WD 2004/ 029064 PCT/ KR2003/ 001932 1 (+)- TRANS-1 SOVERS
OF (1- PHOSPHONOVETHOXY- 2- ALKYLCYCLOPROPYL) METHYL
wOolbGl4EeBIcDE DERI VATI VES, PROCESS FOR THE PREPARATIKERN0(3A01932
STEREO SOVERS THEREOF, AND USE OF ANTI VI RAL AGENTS
THERECF 5 TECHNI CAL FI ELD The present invention
relates to (+)-trans-i somerg of (1- phosphononet hoxy- 2-
al kyl cycl opropyl ) met hyl nucl.eosi de derivatives
represented by the following formula (1): O 11 ~0t
ORS (1) 10 wherein, Rl represents Cl-Cral kyI R2 and
R3 i ndependently of one anot her represent hydrogen,
ot IR ANSSISOMERS G (InEHOSPHONOMETBH Ke2-
or nore substituents selected froma group consisting

A BV ELOPIR O S TV NS LSO DE Ry ATIVES,

represent C2-C7-acyl, C6-Cl2-aryl,
Cl P@Eo@Essem)mvm ETR[EPAM‘I@N OF STEREOISOMERS
cyI ) am nocar bonyl)
- cycl oal kyl am nocar bonyl , repr esent
-( CFIE; FOANRUSE: O mkﬁil’déﬁERAL AGENES&HEREOF
to 12 and R4 represents Cl-Cl2-al kyl, C2-Cr7-al kenyl,
5 Cl1- C5- al koxy, Ci1-C7-al kyl am no, di (Cl- C7-al kyl ) am no,
C3-C6-cycloal kyl, or 3 to 6

TECHNICAL FIELD
The present invention relates to (+)-trans-isomers of (1-phosphonomethoxy-2-

alkylcyclopropyl)methyl nucleoside derivatives represented by the following formula (1):

10 wherein,

R! represents C;-C; alkyl,

R? and R® independently of one another represent hydrogen, or represent C;-Cs-alkyl
optionally substituted by one or more substituents selected from a group consisting of
halogen (particularly fluorine), C;-Cs-alkoxy, phenoxy, C;-Cyo-phenylalkoxy, and C,-Cs-

15 acyloxy, or represent Cy-Cs-acyl, Ce-Cip-aryl, C;-Cj-alkylaminocarbonyl, di(C;-Cs-
alkyl)aminocarbonyl) or Cs-Cs-cycloalkylaminocarbonyl, or represent -(CH,)m-OC(=0)-
R* wherein m denotes an integer of 1 to 12 and R* represents C;-Cip-alkyl, C,-Cr-alkenyl,

Ci-Cs-alkoxy, C;-Cs-alkylamino, di(C;-Cs-alkyl)amino, Cs3-Cg-cycloalkyl, or 3 to 6-
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WO 2004/ 029064 PCT/ KR2003/ 001932 2 nenbered

heterocycle having 1 or 2 hetero atons selected froma
waroup2eemsi sting of nitrogen and oxygen, Q repTARMN3H01932

a group having the followng formulae: N X1 RHI X4 O

r ~? MN4=~ N-==( )cNyN or NH V X2 OO 5 wherein,

X, X2, X3 and X4 independeritly of one another

represent hydrogen, am no, hydroxy, or hal ogen, or

represent Cl-Cr7-al kyl, Cl-C5-al koxy, allyl,

hydr oxy- C1- C7- al kyl , phenyl, or phenoxy, each of

which is optionally substltuted by nitro or
megibegsl hetRirysle davingpk et Enetqe-at@ng-selegied Hiamm whgrohp iconsisting of

optionally substituted by nitro, am no, Cl-C6-alkyl,
nﬁoreC1-§A alkoxy, 10 or represent C6-Cl2-aryl am no,

G PR i no, di (C1- C7-al kyl ) ani no, C3- C6-

cycl oal kyl am no, or a structure of wherein n denotes

anQiréPre@afs acgro H’a[vu?g ﬁ@%llo\@m eRhRsRMts 0, CH2, or
(R represents C7 al kyl or -Cl2-aryl), mhrch are

usef N as xlantl agent s (par ﬁ cuI arly,
g) B vir armaceut i | w*accept abI e alos,.
anes, Nor s&kva es Niner eof , processes for t

prepar& on of ster soners ard a
conpositixXn for the tix@atnent of raI di sease
(particularly, against hepatitis B virus) conprising
(+)-trans-isonmer of the conmpound of formula (1),
pharmaceutical ly acceptable

Whereln

X!, X%, X% and X* independently of one another represent hydrogen, amino, hydroxy,
or halogen, or represent C;-Cs-alkyl, C;-Cs-alkoxy, allyl, hydroxy-C;-C;-alkyl, phenyl, or
phenoxy, each of which is optionally substituted by nitro or C;~Cs-alkoxy, or represent Cg-
Cjo-arylthio erich is optionally substituted by nitro, amino, C;-Cs-alkyl, or C;-Cs-alkoxy,

or represent Cq-Cip-arylamino, C;-Cr-alkylamino, di(C;~Cs-alkyl)amino, C3-Ce-

Y represents O, CH, or N-R (R represents C,-Cy-alkyl or Cs-Cip-aryl), which are useful as

cycloalkylamino, or a structure of wherein n denotes an integer of 1 or 2 and
antiviral agents (particularly, against hepatitis B virus), pharmaceutically acceptable salts,
hydrates, or solvates thereof, processes for the preparation of stereoisomers thereof, and a
composition for the treatment of viral disease (particularly, against hepatitis B virus)
comprising (+)-trans-isomer of the compound of formula (1), pharmaceutically acceptable

salt, hydrate, or solvate thereof as an active substance.
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salt, hydrate, or solvate thereof as an active

subst ance. WD 2004/ 029064 PCT/ KR2003/ 001932 3
WEAGHBRIEND ART Purine or pyrimdine derivati veeThkRze3/001932

anti-cancer and antiviral activity, and nore than 10

ki nds of the conpounds inclgding AZT, 3TC, and ACV

have al ready been commerci dlized. Particularly, since

acyclic nucl eosi de phosphonate derivatives show a 5

potent antiviral effect, cidofovir, tenofovir -adefovir

have been comercialized as antiviral agents, and

many conpounds i ncludi ng MCC-478 now entered into the

clinical trial phagS8CKOROIIND ARFEar!ier devel oped

conmpounds were not perfect in the aspects of toxicity

or pharmaceutical activity. Thus, a conmpound havi ng no

t Burink by prsmidihd deaivativaghave amti-eatcervartdyantivirslt dctivvity, and more than

desi rable. The prior researches for purine or

10k dte. <OoirRs Ve es AP0 (I nantt SO dos clready. been

patents such as US 5817647; US 5977061; US5886179; US
comBRfddifred YPBRIBERD sinc¥ Qe 9O R3do &éﬂﬁgf %%}97 , derivatives sh
NS5/ 25330 US 59@2514{16; o2 5877166, and US 5792756, > v @
and journals such as International Journal of
potént antivembéfifert, cdpfovis tarib{¢in addfovir Bavedbegen Natmeeci8R&:d as antiviral
(1986), 464; Heterocycles 31(1990), 1571; J. Med.

NN I S L O e

(1994), 57-63.; Bioorganic & Medici naI Chem stry

T

Chenot herapy 8 (1997) 557-564; and Amtlnrcrobial Agent
toxagity Ghehaiieecapoal 42tivityd 9Bhus, 28 86mPAHE. having no toxicity as well as

superior activity is still desirable. The prior researches for purine or pyrimidine
derivatives or acyclic nucleoside phosphonate derivatives as reported heretofore are patents
such as US 5817647, US 5977061, US5886179; US 5837871; US 6069249,
WO 99/09031; WO096/09307, W095/22330; US 5935946; US 5877166; and US
5792756; and journals such as International Journal of Antimicrobial Agents 12 (1999),
81-95; Nature 323 (1986), 464, Heterocycles 31(1990), 1571; J. Med. Chem. 42 (1999),
2064; Pharmacology & Therapeutics 85 (2000), 251; Antiviral Chemistry &
Chemotherapy 5 (1994), 57-63.; Bioorganic & Medicinal Chemistry Letters 10 (2000)
2687-2690; Biochemical Pharmacology 60 (2000), 1907-1913; Antiviral Chemistry &
Chemotherapy 8 (1997) 557-564, and Antimicrobial Agent and Chemotherapy 42 (1999)

2885-2892.
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WD 2004/ 029064 PCT/ KR2003/ 001932 4 Furthernore, the

conpounds of fornula (1) have two or nore asymetric
woandamene4s and so have four or nore isoners. | BOMKR0GI001932

t he conpounds havi ng asynmetric carbons have

di fferent biological properties as well as different

physi ochem cal properties edch 5 ot her. By separating

and resol ving those isoners, the researches for

devel opi ng new nedicines which are nore useful to

human bei ng have been recently increased. The earlier

research results for those isoners disclosed in

pat ents such as US 4,018, 895; US 4,194, 009; US

5,618, 829; US 5, 204, 446; US 5, 719, 104; EP 0545425A1;

a P 0369685A1; and ip journals such as .
Aﬁ CHRYS; S CRgwiopa Saﬂ%POé%}f?o@ﬁ é]@wé%\év% T Jpre asymmetric carbons,
(1991) 1386- 1390; Anti m crobial Agents and Chenot her apy

and 8o Gd29Rur B KR Bomédd [Homéfs ¢ tHeh@Mpodids having]_asymmetric carbons
(1988) 1412-1417. DI SCLOSURE OF THE I'NVENTI ON Thé

present inventors have synthesized . _
hayel diffesepHuelogistlhpropeidies ak kydlk g diffarent yihysiotlephical properties each
nucl eosi de derivatives represented by the formula (1),

and found 15 processes f.or preparation of .their .
oty ish peheceg, SLCREaR TR, e Bt olhs csGralish Tof developing new
resolving their mxtures. Al so, the present inventors

meIUGRREHBR ! de dhSeOYRAIING Kliddn B@Iﬁg Chak B ®ees (r8ERRY SABRASd. The
of the conmpounds of fornmula (1), (+)-trans-isoners are

superior to other comrercialized or devel opi ng
earkied iresearek résulty ifernthose shmersadisclosedan patsmisviuch aasUS 4,018,895; US
antiviral agents (particularly against hepatitis B

P oys e B AR barbb 4, UE ST fod " 05 8osKE ana Ep

0369685A1; and in journals such as Awntimicrobial Agents and Chemotherapy 35
(1991)1386-1390; Antimicrobial Agents and Chemotherapy 36 (1992) 672-676; and J.

Med. Chem. 31, (1988)1412-1417.

DISCLOSURE OF THE INVENTION
The present inventors have synthesized (1-phosphonomethoxy-2-
alkylcyclopropyl)methyl nucleoside derivatives represented by the formula (1), and found
processes for preparation of their optical isomers effectively by separating and resolving
their mixtures. Also, the present inventors succeeded in discovering that among the
stereoisomers of the compounds of formula (1), (+)-trans-isomers are supetior to other
commercialized or developing medicines in view of pharmaceutical activity as antiviral

agents (particularly against hepatitis B virus), and thus completed the present invention.
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Therefore, one object of the present invention is to
provide (+)-trans-isoners of the conpounds of fornula
WO 2do4/0pdvms maceut i cal |y acceptabl e salts, hydr aPes/KR2003/001932
sol vates thereof, which have excellent utility as
antiviral agents (particular]Jy, against hepatitis B
virus). 5 It is another object of the present
i nvention to provide processes for the preparation of
stereoi soners of the compounds of formula (1). It is
still another object of the present invention to
provi de preparation processes of the 10 conpound of
formula (2) that can be used as a starting nateri al
when preparing the conpound of forrmula (1). Also, it

or Diefares 300 BGE O R Tres@h ISR ipmg vl ot Pi-iSomers of the
di seases (particularly, against hepatitis B virus)

coPOids D fétnfutd (1)) FHa$madedtitARREeRAbIE BAtsC RYMMNEE br @blvates thereof,

formula (1), pharmaceutically acceptable salt,

hydrate, or solvate thereof as an active substance.
wipggRveRE RoRittARRy MNEial AzenisE paRGERTY @gainsthepetitiol ivérus).

of forrmula (1), as represented below, is a type of (1-

phosphononet hoxy- 2-al | cyl cycl opropyl ) met hyl nucl eosi de

derivative having a natural base, WO 2004/ 029064

PCT/ KR2003/ 001932 6 such as adeni ne, guani ne, uracil

CYIk @Sdndther bbj%el d¥ehe Peseh® invéatid/RSprbvigs gﬂfcesséilﬂ)r hiRy/prefaration of
two or noreé asynmetric carbon atons: FBI 0

stereoisomers of the compounds of formula (1).

It is still another object of the present invention to provide preparation processes of the
compound of formula (2) that can be used as a starting material when preparing the

compound of formula (1).

Also, it is still another object of the present invention to provide a composition for the
treatment of viral diseases (particularly, against hepatitis B virus) comprising (+)-trans-
isomer of the compound of formula (1), pharmaceutically acceptable salt, hydrate, or

solvate thereof as an active substance.

BEST MODE FOR CARRYING OUT THE INVENTION
The compound of formula (1), as represented below, is a type of (1-

phosphonomethoxy-2-alkylcyclopropyl)methyl nucleoside derivative having a natural base,



.., C 71 a (1) wherein, 5 Rl represents C C7 al kyl,

R2 and R3 independently of one another represent
waypdiggens or represent G -C4-al kyl optional | PCT/KR2003/001932

substituted by one or nore substituents selected from

a group consisting of halogen (particularly

fluorine), Cl-C4-al koxy, phenoxy, C7-Cl0-phenyl al koxy,

and C2-Co5- acyl oxy, or represent C2-Cr7-acyl,

C6-Cl2-aryl, G -Cr7-al kyl am nocar bonyl, di (C1-C7 10

al kyl ) am nocar bonyl or C3-C6-cycl oal kyl ar ni nocar bonyl ,

or represent -(CH2)m OC(=0) -R4, wherein m denotes an
sughrps@getting fguanine, urgcib gtosine thpniaeeen derigatiGeaherpafyand  having two

C2-C7-al kenyl, G - C5-al koxy, Ci1-C7-al kyl am no,

am.ng,  C3-C6-cycloalkyl, or 3 to
"T%“’gﬁe?-?%‘é%e lcﬁaé%%l}%@?g] e having 1 or 2 hetero atons

sel ect ed from a ggbup consisting of nitrogen and

oxygen esents a group havi ng the foll ow ng

f NN NHX4 /O N=CN <
O V\D 2004/ 029064

PCT/ K 003 1932 7

wherein,

5 R! represents C;-C5 alkyl,

R? and R® independently of one another represent hydrogen, or represent C;-Cy-alkyl
optionally substituted by one or more substituents selected from a group consisting of
halogen (particularly fluorine), C;-Cs-alkoxy, phenoxy, C;-Cio-phenylalkoxy, and C,-Cs-
acyloxy, or represent C,-Cr-acyl, C4-Cip-aryl, C;-Cs-alkylaminocarbonyl, di(C;-C;-

10 alkyl)aminocarbonyl or Cs-Ce-cycloalkylaminocarbonyl, or represent -(CH,)m-OC(=0)-R*
wherein m denotes an integer of 1 to 12 and R* represents C;-Cip-alkyl, C,-C7-alkenyl, C;-
Cs-alkoxy, C;-Cs-alkylamino, di(C;-C7-alkyl)amino, C3-Cg-cycloalkyl, or 3 to 6-membered
heterocycle having 1 or 2 hetero atoms selected from a group consisting of nitrogen and
oxygen,

15 Q represents a group having the following formulae:

=N 0 X3
S A e
, N=<X o BENTN ,

_\< or BEN NH

2
X O O
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wherein, X1, X2, X3 and X4 independently of one
anot her represent hydrogen, am no, hydroxy, or
woaabagesne4 or represent Cl-C7-al kyl, Cl-CS-al koRgT/KR2003/001932

al lyl, hydroxy-Cl-Cr7-al kyl, phenyl, or phenoxy, each

of which is optionally substituted by nitro or

Cl- C5- al koxy, or represent 5 ClO-arylthio which is

optionally substituted by nitro, am no, Cl-C6-alkyl,

or Cl-C4-al koxy, or represent C6-Cl2-aryl am no,

Cl1- C7-al kyl am no, di (C1-C7-al kyl)am no, C3-C6-

Y' N ". X+ cycloal kylam no, or a structure of wherein n

d&mckﬁs an integer of 1 or 2 and Y1 represents O,
CH2, or R (R represents Cl1-C7-al kyl or C6-Cl2-aryl).

o g eh R R e T R T

salt includes non-toxic acid addition salt containing
or lﬁ’ﬂ@%eﬂa&e k&g ¢, -@LERPL TGE- ﬁ!&b}@fﬂ allfflohy&réﬁml SAkyl, phenyl, or
i norgani ¢ aci ds such as hydrochloric aci J
sulfuric acid, nitric acid, phosphoric acid,
phenpxly, @cloof whimbiislpptideplly sdiititedchynitrotar Ci-GCadlkoxyi, bhrepresent Ce-
organi c carboxylic acids such as tartaric acid, formc
IL.tric cid, trichoroacetic aci
Cuiey B iR seBat G 1 btz e ol Cgrationy
lactic acid, fumaric acid, nmaleic acid, etc.; or salt

or WrddteRH ;E;gl@u%m%m%ucfclﬁ -alRPhRARES Lﬁl(@PCPalﬁﬂ)ano C3-Cq-

benzenesul foni ¢c "aci d, uenesulfonlc aci d
napht hal enesul foni c but preferably W th
sul furic acid, nethane aC|d hydr ohal i ¢ aci d,

cyclqadkylanginpooi grmiEs OIE’CT oosﬂé@ma epotagan integer of 1 or 2 and
(+)-trans-isonmer of the conmpound of formula (1)

1 | fyerred
¥ RO o B R R e e B L B PREDTS Sy
R2 and R3
Also, the compound according to the present invention can form a

pharmaceutically acceptable salt. Such salt includes non-toxic acid addition salt
containing pharmaceutically acceptable anion, for example salt with inorganic acids such
as hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, hydrobromic acid,
hydriodic acid, etc.; salt with organic carboxylic acids such as tartaric acid, formic acid,
citric acid, acetic acid, trichloroacetic acid, trifluoroacetic acid, gluconic acid, benzoic acid,
lactic acid, fumaric acid, maleic acid, etc.; or salt with sulfonic acids such as
methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, naphthalenesulfonic

acid, etc., but preferably with sulfuric acid, methanesulfonic acid, hydrohalic acid, etc.
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i ndependently of one anot her represent hydrogen, or

represent Cl-C4-al kyl optionally substituted by one
wonrommeeesubst i tuents sel ected froma group CORETAIR20@E/001932

of fluorine, Cl-C4 5 al koxy and phenoxy, or represent
-(CH2) m OC(=0) - R4 wherein n1denotes an integer of 1

to 12, and R4 represents c18cs- al kyl or Cl-C5-al koxy,

Qrepresents z wherein, Xl represents hydrogen,

hydr oxy, am no, or 4-nethoxypheny|thio, and X2

represents hydrogen or am no. The typical exanples

for (+)-trans-isoner of the conpound of formula (1)

adsofHHtrags-isbfet of theecqupesiad tof iforvaria ( Drshamingipatenti fhadnaceutical
in the foll owi ng Table 1 Table Ia WO 2004/ 029064

PCT/ KR2003/ 001932 ., 9 X ~P.-OR (+)-t.r
cctily, Procded GRRsunds i thorp IS 1 e Cngs hpE g and B
&R3 X X2 1 CHB HOHNH2 2 CH3 HHNH2 3 CH3 H NH2
indEbenﬁeW off cﬁleoé\&tlwﬁzrepés%})dr@en,'\lw represent C;-C4-alkyl optionally

substituted by one or more substituents selected from a group consisting of fluorine, C-Cs-

alkoxy and phenoxy, or represent -(CH?_)m-OC(=O)-R4 wherein m denotes an integer of 1

to 12, and R*represents C;-Cs-alkyl or C;-Cs-alkoxy, Q represents X wherein,
X! represents hydrogen, hydroxy, amino, or 4-methoxyphenylthio, and X? represents
hydrogen or amino.

The typical examples for (+)-trans-isomer of the compound of formula (1) according

to the present invention are described in the following Table 1.

Table 1a



6 CH3 XOHNH2 7 CH3 0J101~, HNH2 O _ 8 CH3O s Ow
NH2 9 CH3 0)~01~, s\ OV NH2 10 CH3 Xo NH2 H O 11
wQhReH9de4 NH2 H 12 C2H5 H OH NHZ2 13 C2HS H PICRIR200B401932

C2H5 HNH2 H 15 C2H5 Hs oM NH2 Table Ib WO
2004/ 029064 PCT/ KR2003/001932 10 16 C2H5 H C1 NH2 17

C2H50) ~0~ H NH2 18 C2H5 ><0l< H NH2 19 C2H5 01011,

NH2 H 0 20 C2H5 X' oi NH2 H O

")
zﬂ;fN?sz
R1 /ngﬂp_OR:

(+)-trans-optical isomer{enantiomer)

6’ 'ORZ
COM. NO. R R? & R? X X2

1 CHs H OH NH,

2 CHs H H NH

3 CHs H NH, H

4 CHs H s—'@-om NH,

5 CHs H cl NH,
o .

6 . CHs X\OJK,< H NH,
3

7 CH s oA H NH
[o]

8 CHs ><\0)H< s—@—om NH;
(o] .

9 CHs o )Lo J\ s—@—om NH,
o)

10 CHs ><\o)k|< NH, H
o]

11 CHs S Y NH H

12 - CoHs H OH NH;

13 CoHs H H NH.

14 Csz H NH2 H

15 Cz2Hs H s—@—om NH,

Table 1b




21 CH5 > - 0i0-L s\ / OM NH 0 _ 22 @C2H5 X-0 s \ /

Oove NH2 23 CG3H, HOH NH2 24 CAHHNH 25 CAHC
woli4/2¢6CA H NH2 H 27 CAHs \ / oMe NH2 O BBT&R2003/001932
C-0)" HNH2 0 29 C3Hy0)~ 0O HNH2 0 30 C3H, X-o NH2
H 31 C3H7 X0)~01~ N2 H 32 CA 0O s \-/ O H 33 CA
00~ s\ / oM H 34 CH3 iso-%ropyl ad NH2 35 C2H5
i so-propyl G NH2 The present inventors found that
absol ute configuration of (+)-trans-isonmer of the
conpound of forrrul a (1) according to the present
| IlV?é‘lll o TS (S 28— WO 2004711029064 PCT KR20031 001932

AT H Cl NH
0 . '
17 Calis semgog H NH;
18 Colls X\oj\|< H NH,
19 Call g A NH; H
[}
20 CaHs X\OJH< NH H
[}
21 CzHs SN OJL OJ\ s—-@—om NHz
[o}
22 Cells , ><\0J\|< S—O-OW NHg
23 Calty H OH NH,
24 Csllz H H NH;
25 Caly H cl NH,
26 CsHy H NH, , H

27 CsHy H s—@—om NH;
28 CsHy »okﬁ H : NHz

29 Cafy s doo H NH;
30 CaHly X\oj\|< NHz H
31 Calfy g A NH H
32 CaHy ><\°J‘°\,< s—(_)r-ome H
33 Catly ool | Do H
34 CHs iso-propyl Cl NHz
35 Cols iso-propyl Cl NH,

The present inventors found that absolute configuration of (+)-trans-isomer of the

compound of formula (1) according to the present invention is (1S,2S).



11 The conpound of formula (1), which is useful as

antiviral agents, can be prepared by the follow ng
wonropdesws. 5 The preparation processes of thePCOMR2003¢)01932

of forrmula (1) can be characterized in that, (a) a

conpound represented by the Eollomﬁng formula (2): #t

0 CR2 (2) in which Rl, R2 afd R3 are defined as

previously described, and L represents a | eaving

group, preferably nethanesul fonyl oxy,

p-t ol uenesul fonyl oxy, or halogen, is reacted with a

10 conpound represented by the followng fornmula (3):

H (3) in which Qis defined as previously descri bed,

to produce the conpound of fornmula (1), or (b) a

c ound. represent .he. fol L owi ng. for nul 4);

e R el a8 B R P O8N B ik A% Rslo b aegpared by

12 in which RL and L are defined as previously
thed®@H6Win3gHloceastd. RS and R6 independently of one anot her

represent Cl-C7 alkyl, is reacted with the conpound of

formula (3) to produce a conmpound represented by the

following formula (5):

5 The preparation processes of the compound of formula (1) can be characterized in that,

(a) a compound represented by the following formula (2):

R
| ﬁ BZ 4
RBG\PAG b
. OR? )

in which R', R*and R? are defined as previously described, and L represents a leaving
group, preferably methanesulfonyloxy, p-toluenesulfonyloxy, or halogen, is reacted with a
10 compound represented by the following formula (3):
QH 3)
in which Q is defined as previously described, to produce the compound of formula
(1), or

(b) a compound represented by the following formula (4):

g
Rsﬂmgm 0 y A
“)

15 OR®



0 RO4 OR (5 5inwiich R, R5, R6 and Q are

defined as previously described, and the resulting
woanpmasd4 of formula (5) is hydrolyzed in the PCE&R2063/001932

of a Lewws acid to produce a conpound represented by

the followng fornmula (la): jl~"~""5Za t VH (1la)

in which RL and Q are definédl as previ ously descri bed,

or 10 (c) groups R2' and R3' are introduced into the

conmpound of formula (la) to produce a conpound

represented by the followng formula (Ib): 0 FVO, |

1.~ R (Ib) in which Rl and Q are defined as
pri Whin&nsPSwnd dsare dpBugd @nﬁemuslsamcg@ade pnéBfé and Rbindependently of
R3 with the exception of hydrogen, respectively, or
further the upnd. WO 2004/ 029064 PCT/ 3/ 00193
one §1TRE SoRBRl Fiog HETk T Be Ao SHRTBR I Toprntia (3) o produce
conversions (see: USP 6,037,335; 5,935,946; and
a cOmpShdrepresentdl Bye FRMAnPFREMAES(SYAr i ants (a) to (c)
for preparing the compound of formula (1), the 5
reacti ons may bertarried out in a solvent and in the

pr esencegof . As the solvent, one
£ _
OR? 5)
5 in which R}, R®, R® and Q are defined as previously described, and the resulting

compound of formula (5) is hydrolyzed in the presence of a Lewis acid to produce a

compound represented by the following formula (1a):

(1)

in which R! and Q are defined as previously described, or
10 (c) groups R? and R¥ are introduced into the compound of formula (1a) to produce a

compound represented by the following formula (1b):

Fz’?

w0 e

i
OR™ (1b)

in which R' and Q are defined as previously described, and R* and R

represent R* and R with the exception of hydrogen, respectively, or further the compound
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or nore selected froma group consisting of

di met hyl f or mam de, di chl oronet hane, tetrahydrofuran
wohbaroa$oes m  1- et hyl - 2- pyrrol i di none, and PCT/KR2003/001932

di met hyl acet am de can be nentioned, and as the base,

one or nore selected froma_group consisting of sodium

hydri de, sodi um carbonat e, bgtassiun1carbonate, sodi um

bi car bonat e, potassi um 10 bi carbonate, potassium

t - but oxi de, hydrogen bis(trinethylsilyl)am de, sodium

am de, cesium carbonate, and potassi um

bi s(trinmethylsilyl)am de can be nentioned. The Lew s
thua @bthinedi is rsubmnted go oBveritionaleonpensivas $segaliSEh6,08HB$35; 5,935,946;

includes trinmethylsilylhalide. Further, in the

variant (c) for introducing the groups R2' and

amﬁé?&22§%'the conpound of formula (la), this conpound

is subjected to an etherification with an al kyl hal i de

in the presence of 15 base, or is treated with thionyl

chl oride, oxalyl chloride, or phosphorus pentachloride

to produce a dichl orophosphonate derivative which is

t fe therabaet prbcedstviariants (a)ttekd) domprepdrioig the corapund afdorgiute (1), the

the desired conmpound. WO 2004/ 029064 PCT/ KR2003/ 001932

ot RSP 355 RSl P e el S B Given, e

asynmetric carbons therein, and so has four

or Th&tt CQIKRIE Fom @AM coMfiétilly bf BEStyHoRRMBlde, dichloromethane,
conpound. Therefore, it is another object of the

present invention to provide ?r eparation process of
tetrahydrofingao uehdoroforfng r rmethy{-2)pyr®lidinengr aph rdimetbplagetamisics can be
of the conmpound of formula (2) can be characterized in

o S Ao Rl ¢ oo
formula (6):
hydride, sodium carbonate, potassium carbonate, sodium bicarbonate, potassium
bicarbonate, potassium #-butoxide, hydrogen bis(trimethylsilyl)amide, sodium amide,
cesium carbonate, and potassium bis(trimethylsilyl)amide can be mentioned. The Lewis
acid which can be used in the process variant (b) includes trimethylsilylhalide. Further, in
the process variant (c) for introducing the groups R* and R? into the compound of formula
(1a), this compound is subjected to an etherification with an alkylhalide in the presence of
base, or is treated with thionyl chloride, oxalyl chloride, or phosphorus pentachloride to

produce a dichlorophosphonate derivative which is then reacted with a suitable alcohol or

amine to give the desired compound.
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15

Jo-""% (6) 10 in which P1 represents an

al cohol -protecting group, preferably, benzyl (Bn),
woebwakyds opi ranyl (THP), t-butydi phenyl si |l yl ( TBOPRR20a3/001932

t-butyldinmethylsilyl (TBDVS), is reacted with al kyl

magnesi um hal i de representquby the followng fornula

(7): RT-MgX (7) in which R7 Tepresents C3-C7 al kyl and

X represents halogen, in the presence of 15 titanium

tetrai sopropoxide[Ti (Q Pr)4], (b) the resulting two

cycl opropanol di astereoi sonmers represented by the

followng formulae (8) and (9): P1Q R CH ‘

(Bhet phosphangtsneempand\yb PooalagZoese pCT sortiog naeiad 3p the above

15 Pol1 R OH (A)-cis-isomer (9) in which RL and P1

Py G R BB RS R %5 B Biers, cach o
separated in the step (b) is subjected to an '

wigdthie lalsbiagriveDgbnhgbuhlle Therefsre)ie & @btHeasbjevt dffith@present invention to
conpound represented by the follow ng fornula %10): 0

It
provide preparation process of the compound of formula (2).

The preparation process of the compound of formula (2) can be characterized in that,
(a) an ethylglycolate, the alcohol group of which is protected, as represented by the

following formula (6):

@fﬁwwjigf“x

in which P! represents an alcohol-protecting group, preferably, benzyl(Bn),

(6)

tetrahydropiranyl(THP), #-butydiphenylsilyl(TBDPS), or t-butyldimethylsilyl(TBDMS), is
reacted with alkyl magnesium halide represented by the following formula (7):

R’-MgX (7)

in which R” represents C;-Cy alkyl and X represents halogen, in the presence of
titanium tetraisopropoxide[ Ti(OiPr)4],

(b) the resulting two cyclopropanol diastereoisomers represented by the following

formulae (8) and (9):
PO

X

OH  (&)-trans-isomer (8)



10

p2o0 L RHO (10) in which R2, R3 and L are defined as
previously described, to produce a phosphonate
woanpaasd4r epresent ed by the foll ow ng fornul aPCT/KR2003/001932
(12), respectively: PO 10 W()-trans-isoner (11)
Ptol g -ON.O (L)-cis-isonq% (12) in which RL, R2, R3
and P1 are defined as previously described, and WO
2004/ 029064 PCT/ KrR2003/ 001932 16 (d) the
al cohol -protecting group of the resulting conpound of
formula (11) or (12) is renoved and a | eaving
group(L) is introduced to produce a conpound
represented by the follow ng formula (2a) or (2b),
resp?télvely 50 (l)-trans-isonmer (2a) L FBI -OKk'

cis-isomer (2b) in which L, R, R2 and R3 are
dm as previously descri bed. 10 Partl cularly, the
undHof . efsiuRer( 29) Wherein Rl is nethyl, ethyl,
or propyl, (buty
in which R! and P! are defined as previously described, are separated with a silica gel
column,

(c) each compound separated in the step (b) is subjected to an etherification in the

presence of base with a compound represented by the following formula (10):

i
R0~ L
RO (10)

in which R, R® and L are defined as previously described, to produce a phosphonate

compczund represented by the following formula (11) or (12), respectively:
]

it "y
o OR (¥)-trans-isomer (11)

Pl
g’f}z {:}"‘”\p wmﬁ

L~
o R (*)-cis-isomer (12)

in which R!, R%, R? and P! are defined as previously described, and
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15

and, pentyl and each of R2 and R3 is ethyl or
i sopropyl can be prepared as follows: (i) an
wetmalogdogeol ate, the al cohol group of which i SPCT/KR2003/001932
protected, [conpound (6) in Reaction Scheme 1], is
reacted wth C3-C7-al kyl naggesiun1bronide or
C3- C7-al kyl magnesi um chl oride [conpound (7) in
Reaction Schene 1] in the presence of titanium 15
tetrai sopropoxide[Ti(Q Pr)4], (ii) the resulting two
cycl opropanol di astereoi somers [conmpounds (8) and (9)
in Reaction Schene 1] are separated with a silica gel )
c éd)uthe alcahol -pGre2iNz£10RD 06 thepesyl e ooBp@Od g Zormuta (ﬁé ror (12) is
each separated conpound is subjected to the
et her-form ng reaction. W t;h I al kyl hal onet hyl
renSH S B0 AdF Tk B G Iosyneed teduttiel  QRROIA pgprpsgnied by the
produce a phosphonate conpound [conpounds (11) and
follohdig fotmBRA0L) &qz@cﬁ@g&tﬂzély: (iii) the alcohol -
protecting group of the resulting compound is renoved
and a leaving group (L) is 5 introduced to produce the
compound of formulae (2a) and (2b) [conpounds (2a) and
(2b) in Reaction Schene 1] (c.f., Reaction Schene 1):

Reacti &g scheme 1 P10 Pip + R7-MgX Ti G Pr10 Rl~ + R1
()~ (6) (7) (8) ()-trans-isoner (9) ()-cis-isoner
OR-'E v Q&Oleﬂs

z"aﬁz .

o (£)-trans-isomer  (2a)

L

Rl ’[}20“”‘* SJORE

‘ORt
o OR ()-cis-isomer  (2b)

in which L, R, R? and R are defined as previously described.

Particularly, the compound of formula (2) wherein R'is methyl, ethyl, or propyl, butyl
and, pentyl and each of R%and R? is ethyl or isopropyl can be prepared as follows: (i) an
ethylglycolate, the alcohol group of which is protected, [compound (6) in Reaction Scheme
1], is reacted with Cs-Cr-alkyl magnesium bromide or Cs3-Cs-alkyl magnesium chloride
[compound (7) in Reaction Scheme 1] in the presence of titanium
tetraisopropoxide[Ti(OiPr)s], (ii) the resulting two cyclopropanol diastereoisomers

[compounds (8) and (9) in Reaction Scheme 1] are separated with a silica gel cqumn, and



PIOL LPIORI-RL 11RRO0 OO/-PPOOOP=0--(\ 0
0 (2a)().trans-Isoner (11X)-trans-isoner
WO 20@j0poosi s- i somer (2b) ()-cis-isoner wherei NPET/KRRF(3/001932
X, RL and L are defined as previously described. 10
Anot her object of the presegz invention is to provide
processes for the preparati of enantioners of the
conmpounds of fornmula (1). WO 2004/ 029064
PCT/ KR2003/ 001932 18 The preparati on processes of
enanti oner of the conmpound of formula (1) can be
characterized in that, (a) the conpound of formula (1) )
thepns epds glepatatedo cpmpernde is t Sutderdert i tor kg sethsr-farminer agaction with
colummor a chiral reagent; or 5 (b) a conpound

. res d he | | 14):
dlapgf%lagorg%%@ﬁ%(%éo?ag ?Hng%gslﬁlllgs{)l%g}f (%é&éﬁ S%{leI{le 41)] to produce a
phosphonate compound [compounds (11) and (12) in Reaction Scheme 1], (iii) the alcohol-
protecting group of the resulting compound is removed and a leaving group (L) is

5 introduced to produce the compound of formulae (2a) and (2b) [compounds (2a) and (2b)

in Reaction Scheme 1] (c.f., Reaction Scheme 1):

Reaction scheme 1
P'Q PO

O\i + g7 - 1 \DZ + \DZ
o o™ RI-MOX qioipy,  ° R!
@) ) (8) (2 trans-isomer (9) s -cis-isatmer
)\ 2 )\ 2
o":V" o‘EVL
. \ro \ro
(10)
P'Q
L PO Z :
R R1\‘>Z
R1\I>2 R! 0 0
{ — <
0-P=0 0—P=0 —{a ..{? F=0
/ 0
< 07/ . < 07/ 7/ 7/
(2a)(+)-trans-isomer (11Xt Hrans-isomer (1242)-cis-fsomer (20}
= (+)-cis-isomer

wherein P!, R7, X, R! and L are defined as previously described.
10

Another object of the present invention is to provide processes for the preparation

of enantiomers of the compounds of formula (1).



PAC) R* (=L)-cis-isonmer (14) 10 in which R, Ra and R3
are defined as previously described, is resolved with
wa 200adsosk ase t o produce conpounds represent edPOY/KR2603/001932

followng fornmula (13a) and (13b), or (14a) and
(14b), respectively: HOOI% 0 R (+)-trans-isoner
(13a) WD 2004/ 029064 PCT/ K 803/001932 19 HOR
O (-)-trans-isomer (13b) HOR J>R2 0 'OR
(+)-cis-isonmer (14a) 5 HO R J c 11 Cks

The preparation processes of enantiomer of the compound of formula (1) can be

characterized in that,

(a) the compound of formula (1) is resolved to produce its enantiomers by a chiral

columm or a chiral reagent; or

5 (b) a compound represented by the following formula (13) or (14):

HO

R /Dz@”’“\pﬂon’ﬂ'

I ;
o OoR* (#)-trans-isomer (13)

HO

R /Dzeﬂp ~OR?

1 g :
S OR () cisisomer (14)

10

in which R, R? and R? are defined as previously described, is resolved with a

hydrolase to produce compounds represented by the following formula (13a) and (13b), or

(14a) and (14b), respectively:

HO
R? /DZQ"\F‘QR;
doR?

(+)-trans-isomer (13a)



10

O (-)-cis-isoner (14b) ? in which Rl, R2 and R3 are
defined as previously described, and the al cohol group
woOnoodtokgnes esul t i ng each conpound i s replaced WPCHI/KR2003/001932
| eaving group (L), and thereafter the each conpound
thus obtained is reacted mﬁtg the conpound of fornula
(3) to produce the 10 enanﬂioner of the conpound of
formula (1); or (c) the conpound of fornulae (13a),
(13b), (14a), or (14b) is prepared through an
enanti osel ective synthesis and is converted to the
enanti oner of conpound of fornmula (1) by the
procedure described in the process variant (b). WO
2004/Q&§064 PCT/ KR2003/ 001932 20 Particularly, the
process variants (a) to (c) mght be explained in
nori#gﬁggil as follows: (a) a conpound represented by
t Feptg ﬁgnula (4a) or (4b): a 5 CURB
()-trans-isqpel.s4a) R '>~10""~ P_Owv 0 ()-cis-isoner
(4b) in whi €h™R", RpirafGisamer (186 defined as
previously described, is reacted wwth the conpound of
formula (3), and the product thus obtained is resol ved
by a chiral colum to 10 produce (+), (-) two optica
i soners, each of which is presented as an enanti oner
enriclgg i soner, and the optical isoner is treated

Wi t Wt hyl si |yl brom de (TMSBr) to produce
F

~OR?
1 s
o OR (+)-cis-isomer (14a)
HO,
3§ OR? . \
! (-)-cis-isomer (14b)

in which R!, R? and R? are defined as previously described, and the alcohol group in
the resulting each compound is replaced with a leaving group (L), and thereafter the each
compound thus obtained is reacted with the compound of formula (3) to produce the
enantiomer of the compound of formula (1); or

(c) the compound of formulae (13a), (13b), (14a), or (14b) is prepared through an
enantioselective synthesis and is converted to the enantiomer of compound of formula (1)

by the procedure described in the process variant (b).



the corresponding (+), (-) two optical isoners of the

conpound of formula (la), and if necessary, groups
we2b04ameh6R3' are introduced into the conpoundsPCIKR2003/001932

obt ai ned to produce the corresponding optical isoners

of the compound of formula %bb); or 15 (b) each of the

conpound of formula (13) or (14) that is obtained by

renovi ng an al cohol -protecting group in the conpound

of formula (11) or (12) is resolved with a hydrol ase

(i pase) to produce the correspondi ng enanti oner

enri ched conpound of fornmula WO 2004/029064

Perrigalys tyo pogesses yarias (a)dadc) paglt, boexylained immpre detail as

(14b), and further an al cohol group in the conpound of
:mﬂ&%gnna (13a), (13b), (1l4a) or (14b) thus obtained is

replfaced with a | eaving group (L) to produce conpound

represented by the following forrmula (2aa), (Z2ab),

( Zb)’aé C(ﬁnpduﬁb gpredenteR by the fotlowidgfsmubqd®yor(Ze@) L Rl

O (-)-trans-isonmer (2ab) L () cis isoner

(2ba) 10 L
L
" yps
5 o OR (¥)-trans-isomer (4a)
L
& 'OR®

(¥)-cis-isomer (4b)

in which R', R®, R® and L are defined as previously described, is reacted with the
compound of formula (3), and the product thus obtained is resolved by a chiral column to
10  produce (+), (-) two optical isomers, each of which is presented as an enantiomer enriched
isomer, and the optical isomer is treated with trimethylsilylbromide (TMSBr) to produce
the corresponding (+), (-) two optical isomers of the compound of formula (1a), and if
necessary, groups R? and R* are introduced into the compounds thus obtained to produce

the corresponding optical isomers of the compound of formula (1b); or
15 (b) each of the compound of formula (13) or (14) that is obtained by removing an
alcohol-protecting group in the compound of formula (11) or (12) is resolved with a

hydrolase (lipase) to produce the corresponding enantiomer enriched compound of formula



I -~tR O (-)-cis-isoner (2bb) WD 2004/ 029064
PCT/ KR2003/ 001932 22 in which Rl, R2, R3 and L are
wdebdidsrveghéas previ ously descri bed, and the resuPCTmR2003/001932
conmpound is reacted with the conmpound of formula (3)
to produce the enantioner eg{iched conpound of
formula (1); or (c) also thé& conmpounds of fornul ae
(13a), (13b), (1l4a) or (14b) is prepared through an 5
enanti osel ective synthesis from
(+) - (et hyl enecycl opropyl ) carbinol or (-)-
(met hyl enecycl opropyl ) car bi nol whose absol ute
(132 gfli (@ 3b)atar c(d%)sarlcﬁ )-agndf Birthenan ajephohgroup in the compound of
al cohol -protecting group (P2) is introduced into (+)-

oo AL AL BB RS 8Phe i nl i 3 et e 0

compound i s subjected to an di hydroxylation reaction,
prodke e&h%&ﬂld%ﬁemltedmg%@ €lioREn@ foRsh ma(@a)l, QabN (21 bE EXbb):

into the primary hydroxy group in the conpound

obtai ned in the above (bb) step, and an

al cohol -protecting group (P) is introduced into the

tertiaLy hydroxy group to produce a conpound

represented by the follow ng fornulae (15a), (15b),

(16a)~ (16b): OP3 15 OP (+)-trans-isoner (15a) P10
qgg, : ,4wgf&5§@s-isoner (15b)
s
5 o OR (+)-trans-isomer (2aa)
L
R! ﬁzamﬁw
1 OR®
o (-)-trans-isomer (2ab)
L
Lj ’0‘:‘{5
Q (+)-cis-isomer  (2ba)
10
0" OR?
f!' “ﬁﬁ&

0 “™ ()-cis-isomer (2bb)



WO 2004/ 029064 PCT/ KR2003/001932 23 Plo OP r_rl oP2
(+)-cis-isomer (16a) p', 3 OP2 (-)-cis-isonmer (16b)

wo 20a/0apieeh Pl is defined as previously descri Bet/KR2203/001932
represents an al cohol -protecting group, preferably
benzyl, benzoyl, 4- nethoxyb%gzyl met hyl oxybenzoyl ,
nmet hyl oxynethyl or trityl, "and P3 represents an
al cohol - prot ecti ng group, preferably ester group
i ncluding 1- nethoxyacetyl, acetyl ,-
2-(trinmethylsilyl)-1-ethanesul fonyl, etc., dd) the

rotectlng géou P2 in the resultlng co ound S _

r digvitish &e Rueng L gre definedaqs p@vgaugla&p gl)tqug and the resulting

|ntroduced, and the conpound thus obtained is

coBBhFh e R4 g U FL SR amomes e

protecting group (P) in the product thus obtained in

compeurdldfernstd) (Bt e is renoved to produce a conpound
represented by the followng fornmulae (8a), (8b), (9a)

or $9b : 15 P10 |
(c) also the compounds of formulae (13a), (13b), (14a) or (14b) is prepared through an

5 enantioselective  synthesis  from  (+)-(methylenecyclopropyl)carbinol or  (-)-
(methylenecyclopropyl)carbinol whose absolute configuration is known as follows:
aa) an alcohol-protecting group (P?) is introduced into +)-
(methylenecyclopropyl)carbinol or (-)-(methylenecyclopropyl)carbinol;
bb) the resulting compound is subjected to an dihydroxylation reaction,
10 cc) an alcohol-protecting group (P') is introduced into the primary hydroxy group in
the compound obtained in the above (bb) step, and an alcohol-protecting group (P°) is
introduced into the tertiary hydroxy group to produce a compound represented by the

following formulae (15a), (15b), (16a) or (16b):

P'o

o apﬁ
15 op? (+)-trans-isomer  (15a)

(-)-trans-isomer  (15b)



R (+)-trans-isoner (8a) WO 2004/ 029064
PCT/ KR2003/ 001932 24 P10 J>~ F 0" (-)-trans-isoner
wOab/02pm60 (+)-cis-isomer (9a) 5 P10 1 OH  PCT/KR2003/001932
(-)-cis-isonmer (9b) in which R and Pl are defined as
previously described, ff) tgg resul ting conpound in
the above step ee) is reacteéd with the phosphonate
compound of formula (10), and the protecting group
(P1) of the conpound thus obtained is 10 renoved to
produce the conpound of fornulae (13a), (13b), (1l4a)
or (14b), gg) an al cohol group of each resulting
compound is replaced with the leaving group (L) to
dl@e the compound of fornulae (2aa), (2ab), (2ba)
); and hh) the resulting conmpound is reacted
e conpound of fornmula (3) to produce the
pti r enriched conpound of formula (1). 15
' (+)-cis-isomer (16a)

Pla

op*
op? (-)-cis-isomer (16b)

in which P! is defined as previously described, P* represents an alcohol-protecting
group, preferably benzyl, benzoyl, 4-methoxybenzyl, methyloxybenzoyl, methyloxymethyl
or trityl, and P? represents an alcohol-protecting group, preferably ester group including 1-
methoxyacetyl, acetyl, 2-(trimethylsilyl)-1-ethanesulfonyl, etc.,

dd) the protecting group P* in the resulting compound is removed selectively, a
leaving group (L) is introduced, and the compound thus obtained is subjected to a reduction
with hydrogen or substitution with C;-C;-alkyl group,

ee) the protecting group (P?) in the product thus obtained in the above dd) step is
removed to produce a compound represented by the following formulae (8a), (8b), (9a) or

A(9b):

PO

o

OH  (})-trans-isomer (8a)



WD 2004/ 029064 PCT/ KR2003/ 001932 25 The preparation
process variants (a) to (c) of the enantioner of
woaommhge§ 1) can be specifically exenplified BgTHR2003/001932
foll owi ng Reaction Schenmes 2, 3 and 4. Reaction Schene
2 is briefly explained belog The conpound of fornula
(2) 5 [conpound (4a) in Reactlon Schene 2] is reacted
with the conpound of fornmula (3) under the reaction
condition as previously described to give the conmpound
of formula (5) [conpound (5a) in Reaction Schene 2].
The resulting conpound is resolved by a chiral colum
to give two enantioner enriched conpound [ conpounds
(5b) .a0d (5c) in Reaction Scheme 2]. The specific
rotaﬁ 1 of each conpound thus obtained is observed to
|de2$§29 10 (+)-trans-optical isoner(5b) and
r aQsl- 5c). Each of optical isomers
i's treateg‘?tﬂlaﬁ S??%ge %§IS|Iberon1de(TNBBr) to give
t he correspondi ng enanti omer enriched conpounds
[ conpounds (1c) and (Id) in Reaction Schenme 2] of the
compound of forrmula (la). Reaction Schene 2 WD
2004929064 PCT/ KR2003/001932 26 L R1,,~ Rl,~ RL Rl
0 CG0-P30 (chiral cdum) pO P=0 P-O (4a) (}trans I soma
(Sa%Jjga-lrans i soner (5b) (+)trans-ison (Sc)

( RJtTancHi EOik-isBher (9a)

p'o

OH (-)-cis-isomer (9b)

in which R' and P! are defined as previously described,

ff) the resulting compound in the above step ee) is reacted with the phosphonate
compound of formula (10), and the protecting group (P') of the compound thus obtained is

10 removed to produce the compound of formulae (13a), (13b), (14a) or (14b),

gg) an alcohol group of each resulting compound is replaced with the leaving group
(L) to produce the compound of formulae (2aa), (2ab), (2ba) or (2bb); and

hh) the resulting compound is reacted with the compound of formula (3) to produce
the enantiomer enriched compound of formula (1).

15



10

RLRLRLO CO..- /\OI\O-. RO -P=0 HOP=0 HO ?=O R

PO R OHOB HO (le) (+}tnrrs-ison r (1c)
wO-2dddreass4i somer (1d) (-}trarudsarner (1t) PCT/KR2003/001932

(-)-trans-isomer wherein L, R, Q RR and R3' are
defined as previously descrkged Reaction Schenme 3 is
briefly explained bel ow The“enantioner enriched 5
compounds [compounds (Ic) and (Id).in Reaction Schene
3] of the conpound of fornmula (la) can be prepared by
using a hydrol ase (lipase). An al cohol -protecting

group of the conpound of fornula (1 npound of
f o?hﬁmrapfzrﬂo)n ProCRIS AAiABlS (B: kel ofjthe §n4ﬂ[§lﬁﬁ\¢é8 f fergrudg (1 can be
t he conpound of formula (13) [conmpound (13) in

' Ch The . 13)

PRy B e ik RBRIS Aok 5. SHRLT D 6

the 10 acyl ation reaction selectively in non-aqueous

organi c solvent(s) and in the presence of acylation

reagent (s) by using the hydrolase (l'ipase) to give the

caonpounds_of fornula (13a) [conpound 5‘13a) in

Regaction Schemee? 3§ b&WQYa@Sﬂ ained belowpodhe qoamnepadref formula (2)
(17) in WD 2004/ 029064 PCT/ KR2003/ 001932 27 Reaction

ISR (s RIS e AL TR UG s ) e
sol vent (s) by using the hydrolase (lipase) to give the

thec eemptiom Gopditibe rayuprevioddd ) ddsedadotn divie1ik) cdnipdiaacés @tmula (5)
Schenme 3]. The conpounds of fornulae (13a) and (13b)

t hus obtai ned are subjected to the procedures as
[cofglpw,ng gqt n Reaction Scheme 2]. The resulting compound is resolved by a chiral

column to give two enantiomer enriched compound [compounds (5b) and (5¢) in Reaction
Scheme 2]. The specific rotation of each compound thus obtained is observed to identify
(+)-trans-optical isomer(5b) and (-)-trans-optical isomer(5¢). Each of optical isomers is
treated with trimethylsilylbromide(TMSBr) to give the corresponding enantiomer enriched
compounds [compounds (1c) and (1d) in Reaction Scheme 2] of the compound of formula
(1a).

Reaction Scheme 2
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5 described to give the enantionmer enriched conpounds

of formula (la), respectively. The specific reaction
woandiosems of the above processes can be ref ePCEBKR2003/001932

the following preparations. The hydrol ase (li pase)

used in the present inventiog is neant to an esterl ase

extracted 10 fromPig liver %r Ccanadi da rugosa, or

| i pase extracted from Canadi da antanrctica (fraction

A and B), Canadi da rugosa, Pseudononas sp., Porcine

pancreas, Hum cola sp., Thernonyces sp,, or Micor

m éhei . The acyhati on reagentQused in t present
Fj ntion i;.b‘&ifollows ar 15 - R in which RO
gsents hydrogen, Cl cr? |, C3-C/-wycloal kyl, or

C5 10- &gl oaI Kenylﬂo repriesents hyd{ ogen,
Cle<poal kyl , -iED- @Emaiumnylo—;:md X5 gPrF=X6
ndentl P ne anot h resent \& or S.
Reacti on Schene WO 2004/ 02 O 4 PCT/ KR2003/ 001932 28

o B vt e L ey R ramec ~ O ERYhatheR30 L7l Bal R20

]
3, ey &&

R"O—P—O

Rz'O—P_O Ho__p__o HO_P_O R30

R"O Ho HO
(1e) (+)}-trans-isomer (1c) (+)trans-isomer (1d) (-Hrans-isomer  (1f) (-Hrans-isomer

wherein L, R}, Q, R* and R? are defined as previously described.

Reaction Scheme 3 is briefly explained below. The enantiomer enriched
compounds [compounds (1¢) and (1d) in Reaction Scheme 3] of the compound of formula
(1a) can be prepared by using a hydrolase (lipase). An alcohol-protecting group of the
compound of formula (11) [compound of formula (11) in Reaction Scheme 3] is removed
to give the compound of formula (13) [compound (13) in Reaction Scheme 3]. The
compound of formula (13) [compound (13) in Reaction Scheme 3] is subjected to the
acylation reaction selectively in non-aqueous organic solvent(s) and in the presence of
acylation reagent(s) by using the hydrolase (lipase) to give the compounds of formula

(13a) [compound (13a) in Reaction Scheme 3] and acylated compound [compound (17) in
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(11) ()-trans-isomer (13) ()-trans-isoner HO R110 HO
Rl R1J~ R1 < < K R30-P=0 R30 P=0O R30-P=0 R20 R20 R20
WO 28@)02¢06) - t r ans-i sonmer (17) (-)-trans-isonmer PCT/KR2003/001932
(13b)-(-)-trans-isomer i RL R1 HO P=O HO P=O HO HO
(1c) (+)-trans-isoner (1d) (-7)-trans-isorrer wherein
Rl, R2, R3, P1 and Q are def2’| ned as previously
described, and R® 0 RO represents X5 . 5 Reaction
Schenme 4 is briefly expl ained bel ow. The enanti oner
enri ched conmpound of the conpound of fornula (I|a)
[ conpounds (lc) and (ld) in Reaction Schene 4]

m ght
Repetiopr Sphanesd 3 -hriouther.t e aeydated soripernd \Iéorﬁpwmieglg, in Reaction
anot her preparation process. By using

i t yicl v % inol . or . .
speite oI SRBEE BRI DRI e dycielosg fipasgigo eive the
2004/ 029064 PCT/ KR2003/ 001932 29
compound of formula (13b) [compound (13b) in Reaction Scheme 3]. The compounds of
formulae (13a) and (13b) thus obtained are subjected to the procedures as previously
described to give the enantiomer enriched compounds of formula (1a), respectively. The

specific reaction conditions of the above processes can be referred to the following

preparations.

The hydrolase (lipase) used in the present invention is meant to an esterlase extracted
from Pig liver or Canadida rugosa, or lipase extracted from Canadida antanrctica (fraction
A and B), Canadida rugosa, Pseudomonas sp., Porcine pancreas, Humicola sp.,
Thermomyces sp., or Mucor miehei. The acylation reagent used in the present invention

is as follows:

in which R® represents hydrogen, C;-Cs-alkyl, Cs;-Cs-cycloalkyl, or Cs-Cjo-
cycloalkenyl, R!C represents hydrogen, C;-Cz-alkyl, or C;-Cy-alkenyl, and X® and X°®
independently of one another represent C, O or S.

Reaction Scheme 3



known chiral conmpounds, [conpound (18) in Reaction
Schene 4] [references: Journal of Organic Chem stry,
WO 20042886289 (2002), Journal of Organic Chem sPCY/KR28)3/001932
5915-5917 (1993), Journal of Organic Chemi stry, 59,
5483-5484 (1994)] as a starténg material, the
enantioner enriched conpound~of the fornmula (I|a)
[ conpound (1c) or (ld) in Reaction 5 Schenme 4] can be
prepared as described in Reaction Schene 4. A
protectlng group (P) i ntroduced into an al coho
gr oup PS (+)- (netherH ycl opropyl ycarbi nol or (-)-
(megh necycl opr opyl rbi nol [conmpound (18) in
React oScherre—4t. ohydroxyl  groups are
introdugéd into a doubl€& bond in the resulting
conportodpEgonpound (&®)-p=0  Reacti on Schene 4], and
otherlﬁﬁotectlng group@)(Pl and P3) are selectlvely

uced into 1 xyl. group to give the

co{‘]‘ygtd?ﬁra"sd?°"’leorrru 3)@% {‘Xog{ep(wb) [ conpound (20) in
Reacti on Schene 4], spectively. The protecting group
(P) of the conpound tF obt ai ned [conpound (20) in
Reaction Schenme 4] is'renoved selectively to give the
al cohol i ¢ cafpound [ conpowtd (21) in Raeaction Schene
4] and the hydroxyl group of )t he resultlng conpound

[ conpoundrY. in React|® hene_4] Rl epl aced with
the | eaving 159group F(L) to ¢five the conp®und

[ conmpound (22)\ in Reacti on, Qﬂe Cc npound
thus obtain fs subjectedéip the redqugve reaction
by using hy rogen or to the alkyl substitution
reacti on(%a)(*ugﬁrﬁ@mﬂg MITR-rensjfeEd e nt ($3bEH-t@as-isdntey |  and
Mrepresents a nmetal conpound including MgBr and Li)
to give the cpnmpound [conpound (23) in F@action
Scheme 4]. The protecting group (P) of the conpound

(conpound (2 in Reacti on WO 2004/ 02904
PCT/ KR2003/ 003932 30 Schene 4) is renoved to give the

conpound gf rmula (8a) or (8b) [c d (24) in
o) Q
Hé-—/p:o HO—/P=O
HO HO

(1¢) (+)-trans-isomer (1d) (-)-trans-isomer

wherein R, R%, R3, P! and Q are defined as previously described, and R!!
O

>\/U\x5/R9

represents

Reaction Scheme 4 is briefly explained below. The enantiomer enriched compound
of the compound of formula (1a) [compounds (1c) and (1d) in Reaction Scheme 4] might
be prepared through the enantioselective synthesis, another preparation process. By using

(+)-(methylenecyclopropyl)carbinol or (-)-(methylenecyclopropyl)carbinol, which is well



10

15

Reaction Schenme 4]. The conpound of fornula (8a) or
(8b) [conmpound (24) in Reaction Schene 4] is
weoeuj4metosd to the etherification with the conpedmakRr2603/001932
formula (10) (dial kyl hal omet hyl phosphonate) and the
al cohol -protecting group (Pé is renoved to obtain the
5 enantionmer enriched conpo Rd of formula (13a) or
(13b) [conpound (13a) or (13b) in Reaction Schene 4].
The conpound of fornula (13a) or (13b) can be
converted to the enantioner enriched conpound of

fornmula (Ia) [corrpound é,(bg (I'd) in Reaction
knegyem ehisal sompenndsy heampous, )pind%e@qmresd@nm vfrefarsnges: Journal of

descri bed. The speC|f|c reaction conditions of the

t f ol | ow .
o PR35 48T Al 0 Ol o s
- -~a, 1~ O0OPT P30 P30 (18) (19) (20)trans-isoner
(]5(33,}1%]03571@1 AFTOgukici 6@%1&@9@4&5’4’8@994?‘45@stﬁ%mg%n@enal the

P30 OP
enantiomer enriched compound of the formula (1a) [compound (1¢) or (1d) in Reaction
Scheme 4] can be prepared as described in Reaction Scheme 4. A protecting group (P?) is
introduced into an alcohol group of (+)-(methylenecyclopropyl)carbinol or (-)-
(methylenecyclopropyl)carbinol [compound (18) in Reaction Scheme 4]. Two hydroxyl
groups are introduced into a double bond in the resulting compound [compound (19) in
Reaction Scheme 4], and other protecting groups (P! and P?) are selectively introduced into
each hydroxyl group to give the compound of formula (15a) or (15b) [compound (20) in
Reaction Scheme 4], respectively. The protecting group (P?) of the compound thus
obtained [compound (20) in Reaction Scheme 4] is removed selectively to give the
alcoholic compound [compound (21) in Reaction Scheme 4] and the hydroxyl group of the
resulting compound [compound (21) in Reaction Scheme 4] is replaced with the leaving
group (L) to give the compound [compound (22) in Reaction Scheme 4]. The compound
thus obtained is subjected to the reductive reaction by using hydrogen, or to the alkyl
substitution reaction by using R®-M (R8 represents C;-Ceg-alkyl and M represents a metal

compound including MgBr and Li) to give the compound [compound (23) in Reaction

Scheme 4]. The protecting group (P?) of the compound (compound (23) in Reaction



Q HO (24) (23) (22) (1c) (+}ba s-isonmer (13a or 13b)

or (Id) (-}trans-isoner wherein P, P2, P3, L, Rl and
wQ2em@2ehelii ned as previously described. WO 2002C0/&R2668/001932

PCT/ KR2003/ 001932 31 The conditions that are used in

the preparation processes, @d the separation and

resol ution processes of the“Conpounds according to the

present invention, for exanple, reactants, solvents,

bases, amounts of the reactants used, silica ge

colum, chiral colum, eluents, etc., are not

restricted to those explalned herein. The compounds of )
Schemee ) ssiemoved it givatthe aompguigeoffosmuled8aker @b [gompound (24) in

prepared and separated and resol ved by optionally

RGP T Ps dntReoBibpRL Rl REPhE I8 oPT Fralbopnd (332 in Reaction
present specification or known in the arts, and their

ScEP Ut dud {e‘&tesaate the egrffitationp@ith @mmadnlkaun@rtﬁ‘ fofmula (10) (dialkyl

ordinary s in the art to which the present

invention pertains. 10 The specific reaction
halemwtiylpheashaspte) had dbo elsoplauelseiing grmupH® ) isfiemozerl to obtain the
the follow ng Preparatlons and Exanples After the

5 en#ﬁ?ﬁ%fr%'g?eﬁe'glbgr% S ftgh wih A ek c%yﬁ‘}@tpﬂn“%zl?a? or (13b) in
processes, such as chromatogr aphy, recrystallization,

Reddiodli Sdeheat]i OThe edripound )of ToaRdla i(SIY&Ir (@8b) & SOBRAMA to the
of formula 1) of the present invention can be

effectively used as antiviral agents. Therefore,
enaptiense ren@ls]yl@etcompowe oprfenme (laVksampernd £1c)t er prdving&eaction
a conposition for the treatnent of viral diseases

Sclge[%l?er Elj %Hrloaélll Yhe g‘aqgé rf)is’c}cegurg 8?attsljggrleg’lously described. The specific reaction

conditions of the above process can be referred to the following preparations.

10  Reaction Scheme 4

oP? 2 OH
dlhydnoxylatlon f
—_ T ——— ' 1
po” % po” ~F

(18) (19) (20)-trans-isomer 1)
. (+).isoner .
or (-) isomer
CH
iy CH
O=P-OH i,
> O PSOH R1 R1 L
fo) o H, or R:M
OP' OP' P30 o'
R! R 0]
Q HO (24) (23) (22)
(1c) (+Hrans-isomer (13a0r 13b)
or (1d) (-Hrans-isomer

wherein Pl, PP, L, R and Q are defined as previously described.
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WD 2004/ 029064 PCT/ KR2003/ 001932 32 B virus), which

conprises as an active ingredient (+)-trans-isoner of
woheo4masmeound of fornula (1), pharmaceuti cal | PCT/KR2003/001932

acceptable salt, hydrate or solvate thereof together

with the pharmaceutically ggceptable carrier(s). 5

When the active conpounds atcording to the present

invention are used for «clinical purpose, they are

preferably adm nistered in an anmount ranging generally

from 0.01 to 10000 ng, preferably fromO0.05 to 100ng

per kg of body weight a day. The total daily dosage

may B editivins tthat ede vsedeinghe graparation gredesses apd the separation and

However, the specific admnistration dosage for a

dent can b aried with the. specific compound used
resBfiliof pradifita it thaePBRRUS BseRFingt Grihe Fiesent BYChlygs f erample,
condition, diet, the tine or nethod of
read@fsNécHdid, ibasks, /XGRS bPihe rédctantyMsel Ndli¢Add] @oRinn, chiral column,
agents, severity of a disease to be treated, etc.
The conpounds of the present invention may be
elugmts; ¢it.s arer et resiricthe té ghose ekplainad dereirondhe compainds of the present
preparations. 15 Injections, such as sterilized

. agueous qr qily suspepnsion for injection, can he .

im GG Ry Bea oo PR REEY erebakst madisF et a0 F8alfpd by optionally
sui tabl e di spersing agent, wetting agent, or

corAbiBRRNEL RariABPhthetldWaysO hvPihe SepMatidh f@ReButibnaHethds described
preparing injections include water, Ringer's fluid,
and isotonic NaCl solution, and also sterilized fixing

in dhiel presgnt Ispediiira2ion 4t 0aLeaLinPHE/ 3R 003t 0@abingtions can be easily
conveni ently used as the sol vent or suspendi ng nedi a.

per@&%eg%r}lfo%te Io%'rcﬁltla{ry %kiillir)l( IthrclagartotlolWhich the present invention pertains.

The specific reaction conditions of the above processes can be referred to the

following Preparations and Examples.

After the reaction is completed, the resulting product may be further separated
and purified by usual work-up processes, such as chromatography, recrystallization,

distillation, etc.

(+)-Trans-isomer of the compound of formula (1) of the present invention can be

effectively used as antiviral agents. Therefore, another object of the present invention is

to provide a composition for the treatment of viral diseases (particularly, against hepatitis
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i ncl udi ng nono-, di-glyceride may be used for this
pur pose, too. Fatty acid such as oleic acid nay be
wabhew/ased for injections. 5 As the solid prepaCaKR2003/001932
for oral adm nistration, capsules, tablets, pills,
powders, granules, etc., pry ferably capsul es and
tabl ets, can be nentioned. I't is also desirable for
tablets and pills to be fornmulated into enteric-coated
preparation. The solid preparations nay be prepared
by m xi ng the active conpound of (+)-trans-isoner of
t he conpound of fornmula (1) according to the present
B viyantihésh ¢areprisss ap apactivh gredientelt)draneisogr of dhe gompound of
group consisting of inactive diluents, such as

B 2R BELARE S Pt SR AT g i e

agent. Wen the conpounds according to the present

phamvesiitically at@pablevatddr{sy. applied for obtaining the
desired ant|V|raI effect, the active conmpound of
(+)-trans-isoner of the 15 conpound of fornula (1)
can be adm nistered in conbination with one or nore
subst ances sel ected fromthe known anti-cancer or

gnteln;”gﬁfh geag{l% g&%gérﬂi nds. S%,orldé}gnfo ? ﬁrgﬁaer}\%\;lﬁ%en?iﬂg are used for

conpound of the present invention in such a manner,

clibickll plapess! dedyl are Grefptadly AdmARKQEURH Gh hmolAK Qinglng enerally from
CGenti t abi ne, Lam vudi ne, etc. can be nentlone %D

004/ 9064 PCT/ KR2003/ 001932 34 Howe
0.G5r18 JAPGE M PscietHhr Camiibp Wl WOee ke of bedsevpighisedey. The total

invention are not restricted to those explalned
\% | n ef ul or
s TP 0 L SRLEPSReT o bl e
admlmstratlon dosage for a patient can be varied with the specific compound used, the

subject patient's body weight, sex, or hygienic condition, diet, the time or method of

administration, excretion rate, mixing ratio of agents, severity of a disease to be treated, etc,

The compounds of the present invention may be administered in the form of

injections or oral preparations.

Injections, such as sterilized aqueous or oily suspension for injection, can be prepared
according to the known procedure using suitable dispersing agent, wetting agent, or
suspending agent. The solvents which can be used for preparing injections include water,

Ringer's fluid, and isotonic NaCl solution, and also sterilized fixing oil may be
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The present invention will be nore specifically

explained in the followng Preparations, Exanples,
wana4mzpesi ments. However, it shoul d be under sPODAKR2GE1001932

these Preparations, Exanples, and Experinents are

intended to illustrate the ?esent i nvention but not

in any manner to limt the :,Bope of the present

invention. 10 Preparation 1 TBDPSO TBDPSO +~MyCl H3C

+ H3C Ti(GPr)4 OHOH (8-1)-(trans (9-1)-(cis)

Synt hesi s of

(f)-trans-|-({[t-butyl (di phenyl)silyl]oxy}methyl)-2- _
cowgqnmlywp@@s d%gﬁglvelg. an sygpending media. Any non-stimulative fixing oil

(f)-cis-1-({[t-butyl (di phenyl)silyl]oxy}nmethyl)-2- 15

im0 RERRASL b P B e 05 9555 Bl s i

the title conmpound was prepared as follows: 50g (0.146
acidah®) beodlsetidey fordnfebtionsbut yI (di phenyl ) si |yl Joxy}acetate
was di ssolved in 700 nme of tetrahydrofuran (THF), and

WD 2004/ 029064 PCT/ KR2003/ 001932 35 30 nmA of
titani untetrai sopropoxi de was added thereto. To the
m xture was slowy added 290 m- of

R

anbi ent tenperature. 50 iu of saturated ammoni um
grapfles) ¢1d profeabigaapsuléParsd APlctd)Raf 88 GhdnBiBned \PBUEL alddidirable for

of tetrahydrofuran(THF) used as a sol vent
tablets and pills to be formulated into enteric-coated preparation. The solid preparations
may be prepared by mixing the active compound of (+)-trans-isomer of the compound of
formula (1) according to the present invention with at least one carrier selected from a

group consisting of inactive diluents, such as sucrose, lactose, starch, etc., lubricants such

as magnesium stearate, disintegrating agent, and binding agent.

When the compounds according to the present invention are clinically applied for
obtaining the desired antiviral effect, the active compound of (+)-trans-isomer of the
compound of formula (1) can be administered in combination with one or more substances
selected from the known anti-cancer or antiviral agents. As the anti-cancer or antiviral
agents which can be administered together with the compound of the present invention in
such a manner, 5-Fluorouracil, Cisplatin, Doxorubicin, Taxol, Gemcitabine, Lamivudine,

etc. can be mentioned.
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5 was renoved by distillation under reduced pressure,
and the reaction mxture was extracted twice wth 700
woro@fozénexane. The hexane extract was distil | eBCumRen03/001932
reduced pressure, and the residue was separated by a
silica gel colum (el uent :8 / ethyl acetate:
hexane) to give two title g npounds (di ast ereoi soners
di astereoi soners), 38g (8-1) and 3.8g (9-1). The
structure of each conpound was confirmed by NVR 10
Title conpound(8-1) 1H NVR(CDC13) 60.08 (t, 1H), 0.90
(g, 1H), 0.96 (d, 3H), 1.08 (s, 9H), 1.14 (m | H),
2.79 (s, 1H, 3.70 (d, 1H, 3.84 (d, 1H, 7.43 (m
6H), 7.70(m 4H) ESI: 363 (MtNa)+, C21H282Si 15

TR A T gl e o

2.46 (s, 111), 3.49 (d, 111), 3.79 (d, 111), 7.43 (m

res@idted t?)-tﬁ&ye@(glﬁhﬁed Bbbve, 38S mialytediathin, bk R Yiseful fr the treatment
Preparation WO 2004/ 029064 PCT/ KR2003/ 001932 36

TBDPSO TBDPSO si-o L + MyCl Ti (O Pr)4 + H3C OH H3C
or pyqventiog-of xencgrssor vigl diseases)  Synt hesi s of
(f)-trans-1-({[t-butyl (di phenyl)silyl]oxy}nethyl)-2-

The present invention will be more specifically explained in the following
Preparations, Examples, and Experiments. However, it should be understood that these

Preparations, Examples, and Experiments are intended to illustrate the present invention

but not in any manner to limit the scope of the present invention.

Preparation 1

<::? TBDPSO TBDPSQ
(0]
>—Si—0\/“\o/\ +—\_Mgc| H3C\DZ + Hac\Dz

@ Ti(OiPr), OH OH
(8-1)-(trans) (9-1)-(cis)

Synthesis of (£)-trans-1-({[t-butyl(diphenyl)silylloxy}methyl)-2-
methylcyclopropanol(8-1) and  (#)-cis-1-({[t-butyl(diphenyl)silyljoxy}methyl)-2-

methylcyclopropanol (9-1)

According to the description in a reference (see: Syn. Lett. 07, 1053-1054, 1999),
the title compound was prepared as follows: 50g (0.146 mole) of ethyl 2-{[t-

butyl(diphenyl)silylJoxy}acetate was dissolved in 700 m¢ of tetrahydrofuran (THF), and
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et hyl cycl opr opanol (8-2) and

(f)-cis-1-({[t-butyl (di phenyl)silyl]oxy}nethyl) -2-
wetmaloeywsh opr opanol (9-2) 5 The sane procedur ePa@s/KR2003/001932

Preparation 1 was conducted but

but yl magnesi unthl ori de sed i nstead of

pr opyl magnesi unchl ori de to & i“'ve 30 g of the title

conmpound (8-2) as the main conpound, but conpound

(9-2) was hardly obtai ned. Title Compound (8-2) 10 1H

NMR(CDC13) 50.09 (t, 1H), 0.97 (g, 1H), 0.97 (t, 3H),

0 H) I - I
30343@ @fst t%ﬁ%laerﬂafs%dp%ﬁg s C?ﬁdé{q}ﬁh%fe;o A 11*9( the %?un(: §Vaé g](owly added
ESI: 377 (MrNa) +, C22H3002Si Preparatlon
29Qg @rop@@a@psu(rgc}@gnctq 200 in BJR)} ledidL opnd the reactlon solution
(f)-trans-1-({[t-butyl (di phenyl)silyl]oxy}nethyl)-2
wap rstiprgd forcll2olprung atnarh §i8at3IFmiMdatid) 4/ 02010 64 saturated ammonium chloride
PCT/ KR2003/ 001932 37 The sane procedure as

Wagrgﬁ{?éy tﬁntsk éllé aé!rf% 018 ?I glg&d\kggo Slggéjf tletrr]%l%yélraocfurafl(THF) used as a solvent
was rexggveg%%nde Stllf&lltlo e oclielr(%gdutcgd }e\s/s%rez 5alng the reaction mixture was extracted
twice with 700 md of hexane. The hexane extract was distilled under reduced pressure,
and the residue was separated by a silica gel column (eluent : 1:8 / ethylacetate: hexane) to
give two title compounds (diastereoisomers : diastereoisomers), 38g (8-1) and 3.8g (9-1).
The structure of each compound was confirmed by NMR.

Title compound(8-1)

'H NMR(CDCl3) §0.08 (t, 1H), 0.90 (q, 1H), 0.96 (d, 3H), 1.08 (s, 9H), 1.14 (m,
1H), 2.79 (s, 1H), 3.70 (d, 1H), 3.84 (d, 1H), 7.43 (m, 6H), 7.70(m, 4H)

ESI: 363 (M+Na)", C21H2802Si

Title compound(9-1)
'H NMR(CDCl;) §0.31 (t, 1H), 0.62 (q, 1H), 0.69 (m, 1H), 1.07 (s, 9H), 1.15 (d,
3H), 2.46 (s, 1H), 3.49 (d, 1H), 3.79 (d, 1H), 7.43 (m, 6H), 7.70(m, 4H)

ESI: 363 (M+Na)", C21H28025i

Preparation 2
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the title compound (8-3) as the main conpound. 5 Title

Conpound (8-3) 'HNMR(CDC13) 60.09 (t, 1H), 0.68 (1H),
wO0.20@/000064 3H), 0.82 (m1H), 1.09 (s, 10H), 1. 3PC{/mMR2003/001932

111), 1.40 (m 2H), 2.90 (s, | H, 3.73 (d, I H, 3.85

(d, 1H), 7.45 (m 6H), 7.74(ypn 4H . ESI: 391

(M+Na) +, C23H32Q2Si 10 Preparation 4 TBDPSO H3C

O-\ O li ~ OP Synthesis of diisopropyl

{(f)-trans-1-({[t-butyl (di phenyl)silyl]oxy}nethyl)-2-

met hyl cycl opr opyl } oxy} nmet hyl phosphonate The TBDPSO
pound (8-1) prepared in PreparatTBDrs® (7.59) was

d ssol ved in 3 m~ of di et hyl f or mam deyand 9. 7g of

h/Hlp br  phosphomat e waspafided yher gbs;
rQasutlng m re'n(mpr tirre 10 -mi rf4€es. .OH

agd t
‘the m xture was slowy added 20HE m @ 1ithium
butoxide(1.OMin THF) at 50 C, and t(Be-tansj ure wag)-(cis)
sti rred for 4 hours WO 2004/029064 PCT/ KR2003/ 001932

nmet hyl £ or ma Vi
un d r e Weed pr eis‘s ur em(:%etrx\&s 1 f(ﬁmu%q((ﬁgheny sﬂyll]oxy methyl)-Z-
ethylcyclopropanol(8-2) and  (¥)-cis-1-({[t-butyl(diphenyl)silyl]oxy}methyl) -2~

ethylcyclopropanol (9-2)

The same procedure as Preparation 1 was conducted, but butylmagnesiumchloride
was used instead of propylmagnesiumchloride to give 30 g of the title compound (8-2) as
the main compound, but compound (9-2) was hardly obtained.

Title Compound (8-2)

'H NMR(CDCl3) §0.09 (t, 1H), 0.97 (q, 1H), 0.97 (t, 3H), 1.06 (2H), 1.07 (s,9H),
1.31 (t, 1H), 2.79 (s, 1H), 3.71 (d, 1H), 3.81 (d, 1H), 7.41 (m, 6H), 7.68(m, 4H)

ESI: 377 (M+Na)", C22H3002Si

Preparation 3

TBDPSO

H,C
OH

(8-3)-(trans)

Synthesis of (#)-trans-1-({[t-butyl(diphenyl)silyl] oxy} methyl)-2-

propyleyclopropanol(8-3)



10

15

20

saturated ammoni um chl ori de was added to the residue,
which was then extracted with ethyl acetate. The
weto2aset at e extract was distilled under redBCE®EKR2003/001932
pressure, and the residue was purifies by a silica
gel colum chr omat ogr aphy (e§>7uent
et hyl acetate/ n-hexane 5 = 1/1, v/v ) to give 7.Qg
(yield 61% of the title conpound. 1H NMR(CDC13) 80.13
(t, 1H, 0.96 (m 1H), 0.97 (d, 3H), 1.05 (m 1H),
1.06 (s, 9H), 1.30 (t, 12H), 3.70 (d, 1H), 3.98 (d,
2H), 4.00 (d, 1H), 4.75 (m 2H), 7.42 (m 6H), 7.70
(m 4H) 10 Preparation 5 HO H3C /0)- Synthesis of

di i sqprop f)-trans-1-(hydyoxynget hyl
neth?ﬁ%yc%%ﬁéop?ﬁ¥wg%§} ﬁéth ”ﬁﬁﬁgﬁﬁbnaie 145 Theonducted,  but
conpound prepared in Preparation 4 (8.3g) was
penifybsagnesidmichlotid® wes wstd instetat axfqirppyBmaguesnimchiboriaiei torgive 25 g of
fluoride was added thereto, and the resulting m xture

thé/\ﬁ@ecd?ﬁﬁﬁﬁd(%%hhe%a{wgmﬁ und, hours. After the
reaction was conpl et ed hanol was renoved by

di S“theﬁ I%lgm%lgcag%greduced pressure, and the residue

,vvas pur ilica gel 20 colum chronat ography
(elugnt. dichl oronethane/ nmet hanol =20/1, v/v) to give

3. 6g H NMRECDERIH0.89 (5 b, 10168 @SR (n3ED, A2 (m, 1H), 1.09 (s,10H),
2004/ 029064 PCT/ KR2003/ 001932 39

1.32 (m, 1H), 1.40 (m, 2H), 2.90 (s, 1H), 3.73 (d, 1H), 3.85 (d, 1H), 7.45 (m, 6H), 7.74(m,
4H) |

ESI: 391 (M+Na)*, C23H3202Si

Preparation 4

Synthesis of diisopropyl {(£)-trans-1-({[t-butyl(diphenyl)silyl]oxy} methyl)-2-

methylcyclopropyl}oxy}methylphosphonate

The compound (8-1) prepared in Preparation 1 (7.5g) was dissolved in 35 mé of
dimethylformamide and 9.7g of diisopropyl bromomethylphosphonate was added thereto,
and the resulting mixture was stirred for 10 minutes. To the mixture was slowly added

35 mé of lithium t-butoxide(1.0M in THF) at 50 C, and the mixture was stirred for 4 hours
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"H NMR(CDC13) 50.23 (t, 1H), 0.96 (dd, 1H), 1.12 (d,

3H, 1.23 (m IH, 1.32 (d, 12H), 3.59 (d, 1H), 3.82
wO0dpo42eho64 3. 96 (d, 1H), 4.01 (s, 111), 4.82 (nPCRHR2003/001932

ESI: 303 (M+Na)+, Cl2H2505P 5 Preparation 6 HO H3C

O- O( P O Synthesis of di |830propyl

{(f)-cis-1-(hydroxynet hyl) - 5 nmet hyl cycl opropyl] oxy}

m et hyl phosphonate 10 The conpound (9-1) prepared in

Preparation 1 (3.0g) was consecutively reacted

according to the sane procedure as Preparations 4 and

mog% Zlgiﬁxke\fﬁyl%fﬁgmgé%\&&ergg{o‘i’%ﬁf ﬁgaggt[b?xrﬁmdfﬂs Wé)e 40ml of

1.33(d, 12H), & (m . 1H),
(u@@pd q;m;nongmg g;hl@gée V\@ﬂ)ad Q ggtl{esresu_ipg whicl ezve(snt]helz |q)(tracted with
15 ESI: 303 (M+Na) +, C12H2505P Preparation 7 WO
ethyD@ddtr 906 He etk KBRAB X:H0E083s dkilled RRRSOrddaed pressure, and the

residue was purifies by a silica gel column chromatography (eluent: ethylacetate/n-hexane
=1/1, v/v) to give 7.0g (yield 61%) of the title compound.

'H NMR(CDCl3) 80.13 (t, 1H), 0.96 (m, 1H), 0.97 (d, 3H), 1.05 (m, 1H), 1.06 (s,
9H), 1.30 (t, 12H), 3.70 (d, 1H), 3.98 (d, 2H), 4.00 (d, 1H), 4.75 (m, 2H), 7.42 (m, 6H),

7.70 (m, 4H)

Preparation 5

HO

o]
O—\ /O‘<
//P—O
o )~

Synthesis of diisopropyl {(&)-trans-1-(hydroxymethyl)-2-

methylcyclopropyl}oxy}methylphosphonate

The compound prepared in Preparation 4 (8.3g) was dissolved in 100 m{ of
methanol, 3.1g of ammonium fluoride was added thereto, and the resulting mixture was
heated under reflux for 2 hours. After the reaction was completed, methanol was
removed by distillation under reduced pressure, and the residue was purified by a silica gel
column chromatography (eluent: dichloromethane/methanol =20/1, v/v) to give 3.6g (yield

82%) of the title compound.



O~0 /0) Synthesis of diisopropyl

{(E)-trans-I-({[t-butyl (di phenyl)silyl]oxy}nethyl)-2-
wetmaloeysh opr opyl } oxy} met hyl phosphonate 5 TheCT/KR2003/001932

conmpound (8-2) prepared in Preparation 2 (4.29) was

reacted according to the sgéna procedure as

Preparation 4 to give 3.6g the title conpound. 1H

NMR(CDC13) 50.15 (t, 1H), 0.92 (m 1H), 0.94 (t, 3H),

1.06 (s, 9H, 1.08 (m 1H), 1.25 (m 1H), 1.31(m

12H), 1.35 (m1H, 3.73 (d, 1H, 3.98 (m 3H), 4.74

Y/ j 38
(0 B Cp T S D57 M 0 pressth os? 12
-1 -1 - (hyd thyl)-2- 15
12088 AT b 2 ) DY Py 15k 6 srdDe i moBH) 029064
PCT/ KR2003/ 001932 41 The conpound prepared in
Pr e[E8Ias0DMFNGS, 6tPHERSH eact ed according to the sane
procedure as Preparation 5 to give 1.6g of the title

conpound. 1H NMR(CDC13) 50.27 (t, 1H), 0.95 (dd, 1H),
1.02 (d, 3H), 1.15 (m 1H), 1.29 (m :

5 Preparation 6

HO

o
O—'—\ /O‘<
PO
0 >7

Synthesis of diisopropyl {(£)-cis-1-(hydroxymethyl)-2-

methylcyclopropyl]oxy}methylphosphonate

10
The compound (9-1) prepared in Preparation 1 (3.0g) was consecutively reacted
according to the same procedure as Preparations 4 and 5 to give 1.2g of the title compound.
'H NMR(CDCls) 50.41 (t, 1H), 0.71 (dd, 1H), 0.89 (m, 1H), 1.13 (d, 3H), 1.33(d,
12H), 3.50 (m, 1H), 3.65 (m, 1H), 3.81 (dd, 1H), 3.91 (dd, 1H), 4.29 (s, 1H), 4.76 (m, 2H)
15 ESI: 303 (M+Na)*, C12H2505P

Preparation 7



10

15

1H), 1.34 (d, 12H), 1.37 (m 1H), 3.68 (dd, 1H), 3.84
(d, 2H), 3.88 (dd, 1H), 4.00 (brt, 1H), 5 4.77 (m

waos/Rvospar ation 9 TBDPSO H3C O--\ O /0) PROT/KR2003/001932

Synt hesi s of diisopropyl

{(t)-trans-1-({[t-butyl (di pH nyl)silylloxy}nmethyl)-2 p
ropyl cycl op ropyl} oxy} net §I p h osph on ate The
compound (8-3) prepared in Preparation 3 (1.2Q9)
according to the sanme procedure as Preparation 4 to
give 1.1g of the title conpound. 15 1H NWVR(CDC13)
50.14 (BbPI®), 0.85 (t, 3H), 0.95 (m 2H), 1.05 (s,
9H), 1.25 ( 1H), 1.31(m 12H), 1.38 (m3H), 3.70
(d, I:-II 8 (rn, 3H), 4.72 (m 2H), 7.38 (m 6H),
7.66 {m o-Rr ation 10 20 WO 2004/ 029064

PCT/ KR2003/ 001932 4 HO H3C /0) Synt hesi s of

di i sopropyl {(f&-t?a.ns-l - (hydr oxynet hyl ) - 2-

Synthesis of diisopropyl {(%)-trans-1-({[t-butyl(diphenyl)silyljoxy} methyl)-2-

ethylcyclopropyl}oxy} methylphosphonate

The compound (8-2) prepared in Preparation 2 (4.2g) was reacted according to the

same procedure as Preparation 4 to give 3.6g of the title compound.

'H NMR(CDCl;) §0.15 (¢, 1H), 0.92 (m, 1H), 0.94 (¢, 3H), 1.06 (s, 9H), 1.08 (m,

1H), 1.25 (m, 1H), 1.31(m, 12H), 1.35 (m,1H), 3.73 (d, 1H), 3.98 (m, 3H), 4.74 (m, 2H),

7.41 (m, 6H), 7.67 (m, 4H)

Preparation 8

H,C /\[>Z
O—\ /O
P—O
/7
0O
Synthesis of diisopropyl {(®)-trans-1-(hydroxymethyl)-2-

ethylcyclopropyljoxy}methylphosphonate
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p ropyl cycl opropyl} oxy} nethyl ph osphonate 5 The

conpound prepared in Preparation 9 (1.2g) according to
woOheo4gasme4 pr ocedure as Preparation 5 to gi ve 8CHE&KR2003/001932

the title compound. 1H NVR(CDC13) 50.28 (t, 1H), 0.94

(t, 3H, 0.97 (m 1H), 1.20 (lm 2H), 1.33 (d, 12H),

1.41 (m 3H), 3.65 (dd, 1I—|),4 3.82 (d, 2H), 3.87 (dd,

1H), 4.00 (brt, 1H), 4.77 (m 2H) 10 Preparation 11

Cl )-_NNHZ N LN H3C OO0 Synthesis of diisopropyl

({()-trans-I-[(2-am no-6-chl oro-9H puri ne- 9-

yI ) h clopropyl } Q nat.e
L) AL bR AR Wk L3 EAERL e samo
d| ssolved in 75 m of dichloronmethane, 1.23g of
proceflee ey Prappration Ado gived o offbe HEREMPIWEy| chl ori de wer e
added WD 2004/ 029064 PCT/ KR2003/001932 43 thereto,
and EhEMREIDCE 0.2 ¢ L) 08 dé L IH) 02f(ar 380 11151, ¢H), 1.29 (m,
roomtenperature. Saturated amoni um chl ori de was

1%"9%5&* TRRATELAR SRS LRt 110 BE RE VR, YR8 (R4 66 o, 1,

4.J7em,\é‘l?ﬂ by distillation under reduced

Preparation 9

TBDPSQ,

H.C

Synthesis of diisopropyl {()-trans-1-({[t-butyl(diphenyl)silyl]oxy}methyl)-2-

propylcyclopropyl}oxy}methylphosphonate

The compound (8-3) prepared in Preparation 3 (1.2g) according to the same
procedure as Preparation 4 to give 1.1g of the title compound.

'H NMR(CDCls) 80.14 (t, 1H), 0.85 (t, 3H), 0.95 (m, 2H), 1.05 (s, 9H), 1.25 (m,
1H), 1.31(m, 12H), 1.38 (m,3H), 3.70 (d, 1H), 3.98 (m, 3H), 4.72 (m, 2H), 7.38 (m, 6H),

7.66 (m, 4H).

Preparation 10



pressure to give 2.73g (yield 94% of nethanesul fonate
conpound, which was used in the 5 next reaction
waoizbdamatosany purification. 1H NMR(CDC13) 60. 44PCT/KRRH)3/001932
1.16 (d, 3H, 1.20 (m 1H), 1.32 (m 12H), 1.30 (m
1H), 3.14 (s, 3H), 3.82 (m 2H), 4.33 (d, 1H), 4.68
(d, 1H), 4.78 (m 2H). The t hanesul f onat e t hus
obt ai ned (430ng) was dissolved in 18 m of 10
di met hyl f ormam de, and 57.6ng (60% purity) of sodi um
hydri de and Hb62nmg of 6- chl or oguani ne
(2-am no- 6-chhor o-9H puri ne) were added thereto. The
r eactyc ' re was,refluxed under heating for 4
hours. Saturatg agnq@iun1chloride was added to stop
the reaction. Thegppoduct was extracted with ethyl
acetate, and theé@thﬁl acetate extract was distilled
under reduced preessure, and the residue was purified
by a silica gel colum 15 chromatography (el uent:

di ch{or.pomet hane / methanol =201, v/v ive 1

(yie %Ptﬁﬁﬁ% of thltitle CO%S&Rﬁapylﬁﬁ%mﬁlﬁscbé%giﬁxymethyl)-z-

80.50 (t, 1H), 1.12 (m 1H), 1.16 (d, 3H), 1.21(dd
prepylcycloprppyloxy}gigthylphasphopate1H) | 3.86 (m 2H), 4.31

(d, 2H), 4.69 (m 2H), 5.13 (brs, 2H), 8.32 (s, 1H)

ESI: 432 (MFl)+, CL7H27CLNSO4P 20 Preparation 12 WD

2004/ 029064 PCT/ KR2003/001932 44 HZN NJ_ N NN

5 The compound prepared in Preparation 9 (1.2g) according to the same procedure
as Preparation 5 to give 0.5g of the title compound.

'H NMR(CDCls) §0.28 (t, 1H), 0.94 (¢, 3H), 0.97 (m, 1H), 1.20 (m, 2H), 1.33 (4,

12H), 1.41 (m, 3H), 3.65 (dd, 1H), 3.82 (d, 2H), 3.87 (dd, 1H), 4.00 (brt, 1E), 4.77 (m, 2H)

10 Preparation 11

Synthesis of diisopropyl ({(x)-trans-1-[(2-amino-6-chloro-9H-purine-9-
yl)methyl]-2-methylcyclopropyl}oxy)methylphosphonate
15
The compound prepared in Preparation 5 (2.3g) was dissolved in 75 ml of

dichloromethane, 1.23g of triethylamine and 1.2g of methanesulfonylchloride were added
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H3C,t~ / O P-0 Synthesis of diisopropyl

({(f)-cis-1-[(6-am no-9H puri ne-9-yl)nmethyl]-2-
warbdakense! opr opyl } oxy) met hyl phosphon ate 5 TRET/KR2003/001932

conmpound prepared in Preparation 6 (0.51g) was reacted

according to the sane proce%ure as Preparation 11,

except that adeni ne was reacted instead of 6-

chl oroguani ne, to give 250ng of the title compound.

ESI: 398(M+1)+, CL7H28N504P =10 Preparation 13 C )_N

-NH2 N1 //N/ N H3C O\ O O Synthesis of

S | . . .
thé}%t? ARd OﬂgﬁsrefulF?% rglr)rc]tugg as S’ill’(l)‘?% fgli_l_figurrnmutesg at room temperature.

S ﬁg&% s e@gﬁll %Eégdé F@@ltgééeacg@y nﬂ_leSpprQ ncz’zltvveas extracted

with dichloromethane, and the dichloromethane was removed by distillation under reduced
pressure to give 2.73g (yield 94%) of methanesulfonate compound, which was used in the
next reaction without any purification.

'H NMR(CDCls) 80.44 (t, 1H), 1.16 (d, 3H), 1.20 (m, 1H), 1.32 (m, 12H), 1.30 (m,

1H), 3.14 (s, 3H), 3.82 (m, 2H), 4.33 (d, 1H), 4.68 (d, 1H), 4.78 (m, 2H).

The methanesulfonate thus obtained (430mg) was dissolved in 18 mé of
dimethylformamide, and 57.6mg (60% purity) of sodium hydride and 162mg of 6-
chloroguanine (2-amino-6-chloro-9H-purine) were added thereto. The reaction mixture
was refluxed under heating for 4 hours. Saturated ammonium chloride was added to stop
the reaction. The product was extracted with ethyl acetate, and the ethyl acetate extract
was distilled under reduced preessure, and the residue was purified by a silica gel column
chromatography (eluent: dichloromethane /methanol=20/1, v/v) to give 201mg (yield 44%)
of the title compound.

"H NMR(CDCls) §0.50 (t, 1H), 1.12 (m, 1H), 1.16 (d, 3H), 1.21(dd 6H), 1.27 (t,
6H), 1.39 (m, 1H), 3.86 (m, 2H), 4.31 (d, 2H), 4.69 (m, 2H), 5.13 (brs, 2H), 8.32 (s, 1H)

ESI: 432 (M+1)", C17H27CIN504P

Preparation 12



The sane procedure as Preparation 11 was conducted to
the conpound prepared in Preparation 8 (620ng) to
wqi2o/0386my of the title conpound. 1H NVR( CDClBYTAR26/001932
(t, 11-1), 0.97 (t, 3H), 1.08(m 1H), 1.25(dd 6H),
1.26 (m 1H), 1.28 (t, 6%04 1.40 (m 2H), 3.80 (m
2H), 4.16 (d, 1H), 4.40 (d, % 4.69 (m 2H), 5 5.10
(s, 211), 8.18 (s, 1H). Preparation 14 HZN N NN LN
HC3 O-\ OO Synthesis of diisopropyl
({[(fh1§trans)] 1-[ (6-am no-9H puri ne-9-yl ) net hyl ] - 2-
10 et hyl opr opyl } oxy) net hyl phosphonat e The conpound
prepar e |n/Preparat|on 8 (210nmg) was reacted
accorerT " the sane procedure as Preparation 11,
at a

except deni ne was reacted i nstead of 6-
chl orogyahine, to give 95 ng of the title conpound. 15
13) 50,58 (t, 111), 0.98 (t, 311), 1.12(m

1H
1H), 1. 28@dd\9 1.26 (m 1H), 1.39 (m 6H), 1.42

(m 2H), SIS 432 (d 1H), 4.68 (d, 1H),
4.75 (m 2 ELQZ (brs 8.29 (s, 1H), 8.34 (s,
1H). Prepar ation 15 WO 2004/ 029064 PCT/ KR2003/ 001932
46

Synthesis of diisopropyl ({(z)-cis-1-[(6-amino-9H-purine-9-yl)methyl]-2-

methylcyclopropyl}oxy)methylphosphonate

5 The compound prepared in Preparation 6 (0.51g) was reacted according to the
same procedure as Preparation 11, except that adenine was reacted instead of 6-
chloroguanine, to give 250mg of the title compound.

ESI: 398(M-+1)*, C17H28N504P

10 Preparation 13

Cl

;Z:TW/NW
NN
Ly

ey
O—\ /O
[0
0 )—
Synthesis of diisopropyl ({(x)-trans-1-[(2-amino-6-chloro-9H-purine-9-

yDmethyl]-2-ethylcyclopropyl}oxy)methylphosphonate

15



Cl N)-NHZ NI NN H3C/ O O( O Synthesis of
di i sopr opyl
WOLPtopset r ans) | - 1- [ ( 2- am no- 6- chl or 0- 9H pur i NEEPAR2003/001932

yl ) met hyl ] - 2- propyl cycl opropyl } oxy) met hyl phosphonat e

5 The sane procedure as Preagratlon 11 was conduct ed

to the conpound prepared in "Preparation 10 (240ng) to

give 110ng of the title compound. 1H NVR(CDC1l3) 50.55

(t 1FD 0.93 (t, 3H, 1. 13(n1 1H), 1.25 (dd 6H), 1.26
1.29 (t, 6H), 1.31 (m 4H), 1.40 (m 1H),

m
OTlgé'@&g?e@roce ﬁge%g’ripéa?%tlonﬁfﬁ?as(%ng%g%% of‘tgg c&irgﬁ&g@@rﬁ)ared in

Pf@(PP{a(ﬂPn @Rg%%ﬂ tOBIY?%tOg}%S#@%{Jﬂ%%%?&E%: ) met hyl ] - 2-

'H NMR(CDCls) 80.53 (t, 1H), 0.97 (t, 3H), 1.08(m, 1H), 1.25(dd 6H), 1.26 (m,
1H), 1.28 (t, 6H), 1.40 (m, 2H), 3.80 (m, 2H), 4.16 (d, 1H), 4.40 (d, 1H), 4.69 (m, 2H),
5 5.10 (s, 2H), 8.18 (s, 1H).

Preparation 14

Synthesis of diisopropyl ({[(x)-(trans)]-1-[(6-amino-9H-purine-9-yl)methyl]-2-

10  ethylcyclopropyl}oxy)methylphosphonate

The compound prepared in Preparation 8 (210mg) was reacted according to the

same procedure as Preparation 11, except that adenine was reacted instead of 6-
chloroguanine, to give 95 mg of the title compound.

15 "H NMR(CDCls) §0.58 (t, 1H), 0.98 (t, 3H), 1.12(m, 1H), 1.28(dd 6H), 1.26 (m,

1H), 1.39 (m, 6H), 1.42 (m, 2H), 3.80 (m, 2H), 4.32 (d, 1H), 4.68 (d, 1H), 4.75 (m, 2H),

5.92 (brs, 2H), 8.29 (s, 1H), 8.34 (s, 1H).

Preparation 15



propyl cycl opr opyl } oxy) met hyl phosphonat e WO 2004/ 029064
PCT/ KR2003/ 001932 47 The conpound prepared in
weénepanatsion 10 (105ng) was reacted accordi ng POTKR2003/001932
sanme procedure as Preparation 11, except that adenine
was reacted instead of 6- chj.oroguanine, to give 45 ngy
of the title conmpound. 5 1H NVR(CDC13) 60.59 (t, 1H),
0.91 (t, 3H), 1.12(m 1H), 1.31(m12H), 1.32 (m 5H),
3.80 (m 2H), 4.32 (d, 1H), 4.50 (d, 1H), 4.72 (m
211), 5.80 (brs, 2H), 8.28 (s, 1H), 8.34 (s, 1H).
Preparation 17 10 C NNH N N HC/ O O{ 1,>
Synt hesi s ofydii sopropyl
({[(f)-(cis)]>EN(Zqupm no-6-chl oro-9H puri ne-9-
yl ) met hyl ] - 2- et bl cycl opropyl } oxy) met hyl phosphonat e
15 The conpgun epared in Preparation 6 (80ng) was
reacted acc ng to the same procedure as
Preparﬁgd' on 11 o give 35ng of the title conpound.

O—\ /O
P—0O

)_

Synthesis of diisopropyl ({[()-(trans)]-1-[(2-amino-6-chlore-9H-purine-9-

yDmethyl]-2-propyleyclopropyl}oxy)methylphosphonate

The same procedure as Preparation 11 was conducted to the compound prepared in
Preparation 10 (240mg) to give 110mg of the title compound.

'H NMR(CDCl3) 80.55 (t, 1H), 0.93 (t, 3H), 1.13(m, 1H), 1.25 (dd 6H), 1.26 (m,
1H), 1.29 (t, 6H), 1.31 (m, 4H), 1.40 (m, 1H), 3.80 (m, 2H), 4.18(d, 1H), 4.40 (d, 1H), 4.69

10 (m, 2H), 5.06 (s, 2H), 8.18 (s, 1H).

Preparation 16

15 Synthesis of diisopropyl ({[(:L)-(trans)]-1-[(6-amin0-9H-purine-9-yl)methyl]-2-

propylcyclopropyl}oxy)methylphosphonate



ESI: 432 (M+l)+, C1l7H27CLN504P WO 2004/ 029064
PCT/ KR2003/ 001932 48 Preparation 18 HO H3C O-P~O-
wo28uedesi s of dii sopropyl PCT/KR2003/001932
{[(+)-trans-I|-(hydroxynethyl)-2- 5
nethylcyclopropyl]oxy}nethylghosphonate and
di i sopropyl {[(-)-trans-1-
(hydr oxymet hyl ) - 2- net hyl cycl opropyl] oxy}
nmet hyl phosphonat e The racenmate prepared in Preparation
5 (51 g) was dissolved in 200 m- of toluene, 1.5g of
| i pase (Canadi da antanrctica B, immobilised, Novozyne
435), and 11.8 nt of 10 vinyl acetate were added
t her and the resulting m.xture was stirred for 40
hour h%?ownémreﬁaé%@r%@mréﬂomm (Lom@rivasssacted aespeding to the
by distillation under reduced pressure, and the
same xpraceluco rp oRregara(idiBal)l, asxdeftl Hat weilcrine epas ataded ingtead of 6-
chromat ogr aphy nethod to give 17.7g of the conpound

cth> 2800 385 rﬁéofﬁﬁtﬁﬁ%%ﬁ%& 17). The conpound
was added to 100 ni phosphate buffer (0.3M

: KEVZ%W%@DQ@ ﬁié%iﬁ%o@%fj noHE 1 A 1, 132 o

ani ¢ sol vent. the solvent was renoved by
5Hd,| 89 (ma2Hpr 3hek rIH)e‘aéQ €& Piedsr(m, 22105 8Abrsj AYr&28 (s, 1H),
was separated to give 16.6g of the compound [the |
8.3dqepiatnd (13b) in Reaction Scheme 3] and 18.92g of
the conpound [the conpound (17) in Reaction Schene 3].
The conpound [the conpound (17) in Reaction Schene 3]
was hydrol yzed according to the same procedure as
Preparation 17

10

Synthesis of diisopropyl ({[(*)~(cis)]-1-[(2-amino-6-chloro-9H-purine-9-

yDmethyl]-2-methylcyclopropyl}oxy)methylphosphonate

15 The compound prepared in Preparation 6 (80mg) was reacted according to the
same procedure as Preparation 11 to give 35mg of the title compound.

ESI: 432 (M+1)", C17H27CIN504P
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20 the above, and the resulting m xture was separat ed
to give 6.2g of the conmpound [the conpound (13b) in
weeemeens4 Schene 3] and 8.3g of the conpound [ PO®KR2003/001932
conpound (17) in WD 2004/ 029064 PCT/ KR2003/ 001932 49
Reaction Schene 3]. 8.3g of4%he conpound [the conpound
(17) in Reaction Schene 3] hus obt ai ned was
conpl etely hydrol yzed by the sane procedure as the
above to give 8g of the conpound (13a). The optica
activities (specific rotation) of the two conpounds,
co 1 and (13b) in Reaction Schene 3, were
[a?ﬁﬂ%ﬁg§¢ﬁﬁﬁﬁ%d -46.50, 5 respectively. To determ ne
the optical purity of the above two conpounds, the
purity of the products prepared by reacting the above
two conmpegnd [conpounds (13a) and (13b) in Reaction

Schenme 3 ith s-(+)nethoxyphenyl acetylchloride in the
presenﬁggp?ﬂa base¢/ was confirnmed by the high pressure

i QUG rcm?at\o@ hy (HPLC, using chiral colum). The
resul ti ng optiEa z-purity of the two conpounds

[ compound (134} ahd conpound (13b) in 10 Reaction

Schene 3] was over 95% for both. The retention time of

t he compound i nduced fromthe conpound (13 a) in
ReacSynthesbchene of was Wiisopropyes and{[¢hHaran1-(gdroxymethyl)-2-
compound induced fromthe conpound (13b) in Reaction

mebiIEoptopffondmBulvipfosphngte] & T, "GO ([Qtrans-1-

(hydroxymethyl)-2-methylcyclopropyljoxy}methylphosphonate

The racemate prepared in Preparation 5 (51g) was dissolved in 200 m{ of toluene,
1.5g of lipase (Canadida antanrctica B, immobilised, Novozyme 435), and 11.8 m{ of
vinyl acetate were added thereto, and the resulting mixture was stirred for 40 hours at
ambient temperature. The solvent was removed by distillation under reduced pressure,
and the mixture compounds (13a) and (17) were separated by a chromatography method to
give 17.7g of the compound (13a) and 38.4g of the compound (17). The compound (17)
was added to 100 m{ of phosphate buffer (0.3M, pH 7.2), the solution was hydrolyzed by
1.54g of Novozyme 435 as much as 60%, and extracted with an organic solvent. And, the
solvent was removed by distillation under reduced pressure, and the mixture was separated
to give 16.6g of the compound [the compound (13b) in Reaction Scheme 3] and 18.92g of
the compound [the compound (17) in Reaction Scheme 3]. The compound [the
compound (17) in Reaction Scheme 3] was hydrolyzed according to the same procedure as
the above, and the resulting mixture was separated to give 6.2g of the compound [the

compound (13b) in Reaction Scheme 3] and 8.3g of the compound [the compound (17) in
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H3C ~-~ 0--\ PP- O- i O/ Synthesis of
diisopropyl ({(+)-(trans)-1-[(2-am no-6-chl oro-9H purin
WO-2804/029064 PCT/KR2003/001932
yl) met hyl ] - 1- met hyl cycl opr opyl } oxy) net hyl phpsphonat e
and diisopropyl ({(-) WO 20&)94/ 029064 PCT/ KR2003/ 001932
50
(trans)-1-[(2-am no-6-chl oro-9H purine-9-yl)nethyl]-1-
met hyl cycl opropyl } oxy) net hyl phpsphonate. The conpound
[the conpound (13a) in Reaction Schene 3] prepared in

5.Preparation react ed '

Resdig SHOPE® A6 v ebar d Gnering B8 Rbbid 70 8 REAHRn Sepeme 31
conpound. 1H NMR , Mass and optical activity were the,

thus gbiingd wap semplstely bydrobsapby, e semis procedpre s thgjahaye to give 8g of
Exanple 1. Furthernore, 1H NMR, Mass and opti cal

thea@inpoubd (0§a)! he¥he opfioalnattiohiosi(syedifiey ratqtjny iafght Herosemepounds,
nmet hod to the conpound (13b) prepared in Preparation

cor%[?o&m Zéﬂljﬁalﬁqg?@?ﬁ; ggéqi_oﬁgéh%ﬁlewmwg@%c :1%2.27 and -46.50,

epar eparation 2

Synt hesi s of X . . .
respectiyelys RFo sletraming the aptical spritiRf heabawsdyiontanmraunas fhepurity of

e The well known conpound
the[pr@&Rctsmeegay¢eimempctingpthe phdvertwolramplouwid f®mpyynds (13a) and (13b) in

[ Ref erence: Journal of Organic Chemistry, 67, 286-289
Redcti®d Bcherd @971 Rdth sof+)Be@8RYphenylacetylchloride in the presence of a base was
confirmed by the high pressure liquid chromatography (HPLC, using chiral column). The
resulting optical purity of the two compounds [compound (13a) and compound (13b) in
Reaction Scheme 3] was over 95% for both. The retention time of the compound induced
from the compound (13a) in Reaction Scheme 3 was 13 minutes and that of the compound

induced from the compound (13b) in Reaction Scheme 3 was 14 minutes (0.9 mé/min,

Hexane: isopropanol, 95:5).

Preparation 19

Synthesis of  diisopropyl({(+)-(trans)-1-[(2-amino-6-chloro-9H-purine-9-

yl)methyl]-1-methylcyclopropyl}oxy)methylphpsphonate and diisopropyl ({(-)-
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Chem stry, 58, 5915-5917 (1993), Journal of Organic

Chem stry, 59, 5483-5484 (1994)] 20 was dissolved in
waQoddieoowsh di met hyl am de(DMF), 214ng of sodi unPOymKR2068/001932

(NaH, 60 %in mneral oil) and 732.5ng of benzyl

brom de(BnBr) were added to_.}he solution, and the WO

2004/ 029064 PCT/KR2003/0019§ 51 m xture was stirred

for 10 hours. Water (20 ne) and diethyl ether (100 i uA)

were added thereto. The organic |ayer was separated

and renoved by distillation under reduced pressure,

4 hs L qu SoRULEl e6l. i kica gel colum

(trgﬁgolng?gélr%g‘%%;&(ﬂéﬁu%ﬁ;ﬁdﬁﬂeetﬂ;’/l iaélceglpgl é/ n- hexane: 5/ 95,
v/v) to give 350 (yield 57% of the title conpound.

methyleyqlpnropyhexpmethydphpsphepater) 1. 35 (tt, 1H), 1.80
(m 1H), 3.17 (dd, 1H), 3.53 (dd, 1H), 4.56 (g, 2 H),
5.47 (br s, 1H), 5.46 (br s, 1H), 7.31 (m 5H). ESI:
175 (M+l) +, Cl2H140. Furthernore, the same procedure

as t %Q&;g:gl,l%%f’[ggé; :E]Q#@E)Elgc}] g{;ﬁ%’: ‘ug OREdcAS) - Seme 3; a]i)repared in

met hyl enec starting nater

to give 1- ({[(LS)-2-nethyl ene . .
PrerEgh YA RSO PRER YA 6 SHPEREOCCLHS P ELeRiHat o give the
was the same as the title compound. Preparation 21
desigditle@onmpunties i NaYIR , Mass and optical activity were the same as those of
(1R 29)-2-[(benzyl oxy) net hyl ] - 1- (hydr oxynet hyl ) cycl opr
theOgvamund [18b-¢ ppRepeied iR BxaabRAL | IFuPieAdsR! IFOINMR ,(MAGNEN optical
was di ssolved in water/ THF 20 (5 nV5 nil), and 1 m of

w0 T 0 P A8 AP 9n 130

theretqo. After stirring the mxture for 24 ]
prepared in Preparation 18 were the same as those of the compound (5c-1) prepared in

Example 1.

Preparation 20
I_O *[ j
Synthesis of 1-({{(1R)-2-methylenecyclopropyl]methoxy}methyl)benzene

The well known compound [(2R)-methylenecyclopropyljmethanol (300 mg)
[Reference: Journal of Organic Chemistry, 67, 286-289 (2002), Journal of Organic
Chemistry, 58, 5915-5917 (1993), Journal of Organic Chemistry, 59, 5483-5484 (1994)]
was dissolved in 10 mé of dimethylamide(DMF), 214mg of sodium hydride (NaH, 60 % in

mineral oil) and 732.5mg of benzyl bromide(BnBr) were added to the solution, and the



WD 2004/ 029064 PCT/ KR2003/ 001932 52 hours, water (20

i nc) and net hyl enedi chloride (50 0) were added
wohew@eaed and t he organic | ayer was separ at edPCTHR2003/001932

organi c |l ayer was renoved by distillation under

reduced pressure, and the residue was purified by a

silica gel colum chromatography (el uent:

nmet hyl enedi chl ori de/ net hanol : 95/5, v/v) to give 220ng

(yield 92% of the title conmpound. 5 1H NMR (CDC13) d

0.47 (t, 1H), 1.10 (dd, 1H), 1.49 (m 1H), 2.97 (t,

mﬁ('ﬁQre V\%s %ﬁn@@ rfor 20 h&l‘{& Wa{]& (Q@’m@ ?%}d d%gﬁﬁe‘%@%%ﬁ)? dIMSDwere added

1 N
th@gp% Té@ ‘t?g"gr% @’@f ﬂasisepi%héR‘;edsC%i?%QVidzhﬁl dlﬁé]@tlan under reduced
(20, 137.9. 10 [a]D = (+)7.7 (c= 0.013 in CHC13)
pr&sire, 200 thdvkesidue WAL pidgl byuar siier gelr eglumhechs@metography (eluent:
procedure as the above was conducted by using

et}%dz(c%{aéelﬁ)hexane 5/95, v/Iv) to give 350mg (yield 57%) of the title compound.
met hyl enecycl opr opyl | fret hoxy% net hyl ) benzene as ap

g it [( L%W@%dné?f? B0t T3 g1 1 o, 18D, 3.53

was the sane as the title conmpound.
(dq'Hé{)o‘btsﬁé‘hlz Iébt5r47| oy s.iab, .49 brs, {H).5.3 (@51, 01 in
CHC13). Preparation 22 - j-Si-O OH 20 WO 2004/ 029064
PCT/ ER2Q03(0B1$32C12513 40.

Furthermore, the same procedure as the above was conducted by using [(2S)-
10 methylenecyclopropyllmethanol as a starting material to give 1-({[(1S)-2-methylene
cyclopropyl]lmethoxy}methyl)benzene, and its NMR data was the same as the title

compound.

Preparation 21

oS

Synthesis of (1R,28)-2-[(benzyloxy)methyl]-1-(hydroxymethyl)cyclopropanol

15

The compound prepared in Preparation 20 (200mg) was dissolved in water/THF
20 (Smt/5md), and 1 md of OsO4 (Osmium tetroside, 2.5wt% solution in t-butanol) and NMO

(4-methyl morpholine N-oxide) were added thereto. After stirring the mixture for 24



Synthesis of (1R, 2S)-2-[(benzyloxy)methyl]-1-({ [tert-

but yl (di phenyl )silyl] oxy}nethyl)-cycloprop anol The
woanpaasd4 prepared in Preparation 21 (250 ng) REs/KR2003/001932

di ssolved in DMV 5 (10 M, and 350ng of im dazole and

360ny of di phenyl tert-butyggilylchloride di ssol ved

in DVF (5 inc) were slowy ded dropwi se thereto at

00. The resulting m xture was stirred for 10 hours at

anbi ent tenperature. Water (20 nt) and di et hyl et her

(50 n) were added thereto. The organic |ayer therein

S r d_an TN [ .

ho Sy AERCHME Suf Bte TR Rle BEANEE e EfEg, ang the organic

silica gel colum chromatography 10 (el uent: .
layent s avepetated) n-Thexenganic 1axer way yremeved by digiiigiionyprdey reduced

52% of the title conpound. 1H NMR (CDC13) d 0.39 (t,
preddute, ahdOfhe(1@sidud Mas plrifi8d (bsy, a Sitica gel T3luGrn cHddmatcpraphy (eluent:

1H), 3.27 (dd, 1H), 3.39 (dd, 1H), 3.80 (q, 2H)

(s,
meffptetBpioRimeledit P9 T8) p 63230 (9530 51 R compound
5 307 BNNG (C6h) 05 11561 8 46 80, 145 Ep35] X 1, 3.16 or

135.6 (4C), 138.2. ESI: 447 (M+l)+, C28H34(3Si.
d, H), 8Her (dpiH), 36ik(bs anBpBEoddutid), 398 thel b dié (dakbt), 4.58 (d, 1H),
conducted by using (1S, 2R) - 2-

7.34((Resmy! oxy) met hyl ] - 1- Chydr oxymet hyl ) cycl opr opanol as
a sfarting material to obtain 20

)si 15 PO (TG S VLR S 600 e 70 e TR0, 1284

was the sane as the title conmpound. Preparation 23 WO
(2Qpb¥7-929064 PCT/ KR2003/ 001932 54

10 [o]p = (+)7.7 (c= 0.013 in CHCls)

ESI: 209 (M+1)+, C12H1603.
Furthermore, the same procedure as the above was conducted by using 1-({[(1S)-
2-methylenecyclopropyllmethoxy} methyl)benzene as a starting material to obtain (1S,2R)-
15  2-[(benzyloxy)methyl]-1-(hydroxymethyl)cyclopropanol, and its NMR data was the same

as the title compound. The optical activity was [a]p = (-)8.0 (c= 0.01 in CHCl3).

Preparation 22

%ﬁ”@

20



SSi_ OO0 OCH3 Synthesis of
(1R, 2S)-2-[ (benzyl oxy) nethyl ]-1-({[tert
wouabogoegicphenyl ) sil yl ] oxy}net hyl)-cycl opr opyl PCT/KR2003/001932
2-met hoxyacetate 5 The conpound prepared in
Preparation 22 (250 ng) was_di ssolved in
di chl or onet hane (10 ng), ang®>1.0 m of TEA
(triethylam ne) and 400ng of 2- methoxyacetyl chloride
were slowy added dropwi se thereto at 0 *C. The
resulting m xture was stirred for 10 hours at anmbi ent

n&eé@t&‘é& th\é\?éfz) (glrgenlr Sgﬁl giﬁa{% ,m@g Rethyl9-(tert-

Joar ated and renoved by distillation under reduced
butyl(@épheng))sitylloxyhaethgbicyeloprgpanelri fi ed by a silica gel

columm chromat ography (el uent: ethyl acet at e/ n-hexane:
1/5 v/iv) to give 200nmg (yield 69% of the title
npound. 1H NMR (CDC13) d 0.86 (t, 1H), 1.03 (s, 9H),

1 159‘&]) Eorgfr%’d érggzrf%% %'é%%rat? Cﬁ"’z& ﬁ@o még &Qg) dlﬁ.%)l@e% in DMF
5 (10 a%@q%o{ @éﬂz@ﬁe an(ﬁg%(),mg fg dg)hg%yol tg% 'gégflseg?%(nrRe dissolved

59.3, 63.2, 64.2, 68.6, 69.6, 72.6, 127.6 (2C), 127.7
in DMJ) G m2)7w8re( 316>)v1y a@%dalr()m)sse thezeto 7at (BC) , The3gsalting mixture was
133.4, 135.6 (4C), 138.2, 169.8. 20 ESI: 519 (M1)+,

stirfedllio 3R Shrs aV¥nBRRAENBZSRde. PGVAREID 3l P& Behylether (50 ml) were

added thereto. The organic layer therein was separated and removed by distillation under
reduced pressure, and the residue was purified by a silica gel column chromatography
10 (eluent: ethylacetate/n-hexane: 1/5, v/v) to give 280mg (yield 52%) of the title compound.
'H NMR (CDCls) d 0.39 (t, 1H), 1'.03 (dd, 1H), 1.08 (s, 9H), 1.52 (m, 1H), 2.83 (s,
1H), 3.27 (dd, 1H), 3.39 (dd, 1H), 3.80 (q, 2H), 4.50 (s, 2H), 7.31 (m, 5H), 7.36 (m, 10H),
7.68 (m, 4H).
BC NMR (CDCl) d 16.4, 19.3, 24.2, 26.9 (3C), 59.1, 66.6, 69.5, 72.5, 127.5 (2C),
15 127.6 (2C), 127.8 (4C), 128.3 (2C), 129.8 (2C), 133.2, 133.3, 135.6 (4C), 138.2.

EST: 447 (M+1)+, C28H3403Si.

Furthermore, the same procedure as the above was conducted by using (1S,2R)-2-
[(benzyloxy)methyl]—1—(hydroxymethyl)cycloprof)anol as a starting material to obtain
20  (1S,2R)-2-[(benzyloxy)methyl}-1-({[tert-butyl(diphenyl)silyl]oxy} methyl)-cyclopropanol,

and its NMR data was the same as the title compound.

Preparation 23
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55 Furthernore, the same procedure as the above was
conducted by using (1S, 2R)-2-
woO ebarnzgdeoxy) met hyl ] - 1- ({[tert-butyl (di phenyl ) 8CTKR2008001932
}met hyl ) -cycl opropanol as a starting material to
obtain (1S, 2R)-2-[(benzyl oxy) methyl]-1-({[tert 5
but yl (di phenyl)silyl]oxy}nmettyl)-cycl opropyl
2-met hoxyacetate, and its NVR data was the sanme as
the title conmpound. Preparation 24 OH / r O 10 bz~-"
OCH3 Synt hesi s of
(1R, 2S)-1-({[tert-butyl (di phenyl)silyl]oxy}nethyl)-2-
(hydroxynethyl)cyclopropyl 2- met hoxyacet ate The
compou repared n Preparation 23 (200ng) was
di ssol ﬁan 5 (20 0), and 40ng of 10% Pd
on Carbo' dded eto. The resulting m xture was
redu rogen gas under 1 atmfor 24 hours.
The 1 @6 on (50ny) was further added
t her et d the resulting mxture was additionally
reduce 24 h The Pd on Carbon was renoved by
celite, the residual® solution was renoved by
distillation under reduced pressure, and the residue

uritfi.ed by a siljca gel co 004/.02906
PCT/ §3% 001932 58* chr omat og Y&&’SE@E‘OW met 4hy1] 1-({[tert-
et hyl acet at e/ n- hexane: 1/ 2, 2 to give 160ng (yield
bugy 1pb¢nxl}$tlyl]oxy}methyl)-cyclopropyl -methoxyacetate

The compound prepared in Preparation 22 (250 mg) was dissolved in
dichloromethane (10 ml), and 1.0 m{ of TEA (tricthylamine) ~and 400mg of 2-
methoxyacetylchloride were slowly added dropwise thereto at 0°C.  The resulting mixture
was stirred for 10 hours at ambient temperature. Water (20 ml) and diethylether (50 mf) '
were added thereto. The organic layer therein was separated and removed by distillation
under reduced pressure, and the residue was purified by a silica gel column
chromatography (eluent: ethylacetate/n-hexane: 1/5, v/v) to give 200mg (yield 69%) of the
title compound.

'"H NMR (CDCls) d 0.86 (t, 1H), 1.03 (s, 9H), 1.15 (tt, 1H), 1.57 (m, 1H), 3.34 (dd,
1H), 3.38 (s, 3H), 3.73 (dd, 1H), 3.85 (d, 2H), 3.88 (d, 2H), 4.11 (d, 2H), 4.48 (s, 2H), 7.37
(m, 11H), 7.61 (m, 4H).

C NMR (CDCL;) d 15.7, 19.2, 23.2, 26.8 (3C), 59.3, 63.2, 64.2, 68.6, 69.6, 72.6,
127.6 (2C), 127.7 (2C), 127.8 (4C), 128.3 (2C), 129.7 (2C), 133.3, 133.4, 135.6 (40),
138.2, 169.8.

ESI: 519 (M+1)+, C31H38058.i.
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title conpound. 1H NWMR (CDC13) d 0.81 (t, 1H), 1.10
(s, 94, 1.11 (m 1H), 1.73 (m 1H), 3.19 (d, 1H
wa@.20@/000064 1H), 3.36 (s, 311), 3.72 (dd, 1H), 3PBE/KR2003/001932
2H), 3.96 (m 1H), 4.38 (d, 1H), 7.45 5 (m 6H), 7.63
(m 4H). ESI: 429 (Mtl) +, C% H3206Si . Furthernore, the
sane procedure as the above s conducted by using
(1S, 2R) - 2-
[ (benzyl oxy)methyl ]-1-({[tert-butyl (di phenyl)silyl]oxy
}methyl)-cycl opropyl 2- 10 net hoxyacetate as a
starting material to obtain (1S 2R -1-({[tert
butyl(diphenyl)silyl]oxy}nethyl) 2- (hydroxynethyl)cycl
2- met hoxyacetate, and its NWVR data was
rrePplgﬁlefrn@ret fhe|same PrRsEAwE 2s Breoihovavas ﬁog@mteﬁéossvsmg (1S,2R)-2-
S|-O O ro OCH3 Synthesis of
[(beﬂﬂléﬁ)méﬂlw{lt G{{%ﬂwﬂ(‘ﬁmqnhk)ﬂwllbxy}méthplxwﬂepﬂwhﬂol2 as a

(brononet hyl ) cycl opr opyl 2-net hoxyacetate WO

S od T %f’lé??%? ?i’ngﬁz"%ﬁf’iso?ﬂs PRI2RRELRRmp (Tt

buér?@mlbsw}sblg{]g%a )l:)%%(j ’\%Wgai}m;ﬁﬁ)xg cetoate and its NMR data was

the same as the title compound.

Preparation 24

OCH,

o)

Synthesis of (1R,28)-1-({[tert-butyl(diphenyl)silyl]oxy} methyl)-2-

(hydroxymethyl)cyclopropyl 2-methoxyacetate

The compound prepared in Preparation 23 (200mg) was dissolved in methanol
(20 md), and 40mg of 10% Pd on Carbon was added thereto. The resulting mixture was
reduced with hydrogen gas under 1 atm for 24 hours. The 10% Pd on Carbon (50mg) was
further added thereto, and the resulting mixture was additionally reduced for 24 hours.
The Pd on Carbon was removed by celite, the residual solution was removed by distillation

under reduced pressure, and the residue was purified by a silica gel column
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carbontetrabronm de (CBr4) were slowly added dropw se
thereto at 0OC. The resulting mxture was stirred for

wao 2mmeseat anbi ent tenperature. Water (20 m ( PCamR2003/001932
di ethylether 5 (50 ng) were added thereto. The organic
| ayer therein was separatedfﬁnd removed by
distillation under reduced pressure. The residue was
purified by a silica gel colum chronat ography
(eluent: ethyl acetate/n-hexane: 1/8, v/v) to give
130ng (yield 76% of the title conmpound. '11 NMWR

chffg%é%%ﬁh@l(g&u,%gg _%@gl%?l?a@/%@%ﬁﬁ@% t@@@%}_ﬁ%@é}'& 98%) of the

(dd, 114), 3.85 (g, 2H), 3.86 (d, 1H), 4.23 (d, 111),
title campepd.- g1y 7.66 (m 4 H). 13C NMR (CDC13) d 15. 1,
15.8, 22.8, 26.4 (30), 28.9, 55.9, 59.8, 62.6, 66.1,
124. H NMIC(CDC29 d%).§ () 1H)1 26.055,(%0) 1.1126, $H),12%8 Gy, 1H), 3.19 (d,
132.2 (4C), 166.2. ES|: 492 (Mrl)+, C24H3I BrO4Si. 15

r 1 . . € . €
1}1233ng€ g{ gpgy, %fﬁhfga.e%%ﬁ?‘i’%?%%fl??%‘ﬁ ?% %5 2H)e3 8 ME1 MRS 38 (d, 1H), 7.45

[ -but vl cdi phenyl ) silyl]

(moéﬁ’:?e%u#)‘&gl (hydr oxymet hyl ) cycl opr opyl
2-met hoxyacetate as a starting material to obtain
(1S, B 429 (WIHL r C24H3Y 0885 phenyl ) si | yl ] oxy} et hyl ) - 2-
(bromonet hyl ) cycl opropyl 2-net hoxyacetate, and its NWR
data was the sanme as the title 20 compound.
Preparati on 26 WD 2004/ 029064 PCT/ KR2003/ 001932 58

Si - Ci*“lgi)thermore, the same procedure as the above was conducted by using (1S,2R)-2-

[(benzyloxy)methyl]-1-({[tert-butyl(diphenyl)silylJoxy}methyl)-cyclopropyl 2-
methoxyacetate ~as a  starting material to  obtain  (1S,2R)-1-({[tert-
butyl(diphenyl)silyl]Joxy}methyl)-2-(hydroxymethyl)cyclopropyl 2-methoxyacetate, and its

NMR data was the same as the title compound.

Preparation 25

%ﬂ:’

o

OCHj

Synthesis of (1R,2S)-1-({[tert-butyl(diphenyl)silylJoxy} methyl)-2-

(bromomethyl)cyclopropyl 2-methoxyacetate
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20

ro OCH3 Synthesis of (1R 2R)-1-({[tert

butyl (di phenyl)silyl] oxy} nethyl)nethylcycl opropyl
wa-2natageyacet ate 5 The conmpound prepared in  PCT/KR2003/001932

Preparation 25 (120ng) was di ssolved in nethanol (20

m ), and 20ng of 10% Pd on rbon was added thereto.

The resulting m xture was reduced with hydrogen gas

under 1 atmfor 24 hours. The 10% Pd on Carbon (50ng)

was further added, and the resulting m xture was

additi onal Iy reduced for 24 hours The Pd on Carbon

r em)ved %Iﬁgo | St #)ér%ifcl)l}]tpg &?ﬁ quceg} %@gg‘g%@ged n (}0 wt of

t he [eS|due was purlfled by a silica gel col
aceipmigat d4Naphynd ( ePtRa - ofet pherydthoseinne héli%lhsé apd g 240mg  of
v/iv) to give 80ng (yield 79% of the title conpound.

carbbhnteivebromiiel G)Bd) Gves3 slowly liRled drapwiged theretél)at 0fC 06Ths resulting
OH), 1.12 (d, 3H), 1.23 (m 1H), 3.42 (s, 3H), 3.83

mlf(ﬁl.re ‘JVEQ stug’ecﬁﬁ)r(ldhm%&")at afibibflt t@ﬁrpeﬂaﬁ'ire 7W4a%er((gﬁ) n@')")and diethylether
. [: 413 (M+1) C24H32

(5(50: (lﬂr{frg r\}v%%eggéﬁsl t&lxggeﬁo;an@gpr oced ayer %ﬁereln was ge\fo%ra\{\%s and removed by

(;[tert but yl (di phenyl )SI I yI ] oxy} met hyl ) - 2- (br onmomet hy
distilgtjert opdepseduced pusssvony At residue axasapwifiad by silica gel column
material to obtain (1S,2S)-1-({[tert-

chivaiayddrafiigh(enight: siblylack@ieyd-heheryil/3, e sl Gyl ARROENEId 76%) of the
2-met hoxyacetate, and its NWR data 20 was the Same as

tltl&ggmbbﬁﬂd? conpound. WD 2004/ 029064 PCT/ KR2003/ 001932

'"H NMR (CDCls) d 0.95 (t, 1H), 1.06 (s, 9H), 1.26 (dd, 1H), 1.77 (m, 1H), 3.25 (t,
1H), 3.39 (s, 3H), 3.74 (dd, 1H), 3.85 (q, 2H), 3.86 (d, 1H), 4.23 (d, 1H), 7.45 (m, 6H),
7.66 (m, 4 H).

3C NMR (CDCl) d 15.1, 15.8, 22.8, 26.4 (3C), 28.9, 55.9, 59.8, 62.6, 66.1, 124.4
(2C), 124.5 (2C), 126.5 (2C), 129.5, 129.6, 132.2 (4C), 166.2.

ESI: 492 (M+1)+, C24H31Br0O48Si.

Furthermore, the same procedure as the above was conducted by using (1S,2R)-1-
({[tert-butyl(diphenyD)silyl]oxy}methyl)-2-(hydroxymethyl)cyclopropyl 2-methoxyacetate
as a starting material to obtain (1S,2R)-1-({[tert-butyl(diphenyl)silylJoxy}methyl)-2-
(bromomethyl)cyclopropyl 2-methoxyacetate, and its NMR data was the same as the title

compound.

Preparation 26
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Preparation 27 OH Synthesis of
(1R, 2R)-1-({[tert-butyl (di phenyl)silyl]oxy}nethyl)-2-
wo 20m@toagdeeycl opr opanol The conpound prepared i RCT/KR2003/001932
Preparation 26 (15ng) was dissolved in 5 Ht of
amoni a di ssol ved in nethyl _al cohol (2Min MeOH), and
the resulting m xture was sPPrred for 10 hours at
anbi ent tenperature. The solvent was renoved by
distillation under 10 reduced pressure, and the
resi due mas purified by a silica gel colum

chrorm O™ (eluent: ethyl acetate/ n-hexane: 1/8,
v/ V) u ve rrg (yield 98% of the title conpound.
1H NVR 0.06 (t, 1H), 0.88 (dd, 1H), 0.98 (d,

9.9—05 3 74 (dd, 1H), 3.87 (d, | H), 7.42
(m '6 7.71 ( ESI: 341 (M+1)+, C21H28Q2Si.
15 Fur nor e, he sarre procedure as the above was
conducted by usi |{1S 2S)-1-

({[tert- butyl(d|phenyI)S|IyI]oxy}nEthyI)nethyIcyclopro
pyl 2-nethoxy acetate as a startlng material to

obt -
(1s%thﬁs's({[tert butyl (di phanyl ) si 1yl ] oxy} met KeRyAR)1-(ltert

bufyigh et DRSS ety G Gy iy adialE T 2

PCT/ KR2003/ 001932 60 Preparation 28 H3C O,

The compound prepared in Preparation 25 (120mg) was dissolved in methanol
(20 ml), and 20mg of 10% Pd on Carbon was added thereto. The resulting mixture was
reduced with hydrogen gas under 1 atm for 24 hours. The 10% Pd on Carbon (50mg) was
further added, and the resulting mixture was additionally reduced for 24 hours. The Pd
on Carbon was removed by celite, the residual solution was removed by distillation under
reduced pressure, and the residue was purified by a silica gel column chromatography
(eluent: ethylacetate/n-hexane: 1/8, v/v) to give 80mg (yield 79%) of the title compound.

'H NMR (CDCls) d 0.53 (t, 1H), 1.01 (dd, 1H), 1.06 (s, 9H), 1.12 (d, 3H), 1.23 (m,
1H), 3.42 (s, 3H), 3.83 (d, 1H), 3.89 (d, 2H), 4.14 (d, 1H), 7 .41 (m, 6H), 7.65 (m, 4H).

ESI: 413 (M+1)+, C24H3204Si.

Furthermore, the same procedure as the above was conducted by using (1S,2R)-1-
({[tert-butyl(diphenyl)silyl]Joxy}methyl)-2-(bromomethyl)cyclopropyl 2- methoxyacetate
as a starting material to obtain (18,25)-1-({[tert-
butyl(diphenyl)silylJoxy}methyl)methylcyclopropyl 2-methoxyacetate, and its NMR data

was the same as the title compound.
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0O O0--/ a H Synthesis of diisopropyl
([(1IR 2R)-1-({[tert-butyl (di phenyl)silyl]oxy}nethyl)-
wo 20804roeday | cycl opr opyl ] oxy} net hyl phosphonat e TRET/KR2003/001932
conmpound prepared in Preparation 27 (9ng) was
di ssolved in 0.5 ni of di neihyl formam de( DVF)
solution. in which 17.0ng of diisopropyl
br ononet hyl phosphonat e was di ssol ved, and 5ng of
l'ithiumodide (Lil) was added thereto. 10 The |ithium
t-butoxide (Li & Bu) solution (0.11 n) that 800ng of
['ithi 5 ide was dissolved in 10 m? of THE and
10 n£p§¥&6ﬁﬂ§9335 slowy added at 60-651C to the
above solution in which the conpound was di ssol ved.
The resulting m xture was stirred for 10 hours at the
sanme tenperature. The solution was cool ed to anbi ent
t enper , nd water (5 ne) and diethyl ether (50
m) we ded|thereto. The organic |ayer therein 15
was par at ed\/and renoved by distillation under
reduggﬁ"_ ur@4 The residue was purified by a
silica col utm chr omat ogr aphy (el uent:
e/ n-hexane: 1/4, v/v) to give 8ng (yield
65% of e title conpound. WD 2004/ 029064
PCT/ KR2003/ 001932 61 "H NWMR (CDC13) d 0.11 (t, 1H),

o 93 0.97 (d, 3 1.0 26 (d, :
SX‘;TE‘QS‘G d, 6H9f g6@1{%3)-11\61Ltelé-bslsyl(%phm)l)sﬂsl]w}methyl) 2-
(d 1H), 4.72 (m 2H), 7.40 (m 6H), 7.66 (m 4 H).
mé&Bylcydaprdpund) +, C28HA3CBPSI .

The compound prepared in Preparation 26 (15mg) was dissolved in 5 mf of
ammonia dissolved in methyl alcohol (2M in MeOH), and the resulting mixture was stirred
for 10 hours at ambient temperature. The solvent was removed by distillation under

reduced pressure, and the residue was purified by a silica gel column chromatography

_ (eluent: ethylacetate/n-hexane: 1/8, v/v) to give 12mg (yield 98%) of the title compound.

"H NMR (CDCL;) d 0.06 (, 1H), 0.88 (dd, 1H), 0.98 (d, 3E), 1.09 (s, 9H), 3.74 (dd,
1H), 3.87 (d, 1H), 7.42 (m, 6H), 7.71 (m, 4 H).

ESI: 341 (M+1)+, C21H28028Si.

Furthermore, the same procedure as the above was conducted by using (18,2S)-1-
({[tert-butyl(diphenyl)silylJoxy} methyl)methylcyclopropyl 2-methoxy acetate as a starting
material to obtain (18,25)-1-({[tert-butyl(diphenyl)silyl]oxy} methyl)-2-

methylcyclopropanol, and its NMR data was the same as the title compound.
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5 Furthernore, the sane procedure as the above was
conducted by using (1S, 2S)-1-

wOLpdaantoshbut yl (di phenyl ) silyl] oxy} net hyl) - 2- mePoyikR2ed3)01932
propanol as a starting material to obtain diisopropyl
{[(18,28)-1-({[tert-buty|(d%ehenyl)siIyI]oxy}nethyI)-z
- nmet hyl cycl opropyl ] oxy} net hyl phosphonate, and its NWVR
data was the same as the title 10 compound.
Preparation 29 H3CP O-( --/ H/ HO 15 Synthesis
of diisopropyl {[(1R 2R)-1-(hydroxynethyl)-2-
msthi@q,e 54&§H£§y|] oxy} net hyl phosphon ate The
compou prepared in Preparation 28 (7ng) was
di ssolved in 1 ng of nethyl alcohol, and 5ng of
amoni um fl uoride (NH4F) was added thereto. The
resulting 20 m xture was refluxed under heating for 4
hours. Al cohol Wag.-renoved by distillation under
reducedHgft essurepland the residue was purified by a
silica ufm 2004/ 029064 PCT/ KR2003/ 001932 62

chr opeqgraphy (ellient: net hyl
al co [ oronet hane: 5/95, v/v) to give 3ng (yield
85% Of 19i¢ title conpound. 1H NMR (CDC13) d 0.23 (t,

1H), O. 1H), 1.13 (d, 3H), 1.30 (d, 12H), 3.60
1 ?ﬁ@m (d, 3H) (d, 12H

Synthesis of diisopropyl {[(1R,2R)-1-({[tert-butyl(diphenyl)silyl]oxy}methyl)-

2-methylcyclopropylloxy}methylphosphonate

The compound prepared in Preparation 27 (9mg) was dissolved in 0.5 mé of
dimethylformamide(DMF)  solution, in  which 17.0mg of  diisopropyl
bromomethylphosphonate was dissolved, and Smg of lithiumiodide (LiI) was added thereto.
The lithium t-butoxide (LiOtBu) solution (0.11 m{) that 800mg of lithium t-butoxide was
dissolved in 10 m{ of THF and 10 m{ of DMF, was slowly added at 60-65C to the
above solution in which the compound was dissolved. The resulting mixture was stirred
for 10 hours at the same temperature. The solution was cooled to ambient temperature,
and water (5 md) and diethylether (50 ml) were added thereto. The organic layer therein
was separated and removed by distillation under reduced pressure. The residue was
purified by a silica gel colummn chromatography (eluent: ethylacetate/n-hexane: 1/4, v/v) to

give 8mg (yield 65%) of the title compound.
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1H), 3.83 (d, 2H), 3.96 (d, 1H), 4.00 (s, 1H), 4.78
(m 2H). 5 ESI: 281 (M+1)+, Cl12H2505P. The retention
woOi2oi/009068 he conmpound t hus obt ai ned was neasur edT/afR2e03/001932
i nducing according to the sane procedure as the
conpound i nduced to neasure 4;he optical purity in
Preparation 18. The value was 14 mnutes (0.9 0/ mn,
Hexane: | sopropanol, 95:5), the 10 sanme as that of the
conmpound i nduced fromthe conpound [the conpound (13b)
in Reaction Schenme 3]. Therefore, this conpound has
t he I§ ' i
L1 R GO P B0 a7 R LM 5 o 126 0
C 3 repar in, Preparation 18. 15 Furthernore,
66 29 e ce e a e 3 PR canih & FR6E dehatae dam BDuL Mg, 6D,
diisopropyl {[(1
7.6, @sAH).({[tert-butyl (di phenyl)silyl]oxy}methyl)-2-net
hyl cycl opropyl ] oxy} nmet hyl phosphonate as a starting
mat eESEI519W§ﬁI@8ﬂ4B@gPSpr| {[(1S,29)-1-
(hydr oxymet hyl ) - 2- net hyl cycl opr opyl ] oxy} net hyl phosphon
ate, and its NVR data was the same as the title
conmpound. The retention tinme of the conpound was
measured after. 20 i nducing according to the sane
pr oc Btheamaee, theesamsisoesdure asiitie eleavetwasnaoadueted byesing (1S,2S)-1-
optical purity in Preparation 18. The val ue was 13

({mértrbaty R diphedylsitpl] ox y } ieraMe2-heaploR panoP s ) staftiA@ material to

same as that of the conpound induced fromthe conpound

_ 3 . ,

oWk COTMEAIORe) . SUTSPSLL SN PE B B IR >

s e R M N
Scherrie 3] prepared in Preparation 18.

compound.

Preparation 29

HiC O\|5/ O_<
o— O
H)t>g /)\\
HO

Synthesis of diisopropyl {[(1R,2R)-1-(hydroxymethyl)-2-

methylcyclopropyl]oxy}methylphosphonate

The compound prepared in Preparation 28 (7mg) was dissolved in 1 m¢ of methyl
alcohol, and 5mg of ammonium fluoride (NH4F) was added thereto. The resulting
mixture was refluxed under heating for 4 hours. Alcohol was removed by distillation

under reduced pressure, and the residue was purified by a silica gel column



10

15

20

Exanple 1 5 C NN ~NN'NHZ H3CJ o Resolution

(+)-trans + (-)-trans o P=0 Chiral Colum -enanti oner
woenmarnedwewer (5b-1) (5c-2) o r Resol ution of PCT/KR2003/001932

di i sopropyl

({(f)-trans-I-[(2-am no-6-cC éoro-gkkpurine-g-

yI)nethyI]-Z-nethyIcycIoprog I} oxy)net hyl phosphonat e

10 As described in the above Reaction Schene 2, the

racemate was resolved by a chiral colum to obtain

(+)-trans-optical isonmer and (-)-trans-optical isomer.

- - 5 i t . .

enbleRiaeR (DRI AT SAHIRMS BT 79 & b8 by
chr omat ogr aphy (el uent: hexane/i sopropyl al cohol =

85%ppoiyy titlegapinds a chiral colum (Trade nane: chiral

pak AD, provided by DAICEL Chem cal Industries, Ltd.)

t o 1B NMRAOD@Egah0.28 (trifHRf0.45+)m,tIEHN .18 16d,i 3EH] 1.38 ¢del2H), 3.60 (d,
dii sopropyl ({(1 S, 2S)-1-[(2-am no-6-chloro-

1H223LS% d Qﬁ),%*(sy %ﬁgﬁlﬂg.dgs& fﬁg)ﬁ] gw(gf(giffbgzr opyl } oxy) met hyl p

nat e . 34 (- ns-optical isomer
For diiogy O GRS saner ' (5b- 1) resol ved in the
front (Retention tinme: 7.8 mnutes) was [a]D =

The retention time of the compound thus obtained was measured after inducing
according to the same procedure as the compound induced to measure the optical purity in
Preparation 18. The value was 14 minutes (0.9 m¢/min, Hexane:Isopropanol, 95:5), the
same as that of the compound induced from the compound [the compound (13b) in
Reaction Scheme 3]. Therefore, this compound has the same absolute configuration as
the compound [[(-)-trans-isomer, the compound (13b) in Reaction Scheme 3] prepared in

Preparation 18.

Furthermore, the same procedure as the above was conducted by using diisopropyl
{[(1S,28)-1-({[tert-butyl(diphenyl)silylJoxy}methyl)-2-methylcyclopropylJoxy}
methylphosphonate as a starting material to obtain diisopropyl {[(18S,2S)-1-
(hydroxymethyl)-2-methylcyclopropyljoxy}methylphosphonate, and its NMR data was the
same as the title compound. The retention time of the compound was measured after
inducing according to the same procedure as the compound induced to measure the optical
purity in Preparation 18. The value was 13 minutes (0.9 m¢/min, Hexane:Isopropanol,
95:5), the same as that of the compound induced from the compound [the compound (13a)

in Reaction Scheme 3].  Therefore, this compound has the same absolute configuration as



WD 2004/ 029064 PCT/ KR2003/ 001932 64 (+)16.35 (c=4.12

in CHC13), and the optical isoner (5c-1) resolved in
woheodmagic4 (Retention time: 9.2 mnutes) was [ 2fDEKR2003/001932

(-)16.70 (c=1.92 in CHC13). Exanple 2 5 OH //~~N N

\N NNH H3C( O HOP=0O Synt hesi s of

({(1S,28)-1-[(2-an1no-6-hydP Xy-9H puri ne-9-yl) net hyl ]

-2- met hyl cycl opr opyl } oxy) met hyl phosphoni ¢ aci d

(Conpound 1) 10 (+)-Trans-optical isomer (40ny)

resolved in Exanple 1 was dissolved in 8 in of

di chl or and 285 of tr t. .
the (cﬂggg}lilg mﬁ-{]ﬁa&éaoq‘lﬁre poung é A 11? #g%tiﬁﬁh%chlﬁgledﬁ prepared in

Di chl or onret hane was di stl Il ed under reduced pressure
PrepgragpndBn a solid. The resulting solid was dissol ved

in INNHC1(10 id) to reflux for 4 hours. After

conpl eting the reaction, water used as a solvent was

di stilled under reduced pressure, and 15 the residue

vvas il ed from nethanol /ether (10/1) to obtain

4&%'%@ ell d 83% of the

5
cl
N
P,
H,C .
Resolution
° - . (+)-trans + (-)-tran_s
“p=0 Chiral Column -enantiomer -enantiomer
< (5b-1) (6¢-2)
Resolution of diisopropyl ({(¥)-trans-1-[(2-amino-6-chloro-9H-purine-9-
yl)methyl]-2-methylcyclopropyl}oxy)methylphosphonate
10 As described in the above Reaction Scheme 2, the racemate was resolved by a

chiral column to obtain (+)-trans-optical isomer and (-)-trans-optical isomer. (%)-Trans-
racemate (50mg) obtained from Preparation 11 was passed through High performance
liquid chromatography (eluent: hexane/isopropyl alcohol = 80/20) fixed with a chiral
column (Trade name: chiral pak AD, provided by DAICEL Chemical Industries, Ltd.) to
15  obtain each 20 mg of (+)-trans-optical isomer, diisopropyl ({(18S,2S)-1-[(2-amino-6-chloro-
9H-purine-9-yl)methyl]-2-methylcyclopropyl} oxy)methylphosphonate (Compound 34)
and (-)-trans-optical isomer and measure their optical activity (specific rotation). The

optical isomer (5b-1) resolved in the front (Retention time: 7.8 minutes) was [o]p =



title conpound as white solid. [a]D= (+) 18.93 (c=0.66

in MOH) 1H NVR(MeOHd4) 50.71 (t, 111), 1.13 (dd,
wa®e4/029068 (d, 3H), 1.45 (m 1H), 3.81 (dd, 1PET/KR20@/001932

(dd, 1H), 4.43 (d, 1H), 4.70 (d, 1H), 9.18 (s, 1H. WO

2004/ 029064 PCT/ KrR2003/ 0019 65 ESI: 330 (Mtl),

Cl11H16N56P Exanple 3 1 N= \' N NNH2 H3Co

Resolution (+)-trans + (-)-trans Chiral Colum

-enantioner -enantiomer P=0O (5b-4) (5c-4) o0 5

Resol ution of diisopropyl

-tr 2 -
bR UG Bl By Mol LT PR it s (Retention
As described in_the above Reactign Schems 2, racemntes
timga P Tpisissiwas koo 3 (Qke-7@(c=1.92 in CHCL).

Example 2

HO—,P=O
HO

Synthesis of  ({(1S,25)-1-[(2-amino-6-hydroxy-9H-purine-9-yl)methyl]-2-

methylcyclopropyl}oxy)methylphosphonic acid (Compound 1)

10 (+)-Trans-optical isomer (40mg) resolved in Example 1 was dissolved in 8 m{ of
dichloromethane, and 285mg of trimethylsilylbromide (TMSBr) was added thereto to
reflux for 4 hours. Dichloromethane was distilled under reduced pressure to obtain a
solid. The resulting solid was dissolved in IN-HCI (10 ml) to reflux for 4 hours. After
completing the reaction, water used as a solvent was distilled under reduced pressure, and

15  the residue was solidified from methanol/ether (10/1) to obtain 25.4mg (yield 83%) of the
title compound as white solid.

[a]p=(+)18.93 (c=0.66 in MeOH)
"H NMR(MeOH-d4) 50.71 (t, 1H), 1.13 (dd, 1H), 1.18 (d, 3H), 1.45 (m, 1H), 3.81

(dd, 1H), 3.98 (dd, 1H), 4.43 (d, 1H), 4.70 (d, 1H), 9.18 (s, 1H).
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10 colum to obtain (+)-trans-optical isonmer and
(-)-trans-optical isoner. ()-Trans- racemate (50 ny)
woho@ioned4f rom Preparati on 13 was passed t hr ougtoTHR2M03/001932
Performance Liquid Chromatography (eluent:
hexane/i sopropyl al cohol = 80/20) fixed with a chiral
columm (Trade nane: chiral %k AD, provided by DAI CEL
Chemi cal Industries, Ltd.) to obtain each 20 ng of
(+)-trans-optical isonmer, diisopropyl
({(1S,2S)-1-[(2-am no-6-chloro 15
o9H I, - t t hyl cycl opr opyl } oxy) net hyl ph
osp%%faggowl}jpcﬁ%gﬂbgé?gb- 4) and (-)-trans-optical
i somer (5c-4) and neasure their optical activity
(specific rotation). The optical isonmer resolved in
the front. (Retention tinme : 24 mnutes) was [a]D =
(+) 15*ammN® 3004/ 029064 PCT/ KR2003/ 001932 66 (c=7.37
in CHC13), and the optical isoner resolved in the back
(Retention tinme: 27 mnutes) was {a]D = (-)14.2
(c=4.13 'ln CHC13). Exanple 4 5 COH NN < "'j, H3C

OKHOPF¥O i HO (+)-trans-optical isoner
N
L
NN N,
H,C ; ‘
3 o Resolution (+)-trans + (-)-traqs
0-P=0 Chiral Column -enantiomer -enantiomer
—< o (5b-4) (5¢-4)

7/

Resolution of 'diisopropyl ({()-trans-1-[(2-amino-6-chloro-9H-purine-9-

yDmethyl]-2-ethylcyclopropyl}oxy)methylphosphonate

As described in the above Reaction Scheme 2, racemates were resolved by a chiral
column to obtain (+)-trans-optical isomer and (-)-trans-optical isomer. (%)-Trans-
racemate (50 mg) obtained from Preparation 13 was passed through High Performance
Liquid Chromatography (eluent: hexane/isopropyl alcohol = 80/20) fixed with a chiral
column (Trade name: chiral pak AD, provided by DAICEL Chemical Industries, Ltd.) to
obtain each 20 mg of (+)-trans-optical isomer, diisopropyl ({(1S,2S)-1-[(2-amino-6-chloro-
9H-purine-9-yl)methyl]-2-ethylcyclopropyl} oxy)methylphosphonate (Compound 35) (5b-
4) and (-)-trans-optical isomer (5c-4) and measure their optical activit'y (specific rotation).

The optical isomer resolved in the front (Retention time : 24 minutes) was [a]p= (+)14.1



Synthesis of ({(1

S, 2S)-1-[ (2-am no- 6- hydroxy-9H puri ne-9-yl ) net hyl ] - 2-
wetmaloeyosh opr opyl } oxy) met hyl phosphoni ¢ aci d ( Ceapmir2003/001932

12) 10 (+)-Trans-optical isoner (40 ng) resolved in

Exanpl e 3 was reacted accordj,ng to the sane procedure

as Exanple 2 to obtain 25.0 of the title conpound

as white solid. {a]J]D = (+)14.06 (c=0.32 in MeOH) 1H

NNR(NEOH—d4) 50.76 (t, 1FD 1. 03 (t, 3H, 1.10 (m

1.38 (m 1H), 1.47 H, 3.80 (dd, 1H), 3.98
<c%js% ig, i 4%&%%%3@0@&%%@%'9 1%%@%&%4}*5%%%%6 27
PCT/ KR2003/ 001032 67 N.N.<N N NNi2 HCO K

mipggepgas [ = &)t hésidst 3dn Qlwlz)
S, 2S5)-1-[(2-an no-9H purine-9-yl)nmethyl]-2
nmet hyl cycl opr opyl } oxy) net hyl phosphoni ¢ aci d ( Conpound
2) 5 (+)-Optical isomer (5b-1, 1.8g) prepared in
ExanBkampledas di ssolved in 20 Hit of nethanol, O0.46g
of triethylamne (TEA) and 0.18g of 10% Pd on C were
5 added t hereto,

OH
N O
¢ 10
N N/)\NH

HSC/\DZ

o

HO—P=0
HO (+)-trans-optical isomer -

Synthesis of  ({(1S,25)-1-[(2-amino-6-hydroxy-9H-purine-9-yl)methyl]-2-

ethylcyclopropyl}oxy)methylphosphonic acid (Compound 12)

10 (+)-Trans-optical isomer (40 mg) resolved in Example 3 was reacted according to
the same procedure as Example 2 to obtain 25.0 mg of the title compound as white solid.
[a]p= (+)14.06 (c=0.32 in MeOH)
'H NMR(MeOH-d4) §0.76 (t, 1H), 1.03 (t, 3H), 1.10 (m, 1H), 1.38 (m, 1H), 1.47
(m, 2H), 3.80 (dd, 1H), 3.98 (dd, 1H), 4.33 (d, 1H), 4.75 (d, 1H), 9.20 (s, 1H).

15 ESI: 344 (M+1), C12H18N505P

Example 5
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and the resulting m xture was reduced in hydrogen (1

atm at 251C for 18 hours. The reactant was passed
wohow@ugdneeel | ite to renove Pd, and the obtai ne#CT/KR2003/001932

filtrate was distillated under reduced pressure to

obtain the desired 6-di oxygyani dine derivative in 100%

yield. 10 1H NWVR(CDC13) 50. (t, 1H), 0.96 (m 1H)

1.00 (d, 3H, 1.12(m 1H), 1.14(m 12H), 3.79 (m 2H)

21 (dd, 2H), 4.51 (m 2H), 5.27 (brs, 2H), 8.01 (s,

1H), 8.50 (s, 1H). The obtained 6-di oxyguani di ne

derivativ ) above was reacted according to the
same proc@ ExarrpIeZto obtain 1.3 g of the
title co u d Id 1009 . 15 1H NWVR(MeOH-d4) 80.63
(t, 1H), 1. 05 (dd, 1.20 (d, 3H), 1.43 (m 1H),
3. 80H , 3.98 (n1 1H), 4.47 (d, 1H), 4.63 (d,

1H), 8. 30 (e 1H), 8.80 (s, 1H). Exanple 6 WD
2004/ 029064 PCT/ KR2003/ 001932 68 ~~XHa H3 CO C
HO P=O W®-pSgnthesis of ({(1
S, 25)-1- [i@d- am no- 9H purine-9-yl ) nethyl]-2
et hyl cycl opr opyl } oxy) net hyl phosphoni ¢ aci d ( Conmpound
13)
Synthesis of ({(1S,25)-1-[(2-amino-9H-purine-9-yl)methyl]-2-

methylcyclopropyl}oxy)methylphosphonic acid (Compound 2)

(+)-Optical isomer (5b-1, 1.8g) prepared in Example 1 was dissolved in 20 m{ of
methanol, 0.46g of triethylamine (TEA) and 0.18g of 10% Pd on C were added thereto,
and the resulting mixture was reduced in hydrogen (1 atm) at 25°C for 18 hours. The
reactant was passed through cellite to remove Pd, and the obtained filtrate was distillated
under reduced pressure to obtain the desired 6-dioxyguanidine derivative in 100% yield.

'H NMR(CDCls) 80.37 (t, 1H), 0.96 (m, 1H), 1.00 (d, 3H), 1.12(m, 1H), 1.14(m

12H), 3.79 (m, 2H), 21 (dd, 2H), 4.51 (m, 2H), 5.27 (brs, 2H), 8.01 (s, 1H), 8.50 (s, 1H).

The obtained 6-dioxyguanidine derivative (1.8g) above was reacted according to
the same procedure as Example 2 to obtain 1.3 g of the title compound (yield 100%).
'H NMR(MeOH-d4) §0.63 (t, 1H), 1.05 (dd, 1H), 1.20 (d, 3H), 1.43 (m, 1H), 3.80

(m, 1H), 3.98 (m, 1H), 4.47 (d, 1H), 4.63 (d, 1H), 8.30 (s, 111), 8.80 (s, 1H).

Example 6



5 (+)-Optical isonmer (5b-4, 400ng) prepared in Exanple

3 was reacted according to the sane procedure as
waxenpheed to obtain 270nmg of the title conpouRdI/KRA003/001932

NVR( MeOH d4) 80.71 (t, 1H), 1.10 (t, 3H), 1.12 (m

1H, 1.37 (m 1H), 1.50 (nESZH)’ 3.80 (dd, 1H), 4.04

(dd, 1H), 4.26 (d, 1H), 4.74°(d, 1H), 8.68 (s, 1H),

8.74 (s, 1H. 10 Exanmple 7 N ~N ::C~- NNH2 H3CO

C HO-P=O HO Synthesis of

({(1S,2S)-1-[(2-am no-9H purine-9-yl)nethyl]-2

propyl cycl opropyl } oxy) met hyl phosphoni ¢ aci d ( Conpound

24) 15 72004/ 929064 PCT/ KR2003/ 001932 69 The

compound ( [epared in Preparation 15 was
reacted according té the sane procedure as Exanple 5
to ojtau 0 ng of

({()-®trans-1 ¢ (2-am no- 9H puri ne- 9-
yl)methyl ] - X propyl cycl opr opyl } oxy) met hyl phosphoni c
aci d ( Conpioerer039) .

HO

Synthesis of ({(18,25)-1-[(2-amino-9H-purine-9-yl)methyl]-2-

ethylcyclopropyl}oxy)methylphosphonic acid (Compound 13)

5 (+)-Optical isomer (5b-4, 400mg) prepared in Example 3 was reacted according to
the same procedure as Example 5 to obtain 270mg of the title compound.
"H NMR(MeOH-d4) §0.71 (t, 1H), 1.10 (t, 3H), 1.12 (m, 1H), 1.37 (m, 1H), 1.50

(m, 2HD), 3.80 (dd, 1H), 4.04 (dd, 1H), 4.26 (d, 1H), 4.74 (d, 1H), 8.68 (s, 1H), 8.74 (s, 1H).

10 Example 7

N BN
¢
N N/)\NH

2

H,C
<O
HO—P=0
HO
Synthesis of ({(1S,25)-1-[(2-amino-9H-purine-9-yl)methyl]-2-

propylcyclopropyl}oxy)methylphosphonic acid (Compound 24)

15
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15

20

1H NVR(MeOH-d4) 50.71 (t, 1H), 0.96 (t, 3H), 1.10 (m

1H, 1.43 (m 3H), 1.47 5 (m 2H), 3.78 (m 1H), 4.01
wOmoskedoc44. 26 (d, 1H), 4.71 (d, 1H), 8.68 (s, PCHKR2003/001932

8.74 (s, 1H). Thereafter, the conmpound thus obtai ned

was resol ved according to tq% same procedure as

Exanple 1 to obtain the title conpound. 10 Exanple 8

OH NN N: : NNH2 H3C O KHOP=0 HO Synthesis

of ({(1
S, 2S)-1-[(2-am no- 6- hydr oxy-9H purine-9-yl ) nethyl]-2

I ) . , "
Doy " ApEERBBAAO0REY biEBHA R TBRRAIN D Rk Cr R s to the
15 was reacted accardi %_to the sane _procedure as )

sa@gd}yﬁq:eguga obERle 9 tPlta) ) 13P mg of ({(+)-trans-1-[(2-amino-9H-purine-9-
({()-trans-1-[ (2-am no- 6- hydr oxy- 9H

ylpuathylp-2ropyloneldpyonyd Rxy)methyiphodphpriopyid) Goyipoendig9)phos
phoni ¢ acid (Conmpound 40). 'H NVR(MeOH d4) 50.74 (t,
1H), 119. - . )

20 ( S AROOsEM S AL D, D36, Y 10T, 36D, 133 (1, 31, 1.47

(@ 289 (78 AP, 4.01 (m, 1H), 426 (4, 1H), 4.71 (4, 1H), 8.68 (s, 1H), 8.74 (s, 1H).

Thereafter, the compound thus obtained was resolved according to the same

procedure as Example 1 to obtain the title compound.

Example 8

Synthesis  of  ({(1S,28)-1-[(2-amino-6-hydroxy-9H-purine-9-yl)methyl}-2-

propylcyclopropyl}oxy)methylphosphonic acid (Compound 23)

The compound (150 mg) prepared in Preparation 15 was reacted aqcording to the
same procedure as Example 2 to obtain 110 mg of ({(x)-trans-1-[(2-amino-6-hydroxy-9H-
purine-9-yl)methyl]-2-propylcyclopropyl} oxy)methylphosphonic acid (Compound 40).

'H NMR(MeOH-d4) 80.74 (t, 1H), 0.96 (t, 3H), 1.11 (m, 1H), 1.42 (m, 5H), 3.79

(m, 1H), 3.96 (m, 1H), 4.32 (d, 1H), 4.75 (d, 1H), 9.17(s, 1H).



WD 2004/ 029064 PCT/ KR2003/ 001932 70 Thereafter, the
conpound t hus obtai ned was resol ved according to the

weanwa/02pecedur e as Exanple 1 to obtain the ti PC®KR2003/001932
compound. 5 Exanple 9 NH2 ////N N N H3C O C HO P=0
HO Synthesis of ({(1
S, 2S)-1-[(6-am no- 9H puri ne-§- yl)methyl]-2
propyl cycl opropyl } oxy) net hyl phosphoni ¢ acid ( Conpound
26) 10 The conpound (35 ny) prepared in Preparation
16 was dissolved in 10 m~ of dichl oronethane, and
280ng of trinmethylsilylbromde (TMSBr) was added
thereto to reflux for 4 hours. D chloronethane was
di st Théreaftann teer corepoinedthms estdaingl twas atesalived accadingdio the same
The resulting solid was recrystallized in

Progstwge IE/Xémhgrl foxbtaiy theditlpmogipeued gy of 15
({()-trans-I-[(6-am no-9H purine-9-yl ) net hyl]-2-propyl
cycl opropyl }oxy) net hyl phosphonic acid (Conpound 41)
as white solid.

5 Example 9

Synthesis of ({(1S,25)-1-[(6-amino-9H-purine-9-yl)methyl]-2-
propylcyclopropyl}oxy) methylphosphonic acid (Compound 26)
10
The compound (35 mg) prepared in Preparation 16 was dissolved in 10 mé of
dichloromethane, and 280mg of trimethylsilylbromide (TMSBr) was added thereto to
reflux for 4 hours. Dichloromethane was distilled under reduced pressure to obtain a
solid. The resulting solid was recrystallized in methanol/ether (10/1) to obtain 23 mg of
15 ({(&)-trans-1-[(6-amino-9H-purine-9-yl)methyl]-2-propylcyclopropyl} oxy)
methylphosphonic acid (Compound 41) as white solid.
'H NMR(MeOH-d4) §0.69 (t, 1H), 0.97 (t, 3H), 1.07 (m, 1H), 1.41 (m, 3H), 1.47

(m, 2H), 3.78 (m, 1H), 4.01 (m, 1H), 4.37 (d, 1H), 4.82 (d, 1H), 8.38 (s, 1H), 8.56 (s, 1H).
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1H NVR(MeOH d4) 50.69 (t, 1H), 0.97 (t, 3H), 1.07 (m

1H, 1.41 (m 3H), 1.47 (m 2H), 3.78 (m 1H), 4.01
wOmoskedoc4 4. 37 (d, 1H), 4.82 (d, 1H), 8.38 (s, PCHKR2003/001932

8.56 (s, 1H). WD 2004/029064 PCT/ KR2003/001932 71

Thereafter, the conpound thus, obtained was resol ved

according to the sane procedure as Exanple 1 to

obtain the title conpound. Exanple 10 5 NH2 NIN N

HsC o HO P=0O HO Synthesis of ({(1

S, 2S)-1-[(6-am no-9H purine-9-yl ) et hyl ] -2-

et hy Thyehfiq) ahy Ichoppindreivsy bihiosd hoasi tesalved dceodppuad the same

14) 10 The conpound (40nmg) prepared in Preparation 14
proeslureesdbachpic t oy ohitaig thotifidheommand. procedure as

Exanple 9 to obtain 25 ng of

({()-trans-1-[(6-am no-9H puri ne-9-

yl ) met hyl ] - 2- et hyl cycl opr opyl } oxy) net hyl phosphoni c

aci d Exemppormnd 42). 1H NVR(MeOHd4) 80.69 (t, 1H),

1.02 (t, 3H, 1.03 (m 1H, 1.35 (m 1H), 1.47 (m

2H), 3.79 (m 1H), 4.03 (m 1H), 4.40 (d, 1H), 4.86

(d, 1H), 8.38 (ﬁl’-l 1H), 8.55 (s, 1H). 15

2

)

N

e
H,C™

0

HO—/P-_—O
HO

Synthesis of ({(18S,285)-1-[(6-amino-9H-purine-9-yl)methyl]-2-

ethylcyclopropyl}oxy) methylphosphonic acid (Compound 14)

The compound (40mg) prepared in Preparation 14 was reacted according to the
same procedure as Example 9 to obtain 25 mg of ({(x)-trans-1-[(6-amino-9H-purine-9-
yDmethyl]-2-ethylcyclopropyl} oxy) methylphosphonic acid (Compound 42).

'H NMR(MeOH-d4) §0.69 (t, 1H), 1.02 (t, 3H), 1.03 (m, 1H), 1.35 (m, 1H), 1.47

(m, 2H), 3.79 (m, 1H), 4.03 (m, 1H), 4.40 (d, 1H), 4.86 (d, 1H), 8.38 (s, 1H), 8.55 (s, 1H).

Thereafter, the compound thus obtained was resolved according to the same

procedure as Example 1 to obtain the title compound.

Example 11
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Thereafter, the conmpound thus obtained was resol ved
according to the sane procedure as Exanple 1 to
wohb@inodshhe title compound. Exanple 11 20 WD PCT/KR2003/001932
2004/ 029064 PCT/ KR2003/001932 72 'r'--W S N </N |
JNNH2 H3C'-"~ O C FE)P:C% HO Synthesis of [{(1
S, 295)-1-({2-am no-6-[ (4- net ho%(yphenyl ) sul fanyl ] - 9H pur
i ne
9-yl }met hyl ) - 2- et hyl cycl opr opyl } oxy] et hyl phosphoni c
acid (Conmpound 15) 5 6-Chl oroguani di ne derivative
(48ng) of the co ncdOMleepared in Preparation 13 was
di ssolved in 9 M t hanol , and 140ngy of
triethylam ne ag ng of 4- nethoxythiocresole were

added thereiNo. he resulting mxture was reacted under
the refluyt¢C Nion for 24 hours, and the reaction

was conpl et an 20 m- of water.
2

H3C/\DZ

0

HO—/P-_-O
HO

Synthesis of [{(1S,25)-1-({2-amino-6-[(4-methoxyphenyl)sulfanyl]-9H-purine-

9-yl}methyl)-2-ethylcyclopropyl} oxy]methylphosphonic acid (Compound 15)

6-Chloroguanidine derivative (48mg) of the compound prepared in Preparation 13
was dissolved in 9 ml of ethanol, and 140mg of triethylamine and 290mg of 4-
methoxythiocresole were added thereto. The resulting mixture was reacted under the
reflux condition for 24 hours, and the reaction was completed by adding 20 mé of water.
The reactant was distilled under reduced pressure to remove methanol, and the distilled
reactant was extracted with dichloromethane and the extracting liquid was removed by
distilling under reduced pressure. The residue was purified by a silica gel column to
obtain the compound (40mg), guanine of which 6-position was substituted by 4-
methoxyphenylthio.

'"H NMR(CDCls) 80.51 (t, 1H), 0.97 (t, 3H), 1.15 (m, 1H), 1.24(d, 6H), 1.27(d 6H),
1.40 (m, 3H), 3.80 (m, 2H), 3.80 (s, 3H), 4.12 (d, 1H), 4.37 (d, 1H), 4.68 (m, 2H), 4.78

(brs, 2H), 6.93 (m, 1H), 7.19 (m, 2H), 7.28 (m, 2H), 8.04 (s, 1H).
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The reactant was distilled under reduced pressure to

renmove net hanol, and the distilled 10 reactant was
wexbwaetwd W th di chl oromet hane and t he extracPCTEKR2003/001932

liquid was renoved by distilling under reduced

pressure. The residue was puﬁ%fied by a silica ge

columm to obtain the conpou (40mg), guani ne of

whi ch 6-position was substituted by 4-

met hoxyphenyl t hi o. 1H NVR(CDC13) 50.51 (t, 1H), 0.97

(t, 3H, 1.15 (m 1H), 1.24(d, 6H), 1.27(d 6H), 15

iy by ol kel gt
Ewml? @fz@gwm%m&pf 62(3) 9911891;%{2 mmpré;[@ erfwxsno@enyl)sulfanyll 9H-

conpound (40ng) was reacted according to the sane

pupimedeyljmethyd)-2-Ehglvptiep@pyl ooptrethylitnspigonid acid (Compound 43).
[{() trans - ({2-am no-6-[ (4- nethoxyphenyl)sulfanyl] 9

purl R O 2053 (D P Il}ng Dy T piBs s> 138
(n}%% éaélég’( t(l%ggi%?‘lla g%{#&i%%ﬁ% ? I% 67°’q mal H)s 7.03 (4,

(m 2H), 3.20 (m 1H), 3.70 (m 1H), 3.89 (n1 211),
IHD 244 (om, 2HY)7. 32870 H)n$.98 (4)1H).7. 03 (d 1H), 7.14 (m

2H), 7.32 (m 1H), 8.98 (s, 1H). Thereafter, the

conmpound thus obtained was resol ved according to the

d t btain t t
iggg&%oﬁ%u Y gﬁ%pgmrgp ]h\t,p.i%eg sz?ql 1r']eso gd iccordmg to the same

procedure as Example 1 to obtain the title compound.

Example 12

Hﬁ ¥
VS J\ﬁ

Synthesis of (1S5,285)-3-[({1-[(2-amino-9H-purine-9-yl)methyl]-2-
methylcyclopropyl}oxy)methyl]-8,8-dimethyl-3,7-di0xo-2,4,6-trioxa—3ls-phosphanon-

1-yl- pivalate (Compound 6)

The compound (600mg) prepared in Example 5 was added to 5 mé of 1-methyl-2-
pyrrolidinone. The mixture was heated to 60C and stirred for 30 minutes. To the

resulting reactant, 0.58g of triethylamine and 0.86g of chloromethylpivalate were added
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15

LN H3C OO O\ POOO O Synthesis of (1
S, 29)-3-[({1-[(2-am no-9H purine-9-yl)nethyl]-2- 15
worbdaykense! opr opyI }oxy) met hyl ] - 8, 8- di net hyl - 3, P€TIKR20032)01932
,4,6-trioxa-3), 5-phosphanon- 1-yl- pival ate (Conpound
6) The conpound (600nD) prep,;\ ed in Exanple 5 was
added to 5 mA of 1-nethyl - %yrrol i di none. The
m xture was heated to 601C and stirred for 30 m nutes.
To the 20 resulting reactant, 0.58g of triethylam ne
and 0.86g of chl oronethyl pi val ate were added WO
0Q4/ 4 R 0, he r [tin
B8 RETRE BT SRECHADIAR S, Al PR s Pt wit
tracted with ethylacetate after | owering
eﬂeﬁm?éaﬁ%\@ﬁ?relowsmz@ 1t& temperatBisdr el (hgnd rempleting .ﬂaﬁwreaytwn by adding
adding 20 ne of water. The reactant was distilled
2umdeof metkrc e Thpr eactamtewts digitiodeundee reduded apressnge to remove the
liquid. The residue was purified by a silica gel

ext@bt gﬁlﬁow?hé’%ﬁtﬁ{éywﬁs‘[jgﬁlr?f &P%?' n%lﬁgag ggl é&ijﬁhdch?o%ﬂtography to

of t t1 e conmpound

oS GBS igpieal™ D 10,7, 0

211), 4.30 (g, 211), 4.00 (brs 2H), 5.64 (m 4H),
8. o5[c(]s (+20.5Heeb04  CHCE) . 10 Exanpl e 13

'H NMR(CDCls) §0.52 (t, 1H), 1.16 (m, 1H), 1.17 (d, 3H), 1.20(s, 18H), 1.41 (m

1H), 3.97 (m, 2H), 4.30 (q, 2H), 4.00 (brs, 2H), 5.64 (m, 4H), 8.05 (s, 1H), 8.69 (s, 1ED).

Example 13
N
= »/NHZ
N N\ N
L o

Synthesis of (1S,25)-bis{[(isopropoxycarbonyl)oxy]methyl}({1-[(2-amino-9H-

purine-9-yl)methyl]-2-methylcyclopropyl}oxy)methylphosphonate (Compound 7)

The compound (0.98g) prepared in Example 5 was added to 5 m{ of 1-methyl-2-
pyrrolidinone. The mixture was heated to 50°C and stirred for 30 minutes. To the
resulting reactant, 0.96g of triethylamine and 1.44g of chloromethylisopropylcarbonate

were added and the resulting mixture was stirred for 3 hours. The reactant was extracted
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NN N2 NN11 -NOO OHCr I~ 0-\ 000 O- O
Synthesis of (1
w@&208)02i6s{ [ (i sopr opoxycar bonyl ) oxy] net hyl } ({ 1P{C{/AKR2003/001932
o- 9H
purine-9-yl)nmethyl]-2-net hyI@ycI opr opyl } oxy) met hyl phos
phonat e (Conpound 7) 15 The c¢onpound (0.98g) prepared
in Exanple 5 was added to 5 mL of 1-nethyl-2-
pyrrolidinone. The m xture was heated to 50 C and
stirred for 30 mnutes. To the resulting reactant,
with PR 46 B s Riihehitol0T and complcting fhe reaction by
resulting.m xture was stirred for. 3 hours. The
adding 20 g@vﬁ@teéxt Thereaeianiey gtilleslogsier reduced pressure to remove the
PCT/ KR2003/ 001932 75 with ethylacetate after |owering
exiractirigeliqpad.at The rdsalu2OvaS punifisdoby laedilictggél nlurea chiodmatbytaphy to
adding 20 0 of water. The reactant was distilled under

obfa%iymﬂ @é&&%%ﬁ) ot el 1RV Splbhﬁ‘d extracting liquid. The

resid s puri'fied by a ['tca gel colum

::Ih[lo Eb‘"gﬁ%n%.(":%ﬁ%t&&fmng (yield 16% of the

'"H NMR(CDCls) 80.49 (t, 1H), 1.15 (m, 1H), 1.16 (d, 3H), 1.29(m, 12H), 1.45 (m

1H), 3.97 (dd, 1H), 4.05 (dd, 1H), 4.30 (q, 2H), 4.90 (m, 2H), 4.62 (m, 4H), 8.05 (s, 1),

8.69 (s, 1H).
Example 14
OMe
s
/N/ NH,
NN N
Hac\DZ ° (o]
0— O
—>P/—O/\O
0

Synthesis of (1S,2S)-3-{[(1-{[2-amino-6-(4-methoxyphenylthio)-9H-purine-9-
yllmethyl}-2-methylcyclopropyl)oxy]methyl}-8,8-dimethyl-3,7-dioxo-2,4,6- trioxa-3A>-

phospanon-1-yl-pivalate (Compound 8)

6-Chloroguanidine derivative (48mg), the (+)-optical isomer compound prepared
in Example 1, was dissolved in 9 mé of ethanol, and 140 mg of triethylamine and 290mg

of 4-methoxythiocresole were added thereto. The resulting mixture was reacted under the
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5 [a] D= (+)20.48(c=1.14 in CHC13) 1H NVR(CDC13) 60. 49

(t, 1H), 1.15 (m 1H), 1.16 (d, 3H), 1.29(m 12H)
wa.24@E/0@64 1H) , 3.97 (dd, 1H), 4.05 (dd, 1H), 4PBU/KR2003/001932

2H), 4.90 (m 2H), 4.62 (m 4H), 8.05 (s, 1H), 8.69

(s, 1H). 10 Exanple 14 OQOw 4\1 NHZ N //N/ LN 04 H3c

Oo O\ O/P-OO Synthesis [¢ (1 S,29-3-{ [(1-¢

[ 2- am no- 6- (4- met hoxyphenyl t hi 0) - 9H puri ne- 9-

yI]nethyI}-Z-nethyIcyclopropyl)oxy]nethyl}-8,8-dinethy

| -3, 7-di oxo-2, 4, 6- trioxa-3A5- phospanon-1-yl-pival ate

re%lﬁf E’?&?c;iﬁ& ?o)r £45h0§1rsdjalln8 rtl‘l)egf@gﬂlcq{ s g a#)l\é%‘ﬂ'b\ﬂ/e c@in%n%ﬁ) gi’, of water.

cal "1'sdnmer npound " pr
di ssolved in 9 |n of ethanol and 140 of

Tfter re\ggt;w was distilledunds feduced presiereHo PRV meé@@pb apdrtbe distilled

added thereto. The resulting m xture was reacted under
reddtant W2 bt 9010l dRGTdrsh20Rnd @0d B2 extrdeting liquid was removed by

distilling under reduced pressure. The residue was purified by a silica gel column to
obtain the compound, guanine of which 6-position was substituted by 4-

methoxyphenylthio.

The resulting compound (40 mg) was reacted according to the same procedure as
Example 9 to obtain phosphonic acid derivative (32 mg).

ESI: 452 (M+1)" C18H22N505PS

The above compound (30mg) was reacted according to the same procedure as
Example 13 to give 15mg(yield 20%) of the title compound.

fa]p=(+)13.75(c=2.36 in CHCl;)

'H NMR(CDCl;) §0.63 (t, 1H), 0.93 (t, 3H), 1.03 (m, 1H), 1.35 (m, 1H), 1.38 (m,
2H), 3.20 (m, 1H), 3.70 (m, 1H), 3.89 (m, 2H), 4.24 (m, 1H), 4.70 (m, 1H), 7.03 (d, 1H),
7.14 (m, 2H), 7.32 (m, 1H), 8.98 (s, 1H). 3) §0.48 (t, 1H), 1.12 (m, 1H), 1.13 (d, 3H),‘
1.19(m, 18H), 1.38 (m 1H), 3.84 (s, 3H), 3.90 (dd, 1H), 3.98 (dd, 1H), 4.25 (q, 2H), 4.76

(brs, 2H), 5.62 (m, 4H), 6.95 (d, 2H), 7.54 (d, 2H), 7.91 (s, 1H).

Comparative Example 1
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reflux condition for 24 hours, and the reaction was

conpl eted by adding 20 ] of water. The reactant was
wdizaddiokdosd under reduced pressure to renove nmePORKR2003/001932

and the distilled reactant was extracted with

di chl oronet hane and the extracting liquid was renoved

by distilling under reduced ‘pressure. The resi due was

purified by a silica gel colum to 5 obtain the

compound, guani ne of which 6-position was substituted

by 4- nethoxxgpenylthio. The resulting conmpound (40

ng) was reactjed according to the sanme procedure as
Exanpl e Rt ai n phosphoni c acid derivative (32
ng). 10 452 (Mtrl) +C18H22N5O6PS The above compound

(30nmg) was, rd&aciy according to the sane procedure as

Exanpl e to give 15ng(yield 20% of the title

conp ~Na]D= (+)13.75(c=2.36 in CHC13) 15 1H

NVR( CDC13),°50. 63 (t, 1H), 0.93 (t, 3H), 1.03 (m 1H),

1.35 ( 1 ) 1.38 (m 2H), 3.20 (m 1H), 3.70 (m

1H), 3. fm 2H), 4.24 (m 1H), 4.70 (m 1H), 7.03

(d, 1H), 7. 14 (m 2H), 7.32 (m 111), 8.98 (s, 1H

3) 50.48 (t, 1H), 1.12 (m 1H, 1.13 (d, 3H, 1.19(m

18H) Sydthdsis ( Mot 1 1)(-)-Galsk14[62-amiii 0-6-hydBoxyd9H-phirine-%- ﬂleth 1]-2-
(dd, {H) 4. 25 (qI()ZH) 4[926 (brs, yﬁ ;(y:i 2 (m yB v

m@%‘ﬁfﬁ Pr@}&‘ ﬁ?th§gt’h\‘%§ﬂz"d‘6 ?@éé@gﬂ‘pg‘@? %Eegoos/ 001932

77 OH

(-)-Trans-optical isomer (40 mg) resolved in Example 1 was reacted according to
the same procedure as Example 2 to obtain 20.1 mg (yield 80%) of the title compound as
white solid.

[e]p=(-)20.19 (c=1.21 in MeOH)

'H NMR(MeOH-d4) §0.71 (t, 1H), 1.13 (dd, 1H), 1.18 (d, 3H), 1.45 (m, 1H), 3.81
(dd, 1H), 3.98 (dd, 1H), 4.43 (d, 1H), 4.70 (d, 1H), 9.18 (s, 1H).

EST: 330 (M+1), C11H16N505P

Comparative Example 2

OH
¢ TN
N N‘A\NH

H,C” N> Z

0

HO—P=0
HO (-)-trans-optical isomer



NN ~NN "NHZ HSCJ( 0 HO P=O HO Synthesis of

{(-)-trans-1-[(2-am no-6- hydroxy-9H puri ne-9-yl) net hyl
w-2004/00816ly| cycl opr opyl } oxy) met hyl phosphoni ¢ aeCWKR2003/001932

(Conpound 36) 5 (-)-Trans-optical isomer (40 np)

resol ved in Exanple 1 was re?zgt ed according to the

sane procedure as Exanple 2 obtain 20.1 ng (yield

80% of the title conpound as white solid. [a] D=

(-)20.19 (c=1.21 in MeOH) 1H NVR(MeOHd4) 50.71 (t, 1

H, 1.13 (dd, 1 H, 1.18 (d, 3H), 1.45 (m 1 H), 3.81
10 (%g ?@s_p(s %ti %{&gg‘ang’ée’[@ %Rﬁ% %%ﬁﬁ%}éﬁé&%nﬂe&-ybmewyﬂ 2-
Conpar ative Exanp ~fNN NNNHZ H3C O

ethylcyclopropyl}oxy)methylphosphomc acid (Compound 37)

(-)-Trans-optical isomer (40 mg) resolved in Example 3 was reacted according to
5  the same procedure as Example 2 to obtain 20.0 mg of the title compound as white solid.
[a]p=(-)13.47(c=1.47 in MeOH)
'H NMR(MeOH-d4) §0.76 (t, 1H), 1.03 (t, 3H), 1.10 (m, 1H), 1.38 (m, 1H), 1.47
(m, 2H), 3.80 (dd, 1H), 3.98 (dd, 1H), 4.33 (4, 1H), 4.75 (d, 1H), 9.20 (s, 1H).

ESI: 344 (M+1), C12H18N505P
10

Comparative Example 3

H,C

HO'-/F’:O
HO

Synthesis of  ({(¥)-cis-1-[(2-amino-6-hydroxy-9H-purine-9-yl)methyl]-2-

15  methylcyclopropyl}oxy)methylphosphonic acid (Compound 38)

The compound (30 mg) prepared in Preparation 17 was reacted according to

Example 2 to obtain 13 mg of the title compound.



K HO P=O 15 HO (-)-trans-optical isonmer W 2004/ 029064
PCT/ KR2003/ 001932 78 Synt hesi s of

wOL004J02006aNS- | - [ ( 2- ami no- 6- hydr oxy- 9H pur i ne- 9PgT)KR20G3Y001932
l]-2- ethylcyclopropyl}oxy)nethylphosphonic acid
( Conpound 37) (-)-Trans-optlg i sonmer (40 ny)
resolved in Exanple 3 was reacted according to 5 the
same procedure as Exanple 2 to obtain 20.0 ng of the
title conpound as white solid. [a]D = (-)13.47(c=1.47
in MOH) 1H NVR(MeOHd4) 80.76 (t, 1H), 1.03 (t, 3H),

s ool ey bl b o i

C12H18N505P 10 Conparative
(d@%ﬁ@ls‘dd,dﬂ), NZBJ((N 558 (B AH),9.47 (3 1H).

ESI: 330 (M+1), C11H16N505P

5 Comparative Example 4

™
S

AN

<N | N ¢LNH
H,C

HO—P=0
HO

Synthesis of [{(+)-cis-1-({2-amino-6-[(4-nitrophenyl)sulfanyl]-9H-purine-9-
yl}methyl)-2-methylcyclopropyl}oxy]methylphosphonic acid (Compound 44)
10
6-Chloroguanidine derivative (48 mg), the compound prepared in Preparation 17,
was dissolved in 9 mlé of ethanol, and 140 mg of triethylamine and 290 mg of 4-
nitrothiocresole were added thereto. The resulting mixture was reacted under the reflux
condition for 24 hours, and the reaction was completed by adding 20 m{ of water. The
15  reactant was distilled under reduced pressure to remove methanol, and the distilled reactant
was extracted with dichloromethane and the extracting liquid was removed by distilling
under reduced pressure. The residue was purified by a silica gel column to obtain the

compound (32 mg), guanine of which 6-position was substituted by 4-nitrophenylthio.



HO P=O HO Synthesis of

({(f)-cis-1-[(2-am no- 6- hydr oxy- 9H puri ne-9-yl ) net hyl |
wo20®29et hyl cycl opr opyl } oxy) nmet hyl phosphoni ¢ 2CT/AKR2003/001932

(Conpound 38) The conpound (30 ng) prepared in

Preparation 17 was reacted according to Exanple 2 to

obtain 13 ng of the title coitbound. WD 2004/ 029064

PCT/ KR2003/ 001932 79 1H NVR(MeOH-d4) 50.67 (t, 1H),

1.05 (dd, 1H), 1.13 (d, 3H), 1.38 (m 1H), 3.90 (dd,

111) 4.01 (dd, 1H), 4.22 (d, 1H), 4.58 (d, 1H), 9.17

ool M S, 1

th
Gt 1655 470, (T3 i D 8.5 1FDr B3R by D 4136l 110, 0¥ ptm, 28D,

urine-9
4.83 (brs, 2H), 7.79 (d, 2H), 8.05 (s, 1H), 8.22 (d, 2H).

5 The resulting compound (32 mg) was reacted according to the same procedure as
Example 9 to obtain 20 mg of the desired title compound.
'H NMR(MeOH-d4) §0.67 (t, 1H), 1.05 (m, 1H), 1.13 (t, 3H), 1.38 (m, 1H), 3.91

(m, 1H), 4.01 (m, 1H), 4.27 (m, 1H), 4.67 (m, 1H), 7.92 (d, 1H), 8.33 (m, 2H), 9.17 (s, 1H).

10 Comparative Example 5

Synthesis of ({I(®)-cis-[1-(6-amino-9H-purine-9-yl)methyl]-2-
methylcyclopropyl}oxy]methylphosphonic acid (Compound 45)
15
The compound prepared in Preparation 12 (50mg) was reacted according to the

same procedure as Example 9 to obtain 40 mg of the title compound
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yl } met hyl ) - 2- met hyl cycl opr opyl } oxy] met hyl phosphoni c

acid (Conpound 44) 10 6-Chl oroguani di ne derivative
wO04804rm3%064t he conpound prepared in Preparati onPCT/KR2W3801932

di ssolved in 9 m of ethanol, and 140 ng of

triethylamne and 290 ng of § ni trothiocresole were

added thereto. The resulting hi xture was reacted under

the reflux condition for 24 hours, and the reaction

was conpl eted by adding 20 mA of water. The 15

reactant was distilled under reduced pressure to

ISty tant
et s R RLRb R, RIS LIS @ ATt B2 (. 11, 387
[ qui d by disti d d d
<dsiﬁii33fo§*?ﬁ¢kﬁ{”x?é§m§%§ Thi Ao By dED; 18 SbsgHD.
columm to obtain the conpound (32 ng), guani ne of

whi ch 6-position was substituted by 4-nitrophenylthio.
WD 2004/ 029064 PCT/ KR2003/ 001932 80 1H NWVR( CDC13)

ga) 621“{1? tcomfabﬁnd 9[“ 3 Efe@ént Wenhc}]_g éﬁgﬁ@sg ﬁcﬁém ﬂibaaﬁép%boflcal effect to

ﬁrpg‘é}%bgr%eﬁ 1§f—f‘r; h%?Gg%g) 15gan ‘gm)‘r(dnsﬁeﬁgbf?guseméeheu@g) fogdevelopment

@EL 5 The resulting conpound (32 ng) was reacted
of actherepeuiig aggnttagelngtalmpammla,e\mmvemasvenamprpr erallytadministered. The
obtain 20 ng of the desired title conpound. 1 H

xR bieelbrddddubdd. ad résults ddd)desckited below. 1H) . 1. 13 (t,
3H), 1.38 (m 1H), 3.92 (m | H, 4.01 (m 1H), 4.27
(m 1H), 4.67 (m 1H), 7.92 (d, 111), 8.33 (m 2H)
9.17 (s, 1H). 10 Conparative Exanple 5 HZN N N N

Experiment 1

Measurement and Analysis of Inhibition Effect against Hepatitis B Virus

(HBY)

(1) Cell Culture and Treatment with Drugs

HepG2.2.15 cell (M.A Shells et al., P.N.A.S. 84, 1005(1987)), a hepatocarcinoma
cell line producing hepatitis B virus, was cultured in DMEM medium(GIBCO BRL, #430-
2200) containing 10% FBS(Fetus bovine serum, GIBCO BRL, #16000-044), 1% ABAM
(Antibiotic-Antimycotic, GIBCO BRL, #16000-028) and 400 ug/ml of geneticin(Sigma,
#G-9516) in a T-75 flask under the conditions of 5% CO; incubator and 37C by dividing
in a ratio of 1:3 at an interval of 3 days. The cells were distributed into a 96-well plate in
the amount of 4x10%well and then when 80-90% of cell density was achieved, the old
medium was changed with 200 ¢ of DMEM medium containing 2% FBS, 1% ABAM
and 400 pg/md of geneticin. The drug solution was sequentially diluted five-fold each

time, from 100uM to 0.16 pM. In order to minimize an experimental error, each
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H3C 0--\ OH /P-OH 0 Synthesis of

({[()-cis-[1-(6-am no-9H puri ne-9-yl)nmethyl]-2-
warbdaykense! opr opyl } oxy] net hyl phosphoni ¢ aci d ( EomR2nb/001932

45) 15 The conpound prepared in Preparation 12 (50n)

was reacted according to the__sanme procedure as

Exanple 9 to obtain 40 ng of 8% he title conpound WO

2004/ 029064 PCT/ KR2003/ 001932 81 1H NVR( MeOH d4)

50.63 (t, 1H), 1.05 (m 111), 1.10 (d, 311), 1.32 (m

1H), 3.87 (dd, 1H), 4.03 (dd, 1H), 4.28 (d, 1H), 4.71

8. 37 ( 111) .50 (s .11%%. T conpound
el sbica T o B apPuns i e HERGH Vs changes
phar macol ogi cal effect to 5 a hepatitis B ce ine,
evgBh B0 fays  Qihd0 dayy alerdhsiticatimsns avithyiye) §0Qgk @f fls medium was
devel opment of a therapeutic agent against hepatitis
caBectetl end it degverufusiiiition of vkl igplichiibn by deigdvas Idteermined through
experimental procedures and results are descri bed

hel:ow. ' : ment and Anal ysis of
TRRrD § Fgﬁ;ke@?geﬁcw{’a%%f&h%%% fitis B Virus (HBV) (1)
Cell Culture and Treatnment with Drugs HepQ&2.2.15 cell
(MA Shells et al., P.N A S. 84, 1005(1987)), a

hepat ocarci noma 15 cell |ine producing hepatitis B
vi r u$?) Retsrwinationed GytotbkieNy medi un( G BCO BRL, #430-

After 100 £ of the medium was collected on 10th day from the treatment with
drug, 7.5mg/ml of MTT (Thiazolyl Blue Tetrazolium Bromide, Amresco, #0793-5G)
solution was added to each well in the amount of 30 uf/well and each cell was cultured for
2 hours in a 5% CO, incubator at 37°C. The solution was discarded, and an isopropanol
solution containing 10% Triton X-100 and 0.4 u¢ of c-HCI was added to each well in the
amount of 120 xb/well. The cells thus dyed were transferred to the isopropanol solution

by shaking for 2 hours. Absorbance at 540nm was measured by Elisa Reader.

(3) PCR Estimation of Inhibition Effect on Hepatitis B Virus Replication

The degree of inhibition by drugs on the replication of hepatitis B virus was
determined by using the cell culture solution collected on 10th day after the treatment with
the drug. The cell culture solution treated with each drug was diluted ten-fold with
distilled water and subjected to a pretreatment to destroy the cells by heating them for 15
minutes at 95°C. For the PCR amplification of the gene fragment of about 320bp, the
2001-base position that is conserved in all sub-strain of hepatitis B virus and 2319-base
position that is between the core antigen gene and polymerase gene were used as 5'-end

and 3'-end primer, respectively. Then, the amount of genomic DNA of hepatitis B virus
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2200) contai ni ng 10% FBS( Fet us bovi ne serum G BCO
BRL, #16000-044), 1% ABAM (Anti biotic-Antimcotic,
wa2B8028KL, #16000-028) and 400 ttg/nt of PCT/KR2003/001932

geneticin(Sigma, #G9516) in a T-75 flask under the

condi tions of 5% CO2 incubatgg and 371C by di vidi ng
inaratio of 1:3 at an interval of 3 days. The cells
were distributed into a 96-well|l plate in 20 the anmount

of 4x 104/ well and then when 80-90% of cell density

was achi eved, the old nedi um was changed wi th 200

bl ST A9 B R Wi b i

sequential ly dlluted five-fold each tlne fron1100M
wagydeerpaned on he bpsietheredf.ni ni m ze an experimental error,
each WD 2004/ 029064 PCT/ KR2003/ 001932 82 treat nent
was repeated 2-3 tines for the respective drugs. The
medi um was changed every two days. On 10 days after

the tFrlr%?B Qé 1 Bﬂe g&lﬂﬁon 3)? ﬂep ttfn f&llrﬁﬁg? VI : gp% #8%ed with drug

col |l ecté gree o |on

replicat.i y was determ ned t hr oug

Wl Seventsy éﬂwege f{r%ow%ﬁ% SeRg AhREAR oﬂ}e agiplifipd DNA was
Determ nation of Cytotoxicity After 100 ,ut of the

sutrpediedrto whetrophdresis e 20hagadode gthynd stainet Iveitlt ethiliume bromide (EtBr)
with drug, 7.5ng/m of MIT (Thiazolyl Blue

to 16 raﬁ:ﬂ?iédu By B8 OI'UOQ UnrYRBSSQentttRt’ 8Brpetions %1#&%1?}%%%2% System.

added to each wel in the anbunt of 30 a/ wel

T O =

i sopr oi)anol sol uti on cont ai ni ng 10% Tr| ton X-100 and
ditytignffold gr the- yaupe wherealinradity ¢ gaitiained.| The DNA obfaingdtfrom the

of 120 ye/well. The cells thus dyed were transferred
grogp ttieatdds @ithofi@ap Obass amplified through the same PCR method, subjected to
electrophoresis on 2% agarose gel, stained with ethidium bromide, and analyzed by IS-
1000. The degree of inhibition by drugs in the viral replication was quantified by
calculating the ratio of test group to control group. Table 2 summarizes the inhibitory
effect (pharmaceutical activity and toxicity) of the typical compounds of the present

invention.

Table 2

Compound No.ECso (uM) in HBV|CCsp (UM) in HepG2.2.15

1 0.03 >1000
2 1.0 >1000
12 0.03 >1000
13 >10 >1000

36 >10.0 >1000
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and anal.yzed by |
has a high difference in pharmaceutical activity as an ant?vi%/aﬁ y

S-
agent. Compounds 1 and
12, (+)-trans-optical isomer (enantiomer), among the above compounds exhibited the most

excellent pharmaceutical activity.

Experiment 2
Pharmacological Test on Transgenic mouse (T/G mouse)
The compounds were administered via subcutaneous and oral routes in the

following animal test.

The test dompounds were administered to 4-5 week old HBV transgenic mice,
which were obtained from FVB strain mice according to a method described in a reference
(see, Jone D. Morrey, Kevin W. Bailey, Brent E. Korba, Robert W. Sidwell, Utilization of

transgenic mice replicating high levels of hepatitis B virus for antiviral evaluation of
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1000. The degree of inhibition by drugs in the viral

replication was quantified by calculating the ratio
woRod@006gr oup to control group. Table 2 summaPCTAER2003401932

inhibitory effect (pharnaceutical activity and

toxicity) of the typical n&gunds of the present 15

i nvention. Table 2 Conpound C50 ( in HBVCCS0 (Min

He &.2.15 1 0.03 >1000 2 1.0 >1000 12 0.03 >1000

13 >10 >1000 36 >10.0 >1000 WD 2004/ 029064

PCT/KR2003/001932 84 37 >40.0 >1000 39 >40.0 >1000

By N T I -
of 10mg/kg/day and orally for 9 days in the amount of 10, 2 and 0.4mg/kg/day, once a day,
respectively (the same number of males and females were used). Blood was collected
from the tail of the mouse and 5 @ of serum was obtained during or afier the
administration of the drug. To this serum was added 15 m{ of Genereleaser sol, which
was then pretreated in different temperatures. HBV DNA was taken from the pretreated
solution. The DNA was amplified by the PCR (Polymerase Chain Reaction) in the
presence of 4 4f of 10 x buffer (Perkin Elmer), 0.8 ¢4 of 10mM dNTP, 500ng of the same
HBYV primers as used in Experiment 1, 2,125mM of MgCl,, DMSO and Taq polymerase. _
The amount of HBV DNA was analyzed by electrophoresis in order to evaluate a
pharmacological effect of the compound of the present invention. The results are
described in the following Table 3. In the following Table 3, 'mice showing

pharmacological effect; means the mice whose blood does not contain HBV DNA.

Table 3

Compound No.,Amount(mg/kg/day)Result ]Administration
2 10 4/4 | subcutaneous
6 1 5/5 oral
7 1 5/5 oral
8 1 2/5 oral

* The result means "number of mice showing pharmacological effect / number of total

mice_
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enantioner and di asteroi soner has a high difference
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m ce accqndlng to a nethod described in a reference

a peteat hepatilés B thevapeudiy effcel/inrthentesidianiyals Bihenoratly ataubeytaneously
Robert W Sidwell, Utilization of transgenic mce

admeipistezed. i rfindd @d&nb@,‘dﬁls % @l 7hemBe (*)idptiBaMbdrdérs fe@hibit very excellent
antiviral evaluation of WO 2004/ 029064
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added 15 ng of Cenerel easer sol, which was then

pretreated in different tenperatures. HBV DNA was

taken fromthe pretreated



solution. The DNA was anplified by the PCR (Pol ynerase
Chain Reaction) in the presence of 4 Id of 10 x
wouabdsmoaePer kin Elmer), 0.8 fd of 10nmM dNTP, 500mgR2603/001932
the same HBV priners as used in Experinment 1, 2,125nM
of Mgd 2, DMSO and Taq pol ynerase. 10 The anount of
HBV DNA was anal yzed by el ect? ophoresis in order to
eval uate a pharnacol ogi cal effect of the conmpound of
the present invention. The results are described in
the followng Table 3. In the followng Table 3, rmce
showi ng pharmacol ogi cal effects means the m ce whose
bl ood does not contain HB\CDMAMSabl e 3 15 Conpound
No. ount mday esult* dmnistratio 2 10 4/4
subcutaneous 6 1 5/5 oral 7 1 5/5 oral 8 1 2/5 oral
* The result nmeans rnunber of m ce show ng
phar macol ogi cal effect / nunber of total m cel

e

i nvention shows a potent hepatitis B therapeutic
derivheds represdneed esthe dolaving fembee(i):.or al | y or

subcut aneously adm ni stered. Since Conpounds 6 and 7

of the (+)-optical isomers exhibit very excell ent

phar macol ogi cal effect when they are orally

adm ni strated at k'trrpk or less, it is expected

R20. “M Y A

wherein,

R! represents C,-C; alkyl,

R? and R® independently of one another represent hydrogen, or represent C;-Cy-alkyl
optionally substituted by one or more substituents selected from a group consisting of
halogen, C;-Cs-alkoxy, phenoxy, C7-Cio-phenylalkoxy, and C,-Cs-acyloxy, or represent
Cz-Cr-acyl, Cs-Ciz-aryl, C;-Cr-alkylaminocarbonyl, di(C;-Cr-alkyl)aminocarbonyl or Cs-
Ce-cycloalkylaminocarbonyl, of represent -(CH,)m-OC(=0)-R* wherein m denotes an
integer of 1 to 12 and R* represents Ci-Cjz-alkyl, C,-Cs-alkenyl, C;-Cs-alkoxy, C;-Cs-
alkylamino, di(C;-C;-alkyl)amino, C3;-Cs-cycloalkyl, or 3- to 6-membered heterocycle
having 1 or 2 hetero atoms selected ﬂom a group consisting of nitrogen and oxygen,

Q represents a group having the following formulae:
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5 that the conmpounds of the present invention may be
used very effectively for the treatnment of hepatitis
w8.2004028604/ 029064 PCT/ KR2003/ 001932 87 CLAI MBCT/KR2003/001932
(+)-Trans-isomers of
(1- phosphononet hoxy- 2- aIkyICécIopropyl)nethyl
nucl eosi de derivatives repr Sent ed by the foll ow ng
formula (1): 50 20 " O5 0 OR3 (1) wherein,
Rl represents Cl-C7 al kyI, R2 and R3 i ndependently of
one anot her represent hydrogen, or represent
a - ;I\al kyk! 10 opiN onahly substixuted by one orX3rmre
suk;i ts sel '?i roma gro cgnsi sting of
hal -CA-H mlhenoxy, 27T o- phenyl al
and C2N%<—acyl oxy, U represe Cr-agyl, %N NH
C6- Cl2-argt, Cl-Cr7-al kyt am no?:% mmyl % \ﬂ/
di (Cl- C7-al kyl ) am nocar bonyl or -
C6- cycl oal kyl am nocar bonyl , or repr esent
-(CH2) m OC(=0) - R4 wherein mdenotes an integer of 1
t owhBreimd R4 represents O -Cl2-al kyl, C2-C7-al kenyl,
d - Cs-al koxy, Cl-Cr 15 al kyl am no

di (& ) I kyl, or 3- to
%%3?6 lw‘é(emg ﬁ%nﬂngsanﬁ gnet reprqseﬂéwdr%eﬁn%nmo hydroxy,

sel ect ed froma group consisting of nitrogen and
oCHAYEIRA, o dhRREATEIORalRy] CQUR-d1RK Bt FiydrBk)- 844 htkyl, phenyl, or
phenoxy, each of which is optionally substituted by nitro or C;-Cs-alkoxy, or represent Cs-

Cio-arylthio which is optionally substituted by nitro, amino, C;-Cg-alkyl, or C;-C4-alkoxy,

or represent Cs-Cjy-arylamino, Cl-C7—alkylami110, di(C;-Cr-alkyl)amino, C3-Cg-
ot ‘_%.

o
cycloalkylamino, or a structure of hik wherein n denotes an integer of 1 or 2 and
Y' represents O, CHy,or N-R (R represents C;-Cr-alkyl or Cg-Ciz-aryl), pharmaceutically

acceptable salts, hydrates or solvates thereof.

2. The compounds of claim 1 wherein the pharmaceutically acceptable salt is salt with

sulfuric acid, methanesulfonic acid or hydrohalic acid.

3. The compounds of claim 1 wherein

R! represents C;-Cs alkyl,
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WD 2004/ 029064 PCT/ KR2003/ 001932 88 N xi N O X3 X3 O
\NNH X4 1 I O NN 2Nor NYNH 2 X2 0 0O wherein,
W&2004%2906X3 and X4 i ndependently of one anot hePCT/KR2003/001932
represent hydrogen, anino hydroxy, or hal ogen, or
represent Cl-C7-al kyl, | koxy, allyl,
hydr oxy- C1- C7- al kyl , phenyl 8@ 5 phenoxy, each of
which is optionally substi t ut ed by nitro or
Cl - C5-al koxy, or represent C6 Clo-arylthio which is
optionally substituted by nitro, am no, Cl-C6-alkyl,
C4- al kox resent C6- C12- aryl am no,
Réc)}mdcft!3 laﬂwmdmtig@f otle @xmt arepietept hpdrogen, oCBpRBenttGiFCMalkyl

yl+ cycloalkylantno or a structure of wherein n

f 1 1
P?j?ig‘oﬁ ﬁ@ﬁtt@f a1 rogé%%t g‘E‘EF“E?tSéFt‘EVF& g.%ﬁgég%te copsjsting of

pharmaceutically 10 acceptable salts, hydrates or
ﬂb‘&ﬁtﬂé,aC?-&,Ial]@ﬁ(?oind emﬂ}eoﬁl‘éﬂﬂﬁéﬂtd@CI@J)mCd)@gr@))lRmﬁér%in'}n denotes
t he pharmaceu |caIIy accept abl e salt [t"with
sul furic acid, nethanesulfonic acid or hydrohalic
angigteger afsl ©®, 127 ed Boreprasends ColCseligil or € hellexy, Rl
represents {9 .C3 ¥l kyl,

SQN }'\.

Q represents b wherein, X represents hydrogen, hydroxy, amino or 4-

methoxyphenylthio, or 4-nitrophenylthio, and X* represents hydrogen or amino.

4. The compounds of claim 1 which are selected from the group consisting of the
compounds described in the following Tables 1a and 1b:

Table 1a



WO 2004/ 029064 PCT/ KR2003/ 001932 89 R2 and R3

i ndependently of one anot her represent hydrogen, or
woepggent Cl- C4-al kyl optionally substitut edPOY/KR2803/001932
or nore substituents selected froma group consisting
of fluorine, Cl-C4-al koxy, and phenoxy, or represent
-(CH2) m OC(=0) - R4 wherein mdenotes an integer of 1
to 12, and R4 represents O -Cs-alkyl or C1
-C5-al koxy, N 5 Q represents wherein, Xl represents
hydr ogen, hydroxy, am no or 4- nethoxyphenylthio, or
4- ni &t ophenyl thi o, and X2 represents hydrogen or
am .‘}hzThe compounds of claim 1 which are sel ected
fr ke *group consisting of the conpounds described
inghe following Tables la and |b: 10 Table la WO
POUAP0SL084 ROT|AECHIN0038R2(en@Rionedy Xi >='x2 N N

R_(0-9°0R 3 (+)-trans-optical i soner(enantioner) O

OROMCON. NO. RR'R2 & RB XR2R: 1 ¢H3 HyOH N2 32
1 CHs H o NH;
2 CHs H H NH;
3 CHs H NH, H
4 CHs H s—@—om NH,
5 CHs H Ci NH,
[s]
6 CHs X\OJK'< H NH,
o)
7 CHs X\o’u\o"\ H NH;

o | @ | Mg | o | m
9 CHs sevgdog e | 5)—ome NH,

10 CHs ><\0JH< NH; H

11 vif s oo NH; H
12 CaHs H OH NH,
13 T Golls H H NHz
14 Colls H NH H
15 CaHs H s—(_)—ove NH,

Table 1b



2CHS HHNLZ 3 CHB HNHR2 H 4 CH3 Hs oM NH2 5 CH3
HCL NH2 06 CH3 XO)~<HNH2 7 CH3 )x,0-O- H NH2
WO 2804063 X--Os _ OV NH2 9 CH3 O O -,
10 CH3 >0 NH2 H 11 CH3O O\ NH2 H 12 C2H5 H OH NH2
13 CHS HHNH2 14 CHS HNH2 H 15 C2HS H's oMe NH2
Tabl e |'b WD 2004/ 029064 PCTPKkR2003/001932 91 16 C2H5

s \ OReTRH2003001932

Hd NH2
16 CsHs H Cl NHz
17 Cats semgdog H NH;
18 CoHs 'X.\oJOH( H NH;
19 Cats g A NH; H
20 CoHs ><\oj.15|< NHz H
21 Cafl sl | ) om NH,
22 Colls X\oj* s—{_)-ome NH,
23 CsHy H COH NHZ.
24 CsH, H H NH;
25 Csllz H Cl NH,
26 CsHy H NH2 H
27 Cally H s—@—om NH
28v CsHy ‘X.\oj\|< H NHg
29 Callr »oiok H NH;
30 Cally ><\oj\|< NH H
31 Catty g Aog A NH; H
32 CaHy ><\0JOKI< s—_)—ome H
33 Cally ~x_\°j\°J\ S_Q—OW H
34 CHs iso-propyl Cl NH;
35 CzHs iso—propyl Cl NH,

5. A process for preparing a compound represented by the following formula (2):



17 C2H50)~0j,, HNH2 0 18 CZHS >0 H NH2 19 CA NH2 H
020 C2H5 NH2 H 0 21 C2H50xOL s--o0. NH2 22 C2H5 S\

WO 20142902 23 C3H7 H OH NH2 24 C3H7 H H NH2PCRARZBISN01932
HCL N 26 C3H7 HNH2 H 27 C3H7 HS\ / ore NH2 0
28 C3H7 0 H NH2 29 C3H7 ;c.0)LOl H NH2 30 C3H7 X~0
NH2 H 31 C3H7 0 oj~, N2 H9 32 C3H7 X0 S\ / oM
H 33 CA7 0xoJ, S\ / oMe H

0
I

ol
| f”\{.} Q - iL
R 2)

RO,
‘;;
OR?

in which R', R? and R? are defined as in claim 1, and L represents
methanesulfonyloxy, p-toluenesulfonyloxy, or halogen, characterized in that

(a) an ethylglycolate, the alcohol group of which is protected, as represented by the

5 following formula (6):

o
p&*’ﬁ\}LQm (6)

in which P! represents an alcohol-protecting group selected from a group
consisting of benzyl(Bn), tetrahydropiranyl(THP), t-butydiphenylsilyl(TBDPS) and t-
10 butyldimethylsilyl(TBDMS), is reacted with alkyl magnesium halide represented by the
following formula (7):
R’-MgX (7) ‘
in which R’ represents C3-C; alkyl and X represents halogen, in the presence of
titanium tetraisopropoxide[ Ti(OiPr)4],
15 (b) the resulting two cyclopropanol diastereoisomers represented by the following

formulae (8) and (9):



34 CH3 iso-propyl d NH2 35 C2H5 iso-propyl Cl1 NH2
5. A process for preparing a conpound represented by

woheosfoaddeowi ng formula (2): WO 2004/ 029064 PCT/KR2003/001932
PCT/ KR2003/ 001932 92 CWL O(2) inwhich Rl R2
and R3 are defined as in claim1, and L represents

nmet hanesul f onyl oxy, p-tol uengsul fonyl oxy, or hal ogen,
characterized in that (a) an ethylglycolate, the

al cohol group of which is protected, as represented by
the 5 following formula (6): t in which P1

represeptts an al cohol -protecting group selected froma
group EOESIStIng of benzyl (Bn),

tetrﬁ éﬁranyl(THP) t - but ydi phenyl si |l yl (TBDPS) and
t 10 butyl ﬂﬁ?F?Té%MED, is reacted with alkyl
magnesi um hal i de represented by the follow ng formula
(7): R7T-MgX (7) in which R7 represents C3-C7 al kyl and
X represents hal ogen, in the presence of titanium
tetrai sopropoxide[Ti(Q Pr)4], 15 (b) the resulting two
cycloe:EE?nol di ast ereoi soners represented by the
fol | ow

R OH ()-cis-isomer (9)

in which R' is defined as in claim 1 and P' is defined as previously described, are
5 resolved with a silica gel column,
(c) each compound resolved in the step (b) is subjected to an ether-forming

reaction with a compound represented by the following formula (10):

13
RG-F~
i’*’isf} (10)

=0

10 in which R? and R? are defined as in claim 1, and L is defined as in claim 5,in
the presence of base to produce a phosphonate compound represented by the following

formula (11) or (12):

P'o

Rﬁ ﬁz LN B SO

it " ryF
o OR (#)-trans-isomer (11)

15



formul ae (8) and (9): WO 2004/ 029064 PCT/ KR2003/ 001932
93 PQRI ">~OH (:1-)-trans-isoner (8) P10 tl
WO204/0090841 somer (9) in which RL is defined asPCIWKR2003/001932
1 and P1 is defined as previously described, are 5
resolved with a silica gel colum, (c) each conpound
resolved in the step (b) is %%bjected to an
ether-formng reaction with a conpound represented by
the followng fornula (10): 0 4 P# T~. WO (10) 10 in
whi ch Rgsygnd R3 are defined as in claiml1, and L is
defined ag in claim5, in the presence of base to
produce phosphonat e conpound represented by the
fol | &g ﬂfgguukﬁ (11) or (12): O ()-trans-isoner
(11) 15 W Qﬁ&OZ&SQﬁyE&L&KR&%SS/001932 94

in which R', R? and R® are defined as in claim 1, and P' is defined as previously

~ described, and
(d) an alcohol-protecting group of the resulting compound of formula (11) or
5 (12)is removed and a leaving group (L) is introduced to produce a compound represented

by the following formula (2a) or (2b):
L

AT
o OR (*)-trans-isomer  (2a)

L

v L

! OR?
o OR (&)-cis-isomer  (2b)

in which R, R® and R® are defined as in claim 1, and L is defined as previously

10  described.

6. A compound represented by the following formula (8):

PO

OH  ()-trans-isomer (8)



RIO""", . 0 ()-cis-isomer (12) in which Rl, Ra and R3
are defined as in claiml1, and P1 is defined as

wonremiceeshy described, and (d) an al cohol - pr oPETKR2003/001932
group of the resulting conpound of fornula (11) or 5
(12) is renoved and a Ieavig%hgroup (L) is introduced
to produce a conpound repre ted by the follow ng

~formula (2a) or (2b): FBI 0 0 ORP ()-trans-isoner (2a)
Rl OWO0"""r O R ()-cis-isomer (2b) in which RI, R2
and R3 are defined as in claim1, and L is defined as
previ ously 10 described. 6. A cqnpound represented by
t he frowhishiRigs definedlasin @pim 1,RadR’ iQkefinedl as meolsini Somdr
(8) WO 2004/029064 PCT/ KR2003/ 001932 95 in which Rl

defi ned a% inclaiml1, and P1 is defined as in

“%?%Fﬂ?%SﬁEW%"stereoisoners thereof. 7. A process for
prepari ng stereoi somer of the conmpound of forrmula (1)
as defined in claim

7. A process for preparing stereoisomer of the compound of formula (1) as defined in claim

5 1 characterized in that a compound represented by the following formula (4a) or (4b):

L,

R’[ sz O™ ai)ﬂﬁ

B
o OF (¥)-trans-isomer (4a)

R'E > 0”“*53»0&5

iyt
o OR (£)-cis-isomer  (4b)
10 - in which R! is defined as in claim 1, L is defined as in claim 5, and R® and R®

independently of one another represent C;-Cj-alkyl, is reacted with a compound
represented by the following formula (3):
QH (3)
in which Q is defined as in claim 1, and each compound thus obtained is resolved
15  with a chiral column or chiral reagents to produce (+), (-) two optical isomers, each of

which is present as an enantiomer enriched isomer, and then each of them is treated with



5 1 characterized in that a conpound represented by
the followwing fornmula (4a) or (4b): L ORO
wORdosteenas- i soner (4a) RL O ORI ORO ()-cCi S-i BOMAR2003/001932
(4b) 10 in which RL is defined as in claiml1, L is
defined as in claim5, and R5 and R6 independently of
one anot her represent Cl- c7-4 kyl, is reacted with a
conmpound represented by the following formula (3): QH
(3) in which Qis defined as in claim1l, and each
conmpound thus obtained is resolved 15 with a chirm
columm or chiral reagents to produce (+), (-)
trimyethiytsallylbiremiviet BYISBa)th pmducmemmmequwdme(m, (a)stwaroptlcal isomers of
enanti omer enriched isoner, and then each of themis

reated with 29064. PCT/ 003/ 001932 96
a@ﬂﬂ?&ﬁf;ﬁpﬁﬂﬁ@?’? Pasg%éﬁmffﬂw duce t he

corresponding (+), (-) two optical isoners of a
conpound represent ed by the followng fornula (la): H
C O(1a) 5in which RL and Q are defined as in claim
1, and if necessgiry, groups R2' and are introduced

|ntoth co d thus obtained to produce the
corrg; g optacal i soners of a conpound

represe e following formula (1b): O
R2, 0, 116}% O (1a)
5 in which R' and Q are defined as in claim 1, and if necessary, groups R* and R*

are introduced into the compound thus obtained to produce the corresponding optical

isomers of a compound represented by the following formula (1b):

RO " g SZ K¢
ORY

10 in which R' and Q are defined as in claim 1, and R* and R® represent R? and R>

with the exception of hydrogen, respectively.

8. A process for preparing stereoisomer of the compound of formula (1) as defined in claim
1 characterized in that a compound represented by the following formula (13) or (14):

15



P O05( 10 in which RL and Q are defined as in claim1,

and R2' and R3'represent R2 and R3 wth the exception
wofhododswgen, respectively. 8. A process for pPEDPAR20@p/001932

stereoi somer of the conpound of formula (1) as defined

in claim 1 characterized in_that a conpound

represented by the foll ow ngg? ormula (13) or (14): 15

WO 2004/ 029064 PCT/ KR2003/ 001932 97 H WP~ "

(:]:)-trans-isonmer (13) RL O p OR2 O ()-cis-isomer

(14) in which RL, R2 and R3 are defined as in claim1,

that is *ai ned by renoving an 5 al cohol -protecting

group in.aAxompound represented by the foll ow ng
fornul,a or (12): PLO O ()-trans-isoner (11) P.
R 3R] )-C%Jsﬂgeefa% (12) 10 in which Rl, R2 and R3
are defined aséf“mm’l ae' 1, and Pl is defined as in
claims, is +)-trans-isomer (13)
HO
R"ﬂm“ ~OR?
’?‘ms

(%)-cis-isomer (14)

in which R', R? and R® are defined as in claim 1, that is obtained by removing an

5 alcohol-protecting group in a compound represented by the following formula (11) or (12):

PO

Rt 1> M}gwﬁﬁ’

G or?
§
R "0

10 in which R', R? and R? are defined as in claim 1, and P! is defined as in claim 5,1s

()-trans-isomer (11)

w‘ssprma
8 oR2 -
(£)-cis-isomer (12)

resolved with a hydrolase (lipase) to produce enantiomer enriched compounds represented

by the following formulae (13a) and (13b) or (14a) or (14b):



resolved with a hydrolase (lipase) to produce

enanti oner enriched conpounds represented by the
woabd4maposg f ornul ae (13a) and (13b) or (14a) oPCE/AEMR2P3/001932

WO 2004/ 029064 PCT/KR2003/001932 98 ) ---.Sp O R1

11 *OW (+)-trans-i soner (13@3 -trans-isoner

(13b) R2 5 0 (+)-cis-isoner 14a) P (-)-cis-isoner

(14b) in which R, R2 and R3 are defined as in claim

1, and further an al cohol group in the conpound of

formula (13a), (13b), (14a) or (14b) thus obtained is

repl aced th a 10 leaving group (L) to produce a
compoun ‘or esented by the formula (2aa), (2ab),
(2ba%ﬂor ZQQQ MD 2004/ 029064 PCT/ KrR2003/ 001932 99
L
QRs (+)-trans-isomer (13a)
RI-—" 07N 0R?
OR?‘ (-)-trans-isomer (13b)
HO
X 2
R ~OR
’p ! 'OR® '
5 (+)-cis-isomer (14a)
HO
R )ZQ*“"\ #GRE
OR‘*

(-)-cis-isomer (14b)

in which R', R” and R are defined as in claim 1, and further an alcohol group in
the compound of formula (13a), (13b), (14a) or (14b) thus obtained is replaced with a

10 leaving group (L) to produce a compound represented by the formula (2aa), (2ab), (2ba) or

(2bb):



Jx". 0 OR (+)-trans-isoner (2aa) R ~OFe O
(-)-trans-isoner (2ab) L Jx. FBI "O5 0 MOW

wO-2do4ansneik soner (2ba) R 0--\ OR? r' ORa PCT/KR2003/001932
(-)-cis-isonmer (2bb) in which RL, Ra and R3 are
defined as in claiml, and L is defined as in claimb5,
and the resulting conpound i¥ reacted with a conpound
represented by the fornmula (3): 10 QH (3) in which Q
is defined as in claim1l1, to produce the enanti omer
enriched conmpound of fornula (1). WO 2004/ 029064
PCT/ KR20034001932 100 9. A process for preparing

stereoi S of the conpound of formula (1) as defined
in cl characterized in that aa) an
al co proﬂec Pn@ﬂ@roup (P) is introduced into (+)-

! OR?

(+)-trans-isomer (2aa)

’E):z ~OR?

.F‘ 3
OR (-)-trans-isomer (2ab)
LE
5 Gor . ..
(+)-cis-isomer (2ba)
R’i) 2 ~OR?
}? OR?

(-)-cis-isomer (2bb)

in which R!, R? and R? are defined as in claim 1, and L is defined as in claim 5,
and the resulting compound is reacted with a compound represented by the formula (3):
10 QH (3)
in which Q is defined as in claim 1, to produce the enantiomer enriched compound

of formula (1).



10

15

(et hyl enecycl opropyl ) car bi nol or
(-)- (et hyl enecycl opropyl ) carbi nol, whose absolute 5
woanfsiogesat i on i s known, bb) the resulting conpoummRk2Es/001932
subj ected to di hydroxylation reaction, cc) an
al cohol -protecting group (P)_is introduced into the
primary hydroxy group in tﬂ@oconpound obtai ned in the
above bb) step and an al cohol -protecting group (P) is
introduced into the tertiary hydroxy group to produce
a conmpound represented by the 10 formula (15a),
(15b), (16a) or (16b): p' 3 rN, OPl (+)-trans-isoner
9. X pBmgss Br piepingIredispmer afithe camnpaumd(difFbimuld §1 ydsale@R&d in claim
11 OP2 (+)-cis-isoner (16a) WO 2004/ 029064

| ESLAEAGNGPIon2 101 plo 3

aa) an alcohol-protecting group (P?) is introduced into (-
(methylenecyclopropyl)carbinol or (-)-(methylenecyclopropyl)carbinol, whose absolute
configuration is known,

bb) the resulting compound is subjected to dihydroxylation reaction,

cc) an alcohol-protecting group (P') is introduced into the primary hydroxy group
in the compound obtained in the above bb) step and an alcohol-protecting group (P?) is
introduced into the tertiary hydroxy group to produce a compound represented by the

formula (15a), (15b), (16a) or (16b):

P'Q
-
op? (+)-trans-isomer  (15a)
P'Q
Ops
op? (-)-trans-isomer  (15b)
P'Q
op?

OP? (+)-cis-isomer (16a)



(-)-cis-isonmer (16b) in which Pl is defined as in
claim?7, P2 represents benzyl, benzoyl, 4-

worbhagzyisenzyl , net hyl oxybenzyl , met hyl oxynmet hpCT/mR2003/001932
trityl and P3 represents 1- 5 nethoxyacetyl, acetyl or
2-(trinethylsiIyI)-l-ethaneig}fony, dd) the protecting
group (P) in the resulting ound is renoved
selectively, the leaving group (L) is introduced, and
t he conpound thus obtained is subjected to a reduction
reaction or substituted with C -C7-al kyl group, ee)
the protecting group (P) in the conpound thus obtained
in the above dd) step 10 is renoved to produce a
conpoumdyr epresented by the following fornula (8a),
(8b), (98) or (9b): P10 OH (+)-trans-isonmer (8a) P10
15 (-) %gg-isoner (8b) WD 2004/ 029064
PCT/ KR200 01932 102 pio ">~0OH (+-)-cis-isoner (9a)
pi o F? PNOH (-)eisispaies orfe6b)(9b) in which RL is defined
as in claiml1, and P1 is defined as in claim5, 5 ff)
the resulting conpound in the above step ee) is
r eacttledvhigh P aiphisépedbrast & claim 7, P® represents benzyl, benzoyl, 4-

methoxybenzyl, methyloxybenzyl, methyloxymethyl or trityl and P’ represents 1-

methoxyacetyl, acetyl or 2-(trimethylsilyl)-1-ethanesulfony,
dd) the protecting group (P?) in the resulting compound is removed selectively, the

leaving group (L) is introduced, and the compound thus obtained is subjected to a reduction

reaction or substituted with C;-C7-alkyl group,

ee) the protecting group (P?) in the compound thus obtained in the above dd) step

is removed to produce a compound represented by the following formula (8a), (8b), (9a) or

(9Db):

PO

Rl OH (+)-trans-isomer (8a)

PO

R OH (-)-trans-isomer (8b)



conpound represented by the followng fornula (10): O
O OOP 1%01 L (10) in which R and R3 are defined as
wonowoasosk 1, and L is defined as in claimb5, ardT/KR2003/001932
the protecting group (P1) of the conpound thus
obtained is renoved to produce a conpound represented
by the following fornmula (1 , (13b), (14a) or (14b):
Rl ; OOR2 (+)-trans-isoner (13a) WO 2004/ 029064
PCT/ KR2003/ 001932 103 Rl O0--."p-OR 2, O
(-)-trans-isomer (13b) Rl O (+)-cis-isoner (1l4a)
Rl --PO---PMP.WOR2 5 0 O (-)-cis-isoner (14b) in which
R, Ra ang are defined as in claim1, gg) an
al cohol 40 § of -the resulting conpound is repl aced
with tRe | eaVi'nfepinispmer LPaX o produce a compound
represented by the followng fornula (2aa), (2ab),
(2ba) or (2bb):

PO

OH ()_cis-isomer (9b)

in which R! is defined as in claim 1, and P' is defined as in claim 5 ,
5 ff) the resulting compound in the above step ee) is reacted with a phosphonate

compound represented by the following formula (10):

L
il

Réﬁi}wf ~t
R°O (10)

in which R? and R are defined as in claim 1, and L is defined as in claim 5, and
10  the protecting group (P') of the compound thus obtained is removed to produce a

compound represented by the following formula (13a), (13b), (14a) or (14b):

HO

£t "
g oR® (+)-trans-isomer (13a)



10 L Fr O (+)-trans-isomer (2aa) WO 2004/ 029064

PCT/ KR2003/ 001932 104 L 0 JX1, Rl (-)-trans-isomer
WwO02e2)029d64 R i 3 (+)-cis-isomer (2ba) L RL 5 OPOWKR2003/001932

(-)-cis-isonmer (2bb) in which RL, R2 and R3 are

defined as in claiml, and L is defined as in claimb5,

and hh) the resulting corrpoulﬁ)é is reacted with a

compound represented by the following formula (3): 10

QH (3) in which Qis defined as in claim1, to produce

t he enan%i oner enriched conpound

10

R ?DZ::) '

- B QRS

7 OR
o OR’ (-)-trans-isomer (13b)

HG

- “Gﬁz
QR*

(+)-cis-isomer (14a)

HO

R-1 ’i>2 Q"""‘\ wﬂﬂz

5 {'ma (-)-cis-isomer (14b)

in which R', R* and R are defined as in claim 1,

gg) an alcohol group of the resulting compound is replaced with the leaving group
(L) to produce a compound represented by the following formula (2aa), (2ab), (2ba) or
(2bb):

10
L

F{i /DZ,Q _OR?

F )
OR (+)-trans-isomer  (2aa)



of formula (1). WO 2004/ 029064 PCT/ KR2003/001932 105

10. A conposition for the treatnent of viral diseases,
wohbeh2eenpri ses as an active ingredient PCT/KR2003/001932

(+)-trans-isonmer of

(1- phosphononet hoxy- 2- al kyl cycl opr opyl ) net hyl

nucl eosi de derivative of foriila (1) as defined in

claim1, pharmaceutically acceptable salt, hydrate,

or solvate thereof together with the pharmaceutically

acceptable carrier. 5 11. A conposition for the

treatnment f hepatitis B, which conprises as an active

i ngrediepnt # (+)-trans-isoner of

(1- phosph#onet hoxy- 2- al kyl cycl opr opyl ) net hyl

nucl ®JsTde Oderpvortfve of fornula (1) as defined in

claim 1, pharngcegs cally acceptable salt, hydrate,

or solvate theleof tdgctsrisgineh €28B) phar naceutical |y

acceptable carrier. 10

L,

Do

7 gy
o OF (+)-cis-isomer (2ba)

L

R ’Dzﬁ"“\ ~OR?

! ORS
o OR? (-)-cis-isomer (2bb)

in which R!, R? and R? are defined as in claim 1, and L is defined as in claim 5,
and
hh) the resulting compound is reacted with a compound represented by the
following formula (3):
10 QH (3)
in which Q is defined as in claim 1, to produce the enantiomer enriched compound

of formula (1).



10

WO 2004/029064 PCT/KR2003/001932

105

10. A composition for the treatment of viral diseases, which comprises as an active
ingredient  (+)-trans-isomer  of  (1-phosphonomethoxy-2-alkylcyclopropyl)methyl
nucleoside derivative of formula (1) as defined in claim 1, pharmaceutically acceptable salt,

hydrate, or solvate thereof together with the pharmaceutically acceptable carrier.

11. A composition for the treatment of hepatitis B, which comprises as an active ingredient
(t)-trans-isomer  of  (1-phosphonomethoxy-2-alkylcyclopropyl)methyl  nucleoside
derivative of formula (1) as defined in claim 1, pharmaceutically acceptable salt, hydrate,

or solvate thereof together with the pharmaceutically acceptable carrier.



