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process for preparing 2',2'-difluoronucleoside and its
internmediate of the following fornula 1 that exhibits
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non*eaﬁﬁiéalqeileldl ung cancer, pancreati c cancer, bl adder
cancer and netastati breast cancer. [6] [7] U S.
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OWI ng reaction schene 1. [8] [9]
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Background Art

2'-deoxy-2',2'-difluoronucleoside of the above formula 1 is disclosed in European
Patent Application No. 184,365 that describes the use of the same compounds as
oncolytic agents. Currently, the compound has been shown to be effective for the
treatment of non-small cell lung cancer, pancreatic cancer, bladder cancer and

metastatic breast cancer.

U.S. Patent Nos. 4,526,988 and 4,808,614 disclose the preparation of

2'-deoxy-2',2'-difluoronucleoside, as shown in the following reaction scheme 1.

Reaction scheme 1



and L is a leaving group. [13] [14] A carbohydrate
whi ch has the stereochem stry of ribose is preferred

W@ 20060649888 pr ovi des 2' - deoxy-2', 2' - di f| uor onucl BOFK&2006/005372

[11]
[12]

[13]
[14]

[15]
[16]

[17]
[18]

whi ch exhi bit superior biological activity. The

i nternedi ate | actone conpound (I11) of the prior art
may b obtalned in a mxtuy e of erythro and threo
sLe§4 nErs“d£22l6Lé6&4 EN hr ) (tﬂreo) [g?L 518]
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Wherein, R4 and RS are independently CI—C3 alkyl; P is a hydroxy protecting group;

and L is a leaving group.

A carbohydrate which has the stereochemistry of ribose is preferred since it
provides 2'-deoxy-2',2'-difluoronucleoside which exhibit superior biological activity.
The intermediate lactone compound (I1I) of the prior art may be obtained in a mixture

of erythro and threo stereoisomers.

HO

OH
on F F
(erythro) (threo)

The prior art discloses that the erythro enantiomer is preferred since it provides a

carbohydrate which has the stereochemistry of naturally occurring ribose.



procedures. Once the 3-R-hydgoxy enantioner is
isolated it is next hydrolyzed under acidic conditions
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2- deoxy- 2, 2-di fl uor o- D- eryt hr o- pent of ur anos- I - ul ose,
which has the fornula I1l. [25] [26] The beta-anomer
precursor of the fornmula Il is preferred since it
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rati o. This product nust be purified by expensive,

| abori ous colum chro nat ography procedures to isolate
the desired beta-anomer in lowyield. [29] [30] Mre

i nprovgd process of the prior art is described in the
Kor ean/ Pgt ent_ Exami ned PublicQL%E@ No. 1997-2659. The
pateny pfovides a process for @ td?nﬁp

s

¢ g

2' - deoxy-27, E@ﬂidﬁmo&mmcﬁrﬁosw@/hﬁmﬁg@t(hg_cgrML 1y O-

and bet a- gter eochem stry which el i mgat es the nee% for

expensi ve col um chromat ography purification, as shown

in the f8owi ng reaction schene 2.3f31] [32] Reaction

scheme 2( C1-C4 alkyl) (IV) (IX) (MI11) (M11l) TMSOTf

Wher Ln, Ris Hor R4 aﬂd %5 ar e i nde ende}rlwt I ¥ Cl-C3

al ky&. e prior art also describes the 3-R-hydroxy enantiomer has the proper stereo-
chemistry to provide the desired erythro diastereomer and that the 3-R- and
3-S-enantiomers can be separated by expensive, laborious column chromatography
procedures. Once the 3-R-hydroxy enantiomer is isolated it is next hydrolyzed under
acidic conditions to form an unprotected lactone; namely,

2-deoxy-2,2-difluoro-D-erythro-pentofuranos-1-ulose, which has the formula III.

The beta-anomer precursor of the formula II is preferred since it provides
2'-deoxy-2',2'-difluoronucleoside which possess superior biological activity. The prior

art specifically illustrates the use of tertiary-butyldimethylsilyl as a protecting group.

When this protecting group is used in the synthesis of
2'-deoxy-2',2'-difluoronucleoside, the product is composed of about a 4:1 alpha/beta
anomeric ratio. This product must be purified by expensive, laborious column chro-

matography procedures to isolate the desired beta-anomer in low yield.

More improved process of the prior art is described in the Korean Patent Examined
Publication No. 1997-2659. The patent provides a process for obtaining
2'-deoxy-2',2'-difluoronucleoside having the erythro- and beta-stereochemistry which
eliminates the need for expensive column chromatography purification, as shown in

the following reaction scheme 2.

Reaction scheme 2



[34] [35] The process requirgs strong acids as
hydrol ysis reagents in hydrol yzing a conpound of the
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m xture of erythro and threo | actones. [36] [37]
Nevert hel ess, the above process for manufacturing the
conpoung of the fornmula I X was carried out in a manner
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pure conpound of the formula VIII, the purity of
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pat ent causes t , on of unded#zPapl e reaction
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addi tion, the Koreagmﬁatent provi des a process for
preparing 2'-deoxy-2',2'-difluoronucl eosi de,

conprising reacting a conmpound of the fornmula VIIwith

an appropriate base B-H, formng a ¢émpound of the NH,HCI
formula VI, and renBViMig the benzoytsprotecting group .,
by r@g&}ing.mﬁth “base. [42] [43]&}9@pver3 t he Korean PN
pat ent mewiggﬁ a JQQ§§S for,sel ec i vely i sol atjng N™ 0
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al pha/ B&t a anonerigydmati o, withy necessary ‘

al pha- anener contai ning nore t#an %0% The processio ;

al so requires an expensive reageq@,such as

trimethylsilyl trifluoroacetate, when t he conpound of

the formula VIl is reacted,with base Bkﬁ' [ 44]

Wherein, Ris H or ©/U\ ; Bzis ©/k ; B4 and Rs are

‘independently C1—C3 alkyl.

The process requires strong acids as hydrolysis reagents in hydrolyzing a compound
of the formula IV to obtain a compound of the formula IX, a mixture of erythro and

threo lactones.

Nevertheless, the above process for manufacturing the compound of the formula IX
was carried out in a manner that it is heated under reflux at 78°C for 8 hours. As a
result, the compound of the formula IX was extremely instable under such stress

conditions with poor yield.

Although a mixture of erythro and threo lactones is recrystallized and separated to
prepare a pure compound of the formula VIII, the purity of erythro lactone is confined
to 95%. Thus the Korean patent causes the formation of undesirable reaction products,

making it difficult to obtain a pure 2'-deoxy-2',2'-difluoronucleoside.

In addition, the Korean Patent provides a process for preparing

2'-deoxy-2',2'-difluoronucleoside, comprising reacting a compound of the formula VII
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bet a- stereochem stry in approximately 99% purity by
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separating and purifying 2'-deoxy-2',2'-difluoronucleoside.

The process employs alpha-anomer carbohydrate or alpha-anomer enriched car-

bohydrate in glycosylation process of a base and carbohydrate.

The Korean Patent Registered Publication No. 302087 provides a process for
preparing the alpha-anomer carbohydrate, comprising preparing a carbohydrate with
alpha- and beta-anomers at a low temperature and separating the alpha-anomer via re-

crystallization process.

However, the process is not economically feasible due to a low yield of 35.5~68%

with no reproducibility.

Although a mixture of beta-anomer enriched nucleosides is made available from
glycosylation reaction between the alpha-anomer enriched carbohydrate and base,
about 4:6 alpha-beta anomeric ratio is observed via high pressure liquid chro-

matography analysis.

In this context, any glycosylation reaction appears to be unnecessary due to a poor
yield (68%) of the alpha-anomer carbohydrate, when isolated. In carrying out such

reaction, a toxic anisole is employed as a reaction solvent having a boiling point of
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carrying out such reaction, a toxic anisole is
enpl oyed as a reaction solvent having a boiling point
of 1504C, Sibtagesde b@r@ﬂo&b@@d@ﬂ?%hﬁﬁla&’ﬁﬁdﬂey redktion, fiet @ity of

o DSl 350 Buosb BNk N B eflaeen by fheggmaing ki,

the remai ni ng solvent. [57] Disclosure of Invention
Te ' r 58] An object of the present
nﬁgﬁ(tlﬁglhr?gfﬁﬁsgi)%\g de a process for preparing
2' T@@m«,ycaa P%[,]@iﬁl uor onucl eosi de of the follow ng
formyla_ 1 pure internmedi ate which has the

st er B8R %ﬁs the P{ﬁselﬁalewapv P BEEATT MBFFHELLCPH YR
[ 69}debrRpLhErdifdijreficlakide RE tHer foHewing foMelh il pikinga pore intermediate

cess f or obt aj eat er than 99. 9%
U] e BaBEEs Ramy A B sl ePRor ' the
follow ng for mJI a 1 by renoval of protecting groups.

[ 61] ALIQI%]:I' l%jg’dt o?ﬁferB}é&ﬁ 1n§9111t}6tn' 19 R) rggﬁd Z?ﬁod%gseﬁ)?gbtammg, n

i nvent i on ovi des 'not g reparin

nog'f@ﬁtef thag QP%pmté %y‘lep%ﬁ 'e?d@dﬂmowcmb@@ pf theecaﬂowmg formula 1
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99% purity, the beta-anomer via N-glycosylation
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Technical Solution

The present invention provides not only a process for preparing a novel in-
termediate by introducing a substituted benzoyl group as a novel protecting group, but
also a purification process for obtaining, in greater than 99% purity, the beta-anomer

via N-glycosylation reaction.

Further, the present invention provides a process for selectively obtaining, in greater
than 99.9% purity, 2'-deoxy-2',2'-difluoronucleoside hydrochloride of the formula 1 by

removal of protecting groups.
The present invention is described in more detail as set forth hereunder.
The manufacturing method of the present invention is briefly illustrated, as shown

in the following reaction scheme 3:

Reaction scheme 3
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described in nore detail as set forth hereunder. [69]
The manufacturing nethod of the present invention is

briefly illustrated, as shown in the follow ng
reactign scheme 3: [70] [71] Reaction schene 36 7 [73]
[ 74k, \Mhérein, Ris or H Xis F G Br, 1, and NO,
resp§§1|?e$ "Yis H F d, | and-oNe

specther' hE:Ftvlsmpreferred t hat
p-t ol uenesul f onyl ; R and R are independ%ntly Cc-C
of tH& orgula 6) by introducihg a.novel protecting

77 h:icohpound of the
formul a
relatively strong acids as hydrolysis reagents in

NH; HCI

ashydrol ysis reagents, is decongpged in the reaction

benzoyl demi vative substituted at theé§'§OS|t|on or
5-position. Further, L is methanesulfon
al kyl. [75] [76] The present invention provides a
process for synthesizing a newﬁlnternedlate (conpound
group, gt ed benzoyls group”
the for [77] [78] The | actyp

may be obtained fromthe conpound of the
formula 4 gnder mld conditions usi/{ng weak acids or
pl ace of strong acids. [79] [80] The conpound of the
formula 5, which is synthesized ysing the strong acids
due to instability in the stromg~&ci ds that may resulﬁ%*N
in pgor vyield.
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Wherein, R is

Q
X
Iy
Y
or H; X is F, Cl, Br, I, and NOz, respectively; Y is H, F, Cl, Br, I and NOz, re-
spectively; and it is preferred that X and Y are a benzoyl derivative substituted at the

3-position or 5-position. Further, L is methanesulfonyl, p-toluenesulfonyl; R4 and RS

are independently CI—C3 alkyl.

The present invention provides a process for synthesizing a new intermediate
(compound of the formula 6) by introducing a novel protecting group, substituted

benzoyl group, from the compound of the formula 4.
The lactone compound of the formula 6 may be obtained from the compound of the
formula 4 under mild conditions using weak acids or relatively strong acids as

hydrolysis reagents in place of strong acids.

The compound of the formula 5, which is synthesized using the strong acids as
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[83] [84] The hydrolysis reagents of the present

i nvention may include acetic acid, water and a m xture
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a cohoaretic efidirniged viithowitergofmprives H~65 %hoetingeidnlhe organic
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substituted benzoyl groups such as hal ogen or nitro
(el e®o pospa 1'idoxyal T dgtwu@siclebsidpiraltigh pfirity, menlzjeg/tl of the present
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the Re&s8MRLLY, MegREdeNinvERBh provides a process for obtaining a compound of
the following formula 6" having an enantiomer mixture of erythro and threo lactones

via introduction of a substituted benzoyl protecting group.

In particular, once the unprotected hydroxy groups of the above lactone ring at the
3-position or 5-position are protected with substituted benzoyl groups such as halogen
or nitro (electron withdrawing groups) in place of a benzoyl group, the erythro
enantiomer can be rapidly isolated in the reaction. Thus a compound of the formula 6

may be easily prepared with a substituted benzoyl group of the present invention.

When the compound of the following formula 6' having an enantiomer mixture of
erythro and threo lactones, which is protected by a substituted benzoyl group, is
purified through a recrystallization process, the erythro lactone of the formula 6 in high
yield may be selectively isolated compared with the convention compound protected

by benzoyl group.

The present invention may include ethyl acetate and hexane or heptane as recrys-
tallization solvents. The present invention provides a process for obtaining, in greater
than 98% purity, the desired erythro lactone protected by a substituted benzoyl group,

as shown below.
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group, is purified through a recrystallization
process, the erythro |lactone of the formula 6 in high
yield may be selectively isolated conpared with the
@ntlon compound protected by benzoyl group. [94]

g% hegpt esent invention may include ethyl acetate
and Hggéggf%ﬁOheptane as recrys tallization solvents.
The pregentg invention provides a process for
obtaining, in greater than 98% purity, the desired

ac

erythro tone protected by a substituted benzoyl
group, as shown below. [96]OC 6' [98] [99] Wherein, R
isROXis F, d, Br, I, and NO, respectively; Yis H
F, d,BP; @nd NO, respectively; and it is

prefer hat X and Y are benzoyl derivatives

substiO® €d at the 3-position or 5-position. Further,

L is metganesul fonyl or p-toluenesul fonyl. [100] [101]
As denonstrated in reaction scheme 3, the conpound of

the formula 6 is converted to a conmpound of the

f or nWhardn [/ ispr ocesses well known to those skilled in
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Furlthler, the present invention provides a

gl ycosyl ati on process, wherein the protected
car Kohldrlabe loind N© _fremestivels Y & H.dacileBr. hiand NO , respectively; and

i ot BHERethaRg M‘% %ﬁ&éﬁ%@ﬁ%ﬁtmﬁr&s SHRERRINE tﬁ@??@ﬂﬁon or
such as trlnet ¥J or trifluoroacetate, as we
a %,—,pgﬁlgg% K is methanesulfonyl or p-toluenesulfonyl.

As demonstrated in reaction scheme 3, the compound of the formula 6 is converted
to a compound of the formula 8 by processes well known to those skilled in the art

(Synthesis 1992, 565); hence, the preferred leaving group is methanesulfonate.

Further, the present invention provides a glycosylation process, wherein the
protected carbohydrate of the formula 9 is reacted with silylated base in the absence of
an expensive reagent such as trimethylsilyl or trifluoroacetate, as well as a process for
carrying out the reaction using a carbohydrate in a 1:1 alpha/beta anomeric ratio in the
absence of a high boiling point solvent such as anisole.

According to the present invention, oxygen atoms are preferably enolized with the
silyl protecting groups in order to increase the base's aromaticity and thereby allow

more ready attack of the base by the carbohydrate in the glycosylation reaction.

To ensure better selectivity in the glycosylation reaction, the present invention
provides a process for synthesizing the compound of the formula 9 in about 2: 3 alpha/
beta anomeric ratio, comprising adding a carbohydrate to base silylated by silylation
reagents without using additional solvents or removing silylation reagents. The
examples of silylation reagents include hexamethyldisilazane (HMDS) and
bistrimethylsilylacetamide (BSA). The reaction is carried out at the temperature in the
range of 60~160°C, preferably in the range of 120~140°C. The reaction is actually
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enolized with the silyl protecting groups in order to
I nesrepised fheabbase 72 muamat i city and thereby all ow nore
UO7]ready attack of the base by the carbohydrate in the

gl ycosyl ation reaction. [105] [106] To ensure better

[108] sel eEuithart the preseitenygingion ydvates @proescior ohtairtig ippesenthan 99%

' ”ﬁgﬂg' Qﬂlet? 59%&18% d@oyﬁf 9'92e§§ﬂlf0g(;nu§bégglti§8f fhle '?&}ALE@ from

an% rAsPKY2ratdifduoregitidinesd ﬁgDa(@wlPsﬁngt@mé&nm@raa% é ajphia/beta

bagfyngdrlcyh@s. %eb&cr?étﬁlﬁkﬁfdn%oé’e@@ﬂﬁ tb§ eri‘éh Qut ugisd &Grystalhzatlon
on reagents.

?—ﬂ%)lltl Onal(:g;s? lg%leﬁgﬁn lyF%lt'i]il(g a4 ngg @H:e chlorform and methylene
hea&ﬁﬁiﬁddj Yktkiesit hsamamréﬂdh%)o anploy ethyl acetate.
[109] bi strinmethyl silylacetam de (BSA). The reaction is
carried out at the tenperature in the range of 60-
[110] 16@0C, preferably in the range of 120- 14Q0C. The
reaction isN;%ct ual I yconpl eted f about 4-72 hours.
[107] [108j,\ urther, the present *invention provides a
process fq talnlng |n greatewthan 99%pur|ty a
beta anomer, 2% deoxy- 2", fl uegonucl eosi de of the

25 2" - dlfluorocVL/Q;w=-3 5' - D (substituted)-

o ilf a2:3 alpha/b;mwﬁjgonerlc rati o. The
recrys@glhizatlon process omy .be carried out using
recrystallization solvents such as nethanol, ethanol,
2-propand@l, ethyl acetate, chlorform and nethylene
chloride; hence, it is nore preferred to enpl oy ethyl

[11ll qcetate. [109] [HO S [111] [112] Wherein, Ris

[112] Wherein, R is

o}
X
[,
Y
; Xis F, Cl, Br, I, and NOz, respectively; Y is H, F, Cl, Br, I and NOz, respectively; and

it is preferred that X and Y are benzoyl derivatives substituted at the 3-position or

5-position. Further, L is methanesulfonyl, p-toluenesulfonyl.

[113]

[114] Therefore, the present invention provides a novel process for selectively preparing,
in greater than 99.9% purity, a beta-anomer 2'-deoxy-2',2'-difluorocytidine hy-
drochloride, comprising removing the protecting groups of pure
2'-deoxy-2',2'-difluorocytidine-3',5'-D-(substituted)-benzoate using ammonia by
processes well known to those skilled in the art to obtain an beta-anomer
2'-deoxy-2',2'-difluorocytidine, dissolving the beta-anomer
2'-deoxy-2',2'-difluorocytidine in ethanol by heating and adding an equimolar strong
acid to give a beta-anomer 2'-deoxy-2',2'-difluorocytidine hydrochloride.

[115]

Advantageous Effects
[116] The present invention provides not only a process for preparing a novel in-

termediate by introducing a substituted benzoyl group as a novel protecting group, but



; Xis F, d, Br, I, and NO4; respectively; Y is H F,
ad, Br, | and NO, respectively; and it is preferred
w0 bar/0s98ad Y are benzoyl derivatives substit UPEHKRR006/005372
the 3-position or 5-position. Further, L is
met hanesul fonyl, p-toluenesulfonyl. [113] [114]
Thelkeh @nﬁflcattil@ﬁ pmcessefrcblt obtaleiy, iidfrepleOthiad QQ%apLﬁrﬂy,ﬁhe beta-anomer
pr oc | ectively preparing, in greater than
09" 808 & éh‘(F % 10& BT anoner
[117]2' - deoxy-2', 2' -di fl uorocytidine hy drochl ori de,

[118] C 0 np[:ﬁﬁﬁé? gl;hE gf@%dt?ﬁgveﬂlﬁgn 9 Cfﬁ:g Gl pg&:egg R)B_Qé\le&é/e%b%almél)g in greater

uor oc

beﬂilﬂ@ 898%@%@ ArfaoRi-3 WIfBWé@wkeéld@éwirORMQmﬂe lothe formula 1 by
t hRsRvakof r@@m@%@@ pArt to obt ai n an bet a- anoner

2' - deoxy- Iuorocytldlne di ssol ving the
Ulg]beta anoner 2'-deoxy-2',2'-difluorocytidine in ethano
bYBbﬁﬁMﬂdefﬂﬁ@éﬁ*y@ﬁg@u@ﬂ% TRyentishr ong aCI d to give

bet a- anoner 2' - -dlfluorocgldl
[120] hydr &b [iByengan W[ﬂi @@s‘]v bAal@%tbsa by tieferepeetorthe follpglingrgrgmples and
pr &gRfAmeh Y Qﬂinh;ﬂéls WhioK h&aﬁe@gfc ilagtkativa apd BeSSaré A6t to be construed

Pttt A ks of Birmseioh oy el "br ot ect | 0" ar oup.

[121] but al so a purification process for obtaining, in

[122] 9f Satﬂalﬂ#!é‘ﬁ P?IG_:QO aPH{ig%ﬂ JF 2- H%ﬁ%&? E@g?ﬂg!o% ﬁboset he

[123] pr esSaethivh(@Rns)-3a-diflevpdebydiont3¢adlimgthykxplsat4-yiprppionate
0b(3@gn(l) nes nio[b) We@@ﬁcﬁfedtabéwm%%e Qf/@SPMLD ta}éetlc a01d (67 6 mL) and water

]ﬁﬁox ? &guoronuc eqsi a dro P
) Fogipixigo T ag moFS asdieaie g gt X gt rsse-slgl% Stirring.

_l\/bﬂéthfthé additioy bhgluedé (IGj&nL})\ﬂ&meSL(lﬁng écﬂ@t]onﬂva&vaporated under
t oteBtg e Sis RS RAMEGE ! e GbSREDE et e gas
nedlellljﬂd With st weanei(3€0 mhol aMe‘dpoam@ unoler tedud:ﬁé pr@ssslter Gthy1 acetate

(200 mL) was added to the concentrate for dilution and then, an active charcoal (3g)

was added to the diluted solution and stirred for 10 minutes. The resulting solution was
dried over anhydrous sodium sulfate and filtered with diatomite. The residue was
evaporated under reduced pressure to give a desired 2-deoxy-2,2-difluoro-1-oxoribose
(20g, 100%).

[124]

[125] IH-NMR (DMSO d6)6: 3.6 ~3.8 (m, 2H), 4.2 ~ 4.3 (m, 1H), 4.3 ~ 4.5 (m, 1H)

[126]

[127] Example 2: Preparation of 2-deoxy-2.2-difluoro- D - erythro -
3.5-bis-(3-fluorobenzoyloxy)-pentofuranogs-1-ulose

[128] A mixture of 4-dimethylaminopyridine (29g), pyridine (28g) and 3-fluorobenzoyl

chloride (2.5g) was added to 2-deoxy-2,2-difluoro-1-oxoribose (20g, 0.119 mole) in
ethyl acetate (200 mL). The mixture was stirred for 60°C overnight. With completion
of the reaction, the reaction mixture was washed with a weak solution of hydrochloric
acid and saturated saline solution. The organic layer was dried over anhydrous sodium
sulfate, filtered and evaporated under reduced pressure. The concentrate was diluted
with ethyl acetate (23 mL) and with the addition of hexane (68 mL), cooled to 0°C.

The crystals, so formed, were filtered, washed with a mixing solution of ethyl



as a limtation of the scopeof this invention. [121]
[122] Exanple 1: Preparation of
WQ2e05983®. 2- di fl uor o-1 - oxori bose [123] To et hRECT/KR2006/005372
(3R S) -2, 2-di fl uoro- 3- hydroxy- 3- (2, 2-di net hyl oxol an- 4-
yl ) propionate (30g, 0.118 nole) were added
acede@itd:héxahe ((:36Qv)dnd, draﬂ&b elveacdedirdbT-dBoxyk),2 alliucrBeryhro -

Fervin TG Shelf R tpend g TR DR T on of

[129]t ol uene (165 nlL), the resulting solution was

[130] ©VaPehat gk es) 1§§gce§7§ oﬁi:?‘”ﬁ2Hw Iéb%(i}q@i)%‘?@ (m, 1H),

of acetonit concent
di $2tH et Wlat‘lﬂ)s Phered 00HL) and evaporated under
[131]reduced pressure. Ethyl acetate (200 nL) was added to

t he nceritrai)e for . .dilyution and then, an active
[132] char %@ﬁ%&)—ﬁ%‘é’—%‘#&é@tjt o the diluted solution and
-2 2rdifloro-B3tiss (3- Ilherdleanb loxag-B-@ihofiemove s
[133] drl e‘f“o %Vcﬁaoxgi.%w&ilﬂ%&’q ]50 § gl gf ﬂg nrg)bg: Izloglff)xgﬁ Cpee&l‘io'}uranos—

di atomt I esi S eva or

pr exdnse €242 0% enqie)d@gﬁ peded tetrahydrofuran (240 mL) and lithium tri-

[ 1%%?3{%{%%”&%&“51}1\/%%63 '(iZ 2%( WOS@’%&ef 2[2@ ’SOI%EDQI@WS Et;i%éH at room

,ﬁen]pﬁjaturg far 30 mlrglte(s n{’\’ 1qh|.q>)01r[pj_eZ@P qf il?p]ea%n@p éOlthlon Was diluted
Pr ®RARatyl g&]}alaé (%OgﬁDYMlezwﬁsthl fwht%qca][\@ea@ snluellbﬁ tollﬂ h?drochlorslc acid,
uor.openzoyl .oxy=pent or u - Ul 0se

%ﬁt%ﬁﬁfléowmfaa*?%eﬁy ugmln%% 4 4Ling H3gon Woregh VFR- The

( 28iRtu@nehsIhfel woeichdndiops sahitmsudae(fAtdse) ambs/apoided under

[ ro e (20Qg, 0.119 nole) in
t%ﬁﬁ Cpg’i:s%%n%% g%an%el)mg&l(%ge%ﬂiture was stirred for
60@@ difreoratghbis-(WituerehsnprderyorP-sibofuienase akkel &¥) %he
[134]Feaction m xture was washed with a weak sol ution of
hydrochl oric acid and saturated saline solution.
[1351 or gaheNMEAy Q@g drliet/oversthnhy ddo l)-Setir érﬁ(%luﬂﬁbt7e23~

flMsmeehmnWevapgg(aieH{)under reduced pressure. The

[136] concentrate was dil uted

[137] Example 4: Preparation of

2-deoxv-2.2-difluoro-D-ribofuranose-3.5-bis-(3-fluorobenzovloxy)-1-methanesulfo

nate

[138] To 2-deoxy-2,2-difluoro-3,5-bis-(3-fluorobenzoyloxy)-D-ribofuranose (24g, 0.057
mole) were added methylene chloride (240 mL) and triethylamine (9.8g, 0.097 mole)
and cooled to 5°C. Methanesulfonyl chloride (7.8g, 0.068 mole) was mixed to the
mixture and stirred for 2 hours. With completion of the reaction, the reaction mixture
was washed with a weak solution of hydrochloric acid and water. The mixture was
dried over anhydrous sodium sulfate, filtered and evaporated under reduced pressure to
give a desired
2-deoxy-2,2-difluoro-D-ribofuranose-3,5-bis- (3-fluorobenzoyloxy)-1-methanesulfonat
e (28.5 g, 100 %).

[139]

[140] IH-NMR (CDC13)6: 3.10 (s, 3H), 4.67 ~ 4.72 (m, 2H), 4.8 (m, 1H), 5.5 (dd, 1H),
6.1 (d, 1H), 7.24 ~ 7.46 (m, 4H), 7.70 ~ 7.85 (m, 4H)

[141]

[142] Example S: Preparation of



with ethyl acetate (23 nL) ajppd with the addition of
hexane (68 nL), cooled to QC. The crystals, so

w0 oomeahs3svere filtered, washed with a m xi ng SPCTIKRRI06/005372
of ethyl acetate: hexane (1:3; v:v) and dried to give a
desired 2-deoxy-2,2-difluoro-D-ery?/iro -
3, 5',wicﬁﬂﬁ&-of-fr,'MQEM@&ﬁmaf-démwﬂ'muI ose

[143] 22 g 3%% 8&'[08151 /()_(_631£g2 @7 957' 91&/&5 e%{g’, 1(, ﬁ%&l’,?)—é)%%agﬁé(tﬁ}%dﬁ'ﬂﬁz’ane (316

7. @) ~an7tn@119u(nmulf4ﬂel)(7 5%, G057m®e.6T Hermixduip wWas Sdired WBR} reflux for 2

EX%EIH& EnBwith ea[%{tﬁin' n_of
2y E]H 5-bi s-(3-fl uorobenzo onyVDrl b
of %dg@@g%,%ch@g}roﬂnbofuranose 3,5-bis-(3-fluorobenzoyloxy)-1-methansulfonate

| EKXO' 087 gro(@) fk O Bth & @il b @erFe BuR VBl orh bl 8EPBEIME Bhction,
0)¢

acberop SRRl ERE R pda bt dfidine ORI brfiied o the

b uteaextyr@ rixiture yd siirgal {tZD°Q r aBo@87houn] Be. mikingre Sk dbolod,
Wag’e r1 . ec? anra \;/ hgc(i) mltth rraarllt lilir]oz)r(];spgrlﬁ u{%gh(gﬂ '?Hé grS{IStflu t §0 ormed, was

COﬁp on o e reac |on I on was e
wi difedevey b haaiemad end Q@@Dlm_cy ingnethagms hid mi-t. WVigh thealkddition of 30%

SOl itioRf \Qaftellmdf 19E51 i ﬁl%(tﬁ%'vgas e%@;?dilﬁt@@l 'ﬁgde?%jddégal pressure. Ethyl

carbonate sol uti on, ter and ne sol ution

s uREEdS S\QQWL) WWeadﬁlPQ fQthe cRRESNHRE dOr BRGNS IRRINE Msglaed with water.

S Oﬂih&&gaﬁﬁtbﬁ@leﬁ wat t-%t Feell @{&r f:édap@r;ﬁts@dreu RRfveld SFULLHs-
ressur.e 0
D Gl i b N o S FLEF e I8 B S 9% puisvr b apemey
se2 (24igluot®8', Mpis- R1BdIroheh3cT ok NIBoXyCRGYind (1G4 g 36%).
(14474 75(m 3H), 5.55(d, IH) 5 4 ~5.7(m IH, 7.23 ~
7. 45 , (.70 ~ 7 ;136% g137 Exanp le 4
[145] - iHENW(GDCé;)é 453(m 1 ) 471~4 5(m, 2H), 5.60(m, lH) 5.71(d, 1H),

2- giggﬁx% 131)27%1-}7 gamne sk r i bof ur anose- 3. 5- bi s- (3-fl uorob

enzoyl oxy) - | - met' hanesul fo nat e

[146]

[147] Example 6: Preparation of 2'-deoxy-2'.2'-difluorocytidine

[148] To 2',2'-difluoro-3',5'-bis-(3-fluorobenzoyloxy)-2'-deoxycytidine (10.4g, 0.02 mole)
were added methanol (104 mL) and 30% ammonia water (20.8 mL). The mixture was
stirred at room temperature for 3 hours. With completion of the reaction, the reacting
mixture was evaporated under reduced pressure. The concentrate was diluted with
water (104 mL) and washed with ethyl acetate (100 mL) two times. The aqueous layer
was evaporated under reduced pressure to give 2'-deoxy-2',2'-difluorocytidine (5.4g,
100 %).

[149]

[150] IH-NMR (DMSO—dG)é: 3.60 ~ 3.64 (dd, J = 3.6Hz, 1H), 3.75 ~ 3.78 (dd, 1H), 3.88
(m, 1H), 4.16 (m, 1H), 6.04 (m, H), 6.24 (d, 1H), 8.14 (d, 1H), 8.89 (s, 1H), 10.04 (s,
1H)

[151]

[152] Example 7: Preparation of 2'-deoxy-2'.2'-difluorocytidine hydrochloride

[153] To 2'-deoxy-2',2'-difluorocytidine (5.4g, 0.02 mole) was added ethanol (54 mL) and

a strong hydrochloric acid (1.82 mL). The mixture was stirred under reflux for 30
minutes. The reacting solution was cooled, followed by filtration of crystals, so
formed. The filtrated crystals was washed with ethanol and dried by a heat wind for 12
hours to give, in greater than 99.9% purity, 2'-deoxy-2',2'-difluorocytidine hy-



[138] To 14
2-deoxy-2, 2-di fl uoro- 3, 5-bi s-(3-fl uorobenzoyl oxy)-D-ri

whodoanesssse (24g, 0.057 nole) were added net hyPE@HER2006/005372

[154]
[155]

[156]

chloride (240 nL) and triethylam ne (9.8g, 0.097 nole)
and cooled to 50C. Methanesul fonyl chloride (7.8g,

0. &@8hloal&r. Wa90mhxed to the m xture and stirred for 2
hours. Wth conpletion of the reaction, the reaction
m xture was washed with a weak sol ution of

hydr odRYIgR ((DMSDeId%a%éS.Gﬂat 8164 (dthd =3.eHar BIMAF 5dr 3.@81(dd, 1H), 3.88
ov h S ' I i{f\e e

n LI I SEDSh 20 ¢ LSS PR A 004 ¢
2- Hdbxy- 2, 2-di fl uor o- D-ri bof ur anose- 3, 5- bi s- (3-f 1 uor ob
enzoyl oxy) - | - met hanesul fonat e (28.5 g, 100 % . [139]
[140] THNWR (CDA )d: 3.10 (s, 3H), 4.67 ~ 4.72 (m
2H), 4.8 (m IH, 55 (dd, IH, 6.1 (d, IH, 7.24 ~
7.46 (m 4H), 7.70 ~ 7.85 (m 4H) [141] [142] Exanple
5: Preparation

of 2' . 2" -difluoro-3".5"-bis-(3-fl uorobenzoyl oxyV2' - deox
ycvtidine [143] To cytosine (63.2g, 0.57 nole) was
added 1,1,1, 3, 3, 3- hexanet hyl di sil azane (316 nil),
amoni um sul fate (7.5g, 0.057 nole). The m xture was
stirred under reflux for 2 hours and with the addition
of

2- deoxy- 2, 2-di fl uoro- D-ri bof uranose- 3, 5-bi s- (3-fl uorob
enzoyl oxy) - | - met hansul fonate (28g, 0.057 nole), was
further stirred under reflux. Wth conpletion of the
reaction, isopropyl alcohol (63.2 nm) and a weak
solution of bromc acid were added to the reacting

m xture and stirred at 600C for about 1 hour. The

m xture was cool ed, centrifuged and washed with water
and i sopropyl alcohol. The crystals, so forned, was
dri ed over a heat wind and di ssol ved i n net hanol (160
m). Wth the addition of 30% anmonia water (2.7 ni),
the m xture was evaporated under reduced pressure.

Et hyl acetate (500 nL) was added to the concentrate
for suspension and washed with water.



[1]

[2]

[3]

The organic | ayer was evaporfated under reduced
pressure, followed by recrystallization with ethyl

WQRe®rats3g o give, in greater than 99% purity, BCT/KR2006/005372

bet a- anomer

2',2" -difluoro-3",5" -bis-(3-fluorobenzoyl oxy) - 2' - deoxy
cytidine (10.4g, 36%. []éjbl)ﬁﬁéﬂ | H NVR( CDCy d:

4.53(m IH, 4.71~4.75(m ,8.60(m I1H), 5.7 1(d,

| H) .  6A606¢8ss fdhn edardbmbr &ikilte Gdbythdsbld thibo Tdctéred @Rp@ssed by

6 : Pr ration _of 2'-deoxy-2'.2'-djfluorocytidine
[ 148] p%ol?owing formu%a 5, Wherglin%—R— and 3- —enant?0n¥er n%xture and its

2', 2" - piiofdctedrderidative’ ofhiksA ( 3- f | uor obenzoyl oxy) - 2' - deoxy

cytidi .10. 4qg,, 0, 02 ),.wer.e. adde t hanal (104

w0 antr o3It g g SR G SRR AR D L sed by e
st i rr edpllawingiommuledpee ydolyzédm Be pogesce ofhydirolysis reagents
conpl egél&gbd%%‘fn Iﬁ@etfe%@f(f %%lor&!@ti& £aGLW A8 M WE&udRE organic
evapor at ed under reduced pressure. The concentrate wa

di | ut ewlvintsselggtedirqm e $PYP earaprifdRcgloRitEile. diopgne.

acet at @ufh ofikan drweluthd?®S. The aqueous | ayer was
evapor at ed, under reduced pressure to give

2' -deoxy- 22" -difluorocytidine (5.4g, 100 % . [149]

[150] I H-NWVR{DW&=¢ )d: 3.60 ~ 3.64 (dd, J = 3. 6Hz,

IH), 3.75 ~ 3:784dd, IH, 3.88 (m IH, 4.16 (m IH,
6.04 (m H), 8724 (d, IH), 8.14 (d, IH), 8.89 (s, IH,
10.04 (s, IH [5151] [152] Exanple 7 : Preparation of

2' -deoxy-2'.2'-difluorocytidine hydrochl oride [153] To

2' -deoxy- &, 2' -di fluorocytidine (5.4g, 0.02 nole) was
added é%héﬁ@lF(Sﬁ m.) and a strong hydrochloric acid
(1.82 nly. The>fixture was stirred under reflux for 30

mi nut es. The 7 eat?tt g Sotlbth on was cool ed, foll owed by
filtration of°®rystals, so forned. The filtrated

crystals was wgshed with ethanol and dried by a heat

wind for 12 -
Wherein, R is

o]
X\\\
S
Y
orH; X is F, Cl, Br, I, and NOz, respectively; Y is H, F, Cl, Br, I and NOZ, re-
spectively. R4 and R5 are independently CI—C3 alkyl.

The process of claim 1, wherein acetic acid or chloroacetic acid, water and a
mixture of organic solvents as hydrolysis reagents are mixed in the weight ratio
of 10~95:5~90:0~70.

A process for selectively isolating, in greater than about 98% purity,
2-deoxy-2,2-difluoro-3,5-bis-(substituted
benzoyloxy)-D-erythro-pentofuranos-1-ulose of the following formula 6 from an
enantiomeric mixture of erythro and threo lactones of the following formula 6/,
comprising the enantiomeric mixture of erythro and threo lactones of the
following formula 6' in ethyl acetate, adding hexane, cooling the solution to a
temperature in the range of about 0°C to -5°C, and collecting the precipitated

erythro enantiomer.



[4]

[5]

hours to give, in greater thgn 99.9% purity,
2' -deoxy-2',2"'-difluorocytidine hydrochl oride(5.5 g,

W@0I69spL54] [155] | H NVR (DMSO-d )d: 3.60 ~ BCBERE@/005372

J =3.6Hz, IH), 3.75 ~ 3.78 (dd, IH), 3.88 (m IH),
4.16 (m IH, 6.04 (m IH), 6.24 (d, IH, 8.14 (d,

I H), 8.@@\(3, IH, 10.04 (s, IH [156]Clains [1] A
process fof -&ni ntiomer m xture of erythro and threo
| act ones eXxpegsed by the followng fornmula 5, wherein
3-R- and 3-& emantiomer mixture and its pr ot ect ed
derivative of; al kyl

2, 2- dlfluoro‘3 hydr oxy- 3- (2, 2-di al kyl di oxol an-4-yl)pro
pi onat (gxpressed by the followng fornula 4 are
hydrolﬁ? i g the presence of hydrolysis reagents

sel ected fyompgeatic acid or chloroacetic acid, water
and a mixture of organic solvents selected from the
group conmp@fsing acetonitrile, dioxane,

tetrahydrofugan or toluene: ( Cl-C4 alkyl) or H X is
F, O, uRBr nd NO , respectively; Yis H F, d,

Br, <W%'ﬁ@33 re- 2 spectlvely R and R are
|ndepeaden ly C-Calkyl. [2] The process of claim]1,
mherelq cetic acid or chloroacetic acid, water and a
m xt ur e~of organi ¢ sol vents as hydronS|s reagents are

m xed iR i$ pacvBl dhind RO Qe@)fect;ﬂ%lﬁ @ YR /01, B3] afd NO,

rocess for selectively?isolatin in greater. than
gbout @g@ﬁ% W er, L 18 ¥nethanesulf0ny and p- t%luenesulfonyl

2-deo X“j?herch@hls fof dlafr 3 3¢dmfrissny el baditibatdl €@ p of addmg hexane or

]? g |n|z 8\/\#1 r%: é D_}.Reﬁrsg%{o?l rog ﬁ;llet e(ﬁ)lfagtiogﬁ‘?r? leE#‘ﬂrS Sd}ﬁsg)()ltveé in qayl acetate to

erythr proamid athex aw/dthdtaoetets cothepthec/Etbyl avpiategsol entmlixiure.
6' 1

A process for purifying, in greater than 98% purity, a beta-anomer
2'-deoxy-2',2'-difluorocytidine-3',5'-D-(substituted)-benzoate of the following
formula 9 from a compound of the following formula 9' of alpha- and beta-
anomer mixture via recrystallization, comprising reacting a base with silylation
reagents to form an enolized compound in the first phase, reacting by heat the
protected carbohydrate of the following formula 8 with the enolized compound
in the presence of silylation reagents or in the absence of solvent after removing

the silylation reagents, and obtaining the compound of the formula 9'.

RO
O.
oL
OR F
8
NH, NH,
ﬁ A ﬁ“
N’go
RO RO ‘
‘ v l: \ O -
OR E (l)R £



conprising the enantioneric i xture of erythro and
threo | actones of the followng fornmula 6' in ethyl

W@e®raews38 addi ng hexane, cooling the sol uti on PGI/KR2006/005372

[6]

[7]

[8]

[9]

[10]

tenperature in the range of about O0C to -50C, and
collecting the precipitated erythro
enant i wereidersein, Ris ;Xis F, d, Br, I, and NO,
respectively; and Yis H F d, Br, | and NO, r e
spect i Eﬁy& Further, L is nethanesul fonyl and
p-tolu sul fonyl. [4] The process of claim3,
conprising the additional step of addi ng hexane or
hept aneXtoF{BleBsdl utd NR .otspetievebnand Yoidt, iFc CiviBat Lirel NO ,
di ssol V. t hyl
Ches o il By BOEhRBAL IR QIRBAAGHEL 1Y,
A pr ocERSPIPEFSs Bfi elafy i5nY}{ eIk the ERCEPN IS [amicd 8 piing ¢ 901V%pt such
bet a- azﬁkq{&ﬁmethyldls%ﬂlazane or b1stnmethylsﬂylacetamlde bst

iflu subst.i

- deo dj t
bonooal¥E Bt et HaIT Sur Ry PR R4 PR iE BB ol ks of
the fob0-awDg fornula 9' of al pha- and betaanoner

m Xt ur 'f}tl%f)l%c{sg I%% %{ﬁ r§|5| {Vﬁgr% nt(me feccpygpaﬁhzqaltlgg gfoec?gs 15 gagm%d out using

base on"teag
conpoumrmsnlltméori mlmntspfmh@s megwoel atabyl, hespanpleethyl acetate,

pr ot eclfg{GA! RRIWMAhYRe Cfiofifke fol lowing fornmula 8 vvi th
the enolized conpouhd. in the presence of silylatio

r eagent' Byt HOWW@H%%E@CW% BP G il Be fql%wevg ﬁ@mula 6,

the siwiicatid Bolate@agand frocéR@dfebimi3ni ng the conpound of
the forpula 9'. 8 9" Werein, Ris ; Xis F, d, Br, I,

and NO' " respectively; and Yis H F, d, Br, | and NO
, I e spexlV O Further, L is nethanesul fonyl and
p-toluenes@hf%%yl. [6] The process of claim5, wherein
the reaction is carried out using a solvent such as
hexanet hyl di si | azane or bistrinethyl silylacetam de.

[ 7] Thgmgroc S5 of claim5, wherein the reaction
t enper 5in the range of 60- 16Q0C.

X
Ny
h
Y

; Xis F, Cl, Br, I, and NOz, respectively; and Y is H, F, Cl, Br, I and NOz, re-
spectively.

A Beta-anomer 2'-deoxy-2',2'-difluorocytidine-3',5'-D-(substituted)-benzoate of
the following formula 9 in greater than 98% purity, which is isolated by the

process of claim 5.

[[{e]

Wherein, R is
o}
X

S

Y



[8] The process of claimb5, gherein the
recrystallization process is carried out using

WO ewrpesas | i zati on sol vents such as net hanol , BECTYER006/005372
2-propanol, ethyl acetate, chlorform and nethyl ene
chloride. [9] An erythro conpound in greater than 98%
puri ty:; Xfis Fhel, Bolll aw NO frespettia]yQ any 6 H,IB ALY, 8h&HNO | re-
by thelprgc ss of clainf3. 6 Werein, Ris Y  ;Xis F, ?
a, BriPfV%¥id NO, respectively; and Yis H F, O,
Br, I and NO, r e spectively. [10] A Beta-anoner
2' -deoxy-2',2"-difluorocytidine-3,5 -D (substituted)-
benzoate of the following fornula 9 in greater than
98% purity, which is isolated by the process of claim
5. S Werein, Ris;Xis F, d, Br, I, and NO,
respectively; and Yis H F, d, Br, | and NO, r e
spectively.



