WO 2011/ 046303PCT/ KR2010/ 006306 NOVEL METHOD FOR PREPARI NG ENTECAVI R AND

| NTERVEDI ATE USED THEREIN 5 FI ELD OF THE | NVENTI ON The present

i nventi orwoebatm®s3oso a novel nethod for preparing ent ec®CrKRrenw/ 006306

i nternedi ates used therein. 10 BACKGROUND OF THE | NVENTI ON Entecavir,[1-S
-(1a,3 a,4 f3)] -2-am no-1,9-di hydro -9- [4-hydroxy- 3-

(hydr oxymet hyl ) - 2- et RO eREMETIEDIBOR TElEP ARING ENTFECAVERCUT rent |y used
for treating hepatitis B virus infection, whose structure is conposed of a
cycl opentane ring havi ng PNBINIFRMEY Ak, LSEFR THEREEY y et hyl ,  and

hydr oxy substituents at the 1S-, 2-, 3R-, and 4S-positions, 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 osg a P OF PHEINYBNTIONeNt ecavir as shown in Reaction Schene 1: 20
WO 2011/ 046303PCT7T KRZ010/ 006306 Reacti on Schene 1 BndBnd

The present invention relates to a novel method for preparing entecavir and

intermediates used therein.

10 BACKGROUND OF THE INVENTION

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

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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(1e) OBn N-.. A-N.. .,1 N-11IN-P1 BnOHTHE, MeOH BnO BndBnd Hd (1i)
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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, TBALI 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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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 (1a) must be carried out at an extremely low temperature of
below -70 T in order to prevent the generation of isomers; iv) a decantation method is
required when (-)-Ipc,BH (diisopinocampheylborane) is used for hydroboration; v) the
process for preparing the intermediate of formula (1e) does not proceed smoothly; and,
vi) separation by column chromatography using MCI GEL™ CHP-20P resin (Sigma-
Aldrich) is required to purify entecavir.

WO 2004/52310 and U.S. Pat. Publication No. 2005/0272932 disclose a method
for preparing entecavir using the intermediate of formula (2f) which is prepared as
shown in Reaction Scheme 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

H,SO0,4 / MeOH

0°C -> 1t, 12h

(2d)

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

disclosed a method for preparing triflic enolate.



(2e) (20 wherein, Me is methyl, t-Bu is t-butyl, Et is ethyl, n-Hex is

n- hexane and Ph is 15phenyl. The above nethod for preparing the

i nt er mediwoeoofo4bamsmul a (2b) nust be carried out at an exTAReIN00bIM/
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5 wherein R is a hydroxy protecting group, X is halogen or benzyloxy, MOP is 2-

methoxy-2-propyl ether, TBS is t-butyldimethylsilyl, Tf 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
10  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 T to -45 C. 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.

15 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
20  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);
25 (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



X S5wherein R is a hydroxy protecting group, X is hal ogen or

benzyl oxy, MOP is 2- nethoxy-2-propyl ether, TBS is t-butyldinethylsilyl,

Tf i s triwDbuorigmezoBansul fonyl, and TMS is trinethyl sil yPCT/KR2010/00630he above
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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 R; is benzoyl or arylbenzoyl, preferably benzoyl or 4-phenylbenzoyl;
Tf is trifluoromethane sulfonyl; and

X is halogen or benzyloxy.



(d) hydrolyzing the conmpound of formula (VI): WO

2011/ 046303PCT/ KR2010/ 006306 O NI ---)NH I N Thsr NH2 XN--...--"L-N I
N - - N NH2wHI 2011/08b388 i n Rl and R2 are each i ndepen@#€mtHR208/006306

hydr oxy-protecting group, or RL and R2 are fused together to forma cyclic
hydr oxy- protecti ng group;

In accordance with another aspect of the present invention, there are provided the
a-exomethylene derivative of formula (II), a f-exomethylene derivative of formula (VII),
an epoxide derivative of formula (VIII), a compound of formula (IX), a triflic enolate
derivative of formula (X), and a compound of formula (XIII), which are used in the

5  preparation of entecavir of formula (I) or a solvate thereof, as an intermediate:

R,0 (V)
Y.
0
R,O
R20 (VIID)
Y.
R1OA&
oTf
R1OA®
OH
R10/\Q
10 R20 (XIID)

wherein,
Ri, R, 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 dimethylformamide of formula (XIV) whose X-ray
15  diffraction (hereinafter, referred to XRD) 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; and a preparation method thereof:



10R3 is benzoyl or aryl benzoyl, preferably benzoyl or 4-phenyl benzoyl; Tf
Is trifluoronethane sul fonyl; and X is hal ogen or benzyloxy. WO

2011/ 0463906RCT/MEDG10/ 006306 I n accordance w th amctrhaosspess of the
present invention, there are provided the a-exonethyl ene derivative of
formula (11), a 13-exonethylene derivative of forrmula (VII), an epoxide
derivative of fornmula (VIIl), a conpound of formula (IX), atriflic enolate
derivative of formula (X), and a conpougld of forrmula (XII1), which are used

in the Spreparation of entecavir ofNfQ Iﬂ (1) or a solvate thereof, as an
i nter medi at e: Orf R10 || By . DMEF
~
N™ >N "NH,
HO
HO (XIV)

wherein, DMF is dimethylformamide.

BRIEF DESCRIPTION OF THE DRAWINGS

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 (IX);
10 Fig. 2: an XRD spectrum of the inventive compound of formula (XIII); and
Fig. 3: an XRD spectrum of the inventive compound of formula (XIV).

DETAILED DESCRIPTION OF THE INVENTION

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

20  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.

As used herein, the term “aryl” refers to a C¢-C;g 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.,

25  naphthyl or phenatrenyl). Examples of “aryl” include, but are not limited to, phenyl,
toluyl, xylyl, biphenyl, and naphthyl.

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-

30 nitrobenzyl); benzoyl optionally substituted with alkoxy or nitro (e.g., benzoyl,

methoxybenzoyl or p-nitrobenzoyl); silyl optionally substituted with at least one selected

7



wherein, RI, R2 and Tf are the sane as defined above, and Y is al kylsilyl
or arylsilyl. In accordance with further aspect of the present

i nventi onyotzheweéamse provi ded a sol vate of crystalline eoTA&RIIIN006306

di met hyl f ormam de of fornmula (XIV) whose X-ray 15 diffraction (hereinafter,
referred to XRD) spectrum obtained usi ng Cu-Ka radi ati on shows peaks havi ng
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A s

The above res of the present” invéntion wll

becone appdeeaitydfapyranyhie pireferadly rigitde shanzexli omdoft-tuiddiphorylsildn, anghdpest aken
i n conjgnct] i Ritting 13 aowisg1drawi ngs which respectively show Fig.
1: an XgD s%ge]%{érmm{ho t he i@}gg@nngeg:go yound of formula (I X); 10Fi9. f2: an
XRD spect rum of #seusadybereiny ethe olepBurrachs HyEFanyrRIOteRiing )aroupiq refers, 103 fogn
XRD spect r ug,ohid ReniyhieRd | ¥haRRaNd- Bedehed Ylic REAY 58l ketal,
DESCRI PTI ob\lg%i;prl’—lE ?ﬁ;\i/lEl\rrl_’O\la%lgﬁs uséd ‘ﬁféﬁ‘ Zi nﬁwt he teyﬁ " al Eér " E%Ief %{YE to a
strai ght orcysheewheentocarckic emhagsisr.and cxclicol. &6l hyiai-tsiraisgpropy Haistaxanediyh ) es
of "alkyl" as used herein include, but are not limted to, nethyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, n-pentyl,  isopentyl, and
hexyl. 10 pf%\g mebed Her FFIPANH STECARY I%&‘Wf; fiEreterting to, eggrﬁafﬁlt
-ORa, wher gjPedfdnii$ siwiyin Realtics Séfhid e BuphGtirnitddasRles of "al koxy" as
used herein include, but are not limted to, nmethoxy, ethoxy, n-propoxy,

i sopropoxy, n-butoxy, and t-butoxy. As used herein, the term™"aryl"
refers to a C6-Cl8 aromati c hydrocarbon radical. The aromati c hydrocarbon
radi cal conprises an optionally substituted nono- or bi-cyclic aromatic
ring system(e.g., phenyl or substituted phenyl), and a fused ring system
(e.qg.,




25napht hyl or phenatrenyl). Exanples of "aryl" include, but are not limted
to, phenyl, toluyl, xylyl, biphenyl, and naphthyl. As used herein,

t he t er mwbydriamy3opr ot ecti ng group” refers to, for exampCe/KReeidnpb3dokhavi ng
one, two, or three phenyl sub stituents (e.g., benzyl, trityl, or

di phenyl net hyl); benzyl substituted with al koxy or nitro (e.g.,
nethoxybenq&kcﬁg Rehan@st robenzyl); benzoyl optionally substituted with

al koxy o nrrro—%e-g—'—% nzoyl, nethoxybenzoyl or p-nitrobenzoyl); silyl
optronally substituteg with at |east opf selected WO Y

2011/ 046303PCT/ KR2010 006%@$1fr0n1the ?roupsgg@srstrn of\ al leydp zand aryl

(e.g., trimethyksd ri-ethyl sRl opr opytdi ne,b | 5
t- butyldlnetyIS|I & butyldlphen|4 or hexyl digethylsilyl); allyl;
al koxyal kyl (e.g., %%thoxynethyl or ?E nethoxyethoxy)n% hyl); and
tetrahydropyranyl; ppgferably trityl (xybenzoyl, and t-bubyl di phenylsilyl;
and nost 5preferab|y trityl or t- butyldlphenylsilyl. As used herein,
the term"cyclic hydroxy protecting group” refers to, for exanple,
benzyl i dene, napht h¥N dene, 4-phenyl benzylidene, cyclic acetal, cyclic
ketal, cyclic carbon.':, cygghhC orthgester qangesyclic I OR;
1,3-(1,1,3,3-teR1' opy+%drsrla ne 10The—metRod ‘!7 preparing
entecavir of formyl hg (1) according tp~the present i nven épn is shown in
Reaction Schene 5, “but not limted thereto: WO 2011/046303

PCT/ KR2010/ 006306 (Recti on Schene 5 QWf) (m

fx
Step 6 OH Step 7 A&/ NH,
RO RO
Rzo\\ f\ R2d
() Al M

NH,
(V)
X 0
N N N
¢ ]Ié CI M
Step 8 N N/I\NHZ Step 9 N N//I\NHz
RO HO
HO\\ HO\:
V1) U
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-(Cis alkyDlithium (e.g., n-butyl

9



(1v) (M) (I') wherein RL to R3, Tf, X, and Y are the sane as defined
above. 5Hereinafter, description of the preparation nmethod illustrated in
React i on Wohen®46308y each step will be given in detail. P€BtRRolx00686he
triflic enolate derivative of forrmula (X) is prepared by subjecting the
conpound of forrmula (XI) to a reaction with a triflating agent in the

presence of) 1tﬁ)iupﬁs lel thiu tetxgﬁl%w;ﬁ%ﬁgldé h@l?l@ﬁﬁ Lr:}?(ﬁgssid?n t B@to&ﬁ@c t Iﬁ(ﬁébsiuﬂp | ude

[ithium hex I'si'l azane tassi'u exanet hyl di si l'azane

E EBIX;DS) s qéionidec Rotassity | agidate aanng n(mambsyeof | i The ameant ofdhe a3 used de
011 D400l EY %S%&WAI\?%}?‘E bellePi e colifpoun e Cavi di de

(Li TVP), pot assilixentplesoxiofle, tthtfa@@Fll}% mgsibxivged pBt athsi ursasHN atiBcluded a
m xtur est hey; QBmgﬂ;Hé‘su?faHfén&nh%na@§ua@§@trﬁﬁﬁ%m&hme@,ﬁgéﬁ@Ianhpdxﬁiet @iffiniTRé ar

equi val ent ase he conpound formula (XI'). Exanples of Ihe
triflating @g@ﬁta Gselg o aﬂq’}{é of darctd brs anyk Nrebstituent such as Repheny! triflimide

(PhNTf,), 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 C to -
73 C 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 T 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
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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.
used in reaction include

Examples of the metallic the

tetrakis(triphenylphosphine)palladium [Pd(PPh3)s] and the amount of the metallic

catalyst

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).

can be prepared by one of the conventional method comprising the step of treating

The alkylsilylmethyl magnesium chloride or arylsilylmethyl magnesium chloride

magnesium with (chloromethyl)alkylsilane or (chloromethyl)arylsilane.
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Li HVDS (eq) PhNTf2 (eq) Tenperature ( e ) Reaction condition

Met hod 1 10

2.0 1.3 -78 Adding PhNTf2 into a m xture of the conmpound of formula (XlI)
and WO 2011/046303 PCT/KR2010/006306

10

15

20

25

30

35

The reaction may be conducted in an organic solvent at 0 C to 20 C, preferably
5 C to 10 T, for 1 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(OsO;), sodium periodate, 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 T, 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 (VIII) 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 C, and
examples of the organic solvent include, but are not limited to, chloroalkane such as
methylene chloride; C; to Cg 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 (XIII).

12



LiHVDS 8.19 g (72 %9 Method 2 10 2.0 1.3 O Adding the compound of fornula
(XI') into a mxture of LiHVDS and PhNTf2 9.8 g (86.1 % As shown in
Tabl e 1, wbeoyvaba®3zof the conpound of fornula (1X) prepacekReouonaiong to
Met hod 2 is higher than that of the conpound of formula (IX) prepared 5
according to Method 1.

<Step 5>

The a-exomethylene derivative of formula (II) is prepared by carrying out a
5  Mitsunobu reaction of the B-exomethylene compound of formula (VII) obtained in Step
4 with triphenylphosphine and di(C; to Ce alkyl)azodicarboxylate.

The amount of the triphenylphosphine used above is preferably 1 to 2 molar
equivalents based on the B-exomethylene compound of formula (VII).

Examples of di(C, to Cs alkyl)azodicarboxylate include

10  diisopropylazodicarboxylate (DIAD), diethylazodicarboxylate (DEAD), and a mixture
thereof and the amount of the di(C, to Cg alkyl)azodicarboxylate used above is
preferably 1 to 2 molar equivalents based on the B-exomethylene compound of formula
(VID).

The additive selected from the group consisting of benzoic acid, 4-phenylbenzoic

15  acid, p-nitrobenzoic acid, p-methoxybenzoic acid, and a mixture thereof may be used in
the above reaction and the amount of the additive is preferably 1 to 2 molar equivalents
based on the B-exomethylene compound of formula (VII).

The reaction may be conducted in an organic solvent at 0 C to 25 C, preferably
0 C to 5 C, for 30 min to 2 hrs, and examples of the organic solvent include, but are not

20  limited to, tetrahydrofuran, methylene chloride; and a mixture thereof.

The reaction may be carried out according to Method 1 which comprises the
steps of adding the DIAD into a triphenylphosphine solution in the organic solvent to
obtain a suspension, and adding a mixture solution of the B-exomethylene compound of
formula (VII) and benzoic acid in tetrahydrofuran to the suspension; or Method 2 which

25  comprises the step of adding DIAD to a mixture of the B-exomethylene compound of
formula (VII), triphenylphosphine, and benzoic acid dropwise.

The yield of the compound of formula (II) prepared according to Method 2 is
70 % which is higher than that of the compound of formula (II) prepared 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 (IIT) 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 (II).
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<Step 2> The conmpound of fornmula (IX) is prepared by subjecting the triflic
enol ate 10 derivative of formula (X) obtained in Step 1 to a reaction with
al kyl si | ywoebtwdsczsagnesi um chl ori de or aryl silyl methyl magmaowmociveori de
in the presence of a netallic catal yst. Exanpl es of the netallic

catal yst used in the reaction include tetrakis(triphenyl phosphine)pall adi um

[ Pd( PPh3) 4] and E)Ehﬁh;ﬁé%mhe ehsetided i tah the b&é_@ %l;%h)éﬁ Endlk&fégbhtsarﬁ mef Hhﬁ@diy
0.01 to 0.1 m)lgx{lmeggl val ents based on the trifli.c enolate derivative of

formula (X0 sodi dropidss petassiHm hydipride; yamppeym Aydjaxideysnd m grixgwe

f[ ncl U?ﬁ l(C_Jt}l&‘léoﬁ?t@E@:tifé'hﬂuShﬁtydﬂmé fblhi!se ﬁéﬁﬁ%%Zél{ﬁhﬁfélf&Eﬂ)lsielExﬁﬂQ fhluﬂﬁr e ui\t/zﬁents
rime si magnesi chl oride an e like. anmpl es o e

aryl sil zl w@%ﬁ%@éﬁ@@gm@#fgﬁ&@(h clude t- 20 butyl di pkrlrgnyl si |yl met hyl

magnesi §m chl or ide apdtoly’dk hiakebe ToadwidlM aaf ofgaRicabdiydrsi dtyl3mat hiwl room

magnesi um chl ori de or ﬁéraéifabloél mreé EE/I rrggnesi u%ﬁ{;l oride used Elove i S

pr ef er abl y §pgrasirggireler val 8 HR5 e TR 1P r P F’ém’éﬁi’ﬁ at BCEBIVGt i ve

of fornul a spient Thdudd, Kyt sdré \MopHihitdd asgreahydrofilar indthylehe ashydridd, ydndes hy|

magnesi um chl ori de can be prepared by one of the conventional nethod

conpri si ng gurggbeﬁeof treating 25 magnesi um with (chl oronet hyDal kyl si | ane

or (chloronethyl)arylsilane. WD 2011/ 046303PCT/ KR2010/ 006306 The

reacti q@omay be <C#nggt ed in an organic solvent at 0t to 20 t, preferably

5t to C, for R473 hrs, and exanpl es of the organic sol vent incl ude,
but are not Iimted to, ether such as diethylether or tetrahydrofuran;

chl or oal kane su as t.hyl ene ch i de: .amxture thereof. .5l n order

T obtai noascry et ERE oAt & tol s I isnrBhath bY st EieRe p Al EmBhS

t he i nvent iregctiovatoickt fanpqund pdifomgule D cdvdinedcmrStep btviidr a poripe derévative oft ep

of i nduci ngfoﬁgl?lagf stallization of the conpound of forrmula (IX) by using a
p

m xture of ‘Tsopr I al cohol and water. According to the above
met hod 15t he condénanplesf offtbe putive ddrigativanf fenmmla ) éacldde 2-amindibdlalopushel of

s pr epar edoby % PaRrngS-storopyings S SOULAREREAL Bhd ffe obl dFthe slithe ')
wi t h per oxidgavative of fofamilVBised alperedx prbéerably| lude mplah barivgents kgdsdondhe
ot roxi de( 00y BR Bt BRuI AL X Y ond e i xtarc thereof, The amount of the
per oxi de used i sIlsrMiteunabuyredction meaynes eendugie aka rganisdvensan theepresempound
?f . Lorz lt fi o(pf #@lgpé%@?ph‘iﬁeaaﬁfdi At B Ry TROSHEL By 14ke 3P0 O 95385 CC Sbitdbly at O
0 C to 5 C, for 30 min to 2 hrs.
The amount of triphenylphosphine is preferably 1 to 2 molar equivalents based
on the compound of formula (III).
Examples of the di(C; to Cg alkyl)azodicarboxylate include
25  diisopropylazodicarboxylate (DIAD), diethylazodicarboxylate (DEAD), and a mixture
thereof, and the amount of the di(C, to C¢ alkyl)azodicarboxylate 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 éhloride, 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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10t to 25 C, for 1 to 3 hrs, and exanples of the organic sol vent include,
but are not limted to, Cl1 to C6 al cohol such as nethanol, ethanol,

i sopr opamneD,20two4630But anol ; nitrile such as acetonitril epCTRwOAIOkIGE such
as nmethyl ene chloride; and a m xture thereof. According to the above

met hod, the epoxide derivative of fornula (VIIl) can be 25prepared in a
formof cry o] j < > The 13- exonet hyl ene conpound
of formula ?@?M‘é ?@Béfie%g?rg8§%§{éﬁé?jtfgﬁl%‘%rﬁgpFﬁ'e 30 epoxi de derivative of
formula (VI11) obihsianeehnt of Setegbugyl ammoniuh8ubydl vsedsissprateyatihe 1condunelet i n

an organic : . %]}ﬁﬁa &HR{ e organi c sol vent

i ncl ude, bu?algyglgﬁtgﬁjafﬁ%n%%gntﬁgfe&é?] or oa gﬁg?suclag ‘net hyl ene chl ori de;
Cl to C6 al cohol Twcreagtiommayahe|conduied ini 3t @rganicheeleertt. a2l ofditagdt oCt he
above netho hy PRy : .

pr epar edsi n%gef{?!lagwl%) 2?[(35?? g:BEf@ftl.ﬁ?ou h _dgégxeajpr)l E%Uof?tnh% }l%é%lil(% 3%%#2%‘6 ©
conpound of t¢ttahur3no£uremm¢t)1ylenv@1904q,/ao 8303roTtherpd10/ 006306 <Step 5>

The a-exonet hyl ene derivative of formula (11) is prepared by carrying out a
5 Mtsunobu reaction of the P-exonethylene conmpound of formula (VII)
obtained in Step <BteR 9 tri phenyl phosphine and di (C 1 to C6

al kyl ) azodi car boxyl at e. The anount of the triphenyl phosphi ne used
above is preferably 1 to 2 nolar equivalents based on the 13-exonethyl ene
conpound0of f or mlibg epigeayir can demmule(l) burspayd by dydroknadie seepaund de

10 di i sopr opyka#fRMH OA) BeMeatiL SldplgAD) , di et hyl azodi carboxyl ate (DEAD), and
a mxture thereof _and the anmount of the di(C 1 to C6 al k&%azo?i carboxyl ate

used above is prdmerisdrglysis i1y condustedy by dgating g soppEyd rpwla (V1) in an

P- exonet hyl @piCRMRAIANG réthofOhBBrRediMe! groupREaiiRi ti ve sel ected fromthe
group consisting _of bepzoic acid, 4-phenylpenzoic 15 acid, p-nityobenzpic
aci d, p- net hoxybdigdc ‘%é?lﬁflo%ﬁﬁdaadbﬂ"itr{ﬁ/yeg? H{éﬁrpéwltﬁ’agls%“ﬂgé‘& qu{ faﬁ%a%fgove
reacti Fms an(irbotnh ﬁldeagfﬁulfi'ﬁo@séh@&)f&@dhdchl&ici #&id) rsarfaﬁ@bém,f &iﬂ@f&c% i@d‘ld, and a
equi val ents based on the f3-exqgnet ene conpo 0 rnul a :

The. 1 oact | oRMEYS BEreRBULR e T Sahrebran o Boyeharasore afig phion as an
preferably Qcidid Solbtién irf @ adfdufiitof 00 2o IPOStiman By exdgil iRsedbntthe comgamd of

sol vent i.ncl Ude’lﬂ&b are not 20 limted to, tetrahydrofuran, nethylene

chl ori de; ardormy ure thereof. The reaction may be carried out
according to Met e rdactibh efhydsergohisaed 4the® €t ©pX) Of, padekably 80h€ 10l 850C, fisr3 a
tri phenﬁhphos&hi ne solution in the organic solvent to obtain a suspension,
and addfhg RS ure sol ution of the 13-exomet hyl ene conpound of fornul a
(M) and benzoi AAfesgidé-proteceadn aliyvhly odmipeundt of fdrmub €PHniai thaacwic Miutiod 2

[ exonst ny PENEAEBHB ARTGERHpAaT AER A B & i Byt B sh B Reied Prowingi o
aci d dr opw sedium 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

OR, QH @]
R,0 R,0O
(XII) (X1 (Xh
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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The yield of the conpound of formula (11) prepared according to Method 2 is
70 % which is higher than that of the conpound of forrmula (l11) prepared
accordi ngvoaoiaubisd 1(yield: 68.6 % . Further, Method 2PCI/KR2QU/MEeI60NE
reactor so as to be useful 30 in nmass production of entecavir. <Step 6>
The conpound of fornula (I111) is prepared by hydrol yzing the conpound of

35fornmula (I | i oyl
of the compec o FoFan @) if Febi o B b s I AR R e S e
Exanpl es of rmétmga@@tur@e(wm fampriseh ghenersiapenanok ¢ampdund laf dermya (X panbt
limted to, . [ y _BARD 0X] and
a mxture th eof H?ngb{.%ﬂ?aﬁe 55}%?@% v’t’ihmegbg%(gé%agg%n ov§°:y‘?“g?(g erli'li R/nel

2 ol ar equm&m@mrso%wédo mﬂmﬁéh%mm qff ar @rrgmpdaxqr; yashgmg sher seperitedsi s
nmay be cendyg éa?& il e@”wﬁhgénhﬁxtﬁfél %?”%vat%} an'ﬁ faldofoll QQQ‘ tﬁl@f?%@ﬂ) U{e€ remove
preferably QT for 30 mnmmto 5 hrs, and exanﬁves of the organic

sol vent |ncllm@°%‘@f’ﬁf‘é’ﬂ eselgstivelyiiangd ginducing eihe agrystalbizatiom of n@@hwwd of
chloride, amgn@aXHIY rb%édhﬁfg%olvela@&ssi @lﬂfstz.ﬁlzatlon aidThe nucl eosi de conpound

of formula (V) is_prepare conductin M t sunobu reactjon of the
conmpound of for mfh§ amups 0%3& G841 3 Ky BPWf?rﬁblé( 1gar3 meleapivplants,and g
fornula (1 Vie 71t aqmbAentOfespeivBly! bared df the/&fclopRnhe Horivasiva of Fofulnctude

2-am no hal opur| ne such as 2-am no-6-chl oropuri ne; nzyl guani ne,
and thelgrmunt of h@W@SEWﬁ.Hﬁ%C*‘é%PWQWP@ %te‘{B’f’lﬁﬂPé“{qur‘%féf?g Iy iseretifgs or

preferably ndre b d§1ﬂg3d m@etiieVeH watbSardedE6ho? thik EBinCH WR R eatidf raflglhglﬂ'o'm ahn).
The M tsunobu reacti on ;ﬂ‘ﬂ}g onducted in an or anlc Sge'g\éﬁ In
presence 20° %fl%rﬁ\éﬂ@nw PR VaSARERTOLSSS (A Y P58 |%serag at
0 r to 25, apy of ehahllixsulks dfavder, arfdodlcSidl Matinigta amhn»:n‘e;ght ratio off e, arpsiNt:20f
triphenyl phqs?ggi nﬁ&if preferably 1 to 2 nolar equival ents based on the

{1

conpound of “C111). Exanples of the di (CitoC6 al kyl)azodi carboxyl at e

i(ncl U)CIe125ddi i so|¢Erx@1|@1}pleaz(sﬂzlu'hefagrobmﬁyIﬁa’:1 &rybtelliblion ]gioﬁ{]d&yﬂlﬁﬁoéﬁrlﬁcﬁf -bapsy | satvent
DEAD), and a.m xture thereo nd t he anmount .of t

al kyl ) azodi C4Fb8% PR | Pﬁ&f‘%f"ér - fl‘i"go fzj SHE &5 T ’Eﬁ‘\? |%th?%°1b°afsb981’€5’ﬁy‘[ he

conpound of afo@hﬂll,lkxate(rJ ddd)amlxture th&x@ftrpl es of the organi ¢ sol vent i ncl ude,
but are not Iimh@g tetr eé{ﬁ{)&qﬁthlaé"ldamxture
t hereof. 30The n é%a§ ign may ocﬁﬂ ‘P@fnrﬂfg ‘(%V é 4M ot he above

met hod can be Next, the compound of formula (X1) is prepared by conducting oxidation of the

20  cyclopentanol compound of formula (XIII) with a mixture of pyridine-SO; complex,
trialkylamine, and dimethylsulfoxide, wherein the pyridine-SO3; 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 B-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
(D or a solvate thereof as an intermediate.

The compound of formula (IX) is a crystalline compound whose X-ray

35 diffraction spectrum (D8 Advance™, Bruker) obtained using Cu-Ka radiation shows
peaks having a peak intensity of 10 % or more at diffraction angles (26+0.2) of 8.5, 8.6,
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prepared in high yield of 64.7 %as a solid. <Step 8> 35The conpound of
formula (VI) is prepared by subjecting the nucl eosi de conpound of formula
(V) obtaiweaoiw4&toep 7 to a reaction with tetrabutyl amromiKRZ010AD6306

2011/ 046303PCT/ KR2010/ 006306 fluoride (TBAF) to renove the protecting group
R2. The amount of tetrabutyl amonium fluoride used is preferably 1

to 2 molar eauiveiient s 1hased, et heenuebensi de compund db 4 a7mikeo W7

The reaction I’TB. donduct I n an oraanl ¢ sol'Vent ’at

preferably 48 4c19é 26,8; Y, 4=f231r9 223 28.0n£3 20285 3l 7eB a@fi 28ne applipayn @ Fig.

sol vent i nChuderh%%yaaQ%ﬁm)ﬁ %ﬁgouﬁa%ffmhﬁaﬁ (gwlffsl LGy siaiide @oﬁbasﬁrm ®hbdeegeof .
<Step 9> 10The entéca conpound of fornula I S prepared by hydrol_(%/lél ng

t he conpoundabfiffraetinn speciypm objginpd agingnC etl@pr iation showshgeaky dayings3 §e

conduct ed bxntéﬁé&lmot%%rmwﬁrmmﬁ%@wi @e&wz» ore 528.92¢0 di 1:1 §0134.11815,t O
renmove the protectin sol ufi on used above may be

prepared by ldIOSéé'ﬁviﬂé ]a7n9 al@r‘ﬁ 1§(9I= é?;f‘e%o %520 er719rﬂ 2hé> &¢- Qu@dc%n%@tsh?]‘@ bt

hydr ochl ori q:l% suI furic acid, trifluoroacetic acid, and a mxture
t hereof in is prefer ble to use 2N hydrochl oric acid solutjon as
an acidic sol uti 691 aF?Pr Cﬁﬁﬂdh?'-“'g’ler agpechobiie Rrgelt By epony Hhers 25 Brayifedie

conmpound of pQkdEG ;(r%/;ka}mg a solvate of cr}-rsﬁﬁllﬁééﬁﬁebm Hﬁryetbﬁf&ﬁﬁﬂﬂd‘é 6l fanufd t
to 90 C preferably 20 to

de- prot &8t i &%T%F cpﬁ@ne»@&ﬁiaa ﬁEFP%Pf f%?ﬁ?ﬁ‘l’lag tha ‘/‘ntF‘i?Vtrh‘?é’néun&iié’fszmlfl?éH inp
neutral i zat isoReff cbRRiniMS Uitdefy] SRIrtmhinide; t@ldJHn@ud‘uﬁg Sheayryb@llfzatibhest the

conducted by usin i um hy i de oI ut i ound f f.or mul XI)
which is usé?amé@‘“%i Q? g?ﬁni“ﬂ@ (%li?irﬂi‘eéf: PH laﬂ‘g opKo ‘ﬁb’eﬁf?’(}%g ﬁB nﬁ?fii Bli
prepar ed by soRate0sf ¢ystalting \e@dchvin alimsthlHomhangide -of fofulaNXINe p@é;iare(dSBy? the

Kor ean Pat ent E lication No. 2010-0076640), preferably by a preparation
net hod as s 'n Reaction Schene 6. Reaction Schene 6

0

N
< )\ * DMF
HO/\&/

~
N

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 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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OR20H RI10R10 R26R26 (XI'11)(Xl) 30wherein RL and R2 are the sane as

defi ned above. Specifically, the cycl opentanol conpound is prepared
as a cryswal2bimae®adl i d by a preparati on process conpri SiPOY/KKRre1t0es of :
treating the cycl opentene derivative of WD 2011/ 046303PCT/ KR2010/ 006306
formula (XIl1) wth (+)-diisopi nocanpheyl borane ((+)-1pc2BH) and H202;

extracting the regidl fol1p@idP &l fles Wikite ARIBRbEGnnBEoCHE! BRAT #RRhtion in
conmpound of forrmula (X I1) and i sgpi nocanpheol as a by-product) with a

hydr ocar bon-#ef8 edetaib| Jigweven. e folayingnexamplen b e pEserinayeRton; AguRershe

separati on QkadpleSMHAThE pledtR invehBolsit likftedeRaédt ed 5 organic |layer with
a mxture of water and al cohol (e.g., nethanol) to renove i sopi nocanpheol

sel ectively; and inducing the crystallization of the conpound of formula
(XI11) by addi ng Exanfpl¥ €011: 2aPrépdraiish abt | GalicbmRtithnesulfonic TAGd 2aQtbutyl!
(+)-1pc2BH and H202 are preferably 1 to 3 nole equival ents anddé itlg‘()) 7 |l e
equi val ent , diRhenylsilagyloxy)striyloxymethyld eyciopsntenyd esfer (compennd,e SF‘ﬁ'ﬁ)a
(XI1). 10 TR§ washing process may be conducted twice or nore, preferably
three tines or nore by using a mxture of water and al cohol mxed in a

wei ght ratio ranging from1l:1 to 1:3. Mire preferably, the washing process
rr}ay Eel conduct ed 3 (pButyl- Eenl?l/-si_llzﬁiy[t%y?&{tri@iloiﬁ%etﬂ?leyéldp&nt@flor\mt(e[ and0.7
al coho avi n m X wel .ratjo. o X 1.5, 1.2, 1:2.5 nd 1: o
eampil e oofloved dSeifed g Hohiubly fozbtiohin ¢ LGt i oimaBhi 528
o) Ihve nlt suclLitkéurh Qléfllﬁﬁ?th{]ﬂatb}ﬂamecm 7.0C4, ;5 mingsd1olas adddd therene thdibtitred at -

et hanol or i r al cohol ; . wat er: d a, mxture thereof,. The reaction
may be cond@?@dt%m bt i?gl%ﬁ#B‘thﬁf}‘En‘?bqﬂpe‘br&'pE‘?flyitﬁl mide @}Xq & %%gmbog 8lnd
of formul a (adfllgd iand phicapslr & rbymcragecdtureg follovikat ibgnstoting he RAOnc tehpgraniranol
conpound of forml a [ 1] 1 £.h 1 Xt ur.e of ridine. S03 compl

CrT Al iyt am st et sdmiklicn, 3 e Featfie PR Shin SrieS 8RR Glnamnyes
superi od5t o atlded thesso.nefhd respléing adiunanevasRBacted withsethphagetate € 1&nml), dried
stability. The ¢ ound of forpul Xl) .t i ne n it t
further pur PP AYERYS Sodfium SUI%eé%ét%{)eﬁil)’l?n éc])? glb&;e?lgegll lhnéi% r éggdugg%éfeggmw Ji‘f?é’
trial kyl ani megterdal cthds wbtaimdds whs eurified avith toRibino clBronmtaprapyi toabbtains theltilo 4

nol e equi valcglrhtp%ug&gfs é%uéig :rgg.lge%ﬁqui val ents respectively,
NMR(B00MHz, CDCl3): 6 7.36 (m, 4H), 7.09-6.99 (m, 21H), 5.50 (s, 1H), 4.14
20 (d, 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 C. 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 C. 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, CDCl;) : 6 7.59 (dd, 4H), 7.33-7.14 (m, 21H), 5.06 (s, 1H), 4.33
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based on the cycl opentanol conpound of formula (XIl11). The reaction may be
conducted in an organic solvent at O r to roomtenperature. |In accordance
wi t h anotweroua#gex®s of the present invention, there arePpT&R2d8d063ve

a- exonet hyl ene derivative of formula (11), the 0-exonethyl ene derivative of
formula 30 (VII), the epoxide derivative of fornula (VII1), the cycloal kene

and the orystal Ty RO, B T e o] B T 2O T Rt
used in the 1ﬁ)eb§9é@>ﬂéﬁ bg-”é%t]é@al/i()p (%93)0@%(%9@) or a soI (/ate t her eof as

an internediate. The conpound of fornula (1X) is a crystalline conpound
whose X-ray 35 diffraction spectrum (D8 AdvanceTM Bruker) obtained using

Cu- Ka radi ati on Jiamplgeakk3havilirgpargtione i of enst-(tybwyl-diphsayl-silagyloxy)-1-

di ffract H-BitPlox
9' A r 806502 Otﬁ'ﬁgétﬁﬂsﬁzﬁgﬁmahy@z -Ritylo gm@thyllﬁQg%O%%&gf}@ﬁgﬁ A ] &Qﬁﬁo %5 "

17.6, 18.2, fmn?la@’dm 19. 6, 208 21.4, 21.9, 22.3, 226 232 23. 5,
25.1, 27.5, and 28.7, as shown in Fig. 1. The cycl opent anol conpound of

formula (XII11) i rystalline c nd whose X-ray diffraction spectrum
obt ai ned usi ng CLS]r ‘ﬁ“éﬂ’?‘ﬁ@i"gﬁ @Hﬁgﬁ?‘ﬁ&g& ‘Ff‘: 1pdak (48 &t%&%F{)"E ) WRS 10%
22 gori at dilsfsf)rveatmng 1%&0&11313?9 ).) @hd 806ledGo D CLO. To tﬁelregliltl%aé sdlutibd; 6, g
.0, , an
25. 2, aioshmﬁl%pérsgﬁat% 21t o5 50 alb AL 2% Chiorneray %%%veeﬁld%@? Be
pr esenlt | ! nvemll ﬁhﬂl) W&!ﬁ[dﬁe@%@cc@?s@%ﬂﬂedl“& ﬂé’f@tﬁl]fiﬁgl nflfatfuréj)-waﬁ)aﬂiﬂrétgata) golfored Brsof ]
crysta |ne vir or.ny ormu , C ri sing the
Steps of s HLSOEH T CHOHR o 300 RiBFe P th P coyaonts 2851 D
cont ai ni ng qjha'qiﬁa;d(m@ yanm de; and i ndum ng the crystal I i zati on of the
conpound of for heref.ro d i I W teri rying;
amrjrp t he sol vat enﬁﬁééé&}h ﬁ?zéiﬁg@é@?razgﬁéf%b?%?rg@magé (Qg}lﬁggﬁgf%h?gl V)
pr epar edSby 3t:h?e(dﬂel]l=l)gd 13 (s, Vi 2e88(t,DIVD, 2 42 4. 4ietinyiiH )0 t 98+l &8(m, 2H), 1.0270%3 DIVF
is conpri secz BH?Q) %TBLH EH 0 to 40 weight % based on the total weight of

t he sol vate. rably, the dry process may be conducted under
nitrogen atnosphere to 20 obt ai n a st abl e DVF nonosol vat e. The

solvate, Shove, Peutge 1aa EghalilpE b Ll 00 Rt TRl G g5S1 O
21.9, 24.5, rﬂ&hﬁlené&-&;tyl?ﬁyﬁl,etlgﬂ cgclopentaBél (BompoandKof fornuila {YHQ) i on
spectrugbobt ai ned using Cu-Ka radiation.
A solid mixture of the compound of formula (VIII) obtained in Example 1-3 and
sodium phosphate (724 g) was édded to methanol (10 L) and stirred at room temperature.
77 % m-chloroperoxybenzoic acid (350 g, 1.56 mol) and methylene chloride (5 L) was
added thereto to complete the reaction. The resulting mixture was quenched by adding
25 a mixture of 20 % aqueous sodium bisulfate (1.5 L) and 12 % aqueous sodium
bicarbonate (1.5L). The reaction mixture thus obtained was extracted with methylene
chloride (1.6 L) twice and dried over 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, CDCl3) : 6 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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25Further, the solvate can be used as an internediate for preparing the

i nventive entecavir. Specifically, the inventive entecavir is prepared by a
convent i oweal2oriean3pst | | i zati on met hod conpri sing the st epSTHR20tV/®s36Vi ng
the solvate in a solvent such as water; and cooling the resulting solution
to precipitate entecavir. In accordance with the inventive

met hod for prepawr@ﬂ?ﬁ@gﬁ&gmn@ i ggltlﬁem&lzm Cac?%omeﬁrlmﬂﬁzﬂﬁﬁlsofuﬁn .95

hi gh-purity enteca e prepared econ in a

2011/ 046303 Potcegted 1P 06306 the solutioptbus ehtpined, r@lsemanﬂmwarmmatgﬂalmﬁb
enmbodi ment s (943 h{1e 1ARE/BN whilUBMd Y sBrrBPRLe o9&t gbt 1 HHOWPYBin Bfk%sﬁé?ikioﬁw ng

exanpl es of the present i‘nvention are merely exanples, and the present

i nvention i Jeaabydrofgrane (-9 Hor way addgd tavp| mixfure: o p%ﬂr%nquaﬁ off formula (VID)

trifluorgnelBaneauniBaintplaqlg (494@ dw@ YAo‘l) and benzoic acid (145 g, 1.18 mol). The
di phenyl - si | anyl oxy) -5:-trityl OXYI 1-cycl opent enyl ‘ester (conpound of
formul a (X) puspension of trlphenylphos ine and DIAD was added thereto at 0 C and stirred at the

3- (t-Butyl - dhpbambedtre Mot @9 hrg- tTHet wieae BBy bbtained %n&&m@ﬂ@d( &he@,a
50.7 10 mmol ) was di ssol ved i n aphydrous tetrahydrofuran

cool ed to - Peluecd presurg P HEmeYeths Felvent s giayl Reete g+ 9119)_L “@s rﬁﬁiﬁP‘j ﬂ%‘agto
ﬁfdﬁd t Iher GF&I&SQ 5 %v'é%tﬁﬂ o ith 0.3 Qllfe@ﬁs ﬂ%dgﬁrg hWé&M m?@il;t the Gedutitsy Phtegianed,
tenper adfr o S0 sl DySstdden Meld Aob:HoPGTSEN ddri PRI Ur 1 oFhe
conpl etion eésulthe rh@téﬁﬁll Wik crgaahulizad 8¢l a8@id et (P9 M3 taad (flkedo) obi@S thel 5
added thereto. The r é was extracted with ethyl acetate (310
m), dried WEF‘%‘HHV&?@@ g’&f‘ﬁn&&%a filtered, and condensed under a

r ﬁduced pr essur e NMRE300ME?,| @D U emsaada,gdﬁ\)ggag@qadl,fﬂ@lj mz-g.zoc(hgmH),
chronmat ogra (0] t tl C Qu . | . . .

NIVR( 300|vg|z %%c{ie Ip‘%% @%B?‘H\ 45{&0? Hihg: %‘éég I%QH%{ 0558’56{)(’?‘8951@)1,1{)4. 14
20(d, 114), 22248213(@@ 1HI)H) 942.88m( $H), ]115.4)(s ZHRD. S(Qi(d 9HH), 2.37-2.34 (m 1H),

2.15 (d, 1H), 0.80 (s, 9H Exanpl e 1-2: Preparation of
t-butyl -di phenyl - (3-trinmethylsilylnmethyl-2-

EI‘ L ityl 0f<y{ret hyl - BsahtglentB6: 3Prepanationi | ehe 1((®an§tmﬂybdifh§nylhdihg§rloxy)4-§-2i

e enolate ¢ in e 1- .5 g, :
ol ) e G PRSBTGRE Y RreyloRY P hiblopeRsahdiiFomBond SPtotmtia 1y

Tetraki s(tri phenyl phosphi ne) pal | adium (2.6 g, 2. 25 rrrml ) was added ther eto
at roo enper at ure and 59 to .0 +C . To the t|n u

trimet %@m | yl ml;%lﬁecé)lm ﬁlogﬁrlo e?llféb[.?fb}ﬁmed%l Xan 1 g/a{ ’éé b§dm l) Y
stirred at mmed withp eYozsbdivem hydrodida soludn mmcmmle(ﬂl%rL)cmldUMhylemthlomde t he
resulting m he e

saturated s d?uir%%:ﬁ\@a?g‘glﬁg%gm%ggs ! gﬁ? ?1?13 éh%ﬁ éﬁ%ﬁ“@&. atg&dq\@ IEP
resul ting sovasadddebstotbs tesulting tnixerdio seamatmmqudtpuseldy@veffhampjnmt@hml@ouﬁ um

sulfate, filt d
t hus obt ai nea’% \FNS\%S 681?%8@% ﬂyl %o@%{:ﬁd}'”& ogé gﬁﬁéglﬁtm%@t aél?%IteS e title
conmpound3 ( 26uld@ge gwasy pdded, dr@d m@/ﬁltemmosgm thecmb@.:zc)ompoancr (804 (g dyieldH)
7.33-7.14 (@103%j). 5.06 (s, 1H), 4.33

NMR (300MHz, CDCl;) : 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
20



WO 2011/ 046303PCT/ KR2010/ 006306 (d, 1H), 2.90 (dd, 111), 2.78-2.73 (m

111), 2.64-2.62 (m 1H), 2.26-2.24 (m 1H), 2.09 (d, 1H), 1.50 (d, 1H),
1.23 (d, worp1/aed (s, 9H), 0.01 (s, 9H) PCT/KR2010/006306

Exanpl el- 3: Prepar ati onof 3- (t-butyl -di phenyl -silanyl oxy)-1- 5 trim

et hyl sil anyl met hy1l-2-trityl oxynmet hyl-6-oxa-bicyclo [3.1.0] hexane (conpound
of formula I i i ﬁ%@

1-2 (708 g, g&ﬁégsﬂiremr? and ;U% s@?%ggllgﬁlté%ﬁm QF&JSFQ ai(‘%%gﬁh% g{mol ed
to 0 "C. Tomlhaap @d@ﬁdt forigmaxsire ¢fothe compsewe a qsm%ﬂﬂb eb(az@smng‘ixam@l%@-érm )
and 77 % m ¢f¥ 03 QPeFPXY BERERi O Qnﬁl@S&cmom?uﬁ& {M) W%s%d%ﬁol ) and the

successively. The resulting mxture was stir for e solid

was filterequipsnyon &f fripheaylpbpsnhing sadiPEAP waseadded |theret@nqsdhr£a &w@“@ dhum

phosp hit %4( nghng)at the same temﬁ@@t , §£}ggﬂ1§7 %@é%nl_{?le%g bf th(eg'egctlg)ﬁ gthyzlzacéme

25H) ,

1H), 2.42-2! 4@ (ﬂ:l;% way 291ded1t09©£ Teutingmiztye and @@S@d%ltbrﬂS Mqumuwomm
(m 9H hydisXRIRP{4D01ndy aPreeP@r flréOMin®h. The resulting material was dned over
1-(S)-4-(t- butyI di phenyl |Ia on -2- nmethylene-3-trityl oxyneth

cycl opent an8MhydEHpgiEn F‘?d( Wfﬂf—'}lseﬁounder a refluegsl PIgSTHISt Qﬂdep‘éﬁﬁqdhe

conmpound of \m%m éMbhllaio ltgastamhgmer@bﬁpgmﬁi @an® sosignsphogphat e "
i el o Bber oxyboMRETIMHE. (awstiac. £3 %0k b Rk hyitond Bhr o e 180
was aﬂdgdbt b@ggﬁspst%ﬁ@wl(eim)t h@é r(galqg/) q157 ($heHy, 613441 (sl glg) r’_ml E;@%mg((inlmgHa)
quenched by Sg U%FE]SE ur 1(35€qlﬁ% 2030 [ isulfate

and 12 % aqag) OB 0, 2 L05 &8 Hon i xt ure t hus

obt ai nedowas extracted with nethyl ene chloride (1.6 L) twice and dried over
sodi um sul fate, I tere condens nder duc sure,t bt ai n
the title corrpou&#d‘ a]{'}i"BF‘B“tH’f“ Pﬁg‘@?ﬁ@"%éﬂﬁ g%dﬁil&émrm—gwﬁr %‘e
conpounts of lﬂahﬁvﬁaZ(tﬁk))loxﬁﬁeﬁy%: clopdivini al (CdvirB o uf D HYymulB(VI)P4- 7. 58 (m
5H), 7.33-7.18 (m 39H), 5.40 (s, 0.21-1), 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, 111), 1.00 (ghe tddpound of formula (V) obtained in Example 1-7 (3 2 g, 4.12 mmol) was
Exanpl el-5

R e e T
2011/ O46303%f§biﬁl?2@ﬂﬁidi)ﬁlﬁﬁdﬁlonde sohi[ranpilnetr&;rhlnﬂﬂmﬁnk’am@ ZéBin’lL B.24 xﬂ.tﬂo]r)mze)s was
thus. bt na S rRaEe8 st I ek TR0 SRR AY iR o M RRuir M
added and sresnltmg raixtge rwefsoquemc}tud by addhgidistiled wmmr@()onl) Téhe ahlyadomfthnsan
(4.9 L) was oglgﬂl%g Wl e§trg<1:t)e(& Witk qulyltaragta{;eo('m%ﬂ,ddr?gd é\%; %}er&}él slo)dium sulfate,
filtered, and condensed. The resuiting material was stirred in methanol (32 ml) to
obtain the title compound (1.6 g, yield : 71.6 %).
25 NMR(B00MHz, DMSO-d¢) : & 8.19 (s, 1H), 7.98-7.25 (m, 15H), 6.84 (s, 2H),
5.44 (t, 1H), 5.07 (d, 1H), 4.88 (s, 1H), 4.54 (s, 1H), 4.25 (s, 1H), 3.30-3.17 (m, 2H),
2.64 (s, 1H), 2.26-2.08 (m, 2H)

Example 1-9: Preparation of 2-amino-9-(4-hydroxy-3-hydroxymethyl-2-
30  methylene-cyclopentyl)-1,9-dihydropurin-6-one (entecavir of formula (I))

Acetonitril (30 ml) and 2N aqueous hydrochloric acid (23.3 ml) were added to
the compound of formula (VI) obtained in Example 1-8 (1.38 g, 2.56 mmol) and stirred
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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5 obtained in Exanple 1-4 (494 g, 0.79 nol) and benzoic acid (145 g, 1.18
nol ). The suspension of triphenyl phosphi ne and DI AD was added thereto at O
r and stiwoediiz6ioBe sanme tenperature for 0.5 hrs. The RCIKR2010((06306

obt ai ned was condensed under a reduced pressure to renove the solvent and
ethyl acetate (4.9 L) was added thereto, foll owed by washing with 0.5 N

aqueous sodipymoRyddr Osidienl) 18d tshfred % Wot INGoiMRG! | &he LB1RRHI HIR Dblabliewnas
added, filtered, and condensed under a reduced pressure. The resulting

mat eri al waSHEEY ¥ qaoking sloylx duiras fasnesatare and. torthsr sistedrat reQIp deMPFABER ai n
the title capPPHR db4IR cBystall iRk reskind ndAkerial was coolell66 30 UMaZtire®Ed3) he 6
8.09 (dd, 2H), 7,56 g_dd, 5H), 7,33-7. 21 %mi 23H), 5.60 (t, 1H), 5.26 (d,
2H), 4.11 (4 ohtpgn the e gompound 0PPhe, yeldp73-4%)1H), 2.85 (q, 1H),
Examl o 1- 61 P epat L B e T R P2 2 CaReuRo fo 1ED.

- 6: [ - -4- (3 -butyl-di - Si Xy) - 2-
et Iyl ene. 34 @yl bk RChgD (B Eitb ek Gnal {2 B URe, BT RGR 1)) 227220 The
conmpound of (mormyl a (11) obtained in Exanple 1-5 (367 g, 0.5 nol) was m xed
with 1 % sodi um hydroxi de solution in nmethanol (7.34 L) and net hyl ene
chloride (3.7 L) at roomtenperature for 5 hrs. After conpletion of the

reaction, wat erT(r]]i‘Z&aﬁlﬂlé wtae: aﬂd@drﬁmf het &B@Ué(ilirz{ttg m?umﬁ-ﬁ-(aﬁgiﬁiﬁsan
aqueous | ayer. e s at ed aqueoys | ayer xtracted w met hy
UPSLYEA TG 1R (s R AR i 0 A A i
dried and f idimethgtformanlidedonipvanididfifermeEnXunVy) (404 g, yield : >100 %.
NVR (300MHz, CDCI3) : 6 7.65-7.60 (m 411), 7.39-7.17 (m 21H), 5.35 (s,
1H), 5.10 (s, 111), 4.30 (d, 1H), 2.97 (s, 1H), 2.88-2.79 (m 2H), 2.73 (d,
1H), 1.78(t, 2H),Tht. @8mpsund1dhtaid®d in Exdmpleplied 1¢17: glPrwemaraldedn t®f N,N-
9-14-(t-butyl-diphenyl -.si lanyl oxy).- 2-net hyl ene3-trityl met.hyl -£cycl opentyl
] - 6- chl or o- é@%hﬁ?m% me“?%ﬁ&igﬁﬁ’%‘r ?Wﬁﬂ\lrﬁ f%\/??'}ls and ot 0" €for T
35Tri phehyl dhe sesuitirg {olhBidhrwvas fibéted@ & obrain) theaisle tospolindas & vhitetcobdrydlsafdir an
(240 m) an oled 1.0 L. Diethylazodi carboxyl ate (DEAD) (8.3 nl, 50.88
mol ) was 3@2@1&?@43‘?&%&/ KR2010/ 006306 added thereto and stirred at 0t
for | hr to obtai NMR§(OMIAz MaOHTdED) r dbypdy, dH)y 285 (4 a0)nT.$7 (wd Hdelad (t, a1,

m xt ure of o} f r I ned,i I A 93 g,
25 44 ol ) Satd 2 g 6 APkl D AsBE Dh 28T TS A Bk 20
suspensi on 8H){2.7ptxedll).phisehi HE), 2:3d (DEAD),%84 addEd) t hereto at 0 C,

foll oweglyby 5 stirring at the sanme tenperature for 1 hr. After conpletion
of the reaction, ethyl acetate (400 ml) was added to the resulting m xture
and washed w t h Ex3mipledutbu®rguiation nfda oxighiepdri§0 ofii 2-amin®9-(4-hlydeexy-3nes.
The resul ti J I ' at ' d,
condensed u% g‘rjaé'%réé lc%\gﬁﬁgggggfgcy@%ﬁgﬂ%% ?fb&gﬁ\?ﬁ!{u Emcgidhém g‘ﬁ?%ﬂg{(@é&aphy
to obtain tkeompauns efdepoutd(I))12.8 g, yield : 64.7 %. 10 NVR(300MHz,
DMSO-d6) : 8 7.82 (s, 111), 7.61 (d, 4H), 7.49-7.20 (m 21H), 6.69 (br s,
211), 5.53 (t, 1H), 4.91 (s, HA), 4.57 (s, 1H), 4.40 (s, 1H), 3.19-3.13 (m
1H), 3.98-3.03 (rhhepampopndf fermuja(XI1V)) algaiped dn Expmpls) 1-19 (03 Pswapppixed
Exanpl e 1- 8iyiffr GRAIAL WaR: Ofe. Sl PariiiRRdbn OBl ©f R4 - dirhy @é@ﬁm%%ah%oyll%,-é-
15 met hyl ene-2-trityl oxynet hyl -'cycl opentanol (conpound of for a tVI 3
The conpoun8o@dgd f@FoRIN ACReratyr t ¢rustallide prd shrred at 0 (G for § hrg The gepiltingnas
di ssol ved I gojainaditeFed Sid & iicr b gen Hﬁospﬁ&ettg%bm W 4iflg c§ﬂh€ﬁﬂd§n1

1 Mtetrabutyl ammniumfluoride solution in tetrahydrofuran (8.24 , 8.24
mmol ) was 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 BHj;-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 C. (-)-a-pinene (155 ml, 0.924 mol) was added thereto dropwise for 0.5 hrs.
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20 added and stirred at roomtenperature for 13 hrs. After conpletion of
the reaction, the resulting m xture was quenched by adding distilled water
(30 ml). wbeosgl4ei030on t hus obt ai ned was extracted w th eCmHRauaaice (30
m ), dried over anhydrous sodiumsulfate, filtered, and condensed. The
resulting material was stirred in nethanol (32 m) to obtain the title

;oggogngf)( (1 ﬁleg;oha I)pﬁbéé of (% I&Z%H the® ORIned AMazheatdfRE386T and 18b13t91 ﬁ&herﬂﬁb

1H) 4.54 (@Aﬂtwy@eﬂwﬂycloﬁ B%Du@ﬂw@mlatmqf)for@leﬁﬂk @%Oﬁal)was 2d<é%tt§e@§? (m

The rEtMiRY Mixkard: wd%rs@iﬁ%ﬂ%ﬂ S"Iirsoind 3 N aqueous sodium hydroxide (196 ml)
2 am no- 9- (4- hy roxii)f3 hydroxy thyl-2-

met hyl ene- cy¥@s 5et‘1d§’P(‘,l‘i1‘PFy dprwith Hlaaﬁ@n{ngﬁb%é%mqrat&e o futa191%)
Acetoni t§i | To3herresulfie nﬂﬂuaﬂm@a el YRfaxedy groscmacwk Mﬁd?drawlsw&bﬁmddled

to the conpound Vi tai ned in Exa - 1.38 1)
and stirred ‘%&reéﬂéﬁu%fyoia M s )T\RALBW‘??B ’t“ﬁﬁ@a"tlﬂfl{%ﬂ‘%m tWGn“’O IOPH’Z%W
reaction, thaHSHURE0AE) Hﬁ&SWNaB@OyN@BS(D@W Wik ddded aeRtb AegaRiisd tlfl%rrﬁﬂé the
washed with et hgh’ cetate t, ve t JtyI C %%I nol. The ,ma r| (ij&nl)

obt ai ned wa§*ffé Pf%%‘baer%l H %“EV tpsi el Vg e gaSed ot
2011/ 046303RETARRD 10 LARAANGY dty d Toneisdaréibd ofail) laperchvad wisted fhie taaesalsﬁng 1

hr. The,sol ut.ion t bt d wmth . I

t enper at ren%fﬁH‘n‘F "?I"’é% :I{llg[gﬁf‘\y’itml?‘ {Hra?g %ﬁ‘tt‘ﬁ(r)o l:‘gq ﬁg’hl\r% ]()Egb‘irgloﬂ}
C[) ystal . hTheerhleﬁsJ |1§dpﬂ@)cﬁiﬁp%ilg| Thesreslthg doluvion @aﬁmdnsénsé% Sgldélora ﬂedlilbe(%j 2)
obtain the title co

. 10. 6(s, 1MEfess¥e ’78'r§p il %W‘t%%ﬁ@%{‘? %‘T‘L)ml)’sm%e% tf@edmw %‘n ﬁ%)

4. 43- 4. 40 (mspmpbt)nd&asdryadl,(ézjglyl,ekﬂ G%)s, 1H), 2.47-2.38 (m 111),

2.27-2.20 (m 1HW¥}_(%QOI%EX@]%55:15-7197'_755&%?559[&3',%%19581(*;& A9 438,

2- am no- 9- (4- hyd
hydr oxyiret h174ZbmréHh2. 68e -1 Ely c2.4@ntD)) 1.779-1i(imy 8HY -1piB-1 .A8Gn.ateIN] MH (s, 9H)

di et hyl f or mam d C ormula (XIV)) The conpound obt ai ned
in Exanple 1-9 (I%jg)%és)%;g)d%qo N, Ndi net hyl formam de (5 m) and stirred

at roomtenperature for 2 hrs and at 0 for 1 hr. 15The resulting solution

;"?Z | Li ':tgg_eg t /OO Whagle M5! U1 $ERMMRUIAY 2312 Wi RAPhERy IS Rahhokf)-2° 9-

trityloxymethyl-cyclopentanone (compound of formula (XI))
20
The compound of formula (XIII) obtained in Example 2-1 (60 g, 97.9 mmol) was
mixed with DMSO (36 ml) and methylene chloride (300 ml). The resulting solution
was cooled to 0 C and N,N-diisopropylethylamine (DIPEA) (59.7 ml, 0.343 mol) was
added thereto, followed by adding a mixture solution of pyridine-SO3; complex (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(B00MHz, CDCl3) : & 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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NVR(300MHz, 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, 111), 4.83 (t, 1H), 4.56 (t, 1H), 4.24 (s, 1H),
3.54 (t, wORp11A48H3(s, 3H), 2.72 (s, 31-1), 2.50 (m 1HPCTXKR210/00p306H)
2.04 (m 1H 20 Exanpl e 1-11: Preparation of a high purity of

2- am no- 9- (4- hydr oxy- 3-

hydr oxynet hy1l- 2- nethylene cycl opentyl)-1, 9-di hydr o- purin 6- one nonohydr ate
(conpound of fornula (1)) 25The cor‘rPound of formula (X btai ned in

Exanpl e 1-10 (1. 1My)ithin hexpmgthyldisilagane: solytion mé@@ahycimumr{?ﬁ%lnd? Y mofl)ed

at 95 r for whstooledt® ¢ &SUhtd RGce) UAI@&messomhqﬁ Nq)hwﬂmﬂlm(wswg
crystallize and stirred at 10 r for hr. The resultin Wasflltered

and dried udddrmgl )rﬁqdr%ﬁ’é‘ﬁr%*ﬁmé@u% @ hl)nwﬂﬁédqthqoéhééﬁlb‘ﬁ%(fowlt > a

purity of 9%1%“@105 A AiRudhbfitBe 6&&@5@@ &thﬂulﬁm (Q)talﬁéc?inCExanﬁﬁe 9-29 .
30 Exanpl e2-1: Pr epar ationof 3-(t-butyl - d| phenyl -

T Ly oxy melHIA Beb 3l BIbrAndh A GroB AR B (rdlla o] (6 ] s, The eipen
BHﬁ gNB solt %zlk@lﬁb 3\}&5 tsﬁ%ré@f&‘!@; ‘gg) wran ht. 2 18ftéd cortﬂplgﬁéln gpltﬁe Wastion, 3% afieb t
anhydrous tetrahydrofitra in_a reactor under ogen st ream
and ool ed SediEmIe arkoqat%%pﬁmfea 2440 fhe mixtugo and gyt ac\ss;ﬁlsWﬁlaaféa 99Etet 8015
dropwi se forThe o‘égd?ﬁ@layel\/@uz @épk&&écﬁﬁ@§ Hﬁ%’d K @1‘2)@3@&ﬁﬂﬁesu$fﬁiel, ¢dltpfedsendf
(+)-1pc ch ob ai ne ated to Siﬁndt- ngE#

(510 0t Fhoxbensid apitioa SeurOonroNs) - L drudvst B, AURAERTVES Mttt gyithas
adged t Ee(r]I etheptzﬂdm(%1 gg)s dhd IGgiteT(800UEE anmstlsxbdr atteﬂ)ofrolterﬁpdﬂdit&reaﬁd 3 Hxs.aqligous
sodi um hydr oxi 0

ot nt i n ng FeinecpdE Wb Elered E5ug Coble e FegRik el Shbitag: by greanic
Pydr ogﬁn perlzqf)ea tris (obaﬁndaﬂ wasnasshadi chétth admommsrﬁ niéhanbl hiid oateratieedsind weight ed
or 1 hr. To the S i,on m a.m xt on,of 10%
NaHS03 (250 9 Stafi 84 *)aﬁ%}éﬁ%%gd’ e 3atidicls sty hdfee 31 %dp\ﬂi‘@&o‘%% 158 ove
':1 he excéSs hyderageduqedrppessare.to dheairr ths tikle icompoand(89alg)was extracted with
eptane- (500 m) te I | C | ayer h a r gani er
was washed five N‘ﬁ&iﬁm% Clgafﬁ?x? we(’g(n&’f £7 eoﬁ'é:i%%%ﬁegﬁ@ﬁgrﬁn@k%fﬁnﬁg
wei ght rati ¢d,ofH)12389 (dd,1L1D), 2568 s, IH)2259d¢dd, 1L1B), 23 7r2b e, 118pRildddabidh o3
The resul ti gg%gl uti on was condensed under a reduced pressure, crystallized

wi t h heptan OmM), and filtered at O to obtain the title corrpound as a
crystal (67 g, yi eld : 65 % NVR(300MHz, CDC13) : .57-7.21(m

2. 34(m 2 91 17 P 2 431%?&%%?&@10 é‘?ﬁ?&ﬁﬁ?ﬂh%}%@*ﬁs@? SETV"&“*‘Y!;% 6t o
97 e Exarrpl eﬂtﬂoﬁmghyhcy@omq-ﬁ-ymwmdn@(wmnougdlqirf«ylrmul})(IX))

trityl oxynmet hyl - cycl opent anone (conpound of formula (X))

Magnesium (turning) (33 g, 5.22 mol) was mixed with anhydrous tetrahydrofuran

(2 L). 1,2-Dibromoethane (8 ml) was added thereto and stirred for 15 min. To the

25  resulting solution, a mixture of chloromethyltrimethylsilane (364 ml, 2.61 mol) and
anhydrous tetrahydrofuran (0.6 L) was added dropwise for 10 min. The mixture
solution thus obtained was heated to 40 C and cooled slowly to precipitate
trimethylsilylmethyl magnesium chloride. A mixture of the compound of formula (X)
obtained in Example 2-3 (892 g), tetrakis(triphenylphosphine)palladium (37.7 g, 0.033

30  mmol) and anhydrous tetrahydrofuran (4.5 L) were added to the resulting solution for 20
min dropwise and stirred at room temperature for 1 to 2 hrs. After completion of the
reaction, the resulting solution was cooled to 0 T 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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20 The conpound of fornula (XI11) obtained in Exanple 2-1(60 g, 97.9
nmol) was m xed with DVBO (36 ml) and nethyl ene chloride (300 ml). The
resul ti ngweabuti4ese3was cooled to 0 and N, N-di i sopropyl ePhyR20 10006306 PEA)
(59.7 m, 0.343 nol) was added thereto, followed by adding a m xture
solution of pyridine.S03 conplex (31.2 g), 25 pyridine (15.9 m) and DVSO
(36 nil). The,Ris¥tdiaed way%vagpéd%ﬂﬁg xﬂvﬁﬁuésméﬁqn&%d%&téprﬂlxem swefg@mtetl on

of the reaction, Tile organi ¢ | ayer thus obtal ned was washed w sat ur at ed

armoni um chPbpildé. 6(13)00v1¢ﬁ,)dneé wm@ém@ seHumawtfate ﬁltef@éd@flﬁirﬁ"@id%ﬁeéélﬁﬁ%fe
sol ution ( 39Qe(’iﬂc}3d Eﬂi’&sﬁre' n?hé 3&%1@ wad 85R@AIAYN Slith a MikBAe %Y ¢dopPepyY AIcOHS!

sodi um sul f at e, I't er ed condensed "under__a reduced pressure’to obtain
the title cé%ﬁ’ﬂ??ﬂ“{@ﬂal@ thes@*}? gprapoungas gpcrystalipessdich 4786 ehc13)
7.62-7.18(m 251@MR€30‘6§4}% le)363$©ctdd 4y 7.33- 30?4 g11111)1)5 062(55ﬁ(1)’n4 3B11),

2.3\ r epat 18 PO S U, S h D s s, 1T I E

di phenyl - si Ilﬁrjuyll %ﬁjﬁ%tll’[j npodyl | 9fipy,ay@l @pen) enyl ester (conpound of
formula (X)) WO 2011/ ch?mzo 0/ 006306 AM [it hi um
hexamnet hyl di si | aZhPre Sgcﬁ P or tetrahydrofuran (2.62 L, 2.62 nmol) was

cool edtoOr ina reactor A m xture solution of N-phenyltrlfl imde (608.4

g, 1.70 | ) and_anhydrou et rahydr of uran s..added to the

sol uti ohg?or 1 hExaBiplg) | c?vér reparatign, rﬁgét u?’e(t%’l"mlﬁ@l’gﬁ‘ﬁaédﬁﬁylav) 1-
formula (X lnﬁm 1€iRG lrﬁetﬁyliﬁ?}ih@ylaxﬁnéﬁ9ﬂ6ghxalb1833cldml1)0]58£h1ﬂ:n{'tbdfphuﬁd of

t et rahydr of gan iﬁgg‘;) for 1 to 1.5hrs. The resulting mxture was stirred
at 0r for

conpl eti on of the reaction, 3 % aqueous sodi um
bi car bonat e (8 L) was added to the m xture and extracted with et hyI acetate

8 L). The organi er t s dried oye dr m
gul fZite, fil tgretﬁ‘e ép%m@Bif?éﬁ’g‘g’d&gﬁ&B&%dr QMY%?é42@§¥&>q mlQ Is:J%fue
t hus obt&i ndidseleed in bsepl'opyltdicdlmﬂ)}(]mlh) aifid lx)olerhd) @ar i tﬁoc(iﬁﬂﬂpl?))splmndé(z‘f’f kged
at roomte tur Tersutln tered thr
ol | to to r Srmnenal pf L Bt erdp SR B AR o 81 R o i B Gl ”
washed wit haademll thenetceam! stirsddhfom@.5 brsd it esplidritinescotitained web diiteradatoi cofotmh o1

(5.6 L) tw ce ¥Eer anhydr o Odl iltered, and condensed
15 under a PBHYE ?itetg?gssu?%lp?% al nuﬂ%“nsﬁﬁtéegc%srrlﬁ und (892 :
NVR( 300MHz, CDClMMR (800MBIG, CPRCUH)D-Q). :0D7.65-T22((m, 22H:Il)i)4 745(t5®H§§ 441@1dH),

ot S0 ortel ot dsihy, 280 0B 280 4 GRS oK B gf oHF Pob s

t butyI di plmn9i), O3L50.13rehYH}i | yl net hy1- 2-

trityl oxynmet hyl -cycl opent en- 3-yl oxy) -si | ane (conmpound of formula (IX))
Magnesi um (turning) (33 g, 5.22 nol) was m xed w th anhydrous

t et r ahydr of ur an Example 1,226:Di Prepaxationnecof 8 1(S)- mumdﬁnhers@aoylam)-Z-

ot B ap 54O Ry 4 519

tetrahyaiofuran (0.6 L) was added dropw se for 10 mn The m xture sol ution

t hus obt ai ned wa t
?’hhﬂ Ct% 3 149 of ﬂfe@ng@%&%f%rﬁwleyomn%%m lwﬁmpl? 2-5

trimethylsilylnme esi A m xture of onpound
formula (X) ambtsaqhn@dphqspmgmsenzeé wigpmeghanol (8 L) and methylene chloride (4 L).

tetrakis(tr '79h§@1{|@1%€§b9ﬁ9eﬂ%1k%@id%§ 37g) kb a&e@%r&g zﬁ’iHDsltﬂTearfgr @@@X@r ous

tetrahydrofuran (4.5 L) were added the resulting solution f
dr opwi se andirsst iAftescomtpletinanet Eispesagtion: dhe gesuiting, mixtyres WaAffil&qredc mrﬁ@@?\reon

of the sg@aciy®lim e%ﬁa@émﬂhegolw{mfs loBRINASVEAMsBE HAhGndthyBsk Sh1dEidIUEDNS

sodi um bi sul fonate was added thereto. The resulting m xture was
filtered thrleule rr@éqr}at! Eluswa@wal inpirtuae pelption ek 24 & qamepys sopium Hiyifate 214y er

thus separ aff§tinWas o QUIER BChrbed sdtutdon (£8l quadaspm@& lAhG codleg@ JuesdlglueThdus
obt ai ned was m xed wth heptane (6 L) and Celite (

stirred T
hrs, filter EaaifdlayssHeg %t%lﬁe%éi?ﬁaﬁéafé@ 13nd fhﬁeﬁ%?ﬁ&n?a&eq Hpe jextracte 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
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WO 2011/ 046303PCT/ KR2010/ 006306 t hus separated was washed with a m xture of
nmet hanol and water mxed in a weight ratio of 6:1(5.6 L) twice, dried over
anhydr ousweadiumw®al fate, filtered, and condensed under PATHRMWDEH6EESSUr €.
The residue was crystallized with a m xture of isopropyl alcohol and water
to obtain the title conpound as a crystalline solid (786 g). 5NVR(300MHz,
CDC13) : 8 Formtud gﬁ) ﬂ-l%) 7.33-7. 14 (m 21H) 5. 06 (s 1H) 4.33 (d, 111),
2.90 (dd, 1H), éﬁ I—?z (-%b 6- 2. 24 ém 1I—3
2.09 (d, 111), WR(@OML CRChy: Qa8417+458 (m, 7s3- 79H$(m039é11)€ 0 (91 2H p.

2 57.8C t0 398Q% 1H), 5.11 (s, 0.2H), 4.99 (s, 1H), 4.65 (d, 1H), 4.13 (q, 2H), 3.02 (m, 3H), 2.87
10Exanpl e2- Pge ar)atl on(oT t) (I - dl)phemgl SI)| anyl(g’ )) ( -

trimet hyl si Kfan%ll{ 8r$y(11 EHiaerOyQSok t hyl- 6- oxa- bi cycl o[ 3. 1. 0] hexane
(conpoungl of fornula (XI 1)) The corrpound of formula (IX) obt ained in

Example 2-4 (786_g, 14 rmr%‘_ 15 dissolved in |soprog al cohaol (12 L)
and cooled to 0 Exagcnh vk §BH%&‘%?“( o1 76-bepzoyld-@dutyl-Jipheryl-silagyloxy)-2-

m chl or oper giefRABKEB Gritfolyhéfhdl-eydopentide (TBmpotRdoffoxaemINg! Y added
thereto and stﬁqr ed fo?ﬂZQDé hérhg 5thepso |d(6?hups obt ai ned vvgsl}?l [tered to
obtain a mxture of the title conpound and sodi um phosphate (3.25 kg).

NVR (300MHz, CD2Che cbnipddhd of8fo?mﬁﬁ leﬁobmneaalri) Exaﬁnﬁlé :(6 (5860)g, B84dol),
R mp%ﬁpﬂdp@%@n@?aé%l e dpcisnepis goighibe g 13 o0 mel e i .
Prepar at i Ontdmfahjldr()ﬁirarﬂ-(((b 1hudnd c@ﬁlﬂh@dﬁﬂ -CSI |BDA{DOQQ34)Z 72ml 1.2 mol) was added
o hy 1 ene- Sulebad SRS LN ek opantanel y eomgund ofy Lor T B (Ml 22

m X r e
2-5 and sod rasmtm@@mahﬁé evan@sndenygicundiet # redatdtbpebsufStolrmane thEabhehe neEthyl
%1, Gy 410 SRR G ol e BT iEgE 15
rﬁsul tLhﬁ'g rﬁDgt the eorgaﬁcflajretremlasl sbparatedpvmlﬁﬁ suifhited Mapl“anlslpmad@ech’rﬁltdrédg aalid
t obt ai n th .d L),.
Lhus obt ai nEendtiSeal s LAESehinth MRk PGS Subd strare (D oA HRbShaTs |
'?‘Rd 6 % sodLynab iadd&dotormjt;@tgalhmé thei titte c(odn}ibuh%l waike sxd;ibﬁuantitamedlv[eﬁ fdtﬁrﬁktoy

e organic us_obt ai rat.e e aqueous | ayer was

9 Tﬁ}{l r}é? klhr, SQmpoyn asa ? 4&%3 § g,l_}{'lefjd aﬂ)d() q y

extracted w’ ori € or ganl | ayer thus separated
was conbi ned, dr WR@%MI%VG:DEIﬁOCﬁ 8.00 (ddf 2, 7.56 (ddbrdt), 7a83d7.20 tohe 2SED,

d d b I I f
dpder g SO MBSV PLR) T LD, L SORRIOMIC 41 epo 8 6 )
2.24-2.18 (m, 1H), 1.94-1.88 (m, 1H), 1.54 (s, 3H), 0.99 (s, 9H)

m.p.: 1423 CTto 144 TC

Example 2-8: Preparation of 1-(R)-4-(t-butyl-diphenyl-silanyloxy)-2-
25 methylene-3-trityloxymethylcyclopentanol (compound of formula (IIT))

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) : & 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),
35 1.02(s,9H)
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WO 2011/ 046303PCT/ KR2010/ 006306 fornmula (I11) : 72 9. NVR( 300MHz,
CDC13) : 6 7.84-7.58 (m 5H), 7.33-7.18 (m 39H), 5.40 (s, 0.211), 5.18 (s,
111), 5. MO@811/@6d3-1), 4.99 (s, 1H), 4.65 (d, 1H), 4. 1BCloKR2BH)06B6502 (m
3H), 2.87 (m 2H), 1.88 (d, 1H), 1.00 (s, 1711) 5 Exanpl e 2-7:
Preparati on of 1-benzoyl-4-(t-butyl-diphenyl-silanyloxy)-2-

met hyl ene-3-tri t)ﬂx@hﬁﬂ@?@'P&ﬂﬁ&ﬂﬁrﬂfmﬂ (tquppaigﬂe 1-511351916&3) ﬁJ.J.éthyEH@-

conmpound of forrmula (VIl) aobtained in

triphenyl pROEEH omém(«’ﬁm czclgpeqtyﬁ %‘rlyr%ﬂﬁp wnlzarad aawnemécomgou@ 2 %|)
was m xed i formRblagWyyrof uran (10 L) and cooled to 0 C DIAD (242.7 m, 1.2
nol ) was added thereto dropvvise and stirred at O r for 1 hr. After

conpl etion of the reaction, the resulting m xture was condensed under a

reduced §r essurertr@hé@mte hine (319 g/mm rﬁbl')Was@%@él@E&n{étrhﬂ drefradden 1)
thereto and SdeI f ml 0 g %615 To t hy
organi c | ay8R F?u gd & aﬂ:at Mggf s@g iolf”é’)\/\)é %‘% dherattol S“Piefltaépeg
ang co ?ﬂensfw 1 ih® dtesib |at§u§§g:n§ﬁ»her rrnJ: smansimse@b ?&?:ldl 18 ae\hmlhregamtrlﬁhefﬂlﬂe I&)
and net hano [ n e.soli
thus. obt ai neeedd ¢ pendl (fly' usaddin e pd Cthsol aE 2B S T ainees 3
?adw glld : éRlofopiin (140 g, oszNMRé@grgMﬂaho y@ﬁ&%)l’a 42 ; éﬁ)@ énd 2drtdd at7sa(5fb
195, 3t 5. Gt it T3 gl cGmpigiipn ' s Tebtions tuts’ s3ih akasaie 3315
]léx 94- III. 82 (8 mas hifled fo ﬂi}é r(emltlr%lfh)lxtu&. &ﬁi stshelal'ﬁél_tlﬂ:])ﬁ NI aqll_éi&us?nsclfdulr@ hijzgr‘bxlidSe
a € - di nyl -s nyl oxy) - 2-
met hyl one- U1 LY Rbfyviet FOF EVTELENE SrmR i SR Phritis Rl Fpiese,
Sodi um hydr cﬁktlewd é.r&ch;deﬁsedUhr)demsredmoedcbrWSUre toedti@inahe ¢ifle Colmpound 426 g,
reactor. ff&)r@)&?ﬂd of formula (I1) obtained in Exanple 2-7 (400 g,

0. 5487 nDI) and’ yl ene chloride (2.0 L) were added thereto and reacted
at roonl}enper at NMRCOOMHBD rBMSEBRdAHS t & 1. &Qo(lsle) D6l ¢d, 4Hhe 7r49%a€.20 gm, 20 He,

resul ting t the .0

separ at ed, nk)égtth 1’ateht\/v;&Pyylag?e\ggl @?l e§7 101:{%4 A{bes gﬂ?g &b% igﬁ“’r hgbj
title corrpoar% 3(3?4(nn,gl,Hy2él3c{s 1192 9$-2.10 (m, 2H) NOR (¢, 30DMHz, CDC13)
7.65-7.60 (m 4H), 7.39-7.17 (m 21H), 5.35 (s, 1H), 5.10 (s, 1H) 430(d,
1H, 2.97 (s, 1H, 2.88-2.79 (m 2H), 2.73 (d, 111), 1.78 (t, 211), 351.02
(s, 9H WO 2011&46@89@/ HR2p A PBGED$-(2-amino-bxdriptoed,3-dihy drepariaid-di of

R T e e

5Tri phenyl phOSphI ne (216 g, 0.823 m)l) was di ssol ved in tetrahydrofuran

(3.43 )" and 00l of| et an ARl o 3n 1Rk MRFUAHYEY L NeTEhgpand

stirred at 0 r for obtalin a suspension uspensi-on vias

a mxture swiageddsd tof sohibion prgratridbodissodring the ompopndf Girmada (V) ddkingsl i 2- 8
(341 g, 0.5484mpRl. 93&5& 2 mann& ﬁ&h@ﬁ&ﬁg&&%@&%ﬁn (#1§23d Wrdd htroom

tetrahydrofuran r ahd strirr
25 temperature for 13 hrs After completion of the reaction, distilled water (2.0 L) was

added to the resulting mixture and extracted with ethyl acetate (2.0 L) twice. The
organic layer thus separated was dried over anhydrous sodium sulfate, filtered, and
concentrated. The resulting material was stirred in methanol (4.0 L) to obtain the title
compound (212.6 g, yield: 72 %).

30 NMR((300MHz, DMSO-d¢) : & 8.19 (s, 1H), 7.98-7.25 (m, 15H), 6.84 (s, 2H),
5.44 (t, 1H), 5.07 (d, 1H), 4.88 (s, 1H), 4.54 (s, 1H), 4.25 (s, 1H), 3.30-3.17 (m, 2H),
2.64 (s, 1H), 2.26-2.08 (m, 2H)

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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10 tenperature for 1 hr. After conpletion of the reaction mxture, ethyl
acetate (3.43 L) was added to the resulting m xture and washed with 0.5 N
aqueous swoioarwvddyasoxi de (3.43 L) at 0 C. The material POUKROtEI0Ed Was
dried over anhydrous sodiumsulfate, filtered, and condensed under a
reduced pressure to obtain the title conpound (426 g, yield : 99 %.

15NVR( 300MHz, D'Vﬁ@e@@)npouﬁd &f ﬁ%n(lﬁm Vl)’LéBtamZd ElEt&pld ) 10 ('QOG%— 3.329 nio) was
2111), 6.69 (br.s, 2H)

1H), 3. 19- 3 mized mlthmetorgméea(é L@@ﬂérﬁ Nm;ueoas hxgreghbﬁ fyid é &%‘%d fﬁrrf%

2H), 1.03 (g2 BHor 12 hrs with heaEiiQWAﬁch&ﬂpleﬁéﬁBﬂﬂ@tkﬁbﬁloﬁf the resulting solution
4-(2-am no-6-chloro-4,5-dih

3- met hyl ene-8st $qol&d 69(%9@% mf(t%*gu“ g’i‘f? é%/?éi‘e‘t St StV et el 9 WEypve

1 M tetrgbutyly 1@F6rﬁdsll urphk! egiiltide Bakbdll Gas mautr@mzreahwdpﬁf Traing 3. W Aquedud O

nmol ) was adde sal.u ar ed t.he cpnpound, of .fornul a

(V) ) obt ai ne(ﬁoﬁSi ide @gﬂ g‘?‘ggt{fed(?t@%g fﬁbﬂ“ % H)?cff’gﬁlé’ S

tetr ?h%/dr of %@{tﬁé&d Lty r(fd”iﬁl té‘:ﬁ%d’rﬁt?ﬁb abvcvlryoa?h s@mingenydetiatd raEadom teixipeltmsne fAf t er
conpl etion e i on is | ed wa

resul ting qu]i‘ru'ioecrﬁﬁﬂaﬁléﬁt r 205 é?fu neHmalEHg) Wﬁ%&?‘ﬁ?‘t)&( ga% EI}(Pf .Or%gr to

or gani ¢ | ayebtdihthe thkpangioand wes selid @0.20y gicldniy &#s)ous sodi um suI fate,

filtere and co t N ul.t.i t eri,al S irr [ t.hanol
(4. 0°Ly 100”0t ai nVRC NI MRebiRd P8 138,77 1 933 B orm Bod e,
DIVBO dé) : 8.8 @91H) 4.4814.%0 (m, 9H), B.85(d, 2H)1BH) (s, H342.64%-2.381(h),, 11D, 327¢2.20

5. 07 (2 : 4 88 (s, 111), 4.54 (s, 111), 4.25 (s, 1H), 3.30-3.17
(m 2H) H‘i ; 2.26-2.08 (m 211) Exanpl e 2-11:
Preparati on of 2- am no 9- (4- hydr oxy- 3- hydroxyrret hyl-2- 35

met hyl ene- cycl ope r [ ent f

The conpound of fo ﬂ}% \ﬁ“%naélgah%ﬂgb ehnde%@rrpl e %8&%5&%(3 a85gé}'53e<,(1{%
was ni xéd wientbodime¢ros)iit shwd b8 regogaimtd 2hl waioes usodifichtiook land ichanges dngy3be. )
and stirred fliedg n%n&(?rr BY Sadk L0834 10y LR GO Ghh O beddioe the
reaction, the resu i'on was coo O roomtenperature a

with et hyI acemntbr af aeiir)edthythenmdai ¢lainsy| carbi nol . The resulting materi aI
was neutralized to pH 7 using 3 N aqueous sodi um hydroxide (1.2 L) and
stirred at 90t for 1 hr to obtain a solution. The solution was cooled to
roomtenperature slowy with stirring and stirred at roomtenperature for 1
hr to crystallize. The resulting naterial was cooled to 6 t and stirred for
1 hr to obtain the title conpound as a solid (80.2 g, yield : 73 9.
10NVR(300MHz, MeOH-d4) : 10.6(s, 1H), 7.78 (s, 1H), 5.53 (t, 1H), 5.26 (t,
111), 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) Wile the invention has been descri bed
with respect to the above specific 15 enbodinents, it should be recognized
that various nodifications and changes nay 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 clains. WD 2011/ 046303PCT/ KR2010/ 006306 WHAT 1S
CLAIMED I S: 1. A nethod for preparing entecavir of fornula (1), conprising
the steps of: '
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(a) hydrolyzing an a-exonet hyl ene derivative of fornula (11) to obtain a

conpound of forrmula (111); (b) carrying out a Mtsunobu reaction of
t he conpowoadoofo4bamsnul a (111) with a purine derivative eCTKR2u/@6306V) t o
obt ai n a nucl eosi de conpound of formula (V); (c) subjecting the
nucl eosi de conpound of fornmula (V) to a reaction with tetrabutyl anmonium
fluoride towpisa s araqvpepng: of fornula (VI); and (d) hydrolyzing
the conpound or tormula (VI): O N-)LNH 1 N--Th\r NH RIO X N-.)NIL
N----NNH2 R2d(V) wherein

1. 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):

0
N
NH
<
N N/)\NHZ
HO
HO 0]
.\\OR
R1OA& ;
R,O (i)
.\\OH
RO
R20 (1)
X
NS
N
e
N N/)\NHZ |
H Iv)
X
NN
N
e
N N/)\NHZ
R,O
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R1 and R2 are each independently a hydroxy-protecting group, or Rl and R2
are fused together to forma cyclic hydroxy-protecting group; R3 is benzoyl
or aryl bewoayityo4diosi s trifl uoromethane sul fonyl; and X PEThR2002006396
benzyl oxy. 2. The nmethod of claim 1, wherein the hydroxy-protecting group
is selected fromthe group consisting of nethyl having one, two, or three
phenyl substituents; benzyl substituted with al koxy or nitro; benzoyl;
benzoyl substituted with alkoxy or nitro; siXyl; silyl substituted with at
| east one selected fromthe group consi NipgxQf al kyl and aryl; allyl;

al koxyal kyl ; and tetrahydropyranyl. ; 3.¢Th hod of claim1, wherein the
cyclic hydroxy-protecting group is g (ﬁ/ Qe group consisting of
benzyl i dene, napht hyl i dene, ﬁ-@'- ehzyl i dene, é@cllc acetal, cyclic
ketal, cyclic carbonate, cycli theester, and cyclic 1,3-(1, 1 3, 3-

t et rai sopropyl )disil oxanediyl. KO The nethod of cl 1, mhereln X of the
purine derivative of formula (1V) is chloro or benzyl oxy group. 5. The
met hod of claim {hepefierein the Mtsunobu reaction is conducted in the

presence of trlphenyleposphlne and di (G to C6 al kyl)azodi car hoxyl at e.

The method of cl Biahd zm%f:@ihnlnfimenaeréwo%rhyqlfwzéﬁéota‘amgv%wPR»eorcPrl mlﬁwg
(1) is preﬂ@&?ﬂ)QﬂmﬁQﬂﬂﬁﬁ%kﬂ@h@h%h%ﬁ#ﬁﬂﬁ&n@@@ﬁé@fn of a 13-exonet hyl ene
derivative of formula 1) whereln and R2 are the sane as
defined in cIa|nRimlﬁn?WQCWéBHBﬂEBYIcIa|n16 wherein the Mtsunobu reaction
i s conducted by $pgnﬁghm@gmmﬁge%am@ﬁmmmhhylene derivative of formula (VII)
to a reaction with triphenyl| osphine and di (G to C6

al kyl ) azodi car boyf ?@gmBoﬁm%m ®hod of claim6, wherein the P-exonethylene
derivative of formula (VII) is prepared by hydrol yzi ng an epoxi de

derivative Sf For 'El}lje me{l}/oldl (|)1) c:laim( }/,I \!vfigrein 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 (IV) 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 C¢ alkyl)azodicarboxylate.
6. The method of claim 1, wherein the a-exomethylene derivative of formula (II)

is prepared by conducting a Mitsunobu reaction of a B-exomethylene derivative of
formula (VII):
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wherein, RL and R2 are the sanme as defined in claim1l, and Y is al kyl silyl
or arylsilyl. 9.The nethod of claim@8, wherein the epoxide derivative of
formul a (WOI2b)1/d4630pr epar ed by subjecting a conpound of fPormR2a10(dox3oét o a
reaction with peroxide: (I1X) wherein, Rl and R2 are the sane as defined
inclaiml, and Y is alkylsilyl or arylsilyl. 10. The nmethod of claim?9,
wherein the peroxide is selected fro‘ the group consisting of

D

m chl or oper oxybenzoi ¢ aci d, hydrog eQQﬁL?e, t-butyl hydroperoxide,
ﬁn i xture thereof. 11. The nethod

osm um tetroxi de, sodium peri ,

of claim9, wherein the conpound of‘fernmula (1X) is a crystalline solid.
WO 2011/ 046303PCT/ KR2010/ 006306 R,k®. The nethod of claim9, wherein the
conmpound of forrmula (IX) is prepared by subjecting dMPif1ic enolate
derivative of forRHteReif)R; 4 I & BRIshAR 29idEfned ikl 1! Met hyl magnesi um
chloride or arylsilylmethyl magnesiumchloride in the presence of a

nmetallic catalyst: OIf RLO R26(X) wherein, RlL and R2 are the sane as
dlefi negzi n \Aﬁl aim Jliheaﬂﬂth;ﬁfil 1)15 cIa'iIhI Js,lu%t@fm B eviRslinbBi Weactioh3is ddiRiueREhpd Of
claim12, erein e alljc catalyst i . . .
tetrakis(tr i%h&ﬁ%‘%ﬂﬁs‘%ﬁ’f%ﬁ PR 8FiNALive o forpmula ¥R agreaction; Yith Jrivkgnst ei n
the triflic Iﬁaqﬂﬂﬁ@aﬂdl&ﬁ(@l&biOgezll'@fl)a&&ﬁéatb@(}(lé&. is prepared by conducting a

reaction of a conpound of fornmula (XI) with a triflating agent in the
presence of a base:

8. The method of claim 6, wherein the f-exomethylene derivative of formula (VII)

is prepared by hydrolyzing an epoxide derivative of formula (VIII):

Y-
@)
R.O
R,0 (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 (VIII) is

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

Y-

R,0

wherein, R; and R; are the same as defined in claim 1, and Y is alkylsilyl 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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R10 R26(XI) wherein, Rl and R2 are the sane as defined in claiml. 15. The
nmet hod of claim 14, wherein the reaction is conducted at a tenperature
rangi ng fwormfP®43080 -29 C. 16. The nethod of cl ai m 14pcuhareionosive base
is selected fromthe group consisting of |ithium hexanethyl disil azane,

pot assi um hexanet hyl di sil azane, sodi um hexanet hyl di sil azane, |ithium

dii sopropylamde, n-(G to C6 alkyl)lithium lithiumtetramethylpiperidide,
pot assi um but oxi de, pot assi um pent oxi de, potassium anylate, and a m xture

thereof. 1%2. TheThemesepdost eniat f whereinhibe sompohed of farmada Hé() ayyprepaied by
sel ected fromilhmody ﬁ’Hﬁc ‘éf?&léﬂe%{e DG off ﬂ‘ohlﬂﬁﬂa tt %’}%agftwnf@ﬂ%‘au@ éﬂﬁétﬂﬁ

triflimde haV|ng strtu

mxture t heﬂ@gneswv@mwpom%ﬂﬂxmgg@ﬁm@den%mmhé praserscPicF metlanm
14, wherei ncgtglg,stcorrpound of formula (XlI) is prepared by a method conpri sing
the steps of: preparing a cycl op ?{)anol conpound of forrmula (XII1)
as a crystalline solid by treating a ¢ pentene derivative of fornula
(XIl) with (+)-diisopinocanpheyl bogg nd H202, extracting the resulting
m xture with a hydrocarbon-base®Rgl v 0 i nduce the separation of an
organi c |l ayer, washing the separated @fganic |layer with a m xture of water
and al cohol, and inducing the crystdeOl zation of (][)Qe corrpound of formul a
(XI'11) by addi ng a,solvent as a crystallization a conducti ng
oxi dation of the BYelcHheRtafl Rofsouha &mg o%smpﬁnf(%ml Flajint k. andi fukse of

pyridine . SfwReméBane dulfody Kyl am ne, and di net hyl sul foxide: /" R10 (XI1)
oH

13. The method of «claim 12, wherein the metallic catalyst is

tetrakis(triphenylphosphine)palladium.

14. The method 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:

R,O XD

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, iithium 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 sulfonic anhydride; triflimide having a C; to C¢ alkyl or a

Cs to C;g aryl N-substituent; and a mixture thereof.
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(X11rn) wherein, Rl and R2 are the same as defined in claim1l. 19. The
nmet hod of claim 18, wherein the washing process is conducted three or nore
ti mes by weizog/@e3mxt ure of water and al cohol m xed i n &CEARP10/006306 0
ranging from11l:1 to 1:3. 20. The nethod of claim 18, wherein the washing
process is conducted five times by using any of the m xtures of water and
al cohol having a mx weight ratio of 1:1, 1:1.5, 1:2, 1:2.5, or 1:3. 21.
The met hod of claim 18, wherein the solvent used as the crystallization aid
i s sel ectedl$.rom Th@mgﬂ@dwf@lﬁh@l whgredd theesoameund epferamla GEl) anerepansd hanol |
et hanol , |SQH1 ﬁl?ﬁﬂ%khe Yehesr: and a n1xture thereof 22. The met hod of
claiml, which é} nprises the step of ating the conpound
obt ai ned from t heplﬁp%rmg @gy@ommt@pbgorpmurw qfrfoanwgt(ml} %ﬁraraqw@alqecﬁowtba. n a
crystal lineg, V, t f

and 0 20107 SRS IBS BTk onR! OUl QIATEY) Hkpinctahfis Sor) of
ent ecavi r dﬁﬁﬁeﬂh@i,f%ﬁrﬁﬁmgd@edﬁsuﬂfm%rmvﬁu(w% afh)@ﬁ‘?%éh(@r ased S‘M@Fépﬂn YSF i s
di met hyl f or fﬂe%gl}?l%on of anzo?rgalﬁ@ la'ﬁ}fer %Hﬁghﬁé %]ﬁrzﬁ&ff&%ﬂﬁi@ l&%fer ethainaxtidel Of:

. O0R3 wherein to are as defined in clai
water and alcohol and 1nduc1ng the crystalhzatlon of the compound of formula (XIII) by

adding a solvent as a crystallization aid; and
conducting oxidation of the cyclopentanol compound of formula (XIII) with a

mixture of pyridine-SO3; complex, trialkylamine, and dimethylsulfoxide:

OR,
/®
R40 (XII)
OH
R10/\Q
R,0 (XIII)

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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24. A P-exonet hyl ene conpound of fornmula (VI1): OH (VII) wherein, RL and R2
are the sane as defined in claim1. 25. An epoxide derivative of
formul a (WOI2b)1704630%1 1 1) wherein, RL and R2 are the sanecagrefo/cexdeéi n
claiml, and Y is alkylsilyl or arylsilyl. 26. A cycl oal kene conpound
of formula (IX): (I'X) wherein, RL and R2 are the sane as defined in

claiml, and Y i Sre@é&%%ﬁﬂrzlr%lctt rsofVa¥d Sf EML:cavti)ttziilnﬁeglﬁﬁfo%ﬁfn% KEREmutped of

clai m 26 whose X-ray I on spectrum o usi ng Cu-Ka radiation
shows peaksfrhaviwatgr:a peak intensity of 10 % or nore at diffraction angles
(200.2) of 8.5, 8.6, 9.3, 15.5, 15.9, 47.0, 17.4, 17.6, 18.2, 18.7, 19.4,
25.1, 27.5, and 28.7. 28. Atriflic enplate derivative of fornmula (X) : OIf

< )N\H - DMF
N">N>NH,
HO

~
N

HO (XIV)

wherein, DMF is dimethylform amide.

23. An a -exomethylene compound of formula (II):

.\\OR3
R,O

~
>

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

24. A B-exomethylene compound of formula (VII):

OH
R,O

~
>

R20 (VID)

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

25. An epoxide derivative of formula (VIII):

R20 (VIID)
wherein, R; and R, are the same as defined in claim 1, and Y is alkylsilyl or

arylsilyl.

26. A cycloalkene compound of formula (IX):
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(X) wherein, RL and R2 are the sane as defined in claim1l, and Tf
is trifluoromethane sulfonyl. 29. A crystalline conpound of formula (MI) :
OH (XI'l1)wotrergi4p303R1L and R2 are the sanme as defi ned i nPCTaRm10/00686. The
crystalline conpound of claim?29 whose X-ray diffraction spectrum obtai ned
usi ng Cu-Ka radi ati on shows peaks having a peak intensity of 10 % or nore
at diffraction angles (200.2) of 8.5, 89, 10.4, 11.8, 13.2, 13.6, 14.0,
15.7, 17.3, 17.9, 18.4, 18.9, 19.4, 202, 20.6, 20.9, 21.6, 22.0, and 25. 2.
31. A solvate of crystalline entecavir dimethylformam de of formula (XIV)
whose X-ray diffraction spectrumq usi ng Cu-Ka radi ati on shows peaks
having a peak intensity of 10 R at diffraction angles (200.2) of
10.2, 14.4, 14.5, 16.6, 17.9, 18.8, @3 19.8, 21.4, 21.9, 24.5, 25.5,
25.8 26,7 29.3 and 30.2° 0 1 NLNZ® DWVF (XIV) (@Xdrein, DVF is

di met hyl for mam de. 32. A nethod for preparing the solvate of crystallin

ent ecavir di met hyIW@F%anén‘b&@F"aF% R3Ne o lffieéllﬂglac“ﬁel dp¥ lﬁ)fﬂkylsﬂyl Or

di ssol vi ng tahgsigat ecavir conmpound of formula (1) in a solvent containing

di ret hyl formam de; and inducing the crystallization of the conmpound of
formula (XIV) therefrom

217. The cycloalkene compound of claim 26 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 8.5, 8.6, 9.3, 9.6, 10.3, 11.4, 12.1, 12.7, 13.6, 14.6, 15.3,
15.5,15.9,17.0,17.4,17.6, 18.2, 18.7, 19.4, 19.6, 20.8, 21.4, 21.9, 22.3, 22.6, 23.2, 23.5,
25.1,27.5, and 28.7.

28. A triflic enolate derivative of formula (X) :

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

trifluoromethane sulfonyl.

29. A crystalline compound of formula (XIII) :
OH

R10/\Q

R20 (XIIT)
wherein, R; and R, are the same as defined in claim 1.

30. The crystalline compound of claim 29 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 8.5, 8.9, 10.4, 11.8, 13.2, 13.6, 14.0, 15.7, 17.3, 17.9, 18 4,
18.9, 19.4, 20.2, 20.6, 20.9, 21.6, 22.0, and 25.2.

31. A solvate of crystalline entecavir dimethylformamide of formula (XIV) whose

X-ray diffraction spectrum obtained using Cu-Ka radiation shows peaks having a peak
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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/)\NHZ
HO

<
~

HO (XIV)

wherein, DMF is dimethylformamide.

32. A method for preparing the solvate of crystalline entecavir dimethylformamide
of claim 31, comprising the steps of: dissolving the entecavir compound of formula (D in
a solvent containing dimethyl formamide; and inducing the crystallization of the

compound of formula (XIV) therefrom.

36



