NOVEL METHOD FOR PREPARI NG ENTECAVI R AND | NTERMEDI ATE USED THEREI N 5
FI ELD OF THE | NVENTI ON The present invention relates to a novel
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10 BACKGROUND OF THE INVENTION

Entecavir, [1-S-(10,3¢,40)]-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

15  purine, exomethylene, hydroxymethyl, and hydroxy substituents at the 1S-, 2-, 3R-, and
4S-positions, respectively.

There have been 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 as shown in Reaction Scheme 1:
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wherein P; is trityl or substituted trityl, Bn is benzyl, BOMCP is
benzyloxymethylcyclopentadiene, IpcBH is diisopinocampheylborane, DMAP is N,N-
5  dimethyl-4-aminopyridine, DMF is dimethylformamide, MC is methylene chloride,
MMTr-Cl is 4-monomethoxytrityl chloride, TBAI is tetrabutylammonium iodide, TEA is
triethylamine, and THF is tetrahydrofurane.
The above method, however, has difficulties in that: i) the cyclopentadiene

monomer must be maintained at a temperature lower than -30 C in order to prevent its
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intermediate of formula (20 which is prepared as shown in Reaction
Schenme 2: Reaction Scheme 2
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wherein, Me is methyl, t-Bu is t-butyl, Et is ethyl, n-Hex is n-hexane and Ph is
15  phenyl.

The above method for preparing the intermediate of formula (2b} must be carried
out at an extremely low temperature of -70 C or less, and the yield of the desired
product (2f) in the optical resolution step is less than 50 %.

Various methods for preparing triflic enolate have been developed. For example,

20  the document [“Preparation of allylsilane 127, J. Am. Chem. Soc., 1998, 120, 12980-
12981] has disclosed a method for preparing triflic enolate comprising the step of
conducting regioselective reaction of potassium hexamethyl disilazane (KHMDS) with
N-phenyl triflimide (PhNTf;) as described in reaction scheme 3. U.S. Pat. No.
7,381,746 B2 has disclosed a method for preparing triflic enolate as described in reaction

25 scheme 4. The document [J. Chem. Soc., Perkis Trans. 1, 2000, 345-351] has also

disclosed a method for preparing triflic enolate.
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wherein R is a hydroxy protecting group, X is halogen or benzyloxy, MOP is 2-
methoxy-2-propyl ether, TBS is t-butyldimethylsilyl, TT is trifluoromethansulfonyl, and
TMS is trimethylsilyl.

In the above methods for preparing triflic enolate, the process to obtain triflic
enolate must be carried out at an extremely low temperature over a long period of
reaction time, and the process to obtain triflic enolate disclosed in U.S. Pat. No.
7,381,746 B2 also was carried out at the temperature of -63 C to -45 T. However, the
starting material used for preparing triflic enolate undergoes easy decomposition at a

temperature above -30 C, which is not suitable for mass production of triflic enolate.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a novel, 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
for preparing entecavir of formula (I), comprising the steps of:

(a) hydrolyzing an a-exomethylene derivative of formula (II) to obtain a
compound of formula (III);

(b) carrying out a Mitsunobu reaction of the compound of formula (III) with a
purine derivative of formula (IV) to obtain a nucleoside compound of formula (V);

(c) subjecting the nucleoside compound of formula (V) to a reaction with
tetrabutyl ammonium fluoride to obtain a compound of formula (VI); and

(d) hydrolyzing the compound of formula (VI):
4
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wherein
R; and R; are each independently a hydroxy-protecting group, or R; and R; are
fused together to form a cyclic hydroxy-protecting group;
10 R3 is benzoyl or arylbenzoyl, preferably benzoyl or 4-phenylbenzoyl;
Tf is trifluoromethane sulfonyl; and

X is halogen or benzyloxy.



(a) hydrolyzing an a-exonet hyl ene derivative of fornmula (11) to
obtain a compound of formula (I11); (b) carrying out a
M t sunobu reaction of the conpound of formula (I1l) with a purine
derivative of formula (I1V) to obtain a nucl eoside conpound of fornula
(V); 25(c) subj i : i f. |
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of formula (11), a )3-exonethylen ' Hve of formula (VI1), an
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tithe enolate derivative of formu a~(X), and a conmpound of formula
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wherein,
Rj, Ry and Tf are the same as defined above, and Y 1s alkylsilyl or arylsilyl.
In accordance with further aspect of the present invention, there are provided a
solvate of crystalline entecavir dimethylformamide of formula (XIV) whose X-ray
15 diffraction (hereinafter, referred to XRD) spectrum obtained using Cu-Ko radiation
shows peaks having a peak intensity of 10 % or more at diffraction angles (26+0.2) of
10.2, 14.4, 14.5, 16.6, 17.9, 18.8, 19.3, 19.8, 21.4, 21.9, 24.5, 25.5, 25.8, 26.7, 29.3, and

30.2; and a preparation method thereof:



(M 11) R2d( 1 X) (X) (XI11) wherein, R, R2 and Tf are the same
as defined above, and Y is alkylsilyl or arylsilyl. In
accordance with further aspect of the present invention, there are
provided a solvate of crystalline entecavir dinethylfornmanide of
formula (XI'V) whose X-ray 15 diffractiog (hereinafter, referred to
XRD) spectrum obt ai ned using Cu-Ka radi dti on shows peaks having a

i i ; ' l es (200.2) of 10.2,
eak intensity of 10 % or nore at f adiiHon ang
24. 4, 14.5, 16.6, 17.9, 18.8, 19. 3, | ﬁl,‘\Zl 4 RMFO, 24.5, ?5. 5,
25.8, 26.7, 29.3, and 30.2: repatat N8k net hod thereof: BRI EF
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fol | owi ng description of the invention, when taken i ®XBOnjunction

wi th the acconpanyhereindDRM i @neMyifeimanBgPect i vel y show

BRIEF DESCRIPTION OF THE DRAWINGS

5
The above and other objects and features of the present invention will become
apparent from the following description of the invention, when taken in conjunction with
the accompanying drawings which respectively show:
Fig. 1: an XRD spectrum of the inventive compound of formula (XIV).
10

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “alkyl” refers to a straight or branched chain saturated
C; to Cshydrocarbon radical. Examples of “alky]” as used herein include, but are not

I5  limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl,
isopentyl, and hexyl.

As used herein, the term “alkoxy” refers to the group -OR,, wherein R, is alkyl,
as defined above. Examples of “alkoxy” as used herein include, but are not limited to,
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, and t-butoxy.

20 As used herein, the term “aryl” refers to a Cs-Cis aromatic hydrocarbon radical.
The aromatic hydrocarbon radical comprises an optionally substituted mono- or bi-cyclic
aromatic ring system (e.g., phenyl or substituted phenyl), and a fused ring system (e.g.,
naphthy! or phenatrenyl). Examples of “aryl” include, but are not limited to, phenyl,
toluyl, xylyl, biphenyl, and naphthyl.

25 As used herein, the term “hydroxy-protecting group” refers to, for example,
methyl having one, two, or three phenyl substituents (e.g., benzyl, trityl, or
diphenylmethyl); benzyl substituted with alkoxy or nitro (e.g., methoxybenzyl or p-
nitrobenzyl); benzoyl optionally substituted with alkoxy or nitro (e.g, benzoyl,
methoxybenzoyl or p-nitrobenzoyl); silyl optionally substituted with at least one selected



Fig. 1: an XRD spectrum of the inventive conmpound of fornula (XIV).
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bi phenyl, and napht hyl. 25As used herein, the term

"hydroxy protecti efers. 10, for. th havi ng one,
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d| phenyl met hyll‘)eﬂfl%ﬁﬂ}qwrsmﬂ@@ﬁtoutsehbnw 1, butiok Grojtedthemrici r o (e. g.
met hoxybenzyl or pnitrobenzyl); benzoyl optionally substituted with
al koxy or nitro (e.g., benzoyl, nethoxybenzoyl or p-nitrobenzoyl);
silyl optionally substituted with at | east one sel ected from
the group consisting of alkyl and aryl (e.g., trinmethylsilyl,
triethylsilyl, isopropyldinethylsilyl, t-butyldinetylsilyl,
t-butyl di phenylsilyl, or hexyldimethylsilyl); allyl; alkoxyal kyl
(e.g., nethoxynethyl or (2-nethoxyethoxy)nethyl); and
tetrahydropyranyl; preferably trityl, benzoyl, and
t - butyl di phenyl silyl; and nost 5Spreferably trityl or
t - but yl di phenyl sil yl. As used herein, the term™"cyclic
hydr oxy- protecting group” refers to, for exanple, benzylidene,
napht hyl i dene, 4-phenyl benzylidene, cyclic acetal, cyclic ketal,
cyclic carbonate, cyclic orthoester, and cyclic
1,3-(1,1,3,3-tetrai sopropyl )di sil oxanediyl. 10The met hod for
preparing entecavir of formula (lI) according to the present invention
is showmn in Reaction Schene 5, but not limted thereto: Reaction
Schene 5



wherein Rl to R3, Tf, X, and Y are the sanme as defined above.
S5Hereinafter, description of the preparation nethod illustrated in
Reaction Schene 5 by each step will be given in detail. <Step 1>
10The triflic enolate derivative of formula (X) is prepared by
subj ecting t hBeactiomBehemes fornula (XI) to a reaction with a

triflating agent in the presence of a bhase. Exanpl es of the
base used in the reacti include lith |Cl]Fn hexamet hyl di si]l azane
(Li HVDS), potassi ym tﬁﬁSH_d t{ g% Step3
hexanet hyl di si | azahe MDS) , i uprdi | sopr opyI de¢LDA),

n-(CL_6 alkyl)lithid (e g., n- butyB20|IthI um), |ithiRe®n

t et ramet hyl pi peri di de (ki TMP), pot assipm but oxi de, potggsi um
pent oxi de, potassium anylate, and a m xture thereof The anmount of the
base used is pref erably 0.8 to 3 nol ar equival ents based on the
conpound of formula ( . Exanples of the triflating agent used in
the reaction incl ud,e\%ﬁrl bep et anesul{ opjic @edwydri de_ s OﬂS

trifl uoronet haneduf antryart der,dt r Nf I/i m de—avi ngyca

alkyl or C6 to C18 myyl N substi t ueng,guch as N-phenyl gpidi f| | m de
(PhNTf2), and a m xture thereof The amount of the triflat] ng agent
used above is preferdBily 1 to 1.5 nol aMequival ents based!on t he
conmpound of formula (XI) The reaction may be conducted by dissol ving
t he conpound of fornula (XI) and 10 the base in an organic %ol vent,
foll owed by adding the triflating agent thereto (Method by
addi ng the conmpound of formulja (XI') |n§té?,7a m xt ure of t)‘é &U{%ﬁati ng

agent and the bas¥erd op PHod_2) " Fxanpl cSBJI or gani
solvent used in the rea nclude are n | i ed to, ether
such as tetrahydrofuran; Btﬂ or oal kaneu as net ePene chloride; or
a mxture thereof 15The reagfy on accordi pg to the Metheo | may be
conducted at a tenperature ranging fiomM-38HC to -80 C, preferably by
raising the tenperature from-50 Cto -(vfyY3 Cto -30 Cfor I to 2 hrs.

The reaction according to the Method 2 may be conducted in an organic
solvent at 20 Cto -29 C preferabl 0 Cto-200, for 1to hrs.

N

¢ li (

Step 8 NJ\NH Step @ <N N ANHZ
RO/ HO

-~

HO HO\:
v "

wherein R to Rs, Tf, X, and Y are the same as defined above.

5 Hereinafter, description of the preparation method illustrated in Reaction Scheme
5 by each step will be given in detail.

<Step 1>

10 The triflic enolate derivative of formula (X) is prepared by subjecting the
compound of formula (XI) to a reaction with a triflating agent in the presence of a base.

Examples of the base used in the reaction include lithium hexamethyldisilazane

(LiHMDS), potassium hexamethyldisilazane (KHMDS), sodium hexamethyldisilazane

(NaHMDS), lithium diisopropylamide (LDA), n-(C,¢ alkyl)lithium (e.g., n-butyl

9



20The Method 2 nmakes it possible to easily prepare the triflic

enol ate derivative of fornula (X) at a tenperature of -29 C or nore
W t hout the use of colum chronmat ography so as to obtain entecavir in
a high yield and |large quantities. To eval uate the effect of
the reacti on libingt ildume setramsthyipigerididef KLiIEMENo| rataesivter butakide,e pottsium

fornula (X) pleafridedpdindiam doidatt eaata rﬁﬁuﬁ@ﬂﬁfebf O%e%%‘ﬁﬁﬂ A}% bde E?e*ih' i

un
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shown in Tabl e 1. Exafiplet e of> th€onyifiating ofigehor mxdda (nXI Ythe( OYeadtidnfl | iélude
gpo:c gf’ r?u Idgr '( }’t?&dle{lﬁet%eﬁl[ﬂ%&?g&@ep%ﬁkﬁ]@g tr%uo%})?etl? esu?ta Ilnié%gﬁyd%ﬁ rl%llﬂlgiide
having a C; to Cs al or Cs to Cg aryl N-substituent such as N-phenyl triflimide
(PhNTE:), and a mixture thereof. The amount of the triflating agent used above is

preferably 1 to 1.5 molar equivalents based on the compound of formula (XI).
The reaction may be conducted by dissolving the compound of formula (XI) and

10 the base in an organic solvent, followed by adding the triflating agent thereto {Method
1); or by adding the compound of formula (XI) into a mixture of the triflating agent and
the base dropwise (Method 2). Examples of the organic solvent used in the reaction
include, but are not limited to, ether such as tetrahydrofuran; chloroalkane such as
methylene chloride; or a mixture thereof.

15 The reaction according to the Method 1 may be conducted at a temperature
ranging from -30 C to -80 C, preferably by raising the temperature from -50 T to -
73 T to -30 C for 1 to 2 hrs. The reaction according to the Method 2 may be
conducted in an organic solvent at 20 C to -29 C, preferably 0 C to -20 C, for 1 to 2
hrs.

20 The Method 2 makes it possible to easily prepare the triflic enolate derivative of
formula (X) at a temperature of -29 C or more without the use of column
chromatography so as to obtain entecavir in a high yield and large quantities.

To evaluate the effect of the reaction condition, each of the triflic enolate
derivatives of formula (X) prepared under the reaction conditions described in Table 1 is

25 used in step 2 to prepare a cycloalkene compound of formula (IX). The analytical
results of the compound of formula (IX) are shown in Table 1.

10



(eq) Tenperature (t) Reaction condition

Method 1 10 2.0 1.3 -78

Adding PhNTf2 into a m xture of the conpound of forrmula (Xl) and
Li HVDS 8.19 ¢

10

15

20

25

<Table 1>
Compound Triflic enolate derivative of formula (X) Yield of the
of formula LiHMDS | PhNTf; | Temperature Reaction cycloalkene
(XI) (eq) e © diti compound of]
(g) q ) (©) condrhion formula (IX)
Adding PhNTL,
into a mixture of
Metlhod 10 2.0 1.3 -78 the compound of (8721 ?, /g)
formula (XI) and °
LiHMDS
Adding the
compound of
Method formula (XI) into; 9.8¢g
2 10 2.0 1.3 0 amixture of | (86.1%)
LiHMDS and
PhNT#,

As shown in Table 1, the yield of the compound of formula (IX) prepared
according to Method 2 is higher than that of the compound of formula (IX) prepared
according to Method 1.

<Step 2>

The compound of formula (IX) is prepared by subjecting the triflic enolate
derivative of formula (X) obtained in Step 1 to a reaction with alkylsilylmethyl
magnesium chloride or arylsilylmethyl magnesium chloride in the presence of a metallic
catalyst.
include

of the reaction

tetrakis(triphenylphosphine)palladium [Pd(PPhs)s] and the amount of the metallic

Examples metallic catalyst used in the
catalyst used is preferably 0.01 to 0.1 molar equivalents based on the triflic enolate
derivative of formula (X).

Examples of the alkylsilylmethyl magnesium chloride include (C; to Cs
alkyl)silylmethyl magnesium chloride such as trimethylsilylmethyl magnesium chloride
and the like.

butyldiphenylsilylmethyl magnesium chloride and the like.

Examples of the arylsilylmethyl magnesium chloride include t-
The amount of the
alkylsilylmethyl magnesium chloride or arylsilylmethyl magnesium chloride used above
is preferably 1 to 2 molar equivalents based on the triflic enolate derivative of formula
(X). The alkylsilylmethyl magnesium chloride or arylsilylmethyl magnesium chloride
can be prepared by one of the conventional method comprising the step of treating
magnesium with (chloromethyl)alkylsilane or (chloromethyl)arylsilane.
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(72 % Method 2 10 2.0 1.3 0 Adding the conpound of fornula (XI) into
a mxture of LiHVDS and PhNTf2 9.8 g (86.1 % As shown in
Table 1, the yield of the conmpound of fornula (IX) prepared according
to Method 2 is higher than that of the conpound of fornula (1X
prepared 5 accor dilhg reagtioemiobe dondurBtcsip aRsrganic solvent at 0 C to 20 C, preferably

10

15

20

25

30

35

5 T to 10 TC, for I to 3 hrs, and examples of the organic solvent include, but are not
limited to, ether such as diethylether or tetrahydrofuran; chloroalkane such as methylene
chloride; and a mixture thereof.

In order to obtain a crystalline form of the cycloalkene compound of formula
(IX), the inventive method for preparing entecavir can further comprise the step of
inducing the crystallization of the compound of formula (IX) by using a mixture of
isopropyl alcohol and water,

According to the above method, the compound of formula (IX) can be prepared
in a high yield of 86 % or more.

<Step 3>

The epoxide derivative of formula (VIII) is prepared by treating the compound of
formula (IX) obtained in step 2 with peroxide.

Examples of peroxide include m-chloroperoxybenzoic acid, hydrogen peroxide,
t-butyl hydroperoxide (TBHP), osmium tetroxide(OsQ,), sodium petiodate, and a
mixture thereof. The amount of the peroxide used is preferably 1 to 3 molar
equivalents based on the compound of formula (IX).

The reaction may be conducted in an organic solvent at 0 C to 25 C, preferably
10 C to 25 C, for 1 to 3 hrs, and examples of the organic solvent include, but are not
limited to, C; to Cs alcohol such as methanol, ethanol, isopropanol, or t-butanol; nitrile
such as acetonitrile; chloroalkane such as methylene chloride; and a mixture thereof,

According to the above method, the epoxide derivative of formula (VIIT) can be
prepared in a form of crystalline solid.

<Step 4>

The B-exomethylene compound of formula (VII) is prepared by hydrolyzing the
epoxide derivative of formula (VIII) obtained in Step 3.

The hydrolysis may be conducted in an organic solvent at 0 C to 30 TC, and
examples of the organic solvent include, but are not limited to, chloroalkane such as
methylene chloride; C; to Cq alcohol such as methanol; and a mixture thereof.

According to the above method, the B-exomethylene compound of formula (VII)
can be prepared in a high yield of 75 % through 5 steps from the cyclopentanol
compound of formula (XTII).

12



The conpound of fornmula (1 X) is prepared by subjecting the triflic
enol ate 10 derivative of formula (X) obtained in Step 1 to a reaction
wi th al kyl silylmethyl magnesium chloride or arylsilylnmethyl nagnesium

chloride in the presence of a netallic catal yst. Exanpl es of
the netallic catalyst used in the reaction include
tetrakis(triphenylg i ne)pal | adi um [ Pd(PPh3) 4] and the anmount of

the nmetallic 15 <catdlyst used is preferably 0.01 to 0.1 nol ar
equi val ents based on the triflic enolate derivative of fornula (X).
Exanpl es of the aITIﬁyloséﬂoyﬂetmmdnyldeﬂwﬁesifmhA Qllj deprepztdI 8¢ chiying @uCh

'l cyl |yl h h hyl s) |
magnos] um e hi BRI et o e AR St Kl (UIDigaERsi e
magnesi um chl 4)Wlthi@‘1ﬁhﬁmlmmepl‘nne a0 diGt 1ol ChiaflyBagodisatbpkylatehyl nagnesi um

chloride and the 'Th%eamolihﬁoﬁtm%ﬂfahe%l h&ﬁhab leédsaﬂe\o!erf? YerafFRAING S Hidtar
chloride or ary] 5| I magnesi um ‘19]:!/6 (S
enol at e

ori
preferably 1 gayivele |ba%ed8éme\ﬁa?’@me@ylfa%&<anmnéeﬂ€fim?
derivative of for BxbmpleX) . ai’ne diy! sitoyl meg hylaligtigaeisdatboxglbleor i delude

| silyl ] f .
AL e T R R e -
(chl or onet hy| thereedy hresd Itlam@mount(@whsr dlﬁ@t iy | Geadlky oo diereboxylate used Fhpye is

reaction may ﬂ?@fef‘ag Ufbt?ﬁ'mlaF' e@ﬁva‘?ern%al;h's&l &Pﬂh%!%féfxoﬁéth?leﬁe &d?nl%gn& of formula
preferably 5t 0Ot, for to 3 hrs, and exanples of the organic

sol vent incl Lfﬁ’él but are not limted to, ether such as diethylether
or tetrahydr of ur arrhe afdifiveorlesrt omuhd gidap disBiheofbeafdiondid &;phamdbenzoic
m xture thereof, 5I rdec 1o obt [ I e

cycl oal kere &8 0%8 nﬂao% spzojc d ac Ip me %cf)%genz?%saE%h%/ﬂed : ngt{rml'%heo% pn%% be used in
preparing enttbeaadve repatiorf mth@am@tmtrpf ths edditiee istegierably il iel danaley agniwalents

crystallizatiggeqn tﬁ@&eﬁ&ﬁ&%ﬁ&”é}ﬂ: c@fnp&ﬁfdr@ﬂf&mﬁl ?VIII?Y using a mxture of
i sopropyl al cohol _and wat e

te
met hod, the CorrpoJIli'E rqupthrbm%peacqnp%teckla o HégaﬂllcéB&P@d“ édg (hgé %lpéq{erably
yield of 86 % Wto@teforgﬁhﬁ@t@hrs and examples offiie: cegmmid Wévenisinglvdy bearadot

formila (2%' | I imﬁe%lég rtgtf)%ryt‘ia’r%ﬁl?a}/n e%? enQ&l&@agﬁ?ﬁ&ﬂg ﬂlfere%fr’ formula (1X)

obtained Th s er ox peroxide include

m chl or oper oxybensz)ﬁ creaa;twm mamh#r@igl@ﬂd tp}éragwr@ieg to Maihad) 1 phinhognatpsigesaide
(TBHP), osmi L!srtn%)t:. &F raﬁ’éﬁh%i ﬁfe%gfﬁ mt§ Q%bﬂ&ﬂﬁﬁdsﬁﬁtﬁé @@luﬁ’dmmath@bigah% %olvent to

t hereof The anount of de used Fﬁsl g) eraéj S nol ar
equi val ent s tﬂ’éaélﬂaé‘l‘fp?rﬁé’“c H’@%‘P“‘F‘B? ytipnqf e g%)p}péhy A5 CPMBRHNARS

be con ?uct ed fofiméaan (VITgaWd bensid atidhin tet]t:ahg)dmfw@ td5hd suspemeiberadlisthdd? thich
25 t, for,dl to 3 n X t ' '

but are riot |PAPISG s SBEOF AR BIAR 1o iRpBELE [ERHERIcRd Epbifiina of
i sopropanol , formula 6\ triphenytiphosnhiire, anddtenzoic agidropwise-i | e; chl or oal kane

such as nethyl ene ﬁ@ly%la de the%%pauﬁa 3t féhﬁulh feﬁ{ s&i:re&ﬁ&@fmgwa) LRihbl e is

above nethod,_the epoxide deriv

70 % which 1s hngher than that 0¥ E‘he compoun of formula (I)I) preparede according to

Method 1(yield: 68.6 %). Further, Method 2 is required one reactor so as to be useful

30  in mass production of entecavir.
<Step 6>

The compound of formula (III) is prepared by hydrolyzing the compound of
35 formula (II) obtained in Step 5 in a basic solution to remove the benzoyl of the

compound of formula (IT).
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25prepared in a formof crystalline solid. <Step 4> The

p- exonet hyl ene conpound of forrmula (VII) is prepared by hydrolyzing

t he 30epoxi de derivative of formula (VII1) obtained in Step 3.

The hydrolysis may be conducted in an organic solvent at 0t to 30 t,
and exanpl es of t Hxa@plgaal e Sajewsed tojfamn the dasie salutiandnglede, pytrare vet limited
chl oroal kane gugéi@s KREXYdeS MRtaSHAT hydfsxidel ahfhdafunf!heRdRIdeS HED adfixture
met hanol ; and, a %]xt re there%f Aﬁcordlcr to,thef %PVF rrg'ﬁngcgd the]
13- exonet hy| AEeoAHohE dmepntk oy the, Pase (usg ?‘)Oﬁ%lsc%rﬁe Yot & ar; gquiyalents
hi gh yi el d ofbagdl dbthdrecamgpandofoamda {IHiom t he cycl opent anol conpound of
formula (X 11). ‘ - t I Matei f
formul a (I)SI ) is pﬁ(@%gg’ggil@s é“éj?’r'iﬁ g&%c‘%ﬁ?‘?g‘?gﬁ I\é}génﬁﬂgglgg{rteaa{cisi g’ﬁtg OOI_n
t he 13- exonetthppasiares prefuaihd 008 1 Sr hulfar 30vnin)to SHirajand gxamplet efithe orgayip
tri phenyl phosgRicheinide, dbilt Care tridt @enifkkikis! teaRgdirsarabOxietidtede chloride, dittea
amount of the Irlé)hené phosphi ne used above is preferably 1 to 2

nol ar equi val BRI WEERY on the P- exonet hyl ene conpound of fornul a
(VIl). Exanpl esofdi (C toC6allcypazodi carboxyl at ei ncl ude 10

di i sopr opl)[d azodi chSp | ate (DI AD), diethyl azodi carboxyl ate (DEAD),
and a m xture thereoff and the amount of the di (G to C6

al kyl ) azodi car boxyl ate used above is preferably 1 to 2 nolar

equi val ent s based 108 nhélEosikBcBmpHRIIRY FERA1aq VYR Araalbyfcondsting 4 Mitsinobu
The additive sel_ectg&llefrom%ge gr ou%o(ﬁ n(i; Stldl’l Sﬁe:g (ﬁe oi c.acied. ive of
4- pheny! benz greetes ob e gompoynd o eIl chigined 1 Shap 4w Bt derisetivg o
and a m xt ur fotninds @¥9). nay be used in the above reaction and the
amount of;& he addid | i : t I hyal er :
on the 131-5texorret h)l/E%‘ %ﬁé@eigﬂﬁgﬁtﬁﬁ‘%&@?" reruﬁ?zg f@ I(?{.,) bt aﬁ%ﬁ%mmfne
reacti on may Seh aofraudtotichipronwing: anht-©-kegrxignings arg the agoyny of the purine

preferably O deritive of formhRrIBQiska :ibo'ﬂl@isgmréfér_ﬁblyaﬂQZmhﬁﬁalaﬁs bd3ed on the

organi ¢ sol vent inc e, but_are not 20limted to, tetrahydrofuran,
met hyl ene chl%ﬂpa'@}“loggw?"rﬁwfure t her eof . The reaction may be

carried out accor dhaditsandtat hatiol makibe leondmated iirs @B orghrec selegns irothe phdency
the DIADjnt o a. L i . i 0 i - i

obt ai n & sSSP B AR G ECNIAR oS 81625 €. YiRabl)
13- exorret hyl éh& tednpofondl ofin fogkbirsl a (VI1) and benzoic acid in

tetrahydrof uran t qnthgoskSdTansieRPiph@phile i efcrabhi €12 bl eanvEIERS bhsee
step of addi n% EI AD to Xttﬁrﬁ S)f t he p-exonethyl ene conpound of
formula (VI1)° t??oﬁ@ﬁﬁﬁ%% #A- and benzoic acid dropwi se.

The yield of the ®Examplend of fthe nuUlEC( | 1fp prGRpartgleasdisadongdatt o include
Met hod 2 jss 70 96 WhiSR4il %%Q K @ﬁrp i BRTBSERE), Hnd (LMl
(rn) prepjz;r eﬁlgﬁwé%ﬂ%ﬂc%(g tﬁé%f ] Eyldgepgﬁazg%cggp%y Furt he)r’, Met hod 2
is required dheeofeand be agwunisofi he HCy xFe plkyDazodicarboxylate is preferably 1 to 2

molar equivalents based on the compound of formula (III).

Examples of the organic solvent include, but are not limited to, tetrahydrofuran,
methylene chloride, and a mixture thereof.
30 The nucleoside compound of formula (V) according to the above method can be

prepared in high yield of 64.7 % as a solid.
<Step 8>

35 The compound of formula (VI) is prepared by subjecting the nucleoside
compound of formula (V) obtained in Step 7 to a reaction with tetrabutyl ammonium
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30 in mass production of entecavir. <Step 6> The conpound of
formula (111) is prepared by hydrolyzing the conpound of 35formula
(I'l) obtained in Step 5 in a basic solution to renove the benzoyl of
t he conpound of fornula (I11). Exanpl es of the base used to
form the basiftuoside (YBA tp menayg éhe nsesectisg grawpRel i mited to, sodium
hydroxi de, potassiTueadmedhoss @8abuTHRM AT YR6RHd 8Rd i@ PFREaHT At M molar
t her eof , andethe larrtt)gntdoftthe lbas usedlggbq(%%e If Q/re erably I to 5
mol ar equi val ‘SHIVE'CHA %A 8 theeleosids samgo a1 1) . 5The
hydrol ysis may be Thendantipednayn barcondugadi in &olowanic sllvenb at 200Tr @30 T,
t enper at urse, ] hrs, and. ex S
The or ganiecapyen G 843,63 B Fro 3 M i Ballpled of il i AP RLGE

of the organic SOF@GH ) (

t et r ahydr of urtglrehydrefusan, awthykne ellprids, angdromixtuse shewge® t her eof 10<Step 7>
The nucl eosi de conpound of fornula (V) is prepared by conducting a

M t sunobu reacti on f)f he conmpound of fornula (111) obtained in Step
6 with a purine de§e\96? ive of formula (1V). 15Exanples of the purine
derivative of forrmula (IV) include 2-an no-6-hal opurine such as

2- am no- gpnchl oro L ne: - (- A t nmou of the
nmol ar equi va ound o or mul a )
The M tsunobu reathé GRdeB¥islIe c6RIueE b5 thoafing the WolPBintd sPFRNL (V1) thgn

presence 20 of. triphenyl phosphi ne apd di tQ

al kyl ) azodi c&AFB589 u&?’é%ﬁmﬁv‘{m‘? Broie%t"éﬁ)g,ro‘éﬂ%‘faé’rdﬁ y 0Cto 5, for 30
mnto 2 hrs. The 3¢idic aniotiot uefl abovephanipd plepaph by diskddvipg ah atidlbigctdd
to 2 nol egul.v . f LLLY. .
Exanpl 65 of tho %Ff@”?ﬁ%é%ﬁ‘é&?f&@%ﬂﬁ%%@gwa rig Bl Mol acid, and o
di i sopr opy!| aFH¥PEatheERs inaveer Ditaw)prefermble iy pas, 2ihydioplirgi¢ acid spiDEAD}s an

and a m xt ur aciditeioR@ibn iRBA aldentadTOo 2f tith&ebyivkight bRePBn the compound of
al kyl ) azodi car tﬁl%ﬁ%'(l\ﬁ)ée is preferably 1 to 2 nolar equival ents based

on the corrpou?{ roula (111). Exanpl es of the organic
sol vent include, Bhereastenmutly beiconduedd biog0 Tabvaliy diretablgrsd ‘0es By B e 3
chl oridepgang, @,/ xture thereof 30The nucl eosi de conpound of formula

(V) according to the above nmethod can be
After de-protection of the compound of formula (VI) in the acidic solution, a

neutralization of the resulting solution to pH 6 to 8 may be further conducted by using
sodium hydroxide solution,
The compound of formula (XI) which is used as a starting material in the
25  inventive method, may be prepared by one of the conventional method well-known in
the art (see Korean Patent Publication No. 2010-0076640), preferably by a preparation
method as shown in Reaction Scheme 6.
Reaction Scheme 6

ORs C:)H O
Yo
R,0 R,O
(X {Xiin (XD
30 wherein R and R; are the same as defined above.

Specifically, the cyclopentanol compound is prepared as a crystalline solid by a

preparation process comprising the steps of: treating the cyclopentene derivative of
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prepared in high yield of 64. 7% as a solid. <Step 8> 35The conpound
of formula (VI) is prepared by subj ecting the nucl eosi de conmpound of
formula (V) obtained in Step 7 to a reaction with tetrabutyl ammni um
fluoride (TBAF) to renove the protectin anpunt

o5 Lot 1 abut yl o AR (e s Saples T heRdP Ao BID gl HiGrg priractng the
equi val ent s hrasfithganixtupe (whiel aﬁﬁprdes me@paowdtaﬁa‘)l Joﬁfpﬂhﬂcﬁof(Mmu]a (XIID) and

The reaction .nay be ucted i ani c, sol ve

3 o et or bl y SRS aoRRt 8 pobh-roafD R A hSarsButtitiesd sfiverh 68, Jenbae
sol vent i ncl drst&arteetrrcata}acbrmfludtmn thtm;tpmwl@nef ghorganicldgyera rvehshingrithet sgparated
thereof. <Step a%EelagzIPewzﬁﬁ e rre SP%‘? cPfagI)f?cSl"'gH Iﬁrle}hahél) PoeRatE

by hydroly2|ng t oun ornu a taln
The hydr ol ysN%oPF‘?c%fBli’f&Bl:ts%'ECtH?lyhéa@|1ﬂ‘§]1°f"f$e he ol Hention qfo@ﬁu‘F"&’R"‘d‘l“% of
in an acidic fsmmuld (mn)bpadcﬁxﬁg)a@l\teheasw@ﬁswﬁzaﬂ@l aﬂOUp Rl and X. The

i di | uti d ab i d
o aeted 16 | rom dhgaB% B [ BHR REOT R Resthit? T3 BB leRty are!
acid, trifl udedawdes ¢quatsnt respendively niageduomethe bb@icvorﬂtenerﬂevmtep of farmila (XII).
preferablg to USGT%'vJ&Mﬁﬁ%’ﬁBEé%E hfay BE b&cﬁ@ﬂe&'%@@oﬁ%oﬁ”px@&kﬂﬁﬁé&'t dsQp

I n an anmount of 10 I mes. by” wei_ght base th npound

formul a (V) .more by using a mixiyee of3ydieri a9d ajeghol %X%muw@a T%HO Bpsing ?rsmgbl
00, preferablty 180 1Mdr9 p&ﬁerablj' Offhe 3va21€lh@ pfocksSmay be condé¥tédfive times by using
de-protecti on, of

a neutralizat™§ st 1}3 mix g-l u‘iv%t nebnd agﬁn‘iﬂ?ﬁbanqgo 'Srf—]’f %Q‘%l&tar% 1%,8%1§lg|1l1t§ %

further condué édmﬂ)} 3usi ng sodi um hydr oxi de sol ution. The corrpound of

formul a (1%1) whi clyhfp 1e§ 86l ttRSsofvefit B A ITREG] irludb myallasar@o‘}. vfaaa!@ M8
nmet hod, may be pre are py one of the conventlonal known

in the art (SHE ROASERSPAPEARE IoLAstaNEatleRo! gach %wﬂwﬂes 01 or isopropyl
preferably byl@hglt eper;ahd omittekbiggeos shown in Reaction Schenme 6.

The reaction may be conducted in an organic solvent at 0 C to 40 C.
Next, the compound of formula (XI) is prepared by conducting oxidation of the
20  cyclopentanol compound of formula (XIII) with a mixture of pyridine-SO; complex,
trialkylamine, and dimethyisulfoxide, wherein the pyridine-SO; complex is superior to
the dess martin periodinane (DMP) in its low price and stability. The compound of
formula (XI) thus obtained can be used without further purification.
The amount of pyridine-SO; complex, trialkylamine, and dimethylsulfoxide are 1
25  to 3 mole equivalents, 1 to 4 mole equivalents and 1 to 10 mole equivalents respectively,
based on the cyclopentanol compound of formula (XIII).
The reaction may be conducted in an organic solvent at 0 C to room temperature.
In accordance with another aspect of the present invention, there are provided the
a-exomethylene derivative of formula (II), the p-exomethylene derivative of formula
30 (VID), the epoxide derivative of formula (VIII), the cycloalkene compound of formula
(IX), the triflic enolate derivative of formula (X), and the crystalline cyclopentanol
compound of formula (XIII), which are used in the preparation of entecavir of formula
(I} or a solvate thereof as an intermediate.
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Reaction Schene 6 OR2OH RIOR 0 R2dR2d (XI11)(Xl) 30wherein R and
R2 are the sanme as defined above. Specifically, the

cycl opent anol conpound is prepared as a crystalline solid by a
preparation process conprising the steps of: treating the

cycl opentene derivative of forrmula (XI1) with (+)-diisopi nocanpheyl
borane ((+)-1pc2BH) and 11202; extracting the resulting m xture

(whi ch conprises the cycl opentanol conpound of forrmula (Xl I1) and

i sopi nocanpheol as a by-product) with a hydrocarbon-based sol vent
(e.g., heptane, hexane or octane) to induce the separation of an
organi c | ayer; washing the separated 5 organic layer with a m xture
of water and al cohol (e.g., nethanol) to renove isopinocanpheol
selectively; and inducing the crystallization of the conmpound of
formula (XIl11) by adding a solvent as a crystallization aid.

The amount of (+)-1pe2BH and H202 are preferably Ito 3 nole

equi valents and 1 to 7 nole equival ent, respectively, based on the
cycl opent ene ddini agapideaceowith dumiiar spoct of the] preseph anvgation. ribers rase BEYidedya

be conductgenhbyirge pRbarf®y s,so%@f@F@@&tmllh@reﬁ&cﬁ\hfrﬁﬁnaﬁ 10 Enkde HE Td}ﬁm?a

nlxture of water and al cohol mxed in a weight ratio rangln from1:

to 1: 30 P Vpremenrising thetseps s fissr)vips dbe satepmr sanpand witfoamylp b in a

times by ugingt anYlta‘?ﬁlngh&nEEtHﬁU’fﬁﬁwﬁﬁdé’VaEﬁd 1%3901@%%90&3;%1412@9019 &8 fhe
wei ght ratio of 1, 1t I es of

sol vent f ofomgropag Af| ﬁozlaﬂhao@(wa cth@reﬁoaaily ane dmn@aﬁbb Slieang ond alyingu and de
hexane, hepiaReop Erﬁf%‘llﬁﬁeent@dagﬁ‘rﬂ?heﬂﬂ%rrﬁa?nﬂ%%%ﬁhula%ﬁ?? QYrepfdked b)() éhe

i sopropyl al cohol wat er a mxture thereof. The reaction may
conduct ed T#hak organic solvent at 0t to 40 C. Next, the conpound of
formula (XI') is prepared by conductbng oxi dation of the

N
NH
< . DMF
N N/)\NHZ
HO

-~

15 HO (XIV)

wherein DMF is dimethylformamide.

The DMF is comprised in an amount of 10 to 40 weight % based on the total
weight of the solvate.

Preferably, the dry process may be conducted under nitrogen atmosphere to

20  obtain a stable DMF monosolvate.

The solvate shows peaks having a peak intensity of 10 % or more at diffraction
angles (20+0.2) of 10.2, 14.4, 14.5, 16.6, 17.9, 18.8, 19.3, 19.8, 21.4, 21.9, 24.5, 25.5,
25.8, 26.7, 29.3, and 30.2 as shown in Fig. 1 in a X-ray diffraction spectrum obtained
using Cu-Ka radiation.

25 Further, the solvate can be used as an intermediate for preparing the inventive
entecavir. Specifically, the inventive entecavir is prepared by a conventional re-
crystllization method comprising the steps of: dissolving the solvate in a solvent such as
water; and cooling the resulting solution to precipitate entecavir.

In accordance with the inventive method for preparing entecavir using the novel

30  intermediates, a high-purity entecavir can be prepared economically in a high yield.
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20 cycl opentanol compound of formula (XI11) with a m xture of

pyri di ne. SO3 conplex, triallcylamne, and di nethyl sul foxi de, wherein
the pyridine.S0O3 conplex is superior to the dess martin peri odi nane
(DMP) inits low price and stability. The conpound of formula (XI)

amount of pyri a1 e S SRR Il G cPEAIGER! bt present g ofEin

are 1 25t anererrmteﬂeqﬂowamnﬂv@ fOIUD‘@YlHE mﬁl@lesqaf \hag erﬂsgntamermlomoarmnerely
nol e equi v i‘iﬁistﬂ -, R di28 opent anol conpound of
formul a (ﬁaﬁﬁﬁé e rgg}étsl&grll Vrreélly gsd%ogn%cte I&h an organi c sol vent

at 0 00 to roomtenperature. In accordance w th another aspect of the
presentg i nventi ere.an edet HE]?]Q derhvatd. -
of fortr?ul a (Il )ﬁ%rﬁg lexg,rile %ﬁrlgﬂeg{je{itl vatr%lg ?‘gfd}nﬁ agé% ?iﬁ P?tyl
t he epoxi dbphenylxﬁdanylexy%s tl@hﬂﬁqutwll-l-):yclomt@;ad lestar keonapamdoef faumala
formul a (I)ﬁ» the triflic enolate derivative of formula (X), and the

crystalli (e cycl opent anol conpound of fornmula (XI11), which are used

in the preparation of entecavir of formula (1) or a solvate thereof

as an inter nedlﬁﬁegutﬁﬁdlpﬁen 13115@1&}5@ tﬁdiﬁ)ﬂﬁfylﬂéthﬂ—%)d o&:@%n&ﬁao?ﬁ of 507

the present inventio e ar preparing a

sol vatl® ofmeo)swas |d1$$@1vgﬁtléc@hwdroas rf@tfwrircﬁumm?’él@ B 4ngr gepled 10 -78 0.

(XIV), CO”B’EHn%ﬁq%xE&‘ét ?ﬂ?ﬁzé}fe ‘?"05§01|0\4'ﬁl1 %nﬁdifw%@fa&@e’avﬂh&eﬁpﬁﬂpbmﬁe@it -
forrrula(l% In a solve ormam de; and | nduci ng

t contai ni ng” di et
the crystald PZat i & ofo th?eme@#ﬁémﬁopmm%ﬂ%h@y itwfigpide Qérfeg,r mphvas

opti onal | yaqigid t&'ﬁ' H&t&ﬁ% %Mlhn%mﬁéf'ﬂuﬂeh%lww%? @frrifg Yat b "L‘&n erature
entecavir dinethylformamde of fornmula (Xl V) prepared by the net’hod:

wher ei n DMVerEghfi médiey porapietion eithe reaction, sypygateg\godium biphangied3 l%méhwas
amounty 50f ajd@e& ?heff&o V‘BTH@}eSﬁMﬂg%@ﬁlu@H wRextated wel @bl Rktatd@&19ehN alged

Preferably, the dry praocess may be conducted under nitrogen
at mospher eoveh anltydgissodivgn syliakt, diltorad. apth sersiepsadainder a reduc%@f%%wat“éhe

shows peaksgatbaMi s oLad wag %ﬂﬁ!ﬁ%&’ with %Qlu%pﬁhraﬁfaﬁ)&gaéphg fof aﬁsﬁll @8 title
angles (200.2) of 10.2, 14.4 5, 16.6, 17.9,

21. 4, 21.Fomppusd (35 g, vield : @392@7 29.3. and 30.2 as shown |n Flg 1
in a X-ray diffNeEEOMERECDOMN @btﬁl(ﬁedugsmg 635 A, 29, 315098, 1H), 4.14

20 (4, 1H), 2.89 (dd, 1H), 2.68 (s, 1H), 2.59 (dd, 1H), 2.37-2.34 (m, 1H), 2.15 (d, 1H), 0.80
(s, 9H)

Example 1-2: Preparation of t-butyl-diphenyl-(3-trimethylsilylmethyl-2-
trityloxymethyl-cyclopenten-3-yloxy)-silane (compound of formula (IX))
25
The enolate compound of formula (X) obtained in Example 1-1 (33.5 g, 45.1
mmol) was dissolved in diethylether (335 ml). Tetrakis(triphenylphosphine)palladium
(2.6 g, 2.25 mmol) was added thereto at room temperature and cooled to ¢ 0. To the
resulting mixture, 1 M trimethylsilyl magnesium chloride (90.2 ml, 90.2 mmol} was
30  added and stirred at room temperature for 1 hr. After completion of the reaction, the
resulting mixture was cooled to 0 J. The cooled mixture was quenched with saturated
sodium bicarbonate (335 ml) and filtered through Celite. The resulting solid was
washed with ethyl acetate, dried over anhydrous sodium sulfate, filtered, and condensed
under a reduced pressure. The material thus obtained was purified with column
35  chromatography to obtain the title compound (26.99 g, yield : 87.4 %).
NMR(300MHz, CDCls) : 6 7.59 (dd, 4H), 7.33-7.14 (m, 21H), 5.06 (s, 1H), 4.33
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25Further, the solvate can be used as an internediate for preparing
the inventive entecavir. Specifically, the inventive entecavir is
prepared by a conventional recrystllization nethod conprising the
steps of: di ssol ving the solvate in a solvent such as water; and

cool ing th ‘ﬂ[%d {&ﬁgﬁ Yt} 74 ?mﬂlﬁ%&%&%?k? AN ﬁf%"iﬁrz 2400, 11,209

I n accorda ée ventive p ebar ng en Vi

t he novel B),ild0ddnid), dt284d, HIhildR-(pbH) 9.0éfs.é¢8vi r can be prepared
economcally in a high yield. The foll ow ng exanpl es
illustrate the enbodi nents of the present invention in nore detail.
However, the foEkampleg el#ipl eBrephration pr ef ent3-(tiayl-diphenylesilanybixy)-1-

I
CxaTpL 25, IR AR LAY VTS L IRlhfe (ARAATRLPor
di phenyl - sforsma O¥AIJ)- 5-tri t yl oxynmet hyl- 1-cycl opent enyl ester
(conpound of fornula 00)

3-(t-Butyl-di phenyl -si |l anyl oxy)-2-trityl oggmet hyl - cycl opent anone (31
g, 50.7 10 nmol Thereemprundaifvieanyla (Rbhgkdeined in Exaraply drof I @Loon) yas

and COO' edyil o) Cfaalﬁgrso bR %H&?)f?tfrgd) %hddo%%dd%aﬁlﬁtl ( l’ﬁr %eg_lc‘)esgrﬁiég%olution,

wasa oan stir

m xt urlé) t hapdivabphpspbate R2phany$-69 inrelhvaad 77 28 .18 cglor@ercpﬁybpl)zo\irsaéciédé%% g,
and heat eds ipn{o@p%%ﬁmars%&@ﬁvﬂgol #H@@éiuﬁm{g%wre NG LirE @D O for 2 hrs.

t enper at ure overni ter conpletion of the reaction, saturated
sodi um bi cBheowH!t @fa§ Fritgragi to ohiainithe selidmikee of dhe THe oapgerpd ggd sodium
sol ution with ethyl acetate (310 ml), dried over
anhydrous o) |um suI ate, filtered, and condensed under a reduce

pressure. The M (390Mhim CTa6AT Ra@) whd-G3ut-23 (racRakD: .74 6% BR: 3. 5 (q,1H),

h t t 8
ﬁwk?gggﬁ/géﬁ@h dt@HQbiPe(}: ﬁﬁ?zastdtelmomglémg @331}”51 9»99y1'@dgn 2}@ 1%29@93
1H), 4.14 @pP&, 4. '01§(899ﬁid 1H) 2.68 (s, 1H), 2. 59 (dd, 1H)
2.37-2.34 (m 1H), 2.15 (d, 1H), 0.80 (s, 9H Exarrple 1-2:

Preparation of t-butyl-diphenyl-(3-trimeth I5|I 2-
trityl oxymet hylE Wﬂl’%peﬁ‘ﬁen Breppration siof 5 ﬁdﬁ%bgwe?ﬂr%moxyﬁ-

(1X)) 25 methXT -ﬁﬂ@dymx@nﬁdgalqwadpaitaﬁer@wg?oﬁﬂﬁ oPRiriule gvm') Exanpl e

1-1 (%I% 1 nmol ssol ved in diethylether (33
Tetra s(trl phenyl phosphl ne)pal ladium (2.6 g, 2.25 nmol) was added

thereto at rOOfmtSGH@ﬁﬁﬂtﬁJicH 6f 88 doepelrRico ft fArkuld (VTIQ) ém@mé@ﬁﬂEidxﬂ;ﬂe 1-3 and
m xture, tri P%/ Zai%/g magnes%um chl O“?&&S 7y d 2 mol )
was 30 adoSQ U, RIQSPPRLE BAFE thepeld ag Fﬁrre Aﬁttr%?m temperature.
conpl et i oY, ﬁlhﬂﬂ(ﬁt@ﬁ@rbkﬁh’éﬂzélb@cﬁqsm) fel DG6Hhal Whe nmgdmodhadldeqsm)l@as
The cool ed (%(t ure was rﬂu]gncﬂ vm th turated sodi um bi carbo
(335 m) oo Heedo S pIEligHe ffion CPUURE PIHYTS B SHRERe ASHidine
Wi ; h atsgyla @glﬁﬁ.@é &f 20 l%ohcm@rs acmimdr sisﬁlfﬁeotumﬂlg LdrfdatlE %f hduiedt€dodium
and condensed. under educ ressure. The mate hu
tns pur { IRETUEIE ot (B8crrbRRTaSrs R U bLMAS ehiAded uR methylene
conpound (chfor2R @.6 L) &wite:and /dried%ver sodium sulfate, filtered, and condensed under a
reduced pressure to obtain the title compound (494 g, yield of the title compound
obtained from the compound of formula (XI): 60.5 %).
30 NMR(300MHz, CDCl5) : § 7.84-7.58 (m, 5H), 7.33-7.18 (m, 39H), 5.40 (s, 0.2H),
5.18 (s, 1H), 5.11 (s, 0.2H), 4.99 (s, 1H), 4.65 (d, 1H), 4.13 (q, 2H), 3.02 (m, 3H), 2.87
(m, 2H), 1.88 (d, 1H), 1.00 (s, 17H)

Example 1-5: 1-benzoyl-4-(t-butyl-diphenyl-silanyloxy)-2-methylene-3-
35  trityloxymethyl-cyclopentane (compound of formula (II))
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NVR(300MHz, CDC13) : 5 7.59 (dd, 4H), 7.33-7.14 (m 21H), 5.06 (s,
1H), 4.33 (d, 1H), 2.90 (dd, 1H), 2.78-2.73 (m 1H), 2.64-2.62 (m
1H), 2.26-2.24 (m 1H), 2.09 (d, 1H), 1.50 (d, 1H), 1.23 (d, 1H),
1.00 (s, 9H), 0.01 (s, 9H

Exanpl el-3: P

Cr et byt o | angleienpRbshpire QL X0 1 sen asdi SR srbyaRitpean (4.0 D
(conpound auid cookechid & Tvi ITIO)the solutionTthes eldm@mrmlsopropyiamﬂusarquate (DIAD)
bt d d

obt ai ne ' f%ﬁgﬂ : Cg)ncff g%?%dge%%nﬁ%nﬁg&) £ 0% %F%%V obﬂam! §%35&9¥1bn

al cohol 0 ting
sodi um phoEthvéromzmMQ L) 5:ag added Yo annilxmre%fmh@mmmmdd;fyb@nzbl V1)

acid (@99 ur
was st |gr re %{t ed(%ilno orplgaihr 3%%@6'2%@?%‘% o;ﬁ;%cel gb? glg Eh(%‘l The
sol i d mi xtsseensiontofériphenyphoshpsuand LRIKD ses addndﬁh@rgm@ttoe 19 mmtgyed at the

(Ng/Rll(_DSOONE%ﬂ]pr%?a 1< [1%9)30 51 31‘§ 7. 'ﬁ% lg‘l%l‘é Iiﬂl.l tZMIHCéL v?a‘é ézénéieﬁ%:{)i ur’r)t}efuh

1H), 1.99 rmdlgsd(prpssm to rengyre(l ggo](vmlt mé) ethml gé?.tage _'(3 9(Iqj v&gp{)addecg thereto,
Exanpl e 1- félloﬁécfﬂ r\?v%tshlﬁg vﬂf.h é*'S(I\ﬂl b 95(?1411313138%4 SF td @W‘:ﬁ?@iﬁg lﬁatei

met hyI ene- -tri ty oxynerh cyclo ent ano npound orrru
20 Aodiwim @u}fmtw%a ed; Hidteraslnsod repndensed rundein a(wﬂmeﬂ pissarhed h

in Exarml Greshil f‘ﬁqteﬁgfjbvﬁ APRaLS aﬁz rgethém @gq,?‘inﬁcﬁlﬁ%dh@%ltalﬁ%

L) and stlrre at room tenperat ure; omc | or opef oxybenzoi ¢ aci d
(350 g, 1.tBB aepippuad Bofes iidldnes. @I%)orl de (5 L) was added thereto to

conplete the r e | .t t by
25 a mixture o?@gﬁ(g@yﬁgoggﬁég |%E1g)9|msd§ifa?e’y\?€ (HI&'GSI?)hnd 3111?%28@/@% 28H),

aqueous soufUfh BHaT Boht2D¢ 4.15101, 1KhS- FedoBilon 1«3 Q? dd+t His 20bt & hER
was exir ac;_tpdzwlg?ﬂ 14L38 I1|)9|4e1n éﬁ{ﬂlgljlldg‘.q_ (513ﬁ)del@rggta0§nr%§)uand dried over

sodium sul fate iltere ¢ondensed’ un ced pressure to
obtain the title corrpound (494 g, yield of the title conmpound

bt ai ned from t d | ) -
ol {1 o PpugRpoLeg, e K X it AN
5.18 (s, Ipgthylened- trstylwzﬁ}hyl4y§9P1rstanql+G$0mao'@yi m§ m; 3 (q,
2H), 3.02 (m 3H), 2.87 (m 2H), 188(d 1H), 100(3 17H)

P s e B ) A8
mixed with 1 % sodium hydroxide solution in methanol (7.34 L) and methylene chloride
(3.7 L) at room temperature for 5 hrs. After completion of the reaction, water (7.3 L)
was added to the resulting mixture to separate an aqueous layer. The separated aqueous
layer was extracted with methylene chloride (7.3 L). To the resulting material, sodium
25  sulfate was added, dried and filtered to obtain the title compound (404 g, yield :
>100 %).
NMR (300MHz, CDCls) : 8 7.65-7.60 (m, 4H), 7.39-7.17 (m, 21H), 5.35 (s, 1H),
5.10 (s, 1H), 4.30 (d, 1H), 2.97 (s, 1H), 2.88-2.79 (m, 2H), 2.73 (d, 1H), 1.78(t, 2H),

1.02 (s, 9H)
30
Example 1-7: Preparation of 9-[4-(t-butyl-diphenyl-silanyloxy)-2-methylene-
3-trityloxymethyl-cyclopentyl]-6-chloro-9H-purin-2-yl amine (compound of
formula (V))
35 Triphenylphosphine (13.37 g, 50.88 mmol) was dissolved in tetrahydrofuran (240

ml) and cooled to 0 C. Diethylazodicarboxylate (DEAD) (8.3 ml, 50.88 mmol) was
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Tri phenyl phosphine (311 g, 1.18 nol) was dissolved in tetrahydrofizan
(4.9 L) and cooled to O C. To the solution thus obtained,

di i sopropyl azodi carboxylate (DI AD) (233 m, 1.18 nol) was added and
stirred at 0 Cfor 1 hr to obtain a suspension. Tetrahydroftran (4.9

L dde V-

obt ai med 1 ok S b fitedle  C TR R 3 BB hidpgupgngn 160
1. 18 nol ) . mijheassadsipé e aonmixbfre bf thehesmydophd 9 Homeila (ldl) Dbsinedas Edade 1-6
th t t t t

mxtur ot KIS Solarnad JRLTL M ARnARIEABNRA, M8y 'Ll ey AP
renove t hesuspinsont ofamghentighospline ané QEAD Wwis whistdathetetﬂ) atheres followed by

L 3o M PO Dol Rl aente S MM Tyt B s
condensed (@Adenl) avaseadided do precresuifing mikbire @ad IwaShgi withe®.5 &Y agagous sodium
i Te comBanat(Bag ey 8 e s tyfs &7Fhe WARRE Bl Wbl ove

8.09 (dd, @Hydrons 56d1(1mjsu1€a|t9, filpr@R-condas¢drundgH) redsiced prassurg.Hnd purdiged

g_g 22|2_|)4 ZAXX%]%C&H jc'ﬁ'}o]l_n% 4é1‘%plé'8 %b@ %%165%‘1%%]'1&% 212;_% yé§d8%4(7q’/6 15,
Ex?rr:p: 18 1-6: PrﬁW&@@MHZoBMS -Il'l)s) 46 (A820(% W 7§Ih€(d,y'11H15|7| ‘%?Q@)@}-ZIZH),
me ene e 0

20Thg corrpégouéh b%ym QyzyH&H olb@a?ﬁggpép"nés Qfmﬁs le? ?“3;6}3611{ lh))
mol ) was m-&%4d. %(ﬂhlﬂ)%&f&) RyidrdX? (e, 33), dtq3c{ﬁ I net hanol (7.34

L) and nethylene chloride (3.7 L) at roomtenperature for 5 hrs.
After conpletion of the reaction, water (7.3 L) was added to the

resul ti ng nixt LE!@amblesleﬁaPmmrahomqﬁéo@samweé-chlph@r%e%ydmwraqﬁq&ﬁ-
| ayer 14as ¥Rk utiyloky ARV gmg%ﬁm (@Bmpbuitd b} forkfllh Dy eSu! 1 g

material, sodium 25 at e ‘wa ded, dried and filtere 0 obtain
the title corrpound (404 g, yield : >100 9. NVR (300MHz, CDC13)

: 8 7.65-7.60
1H . 4.30 (d, 1’1;_%6 éHzfﬁpouﬁc(l 39 thmula g\?‘) otdikd 1I5E§§ng)§ 11 'J-'(ﬁ 2 g54]1Q Iﬁlii)ﬁlol) was

1. 78U, 2H)dissehgd %aﬁ@ﬁfomtetrghydromwﬁ% by, Tprélpf‘ar%?ﬂllt% splution, 1 M

944- ('t - butiyraytiyaheibniSid ﬁﬂyﬂlwyc)m?om t&ﬁlaﬂﬁﬁ%ﬁréﬂ wtmmes by lmeyo! Wi
entyléHG chl oro-9H:- purin-2-yl am ne npound o formul a )

35Tr i pHenyadgrbaph Ftﬁé‘fd(%éogv tanpes@tuafs 0m+é|hys WA ORGSR of B¢ reaction, the

tetrahydr %éﬂlﬂﬁﬂg ﬁﬁﬁt@rcmﬂhs q{i&cﬁéﬂ)b?%&ﬁa QuideillcB @4tBY (3z@a0l Canhbyhitieh Shus
(DEAD) (8 was dedthereto nd stirred at_ 0t for

lhr to obtoéﬁ’ffﬁ\n%ii &’&%E@F@Feénmﬂﬁ@b’bﬁ?&ﬂ%ﬁ?rlgﬁ grghovary2 ouRfdiPm gulfate,
m xtur e offiltdi&l, cpapsssaensell. f Phépésaltry! inhtedial a8 edirien 1EX1ﬂ6%bﬂb11(-3Q ml) to

(15.93 g, 4 and no- 6- purln(8 64 g, 50.88 mmuol)
and t he séﬁ%ﬁﬁfﬁ%@mwmi%ggpﬁwp%rﬁeﬁ nd DEAD was added thereto
at 0 5, foll ovmmyo@nﬂ&t DMIMd, 2t & 8 €aafIBI )i 2OBar Bt {h.e1410y, 6184h(s 2H),

et esorB b oL b TSR s SR e300 ) arfty 87 a8

(400 nl) ated(sceHS, I EL2.08 (Rs2HY he resulting naterial was dried over
anhydrous sodiumsulfate, filtered, condensed under a reduced

pressure, and purified with colum chromatography to obtain the title
Cormound (12. 8 Exanyple! d-9: ®fepariion 10f NRiIBSONHMydPOBS BFHroxymethPR2-

(. 3o Tgt}lygﬂf-cygposwﬁ liﬂyzhyd&owqa?-o efgeﬁ?eg&xi-g Aoy

308303(m1H) 2.83 (s, 1H), 2.13-2.10 (m 2H), 1.03 (s, 9H
Exanple 1-8: rati of . .
4- (2- ani no- 6- CH¥ tﬁll gg((l,hnﬂ%/ a?q)ahlr ?%p@g%,]i))jd_r%ghlﬁ%c acid (23.3 ml) were added to
met hyl ene-tRe témpyindofteirylh (VY)cdbaiges metanisleo MBOUBE 92  $®mimdlRaidvitiryed
at 82 C for 12 hrs with heating.  After completion of the reaction, the resulting mixture
35  was cooled to room temperature and washed with ethyl acetate to remove tritylcarbinol.

The material thus obtained was neutralized to pH 6.8 by using 3N aqueous sodium
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The conmpound of formula (V) obtained in Exanple 1-7 (3.2 g, 4.12
mmol ) was di ssolved in anhydrous tetrahydrofuran (32 nl). To the
resulting solution, 1 Mtetrabutyl anmonium fluoride solution in
tetrahydrofuran (8.24 nL, 8.24 muvl) was 20 added and stirred at
room t enpey 65£1§ef95611§1 g stté\Ieheét el 6f 1 Ofy. Ofrhgfk%ldtr%ﬁctﬁagg%bt §48_was
resulting mxture was q enche d| ng distill wat er a) The
sol uti on t#iredopittaremdingsdeviate rr@@vé@mmraﬂuree@myfuﬂa@restmeé at 3goTRitgmperature

dri ed f

Cexti Png ERDY s PURIRGAT kel @paigRETRRior 1 i
title conﬁ@mbémwlealtkgcomp@uw(oiﬁﬂﬁwd ?%Nﬁm(soow DVSO-d6) : 5
8.19 (s, 1 NRik 1

O 1(1;? H) 1§ 3 H% M 4)1?1086&(1?1{2)53?)3 (s51 5(5%3(831@)1552§&t7 1H),
214), 2. 644 @%(t H),, 4 -3604mp4 ,rﬁ812 2H), 2.70 (s 1H§'.~x ApRe81fmy: 1H), 2.27-2.20

Preparat i o(t;hquZ am no 9- (4- hydr oxy- 3- hydr oxynet hyl-2- 30
nmet hyl ene- cyclopentyl) 1, 9-di hydropurin-6-one (entecavir of formula
(1)) Acetonitril (30 m) and 2N aqueous hydrochloric acid (23.3 nl)

were added to tt"ﬁlﬁ quitd ple a%flvﬁ aoi( \fh)e aﬁ&@tbneﬂ 3- Hnﬁa?lﬂlthﬂl Hibxy-3-

(1. 38 2.56 mmol and stirred at for Ins wth heatin

Af ter rrﬂnétrpmn y{-ﬁénﬁetbalﬁppxsmclopﬁéy})ésﬂrﬂthmgomuxmé@ns5 was cooNg¥
to room t eipRER IErfaAde (ErhFshnd sfTofhiid CASS) ate to renove

trityl carbinol. The materi al” thus obtal ned was neutralized to pH 6.8
by using 3N aqueous sodium hydroxide (13.6 nml) and stirred at 90 t

for 1 hr. The Sﬁ{éﬂdo@dbohﬁﬁ'so@ﬁhﬁﬂn@ﬁ E@&n?lfe' rp’.@d(w gﬁ @%'dd&QdSE@VN}N
to roomtenperature and further stirred room tenp erature fo

hr
to obtai n dmgdyiprmapide (&) and\girragiat Fooum teRpReratErs) fea thes gndcat Oaﬁdfor 1'hr.

stirrdgd forpelrefiltif® sélbtic Wal el th @b UAR &Jﬁ}p’éﬁﬂdgs aW@tlefbolorgcﬁso'lhd
% . S5NVR(3 wgﬂfgg? 10.6(s, 1H), 7.78 (s, 5.53 (t, 1H),
5.26 (t, 1 4.43-4.40 (m 1H), 381(d oH), 2.70 (s,
1H), 2.47-2.38 I(IMR(SM)MH% RiEcR- a9 :(lme (s HH), 7.95 (s, 1HRXRBRIE 111936 (t, 1H),

R T {110 B/ A NS G T C TRV PO A

di et hyl f agHyRRI7dEs, GEDNPOOE, DFI) Raind, aH) .8 fm, 1H) The conpound
obt ai %d in Exanple 1-9 (1 g) was added to N, Ndi et hyl f or mam de (5

m) afd stirred at roomtenperature for 2 hrs and at 0t for 1 hr.
15The resul ti ngEchplei DI10PFepardationest bohight purity B¢ 2-hinlio-0PMNgdRckyaS-
a whi te- Collyo rgygynsletk:\yp -2-methylene-cyclopentyl)-1,9-dihydro-purin-6-one monohydrate

(compound of formula (I))

25 The compound of formula (XIV) obtained in Example 1-10 (1.1 g} was mixed
with distilled water (16.5 ml) and stirred at 95 'C for 1 hr. The resulting solution was
cooled to room temperature to crystallize and stirred at 10 C for 1 hr. The resulting
solid was filtered and dried under a nitrogen atmosphere to obtain the title compound
with a purity of 99.8 % or more as a white-colored solid (0.9 g, yield : 96.9 %).

30

Example 2-1: Preparation of  3-(t-butyl-diphenyl-silanyloxy)-2-
trityloxymethyl-cyclopentanol (compound of formula (XIII)) .

The 2M BH3'DMS solution in tetrahydrofuran (210 ml, 0.924 mol} was mixed
35  with anhydrous tetrahydrofuran (300 ml) in a reactor under a nitrogen stream and cooled
to 5 T. (-)-o-pinene (155 ml, 0.924 mol) was added thereto dropwise for 0.5 hrs.
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(0.95 g, yield : 85.6 %. NVR(300WHz, MeOH-d4) : 10.6(s, 1H),
7.95 (s, 1H), 7.67 (s, 1H), 5.36 (t, 1H), 5.10 (t, 1H), 4.87 (d, 1H),
4.83 (t, 1H) 4.56 (t, 1H), 4.24 (s, 1H), 3.54 (t, 2H), 2.89 (s, 3H),
2.72 (s, 2.50 (m 1H), 2.21 (m 1H), 2.04 (m 1H 20

Exanpl e 1- ddt

hyﬁf‘éximﬁ@ﬂfﬂﬁ@ﬁ%@%‘fﬁﬂ (ﬁqéﬂ*gﬁ?y%ﬁdﬁﬂe%mﬂﬁmﬁf S Bitent-
monohydr at @- tp@dmpsomt loffycmi/ wentenyle3y- szlsnm@f %mm*pl@lﬁ 3160 2 o‘raﬂr@ﬂ@ﬁd(tkel‘e)a
obtai ned i, hggﬂlxtjaPe frds Qtlrﬁe)d fé@ae resu ‘N£ egb$§dd e el H&%&Rfe (Fé@m‘rf)

m) and stlrreda tin ution
to room t etrprerdicd tlecrete dxewnsarfqru Zlr Wit mainteining the tagperatbesy of10 rﬂ‘f to TheC.

resul tisng 9 ltllledrééﬁl% 'rhﬁgﬁi’r@%ﬂ%’geﬁ dﬂe‘f-&l&!@?ﬁ%‘ 1‘?18)%55{ Q&R &Bg@é@%f Sht G

obtain the title conmpoun % or nore
whi t e- col oneke @@ spg'e(i dorol Bt yicethg resuyglgge%tlongmxture a mixture solution of 10%

Exanpl e2- 1Nﬁ"{§@?f255t0' lﬁﬂ%ﬁ%“’/p%}{[b@ (Qgt?ﬂﬂﬁ w§§ ) Ry ety d?opvglse to remove the

trityl oxynmet hyl -cycl opent anol &corrpoun of fornmula (X |1
The 2M BH3XoRAS hydragen psraxide: eflhaicsaitoreunalgrigine exutractgd gvzth haptane(§0 ml)

m xed 35w tbf},eﬁd}lﬁ'ﬁé%%éaﬁl@ Hy@py dl"}féfdeiirﬁﬂd (og,ga(?umagfeﬂ Q%@wﬁﬁféﬁ Rk tHﬂQ%sn%

ni trogen stream and cool ed -)-a-plnene

was ad¥ed mirdyres of wa@pwb@evh@nolon@e irsa werrahér@d qfd bhlabé, b2, 1 25 or 1 3 to

(+) - | pc2BHetlave QiR ARGHYGS NEdt ﬁ‘ﬂufhﬁ% 3RLfticANdas condensed under a reduced
t - butyl - di phenyl ( trlt 0- 2- pent enyl oxy).- si | ane, of

|
formul a (IBrpsspiEg@rypfallizes 4 Oxééﬁpfmér(ég% miphend ddgred; #g0 nf xouplainathe title

stirred focron;"polgfﬁag{g taN@;o%J% §PgHum hydrOX| de (196 m) vvas added
thereto dropw se | ni.n t enper at ure

10 C. 5 To the W@Hﬁ?@MHZnﬁP{%eﬁ ?19&77&}&% %@fﬁbﬁr%f"@l@s 2rﬁ)) 3@&@ 1H)
added 1dr opwy£sr, f101), A 680, 191), MBEEn AN, S B 9H) 11 48-1 436 t1ND), 1.01(s, 9H
resul ting reggtlg? mm%) ga%nx?gre solﬂﬁztil on ())f 10% NgIII—BO (25% mg
and 8% NaHCO8 (B40: %? %9701 ed thereto dropwi se to renove the
excess hydrogen peroxide. The resulting material was extracted with
heptane (500 m) to separate an orgapic |laye The separat ed orgﬁni C

layer was wash PRI ¢ fgs ushHsAIRION Xt B}[es Joft-hpty diph ey Irpdlap lexy)-2-
m xed in aridoginethdicsel elﬁaﬂonelﬁcamﬁouﬂd of fokmd® (X)) 1: 3 to renove

i sopi 5canpheol The resulting solution was condensed under a reduced
press crystallized with heptane (300 m), and filtered at 0 Cto

obtain the titl|Ehecdmpound offoruly (PIIRbbaHE] th Exarﬁblé 2—1 669 £/97.9 mmo 52 was

SO0 ) P ] 8 SR OO, 75 g

1.53-1. 48(was dddled tb. 01X and H;IN-diisppropylSthyfantiné QDEPE}Q (59.7 ml, 0.343 mol) was
Exanpl e2- Zaddgz(? BRLE (t) If?)ﬁg\];vgd gy -219&11}1¥ la-rr(?iixg.lr}g ggllufiglil I0 IrJ] li(ﬂég-gbgz:omplex (31.2 g),
25  pyridine (15.9 ml) and DMSO (36 ml). The mixture thus obtained was stirred for 30
min. After completion of the reaction, the organic layer thus obtained was washed with
saturated ammonium chloride (300 ml), 2M HCI solution (300 ml), sodium bicarbonate
solution {300 ml) and brine (300 ml) respectively, dried over anhydrous sodium sulfate,
filtered, and condensed under a reduced pressure to obtain the title compound (60 g,
30 yield: 99 %).

NMR(300MHz, CDCl;) : & 7.62-7.18(m, 25H), 4.53(q, 1H), 3.34(dd, 1H),

3.02(dd, 1H), 2.53(m, 1H), 2.32(q, 1H), 2.18(m, 1H), 1.99-1.88(m, 2H), 0.89(9H)

Example 2-3: Preparation of trifluoromethanesulfonic acid 4-(t-butyl-

35  diphenyl-silanyloxy)-5-trityloxymethyl-1-cyclopentenyl ester (compound of formula
X))
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trityl oxynet hyl - cycl opent anone (conpound of formula (X)) 20

The conmpound of formula (XI11) obtained in Exanple 2-1 (60 g, 97 9
nmol) was m xed with DVBO (36 nl) and nethyl ene chloride (300 ml).
The resulting solution was cooled to 0 C and

N, N-di i sopropyl et hyl am ne (DI PEA) (59.7 ml, 0.343 nol) was added
thereto, followed by adding a m xture sol ut| on of pyridine. S03

conpl ex (31.2 giM It myhp)mnmxl@sﬂ@am yolutien m\/@@alqs@éomr@n (21ReLd 22 mad)

thus obt ai @ﬁecmgd 8 of e E%%US " x%{l%es!ol&&lﬁp&ﬁﬁ c}ﬁﬁn?}%‘lﬂlﬁﬁde 608.4 g,

reaction, organi c |ayer t tal ned was wa sat UI’

amoni um chi’® lﬂﬂfd)a apg@ohydryus EivpidiofysinuZ ok | 99 added tosthaisghation fOI' 1 hr,
bi car banat ﬁ)llﬁ%&'%&%@dlﬁég%l%&e 6?@16%h@%uﬁ@gpfo%ﬁlar(ﬁp@&ﬁlhgferExa‘ilﬁﬁIQ )

over anhydrous sodi um Sul condensed

reduced pr@88¢ &3t nelhend ﬁnhxd@%tﬁqr@mmﬁmar{a 4(lgofoy 1 tadydhes. d Thegesujping

NVR( 300MHz,y, 7 5 2 d
3 0(2( dd. 1"0)@%]‘%&38 stmlréf at &P (,7 f318ﬂ Br, 2aHLy cé‘m?l%{lgn oi:lfﬁelreécél?tﬂ{% 9{; dddeous

2H), 0. 89( igﬂ)um bicarbonate ( ﬁe@p géct:dgo t @qulrgtapé ﬁx@qc’ted with ethyl acetate (8 L).

trifluorormpihanesy |l§}%? 'tlﬁlsas%bﬁat%d (v&ast&'feﬁlo%ér anhydrous sodlum sulfate filtered, and
di phenyl - si | anyI oxy)-5-trityl oxynmet hyl-1-cycl openten\gta ester
!

(conpdihd emdensedniindey %) yeduced presgarei ¢ Fhe eridue Hatsh9Piginsd | wammexed with
sol ution igeptekr @ YHRA8 U@ (Bo® LandZStﬁl?edml ?ooYi’ﬁ%rlér%é?ﬁtﬁfE R 9 Hesl MTIRE:

react or Amxture solution_of N-phenyltriflimde , 1.70 nol) .
and an hydr@ﬂgt"@%ﬂl’étl’ﬁ‘yfd?”ﬁ Lfﬂiltﬁ’f?d(tlzf%gh Gelifgéo HuRRYE %@ntSHBSt%I&eut T8 ofgnic

1hr, 5f qhy&\m@b &ualﬁstﬂwagwasﬁéwlm Enfktutd 6 rﬁé%HEQJl}'Bﬁ’d foatefr afiked A  Wéipht

obtalned in , 31 nol) and, anhyd

t et r ahydr oRti® é?ﬁ 6(12(546 E) “F’&F, etddwfr sw;*)@rouﬁf@d%% aliﬂfqt%gﬁltﬁfs& @fl% copdensed
stirred atigﬂeiafdahcéd ﬁiéssum‘tb%tag:;@méltﬂtehcg Pndt 2rgaction, 3 %
aqueous sodl um 0] X e a

ot racted w ¢ h RPN Beacby s o Pis s grﬂ%??%??@ btk 5rsbe(}§a}%} 4
was dried (qveH) BWEAOLE), 2068 (91 18) biBt @4, ﬁr[j bey7en34 aadiHY 2qgr(demaﬁd) .80
under a re d pressure. The residue thus obtai ned was ni xed Wit

hept ane ( =L nd Celite (800 g) and stirred at roomtenperature for
2 hrs. The resulting m xture was flltered through Celite to renove

al i en subst anc The or ayer th s

i xturL of ot MM i FErPARARER P GbURT geRAF it preg st begfiyy2-
twce, dr it@ﬁyl@kﬁheﬂiyh)tjiﬂep@ltsmtylmﬁlsﬂﬁﬁé @mﬁpduh&rcﬁciornaﬁld (Expdensed
15under a reduced pressure to obtain the title conmpound (892 Q).
NVR(300MHz, CDC13) : 8 7.36 (m 4H), 7.09-6.99 (m 21H), 5.50 (s,

1H), 4.14 (d, IMhgneRindd(thththg) 133 g, 52225&0()Szvaslirl)xed HithQnhgdtouslddhrahydrofuran

b oparati df B EAERETPRAPGHN(A PSR A DReET gRdaERy 7,15 min. To the

t r i t yI26xy memhmhg sylatiopen neirtude Wif achigresicthaitametdigiana @ ®f nflpeell mol) and

i t.ur.ni ng
Syt ous PEUTAR dr G 00 1 Sas 3, Rimae Tl it othemigre
t her et o amndhaionr tled. bbﬂ’alnleﬂ wian . heboed he @6 iCesanidt icogled oklutviyonto recipitate
m xt ure of, .chl.0 i et h | ape 64 61 nol n
anhyer ous. PERITERORH LR SRS PlipBRe i plireofBiobad Ohfamuta, 0
m xt ur e salbtdinahint Exmnplemh(Mngdi{@nr@Heﬂ)dypmmme)pdllmmhe(m Sl g)\ﬂ (363
to pr pltat trl sium,chl ori
the" cofpoultt R TR e B he Faligy SSioR £ 20
tetrakis( tmmpclrepwisp fand phnaé)apaiohmﬁbnnparz(t&% fZ-r d,to@ I'Ir33 After completion of the
reaction, the resulting solution was cooled to 0 'C and 3 % aqueous sodium bisulfonate
(8 L) was added thereto. The resulting mixture was filtered through Celite, washed
with ethyl acetate (4 L). The organic layer thus separated was condensed under a
35 reduced pressure. The residue thus obtained was mixed with heptane (6 L) and Celite
(400 g), stirred for 2 hrs, filtered and washed with heptane (2 L). The organic layer
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30 nmmol ) and anhydrous tetrahydrofuran (4.5 L) were added to the
resulting solution for 20 mn dropwi se and stirred at room
tenperature for 1 to 2 hrs. After conpletion of the reaction, the
resul ting sol uti on was cooled to 0 C and 3 % aqueous sodi um

bi sul f onat '
ey LRt byl s LT RS L S i e
| ayer thusofgep étLéGWMSdmdwd@mathdnwe&odwrmaﬂfaé@fd@w ped sendenseftiader

due t
oy Srirr e IR EbReG oD KERE CHRRNEAS. | ﬁ‘thﬁmt"iﬁfg%tﬁl‘ﬁ%@mhd
organic |a@nérwat@rttgsf)b@epﬁneettﬂed:omguwhm@tyewtlmeaolnd Bargg of net hanol
d h 1
Anhyaraas sodt G R(EUSHETEDICE) -8 50 Rigtaly Tadd i UHETS G OU, 433

pressure. @h&H),@H00de, Wk 26M8yBTAmi PN 2Wihoa(mi MuRE6cF-24 GapHdpgi09 (d,
al cohol a t t tHai 0 s a crystalline solid
(786 g). 5NI\)\FA??59(Sd ﬁ{)Ol?zg (agfﬁgelt)bt(tggg}?dgbpm Hﬁ? 33- 7y14 (m 21H),
5.06 (s, 1H), 4ngs: 688019915 08.90 (dd, 1H), 2.78-2.73 (m 1H),
2.64262(m 1H, 2.26-2.24 (m IH, 2.09 (d, 1H, 1.50 (d, 1H),
1.23 1.00 (s, 9H), 0.01 (s, 9H) mp. :57.8C to 59.0C
10Exa§iﬁ| e2- 5: Pricyaamplei ondf53- ( tBuspayation phéﬁyl s(ttharyl-dipppnyl-silanyloxy)-1-
trimethyl I 1 oliigiiﬁﬂ
(corrpounds%%‘re‘ti‘}g#ﬁmmﬁwa“gl Z-ﬁYthR)& Hﬁﬁ% %‘?Xa?%i?hgbgypb%kig%ﬂbetg% ned | ﬁ of
Exanpl e 2-farmube(3ID) 14 rml) was 15 dissolved in isopropyl alcohol
(12 L) and cooled to 0 C. Sodi um phosphate (2 78 kg 19.58 nol) and

77 % m chl or oper oxybenzoi c acid (292.5 31 wer e successively
added thereto arf &mpoued of dprmuls (t?ﬁr)sobtam@ @oﬁwnnlﬁ ds? 61508 elft WY was

filtened tcﬁss@WeﬁhH 1®pf6p>91 h'lrcghtﬂf 12 '1‘,8 ahdl ch@le@@dTDOG”d S@dﬁnﬁﬁlﬂisgﬁate (2.78 kg,
phosphat e + D20

3. :
(m 25H), 12’ 4111@{) aﬂéﬂy Yo 1- alalowewbe@ee a? @8& 5 glI]1)31 19013.3" e(%sucgq’qjslvely
2.88 (t, Lidied thefieto 4ndktifr8d 3.5 his. O9Fhk BBid(ths Sbthined wid-teBR {OMBbtain a

oH), 0.15-0,13 i
g O Uit P%%%WWWPP‘E;W{%QW phosphate 326 k" ©
et hyl ene- 3-t riNyiRops UJQCHZOPDEI@PH&)V 66 COTPEMTIS DS 4. 79 (0UH 3(44 (@),

ot ai Al {2 bhE 3(2133535tl§?é§%f<aﬁtf§h§2§%aﬁt‘le<%éiﬂ2fgé‘é & éfﬁ ! 1 g9103

(8 L) and ﬂf@h}}}|(§3[\£0q|3|(ﬁf Qd[e (4 L). 77 % m Chl or oper oxybenzoi ¢ acid
(292.5 g) was added thereto and stirred for 1 to 1.5 hrs. After
conpletion of the reaction, the resulting mxture was filtered to

renove 30 sodi tEﬂamﬂsphatse amdptammslol ofl tih(sy Itﬁttylleatph@ﬁylvmahgaldxy)-z-
wth methyléaf?le chIo ﬁkyé' b@ the r|aI obtf(qﬁa

M xture sonesisRecringlen deiinelonsarn toaaddtatm By § o
sodi ugsbi car bonat e solutlon (4.8 L) mas added and cool ed quickly. The
organi c | ayer thus_ obt aj separ at nd us | ayer S
extr act ed it h ATFGTE A S O The SEAPEe of AETaHg GRD Soeaed Pamie 25
separ at ed a)tﬁasodimﬂ‘bph@hatérw&dmm&rwﬂﬁmdﬂli‘ansbw mmaaﬂllrﬁahﬁené thibgded L).
and Condenﬁe‘% nl{%%m%erro?ty zacn%gtcpe{c1ds &%% é)owgsbzgtﬁ'feg tlgereto and s%rred for 1 to 1.5

hrs. After completion of the reaction, the resulting mixture was filtered to remove

30  sodium phosphate and the solid thus obtained was washed with methylene chloride (4 L).
To the material thus obtained, a mixture solution of 20 % aqueous sodium bisulfate (2.4
L) and 6 % sodium bicarbonate solution (4.8 L) was added and cooled quickly. The
organic layer thus obtained was separated and the aqueous layer was extracted with
methylene chloride (4 L). The organic layer thus separated was combined, dried over
35  with sodium sulfate, filtered, and condensed under a reduced pressure to obtain the title
compound (587.3 g, yield of the compound of formula (VII) obtained from compound of

25



conpound (587.3 g, yield of the conpound of fornmula (VIIl) obtained
fromconpound of forrmula (111) : 72 9. NVR(300MHz, CDC13) : 5
7.84-7.58 (m 5H), 7.33-7.18 (m 39H), 5.40 (s, 0.2H), 5.18 (s, 1H),
5.11 (s, 0.2H), 4.99 (s, 1FD, 4.65 (d, 1H), 4.13 (q, 2H), 3.02 (n]
3H), 2.87 (d, 1H), 1.00 (s, 17H) 5 Exanpl e 2-7:
Preparatldﬁg% Z%Qenzggl 4. (t-butyl -di phenyl -si | anyl oxy) - 2-

met hyl ene-3-tr |NMR{39®MHZ;/CDQ@I O et Ah® (thc Bk Guisel/. o8 (mp?QHDL a.401($,)02H),

The conpo d rel 0

o) 10 ChUbRedd ShbSh L ¢S G 43 4 IR S oo gy D 287
(146.7 g, (i, ZH)DI BS%SIH)] ké@l(s,m”fﬁbtrahydrofuran (10 L) and cool ed to
0 C DISAD (242.7 M, 1.2 nol) was added thereto dropw se and stirred

at 0 tor 1 hr. After conpl etion of the reaction, the resulting
m xture was conéeampd 2+idePreparateoced prinpgoylet- (thutEhdipdaenﬂesilanylMyl): -2-

Soal um ny dRegy ekt BB AP QSIS Jf b Fallatah 30

sodi um sul fate was added dried, filtered, and condensed. The

resul ting materf mg lﬂfdslﬁpk‘aé'ﬂ'%ﬂ]d tya) %lan?e‘aehlakga&ﬂﬂh%-saﬁ@g”&?t@@’}%l)

(4 L) was added o crystal etl oun
obt ai 1€d vieiphdnyl peesptiined3 bh8 gi h2mhad) end b@zwrapni(ddfiag, 4. 250pl) avag 208eBin

g, | d d
2 5%' ? dd. tgtlg%ygﬁd%l?n#l? L) and\I %90[[%/'7% %CD?Uﬁbl%é 78n‘g,6 éz 9109 I_%d)l Aa}dcied
(q, 1H), 3hasto3dEgwisy alm-gtlrrqgl (@ for H) hr. 2 Agfer (apmplehon of th. rpactieny fhe
1H), 1. 94- 1 find @xt&x@was]coﬁéergéd urdét a I‘Qdu%g? bRssuttlo hive theldbdvent.t KByl

144 t reparation o
1- (R) - 4- ( tacptatey® I@W{:d gjer@cp]?mcbwygheg wifhg0.5 N aqueous sodium hydroxide (5 L).

met hyljgne-gs tyd byé(aﬁfwm%m&y&b%eat %8&ilum( gafa%@% mdeaoaﬁw aﬁﬁérea ) and

Sodi um hydrOX| was m xed hanol i L) in a
reactor THen w%unﬂhwsultmgrma@n@l Wps éﬁscav%la qthvlase%tﬂtm( L) apd medigngl (4
0. 5487 noly)y pndadaed by beBRNERIR hﬁ'@c&ﬁp&m’d) WRE %01@%9 obﬂﬁfeﬁtvgasaﬁlﬂsred to
reacted at roomterrperaturefor 30, After conpletion of
reaction, Q%HF@UIQQWWQ%%&DI%@OM@M%?anv@ter (2 L). To the
organi ¢ | ayer tM(WCH@H%t e®c1§0da lsmgsc(aldf ate, wae (aaidﬁqx} 7@3@99 (RND3H),
filtered to obtaln conpou g
NVR ( 380mE60 @DBJ%)S 2%@; 26’5) #1dda( M. 4H3- 3? églaﬂHJLﬂ @%(de ) 2.8 (g5 1H),
1 88-2.79 2
(2873 (sz izméﬁzﬁs§nﬂm) ﬂgﬁ@ségm iH),. 1%% 73K 0.95H, saﬂéxaerl g 2_5(9:m H,
Preparation of MP.: 3% t° 144 C
9- 14- (t - butyl - di phenyl - si | anyl oxy) - 2- nethylene3 trltyloxynethyl cyclo

pentyll-6-chl oro-9H pur| n-2-yl am ne corrpound of for ll)
Example 2-8: reparation 1-(R)-4- (t-butyl—dlphenyl-s anyloxy)-2-

25  methylene-3-trityloxymethyleyclopentanol (compound of formula (II1))

Sodium hydroxide (80 g, 2 mol) was mixed with methanol (4.0 L) in a reactor.
The compound of formula (II) obtained in Example 2-7 (400 g, 0.5487 mol) and
methylene chloride (2.0 L) were added thereto and reacted at room temperature for 5 hrs.
30  After completion of the reaction, the resulting mixture was washed with water (2 L).
To the organic layer thus separated, sodium sulfate was added, dried, and filtered to
obtain the title compound (341 g, yield : 99 %).
NMR (300MHz, CDCls) : 6 7.65-7.60 (m, 4H), 7.39-7.17 (m, 21H), 5.35 (s, 1H),
5.10 (s, 1H), 4.30 (d, 1H), 2.97 (s, 1H), 2.88-2.79 (m, 2H), 2.73 (d, 1H), 1.78 (1, 2H),
35  1.02 (s, 9H)
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5Tri phenyl phosphi ne (216 g, 0.823 nol) was dissolved in
tetrahydrofuran (3.43 L) and cooled to 0 C. DEAD (130 m, 0.823 nol)
was added thereto and stirred at 0 Cfor 1 hr to obtain a suspension.
The suspension was added to a mi xture solution of the conpound of

formula (111) A - L

2-am no-6- chl 8@%%{& EC& %W@ﬁ%?%%%%@%lf; t%l gjthrgé Sdm ox ﬂg(néet%leﬂf
at 0 C ancB-Qltltytlwe’dltahylsiamb)Pmtyll enhloratdlil-purior2-gl hrﬂmMEt el‘(cmmllﬂl oof
of the reag h‘t ture, ethyl acetate (3.43 L) was added to the

resulting mx nd washed with 0.5 N aqueous sodi um hydr oxi de
(3.43 L) at O C The material thus obtained was dried over anhydrous

bt ain>the (i t] L HSREBECD gfﬁrﬁ%f@ P o R B Rp A L
DI\/SO d5) -ang cpoBd tod) CiH)D FFDG(]l @dnl 21893 nplyway agdpd(there1aad stsredait OpE
2 oy 3 13 f?l?’ 16 ’t aﬁ)am 4 m%ﬁer(s?o(nml e sﬂs;%ﬁsﬁ;ﬁ ’wa% 'é')iall_ﬁd‘]‘toz’aom()?ture]s 10n of the
2H), 1.03 c(og'lpogpg of formula (III) olgg@ﬁg p@EQargp)Ie 2|ii @ﬂérgi’pls&ﬁ’? #tol) and —ammo -6-
4-(2-am noc‘h@ors ?1'6@ ﬂ%ﬁéhga &r%’])a 393 L) at c? a?d stirred at same

3-neth | ene- 2 |ty o ycl opent (‘conmpaun or nua
(V1)) 1 temmewéfqrab y|A wnlmqm folhp deacsien wixBie, |€F’hy1 acetate (3.43 L)

t et rahydr of A Afdeé 3o Jc-hé—resﬂ—ltﬂlg n'i‘fﬁl‘u)re ‘ﬁﬁt? wAeeedw iR 095 W&&kbﬁ"sdﬂiﬁﬁq{eﬂﬂ)x@%

di ssol ving the conpound ormul a obtained I n QE

g, 0.5487 @uP)Liia Oaﬁhydﬁlwuﬁatﬁmlrtbm@ht@pe«fi ¥ias dred pvesrpahydrppy eadivp spieie
25 tenpergidEg afnﬁ rcoﬁ@er@éc? uncfértaefedﬁékrm% §du9€‘t00$bt5fﬂethé Qﬁl‘étdoﬁﬂnound (426 g,
distilled water .0 L) was added e resulting m xture and

extract ed Wlfih98t/hM acetate (2.0 L) twice. The organic |ayer thus

separ gged was cbnmmmmanmmsa@s §07d82u(§' sml)f%ﬁ (dful{} er gy, 2@%11 21H)
concentrated., The result

to obtai n &¢brisy P, c%??p@uﬂé) (’429_L12(56”§) 4y$7eqsd1H)$2’f ‘% (s, éHNM%@éW 1H),

DVSO- d6 7 7132 s, 5.44 (t,
o 5.2)7 3(%8 §f352m($H?31:ﬂ3(s 11%5213 @105&11 ;3-15)”)1 036‘(5891{)( > 1H) (
3.30-3.17 (m 2H) 264(s 1H) , 226208(m 2H) Exanpl e

2- tlﬁ IPre|oar alt |Elfhn?ﬁle22-m913d hrédomﬁﬂaqzmnh;ﬁiém&i{msm 3?0- m-9|—yl)—
e ne-Ccyc en | uril n- one ecavylr o orrrua
() 20 e kA e g e apep bl EPRmaNSd o (ot D)9, 10
(200 g, 0.372 nol) was m xed with acetonitrile (3 L) and 2 N aqueous
hydrochl ori c aci 3 nd stJrr at 82 E for 1 rs. Wt eat | )
N e onr] ot Polh M felaiy f E5meni Tas Eluiom Rdetpatataan dod o] oD
E o { olom t eva%ailaaé&f@a anetiorase ﬁﬁe&\f?? hlsalﬁlhmlg tﬁé?@ﬁ:t&llﬁ(ﬁmﬁ%fﬁ)nﬁlﬂ)a (\e)rabtﬁn&i in
rrtylcar no | eri was ut.r | Z€

3N 2queodsiabls A HeaRoo e FeDan ayh e RRpeE enan 1 Spstied it g

obt ﬁl A5a sehpératufe forhks ﬁroail utAl s cm@lemﬁlcffdhé @eicﬁ@ﬂi[l disitpdr whter 2.8 10Was
W t stirri stir at roomte tur Ofr.

oot o 1| 088 RS Khliig Al @om STRE MG L0 dseile FR0 oy tigey (e
1 hr to ohirginic tdher tthid scpanngbwad c&&daomlanﬂydriiﬁs Bodinmy kdtate, : fill@edp and
10NVR( 300VHz

5.26 (t, éen&ra%g ﬁ-le ﬁ_s'}lﬂmlg %éteﬂgp %as( mrrefpﬁl m%l'a_%‘lfl ?%8?.2&6) obél_x%gne t;sﬂe
1H), 2. 47-c3n1’1}>8u(ld’r{212}6)g,y2e1&7?22%20 (m 1H) Wiile the invention has

choul 4056 T ecodtv S FAEE DM B d K R it TP EbaL Ry e 21D

made to titedd (ty&H), D07 bd, TH)od88s(s] L HRd. 5 (< NED)a4.25 ki KHi), 8130e3.1al(n, 2H),
W thin thel éf@pﬁ{ffz ztﬁhfoé Pn\{eﬂ&j on as defined by the appended cl ai ns.

Example 2-11: Preparation of 2-amino-9-(4-hydroxy-3-hydroxymethyl-2-
35 methylene-cyclopentyl)-1,9-dihydro-purin-6-one (entecavir of formula (I))
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VWHAT IS CLAIMED IS: 1. A nethod for preparing entecavir of fornula
(I'), conprising the steps of: (a) hydrolyzing an a-exonet hyl ene
derivative of fornmula (I1) to obtain a conpound of forrmula (111);
(b) carrying out a Mtsunobu reaction of the conpound of fornula

[11 ith
L e Rt e A

of fornul amxgfl wish acetemitile dA b arhl 1 & pawrguy hydmesbleriaracid (fok) ged serred at
obtain a c f y
@Egr WUIZ%E vﬂfHTHeaﬁ Né( p )e@&%%%letlon gfl%h &%ﬁjcrtfah ﬁferigs&lﬂ?g solution

conmpound o VI):
was cooled to room temperature and washed with ethyl acetate (3 L) to remove

5  tritylcarbinol. The resulting material was neutralized to pH 7 using 3 N aqueous
sodium hydroxide (1.2 L) and stirred at 90 'C for 1 hr to obtain a solution. The solution
was cooled to room temperature slowly with stirring and stirred at room temperature for
1 hr to crystallize. The resulting material was cooled to 6 C and stirred for 1 hr to
obtain the title compound as a solid (80.2 g, yield : 73 %).

10 NMR(300MHz, MeOH-d,) : 10.6(s, 1H), 7.78 (s, 1H), 5.53 (t, 1H), 5.26 (t, 1H),
4.82 (t, 1H), 4.43-4.40 (m, 1H), 3.81 (d, 2H), 2.70 (s, 1H), 2.47-2.38 (m, 1H), 2.27-2.20
(m, 1H)

While the invention has been described with respect to the above specific
15 embodiments, it should be recognized that various modifications and changes may be
made to the invention by those skilled in the art which also fall within the scope of the

invention as defined by the appended claims.
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wher ei n RI and R2 are each independently a hydroxy-protecting
group, or Rl and R2 are fused together to forma cyclic

hydr oxy-protecting group; R3 is benzoyl or aryl benzoyl; Tf is
trifluoronmethane sulfonyl; and X is hal ogen or benzyloxy. 2. The
met hod of cl aWHAT ISEIAIMEDBS: hydr oxy-protecting group is selected
fromthe group consisting of nmethyl having one, two, or three phenyl
substituents; benzyl substituted with alkoxy or nitro; benzoyl;

benzoyl subst ilf ut edAmetHad DAY erddcavipof fétﬂamé(l),?cbﬂnwlslﬁgléas Edefssbﬁfed
with at | east one ected fromthe group consistin and
aryl; allyl; al ko>@ lé‘i;FP YZIRE A Srexametyisps rdgryative @fg fqrﬁ@ﬂmﬁhd@l Qtain a
claim1, wherghhpdul€offbehilg (iydr oxy-protecting group is selected from

the group consisting of benzy i dene, napht hyl i dene,
4- phenyl benzyl i def®, cagyingi et ad‘éttainobtcyaamcm tfethakompopot jof foramibo (AH) avith a

cyclic orthoe
otra sopr opy PiraieeflaiuE¥Esobfiutk ) S doutn dpyclepside comppypdpf Sl
of the puri ne der Ke)asubjeeting ttlieomtnléc&lc(el A&npoﬂnd:hifdbﬁmﬁﬁ (venoyh G¥attion with

rou 5. od o erein the sunobu reactlon is
Sondnct ed i ERESYIaTeRnis Aldflde o SSh SeBEpRPAST KAV B
al kyl') azodi car boxyd)ady@rolyzfhe tH\@nipRUMPSE fBfmutd @i 1, wher e| n t he

a- exonet hyl ene derivative of fornula (1l) is prepared by conducting a
M t sunobu reaction of a 13-exonethyl ene der®vative of formula (VII):
(M1) wherein, RlL and R2 are the sane ag.detNned in claiml. 7. The
nmet hod of claim6, wherein the Mts ob(ﬂ rleacfion is conducted by
subj ecting the p-exonethyl ene deri vati uiNoOFMN la (VI1) to a
reaction with triphenyl phosplyge di(O' to

al kyl )azodi carboxylate. 8. The nefhod of claim®6, wherein the

p- exonet hyl ene derivative of forf#a (VI1) is prepagpd by hydrol yzing
an epoxi de derivative of formula (VIIj): (V1) wherein, 121 and R2

are the sane as defined in claim], d.uéﬁif al kyl silyl or
R,O
.\\OH
R10/\$
R20 (1)
X
N S
N
QAL
H N™ "NH,
Iv)
X
N =
N
¢ |
N NA\NHZ
R,O
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arylsilyl. 9. The nethod of claim8, wherein the epoxide derivative
of formula (VIIl) is prepared by subjecting a conpound of formula
(I'X) to a reaction with peroxide: (IX) wherein, Rl and R2 are the
sanme as defined in claiml, and Y is alkylsilyl or arylsilyl. 10.
The nethod of claim9, wherein the peroxide Xxs selected fromthe
group consi sting of n}chloroperoxybenzoiﬁ;%?L_ hydr ogen peroxi de,

d,

t-butyl hydroperoxide, osmumtetroxideyg's P peri odate, and a

m xture thereof 11. The nmethod of c ai§N , F i n the conpound of
. The met'hdd of claim?9,

formula (I1X) is a crystallinefgg ( _
wherein the conmpound of fornu (1 X—¥s prepared by subjecting a
triflic enolate derivative of form@la (X) to a reacgygn with

al kyl silyl met hyl magnesi um chl oride or arylsilylnmethyl magnesi um
chloride in the prekaeive of a netallic catalyst: 011 PO

wherein, Rl and a, he s s defjned in claim.1l, and Tf_ is
t rﬂ I Iuor omet haneRgll{J’I nglnli are e?%%n%?gn%‘g{]%g y%‘P?‘%P‘é?Fﬁg}'ﬂézgfoﬂheqf&IrF“{iﬂ% are
netal | i c cat afuged topethdres fomkiasdytiid pkdesxy pediegipperpappal | adium 14, The

net hod of claim1l ,m@erein the triflic enolate derivative of fornula
(X) is 3 is benzoyl or arylbenzoyl;

Tt is trifluoromethane sulfonyl; and

X is halogen or benzyloxy.

2. The method of claim 1, wherein the hydroxy-protecting group is selected from
the group consisting of methyl having one, two, or three phenyl substituents; benzyl
substituted with alkoxy or nitro; benzoyl; benzoyl substituted with alkoxy or nitro; silyl;
silyl substituted with at least one selected from the group consisting of alkyl and aryl;

allyl; alkoxyalkyl; 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 X of the purine derivative of formula (V) is

chloro or benzyloxy group.

5. The method of claim 1, wherein the Mitsunobu reaction is conducted in the

presence of triphenylphosphine and di(C, to Csalkyl)azodicarboxylate,

6. The method of claim 1, wherein the a-exomethylene derivative of formula (I1) is
prepared by conducting a Mitsunobu reaction of a B-exomethylene derivative of formula

(VID):
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prepared by conducting a reaction of a conpound of forrmula (XI) with
atriflating agent in the presence of a base: (XI) wherein, RL and R2
are the sane as defined in claiml. 15. The nethod of claim 14,
wherein the reaction is conducted at a tenperature ranging from20 C
to -29 C. 16. The nethod of claim 14, wherein the base is selected
fromthe group consisting of lithi hexanet hyl di si | azane, potassi um
hexanet hyl di si | azane, sodi ungh Hi si | azane, 1ithium

di i sopropyl am de, n-(C, to ! AH ithium |ithium

t etranet hyl pi peri di de, potassi uRadut oxi de, pot assi @)pent oxi de,

pot assi um anyl ate, and a m xture thereof. 17. The hod of claim 14,
wherein the trifl ajidg age i t fromthe group consisting of
tri hal omet hane sulﬁv}éﬁlglg?%n%éirzlﬁlgzjﬁé %ﬁ}eggfiﬁf]gnég]‘%‘gvf’h% a C to C6 al kyl
or a Co YO C¥8 ar yThemsthodt oft cleint 6, arharein mhiex Mifsgndbh 6e8bn is X8ndiled l;ar
met hod of cl qj 4. wherein the c ound .of forpmula (XI) is prepare
by a met hod el iﬂhegg' Pramelyishe dpvative Of?omﬁiaeﬁé’aﬂ)itﬂ@ rgaction Mtbetripkanyl
compound of phosphihearfddi{C;)to €§alayl?a'zy§i£;@bg,iy&ee_sol id by treating a

cycl opentene derivative of formula (XII) with (+)-diisopinocanpheyl
borane and H202, extracting the resulting mxture with a

hydr ocar bon- Based BRlIN& (Wale (¥ ] -g&EF | .an organi

| ayer, washing the sepa?aaqt%fgldé@géﬁﬁgglngﬂf W %Hyge%ﬁlgér Vl?ﬁ‘e’e %1%{}9&'@%#‘”0
and al cohol , is@¥pared dydydrglyzing as epetide derizativi ofifoohula lieTIDonpound of
formula (XI'l1l) by adding a solvent as crystallization aid; and
conducting oxidation of the cycl opentahol conpound of formula (XII1)
with a mxture of pyridine. S03 conpl ex, al kyl am ne, and

di met hyl sul f oxi de: I, .. RO {1

-

R0 (VIID)
wherein, R; and R; are the same as defined in claim 1, and Y is alkylsilyl or

arylsilyl.

9. The method of claim 8, wherein the epoxide derivative of formula (VIID) is

prepared by subjecting a compound of formula (IX) to a reaction with peroxide;

Y.
Ry 0/\%

RO (IX)
wherein, R and R; are the same as defined in claim 1, and Y is alkylsily! or
arylsilyl.
10. The method of claim 9, wherein the peroxide is selected from the group

consisting of m-chloroperoxybenzoic acid, hydrogen peroxide, t-butyl hydroperoxide,

osmium tetroxide, sodium periodate, and a mixture thereof,

11. The method of claim 9, wherein the compound of formula (IX) is a crystalline

solid,
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[ ined in
R10/16-0 R2d(XI I'l) wherein, R and R2 are the sane as define _
claim1. 19.( The nmethod of claim 18, wherein the washing process is
conducted three or nore tines by using a m xture of water and al cohol
mxed in a weight ratio ranging from11l:1 to 1:3. 20. The nethod of

claim 18, whdein Themstietiofglafi OCRRGeihIhEQRMHIGLETE foHﬁ?laﬂ}{xﬁ\%gpeéﬁFd by
usi ng any of S{l@g m xttu.hes oI ter and al cohol having ar e
ratio of 1:1°YFeing a Hifly enplage ,"“’Etl“’elogtlls:?'?nu@lgx)'lfh@.rg@.tlhmgrétlbgl?/lsgyﬁe(ﬂ)}%
rein the swigi&him UH6EdEs ArNQIVEREMEH &l 1S
\t/\ﬂg gr oup consig ting of hexa#el, yﬁF;ﬁelptﬁ%me,gi-loct a%g?’%%ﬁfgrpdfﬁen@tq%gﬁmt}w
i sopropyl al E8RAYPE water, and a mixture thereof. 22. The met hod of
claim1, which further conprises the step of: ~ treating the
conpound obtai ned from the hydrolysis @ff step (d) with _
di ret hyl formam de to obtain a crysjal e solvate formof entecavir
di net hyl f ormam de of fornmula (XRW; a re-crystallizing Fhe
sol vate of entecavir dinethylfor igle of formula (XI'V) fromwater:
Hd( XI V) wherein, DVF is dinethyl for%_ am de. 23. (X)sol vate of
crystalline entecavir .di glet hyl f or mam de of formula (.XI V) ' whose X—ray
diffraction spect rtlfieht K nal Ksi #g the- pame adi defined imholasn peaksd Tf is

h L . . . 200. 2)
havi ng a peatifiubfoaidfiahy sdfonty0 % or nore at diffraction angles (
of 1092, 24. 4, 14.5, 16? 6,0n):JL{7. 9, 18.8, 19.3, 19.8, 21.4, 21.9, 24.5,

25.5, 25.8, 5.7, 9. 3methad 30% 2clabnN-12) Livhwbin* LtBVFmblaMcNHarkidt s
tetrakis(triphenylphosphine)palladium.

14. The methed of claim 12, wherein the triflic enolate derivative of formula (X) is

prepared by conducting a reaction of a compound of formula (XI) with a triflating agent

in the presence of a base:

O

R10/\é

&

wherein, R; and R; are the same as defined in claim 1.

15. The method of claim 14, wherein the reaction is conducted at a temperature
ranging from 20 C to -29 C.

16. The method of claim 14, wherein the base is selected from the group consisting
of lithium  hexamethyldisilazane, potassium  hexamethyldisilazane, sodium
hexamethyldisilazane, lithium diisopropylamide, n-(C, to Cg alkyl)lithium, lithium
tetramethylpiperidide, potassium butoxide, potassium pentoxide, potassium amylate, and

a mixture thereof.

17. The method of claim 14, wherein the triflating agent is selected from the group
consisting of trihalomethane suifonic anhydride; triflimide having a C, to Cs alkyl or a

Cs to Cig aryl N-substituent; and a mixture thereof,
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HA(XI'V) wherein, DWF is dinethylfornmanmde. 24. A nethod for |
preparing the solvate of crystalline entecavir dinethylformm de of
claim 23, conprising the steps of: dissolving the entecavir conpound
of formula (I) in a solvent containing dinethyl formam de; and
i nducing the crystallization of the conmpound of fornmula (XlV)
therefrom 18. The method of claim 14, wherein the compound of formula (XI) is prepared by
a method comprising the steps of

preparing a cyclopentanol compound of formula (XIII) as a crystalline solid by
treating a cyclopentene derivative of formula (XII) with (+)-diisopinocamphey! borane
and H;O,, extracting the resulting mixture with a hydrocarbon-based solvent to induce
the separation of an organic layer, washing the separated organic layer with a mixture of
water and alcohol, and inducing the crystallization of the compound of formula (XIII) by
adding a solvent as a crystallization aid; and

conducting oxidation of the cyclopentanol compound of formula (XIIT) with a

mixture of pyridine-SO; complex, trialkylamine, and dimethylsulfoxide:

OR,
=
R10 (XID)
OH
R1OAQ
R20 (XIID)

wherein, R) and R; are the same as defined in claim 1.
19. The method of claim 18, wherein the washing process is conducted three or
more times by using a mixture of water and alcohol mixed in a weight ratio ranging from
1:1 to 1:3.
20, The method of claim 18, wherein the washing process is conducted five times
by using any of the mixtures of water and alcohol having a mix weight ratio of 1:1, 1:1.5,
1:2, 1:2.5, or 1:3.
21. The method of claim 18, wherein the solvent used as the crystallization aid is
selected from the group consisting of hexane, heptane, octane, methanol, ethanol,
isopropyl alcohol, water, and a mixture thereof.
22. The method of claim 1, which further comprises the step of :

treating the compound obtained from the hydrolysis of step (d) with

dimethylformamide to obtain a crystalline solvate form of entecavir dimethylformamide

of formula (XIV); and
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re-crystallizing the solvate of entecavir dimethylformamide of formula (XIV)

from water;

N
- DMF
N N/)\NHZ
HO

HO XIV)

wherein, DMF is dimethylform amide.

23, A solvate of crystalline entecavir dimethylformamide of formula (XIV) whose
X-ray diffraction spectrum obtained using Cu-Ka radiation shows peaks having a peak
intensity of 10 % or more at diffraction angles (26+0.2) of 10.2, 14.4, 14.5, 16.6, 17.9,
18.8,19.3, 19.8, 21.4, 21.9, 24.5, 25.5, 25.8, 26.7, 29.3, and 30.2:

O

N
NH
< - DMF
N N/J\NHQ
HO

>

HO (XIV)

wherein, DMF is dimethylformamide.

24. A method for preparing the solvate of crystalline entecavir dimethylformamide
of claim 23, comprising the steps of: dissolving the entecavir compound of formula (I} in
a solvent containing dimethyl formamide; and inducing the crystallization of the

compound of formula (XIV) therefrom.
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