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3- (hydr oxynet hyl ) -

2- met hyl enecycl opentyl ] - 6H purin-6-one 5 RELATED
APPLI CATIONS This application clains the priority
benefit of U S. Provisional Application No.

60/432, 549 ka@@E@EW@PRB@ARHﬁ@MIAMNﬁS@meﬂof
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[1S- (] a, | kﬁ)gydroxy-
3- (hydroxynethyl) - purin-6-o0
ne, is currently belng eval uated as a drug for use in

treating hepatitis B viral infecti tecavir and
Pts use as an antivirwmw in US.
Patent 15,5, é Mg IbEibrifbefdfit of TS FgSAsiofi) AppHcation

present assi roved processes of ?re par.i ng

ent eu;.auomsaw ﬂbéﬂep«bnbbrﬂy 2002 athe isclopurg jof which Worporaf&d

98/ 09964, e resent assignee. Col onno, et
hP’?‘F‘I\er s(fé’é’{%be conmpositions containing a
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1Pnf ecti ons. SUMVARBAGEGROUNR QK H: vention i s

directedt varl 3 LiR@R%y! as
recited EP [ﬁ#@gﬁé&aﬂgQZJﬁgnﬁ gggghﬂ%ﬁﬁgcaV|ry(the
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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-

20  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
25  structural formula shown below:

N
¢
N
HO
HO®

This invention is also directed to various intermediates useful in the

21

preparation of entecavir and the methods of preparing such intermediates.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 ABBREVI ATI ONS
ease of reference, the follow ng abbreviati
used in this application and have the meani ngs
bel ow. Ac = acyl; AT = HPLC area percent; 10 Bn =

For

benzyl; BHT =

cunene hydr operoxi de, or

o AT B actisn & sovin faserptign pEcgess for isplgpion and

LATRYreH bRt iftbhhdees theass,  DEAD=
yl azodi carboxyl ate; DEMA = di et hoxynet hyl
(-)- d||sopropyl tartrate DVAP =

a, a- di met hyl benzyl

di chl or ongiiAKention
Al ;

di et
acet

4- NW di et hyl arﬁ

ate;: DI PT =

N, N- di met hyl f or y pyT OXYy
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ee = enanti orrerl C exces = eth 25 Etogg
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podassizum f lagdri de; 2 KHCO3 = pot assi um bi car

KH
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i met hyl
Bn =
BHT =
CHP =
DCM =
de =
DBU =
DEAD =
DEMA =
DIPT =
DMAP =
DMF =
DiPMA. =
DMSO=

EtOAc=
EtN =
FMSA =
HCl =
IPA =
K,CO; =

I
benzyl;
2,6-di-tert-butyl-4-methylphenol;

2,6-di-tert-butyl - 4-nmet hyl phenol ;

ons are
gi ven

CHP =

oxi de;
mthxsapphca.uon
c acid

0 K2CO3 = potassium carbonate; KF

bonat e;

hexanet hyl di si |l azi de or potassi um
e

cumene hydroperoxide, or a,a-dimethylbenzylhydroperoxide;

dichloromethane;

diastereometric excess;
1,8-diazabicyclo[5.4.0jundec-7-¢ene;
diethylazodicarboxylate;
diethoxymethyl acetate;
(-)-diisopropyl tartrate;

4-N, N-dimethylaminopyridine;

N, N-dimethylformamide;

di-isopropyloxymethyl acetate; [(iPr-0)CHOAc];

dimethyl sulfoxide;
enantiomeric excess;

ethyl;

ethyl acetate;

triethylamine;
fluoromethane sulfonic acid;
hydrochloric acid
isopropanol;

potassium carbonate;

potassium fluoride;



KOH = pot assi um hydr oxi de; -5 KO Bu= potassi um
tert-butoxide; LAH = lithium alum num hydride; LiOH
= lithium hydroxide; m CPBA= neta-chl oroperbenzoic
acid; MeOH = nethanol 10 MOP =

2- met hoxy- 2- propoxy-acetal; MSA = met hanesul fonic
acid, MIBE = nethyl tert-butyl ether; NaBHA= sodium
bor |de m carbonate; 15 NaHCO3 =
sod?%?n icar bg%%bﬁ%%g Sodi um hydri de; NaCOH =

s odiKHMISOF oxpdtassmm\hﬁaﬁmmykﬁsilaziﬁetc&nx)tamiumxi de; NWP

= N net hyl - r.0 20 TMS = trinethylsilyl;
PPTS = pyri di E%ghﬂ?‘& %ﬁﬁ&%&a fonate or pyridinium
p-t @ornesul f phadsfim hidteAde: pars-tol uene sul fonic

aC|d Red-Al (r) or R AL(r) = sodi um
T@Eﬁwoxyﬁ?‘ﬁﬂiﬂw Wi‘h‘?ﬁt%m,hydrl de; TBAH =

tyrabut yi 'Hﬁ]( QXQ 25 TBHP =
tert utyl hydroperOX| %

tri {ett)Hyl:ort hhﬂmmy(ﬁ-pxnda'FA = trifluoroacetic acid,
THF = ahydr i.Pr)y4 = titanium (1V)

i soft6 “de %E?fm{zélf’éﬁ'ﬂr opyl ort hof or mat e;
TMOeofr e met fstiapsihof ormate. 3 DEFI NI TIONS  The
following terms shall have, for the purposes of this
18ppM@Bt Fon, 2westhaxyrigpropexycicatahis appended hereto, the

respeshi e ne%{hgg%u&g&m;&&th bel ow. It should be

MTBE = methyl serz-butyl ether;
NaBHs= sodium borohydride;
Na;CO3 = sodium carbonate;
15 NaHCO;= sodium bicarbonate;
NaH = sodium hydride;
NaQH = sodium hydroxide;
NaOtBu= sodium Zert-butoxide;
NMP = N-methyl-2-pyrrolidinone;
20 TMS= trimethylsilyl;
PPTS = pyridinium 4-toluenesulfonate or pyridinium p-toluenesuifonate;
PTSA = para-toluene sulfonic acid; :
Red-Al® or RED-AL® = sodinm bis(2-methoxyethoxy)aluminum hydride;
TBAH = n-tetrabutyl ammonium hydroxide;
25 TBHP = tert-butylhydroperoxide;
TEOF = tri-ethylorthoformate;
TEA = trifluoroacetic acid;
THF = tetrahydrofuran;
Ti(O-iPr)s = titaniuwm (IV) isopropoxide;
30 TiPOF= trisopropylorthoformate;

TMOF = trimethylorthoformate.



under stood that when reference herein is nmade to a
general term such as acid, base, 5 oxidizing agent,
etc. one skilled in the field may make appropriate

sel ections for such reagents fromthose given in the
definitions below, as well as from additional reagents
recited in the specification that follows, or from
thosefoundinIiteraturerefer I in the field.
"Anhydri de" refers generall grounds that Wil |
react with water or 10-sglvent to form an

, .©.0.,. .
el uch e Svlwing feunsdil bave e b REPHSy PG applicasin incloding

for .ﬁlﬁmg @,goo eﬁmﬁg@i&@fﬁhﬁl&v. It should be
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nor enderstbed thiat yhembﬁrmcn héteirisimade m%g@etabmdswh a#racid, base,

R e o B e ke OO g o

REAREMS BoROBLI! 1%&3% QB ERitoAsBelowSaswedll asdona additiddal reagents
as Levvls aci ds, i ncl udi ng but, not limted to aci

suc hecited fr/the spesifisefion thet follows|or fopythass fay UeTRYES ’i??efem"s n
aci (é% @(i&tl c acid, trihaloacetic acid (eg.,TFA),
hydrogen brom de, maleic acid, sulfonic aci ds such as

tol uenesy Acle gpﬂﬁénﬁﬂlldg } GitPehd Syith water
pr opi oni cAng%dﬂ‘ég suedfﬁgas ? roprg%l onic acid, R ot
1pht Ralvairits fatl dtackd)ely., dscliding &)bokﬂtd acid rolphiriied Baving the formula

et hﬁk@ih%)ﬁn%t%ﬁ '15?& sucatﬁgg o ary! groups, as

Iac e, G PRALHE a&héi‘&n Raﬁ:ﬂéft’tdré?se%&tﬁsﬁom methyl and ethyl.
ci ttrdgﬁ%%ﬂ%c acl:{.icgB BC 3y BBr3, and so forth. Thus,

the ter md faf’lﬂ%%-%tstron cofotid HaCbnBSnst: )ﬂﬁ%hﬁn@@lkﬁgﬁwi in water

hydr ogen su % organi ¢ acids suc
met hareset topioducegiositive hydiberorionss 8¢ well ages well atkewis il

f.ort Act met s
lﬁg aﬁjggl cEP%lé G Iﬁ:é]ftfpcga %ylx%hcag‘sr g‘g’ﬁél"ﬁgbg € ld-, phosphoric
car llaeigga&ute E&llﬂ,rtﬁfnﬂlaﬁﬂeﬁ? aéitl Qfgl arFA)J\m{&rr]duglembmnmgg,ecﬁanip Itaelsl
i ncl ude ne C ororornate | car nat e
and seHiesit pRes such g {fleengsiliouis Aoids Flg srmiael i prid, Broponte
or bafﬂgs&%das%kwmo%pdggm@m, DEHATABIT aQiesukR ad WE(RR1(1-

car bon atons,” nhore erably " fromone to ei ght carban

at omaphthyllethyij phthplaefiescidtyrtaric aoids o4l aﬁ &-tAgsayRc acig i flibenzyl-L-

tons, unl ot her Wi se specif.lca Them

er REATGRE id; i ol SEmpIEP &6 i oé)zjtrﬂ R )‘eﬁ%%%}?ﬁgcmsﬁ%%
to fERH, ahm@s orth} THuefBE eehhyn@uda@wak aciddsich esigthamic acid and
sel ected fram.the group .of non-jnter [

rn . . . .
subdwitogemeuifide; sEPnE-RTERRP Biifs SRR aY @F&@%V@?mm?nmﬂwwww

ref oups having fromone to four carbon
%ﬁ’%@é%%wsu script is used with reference to an

aI Kyl —or ‘%tcﬁ ecgﬁngﬁ lca}l?ﬁuct &ﬁéﬁ%eh@*m&aﬁé @héa &e‘ﬁ’%@ﬂve to prepare

nunber of “carbon a roup my cont ain.
25  amethyl 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

30  described. The term alkyl includes such groups optionally having up to four (more



5 exanple, the term"Cl-0al kyl" refers to al kyl groups
of 1 to 4 carbon atons. Al kyl nvieties incorporated
in other radicals are also linear or branched, unless
specifically described otherw se. Wien the term al kyl
is used as a prefix in conjunction with another
group, as in alkylaryl, this neans the al kyl as

def ',]fefe%@;b@voez)l SybREGERNLel ‘ oﬂmeaér&ﬂiaﬂmhsﬁw&mg sAbstituents
al kyl'ene)’, creating a |inkage to the other, naned

gr ovepitedireley. Tlleatean lephearaiiyl tefiazs topdieyl eawps havingfrom ene to four
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su bdmhn@mﬂsemgedgn‘hen@b tforh alieyl is ngedias agxafigan conjunctiop wgth

to a c¢heni cal e t

& o B e AR, s sh R o S dcfiBecdlofe by prbsehhs o
Ex egRbishintmaiblyi (7. £)dlkvaied, difying b lifikapdeo theiotienuiamed group. Thus,
limtation, D-carotene, ZrQ2, ascorbic acid, aromatic
1&ni lkgarybimshgesbenzdand thedili§es i ncl udi ng BHT, citric

acid, ascorbic acid, vitanmin E,_ benzoic acjd,

phosphor ‘Thlkewes s usadchessin fsludes allcyl,aygups pdqfingd above, bonded
l;,c_argmptic groups having 6 to 12

car%ﬁ g?o%%g e r’lﬁg ortion, i.e., phenyl and

Tenber o ocy‘ﬂ? B SHET S P s, ekl sl of

t o ddalivimrihkeinechrPbtabsiimaycl i ¢ aromatic ring systens,

whi ch have at | east one heteroatom and at | east one
1£ar bon atgmtefraiothe groip n—@I—I;-BIB#[ﬂI{ﬁ as/welbamyh pronps optionally
het er paryl groups inclu yr.azon

py r BEEE ¢pIor mags @asterbly, efe%%%tmtéf%gi%bfsw ts as defined below.

t hi azol ydaq;.L Crhhzﬁﬂ"" é}& W a che%%&ﬂ'c@ﬁl%ﬁﬂd orchxfnﬁléié'thal is effective to
t hi enyl, oxadi azol y , pyrid pyrazinyl,

pyr sl ipibit by ritel aﬁanmldanpn rmﬂwy | Exemplaryanti-pxidants may

LY, & hegero Gl
i nd]gpléb‘a %&%}%ﬁ!ﬁf 099 an,zzrgiz,ox cs %% cid nz%l)g('g():( axfunles phenols,
2bengeihdties Mctuding BHY] hl i, ascbmcram;s}mmmcm ot 16,

[ soth nol i nyI and the like. The term™"aryl, includes
ar yphag Botoi9alrh having up to f our (preferably 0
to 2) non- |nterfer| ng substituents. !"Base"_ when usgl
herei n i Heylidaeiudey aneneryrlis oppicytliesnorantic sronps haveg 6 g2 carbon

aafﬁe’tggg %% lnig %pﬁi%?hﬁég&ghﬁ and RAPnttRE 58 Hell BE RLERSY Broups, e.g.,
4 to 7 membered monocyclic, 7 to 11 membered bicyclic, or 10 to 15 membered

25  tricyclic aromatic ring systems, which have at least one beteroatom 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

30 include indolyl, benzothiazolyl, benzodioxolyl, benzoxaxolyl, benzothienyl,



exenpl ary bases include, but are not Iimted to,

al kali netal hydroxi des and al koxides (i.a, MOR
wherein Mis an al kali netal such as potassium
[ithium or sodium and R is hydrogen or alkyl, as
defi ned above, nore preferably where R is straight or
branched chain C1-5 alkyl, thus including, w thout

! s quinlingl gy o “m%i;"x' N g
hydg, ?ﬁgh e%y%gﬂ% yhaﬁﬂ 8 kdiRur tprefenabmmw) oxi-deerfering

et C. r oxi des such as magnesi um hydr oxi de
( MufuBkiitagntor cal ci um hydr oxi de (Ca(0-|) 2), barium
hydr oxi de (Ba(OH)2); alkali netal dr| des ées
wher ei n Mass’whendsbdhqdmabdu@eshvm demion albowides: Rideieh T

1 o Eh P SPatis ALt e R o A Bt i TRl

pot @&mﬁm}( B&2ea MRt it aiel it lishéted ) alkiali etahhydroxides and alkoxides
hexamet'hy

di sil azi de; _carbon such a Si
car GenadeR( whaemM 1%%@]15444 ’é‘ﬁ\aﬁ ta%p?'ﬂﬁﬂ’&i%% ot Sdfum, and R
pot assi,um blf’ﬁiﬁ& §d4HE8) morR preferablly whekd R &y staafight er

08 ammnl um hydr oxi des _such as

n t Biah&kﬁdtcﬁbmiﬂmmﬂ«yh nlndsynk;ludangemghpgmqu gofassiysp hydroxide,

"Benzyl " incl ude LD 0 T
18s §9fé$§“§¥€ﬁﬁ{5§ gHdr-dY ‘r tg%ﬁ%al il ng non- | rﬁ%@?ce\ré% fert
Z ub %ﬁﬁo‘kﬂﬁ rlﬁtﬁmﬁ:(‘h;‘&&u&@ efay)l otber lp_,ldﬁ:mydes SOkt asomgﬁumrby oxide

enz unl ess ‘ot herw se i ndi
ref &@(@H)zhommb}mhy ‘5%@#@2 Bﬁ’é"z%’ﬁﬁ%@at(

h l k 1t ou
. sl 1 Hhrids (POIUED 9{11.{1%'5 beddied Gh@iPtint ineluding, without

and Ph_ 25 deno@ Iiazf% h
phewtahbﬁ;g;oaﬁmﬂ pbﬂamdn twﬂdmhlum@ﬁlz%sb § s, Such as,
t he group benz digiazid
1§esden %‘éﬂlplerrﬁ‘étﬁ"fsﬁi‘/‘%b ERYZ i ?Spﬁﬁ%aﬁ'gﬂﬁ%]%er%ﬁbased *

I esiBibohfbEhish b9 potSsifh chfdonate Uflm@‘» mwaz
having one or rmre br om ne su n%@mggg{%ﬁ:

Wi t Ipotassitunrhicaghanets, (KEEEDY, fmé@

Sepabeads ). BhfhonnahaRc: 8888 AH);and so
Di ai®GIRg! ‘gﬁgg@] Qgegﬁ%g ﬁl@fﬁ/&sﬁﬂﬁhaofyl at eﬁﬂ?-\l\/BERLI TE

XAD&ortAVBERLI TE XAD7HP AVBERLI TE XAD16 and

AMBERLI TE XAD1600. Chl ral am ne" or "CA" as use

deer el n 1 ezt dohidesttt group r—%mhmé, asfweuaqm Shb EoRp optionslly
I's optically active in udln benzyl,
| aevesniiTRSRIA-PEAFENG FUlSH '% &’ﬁ%l Pprtions of the

chi rlﬁh mﬂglemggmch@g‘s a pure or subst antl aIIy pure
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m Xt ures (E‘.cnﬁyl haffe* R0 ta"i!:@ﬁzy@ Efoup Haviig Hatilasybstituent on the
alkyl portion of the benzyl group, Le., Ph-CH,-X, wherein X is halide, and Ph

-4

25  denotes a phenyl ring as defined below.
“Benzyloxy” refers to the group —O-benzyl, wherein the benzyl moiety is as
described immediately above.

“Rrominated styrene-based resin” refers to one or more styrene-based resins
having one or more bromine substituents, and includes without limitation, SP207
30  Sepabeads, SP700 Sepabeads, Diaion HP20, Diaion SP70, Diaion: SP825, Diaion



are also contenplated. If reference is made herein to

a "honochiral amne,” it is intended to enconpass the
broader concept of "chiral am ne" as well. For

exanpl e, these am nes include, without limtation,

(1R 2R)-(+) -1, 2-di phenyl et hyl enedi am ne, 10

(R -(-)-1-cycl ohexyl et hyl am ne,

D- t BP&50; DisidH HP2MG(ethickylap NARFHERIITE A DH AMBERIITE XAD7HP,

(1S, 29)-(+) -1 2-di am nocycl ohexane
deh HEEXAR 6 and AN HEX AD1600.

di am nongt hyl cycl ohexane, ci nchoni dine and ci nchoni ne
"Di ast er &gl aningver ‘Erfoiasdaed basein refers te an gmine o FUXEs pE

Wher.oi ¥ oo : . i .
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epoxi datign of an allylic .. alcohol preferentjall .

o ViR G e i apichl v (P pkeees 1l ot cquimolan)

" di &8 LR6eHEMPRidY & reRRANE Hathdde here@tStodSBEmBEHiRN Andledt is

nmore broadly covers the epoxidation of a

di aipteadediomnrempashibe brraderponeqpt of shirploaming rasgrelly For example,

ot | 1 AC S0 . P

i e PR QR e O G FATRAME R PRE R T phoyichytencdiamine
10 nc{R)4e-bowidhiexyethgaminecDABreos2-aiainb-d H(4afitrophefylid, 3gsopanediol,

descr.i [ oni.ni and Righi, "A Critical ok And
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of  Gh@idoRthylclloha@Rsl cRidhoni¥al andéindhédBd) . at pp.

4981-5021, incor{Jotat ed herein by reference., "Halide"
or " hal o™Dipsigreqssieetiverspoxdrlationy” refigs tp a re9cUeTEVRUER OBF or

cap B EeblGy fRIR8ts pr iRl ArhER IR el Ny Bl Beicetive

15 eagenidationtthustiaciodastShaiptess efoxidativasewhdrein eporidhitiomof an allylic
?L;%%_&;;ﬂ;%ﬁ%énggﬁ)f g;&%é@!} F’MH%HW S d.{zﬂronvvg‘?err,o tgg 9ernlnd‘(<31iastereoselective
et Yexialisiras akddHefdiihisdided Bl8adly Ebvass tROEpUXIdMiba6f 2
di i sobutyl al um num hydri de, sodi um borohydri de-cerium
c h| dinstereomeria apmparnd: ioathis pperddaiopaf pe atheryiggnaprRromsempound.
h ' 3. Wl . RE: S i . . :
5?/ gfﬁdﬁ:jtgﬁré n%l%?%%{chtﬁe?g? _E%;%p anln: it iR Sntioselective

201, 3pxddavioapéiblefins asdieseibéCor Bynifdemd ®ighi, “A Criticai@utlook And
tri-tert-but al um_num hydri de 7 .s0diu "
TR B DT A ior e R g e e Tegmhedron,
(L-v8ll $g {000 o depl 498104023 pau(?ﬁsb@{ddrﬁefém b EhkRédcee,

borane-tetraﬁy of uran conpl ex, and the I|ike.

" Hy dr opeqfiidieo: “HREMRfGs RPTRAUBH ofT, pfERbl9 X1 61PN i Si Ng
the hydroperoxide noiety HO2-, sucﬁ as compounds

naving t4gahil i ( R teagans e ic%»a%' 8RR ing H iovs.
hydr ogenlﬂﬁéﬂ.—lg. %@dr ogen peroxi #é é’Hgo , €=or can bg arl1Ous ]
25al KEstempdarh bydridetremgents knglude g re rt kigplited {d, Jithiurh eivintione dydride
ary substituted.al r,,Qt her. ety
(1 eafon oottt idh (B R A RRRBE | « ne
metfsthoxiRitRkyal@thintih hydride), zinc borohydride, diisobutylaluminum hydride,
sodium borohydride-cerium chloride, lithium triethylborohydride, lithium 9-BBN
hydride, 9-BBN pyridine, borane-sulfide complex, 5,5-diphenyl-2-methyl-3,4-propan-
30  1,3,2-oxazaborolidine (Corey Reagent), lithium tri-ferf-butoxyaluminum hydnde,




benzyl group is optionally substituted).
Hydr oper oxi des thus include a, a-

di met hyl benzyl hydr oper oxi de, tert-butyl hydroper oxi de,
and the like. 10 "Hydroxy protecting groups" neans
those groups that one skilled in the field mould
recogni ze as belng SU|tabIe to protect the -

substity h Qh s Fﬁﬂ%gﬁg §@l§&f1&
hergln aﬁ%an c e re&%vgﬂ 1er eprote ctlon ol
C ondiifsotaitalutcimisg c]ilondeb b&enstehhhﬂioﬁxmmdomplaxemﬂ the liket
forth, for exanple, in the latest edition of G eene

and VWtS‘Tﬁﬁﬁb@ﬁ&kﬁgnﬁhﬁ&ﬂ&nﬁﬁmﬁﬁGﬁmmmﬂﬁMﬁmnEEWQﬂm
mcorporated herein., As 15 an illu tratlon

nonhyAfoprregide W&Ozofsuﬂyaﬁwom A Toprpla {RPOOHD,
isncl t.ﬁkh%ﬁnb £, Sy@eps, p&oflde H?@i)fétcﬁﬁh@éﬁ atkyl,
Ssilyl  ethers such as ter 2but yFdinet hyl si'l et her)

est suhst(mte@alkybmmmlammyi ané,m;sama@mg or other

f
her é:fl?]le Jac a3 F Iémﬁﬁtfo?gs%ot e gﬁ‘n@rvgh o‘f% ﬁrekrﬁigthﬁst&(ﬂety of the
tar e %rd lﬁmbﬁtuted} Ly dreperosities this incindonyt

ﬁ%
tartrate t al cat%’y r ferstoc g&gds and
co %’“fl‘hé?

ef fecti ve as cat aI ysts and enconpasses, W thout ,
10i i t at | oﬁwowmmgm%t@FaDé&%Pw@S thaf e gkilled in the field

cat gl Y58 Fec é@:ﬁké’gﬁecrelﬂg SBRQ:H@ d frBiebtht OBH srub§tﬁ|EEnHHﬁ bd Mkyl or ringed

I SOpPTr OpPOXI um sa ts such as palladium (0
cat adyytetn,as elssg:ribed herein and which may be removed under deprotection conditions

copdvRye Pkt SRieE TR 1 fre o hampl, s gt giion f

and G&eﬁ@.{tﬂthtsl\Flﬁtebﬂﬁ ol hesis, indogforsted herein. As

a substituent that is bonded to conpound or ¢ (?)FS]
Ii5d e remi illpstatine mepkmitingiex gplss ﬁ%ltydr@wag?tef% %@Wﬁb‘%ﬁw er

conpl ex 4 %g%@qgghb&@lg f‘sggﬁﬂ eltfrsl di6h Mtuuwme{hwsﬂyl

or | ec the particul ar "‘conpound
or catiige), estersdag., birizohie] weeEhpal atitads (.. "MOP). r eact i on
sequences 30 detail ed herein. Such substituents may be
sel ect ed “onwoehiralkdidstes df tartatihacid’i asluwed Bereie prataticn single

the particul ar ction step.an nction ..be
e Satareorises B aroRen ot e b apf b igrte
i ncl ude without limtation groups such

Mal ogen, ‘Metplsatalst Tatersitp compeiudsantgT tnflexed incHiding metallic

trif fwﬁ ts Sl
aIr Iky‘% ar Eg&ggi;%aggﬁyl - NRR’ 2, g%Rﬁlgos(gzgp)%thé‘ﬁ:ﬁhnmmm
- S @a&ltlon MRBU IRt B MS&K@)aR'sts m@d@mmt hrglﬁpglop,ﬁgamum (V)

i ke, and a r ou Sti to four
(pr cpuraye pelsp s St ity AR o
tri ftb&ﬂhé‘(ﬂﬁih@ﬁﬁ hdsplifub)peliaaries, Ropper(tEate, ThGRmITECAME,
-C2R, aryl, ﬁ laryl, C3-7Cycloal kyl, -NRR 2, '
AR ARty wsandsvfw, NRSO(q) R', - SO(q) R,
-C(=O NRR', and the Iike, vvhereln Rand R are
“Non-mterfermg substituent” refers to a substituent that 1s 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

30  detailed berein. Such substituents may be selected by one skilled in the field



hydr ogen, al kyl, benzyl, or aryl, as defined above, R
is al kyl, benzyl, or aryl, as 10 defined above, and q
is 1l 2or 3. "Othoformate derivatives" means
reagents effective for the preparation of dioxol anes
fromvicinal diol noieties, or for the preparation of

i mdazole rings from vicjinal diamnes on, for ExEl}r‘reolq

5, 6- desniting py frierpexticnler wwagtiop step gad funsiyn tp gﬁf"f‘?ﬂ’ﬁ mp

exanpl es, | L e h 1,
?{%‘%&?ﬁ% glg)rs‘trlr‘tgl?g% El\ég Hchido GabHR Ihitation groups such as alky.

tri triisopropyl orthoformate
di et habsysmetsayd, rtee trfluromaetlyl, trifluoromethoxy, -OR, -5R, -CEO)R, -COzR,

di -1 sopr | gxy et hyl ace €. nKLARZI I NhIR »
oxi abieTg . R ARG MBS ARSI
tBat _igg, ’ qup SOINRRE, il Bledike Qindialkyl grbfymcubstituted with one to four
converting a functional group in g nole uLe. fromtﬁ .OR, -
| owe prefeialityt }i tor?) of balegen.yana, piivetr R{‘)HJSPC‘W driflyoremethoxy;
exanmple, i 2 ' sgugci&m" bRRLC(=0)R’,
| i mngg. T%%bhgn'égég« g%%%ggé%g?égxi e, Acq%ﬂ in (_20) .
Ac OH—sppjrers SNREORMR DX FORRASIFEINRR s antl iherlilse mhetein B and R’ are
sodi um per car bonat e, t assi.u er mn
7 Ut hawiasts ke beion R BB B AL P L T

ed 4 ftrone or nore additives, such as
2 }Qﬁ%%&%%?ﬂ%%@f and the |ike. As one skilled
in the fiehndiblhat@BRNGIFt Beard Seligbrity effectioy fob the preparation of

sel ected depending on the particular oxidizi.ng, agents
Used diriantrcttons aisinabiokmpigias gyt (e Bropwafion g igutaele tings from
used harein Lol ' _dlabdpatiinfiine CPRGRBSS. UNOn-limiting
mnoﬁé?%%?%ﬁ-{u%glogtd@??%%%s per‘bear?gli)i C zfci ds, and

per aceamplesinchide trieylnthbfomiate, tiaredylorbeformais. ngs

optional | uhst.i t ut ed. wi t ELhRbABKYmdhylacetate.
R G e H i e
When the term .phenyl,, i s 5 [ c;ngw,ﬁg 1
anot her teﬁﬁﬂ%ﬁ%ﬁx%l%yf)% en ?,gmg?%g{e&sgégﬁ_}g‘%wenyl , _Orscc())mp =
t hi s AR ImokAgn e fogitoeffectssin corvariog e dungtionad group in 2 molecule

di val ent noiety of the other, 9 .specific -

gr ouponTh {fsver gridatiqn s o aiq’ﬁ%t?eﬁ%éﬁﬁrelrs}{f}ﬁ' %lotﬁ%ngl étg fﬂz mg
and t%@x_\ts hiaf SrciudBrwittRt liifBatBhOHCPBA) blydidgen perdxide, A.cO0H in
limtation such groups as are set fort fcﬁi exaTn}’ﬁl o

i 20 t hiscOBtpotassivaipeiosmerosaiate ﬁ%diafﬁd’cw#%‘: SPBE BEY ‘a’%‘ g
& 0P ol A YRGS Sxidd, REPHRUKA! Ofidbaigigentbynay be
reference. "ReduCing 'reagent” refers to_any co nd

or comspd ixthe prasencesofane wnmors adtigives; Fucha@s Kby N EaAONe,
in converting,a functigon | : St ®Bkelected
one. R 151, A3 g e e WL g Riah Rt i 00
Exenpliepeatinigastithé pgtic@gaidizing sgehis desd ani fegeaction conditions.
limtation, NaBH4, LAH, |ithium borohydride, )

dp§ sobut yl<pbiuridaubsddeteiieinclndei 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 suﬁ following another term, as in alkylphenyl, or alkoxy phenyl,
30  this means the phenyl group is connected via a divalent moiety of the other,



10 bi s(2-net hoxyet hoxyal um nun) hydride, and the |ike.

The term "reducing reagent' wll include "hydride
reagents” as recited above. "Strong non-nucl eophilic

base"” means a non-aqueous base that does not act as a
nucl eophil e, such as sodi um or potassi um

bi strinmethylsilylamde, [ithium diisopropylam de,

sodi uspedificallyinanted) grapl Yhusyaliglphero isbidembentyls phienylpthyl; and the
sodi um 15 hydride. "Tertiary am ne base" neans a

trial fTamne such as triethylam ne,

N1 o g U B ol OREAPH SN AL Bk Wt

cont a¢xampie, hﬂhelamsyahmn f\Grkena and Wuts, Brotectin® (Bmugs in Organic
Tri ngt hyl si.l at| reagent. neans a reagent
e%&id"%ﬁé heremiy;refereich s | yI ether froman

al cohol . nI|mt|n examl es i ncl

chlorotri E%Fﬂ%%’%g? ' fs&gm@&mw? or complex that is known in the
trifl gaa evek BEadsil dopnating aﬁlﬁéh b .2 mhslelulld Soralohy oxidation
it should be underst ood in the s of prepar ation

and citalf i3 lower exigatiop jgiate. tFH‘émB ngamg%é?ﬁ hydeewithout

refer hﬁlﬁa r
cataly o, ﬁ%%?{% %}a’ﬂﬁ%dgodlf&gﬁﬁﬁ%? edrrllgg dsm:mJm
tH rre‘aﬁ(lmthd?@@bﬂ}@h@mm)jhﬁtdhd% and ﬂagllikgeThq/\hgn reducing reagent”

sui ta\@{lﬁhcl%@‘%&? er@%g 1%'215) as m xt ures of

reage e, a react i on st ep
i nvol vi ng %%g%ééon- cpe é%h? be” La%sgaf f]lgs élg ﬂnglﬂ}{ét A8s not act as

use of ect Fom one
hydr oa<nud:®,opmnt, &e:h iak Bodivath bor bmmssmnﬂlasumttakﬂylamde lithinm

Lot DR P Emice B RirRy eyt Gaemid bl Lt o sqium

of5 poﬁﬂﬁﬁé um hydrOX| de as a base, or, where
appropriate, mxtures of 10 potassium hydroxide plus

one or NDrgeARE) dntifdBdsePRSLE a3QAlkF1Iorhing, subh &d\EiciBiihe,
from_which a selection my be made. One skllled in

the fN&-dimety! qtlﬁ*i@@ﬂla?;p%u&mmieéhﬂ%%@ﬂ%§ bEFEV™N t he

r eact i QRReRHGRSAAE GRACHAY, 99§nﬁ3§eﬂ' Qathiding Hbté?@c‘ycle such as
achi eved. t hods of Preparat i on The conpound

ent ecewidimeand novel internediates therefor nmay be
prepared by the exenplary processes described in the

f4 | owi ng “ﬂ‘eimthbfbﬂylaitenmnt Enenph eoagent efestizn tosprepade 2
Pr 0CeABS IR el 836 dnSAGHHL WorlBREAE ELMNALLE O

are descr |ng
co mmmmm@mwmmmxmwfm andethe fhike.
one of ordinary skill in the art. Solvents,

t enper at urseRljtiopaltys stishesld be uaderstaugl intieansthdds ofi prepargtionldnd claims

Lger e Iirg,ggaé regnlél rgaangg’d W%tcl!;] Ssredrtoege érltt? A recz:lgerll1 Is%él? ‘ asﬁasem?ya metal

25  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 fert-butoxide, potassium
tert-pentoxide, sodium hydroxide, sodium ter#-butoxide, lithium hydroxide,”
encompasses use of potassium hydroxide as a base, or, where appropriate, mixtures of

10




appropriate by one of ordinary skill in the art
PROCESS A SCHEME 1 1. RaR b 2SiY, SiRb2Ra 1. Base
SiRb2Ra B 2.d 2CH2C(O)Cl : 2. Reducing CO2H \ O
reaggent \ Base re OH C 64 62 63 G Y = |leaving
group SiRb2Ra SiRb2Ra 1. CA CO2H (chiral am ne) Acid
CO2R 2. separation . CA ROH 15 65A OH 66 OH Process

A of dobisil g&bﬂé@pﬁgﬂﬁd)ﬁﬁ&e aaa@@raabasmeofom lvethe gtowp from
of formula 6 preferredlnternetglﬁg ng%?rtl

mat ervhieh 7 sslechiprpar bergadsn Qe abilipd wythe figl riytiate
formy e Feachi dovliitiohs A28 Rt to be achieved.
prefer%gt?&sﬁ{ét &1 Raoﬁsgta ?]? phenyl, d 20 to C6

al kyl phenyl or Cl to C6 al koxyphenyl, nore preferably

Ra is selected from phemmwﬂkyl phenyl , and

Cl to C3 al koxyphenyl; and Rb is ClL to C6 al kyl,
pref er abl y Tlntcbmbomﬁhetemd aavel E;éerpwélﬁﬁfv @Gﬁ’ﬁc}f Tegyybe prepared

met hod f hat ovi des t
di ast®¥ %?@Fq?’%’weé??ﬁ sr°%‘ﬁ%‘f’fléh ‘f’mgg%c%r Sjcbemes, Exemplary
Pr oCedileRisiafid SldCMMrek Por thEH BdaBtichs Wmﬁmdom described above.

cycl opent adi eni de 62 is treated vvlth a silylatin
reag e‘hartmg glag:nals m(cmp:@gpany Yma%& by one of

ks g5 cqn
group ph nyl.d
phenyf"; S}a%l %’ﬁ b@%@%&ﬂé&%ﬁfb&ﬁ% reacti on mstybeSShwmg
CHY I | thel d@irtd prouss, Mdssther ecuictian ainditiondyBBE barrddidy sckeied as
The resul ting silane_noieg rves as a masked
hydro@pyr@ﬂetagwhea? f qedipary ki ﬁﬁ% ClHd later in the
synthetic process. The product of the silylation
reaction can then be el aborat ed usi ng a 2+2
cycl oaddi tion reaction with BROCESSA

SCHEME 1
b -
1. ROR°SIY, SIR%R® 1. Base SIR®R®
@ 2.CLCHC(O)C! X 2 Reducing X com
Base reagent
q , OH
62 63 G 64
Y = leaving Cl
group
SIR%R SIRP,R®
1.CA = =
(chiral amine) COH CA Acid COR
2. separation ' ROH -
. OH OH
- 65A 66

15

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 Cs alkyl or benzyl, preferably methyl; R® is allyl, phenyl, Cy

20 to Cg alkylphenyl or C; to Cg alkoxyphenyl, more preferably R* is selected from
phenyl, Ci to C; alkylphenyl, and C; to Cs alkoxyphenyl; and R is C; to Cs alkyl,
preferably methyl. The ester can be prepared by any method that provides the ester in

11



ketene, e.g., generated fromdichl oroacetyl chloride
and an appropriate base (e.g., Et3N, NaOH, KOCH,
NaHCO3, KHCO3, Na2C(O3, K2C(03, TBAH, etc.), to give the
10 cycl obut anone of fornula 63. The cycl obutanone can
then be opened with a suitable base (e.g., Et3N,

NaOH, KOH, NaHCG3, KHCO3, Na2CO3, K2CO3, TBAH, etc.),

and hj%g di8RHokeRd M&ﬁﬁﬂ%ﬁtpﬁnfye wﬁefma plocédure is shown in

sui tab reduci ng ent, g., rovi de the
car bofisheme Ja@fhare@rs wbpentadlﬂé@fo%lﬁ Fith ﬁéﬂylatmg reagent,

enant LgmRk& fg%m‘éﬁ{ Tehfin@ofip, Ok pyRimethylchlorosilane

acconp salt orrra ‘wWirth chiral am nes
( CAs) Whmdméb’paphmvbﬁ isfmetlind, and SUis Gl.nGhe whction araybaspuried out in a

The ot R iRt MEHkagforiel U Ry ARG fr9es2s o masked

pr ep ahﬁﬂo;b_i,sgdtﬁQT ﬁaﬂaﬁh be uﬂ;eﬂéﬂ Iager in thd synithietio plvesss| )Ihe product of the
1, 3- pr.opanedi o Toeo rd| ar i.n the art

will HeRiregction sadthe e slaboricling ﬁ*h@g cloaddition repction with

t 0 achitee e b gedeRitd frdrh BRRhREoabAR BlbRIAE hﬂﬂﬁf@pﬂfpnhiae,ase (eg.

carboxylic acird 20 of fornula 64. These am

i ncl ubeN, Ne@HeK%MHCP;,FKEﬁPa,(N@CQa,ﬁC 3, TBAH, etc.), to give the

(" AR BRARI IR, The cxelobigumane oen en be opened wify o miabl

ni t r opéseifst.) EGNINaOBBOBINaHCO;. FIOS,, l‘{aﬁos, K2CO;, TBAH, etc.), and
12damncc|oheane d ro
et ceg vs?{tgl sﬁu?ab% C%ﬂtﬂ&ﬁ éNaBIaL;, to

(1R 2 - cyc oRexane.,

Ci nchpfuvmathé&:b%apmmdmo@ﬁumbe resul ting

di astereoneri¢c salts can be accanplished b

separ at i onRpebttienat ge RRBHRDET ﬁﬁﬁbﬁﬁﬁraﬁeérér‘%ngﬁ?‘fcf’mph@ed
| st hs?/ i forriatfod wAfh chi R ANREQEABPAM séaration of the resulting

crystallization. Separation of the diastereoneric
sal t sdiagterspmpne salfpy A digstepsomeic Fyjxtureyns pamonbis: §alis, of fhg parboxylic

Cart 854 pE e Rl PO e E TR RO [ nroptens)-

R R- (1)3-Repanediok Those of Sedindry skif methylaa)tvmll specipa hatiptberchiral

b I d b
gﬁﬂp n f?laflﬂs ggq%tbe 01153‘¥ tg aﬁ%%%g%lﬁt‘»? I d? fft%eoéﬂag{l??férs Jﬂﬁe carboxylic acid

PROC edEformEIa B4 N Tkése amiree Michalke, Ptiéxatnple, m:a,my(gwgzand
98% de Conversi on of the annoni L{lg i"t&t rmJI 65A
QUEXYAF

ff |
to t hdipBepisthgenediaging (RHgs!-g1ek g I thsgo-2-amtnd-1-(4-
ac coNpioshesH Y3 -pepheaml, | '(IB,QS‘J-@S—'I Ji GarhiRbsycioRBkans, J. ,

MeOH and” an”appropriate acid, such as sulfuric acid or

p- t ol dehydmabiebiamgng (1RiZR .2 1iiyminprpethleyejobexmpegincpnigine and
AIternﬁE \SSA conmpound 65A can be converted into a

free acra whi ch is subjected to esterification with
akgohol , eSeparatible GFthe resultihg dipstesemenic sts cak8Accaplished by any

Eefl u>S(i ng con%wiumn}gmwn% rogé/(l) e co ri:?th%%ﬂ,sﬁlmss

chromatography or crystallization. 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-

30  nitrophenyl)-1,3-propanediol) can be isolated by crystallization from EtOH. The
ammonium salt of formﬁla 65A. isolated by this procedure can have a chemical purity

12



SCHEME2 13 x Rb2Ra 1. Hydroperoxide SiRMra N N Z014

2R T'i(OGiPr)4a > DOPT OH N-NH2 Z~"OH H H 66 2.

Reducing O 72 Li salt 28 agent (X=Cl. | or BnO
SIRb2Ra OH H2N' /NN OH > OH 7~ N 73 x (where X is

A or I)/1 Were Xis BnO Othoformate 2. Ac20

(AcOH/ antioxidant) p x 3. Acid NN~ fll~/~ HON N

NH2 of 384 Yid MR donbertibn BARASIhmédumFbR BEBTARIaHSA to the ester of

Protodesjlylation 2. Oxidatiagn L/ AN DL\ N
N~ farmpe 64 (Rf-elAr R %WW@Y?%&% 8%%“‘? S?IME‘?%' &
| NV e RO larddORRphSEdatd bAB 30IHNE sEMkrRCR1A dr pablueivdsalfonic acid, or HCl
coupl ing an : :
in methylene chloride. Alternatively, compound 65A can be converted into a free acid
5  which is subjected to esterification with alcohol, e.g., MeOH, in the presence of

PTSA, at refluxing conditions, to provide compound 66.

PROCESS B
SCHEME 2

13



epoxide of formula 72, with a substituted guanine
derivative to prepare a carbocyclic 5 nucleoside, the
compound of formula 73, which is then el aborated to

t he conpound 21. One enbodi nent of Process B is
depicted in Schenme 2. In this process, a preferred
starting material for the epoxide of fornmula 72 is an

ester of forrrul a 66 (V\/nl ch can be prepared
descri bed $M#8chend. rlmdeco@%?mﬁd of fm 66 can

be epoxi cowrd t iker gr an be<e ucggl to
furnish t%ope he epomt@"bf f@rmﬂla M2 in
hi gh di as rl—c—p'cn"rt‘y—’Fobt Pl e, ngglt cggrpound
of formul a 66 canzsReduénggs St art7|2ng mat e

di ast ereosel ecti veaggubxi dati on reacti on. Xk, ienBrO)
enbodi nent, the cycl opentane epoxide of fornula 72 is
formed after the epoxidation agggeduction steps in

at | east 96% de The di astereosegective epoxi dation is
effected 5 with a honochiral dfegt®ropf tartaric acid,
a hydroperoxi de, and ﬁNm?t,@' 5 %4, such as a
transition netal cata "’ys‘( eptabl y, the honochiral
ester is DIPT, the hydrngﬁg{ de is TBHP or CHP, and
the metal catal yst is titanium ('43\/) i sopr opoxi de.
Preferably, the reaction i’ carried oyt in an inert

sol vent suclwha® xds gi oM @r t ol uene. t hdwheresXis Ba@) e
for effecting the catal¥gtic epoxidation Yeactions are
described in 10 United” St é%’fé@oﬁygent Nos. N4, 471, 130;
4,594, 439; and 4, 900, 8472 136 WS er ein by Q
ref erence. After rkup, tpﬁ'e crude product can
carried on i Rthesis w thout further
purificatio fh cr/i{de product fromthe @poX
reacti Mt ed WiNt a reducing reagent
sel ectivel ¥—teduces the ester group to an P&R&%\hol &
such a8 g., N#BH4, |15 LAH, I|ithi um borohydri de,
di i sobutyl al uni num hydfi dé, Prajosigsibiption s(2

met hoxyet hoxyal umi num hy&ﬂ"ﬂé ®%and the likg. In one
enbodi ment, the reduci p)g agent used in the jreaction
is NaBH4 in | PA. The ré&duction provides the

cycl opentane epoxigle having the fornula 72. The

cycl opent ane ep f(ﬁ formul ®472 can t hen

f or exa | e,

be he
out 80Cwttr=anal kal i (’al | ﬁ
5 of the pur i NH2
forrrula 28, erelnX|s , 1, or benzyl ox BnO) in

salt,

a di pol ar ,gproti 83 sol vent such as DMF tmc‘pr epatle the
compound of formula 73. For exanple, the lithiumsalt
of 2- ami no-6- O benzyl oxypurine is prepared by

treatment Yobdis B3 ettt ol Brodritly epthlivi 21, via coupling an

coupling reaction to prepare t ocyclic

n ucl eesixitle of forauilai?t with e webstitted geanine diyativeopipthparea carbocyclic

c o%v eﬁ‘f°2??§‘ {#ﬁé;ﬁgd gte forila % %vhl}léh7m ?hze% e%a‘:bra%d 1SR 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



purification procedures, and provides useful yields of
the conpound of fornmula 73. For exanple, after water
wor kup, the crude product of the coupling reaction of
the purine compound of fornmula 28 wherein X is BnQ
and the cycl opentane epoxide of fornmula 72, can be
purified by sinple recrystallization froma solution

of Eto@ﬁﬁmuﬁ@ﬂﬁ@ﬁ?ﬁ @RsteRopd hify.t F& emﬂmuhdcmpound of formula
formula 73 in 65%yield, _is The conpound of, fornu

73, \ﬁﬁ@areseﬁvw Scting cpaterioh for R SHSEEORMETLS tRodAton fraétdn. In one
CONMP QY £&1%%yA1@peﬁ&n9x]fo&%\b?r5M #2118 forined B tiihi epbxidation

noi ety to an kene Anal ogously, the conpound _of
f or mahdreftgctiontsepeinret Jaftd6H deoi'hq diaserppspleciivg ppepidaipniyefiected

L e

tm<wmmm%mﬁm%M$ﬂW&m&thmmMﬂ@mhmmﬁm

as in conpo nd n te [ , .
' t thedpoperbtide 2‘;? ﬁ%@ﬁﬁ%ﬁ%&ﬂ%ﬂa 3 it ) Soproporide.
t r eatmeche bl Wh@fba&[ohh@&@ﬁé’&ﬂ&ﬂ itl@d ibaregdlveat sush e dg DB toluepe.
Di PMA, Ti POF, TEOF, or TMOF, in the presence of .an

aci d Mefbods auitablerar effectimgthe walytiq epeXICRgR TeactigPeas AgTihed in
G ! 't%? %%m!g @’aﬁﬁz N&e&h Péof 81364 955; And3, 9663847 trebiporaead herein

or te nethy et er at roon1tenperature
for dysefrene e’cﬁer wsmtiupi the frudé produch cndrergeried gp i the synthesis

conpr.i meric m xture of dioxolanes. In

t he §E§83%m§¥ un% rt.l%?dlastereoma\rlc m xture of
d|oonaneshc&mbegb&mnﬁmﬂhhaqnunhn@nhyunn@Eﬂmpﬂ@ﬁﬁﬂﬁb¢VH@
in the resence, of acetic and and,an t

oo Teagelt ) elpegh iy eRcen et eitno S Ao KW e NaBHL
A5l s 1ROD1ithiGA tofdhg@idR! mésﬁtymuﬁmnhaycme,tmnmm;(m i de

15 treatment can then be heg@ﬁg \% aci d scgm% educin
aqueGE@mﬁWﬂéﬁﬁﬁmﬁwﬂﬂﬁﬂﬁdﬁﬂ% % glong sgRydyment, e reducing
Oarggxh(fﬁéean d th the WAL }@Mfﬂqﬂ D eyt @iesioniprovided @ cyclopentane

mell 2- N-acet roup formed in the acetic
anhyctpnxiéehmthefm;mlaazpr ovi de the nethyl ene

conpound Tﬂi‘ fqﬁc{l mg}ﬁgnag xie o¥ ks ?[Pﬁlg b7b Sad feFbe héX@a?ﬂf' eddelple, to

salts). €S 0 ormulas /71 and can
2% | sBbatseer withhh elkﬁl@mwbﬁahae g/ lithinyn saitaafitheepiringicompaund of

acid such 20 as HCQ, S)-(+)- rsul foni

i, omla%‘@m&%ﬁ Shhor eor et f SpE SRR Hyfept suoh
et hyl @I{E}&m@%ﬁpoﬁabﬁfohﬁmws aph le the lithium salt of 2-
dlbenzyl L-tartaric acid, L-lactic acid,

3S) - Gaiph6:Q-benayloxputinais/psepared by @P@mﬂe@yﬂb@aﬁ? 8+?B o L{OH or Litl.

compoiFoERR o fils B S ARhc GRITOOUDH oot et n i

tife girbwide atihN P th Bl-Ardtipde.gxi- 9:@7@250 1) vmoys converiert wprkup and
25 can he achi eved VI ratode
R e R R YAl L08e Ry S8R0 73,

noi et XIdIZIng sourc

such mg exzfuﬁiﬂe %ﬁ@ﬂ'ﬂiﬁt&,w&mqi fgQrude pEdaticd theldoepling reaction of the
protode3|lylat|on
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-

30  hexanes to provide the compound of formula 73 in 65% yield.
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step can be achieved via reaction with boron
trifluoride-acetic acid conplex, or a Bronsted acid
such as TFA, MSA, FMSA, or tetrafluoroboric acid in an
inert solvent, e.g., DCM Alternatively,

prot odesilyl ati on can be achieved with a base or acid
as 30 described below in Schenme 6. Upon debenzyl ation

(which maym, 'vm’e{l%éx iDBnOChh ehRGbeicBrverted to the
t he prot ode5|{bn%gﬁ%°§ftﬁep 99' g., Whenl MBA or FMBA are

used) cothjpemd of forpriavil dbefstom\tw:lqgrtbt wse,h digl|mpiety to an alkene.
| nt ﬁbﬁ%g{ e for mil eg%?rﬁugt em'jg)xs l'ﬂrﬁ‘lh.@n bBQonvertedto

~S ogqustyr erfedi at € 91 can
then Bempoiindiozed cerﬁvenﬁxglmh wAtingl &oiaxgﬁewsa)n adleamebm one embodiment,

selected in view of the reagent d to achi.eve

pr &t othesiisigadicd At thF&PmP‘@’;Pgr?g%Em“gbﬁgﬁs B‘?ﬂﬁ% 6 aul alkene 2s in
trifly gﬁ,ge Brécédird) S8 the firltet @oifound of
can be%gm %dwfﬁ&%ﬁo% en peroxi de eand ﬁ& gﬂg;m,

provi dermhile7d Jatrgmd wishpoontipformater deeiveirvg, eh asBEM

Brons o fog/ B HFZGEFA. Th
with WW peroxi de &%@68 .QQ%)(;I; aci ds ¢

and oxétiar 13 Predgably Saxhbdlbutmyn inert $@lvens efiohlas RGM peluene, or zers-
reC|ted aboye ternatjvel nyer

méf et puiyhmsgth Yh%’@%‘xﬂﬁ“ﬁ? ofsi¢] T4¢8 &%t a{)suEl g(gfstﬁéir"%%] fgrm a

i n ScheiRicoonpabiaye daBereonieiic m@mie of diekblants. e semapd step, the
be uséful for 'the transformation of the SI|

the hylénsisrapmegp BUHIERE d%@’é??%%’&ﬁ#ﬂ"ﬁﬂb X‘%’ﬂ% BrekBably in the

(Che 9. QHTltoQ“Aﬁnmldik e. In
Jonegg%g%éo@ﬁ&ﬁah&d%éﬂa%gsrﬁgﬁﬁl 96, 52 7599- ;é; e

bot h @tnbawmahtsa;ﬂgrmx@ BnGghe ﬁ;@é? W@fl
Tgs ¢ 3{%0 i ng findn3e Q(% %ﬁt}:%@iﬁ st ag ﬁé&ﬁi mBiefal Esh& dr aqueous

by recrys I zat1on om wat er, and/ or
V' ar eﬂmmtd, b.p G BN onms\, obehydrolmdhe orbéngloxy SPRp (el as an 2-

y l ! ene
28, ! nail f,qt:ega%?éustfgr@ é‘?ﬁ g%gh a‘%@g | gﬁmgrét) [c{}ﬁoﬂﬁé {h fnethyl

CONMPOURghpéind dfForatuleT1, bhadsalls fag. ms& RBICI salts). The intermediates of
benzyl oxypurine, such as 2-am no:

urine
2- am rf@m@ﬂ@-?o’ﬂcﬁ@ép? i b ol e RS AT B SR g ocid such
| SoUPQR Hd S QE)-SH ib-éaﬁﬁmefsm&ﬁ@mt@mﬂ&bﬂmpﬁm acid, N-[(R)-1-
converte to co nd 92, “whi ch upon prot odesi |yl ati o&
and oxXi-eaplithyl) tpthyl]:mM@mJ@@cld, L-tartaric acid, dibenzyl-L-tartatic L-lactic
acid, (1R, 3S)-camphoric acid, L-aspartic acid, (S)-citronellic acid, etc.
Preparation of the final compound 21 from compound 71 can then be
accomplished by converting the silane moiety to a hydroxy moiety. This conversion
25  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 tetraffuoroboric acid in an inert solvent,
e.g., DCM. Alternatively, protodesilylation can be achieved with a base or acid as

30  described below in Scheme 6. Upon debenzylation (which may, in some
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to conmpound 93. In this instance, wherein

2-am no- 6-chl oropuri ne or 2-am no-6- iodopurine is
used, an additional treatnment w th aqueous base or
acid (preferably 25 aqueous base) nmay be utilized to
convert the halo group of conmpound 93 into the 6- oxo
noi ety. For exanpl e, aqueous NaOH sol ution may be used

to ¢ i i9aki Q. iR otIISA
of fgr mul a %‘?S’ef%ﬁg&m%%é%c“&%éﬁéh 8 Step (e i are

] FME3 SIR %;%w%@ﬁbZRa
Si 02 ReedyaRdRe is provided themmtoissilylated intermsdiate of OVOP
T OMOP 66 74 75 X 902Ra Epoxi datpon Si R2ZRa N
COrkKRWis i | N 1. Base, Ca ber}gyl halide OBh ~On H
N2NH2 + H2.H H20 76 O 77 Wi galf 289 SI Rb2Ra Schenes

O 013n 4,5,6 N j\ o . HO N I N NHNH2
NT /> N 78 HOB 21 x #0The(ester of forfula 66 can

al so be converted to the. eprpound of fornula 21 by

t he nethods of Process+@k§¥he enbodi nent gf Process is
depi cted in Scheme 3. R

The protodesitylated intermediate 91 can then be oxidized. The oxidizing
5  agent(s) can be selected in view of the reagent used to achieve protodesilyation. For
example, when boron trifluoride-acetic acid complex is used, the compound can be
oxidized with hydrogen peroxide and KHCOs, to provide the target compound of
formula 21, and when a Bronsted acid is used, compound 91 may be oxidized with
hydrogen peroxide, KHCO;, and KF. Other acids and oxidizing agents that may be

10 useful may be recited above. Alternatively, conversion of the silyl moiety to a
hydroxy group may be achieved as described in Scheme 6, below, and additional
methods that may be useful for the transformation of the silyl group to the hydroxy
group are described in Fleming, L. (Chemiracts-Organic Chemistry 1996, 9, 1-64) and
Jones, G.R. et al. (Tetrahedron, 1996, 52, 7599-7662), both of which are herein

15  incorporated by reference. The compound of 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-

20  benzyloxypurine, such as 2-amino-6-chloropurine or 2-amino-6-iodopurine. In this
embodiment, compound 73 is ﬁpon 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-
jodopurine is used, an additional treatment with aqueous base or acid (preferably

25  aqueous base) may be utilized fo 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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In contrast to Process B, the epoxidation reaction of
the cyclopentane in Process Cis perfornmed after the
ester noiety has been reduced. In Process C, the
primary al cohol 10 noiety of the ester of fornula 66
(R= alkyl) is protected with a protecting group such
as a MOP by treatnent with 2-net hoxypropene and a
catal ytic amount of an acid, such as PPTS, in an

i nsert solvent such as toluene, to yield the conpound
of formula 74. The carboxyl PROEESBC noi ety of 74 can
be reduced with a hydride reqee preferably
Red- Al (r) or LAH. In one enbddf é%@“ the ester noiety
of 74 i ssirbgdduced, 15 _prefesmbky after the addltlgm%mf

a suitaple e, h as wxt h er tiyalids rédgbMe Db
e.g., Faa?r%nthe‘:’al'he&”£ eiygﬁe'l’—t-o—g'r e OH
compoun f _dror muba—— | n—anaobie¢ enbodi nent, OMOP

ester mfPely of 74 is reduted with a hydride reafent
after workup, to give conpound 75. The resultant
al cohol noiety of the corrpound of forrrul a,75is fa
protected with a pr& BRWRY |ng that— %’aresmta

hydr ol ys#ase.condi ti th to rée vel
the MOPegylalile_For an‘p the al co moj ety off’t NH,
conmpourdi’oH,d or mul & b‘_'t‘_“t'r €d ed%rvl a basgsg_ﬂe 28

g., KO Bu, KHVDS, NaH phase transfer JZ\taIyt
condi ti ons using 50% NaOH), and a benzyl halide, eg.,
benzyl brom de or benzyl chloride, preferably in

sol vent such as tolzﬁ!gﬁ% or Tl Eshetn@s protect 5 the o

al cohol noiety as et k6 The MOP acetal g

then be hydrol yzed ition of aqueous aci {su h/|\
as 1 NH(ElzN Ne § IyI|c al cohol ef NH,
O her prote oups known in the field e

found in the at'mre such as G eene ans Wit s21

cited above i the general definitions herein. The

allylic alcohol of fornmula 76 serves as starting

material for a 10 di astereosel ective epoxidation

reacti on, Thbester of foramlpéOchinalsp be keneyted pbatammund of formula 21

de of f 77, f in high . , .. ..
o s tSrbmePd Shorress CrDne BBt of pibeess fodopisiyd i fehome 3.
can hg c&fda8ch edodssd @%@eﬂbﬁi@ﬁdﬂi teddtiotliof fle@¥yciofentae hﬂ‘rbﬁess Cis

acid, a hydroperoxide,_ and nmetal catal yst, such

a_t r DesPencdrpfien thgpestermaietydes boepredued dpgrocegsife the primary aleohol
Inast 0

Ao BB SERRLE B ORI TR ity B sk

-~ and asarlqwe by keatﬁteeﬂ‘\mﬂabhl;eﬁmdmep@p @oép eathlsitia sraeunt gf an acid,

f he h =Y
o QB S A5 et el e B o i pid s appgpod of formnia

Ti (O94PThé carebgﬂiereabt mmctymf 74 e&cChd :eduded Mrarhyéddmagenn
an inert solvent such as toI uen rret hyI ene ¢

ride
et c. Drefergbly Redrth® ordetH theestepimgie cf’ 74 is Teduced,
f18r My &rerdily sl @E Q&ﬂubﬂbﬁt suitﬁﬁ@&s@,@%lﬂ& 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 afier 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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20 The cycl opent ane epoxide of fornmula 77 can then be
reacted (e.g., at elevated tenperature, e.g.,
preferably at about 80C) with an alkali netal salt of
purine conpound of forrmula 28, wherein Xis O, | or
BnO, in a dipolar aprotic solvent such as DW to
prepare the conpound of formula 78. Preferably, the

purl f th,
Mfen C'%%Eeb%ﬁoxypur IPT%J ﬂprzﬁ)re}?ample the alcohol moiety of the

am no-

2 arm compGuriaiest ks Plucah e treate PFitl o base (6£ aKOyBw KIINVRS) MaH,

can be d fr 6-chl o n |
onl t PhaT R e sqgiops e SBRIROH). R ARl AR i bencyl
Na.OH tirbmide Bz Uéhnz?ll{wﬁﬂi*ﬂg,,préf&bbllﬁl mesc}lﬁndsucn/h.ﬁcuuem onUfH to protect
treatpent with the sodium salt of ben 0
b ayhe HEcohBRIen 4 = TEROL e dhe MOR L Fethes Hdfolyzed by
sal t gaftich8r 4RB&IsakRlsich a8 NHAY 1o Batthé ARl flcohol of formula 76.
2-am no-6- O-benzyl oxypurine with,” for exanple, LiH or

Li OH.Otireprotecting 2ronpp buaven isfther fnldrmppbaipungn thi kiemipe, guch as

exampeie v HEF oS LA E R BRl Al Bt DL o

u p on addi titheallyic alddholad dorvmiact6, setvhers spﬂamgmmﬂfor a

o el Petide ot it Sty Befbafane

t hen é@exia@ BV RS 77Gs fon@ed R dightapdomekio putitya Fadexamplegthe
vari ous reaction sequences analogoy to those used to

conv epexidpion cgn by plistrd dsigs 2 higm ?t‘frd’ffaﬁ‘@ﬂ‘éﬁ und

of f qrAHherofik 'ﬁd%‘iﬁ%@ﬁ%&t t, 80k 6% RdeBitioh weldd et{talyst Aitemately,
descrlygﬂegg echerres 4, Ell%and 6, bel ow. PROCESS

CHENlEe dxasezb@mm@w ‘epoxipation may be pe@r@ed withgperagid. sush WPA,

D e Mlndbis DNORA BN 13, £ Rl Rl ion s

Cl4aleyformdd(wifh) 6e Aambchiral eﬁEﬁD{HWhyd@mmxldﬂ iT@ER o CIP, and the
Jho anmeta Hly@tci‘l 0—11%‘ 4 P’ref'_llgblg! tﬁle reac%%n I8 gamed out in an inert solvent

such as toluene, methylene chloride, etc. In one embodiment, the cyclopentane
epoxide of formula 77 is formed in at least 96% de

20 The cyclopentane epoxide of formula 77 can then be reacted (e.g., at elevated
temperature, e.g., preferably at about 80°C) with an alkali metal salt of purine
compound of formula 28, wherein X is C, I or BnO, in a dipolar aprotic solvent such
as DMF to prepare the compound of formula 78. Preferably, the purine comnpound of
formula 28 is 2-amino-6-benzyloxypurine. The 2-amino-6-benzyloxypurine is

25  commercially available or can be prepared from 6-chloroguanine and the sodium salt
of benzyl alcohol (e.g., upon treatment with NaOH in benzyl alcohol, toluene, 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-aminc-6-
O-benzyloxypurine with, for example, LiH or LiOH. The crude compound of formula

30 78, wherein X is benzyloxy, can be isolated and purified. For example, the crude
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BnO 4 4NH2 Bne N NHAc RaRb2S1 79 \a' SIR Rb2 105
Protodesilylation O N N NH Oxi dedon ~/ HO ~N ::1 NH
HOB{ ~N N'NH2 Rb™ F{I? JJJ 21 10 HO 555Rb 91 Schene 4
descri bes a process for converting conpound 78A
‘(conmpound 78 wherein Xis OBn), to the conpound of
formula 21. Conpound 78A can be treated wth an

ort hof ormat e derivative, such as DEMA, D PMA, TMOF,

Ti POF, TEOF, 15 etc preferably in an inert solvent
such as tol uene, BE etc gpscrl bed in

Scheme 2, S9WpPoEK8 mnévgéﬁ%}@d alfon&d%l%\m 4 70d 25T hen pyrifigd by
aci d suc hw&sstﬁiﬁ%nafmm&%mm sol et Biktuéts Gidvalily e figch as

PPTS, etc., tq.forma.p t cOo

di ast er eoneri °°°ft§'°‘fﬁd>?f§ %'fs n@‘%ﬁ ‘g?gedm&ecc’mpoundc'f
conpoundsfoiifidla 2inding @Biousieetich giearecedrgous tunthosk used toofonvert the
di oxol neg [
anhydrisade plpg él Ofmqunct?ﬁ' nrjébg%}r@go%l%gg%gf&g& géwgmh e
and an anﬁlrﬂmﬂm islumhsa§aB@ﬁ‘,bele form al kene

having the fornula 105. The crude product 105 can

then be heated with acid, such as with aqueous HCO 5

or MBA, in an appropriate sol EBREESEM as MeOH and

water, to hydrolyze the 6- benzghpxy4and N-acetyl

groups and provi de,the nethyl ene conpound of formula

79. The interned “&Fe 79 can be ,ésol .Lf‘@"ln theR.5$ m OBn

of a salt by tr bﬁ« with an ac ass HG, o) PPN
(1S)-(+) -1 ?lﬂcacgn I c'hl!iﬁzopr Ao
acid, N [( -naph vl eth Tal ami ¢ 103

| H hl Rz'.

L-tartaric aqdid, digenzyl-L-tartdri*c aclg..L %E Clibf -
acid, (1R 3 -canpﬁgric acid, L-aspartic g‘é?'d% Rk

(S)- C|troneII|c acid, etc. In one enb&eeiddrent,

i ntermedi ate 79 or sal tsother eof are fFPHEM puri fi@aq

by recrystallization, | tigepBM ate 79 sal fs
thereof are treate \(ﬂ !h ()—I iM3A.a® Or gani c spl Ve
and crystal leng prNec eedt1g—to tg@aﬁgéé‘t eb NHAS

Preparation of {he l,pal corrpound of for from
conpound 79, 6F®alts sznﬂab 05

j Protodesilyfation

( Oxidation " <’ Iu\ J\
Rb\& Ho¥
10
Scheme 4 desctibes 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 efc,, 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 thereof, can then be acconplished by converting the
silane noiety to a hydroxy noiety. This conversion
can be achieved via protodesilylation of the sil ane
noiety wth reagent(s) selected to provide the

I nternmedi ate conpound 91, followed by oxidation.

Pr ot odesi | yl ati on naybe achi eved with boron

tri f Qb ddG@iahs, 881, SompduiBd R i 183 Briey diksbdeduedrid niifture of
insert solvent, esg., MSA i n net hyl ene chloz%ge 20

Oxi daiaxelmessil and 103 ¢aadbe bpatedwith adetic PREETTPreferpblydn she presence
usi n ts.: e ' ltie formul
s RN S
pr ot dd&sThedradd podent0i dae thexibd heatedywitlyagid, sueh ag withj aqueous HCI

the casg,,0of. a Bronsted acid hygr ' e s

P as CRMBA o o FREPRaHG Reiay b AT SR R Rrd e

CONMP Besliokd -mWoﬂ 268 Prov Riefthe tbtbyleym okdpoeed offforaula 79.

exanpl e, by rpcnﬁfta ljzation 2% frq%%$ﬁ&§% an /OL{:!)S acid

via ribsinfermedisig 19 gen Brisgleted du b forme FRBFY R

K KR otshifoni€ 4@ IK) bhloropropionic acid, N-

C(:O)C,4aﬁlﬁm§§§?§@%yl "NH WY ONH ON L.

Ns| . ER)el-(1-mphthgiRethyd Mhdalanie iy L-takaric acid, dibengy nfarigtigacid, L-

LY ik akis 4 i - i LBfonellic acid, etc. In one

) Rt R A RO o B

e. 9. enitidinideht, interivBBate §9 or salts Bre@oKlaniiltien piifRd iy z&irystallization,

P e erpgdans 19 el ST ire Hodtbd Ot NaOH 2l Bigafdl sfhvert ana
crystallized before proceeding to the next step.

Preparation of the final compound of formula 21 from compound 79, or salts

15  thereof, can then be accomplished by converting the silane moiety to & hydroxy
moiety. This conversion can be achieved via protodesilylation of the silane moiety
with reagent(s) selected to provide the intermediate compound 91, followed by
oxidation. Protodesilylation may be achieved with boron trifluoride-acetic acid
complex or a Bronsted acid in insert solvent, e.g., MSA. in methylene chloride.

20  Oxidation may be carried out as described in Scheme 2, using oxidizing agents and
additives appropriately selected, i.e., depending on the reagent used for
protodesilylation and the oxidizing agent, e.g., in the case of a Bronsted acid,
hydrogen peroxide in the presence of KHCOj and KF may be used, to provide
co::ﬁpound 21. Compound 21 can be further purified, for example, by recrystallization

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

PROCESS C(b)
SCHEME 5

21



NA HO ' ( YNN~NHz ~ HON N NHz L/LV// OHO -. HOB
21 96 Schene 5 describes an alternate process for
maki ng conpound 21, wherein the purine 28 of Schene 3
I S 2-am no-6-chl oropurine or 2-am no-6-iodopurine,
'such 5 that coupling with cycl opentane epoxide 77,

yi el ds conpound 78B (conpound 78 wherein X is O or

1). As in Schene 4, conpound 78B can be treated with
an orthoformate derivative to forma product

conprising a diastereoneric mxuneofm%BN%Q%ﬁMDZ
and 104. which can be heated with acetic anhyJ

preferably in thé“*bresence of acetic acid and.g

anti - oxi dant, e(Q; to fo ni06. Th ey I%““%\
pr oduct h --Hbe“héategm ﬁwmsucho NTOR
or MSA, as \%ﬁg} Ped |?P“§%ﬁene to1hydrolyze <04
acyl group a rOV|de conpoundwgﬁ or salts theréof

whi ch retain® the 67 05|t|on X group.

Protodesi |yl ation, debenzylation, and oxi dat|is#HOgganti-cxidany
descri bed in Schene 4, prOV|des the i nternme |ate

compound 95. Cbnpounds 94 be |sola

the formof thein by tr a g%h th a
previously ggfdgggn ,m; Cc anpound 79,,Q€E?n
can then be tre W t h aqueous base or

(preferanyRﬁ&ﬁ aqﬁ%ous base) to convergmk e halw
group of conpound 95pritayidte - 22 6- 0XO nnlety of
conmpound 21. As Ve. BRdefiapr eci ated, with Process C(b)
an additional step may be used for the conversion, of

conpound 78 to 21, as conpared with Process CX
wO Base (. 9. . hydrOX| NQ?
@@QN———J—(—Q NHz

PROCESS C(c)
I'sol vent, or '

Fp  RaRb2si 79 Rb\ SI\" HJ b R
a5

NH2 _ Bno W"N .

- Scheme 5 describes an alternate process for makin.g compound 21, wherein
. .the purine 28 of Schetﬁe 3 is 2-amino-6-chloropurine-cr 2-amino-6-iodopﬁrine, such
5 that coupling with cyclopentane epoxide 77, yields compound 78B (compound 78
wherein X is Cl or I). Asin St;heme 4, compound 78B can be treated with an
orthoformate derivative to form a product comprising a diastereomeric mix{ure 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
10  product 106 can then be heated with acid, such as HCl 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
15  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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| Oxidizing agent OO NNHAcid NNH~ J~1 ~ AX
NH ~N Ho NNXNH2 BnO N _ -Cl JT HOO 21 HOfr' 114
Schenme 6 shows an alternate process for preparing
compound 21 from 10 conpound of formula 79, which is
shown in Schenme 4. As conpared with Schenme 4, in this
schene a different base or acid is used to achieve the

prot odesi |yl ati ol O ' i .

debenz'?/’foa %{18% 0tf gg%%ngrzil ) g%%éﬁ%gé?g&%%poﬂcﬁés %(f)
Conpaidditiondl step niaydated foi G canvession of gompamd 8 to 21, as compared
hydr oxj de, e.q.,. NaOH or KOH, or al koxide such as

KOt Bd“’lﬂiﬁ“"écsf)%ﬁazlr aprotic solvent such as DVF, DVBO

or NMP, or 15 with a strong acid such as TFA, and

heated at a tine and ten‘permmm ent to

achi eve the conversion to i i 110. Conpound

110 can then be oxidized w t RcHpgrggen peroxide in

t he presence of KHCO3 and KF'1n a solvent such as

MeOH, to provide intgrnmediBaseeblHdroxkideler redi at e 134
can be debenzyl at tr ?fts”wgtaﬁ'd a Lewi

such as Bd 3 ré _letd , o4 Blonsted acidlls NHy
MBA, TFMBR N0 ¥n ¥ vent—sueh a nd the

reaction nm xt§re gan be neutralized w tl _kaSe suchio as
NaOH, to PFRGVi de conpound 21. Conpound Htycan be
further purified by recrystallization frBmwater .. ‘
and/or resin purification as described bel ow.wzzg’dd'z'"gage"
PROCESS D SCHEME 7 1. |#Rb2SCO Si Rb2Ra Si Rb2Ra 2.
GCcHRC(Od N 1. Base 1. CAESN "\ ] '0 2. NaBFj 2H

2. separation \ yL7 E:HCl OH 62,3 CI 64 SiRb2 NH
Si Rb2Ra M OC( Of N¢C) I\Ia)\ ’N 1 Py
HO NSNS, y BnO NT N
w2 Hot" 14

Scheme 6 shows an alternate process for preparing compound 21 from

10  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, m a polar aprotic solvent such'as DMF, DMSO, or NMP, or

15  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 KHCO; 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, BBrs, etc., or 2 Bronsted acid such as MSA, TFMSA, etc.,

20  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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Cs2R CA ROH OH 20s02(OH)4 (OH . Z-' OH K2ZNaCH 65A OH
6 SIRt'2Ra SiRb2Ra 1. TJO A-"-: CO2R 2. Lit CO2R
SiRb2Ra 1. Zn, AcOHOH ~ / O'71 2. hydride reagent
HN (~ ~r." 67 HHOOH 0O Q6 8 HCI. HZNO O 1. N4S20q
02N NH 02N, NH 2. HCQH , HC(OEtj, C NNH2 HO H N NH2
H+ Ra'Rb2Si' 70 0 N3 N NH NH2 1. Bl %BAcOH AcCH 2.
1}02, KHCO3 HO---- N N NH2 BRokkkkhd~JJJJ1IN Hd 21
RaRb2Si 71 5 In Process D of 'Thé& 1 nvéntion, the ester
of the fornula 66 (Schene 1) ﬁm_converted to t he
conpound of g@ la 21 usug di fferent syntp

met hods I n ster of f or ngiRa 6 |

. H A
am nohy, xy% o) pr iciogh ngh i
of the mul a 7 Afte%% %ﬁ;taé"a’a n
a pyrimgine 10 car bocyc Q|C| e03| de, e ound
of formula 70 is prepare 8he pyrimidine car bocycl iC

nucl eosi gjgo.gan be el abor at ed t grBRRUri ne cont ai ni

conpoundz t2 rret hyl eféﬁconpo 'ngz of _f or MR
- 4.

is sub @ C‘(;(onver to @ oun(f(':g%zm”h

OH OH
65A
SiRP,RE irRP,R2
AACOR 3 1E e
2. Ll ; CO5R iRP,R?
Q’ o Oz 1. Zn, AcOH SRR
¥t oy 2. hydride reagent
HNTO - HN\n,Ol/l yd gent q\OH
o o %8 HCIH,N 69
O ? 95,0
1. NgS,04
O,N ON NH 2. HCQH ,
NH |
| L Py HC(OER,
C” ~N°>NH, HO N NONR H
Raszsr“ 70
) NH
] NH 1. BEAcOH!AcOH <
( 2. HO,, KHCOs
(g HO'
RERL,ST™

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

10 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 corapound
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of formula 21 by, for exanple, the oxidation procedure
described in the final steps of Processes B and C
One enbodi nent of Process D is depicted in Schene 7.
Ami nohydroxyl ati on conditions are used to convert the
ester of fornmula 66 to the oxazolidinone of fornula
67. Am no hydroxyl ation procedures are analogous to 5

t hose  fRanfilh Bedy, Br dxample, the ARGBEAn pribeduridspibes B, thdidal steps of
Angew. Chem Int. Ed., (1996), at 2813. Preferably,

t he aRtosesisadd and/FaPre embedimpntiod Repcess hisidericted ingycheme 7.

W th: the . CYMa

nmet hyl car %%gn%?g Wxﬁ%&?%ﬁ?ﬂgé%&?@ ‘rﬁf?/g E)c%:'{]oﬁor It g&tgfno formula 66 to
SO ? iu thefoyakodxﬂmd‘%m fi fornenly %;%n%mmw n%lhhc}q ﬁmw$t§ analogous to
po aSﬁégq%%s e Fn an, i nert solve Ay . Ed., (1996)
Al 1 er FRESS drscribed Ju b §-i ”Eﬁ?ff%ﬁ éﬁ#ﬁ S ’ ’
BnOC( &) 241§ PNGeratily, elecintibdiydroxiiatiehdéonditionxantpriselireatment with: the
of fornmula 67 is _forped in at |§FSt 96% de. The

pr i maFpEwRt rRERd femds tregtment of methyl fartampats Tathyerby hyppehlorite
67 capnd HaRnPRdrGRMEEL! OCORR: A8 pflsink SsxRGE an iner

in one preferred procedure, e conpound of fornula
67 i ssalveshsush + Altgrnatiyie seagenta inside EERCENEFING a0de

L0 o BrhPIORRCRES EREGah, Ik s ed bl P B 8250 B formed in

sal t, leest®p%dei t hi um i odi de. The resulting iodide of

the formul g 68.can then be converted.ito a .pethylene .
conpound o?hefmfﬁ?' ﬁl"%@? By ?f\%e %’iaé%m‘ﬁ%lg 8 ﬁff%“‘% I6§ Cfhthen be
firstcsiveedtBan iddaddl @or Ditahd@( Mona pfeferted pidcediredbardoiripound of
zinc powder and acetic acid. The ester [ e‘{y §f _ttge

r esul iyl ieienig Sitrdproms G gy T 0) in the presence a
PE4 MLV SR1E badetudtR gl.[ﬁ%qmé bfRegEndyirdtdd Yelih #Qodide salt, e.g,

reagent such as sodi um'bi s| Z- net hoxyet hoxyal um nunj
hydr i Béiuaiodidee The tesulting iedidg fof thedorpamiaef ean dign bygenverted to a

o ey A Bl BB AR b e

condefudizld of framuBr68iplrestedwithzide powdeoartt avhiicoscid. The ester mojety of

5-nitro-4-(3H).-pyrinmdingne_in th resence,o

Cer t| PSR An e e e g P PEEHY e tefecond sep
reg I ugy mgydafdb ad8i? kudnQs 8bdlem Bispriefofy it xaMmiumy hafride to give
formula 70. The pyrimdine conpound of fornula' 70

can t hegmie dmlermdy69.0 a purine derivative by a two

Step ProCofilfnind 8 h %&Mg%biésfﬁﬁ&quédﬂﬁ rEche QritK sBbsfitfdbd
the pyrimdine i's reduced Wth, for exanple, sodium
di t hi ehletopyrinhidingi The amine cambavopgensed, firssample, with 2-amino-6-chioro-

i nter ia Al t.er.nati ve,.reducin
cond SateHEshEiERHe S el BB R UF G pBRE base, preferably
N23 r ottt laming) &l reflexifpBibidiaddifto giia BirilidileomPoidd@f formuia 70.

|SP oCIn 2 gwl\/gm/ (%gé %W(&lpz e %ﬁ‘@m%% caSn gﬁ bz;r cl'.oclilvezr{eﬁp t)) glpunsmne 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
30  reduce the nitro group include NaBH,/THF, NaBH4-BiCls, So/HCl, SnCl,,

Mg/(NHy)2S04/MeOH, CuBr-SMey, TiClx(Cp)2/Sm, iron and nickel catalyzed




procedures. In the second step, treatnment of the
triam nopyrimdine internediate with formc acid,
hydrochl oric acid, and an orthoformate derivati ve,
e.g., triethylorthoformate, effects cyclization and
provi des the nethyl ene conpound of formula 71. The
nmet hyl ene conpound of fornula 71 can be converted to

the 5 co L &F&E@u%%uﬁx LibdplBiidine intermediate with
proceﬁrl"j“rzéeggu es%é&ﬁe |Bn t |na steps of Proceeslsles B
and CGlorRGCHESBydrochfidEhtd, 8nd BHEBBonGR2dBrvative, .2,

Hydr oper.o T i 4 R O/1

R o | S ootttk bl e pric (bl R bund of
IR' glll_liéorﬁ:l uihZt, @ Refd 01218 Qilhpoz (x)mdNPformh]aHIban HCCEnCB)d30 the

y NNHNN N Ac Ac LN, N

NaH orapaunetforpuia 2Ly heronigation o PeEe e i oaek s of
'l'l‘]{c\kﬁs phdic~ BnOCH2N N ' NH2 BnOCH2 N Nr NH2

R, OO ﬁ_s1~ ~~V//////// 19 RO 1111~LLL121r///11 20

JOR = H Sn- or RRd2Si '1' BROCHSSEH WIs C, to C4

al kyl, or phenyl HOCH2 A- N Is C, to C3

al kyl 10 HOB 21 Process E of Mnti on conpri ses
using an alternative carbocyclic sugar precursor, an
allylic al Q%b% of the fornul-a.16, dygodarepare the
conpound o mula 21. Process EYi S si m | aHydioPeroxide, T'(O-lPr)4
Pr ocesS@®s R anydabd reigene e’ B ﬁ?{e\s@msdd DET

cycl opent 15 epoxide Lntecrnedi s to accomptista=
coupling reaction with a guani ne ptécursor. In a

first enbodi nent of Proce)ss2 , the prot&g&;ﬂng gr oup
that servegig,protect th

R’of {1 2 OH
RO/~ ~~0H /L N> , LiH o 1. HC{OCHa)3
ffo H N NY NHz 2. Ac,0, AcOH
18
17 <\N;TI\‘4N
! _
NaOH where X=Cl,| _ .
: pS HCl where X=0Bn N BCi,
<’ g ¢
BNOCH; Hz BnOCH; A&‘N
RS b RS 20

R'=H, Bn-or RRGS-
RCis Cq to C4 alkyl, or phenyl

<,N i NH
d
HOCH2 A&’N N/* NH, R%is Cq to Gy alkyl

10 HOY 21

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
15  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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26 secondary al cohol of the cyclopentane ring of 16 is
a benzyl/substituted benzyl ether, while in a second
enbodi ment a silyl ether protecting group (RcRd2Si)
protects the sane secondary alcohol. (In this
instance, R is linear or branched Cl1 to C4 al kyl, or
phenyl, and Rd is linear or branched Cl1 to C3 al kyl.)

A pr eﬁ&bﬁ@ﬂy ﬂeahaybf t6é Bﬂop'ém&;eqi%vam G DbeR/suBstARRTVnzyl ether,

et her, per se, mhl referred sil ether is, ten-

but yI #ifeinasecend 0@@@? a SﬂFh@‘l%}'FF‘Pté‘ft@B@éﬂqpr(Rth eSipprotects the
rote gﬁ®$ qgk%

Pnt er %ﬂa{% es for tﬁlart tgggﬁ%é gn% [ neogﬁjgag]g%dPrlotg%glky]’ or

E Cerheaylhand éiuemfm brancfhc@Co teCsalliylark p&&fmdtbeldzyl ether

f [ I
a1 S onrosad m8E s SRR LER b i, S8 Bt s I b
r educbutgidinndthyl bidyl @ttieer Tl&fdxﬁ‘ét&mﬁ 7 llmdeepratectiﬁ@%r@@ts eliangés the

f:g(ne L nmul a %‘g V\her%&r@ aeggg%!?defl ed aonv&m

descrbﬁ@ﬂ:ﬁ@d@&th&asE%}ea{epi@{edﬁﬂJSméhﬁs7 can be reduced
wi th hydride reagents that selectively effect

1, 2- r eductinene embedimertf rocess & theelylin alcohphoffarnula 16 is obtained
eg? er gr ug r%%gﬁ%?%\ﬁ%%%? E%Q %}t}% :j{: %%(%tﬁg‘?ﬁﬁ%g’hg@a 7, wherein

t he fRBrndiRaart s défined abdvg) daa babliained b;oProf:asemE(aa)-E(ﬂ) thatare

t hen Iectlv epoxi . di zed

e oBerteabrah: A8 Her offormin TG el Rt Fiegis that
di est @llecifely bffdct ﬁ,erSdlﬁﬁbﬁj@f the &byl PoreiabREn oAb Cbrfbodiment,
net al _catal yst, such as a transition nmetal cat al yst,

to yi@isebuyialiminm hydside redyessithrestsr gronp andprryidss thy allylig alcohol

ope espdi.mRak 161 he 20 hormchl ral diester is
(-)-diethyl tartrate [(-)-DET], the hydroperoxide is
TBHP or GFHP Aliplircatedhel ofifominls e Galnlrn Gegligsierapn¢lentively wpoxidized.

opr fe he reagt.i Qn carr
|5 oD PR, hE okl Bl ol Boco o pESIGT i of
fornuhami%mﬁamhhﬁoﬁﬂhﬁdqHﬂmﬁhﬁhhﬂﬂﬂhﬁ@ﬁﬁhﬁﬂkﬁﬁﬂﬁmnwmlamﬂwm
7 et SRR o S R,
A Ot icknds Bial QisteS t)-cﬁ&hﬁ)li&ni:@ {@tleT]d ﬁehﬁd&ﬁ%ﬁi&l@% TBHP or

fornmula 18. Preferaby@%/the coullngo
cycl dpdhaad dheapeialicatalyst is titpai 15@1)@%1@ é’@?fa@ble/efae reaction is

wi th Lheqloid R é@oﬁveﬁfsuéﬁ@s’ﬁmgﬂ;6 benzyl oxypuri ne.

The conpound o orrru a ein X is benzyl oxy,
can be puﬂ‘hblem}mtbpfcfmymﬂzal’l ¢an &t swbsedueothy &mbloém an galihmetal salt

he. (atpTIRGTLEERT srmmsied of oAb et X4b oF 4ge o, ina
8% dpolar aprotxc 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 ethy!
acetate and hexanes. Typically the yield of the coupling step after purification is at
36 least 75%.
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The vicinal diol noiety of the conmpound of fornula 18

can then be converted to an al kene noiety.  For '
exanpl e, the diol npiety can be converted to an al kene

by procedures that are anal ogous to those used in
Processes B and C. Accordingly, in one enbodi nent,

t he conpound of fornula 18 can be treated with an
orthoformate 5 derivative, e.g, trinethyl

orthoformate, in the presence of a catal ytic anmount of

an acid such as TVA or PISA, or acid catalyst ?Qﬁ d
PPTS. The resthevigwgl diphmaigheoishe compee pifpmy a(‘ﬁr"%‘?% |cppverte

as a Cruqg, gk kmeikiy! ?orfe%tp@éimwohm@sasrbaﬁtwmvafemmaum by
anhydride and optionally acetic

qf" AE her ingly, in
met hy| endreaissdiRtiargmalogyys{n those eoqriingly:
reacti on gpabmbRinkar fhe Wutﬁd’bf&'&iﬁmﬁ Ilﬁ&ﬁlbemam‘d wrth an orthoforrnatc

ti oxj dant_such 10 d bed | i
The. ot ROETE CerEmaRe BT EREBAT HEAT DT ok SOUE byt B an ocid

(wher e t hecise (I‘BAdaP’l;SAabmld@htathbB as @Tﬁr Fheresulithe mjxtype of
silyl eth

is siml téﬁ{gous@%mlgy%ay@gghﬁ ng t fggééﬁxgﬂe&‘fagéﬁﬁ
anhydr i dehhydeidesni optioslly atetie aidiiomroviste B rrﬁhylene corpoyad of formula
in the Ph)& t?rﬂﬁﬁ%’ 'ﬁﬁ?x‘éﬁlﬂo&&nfb B&Hhébdlngﬂxe préddnce of antlomdant such

enbodlnen Process rein QE p S

6- O biéhz s B agfiesaived mrevieush B’éh"rfp%qﬂeff %awea “"R‘/!?é’f“lf“eﬁs" roces

any pendaidhére a8LaMaR1cokR Hﬂsﬁp,srmedfwe eﬁlsﬂ bmer group), the silyl
acetylation of the 2- an1now% 9 th ur|QEMd
the acet ictherpipioding graun is smplanpgust §¥‘Ié%¥°‘g§)‘8

- conmpound .8dtic bl Fakkrdent fepih. & /R’ AU RANLSaTyRAE @Impamd@f fosadin19).

05 2N L btk S LSS RSO O LTy o

. the Gt&abdhyﬁtbw (Bl laeanlsrpekrdedtymh:rbr;e group diormedh from the

Sol ut | onyoeiaein oEf* Sren ESEefaR rkirs AAERI Rl Ah AR Rament
prot ect | n;@pgfydﬁp(ng he compiohs! af fariolp éhwalnuumuﬁgmssal a5k pighas2 N
tp; | chl OF 18 1 & AR pc@@m@%@@mqﬂmmﬁgs Pess E,
SCHEME 9 wheR#: x:&am P erorenbe hyfp iz, bemm%&?b&qmus
A0Q , 0' &@%r\%@%ég gﬂg&s hﬁd@omde%ﬁtlo}l) ch?hova‘l:m %iﬁﬁ@ benzyl

benz
Bf O ,..~ether prgtp@lgg group(s) osgimlopcntane nng by boron tric 3e freatment in an

inert solvent, e.g., DCM, provides the compound of formula 21.

PROCESS E(a)
25 " SCHEME
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4 5 CH20Bn CH2OBn 1. 2KHS03 KHSO4 K2SO4T BA BnOQ,, ..

. X0 2R BnG ., C2R 2. H2SO4, ROH 6- NaORIROH & 7 The
ester of fornmula 7 can be prepared by nethods that

yield scaleable quantities of enantionerically pure
ester. In Process E(a) the ester of fornmula 7 can be 5
prepared froma diol of the fornula 1, which is

pr epar ed a@H@tDBh ng to procedur esi,oBescri bed in J. ANCH,0Bn

Chem gg¢. and 20 m _sSoc. 199
9526. gn’ od| roc%\?{I f}.. "‘@
Schene 9. di ol of fornula can be acetyl at ed

with, for e arrple acetic anhyd ide and pyridine to
provi de a di acetate of pormula 2. Selective CH,0Bn

enzymatic hylPalysis 10 6? ae of pzhe prochiral i No2

acetate funcePaits oHOr(e ii*&aef at e baizauaides BnO- v

LA SO,Ph
enantionerically pure reroacetate of—the or nul 2
Preferably the enzyne used is a hydrol ase such as5

Li pase PS-30 from Pseudonobnas CI a or Pancreatin. CH,0Bn
Pr ef er pbjaysd AgiseRd, ABR! | C ss of the product
nonoacggée,, Qb;.?grgr?uq a 3 Bn&e. CEBR QBYe Ry MOBME. @zcozﬂ
pref erably at—Teast 98% ee. sone nts t he.4
enzyme is immobilized on a supgort, e.g., 15 7

pol ypropyl ene, to aid in recovery of the enzyme and
facilitate reaction morkup The reaction is typlcally

carried o f [

sol vent, lig’rqur?% ‘?ca%be} %E:refl% f&?lgam c%&?ven

rati Q:llﬁfltltﬁib aﬂénaahdmérman;bpmé ed€t! In Pjoceat E(aa kHeyesteabibiotmula 7 can be
9:1. The buffer cted to have a buffering, ran

ot o PR 9] i e Ee g P RSB L e gtues

in a deadmed &f J ol mentsacsmpoms QREY . CAbA| S62] BY9659528. One
as at 20 about EH:7 For exanple, 25 mM potassi um

phos pirehodingspt ¢ E@blslﬁleb‘awdmﬁféﬁ@wenbodl ment the
or gani ¢ Sql}% i of forsh !Sﬁbe%ﬁg@@vﬁﬁ??&% I€, #btic anhydride

formula 3 ca e coup ony r'omet hane
to p rmdlpgtedme mmmndwjdwdetaft@oﬁﬂ]dz ﬁmﬂulalh éelcctuiplenzugnabs hydrotysis

DIo° it P pReER Seelle Bpriita pflie A Rarlt pfodidhh Bty

t ert i jie/mantab&ath 3 the ferbal 1 Préfeiablyliid amr:ﬁeuseahssa hydrolase such as
secondary_hydr oxyl group of the 5_conpqund ? formul a . .
4 i s 1apast Berd0dramd Leydamanen senac SF Papereaiiyy Breierably the enanfiomeric

non- nued:e 9Pk ?i‘d&uct%ﬁcﬁ‘t@ﬁ&ta?@@ﬁ' o3 RSt ﬁQ&Q '99‘%‘ eté)’ ﬂbl‘e%eferably at

to give the dibenzyl conmpound of formula 5.
di berizaﬁt 9%6 ap Olrsdme Frabestiments (e cagmeie m;ap!uhacédm agypppTt, €.8.5

43 W Ebppo%(ﬁgg,lty T4 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

20 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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per oxynonosul fate: tetrabutyl anmmonium preferably in
a solvent mxture of DCM and MeOH The internedi ate
carboxylic acid can be esterified, for exanple, by 10
directly heating with an al cohol (RCH), preferably
MeOH, and sulfuric acid in the same reaction vesse

to afford the ester of fornmula 6. |Isonerization of the

doubl e bonfephmebdede 6ﬂ§nﬂﬁ§ 5 rc@tgb@&hﬁfed @ plepyRulichyhitromethane

The isonerization can be acconplished by heating the
cr udetogsavide afonipound bEfosnuinde ffhba@wbng isomeferablyieatalyzed by a

et or Pt (OEeeit B SR A AR ATBR )Rl Bl T witha

will bﬁlagpmmnehiselmchmmrammedllﬂnasmmnydeﬁWUP of the

o aongh O 50 oSSR Bt g o EA LAt

NI et Wyl bhdRGui B sodanEydaad tocgﬂvel the BibBiAyl dottboand of formula 5. The
el i m nat ed. By g% of exanple i.f. a nmethyl ester is
Bfr%qhaﬁ?

desi r &ibergzgk comtpe a3 with potassium

R- - ﬁ;,l?efx a&;ﬁ&ﬁ,ﬂ% 51 8 8htvEl ik of DCM
|some'§s Jﬁon are prefera sodi'um 20 rrethOX|de/|\/bO-|

The eariddvieOH. Tbe mﬁmemac&mbbeylmc»dfqae be pierified, for exarple, by

8 e o B b Pof R bt AR s @tk i the

SCHEMankeacion 9&5@&&%&&2@&1 ofJdfiflln 6. Hot " . 6. OOH

i&y ?;Q@Acq%é’éﬂ %b@ﬁ%%%%d p;owdeﬁgﬁ%ﬂre% 4.3%&31l g’f f%rn:u.(aa 7. The

base/ gh&oh2tiorEh be- atboribiizhedly Keatidgothe CidéBktdr @ Zortula 6 under basic
2KHSO3 KHS04 K2SO4rr BA 'CH20Bn. . benzyl  hack| e
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or Clalkom&am!l A@hyl :ﬁxuuﬂa@m@slsly E@ggted softhatdegpgestegjfication of the
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Schengxakiple, Fiamethvllesief is desired for the compound of formula 7 (i.e., R=methyl)
then the basic conditions chosen for the isomerization are preferably sodium

20  methoxide/MeOH. The ester of formula 7 can be purified by recrystallization from a

mixture of solvents such as hexanes and fers-butyl methyl ether.

PROCESS E(b)
SCHEME 10
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5 fornmula 1 is selectively acetylated using a

hydr ol ase enzyne, such as Lipase PS-30 or Pancreatin

to generate enantionerically enriched nonoacetate
conmpound of forrmula 13. Here again, the enzyne can be

i mmobi | i zed on a support. The acetylation reaction

can be carried out in an organic solvent such as

m xt ur e ofHospt ane: net hyl ¢gobe but yl et her. CHz0Bn
Prefepgbly bhe gpatio I chexeess she y

t he rrg%o'@t ateW%‘?ﬁﬁ rg@g?il—east 9&‘0 OR"
more pref gr ably at |east 98%ge. The nonoacetatepf O
formula 13 can be converted to the al kyl carbonate of

t he forg%mLa 14, V\herequoaRg(Pés preferably Cl tocﬁo&an{~18
al kyl I ph@,&yl of, Nyl paSddShdit ut by\ Cl.<t'52
C6 al k-y—l—E?Z—%éﬁ exanpl {,_boy<§@£at rren-t—w—t—él'lr anq‘?&t@t é@ozph
al kyl carbonic acid dgrivative, such as nmethyl ,

chl orof ormate, dinethyl carbonate, etc. 15 Preferably,
the copyersion is a&begol i Shﬁdz%bhqi&i Rydo,Tea ¢hz08n
chl orog i amd.. e.r\(l%% 2 Aoj&kopase, €. g. prow. ~COzR
pyr i le-G—-—!—H—-ﬁn in tm The

al kyl carbonate of fgrmula 14 can then be coupl ed wigh
phenyl sul f onyl ni tromet hane to provide a conpound of
formula 15. The coup@ignis mpiaf, s Gy, tertBinkg s phahyidubstituted
Pd(0) ca St BRos CO;R by Gy to Cq alkyt or C to Cg alkaxy
tetrakrf L.phenyl sphi ne) pal | adi um 20

tris(di benzyli deneacet one) di pal | adi un(0),

bi s(di benzyl i deneacetone)- 31 palladium(0)CHCI 3, in a
solvent, e.g., THF, with a tertiary am ne base, such

as triet ¥ A% L) B SRIPGURthILT isRépREdasth) altémative synthetic

treated with a base, e.g., potassium carbonate in
MeCH, m@tbodse rﬁmembhémmmfd’tr@cegﬁ{bbw derictod in$cheme 3. The diol of

conpo 0 :
AP Bl T BRI BSplIohlTY B s 20 o
t he Cmmﬂﬂitdtocg‘enérétb WMOmemaﬂlh emdherhmphodmaﬂaieebempaug. of formula
benzyl om de, . preferabl resence a .
stron* e pe A BT B g MW%QI’F&?*YFB"H

gi ve {eR@iof e aekief oul ﬁfﬂﬂr@amﬁsoﬁ@ﬁ sGEHNPALRErObF heptane methyl
formula 5 can be converted to the ester of forr%e

by t hiertrhstyhster Arelembly. the seantipraeriG grops O e Praduch | ﬂ?macetate

Tl R 13 B S R b S 00 6 &

10 The monoacetate of formula 13 can be converted to the alkyl carbonate of the
formula 14, wherein R* is preferably C; to Cs alkyl, benzyl, phenyl, or phenyl
substituted by C, to Cg alkyl, for example, by treatment with an activated alkyl
carbonic acid derivative, such as methyl chloroformate, dimethyl carbenate, etc.

15  Preferably, the conversion is accomplished with methyl chloroformate and a tertiary
amine base, e.g., pyridine, in an inert solvent, preferably DCM.

The aikyl carbonate of formmula 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)paliadium,

20 tris(dibenzylidencacetone)dipalladium(0), bis(dibenzylideneacetone)-

31



NO2 CHzZOBn CHz(Bn NO2 <802Ph & ,,.6<SOPh 2KHSO03KHS04
K2SO41r BA Bn(k. . ,FO2H 5 11 1. R H2SO4 CH20Bn 2.
NaOR/ ROH Bn0O". &COZR 7 15 Alternatively, Process
E(c) can be used to prepare the ester bf formula 7
(where Ris benzyl). One enbodi ment of Process E(c) is
depicted in Schene 11. A cycl opentane epoxide of the
formula 8 serves as the chiral starting material. The
cyct opent ane epoxide of forrmula 8 can be prepared

aocording t edure descrjhbed.in United States
Pat ent pagl‘”% Ogglg&%t‘ﬁ%s%‘fcgwﬁs w + 2 {GiaprpmIRe Bag such as
i ncor por at ﬁl@thfﬂhlmihef'ﬁfe%&ﬁﬁbuﬁ@oﬂ formfutsl 15 s theated ik 4 buse, e.g., potassium

h h f f la 9 d
e b S ohe Gl LSl RS

non- nucl eo:mhmlla 4. Thas&ondas. ag:ohol |nioiehd cdiifbe protected as a benzyl ether group by

hexanet hyI di f-vq de in us, wor ku the
Tyl T e ol sk 88 ol of g o BT ARG, St el
furt her puprefeiabipin thepreseiee ef agangontnhdeaphiliy base; egl, sl hydride, to

-32 noiety,.

aroup,  whors o PRI LELLE § ok 2%@"“3/%5@&%‘*@%&““““%“
benzyl , prestey¢f formulaFibs ﬁylmeﬂmésalmdﬁdeqﬁﬂw "tﬂofteﬁf

al kyl, for exanple, by treatnent with an actlvated

al kyl carbonic acid derivative, such as nethyl

chl orofbrmate, di methyl car bondRECESSEE o give the

al kyl carbonate of the fornmul a $6urMERD one

enbodi nent, the allylic alcohol of fornula 9 is

stirred with nmethyl chloroformate and a tertiary

am ne base, pré&bgBably pyridine, €hOBm inert solve H08n
e.g, DCMerbR give ajambdy! @ao,bé?t\en e, ueso: .l‘oTOR“
car bonat e can wdlLecLLy_gouple :

phenyl sul fonyl ni t ronet hané in THEst o provi de a 10 ©
compound -of formula 5. 1‘30 coupling of the alkyl CH,O0Bn -
car bonat e coqb‘ nd is prie erﬂzbzly catal yzed by a BnO: SCOH

~pal | adi um (0) S@&Fhc %} 66,pR ZHHSOFKHSO, K;SOLTBA
tetraki s(triphenyl phosp ne) paI | adiumTn THF With a

tertiary amne base, e.%y. triethylanine. The conpound
of formul a3,68n be convg,r,bgg to the ester of formula

7. by the rretﬁwds desBc i béd Process E(a). PROCESS
E(d) 15 SCHERROH 2. R Rd2Si -)

15 Alternatively, Process E(c) can be used to 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 startmg 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

20  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., lithiun hexamethyldisilazide in THF. After aqueous wbrkup, the ailylic alcohol
of formula 9 can be used without further purification. Here again, the allylic alcohol
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CHzOBn CH20Bn HO'/,ca\\QAr R Rd¥si -Y RO/ 1,5,\\ QAc 3

zz basetal cohol (where R = Bn) CH2OBn CH2OBn i

RO//,c LiIHHODS RAIl, - MOHPDC i ~O 8 9 CH2OBn

CH20Bn 1. lithiumtri-seo-butyl borohydiide R Q/,sO 2.
N-phenyltriflimde RO/, / Orff 80 81 CH20Bn CO ROH

Pd catalyst R'Q/, CXR2R Y= leaving group 7 33

Pr oc egsiefy(cdh be ashvaktaito i Al darbenapy @y, eheraim Risis prefevdbly C; to

formula 7, wherein R i benzyl aqr sjlyl.. di nents

of | Pr Gl R BBV L ek S i 1 54 A PREXAPIS by
Pr 0Ce8&itmdri ith|ah ¥étivated a9 irbdalic 4cRT dBdivaive, dush @xnethyed

wi th an oxidi zi ng reagent such as yridini um

di chrdngeferpapdimethylcatbonate, eictn |gﬁ4e<§£q#"@flrﬁqrb?narﬁa?f§%@§@ula 10.
di OxXi LK&:. i i I .

0 S SOk b I 0EEl £ e it mc

f or muthdorofdamatd hwd ctgrtiagpemine hasecpréferablyghyridide, i apinert solvent, e.g,
hydr i agent s that .sel ectjvel f.ec 1.4~ ..

nylr 1 HEM: RTT el g e s Gy i el b divectly coupled
i ncl udeherdydsulfoxsiTibiBethineta THFND pidvide a dompbindrof formula 5. The
tri-sec-butyl bororfydride in THF,  The int te f

o
the  resakag ofihe AVl Carhopsli copmonndis Paferaly patglyzed by & paliadium (0)
tyg 1 LBiRrRLA %&M@ﬁn&@@ﬁ%@ﬂ@&h&% FHEwidSa RrtihBy amine

phenyltriflimde to provi riflate of the

f or mibase, @k triethylaniing. SPhe campound of derowiln S ¢ag be wewyerted to the ester of
i nser h ' in ﬁgg e l e, a palladium

cat al ti‘/’%%élgg%?é%nn%tﬁ&?%serﬁcg% react%@jr{pto prepare the

ester of fornmula 7. Preferably the insertion reaction

is performed in a mxture g%gw&an al cohol ,
preferably MeOH, with an ex

15 SCHEME 12

(where R” = R°RY,Si-)

CH,OBn CH>0OBn
HO/, MOAc  RORA,SIY R0/, WOAC
3 2 base/alcohol
{where R' = Bn)
CH,OBN CHOBn
7
RO/, LnMDs RO/ NWOH  ppe
.\@ -
8 9
CHZ0Bn CH,0Bn
1. lithium tri-sec-hutylborohydride ,
R'oy;, O 2, N-phenyitrifimide R Ofy, oTf
8¢ 81
CHy0Bn
CO, ROH ,
Pd catalyst RO/, COzR Y= leaving group
7
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anmount of a tertiary am ne base, such as
triethylam ne. A preferred catalyst for the 15
reaction is a palladium (0) catal yst, eg.,

tetraki s(tri phenyl phosphi ne)pall adium I n enbodi nents
of Process E(d) wherein R is a benzyl or substituted
benzyl group, the aIIyIic al cohol 9 can be prepared

as descri bgdcdsp E@) [ 2EPakd Be esterof FdrRRAM Werein R is

epoxi de of fornu In enbo i'ments of Process E(d
wher ebenzi orisflyla En@oﬂlyienbmﬁ Brocpss & Soré depiggedin SchemelZ. In the

or oot e P Bea sEioBRh s pReded o 3 SParbe eopent uct o

be pr dm&ﬁchdmd (P, p)md.l.ﬂ?ﬁxﬂ chisfochfoma)e, mihgmnese dioxide, and
secondar al cohol |et f or nul

3T o i e 85 et AL bVl e B FPRGegpehons of formmla
wher egg) Mhd ycBpsiinbadis PeduB M HOh EI-iAY Peaghtdihat selectively effect a 1,4-
chlorlde triflTate, and the I|ke I n one enbodi nent,

t he shkydsdg %11:1@;}. ciyﬁgble rgiugpg) mgglda, for example, treatment with
tert- t the reducti

tert- gﬂﬁﬁ+gi%§$ﬂ?? orlde TBSCI |#m¥ﬁee ction is

pr es etrgpped withyn amvnsd |trmﬂlamo 1d tbumvasu@@s/ll\?-

o DR B o T Y PGBt o

base is@hd inseptod aﬂsthemaleihg,riat &ampkﬁa péiladiiaotatalpred esmbonyl

to give the allyllc al cgho
30 SoREEORIacioh oo o Fsiorey ‘g&wﬁ‘k? b e Repio eseton i

Rb Hqi&)f mhed A &&m&ﬁbﬁm&d Qﬁalé@a ré’fgraﬁi Q‘Zeﬁ}@ v%&x ah excess
TVMSCl™ RcRd%&i O , , SI Rb2Ra 34

JII| amounppfs (eﬂmmqnsbpsm shefos o Adrefeund catalyst or the
{55 OzRRioR i Mufﬁ' (bﬂ:a%?s@aeg ,%éﬁaiﬁ(élﬁhen&phosphme)paﬂadmm,

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) whereinR" is a
silyl ether protecting group, the allylic alcohol can be prepared in a two-step

20  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 fer¢-butyldimethyisilyl chloride (TBSCL) in the

25  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 alcobol of formula
9.

FROCESS F
30 SCHEME 13
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JJ X M 1 NN H2N 28 NN H N N NH2 Ph3P, DEAD RSRb S

(X=d4, I, or BnO RRd2SI & 38 =0Bn) y X (where Xi s
Cl or 1) 1. Protodesilylation \(W 2. Oxidation X O NH
N<NYy 1/ X1 fl i 3}~ .NNNH2 NaOH HOCH2 N NVLNH2

HOCH2 HOB He 21 39 Process F of the invention
i ncl udes preparation of a suitably substituted
cycl opentanol of formla 37, gtand coupl i ng of the

cycl opentoanol Wi th gua ni e'_é_, REECUN §Rlis such as

2- am no- B< i ogkpEigi N under htsonobu c nd|t| ons b

give a oey-eﬁ eosb&bﬂrs he meﬁl ene.c_o.rcpg{u.bé%_.

of for ng a38 rrethéJ_e_ua_NA%ﬁ'poun f fornula 38
TMRE ¢ ops

can tK8nspe el rat3gd 0 ud o?/§8r2ﬁul a 21.
One enbodi rrent of Process F is depi ct¥® in Scheme 13.
The cycl openteenoge of formula 32 (al so known as OH

4- (S) - hydr oxyl_10] 2- cyeRc¥eAt en-Jl - one) serves as

starting ma aI f o2 BBCESS e _bBFBEERYEnON:

can be obt aRepf ding to ggiﬂb descrlbd
Khanap‘&ﬁg '0% ‘Naj 22 fi, gc" nna % YangRR3Si 7o SRR
Rokash. J. J°° arg. Chem, 1995 60, 7448 The al cor?Jl

noi ety of the cyclopentenone of forrmula 32 can be

pr ot ect ed a silyl ether using thg silylating

reagent of nformul a RcRd2Si Y (wherein Rc, Rd and Y

are as dei% Yn Process E <,N

[ )
ooy

H,N” N7 N

*" 28 H . N rfkmﬁ2
PhsP, DEAD R*R®3S

8 Y 38
(X=Cl, |, or BnO}) RR;SI0
(where Xis Cl or I} 1. Protodesilylation (whers X=0Bn)
2. Oxidation
0 o]
N
4 =N v NH
</ | < l A
N 4'\ NaOH HOGH N .
HOCH; ;& N™ “NH; 2 .
_S‘
5 HO 21
HO 39

Process F of the invention includes preparation of a suitably substituted

cyclopentanol of formula 37, and coupling of the cyclopentanol with a guanine
5  precursor, such as 2-amino-6-iodopurine under Mitsoncbu 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-

10 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.;



and E(d)). For exanple, the alcohol noiety of the
cycl opentenone of formula 32 can 5 be protected as a
tert-butyldimethylsilyl ether using
tert-butyldinethylsilyl chloride (TBSCl), a tertiary
am ne base such as N, N-di net hyl et hyl am ne, and a
catalytic anount of 4-NN-di methyl am nopyridine in an

i nert_sol vent._su | t e :

of 1 oM SESr bl Kb Dokl Hems 1995 i1 A8 The 08 o! moiety of
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30  borohydride, lithtum aluminum hydride, diisobutylaluminum hydride, sodium

borohydride-cerium chloride, lithium triethylborohydride, lithium

36



sodi um bi s(2- et hoxyet hoxy) al um ni um hydri de

(Red-Al(r)), diisobutylalumnum 5 chloride and
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gel chromatography. The net hyl ene _conpound of for
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silyl I's si nul taneous
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et 1 2Pt MaBOIPPE raeson. iR CopRBod oo Rl 38, il furher
Af ter bl 00r Sl 58 ginbeabpepel.e and 25

pot assi um fl'uoride, the internedjate silanol fronﬂwlthi S und of
reaction iBheansterlcnsgompeund of fermalield Gam Pe KGryertedgo the compound o

P OV Bl 31 CRBRUDN ] BLIN e RaticfPent Wik B2AY e

can be conveni en usi ng a one- pot .
p2®C eghsthglenddranGundaffogndads carbelsenveitpd by Rydeakyimpicty by

heat i th d of f la 39.w 11 ether
sﬁ?hl gegdagwg P?\?%Q@%%P ogw?%%%a%usg% mr%geﬁ&gﬁa%g? BARSily1 eth

neut r ploteiidid @bug B eindeusly hpdrolyzadriugiap theee preceiems.3Bor example,
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f ur ni SR meHgiepR PP OO ApELAAS CBt o3 B v phdlyorcbBrid i

PR@E@E&@)& éﬁé’z‘%pﬂ:ﬁ i DEMI K frer addition of potassium bicarbonate and

25  potassium fluoride, the intermediate silanol from this reaction is oxidized with
hydrogen peroxide to provide the compound of formula 39. The two reactions can be
conveniently performed using a one-pot procedure. The 6-iodo group can be
hydrolyzed by heating the compound of formula 39 with aqueous base suchasa 2 N
sodium hydroxide solution. After neutralization the aquecus solution can be heated

30  with decolorizing carbon and allowed to crystallize to furnish the purified compound
of formula 21.

37



tx' RcRd281Y 1- 12, pyridine CO ROH 2. NaBH4 4 Pd
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Process G includes preparation of a cyclopentane epoxide of the formula 45,
and coupling of the cyclopentane epoxide with a gnanine 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.

10  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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5 Process G includes preparation of a cycl opentane
epoxi de of the fornmula 45, and coupling of the

cycl opent ane epoxi de with a guani ne precursor to give
a carbocyclic nucl eoside, the conmpound of fornula 46.
The conpound of fornula 46 can then be converted by a
series of synthetic steps to the conpound of fornula

21. 18¢ @iﬁh@ﬁiteﬁ‘ﬁ%aﬁfis RAQRESH h;ﬁrﬂemagéne,don example sodium

Schene 1 In Process t he cycl opent enone, o
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i odo npound of formula 40 can t.h be subjected to
car botls PRSP (FHancaine beve:  foghe B ampee™ AiEs 20y Realed
al cohgbetRh vEREINha reédbtidnSis pREGABEcandlided wapwmm eg.,
and an 5 al cohol ROH wherein Ris Cl to C4_ al ky

benzy@:chl@mfb&(wphwlpégwebﬁﬂﬂsmﬂ‘he grgde pr @FEP%'BWDM“OH
g | oh' lﬁi@ﬁ c#}lﬁmﬁgﬁgﬁﬁfo WY fobrGAEDRRe compound of

nonoxi e presence of a tertiary anine
base, foanglaﬂi riethylamne, in a pressurized seal ed

oact :O on vARsel E%Trg%c@fo GF g @oﬁgod,%g%}?o&smammuem treatment

bi s(twith b@wlkzsxh@smdm)aﬁed d»fanh fomulé'RéC@ﬂ)Hﬂeanqbabaheppreferably

T et B a0 10 SR B B b s

fpg WU@:l a&ﬁ&?mémenahm&)% fé¥Hn thmypmmw&e ap,

formula 41 |s acyl at ed by treatment  wth an actlvatetg
aci d flamaytang eaebopy! chinside g nreferblxaerddy e yR <ergmantsg this

pr ef e ¥d 5 Do\, 6o SR Dﬂt&lg\e Sdih@7d cgﬁaméﬁylhit@s ﬁﬁﬁ%sﬂy

actl derivati'ves can used 15 (i nclud
al kyl pmﬁiédan@/handbddm@mtmedlatesf formulp 42 g mcﬁésﬂl 311

or of eP B ety e R AR Aol o £

preef e(hél%ﬁ)dh@@&ﬁ&lkﬁdph@ly[ﬁﬂﬁﬁb ohesforils RER " SICE, Xi@ibatein Rsand R° are

obtained that is nore easily uri fied and_ handl ed.

The | #ﬁ@m@aql ehoge &% Preserm-and & jseClRi pel eadimpghestim, i e

di spl thyl
pr ep %gj}%ﬂgal orret ﬁ I al %%ﬁgﬁgﬂﬁgﬁg&lgome o

the f dlmtﬂylph&qﬂdﬁ!& ls:m to prepare GierGrignavdteagRnt. dihe reagiion product,
descrlbed aboye ces
and ‘l?ﬁy f{?ﬂfl ggﬁ.%g °é‘8’gggﬂt%ﬁf)s gfl?{()u! flrther

sah @ﬁﬁﬁﬁu i odi de. In one enbodi nent,
(chl oromet hylc%&mpound of formmla 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 aliylic alcohol of the formula 44 provides the cyclopentane
epoxide having the formula 45. For example, in one epoxidation method, the allylic
30  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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di met hyl phenyl silane is used to prepare the Gignard
reagent. The reaction product, the conpound of
formula 43, can be used in the next synthetic step

wi t hout further 25 purification. The conmpound of
formula 43 can be reduced with a hydride reagent, such
as diisobutylal um num hydride in toluene, to provide

t he aI | mEROpirRto Rus€d intthenext
crude™® yI|céﬁQ%ﬂ§é%f%ﬁﬁé?&?Ménula 44 provi des the
cyclogﬁﬂkﬁnswpuﬂhmﬂduﬁhamuﬁ@mMME formul a 45. For
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crude product fromthe  con satl reacti on can be
pur i f Pl tncyelopsniane spe%ideqs ‘g"n ! 9‘5 sui tabl e sol vent,

€. g. VE Orye 8181 (R6IEN 08 the (B Rip BHAS L SRR M ﬂfenf:ﬁﬂvm:tb(ﬂtoanaﬂcene.
46. Here agaln simlar to Processes 10 B and C,  al kal i

met al Fendxampls thochrersingdn theangihdensrcompgun deof formula 47 can be

m no=6-chl gro 4 with
2155 B A e, T oAy B
With th &wsﬂnwammeemme tnfnetﬂybarmgfomta anga camhrtw amount
di ol iety of t d of..for prst
Conveg?gbﬂcgcb %ngpéigogacél%ﬁ%{mls%{: ha Convg‘rﬁge;écess
to % h %ﬂﬂgbﬁf{a{t@fbﬁg&?ﬁﬁﬁﬂt&%ﬁ aﬂdlhgtﬁsﬂltlﬂf?ﬁ] nmemédmsolanes is heated
perrtorne usi n WO Ste procedur e
P or mabosts whEideq o BRI GRIBHOFTBERIRAT PyRAE ot
phgf e E@Qo%’atﬁ)ﬁ bf Bk Dyehie nhiyafias Mmt8id At &ﬁ “%ﬂih&feﬁﬁﬂaﬁt also hydrolyzes

anount an acli d such as TFA or or acid 6
cat al fist6-SthehzdexyENS. ITpabadimentsof RrpeaseFowheeia X is Clor L the 6-

reagept, is e H
20 o AL e Ml ol o0

met hyl ene mrﬂ&ujaldum‘thyﬂsﬂymwwl gioup of thslnmfh)fé@c gempound of formula
evapor tion of t c an rid

whi oh 47 FEnbeRoRTertE %?’QRF%E ?fzbﬁf%;*?vcedms
g&@UD@d&b@dﬁ@M&@& B, Of anBFO Gﬁﬁ&aﬁplaoﬁle&elcmbk{dlnEnCtheomthylene

the 6- hal o group on the urine cap h
u3| ng chapeud; o @9@@13& (7icambe @eage GW%OHX 184}/13@’(95’1 ether

complex in DCM to provide the silanol mtermee.hatc Treatment of the silanol
intermediate with potassium bicarbonate, potassium fluoride, and hydrogen peroxide
provides the compound of formula 21.

30
PROCESS H
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The phenyl di et hyl si |l yl met hyl group of the nethyl ene
conpound of formula 47 can be converted to a

hydr oxynet hyl noi ety, for exanple, by the procedures
25 described in Processes B, C, and F. For exanple, in
one enbodi nent, the nethylene conpound of formula 47
can be treated with tetrafl uoroboric acid-dinethyl
ether conmplex in DCMto progcﬂghn@§53|lano
intermedi ate. Treatnment of the silanol internediate
wi th potassi um bi carbonate, potassiumfluoride, and
hydr ogen pepoxi de provides tge conpound of faosnul a
21. 30 PReéEss H 40 SCHEI\/E-{5 (HCHO x _ eof H2SO4

AVD- ébtl-mjﬁouo B - " R0 Wsiet Y Hc(t 50
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HO OH nﬁa@a R RI%Si 0 j Nal 04 R RdzSAOJ NaBH4
R Rd%Si d 53A R Rd2Sjd CH2OH CHZOSCZR3 1011-1 .0 1.
3 R2 x;.OH R Rd2Sig”1. R .SOzCUR RdzSi O~ y i RI% R Rd
10 'f V) 2516 BAE B0 2. NboﬂURRdt}igR(O}Y
R R dSiR, &8 “X ,N A

—— o -NaHMDs RV 25'0/\0 NaBH,

52 —  RRYSIO 52
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i - OH
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RR%,Si0" 54 EtzN g 55 Heort " ReRYsio"
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PhyP, DEAD

RRYSIC 57

NaQH {where Xis Clor{) l_l r 3
H+ (where XisBn0) 10 N_<

21

3,

5 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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NX N~NNXr J~N/ \ F-N\N N28 NNH RRd SiON
HON{ NH2 h3 z N=~ P P, DEAD R Rd¥%Gi d 57 NH2 HO 39
N O NaOH (where X is O or 1) 4N N=< NH H+ (where X
is BnO HO HO 21 NH2 5 In Process H of the invention,
a bicyclic | actone, the conmpound of forrmula 52, is

converted to a methyl ene conpound of formula 56. The

nmet hyl ene conpound of  fornula 56 isS co ' .
guan! frempedd i Sipeaeidy asvepea i o ey B lpli 21 19 deprotecton

(purines W%Q'f EfBbeAts 28Pro¥ssel) aré depittedinScheme 15.
car bocycli ¢ ~ nucl'eosi de, the nethylene ¢ ound. .qf

formul a Smcﬁmdﬂﬂmm&ﬁﬁw“ﬁ@r&mmt ©E-
is su ent,ly ¢ . GRIPRRE net-nhdéoptilie base,

21 by?ﬁgﬁé{lggﬁ?ﬁgﬁgﬁ‘%& )9%?&3‘?%’3 ste s._naEﬁn‘godi rrentsalse

of 5 Pr gf@Gsbiytaiivm ammmmﬂﬁ]@mﬁﬁgsm&% fEraFgte 2

Pt o ompeng of formuld 33! WHEt Genthibd'mb ARSI, 16 Bmple, MeOT, the
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bi [ t réagent W@ISW%WH@YWW@}i fe ﬁegﬁ" g lagione mojely an

a co 4%\ eThévieRsiislef tivecompound of formula
r eact Ego%%%q?%oél%ﬁlﬂgégfﬁp e, MeOH, the conpound of

f Q0MUIS3ATEn bewxibsivlyroiteyéd by tetreas i) 2p PEAREAECRSHFh % sodium
sui tabl e dri de. reagent C saf bxiak PeRORVEEAERdehyde

in NE(B@E”‘{%C’PWWF%%%'CH%hoh%r@n% ety and provi de:gj?he
CONPOWRgkaRingfiRtermEdatESIB cahitkentieaediatd Withp sgitableydride reagent, e.g.,

conpound of fornula 10 53A ca OXd | ¥gly cl eaved
by t r sadingrhorelyendesip %?%Pf&?ez‘ﬁ%&g@é‘?ﬁ)%gﬁ'@%g‘gs sodi um
peri odat e, TRELARS WERSI HEBG A tediol of formtlachicamboselagvely

The resulting” al déhyde containi pg_ jnternedjate 53B .
calf t henvdred tealsnitebicway g £Tp; ?‘S”f‘}%@{ i ?%Vz‘ﬁ’é‘ﬁtr?agent baving

eg., tgég,gg&%gg{gh e e

formul ry alco moi ety of the di IFof .
f or nul sabfiitutediphens! (suistivtadibyGy 1a G allsyhrs Cu &RiCe glopy). For exampre,

Sul {orke g Ror g el SHE R ST Bl b erery

wher ei fiR8biss sieh 2 yriling akd b catslyiid drmmbeofA-NyN-dimeierigminopyridine

o 20  to convert the primary alcoho! 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
RIC(=0)-, wherein R? is alkyl, aryl, arylalkyl, any of which can be substituted. Most
prefesably, R? is methyl so that the acyl protecting group in the compound of formula

25  55isacetyl. A preferred acylating agent is an acylating agent of the formula

RIC(O)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., lithium
jodide, and a strong base such as DBU to effect elimination of the intermediate jodide.
30 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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substituted phenyl (substituted by Cl1 to C6 al kyl or
Cl to C6 al koxy). For exanple, the diol of fornmula 54
is treated with p-tol uenesul fonyl chloride (TsC), a
tertiary am ne base such as pyridine, and a catalytic
amount of 4-N, N-di met hyl am nopyridine 20 to convert

t he pri-mary al cohol to a tosylate group. The secondary
al cohol is protected as an ester by acylation with an
acyl ating agent to provide the conmpound of formula

55. Pref er.a i

an acyl gr ouk)é{m ﬁén%% grr%{%é @J&%@(@%ﬁd@ %%%‘gﬁé %%20*;%1

al kyl , aryhromailoyhlzilb’kyl any of which can be
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pr ecursor &WI%MMMB& i TrHEPD BHE fe ESnpolhit RIrMuld 39.SIn

, 5 Br or benzyloxy). For i1nstance, the nethyl ene
corrpodﬁd enbadinaNsIoRhS Bosss Vheesn BHPIATEPEIHGHIREP o lodo group,

Cong'lt'on%le\@-lﬁﬁg?eugm f1§1e8|3%/ fid 3R L@deffdﬁm}l]:iwthhaqueous

met hyl ene_ conpoun o ornu e

M t sonobu b6 AtRcld; efembly Mf@a?g{ﬁ?‘ %ﬁ%@ﬂtﬁﬂ%&gmﬂ“

tri ghen)kl)l B&ﬂ%f Enliuhdifamnmh% rmelhymmtsaompﬁruads vatferef 30 Isn6-Qrbenzyloxy

57 dan be urther, purl

gel chr on&HYFABH of (5"“’#ﬁ g’é"%’t’/‘éar‘@e t“ﬁ%g Hﬁ’ﬁd‘tmg‘egz

conpound BlchElon‘liaJHoapﬁﬁd bifointuta 1 eapiefutherfurifibddyniot ata@&lc, silica

can be cog%i he}ﬁ %%%/p deprot ection of the silyl ether

noi eti es § § y§|s of the 6-X group on the

purine noi et y mnmsMoMMWme@mhé9mbeMw

cl eaved b f&l;th hﬁ‘gfrtﬁe% h&lﬁd Sﬁ‘o&hulasz and can be
|um uor

tetralkyla e reagent s
t et r abut ybtawmdras @mwrﬂibdlem,KrﬂﬁHﬂ?ﬁab@f@l% 1998, 4557. The bicyclic

conmpoyad V\ﬁ‘té soneQF f@ﬂ*mﬁa £ can blltrehrd %ﬂp ﬁifﬁﬁﬁfd&l é inla Mixture of glacial

pr ocess rein the purine nolety has a 6¢chl oro or
i odo gr oussetic acidan %G'gl’t‘b%ﬁg WWW?@EF doyblebopd; This
the compoyngnaf yidif a Witk datSSk f¥infuth 5004 RQURetate of formula 50 is
subsequently stirred with a base such as potassium carbonate in an ajcohol solvent,
e.g., MeOH, to hydrolyze the acetate moieties and provide the diol of the formula 51.
30  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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base or acid,. preferably aqueous base, e.g., 2 N

sodi um hydr oxi de solution, to give the conpound of
formula 21. In enbodi ments of the process where X is a
6- 0- benzyl oxy group, conversion to the 6-o0oxo group
can be performed using acidic conditions, e.g. 2 20 N
HCl . The conpound of fornula 21 can be further

pur i f ufily B ns BOEBREMIBNEn 1 debéifption 8F PRS0 BRlo b AR Hhe

In Process H, the honochiral bicyclic |actone. of
f or nuéenpdOnd of folreuta §3 dlinane ewbedimentpf Pracessi Hhy|ths Hiylatipgreagent is

prepa atl of fornmula 52, and can be
prepa %ggh%p&é%ﬂ’?“ﬁ#l\}aﬂ K. et al.

Tetrahedron Lett., 1991, 4557. The bi cycli ¢ 25 |actone

of formula 49 can be treat edP' Séiiaformal dehyde in
a ¥vi xture of gl acial acetic sulfuric acid to
add formal dehyde across the ggupME bond. This

treatnment yields a diacetate of fornula 50. The

di acetate of fornmula 50 is subsequently stirred wth
a base such @s potassiumc gate in an al cohob

sol vent, :—e(g., MeOH, to hyﬂ‘r%l yze the acet at‘e(

noi et i es~aRE PiICHv)de th ~Opfhageh formﬁc@

The al c@hgl nest8e$Qs Ac®” t he fdi o8I f oHfu &%E)%'Y
prote %&? |IyI et he,(cdgrseups by treatjgigsit he “diol
with a'’s ating reagent of the formula RcRd2Si Y
(wherein R - __ghd Y are as described above in the

description of Brocess E) to provua‘E‘{'t he conpound dft
f or nul R@%O diff efg x__Pro&BREORE): t he ~OCHO
silyla r%area t —s-ﬂ»&“l%d tﬁi@ y ety dhRePPde DBU
(TBSCl ) . SS SCHEI\/E Ase sk (ot o1 ARGLEC NG
ahol HO, )' 40 R R 2Si- (+)- enanborrer AcO" 50 HB 51
49 OH CH21 hydrl de . Ph (OAc) 2 ~OCHO RcRdZSl O~
reagent R Rd2SiQ¥ --6% dIZSI ODBU R Rd Slf,@\I

. g 6

R Rd2SI 59 A
R°R%,SI0 RcRd

& D
RRE,SI0 856 P“3P oeA R°Rd2830

( NaOH where X=Cl,| r
4 \ HCl where X=0Bn
HO N_( HO N—(

Ho 39 HO

10 Similar to Process H of the invention, Process ! of the invention comprises
preparation of a methylene 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

15  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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.OH~N NN\NF RRdI2SI O 3 H 28 NH2 R Rd2SAO N=<

R Rd2Sid 56 Ph3P, DEAD RRd2Sid 57 NH2 N X No |

NaOH where X=Cl,1 N/ \N HCl where X=06n N NH HO N~

HO N=~ Hd 39 NH2 Hd 21 NH2 10 Simlar to Process H of
the invention, Process | of the invention conprises
preparati on of a nmethyl ene conpound of fornula 56 from
the KRR & akhibied e differenk @auane nicthods thimelihasessed imProcess H.
compound of formula 52. The c ﬁﬁéfgg of the nethyl ene
conpdnscuio dﬂ%ﬂ“ﬁﬁﬂ%"’%ﬂ’édﬁ"ﬁfﬁ‘g fd&ur sor (purine

compound qf pf ALY e BEbne mBIRE &M@ﬁﬁd FIHRLSTB retfced
the resul tant carbocyclic nucleoside to the conpound

of 15mflerovmtralldTeamtion conditiogoteprevdda the lagtel effgemula ey Fof mstance,
Process H as ene
cc?rrp ﬁ‘d’né?O"F%eﬁ?Fﬂulggz %ngl%a}f eeli 3"3?%&3‘“3 of Ef%g{rjx

52, AdlishsutaxieminunShydieidt BMeRetyat d5C @rachitvespdiction todhe lactol

nmet hods than those used in Proﬁ’@i% H. %ﬁgg‘hod mant]ntly

of Pr@é@ﬁ@ﬂ plateg TB@F@E‘E@& profiuge tof §f fopulaSgdf bspaue

t he | 1#%&&] t, SEURRI9 Wﬂﬂbﬂfzeﬁeﬂﬁﬂﬂdﬁaﬁ Lﬁacrl‘LSV irradiation
redu unde contro%l ed reacti on conditions

pr ovi (ehm Iaing) InREM to give thgripdideicaupoupd pf f°ﬁ§‘!1§ﬁ?:eﬂ‘° igdidg, o

B ciEpoRid SO 60 Gt rela WAER SEthatiekcioith YDA offec

at zmwmeeomwmietymmmm of the farimatecegierupangyater workup
B GRS 0 e

Coun ?Mﬁ?%%wggﬂg?ﬁf‘“?ﬁw&%ﬁ;% L o e

f or mpecwE®r, sKptbas ?o@mae 6404y FRLRHENG FOFRS) it fat oIy 2%, wherein X
Ofs TR G dbidh ShAifsh AP tidke Reindibiok &0 cGlealin of the

Imhatron o e nolety wth renoval of the
f or naﬁaethglsﬂmommonﬂ vﬁ’omnla\&ﬁ touthe compoyndpiforpyda 57 described above

met hy| n for nul 8 of formmla 39,
con‘po‘ﬂ%&i"ﬁF Oﬁp?ﬁ%ﬁﬁ Eehcc%gﬁlc‘@% tﬁg%ﬁé Uani ne on
Pr eCUpsS@hnverfddGh ﬂﬁ%oﬁp&ﬁd%fcﬁmﬂh@l myrmmas puphias those used in the
conmpound of formula 28 wherein X 15 is 1), under

r eact P8fese Hndi t i ons such as those described for the
conversion of the nethylene conpound of forrmula 56 to
t he conpound of fornmula 57 described above
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in Process H The resulting carbocyclic nucl eoside,
the conpound of fornmula 39, can be converted to the
compound of formula 21 by methods such as those used
in the Process H 45 PROCESS J SCHEME 17 CH2OBn
CH20Bn CH2OH ,00HR Rd2Si Y ~)., %0Si Rd2Rc H2, Pd/ C
10SiRdRc 66.1 82 83 84 0 CH20SO02R3 9-C -1 ~0OSi Ra2Rc
K&Bu ,,,CSi Rd2Rc p /Et3N $ Grbh@&x$p d ¢ 1. Mel,
CaC®B d ¢ 1. RC(O-Y/Et3N ~=5SSSS,1i CSiR 2R 2.
NaBH4 HO., sOSi R ZR 2 TBAF/ THSCHEMBY/HJ 88 X
R2XO~.,%H <N /N JX N~ HIN'NH2 O\Ni~ NNHZ 0 89
23P, DEAD C1_ Jr R2xd 90 O 0 hydrolysis N NH X=BnQO
a, | HORRZ HIVWVW 2LH:8BPr ocess J of t he CH,OH
i nvent i on-depbaRR ! her%@‘[‘@gﬁggﬁ oz, P#E prep aﬁds‘?lﬁqu“
of the ¢ — ¢ ’

o !

=

ol ' Gl
82 33 84
9 CH,O0S0.R? 5
R*—S—Cl wosiRRe KOBu - A osirdRe HwLSTT
QO /EtzN 0-:-“ dc“ —_—
85 86
, 1. Mel, CaCO4 , 1. R*C(O)-Y/EtN
E\sgf\&..\osﬂ‘zn" 2. NaBH, HO%.@S;R“ZR“ 5. TBAFTHF
HO' o'
87 y 88
0 N X
RZ/H\O AOH </ l N N SN
Py ¢
N7 NH © Y
& H 28 2 N i~
RO R2 N~ ~NH
\g/ 89 PhaP, BEAD
Ropd o
0 o _
hydrolysis
— (’Nf‘\j‘f X=BnO, Cl, |
NN NH,
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 witha
guanine precursor, e.g., 2-amino-6-icdopurine, using Mitsonobu conditions to yield a
10 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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compound of formula 21 (Schenme 17). Process J includes
formation of a nethylene conpound of fornula 89, and
subsequent coupling of the nethyl ene conpound with a
guani ne precursor, e.g., 2-am no-6-iodopurine, using
M t sonobu conditions to yield a 10 carbocyclic

nucl eosi de i nternedi ate, the nethyl ene conpound of

f o(rj mu |h a ?(%e%yl@kﬁb%ﬁbliﬁdg)fgéwm pﬁgﬁara; fothehooelbpentane
and the X group is _hydrolyzed to praqvide, the__gongoun
of f oRpsis OBl 824 n desraibed i ramale rotpted pipicg Satent

is pr 0 0 Xd
53, PSS JAOM Do) ARGH| a0k 8 0 ] e

St at ebavirgithaformnla R°R;5165 wherein Rhand R @orrs sleseribpd dioge in the

B

abov eas aterzibetybdidetylsilpt stien. The pinayg akoiiol id yvnnesiced by catalytic

enbodi nent, e.secondar | cohal of 82 i rot ect ed .

e o o b OF biryLmn & P frsRamilf, peladiyR o SaB6n o give
al coh@l chiipdandBsontulaB4C Thatsthpound bR 86 isqirepabdd by a base
benzyl group of 83 with, for exanple, E:al | adi um on

car bosptalyped plireinetien rrepadBisndn Bie fir sigp phthg Rrocqdyge, the primary
gﬁfm Oéig%aptgeﬁ 4495 B3AvEt&Binioh s‘ﬁi&%ﬁﬁeﬁﬂﬁgﬁﬁgp,??ﬁably using a sulfonating

atal yze I'm nation proce st Step_ of
the preageethaving théorprla RS, ClOwhdrein R s asfderibedsabove in Process F,

converted.jnto a sujtabl eavj r ref erabl v

ol noP g ey P e rEblade & e plbrg ot o

E3 SOtZIﬁitoxidH,ﬁ ﬁ{ Eduitalits s¢13&rg,Sehgj THT, is{im zfnhdmeﬁba é& eimamA on of alkyl
, (0] Lve e CO n Vi n e or mul.a . . .

4 1 onft (psimtegl ppenBg ool tp Brovidb g ALl Frefhyidne moiety in the

SiH t afinfoi] ¥E0kmules6l. THF, is then used to effect the
el imnation of al kyl or (substituted) phenylsulfaonic

acid to priobydexymsthybeispcisiteninstaiipd e the eyslanapiang ring adjacent to
15 ¢ g#{g? f La:.86. kELVie | mpoun
thenotlﬂgs a ?lgén%@ﬁ%éﬂ%%%ég%a e ??ﬁg’%ﬁ | ggg‘ﬁ%ﬁ&?gﬁm d
t he eofdforymils 87. ikt dffitientty affeciothis tiansforration mpegiontlegtive 1,2-addition

formula 86 to qive.the, conpoun of fornul _
ef 11 CTBIRyn BpespFit S RRRERD edprpRopt orilis 863 prferbly
rBpi osmtetdd \Peefdrally Al tdrb&imuclbpliledas babaniotcdfa choditime, e.g.,
to the epoxjde_ of the conpound of fornmula 86 is,

pr ef eftiiymsa8of Lariiepedhat pddrta fhepilylic pajiiop it pigKide the compound
nucl el 45 Fhe GAIRARLP B DB-dhhidndliah bl 30Rratét With a strong non-

lithiumsalt of 1,3-dithiane, that adds to the allylic

posi tiusleoplilipbaseiede n-htyldhipmy higivopdiisppropylprgidg.Aithipie

l'ithi es at ia t :

st r orl B AbdsBlrol agithd e EAEA ST £} BT ictoing agen
123 hi sunh i §,4-djpeaiogttafe 218]octant (DABCORis praftcibly sided 16 cbance the
22& ;et 1ﬁ|§t|w§g)§h1g p?o}ss%éﬂ%%?%ﬁc?noils \]gree?etréblf cagned DTlt '10\% 25°C, more

1,4- g,ir@ﬁaﬂiy%ﬁalvpib%u@.-l 2©¢ aitretRFeEDsele iy Festaiably, the
added to enhance the
regioselectivity of the addition is >10:1, more preferably >15:1.
The dithianylmethyl group of the compound of formula 87 is readily converted

30  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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efficiency of the process. The reaction is preferably
carried out below 25C, nore preferably bel ow about
-15C to ensure high regioselectivity. Preferably, the
regi osel ectivity of the addition is >10:1, nore
preferably >15:1. The dithianyl nethyl group of the
conpound of formula 87 is readily converted 30 to an

al coh 8 iodomethan
reduction r eg&i{ﬂ{ X?rﬁ‘mﬁﬁ%g ?{/kg ﬁ%%a%e:ngglleat eﬂ111
al de hyqimous&cdannxﬂe.dOﬁmt meﬂ:ods @vxhyq@olemnashﬂy@acﬂalsr@ge wellnown in

m xture und .of, 1.or m
T ol s RN Bl S et 0 SR e provesing v
Q her iy ®iganidSykmesis3hdt Balityon, ﬂgleghahdhsmac MNest Yoy 199 epp. 199-201.

v i S g e . .

o ganb&;&%ﬁﬁﬁrﬁe&e iel th® Bompiiuh @ ¥f RAGuISESS | New
York, 1991, pp. 199-201. 5 The I?e’r‘;‘{nermadl ate al

can be r edﬁhee@mnowﬂ of formntla B$ i cepvarted & 3 OMpORY 1% for coupling
di f
g ThE gnpo Tk Oéis?mg aPVé g,g a&ﬁﬁ:&m%m gr&@s MA groups

88. T Is converted t
conpouﬁﬂiefamnmm €0 wh@mpi Rhig as d¢sctibed app*fﬁf@tl’@éws H can serve as

n|ne rivativ 1atior
Brovcefgg bgpis, daeropBy Rt o epi e Bof Bl acoty. Thosiy
R2 I SeﬁSr #6855k itha dleatiMaidgdiuofidopassg. ktembelmmemam fiu@ride, to
protecting groups Pr efe af$ é Rg%l s nmethyl so that
t he aS’;VPﬂlj’r‘B‘EfBYPI?‘:g@QP% o ula ether group is
then cl eaveg dbpddtnd J)M@fdnﬂ@ﬂ' Qrbouﬁe&toa suitable guamne precursor,e £,
t et rabut yl ammoni'um f | uori de ive the rrethy

conpo@rehins-fesionusing, Bprovidea eg "6*"0?16?‘1‘?{?("5 @eﬂ the
¢ (i”jj Pl &¢ Pen@ a&:ﬁtcfuﬁe P rliaRigoe I@&%%@Emb%ents 2-amino-

-am no- to provide a carbocyclic

][1 ucl e G&hﬂmopunhe mlr?almmb?&-betnhﬂomum trp|bemesdas tRsognening precursor.
or mu naltern
6- chl hﬁﬁ qupfug t%’r%%ggﬁz \i& xy% u reﬁ%‘gw é@f‘ﬁ"%&’ ound of

used gﬁnﬁllhez W@ﬂyﬁi§ﬁéthodsTlmr aenipld, dreseogpupseEn be
of formul a 90 can be co rted € COo oundtrl)1 ide, and h
f or muFkaved twregtmepwﬂéawé@l i 6 Gesotgy methoxide, and the

ca &i@ﬂasb Tl dnghtifiidmts of th
éénpkqlalotégu ta?argl kOXI de, alifly inGli % d e

wth an al e.g. sodi um net hoxi de,

- and twcmv@m%a@mchﬁn@dwmenw@mdﬁémm%@ the

in aqg EP‘Q‘ Scfdf e.bMfcy process

'V\herelgﬁ’%g%é&ng}r%ou@lph ypuri %edla’s %sed as a guanine

precursor, the 6-benzyl oxy @BOEESSKhydrol yzed using

acid, e.g., HCl. PROCES M_UCATI ON 25

Anot her aspect of this i%@@ﬁ 18 d:}&se of a resin

adsor pt i on ARb@EASHect 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
30  with hydrogen peroxide in an oxidative desilylation reaction in the presence of KF

and KHCQ;. Compound 21 is soluble in water at 2.2 mg/mL and more preferably



i solation and purification of the conmpound of fornula
21 or internediates therefor. This process enploys a
crude m xture conprising conpound 21 or a mxture
conprising entacavir internmedi ate(s) and ot her
reagents , such as, for exanple, an oxidative mxture
resulting fromthe treatnent of an internediate for

COMPOojiisly 25 ndfmiM Condpyatidmicdad pam&ccdﬁpuundm adsprbad pw the resin

desilylation reaction,in_the pr

Km&@%meww%tm%& i B oip P falﬁ%?z“ﬁi‘fh“ with

and %&reaah ¥aditkshab @O ¥hdloodn éﬁaﬁm orGassppomd r2lhted thereto
0

and re ate conp ounds are adsor be n the resr n

spec i (fergc,asu¢lyas\mumtermed@regmmu@aq)r8§ Inied GomthesatiR viapypshing with

|n bed I.s 8Ya mixture of
|t%%§m%ﬂﬁ%pam%a€om%%@gﬁgeg%ﬁpoun rel?at ed °°

t her emOH(a‘hdgvaxergueﬁamhbr 49r6 0N/ Me DRt 60Yewaser, prEdurisply 45-55%

is el the resin via h ' r d
ol v eMeOTHA-Sival R AR PR G e e B30MeOH
CONr 39ilePoptimal &oﬂ&aﬂoaimlzmmemmtmdeémme;cto which is

40- 60%/0 MeOH: 40- 60%nat er,. npre. preferably 45, 5 /o
MeOH: then sempptratad and geypialligedito mbgr%?a‘ﬁm hereip. by

Ve o o ’Zigﬂ YN L omplofitd K9 g PrdateiBan %E&:ﬁﬁhﬁolm% of more

conpo or conpound rel ated thereto mhlch s then
concemefembéﬂ%umy@ﬂeﬁt prefesgd iso? esparRd impurity peaks are

conpot%ﬁ dﬂ’ﬂ‘§§ 1%?&%8 rea '?Iagd %rﬁ%rby%éhepe&hﬁ Wﬁh@mamgraphy

conpo Vi ng er 't equal to 97% or nore
pref e(EIG). 99% purity. Most preferred is a conpound

wherein al] inpuri eaks .ar e ith
percent as Efé‘%se"llrtﬁbi%@ %F&%ads ?rance Irhg @ ic resins Wi
C 5 OB QBN APRY nod- Bﬁhﬁhole&&l mﬁoﬁﬁmlmﬂimnt, dle rasir is styrene-based.
this adsoiption process ar obiLc,r

15 SoMsss pofoEps, B SR ah oSt pp B 5 it brster

enbod E@%?Eh anf} Iﬂﬁrah@ﬁr feBislaficeS IPAEAPRPRSAWith M&h @topertles include, but
prefera

y, the styrene-based resi ns are brom
provi mmbmg@@at 207 Sepabrgs S0 oﬁ E@baﬂ@em SPT0,

Exenp t thhg&f]]aiédﬁMEBm.ITE XAD4,
are nob?gl TR ﬁ%a%%gggﬁl 12%2%22%%8P700 Se abeads
Doai 0ANEBERIITE XADIHERBERDIES SADI657d HESHABA600. Ina

AVBERBIOE S ABPE i SR SRR %éﬁf&‘""“ﬁ sbrasion

XAD1 6 QistanBe, fongltered Rtyolitg ﬁtﬁi’i}saﬂdmmmd the shiligovsthsigudiexrgmes of
the resin as this resrn exhi bits on
| ong- PEERRICSRRY SR ICPRENARS; PTRHRTET, mar?&laf i %”ﬁﬁf@{‘%m%

Wi ths s::&r@ﬂcaﬁﬁﬁ BP&B‘Eﬁmﬁﬁd zp&ﬂ%em@o@als yéaed maew tions,
tenperatures, and pH, be artr cul arly useful .in

pasi ficati @he @ﬂowm%md ShfTesepidmgntin, but of course,
h h il
theretp 1.%(1’2 {lot-{s %oris?ri.\éc?ﬁg %’T(f%:l:ﬁﬁ glbiidoper illustrate

t he pF inven ourse,

EXAMPIE ]
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shoul d not be construed as in any way limting its
scope. EXAMPLE 1 49 PROCESS FOR THE PREPARATI ON OF
[1S-(1a, 3a, 4B)]-2- Am no-

1, 9-di hydr o- 9-[ 4- hydr oxy- 3- (hydr oxynet hvl ) - 2- et hyl ene
cycl opentyl] 6H-Darin 6-one (21) 5 PREPARATION OF (1a,
4a, 5a)-7,7-Dichloro-4-(dinethyl phenyl silyl )

bi cycl of 3. 2. %M% P TIONSOE [t 2L Amino-
flask equi ppe mechani cal stirrer, a 500 mL
addi ti on fLouditiydroa9-f4rhydronne3-frydeprymethvildne esyclopegtyl
charged with 10 phenyldlne%ﬁ%ﬁégzoJ%%%i?ne (153 6 g,

0. 90 nol es) and anhydrous The flask was
then cooled to -78C. To this stirring solution, was

added sodlun1_cicIOoentad|e i de .

reaction mxture was slg i§td 2t g@.@hus.d ours and
then it was allowed to warm to about OC over a period
of two hours. At this tine the reacti on was assuned to

be 15 co rr‘p E Ehr%,gec[r%%*ﬁésk vﬁﬂ?ﬁ]&@m saetel, E '59[5111]]‘..

of coldvva owed to warmto -1
The nwdlﬁmeﬁmd, althlerm@mleter antl am@gameléet(v‘fﬂ&@bﬁgﬂ_d)méhd

n:fé’ wﬁﬁ@a&%{ﬁ’aﬁ’f@ﬁ@;ﬂ%@ﬁ%w %lre wad e tract'r]}%.y(§£O mi). The

Wi t h - hgseResthéredd1ddl -78P0e Toakb bintitds ml@ﬁtm, craé asded soddiian
washed wth brine (200 nL dri ed ver dr ous fone h
magnesydlopentaienide (441 ket QM in FE2H % ginls P e @ @gr9dof one hour.

vac uo f;{%&mﬁ[ﬁ WSSl RBE Rt R HouRaaWhoRid wds klwed to warm

g, -9 y| e e crude di ene was used w t hout
f ur t hes ahput 097G cat aperodoittive howrst At isdtitnothe reaction WasAsgigned to be

008 ompltie 3 P diipde R BRBGRY Ald d(-150 L) and
Was ChassdtoWrdn 16857, Ofheltigtnadwasdituestioviitohexarfes 16108 mL) and

g, 0.88 noles) and hexanes_(600 niL). The mxtur wgal
cool edmngermiiar scpareoryfurnel The Qe la¥aire SPALH,aRa the aqueous

(173 Mlyer % élhtﬂme&%)ith\mﬁanégéﬁd Y Erhé Banbinsd & lafrdr\mts washed
mnute this stirred mxtureasolutlono Et3
(251 wuth bhx@@jmﬁjhél;)inﬁthomﬁ%hﬁ@“s PHE’@PSHE sujfy

dy of . .one t S98% vield
CRTT e
anbi erithe canip dicht wasufedrwithbotfirthe [puhfmt:sn irothe pextptastion

e g R bR BER A PR b S
at I OG{Adeg @m&aﬁ;ufeﬁ and Bigos Biletiwiap thatged Wxﬂﬁdlafeejﬂﬂmcbbovneacnon
geggfgi%gg,%u;gmd e %ﬂganl ‘ol a%l%crmre was cooled to about -10°C
25  and dichloroacety! chloride (173 mL, 1.80 moles) was added over the course of five
minutes. To this stirred mixture a solution of EtsN (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 af ambient temperature for about ten hours to
complete the reaction. The reaction was quenched by addition of water (400 ml}.
30 After stirring for about 30 minutes at room temperature, the solution was transferred
to a separatory funne] and the organic layer was separated. The aqueous layer was

S T
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50 extracted with hexanes (300 nL). The conbi ned

organic | ayer was washed with water (250 nL), sodium

bi carbonate (5% 250 nmlL) and water (500 nlL). The

conbined filtrate was concentrated in vacuo. The

resulting dark oil was further dried wunder high

vacuumto give 307 g of the crude title conpound. 5
PREPARATI ON OF

trans-5- (D met hyl nhenyl si |l yl') - 2- (hydr oxynet hyl ) -

2-cvcl op -k [ 4

necked fﬁeg&%{lg%ﬂh g%%%gﬁbk) H‘i& %ﬂéﬁfgga%f h?'& wa?%med with
500- . ¥atent?dd m%ﬁﬁmﬁeﬂrbonae (e 2¥omEtaed W&ﬂdSQi)rmI@r glm
et o Aol 6o OB G s e
0. 68 nol es tert- utano

Et 3N ( 343ndeghiglgvayoumigieisep0 g?féhorcaaletl%wnmmre was

heated to reflux for 3 hours. The reaction mxture

was cooled tq -10C and ot aSSI um car bonate

2.17 nol es) AREEABALION pstyinbenyisilel-¢
m nut es, sodi um borohyd t&;?el X 1c3:5c9 I es) was
15 added in portion-wi se. After 1 hour the cooling
bath was renoved and the reaction mxture was all owed
to war m sl owA/3-Lilires neakad Hask rquipped wiﬂmmaﬁammﬁwﬂ & y00-mL

UG i B BRI S5 LR

-3.0 resul t m Xt ur e
(800 ) obtaihed 63 2jd IE! QsﬁSGml@Saw!—moldM@mmaﬁéﬁimLh and EtzN (343

vacua. TBS 3ol PRk fiftirk whliRarldth 1AEK f sr.asiﬁ YfacdEiction

hi gh vacuumto give % e racemc
c orrpoundmixprREraRRAgtpdiR ~E§°Candpotassium carbonate (300 g, 2.17 mol&s)wasadded

5S) -.5- ( Q,Jaﬁsdmh%se rm%eﬁsd i haités, £o*amrsa¥aaR9@1‘d9w3)s g, 0.359 moles) was
2-cvc| opent ene- 1-car Ic acid
2S) - 33 antdded iz pertionpise. o?s%FéWP’-)f ﬂwfocema balpusseeneypd qod thpyreaction

sal t ( 65hixdake WasAtibwddls ﬂﬂm@ﬁﬁ#ﬁ At feastisn a%oﬁmaaemw qidnched
mechani ca), sti rg@ g‘@ltl on funnel t her no er .and
§ H%{Tg

argon i nViEt waE Ri Y45 s fg 53 fand gheggsuli

absol ut eextradtddaritl E@MGO@%L}&I‘N’«: organic extract was conoentrated in vacuo. The

PR-(-)-2-amn n ane 102
o b o de il Sakoh yalhie Bt i‘#@é&ﬁwﬁwﬁ%ﬁ‘w
seeddd witkkomprandal t GSA and left at 30 40C for -
hours. The resulting crystals were filtered on a
Buchner funnel and vvashed W th et hanol The solid vvas
dried to gi BAERMATIOH Bla Iptp@ylstiyh)-J1(l ngtliyl
(94 g) from 5%%@%@%&&@%@, ll'Rd,QSﬂTmnoof;%Q @ﬂ—

a purity of
1,3-propanediol (1:1} salt (654)

25 .

A‘B-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
ethanel (925 g} and R,R-(-)-2-amino-1-(4-nitrophenyl)-1,3-propanedio} (102 g, 0.483
moles}, and heated to 50°C. The solution was seeded with the salt 65A and left at

30  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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ee. PREPARATI ON OF (1R

5S) - 5- (D net hyl phenyl silyl)-2-(hvdroxynethyl)-2- 5
cycl opent ene- 1-carboxylic acid nmethyl ester (66) To a
2-L 3-necked round bottomed flask equi pped with a
mechani cal stirrer, an addition funnel and a

t hernoneter, was charged 65A (390 g, 0.8 npole) and

MeOH (¢80 dﬁkoduiiﬂeydl?eﬁiauﬁﬁldm Fhe rocdw BaseOmiritglofl 98 AP and 99%
about OC Concentr at sul furic acid 10 (123 g, 1.2

nol esfF®was slowy added to the reaction flask with
stirring. After addition of the acid, the reaction
m-xt ure was stlrred fo& about 12 hours at_ rggm

Ietlon of thed ﬁc ' EE A oy . was
co centrated in Vgﬁﬁu ’ng4 Uvgéggﬁuglg%gﬂ#%&%éﬁ%bCH
The resi due was dlluted MAth Et OAc (600 nlL) and water

(000 oy s R kbl et i

The aGy@8difiod AMRS k@S thefibmaed Gels Wliatded B5RABY SOR ﬂbbe) and MeOH
The conbi ned organic | ayer was washed with saturated

sodi uk8®) mhbk Fheaeastiormixtyre)was gogled toabons 07E) Copgepfrated sulfuric acid
( %90 3, ?q(i mgl %Egl%gyﬁh%ﬁmvﬁg &1 @Eﬂ Q'ﬁtﬂ sﬁll?ﬁg After addition

crude e conpound as a brown oi l

PREPARATHe @hd ke (<bBticnl mixhie wagfired for about 12 hours at room temperature o
5a) 1- 3 ' hyl phenyl.si | vl ).- 6- . . .

oxcaii EOEPISTEIh RS KBt ot o e rapesion the spgetion uture was

3-nec keﬂ:ehﬁdtﬂﬂinhﬁbdoaﬁﬁdnéﬂeaﬁkutéﬂ(] infipefMe@H h The residue was diluted

her O BIboAs 5 A i D e B Psgpaaea o
(334 g&gram%éyMethﬁel&Q&wia}eruf@@é a?diecﬁtm%&ﬁ@hﬂa@&was

ar gon he Sol ution was cooled to about_ -30C. DIPT

(18 geﬂ@ﬂ@@ﬁﬁﬂﬁ%%NW%ﬁp%@@eﬂmﬂﬁmﬂﬁ€d§ﬁpﬁ?ﬂ®ﬁ*ﬁﬁﬁ“?ﬂ%d“mh
m xt u sﬁura?eﬁvg»&ﬁgl ﬂ&mmééwmgﬁ EABINER (500 ) sl and

Ti tani um | SOpr opoxi was

t hen adabentrated izhecioda effpxdlﬁmdmtée comum@@@é g}m a brOWB oil
m xture was stirred at - 30C for about 20 m nutes. 30
Compound 66 (224 g, 0.8 nDIes) in DCM (500 nm.) was

char ged t opPREEARMIIONIGH] IIR- ' riDigethplbher3BAyD-6-
The reaction m xture was stlrred at

20 m nutes. TBHP (358 ¥clo 1.0 3 : I
added to the reaction mxture u5|ng an addltlon

funnel, keeping the reaction te erature bet ween -20C
to - 30C. BemérL Z-oeqked raund baitern: vithca mechanical stirrer,

react i
bout 28 ot Hhbc iPe Bl oo b/ 85%"%%"?&9%59’9“ @24)
e26 es andbDEM (H0DA eLparsder e ntmivspheiy ofadghint iTha selftiamuanesled to

sodi u M&I %8”8 b%P’{' %1%0 s 8.(}(§f1:rv:ﬁef5i Iw%smadded 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.
30 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




bisulfite in 500 nL of water). After the addition of
sodiumbisulfite, the m xture was stirred for about
30 mnutes and filtered through a pad of diatomaceous
earth (CeliteHyflo(r)). The filtrate was transferred
to a separatory funnel and the aqueous |ayer was
separated. The organic | ayer was washed with saturated

sodi whrat@GOmiguesh FRHR (O8I, iSawWdecanel Grnpleghwas added to the reaction

wat er [ : | Do
Vacug oy an HAfoR HBRL Korp Y e iien WAL By R-C o -
a 3- 1308cnAftkedmplatdstiditivhtof TBEHPL the Stacdep npied wak biirrel between -
mechanical stirrer and a thernonmeter was charged the

A bov 2056 fePRiiTcs St ABown7 T, e reactian W comRlets fiegrcess
(800 Jardokidd RS uéth &l WRARIGh Of ﬁ{m@tﬁs&%’mlmﬁﬂﬁt@ $24otd mgdium

sol ution was cool ed to 15 about O0C in an ice bath anc

to i thiswifite indii8anls of waters. o4 Renthbadditionchfisagdinpddsulfite, thepmixture was
mol es), | ' f [ i < afo QIR

t he %ﬁ%ﬁ%ogkﬁﬁ%&%%%%ﬁ%#ﬁ%\égc Ion mﬁ'g)( ure

was SCeliielglld®) Tab filttatelwasdteinsfarrédtocnspdraiony finmee] and the aqueous

reaction. After.c | etion of the feactjon, the ..
ex o L&D PRI c THACTERE HRCHR YRt Saireled Sodinm
162.C thi@Fboltht¥ kalifor (P0GD BR) i théh WiterSB00 Y. CTheASTERI 1Per was

o
chloride (2000 nL). After the 20 borohydride was
c onplcereepiyated s vapuodo givia dher csuderaparide {376 %) as il

ext ract ed-pyi,t Qttrgﬁgd i Y&hni :
washed wi F av%gf ?é-r'x:I z @gg(ur#%g ri n%ggg%%ﬁ&%t%& Aa]%d CalStirrer
concend a dtegdometerwaswharged the tlmyve oblamned epdxadec@ip g l¥imoles) and

(251 light, yel Low ,0il ., 25 PREPARATI
|5 (A O nlyloniaoftipn 2t oo Heeriezbibn fus cooted o
glls‘?3 plabdnlnoge il dnriéed Tt mlf]lttbydl qﬁ(a?g&&i)s(solé& gdtﬁ:% hyﬁah%dtjde (63¢g,1.6
. 3-cycl opent anedi et hanol. . , X=Bn o a 3-
3- ne &MQEH) FREPE0 aqditinvasfompid he coplng baih was removed

Mechand R hreastibd fafdure #as SRFbdFod Aﬁ@ﬁﬂﬁg‘%ﬁ%&o c&ﬁﬁleﬁhl?eﬁgﬁ'@ion.

2- am no- 6- benzyl oxypurine (193 g, 0.8 noles), |ithium

hy dr dvfiedeommigtisimed tistreactias, the excess bewhyidsidsyas guenched yymiding the

g 0 j . .
heat é%c?%lhg%é“%%da %ﬁ%ﬁ@%&e@%ﬁc’% {?é&lﬁds%.( Aft er)' After the
€0 np betohypdride fwas hempletelytquemched, Hige reaction moxturs wasiextactedswith
cool 0, enper at ur and extract.ed w Et OAC.
(30055 R g T Bt Buor i SRRt S0 o Bime 500
( 1506hIt)) gnd céhen@itebimivacilorty efforddhe tithsdvathouhd (25¢ ig) & lipht yellow
acid (11000 m.), brine (1000 5 nL) and concentrated in
vacuB8¥ o furnish crude triol (330 g) as a thick brown

oil. The product was crystallized from Et OAc- hexanes

to give the title conmpound (-225 g) as a solid
ébyst al ERERARNTIO E 28, 3a, 40)1-1-[2-Amino-6-

9H-purin-9-vl dimethviphenylsilyl)-2-hydroxy-
2.3-cyclopentanedimethanol {73. X=Bn0

To a 3-L 3-necked round bottomed flask equipped with a mechanical stirrer
30  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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PREPARATI ON OF 115 (Im3m46)1 2

Am no- 9-f 4- (di nmet hyl phenyl silyl)-3- 10

(hydr oxymet hyl ) - 2- net hyl enecycl opentyl ] -1, 9-di hydr o- 6H
-purin 6 one (71) A 2.0-L 3-necked round bottoned
flask, oven dried and equi pped with a nmechani cal
stirrer, an addition funnel, a tenperature probe, and

o0 DM T R kel o300 fnetirodifor dhd 20 hours.

0. 007 comRpieon GTHEL 1kdtoh, A reattjonumiciene WS eRolgd o room temperature

at nosphere. The resul tin ur, vvas stl Eﬁﬁga% b
cool @ddPM@d ?@lﬂﬂ‘) Wﬂh rine
mol eg QY way Rhshad ﬁ&hmﬂc afid aloewmm&nne (1000

mnut S ereac |on m Xt ure was wal t
t &np en}a)tandsomwed inoatuscto Syrmish grogs o q‘f!dA%Ptggps ?ﬁ:éc@brown oil. The

conpl e onsu Tk itd) GiveBieaitle abmpiiid (~225 g) as
r esulFF ?‘ﬁ’ﬁg react| onE%ct-ure was sI owWy added to a

sti rrdga,udzﬁfsﬁﬂhamdl sol uti on of sodi um bi carbonate
(775 mL). The resulting m xture was extracted wth
Et OAc (1000 mL). The organic Iayer was concentrat ed |n11

vacua t PAR ATIOR OP XS U118 481 )< Alrrmye 9-[ 4redimeta ADRENYES
br own o&“ll (- 125 Q) Wﬁllcn was transfer t%He\

3khecked (rydsmehvi-3reih lo e‘ iri6-one (71
additionally charged with acetic anhydride (279 ni,

2.96 nol es) and heated at about 120C for .3 agﬂl&:)urs

After 25 the.Ocobpseled raad batipmediasisroven dried apdicdpfpbed with a

material, 1 e reactl arfebrieporrinld
MeOH T a‘ijdﬂ‘a‘mﬁ?’ reacélon m%cure vvaos b s
stir ragugmw@ 737 S tgad.H493golks), pyeidinivra priplacnesulfnneter(LE75 8,

40 m nutes add
m Xkt u?«gm"éﬁdn‘t ?)eiqde]ggh @ﬁ_ﬁiﬁlﬁﬂe Qnﬁgoﬁ g%;\oﬁ ﬁ)e{g%gts?&n g shurry
45C.  LonfRa ﬁk&ﬂedﬂmé 2Py meds] meeled] 22miLs W65 moles) was

m xture was reheated at 65C for 4 30 urs,. The t
mi xt ummwmmw&pweeapp@odoz@@ut%al%sr éﬁ’ﬁéﬁ‘%\? Fpikgure was warmed to

hexane- t e{n - DUL VL vl ?ﬁg@ﬂd &o€hodr ARkr iﬁblﬁbmplete(cﬂnﬁﬁﬁipnon of the

m) . e SArC ex was concentrated i o
vacuo staf[—iﬁ;g nﬁaea-lalj ke remdting bronsh coaptich Migtuge Wag s q%w]ﬂi’é"@ﬂeéioto a stirring
flask and heated t 5C .an efRS tﬁ{gej,,xﬁgewas
NEBH pafyrat eﬂfjah %83'@5’?’031 (%%t (?H léleJ pH o%&% he

SOl Ut ie@Packed wiPRIDIACK2000 mil)) erhe@agamcdavenm epngenfgted in vacuo to

heated to 75C and stirred at that.te
hour s aﬁgglmq:ap@@o;@nef ap Y}ESO“&B?“E%% V\()Iai 3y a@ JV]%&I wagtransferred

the reachioN, Ml HuRd btomeadiads t THe Faskintat addpicamly cieged with
reaction mxture was al |l owed to coot toagqugl i)\(,g: a304hours After
hour apmcuanuydme(zﬂm;z Qersoles)iand heated.at abquf L2 4y fer

washed WI h m xture o ol g, : eabon/mhixbaO o led
m2p, bt ® BYPSHR §°“‘{f§%04’%£§é and e?? but yl rretha?m,o

et her .(535@ and MeOH mslmlghtasladdwdn'rhamm mwﬁ? fwhile
was dried to afford the title aund 37, (%ﬂ}mfﬂv@saddedto

maintaining the temperature at 65°C for 4
the reaction mixture, and the reaction mixture was cooled to about 45°C.

Concentrated HC1 (220 mL) was added and the mixture was reheated at 65°C for 4
30  hours. The mixture was cooled to ~20°C, and extracted with a hexane-zer¢-butyl
methyl ether (9:1) mixture {1500 mL). The organic extract was concentrated i
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10 PREPARATI ON OF {1S-(l ac 3a.

46) 1- 2- Ami no- 1, 9-di hydr o- 9- [ 4- hydr oxv- 3-

(hydr oxymet hyl ) - 2- net hyl enecycl opentyl ] - 6H puri n- 6- one
(21) A 2-L 3-necked round bottomed flask, oven dried
and equi pped with a 15 nmechanical stirrer, an

addi tion funnel, tenperature probe, and argon inlet,
was wharr g'EG rodidue wastosfemedno @ 34L 1-11501!'3@@8%1 ang heatyd to '55°C and at

? (r: |e]E : 2 n’pfoew ﬁ‘j mi?-g&'gs %g%g'tt?c%ﬁ&'t flie gi:og[&le solution to

heat eafbo&mz 05MGe redchﬁli aktine fwvad h&umed o 7&?&1aﬂdsﬂn'e¢ fmhagempmme
roomtenperature. The reactio mxtur wa, il ute )

wi th RECHBSHorosntaied QAR R Wi S et fo tieapacipp mixture to
N, - 2@15 ﬁQO W%@@c‘iﬁcﬁ&b s AR 9 codl to 20°C over a 4 hour
Pot assfum b

car bonate (1 g) foI | oned by aqueous

hydr Wp&mqus@lmd an%the:a@kgyaaba@wah@@dxw qfi¢eld MeOH-

sol ut n
SO LR T . FiRded Ol HkAR00 RS, RLIES et hir 150

5- 1OGnL) %lhgm Woen kcbloted cfuli6 pibdggt wmslnadtabmﬂford the title compound
portléﬁ 3‘? over 30 m nutes. The reaction m xture

was r?@n éﬂ'ed in vacuo to renove nbost of the MeOH.

Tite resulting 25 yell ow sem -solid was cooled to -5C

and concentrat edHCI -55 rrL) added to adJ ust he pH

to 0.15ERERARAJIC : 3. 48) kA ming- 1.9 o -3-
Et QAc (500 To =TV Y ﬂo 1:%16@&
to adjust th == |onvva stirre

for 1 hour and then t he pH was adJ usted to -7 wth HC

t( enpez at ur‘g2 k?fg'iﬁ’}mr%ﬁ OrS}%d 3} r‘{f'%g 39311113 with a
st | dmadhanios s&@érl ﬁﬁdﬁdxoh)fmfnlel, tdixqiemﬁepmﬁc dnd exgtom indkdrwas

h| gh Vac%@@«gcﬂﬁymggﬁé% 1§ e soI %P%nggl S$SQ vgeedﬂ and
COO| eﬁeﬁ&cx@@ox@é@ﬂu@ﬁd@&ﬁnﬁ@ﬁg QJLW trhe Réctioh REix&HA) wisikefted to

was allowed to cool to roomtenperature for 5 hours.
The 86 stimed faud hosrsang shealcpolpdtogopm trmmerates| Thecreagiiopynixture

to ar P R kG GRS et AR Aieb R O (P 220

m&smmamtmmwm sitin bidAEbdube, (138 2) followed by aqueous

1O iR e (0artly 3959 s Afdsd e losion Therpptingsolution

cycl ORARYAHnkA toSH0°Q dhd Rirfed T 0(kélns. T8 FRIREERMRAsEIc6HeO 5-10°C.
(1R 55)-5-(Di rreth%/l phenyl silyl)-2-[(1-nethoxy

1- netmmwﬁs Fadaddpd parfenrivess ovar-J0anmiaD| Thezepction
To a g gwase&ﬂ@&ufaewvms {YeBEvd 1Bt o B8 WidRE T fedbiitdng

nechanlca stirre
25  yellow semi-solid was cooled to -5°C and concentrated HCI (~55 mL) added to adjust

the pH to 0.15. The resulting solution was extracted with EtQOAc (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 bours. The solid
30  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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and a thernoneter was charged 66 (29.6 g, 0.1 noles,
obt ai ned as described in 15 Exanple 1) and tol uene (50
nm.) under an atnosphere of argon. The resulting

solution was cooled to -0Cin an ice bath and

2- met hoxypropene (95 nL, 1.0 nole) was added.

Pyri di ni um p-tol uenesul fonate (0.5 g, 0.002 nol es) was
added amd se€dedawith 21t %clseluubnhrmsgalldmdm evohtosrogmitempetatate for 5

OC f 10 | q
t he ?ég Iﬁﬁnuﬁ“‘f%r"‘ém\/vacys I n%ggg ?\A@%Cteég er ag-nddnedundcr
for 1yfmi@uSe°C0r P6 hdtirs @QifprehE ttle 6dmpdund (K2 B). on,

the reaction nm xture was cooled to -78C.
Triethylamne (27 m, 0.2 noles) was added to keep the

reaction mxture in a basic imfg%'@gent LAH (1 Mn
THF, 0.1 rml es) was added at e cool i ng bath
. 15 FOR RERARAT 3 & ] M Amin

JJJ
1L

al l oned to, 1 i ent 7 eratA 4 _ T A [ L an
moxture weerSiy ‘r’tg:bc"ra&n;?v " y 12-2%; Tot
25 The reaction m xture wagsHQEh&doded2DC and 2 N NaOH

(20 nm.) was added. After this addition, the reaction
m xture was stirred for 30 mn and flltered ~The pad

wag Wwashepritb iR P OF

was washed W
vacuo to afforq-mek Bmethil: ;
yellow oil. 56 PREPARATI ON (J: (45 5R) 4

(D net hyl phenyl silyl)-

5- f (nhenv| Ties hdx3+hevktdmduhd bottonasddinein eqipped withtamagebhnical stirrer

G oA P ERPE e e S8 e B PRI ot Bl dovatoed o
wWas CHaaggsle 1 Yamd({tS0erd (50 mL) Eiﬁdl@ﬁﬁ atdi@pbeiitfof Hgbn1The wevdRing

an at npsphere of argan, % _m ner al
suspefrdns was cogled -4 | ‘9\&%‘“’ gagéﬁggﬁgWP?ﬂe| (g%mr‘ 1.0 mole)
The gt &Hd%%ﬁﬁﬁh%%%&%ﬁaﬂ(o% %olmnz aiofks) Wadded at 0°C and

cooled to room tenpérature. romde (23.8 nL,

0.2 nﬁxewyltasm@mwméma Gm@P’@ﬁq Tee qoplingbath was

¢ uf B GEd bR ol led 3 ARSI IS MempiRul B0 ] B

r éAct Adier cuimgiietive ofide reactione dhetmactiom mixtuenyescatled o -78°C

ol o5 J SRR e 87 Lo R a0 f i ieep topdbuetich s ina basic
react ﬁ;ggmj\?mﬁaﬁtu ?’_QHI@SM GOTHEH0.1 moﬂss))m &idpdataT8ACR, The cooling bath
quenc

, H d t ted with .
X P TRt R s (b ghe iopon Skl e Farm piambient
vas Washednitd t TheWedcBbn hlrethas stifféd 4t @odnl Boapetaturad i llﬁhom's.

concentrated in vacuo to afford the title compound
g¥5 asThe tspasion mikture wasmpplagiord“Ghends2 IﬁN'QOﬂ @0 ng wag@¢ d— After

5a) | ad%i @H% Stiére for 30.min apd filtered. The pad was

((phenyST3 0X o - -oxa%); cyc o(frs3 exane 1- ’%

hanol wéshéd with DCM (400 mL). The organic filtrate was washed with brine (100 mi)
and concentrated in vacuo to afford the title compound (35 g) as a light yellow oil.




20 To an oven dried, 1-L 3-necked round bottoned flask
equi pped with a nechanical stirrer, a tenperature
probe, and an argon |ine was charged acti vated

nol ecul ar sieves (35 g) and DCM (160 nL) under an

at nosphere of argon. The solution was cooled to about
-30C. DIPT (2.34 g, 0.01 noles) follomed by t|tan|um
(1V) i sopr opoxiRREPARAHOM OF (043)OR)-frfDescthviphenylsiiie
the reaction *
stirred at -38 ' . A ' >

-0.1 noles) in DCM (40 nL) was added to the reactlon

m xture and stirr for about 30 tes BHP (40
0l aofanisoat Saacked fogdtngon s ragebanical

- 3C. snn%f bffa e&mah:%ﬁeewaﬁehagea 50is g%HF’molah And mt(eml.) under
m xture was stirred at for about 5 hours

conpl a;t@npwéerpeﬁatgmb mﬁ(@géﬂ%g@nﬁp Xnspensigs 0. 15 moles) was

?nuipﬁirbggdw&{ %&d%g%}agﬂg&ﬁner Cf__i%nnéﬁn%d hhm%mled o
pad afoonti tahpmm:eo Bsnzghbmmﬂd-@3 B mICHI2i mhelés) pid telriimitylammonium

;Io: L[%‘éﬁldg?g(bgmﬁ? t rréfersfgtdf‘ig oo l\lrg.}_lg?fg%cngn mixture was

I Hylerhema aemwgemammﬂflmn\m@mﬁ lngm& vvdaeoawdﬁoom
tit 6 00%_mat
o:l e con’pounllé(qhaag > o.materi a %ESS%Z?ﬁes?wasadded

M+0- Bl MHBRRY Ja.t'f@tdf‘ﬁ%XE hﬁl’i" T]§a reaction mlxture was cooled to room temperature,
purin-9-yl]-3-(di met hyl phenyl silyl)-1-hydroxy 2-

[ ( phe?ﬂlﬂlfﬁ?étl Wit NFEEHO PHel caing setmctad vt WBFC pfAgRAc-hexane (250
X=BnQ)ryI #ah: K %p)%
V\nthQ)aL)ne a c:iaﬂgﬁ&”er ‘;}gh hgjﬁ?m tg{r§1 (ﬁﬁ d
clfar gedeedtrated froaBxdieniptdiky pie wmqm(xﬁtﬂ(@,g) as a:Lbrmyh esL) :

10 I'ithium hydride (0.48 g, 0.06 noles) and DMF (40

nm.). The mxture was heat ed at 60C for about 1 hour

under an FRAPAE 5&)1-3-(D4 i

20 nL DWF was added The reactlon te erature vvas
heat ed at pheny1E LY sty 6 XABIC Y 31 i LEtl -methanol(?'ﬂ
tenperature and d|Iuted vvlth EtOAc (600 rrL) The
organic |ayer was washed with brine (300 ni),

G ric acile a@ps@a drieyt, -&ﬁdlmds,hﬂﬁgm%ﬂﬂséimm@wﬂaa

The  héRRliC \BXETs WS ERRCERL ALEA b6 UAs Lk aBlilha

crude ti1
cr ystmblbaumdmfmsdsﬁ ﬁtﬂm{}m dl&ﬂ)enh)md&ncangmnwpﬂé}e of a:rgom HEhe

Fa' SpuBTRE UGt Skl C DA o3 . By R AT B
20 2 m&uﬂr Qi3 (4. ﬁmrambmhb y@a:mﬂ&adlt&uﬂw&a@ﬁanhﬁdtdn The
1,9-dih dro 6H puri n-6-one é?g Al - necked

P2Sundeastion memaagtmd@@é&“ f?r@aoeﬁ& neal&}PSp (§BdaT6 (12 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

Al

5 hours to complete the reaction. The excess peroxide was quenched with aqueous
30  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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mechani cal stirrer, an addition funnel, a tenperature
probe, and an argon inlet was 25 charged with 78A
(12.2 g, 0.02 noles), pyridiniunp-tol uenesul fonate
(0.25 g, 0.001 noles) and DCM (20 ni) under argon

at nosphere. The resulting solution was stirred at
roomtenperature and DEMA (16.m, 0.1 noles) was

?gﬂggl?‘?ﬁ’r %Ecﬁ (280 ﬁt‘zwl%ﬁ g’ﬂﬁ)tﬂféj (r:'%t%%l %%nec"lgﬁpvvas concentrated
CoNS Uipisntoghve twecrade dild oot 69 | 00 hpsterigfialanee) as 20 oil.

reacti on m xture was quenched with a saturated 30
sol ution of NaHCG3 (100 rrL) and extracted with EtOAc

transferred
flask, equipp i i
condenser, a tenperature probe and an oil bath.

e it A A s

for 1gdwtesnontdidrowas dherged Pqatritoes-berzylosypypine 6?4 g;nO It theles),

starting meter, 2@63 ﬁ’::t}o%g[ctl 28 DB AL A SR wdleatedai

”L 666% R s € B6urtRdérna a&ﬁaphér@afaxgwtm(eo g,mn td'mlbs) in 20 mL
tenperature was raised to 70C and stjrred % ?L led
of 6 Bbﬂ%wua@e@.ﬁlgerpﬁﬂenﬁﬂneearemm%g; ours, coole
sol ut i 2@ Qitdltbd With BRGAS @@tnmgn TthbigEhiE Qaydiivas

concentra 0 renpve the excess 150 %
on a Ww&@mmmﬁblh&maﬂww fﬁﬂm3 tion (100

“”(155 TE%PH%%%% }]ay%r?;la:séwtgcemﬁ]lé@r es%ﬁ%g‘a&gﬂ gﬂiéﬂh e Eﬂﬁuct (60

WaS sg) Asrbilatlt was r@Glized fbohBuAC aad tiexane tp gr@@%d of the title

28C over the course,_of hours. The solid was

filt eFRIEPOURASH R GVRATAC 9 NeoHy water (80 nl), water

(100 nmL), and dried to afford the title conpound

(7.65 g). 15 ALTERNATI VE CO\lVERSI O\l 0: 78A O 79

(5 ko) WBER: f : RcY
pyr i |ump 0

e O (5.33 2'!“ ke

t enper at ur e, af f or di ngl D€~

orthoesters. The reaction was quenched W|th aqueous

NaOH whi |l e mai ntai ning the pH above 7.5. Teri-butyl

methyl et helroo(:ﬂ]gS%CMSO@d%ﬂomaﬁﬂdshﬁodenﬁﬁaBanmpped witha .

separated. The, product, organi c | ayer
by azBERgpieL Bt fiigh i S A 0 et wes

S 8Byl 21088 mél¥ BAGIuénkEulfofiite MY g, 0.001
gm ta{i@ge%qacpld (% m gngﬁe‘i?fl’j‘?{/d)ﬂ and acetic
an hy d miclks) and DCM (20 mL) under argon atmosphere. The resulting sotuuon 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
30  solution of NaHCO; {100 mL) and extracted with EtOAc (100 mL). The organic
Jayer was washed with brine (2 x 50 mL) and concentrated in vacuo to afford the
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25 (10.9 kg, 13.2 equiv) were added to the toluene
reaction m xture, and the m xture was heated to 120
to 125C for several hours. At the end of the
olefination reaction, the reaction m xture was added
to MOH (80 L) and aqueous HCI (6 N, 21.6 L) while
mai ntai ning the tenperature at |ess than 35C. The
reaction m xture was heated to 60 to 65C to effect 30
deacetyl ation. The reaction mxture was cooled to

anbi ent  }, gAREIrAloWiife PR vIERE Sllwhiktl 4% tRERIRE & 22041 HPnecked

L) to renove butyl ated hydroxytol uene. The |l ayers -59

ver e separkhotonsd dlagkneauippeditia merhenica] gtiem peondenssh A fmperature
| ayer Wasoheal enloit bitnd AckiR mﬂ@,ﬁﬁdc OWhES0. z(rwes?whs) adW@iSo this flask
added, foll ovved by coolin n‘ﬁﬁ{gt fe ture over

2 to 5 F8dhedest 8“%?“?‘%‘&‘”%?%*8&1'1 {’érPf’B {\iey the complete
hydr ox hl @hdug@ticadf the @tﬁmﬁ’@maxa}ta@ t&rrwﬁ@|mlﬁﬁm¢rﬂayooo%%0°c and

hept ane 98 e et AFCT o o £ a0 e e s g gracion

to 65C toixturerapd memmmmwmnmm&rsw of tlburs.

(1. 26 o ink b8 S, o 15 PRONR Y GVl AL e fhion
55 to 63@(\'@1@ w88 prinespisateiapimovithelprsess MeDHA S0 i MeOH) on a rotary

appafpentey aﬁ)fr m@esulﬁﬁ)é :H&m%ﬁ%ﬁdk&%bs@"d N2 (18 ) was
6.4 with OH (about 1.5 L) while rralntalnlngl

the t enﬁé@eaﬂﬂdwfar%e Hipfiths s@s@nw f The eesplugsuspeniqnyvag stigred at
hel d at -S6>dfer Gife, hfdlthed Rooldtdsl 28 L @R khe@Burbedf I Boiid. Mkt €8id was

120 eSS BB el RS B B i B

45 t o GthenitleudogBdundinds Hhe pH was readj usted to 5.5 to
6. 41gnth 1 N HC or NaOH The crystal slurry was
filtéred and washed Mﬁth 1:1 NbCH mater (2.6 L),
fol |l oned by wat er ARTERNATTHEGO PR #8AaTe 795 (4
L). The cake was dried in a vacuun1oven at 60-65C to a
noi sture content of less than 1% (1.03 kg, 85% . The
free base cdifAl{eke)eps dsvivedintolgnd (10h) and kreatedoyithepppidivre-p-

to af f offl,hlGidnke (RYElD | of s Nz\&dﬁnﬁo%@é%{ei ﬁl)l%)__atgagm%eﬁﬁ

99.0 + % pot ency. 20 ALTERNAT] VE
VET PRNESmIPrrenps#tiondige p digsterpamaris gnixturg pf qribgstsrs. Jhasrsaction wis

of 78A inieHad Gith ada@Nm behite Iﬁ:{m&.ﬁlﬁ@ﬁ.@ B bibove 7.5. Tert—butyl methyl
°”“°fﬁf£me ) Heisd i s s <paraod T Ptk 5 g
61. 57 nfiB 7814 Hayddedsiad et Bk Qigpgic layer
hour at wisabist bezRepRdisikation® amﬁmhwﬁtlwmsme 1&&:1 (adlated
25 buty] at ed ol,u Bée 0 et de
(100 m PRisrro Rzt & gBrg oielp ol 0 BRE' bl ek v
25 (10.9 kg, 13.2 equiv) were added to the {oluene reaction mixture, and the mixture was
heated to 120 to 125°C for several hours.
At the end of the olefination reaction, the reaction mixiture was added fo
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 1o 60 to 65°C to effect
30 deacetylation. The reaction mixture was cooled to ambient temperature and washed
with heptane (2 x 35 L) to remove butylated bydroxytoluene, The layers
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(4.93 g, 82.10 mmol ) and the solution was heated to
120C. After holding the reaction solution at 120C for
12.5 hours, the dark solution was cooled to room
tenperature and added to a cold (40 solution of

nmet hanesul fonic acid (63.40 g, 659.70 mmol) in water
(300 M) at a rate to keep the tenperature at 5-10C.

The 30 reaction mxture was stirred for.. | Ut

5. 0 ovarmeemRR] SeR o FPJuchac st Betpatgit Byl (il tEedlo 55 0
the tefeeergly @4.@%)%9&21@(1?{0&16%&5)} dcolifigitodinbient Rgemtare over 2
15 minutes, 60 the reaction m xture was heated to 65 i
and hel $hduorto efedtorystallizafionef tholkydrarglorige paiiph 72~ The crystal sturry

tenperatuyre,.the s ol j ' eP@de . The filter
with W@iﬁ%ﬁ@?@dﬁ%&%éﬁ%d%g%{%epara edm

Adgli t xaRatas Ma&dHo(EDA6 6510 tovipmoiantichadntent afiess thao duidh (-44dke, 85.6%
aqueous layer, and it was again extracted with

hept adigl®)-300 m ). The reaction mixture was 5 heated to

65C and Weqfl anbpORvdibonl oM sALSET (326 &E) Was sugepdddie MeOH (13 1)
tenperature at 65-" 55C to initiate crystalljzation o

the mesdimaedis SHicisECsapehions complterdisspluben- (HegRPte pH of the
cool ed to 10C and, the ' RYVSYS i 1 o
with Repten ‘(’?(?g’uﬂcflosaag'!’ égl%g a?ﬁaggcéﬁﬁger%rm 5
afihor ¢heldn fat 5 688CH The §eé base slumy @b held it 500t0\§5 TG for an

AP of 99.6 and purijt f 86.4% PREPA

(15 ( atditons) S 9D mmimlts fhsm S99 SELEH Oty over 90 €0 120
3-( hv%;eaggmsmwat&(mﬁms e fay addedever u5 ko GHnimites rnd tie pH was
ne (2 0 a 500-nL round bottoned fIT%?‘k, equi pped filtered and

with acadingledta &5 ta 6. math 1 ¥ HGjor NagEn 1o ot i

bath, AaRlCP RARIACPIO0R) Wwell oy Gah: £8 LYand fally hoptase
4.7 nmo séid an oron trifluoride-acetic acid

caspl @k Lj. 1Phedakd wab@icd innvhainm oFheak @1 Cona mojhyp gontent of less
was heat ed at -70gj8r 3.5 hours, cooled to room

t enperE/a(1-03ke B9t ed with MeOH (80 nl)/H20 (4 -

nL). The nipgt HE£basa Sartltepratipiaet fbrh boliDerheritaneNo afforichighly

m) to pH -9.6. Potassium bi car% n?e ‘S”ﬁ 45 g, 44.1

mol s )pusiied Ztiad8-9380 YR, 9T81AR P ﬁ"' ABFRE resul ti ng

suspensi on was warmnmed up to --60C. Hydrogen peroxide

20 (30 wt. % in water, 7. 73 nmmol s) was .added,
a® t hen the react AATERNATIVE GRNVERSIONQFISAES ¢
11 hours. The resulti \ XESTEFYRA oFg90C and
sodium bisulfite (4: : was renoved

fromthe rea@bimBogenxd suheionBIF8AXSEAUEIE208 mmal).iritsongeyl

s | AR FLE L 157k o

(0 N e B S a0 Piteac

{ &5 oUmiviatebieremytabugan 50 @), acctic anhyaride (100 mi) 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

30 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 minuies,



stirred for 6 hours to crystallize the product. The
white crystalline solid was collected by filtration
to afford 2.05 g of the title conpound. ALTERNATE
CONVERSION OF 79 TO 21 30 W TH METHANESULFONI C SALT
61 A solution of 79 (30 g, 61.77 mmol) in nmethyl ene
chloride (90 nL) was <cooled and treated with

met hapesutdnmhitmACks: Ke2Rd H-d5°CThe i 34 12indrsd Ak cooling to room
solution was stirred at 18-25C until the reacti on was

consitoepwaueoihp Fade regticrmisprewagwashpd with hepiane (@@ mi)rd the

ave i TABMERRT SR of Bl 44 By ptiuc ok aqueons

The rieyenland itgvap egais extracted ivethl tepese (300 m): éﬂsatt&ctlommxture was

conc OREPL T I-C M afet oD e ed £ % 4 ke Gitenare o o5

acet i 5@ ¢d Blitfafe/criskalli286n @B methaRShRShat staﬂ Wﬁ@étﬁm solution was
KHCO3 (18.6 gin 82 nL of water, 3 equiv), aqueous

(9. 1 agolefl tp HSCrahd thefsolida were filtersd, ercpahqd)wzﬂhmeq@@g ml), and dried at

aqueaous, hydr er 19 n,, 3.

7 nc CI0a e P {1E e R 4 40t e Poartotychihe S b witd R of
fornngmd@n@bf\ma% conpl ete as determ ned by HPLC

anal ysis. ALTERNATE CONVERSION OF 79 TO 21 VIA

OUNDS 110 AND 114 15 PREPARATI ON C]: [1S—(I a, 3m

4)] - 2- A@Kﬁ’ﬂk&r@}h
hydr oxylSi

| opent yl | - 6Bk hyein

o KO (gt (wm%amf&@g i F bbb

m Xt ufittogsn Saldteat dhbath, abda Empleiturd grohoweschaiiged 79 €A2 i 4Hmmols)

ar GO bR ieROR PR RAT] <oREIeR L Pl BNy Thprastion

bel 0WhidRrre waste8tell BACI0PQ For 313 Hduid, %odl@@to(i'@ﬁh €hpetatire; aaba diluted

)
C c
dn

1Y

C, neutralized with aqueous HC - 10 . nm) to

oH 7 M&M@Héﬁﬂ@@%eg‘f L) The mingsrp s Wh%?ﬁ‘rwﬁhﬂﬁ B (0N,
sol i gtﬁe?’o@ém&hlbﬁ B (44904411 hEm ed to the
washe vvlth The sol'id was r

unde rsokition end th'ateSl(Iﬁ& @p%mnms Marmesd updo ap@Er @Y@Wgeﬂ peroxide

g(_)t ﬁ%%pfe gﬂgajélégé E, ’%6mglolsﬁ1w§57 ﬁdxa,%&i zhen BREELRO ki Dure was

48) 1-h2atédratrgs°Q £&3-1d ihbwdr ThOrefsvlltityy ohibary wds c@fed to 0°C and sodium

et gk ehe 5 L Bhen et UROELYL SYPh OB SR e
resultlng mixture was diluted with water (50 mL) and acidified w1t11 HCl to pH ~0.5.
The mixture was washed with methyl ferz-butyl ether (100 mL) and neutralized with

25 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 ﬁtle compound.

ALTERNATE CONVERSION OF 79 TO 21
30 WITH METHANESULFONIC SALT
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A solution of KF (0.14 g, 0.23 mmol) in MeOH (1.4 nl)
was added to a suspension of conpound 110 (1.0 g, 2.3
nmmol) in MeOH (8.4 nL) at room 62 tenperature.

Pot assi um bi carbonate (0.47 g, 2.3 nmobl) was charged
to the resulting suspension. The m xture was stirred
at 45 Cfor 0.5 hour to forma clear solution and

aqueous hydcaost, Fe9Q%0 Q,ﬁielgflg%%t() % If[‘lthgeifig ch)lorﬂﬁ%’() ml,) was

added. The reaction was hours,
t hen owiidadd treatei withmethageyulfopieatid (¥ohl) iThe rmﬂtmadiaxhnoluuon

Pn° 0. e e b Hec P s dheton Btk GRSIRRE AR Y pR FpLC
aqueoiifalysis] The Nacﬁon&mﬂh}e \tvss thétr€heAbhed TIt6 a mEistutd 6113% aqueous
solid was filte the filtrate neutralized

V\/|5t h 15 H&ﬁémﬁbﬂq I\'Iﬂoﬁ (1310 ahL‘) to1§°6+{The resuiting patassivie
# satt halFobBEd \J:asgrgl::ﬁﬁve %ﬁ&idng THE filtrate was

coIIecte iltration and er vacuum at 40

C f orcdzqemﬂ,@H adjusteddp d-5 tod.& with glacialmsctioatidi(17 nfll).ag4 then

30) 1- bR oGl DRTRR RS o et i, alfleons KF 9.1 5

3-( hyﬂﬂﬁmwﬁl 2. ﬂeqﬂvhﬂﬁémw@ﬂﬁmddm ﬁb*oﬁﬂﬁ (19.6mdb, 3.1

T AR R ol i o ot

addedcoaaﬁmé&vdeeeﬁﬁmeabgamdeam Jon of boron
trichloride (1M solution, 22 nL 22 nmnoles, 4.04

equi val ents) over a perlod of -30 n1nutes Durlng
addi tion, the tenpkkhitll A COMNYERSENY O 79+ T

-23C. After stirring ¥YbACE {DSi 14 i ANIR
-130C, nethanol (14 ni) was added to quench the

reacti on. TPREPARATHIN Oe‘_ﬁllga(m 6@4@@ AahinbricHdiindriol9-[4-

overnlght at roon1 tenpera&%ﬁ%ﬁﬁ%gg_ﬁglld obtalned was
filtered, washed wi th MIBE and drled under
vacuum at room tenperature to obtain 1.66 of the

r%Qd r ochl orAncaguecys solgfiorpdf KOK4S wichs, §é|mL)(\@s tharged 12 apglution of

oG Wﬁfg%@gﬁj um%h‘gbg'{bNﬁ@(%ﬁf 2’%@%@?&\% ﬁegrﬁ&i 50 °C

sIurH@rnthmnaﬂwmﬂgmmhwangdkﬁma&@n&&ﬁﬁ%ﬁﬁﬂﬁiwnmnmmédﬂavms

W th d carbon (0.12.9g).. After .3 ] at .

1 e epd Bh et £ et ety et Thegcgion

pad mikfrd whd dodle@ tNBS 10N nBblrdlided ma&&mp@sa{ 6. m/rﬁL) to
hours and further stirred at OC for hours.

@Pystﬂﬂ‘g angishen stigad o} =576 |f?r&%h°wMA§h%°& Wiag HOWa&feérb}’ filtration,

and bl el Wl d8de WARRMIURL & at@p(]%@d 30 ﬁ:ﬂf BE s6RMRAVAsEaQ nder vacuum
formul a 21(0. 329, 44% over al 1eld fron1114)

| so_Ar(ﬁdﬁCAﬁmszbRuﬁtmrMe@ﬂe CONPARD1P (3.66 g in 87% yield).

PREPARATION OF [1S-(1ct. 3¢, 48)1-2-Amino-].9-dihydro-9-[4-hvdroxy-2-
30 methylene-3-[(phenylmethoxymethyl -l cyclopentyl1-6H-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 1190 (1.0 g, 2.3 nunol) in MeOH (8.4 mL} at room
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63 Isolation of 21 was achi eved by a resin adsorption
procedure in which the oxidation mxture was dil uted
about 20 fold with water (about 1 ng of 21 per nL of
diluted stream) and | oaded onto SP207 resin (I kg).

The resin bed was first washed wth water to renove

salt, and conpound 21 was eluted off the resin using

50: 5 Oteélpédﬁﬂrb v‘!&itﬁmumo:llmoaﬂe (@wbg,tz Pfmio)). waFlubargéd te e, resulting

after a poJish filter,
G o1 RPREROR. GNP ISBhAE  rf5e  A e gL g folton and
or e Q4tecrlshyard ﬂﬁér&l&?(@@%%@&iﬂ@)ﬁisaﬂbwm&anﬁﬂgwﬁheatedat

eresultln slurry was eatedto 90 tofor

cI ear455(ﬂ @Fﬁélﬁ“fs'lfh@ @P@éﬁo Qol5uf31 & aFReOUE R bisulfite
1 £ 290l o126 DI rad RIBEBAAL sk 0 0 S @ﬁéﬁﬁ@m@%as slowly

ervstirring t or several hours at anbi ent
t enpeaadlﬁeémtﬁaqmuaﬂé@l (6N, t-frol) tapl=8r45 e dheireqelting, solid ¥es

at a en e e i e .
e pRist ot SRR Blcdicretliized WAR oo NAOHTRRS S0 ot o pi-s.
gave PHe mixtdd vay stirfegat @u-sl°d fm‘l Feur. Y3 Tier solid saspallented B filtration

o oot o a0 S e e il ¥ 0.6

4R34 ] - &7 $ierg). 1, 9 di hydro

9-]4- hydroxy é (hvdr oxymet hyl ) - 2- net hyl enecycl opent yl |

- 6H purin-6-one (21) PREPARATI ON OF [3aS-(3aa. 5a. 6,
6aa)] - 5- i} ¥ BN apARY AL G- 126 dihydro-9-[4-hydroxy-
) et e

lic acid nethyt—ester O- n ottoned
flask equi pped with a magnetic stirrer and a
t pgr nonet eTo mumaﬁgw(zmeg )44 mmmlaamtmamgcna chloride(20 mL),

| d MeCOH ( d t f
e, ) el P " Gomen 1GH sieibase: QHprids solgtaon of bgror g oride (1M,
bat 0 ool BAEY) 23 MRR! 04 dfivenBRowi a BRidIVIDLY miites. During

added e resu ng mxture 25 was stirred at 0C
for 155d1nowﬂmemp‘mme wasokintained|atit 95t 88°G ofiftersfirring for an

s e T A Tk B

mze<t UfeBetibhSmiburd Wwehtitred @il IR ghewad ﬂcs Borﬁm:resfbr (rdihonrs). MITBE
The m xture was directly concentrated |§ vacghtagmom

gi ve S0mE)asigdefersd thergetion miyre Fass
i Sop“ Ribyck SPhe Hokid omﬂewsﬁmﬁee@wmdmme@mﬂmnd dried

resul tl g mxture was 30 stirred at roomtenperature
unt i | uidee vasums eopdemperatiredp ebipindefia g 9ihe hypgqchloride salt of 21.

T gy RGO TSI T O 8 e

adsled-40Piae m;;m adjasted to +7 eith 216 NaO®. riibe dhie slusy dbtained was

pot asﬁéaltjercri] thSO 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

30 . compound of formula 21 (0.32g, 44% overall yield from 114)

ISOLATION AND PURIFICATION OF COMPOUND 21
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hydrate (280 ng) was added. The m xture was stirred at
OC for 1.5 hours followed by 12 hours at room
tenperature to conplete the reaction. The reaction was
quenched by addition of sodiumthiosulfate (4 g) and
stirred for 1 hour at roomtenperature. 5 The m xture
was filtered through a bed of .di atonaceous earth

Celit d th filtr dil .

H) and. e blaRoLRs 2o cuiny byt R lbh gt i hith e

<(3 g 8 a:lﬂt: détﬁ,\ad %dm%éwmd ﬁféﬂla%ﬁtflﬂ\mﬁ%thl(v?‘at%@ (Eﬁbuﬂl):ng dfrzrllpermL of
an rie over nesi um su al e. C

I ayerdihagdm 207 eesingl g}mmgﬂoﬁg}“

F ggg_o %gtg v&a.? %vg ?a%o, Xﬁ(?éo@pouﬂd)llpw ARET bfPhe(PEsin using 50:50

6as) 1 Meq[Dwmet sohktivindahaug 20 m )']ﬁ)g x:hllqyfdp%er a pohsh filter, was concentrated

6a- (i odonet hvl ) 0X0- 2H—c onen
aci d HEfH l"@% %"f?%'"ﬁgég heck %ﬁ?{gugﬁzdltd%mh
bot t OBk 'oﬁ%uewmpgesrw trie mgamm was heatedto 80C t form a

t hernmonet er was charged 67 (33,75

(100 wleyr sobitipnwEhe ¢lgar sqbtl?}yrr%ﬁhﬁbﬂ?‘@lf f?ﬂ%*‘”?fé‘z"rﬁ'i‘gm perature to
d

s o SoReA 2L GRRb R hO Ry ﬁgﬂ‘w%w‘ﬁ‘“‘m@“ 2‘

was C t|rr|ng m xture,
t nof | was ﬁmmmddﬁmd@roraammam@sm( mpgraumuntdﬂ@mowﬂm content

LnggL? ,9 @%&’5&?’&8%‘? gW‘B}E‘ ll'gig gpcfceél? e \%ggéan average

sti rr gebipdf 756 foRIRNIpRURETPindree HRLC &edWhiof greatepthan 99.9.
conpl ete the reaction. The m xture was washed with HC
(1N 2 x 50 nL), water 20 (3 x 50 nL), dried over

magnesi um sul fate, and concemygyereisn vacuo to afford
the triflate whi ch vvas used vvrthout further

pusi fi cat i BRO 3 [E PRERARATHAN (Mg : AAE
taken in a, 300-nl Qt__ ”fl%l‘ﬁf}h 1}9&3 fopentvlil-
charged wi P&%uﬁy—?&ju ”g . cool €

To this solution, I|th|umM@ﬁ_@ 193 rrerI) was

added in portion-wi se over a period of 30 m nutes. The
25 mixture was stirred at roomterrperature for 3 hours

t o conphiiipa R ABIONE DL T 380 3ad 5y, 6f 3 aRthphewldilyl)hexahydro-

concentra ed |n vacuo tO reerve the acet one

sol uti on 1904 HWﬂh'&' ktf@Jtlﬁeranda

sol ution ( O%\@ggﬁgﬁ%&v\at er ?%ék ecgugdﬁeé)p arﬁr i ed

over thagomsictivasdiafget metiifherbangpiaido 2. arnelhand MeOH (40 mL)

concentrated in vacu e the titl.e 0

(51. 5 Yyler4a afposghore 0 %fgﬁh%'b‘&m ?ﬁ‘!{‘ “rﬁg”(?’% %M nan oo

56) 1- JaAM vl Ko BNt 161SD Y, 69inkibl) was added and the resulting mixture

2- et hyl ene- 1- Cycl onent anenet hanol hydrqchl ori de

( 2511 (¥ )stirred at 0°C for 15 minutes. A methanolic solution of sodium hydroxide (2.44 g
of sodium hydroxide (60 mmol in 40 mt. 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

30 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)




To a round bottonmed flask was m xed crude 68 (10.9 g,
20.5.mMmol) zinc solid (2.68 g, 2 eq, 41 mol) in
acetic acid (20 nL). The reaction m xture was heated
at 5 100C for 1 h and then cooled to roomtenperature.
The crude m xture was m xed wth tent-butyl nethyl
ether (30 nL) and filtered and the cake was rinsed

with tert- | nethyl et

et el R BA Ve i e 6 P B4 WPl g
PH 7 Widdic ($30%hg) Wb, e dbeucd Bas eirgni 0°C fay 55 hoess followed
washed w th brlne (30 nm), drled

conceby Faltawg 3t ﬁo%metaawawfcema lefe :f:; wﬂ‘%‘a B faqtipn was quenched
cr Udeb o‘ﬁfbﬁocﬁﬁﬂ%? : 5) 48 86kréd¥or | BSurnedomSieBerature.
ITlICa IOﬂ

W|tho urther pur The crude oil was
di $5 oTleexiixiture was filtered tpuighh pedioifizompaedus agrth §Gdlite®), and the

o5 wt patertiiisn et Tl O S ssRR C bl Gty fr £ ). The
t he spighiiit ROV BwasRdl withwatdh(@ erGaﬂt)L ’mmerfB&mIl) end\dried over -
zﬁll_(la_\r/]vedto warm u %&g%égCand E(t)lrreg qt fﬁ%{’fﬂéeﬁﬂe

at 0C.aREbuiR{I L id £5% tenperature. After stirring
at roomtenpera ure ?%Irml 5 h the m xture was

fidPtered through a pad of di atormceous earth

2 oo Lot ﬁ%ﬁé—wﬁe ?ﬁ?ﬂﬁ" ‘afﬁ%s#gg ﬁm&%@eﬂc sirer
HCl  2@ndSthbrmafetd Hak emr%ﬁ Y33.79 &, rgamxmnola,rmicwmwmm followed by

under vacuumto afford

HC | t 2%
T epByea5 4 o, 6 ot SRt P oEphREB AR TR Fepalog mixture

S- (! : anhydride (19.5
1.2 88 SR i B Ay ppometnen o s
3-( hydﬂoxmmbmvazsmmddemms pcrp:dmcf\m imdntitescheeping ther o

- 4( 3H) nvr |m d 3%7,8%6 25 A 3- nec%%ﬁt{ﬁga%ze% h&%ﬁgefodhours

botto enper a0
pr obetcaﬁﬂ:p!eeé ﬁa&a@@fhd@h‘éaimm@hﬁﬁlgﬁdmw MOl ghe 2ansml), water

69 (1.49 I 2
a2 ok STREY ﬂ%ﬁ%wwm%&fm&@@@msa%mﬁﬁﬁ% fozffgrd tbe

n- but gppy &1%8}1&15) used Mthot et ichtitinin Meekdstaps

subj ecte eati ng at 40-45C over 15 m nutes.
Tri et hyl arﬁheeabp@e mﬂawmvas taken inAoi0p-miacouad beitpragd fask which was

2
One <Pt 2hins (TOOHLT Pug i JdoRIFRC, PO LhG, tthiumm
]Ehat tdamﬁ (zseg]gpg gﬁnalmaﬁdﬁatf t hpﬁﬂ:{mlvaheaoveﬁ\i pd:rtudS)' tfﬁa iprinytes. The
Lve wasnes 0 (0] wat er |V e
| 25 | PR e SEPL A rorteTpE ot 3 MR I peipAgHE ik Pliction. The
Co' or | BSSre whb Birbdt tﬁ%mﬁ&&éﬁlﬁtvaa%% renfbve thalicatond. TheSesulting

used w thout furt urlflcatlon in the next
r eact residue prREDBeRIVEd GNDEM (1PGmL).aThegsplution was washed with aqueous

46) 1- Eodﬁ% ﬂz‘fosﬁ[f&tél s&thIP(‘z '}yﬂoﬁ Iﬁﬁﬁyév% (ﬂ( )00 mL), and dried over

magnesium sulfate. The organic layer was concentrated irz vacuo to give the title
30 compound (51.5 g) as an oil.
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5

3- (hydr oxynet hyl ) - 2- net hyl enecycl onent vl 1- 19- di hyddr o-
6H nurin-6-one (71) Solid Na2S204 (2 g, 12 mmol) was
charged into the flask containing crude 70 and the
resulting slurry was heated to --60C, over 20 m nutes.
Formc acid (9.5 nL, 250 mmol) was added slowly over
the course of 10_m i j.nC
m Xt ure wassRns S48 = FIFGERRS

hour. The ni i pics el LRard? Sy BOhIHRIe (2. ) (6B P

wth 6 N NaOH solutiton to effect a p .04. The ) .
aqueous | afearanad bettamad-flask wanthixed crude 68 61047 £.70+ mmopb) zinc solid

{n oulhoS Bt BBl i BBERHE ATHE], RSt Bpfite g heatod o

I n§ 0 108°0eBk] bandihed &ddd to fodrh Refdpertite. plivcbradetnixture was mixed

over head stjrrer, tenperature probe an di.stillation.
head. WHbder-beTA i o5y (0mah s SIEReE od fog 4o RS rped with ferr-
vacu Obﬁt?l HEHR eeheVBTOIAL) 6P rétit eipeRfife. TTHRWoRBRIEd Hiltrate was
afford fhe piyrl m di ne internedi ate The resul tant

sl ur r peutsslizedito PHJ withoNaQHesphition 642D wehe opgapicdayer tas washed with

40- 50¢.. Ri r HoncifhSo SHG)

added ove@ogir“r]ﬁ(ﬁ%??g,gg?@%%g\xeg Ey conc. Elc(l:l (0. zaﬁl.‘%ﬁyefk’w
oV@r &rude oil. Thiecmdaoid wesusei ferthenaxtisethwithand fugther B-E’:gcaﬁon- The
for 3 h., The reacti.on m xture s .coql , .

t enpef’%‘flﬁ?‘z wﬁ?’l‘g‘ssé’f‘iefi r‘Iét(ﬂ’En e tggo%ﬁf%ﬁﬁg@ﬁ%fe% 0%005“5@[5‘5(2'

h.  TheefiRRedticRy)afimitnith Bydae (RELAI®) 4520094 ia télugd, &$1.036, 12.3 mL)
-7.2 with aqueous NaOH solution. The resulting crude

pr odu®es aded intthe seluidercgishyd) B8} (s reagtion muxtyrs avas allowed to warm
d 7 ' ' .
pro “ﬁgt%-éé& %1% dsg%rﬁ% & —%0‘@51%‘}3!&1? fle GARRALRHedfith NaOH (1 N,

formu e converted to the conpound of

f ©% nukénml.) ae0SCoad ovatrheiho roorh beenpleratin| Aftédr stifrngfaXAdRl €mperature
e g AL Do b2 6 it Meons st (Clitom) ana
9- di hyflrcQrewdsinBUOk R Mrout) HebHS ! KIRBE (190 1.5~ TR flithie RS Wried
clopentvl |- 6H purin-6-one (21) 30 67 PREPARATI ON OF

(4S 5g%04) prbnsdlytioniof HOL imethen(h & 92 mly Mok 99ded ehippm.temperature
1-cyc GRSt t ( sﬁ'ﬂin cl
flas kt“g%%%% d %\ﬁ‘%&g@i gi#“g o‘%ﬁ%rn et %fértglguﬂln%f?@hg%?agr % tho B
apdl  edobisngllétedbyEsatbnsed duetin(dédSyacuum to afford 69 (HCl salt, 4.4 g,

1 by o BRAT AR BABIER PRI et hyl oSt ol 7 (3. 62
g, 10.2 mol) in DCM (40
PREPARATION OF [1S-(1c. 3a. 4B)}-2-Amino-6-{[4-(dimethylphenylsilyl)-
3-(hydroxymethyl)-2-methylenecyclo amino}-5-nitro-4(3 imidinone (70
25 A 3-necked 500 mL round botiomed 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 mmot) and n-butanol (20 mL). The
resultant thin slurry 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.
30  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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m.). The solution was cooled to -78C and

di i sobutyl al um num hydride (1 Min toluene, 22.4 ni,
22.4 mmol ) was added into the solution over the course
of 10 mnutes. After stirring at -78C for 1 hour the
reaction m xture was quenched with a saturated

sol uti on of potassiuntsodlunttartrate (Rochel l e salt,

50 nL nd stirre room tenpera e overnlg
The or gam g)’%'f‘gtﬁa ?]e%?a% ‘Eﬁ‘ﬁ;‘fﬂ e crude

separ pioddet, ‘Y, iratibutad wm@ulvhﬁba)ﬁn@iw PEORGAGH m&h&ﬁexlt Feaction.

vacuo to afford the crude allylic alcohol as
colorless oil (3.06 g, 90% After st andi ng at room

t enper at pREpARRTION 0f

white sol1d.
36% 5a1l] - :

2- [ (Dhenvl " th I xabl cvcl.of 3..1. 0l hexane- |

et hanol %%%W# Exhgamtp 3 F%?&"EBHJ%%@‘& g orade 70

equi paeltheddslitingshaigens heated to ~60BQ et 20 mbiutds! Porn@b Geid (9.5 ml.,

cool |£1 at ded D) - di etfe%,l tartrate (188 .
mﬂwﬁ ﬁ?@g&!sewlmreé cqrse plkParinpies atf3 Gy Thepesulting

145 W“Mét&ea%mm ldTeht 8R! 170°C B G RBRS I 1H3 m&r@@as

cooled to -25C and titanium (IV) isopropoxide (0.2

O ocasted gt andaeutertizer] with 6 N NeQH selutiantoic8pet aB7.04. The

then (BRSSP ATl ald SRk s R 10 TRl mbincs

L, 4orSanieialer wea éiltermd duoughfatpad of dxmomac@us ¢dnih anil xrosfared into

for 25C, .16 mm i n

2o BBt shotk RaHIGR B siied W3 oRerhiad Y ; Crme Risg piohe and

of 1 Odisﬁthublesead TiTRe fe@ultahi Dutidh Xdak ERtINGIGINAS i6 Vidub @6lreadove water
enched, wi th sodi um hydr oxi de

-26C f 3-4
(éss N, reﬁ?ﬁss n-gﬁtgrrm i i&‘ﬁa C\Béﬁs‘mé‘t‘%‘? PEsEedidte 1 hour at
room t enperngkdshRand fidkrd %ﬂtﬁftﬁs tﬁehﬁ@fﬁ%ta?e W& theRMed to 40-50°C and

di at omaceous earth (Celite(r)). The bed was rinsed

wi t h W‘e ometm@)mwﬁénme Fes ms!ad eYeg & misutps, fallovrd by conc.
was h@@c dvgiel {2 'ﬂjte)rc gﬁj:‘zn%ré%k Hggtéll% gtg‘%) foiaﬁ]g The

concentrate in vacuo to a
col orkansion gitttureftag sbolediownvm ml;@tauumdxg:m@ htyro@ﬁ tdmpegature for

Zrponn e Fiten BEELE N p e 8 aft o A beSiegtaon

68 Pﬁﬁﬂﬁmmeﬁﬁlegh&c(e ovdiam ion exchange column to give the

5(3) 1- henyl.met h
9(H|)od’F %’@P?g@m Jsilgg@n?phg)rm met hoxv) - 2
( pheny| metriag sompBRhd vt foftih eu eHlianRAsE B@tﬂeked(ta e cHiBBiAd of

5 To a round bottoned fl ask equi pped wth an argon
i nl etformgiladinselescaibed intheBxamppe La refl ux condenser were

eRarged 2-am no-6- O benzyl oxypurine (1.66 g, 6.87
mol) wth dinmethylformam de (20 nl). Lithium hydride
(32.7 ng, 4.13 mmol )) was a@EAMPLE 4

PROCESS FOR THE PREPARATION OF [18{(1¢, 3¢, 4B)]-2-Amino-
1.9-dihydro-9-[4-h xy-3-(hydroxymethvl)-2-methvlenecyelopentyl]-
6H-purin-6-one (21)

30
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into the suspension, and the resulting m xture was
stirred for 1 hour. A solution of 17 (2.13 gin 2 nL
di met hyl f ormam de, 6.25 mmol) was added into the
solution. The 10 solution was heated to 120-130C for 1
hour. The resulting solution was worked up by
guenching with sodi um hydroxide (1 N, 20 nL), and

extracting vvlth eth I acetate (2 x_ 150 rrL). The
conbi n —_..__b? 1Y . EXF A 5] b Qedmeih o {phenyime gtho
ammoni um chl ori de soI (9 g%gglrgjgth&gg 18y i ne (100

m.), dried (sodium sul concenfrated in vacuo
to afford Té)dmgmbdaﬂomndﬂsihﬂ%pp%whsnmggnmmem stirrer and

. pacobrey b Fetdieorhd (B SREPAP R LAHOAT S e B mettyl-
t Gl I g)alfv-\;ﬁysa::)cfixleﬁteﬂed Rggﬁﬁgﬁﬂne adiixghie?}ﬁ esmdiuet Bdilz@m mmasol) indWEM (40

2 et dRE) HBESABEY Hhyoisdds 150 nd bt I bYdigie;(h M i

- 78%%111@11@ 283 Ayl 29 f4fmm&‘ﬂj] kb adiel e 1RQGoRBEP AN TGk of 10

-(I a.
3) 1 Sz:(nm#?eﬁoAitagsnam% F1R°6 fproL b i Teabion mixture was quenched with a

]4 gEIr puri n-%)of%%&ﬂﬁ?% PSE‘%?%‘{%%#E%‘EH gﬂng%H%mdat

elfui ppes tevipératare oxenyight. i Thestrgaxmlem wea dileted with pthyk asetate,

was cha t %
L L
p- t ol diehebas dofuileseril (B.06 @, g}%ﬁ £Fersrmnding atoom DEipetdare the title

The reaction mxt s stirred for about 16
hourscoﬁipol"%‘g?ﬂ’?%ﬁ{f@r the conpl etion of the
reaction, the reaction m xture was quenched wth

sodi um b| car bonat e sol ution The resul ti ng
mXxture was EBERARAT 1R  3-(F : .

and the Cgﬂ%ﬂ?%ﬁh%@wxﬁ% C@&Jﬁé hntemaaa a7

(50 nm), entrat e
vacuo to afd oftaing driedavuridfosnmed ﬁmep@wﬁt@mmmagﬂeﬁc

crude ssol iod/ ac

anhy &%Eaﬁcog%agb fxg( b o%ﬁgn% OE%E% @ggg% ﬁgg %mc’l) and 4A

Thg s:gblu&umIW(lﬂa%amdd,t1m5rggﬁﬂ DEM (10 ralb)o The Beabiintr suspension was

and then 69 cooled to roogmtenperature. T acet'c .

atdl d/seldite -2anhyed v@@uw&mlé%%&l%ﬂ“ 25&%53? 1) as added into

d' st 'tﬁ Elﬁldno T8E fakshnaRixhpé Wﬂ@%ﬁ-ﬂ@fdﬂﬂﬁoﬁﬁmﬁ%en tert-
ove internmediate mxture (2.2 g,

Was ohuildtbl}’dﬂ@nerpﬁda@eﬁﬂdﬁ petane, &.52 o, 15 mmeh was NidcmaA@aoshrrmg
d?%q‘opa%%‘{ltel% &t ﬁf ﬁ% ?9 gfﬁ@'ﬁﬁn&&% 4 mL DCM) was
r eact | 0 n.

ure was 5 cobd room t enperat ure
and neided ks the doibt;onaddr ﬂm oouredf oft 10ineinhigs. afierreactidimixture was

AL Sopeg gt R Sreio R B vich o 25 el 60 P The

r esul hixtge Sk btetreddol Db andoﬁlhanﬁmmrmd filtered thraighrarbed of
for 1 hour. The solid was coll ected by f||trat|on

r i nsediaigmeepons praldCelitaBY Theiked was gasedfPGMG fOBL)- The
affo r(%mbmed 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
30 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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1.57 g of the title conpound in 93%yield. 10
PREPARATION OF [IS-(la. 3m 4)]-2-Am no-|

9- di hydr o- 9-[ 4- hydr oxy-

3- (hydr oxynet hyl ) - 2- met hyl enecycl opentyl ]-6H purin-6-o0
ne (21) To a round bottoned fl ask equi pped wth
magnetic stirrer and nitrogen inlet- outlet were m xed
20 (2.7 g, 5.9 mol) with CH2AA 2 (10 nL). The m xture
was 15 cool edto -78C and BC|3 (1 M 35 4 m, 35 4

mol ) 2o LIGIN &) 281 B PP isirfd () h
rate so that the %ﬁiﬁﬁﬂqu] I-*enr er&ty_{n%m I+ | xceed

-65C. The reactl
0.5 h and th :

stdrring -OC ;\ t he, r eact on mxt e was

T ool od Tog %@a#%eﬁmtﬁ & Faagetiq sirrer and
reactd @ﬂmoﬁdumr aald cn&geaezta&mor&omeh@m@p@tﬂér(e 66 %87 mmol)
20 reagction concentrated . in _vacuo

2o o B SRR sy Rt e G217 g 19 Teph) was added
was Tiitothe8ihebRitn dhalQebuii chure BRI b1 Wt 4 Bittion of 17

(8) was ~added into ution and stirred at
room

digdn gy dinfegyylforngmpide, 6126 mmel) wasaddad indesthe solution. The

1 35 T 5 B

conc éntquenchihg Wuth/smdum hyairaxfidea(d &N, 20 m[e;aernd @xiracn'n’gwwsth ethbr! acetate

ot hy 02 deP Bta" A soumRrratute el el b p5Ged soniucn

neut realdride elolblymﬂddﬂ) L BndbrindA (4 thD), aﬁé@(@bman@tﬂfatéj ahd
The solid fromthe suspension was ¢oll ected by

fil t roRsenRatath i vasuq tpaftard 3 haby bwmysolicht Bhis golig ves flissqlyed in ethyl
L e A0 ol BB o A RS i
9-[4 aﬁ’%%kﬁ ofthefiflg mmmdl@%)méthﬁht yeHew velid Rearystallization

) - 30 TR KR ey LR B S0 om0 o

di acetlateeolabt er (21 To a round bottomed flask equi pped
with magnetic stirrer was dissolved 1 (2.2 g, 10

nmol ) in acetic anhydride (4 nL) and pyridine (2.5

120) . Af PREPASRATION ©F1S-(] @36, #8YIREAmind! 190-MAdrBioqdimethylenc-

t he excess acetic anhydride and pyridi ne was rermve
by 10 vb"a.!"ﬂ.nl!;_l’ i1 Ay L_'.\‘_S [ERG) !.!“A FDETAM -6H

.....

chr omat 09napNeghulsIblihay ﬂa%k lﬁ%ﬂ%fﬁ%ﬁa i@k, arkdf z%&etw

2.8 g (92% of 2 as light
stirrer was charged with 18 (2.6 g, 4 4 mmol), trimethyl orthoformate (2.38 mL, 21.8
mmol), pyridinium p-toluenesulfonate (0.56 g, 2.22 mmol), and DCM (20 mL). The

25  reaction mixture was stitred for about 16 hours at room temperature. After the

Xt ure S ST t - for

completion of the reaction, the reaction mixture was quenched with sodinm
bicarbonate solution (50 mb). 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.
30  The crude product was dissolved with acetic acid/acetic anhydride (1.5 mI/30 mL) in
a round bottomed flask. The solution was heated to reflux for about 5 hours and then
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(Phenyl net hoxy) mnet hyl] 4 cycl opent ene- PREPARATI ON OF
(+)-(la. 2 30-24 1 3-diol nonoacetate ester (3Z

(wi thout i mmobilization of the enzyne) 15
Enanti osel ective asymretric hydrol ysis of the

di acetate 2 was carried out using the enzyne
Pancreatin or Lipase PS-30 from Pseudononas . cepaci a.

The reacgt,ion nmxture coptained 2 SS| _
Shosaned § thoplietipefint it Cactoahl ARLASE Wilemoed by

t he dira%ﬁﬁhaisﬁlli’ticﬁl;zlo ﬁ)ﬁ"bﬂla%_l gﬂtﬁﬂnddiamlﬁ’S(Bm gt The above
Pancreatin,(50 . . e reaction s carrie t

at 2selemed &1@#3(129&3]3@%95%%3‘ dPP?BWt&fe@H fL)and 2N
20 Nflfﬂdl g.@ gﬁgﬂaﬁcﬁs& hebh@ t@fémkl _ %§§doug{1]et£ hﬁtré&ﬁ&l Ihm I_Hi;ﬁﬁn‘ewas
noni t or e [ ressure liquid chromatogra . e

r et m@mé%t%mg@mmw&#ed b ke iy ping  She mixture
remal Sdlc@ifuted i YORRIG rddfeve BioSt &%céw:g&he. F]ﬂ&olwas added

reaction mxture was concentrated under reduce _
pr esstortlee eoltiig siid r¢sidue apd tecvspansioBwas/tited ford Heug The solid was

reaction ti a.reaction..vield, of 3

006 vEEogEY B PSS e Tk e b e Ml P % aend
yi el di.s7 g 6Bife &Kl camnpamdad 998 .vidd.was obt ai ned usi ng
Pancreatin. PREPARATION OF (+)-(la. 28,

3%19 - 2-[ (Phenyl net hoxy) net hy1] - 4- cwcl ovent ene- 1 3-di ol

nonoacet php KRRWATONDE ﬁlrﬁﬁlﬁ%# ?ﬂ@h}ﬂ:ﬁﬂl,mmﬁ&- oxy-
Enanti osel ecti1 ve asynme I_C y_ro SIS_O | acet at e

was carri ed 3elbhydroximethylRB-roathrlenctyclopantyil6Hsm in<h-gue (21
Q Ude. L! Papfa g%ﬁg’ &Jn?e@ffagﬁ @%E%th Shctiff@rand nitrogen iniet-
i mobi | i zed® BYS pol'ypropyl ene ccur el st ens

| nt er aualet waramikat 20 (2.7 . 9/chmiotyvith CHC0(16 may & hevensxture was
TN TR TP
(52 OuspdBidn b TRR do!tR R thel e RARE teniperade GGt Sceed V65 /Y. The

18 h reaction tine, a reaction of 80 M6 (32.5 g) and
ee of re@@ivn migiues wiststimed dt 787C fon 8.5(hand thamdhiwes warmed up pg -20°C.

the e of. the reactio he i.mmobhilized 5 enz

1Tt e SR 0ot o0 | B DRI B R A 4 AL 79 and MeOH

ext r aghest )wds AddedantoRd R nelixRid Ul vaeeédiogoont lagnperature. The

sg{gar ated organi c phase was concentrated u %er . "

r & ucERCtioR SREYFEWASSOBERNERIT] FhercHe fP@aV%r‘ﬁﬁ dp afford a light yellow

PREP .Tt@b‘ 3¢mL); Decolorizing carbon (2.7

[ Nit f%f\p enyﬁl‘}f 1geo%rif{/ﬁlg’)f%n‘ﬁﬁ h@?ﬂj{ qf%:L) ecolorizing carbon (2.7 ¢) .was

5- [ ( piidad intethh exlytiorcandstijred atyoern dqueneratyre for@5 It AThersyspension was

roun f i ' . |-l

mgneliged BfHdh ot BRE thtthd G Pl il MtoH (10 )

c ond eTissoombéreed Siskte waooumoentcited it Goc@8 tagffadd 7 dleansl. )This oil was

phenyl.sul f ooyl ni t t.hane (0.91 .9, 4.5 ) d

t gfr a&fsgheg %M{Zﬁ :ﬁs}ﬁﬂ& ﬁ}éé'a_cte% with ethyl merga@&2 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.

30 EXAMPLE 5
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pal | adium (43 ng, 0.037 mml) in THE (7 nL) at O0C. The
reaction m xture was 15 degassed using argon for a few
mnutes. Triethylamne (1.1 g, 1.6 nL, 11.4 nmol) was
added into the reaction m xture over the course of 2

m nutes at 0OC. The reaction mxture was stirred at 0C
for 1 hour and allowed to warmup to roomterrperature.

The react iﬁ@d'ﬁggt ETHRS ON Of -2-Amino-
tenperature our s. e reactl on m xt ure was
quenched .- dI dl -(hy Al - BE Y (e B e e oS
hexane/ et hyl 20 acet ate (1 ¥.00 . The corrbl ned
organi c | ayer was washed vm%‘n'e—%% m.), dried
(sodium sul fate) and concentrated in vacuo to afford a
red- col ored oi |l resi dy L ad
fiﬁnatm@y@?éﬁiﬁmﬁiﬁ i

materials to give t ' _1CNABPiRCk tdt clesBP 25
PREPARATI ON OF [ 1R-

5 11-[[ N tFod m@b@xmeﬁélapb@gpped with magnetic stirrer was dissolved 1

1 oy 4 Her DEAS R Sy Y RIORETBARy (2 ki) (et s o

ar gonrdof ﬁinperaturmgmnﬁght, the ¢xcessaceticambydride pndpyridingvras removed by

55, RS e 5 o Wl

ol ) 2468 28068@0%) Bt Pad light yédRetéibn ni xture 30
portion-w se over the course of 10 minutes with

stirring. The resulting suspension was stirred at O

for 30p m ) 28024 fRilethoR 1]-4-cyclopentene-
stirret our at room tenperature. Benzyl
br oni de (11 ho@gtatd ¢steR jtherit ymoakbilizatis VAL
the reacti re_Was 46 %fﬁ;ﬂ,’r eg

1a) { usin,
6§‘pl ete t V%??Yﬂﬁ?gm rygg‘%ﬁsot)n vva':{sl&%uenc ed éni A

col d ﬁﬁlené)&neman&earmr Laprde PS130 &rmﬁﬂseuddntvnet bephaciac §txmeectwn

W BRRNE SpROnAL 35 T pagresy SUBP N Siet G AL PR ol
conce E:i ﬁ]ﬂ%ﬁﬂi Mm&&&k@z gzomgfzélg raﬁd Lhasd PS-bEoranReatin5a mg/mL).

a light rown oi l The crude product \s% F1N
used ﬂmteacuonfvampdmtrai $°€amamﬁamﬁgfh?@ H by, élﬂono

P%E rF: %ﬁg\l ﬁ%@?y’(ﬁﬁesﬁ] ﬁ? gé?%?ﬁﬁ%écﬂgﬁ BRXMdnifred by high pressure

1- cycligiaphenatdgraphy. iTheybiction viasitenminhipl when e c@npeﬂ@nan of the

o o TR S S RRS AT TR pfkgrsbs

condegsentidsd iadetadaRed &&Fsuﬂa to2bthth (Wmﬁiohoaaﬁxegodkﬁmw hof
carbonate (2.58 g,

t
(3:1, r@@“mgmmmﬂﬁ%%ﬁﬁ’éﬂﬁé@ bl o amret SR alied ing Lipase
t Ulp_ 3*63%5}&%&9 MMM 404 AR oROS §% Wk OBtaRibd using Pancreatin,

aSSI um per oxynonosu fate tetrabutyl ammonium
salt (2.3% active oxygen, i gin 15 m, of

PREPARATION OF (t)(1a 2B. 30)-2-[(Phenvimetho ethyl]-4-cyclopentene-

1.3-diol monoacetate ester (3) (using immobilized Lipase PS-30
Enantioselective asymmetric hydrolysis of diacetate 2 was carried out using
30 immobilized Lipase PS-30. Crude Lipase PS-30 from Pseudomonas cepacia was
immobilized on polypropylene (Accurel Systems Intenational Corp.) and
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DCM 7.9 mmol) in DCM was added into the reaction
suspensi on dropwi se over a period of 10 hours. After
refluxi ng for about 14 hours, the reaction m xture was
cooled to roomtenperature and diluted with MeOH (50
m.). The resulting m xture was cooled to -40C
Concentrated sulfuric acid was added to neutralize the

r eact imoBilizE iz Was Adelidirke ehl-,tﬁo;h oAntdiaed\2$ i BéthssiubdBhosphate

reaction m xture was warned up roomtenperature,

and sbrifed-8de pHoLM wéwpewﬂmlé dlmetaae %6319, ang framobilized Lipase

react e ( )
7L PS8 RO 0 05 9 o
2 X 2W“’gtmmr&”m‘nmwm ﬁtﬂﬂm ofiths reactinme the immobilized

8" A A 5 G S ) b o

concerblugies df éthyl\aoetate. The oﬁgaﬂﬂ@hzhsew p@fteifiiated under
(1.88 >100% mat eri al . bal ance) =~ which was used in
t he nmgﬁsswe%w&ry&mﬂm@%an fication. To a
round bottonmed fl ask equi pped with an argon inlet and
a magnetic stirrer was d| ssol ved the above obt ai ned
| nt er nedi FREPARAGHON OF ) ‘ Gishienyls

3od| um net hoxi d ) ol ut
%034g 1.6 mioty 30 W
t enper at ur ®o ]?“Eb\mdrbeﬂmhed)ﬂasfmeqmppeel MFSanSi'gdnrlﬁ]dt, aiagiiehio Blirrer,
t enper at.ure_for urs. After etion
oot PASINGR el ang sl Sondemor ¥t ﬁom%miiézﬁ 481} 3# mmol),
at O%haﬁﬁuﬁaﬁwﬁﬁ&ﬁ&hﬂe (f’ 98k b nﬁﬂtﬁ} @H@éﬂ%ﬁfsaﬁpheh}zpaosp&m]-
x 100 nL). The nbi ne ani c er was washed with

br i nePal&ﬂdl“é'u("@mloweumlh HF 67ri§L 2t §7fe o Fha T88csign mxture was

V@guog, fugii;. ¢ yia?ﬁﬁ AV 4B mI, 11.4 mmol
hZﬁane% ert- u?y 0§?Arah§/ et er % to -30C ob
gave Wwagaddgd @fto thzaedction mxmpmmble wmm wiiadtes ah §°C.5Tke reaction

i ght | | Lid MRLE 6 P, SS F T

PREPARITIEYY %%Ef’li‘g“‘(’l 1ord bops ﬁ%"‘?g’-% HFto room temperature.
9- di h¥He featidrdmiryas wwt:‘h&: $thied mOopmetednpdrituid-ford Inyre rB@yreaction
?l ;’ p?gﬁm%_wa% lzgl-ugnclixecp with ?T\leH((:?gt) °(]J (21 f 1§B3 A§ATJ:racted ‘with hexane/ethyl

320 - 2adetdr@my |2mezdkﬁls)()mtcbmbine&n ic peNkRRAshed wWitltbrle (30
nonoacet at e _ester ‘é&e (W thout i mmbl l'ization of the

enzynByL): drisd htadaniudiate) gad epeanyrisd irbveces torakiords is-celored oily
was Cakidhe gzi’g}p $1fdaHda Eﬁmtah g&fdrtn%&%ﬁé«éﬂe f,a[seﬁne materials

Pseudonona acla. The reaction m xture contai ned
hept atvegive ths title beragdund€.36/¢). et her (10/1 v/v, 1 L),
diol 1 (5 g), immobilized Lipase PS-30 (25 g),

25 PREPARATION OF [IR-(1 SEY1-[[Nitro[4-(phenylmetho
5-[(phenylmethoxyimethyl-2-cyclopenten-1-vijmethylsulfonyl]benzene (5)
To a round bottomed flask with an argon inlet, a magnetic stixrer and a cooling
bath was charged 4 (3.0 g, 7.43 mmo}) in THF at 0°C. Sodium hydride (60%
suspension in mineral oil, 0.68 g, 17 mmol) was added into the reaction mixture

30  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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and i sopropenyl acetate (2 eq) as the acyl ating agent.

The reaction was carried out at 33C. The progress of

the reaction was nonitored by high pressure liquid

chr omat ogr aphy. The reaction was tern nated when the
concentration of the remaining substrate 1 dropped

below 0.1 ng/nlL. After - 4 h, a reaction yield of 80%

20 an fatn8 s A8 42 201.04 B2, 8.91 mmol) was added and
(-)- n%r@%hég‘?n te 13. BPR IF%E’RATl 3 [1RL(1la.  4a )

5) 1- Cthe bantion mixitats wraehmd al 4@"&:@! Jagpyes to complete the reaction. The
>-[ (phenyl neth RERE ethyl acetate
(10) Y54 %L E‘hﬁ as }ggw ppg?vmthtrsrﬁ&g%tlg

stl rr xahd:LNZI'hd‘doaibimdtokmc 126 wes washied with beng G0aul)edried

iy g g P RS RSl o  ght

chl or gfomat(8.98 1). 1BKe GudelRoditDivis used witheld ﬁﬁhenpmﬁc:h@on in the

reacti on suspension at a rate so that the reaction

t enpeneita€R di d not exceed OC. The reaction mxture
was stirred at OC for 1 h and warned up to room
terrperaturefor 1 h. Theresultlng m xture was,

{1 0C. The que”ChF 1 2 ¥BGx *aEﬂ% 1%&
E c/hexane(30 Imed organic ayer

was washedTsh tdunt lbbn@necVﬂas(c 3Guippey] withranauigofiiplpisompagnetic stirrer, an

e Bidiforiinae] sps Bt SDfcEiar S5 SR By s APEMH ol sodium

vas Uggtlodate @ fsgg; shmio@ﬁﬁtalmuummmmtmno mL) at room

5)]- ! { Iﬁéﬁe@%@n— m@%m ks Heatd b0 2flux 2tid a solution of potassiumm
B R Atk Ak QN1 danted T 1 5l of
Ony nZ ene

To a round bottonmed fl ask eq UI&P
W th W,él?umsﬂ] inDGMeas addedJufp $hegeaction suspension dropwise over a

P Pt ol R RARg d ofly 14 Bl s tcias

60% m ner al
oi | dlcsma:tﬁalredsm t@mmmmmmwﬁ (58 mi)n Thapeswfing mixture
10 war m ng

. ! L I (e14}
t enpe&f ﬁ(pcge(f 9y %}%? 3 %{4’% agf(]i(iva‘% fgﬁgdecg [né\ltra.rh%)ﬂﬂh eacti
szoTH%lethoaﬁmbm VEZ mi hRasitsed). Theremmnmmmrm warmed up to

T oo o Rt oSl i R 9SebBl mixr
1 BB ) el i e
m). T, A0 mbl Brepembinedivasiolgsr
AT e o)
> D30 %cotidehedted\ns arisen afford dmdennwun@as@(lvﬁfitgaabw material balance)
puri fi Ivgh? thl P35 ‘used in the next step without any further purification.
To a round bottomed flask equipped with an argon inlet and 2 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)
30  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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PREPARATI ON OF DR-(1a- 4m5)]-[[ N tro[ 4-(hvdroxy) 20

5-[ (phenvl net hoxy) net hyl ] - 2- cycl oventen-1| -yl | met hyl | su
| fonvl ] benzene (4) To a round bottoned fl ask equi pped
with magnetic stirrer was dissolved crude 15 (5.12 g,
10 mol ) in 25 nL MeCOH. Pot assi um carbonate (140 ng, 1
mol ) was added into the flask at roomtenperature

andtheresultln m xt ure s,st@hﬂred

react B (1 s at0 %a@dé” iaFett Vernl&?{%@ mL). The
MeOH.  JhGinePorg A6 BYirwisGralRs Wikl britte] @ibd/bddiut istilfdte), a.nd

acetate (2 x 30 nL) and saturated ammnium _chl ori

sol ut coneptBedin yacupiie affordn solid. Beqgystalbizatigy wiith hexan tert-butyl
hed 2 ° % yield as
vashe e\éﬂa@ &g@(%@@a%tu%o {5‘6-2’,% g’%dvgq SQWMﬂe%ﬁapound:mM/ yield

concen a [l ght brown oil

Fl asha lighl yeliowetlidbmat ogr aphy (1:2 to 1:1 Et OAc/ hexane)
afford 2.92 g of 4 (73% as l.ess oil. 30
EXAMPLE 7 75 PROCESS F(R TH%%I ON CF fl <4l a.

58) 1- 4- (Phenvhnet hoxy) H-purin-6-one (21 '
5-f (phenvl met hoxv) net h} dl - Z- clvcl ouenten-1-01(9)
( RO= Bn) To a round bottoned fI ask equi pped with an

g - bd Ak ." Jiif 5 3 enEyy
[ 3. 1. 0] hexane 20. 19 1 l,, as pa i.n
United St aBE@l %’HFBP&?%' 102(5%3?% P‘ﬁ‘eﬁ {"smg immobilized
i ncor ﬁ,@%ai‘é £EL30 ¥rond FJeﬁH&ﬁkﬁﬁ} cépacibtHEné ﬂe’i&xdﬁtﬁxmdre béﬂwiﬁéd heptane/

hexanmethyl di silazide (1 Min hexane, 190 nL,
sl ) t-\baSﬁ m@www/t N&, 5EDHaldns & WHW%@?&P&@ @5 2)

The reacti Eﬁ&é‘ﬁ & TR redetion RAY Efried out at
The reag‘lgjf?ﬁgﬁ%f%&{a&oﬁw%s cool’e %g&fraoom Iten‘plelraturee °
and disset.eTheprogredvDihe(r2afiontsps méhitared by high pregsufoliquid
\Tﬂgugﬁs at roo 1% teg%frat ureE Ieﬁl rhgeﬁ. elc%lr:]t %Hg)é quc?fme

Wi th etf¥hing @@Jsait% 1(dBopred 8OQw L) mg/hiIe A:ﬂéfhl m ademtigayild of 80%
| ayer was washed with brine (2_it 200 nL), dried

( 96di and swbef ofi98Ye wasrrbtainadlenthe &-mpnpiretpicld to afford

22.7 g of the title conmpound (>100% nateri al bal ance)
whi ch was used in the next step wthout any further

purifi cat PREPARATION OF [1R-(1cx. 4, 58)]-Carbonic acid, methyl 4-(acetoxy)-

5-[(phenylmethoxvy)methyl]-2-cyclopenten-1-yl ester (10
To a round bottomed flask equipped with magnetic stirrer and N; inlet-outlet
25  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
30 chloride solution at 0°C. The quenched solution was exiracted with 1:2
EtOAc/hexane (30 mL x 2). The combined organic layer was washed with brine
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PREPARATI ON OF f1R-(la. 4o0i, 58)1-Carbonic acid,
nmet hyl 4- (phenyl net hoxy) -

5-[ (phenvl net hoxv) net hyl ] - 2-cvcl openten-|-vl ester
(10) To a round bottoned flask equi pped with an argon
inlet, a magnetic stirrer and a cooling bath was

charged crude 9 (12.3 g, 39.6 mml ) and pyridine (9.7

ML, 129 nd); &8l (Na)SO,febhded e d: )vaaB‘Sncﬁ&iddﬁlh@& hfi@svacuumto
cooled to -20 to -15C and neth chl or of or nat e (4.2

g, 34affard crudekd GeA3) 8 10076) asdight rpml@ﬂt Hervag ypeskip i neykneaction
the cQuhsefurfbs gyt es. The reaction m xture was
stirred at -15 or 0.5 hour and then slowy warned

to roomtenperature to conplete the reaction. The
rg;ultlng m
at” 0C and ex
m.) . The[(ehaRi ‘ ‘
(200 nm.), dried concentrated in

sodlun1 suwfafe
vacuo, andiofio %ﬁ%m gnagnetis shirrenas dissplved

title, ﬁn&&gmﬁ etfsh 2Ei by h&'ﬁ?ﬁﬁgsﬂidmﬁm odi
t he next Ste H&ﬂoutegny urté#n puritic th? sodm

PREPAlBﬂﬁﬂﬂQ 45z, 60%Raiptral oilidispersion, 12 mmol) was added over 5 min. After

Wﬁg%ggﬁ%ﬁgﬁ@ﬂﬁ@ atropm temperature for. 1 h, crude 14

I f 0 nv43l3k§ 1@ aisol @b mLcof THR) was adiiet ooered Ofuhms khcemmtmpeﬂas stirred
wth an argon inlet, _a na et|8 rrer_and _a COO|IQ%3
bat h }&WHR for 30, gin é:{?f 135 The faphion mixiure

phenyl.subd S ME hdditeidTa &ﬁmﬁe’é atnrSoniaf cﬁoﬂm&unéﬂ @30 mL) followed
tetrakrls(trlpheeﬁgghosphlne)palladlum

ol ) by extration vt t0(2 x 40mith Thesn mﬁomwmb@e was

198 o PR B4 B9GP B0 T Ao yomp o gt 15

t 0 t heecrndedadwmnil (5. K g1-d 00X which evas osedsie the inexitGteprwithotie s
at 0C. 5 .reaction mxture was stirred at 0C for 1
hour Mowed to warmto room tenperature. The
reaction mxture was stirred at roomtenperature for

3 hours. The feacth? n16tu5e was thsn ouen%hequAth 2

hﬁ%a”e/ e% !!%ﬁenﬁg(%[ﬁc}h%lﬂ%% &)}EI%@I !]@%ﬁ;ﬁg!' E%enegtu

organi c ' ne
(sodi um sUlofaabend bottnuted Haskequippedalith magretio stirray was fifsenlved crude

conai @2 g gt P ik Feqt, PpAS B Subbale FA0 8, { oD wes
natenﬁﬁasmﬂmmkﬂm&et&bﬁt&h@hﬁnﬁamﬁmmndmm&éu&mgmswuamneé

100% I ight brown oil which was used in the
st op UHERIE Tk Fech FEhTe W5 CHFERFICh i aiRo @ rotove MeOH. The

o \rfnej{ogbcﬁﬁat@ fwas em%etéa%ﬁfetﬁy@ BOBHA(2% 300mE ) @dRsuked¥mmonium
chloride solution (30 mL). The combined organic layer was washed with brine
(20 mL); dried (N2,S0Q,) and concentrated in vacuo to afford a light brown oil. Flash
colurnn chromatography (1:2 to 1:1 EtOAc/hexane) afford 2.92 g of 4 (73%) as a
colorless oil.

30 EXAMPLE 7




described in Exanple 5. EXAMPLE 8 25 PROCESS FOR THE
PREPARATI ON OF FI S-(la. 3a. 46) 1-2- Am no-

1, 9-di hydr o-9-[ 4- hvdr oxy- 3- (hydr oxynet hyl ) - 2- et hyl ene
cycl opentyl]- 6H purin-6-one (21) PREPARATI ON OF (4S.
5R) - 4- ( Phenvl nmet hoxy) - 5-f (phenvl net hoxv) net hyl ] - 30
2-cvcl onenten | -one (80) 77 To a round bottoned flask
equi pped 2

m xed wit

di chr omat g 4.4k TARTs
mol) with nmL stlrredfor
Allylic alcohol 9 (3.11 g@mﬁﬁ,&@epared
according to Exanple 7) in CH2ClI2 (5 nL) was 5 added
into the flask over S mn After strrrrng for 2.5 In
ats 0C, ) flon] 30 ]-¢-dPhe etfioxs

with HA ( ]fI‘cNa r H&ﬁdmcﬁtff%\l@ uﬁﬁﬁd %&1 an-EP@nQﬁlggﬁhfagnenc stirrer, a

|l ayer was dried (Na2SO4) and concentrated in vacuo to

af f orepoling penggmsopiand arTpii bath wasehasged [AS<1a, 2a, 3B, 509]1-3-

o1 STRAMESRNE Y bbb GG e b0,

51@ T63 inirol rae prepired hﬂlﬂntedrﬂtateeal!atﬁt No( Hhem44yberhimiydorporated by

(a1) BB AN b A R Yo, 0

i Nl et 190 REHE w8 addeld Tt6 the¥alufion dbroBintedpsthtiute. e tdacorgmixture
5.5 mol) with THE (15 nmL) and cooled to -78C. Lithium

tri - swes heated pbe°6Hyml-5 anrs.| Theeating spbtionywas coqled fo room
THF, tg?ﬁg e &d%mlv)ﬂhvﬁéoﬁq PVEfrer saﬂ'ug' {Or Zﬁhmiltes at room

-78C reaction mxture was stirred 8C for 1.
Ilﬁ antdlxuerapherﬂ;drbmm mtmmmwmmél N13¥Bmp), and

. T g i e o b Bl s

war m wih bfind @omrmmr,)em@er(a&dim salme)snn&mcbna-ated oomcuo to afford
t enperat ure _over ni ght he sul t.i tyre was .

wor Kea?-{i o4 He e Gopaind & NG ERL TR S Y e inthe next
ext r agdPeithdvt BnyFfG pufificdtion. The enul si on was

filtered through a pad of di atomaceous earth and
wikshed with EtOAc (20 rrL) t he conbi ned organic | ayer

was drf’ﬁﬂ Aﬂﬂ%‘%ﬁb ﬁ b nﬁ@ i 149phenylmethoxy)-
af f or . Fown oil wa
ethrb pnethil-42 an e

used i n the negi(phén

puri ficat |,Pn round bottomed flask equipped with an argon inlet, a magnetic stirrer and

a cooling bath was charged crude 9 (12.3 g, 39.6 mmol) and pyridine (9.7 mL, 120

25 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 HCI (2 N, 120 mL) at 0°C and extracted with ethy] acetate (2 x 300

30 ml). The combined orgapic layer was washed with brine (200 mL), dried (sodium
sulfate), concentrated i vacuo, and dried under bigh vacuum to afford the crude title
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PREPARATI ON OF (4S.

5R) - 4- ( Phenyl net hoxy) - 5- f ( phenyl nmet hoxvhnet hyl ] -

1-cycl opentene-| -carboxylic acid nethyl ester (7) To a
round bottoned fl ask equi pped with an argon inlet,
magnetic stirrer were 30 m xed crude 81 (3.2 g, 5.5
mol) DVF (25 nmL); MeOH (10 nl) and triethyl am ne

e e e

degaspeificdtibn.nes with CO gas. The reaction was stored
at 1 atnosphere of CO gas at roomtenperature for 2 It
TLC showed no the absence of starti ng material. The

reacti on WappmPAKKY

D}

(50 n); df ugzﬁj%%f% xe ot%?@ ; S %ﬁa%ﬁ%ohﬁmé’t,aﬁﬁgg&e%cmmrmd

afford a
chronnbﬁlgmg;bbmv(a&d&sﬁleetmﬁeﬁnws)g,g@ﬂmﬂolx,l 36 g, 70%

PREPAIH %%?%aw ezéfﬂnsiﬂ BT 1 o

di hy dfc@=@s g um (0.6 g, 052mmol mTHF(BOmL)aI.O“C
(E&droxyne hyl ) - nethv enecycloventvll 6H purin- 6- one

ingipurwas degesgadasing asgon forp few(mingtes. Triethylamine (8.4

- Di rre I

5- f(p ]l%ﬂtt hﬁ&%s&w?%%xope&? - overgltl:%(tmgtmgo“o
ester mﬁrﬁ.l?e)s al0° Tieusdttibomixwre dvak biérsdd a.ﬁ.qm“. ﬁ:pémow'stddaﬂowed to

ni tro%en i nl et was di ssql] ved ound 85 7. 05 £
! S WA (R SHRReAtiES) Theection SURGE I3 L aiigtth gefperature for
was ¢ ﬁ@.!u@ dﬁ@fe%onl}ﬁxﬁ&b% Ql%tquﬂﬁbh@d Mtu RN HEBat@dd¢ 0 mL) and

triethylam ne |(‘h}3 43
AN eritragted withhiexansi aqu@te((bﬂ/mbx 309@@) ef'é« cqrpkjned organic layer

tert- %%@%ﬂ%ne g, Aoﬂﬁﬁaéulﬁm;aﬂdc&dlﬁmtedmvacuoto
nmol ) at eres ['tin ure was warmed to room
t enpeafiird p eechordorsd dily eideey @almagjaﬂ filtftien mas eindiieted using ethyl

m xture S _wor k

(0.5 Tee a8 rfportithe bR w8 gir® g S LoBBpifd (82 grorace
et hyl >100e6)taa b gightcbrowe il (whicR wés seddn the Jextstep. wittivet any further
%ﬁol ne orgam c layer was washed with brine (30 nL),

d and concentrated in vacuo to conpound

22 as a crmeconaésﬂ)ﬁ O bonfdbind SHEBARYT oM Gler ok Rk 7 s
40. 56) 1-4- 11;(i .1 D net hyl et hvl) di net hvl sil vl oxyl -

1( phedrsehedioRyample Ayl | - 2- cvcl openten-1-ol (9) The

above obtai ned conpound 22 was di ssolved in MeOH (30

m.), and

EXAMPIE R
25 PROCESS FOR THE PREPARATION OF {1S8-{1q, 3¢, 48)]-2-Amino-
1.9-dihydro-9-[4-h Xy-3- xvmethyl)-2-methylenecyclo -

6H-purin-6-one (21

PREPARATION QF (4S8, 5R henvlmethoxv)-5-{{phenylmethoxy)methyi]i-
30 2-cyclopenten-1-one (80
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30 potassium carbonate (150 ng) was added at room
tenperature. After stirring at room tenperature for 5

h, the MeOH was renoved by concentrating the reaction
mxture in 79 vacuo. The resulting m xture was

extracted with ethyl acetate/hexanes (1:2 v/iv, 2 x 30

nm.) and saturat ed NH40| solution (20 nL). The conbi ned
organic | With brin 30 ni),. dried.

O350 el nor B okt & g, e per were
yel | omyixed hnth'ﬂacﬂe@lldr sivaes (B ;i pyitinfinl dj‘chxbd:latey(tmb@sho mmotl) and

col unm_chr omat ogr ap 5 (hexanes/ et acetate 8:

371 "ROAHR & Bmbol meCRAIods gleh 006 out e forgh- Allytic

iogp?r%?%\??)etshv gler%%t;%vl Sfl : i# : ;Stﬁ'ﬁxgﬁaéle?')mCHzCh (5 L) was
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PREPARATION OF (48, 5R. henvimethoxyv)-5-[(phenylmethoxyvimethvl]-
1-cyclopentene-1-cartboxylic acid methyl ester

To a round bottomed flask equipped with an argon inlet, magnetic stirrer were
30 mixed crude 81 (3.2 g, 5.5 mmol) DMF (25 mL}); MeOH (10 mL) and triethylamine
(1.54 mL, 11 mmol). Pd(Ph3)s (635 mg, 0.55 mmol) was added into the solution and
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80 added over a 20 m nute period. To this reaction

m xture, N-phenyltriflimde (10.46 g, 29.29 mmol) in
THE (20 nlL) was added over a period of 5 m nutes,
keeping the reaction tenperature below -78C. The
reaction m xture was stirred overnight while allow ng
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brine (30 mL), dried (Na;SO4), and concentrated in vacuo to compound 22 as a crude
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PREPARATION OF [1R-(1 5@)1-4-[[{1.1-Dimethylethydimethylsilvljoxy]-5-
henylmethoxy)methyl]-2-cyclopenten-1-of (9
The above obtained compound 22 was dissolved in MeOH (30 mL), and
30  potassinm 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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(7) (10 g, 26.55 mmol, as prepared in Exanple 9) in 5
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(1100 nL). The m xture was stirred for 30 m nutes and
then filtered on a bed of diatomaceous earth
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25 PROCESS FOR THE PREPARATION OF [18S-(1q, 3a. 48)]-2-Amino-

1.9-dibydro-9-{4-hydroxy-3-(hydroxymethyl}-2-methylenecyclopentyl]-
6H-purin-6-one (21}

PREPARATION OF COMPQUND {48, 5R)-4-
30 1.1-Dimethylethyl)dimethvlsilylloxv]-5-[(phenvlmetho: ethvl]-

1-cyclopentene-1-methanol (16)
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| ayer was washed with brine (50 nmiL), dried (Na2SO4)
and concentrated in vacuo to 5 afford the

orthof ormate. The crude product was dissolved with
HOAc/ Ac20 (1.5 nl/30 nlL) in a round bottoned flask
and heated to reflux for about 5 h. The m xture was
then cooled to roomtenperature. The HOAc/ Ac20 was
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(1 g). The mxture was stirred at room tenperature
for 2midwremss cotied 1oe3°C. dreeping thetempagafure at ~30°C, titanium (IV)

isopropoxide (2.665 mi, 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 -
25  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 fert-butyl hydroperoxide (5.0-6.0 M; 9.40 mL, 5.176 mmol).
The reaction mixfure was stirred between -30°C to -20°C for 3 hours to complete the

() D

reaction. The reaction was quenched by addition of water (45 mL). The reaction
30  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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poured into ethyl acetate (200 nL) and the organic

| ayer washed with water (200 nL), aqueous HCL(1 N, 2
X 100 nilL), brine (100 nL) and saturated sodi um

bi carbonate solution (100 nlL). The organic | ayer was
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vacuo to afford the title conmpound as a crude product
(42 , -98% yi eId PREPARATIO\l O: 35 49) -4-1F (1

%as@mq de selytignit ‘“@Y bd ey

| b %&wmw ity i
9. gslmﬁrmhl ghgmmwweé) Fok 80 Fuis P G5B LT %nalivedof
100 B s B (e A8 SalRs Bk SHs SERIRIEH i Hlrate and

r &S Ul didcided! Rielrganiciay taas msheﬂ ovith- m% mmusmdlmmpw@e (100

Grignard reagent sol n

br onitdle)-20d; F%éﬁ“ﬁ‘g f%‘?‘?ﬂ’r%éti?g H%,%{Yés.]ﬂmﬁﬁdomﬂ]m“
was Geeealr), %ﬂﬁe t50an1Y), ¥iddriRd Weér riddnedies s@fhte Theaoganic layer was
terrperaturefor 30 mnutes The resultin solut|

cool edneeptratp@@, vaguito gits the titjpeo “&H’H%‘gmﬁuﬁ’%} yield (547 as an
chlorgtrinmethylsilane (1.2 g, 11.3 mmol), foIIovved by

a solution of 33 (2 g, 994 mol) in THE (2 nL). The
r¥acti on mxture was stirred at - 78Cfor 1 hour and

at 0C for

reacti on ¥

hexanes (§ ASH-9 8 pithivigtted oyl

i xtur e was flltered throuh b d of dltorm%%%rs

earth (Celit8d STELS ShL ‘ ST
concent r ated, jofind/@fitdthell R maﬁﬁ:@wmldn,emgnewbesmw and
title conpound. PREPARATI 3S-(3a. 46 _}ngnl h

- B neefiwtieg bypdynserieemn ¢hargad Q-peagyipKy guanine (1.6 g, 857 mbiol) wi

3-1( g,}%@ﬁg h@? 3@4 @quﬁ%qqtg )Zwésfb\iﬂéémw{ﬁé &idhension and stirred

cl on one resi cont al ni n 34 was
di ssofoyed. mcm@smmsmmm rA5ameld was adslgd intp the

oLt soien o6 baeddp g7 Rt FoRt Rt S worked up by
aqueoyRniikd Wi RBUHR1 (N80 Ilyand Sitrated with BSOAG(2 0030 mL). The

The resulting m xture was stirred at
t20 1@nﬁmndsvrgﬂ@wmm et SRRl NH T U0 G, iy (100 mb)

{oc@fm WdiRkd § Bghi Bhown solid. This solid
extrg&é@gp‘g\n totﬁ)yet hy g’gtt%te (2 xwgéo m) . QJThe conb gé(zeluted

or ganivas WMMMMM%WW@MO h sics

a yne B0t BT e 318 ¢35 FR00 conéﬂé@%“zzﬁ*&‘géﬂ%‘%%“
yi el dQBtOAE}@EEé\ng (Et &85, 7299)nd 021 g{2nd crop, 5.8%) of 18 as an off

1- Di net hyI et hvl) di met hvi si | vl | oxvl
323 (dW sI‘1"§/1F5"phenl silyl)nmethyl]-2-nmethvl enecvcl opent ano
ne (36) -

PREPARATION OF [18-(1ct, 2B, 4B)]-4-[2-Amino-6-(phenylmethoxy)-9H-purin-
9-y1]-3-methyiene-2-[(phenylmetho ethylleyelo: ol (19
A round bottomed flask equipped with an argon inlet, magnetic stirrer was
30  charged 18 (2.6 g, 4.4 mmol), trimethylorthoformate (2.38 mL, 21.8 mmol),
pyridinium p-toluenesulfonate (0.56 g, 2.22 mmol) and CH;Clz 20 mL). The
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10 To a solution of 35 (1.2 g, 3.06 nmmol ) in DCM (20
nm.) was added triethylamne (0.554 nL, 3.97 mmol) at
-0C slowy followed by nethanesul fonyl chloride
(0.284 nL, 3.67 mml). The resulting m xture was
stirred for 2 hours at roomtenperature to conplete
the reaction and formthe nesylate 1, 8-
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was actdemnmuxturewssstined &9 mmatﬁlapffﬁ%f% é‘g%‘i? “%ﬁw“ml’k“"n
Xt UL & 0RSRLT b ?egctgo%rrﬁl%gﬂg HeQWPH SO ASOEL)| The

conpl I on reaction m xture was poured
i Nt 0 fesulting mixtre wax extracted oGtht EDAC (3 x 40 tdd@asd tersmps organic

LG S A3 P B

br § neafra thetirihethramer Thémgﬂeﬁ:b&mtm dm&oévedwﬁh HOAc/Ac,0 (1.5

Concentration of the o | e

o ndomi 30 ) 6 rew ot Bk g oo S Gor 6 3 R°The mixture
PREP, yature. The HOAcJAGszasremovedby vacuum
4a) | Mh%llumethvleth

1) di t hyl |
il raiiaish ey ek vy e Borevsaredet 14 i By gyiics pd
3 d I f 36 (4.8
(57, Riplaf Rl i G ggabar ec ool ution of 36 (4

qutomed flask eqw pped with an argon inlet was added

lithiumtriethyl
m, 24. JEREEAL I‘.u Y

15 m nut eSme&E:I&eLﬁ : . R
sane tenperatu or hour _and sI

ne
t enper at ur &he @O(Y@ﬁlﬁﬁ@?éz?ﬁeg’ mEaRl) Vet Peggfe%ﬁ&f)’%‘) and
m xtu 1P iutich Mdn&xddde:amkuunemcnon
(10% 5@%@3(ﬂ@;‘% extractedlvvlth et hyl acetate
235 rTL)mxfﬁi'Eewungmﬂomdlba}ﬂ}qua@, fer harpmpledign Eeagti ﬁ?mlxun'e
bri ne q‘s‘%fo and SRIREA by TRk @fttﬁcthylgéme The
Concent? §P¢ organlc ayer I'n"vacuo gave
crude rﬁﬂcﬁ&@wmwm@noems&dgn vaguo SOPYemgst; .og C&IsgNl Ethanol was
di astereoneric r hetltl [
by usiafged teitheresy ?tﬁ’ﬁls‘)]f“; SHURRPS Frléetsg%ra %‘w@%ﬁ% K19 The
acet atr?s’uﬂﬁfé@ﬂﬁ‘@wﬁs]eoﬁedtéd/l) filratibrl. Tt sbhtéwalﬁmscédﬂth EtOH and dried

di ast er eoner, gin 83% YI el d. 6—3 PREPARATI ON OF
[ 28 (mderggghvacuumtoafford 57gof2

4)1-944- [ (e %ﬁ)&{fﬁﬁﬁ By foﬁﬁuﬂmlﬁ%ﬁ{eﬁ\éb@ehﬂ {0Qd®/ bompuhd of formula

(di met hyl phen nyl - 2-met hyl enecvcl opent vl | -
6- |odm1%qmdngmmemm@mibﬂ4)nm@1w ution of 37
(1.6 g, 4.24 mol) in THE (20 nL) in a 100-nL round

10 bottomed flask was added sequentially
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25 PROCESS FOR THE PREPARATION OF [1S-(1¢., 3o 48)]-2-Amino-
1,9-dihydro-9-[4-hydroxy-3 oxymethyl)-2-methylenecyclopentyll-
6H-purin-6-one (21

PREPARATION OF (48)-4-{(1.1-Dimethylethyl)dim: ethylsilylloxyl-
30 2-cyclopenten-1-one (33}
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guanine (1.49 g, 5.7 mmol) and di et hyl azodi car boxyl at e
(0.92 nmL, 5.7 mmol) at - 78C. The reaction m xture was
stirred at -78C for 2 hours, then warnmed slowy to
roomtenperature over a period of 1 hour, and stirred
at roomtenperature for 12 hours to conplete the
reaction. The reaction was quenched by addition of
saturated 15 ammoni um chl oride solution (50 nL) and

P i oy A e
ert-ponu ne etner an ept ane 4] X .

The. SRe&R) 20 b mmRlgrepered dosHer RgHeSIEi s QYR 5+ Mamna,

and GONeER! §AkaMs. 0. BRU%A:A, Q0U€ 60! 1d8) BTRMTb00 ) followed

was puri y silica chromat ography to affor .
t he thytN.N-dimethpletholaminedd 7.9, §43ahuio]).rem-butyldimetpylsilyl chloride (46.1

P 04 ol Fonh kBt 8l of 4-NN dipetylaminopyridine (1 ). The
5- hy dhigHire Radetined biepenahmree Srcddionen Gh¢ 88ytionTeixgire was

solution of 3 1.8 : in. 2 LspVas
addedorEdinpe @W&%ﬁ%@%&%@nﬁ i water (200 mL),
(3. 53gfidous ZT1(TR] 2 x 200 PP BridS (10O M and bdterated badium bicarbonate
resulting mxture was stirred for. 4 hours. MeOH (25

L) eelition @8 amlo T ereria iayFrovps Aried Q¥ mpagneriime sylpie and
YOO Aot P @ﬁgﬁ%é&ﬁ?ﬂtﬁ%ﬁé SRgRRARASs cridb pSaus (443, 598%

nmol ) was the resulting m xture

stirreddat room tenperature for 1.5 hours. Potassium
fluoride (0.85 g, 14.6 mmmol ) was added, followed by

- (DO STLY Hmetayiletsid LT . A .

TiRe resi dug JWaspehdiod siradopeksivth {118 8 48B3GMN6Y i TAB (IAthL) at room

The conbi ned .or&ranl c layer was_concentr t%ggl n yagua

to gitgepesere i 19} mlagmddoremed faskste Pédegé‘? el

yiel eﬁﬁgﬁ% flan %g,'%mn%ﬁ THE debniding mixture was stirred for ~1
-9-14-hvdroxv

9- D hvdro

34hv drooxiprfotnnthe Griznad gagente o dhinendetinny ¢arpgiiDiemides- on

e (21 ' re o : | | irred
hydr %?%%hﬁf °°f%?f1"f¥ﬁ(?'1§\%s 10,8 o BABe) 8 b4t was s

0D PpFihetetieafugofor §®mintdso Whe tesultingpiheioa waseooled to -78°C, and
reacti on. The reaction m xtuyre s. cqol.ed t a

neut raftvas addadgslgwly ﬁyoraamwtﬂwiwaﬂwsz 2 lgmmol), taforitiby o
Decolsghtigh B 107 n{RolPinddHMBSmB A6 readtitinSmittiid wiisthtirred at -

was ﬁeat ed %f@égc for ?mhour . 1O}jTheI hot m xture was |

filt&B8eQ fortriwuyindst B¥Zfonf hdimatoenmemes theapactipn. The reaction mixture
(Celite(r)) .The, resulting c HEN ; _

i S8 FRPe I Jas Tl Raep (a0 B skl RPofflies. The
25  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-(3¢., 4B)]-4-[{(}.1-DimethylethyDdimethylsilyl}oxy]-

3-[(dimethylphenvlsilyDimethyl]-2-(hydroxymethyl)cyclopentanone (33)
30 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




product was collected by filtration and dried under
vacuumto afford the title conpound as a white
crystalline solid (0.21 g, 6(ryield). 15 EXAMPLE 12
PROCESS FOR THE PREPARATION OF r | S-(I a. 3a.

46) 1- 2- Ami no- 1

9-di hvdr o- 9- f 4- hvdr oxv- 3- (hvdr oxvnet hyl ) - 2- net hvl enecv
clonentvl |- 6H ourin-6-one (21) 20 PREPARATION OF (IR
453) - #iftuolonhetiBinemtifouite (h34 J)dindequsoissiormaliehyge (18.5 mL, 37 wt. %

2-i0dqg-2-cyel opent.en- .| -ol (40 j

(0" s’ FhRREEE ity s et oty Biabh ol g s to
L e e DM (100, T
sol ution of iodine g in.. .

The. PATRHEE weBIetDt PRI "o e b CBBinE ey vt s

58l UtjaRa vA trie PE00ZALY, 3Bedbver MasesiuaYn)fata (hitd dotidentateh

a dropping funnel over a period of 20 mnutes, ,I%e

i xt i ercuete drimsss torgive thelcde Hitlcompaund Glddk 37 toteldor 3
hours to conplete the reaction. The reaction m xture
was diluted with tent -butyl met hyI. S{OOthrrL) and

(0.5 N, 500 nine (200 i), ang Aol et 8%l one 36

magnesi um :
!mdv aE ua 90 a%ﬂuﬁéﬂ@lﬁlﬂ% JO\(? gaé:hd!))emlmtldr(g/@m[:)ltngs addseg

i odo- ket one as a_ yel | ow ol i .

To. o eksimine (0.5 SRmeR  Ppe By fPIgHEs by Bistbansntfonyt
inle i tai 5 HO iR Wb htrbdddbi ZiBours at
hept %Hﬁ%@?gf%ég%fﬁggﬂgghﬁ) and MeOH (150 nl) e

and redn temperasitre toowmpleeribe reectigneang forosthe mesylsies 1.8To

this stir oWt ada- .
o S RE b0 45 - 135 B SPaded {Bfo Regton
tiki s pERAteatd Therhdtioh afixtusrodisistivribion B jadwsis @eropg: tgperature to

165.5 ). was .add in portion-wise After _..stirrd

Lhe. CRmBRIehe st d o e igenaRe Yo s B qifid dixie

I eac lohRRiniR SqWesul Blmdoftium Grida Betutiéd (10%425 ail) andbDEdE (25 mL).

30 mnutes to conplete the reaction asétt?&ed ¥iriT g%.,er

The rlidaermeeis lawexay wpaaed and wesded With Frafed, o B’lﬂt@|

et Nylaofidshih E-ﬁﬁ%) COhden@hn ¥R gant Tafer SRbdeta @ the crude title

sodi um bl car bonate and brine. The organic |ayer was

@0i edompemd] D1 gHyAe%ivield.sul fate and filtered on a

sintered funnel The filtrate was concentrated on a

rotary evaporator to afford the desired product 40 as

yel | onRERAR 4 v.i 18 d DT

5R)-3-ff(1.1-Dinethvl eth%(l di nef hvl ihvll
: hvlphenylsityDimethyl =2 -methvienecs

33 VA A = il

ester (41)11‘8%§ 750 BlriA54248 g, 326 BRI T 25

in MeOH ( I'n a’seal ed reactor )
25 mL) in a 100-mL round bottomed flask equipped with an argon inlet was added
lithium triethylborohydride (super hydride®, 24.4 mL, 24.4 mmol, 1.0 M THF

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%,

30 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 mﬂfate.
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(Parr reactor) was added triethylamne (36 nL, 264.5

mmol ) and di chl orobi s(tri phenyl phosphi ne) pal | adi um |1
[PACI 2(Ph3P)2] (2 nole %9. The reactor was flushed

with nitrogen for about 5 mnutes. The reactor was

heated to about 50C and pressurized to about 15 psi.

The reaction was continued while stirring at the sane

20 pressure and tenperature for 5 hours to conplete

t he r Eaentetion dfithe oaganit ilayar Mvatusr gave thesrude bitte nomyuad, 4.58 g in
di | ut W ethyl. acetate (50 glL). .and filtered. . .
or gang 5 isin 5 1 e Eanint et Theliof otmpept N urigdhy woie
over R@RElatMchrinhitigfiphyl Syl Qe@ata/hexanesy(@r4 v/wWeed afford the desired
concentrated in vacuo to dryness to give crude product

whi chdigRtereqmst; ¢ & BBy yieldol urm chr onat ogr aphy to give

the title conmpound (11.6 g) in -81 %yield. 25

PREPARATI ON OF (3S. 5R)-5-(B

enzovPRERARATION OFf1 06 13i00/4 0 ki -
di met hvl si | vl | pxyd <l I &%‘ﬁgﬁ%@%@ﬁ
nmet hyl ester (ﬂg%ﬁﬁ%%ﬁ@%p‘rn : :
mol) in THE (2 ) af-icdéSH-pe-ndaing (38, KEUM

h t hyl di si | azid , . th
Foatl 1 ng o Soliton ot (sbE424 e i pi QrGaP) ipd opppround
sob lut béHdmed ARGANRAHAIEQIRRAN/ trishenPphslPhind PO491E 5. Bmmol), iodo

mmol) was added and the resulting m xture was s

t
for 18uping (49 g FgznmeD rnddisthylzabeatesyie (0obalas- TBmRD -

t enpesap-u b '
TP AR e TH B g o
was h enboini terhpesatoie e peeiod ofibheir samld stisred gt roowa tegaperagme] for 12

brine. The or i.c |ayer s_concentrated j.n vaci

i ynelswty § Bl e releiSh ABreARRR 5% EaEhed 1 AUREYR of Sureted
33 C:idﬁgbt?{éhiggﬁﬁdé gdniﬁog(gg}}inmﬁr th&P %sxgﬁn@mfﬂme temd(czeg viith a
conpoun . g).in - oyield. )

S ¢ AP of T YT T LN B8 RO G 4T P B organic Iayer
f (di nghdytled 36 thahdsium sulfate and concentrated in vacuo to give crude product
ly)methvl | -1-cvclooentene-|-carboxylic acid nethyl

est er whigiByvas musifigd by siienas] sropatogmghicieiaffierd the titie gorappugd in 71%
nol ) iR il'?;lﬁ%( 15 nL) at room 10 tenperature was added
phenledll rge [chl orosilane (8.86 g, 48.5 nmol). The
ré&ulting mxture was stirred for -1 hour to formthe
Gignard ent - To thi ' ppper. (1) o0di de)
(03 g, 4 "u. ] S NLY 1 e I = -mm--l-
Stirred at T oMb aloibifdivolorliaiieting )
resulting solution was cooled to -/8C and tq it was
added sl oo whusien af 3% &g, 24mmel) iyDCRH(23 gnlahis pddsd
THE 15 ' ] S j
(l%%?ﬂg_?)cﬁogg Ea&‘-ﬁmﬂeﬁ% ﬁ%‘ﬂﬁﬂé&k% 53 W5 28 H_Igirlch]eg r&dm

-78C ours to co ete t reacti on.

rZact femperame. Jihe neshitidg hjpxtateovas atidéd foo horrs. MMERH( (26 m) was

and mﬁd‘éﬁ {cl)qhé 12adtion mixture fo 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

30  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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tenperature. The m xture was diluted wth ethyl
acetate (300 nL) and washed with saturated amoni um
chloride (200 nL), sodium hydroxide (I N, 2 x 150 ni),
water (100 nL) and brine (100 nlL). The organic |ayer
was dried over magnesium sul fate 20 and concentrat ed
in vacuo to give the crude title conpound, 13 g in
100% ield. PREPARATION OF (4S. 'SS)-4-ff(li
D rRENA3G: PR ThetchRbisee grep javer was concentrated in vacuo to give the
5 ] (d,aﬂ;;a&%g ngmwgd@%gylﬁag) cvcl onent ene- | - net ha

nol a solution of"43 (15°g, 37.13 mmol) in

hexanes (100 rrL) was added 25 diisobutyl aI um num

stirred for 2hrst t he sa te era : e lo-Grem
conpl ete t%@‘%%@f?%ﬁpS?Hezgﬁ“@&Qﬁ‘ hY‘{E? E‘W 10mL) was
quenc%a%d%’?@’%ﬁér% aﬁflosaas A g?&gfoﬁ’l( e th &ﬁ?}le%@ﬂa reaction. The

L) organi c | ayer ted and washed with

wat er readtion mextuserwiasdodled tocﬁfétandmgut@mml@ﬂﬂm iadditien offhy HCL

g1 va broiEsstee (€5 Eg AR TGS gl Botor 1 hour

PREPATR o@ﬁn%e(vaag t&%dﬂ%&x a bed of diatomaceous earth (Celite®). The
5R) - 3-ft (1. D|rrethylethvl)d|rretthS|IvI)oxyI

2- f(dreﬁétumlem@mtsswmopwétaaned@lwﬂa%l ©vBpgiogystallization. The

a hex e
ol ot PGk PAESAIERGH bl ity fads T uiieyilaln (3 Tl e
was addgdmn@mhtﬂnryunhhpesohdm habYUt EelVPPA, 80%
pure, 27.62 g, 44.68 mmvol) in six portions over a
period of 1 hour, keeping the tenperature <0C. The
rgaction mxture was stirredg@AMPRE 13ane tenperature
for 4 hours to conpl et e the | \
m xt ur e WERQEESHEOQR JHBPRHEARA B b o200 s e
S S e
sodi um hydroxi de ri ne (150
m.) and dried over rragnes&lﬁnﬂ!ﬂﬁﬂleuhe organi c

| ayer was concentrated in vacuo to dryness to give
the crude title conpound (13 5 0, 2% PREPARATI(]\I OF
fH5- (1 a. PR )ON BFf(PR., 4 li[e xwioth it
9-vlI-3-ff(I1- D|methyl et vI)d

met hvl si | yl 1oxv1- 2-f ( di<A U thvll 15

1- hvdr oxyqy&éﬁ&%ﬁb@@@@@@ﬂ@hﬁoﬁs prépie®in Bxangple 11) in THF (100

sol uti on of am no- 6 benzyl oxypurjine (20 g,

ol ) i i e poespeiAck cvap SERcH B polyfion SAGRE (103 g, 414 mmol) n
t en‘pef_)éMJg% Sﬁﬁ %Hn onéﬁ% #}Hg%ﬁ&&i dt9°4. Do thivtdidtion, pyridine

nmol ) as e suspensi on was
S23 1 1 6 nill) was alowtteadied tirough a dropping fnonel ovarte peried of 20 minutes.

3,3'5 n; oAl was lél‘f:l an}red"ﬁﬁae%?ég e\ﬁﬁy%rau;tr‘g fotrlg h%m%% %ﬁqﬁgte the

reaction. The reaction mixture was dilated with zer-butyl methyl ether (300 mL) and

washed with sodium bisulfite solution (600 mL}, HCl (0.5 N, 500 mL), brine (200

mL) and dried over magnesium sulfate. The organic layer was concentrated in vacuo
30  to dryness to give the intermediate iodo-ketone as a yellow oil (56 g) in 89% yield.




20 solution of 45 (13.2 g, 33.6 mmol) in

di met hyl formam de (20 nL). The reaction m xture was
heated at 80C for 4 hours to conplete the reaction.

The reaction mxture was diluted with ethyl acetate

(200 m.) and washed with sodium hydroxide (1 N, 200

m.), water (100 nlL) and brine (100 nmiL). The organic

| ayer was stirred wth charcoal (20 g) for 1 hour and
filtered. Tbheromid hoftamed flack equinp=iwitlpamaigominlel ouagnetis sfifer was

S:ggﬁ% TS crys 51%?3?‘?%}8 nq;éﬁ/l,g(ﬁ%?o gl @em?hkl&?ﬂ{]lsomf‘)md

npatitred atsoonh tdnpetanire fbr 36 nBmges. Wlsﬁhdi sohftibn, the iodo-ketone

TRE.P 15K B o oy e OF i) wh i 22 SRolpe 160 e s cooled

(. I
£ By SRS OB e Aot At

magn StiTingdhe tepetion mixtursiat +5OHE rfor B0 injriutes/ theitepetion yas warmed to -

char 7 . ]

tri mgf]e‘,'t6 ﬂ?/ %ﬁ)ﬂgﬁrﬁaor rm?éer(sé ':Tgmﬁs tofﬁmﬁi%? t}]e 5%%“"&32&‘*5"%{’3' TLC.
r oomThe pgwetidi mixture WaedilhvbiohitlD@rButsi uieaayv\ahmc(am all) addowashed
0C and_pyri di pi ym -toluenesu f onat e was dded

to t RESHALed o @ Rripg- kb AR
90 MplRHRR R hivifa& A dilstel bh ﬁgm@f&f fheHt Thelf ﬁlﬁ'afe%tcb&%ntmted on

m xture was concentrated In vacua to dryness, and the

r esuleiplaty avapnsetpr tp afferddhe desimedprodt 4 weélpmml (&t st Hleyield).
(100 nmL) and saturated NaHCO3 solution (50 nL). The
organi c Iayer was separ at ed dr| ed (Na2804) and
concent r KREFARATIGNIOF §38. SR¥13 i imgthivlsi]

oil. The0|l\i\{a medV\nt e_%grsa%etj
(25 nL) and '

ds ops) aurd atshlams:ﬁﬁulot(mg S2189trhthi61) mqeoﬁqmﬂnmpmrﬁemxmactor
f or &er coolln toroomten‘ggéature t he

exce fagung Shavte dOty mmed 3ad yum

di st

di st "ii,\%l%ﬁ &sgtnpﬁaﬁdﬂlﬁ%hhﬁﬁﬂlidlﬂﬂ ﬂ{lﬁ)gtt@%pr?g#hfw $adklé %?d'l'he reactor
sol utas ﬂuabaé Whtéatttmgcn for plesfult 6 oiuptere rTh rf:ﬁCtor @@eheated to about 50°C

at no r The ..
G ot PR SeRu Bl 15 gt ek o SR Wl sipring g the same
@0 - Pre2sund drdd t&hﬁﬂrht(lfbﬂbﬂ‘si houfs t5 cnﬂa):leteﬁhercm&mnl Tharpaction mixture

The EORBPHENGRAH T oot a0 s ot g ave

conceat wadked with wate, ink anﬁ&{dﬂfdﬂrc&n.i@i&ﬁkm%ﬁﬂﬁte SThd dg@mi layer
(conpound 47). The crude conmpound 47 coul d be used

the Haxeoncemiaddnvame Fraiyness fo e m?ﬁﬁrmct‘gblpb Was punﬁed by

R e gy

ﬁﬁet hvl enec}cl onent vl | - 6H purin-6-one f211
PREPARATION OF (38, 5R)-5-(Benzoyloxy}-4-{[(1.1-dimethylethyl

dimethylsilylJoxy]-1-cyclopentene-1-carboxylic acid 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
30  stirred for 1 hour. To this solution, 1-adamantanecarbonyl chloride (596 mg, 3 mmotl)
was added and the resulting mixture was stirred for 15 min at -78°C followed by 30

C
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To a solution of conpound 47 (1 g, 1.67 mmol) in DCM
(10 nL.) was added tetrafluoroboric acid-dinethyl

et her conplex (0.45 g, 3.34 mvl) at 0C. The solution
was stirred for 2 hours at OC followed by 14 hours at
roomtenperature. To this solution was added
sequenti al |l y, potassium bicarbonate (10 g, 10 mmol),

30 potassium fluoride (0.58 10 mmol ), _and a uequs

hy dr cuishtes et oRIndempeSTULELO COBP qgte therrpestion | The fepction guigture was

ol ) g i $i8ABonate soluti
t enper a@%%@‘&%%m%e rvglgg%dgé]n mxture was
conc ewdteragmetbring. The upanit kayer wasicdneentipied in vacis)tordaynepstegive the

fyfgpmée%@«?ﬁtgg‘i?“gﬂt t|tIe g&fﬁ% E&g&%%g@et&uﬂe

[ 15S- (dompoaﬁamg)a:mwmdl
9- di hydr o- 9-f 4- hvdr oxy- 3- (hydr oxvret hyl } 2- met hyl enecyc
| opentvl |- 6H nurin-6-one (21) 1] 5-(Acetvloxv)-

PREPARAT! i kR A FaSi OFa@s | -Bafethl@hyDdimethylsitTjoxy]-
44(acetv| OXV met vl ro- H-cvcl openta bI f.i uan- 2- aster (43

(3aS, 6aR)y _ I} in THF 15mL at
tetrahydro- Zaf—f'é@mflgggg&aﬁef?mr é%sf’%snfémmo)m 85 ( oo
nytol wmpapmeﬁamldethﬁmnylﬁmmbthﬁqmﬂmﬂlbye @-85@, 48.3 ml:%‘&} Thc

glhglcinrgf“}ggs @’fﬁgga 1) uﬁnﬁ%@nc%&g%e%&mt To this

g o
(4 g)roomigrmpeniye foh3 Q/\ﬁgnuteéoﬁgfe‘i‘??ﬁ%%%f?‘? Igﬁ’ ? %fec and to
[ es! GGV @iedRRl ¥ el o bl %agzhahﬁn&n’f@u@rmmﬂ»e"fhe

sol ut1ton was washed wth saturated sodi um bi carbonat e
sHl utdeastion mmxturmasg&med eh+G8%6 foo 7 horrs toeprenisie the rqqq:gon. The

220 8 P YD O L oo

conc e crude proau
) Tthﬁnp&auﬁe Thieaslisiaire mﬂﬁdpmh éthyldicéiste €300imb) agdwashed with

z:gl Trm chrormt ographé &O@L eogfgglel&ltg‘é‘gl giﬁﬁog?u?%m)’“’at"r

6aa) 1¢ )AQ&BI’:&;_{W@&Q, ¥VTHe organic layer was dried overmagnesmm sulfate
(hydrox)rre hyl ) - 2H cvcl ogent a%amfuran 2-0n %@d}'ﬁﬁ 1
2205 ol andi concenirase in Agu@togivedhe Fre itls ?P%BPF%(I s 352

was added potassium carbonate (15 g). The suspension

was stirred at roomtenperaturefor 3hours To_the
suspensi ORAREBA N g Ddpmgthylsil

resulting s “iféxrh?éﬁ?xrfghenylsim)_@mﬂ}-1ﬂclo@tme-i-meﬂlami (44)
To a solution of 43 (15 g, 37.13 mmol) in hexanes (100 mL) was added

25  diisobutylaluminum hydride (113 mL, 113.4 mmo}, 1 N in hexanes) at -18°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

30  sulfate. The organic layer was concentrated irn vacuo to dryness to give the crude title

compound (13 g, 100% yield).
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was filtered through a pad of di atomaceous earth
(Celite(r)). The filtrate was concentrated in vacuo
to give crude product. The crude product was dissol ved
in 30 MeCH (15 niL) and to it was added diethyl ether
(100 mL). The resulting suspension 93 was stirred for
2 hours at roomtenperature. The solid was filtered to
give the title conpound (3.62 g, 54% . PREPARATI ON OF
(3aS-(3aa. 4a, 56.6aa)l- 5d((1 1-Dimet hvl et hvl) 5
dlnEthuIsIIvIonyI 4 f[[(l

ARATIONEI Y R\VAd

cyclopen&
51(4.1 g

di i sopr opyfcea Mear(t:m;, s&i?re&éolﬂuoﬂota (rmg,l3)7.23 mmol) in MeOH (50
4- N, N-di net hyl am nopyri di ne (0.41

t ef t - BN Ry Wmm@nmrpm@ﬂ@% @'ng"A POVupvgY $2 8 44.68
The r ty o
tenpe&Q%Ungfgb&%%g our?m%gkglﬁggg ﬂﬁﬁﬁﬁgg rke d'ﬁkc'Ihe
by waghétiog mindutdwads. sirrbdl #iGhe saineGerhpesasutic don 41@@&{1& icogplete the

d br | ut t
Vacuo By TB TR e v B Wb oA RAR 8 B i yastes
on Si itk SaturgRl sotiind gm&ﬂw@wﬁﬂ) abmwe((o.s N, SZ/le)SO mL),
to give the title conpound (7.8

29
PHEPAOR (£50 1oF) andrdried qver pagnegium umn Slifate. The ofganio layer was
Sa01- Gsolckrtrhted il dPES h)V J&é’ {o)give the crude title compound (13.5 g, 92%)
di met hvl si | vl | oxvl - fpdlnethvlethvl)dlnethyIS|
vfloxyl methyl | - 5- hvdroxvcvclopentanenethanol (54) To

a susp g;g 3:9 H ﬁg gzpz % alcl 0TI
S)-(+) 2 BREbRR A E ﬁ%l’-(} 3 Sﬁﬁoé ?2(]? il ﬁ%% (be%zogv’lox% 9H-purin-
nmol ) i9ayiTR B {D]ﬂk wihs!éighalehatis§ A thyl 1sily] th
hiéanethyld|3|laz|oe_ ' '

C. The reacti o=

I't was thery, Qé&ﬁ%%@z%ﬁﬁbwﬂnéﬂ yiihl)mé(lZOg7§ﬁnﬁ|m) ui o
the m xture was added sodi um borohydri de, (0,34 % dc
mol ) diseiiferamaaifei0 mbatoem toRRerHATe RS af‘GPdrltS‘b‘H?l ydrde (04 g,

t enpesh e 1ARd (sﬁ%%ﬁlroﬁg pg%n_lTﬁpéﬁE%enth Was stﬂféﬁraﬁﬁoin%ﬂperatme

ethyl acetate washed wi N sodi um
hy dr ofor ddor3 akwhich pdiyt,a dear etdutme;rasmsesm (i thig pelution was added a

co entr n.,yacuo
28 er REATCRCE A5 62 £ 9B o f BnkEcimaiddtBo i) e roaction
dl Ss Oﬁzmﬂ‘e was Mekdd a(t 8@’01*9) 4 bévtls iadotiplefdtherkdaction] Tht heaction
resul ting solution was added sodi u riodate (2,14
10. 0 PRy wan dilytedwith ety acetplg ol e?t S@ﬁ‘“ﬁd’%’mm
1 houp @ta 200980 HAERGOGYS fd &&e(mwﬁwq*h UdyREhwas stirred

into ethyl acétate (100 nL), washed with water (50
n), with e@r@abmsbﬂzr & o Aot Siltered 3Bhefiliratearns sppceniralef it yacuo to

V3£ UOaL QesBto ' ivd HiachrbifliSe B0ALNY Phe Ll R FhforysifftizedHom

resi du
MeOH to give the title compound as white solid (8.8 g, 41% yield).
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was di ssolved in MeOH (10 nlL), and to it was added
sodi um borohydride (0.227 g, 94 6.0 mm 1) at 0C The
reaction m xture was stirred for 1 hour. Colum
purification of the crude product on silica gel using
et hyl acetate/ hexanes (1/2 v/v) gave the title
conpound (0.68 g, 709@ 5 PREPARATION OF F IR-(la. 2m
3l I ' idlmetthS|IvIony1%1

FHf(1 1-

acetate ester (
nmol ) in DCM(3

p-tol uenesyl gg& ! £@EEMd 1
The reaction I% m Xt urelﬂg\/\g% rre%mil omt en‘pe"gnéjt ur° e

arfd sinlet/pwlt fray clidfpetl compoundd6t(he7 g,%ﬁtﬂobnmnmthgﬂcbrﬂ&fm

el e e o

for 18 0RO uAdpyridiniiiA p-tHRH ARG fdnteqS Blgh Was AIRHE fie6oltion. Th
m), washed with 1. %_N sodi um hgdrﬁ%ﬂxl de (2 X 2e smn, ©

br i neFeposign FbytTe Fras Snpedio roers (rmperature pad firrediayernight. The reaction

oo 5 B i e s

A1) 1-with ¢thyl acetate (J0Gmullyand sanBaid NabIGO; sbhutibh (50uhLB-The okganic
f(1

1 G BTy ROBSh e NSOy s somAeREr g ot bt
el ongrtlawmoll. Ths)il wanmixed @shmteixed%s adetid buHyOri&SE 5guL)Yand 8§ catalytic

O b s B b 2 AP e, et St Sons st Tt for

1, 8- CiIOEhZ 2lice y6dimg fo thofd] tHﬁH&EtuFe‘ 8 RxcedPadehid ailiridel Hﬁs removed by
HSSUHI ng m xture was heated to 100C for 2 hours.

xt URenpdstilagon. apd the WW%WMWW?@HMM) and 4
addedy et niibnTo Th%ﬂo&%%ﬂﬁm dﬂl nd et%ﬂ?gen

hours at room tenperature. was poure
acet #imospha@oyemyight. Tae N&'@H\mmemo@ed\by—mwnm 2 m;qlutxon was

2 E) In 2 g‘n%‘%g’féegg i g{/%fﬁﬁbf Ur @ﬁc(gm n 5 Msitff Eegulé%g suspension

chr 0 et °W@95W1Wmﬂllﬁ@hy1 002BL)a (Rt abrabinex enasic (abePwas dried
é/ A%ﬁ# ﬁ t ’If t ’lj;%‘t%d? WQ’O s d 01% tglck senﬁ-sohd 0il {compound 47).

46) 1-T8e ChHOEEnfhuhd 47 E&uld lle ﬁ’dem B bl Pdclion without further
di met hyl silyl | oxyl -3-f f(1

1- d|RB?@WP@%hyII)dlnetthS|IvIonvInEthyII-Z-

nmet hvl enecvcl onent vl | - 9H Puna- 2-am ne (57) 30 To a
suspensi on of 56 (120 ng, 0.32 nmol),

trlphen’xy’-a” I BASH1 40 Eﬁhﬂnﬂﬁ»‘94Mmﬂny9$¢hwkux%

? mwgg 69 5J11?Y_ Rvir I 108 vqgliecﬁ%lo%nmﬁ-bunn —one 21
To a solution of compound 47 {1 g, 1.67 mmo}) 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),

30 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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added di et hyl azodi carboxylate (111 ng, 0.64 nmol) at
-20C. The reaction mxture was stirred at -20C for 1
hour. It was poured into DCM (50 nL), washed with 0.5

N sodium hydroxide (3 x 10 nL), dried over sodium

sul fate, and concentrated in vacuo. Purification via
silica gel chromatography gave the title conpound

(0.11 g, 63%. 5 PREPARATION OF [1S-(la. 3a.

4U- 6- £hh P6Q: e Lo Mitxdurk *ME' Edhtetlateddn vacuo. The residue was

nmet hvl enecvcl onent vl | - 9H- nuri n- 2- am ne &39 To a

sol ut teemystaliizatiiqm atenty, aﬂ‘@rctathquﬂmn}pqund i8R Mg 36 yielhis
added tetrabutyl anmonium fluoride (2 niL of I M
solution in THF). The reaction mxture 10 was stirred
at roon1tenperature for 1 hdﬂ@uﬂILﬁias poured |nto DCM

((£I um suws\gﬁg&w ‘i) :!

title conpoupdlydrE9-[AL: o, RERARE Pinéd e
3a. 40) 1- 2- Am no- 19-dI ydro 9-14 hvdrox -3 15
(hydroxvnethvf-Z-netthenéﬁﬁﬁﬂﬁpﬁﬁﬂyﬂl¥6kknurln-6-one
(21) 39 was converted to 21 by the procedure described
in Exanpl e 11. EXAI\/PLE 14 PR(IIESS F(R THE PREPARATI ON
OF [IS-(la. HREFZ f : 6. 5-(As

i hydro-9-[4-h drox - g ) 2LV
cygnentvll- EHpcatyloxyimethng lexanydio-4 Ae\mv
(2- Benzy| OPy4"E00 mL round bottomed flask was charged (3aS 6aR)-3, 3a, 6, 6a-

hhyl - 6- oxa- bICVC|O[3 1.0 hex-3-vlo
but vI HRhyEEnZH-syqlepsalapfyan Jrened (3 éégy-;fl ROk pEPparsd asdescribed

sol ut h%rsgveé@zl QUM éhé%?tlbﬁ 33 643)’ W&Bﬁd&l@d@é Dg), 2Beifl acetic

nmol ) dded to a solution
of D\ (30 rai, gxd c@n@nmm sulﬁmm@ lonk). {hg npiatugs wagdheated to 74°C

) tor s " SO BBl ke 0 B A58 s

t enpetortbént@ted Thecid aditherevidse was digselvedin atid avetate (200 mL) The

tenperature for 16 h, The rea .ti n S nched

wat er® i‘gﬁ’nﬁﬁ_af gg{ths%‘taaéeg q{lﬁw Isglut[on tl.\fvI no gas
acet ARy 338 olisrved. HRMbridalc phhftowar @R bﬁeﬂs@d&ﬁh s\lifie and
separated, washed wth water (80 nL and hal f

satur%ﬁ@@“@#ﬁﬁ®W¥ﬂnmqageﬂ@ﬁﬂymmppgﬁx gkﬁﬂscn@ﬁ?m@wﬁvﬁm
RS el 9 Bt BBy Birofiolobltlo fROVMY thilifl onfifuBlels 1 g

ve 4.85 of desired product
83 as3®m. oi | . PREPARATICN OF [3-(t ert But} | dinethvl

si | anvl oxv) - 6- oxa- bi cycl of 3 101hex-

PREPARATION OF [3aS-(3 5B, 6ac)]-Hexahydro-5-hydroxy-4-
droxymethyl}-2H-cvclo furan-2-one (51
25 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 ethy! acetate (60 mL). The resulting suspension
was filtered through a pad of diatomaceous earth (Celite®). The filtrate was
concentrated in vacuo to give crude product. The crude product was dissolved in

30 MeOH (15 mL) and to it was added diethyl ether (100 mL}. The resulting suspension
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5 2-Al -nmethanol (84) (R =tent-butyl R CH3) A mixture
of ether 83 (2.0 g), and 10% Pd/C (0.5 g) in McOH (45
m.) was stirred at roomtenperature under hydrogen (1
atm for 3.5 It The mxture was treated with ethyl
acetate (60 nL) for 10 m n. The catal yst was renoved
by filtration on diatonmaceous earth (Celite(r)) and

washed VVIIh th | acetate (40 m.). 10 Conc tlon

Cho. f PR PSR Fof A RS BB EREAERS PR Al ol fe R EHVE o title
the progpsubd gpgzgsa%bl ca gel pad provided 1.39 g (95%

of al cohol as an oil. PREPARATI ON OF

. Tol uene- 4- sulfonlc aci d

3-(tent-bu
d hex- 2- vh?%

Rd5-CHalB3eth V|1 Hdiethn i ilylloxylmethyljhexahydro-2H-
p-tol uenesul fonyl chloride (1. _ . € Dl ) in DCM
(10 nL) was slowy added F ottt al cohol 84,

triethyl anTcﬂ@mﬁs 1oﬂof§11(|2)5.8 x&ﬁgl) nﬂyﬁﬁi (40 1) vébs adddd N,N-

mml in DCM roomtenperature. The m xture

fs‘JﬁOPtoeﬂe vlatnat?r{? ﬂ*éadér"ammola 4-{N-tignethylampingpynine (0.41 g),

\gﬂnfjhbrl ne ?ZW% P?%dﬂ?%wag{m&(gncentratl on)mewas

o0 t hsiresd latmoooytemperhtingfort 4houps. (he reagtioromaswaerkedsus hycwashing

e o TR SOV AR byl fabf Hipd e b b v

But vl ecticentdated|in tausret give the exadopradinit C ColvafnThionidtdppaphy 25 silica

3yl I 86, R- - - [ P ,
¢ but e Tigtte bt (T Y s R s TR 2
of tosylate 85 (5.2 g, 13.0 mmmol) in THE (100 nlL) at

0C. After stlrrln at OCfor 1. 5 b, the m xture vvas
t¥eat ed wi tERERABAEIONOB [1R-(1o. 2Bcihd il

M, x 2) anddER

Concentrafl o
al kene 86 as an 0|I

tert - But d| me 1
(2 yl - 3- met g#e(ﬁ%ya%g)gy%@%yg’f é%gﬁé)%aﬁaﬁ}}formmnﬂ)
Rd Cl-ﬁaazfidbtut(ty% g Wsmmsghmﬁmmd:ﬁwwhé addedsodane, 4.8

mmol ). was sol ution_of 13d|th|ane )

(%’ 5 f&w%hﬂﬁﬁﬂaﬂder@ WIIE’f(I’M spiusion in BREF) A oSy Cn T Egepn mixture
The 2.dhX LSREk r
and t"ﬁen c%%ro(?dvgﬁ%u%g{‘%ﬁgh%bqoé%ﬁé%l uti oG’ﬁ 5%1: ' '}8 Candto
addedht muau@cwas tad@d s@daunalbngdhgcpwe; @3435 902nBok), Tll_Oreacuon mixture

gzml_) [ n THF g&%}w ﬁg‘?‘%ﬁﬁ""gg rqoﬁ((tuyrﬁw\@lggous:g&rredmyl
acetate (100 mL), washed with 1.0 N sodium hydroxide (3 x 50 mL), dried over

25  sodium sulfate, and concentrated in vacuo to give the crude triol intermediate 33A
(1.1 g). The intermediate S3A 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 mixiure was stirred for 1 hour at room temperature. The mixture was poured
into ethyl acetate (100 mlL.), washed with water (50 mL), dried over sodium sulfate,

30  and concentrated in vacuo to give the crnde aldehyde intermediate S3B. The residue
was dissolved in MeQH (10 mL), and to it was added sodium borohydride (0.227 g,
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roomtenperature. The reaction was quenched by

addi tion of hexane (80 nlL) and 5% aqueous KH2PO4
solution (70 nmL.). The organic | ayer was separat ed,
washed with 10 brine (60 m, x 2), and dried (Na2SO4)
Concentration of the solution foll owed by
purification with silica gel chronmatography gave 3. 06
g (88% of dithiane 87 as a white solid. PREPARATI ON

OF 4-d4¢ ﬁhiol)%%%d - FieTichYh mbiohrd Rk @myé&fzr hmrroumdpuhﬁcanon
15 3-neth ene-cycl opent anol (88) =t ent

RR- CHF ih omidetprdactoin sificeigebusingsthy] e ’W pave the title
calciu 3 g, 13 mol), and |odorret hane
(2.4 mp%%{diﬁm%;dln acetonitrile-water (94:6, 8 nL)

was stirred at roomtenperature for 16 h. Ethyl

é i - ‘Fv SIAE A" @ B
sul fate. w :
Concentratlono the fi

al dehyde Ulirmevipasnig Mglsony

cooled to r | ,11219(:M(g v?asﬁ&mald dine (1
was addedjgtc‘i%ﬁgghgf%?@ %i??éﬂi\;\o/alg sti rretl‘jﬂgt 0C fozpyrl o
h. ThaL), mﬁmtulmemﬂbnjquhlnn&sa@ 3ig b 73D8mlhat&f"§d1h%1{9@&9§

KH2PO4, sol uti on mL nd er

rgﬁo W&WEW ’E?)ﬁq?ﬁtﬁl@ aecall}fljrgn & aqueous é@%ﬁcﬂm
was  ZRixaxé wadidaed dem lmll), adetaicankyididetl mL)zat rodih ¢emperature.
conbi ned or.gani.c

ayers ri ed NaZS

Conc eHtergacHgmggture s sgr gf{%]r?dl? d’i’to foylgeptate (50

Wi th 1 WahedSlith 1%%8@&&&&@% gngo am,;, biide (B)i24.), dfied over
the di ol 88. PREPARATI ON Acetic _acid o
2- ac sodingrauiihty) aud cnyesnisatsd inygeu.trafier thaitlesompopd O 56 & 77%)-
epd er (89) (R2=CH1 98 Acetic anhydride (250 ng, 2.5

ntol ) was addedtoamxture of dlal 88, DMAP(lO .

DCM (5 , ,,
3 h at EH
treat ed vvl—[t(,h1 JORNAA @fsg.@) s”ﬂg)g5 0. 88 Molﬁﬁdtﬁt&ylfo&nm:jd,e (tamﬂ) was

hal f saturated 5 b |
sZpar%Egﬁrtﬁuésme&é?w B0 e A PRI Qe 7-eno

o, t ]]gamew
a%lpc(rj{}tc)l bl S- acgt&g %%rh%g |§2cﬁ€bg§:hig%gTﬁga(lo =
m.) . cbeted adtvioyl temperatiuterantl iteii wias added REFCHHHOmL). A} migture was

added to .the solu
tenpeﬁ“ﬁ'f’%fc\éqikf’?r&at Ipofp tepperatie, gt‘?ag ﬁ&r?l& X g%ﬂeyl acotate (100 mb),
tr eat @skhvd with et)hyHca(:;e;t 20 &L§, 2020 rah)ddmdnhwemﬂ:slhmmulfate and
with brine 10 (15 m 2 The,.aqu slaer wer e

bec k- RPTEER s TN %{II%FP St silich gl Bppstoaphy uSing ethyl
25  acetate/hexanes (1:2, v/v) gave the title compound (0.18 g, 52%).

PREPARATION OF [1S-(10% 3¢t 4P)]-6-Chloro-9-{4-[[(1.1-dimethylethyl)
dimethylsilylloxyl-3-I17(1.1-dimethylethyl)dimethylsilyl joxylmethyl]-2-

methylepecvclopentyl]-9H-purin-2-amine (5
30 To a suspension of 56 (120 mg, 0.32 mmol), triphenylphosphine (84.5 mg,
-0.64 mmo!), and 2-amino-6-chloropurine (108 mg, 0.64 mmol) in THF (10 ml) was
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The conbi ned organic | ayers were dried (Na2SO4)
Concentration of the solution followed by
purification with silica gel chronmatography gave 255
ng (96% of the desired alcohol 89 as an oil. 15
PREPARATI ON OF Acetic acid

2-acet oxvnet hvl - 4- (2- am no- 6-i odopuri n-9-vD

e S BBy S8) P ol 30 R 7 5 Pl reaction mixture

tri phesydRBeSRRoTerot iﬁzmmwas%oa%drﬁwbm 500nL), washed with 0.5 N

6-1 odo- 2-am nopurine (115 0.44 mmol) in THE was

cool espdivm hygioxidoRAR l@grﬂ.,)qgnedpvgosom sang] coppaptrated in vacuo.
R0 P ftickif Vi S 80 ML G0N A 688 CoipoiE ) 21 g63%6).

h an erature
mXture was treated wth ethyI acetate (9 rrL) and

fil
concoREEEERAHON TS

ll v ,,‘, D=\ THOTO- ] A C €
was treated with g%mwuw@ (4
m.), and hexane ( ueous | ayer
separ at ed.Topnsolution gAAT €180 meep %@%‘Fm %)mrrszdrk?d

ne ut r af""lm? %%Hé%gp e o AANERMRioh 3 BHE). Zﬁle“i@&tmn mixture

o pH -7 and extracted Wt h
etthy | wascstitrad et 6@ tamiperab@re forll)houdl Hie weo pdirescisitodP Ghi({58 mL), washed

cr ac i BEELE A -G ot PR SBEEierhfFao o give

chrormaﬁgwﬂﬁpbuh@(ﬂarmgrsm)ns gy (85% of 90
cont ai ni ng sone tri phenyl phosphi ne oxi de.
Crystallization of the crude product from et hano

gave 132pEARMADNVF ASS( 98))-BAmble1 9l{phydroxy-3-

fornul a can be conver to t e co ound of fornul a
215 by hydr ofhydioxyméthylha-mee )

exanpl e, W4t 15@?3

al koxi de. %&m%ﬁﬁ%ﬁ%&t& &u‘%tﬁlga%xg%éaﬁ#?d ro %‘é’ le 11.
provi de the conpound of fornula 21, accordi ng to t he
procedure described for the ﬁ;@fﬁtﬂ@on of conpound of
formula 21 in Exanple 11. d above,

publi cati Wﬂm—

to 5 patents and patent appli is
steci fi catldbfilyge-Op dshydroxy R pREN

their entirety in the entlﬁgﬁﬂngbgpgqgted as if each
i ndi vidual publication or reference were specifically
and individually indicated to be incorporated by

ref er engephe 1

i nvent i0 T
preferred 10 enb buliyhé

et err ed & éﬁ%&faﬁatﬁr@e%&&g%ﬂ%@ r¢z}§ °%53% ol e
IS i nt1eRsie)avak Bl dded to a solution of DMAP (0.25 g, 2.0 mmol), mdazole
(3.24 g, 48 mmol), and 2-benyloxy-6-oxa-bicyclo[3.1.0Jhexan-3-0l 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
30  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 (Na;SO4).
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i nvention may be practiced otherw se than as
specifically described herein. Accordingly, this

i nvention includes all nodifications enconpassed
within the spirit and scope of the invention as
defined by the clainms that follow For exanple, it
shoul d 15 be understood that the reaction steps set
forth in the appended clains need not necessarily be

perf %:gﬁgn&aﬂoﬁ 0RBAIEY plrlicHibCRit HBd @Pfaamatopaphmee 4.85 g

skilled in the field “may be able to vary the order of
r eact(Pd¥) of dosized prodiict 8hasamiof. certain reaction
sequences nmay be perforned simultaneously, such as,
for exanple, protodesilylation and debenzylation, or

t hese PRARARATION OF (BdrencBitulrdimethivksils athigyelof3.1.0
W t hout 20 departi

hex-

imvention. It is i|fEeraernas(d 3 100

alr e encoggsgﬁﬁ,gdrCLAlewfl\)’Subbﬂ'Th 31(!3_35 Q,(‘@pe{)%ff;&{h @.agpiaml {45 ml) was

cl ai ns. e i.nvention_cl aj LSiel. .

o ot Geieed o rop e ARG PP SER\T > i ThE e wes

for Mul 2} witt @yt hletdfs (60 ) for (FDn. Thé catallyhtlwas'rddbved by filtration

conprising: (a)treating an ester of the formula m_sex
V'w  swhéisteinaceds ¢asthdCELiE®) aridaraghed with ethyl@getate (40 ml).

| nh | . 1 ..t | k i <& Syt a on
o1y ) Comfiiiof ot s} ftste {Bef it RIRIED by lrificaiondof e ploduct
enol ej BiRéa @l palRbaacl BINE G3%) oF slcsim] B4 at il t he

hydroxy group, followed by treatnment with a hydride
reagent to reduce the carboxylic acid ester noiety,

and t hateEd KYTRIN 08 TolR@nd-2sulfdniditidd-¢efbutyhiinetey]-silanyloxy)-
benzyl al'1dé and renoving the enol ethﬁémQ oXxy

protecting 6-oxa-bicvclo]3.1.01hex-2-vimeth
15 (Re=tert-butyl, R=CH;, R’>=p-methylphenyl)

A solution of p-toluenesulfonyl chloride (1.12 g, 5.9 mmeol) in DCM (10 mL)
was slowly added to a solution of alcohol 84, triethylamine (2.1 g, 21 mmol), and
DMAP (0.12 g, 1.0 mmol) in DCM (25 mL} at room temperature. The mixture was
stirred at room temperature for 16 h, treated with hexane (60 mL), washed with water

20 (25 mL x 3) and brine (20 mL), and dried (N: 4,80;). Concentration of the solution
followed by purification with silica gel chromatography gave 1.91 g (96%) of tosylate
85 as a white solid.

PREPARATION OF fert-Butyl-dimethyl-(2-methylen-6-oxa-bicyclo[3.1.0Thex-
25 3-yloxy)-silane (86) (R°=tert-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 % 2), dried (N2;SO4). Concentration of the solution gave 2.75 g (93%) of
30  alkene 86 as an oil.
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group to give an allylic alcohol of the formula x
FO. k (b) epoxidizing the product fromstep (a) wth a
di aste- reoselective epoxidation to give a

cycl opentane epoxide having the fornula Fox tl (c)
treating the cyclopentane epoxide fromstep (b) with
an alkali metal salt of a purine conmpound of formula
r n whereighpb i < .

compound
elimnating 2

e €0 A A AP i pel s
hydr abl#ion of 1 Bﬁmbﬁﬂ@g £1DmAPinciRF @D it B¥C {ReY nitrogen. The
al cohol of conpound 94 and transform ng the sil ane

mdi etmyxpe Mmﬁ@t ©qmttemperifyrioni/h amd ety copled to 0°C. The above

ngt %?ﬁlﬁl Jéé)&pgilo%ﬂ( a%ﬁgd 3% sgl%h‘l):? o vmﬁej%x}/d% 88 (fg £ mmoB in THF
(40 mL) at -30°C. The mixture was stirred at -30°C for 3 h and then warmed up to
room temperature. The reaction was quenched by addition of hexane (80 mL) and 5%
aqueous KH>PO, solution (70 mL). The organic layer was separated, washed with

10 brine (60 mL x 2), and dried (Na,SOy4). Concentration of the solution followed by

purification with silica gel chromatography gave 3.06 g (88%) of dithiane 87 as a
white solid.

PREPARATION OF 4-(tert-Butyl-dimethy]-silanyloxy)-2-hydroxymethyl-
15 3-methylene-cvelopentanol (88) (R°=terr-butyl, R%= =CH,)

A mixture of dithiane 87 (0.60 g, 1.7 mmol), calcium carbonate (1.3 g, 13
mmol), and iodomethane (2.4 g, 16.4 mmol) in acetonitrile-water (94:6, 8 mL) was
stirred at room temperature for 16 h. Ethyl acetate (10 mL) and hexane (10 mL) were
added to the reaction mixture which was then dried over sodium sulfate. The solid

20 was removed by filtration. Concentration of the filtrate provided a crude aldehyde
which was then dissolved in ethanol and cooled to 0°C. Sodium borohydride (120
mg, 3.2 mmol) was added at 0 0°C. The mixture was stirred at 0°C for 1 h. The
reaction was quenched with a saturated aqueous KH,POy solution (5 mL) and water

(5 mL). Ethanol was removed by evaporation under vacuum. The aqueous layer was

25  extracted with ethyl acetate (15 mL x 2). The combined organic layers were dried.
{N2;804). 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-

30 3-méthvlene-cvclonentyi ester (89) (R’=CH,)
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XVl /, 1']Oand (f) hydrolyzing the chloro or iodo
noi ety X to provide the conpound of fornula 21; or
(d'") when X is benzyloxy, elimnating the vicinal dial
of formula 78 to formthe nethyl ene conpound of for-
mula 79 00 NNNr; 9.0--.% N ~ RRbrSr-vv and (e')
hydr ol yzi ng the benzyl ether noiety on the primry

al cohol of compound 79 and transform ng the silane

moi ety 10 Aoehy SHIQUNAIRECY, X5 Amidl VR dEaed ti alikare hdibl 88,
oxi dation, to provide the conpound of formula 21; or

(a") RMAE A0 22808 mundd)s eud trighylewing (P60 we 34p mepol) in DCM (5 mL)
di ast itz §%lﬂ .u}ﬁeteﬁgfﬂ&fﬂ.ed AP R the reacti
reduc |§%? t 3?%% a cyc obentaggagﬁkgﬁﬁgpﬁﬁthgethe o

f or muhixtk® Y2y Reat WBRIRxar@H{10 mily), ethyl @etath(S)mL), anshaffgaturated

N L R N ST

gi ve mLY); efxparisddNaiSOMr Catlcentration of the solution gave a crude bis-acetate
which was dissolved in THF (10 mL). Tetrabutylammonium fluoride (TBAF-3H;O,
400 mg, 1.3 mmol) was added to the solution at room temperature. After 1 h, the
reaction mixture was treated with ethyl acetate (20 mL) and then washed with brine

10 (15 mLx 2). The aqueous layers were back-extracted with ethyl acetate (15 mL).

The combined organic layers were dried (N&_;SOQ. Concentration of the solution
followed by purification with silica gel chromatography gave 255 mg (96%) of the
desired alcohol 89 as an oil. '

15 PREPARATION OF Acetic acid 2-acetoxymethyl-4-(2-amino-6-iodopurin-9-yI)-
3-methylene-cyclopentyl ester (90) (R*=CH,, X=1)
A mixture of alcohol 89 (100 mg, 0.44 mmol), triphenylphosphine (137 mg,
0.52 mmol), and 6-iodo-2-aminopurine {115 mg, 0.44 mmol) in THF was cooled to
0°C. DEAD (87 mg, 0.50 mmol) was slowly added to the mixture which was stired

| 20  at 0°C for 3 h and then warmed up to room temperature for 16 h. The mixture was

treated with ethyl acetate (9 ml.) and filtered on diatomaceous earth (Celite®).
Concentration of the filtrate provided a residue which was treated with ethyl acetate
(3 mL), 2 N HCl (4 mL), and hexane (6 mL). The aqueous layer was separated. The
organic layer was extracted with 2 N HCl (4 mL x 3). The combined aqueous layers

25  was neutralized with Ko;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.

30 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



73 SRR OH HV ~ic~ x (c") when Xis d or I,
elimnating the vicinal diol of fornmula 73 to the
nmet hyl eneconpound of fornmula 92 YN x NNM; t3 R
JR S (d") transform ng the silane noiety of conmpound
92 to a hydroxy noiety via protodesilylation and

oxi dation, and hydrolyzing the chloro or iodo noiety

Xto prow de the conpound of fornula 21;
when atkexidse iEhp|Goiedo seomp ﬁ%%ﬁhywmﬁ%mrevﬁ%&* éﬁg %’P"f formula

iy S At

translbmﬂimgmkﬁé silane noiety of conpound 71 to a
rovi de. ¢ neekmist BB BRERn Akl RzRt, BEAARE b notihited o
cl i Npakentd sndwhaientapplicativhs pited in)hiasubcifiitjdn ar¢ hegein incorporated by
O e Rk iy Sl 2t B 3 Mt s
aci d, ofre bSO weRR @pQIicHy aﬁi‘ﬁdﬂﬂﬁﬁl}aindﬁa‘é@fowmcorporﬂed by
reference herein as being fully set forth.
While this invention has been described with an emphasis upon preferred
10  embodiments, it will be obvious to those of ordinary skill in the art that variations in
the preferred devices and methods may be used and that it is intended that the
invention may be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications encompassed within the spirit
and scope of the invention as defined by the claims that follow. For example, it should
15 be understood that the reactibn steps set forth in the appended claims need not
nécessarily be performed in the order in which they appear, and ope skilled in the field
may be able to vary the order of reaction steps. Additionally, certain reaction
sequences may be performed simultaneously, such as, for exaraple, protodesilylation
and debenzylation, or these reactions can be performed in separate steps, without
20  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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3. A process for the preparation of enlecavir having

t he

formula 21 O 1.J NNHn

HOB conpri si ng:

(a)

protecting the hydroxy noiety of an ester of the

fornmul a 66 wher ei

n R4 is alkyl,

phenyl ,

C to C6

akl phenyl, or Cl1 to Cbaamkoxypheny); Rb is Cl to C6
al kyl ; and Ryl S0 C4 al kyl or benzyl, to provide
a conpound QfAfGfmuFg=TA=P*t' MR, wherein 1' is a

protecting group;

noi ety of the conpound, 74

(b)
with at

reduci ng the carboxylic ester

| east one reducing

reagent to p
104 (c) prot
com pound 7
resistant to

rovi de as
ectl
5!

ound of formul a,
ﬂn rotected hydroxy noiety of
a’'protecting group "that

¢ ﬁ%l 19
copditions used to renpve P

renovi ng the pro- tecting group p'

75",
Si R*=Rt OF',
(c) with a d

to prov.dg the

conmpound having the fornmul a,

75. O

IS
t hen

of the conpound of
76'

mﬂ%ﬂ“ﬁ?ﬁ&?1dl2lng the product from step

I ast e-
SR';R“

wherein R* is adhvl, pheayl, C, to.C, alkcylphenyl, or C,
to Cy alkoxyphenyl; R* 15 C, o Cq akyl; and R €, 10
C. nliod or benyl;

with an enol efher of acetone and an acad vo profect the:
hydroxy group, followed by weatment with » hydride
resgend (0 redace the carboxytic acid esier moiety, and
then alkylafiog the resulting akohol with a bewryl

halide and removing the enol ether hydroxy protecting
grolp w give an 2liylic lcobot of the formuls

gt
i

(o) cponidizing e produei from step (aj with a diaste-

reoselective  epoxidalion to give a cyclopentane
epoxide having the formula

e

{c) weating the cyclopentaoe epoxide from step (b} with
an alkali mwtal sabt of 2 purine compond of formula

ol

N,

n

whereitt X i C1, 1, or benzykoxy, to give a compound
of fornutla

Ol

S -
'WI:)
X
(d) when X is O or I, elimineting the vicinal diol of

formuts 78 o Som the methylene compound of
formula,
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reosel ecti ve epoxidation to give a cycl opentane
epoxi de having the formula 7T 5nr' t P,; v oil (e)
treating the cycl opentane epoxide fromstep (d) with
an al kali netal salt of a purine conmpound of formula
is IXx NNI pi N'" NH, wherein Xis d, 1, or

benzyl oxy; to give a conmpound of formmula 78 sitbiRt
OP'; HZNCC N1 OH x then (f)_ wh X is benzyl oxy,
elimnating the vicinal diol qf (? mia 78' to
provide the methyl ene conpoung oh _Aorsul a 105 79" O
IA |1 / ~Tniz: RO Si sw NOWHy

a,,

R*R;Si

{e) hydrolyzing the benzyl ether moiety on the primary
alcohel of compound 94 and transforming the silane
moiety of compound 94 to a hydroxy moiety via
protodesilylation and oxidation, to give a compound of
formula,

95
X
)

of

and

(f} hydrotyzing the chloro or iodo moiety X to provide the
compound of formula 21; or

(d') when X is benzyloxy, eliminating the vicinal diol of
formula 78 to form the methylene compound of for-
mula

e

&

RURE,S

and

(e") hydrolyzing the benzyl ether moiety on the primary
alcohol of compound 79 and transforming the silane
moiety to a hydroxy moiety via protodesilylation and
oxidation, to provide the compound of formula 21; or

(a"} epoxidizing the ester of formula 66 with a diastereo-
selective expoxidation followed by reduction, to give a
cyclopentane epoxide having the formula
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and (g) renoving the protecting group P" on the
primary al cohol of conpound 79 and transform ng the
silane noiety to a hydroxy noiety via
protodesilylation and oxidation, to provide the
conpound of forrmula 21; or (f) when Xis O or 1,
elimnating the vicinal dial of fornulan78 to
provi de the nmethyl ene codpdund of formula, 94 x NN N
AJll~ "N/ p~0~ v v NokNbk RRersr /yll/l (9)
removing the protecting\group®® on the primary al coho
of conmpound 94' and transfegAling the silane noiety to
a hydroxy group via prot#&desilylation and oxidation,
to give a conpound of formula, 95 x ~~ ~~// (/N-N
\N T N "NHz: ey cyClrppt °1ﬁ?&#@l Wﬁgmthe chloro or
i odo noiety X toﬁﬁ? ?ﬁﬁ?‘;ﬁéﬁﬁ;ﬁﬁ% HE™BF fornmula 21
4. The process o% clalm3, erein, in step (g), the
protecting group r on the primary al cohol of conmpound
79" is benzyl, and said benQ%&,protecti%g group is
renoved upon protodesilylatiion.

3 OH
H;NY N I N) &
N . ¥

X

{c") when X is CI or I, eliminating the vicinal diol of
formula 73 to the methylene compound of formula

92
X
NN
{ IL
N /l\
HO N NHg;
£
o

(d") transforming the silane moiety of compound 92 1o a
hydroxy moiety via protodesilylation and oxidation,
and hydrolyzing the chloro or iodo moiety X to provide
the compound of formula 21; or

{c™) when X is benzyloxy, eliminating the vicinal diol of
formula 73 1o form the methylene compound of for-
mula

T
0
<fL
/'\
:m"\‘{E7IN N NH
§
YRS
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5. The process of claim3, wherein the protecting
group P on the primary al cohol of conmpound 79" is
renoved after the silane noiety is transforned to a
hydroxy noiety. 6. The process of claim3, wherein in
step (a), the hydroxy noviety is protected as a NCP by
treat ment wth 2-nmet hd%? renspmngde filere agiy oftompad]! jpa
amount of an acid. 7. TR&E® g m@WﬁFﬂ?@m”Mhereln

e ¢n ugd

l

in step (b), the car

conpound 74" is redu ggky' e HF%

sel ected from at Ieag&hpaga,,, md- m@a

bi s( 2- nethoxyethoxy)a&uaaﬂwmhhw&m%de and I|th|um

al um - num hydride i n stAcdy 1RURBERRDRE of neldSBingGe The
process of claim3, ¥wekein in step (c), the
unprotected hydroxy noiety is protected as a benzyl

ether upon treatnent with a base and a benzyl Jali de,
wherein. renoval of the protecting ggoup P of the

compound of 75" provides the allylic aIcohoI havi ng
the formula, 76 SiRirR ~Vx <? cess of claim
8, wherein the base is sgkgcte . | east one of
pot assi um tert - but oxi de, so ydr?de"mKHNDS and
aqueous NaOH, and the benzyl \halide is benzyl bromnde

or benzyl chloride. 10. Thegprocess of claim3, in
which in step (d), the diastereoselective
epoxi diation is perfg&ﬁgg by treatnent with a
peracid. 11. The procﬁg)spgmg o Sk den Step
(d), the diastereosel gglyhVve epOXIdI *.6%@+s per f or med
by treatment with a honochiral diester of tartaric
acid, a hydroperoxide, and a netal catalyst 12. The
process of claim11l, wherein tf@bponnchlral ol
\ ot
wherein R is allyl, phenyl, C, to C, akylphenyl, or C,

to Cg alkoxyphenyl, R is C; to C;akyl, and R is C, to
C, alkyl or benzyl, to provide a compound of formula

2
SRR

:’ jcozx.
QP
wherein P is 2 protecting group;
(b) reducing the carboxylic ¢ster moiety of the compound

74" with at least one reducing reagent to provide a -
compound of formula,

SiRb,Re

)
: :OP'
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di ester of tartaric acid is (-)diisopropyl tartrate,
the hydro- peroxide is tert-butyl hydroperoxi de or

a, a- di met hyl benzyl - hydroperoxi de, and the netal
catalyst is titanium (1V) iso- propoxide. 13. The
process of cl ai My Frotecid 8k Bbtecledhy&ixE Roidyok comt €

cycl opent ane epoxhaersfwitdprosdifRrodp@ihai iSesiftn@alt €d W t h
2-am no- 6- benzylaiydadid Reembva Pihet Rh®EHEBIhane. 14,
The process of cligingydy P vifhesosiomd 7%, ® plodlaty/| oxy and in
step (f), the el icomemadbedithofrmilige vi ci nal di ol of
conpound 78" to the nethylene conpound of fornmula 79
is achieved by (f)(i) treating conpound 78 with an
orthof ormate deriva- tivegig an inert solVent to
produce a di astereom xturie of di oxol anes having the

fornmul ae 101' and 103", e~ | r>x NN P"O NBr
SSRRb 101' OBa RrrOvY | N PO N N% \NO ~~ ORy'
SIR Re 103' wherein R22 i - 4al kyl or

-C(=0 Cl-4al kyl; 107 (f)(ii) treating the product

fromstep (f) (i )kgWidinPR REGELR sep 2N LHE 1N the
presence of at | agitci@NEoxilsl BXEdaN bychfuandr 0Oduce an
al kene conpound hRvdeR@ind 8o Mul @ 105" ; 105° OBn

7
SiRE,R

{e) treating the cyclopentane epoxide from step (d) with
an alkali metal salt of a purine compound of formula

28
X

1L
! N/ NH,,

wherein X is Cl, 1, or benzyloxy; to give a compound
of formula

7%

then

{f) when X is benzyloxy, eliminating the vicinal diol of
formula 78' 1o provide the methylene compound of
formula
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: "NNNHAq PO ~( ... SSW and (f)(iii) treating
the product fromstep (f)(ii) with an acid to

hydrol yze the 6-benzyl oxy and N-acetyl groups to
provi de the conpound of forrmula 79'. 15. The process
of claim 14, wherein in step (f)(i), the orthoformate
derivative is selected fromat |east one of

di et hoxynet hyl acetate, diisopropyl oxynethyl atetate,
TMOF, TEOF, and Ti POF. 16. The proce of claim 14,
wherein in step (f)(ii), at Ieast\T NIantlomdant 'S
sel ected from BHT and benzoic The process
of claim3, wherein in g% otmgesilyl ation
is performed with KOH or soI vent, or with
TFA, and the primary alcoholfnnlety 'S deprotected
after the silane moiety i&#ransformed to a hydroxy
group, to provide the conpound of fornula 21. 18. The
process of claim 3, of I8
protodesilyation is aqmb ﬁﬁﬁl Qﬁwacid
selected from boron tmmﬁ%u@ﬁhdemm@etw@ﬂabwﬂn@@ | ex

and a Stunted acid ](ﬁ;‘:m gﬁ?‘gﬁm m‘é&‘f"'ﬁ*l‘"?ﬁ‘%‘“
wherein in step (g) t WOV 161 BRbid0 the méihyiB BuB)eRIC W t h

hydr ogen peroxi de in thmipres- ence of potaSS|um
bi carbonate and optionally potassium fluoride. 20. A
process for the preparation of entecaV|r havi ng the

formula 21 N
. , N Ny
@Q

(g) removing the protecting group P" on the primary
akcohot of compound 94' and transforming the silane
moiety to a hydroxy group via protodesitylation and
oxidation, to give a compound of formula,

. Itk

(b} hydrolyzing the chioro or iodo moiety X to provide
the compound of formula 21.

4. The process of claim 3, wherein, in step (g), the
protecting group P* on the primary alcohol of compound 79'
is benzyl, and said benzyl protecting group is removed upon
protodesitylation.

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 transformed to a hydroxy moiety.

6. The process of ¢laim 3, wherein in step (a), the hydroxy
moiety is protected as a MOP by treatment with 2-methox-
ypropene and a catalytic amount of an acid.

7. The process of claim 3, wherein in step (b), the
carboxylic ester moiety of the compound 74" is reduced with
a hydride reagent selected from at least one of sodium

HO'

3
§
OH
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< NH HOCHy YW'url (YNN J ' 1J ~ K!' conprising:
(a) treating an ester of the formula 66 SiR62r 00, R
~OH 108 wherein Ra is allyl, phenyl, Cl1 to C6

al kyl phenyl, or C1 to C6 al koxyphenyl' Rbis C1 to C6
al kyl ; and R iba(2- @ﬂmxmmxyah oilidpenzyit ; W th

2- et hoxypropé‘l‘gb"

! Lol C rmn%of an acid to
provi de a co M&&dgﬁmxy%ﬂ %‘438% t CO2R

~OMOP; I @mheleeht twlheba@andb patide,abdre@r DI ety of

t he conpound fg;@lﬁe "‘ﬂ%ﬂ@fﬂ(% !Tel ected from
at | east one | um met oxyet hoxy) al um num
hydri de and [ithium alum num hydride, in the presence

of a base to provide a ggopound of forrﬁJI a, 75
SsiRb,R OH ~OMOP; (c) prot ecting the unprotected

hydr oxy noi ety of com R, as a benzyl ether upon
treatment of com poun with a base and a benzyl
hal i de, then renov- o

9. The process of claim 8, wherein the base i selected
from at least one of potassium tert-butoxide, sodium
hydride, KHMDS, and aqueous NaOH, and the benzyl
halide is benzy! bromide or benzyl chloride.

18. The process of claim 3, in which in step (d), the
diastercoselective epoxidiation is performed by treatment
with a peracid.

11. The process of cleim 3, in which in step (d), the
diastereoselective epoxidiation is performed by treatment
with a homochiral diester of tartaric acid, a hydmpemmde
and a metal catalyst.

12. The process of claim 11, wherein the homochiral
diester of tartaric acid is (—)-diisopropyl tartrate, the hydro-
peroxide is tert-butythydroperoxide or a,a-dimethylbenzyl-
hydroperoxide, and the metal catalyst is titanium (IV) iso-
propoxide.

13. The process of claim 3, wherein in step (e), the
cyclopentane epoxide from step (d) is treated with 2-amino-
6-benzyloxypurine in dichloromethane.

14. The process of ctaim 3, wherein X is benzyloxy and
in step (f), the elimination of the vicinal diol of compound
78 to the metkylene compound of formula 79 is achieved by

(f)(i) treating compound 78’ with an orthoformate deriva-

tive in an inert solvent to produce a diastereomixture of
dioxolanes having the formulae 101' and 103",

<’Iik

PO
s.-‘
SiR'RP
101'
OBn
20
0,
g <“J[L”“
Oup,,, A -
PO N N N/\ORH,

é
SiR*RY
0¥

wherein R is C,_yalkyl or —C(=0)C, ,alkyl;
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ing the MOP group of the conpound 75, to provide the
allylic al cohol having the formula, 76 Si RbrR OBa;
(d) epoxidizing the product fromstep (c) with
(-)-diiso- propyl tartrate, tert-butyl hydroperoxi de or
cunmene hydroperoxi de, and titaniun1(IV) I sopr opoxi de,
to give a cyclopen romula 77
Si Rb2R  08a: %.@ preRGbe o és(g@“&%{?ﬁ%ﬁ?ane

epoxi de fron1step (dymMm@hmm%wm%HM&MmBWﬁ@Mwiméalt of a
patine conpound of fornmula 109 28 rQ x \~N wherein X
is benzyloxy; to give a conpound of for- nul& ra S
RbzR HZNLyNYYN~ OH N y~N YX (f)Jti) treating

conmpound 78 with an ort hof or mats lva- five selected
from di et hoxynet hyl acet at e ar iis '
pr opyl oxynet hyl acetate.' a0 AR ent to produce

a di astereom xture of¥
101 and 103,

(D)ii) treating the product from step (f)(ii) with an acid to
hydrolyze the 6-beazyloxy 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), at least
one antioxidant is selected from BHT and benzoic acid.

17. The process of ciaim 3, wherein in step (g) the
protodesilylation is performed with KOH or NaOH in sol-
vent, or with TFA, and the primary alcohol moiety is
deprotected after the silane moiety is transformed to a
hydroxy group, to provide the compound of formula 21.

18. The process of claim 3, wherein in step (g) the
protodesilyation is achieved with at least one acid selected
from boron trifluoride-acetic acid complex and a Bronsted
acid.

19, The process of claim 3, wherein in step (g) the
oxidation is achieved with hydrogen peroxide in the pres-
ence of potassium bicarbonate and optionally potassium
fluoride.

20. A process for the preparation of entecavir having the
formula

Y

1

comprising:
(a) treating an ester of the formula

66

COR,

O"H
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oBo ROrx ar,.. NNNH, SR Rb 101 OBh Ru0O" ONN
"ORU, SF ;RR 103 wherein R22 is ethyl, -C(=0 ethyl,
i sopropyl, or (-(--o)isopropyl; (f)(ii) treating the
product fromstep (f)(i) with an acetic anhydride in
the presence of BHTunkGh ROk AILSE1 2N @hilkBRA, reOMpound
havi ng the fornul a J€akoxikis 0%, 1 O3y, a@Risc 10 | P
T~ =TT AN D~ Y By alkyl DFleft; wilBRGhedibxypiogdheRnd &aNnd

(1) (iii1) treating tdgytipmosscs addromavigtaeqpdufidef i i) W th
an acid to hydrol yfireusd he b- benzyl oxy and N-acetyl
groups and provide the conpound of fornmula 79, 79

4
SiRP,R"

; CO5R.
: :OMOP.'
(b) reducing the carboxylic ester moiety of the compound
74 with a hydride reagent selected from at least one of
sodium bis(2-methoxyethoxy)aluminum hydride and

lithium aluminum hydride, in the presence of a base to
provide a compound of formula,

75
Sikb;Re

OH’
OMOP;

{c) protecting the unprotected hydroxy moiety of com-
pound 75, as a benzyl ether upon treatment of com-
pound 75 with a base and a benzyl halide, then remov-
ing the MOP group of the compound 75, to provide the
allylic alcohol having the formula,

76
§inz L]

OBn;
OH

(d) epoxidizing the product from step (c) with (-)-diiso-
propyl tartrate, tert-butylhvdroperoxide or cumene
hydroperoxide, and titanium (IV) isopropoxide, to give
a cyclopentane epoxide having the formula

77
SIR%R®

(e) treating the cyclopentane epoxide from step (d) with
an alkali metal salt of a purine compound of formula
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O//NM \/~1 NH R R'2S (g) transform ng the sil ane
noeity to a hydroxy noiety by protodesilylating the
silane noi ety of conpound 79 upon treatnment with at

| east one reagent effective to achieve
protodesilylation, followed by oxidation with a

per oxi de, and debenzyl ati ng conpound 79 wherein
debenzyl ati on nay be achi eved upon protodesil yl ation,
to provide the conpound of for a 21. 21. The process

of claim20, in which step (g rises treating
conpound 79 with an acid sekecfed jf rom boron
trifluoride-acetic acid conp ~@ Bronsted acid,

wherein said step of protod S|Iylat|on renoves the
benzyl protecting group of co ound 79 to OVIde t he
conpound of formula &heeingqs be q%thW&“ @& NN/ S
4 BO/lI Rb oxidizinngﬁe compound 91 with hydrogen
peroxide in the presence of potassium bicarbonate and
potassium fluoride to provide the conpound 2k 111
22. The process of claim20, in whi®H step (g)
conprises treating conmpound 79 wiih jpotassium

hydr oxi de or sodi um hydroxide i vets, or TFA to
provi de the conpound of %

N N
Hyl Y N>
N\ N/

X

(DX{) treating compound 78 with an orthoformate deriva-
tive selected from diethoxymethyl acetate and diiso-
propyloxymethyl acetate in an inert solvent to produce
a diastereomixture of dioxolanes having the formulae
101 and 103,

k 0, N NH
S U
O,
N N NH;

§
SiR'RE
101
OBn
i) o N
0
Ou,,, N . N/\ 2
BnOQ

§
SiRiR"
103

wherein R* is ethyl, —C{=O)ethyl, isopropyl, or
(—(=0)isepropyl;

(D) treating the product from step (£)(i) with an acetic
anhydride in the presence of BHT to produce an alkene
compound having the formula 105;
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formula 110, 110 OO0 N/\ ~ "Il ~DN/ BSA" YY
NNliy Si R ~HO Rb oxidizing conpound 110 with
hydrogen peroxide in the presence of potassium

bi car bonate and potassium fluo- ride to provide the
conpound 114; 114 0 _ JII~ NIl NOO-NHZ c¢ vJ HO 112
and debenzyl ating conpound 114 to provi de conpound 21.
23. A nethod for isolating entecavir or amsentecavir
intermediate froma diluted mxgpure, the diluted

m xture conprising entecavirn ter or a mxture 5
conprising an entecavir i t{r di ate and ot her process
reagents conpri sing: 3 i the diluted mxture
onto a hydrophobi c #esi§ bgd; (b) washing the resin
bed with water to renoveg-salt; and (c) eluting the
entecavir or entecavir skgternedi ate fromthe resin bed
with an organic solvent. 10 24. The nethod of Caim
23 wherein the hydsdophobic resin is a brom nated
styrene based I e treatid the odfRI L6 85 B)iif b anledBo Pr epar ati on
of an ester of t heaydkoQtenhslsdenzyloxy and N-acetyl groups and

provide the compound of formula 79,
79
0
N
</ l NH
N N)\NH
BrO
s‘-' .
BOREST

(g) transforming the silane moeity to a hydroxy moiety by .
protodesilylating the silane moiety of compound 79
upon treatment with at least one reagent effective to
achieve protodesilylation, Tollowed by oxidation with 2
peroxide, and debenzylating compound 79 wherein
debenzylation may be achieved upon protodesilylation,
to provide the compound of formula 21.

21. The process of claim 20, in which step (g) comprises
treating compound 79 with an acid selected from boron
trifluoride-acetic acid complex and a Bronsted acid, wherein
said step of protodesilylation removes the benzyl protecting
group of compound 79 to provide the compound of formula
91,

91

oxidizing the compound 91 with hydrogen peroxide in
the presence of potassium bicarbonate and potassium
fiuoride to provide the compound 21.

11



Si Rb2Re ~C02R 15 OH 66, wherein Rs is al kyl, phenyl,
Cl to C6 al kyl phenyl, or C1 to C6 al koxyphenyl Rb is
Cl to C6 alkyl; and Ris ClL to C4 al kyl or benzyl
conprising: (a) reacting a cycl opentadi enide ion 6
with a silylating reagent having the fornul a
Ra(Rb) 2Si -Y, wherein Y is a 20 leaving group; and (b)
reacting the product of step (a) with a ketene to give
a cycl obutanone of the fornula SiRb2Ra O ~CI O 63;
(c) treating the product fr mste W|th .abase
effective for open %,“n fg‘i)‘ﬁ‘,é] fnl ng; 113
(d) reducing the pﬁyard[usﬁmivs.ﬂmwxﬁpm Vide wmtoh.daf reduci ng
agent to give a riedndl® carboxylic acid of the
formula Si RopRa COyH OH 64; (e) resolving tiche
product fromstep (d) by treatnent wth a chiral am ne
and 5 separation of the resultk [ astereomeric
salts to give a conmpound of o</mJ a Rb2Re k-C CA
OH 65A wherein CA represgnitg gnvehiptihgam ne; and (f)
heati ng the product frBe?ms e) in a solution of an
acidic solution to gi v%b e—est er product of fornula
66. 10 st

oxidizing compound 110 with hydrogen peroxide in the
presence of potassium bicarbonate and potassium fluo-
ride to provide the compound 114;

114
O

{7 P

B0

112




26. The process of Caim25, in which, in step (b),

the ketene is fornmed from dichloroacetyl chloride and
a base. 27. The process of Claim25, in which, in step
(c), the base is potassium 15 carbonate in t-butanol.
28. The process of Caim25, in which, in step (d),

the reducing reagent is NaBH4. 20 29. The process of
Caim25, in which, in step (e), the chiral amne is

sel ect ed hhd@ebehsidihgs biinssund il B4 iogovide compound 21.

R, R-(-)-2-am no-1-(4-nitrophenyl)-1,3- propanediol,

(IR 2R)-(+)-1, 2-di phenyl et hyl enedi am ne, (R)-(-)-I

cycl ohexyhet hy | .2Jaqor isolating entecavir or an entecavir intermediate from 2
D-t hr eo- 2-am no- 1- (4-ni trophenyl ) - 1, 3- pr_og%fedi ol , (1S
2S) - dilpte}l mixtprey thedilied pixtBiecomRESg BMSFD W"Jﬁi%h“, ¢
(1R 2R\ heits 2 AGHRA R Srengeh@RORDELNE.
aéd %@ﬁlgﬁ%n ﬁ%émgf . %%%%g%gé}gﬁ%? Claim 25 iﬂrl:g
whi ch, i ngd)epadsbibingtthedifusddnisisoonie  dydrophohisparbed
solution of an alcqghol .. R- rej ' to G4

al kyl or E@nzwwemglﬁ%ggﬂﬂﬁ%%%é%%%&s of )
Cl ai m 25, (&)n ik the bitecatie pr édvecavit nterinediate droimsthé orsingigd with an
fromdichl oroacetyl chloride and a base; 1in step (c),

the I9%%®1G39l¥8t assi um carbonate in t-butanol; in step
(@), the reducing reagent is NaBH4; in step (e), the

chiral amne is R R (-)-2-am no-1-(4-nitrophenyl).-1, 3- .
10 propan@di oﬂ,leﬁn'fboé ﬁzféle@p%mmpf%e@mﬁ g FrPigyis prominated
conpr | ion of an al cohol, R=011, wherein R

SpER el

is C or benzyl, and an acid 32. A
compound of forrmula SIRb2Ra O 15 X' wherein: Ra is

allyl, phenyl, Cl to thd bl
al koxyphe:}gr ; Awssfoﬁ\e?%%&&%@yﬁh;e%wg Xa andaXb are
hal i de. 20 ggb,rA conpound of formula

S
15 OH g6,
wherein R is alkyl, phenyl, C; to Cg alkylphenyl, or C; to Cs alkoxyphenyl; R is G

to Cg alkyl; and R is C; to C4 alkyl or benzyl comprising:
(a) reacting a cyclopentadienide ion

& with a silylating reagent having the formuta R*(R"),Si-Y, wherein Y isa
20 leaving group; and
(b) reacting the product of step (a) with a ketene to give a cyclobutanone of
the formula

SRR

Sra
~cl
cl 63;

(c) freating the product from step (b) with a base effective for opening the
25  cyclobutanone ring;
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siRb2ZRa R RmM OR5 or a salt thereof wherein: Rais
allyl, phenyl, ClL to C6 al kyl phenyl or ClL to C6

al koxyphenyl; Rb is C to C6 alkyl; Rmis -CO2R6 or
-CH20R6; 25 R5 is hydrogen or a hydroxy protecting
group; and R6 is hydrogen, Cl to C4 al kyl, or benzyl.
115 34. A conpound of Caim 33 wherein: Rmis -CO2R6

; and R5 and e are both hydrogen, 5, 35., The conpound
of O ai m(@4 wreqies the moﬂacti@np%mm Wtsﬁa"%msggﬁé%?’a

10 3 gg{;@@ﬂ D5 Hup3 as a salt with a chiral
am ntgcegg? ecte ??%‘?n tt-'l%e% group consi sting of
R R-(-)-2-aRrtRb- 1- (4- ni trophenyl) -1, 3- propanedi ol ,

(1R, 2R) - ( +k- ¢- di phenyl et hyl enedi ani ne,

(R-(-)-1 ohexyl et hyl am ne; D-threo-2-am no-1-(4-
ni trophen - | oﬁ-g‘{iopanedi ol, (1S,295)-(+)-1,

2-di am nocycl'ohexahe, dehydroabietylam ne, (1R 2R)-1

., 2-di aM@onﬁg&yin%ﬂféﬁb&iéﬁﬂ@ms&bmﬁ@r&mtwﬁhdch@m and
cinchonine. 37. The conpound of d aim 36 ml%leifg'nn%é
i% - epERipn of e raiting digsterensreric i3l to giYG 2 COTEOHRY

phenyl; R6 sq@ethyl; and the chiral amne is
R R-(-)-2-@ni’no-1 - (4-nitrophenyl)-1, 3- propanedi ol .

38. The c¢ Hof Cl aim 33 wherein: 25 Rmis -CH2OR6
7 R5is rogﬁn‘,c%md R6 i s benzyl.
65A
wherein CA represents a chiral amine; and

() heating the product from step (¢} ina solution of an acidic solution fo
give the ester product of formula 66.

10
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
'15  carbonate in -butanol.

28. The process of Claim 25, in which, in step (d), the reducing reagent is
NaBHs.

20 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, (IR,2R)-(+)-1 ,2-diphenylethylenediamine, (R)-{-)-1-
cyclohexylethylamine, D-threo-2-amino-1-(4-nitrophenyl)-1,3-propanediol, (1 S,25)
(91, 2-diaminocyclohexane, dehydroabietylamine, (1R,2R)-1,2-

25  diaminomethylcyclohexane, cichonidine, and cinchonine.
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39. The conpound of Caim38 wherein: 30 Ra is
phenyl; and Ro is nethyl. 116 40. A conpound havi ng
the formila S.RbO ~Rmor a salt thereof wherein: Ra
is phenyl; 5 Rois Cl to C6 alkyl; Rmis -CO2R6 or
-CHZOR6; RS is hydrogen or a hydroxy protecting group;
and R6 is hydrogen, Cl to C4 al kyl, or benzyl, said

compound produced acc ing to the process of .cla
22. 10 4130a Tha#peRsate a‘iﬂbfJ which, 7h 5128 fi fﬁfs"&“‘“’

wher edc%gn i . il Jm?lb b d
Cl to gi?fé%‘/‘g?‘gﬁ{ﬁ“ dl%gﬂ%/s Oﬁ]?%e@e&?ﬁ al k&lglid @an gostiel. an

R20 iz aiddr ogen or benzyl. 42. The conpound of Caim
41 wherein: Ra is phenyl; Rb is nethyl; and 20 R20
I's benzyl. 43. A compound of fornula 117 SIR b e OR20
RZ Fe6N BN ~Fye process of Claim 25, in which,

in step (b), the ketene is formed from dichloroacetyl chloride and a base;
in step (c), the base is potassium carbonate in -butanol;
in step {(d), the reducing reagent is NaBH.;
in step (), the chiral amine is R,R-(-}-2-amino-1-(4-nitrophenyl)-1,3-
10  propanediol; and .
in step (f), the acidic solution comprises a solution of an alcohol, R*OH,
wherein R. is C; to C, alkyl or benzyl, and an acid.

32. A compound of formula

SIiRPR2
= o

15 x® xawherein: 7
R* is aliyl, phenyl, C, to Cs alkylphenyl or C, to Ce alkoxyphenyl;
Rbis C, to Cg alkyl; and
X* and X® are halide.

20 33. A compound of fonmula

SIR%R?
:OR or a salt thereof wherein:

R? is allyl, phenyl, C, to Cs alkylphenyl or C; to Cg alkoxyphenyl;
R®is C; to Cs alkyl;
R™ is -CO,R® or -CH,OR;
25 R’ is hydrogen or a hydroxy protecting group; and
R® is hydrogen, C; to C4 alkyl, or benzyl.



NYIN X or a salt thereof wherein: r is alkyl, phenyl,
Cl to C6 al kyl phenyl, or Cl1 to C6 al koxyphenyl; 0 is
Cl to C6 alkyl; R20 is hydrogen or benzyl; 5 Xis d,
I, or benzyloxy; Ry and R2 are taken together to form
met hyl ene (=CH2), or Ry is OR23, and Rz is -CH20R24,
wherein R23 and e are each hydrogen or are taken
together to forma ring to define a dioxol ane, said

di oxol ane being optionally substituted with

- O( C1- 4al %4/l )A compoithdeflainC33 whékipt ) ; and 10 R25 and
R26 are both dr&g . o% one of e and R26 is hydrogen
and the othet ¥s ﬁgl’fm r RR5 and R26 are taken

toget her to fgsrimy RCHe®Ghrigatdgut) or -
=CH( OC( O C1-4al kyl). 44. The conmpound of C aim 43
wherein: 15 Ra is phenyl; Rbo is nmethyl; and X is

benzyl oxyss 4 RpGRIARE tBAm3H4 viledinh 44 i n which 20
R20 is benz'yISI;heR' s OH, and Rz i s -CH2OH, and K25

and R26 are WRtihphepsls snfen. 25 46. The conpound of

Cl aim 43 merl@i%ixqpth?f‘ is phenyl; Rb is nethyl; 118.X

i s benzyl oxy; S OR23, and Wis -CH20R24, Werein
R23 and R24 conbine to forma dioxolane optionally

o™ Res S hevrarbIghC RN pogER Wi it fded from the

S L AN T S A T

wher i,%ghphqqgleﬁgl% iami ?,'(R)—?-ﬁ-l-cygghexygthyiamlne; ‘B hted-2-amino-1-(4-
nitrophenyl)-1,3-propanediol, (18,28)-(+)-1, 2-diaminocyclohexane,
dehydroabietylamine, (IR 2R)-1, 2-diaminomethylcyclohexane, cinchonidine, and

15  cinchonine.

37. The compound of Claim 36 wherein:
R™is -COR®;
R® and R® are both hydrogen;
20 R? is phenyl;
R® is methyl; and
the chiral apaine is R,R—(-)—Z—amino-1-(4-nitropheny1)-1,3-propanediol.

38. The compound of Claim 33 wherein:
25 R™ is -CH,OR® ;
R® is hydrogen; and
R® is benzyl.

39. The compound of Claim 38 wherein:

30 R? is phenyl; and
R® is methyl.
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10 Rb is nethyl; X is benzyloxy; Ry and Rz are taken
together to formnnethylene; and R25 is hydrogen and
R26 is acyl. 15 48. The conpound of C aim 43 having
the formula, -129a H2N_ OBn NOH N~ N~ ~ CH N x
78. 49. A conpound of formula }yyttO0O NNNH R200 ~N
NLNHZ RaRbZSi or a salt thereof, wherein: 20 R is

al kyl, phenyl, Cl to C6 al kyl phenyl, or Cl to C6

al koxyphenyl ; eis C to Co6 alkyl; and R20 is

hydr ogen o. benzympobs hathig thoipaad of C ai m 49
wherein.: 119 Ra is phenyl; Ro is nmethyl; and R20 is
hydr ogen. 53K 2R The compound of C aim49 wherein: Ra

i s phenyl ;an methyl; and e is benzyl. 10 52. The
nmet hanesul ate salt of the conpound of C aim51.
53. A conpound 8&50{3%&3‘:&)&‘@&&:;;
R® is phenyl;
5 R” is Cy to Cs alkyl;
R™ is -CO,R® or -CH,0OR®:
R® is hydrogen or a hydroxy protecting group; and
R is hydrogen, C; to C4 alkyl, or benzyl, said compound produced
according to the process of claim 22.
10
41. A compound of formula
_glegRa

R® is alkyl, phenyl, C; to Cs alkylphenyl, or C, to Cg alkoxyphenyi;
R® is C; to Cg alkyl; and
15 R™ is hydrogen or benzyl.

wherein:

42. The compound of Claim 41 wherein:
R" is phenyl;
R is methyl; and
20 R is benzyl.

43. A compound of formula
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NN R200 N. NH2 RaRb2Si or a salt thereof, wherein:
Xis d or I; 15 Ra is alkyl, phenyl, ClL to C6

al kyl phenyl, or Cl to C6 al koxyphenyl; Rbis Cl to C6
al kyl; and e is hydrogen or benzyl. 54. A conpound of
forrula ON //.D NH i RzoONH2 Rb Si HO Rb 20
wherein Ro is Cl1 to C6 alkyl; and e is hydrogen or
benzyl, or a salt thereS?Rf,,. 55. The conpound of C aim
54 wherein Rb is nmethyk 250 56. A conpound of formnula
ONN BnO A"~ rN NAKMN2SR276, or a salt thereof,
wherein: Ais CH2 or onoc,) R27 is hydrogen, benzyl,
or Si RI2RR¥*rR®H N , 8 C4 al kyl or phenyl; and Rd
is C, toCSall?gf.|57,} conpound of claim56, in
which Ais a bo R27 is hydrogen. 10 58. A

met hod for makingea conpound of f.Qbfi¥epeof Sherdfmeor di ng
to Caimd48, conprising, (a) treating an ester of the

forml a R® is alkyl, phenyl, C; to Cs alkylphenyl, or C, to Ce alkoxyphenyl;
R® is C; to Cg alkyl;
R? js hydrogen ot benzyl;
5 X is Cl, I, or benzyloxy;

R and Rare taken together to form methylene (=CHz), 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(Cy4alkyl) or -O(C=O)( C;salky)); and

10 . R and R? are both hydrogen, or one of R® and RS is hydrogen and the
other is acyl; or R and R%are taken together to form =CH(OC4alkyl) or

=CH(OC(=0)C;4alkyl).

44. The compound of Claim 43 wherein:
15 R is phenyl;
R® is methyl; and
X is benzyloxy.

45, The compound of claim 44 in which
20 R? js benzyl;
RY is OH, and R*is -CH,OH, and
R and R are both hydrogen.

25 46. The compound of Claim 43 wherein:
R*"is phenyl;
R® is methyl;
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si Rb2Ra CO2R ~CH 66, wherein Ra is allyl, phenyl, Cl
to C6 al kyl phenyl, or Cl to C5, al koxyphenyl; Rb 15
is C, to C6 alkyl; and Ris C, to C4 al kyl or benzyl;
wi t h 2-nmet hoxypropene and a catalytic anount of an

acid to provide a conpound of fornmula si Rb2Ra ~OMOP
CO2R 74; (b) reducing the carboxylic ester noiety of
the conpound 74 with at | east one 20 hydride reagent
to provide axpmwaeyeyof formula, siRb2Ra OH OMOP75;

121 (c rot ect.i ng,4 he r £d_ hydr baef f

corrpguZ]dp75, Réésg 236%#ﬁ£&%h§&5u%ﬁ%ﬂ%§%t%8¥m%ﬁmfoma

compound &gﬁwﬁﬁ SulRfithted vRANDYE, Jalkiyl) de O(CH@){ Cialkyl); and
e

renmoving t roup of the conpaund 45, to provid

the allylic a%mdd%‘mﬁuﬁdw%me?ﬁm%&R SF"F%‘%E"%%&I%*‘M
SOH 76, 5 PN bZLMg (?QO oglg@_fromstep(c)

vvig]t_|h a ho:négm(felé‘%@?gster(% tg:dt arl?: acid, a

_hydr operoxi de, and a netal catalyst, or with a

peracid, to give a cyclopentane epoxide having the
formula StFP2ZWOH OBn ~. OH O 77; (e) treating the

cycl opent ane RBRQ¥mpsuntiof Clahdp whedeinni t h an al kal i
netal salt 1Ros_of a purine conmpound of formula x

is phenyl,
10 R® is methyl;
X is benzyloxy;
RY and RZare taken together to form methylene; and

R? is hydrogen and R? is acyl.

15 48. The compound of Claim 43 having the formula,

gszRﬂ

e S
=N N OH

N\/ y
N

X 78.

NS4
o

49. A compound of formula
0
N

NH
7
RZOOA&‘(N N’}kNHz

RIRESS ora sa.lt thereof, wherein:
20 - R? is alkyl, phenyl, C; to Cs alkylphenyl, or C; to C; atkoxyphenyl;
R® is C; to Ce alkyl; and '
R is hydrogen or benzyl.

50. The compound of Claim 49 whetein:
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NN N NNH2 28 H wherein X is benzyloxy; I, or A, to
give a conpound of formula 78. 15 59. A process for
the preparation of entecavir having the formula O
HOCH2" YN XNH2 HCI 21, conprising: (a) converting an
ester having the fornula SiR6212a CO2R COH 66 122
wherein Ris Cl to C4 alkyl, or benzyl; Ra is allyl,

phenyl, Cl to,¢6 al kyl phenyl or C1L to C6
al koxypheny! , Raf‘ﬁf%%x’i s Cl to C6 al kyl, under

am nohydr oxy| &P isanethylnatidt i ons to give an

oxazol i di none_bhaving the fornula Si Rb2Ra COZR ,.COH
HNUO O 67; 5 Rb)S&#H0&™ting the al cohol of the

oxazol idinone of fornmula 67 with an iodide salt to
give an iodide having the fornmula Si Rb2W A CO2R HN1O
0%8; (c) ik edbepempaved phElaip 43WheBRul a 68 with zinc
and acetic acipdis i reating the product of step (c)
with a hydride reagent to reduce the ester 10 noiety
to an al cohol Rymomethyleand net hyl ene conpound of fornul a
Si Rb2Ra i OH Rmisl 1

10 52. The methanesulfonate salt of the compound of Claim 51.

53. A compound of formula
X

P
RNO%‘N N/)\NHZ
RaRb?S’\\\ or a salt thereof, wherein:
XisClorl;
15 _ 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
N NH
¢ ]

r?% N N')\NHZ

b > ’

b
20 R®
wherein R® is Cy to Cg alkyl; and R¥ s hydrogen or benzyl, or a salt thereof.
{

55. The compound of Claim 54 wherein R® is methyl.
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H2N 69 or a salt thereof; (e) reacting the nethyl ene
conpound of formula 69 with 6-chloro-2-am no-
5-nitro-4(3H) -pyrimdinone in the presence of base to
give a pyrimdine conpound having the fornmula O
QZNNH HO H I N~-NHZ 15 RaRb2Si "~/// 70; (f) treating

the pyrim g nex egpoesdd sénufaor nul a 70 with a reducing
agent to reduce the nitrg noiety to an amne; 123 (Q)

cyclizing the product of gtep (1) with an orthoformate
derivative and an ciéﬂfg\ ive a met hyl ene conpound
O
M

having the fornul a NI—|C]\I ~NHZ RaRb2Su - 71;

and (h) cofvettin e si Mané #oi ety of the conmpound

of formula 71 tg,@ 5 hydroxy noi et nd .pr,ovi. di ng the

conpound of formAa 21. 60. A pPbe tﬁ%c’lf’vf'ﬁ'éem'

preparati on of @uiiBGaybdndnavi ng the formula O HOCH2~

N rNH2 P1(1 21,,,conprising: (a).Jrgating

4-(S) - hydr oxy-&z-vlfy}‘ﬁ Bﬁ’j’én'iegﬁ'-"%’-ré’r{{ez% th a silylating

reagent of  10r<tihe, th @y alblar Pedmel?bidY and a

trial kyl am ne bas erein R is Cnto C4 al kyl or

phenyl, Rd isRCEf‘rﬁ'tt\gAE(’:%ﬁ‘é‘r kyl, and Y is a | eaving

group to give the conpound of formula O6 R Rd2SiO0

33; (b) treagting the duct fr t. 142, sen.

Grignard rSZ'géﬁgmB"r“B%gﬁczadm%’d%wgg&i %‘gggén@ﬁaﬂ%sis?l drogen

reagent of the fornula RaRb2Si CH2X , wherein Ra is

al|yl, 15 phenyl, Cl.to C6 al kyl ph ) 1 d Claim 48,

al %xyphenﬁp‘; “éﬂ’efhg‘}&i%m ‘A R??/Tm;e%'gﬁ;?ﬁl’%&& f8 o Clsim
comprising, -

(a) treating an ester of the formula

SiR"R?
“~4CO:R
Z LOH 66
wherein R* is allyl, phenyl, C; to Ce alkylphenyl, or C, to Cs a]ko:;yphcny]; R®
15 is C; to Ce alkyl; and R is C; to Cy alky! or benzyl; with 2-methoxypropene and a

catalytic amount of an acid to provide a compound of formula

5iRP,R?

qcozn
OMOP .

(b) reducing the carboxylic ester moiety of the compound 74 with at least one
20  hydride reagent to provide a compound of formula,

SiRP,R?

q\.OH
OMOP 5.
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chl oro, bronmo, or iodo followed by treatnent with
trinmethylsilylating reagent to give a conpound of
formula OTMS RRdSIi O Al Si Rb2Ra 34; (c) fornylating
t he conpound of fornula 34 to give a conpound of
formula 124 OOH R RiO SiRb2Re ~ 35; (d) treating
the conpound of fornmula 35 with a sul fonyl ating

(0783 PR SRR ot fefoffi 4

Substeithen tpah togatdidnt bicoBfpoandkys witk a Bisetand EBerulyklwliﬂc thé removing

G KOG i T I CW—

nmet hyl ene cg,mﬁund of formula O R Rd Si O Si Rb2Ra 2
36; (f) selgctively reducing the nethyl ene conpound of
formula 3 Bnhydri de reagent to provide an
allylic al ol ,@f the formula OH R Rd Si GSi Rb2Ra 10
2 37; (g) condénsinthe allylic al cohol of the

rrml a 3 f tartari
corrpound g?)u#orr%zmgtﬁ : % Q%EKP Ri H g \Ahetgé%sﬁf)% ¢
i s Clagid} 2 hydrojeeorigd, anq/a,metal cptadwt,dewathmmﬂdeweglw a cyclopentane
conpoun}gldg fortrgnéll a X N AN \ N N~NH2

SRR

OBn
O

O»a%”

77
(e) treating the cyclopentane epoxide from step (d) with an alkali metal salt
10  ofa purine compound of formula -

X
N

<, /k

H NHa 28 ’

wherein X is benzyloxy; I, or Cl, to give a compound of formula 78.

15 59. A process for the preparation of entecavir having the formula
O

N NH
e
HOCH, &;N N/J\NHZ

HO' 21, comprising:
{(a) converting an ester having the formuia

SiRY,R

QCCQR
OH 66
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RaRb2Si 1 ! 15 R Rd2Sid 38; and (h) converting the
conpound of fornmula 38 to the conpound of formula 21.
61. A process for the preparation of entecavir having
the formula 125 xO <N NH HOCH2 N N-'k NH2 Hd 21,
conprising. (a) reacting a cycl opentenone of the
formula 0 RRd2SiO 33 with iodine, wherein R is Cl to
C4 al kyl, or phenyl, and e is Cl1 to C3 alkyl; 5 (b)

r edu cwn&eﬁah@lsqgrt@ (0] mkylgamﬁzypm“tlhﬂm rphdm;d,tclctb G5 hkppra:)yl or Cy

to prOV|de an i odo und_of, for
40; (Fﬂ hevlﬂgmﬂ% 1§§ Wgﬂé?i‘l gopditions to
gi ve give BLE6hiMne Hh: rgﬂla 5yCOZR 10 RRd2Si O/

41, ere| n R |s Clto al kyl, or benzyl; (d)

acyl ating thél RegRfpound of formula 41 with an activated

acyl agent ,REornmula RRC(O) -Y wherein R2 is Cl

to C6 al kyl) yIaIkyI or aryl, and Y is a | eaving

group to qi r—c@hpound of formila O RRAO 5/ CO2R

15 R Rd2Si ; (e) treating the product of step (d)

wth a Gign dreag@nt prepared from a

(hal omet hyl ) si | ane reagent of the formula

R Rb, Si CHAM) , codmertiigrihdtlcahol efithedxazelidinope of formula 67 with an iodide

salt to give an iodide having the formula

SIR%R®

Q’C%R
Jotr |

HN \[ro
o 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
10  moiety to an alcohol and give a methylene compound of formula
SIR%R
OH

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
O
OzN | NH
A
Ho«&ﬁ N™ "NH,
b o
i5 RaR 25] 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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126 C1 to C6 al kyl phenyl or Cl1 to C6 al koxyphenyl; Rb
is Cl to C6 alkyl, and X is chloro, brono, or iodo
to give an ester of the formula /\~COZR RRI%GI O4 _J/
, ~Si Rb2Re 43; (f) reducing the ester of formula 43
with a hydride reagent to provide an 5 allylic

al cohol of the formula -~OH RCRd b Ra ySi O 2 44;

() oozl g e SOk, Of AL %, A od an

of ”A.Gidftegﬂ'ghﬁneﬁl eh@b uﬁ%ﬂ%&g@eWS 10 (h)

reacti ng cycl opent ane epoxide of fornula 45 wth
an alkali netal salt a purine conmpound of formula
X HZNN H 28 whefei M fgrd ., | or benzyloxy, to give

m{ldl XIN ~/ | N NNH2' ~CH OH
RRd2Si O - $i N™TW"(T§Hconverti ng the conpound of
formula 46 to t hyl ene conpound of fornula 127 0O
N NTNHZ HE*RL$DH2Re 71; and

(h) converting the silane moiety of the compound of formula 71toa
5  hydroxy moiety and providing the compound of formula 21.

a compound of f

&

60. A process for the preparation of entecavir having the formula
O

N NH
AL AL
HOCH, N ™N" “NH,

HO' 21, comprising:
(a) ftreating 4«(S)-hydroxy-2-cyclopenten-1-one with a silylating reagent of
10 the formula R°R%S8iY and a frialkylamine base wherein R®is C; ta G4 alkyl or phenyl,
R%is C; to C; alkyl, and Y is a leaving group to give the compound of formula
O

R°RY,Si0 33;
(b) treating the product from step (a) witha Grignard reggent prepared from
a (halomethyl)silane reagent of the formula R*R®,SiCH:X’, wherein R? is allyl,
15 phenyl, C; to Cs alkylphenyl or C; to Cs alkoxyphenyl; R® is C; to Cg alkyl; and X' is
chloro, bromo, or iedo followed by treatment with trimethylsilylating reagent to give a

compound of formula
OTMS

RS0 | % SiR"

-
2

(c) formylating the compound of formula 34 to give a compound of formula
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47; 6) treating the conpound of fornmula 47 with an
acid or base effective for protodesilylation of the
silyl noiety, and (k) oxidizing the product of step 6)
to provide the conpound of fornula 21. 5 62. A
process for the preparation of entecavir having the
formula O HOCH2./YN TNH2 H6 21, conprising: (a)
treating a honochiral bicyclic |lactone of the formula
49 10 with paraf & mepdehyde, acetic acid, and sulfuric
acid to provide a\diacetate of the formula O AcO
AcO' 50; (b) tr ng the diacetate product of step
(a) using | @Rkt ohol solvent to renove the
acetate protetting groups ¥ give the conmpound havi ng

the 15 f Qayru h%.t?g )tﬁév%‘étn#gunééfi fmﬂ%ﬂ?ﬁl $E%ith b %ﬂn@ﬂ?ﬁ?ﬁggent having

product of ste g sily ng reagent o
f or muthe formuRAZSDYCL, whereimiR? isC) o slalleyb aviflusrorbethylcphsayl o1 phenyl

to 4 IH&{E d i near or branched
Cl toﬂﬁgla 9?55% |é°gaf%g%ingx roup, to provide a
cahpound dg) feactinglthe profict Bf d8ef(d] with aStrétightals toklibiZgate a
(d) treating the praduct of,ste C .t h strong
non- n %ﬁg’i"ﬂ’ o F&%‘Q %\Wagﬂy’f&‘* cé)mp(ouzld ot fortuila
S)-(+)-(10-canmphaysul fonyl )oxaziridine to give a
conpound of for a

rReRG,sic] # SRR 36
(f) selectively reducing the methylene compound of formula 36 witha
hydride reagent to provide an allylic alcohol of the formula

OH

10 ReRe,sia] SRR

(g} condensing the allylic alcohol of the formula 37 under Mitsonobu

conditions with a purine compound of formula

X
>
HZNJQ'N N

H 28, wherein X is CL, L, or benzyloxy, to provide a methylene

X

¢

RAR%SI— 7‘N N/*NHZ
2

15 RRSIO 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



HO RRd2SiAO1~0 R~Rd2S1 53; (e) reducing the | actone
noi ety of the product fromstep (d) with a hydride 10
reagent to give a conpound having the formula HOOH pO
RRA2Si O~ RRRd2Si d 53A, (f) cleaving the product from
step (e) wth an oxidizing agent to give a conpound
of formula CHO SOH R RdSIO- R Rd2Sid 53B; 15 (g)
reduci ng the product fromstep (f) with a hydride
reagent to give a digl .of the fornmula CH2OH OH

R Rd2Si O J R Rd25i 8<, (h) selectively

sul f onyl atl%h]i; t hell pri rXJ@J cohol of the product from
step (Q) gent™ of NHhe formula R3S020,
wherein R3 is CJ C4 al kyl, trifluoronethyl,

phenyl, or phéil substituted Mycddprisings6 al kyl or C1
to C6 al kgxy; L) acylating the, secondary al cohol of
t he produg?yofeaé%ggﬁ?égopwt?%n%ﬁte%egow ti ng agent of
the formula RC(®@-Y, wherein R is Cl1 to C6 al kyl,

aryl al kyl or ar, and Y is a leaving group to give a
conpound havi ng formula CHZOSOZR3 .0 R2 RRYUGI O
R°R%,Si0 33
with iodine, wherein R° is C; to Cg4 alkyl, or phenyl, and R? is C; to C; alkyl;
5 (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 formuia 40 1o give a compound of
formula
OH
CO.R
10 R°R%,8i0 41

wherein R is Cy to Cq4 alkyl, or benzyl; )

(d) acylating the compound of formula 41 with an activated acy! agent of the
formula R2C(0)-Y wherein R? is C, to Cs alkyl, arylalkyl or aryl, and Y is a leaving
group to give a compound of formula

0
RZJLO

Q’COZR

15 R°R%,S10 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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RRA2Si d 55; (j) treating the product fromstep (i)
Wth a strong base to effect elimnation and

hydrol ysis of the carboxylic acid ester to give the
conpound of forrmula OH RcRd2Si O 10 RcRd2SI O 56; (k)
condensi ng the product fromstep 0) with a purine
corrpound of formula x N N H N-NH2 28 wherein Xis O,

or benzy OX under M tsonobu conditions to give
et gl ﬂ&ﬁyﬁb@xh@%@%ﬂ#am by B s i fo Caabrdiaaial i cloro
N=—~ %Mii?%ﬁﬁd%\g% téamemlwg the silyl ether
protecting groups of the met hyl ene conpound of
formula 57; and Qﬁaﬂrol yzing the 6-X group to give
t he compound of mul a 20 63. A process for the
pr epar at i ®irQio nt §‘§‘|1R3E§V| ng the formula 130 xo
,»JJ <, N NH HOCH2-. Hd 21, conprising (a)
reduci ng (e mm[qhigmdwﬁfrofﬁjrmﬂaaﬁm&&ﬁﬂdd&e@enﬂopmﬂdean

R Rd%ﬁ a?cohofoftge?{:rml?lal actol of the fornmula OH

o
", SIRP,R®
#" 44

R°RY,SI00 &

(g) -epoxidizing the allylic alcohol of formula 44 with an oxidizing agent to
prdvide a cyclopentane epoxide of the formmia

O
§ o
2 b 3
RR:siI0" SRR (o
10 (h) reacting the cyclopentane epoxide of formula 45 with an alkali metal salt
of a purine compound of formula

)\)\L )

H 28
wherein X is Cl, 1 or benzyloxy, to give a compound of formula

X

N =N

I

N N’)\NH2

~ _‘\\\—OH
OH

RRISIOT SRR 46,
15 (i) converting the compound of formula 46 to a methylene compound of

formula
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R Rd2S,0 \ /,~\\O 5 RRdSId" 59 wherein R is a linear
or branched Cl1L to &4 al kyl, or phenyl, and Rd is a
linear or branched Cl to C3 alkyl; (b) iodinating the
| actol product of step (a) by free radical oxidation
to give an iodide conpound having the fornmula CH21
OCHO RRd2SIAO1~0 10 R Rd2Sid 60; (c) treating the
product fromstep (b) with a strong base to give the
met hyl ene conpoypd of fornmula SOH RRd2Si 0 RRd2S] O
56; (d) conzfg rngHt he product fromstep (c) with a
purine conp formula X /NN 15 HN NH2 28 131
wherein X i s'_E_ICI N| W2 benzyl oxy, under M tsonobu

condi tions #ve a met hyl ene conpound of formula CN
X RRdSi O g@\gjl N RRd, SiO% NH2 57; (e) renoving
the silyl pet het—pegP tjgli]g groups of the nethyl ene
compound of 5 fornul a ; and (f) hydrolyzing the 6-X
group to @) Vverchiigy theogapondd of fofronladl avithn acigHr bage effective for
process for the repﬂr ati.on 01:i ent ecavir having the
F or nDiofdestlylation bibes ¥y Ipgiecy 48

(k) oxidizing the product of step (j} to provide the compound of formula 21.

5
62. A process for the preparation of entecavir having the formula
O
N NH
<L
HOCH, N7 N7 TNH,
HO 21, comprising:

(a) treating a bomochiral bicyclic lactone of the formula

A
O

"
49

10  with paraformaldehyde, acetic acid, and sulﬁtri; acid to provide a diacetate of the

formula
9]

—

AcO'\Q‘“\O

AcO™ 50;
(b) treating the diacetate product of step (a) using a base in an alcobol
solvent to remove the acetate protecting groups to give the compound having the

15 formula

8]
.\‘O
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10 Hd 21, conprising (a) silylating a conmpound of
formula CH2OBn OCOH G| 82 wth a conpound of fornula
RcRd2Si Y, wherein Rc is linear or branched Cl1 to C4

al kyl, or phenyl, Rd is linear or branched Cl to C3
alkyl, and Y is a leaving group, to 15 provide a
conpound of fornmula CH20Bn OSiRdZRc On 83; (b)
reduci ng the product from step 5 under .condi tions

suf fi ci enfe) t drepiingsheprodus obeen (p) with 8 sidatingreagest of theformula
d;
Jony B AT RHAERL 13 S bEbRd RALE, BT LTpHCAL WK s incar

converting’t fron1step
(b) tobranched Eptwelsatkyd sadY iof leating groupnit progigie R cgmpound of
wher gi n gs is Cl to C4 alkyl, trifluoronethyl, or
phengcf"““1 ubstituted by Cl to C6 alkyl or Cl to C6

al koxy to give a conp d of formula CH20SO2R3
aa.ttcSi Rd7Rc 85, 5 (id) treating the product from

step (c) wth {!Pbaseto effect elimnation of
the R3SCBRIR'ZS m t he met hyl ene conpound of

fgrnula Ooadﬁﬂ§k386 ) treating the product from
step (d) with [ithium™Salt of 1,3-dithiane to

provi de tdd mmundpm&udtefmp @)%anﬁﬁ@?@n&uﬂ&oﬂhﬂs&waﬂd
f) h t h |
Sohp b&iﬁwﬁm R

of step (f) with mgohydi de reagent to provide a

{0
R"Rd;_»SiO/\O
RRYSIO 53;
(e) reducing the lactone moiety of the product from step (d) with a hydride

10  reagent to give a compound having the formula
HO, OH

A 0
RcRdZSiOAO
RRLSIO 534
() cleaving the product from step (e) with an oxidizing agent to give a

compound of formula
HO

LOH
RcRdZSiO/\Q
RRLSI0™ 53B:
15 () reducing the product from step (f) with a hydride reagent to give a diol of
the formula

’”O

CHOH

: QOH
R°RY,Si0

Rcﬁd28i§ 54;
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conmpound of forrmula HO -NY " OSiRdzRc Hd /// 88; 15
(h) acylating the conmpound of fornula 88 wth a
compound having the formula RC(O-Y, wherein Y is a
| eaving group and R2 is C1 to C6 alkyl or aryl, to
gi ve the compound of formula O Rz--"-O..a0H R2--Ir
0. O089; (i) condensing the product fromstep (h) with

a purine ¢o und of formu a, 133 X .<

wher ei n )(ﬁ? g‘@f‘f‘“ﬂ?%‘&“ﬂ'ﬁ%%ﬁmgr Mﬁ%ﬁ%u&%ms&p(g}
CKI n ?Hﬂ"ﬁ é@oﬁﬂmﬁ%@mﬁzmen evhetbﬁﬂho it %l teoE Alkoylmiflgonemethyl,
~N J, ~ \ , ro ; renovi ng

t he phepyl. sxphenyl spbstiited Wgclg‘P(S{ﬁ ﬁ& ??roq"‘h%? #é)a'llf@f‘ﬁy | ene
conmpound ;y0f afdiiglese RBondaRhidokdl ST srbdiict SEstép@) With an

group to give the conpound of fornula

221 5, A
(¥ ocayitiog agenbefithe fegmalaRe€E9)-Y mm& s tpfgf)s,ﬁpg apylalkyl or
eSNt g%ryggl% %\%Y];E%m%ﬂm FOREdBdREA hatiRy the EsHRlNg an

CH,OS0,R®

s O R2
R°Rd28i0/\Q b
0

s
&

R°RY,Si0 s5;

() 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

~OH
R°RY,Si0

10 RR%SO 56;
(K) condensing the product from step (j) with 2 purine compound of formula
X
N S
N
AL Al
I?;l' N” "NH; g

wherein X is Cl, I or benzyloxy, under Mitsonobu conditions to give a methylene

compound of formula
N X
D
N—¢ N
RR%SI0T =
15 RcRdZSin NH; 57:

(1) removing the silyl ether protecting groups of the methylene compound of

formnla 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
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CH20Bn R O 1,C02R wherein Ris O to C4 al kyl, or
benzyl, and R is benzyl, benzyl substituted on the 15
phenyl noiety by d to C6 alkyl or Cl1 to C6 al koxy, or
R Rd2Si wherein r is linear or branched Cmto C4

al kyl or phenyl, and Rd is |linear or branched Cl1 to C3
al kyl, with a hydride reagent; 134 (b) asymmetrically
epoxi di zing the product fromstep (a) with a
honochiral diester of tértaric acid, a hydroperoxide,
and a netal catalystN vi de the cycl opentane
epoxi de of the fdym{ all 44Bn R Q/,0H 5t017; 5
(c) ”eatiﬂ@ﬂzﬁ%—@UUCNO Nigtep (b) with an al kal i
netal salt of a ine conpound of fornmula x N N\
H2NIN N 29 whey@in X is d, |4 provi de a
conpound of formula CH2OBn R /clo%% %o"//CH N N

/ NH2 N | i(2)TNreduci@y the Gotfipiund ofifpemulang t he vi ci nal di ol
product of step (c) to gn al kene to provide the

met hyl ene conpound o_rf—{orrrul ax N N31 N-NH2 RIOT ///

19; Y
R“R"ZSiO/\Q

ROR%SIO 52
to give a lactol of the formula

5 RER%,SI0° 59
wherein R® is a linear or branched C; to C, alkyl, or phenyl, and RYis a linear or
branched C] to C3 al.kyl;

(®) iodinating the lactol product of step (a) by free radical oxidation to give
an iodide compound having the formula
CHy

A _OCHO -
R"RsziO/\Q

10 RcRdQSiO\\‘ 690;
(c) treating the product from step (b) with a strong base to give the

methylene compound of formuta

\\OH
R"R"zSiO”‘&

Gt i
R"R",Si0 56;

{d) condensing the product from step (c) with a purine compound of formula

<’ka\

15 NH: g
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(e) hydrolyzing the X group of the conmpound of formula
19 to provide the nethylene conpound of forrmula O
~NNH BnOCH2 N N7LNH2 15 R U 20; and 135 (f) renoving
t he benzyl ether protecting group(s) to provide the
conpound of fornula 21. 5 66. A process for the
preparation of an ester of the fornmula CH20Bn
BnQ, s ki [ bab e
conprl SI ﬁ%goggglgac g’?g’f’% uﬁd&h&s‘a &o@n{%‘e forgﬁeu%rh;ﬁﬁéthyien

CH2 CRipmipbind of f&id®1 10 wi th an anhydride to provide
the di acetate of the fo mul z;(f CH20Bn AcOr, .. &%OAc 2;
(b) hydrolyzing thejpr@ romstep (c) with a
hydrol ase enzy ,ponpound of formula CH20Bn
HO, . (c) pling the product from
step (b) vvltF rgﬁylsulfonymigtronethane to give a

of AUl a

conpound of CH20BnNO2 ¥¥n..~...+ S02Ph 4;
(d) alkyl gl gn;g Lindr skt ofthb FrethylB eymhpound of
hal i de to oVl bﬁlgﬁﬁe onf%om})gd ofgggfl?}u} | a e

5 formula 57 and
(f) hydrolyzing the 6-X group to give the compound of formula 21.

64. A process for the preparation of entecavir having the formula

0
N
NH
¢ |
HOCH, ;&,N NéLNH
10 HO' 21, comprising:
(a) silylating a compound of formula
CH,0Bn

E .\\OH

O 82

with a componnd of formula R°R%SiY, wherein R° is linear or branched C; to Cy
alkyl, or phenyl, R* is linear or branched C; to Cs alkyl, andYisa leaving group, to
15  provide a compound of formula
CHz0Bn
MOSIRGR®
On 83;
(b) reducing the product from step (a) under conditions sufficient fo remove
the benzyl protecting group to give a compound of formula
CH,OH :
OSIRGRC
o 84;
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CH20BnNO 2 BnO,,.. ...a< SO2Ph 20 - 5; (e)
converting the product fromstep (d) to an ester of
the formula 136 CH20Bn BnQCa, ~.."CO2R 6; and (f)

i somerizing the ester of the fornula 6 under basic
conditions to provide the ester of the fornmula 7. 5
67. A process for the preparation of an ester of the
formula CH20Bn BnOn..~CO2R ~ 7 wherein Ris Cl to ¢4

al k%" o kle)”tzﬁ&nvgﬁﬁ a%oﬁt her 1?&13@0?&%%&@@{1%@ (b) to a sulfonate
ace ati n e 1 O e rmul a

HOB, ?/t?seesa fwubmvdw@pkgm@a %CKW%WSWGM@F phenyl
and %%@ fula
Cszhér?ggAcmgygpv pz?b? ag)ﬁ/i g?l ng the prggggf%

fromstep (afHiB®RYe an al kyl carbonate of the - 15
formula CH2 WORFAHe, ~5a1\ O "OR4 0 14

=
=

O 85;
5 (d) treating the product from step (c) with a strong base to effect elimination
of the R*SO:H to provide the methylene compound of formula

&.\\OSRC'ZR"
oi 86;

(e) treating the product from step (d) with a lithium salt of 1,3-dithiane to
provide the compound of formula

p@sﬂ&..\osm"z#

10 HO' 87;
(f) hydrolyzing the dithicacetal 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‘\&.\\OSiR"zR"

HO 88;
15 (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

QO
RZJLO%..@H
R2_ G

o 89;

(i} condensing the product from step (h) with a purine compound of formula
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wherein R4 is Cl1 to C6 al kyl, benzyl, phenyl, or

phenyl substituted by Cl to C6 alkyl or C to C6

al koxy; (c) coupling the product fromstep (b) with
phenyl sul fonyl ni tronmet hane to 20 obtain a conpound of
formula CH2OB NOz ACOn..~...n (SO2Ph 15; 137 (d)
hydrol yzi ng the product fromstep (c) with a base to
obtain a conpound of forrmula CH20Bn 4; (e)

al kyl ating t heX product fromstep (d) wth a benzyl

hal i de |n ﬁsence 5 of strong non-nucl eophilic
base to gl onpound of formula CH2OBn NO2

Bna, , .\ ma f) converting the product from
step (e) to an ester the formula CH2OBn

BnO ,wiersioRAR0E 1pdtbenyinxy uadsrdMitsohotm donditiest terghofa imhéthylene
formula 6 under basic conditions to provide 10 the :

est ercoBPoRet a 7. 68. A process for the
preparation of an ester ok the formula CH20Bn
BnOn, . 6- COZR 15 wher g} is Cl1 to C4 al kyl or
benzyl coangS|ng a{ rpa ing a cycl opentane epoxi de
of the formnulla
R@”)’\O NH;
RE_O
D¢
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 forreula 21.

10 65. A process of preparing entecavir having the formula
O
¢ )\
HOCH2~<%ETA N,
Ho' 21, comprising:

() reducing an ester of the formula
CH,0B#n
R%yhifjr,CQﬁ
7

wherein R is C; to Cy4 alkyl, or benzyl, and R’ is benzyl, benzyl substituted on the

15  phenyl moiety by C; to Cs alkyl or C to Cs alkoxy, or R°R®,Si wherein R° is linear or
branched C; to C; alkyl or phenyl, and R? is linear or branched C; to Cs alkyl, with a
hydride reagent;
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BnOn,. wth a strong non-nucl eophilic base to form an
allylic al cohol of the formula CH20Bn BnG,,, 6.1 %
9; 20 (b) acylating the product fromstep (a) to give
an al kyl carbonate ester of the fornula 138 CH2G8n
BnGs,..(5,,tO/OR4 O 10 wherein R4 is C1 to C6 al kyl,
benzyl, phenyl, or phenyl substituted by Cl to C6
alkyl or Cl to C6 al koxy, (c) coupling the product of

SLEP (1) 0 A Al SRR o 9 (P bomoctic
>CP Ph@ﬁeﬂmﬂ edidd Wﬂph‘@x}ﬂpwd@tmtftﬂ@mab?fés bravidethe

an aci d oBn BhQ'/,/ \,~~1CO2H
\ ~J/ ?fiopfn nvegnfg tﬁbg %

He pr oduct fromstep (d) to

an ester of th @?ﬂmla CH2OBn BnO , .NnC2R 10 6;
and (1) isgap e pr oduct from step (e) under
basi c condltl |de the ester of formula 7.
15 69. A process pre Ar | ng an ester of the fornula
5 {c) treating the product of step (b) with an alkali metal salt of a purine
compound of formula
X
N/ N
A My

wherein X is CL, I or BnQ, to provide a compound of formula
CH,0Bn

R'oy, / OH
7OH

N Ny N
I
X 18;

10 (d) converting the vicinal diol product of step (c) to an alkene to provide the

methylene compound of formula

X
N
¢
BnOCHz %N

RS 19;
(e) hydrolyzing the X group of the compound of formula 19 to provide the

methylene compound of formula
O

N
<; l NH
BnOCH, ‘&/N N¢I\ NH,

15 RO 20; and
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CH20Bn R 01/, / yCO2R wherein Ris Cl1 to C4 al kyl, or
benzyl; R is benzyl, or benzyl substituted on the
phenyl noiety by CI to C6 alkyl or Cl1 to C6 al koxy, or
RcRd2Si, Werein Rc is Cl to C4 alkyl, or phenyl, and
Rd is C1 to C3 al kyl; conprising: 20 (a) oxidizing an
allylic al cohol of the formula CH20Bn R 0/1,& OH 139
wi th an oxidi zi ng agent to give a cycl opentenone_of

the fornul(® EHROBE the Wnzyl(ethedprotecting sroup(skie P vidsdhe compound
cyclo t eno of the formula 80 with lithiumtri-sec-
butyl‘g@&@?}%ﬁde; 5 (c) sulfonylating the product of

step (b) with a triflating reagent to give a conpound

of formula CH2OBn ROJ/ & OW81; and (d) converting
the triflate noiety of the conmpound of forrmula 81 to

ans al koxyggar b 4R GeVprépraibn 6f i etee of the f@fnulzhe
formula 7. 10 . A conpound of formula /SSIRRb2~~Ra
7 '0H H2N = (\§"B8"wherein Ra is allyl, phenyl, Cl to
C6 al kyl phesoyl ChR0o C6 al koxyphenyl; and Ro is 15
Cl to C6 al kyl r a splt thereof 71. A conpound of
formula CH2OBn R Q/. & CH .

wherein R is C; to C4 alkyl or benzyl, comprising:

(a) acetylating a diol of the formula
CH,0Bn
HOw,, OH
1
10  with an anhydride to provide the diacetate of the formula
CH,OBn
AcOn., LOAS
2
(b) hydrolyzing the product from step (c) with a hydrolase enzyme to give a
compound of formula
CH,OBn
HOCrs., +OAC
. 3;
15 (¢) coupling the product from step (b) with phenylsulfonyinitromethane to
give a compound of formula
CH,OBn
HOw.. © “‘l<-N
S0.Ph ]
(d) alkylating the product from step (¢) with a benzyl halide to provide the
compound of formula
CH,0Bn
NO,
BnOw.. "'“<sozph
20 5;
(¢) converting the product from step (d) to an ester of the formula
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16 or a salt thereof wherein Rl is benzyl or

RcRd2Si-, R is Cl to C al kyl or phenyl, and 20 Rd
is ClL to C3 alkyl. 72. A conpound of fornula 140 OH
W io /SiRb2Ra 2S 37 or a salt thereof wherein-. Rais
allyl, phenyl, Cl to C6 al kyl phenyl or Cl to C6

al koxyphenyl; Rb is Cl to C6 alkyl; Rc- is C3to 4
al kyl or phenyl; and 5 Rd is Cl to C3 alkyl. 73. A
compound of fonu@bs OH b aRRa2Si 0 ~SiR 2R 44 or a

salt ther 10 Ra is allyl, phenyl, C1 to C6
al kyl phen)e/&fo' ‘?gz% al koxyphenyl Rois Cl to C6
alkyl; Rc is C or phenyl and Rd is Cl

to C3 al ky egéln ;P(sﬂgf Hmﬂ{
V111 erelﬁe%%ggn 3 are bot RcRd2é| 8nzmprwlde

and Z&ebstcﬂgfdhafnymdﬂ Z1 and Z2 are both hydroxy and

Z3 is RCRd2SiO; Rc is Cl1 to &4 al kyl or phenyl; and
Rd is C1 to C3 al kyl. 20 141
5 _
67. A process for the preparation of an ester of the formula
CHzOBn
BnOw.. CO,R

7
wherein R is C; to C,4 alkyl or benzyl, comprising:
(a) asymmetrically acetylating the diol of the formula
CHZOBn

HOv.., WOH
10 1

with a C; to Cs alkyl acetate ester and hydrolase enzyme to obtain a compound of

formula
CH,0Bn
AcOr., MOH
13;
(b) acylating the product from step (a) to give an alkyl carbonate of the

I5 formula
CHzOBn
AcOY;, Mo, LOor*

b
o 14

wherein R? is C, to Cg alkyl, benzyl, phenyl, or phenyl substituted by C, to Cs alkyl or
C; to C; alkoxy;
{c) coupling the product from step (b) with phenylsulfonylnitromethane to
20  obtain a compound of formula

ACO (N antt
' @ <802Ph
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(d) hydrolyzing the product from step (c) with a base to obtaina compound
of formula
CHzOBﬂ

NO»
HG’J:.@..\I\<SOzPh
4;

(¢) alkylating the product from step (d) with a benzyl halide in the presence
5  of strong non-nucleophilic base to give the compound of formmila
CHgOBﬂ

NO
B, el

SO,Ph

5;
(f) converting the product from step (¢} to an ester of the formula
CHzan
BHOM-. .IICOZR
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
BnO.. COsR
.
15  wherein R is C; to C4 alkyl or benzyl, comprising:
(8) reacting a cyclopentane epoxide of the formula
CH,OBn
BnOn. N,
WO g

with a strong non-nucleophilic base to form an aliylic alcohol of the formula

CH,OBn
800w, ~OH
_ o
20 (b) acylating the product from step (a) to give an alkyl carbonate ester of the

formula
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CH,08Bn
BnOx.. Q.uOTOR‘
C 10
wherein R* is C; to Cs alkyl, benzyl, phenyl, or phenyl substituted by C, to Cs alkyl or
C, to Cg alkoxy;
(c) coupling the product of step (b) with phenylsulfonylnitromethane to give
5  the compound of formula
CH,0Bn

NO,
B I'lOJn N At
SO.Ph
5;

(d) converting the product from step (c) to an acid of the formula

CH-0OBn
BnO//, WCOH
11;
(e) . converting the product from step {d) to an ester of the formula
 CH,0Bn
BnOk.. .\ wCOR
10 6; and
(f) isomerizing the product from step (¢) under basic conditions to provide
the ester of formula 7.
15 69. A process of preparing an ester of the formula
* CH0Bn
rR'oyy, COR

7
wherein R is C to Cy alkyl, or benzy); R’ is benzyl, or benzyl substituted on the
phenyl moiety by C; to Cg alkyl or C; to Cg alkoxy, or R°R%,Si, wherein R® is C to Ca
alkyl, or phenyl, and R* is C; to C; alkyl; comprising:

20 (a) oxidizing an allylic alcohol of the formula
CH20Bn
rR'o /s OH
9
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10

15

20

with an oxidizing agent to give a cyclopentenone of the formula
CH20Bn

R0/, o
80;

(b) reducing the cyclopentenone of the formula 8¢ with lithium tri-sec-
butylborohydride;

(c) sulfonylating the product of step (b) with a triflating reagent to give a
compound of formula

CH,0Bn
R ol oTf
81; and

(@) converting the trifiate moiety of the compound of formula 81 to an

alkoxycarbonyl moiety to give the ester of the formula 7.

70. A compound of formula
§in2Ra
T
HoN 69
wherein R? is allyl, phenyl, C; to Cg alkylphenyl or C; to (¢ alkoxyphenyl; and Rbis
C, to Cs alkyl; or a salt thereof.

71. A compound of formula
CHzOBn

R0/, oH
16

or a salt thereof wherein R! is benzyl or R°R%,Si-, R® is C; to Cq alkyl or phenyl, and
RYis C, to C; alkyl.

72. A compound of formula
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OH

RRC,S10 SRR 37 or a salt thereof wherein:

R” is allyl, phenyl, C; to Cs alkylphenyl or C; to Ce alkoxypheny};
R' is C; to Cg alkyl;

R® is C; to C4 alkyl or phenyl; and

5 R%is C; to C; alkyl.

73. A compound of formula

OH

. . SIR%,R? ) .
RR%SI0 ™2 44 or a salt thereof wherein:

190 R? is allyl, phenyl, C, to Cs alkylphenyl or C; to Ce alkoxyphenyl;
R® is C; to Cg alkyl;
RS is C; to Cs alkyl or phenyl; and
R¢ is C; to C3 alkyl.

15° 74. A compound of formula

wherein Z; and Z are both R°R%Si0- and Z; is hydroxy or

Z, and Z, are both hydroxy and Z; is R°R%8i0-;
R® is C; to Cg4 alkyl or phenyl; and
R%is Cy to Cs alkyl.

N7

20
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