁtfee (120 with) caviem
5 added to the reaction m xture and the resultin

Mﬁﬁﬁd@ IThy Esaclips mpELTearRS AUrRd aberont empgraliga sk hours under
B T RLE A BADE FoRBb. Fhe federfon il o e i Wih rers-

organi C a er over

baighesihyiethet 200 ﬁﬂ@)raﬁd elmféa@rsh afielrd way/flkdted b aBed 6f
the title conpound 827 g) as yellowoil. 10
PREPARATLCRIOECelie®). The filtrate was concentrated in vacuo to give 30 g of

P OIRERY R TRsHyPt S FEmioEnaly poeaiigh gyrs e e

86thflowrRt R%h o‘i’ls(tl%r% 6% NeldRril yie1Holeas) ound bot t omed

flask equi pped w a nechanical stirrer was charged
with 81(27.0 g, 29.89 mmol), dinethylformam de (20

m), MeOH (20 nlL) and tpi ine (20.74 m_, 149.45
mol ). The reaction i xtgmﬁ—mgushed 15 three tines
Wi th g geRss Ol s PREPRR%T‘Q@‘N GF988. (10, 30, 48)]-2-Amino-

tetraki s(trr pnenyfpnospnin
1,9-dihydro-9-[4-hydroxy-3- (hvdroxvmethvﬁ—methvlenecwlopentvl]-

6H-purin-6-one (21)

PREPARATION OF COMPQUND (4S. 5R)-4-
[[(1.1-Dimethylethyl)dimethylsilylloxy]-5-[(phenylmethoxy)methyl]-

1-cyclopentene-1-methanol (16)
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(1.762 g, 1.49 mmol ). The reaction m xture was fl ushed
three tines with carbon nonoxide. The reaction

woisdqoses1was stirred at roomtenperature for 18CimwsSe®3/039554

under an atnosphere of carbon nonoxi de. The reaction
m xture was extracted with tert- butyl nethyl ether

(200 rA POl Bwéclf@ddmbqﬁomadrféasmumpled srddangngen ik, a

h
domEaair bR R iRt G et G heed B A B TS
th%ﬂﬁ%tﬁwdmﬁﬂﬁfl‘sﬂwQ@]Cﬁ{(ﬂﬁéhyﬁﬁétﬁ%ﬁﬂﬂ@[ﬂhy cyc1op(e2tege-1-

purification gave the tit conpound as an ol l
Farbogyhic/aad thediyd estet (7Y (6 gl 26r50m2e), as prepnRdEn Bgapple 9) in

mﬁﬂ grEEQ ) Wl% spﬁtﬁgre I\_\;/Aa;ncweﬂf) %% (alngl to t:?l?s soﬂtion
. ) 3 |
ﬁ%gen b ﬂg HOWN356. Bygﬂlrs BT b 8 FRLALY AR AANed

urin-6-oéne ( PREPARATI ON OF

GRVAQUINRe (’ébSthIS Rix thre3Waslstitd bt DigA€tfbr 2 Jieirk yd» complete the
di met hyl si |l yl | oxyl -5- [(phenylnethoxy met hy
TeasfignopBp teagtion Mixtyest WegRsurqdigio Siurges 2@9&% gbpofessium
p

TR DRRE, 8 At RSB 1O v v
Qsépdi@t.ed andlti® deehanawakvas bkﬂreroeerd wmm-mehaieqedo wilH)h Thé S,

R-4-[[(1,1- D nethyleth I)dlneth IS|IyI] oxYy]
-oyn{bermdaﬁm@e taercyassashpd with mwator dined c“rer magnesium

pr {et%t ;( c%ngmtl%teﬁle;z hé%uoe% ?&% tﬁ%ﬁl% %838%5%6(9153@%‘3'@1&%11

@l uti on was cool ed to -78C and to this solution
di i sobutyl al um num hydr i de 1 M 66 39 rrL 66 375 mol
in toluene) wad A TH ' '

was stirred 7 - r 2 ours cO I t h

reactiowmmgh 1 -2 = %11'6”
saturated sol utigapRicpE PemekiNe-SaRiHaRL@Y rate (400
m.). The m xturé was stirred for Z hours. The organic

| ayer Aa§0-bil seqadratdgbirea mackel eowmlizwiosnddfiask waasquipped with a
extracted wi th n-hex g%g&gzoo nm_

. Th i d ;
SRERRTE S Tgets PP fagsEa] With g enried
f,ab d
Wdeféﬂ%&é& D sisnk hat 39?@1 SDS;Nfg G W%? a&&bd"t@%@ﬁl&sﬁ and the

Ive the t|t e compoun oW sh

RPERICRALRY STs M s{dn WasRtifled roda ,temﬁeiratufeafbﬂ. 5 Baihfited , Dietllyh D-tartrate

)Egaﬁeﬁg ﬁ} S}% rﬂ]mypl}) S PLEM (1§ phe wpb added sk yoam temgneratee and the
OX&RJI% ¥v%| %o‘?le& to %%eéaﬁ%eﬁmgﬁ{quﬁggra&ﬂ‘g gt ~-30°C, titanium (IV)

isopropoxide (2.665 mL, 9.03 mmol) was added. The reaction mixture was stirred at -

30°C for 30 minutes followed by 15 minutes at -15°C. The mixture was cooled to -
30°C. To this mixture, a solution of compound 16 (4.5 g, 12.9 mmol) in DCM (18
mL) was added. The mixture was stirred for 30 minutes at -30°C followed by
addition of a solution of zert-butyl hydroperoxide (5.0-6.0 M; 9.40 mL, 5.176 mmol).
The reaction mixture was stirred between -30°C to -20°C for 3 hours to complete the
reaction. The reaction was quenched by addition of water (45 mL). The reaction
mixture was stirred with vigorous mixing and allowed to warm up to room

temperature (15 to 20°C). When the temperature reached ~15°C, 30% sodium
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A 250-nL oven dried three necked round bottoned flask
was equi pped with a nmagnetic stir bar, argon inlet,

wand4ospqaer at ure probe charged with oven dri edPCT/US2003/039554

powdered nol ecul ar sieves 4A (9.0 g). DCM (30 nL) was
added to the flask and the 20 resulting suspension was

%f_dr&ﬁ?é’sc{l@t%ﬁ @Eﬁfﬁﬁ%ﬁgg ©lbw53|r i givt emilkPivetiteyslurry. This

tartrate , nmo in

siuimigdraaaddedomot ¢ Etlwyahﬂawnta?ﬁ% (f& %gwnt&éﬁ%la“
3

(09 S 358 0 b R 3 Hi iyt g APt Tt

dBfmiR e%ﬁh '(‘Cél'it@@? PRS agilebiid Rfleratas s3ﬁeﬁa1fed frodthe filtrate and
m nut es by 15 m nutes at -15C. The_m xt.ur

disSardanl 'Hﬁb d:rgamc ]%’57613@&5 wihed miith 197k eqreaus @dggp&]@lpgﬁfa& (100

OB (o, e SR A T

' S mQul fafe N Thb Wk gdnic 1ayer was
ﬁwgrg%‘ggiggmmggs 200 bd Bt Ok ien b ot

eQaehiraed i wicuo & pias thﬁ mtterc@mn@@ndv@ewangt?@w dlel@@c*? éras an
3 hours to conplete the reaction. The reaction was
qdenched by addition of water (45 nL). The reaction 30
m xture was stirred with vigorous m xi ng and al | owed

to warmup to room tenperature (15 to 20C). Wien the
te"DMMIQATHBNi@IﬂCO UBIDY) 5 2-Amino-6-

hE 00
m Xt UM, NSNS bb’ﬁdhﬁéd flask ealalp@se@ umsanamgbn inket, magnte@qc glitrer and
on a bed of diatonmaceous earth (Celltﬁ % %’2 ) with
aqﬂwdngccbmlyeserwsemd LQ-bepsicsmn soaaing (160 & &S Ae

P50, B4R I MBS0 i it

) ncsmnty (2ed gnﬁLq)Mayerzs wasolhask eddediinte the
V\]fgple?LA(Sl%%@ol nL (grl nge)lﬁl(SO m.), and, dri ed over

reyliesiandheated w 120-THRCdoyhhi dhe agrakingselution fas frkdeep by

e 542 by o BB FRYFEL e

08 (RUOTBLY) bxiyg (198 mL
U sieateR R e Rt in thke ”

fu&ekrdqmzwgep@em;dentra:e& cacmemntiy hffesdca lghs brawe pelt i solid
18) T db d fl

e BRASKI o n TR B v S A AP Rluced

W FEOREPR AP SRBY U 8484R) Atight v81fov8 solfd. Hecnysudllization
(BtOAc/Hex.) gave 2.6 g (1st crop, 72%) and 0.21 g (2nd crop, 5.8%) of 18 as an off

white solid.

PREPARATION OF [1S-(1a., 2B. 48)]-4-[2-Amino-6-(phenylmethoxy)-9H-purin-

9-yl1]-3-methylene-2-[( phenylmethoxy)methyl]cyclopentanol ( 19)

A round bottomed flask equipped with an argon inlet, magnetic stirrer was
charged 18 (2.6 g, 4.4 mmol), trimethylorthoformate (2.38 mL, 21.8 mmol),
pyridinium p-toluenesulfonate (0.56 g, 2.22 mmo]) and CH,Cl, (20 mL). The
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DMF (20 mL). LiH (32.7 ng, 4.13 mol)) was added into
the suspension and stirred for 1 h. A solution of 17

wO20Bsg1ibn 2 nb DMF, 6. 25 nunol) was added i nPQTU$2003/039554
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solution and heated to 120-130C for | h. The resulting
sol ution was worked up by quenching with NaCH (1 N,
20achibh niiREirewhd atteddorkBdut B BACrdodn tenpSeiture) Afteh thexgmpletion

Sl x?egg@?l;%;?é%p})%ﬁ%@%%ﬂm@&rﬁ?d s hkﬁﬂﬁ?@%& gﬂ_a The
trated

SRAGEL PRLEE o RT3 g ek o

:151;;?@@ FJ\?lB “gxsm%gﬁ bflil?@?srﬁ](_,]s g%ad g@azls,o@) andellblncwtltatﬁdlﬁt’l @ago to

Réﬁx@ﬁwanhpﬁcama@g Therragsgyrpdicet yag Qvg y@%wgkgiﬁ@c/épg% 5

Vm%.}(%g rg& 1?1&%%3%&5%%%&?{& ?@t?cil)tg) r%ﬁ\é)Fgor%BoﬁfS‘ h. #Re mixture

43aslihén é@ﬁléﬁﬁoﬁ@oﬁi&rﬁﬁ&ﬁtﬂkmmﬂ@%ﬁmwwreﬁloytd bijacuum
met hyl ene- 2- f ( Dhenyl net hoxy) met hyl | ycl opent an

rdistilthtioote afferd aflighé krosqueibpEee WENPRAVE TS rP“F’?-,’F@ §>y kilica pad
net h d 18 (2.6 g, 4.4 mmol
HtGeh ) Srhorg e s ™21 s ol | :

pyri di ni wn p-tol uenesul fonate (0.56 g, 2.22 nmol) and
CH2C12 (20 mL). The 83 V\D 2004/ 052310 ;

about 16 h at_room tenper ture Aftert gt
o thmmamz@%@ LA hero

W th fitd 2.3 g% 7 bl nzwagdmmvwm GRECN (60 mL) and
extrac ed W|t Et OAC ( and the conbi ned

0P BEHCE (30l i pandihs rfwakimgdowlph W@S ihpased g(reﬂ}g The reagtion
(182000 oo Fong S 0 e, ALK i

'9? Fahiniansy Jattoarseridthdsigndhe
héa (é%ﬁ%gor e?I?lux ?%rgmg%%rﬁit&g ﬁl Trbg m xture 1Wa%l t hen
cankiack wa digotty bmmnﬂra:bdl rrevacmneo ra@mp m@oﬂ@ﬂs@ﬂw&wol was
by vacuum distill fford a.

Thédedt de rerudidgso! \aﬁlﬁrgm T rap the SB§P63S1§1[1| a8 3?116%3\{']01'% t. " The

A P i B Q0 o Aol TR il inghvith EXOH and dried

9uﬂdd?)hdgtpvaﬂmﬁ1ﬂ-tdﬂyff6ﬁxlys2goﬁmh | ene-3- hen | net hox
nmeth 1 clo en 1 -6H urin-6-one Q})&? ﬂl above £ formula
i xt ur @he pompendE forgrln 20 s TnCoByRrisd tp GHEBPE8

o 2 By s i 12 sl on ves

nonitored by HPLC. After the conpletion of the
reaction, the m xture
EXAMPLE 11
PROCESS FOR THE PREPARATION OF [1S-(1a., 30, 43)]-2-Amino-
1.9-dihvdro-9-[4-hydroxy-3-( hydroxymethyl)-2-methylenecyclopentyl]-
6H-purin-6-one (21)

PREPARATION OF (48)-4-[[(1.1-Dimethylethyl)dimethylsilyl]oxy]-

2-cyclopenten-1-one (33)
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was cooled to roomtenperature and neutralized by
addition of triethylamne. The mxture was directly

woapestyiat ed i n vacuo to renove npost of CH3CNPCES2008/039554

was added to the resulting solid residue, and the
suspension was stirred for 1 h. The resulting solid
vvas cdlo aebilgdumybdttdmadaiasb was ‘Ch@gsb(4sd-4mﬁgderY1§é?chl@p@Iﬁen- 1-

1 55 U & Bt omrod R 3 KPRt o o flanna

o d r i
0 Y, SORBRUACY.O! O ClA 1995, ?‘;@%& ngg)glgl@g(gmm followed

re described 9n

BWM@IMWM@ GNS m({l)l %r{-butyBlmethylsilyl chloride (46.1

& ﬁ%w@c@iﬂ L G o e RS fersinRif Hey The
9& t@'fkcpal{ ki @erﬁ%@%&%]fgr PRESARAThON affon mixture was
11D|rrethy I met hyl silylloxyl- 30

Imtp&th}é nedtate (FDO(18B) ar&ﬁhﬂ\ﬁrgﬁﬁ&dﬁ% A3ged with water (200 mL),

2%4«55&?& SR a0 Daie e R TR 35 Bt
ﬁl%u gi 00 ﬂgpﬂﬁee&ﬁﬂﬁé ggybpggi%mg ﬁfagﬁ&lmésu1f4}@bﬁé i

LeRdentbfed it H4Bip to affﬁl@l\thé 86 comporinal ds avweatle pryduct (42 g, ~98%
NN- di et hyl et hyl am ne (47.7 g, 653 ninol),

st butyl di nethylsilyl chloride (46.1 5 g, 306 mmovl)
and a catal ytic anmount of 4-NN-di met hyl am i nopyri di ne
(1 g). The mxture was stirred at roomtenperature

for 2PZRAPARATIONEOF €3 ¥SpA-[(il Xt DirectivplsthyDdimtetioy1sihl joxy]-
et hyl acet ate 200 n.) and the orgapic Ia er vvashed
with 3w alsilvl 5'5!_,-_;'—""b .,‘v U
bri ne 0 ¢

sol ut |F[((§)nla %"fg%}qs%ﬂ_noq.n%%g%@&ggllg%dgyg}rﬁhg ng??% ?)\I/neL at room

PG siutdinsSI0fal eovadboltOmes Mlasnivioididd (¢hlveaisthyllo
afford the title compound as a crude product (42 g,
Aogethylphenydsil anpﬁ&mh& ‘onneyt). (Bl resulting mixture was stitred for ~1

390 & bl ol oABh Bl tgisrgsmxhseow @ binide-

Jeﬂﬂletlayfsﬁlﬂd'e mSBfnbléxS(!Z |18 Ig) wwnwsl) e At @dte afBthe nlistufOwas stirred
suspensi on of magnesium (1.18 g, 48.5 mmol) in THE (15
it jocan tompsratutedpm} minvtes. | The TeIting sobiien wastcoeled do -78°C, and

i R A SRR A R T

sefutloﬁ of b@K‘Z t934 Bﬁﬁ(ﬂ) Inh?H (52 g13! the RaGRMmixhie Wk Stirred at -

sol uti on,
78°C for 1 hour and at O°C for 3 hours to complete the reaction. The reaction mixture

I—q

was poured into a flask containing hexanes (200 mL) and stirred for 10 minutes. The
mixture was filtered through a bed of diatomaceous earth (Celite®) and the resulting

filtrate was concentrated in vacuo to dryness to afford the crude title compound.

PREPARATION OF [3S-(3c, 48)]-4-[[(1.1-Dimethylethyl)dimethylsilyljoxy]-

3-[(dimethylphenvlsilylmethyl]-2-(hydroxymethyl)cyclopentanone (35)

The residue containing 34 was dissolved in THF (80 mL) and transferred to a
500-mL round bottomed flask. To this solution was added yttrium
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di met hyl sul fide conplex (2.13 g, 10.4 mmol) was added,
and the m xture was stirred 20 at roomtenperature for
wBQomwased1es. The resulting solution was cool edPCw/USZ®R/039554

and to it was added slowy chlorotrinethylsilane (1.2

g, 11.3 mml), followed by a solution of 33 (2 g, 9.4

mbﬁoﬂl&hﬂééuf&am@s 841)8nd hoformaldehyde (W8S 8L 37 et %
78C for 1 hour and at OC for 3 hours to co lete

stdhmdnea&"hc ooultifigenixae waostirdat gewn ioererbIe e 13 Rews i

flask 200
srrRIFiEde FeAeiors “THegeaanunzs dprripes BY R}l deddid0 mL)
Q{ 8 QHEh SRYILRehSFh kIR(h)). Ritconttinddesdhiit eyer was

trate was concentrated in vacuo to dryness to
ahihed dvithleriner Q0@ nili)t dréedopepmegeesiunpREBEAT onpeoptrated
[&3 \%;%3 #é@% |]t'% g}v)e]]Seogwde%tqecompound (2.12 g, 57% yield).
3-[ (di net hyl phenyl si |l yl) met hyl | hydr oxymet hyl ) cycl opent
anone (35) 30 The residue contalnlngls4 was dISSO{VEd

WO 2004 B Ehime : 2 1) etl\{\qenecvc ope atu}oﬁlle %)85

trifly gggﬁg?%ggg (%@596%§ t HODCM L AAUT QS added

for rral sol ution). The
'E:&eil&‘;l’l&ﬂlﬁﬁ (msxu WMIE WESmsiol)rat edcasﬂowwlmn@by methagesm&ibnyl
12 hours to nBIete the reaction. The react nyas .
qhleridh 662@5/@% o7 aeraphi She pEuling @ﬁuxmwmtu*r ours a

tracted with eth nbi ned
G rearais © bl AE AT s frdnSby At 800 08
QYL EHiERINS Y. Ol 8t -85£(0.683thE 0N SR At} wds added\t@ﬁmaeao@on

dryness to give the crude title conmpound gz 12 57%6
yiigtue) and RRERIRAT NENUGFYEsagred)ford hpyg abro 5 fefnpStatute f0

F@Wﬁq l & g@%ﬂ) ib&%a?’@fon%ﬁ%e%lpoﬁwd into a stirring mixture

'EEB Bihg quﬁsﬁ%&eﬁﬁmmm hae ((6%) 25 i) Fod HCM (25 mL).
utlon of 35 (1.2 g, 3.06 nmol) in DCM (20 %gyéover

&M@dganw lagm‘rwasampmte(l endsashed, Wlﬁl Wtem%ln)? apd
ﬁﬁ!e?g\ﬁwg %qe) 80}?‘%’8 t ha'}ﬁﬁﬁé; gn%'la ef B g ?a&eothgg de title

re was stirred
5@{1‘?‘1 atq qrp%l%t:mer ature to corrpl ete the reacti on
ormth nesylate. 1, 8-

dlazablcyclo[s 4. 0] undec-7-ene (0.685 nL, 4.58 nnDI)
mas added to h nd 1 he ,

.....

C°”p' ete H)?ne"t 11 utl@th Q%bt@i leﬁb BntaRs] (BUT ed
into a st al ni ng aqueous anmmoni um

chl or itiea s6d1ed (-owd)m%edwmioh ofid («D@m 4251 mirhol) itTREF (25
organi c | ayer was separated and wash

bnLhis, a Hemdriowed betgmedaiagk @glplgﬁedﬁy}th R érgon u\ﬁa % whs added
g& A n{r{eﬁryéborogdrfdg %supepgydn%e®a¥$ I o) MAEHAANE M T

solution) over a period of 15 minutes. The reaction mixture was stirred at the same

temperature for 1 hour and slowly warmed to room temperature to complete the
reaction. The reaction mixture was quenched with sodium hydroxide solution (10%,
25 mL) and extracted with ethyl acetate (2 x 25 mL). The organic layer was

separated, washed with brine (50 mL), and dried over magnesium sulfate.
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20 compound, 1.1 g in 96%yield. PREPARATION OF [IR
lac 3(3; 4a)l-4-[[(1 1-Dinethyleth 1
woizomtosydisi | yl | oxyl -
(di met hyl phenyl si | yl') met hyl 1- 2- net hyl enecycl opent ano
78C), stirred solution of 36 (4.8
gConrQntmimmvﬁ the crrgarme@y(s:zﬁa vagigp gavp thecrida tde gempeiinge 458 g in

B i, "R ey Shas PaRgR0 7 tsing

(37) To a cooled (-

o P i B Rt

PCT/US2003/039554

Nhilicaddl fladiBhkomatoBraphy Syl s2elaté/iieRBlesqY Alv/Q) @efoRd hefdesired

15 mnutes. The reaction mxture was stirred at the
shastereamerpégan 88% ¥ield. 1 hour and slowy warnmed to room
tenperature to conplete the reaction. The reaction
nixture was quenched wi th sodi um hydroxi de solution

T@éNW’&F 1 £l &

or ganl C
st

organic layer in

e compound

At Bl ethsdylloxyl-

ayer was Separate VVaS e W t
dgll pithyl] hylencsudlbpdang

e conpound,

4. 58t gﬁ DeolIRdh ¥t £ @a E ﬁ?ﬁlnogj SItI—ﬁF msﬁ} 4 #do- HlL round

S”pUr |

y using I ca gel

fBo@@hwdﬁTa@lﬂﬁh@@d@[dl’syqﬁlhylﬂy ﬂxphé@tlpﬂd&phan €549 ; A7wimdl), iodo

to afford the desi

red diastereone

in 83%vyield.

wmemwgda gunohsat diptadeaporet (91 Tk, 5. tashol) i -

ST RN RO Y i

Err?td%ly: '{%‘?l for % Hours then warmed slowly to

| I%Bﬁ%ﬁb@rﬁﬁ@é Wdra Ifenba @01 AbtpeRd Stirfedallirdém (S8perate) fof 02

a solution of 37 (1.6
ahaugOtorsompdeiathe ri@tlbut

%, 4.24 mrol ) in THE (20 L) in
Thatanctiomwirs grenchethlagaddition of saturated

Se uent | 2l l % & f \ﬂe rr%lSB gﬁ?%e)rg%%%ng glixtgfe ex%gée& with a
dﬁlﬁ&ﬁ%'&?&ﬂb@tﬂ Bemyl &her dnd h3ptafid-(1:4; 2'x DPBAD)). Athe-orddhle layer

The reaction m xture was stirred at -78C for 2 hours,
twmeairqvednsgmmyn swfate asheoneeniesiesk invacen/orgive @’éﬁﬁ? product

f.1h .
il oS ol f 81k €9 Binor oS IR SR R iR Round in 1%
HHEAGNRY Hy addition of saturated 15 ammonium chloride

solution™(50 nL) and the resulting m xture extracted
vvlth a mxture of test-butyl net hyI ether and heptane

crude productSh

chr omat ogr ap

%JQ }'2; g @g@&&&%&&%@%@@ @I n5 1 o

yi el d Tda8dtuten of 38 (1.8 g, 2.9 mmol) in DCM (25 mL) was added
tetrafluoroboric acid-dimethyl ether complex (3.53 mL, 29 mmol) at room

temperature. The resulting mixture was stirred for 4 hours. MeOH (25 mL) was

added to the reaction mixture to make it homogenous. Solid potassium bicarbonate

(4.35 g, 43.5 mmol) was slowly added and the resulting mixture stirred at room

temperature for 1.5 hours. Potassium fluoride (0.85 g, 14.6 mmol) was added,

followed by aqueous hydrogen peroxide (30 wt. % solution, 3 mL). The reaction

mixture was stirred at room temperature for 4 hours. The reaction mixture was

concentrated in vacuo to dryness to give a residue. The residue was triturated with
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20 PREPARATION OF [1R-(la 3a, 5(3)]
2- Am no- 6-i odo- 9H purin-9-yl) -

wo-2boachszay - 2- met hyl enecycl opent anenet hanol ( 39PCTwS2003/039554

solution of 38 (1.8 g, 2.9 nmol) in DCM (25 nL) was

added tetrafluoroboric acid-dinethyl ether conplex
o33 125 1@R). N Jonatingdbangail ldyenpes eangertratathia vacuo to give the
resulting mxture ¥vas stiorre% for 4 hours. MeOH (25

itlp campoungipsasolid (P-H8 & BAEOIIM mi xt ure to make it
honbgenous. Solid potassium bi carbonate (4.35 g, 43.5
mol ) was slowly added and the resulting m xture

st r 1 edPREPARATIONEDDEI S 1L Sof 4F 111 B tbpahe:-Betialyivem
fluoride (0.85 g, 14.6 mmol) was added foll owed_h
agueous I hpidronanethsboxmadylerecvgiopenty g _-’...5.&05 S _

The reacti.on Kt ure was st.pr

t enper P ET o%?wa ﬁcﬁi r1§29 e Brdé aslécﬁ?lg%{yrc# 0)%?%% @ N mb) was
Chﬁ%ﬁ Bf FcathdePay AHRpRRe OF #4868 forllhdiik Wecanplesithéiaction. The
The residue was triturated wth 87 W 2004/ 052310
RETHUB2IREBA OB ASGbledIGNI°CInd n2atratized sipmdy by additieriof 3 N HCL.
organi c |l ayer was concentrated in vacuo toegl)a¥g96JEf0rlhour.

Decolorizirgsathen (88 2} ves|added: GTlysmixtugesas heat

PREPARATI ON OF 7 o] 403)c1 .

ity avyios st bty S A idmaccops ertGelige). The

l(rgﬁlgfﬁlgcélgarggtréte | khoodled Andsqaed ah)21A40 eif¥dtertadliizafidn. The
.54,

. mmol ) in sodium hydroxide (2 N,_ 10 nl)
vasducheas edllested byiltratdesr andririedrindpheacaustio affgrstibe e 1

hour to,co te the. reagcti T reaction m xture
VReERouRY gqjg%ﬁ@erygtaﬁnﬁgaﬁﬁ (e éugb?r’ X%ﬂ?@ by addition of
3 NHC . Decolorizing carbon (0.5 g) was added. This
m xture was heated at -90C for 1 hour. 10 The hot
mxture was filtered thr dAMPLERE of di at omaceous
earthCeIiter . c Wale j

cool edRMeE23 808 FiE L 0 S
The Pf 6’-‘3&1 654598185138 x{inbthyBi-Remande Vol dntyl]-
under itle conpound as a white

{

crystalline solid (0.216K;pui6% gnea2d) . 15 EXAMPLE 12
PROCESS FOR THE PREPARATION OF [1S- la, 3a,
4(3)1-2- Ami no- 1 9-di hydro-9-[4-h droxy-3-
hydr o t $ y ;
(21) "---‘ OO R4S
1- Di et hyl et hyl ) di metibyb-2idyelobentgh-1-ol (40)
2-io0do-2-cycl openten-1-ol (40 .

Toa s?)/lutior? of33 (40 g, 188 gnmc))l, as prepared in Example 11) in THF (100

mL) in 1-L round bottomed flask was added a solution of iodine (105 g, 414 mmol) in
DCM (100 mL). The resulting solution was stirred at 0°C. To this solution, pyridine
(36 mL) was slowly added through a dropping funnel over a period of 20 minutes.
The mixture was then stirred at the same temperature for 3 hours to complete the
reaction. The reaction mixture was diluted with terz-butyl methyl ether (300 mL) and
washed with sodium bisulfite solution (600 mL), HCI (0.5 N, 500 mL), brine (200
mL) and dried over magnesium sulfate. The organic layer was concentrated in vacuo

to dryness to give the intermediate iodo-ketone as a yellow oil (56 g) in 89% yield.
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To a solution of 33 (40 g, 188 mmol, as prepared in
Exanple 11) in THE (100 nli) in 1-L round bottoned

woleasikosyas added a sol ution of iodine (105 g, #&4/uspmB39554

in DCM (100 nL). The resulting solution was stirred
at 0OC._ To this solution, pyridine 25 (36 nL) was
sl owl ¥ Oaﬁj@é}dd bhﬁt@ngm%skmquwpﬁd@ﬂi@ﬁr@égomﬁ pAgHEHs sfifrer was

Shord o) Boriad Pt FFS SRPEbY FRMEOH A mL) and

kea6d aﬂﬁomﬁ&ﬁpé@ﬂ@é FoRBOFhNheE. e TY@Ss Gﬂlﬂréﬂ flutidnt the iodo-ketone
text-butyl nethyl ether (300 nL) and washed with

Mg U 5SH muol) indVe@H (60 m)(v@e@dcm andl-«qole@(jo 560NC. sygthis cooled

Pl ISR B AR B
0 8§ PTG 3 -

BG'T(E bie? OD3¢ DB obcther BO rAinuted el chaplctniel re‘abﬁ&kasqngqn]ﬂgdl“ LC.
with an argon inlet

nagnetlc stirrer was c
déereastion mﬁu@revvh%@hmdymtbﬁ@ t-puiyl megyl stiierz@oﬁﬁfg[S)ané Agshed
BTy Sy e B8 e, A0S0 45 5

(n’@nlsmxh@ﬁlf’éteﬁﬁ@&ﬂteteﬂ oHEtGlht(e&G finel Withe ﬁﬂﬁl&dwamcbncentrated on
cooled to -60C. To this cooled 5 sol ution,

Bapishy eiapaatqrao 28or the desingd presiupt 4has fé?él]@é’dml 65 i g , 91% yield).
portion-wi se. After stirring the reaction mxture at
-50C for 20 mnutes, the reaction was warnmed to - 30C
and SIREPFLRATIONaD© tjse ER$8- i1 MuD@setholegRMBInedtByIEig]oxy]-
reaction as | udged y TLC. The reactl on m xt ure was

di luted y 3 4rbe G f g

e LT SRR P Byl

apslr fdaclory \%Qs SMaeAnsiansd Beanches Shambi)ahd at e was
concentrated on a rotary evaporator to afford the

Mlm“lsﬁﬂpmpmmmﬂmélaﬂmm BiIPACEEPIYP):BE Mosi%). dfhe reacto
P%%ng@;— Wit q:tgg(gg?s forSaBout Lﬂ tes. ]Th[e)| rga?cttohlywa hréxged to about 50°C
2nd é?és%%e&}@gﬁdg? g? EEF AGie Lok ?HW |cbﬁ't1rﬁféﬁ %Hfﬁts{]}r@rnﬂﬁ at the same

est ol ution of 40 (18
ipPeshaetdnd 18fipemdtprel for Shewalte@ domplatt ‘rhe rea(:ﬂan rTlleetaacttmn)mlxture

added t t hyl 36 nL, 264. I d )
i wpwglﬁﬁgegi't 51%%%%“11 5&%{£ @qﬁt%%)a}%a?ﬂgﬁqr%d- *Ihe organic layer
[v&’qgaa%ﬁg’ %Pil%;l Zbrﬂlgl,' d%Bried DRE: HEAR %%In sofd. THesREhic layer
nitrogen O? about m nut es” e reactor wa

h@x’stc@ﬁcdnﬁ'a&ﬁﬁnl Vahio o deymessin e irideprotioct adoet waﬁplmﬁed by
The reaction was continued while stirring at t nme
zolusieeomatogrphy EnpEe thedttle oampoyng 6Lre g}glél “@éwﬁlyﬁl‘i

the reaction. The reaction m xture was concentrated,
diluted with ethyl acetate (50 nL) and filtered. The

or gani BREPXRA TIOBSOMEH) SR ) \§-(Benyailety)- 4@F[Lnadanahdeﬂ1eﬂ

over magnesi um sul fate. The or gam c | aye
dimethylsilvlloxvy]-1-cyclopentene-1-carboxylic acld methyl ester (42)

)

To a solution of 41 (0.55 g, 2 mmol) in THF (2 mL) at -78°C was added
lithium hexamethyldisilazide (3 mL, 1 M, 3 mmol) and the resulting solution was
stirred for 1 hour. To this solution, 1-adamantanecarbonyl chloride (596 mg, 3 mmol)

was added and the resulting mixture was stirred for 15 min at -78°C followed by 30
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was concentrated in vacuo to dryness to give crude
product which was purified by colum chronmatography

woaogiosesibhe title conpound (11.6 g) in -81 % yrelu$2003/639554

PREPARATI ON OF (3S, 5R)
5- (Benzoyl oxy)-4-[[ (1, 1-di nmet hyl et hyl )

linmbhu rabmbmpwhuémme tieqogetibne dihb ceaytibe naxtuck was
met hyl ester (42 a solution of 41 (

ditetiedl with efpet a(:gtaim@S mL) ap@washesd widly gdilml%sﬁa{hﬂ%ate solution,

hexamnet ld| azi th

N B e e o el G e e R 0 ablps i give the
SRIdd pr&nct. lrha@mrﬁ@msa@bawhu@ha @ohleOFR%ateyto gve the title
nmol was added and the resulting m xture was stirred

fcompa®chiOr7ag) in 7880 d¢llowed by 30 89 WO 2004/ 052310
PCT/ US2003/ 039554 mnutes at roomtenperature to
conpl ete the reaction. The reaction m xture was

di | utpgge AR A TRORYOF e t588-8-[((23 Metaﬂdthwﬂﬁmﬂhmlﬂm__‘i
sodlun1 |car onate solutlon w@ter and brlne ] )

3 i - Alh d : 0
Sryst ét“q 3 sz%égwe wg%&w@? 15 “3?9%%@9% TFﬁ%gM at room
&g&p&%ﬂe 8 édﬁeg)pheﬂyldlﬁl%%yydmresﬂaBBEm&gumlﬁfom AFhe

4. [1(1 1-D nmet hyl et hyl') di met hyl si | yl'l oxyl

5
[r¢ sohil tivemt mydtmhevaﬁlsgrrb@ fc)rnﬁthw;t to form the Grignard réagent. To this

-pleugl%g e nt ed{gf: ?ﬁ.g b Iwcr?.F ?é&e%ga%ttﬂé/ gas@l%ﬁr}go?])(lﬂg’ﬂ stirred at

delesled to -78°C and t
e

neﬁué&kmgsnwwyumehmasoﬁaz(m@g3ﬂdﬁnmnohomﬂYEU29®M@rﬂﬁ@
Gignard reagent. To this _solution, ﬁg %ﬁiz% |odfg
(reacgiog migtyre mg stinsent -AHG fond hpé@apﬁpwg obgsagHon. The

stirred at r

SRR et BTN SRS R ORI M sl o
ageigetafirO VI Ne MisgotcUbdsaiilugid with éthfl @etaB2(388 miftymin}l washed with
THE (20 nL). The 15 reaction m xture was t| r

B Gt drmmcnne shiogde 639@%@)@ sediemyhydeaxi e mL), water

a@ g& gﬁpﬁ'gﬁf@ ?fdg) C}Hﬁjj ’@%,por e ?agzgll %{h@&%néa; ?Jg?e %Js%ﬂﬁﬁlfate

dinldéoRebntatdd iR VMo 18GBleahecfid0atlotdmporchdias ea 100%lyield.

saturated amoni um chl oride (200 L), sodi um hydroxi de
(1N 2 x 150 nm.), water (100 nL) and brine (100 niL).

and CRREBARATOR o35 SOl EDIRBRORTIR Ay B I
conpounds._ Btk h %1 1R eCNnﬁ&laé -

4-11( 1o, ne et hy |mst ylsilyl (dlmsth
| ypheryo alsblyah))mfﬂﬁ/(llig, 3&5léltmpel)tueh@cam Dﬂ@ﬂem waspdyled

diisobutylaluminum hydride (113 mL, 113.4 mmol, 1 N in hexanes) at -78°C slowly

over a period of 30 minutes keeping the temperature below -60°C. The resulting

mixture was stirred for 2 hours at the same temperature to complete the reaction. The
reaction mixture was quenched by addition of sodium hydroxide (2 N, 200 mL). The
organic layer was separated and washed with water, brine, and dried over magnesium
sulfate. The organic layer was concentrated in vacuo to dryness to give the crude title

compound (13 g, 100% yield).
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To a solution of 43 (15 g, 37.13 mmol ) in hexanes (100
nm.) was added 25 diisobutylal um num hydride (113 ni,

woksos#bsmarol , 1 N in hexanes) at -78C slowly oPem/us2003/039554

period of 30 m nutes keeping the tenperature bel ow
-60C. The resulting mxture was stirred for 2 hours
at the sane tenperature to conplete the reaction. The

reaction mxture was quenched b addltl on of sodium
DFZ0R. S. $R» anethwlethw] darethylsilyl]oxy]-

and . dri efl, 0 9hs)

¢ ."?FE”*‘E%%%@%%Q’ FT%“&@H%% 1/6¥€|§€£4d§1q L

RET) WEREHB O3h5d %Immthﬂﬁte (WRP2R 80%5pure, 27.62 g, 44.68

5R) - 3[[(11D|msthyleth dlmsthyIsH || oxyl o
ompnpbi s RHBAr RSOV aypmﬁvs@ hotr gkespipgitie temperature <0°C. The

h I
N T
5re56t1)oanfhe 26le66n Hﬂﬂmwwﬂlmmﬁh ethypinteliad (300 rQIPMRA, washed
80% pure, 27.62 g, 44.68 mmol) in_six portiaons ove mi)

peith safursted Sofivn: blSklé'léqo@Q@ mlﬁesqd@ﬁ@ dydogide QEaY 2rnéd
;%a%t 1%@{}1@ (i ?egt‘?’:ltéa{g{n%s%gm%{ﬂfa@eﬁgg%?h%m AT €

reacti on ction

Nd ok eHtRteRR vgbﬂtdlﬁﬁﬁyﬂ!sﬁ b @vbite cagRitilecobddndi)3. apd2%)

washed wth saturated sodiumbisulfite (200 ni),
sodi um hydrOX| de (O 5 N, 2 x 150 nL), 10 brine (150

9- yII-3 [5(1 1;WIMMMMMA}_)

1- 2- t 1
2X%ydrs&§@§@ﬁ%éa$gﬁﬂﬁ%%féﬁs%z”‘f%¥ sy $mpmob in
f}%ﬁm Morl ?%ftﬁb ?&?Lg% (SRS AW PR W ds RAdéRRhehim Bkdride (0.4 g,

y

rmam de (50 nL) at room
t s eirAdl) hea velil mdahe gottidnh |"Ehmshyp¢nmdne W(as stdrreq at re@m4emperature

TICAEITIN T s —
pOIhI;.]t (j‘se(éfg &S§ I3?t6I fitho dﬁ@&?%ﬁﬁﬂramﬁ’e |@'11§L)S ‘ﬁhb‘?éa@f‘on

ut'ion

dhﬁﬁhfé)’kazfsq{eﬁﬁmad 809 fbr Eﬂ-h)ours'lfb eofmphetd the meact[bm ﬂIhe reaason
heated at 80C for 4 hours to conplete the reacti.on.

Théxtnesawasi dihitednivite atbesl sestnte200 ele) anripshedyyrth sedipmyhydroxide

Oy St 5 i ARG R o o i

| @Xtﬁﬁ:héﬁ%&@% by £% 1 Wut BnEhndre@alhd Alrag) wﬁmonl:eﬁtfuwd ianvecuo to
| tered he filtrate was concentrated in vacuo to
dryness to give crude product (20.4 g). The crude product was crystallized from

MeOH to give the title compound as white solid (8.8 g, 41% yield).
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25 dryness to give crude product (20.4 g). The crude
product was crystallized from MOHto give the title

woanpmseaioas white solid (8.8 g, 41%yield). 9RCWDS2003/039554

2004/ 052310 PCT/ US2003/ 039554 PREPARATION OF [1S-(la
3(x, 4[3)1-2-am no-9-[4-[[(1, 1-di met hyl ethyl)

di me PREPARATION OIF-[3S{(( di ’ﬁntﬂ@ﬂ—lmhmmf%mw I Y nditriestviethyl)
2- met hyl enecycl q one (47) To a
round bott ond: X r3spfdimethylphepyisilylmetiyllst j 1 r er
and ni trogen A§TTC 3 ound 46
(1.27 g, 2 mm e@lll él{eg 11) § 98d &. g, 20
mol ) TancoGh2 GbZoratd flagraquipppé m@ﬂhlarrﬁagn'étie stii@@cind @ftrogen
m xt urgﬁwas cooled to OC and pyri di

ban%M way Fhsepd comuoung #6Wh37 godl Emal) toRetyirthofosmate
an'gz gf s d;ﬁ,;aﬂa ()flt-Iu(Eltz %‘Eﬁm gg]{;iﬂtofg &R@PQ&E’E?&PI%D&&I%I‘V;% cooled

verni m xture
¢O 0V Ahd pritinium presitkheb @l feda tél‘(giﬁ%) vodschdiBeto 88 bld)lhh&g The
concentrate extracted 10 with et acetate (100 mQ
aprstion MiktyreataNEMoEd te goem itftmpe(r@orerﬁn)i stifr@ overyight- cThe reaction

Gl 0 SRR P RSl AP RS bt S
Wath dthyl @detilet(NOEHES 884 SaRlated NHHYOL sa@u&@géorﬂan amé dRganic

catalytic anount of acetic acid (2 dr and the
rl@@uww srparpiod; died @é@s%ha@@cqmemtattdjw iagro tcoafford Mficleight

t
SRk PlludBod Vs EORE B &xGs oo b s D gnd asatalvtc
hﬁﬁ)uﬁ%béﬂd‘&l@f%p@' hnd\@8 rdFulB@ niixhlte WBOREA&ProTedlux for
and N HCl solution (10 nL). The sol ution was heated

118 br efftarcoelingzho raomutcmpgemre tharspisecetioadydiidghwas Ehwved by

VBT RGTR B rnting b5y Bl RGeS o™ 'Megﬁgsq@ nd 4

TEC ssiidd 09 sy pﬁﬂ:Séo%lonVWa% h%ét%& 86 1Rl Winbi & aQH%
x 100 ) he conbi ned organic | ayer was dri ed

aiacpere oaclnilgmnfmeeﬂfé was reovaved by tdostidlfion andthe Isoluhon was

a8 s of o EEEh 0T UBY o LA Bt FrRRERapspension

[ I
)% ff{ﬂi&%rﬁ \?]igh Cleﬁég dir ot 4’fli]qe>§:dogllg5)%r;e:d3(§rg%nlc layer was dried

EN@&S}ZH) andyeoaténttated in vacuo to afford a thick sem1-sohd oil (compound 47).

2-met hyl enecyc| opentyl | - 6H M n- 6- one ( To a
)STBP Gtudg HO@PO‘&%‘@ ‘taquieﬂ 1y thepegreagian er ubdwitizer o
g@lﬁ padded tetrafluoroboric acid-dinethyl ether
onpl ex (O 45 g, 3.34 mmol) at 0C. The solution was
stirred for 2 hours at OC foll owed by 14 hours at room
tenperaPt ure. To this sol ut| on was added sequentially,

{ (10 3oL B3 -Aanii q—l 9-dihydro-9-[4-hydroxy-
3-(hydroxymethyl)-2-methylenecyclopentyl]-6H-purin-6-one (21)

To a solution of compound 47 (1 g, 1.67 mmol) in DCM (10 mL) was added

tetrafluoroboric acid-dimethyl ether complex (0.45 g, 3.34 mmol) at 0°C. The
solution was stirred for 2 hours at 0°C followed by 14 hours at room temperature. To
this solution was added sequentially, potassium bicarbonate (10 g, 10 mmol),
potassium fluoride (0.58 g, 10 mmol), and aqueous hydrogen peroxide (30 wt. %

solution, 1.2 mL, 10.6 mmol). The reaction mixture was stirred at room temperature
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30 potassium fluoride (0.58 g, 10 mml ), and aqueous
hydr ogen peroxide (30 wt. % solution, 1.2 ni, 10.6

wonl4)os23ihe reaction m xture was stirred at ro®egu/US2003/039554

tenperature 92 WO 2004/ 052310 PCT/ US2003/ 039554 for
14 hours. The reaction m xture was concentrated in
Vaclbhouth eTheshdtion mixsure meas bymdeatrhﬂed édvdauomhatasidue (Was

afford the title co ound 80 , 39% vyi el
TecrstpieysHiem regte ﬁrpmp@md[ ({80 35" @aeidg
4(3)1-2-Amno- 1 9 d| hydro 9-[4-h xy- 3- (hydrox)rreth I
- 2-met hyl enecycl ppentyll - 6H wurin-6-one (21)
PREPARATI ON OF [ 3aS- ( 3auBEMAMPLE,.136aa) ] - 5- (Acet yl oxy)

o R S S,

t et r ahydr o- ZkkcyclopenhaﬁbﬁﬁygaﬁmZggpe 49 (3.85 g, 31
mol , prepared as described in Corey et al. J. Med
di efn. 1993, 36, 243), parafor mal dehyde (3.0 @),

d >

sul furic
15 for 3—3; %Q&')ﬂ&ﬁnq_é?hﬂhﬁxﬁﬁjd% Qm%ﬁ%eﬁgﬂﬁ %Iﬁpg"OHm 50)

acet at e e solution was concentfrated in vacuo
and t HEp 4 80 thilleroumbbaticmsel flesll was chargyd (JaSebaRt)e3, (200 62-

Yggﬁ%ﬁ%’é@f’%&%%@%&% éﬁaéfg,s o %geg%g a5 escribed
l??ﬁ%@gedl al (fﬁfeafc%m Godd) %62 })ﬂﬁfoﬁﬂalﬁé’fﬁfde $0digy rQlacml acetic

concentraté cuo to give the crude
wcﬁﬂ@otmm add @&me&mecbmmﬁc ;mdc(m ehl )veRhe2flixpue vk Behtéd/to 74°C
silica gel colum chronatography to prOV|de the title

donpbhewts 3o ﬂlegsrcl)lut@g%as adpebsgd AT @sEtate ffgbs’ﬂ“{%utmwas
He
AN P S et ety e 390 ). The

TR hRiohGldtwRRePlith Gathdfeddsodiuns B1cﬁifmhéte isolulyBiOh {1 Hd0zae )
was added potassium carbonate (15 g). The suspen5| or(1i

verolutionrwas bsarveds ohhet cgaqaée Hh?b?ﬁ avap drle@ oes pediunEyl

suspensi on. was dded (60

xR g8 el kb BrEbPLE (O s prgd Pibgugywas
HMRIRG2AKS g8B¢dhiink ERlohia€dgdraphy td Peovidd the &itle cv@pound (3.1 g,
concentrated 1 n vacuo to give crude product. The crude
p¥euct was dissolved in 30 MeOH (15 nl) and to it was
added diethyl ether (100 nlL). The resulting suspension
93

PREPARATION OF [3aS-(3aq., 40, 5B, 6ac)]-Hexahydro-5-hydroxy-4-
(hydroxymethyl)-2H-cyclopenta[b]furan-2-one (51)
To a solution of 50 (10.0 g, 39 mmol) in MeOH (100 mL) was added

potassium carbonate (15 g). The suspension was stirred at room temperature for

3 hours. To the suspension was added ethyl acetate (60 mL). The resulting suspension
was filtered through a pad of diatomaceous earth (Celite®). The filtrate was
concentrated i vacuo to give crude product. The crude product was dissolved in

MeOH (15 mL) and to it was added diethyl ether (100 mL). The resulting suspension
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WD 2004/ 052310 PCT/ US2003/ 039554 was stirred for 2
hours at roomtenperature. The solid was filtered to

woive/dsbaotitl e conpound (3.62 g, 54% . PREPARATIUSRO0OGI39554

(3aS_(3aa, 4a 5(3, 6a(x)]-5-[x(1,1-Dinmeth leY thyl) 5
di met hyl silyl'l oxy]-4-1{1(1, 1-di net hyl et hyl ) di net hyl si |
quaiayljed@m'ghqlhe lagatonpédatucy dihe peﬁ/\d upblittered e give fee title

(52 sp ion of 51 (4.1 g, 23.8 mmol) in DCM
pﬁﬁ?da%éy%&%é@'N,N- di i sopropyl et hyl ami ne (9. 44 g,

71 4 mmol ), 4-N, N-di net hyl am nopyridine (0.41 g), and

tert-butyldinethylsilyl chloride (10.8 g, 71.4 mmol).

The r eER:EPMI@N@E@@q%@, 401,150 m&ﬁ IK(thrDlmethvlethV)

i faaro-2.

andbrl ne. The orgalg i centrat ed in
mki%?ﬁ-pk f03nY5ne

vacuo to give the c a chr omat ogr aphy
on si ITeasuspehsiasofity @tihy 23 z%cmtmil)eh Or(@8 n{lD/vias\atddgd N,N-
to glve the title conpound (7

risppREyE b laorng (R4 g.o/ 1. pmody: & %}}ﬁmsetﬁlqr&mfpml%% {p-41 ),

1%8? ne%hgyll%"ﬁq del%e(fstg&rylél@ Xilg; %‘,é t1 {145 1Jm%l L): The reaction mixture was

fsyldﬂea &Kﬁmﬂ ’Qﬂ@ﬂfa&[te i@t laaks. (B)reddion veasspekead nmbgoﬁvaﬁﬁng
mmol ) and (1S)-(+)-(10-canphorsul fony
cma PiraFicd. 1B Mot hycroxidhoAnd T ko EPHA SoLylls was

S 20 DB 000 Bl m i

Sgell 6186l eth9T acktabe/heXahés (112 v/ ditiethe qigle cot@dund (718 HESOP).
(15 nm) at -78C and to the m xture was added sodi um

bor ohydri de, (0.34 g, 9.0 mml) The reaction m xture
was war geg . s .

It was @
wi t h thethﬁﬂﬂn&mimirr(p>fldﬂﬁeﬁ&lemv@ﬁuﬁéthvlsiﬂmc&%ﬁaﬁm%s

sodi um sultate, and concentrat ed in vacuo to gl ve the
crude triol i nter nBdirex emetha

t Y
i nterngdi ate 53A ed i
vvat er I‘Lf aﬁﬁ?eml%gﬁe&@%ég 1£%}}'\‘ﬁ?§6 &)\/\ggt %ﬁ’@g‘&rsulfonyl)
7875(8mdf} i THEQ10 TR As AAEd §di
resu tlng mg%aure vvasﬂstlr%gd for 1Shour at Urlgom
tlespecdhlyldidlazith €5 mIxeflr Bl sohgiondn TEF) at F8GCe Iy Ireaction mixture
acetate (100 nmL), washed with water

&;30 rrL# dried
ovasystistsdiford -8 Bpart & waghemaneashrdawitth MeQH (1) mblalg78%C and to

B e
SPAH WaFnRArO RydHh ket Aurdhid @tu‘re@ﬁ)rWBo%Q 014/\@5 $31fd into ethyl

PCT/ US2003/ 039554
acetate (100 mL), washed with 1.0 N sodium hydroxide (3 x 50 mL), dried over

sodium sulfate, and concentrated in vacuo to give the crude triol intermediate S3A
(1.1 g). The intermediate 53A was dissolved in MeOH (10 mL) and water (5 mL).

To the resulting solution was added sodium periodate (2.14 g, 10.0 mmol) and the
resulting mixture was stirred for 1 hour at room temperature. The mixture was poured
into ethyl acetate (100 mL), washed with water (50 mL), dried over sodium sulfate,
and concentrated in vacuo to give the crude aldehyde intermediate S3B. The residue

was dissolved in MeOH (10 mL), and to it was added sodium borohydride (0.227 g,
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6.0 Mol ) at O0C. The reaction mxture was stirred for
1 hour. Column purification of the crude product on

weizbismazygel usi ng et hyl acetate/ hexanes (1/2 vPgX/usans/ 039554

the title conpound (0.68 g, 70%9. 5 PREPARATI ON OF
[IR (la 2a 3D, 4a)1-4-[[(1 I-Dinethylethyl) o
@ionmatdoy) 4 i0PE] The xga]ctmﬁnﬁ;ﬁt[l(elwas stirred for 1 hour. Column purification

1 d| nmet hyl et h) LI) di met hyl silyll oxvlmethvl| -2- [FF .
Hherydeegurt opsilic @ﬁwspwﬁ YECeh efheéwséi@ré‘é)r%"e the title

a 98) To a solution of 54 (0.7 g, 1.79

ﬁpé&)?ﬁf ®§é§% 7@ ) was added pyridine (1 nL), and

p-t ol uenesulfonyl chloride (0.34 g, 1.79 mol) at 0C.

The reactlon 10 mxture was war med to room.t enper at
; RATTION OIA[AR-(1orRo: B AN -Damegthylethvl)

for WI(W%tEVlLénﬂﬁﬁf&ﬁHbﬁﬂmefﬂvﬂ @rcmﬁenmataawte(es&r (55)
m), washed Wth 1.0 N sodium hydroxide (2 x

20
bri ne Ta0sakutiqn Qﬁ54e(@ Togsdr79 mwi)umDaQMf(atr@L) wafcpdded %Wldme @a

oA 1558 L3Rt R e g ESRR 0on

ﬁ%ﬁué Klak $ra %'IHQ? Byl 8 ﬁlp&la@ugé B el f’ox‘/ ] H@ﬁlfh 3o tiichtéction

I met hyl e i met hyl'si Iyl I oxy] met hyl 1- 2- net hyl enec
)tﬁixﬁne Mg adﬂed(;@ﬁﬁime'l(@ naL)s abdddetin agfydside (Dnﬁ8 Bt yponpteg@erature.

i BWi r)sétlgegl'yg%trgwa;?t[ %% goggid_%t v\\f'\altasspo%ge into etﬁ;ﬁ' e (50
%ggh%a%e%%&m'o% Sodk 1672608 1y ? trik ,@an)de over

'trng mxture was ated to 100C for 2 hours
NBodiuktt &ulf@s and oalcedtrited towrud enadord the titlacnanpasmd 0. ﬁég, 77%).
added MeOH (4 nlL). The m xture was stirred for 14

hour s at roomterrperature I't was poured into ethyl

CO”I‘Fﬁ‘mtl Ecﬁﬁl@ﬂwﬂdﬁhﬂﬁﬁmethvﬁﬂ 1] mbﬂh«vﬂ %Hﬁtl&ldnbmlcﬂﬁhtanol (56)

chr'onat ogr aphy usi ? et hyl 25 acet at e/ hexanes (1:2
v/ v) gEvasalhdon pf 5% (0ctiimH Orf§ mpobgn gimetbylformamide (4 mL) was

Hiwgrendiy @é%é?%%é‘x%ﬁ g5t d oo 7-enc

#‘leg' gftﬁi@ 1%&1{1%@ Hilﬂﬁfer\%ﬁle'a{eﬁ% 10000 foretHdvts. Fhé-mixture was
t hyl enecycl opentyl | - 9H puri n- 2-am ne (57; 30 To a

Sao®frets reom edmpeBat(ife2tdriyg jt vas3@dediMeDH (4 mL

Cesiai oy b ea rBam HEPrRRES. o wes b PR ecstte (109 mU)
%A 1th9150 m{ég@? ?n'ﬂoorﬁglzé Oéflméodlﬂﬁ%ﬁﬁate and

azodi car ate (111 ny, 64 mol ) at -20C.
Tchﬁcérﬂﬁ@dd 74] ﬁzammtRurEﬁcatlon V1a silica gel chromatography using ethyl

The mixture was

acetate/hexanes (1:2, v/v) gave the title. compound (0.18 g, 52%).

PREPARATION OF [1S-(1a. 3¢ 4PB)]-6-Chloro-9-[4-[[(1,1-dimethylethyl)
dimethylsilylloxy]-3-[[[(1.1-dimethylethyl)dimethylsilylJoxy]methyl]-2-

methylenecvyclopentyl]-9H-purin-2-amine (57)

To a suspension of 56 (120 mg, 0.32 mmol), triphenylphosphine (84.5 mg,
0.64 mmol), and 2-amino-6-chloropurine (108 mg, 0.64 mmol) in THF (10 mL) was
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was stirred at -20C for 1 hour. It was poured into DCM
(50 nm.), washed with 0.5 N sodi um hydroxide (3 x 10

wol2do4/0d231ed over sodi um sul fate, and concentr aPew/usE03/039554

vacuo. Purification via silica gel chromatography
gave the title conmpound (0.11 g, 63% . 5 PREPARATI ON
%dc{dl(ﬁenhybazﬁdlcarboxylate (111 mg, 0.64 mmol) at -20°C. The reaction mixture

r‘iﬁl‘sﬁ é&@b%%@ﬁt e hég{ze}%ﬁq%p% g_lI_l %a@@g&kkaéed with 0.5 N
agg‘g%l t e(?Ir ?‘@Hﬂ“ hl icd Cf{’ér ¢ del)s‘(df&ﬁ’;_gﬂgf&ﬁ é@&teﬁqﬁ vacuo.

Fakificht@n i sﬂib&el cﬁmﬁeg@phpgavmtm titleecorPound 041 igy 6394).
at roomtenperature for 1 hour. It was poured into DCM
(50 ), washed mnth water (3 x 10 ni), dried over

. { =70 Y

R ATIOR! SHOLO BB D2
3a 4()1 2- Amn;aeﬂa ﬁ:né'é MMQ%MS
(hydr oxymet hyl) - 2- net hy enecyc opent 3L11- 6H puri n- 6-o0n

e (21)Tc30soletsoncafife(l 8@ thg, 6.344 nypol) freTHFd2 @@I@r\@as added

desqr ﬁl g?eﬂ“dlelRPn Exﬁ{{%hfel é rhly QF%LIEU% }&nﬁ@ES@t? rfactlon%uxture

%V% Spved aprognf temperature for 1 hour. It was poured into DCM (50 mL), washed
ydroxy- 3- (hydr oxymet hyl ) - 2- met hyl enecycl opentyl | -

GzHﬂpwaﬁen (%x b6 enl() 2driedRREPAGRATIGNI@E, and concentrated in vacuo to give

(2-Benz oxa-bicyclo[ 3.1. A hex-3-yloxy)-te
rthe tie P %%r Sf‘é“ﬁe (83) (R=test-butyl, Rd=CH3)
25 A solution of t-butyldinethyl chlorosilane (3.58 g,
23.8 mol) in DMV (10 nL) was slowy added to a

sol PRIEPARA TIOMADH [0 SA5 og3 o 24H)]-arohino- . frditevelod-8-[4-(h3d@a v-3-
g, 48 mmul) and '
2- benyl| ox8MI5 ' PUT in6-08 ek

15.9 » con(}er%g(ﬁeomg Rfotc?&ﬁg d a s eﬁa?%)%ﬁ'n’%p e ﬂ]e

m xt ur rre roo h. The
reaction was quenched with water (50 nL) and extracted

30 with ethyl acetate- hem&jwo m.). The
organi c | ayer was separ at with vvater (80

L) ang didkds pARUIAES

(Na2SOF~— 96 WO 200z % F ’
Concent.,9-dityaio- QMJhQMVBY(h@dﬂokf/memL)mqmwhtvlenswclmnwﬁI-
chromat ography gave 4.85 g (91 % of desired product
83 as an oi | . PREPARATI@ipupin-6-one (21)
f3- (teat-Butyl -di net hyl -sil anyl oxy) - 6- oxa- bi cycl of 3. 1.
Olhex-

PREPARATION OF (2-Benzyloxymethyl-6-oxa-bicyclo[3.1.0Thex-3-yloxy)-teri-

butyl-dimethvlsilane (83) (R°=tert-butyl, R=CHj)
A solution of t-butyldimethyl chlorosilane (3.58 g, 23.8 mmol) in DMF
(10 mL) was slowly added to a solution of DMAP (0.25 g, 2.0 mmol), imidazole

(3.24 g, 48 mmol), and 2-benyloxy-6-oxa-bicyclo[3.1.0thexan-3-01 82 (3.5 g, 15.9
mmol) in DMF (20 mL) at room temperature. The mixture was stirred at room
temperature for 16 h. The reaction was quenched with water (50 mL) and extracted
with ethyl acetate-hexane (1:1, 180 mL). The organic layer was separated, washed
with water (80 mL) and half saturated brine (80 mL), and dried (Na2S0s).
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5 2-yll-nmethanol (84) (R-=tent-butyl, Rd=CH A m xture
of ether 83 (2.0 g), and 10% Pd/C (0.5 g) in MeOH (45

wobkpomasstostirred at roomtenperature under hygCcogsmodA39ss4

10

15

20

25

30

atm for 3.5 h. The m xture was treated with ethyl
acetate (60 nL) for 10 m n. The catal yst was renoved
[Wontértiatioh rfalbwadrbycpmﬁ‘mamewuh sdmn ighl (hBGehatogaphy gavedt-85 g
washed with ethyl acetate (40 nL). 10 Concentration of
{RE0) of dasred PiodBeS3\A8 @Mk f ol | owed by purification of

the product on a silica gel pad provided 1.39 g (95%

of al cohol 84 as an oil. PREPARATI ON OF

TOPREPARATION OP(3-(raeiButyl-dimethyl- s1lanvloxv) 6- oxa—blcvclo[3 1.0]hex-
3-(tert-butyl-dinet hyI SI Ia cycl o[ 3
101hex2y|rrE' 2

C hI or |"£B§¥ @etﬁer@%@ 1 é}[‘]‘l 1% Wﬁw%%ﬁ?(? gnL) was
%%%é af Rofh t%ﬁip@fahﬁe uhfieralyafizeh (Béltm)tfbn :es by [TheinnistuE@ was

mml ), and DVAP (0.
rttc)ateaitwnﬂm bt asripter (8P 1o Tor H i T €S WaS PR By ltration

iy delgaeRgne s Gles) 2 yHUEFb I A ARETAT R0
%rfce ifdrdregk fitiag3Athr vinselilowed Bﬁp@tﬁﬁdaﬂ@n of thetproaluct on
owed by purification with silica.

Cahmﬁcmgel@adipfoylctg:d\le”]g @5%) qfabaghob$4 & Scﬁwlbt e 85 as a
white solid. PREPARATI ON COF
t eat - Butyl - di net hvl - (2- met hyl en- 6- oxa- bi cycl 013 1. Olhe

X- ?éEﬁARA‘Tﬁ%NGF k %%né 8601163 8Rd!3-b

.6 Mo vvassadded to a

wat er %%%Rg%h 2>uu Ol?ﬁ%hlo@ﬁg Iﬂué ?)) mxﬂégﬂﬂDCM (10 wl)

(Na2S tration the sol'ution gave
(35%10%ty é’tﬂedlltd(eﬁtﬂuﬁ@a aBalechob B4, triefhylwDim0(4V g@émol) and
PCT/ U82003/ 039554 PREPARATI

ADMR (082 L Oanel y CO (P R pom mpsplrs i ggmixture vas
2 at Aoctglq ¥er$§e?%tﬁy C#OP PE AL A0ld \?ﬁﬂ heddde t(@(f‘fni@ Ukashed with water

umsoUtl 2.5 Min hexane, 4.8
n‘gz xn?%ii bms (Agey and daied $Nﬁzl$’04)) m:om:emaaou iof fiesahution

in THE (22 at 0C under.
Tf@lomdmymuﬁéatmswgh et aclabr oo RerRp B Sl et (500 Bosylat
8g t hen co d to 0OC. The above solution was slowy
alnaye PRitg ut| on of vinylepoxide 86 (2.3 g, 10
nol) in THE

PREPARATION OF tert-Butyl-dimethyl-(2-methylen-6-oxa-bicyclo[3.1.0]hex-
3.yloxy)-silane (86) (R°=fert-butyl, R=CH,)
Potassium t-butoxide (1.9 g, 15.6 mmol) was added to a solution of tosylate 85

(5.2 g, 13.0 mmol) in THF (100 mL) at 0°C. After stirring at 0°C for 1.5 h, the
mixture was treated with hexane (200 mL), washed with water (100 mL x 2) and brine
(80 mL x 2), dried (Na;S0O4). Concentration of the solution gave 2.75 g (93%) of

alkene 86 as an oil.
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(40 m.) at -30C. The m xture was stirred at -30C for 3
h and then warnmed up to roomtenperature. The

woeeasHosziowas quenched by additi on of hexane (80Tniskgo3/039554

and 5% aqueous KH2PO4 solution (70 nL). The organic
| ayer vaas sear at ed washed Wi t h 10 br| ne

fol I owed b
chr omat ogrp [opmommi r-of—¢ ;

whi t e 56ﬁﬂyﬂ1th1&iﬁ§3&ﬁ%ﬁ|(@§ I@Enhexane 4.8 mL, 12 mmol) was added toa
4- (tent-Butyl -di met hyl -sil anyl oxyS 2- hydrox i I'et hyl -
selugonef hﬁl—%ﬂ’éar@)(&ﬁcgo éAemel) 1( 8B)" (B&trdr)tat 01t yhder Roro@eh. The

TS DL I ST 00, bl oL LA
18mfioRL )slo'vﬁy EREWOE SbtiGa @?&7 §1f&§)ﬁid9 E? ﬁz ?ng) 1“?)?1%01) in THF

stirred at roomtenperature ace

(A®mid) pt BOEAChEKanrextddwsd stirvedrae -30addee3 hant fgenveaaied @ to
m xture which was then dried over sodium sulfate. The

Em aewrmse rﬂmmc@oa yvap iquenched by additere ehhexane 6&9 mL) and 5%

%I sstglg W&C?g%ﬁ%%n? 2%&Wa§MI Fifledt ARl it

beihe tﬁ(ﬂmIUZiEZ)( é{i’cﬁdrldli{N as8 @) MingentRsioR delgd s@hm@n lowldaeby

m xture was stirred at OC for 1 h. The reaction was
au’eﬁ@ﬁm wiith #iliea 2 chiomaterrapfiyegsvs 3 RE2HB3%0 of dithigne §Bas a
U(}‘rﬁte% water (5 nL). Ethanol was renoved by

evapora ion under vacuum The aqueous | ayer was 25
extracted with ethyl acetate (15 nL x 2). The conbi ned
organl c layers were dr| ed (Na2804) Concent ration of

t he EBIERARATION Ohie 24 gt

chr omat ogr aph ave Spl no .,. of

PREPARATI oﬁl@ﬁ%@%&% S8R D &t oxy -
30 3- oseﬁﬁmhenﬁ-d%faww;@.zz eﬁb%ﬁn& ?%ﬁﬁﬁt%bnﬁgéﬂp ,13
2004/ 052310 PCT/ US2003/ 039 ’54 Acet’i ¢ anhydri de 55

mynolp, aadnedsn)ethws (&d@daﬂomao})mx aazﬁtmmﬂe-matrlr (886, DhlPwas

Fﬁ}%«?c{rgz rﬂorB%ﬁﬁn?ga%]l%s fog g &tGr .t]ml?zfgl amr(?(gfnlr )’(ang ( ?O mL) were
h&dsaeh ahdieSetidd th&turs whidH Wﬁsotﬁ% HEEP & AL Mifm s%lrfgte The solid

reaction mxture was treated wth hexane
wiakh yémaedttyt fdtrgthon §oncamicatioal of thseafi inatet ;&dvﬁecba cmele @Ikiéhyde

The_ organi.c ] ayer was separated, washed with
gzﬁqyrxg@setge% xs;@ve(dl@%m@yl W‘S@p,t@g (?Ngg@ggp)borohydnde 420

&%1 g%%v\g@ i s S o %ﬁ) 69¢Hﬁéh€ Wgsrse ege u ($ gﬁ%{?ﬁ atﬁﬁ
fdatigen was ﬁﬂ'&éﬁeﬁﬁﬁ)a satﬁfb@edw}uedusfi{Hmd)A) so\Miﬁ)nqg (3199} dnd water

the solution at roomtenperature. After 1 h,
(5 mL). Ethanol was removed by evaporation under vacuum. The aqueous layer was

extracted with ethyl acetate (15 mL x 2). The combined organic layers were dried
(Na;SO4). Concentration of the solution followed by purification with silica gel

chromatography gave 301 mg (67%) of the diol 88.

PREPARATION OF Acetic acid 2-acetoxymethyl-4-hydroxy-
3-methylene-cyclopentyl ester (89) (R*=CHa)
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reaction mxture was treated with ethyl acetate (20
nm.) and then washed with brine 10 (15 nL x 2). The

wequemsssibayers were back-extracted with ethyl paraisaios/ 039554

(15 nmL). The conbined organic |ayers were dried
(Na2S04). Concentration of the solution followed by
pur i f ixatic anhydride (330 ing22.§ @lmelh masadduglrta phyixgae ef @i6688,

Bl bl b i Bl s o

Sul st QIR it R ARCA GRS e foction
ng{ﬁgamag )rﬁ%tbﬂ inpihetRyhnE(@O ?iiﬂl)g ethymztamgcs mbD), Eﬁt_i haﬂu_? lts_?turated
an 1 0dO- am nopuri ne In .
e Horda. t’l‘ae 0(3311?%@?9 ?en?@atefb vse@h?ﬁﬁ halééat&%%% Byine (10
ﬁnﬂ)re,ld (ﬁ ﬁn&i] r@o %ﬁt?e@m%? tI?et §oﬂtt°o‘ﬂ |g%9 thr&@bfisoicegate
811 nto room errperatu ?

nypeER v MSolvéd EHIHE (V0 b)) eThydbu@cahmbmuﬁQﬂum)dee(ﬁBAFéH;zO
filtered on di atomaceous earth (Cel

@cestl: hmmes)) wes addedte thesglusiop @bmoab@@eiéaé%f?d dtehih e fhe

wﬁ%ﬁc’ctforgﬁ@&ﬁgxgﬁé HF%%E W)lth%filﬁ;i Qée?ate g ﬁﬁ}téanc?th'éln ¥ekhdddwith brine

a%s Tk Qt,ii TH@ SqueoligRnEe w}eaallﬁckwa&aam mteﬂwl w:&tdite 21NmL).
1(4 nL x The conbi ned aqueous | ayers 25
rBhet qoatbnmjorwmh lagprapcsre dge iNasB QurdCaiceniztion ® 13 gqlution

tat
tvef GEPRifitl Wiheoikda Ehgmbli AT RaPESS PERTIER) of e
Coied EEQELISH aseh i, was purified by silica gel |
chromat ography to provide 175 ng (85% of 90

contalnlng some triphenyl phosphi ne oxi de.
ot ACetof BLAlAR yrin-9-yl)-

TPouUru

g S\ n A & _ A4 d 4
fornmula 90 C@nﬁ&v@&x@%@élb%ﬁl%sﬁehwmqmﬁﬁgﬂq Jo@f or rrul a
21 by hydrolysis of the ester group using

exanpl & misture péalcoisn 89\ Ahmgr0.44 kanel), rfepmnylpbgsnl@e (137 mg,
2004/ 052310 PCT/U 2003/ 0395 | kg3,

R an el B8 Crpap o oBIP R b Rgs D ETaal S THE G Tooled to
fﬁ; . A_Dz(a rﬁ%%@ﬂnﬂ% t@astﬂ@wl@'raﬁﬁ&fiw tBe A8%tFd WEdh K stirred
t he prepar tl

of conpound of “fornula 21 in Exanple

1d.0°¥¥rer ® hnal estnabarRd upubd tdcﬁmtdrmsatanecfor B r €he pexture was
including but not limted to pat ents and pat ent.

apgitecwith ofhy] acstate (P k) end ﬁlt@p@ en fiiaé%mmﬁu%?aéthr(&ehﬁe@)

cor por at ed ren he t
cfioreeBeng TRt S eSREq i idie Mab BFbee el sectate
0 3 hES, NGNS (WRKIS), SREkdxhhE @ hl). aDE’e adidbivd el was separated. The

di cdted to be incorporated Q{ reference herein as

bengagcﬂayet was extrdetad with 2 N HCI (4 mL x 3). The combined aqueous layers
was neutralized with K,HPO, to pH ~7 and extracted with ethyl acetate (25 mL, 10

mL). The combined organic layers were dried (Na;SO4) and concentrated to give a
crude product which was purified by silica gel chromatography to provide 175 mg
(85%) of 90 containing some triphenylphosphine oxide. Crystallization of the crude
product from ethanol gave 132 mg (64%) of desired 90.

The compound of formula 90 can be converted to the compound of formula 21

by hydrolysis of the ester group using, for example, by treatment with an alkali metal

99



10

15

20

While this invention has been described wth an
enphasi s upon preferred 10 enbodi nents, it wll be

wohwismszaibo t hose of ordinary skill in the art pChats2003/039554

variations in the preferred devices and net hods may

be used and that it is intended that the invention

mtyoxie. (Thed-iode gratphenbi hediohand tepepideithis cahpound of formula

descri bed herein. _Accordingly, this invention 5 i

.mema@kn&tq therpenceirs dewsribed e SrppreRuatiof elfogroyad of formula
scope of the invention as defined by the

a| %a?ﬁfa%?l 1f ol low. For exanple, it should 15 be
under sWhaead nbtvdtabbhe pubhettiopnarsl refiserses, uﬁaiudhhg but ndt dimited to
appended cl ai ns _need not necessarllé ﬁ}rforned in
agpaig

tratenisrand datent apTlieationse gitesip dxip SPegHs efqiR greppordied by
er%E%ICC }r_rr\lg%;l n?%nﬁllt%hfm tHe grﬂ{rg PBR%n%Et?@ hs HlealtPRAVIRRI pu th)»/hcatlon

I Ona cer n reaction sequences

ke rofches ek s‘péﬂﬁbil@l’mliﬁcﬂlylduslmﬁﬁlda:atedfto be encanpirated by
protodesilylation and debenzylation, or these

rre&mmcgh@,remﬁ bsengplishly setrfedli n separate steps, without

20 de fra

nventrohe By @i B4 irsiOd) FAEREpbhiiCynon preferrea
%n%cﬁﬂﬁ&ﬁp Qﬁﬁﬁﬁbéﬂbﬁ\hdﬂi’s th igoss 60 pRlireiry tliH i feentihdt variations in
claims. 100 WO 2004/ 052310 PCT/ US2003/ 039554 dtﬁ‘at'\ﬁ

Tthe piefirendtdeives prad methorlsmay be psqeranedlal it s rm"F‘Pf@
RLED atq'@gé)el_%acgfe o ﬁ%\irylseg Qg }%&ff&{aﬁ? %be&é\fe%.

eRLQFaiRElyI AR ihosHTohanchid¥R %ﬁanocﬁiﬁi’aﬂonk Eir&oﬁﬁaawedrvﬁﬂrm Be spirit
i's allyﬁ, phenyl, Cl to C6 al kyl phenyl, or

edﬂdcsnwﬂ‘ﬁértm mvmlon as (tgﬁnpxbbmea:ﬂq@p thag ol low. ,Fgr @amg}e,@gshould

k h h
s neeBlosrabathe sty ARy CprB i e e AR B, Apsh 21
tﬁ&%sgﬁﬁtbe‘ﬁeﬁhnﬁechﬁﬁhé dRiler pgEioh tHe o Epéﬂﬂ Candtdie skilled in the field
carboxylicacid ester noiety, and then al kylatin the

rmsybe abrig t(HVaIM ied ordert df reackion ZVPS Waiditﬁélaﬂﬁﬂceﬁémﬁ'f‘
Line ol peter I oror B OLec] N0 0L L siiion

and debenzylation, or these reactions can be performed in separate steps, without

departing from the spirit and scope of the invention. It is intended that all such

modifications are encompassed within the scope of the appended claims.
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Si Rb2Ra O Bn OH 76; (b) epoxidizing the product from
step (a) with a diastereoselective 15 epoxidation to

woi2v@/E2ycl opent ane epoxi de havi ng the fornul 2CBiURb@BA39554

Bn $ (OH 77; (c) treating the cycl opentane epoxi de
fromstep (b) with an alkali nmetal salt of a purine
conpound of formula x N :LAMS N NH2 28 H 101 WO
2004/ 052310 PCT/ US2003/ 039554 wherein X is C, I, or
8&@29‘(3@%91101(3@11@11\% a conpound of formula SRb2Ra (Bn

I(;Ig I’T\Tgl r 1II in g %_l]ﬁ%es\sl I%C_rll tI’] aPINH?ro 1§% ?f dr)é?cmﬁ %a%é %he(%o ’

net hyl ene conpound ofd formula, X NN i BnO N N NH
5 RaRb2s~ ~ 94; (¢ drol yzi ng the benzyl ether

noi ety on the prj(/ma y/Hd“cohol of conpound
HOCHZ\&/N N NH,

HO' 21, comprising:
(a) treating an ester of the formula
SIRP,R?
~ COsR
QOH 66
wherein R? is allyl, phenyl, C; to Cs alkylphenyl, or C; to C¢ alkoxyphenyl; R®
is C; to Cg alkyl; and R is C; to C;4 alkyl or benzyl;
with an enol ether of acetone and an acid to protect the hydroxy group,
followed by treatment with a hydride reagent to reduce the carboxylic acid ester
moiety, and then alkylating the resulting alcohol with a benzyl halide and removing
the enol ether hydroxy protecting group to give an allylic alcohol of the formula

SIR%R®

q O Bn
OH 76;

(b) epoxidizing the product from step (a) with a diastereoselective
epoxidation to give a cyclopentane epoxide having the formula

SiR%,R®
(I\osn
OH

(c) treating the cyclopentane epoxide from step (b) with an alkali metal salt

W
7ts,

o)

77,

of a purine compound of formula
X

N N
(]l
<H N/)\NH 28

E
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94 and converting the silane noiety of conpound 95 to

a hydroxy noiety to give a conpound of fornula, x N
wOI2004@528100 NH2 COHS 95; and 10 (f) hydrol yzi ng PO®/US2003/039554

chloro or iodo noiety X to provide the conmpound of

formula 21; or (d') when X is benzyl oxy, converting

titerain & isdll, pobengflokprtmgive r@npeund of Iergxiy | ene

compound of for n‘tgi@ N,,, BnONN/ NH2 RaRb24" 79;

and 15 (e') hydra'yZing the benzyl ether noiety on the

primary al cohol sgqpound 79 and converting the

()
corrpoUM%N f ¢ 98 or 102 WD 2004/ 052310
PCT/ US2003/ 03195 a") epoxidizing the ester of
formul a 68y a honochiral diester of tartaric acid,
a hydroperogi de, and a | catal yst, and reduction
of the ester group, to givé a cycl opentane epoxide
havi nqgd§ heydea ™! @ oBilReaRartiekltheGHeind! di8L ofFokoil) 78 to the
treating the cycl opentane epoxide fromstep (a") wth
anethylknd compauafl of frmulaef t he purine conpound of
formula 28 to give ayxonpound of formula Si Rb2Ra OH
HZN\ / NNOH OH NJ1

N N
&l
BnOA&ﬁN N/)\NHZ

5 R® RbZSi\\ 94;

_Hyo y noiety to provide the

(¢) hydrolyzing the benzyl ether moiety on the primary alcohol of compound
94 and converting the silane moiety of compound 95 to a hydroxy moiety to give a

compound of formula,

X
Ny
¢ ]
HOA&‘N N/)\NHZ
OH\\ 95; and
10 (f) hydrolyzing the chloro or iodo moiety X to provide the compound of

formula 21; or

(d) when X is benzyloxy, converting the vicinal diol of formula 78 to the

methylene compound of formula

0]
N
NH
¢ ]
BnoA&‘N N/J\NHz
RoR%SIS 79; and
15 (¢") hydrolyzing the benzyl ether moiety on the primary alcohol of compound

79 and converting the silane moiety to a hydroxy moiety to provide the compound of

formula 21; or
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N I x 73; (c") when Xis O or |, converting the
vicinal diol of fornmula 73 to the nethylene conpound

wofwdsasmiba x IN N HO N N NH2 10 Rb2RaS 92; aou/usdioB/039554

converting the silane noiety of conpound 92 to a
hydroxy moiety and hydrolyzing the chloro or iodo
moi et (@"X ¢mxpiong d@ etst@e oﬁ forpola@d with ﬁclslpmwblraé Ihestﬂr of tartaric

i,S b conve vi ci nal
écfldf%b%m%d? P e e 5 G eives
gilggﬁél ~ 71; and (d"'
con eerr'lttii@ﬁglélpt he sil ui%glggm ety of corrpound 71 to a
hydr oxysiRfhRety to provi de the conpound of formula 21.
103 WD 2004/ 052310 PCT/ US2003/ 039554 2. The process
of C , lom which, in step (b) the
di ast ereagel ggtive epoxidation is performed with a
per aci door W t y2a honochiral diester of tartari c acid,
a hydroperoxide, and a netal cataly

3.. A process
for tKe')ptreasingahe exslaeniane epcsidy ﬁwfﬂemg(a )H@th @t plsplamefpl salt

BF e Rbpinb SR B AL B 18 ive f Wb B G tobia
formula Si Rb2Ra girb,r?

OH
OH

O!Il'

Y

X 73;
(c") when X is Cl or I, converting the vicinal diol of formula 73 to the

methylene compound of formula

<ﬁ
HO/\&AN N/)\NHQ

Rb2RaSi\\\ 92; and

(d") converting the silane moiety of compound 92 to a hydroxy moiety and
hydrolyzing the chloro or iodo moiety X to provide the compound of formula 21; or

(c") when X is benzyloxy, converting the vicinal diol of formula 73 to the

methylene compound of formula
0

/NfJ\NH
HOA&ﬁN | N/)\NHZ

RbZRaSi\\\ 71; and
(d™) converting the silane moiety of compound 71 to a hydroxy moiety to

provide the compound of formula 21.
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CO2R OH 66 10 wherein. Rais allyl, phenyl, Cl to C6
al kyl phenyl, or C1 to C6 al koxyphenyl; Rb is Cl to C6

weal2koalos2aand Ris Cl to C4 al kyl or benzyl, to pCoamisd®3m39ss4

compound of formula SiRb2Ra CO2R OFP' 74', wherein P
is a protecting group; 15 (b) reducing the carboxylic

Bster nDiEieYprédess HECRAANOMNGhiH, in siebI{bpthe ldeBEteoselective
reduci ng reagent to prow de a conBound of formula

SRpizRtion EQerfogped wih:a r(ecequo@row@@ AgosiEnl Gﬁﬁ%?@@ft@ﬂc acid, a

r ox nd 75, wth a protectin
}&yldg rc\é;lﬁmﬁgég%et?lgg nt to conditi ons used to °
renmove P', then renoving 104 WO 2004/ 052310
PCT/ US2003/ 039554  t he protecting group P of the
conpound of 75", to provide the conpound having the

I d
%?ggﬂc? fggmcg%ggfacfh@)prwa{%wgoéfea‘)se ter eos‘%{1 {c}:ltg??/%nﬁa

epoxidation 5 to gi@e a cycl opentane epoxi de havi ng

the formula Sl RogRa "~ OHO 77 ; (e) treating the
cycl opent ane p%(l e f¥m step (d) vvlth an al kal i
net al t npound of formula x N :]JI N
NI NH2H§g|H2 WAL

HO 21, comprising:

(a) protecting the hydroxy moiety of an ester of the formula

SIRP,R?

A CO.R
OH 66
wherein R? is allyl, phenyl, C; to Cs alkylphenyl, or C; to Cs alkoxyphenyl; R®
is C; to Cg alkyl; and R is C; to C4 alkyl or benzyl, to provide a compound of formula

= sz Ra

el
QCOQR
OF' 742,
wherein P’ is a protecting group;
(b) reducing the carboxylic ester moiety of the compound 74’ with at least one

reducing reagent to provide a compound of formula,

g
OF' 155,

(c) protecting the unprotected hydroxy moiety of compound 75’, with a

protecting group P” that is resistant to conditions used to remove P’, then removing

104



H 10 wherein Xis O, |, or benzyloxy; to give a
conpound of formula SiRb2Ra HZN N OP" OH N N ~~ off

woOl 28047082310t hen (f) when X is benzyl oxy, conver pCmgskdvs/ 039554
vicinal diol of fornmula 78" to provide the nethylene
compound of formula O N ~,u P'ONN NH2 RaRb2Si

I ’ | Rf P50t EprovIig (B¢ evppdinddiaving the
tﬁggroé%%&@%ocﬁ?pﬁtﬁ%cﬁgouzd 763? and converting the
foktvalag noi ety to a hydroxy noiety to provide the
conpound ,of  formula 21; or 105 WO 2004/052310
PCT/ USEd1 039554 (f) when X is O or |, converting
the vieipgd. diol of fornula 78" to provide the
nmet hy g coﬁ’ﬁound of formula, X NN i p,,0 NN NH2
RaRb2S94' OH5,&1Q.') removi ng the protecting group P"
on the primary tohol of conpound 94' and converting
t he S{d) @ﬁ&xi&i%h@t}y{e ]E)fbd@ctfﬁ/éiﬁ QY (OFwidpa diasgraoselactive epoxidation
conmpound of fornula, X
5  to give a cyclopentane epoxide having the formula

SIRP,R?
OoP"
OH

o})ﬂi;

77
(¢) treating the cyclopentane epoxide from step (d) with an alkali metal salt

of a purine compound of formula

X
N N
¢ ]
l‘j N//kNHg 28
10 wherein X is CL, I, or benzyloxy; to give a compound of formula
SiR%R®

HoN ((I\op"
YN ¢ D oH
NS

N
X 78%; then

ol

(f) when X is benzyloxy, converting the vicinal diol of formula 78’ to

provide the methylene compound of formula

0]
N
</ ]EU\NH
p--oA&AN N/)\NHZ
RERO,SY 79%: and
15 (g) removing the protecting group P on the primary alcohol of compound 79

and converting the silane moiety to a hydroxy moiety to provide the compound of

formula 21; or
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N:]JI NHONNNH OHS 95; and (h'") hydrolyzing the
chloro or iodo noiety X to provide the conmpound of 10

woOanmmis23181. 4. The process of Caim 3, wherei RCTIU$2003/039554

10

15

20

step (g), the protecting group P" on the primary
al cohol of conpound 79" is benzyl, said step of .
conver(f) ngheh X isidland cbverting the wéindshgloddernpda 78’ tg provide
hydroxy. group is achi eved with protodesilylation and
GK‘PPPSE YW?C%%HO‘?Q? B’é’ﬁ‘gﬁd protecting group i s renoved
upon protodesilylatimn. 5. The process of Caim 3,
wherei n the prot c,aqcti group P" on the primary
al cohol of conmpoun ‘ N is renoved after the silane
er te:J\a hydroxy 20 noiety. 6. The
proceskoof ~d aiM 3, Wher®¥h in step (a), the hydroxy
noiety is Qrotected as a MOP by treatnent with
2- met h&FpBiopene and a cat &4yt i c amount of a weak
acid. 106 WO 2004/ 052310 PCT/ US2003/ 039554 7. The
process of Claim3, wherein in step (b), the
car boxyl\ c_est.er ' . & HWl?é‘]ﬁ‘ﬂ "a1d und
with a()ér?y&?rfla‘émgg{a%ﬂéﬁte&s% %@P g(}i) ;6 rom at nglggédt&m{)ne 0
sefliaHic Bl e Bitansehbioeyitd alhydionygrdupdo igile aagvanpound of
['i thi um alumnum hydride 5 in the presence of a base.
gfornihle, process of Claim3, wherein in step (c), the
unprot ected hydroxy xnoiety is protected as a benzyl
et her upon treatnment |[wth a base and a benzyl hali de,
wherein, re al<1’;l the protecting group P of the

" Npr

Ro2

noi ety is _co

conpound of ides the 10 allylic al cohol having
the fow OH 76. 9. The process of

G aim8, whg n the base is selected fromat |east

one of paHassiumtert-but @&} ael sodi um hydride,

KHVDS, aqueous NaOH, and the 15 benzyl haljde is

benzyl (B diidedyzing therekidro ehiagpimricty Poto prawids thycarapaypd of

leo%masn.l n which in step (d), the diastereosel ective

4.  The process of Claim 3, wherein, in step (g), the protecting group P” on
the primary alcohol of compound 79” is benzyl, said step of converting the silane
moiety of compound 79 to a hydroxy group is achieved with protodesilylation and

oxidation, and said benzyl protecting group is removed upon protodesilylation.

5. The process of Claim 3, wherein the protecting group P”” on the primary

alcohol of compound 79’ is removed after the silane moiety is converted to a hydroxy

moiety.

6. The process of Claim 3, wherein in step (2), the hydroxy moiety is
protected as a MOP by treatment with 2-methoxypropene and a catalytic amount of a

weak acid.
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epoxidiation is perfornmed by treatnent with a peracid.
20 11. The process of CAaim3, in which in step (d),

woheoqtiszab er eosel ective epoxidiation is perfopraedsbyn3/039554

treatment with a honochiral diester of tartaric acid,
a hydroperoxide, and a netal catalyst 12. The process
of daim1ll, wherein the honpchiral diester of 25

tartarjc acid is (-)zdiisqpr | tartrate, the .
hycr ofer ot 18 Breeetdf Caist o) T Heierisei G s carbonsti ester
Fndiety! Y. it
B O S AR oA B Ryt fom at least
200 41 952 @h GiFLTBRFEBO OB ambAnurh dydrideany ltheasalominum hydride
d a{ﬁm 3, Wh%reti?n in step (e), the cycl opentane epoxi de

7 B EEEEPC W2 Y8t reated with

2- am no- 6- benzyl oxypurine in dichloronethane. 14. The

process of Claim3, wherein X is benzyloxy and in step
(f), t8he Hheonmesmof (18im Bswheminantseg (t)) tHehepratedigd kydeoxy

conmpound of formyla 79' by (f)(i) treating comnpound )
FOIEINi13 Brotsodh s rﬁ%ﬁﬁ%}éﬁﬂ@r ey zf%atm%t Wi & Rasergd @ benzyl halide,

¢ h . oui .
ARG e A R R
@Bplic aloldlhbvibiithe fAmylas J. O/~ N ~ N~OR22 P110 N
NH2 P1.0 Si RaRb 101' SiRaRb 103' 10 wherein R22 is G
al kyl oBRAB=0) d -4alkyl; (f)(ii) treating the product
from sgeg aéi) with an acetic anhydride in the

of B east one antioxidant to produce an
al kene cogpound gavi ng the fornmula 105 ; OBn N P.10
~i N N NHAC \V§:

9. The process of Claim 8, wherein the base is selected from at least one
of potassium fert-butoxide, sodium hydride, KHMDS, aqueous NaOH, and the
benzyl halide is benzyl bromide or benzyl chloride.

10. The process of Claim 3, in which in step (d), the diastereoselective

epoxidiation is performed by treatment with a peracid.

11. The process of Claim 3, in which in step (d), the diastereoselective
epoxidiation is performed by treatment with a homochiral diester of tartaric acid, a

hydroperoxide, and a metal catalyst

12. The process of Claim 11, wherein the homochiral diester of
tartaric acid is (-)-diisopropyl tartrate, the hydroperoxide is ferz-butylhydroperoxide or
a,a-dimethylbenzylhydroperoxide, and the metal catalyst is titanium (IV)

1sopropoxide.
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15 SiRaRb 105 ; and (f) (iii) treating the product
fromstep (f)(ii) with an acid to hydrol yze the 6-

woOebnmydsey and N-acetyl groups to provide the eowmpsvd/039554

of formula 79'. 15. The process of Caim 14, wherein
in step (f)(i), the orthoformate 20 derivative is
sel ect B3 f r e pioctss a$ Claimes, ofhetbie irhay (tthy tycdaehahe epoxide
dii soger opg! oxynet hi}é:jlr acetate, TMOF, TECF, .and Ti PCF.
1isonpseepfbisdesatediwity Zaminuo-bepiexypuiine By dighlpromethape.
the at | eastone antioxidant is selected from BHT and
benzoi c acid. 25 108 WD 2004/ 052310 PCT/ US2003/ 039554
17. Thet.proegsscedt oflCRiMN33wheRinKii€ berRoxgtaad irddtep (1), the
converting’the compound 79' to conpound 21 is achieved

d

vy (T8t sionyestaddn thergetbXicaaeorapoundind fenla R by

prot odgsil.ylation is Lormed w,th K [ [

sol ve n&f(l)ot¥ea%“% ﬁonflﬁ%\u,lﬁzf#d et c\é%hﬁg?rﬁ%%/&gﬁ% cl)}%c;'P dn'lnert

i et Ysdlent &PHoHEcH Ldladérehiie ofidlcxdRnEPhAfiyg the formulae 101°
converted to a hydroxy group, to provide the conpound

of forand¥321. 18. The process of Claim3, in which
the step of converting the conmpound 7955t0 conpound
21 is aghjeved w t " prot odestdoya | onyand oxi dation,
wher ei n tTe St oy T@HOf prot odek) yat ifon\I's_achi eved
with at | e@sl Qn ,@’é\i,\qizsel esly oW oR*?
trifludd cetic acid conpl e d a Bronsted acid.
19. The E_r‘g\q)ess qfC ai m 3, igi,ﬁbi ch thgogtep of
converti ﬁ“i‘he conmpound 79' to conpoun lis »

achi eved wth protodesilyation and oxidation, and the
15 oxidation is achieved with hydrogen peroxide in the
presence Ofh@ehdss i 4alkyt ar-bOE@)E, aiiklylpot assi um
fluoride, 20. A J[orocess for the preparation of

ent ecakii(#) reppiingtherpsodust Fomastepdid) NE-Etineshydhdein the

gio gg ; iéljey%ge Eﬁgt&%?% 8{15 grﬁfoixﬂﬁn% p?gﬁlﬁre Rhankhe C&%Md%aving the

formula 105°;

OBn
N
NH

¢

N N/)\NHAC

P'O
\\\\ 10 L]
SIR?RP 5 . and

(D (iii) treating the product from step (f)(ii) with an acid to hydrolyze the 6-

benzyloxy and N-acetyl groups to provide the compound of formula 79°.
15. The process of Claim 14, wherein in step (f)(i), the orthoformate
derivative is selected from at least one of diethoxymethyl acetate,

diisopropyloxymethyl acetate, TMOF, TEOF, and TiPOF.

16.The process of Claim 14, wherein in step (f)(ii), the at leastone antioxidant

is selected from BHT and benzoic acid.
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wherein Ra is allyl, phenyl, Cl1 to C6 al kyl phenyl, or

Cl to C6 al koxyphenyl; R is Cl to C6 alkyl; and Ris
wGRodsmstHo0al kyl or benzyl; w th 2-met hoxypr opereTAsd003/039554

catal ytic amount of a weak acid to provide a conpound

of formula 25 109 WO 2004/ 052310 PCT/ US2003/ 039554

Si Rb2Ra CO2R OMOP 74; (b) reducing the carboxylic

ester nmoiety of the conmpound 74 with a hydride

r eageht. sBhepbesss of Omiat3, ireabichdhresterf okemiverting the compound

I s(2-netho t hoxy) al um nu ride nd.Ji.t hium .
2?’ -cawm%?f@acﬁ%?ﬁﬂ{ Fh ar@%@%g@%’fi apd 85@@{% "E’l?%?)lﬁ s
g'ro%ﬁépi@ﬁgﬁjorﬁﬁ 2ribRh N A KOHRBRRA0 R Hin ML, 2 wiftCIFA, and the
rotecting t g unprotected hydroxy noi ety of conmpound
5 phAmansaleotbenoydty issdeperteaigbafter theatilpnmoidty soepuventad (73
wth a base and g enzyl ha Ifdfg thg@ renmovi ng the
Nestsoxy SigBPdP Provde Bieeemmaussor g aadi de the al lylic
al cohol having the fornmula, SiRb2Ra OBn 10 C-70H 76,

(d) epoxidizing the product fromstep (c) with
(-) - dilBs0he prybsstafiGlaiat ,in tiydh thb stey lofiyaireperzake dempeund

curmrene hydroperoxide, and titanium (I i sppropoxi de,

79 tgicpgpornd yE IsAseisvehwiie @’B%P%‘éﬂﬁf& Wdﬂ’fé‘?aﬁSPM%em the step
10 ZhebRsiBaon Bhcinclld wi, fiSbat bRACA Gelclien B0 BRERMRride-

Beeticreidoaienghdd Bfasted heidx

19. The process of Claim 3, in which the step of converting the compound
79’ to compound 21 is achieved with protodesilyation and oxidation, and the
15 oxidation is achieved with hydrogen peroxide in the presence of potassium

bicarbonate and potassium fluoride.

20. A process for the preparation of entecavir having the formula
O

N
NH
ST
HOCH, NT N7 TNH,

HO 21, comprising:
20 (a) treating an ester of the formula
SiRP,R?
X CO.R
X
wherein R® is allyl, phenyl, C; to Cs alkylphenyl, or C; to Cs alkoxyphenyl; R®
is C; to Cg alkyl; and R is C; to Cy alkyl or benzyl; with 2-methoxypropene and a
catalytic amount of a weak acid to provide a compound of formula

25
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NI NNNNH 28 Hwherein X is benzyloxy; to give a
conpound of formula 110 WO 2004/052310

wOCH4WS2003/ 039554 Si Rb2Ra H2N OBn /y-N OH RCNUS20006B9554

N x 78; (f))(i) treating conpound 78 with an
ort hoformate derivative selected from diethoxynethyl
acet at e_BrzB di i sopropyl oxynet hyl acetate in an inert

sol vent = oduce a di astereom xture of di oxol anes
havi nd ¢ ARl ae 101 and 103, OBn 22 0Bn 220 R © O
NRO OMONH22'<NIN~NH2+BnOO’/ <Nl NN

CR BnO 5'Si RaR#4:101 Si RaRb 103 wherein R22 is et hyl ,

t 0 (
tr eat )(@ Jé%cm (e Kaibx 1?%%15‘%“&%6?% Wﬁxﬂitbﬁhg g4 g:ﬁd ﬂé‘)dnde
acé\etg‘ysﬂtr Seliaeted Hrdnin &t left @8€BE®dAfm B2 -hmt}mxg:ethoaey)almnﬁlhx&ﬁ hgdride
ound haV| ng the fornmula 105; OBn </ BnO
ium aluminum hydride, in the presence of a base to prov1de a compound of

formula,

(c) protecting the unprotected hydroxy moiety of compound 75, as a benzyl
ether upon treatment of compound 75 with a base and a benzyl halide, then removing
the MOP group of the compound 75, to provide the allylic alcohol having the formula,

SIRP,R?

OH 76,

(d) epoxidizing the product from step (c¢) with (-)-diisopropyl tartrate, tert-
butylhydroperoxide or cumene hydroperoxide, and titanium (IV) isopropoxide, to give
a cyclopentane epoxide having the formula

SIR%R®
OBn
OH

O);\/)i;ﬂ

77,
(e) treating the cyclopentane epoxide from step (d) with an alkali metal salt

of a purine compound of formula
X

N XN
<AL

H N NH2 728’

wherein X is benzyloxy; to give a compound of formula
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15

wbeaenaylseqy and N-acet yl

10 SiRaRb 105 ; and (f) (iii) treating the product
fromstep (f)(ii) with an acid to hydrol yze the 6-

groups and provi de thepcomgsewsd39ss4
of formula 79, O N,,, BnON N NH2 RaRb2S 79; 15

(g) converting the silane noeity to a hydroxy noiety

by protodesilyl atﬁiﬁf’g?at he silane noiety of conpound 79

upon treatment wx h | east one reagent effective to
111 Wp,R004/ 052§ P%ZOOB/ 039554 achi eve
pr ot odeS| atig old,_pvved by oxidation with a

perOX|deN an ‘ngeﬂzylatlng conpound 79 wherein
debenzyla y b8 achi eved upon protodesilylation,

to provide t He conmpound formula 21. 5 21. The
process of Claim 20, in ’ch step (g) conprises
treati(fyi) ceapeicsnp@ndi78hwidnaacrtithisehae tadlativeselbaedfrom
trifluoride-acetic_acid conplex and a Bronsted acid,

wirshesyipedtyil gecdate padiijapsrmybesmiefiva prasse ibabinet sphvent to

JEREKE Al SE Ry Rhoq AR fy B R 9 Wy [
Rbo 91 ; and oxi di zdg,\g t he co ound 91 W@Bnrh hydr ogen
per oxi &&oi n thq\] nce of R assm;iybmar bonat e and

"~ potassi um pr-bw de td) g‘/Z% 2022. The
process$o Nthn WHERO g) c Bses

treating ound 15 79 with ssium hydr oxi de or
sodi um hyg#exi de1@in sol vent , RER?FA to podvide the
conmpound of formula 110, 0 ~ |

wherein R is ethyl, ~C(=O)ethyl, isopropyl, or ~C(=0)isopropyl;
(f)(ii) treating the product from step (f)(i) with an acetic anhydride in the

presence of BHT to produce an alkene compound having the formula 105;
OBn

N NH
<AL
BhO N™ ™N” “NHAc

W
SIRRP 105 . and

(f) (iii) treating the product from step (f)(ii) with an acid to hydrolyze the 6-
benzyloxy and N-acetyl groups and provide the compound of formula

79,
O
N
</ :ElLNH
~
BnO/\&‘N N*NHZ
S
RaRbZSI\ 79;

(g) converting the silane moeity to a hydroxy moiety by protodesilylating the

silane moiety of compound 79 upon treatment with at least one reagent effective to

111



BnO'NH2 Rb,Si HO 'kb 110 ; oxidi zing conpound 110

W th hydrogen peroxide in the presence of potassium
woQobios2aibonat e and pot assi um fluoride to provipde/ushes3/039554

compound 114; 0 N NNNH BnOr H 114 112 WO

2004/ 052310 PCT/ US2003/ 039554 and debenzyl ati ng

SRR UGodddtiylaBioR) fUbWE] 5P BRIAkSh With adroxAldrBhd@¢behoylating
I sol at’li ng entecavir or an entecavir Inter nedi ate from

eomplingt o wireseinudebentyfasicnithayt kiachioved upow brpprdesilylgiion, to
entecavir and water or m xture 5 conprising an
B’Pﬁ’t"é{“éﬁ??"mﬂ‘?‘gﬁ ?@%“éag}rd ot her process reagents
conprising: (a) adsorbing the diluted mixture onto a
hydrophobi c resin bed; (b) washing the resin bed with
5 water21o EeprecesadiClamma0,(in)whathustem(g) chepupasdeating or

ent ecavij r interms,%i aite éromthe resin.bed with,an
Gelsgte Hbg

somasHnd WowihAn aci R brapm galusrideraseiiy a3 Goraplgx gnd &
L& ko] ' by e eflectin
S e I o
efoulph chapbuhd79 i gRodiRa tHe@Rpolihd GFfBBlaerein Ra is
al kyl, phenyl, ClL to C6 al kyl phenyl, or Cl1 to C6
al koxyphenyl; Ro is C1 to C6 alkyl; and Ris Cl to (4
al kyl or benzyl cayprising: (a) reacting a
cycl opent adi enide on \ with a silylating reagent
havi ng t he for@u |a JN\H(R)ZSi -Y, wherein Yis a
HO NTONT N,
RPN
CSi
HO" b 1 . and

oxidizing the compound 91 with hydrogen peroxide in the presence of

10
potassium bicarbonate and potassium fluoride to provide the compound 21.
22.  The process of Claim 20, in which step (g) comprises treating compound

15 79 with potassium hydroxide or sodium hydroxide in solvent, or TF A to provide the

compound of formula 110,

0
N
NH
¢ ]
BnOA&‘N N//l\NHz
b N
o
R® 110

oxidizing compound 110 with hydrogen peroxide in the presence of potassium

20 bicarbonate and potassium fluoride to provide the compound 114;
O

N NH
< |
N N//kNHz
BnO

W
HOY 114

112



20 | eaving group; and (b) reacting the product of step

(a) with a ketene to give a cycl obutanone of the
woanmmis28161 Rb2Ra ¢cz0 SCI  Cl 63; (c) treating PO®/US2003/039554

product fromstep (b) with a base effective for

opening the 25 cycl obutanone ring; 113 WO 2004/ 052310

PCT/ UgR@ M eR39581k cdriBoun@dus kot donpauad 21.r om st ep
(c) with a reducing agent to give a racemc

carboxylic acid of the formula Si Rb2Ra COZH OH 64,

| t h duct f t
Wt S3onirapngtfms Y eldaR 3L AP ol Rplhf R Hom o
gﬂ%ﬁeg%&ﬁﬂ@ h& dﬁtﬁla& &&t&e@o@rﬁu@@mm aﬁli whist bl mlxture

5A wherein CA represents a
5 @bmqoalsmganreatecanﬂm@dn)neﬁle@tand@them @rcmeeﬁor@@gem@mw%

(e) inas naC|d|c the
ester B od W r}f ‘5"]%% ﬂydfﬁlgm%?corg gié\sﬁ%g’f
aai mg dﬁ v&a@h&g&msm%eék@@ v(zamp otraao«@mmends forned
from chi oroacetyl chloride and a base. 27. The
pr ocess) oklufingitie @Bgcaiin onbitetrvit intesmediatediom fh?éeﬁlé?%d with an
is pot a?S| um 15 carbonate in t-butanol. 28. The
PEFERSOWOL ai m 25, in which, in step (d), the

10 reduci ng reagent is NaBH4.

24. The method of Claim 23 wherein the hydrophobic resin is a brominated

styrene based resin.

25. A process for the preparation of an ester of the formula

15 OH 66,
wherein R is alkyl, phenyl, C; to Cs alkylphenyl, or C; to Cs alkoxyphenyl; RPis C,

to Cg alkyl; and R is C; to C4 alkyl or benzyl comprising:

(a) reacting a cyclopentadienide ion

& with a silylating reagent having the formula R*(R®),Si-Y, wherein Y is a
20 leaving group; and

(b) reacting the product of step (a) with a ketene to give a cyclobutanone of
the formula

SIR%R?

T
~cl
Cl 63;

(c) treating the product from step (b) with a base effective for opening the

25  cyclobutanone ring;
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20 29. The process of aim?25, in which, in step (e),
the chiral amne is selected fromthe group
woansi#seiing of R R-(-)-2-am no-I-(4-nitrophenylPLTAis3003/039554
propanedi ol , (IR, 2R)-(+)-1, 2-di phenyl et hyl enedi am ne,
(R -(-)-1 cycl ohexyl et hyl am ne, '
D- t hrgp- 2:R0IHaah¢ plofiut @ BREW) withla Bedpcingapeditokive @1
S, 25)-" (+)1, Z-diam nocycl ohexane,
raeimyid carhbxdiodcahofibe fgaRIPR) - 1, 2 25
di am nonet hyl cycl ohexane, ci choni di ne, and ci nchoni ne.
114 WOSBO®4/ 052310 PCT/ US2003/ 039554 30. The process
of O g gbo,H N which, in step (f), the acidic
sol ut conprises a solution of an al cohol, R-OH,
whereim R iGH %1410 C4 al kyl or benzyl, and an acid. 5
31. The process”of Claim25, in which, in step (bf
the kegj engsdiving Gleeddot Ganitghid) by acetnydnt siithardhae
a base] in step (c), the base is potassium %{ibonalte
jepartatibubfithe resuitmasdiagtereemeriq $9s (QGYE ﬁﬁ@mpea@i ofrgu-a
NaBH4; in step (e), the chiral amne is
R R (- S 28 no- | - (4-nitrophenyl)-1,3- 10 propanedi ol ;

ampige and

and in-stgeogd), the acidic solution conprises a
sol ut of an@cohol, R-OH wherein Ris Cl to (4
al kyl or\beoizyl , an acid. 32. A conpound of

fornmula Si Rb2Ra O Ca 15 Xb X wherein: Rais
ahbxtn CRReR¥tentCGlcliml it kyd phenyl or Cl to C6

al koxyphenyl; Rb is Cl to C6, alkyl; and Xa and X e
hal i dé) olteatiag the rediss v BFP R ARy Wit
Ol e he e pHORIE S a6l

26. The process of Claim 25, in which, in step (b), the ketene is formed from

dichloroacetyl chloride and a base.

27. The process of Claim 25, in which, in step (c), the base is potassium

carbonate in z-butanol.

28. The process of Claim 25, in which, in step (d), the reducing reagent is
NaBH,.

29. The process of Claim 25, in which, in step (e), the chiral amine is
selected from the group consisting of R,R-(-)-2-amino-1-(4-nitrophenyl)-1,3-
propanediol, (1R,2R)~(+)-1,2-diphenylethylenediamine, R)-(-)-1-
cyclohexylethylamine, D-threo-2-amino-1-(4-nitrophenyl)-1,3-propanediol, (1 S,25)-
()1, 2-diaminocyclohexane, dehydroabietylamine, (1R,2R)-1,2-

diaminomethylcyclohexane, cichonidine, and cinchonine.

114



Ra is allyl, phenyl, Cl to C6 al kyl phenyl or C1 to C6
al koxyphenyl; Rbis C, to C6 alkyl; Rmis -CO2R6 or

WOCHRORE31025 RS i s hydrogen or a hydroxy prot eeCrmng2003/039554

10

15

20

25

group; and R6 is hydrogen, Cl to C4 al kyl, or benzyl.
115 WO 2004/ 052310 PCT/ US2003/ 039554 34. A conpound
of O &0m 3Be prosessiaf ClEim 2% in ghihein stemd), i agidic Relutipp

P S8 3n Bhhel S GTBREEN s £ B ity o,

mepund of G aim33 as a salt with a chiral amne
sel ected fromthe group consisting of
R, R (-)-2-am no-1-(4-nitrophenyl)-1, 3-propanedi ol
(1R 2R).- (+)- 1, 2-diphenylet.hyl. enedi am ui e,
(R)-(- _1= 1185 ETBHBAQA @#iﬁ?&@f‘f t hr eo- 2- ani no- |
- (4- r]hts{egsﬁ‘)?mél Ketend iSfoRER &R [ordadetd chiridetahd b, base;
2-di am noctycl ohexane, dehydroabietylam ne, (1R 2R-1 ,
2- di arihsepgt)hihedpsd Bipeseaasion eitmohein dbraenoland 15
ci nchani ne. 37. Tgue.co ound ﬁf%@‘ai m 36 wherein: Rm
is - C02REP(DREeFRIPHERE LAeeh St N RV 4ir ogen: 20 Ra is
phenyl; ' tHEPc?n'HXi mABsk RIke(§hidnghoanungtrbshenyl)-1,3-
R, R—(-T-S{Z%péér??no- - (4az nit ropheggll )-1, 3- :)Iarz}opangzji'ol :
3Bopabkéiotanpound of Cl aim 33 wherein: 25 Rmis -CH20R6

L E RTINS e S T

wherein R is C; to C alkyl or benzyl, and an acid.

32. A compound of formula

SIR%,R?

; o
x® X wherein:
R? is allyl, phenyl, C; to Cs alkylpheny! or C; to Cs alkoxyphenyl;
R? is C; to Cs alkyl; and
X? and X" are halide.

33. A compound of formula

SIR,R®

Rm
:ORS or a salt thereof wherein:

R? is allyl, phenyl, C; to Cs alkylphenyl or C; to Ce alkoxyphenyl;
R® is C; to Cs alkyl;

R™ is -CO,R® or -CH,OR’;

R’ is hydrogen or a hydroxy protecting group; and

R® is hydrogen, C; to C alkyl, or benzyl.
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30

Rb is nmethyl. 116 WO 2004/ 052310 PCT/ US2003/ 039554
40. A conpound having the fornula SiRb2ZRa RM OR5 or

we 28@lds231her eof wherein: Ra is phenyl; 5 Rb i #CCUSR@3/039554

C6 alkyl; Rmis -CO2R6 or -CH20R6; R5 is hydrogen or a
hydroxy protecting group; and R6 is hydrogen, Cl to 4
al kyl, or benzyl, said conpound produced according to
the process of claim?22. 10 41. A conpound of formula
Si Rb2Ra ORzOmpourd-iClpimes2wheremi i s al kyl, phenyl, C1

to C6 alk%$9hgﬁgki_or Cl to C6 al koxyphenyl; Rbis Cl1
to C6 al kil 5+ 5 O is hydrogen or benzyl. 42. The

conpound R®f o{d @6 4 Bdcvbi@rdlen: Ra-is phenyl; Rb is
nmet hyl ; and 20 Rao is benzyl. 43. A conpound of
forrmula 117 WO 2004/ 052310 PCT/ US2003/ 039554 Si Rb2Ra

oR20 352 S%eScE\olnll\ll)owd of @{aim 34 wherein:

R? is phenyl; and
R is methyl.

36. A compound of Claim 33 as a salt with a chiral amine selected from the
group consisting of R,R~(-)-2-amino-1-(4-nitrophenyl)-1,3-propanediol, (IR,2R)~(+)-
1,2-diphenylethylenediamine, (R)-(-)-1 ~cyclohexylethylamine; D-threo-2-amino-1-(4~
nitrophenyl)-1,3-propanediol, (18,28)-(+)-1, 2-diaminocyclohexane,
dehydroabietylamine, (IR,2R)-1, 2-diaminomethylcyclohexane, cinchonidine, and

cinchonine.

37. The compound of Claim 36 wherein:
R™ is -CO.R® ;
R’ and R? are both hydrogen;
R? is phenyl;
R® is methyl; and
the chiral amine is R,R~(-)-2-amino-1-(4-nitrophenyl)-1,3-propanediol.

38. The compound of Claim 33 wherein:
R™ is -CH,OR® ;
R’ is hydrogen; and
R® is benzyl.

39. The compound of Claim 38 wherein:

R? is phenyl; and
R is methyl.
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N> N X or a salt thereof wherein: Ra is al kyl,
phenyl, Cl to C6 al kyl phenyl, or C, to C6

walbkeogphenyl; Rb is Cl to C6 al kyl; R20 is hpdragemns/o39ss4

or benzyl; 5 Xis d, I, or benzyloxy; R3 and RZ are
taken together to formnethylene (=CH2), or R3' is
OR23, and RZ is -CH20R24, wherein R23 and R24 are

each hydrogen or are tak together to formaring to
def i ne%a di‘dLYPRAEd XWGEE? g%{gllggahe bei ng optional |y

substi t yiregkawi th - Q(ClL- 1 alkyl) or -Q(C=0 ( Cl4al kyl);
and 10 R25 and R26 are both hydrogen, or one of R25
and R2 RYdrogen and the other is acyl; or R25 and
R26ar e en together to form =CH(CC1. 4al kyl ) or

=CH( OC( =0\ ChrALKydalt thddof WhGemEMPOUNd of O ai m 43
wherein: 15 Ra is phenyl; Rois nethyl; and X is

benzyl oxy R’4&phéfiyk conpound of claim44 in which 20

R20 is bengyl; R}’ is OH and RZis -CHOH and R25

and R26 a:i% lﬁgﬂﬁj}ﬂﬁlﬁl}s‘ﬂgen. 25 46. The conpound of

d aim43 meb RS Bacdiporienyl; Rb is nethyl; 118 WO
2004/ 052310 CTpEJSZOOSII—%39554 X is benzyloxy; R}' is
OR23, and Rds hgdrega@RMydrontyqrretectif@?Soemadn®24 conbi ne

41. A compound of formula

SIRPR?

N OH
o

R? is alkyl, phenyl, C; to C¢ alkylphenyl, or C; to Cg alkoxyphenyl;
R’ is C; to C¢ alkyl; and

wherein:

R* is hydrogen or benzyl.

42. The compound of Claim 41 wherein:
R? is phenyl;
R® is methyl; and

R* is benzyl.

43. A compound of formula
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47. The conpound of Claim43 wherein: Ra is phenyl;
10 Ro is nethyl; X is benzyloxy; Ry and RZ are taken

woaoeosexriot o form net hyl ene; and R25 is hydr ogemuanm3/039554

R26 is aryl. 15 48. The conpound of C ai m 43 having
the formula, SiRb2Ra H2N OBn NOH N N ), OH x 78.

49. A conpound of fegrmggeka O N~ _"W::[l 8200 N N
NH2 RaRb2Si or a sakt thereof, wherein: 20 Ra is

al kyl, phenyl, C1 eal eyl phenyl, or Cl to C6

al koxyphenyl; Rb }s/Cl to C6 alkyl; and R2 is

hydr o %ZSMH,QE N. 39R' The conpound of C aim 49
wherein: 119 2,3204/ 052310 PCT/ US2003/039554 Ra is
phenyl; Rb i"sy Nyl; and R20 is hydrogen. 5 51. The

conpound of ai m 49 wherein;. . By} s.pPeRMbin: RO is
met hyl ; and 0 i s benzyl.

R? is alkyl, phenyl, C; to C alkylphenyl, or C; to Ce alkoxyphenyl;

R? is C; to Cs alkyl;

R? is hydrogen or benzyl;

X is Cl, I, or benzyloxy;

RY and RZare taken together to form methylene (=CHy), or R’ is ORZ,
and R?is -CH,OR?*, wherein R* and R?* are each hydrogen or are taken
together to form a ring to define a dioxolane, said dioxolane being optionally
substituted with -O(C;4alkyl) or —-O(C=0)( C1.salkyl); and

R?® and R?® are both hydrogen, or one of R? and R* is hydrogen and the
other is acyl; or R and R*®are taken together to form =CH(OC.salkyl) or

=CH(OC(=0)C1.4alkyl).

44. The compound of Claim 43 wherein:
R? is phenyl;
R® is methyl; and
X is benzyloxy.

45. The compound of claim 44 in which
R is benzyl;
RY is OH, and R*is -CH,OH, and
R? and R are both hydrogen.

46. The compound of Claim 43 wherein:
R?is phenyl;
R® is methyl;
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10 52. The net hanesul fonate salt of the conpound of
Caimb51. 53. A conpound of formula x N N NH2 R200

wONo/osRaRb2S or a salt thereof, wherein: X spCr/useoos039554

15 Ra is alkyl, phenyl, C1 to C6 al kyl phenyl, or Cl to
C6 al koxyphenyl ; Rb is Cl to C6 alkyl; and R20 is

hydr ogen ofs o 54. A conpound of formul a O N ~i
R200 N N NH2 IS HO Rb 229 wher ei Q3Rb to
al kyl ; aRl RER] @nﬁﬁmgﬁe}h pehergin R S g RE: gt 6 torm a

ot hyhorolo EOoa DRSS Peir o3 BIBELG - OUT ol and

conpound g% .f ORMULa HEh HYaN eﬁr@ws Rf%rewa@erﬂzzaherao form
a salt thereof, wherein: E or a bond; R27 is

hydr og@H(OﬁemﬂWl)orﬂCTﬂ(W@E@CMaék}@ is Clto C4 alkyl
or phenyl; and Rd is Cl to C3 alkyl. 57. A conpound
of claim56, in which Ais a bond, and R27 is

hydr ogen.

47. The compound of Claim 43 wherein:
R? is phenyl;
R® is methyl;
X is benzyloxy;

RY and R”are taken together to form methylene; and

R” is hydrogen and R is acyl.

48. The compound of Claim 43 having the formula,

SIRPR?

HoN N ﬁC\OBn
7/ g OH
AN ) H

X 78.

11t

o\

49. A compound of formula

O
N NH
&
RZOOA&ﬁN N/)\NH

ROR%SIY or a salt thereof, wherein:
R? is alkyl, phenyl, C; to Cs alkylphenyl, or C; to Cs alkoxyphenyl;
R?is C; to Cg alkyl; and
R? is hydrogen or benzyl.

50. The compound of Claim 49 wherein:
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10 58. A nethod for making a conpound of fornmula 78,
according to Claim48, conprising, (a) treating an
woebevosefiot he formula SiRb2Ra CO2R OH 66 wheperTusRu3/039554

is allyl, phenyl, Cl to C6 al kyl phenyl, or Cl to C6
al koxyphenyl; Ro 15 is Cl to C6 alkyl; and Ris Cl1 to
C4 al kyl @fidysheaylt;, with 2-net hoxypropene and a
catal ytic_amount of a weak acid to provide a conpound
of formul & S§meapdr OvOP 74; (b) reducing the
car boxyl i ¢2e lety of the conpound 74 with at
| east one‘l?1 Z%thﬁérgg%e reagent to provide a conpound of
formula, SiRb2Ra OH OMOP 75; a 121 WD 2004/052310
PCT/ US2003/ 039554 (c) protecting the unprotected

5  hydr 0¥} ndibecoympe W49 hegdia penzyl ether upon
treat nent ,@f. ofo] und 75 with a base and a benzyl
hal i de, t?\{erﬁs?e Ving the MOP group of the conpound
75, to pr @Piigmethly® aplll yl i ¢ al cohol having the formula,
Si Rb2Ra Q 70OBn OH 76, 5 (d) epoxidizing the product
from step R cisbeheH- a honochiral diester of tartaric
acid, a hydroperoxide, and a netal catalyst, or with a
peracid, to give a cyclopentane epoxide having the

10 fornmuls SiTiRe2RahdBrulfddatd salt of the compound of Claim 51.

53. A compound of formula
X

N NS

N
@
RZOO/\&ﬁN N/)\NHZ

ROR,S or a salt thereof, wherein:
XisClorl
15 4 R? is alkyl, phenyl, C; to Cs alkylphenyl, or C; to Cs alkoxyphenyl;
R® is C; to Cs alkyl; and
R? is hydrogen or benzyl.

54. A compound of formula

O
NH
¢ ]

s
b &
R>S}
HO"T,
20 R

wherein R? is C; to Cs alkyl; and R? is hydrogen or benzyl, or a salt thereof.

L
55. The compound of Claim 54 wherein R® is methyl.
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0 77; (e) treating the cycl opentane epoxide from step

(d) with an alkali netal salt 10 of a purine conpound
wofwdsoismiba x N ~i | N NN NH2 28 H wher ei nP&TIUS2003/039554

benzyl oxy; 1, or A, to give a conpound of formnula 78.

15 59. A process for the preparation of entecavir

havi rgp. t Recdpommdaf féindila HOCH2 N NH2 HCS 21,

conprising: (a) converting an ester having the

formula SiRb2Ra CO 2 OH 66 122 WD 2004/ 052310

PCT/ US2003/ 039554 N n Ris Cl to &4 alkyl, or

benzyl; Ra is Il<jl nyl, ClL to C6 al kyl phenyl or

ClL tgdR e, RO i s ClL to C6 al kyl,

under am nohy xylation conditions to give an

oxazol i di havi ng the for HRRORavheeBR  HN1O O

67; 5 (b) r}ggkﬁvertl ng the al cgﬁbgalﬁ t he oxazol i di none

of fornul iH6TaNt Hb@nd;i odide salt to give an iodide

having the fornmula Si Rb2Ra HNUO
) R?’ is hydrogen, benzyl, or S%

5 R® is C; to Cy alkyl or phenyl; and
RYis C to Cs alkyl.

57. A compound of claim 56, in which A is abond, and R?7 is hydrogen.

10 58. A method for making a compound of formula 78, according to Claim 48,
comprising,
(@) treating an ester of the formula

SIRP,R?

CO.R
Z _OH 66
b
wherein R? is allyl, phenyl, C; to Cs alkylphenyl, or C; to Cs alkoxyphenyl; R
15 is C; to Cg alkyl; and R is C; to C, alkyl or benzyl; with 2-methoxypropene and a

catalytic amount of a weak acid to provide a compound of formuia

(b) reducing the carboxylic ester moiety of the compound 74 with at least one
20  hydride reagent to provide a compound of formula,

SiR%R®

S
omMor 75,
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ol | 68; (c) treating the iodide of fornula 68 with
zinc and acetic acid; (d) treating the product of step

woOepoaustioa hydri de reagent to reduce the estepPCTAB2003/039554
noi ety to an al cohol and give a nethyl ene conpound of
formula Si Rb2Ra OH H2N 69 or a salt thereof; (e)
r eact i(gprotesting thieyinpradectasipuuory rodiefyorfreampoa®l ¥,tak a benzyl
6-.chl oro-2-am no- 5-nitro-4( -pyrimdinopne.in the .
s uftdi el cofrgrud 75 Wb ot e BeRSbEE hebrampving
REVICH B o8 inc QRO 1D N ePond S BAFRGSHol i el fbrmute,
treating the pyrimdine corrgoundf of formula 70 V\/I%h a
reduci ngiRdg@nt to reduce the nitro noiety to an

' E23 WD 2004/ 052310 PCT/ US2003/ 039554 (Q)

eOpr oduct of step (f) with an orthoformate

derivat+we apd an acid to give a nethyl ene conpound
having the~formiléa O / HO N N NH2 RaRb2Si 71; and

S oF matd) eidihat B sl sttt Wiins SRR e e artaric
GOIID R WoEroBbrok Al deh Rdtal Sfalyh RIS ?erfa@iﬁ fohBve a afclo'&)elntane

c
preparati on of entecavir having the formula O N
ldooxide Ranipg the formula

OBn
OH

77;
(e) treating the cyclopentane epoxide from step (d) with an alkali metal salt

10  of a purine compound of formula

X
N N
¢ ]
N N/)\NHZ 28

wherein X is benzyloxy; L, or Cl, to give a compound of formula 78.

15 59. A process for the preparation of entecavir having the formula
0]
N fLNH
¢ |
HOCHZK&/N N/)\NHZ
HO' 21, comprising:

(a) converting an ester having the formula

122



10

15

HO 21, conprising: (a) treating
4-(S) - hydroxy-2-cycl openten-1-one with a silylating

woeag@stziof 10 the fornula RRA2Si Y and a tri aPkyhsposm39ss4

base wherein Ris Cl to C4 al kyl or phenyl, Rdis Cl

to C3 alkyl, and Y is a |eaving group to give the

GEHERSH ROis @F, th @1, Ay Pberzyl; RCRS 2151 iayl, ()Xo T elylphenyl or C;
the product fromstep (a) with a Gignard_reagent .

50 Ep atkeaylreond, and Bf% i GrietGrald, undgearpBghEfiex yatigreonditions to
formul a OVASY X erein Ra is allyl, 15 phenyl,
&Vﬁ@%zﬁ%?%%wg%wﬁmiao C6 al koxyphenyl; Rb is

Cl to Cogplrkgd ; and X' is chloro, bromp, or iodo
followedzby treatment with trinethylsilylating reagent

to give Pafound of formula OTMS RRd2Si O

", -Si Rb2 .,,,;3/4(;)H(c) fornylating the conpound of formula

34 to gnyveoa conmpound of formula 124 WD 2004/ 052310

PCT/ USZO\Qﬁ/ 039554 0 OH RRd2Si O Si Rb2Ra 35; (d)
treatingGhe comgound of fornula 35 with a

sul fonyl ati ng reagent havin the formul a R3SO2C1,. ...
wher ei() Rgopwerting the atseha) Wﬁ? 0)@4ZP¥111198%14§€0H§2}11? 6] vty qn iodide
or..phenyl . e to C6 alkyl or C1 to C6
aﬁa}gg%gl;‘%gn(‘é#gﬁé%{:‘#éﬁ%f?%‘?au%roduct of step (d) with a
strong bage,k0 elimnate a sulfonate group to provide
a met hyl gne éﬁg ound of formula O RRd2Si O S1Rb2Ra 36;
(f) sel ) gPreducing t he net hyl ene conpound of
formul a ;2 with a hydride reagent to provide an
al lylignal ©ohol of the formula OH 10 RcRd2Si O
r S| Rb2Ra 1B7;

Y 68;

(c) treating the iodide of formula 68 with zinc and acetic acid;

(d) treating the product of step (c) with a hydride reagent to reduce the ester
moiety to an alcohol and give a methylene compound of formula

SIR,R®
e

HN 69 or a salt thereof;

(e) reacting the methylene compound of formula 69 with 6-chloro-2-amino-
5-nitro-4(3H)-pyrimidinone in the presence of base to give a pyrimidine compound

having the formula

0
ozNjfU\NH
PN
H
R?R®,Si™ 70;

(f) treating the pyrimidine compound of formula 70 with a reducing agent to

reduce the nitro moiety to an amine;
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(g) condensing the allylic al cohol of the fornmula 37

under M tsonobu conditions with a purine conpound of
woOapomdszsts N\ H2ZN N H 28, wherein X is O, |, POT/US2003/039554

benzyl oxy, to provide a nethylene conpound of fornula

x NN N NNH RaRb2Si 15 RcRd2Si O 38; and (h)

conveyd)i Ngclififig ﬂwlm@@m oblitep () Mitham3sthbfortiate devivpumand an
of fornula 21.  61I. A process for the preparation of

avid exgve p oieslvilens aompotind heniag thegomy2004/ 052310

PCT/ US2003/ 039554 @ N N rNHHOCH2 N 2 HOB® 21,
conprising: (a) repcting a cycl opentenone of the

formula O6 MM33 with iodine, wherein Ris C1
to C4 al kyl Jor\ phenyl, and Rd is ClL to C3 alkyl; 5
(b) rétuci @ caNboMl2 group of the product of step

(a) to prov an iodo conpound of formula OH
RcRA28PRY,80; (c) converti nq; 4d@e i odo conpound of
formula 40 to give a conmpound of fornula OH 6- CO2R
10 RcRg2Siddvérting the silane moiety of the compound of formula 71 to a

5  hydroxy moiety and providing the compound of formula 21.

60. A process for the preparation of entecavir having the formula

O
N

NH
HOCH, N7 N7 NH,

HO\\: 21, comprising:
(@) treating 4-(S)-hydroxy-2-cyclopenten-1-one with a silylating reagent of
10 the formula R°R%SiY and a trialkylamine base wherein R® is Cy to Cs alkyl or phenyl,
R%is C; to C3 alkyl, and Y is a leaving group to give the compound of formula
0

RRSSI0 33,
(b) treating the product from step (2) with a Grignard reagent p;epared from
a (halomethyl)silane reagent of the formula R*R%,SiCHX, wherein R® is allyl,
15  phenyl, C; to Cs alkylphenyl or C; to C¢ alkoxyphenyl; R? is C; to Cs alkyl; and X' is
chloro, bromo, or iodo followed by treatment with trimethylsilylating reagent to give a

compound of formula
OTMS

*, imb pa
rgsiol SRR

.
b

(c) formylating the compound of formula 34 to give a compound of formula
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wherein Ris C1 to C4 alkyl, or benzyl; (d) acylating

t he conpound of fornmula 41 with an activated acyl
weagenosafiot he fornmula R2ZC(O)-Y wherein R2 i s €LTUS2008/039554

al kyl, arylalkyl or aryl, and Yis a leaving group to

give a conpound of formula 0 R2)~ 0 6- CO2R 15

RRA2Si O 42; () toreati ng the product of step (d) with

a Gignard reagent prepared froma (halomethyl)silane

reagent of t ormul a RaRb2Si CH2X' , wherein Ra is

al kyl, %%bgw T %, 18&°\® 2004/ 052310 PCT/ US2003/ 039554

Clto yl phenyl 0B5Cl1 to Co6 al koxyphenyl Rb is

c1 d X is chl od .
o ve 4 e Sritne e Piprup i rrRip AS Wi Rikibelipg eabSht having
’t§’é ReaiRe: K80, 01 wHeedH R Ract QeCa,ea?Icﬁr trﬁfuofc{?ﬂéém*lc pifca Prl"bﬂﬂhenyl

a hydride reagent to provide an
tsnbstitatedby &£, GHCs m&2®©fo$6m44 (g) epoxidizing the

aIIyllc al cohol  of f a 44 V\n&]gaan0|d|2| .agent
5 B i dreHng emepbict Shuerph it Sronehass §aaTeR o
110 'tc?@% AOmethiEné BimpSAQldIGntd1e
E&g&c%pe tgﬁ g?ﬁede gf g’fgr rrum% 45 with an al kal i
netal salt of a purine conmpound of formula X N N>
H2ZNIN H 28
rRrigic! 7 SRR

(f) selectively reducing the methylene compound of formula 36 with a

hydride reagent to provide an allylic alcohol of the formula
OH

: %, SiRP,R®
10 RRGSI0 #7020 4,

(g) condensing the allylic alcohol of the formula 37 under Mitsonobu

conditions with a purine compound of formula

)\)I\>

H 28, wherein X is CL, I, or benzyloxy, to provide a methylene

X
e
“< LA

o
b N™ >N “NH,
Rstl

d oY
15 R'R"SI0 38; and

compound of formula

(h) converting the compound of formula 38 to the compound of formula 21.

61. A process for the preparation of entecavir having the formula
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wherein X is O, | or benzyloxy, to give a conpound of
formula X N NNNH2 o-OH 0 H RCRJ2Si O -Si Rb2Ra 46;

wo20d4052310nverti ng the conpound of formula 46 POTAIS2003/039554

nmet hyl ene conpound of formula 127 WO 2004/ 052310

PCT/ US2003/ 039554 O N DI N NNHNH2 HO Si Rb2Ra 47; ()
treating the conmpound of fornmula 47 with an acid or
base effective fa¥ odesilylation of the silyl

moi ety; and (f) éxilli ziing the product of step (j) to
provi deod n fiey nula 21. 5 62. A process
for the prep tion of entecavir having the fornula O

HOCH2 N NHZ2HOB 21, corrprizgng: a). treating a

hom)chi ral Dicyclic |actondlofoRHE®Frnula O 49 10

W th pay atead 4 ted68d bEhaedthuignd sul furic acid

to prowde aﬁ%ag}tg(g?go ?1 ?orrlrlua O AcO"~0O \O
AcC 50; (b) t¥Peating the diacetate product of step (a)
usi ng a base A an al cohol

RR%SIO 33
with iodine, wherein R® is C; to Cy4 alkyl, or phenyl, and R%is C; to Cs alkyl;
(b) reducing the carbonyl group of the product of step (a) to provide an iodo

compound of formula
OH

R°R%Si0 40;
(c) converting the iodo compound of formula 40 to give a compound of

formula
OH

Q/COZR

R°R%8i0 41
wherein R is C; to Cy alkyl, or benzyl;

(d) acylating the compound of formula 41 with an activated acyl agent of the
formula R*C(0)-Y wherein R? is C; to Cg alkyl, arylalkyl or aryl, and Y is a leaving

group to give a compound of formula
0]
RZ/U\O
CO,R
R°R%,Si0 42;
(e) treating the product of step (d) with a Grignard reagent prepared from a
(halomethyl)silane reagent of the formula R*R%SiCH,X’, wherein R? is allyl, phenyl,
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solvent to renove the acetate protecting groups to

gi ve the conpound having the 15 formula O ~. O HOJ
wolQomlos23128 WO 2004/ 052310 PCT/ US2003/ 039554  pCX/US2003/039554

treating the product of step (b) with a silylating

reagent of the fornula RCRJ2SiY, whereln Ris linear

6% thEaaliiiptiensa of 61 @ICaklkykyphenylpREinT 1, todisdillad; angd X' is chloro,

gl near %{ branched C1 Lﬁl kyl and Y is a | eaving
FBR O § 069&7"6@8656&%%‘65?@1 formula O 1\0
RcRd2Si 0/ 41- :j BOFE{dZSl d 52; (d) treating the product

of step (c) a strong non- nucl eophi li ¢ base and

(19-(+)-( canphorsul fonyl ) oxaziridine to give a
conpomﬁwﬁzﬁfofor n@ﬁ % **0 RRd2Si 0~ RcRd2Si 53; (e)
reduci ng the | actone rml ety of t he qvod ct fromste

(d) w®h @dnylag theeester of f%)g&ar@ wih gihydride egaph &Fhﬁfovpde an
rﬂglﬂ EIOO—I RRd2Si 0' J RcRd 2Sid
3 %@3\/ %?3]1 Iégl\‘?l ng e product fromstep (e) with an
oxi di zi ng aﬁﬂoﬁl ve a conpound of fornmula CHO
-, .~b
RCRdZSiO ’//SIR 2Ra44;
(g) epoxidizing the allylic alcohol of formula 44 with an oxidizing agent to

provide a cyclopentane epoxide of the formula
o)
§ o
- nb pa
RRYsi0 SRR o
10 (h) reacting the cyclopentane epoxide of formula 45 with an alkali metal salt

of a purine compound of formula

fi\>
H 28

wherein X is Cl, I or benzyloxy, to give a compound of formula

X

N \N

¢ |

N N/)\NH;_
_‘\\\“"OH
OH

RRL,SI00  “—SiRE,R? 46;
15 (i) converting the compound of formula 46 to a methylene compound of

formula
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~~CH RRd2Si 0~ RRd2Sid 53B; 15 (g) reducing the

product fromstep (f) with a hydride reagent to give a
woi2004/032310t he fornmula CH2OH ~ off RRA2S1Q, " POT/US2003/039554

RRd2SI & 54; 129 WO 2004/ 052310 PCT/ US2003/ 039554 (h)

selectively sulfonylating the primary al cohol of the

product frompstep (g) wth a reagent of the formula

R3S2CI V\/ne elnR3|s Cl to &4 al kyl,

trlfluorp phenyl, or phenyl substitut ed by C1
toC6aI toC6aIkoxy; (i) acylating the
secondar y aI 2of the product of step (h) with an 5
acylatl ."- of the formula RRC(O)-Y, wherein R2 is

Cl to C¥§ I kyl, arylalkyl or aryl, and Y is a |eaving
gr oupHHO glfv.e_gpigg?rp und havi ng the formul a CH2OSO2R3
~~O~R2 RRA2Si O~ RRd 2Sid" 55; (j) treating the

prod fifeafh s iR ofipbuid bftfoem8lardMngitias ecitl or biseetfective for
el immation and hydr ol yS|s of the carboxylic acid
wstodesitybatiginveg thmslyéamp%nrm of formula OH % RRd2Si

0
(e Soted SonsOuiSaRID e MG BRI R 21

5
62. A process for the preparation of entecavir having the formula
O
2T )\
HOCHZ\&/
HO' 21, comprising:

(a) treating a homochiral bicyclic lactone of the formula

O
O
U

10  with paraformaldehyde, acetic acid, and sulfuric acid to provide a diacetate of the

formula

vy
: @]
AcO" 50,
(b) treating the diacetate product of step (a) using a base in an alcohol

solvent to remove the acetate protecting groups to give the compound having the

15  formula
O

—
\\\O
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28 wherein Xis O, | or benzyloxy, under M tsonobu
conditions to give a nethylene conpound of forrmula N

w& 2008/05231RCRA2Si O N--N  RRd2Sid NH2 57; 15 (1) pPCEMIS2000039554

the silyl ether protecting groups of the nethyl ene
compound of formula 57; and (m hydrolyzing the 6-X
gr oup(c) o tgiating theeprodump ofistep @f) wWith awdilydating reagegt gfzhe formula

rqcess for .the. preparation of, entecavir havi @:. 1
Rt whttsin Doibar oasuRbpErFUss nsp o 0Rgh s tiner
SN ©; 1518, BB arkily i$ 2 TRYing ighdlip, td gbvidedusiipgutidief
Sonang of €, oyt a 100 g eilp, (Abvidd R outd S
foomglave a lactol of the fornmula OH RRd2SiO0- \ / 5
RRd2SK 59 wherein R.s a linear or branched Cl to C4
al kyl, or phenyl d Rdis a linear or branched Cl1
to C3 al kyl; (b):‘i\ inating the lactol product of step
(a) b}ﬁCéﬂ&S“@\l oxi dation to give
ROR%,SIO 52

(d) treating the product of step (c) with a strong non-nucleophilic base and

(18)-(+)-(10-camphorsulfonyl)oxaziridine to give a compound of formula

HO, o)

{0
RCRdZSiO/\Q
ROR%SI0 53;
(e) reducing the lactone moiety of the product from step (d) with a hydride

reagent to give a compound having the formula
HO, OH

3 ©
RCRdZSiO/\Q
R°RY,SI0 53A:
(f) cleaving the product from step (¢) with an oxidizing agent to give a

compound of formula
HO

(OH
RCRdZSiO/\Q

R°R,SIO 53B;

.”O

(g) reducing the product from step (f) with a hydride reagent to give a diol of

the formula
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an iodi de conpound having the fornula CH21 OCHO ,\

RRd2Si O~ 10 WRd2Sid 60; (c) treating the product from
wetem/iskdiowi th a strong base to give the nethpCens2003/039554
compound of formula OH ,\ RcRd2Si0 RcRd2Sid 56; (d)
condensi ng the product fromstep (c) with a purine

Con”p d sefecti@iyidlfon Pét theMr alNo D28 ﬁrBﬂluc\tﬁom step (g)
2004/ 2310 P /USZO )3/ 039554 grein cl

With 2 yéagsst, of drrokormmat R (Sﬁbﬁh et & Brist ff’é:@a‘@é %ilﬂuor romethyl,

%&%S qﬁny&“%%%bg q\’ll—tlgrcg%h% 05 Ci’ Vi nggf Le\ sN iyl

et herpr Qgiatihgth %@wﬂw dhldBomdE sddemeofcsmmh wdhmh
5f or(njala gi g] i d (f) hydrcol yz(l)ng b he 6-X :

5 ghlinghgont ofithsatingh RPGIGRY awharen e s 6 Coc LBaR argaliyl or
bt SRS Qs SE8Y LimRRHAR N Rl O N

CH,0S0,R?
o R?
RR¢ SIO/\Q
RCR 28'0 55’
() treating the product from step (i) with a strong base to effect elimination

and hydrolysis of the carboxylic acid ester to give the compound of formula

LOH
R°RY,SiO

10 RR%SI0 56:
(k) condensing the product from step (j) with a purine compound of formula
X
N S
N
1L
N s
NTONT TN o
wherein X is CL, T or benzyloxy, under Mitsonobu conditions to give a methylene
compound of formula
N X
O
N— N
R°RY,SI0 N=
15 R°R%,SI0 NHz ..
() removing the silyl ether protecting groups of the methylene compound of
formula 57; and
(m) hydrolyzing the 6-X group to give the compound of formula 21.
20

63. A process for the preparation of entecavir having the formula

130



10

15

(a) silylating a conmpound of forrmula CH20Bn OOH of
82 with a conmpound of fornula RRd2Si Y, wherein Rc is

woi2o®as2310 branched O to C4 al kyl, or phenyl pcRase®3/039554

linear or branched d to C3 alkyl, and Y is a | eaving
group, to 15 provide a conmpound of forrmula CH2OBn

% 0OSi Rd2Rc  p... 83; O(b) reducing the product from
step (a) under cqpditions sufficient to renove the
benzyl protecji n@ diou Ht o gi ve a conmpound of formula
CH2CH %?i 2B N6 32 WO 2004/ 052310

PCT/ U§5)O 154 (cC corfverti ng the al cohol noiety
of the prodyct  fromstep (b) to a sulfonate ester of
the formul" S2R3, wher ei n 2k3cqmprEing o C4 al kyl ,
trifluqronethyl .. or phenyl ..substituted by Cl1 to C6
al kyl l(lagr @ut{%g%%&%nﬁpMXngO&l\l}ga a conpound of fornul a
CH20S02R3 NOSi RdI2Rc o Or 1 85; 5 (d) treating the
product from step“@) with a strong base to effect
elimnation .of Ah€OR3SCBH to provide the nethyl ene
conpowrfa®,eio’f o a ,INOSiRd2Rc Ol 86; (e) treating
t he prod%dg,rsmstep (d) with a lithiumsalt of

1, 3- di t hitdhe~Lo provd2de the conmpound of fornmnula

’tcly\lgi%le gqsc%ol o? thleofoH Lulas -

OH
s
0 \\o
RcRsziO/\O *

N
R°RY%,SI0 59

wherein R® is a linear or branched C; to Cy alkyl, or phenyl, and R® is a linear or
branched C; to C; alkyl;
(b) iodinating the lactol product of step (a) by free radical oxidation to give

an iodide compound having the formula
CHj|

A OCHO
RCRdZSiO/\Q

RC'RdQSiO\¢ 60;
(c) treating the product from step (b) with a strong base to give the

methylene compound of formula

(OH
RCRdZSiOAel)

R°RY,SiO 56:

(d) condensing the product from step (c) with a purine compound of formula
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(f) hydrolyzing the dithioacetal noiety of the
conpound of fornmula 87; and (g) treating the product
wohostmep1(f) with a hydride reagent to provi depPar/us2003/039554
conpound of forrmula HO ,t\OSi Rd2Rc HO3 88; 15 (h)
acylating the conmpound of formula 88 with a conpound
RveiehgXtik €1, Ifon benzydoxs2 Gider Mitsonblerr edndlitions $o give @amsthyjene
group and. R2 i.s Cl to C6 alkyl or aryl, to give the
@@Wﬁ%\a}%odfé?m?l&?nula O R-J], O ..%H R2y0. 0 89; (i)
condensi ng the produgt fxomstep (h) with a purine
conpound of forrnul & WD 2004/ 052310
PCT/ US2003/ 039554 N N HN NH2 28 wherein X is
a, | ,RBf.SiEENz y unﬂ@@ M t sonobu conditions to give
8 r&ekl&&%e%sgpgpoupd of Nbprnmula x <1 ~N ON R2,Jj,
90; 5 (j) r¥fovi ng the acyl ester

' f
PR DR AL RSB AR oo o

5 themagespaad of fornula 21. 10 65. A process of
preparing entecavir having the fornula O
(0 hydrolyzing the 6-X group to give the compound of formula 21.

64. A process for the preparation of entecavir having the formula

O
N

NH
¢
HOCH%&/N N//kNHZ

10 HO' 21, comprising:
(a) silylating a compound of formula
CH,0Bn
. WOH
o 82
with a compound of formula R°R%,SiY, wherein R® is linear or branched C; to Cy
alkyl, or phenyl, RY is linear or branched C; to C; alkyl, andYisa leaving group, to
15  provide a compound of formula
CH>0Bn
N WOSIRGRC
On 83;
(b) reducing the product from step (a) under conditions sufficient to remove

the benzyl protecting group to give a compound of formula
CH,OH
N WOSIR%GRC

=~

Ol 84;
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H NHHOCH2 N 2 HOB® 21, conprising: (a) reducing an
ester of the fornmula CH2OBn R 'Q'/, /| CO2R wherein R

wO063s10C4 al kyl, or benzyl, and R is benzylCcThspmglo39ss4

substituted on the 15 phenyl noiety by d to C6 al kyl
or Cl to C6 al koxy, or RRd2Si wherein Ris linear or

br ancigd ééﬂnvbﬂu@éth@bkwhol dfoigthefie pradictt Rdm sep (b)e@a snﬂlfonate
branched Cl1 to alkyl, wth a hydride_ reagent

vty mm&:&% wBoObER 3655 Ci 1&}/ é%f}mfewrha&or yhenyl
ﬁ@?%bﬁ?cf??@‘ &l est e Oggé ‘tt%%zglrkl% §:§ i éig% awoh@’&rﬁ%%%fr%)m Ella

and a netglosRal yst to provide the cycl opentane

epoxi de bf thejo mula CH206n R O/, OH ~0 17; 5 (c¢)
treati H@%ﬁ@ uct of step (b) wth an alkali netal
salt a@h purine gxnpound of formula x N N H2NI N N

28 wherein Xis C, | or BnO to provide a conpqun
formui@ temtoBthoprodretdrgm step (¢)okh 2 Rirppgbasatq efifeCNel%mnatwn

bRinel st SONAAL TR Etladbplochipduct of step

‘&.\\OSiRdch
Ol 86;

>

(e) treating the product from step (d) with a lithium salt of 1,3-dithiane to

provide the compound of formula

5\87\&.\\03%’2?
s

(f) hydrolyzing the dithioacetal moiety of the compound of formula 87; and
(g) treating the product of step (f) with a hydride reagent to provide a

compound of formula

HO%‘\\OSiRdZRC

HO$ 88;
(h) acylating the compound of formula 88 with a compound having the
formula R*C(0)-Y, wherein Y is a leaving group and R? is C, to Cs alkyl or aryl, to

give the compound of formula

RZ/U\ /\& «wOH
O“

0 89;

(i) condensing the product from step (h) with a purine compound of formula
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nmet hyl ene conpound of forrmula x \f ~ N BnOCH2 jh_ N
]I NINH2 R O 19; (e) hydrolyzing the X group of the
woanpsedoof formula 19 to provide the nethyl eo®/us2003/039554
conmpound of forrmula O ][l "i~"H N BnOCH2 N N NH2 15
RO 20; and 135 WD 2004/052310 PCT/ US2003/ 039554 (f)
renovi ng thxe benzyl ether protecting group(s) to
pr ovi dq\lth compound of fornula 21. 5 66. A process
for th@ P e\p ration of an ester of the fornmula CH20Bn
BnG, , , Yy Bimerein Ris G to &4 alkyl or benzyl,
conpri $4 ng: (gﬁ*zagsetyl ating a diol of the fornula
CH20Bn HOL,,. - ,,\0OH 10 with an_ anhydride to provide
twherahi XcietGt ke ovbenziiloxy sndariMitscopbopprdages to give a mplylsne

b) hydrolyzing the product fromstep (c) with a
%9%‘?81\{‘5%%%%’@ to give a conmpound of fornula CH2OBn

HOB3,, %4Ac 3; X
N ~N N
? AL A
P
r2Ag N" >N NH,
Rz\[r o
) 90;
5 () removing the acyl ester protecting groups from the methylene compound

of formula 90; and

(k) hydrolyzing the X group to give the compound of formula 21.

10 65. A process of preparing entecavir having the formula
o]

N NH
<
HOCH, \&/N N/)\NHz

HO 21, comprising:
(a) reducing an ester of the formula
CH,0Bn
R'0/), CO.R
7
wherein R is C; to Cs alkyl, or benzyl, and R’ is benzyl, benzyl substituted on the
15  phenyl moiety by C; to Cs alkyl or C; to Cg alkoxy, or RcRdZSi wherein R® is linear or

branched C; to C4 alkyl or phenyl, and R¢ is linear or branched C; to C; alkyl, with a
hydride reagent;
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15 (c) coupling the product fromstep (b) with

phenyl sul f onyl nitronethane to give a conpound of
wbapmmis231€H20Bn  HO h. ' ° " ~<SQ2Ph 4; (d) al kylpariusgoo3/039554

the product fromstep (c) with a benzyl halide to

provi de the conmpound of formula CH20Bn N02 20 -

SQ2Ph (B  &8mBeR¥AIl dpdlidififg MeQiodict foasted @p with)a Hoanochiral

an ester of the formila 136 2004/ 052310 .

AEHeUSP 00BYi0 3918 sathydphix@BrdBRay | metabgrtatsRicprosidyg the )

'sg‘rreritzi n% tJ&g g@{g_r of1 the formula 6 under basic

CHHAPTIIRSLPPHB POV ™ e ester of the fornmula 7. 5

67. A proceggoBer the preparation of an ester of the

formul a 2OBn BnO,,. / CO2R wherein Ris Cl to C4

al kyl P/ 1gény , @onprising: (a) asymmetrically

acetyl ati ng—tWwe di ol17pf the formula CH20Bn HG , ..

OOH 10 1 with a CI f | kyl .acet at t d .
5 ponr ollEse A Be Pt POl B GO Rl purine
3% 80na Ot - SOH -7 135

X
or

[ \

HZN)*N N>

H 28
wherein X is Cl, I or BnO, to provide a compound of formula
CH»0B8n
R0/, / ~OH
“on
N N\ NH>
1
N Z
X 18;
10 (d) converting the vicinal diol product of step (c) to an alkene to provide the

methylene compound of formula

X
Ny
e

BnOCHz;&AN N//kNHz

'

RO 19;
(¢) hydrolyzing the X group of the compound of formula 19 to provide the

methylene compound of formula
O

N NH
¢ ]l
BnOCH, ;&AN N/)\NHZ

15 ) 20; and
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(b) acylating the product fromstep (a) to give an
al kyl carbonate of the 15 fornmula CH2OBn AcO 1,
woL0@05230R4 O 14 wherein R4 is Cl to C6 al kyl pchharszoos/039554

phenyl, or phenyl substituted by Cl1 to C6 alkyl or C1
to C6 allcoxy; (c) coupling the product fromstep (b)
wi th glhenytaeviheme B%%Qﬂﬁ} paReting gralfp(Hho pravide the compound
compound of formula OBn "NO2 AcOn+. S02Ph 15; 137
whfeonds 62310 PCT/ US2003/ 039554 (d) hydrol yzing the
product fromstep (c) with a base to obtain a conmpound
of formula CH2OBn 2 HA,,. .S2Ph 4; (e) alkylating
the product fromstep (d) with a benzyl halide in the
presence 5 of strong non-nucl eophilic base to give

5 the cofpoungrogessifor i ipeeparaionef an esgey Eilmplormuls ~<
SQ2Ph 5; (fb qﬂgyerting the product fromstep (e) to

f2

an ester of ormula CH20Bn BnQO,,. .,1'CO2R - 6;
an d BnOu,.Q/COZR

7
wherein R is C; to C; alkyl or benzyl, comprising:

(a) acetylating a diol of the formula

CH,0OBn
HOw., OH
1
10  with an anhydride to provide the diacetate of the formula
CH,0Bn
AcOrm, WOAC
2;
(b) hydrolyzing the product from step (c) with a hydrolase enzyme to give a
compound of formula
CH,OBn
HOu., WOAC
: 3;
15 (c) coupling the product from step (b) with phenylsulfonylnitromethane to
give a compound of formula
CHZOBnNO
HOu.. < 3 OiF’h

(d) alkylating the product from step (c) with a benzyl halide to provide the
compound of formula
CHzan
NO,
BnOu.. .-\“<SO Ph
20 > s,

(e) converting the product from step (d) to an ester of the formula
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10

15

20

(g) isonerizing the ester of the fornmula 6 under basic
conditions to provide 10 the ester of the fornula 7.

wb6o04hspriocess for the preparation of an ester poi/ush@3/039554

formula CH2OBn BnGQ,,,. / CO2R 15 wherein Ris Cl to
C4 al kyl or benzyl, conprising: (a) reacting a

cycl opent an@HgyBixi de of the fornula CH20Bn BnQ ,, .
with 3.0 \anUd eophilic base to forman allylic
al coho € férmula CH2OBn BnO,,,, .t OH9; 20
(b) acyl ati the Praduct fromstep (a) to give an

20041 dBo5 MR IO B cRidB Pl ecRREE ondidaysprpvide

Qﬁégstmtﬁéﬁnﬁﬁlaiﬁ Cl to C6 al kyl, benzyl, phenyl, or
phenyl substituted by C1 to C6 alkyl or Cl. to C6

al koxy; (c) coupling the product of step (b) wth
phenyl sul f onyl nitromet hane to give 5 the conpound of
formula CH20Bn z NO BnOn,. SOQ2Ph 5; (d) converting

tcgg - L@ﬁ UG pido QDS 1BP plphrakiBn dPaEdish ¢FHihd Rembrr mul a
CH,0OBn
BnOm., CO,R
7

wherein R is C; to C; alkyl or benzyl, comprising:

(a) asymmetrically acetylating the diol of the formula

CH,OBnN
HOu., OH
1
with a C; to Cg alkyl acetate ester and hydrolase enzyme to obtain a compound of
formula
CH,OBn
AcOn,, WOH
13;
(b) acylating the product from step (a) to give an alkyl carbonate of the
formula
CH,0Bn
AcO/}, OoR*

‘\\\OY
0 14

wherein R* is C; to Cg alkyl, benzyl, phenyl, or phenyl substituted by C; to Cs alkyl or
C; to Cg alkoxy;
(c) coupling the product from step (b) with phenylsulfonylnitromethane to

obtain a compound of formula
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BnQ'/, A\\CO2H 11; (e) converting the product from

step (d) to an ester of the formula CH2OBn BnQO .
woMEAR30 - 6; and (f) isonerizing the producPCruspo3/ 039554

step (e) under basic conditions to provide the ester

of formula 7. 15 69. A process of preparing an ester

of thgi)f Ay s ind R FRsRt Sbin st@ORRwitherbasntoRtitsin @lcompound
C4 al kyl, "or benzyl; R is benzyl, or benzyl

sifoshifaut ed on the phenyl noiety by C to C6 al kyl or
Cl to Co ahkeyy, or RCRA2Si, wherein Ris Cl to C4

al kyl, or ffen NO,and Rd is C to C3 al kyl;
conpr HQM@Q é?ZPhOXi dizing an allylic al cohol of the
f or mul a R , GH200H 9 139 WD 2004/ 052310

PCT/ US2003/ 039554 wi'th an oxi di zi ng agent .tg. gjive a
cycl op®nt dkylaengthe phalucbiromy s@p@ﬂ&@% a bengyl ;halggc) In'the presence

reduci ng the cycl.opentenone, of t f0 O with

5 pf@tmqg,ﬂoprr}u_clggﬁhlilgﬁﬁﬁtB@}Voeh %F?%E‘;gmg J(f c; s&?f onyl at i ng
t he productcipbeatep (b) with a triflating reagent to
give a conpoundN@f fornmula CH20Bn R '01j, OIf C 81;
and (@)"Oi‘:(@'r“t'gl%ﬁ,he triflate noiety of the conmpound
of fornmula to dn 5al koxycarbonyl noiety to give the

r of the fornula 7.
este (8 go1%erti%gr{ﬁe groduct from step (e) to an ester of the formula

CH,0Bn
BnOr., .‘\\COZR
6 ;and

(g) isomerizing the ester of the formula 6 under basic conditions to provide

10 the ester of the formula 7.

68. A process for the preparation of an ester of the formula

CH,0OBn
BnOu.. CO.R
7
15  wherein R is C; to Cy4 alkyl or benzyl, comprising:
(a) reacting a cyclopentane epoxide of the formula
CH,OBn
BnOn.. .
WO g

with a strong non-nucleophilic base to form an allylic alcohol of the formula

CH,OBn
BnOus., OH
9;
20 (b) acylating the product from step (a) to give an alkyl carbonate ester of the

formula
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10 70. A conpound of formula SIR 2Ra ~-rOH H2N 69
wherein Ra is allyl, phenyl, Cl1L to C6 al kyl phenyl or
wGRodsmst¥oal koxyphenyl; and Rb is 15 Cl to C6relrhgkeo3/039554
or a salt thereof. 71. A conpound of fornmula CH2OBn
RO/, 7 OH 16 or a salt thereof wherein Rl is benzyl
or RRd2Si -,CROBn C1 to C4 al kyl or phenyl, and 20 Rd
is Cl C3lal kyl . . A conpound of formula 140 WO
2004/ GEDY C@Hﬁ?ggs/ 039554 OH 2R RRd SiO-SiR b a
2 37 or a t tlﬁ)areoﬂo\/\herei n: Rais allyl, phenyl,
Cl to C§ alk henyl or Cl to C6 : S
CHhargn inCkin s FkYs bt @hemvl:aqr@ ﬁﬁxﬁﬁﬁﬁﬁ‘b by Gadp Cgaliotor
c3 al kyl. 73. A conpound of formula OH b
@ﬁﬁgﬂfgh@&%’ 2R 44 or a salt thereof wherein: 10 Ra is
al I'yl',(cphepiplingGhe paodab: afisiepl (phreith iphenyl@ifongln@®@methane to give
al koxyphenyl ; Rp is Cl to C6 alkyl; Ris Cl to C4
5 ghryvmpoungdgmatland Rd is CL to C3 al kyl .

CHzan

2
BnOn., .\\\\<
SO0Ph

2

(d) converting the product from step (c) to an acid of the formula

CH,0Bn
BnO/y, WCOH
11;
(¢) converting the product from step (d) to an ester of the formula
CH-0Bn
BnOn., WCOsR
10 6; and

(f) isomerizing the product from step (e) under basic conditions to provide

the ester of formula 7.

15 69. A process of preparing an ester of the formula
CH,0Bn
R0 I CO.R
7

wherein R is C; to C4 alkyl, or benzyl; R’ is benzyl, or benzyl substituted on the
phenyl moiety by C; to C alkyl or C; to Ce alkoxy, or R°RY,Si, wherein R®is C; to C4
alkyl, or phenyl, and RYis C; to Cs alkyl; comprising:

20 (a) oxidizing an allylic alcohol of the formula
CH,0Bn
R’O/ Iz OH
9
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15

20

waneodsriiohydr oxy and Z3 is RRA2Si O

15 74. A conpound of fornula Z1 \\Z3 wherein ZlI and
Z2 are both RRd2Si O and Z3 is hydroxy or ZlI and Z2

R is Cl POT@42003/039554
al kyl or phenyl; and Rd is C1 to C3 alkyl. 20 141

with an oxidizing agent to give a cyclopentenone of the formula
CH,0Bn
R0}/, ©
80;
(b) reducing the cyclopentenone of the formula 80 with lithium tri-sec-
butylborohydride;
(©) sﬁlfonylating the product of step (b) with a triflating reagent to give a

compound of formula
CH,0Bn
R0/}, OTf

81; and
(d) converting the triflate moiety of the compound of formula 81 to an

alkoxycarbonyl moiety to give the ester of the formula 7.

70. A compound of formula
SIR"R?
e
H2N 69
wherein R? is allyl, phenyl, C; to Cs alkylphenyl or C; to Ce alkoxyphenyl; and R is
C; to Cs alkyl; or a salt thereof.

71. A compound of formula
CHo0Bn

R,O/// OH
16

or a salt thereof wherein R' is benzyl or R°R%,Si-, R is C; to C4 alkyl or phenyl, and
R%is Cy to Cs alkyl.

72. A compound of formula
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OH
RCRdZSiOﬁjSinZRa 37 or a salt thereof wherein:
R? is allyl, phenyl, C; to Cs alkylphenyl or C; to Cs¢ alkoxyphenyl;
R" is C; to Cs alkyl;
R® is C; to C4 alkyl or phenyl; and
5 R%is Cy to C; alkyl.

73. A compound of formula
OH

cpd_a "%, SIR%,R? ' .
R*R";Si0 O 2% 44 or a salt thereof wherein:

10 R? is allyl, phenyl, C; to Cs alkylphenyl or C; to Cg alkoxyphenyl;
R is C; to Cg alkyl;
R® is C; to C4 alkyl or phenyl; and
Rd is Cl 10 Cs alkyl

15 74. A compound of formula

Z

7, and Z, are both hydroxy and Z is R°R%,Si0-;
R° is C; to C4 alkyl or phenyl; and
R% is C; to Cs alkyl.

N2

wherein Z, and Z, are both R°R%Si0- and Z; is hydroxy or

20
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