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Title 5 ~ PROCESS FOR PURI FYI NG AND | SOLATI NG

2' - DEOXY- 02!1 ¢ QM;L UORONUCLEGSI DES _ _ _ PCT/US95/14086
Techni cal 4 The invention pertains to the field of
phar maceut i cal chenlstry and provides a process for purifying and

i sol ating 2'-deoxy-2',2'-difluoronucl eosi des.

Background Art 15 The contiiiued interest in the synt hesi s
of 2'- deoxynucl eosi des and their anal ogues is reflected in thelr

successful use as therapeutic agents in viral and cancerous

di seases. A critical step in the overall synthesis of 2'- 20
deoxynucl eosi des i.s purification and isolation of the ' desired

bet a- anonmer form of the nucl eoside. This ikitle critical because
processes for synthesizing of 2'- deoxynucl eosi des are typically
non- st ereosel ective and form a mxture of al pha and beta

nucl eosi Bles. 25 : PRO®E$$rEQEKRHR1ﬂYING AND ISORATINEM , 41, 2084

(1976), M Hofer, Chem Ber, 333(0% (,%QGBELFLMékESﬁﬁCLEG)SIDEs al .,
Nucl ei ¢ Acid Research, 12. 2 84 P. et. al., J. Og.

Chem, 56, 1553 (1991), Tann, et. al. J Crg, Chem, 50, 3644

(1985), Howell, et. al., J. Og, 30 Iggﬁﬁmnal_EEEUiSS (1988) and U. S
Pat ent 4, 965, 374, Chou, et al., all report various syntheses of a
m xture of al pha and beta anonmer deoxy nucl eosi des.

Despi t e1phe processi ng aguaniasentiomcpesaides to the fiimlidesifs, there

Contfnues to behgrﬁggguéféaf'éﬁéﬁng%y and provides a process for purifying
' and isolating 2'-deoxy-2°',2'-difluoronucleosides.

e
Background Art

15 ,

The continued interest in the synthesis of 2'-
deoxynucleosides and their analogues is reflected in their
successful use as therapeutic agents in viral and -cancerous
diseases. A critical step in the overall synthesis of 2'-

20 deoxynucleosides is purification and isolation of the
desired beta-anomer form of the nucleoside. This is
critical because processes for synthesizing of 2'-
deoxynucleosides are typically non-stereoselective and form
a mixture of alpha and beta nucleosides.

25 « Vorbruggen, et al., J. Org. Chem., 41, 2084
(1976), M. Hofer, Chem. Ber, 93, 2777 (1960), Walker, et
1., Nucleic Acid Research, 12, 6827 (1984), R. P. Hodge
et. al., J, Org. Chem,, 56, 1553 (1991), Tann, et. al., J.
| Oorg. Chem., 50, 3644 (1985), Howell, et. al., J. Org.

30 Chem.., 53, 85 (1988) and U.S. Patent 4,965,374, Chou, et
al., all report various syntheses of a mixture of alpha and
beta anomer deoxy nucleosides.

Despite the processing advances in nucleoside
synthesis, there continues to be a need for a process

35 _capable of efficiently purifying and isolating beta-anomer



35 capabl e of efficiently purlfylng and isol ati ng bet a-anoner
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- 2- ~enriched 2'-deoxy-2',2'-difluoronucl eosides in increased

yi el dswos6e6@12n t he di f | uor onucl. e03| des have been PGIYURSA4I86ed in the
absence of a catal yst. ' Accordi.ngly, the object of the
present invention 5 Is to provide a process for efficiently purifying
and i sol ati ng beta-anoner enriched 2'-deoxy-2',2'-

di f | uoronucl eosi'des. O her objects and advant ages of the
pr esent . Jnvention will hecore apparent fromthe follow ng 10

descrlptldﬁp¥ﬁCQﬁﬁxﬁjrﬁﬁﬂﬁy‘ »2'-difluoronucleosides in ipcreasgfte of
Invention yields, wherein the diffilackrBvie6leeBsidesangvecessnto purify and

I 15 b hed I d
or ovi 0 ng SHDRTAEE N A AFAPGRACE BorACARSREr | enriched

nucl eosi de of the fomcmwzdlngly, the object of the preseferihvention
[errd rrj
whereln eaé% 3? pr (ﬂg enagntl S f gcfgglf%gﬂ$%¥d?urlfylng aA&E

prot ect i nglij?lcﬁﬁg@gaquawa@oat%@m@égagé 8f ~dpexy-2',2" fornula 25

NHW difluoronucleosides.
Other objects and advantages of the present
invention will become apparent from the following
10 description of embodiments. ' '

This invention is a process to purify and isolate a
15 beta-anomer enriched nucleoside comprising:

a) providing a mixture containing R" and a beta4an6mer
enriched nucleoside of the formula’

(IB) ;
20
wherein each X is independently selected from hydroxy
protecting groups and R' is a nucleobase of the
formula
25
NHW
OJ\N ’
|

where W is an amino protecting group; and



N where Wis an ami no protecting group; and - WO

96/ 16072 PCT/ US95/ 14086

- 3- Rlerr] is a nucl eobase of the fornula

[&rr] WO 9636072 where W is an amino protecti ng%ﬂ‘WW‘

hydr ogen; in a high boiling solvent; b) diluting the
m xture wth an organi c solvent selected fromthe group
consisting of ethers, esters and 10 -3-nitrites; c) addi ng
the diluted reaction m xture to aqueous acid; and d) ° holding the .
acid mxture so prepared at a tenperature from70'Cto 100'C
until the product of formula IB, - where Wis now W, has

precipitated. 15 g« js a nuclecbBed! o¥d8eFe5rf@i&Yi Ng Qut The Invention
Throughout this docunent, all tenperatures are

NHW*
N./ l
OJ\ N '
H
5
~ where W' is an amino protecting group or hydrogen;
in a high boiling solvént:
b) diluting the mixture with an organic solvent selected
from the group con51st1ng of ethers, esters and
10 . . nitriles; .
c) adding the diluted reaction mixture to équeous acid; ahd
d) holding the acid mixture so prepared at a température
from 70°C to 100°C until the product of formula IB,
where W is now W', has precipitated.
15 '
Best Mode For Carrving Out The Invention
Throughout this document, all temperatures are
in degrees Celsius, all proportions, percentages and the
20 like are imsweights and units and all mixtures are in
volume units, except where otherwise indicated. Anomeric
mixtures are expressed as a weight/weight ratio or as a
percent. The term "alkyl" alone or in combination refers
| to straight, cyclic and branched chain aliphatic
25 hydrocarbon groups which preferably contain up to 7 carbon

atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
t-butyl, n-pentyl, n-hexyl, 3-methylpentyl groups and the
like or substituted straight, cyclic and branched chain
aliphatic hydrocarbons, such as chloroethyl, 1,2-

30 dichloroethyl, and the like. The term “substituted® alone
or in combination refers to a substitution by one or more



in degrees Cel sius, all proportions, percentages and the 20 li ke are
in-weights and units and all mxtures are in vol unme units, except
where ot herw se indicated. Anoneric m xtures are expressed as a .
wei ght sweeseplsb72r ati o or as a percent.. The term " alBGI/USHSA40860r i N
conbi nation refers to straight, cyclic and branched chain aliphatic
25 hydr ocar bon groups -which preferably contain up to 7 carbon
atons, such as methyl, ethyl, n-propyl,4.sopropyl, n-butyl, t-butyl,
n-pentyl, n-hexyl, 3-nethylpentyl groups and the | i ke or substituted
straight, cyclic and branched chain - aliggatic hydr ocar bons, such as
chl oroet hydf thegrzmps sedieshledr fepmyFyanad Rakol i kerboghwoxmerm
"substit Utrf‘djih@)lqn%itr\c/:\b éaél;k%xggzﬁQ@!LDa&h&ndiéiﬁl’rﬁarﬁﬂm@. Suiipd i tution by

n r r : -
IgC% asgg})];f{%e "anomer-enricged" alone or in combinatiop refers toyf the
groups selactabridrdn aixtarehehereiar bhal kaxjo of a spémifimd ,artniegro,
al kaxy, alkyl dial kyl.ami ng., . ' g -enriched" al one
or ?’)r(l con‘oli_kgln(;%’Erl(':'(;%nq"%rreft ralsﬁy tldT aha Ipfg%ugﬁ%n%‘rﬂiggé%&%%rg\ﬁjexfeeiaﬁﬁ% ‘rati o of
a specified anonmer Hydroxy puptemtdng Bxeupsl (¥hdreferutieshgdborantial |y
pure anoMirotecting groups knoWdifX¥n8l 8EECt 480388 Sed Xn (Rt dx0
hydr oxy pr ot ect. | gr S . K n the art, as descrihed’in Chapter
3" of ProtectQl EX§ VS, GEQURS ANHEAARAC  COSRERLEY ¢ JIcOmie Bd..pl opym
Press, NeveDanim (Fh®EY),, Newd YORapY2672) of aitd oCkapter A0f Prdfemtpsd n
O 9T © LGN Sio SRl Rl XY E¥eBRY qohn, g SARLeNAQIOrK (1951

Preferred - e ester” form“ng groups such gf

formyl, acind, New Yorksdﬂ@ﬁnﬂutearaferyéd hydpoxgnyprotreting gnmugs oyl ,
chl oroacete&lﬁ RO ormi W tgk‘bukagdsgeﬂzgﬁlfoﬁﬁyl, a@&ﬁ;pxycar bonyl, - ™

nmet hoxyacetyl ; carbonate derivatives suc as phenoxycar bonyl ,

et hoxycar tigubas GERENAhoRYPPioNYLl, DyLyRy by yRiYdeKd , 2= _
2,2, 2-tri i 1oreride@Gapearyly 1andubst itut 88 NBeh B}y Ar bonyl ; al kyl - et her

By, SRS Ryt RGERORIRF SRy COSTATITCS eTA VAR AR hi enyl ,
2- met hoxy etsh @henmiyinarbongilhaethegysarboagl N- t ~but oxy qenemyrydar bamat e and
penogt SRR S 020 EESontorosc AU BRI T subel | HuLed
et hers, amRen@ydoxycarbonyl; alkyl ether forming groups such as
‘benzyl, diphenylmethyl, triphenylmethyl, t-butyl,
- 20 methoxymethyl, tetrahydropyranyl, allyl, tetrahydrothienyl,
2-methoxyethoxy methyl; carbamates such as N-
phenylcarbamate and N-imidazoylcarbamate; more preferred
are benzoyl, monorsubstituted benzoyl and disubstituted
benzoyl, acetyl, pivaloyl, triphenylmethyl ethers, and most

25 preferred is benzoyl. ' o

- Amino prdtecting groups (W) are selected from-
the group consistihg of silyl amine forming groups such as
trialkylsilyl, inclﬁding trimethylsilyl; isopropyldialkyl-
silyl, alkyldiisopropylsilyl, ;riisopropylsilylr 1,1.3,3-

30 tetraisopropyldisloxanyl, t-butyldialkylsilyl and t-
butyldiarylsilyl; carbamates such as t-butoxycarbonyl,
benzyloxycarbonyl, 4-méthoxybenzyloxycarbonyl, and .
4—nitrobenzyloxycarbonyi; formyl, acetyl, benzoyl and
pivalamido; ether fbrming groups_suéh as methoxymethyl,

35 t-butyl, benzyl, allyi and tetrahydropyranyl; a'preferred
amino protecting group is triméthylsilyl,



25 . preferred is benzoyl. o Am no protecting groups (W

are selected fron1 the group consisting of silyl amne form ng groups
such as Al kylsilyl, including trinmethylsilyl; i sopmggmohyl -
silyl, alkyvﬁflsopropyIS|lyl triisopropylsilyl, 1,1,3,3-

tetrai sopropyl di sl oxanyl, t- butyIdiaIkyIsinI and t-

butyl di aryl silyl; carbanates such as t- butox%carbonyl,

benzyl oxycar bonyl , 4-nmet hoxybenzyl oxycar bonyl”, -and

4-ni trobenzyl oxycarbonyl; formyl, acetyl, benzoyl and pi val am do;
et her form ng groups suchrlfé mmw fiynl thaSprocessbufythe behaited al | yl
and tet rahydr opyranylyof U GLeLiedias & miRPLPO BLSLEEHAY & WR 'S beta-

trimethylsilyl.

PCT/US95/14086anomer enriched nucleoside of the formgla The
first step in the process of the clained invention is to provide a

m xture containing R' and a beta- xo anoner enriched nucl eosi de of the
formul a [ery] R*

(1B); 5 wherein each X is
protecting groups and R is a nucle
NHW 10 _

ently selected from hydroxy
he formul a
(IB);

wherein each X is independently selected from hydroxy

protecting groups and R' is a nucleobase of the formula _*5
NZ | |
OLN ’
10 1
where W is an amino protecting group; and
R" is a nucleobase of the formula
NHW'
_ . dll\‘N
15 . H
where W' is an amino protecting group or hydrogen;
in a high boiling solvent.
20 Such a mixture may be created in many different

‘ways. Methods to synthesize such a mixture are described
and claimed in European Patent Application No. 93304817.5.
By following certain of the processes (not using a



where Wis an anino protecting group; and | R' is a nucl eobase of

the formul a [err] : 15

where W is an am no protectlng group or hydrogen in_a high )
boi | | WP %60t . 20 Such a mixture may W@ﬁlﬂf“l n many
different- ways. Methods to synthesize such a m xture are descri bed
and cl ained i n European Patent Application No. 93304817.5. By
followi ng certain of the processes (ne6-using a - WD 96/ 16072

PCT/ US95/ 14086 _ - 6- catal yst;
-using an excess of R' nucl egbase ¢ 93304817, 5; and using a
hi ghgb0| Iqaﬁijﬁyﬁlt\le%l ng.g8 §hcess 5t RI |ﬂ‘é%lﬁ%balsﬁ %‘c% 5&d in Eur opean

Pat ent /Mﬁﬂaamﬂm7oﬁ Nand using 83B04BiBobling sclwypwss, lhage A0prepare the
bet a- ano n ckeo | : . t.a _anoneric ratio
o' O negs 13- 177 R SHRUCLROR S50 AL O IRAA SRR

| ar ge exc,9§s3§4@f1 R5.mist iBePasedbie bBtRTEPATR SIS Netgs-anomer  The excess

R' 5 s sepiralagd ha@lbaglae.al iﬁdaﬁrQ 4 tbcy Eén@a anomerlFH QeRSD of the
current invention. i gh bo sol vent is a sol vent
558 S

t hat has &Fem greatﬁSlFPﬁﬂ potnEe Qﬁ?ﬁ(f gt oi B ng sol vent is
noder at ellarmel @xcesasi dfsRabihasande nosedurd estptain cchese ratiaspical hi gh

boi I'i ng %@JV%Q% s%rﬁ“aggng%é§££@£83£¥g$lthe desifﬂd“B@é&ﬂyi @@I%hEUbSFitUted

aromatic "sol véents, and . ,
process of the current invention.

10  The high boiling solvent is a solvent that has a
boiling point above 70°C. - The high boiling solvent is !
moderately polar, acid stable and non-nucleophilic. T
Typical high boilinQ solvents are aromatic haloalkyl,
alkoxy and halo substituted aromatic_sblvents, and mixtures
15 thereof. Preferred high boiling solvents are 1,2-
dichloroethane, 1,1,2-trichlorcethane, glyme, diglyme,
toluene, xylenes, anisole, dichlorobromomethane,
chlorobenzene, dibromochloromethane, tribomqmethéne,
dibromomethane, acetonitrile, propionitrile, dioxane and
20 mixtures thereof, while more preferred is anlsole _ '

Once a mixture containing R" and the descrlbed
beta-anomer enriched nucleoside is provided, the process of
the present invention proceeds as follows. First, the
reaction mixture is diluted with an organic solvent with a

25 boiling point greater than 60°C. Acceptable solvents are
' from the classes of ethérs,.esters, and nitriles; preferred
examples are acetonitrile, ethyl acetate and
tetrahydrofuran. The dilution is carried out at an
elevated temperature, which may be the reaction .

30 temperature. The organic SOivént should be heated to an
elevated temperature, as well, and.the ﬁémperature of both
the reaction mixture and the solvent should be_in the range
from 70°C to 110°C. The most preferred solvent is
acetonitrile. L | | .

35 The amount of organic solvent added is in the
range from 1 ml to 5 ml per 1 gram of'R“ (protected or



15 thereof. Preferred high boilfng.solvents are 1, 2-
di chl oroet hane, 1,1, 2-trichloroethane, glyne, diglyne, t ol uene,

Xyl enes, apy i chl or obr onmonet hane, chl or obenzenepcryses/i4086
dibronnchlg*égégﬁgge, tri bononet hane, di br ononet hane, acetonitrile,

propionitrile, dioxane and 20 m xtures thereof, while nore preferred is
ani sol e. Once a m xture containing R' and the descri bed
bet a- anomer enriched nucl eoside is provided, “the process of t he
present invention proceeds as follows. First, the reaction m xture

is diluted Wt npRo@EedRBECCcHRbYEHE) Widdda Ao pardididliarg h@QH&hggEéQE.SB t han
e

60[err] C Acceptable_solveEts are , rqg%the cl.asses of et ég,
esters, and ni & FESUipPEs FFEH dlluth%%%%ﬁf LHAELHOT GRS, C8fny
acet ate and dilutkedt makydref mapnbe Thakeh | itmeshi dte lyaro @theonexat saep.
el evat ed t enpe U@ ; |aC . cid t ra e
organi ¢ sol ven!t:Iiill tghggll‘dw%g Egggéﬁgﬁoﬁfas?}t&eg i3 QE'[e}}a(:é\/hatté)d % g’%gre attath?g?tagg
wel |, an8 the Bawpenst acédoptbafhelevated trMpezRiUTsh mbacuPErReset RE

sol vent shoul dche hgukb@sraB¥& is to df{sMVD[aid ldxdersl RO[ qprbeectla BPSt
preferred sol vent cetonjtrile.

I S acet le.. 35 . e a nt of
organi ¢ sol ventPRIQLECLEd; RYtAgine) . whichiag M5HR% if 1§ §£¥F°§¥ 2%18Ram
of R' (protecte@daetion describ¥® &6/36H¢d 09 of EP application No.

PCT/ US95/ 14086 7- < 9:
unpr ot ect ed cy?ggpﬁg 7agéd.Thﬁ5eE%f?1c%?%fa$ﬁﬁ%ﬁrﬁf%xg§Q§fe of aC1P%ty of
requi r ed0af t er thel aghenusfachd dependsromitherexcass amount odi Rited m xture

may be taken inpediabeby P LABro€&tr&d Ertosine) uHMA A ¥hed regRelibgn
m xture is added to _a | arge anount of 5 aqueous aci,d at an el evated

0 d
tenperature. Fh&SpfrpoEBIbher, the ampuny b ATURUS BFidadisosgependfe
excess R' (probacthe ehoice of H6PA0sESsEshey isdden piipaltings theed in the -
gl ycosyl ation reaction descri bed on. page 9 of EP application No. .=
93304817. 5. Th&PEFEIE, 2FH8 - anount and degree of acidity of 10 the® .77
aqueouslaci d depends on fThe swstspraffeunedoécRl is hydrdqghlmmict edidl,
unprotected cyiashngk 4SEHnbBntEciSACEION L N to d i Chbstryreheranifear
amount of aqueous aci d al so depends, on the choi ce of "acid subStance
used in prepar#nd-t hBhen thatsagiduis Jesed, and the amount ofrggcgsst R

preferred aci d (pgobideeahbpr ufipp6técted cytosine) is in the range from 5
X to 20 X, the amount of agqueous hydrochloric acid is from

20 3 ml to 5 ml per 1 gram of R" (protected or unprotectéd
cytosine) used.

However, other aqueous mineral acids and
conditions are also usable and may be preferred in various
circumstances. For example, mineral acid substances such

25 as sulfuric”acid, -sulfurous acid, phosphoric acid, mnitric
acid, and phosphonic acid may be used if desired by the
operator. The éoncentrétion of the acid can be varied
rather widely, approximately in inverse proportion to.the
acceptable volume of the total isolation step. In general,

30 concentrations from 1 N to 10% can be used in the aqueous
acid. The volume of aqueous acid must be optimized
experimentally for the individual acid and the amount in
the reaction mixture. The experiments needed are very
simple, requiring the operator only to make successive

35 adjustments of acid concentration and volume with the



used at a concentration from1l Nto 6 N, nost preferably at 4 N.

When that acid is used, and the anmount of excess R’ (protected or
unprotected cytosine) is in the range fron15 X t 8’ anount
of aqd@@@é]lmérochl oric acid is from20 to 5 mgci rsz’(“ff“épam of R
(protected or unprotected cyt osi ne) used However,
ot her aqueous m neral acids and conditions are also usabl e and may
be preferred in various circunst@nces. For exanple, mineral acid
substances such 25 as sulfuric acid, sulfurous acid, phosphoric acid,

nitric h [ Y. t he

operator. s?ﬁglg ﬁceﬁ$$§%$ P 8 eg %l%%ﬁ%&%ﬁ% &fhe %%Il{lggrj%?ﬁ%r wi dely,.
approxinabélyhenRPnWBreee9¢©®o¢I|mnan£Q¢n£d cytosinedepnalbehvohase of the
total isolation Ste&he'%q9886535c1§0need ﬁ?@CﬁgﬂﬁéﬂlﬁHﬁhfrg) Mgl N to 10% can

be used in the aqueous ueous acl d nust be
optlmzedcomblne eWﬁEhlﬁhﬁt%?¢§t¥Qﬂ W%ﬁ?qqﬁm vﬂ@ﬁaFQM@PHSaﬁélgh@a&nnunt in

t hesr eact benafi Xkbiént ThémBPLt wreNtso rm@ctsarteleveromplete misktapee,

R T N

PCT/ US95/ The8Beat of reaction may be sufficient to bring8the mixturepecific

reaction gbxgﬂgﬁ témﬂéfatﬁ¥§er3%;ggtﬁé?5%3‘HEéééﬁéry in sofk Ehg8eE

(.protected or unprotected cytosi each he
aqueous aEPdh ﬁéédthétmb%tmﬁﬁ eFerrnally. In someyg@sesd khehheps Péactlon

m xpure. rIQ@t@QHeﬂﬁsgﬁéaQeﬁﬁﬂhaé 100°d¥3§§ t&@b&%ﬂht&%ﬁpﬁﬁﬁtufé so long as
the conpl ete n the range from

a
70[err]C ?BsingeF??%?d so tha%hbthﬁﬁﬁy%fb?iﬁﬁz r'rayT &Ssiff fRient to_
bring thebstatseeit is importdrt ﬁhaquhalnempamauurenaf bkenaqeesasy in

he ‘h
o 10" *eid pos b8 BENLEAR SHAE B Mt mrch B TR BRSPS e

must be c8bpeBrematurely tcheaned B chiDEtEn ok thﬁhP§°F§S§@ When because'

i t16S i npaEbashithdlet e dLSPDISttHE Hgdie ¥PIRME, the mod€i d not be so
el evat ed rotectlng areéﬁ{enaturely cl eaved

at this sﬁegﬂbgngﬁggﬁfﬁﬁg EempeHRh E% lspgﬁﬁﬁtgﬂﬁ%rqq §-used as the
organi-c solvent, thehepatidic mixtugal yepurfing eftdregadiatione ofs from

;gg?:?%g %geggifﬁte&;reaction mixture tengﬁéﬂgdﬂéaugié%gﬁeiéeﬁgi&ing from
preferably with moderate agitation, for a period of time.

20 The physical changes which occur during this helding period
are the dissolution of the excess R* (protected or :

- unprotected cytosine) in the aqueous acidic layer, and the
precipitation of the desired beta-nucleoside. The
precipitation is selective, and the undesired alpha-'

25 nucleoside remains in large part dissolved in the'organic
layer. Thus, the acidic mixture must be held, at constant
temperature, until those two physical changes have
occurred. In general, a period of from 10 minutes to 1
hour is adeguate. ' S

30 After a sufficient holding period, the
precipitated beta-nucleoside is separated from the two
liquid phases by filtration or'centrifugation, and is
washed with additional aqueous acid. The filtration or
centrifugation should be carried out at approximately

35 constant temperature to prevent dissolved R" (protected or
unprotected cytosine) from precipitating out of solution.



the diluted reaction mxture to the aqueous acid is held, preferably
Wi th noderate agitation, for a period of tinme. 20 The physi cal changes
whi ch occur durlng%this hol di ng period are the di ssolgiipabsRhosk e
excess R' d or unprotected cytosine) in the aqueous aC|d|c
| ayer, and the precipitation of the desired beta-nucl eoside. The
precipitation is selective, and the undesired al pha- 25 nucl eosi de
remains in |large part dissolved in the orgdﬁ?: | ayer. Thus, the
acidic mxture nust be held, "at constant tenperature, until those

two physi cal Cﬁéegeﬁu@f'é/@mde i s01EH raeﬁ puRigeear ah, cnlgema@ﬂe@fmaiy om 10
mnutes to 1 hour 1s adequate. a suff.icient

hol di ng peri odstike have anrﬁ@&ﬂﬁnﬂﬁﬂﬁﬁ?qﬁ&ﬂaQHBHPeégldBngeEEpa?ﬁt%QFfron1
the two ahﬁgglﬁ&@%@émﬁmdngﬁddﬁr@MNmﬂwohawenbeehquEamed aamdi s .

washed w th addltgona aqﬁg %Eﬁﬁ; @ﬁckllt%%E'OHP85§gs1de isolated

centrifugati ontSRod &t apprOX|nate - const ant
t emper at Gre toapdepenifdedsrnAmhbIabqﬂﬁwmﬁﬂﬂﬁgdlérOf SuPerEﬁﬁrEPééF%d

: f " 646072
- ‘;,%T;’a'sgg} . 4ng%vﬁ£ﬁci»8§£8&£“900é’iprpé ARl 1¥daRe, R (proekeed L2607

Bet a- nucIe05|dénP§@FaFé€daﬁﬂt?Eﬁ¢9heﬁ?ql?QHﬁQSHWEHﬁ&Flﬁﬁy and ltsf?l?lﬁ%ve

an am no proteeb,Ad GhatPchdded Bsalipraudthds prepazedndnpsaperiong group
(W may have been_cl eaved, and replaced with a hydrogen atom

Bet a- nucl eosi d¥iP&Btat ed 5 and purified in the above manner is of
superionopurity, wheh thepacidio mixtuere s dsate fiRtemedoosct ed or

unpr ot ect ed cy%gikgg uggg ‘%hfémar e;}fﬂé's“:&?llda%o‘éuc'ts thoolrganic Eagnd

that the desir proda I n superior
When t he acud|@qnenuaréaﬁQESb@%nth¢I@%%Rﬁ?qﬁ'are sepaE@ﬁFﬁlfuaﬁﬁ E¥CPEfove

the solid prodgst (ptBeeotganbse @ﬁ%rotecced Wmé)amer &noi:hbhaqﬁebhsat e
are separated. The excess

tect r ot cyt Qs is =
in the aqueouslayer andpay laﬁdr%?/"%‘g :f rlcﬁ%et%hgf‘ f“?gYCéﬁg ir’%%’}m ed’
back 1515 intatbhehpr peesass. R'RY prmmmmmmmmm&edcwossmeye)

TR De T Eoover BvbTPLL By SR8 LiMplpBPEang WA sfious Lavek! hharing
_fllterlng the precipitated R" (protected. or unprotected
cytosine), or by making the agueous layer basic, cooling
the basic solution, and filtering to collect the

20 précipitated R" (protected or unprotected cytosine).
Recovered cytosine from the above process is routinely
recycled into the process of making the mixture as
described in EP No. 93304817.5. Thus, the claimed process
provides for economicai recycling of R" (protected or

25 unprotecteihcytosine), which is a beneficial property of

' the process. '

The final phase of the process is the removal of
the protecting groups X and any remaining W from the
blocked purified, solid nucleoside of formula IB. The same

30 anomeric ratio of unprotected nucleoside is obtained by
removal of the protecting groups.

Most silyl-amino protecting groups are easily
cleaved by use of a protic solvent, such as water or an
alcohol. Most silyl-amino protecting groups are vulnerable

35 to cleaving during contact with mineral acid. The acyl
protecting groups, such as benzoyl and the acyl-amino



cytosine), or by naking'the aqueous | ayer basic cool i ng the basic

solution, and filtering to collect the 20 preC|p|tated R' (protected or
unprotected t osi ne). Recovered cytosine fromth rocess is .
rout i nM y recycled into the process of naking thé‘#ﬁ%?éﬁ

descrlbed in EP No. 93304817.5. Thus, the cl ainmed process provrdes
for economcal recycling of R' (protected or 25 unprotected cytosine),
which is a beneficial property of -10the process. The
final phase of the process is the removal of - the protecting groups X
and any rengi.ni Wfrom.the cked ri sol.t cIeoslde of
Formil a | FEATROGAR, F00ee Ao Eeme et F5 BYSERIYBF AR el stidle | s

obt ai ned Byase at arwemperatnfre Herqm di°6cting0§foOupsstrong or Most

silyl-aning, xoateec tr&x%rrreu@;ss%reseasabxe Forl\;ésg' 5 laﬁxéyréas&fg a protic

sol vent, SUC as am no protecti ng

groups ar @XRIIPRseHIvhiph haveg @ @KeaVidhg 280F 1 @t c®dn? a‘%ﬂ 21+ miSustal aci d.
The micyl bases iHIhRIE laflgtaElrloldié%alSh?ﬁr@i:.béQZQMJ:ha&@ ddeiaeydr am no

WO 96/16072 S95/ 14086 .
-10- iﬁ%ﬁ%ﬁnﬁ%ﬂf%j?&ﬁb al&P&lr@ﬁﬁeédab¥°ﬁ %?%Ii%? W HPEE rong
base at a meatripm:adejrqr fpocmso[wm kebusoxddper alkali Snretonly amides;

m”ﬁﬁﬁtatzbeﬁfﬂ%;%@? Hertyigpige, " BrasbliaihelAnithia ang S PRoCS
al kal i nmetkik moﬁdb’kl rs@@rrmesl YagesnsyFh as hydpezireiand HhR oxi de;

al ki | nﬁtf&kéﬂl“@ﬁ(Mﬁas&u%&ea%qﬁgéhuﬁht of ba8BlN9Xh&eidd Fu¥ assinim
t-but oxi de; alkalj netal am des; . am nes such as di et hyl am ne,

hydroxyleuﬁ eCIiTishi MRS t he li ke; and ot her comon bases such as
hydr azi ne and t he 10rhe adyk@rowcﬂm@stgmngseqanvallsutbefrézaceecﬂs needéd

for each %y&négi %%%E%rogach thmethgne ?l Rl Qe<§ﬁ¥| protecting

groups can étso such. as '
met hanesulliysiachdgnic acid, hydaobrhmiei aciéi dsuhgn@wmrmcb ot avitdul furic

aciis or vidiuild ion e@é&lﬁ'n@é QQSQthanQE i§5 Péfertéd i to FHé?rf fR¢ to carry
-out syc drol ysis at rel erature such as the
ref | ux teﬁﬂﬁﬂhpﬁ' e Ak FEIAL: VS 4 %éﬁ%e?%?%? ture, gipch as theg
anbi ent rra;eﬂdm:usmhpdmmupmr bifcthar mpxstrengbaci temperatures as low
as ambient may be used when particularly strong acids are
used. Care must be taken to preserve these acyl protecting
20 groups so that they are not prematurely cleaved durlng the
early steps of the process of the invention.
The removal of ether protecting groups is
carried out by known methods, for example, with ethanethiol-
and aluminum chloride. ' o
25 : pThe L-butyldimethylsilyl protecting group
requires acid conditions, such as contact with gaseous
hydrogen halide, for its removal. ' '
Removal of the protecting groups may be
'conveniently carried out in alcoholic solvents, especially
30 -aqueous alkanols such as methanol. However, the deblocking
reaccion may also be carried out in any convenient solvent,
such as polyols including ethylene glycol, ethers such as
tetrahydrofuran, ketones such as acetone and methyl ethYl
ketone, or d1methylsulfox1de |
35 In a preferred embodlment the deblocking
reaction employs ammonia to remove a ‘benzoyl hydroxy-



used. Care nust be taken to preserve these acyl protecting 20 groups so

that they are not prematurely cleaved during the early steps of the
process of i ntion. The renoval of et tecting
groups is vwg"m’ggrri ed out by known net hods, for exanple, %EPHQJS%‘%

et hanet hi ol and al um num chl ori de. 25 The
t-butyldimethylsilyl protecting group requires acid conditions, such
as contact with gaseous ~ hydrogen hal-ilde, for its renoval.

Renoval of the protecting groups nay be conveniently carried out in

al cohol i c sol vgg%g%ﬁﬁﬁﬂgc&%ﬁa 20 a teﬁ&ﬁ&@léﬁq@oé.sggg as net hanol .

However, the d ‘Teacti on y also be carried out in any
conveni ent sol peaferable, hewe¥eks GROIUER &1 BXCeGisn§icbRFrehr RSOl
ethers such asreaction} €ilehnedoftiammdRItOREs exéeasapagectioeg agdnset hyl
et hyl ket one, . or di net hyl sul foxi de. 35 B In a preferred
enbodi nent, t hETHEBRLCki ng reaction enpl oys amonia to renove a
benzoyl Bydroxy- The\\Pe861456Ag 2beta- enriched nucleoside

PCT/ US95/ 14086 -11 -

protecting group at a tenperature of 10[err]C N, is pr ef er abl e,
however, to use an excess of base in this “reaction, although the
anount of excess base used is not 5 The
resulting beta- enriched nucl eoside
[err]

crucij

Oor an organic or inorganic acid addition salt thereof, may
10 be extracted and/or isolated from the reaction mixture by
the procedure described in U.S. Patent 4,965,374.

_ The following example illustrates specific
‘aspects of the present invention and is not intended to

15 limit the Stope thereof in any respect and should not be so
construed.
Example 1
20 ' Preparation, purification and isolation of beta-

anomer enriched 1-(2'-deoxy-2',2'-difluoro-3',5'-di-0-
benzoyl-D-ribofuranosyl)-4-aminopyrimidin-2-one with 22.5
equivalents of bis-trimethylsilylcytosine

25 - To a 250 ml 3-neck flask were added 30 g of
cytosine, 25 mg of ammonium sulfate and 150 ml of



or an organic or inorganic acid addition salt thereof, may 10 be

extracted and/or isolated fromthe reaction nlxture by t he procedure
described in U S. Patent 4,965, 374. The foll ow ng
exanpWe 9pMeaI2t r at es specific aspects of the preBERUSPHIAMR | on and i's
~not intended to 1.5 limt the scope thereof in any respect and should
not be so const rued. Exanple 20
Preparation, purification and |solat|en20f beta- anoner enriched

1-(2' -deoxy-2 ,2' -difluoro-3",5 -di-
wi i

benzoyl - D-1i bof osyl.) - 4- am nopyr n1d|na one

equi val et %¥Qﬂe€§£yaﬁ%g%9?ﬁFP3|PF Cypssphgturg5was héadéa’co 1%%Ch 250 n
3-neck flask helie fagded R@ngtek after thytdséselubonryp Hfaldmamicke sul fate
gggltggs?14£gﬂ§ .Then tﬂéoéi%££ﬁglﬁre was raised to 14569? held

hexanet hyintiisli [eddrimg @topped  nardutbenabehdated12e°Cagwler vacuumd hel d
~ fors 30 mjties Qfilieds ?’% gattl £80kBLhn0AbEYe athe Of i dibfa level ﬁpl'dlrﬂas- Then the

tenperature was raised to 145[err] el d i1 stopped and .
then hel ¥aski20Ten Ghﬁn&\ét"%@uﬂﬁﬁ §°°leduﬁ?| ilogcﬁ'l c?sndo«?gsaﬁ“ &% or m above
the liquighise waz EHdded. flask. Then the m xture was cool ed to
105[err] C, and 25 of

ol adde
another 125 m fl as t}tegn&zﬁ’eﬂli ‘il#lﬁo?'erg gbmbéﬂ?go}% 1%00% 75 g of
2- deoxy- Zre-stilfe mdo5375- di bén2egeoRy-202-difluoro-3,5-dibenzoyl-D-

ri1gof ur anawns furadoRiihanesdetaaakeul 8ofat 8¢ Shdlthé mbSrure was
heated until a homogeneous liquid was formed. That liquid !

o
<

— was added at constant temperature to the cytosine mixture,
and the combined mixtute was held at 100°C for 24 hours.
A 133 ml portion of 4N hydrochloric acid_wéé
15 placed in a 500 ml flask. A 31.3 ml portion of '
acetonitrile was added to the reaction mixture, and the
diluted reaction mixture was then poured onto the acid with
constant stirring, while a cooling bath was applied to the-
500 ml flask. The combined mixture was then stirred at

120 70°C for 10 minutes, and was then filtered at &onstant
temperature. The wet cake was then slurried for 10 minutes
at 70°C with 25 ml of 4N hydrochloric acid, and was
filtered again. That filter cake was slurried for 10

_minutes at 70°C with 25 ml of deionized water, filtered,

25 and the wet cake was slurried agair at 70°C with 50 ml of =
deionized water. The pH of the agueous s1urryIWas raised
to 7 with sodium bicarbonate, and the mixture was stirred
for 10 minutes at 50°C or above,and was filtered again.
That filter cake was slurried once mbre“witp 50 ml of ' o

30 deionized water at 70°C for 10 minutes, filtered, and the
filter cake was dried and analyzed. It weighed 3.98 g,
representing an isolated yield of 61 percent, and contained
less than 1 percent of the undesired alphaFanomer

The present invention has been described in

35 detail, including the preferred embodiments thereof.

However, it will be appreciated that those skilled in the



hdated until a honpbgeneous liquid was formed. That liquid was added at

constant tenperature to the cytosine m xture, and t he conbi ned
mxture was held at 100[err]C for 24 hours. épﬁss n
portion of WRIMBchl oric acid was 15 placed in a 500 nFCU3L}14086,
31.3 m portion of acetonitrile was added to the reaction m xture,
and the diluted reaction mxture was then poured onto the acid with
constant stirring, while a cooling bath was-applied to the 500 m
flask. The conbined m xture was then stirred at 20 70[err]C for 10

m nut es, and wasth nfiltered at . .c st .gn ure, The net cake
e o oo e { Sibde e e i8R L8 e prps o REEEL M e Tiy) Sl
hydrochl ori ¢ achafli Himhtieens and/orf iimproyémegasnon This inventigukdaras
slurried for 1 0 r ho 85

filtered, 25 a1l Jvn:lﬂﬂ“{:t S%IOPE Lﬁa ltjrgfl?%k gga};ﬁéat 7&?%}}C Wlél%t 50
of dei orfr%‘éﬁi‘v&m dihe 'ﬂ?é-lﬁl“flél\g F élﬁ‘ﬁueous slurry was raised

to 7 withs sodi um bi carbonate, and the m xture was stirred for 10

m nutes at 50[err] C or above,and was filtered again. That filter

cake was slurried once nore with 50 m of 30 dei oni zed water at

70[err]C for 10 mnutes, filtered, and the filter cake was dried and
anal yzed. It weighed 3.98 g, representing an isolated yield of 61
percent, and cont ai ned | ess than 1 percent of the undesired

al pha- anoner. The present invention has been described in
35 detail, including the preferred enbodi nents thereof. However-,
it will be appreciated that those skilled in the WO 96/ 16072

PCT/ US95/ 14086 -13- art, upon._
consideration of the present disclosure, may nake nodi fications —
and/ or ‘i nprovenents on-this invention that fall within the scope and
spirit of the invention as set - forth inthe following clains. 5.

g.’:‘;!',;. o !‘:__.



WO 96/ 16072 . PCT/ US95/ 14086
- 14- What is clained is: ' 1. A process to purify

and isolate a beta*aﬁe#3L~\§‘_-gQL%§hed nucl eosi de conprising: 5 a)s
provi &Ve@6/s0m xt ure containing R a bet a- anoner PCT/US95/14086i ched _

nucl eosi de of the
(1B); 10 I,Imm,”i" %@ X is independently selected from
sou

hydr oxy . protecﬂ1ng g andlgt i s a nucl eobase of the
formul a
[err] 15 where Wis an an1no protecting group; and
R' is a nifraobesecined ¥vt nul a [err]
1. A process to purify and. 1solate a beta-anomer
enriched nucleoside comprising:
5
a) providing a mixture containing R" and a beta-anomer
enriched nucleoside of the formula -
(IB) H .y
10
’ wherein each X is independently selected from hydroxy
protecting groups and R' is a nucleobase of the
formula
NHW
NZ l
OJ\N v

15 - ]

where W is an amino protecting group; and
R" is a nucleobase of the formula
NHW'
NZ

NS

0o B )

where W' is an amino protecting group or hydrogen;
in a high boiling solvent; '



2b where W is an am no protecting group or hydrogen; _ _

in a high boiling solvent; 6T, .
: | THIS SHEET HAS BEEN - : ,

PCT/ US95/ 14086 -15- | ”:@ df 1 uting the migeiue an

organic so#&?ﬂmg”@l ect ed i RE_P'f'}co t he group consisting o@séﬁ?gr S,

esters and - nitriles; C) addi ng the diluted reaction

m xture to aq ' 5 d) hol ding the acid m xture so
prepared at aﬁmmmmmmﬂm from-23C to 100[err]C until the
product of fortul@ I'B,* s = where Wis now W, has precipitated.

2. Aprocess g cl il ipheLHN b A0 an orgallifl Wl veheiddiieiit el th
acetonitrile, ethyl acetat an&  tetra grofhgén. ég& -
A process of d ai ?/n £ raffe £ &ien STV @@@tsii@ﬁingy of gthexse iest@nsuedd with
acetonitrile. nitriles; 4. A process of claim1 wherein the aqueous
acid is hydrochloric agid from1 Nto 6 N 15 | _ 5. A pracess

of claim1 wheFdin SASLEG Ghe dilufed fegctidnymiztareanto adiseds Giid Aad
precipit&ting.d) . holding the agid Aiptaressoopreparadl afturet temperstudiang
which s 3- (2 - deoxg o, 706 FR ATORL UG 'éhe YiANR or rollirl£ofae
ribpfuranosyl-4-aniwbgyéiWidﬁnn@MpWéJ has precipitated.7. A process for
purifying a beta-anomer 2, A_epfo%lé%@ R4CIAQs i AR itdld Yedttion

her ei nbef ore descri bed, .. Wwth reference to the eéﬁggje.

8. A process TO¥CHER f§i Aglates ¥ithoRcetonitride I, faesssigg@nd
substantpal |y astkengdmbé&iLeas.descri bed with reference to the

?égg@:gs’ further Conpriahng A process of Clain\@e%kﬁ§%8$ﬁgﬂgaégégé¥6n

mixture is diluted with acetonitrile. ' I

L -4, . A process of claim 1 wherein the aqueous
_ acid is hydrochloric acid from 1 N to 6 .N. ' o
15 ' ' 5. A process of claim 1 wherein the acid
mixture is agitated while the product is precipitating.

6. A process of claim 1 further including
deblocking the purified formula IB product to form the
nucleoside which is 1-(2‘-deoxy-2',2'¥difluoro-D-

20 ribofuranosyl-4-aminopyrimidin-2-one.

7. A process for purifying a beta-anomer enriched
nucleoside substantially as hereinbefore described with
reference to the example.

R

e ———
cet Has Been Replaced

i
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AMENDED CLAI M5 [received by the | nternational Bureau on 08 April
- 1996 (08.04.1996); ‘new c|-.ai m'8 added; remaining clains ;
unchangedé/i@rpage) ] b) . dJ.I1l5t1_ng the m xture WPFH’"g ni c

sol vent sel ected from hE Mg&conm sting of et hers esters
and es; di | eaction, m xture
to aqueous[ﬁ?ﬁedﬁve% ‘Ljhes I"tﬁb"a“gg " x éf? QQT Qﬁg};ed at a
‘tenperature éw claim f'?d(S’ 76‘[95@}'}‘@9 aﬂ’:‘é[ o9 a@ﬁé product of

fzer/rar\u :o.?ol:g;s o?l%}lgf‘ﬁglttgggﬁrrngxx e rea\qII o%nﬁﬁegbﬁfbé?{:egelecﬁeﬁlut ed with

acetonitrile, €rhp theegrowp fendisting fi eahe¥sef eskars and 3.
A process of q,ﬂﬁgeg\her ein the reactlon m xture is diluted with

acetonitrile. %)_[ocess of claim1 wherein the agueous
acid is h§drochASing ’&E?od-?-}'bfﬁq Feactipymigture to aqueous acid; @Rdgcess

of slai TE&)V\heheLLa:.hbetnel dcid mixtuietdd @ne@awdlt ated ubmbef]éberer ngct i s
r n PL e I NC In
geglmoglkl frjllgl tﬂefﬁﬁ}nl 7P ecfi F‘%rmﬁ g gﬁtﬂ'} 5g§t 3?88{”% Stk."génfnﬂig f%ucl eogl deg

which is 1-(2 whdgexy-2s now Wi, fhaspprepipigated.
ribofuranosyl - 4-am QOpyrh”beBegsoaf claim 1 wher (?.m the7reécﬂr18ﬁe55 for

purifying a beta-anoner nri ched nycl e03| substantially as
her ei nbef BLEtWESCHS pdijluted WJ-W Aeetondtride « gth ?G?H“’-e and
8.10 A [etétrahydrofuran. a beta-anoner 25 enri ched nucl e03| de

substantlally as herei nbefore describ wi t.h referenc
exanpl es. Frt her cohprl sfingrocess o Efain 2 whe Z‘?o?@? %d’oﬁ' f or
recycl e. mixture is diluted with acetonitrile.

_ _ 4. A process of claim 1 wherein the aqueous
e acid is hydrochloric acid from 1 N to 6 N.
15 ' 5. A process of claim 1 wherein the acid
mixture is agitated while the product is precipitating.

_ 6. A process of claim 1 further including
deblocking the purified formula IB product to form the
nucleoside which is 1-(2'-deoxy-2',2'-difluoro-D-

20 ribofuranosyl-4-aminopyrimidin-2-one. .

_ 7. . A process for purifying a beta-anomer

enriched nucleoside substantlally as. here:.nbefore descrlbed

- .

with reference to the "ﬂmle. s
8. A ProC-se v - cwm o 1 a beta-anomer
25 enriched nucleoside sub&tantiany'és' hereinbefore described

with reference to the exampleé_e . *“rther comprising

('e) recovering -'R" fer _recﬁéle.

R |

AMENDED SHEET (ARTICLE 19



