NOVEL | NTERVEDI ATEAND PROCESS FOR PREPARI NG ENTECAVI RUSI NG SAME FI ELD OF
THE | NVENTI ON The present invention relates to a novel nethod for preparing
ent ecavi rivoanientsid¢i ral agent, and internedi ates used tRETAHR200BACKGROUND
OF THE | NVENTI ON Entecavir, [1-S- (I a, 3a,4b)]-2-am no-

1, 9-di hydr o- 9- [ 4- hydr oxy- 3-

(hydr oxynet hyl ) - 2- met hyl enecycl opentyl ] - 6H purin-6-one, is currently used
for treating hepaN®@ IBINTEJ)./RM %*%NH&MCES&EQR?REPA&{D&M of a
cycl opentane ring having puri , oxymet hyl , and hydroxy
substituents at the IS, ZT@‘E@aﬁgﬁg@/ﬁ@ﬁ% respectively. There
have been conducted a nunber of studies to devel op nethods for preparing
entecavir. For exanple, U S Pat. No. 5,206,244 and WD 98/ 09964 di scl ose a
net hod foﬂ&éﬁ&!‘l@tﬂﬂﬂl&ﬂom in Reaction Schene 1:Reaction Schene 1
The abgve net hod, however, has difficulties in that: i) the cycl opentadi ene

nononmetr nust be maintained at a tenperature lower than -30 OC in order to

prevent its comtRIpresthtlifvélitiocicdrentadineRel method RY piopdrifPehesavdf thr t he
reaction as well as the sensitjvity of the reaction toward noisture cause
probl emrs; antivirakagenprasskigtermedipteniised therdint er medi ate of fornula a) nust be
carried out at an extrenely | ow tenperature of below -70 OC in order to
prevent the generation of isoners; iv) a decantation nethod is required

when (-) - BCCRGROUND OF THE INVENTION
10 Entecavir, [1-S-(1a,30,4B)]-2-amino-1,9-dihydro-9-[4-hydroxy-3-
(hydroxymethyl)-2-methylenecyclopentyl]-6H-purin-6-one, is currently used for

treating hepatitis B virus infection, whose structure is composed of a
cyclopentane ring having purine, exomethylene, hydroxymethyl, and hydroxy
substituents at the 1S-, 2-, 3R-, and 4S-positions, respectively. There have been

15  conducted a number of studies to develop methods for preparing entecavir.
For ~example, U.S. Pat. No. 5,206,244 and WO 98/09964 disclose a method

for preparing entecavir shown in Reaction Scheme 1:



(dii sopi nocanpheyl borane) is used for hydroboration; v) the process of
theinternediate of fornmula a) does not proceed snoothly; and, vi)

separ at i omokrg1000k3sAM chr omat ogr aphy usi ng CHP- 20P r esi nPC3/KR2QU/002T86t O
purify entecavir. WD 2004/52310 and U.S. Pat. Publication No. 2005/0272932
di sclose a nmethod for preparing entecavir using the internediate of fornula
(66), which is prepared_as shown in Reaction Schene 2 : Reaction Schene 2
64 65A 66 Reactionobehemedar ation method of the internediate of fornula (66)
nust be carried out at an extrenely |ow tenperature of -70 C or less, and

the yield of the desi re@ &@duct -in the optical reg esdiaut i on step is Iess
t han 50% ShiMORMEFend AQEasnkthNgly i an _obhject of the
present invention to provide a el and hi gh- y| nmet hod for preparing
entecavir and novel internedi ates used there ) In accordance with an
aspect of tthe ent icppe@nt | OBNOTMeLe | S RRgVi cﬁ?a ahqgab of preparing

entecavir of for a (I conprisin nduct i ng
ol efinati on of amd-hydroxy ket gpe’ ounn‘émoinefmm“ul at2) to obtain an

exonet hyl ene gagpound of fornmula (3pen (b) carrying out a Mg,sunobu reaction

of the exonethyl ene compound of forfgula (3) with a purine derivative to
obtai n a nucl eosi d@ conmpound ofy Na (4); d(c) rc(ajnt))‘J g protecting
nd of <
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The above method, however, has difficulties in that: 1) the cyclopentadiene

monomer must be maintained at a temperature lower than -30 °C in order to

5 prevent its conversion to dicyclopentadiene; ii) residual sodium after the reaction
as well as the sensitivity of the reaction toward moisture cause problems; iii) the
process to obtain the intermediate of formula a) must be carried out at an
extremely low temperature of below -70 °C in order to prevent the generation of
isomers; iv) a decantation method is required when (-)-Ipc,BH

10  (diisopinocampheylborane) is used for hydroboration; v) the process of the



(4) to obtain a conpound of fornula (5); and (d) hydrolyzing the conpound

of formula (5): HO (1) R2C (2) R2O' (3) Hd (5 wherein RL and R2 are each

I ndependewOl2g10H47e334a hydr oxy- protecti ng group, or Rl an#CRKRn®/fosed

together to forma cyclic hydroxy-protecting group; R3 is selected fromthe

group consisting of H, alkylsilyl, and allylsilyl; and X is selected from
oro,, iodo, and nzyl oxy. The ¢onpound of

the group.consisting.of ch , b

formul a (Ql}t,‘:’r%ﬁ?@?? ?’g t{(}gg&laag) Alogs d}octil?f@cﬁ%ffémogltﬁib’h ahfe VAhSORATAROR ifYned
met hod, i B\Qﬁin t )hhBI : ] [ a ketone
conpound %P Rffngl? reru a %?Pat"g? a&?%gﬁﬁg%%&ﬁ“ gg‘ge&% i%ﬁé?éuglg?ie\ﬁge{c?\?g in the
presence of a BEEe2004/6B8H0 rand WiS.yPate Pabhtitéon Oo. 2005027298 disclok¢ @at i ng

the silyl enoé(ither of fornmula (7) with a @erOéj de: R (6) wherein RL to R
are the sHfhod feleprepagingrifecavin Bsing ihs dn¢rmedity ofiifarmile, (6fpi whichsisused

in thes prgp%%dggsﬁwéﬂ:;wégg@&yggh%ezprrrul a (2), is prepared by a nethod

conprisin e steps of conducting a chiral reduction reaction of a
cycl opent enone conpound of

Reaction Scheme 2

, CLCHCOC! :
& PhMe, SiCl SiMe;Ph  TEa SiMe,Ph
@ : :
oy T - &
THF, -78°C @ nHex -10°C -» 1t @;f
62 o ¢
OH 63

1. TEA, +BUOHH,0 SiMezPh /@"Y‘OH
reflux, 3h ; 02N NH»
- COz;H
2.10°C, K,CO5 QOH ab.EtOH

3. NaBHq4 50°C -= 4(°C,4h
64

SiMezPh 'Y SiMesPh

H OH < 2

. omm'z H,S04 f MeOH 2

COzH - CO,Me
°C->1t,12h
OH OH

65A 66

The above preparation method of the intermediate of formula (66) must be
10  carried out at an extremely low temperature of -70 °C or less, and the yield of the

desired product in the optical resolution step is less than 50%.

SUMMARY OF THE INVENTION

15 Accordingly, it is an object of the present invention to provide a novel and

high-yield method for preparing entecavir and novel intermediates used therein.

In accordance with an aspect of the present invention, there is provided a
method of preparing entecavir of formula (1), comprising the steps of

20 (a) conducting olefination of an a-hydroxy ketone compound of formula

3



formula (8) with borane dinethylsulfide in the presence of (R)-nethyl-CBS
( Cor ey- Bakshi - Shi bata) catalyst to obtain a chiral cycl opentenol conpound
of for nul'WO203¥0/07433j ecti ng t he chiral cycl opentenol conB6UAR2¢9/008180ul a (9)
to a reaction with a silane derivative in the presence of a base, or
removi ng the protecting groups of the chiral cycl opentenol conmpound of
formula (9) followed by treating with a carbonyl or an al cohol derivative
to obt ai n(2) teyhteipean eimeblnsronyround of formpleoi3)subj ect i ng t he

cycl opentene c f {0 ) A [ '
Gerivative to Qo steint ott?h Bk realhifh oR96H REntiblAcfe 19Rng of
carrying gofmea (3 wdet i purineaddrivarivb Yo obedh iangualyedide eoirpoahd adrfpanvld of

formula ( 11) with |,I,l-triacetoxy-I,I|-dihydro-1I,2-benzi odoxol -3-(I|H)-one:
wherein R4%o R are the same as defined above. The present invention

provi degs al so - e
Conpound of T oRMIETOahe s PEeama BIORAY 3F iR nd GEUUE cbilocBl & SERERT
formul a (1Y) teobddini dé@hpeehdbE fortude (39 apdherein RL to R are the sanme as
defined above. The nethod according to the present invention nmakes it

possi bl e to eaéd) Bydspbirang thengampoynd obformma (1 al agent, from novel
internmediates with a high yield and a | ow cost. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The nmethod for preparing entecavir according to the present
invention is 0]
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characterized by the steps of synthesizing a chiral ketone conpound of
formula (6) and using the resulting a-hydroxy ketone conpound of fornula
(2) as arWPRHWYWéBitat e. The term "hydroxy-protecting gr 8GHKR2899%41037860, f or
exanple, trityl, benzyl, nethoxybenzyl, p-nitrobenzyl, benzoyl, substituted
benzoyl (e.g., al koxybenzoyl such as nethoxybenzoyl and nitrobenzoyl such
as p-nitrobenzoyl), trinmethylsilyl, triethylsilyl, isopropyldinethylsilyl,
tert-butyl di metWarein y| | tertbutyl di phenylsilyl, thexyldinmethylsilyl,

al lyl, met hoxyngt - ] I avdr ;
preferably tri ?;}I%}}dogﬁ%? ,e %ﬁﬁ%b%@ﬂ gﬂr}rﬁ%{&@%w&gﬁ@%@%%@ érably
trityl. ThadRerdre fayed togethicdt®@ ormPh@ielie h?dr(ﬁdy%t@'tedtiﬁfg%r&upp, for exanple,
benzyl i dene, nggh_t hyl i dene, 4-phenyl benzylidene, cyclic acetal, cyclic
ketal, cyclic Faribsplected fegm)the espumeensisting eld, alkylsilyl.jaml giylsilylzand

tetrai gsopropyl kdi si o LYy fer |.de | dene, 4-
phenyl genzylid észse%cég@%n?(.khekg{oglp;coig%ﬁpygggaéirdég,e@g& gﬁ‘ggé r%’/ ‘dene. The
met hod for premayl étgngmxﬁl:@v iforrefilaf @), Wvhech( ib) usedli &0a JtaHAL GRSBEIGNINEthe
conmpound of forrmula (8) as a starting material according to the present

i nvent i on abevemsmtioned Rawthodnissprepased, by a method; gpmpaising ithe Réer t9fon

Schenme 3 HO, wherein, R to R3 are.the.s as~defin Ve rej er,

descripti 8Hb18f:§'?$|ea &Iét: rﬁf){n@ﬁuﬂgt%ﬁéoﬁqﬁas&r) a@e& %%Cﬁggcﬁ%l:g S%Ilﬂﬁfa{e
derivative in the presence of a base to obtain a silyl enolether of formula (7) and

10 treating the silyl enolether of formula (7) with a peroxide:

O

.
~

ORs3

-~

15 wherein R; to R; are the same as defined above.
The compound of formula (6), which is used in the preparation of the
compound of formula (2), is prepared by a method comprising the steps of
conducting a chiral reduction reaction of a cyclopentenone compound of
formula (8) with borane dimethylsulfide in the presence of (R)-methyl-CBS
20 (Corey-Bakshi-Shibata) catalyst to obtain a chiral cyclopentenol compound of
formula (9);
subjecting the chiral cyclopentenol compound of formula (9) to a reaction
with a silane derivative in the presence of a base, or removing the protecting
groups of the chiral cyclopentenol compound of formula (9) followed by treating
25  with a carbonyl or an alcohol derivative to obtain a cyclopentene compound of

formula (10);



Schenme 3 by each step will be given in detail. <Step 1> The chiral

cycl opent enol conpound of fornula (9) is prepared by treating a

cycl opent¥AGAW/Ed¥dound of fornula (8) with borane di nePRYIERIVWESEBVS;
BH3- Me2S) in the presence of (R)-nethyl-CBS catalyst. The cycl opent enone
conpound of fornmula (8) used as the starting material can be prepared by
one of the conventi onal t hod, wel | -known iP t he ar&%see %mt hesi s 2005,

me
No. 18, pp 3035ubigeing thereyclapsmienceompeundzol formulp (@i a refclion Wikka above

is prefer e : ' t enone
compound  Drtafis delivaflyg s offBih cFBPKRaRD! FoBoa BN o RIE EL P PRE
preferably 1 toar2yimgl eut anuokidatientreadimmebly dreating oyyghipeptmiod componadpdund of

formula (8). The reaction. may be conducted i n organi ¢_s ent at -10 to
10 0C, pr@re}%(yf)-wtbd,Bldc,ac@exyé@f%lhvcge-f§2rahe§,zl 50@%(3%?_5@1%1‘ t he
organi¢ solvent include dichloronethane, tetrahydrofuran, and a mxture
thereof. The chiral cycl opentenol conpound prepared by the above-nentioned
met hod has a purity of at |east 98.6% el <Step 2> The cycl opent ene
conpound of forrmula (10) is prepared_by ireating the chiral cycl opentenol
conpound of formula (9) obtaineR{®" s with a silane derivative in the
presence of a base. Exanples of the bas sed(tgi’)n the reaction are

i m dazol e, 4- nethyl am nopyridi ne, pyridine, i ethyl am ne, and a m xture

t hereof, preferably OH
9)

OR;
(10)

OR5

R10/,l"
HO (11)
10

wherein R, to R; are the same as defined above.
The present invention provides also an a-hydroxy ketone compound of
formula (2) and a ketone compound of formula (6), which are used in the

preparation of entecavir of formula (1) as an intermediate:

15
O
O
Rgd (6)



I m dazol e. The ampbunt of the base used above is preferably 1 to 2.5 nol ar
equi val ents based the conpound of fornmula (9). Exanples of the silane

deri vat i weOan®/a7¢33t - but yl di phenyl silyl chl ori de, chl or ofPCirmR20§d/®i18ane,
tert-butyl di methyl chl orosilane, and a m xture thereof, and the anmount of
the silane derivative is preferably 1 to 2 nolar equival ents based on the
conpound of forrnula (9). The reaction nmtg be conducted in an organic

sol vent at 10 eseinddy topRp ks thgspmemsidstimgd@boveor 1 to 3 hrs, and

exanpl es of the organic solvent include dichloronethane, tetrahydrofuran,
di met hyl formam de, and a m xture thereof. After conpletion of the reaction,
the reacting niDheunethosl aucysdiag!tbozhel ptésent tveativanhakesch prssibexaneasilt hyl
acetate, and a m xture thereof at -10 to O OC to obtain the cycl opentene
conpound BfCPase glifesayiroan aatiyirgbpgent, fopepayel ipdermediates yeith pihigh piieldnd R2
are fused,t 9qqL e(gOSFo form e.g.,naphthylidene, the protecting group of the
chiral™ cycl opentenol” conpound of fornmula (9) obtained in step 1 is renoved
to obtain the correspondi ng cycl opentenediol, which is treated with
carbonyl or_al cohol derivatives in the presence of an acid catalyst to
obt ai n” t hPELAILEIMDESCRIRTION OF T NVENT#ON Exanpl es of the acid
catal yst are pyridinium p-tol uenesul fonate, ptoluenesul fonic acid, and a
m xture thereof, and the anpunt of the acid catalyst is preferably 0.1 to
0.3 nol ar equi Vﬂhéﬁi&hoﬁ@f@e@ﬁriﬁ‘g dn'f&a@ﬁ‘rzt&wdin?&biﬁ’l@tﬂrﬁﬁzrﬂiﬁﬁvention is
napht hyl al dehyde, napht hyl al dehyde di net hyl acetal, benzal dehyde,

benzal Hehgkrsagterigedh pyathst sieps of synthesizing a chiral ketone compound of formula

(6) and using the resulting o-hydroxy ketone compound of formula (2) as an

intermediate.
The term “hydroxy-protecting group” refers to, for example, trityl, benzyl,
methoxybenzyl, p-nitrobenzyl, benzoyl, substituted benzoyl (e.g., alkoxybenzoyl

15  such as methoxybenzoyl and nitrobenzoyl such as p-nitrobenzoyl), trimethylsilyl,
triethylsilyl, isopropyldimethylsilyl, tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, thexyldimethylsilyl, allyl, methoxymethyl, (2-
methoxyethoxy)methyl, and tetrahydropyranyl; preferably trityl, benzyl, and tert-
butyldimethylsilyl; and most preferably trityl.

20 The term “cyclic hydroxy-protecting group” refers to, for example,
benzylidene, naphthylidene, 4-phenylbenzylidene, cyclic acetal, cyclic ketal,
cyclic carbonate, cyclic orthoester, and cyclic 1,3-(1,1,3,3-
tetraisopropyl)disiloxanediyl;. preferably  benzylidene, naphthylidene, 4-
phenylbenzylidene, and cyclic ketal; and most preferably naphthylidene.

25

The method for preparing entecavir of formula (1) using a cyclopentenone
compound of formula (8) as a starting material according to the present invention

is shown in Reaction Scheme 3, but not limited to it:



phenyl benzal dehyde, 4-phenyl benzal dehyde di net hyl acetal, and a m xture

t hereof, and exanple of the al cohol derivative is dinmethoxypropane. <Step
3> The cywbapsnit7aiseal conpound of fornula ( 11) is prepaP€li/HR20ev@ats6sng t he
cycl opent ene conpound of formula (10) obtained in step 2 with borane
derivatives. Exanples of the borane derivative used in the reaction with

t he cycl opentene conpound of fornula (10) are (+)-1pc2BH and (-)-1pc2BH,
and the adfactioniSchemed, ane derivative is preferably 1 to 3 nol ar

equi val ents based gn the cycl opent eneggpnpound of fornul gr(,10). The
reaction may be cofjducted in an organfc solvent at -10 t 0 C, preferably
10 to 25 Q& f0 0 S—hrs+ RNG7E s_of_L.hequg/Négl vent include
di chl oromathane ah?ﬁ'?&furan an mstépud e t her eof e ratio of

cycl opent anol dirastereoners in the cycl opentanol conpound of fornula (
11) prepared by8t he above-mentioned9method js 10 : 1 to 1% : 1. <Step 4>

The ketone conpound of £&nula (6) is prep ? ed by carrying ouf™an oxi dation
1) obtained

onpaund of fornmula_(
hy , 2- benziRddxol

reaction by treatl ng t hé. cycl opent anol
in step 3_with |RIOT¢ etoxy-1_, IR& | H - one. The
amount of dtep 31 -tr| acefoxy- | stepdi hydr o- | 5 nzgtggjgxol 3-(IE ne used

above is preferably Fioto 1.5 nol ar equlRy(aI ents based on Rh®
cycl opent anol corrpounq1 of forrmula (5). The oxi dation reactiofi npy be

conducted in an :(j\
/4
o) < /k
R{0 wOR3 R1O/\&“‘OR3
step 6 step 7 A step 8

RO R20
2 3
X X
Z o
<N ]\)N\/)\NHQ — <N | N/J\NHQ
RO stepg  HO step 10
HO'
R,0 4 5
O
o
N P,
HO' ,

wherein R; to R; are the same as defined above.

5 Hereinafter, description of the preparation method illustrated in Reaction

Scheme 3 by each step will be given in detail.

<Step 1>
The chiral cyclopentenol compound of formula (9) is prepared by treating

10  a cyclopentenone compound of formula (8) with borane dimethylsulfide (BMS;

8



organic solvent at 0 to 25 0C, preferably 15 to 25 0C, for 30 mn to 2 hrs,
and exanpl es of the organic solvent include dichloronethane,
tetrahydrwbuosm74sad a m xture thereof. <Step 5> The si P¢II/KR200%0MS6
conmpound of forrmula (7) is prepared by treating the ketone conpound of
formula (6) obtained in step 4 with sulfonate derivatives in the presence
of a base. Exanples of the base include an _am ne, triethylamne, and

t he anounBRfrMend) padbe; Ere&?f&ee@ﬁlﬁm'nlethbl'@%ICanalgﬁgi TAeeenclopragenbnsn t he

k f . les,. he .sul f d '
ort- butyPaepngiof; BHRUIL(rsd st IR shBuRk g 4T P bfafed Fiontor ©
trifluorodt bemesitionahaiethod, wellfknbowinl il tHer drk (56 SYRihbsis €x00lSt dRAtR, ppnd a

m xture thereof, and the anount of the sulfonate derivative is preferably 1
to 2 rol aB08%n3i0¥8)-ent s based on the ketone conpound of fornula (6). The

0 to 5700 T or 156 MR shE RP R RARE SIS Eh 55 15 PP UERT Brct e
di chl or ompthmatar dgpiivalbdbaked an th@Byclapsntshone cdMPoaAd of Fstinfila §8), hhd

a- hydroxy ketone conpound of formula (2) is prepared by treating the silyl
enol et her theogipeundobboranendimethylyuldisiea preferably dttep2 melar aquivplentsibasedi n a

on the cyclopentenone compound of formula (8). The reaction may be

conducted in an organic solvent at -10 to 10 °C, preferably -5 to 0 °C, for 30 min
10 to 3 hrs, and examples of the organic solvent include dichloromethane,
tetrahydrofuran, and a mixture thereof. The chiral cyclopentenol compound

prepared by the above-mentioned method has a purity of at least 98.6% ee.

<Step 2>
15 The cyclopentene compound of formula (10) is prepared by treating the
chiral cyclopentenol compound of formula (9) obtained in step 1 with a silane
derivative in the presence of a base.

Examples of the base used in the reaction are imidazole, 4-
methylaminopyridine, pyridine, triethylamine, and a mixture thereof, preferably

20 imidazole. The amount of the base used above is preferably 1 to 2.5 molar
equivalents based the compound of formula (9).

Examples of the silane derivative are tert-butyldiphenylsilyl chloride,
chlorotrimethylsilane, tert-butyldimethylchlorosilane, and a mixture thereof, and
the amount of the silane derivative is preferably 1 to 2 molar equivalents based on

25  the compound of formula (9).

The reaction may be conducted in an organic solvent at 10 to 30 °C,
preferably 15 to 25 °C, for 1 to 3 hrs, and examples of the organic solvent include
dichloromethane, tetrahydrofuran, dimethylformamide, and a mixture thereof.
After completion of the reaction, the reacting mixture is crystallized from a

30 solvent such as hexane, ethyl acetate, and a mixture thereof at -10 to 0 °C to
obtain the cyclopentene compound of formula (10) as a solid.

Alternatively, in case that R; and R, are fused together to form, e.g,

9



buffer solution. Exanples of the peroxide include neta-chl oroperoxybenzoic
acid (MCPBA), osmumtetroxide, and a m xture thereof, and the anount of

t he per oxwoeoig7pief erably 1.5 to 2.3 nol ar equi val ent s Pbagaoemortse sil vyl
enol et her conpound of fornula (7). Exanple of the buffer solution is a salt
sol ution of sodi um phosphate, disodi um hydrogen phosphate, and a m xture
thereof, and the anmpbunt of the salt is preferably 2 to 5 nolar equival ents

based on nhphthyligenanticephatectingngnonnl off ther ciral ¢y9lopFmtenek gomponndeyf be

conduct ed n ani.c. sagl vent, at -30 to era -10 0C,
for 2 to g‘i’i’?@ E%ﬁ ‘2@3 ﬁeén steppd g5 gﬁW%Ves‘gl R?erﬂ%t’iuﬂcRﬁ%ecorresl’ondmg

di chl or Onﬁy&léﬁ@nteﬁédl@'l‘ewhwﬂﬁﬁfﬂ%ate@%ﬁl BArboHy P or NAEERL derdy/Rvedin 1R
exonet hyl ene compound of formula (3) is prepared by conducting ol efination

of the a- hyesensgokan anid eoalysitocbisinitbe eytlapeaieno Iot)mpwdduqf fotrapla@10¥he
olefination is condi (gfl%%sub ectlglgtheahdrox tone ¢ ound of
formuld (2) tolXepw 1314 R FearSprE} éh Henesheo té‘lzp, a
Wttig reaggsiesuffonc d88P8nd 83ARMire thBR oK atfd4he fholMSifalle RROSAIvENY Ti C
has preferably an 1:1 of nolar rate, and the reaction nay be conducted at

-40 to O ptﬁfembb)f @rlaﬁml(%-malarcqumlemsfor 1 to 5 hrs. The anount of the
reacting mxtu h as%{t he m xt ure of Nyst.ed.reagent and,T at ed

with the a- hyd %Sc on®f cofiSourf@ AN or deTixaliys i are naphthﬁaldehy
naphthylaldehyde dimethylacetal, benzaldehyde, benzaldehyde dimethylacetal, 4-

10 phenylbenzaldehyde, 4-phenylbenzaldehyde dimethylacetal, and a mixture

thereof, and example of the alcohol derivative is dimethoxypropane.

<Step 3>
The cyclopentanol compound of formula (11) is prepared by treating the
15 cyclopentene compound of formula (10) obtained in step 2 with borane
derivatives.

Examples of the borane derivative used in the reaction with the
cyclopentene compound of formula (10) are (+)-Ipc,BH and (-)-Ipc,BH, and the
amount of the borane derivative is preferably 1 to 3 molar equivalents based on

20 the cyclopentene compound of formula (10).

The reaction may be conducted in an organic solvent at -10 to 30 °C,
preferably 10 to 25 °C, for 1 to 5 hrs, and examples of the organic solvent include
dichloromethane, tetrahydrofuran, and a mixture thereof. @ The ratio of
cyclopentanol : diastereomers in the cyclopentanol compound of formula (11)

25 prepared by the above-mentioned method is 10 : 1 to 15 : 1.

<Step 4>
The ketone compound of formula (6) is prepared by carrying out an
oxidation reaction by treating the cyclopentanol compound of formula (11)
30 obtained in step 3 with 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3-(1H)-one.
The amount of 1,1,l-triacetoxy-1,1-dihydro-1,2-benziodoxol-3-(1H)-one

used above is preferably 1 to 1.5 molar equivalents based on the cyclopentanol

10



preferably 1 to 2 nolar equivalents based on the a-hydroxy ketone conpound
of fornmula (2). <Ster 8> The nucl eosi de conpound of formula (4) is prepared
by conducwoOrrgioen7ddstsunobu reacti on of the exomet hyl ene ®oRpReeh/@F7860r nul a
(3) obtained in step 7 with a purine derivative. Exanples of the purine
derivative are a 2-am no-6-hal opurine derivative of formula (12), a

6- O-benzyl guani ne derjivative, and a m xture thereof, and the anount of the
purine de€Pumoupd ok formular £l y The exiatenareastjonvaiagnbe dnnsadtednin o

exonet hyl : 0 ) rhae degivgi | ve be pr.epared
by one of %F aéﬁéégﬁg}éﬁ??ghaﬁfo %g‘ k"géﬁg\géeembkﬁc?o\mﬁo PE t(ﬁe Oér@t 8}‘“1}58%8%@59. ally
avai | abl e exdhpldsasfihie Wtghssicyodvet ahthide dichiei fflethhne, 2etraRy @rofrahOhnd at 0 8
hrs in the presence of triphenyl phosphi ne and di et hyl azodi car boxyl ate, and

t he anpunniture geereet. phenyl phosphi ne and di et hyl azodi carboxyl ate is
preferﬁbly 1 to 2 nolar equival ents, respectively, based on the

exonethyl ene conpound of formula (3).<Ster 9> The conpound of fornula (5)
i's prepared by<sespsy+ng the protecting groups of the nucl eosi de conmpound of
formula (4) obtained in step 8. The deprotection is conducted by one of the
conventi onal ndthRcdlylwelolethesnaompound odrformula (&t isi prepprask by dtgajingythe

et g Rl AR Ts Lol Wi ol o8isPad 53
the presence of a base.
10 Examples of the base include an amine, e.g., triethylamine, and the amount
of the base is preferably 1 to 4 molar equivalents based on the ketone compound
of formula (6).
Examples of the sulfonate derivative are tert-butyldimethylsilyl
trifluoromethanesulfonate, trimethylsilyl trifluoromethanesulfonate, triethylsilyl
15 trifluoromethanesulfonate, and a mixture thereof, and the amount of the sulfonate
derivative is preferably 1 to 2 molar equivalents based on the ketone compound of
formula (6).
The reaction may be conducted in an organic solvent at -10 to 10 °C,
preferably 0 to 5 °C, for 30 min to 2 hrs, and examples of the organic solvent

20  include dichloromethane, tetrahydrofuran, and a mixture thereof.

<Step 6>
The a-hydroxy ketone compound of formula (2) is prepared by treating the
silyl enolether compound of formula (7) obtained in step 5 with a peroxide in a
25  buffer solution.
Examples of the peroxide include meta-chloroperoxybenzoic acid
(MCPBA), osmium tetroxide, and a mixture thereof, and the amount of the
peroxide is preferably 1.5 to 2.3 molar equivalents based on the silyl enolether
compound of formula (7).
30 Example of the buffer solution is a salt solution of sodium phosphate,
disodium hydrogen phosphate, and a mixture thereof, and the amount of the salt is

preferably 2 to 5 molar equivalents based on the silyl enolether compound of

11



based on 1 nol ar equi val ent of the nucl eoside conpound of formula (4) in
nmet hanol . The reaction is preferably conducted at 20 to 25 0OC for 2 to 5
hrs. Therwotzhw/o7essaeti ng m xture is treated with 1 to 3 molradrR2eepi0vmbent s
tetrabutyl amoni um fluoride (TBAF) in tetrahydrofuran. The reaction is
preferably conducted at 20 to 25 OC for 1to 2 hrs. <Step 10> Entecavir of
formula (1) is prepared by hydrol yzi ng the conpound of formula (5) obtained
in step 9formula hrolysis is performed by one of the conventional nethod,

wel [ known in t g eafdaeribf rﬂﬁ%%é zcgﬂalgét&ﬁ 39' an %éx{igasto'lg&&mﬁtt -F%OlQo t-? ‘2@, ol ar
equi val ents of sodi um hydr oxi de based on' t conmpound of Torrula (5) at
60 to 80 @rdferabdy t-05%oh+K} °@ndor 2utd Behss, phdf eaniplys dfndet sr@ahitaséloent o pH
6.3 is performed, with hydrochloric acid. The present invention provides

al so the #shdrdighlgpmeathang, hexane, psp@ne.snd & eixae thereok.er medi ate in the
preparation of entecavir. Accordingly, the method according to the present

I nvention makes it possible to easily prepare entecavir by using the novel
conpounds of feSmy e (2) and (6) as an internediate with a high yield. The
foll owi ng preparative exanples and exanples illustrate the enbodi ments of

the present inJ8gteumethylencecoraparnd ofiipemata (3his peenased by perpretiagi ve
crael e Ay BHAR i i 5 PAGRARRL FTREELTE) SEA L e o
The olefination is conducted by subjecting the a-hydroxy ketone
10 compound of formula (2) to a reaction with a mixture of Nysted reagent and TiCl,,
a Wittig reagent, or a Tebbe reagent.
The mixture of Nysted reagent and TiCl, has preferably an 1:1 of molar
rate, and the reaction may be conducted at -40 to 0 °C, preferably -40 to -20 °C,
for 1 to 5 hrs. The amount of the reacting mixture such as the mixture of Nysted
15 reagent and TiCl, treated with the a-hydroxy ketone compound of formula (2) is
preferably 1 to 2 molar equivalents based on the a-hydroxy ketone compound of

formula (2).

<Step 8>
20 The nucleoside compound of formula (4) is prepared by conducting a
Mitsunobu reaction of the exomethylene compound of formula (3) obtained in
step 7 with a purine derivative.
Examples of the purine derivative are a 2-amino-6-halopurine derivative
of formula (12), a 6-O-benzylguanine derivative, and a mixture thereof, and the
25 amount of the purine derivative is preferably 1 to 2 molar equivalents based on
the exomethylene compound of formula (3). The purine derivative may be
prepared by one of the conventional method well-known in the art or be
commercially available.
The reaction is preferably conducted at -20 to 0 °C for 1 to 8 hrs in the
30 presence of triphenylphosphine and diethylazodicarboxylate, and the amount of
the triphenylphosphine and diethylazodicarboxylate is preferably 1 to 2 molar

equivalents, respectively, based on the exomethylene compound of formula (3).
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Exanpl e 1: Preparation of 3-(tert-butyl-di phenyl-silanyl oxy)-2-

trityl oxynmet hyl -cycl o-penta pone (a conpound of formula (6)) (1-1)

Pr epar at iwo 20fo/@4331i t yl oxynet hyl - cycl o- 2- pent enol (a comp®mRR@H007B6NUl a
(9)) 50 m of anhydrous dichl oronmethane was added to 42.3 ml of 2M borane
di met hyl sul fide solution and cooled to 0 C. 4.23 ml of (R)-nethyl-CBS

catal yst was added thereto, and the resulting m xture was stirred for 1 hr.
A sol ution which had been prepared by dissolving 15 g of

2-trityl oxymet Q&é cggl 0- 2-pentenone in 100 m of anhydrous dichl oronet hane
was added there pdropwi se over 3 hrs, before quenching the reaction

mxture. 75 m Tak y@hpoun@sofafisithlsl(SpVis SereprednBy r RASIVIRE tibXprot&tinkhe
resulting organic |ayer was separated, washed Wlt¥_l 100 M “of water, dried
over anhygraps of dhe nbrlsepidgteompaundafdormulad4g ohtrinedin step@bt ai n 15 g of

the tigle co nd Leld. 99 % ity 98..6% . NVR(300 , 3),: d
7.70-P 23(m 1 ,de&’?pggffg?nllgo"fm ubled by gpg ,°f|tﬁ%,°°§."§§8%‘? 7%?11@5?@)“'

2. 52- 2. 48kfdvwhHh, the. #Q; ?n {41, preleratdy 15 Greatihly . thd . Mriedside cBinpotihd dfl- 2)
Preparation of tert-butyl-diphenyl-(2-trityl oxymethyl-cyclo-2-

pent enyl ofgrmula (4havithh Ocb e duh anelar equivaleaty 06)prtoluenegulfbnicnacid Ads@Hind

2 bR AL AL T o AT
conpound getfiioTU! Fhe FedctivH Biprfrably Codndicted ai 20 téR50C for 2 to 5 hrs.
10 Then, the reacting mixture is treated with 1 to 3 molar equivalents
tetrabutylammonium fluoride (TBAF) in tetrahydrofuran. The reaction is
preferably conducted at 20 to 25 °C for 1 to 2 hrs.

<Step 10>
15 Entecavir of formula (1) is prepared by hydrolyzing the compound of
formula (5) obtained in step 9.

The hydrolysis is performed by one of the conventional method, well-
known in the art, in detail, preferably by treating with 10 to 20 molar equivalents
of 2N sodium hydroxide based on the compound of formula (5) at 60 to 80 °C for

20 3 to S5 hrs, and, further, preferably a neutralization to pH 6.3 is performed with
hydrochloric acid.

The present invention provides also the compounds of formulae (2) and (6)
used as an intermediate in the preparation of entecavir.
25
Accordingly, the method according to the present invention makes it
possible to easily prepare entecavir by using the novel compounds of formulae (2)

and (6) as an intermediate with a high yield.

30 The following preparative examples and examples illustrate the
embodiments of the present invention in more detail. However, the following

preparative examples and examples of the present invention are merely examples,
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di chl oronet hane, and the resulting mxture was stirred at roomtenperature
for 2 hrs. After conpletion of the reaction, the reaction m xture was
washed wiwb 208007#4340f water twi ce, the resulting organi ®Crasr009@3786
separated, washed with 150 mi of brine, dried over anhydrous sodi um
sulfate, filtered, and condensed under a reduced pressure. The residue thus
obt ai ned was di ssolved in hexane and crystallized at -10 OC to obtain 24 ¢
of the titand the pEeseRtinentonns net kwited theretd-d: 95 99 . NVR(300MHz, CDA 3)

d 7.50-7.17(m 25H), 6.05(s, IH), 4.72(t, IH),3.90-3.85(dd, IH,
3.43-3.38(dd, IH), 2.50-2.30(m IH, 2.20-2.05(m IH), 1.95(m IH, 1.73(m

|H), 0.91(s, 9Hixarhpied) 1P ePRépUrationOf of 3-$tert-butyl-diphen I-silanyloxy)-2-
3-(tert-butyl -di phenyl -silanyloxy)-2- trityloxynmethyl-cyclo-pentanol (a
conpound dtitylexymethylyyclocpeptanone fa comprmdpiformudal(6pd in 90 nl of

h f A ' Lch h
Sp e%g; ggsb;eéir 3@%&?5@%@@%& Qg{r? l(t))?ylgeal%'l-cycfoq Pﬁe'n‘%é‘n&h tz? comapdoul%l n

tert-but ylofqbp,hquwtg)?zt rityl oxymet hyl - cycl o- 2- pent enyl oxy) -sil ane (a
conpound of fornula (10)) obtained in (1-2) in 90 m of anhydrous
t et r ahydr of ur ardOwad od dravsrdichlogemgthiane waseaddedhto, 42.3dml ieé 2M dharraneng

m xture Shi kT at _ropm t enperatu fQro4 hr After |l et f the
reacti on%efhyl%ﬁﬁgﬁl %ﬁ}ﬂgfﬂ'ﬂlsa rggcﬁol?’ﬁ%%r xié‘e \/'\47;?53 aIBLe%f gﬁ?f@%@@@@ 5 mn
whi | e nai rhailydtNgadiadibe theRRer alditiRe dsultifCniiknireSwas Ghirrel R BHr% A
hydrogen per oxi de sol uti on was added thereto dropwi se over 40 mn while

mai nt &V ni wgludtont whichehask begnuprepatedi by dissplvingd5 Jleé 2-eiyploxymathytepcdo-nas
stirred f %Epél'ntgr;onaé[ in' b %?%Elﬁgf(l'llrro%s %fichloromethane was added thereto dropwise
over 3 hrs, before quenching the reaction mixture. 75 ml of water was added
dropwise to the reaction mixture, the resulting organic layer was separated,
washed with 100 ml of water, dried over anhydrous sodium sulfate, filtered, and
15 condensed to obtain 15 g of the title compound (yield: 99 % , purity: 98.6%).
NMR((300MHz, CDCl5): & 7.70-7.23(m, 15H), 5.87(d, 1H), 4.78-4.75(q,
1H), 3.92-3.77(q, 2H), 2.52-2.48(m, 1H), 2.30-2.23(m, 2H), 2.12(d, 1H), 1.82-
1.74(m, 1H).

20 (1-2) Preparation of tert-butyl-diphenyl—(2-trityloxymethyl-cyclo-i-
pentenyloxy)-silane (a compound of formula (10))

7.2 g of imidazole and 16.2 ml of TBDPSCI were added successively to a
solution which had been prepared by dissolving 15 g of 2-trityloxymethyl-cyclo-
2-pentenol (a compound of formula (9)) obtained in (1-1) in 150 ml of

25  dichloromethane, and the resulting mixture was stirred at room temperature for 2

hrs. After completion of the reaction, the reaction mixture was washed with 150

ml of water twice, the resulting organic layer was separated, washed with 150 ml

of brine, dried over anhydrous sodium sulfate, filtered, and condensed under a

reduced pressure. The residue thus obtained was dissolved in hexane and

30 crystallized at -10 °C to obtain 24 g of the title compound as a white solid (yield:
95 %).

NMR((300MHz, CDCl;): 6 7.50-7.17(m, 25H), 6.05(s, 1H), 4.72(t, 1H),
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10 OC or less, and a mxture of 150 mM of 10 % sodium bisulfite and 150 m
of saturated sodi um bi carbonate was added thereto to renpve an excess
anmount ofwpenoxi7gs4 The reaction m xture was extracted BCTIKKR0®/qw7736f

et hyl acetate, the resulting organic |ayer was separated, washed with 300 m
of sodi um bi carbonate solution and 300 m of brine, dried over anhydrous
sodiumsul fate, filtered, and condensed. The residue thus obtai ned was

i sol at ed By9MBLES(dd, ki 3.4363.§86id,t hHD1 i2 @2 pouht)as?- 20203 (ng,y i1 El)d:

80% rati C naly i &St omer =10:1) NVR(300MHz, CDCI3) : d
7.57-7. 213%%@%?@1@%@1?@@%@3. 12( dd, ?H), 3 74(br. IH), ) 68(t,
IH), 2.34(m IH), 1.77-1.72(m 3H), 1.53-1.48(m IH, 1.01(s, 9H). (1-4)
Preparation of 3-(tert-butyl-di phenyl-silanyl oxy)-2-

trityl oxynet hyl(lﬁ3§cl o- Faeparatien (a cefnpoudd(tert-butyhdiphesy)-silinyloxy)-2-8

1) of L, d-tri -1 1-dih -1, 2- benzi,o0doxol - 3- (| H) - DVP
Soen Lo dricgionymsibghEsfonaneanal  combpuadal GRE (1Y 1 o (oa 8
mol ) of 3-(teulp QlﬂfYGjQB)@{lﬂg%’dtvasS Hlds§6b(/l38>i)i)902_rﬂlréft yﬂr%»m@g Rttah§uedapaNt anol

(a conpound of fof nul a aind in (1-3) in 150 of di chloronet hane,
and the resadicooted tn QtW.e Aaspletion vduclnhad been fppepaod tiyndisToleinge3@ g ah

T e g bbb el e o SR LB
o iy aedohshurtion fknea s (o8 oy en aniuesmpusallyEpAakey v
obt ai h0 11 added thereto dropwise over 1 hr, and the resulting mixture was stirred at room
temperature for 4 hrs. After completion of the reaction, 67 ml of 3N aqueous
sodium hydroxide was added thereto over 5 min while maintaining at the
temperature of 0 °C or less. 67 ml of 30 % hydrogen peroxide solution was
added thereto dropwise over 40 min while maintaining at the temperature of
15 12 °C or less. The reaction mixture was stirred for 1 hr at the temperature of
10 °C or less, and a mixture of 150 ml of 10 % sodium bisulfite and 150 ml of
saturated sodium bicarbonate was added thereto to remove an excess amount of
peroxide. The reaction mixture was extracted with 300 ml of ethylacetate, the
resulting organic layer was separated, washed with 300 ml of sodium bicarbonate
20  solution and 300 ml of brine, dried over anhydrous sodium sulfate, filtered, and
condensed. The residue thus obtained was isolated by HPLC to obtain 26 g of
the title compound as an oil (yield: 80%, ratio of cyclopentanol: diastereomer
=10:1)
NMR(300MHz, CDCl;): 8 7.57-7.21(m, 25H), 3.91-3.81(m, 2H), 3.12(dd,
25 1H), 2.74(br, 1H), 2.68(t, 1H), 2.34(m, 1H), 1.77-1.72(m, 3H), 1.53-1.48(m, 1H),
1.01(s, 9H).

(1-4) Preparation of 3-(tert-butyl-diphenyl-silanyloxy)-2-
trityloxymethyl-cyclo-pentanone (a compound of formula (6))

30 11.9 g (28 mmol) of 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3-(1H)-

one (DMP) was added to a solution which had been prepared by dissolving 14.3 g

(23.3 mmol) of 3-(tert-butyl-diphenyl-silanyloxy)-2-trityloxymethyl-cyclo-

15



the t

25H),
2. 18(

2-tri

itle conpound (yield: 77.5 % . NVR(300MHz, CDCOl 3) : d 7.62-7.

4.53(q, |H), 3.34(dd, IH), 3.02(dd, IH), 2.53(m IH, 2. 32(q,

18(m
IH),

m  1W,2000/0%31. 88(m 2H), 0.89(9H). Exanple 2 : PrepamR20emoofse
3-(tert-butyl-di phenyl -sil anyl oxy) - 5-

hydr oxy-2-trityl oxymet hyl - cycl opent anone (a conpound of formula (2
Preparati on of tert but yl - di phenyl -[ 3-( 2tetramethg;|pro poxy

t yl oRgranal | (ac\romponnsk e dormla) (é ))a@bta(lad tpdud

5.4 g (8.84

3-(tert- b@ }{f&@,!,ﬁ%ﬂ&n 28, filtgﬁr Sultlr)lg Xy Ie a5, imsaRh 28 o or 3R mritin,
conpound @éach@hl”mb&ufeﬁ)n)aso&bhsheﬂe@wb@ \ﬁﬂiifmbeml- ofasatdt, Sthel néseltin &%aﬁdc of
anhydr ous di chl oronet hane and cooled to 0 C. 4.9 ni (35 4 mol

triethyl afd)ee Wy S@ﬂf?ﬁte@m"’@hﬁﬂrdﬂth ofSO0TBEaTf thee saturated sodiun chicaroopiei se

coml ot ofoirofihd L picelt bRE Jicd BYG ARFhbL SRR sliiveivsged

m of

| N aondeised. hydheqhblaue ¢hae bbtainl Was @oldRESy YT @dgesbidinere

dropwi se, the resultin ( gdanlc | ayer was separated washed with 5
Vi

brine, dr thedithe epmpay
M@W% fj@o@ﬁ% %ﬁbt 2‘4%45 98?’%f 3%’2’&9‘5 tﬁgl(s

residue thus o
conmpound (vyi el

I'H),
I'H),

Jodt e sul fate, filtered, and condense

)) (2-1)

of 56 rml 0f( 7))

d&€(a

After
d3fng 54

B

d. The

4. 363@2(d1d4)1,H)2 2993(2:1 SiHgN2. £y, 18),524 Bims1H),H).992. 4d@d b H), 'd.89(BH3 5 (d.

1.04(s, 9
10( H) ,

Example 2: Preparation of 3-(tert-butyl-diphenyl-silanyloxy)-5-

hydroxy-2-trityloxymethyl-cyclopentanone (a compound of formula (2))

(2-1) Preparation of tert-butyl-diphenyl-{3-(1,1,2,2-tetramethyl-

propoxy)-2-trityloxymethyl-cyclo-3-pentenyloxy]-silane (a compound of
15 formula (7))
5.4 g (8.84 mmol) of 3-(tert-butyl-diphenyl-silanyloxy)-2-trityloxymethyl-

20

25

30

cyclo-pentanone (a compound of formula (6)) obtained in Example 1 was
dissolved in 54 ml of anhydrous dichloromethane and cooled to 0 °C. 4.9 ml
(35.4 mmol) of triethylamine and 3 ml (13.3 mmol) of TBSOTf were added
thereto dropwise successively, and the resulting mixture was stirred at 5 °C for 1
hr. After completion of the reaction, the reaction mixture was quenched by
adding 54 ml of 1IN aqueous hydrochloric acid. 75 ml of water was added
thereto dropwise, the resulting organic layer was separated, washed with 54 ml of
brine, dried over anhydrous sodium sulfate, filtered, and condensed. The residue
thus obtained was isolated by HPLC to obtain 5 g of the title compound (yield:
78 %).

NMR((300MHz, CDCls): 8 7.64-6.90(m, 25H), 4.61(s, 1H), 4.36(d, 1H),
2.99-2.87(m, 2H), 2.59(br s, 1H), 2.44(dd, 1H), 2.15(d, 1H), 1.04(s, 9H), 0.88(s,
9H), 0.17(s, 3H), 0.11(s, 3H).

(2-2) Preparation of 3-(tert-butyl-diphenyl-silanyloxy)-5-hydroxy-2-

trityloxymethyl-cyclopentanone (a compound of formula (2))
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9H), 0.17(s, 3H), 0.1 1(s, 3H). (2-2) Preparation of

3-(tert-butyl-di phenyl -sil anyl oxy) - 5- hydr oxy- 2-

trityl oxywetzhylo7e3gel opent anone (a compound of fornula (2CXKRR¢I003B6nmol )
of tert-butyl-dirhenyl-[3-(l,I,2,2-tetranethyl-propoxy)-2-
trityloxymethyl-cyclo-3-pentenyl oxy]-silane (a conpound of formula (7))
obtained in (2-1) was dissolyed in 25 m of dichloronethane and cooled to

-25I oC. fo 98(g (g(b3§}ﬂ3m01bf>f trsbutyndipReaydd A 1 Jad 2 prtemetind-wopaxy)- %—3 17
cuccesal v Ty TOEThEmER cOLRPE RS RISH FafE ol NMoitPont®” 8586 " 178 b

After for obtdieed if (3-0) emeﬂss@lm in2 21 f didhlshethnie ahd tobbrRd6!-25 PON,
1.68 g of SOdI um bi sul fate, and 2.46 g of magnesi um bi sul fate were added

thereto a0-9%8 (6 minal) okd ﬁ@@lﬂmlhﬂféf@ﬁ@& phesphate and O:Bldg (Bnk7 memeb)i e

0 f th :
The reot r ea oHOrBRoRs PEPAE HaTMEPBAD e AR IR eRio i SRER) e
was isol atgd thy rkﬂﬂlﬁxg EniXipirei Wa@sﬁrr@d(hft -2heq iféd 2.5cRsPoyed ﬁirﬁia‘ﬁon@ﬁ” 5 9.
NVR( 300MHz, CDd 3 7.96-7. 17( H, 4.56(q, |H, 3.99(
3.56(dd, MMprmediatesqd, 23| Pl ofzsczd;um gplﬁtezaq)lutlcm,gtség g gﬂ)sodmngéfa@e.

o sPar 98 tad b Pl AR e AR RS S 2 e i

conpound afixfupe nwhs-?l stikmed. ( 3Fhk) rcﬁfc‘?ﬂ@ﬁr fliktdfe Gfas heated to room temperature.
4- (tert b | - di phenyl -si | anyl oxy) - 2- met hyl ene- 3-
trityl® qﬁwmmglétlgpewft@ﬁmeawprcdhpd@&@m nfitune veas( Bjtpred with Cellite.

The residue thus obtained was isolated by HPLC to obtain 0.6 g of the title
compound (yield: 69.5 %).
NMR(300MHz, CDCl;): 8 7.96-7.17(m, 25 H), 4.56(q, 1H), 3.99(q, 1H),
3.56(dd, 1H), 3.17(dd, 1H), 2.46-2.39(m, 2H), 0.93(s, 9H).
15
Example 3: Preparation of [1-S-(1a,3a,4p)]-2-amino-1,9-dihydro-9-[4-
hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]-6H-purine-6-one (a
compound of formula (1))
(3-1) Preparation of 4-(tert-butyl-diphenyl-silanyloxy)-2-methylene-3-
20  trityloxymethyl-cyclopentanol (a compound of formula (3))
2.4 ml (1.26 mmol) of 20% suspension Nysted reagent and 6.4 ml of
tetrahydrofuran were added dropwise to a reactor successively and cooled to 0 °C.
0.14 ml (1.26 mmol) of TiCly was added thereto dropwise, and the resulting
mixture was stirred. The reaction mixture was cooled to -40 °C, and a solution
25 which had been prepared by dissolving 0.527 g (0.842 mmol) of 3-(tert-butyl-
diphenyl-silanyloxy)-5-hydroxy-2-trityloxymethyl-cyclopentanone (a compound
of formula (2)) obtained in Example 2 in 2.4 ml of tetrahydrofuran was added
thereto. The reaction mixture was stirred at room temperature for 3.5 hrs.
After completion of the reaction, the reaction mixture was cooled to -20 °C,
30 quenched by adding 25 ml of IN hydrochloric acid, and extracted with 25 ml of
dichloromethane to separate an organic layer. The organic layer was washed

with 20 ml of 4 % sodium bicarbonate solution and 20 ml of brine successively,
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2.4 mM (1.26 mmol ) of 20% suspensi on Nysted reagent and 6.4 m of

t et rahydrof uran were added dropw se to a reactor successively and cooled to
0 C. 0. 1lawoi2o(ol07284mmol ) of Ti 04 was added thereto drop@raR20emd71she
resulting mxture was stirred. The reaction m xture was cooled to -40 C,
and a sol ution which had been prepared by dissolving 0.527 g (0.842 mol)

of 3-(tert- butyl di phenyl -
si | anyl oxydried- %wrwdzow& sadipasifate filtered) and sondensed( a Themgesidug s

theroto. AR BE IS ROl T TREEC W Bpfuin Clef b HsTile Suetfg i@ 7

After congoets)on of the reaction, the reaction m xture was cooled to -20
0C, quenched by adding 25 nml of_ IN krgldrochl oric acid, and extracted with 25

n of dichlor onHt NMR(EDCl)iad at-e4-drdUmyahily, 7ped- 90Grhe 26F)ai B5(bayH), was

suacesd ey [0y 4o 2 atae. S ERTEET b e, PEAD. Tt Mibneea

The residue thus obtained was isolated by HPLC to obt ain 0.184 g of the
title compound (yield: 50 %. 1H NVR(CDCl 3) : d 7.64-7.60(m 4
7.38-6.90(m 21842) Pregmrationtof, 9—54-itex(~butyl-9‘lplwn@’r(sdaﬂﬂﬂ)"y)3 wshylenes ,

S ?i (Zt Zr7%nﬁb%@Xy&pBﬁgﬂﬁycﬁmem]-gé&ﬁl’oio :%il?éﬂréﬁ -2-y %{l?‘ltel 2 chnpound

3-trityl owmﬁmlag”gl opentyl]-6-chloro-9H purine-2-yl am ne (a conmpound of
formula (4)) 088 mmol ) of

4- (tel®-butyl - 6|5ptmlgn§ﬂ 083 mmgl)oxdy4~(terivbutyydéphenyl-silanyloxy)-2- methylene-3-

E o B" OXY TRl ky Ry PRS OfoBeRtanb (£ B5RBE N BF ORI @)f St & A2, '

mg (0.176 mmol) of triphenylphosphine and 30 mg (0.176 mmol) of 2-amino-6-
chloropurine were dissolved in 2.7 ml of tetrahydrofuran and cooled to -20 °C.
28 ul (0.176 mmol) of diethylazodicarboxylate was added thereto. After

15 completion of the reaction, the reaction mixture was added to 10 ml of
dichloromethane, washed three times with 2.7 ml of aqueous sodium hydroxide,
dried over anhydrous sodium sulfate, filtered, and condensed. The residue thus
obtained was isolated by HPLC to obtain 45 g of the title compound (yield:
66.9 %).

20 NMR((300MHz, DMSO-d6): 6 7.82(s, 1H), 7.61(d, 4H), 7.49-7.34(m, 6H),
7.26(s, 15H), 6.69(br s, 2H), 5.53(t, 1H), 4.91(s, 1H), 4.57(s, 1H), 4.40(s, 1H),
3.16(t, 1H), 3.06(t, 1H), 2.83(s, 1H), 2.11(d, 2H), 1.03(s, 9H).

3-3) Preparation of 4-(2-amino-6-chloro-purine-9-yl)-2-

25  hydroxymethyl-3-methylene-cyclopentanol (a compound of formula (5))
0.131 g (0.168 mmol) of 9-[4-(tert-butyl-diphenyl-silanyloxy)-2-
methylene-3-trityloxymethyl-cyclopentyl]-6-chloro-9H-purine-2-yl  amine (a
compound of formula (4)) obtained in (3-2) was dissolved in 2.6 ml of methanol
and cooled to 0 °C. 16 mg (0.084 mmol) of p-toluene sulfonic acid was added
30 thereto, and the resulting mixture was stirred for 30 min while heating to room
temperature. 16 mg (0.084 mmol) of TsOH was added thereto at room

temperature, and the resulting mixture was stirred for 4 hrs.  After completion of
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mg (0.176 mol) of triphenyl phosphine and 30 ng (0.176 mmol ) of 2-am no- 6-
chl oropurine were dissolved in 2.7 m of tetrahydrofuran and cooled to -20
C. 28 m woO.2ai7mssel ) of di et hyl azodi carboxyl ate was adaeu/KR2e0%100786Af t er
conpletion of the reaction, the reaction m xture was added to 10 m of

di chl oronet hane, washed three tines with 2.7 ml of aqueous sodi um

hydr oxi de, dried over anhydrous sodiumsulfate, filtered, and condensed.
The resi dube treactiaht 2 méodfwaatirsvastasided ytherit@ aml ol aeactith guisfure hwag it e

d | d 9 d d, ,
7 Ao 7 3a(ehgies (e ires a0 g B pish omspjanedosispatals g Craameaer 1y
4.57(s, 1Hne %r l_gﬁ(u? ldgjél} was 18fibd &¥dr: agh{Pous $ddiun? Bffate, hifbred?: a]nq (_ 5

2H), 1.03(s, Preparation of 4-{2-am no-6-chloro-purinez9
hydr oxy nmetdoptlersedet ﬁiheensxhrycdhuwebtam&d w@msodntpddnwd{BLGtomhthm g ﬂf 13 1

?re'g gyll ; rfgo( Za}r{?{;q ¥ [Héq(rt sé‘}rgi)ﬁg{)é’:ﬁbg%@ﬂrﬁe%{yﬁd‘%ﬁ%g%ﬁééym)@ yl anine (a
corrpound 91f1 9[%'(%!&%)&1&12&@&11%]' ?w(l@ &) e s dissolved in 2.6 m of

met hanol cool 084 | ) of p-toluene sulfonic acid
was added theréﬂMR(éﬁﬂM}liz; CMB) |éh§ SA(xt LHe, VadS(dd,i 4Hed7 #46k7.36(mj 6H)MNi | e

At oom t Srisbaltives ne SR AesdlRe NFY. thodtdr ethas T B (BFSGInIES, A Cer
compLeL! o2 P IR at, I ol emialyam e bt and e eact o
an org@nic | ayer.
Then, 0.27 ml (0.274 mmol) of 1M TBAF solution in tetrahydrofuran was
added dropwise to a solution which had been prepared by dissolving 73 mg
(0.137 mmol) of [3-(2-amino-6-chloro-purine-9-yl)-5-(tert-butyl-diphenyl-
silanyloxy)-2-methylene-cyclopentyl]-methanol in 0.7 ml of tetrahydrofuran at
15 room temperature, and the resulting mixture was stirred for 1.5 hrs. After
completion of the reaction, the reaction mixture was condensed and the residue
thus obtained was isolated by HPLC to obtain 34 mg of the title compound (yield:
84%).
NMR(300MHz, MeOH-d4): 6 8.15(s, 1H), 5.62(t, 1H), 5.28(t, 1H), 4.82(t,
20 1H), 4.46-4.42(m, 1H), 3.85(dd, 2H), 3.33-3.31(m, 1H), 2.72(br s, 1H), 2.53-
2.45(m, 1H), 2.30-2.27(m, 1H).

(3-4) Preparation of [1-S-(1a,30,4p)]-2-amino-1,9-dihydro-9-[4-

hydroxy-3-(hydroxymethyl)-2-methylenecyclopentylj-6H-purine-6-one (a
25 compound of formula (1))

34 mg (0.115 mmol) of 4-(2-amino-6-chloro-purine-9-yl)-2-
hydroxymethyl-3-methylene-cyclopentanol (a compound of formula (5)) obtained
in (3-3) was added to 0.7 ml of 2N aqueous sodium hydroxide, and the resulting
mixture was stirred. The solution thus obtained was heated to 72 °C and stirred

30 for3.5 hrs. After completion of the reaction, the resulting mixture was cooled to
0 °C, controlled to pH 6.3 by adding 2N aqueous hydrochloric acid and IN

aqueous hydrochloric acid, and condensed to obtain 24 mg of the title compound
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The organic | ayer was dried over anhydrous sodiumsulfate, filtered, and
condensed. The residue thus obtained was isolated by HPLC to obtain 73 ny
of [ 3-(2-woizom/G4s3hl or o- puri ne-9-yl)-5-(tert-butyl -di pheoylkroéemnyisexy) - 2-
met hyl ene- cycl opentyl ] - met hanol (yi eld: 8 1 9%. NWR(300MH#z, CDCI3) : d
7.84(s, IH), 7.65(dd, 4H), 7.45-7.35(m 6H), 5.50(t, IH), 5.21(d, 3H),
4.84(s, IH), 4.52(d, 2H), 3.72(d, IH), 3.45(td, IH, 2.72(s, IH),

2.59- 2. 49(yield:§0 %R peBity 99 ¥)m |1 H), 1.09(s, 9H). Then, 0.27 m (0.274

Soruti on whi o TR B0 B B B8R40 7R T 15 5516 9.

[ 3- (2- am B3 ((C D! G-IOIU(d NEP-4/86 (& (Hpr4. sbt(tyIH)Mbmyl beamhq;sylH),

2- et hyl ene- cycl o entg -nethanol in 0.7 of tetrabﬁd’rofuran at’ room

t enper at uBed4 EndH)hb58es dH)i 2g7ra. i(SIQmeW@sZ@BrZ%@nI )1.5 hrs. After
conpletion of the reaction, the reaction m xture was condensed and t he
residue thus obtained was isolated by HPLC to obtain 34 ng of the title
compound (vi el dyhiidthe iNARRANMIbeciERcrBl yltBrorBess td ik, abbye e fld)
5.28(t, IH, 4.82(t, I—% 46-4.42(m | H), 3.85(dd, 2H), 3.3 1 (m

I H), 2. 72@mboghmmg6, ips @ldzbaaemgngd tlzatSiaarzolE?mdlﬁegtlor(SSamc} qhaegw ation
of [I-S-(I

Py ok TR B Bkt b TR ot tnse SEMISALi tbe artapbish,alspfall within the

compound ot Miledn(éntion as defined by the appended claims.
10
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34 ng (0.1 15 nmol ) of 4-(2-am no-6-chl oro-purine-9-yl)-2-

hydr oxynet hyl - 3- met hyl ene-cycl opentanol (a conpound of formula (5))

obt ai ned wo 208y®@)s3was added to 0.7 m of 2N aqueous sodiPUWIKR200%07T86, and
the resulting mxture was stirred. The solution thus obtained was heated to
72 C and stirred for 3.5 hrs. After conpletion of the reaction, the
resulting mxture was cooled to O OC, controlled to pH 6.3 by addi ng 2N
aqueous hyWHABIS CEAIMEDESt | N aqueous hydrochl oric acid, and condensed
to obtain 24 ng of the title conpound(yield: 70 % purity: 99 %.
NVR(300MHz, DMSO-d6): d 10.58 (s, IH), 7.67 (s, IH), 6.42 (s, 2H), 5.36 (t,
IH), 5.1 1.(s, AdethodB6f ﬁﬂzgaﬁh@ entecBvir Of forrhlila (4%,5%1ﬁoﬁnisih§|lhe depdofs, IH),
3.54 (t, 2H), 2.53(s, IH), 2.27-2.18 (m II%, 2.08-2.01(m "I H). ile the
i nventi on has K®esorpustinghelelinatian rafsare erhydsoxy kesons, eompeundiaf formula

enmbodi nen i ho i t hat rious,\nodi fications and changes
may be mafj(%) ttoo(h{t%lgl E}Lﬂn%é&r%ﬁle{(’l)&?%r}% soeunrsak?q ﬁ‘l’gf&“f%ét)ne art which also fall
within the scope) Ozirrzih% otV Vit Gt fé@tﬁaﬁdgfbmeté)@)rﬁan?mﬂecb&ﬁﬁédm YHAT 1S
CLAIMED I'S: 1. A _nethod of preparing entecavir of fornula (1), conprising
t he st eps fermyla)(3¢ srithuauiineodestvatiyeite robidingmnuclegsideopmpsuadeofcfompolnd of
formul a (? .to obtain an exonet hyl ene conpound of fornmula (3); (b) carrying
out a Mt Lpnobu reaction of the exomethyl ene conpound of fornula (3) with a
purine derivat ()aehtovihi Qhé‘pﬁ)t@étﬁige%ﬁiu§§ of PP AHOR oilde [ RmPOuRd(db forhtila

e

removi ng the protecting groups of t nucl eosi de conpound of fornula
(4) to obtain a compound of formula (5); and

(d) hydrolyzing the compound of formula (5):

O
e
N S
HO ' (1)
O
R1O/\&"‘OR3
RQO\‘ (3)
X
N ~N
¢ |
N
R1O/\€5/ N NHQ
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(4) to obtain a conpound of fornula (5); and (d) hydrolyzing the conpound
of formula (5): HO (1) RoO (2) R20O 3wherein Rl and R are each independently
H or a hywoarw/questecti ng group, or RL and R2 are fusedPrCogarzhevoorsef orm a
cyclic hydroxy-protecting group; R3 is selected fromthe group consisting
of H alkylsilyl, and allylsilyl; and X is selected fromthe group
consisting of chloro, iodo, and benzyl oxy. 2. The nethod of claim1,
wherei n the hydroxy-protecting group is sédected fromthe group consisting
of trityl, benzyl, methoxybenzyl, p-niyrobgnzyl, benzoyl, a substituted
benzoyl, trimethylsilyl, triethylsily¥, [I softropyldimethylsilyl,
tertbutyldinethylsilyl, tert-butyldip | s Nh’ t hexyl di net hyl silyl,

al lyl, methoxynet hyl, (2-nmetH®Xy¥ Ynethyl ;" 'and tetrahydropyranyl. 3.
The nethod of claim1, wherein the—¢yclic hydroxy-protecting group is

sel ected fromthe group consi stiigg of benzyli dene, .f\apht hyl i dene, 4-

phenyl benzyl i dene, cyclic acetal, cyclic ketal, cyclic carbonate, cyclic
orthoester, and cyclic |,3-(l,1,3,3-tetrai sopropyl)di sil oxanediyl. 4. The
met hod of claim 1, wherein the olefination is conducted by subjecting the
a- hydroxy ket ovéhagemipound of forrmula (2) to a reaction with a mxture of

R, and R, are each independently H or a hydroxy-protecting group, or R,
and R, are fused together to form a cyclic hydroxy-protecting group;
Rj is selected from the group consisting of H, alkylsilyl, and allylsilyl; and

X is selected from the group consisting of chloro, iodo, and benzyloxy.

2. The method of claim 1, wherein the hydroxy-protecting group is selected
from the group consisting of trityl, benzyl, methoxybenzyl, p-nitrobenzyl, benzoyl,
a substituted benzoyl, trimethylsilyl, triethylsilyl, isopropyldimethylsilyl, tert-
butyldimethylsilyl, tert-butyldiphenylsilyl, thexyldimethylsilyl, allyl,
methoxymethyl, (2-methoxyethoxy)methyl, and tetrahydropyranyl.

3. The method of claim 1, wherein the cyclic hydroxy-protecting group is
selected from the group consisting of benzylidene, naphthylidene, 4-
phenylbenzylidene, cyclic acetal, cyclic ketal, cyclic carbonate, cyclic orthoester,

and cyclic 1,3-(1,1,3,3-tetraisopropyl)disiloxanediyl.

4. The method of claim 1, wherein the olefination is conducted by subjecting
the a-hydroxy ketone compound of formula (2) to a reaction with a mixture of

Nysted reagent and TiCl,, a Wittig reagent, or a Tebbe reagent.
5. The method of claim 1, wherein the purine derivative is selected from the

group consisting of a 2-amino-6-halopurine derivative of formula (12), a 6-O-

benzylguanine derivative, and a mixture thereof:
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Nysted reagent and TiC 4, a Wttig reagent, or a Tebbe reagent. 5. The

met hod of claim 1, wherein the purine derivative is selected fromthe group
consi st i nyoah10en72s3am no- 6- hal opuri ne derivative of formelca/Kr2R)9/002786

6- Gbenzyl guani ne derivative, and a m xture thereof:wherein X is selected
fromthe group consisting of chloro, iodo, and benzyl oxy. 6. The met hod of
claim1, wherein the conpound of forrmula (2) is prepared by a nethod
conprising the step of subjecting a Kketone conpound of fornula (6) to a
reaction with a sulfonate derivatjvelin the presence of a base to obtain a
silyl enolether of formula (7) redting the silyl enolether of fornula
(7) with a peroxide: (7) wherein t olR3 are the same as described in
claimi1. 7. The nethod of claimg, wlerdi2th 2ﬁulfonate derivative is
selected fromthe group consisting of tert-bu@y di met hyl si |yl
trifluoronethanesul fonate, trinethylsilyl trifluoronmethanesul fonate,
triethylsilyl trifluoronethanesul fonate, and a m xture thereof. 8. The
method of cl ai Wikrehe! §é Nseldifed FRAVME BfouficOHbiBAS) of ShIvrePsRS] Mnd 2
met hod conprising the steps of conducting a chiral reduction reaction of a
cycl opent banzydorynpound of fornmula (8) with borane di nethylsulfide in the
presence of (R)-nethyl-CBS (Corey-Bakshi-Shi bata) catalyst to obtain a
chiral cycl opentenol conpound of fornula (9);

6. The method of claim 1, wherein the compound of formula (2) is prepared

by a method comprising the step of subjecting a ketone compound of formula (6)
to a reaction with a sulfonate derivative in the presence of a base to obtain a silyl
enolether of formula (7) and treating the silyl enolether of formula (7) with a

peroxide:

R,O ©
OR;
R,O o

wherein R; to R; are the same as described in claim 1.

7. The method of claim 6, wherein the sulfonate derivative is selected from
the group consisting of tert-butyldimethylsilyl trifluoromethanesulfonate,
trimethylsilyl trifluoromethanesulfonate, triethylsilyl trifluoromethanesulfonate,

and a mixture thereof.

8. The method of claim 6, wherein the compound of formula (6) is prepared
by a method comprising the steps of
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subjecting the resulting chiral cyclopentenol conpound of formula (9) to a
reaction with a silane derivative in the presence of a base, or renoving

t he prot ewOi2ng/geBups of the chiral cycl opentenol conpokad/Ki206%00M86a (9)
followed by treating with a carbonyl or an al cohol derivative to obtain a
cycl opent ene conpound of formula (10); subjecting the resulting

cycl opent ene conpound of faornula (10) to a reaction with a borane
derivative to cpndueting aychirgaeduetdon eeaepionnef afcyclonentenoneigompeundceaf ryi ng

(i v o n iR e Gk, Mee 'diGRENIS RIS SPSE 3SerfE TR (Y- iy RS ©
wher ei N RICbfeyRBakdf-SHiBatad nEatdl§std &S Obtdig th ichirél dyBlobenfbnol @mipiunddopf

claim8, wherein the silane derivative is selected fromthegroup consisting
of tert-bdegmalagfnyl silyl chloride, chlorotrinethylsilane,

tertbutyl di met hyl chj. i | . a i xt t f 10 .7h d of
ciaims wher epROiERing 356 pRing Pied etnteial dofiupdons FREET LIS €
consi st i ngeRtiofafithhy! silARNMeAVatived ik Nk aprdsénde ofli Tdaky | 8€ §bmloving the

benzal dehyde, benzal dehyde di net hyl acetal’, 4-phenyl benzal dehyde, 4-
pheny| benpuotaetingl graipseehiheackirall cyciopentenel scompoundesfefirmula (9nfollowsdir oxy

ketone compoueig] Wi MEBIORY s eighel M6E%Hf e Ba s SR 5Re ke
toget her tempeaid df Fghala (NY§r oxy- protecting group; and
subjecting the resulting cyclopentene compound of formula (10) to a
reaction with a borane derivative to obtain a cyclopentanol compound of formula
(11); and
carrying out an oxidation reaction by treating cyclopentanol compound of

formula (11) with 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3-(1H)-one:

O
o~y
(8)
OH
9)
OR,
(10)
OR>
R1O/"'¢
HO (11)

wherein R, to R; are the same as described in claim 1.

9, The method of claim 8, wherein the silane derivative is selected from the’

24



R3 is selected fromthe group consisting of H alkylsilyl, and allylsilyl.
12. A ketone conpound of forrmula (6): wherein RL and R2 are each

i ndependewbl2g10ké7a334a hydr oxy- protecting group, or Rl an#CRKrene/dfosed
together to forma cyclic hydroxy-protecting group.

group consisting of tert-butyldiphenylsilyl chloride, chlorotrimethylsilane, tert-

butyldimethylchlorosilane, and a mixture thereof.

10. The method of claim 8, wherein the carbonyl derivative is selected from
the group consisting of naphthylaldehyde, naphthylaldehyde dimethylacetal,
benzaldehyde, benzaldehyde dimethylacetal, 4-phenylbenzaldehyde, 4-
phenylbenzaldehyde dimethylacetal, and a mixture thereof.

I1. An o-hydroxy ketone compound of formula (2):

O

R1O/\é“‘OR3

~
~

wherein R; and R, are each independently H or a hydroxy-protecting group,
or R; and R, are fused together to form a cyclic hydroxy-protecting group; and
R; is selected from the group consisting of H, alkylsilyl, and allylsilyl.

12. A ketone compound of formula (6):

O

~
>

wherein R; and R, are each independently H or a hydroxy-protecting group,
or R, and R, are fused together to form a cyclic hydroxy-protecting group.
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