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waewknisad Field [1] The present invention rel BEEFER2@5M02007

new process for preparing a <fonpound of the follow ng

formula (2): [2] [3] (2) [4] [5] , which is a key

internmedi ate for synthesizing an antiviral

(particularly, against hepatitis B virus) nucl eoside

anal ogue of the following fornmula (1): [6] [V] (1) [8]
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Art | 11] The conpound (1) 1s a therapeutic agent

agai nst hepat i t METEKY1eBHOSRPHROMNAINIEat i on No.
2002- 0003051, WO 02/057288), .and %,h compound (2) can
be used as an inportant r gifal H‘g@t her with a

[1] conpourhd pedserit evehidr relatel ¢ 4 adwrptlodest Byr phebddind dl&dmponnd of the

whi . s fluorine, chlorine, brom ne, or
iod?&ng§1¢g§?5€@§gjgring the compound (1). [16] [17] Such

I purine derivatives as the conpound (1) are known to
have anticancer] and antiviral activities, and ten (10)
or norecki nds such derivatives including AZT, 3TC,
ACV HOR} C* oahe%g&_[%dy commerci al ly avail abl e.

0

(3] )
(4]
(5] , which is a key intermediate for synthesizing an antiviral (particularly, against

hepatitis B virus) nucleoside analogue of the following formula (1):

(6]

(7] (1)

(8]

9] The present invention also relates to new intermediates, and a process for preparing
the compound of formula (1) [compound (1), below] from the compound of formula
(2) [compound (2), below] prepared according to the present invention.

[10]

Background Art

[11] The compound (1) is a therapeutic agent against hepatitis B (Korean Patent
Application No. 2002-0003051, WO 02/057288), and the compound (2) can be used as
an important reactant together with a compound of the following formula (3):

[12]



[18] [19] The conpound (2) used as an inportant

internmedi ate for preparing the conpound (1) has been
WQe@pae4ss according to the process depicted i NnPETER2005/002007

foll ow ng Reaction Schenme 1: _[20] [21] Reaction Schene

1 [22] TBDPSa. tBDps Q| XBBPSO HO J MDC THF (5 6) 1

LTB, DBMP DMF [ 23] [24] The above process of Schene 1

uses ethyl glycolate of the following formula (4):

[25] H< o- [26] (4) [27] [28] as a starting naterial.

[29] [30] %xn the process of Schene 1, ethyl glycolate
of formulal(4) is conbined with tbutyl (di phenyl)silyl
chlorid j t he conpound of fornmula (5), which is
reacted W th |lethyl magnesi um brom de and titani um
tetrai W~Je according to the process (Syn. Lett,
07, BH53- 1854, 999) known in the art to give the

[lﬂcycloggopyl al cohol conpound of fornula (6), which is
then obtained as a solid from heptane. Thus obtai ned
4lconpound of fornmula (6) is dissolved in

[15]di met hy Whizvh arepeeenanthoriaa cheaingibrdmine tdn iadinet fdp ptepaiditbethe

and_di i pyl br omomret hyl phosphonate to give the
con%%@%%gggﬁfornula (7). This conpound of formula (7)

[16li s refluxed with amoni um fluoride in nethanol to give
[17]t he conpiopithe(d@divatives as the compound (1) are known to have anticancer and

antiviral activities, and ten (10) or more kinds of such derivatives including AZT, 3TC,
ACV, etc. are already commercially available.

(18]

[19] The compound (2) used as an important intermediate for preparing the compound
(1) has been prepared according to the process depicted in the following Reaction

Scheme 1:
[20]
[21] Reaction Scheme 1
[22]
TBDPSCI, TEA 0 EtMgBr, Ti(OiPr), OH
0~ . TBDPSO ~ TBDPSO
Ho’\g’ Yo ’\g)f — /Z
(6)
@ (5)
LTB, DBMP
i DMF
9 o—< NH,F it °—<
0._P. - o._P.
HO/Z ~"0 o TBDPSO’Z ~"o
(23]
[24] The above process of Scheme 1 uses ethyl glycolate of the following formula (4):
[25]
0
HO o P
[26] (4)
[27]
[28] as a starting material.
[29]

[30] In the process of Scheme 1, ethyl glycolate of formula (4) is combined with t-



[31] [32] The above process, however, has the denerit

of giving an inpure formof conpound (2) because
wa@lRiosom3dpyl br omorret hyl phosphonat e used i n t hRCHEK&R005/002007

syn thesizing the conpound of forrmula (7) is remained

in the reaction solution, and so al ways included in

the finally obtained conpound (2) in an anmount of

7-15% Further, poor stability of the conmpound of

formula (6) against lithiumt-butoxide during the step

of Bk ﬁdnz;l)ﬁgﬂ b}h@n&qmg%mlﬁb ) Cﬁ)wﬁcmﬂ fam{uza (5§1rvemch is reacted
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| 3bpbined Phodiiied S onga (et bRe Foam e io g dnfreacted wit

i nvEdiuwn sbuthxide %r)dtcmssprvmlllgrompmdihekjpho@phonm tvgve the compound of
pr oﬁﬁﬁlﬁlaf(w THfs %Qﬁf)(')lﬂlg of REmBAMPAN RA1ukéd with quméﬁlufﬁh fluoride in
resul ﬁlﬁ(g E@ 'H% gbl ens of the earlier process
as MERERYARE Ve BGemRAN IS over come by use of trityl
[31lchl ori de instead of tbutyl ( diphenyl)silyl chloride as
[32]12 reacfg 'ABoJe%r&ﬂeé’seh&\V&/eP AIPAL B e b biiddigh hm?lﬂ{: Ikl of

The i nvent al SO oun e conp
obt SPARRyN{ 25 ﬁmleswg%m {’ﬁ?@é’m&f%hij@%wnﬁta ruéed)ea fﬁﬁéﬁf‘rﬁwf syn-
(2) thehiving distcainpechd difieintule(T) soemdiatdad tidreaqive s@ndon, and so
IV gl% Qfﬁcluhé')fi?lll tﬁ@fﬁlaﬂ?@%ﬁ%@& po%ﬂd Jn? &t arf?(gunt ?137 15%. Further,

present 1nvention is rovi e an rocess
pr e PATiSRYIOHY tROFRYPHRC 2f)°“n‘|f1‘3 &) apaogt h hium £bylpwide dyring the
obj eep odynthbezipg esentnpounderi foromnlat(d) pe axpatribirefor varied yield and
i nt obt ai ned during the process of preparin
hegigfg%gﬂo}%(gﬁlg [41] [42] Igt IS g further ogj egt of °
[33]t he present i nventl on to provide a process for
[34]pr eparThagfdrbat iy b@akbitkel fandbagule@in theamw @isé Pirity of the

us e]::(yrilpoal‘l%d ?ﬂ 88 EOI i\r/nip{"oavle sélgﬁiw otl{ﬁfi: g(gnﬁolagd SEARMUA ?6) (i%l)ing

synthesis of the compound of formula (7).

[35]
Disclosure of the Invention

[36] The present inventors thus extensively studied to improve the process for preparing
the compound (2), and as a result found that the problems of the earlier process as
mentioned above can be overcome by use of trityl chloride instead of t-
butyl(diphenyl)silyl chloride as a reactant to give the compound (2) in high purity. The
inventors also found that the compound (1) can be obtained in high yield by use of
highly pure compound (2) thus obtained, and then completed the present invention.

(37]

[38] Therefore, an object of the present invention is to provide a new process for
preparing the compound (2).

[39]

[40] It is another object of the present invention to provide new intermediates obtained
during the process of preparing the compound (2).

[41]

[42] It is a further object of the present invention to provide a process for preparing the

nucleoside analogue of formula (1) useful as an antiviral agent using the compound (2)

obtained by the process according to the present invention.



obt ai ned by the process according to the present

i nvention.[44] The present invention provides a
WQe@6ees3d or preparing the conpound (2) conpriBCHERRIVE/002007

steps of reacting the conmpound of forrmula (4) with

trityl chloride to prepare t?ityloxy-acetic acid et hyl

ester of the followng fornmula (8): [45] [46] (8),

[47] reacting the conpound of fornula (8) with ethyl

magnesi um hal ide to prepare
[(43]11-trityl oxymet hyl - cycl opropanol of the follow ng

f or mul 9 .[48]..TrO Q.. [49 50] 151
“lconbr g R SIS s R B e g hebimgpna
f or perhpris{r)thevtes o irdasiopr tbpydrhraand of feenily (phothityhahleride to
i N Brep&tt Vi@ Plox | -AcdiiB AciR BT EAESR oPfhe PolRATE: fofmPhePare
(I-trityl oxynet hyl - cycl opr opoxynet hy*-phosphoni ¢ aci d
di i sopropyl ester of the following fornmula (10): [52]
[ 53] d29r0454] [55] as a solid form and converting
the tritgyl group of the conpound of fornula (10) into
46hydro 1group. [56] [57] Wen carrying out the process
[46lpf th present invention, N-methylpyrrolidone (NW)
[47]can becartngthp cempraldlof ismbkdBeditaghd msagheseuwh hilake to hepare
conmpifhi@td S up of
o e R R e A, ST % ve. the
[4mconpound (2) in better yield and purity. [58] [59] The

prog§89~§§fuhe present invention can be depicted as
the Tol 1l A% ng Reaction Schenme 2. [60]
9,

[45]

[49]

[50]

[51] combining the 1-trityloxymethyl-cyclopropanol of formula (9) with diiso-
propylbromo-methylphosphonate in a solvent in the presence of a base to prepare
(1-trityloxymethyl-cyclopropoxymethyl)-phosphonic acid diisopropyl ester of the
following formula (10):

[52]
no’?So\/ggzia

(53] (10

[54]

[55] as a solid form, and converting the trityl group of the compound of formula (10)
into hydroxyl group.

[56]

[57] When carrying out the process of the present invention, N-methylpyrrolidone
(NMP) can be more preferably selected as a solvent for the combination step of the cy-
clopropyloxy group of formula (9) with the phosphonate group to give the compound
(2) in better yicld and purity.

[58]

[59] The process of the present invention can be depicted as the following Reaction
Scheme 2.

[60]

[61] Reaction Scheme 2:

[62]



[61] Reaction Schenme 2 : [62]QEMB CTi(GPr), t rq)
F.nr n THF O (9) (8) (4) LTB1DBWMP NWP .0 TFAyH20 .o

W@ 2006/00488) [ 63] in which X represents fl uori nePCT/KR2005/002007

[63]
[64]
[65]

[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
(78]
[79]
[80]
[81]
[82]
[83]

chl orine, bromne, or iodine, [64] [65] The preferable
amount of each reactant and Peaction conditions

i ncludi ng reaction tenperature and purification
process may be specifically explained below [66] [67]
First, the abbreviations used in the present
speci fi cati ofo akge defi ned  asgt alokbgws: [6 Tr: Trityl
[69]noEij°E(hy—|E;[&—7’6T'°TE\D£§\/1:-2FBi—ehFﬁr%t ne [7 1] THF:
Tet r ahy®r of uran [ 72] A Et hyfmacetate(ws] i Pr:

| sopropyl [74] LTB: Lithiumr-butoxide [75] NWP:

N- et hyl pyrrolidone [76] DBMP: Diisopr Wrmrret hyl
phosphonate [77] MIBE: Methyl -butyl ether |[78] TFA:
Trifluoroacetic gaeild [ 79]wM2E: Met hyl ene gorkor i de

HO/KOVP\O TrQ” KOVP‘O
\l/ Acetone \r

(10)

(2)

in which X represents fluorine, chlorine, bromine, or iodine.

The preferable amount of each reactant and reaction conditions including reaction
temperature and purification process may be specifically explained below.

First, the abbreviations used in the present specification are defined as follows:
Tr: Trityl

Et: Ethyl

EDC: 1,2-Dichloroethane

THF: Tetrahydrofuran

EA: Ethyl acetate

i Pr: Isopropyl

LTB: Lithium ¢-butoxide

NMP: N-methyl pyrrolidone

DBMP: Diisopropylbromomethyl phosphonate
MTBE: Methyl 7-butyl ether

TFA: Trifluoroacetic acid

MDC: Methylene chloride

AN: Acetonitrile

Min: Minute

In the first reaction step of ethyl glycolate of formula (4) with trityl chloride, 1.0
equiv. of trityl chloride (TrCl) and 1~1.3 equiv. of pyridine are added to 1.0~1.5 equiv.
of the compound of formula (4), and the mixture is stirred in the presence of EDC at
about 30~60 °C . After the stirring, an acid-base treatment to the mixture gives the
compound of formula (8), which is then treated with hexane to be converted into a
solid form, or used in the next reaction without further purification. To the compound
of formula (8) are introduced 2.1~3.1 equiv. of ethyl magnesium halide, preferably,
ethyl magnesium chloride or ethyl magnesium bromide, and 0.2~0.6 equiv. of titanium
tetraisopropoxide, and Kulinkovich reaction (J. Am. Chem. Soc., 1995, 117,



[80] AN: Acetonitrile [81] Mn: Mnute [82] [83] In
the first reaction step of ethyl glycolate of formula
W@ 200604380 t rityl chloride, 1.0 equiv. of trityPCI/KR2005/002007
chloride (Trd) and 1-1.3 equiv. of pyridine are added
to 1.0-1.5 equiv. of the conpound of fornula (4), and
the mxture is stirred in the presence of EDC at about
30~60 OC . After the stirring, an acid-base treatnent
to the m xture gives the conmpound of forrmula (8),

vvhl odn o @20hi@ @eﬂférﬁﬁﬂ@dSWSt"b Irﬁeeaa@leb@s éa@wca@la\ésmh&dlslaaaéa

f . &ﬁ‘rego Illjér I ag%lﬁ)n rmxtuf:% i8 sElrre(? %nd extrﬁcg n%‘fomp(ogsld of
are fqrml}adah d é@l cgmpound gf foimlg (ﬁ)vs digsolvetl htya sq%r@gh @eitiguiarly
h al pi&oratidty ﬁlfrembi ¥-1. ﬁééhw oMBBNESAddm £l cpéquﬂe oPLTE LR ded

FoO SR Ap O e R ite 1 Nred s i By B Hu wair il R RiB R not
Chemxce@bg 4319981d suljzctgbiogn 9o Mpsd teapeent by gredthatoBpaBd of

0C forPﬁB%QlO)aﬂh@&iﬁﬁ)oﬁﬁ& &1 6rradh d oS @Y bhi@Red 8 cét%ﬁgd into a solid
t he action mxture is sti

r et r
ext FREdadRE gl yih FREeRUB oY it it T Dogompad of ormula
conpl@uag adfed o7 +Af @qu(\pl TEA dnd@o+U2d/g of HO,si0d thembixture is

par Ll @ Fdo¥h t@fnﬁfzﬁfuﬁp A‘ftef fhe N}@ng ]a-n%m%l b%seetgéé'tr}{ent Cffltr%f thus
equl v. re a her et o,

t he
i medléceﬁéoléq ARY @araawrg%e BC%P‘WBE f5- Idﬁaeﬂreffﬁsly the Scid-base
condtdtinom iodarriat oue witk eodimg h4drogide.and tsLizjrecioe dvithanainylene
aci ghl e treatment to give the conpound of formla
(10). e compound of formula (10) thus obtained is
[84]convert ed into a solid formby treatnent with heptane
[85]lunder Thelpawedseifperpadsafiténvehitort fredwospe dadpaid {(Drintilga purity
(10%3]6%[11 %ggggo foge; 2. 5 equiv. of TFA and 0.1-0.5 D/ g
e mxture is stirred at room tenperature.
[86]after the stirring, an acid-base treatment, filtration
[87]of t husisqecteaptuiiobl thrmalael (% xhd ACY) bRingd z\/sanﬁeﬁﬁedlates for the

co n‘gf léesg 0% &12: prel_gnt ?ﬂvggtlo%fﬁé %?Wyélvea ngveq% %P(Q.l%ﬁg Therefoae the

ment arrie
t h e PEXRE myt:mm fygithen prewtdas theseenoy il l@tplin@féhatq @ppopss] The
[88]process of the present invention produces the conpound

(2) i u run to 98 to. 1
8907 o T RBRN iRt St e PBye S T Gy tial gk v
as [hqslgmm| mytleesideggnalopee of formula (1) as mentioned above. Specifically, the
compound (1) can be prepared by a process comprising the steps of introducing a

leaving group into the compound (2) to prepare a compound of the following formula

(11):
[90]
[91]

ﬂ o—<
o _PC

RN
[92] (11)
(93]
[94] in which L represents a leaving group, preferably, methanesulfonyloxy, para-

toluenesulfonyloxy, or halogen, coupling the compound of formula (11) with the
compound of formula (3) to prepare a compound of the following formula (12):
[95]



process of the present invention are thenselves novel

conpounds. Therefore, the present invention further
W@e@eloos30 t hese novel internedi ate conpounds. PGBKRR@9)002007

The conpound (2) prepared by_the above process is a

key internedi ate for syn thegizing t he nucl eosi de

anal ogue of formula (1) as nentioned above.

Specifically, the conpound (1) can be prepared by a

process conprising the steps of introducing a | eaving

group into the conpound (2) to prepare a conpound of

the following formula (11); [90] [91] [92] (11) [93]
[94],in which L resemys a | eaving group

prefe , 1yl oXys

par at df uen sulfonyléxy,lproha gen, coupling the
conmpoli formula (11)0with the conpound of formula

(3) to pgrepare a compound of the follow ng fornula
(12): 51196] (12) [97] [98] in which X is defined as
above, “hydrol yzi ng the conpound of fornula (12) to
[96]pr epafti@)a conpound of the following formula (13): [99]
(9710 100] (13) [101] [1021 in which X is defined as above,
removi.ng .t gr.o X fromthe co und of fo I )
98T odhaenan S Rt SbE HaravBus OF capmy PbRymRal Fyto
gr opeparatcombhendlvd gpHolivong@tirduiagi Bt y. [ 103] [104] The
[99detai | ed reaction conditions of the above process are
described in the applicant's prior application (Korean

Pat gn Freati No. 2{192-0003051, WO 02/057288).
The th&\ggggeab\ﬂnvention provi des a process
for p ng the O P—OH

t Apd
repa I
NYN 0]

HN
[100] (13)
[101]
[102] in which X is defined as above, removing the group X from the compound of

formula (13) and concurrently introducing t-butylcarbonyloxymethyl group into the
phosphonic acid moiety.

[103]

[104] The detailed reaction conditions of the above process are described in the
applicant's prior application (Korean Patent Application No. 2002-0003051, WO
02/057288). Therefore, the present invention provides a process for preparing the
compound (1) from the compound (2) prepared by a process depicted in Reaction
Scheme 2.

[105]

[106] The present invention will be more specifically explained by the following
examples. However, it should be understood that these examples are intended to
illustrate the present invention but not in any manner to limit the scope of the present
invention.

[107]

[108] In the examples below, the HPLC conditions for determining the completion of
reaction are as follows:

[109]

[110] [HPLC conditions]



conmpound (1) fromthe conmpound (2) prepared by a

process depicted in Reaction Schene 2. [105] [106] The
wW@e@sOM330 nvention will be nore specifically eR@I/EKR2@®E/002007

by the foll ow ng exanpl es. wever, it should be

understood that these exanples are intended to

illustrate the present invention but not in any nmanner

tolimt the scope of the present invention. [107]

[108] In the exanples below, the HPLC conditions for
[111det er i Gag‘@slﬁcpamd atriypel MG 5136t £ 1AIrEx 250 f Pl | ows:

109] |11 it ons] [111] Col unm: Capcel | pak
[112{& ‘& %hé‘t%% i%e: 4.6 DLD x 250 D) IS [112]

[113\]\avel @h@fm&( 110 )/min 254 D [113] Flow rate: 1.0 D'mn
[114]114] @ﬁ@@lﬂt%ﬁdlﬁ&ﬂ@ta&ﬂ 9@5780 EE@VAN @@%&@A)Fsrgn% /8@ 7Jn4h

[115};}?,) n? %n %n[(gff@ﬁ L rﬁ}lfﬁo ’15] 0/100, | Omn:

anpl es [118] [119] Exarrpl e
[1161: Preparation of trityloxy-acetic acid ethyl ester

[1148) [ B@mpes21] Trityl chloride (279 g, 1.0 nol) was
[llél ssolved in EDC (680 D, 5 DDg with respect to ethyl

| ycol ate), and ethyl glycolate (135 g, 1.3 nol) was
[11%9dded Exantnhelzrﬂmpamﬁon Piritgiore a¢dig agid eth ssten(8) was
12@dded thereto, and the mxture was stirred for 19

hours at 400C. onpl eti on of the tian
[2Monf i ritd C&Pnﬂﬁ}-’%ﬂ’é gol é mfa‘%ﬁ‘iféjésﬁg v ip F(Pé)@ﬁgr’ P /%(‘E"“B respect to
sol uthylonydoRifd), ddd ethyDlgcalatt il 35es pSatolt wasedddyd to the mixture.
gI y?% ﬁee@99 § 2§9ﬁgﬁ) va% {]%Kﬁerétg eanﬁ%l?ecﬁﬂx%e %gé Hﬁlleg li]oral9 hours

ase U 1 on, hen extracte
t hedeb - a’%ffqr S?FHHJQ%O%‘éfrﬂPeoﬁeﬁ%’d’né‘ﬁééorg’é@F% y EBEC\/\%é Naqueous hy-
di stitochledc adl@ruticad 00, Jor &Ssitr @spekito ethyl glycolate) was added to

make the reaction solution a two-phase solution, which was then extracted. After the
extraction was performed once again, EDC was distilled under reduced pressure. In
order to obtain the compound of formula (8) as a solid form, hexane (680 [ ) was added
to the concentrated compound, the temperature was lowered to 0°C, and the mixture

was stirred for about 3 hours and filtered.

[122]
[HPLC]
Compound:  TrCl Compound (8)
RT: 5.38 8.58
Area%: 2.39 83.93

[123]

[124] ' H NMR (400MHz, CDC13) 0 1.23 (t, 3H, J=8Hz), 3.78 (s, 2H), 4.14 (q, 2H, J =
8Hz), 7.26~7.22 (m, 3H), 7.33~7.29 (m, 6H), 7.50~7.47 (m, 6H)

[125]

[126] " C NMR (400MHz, CDC13) 0 10.8,57.3, 59.3, 84.0, 123.9, 124.6, 125.3, 140.0,
166.7

[127]

[128] Example 2: Preparation of 1-trityloxymethyl-cyclopropanol (9)

[129]

[130] Tetrahydrofuran [1040 U, 3 [l /g with respect to the compound of formula (8)] was

added to the compound of formula (8) prepared in Example 1 on the premise that the
yield of Example 1 is 100%, and the mixture was cooled to 0°C. Titanium tetraiso-



order to obtain the conpound of fornmula (8) as a solid
form hexane (680 D) was added to the concentrated

W@ ovpoms3s) the tenperature was | owered to 00C, PEGRERR018/002007
m xture was stirred for abouf 3 hours and filtered.
[122] [HPLC] Conmpound: TrdC npound (8) RT: 5.38 8.58
Area% 2.39 83.93 [123] [124] H NWMR (400MHz, CDC ) d

1.

8

[

23 (t, 3H, / = 8Hz), 3.78 (s, 2H), 4.14 (q, 2H J =
Hz) 7.26-7.22 (m 3H), 7.33-7.29 (m 6H), 7.50-7.47
51@[3%{1&69—@5]5 8@1@ ﬁ]mol)%fﬁ AR th &ML, etisPag ﬂesﬂlnﬂ-&oﬁude (15000

127? .0 [mf%g] Mé)?a?rp r%hog) wﬁ, %aélgr gie{%on(?rgPWme at05~95 C]' over Z~6 hours.
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agueous Cit

[ ut
oo G Db ana oMk e ey Feid e g e

t

hecoreaahd ohfosmllat9)on under the condition of not

zceedi ng 35°C, which was stirred for about 1 hour.
f

d

ter the stirring, tetrahydrofuran therein was
i stiHPL&d under reduced pressure, and the residue was

ext reghRflnd:W CerOH i st WiddmpbaR@( 4 D/g with respect

t
S

ot .con'poungd'f forrruloa%(S)] of ethyl acetate and
ec wth 69 3h respect to the conpound

of fameatt a (8)5.06f the sa7r$854 Thus resulted organic

mj]]
[13
[134]

[135]
[136]

[137]
[138]

ayer vvas vvashed wi th saturated aqueous NaHCO sol uti on

690 D, W th resPect to the
H NMR (gAfOOMHz CDC ) 0 0.45 (dd, 2H, J=8Hz), 0.80 (dd, 2H, J=8Hz), 2.59

(s, IH), 3.18 (s, 2H), 7.23~7. 32 (m, 9H), 7.45~7.47 (m, 6H)
" C NMR (400MHz, CDC13) 0 8.4,51.9,63.9,83.0, 123.7, 124.6, 125.3, 140.5

Example 3: Preparation of
(1-trityloxymethyl-cyclopropoxymethyl)-phosphonic acid diisopropyl ester (10)

To the compound of formula (9) (261.25 g, 0.79 mol) obtained by concentration
under reduced pressure in Example 2 (it was assumed that the compound of formula
(9) was obtained in a yield of 79% starting from Example 1, since the peak area by
HPLC was 78.54%) were added NMP [1050 [, 4 U /g with respect to the compound of
formula (9)] and DBMP (307 g, 1.2 mol). To the reaction mixture was added LTB (107
g, 1.3 mol), which was then stirred under the condition of not exceeding 45°C. After
about 6~19 hours, completion of the reaction was confirmed by HPLC, and 14%
aqueous NH4C1 solution [1830 0, 7 U /g with respect to the compound of formula (9)]
was added thereto to stop the reaction. MTBE [first: 1050 U, 4 U /g with respect to the
compound of formula (9); second: 520 U, 2 I /g with respect to the compound of
formula (9)] was added thereto twice for phase-separation. Thus obtained organic

layers were combined and washed with 21% aquecous NaCl solution [1650 0, 6.3 0 /g



compound of formula (8)], and concentrated under
reduced pressure to give the title conpound of fornula
W@ 2006/0p4830.] [ HPLC] Conpound: Tr OH Conpound (9) PGIVKR2004002007
6.23 Area% 5.07 78.54 [132]1 [133] H NWR (400MHz, CDC
) d 0.45 (dd, 2H, J=8Hz), 0.'%0 (dd, 2H, /=8Hz), 2.59
(s, IH, 3.18 (s, 2H), 7.23-7.32 (m 9H), 7.45-7.47
(m 6H) [134] 13 C NWR (400MHz, CDC ) d 8.4, 51.9,
63.9, 83.0, 123.7, 124.6, 125.3, 140.5 [135] [136]

EX amh €espect By @P %rﬂﬁduﬁﬂ oPformula (9)]. The remaining orgamc layer was con-

-trit met |
G SO R R R PRI e
for ncmh@pu(l@))f (ozer_ﬂa@] gas @ide@thmlt() Tbbmxtnr@dvabyooled to -10°C, and

C ONEREEY fidr@PoudRARLrs k@ Eive BR Rle %§1§?’<§Lﬁhd lof fcﬁ?ﬁ@l)m h® (B8d &, tPurity
ormul a

t he co ound of was
obt g?%%&?ﬁld%@adaép 9% starting from Exanple 1,
[139i nce the peak area by HPLC was 78.54% were added NVP
[10?&1,9%]4 Dig wth respect to the conpound of fornula
(9)] 307 g, 1.2 nol). To the reaction
mi xtQampowrds ad LTB ( 167mpound$)npl ), whPreRowss(1Phen
stirged under §be conditigee of not exceedpng 45°C.

After about 6- hours, l etion of the ction was
conﬁfF?@d by EQZ and 1jg/ég;queous NH Cl gé?%tl on
[14([]1830 D, 7 Dg with respect to the conpound of fornula

[141[] 9) ] ﬁN@gg\g@%ﬁ& L{)%%%rv%ré)o sgrv§(ﬁ 9&;1&6@ fhe p%ﬁgitok - CO\]}(E dof

respect to the conpou of
for fimgla(49): second: 520 D, 2 D'g with respect to the
[14xonmpound of formula (9)] was added thereto twice for

[1433 hase liFﬁﬁ‘/ﬁ?&Lbﬁ?MﬁlzT@Hél ﬂg’g?d, &M -Ar 9—% (q 8%\’(8{1 Szﬁ’"‘?r §Hz)

% a
[ 16$@3’d 2353 13w 325 BBpedt (4 gHt féHebrhgdutdo éﬁl 21D, 7.21-7.31
f or mau) ) ( @33~7.46h@, bERI ni ng organi c | ayer was con
entrated under reduced pressure, and heptane [1300 D,

[14 Dg with resopect to the

[145] NMR(4 0OMHz, CDC1)6 11.9,24.4,24.4,24.5,24.6,63.5, 63.8, 64.0, 65.1,
67.3,71.3,71.4,86.9, 127 .4, 128 3,129.1, 144.3

[146]

[147] Example 4: Preparation of diisopropyl {[1-(hydroxymethyl)-cyclopropyl]
oxy }methylphosphonate (2)

[148]

[149] The compound of formula (10) obtained in Example 3 (59.15 g, 116.3 mmol) was

dissolved in acetone [59.2 1, 1 U /g with respect to the compound of formula (10)], 2IGD
(5.90, 327.8 mmol) and TFA (26.52g, 232.6 mmol) were added, and the mixture was
stirred at room temperature. After the portion of the compound of formula (10) was
confirmed 7% or less by HPLC, 3N aqueous NaOH solution [75 [, 2.6 /g with respect
to the compound of formula (10)] was added thereto, and acetone was removed
therefrom by distillation under reduced pressure. The solid produced during the
reaction was filtered off, and the filtrate was extracted twice with methylene chloride
[118.30x 2,2 /g with respect to the compound of formula (10)]. Thus obtained
organic layer was concentrated under reduced pressure to give the title compound (2)
[31.71 g, Purity 98%, Yield with respect to the compound of formula (10) 102.4%].
[150]



conmpound of forrmula (8)] was added thereto. The

m xture was cooled to -100C, and filtered after about
W@2006100433¢ 0 gi ve the title conpound of fornul aPCI/ER2005/002007

(586 g, Purity 96.23% Yiel d1 71.3% as a solid. [139]

[ HPLC] Conpound: Tr CH Conpoqu (9) Compound (10) RT:

5.24 6.02 9.26 Area% 0.10 0.09 96.23 [140] [141]

[NMR] No ot her peaks were observed besi des the peak

for the conpound of formula (10). [142] [143] 1H NWR

(40 ix@;qcm d 0.54 (dd, 2H, / 8Hz) 0.80 (dd, 2H,
/=8 12H), 3. 22 3.92 (d, 2H,
J= 8%"1’(’&“ 7- 4T§§HEQ 2H)Hkb‘?l 21““76@1 (m 9H), (

7.ARTF. 46 (m 6Hp [ 144] [248] 13 C NMR (400MHz, CDO )

d 11,9.0.24. 4, 3454, 24.5 594.6, 63.5 63.8, 64.0,

65. 67.3, 71.3, 71.4, 86 9, 127.4, 128.3, 129.1,
[15H44. 3 [146] [147] Exanple 4: Preparation of

(1541 i SORNMBI Ol the (Poatdioo Mgt tchy thledes tho pologit) Hesides the peak for the
oxykg[ﬁg&i{!i%j%%%&w (2) [ 148] [149] The conpound of

for tained in Exanple 3 (59.15 g, 116.3
Yol ) was dissolved in acetone [59.2 D, 1 D/g with
[154] espectH NMR (e0NeRPOMSD) 610, SfSO(ﬂmE}E Jé&l@;)) 0.7B)dd( 2H Y=BHz),

3271 ?%BPPJ e(n% 39, 5':33 (Szz% 532%3 gd?%ﬁ |3)8 e1‘r’t§,t il ";}d%i%t 4.53~4.72

ure
the(fpoﬁﬂ)bﬂaﬂﬁfﬂﬂhe conmpound of for rrul a (10) was
(159onfirmed 7% or |ess by HPLC, 3N aqueous NaCH sol ution

15110) 1 e R AR 4t 0t S S gl au S B0
t hep@p?.erhoByo ldi s 67 12.4(7i18n under reduced pressure. The
(1580l i d produced during the

[158] As explained above, when trityl chloride is used according to the present invention,
the intermediate compound of formula (10) can be obtained as a solid, which solves
the problem of the prior art that diisopropylbromomethyl phosphonate is not removed
but retained in the compound (2) to lower the purity thereof. Particularly, if N-
methylpyrrolidone is selected instead of dimethylformamide as a solvent for preparing
the compound of formula (10), stability of the compound of formula (9) against lithium
t-butoxide is highly improved to affect the purity and yield of the compound (2) in a
favorable manner. Also, the compound (1) useful as an antiviral agent can be advan-
tageously prepared with high yield by using the highly pure compound (2) obtained

according to the present invention.



reaction was filtered off, and the filtrate was
extracted twice with nethylene chloride [ 118.3 Dx 2,

WQ2@600488¢ h respect to the conpound of fornul aPCI/ERR005/002007

(1]
(2]

(3]

(4]

(5]

[6]

(7]

(8]

(9]

Thus obt ai ned organic |ayer has concentrat ed under
reduced pressure to give theetitle conpound (2) [31.71
g, Purity 98% Yield with respect to the conpound of
formula (10) 102.49% . [150][HPLC] Conpound: Tr OH
Conpound (10) RT: 5.14 9.20 Area% 93.58 5.07 [151]

[152] [NMR] Only the pea t hyl ene chloride, the
sol vent, besides the peakltiginiie conpound (2) was

observepl rbock ihg N oAROMHE: (VR B ) ( dd,
2H, /= 8HzA)b 0. %&r%%h“hé p(8Hz) 1“22 1. 724 (m1 %(H)

3.32 (s, 2 3 53]cd, 2H, /=4Hz), 3.81 (d, 2H,
| =8Hz) ,

ad: o 2(m 2H), 4.73 (t, IH [155] [156] 13
C NWR (40 %Nﬁ@k*ﬁ .44, 20.7, 20.75, 20.85,

20. 88, 58. 81, 60(ﬂ7 6 69 61.62, 61.77, 67.12, 67.18
[157] [@$8] As explalned above, when trityl chl ori de
is used according. t

ot or e TR a! B PR Ror e R frmkad

as a solid, ich solves the problemof the prior art
t hat di ggopr syl onDnEthyI phosphonate is not renoved
but retaingd i @t conpound (2) to lower the purity

thereof4)Part|cuIarIy, i f Nnethylpyrrolldone i's

| ect d t th f .
orepar | 1 AU SRS B or ROTE TG Pou 50 G gpBbine
t he conﬁmuﬂd(@f formula (9) against lithium - butOX|de

is highly 0 d to affect the purity and yield of
t he conptu Q \feln a favorabl e manner. Al so, the

compound (1¥)useful as an antiviral agent can be advan
t ageous(sy, prepared with high yield by using the highly

D vent OB %e(c%lnp%&cﬁdf%r%u%&? (ith 2y f Ra G uRATEREN prepare

i nvention
1- tr1ty10xyrnethy1 cyclopropanol of the following formula (9):

ro "

),

combining the 1-trityloxymethyl-cyclopropanol of formula (9) with diiso-
propylbromo-methylphosphonate in a solvent in the presence of a base to prepare
(1-trityloxymethyl-cyclopropoxymethyl)-phosphonic acid diisopropyl ester of
the following formula (10):

i
'no’jzg ~ \r/

10

as a solid form, and converting the trityl group of the compound of formula (10)
into hydroxyl group.

2. The process of claim 1, wherein the solvent used in the step of reacting the
compound of formula (9) to prepare the compound of formula (10) is N-
methylpyrrolidone.

[10] 3. The process of claim 1 or 2, wherein the base used in the step of reacting the

compound of formula (9) to prepare the compound of formula (10) is lithium t-

butoxide.



[1] L A process for preparing a conpound of the
followng formula (2): (2) conprising the steps of

WO 2@6004330 a conpound of the foll ow ng fornul a ¥a/KRR®BF/002007
HO O (4) [4] with trityl cm1ride to prepare
trityloxy-acetic acid ethyl é&ster of the follow ng
formula (8): (8), reacting the conpound of fornula (8)
with ethyl magnesium halide to prepare
1-trityl oxynet hyl - cycl opr opanol of the follow ng

[11]f or nul a4 (19 pr&c@@s of Elﬁim ¢ @H@l\ﬁheﬁﬁln &tA¢ magnesium halide is ethyl
I-trltyl formula (9) with

r?/ 1 orlﬁé F 1 arqosmm [)rorm

diiso roﬁ% “Br'o) Pﬁ? % § RONAre™ ' a sol vent in

[12]t he pr ek die @r(@f:ssa)f blae 1 pn2, m}@m ethyl magnesium halide is reacted with
(1-tritukexpsinbyt fo?Mﬁl'aQ@)ﬁ@ mw&@ﬁéw Il&tﬂ%ptlaﬁ‘ﬁlh(ﬁ)r

di i sopr

| te
13l o o HePBFRY ARG Ry ErHIRY PREEPR R é‘? e
t he congloutydigobp fnde hydrexyl $O)p imthe coryeios il fproulp (14) ¢ treated
2. The th@&ﬁﬁﬁn Hf/drg)héé 'ﬂﬁe]resu‘Ml‘%rs%h@ 1stfh@reﬁQ)|ﬁV & (h&I BiRM iD

the ste oun ornu

pr epar e&tnﬁvete(i ﬂ%le&e C]F18P$I£HO§IV€1% cqr%poun o tg)rn)lula ?2)
[14]Nmet hy| pyx camhpodod el thg idowig FmeulptOcess of claim 1 or
[15]2; V\herWse used in the step of reacting the

conpoun rmula (9) to prepare the conpound of

formula (10) ['ithiumtbutoxide.[11] 4. The process

of claigml or 2, wherein ethyl magnesiumhalide is

hyl h | um brom de.
P RSO 8 O S st um b

17lmagnesi um hal i de reacted with the conmpound of
fornularkﬁ}zgn\L q)presence of titanium

tetrai sopropadxi de. 3] 6. The process of claim1l or
2, wherein the product obtained after the conversion

of trity0 group into hydroxylgroup in the conpound of
[18]f or mul a9 (AlPhbcdss fdrpeph@itk a compound of the following formula (1):

[19] f
o

ey
comprising the steps of introducing a leaving group into the compound of
formula (2) prepared by the process of claim 1 to prepare a compound of the

following formula (11):

201 ﬂ o{
o. P_

an
in which L represents a leaving group, coupling the compound of formula (11)
with a compound of the following formula (3):

[21]



wi th sodi um hydroxide, the resulting solid is filtered
off, and the filtrate is extracted with nethyl ene

w@kioeid4380 t 0 gi ve the conmpound of formula (2).P¢IER2005/002007

A compound of the followng fornmula (9): [16] 8. A
conpound of the foll ow ng f of'nul a (10): (10) [18] 9. A
process for preparing a conpound of the follow ng
formula (1): (1) conprising the steps of introducing a
| eavi ng group into the conpound of fornmula (2)
prepared by t process of claim1l1l to prepare a
compound of thp following fornula (11): (H) in which L
represents group, coupling the conmpound of
fornula (11?'I onmpound of the follow ng formul a
(3): %L& X represents fluorine, chlorine,
brom ne |nello prepare a conpound of the

fol |l ow fornula (12): (12) [23] in which X is

defi ned as above, hydrol yzing the conpound of fornula
(12) t onprligheK Eepsese@PBRIHY: eXonnsebrpBIlea IAGNE rienaze a
(13): (dodypound whrhetoligwing faefilngd).as above, renovi ng

concurrently i ntroducing t-butyl carbonyl oxynet hyl

[22] >t he group X fromthe conpound of formula (13), and
&I

(23]

[24]

group |nto os iC ag iety.
P—O—<
H

HZN
12)
in which X is defined as above, hydrolyzing the compound of formula (12) to

prepare a compound of the following formula (13):
N—
X —\N o
7N O/\ﬁ—OH
N 0

(13)

in which X is defined as above, removing the group X from the compound of
formula (13), and concurrently introducing t-butylcarbonyloxymethyl group into
the phosphonic acid moiety.



