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priority benefit of U S. Provisional Application No.
60/ 576899 filed June 4, 2004, the disclosure of which

i s i NPRORAFSY PORENT PREY ATEA EIGN OF ENTLEASTR ARDYNOVEL
BACKGROUND OF THE I NVENTI ON [ 0002] Entecavir, [IS-(lo0

lo
3a, 4B§TEMh®TESSIIﬂERM)IbV@A[QARW}WLECON OXIDATION
(hydr oxymet hyl ) - 2- met hyl enecycl opentyl ] - 6H puri n- 6- one
nmonohydrate, is currently being used as a drug for

treating hepatitis Bkl ArERAePriIensrid9003]
Entecavir and its use as an antiviral agent are

deobilbed Tﬂmys applitationefaisds the pridritSbemdit ohU. S F206 544, Application

| npr oved sses of eparj.ng entecavir.are
acer b Bers VB8 s Claae s 284 B dischostirsiom g isgnsorpprgiagyerein by
Pellg n‘—:nc%tmﬁL nﬁrgtgv\moom 0523 10 and US20040192912. The

di Sclosure of h of the foregoing patent or patent
applications is herein incorporated by reference in

its entirety. [0004] Colonno et al. in WO 64221
descri be conposi GRHAVADL PR Iéﬂwﬂéﬁf

Gl L B N -
[ O@Qéﬂoxﬁh@thsh)sﬁﬂ@ﬂiyme@ddghﬁtyqmhﬂ%%ﬂeﬁnbﬂ&hydrate is currently

i nvention herein is included to egﬁlaln t he cont ext of
t heeingwsed ok @druphfos treatingchepaiitisd virakiafectignsan adni ssi on

P, S B 2 G bRl e
U.S. Patent 5,206,244. Improved processes of preparing entecavir are described by
Bisacchi et al., in WO 98/09964, and by Pendri et al., in W02004/052310 and
US20040192912. The disclosure of each of the foregoing patent or patent
applications is herein incorporated by reference in its entirety.

[0004] Colonno et al. in WO 01/64221 describe compositions containing a low
dose of entecavir administered on a daily basis to treat hepatitis B virus infection
and/or co-infections.

[0005] The discussion of the background to the invention herein is included to
explain the context of the invention This is not to be taken as an admission that any

of the material referred to was prior art as at the priority date of any of the claims.

SUMMARY OF THE INVENTION
[0006] This invention is directed to various methods for preparing entecavir as
recited in the claims appended hereto. Entecavir is the monohydrate of the compound

of formula I, which has the structural formula shown below:
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t he nonohydrate of the compound of forrmula I, which
has the structural formula shown below | (entecavir)
[0007] This invention is alsoodirected to various

i nternedi ates useful in t“e pteparati on of entecavir
and the net hods of preparing sudth internediates.

DETAI LED DESCRI PTI Q I\MEI\I'I'I ON Abbrevi ati ons

[ 0008] For easeng ence, Nt hd'Rol | owi ng

abbrevi ations are usgd~in this applicatigon and have

t he meani ngs gi vean\\eI ow. AcOH aceti c?iﬁ'\?%ca&f O acetic

a . :
o e s ich{Tof i< s BhEAR g S RN B ey RRALL the
??@%@?g&m&ﬁmmr @ndotheél infsatddy ob prepani dyidh dytermexdiates. CSA

) - canphor sul foni ¢ acid DCM di chl or onet hane DDQ
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none (-)-DI PT

dii sopropyl i i BESCRIPTION OF THE INVENTION

Abbreviations

[0008] For ease of reference, the following abbreviations are used in this

application and have the meanings given below:

AcOH acetic acid

Acy,O acetic anhydride

AP HPLC area percent

Bn benzyl

BnBr benzyl bromide

BHT 2,6-di-tert-butyl-4-methylphenol
“CHP cumene hydroperoxide, or o;a-dimethylberizylhydroperoxide
CSA (1R)-(-)-camphorsulfonic acid

DCM dichloromethane

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(-)-DIPT diisopropyl D-tartrate

DMF N .N-dimethylformamide

DMSO dimethyl sulfoxide or methyl sulfoxide
EtOAc ethyl acetate

FMSA fluoromethane sulfonic acid

KHMDS potassium hexamethyldisilazide or potassium bis(trimethylsilyl)amide
KOtBu potassium zert-butoxide
MCPBA meta-chloroperbenzoic acid
MSA methanesulfonic acid

NMP 1-methyl-2-pyrrolidinone



DMF i V-di net hyl f or mam de DVSO di et hyl sul f oxi de or
met hyl sul foxi de Et OAc et hyl acetate FMSA
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hexamet hyl di si | azi de or potassium

bi s(trimethylsilyl)am de KO Bu potassiumr -butoxide
mef - c p&oi e acid MSA net hanesul fonic

acid NWP |- rryet hyI Zﬁdgly%r%gl i di nonePMVB

/ \INAB@Et hox yeeanydthdRlyB@izyl edodxybenzyl chl ori de PPTS

pyridi ni um 4-t, luenesu f ona PTSA ara-tol uene
SlﬁPngm c acil™ IW r@lkﬁf’?w OB#&a percent TBAF

(}r@put yl anpj.2nhuaef duBhic36idTBAHS t et rabut yl ar nmoni um
rogensul fate TBHP tert-butyl hydroperoxi de TFA
t rRAP uor oacetiatvaarted pyrcdii- t et r ahydr of uran TFMBA

trlfluororrethaqulilfonlc agid, Tl(O Pr)4 titani um

I bpoxi deetrarstylepmenyt BRoHdeor ¢ hof or mat e
TBAHS tetrabutylammonium hydrogensulfate
TBHP tert-butyl hydroperoxide
TFA trifluoroacetic acid
THF tetrahydrofuran
TFMSA trifluoromethanesulfonic acid
Ti(O1Pr)4 titanium isopropoxide
TIOF triisopropy! orthoformate

Definitions

[0009] The following terms shall have, for the purposes of this application,
including the claims appended hereto, the respective meanings set forth below. It
should be understood.that when reference herein is made to a general term, such as
acid, base, oxidizing agent, etc. one skilled in the field may make appropriate
selections for such reagents from those given in the definitions below, as well as from
additional reagents recited in the specification that follows, or from those found in
literature references in the field.
[0010] “Anhydride” refers generally to compounds that will react with water or
solvent to form an acid, e.g., including carboxylic acid anhydrides having the formula
R-C(=0)-0-C(=0)R’, wherein R and R’ are selected from alkyl or aryl groups, as
defined below, more preferably, wherein R and R’ are selected from methyl and ethyl.
[0011] “Acid” refers to any compound that contains hydrogen and dissociates in
water or solvent to produce positive hydrogen ions, as well as Lewis acids, including
but not limited to acids such as hydrochloric acid, sulfuric acid, phosphoric acid,
acetic acid, trihaloacetic acid (e.g.,TFA), hydrogen bromide, maleic acid, sulfonic
acids such as toluenesulfonic acids and camphorsulfonic acids, propionic acids such
as (R)-chloropropionic acid, phthalamic acids such as N-[(R)-1-(1-naphthyl) ethyl]
-3-
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bel ow. It shoul d be understood that when reference
herein is made to a general term such as acid, base,

%Lﬁ'&ll@hﬁ@ a3 ecglttarlceéc‘fds QPR aSKithrBR dcit :Sﬁﬂiedlf)ér&lyﬂLff&yanu acid,

e appropriate selections for such reagents from
t hesie agidy,@amphotihiacide bipartid anids, bigtopellic asidudBCls 8By & s0

£ S isothe feg e MORS P AR R it ERETy ecF ap@Putriitn sulfide
' gtréﬁmfg %mdg \%9%}0&]8 mARN g adi@ i8N So@8R it akidy addso forth.

react wth water or solvent to
f poom2n &Q&lﬂyl”@s gsed heneih Getilidps diaedron pranchedaligyl groups having
anhydri des having the fornula R

wileneppe R tyakye e R atoes, g@gc’eareferrgﬁy gopgwneotlo e)églv carbon atoms,

gr 0(51 %%’s%;?réfegae l}é Crfqun Q?ér %ﬁouﬁfﬁ@q@é@%@ ru’i‘ﬁés% ’otﬁé’ﬁ‘?fs@ 'sﬂecﬁically

/ﬁ@édﬂlbedl efTr¢ grhallghinchalzp @Lwhcgrbwlq&topmlonalm hIEB/u’rgylm ‘@g”eur (more
and di ssociates in water or solvent to produce

posifeiably Oripdo.owbptitienis seleptedyipm the SIOER0S NG lnggrfermg substituents

i ncl.u b

ml;%ﬁngg :I?FI%PM gltléeglg}& Hos\’{i%r%aﬁ\srl }e?earg:?%glﬁﬁﬁ%gg%sg%\%nga%?lg one to four
a8l afehsd, Whén Halteasstis asedoiith {efergnce oA alltyy dr ojengroup, the
brom de, maleic acid, sulfonic acids such as

t @ulus@netsn@fefr@m the aginkier efirarhonminiay dat the greupqpayeontain. For

{?fqﬁgpfg},ﬁ%g d‘g% §§ﬁ%hﬁg géfller\s/)tf %ﬁ%&?&%ﬁ%{&nf;%kfﬁﬂﬁérgatoms which
etlﬁaiﬁddqhét'ﬂ ], éﬂﬁtyp gagiyd ,lsdp&sﬁyarn-su@p idbuslyahd a&outyl Alkyl moieties

L-tartarlc aci d benzyl -L-tartaric acid,
adiasporeadphothecradishlisre asphingar er branehed, BliﬂﬁSoSd?é?lﬁP%llY described

oe N B P TR B e o
syl flﬂ S18y1a81 ARG QS AHY LA Gk 6%&&%06@ 1sl’ﬁié§&ﬁﬂﬁsdlcﬂ1ﬁlﬂent&n01ety
acid, trifluoroacetic acid, and so forth,
(i.e.; alkylene), creating a:linkage to the. other named group. Thus, alkylaryl includes
benzyl and the like.
[0013] “Alkoxy” as used herein includes alkyl groups as defined above, bonded
through an oxygen atom, i.e., -O-alkyl. “C;-Cy alkoxy” refers to ~O-C;-C4 alkyl.
[0014] “Alkali metal salt” refers to salts formed with alkali metals, preferably
salts of sodium, lithium or potassium.
[0015] “Allyl” refers to the group —CH,-CH=CH,, as well as such groups
optionally having one or more (preferably 0 to 1) non-interfering substituents as
defined below.
[0016] “Anti-oxidant” refers to a chemical compound or complex that is effective
to slow or inhibit the rate of an oxidation reaction. Exemplary anti-oxidants may
include, without limitation, B-carotene, ZrO,, aromatic amines, phenols, quinones

including BHT, citric acid, ascorbic acid, vitamin E, benzoic acid, phosphoric acid,

and so forth.
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and nost preferably, fromone to four carbon atons,
unl ess otherw se specifically described. The term

ng 3' nck PS; §M‘&gﬁ Igagwggh@ bieyai| Yoha ﬁgu}'yb%atvﬁw6to 12

nmor e efera substituents sel ect ed
f fc@boh Atongy iubke Ahg pmimohntee,rﬁhenylmgd $1aph¢hylt aewtld as hateroeq]

bel Th | | kyl f
hzvc?w% oA er S OBIEY Bl T hEnerghied biesogy | 3o 15
?%elfr?t?ege rltcgcf‘l e[rngthgtn‘g ﬁren; %{J%ﬂ L&Jﬁ?éh H?alrv Qf &L o9k HE‘lfaroaH?ﬁ and at

SUpScri p ers car on at ons
t heasgbUprithyatearoataining dhg ek aemplery mhmodyelnmhé'tﬁi)a@h groups

i ;yzioaangg@kz;@%;s SO ENEER T LT -
n-ou
61&1815 é%ol c}{ il Iy L éltﬁgltgﬂgoxg’réieﬁ}qy L 239}-18%1 azmyl

@yl Hﬁﬁdé&ﬁlyﬁ Regdihylead khe ldes Axchplarpbivgci Bﬁexoaryl groups
en the termalkyl is used as a prefix in conjunction

Wmﬁumﬂw@h bsn?ntpgzoaxl bwadll@giplé(} ;bpnzqwoly}rb% higwyl.
a3, bSO ST LR Infudife! Tk (iRl Shf

n Eiﬁ@ﬁ’degr H %70@93 %Eno@lliy)ﬂaﬂfn}g' upl tﬂ G&Lquféfdi@lﬂ? Yito @hdoti-ireerfering
like. oxy" as used herein includes alkyl

grsoquuems def i ned above bonded through an oxygen

« C4 3 1
TIBBSY) iy Basp oy ay tacsh HERFiN eyt B ol ef Btk g Bgrdes o
f QbHRduidst dcRbhKahine HRE ?t's %en@e[tf%@ rtl@eﬁ laycep@piosorfin S&Q&Br Wisolvent.
[ithrumor potassium [0015] lyl" refers to the

gridup, ex@Hplati-b@? mCiwleV\bdttlaremotslmmtﬁdgtpoalb@ll wgtal bh%rpwles and

h%ﬁg{)‘&@ﬁ gll.ﬁ gl\/lgﬂ? w"ahegg n ’ 1esraar11ba|]_l¥al1 metal éL ch'a8 rﬁo aQStll?rrnf letrhl
sodium, and R is hydrogen or alkyl, as defined above, more-preferably where R is
straight-or-branched chain Cy.s alkyl, thus including, without-limitation, potassium
hydroxide, potassium fert-butoxide, potassium tert-pentoxide, sodium hydroxide,
sodium fert-butoxide, lithium hydroxide, etc.); other hydroxides such as magnesium
hydroxide (Mg(OH),) or calcium hydroxide (Ca(OH),), barium hydroxide (Ba(OH),);
alkali metal hydrides (i.e., MH, wherein M is as defined above, thus including,
without limitation, sodium, potassium, and lithium hydrides); alkylated disilazides,
such as, for example, potassium hexamethyldisilazide and lithium
hexamethyldisilazide; carbonates such as potassium carbonate (K,COs3), sodium
carbonate (Na;CO3), potassium bicarbonate (KHCO3), and sodium bicarbonate
(NaHCO3), alkyl ammonium hydroxides such as tetrabutyl ammonium hydroxide
(TBAH) and so forth. Aqueous bases include metal hydroxides, for example,
hydroxides of Group 1 / Group 2 metals such as Li, Na, K, Mg, Ca, etc. (e.g., aqueous
LiOH, NaOH, KOH, etc.), alkyl ammonium hydroxides, and aqueous carbonates.
Non-aqueous bases include but not limited to, amines and their derivatives, for
example, trialkyl amine (e.g., EtzN, diisopropylethyl amine, etc.), and aromatic amine

-5-
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Exenpl ary anti-oxidants nay include, without
limtation, b- car ot ene, ZrQ2, aromati c am nes,

phe go lP%*NHL»" 'P?)@Eﬁ/&% 1 inGt Sdineg; BER alkbLifts aBGli ‘i‘netﬁ%ﬁ/@ﬁ@ésc

acl vi't afmi nzoic acid, phosphorl c acid, and so
f ailltyhatpDBikiddzidedr 3l nanchqueess mlvmxa;asl ic or bi cycl | c

aromatic g%oups hV|n 6 to 1? ar.bon ato in
rilA8 Y or ¢ IBenzyl” igcludss B?&Touﬁn Pf? fS WS 2 ’gﬁ%ups
h%tpiifﬁﬁgyn(‘loer 3 Iﬁgr)ll ? t&ferir % &Bstimgﬁé;gﬁ Efg%&ﬁﬂ%%%h}q ;pottions of

t thepalzyL; vales@hecyisd mgmatytdterrs whi ch have at | east
one het eroat om and at | east one_ carbon atom ¢ njin
a ng %r??c,sfl %Jgu %t on the

r i[AQR0] ExerBenayhatisisosfersite 2 herret gxpl haginais

pyaﬁ@ﬁpépion?%f%@egl%) ]! gr&%(;ﬁ‘fi‘%ob 'T?’Il—lz \h gl%azol gpahde and Ph

I Sdéhbﬂeélé?héﬂyl rlflblﬁélﬂéfﬂinedtﬂ&lcﬁfﬂw oxadi azol yl, pyri dyI
pyrazi ny pyr|n||d|nyl pyrlda2|nyl tr|a2|nyl and

t H802%lke. “Bsasismar ye grséqueugowet% e whsrgin e hengylypeiety is
enzath benzodi oxol yl, benzoxaxol yl,
beaﬁng%/ﬂ’ﬁbS&ﬁmeaﬁ i’b?oq ny1 t et r ahydr oi soqui nol i nyl , d

| ge0ednol FpWsierdRéleétie bk(l@athefe@d’ ¥ a @sdtlon Wit Q\ﬁs
aryl groups optionally having up to four ]é)referabl
1

t ali@yereomeriatroxideris prylerensially tiommads . T1{60@118 a%g§@€1%ﬂéﬁ

RSB s i

defidotal bl‘éféentfah?tm%@ eRPEndMiBhRASHbWeVE! @E ta@m MMV Edselective
Thus, eXxenpl ary” bases include, but are not limted to,

aldpakidatiet’ads ussdiharindds mons tabady Eeksss the epoxidafior of a

}/\/n éﬁ(te%gﬁ)rlr\l/l%r:lcs coa}rrllpo%ln ac|>r| thgglgoa;(llda?l%%rcl)f aarsl o&%%waissesa norrlnracermc compound.
[
" The term “diastereoselective epoxidation” is intended to include enantioselective-

.-oxidation of olefins as described in Bonini:and Righi, “A Critical Outlook And:
Comparison of Enantioselective Oxidation Methodologies of Olefins”, Tetrahedron,
Vol. 58 (2002), at pp. 4981-5021, incorporated herein by reference.
[0023] “Halide” or “halo” refers to F, Cl, Br, or I..
[0024] “Halogenated methanesulfonic acid” refers to methanesulfonic acid
substituted with one, two or three halogens, for example, monofluromethanesulfonic
acid, difluromethanesulfonic acid, trifluromethanesulfonic acid,
monochloromethanesulfonic acid, dichloromethanesulfonic acid,
trichloromethanesulfonic acid, monobromomethanesulfonic acid,
dibromomethanesulfonic acid, tribromomethanesulfonic acid,
monoiodomethanesulfonic acid, and diiodomethanesulfonic acid. |
[0025] “Hydride reagent” refers to reagents that are capable of delivering H™ ions.
Exemplary hydride reagents include, but are not limited to, lithium aluminum hydride
(LiAlHy), sodium borohydride (NaBH4), Red-Al® (sodium bis[2-
methoxyethoxyaluminum] hydride), zinc borohydride, diisobutylaluminum hydride,

-6-
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pot assi um hydroxi de, potassium tert-butoxide,
pot assi um ferf-pentoxi de, sodi um hydroxi de, sodi um

t gé&fuﬂ avg?)(ﬂﬂlﬁde Jebfidth léHIolFi)ﬂgrlﬂﬁiuﬁ?trleﬁ{}%&rohﬁﬁﬂ@rhtmwn 9-BBN

hydr oxi des "such as magnesi um hydr oxi'de (M( 2)
Cab/dmmﬂ;rglﬁB'BlN @yndrlale(lﬁm@r(d-alﬁﬁde @mnplgxnﬂﬁfdrptljﬁmﬂé-methyl -3,4- propan-
(L) ULl Sl PSS (1M MSEST e

ar% P&[dggﬂ%bo%fyg&iﬁé 1Rﬁhﬂ§uﬁwﬁbu?ﬁCﬂ)okdhtyhh&véT{théltebtﬁ%@}

ZI des for exanpl e, potassium

hex s yludiigich alloglde, doganleittthalydrdfevaa eiplexd s ihazhlkde
car bonat es such as potassi um car bgnate (K2CQO3),. |um

c40B6hat e Hydiomosyide poeanss OMIEE PHeATARIEX emglg

b
S PR RRRT dom s %”H%%KEW%W%
f QfHehoin RAUSOBShRREES (ergc,l m’@ogfeatpakomajﬂsm)manfoem alkyl

exanpl e, hydroxi des of G oup Group 2 netal s suc

asubstifutpehalky, aw@; aﬂcéarybs@bstlpéecbmyl a4 a@l&uglt‘td @Wlawéﬁpther

t 149 h
e o ey BB PO R S A Segpr e
t QenBNLARSD i8BskidrRARY kuth@ihitv®! TH@SopetdXideXmiihelude .-
trial’kyl am ne (e.g., Et3N, dllSOpI‘Op&” ethyl am ne,

etdungthyl@nmzyéh}@mel@ldﬁﬁﬂébétyglydrqmr

| al
[M@t edk@f}’é??‘géﬁ%ﬁé nfl;f %&%ﬁi@ewﬁ@wsgq%%%ggq one s sﬁﬁ%d in the
[ %ﬁ%oul@‘?@&i@mm al %Elﬂg 8gitdtetoroteBt thEHOH RikeANEnt GSan alkyl or

as such groups optionally containing
noingedbestdne ps d@uﬂb&dshelrd:m end svhorh maebarentnyed gndgsiilepgptection

P Sonfonsioyh ardpreanetifafie el ol SdhBh CBPUTRN Rap e ates
a Rt df GiuaRtnk l’b@ﬂ& BRtdcRBe Groups in Organic Synthesis, incorporated

- hétein:--As-an illustration, nonlimiting examples of hydroxy protecting groups include -

ether protecting groups (e.g. benzyl ethers, silyl ethers such as tert-butyldimethylsilyl
ether), esters (e.g., benzoate, acetate), and acetals (e.g., MOP).
[0028] “Homochiral diester of tartaric acid” as used herein includes single
diastereomers of alkyl tartrates including diethyl tartrate and diisopropyl tartrate.
[0029] “Metal catalyst” refers to compounds and complexes including metallic
elements that are effective as catalysts and encompasses, without limitation,
“transition metal catalysts.” Metal catalysts include, without limitation, titanium (IV)
isopropoxide, palladium salts such as palladium (0) catalyst, e.g.,
tetrakis(triphenylphosphine)palladium, copper(Itriflate, rhodium(II) acetate,
Rhg(CO);6, and so forth.
[0030] “Non-interfering substituent” refers to a substituent that is bonded to a
compound or complex identified herein that does not render the compound or
complex inoperable, with regard to the functionality or object to be achieved with the

particular compound or complex, and which is compatible with the reaction sequences

-7 -
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- O-benzyl, wherein the benzyl moiety is as described
i mredi at el y above. [0022] "Di astereosel ective

eﬂ@t’é hdphden dueh @ul?stﬁ:&n% B8R dePitdNST GHekkATRA in the field

di astereorrerl c epoxide 1s preferentially forned. The
t deponditigast the pasiehlac taavteoreqjqxardhfun@tmn tothﬁzsaclmwda desemplary
Shar pl ess . epoxi dati ons wh |on of an

aPPYIpiEr %%ﬂ’&ﬁ“‘b‘?’é‘? g}a@ﬁ{lﬁ% 4‘3“5%@ B &rains S alkyl.
MRARUEL o I nlfd ifl hBRLALE ASRARGRENS X PROR, USRI AEOR, -COR.

&i'h al's6 rore broad I'y covers the epoxidation

otaryd, AkasdyEr@RooRléatkd ONRRIAGNRE(HMR &ﬁﬁﬁ@ﬂat +RSOfgRih

ot herw se non-racem c conpound. The t

" mS&%%”,e@eDéNRRV,@Hé pashilraend atky goum : Sipaiitadgvith one to four
| ect
D LR e R R b o, -om
VSR SRR LRl EIROLES L ESLR ML OO
( 280R)R”, aINRFORIS-I0 502, -1c(=f@1)¢~mrp’oam el liker‘efhctreimyR and R’ are

ref erence. 0023] "Hal i de" al o ref to F, C
Brh%‘/d@:gerb.a A7yl PEATEg éﬁ%ﬁg’& ﬁg?mﬁes}wﬁ&ﬁﬂ?%{ jogaryl, as
r IS ubfpnic acid substituted with

\%F %W%&“ﬁa‘r%ge%s%for exanpl e, one

m[«m‘ﬂ] ur oretheoasatt deigivasi deardirédgenaratbiareou tifeqnémration of
acid, trifluronethanesul fonic acjd,
noihoolanss Soet Hiamakdipk Baictics or &pr the preparation of imidazole rings from

i cohaTpreLanestl Lanisf. A8l Hanbibh Gl RhAMERARCSUNAifiting
d'e&éxﬁﬁl&ﬁﬁiéﬁﬁﬁ&ﬁ@ﬂh&l@?ﬂh@f@&hﬂé trinidthylonmstethaaesul f oni ¢

a%lgopropylorthoformate diethoxymethyl acetate, and di-isopropyloxymethylacetate.
[0032] “Oxidizing ‘agent,” or “oxidizing source” refers to any compound or
complex that is knownin the field for'its-effects in converting a functional group in a
molecule from a lower oxidation state to a higher oxidation state. For example,
oxidizing agents may include, without limitation, m-CPBA, hydrogen peroxide,
AcOOH in AcOH, potassium peroxymonosulfate, sodium periodate, sodium
percarbonate, potassium permanganate, ruthenium oxide, and the like. Oxidizing
agents may be used in the presence of one or more additives, such as KF, KHCOs,
NEt;, AcONa, and the like. As one skilled in the field will appreciate, additives may
be selected depending on the particular oxidizing agents used and the reaction
conditions.
[0033] “Per-acid” as used herein includes without limitation, magnesium
monoperoxyphthalate (MPPA), perbenzoic acids, and peracetic acid.
[0034] “Peroxohydrates™ are crystalline adducts containing molecular hydrogen

peroxide, for example, sodium carbonate peroxohydrate (known commercially as

sodium percarbonate, e.g., Na,COs5'1.5 H20,), urea peroxohydrate (CO(NH;)2'H203),
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nmonoi odonet hanesul foni ¢ acid, and
di i odonet hanesul foni ¢ acid. [0025] "Hydride reagent”

woeb@riasise reagents that are capabl e of del i verPcmgskdos/019633

10

15

20

b9
wn

30

ions. Exenplary hydride reagents include, but are not
l[imted to, lithium alum num hydride (Li Al H4), sodium

R A R N R b
dipessdobiydthial Nej MO i), dedmnnhuﬂxﬁatenmmvﬁddna&eh}{de&tc (@

hl d ['ithi hy
Tl SR SRR el S

p 1Q OH (AN AR 4l carbofar Qﬂﬁehydrates (the last three have the general
173, 2- d 80r e)P

: azalorol'1di ne Reagent ), 1 thium
trfbn&ﬂémzm@@}m»pm num hydri de, sodi um

"ﬁ&g&?g{,:’:‘ AT TRTRATAAS i (M A R
l% t@h 95n nlfér?é?ln%%ﬂmtﬁ‘ﬁl(e ddetftﬂ@d (S‘&fé Wﬁ&g@: term
8 %éY

nmeans a COﬁ'pOUﬂ or conpl ex conpri sing

fiﬁeﬁm a4 gd ra@&'sdﬂixnibllewmgl"ﬁather suehasia atioipiennlsr alkoxy phenyl,
having the fornmula (RPOOH), wherein Rp can be_hydrogen

( ghig meahs the eyl @th(lﬁ g@m}qg@)web@ divalenpmoety of qb? pthef,

SRS B, N R BT BT s

wijfgout limtation conpounds wherein the nethyl noiety
of the benzyl group is o onal |y substituted).
Hi603er osProtsting gruph tncﬁb{bs without limitation such groups as are set forth,

di d
cufi PR R e G A RGP L PR RBE G Oreonic
fsgiﬁﬂqegigoiﬁ’l@&p@)ﬂ%d HeRSEn %?kéﬂ:l%ﬂcd nthe field WOU| d

ogni ze as being suitable to protect the -
s L[ﬂ&?t']]t uetiRedwirgreadeky refers toi any edmposandon ca)gnni@s&mt B&gown in

TN T L TR s
8{3%10{‘1 g{at«feg?aggivﬁ% %ilﬂatgd&gséét?:]ﬁ%lgglﬁ{}éﬂe@sgbﬁ ge%?ﬁ@&clude

[ nmdtqm@ tiatitation, NaBH,, LAH, lithium.borohydride, dusobutylalummum hydride,
sodium bis(2-methoxyethoxyaluminum) hydride, and the like. The term “reducing
reagent” will include “hydride reagents™ as recited above.
[0038] “Strong non-nucleophilic base” means a non-aqueous base that does not
act as a nucleophile, such as lithium, sodium or potassium bistrimethylsilylamide,
lithium diisopropylamide, potassium, lithium, or sodium hydride.
[0039] “Tertiary amine base” means a trialkylamine, such as triethylamine,
N, N-dimethylethylamine, diisopropylethylamine (Hunig’s base) or
tetramethylenediamine (TMEDA), or a nitrogen containing heterocycle, such as
pyridine.
[0040] “Trimethylsilylating reagent” means a reagent effective to prepare a
trimethylsilyl ether from an alcohol. Non-limiting examples include
chlorotrimethylsilane, trimethylsilyl trifluoromethanesulfonate, and the like.
[0041] Additionally, it should be understood in the methods of preparation and

o “

claims herein, that the pronoun “a”, when used to refer to a reagent, such “a base”,
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-herein.-As an illustration, nonlimting exanples of
hydr oxy protecting groups include ether protecting

wgnroewspassse. g. benzyl ethers, silyl ethers suchpra$/us2005/019633
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tert-butyldinethylsilyl ether), esters (e.g.,
benzoate acetate), and acetals (e.g., MOP). [0028]

| ncgglgfé'td'l%t” d‘? ﬁ?%}% erBkideahifed ﬁ)rtﬁcisqnteﬁéedl'@%‘i’eaﬂe‘raﬂeﬁst one” and

es sing stereomers of alkyl tartrates
i rhby (ihdhgiedwhtﬂe)smtalﬁe tsrr@ieereagﬁiltsjats sdpaoppituteapf reagents. Thus,

[0029] "Metal catalyst" refers conpounds and . :
cofﬁfﬁw@e,.aﬁew@pﬁ&pﬁ%wwng B P L RRe AT SRple, involving use

ef fre: ?tb%yeese?e%peﬁq{o% ¥d & nﬂﬁ ﬁ??ﬂy@@ﬁ%@%oté%lhﬁpﬁéh—butomde

[im transitio cat al ysts
C gloddsyintisrel Mntickéde, woditatydtoxidet sddiam re;v+buwxndegri1ﬂﬁum

I sopropoxi de, pal | adi um salts such d| um
cdtyar%@e RCQMPagsss PIRQIPOIAsFiBMHr @%&ﬂ ga'?em’mpﬂate

rg&%rg% 2)11 é%éssi?bﬁ%yﬂr&ﬁﬁ% Hfﬁg bhd o }eaﬁcﬁmcgﬂ%eg@ set %rth in the

|nter rlngs tituent

r edretifrb@ whishibséledtioanhayt famads OGonsidlled m the feldpoasndake
or conplex identified herein that does nqot render th

c appEpHigteselesions Eiven the practonsstepsiapd cordjtienp angd respdt to be
funftl o(?wallty or object to be achieved with the

paar Hedt conpound or conplex, and which is
conpatible with the reaction sequencesdet ail ed herein.
Such substituents may be sel ected by one skilled in
the field dependi ng onMéteodspitRrepacptiopeact i on step

b hi
3@9% et BE b SRS o e T Pl Emeg R g e Bl e B8
t i ?ﬁ’ Mlexefhﬁiaﬁ\%&es@mn%ﬂﬁﬁ ¢he follbivingaeauthlfthemes.

uor onet hoxy SR -C(=OR -COR aryl,
al Eoyclnmlgr[y reagentzayd pmgbqhyps fo.r FEFQRB 1@ct10nqpagpe@)lpremafggor are

PEEEENCEME e e it
( et ptcabh Y d200%/@2396 ah@dUSI804010¥A10, S drt§) temperatures,

trifluoromethyl, trifluoronethoxy, -OR
pressures, starting materials having the desired groups,.and other.reaction conditions,
may be readily selected as appropriate by one of ordinary skill in.the art.
[0043] The compound of formula I (entecavir) can be prepared from an alcohol of
formula 1a according to Scheme 1. In the alcohol of formula 1a, R* is allyl, phenyl,
or phenyl substituted with one, two or three C;-Cq alkyl or C,-C; alkoxy, preferably
Ris phenyi : and each R® is independently C;-C4 alkyl, preferably methyl. The
definitions of R® and R are the same as hereinabove throughout the specification,
unless otherwise indicated. The primary alcohol moiety of the compound of formula
1a is protected with a PMB protecting group by treatment with PMB-halide (e.g.,
PMB-CI), and in the presence of a base and optionally a catalyst (e.g., TBAHS), in an
organic solvent such as toluene, to yield a compound of formula 1b. The compound
of formula 1b can be converted to a compound of formula 1c¢ via protodesilylation.
The protodesilylation step can be achieved via reaction with boron trifluoride-acetic

acid complex, or a Bronsted acid such as TFA, MSA, FMSA, or tetrafluoroboric acid

in an inert solvent, e.g., DCM. Alternatively, protodesilylation can be achieved with a
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-SR, -C(OR, -CX®2R aryl, alkylaryl, C3-7cycloal kyl,
-NRR 2,-NR-C(=0)R\ -SO (q)R', -NRSOX CO0 R', -SO

wOoadiR1,1858€( =0) NRR\ and the |i ke, wherein R andP&r/uac@s/019633
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hydrogen, alkyl, benzyl, or aryl, as defined above, R’

is alkyl, benzyl, or aryl, as defined above, and q is
Lpa%e S%.rg.,% lpgd%;& suc?ag RQOHPSMROE, I8 hik¥RIde \8&h adTeeBu) or a
reagents effective for the preparation of dioxol anes

f soony add Gag., GFA), imaipetar egrotiosolvent stbleapPfalNIBONoINMP, to

i mdazole rings fromvicinal diamne , L for. le.,.
5 cbuedhe AR FHIERTANE dir 1 begqrarind RE oyl T frgurthér oxidized

e I [yeTe) oL r - z {

© SRR r B by SRR I TPAE prespice ofF and KHCOs o

S!a@ﬁ)l‘tpé&yﬂ%lflﬂ bf ﬁﬁﬁlﬁﬁi K. landdition, other methods may also be useful in the
i -1 sopropyl oxynet hyl acetate. [0032] "Oxidizipg .

ag@nef,orrn@iton'qmylw!zwl BEPUR G0 Hhed Y dF Qb BOUP 0551 B¢ Bﬁ*—ﬁ%%d-

or. conpl ex {hat. is kn ' N I ' .

RS AP PR DD oA G, Lol cron

| queg, DX i76Y.706D) Stk 6f WRich abd leih ifoorp@hicddy stidhce. For

exanpl e, oxidizing agents may include, w thout

| i[0944t i obhe abcGRBASL fdryuattaokybis noeteeiril e bapzobeihpioidpmppla e

pot assi.um per nmonosul fate, . sodi um pei .odat '

D é]pglgramgﬁjaaﬁg%tsgggqs ePHBR SR SRS l,%%ral}]tag% ﬁlscl}lrre? SaXhINES or
anghf h&dlih K oretHic dbR MY RURESuERY TR PMBGroup nhiBe compound of
presence of one or nore additives, such as KF, KHCG3,
NEF'ﬁnulAdé)sm barethavhé uporkiecatrasntonigh BIIQ freah ¢rganip golyvend|sych as
W ppreci ate, additives, be sel.ect.ed dependi
e S U i e e S SR

r on . e Per hd i ; bhhxidi

| OfHCS TRERhpARR arClh AR 1 G Ao Rerc ALV SR GpDxidized.
MHee pRaraply pht bpd:ddaionMRRBY acqoeriishebisingie hawpcharadl diester of

peracetic acid. ) .
tartaric acid, a hydroperoxide, and a metal catalyst, such as a transition metal catalyst,

to yield a cyclopentane epoxide of formula 1g: In one embodiment, the homochiral =

- diester is:(-)-diisopropyl tartrate [(<)-DIPT], the.hydroperoxide is. TBHP or' CHPyand - -+~

the metal catalyst is titanium (IV) isopropoxide. Preferably, the reaction is carried out-
in an inert solvent such as DCM or toluene.

[0046] The epoxide of formula 1g can be subsequently coupled to an alkali metal
salt (e.g., lithium) of a purine compound of formula 1h, wherein Y is Cl, Br, I or BnO,
in a dipolar aprotic solvent such as DMF to afford a compound of formula 1i. The
compound of formula 1h can be prepared according to methods disclosed by Igi e al.,
in EP 543095 (1993), and by Lolli ef al., in J. Labelled Compounds &
Radiopharmaceuticals, 41(3), 243-252 ( 1998). Preferably the coupling of the
cyclopentane epoxide of the formula 1g is conducted with the lithium salt of 2-amino-
6-benzyloxypurine. The compound of formula 1i, wherein Y is benzyloxy, can be
purified by crystallization from solvents such as ethyl acetate and hexanes.

[0047] The vicinal diol moiety of the compound of formula 1i can then be

converted to an alkene moiety. In one embodiment, the compound of formula 1i can
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[ 0034] "Peroxohydrates" are crystalline adducts
cont ai ni ng nol ecul ar hydrogen peroxide, for exanple,

weadsunsssar bonat e per oxohydrate (known comer cpairiug2@s/019633

10

15

sodi um per carbonate, e.g., Na2C3 1.5 H2Q2), urea
per oxohydrate (CO(NH )2-H O ), the peroxohydrate of

L ALLAG i ihfBlo dSRAf Ry FRARRASRARRormate, in the
@F%ﬁg&lgﬁ%&g O7e H202)1, ’ggéli um s?jl fate e .
p eresadrytraataealricchnaduat §LarNeci &@bhi2 GF A1) TS patrasii aatalyst such
car bonat e_per oxohydr at es, . rubj di um car bona

te . .

péf bk SRy dharessitingiaxaus phAXArBTRIETARY 6R S dpigEe) is

t t . R pvAeect -
G e L b e sy oede o
s yhghylend @@npuiuhd of forinaldl HjurAl{eprativvelyathlisyrebetiom @) be performed in
non-interfering substituents as defined above. Wen
t Itke prepancpRbafioxidant gl ag B . suf fi x fol | owi ng anot her
t as in _al kyl ph r ' ‘i
ARy Pl S IR Lo R B o BRE Kb Mo TR 1 vi

t hgdRINE. . InSRe einbbiglehy whawidy ¢ OBR, thEl6uS;beatRytspirony tan be
i ncl udes benzyl, phenylethyl, and the |ike. [0036

] .
" ydtodyzeil iep welbasanyipsadang dncarmidagronp farigd ifipm thg@getylation of

grpoups _as are sel, forth,. for. ex I P .
Juke PanSh SeFe SF e REhdapi o SRR P b P8l SRb) by heating
Qe fp RN eShula 16 Rh BQUcdtemilesleict, Bychr8Dex ¢1tiao give the
[0037] ™Reducing reagent” refers to any conpound or

c angshgzne ¢rampdusd ko Gwmuianlk. hia abpteriebedimest whergit % i5 @l Bror L,

convertjng a funct.iqnal gro jn | ecul e from one
Ol e R AT el s TPLESHLE RS T
r eduedag sroﬁﬁg)%ﬂt lsiﬁhl L &4H8val WE tHRQEhainidl Bedl{l®her Ned¥@ing group

LAR, 11tWim -borohydri.de, diisob.utylalumnum
hyid thedmodd ofrfdrns{22Hmgidndreatnér it ahéwig apidtspdh agBCls, BBr3,

ane(gc.’t ohr%-]|3rloir(1§t'ed chg s&ﬁqre{g MEX?%M&QA, etc., in an inert solvent such as DCM,

provides the compound of formula I.
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reagent” will include "hydride reagents"” as recited

above. [0038] "Strong non-nucl eopWic base" neans a
woaQmsaqssssus base that does not act as a nucl eepWus2005/019633

such as |itWim sodi um or potassium bi sti

met hyl silyl am de, |ithium diisopropyl am de, potassium

litWim or sodium hydride. §4Q39d1" Tertiary am ne

base" means a trial kylam ne, such as triethylam ne,

JV, JV-di mét hyl et hyl ami ne, di i sq}lebpyI et hyl am ne

(Huni gR%-ghage) or tetranet hyl&n@erani ne” (TMEDA), or a

ni trogen scoptai ni ng pst&socycl h as pYddastiytEon
[ 0040] '@ﬁé@ﬁyl sﬁ—l—w—at—i—ng—reg%m‘; ?fbans—aﬁ—eagG
effective diwepare a trinmethyls pvet her from an

al cohol . Npp-limting exanples inglude
chlorotrinethylsilane, trimethylsilyl

trlflu dhethanesulfonate and the like. [0041]
Addltlonérpy it should be unde®$tood in the nethods

of prep sand_eKedions her ei 8L, t he_r 8F°pﬁf°ﬁn
"a", %2 ®Yo Tefer to a r ent, 'such "a base"
"amet al catatGP¥B", "a hydroperoxi de’°PHRd so forth, is
intended ko nean "at |east one" ahd thus, include,

where suitable, single reagents as well as m xtures of

reagents. oaﬁhus for exanple, a reaction step i nvoI Vi ng
n a

use of " ‘ , Oselettds exanpl vol vi ng _us %t
base sel OBF om dspietestn pot aﬂfriqﬁ%lr oxd_ffeexidaton
pot assi um (;p,vi@ut oxi de, potassi um-igy - pent oxi de,
sodi um hygroxi de, sodi um f/Y-butgxide, |ithium

hydr oxi de, " enconpasses use of potassium hydroxi de as
a base, or, where approwl ate, mxtures of potassium

hydr oxi de I us one or haddi ti onal cth@ses set forth
in the gr3 ip from whi ch” | ect g, eHmade. One
skilled e field atw e appropyi aten sel ecti ons
gi ven t he_f ealP? ons"Bt eps and conditioMs and kesult to
be % \—oH < I
NN
e 1i Y

1. Orthoformate </ fl Hydrolysis
1 ————
2. Olefination B OCHn\&//

BnO' 1j
o o)
N ,N
</ Deprotection < J\
BnOCHya & N )\ , —PEERh HOCH,

B’ 1K HO !
[0049] Alternative syntheses of the compound of formula I are described in
Schemes 2 and 3. In Scheme 2, the compound of formula 1¢ can also be converted to
5  acompound of formula 2a upon treatment with a silylating reagent R?Si(R")-halide,
wherein said silylating reagent is preferably phenyldimethylchlorosilane, in presence

of a base, such as imidazole. Deprotection of the PMB group in the compound of
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achi eved. Methods of Preparation [0042] The conpound
entecavir and novel internedi ates therefore may be

wonepangssby the exenpl ary processes descri bedpCmushms/ 019633

10

foll ow ng reacti on Schenmes. Exenplary reagents and
procedures for these reactions appear herei nafter or

ar ! %1\%31”5 RR af €8dC!Yin th
o/ GpfFag8 et QR LShBrID Q% TR CANRR o eadchin i

VWRORALOEFAZAE ta ikl E2 AI0AR 1B MbPof Eﬂh\l]embs whlch can be converted to
t enper at ur es ressures, st artin

d@sigﬂ’flmugd @ﬁfs@%ubw \G# PR qian e grecel %in; é g 'rra‘ggbhwgng of the
;elg%ﬁpohcf ﬁ% Rt elgi f%}b@‘%’ E%&ﬂfd%f By, nrgpg }R,f\gl?é'rgin n1'a[sydeﬁned as

(eBbes %YtHe)préb@Hcebﬁ aprABpa aetaf boe@g, BiGIhahd if a iﬂl@bn&‘l hprotic
| a accordi ng to Schene 1. In the al cohol of fornul

I splvRat sush as DMY, ppeidss a ccmpq@né ﬁ§ formlpsdd. tyhietican lterﬁubsequenﬂy

prt @F‘éﬁogﬂ?@{(’%&{@&b’ﬂg r‘?g fon adZe tix‘ﬁ ﬁ?f@ Iq 1notﬁ%penofll eRL Iy bg achieved
Cl%i@f‘a Bhdexhieh A ROESRRA ¥ pBRE Btbtic 1Reighitnad DRSO of Ra

are the sane as herei nabove t hroughout the
specification, unless otherw se indicated. The primary
al cohol rmiety of the conpo of ,formula | ais
protected with a PMB prot ecSFlde“ ?’oup by treat nment
with PI\/%-Dhallde (e.g., PMB-A), apd irh the presence of
a basgb\asngomptl onally a catal yl L (&-gi—r2 TBAHS), in an
or gani c ssol vent such as tol uene, %o y(bel d a conpound
of for Bg, The cempiand of @ b canDpwsotection
convert tcbprcorrpouna of for Io@Mgl a
protodesi | yl ati on. The protodesilylation step can be
achi eved t¢ia reaction with boron t2afl uoride-acetic
acid conplex, or a Bronsted acid such ,as TFA, NMSA

b
FIVBA, or pet &afl uor obori c aci d Rb R Y
\Sl/O SI R N7 N
\S,/o s| R® s IS
. NS
R Epoxidation HN" N ” 1h
OBn -
Q :OH -
2b " 2¢
b
R R ] R
RP—gi-O~SI-R R°—gi-OH
= R s
OBn OBn
, desilylation N N\ oH
HaN _N__N = ™OH NN N 2
Y/Ja GH T o
N\ N X N
Y Y
2d 2e

[0050] As shown in Scheme 3, the compound of formula I can also be prepared
from a compound of formula 3a, which is disclosed as compounds of formula 78A
and 73 in WO 2004/052310. A compound of formula 3b can be prepared from the
compound of formula 3a via protodesilylation as described in Scheme 1. The
compound of formula 3b can be further converted to a mixture of a compound of
formula 3¢ and a compound of formula 3d upon treatment with an orthoformate

derivative, e.g, trimethyl orthoformate, in the presence of a catalytic amount of an acid
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in an inert solvent, e.g., DCM Alternatively,
prot odesi |yl ati on can be achieved wth abase (e.g., a

woypdrsoissge such as NaOH or KOH, an al koxi de suebTas2005/019633

10

15

KO Bu) or a strong acid (e.g., TFA), in a polar

aprotic solvent such as DVF, DVSO, or NWP to give t he
%UHﬁé’s’ ke Qo i)?ggul)xaaﬂ dcid 3—5151 SUPPWEP S, TR Al BldfinGtibPstep

further oxidized using an o¥|d|2|ng reagent, for

exasackicvdd @ueatmotﬁmremlaﬁgnnﬁum‘ oﬂélén@ndndémdt%ﬂ with an acid

afford an al cohol of fornmul gdditian

erhaying|adgrpela 6§ Bf 4i(= Pt ﬁé—<5} Rt RTRRR GHCo1Ce el
fﬂ)‘f‘efgllal)w T&B?cﬁn& n?ptact g;‘@%{éﬂw QLfBrmuclg Bf RE G@*‘g)OH, wherein

gani c enls ry 1996
1 1343 C@-@j allomasefefabR: methyRland predéralbil éul themrestB&6o1 dn2ntioxidant
7599-7662% bot h of which are herein_incorporated.b
r Shel @sril%lé foondd p cyawornd shiormyle Jeorlhg dgfipigon of R is the same as
r o%e?mb fhto hQSt X e% E1019 funﬁ 'cpfﬁe?w se Endik I@ydrolysm of
gﬁld

suc € presence o
baﬁ@eorﬁ;&lﬂﬂd% f&?hN@SSé)Wlthlafﬂaq@éUﬁs infin@8l Qid) aﬁd:}CaSS@M\Hﬂ‘lll; in an
such as toluene. The PMB group in the conpound of
f orgariasolvent,sagh b?eMe@ﬁrb@wldm@momp@andr@ﬁfomutalﬁfuﬁ@wqquem

an organi ¢ sol vent presen

e R of 18 g ORI PR b 54 B e 5B scheme 1
CRANEe BSmpAAYf Forkful £ Blentdd@ArBShen R® is H; or a compound of
di astereosel ectively epoxi di zed.” For exanple th

egorondaBg ovheo R 1san,a&lmohp4m bhexhvesedty the h@.mp@tmdrcef [formula I

diester of tartari a hydr oper oxi
cAEmPSAYH) Lg FROPOVARS C?Cf%mgﬁ%?ca uawswa%tqﬁi‘ g}l&fh dtaéﬁew“lbed n
yﬁﬁh%nglcyclopentane epoxi de of fornula Ig. In one
ment, the honochiral - diester is
(-)-diisopropyl tartrate [(-)-DI PT]/the. hydroperoxide
i sTBHP or CHPyarid - the netal catalyst is titanium
(FV) isopropoxide. Preferably, the reaction is carried
out in an inert solvent such as DCM or toluene. [0046]
The epoxide of forrmula Ig can be subsequently coupl ed
to an al kali et al
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salt (e.g., lithium of a purine conpound of fornula

I h, wherein Yis d, Br, I or BnO in a dipolar
weapoaiigsssol vent such as DMF to afford a conpoerad/uskoos/019633

formula Ii. The conpound of formula Ih can be prepared

according to nmethods disclosed by Igi et al, in EP

543095 (1993), and by Lol lig@fenfd3 in J . Labelled

Compounds & Radi ophar maceuti cals, 41(3), 243-252

(1998). Prehér%ply the coupling of the c%Bngfntane
he

epoxi de of RtB&"formula | g is conducted ®i &R

l'ithium sal ;:t%ﬁam' no- 6-benzyl oxypuri nWRC

conpound of yqrmula Ii in Y is benzylqoxy, can _he

pur i't ed-py cgyst)'é\lliPmt&é&ﬁmjra : m g6V 8§ sgghOas jfﬁﬁﬂmﬂi
et hyl it e and hexanes. [0047] Thewigl nal diol

noi ety ,the compound of fornula I i lgan then be
c:onverteél3 to & al kene moiety. In one enbodi ment, the
conmpound of formula Ii canbe treated with an

orthof ormate derivative, e.g, trinmethyl orthoformate,

in the preseﬁce of a catalytic armtht of an acid such
as TFA or RFSA™or acid catal yst RygfPtas PPTS. The

resulting m OQf di oxol anes ( ppt aly as a crude
m xture) is e ed with a nixture lacetic anhydride
and BPtiBpally asceticract b Proni de a net hyrere—-
compou Pfonmula 1j. Alt "ﬁ I [ [

N j- ern elyl this reaction
can be p

%fornéﬁ'in t he presen Enof ant i oxi dant such
as BHT. 048] A conpound of | cag be prepared from
the conpound of forrmula | j via hydrolysis. In one
enbodi ment wherein Y is OBn, the 6-0O benzyl oxy group
can be hydrg%yzed (as well as any pendant 2tacetam de

group forng é}men1the acetyl ati on of the;@»én@ho group
of the purine€ during the acetic anhydride tEeat nment
step) by he ¢rie copppeyad of formula | t RR®
aoggeoys [ aci d, such—as=2 N Hgh_ino gf VAt he

net Ryl efejiconmpound of formula Ik. hi Andther
enbodi nent Mherein Yis C, Br or I, N

OBn 3e .0 3f

ot [
Oxidation (R” = OBn) l Oxidation (Rc = H)

OBn OH
Deprotection
N _— HoaN__N__N

0 39 0 I (entecavir)
[0051] Similarly, the compound of formula I can be prepared from a compound of
formula 4a, wherein X is Cl, Br, or I (iodo), in accordance with Scheme 4. The
5 compound of formula 4a is disclosed as compounds of formula 78B and 73 in
WO 2004/052310. The transformation from the compound of formula 4a to a
compound of 4f is analogous to the method described in Scheme 3. A compound of
formula 4g can be obtained from the compound of formula 4f via oxidation using the

method as described in Scheme 1. Hydrolysis of the compound of formula 4g upon
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the 6-halo group can be hydrolyzed by treatnent with
aqueous base (e.g., agqueous hydroxi de sol ution).
woi2omlligsssr enoval of the remai ni ng benzyl et hePCT/US2005/019633
protecting group in the conmpound of formula I k upon
treatment with a Lews acid such as BC 3, BBr3, etc.

of, cavir) when
Oty PN BBk Sl B B omuld @cavi

f ®°riyHaot a Sehpomndlof] F?oxfﬁnula % V\FRkan R BnGBhicPcat be further converted
Prot odesi |l yl ation - a Ib Protection (f-|q

d tEfhsxdomporash of fogmpla Toscernomebabwzs! Epe pndershedin Scheme
[q049] Al ternative syntheses of the conmpound of

formula | are described in Schenes 2 and 3. In Schene

2, the conpound of fornmula | c can al so be converted

to a conmpound of fornula 2a_upon treatnent with a
silylating reagent RaSi(Rb)@CM%P¢ﬁe, wherein said
S|Iylat|n$breagent is preferably R
phenyld|we@hyichlor03|lane in preseWM%ﬂﬁia.base

such as i a ol e. Deprotection of the 'NB group in
t he conpo ormul a 2a can be achle wﬁ ng DDQ in

an Hm\g\ﬁ % V@nt MCH @zNw Orthoformate
4b
R'i RR RP
Rb_si—OH Rb SI’OH Rb Si—OH

HaN N NT 3 N.__N Olefination R _N_ N

=N 6. 0 4 \&Y e NG N
\N%IN? Y Nj/\'[N> T TN

X X X
4c 4d 4e
RD
Rb"‘\Si’OH ?H
A 4 n ORC
Hydrolysis /{KORC Oxidation Q
H-N N N
H2N N N - \r/
T T
N ~N
X 49
X af
Base (R® = OBn) \ Base (R® = H)
OH OH

OBn OH
Deprotection
N _— HaN_N__N
N

O 4h (0] | (entecavir)
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presence of water to yield an allylic al cohol of

formul a 2b, which can be converted to a conpound of
woaoosligss2c vi a epoxi dati on as descri bed i n Schemrsio05/019633

Coupling of the conpound of formula 2c with a conmpound

of formula Ih, wherein Y is defined as above, in the

presence of an alkali netalghasg e 9., LiOH), and in

a di polar aprotic solvent such as DMF, provides a

conpound oR® fornmula 2d, which can be subsequently

t ransf or medsit®@ a conpound of fornula 2e téwough

desi |l yl ati ok ich can be achieved with & se_such
as KO Bu, a pBfar aprotic solvent such ds BFBO
Schamen2 _Pepretegt i on OkigatPa 2d 2eN[ QRSO0J” Asssbewn i @ithoformate

Scher?;f , st h&" conpound of fornul a Ifc n.al S be
prepar¥d ¥rom a conmpound of formul a a,Nwhich is
di scl osed asaconpounds of forrmula 78ABand %3 in WO
2004/ 0523 10. A conpound of formula 3b can be prepared
fromthe conmpound of fornula 3a via protodesilylation
as described in Schene 1. The conpound of fornula 3b
can be furthePHconverted to a m xture&thf a conmpound of
fornmula 3c apc coppound of fornul a” n treatnent
W th an orthofc Re derivati ve, e.m t hyl Olefination
or t hei & dnyhe presBAcgNafNa apal ktic anpuRt-of~
an aci d%gd]tﬁl\l/hs YFA or PTSA, or r@&g}i d>¢at al yst such
as PPTS. [The negR ol efi nati on st g was @thi eved by
treati ngme resulting mxture ofPconpounds 3c and 3d
with an aci d%8nhydride having a formifa of
Rd-C(=0 -0 C(=O) -Rd, wherein Rd is C-C4 al kyl,
preferably nethyl; and optionally an acid having a
formula of Rd-C(=0) OH wherein
H

9
c OBn
q\OR Hydrolysis q\
" (R®=0Bn) HaN NN
N

OBn 5d 0 5e

Hydrolysis (R® = H)

.,,O
xI

(0] I (entecavir)

[0052] Scheme 5 describes an alternative synthesis of entecavir from the
compound of formula 3b. A compound of formula 5a can be obtained from the

5  compound 3b via the oxidation method as described in Scheme 1. A compound of
formula 5d can be prepared from the compound of formula 5a via the steps of
orthoformate and olefination as described above. Subsequent hydrolysis of the
compound of formula 5d with an aqueous mineral acid, such as 6M HCI, in an
organic solvent, such as MeOH, provides the compound of formula I (entecavir) when
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Rd is C1-C al kyl, preferably nmethyl; and preferably in
the presence of an antioxidant such as BHT, to yield a
woanpausstsof fornula 3e. The definition of Rd PETUS2005/019633
same as herei nabove throughout the specification,
unl ess ot herw se indicated. Hydrolysis of the conmpound
Elféc PO 2 fipdMnhfoe Wgé)%ﬁe {Tﬁn{%fm{ v@ﬁé}{juansdé%naé'te@l% the
I'h an organlc solvent, suc OH, provides a
c Qm@umdi &fffofnoulali(ént@hvir Suibsleproemntion s datiibel afovehe
n(’%gund of formula 3f usjng the nethod as g%crl bed
HW 3heneSimilgrly otha sompaundpysunda dran B pigpref from a compound of

(RURREEAbgOR it B B, SOROM 4 sk e

5 Oftrah&forteon! frdi ﬂ{eetmwomhd byfdrmmm@ atdwn;ﬁﬂﬂd of 6d is analogous
protecting g@ou usi ng the nethod as described in

s¢¢1 éwenthst 1Rk$c ¢mR5 R&lsgrqlvm ot the eempgung ofgigrmula 6d
ormate

uptn@ gga_[c]negf Wi gp Fij/ueoPﬁ gm&e&%agh Rg)fasfbé\gnﬁlﬁ R%I'Jnror%euﬁlc ?olvent,

PIsERAL A OHO B dS A ¥BRBDENPS forhilI6R. 4Peatin @ieedoinpbuhnd of
d, Br, or I (iodo), in accordance with Schene The

C dmnudan de pithfao rqudaas dasd odidscihe sexpasndohpouvldd (erttecavir)
fornul_a B and 73 in 523 1
10 | SISO An PORE p BRSO @a%&@? ke it R v high g e further

converted to the compound of formula I by removing the benzyl group as described in

Scheme 1.
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conmpound of 4f is analogous to the nethod described in
Schene 3. A conpound of formula 4g can be obtai ned
wonwm1igsss conpound of fornula 4f via oxi dati onPQEiUSE05/019633

the met hod as described in Schene 1. Hydrolysis of the
compound of formula 4g upontreatnent with an aqueous

base provides the conpound g% %ﬁggﬂﬂ a | (entecavir)

when Ris H or a conpound o mul a 4h when Rc is

Bn, which gan be further converted to the conpound of
formul a hﬁby*?%nnving the benzyl group asodescribed in

Scheme 1. Seheme 4 S| Ra Rb-sr OH

Protodesil tléﬁ Crthofornate R R Rb- HOR°-s,' 0

H Hﬁ&r bysi s Dedetiot ect i on OHS \ Q@rthoformate
Ckv datP%n Othoformate A efin tnow 58 5¢

Hydr o i¥ (Rc = H) [0052] Schene 5 Heskribes an

alternative gynt hesi s of entecavir fKomthea

HaN._ N 5 + RO._ _N_ N K Olefination

6b 6c

c c
] q\oR Hydrolysis q\oR
—_— -
N NN HaNC NN

X 6d X 6e

Base (R®= OBn)

q\OBn

N__N Deprotection HaN N
N ep U,
HN N HN N

o) 5e o) [ (entecavir)

o)
T
-”O
ju st
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conmpound of formula 3b. A conpound of fornmula 5a can
be obtained fromthe conpound 3b via the oxidation

worbdsadssas descri bed in Scheme 1. A conpound oPCTmsmeta19633

10

15

20

5d can be prepared fromthe conpound of fornmula 5a via
the steps of orthoformate and ol efi nati on as descri bed
above. Subsequent hydrol ysi §clpgmgl(|e compound of
formula 5d with an aqueous m neral acid, such as 6M

HC , in an organic sol vent, such;laas MeCH, prowFpIes g
con‘pounthof formula | (ent ecaVRJ—)s.—vmech IS I-FL_SQLOQS,

corrpouﬁ:%ﬁ formila 5e when Rc i # which ca HRy NN
copyent tocheA gqmgde la I (eﬁtmﬂ%rb)@ via /=
de%mﬁé)é,@tl on as—dqgscrrbe MSB] Si irly, the N;%O
conpoand of fornula | can be Pprepared from & conpound HaN

of forpula 4b, wherein Xis C, Br, or | (iodo), iz
accordance with Schene 6. The transformation fromthe
conmpound of formula 4b to a conpound of 6d is

anal ogous to the netphod described in Schene 5.

Hydrol ysis of the cong d of fornula 6d upon

treat mRedionM t h ap agqu s mneral acid, such as 6M

HC , 1 n an organi ch wvent, such as MeOH, affords a
compound of forrrul“a 6€. Tre&tdaving t he conmpound of

formula 6e with an aqueous base provi des the conpaund

of (00 mul Schenteehfusthay flesyribgsehe Rnthesisief thg carprouad wp surmnla 1

A S T R SR sy

bqjéﬁ)ﬂl B PPV BS BRAGD S pﬁdl“ﬂeﬂn%h@f@)rﬂpoﬁﬁﬂ GHByvith 441&dst &he acid

OH Oxidation Orthoformate OH OH d efination

selected from: (i) halogenated methanesulfonic acids; and (ii) optionally
methanesulfonic acid; preferably a mixture of acids such as trifluromethanesulfonic
acid / methanesulfonic acid, or monofluromethanesulfonic acid / methanesulfonic
acid; followed by treatment with at least one aqueous base (e.g., LiOH, NaOH, KOH,
etc.) to provide the compound of formula 7b as the major product (typically about
85% to about 95% yield). The compound of formula 7¢ (dimer of compound 7b) may
also be produced and may account for about 5% to about 15 % of the total yield (for
example, 9.5% and 14.5%).
[0055] When a halogenated methanesulfonic acid alone is used, the amount can
be less than about 20 mole equivalent, based on 1 mole equivalent of the compound
7a used. For example, the amount of said halogenated methanesulfonic acid can be
less than about 10 mole equivalent (e.g., 6 equivalent of monofluromethanesulfonic
acid), based on 1 mole equivalent of the compound 7a used. When a mixture of acids
such as methanesulfonic acid / trifluromethanesulfonic acid is used, the amount of
said methanesulfonic acid can be less than about 10 mole equivalent and said
trifluromethanesulfonic acid can be less than about 10 mole equivalent, based on 1
mole equivalent of the compound 7a used. For example, the amount of said
methanesulfonic acid can be less than about 7 mole equivalent (e.g., about 1 to about

7 equivalent, or about 1.5 to about 6.7 equivalent, or about 2 equivalent) and said
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6b 6cSchenme 7 2 Aqueous Base 7a 7b 7c Oxidation [0054]

Schene 7 further describes the synthesis of the
woaopaussgsof fornmula | from conpound 7a, whi chpcawsb®s/019633

prepared according to a procedure reported by Pendri

et al in WD 2004/0523 10. Treatnment of conpound 7a

t{'lﬂul%}nelt sdulBAf a%ﬁiscganso%l 18Gteg doaim n{dle) et AGRNaE Sebout 1 to

anesu oni ¢ acl (i1) optionally
mabbariesjul fabait,orabout; 2. preefhentbb pquivaiert) based pn denals equivalent
such as trifluronmethanesul fonic acid / nethanesul fonic
& ghe MNPYAS R Yshet hanesul fonic acid /

mib&%nes ubkRiliGn 8EL (gn X u?hlmvéﬁq ik %PEJfﬁﬁﬁun\ﬁ"’ﬁbhaJﬁtgc affords

one agueous b
51 Qh@é&ﬂp&@dtohﬁomml@bm& (ﬁﬁdaftmpmtdpanﬂybbeamclﬂdved usipget least one

product (typically about 85%to about 95% vyi el aélg
c orpbzing agint serbrasi Rerorehydreieer Perpxelyidiemiye Pyt aﬁﬂgﬁ uggs

oduce n flote 15 %
RIS A0 P RECRURLAL A6 AR, S8R, Ahgc1S 0
[ MRRRbhYdieR (anmh @@ﬁﬁl@ioﬁﬁlyrmtsbdinﬁﬁpdréaﬂlmmt@elgd N, 60 1.5 H>02),
is used, the anmpbunt can be | ess than about 20 nole

eqma/laﬁr@mhyd@aes@i)(bﬁﬂz P tBynFrpaPBitEate P IREMEBRHOUNd

7 exa t n te

10 7RG PR ool Bk Blitel b a8 Pnalaiom
e%ﬁlfé(t@'p@fﬂxoﬁﬁirﬂte hyfra@aQiNakept,06-2 H,0), potassium carbonate
nonof | ur onet hanesul foni ¢ acid), based on 1 nole

equiorahgdratesfrubidim gmﬂg@nﬁﬁuperaxce}yéwtew%cww {UppRAtYf
i d h | f
PP AT A LA B8] Befn MGt o

preferred peroxohydrate for this oxidization step is sodium carbonate peroxohydrate.

Scheme 8
. OH

o B R
‘Rg—=8i—Rgq Rb—Sl——O——Sr

q\OBn 1. Acid; QAOH Rb NN
N : \ 2. Non-agueous Base HoN >=g: +
H2 H\rl\l//Nl '\f 2 Y/N N o

> N
W/tr\f HN%N S—NH
s HoN

7c

H
Ry
Ro oI NAR Hq /\OH
b
R5~Si—gq Ro -
NG N, /0 Oxidat HoN
ol N’q\ OH Ry u_ Oddallon T />

=N
ol NNy HoN
== | (entecavir)
g gm0

8a HaN-
[0057] Alternatively, compound 7a can be treated with at least one acid selected
from: (i) halogenated methanesulfonic acids; and (ii) optionally methanesulfonic acid
20 as discussed above, followed by treatment with at least one non-aqueous base (e.g.,
NR°RRE, wherein R®, Rf and R® are independently hydrogen, alkyl, cycloalkyl, aryl, or
said R® and Rftogether with the N to which they are bonded optionally form a
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sai d met hanesul fonic acid can be |ess than about 10
nol e equi val ent and said trifluronethanesul fonic acid

woamshiasisess t han about 10 nol e equival ent, baget/usm0%/019633

10

15

20

25

nol e equi val ent of the conpound 7a used. For exanpl e,

the amount of said nethanesul fonic acid can be |ess

t haf@ Qlléz, td gf@lt N SR ForkRiD7 e asBROHajck rohRBYbicAlly
equi valtent’, Or about 1.5 to about 6.7 equival ent, or

ahboiit DYemuiboat @39 yicddid IHedtdtive bhses orwbidedertisn dnoing dbases such as

S iy A AU a D (8 IS ORI 1SS Whirap S hse) or

3. i . n Dl.e i e e
By PSRBT BB A e
nipytidine. The compouachf Tbrnauial 8 enagfalsortesfotrhed withppund0%fyield (for

formula |I. The oxidation step nmay be achi eyed using at
| exemplent’eok§’iof il ) aurkerseafation QepBEHYH T afiegmixture of

P h K o
LR P B sy

C b RS Rt @ iredt QeeRhysl ¢xi@izinls o sﬁaﬂﬁ@;ﬁ@bﬁi’ﬂyﬁrm (8 @qisodium
percarbonate, e.g., Na CO3 1.5 H O2), urea
penthooity permxehydoieN]isqyssed@povhe per oxohydrat e of
mel am ne, (C3H N6H2Q2), sodi um pyrophosphat e
per oxohydrate (Na4P207 H2Q2), sodium sulfate
PoEsNY dTRd R 1lMGHERE:@n{lesNRRARE iltudfale Ae lprddbnt IROEADS] Bifhshould
car bonat e peroxohydrates, rubidium carbonate
pewbkobytra¢dm, angvdhyde dimimtesobonat e per oxohydr at es
(the last three have the general fornmula MCO3-3H2Q2)
The preferred peroxohydrate for this oxidization
step is sodi um carbonate pgt drate. Schene 8
[0057] Alternatively, conpound 7a can be treated with
atPrepasitioarnd camipdusdlbtt ed from (i) hal ogenat ed
nmet hanesul f oni c ids; and (ii) optionad
met hanesul f oni ¢ g@?ggﬁ‘ aé'méph
q\osn . qoan
OH, . » OPMB
1a’ 1b’

[0059] Compound la’.(6.02 g, 17 1 mmol,.l.OO equiv) was dissolved in toluene
(6.70 mL). PMB-CI (para-methoxybenzyl chloride) (7.00 mL, 51.2 mmol, 3.00
equiv) was added followed by TBAHS (tetrabutylammonium hydrogen sulfate) (0.577
g, 1.71 mmol, 0.0100 equiv) and 50% NaOH (6.70 mL). The reaction was stitred for
four hours at room temperature; The reaction mixture was combined with water (23
mL) and toluene (50 mL) and the phases were split. The organic layer was washed
again with water (23 mL) and the phases were split. The combined aqueous layers
were extracted with toluene (50 mL) and the combined organic layers were
concentrated by rotary evaporation. Column chromatography of the crude material
was done using a 120 gram silica column and a mobile phase gradient of 2-15% ethyl
acetate in hexanes. The desired fractions were combined and concentrated to give the
compound of formula 1b°(6.17 g) as yellow oil in 76% yield. 'H NMR (360 MHz,
CDCl3) & 7.54-7.52 (m, 2 H) 7.35-7.22 (m, 9 H), 6.92-6.87 (m, 3 H), 5.71 (s, 1 H),
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as di scussed above, followed by treatnment with at
| east one non-aqueous base (e.g., NReRfRg, wherein Re,

we&homndss®s are i ndependently hydrogen, al kyl, PCT/US2005/019633

10

15

cycloal kyl, aryl, or said Rs and R together with the N
to which they are bonded optionally form

ahﬁcﬁ&@@x&' g &%wo&e@ﬁ fzem:@rmqw f3 £108 3l&, YCHga§.30—3.28

he ‘major product (fypically about 8 /oto abouf
yl(ei d)H), R0 s tlrid}, i2vEg-has és, | Hgl L%Zt%r(m,érfil) dupirleS9 (m, 1 H),

it S bE0 SCRERS AR DG Spaas) TS8R s, 1310,
 abbalmsdy] eediaglned TMERY) 1905 1378”1 41998M4.1, 7.6, 73.4, 72.1,

arning heteérocytl’e, such’as pyri di'ne. e conpdund’

ofest W, a8.8a3318)Y2 50, SO 2 pet. X; M Srgickfiwidnd =uqﬂ3t(Mﬁef% MR&MSIm/e
(for'exaquq)(p % 10% or 159 rther OXI dati on of
303

Sa(MJfHQtr@%?S f&&’é@ﬁ*& knd 8a affords

the_conpound of formula I. The OX|dat|on step may be
achi eved using at |east one oxidizing agent such as

per oxohydrates (e.g., sodi Lm;ﬁﬁ?l@(znate per oxohydr at e)
as di scussed above. [0058] Th ol | owi ng exanpl es

f URreparation of sompoundde’:pr esent i nvention, but shoul d
not be construedppany way to limt |t§,\,§gﬁpe

Exanple 1 Preparatl on of conpound |b’ I bl [ 0059]
Conpound | a' %0&17 1 ol 3. 00 oms
di ssolved in to 70 nL). PMB- CI OPMB
(par a- met hoxybenz oride) (7.00 nm., 51.2 mmol,

3.00 equiv) was éded fol | owed by TBAHS

but r t
rm[gﬁ&(ﬂ O?ggmg% \l:l)?" a*g %gg/orl I\r%%'e'f gt (ﬂ))eqh@v)Wa% dissoflved In DMSO

r a2 tnlc)ranvl@stasilumrtdnhtdxmde (Batlly g,hlé&mn@ﬂ, n}%%muw) was added forming

Wé%ﬁ ?t 5 el’he-lngaectlgrel %\%ts Ist?rr}e at)(r%grrlle‘cer\r/\l%graﬁl?ygxlzerxlm%ht af%er which the
starting material was not detected by HPLC. The reaction mixture was transferred to
a separatory funnel and ethyl acetate (124 mL) and water (124 mL) were charged.
The phases were split and the aqueous layer was extraeted twice with ethyl acetate (2
x 124 mL). The combined organic layer was concentrated to a residue and purified by
column chromatography using a 120 gram silica column and a mobile phase gradient
of 10-50% ethyl acetate in hexanes. The desired fractions were combined and
concentrated to give the compound of formula 1¢’ (3.50 g) as yellow oil in 65% yield.
'H NMR (360 MHz, CDCl3) & 7.25-7.15 (m, 5 H) 7.10 (d, /= 8.6 Hz, 2 H), 6.75 (d, J
=8.6 Hz, 2 H), 5.63 (s, 1 H), 4.40 (q, J=11.9 Hz, 2 H), 4.26 (q, J= 11.3 Hz, 2 H),
3.85 (s, 2 H), 3.72-3.70 (m, 1 H), 3.68 (s, 3 H), 3.42 (bs, 1 H), 3.15-3.10 (m, 1 H),
2.93 (s, 1 H), 2.36-2.33 (m, 1 H), 2.09-2.05 (m, 1 H), 1.21 (g, /= 9.3 Hz, 1 H), 0.00 (s,
3 H), -0.05 (s, 3 H); *C NMR (90 MHz, CDCl;) § 160.4, 142.0, 138.7, 131.9, 131.5,
130.6,129.7, 129.2,129.1, 114.9, 76.1, 74.8, 73.0, 68.5, 56.5, 49.5, 34.3, 32.2, 0.0,
-1.6; MS (infusion) = 413 (M+H"); HRMS m/e calc'd for Ca4H330,4Si (M+H"):
413.2148, found 413.2163.
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m.) and toluene (50 nL) and the phases were split. The
organi c | ayer was washed again with water (23 nL) and

woOhersphesses were split. The conbi ned aqueous | REEMNS2005/019633

10

15

20

were extracted with toluene (50 nL) and the conbi ned
organi c |l ayers were concentrated by rotary
evaporation. Colum chromatggranhy of the crude

mat eri al was done using, a 120 gramsilica colum and
a Propiratioplvisempoand e¢di of 2-15% ethyl acetate in
hexanes. The de%i eg‘ fractions were congjned and
concentr at ed to;ﬁ’[ the conpound of fofnula Ib' (6.17

g) as yellow o~ dgr yield. 1H NWR , CDd 3)
d7.54-7.52(m H) 7.35-7.22 (m 9 H §Z“AB6 87 (m
3H) 5.71 (s, OBM39-4.35 (m 4 H), 4.0 04 (m

3.84 (s, 31|e1)5341337(m 1 1d330328(m

1 u'iﬁeui o 0d Sarmprlof Bygpla 151 @%@%@m@%@ﬁw
MdssolGBEin SkthdndiF95 mL) b4@ wis hda&d b 65188. RHCIBA0326 g, 7.26
131.0, 129.8, 129 7, 129.3, 129.0, 128,7, 128.7,

1218an, 3 ;Q,@saqmlv) R d@solyq@n]_watvrx%ﬁl mi} angl added 10 t}@ge@tlon KF

4%%2%‘}\/#1—? ?4 DRI gqlgg \ga%giis%ollveéla}_%g%frﬁmﬁﬂg added to the

4fchot2a Jou Wéloﬂ So1886hLof EREYR!820 LI RPGHaid] o:no«néquw) was
compound I c' 1C [0060] Conpound Ib" (6.17

madtied IiorﬁOn-e\qw m)er W&gumtss oThaer@athnmotlpeQ ah$$ ‘9%& 4.5 hours
pot a sium,t 6€ut oxi de

SRl raf pof isticT RAPT G Tiduhctibn vs
Stcb5l 8¢ 2 o OMHtS@m?rl@tg (as AMSITRé DIt wakt @n ifdhddb&to the

starting material was not detected by HPLC. The
r eeactipn miriuxd whxehwaes warand feeroosdtempertue pad stitogd until peroxide

\f,\;{z]agenlg glirageé ggl ent b%cheetroaxtlc?e étrlp testm% ?ﬂe mV\Bturee ngslp%éslsely't?uouch a
Celite pad which was washed with ethyl acetate (2 x 25 mL). The 9;_gamc layer was
washed with water (20 mL) and 10% brine (10 mL). The organic la"yer was dried over
Na,SO; and concentrated. The compound of formula 1d as crude yéilow oil (0.860
grams, quantitative yield) was carried forward to the next reaction without further
purification. "H NMR (360 MHz, CDCl3) 8 7.29-7.20 (m, 5 H) 7.15 (d, /= 8.7 Hz, 2
H), 6.79 (d, J= 8.9 Hz, 2 H), 5.59 (s, 1 H), 4.41 (g, J=12.1 Hz, 2 H), 432 (q, /=
11.4 Hz, 2 H), 3.89 (s, 2 H), 3.73 (s, 3 H), 3.63 (dd, /= 9.1, 4.6 Hz, 1 H), 3.30 (t, /=
8.8 Hz, 1 H), 2.79-2.77 (m, 1 H), 2.69 (dd, J=22.8, 10.8 Hz, 1 H), 2.22 (dd, /=19.2,
4.3 Hz, 1 H), 2.05 (bs, 1 H); *C NMR (90 MHz, CDCl;) § 159.6, 139.5, 138.9, 130.7,
129.8, 128.8, 128.1, 128.0, 127.5, 114.2, 77.6, 73.7, 72.2, 71.5, 67.9, 55.7, 55.2, 40.2;
MS (infusion) = 355 (M+H"); HRMS m/e calc'd for CarHa7O4(M+H): 355.1909,
found 355.1917.
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The phases were split and the aqueous | ayer was
extracted twice with ethyl acetate (2 x 124 nlL). The

woanisingssor gani ¢ | ayer was concentrated to a PeSiUS®5/019633

10

20

o]
h

and purified by colum chromatography using a 120 gram
silica colum and a nobil e phase gradient of 10-50%
ethyl acetate in hexanes. Fgpglasyred fractions were
conmbi ned and concentrated to give the conpound of

f Propdratibs'of cGmpOuny 1&s yel low oil in 65%yield. 1H

NMR (360 Mz, q;;g]j 3) d 7.25-7.15 (m 5710 (d, J
8.6 Hz, 2 H), 5 = 8.6 Hz, 2 H 28,63 (s, 1
i L e, st (r e
, 3. S, m 1 3
3.42 (bs, 1 H, 31510 (m 1 H), 2. 93 (s,og’%|3 K

2.36-2.33 (m 1 M), 2.09-2.05 (m 1 H), 121 (q, J=

(St “ERsordite ot 10 Gin s gk 1 80GyhHves
130s6lved #ltofuend 2494 Z10)128 cdoled 3046 9C. ?ﬁsolutioiﬁofH\HNB)S)(potassium
68.5, 56.5, 49.5, 34.3, 32 2, (i nfusion

= bitGingukl el michiene (07 M7k 8 96l plhgapn) vas
c ot o Plo 7 pi bty THRBMEE AR % kP ] 1p g

( Qe dtion whd vwméd tolroBf) tempbraduriashdlicasidnnesk then cooled to 10°C
nmet hanol (25 ni Z and was heated to 65 C. KHCO 3

(@nd EQ{MDSKZ,’J_D@ Was chaogpddbyige \t,1}ne§,égvegy tyaphquas) gspihe reaction

added t
St S R i R B0 Bsa 516 B 20 ona
antlu Oh n{tm@ ommélana%wo 0800 5:0)) erOthaGfdd. The
202 (O , 7.26 mol uiv) was added
pcna:etctlomwms sm*rai/m ad&ﬁ)tlonahflﬂ beurs ’&fter whigh timer . GBAPseampaagd 1d

at
remalned G Phe féacStloql was quenched with 1 M HCI until the apparent pH was 7.

The reaction mixture was transferred to a separatory funnel with toluene (20 mL) and
water (10 mL). The phases were split and the aqueous was back-extracted with
toluené {20 mL). The combined organic was concentrated to a residue. Column
chromatography of the crude material was done using a 120 gram silica column and a
mobile phase gradient of 1-75% ethyl acetate in hexanes. The desired fractions were
combined and concentrated to give the compound of formula 1e (0.600 g) as a yellow
oil in 55% yield for two steps. 'H NMR (360 MHz, CDCl3) & 7.24-7.15 (m, 10 H)
7.13 (d, J=8.7 Hz, 2 H), 6.75 (d, J= 8.6 Hz, 2 H), 5.60 (s, 1 H), 4.43 (s, 2 H), 4.37
(q, J= 6.7 Hz, 2 H), 4.33-4.24 (m, 2 H), 4.12-4.09 (m, 1 H), 3.93 (s, 2 H), 3.69 (s, 3
H), 3.48 (dd, J=9.5, 4.5 Hz, 1 H), 3.30 (dd, J=9.5, 6.7 Hz, 1 H), 2.93 (s, 1 H), 2.60
(dd,J=17.2,10.6 Hz, 1 H), 2.30 (d, /= 17.0, 1 H); BC NMR (90 MHz, CDCl;) &
159.5, 140.0, 139.2, 138.9, 130.9, 129.8, 128.7, 128.7, 128.1, 128.0, 127.9, 127.8,
127.5,114.1, 82.4,73.5, 72.0, 71.1, 70.2, 68.0, 55.7, 53.2, 38.5; MS (infusion) = 445
(M+ H"); HRMS m/e calc'd for CaoH3304 (M+ H'): 445.2379, found 445.2389.
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at which point the starting material was not detected
by HPLC. The reaction was cooled to 10 OC. NaHSO 3

wOR0m018885Was di ssolved in water (2 nlL) and added/use005/019633

10
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20

25

the reaction m xture which was warnmed to room
tenperature and stirred until peroxi de was no | onger
evi dent by peroxide strip tgghdigs The m xture was
passed through a Celite pad which was washed with
ePiryparatien af eorigoan®@bf:nL) . The organi c | ayer was
washed with watef, (20 nL) and 10% briney§10 nL). The
organi c | ayer was "dri ed over Na2SO and goncentr at ed.

The conpound of ga | d as crude ygl adnl (0. 860
granms, quantitative yjel dj was carried d to the

next reaction wthou urther purlflcatlon H NWVR
(360M—|z CDCI 3)led 7.29-7.20 (m 5 H 715 (d, J 8.7

Z'fooe% Tl}fo%nd of fogﬁm?a féz(o 5%)0';9, ’1 13 Iﬁl%ogq OO]eq?H)V) was

3 d&@ol@sd 1n2C]l-H)C17 81 17"3n([5) and wd)e,r ((&96 ihl()dvhs aflded.9THe reactB)n mixture

H)was 20@9& (U%I °C gnd.Dj%Q £. B-f@:}]éorpgl 6- przﬁmo ;%j;%:n% : gno\jlei(o 383 g,

2. (
03)(979 1&?&0?’ 1;%)9 qél %%&8 h3 gso%uf% tufh%&: QMMg‘ ﬁ?g gf_‘&é&re was
128erdd atdkR8 °0,forltvb. Pﬁ)urslétéiwlﬂch #ihed,3 RAP?Qf tH&st2rting hadBerial

67.9, 55.7, 55.2, 40.2; i nfusi on) = 5 Ht) ;
HRvERiReEbE HPECe Ho aq@ggm >)Wa§9§.3%bé’§!§rWF6?9ﬁ gvater (10

%‘?1 , ﬁgliiefpﬁxgs%gB\le&%éﬂ ?@k@epﬁglaggre&m%d kifee PSR
CH,Cl, (3 x 25 mL). The combined organic phase was washed with water (20 mL)
and concentrated to a residue. Column chromatography of the crude material was
done using a 120 gram silica column and a mobile phase gradient of 10-100% ethyl
acetate in hexanes. The desired fractions were combined and concentrated to give the
compound of formula 1f (0.250 g) as a yellow oil in 69% yield. 'H NMR (360 MHz,
CDCl3) 8 7.37-7.25 (m, 10 H) 5.62 (s, 1 H), 4.53 (s,2 H), 4.22 (g, /=11.8 Hz, 2 H),
4.14 (s, 2 H), 4.02-3.97 (m, 1 H), 3.61 (dd, /=9.0, 5.0 Hz, 1 H), 3.46 (dd, /= 16.8,
8.4 Hz, 1 H), 3.06 (s, 1 H), 2.64 (dd, J=16.8, 7.0 Hz, 1 H), 2.45 (bs, 1 H); 2.37 (dd, J
=17.1, 1.9 Hz, 1 H); *C NMR (90 MHz, CDCl;) & 143.6, 138.8, 137.9, 128.9, 128.8,
128.3, 128.3, 128.1, 128.0, 126.1, 82.3, 73.9, 71.6, 71 .4, 61.5, 52.9, 38.0; MS
(infusion) = 325 (M+ H"); HRMS m/e calc'd for C1Hz50;3 (M+H"): 325.1804, found
325.1808.

Example 6
Preparation of compound 2a’:
L _on | o—sl' Ph
§I/ ~8i— ||—
OBn - OBn
OPMB OPMB
1c' 2a'



[0062] The conpound of formula Id (0.880 g, 2.50 mmol,
1.00 equiv) was dissolved in toluene (4.4 nL) and

woaaisadsise 6 0C. A sol ution of KHVDS (potassi URCT/US2005/019633
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20

25

bis(trinethylsilyl)am de) in toluene (0.75 M 6.70 ni,
5.00 nmmol, 2.00 equiv) was added drop wi se foll owed by

36\?(}&' br ¢ 9(511\66(911%%@ fSnul£1E72 00, 4.88 8o B AW0VGquivi Reis

action was to roon1tenperature The reaction
Walssso lved ircDMFe@ 4trol Y @AGnadato KHIVIOS g, 2900mmio), tvisequiv) was added.

Sﬁ%gﬁgafrg AP e S L R R A ?C@&e%{/%{a[ﬁ](gﬁg)vleI
CKM%%&?Q‘#&(&?’ 20 C%ﬁ\ér\klklo. !im%a%H? Eﬁlééegatgrearﬁfg;% The reaction

Theixteaochs @tirrewe& 2§t°'Crfbe4;I2 hasuradiﬂhde teactddn wXxtimeuvas difutesrwith
which tine P conmpound_| d remai ned. Thg reacti on
A

mﬁ@tmé@l @ﬂé@n@vldteﬁhﬂ HhecS0mE) | Phases Weisareatete agueous
T t

PR R ML R 0 ) R AR pase
ph@ﬁ%&n&&[t@te& I@hlatroaﬂﬁip tdwh@tq yelors oflemd padkiee by calatred

with toluene (20 mL The conbi ned. or

ani
c shemaipgeply 00/ 5% FEAaishexepes) iR g%a%f@@? é?%? yigld) of

et 2 it e TRaEE0Er o5 B "o CBc 8 7.19

agelal[e d.98-poxes H)J6 86 de Mpd. Sr@ct | mn:s3we H) 4.04 (s, 2 H),
conbi ned and concentrated to gi ve t he cor;goun

f drGlga2 H)e3.60 (@ @0y B.4Bs(sa3 Hé,la W@BK% A 195859 |(%I10H} 837 (s, 1

9,530,800 PP (LSl 43 Do
(@% %2 ég}ﬂh}g@ ﬂrﬁ{%%}m 164 53Y4§9 14%73 114*6%1328?8 1353,
H)1,3532 694.8.51343, Itp3. 63134382,(1d95 392 @s &7746 5314z 60.5, B§.2, 37.5, 33.5,
.5, 6.7 Hz, 1 H, 2.93 (s, 1 H), 2.60

,(%53935?%9 10.6 Hz, 1 H), 2.30 (d, J = 17.0, 1 H);

13C NMR (90 Mz, CDd 3) d

Example 7
Preparation of compound 2b’:
| o-d: | od
\gl/O—SII—Ph \§i/O“S|I_Ph
OBn OBn
OPMB OH
2a' 2b'

[0065] The compound of formula 2a’ (4.8 g) was dissolved in CH,Cl, (110 mL)
and water (8.9 mL) and the solution was cooled to 0-5 °C. DDQ (30.3 g, 1.50 equiv)
was added in one portion. The reaction mixture turned into a blue solution. The
reaction was stirred at 0-5 °C until deemed to be complete by HPLC, typically 2
hours. The reaction mixture, a yellow suspension, was diluted with 5% aqueous
NaHCOs (80 mL) and water (90 mL). The phases were separated. The aqueous phase
was extracted with CH,Cl, (2 x 50 mL). The combined organic phase was washed

with water (50 mL) and evaporated to a residue which was applied to a silica gel
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159.5, 140.0, 139.2, 138.9, 130.9, 129.8, 128.7,
128. 7, 128.1, 128.0, 127.9, 127.8, 127.5, 114.1, 82.4,

w6320B/1185850, 71.1, 70.2, 68.0, 55.7, 53.2, 38.BCTNS2005/019633

10

15

(infusion) = 445 (Mt H+); HRVE mle calc'd for C29H33M4
(M+ H+) @ 445.2379, found 445.2389. Exanple 5

Pr. Sf&ﬁ{nag'S@ 2) ﬁ{) } &n/g Q%QVI{H 100)/0 E@O!A](f in hOOH34 toT%ee the compound of

conpoun
e dotinvjla DBsasch aﬁ@iesedll |(210@L—BQBI’ 2yle(1d,]916 SI%nALB) and wat er
(0.93 nL) was added. The reaction m xture was cool ed
to 2 0C and DDQ

(253-dichl oro-5, 6-di cyano- Ig g}l pgoqui none) (0.383 g,
1.69 nmol, 1.50 equiv) was a The sol ution turned

b@&%ﬁuaﬁhﬂoﬁb&hpb&n&ﬂ@ stirred at 0-2 OC for two hours
at ich time 1.3 RAP of the starting materlzf\

remai ned by HPLC. | |§hqueous NaHCO 3 ( 10/ nk)duas added
fol | oned by mat% 0 mL). The phases me?e split. The

aqueous | ayer tracted three tine &}QCIZ (3
X 25 nL). The €g§§§§§a orgam T phase was—washgd with
water (20 nlL) an oncentrated to a residue Col um

chromat ogr aphy ofp't he crude material was deele using a

100 &meisr%l el B fbfrsisnSeves B fRtrRiatest 13%he) were
£ RELESIR: YELE GO IRIPE(D ARdy APICBIRLG] A RIGIKHEL!NEDIPT (0.40

rnula 0. 250 as a‘yellowoil i'n
6996 ws thw) ihHoNMBe (BﬁﬂL) Mz ad d20Clt 3)35 do 74(13"11 ﬂ@lr@my wa@ stirred at

||:|)|235 o 4P, C;foxl&p tpgluteg Q}ltam&nbg% 1sg‘>plo(xﬁﬁie @) éﬁ)mLSO éi C%lbl&) was

a’dd%i fggh«% ta9tr ﬁﬁlﬁugﬁ %nzti?‘s(tlglgd(ag%S l% 5 Zt%d@ g«ﬁ (;:Oﬁlznﬂ) then]a solution
2 of 501618§und125’|)((:2Dc6]?g3§H) dg@dy) id 13 nil7 ofltplukn® whiz addedl-d)\fer i&ﬁnutes

NVR (9 d 143.6, 138.8,  137.9, 128

12¢hilp, maintaining the temperature at -35 to -40 °C. The resulting blOWH slurry was
stirred at -35 to -40 °C for 1-1.5 h. tert-Butyl hydroperoxide (5.5M in decane, 2.2 mL,
2.0 equiv) was added to reaction mixture over 10 min. at -35 to -45 °C. The reaction
was stirred at -35 to —45 °C until the epoxidation was deemed complete by HPLC,
typically 3-5 h. Upon completion of the reaction, 30% NaOH saturated with sodium
chloride (0.9 mL) was added to quench the titanium-tartrate catalyst and to hydrolyze
(-)-DIPT. A solution of sodium bisulfite (1.4 g) in water (3.2 mL) was added over 10
min while maintaining the temperature between 10-30 °C. This was stirred for 1-3 h
until a peroxide test strip tested negative for peroxides. Celite (3.2 g) was charged,
and the reaction mixture was filtered. The filter cake was washed with toluene (2 x 20
mL). The filtrate was washed with 5% NaHCO3 (20 mL), and 10% NaCl (20 mL).
The resulting solution is evaporated to give the compound of formula 2¢’ as a yellow
oil (2.1g, 78% yield, 89% AP). 'H NMR (360 MHz, CD,Cl») 8 7.25-7.21 (m, 2 H),
7.04-6.98 (m, 8 H), 5.32 (s, 1 H), 4.13 (s, 2 H), 3.83 (q, 2 H), 3.18-3.04 (m, 2 H), 2.59
(s, 1 H), 2.20-2.16 (m, 1 H), 1.95-1.91 (m, 1 H); 0.95-0.92 (m, 2 H), -0.01 (s, 6 H),



128.3, 128.3, 128.1, 128.0, 126.1, 82.3, 73.9, 71.6,
71.4, 61.5, 52.9, 38.0: MS (infusion) = 325 (M- H+):

wORMB/mmg8scal c' d for C2 1H25G8 (MtH': 325. 1804 pCcTmsnms/019633

10

15

325.1808. Exanple 6 Preparation of conmpound 2a': 1cl
2a1[0064] The conpound of fornmula Ic' (2.00 g, 4.80

.e ' [ 4
RS S5ie TR (5Bl B R0 431 S e 1300252
The4rm, X337 £138a% 1620| PAS178.9-66.20€3 BB . dyEAS,[BB. T 283, \1\9§e5 8, 3.8.
addition of Ph(CH3)2Sid (3.40 nL, 20.2 mol, 4.20
equiv) while maintaining tenperature 0-5 0C. The
reaction m xture was stirr 0C for 42 hours.
The reaction m xture was d?‘]gxat%e%l%%th wat er (50 ni)
arpteghlition ofebPound@drl) . Phases were separated and
t he aqueous phase was back-extracted with diethyl
ether (50 nL). The cophi npd prgani c phase vva&s.—0~3, _Ph
concent raLgd ooé. Bn I Ot avaﬁ | />a li ght yellow ojl and
purified by collurm chromafo hy (0- 75% Et i 'N"OBn
hexanes) ¢ V€51 95 gr aRk®n (7‘2% yi el gf
2a' as a Mght opel l ow oi T (AP=93. 7%
CD2CIZ)d‘¢1(d 2H),698691(m .
2 H, 6.52 (d¢' 2 H, 32 (s, 1H) 404oé.$, 2H)d;
4.02 (q, 2 H, 3.67 ( 2 H,
(rip067]H) , To agmixfuse Oﬁ.cqn)lpowd@v (231 Uhaqd)corrzpomd éh 1(21 3(%

(i) fy BRI Bg LG o BRTgaiRa b Ty e o 5%‘[‘1&”

1@51er?1’on]aée§ heated 4090/5C d:ftfl-dBemdBtd B cohdfetd by HIH.C, typlcally 4 h.
134.8, 134.2, 133.6, 133.2, 119.5, 79.2, 78.8,

73 he, re@BioB wag®o0led ngd@m ‘@mpgratl;_rg agd Was) dguteg V\ch E;Og\c (30 mL)
and water (30 mL). The pH was adjusted from 12.0 to 5.1 by addition of 1M HCl (2.4

mL). The reaction mixture was then extracted with EtOAc (2 x 35 mL). The
combined organic phase was washed with brine (2 x 30 mL) and evaporated to a
;esi’due. The crude oil was purified using column chr_omatography and was eluted
with 20 to 50% EtOAc in hexanes to give fhe compound of formula 2d’ asa white
solid (0.74 g, 23.8 % yield, 96.9% AP). "H NMR (360 MHz, CDCl3) § 7.55-7.50 (m,
4 H), 7.36-7.22 (m, 11 H), 5.57 (g, 2 H), 4.90 (s, 2 H), 4.41 (s 2 H), 4.40-4.36 (m, 1
H), 3.55 (dd, 2 H), 3.38 (dd, 2 H), 2.70 (q, 1 H), 2.38-2.36 (m, 1 H), 2.14-2.10 (m, 1
H), 1.52-1.48 (m, 1 H), 0.36 (s, 3 H), 0.35 (s, 1 H), 0.12 (s, 3 H), 0.11 (s, 3 H); e
NMR (90 MHz, CDCl;) & 161.4, 158.1, 154.0, 139.5, 137.3, 136.2, 132.9, 129.5,
128.5,128.3, 127.9, 127.8, 116.0, 82.3, 73.5, 69.3, 68.3, 65.1, 62.7, 48.4, 27.1, 23.7,
0.7, 0.6, -1.2, -1.2; HRMS m/e calc'd for C3gHysNsOsSi, (M+ H'): 684.3038, found
684.3031.
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Exanpl e 7 Preparation of conpound 2b': 2a" 2b [0065]
The conpound of formula 2a' (4.8 g) was dissolved in

wOok@EI12885110 nL) and water (8.9 nL) and the seCwiseWs/019633

10

15

25

was cooled to 0-5 0OC. DDQ (30.3 g, 1.50 equiv) was
adgled in Ione portion. The reaction m xture turned into
a ue solution. The reactj tirred at 0-5 0C
until deened to be conpl etggg?/lwae;{% typically 2
h@yeparafibe of eadpownd 2e’xt ure, a yel | ow suspensi on, was
diluted with 5% aqueous NaHCO 3 (80 niL) and water (90
m.). The phases_@DeSiS@par ated. The aqueous phasieCias

~

extracted with CH A2 (2 x 50 nL). The conbi ned:
or gani ¢ phase WwasBed with water (50 ni) a OBn
evapor afigd {0 esiglye which was ,appliged o0 & SMhigpa
gel col umn \’%jg »0)OH hat was el uted with 10 Ft ©AGHI n

hexanes to ® the conmpound of fornula 2By d a

col orl ess obkn (2. 640, 69%yield, 96.8% AP)osnExanpl e 8
Preparation of conpound 2c': 2b 2cl [0066] To a dry
vgeeas], 4@omitiec (il)athe Sompesd dFofng) 2dh(R0trog.uboRd 1adl, 1.0

nm.) were charged, .t slurry was cooled tq ;35 to -40
€AY BRS ﬂmsolwdslam%@(ﬁ}ﬁ) &n%wwqogff%@% 0. zg
e et
Meg ity svas dddedind he( lle&(jtiéinmrwm*méé tq hodBtemipera®ui24 The reaction

equi v) was added to the tartrate sol utio nd irred...
ateppepsed tg stadlaftgestwe houss. the Fractipibasthen pﬁqnlpg ip %?&3 and agdmonal

\?\2[8@% gg%ﬁgll\rlﬂé 8&9%1 gtr%(gl,e go%&‘ﬂ ﬁ{F' p.O]eaum)- wak al@lauents was
repeated three times until a 95% conversion was achieved. The material was
transferred to a pipet column and eluted using a gradient of 25% ethyl acetate in
hexanes to 100% ethyl acetate, and 10-30% methanol in ethyl acetate. The product of
-formula 2e’ was contaminated with its dimer. |
[0069]  Condition (2): the reaction was repeated using CSA in CH,Cl, and
‘CH;0H, and the product of formula 2¢’ contained 3% of its dimer.

[0070] Condition (3): the reaction was repeated using basic conditions with 10 N
NaOH in THF, and the product 2¢’ contained only 0.65% dimer, but the reaction
stalled at 91% conversion. After purification, the product was isolated in 71 AP.
[0071] Condition (4): the reaction was repeated using potassium t-butoxide (22
mg, 0.18 mmol, 8.0 equiv) and DMSO (0.15 mL) and after one hour no starting
material was evident. Water (0.4 mL) was added along with ~ 1 mg seed and the
reaction mixture was cooled to 0 °C and stirred 30 minutes. The slurry was filtered

and washed with water (2 mL) and dried at 40 °C to give the compound of formula

2¢’ as an orange solid in 58% yield.
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whil e maintaining the tenperature at -35 to -40 OC.
The resulting brown slurry was stirred at -35 to -40

wOCQodsanssks1. 5 h. tert-Butyl hydroperoxi de (5. 5RCTMNS2005/019633

10

15

decane, 2.2 nlL, 2.0 equiv) was added to reaction

m xture over 10 mn. at -35 to -45 C. The reaction was
stirred at -35 to -45 0C upkhpid epoxi dation was
deened conpl ete by HPLC, typi caIIy 3-5 h. Upon
cogpdrﬂﬁnﬁwpmfpgtitmmsfawmmpd%% NaOH saturated with

sodi um chl ori 9 nL) was added to uench t he

titani umtartrgﬂ\ﬂé%at alyst and to hydrgl yze (-)- ISI"\é"IZOH
A sol ution of bisulfite (1.4 g) in vvater 3 OBn
m.) vvas added er 10 mn while maintainjng : H
t enpef t%et@ﬁe H10- 306€—TFhi-s>was st fe "f>or6Hl-%
h until TS;NOXI de test strip tested negati NOT
peroxides. Celite (3.2 g) was charged, and t

reaction Mxture was filtered. The filter cake wag®

ﬁ@ﬂ@j w Hﬂ 19l ;Kﬁ:%%owgao m'(?ﬂlSéTgﬁedl%%Cn‘a%thtt%BI rﬁ_a)tlon

TfP@T‘r@SUk/@M S U8 beent HpAYARAISRE adb. 110/ BU0E2, tab ghe compound of
conpound of formula 2c' as a yellowoil (2.1 78%

y.feﬂmula 3840 @APL)Q g, 1. 4\1mo(1,316@) duty) vopztpspived iy DRSS @ (D0 mL) to

,_Dglvega %1 Z)Epové@?qlb?éo %E?}% &o%lﬁ? %c? iDC u&t’%@n ce]b _Il_l'g igota351um
2. %DQ batoltﬁie(('lnt 4Jg 'l'@l’ m}no?58 do gc%ul(IWas]f}dld%a% %Q 'i’/éRt}chlgﬂ Htrown
CBHﬁ'yZ\)7h1dh ke K \x&rm&dﬂfﬁ» r@pnmamparaum 8A§er tPRshaRyrs ((13&42? of the

%%?@Zn%élgénalzrgr]félzneé @y%—?l’@ 817"§%1?egct16c6@xt§m51|15rg vgis aggedl portion wise to

Prepar (@g(') g'ﬂ‘_,) QE y; TB‘P@ uRge %@I wad Qﬁ\@z&d tg@( Buith %;M'T@C%d the slurry

conpoun conpound |

eng\ﬁlgererd eﬁiﬁﬁvz(shai Wii)l waltm@-lx(l@Olﬁ)L)g Tie. Iﬁeﬂeleaj wvag)drigd et 40 °C for
charged. The resulti ut.i on was _heat

urfi0i hougre elperat Wﬁés‘@i}rﬂﬁ 'QJ’(‘@U‘B}? WE teTppts ch f Pesg “f'?%s were

obtained by slurrylnor the light blOWl’l sohd (3.90 g) in ethyl acetate (20 mL), filtering
and washing the cake with ethyl acetate (2 x 20 mL). After combmmg the dlfferent
batches, the compound of formula 2e’ (6.48 g total) was isolated as an off-white solid
with impurity profiles ranging from 91.6-96.0 AP (72% yield). 'H NMR (360 MHz,
CDCls) 8 7.50 (s, 1 H), 7.32 (d, J= 8.2 Hz, 2 H), 7.21-7.07 (m, 8 H), 5.39 (q, 2 H),
4.93 (s, 1 H), 4.39 (m, 1 H), 4.28 (g, 2 H), 3.41 (dd, /= 9.3, 5.7 Hz, 1 H), 3.33-3.31
(m, 1 H), 3.18 (q, 2 H), 2.43-2.40 (m, 1 H), 2.33-2.28 (m, 1 H); 2.17-2.11 (m, 1 H)
1.37-1.31 (m, 1 H), 0.00 (s, 3 H), 0.00 (s, 3 H); ®C NMR (90 MHz, CDCls) 8 162.9,
159.0, 139.8, 138.4, 137.1, 129.8, 129.7, 129.7, 129.5, 129.3, 129.3, 116.9, 84.1, 74.9,
71.5, 69.9, 65.5, 63.1, 49.9, 28.9, 27.0, -0.0, -1.2; HRMS m/e calc'd for CasH3¢NsO5Si
(M+ H"): 550.2486, found 550.2477, mp = 163.2.
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The reaction was cooled to roomtenperature and was

diluted with EtQAc (30 nL) and water (30 nmlL). The pH
woasosadgissted from 12.0 to 5.1 by additi on of P&IAHSR2005/019633

(2.4 m). The reaction m xture was then extracted wth

Et Orb]\cd(z x 35 nL). The conbi ned organi c phase was

washed with brine (2 x 30 mfiﬁéj vaporated to a

resi due. The crude oil vvaslﬁg%}ri fli %525 usi ng col um

ﬁmx@pntmgmaﬂhyn@mdnwaf’:el uted with 20 to 50% Et OAc in

exanes to giv conpound of fornmula 2d' as a

solid (0.74 g7 %58(94; %yield, 96.9% AP). 1 NWR (36\(1;'!\3"\/@2%}-I

MHz, CDC|3 gh-50 (m 4 H, 7.36-7.22 (m I 0Bn

557(q, 490(s 2H).441(52|—g?)2\|440

(mT2 TiNss- éPHzH) 3.38 (dd, 2 H) W?B'l‘))l
9

6 (m 1 H, 2.14-2.10 (m 1 H),HN 52401, 48
36(3 3 H, 0.35 (s, 1 H), 012 s, 3.H.

(m 1H)
11 (s’® B 13C NMR (90 MHz, CDCl3) d 161. 4,

0.
3307"3] 15'1°h9c0ri11 ndsof ¥stula 2439 0@ 2, 138 ngmoIlZQ)O%qulv) was
8.5, 128.3, 127.9, 127.8, 116. 82.3, 73.5, 69.

5 68l8riedH tblueh@ (emez;,sTEA (zr?ﬂtm,roa@swam@) (®,110 8L, 1. 4_0 mmol 0.750

é%eﬂﬁg@g'«?sw%ﬂmﬁ 0 8 SRR 17 Bp BRI ED o By-» 40 mal,

2)2 &'y IESQ@[ﬁ%] blg@fﬁ gbl‘h’tl@ﬁ v&fag Etn‘réd"ﬁ rG@rHH&Hﬁé}aﬂfe for one

f or nu .0 equiv) wa
dilmsohtwehich pofﬁHEF 5(1 O\PZ@Kbomgouadl ae’waas Icmairemg bsoHGLC BHT (2,6-

Tet r abut yl m f L

TS e e e (TR G0 0 90 oo
10 rqﬂfi gac@@cc‘aé@@ Fbltnﬁ §%9'ﬁ\.rh§l”@%b%ﬁﬂirv? Tﬂ_@{%aﬁml)@ﬁle was

appeared to sta aftef "two holrs, the'reaction was

¢ hetrma0b €8 1O 1 0E dnillaaddini onad caTBAEd( Tobage @nl) was

0.029 mml, 1.0 Min THF, 1.0 eguiV) ed. Th
wecharged and the reaction was continued for 1 homs Wadscooije to room Ite1npe1a’rure

14°C. 6 M HCI1 (2.7 mL) was addqd tq the methanol. The reaction mixture was
15  added drop wise followed by é rﬁethé.noiriﬁse 2.0 I;IL) of the reaction flask. The
reaction mixture was warmed to 25 °C aﬁd then heated to 68 °C. After five hours no
change was detected by HPLC. The reaction was cooled to 25 °C and transferred to a
separatory funnel using methanol (2 mL). The reaction mixture was washed a total of
six times with heptane (4 x 6 mL, 2 x 10 mL) which lowered the BHT to 0.33 AP.
20  After two extractions of the mixture with ethyl acetate (2 x 20 mL) the combined
organic phase was dried over Na,SO4 and concentrated. Column chromatography of
the crude material was done on a 120 gram silica column and a mobile phase gradient
of 40-100% ethyl acetate in hexanes followed by 10% methanol in ethyl acetate. The
desired fractions were combined and concentrated to give the compound of formula
25 3£ (0.160 g, 20% yield) but an impurity identified as the dimer of compound 3f” by
LC-MS was present. The material was re-slurried in 25:75 hexane:ethyl acetate and
filtered to give a white solid with only trace dimer present by HPLC. 'H NMR (360
MHz, CD3;0D) & 7.80 (s, 1 H), 7.34-7.27 (m, 5 H), 5.31-5.27 (m, 1 H), 5.30 (s, 1 H),
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repeated three times until a 95% conversion was
achieved. The material was transferred to a pipet

woabasnmssand el uted using a gradi ent of 25% et hpLT/US2005/019633

10

15

25

acetate in hexanes to 100% et hyl acetate, and 10-30%
met hanol in ethyl acetate. The product of fornula 2e

n ' d> piyt §17 [ . 6 (dd. 0B
A e N 1o R
CEBCEs4 4nd 1) g.lﬁ;bﬁ?u(m, DH)F o33 (el Horft@ (el FB96 6fNMR (90
its diner. 70] Condition (3):. .th cii.0
: é@ééth@aSngg Rehs B bt Fohe Wotn 1PEBNASTAIDD. 1S, 1174
and,t r ' ydedqanl . [ -
LR PO PR QOGO oA g Tots el s
P/ thledtfond,, L hemsbade H Wvas26. 53d 1afenhdidd 61 963 ;ARp = 193.3 °C.
[0071] Condition (4): the reaction was repeated using
Elc\)/tsgs?ioumt-bu; oxide (22 ng, 0.18 mml, 8.0 equiv) and

. 15 nlL) and after no startin
material was evident. Vﬁte?ﬁgﬁﬁﬁy%{) was addeg al ong
WiprBparalidh ofe@inpoithdie: reaction mxture was cooled to
O Cand stirred 30 m nutes. The slurry was fiItereg
and washed wi effs#ter (2 nL) and dried at 40 OC tos
gi ve the com . formul a 2e' as an orange sol {dy+Trogn
58% vyield. Exampl e 11 Alternative preparatjon of £
conp ngpifN: E@E] The conpound of fornffa-BaN &;
(di scl osg N% pat ent application PCT/ US 554
and US patent application Ser. No. 10/734012, gs the
compound®Bf f8rmula 78A) (10.0 g, 16.4 mol, 8%0 5a'

! gioemt 2" , ! ,
oA o BbF BrmaPER TIbey 5 W Tl el Ao Has
baﬁi&m@emﬁég%ﬁmt@omg%wme& A6, KBICOL09 §.100 mmol,

equi v) was added to give thick |ight brown
3.00 equiv) was dissolved in water (5.0 mL) and added to the reaction. KF (0.423 g,

7.28 mmol, 2.00 equiv) was dissolved in water (1.2 mL) and added to the reaction. A
30% weight solution of H0, (1.20 mL, 10.9 mmol, 3.00 equiv) was added portion
wise over 30 minutes. The reaction was stirred at 68.°C-for 3 hours at which point
additional H,O, (1.20 mL, 10.9 mmol, 3.00 equiv) was added. After 4 hours H,0O»
(0.600 mL, 5.45 mmol, 1.50 equiv) was added. The reaction was cooled to 25 °C and
the pH was adjusted to 7 with 6M HCL. NaHSO; (2.80 g) was dissolved in water (6
mL) and added to the reaction mixture at 10 °C which was then warmed to room
temperature and stirred until peroxide was no longer evident by peroxide strip testing.
The mixture was concentrated to remove methanol. Water (20 mL) and ethyl acetate
(100 mL) were charged and the phases were split. The aqueous layer was extracted
twice with ethyl acetate (2 x 100 mL) and the combined organic was concentrated.
The resulting solid was slurried in ethyl acetate (20 mL) and filtered. The cake was
washed with ethyl acetate (50 mL) and water (30 mL). The cake was dried at 40 °C
giving the compound of formula 5a’ as a white solid (1.78 grams, quantitative yield)
which was carried forward to the next reaction without further purification. 'H NMR

(360 MHz, DMSO-dg) § 7.62 (s, 1 H), 7.27 (d, J = 7 Hz, 2 H), 7.18-7.02 (m, 8 H),
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slurry which was warned to roomtenperature. After two
hours 0.1 RAP of the starting material remained by

wORLB/11488 reacti on m xture was added portion RCTAISRMS/019633

10

15

water (600 nmL) at 13-15 O0C. The pH was adjusted to 8.2
with 6 MHO and the slurry was filtered and washed

Wigt3 (el ey, 42 ¢, 12Q2mipry, JTHE 4t @ 1 A, Aes4dri(ad 2at), 489 (d, /=
O0C for 60 hours. Several small scale purifications

wéreHat It Hivph 28i(s, THB, H88 (9. eshiP iz, Wdhe 3 6Bta¢had, i), 3.08-3.06

sl upyl ng i gh r solj .90.4d), d I S
EgtIied TR Rl e el v e BN R AL
ethyk 1ac 2 - BARGER Ba] 3 ;
ity AF B FOBLE JaLis B T DENVEIR (PONRLIE: POISSe) 51605 1595

t atal3) 14@s, 139d], B2, Hx8.ar 2818 1261 R8shIIRAIWM 2T, 114.1, 81.3, 72.4,
i mpurit rofiles ranging from 91, 6- 96. P 9

v P10 5167 Rugd £ 30 pls, S ek 3y efosiom 423 (M-, HRS e

( = g 7. 2P0 7 (i My 5.39 (g, 2
tatey Gelfolquvi g Sry¥ihhdustorl. 28 (3 1

(dd, J 9.3, 5.7 Hz, 1 H), 3.33-3.31 (m 1 H), 3.18 (q,

2 H, 2.43-2.40 (m 1 H), 2.33-2.28 (m 1 H):
2.17-2.11 (m 1 H 1.37-1.8xample}d ) 0.00 (s, 3 H
0.00 (s,. 3 1 N (90 MHz, CDCO 3) d 162.9, 159.
1%’8."%4”1‘@5."??@'3‘??3.&&, oo, 8, 129.7, 129.7, 129.5,
129.3, 129.3, D¥6.9, 84.1, 74.9, 71.5, 69.9, 65.89H
63.1, 49.9, 289 7.0, -0.0, -1.2; HRVS nie calcld
for C28H36NECRSI/ (MB"H+) : 550.2486, found 550.OBn
mp 16362, Exarpl e 2HPr epar-atiomof —conpdadN3E N

[0073] NTlhe lconp8lind of formula 2e' ( 1.004g, 1,80

mmol, 1.0 eauiv) was slurried in toluene ( nﬁ\i). TFA
(trifluor®aeeti,c acid) (0.1 10 nl, 1.40 nmoP, 0.Z50

equi v) was added foll owed by TIOF
(110075 opr Shy tanphoilef ferrmella §2°. (2 00rg. 2.08. mmohrhd10 eqir)gvas

0,

' ?gﬁr\lﬁ{%%wgtgﬁg%% fé;rln%, Oﬁlgq)ﬁg?&ﬂ (E(r)rllLlit iﬂ &ﬁﬁu(?rtoiagerti%%cﬁs (0.120 mL,

1.50 mmol, 0.750 equiv) was added followed by TIOF (triisopropylorthoformate)
(1.36 mL, 6.12 mmol, 3.00 equiv). The resulting brown solution was stirred at room
temperature for one hour at which point 0.22 AP of compound 5a’ remained by
HPLC. BHT (2,6-Di-tert-butyl-4-methylphenol) (1.00 g) was added followed by
acetic anhydride (2.00 mL) and acetic acid (0.230 mL, 3.60 mmol, 2.00 equiv). The
reaction mixture was warmed to 116 °C and the distillate (4 mL) was collected. The
reaction was continued for 14 hours and cooled to room temperature. Methanol (6.0
mL) was charged to a separate round bottom flask and was cooled to 14 °C. 6 M HCl
(2.7 mL) was added to the methanol. The reaction mixture was added drop wise
followed by a methanol rinse (2.0 mL) of the reaction flask. The reaction mixture was
warmed to 25 °C and then heated to 68 °C. After five hours the reaction was cooled
to 25 °C and transferred to a separatory funnel using methanol (2 mL). The reaction
mixture was washed twice with 90% ethyl acetate in heptanes (2 x 30 mL) and
concentrated to a residue. Methanol (9 mL) was added followed by 4 N NaOH to
adjust the pH to 8. Brown slurry formed immediately, and it was cooled to 0 °C for
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hour at which point 0.54 AP of conpound 2e' was
remai ni ng by HPLC. BHT (2, 6-

wOi2edsangssbut yl - 4- met hyl phenol ) (1.00 g) was ad@e®/us2005/019633

10

15

20

25

foll owed by acetic anhydride (2.00 nL) and acetic acid
(0.210 nL, 3.60 mml, 2.00 equiv). The reaction
m3l§tn'ﬁ5ﬁe¥v§§d g’ﬁ&@@dﬂ‘@ cakEGvAGvAREH 1Wikg vetitst d(B I ﬁhﬂt% (#hdeptane (2
was collecte Toluene (2 L) was char

r galdtmbh Reslueryrutl rt]mm'ddef aake Mhepimes/edwg agatatk €00:20) didoa

S SRR &1 GINECEBOL G J914S Ko G Agratet Bk fem e
mp)[raglods?c\ll'\%s é daé?gg%g@%?éjsutb?e&éaem Q@f\ﬁﬁ{‘@mmzﬁ?a{pﬁ?%h IsPiRa gel

ure rop wse followed by a nethanol
Nnsiging 2. faditnt o6 504106% ethytacemtefih AskaneT fedlomeeadtyi ¥30% ethyl

e o A i S P e L
r
%ﬁ%lﬁa?&rw \g%otjeﬁ&té@ox?t%e gﬁlc?srigol%t%a @I%fn‘.?f}fe‘?g sfuggg%lvm an

nnel™ usi ng nmet hano The

maaalubﬁal\mszmﬂma cémpoiral of dorrsulx Se (41@/3 ymld)h H ém{Rr(%O MHz,
(4 x 6 ni_, x 10 nmL) which | owered t

ACD:QT)eY 7 66/63 ) detr ohs(nafS> Hhe -4~ §t38r(@, JmH)h5éf‘r€§»|1 H), 4.70 s,

14 RTS8 BondUnt boted o g 10> 2698 11,231

Chr oy, qgﬂ’{)’i@hm b8 hie1 HHUde NTREOD AHWESDAIDES 2893, 15206,
gramsi’l'icda colum and & nobile phase gradi ent of
4053180% k2 hlyllO (pd28.81 ©29.9 1383ah2%2f 0I7 HWed.0py4.70%%.8, 73.1, 57.4,

L’E%Pﬁaﬁiéi Gecihienlic ok o505 grHE REE e Gin ol 808

%38(192§6f9u19d3@é3% 'ﬁiﬁpl?&ﬁ o@n inmpurity

gentlfl as the dinmer o ound 3f by LC- M5 was
present. The material was re-slurried in 25:75
hexane: ethyl acetate and filtered to give a white
solid with only trace di neE*gP@eRt by HPLC. 1H NWR

5%%"%“%%&9“35&%%8?; 'J’T) E|) 753327(27 (1ml—|),5 I2)57

78 (@, J = 4.8 Hz, 2 H), 3.71 odd, J
= 9.3, 4.8 Hz, o ~
Wie o
HoN NN
e L2
N
Se 0 | (entecavir)

[0076] To a solution of 5e (2.0 g, 5.44 mmoles ) in methylene chloride (20 mL),
cooled to -20°C, was added a methylene chloride solution of boron trichloride (1M,
solution, 22 mL. 22 mmoles, 4.04 equivalents) over a period of ~30 minutes. During
addition, the temperature was maintained at -19° to -23°C. After stirring for an
additional 3 hours at -20°C, methanol (14 mL) was added to quench the reaction. The
reaction mixture was stirred until HPLC showed no borane ester (~4 hours). MTBE
(30 mL) was added, and the reaction mixture was stirred overnight at room
temperature. The solid obtained was filtered, washed with MTBE (~5 mL), and dried
under vacuum at room temperature to obtain 1.66 g of the hydrochloride salt of

entecavir. The HCl salt (0.72 g, 2.29 mmoles) was taken in ~13 mL of water and
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H, 2.84 (s, 1 H, 2.17-2.13 (m 2 H; 1.39-1.37 (m 1
H, -0.00 (s, 6 H; 13C NVR (90 Mz, CD30D) d 159. 4,

wa36052,18853. 9, 153.1, 139.6, 138.6, 129.5, 129P0T/US2005/019633

10

15

20

128.S, 117.4, 112.1, 74.3, 73.6, 59.7, 45.8, 34.9,

f283 (i 31; M5 (LC-M5) = 426 (Mt H+); HRMS me calc'd

Qe RO G2 dsted 267 #REDIN WRORd TR hih Y6y
at%és 3 C Ex&#p% Mg SFt;r:epar ation of compound 5a'

[ QO] ed W Heatap 018l - 85°C ardmdatePwith a&idfedycarthingd. 1r2|gjl After 30
1.00 eq UIVé was di ssol ved in_ nethanol (50 % P
wainBigs elge sx akrs: hogrxmesgire ap diligred o agCehp pad. 3 Thplilegts ygs cooled

Wgczac?oni mqgf:a r6 OX\é\@é gour% aﬁcgﬁmh?ef Qtﬂ'gedgag%gg uf&\‘/’% B&ﬁs The crystals

d 'o%?a%e\i%rb !ﬁlt&‘@ﬂ eWadhed wAthWhdte2BAld adetBanded V&chﬁlm to obtam the
reaction. ovve|ght solution OFH2O (1.20 nL, 10.9

meonpo@ el feqnuula)l (ewecani) 6B dgo A4 Yemverallsdeld\feam So).

m nutes. The reaction was stirred at 68-C-fr -3 hours
at which point additional H2O2 (1.20 nL, 10.9 nmmol,

3.00 equiv) was added. Aftgkafhpholg S H2O2 (0.600 rrL
5.45 nmmol, 1.50 equiv) was added. The reaction was
cd&rbpﬂahon%c&ﬁpamnidﬁhb pH was adjusted to 7 with 6M
HC . NaHSO 3 (2.80 g) was dissolved in water (6 nL) o4
and added to the reaction mxture at 10 OC whi ¢b wag,
then wangged.to roomtenperature #festirred wergi-H-o—si-

per oxi d . No aki@nger evi dent P&t oxi de st rg?e‘ H Me NS
t esbi he neRtusewe Bumas Eoaten r ted+t o"fie N, =0
meth water (20 nL) and" acetate [ OE) m.) HN>‘NH

wer e ?:harged and the phases Were split. The aqueous
| ayer #mas extracted twice wth et hyI acetate (2 x7¢00
and the conbi ned or gani c was ent r at

r 423917711 i ngASO0P plyirskaled Y3 APIPPE H‘?/ EHIEY §t1r(e£0&1ﬁg5mmeter
a%ldl afi!illtl%ﬁ rﬁfrﬂael a-miea &%Eeﬁ"ﬁﬁet was charged with compound 7a’ (40 g), DCM

(180 mL), and sulfolane:(20 mL), and the reaction mixture was cooled to 10 to 15°C.
MSA (14.48 g, 2 eq.) was added drop-wise to the vessel while maintaining the
temperature of the régéfion ‘mixture below 15°C. The reaction mixture was further
cooled to between about 5 to 10°C. TFMSA (22 mL, 3.2 eq.) was added slowly to the
vessel while maintaining the reaction temperature below about 10°C. The reaction
mixture warmed to ambient temperature and stirred overnight. After the reaction was
complete as determined by HPLC, the reaction mixture was cooled to 0 — 10°C, and
2N NaOH (360 mL) was added slowly while maintaining the vessel temperature
below 15°C. The resulting slurry was warmed to ambient temperature and allowed to
stir for about 1.5 hours. Toluene (600 mL) was added and the mixture stirred for 30
minutes. The rich aqueous solution was washed with toluene (2 x 600 mL), diluted
with water (370-375 mL) and quenched with glacial acetic acid at 80 to §5°C to bring
the pH of the solution to 6.8 to 7.2. After holding the slurry for about 2 h at 80 to
85°C and at room temperature for 4 h, the slurry was further cooled to 0 to 10°C and
stirred for 1-1.5 h. The slurry was then filtered, washed with water (2 x 80 mL),
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washed with ethyl acetate (50 nL) and water (30 ni).
The cake was dried at 40 C giving the conpound of

woaoosligss5a’ as a white solid (1.78 grans, QquaRCTUBR008019633

10

15

25

yield) which was carried forward to the next reaction
wi t hout further purification. 1H NVR (360 MHz, DWVSO-d
6)heﬁitalZe 6@@ mL} ahl dn%)ﬂ Brlde Qfacu(htantJﬂ'ﬂ?C ]‘fg a’f;ﬁ))&ilz 7. 22(80 éf E&dnpound
4 787 (5(456%]yldl-ﬂ) (nﬁy?:@n%urﬁa?oophﬁ tQabeyut 15%5d u()rjl,pognd:%g SLC/MS for

5764 1@62‘60”( e 2(52955 i R bg o %ﬂw i Coﬁd‘lé%ﬁ'(%"&wnﬁ ALS%
13@}%516‘ (%dzlhz 110Ll)r% &}ﬁéA&q SO}J«em 1@ @%"CHREN‘DS% ﬁz@élo nM

NM@@C \zdieVGEE: 6) min 16@115% H’é@ Fmal%SBi? 10.01@10]9\7 rate 2

139.0, 137.0, 128. 128.6, 128 4, 2

12/mpin.; jophurgn = W%Cl*?»z.goﬁfgégm@ weaclgngtg 7. 2 ’é\é)s
61.8, 56.5, 37.5; Ms (infusion) = 492 (M+r H+); HRMS
me calc'd for C26H30NSOG (M+ Ht) @ 492.2247, found
492.2262. Exanpl e 14 PrepaEaampbe bT conpound 5e:
[0075] The conpound_of formula 5a" ( 1.00 g, 2.04
mseparntion of gomppund & (¥teeavidy i n t ol uene (6 nml) and
CH2A 2 (2 nL). TFA (trifluoro eetlc acid) (0.120 nilL,
1.50 mol IvlO 750 equi v)MevvasNa d followed by TI(F
(trllsoprﬁg\gi grthofor'\’hﬁt—e 36 m, 6.12 nmol

equi v Pésul tjng g@gd%n was stir
ro'ngngrﬂoe at ufe Tm“ 8ne hour ch poi nt “EI@%@AP
of ¢Ompdlnd 5a' renyi fled by H | (entecavir)

(2, 6-Oi -tert- but yl - 4 net hyl phenol) (1 00 9) was added
foll owedd by acetic anhydri’de (2.00 nL) and acetic acid

RN L T

;‘%gngﬁsé%ﬁ%QheﬂlﬁnétWﬁ BBred Vi e ftad 7508101@ (hayieéntain up

cooled to room tenperature. Methanol
to'to15% of compound 7¢’), sodium carbonate peroxohydrate (14 g), and methanol

(250 mL). The reaction mixture was heated to reflux with agitation until the reaction
was complete as determined by HPLC. The reaction mixture was then cooled down
to room temperature, filtered through a filter paper to give a filter cake, which was
rinsed with methanol (5 x 50 mL). The filtrate was transferred to a 500 mL equipped
with a magnetic stirrer and a thermometer, and aqueous sodium thiosulfate (5 x 50
mL, 0.4 M) was added with agitation until the residual peroxide was quenched. The
resulting cloudy solution was filtered through a filter paper while maintaining the
temperature of the solution at about 55°C, and the filter cake was rinsed with warm
water (45 mL, at 50°C to 60°C). To the resulting clear filtrate was added glacial acid
while maintaining the temperature of the solution at 70 to 75°C until the pH of the
solution was 6 to 7. The resulting mixture was heated to 90 to 95°C for about 30
minutes, and then cooled to room temperature slowly with agitation. The resulting
slurry was filter collected and washed with cold water (2 x 50 mL), and dried under

vacuum to give the compound of formula I (typical yield: 79 to 85%). Compound I
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m.) was charged to a separate round bottom fl ask and
was cooled to 14 0OC. 6 MHC (2.7 nL) was added to the

worbdsangdss The reaction m xture was added dr opPGIrAS2005/019633

10

15

foll owed by a nmethanol rinse (2.0 nL) of the reaction
flask The reaction m xture was warnmed to 25 0C and
fgg JuBifies tlggugtﬁfléc@fouzht\{(ﬁl Wrt%ahﬁg wifhaeFicarnd
vvas coole to 25 0C and transferred to a separatory
f weurgdtallizatiop fret hestteinol, vardr) or afhixtwredltreafn mi xt ure was
washed twice with 90% ethyl acetate in heptanes (2 x
30 nL) and concentrated to a residue. Methanol (9 nl)
was added followed by 4 N anﬂ pi@1gdj ust the pHto 8.
Brown slurry fornmed i medi ate and it was cooled to
0 Pepmradionrof cuinpsunddcfidd &1’ed. 'The cake was washed
with water (3 x 3 nL), and heptane (2 x 10 ni). oH
Re-slurry of the crude cake iy heptanes/ethyl acetaf
(75: 25) %lg not mprova,.ethqwe urity profile, Solbd§
cr ashed “okitg, of the nu@he+0+$ or fron1thempgg¥|ou
Crig ¢ zation %u“ﬁj e t“éd Iong KLEAowe )\—NH
chr ogr aphy on g%r gel u g a Qe L?’ t of Nn N
50- 100% et hyl ~acetatle i n hexan s fol l owéd by 10-3
ethyl acetate in nethanol ,giving 0.210 g of the W&KH
conpound of formula 5e. Column chromat ography was
rdpeEed aniry heL émlecldsckmd woetdr itbanolverhead girtprygthermometer,

P opidos Sanniesond B ieropileRRY aBtrRED COLBRE 1 Pl 362
%m%ﬁ)ﬁ?d ﬁé\g 67@(5‘1%L§ it th%gh%tuorﬁ aftdiR- réa%u@mml?mﬁ& waPeddled to
(s 2 H), .28 (m

1Helodv 6°Z. (M[SAJ(36 25, 57648 mndolH).7 eq )@@s (sk)wljt a&{)ed 0 t]3:1r.eactor while

é}ﬁ%}jgalr@”lgl@g 1@0’?@%&%&5}%@3&%&; tlliarg%i gl @g@&%@k@z 16.5 mL,

13\%397 B%‘%g 335 é@%%gh%&@d%d sfokdy 9 Qqa tY]é ac'{dmZ§ ﬁﬁmemhﬂe

usl on

MRaif@irénglthe @éacﬁ‘a’t%ﬂﬁm el ISFP@ Th8 ﬁ@cﬁé’rﬂﬁuxtﬁmm:ds allowed to

368.1722; np = 134.3
warm-to.ambient temperature (21 -25 °C) and continued to.stir until reaction was.

SN
0]

Z

complete as determined by HPLC. Triethylamine (87 mL, 623.9mm01) was added to
the reaction mixture slowly while maintaining the reactor temperature below 15°C.
The resulting cloudy suspension was continued to stir at room temperature for about 5
hours. The suspension was cooled to 10 °C -15 °C and pre-mixed water (240mL) and
MeOH (480 mL) was added to the suspension while maintaining the temperature
below 15°C. The resulting slurry was heated to about 28-30°C and agitated for about
2-3 hours. The pH of the slurry was adjusted to 6.5 to 7.5 using glacial AcOH or TEA
as required. The resulting mixture was heated to about 70 °C for about 1 hour and the
distillate was removed. MeOH (100mL) was charged to the reactor and distillation
was resumed at about 80°C until a final volume of 17-20g/mL was reached. The
resulting slurry was cooled to about 20 to 25 °C slowly and held at 17 to 22°C for
about 4 hours. The slurry was filtered collected, washed with DCM (2 x 100 mL),
premixed MeOH (315mL) and DI water (135mL), MeOH (900mL), and dried at 55 to

60°C in a vacuum oven to give compound 7¢’ (17.88 g, 93.5%, may contain about 1%
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Exanpl e 15 Preparation of conpound | (entecavir):
[0076] To a solution of 5e (2.0 g, 5.44 ninbles ) in

worbdsyligsse chl oride (20 nmL), cooled to -200C, was/Uacdued19633

10

15

a nmet hyl ene chloride solution of boron trichloride

(IM solution, 22 nL. 22 mmol es, 4.04 equival ents)

0 A i hn I NGteadeh tihRns 2. nenin.; (M+H
D D T oy s (V1D
St 971 HPIEO comtitiad et time &l 3@Bminouilew adte =2008/mims bl temp. =
(14 m) was added todﬂgencaﬁihe reaction. The r ag%' n_.
2RI C epbura - Ipetp AP S1, 4 E3<HBbd HIG; Wovelsnetiog paf om:
(< hS) A i added, and the reaction
mségvgggAmgz@tT%éng%ogg%{m&%t at roomtenperature. The
solid obtained was filtered, washed with MIBE (~5 niL),

and dried under vacuum at roomtenperatyre to obtain

1.66 g of the hydr dcHbredicgktimal { %fA entedcavir. The HA
salt (0.72 g, 2.29 jmol éain.was taken|in -13 nL of

wat er andheated to [~40C. Jhe pH|wag gdjqstied to ~7

with 2N NaCH The tjhmn siAJrry 0 t@bn d yay heated to

80 - 85C and treateel—wi‘t.1 m,ti‘v'ztj:z carsigon (0.12 Q).

After 30 minutes at ref!-é, therhet—-Xture was

filtered on a Celitle_pad20The i1 #Patle as cooled to
roomtenperature ovier 3 ROurs and4furlt ®8r |stirred at

OC for 2 hours. The crysitabs obfai9sed were filtered,
washed with water, [and drked undemgvdcupmit o obtain

t he compound of formuta I (entecavir) (0.32g9, 44%

overall yield fromb5e). Exanple 16 Preparation of
conmpound 7b': "I. Acid; 22Exadpiglieecous Base +

Preparation of compound I (entecavir):

OH Me & o
-
e e Me 0/?\Ae NS ~/~OH
. Me-gi—0—si- . o Me‘S,i'\"o\ Me )ggg L e .
QAOH Me N + HN N orad e HNN N
HaN NN =\ 2 Hvie Ngl\?
) N . e
Ha :

Y Y#N { NSy HaN o W
N W ‘ HNO. KIS \

2

< N

o} N o L

' 2¢ . 8a' H2N>\ g I.(entecavir) .
o

[0080] A 500 mL 3-necked round-bottom flask equipped with mechanical
agitation, a condenser and a thermometer was charged with compound 7¢’ (15 g)
(may contain about 1% to about 20% of compound 8a’), sodium carbonate
peroxohydfate (13.2 g) and methanol (225 mL, 15 volumes) with agitation. The
resulting mixture was heated to reflux and agitated until reaction was complete as
determined by HPLC. The reaction mixture was then cooled to 20 to 25°C and the
resulting slurry was filtered through a filter paper and rinsed with methanol (5 x 50
mL). The filtrate was transferred to a 500 mL round-bottom flask equipped with a
thermometer and a magnetic stirrer. Aqueous sodium thiosulfate was added (5 x 75
mL, 0.4M) and agitated until residual peroxide was quenched. The resuiting slurry
was concentrated under reduced pressure while maintaining the flask temperature at

about 55°C until a final volume of about 135 mL was achieved. The resulting mixture
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7a' 7b° 7 c ' [0077] A 1000 nL jacketed vessel
equi pped wth overhead stirrer, thernoneter, an

weaddistiigassf unnel and a nitrogen inlet was char gew/usedoks/ 019633

10

conpound 7a' (40 g), DCM (180 nlL), and sul fol ane: (20

m.), and the reaction mxture was cooled to 10 to 15C.
l“%?s(ﬁ'eéteégo 8¢ 1758 t)) YRS 2 AFALG LATRRIWE Bnd ONINFOM SRS @Hded to
whil'e maintaining the tenperature of the reaction

ma)djust thelpdl ofvhd 5&utidine Femcltli dfherhiaxy soletiovdsufry mtak &ltered

| ed, tg._ between_about 5 to 100C. TENSA
o0k & TAGHBEPEE PORE AR QST Ao ﬁpﬁéhe filter
t h:%.ké GacHhQn \LWW’E& (p§|49"1\h]§‘ba@ b 1J-69€). T™E pH of the clear
reaction m xture warmed to anbi ent tenperature and
stﬁltratedvﬁ\admteghb 6 t&f7tae 70 tche5°Camitg ghacialasetooand. etlke msulting
det erm ned by the reaction m xture Wﬁs coledto

0 mixfige@as aﬁﬁecm %@—?5(’66”@ Fhopt JhminHefd %ﬁwreom
'grrﬁ%)%‘ aﬂll &?fw%ﬁ%%%tmhe Fﬁg@ tr@s‘ilH[rp% iﬂﬁ'bp aés]nglgeﬁg Eggecg:rc]i dand

al dv@‘h@diwlitﬁ st S(DmL @bldabae (511 (BCHaud dried ohdeg ReciubO gmé
was added and the m xture stirred for 30 m nutes.

r icompatnéb(tspisdlyigld:or e e Sivarponnd hmag|bg éw@he'(rpuxéﬁe@@lrough
h
oreepiatiedicR ot Floy s A TPy O RN g v,

t he SRixdirk ekrés? 6.8 to 7.2. After holding the slurry
for about 2 h at 80 to 85C and at roomtenperature for

the slurry was further cooled to O to 100C and

St | h%ljd f ftHs iﬁ?a%eell?n#?t T%gbgtr{ﬁﬁr rr%{(gx\g?o&ln as %% rg?délaﬁ}ﬁ_efdllg\ﬁ ing claims,

d rdhEidHRE BE rsBiitoidly RPREekBodihicatdteddzebhdeiaf
conmpound 7b" (84.6% y| eld) (may contain about 5to

about 15% of conpound 7c¢'). LG/ MS for 7c': retention
time =5.95 mn.; (MH = 653. (HPLC condi ti on:

Sol vent A: 5% CH3CN, 95% H2O, 10 mM NH4OAc; Sol vent B:
95% CH3CN, 5% H20, 10 nM
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NHAOAc; Gradient Tine: 15 min.; Start %9 B = 0' Final %
B =100; Flowrate 2.2 mMl/mn.; colum = Luna d 8, 50

we 2405618885 wavel ength 210 nM Exanpl e 17 Pr eparariusmosioes3

15

conmpound | (entecavir): 7b" 7 [0078] A 500 niL 3-necked
round bottom fl ask equi pped with overhead stirrer, a
qqg nd a thernoneter was charged with conpound
‘(may contain up to tol5% of conpound 7c'),
sodi um car bonat e peroxohydrate (14 g), and nethano
(250 nL). The reactlon m xture was heated t

refl
with adit at i%Rrogassifpr i @repastion § a\%@pe‘tb‘}fb‘?fgff”é'n‘é}%li)ﬁ
determ ned by HPLC. The reaghon m xture was then
cool ed down to roomtenperatureg, filtered through a
filter paper to give a filraérg whi ch was rinsed
wi th nethanol (5 x 50 nli). dd trate was
transferred to a 500 nL equigped with a magnetic

stirrer and a thernoneter, and aqueous sodi um
t voowabigte (5 x 50 nl, 0.4 M was added with

agitation until. the res i de was quenched.
The reddl ti ﬁ@a"@lngﬁ(fﬁn@f;m#?oﬁ‘?ﬁwél?iﬁlter ed through a
filter paper while maintainipg the tenperature of the
sol ution at about 550C, amﬁkﬂ;’mﬁafl | ter cake was rinsed
wth warmwater (45 nL, at 500C to 600C). To the
resulting clear filtrate wa deeBrgl aci al acid while
mai ntai ni ng the tenperature ke solution at 70 to
750C until the pH of the sol utlon was 6 to 7. The
resulting m xture was heated t6 90 to 950C for about

30y 1ErEIHRESs alBy, Cb}iehﬂnoﬁlﬂwnﬁhbubmtn&d withesrretved oir thresl Qwlyalkyl or
with agitation. The resulting slurry wgsfllter
c o -G calkerannd srebHE ds wrdependshly fefCerlpd x 50 i), and

dr \ %QPWEahde in the presence of a base to give a compound of formula 1b,

0§
R™~si-R?

e
OPMB
1b

wherein R? and R® are defined as hereinabove;

(b) converting the compound of formula 1b to a compound of 1¢ via

protodesilylation,

b 1
R™~gi—oH

o
OPMB
1c

wherein R? is defined as hereinabove;

(c) contacting the compound of formula 1c with an oxidizing agent to give

a compound of formula 1d,
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vacuum to give the conpound of formula | (typica
yield: 79 to 85% . Conpound Inmay be further purified
woOhougssssecol ori zati on upon treating wth car bOnUam®s/019633
recrystallization fromnethanol, water, or a mxture
thereof. Exanple 18 Preparation of conpound 7c' and
8a': H2 [0079] Adry 1-L 4omeck jacketed reactor wth
an overhead stirrer, a thers ter, an addition funnel
and a N2 inlet/outlet was rgedf™i t h conpound 7a
(30 g, 56.2 mml) and DCM (1 obkyeW th agitation, and
the reaction m xture was coolded to jpel ow 50C. MSA
(36.2g, 376.6 mmol, 6.7 eq.) was slowy added to the
r eact or{dnhi Itesaiieg Hespmpagnd plcforraaladdrvith henwy bhalids in ggs
than 15C. 3SCBH ( TENBA, 16, 2.7 mol, 3.25
e&?ﬁseﬂ%:’soﬁa%eaﬁe gg%géa 5?‘89\?'{/11%9@0]%%121 gg’di tion funnel
whi | e mai ntaining the readBor tenperature bel ow 50C
The reaction m xture was al| d to warmto anbient
tenperature (21-25 Q) an&ftéz?%ﬁﬁed to.strr unti
reacti on was conpl ete as deteroAvsed by HPLC.
Triethylam ne (87 nmi, 623.9pmol) wgsgadded to the
reaction mixture slowy while maiiAtaining the reactor
5 tenper atur e depronautihl Oe. PMBezrowsinl the ogmpbdumddyf formula of 1e to
suspensi on was continued to stir at roomtenperature
f provadothe compawrdof Fprauladépensi on was cooled to 10 0C
-15 C and pre-m xed water (240r1.) and MeOH (480 nlL)
was added to the suspension while maintaining the
t enper at ur e el RIS elaikhE Wieseh R Agplsdnyl dnd daals R® is methyl.
heated to about 28-300C and agitated for about 2-3
hours. The pH of the slurry was adjusted to 6.5 to 7.5

10 Ystng gjl. acl 6}4 pl'%%gs_sl £oF thg%?éparation of a compound of formula 2e,

wherein each R? is independently C;-C, alkyl, and Y is OBn, Cl, Br, or I;
comprising:

(a) reacting a compound of formula 1c,
Rb
b_ |
R°~g;j—OH

q\OBn

OPMB

15 1c
wherein each R is defined as hereinabove,
with RaSi(Rb)z-halide, wherein R? is allyl, phenyl, or pheny! substituted with one, two
or three C;-C, alkyl or C;-C4 alkoxy; and each R® is defined as hereinabove;

in the presence of a base to give a compound of formula 2a,
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as required. The resulting m xture was heated to about
70 OC for about 1 hour and the distillate was renoved.
wORW104B8OT.) was charged to the reactor and PCT/US2005/019633
distillation was resunmed at about 800C until a final
vol ume of 17-20g/nL was reached. The resulting slurry
was cool ed to about 20 to 25,C sipowmy and held at 17
to 220C for about 4 hourst\ﬁn/eO%wry was filtered
col | ected, washed with DCM (;52 X g00 nL), prem xed MeCH
(315m) and DI water (135 ggn(goon_), and dried
at 55 to 6Q0C in a vacuum o tvgl ve conpound 7c'
(17.88 g, 93.5% may contain about 1% o about 20% of
conmpound 8a'). LC/MS for 8a':2xetention tinme = 20.1

man.; . = . HP ondition: run time = 36 mn.;
fl"@\?f‘ilél%%iacﬁt%ﬁir%% mgglaa PERP' = 25 deg. C
col um g | n%@%&téetiﬁ?@re%M@%@odf) ift-tBe EBMpSUNATHf formula 2a to give a
wavel ength - 254 run; Solvent A = H2O Sol vent B =
CeiB@bburtdkatifptreuld @bPr epar at i on of conpound |
(entecavir): [0080] A 500 mL 3-necked round-bottom
flask equi pped with rrechanLc%ﬂ agi tation, a condenser
and a thernoneter was chafRgesi-®i T conpound 7c' (15 g)
(may contain about 1% to abpoi D% of conpound 8a'),
sodi um car bonat e per oxohydr (PBr2 g) and net hanol
(225 mL, 15 volumes) with agi tat?dn. The resul ting

5 m xture was heated to reflux gnd agitated until
reaction was conmpl ete as determ ned by HPLC. The
r edstain R’ and eashd \ase defkns ag beieE@beY: 20 to 250C and the

resulting slurry.was fi il

and i f8ed eI AT e o b PATEo LR b p P RP RS mpula 2¢
t KansiaserRdsdlietide 2PEkiddtionpund- bot t om f | ask equi pped

wth a thernoneter and a magnetic stirrer. Agueous

sodi um t hi osul fate was addedr{ 5 ?{b 75
R°~§;—0-8i—R®
z RP

OBn
23 \-OH
(o)

2c
10  wherein R? and each R® are as defined hereinabove;

(d)  reacting a compound of formula 2¢ with a compound of formula 1h,

Y
>
HgN)\\N N 1h
?

H

wherein Y is OBn, Cl, Br, or I, in the presence of an alkali metal base,

to give a compound of formula 2d,
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m., 0.4M and agitated until residual peroxide was
guenched. The resulting slurry was concentrated under

woeosciagsspr essure whil e mai ntai ni ng the flask PCT/US2005/019633

5

10

15

tenperature at about 550C until a final vol une of
about 135 nlL was achi eved. The resulting m xturewas
heated to 70 to 750C to form a Jgazy gol ution/slurry,
and 2N NaOH was added to ad] u%t_ét,bes’ipkh of the solution
to 10 to 11. The hazy solution/slurrgcwas filtered
through a filter paper while igghng t he
tenperature at about 550C, an he filter cake was
rinsed with vvarmvvaterH?(“Bq//Q §r&b 4t 50 to 600C). The
pH of the clear filtrate M?I’dj usted to 6 to 7 at 70
to 750C using glacial acet{c acid. The resulting

m xture was heated to 90 to 95C for about 30 m nutes
and then cooled to roomterrpe?dature slowy with
a@iHealih RA-cadlR® &S Wl dré BErirRWE h¥reaBo¥d; laheér ed col | ect ed
and washed with 2 x 501L cold water (5-100C), and

dri ed Geder comcutimg the cginpeursbefiformela2d(te gpiecatomposng of
73 to 80%. Co.gEound | may be further purified through
d1s 7o SR dSHLGHY t reati ng with carbon and
recrystallization from nethanolgt water, or a m xture
thereof. [0081] It is to be ur@oie&isal-bod that the

i nvention, as defined in the follow ng clains, should
not be restricted solely to rﬁ"’u@: item zed
herein. WVE CLAIM 1. A process ¥OrN\LBg preparation of a
conpound of formula If, "I Yf Eospdtising: (a) reacting a

compound of formula la, IN erein Ra is allyl,
phenyl, or phenyl substitutyed with one, two or three
Cl-C4 al kyl or 2%

wherein each R® and Y are defined as hereinabove.

4. The process of claim 3, wherein R” is phenyl; each R’ is methyl; and Y
is OBn.
5. A process for the preparation of a compound of formula I,

OH

comprising:

(a) converting the compound of formula 3a to a compound of formula 3b
via protodesilylation, wherein R* is allyl, phenyl, or phenyl substituted with one, two
or three C;-C; alkyl or C;-C4 alkoxy; each R’ is independently C;-C; alkyl; and R® is
H or Bn,

-45 -



Cl- 4 al koxy; and each Rb is independently Cl-C4

al kyl, with PVB-halide in the presence of a base to
wgives/1asssonpound of fornula Ib, Rlb | -Si-Ra | BCnuse@®sn019633

Ra and R>b are defined as herei nabove; (b) converting

t he compound of formula I b to a conmpound of I c via

protodesilylatign, R-Si-0OHO0Bn OPMB | c vvhera@n Rb is

defi ned as herReiéraaBove (c) contacting the cglm;}@rh’d of

formula | ¢ with_an oxidizing agent to give a ¢onpound

of formula Id, B Id ; (d) treatlngtheogﬁ%i

of formiLa | q\l @,@nzy_l_hal_l_de_.l.n tiR_ Py eS@encE

base to ‘give] a,>cowmound of formula le, *; Jan e)OH

deprotecti Me PMB group in the conpouﬂﬁ%ngornula

of I e to pégvide, the conpound of fornula ddn 3

5

(b) further converting the compound of formula 3b to a compound of

formula 3f,

OBn  3p 0] 3f
5 wherein each R® and R° are defined as hereinabove;
(c) oxidizing the compound of formula 3f to give the compound of

formula I when R® is H; or a compound of formula 3g when R is Bn,
OH

q\OBn
N__N
s
N
© 3% ;and

(d) deprotecting the benzyl group in the compound of formula 3g wherein

10 Ris Bnto give a compound of L

6. The process of claim 5, wherein step (b) comprises:
() reacting the compound of formula 3b with an orthoformate derivative,
in the presence of a catalytic amount of an acid, or acid catalyst;
15 (i)  further reacting the resulting mixture from step (i) with an acid
anhydride of formula R%-C(=0)-0-C(=0)-R, wherein R? is C-C4 alkyl; and
optionally an acid of formula of R%-C(=0)OH, wherein R%is C;-Cy alkyl; and further

optionally in the presence of an antioxidant; and
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2. The process of claim1l, wherein Ra is phenyl and
each Rb is nethyl. 3. A process for the preparation of

wea 203npesshd of fornula 2e, 2e wherein each Rb PET/US2005/019633
i ndependently C1-C4 alkyl, and Yis OBh d, Br, or I;
conprising: (a) reacting a conpound of formula Ic, RD

Ro OH - FRLIfin® *EMpHunSretafstdpad),asith an aqueous
her ei ngﬁgveﬁﬁs\/l@%y%ﬁﬁ\gg?(%) 2-ghal |pde, wher eeiibﬁ( I)?a i's 1
ahlizdral geibnyl , or phenyl substituted with one, two or
three C1-C4 al kyl or Cl-C4 al koxy; and each Rb is

defi ned as herei nabove; in the presence of a base to

gi ve asconp f i %an Wh ey feRyIR8ahatfdd methyl; and
eacih. 't R> Z‘}*ggg& ?Snkgg%%ﬁé?}gi nabove}?H (%) 4

5 defiomettyi.ng the PMB group in the conpound of fornula
2a to give a conpound of fornula 2b, 2b wherein Ra and
each RDare defined as herei nabove,;

8. A process for the preparation of a compound of formula I,
OH

comprising:

10 (a) converting the compound of formula 4a to a compound of formula 4b
via protodesilylation, wherein R? is allyl, phenyl, or phenyl substituted with one, two
or three C;-Cy alkyl or C,-C4 alkoxy; each R® is independently C;-Cy alkyl; R° isH or
Bn; and X is Cl, Br, or I, |

R® RS
RO-5i-R Rb_&j-OH

oy g
HaN NN £ —OH HoN _N__N* 2 -OH
T ) OH Y T, OH
Ny N Na N

X 4a X 4b :
15 (b)  further converting the compound of formula 4b to a compound of
formula 4f,
Rbﬂi—OH Rbii—OH

SIORC q\om
HoN NN £—OH HaN.__N__N

T, od - T

N\ N N\ N

X 4b X 4f
wherein each R°, R® and X are defined as hereinabove;
(c) oxidizing the compound of formula 4f to give a compound of formula

20 dg,
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(c) converting the conmpound of fornmula 2b to a
conpound of formula 2c via a diastereosel ective

wepwsiidgsss on, 2c wherein Ra and each Rb are aspdefisomd019633

5

10

15

20

her ei nabove; (d) reacting a conmpound of formula 2c
with a conmpound of formula Ih, wherein Y is OBn, d,
Br, or I, in the presence of ancalkali netal base, to

give a conpound of formula 2d,2d wherein R>aa , ea,
c,,uh rR>b and Y are defined a er &Riabove; and (e)
converting the conmpoungof \fo 2d to give a
conpound of fornula 2e Vi® désilylation, 2e wherein
each Rb and Y are defined" ker ei nabove. 4. The

process of claim3, wherein Ra isgphen3'|; each Ris
methyl; and Y is OBn. 5. A process for’the preparation

OfhRreS O RP RURGNEd af RreMAlbVe; conprising: (a) converting
t he conpound of fornula 3a to a conpound of formula 3b

via pr (dodestdctihathesampaiied of formuleidg vatth gn aqusahase typrovide

otiecpmsp i kb S s it sBhabif§r ) A e R

a@qll,Rc is Hor Bh,R\ a R

o 4h ; and
(e) deprotecting the benzyl group in the compound of formula 4h to give a

compound of I.

9. The process of claim 8, wherein step (b) comprises:

(1) reacting the compound of formula 4b with an orthoformate derivative,
in the presence of a catalytic amount of an'aéid, or acid catalyst;

(ii)  further reacting the resulting mixture from step (i) with an acid
anhydride of formula R-C(=0)-0-C(=0)-R%, wherein R* is C-Cy alkyl; and
optionally an acid of formula of RY-C(=0)OH, wherein R%is C;-C4 alkyl; and further
optionally in the presence of an antioxidant; and o ,

(iii)  hydrolyzing the resulting compound from step (ii), with an aqueous

mineral acid.

10.  The process of claim 9, wherein R” is phenyl; each R® is methyl; and

R is methyl.

11. A process for the preparation of a compound of formula [,
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Rb-sr R Rb-sr 0 H C ORC OBn 3a OBn 3b (b) further

converting the conpound of formula 3b to a conpound of
woaoomligss3f, wherein each Rb and Rc are defi ned#C®aa/S2005/019633

her ei nabove; (c) oxidizing the conpound of fornmula 3f

to give the conmpound of formula | when Rc is H or a

conpound of formula 3g when Rc i@ Bn, OH (d)

deprotecting the benzyl group imthe conpound of

formula 3g wherein Rc is Bn to%%“conpound of 1.

6. The process of clai mb, nmhereik step (b) conprises:

(i) reacting the conpoungl?\l%f:’fym mula 3b wth an

orthof ormate derivative, 1 the presence of a

catal yti c anount of an aci or atid catalyst; (ii)

further. reacting the resulting m xture fromstep (i)

WRPAH &ci d anhydri de of fornula Rd-C(=0) -0 C(=0) - Rd,

wher ei p,)Rd bﬁid%%%e%biﬁ;bbun@@pkoﬁﬁm_h%&bIaxeoﬁfpoaﬁd of fmula 5a,

formul a’of Rd-C(=0) OH, wherein Rd is Cl1-C4 al kyl; and

f wiheker eaeh R anaideyenidentyh€;-pn ebkeheed & isH camni oxi dant ;

and(iii) hydrolyzing the resulting conpound from step

(ii), wth an ﬁéu s mneral acid. 7. The process of

claim6, wher&TERa is phenyl; each Ris net hyP" and
Rd is nethyl. QORC QORC
HaN_ N S—0H HoN NN 2 -OH
) N/> OH — Y T OH
5 OBn 3b OBn Sa :

(b) converting the compound of formula 5a to a compound of formula 5d,

OH oH

OR® OR®

oy i ST

HaN_ NN 2 OH RGN NN

YU, oM Y
N\ N O N\

/
N
OBn s, : . s 0Bnit sg
. . . d. .
wherein R® is defined as hereinabove; and R" is C;-Cy alkyl;

(©) hydrolyzing the compound of formula 5d to provide the compound of

10  formula I when R is H; or a compound of formula Se when R® is Bn,
(__)H

0 5e : and
(d) deprotecting the benzyl group in the compound of formula Se to give a

compound of L.

15 12. | The process of claim 11, wherein step (b) comprises:
(1) reacting the compound of formula 5a with an orthoformate derivative,

in the presence of a catalytic amount of an acid, or acid catalyst;
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8. A process for the preparation of a conpound of

formula I, OH conprising: (a) converting the conpound
wohodsongissa 4a to a conmpound of fornula 4b vi aPCT/US2005/019633

prot odesilyl ation, wherein Ra is allyl, phenyl, or

phenyl substituted wth one, two or three C -C4 al kyl

or Cl- al ; LS1ddeRsRd 1 Gridl de\deid

Rc is Hor Bn; egﬁ%%&ﬂ% {;mcrjb S,%lﬁBr", or i ytel%?t@ ﬁgr

; I,
c ankgiride nd farimlcRIAGOH0E (0 FR) mdertin fggZSaC eOonpléyhdndf
formul a 4f, wherein each , X fined
TR N T R G I i Sy
;gpﬁbﬁ/a?lan ﬁ%{}g@é?% Of anf BB d8ngnherein Re is defined

er ernabo reacting the conpound of formula
5 49 Wi tiign agdebuingdrhs esstbingreompdend fremetep@idwitioén aqueous
formula I when Rc is H or a conpound of formula 4h
wigipeReadid Bn, OH (e) deprotecting the benzyl group in
t he conpound of fornula 4h to give a conpound of |. 9.
The process of claim8, wherein step (b) conprises:
(i) reagti ngheheoenpilith 1, wherdinibahdd initethydrend R® is methyl.
orthof ormate derivative, in the presence of a
catal ytic amount of an acid, or acid catalyst;

10 14. A process for the preparation of a compound of formula I,
OH

comprising:
(a) oxidizing the compound of formula 4b to a compound of formula 6a,
wherein each R® is C;-C4 alkyl; R®is H or Bn; and X is Cl, Br, or I;

Rb

g 294
HoN NN iOH _— HoaN NN 2 OH
YU, on YU, O
NQ N N\ N

X 4b

]-5 X 6a 5

e}

(b)  converting the compound of formula 6a to a compound of formula 6e,

OH OH

e Son
HN _N__N" 2—OH HaN NN
Ty o T
N\ N N\ N

X 6a X 6e

wherein R® and X are defined as hereinabove;
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(ii) further reacting the resulting mxture fromstep
(i) with an acid anhydride of fornula

wede3(11€385 O- C(=0) - Rd, wherein Rd is G -C4 al kyPCTAS2005/019633

10

optionally an acid of fornula of R-C(=0)OH, wherein R
is Cl- C4 al kyl; and further optionally in the presence
of an gt oﬁ%ﬂ@?&m@%ﬂ@ éﬂlé\(}&ﬂd@%ﬁhﬁf&%@@ltﬁﬁﬁ af @&k bh&tdto
corrpou fro e S an aqueous m neral acid.
19rov]'dee:h@ b@ﬁp@mdqff f@dn‘&llaﬁi @nteshrar)evienrR’ is $1; phe wympoestel
IS meth and Rd is nmethyl. 11. A process for the
pf@gwﬂaaiwﬁerblﬁ i§ Bonpound of formula I, conprising: (a)
oxi di zi ng the conpound of forms a 3b to a compound of

fornul a 5a, wherein each Rb ig_independently Cl-C4
alkyl; and Ris Hor Bn, (b) @ Veodsri ng t he conpound
of formula 5a to a ¢ oq\pd Rornmul a 5d, wherein Rc

i s defined as hereinab ove;] a'l\ld Rd is Cl- CaIkyI (c)
hydr ol yzi ng the conpourtf Nfor mula 5d to provi de the
compound of formula | when Rc ig H, ar,,a compound of
formula 5e when Rc is Bn, (H (d) deproaflectlngthe

benzyl (@r ouraepratetcﬁ@g SRHReAxN dralp ih Giadngdaad bof@ua Fe to give a
conmpound of | . The process of claim1l1l, wherein

stepp@io)d ddnpr i ses (i) reacting the conpound of
formula 5a with an orthoformate derivative, in the
presence of a catalytic amount of an acid, or acid

cat al ygs; (i ithe ﬁ:%c%fke(ff c'lzﬁﬁhcltéﬂ %eiehﬁstéﬁ@j)kbin@ﬁsm xture
fromstep (i) W an acid )

(1) reactmo the compound of formula 6a with an orthoformate derivative,
in the presence of a catalytic amount of an acid, or acid catalyst;

(i)  further reacting the resulting mixture from step (i) with an acid
anhydride of formula R%-C(=0)-0-C(=0)-R", wherein R’ is C1-C4 alkyl; and
optionally an acid of formula of RY-C(=0)OH, wherein RYis C;-C; alkyl; and further
opt1ona11y in the presence of an antioxidant; and

(111) hydrolyzing the resulting compound from step (ii), with an aqueous

mineral acid.

16.  The process of claim 15, wherein each R® is methyl; and R? is methyl.

17. A compound selected from the group consisting of:

R® b
b1 b |
R Si-R® R™~gi-0oH OH
@ L
OPMB OPMB OPMB
1b . 1c . 1d :
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anhydride of fornmula Rd-C(=0)-0O C(=0O -Rd, wherein Rd
is C-C4 alkyl; and optionally an acid of formula of

wedei3(1x€38OH, wherein Rd is Cl1-C4 al kyl; and f upPChaIS2005/019633

10

15

optionally in the presence of an antioxi dant; and
(iii1) hydrolyzing the resulting conpound from step
(ii), with an aqueous mn raIRbaC|d 13. The p[;oc s of
claim 12, wherein eac S JTRi hyl ; and Figo t_RyI .
14.0BA process for the prépar t)l on of a conmpogth

for |, conprising |d|Z|ng the co

f 1a®%B to a corrpoungz ul a_6a, whe %%’h
Ro i s—@rvB4 al kyl; Rc is H and X is O, .
I; (1) converting the conpzaund of formil a 6a 2o a
conmpound of fornula 6e, wherei n Rc and X are defi ned

as herei nabove; (c) hydrolyzgl ng ' R°he conpound of formula
6e with an aqueous base ptbosp@ow&ae t he conpound of

>

fornkﬂ a R® (entecavir) wheniRc i 8 H, or a conpoundgpf
f @poul a- §eRavvhen Rc is Bn, @8protecting the daeé&yrh
group i ngt he conpmndy ofN H© S5e to give a co

W|th0an orthoformate derivative, in the pres

catal ytic amount of an agyd, or acid catalyst; (i)
further reacting the resulting m Xture from step (|)
with an acgd anhydride of fornmula Rd-C(=0) -0 C(-0) -
d, whereip-$PHs CpC 4 al kyl ; aOan

OR® B
- S
HoN_ NN E™OH ;
b [ » ©OH HaN NN £>—OH
N ~~N WN/WI » OH
SN

Y
i ; and Y 111 i

wherein each R* at each occurrence is 1ndependently allyl, phenyl or phenyl

substituted with one, two or three C;-C4 alkyl or Ci-C4 alkoxy; and each R® at each

of oghhe pr oces\§ ,>c|oan m 14, wher ei rp,;n
co sesn (i) react! g % he conpound of for
e cd of a

occurrence is independently Cl-C4 alkyl; each R° at each occurrence is independently

H or Bn; and each Y at each occurrence is independently OBn, Cl, Br, or L

18.  The compound of claim 17, wherein each R” at each occurrence is
independently phenyl; each R® at each occurrence is independently methyl; each R® at

each occurrence is independently Bn; and each Y at each occurrence is independently

OBn, Cl,or L.

19. A process for the preparation of a mixture of a compound of formula

7b and a compound of formula 7¢, wherein each R® is independently C;-Cy4 alkyl,
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optionally an acid of fornula of Rd-C(=0) OH wherein
Rd is CG-C4 alkyl; and further optionally in the

wonresangssof an antioxidant; and (iii) hydrol yPCngskies/019633

10

15

resul ting conpound fromstep (ii), wth an aqueous
m neral acid. 16. The process of claim 15, wherein
each Rb is nethyl; and Rd is nethyl. 17. Apgonpound

sel ected fromthe gfoup consisting ef: R L -Si-R a
R ~-Si -OH OH OBn ®BR ©€Bn - OPMVB - ORME | c |
doBn | e ; 2a ; 2t e n each Ra @y eaeh ogCwrrence
i's |ndependeLhFl*\|(/$>‘I [ ¥, phenykhSqeN"phenyl su $ut ed
with one, twoH ree Cl-C4 alff Nor Cl-C4 atkboxy;
and each Rb at each occurrence i independéﬁ?ly Cl-4

al kyl; each Rc a%b each occurrence is ifdependently H
or Bn; and each at each occurrence is independently

OBompfiking Bontadingla cokfhound ef fempimg of claim 17,
wherein each Ra at each occurrepce is independently

phenyl; each R at each occur rggg’_% IS independently

met hyl ; each Rc at each occurr’e 'ns i ndependent |y
Bn; and each Y at each oggur I'sS i ndependent|y
oBn, A, or I. 19. A proc"a@:smjf,f)r the preparation of a
m xture of a conmpound of forgrul a

7a
wherein R? is allyl, phenyl, or phenyl substituted with one, two or three C,-Cy alkyl or
C;-C4 alkoxy, and each R" is as defined as hereinabove,
with at least one acid selected from:
(i) halogenated methanesulfonic acids; and
(ii)  optionally methanesulfonic acid,

followed by treatment with at least one aqueous base.

20.  The process of claim 19, wherein said optionally methanesulfonic acid
is present.
21.  The process of claim 19, wherein said at least one acid is a mixture of

trifluromethanesulfonic acid and methanesulfonic acid.

22.  The process of claim 19, further comprising oxidizing the compound
of 7b or a mixture of the compound of formula 7b and the compound of formula 7¢

using at least one peroxohydrate to give the compound of formula I
OH
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7b and a compound of formula 7c, wherein each Rb is
i ndependently Cl-C4 al kyl, 7b 7c conprising contacting

wea 203npesshd of fornula 7a, 7a wherein Ra is al Pgijus2005/019633

10

15

20

phenyl, or phenyl substituted with one, two or three
C-C4 alkyl or G-C al koxy, and each Rb is as defined

as herg g”ab%% é)rc\/@e%gﬂofactlall-nle?zgtwhgfé?n 4 gel%%l%@trﬁg if do@fim

(i) hal"ogenate anesu nic ac

ORhibeARE :pyroﬁfﬁh}hﬂite Surkd parbgotadratk, p%ﬂjxlohyxhaiteb?f malmmmﬁ)ﬂlum
with at [east one aqueous base. 20. The

c Iparqphwhawwr@qom@rated SQskHIn SR yewépm%g Eyg?r@;ﬁ potgssiym
rgg%t? n%ll‘;?éoliydr%te§ rgglgﬁx?m?énag% ﬁér&cﬁ%dra‘f@%ﬁe@luﬁ@é:ﬂbonate

’s-a mx
trge{.dx% fdrglehanesul fonic acid and et hanesul fonic acid.
The process of claim 19, further conprising

oxi di zi ng the conpound of 7b or a rrixture of the

conpoung of a d
usi ng gg I eaé‘(e pé?lceesin%ttr) e>‘<18}1ydr ?e? \g)ré)qg)%&%tghgp%un
Ofcafb%ﬁﬁ?él(g@rdx%ﬁydra—t@e process of cI a| m 22 wherei n said
peroxohydrate 1s sodi um carbonate peroxohydrate, urea

per oxohydr at e, peroxohydrate of nelam ne, sodi um

pyroph phat per oxohydr.at a b

per oxo(f)%%dr at H&’B‘f At 813’(9 g%s%?ﬁmggr Esu e? gleand each R is methyl.
per oxohydr at es, rubidium carbonate peroxohydrates, or

cesi um car bonate per oxohydrate. 24. The process of

clai m 25, whepeicassstar thepeeparatiopdf atcempguidbefi igrmula 7¢, and

optionally a compound of formula 8a, wherein each R’ is independently C;-C; alkyl,
OH

OH Ry &
Si
Ro Ro 2:( Ro O Rb NN
Rg-$i—O0—Si~ Ri—di b —
3 § AN b S'\O\ B N}’/LO

S < ‘OH Rp N N
LR +  HoN E i OH L
H2N o 2 YN Rb N/\\N HZN

H
7c optionally 8a

comprising contacting a compound of formula 7a,

Ry
Ry—SRa

HzNYmI q\OBn
7a
wherein R? is allyl, phenyl, or phenyl substituted with one, two or three C,-C4 alkyl or
C;-C4 alkoxy, and each R® is as defined as hereinabove,
with at least one acid selected from:
6 halogenated methanesulfonic acids; and
(i)  optionally methanesulfonic acid,

followed by treatment with at least one non-aqueous base.
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car bonat e peroxohydrate. 25. The process of clai m 24,
wherein Ra is phenyl and each Rb is nethyl. 26. A

wonroesaisssfor the preparation of a conpound of PoTmSk@s/019633

10

15

20

25

7c, and optionally a conpound of fornula 8a, wherein

each Rb is independently Cl1-C4 al kyl, conprising
contachiyng apg %Mklﬂ&f ind 2, Wefbirl Said &5t W ShethdRRsilfonic acid
allyl, "phenyl, “or phenyl substituted with one, two or

t by pesenl afdisaid kptionatly Cimpaursl dfdrymulald ieprebenRb i s as

defi ned as herei nabove, wth at |east one acid

selected from (i) hal ogenated nethanesul foni c aci ds;

and (i, opty I CoiAGH f

Ereat maht " R et SEHIBNAR MR St RpCRL yoags Rtxture of
Pr9L@sHetianeduifiofic26id addanethmesalfehioptidonal | y

nmet hanesul fonic acid is present and said optionally
compound of formula 8a is present. 28. The process of

cl aim 28, rej ' } ACHkA ] i xt: enfpg
of 11 £Pur ondE AR 4 G ARG T ey B U NR RRS
aGHdreir R, Rf ahA R REOBASSendEntD/ Iidiog2A, alwple cgiloullsd) atyl, or said R®
non- agueous base is NReRfRs , wherein Re, Rf and Rs

arad Rhthgpbarwith e Nye risdrthear prnded ontigaplky formg haterocycle.
or said Rs and Rf together with the N to which they

are bonded optionally forma heterocycle. 30. The
procesgof ClRigid@Es ofMShELE) WiRleiABuRatSedIa basei is tertiary amine
tertiary am ne base. 31. The process of claim 26,

whesei n Ra i s phenyl and each R is nethyl.

31.  The process of claim 26, wherein R® is phenyl and each R® is methyl.
32.  The process of claim 27, wherein R” is phenyl and each R® is methyl.
33.  The process of claim 30, wherein R* is phenyl and each R® is methyl.

34. A compound of formula 7¢,

H
B
Rg~§i—O—§i
. A

Nq\OH Rp NN
HaN N =
) o}
H?\l/ I N> N\ NH
0 HaN T

wherein each R is independently C;-Cy alkyl.
35.  The compound of claim 34 which is more than about 80% pure.

36. A chemical composition comprising a compound of formula 7¢c, and

optionally a compound of formula 7b,

-55-



32. The process of claim27, wherein Ra is phenyl and

each Rb is nethyl. 33. The process of claim 30,
wohersaiigssRa i s phenyl and each Rb is nethyl. 3#CTAS2005/019633

conmpound of formula 7c, wherein each Rb is

i ndependently G -C4 alkyl. 35. The conpound of claim

34 which is nore than abo t 80% pure. 36. A ghenical

conposi tion conpri 8 ng oppound of for rrquanH and
optlonallyacon&oﬁmdov rnula 7b, 7c (Dtloa Y|7b
wherein each Rb i nerepend a %4 *kyl and when
sai d corrpour‘i'd‘l mul a 7byT" (pr gsent. elratio of
compound 7c t'§' |s gr eat r>—’t*han 10: 95 The

conposi tion of %l ai m 36, ierein each Rb® s Me. 38. A
conmpound of fornula 8ds wherein each Rbowtena"ﬂb

I:%g$I %&g&%%ggﬁq%ﬂe %{:1&/@1 4@1@&%&‘3{? 2%?1 cgﬁgggpgl "](“)ﬁ)rmula
09%5 P%I %ﬁ tﬁm}iﬁfmoq%@glggﬁnc%z{ B Ris c%?ea@é}Qhﬁl rpogound  of

erein e I's independently C -C4
aI kyI 4 1. The conposition of claim40, wherein each
Ris Me.42. A process for the par.a
5 conpourd- of I%h@wﬁmnoasmowﬁﬁmr%?’gpgwlefi?laleﬂah% b?I@Snpound
of formula 7c, or a mxture of a conmpound of formula
7c and a corrpound of fornmula 8a, wherein each Rb is

i ndepengent |/ c&hp&thdalfifytmul48a, The process of claim
42, wherein the oxidation is achi eveot:i‘ by using at

H2N H 8a
wherein each R’ is independently C1-Cq alkyl.
10 |

39.  The compound of claim 38, wherein each R? is Me.

40. A chemical composition comprising a compound of formula 7¢ and a

compound of formula 8a,

||?b ﬁ{b R ’:_zb Bb Rp N/%N
Rb-§F—O—§r"" ~ B -‘SI\O\SW K N

OH Ro N HaN qOH I NH
E < 2NN R
HaN N — + Hle/ ] N b MN H5N

T p N =0 )'/\EN’ —
mI H2N>—NI-I g BL o
HN' H
15 7c 8a
wherein each R is independently C;-C; alkyl.
41.  The composition of claim 40, wherein each R’ is Me.
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| east one peroxohydrate. 44. The process of claim42,
wherein each Rb is Me. 45. The process of claim43,
wohersaiigsssai d per oxohydrate is sodi um car bonat 8CT/US2005/019633
per oxohydr at e, urea peroxohydrate, peroxohydrate of
mel am ne, sodi um pyrophosphat e peroxohydrate, sodi um
sul fate peroxohydrate hydrate, potassium carbonate
per oxohydrat es, rubidi um carbonate peroxohydrates, or
cesi um #ar boAdirecgse s thpigparnieon afa corppousd o8 dersnudd L,

claim 43, wherein said peroxohydrgte is sodium

car bonat e peroxohydrate. 47. The :process of claim 46,
wherein each Rb is Me. /{_\i’\OH
HaN NN
Hﬁﬂl )
N
0 1

comprising oxidizing a compound of formula 7¢, or a mixture of a compound of

5  formula 7¢ and a compound of formula 8a,

OH Ry &
R _Si
[ Ro Rp oY

Ry—Si—O—8i~ Re-g

]
Q/\OH R NN .
0 \g

HaN NN
T N 0
My >N L9 n{%
HaN o
ps >\ O

O

. HoN
7c optionally 8a

wherein each R is independently C;-C4 alkyl.

43,  The process of claim 42, wherein the oxidation is achieved by using at

10 least one peroxohydrate. |
44,  The process of claim 42, wherein each R’ is Me.

45.  The process of claim 43, wherein said peroxohydrate is sodium
15  carbonate peroxohydrate, urea peroxohydrate, peroxohydrate of melamine, sodium
pyrophosphate peroxohydrate, sodium sulfate peroxohydrate hydrate, potassium
carbonate peroxohydrates, rubidium carbonate peroxohydrates, or cesium carbonate

peroxohydrate.

20 46.  The process of claim 43, wherein said peroxohydrate is sodium

carbonate peroxohydrate.
47.  The process of claim 46, wherein each R” is Me.
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