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WD 2004/ 029064 1 PCT/ KR2003/ 001932 (+) - TRANS- | SOVERS
OF (1- PHOSPHONOVETHOXY- 2.  ALKYLCYCLOPROPYL) METHYL
NUCLEGSI DE DERI VATI VES, PROCESS FOR THE PREPARATI ON OF
WwOERRW:SPVERS THEREOF, AND USE OF ANTI VI RAL
THEREOF 5 TECHNI CAL FIELD The present inventiwﬁmmmwn
-relates to (+)-trans-isoners of (1-phosphononethoxy- 2-
al kyl cycl opropyl ) met hyl nucl éosi de derivatives
represented by the following formula (1): CR20.j O
OR3 (1) 10 wherein, R represents Cl-C7 al kyl, R2 and
R3 i ndependently of one another represent hydrogen, or
represent Cl-C4-al kyl optionally substituted by one
or nof)-TRANS:ISOMERS OF ¢i-PHOSPHONOMETHON YD.-.
of halogen (particularly fluorine), Cl-C4-alkoxy,

R LY Er BRIV B N UG KOs DERIVATIVES,
Cl- C7-al kyl ani i nocar bonyl, di (Cl-C7-
PROCESS FOR THE PREPARATION OF STEREQISOMERS

THEREOF, AND USE OF ANTIVIRAL AGENTS THEREOF

TECHNICAL FIELD
The present invention relates to (+)-trans-isomers of (1-phosphonomethoxy-2-
alkyleyclopropyl)methyl nucleoside derivatives represented by the following formula (1):

_ R1
ol
R0
~" 0 Q
(1)

]
OR®

wherein,

R! representé C1-Cy 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, Cy-Cyo-phenylalkoxy, and Cy-Cs-
acyloxy, or represent Cp-Cr-acyl, Cs-Cjp-aryl, C-Cr-alkylaminocarbonyl, di(Cy-Cs-
alkyDaminocarbonyl) or Cs-Cg-cycloalkylaminocarbonyl, or represent -(CHz)m;OC(=O)-
R* wherein m denotes an integer of 1 to 12 and R*represents Ci-Ciz-alkyl, C5-Cr-alkenyl,

C1-Cs-alkoxy, C;-Cr-atkylamino, di{C1-Cq-alkyl)amino, Cs-Cs-cycloalkyl, or 3 to 6-
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al kyl ) am nocar bonyl ) or C3-C6-cycl oal kyl am nocar bonyl ,
or represent -(CH2)mOC(O - R4 wherein m denotes an
integer of 1 to 12 and R4 represents Cl-Cl2-al kyl,
nyl, G -GC5-al koxy, G -C7-al kyl am nq,
Vﬁ?(%im%’?!ﬁgl kyI )am no, C3-C6-cycloal kyl, or 3 S’STW:’/OOI%Z
2004/ 029064 2 PCT/ KR2003/ 001932 nenber ed heterocycl e
having 1 or 2 hetero atons s&lected froma group
consi sting of nitrogen and oxygen, Q represents a
group having the follow ng fornmul ae: X3 or 5 wherein,
X, X2, X3 and X4 independently of one another
represent hydrogen, am no, hydroxy, or hal ogen, or
mepbered drteradycleThavingy | ,or QL h&broahtesyseledtedYom a group consisting of
hydr oxy-d - C7-al kyl , phenyl, or phenoxy, each of
mggl Cha.ngis OE“ onal |y substltuted by nitro or
&85 > or represent C6- Clo-arylthio which is
optionally substltuted by nitro, am no, Cl-C6-alkyl,
epfede Othel £12-aryl am no,
o Lol k@% ﬁ%ﬁéﬁ%h&‘gﬂ e ﬁﬁé@ﬁgqf’?@n C3: C6-
cycl Kyl ®m no, N a gtructure gf V\,herel n n degdtes

anl\?gq(of 1 ﬂd Y repleseats 0, CH2, ord\l—R
(R%epfesgnts C% CK al or CgZCIg-aryl), whigh

usef ul N ant I Vi rdﬂ—égent 'S (};‘éf i ul ar loy, g?#
hepatitisXB virus), ph&rmaceutically acceptab sal ts,
hydrates, or solvates thereof, processes for th8

preparati on of stereoisoners thereof and a

wherein,

X!, %2, %? and X* independently of one another represent hydrogen, amino, hydroxy,
or halogen, or represent C;-Cr-alkyl, C;-Cs-alkoxy, allyl, hydroxy-C;-Cs-alkyl, phenyl, or
phenoxy, each of which is optionally substituted by nitro or C4-Cs-alkoxy, or represent Cg-
Co-arylthio which is optionally substituted by nitro, amino, C-Cs-alkyl, or C;-C4-alkoxy,

or represent Cg-Cpp-arylamino, C;-Cs-alkylamino, di(C,-Cs-alkyl)amino, Cj3-Cg-

7\

“en
cycloalkylamino, or a structure of wherein n denotes an integer of 1 or 2 and

vl represents O, CHy, or N-R (R represents C;-C7-alkyl or Cg-C 12-aryl), which are useful as

antiviral agents (particularly, ag_ainst 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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15 conposition for the treatnent of viral disease
(particularly, against hepatitis B virus) conprising
(+)-trans-isoner of the conmpound of formula (1),

s ically acceptable salt, hydrate, or_solvate
%@2&&@ gg an active substance. WD 20041029064 CT/KR2003/001932
PCT/ KR2003/ 001932 3 BACKGROUND ART Purine or
pyrim di ne derivatives have &nti-cancer and antivira
activity, and nore than 10 kinds of the conpounds
i ncludi ng AZT, 3TC, and ACV have al ready been
comercialized. Particularly, since acyclic nucl eoside
phosphonat e derivatives show a 5 potent antivira

effect, cidofovir, t ' Wi ave been

conmerci al i zed as ar#g\?ilggﬂm%ﬁ many conpounds

i ncluding MCC-478 now entered into the clinical trial
phRagse ot gvignigine defvetioay have anflexeled Retad R PANY Ry, Wk Snore than

not perfect in the aspects of toxicity or

armaceutical activity. Thus, a conmpound having no

lqog%lf[g? 10$ fremnpouads ia¢lydingoAZdet TG yand sAEM |Have already been
desirable. The prior researches for purine or ’

oo it ' : : : side . .
B PP RALY L SOl BRI, BUERARRI Seppgtives show o
patents such as US 5817647; US 5977061; US5886179; US

potg patrviral efegpadeiogir, tedoi® 21060 Git haVDB&N B3 Bricrcialized as antiviral
W95/ 22330; US 5935946; US 5877166; and US 5792756;

=8 B PR SrognEs meb R 80 03 iy enfred o g ctinical il
.(1986), 464; Heterocycles 31(1990), 1571; J Med. Chem

phdges( T9999ver, 1the 286%1 dPRASFRCAIMY NG FRES BPEHHLS |
(2000), 251; Antiviral Chon stry & Cherrotﬁéerap_\}‘?g‘e aspects of

&994), 57-63.; Bioogrganic & Medicinal Chem stry
toxigity é:.rg)hfgnztogg% activity. Thus, a compound 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; W096/09307, 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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1907-1913; Antiviral Chem stry & Chenotherapy 8
(1997) 557-564; and Antim crobial Agent and
. py 42 (1999) 2885-2892. WD 2004/ 029064

‘é¥$¢EE%%%21001932 4 Furthernore, the conpound2’9%‘fKR2003m0193:Z
formula (1) have two or nore asymmetric carbons, and

so have four or nore isonmers4 Isomers of the conpounds
havi ng asymmetric carbons have different biol ogica
properties as well as different physi ochem cal

properties each 5 other. By separating and resol ving

those isoners, the researches for devel opi ng new

medi ci nes whi ch are nore useful to human bei ng have

been recently increased. The earlier research results
for_those ispners disclgsed in patents such as US

4, G'pshepre, Sae campends e fomyils ,(g)llws F90 U 26pmmetsic carbons,
US 5, 719, 104; EP 0545425A1; and EP 0369685A1; and in

' . L4 ' 1enot her
B T R 1 P AP Bt o R R mEIcBRYcarbons
Chenot herapy 36 (1992) 672-676; and J Med. Chem 31,
haveodigietent Dioldgidal Db BOLESURF el TiferkidVilyEiochénTiba properties each
present inventors have synthesized

- phosphongnet hoxy- 2 .al kyl cycl opr opyl ) net hyl )
oft. PSRRI 08 oDl oSl ol B 4Ry don developing now
and found 15 processes for preparation of their

mepiciea | whislo ARy foff LeGtl wehimbay teRRAkhAL! 58n 48 ntly increased. The
resolving their m xtures. Al so, the present inventors

sijcceede(il in discovering that anong the
carlier ressarch results for those isomers disclosed in patents such as US 4,018,895; US

4,194,009; US 5,618,829; US 5,204,446; US 5,719,104; EP 0545425A1; and EP
0369685A1; and in jowrnals 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-
alkyleyclopropyDmethyl 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 superior to other
commercialized or developing medicines in view of pharmaceutical activity as antivirai

agents (particularly against hepatitis B virus), and thus completed the present invention.



10

15

stereoi soners of the compounds of formula (1),
(+)-trans-isoners are superior to other
commerci al i zed or devel opi ng nedi ci nes in view of
, ical activity as antiviral agents
“?22@??§ﬁ€ér|y agai nst hepatitis B virus), andPPHE&2003/001932
conpl eted the present invention. WO 2004/029064 5
PCT/ KR20031001932 Theref ore,5one object of the present
invention is to provide (+)-trans-isonmers of the
conmpounds of fornula (1), pharmaceutically acceptable
salts, hydrates, or solvates thereof, which have
excellent utility as antiviral agents (particularly,
agai nst hepatitis B virus). 5 1t is another object of
the present invention to provide processes for the
preparation of . stereoi somers of the conpounds of
f o&ﬁﬁqeg’f% 198e qbject of the; preseph Frusaiionisj tadrodde (Heraps-dwemnts of the
i nvention to provide preparation processes of the 10
cHIRpRE Bkl d stanti.n
mat er ?é;i‘if i&hhgﬁg E%gar i n%e%tﬁgﬂy %‘%r@r%tgﬂﬁ gﬁgsf b o?tﬁii 4 S?l‘f}tfcsgthem‘)f’
Also, it is still another object of the present ’
whish &avd exselicnt piildtyiad entévitd aposs (pasivulady, dghinst Hepatitts B firus).
of viral diseases (particularly, against hepatitis B
virus) conprising (+)-trans 15 i sonmer of the conpound
of forrmula (1), pharnaceutically acceptable salt,
hydrate, or solvate thereof as an active substance.
BEBTs Midier obfcCARRY bl (Difivehtibn t\WENEE PR I8 ﬁ?%&iﬂé(ﬂrl ation of

of formula (1), as represented below, Is a type o

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,



phosphononet hoxy- 2- al kyl cycl opropyl ) met hyl nucl eosi de
derivative having a natural base, WO 2004/ 029064 6
PCT/ KR2003/ 001932 such as adeni ne, guani ne, uraci

W bRshRBss t hymi ne, or derivatives thereof
two or nore asymetric carbon atons: Rl RQCP%&H%&M@QmOHBz

OR3 (1) wherein, 5 Rl represents Cl-C7 alkyl, R2 and
R3 i ndependently of one anotbher represent hydrogen, or
represent Cl-C4-al kyl optionally substituted by one
or nore substituents selected froma group consisting
of hal ogen (particularly fluorine), Cl-C4-alkoxy,
phenoxy, C7-Cla-phenyl al koxy, and C2- C5- acyl oxy, or

suckps edegine, G@nizie; wreyil, cy©8in€fiymaing) or derivatives thereof, and having two
Cl1- C7 al kyl am nocar bonyl, di (Cl1-C7 10

al k am noca or C3 C6- cycl oal kyl am nocar bonyl ,
Orgpo %?F%@g’ﬂ? m?’@ﬁ% PRS0C(=0) - R4 wherein m denotes an
integer of 1 to 1@Tand R4 represents Cl-Cl2-al kyl,

C2- C7- ghkenyl Cs- al koxy, C1-Cr7-al kyl am no,
di #g -aI kyﬁfnog C3-C6-cycloal kyl, or 3 to

|l e having 1 or 2 hetero atons’
sel ect ebl from a group consisting of nitrogen and

(1)
wherein,
5 R represents C;-C; alkyl,

R? and R? independently of one another represent hydrogen, or represent C-Cy-alkyl
optionally substituted by ome or more substituents selected from a group consisting of
halogen (particuiarly fluorine), C;-Cq-alkoxy, phenoxy, Cs-Cjo-phenylalkoxy, and Cp-Cs-
acyloxy, or represent Cj-Cs-acyl, Cg-Cip-aryl, Cy-Cy-alkylaminocarbonyl, di(C;-C-

10 alkyDaminocarbonyl or Cs-Ces-cycloalkylaminocarbonyl, or represent -(CHy)m-OC(=0)-R*
wherein m denotes an integer of 1 to 12 and R* represents C,-Cyp-alkyl, C5-C7-alkenyl, C;-
Cs-alkoxy, Cl-C7-z?1kylamino, di{C;-Cs-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:

FN X! I4N O X X3
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oxygen, 15 Q represents a group having the follow ng
formul ae: X3 or WD 2004/ 029064 7 PCT/ KR2003/ 001932
wherein, X1, X2, X3 and X4 independently of one
I present hydrogen, am no, hydroxy, o

afugglg{n%g%r represent G -Cr7-al kyl, Cl-Cs-alko 9?”“2003/001932
al lyl, hydroxy-Cl-C7-al kyl, phenyl or phenoxy, each
of which is optionally subs®i t ut ed by nitro or
Cl - Cs-al koxy, or represent C6- 5 Cio-arylthio which is
optionally substituted by nitro, amno, Cl -GC6-alkyl,
or G -C4-al koxy, or represent C6-Cl2-arylam no,
d -Cr-al kyl am no, di(Cl-C7-al kyl)am no, C3-C6 Y1
rephesignts 0, CH2, or NR (R represents G -C7-al kyl or
C6- C12 aryl). Also, the conpound according to the
present _kLnvention can forma 10 pharmaceutically

actept Bﬁ énd &} indepgpdputin ok oqer?@p@eéseprﬁéwtm&nogem@nwo, hydroxy,
addition salt containing phar maceutical ly accept abl e

ot %ng goéhﬁgél?rggégg?r%r% ; uri ¢ ac&g'r gﬁflt §¥£&3ﬂ ébl L %ﬁenyl, or

phosphorl c acid, hydrobrom c acid, hydriodic acid,”
phetaxy; esshlof whiidhhis optanily selastiboed /by titraci @5-Gaudioxgsor represent Cg-
tartaric acid, formc acid, citric acid, acetic acid,

P BRABE Lo au bt B LA, T B 5PB. oty

mal ei ¢ aC|d etc.; or salt W|th sul foni c aci ds such as
or represent CG—Clz-arylamino, Cy-Cr-alkylamino, di(C;-Cs-alkylDamino, C3-Cs-

Y'\:j:{\l-%

Y! represents O, CHa, or N-R (R represents C;-Cr-alkyl or Co-Ciz-aryl).

cycloalkylamino, or a structure of wherein n denotes an integer of 1 or 2 and

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 inoréemic 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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nmet hanesul foni ¢ aci d, benzenesul fonic acid,
p-tol uenesul foni ¢ aci d, naphthal enesul fonic acid,
etc., but preferably with sulfa is acid,

Wk o: 4l fonic acid, hydrohalic acid, etc.
897088864 PCT KR2003/ 001932 8 A (+)-trans§/¥8§6‘f‘r‘8”"%‘f‘”932

the conpound of formula (1) show ng potent
pharmaceutical activity, p8eferred conpounds are
those wherein R represents C-C3 alkyl, R2 and R3

i ndependently of one anot her represent hydrogen, or
represent Cl-C4-allcyl optionally substituted by one
or nore substituents selected froma group consisting

of A [Watdn8esonter o€4heSccpgodxd of i
- (}S)m O0(=0) - R4 wher Ao modmﬂgﬁu?ﬁéé’gﬁﬂgﬁﬁﬁ&mmm

%Emi C to 12, and R4 represents ¢ - C5-al kyl or 5
aciryitycorefpreersk gomppyndp e iepe wWhsesin Rn, reprrsentsepr-Es atityd, R® and R’
hydr ogen, hydroxy, am no, or 4-methoxyphenylthio, and

e SIS o000 TR, TR AL NPty

according 10 to the present invention are describéd
substitittérbby ahd @whorg sitastituentd seldetid Foa A PORIAZONHu0Sine, Ci-Cy-
PCT/ KR2003/ 001932 x1 N

alkoxy and phenoxy, or represent -(CHy)m-OC(=0)-R* wherein m denotes an integer of 1
=N, X

3"N 7 N
'N —
to 12, and R*represents C1-Cs-alkyl or C;-Cs-alkoxy, Q represents 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



R o poR (+)-trans-optical isomer(enantioner) O ORx

COM NO R1IR2 & R3X1X2 1CH3HOHNHz 2CH3HHNH2 3CH3HNH2H
4CH3Hs / oNH2 5CH3HC NH2 6CH3X oHNH2 7CH3x~oxa~HNH2
WED0g0es , NH2 X O 9CH3>C~01 o~s \ / omMNH2  peq/er2003/001932
10CH3X oNH2H 11CH3X10loLNH2H 12C2H5HOHNH2 13C2H5HHN
14C21" i sHNH2H 15C2HsHs ors. gHZ Table Ib

. x?!
é:ﬁ;ixz
R 0’\0}’,_-00;5" (+)-trans-optical isomer(enantiomer)
COM. NO. R* R® & R3 Xt B
1 CHs H - Od NHz
2 CHs H H NH.
3 -CHj H NHa H
| 4 CHs H 7 s@—om NH2
5 CH; H Cl NH,
o .
6 e >oT N H NH;
o
7 CHj ><\0JL-0’J\ _ H NHz
> [
8 CHs; ><\0)H< s—@—om NH,»
= :
9 B s oA | 5o NH,
Q
10 CH :w.\oJ‘\l< NH, H
11 CHa g og NH H
12 . Cofs H CH NEl2
13 CoHs H . H NHz
14 Colls H NHz H
15 CzHs H s=(_)-ow Ntz

Table 1b



WO 2004/ 029064 10 PCT/ KR2003/ 001932 16C2H5HCI NH2 17CAc
olp. HNH2 18. C2H50p - HNH2 19C2H5x- pxpj NH2H
20C2H5k~NH2H 21C2H5a 5 / oM NH2 ao~ 22C2H50<s \ / aNH2

WS HHNH2 24C3H7THHNH2 25C3H7. HCINH2 26 C3HT '
o plAeNH2 28CA0 HNH2 X o 29C3H7; r p- kagpronss2

10

16 CoHs - o N

o . i ] .
17 Calis semgmg H NH

[o]
18, Cls X\°J*l< H o NH;
19 Cas gl N | B
20 Colis X\oiﬁ NH; H

o
21 Cols ;.(_\OJLOJ\ 5‘@_‘”“" NH;
29 - CoHs ‘ X\dj.\|< s—@—ouie NHa
23 CaHy H OH - NH;
24 Caty H H NHz
25 CaHlz H Cl NH,
26 Call H NH;z H

27 Catly H s—@-om NH,
28 Caty X“okﬁ | H - N

29 Catly g H NH,
30 Calty >=.-oj\,< NE H
31 ity semglog I NH H
32 G 'X."'oj\l< s~ )-om H
33 Cit sedode | o H
34 CH; iso-propyl Cl1 NHa

35 CoHs iso~propyl C! NHa

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

compound of formula (1) according to the present invention is (18,2S).



30C3H7X oNH2H 31C3H7. x~pxp~NH2H 32C3H7X os \ / orsH
33CAp~0~s \ ~/ oH 34CH3i so- propyl CINH2
35C2H5i so- propyl CINH2 The present inventors found that
| onfiguration of (+)-trans-isoner of
v@%%@éﬁhﬁ&gf formula (1) according to the pres é#ﬁﬂumnmoumz
invention is (1S,2S). WD 2004/ 029064 PCTI KR2003/ 001932
11 The conpound of fornula (1), which is useful as
antiviral agents, can be prepared by the foll ow ng
processes. 5 The preparation processes of the conmpound
of formula (1) can be characterized in that, (a) a
conmpound represented by the following formula (2): JRL
O Roy d (2) in which Rl, RZ and R3 are defined as
previously described, and L represents a | eaving

R —

the following processes.

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

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

R1
e
Rao\PAG L
i
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 €)
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):
)
o]
b

15



10 conpound represented by the followng fornula (3):
QH (3) in which Qis defined as previously described,
to produce the conpound of fornmula (1), or (b) a

V@@m%ﬁgmrepresent ed by the follow ng fornmul -
i 0 15 OR (4) WD 2004/ 029064 PCT/ Kmog"ﬁmg&””

12 |n which R and L are defined as previously

descri bed, and R5 and R6 i ndépendently of one anot her
represent Cl-C7 alkyl, is reacted with the conpound of
formula (3) to produce a conpound represented by the
followng formula (5): (5 in which R, R5, R6 and Q
are defined as previously described, and t he resul ting

c oimpwhivitl Rbindf oavdleAindds previbustir desyred, dnd Rohed FeesRpGRently of
of a Lewws acid to produce a conpound represent ed by

ons kPR vt el o o 57 Mrctisraggh of Brmnia ()t produce

a compound represented by the following formula (5):
Rl
cof X
Q
\f,/'\o
OR® €

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):

R1

(1a)

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):

R’I
8}
Rz'O\Q/\ o Q
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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10 (c) groups R2, and R3, are introduced into the
conpound of formula (la) to produce a conpound
represented by the following forrmula (ib): in which RL
,defined as previously described, and R2' and

‘?Q%Q{%%{rﬁésent R2 and R3 with the exception of CT/KR2005/001932
hydr ogen, respectively, or further the conpound WO

2004/ 029064 PCT/ KrR2003/ 001932 13 thus obtained is

subj ected to conventional conversions (see: USP

6, 037, 335; 5,935,946; and 5,792,756). In the above
process variants (a) to (c) for preparing the conpound

of formula (1), the 5 reactions may be carried out in
thits BlaiRAtis 3iedtdll fo)ConREMFRAL CorfbrsRRS fsee ATISPNE 00334035 946;
one or nore selected froma group consisting of

dj met hyl f or mam de, di chl oronet hane, tetrahydrofuran

1%t m  1- met hyl - 2- pyrrol i di none, and

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 carbonate, potassium carbonate, sodi um

bi car bonat e, potassium 10 bi carbonate, potassium

t - buthexbale, progess wrgiants {a)sto (e)i foepriaydrivigltlyd Joatpodiad of Rt (1), the
am de, cesium carbonate, and potassi um

bis(trinmethyl si.l am de can, be. menti one The Lew s
re S e s ot At AL IR BSog 8 Pasfe. AYRe solvent, one
includes trinmethylsilyihalide. Further, in the

oI IEe SsBlceRA | Bbth £ Corof®rcohfstiRdUE | diblethiorH-pHAS HenloARfthane,
R3, into the compound of formula (la), this conmpoun

i s subjected to an etherification with an al kyl halide
tefrah, Bhe sBIgEEOHE, I-enetiude-pysiolifisons; eande dimsithsHacetsinodey can be

chl oride, oxalyl chloride, or phosphorus pentachloride

monB A B SEOBAREE S5 YBLASCHLAL L
hydride, sodium carbonate, potassium carbonate, sodium bicarbonate, potassium
bicarbonate, potassium r-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 trimethylsilythalide. 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 chlo.ride, or phosphorus pentachloride to

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

amine fo give the desired compound.



10

15

amne to give the desired conpound. WD 2004/ 029064 14

PCT/ KR2003/ 001932 The phosphonat e conpound of fornul a

(2) used as a starting material in the above process

,Lwo asymmetric carbons therein, and so

“?gﬁpﬂgggre0|soners each of which is also apﬁgqumnmounz

conpound. Therefore it is another object of the

present invention to providé preparation process of

the conpound of fornmula (2). 5 The preparation process

of the conmpound of formula (2) can be characterized in

that, (a) an ethylglycolate, the al cohol group of

which is protected, as represented by the follow ng

f Sherphaspli@iate ¢dhpal@idiof fahindh (Blused Rises SiitiSg Haterial in the above

al cohol - protecting group, preferably, benzyl(Bn),

tetrah ran TBI P), t-butydi phen I sil yI ( TBDPS) ,
P’B‘Eesi ﬁ%ﬁ Er 3%/‘918 F{;‘%IP%%SP n, 28d $¢ Baxcfout siwieplsometysach of

magnesi um hal i de represented by the follow ng fornul a

wthH is dt%6-dMb¥el c?o}nﬂoﬂnd‘h T&BrefRle, iR %ﬁ@tﬁé}to%{)e? tqg ?}J F mﬁﬁ;}qlorr to

X represents hal'ogen, in the presence
tetrai sopropoxide[Ti (Q Pr)41, (b) the resulting two
pPrevids pispopienoproctisacf the eanpamdros forewia@pnt ed by the
followng formulae (8) and (9):
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):

pVO\iOA\

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

(6)

tetrahydropiranyl(THP), t-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 C3-Cy alkyl and X represents halogen, in the presence of
titanium tetraisopropoxide[Ti(OiPr)4],

(b) the resulting two cyclopropano! diastereoisomers represented by the following

formulae (8) and (9):
PO

RL’£>2;

H  (%)-trans-isomer (8)



R1'* OH ()-trans-isonmer (8) WD 2004/029064 15 CH
()-cis-isonmer (9) PCT/KR2003/001932 in which R and P1
are defined as previously described, are separated

btbb. i.lica gel colum, 5 (c) each conpound
osogpgbr‘@tmz%li n the step (b) is subjected to an FCT/KR2003/001952

etherification in the presence of base with a
conpound represented by the ¥ollowing fornula (10): 0
tl R24_ RO (10) in which R2, R3 and L are defined as
previ ously described, to produce a phosphonate
conpound represented by the followng fornmula (11) or
(12), respectively: p,0 10 0 ()-trans-isoner (11)
pWwOR 0 Z (f)-cis-isonmer (12)

P'Q

o

OH  (1)-cis-isomer (9)

in which R and P! are defined as previously described, are separated with a silica gel

column,

5 (¢) 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):

7
R2O-P L
RO (10)

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

comp?und represented by the following formula (11) or (12), respectively:
PO

R1-7 0Ny 08

I
10 o OF (£)-trans-isomer (11)

z4's)

R'lﬂpzo"\.p“ms

2 " ey
ooR (£)-cis-isomer (12)

in which RY, R% R? and P’ are defined as previously described, and



in which R, R2, R3 and P1 are defined as previously
descri bed, and WO 2004/ 029064 PCT/ KR2003/ 001932 16 (d)

t he al cohol -protecting group of the resulting conpound
vob 2doenba (11) or (12) is renoved and a | edp¢iGr2003/001932
group(L) is introduced to produce a conpound

represented by the following fornmula (2a) or (2b),
respectively: 5 FOR fIR2 t§-trans-isomer (2a) Rl - O
.-ORS p "OR! (l)-cis-isoner (2b) in which L, R, RR
and R3 are defined as previously described. 10
Particularly, the conmpound of fornula (2) wherein R

is nmethyl, ethyl, or propyl, butyl and, pentyl and

ealsh thef aleshohpabideing groep loy Ehegesuligronppimd affobeula (11) or (12) is
prepared as follows: (i) an ethylglycolate, the

al cohol oup of ich.i.s .pratecte conmpound (6) |
BTl T 8B droubih SF isPaietf B e30RPO epredenlad by he

magnesi um brom de or C3-Cr7-al kyl nagnesi um chl ori de
follewitp Goraehld Bk) br2Rgaspdclivelpchene 1] in the presence of

titanium 15 tetrai sopropoxide[Ti(GQG Pr)4], (ii) the

resulting two cycl opropanol diastereoi soners ’

[ conpounds (8) and (9) in Reaction Schene 1] are

sepa'r’a[:tid with a silica gel colum, and WO 2004/ 029064
R1 0";.0R?

£ ore
5 o OR (&)-trans-isomer  (2a)
L
R'i /Dz 0“'\ «ORS
G OR? "
()-cis-isomer (2b)
in which L, R’, R?and R? are defined as previously described.
10 Particularly, the compound of formula (2) wherein R’ is methyl, ethyl, or propyl, butyl

and, pentyl and each of R? gnd R’ is etﬁyl or isqpropyl can be prepared as follows: (i) an
ethylglycolate, the alcohol group of which is protected, {compound (6) in Reaction Scheme
1], is reacted with C3-Cr-alkyl magnesium bromide or C3-Cy-alkyl magnesium chloride
[compound (7) in Reaction Scheme 1] in the presence of titanium
15 tetraisopropoxide[Ti(QiPr)s], (ii) the resulting two cyclopropanol diastereoisomers

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



17 PCT/ KR2003/ 001932 then each separated conpound is
subjected to the ether-formng reaction with

di al kyl hal onmet hyl phosphonat e [conmpound (10) in
wWeaglijovisScheme 1] to produce a phosphonate

[ conpounds (11) and (12) in Reaction Schene 1i, Elllﬁ?gowsz
the al cohol - protecting group of the resulting

compound i s renoved and a Iégvi ng group (L) is 5

i ntroduced to produce the conmpound of fornulae (2a)

and (2b) [compounds (2a) and (2b) in Reaction Schene

1] (c.f., Reaction Schene 1): Reaction schene 1 Yo |
(10) + R7-MgX (7) Ti(oiPr)4 OH + R (8)

thet - egchin sepasaiedercofr@pund -isi subjederertoPle @tHerforming reaction with

dialkylhalomethyl phosphonate [compound (10) in. Reaction Scheme 1] to produce a
phosphonateicompound [compounds (11) and (12) in Reaction Scheme 1], (iii) the alcohol-
protecting group of the resulting compound is removed and a leaving g1:0up @) is

5  introduced to produce the compound of formulac (2a) and (2b) [compounds (2a) and (2b)
in Reaction Scheme 1] (c.f., Reaction Scheme 1):

Reaction scheme 1

Pl plo
1 o\i 7-' 1& +
PONTNOTS RN gy, R R‘\DZA
) U (8) (2}trans-isomer (g) s} cis-icamer
)\D’§VL /\g':?vL
. 0 ]
Y Y
(10)
. i
L P'O, A L
1 [>\[
N o R ok
O —— o] ‘<0 (O
OSp:o 0—P=0 9—’P=0 . 0";P"—' '
~(d (4 = o
o .—~<o - -
Y I r
{23)(+)-trans-isomer (11)&)drans-isomer (124 )cis-lsomer (20}
. (#)-cis-lsomer

wherein P, R7, X, R! and L are defined as previously described.
10
Another object of the present invention is o provide processes for the preparation

of enantiomers of the compounds of formula (1).



-P=0 QP=QQ=Q O0r r (2a) ft)-trans-Isomer wherein
P, R7, X, R and L are defined as previously

described. 10 (% C S-1soner (2b) L)-cis-Isoner
winabhehofQb) ect of the present invention is t?C?ﬁ%\%bﬁﬁmwsz
processes for the preparation of enantioners o e
conpounds of fornmula (1). (11)L)-trans-Isonmer WO

2004/ 029064 PCT/ KR2003/ 00193 18 The preparati on
processes of enantionmer of the compound of formula (1)
can be characterized in that, (a) the conpound of
formula (1) is resolved to produce its enantioners by

a chiral colunmor a chiral reagent; or 5 (b) a

c oy preganation eeetsexd of gnantieneo of dwi ogncundnof fofhid) (Y can be
(14):

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):
HG
R O N OR?
4§ o’

(&)-trans-isomer (13)

HO
R1 /ng'ﬁp_oﬂz
1} 'DRS
O

()-cis-isomer (14)

10 in which R!, R* and R® are defined as previously described, is resolved with a

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

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

HO

rf J>20"~ ~OR?

A
o OF® (+)-trans-isomer (13a)



-0 p,OR2 U (lI)-trans-isonmer (13) RI '"OS --4R2 0.OR
(f)-cis-isomer (14) 10 in which R, Rz and R3 are
defined as previously described, is resolved with a
to produce conpounds represented b
“hygm%&?ﬁg'fornula (13 a) and (13b), or (14a%cgﬁ§ummmounz
(14b), respectively: RL..s'" C"OR2 0 ORS3
(+)-trans-isomer (13a) MD 2364/ 029064 19 O -OR2 O we
(-)-trans-isomer (13b) O OR3 (+)-cis-isoner (l14a) 5 R
OR (-)-cis-isoner (14b) PCT/KR2003/001932 in which R,
R2 and R3 are defined as previously described, and the
al cohol group in the resulting each conmpound is
replaced with a |eaving group (L), and thereafter the
each ﬁ@ﬂpound thus obtained is reacted with the
ou

conp of formula (3) to produce the 10 enanti oner
of tipr@rrpound of forrmula (1); or
R P,oﬁ?
OR® .
(-)-trans-isomer (13b)
HO
R1’l>2 OR?
F-
"OR®

(+)-cis-isomer (14a)

o
HO
R1,l>20,\FTOR2
SOR® . |
(-)-cis-isomer (14b)

in which R', R? and R® are defined as previously described, and the alcoho! 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

10  enantiomer of the compeund of formula (1); or
(¢) 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).



(c) the conmpound of formulae (13a), (13b), (14a), or
(14b) is prepared through an enantiosel ective
synthesis and is converted to the enantioner of
wo poundsof fornmula (1) by the procedure de i j
the process variant (b). WO 2004/ 029064 &Rl hros:
PCT/ KR2003/ 001932 20 Particularly, the processes
variants (a) to (c) m ght b@oexplained in nore detai
as follows: (a) a conpound represented by the
following formula (4a) or (4b): 5 -ORS Q ORS
(:L)-trans-isonmer (4a) ()-cis-isoner (4b) in which R,
R5, R6 and L are defined as_previously described, is
r e Battigelashy. the precessen pdanttl (3 fto f(@r might b¢ Ixplatmed it heore detail as
product thus obtained is resolved by a chiral colum
foligwd0 produce (+), () two optical isoners, each of
which is presented as an enantioner enriched isonmer,
and the optical isonmer is treated with
t r {aretchybeirdykivesenied by tHoBRoWing domiuddUePor Ubp
corresponding (+), (-) two optical isonmers of the
conmpound of forrmula (la), and if necessary, groups R2
and R3,, are introduced into the conpounds thus
obtai neg to produce the corresponding optical isoners
of R2E>gonpound of formula (I b); or 15 (b) each of
t hel-cOnptmgleds fornula (13) or (14) that is obtained

by renovi ng: ‘aRs
y aR (+)-trans-isomer (4a)

L

X
R 0 ~OR
F

t "rypd ‘
o OR (F)-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
produce (+), (-) two optical isomers, each of which is presented as an enantiomer enriched
isomer, and the optical isomer is treated with trimethylsilylbromide (TMSB) to produce
the corresponding (+), (-) two optical isomers of the compound of formula (1a), and if
nebessary, groups R? and R® are introduced into the compounds thus obtained to produce
the corresponding optical isomers of the compound of formula (1b); or
(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



al cohol -protecting group in the conpound of fornula

(11) or (12) is resolved with a hydrolase (lipase) to

produce the correspondi ng enanti oner enriched conpound

Wb 2600om3ka2 WO 2004/ 029064 21 PCTI KR2003/ 001934 ,&&éﬁb

and (ggﬁ) or (14a) and (14b), and further an alco ?moumz

group in the conpound of formula (13a), (13b), (14a)

or (14b) thus obtained is réplaced with a | eaving

group (L) to produce conmpound represented by the

followng fornmula (2aa), (2ab), (2ba) or (2bb): 5 4"~

-~t3R2 '"OR3 (+)-trans-isoner (2aa) t3 .-OR2 Pl. OR3

(-)-trans isonmer (tab) t-_ O OR3 (+)-cis-isoner (2ba)
(136D a@l Q13t); pr ¢14m) iasdrfitb)( b further 20ALOBAIGGHD in the compound of

PCr/ KR2003/ 001932 22

formula (13a), (13b), (14a) or (14b) thus obtained is replaced with a leaving group (L) to _

produce compound represented by the following formula (2aa), (2ab), (2ba) or (2bb):

L
Do
R P»OR’
Y ‘OR® .
S {+)-trans-isomer (Zaa)
L
1J>3
R P-—ORz
‘OR’ .
(-)-trans-isomer (2ab)
L
o
R f,,oRz
{ ‘OR? ..
(+)-cis-isomer (2ba)
10
L
=0
R f.-oaz

(-)-cis-isomer (2bb)



in which R, R2, R3 and L are defined as previously
descri bed, and the resulting conpound is reacted with
t he conpound of formula (3) to produce the enantioner

WORbRJI8Res conpound of fornula (1); or (c) al i@?z
conpounds of fornulae (13a), (13b), (14a) ors%qf 103/001532

prepared through an 5 enanti osel ective synthesis from
(+)-(nethy|enecyclopropyl)cggbinoI or

(et hyl enecycl opropyl ) car bi nol whose absol ute
configuration is known as follows: -aa) an

al cohol -protecting group (P2) is introduced into (+)

(nethy[ene?ycio ropyl ) car bi nol or
(- Ju vhiehh iy .eRe dg’cm@%hmﬂbeasnmviouﬁy debeibedsarld hegresulting
conmpound i s subjected to an di hydroxylatian reaction, :
. rot | rou P) i,s introdyced )

el i RaBE 00 e i (B b ot Bt o coriched
obtai ned in the above (bb) step, and an
cathypuind bof formkaqt);pg group (P3) is introduced into the
tertiary hydroxy group to produce a conpound ]

ing fornulae (15a), (15b),

( SRL SRS e comppundies formuband 1 1) ( SHIntida) a5ty it psmpet through am
(-)-trans-isonmer (15b) WD 2004/ 029064 23
5 endrtibsdidctive SOEPhthéslD) frofP3 (Bmbm)TefilSclof RPFHcdtBS)  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 th 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
15 op? (#)-trans-isomer  (15a)
PO

oP®
op? (-)-trans-isomer (15b)



PCT/ KR2003/ 001932 5 in which Pl is defined as
previ ously described, P2 represents an
al cohol -protecting group, preferably benzyl, benzoyl,

wo sRuopsyPenzyl , net hyl oxybenzoyl, nethyl oxy%m%{n%z
trityl, and P3 represents an aIcohoI protecting group,

preferably ester group |nclud|ng 1- net hoxyacetyl,
acetyl, 2-(trinmethylsilyl)- 2p - et hanesul fonyl, etc.,
dd) the protecting group P2 in the resulting conpound
is renoved selectively, a 10 leaving group (L) is
i ntroduced, and the conpound thus obtained is
subjected to a reduction wth hydrogen or
substitution with C -C7-al kyl group, ee) the
prot 88 ing group (P3) in the product thus obtained in
t he ve dd) step is renoved to produce a conpound
re »d by the followi ng formulae (8a), (8b), (9a)
or . 15 (+)-trans-isonmer (8a) WO 20041029064 24
RI 'f-‘>1o 5 ({(P-ciswewer sgfdr (8b) (f)-cis-isomer (9a)
(-)-cis-isonmer (9b) '

Plo

ops
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 grouin, 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

‘(9b):

P'O

RLJ;QLH

(+)-trans-isomer (8a)



PCTI KR2003/ 001932 in which R and Pl are defined as
previously described, ft) the resulting conpound in
the above step ee) is reacted with the phosphonate

wBIRAWAshsef fornula (10), and the protecting ?%ﬂﬁﬁmka%&wsz

of the conmpound thus obtained is 10 renoved
produce the conmpound of fornulae (13a), (13b), (1l4a)
or (14b), gg) an al cohol grddp of each resulting
conmpound is replaced with the leaving group (L) to
produce the conpound of fornulae (2aa), (2ab), (2ba)
or (2bb); and hh) the resulting conpound is reacted
with the conpound of fornula (3) to produce the
enanti orner enriched conpound of fornmula (1). 15 WO
2004/8%?064 25 PCT/ KR2003/ 001932 The preparation
S

proce variants (a) to (c) of the enantioner of
forrrg!;Z(l) can be specifically exenplified by the

f ol NgHReagt .G hgaes 2, 3 and 4. Reaction Schene
21is brieff§?g%%ﬁgpﬁgd | ow. The conpound of formnula
(2) 5 [conpound (4a) in Reaction Schene 2] is reacted
with the conpound of fornula (3) under the reaction
condition as previously described to give the conmpound
of fopgila (5) [conpound (5a) in Reaction Schene 2].
The resyl ting conmpound is resolved by a chiral colum
to lﬁ}?tmo enanti oner enriched conmpound [ conpounds
(58] "and¥ 5@)-cisnsdpgactdapn Schene 2]. The specific
rotati on of each conmpound thus obtained is observed to
identify

PO

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

H (-)-cis-isomer (9b)-

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),

15

8g) an alcohol group of each resulting compound is replaced with the leaving group

(1) 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).



10

10 (+)-trans-optical isonmer(5b) and (-)-trans-optical

i soner (5c). Each of optical isoners is treated with

trimethylsilylbrom de(TMSBr) to give the correspondi ng
j enriched conpounds [conpounds (lc .

‘?(Pd 4}i(]%%;gcraacti on Schene 2] of the conpound ofl)'(f@;ﬂrrﬁqmé{oowsz

(1la). Reaction Schene 2 WD 20041029064

PCTI KR20031001932 26 G R1J 20 C PY=O R 4 (H Resol ukn O

_P=OMNA -Q-) OGA= 0o _ ~Oo (4a) (+}~sorner (5a)

Wir 4iscmer a O

The preparation process varianis (a) to (c) of the enantiomer of formula (1) can be

specifically exemplified by the following Reaction Schemes 2, 3 and 4.

Reaction Scheme 2 is briefly explained below. The compound of formula 2)
[compound (4a) in Reaction Scheme 2] is reacted with the compound of formula (3) under
the reaction condition as previously described to give the compound of formula (5)
[compound (S2) in Reaction Scheme 2]. The resulting compound is resolved by a chiral
column to give two enantiomer enriched compound [compounds (3b) and (5¢) in Reaction
Scheme 2]. The specific rotation of éach compound thus obtained is observed to identify
(+)-trans-optical isomer(5b) and (-)-trans-optical isomer(5c). Each of optical isomers is
treated with trimethylsilylbromide(TMSBr) to give the corresponding enantiomer enriched
compounds [compounds (1¢c) and (1d) in Reaction Sche;ne 2] of the compound of formula
(1a).

Reaction Scheme 2



10

(5b) (+Wwar.lsoner (5c) (-Wars-[saner
(1e) (+}hans4dsorner (1c)(+}transd4scn i HO P=0O HO (1d)
(-}aars-[sorter (U ()-4rar*asonvr wherein L, R, Q
wa2a00908% are defined as previously descri befet/kr2003/001932
Reaction Scheme 3 is briefly explained below The
enantioner enriched 5 conpounds [conpounds (Ic) and
(1d).in Reaction Schenme 3] of® t he compound of formula
(la) can be prepared by using a hydrolase (lipase). An
al cohol -protecting group of the conmpound of formnula
(11) [compound of formula (11) in Reactlon Schene 3]
is hemoved to §ive the compoynd of fo Ia (13) -
‘iggound (13) Nn Reaction_Sgljene 3]R1 compound of
la (13) apound (13? w Reactio chene 3] is
subjectedgio t he Eﬁﬂﬂfatlon<reacL|on sel ectively in
TK) gheous a_‘ga?ﬁoc(eﬁrebdwemt( yrP=and in, QTE"Cbresence of

on re ) by usi e hydr 7se (1ipase)
ve the conppunds of fornmufa (13a) Fconpound

B8ahs ol RER hene @]« anteRCY Egang Qupound
{%éonrpound (ell}g I n WD 2004/ 029064 PCT%EK 0031001932 27
Reaction Schene 3]. Further, {he acylated conpound

[ conpound (17) in Reaction Sghenme 3] is|] hydrolyzed in
aqueous sol vent(s) by using the hydrol ase (lipase) to:

gi ve-the conpoun of formula (13b) [co ound (18p) in
Reaction Scheng 3 The conpoznds of nulae (M Ba)

and (13b) thus i ned an bJecte(B1 the s
procedures as pr ev Pousty — (-
R0—P=0

R"O—P =0 HO—P-—O HO—P=O 7

RO Yy ne RO

(16) (+Hranssomer (1c) (+*Mransdsomer  (1d) {-Hransdsomer (1) (-Hrans-somer

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]l. 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 reagenti(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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5 described to give the enantionmer enriched conpounds
of formula (la), respectively. The specific reaction
conditions of the above processes can be referred to

w@goﬁ;_@jgbm\d ng prepar at i ons. T_he hydr ol ase (Iﬂmﬁ?mmmgn
used in the present invention is neant to an esterlase

extracted 10 fromPig liver or Canadi da rugosa, or
| i pase extracted from Canadffla antanrctica (fraction A
and B), Canadi da rugosa, Pseudononas sp., Porcine
pancreas, Hum cola sp., Thernomyces sp., or Micor
m ehei . The acyl ation reagent used in the present
invention is as follows: 15 in which RO represents
Renetipe gieeme13] C7Ruthry | the GRylBrede pempeiltidy [compou®h-(CZ) in Reaction
cycl oal kenyl, Rl represents hydrogen, Cz-C7-al kyl, or

- Cr ' ) t f .
SGeatel KR Sty Sove R RERE IREAla R 005 to give the
2004/ 029064 Pto (11) (-r)-trans-isonmer HO 28 (13)

cqmpaund niformolagt 3HRIEonkotnd RAD) in Reaction Scheme 3]. The compounds of
formulae (132) 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) uséd 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;-Cr-alkyl, Cs-Cj-cycloalkyl, or Cs-Cig-
cycloalkenyl, R' represents hydrogen, Ci-Cr-alkyl, or C;-Cy-alkenyl, and X° and X°
independently of one another represent C, O or S.

Reaction Scheme 3



R-10 CP=O R20 (13a) (+)-trans-isomer (17)
(-)-trans-isoner PCT/KR2003/001932 (1
3b)-(-)-trans-isomer | O C HO P=0O HO (1c)
worooswaess- i somer (1d) (-)-trans-isonmer wher eipcfr2083001932
R3, P and Q are defined as previously described, and
Rt O represents 5 Reacti%ﬁEScheme 4 is briefly
expl ai ned bel ow. The enanti r enriched conpound of
t he conpound of fornula (la) [conpounds (1c) and (I d)
in Reaction Scheme 4] might be prepared through the
enantigsel ective synt §S| s, another preparation
process.\ By using + met hyl enecycl opr opyl ) car bi nol
or (g met hyl enecw:l ropyl )carbinol, which is well
WO 2004/ 829064—PCr/ K 31001932 29

RO—P=0 Rao—P—O
R0 R0
(11) (&)-trans-isomer - (13) (Xrtrans-isomer

HO R0 HO

R \Dz R \I>2 R1 \DZ

O
RO— —p=0 R*0— F'_O R“O“,P-—

ReG R%0 R?0

(13a) (H)-trans-isomer  (17) (-)-trans-is'omer {13b}{-}-trans-iscmer
R \& Rl \&
5

o

HO—pP=0 HO—P=0
HO HO

(1¢) (+)rans-lsomer (1d} (--trans-isomer

wherein Rlb R:L R3 P! and Q are defined as previously described, and R!!

>JJ\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
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known chiral conmpounds, [conpound (18) in Reaction

Schene 4] [references: Journal of Organic Chem stry,

67, 286-289 (2002), Journal of Organic Chem stry, 58,

WO dpdbds (1993), Journal of Organic Chenm stpyr/kR9603/001932
5483-5484 (1994)] as a starting material, the

enanti oner enriched conpoung of the formula (Ila)

[ conpound (1c) or (Id) in dction 5 Schene 4] can be
prepared as described in Reaction Schene 4. A

protecting group (P2) is introduced into an al coho

group of (+)-(nmethylenecycl opropyl)carbinol or (-)-

(et hyl enecycl opr opyl ) car bi nol_ [ conpound (18) in

krgvge ehiesh coaieunds. dpommapsd K}@rl@&actlfgr Sehsmeat] dreferences: Journal of

i ntroduced into a double bond in the resulting

BRI B0 8 00D U5 ol S 153017

‘ |ntroduced into 10 each hydroxyl group to give the

(K6p Jomarabbf Oegamid Gheniistay), 59 5¢ABBIS4 COMPYUSd t2bhe inthterial, the
Reacti on Schene 4], respect | veI y. The protecting group

of th onpoun a ne compound (20) in
P SERE RO 7 B St LR Leamaard {19 e Vadh eResction
al coholic conpound [ conpound (21) in Reaction Schene

Sélenny chibiBe galégrre& ¥ dBEMR 9 RebdtRon I F&HL king &Q&Bgﬂgﬂ%?%up PY is

[ conpound ( in Reaction Schene 4] Is rep
the Ieavrng 15 group (L) to give the conpound
intredvasduieto ( 22) alcahade gEauporrfSdhktmethylencrcopoppleninol or (-)-

thus obtained is subjected to the reductive reaction

BRI A0 B KRB S B,y rors

Mrepresents a nmetal conpound including MgBr and Li)
giroopsyare entrévkiced inpo ariduble drapd dm the( ZSUltihg cl?ﬁrﬁ@ﬁﬂdoﬁompound (19) in
Scheme 4]. The protecting group (P3) of the conpound

Rga%ggg ggheme(lﬁ 3c)md o%e?%%%etzclngg grvgepsz ? a4 02 )oa?gf sg,lgctwely 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 (R® represents C1-Cs-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



(20) -trans4dsomer Schene 4) is renoved to give the
conpound of formula (8a) or (8b) [conmpound (24) in
Reaction Schene 4]. The conpound of fornula (8a) or
wWhpshoegpound (24) in Reaction Scheme 4] i Spcykr2003/001932
subjected to the etherification with the conpound of
formula (10) (dialkyl hal onethyl phosphonate) and the
al cohol -protecting group (Pr-is renoved to obtain the
5 enanti onmer enriched conmpound of forrula (13a) or
(13b) [conpound (13a) or (13b) in Reaction Schene 4].
The conmpound of formula (13a) or (13b) can be
converted to the enantiomer enriched conpound of
Sehemad) as ramoved o gpysthel compyundrof(forpula(8Beec8bd frompound (24) in
Schenme 4] through the same procedure as previously
' h [ £ ' condi{ions of . .
REGRGLS R A HARGEEo b bERERMATSANE Y {<Giibathe 47 in Rocction
preparations. 10 Reaction Schene 4 diizydroxyiati oo
Schedip 4] 193ubjdoted iosthenetterifitdtionseitie theQdusund OF Hrrfde (T (dialkyl
or (Id) (- ns4sonef CH oPa O

halomethylphosphonate) and the alcohol-protecting group (Pl)_ is removed tc; obtain the
5 enantiomer enriched compound of formula (13a) or (13b) [compound (13a) or (13b) in
Reaction Scheme 4]. The compound of formula (13a) or (13b) can be converted to the
enantiomer enriched compound of formula (la) [compound (lc) or (1d) in Reaction
Scheme 4] through the same procedure as previously described. The specific reaction

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

10 Reaction Scheme 4

2 2
——— 1 —rrrr— . ‘ . 1
_ . o7 oP ‘ FO OP

51;? (19)  (20)ranssomer . @1)
. + 'smr T
or (=) isomer ' '
oH .
_— OH : .
O=PCH ’ :
| 0=PSOH - S | L
0 — o H, or RB-M i :
1 | P! oP' po”
R R! HO P°0 )
Q H (24) (23) (22)
(10) (+}trens-isomer (13a0r 130} |
or (1d) {(-Hrans-isomer

wherein P!, P2, P’, L, R" and Q are defined as previously described.
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FKO (13a or 13b) MO (24) PCTf KR2003/001932 or Rg-M

(21) (22) 1. a | , op, P30 3 P 0O (23) wherein Pt,

P2, P3, L, R and Q are defined as previously

wiesaniobedt WO 2004/ 029064 31 PCT/ KR2003/ 00193BcThar2003/001932
conditions that are used in the preparation processes,

and the separation and resqlution processes of the
compounds according to the %}esent i nvention, for

exanpl e,

The conditions that are used in the preparation processes and the separation and
resolution processes of the compounds according to the prc;sent mvention, for example,
reactants, solvents, bases, amounts of the reactants used, silica gel column, chiral column,
eluents, etc., are not restricted to those explained herein. The compounds of‘the present
invention may be also conveniently prepared, and separated and resolved by optionally
combining the various synthetic ways, and the separation and resolution methods described
in the present specification or known in the arts, and their combinations can be easily

performed by one of ordinary skill in the art to which 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 uswal 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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reactants, solvents, bases, amounts of the reactants
used, silica gel columm, chiral columm, eluents,
etc., are not restricted to those expl ai ned herein.
woeogorperunds of the present 5 invention may hetab®0o3/001932
conveni ently prepared, and separated and resol ved by
optionally conbining the vaééous syntheti c ways, and
the separation and resol uti onh” net hods described in
the present specification or known in the arts, and
their conbinations can be easily performed by one of
ordinary skill in the art to which the present
i nveqtion, pertains. 10 The specific reaction
ﬁclﬁ‘u‘i‘z‘ﬁg’t Y"gﬁg COPPEIRRS 3y BCthieoiRgsdisat fhntras-isamnesrofdhe compound of
the follow ng Preparations and Exanples. After the
forgrdd :
e et R B o g B ot with the
rocesses, such as chromatography, recrystallization,
phamgrepticilimadeeptable tariex(s)) - Tr ans-i somer of the conpound
of formula (1) of the present invention can be
effectively used as antiviral agents. Therefore,
anot her object of the present invention is to provide
a conposition for the treatnent of viral diseases
(part i Whemthey actﬁz@addﬁii:fouh@aédotc!iﬁ%\f\@tﬁé)%s%gﬁﬁ&ti%ﬁ are used for
PCT/ KR2003/ 001932 B virus), which conprises as an
ctive ingredient (+)-trans-isoner, of the conpound of
012‘8?%“513‘(3%) ',%% REsr PR EcarRly edmixistsredcipt appamowy |ranging generally from
or solvate thereof together with the pharmaceutically

08¢ e POGU 1, BAFTARY Goin 0.95 YW eM0hE Pe &l | H6B0E E{?%{!{PQ day. The total

according to the present invention are used

daily dosage may be administered once or over several times. However, the specific
administration 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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clinical purpose, they are preferably adm nistered in

an anount ranging generally from 0.01 to 10000 rag,

preferably fromO0.05 to 100ng per kg of body weight a
wdexpo4/0Bbws4t ot al  dai |l y dosage may be admi ni st eperikQNRe001932

or over several tines. However, the specific

adm ni stration dosage for asﬁatient can be varied with

the specific conpound used, tThe 10 subject patient's

body wei ght, sex, or hygienic condition, diet, the

time or nethod of admnistration, excretion rate,

m xing ratio of agents, severity of a disease to be

treated, etc, The conpounds of the present invention
COHﬁ‘iFlﬁgg’a‘éFﬁi& @5 e PR eREOR ﬁ&P?rH-{“Fﬁ gredia; piay. pppyEmlative 4ixing oil
preparations. 15 Injections, such as sterilized
in@1H8AL WonB!, daly¥erftSREN L ARed fF ﬂﬁiQJp\%‘gBéé,J 0. CPQtt}b&id such as oleic
prepared "according to the known procedure usi'ng
sui tabl e di spersing agent, wetting agent, or
acid repe belalpyyused dortinjeTtimnss ol vent s whi ch can be used for
preparing injections include water, Ringer's fluid,
and isotonic NaCl solution, and also sterilized fixing
oil may be WO 2004/ 029064 PCT/ KR2003/ 001932 33
conveniently used as the sol vent or suspendi ng nedi a. .
Angs i selid preparatione fbs sidd adeiihistratin) @absiles TRblts, pills, powders,
di -gl yceride may be used for this purpose, too. ﬂ%tty
a

cid such gs oleic .acid be al so used for
SRS P o R tomblK AP ISR blStse pat e PisAbemsel. oft g also desirable for

adm ni stration, capsules, tablets, pills, powders,

talf)ét8abd 88is 16116 forrRIISEE 18| it RRDWeE bl-AeSeoli -
be msn?i oSned. Ft is al so desi rablee%%%{apat{ogbl@{essozlalﬁg)%pamnms

pills to be fornmul ated into enteric-coated
may; epprepared y mikiag s aativereopwornd ofiéH)-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. Aé 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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may be prepared by m xing the active conmpound of
(+)-trans-isoner of the conmpound of fornula (1)

according to the present invention with at | east one
veareosoroosel ected froma 10 group consisting oPCT/KR2003/001932

i nactive diluents, such as sucrose, |actose, starch,

etc., lubricants such as nagpesiun1stearate,

di si ntegrati ng agent, and bi ndi ng agent. Wen the

conmpounds according to the present invention are

clinically applied for obtaining the desired

antiviral effect, the active conpound of

(+)-trans-isonmer of the 15 conpound of fornula (1) can

be admi nistered in conbination with one or nore

substances selected fromthe known anti-cancer or

antHoweal, RGRBaatioRs chRridin thCAMGRIn® b 8 préteftinvention ate not
agents i.ch can be adm ni stered toget her th the

conpound of the present invention in such a manner,
restriciedde dipsa explaingg ahivat and mdosastaib ket substiiaealseful for the treatment
Gencti t abi ne, Lam vudi ne, etc. can be nentioned. WO
029002006, BT/ KRR0034001032 34 However, the

eparat i ons conpri sing e conmpound of the present

invention are not restricted to those expl ai ned

above, and may contain any substance useful for the
treatment or prevention of cancers or viral diseases.

5 e present inventign will be mpre specifically .

exﬁlgi ﬁ@ﬁenl? NIV RROR, YL WPR oMo SBetEtallyn explpiredpnethe following

and Experinents. However, it should be understood that
Pieh@agonsPERBAPIRE, MASExTexia{eRlse SHowdws, B B%dl&%@&ﬁg&ﬁt‘sod that these

intended to 1llustrate the present i nvention ut not

in any manner to |limt the scope of the present
Prepyratiqusofxamples, and Experiments are intended to illustrate the present invention

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

Preparation 1

TBDPSQ TBDPSQ
0
53*‘5P0\v/u\0/\\ +_“ﬂ\——MgCI . H,C + HC
@ TI(O IPI’)4 OH OH
(8-1)-(trans) {9-1)-(cis)
Synthesis of (®)-trans-1-({[t-butyl(diphenyl)silylloxy}methyl)-2-

methylcyclopropanol(8-1)  and (H)-cis-1-({[t-butyl(diphenyl)silylloxy} 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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20

(9-1)-(cis) Synthesis of

(f)-trans-1-([t-butyl (di phenyl)silyl]oxy}nethyl)-2-
werinstoesoed opr opanol (8-1) and PCT/KR2003/001932
(f)-cis-1-({[t-butyl (di phenyl)silyl]oxy}nethyl)-2- 15

nmet hyl cycl opropanol (9-1) Ac gr ding to the description

in a reference (see: Syn. Lett. 07, 1053-1054, 1999),

the title conmpound was prepared as follows: 50g (0.146
nole) of ethyl 2-{[t- butyl (di phenyl)silyl]oxy}acetate
was di ssolved in 700 ip of tetrahydrofuran (THF), and

3960 28R4 ARE4i 5SRO Q35 ARk 3Rerdm. 390 i Rl S was glowly added

titani untetrai sopropoxi de was added thereto.

o3 3 et oS QTR 13 sud e spgion oo

the reaction solution was stirred for 12 hours at

oft Tor d dierestal pabiesth tppesutsat 59 BE e saftrated ammonium chloride
chloride was added to stop the reaction. About 700 ng
wab addedrialstpgrtiod reaetiviT HAbous @D 1 ofitetrahyirofurdn(THE) used as a solvent
renmoved by distillation under reduced pressure, and

whab ferh 328 by ARt iR NRIAueEfr&sh@ thndtiid fe%ctgﬂ.ntrﬂiapaﬂg waBextracted
I ed under

of hexane. The hexane extract was di sti

BB BB e S BB R SOR B o R

i ca gel el uen

hexane) . to give t title conpounds (diastereoisoners
and he 5%%%&6@@53969?&%%}’ 3syicegehgolemp (dusy : 118/ pfhylacetate: hexane) to

give two title compounds (diastereoisomers : diastereoisomers), 38¢ (8-1) and 3.8g (9-1).
The structure of each compound was confirmed by NMR.

Title compound(8-1)

'H NMR(CDCl;) 50.08 (t, 1H), 0.90 (g, 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)*, C21H28028i

Title compound(9-1)
'H NMR(CDCls) §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)*, C21H28028i

Preparation 2



10

15

The structure of each conpound was confirned by NWVR

10 Title conpound(8-1) 'H NMR(CDC13) 80.08 (t, 1H)

0.90 (g, 1H), 0.96 (d, 3H), 1.08 (s, 9H), 1.14 (m |

W) 2002029964 s, | H), 3.70 (d, 1H), 3.84 (d, | HrCTRERID3/001932

(m 611), 7.70(m 4FD ESI: 363 (MtNa){, C21H282Si 15

Title conpound(9-1) 'H NMR(CRC13) 60.31 (t, I1-), 0.62

(g, 1H, 0.69 (m 1H), 1.07 (s, 9H, 1.15 (d, 3H)

246(s 1H), 3.49 (d, 111), 3.79 (d, 1H), 743(m
7.70(m 4H) ESI: 363 (MrNa)}, C21H2802Si

ar ation 2 WD 2004/ 029064 36 PCT/ KR2003/ OOlQSZBDPSO

PSO Ti PPO4 .. H3c of f of f (8-2){ (9-2) ((:DZ
h
% J/\({[-H b dl_he_ny‘r‘)’s,llyllj\g/}rretlﬁyll_&

St yI cycl propanol (S an8(Ci
CI s-1-({[t-butyl (di phenyl)si 1y11" yé_rre - 2-
yl cycl opropanol (9-2) 5 (0-2){cis)

Synthesis of (i)~trans-1-({[t-butyl(diphenyl)silyl}oxy}methyl)-z-
ethyleyclopropanol(8-2) and (:l:)-cis-l—({[t—butyl(diphehyl)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 ma_m compound, but compound (9-2) was hardly obtained.

Title Compound (8-2)

'H NMR(CDCls) §0.09 (t, 1H), 0.97 (g, 1H), 0.97 (t, 3H), 1.06 (2H), 1.07 (s,9H),
1.31 (¢, 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)", C22H30028i

Preparation 3

TBDPSO

H,C
OH

(8-3)-(trans)

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

propylcyclopropanol(8-3)



The sane procedure as Preparation 1 was conducted, but
but yl magnesi uncthl ori de was used instead of
propyl magnesi unchl oride to give 30 g of the title
wmogwmedsy 8- 2) as the main conmpound, but conpERAZ003/001932
(9-2) was hardly obtained. Title Conpound (8-2) 10 1H
NVR(CDC13) 80.09 (t, 1H), 0.87 (q, IH, 0.97 (t, 3H),
1.06 (211), 1.07 (s,914), 21.31 (t, I H, 2.79 (s, |
H, 3.71 (d, | H, 3.81 (d, I H, 7.41 (m 6H),
7.68(m 411) ESI: 377 (M:Na)+, C22H3002Si Preparation
3 15 TBDPSO CH (8-3)-(trans) Synthesis of
(f)-trans-1-({ft-butyl (di phenyl)silyl]oxy}nethyl)-2-
propyl cycl opropan ol (8-3) WO 2004/ 029064 37
PCT/ 00 19 sa pr re a Pre arati

OB e g g’%‘i"’m&re ﬁépga?#%hl o i ¥ %@B‘&ed but

was conducte pent yl'magn

i nst ead pof | magnesi.uncthl orjde to give 25
PeRIEERY E‘“&‘%ﬁ&&'@%n‘ﬂas(‘@e S AR BB UROT LS (T EE &5 g of
Conpound ( 8-

the title compound (8-3) as the main compound.
5 Title Compound (8-3)
'H NMR(CDCl5) §0.09 (t, 1H), 0.68 (1H), 0.70 (t, 3H), 0.82 (m,1H), 1.09 (s,10H),
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)*, C23H32028i
10

Preparation 4

Synthesis of diisepropyl {®)-trans-1~({[t-butyl(diphenyl)sily]] oxyjmethyl)-2-

15 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

20 35mé of lithium t-butoxide(1.0M in THF) at 50 'C, and the mixture was stirred for 4 hours



10

15

20

"H NMR(CDC13) 60.09 (t, 1H), 0.68 (1H), 0.70 (t, 31J),

0.82 (.,1H), 1.09 (s,IOH), 1.32 (m 111), 1.40 (m

211), 2.90 (s, I H, 3.73 (d, | H, 3.85 (d, 1H), 7.45
waonzoo&bdopsd7. 74(m  4H) . 10 ESI: 391 (MtNa)}, PCT/KR2003/001932

C23H322Si  Preparation 4 TBDPSO H3C Synt hesi s of

di i sopr opyl

{()-trans-1.--({It-butyl (di pRenyl)silyl)oxy}methyl)- 2-

15 net hyl cycl opr opyl ) oxy} net hyl phosphonat e The

conmpound (8-1) prepared in Preparation 1 (7.5g) was

di ssolved in 35 m2 of dinethylformam de and 9. 7g of
méHel S%@&yifo&{aﬁﬁ@é@wﬁéhﬁﬁ%@@weﬁﬁﬂﬁio\“{gﬁ? 1d& 9%15{%&&9 40 md of

ed for 10 ninutes.

and the resulting m xture was stirr
of lithium

Jo .the m xture sl owl ded 20,35 .
sefeestd St Gultle iy tated KB oo oilienvas i Sidacted with
stirred for 4 hours WO 2004/ 029064 PCT/ KR2003/ 001932
etyd gestate.  hheeathg aogipisaantaet Was dissiHed enddsyredicsd irésawiepand the
under reduced pressure, 40 ng of saturated ammoni um
resittheowagpurifies tydddticat gel tblammehiabnetogrighyqbluams ethiRetate/n-hexane
extracted with ethyl acetate. The ethyl acetate

=m;mgttog@%7@5@%&&@1@4}@%@1@%@%& essure, and the

resi due was purifies by a silicagel colum B
o YRR RERORN) BT Wi Rh A0 fT R Earfeatiar 106 o

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),

_
L=

7.70 (m, 450

Preparation 5

HO

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

methyleyclopropyl}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 réduced 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.



1H NVR(CDCI 3) 80.13 (t, 1H), 0.96 (m 114), 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),

WO.20@/02m646H),  7.70 (m 4H) 10 Preparation 5 pd3&e0d87001932
0 Synthesis of diisopropyl

{(:E)-trans-1-(hydroxynet hy Q 2 net hyl eyel opropyl }
oxy} net hyl phosphonate 15 The conpound prepared in
Preparation 4 (8.3g) was dissolved in 100 nE of

met hanol, 3.1 g of ammonium fluoride was added
thereto, and the resulting m xture was heated under

fn i trad,
r ef IpNNIR(CBOLY 86 93 (ATER10.9 d,lfﬁﬁci.'lﬁfcddnd . P?g’g;l&gie d, 1.32 (4,

met hanol was fenoved by distillation

e e AT

di chl or onet hane/ nmet hanol =20/1, v/v) to give 3.6g

(yi % 3860+ GE2HA5A58 conpound.  HO WO 2004/ 029064
39 PCT/ KR2003/ 001932 'H NMR(CDCI 3) 50.23 (t, 1H), 0.96
(dd, 1H), 1.12 (d, 3H), 1.23 (m 1H, 1.32 (d,

5 Preparation 6

HO

ol
S
/!P—O
o )-

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

methylcyclopropyl]oxy}methylphosphonate

10
The compound (9-1) prepared in Preparatién 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(CDCl;) 80.41 (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




12H), 3.59 (d, 1H), 3.82 (d, 2H), 3.96 (d, 1H), 4.01
(s, I H, 4.82 (m 2H) ESI: 303 (MtNa)+, CLl2H2505P 5
Preparation 6 HO Synt hesis of diisopropyl
W@ Rdosormed- (hydr oxynet hyl ) 2 m et hyl cycl opr opypdtT/Rexg03/001932
met hyl phosphonate 10 The conpound (9-1) prepared in
Preparation | (3.0g) was consecutively reacted
according to the sane procedure as Preparati ons 4 and
5to give 1.2g of the title conmpound. 'H NVR(CDC13)
50.41 (t, 1H), 0.71 (dd, 1H), 0.89 (m 111), 1:13 (d,
3H), 1.33(d, 12H), 3.50 (m 1H), 3.65 (m 111), 3.81
(dd, 1HJBDF$091 (dd, 1H), 4.29 (s, 1H), 4.76 (m 2H)
15 ESI: 303 (MtNa)+, C12H2505P Preparation 7 WO
2004308 0 PCTI 003/ 001932 Synt hesi s of
di i sopr opy 0—\ O
{(f)-trans-1- ({[p —putyl (di phenyl)silyl]oxy}nmethyl)-2
et hyl cycl opr opy(b’} 0X t hyl phosphonate 5 The conpound
(8-2) prepared in Preparation 2 (4.2g) was reacted
according to the sane procedure as Preparation 4 to
give 3.6g of the title conpound. 1H NVR(CDCl 3) 80. 15
(1 t, » IS(jl}ltheﬁlsﬁi diisoprapl {(9-tPahstE-({[(Atyl(dipBen ity §bRy methyl)-2-
m

ethylcyclopropyl}oxy}tmethylphosphonate

5 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) 80.15 (t, 1HD, 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 (m,1H), 3.73 (d, 1H), 3.98 (m, 3H), 4.74 (m, 2H),

7.41 (m, 6H), 7.67 (m, 4H)
10

Preparation 8

DA

O—\ /O

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

15  ethylcyclopropylloxy}methylphosphonate



1H), 1.25 (m 111), 1.31(m 12H), 1.35 (m1H), 3.73

(d, 1H), 3.98 (m 3H), 4.74 (m 2H), 7.41 (m 6H),
7.67 (m 4H) 10 Preparation 8 H3 Co-\ o li ~

womvhieete of dii sopropyl PCT/KR2003/001932
{(f)-trans-1-(hydroxynethyl)-2 HO 15
et hyl cycl opr opyl ] oxy} net hyl phosphonnat e WO 2004/ 029064
PCTI KR2003/ 001932 41 The coitpound prepared in
Preparation 7 (3.6g) was reacted according to the sane
procedure as Preparation 5 to give 1.6g of the title
conpound. 'H NMR(CDC13) 50.27 (t, 1H), 0.95 (dd, 1H),

. %2202 el oo t@ﬁ%m q ]pi %o%{d% ggggé! Fé% 79 é@lw%?]ljg—%m?f%m%?ﬁ;n% to the same

Pfﬁ?egﬁf;fraa?’mﬁr% Jlééo wg@;ﬁwﬂ e GRmgPIEb ot byl

(t) rans-1 - ( t I(dlpheny silyll oxy}nmethyl)-2
o1 bp Ul AOGRIST G0 215 TG0 A5 (b B o AID, 1.5 (h, 1D, 129 a,

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

5 477 (m, 2H).

Preparation 9

TBDPSO

H,C

10 Synthesis of diisopropyl {(x)-trans-1-({[t-butyl(dipheny)silyljoxy}methyl)-2-

propyleyclopropyl}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.
15 'H NMR(CDCl) §0.14 (t, 1H), 0.85 (t, 3H), 0.95 (m, 2H), 1.05 (s, 9H),.1.25 (m,
1Hj}, 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

20



The conpound (8-3) prepared in Preparation 3 (1.29)
according to the sane procedure as Preparation 4 to
give 1.1 g of the title conmpound. 15 'H NVR(CDC13)

Vo0 2408964 1H), 0.85 (t, 3H), 0.95 (m 2H), 1.M85/K82003/001932
9H),.1.25 (m 1H), 1.31(m 12H), 1.38 (m3H), 3.70
(d, 1H), 3.98 (m 3H), 4.724 m 2H), 7.38 (m 61-1),
7.66 (m 411). Preparation 10 20 WD 2004/ 029064

PCT/ KR2003/ 001932 42 HO 93C O\ O- Op Synthesis of
dii sopropyl {()-trans-I-(hydroxynethyl)-2

propyl cycl opf®pyl } oxy} net hyl phosphonate 5 The conpound
prepared in Preparation 9 (1.2g) according to the samne

proced Preparayion 5 to give 0.5g of the title
conmpound. 1H N cpaé) 50.28 (t, 1H), 0.94 (t, 3H),
0.97 (m 1H), 1.2p—om 2H), 1.33 (d, 12H), 1.41 (m

3H), 3.65 (dd, 12]521), -82 (d, 2H), 3.87 (dd, 1H), 4.00
(brt,1H), 4.77 (m 10 Preparation 11 ci

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

propylcyclopropyl}oxy}methylphosphonate

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(CDCl5) 80.28 (t, 1H), 0.94 (t, 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, 1K), 4.00 (brt, 1H), 4.77 (m, 2H)

10 Preparation 11

Synthesis of diisopropyl ({(¥)-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 mf of

dichloromethane, 1.23g of triethylamine and 1.2g of methanesulfonylchloride were added



10

15

20

Synt hesi s of diisopropyl
({(h)-trans-I-[(2-am no-6-chl or o- 9H puri ne- 9-

yl ) met hyl ] - 2- net hyl cycl opr opyl } oxy) net hyl phosph ovat e
Wib20Twe29eenpound prepared in Preparation 5 (2. R0)yKr8e3/001932
di ssolved in 75 ng of dichloronethane, 1.23g of
triethylarnine and 1.2g of t hanesul f onyl chl ori de

wer e added WD 2004/ 029064 PCT/ KR2003/ 001932 43

thereto, and the resulting m xture was stirred for 30

m nutes at roomtenperature.. Saturated ammoni um
chloride was added to stop the reaction. The product

theseso, extd @t esbulting tiix@irs e etifedd #6130 aBiutel €t Toom temperature.

di chl oronmet hane was renoved by distillation un

SHBAREAmAERTH Rk Yad 'a%%d?t%%tl%g the }egétﬁ)ggg(’ﬁlﬁ S{Of:}gct veas extracted

nmet hanesul Tonate conpou h™was

t . reaction W fhout.an rification. 1H NVR(CDC13
WQE éﬂiio(f metpgne, aqcf fgg %tcgﬁ)répé)tﬁww empvedpy d@ﬂg&m mlde)r reduced
12H), 1.30 %m 1), 3.14 (s, 3H), 3.82 (m 2H), 4.33
pregsure i) given2.88g (vdeld Pifo) off mipthagesnlfdye cobiyound, which was used in the
nmet hanesul fonate thus obtai ned (430ng) was di ssol ved
néxhrebBtierpwithout 3y slirifiebiiod. f or mami de, and 57. 6ng (60%
purity) of sodium hydride and 162ng of 6 chl oroguani ne

(2- aly ReIBCaithiy 8043 R e :

reacti on m xt u?e vval_(#s’ ?erﬁéxgg@mc}?rm éélmhgﬁﬁ?’%&lﬁ’l'go(m’
rS. d .al j | pri de s .added to stop

ERE 18 o Bk S G Ban el RCE T i d e Rt ny
acetate, and the ethyl acetate extract was distilled
under reduced preessure, and the residue was purified
by a silica gel colum 15 chromatography (el uent:
di chlfbe ometbheaselfonatet Hasolob@kd, (430mk) t WagidRoROAM® 18 ml of
(yield 44%

dimethylformamide, and 57.6mg (60% purity) of sodium hydride and 162mg of 6-

chloroguanine (2-amino-6-chloro-9H-puring) 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 (vield 44%)
of the title compound.

"H NMR(CDCL) §0.50 (t, 1H), 1.12 (m, 15H), 1.16 (d, 3H), 1.21(dd 6H), 1.27 (t,
6ED), 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)", C17H27CIN5Q4P

Preparation 12



10

15

of the title conmpound. 1H NMR(CDC13) 50.50 (t, 111),
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

WIH004/89163 (brs, 2H), 8.32 (s, |IH) ESI: 432 Eirh003/001932

C17H27CLN504P 20 Preparation 12 WO 2004/ 029064 44

PCTI KR2003/ 001932 Synt hesi s gf di i sopr opyl
({(f)-cis-1-[(6-am no- 9FLpur|ne 9-yl)nethyl]-2

met hyl eycl opr opyl } oxy) nmet byl phosphonate 5 The conpound
prepared in Preparation 6 (0.51g) was reacted
accordifng to the same procedure as Preparation 11,
except t gadenlne was reacted instead of 6-

chl oro u@ e, to give 250ny of the title conpound.
ESI : g\g

C17H28N504P 10 Preparation 13

Synt hesi S\ of d| i sopropyl
({(chhj}Sbs | -[ (2-am no-6-chl oro- 9H puri ne- 9-

| cycl opropyl } oxy)net hyl phosphonat e
15 WO 2004?/_‘;3 PCT/ KR2003/ 001932 45

}...

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

methylcyclopropyl}oxy)methylphosphonate

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,

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

Preparation 13

HSC’\DZ
O—\ IO
P—0
O

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

yDmethyl]-2-ethyleyclopropyl}oxy)methylphosphonate



The sane procedure as Preparation 11 was conducted to
the conpound prepared in Preparation 8 (620ng) to
give 330ng of the title compound. 'H NVR(CDC13) 80.53

, 97 (t, 3H), 1.08(m 1H), 1.25(dd 6H.. 1.26
‘?%20‘;1{%?“ .28 (t, 6H), 1.40 (m 2H), 3.80 (mF%Wﬁm°°3’°°l932

4.16 (d, 1H), 4.40 (d, 1H), 4:69 (m 2H), 5 5.10 (s,

2H), 8.18 (s, 1H). Preparati$¥n 14 V H3C Synt hesi s of

di | sopropyl

({[()-(trans)]-1-[(6-am no-9H puri ne-9-yl ) net hyl]-2-

10 et hyi cycl opropyl } oxy) net hyl pbosphonat e The conpound
prepa,tlied in Pregarat' on 8.(210ng) was reacted _
accor e FTRETe a5 RREPHFAR R HUWES eadpstedsigrthe pesrpopad prepared in
except that adenine was reacted instead of 6-

Peaparation § 463 0meg) to give B3 em®6f thg titlé cothpounilt 1 e conpound. 15

"H NVR(CDC13) 80.58 (t, 1H), 0.98 (t, 3H), 1.12(m

| H), 'H R8(R(dDE),505326 16Em 0.9, 31,
10 s FOGER) 0SSt 3900 PSR s, 126

Uy P28 6240 o Bk 5460 B We PB4 R 68 . 20,
5 510 S BTE G T,

Preparation 14

Synthesis of diisopropyl ({[(:b)-(trans)]-l-[(6-amino-9H-purine-9-yl)methyl]-2—

10 ethyleyclopropylloxy)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(CDCl;) §0.58 (i, 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




O ) [/ Synthesis of diisopropyl
({[(f)-(trans)]-1-[(2-am no-6-chl oro-9H puri ne- 9-

yl ) met hyI ] -2- propyl cycl opropyl } oxy) net hyl phosph onat e
@0'5 3036 Ap procedure as Preparation 11 was conducte

to the conpound prepared in Preparation 10 ( Hﬁﬁ%"“?’%‘"”z
give 110ng of the title conpound. 'H NVR(CDC 3) 50.55
(t, IM 0.93 (t, 3H), 1.13(m61H), 1.25 (dd 6H), 1.26
(m IH, 1.29 (t, 6H), 1.31 (xn, 4H), 1.40 (m 1H),
3.80 (m 2H), 4.18(d, IH), 4.40 (d, 1H), 4.69 10 (m
2H), 5.06 (s, 2H), 8.18 (s, 1H). Preparation 16 15
Synt hesi s of diisopropyl

({[(f) _(trans)]- 1 _[(6-am no-9H purine-9-yl)net hyl] - 2-
propyl cycl op @4) met hyl phosphonat e WO 2004/ 029064
PCTI KR20031001 32 The conpound prepared in
Preparati on ?le 5ng) was reacted according to the
same procedureyas Preparation 11, except that adenine
was reacted insyead of 6- chloroguanine, to give 45 ngy
of the Tl npound. ,5 'H NMR(CDC13) 50.59 (t, 1H),
0.91 (t, 3H), 10]_2\(/ H, 1.31(m12H), 1.32 (zn,

s

Synthesis of diisopropyl ({ [(:l:)-(trans)]-1-[(Z-amino-6—chloro-9H~purine—9-

yDmethyl]-2-propylcyclopropyl}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(CDCls) 80.55 (t, 1H), 0.93 (t, 3H), 1.13(m, 1H), 1.25 (dd 6H), 1.26 (m,
1H), 1.29 (¢, 6H), 1.31 (w, 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

/
NN N
Ly
H,G
O-—\ ,0‘<
c?F'uo
15 Synthesis of diisopropyl ({[(:i:)~(trans)]-1~[(6-an1ino-9H-purine-9-yl)methyl]-2-

propylcyclopropyl}oxy)methylphosphonate




5H), 3.80 (m 2H), 4.32 (d, 1H), 4.50 (d, 1H), 4.72
(m 2H), 5.80 (brs, 2H), 8.28 (s, 1H), 8.34 (s, 1H.
Preparation 17 10 Synthesis of diisopropyl

_(cis)]-1-[(2-ani no-6-chl or 0- 9H- pur i ne- 9- |
"ﬁ%@é@ﬁ&ﬂ S)2] net [h§/l cf/lcr:nl ggr op;:/I )o(r)gy) rreltoﬁ;/: Bﬁé’éﬁﬂgﬁﬁ?@m”z

15 The conpound prepared in Preparation 6 (80ng) was
reacted according to the sate procedure as

Preparation 11 to give 35ng of the title conpound.

ESI: 432 (Mr1){, C1l7H27CLN504P WD 2004/ 029064 48
Preparation 18 HO H3CO--\F pr If 0 1 '

PCT/ KR2003/ 001932 Synt hesi s of dii sopropyl
{[(+)-trans-I|-(hydroxynmethyl)-2- 5

met hyl cycl opr opyl ] oxy} nmet hyl phosphonat e and

di i sdpeopyipoindlfrepared anBrefaration 10 (105mg) was reacted according to the

(hydr oxymet hyl ) - 2- net hyl cycl opr opyl ]
seey Jofavkdott PROPRAGAALE 11, except that adenine was reacted instead of 6-
chloroguanine, to give 45 mg of the title compound,
5 'H NMR(CDCL) §0.59 (i, 1H), 0.91 (t, 3H), 1.12(m, 1H), 1.31(m 12H), 1.32 (m,
5H), 3.80 (m, 2H), 4.32 (4, 1H), 4.50 (d, 1H), 4.72 (m, 2H), 5.80 (brs, 2H), 8.28 (s, 1H),

8.34 (s, 1H).

Preparation 17

10

Synthesis of diisopropyl ({[(i)-(cis)]-l-[(2-3min0-6-chlor0—9H—purine-9-

yDmethyl]-2-methyleyclopropyl} 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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The racemate prepared in Preparation 5 (51 g) was
di ssolved in 200 nQ of toluene, 1.5g of |ipase
(Canadi da antanrctica B, imobilised, Novozyne 435),
{n of 10 vinyl acetate were added thereto
Vgﬁ?]0ot]“'flwuesi??’rﬁ“les-uIti ng mxture was stirred for 40 HJf&I04y001932
anbi ent tenperature. The sol vent was renoved by
distillation under reduced @Bessure, and the m xture
conmpounds (13a) and (17) were separated by a
chromat ogr aphy nethod to give 17.7g of the conpound
(13a) and 38.4g of the conpound (17). The conpound
(17) _was added to 100 ng of phosphate buffer (0.3M
pH 7 Erppanaiand®| uti on was hydrol yzed by 15 1.54g of
Novozynme 435 as nmuch as 60% and extracted wth an
organi c solvent. And, the solvent was renoved by
distillatisn under reduced pressure, and the m xture
was separﬁ ed to give 16.6g of the conpound [the
conpound b) in Reaction Schenme 3] and 18.92g of
the g9 Neh—ht onmpound (17) in Reaction Schene_ 3].
The cdnpound [ ifhe onpound (17) in Reaction Schene 3]
was hydrol yzedPacdording to the sanme procedure as 20
the above, and the resulting m xture was separated to
give 6.2g of the conpound [the conpound (13b) in

ReactSyathefishene gf and dii 1t he I 2.
conp?ggd (17) in WO DocHsdaopll 1o L M rorymethyl)-2
' he ou t he.co d
ﬂ(éfllg)ié’fﬁﬁﬁ@g’gﬁ?@rﬁé %‘:%lgﬁég’??ﬁa s ABP O fisgpfi%1 O R Hams-1-
C | et drolyzed b he.sa rocedure as the
mggg‘%}@“}‘%‘é}'@éﬂ%&%}'c ORYH\B{Y@%%HE’H(%%QM% e opti cal
activities (specific rotation) of the two conpounds,
conpounds (13a) and (13b) in Reaction Schene 3, were

[a] o= +42.27 and -46. 50,
The racemate prepared in Preparation 5 (51g) was dissolved in 200 mé of toluene, .

1.5g of lipase (Canadida antanrctica B, immobilised, Novozyme 435), and 11.8 mé 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 mé 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




5 respectively. To determne the optical purity of the
above two conpounds, the purity of the products
prepared by reacting the above two conmpound [ conpounds

\§é§@ﬁmgm (13b) in Reaction Schene 3] with
+)netﬁoxyphenylacetylchlorlde in the presdifd@eRi003{001932

base was confirnmed by the high pressure liquid
chromat ography (HPLC, using4thiral colum). The
resulting optical purity of the two conpounds

[ conpound (13a) and conpound (13b) in 10 Reaction
Schene 3] was over 95% for both. The retention tine of

t he conpound induced fromthe conpound {13a) in
Reagten pAismscHen® 38 ohdls coynepRt s compound 44 7)dn Regetion Scheme 3]
conmpound induced fromthe conpound (13b) in Reaction

thScébdaiped3wasamnipletely hydrolyzedbPthms@hanprogedureasthe above to give 8g of
i sopropanol, 95:5). 15 Preparation 19 ([ Synthesis of

tha;l i_cgfhg&hﬂpmb £X (*Dhe (dptidfIsactikitibé LspRéTTid Qotrisd)l O Bre HoPttinhfbunds,

R B A A S e

PCT/. KR2003 01932
5 Tesneptively - Loy qoRrag eep%wl BreY ofiths pbpys Bro comyqragaythg parity of
' nmet hyl cycl opr opyl } oxy) net hyl phpsphonate. The conpound
th¢ pleductopispuredby 1@afing the Beevettvo norBodhadicGipqunépéBeXand(13b) in
5 Preparation ‘18 was reacted according to the sane

RefactisreSehee 33 withap@)abthotyphdnyiRegickRridb én AR SIréRcd ditd Base was
conpound. 1H NVR , Mass and optical activity were the

conAfffedty thORSE p?efssure liquid chromatography (HPLC, using chiral column). The

resulting optical purity of the two compounds [compound (13a) and compound (13b) in

10  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).

15 Preparation 19

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

yDmethyl]-1-methylcyclopropyl}oxy)methylphpsphonate and  diisopropyl  ({(-)-
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the conpound (5b--1) prepared in Exanple 1.
Furthernmore, "H NMR , Mass and optical activity of
t he conpound obt ai ned by applying the same nethod to

woeosaamRrynd (13b) prepared in Preparation 18, 03/001932
the same as those of the conmpound . (5c-1) prepared In

10 Exanple 1. Preparation 20 15 Synthesis of

1- ({] (1R) - 2- net hyl enecycl oprid¥py) ] net hoxy} net hyl ) benzen
e The well | nown conpound

[ (2R) - ret hyl enecycl opr opyl ] net hanol (300 .ng)

[ Ref erence: Journal of Organic Chem stry, 67, 286-289

Jour nal , of ani.c em._s , 58, 5915-5917
(ﬁgg "!(Z'EEH’F%"ST"”E‘F“%%BHPEB‘&%’BH}"HYM]?/' 59, 5483- 5484
(1994)] 20 was dissolved in 10 ue of
misthdeyslonrapyiionmythylphpsphoymtes odi um hydri de (NaR, 60 %
in mneral oil) and 732.5ng of benzyl brom de(BnBr)
were added to the solution, and the WD 20041029064
PCT/ KR2003/ 001932 51 m xture was stirred for 10 hours.

Wat err a d t d .
her ete, TR Ne ot (100 B ararey Angind i Bevered in
=Sk i Lon under .reduced pressure, and the )
FPRpliEh 1 o b REE o B0 B rB oA o ffppatation L1 to give the

chr tography (eluent: _ethylacetate/ n -hexane:
d%%g,%\?/‘gﬁp%ﬂ i v DdgMess aod ppticayaciyityt weretthe seme as those of
compound. 5 "H NWMR (CDC13) d 0.97 (m 1H), 1.35 (tt,
thergompougd (Sbrd) prédaredsin Fxagmplh 1.1 Hurthdmbde, 'HOMEL L Miks and optical
4.56 (q, 2 H, 5.47 (br s, 1H), 5.46 (br s, 1H, 7.31

adtivityfithe ESshpouhd Dbt by aplyigl e same method to the compound (13b)

prepared in Preparation 18 were the same as those of the compound (5¢-1) prepared in

Example 1.

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

The well known compound [(2R)-methylenecyclopropyljmethanol (300 mg)
[Reference: Journal of Orgamnic 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
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Furthernore, the same procedure as the above was
conducted by using [(25)- 10
nmet hyl enecycl opr opyl ] met hanol as a starting nateri al

Wwo 200402906+ ({ [ (1S) - 2- et hyl ene _ PCT/KR2003/001932
cycl opropyl ] net hoxy} met hyl ) benzene, and its NVR data

was the sane as the title Cé)lrrpound. Preparation 21 15
HO Synt hesi s of

(1R 2S)-2-[ (benzyl oxy) met hyl ] - 1- (hydr oxynet hyl ) cycl opr
opanol The conpound prepared in Preparation 20 (200ny)
was dissolved in water/ THE 20 (5 mvl5 M, and 1 nR of

iRde (b Biined fRtinashee, 0nRQ b iR idndy
e A R e ¥yl elnde 4 5 e added
et After stirring the mxture fqr. 24. V\D . :
bl oS Sl s PR S b Hiened. bysdisbiationo updor reduced
and net hyl enedi chl oride_ (50 ng)_ were added thereto,
Pé%&lﬂ?m@l%?b@aﬁqsiéue way eurifigdsby @pdlica gel. coliven chamitagraphy (eluent:
| ayer was renoved by distillation under reduced
cfhybsstatetn-haxahet 5185, v itelpise 95CmPEéll i5e%h) BY 1@ tilelcbRBodRl.
col utm chr omat ogr aphy (el uent:

(yi of & 555 (o b EoP R MR Las 0 T ) e Bkt 440 . 3.3
Qi sa b s #P sy i el Tay s, °L iy
117) B ed eyt i (Cocia) d 1o, 22.0.
53.4, 69.0, 69.3, 73.1, 127.8, 127.9 (20, 128.4
Furthermore, the same procedure as the above was conducted by using [(28)-
methylenecyclopropyljmethanol as a starting material to give 1-({[(1S)-2-methylene
cyclopropyllmethoxy}methyl)benzene, and its NMR data was the same as the title

compound.

Preparation 21

oL ©

Synthesis of (1R,28)-2-[(benzyluxy)methyl]-1-(hydromethyl)cycIOpropanol

The compound prepared in Preparation 20 (200mg) was dissolved in water/THF
(5 mé/5 m), and 1 mé 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
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(2C), 137.9. 10 [a]D = (+)7.7 (c= 0.013 in CHOA 3)

ESI: 209 (Mtl)+, C1l2H1603. Furthernore, the sane
procedure as the above was conducted by using

wo bdobAdoder

2-met hyl enecycl opr opyl ] net hoxy) net hyl ) benzene ng(R2003/001932
starting material to obtain (1S 2R) 15

2-[ (benzyl oxy) met hyl ] - 1- (hy®# oxynet hyl ) cycl opr opanol ,

and its NVR data was the sane as the title compound.

The optical activity was [a]n = (-)8.0 (c=0.01 in

CHA 3). Pr epar ati on 22 WO 2004/ 029064

ho(\PJiCﬁ-,l;/wK%% ?%? f}@ ﬂgrifip)e%fl ﬁﬁ 659 ntﬂ. Pt gdded thereto, and the organic
but yl (di phenyl)silyl] oxy}nethyl)-cyclopropanol The

laygsniye ﬁﬁ)apﬂfg%ar% prgampe dagar avasorenmved 250 dlﬁg)laﬁms under reduced
di ssolved in DMV 5 (10 nR), and 350ng of i m dazole

prasytire3 @drtheofesidiug e rpakifite ibly-sitiyd gl s0lehh @hiddatography (eluent:
di ssolved in DMF (5 nit) were slowy added dropw se

mﬁtﬂﬁﬁﬁécﬂch%ndgﬂnwebtﬂg?ﬁl @98“%/ Q) Wg@f%ﬁk‘gtﬁgﬂgé 88mpound.

ours at anpl ent terrpe at

di et r C
| aye%ﬁ%ﬁz{:ﬁﬁiig%ﬁﬁgﬁgﬁd@ﬁ%n@é oy, 357 Q1516 (oo
distillation under reduced pressure, and the residue
4. iED: DAY (4 i1E0, HG7 Srsi ma 8844, 1451 Bih% (tc B fedCoigs 3hy-580(d, 1HD),
(eluent: ethyl acetate/n-hexane: 115, v/v) to give
7.280npH)yi el d 5299 of the title conpound. 1H NWR
(CDC13) d 0.39 (t, 1H), 1.03 (dd, 111), 1.08 (s, 9H,

1.52! 7341
Can, WGD@%?@ 1(423 22ka3 436926 5(9051 7311 1%?8 ﬁ"&g(zcx 128.4

26,3876m 10H),

[olp = (4)7.7 (c= 0.013 in CHCly)

ESI: 209 (M+1)+, C12H1603.

Furthermore, the same procedure as the above was conducted by using 1-({[(1S)-
2-methylenecyclopropylJmethoxy}methyl)benzene as a starting material to obtain (18,2R)-
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 (¢= 0.01 in CHCl5).

Preparation 22

L C

Si—0




7.68 (m 411). 13C NWR (CDCI 3) d 16.4, 19.3, 24.2,
26.9 (30, 59.1, 66.6, 69.5, 72.5, 127.5 (2C, 15 :
127.6 (20, 127.8 (40, 128.3 (20, 129.8 (20, 133.2,
Wa3062/02d039- 6 (4C), 138.2. ESI: 447 (M+l) +, Q?E‘?f@@smomz
Furthernore, the same procedure as the above wa
conducted by using (IS, 2R)-2-
[ (benzyl oxy) met hyl ] - 1- (hydr 8&ynet hyl ) cycl opr opanol as
a starting material to obtain 20
(1S, 2R) - 2-[ (benzyl oxy) met hyl ] -1- ({[tert-butyl (di phenyl
)silyl]oxy}methyl)-cyclopropanol, and its NVR dat a
was the sane as the tjtle conpoynd. Preparation 23

%’? %és,is of PC‘I&

2004/35BY6% 54 Synt h E@@%Y)methyll -1-({[tert-
(1R, 2S) - 2-[ (benzyl Jmethyl ]-1-({ [tert
bwd(;iinmmwpmme;hﬁ) -eyelgprenpdnol ) - cycl opr opy!

2-i net hoxyacetate 5 The conmpound prepared in
Preparation 22 (250 ng) was dissolved in
di chl oronet hane (10 n2), and 1.0 nit of TEA

RS i i o
5 (I{OEH}.%‘El by n%})m XHULE cﬁé (51%: gf B‘}%é‘f"f@ ﬁg? Iﬁ Isait ]6%‘;5’ I&ssolve:d
in DMF (5 mf) were slowly added dropwise thereto at 00. The resulting mixture was
stirred for 10 hours at ambient temperature. Water (20 mf) 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
10 (eluent: ethylacetate/n-hexane: 1/5, v/v) to give 280mg (yield 52%) of the title compound.
"H NMR (CDClz) 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).
PC 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.

ESI: 447 (M+1)+, C28H34038i.

Furthermore, the same procedure as the above was conducted by using (1S,2R)-2-
[(benzyloxy)methyl]—1-(hydroxymethyl)cycloproﬁanol as a starting material to obtain
20 (15,ZR)-2-{(benzyloxy)methyl]-1-({[tert-butyl(diphenyl)silylJoxy} methyl)-cyclopropanol,

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

Preparation 23
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10 were added thereto. The organic |ayer therein was
separated and renoved by distillation wunder reduced
pressure, and the residue was purified by a silica gel
waPodsoodahr omat ogr aphy (el uent: et hyl acet at e/ :
115, v/v) to give 200ng (yield 69% of the PR 001932
conpound. "H NWVR (CDCI3) d 0.86 (t, 1H), 1.03 (s, 9H),
1.15 (tt, 1H), 1.57 (m 1H) 543.34 (dd, 15 1H), 3.38
(s, 3H, 3.73 (dd, 1H), 3.85 (d, 211), 3.88 (d, 2H),
4.11 (d, 2H), 4.48 (s, 2H), 7.37 (m I1H), 7.61 (m
4H). 13C NWR (CDCI 3) d 15.7, 19.2, 23.2, 26.8 (30,
59.3, 63.2, 64.2, 68.6, 69.6, 72.6, 127.6 (20, 127.7
(20, 127.8 (40, 128.3 (20, 129.7 (20, 133.3,

133. 4, 6 (4C) 138.2, 169.8. 20 ESI: 519 (Mt1) +,
C31H380 004 64 PCT/ KR2003/ 001932 55

Furt her iy e sa ocedure as the above was

cond e~.- ng (1S, 2R) - 2-

[ (ben DX )rret P-1- ({[tert butyl (di phenyl)silyl]oxy
} met hyI ycl opr panol as a starting material to
obtain \ , 2R) - benzyl oxy)methyl]-1-({[tert 5

butyl(dlphenyI)S|I ]oxy}nethyl) cycl opropyl
2- met hoxyacet at e, and its NVR data was the sane as

28 ST, L e

butyl(diphenyDsilyljoxy} methyl)-cyclopropyl 2-methoxyacetate

The compound prepared in Preparation 22 (250 mg) was dissolved in
dichloromethane (10 mf), and 1.0 m¢ of TEA (triethylamine) and 400mg of 2-
methoxyacetylchloride were slowly added dropwise theretc; at 0C. The resulting mixture
was stirred for 10 hours at ambient temperature. Water (20 md) and diethylether (50 mf) '
were added thgreto. 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 (4, 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 (20), 127.8 (4C), 1283 (2C), 129.7 (2C), 1333, 133.4, 135.6 (4C),

138.2, 169.8.

ESI: 519 (M+1)+, C31H38058i.
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15

(hydr oxymet hyl ) cycl opropyl 2-net hoxyacetate The

conpound prepared in Preparation 23 (200ng) was

di ssolved in nmethanol 15 (20 nit), and 40ng of 10% Pd

W0 Joed/aogsaWas added thereto. The resulting m

reduced w th hydrogen gas under 1 atmfor 24 ?gﬁﬁ?#mﬂ%ounz
The 10% Pd on Carbon (50ng) was further added

thereto, and the resulting mMXxture was additionally

reduced for 24 hours. The Pd on Carbon was renoved by
celite, the residual solution was renoved by

distillation wunder reduced pressure, and the residue

was purified by a silica gel colum WO 20041029064

PCT/ KR2003/ 001932 56 chromat ography (el uent:

et hyl acet at e/ n- hexane: 1/2, v/v) to give 160ng.(yield

089) Burtherporethe sameaRprsiuredes theabeverrscondictyd by Gsidg (1S,2R)-2-
(t, 1H), 1.10 (s, 911), 1.12 (m IH, 1.73 (m 111),

(el methyl)-1- @By (diBhbny DS ford et ~cyaogx|§p a
1FD 3.82 (q, 2H), 3.96 (m 11-1), 4.38 7. 45

6Hmatdia®3 (Mo 4H) obfas : 2@13,2{}@;]21[;% n%%@%?e%@ﬂ 1-({[tert-

Fur ernore, the sane procedure

[ benz on mat h = 1-
S ISR S ob R 41 B B VVIR data was
10 net hoxyacet ate as a starting rmterl aI to obt ain
thejsgmgies the ttlecprppund.
but yl (di phenyl)si 1y1] oxy} nmet hyl ) - 2- (hydr oxynet hyl ) cycl
opropyl 2-methoxyacetate, and its NVR data was the
sane as the title conpound. Preparation 25

Preparation 24

@ on
e

OCH,3

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 mf), 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




15 Synthesis of (1R 2S)-1-({[tert
but yl (di phenyl)silyl]oxy}nethyl)-2-
(bromonet hyl ) cycl opropyl 2-net hoxyacetate WO

wolRGI$3RA64 PCTI KR2003/ 001932 57 The conpounds
in Preparation 24 (150 ng) was dissolved in ﬂ.%ﬂﬁpggm”z

acetonitrile (AN, and 230m% of triphenyl phosphl ne
(PPh3) and 240ng of carbont &t r abr oni de (CBr4) were
slowy added dropwi se thereto at 0 C. The resulting
m xture was stirred for | hours at amnbient
tenperature. Water (20 nt) and-diethylether 5 (50 nR)

g The .o ni. ayer, therei.n '
orE o SIS CHOEE ShSe B PRI 2 on ifdEpRediibiapro of me
ressure, The residue was purified by a silica gel
HHCAOMPRUSE hr omat ogr aphy (el uent : et hyl acet at e/ n- hexane:
1/ 8, v/v) to give 130ng (yield 7699 of the title
conp 3 RBMR 1EDKIAR(OIGLAYEN 10045 9FD, 1.1H{m, TE6.76%m, oH), 3.19 (d,
1.26 (dd, 1H), 1.77 (in, 1H), 3.25 (t, 10 111), 3.39

1H)$3.28 lH),fS 3154(7@9, 33;bl)(dd 3_}§53 éggqé%rb 355 %@ 1@? émf{m), 7.45

4.23
: “%5*3?73%32%]4?%% 115134 iz(iq 261‘2‘4‘§C%2c$f‘ 126.5 (20).
Coa BSRARA QDI CRARS A Sior o, the same procedur o as
t he above was conducted by using (1S, 2R)- 1-
Furthermore, the same procedure as the above was conducted by using (1S,2R)-2-
[(benzyloxy)methyl]—l-({[tert-bu‘ryl(diphenyl)silyl]oxy}methyl)-cyclopropyl 2-
10 memoxyacetate as a  starting materiall to  obtain  (18,2R)-1-({[tert-
butyl(diphenyD)silyl]oxy}methyl)-2-(hydroxymethyl)cyclopropyl 2-methoxyacetate, and its

NMR data was the same as the title compound.

Preparation 25

Q Br
sfgﬂofo

OCH,

15

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

(bromomethyl)cyclopropyl 2-methoxyacetate
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({ [tert-butyl (di phenyl)silyl] oxy}

nmet hyl ) - 2- (hydr oxynet hyl ) cycl opropyl 2-net hoxyacetate.

as a starting material to obtain

WhSu@hsods ([t ert-but yl (di phenyl ) si | y1] oxy} meditlcksiganmoss
(brononet hyl ) cycl opropyl 2-nmethoxyacetate, and Its

data was the sane as the title 20 conpound. WO

2004/ 029064 58 Synthesis of PCT/ KR2003/ 001932

(IR 2R -1-({[tert

butyl (di phenyl)silyl]oxy] methyl)nmethyl cycl opropyl

Z- et hoxyacetate 5 The conpound prepared in

P O B R Wi

The sul g m Xt ure was reduced Wi th drogen gas

AR (43R B2 2EN <Of TREDSTDAZRPEPISR Cfitban £BONZ0me  of
was further added, and the resulting m xture was
carbentetrabremidy (C8tn ceate fsbiwlp 2died depwiteethBrito ain0Car 1e resulting
was renoved by celite, the residual solution was

migtorevesh stivredifoit 1 hbwk ia BmbiREEfembEratu@slu CWQteP gﬁ W i B0y lether

the residue was purified by a silica gel

I /n-h - 1,8
(SU" h%gﬁgdgg&g}?r&& Uﬁﬂf][ odrgglglgﬂ)%f %lﬁegelg tvlp s sgi))(%rhq% 3iif, gémoved by
d.gE}’latloT l&ﬁm }jecl)ugq% preimlf ('ﬂ;}e fegi g %@(sgrgm(ﬁégb g sﬂgaggsyl column
d,IM389d2,414d1H) 7.41 (m 6111),
clnoggtogf@phﬁ@uenggmylam@te(me I@AIHBZOgﬁre 13Qhg (yield 76%) of the

title compound.

'HNMR (CDCl) d 0.95 (t, 1H), 1.06 (s, 9H), 1.26 (dd, 1H), 1.77 (m, 1H), 3.25 (;,
1H), 3.39 (s, 3H), 3.74 (dd, 1H), 3.85 (g, 2H), 3.86 (d, 1H), 4.23 (d, 1H), 7.45 (m, 6H),
7.66 (m, 4 H).

C 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)+, C24H31Br0O48i.

Furthermore, the same procedure as the above was conducted by using (18,2R)-1-
({[tert—butyl(diphenyl)silyl]oxy}methy1)~2-(hydroxymethyl)cyclopropyl 2-methoxyacetate
as a starting material to obtain (18,2R)-1-({[tert-butyl(diphenyl)silyl]oxy}methyl)-2-
(bromomethyl)cyclopropyl 2-methoxyacetate, and its NMR data was the same as the tifle

compound,

Preparation 26
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Furthernore, the same procedure as the above was
conducted by using (1S, 2R -1

({[tert-butyl (di phenyl)silyl]oxy)nethyl)-2-(brononethy
wo ®ygd9fopyl 2- nmethoxyacetate as a starti

material to obtain (1S,25)-1-({[tert- KeTKR20031001932
but yl (di phenyl)silyl]oxy)nmethyl)nmethyl cycl opropyl

2-met hoxyacetate, and its NRR data 20 was the same as
the title conpound. WO 2004/ 029064 PCT/ KR2003/ 001932
59 Preparation 27 Synthesis of

(1R, 2R) - 1-({{tent-butyl (di phenyl)silyl]oxy}nmethyl)-2 5
net hyl opropanol The conpound prepared in

¢ /0

Pr epar n 26 (15nmg) was dissolved in .5 mQ of
amoni a™fi ss ed in methyl alcohol (2Min MeOH), and
t he s—t@n xture was stirred for 10 hours at

anble enper a @ The sol vent was renoved by
di stil on und 10 reduced pressure, and the

reS|du S pur| &l by a silica gel colum
chr omat ogr aphy (eluent: et hyl acet at e/ n- hexane: 1/8,
v/iv) to give 12ng (yield 98% of the title compound.

1H 3) d 0.06 (t, 1Ky 0.88 (dd, 1H), @ _
I\Ml%og;%js)gl—l) 372,(dd|_‘)f 1H) 3(87(dH)| ’legf.{)g—rg-({[tert

8028i
b#@@ﬁﬂﬁw?ﬁiﬂ 2t Dhnestbmalfpl o aliie” o
conducted by using (1S, 2S)-1-
({[tert-butyl (di phenyl)silylfoxy}nethyl)nmethylcyclopro

pyl 2-nethoxy acetate as a startin
The compound prepared in Preparation 25 (120mg) was dissolved in methanol

(20 md), 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 (vield 79%) of the title compound.

'H NMR (CDCl3) 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).

ESL: 413 (M+1)+, C24H32045i.

Furthermore, the same procedure as the above was conducted by using (18,2R)-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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material to obtain
(1S,29)-1-({[tert-butyl (di phenyl)silyl]oxy}nethyl) -2-
nmet hyl cycl opropanol, and its NVMR data was the sane as

wdeolkbishg conpound. 20 WO 2004/ 029064 PCT/KR2003/601932
PCTI KR2003/ 001932 60 Preparation 28 Synthesis of
di i sopr opyl

{[(1IR, 2R)-1-({[tert- butyl(dﬁghenyl)5|IyIJoxy}nethyI)
5 2-met hyl cycl opropyl ] oxy} net hyl phosphonat e The
conmpound prepared in Preparation 27 (9ng) was

di ssolved in 0.5 n$ of dinethylfornmam de( DMF)
So'“ﬁh%? % |ch 17.0nmg of dii sopropyl

br ono ﬁy pﬁosphonate was di ssol ved, and 5ng of
[ithium odide (Lil) was added thereto. 10 The lithium
t-butoxide (Li &XBu) solution (0.11 ng) that 800ng of
l'ithiumi:butoxide was dissolved in 10 in of THE and

10 nit was slowy added at 60-65 1C to the
above s in which the compound was dissol ved.

The r ting xture was stirred for 10 hours at_the
same t ure The sol ution was cool ed to anbi ent

tenper , and water (5 m2) and diethylether (50
[ flded thereto. The organic l|layer therein 15
was separated and renoved by distillation under
reduced pressure. The residue was purified by a

Zi L'yf%ﬂ%f e n- rBane: PRS- TRRert Butiinbenshsipypapmetinn 2-
:qg he ti glsg g(lmpound WO 2004/ 029064

The compound prepared in Preparation 26 (15mg) was dissolved in 5 mé 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 (CDCls) d 0.06 (t, 1H), 0.88 (dd, 1H), 0.98 (d, 3H), 1.09 (s, 9H), 3.74 (dd,
1H), 3.87 (d, 1H), 7.42 (m, 6H), 7.71 (m, 4 H).

ESL 341 (M+1)+, C21H2802Si.

Furthermore, the same procedure as the above was conducted by using (18,28)-1-
( {[tert-butyl(diphenyl)silyl]oxy}methyl)methylcyclopropyl 2-methoxy acetate ag a starting
material to obtain (18,28)-1-({[tert-butyl(diphenylsilylJoxy} methyl)-2-

methylcyclopropanol, and its NMR data was the same as the title compound.
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"H NWR (CDC13) d 0.11 (t, 1H), 0.93 (m 1H), 0.97 (d,

3H), 1.04 (s, 9H), 1.26 (d, 6H), 1.29 (d, 6H), 3.68

(d, 1H), 3.96 (d, 2H), 3.99 (d, 1H), 4.72 (m 2H),

WO 46b4fongods 61-1), 7.66(m4H). ESI: 519 (M-1) +pcrkRr2003/001932

C28H43BPSI . 5 Furthernore, the sane procedure as the

above was conducted by using, (1S, 2S)-1-

({[tertbutyl (di phenyl)silyl ]QQ(y} nmet hyl ) - 2- met hyl cycl op

ropanol as a starting material to obtain diisopropyl
(1

S, 25)-1-({[tert-butyl (di phenyl)silyl]oxy}nethyl)-2-

net h yl ] oxy} met hyl phosphonate, and its NWR

d tawv\r/%ég% egggms as the title 10 conpound.

Preparation 29 15 Synthesis of diisopropyl

{[(1R, 2R) - 1- (hydr oxynet hyl ) - 2-

met hyl cycl opr opy| ] oxy} met hyl phosphonat e The conpound

prepare |n Prepa on 28 (7ng) was dissolved in 1 nmQ
of met hy®S al ohéL nd 5ng of ammonium fl uoride
(NH4AF) ma ed t reto. The resulting 20 m xture was
reflu uhder ing for 4 hours. Al cohol was

r emo stlllatlon under reduced pressure, and
the re mas purified by a silica gel colum WO
2004/ 02 IKR20031001932 62 chromat ogr aphy

(el uent: = al cohol / di chl oronet hane: 5195, v/v) to

give 3ng (yield 85% of the title conpound.
Synthesis of diisopropyl {[(1R,2R)-1-({[tert-butyl(diphenyDsilyljoxy}methyl)-

2-methylcyclopropylloxy}methylphosphonate

The compound prepared in Preparation 27 (9mg) was dissolve& in 0.5 mf of
dimethylformamide(DMF)  solution, in  which 17.0mg of diisopropyl
bromomethylphosphonate was dissolved, and 5mg of lithiumiodide (LiI) was added thereto.
The lithium t-butoxide (LiOtBu) solution (0.11 mé) that 800mg of lithium t-butoxide was
dissolved in 10 mé of THF and 10 ¢ 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 solutipn was cooled to ambient temperature,
and water (5 ml) 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 column chromatography (eluent: ethylacetate/n-hexane: 1/4, v/v) to

give 8mg (yield 65%) of the title compound.
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"H NWR (CDC13) d 0.23 (t, 1H), 0.95 (m 1H), 1.13 (d,
3H), 1.30 (d, 12H), 3.60 (d, 1H), 3.83 (d, 2H), 3.96
(d, 1H), 4.00 (s, 1H), 4.78 (m 2H). 5 ESI: 281
wWdkobaz006812H2505P. The retention tine of the ReABOWIH01932
t hus obtai ned was neasured after inducing according

to the sane procedure as the6 conpound i nduced to

neasure the optical purity i Preparation 18. The

value was 14 mnutes (0.9 n2/m n, Hexane:lsopropanol,
95:5), the 10 sane as that of the conpound induced
fromthe conpound [the conpound (13b) in Reaction

Sch '
cherter R TIRCHf 081 (f D5 Oﬁ?’gﬁggﬁﬂ 018 (d, B, SHs, 9m), 1.26 (4,

absol ute config ound

(t3g - (G, u (13 i n_Reaction
AL G, LR PR an S Se i osi e 0, rrian ity A ém. 61D,
the sape procedure as the above was conducted by using
T80{@epHpyl  {[(1 S, 2S)-1-({ [tert-butyl (di phenyl) '
silyl] oxy}nmethyl)-2-nethylcycl opropyl] oxy)
met hyE§Ehsionivbiriat,eC28814a08P8ic t i ng material to obtain
di i sopropyl {[(IS, 2S)-1-
(hydr oxymet hyl ) - 2- met hyl cycl opr opyl ] oxy} net hyl phosphon
ate, and its NVR data was the same as the title
conp T retention.tine.of .the conpound S .
moast AR 6 S RN 5 AR R o GoANeied Rigsing (15.25)-1-
rocedyre as the _conpound, induced to neasure the '
( ‘ﬁftw{dmﬁﬂ’%@ﬂ%W&a})a%m@ﬂlymglomemé|aaea glaging Inaterial to
m nutes (0.9 m/mn, Hexane:lsopropanol, 95:5), the
objgite as tdisopwbylt he cofffts2e)-i-Oifitectentyl(diphehitiile wBghyT)-2-
[the conpound (13a) in Reaction Schenme 3]. Therefore,

ethyRyel AsthyPRoHANRuADRA  iH | | -
mv%Jy 230%%%%3@ PCT?'%R% 03/ ct)dtl%gzlﬁalgm%h Wi A B the title

compound.

Preparation 29

HG q,o_<
£ ~3

HO

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

methylcyclopropyljoxy}methylphosphonate

The compound prepared in Preparation 28 (7mg) was dissolved in 1 mf of methyl
alcohol, and 5mg of ammonium fluoride (NH,F) was added thersto. The resulting
mixture was refluxed under heating for 4 hours. Alcoho! was removed by distillation

under reduced pressure, and the residue was purified by a silica gel column
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the conpound [[(+)-trans-isoner, the conpound (13a) in
Reacti on Schenme 3] prepared in Preparation 18. Exanple
15 d Resolution Chiral Colum (+)-trans + (-)-trans
wenantoemeer -enantiomer (5b-1) (5c-2) Resol ut peRk®boos/no1932
di i sopropyl

({(t)-trans-I-[(2-am no-6-ch] oro-9H purine-9
yI)nethyI]-Z-nethyIcycloproﬁ?l} oxy) met hyl ph osphonat 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 isoner.

5 - e ' I p ration 1 . .

bty RGN ARIRAR AR ST B hnk

hr omat agr aph | uent: hexane/isopropyl al cohol =
Sé%ﬁﬁggegﬁﬁg%ﬁhél'a chiral colum (Trade nane: chiral

pak AD, provided by DAl CEL Chem cal Industries, Ltd.)

t o 151 0BdRI(6DEL A 026 (hg EDf 0.95-fmyt EPn1d6d,388) 1.86 Glye2H), 3.60 (d,
dii sopropyl ({(lI S, 2S)-1-[(2-am no-6-chloro
18)3@3r({dNeHP 396 4.96 &, WH}, ayt hapr opyl } oxy) met hyl p
Egigphéﬁatég(CDE%Eﬁ2%34)a;ﬁgj{)ﬁ?¥gn§?optical i somer

and L [ activity (specific
rota??%ﬁ?ﬁ?ﬂghiéfF%ngpggher (5b-1) resolved 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 né/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 haé 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,ZS)-I-({[tert~butyl(diphenyl)silyl]oxy}methyl)-2-methylcyclopropy1]oxy}
methylphosphonate as a starting material to obtain diisopropyl {[(1S,28)-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 wé/min, Hexane:Isopropanol,
95:5), the same as that of the compound induced from the compound [the compound (132)

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




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

in CHC13), and the optical isoner (5c-1) resolved in

the back (Retention tine: 9.2 minutes) was [a] D=

W0 bo26bsa( c=1. 92 in CHCL3). Exanple 2 5 OH HE:-P&RR2003901932
Synt hesi s of
(((1S,2S)-1-[(2-am no- 6- hydr oxy- 9H puri ne-9-yl) net hyl |

- 2- nEthyIcycIopropyl}oxy)né?hylphosphonic acid
(Conpound 1) 10 (+)-Trans-optical isomer (40ny)

resolved in Exanple 1 was dissolved in 8 mQ of

di chl or onet hane, and 285ng of trinethylsilylbromde

r dded thereto to flux £or .4 urs. .

o P I ROt I Prtrdnd Mrel o S 2 prepced in

to obtain a solid. The resulting solid was dissol ved
Preparptigq® (10 ne) 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

was solidified fromnmethanol/ether (10/1) to obtain

25. ApRtafplee] d 83% of the title conpound as white

solid. [a]D= (+)18.93 (¢=0.66 in MOH) 1H NVR( MeCH d4)

50.71 (t, 1H), 1.13 (dd, 1H), 1.18 (d, 3H), 1.45 (m

° 1M, 3.81 (dd. 111), 3.98 (dd, 1H), 4. 43 (d, 1H), 4.70
(d, 1H), 9.1%8 (s, IH).
N
¢T Y
el
H,C .
Resolution
° —_— (+)-trans +  (-)-trans
o-P=0 Chiral Column -enantiomer -enantiomer
_._< a (5b-1) (5¢-2)
Resolution of diisopropyl ({(z)-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 (+)-frans-optical isomer and (-)-trans-optical isomer. (&)-Trans-
racemate (50mg) obtained from Preparation 11 was passed through High performance
liquid chromatogréphy (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 ({(18,28)-1-[(2-amino-6-chloro-
9H-purine-9-yhmethyl]-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 [a]p =




WO 2004/ 029064 65 ESI: 330 (M+l), Cl1H1I6N506P Exanpl e

3 5 NH2 Resol ution Chiral Colum PCT/ KR2003/ 001932
(+)-trans + (-)-trans. -enantiomer -enantioner (5b-4)
Vocouyo2pesdol uti on of dii sopropyl PCT/KR2003/001932
({()-trans-1-[(2-am no-6-chl oro-9H puri ne- 9-

yl)methyl ]-2-ethyl cycl opropygg oxy) nmet hyl phosphon ate

As described in the above Reaction Scheme 2, racemates
were resolved by a chiral 10 colum to obtain
(+)-trans-optical isonmer and (-)-trans-optical isomer.
(:L)-Trans racenmate (50 ng) obtained from Preparation

(A8 6/3(cPa 3 OCHTLP UG the Gtickekb@ENBBAY resbived ifithe back (Retention
Chr omat ogr aphy (el uent: hexane/i sopropyl al cohol =

. ' . 8 ol - rade name: chiral
t%gig%ntn Ber&gg‘iv%le[%{ﬂoy( Bﬁ[i@f ]ngﬁu(g%?g}(ndust ries, Ltd.)
to obtain each 20 ng of (+)-trans-optical isoner,

di i sopropyl ({(1S,2S)-I-[(2-am no-6-chloro 15
OH- paﬁ%n{gﬁ%-&/l ) met hyl ] - 2- et hyl cycl opr opyl } oxy) met hyl ph

osphona npound 35) (5b-
]
OH
N
ap
N N';,\NH
Hac\D‘Z
o
HO—P=0
HO
Synthesis  of  ({(1S,28)-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 mé 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 m{) 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

(44, 1H), 3.98 (dd, 1H), 4.43 (d, 1H), 4.70 (d, 1H), 9.18 (s, 1H).
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4) and (-)-trans-optical isomer (5c-4) and neasure
their optical activity (specific rotation). The
optical isomer resolved in the front (Retention tine :
%@Wges) was [a]n= (+)14.1 WO 2004/ 029064 66 _
893/ 001932 (c=7.37 in CHC13), and the BRTER3§03/001932
i soner resolved in the back (Retention tinme: 27
m nutes) was [a]j) = (-) 14.& (c=4.13 in CHC13).
Exanmple 4 5 OH HO-P=O HO (+)-trans-optical isoner
Synt hesi s of ' ,
({(1S,2S)-1-[(2-am no- 6- hydr oxy- 9H puri ne-9-yl ) net hyl |
-2- et hyl cycl opropyl } oxy) net hyl phosphoni ¢ aci d
(Conpﬁﬁﬁéﬁwﬂh lﬁlﬁlﬁ%&ﬁi optical isomer (40 ng)
resolved in Exanple 3 was reacted according to the
sane procedure as Exanple 2 to obtain 25.0 ng of the
title conpound as white solid. [a]D= (+)14.06 (c=0.32
i n MeExpmpld NVR( MeOH-d4) 50.76 (t, IH), 1.03 (t, 3H),
1.10 (m 1H, 1.38 (m 11-1), 1.47 (m 2H), 3.80 (dd,
1H), 3.98 (dd, 1H), 4.33 (d, 1H), 4.75 (d, 1H), 9.20
(s, 1H). 1|5 ESI: 344 (Mm+l), C121J18N505P Exanple 5

N x
Q| N
<“ NJ\NH,

H,C o Resolution

(+)Hrans + (-)-trans
o-p=0 Chiral Column -enantiomer -enantiomer

(
7 _ (5b-4) (5c-4)
~% _

Resolution of diisopropyl ({(x)-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
columﬁ (Trade name: chiral pak AD, provided by DAICEL Chemical Industries, Ltd.) to
obtain each 20 mg of (+)-trans-optical isomer, diisopropyl ( {(18,25)-1-[(2~amino-6-chloro-
SH-purine-9-yl)methyl]-2-ethylcyclopropyl} oxy)methylphosphonate (Compound 35) (5b-
4) and (-)-trans-optical isomer (5¢-4) and measure their optical activit'y (specific rotation).

The optical isomer resolved in the front (Retention time : 24 minutes) was falp= (+)14.1




WD 2004/ 029064 67 HO P=0 HO PCT/ KR2003/ 001932
Synthesis of ({(IS, 2S)-1-[(2-am no-9H purine-9
yl)methyl]-2 neth, yl cycl opropyl } oxy) met hyl phosphoni c

id ound 2) 5 (+)-Optical isoner (5b-1, 1.8
g?@gé&%n Exanmpl e 1 was di ssolved in 20 ni B@T/K%ms/aowsz
nmet hanol, 0.46g of triethylam ne (TEA) and 0. 18g of
10% Pd on C were added there¢®, and the resulting
m xture was reduced in hydrogen (1 atm) at 25 1C for
18 hours. The reactant was passed through cellite to
renove Pd, and the obtained filtrate was distillated
under reduced pressure to obtain the desired
=t 0oty JeHPhbiand deraptigeli isempm rezolged yi dhel badlO (Rétention time: 27
NVR( CDC13) 50.37 (t, 111), 0.96 (in,, 1H), 1.00 (d,
Bidhtes)was 6= LK.2 @=443m CHCH)., 3.79 (m 2H), 21 (dd,
2H), 4.51 (m 2H), 5.27 (brs, 2H), 8.01 (s, 111), 8.50
(s, 1H). The obtai ned 6-di oxyguani di ne derivative
(1.8g) above was reacted according to the sane
pr oceHunhgpRY Exanple 2 to obtain 1.3 g of the title
compound ?yi eld 100% . 15 1H NWVR(MeOH d4) 80.63 (t,

5 111), 1.05 (dd, 1H), 1.20 (d, 3H), 1.43 (m 1H), 3.80
(in, 1H, 3.98(&}11 1H), 4.47 (d, 111), 4.63 (d, 1H),
8.30 (s, 111), B.80 (s, 1H). Exanple 6 WD 2004/ 029064
PCTlKRZOOSi}S X 68

N

N¢kr~u-|2

H,C 5

HO—P=0
HO (+)-trans-optical isomer -

Synthesis  of ({(18,28)-1-{(2-amino-6-hydroxy-9H-purine-9-yf)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.
[o]p=(+)14.06 {c=0.32 in MeOH)
'H NMR(MeOH-d4) 80.76 (¢, 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 ESE 344 (M+1), C12H18N505P

Example 5
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C HO- P=0 HO Synt hesis of

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

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

\U‘@)zooﬁmﬁsfﬁ Optical isomer (5b-4, 400ny) preparlgtdr 003/001932
Exanpl e was reacted according to the sanme procedure

as Exanple 5 to obtain 270ng of the title conpound. 'H

NVR( MeOH d4) 50.71 (t, 1H), 6¥.10 (t, 3H), 1.12 (m

1H, 1.37 (m 1H, 1.50 (m 2H), 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 Exanple 7 HO--P= O HO Synt hesi s of

({(1S, 2S) - &= -am no- 9H puri ne-9-yl ) et hyl ] -2

propyl cycl(/op Jopyl } oxy) met hyl phosphoni ¢ acid (Conpound

64 69 PCT/ KR20031001932 The

conpound (2p0Ongy) prepared in Preparation 15 was

reactg ording to the same procedure as Exanple 5

to obtain 1 ng of

({()-trans-¢ -[ (2-am no-9H puri ne- 9-

yl) met hyl =r opyl cycl opropyl } oxy) net hyl phosphoni ¢

aci d ( Conpgind  39) .

Synthesis of ({(15,28)-1-[(2-amino-9H-purine-9-yHmethyl]-2-

methylcyclopropyl}oxy)methylphosphonic acid (Compound 2)

(+)-Optical isomer (5b-1, 1.8g) prepared in Example 1 was dissolved in 20 mf 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 25C for 18 hours. The
reactant was passed through cellite fo remove Pd, and the obtained filtrate was distillated
under reduced pressure to obtain the desired 6-dioxyguanidine derivative in 100% vield.

'H NMR(CDCls) 80.37 (t, 1H), 0.96 (m, 1H), 1.00 (d, 3H), 1.12(ra, 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) 50.63 (t, 1H), 1.05 (dd, 1H), 1.20 (d, 3H), 1.43 (m, 1H), 3.80

(m, 1H), 3.98 (m, 1H), 4.47 (4, 1H), 4.63 (d, 1H), 8.30 (s, 1H), 8.80 (s, LH).

Example 6



"H NVR(MeOH-d4) 80.71 (t, IH), 0.96 (t, 3H), 1.10 (m
1H) 1.43 (m 3H), 1.47 5 (m 2H), 3.78 (m 1H), 4.01
(m 1H), 4.26 (d, 1H), 4.71 (d, 1H), 8.68 (s, 1H),

H). Thereafter, the compound thus jne
V§OZ()AD4é§98F4\1/ed accordi ng to the sane procedur gpb(%@(ﬂzogsmewsz
Exanple | to obtain the title conpound. 10 Exanple 8
OH K HOP=O | HO Synthesisgof ({(I
S, 2S)-1-[(2-am no- 6- hydroxy-9H purine-9-yl ) net hyl) - 2-
propyl cycl opr opyl } oxy) met hyl phosphoni ¢ aci d (Conpound
23) 15 The conpound (150 ng) prepared in Preparation
15 was reacted accordl ng to the sane procedure as
Exanpl e 2 t? n 110 ng of
({(f)-transy am no- 6 hydr oxy-9H

puri ne- 9- yI ) -22 propyl cycl opr opyl } oxy) net hyl phos
phonl Corrpound 40). 1H NMR(MeOH d4) 80.74 (t,
114) ts 3H, 1.11 (m 1H), 1.42 (m 5H), 3.79

20{mIH) 96(m 1H), 4.32 (d, 1H), 4.75 (d, 1H),
9.17(s, 1H)o- ﬁAQ2004/ 029064 PCT/ KR2003/ 001932 70
Ther eafter,yd he conpound thus obtai ned was resol ved
accordi ng to the sane

Synthesis of ({(15,25)-1-[(2-amino-9H-purine-9-yl)methyl}-2-

ethyleyclopropyl}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) 80.71 (t, 1), 1.10 ¢t, 3H), 1.12 (m, 1H), 1.37 (m, 1H), 1.50

(m, 2H), 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
<IN
-

H.C

HO—P=0

Synthesis of ({(18,28)-1-[(2-amino-9H-purine-9-yl)methyl}-2-
propyleyclopropyl}oxy)methylphosphonic acid (Compound 24)

15



procedure as Exanple 1 to obtain the title conpound. 5
Exanple 9 C HO--P=Q HO Synt hesi s of _
({(1S,2S)-1-1(6-am no-9H purine-9-yl)methyl]-2 10 15

YWOFHI @Y opr opyl } oxy) met hyl phosphoni ¢ aci d PCHEBICNIH01932
26) . The conpound (35 ng) prepared in Preparation 16

was di ssolved in 10 Mof dighl oronmet hane, and 280ny

of trimethylsilylbromde (TVSBr) was added thereto to
reflux for 4 hours. Dichloronethane was distilled

under reduced pressure to obtain a solid. The

resulting solid was recrystallized i n*nmet hanol / et her

(10/ 1)The compdaid (2@Bng)threfared #(Brepaiftive- 15 WeHreabled dc@iling to the
purine-9-yl)nmethyl]-2-propyl cycl opropyl } oxy)

S o gt (PR Y L Tl
bt ety 4y sy Sl bibingy

8.56 (s, | HzM WD 20041029064 PCT/ KR2003/ 001932 71
Ther edf PBYROVHEE4 PO ih . LHUD-Wbita3 e d. Mes, 18,0142 ¢n, 3H), 1.47

according to the same procedure as Exanple | to

5 (ah2H)sB. Then, (D) £0CENUEDNMI26 (d, 1H), 4.71 (d, 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.

10 Example 8
OH
-~
¢ )
N N4|\NH2
H,C
(O
HO—;P:O
HO

Synthesis  of ({(2S,28)-1-[(2-amino-6-hydroxy-9H-purine-9-yl)methyl}-2-
propylcyclopropyl}oxy)methylphosphonic acid (Compound 23)
15
The compound (150 mg) prepared in Preparation 15 was reacted according to the
same procedure as Example 2 to obtain 110 mg of ({()-trans-1-[(2-amino-6-hydroxy-9H-
purine-9-yl)methyl]-2-propyleyclopropyl} oxy)methyiphosphonic acid (Compound 40).
'H NMR(MeOH-d4) 80.74 (t, 1H), 0.96 (, 3H), 1.11 (m, 1H), 1.42 (m, 5H), 3.79

20 (m, 1H), 3.96 (m, 1H), 4.32 (4, 1H), 4.75 (d, 1K), 9.17(s, 1H).




Exanple 10 5 C HO-P=O If HO Synthesis of

({(I'S, 2S)-1-[(6-am no-9H puri ne-9-yl)nethyl]-2-

et hyl cycl opr opyl } oxy) net hyl phosphoni ¢ acid (Conpound

14! 10 The conpound (40ng) prepared in Preparation 14
04/@8%ted according to the same procedur e P&3/KR2003/001932

Exanple 9 to obtain 25 ng of

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

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

acid (Conpound 42). "H NVR(MeOHd4) 50.69 (t, 114),

1.02 (t, 3H, 1.03 (m 111), 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). 15 Thereafter,

the TR de @R BEE M P YSPLRR SBrER potte same
proQIIRAURA% xaf b AP @bthin 8 iWPaHPH229064 72 Ove

5 Example 9

Synthesis of ({(18,25)-1-[(6-amino-9H-purine-9-y)methyl}-2-
propylcyclopropyl}oxy) methylphosphonic acid (Compound 26)
10
The compound (35 mg) prepared in Preparation 16 was dissolved in 10 mf of
dichloromethane, and 280mg of trimethylsilylbromide (TMSRr) 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-SH-purine-9-yl)methyl]-2-propylcyclopropyl}oxy)
methylphosphonic acid (Compound 41) as white solid.
"H NMR (MeOH-d4) 50.69 (t, 1H), 0.97 (t, 3H), 1.07 (m, 1H), 1.41 (m, 3H), 1.47

(o, 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).



10

i5

20

S H2 C HO-P=O HO PCT/ KR2003/ 001932 Synt hesi s of
[{(1S, 25)-1-(2-am no- 6-[ (4- met hoxyphenyl ) sul fanyl ] - 9H
puri ne-

-yl l')-2-ethyl cycl opropyl } oxy] net hyl phosphoni
'§E¥@&%%%%%ound 15) 5 6- Chl or oguani di ne derivat"EV@‘“‘zomm1932
(48ng) of the conpound prepared in Preparation 13 was
di ssolved in 9 in, of ethanolr1 and 140ng of
triethylam ne and 290ng of 4- net hoxythiocresole were
added thereto. The resulting m xture was reacted under
the reflux condition for 24 hours, and the reaction

was c db of water. . The reactant
vas diCEier gy O RSB 188y TeBea PR oot e same
PRECRAOAS, 3@9% ctant was extracted
W t h di crﬁ: or hﬁggteaﬁ{aﬂr%ln?ﬁg Iz{n?ﬁlgctl ng |iquid was
renoved by distilling under reduced pressure. The
residue was purified by a silica gel colum to obtain
the c [ 40nmg), guani ne of which 6-position was
subst ?{%%ﬂ‘{/ 4- met hoxyphenylthio. "H NVR(CDC13)
50.51 (t, 1H), 0.97 (t, 3H), 1.15 (m 1H), 1.24(d,
6H), 1.27(d 6H), 15 1.40 (m 3H), 3.80 (m 2H), 3.80
(s, 3H, 4. 12 (MHAH), 4.37 (d, |H), 4.68 (m 211),
4.78 (brs, - 93 (m 111), 7.19 (m 21), 7.28 (m
2H), 8.04 (4’ HLJ WO 2004/ 029064 PCT/ KR2003/ 001932

H,C™ Y,
HO=pP=0
HO
Synthesis  of ({(18,28)-1-[(6-amino-9H-purine-9-yl)methyl}-2-

ethyleyclopropyl}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 ({()-trans-1-[(6-amino-9H-purine-9-
yDmethyl]-2-ethylcyclopropyl}oxy) methylphosphonic acid (Compound 42),

"H NMR(MeOH-d4) 50.69 (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), 8.5 (s, 1H).

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

procedure as Example 1 to obtain the title compound.

Example 11



10

i5

73 The resulting conmpound (40ng) was reacted according
to the sane procedure as Exanple 9 to obtain 25 ng of
[{()-trans-1-({2-anui no-6-[ (4-methoxyphenyl)sul fanyl]-
VOH2004/029064 PCT/KR2003/001932
purine-9-yi }met hyl)-2-ethyl cycl opropyl } oxy] net hyl phosp
honi ¢ acid (Conpound 43). 1HiiIWR( MeOH d4) 50.63 (t,

111), 0.93 (t, 3H), 1.03 (m 111), 1.35 (m 1H), 1.38
5(m 2H, 3.20 (m 1H), 3.70 (m 111), 3.89 (m 2H),
4.24 (m 1H), 4.70 (m 1H), 7.03 (d, 111), 7.14 (m

2H, 7.32 (m 111), 8.98 (s, 1H). Thereafter, the

conmpound t hus obt g Me&s resol ved according to the
same procedure a anple | to obtain the title
conpound. 10 Ex8& 12 0 a-\o® ofo O Synthesis of (1
S, 25)-3-[({Ix -am no-9H purine-9-yl)nethylj-2- 15
nethylcyclo@r pﬁT oxy) met hyl ] - 8, 8-di net hyl - 3, 7- di oxo- 2
, 4, 6-trioxans) hanon- 1-yl- pival ate (Conpound
6) The conmpouynd (600my) prepared in Exanple 5 was
added t | of 1-nethyl-2- pyrrolidinone. The

m xt u was heated to 60-C and stirred for 30 m nutes.
To the 20 rex{ulti ng reactant, 0.58g of triethylam ne
and 0. 86g vb—pHabd or onet hyl pi val ate were added WO

2004/ 029064HECT/ KR2003/ 001932

Synthesis of [{(IS,ZS)-I-({Z-amino-ﬁ—[(4-methoxyphenyl)sulfanyl]—9H—purine—

9-ylymethyl)-2-ethylcyclopropyloxylmethylphosphoric acid (Compound 15)

6-Chloroguanidine derivative (48mg) of the compound prepared in Preparation 13
was dissolved in 9 m{ 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(CDCL) §0.51 (t, 1H), 0.97 (t, 3HD), 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 (4, 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).



74 and the resulting mxture was stirred for 27 hours.
The reactant was extracted with ethylacetate after
lowering its tenperature to 201C and conpl eting the
y adding 20 m of water. The react

vgllsgﬁ"ll ?Baglpunder reduced pressure to renove th?EEIMA@%03]0019'3'2
extracting liquid. The residue was purified by a
silica gel colum chromatogr@phy to 5 obtain 250ng
(yield 24% of the title conpound. [a]D =
(+)20. 57(C=2.04 in CHC13) 'H NMR(CDC13) 50.52 (t, IH,

.16 (m IH) 1 17 (d 311) 1 20(s, 18H), 1.41 (m
IH) (m , 4.00 (brs, 2H), 5.64
(m 4'£helsesu19n@ sor(lﬁounﬂmﬁOmsi e’gs (@ctei HpcordmgEip Ahg banel grocedure as
J", Synthesis of
ROpIES) Lot 05 sugm 063 yoms-be( i ipinoy-dinyht fohoh Ruiny )98-
i no-

iR 9@1&&@1@%%&;&5%25(% ousmi(aﬁ& B H‘g@%ﬁp{g@% %3).

phonate (Conpou

in Ex 01 \/
yr r om@lm eflgn&g%g ﬁ&éﬁgﬁéﬁl}éﬂqtdg’ Jé%z'@)aMS (m, 1H), 1.38
| utes. . To the resulting reactant
5 G 880 570 (s B e FRn 58 (30424 (o L), 270 (m, 16D, 703 4
chI or onet hyl i sopropyl carbonate were added and the
EBsU14 (@i %82 (e, 1id)s 898i(s,11&Y. f or 3 hours. The
reactant was extracted WO 2004/ 029064 75
PCT/ KR20031001932

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

procedure as Example 1 to obtain the title compound.

10

Example 12

&YNH
H C\DZO_\ g /’ jﬁ<

Synthesis of (18,28)-3-[({1-[(2-amino-9H-purine-9-yl) methyl]-2-
15 methylcycloprt)pyl}oxy)methyl]-8,8-dimethyl-3,7-dioxo-2,4,6—trioxa—3k5-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 60°C and stirred for 30 minutes. To the

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



10

15

with ethylacetate after lowering its tenperature to

20C and conpleting the reaction by adding 20 m of

wat er. The reactant was distilled under reduced
woessmwe®et 0 renove the extracting liquid. ThecwrRRdEE01932
was purified by a silica gel colum chromatography to
obtain 270ng (yield 16% of Jijge title conpound. 5

[aJu= (+)20.48(c=1.14 in CHCL13) 'H NWVR(CDC13) 60. 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 411), 8.05 (s, 1H), 8.69

RS Gyl FIRER, Far o hr 27 Bodls ROV B B win
PSP, P dowtine i EPRFEBIOA0 8 Rl thogessing by adding

I a@ 7-di oxo-2,4,6- trioxa-3), 5-
%}1 pcafnzy,a,te}_ yrhep iTeagtaat avap @%@gn@@; rqdiced pressure to remove the
6- Chl or oguani di ne derivative (48ng), the (+)-optical
éxtractirg BquithouTts: yesidpames pufificdElspapdiBical gelVmet sEetEraphy to
in 9 n2 of ethanol, and 140 ng of triethyl am ne and

ARBHYS0RE (AelaRERY Sy b laC bR der € added thereto. The
resultirgég(y?n@ xturg was 1react ec‘fsunder t he WD 20041029064

PCT/ KRA003413859822 69 in criC1)

"H NMR(CDCls) 80.52 (t, 1H), 1.16 (m, 1H), 1.17 (d, 350, 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

H,C s © 0

o~d I
,P’—o/\o)Lo
o

Y

Synthesis of (1S,2S)-bis{[(isopropoxycarbonyl)oxylmethyl}({1-[(2-2mino-9H-

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

The compound (0.98g) prepared in Example 5 was added to 5 mé 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



reflux condition for 24 hours, and the reaction was

conpl eted by adding 20 M of water. The reactant was

distilled under reduced pressure to renove nethanol,
reactant was extracted with

istilled
‘gﬁgﬂ'f‘@ﬁgo thane and the extracting |iquid was BCERERAIER/001932

by distilling under reduced pressure. The residue was
purified by a silica gel colgsn to 5 obtain the

compound, guani ne of which 6-position was substituted

by 4- met hoxyphenylthio. The resulting conmpound (40

ng) was reacted according to the sanme procedure as

Exanpl e 9 to obtain, phosphonic acid derivative (32

Wi ethylaceiate  afler Joyaung)its %mps_ams@ws Criaad abopleting the reaction by
conmpound (30ngy) was reacted according to the sane

adding @durleofiwatefox afhplreactsht twas glistidled Mﬂtbdﬂc@d Bureto femove the
the title compound. [a] D= (+)13.75(c=2.36 in CHCL3)

exﬁ'aé;h%zﬁcgwl 3?111(3?1%21)@@6 (nta% Fkﬁ)ﬂm:dq%eg ﬁj&jl%ﬂ {:iih?%lc%forgl%graph}’ to
?Hﬁz?%%&%%dl%ﬁof&%ﬂaﬂmo : 7 32 (m 111), "8 08
. t 1.12 1 1.13 (d,
° 3|4) fbln—i)e)@ﬂﬂ8@sh§l4lq09§l()m 1H), ms 82"(3, 3H),( 3. 90
(dd, 1H), 3.98 (dd, 1H), 4.25 (q, 2H), 4.76 (brs,
2H), 5 BMR(ED@I)10,496¢.981Y 0.157H) 1HY,. 1566 (dd3HRH)29(R; P, 1.45 (m
(s, 1IT). 20 Conparative Exanple | WO 2004/ 0290 4’77
1H), 3.97 (dd, 1H), 4.05 (d4, 1H), 4.30 (g, 2H), 4.90 (m, 2F), 4.62 (m, 4H), 8.05 (s, 1H),

8.69 (s, 1H).

10 Example 14
' OMe

s

{YNH
H C\DZO_\ g l’ j)w<

Synthesis of (IS,ZS)-B-{[(1-{[2-amino~6—(4-mefhoxyphenylthio)-9H—purine—9-
y]]methyl}~2-methylcyclopropyl)oxy]methyl}-8,8-dimethyl-3,7-dioxo-2,4,6— trioxa-3)>-
phospanon-1-yl-pivalate (Compound 8)

15

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




10

15

20

OH HO P=O HO PCT/ KR2003/ 001932 Synt hesi s of
{(-)-trans-1-[(2-am no-6- hydroxy-9H puri ne-9-yl) net hyl

]1-2 nEthyIcycIopropyl}oxy)nEthyIphosphonic acid

\& n(?ound 36) 5 (-)-Trans-optical isoner (40 gg% _
B2004PeWS4 n Exanpl e 1 was reacted according tBCTKR003/001932

sane procedure as Exanple 2 to obtain 20.1 ng (yield

80% of the title conpound agg white solid. [a] D=

(-)20.19 (c=1.21 in McOH) 'H NVR(MeOH d4) 50.71 (t,

1H, 1.13 (dd, 111), 1.18 (d, 3H), 1.45 (m 1H), 3.81

10 (dd, 11-1), 3.98 (dd, 1H), 4.43 (d, 1H), 4.70 (d,

1H), 9.18 (s, 111). ESI: 330 (Mm+1l), CllIHL6N505P

reBvep aertitianefoER4 ipics, ndHiTe re2etion Fa-rfplptet ibgreidimgt 20cml of water.
I somer WO 2004/ 029064 PCTI KR2003/ 001932 78 Synt hesi s

THe reactant was distilled under reduced pressure to remove methanol, and
({(-)-trans-1-1(2-am no-6- hypdroxy 9H- puri ne- 9- ?/f i tthe distilled

\Y ospnon
ljf%)o%% %aﬁ éx%?t'a%’ %Mg%@%@pﬁﬁ%g?&@ Elb n,gypx h.%g ﬁﬁ)ﬁ% was removed by
Jﬁﬁﬂnved i n le 3 react ed accordl ng
stilling under re ce pressure. e residue was purified by a sﬂlca 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).

ESL: 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.
[a]p= (+)13.75(c=2.36 in CHCI;)

"H NMR(CDCl;) 80.63 (t, 1H), 0.93 (¢, 3H), 1.03 (m, 1H), 135 (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, 15),

7.14 (m, 2H), 7.32 (m, 1H), 8.98 (s, 1H). ) 50.48 (t, 1H), 1.12 (m, TH), 1.13 (4, 3H),
1.19(m, 18H), 1.38 (m 1H), 3.84 (s, 3H), 3.90 (dd, 1H), 3.98 (dd, 1H), 4.25 (g, 2H), 4.76

(brs, 2HD, 5.62 (m, 4H), 6.95 (d, 2H), 7.54 (d, 2H), 7.91 (s, LH).

Comparative Example 1



5 the sane procedure as Exanple 2 to obtain 20.0 ng of
the title conpound as white solid. {a]D= (-)
13.47(c=1.47 in McOH) 1H NVR(MeOH d4) 50.76 (t, 1H),
. 3H), 1.10 (m 1H), 1.38 (m 1H), 1.

Wzbrii)a,&’%?"s% (dd, 1H), 3.98 (dd, 1H), 4.33 (d. %ﬁ@”%‘mm
(d, 1H), 9.20 (s, 1H). ESI: 344 (M+i), CL2H18N505P 10
Conpar ati ve Exanple 3 OH HO#=0O HO Synt hesi s of
({(f)-cis-1-[(2-am no-6-hydroxy-9H purine-9-y1l) net hyl ]
-2- 15 met hyl cyci opr opyl } oxy) nmet hyl phosphoni c aci d

( Conpound 38)_The conpound (30 ny) prepared in
Preparati on PP was reacted accor di ng to Exanple 2 to
obtain 13N fy the title conpound. WD 2004/ 029064 79
PCT/ KR2083/ 001932 ' H NVR(MeOH-d4) 50.67 (t, IH), 1.05

(dd, 1H),NI. NH, 3H), 1.38 (m 1H), 3.90 (dd, 1H),
4.01 (ddp AH), 4.22 (d, 111), 4.58 (d, 1H), 9.17 (s,
1H). 30 (M+1), CI 1H1I6NSGBP 5 Conparative
Exanpl e 4 O

HO—P=0

HO

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

methylcyclopropyljoxy)methylphosphonic acid (Compound 36)

5 (-)-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.

[a]p=(~)20.19 (c=1.21 in MeOH)
'H NMR(MeOH-d4) 50.71 (t, 1H), 1.13 (dd, 1H), 1.18 (d, 3H), 1.45 (m, 1H), 3.81
10 (dd, 1H), 3.98 (d4, lﬁ), 4.43 (d, 1H), 4.70 (d, 1H), 9.18 (s, 1H). |

ESI: 330 (M+1), C11H16N505P

Comparative Example 2

-~ O©OH
N
«f"

N N4LNH2
HSCADZ .

O

HO—;F’=O
15 HO (-)-trans-optical isomer



N2 C HO-t~--=0 HO Synthesis of
[{(t)-cis-I-({2-am no-6-[(4-nitrophenyl)sulfanyl]-9Hp
urine-9-
I th 2- met hyl cycl opr opyl } oxy] met hyl phosphoni c
Vé@%%“@%%ﬁ%ound 44) 10 6- Chl or oguani di ne derlvﬁ?Pﬁ@uWE@OﬁBZ
the conpound prepared in Preparation 17,
dlssolved in 9 n of ethanolygand 140 ng of
triethylamne and 290 ng of 4. nitrothiocresole were
added thereto. The resulting m xture was reacted under
the reflex condition for 24 hours, and the reaction
was conpleted by adding 20 in of water. The 15
react Synthesiss  oif s t {{{-)-bens1€[é2-amdnlo 6 dry dpoxysSHprine-9-y)methyl]-2-
renove nethanol, and the distilled reactant was
e@%flé}&id}ﬁdpmdxﬁ})lﬂétﬁﬂgﬁﬁﬁf@h S\facEyhr acti ng
liquid was renoved i st |II|ng under r éduced
pressure. The reS|due was purified by a silica ge
colum to obtain the conpound (32 ng), guani ne of
whi ch, 6-posi t| was bstituted_ by 4-nitrophenylthio.
WO 206&7%?@%%@%@3’0@%@&%@ BOExamnip REseeBYed according to
50.62 (t, 1H), 0.93 (m 1H), 1.16 (d, 3H), 1.26(d,
5  tay-pameprawiere as Brjmple 236 obtain 308) meF T tiths cobdpbind 8s @Rite solid.
(m 1H), 3.98 (d, 1H), 4.38 (d, 1H), 4.74 (m 2H),
4. 83 [dhss(-)BH7(c=1.4/M9n (MsOR) . 8.05 (s, 1H), 8.22 (d,
2H). 5 The resulting conpound (32 ng) was reacted

accor § RYH Q1AL BPIP7PHOHRIYB @S, 1.10 (m, 1H), 1.38 (m, 15D, 1.47
(m, 2H), 3.80 (dd, 1H), 3.98 (dd, 1H), 4.33 (d, 1H), 4.75 (d, 1H), 9.20 (s, 1H).

ESI: 344 (M+1), C12H18N505P
10

Comparative Example 3

CH
N §
v N
<N l g ')\NH

H,C
0

HO—,P=O
HO

Synthesis  of  ({(x)-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.
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Exanple 9 to obtain 20 ng of the desired title-

conpound. 'H NVR(MeOH d4) 80.67 (t, 1H), 1.05 (m 1H),
1.13 (t, 3H, 1.38 (m 11-1), 3.91 (m 1H), 4.01 (m
eR0o42®g4 (m 1H), 4.67 (m 1H), 7.92 (d, 1H)pCcBKR3003/001932
(m 2H), 9.17 (s, 1H). 10 Conparative Exanple 5

Synt hesi s of

({[(f)-cis-[1-(6-am no-9H—pu17?ne-9-yI)rrethyl]-2-

met hyl cycl opr opyl } oxy] net hyl phosphoni ¢ acid ( Conpound
45) 15 The conpound prepared in Preparation 12 (50n)

was reacted according to the sanme procedure as

Exanphe 1k i el d
20041 030008 AL P REBE B8 1B T3 AR Bl D 3.0

: : dyeri3 1. (m 1H),
@&‘8]‘}-?)?%'8%{%@(1)&5{5’@42.%@ Pa%fﬂﬁ%#@z 15 5%76% ,11%-11) . 4.71 (d,
1H), 8.37 és, 1I:a, 8.50 gs, 1H). The conpound of the
pr eseRPL B30 HLL S LBIAENPOSP a pot ent phar macol ogi cal
effect to 5 a hepatitis B cell line, Hep&X2.2.15, and
a transgeni c nouse, w dely used for devel opnent of a
therapeutic agent against hepatitis B, when
i nt r abempagsativedixampleHy admi ni stered. The
experimental procedures and results are descri bed
bel ow. Experinent 1 10 Measurenent and Anal ysis of
Inhibition Effect against Hepatitis B Virus (RBY)

™
)

N =2

ap

N ,H\NH2
1ol

0
HO—P=0
HO
Synthesis of [{(+)-cis-1-({2-amino-6-[(4-nitrophenyl)sulfanyl]-9H-purine-9-

ylimethyl)-2-methylcyclopropyl}oxylmethylphosphonic acid (Compound 44)

6-Chloroguanidine derivative (48 mg), the compound prepared in Preparation 17,

was dissolved in 9 mé 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 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 reéluced 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.



(1) Cell Culture and Treatnment with Drugs Hep&. 2. 15
cell (MA Shells et at., P.N. A S. 84, 1005(1987)), a
hepat ocarci noma 15 cell line producing hepatitis B
virus, was cultured in DVEM nedi un{d BCO BRL, #430-
V@@W’”@B?ﬂ ai ni ng 10% FBS( Fet us bovi ne serum @8@2003/001932
BRL, #16000-044), 1% ABAM (Antibiotic-Antinycotic,

G BCO BRL, #16000-028) and 480 jig/ ng of
geneticin(Sigma, #G9516) in a T-75 flask under the
conditions of 5% CQ2 i ncubator and 37 C by dividing
inaratio of 1:3 at an interval of 3 days. The cells
wer e d| stributed into a 96-wel| plate in 20 the anount

of 4X'HLEMRISDIClAro0. 62]‘(@,“13@)@(938@1 N9} afi6c@l BHgiemé(gyeﬂ)é 1.30(d,

vvas achi eved, the old nediumwas changed W th

ug/ me 0 rﬁgngﬁ%lﬁﬂt I3r%r Mlﬁ? ?élga ﬁ\%g/h 3 |a17[4)fm 2H),
A el A §@§gsﬂléb£%%@e errors .55 1

2004/ 029064 PCTI KR2003/ 001932 82 treat nent was
repeated 2-3 tinmes for the respective drugs. The
medi um was changed every two days. On 10 days after

5  the tTieatsuitiMg ovinipoudd (R mpPWat rdabiedfacddi@ingRe M RaWRSprocedure as
. collected and the degree of inhibition of viral

Bx&Rble®3b oo C%Hgﬁle\eﬁﬁréaq{tﬁ &%@s _hrough

quantitative P Pol ymeri se eact i on) 5 (2)

i ﬂ%@@%@%@@§&°éf61wé’§fn?ﬁsﬁfﬂi i .59

of MIT (Th I Bl
(e B2 08 (BTl A Lo .o, Ve 985 6 1ED, 8.3

10 Comparative Example 5

H,N /N7

/
N\ N\ N
L
¢ OM\P

P—OH
Synthesis of ({[(®)-cis-[1-(6-amino-9H-purine-9-ymethyl]-2-

methyleyclopropyl}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

J1H), 8.33 (m, 2H), 9.17 (s, 1E).
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solution was added to each well in the anmpbunt of 30
O/wel |l and each cell was cultured for 10 2 hours in

a.5% CO2 incubator at 371C. The sol ution was

di scarded, and an isopropanol solution containing 10%
W0 P PHA2%6400 and 0.4 flt of c-HCL was added tRETEEREA§03/001932
well in the anpount of 120 a/well. The cells thus dyed
were transferred to the isopgppanol solution by

shaking for 2 hours. Absorbance at 540nm was neasur ed

by Elisa Reader. 15 (3) PCR Estimation of Inhibition
Effect on Hepatitis B Virus Replication The degree of

i nhibjtion by drugs on the replication of hepatitis B

vi r us ThaBR@Gt@Iniheti6D (¢, US), A@5tthe 18R 1.16 @, BHY,€.32 (m, 1H), 3.87
solution collected on 10th day after the treatnent

(M,uam),d 4.0 (@l wE), 4PRQACED)] 4.9uKd, UES, S9F 1t kAN l&{sg .3 W th

eac rug was diluted ten-fold wth ~disti er
and subjected to a pretreatnent to destroy the cells
by heating themfor 15 20 mnutes at 95 C . For the

PCR l'ification of the gene fragment of about 320bp,

the  DicporIRCERd Bg@P PresFi iaBtons Xt arnpdant pharahtological effect to
sub-strain of hepatitis B virus and 2319-base

agwspititisgh celhltine, Hepod ke and b ransgemic antvisejevidele ieedfad development
pol ynerase gene were used as 5' -end and 3'-end

ofk itreeapentiesRACigaitet Mepadiem, whed SntedRHA sy dr & 7 .
of hepatitis B virus WD 2004/ 029064 ishPbr AR The

,%lrgggng@%@ L {4 d the inhibit
ee fect bgﬂg?%g%g%gg%ggﬁ%g??%ﬁ&gf hegalt int : sI Bory

virus was deternm ned on the basis thereof. First, the
cell culture solution of hepatitis B virus that was
not treated with drug 5 was sequentially diluted and
anpl i¥rnegimentdugh the PCR. The anplified DNA was

Measurement and Analysis of Inhibition Effect against Hepatitis B Virus

(HBYV)

(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 BRI, #430-
2200) containing 10% FBS(Fetus bovine serum, GIBCO BRL, #16000-044), 1% ABAM
(Antibiotic-Antimycotic, GIBCO BRL, #16000-028) and 400 yg/mé of geneticin(Sigma,
#G-9516) in a T-75 flask under the conditions of 5% CO, incubator and 37°C by dividing
in aratio of 1:3 at an interval of 3 days. The cells were distributed into a 96-well plate in
the amount of 4%10%well and then when 80-90% of cell density was achieved, the old
medium was changed with 200 4 of DMEM medium containing 2% FBS, 1% ABAM
and 400 pg/mf of geneticin. The drug solution was sequentiaily diluted five-fold each

time, from 100pM to 0.16 pM. In order to minimize an experimental error, each
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subj ected to el ectrophoresis on 2% agarose gel and

stained with ethidiumbromde (EtBr) to be analyzed

by 1S-1000 (Innotech Scientific Corporation) Digital
Anal ysis of the cell culture solution

| magi ng System |
W?é‘g{"’é’g‘m\#th drug was then carried out by usi F&TIHE003/001932
dilution fold in the range where linearity is

mai nt ai ned. The DNA obt ai ned gorom the 10 group treated

with drug was anplified through the same PCR net hod,

subj ected to electrophoresis on 2% agar ose gel,

stai ned with ethidiumbromde, and analyzed by IS

1000. The degree of inhibition by drugs in the viral

treaprhént avasorepemad Geatitnes ifedthbyrespeativeu Haidgs.n OThdmelibd %as changed
of test group to control group. Table 2 summarizes the

dvelyi bid Qaps. Ol BCHayGRIfRE HRCRLHNER! wills Uind, 1160 32 bf the medium was
toxicity) of the typical conmpounds of the present 15

G0 e 1988 PR S Bl vy defined trongh
%&%ﬁ%&&@%ﬁg&ﬁ%@%ﬁc&gl KR2003/ 001932 84 .

(2) Determination of Cytotoxicity

After 100 s£ of the medium was collected on 10th day from the treatment with
drug, 7.5mg/m¢ of MTT (Thiazolyl Blue Tetrazolium Bromide, Amresco, #0793-5G)
solution was added to each well in the amount of 30 x8/well and each cell was cultured for
2 hours in 2 5% CO, incubator at 37°C. The solution was discarded, and an isopropanol
solution containing 10% Triton X-100 and 0.4 #f of c-HC1 was added to each well in the
amount of 120 xl/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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401. 2>1000 41>30. 0>1000 42>30. 0>1000 43>0. 2>1000
38>10. 0>1000 44>40. 0>1000 45>40. 0>1000 As can be seen.
fromthe results of Table 2, each of enantioner and

di asteroi soner has a high difference in.
YWAAPHEWEt i cal activity as an antiviral agentPCT/KR2003/001932

Conpounds 1 and 12, (+)-trans-optical isoner

(enanti omer), anong the abovgzconpounds exhi bited the

nost excellent pharmaceutical activity. 5 Experinent

2 Pharmacol ogi cal Test on Transgeni ¢ nouse (T/ G nouse)

The conpounds were adm ni stered via subcut aneous and

oral routes in the following aninmal test. 10 The test
wasnpuatifed, wed shanihibitbst effeet by ardgsSonvhe IeeslicatidHBVhepatitis B virus
transgenic mce, which were obtained fromFVB strain

WasGRt2eERd dhI8: B20is thapdirhod described in a reference
(see, .cone D. Morrey, Kevin W Bailey, Brent E

Korba, Robert W Sidwell, Utilization of transgenic
mce replicating high levels of hepatitis B virus for

antiv raI evai ua{| on of
wst, the cell culture solution of hepatitis B virus that was not treated with drug

was sequentially diluted and amplified through the PCR. The amplified DNA was
subjected to electrophoresis on 2% agarose gel and stained with ethidium bromide (EtBr)
to be analyzed by IS-1000 (Tomotech Scientific Corporation) Digital Imaging System.
Analysis of the cell culfure solution treated with drug was then carried out by using the
dilution fold in the range where linearity is maintained. The DNA obtained from the
group treated with drug was 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 NoECso (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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Antivira

for 9 days in the anount

once a day,
and femal es were used).

tail

research,

1999, 42, 97-108),
of 10ny/ kg/ day and orally
wioomwoozd@ys i n the amount of 10, 2 and 0. 4ng/ ket EhR¥2003/001932
respectively (the sane nunber of nales
Bl ood was col | ected
of the nouse and 5 Id &t serum was obtai ned

subcut aneousl y .

fromthe

during or after the 5 admnistration of the drug. To

this serum was added 15 m 2 of Generel easer sol,

whi ch

was them
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fromé‘Be pr
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1. The DNA was
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In th Il
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contai n HBV
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DNA. Table 3 15 Cq
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e show ng

whose bl ood
npound

Adni ni st¥W0i on 2104/ 4subcut aneous

615150r al
38

715/ 50r a
>10.0

>1000

44

>40.0

>1000

45

>40.0

>1000

“As can be seen from the results of Table 2, each of enantiomer and diasteroisomer
has a high difference in pharmaceutical activity as an antiviral agent. Compounds 1 and

12, (+)-trans-optical isomer (enantiomer), among the above compounds exhibited the most

excellent pharmaceutical activity.

5
Experiment 2
Pharmacological Test on Transgenic mouse (IT/G mouse)
The compounds were administered via subcutaneous and oral routes in the
following animal test.
10

The test 60mpounds 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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812/ 5oral * The result nmeans 'nunber of m ce show ng
phar macol ogi cal effect / nunber of total mce. WO
2004/ 029064 PCT1KR2003/ 601932 86 As can be seen in the

aﬁove Table 3, the conpound of the present invention
YR 02%% 0t ent hepatitis B therapeutic effecPCTERRH@/001932

tested animal s when orally or subcutaneously

adm ni stered. Since Conpoundgs6 and 7 of the

(+)-optical isomers exhibit very excell ent

phar macol ogi cal effect when they are orally

admnistrated at 1 npk or less, it is expected 5 that

t he conpounds of the present invention naybe used very
leintvandirie it iyirhloeseakuh, 19999 2EIT-108)f sub@imaicodstyfoB9 A in the amount
2004/ 029064 PCT/ KR2003/ 001932 87 CLAI M5 1.

dF1Dmb/I8Gy 288 BRIIG fH9 days in th t of 10
(1- phosph%ﬂnorret thy- 2-aglslgyl/l gyagog%roopﬂ 75 ?rnedt?i?/?lgfkg/day’ once a day,

BB 08y 560 B, AP SR e Ypbi0eht) HTos cotce
f?clmlfy%’e tail of the mouse and 5 #% of serum was obtained during or after the
administration of the drug. To this serum was added 15 mé 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 12 of 10 x buffer (Perkin Elmer), 0.8 1 of 10mM dNTP, 500ng of the same
HBV 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 NoAmount(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




R2 and R3 i ndependently of one another represent

hydr ogen, or represent G -C4-al kyl 10 optionally
substituted by one or nore substituents selected from

% A oup consi sting of hal ogen, Cl-C4-al koxy, phenoxy
v@?‘)&i’% BHenyl al koxy, and C2-C5-acyl oxy, or re HKB?ROZ"‘)M”Z
C2-Cr7-acyl, C6-Cl2-aryl, Ci1-Cr-alkylam nocarbonyl,

di (C-Cr7- al kyl ) am nocar bonyI gar C3-

C6- cycl oal kyl am nocar bonyl, or represent

-(CH2) m OC(=0) - R4 wherein mdenotes an integer of 1

to 12 and R4 represents Cl-Cl12-al kyl, C2-Cr7-al kenyl,

d - C5-al koxy, Ci1-C7 15 al kyl am no,

di ( ClLACRarebkgeeh antheabo@BT e Bythe carhpotind ofthedreseft invention shows
6- member ed heterocycle having 1 or 2 hetero atons

SFdtat heghtitis BMindragb@idlefR0H B 'té%gsd zﬁs 5@191? Pra?\? Oy subcutaneously

oxygen Q represents a group having t

a@Zner el n cg% 8&"9 %%@87 ?f:th% /ncg’gﬁzf' qgélg%%aébﬂ very excellent

not he sent hydr ogen, am no, hydroxy,
H%'ﬁ’lnﬂ?(j eé"b?”@?é oyQre erﬁﬂalarimmst@tedcg laml@bﬂyless it is expected
l(fﬁ/e hydr oxy-d - Cr-al kyl, phenyl, or 5 phenoxy,
epinpahndsofitbe presém nm#ehgtorsmbﬁ be hse‘d%rybbff&thﬁzﬂ? féthe treatment
d - C5-al koxy, or represent C6- ClO-arylthio which is
offptpagifiaBl y 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 (Cl-C7-al kyl )am no, C3-C6- Y N
cycl oal kyl am no, or a structure of wherein n denotes
an integer of 1 or 2 and
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Y' represents 0, CH2, or R (R represents Cl1-C7-al kyl
or C6-Cl2-aryl), pharmaceutically 10 acceptable salts,
hydrates or solvates thereof. 2. The conpounds of

we) Adzbegsher ei n the pharmaceutically accept ablg

is salt wth sulfuric acid, nethanesul fonic aci gé%édyeomsz
hydrohalic acid. 15 3. The conpounds of claim1l
wherein R represents Cl-C3 &l kyl, WD 2004/ 029064
PCT/ KR2003/ 001932 89 R2 and R3 independently of one
anot her represent hydrogen, or represent G -C4-al kyl
optionally substituted by one or nore substituents
selected froma group consisting of fluorine, CI
- C4-al koxy, and phenoxy, GLAEMSsent
-(CH2) m OC(=0) - R4 wherein mdenotes an integer of i to
12, and R4 represents C -Cs-al kyl or G -CS-al koxy, N
X) N5 Qrepresents X2 wherein, X3 represents
hydr ogen, hydroxy, am no or 4 nethoxyphenylthio, or

1

14- A ITraRIsdE hbo, (1%@53&%%13&5&%@5%%%6@?2%%@{%% . Dycleoside

am no. 4. The conpounds of claiml i
fromthe group consisting of the conpounds descri bed
derivatines Fepicsaiddrty trafillewingfornda (): 10 Table la WO
20041029064

R"f
20l ~ M
RO
~p" N0 @
i 3
OR (1)

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-Cyo-phenylalkoxy, and C;-Cs-acyloxy, or represent
Co-Cr-acyl, Ce-Crz-aryl, Ci-Cr-alkylaminocarbonyl, di(C;-Cr-alkyljaminocarbonyl or Cs-
Ce-cycloalkylaminocarbonyl, of represent -(CH;)m-OC(=0)-R* wherein m denotes an
integer of 1 to 12 and R’ represents Cy-Ciz-alkyl, Cp-Cy-alkenyl, C;-Cs-alkoxy, Ci-Cy-

alkylamino, di(C,-Cy-alkyl)amino, C;-Ce-cycloalkyl, or 3- to 6-membered heterocycle

having 1 or 2 hetero atoms selected from a group consisting of nitrogen and oxygen,

Q represents a group having the following formulae:
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90 PCT/ KR2003/001932 xi CN N R 4 U -OR=CR _
(+)--trans- optical isoner(enantioner). COM NO R R2 &
R3Xi X2 1CH3HOHNH2 2CH3HHNH2 3CH3HNH2H 4CH3HS ./ OVeNH2

WOGHRHReNH2 6CH30 HNHZ X 0 7CH3HNH2 8CH3X 0S perfxrodiRioss
9CH3NOXO'5 \ / OveNH2 10CH3X oNH2H 11CH3>al a~NH2H

12C2HSHOHNHZ  13C2HS HHNHZ2 -

O

=N 1 N R
3&1“(‘%:(: RI‘II/MH mx 4
Nf{}('z ' % T

N=< » or

N
o %\fo_
¢ _}ENINH

wherein,

X', X2, X* and X*independently of one another represent hydrogen, amino, hydroxy,
or halogen, or represent Ci-Cy-alkyl, Ci-Cs-alkoxy, allyl, hydroxy-C;-Cy-alkyl, 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, Ci-Cs-alkyl, or C;-Cy-alkoxy,

or represent Cg-Cip-arylamino, C;-Cy-alkylamino, di(C,-Cs-alkyl)amino, C;-Ce-

I\

“Nem
cycloalkylamino, or a structure of wherein n denotes an integer of 1 or 2 and
Y represents O, CH;,or N-R (R represents C;-Cq-alkyl or C4-C)z-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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14C2H5HNH2H 15C2H5Hs \ / oM N H2 Table 1b WO
2004/ 029064 91 PCTI KR2003/ 001932 16CAHC NH2
17CA3r axo~HNH2 18C2HSHNH2 19CANH2H 20C2H5Q 1~<N£H
- ~ox0~NH2 22CAX oNH2 23C3H7HOHNHZ 24C3H7HHN .
‘%é’ *RH2 26C3H7HNHZ2ZH 27C3H7Hs O NYANHR PCT/KR2003/001932
28C3H7X' OHNH2. 29CA0X0~HNH2 3DC3H701- 1<NH2H
89

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
fluorine, C;-Cs-alkoxy, and phenoxy, or represent ~(CH,)m-0C(=0)-R* wherefn m denotes
an infeger of 1 to 12&and R :'epresents Ci-Cs-alkyl or C;-Cs-alkoxy,
oz X
3.;.N 7 N
L.

Q represents 3 wherein, X! represents hydrogen, hydroxy, amino or 4-

methoxyphenylthio, or 4-nitrophenylthio, and X represents hydrogen or amino.
P

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



31C3H7xol a. LNH2H 32C3H70 H;c.ps \ / ove 33. C3H7H
34CH3i so- propyl O NH2 35CzHbi so propyl-CONH z 5. A
process for preparing a conpound represented by the

formula (2): WO 2004/029064 92
Wb%ki“}“%%‘ggs/ 001932 in which R, R2 and R3 ar e PHEFRIEF001932

as inclaiml1, and L represents nethanesul fonyl oxy,
p-t ol uenesul f onyl oxy, or hakogen, characterized in

that (a) an ethylglycol ate, the al cohol group of which
is protected, as represented by the 5 follow ng
forrrula(6) p',.0 (6) In vvhich P1 represents an
at bUI*UI —prot ect+ ||g grotp setected—+oma -t
g of benzyl (Bn), tetrahydropiranyl (TBP),
@#‘phenyl silyl (TBDPS) and t 10
di net hyl si 'yl (TBDVS), is reacted with-al kyl
S*BRe 1Y,y 45 oL 2B 25 0o B i,
COM. NO. R! R® & R -ox X
1 CHs H - OH NH»
2 CH;; H H .NHZ
3 CHs H , NHz H
4 CHs H s—@—om NH,
5 CHs ~H cr - NH
0 . g
6 CHy o H NH,
7 CHs »oj\oj\ H NH
v
8 CH; ><\o)’l\|< s—@—om NH
[*]
9 - CHs o JLD ,k s—@—om N,
o A -
10 CHs >«>Jﬁ< NH, H
11 CHs ;‘f‘oioJ\ NHz H
12 CzHs H : CH NH,
13 o Clls H H - NHz
14 Colls H _ NHz H
15 CaHls H 50w - NH,

Table 1b




following formula (7): R7-MgX (7) in which R7
represents C3-C7 al kyl and X represents hal ogen, in
the presence of titanium

' ropoxide[Ti (G Pr)4], 15 (b) the resuyltin
V@;E”@%@@%ano| di ast ereoi soners represented beF
followwng formulae (8 and (9): WO 2004/ 029064
PCT/ KR2003/ 001932 93 UH (d)9trans-i somer (8) OH
(h)-cis-isonmer (9) in which Rl is defined as in cla
1 and pl is defined as previously described, are 5
resolved with a silica gel colum, (c) each conpoun
resolvedin-the ste (b) LS s jprfpd to.an

et helé f or i ng Gigactijon Wikt h a conpgund rEepresgnt ed

Hrg—FerrtHa—{3+H9-—0--R26—R360-10)—10in

whi cl? RZ and RaHsare [defipedlas in ataimfl, amg, L i

def+red—ag—hr—etatrs—p—t-helpresence-pi-bhase t o

prodyce a fpho onat{es. und| represented byt he
f ol | owi ng fof@rrigla(ll)oo (12): i Yo 7

19 Cals g N H

20 Cafl 200K N H
21 CaHs ;,(_\oioJ\ s—@—om NH;
22 Colls X‘-Qk s—@—cm Nﬂz

23 Calty B 0 NH
24 Call7 H H NHzI
25 Ca H Cl NH;
26 Call7 H NH, H

27 CaHy Hoo | s)-ow N,

28 | CaHy ')‘-"oj\ﬁ H NHz

29‘ _ Cally ‘ »oioj\ H NHa

30 Catty X\QLF M H

31 CaH'r ;,(:\oj\ok NH; H
[*]

32 ~Calty x\o»“j< {0 H .
38 G | ek | o H

34 CHs iso-propyl ‘ Cl NH;

35 CoHs iso-propyl 1 NH;

5. A process for preparing a compound represented by the following formula (2):

t WO
003/001932

im
d

by



a ()-trans-isoner (11) 15 WD 20041029064 94 P O
PCTI KR2003/ 001932 R1 -",s .pR3 C) O ()-cis-isonmer (12)
in which Rl, R and R3 are defined as in claim1, and

vﬁ?zdﬁm#ﬁgined as previously described, and (ﬁgﬂf%?%ﬁmonnz

coho protectlng group of the resultlng conpoun
formula (11) or 5 (12) is renoved and a | eaving group
(L) is introduced to producega conpound represented
by the following fornula (2a) or (2b): 0 OR2
(f)-trans-isonmer (2a) 0 OR2 (E)-cis-isonmer (2b) in
which R, R2 and R3 are defined as in claiml, and L
i s defined as pre pously 10 described. 6. A conmpound
repr esent following formula (8): OH
()- traﬁﬂ} (8) WO 2004/ 029064 PCT/ KR2003/ 001932

in which RY, 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):

(8]
e
p¥” \/[LQ/\ (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 butyldimethylsily(TBDMS), is reacted with alkyl magnesium halide represented by the
following formula (7):
R™-MgX (7) ‘
in which R’ represents C3-Cy 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):



95 in which R1 is defined as in claiml. and Pl is
defined as in claimb, and stereoi soners thereof 7. A
process for preparing stereoi soner of the conpound of

‘{,ﬁg@gjg%gé}) as defined in claim5 1 char amer}’ﬁ?ﬁﬂlﬁ%ﬁsmowsz

npound represented by the foll ow ng
(4a) or (4b): P-OW,' 4Ra (b)-trans-isoner (4a)
(t)-cis-isonmer (4b) 10 . inghich R is defined as in
claiml, Lis defined as in claim5, and RS and R6
i ndependently of one another represent Cl-C7-alkyl, is
reacted with a conpound represented by the follow ng
formula gg): QH (3) in which Qis defined as in claim
1, and eachq conpound thus obtained is resolved 15
with a cdb¥yal colum or chiral reagents to produce
(1), $1 t W8 q@)-trem-isormang8)s, each of which is
present as an enantiomer enriched isoner, and then
each of themis treated wth W 2004/ 029064 96
PCTI KR2003/ 001932 trinmethyl silyl brom de(TMSBr) to
produce the corresponding (+), (-) two optical isoners
of a corggund represented by the follow ng formula

(la):
R! OH (1) 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):

1]
R0-Pa A
R°O (10)

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):

r'o

R1 /DZ 07N P_ORS

1 OR?
o R (+)-trans-isomer (11)

15



HH PEE? 1 OH(1 a) 5in wiich R and Q are defined
as inclaiml1, and if necessary, groups R2, and R3'
are introduced into the conmpound thus obtained to

wor mouesodshe correspondi ng optical isonmers ofpc8/kr2003/001932
conpound represented by the following formula (ib): 10
in which R and Q are defined as in claim1, and R2'
and R3' represent R2 and R3S th the exception of

hydr ogen, respectively. 8. A process for preparing
stereoi somer of the conpound of formula (1) as defined
in clainpd characterized in that a conpound

represent by the following fornula (13) or (14): 15
WO 20Q4A40%9064 PCT/ KR2003/ 001932 97 O

(J=) R'ransQ ser@®® (13) 0 p-OR2 0 (f)-cis-isonmer (14)
in which R1, efi.ped as in claim1, that
i s obtained by rerm(/ﬁbsalz%\ﬁm E hoI protecting group
in a conpound represented by the follow ng fornmul a

(11) dnwhich)R!, B and RE pretdefinad assambeim (11 dnd Plis defifid a@lieevzously
" 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):

J>12
Rr! F ~QR?
OR? .
(%)-trans-isomer  (2a)
L
('.)F!2

(#)-cis-isomer  (2b)

in which R!, R*and R are defined s in claim 1, and L is defined as previously

10  described.

6. A compound represented by the following formula (8):

PO,

Rt ’DZDH

(¥)-frans-isomer (8)



10

15

O ()-cis-isoner (12) 10 in which R, R2 and R3 are
defined as in claiml, and Pt is defined as in claim -
5, resolved with a hydrol ase (lipase) to produce
enri ched conmpounds represented by
?’B%P%‘ﬁ%%ﬁform ae (13a) and (13b) or (14a) oéT%B‘}O:"'OM”Z

WO 2004/ 029064 PCT/ KR2003/ 001932 98 Op~OR 11 OR3 O
(+)-trans-isonmer (13a) (-)-temns-isomer (13b) 5 O
~.0ORz 0 ORS (+)-cis-isoner (14a) RL 0" -\Pp OR2 0O OFe
(-)-cis-isonmer (14b) in which R, R2 and R3 are
defined as in claiml1, and further an al cohol group in
t he conpound of fornula (13a), (13b), (14a) or (14b)
thus phiEtRRYid ®n&PAsaR SR | fhdP! wde!ﬁﬁed/ b¥ oD ahd-)
to produce a conpound represented by the fornu

(2aa), (2ab). (2ba) or (2bb): WD 20041029064 99
stereoisomers thereof. )

7. 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 (4a) or (4b):

RI—" 07N 0R

G OR®
e

in which R! is defined as in claim 1, L is defined as in claim 5, and R’ and R®

(+)-trans-isomer (4a)

~OR®
PO

a8
OR (£)-cis-isomer  (4b)

independently of one another represent Ci-Cr-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
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



r-12 0 OR3 (+)-trans-isoner (2aa) 5 0 OW
(-)-trans-isoner (2ab) 0 OR3 (+)-cis-isoner (2ba) _
,.-OR2 4 OR3 (-)-cis-isoner (2bb) PCT/ KR2003/ 001932 in
whzahoRbss RZ and Rs are defined as in clai m pcgrkobs/oo1932
is defined as in claim5, and the resulting conpound
is reacted with a conpound represented by the fornul a
(3): 10 QH (3) in which Qis®defined as in claim1, to
produce the enantionmer enriched conpound of fornula
(1). WO 20041029064 PCTI KR20031001932 100 9. A process
for preparing stereoi soner of the conpound of formnula
(1) as_defined in claim | characterized in that aa)

trmpothylsidribromided TMSBrhg Pyedyap theppmpsponding GHyEPtiva ottioal isomers of

(+)- (methyl enecycl opropyl ) carbinol or

2 Compo iR SRRILS BLHABY L R . Whose absol ute

=1

HO\E/\ OSZ,Q

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):

rl
0~ X
Rl
O\TAO Q
OR¥

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



5 configuration is known, bb) the resulting conpound

IS subjected to di hydroxylation reaction, cc) an

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

rj ydroxy group in the conpound obtained in th

“gﬁ%gg&%%§ step and an al cohol - protecting grolp ?%?NPQO“BZ

introduced into the tertiary hydroxy group to produce
a compound represented by the 10 fornula (15a), (15b),
(16a) or (16b): OPx (+)-trans-isoner (15a) OP3
(-)-trans-isonmer (15b) 15 Plo (+)-cis-isonmer (1l6a) WO
2004/ 029064 101 (-)-cis-isoner (16b) PCTI KR2003/ 001932

in mhlch 5 is defined as in claim7, P2 represents
benzyl , oyl, 4- nethoxybenzyl, nethyl oxybenzyl,
nethylox thyI or trltyl and P3 represents 1- 5
met hgy et g™

or 2- (trlnethyl ) 1- et hanesul fony, dd) the

protecting gm)p 2 )E)-manskisonezs (U3) i ng conpound is
renoved sel ectively, the Ileaving group (L) is

i ntroduced, and the conpound thus obtained is
subjected to a reduction

HO

R 0" \.-0R?
Iy 'GRS
O

(x)-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):

P'O

R1,(>2 O Np.OR

o R’
p'
| R1JZ’>(}

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)

f’
°R2 (£)-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):



reaction or substituted with Cl-C7-al kyl group, ee)
the protecting group (P3) in the conpound thus
obtained in the above dd) step 10 is renoved to

‘f%?%ﬁgg%sconpound represented by the foll qu-r}%gf&zroosmwsz

a), (8b), (9a) or (9b): (+)-trans-

(8a) 15 W OH (-)-trans-isoner (8b) WD 2004/ 029064
PCr/ KR2003/ 001932 pt0 102 (99 -cis-isonmer (9a)
(-)-cis-isonmer (9b) in which RlL is defined as in claim

1,

and Pl is defined as in claim5, 5 ft) the

resulting conpound in the above step ee) is reacted
with a phgephonate conpound represented by the

following fprmula (10): 0O R30 (10) in which R2 and R3
are defi as inclaiml, and L is defined as in
cl ai nR3; an@"‘}é,olﬂé protecting group (P) of the

compound t hus
conpound repre

‘agsned is renoved to produce a
nt ed Gy-teseisewbt (Malg fornul a (13a),

(13b), (14a) or (1l4b): R1 Op-OR2 "'ORS

X

HO
[ ‘ORa
Q

(-)-trans-isomer (13b)

HO

~OR?
P .
o OF° (+)-cis-isomer (14a)

HQ

R -J>20

- p- ORZ

1"
0 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):



-trans-isoner (13b) Q OR (+)-cis-isoner (14a) 5

"\P-QR2 011 ORe (-)-cis-isomer (1l4b)
WO BHI4IE26308/ 001932 in which R, R2 and R3 are gefrii@eos/n01932
as in claim1, gg) an alcohol group of the resulting
conpound is repl aced with the leaving group (L) to
produce a conpound represent®Y by the follow ng

formula (2aa), (2ab), (2ba) or (2bb): 10 0-\ -COFF ORa
(+)-trans-isonmer (2aa) WO 20041029064

PCT1KR2003/ 001932 104 R1L O er r

L
X

0 (+)-trans-isonmer (13a) WD 2004/029064 103 R10 p (¢)R
(-)

_OR?
P "OR?

(+)-trans-isomer (2aa)

2

P-OR’

3
OR (-)-frans-isomer  (2ab)

L

R1’l>2 P.-ORZ

5 o OR®

A

in which R', R? and R? are defined as in claim 1, and L is defined as in claim 5

(+)-cis-isomer  (2ba)

--OR2
F
(-)-cis-isomer (2bb)

H

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).




OR2 OR (-)-trans-isoner (tab) RL '0--%.-0OR2 0 OR3
(+)-cis-isomer (2ba) 5 -0-~\ -ORF OORs (-)-cis-isoner
(2bb) in which RI, Rz and R3 are defined as in claim
n js defined as in claim5, and hh) the .
ﬁ%%@f‘@?ﬁg‘ conmpound is reacted with a con‘pounOPCTIKRZO03"001932
represented by the following fornmula (3): 10 QH (3)
in which Qis defined as in moaim1, to produce the
enanti omer enriched conmpound of forrmula (1). WD
2004/ 029064 PCTI KR2003/ 001932 105 10. A conposition
for the treatnent of viral diseases, which conprises
as an active ingredient (+)-trans-isoner of
9. Alpid 0fst : :
P Oa R R e RtooRet YN YGLARRIRT IO ) g dofined in olaim
claim1, pharmaceutically acceptable salt, hydrate,
1 heragteriged @ thdter eof together with the pharmaceutically
acceptable carrier. '

aa) an alcchol-protecting group (P?) is introduced ’ into  (+)-
(methylenecyclopropyl)carbinol or (-)-(methylenecyclopropyl)carbinol, whose absolute
5 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

10 formula (15a), (15b), (16a) or (16b):

PO
OPB
op? (+)-trans-isomer  {15a)
P'O
OPS
op? (-)-trans-isomer  (15b)
15
F'o
oF®

Pe (+)-cis-isomer (16a)



5 11. A conposition for the treatnment of hepatitis B,
whi ch conprises as an active ingredient
(+)-trans-isoner of (1

WHesRRKEL hoxy- 2- al kyl cycl opropyl ) met hyl nuﬂi‘fﬁ&z&%momsz
derivative of fornmula (1) as defined in claimlI,

phar maceutically acceptable salt, hydrate, or solvate
t hereof together with the phHilmaceutically acceptable
carrier. 10

PO

OF,B
op? (-)-cis-isomer (16b)

in which P' is defined as in claim 7, P represents benzyl, benzoyl, 4-

methoxybenzyl, methyloxybenzyl, methyloxymethyl or trityl and P° represents 1-
5 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 fo a reduction
re;clction or substitu;ted w‘ith C;-Cy-alkyl group,

ee) the protecting group (P*) in the compound thus obtained in the above dd) step

10 is removed to produce a compound represented by the following formula (8a), (8b), (9a) or

(%b):

PO

Rt OH (+)-trans-isomer (8a)

PO

15 R OH ().trans-isomer (8b)




WO 2004/029064 PCT/KR2003/001932

102

p'o

R} DH (-i-)-cis—isomer (92)

plo

R 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):

o
i

R%0-F A
R0 (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):

H

X

Np-OR?

fr"
G OR° (+)-trans-isomer (13a)



WO 2004/029064 PCT/KR2003/001932

103

HO
R1 /Dz o*’\P‘_ORZ
1"
6 OR ().trans-isomer (13b)
HQ
Fi R‘S
o0

(+)-cis-isomer (14a)

HO

R‘l ’Dz [0 g P__ORZ

"
5 O OR® () cis-isomer (14b)

in which R', R? and R® are defined as in claim 1,

gg) an alcohol group of the resulting compound is replabed with the leaving group

(L) to produce a compound represented by the following formula (2aa), (2ab), (2ba) or
(2bb):

10
L

R1J>20

"'"‘P-OR'*'
o

oy
OR (+)-trans-isomer  (2aa)



WO 2004/029064

104

|
Q ~0R3 ( 1
-)-trans-isomer (2ab)
L

R‘j /DZQ"\ -ORZ

‘1
o OF° (+)-cis-isomer (2ba)

L

Rl J>Zt:t’\ ~OR?

N
0 OR? (-)-cis-isomer (2bb)

PCT/KR2003/001932

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, pharmacentically 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
(+)-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.



