| NTERMVEDI ATE AND PROCESS FOR PREPARI NG OF (3- ANOVER ENRI CHED

21- DEOXY, 21, 21- DI FLUORO- D- Rl BOF' URANOSYL  NUCLECSI DES FI ELD OF THE

| NVENTI ON The present invention relates to a novel internedi ate of
formula (1), a process for preparation thereof and its use in the
preparation of f3-enriched anoners of therapeutically and

commerci ally val uabl e 2'-deoxy-21, 2'-D-ribofuranosyl

di fl uoronucl eosi des of fornula (11), and physiologically acceptable
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of formula %fi} 1-10 (11) HF wherein the group R represents

a base sel geten dran® INYENTAEQe or purine derivative and P
represents hydr ogen or a hydroxy Pr ot ective, group, Possess usef ul
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di vi si onal dlhb@%ﬁ&é%{f&‘%é&??or@%&pgﬁ agg‘ pelll ﬁégdgﬁ%aﬁga%ct%g ?@gﬁéﬂf Wekeo. In

patticular, the present invention rlates to a selective process for manufacture of the f3-

) ) enriched anomer of gemcitabine kydrochloride of formula (IIb) in high purity.
BACKGROUND OF THE INVENTION ‘
2!-deoxy-2', 2'-D-ribofiranosyl diftuoronucleosides of formula (II),
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wherein the group R represents a base selected fiom a pyrimidine or purine derivative

and P represents hydrogen or a hydroxy protective group possess useful therapeutic

5 properties and one such 2'-deoxy-2',2'-D-ribofuranosyl difluoronucieoside of

therapeutic and commercial importance is gemcitabine hydrochloride of formula ‘(Hb),
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first disclosed by Hertel ez al. in US Patent No, 4,526,988; its continuation-in-part US
Patent No. 4,692,434 and divisional, US Patent No. 4 808,614 as un useful antiviral
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and later by Gindey et al. in US Patent No. 5,464,826 as an useful
anti-tunmour agent for treatnment of susceptible neoplasns in mammal s,
US Patents Nos. 4,526,988, 4,692,434 and 4 808, 614 di scl ose a net hod
for synthesis of the 21-deoxy-2',21-D-ri bofuranosyl

di fl uoronucl eosides of forrmula (I1) 5 including gentitabine
hydrochl ori de of fornmula (11b) conprising hydrolysis of an

al kyl - 3-di oxol anyl - 2, 2-di f| uor 0=3- hydr oxypropi onate (1) to give a

llactone (I hdd z,am%yczhmc@i;teew SHit@bhienNet£add % Of ard hefllyatioyour agent
groups is reduced to give the protected 2'-
deoxy- 2' 2Oltﬁ"ef‘WF%@ﬁuﬁ‘Ei‘é’éb@fn@PBlﬂﬁ’ﬂF&%?‘WﬁlsThe free hydroxy group of

COWPOU”d (1V) gﬁqsaté?i% No’%eq $§ 9%‘?”%51@@'4 %.Qd@i 868, Bﬁbld%c%yavﬁateth\é@ for
(2), in whicht roup L acts as 10 "better |eaving group fo
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are those nornmally %ﬁﬁg in organic synthesis suc
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hydri de, regve are r|n C han
oare e horth prefR 88K bues oo ARERANERE Sl ildh MmRP EGAoIoRE (i0be
t he | act onemofedf culyrby aoftkby) withyn Uydrbhedicalcid) athb pedurtion iof ﬂie manﬁﬁmums of

obt ai ned thro an reo enanfi Qmers
Por mbr - ondde Ut ediyaf Gl Cintpend (WIS SeBR v SR i AeaS duth 62
one and prayitaes abngiaiPe Ryali@d EtiiauiaRehibive: BfRIROERE N stry of

natural |y occurring, ribgose., More often than not,_ recou
The suitable leaving groups of compound {IV) for react;on wn‘h the base are

) those pormally employed in organic synthesis such as methanesulfonyl, acetate, halo
D, ot
However, the method disclosed US Patents Nos. 4,526,988, 4,692,434 and 4
808,614 utilizes expensive hydroxy protective group like tert-butyldimethylsilyl group
25 and reducing agents like diisobutyl aluminium hydride, lithium alymininm hydride,
which, moreover, are hazardous, requiring special handling care, thereby increasing the
cost and risk of manufaciure.
Further, the lactone of formula (), by virtue of having a chiral center is
obtained as a mixture of erythro and threo enantiomers, of which the former one is
30  preferred since it is the biologically more active one and provides a carbohydrate
having the sterecchemisiry of naturally oceurring ribose, More often than not, recourse
to tedious and expensive chroxmtography procedures are taken fo separate the said

-enantiomers.



to tedi ous and expensive chromat ography procedures are taken to
separate the said enantioners. 2 In addition, a second chiral centre
is generated when the lactone (Il11) is reduced to the hydroxy
conmpound (I1V), affording a m xture of a- and 0-anoners, of which the
| atter i.e., the Rr-anoner being nore active biologically is
preferred. The nmethod disclosed US Patents Nos. 4,526,988, 4,692,434
and 4, 808, 614 produces protected 2' 5 deoxy-2',21-difluororibose of
formula (1V) as rall A1
again nore oft eﬁ ¢ éﬁgaigr(lmnéitse Drﬂé%w M %en ellba%or&a eéisw%ir}ll %ﬁ l&%&lngen(ﬁ isteduced
t echni questd the heIR¥E coldpeunth&s) dﬂﬁd@g&ﬁﬁﬁ&ft& of tr hﬂ@lﬁ Aroeieed Sif Rghidhhihe
cost of nanufacture of the desired p- I] anoners
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anomers of 21 deoxy-2! 21-D-ribofuranosyl diflucronucleosides of formula (I1).
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Synthesis of 2*-deoxy-21,21-D-ribofuranosyl difftuorenucleosides (I) as‘described in US 4,526,988; US 4,692,434;

and US 4,808,614
10

Many improvements have been reported fer manufacture of 2*-deoxy-2*,2'-D-

15 ribofuranosyl difluoromucleosides of formula (II) and its intermediates, which are
summarized hereinbelow: :

1) Chou ef ¢/, in US Patent No, 4,965,374 disclose a method for preperation of the

erythro enatiomer of a lactone compound of formula (I1I), whereid the hydroxy
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Many i nprovenents have been reported for manufacture of

2' -deoxy-2',2'-D- 15 ribof branosyl difluoronucl eosi des of formnula

(I']) and its internedi ates, which are sumrarized herei nbel ow. i)

Chou of at in US Patent No. 4,965, 374 disclose a nethod for
preparation of the erythro enationmer of a |actone conpound of
formula (111), wherein the hydroxy 3 protective group, P is benzoyl
in greater than 95% purit PL S di ssaol ut | o) m. Xt ur e .
erythro and t hr 40 GRAN grgﬁ%ﬁﬁig?’ﬁnm P%‘ﬁréaﬁi%r E:lﬁlf (b)?}?u g?%%’oﬁ%%ﬁ ﬁiesggmmn
solution to -5 Gfanikikef Gyand aadibracédangohéie ipmethviunt ahkdider yddiing the

enantioner through filtration uch or aoptionally. after addition
of hexane. 5 M XQPEIPSH(B‘? —ar &t‘ﬁ r+o?§n§ aq ﬁmi‘??tlﬁ&ﬂ?ﬁ/?ré ‘t@fﬁﬁs (?ﬁ’ts’é} enantiomer
Erythro enanti onefough filieNRA kL ARl Fphiibatlemer fdditidn ofhdk@nd 00 C

| actone (I11) Separation of erythra and threo enationers of |actone
M as diSclosed in US 4,965,374 -10 ii) Chou et at in US Patent No.
5,223,608 teach a Mtirod duro oltlaéni ngicihiene ChBriad 0Mek 10 QeARIf i ne
hydr ochl ori de of f enatibaerfd lab)neqhy) t he—cgn[‘rﬁ}se:cm'dﬁng hydRbriem de

salt in a purity of about 80% conpri si ng? e steps of dissolving a
1:1 mxture of a- andeph3atheN@FiEr HAd iGtedha@dncss df ROPSY @MUsdiscthbsedbO Ut
500 Cto 100 C, followed by additiomsafssnest one to the solution and
collecting the said 15 precipitated 0-anonmer of 80% purity after
cool i ngyt hey m xture b = 5 ' YR
aj‘;?g rg(():i t§% a met ho?%fjgreg)g}mullc i%&cn%gqg’ %&%16!3@ téc%?ﬁ ggéeﬁ[lg@rger;O?og%?n&g%e
getfrti t abi ne hydfembher bl gemtitdbddentydaodhide & fdaeile O )espdie tofgsponding
hydr obrom de salt to 99% conprisi ng subjecting the material @f 8Q%
purity as 20 obt¥IRRPTHGS e ioN EHEREIah 0P S e éfﬁ@%?gépsso ving a
purification utihiflRgel - SAB-RUhb! 6 abdONBIdAGad? Solight sHOC to
5,223,608 further discloses a nethod for obtaining j3- anomer .
enri ched genctit &1 e ilawed by eddiden of 2éaspmatoahe¢ splbjionend petlecting the said

correspondi ng h id | t Aighg B?{ri of %;,comr i Si €100
st eps g%) 25 di sé%hg%%%g %Q%gerﬁoxftgt@r/‘gp o1 a® Ant 0@%—‘3 %h;éoﬁn}é‘?%r%itﬁg\l?\é}%}erwap
a tenperature ofo HBaut ' _

US Patent No. 5,223,608 also recites a method for enriching the purity

of B-anomer gemcitabine hydrochloride of formula (IIb) or the corresponding
hydrobromide salt to 99% comprising subjecting the material of 80% purity as
20 | obtained by the abovementioned method to repeated purification utilizing the
) same purification method, |
{J US Patent No. 5,223,608 further discioses a inethod for obtaining #-
anomer enriched gemcitabine hydrochloride of formula (IIb) or the
corresponding hydrobromide salt in a purity of 99% comﬁrising the steps of
25 dissolving a 1:1 mixture of o~ and B-anomers in water at a temperature of about
45° C to 90° C, followed by adjusting the pH of the solution to about 7.0 to 9.0
and collecting the said precipitated B~z}nomer of the free of 99% purity afier
cooling thé mixture to about -10° C to 30° €, The free base thus obiained is
subjected to the same crystallization method in the presence of hydrogen
30 chloride or hydrogen bromids to afford the desired gemcitabine hydrochloride
of formula (ITb) or the corresponding hydrobromide: salt in an anomeric purity
of about 99% of the 3-anomer. |



450 Cto 90 C, followed by adjusting the pH of the solution to about
7.0 to 9.0 and collecting the said precipitated 0-anoner of the free
of 99% purity after cooling the m xture to about -100 Cto 30 C. The
free base thus obtained is subjected to the same crystallization

met hod in the presence of hydrogen :30 chloride or'hydrogen brom de
to afford-the desired gentitabine hydrochloride of formula (]JlIb) or
t he correspondi ng hydrobrom de salt in an anoneric purity of about
99% of the J3-an.oner. 4 Gentitabine Hydrochloride (l11b) i) H2O 50

to 1000CGentC|tab|ne drochl oride (Rl oM xture of.
Beta i nantig #%%;‘3 {% Qﬁxg%%ﬁi ;BP% 50oli0de M @é‘fl;c‘}ﬁ A%Idﬁfaﬂzidg(m}
45 to 900 C ?‘R P gy e o Bfh ol 0 0 i i PORGS Greched Anomen)
iii).-10 to 300 iQnioy}s 9420, 45 to 900 C Gencit abi ne Hyd:l%qﬂbogdtg@moc

(Jib) v)) Hthl)gﬁagg,s(éBQ% Beta Enriched Anomer) Prepana
Beta enriched angnim|k s@®fc genci t ahi ne hydr ochloride (11h)
in US 5,223,608 fI{IQQSn@gthds di sclosed in US Patent No.

of
aer{one

escri bed
5,223, 608,
however, suffe di sadvantage in that repeat edGepsjatisgHpghion (1)
steps are requlr &Ott @btain the product of 99% puri t§?% Aee Eeig Anomen)
i ncreasing the|l [h but al so the cost of manufacture. TII) Chou el
al. in US Pate1t No 5,252,756 disclose a stereoseleotivelprocess for
10 preparation of a f3-enriched anoner of conpound of formula (2),
wherein the |eaving @rgiapation bfBcdneiclica tndnted i grncizabidedyihiodiatide (i) as
stbstituted aryl sul fonate conprigifg.co0nkagtidg the lac:tol of .
formula (1V) with a sulfonating reagent in an inert solvent in the
presence of an acid scavenger. 0 OR 0 PO ~~\ ((/ Sullonatu g
- reagént; | nerTheomgtwile disslasedtin RES-Pateply Mo. \§,223,G98AdweBra vekigfefrom 2

disadvantage in that repeated crystallization steps are required to obtain the
product of 99% purity, not only increasing the length but also the cost of

manufacture.
iii) Chou ef al. in US Patent No. 5,252,756 disclose a stereoselective process for
10 preparation of a B-enrichéd anomer of compound of formula (2), wherein the
leaving group L is selected from an arylsulfonate or substituted arylsulfonate
comprising contacting the lac:toi_of formula (IV) with a sulfonating reagent in an

inert solvent in the presence of an acid scavenger.

- —_— 0 ' | o

OH L
PO R Sulfonatir g reagent; Inertorganicsolvent  po :
> E
P R . Acid Scavenger P
F F

avy . . 73]

P = Hydzoxy Protective _ L = (substituted) Aryl sulfonate
Group .

Synthesis of Beta- anomer enriched Infermediate Compound (2) as described in US 5,252,756

15 iv)  Choueral. in US Patent No, 5,256,797 further describe a method for separalion
of a mixture of o~ and f-anomers of compound of formula (2), wherein the

Jeaving group L is selected from an alkylsulfonate or substituted alkylsulfonate



FPF (1V) (2) P = Hydroxy Protective L = (substituted). Aryl

sul fonate Goup Synthesis of Beta- anoner enriched Internediate
Compound (2) as described in US 5,252,756 15 iv) Chou et al, in US
Pat ent No. 5, 256,797 further describe a nethod for separation of a
m xture of a- and f3-anonlers of conpound of fornmula (2), wherein the
| eaving group L is selected froman al kyl sul fonate or substituted

al kkyl sul fonate 5 conpri si n% contacting.the anonmeric mxture with a
Sol vent, heat i AGTEHE ATSTAHEE 1A A SR Y SE S BreL Tt vammErBY P
by lowering thend enpes at sHRidrQoRkf€ThllovaRPR) Blvi@gOhe ttBRpEMRirenartice
mers. ~L POF i) Dssolution in Ggani c solvent under heating Al pha
Beta enriched SE8TFHOR oAHM WOMaBRC BHEnt er - sol vent Anorrier 1- iii)
Cooling (2) L = (substituted) Al kylsulfonate Anonetic M xture of

Al pha and Beta Anoners Separation of Al pha and Beta aneners of

I nt er medi at e Conpound (2) as described in US 5,256,797 5, v) Chou et
al. in US Paten ~8.2561.798 discl ose a nethod for preparation of a
a-anoner enrithed a opey of Ydonpdiond Gi@dis solxireradirheatifre I%Fi/gg group L
is a sulfonate fro e Conif R&pRAAgedsawanoner of for il -
conprising treatifg the |agker.gth a source of conj tyat € BAf'on of a
sulfonic acid at el e(g)at ed 10 tenperatures in an inert solvent.

L = (substituted) Alkylsulfonate
e Arvomeric Mixture of Alpha and Beta
;\;) Anomers

Separation of Alpha and Betn anemers of Intermediate Compound (2) as degeribed
in US 5,256,797

V) Chou et al. in US Patent No, 5,256,798 disclose a method for preparation of a
a-anomer enriched anomer of compound (2), wherein the leaving group L is a
sulfonate from the corresponding B-anomer of formula comprising treating the
latter with a source of conjugate anion of a sulfonic acid at elevated

10 temperatures in an inert solvent,

O L

PO B i) Source of conjugate anion of sulfonic-acid L.
Alpha enriched

ii) Elevated temperaturs
) P Anomer

R P _
) F iif) Inert solvent .
15 : 2
L = (substituted) Alkyl/Arylsulfonate
Beta-enriched anomer

Preparation of Alpha enriched ansmersof Intermediate Compound (2) as described
in US 5,256,798

29
vi) Chou ef al. in US Patent No. 5,371,210 and US 5,401,838 describe a
stercoselective fusion glycosylation process for preparation of B-anomer of 2'-
deoxy-2",2"-D-ribofuranosyl difluoronucleosides of formula (1D, wherein R and
P are as defined hereinbefore comprising readting a difluorocarbohydrate of

25 formula (2), wherein L is an aryl/alkyl sulfonoyloxy group as a mixture of a-

6



OL PO /\ (Y( Fi) Source of conjugate on of sulfonie-acid Al pha
enriched P ii) Elevated tenperature Anonmer F iii) Inert solvent 15
(2) L (substituted) Al kyl/Arylsulfonate Beta-enriched anoner
Preparati on of Al pha enriched anonersof I|nternediate Conpound (2) as
described in US 5,256,798 20 - vi) Chou et al. in US Patent No.
5,371,210 and US 5, 401, 838 describe a stereoselective fusion

gl ycosyl ati on process for preparation of (3-anoner of 21-
deoxy- 21, 21-D-rihafd | di,fl uoropucl eqsi Of 40 (

wherein R and 681rJj e‘lﬁgjgﬁgi% angdéiohéehr%eaf %b%%%?iihgﬁaﬁrpfﬁééln%n%%%&i H:l%t Iaea'St ?
di f | uor ocar bohy du@tecqpivaid @famiha/h{@poxy pheteidbake, i’ arlandd/ tainkydatures
aul f onoyl oxy group as. j xture of a- .6 and (3zanoners.in a.ratio
equal to greaterolﬁﬁ%mii?mv\?ttﬂ 139 Extielbg agﬁ‘en‘éﬁ of %Q%tfinfg%t foligivgd by removal
equi val ents of %mtﬂ@/aﬂlﬁﬂ)r/%m%ﬂo;%x%ﬁ&% BASSs 1R pile BleeNAkBEher of 2'-deoxy-
tenmperatures of between 1000 C'to 1600 C, "in the absence of a

cat al ys# f ol | ondd2bip-skateraapsy! difluonenvgterpiorsifdeasdis (B ot ecti ve groups
to give the j3-anomer of 21-deoxy- 5 21,21-D-ribofuranosyl

di fl uoronucl eosides of forrmula (I1). OLR FPOF POi) Base |nm3.0
nmol ar equivalents ii) Eleyated Tenperature PO iii) Deprotectj

F (2 (11} Beta PO
PO i) Base R, >3,0 molar equivalents
D ii} Elevated Temperature o
1ii} Deprotection PO E
(In
@ 3
Beta enriched
L= Sulfonyloxy group . A;on?:f che
Mixture of Alpha and Beta '

Anomers

Prepration of Beta enriched anomers of Compound (E) as described in
Us 5,371, 210 and US 5, 401, 838 '

The method, however, is lengthy since it involves protection and deprotection
10 of functional groups; requires large excess of the base R and, moreover, is not
highly suitable for coinmercial manufacture since it requires elevated

temperatures for carrying ut-the reaction. i
D | vii)  Chou ef al in US Patent No. 5,401,861 describes a method for producing an a- .
enriched anomer of tI;e intermediate compound (2), wherein the leaving group
15 is a sulfonoyloxy group comprising treating a solution of a mixture of o-and B-
anomers of the the lactol compound (IV) with an amine base at very low

femperature and addiﬁg a sulfonating reagent.

The method, however, suffers from a limitation in that very low temperatures
ranging from between —40° C to —120° C is employed for achieving the

20 sepatation of the o~ and B- anomers.

25



| -- Sul fonyl oxy group enriched Anomer M xture of Al pha and Beta
Anomers Prepration of Beta enriched anoners of Conpound (11) as
described in US 5, 371, 210 and US 5, 401, 838 The nethod, however,
is lengthy since it involves protection and deprotection 10 of
functional groups; requires | arge excess of the base R and, noreover,
is not highly suitable for coranercial manufacture since it requires
el evated tenperatures for carrying Mut the reaction, vii) Chou et al
in US Patent No. g scribes a nethod for producing an a-

: eredial e, canpaund (2), wherein Khe Laaving
group 1.5 . is a sulfégoyl oXy. group.conprising treati ng ution
of a m xture of a- APV HRDS conmpound “&fV) with
an am ne base at very | 8w t difefattngecagmt addi ng a suP®onatli ng
reagent. The nethod, dowever, suffers froma limtation ig that very
| ow t enper at %&&:eo&&%ﬂié}ﬁsﬁéom between -40 C to - 120=KukSoydip Gaysd
for achieving the, 20 separation of the a- and (3- .anQuBrs:;agp 7 O X
10 F i) /nine Base, <ol vent Po O L POii) Very |low temgmat ure YF F

F Mxture of Al pha and Data L =

iii) Sulfonating reagent I (2 (

Sul f onoyl oxry Gg otp® ?&n%fn'gllpg& %‘b&?ﬁ ERIE HBF e mprSiECoprBp &P at i on of

Al pha enriched anonmer of *¥fcEFhrEaa5¢bpound (2) as described in
US 5,401,861 viii) Britton et at in US Patent No. 5,420, 266. di scl ose
a process for anonerizing an - .

D vili)  Britton ef al. in US Patent No. 5,420,266 disclose a process for anomerizing an
5 ci-anomer of formula (IT) to the B-anomer by treatment with a hydroxide base in

an organic solvent or vice versa.

3t IR O\ R
F, i) Organic solvent F.
H | ii) Hydroxide Base\ .

F < F
an a
Alpha enriched Beta enriched
Anomer . Anomer

Preparation of Beta enriched anomersof Compound (I) as described
in US 5,420,266

) ‘ ~ However, the product obtained contains an anomeric ratio of the o~ and B-

' anomers in a ratio ranging between 62:38 to 97:3, which needless to mention,

10 would require ﬁlrther crystallization(s) to obtain the B-anomer of at least 99%
purity,

tx)  Jones in US Patent No. 5,424,416 discloses a process for preparation of a B-

enriched anomer of compound (I) comprising the steps of contacting a solution

of the lactol of formula (IV) with a base at étemperature in the raﬁge of ‘-—400 C

15 to —120° C, followed_ by addition of a sulfonating reagent to produce an o-

enriched anomer of formula (2), wherein L is‘ a ﬂuoroalkylsulfonoyloxy. or

~ fluoroarylsvifonoyloxy group. The compound (2) thus obtained is reacted with a

conjugate anion of a sulfonic acid to give the corresponding P-enriched anomer



5 a-anomer of formula (I1) to the ji-anomer by treatnent with a

hydr oxi de base in an organic solvent or vice versa. RO R F i) oic
solvent C&/~H Hii) Hydroxide Bas Base F (11) F H (Il) Al pha
enriched Beta enriched Anoner Anoner Preparation of Beta enriched
anoner sof Conpound (U) as described in US 5,420,266 However, the
product obtained contains an anoneric ratio of the a- and (3- anoners
inaratio rangir(lg ?ﬁtweeg 62:38 to 97:3, which needl ess to nention,

10 woul d requi r e PuPBREM & stiiapliyhayisphiemsyorrosionr at e ﬁh@f{@re%ﬁ@ﬁ@ﬁf @

of at |east 99% tiRMiobtadhed iXhead ONRS:. te%p@r%uﬁ@to?%mg‘én 569 é%%ol? Cio Cﬁjve the

di scl oses a process for preparation of a enriched anoner
(11) conprising £Esendre ofcruinhcdenpmgr §2)s othatdmh. &f an mécylbcsﬂmﬂfcmyloxy

f I | h f -400
(5525 & Yol obslebERRa Pal R Bl b 208 2 et o

an a- erfriched anpearatlﬂé offdfelﬂiuécﬁl £2) C 10heri @ dives Sha B-enriched compound of

fl uor oal kyl sul fﬁjgéo% ﬁi fl uoroaryl sutfonoyl oxy group. The
conmpound (2) th Pled is reacted with a conjugate anion of a

sulfonic acid to give the corresponding f3-enriched anoner s (2),
wherein L is an al kyl."aryl sul fonyl oxy group. The (3-enriched anoner
(2) thus obtained is heated to E. tenperature of between 500 Cto
120 Cto glve orrespondi ng a- enrlched(ﬁnoner (2) wherein L |s

an al kyI /arﬁ Wylmw@uw whi cdo on on c Cy(ylig anmél;cl,-.@@’ﬁjg?/
ari R.in an, SobVenbw @tperaigre, i oni 23
1 Cglvesthe(3 éhrlchmdtfoe@ﬁpﬁgmtfof Por Ia(II). 0 POI) se
Solvent _ po I' LW ) @)

Mixturo of Alphs and Beta ke FIuamaé[zlé:w!Squonyloxy ' . alkyﬂmgl{itlugonyiow
Anomers Alpha entiched Beta cariched
Anomer Anomer

J/SO ta 120°C
G 0
. L
H R PO
F 1} Nucleobase, R
H o L Y ) 23101700C P s

iii) Deprotection

L = alkyl/arylSulfonyloxy

Beta enriched Group
Anomer .o Alpha entiched
Anomer

Prcparatmn. of Beta enriched anomer of Compound (11} as descnhed
/) - inUS 5,424,416

10 However, the length of synthesis, the very low and very elevated temperatures -
are major limitations of the method. )

X) Kjell in US Patent No.5,420, 183 describes a catalytic stereoselective process for
preparation of o~ and B- enriched anomers of 2'-deoxy-2',2'-D-ribofuranosyl
diﬂuoronucleosides of fornwla (II), wherein R and P are as defined hereinbefore

15 camprising reacting a difworocarbohydrate of fermula (2), wherein L is a
sulfonyloxy, cyano, halo, carboalkoxy groups etc. as a.mixture of o- and B-
anomers in a ratio equal to or greater than 1:1 with the requisite amino/hydroxy
protected base, R at elevated teﬁ:peratgres of between 50° C to 100° G, in the
presence of a catalyst selected from potassivm/barium/cesium trialkyl -

9



F Coniuga[e anion of, POii) Very low |lenporalure~ P F a sulfonic -
W-id Pill)Sulanatin9 reagent PP F (1V) (2) (2) L=

Fl uoroal kyl /aryl Sul forryloxy . L al kyl/aryl Sul fonyl oy M xture of

Al pha and Beta G oup G oup Anoners Al pha enriched Beta enriched
Anonter Anomer jSO:oL2&C i) Nucl cobase, R (-RPO/~ fl r ii) 23 to
1700 CP F (I11) iii) Deprotection (2) L = alkyl/aryl Sul fonyl ocry

Beta enriched G oup Anontor Al pha enriched Anmer Preparation of
Beta enriched amemmmioh Qospaunifhitdhethsndelaric bed, | mnyBubiobdtinds ot

However, thelenth synt hesi .the very | ow apd very. el evate

t enper at ur es 15}’1”"Iaic’ﬁ]r P%ff’?‘BH% agifs {‘1‘1% ?‘Fé‘lt{vﬁ’&ﬂuor%w%cealc gt %glowed
Pat ent No. 5, 4260%8&1@'\%% gfthe%a@o@@d:ewtﬂ:@tesﬁ\%rgmlte%ﬁve\@emsrm dfar-
preparation of a- and f3 enri ched anoners of

21- deoxy- 21, 21- BeosiybdtAirmbsfirancyyl diffopronudreiiss ¢6Srenla @Pnt ul a (1),
wherei n: R and P are as defined hereinbefore 15 conprising reacting a
di ftuorocarbohydrate of formula (2), wherein L is a sulfonyl oxy,
cyan, hal o, carboal koxy groups etc. as a m xture of a- and (3-
anoners in a ratio equgl to or greater than 1:1 with the deqwsfkte
am no/ hydr oxy ecte ,as’é R at elevated te et ween
50 Cto 100 €%in th sengps@efr,a catal yst s%%ct ed fr

pot assi unm bari unt cesi rial klyﬁzlevatedtemperamre

PO iii) Pressence of a catalyst PO

" @ @
L= Sulfonyloxy group ) Beta/ Alpha enriched
Mixture of Alpha and Beta Anomers

Anomers

Prepration of AlphaiBeta enriched anomers of Compound (i) as described in
US 5,426,183

xi) - Hertel e ol in US Patent No.5,480,992 and its divisional US Patent

10 No0.5,541,345 describe another process for preparation of 2'-deoxy-2',2'-D-
ribofuranosyl difluoronucleosides of formula (Il), wherein R and P are as

defined hereinbefore comprising reacting a amine of formula (3) with an acyclic

- compound of formula (4), wherein the group Y is hydrogen, alkyl or halo

”D followed by cyclization and deprotection to give compound (IT).
0 NH, Y o

PO~ I i) Cyclization H

: + AJkyl-O-CH——-Ci[-C- =C=0ii) Deprotection” E

P & 0 H
. ¥

3 @) a

Y= H, Alkyl, Ilzlo :

Preparation of Compound (FI) as described in US 5,480,992 aud US 5,541,345

10



9 ammonium salts of trifluoronmethanesul fonic acid,

nanof | uor obut anesul fonic acid, sulfuric acid, perchioric acid,
nitric acid, trifluoroacetic acid etc. followed by renoval of the
am no/ hydroxyl protective groups to give the (3-anomer of 21-

deoxy- 21, 21-D-ri bof uranosyl di fl uoronucl eosides of forrmula (11). 5L
OR POF/ POF i)Base R, ii)Elevated tenperature POF iii)

presence of a catalyst POF J (2) (n) . L= Sulfonyloxy group Beta/
Al pha enri ched™ M »& e/t @ P aé‘?ﬂ(ﬂ ’%é@&s%ﬁ%?’réﬁ%cﬂ P\ Grieqr8OSeICEBE aPTOSRSS

of Al pha/Beta enri gied 3a0MBhSref- LOMRPHPY Hald doSolBSE RGN ! @), WRrein
5,426,183 xi) Hertel et "al. in US Patent No.5,480,992 and its

di vi si onal US Pat erihe gi®ipNo .i$ p S log8d Srogte sler ¢dyecsamwtiie f-qnooeess chmpounds
preparation of 21-deoxy.- 21-D-_ r.i bof yranosyl difl uoronucl egsi des ,of
Pormil a (11). wher GTIRH" It B5 R 8 S HaRIRE) e RRER B COmB e 1Epr
reacti ng a ami ne ofwiflos nuh@e (03)hatild Ebn@rln&Qﬁﬁbﬂtcsoh@ﬁﬂﬂ%rl&l@fcofngbﬁ&ﬁsaare
(4), wherein the group Y.is hydrogen, alkyl or halo followed by
cyclization and depHEtRe4eof sogprid Bipam( 1). o N42 Y O PO R
/™ (Y 1) Cyclizati ti H+ Alkyl-OCH=C C-N=C= i) Deproteclion P F H
F (3) (4) (11) Y- HAIkyIOHaI% '

P © L
O/\Q?Q/ i) Halide ions; Inert solvent . POW
i .
PO P

ifa - F
9 @ :

@
L = Sulfonyloxy ' L = Halogen
Beta Anomer ) Alpha Anomier

Preparvation of Beta enriched Intermediate Compound (2)
as described in US 5,453,499

xiii)  ‘Wildfeur in US Patent No0.5,521,294 describes a method for gemcitabine of

formula (IIb) comprising reacting the requisite cytosine with an intermediate of
10 formula (5). |

15 v R Cytosine

F

O—NY
)
L = Sulfonyloxy

Y =1, Halogen, Alkyl,
20 Phenyl

. A\ O\
F
. H
H
F
(1b)
Preparation of gemcitahine hydrochloride (Ith) as

25 described in US 5,521,294

11



Preparati on of Conmpound (TI) as described in US 5,480,992 and US
5,541,345 10 xii) Chou et al. in US ,Patent No.5, 453,499 describe a
stereosel ective process for preparation of a- anoner of a halo
conmpound of forrmula (2), wherein the group L is a hal ogen fromthe
correspondi ng (i-anomeric conmpounds wherein the group L is a

sul fonyl oxy group conprising treating the latter 5 with a source of
hal i de i or®) i nWarthiader/t irs AFS/ @atent Rmatﬁ&dzzmndoﬁmdﬁviab@&l US Patent No.

i nt er medi at es ou of for

Hal i de i ons: 520 DI TGRRRe B prpls ?f P odobei ot Pempiiife \hﬁﬁgc %Slde ot

Sul fonyl oxy L z%rddalac(gﬂﬂ, wBRhds é@@:ﬁtﬁ&y&hpﬁ@rﬁ&ﬁ@t oPrIepafeadasaﬁbedmeé‘Ea

enriched Inter d (2 ribed in US 5, 453 499

xiii) WIdf eur™®i n‘% %P% éé%éﬂé %@1%393%@@52% s TEPIDYERGH FEPPrising

gencti tabi ne of conferii! @e (héb) c@xﬁﬁmfuﬂschmﬂnﬁlﬁﬁC(Mgtot th% 5@U{;ﬂubﬁsémethyl

cytosine with anlnterrredlate 10, formul a ( qlg !\‘Ie-){a h

tosine 15 FF 4S5ivatingy (@ fqligped bez rsmfsoaﬁv%wtf\aﬂﬂs onyhf Bﬂe t%ﬁ}?ﬁﬁ e

20 Phenyl 0, Myt Yerivative (7). The riesyl derivative (7) is then reacted with a silylated
pyrimidine base, followed by removal of protective groups to give a

gemeitabine derivative as a mixture of anomers, which on treatment with a base

10 gives the B-anomer of 98% purity.
— o ‘
OH 0]
. OH 0SO,Me
H 13N 2
. Ph;,:CCl Phy0 MsCl, Big Phi;O
” Pyridine CH,Cl, 7 T
= F MeS0; 7 b
@) )
NH;  HCl i) Silylated cytosine, an sole

i{) HC1, H;0, CHsCN
N jif) NaOCH, CH; O
! iv) HCL
o AN

: 0
— - N
_ b=
. H F

Preparation of gemcitabine hydrochloride (IIb) as
described in UB 5,559,222 and US 5,608,043

However, the overall yield reporied for the process is only 1.3% from
componnd (1V), which renders it not at all attractive on a commercial scale. '

15 xv) Chou- in US Patent No. 5,594,124 discloses a stercoselective process fo:r
preparation of a B-enriched anomer of compound (I} comprising glycosgylation
of compound (2), wherein the group L is sulfonyloxy with the nucleobase, R at
a temperature ranging from -120° C to 25° C in a low freezing Inert solvent



FHH F (11b) Preparation of gentitahine hydrochloride (11b) as 25
described in US 5,521,294 11 xiv) Wrth at al. in US Patent No.
5,559,222 and its divisional, US Patent No. 5,608,043 disclose a
process for preparation of gentitabine hydrochloride of fornula
(I''b), which is essentially an inprovenent of the one described in US
4,526,988; US 4,692,434 and US 4, 808, 614, the inprovenent conprising
5 converting the lactol compound of formula (1V) to the

5-O-tri phenyl metdileq AR5V aich¥eok&hanef 0f bmgrgé’thﬁtﬂ:acHibﬁi@rcyﬂﬁolﬂomethane
nmet hanesul fonyl chloride to give the mésyl derivative (7).

rresyl derivatiatetqug) fodiephernniselect elfospbeirens spr ymiiel ib@fﬁ?#“n éi%‘@vei

base, fol | oved iR BOPURY ) o RO R s BRI iordhitGrdesfiene) | a1 ne

derivative as a m xture of “anoner’s ch on treatnment with a base
10 gives the (3-anoner of 98% purity. Ii OH Ph3CCl:,, Ph3o O OH MsC ,
Et 3N Ph30 r OS(D2Me F Pyridine HG "~~~ 130 F.F McS03' Cam (6)

(7) NH2 HA i) Silylated cytosine an sole 1) HCL, H20, CH3CN

iii) NaOCH3, CH3OH N h ) o R
i) Nuclzobase, R H B
1i) ~120 to 259 N ,
RO
; F

iii) Low freezmg
inert solvent
,f:j L = Sulfonyloxy Beta enriched
) Anomer

Preparation of Beta enriched anomersof Compound (B} as described -
in US 5,594,124

xvi} In a variation, of the above process, Chou ef al. in US Patent No. 5,606,048
recite a glycosylation process wherein it is carried out in a high boiling inert
solveni- selected fiom toluene, xylenes, 1,2-dichloroethane, [,1,2-
trichloroethane, glyme, diglyme, dichlorobromoethane, dibromochloromethane,

10 iribromomethane, dibromomethane, anisole and .mixtures thereof.' The method,
however, is lengthy since it involves protection and deprotection of functional
groups; requires large excess of the base R and moreover, is not highly suitable

. for commercial manufacture since it requires elevated ten_iperatures for carrying

S ‘ out the reaction.

15

o_"

PO Tk i) Base R, > 3.0 molar oquivalents R
' p i) High boiling organic solvent B
F. - HO
F
@ 61y
20 L = Sulfonyloxy group ' . Beta enriched

Mixture cf Alpha and Beta Anomer
Anomers '

Preparation of Beta enriched anomers of Compound (@) as described
in US 5,606,048

25

13



HF (Rb) Preparation of gentitabine hydreehloride (lib) as

described in US 5,559, 222 and US 5, 608, 043 However, the overall yield
reported, for the process is only 1.3% from conpound (1V), which
renders it not at all attractive on a comrercial scale. 15 xv) Chou
in US Patent No. 5,594,124 discloses a stereosel ective process for
preparation of a (3-enriched anoner of conpound (11) conprising

gl ycosyl ation of conpound (2), wherein the group L is sulfonyl oxy

wi th the nuc| eobase, R at a tenperature ranging from-120 C to 250 C
in a | ow FPéiéziniglineiS PaertidntS.c3PB JapdnEs 8 BToqe6T Ui AP BE S e ipar@ound
|, 2-di chl or oet hang, ., di.C T QL HALOMRLBANE o kAGRLRBEde Of USARIIa (8) with

ani sol e, chl orobenzene or” m xturethereof. However, utilization of
very | ow t enperdi¢thylemmaonivm|spifin wifnendeofDAT)sn phe presgncery qplafyticigmauyt
Nucl eobase, R FdbOsditdn L%Qrotﬂ%%ﬁgéuﬂq adradrivkithlo deR¥Yed ho@BLNEoA 1 1) F
inert solvent L ="Sulfonylfexy Beta enriched Anorner Preparation of
Beta edri ched anomersof Conpound (I1) as described in US 5,594,124 5
Xvi) In a variation, of the above process, Chou et al. in US Patent
No. 5,606,048 recite a glycosylation process wherein it is carried
out in a high boiling inert. solvent- selected fromtol uene, xylenes,
1, 2-di chl oroet hane, 1,1, 2-ntrichl oroet hane, glyne, diglyne,

di chl or obr onoet hangy~"dirsrono r onet hane, O
| DI NE—— HO R
-~ -) P 4 if) Non-reactive halogenated solvent E
i -
' : H
© ] ¥
@) (D

Preparation of Compound (FI) as describred in US 5,633,367

xviii) Berglund in US Patent No.5,637,688 and ifs conlﬁnuation US Patent
No.5,808,048 discloses a method fcu; preparation of gemcitabine hydrochloride
10 of formmla (IIb) comprising removal of the benzoyl protective group of the B-
anomer of 1-(2'-deoxy-2*,2'-difluoro-3',5'-di-O-benzoyl-D-ribofuranosyl)-4-
aminopyrimidin-2-one (9} with a catalytic amount of an alkylamine in the
presence of methanol or ethanol in an environment free of water, followed by
treatment of the debldcked nucleoside with hydrochloric acid and an antisolvent
D 15 selected from acetone, acetonitrile, tetrahydrofuran; propanol, butanol,
isobutanol, sec~butanol and isopropanol and recovering gemcitabine
hydrochloridé (Ib) from thereof, Tile method has a severe limitation in that the
deblocking reaction requires strictly anhydrous conditions ivith all reagents and
solvents used free of water.
20



10 tri brononet hane, di brononet hane, ani sole .and m xtures thereof. The

net hod,

however, is lengthy since it involves protection and

deprotection of functional groups; requires |large excess of the base
R and noreover, is not highly suitable for conmercial nmanufacture

since it

requires elevated tenperatures for carrying out ;
reaction. IS O PQ _Fri¥iz) Base R > 3.0 nolar equivalents HOR. FR
ii) liighboiling organfc solvent F (2) (11) F 20 L =&ulif onyl oxy

group Beta enriched

Pr epar at
in US 5,

a process for pr r
reacting 2-ketonucl eosjde ofiHSEEmita(8) with diethylam
sul fur tri®Nuoride (DABT) in the presence,of catalytic a

pyrid ni

Pat ent No. 5, 637, 688 ;

o
e

10

15

20

re cf Al pha and Beta Anoner
d anoners of Conpound (I1) &s desgwi bed
1)

~KinBlaluink RaddanyPat ent No. 5, 623, 367 recites
Oﬁjlﬁugfmgﬂ)ﬁia&ccﬁffwaﬁor mul a (& I Si

i on of Betalenric
606, 048 25 13 xvi

uln
PQOri 1DAST, “By#i di ni um hydr of | uori de
ral.ogenat ¢d solven F OF (8) (Il

{_desciliBed in TJS 5,633,367 xviii) JBerglund' in US

®

Prepration of gemcifabine hydrochlaride (iily) as described
’ in US 5,637, 688

Tn addition, as per the disclosure of US 4,965,374, US 5223,608; US 434,254;
and US 5945,547 and as described in Examples 7, 8, 9, 10, 11, 12, and.‘ 13 therein for
synthesis of gemcitabine hydrochloride of formula (IIb) it would be further evident
that: - ,

a) The removal of the benzoyl protective gfoup of the di-O-benzoyl protected
gemcitabine obtained as per the method described in Examples 7 and 11 is
achieved through bubbling ammonia gas through a solution of the said di-O-
benzoyl protected gemcitabine in methanol, followed by evaporation of
methanol and extraction of the oily residue in ethyl acetate to give gemcitabine
as a 1;1 mixture of o~ and f-anomers. '

Use of ammonia 7gas requires special handling and safety precauti‘ons, thereby

increasing the cost and risk of manufacture.

b) The gemeitabine obtained from step (a) above is invariably obtained as an oil
and is converted to the hyrochloride salt by dissolving the oil in hot isopropanol
(60° C), followed by addition of Reagent Grade hydrochloric acid and allowing
the solution-to cool under reftigerated conditions overnight, wherein solid
gemceitabine hydrochloride as a l:i mixture of o~ and B-anomers separates out
and is collected _ o

c) The hydrochloridel salt obtair;ed in step (b) requires further purification steps as
mentioned hereinbefore, viz, repeated crystallization from acetone-water

' mixture at 50° C 100° C, repeated crystailization from water at a pH of 7.0 to

15



No. 5, 808, 048 di scl oses a nethod for preparation of gentitabine
hydrochloride 10 of formula (Il b) conprising renoval of the benzoyl
protective group of the P anoner of

1-(21-deoxy-: 21, 21-difluoro-31, 51-di - O benzoyl - D-ri bof uranosyl ) - 4-
am nopyrimdin-2-one (9) with a catalytic anount of an al kylam ne in
the presence of nethanol or ethanol in an environnent free of water,
followed by treatnent of the debl ocked nucl eoside with hydrochloric

acid and an ant | sol vent 15 sel ected from acet ong, %ce'gélgr&ib%gi | e oned
t et r ahydr of ar an9-Spfteparfiian ameigral of pPpagmagsefcahgiade EogvSimenfiope
| sopr opanol and i‘% \éﬁa&bﬂ&ré&ﬁ%gt ﬁbih@ea At OGNEQhdifBidd hPdrotEIeMe in a

t hereof. The net has a severé limtation in That the debl ocking
reaction requi reseltboﬁdb@utg'l*&%hy@rﬁﬁ@ml&nm tions with all reagents and

sol vents used free, of .wat 14 NH2 £
i) Allglanna (@8‘?‘& Ty it e be.’} soisd G ﬁ%l‘fk& ind frdebls B %‘l’rl\th‘“’ dﬂg".@.‘er °
HCl, anti sgkmﬁnﬂ:ufé@ﬂr@sm 8 inariapivtisbocid®d W) fddnfatiORpT Hyﬁrbﬂ%‘ts @E(@HY
FF (9 (r r.ati on of |tab|n ocRl oride (iib) as

descri bed %i?e)rf’oﬁg ngg 068’?’?‘?{93:9 SR ° g%ﬁﬁgaraﬁhe di scl osure of US
4,965, 374; US 5223,608; US 434, 254; and US 5945, 547 and as descri bed
in Exanples 7, 8, 9, 10, 11, 12, ang 13 therein for

) N7 W)

/l\g, |

H

Pharmacopoeial specifications world over are very stringent on the level of the

abovementioned impurities present in gemeitabine hydrochloride, which should not be
10  more than 0.1% each.

From the foregoing it would be noticed that the prior art methods for synthesis
of 2'-deoxy-2",2"-D-ribofuranosyl difluoronucleosides of formula (II), and gemcitabine
hydrochloride of formula (IIb) suffer from anyone or more of the following limitations,
viz,, _ '

15 D) utilization of expensive hydroxy protective group like-tert-butyldimethylsilyl
D group and reducing agents like diisobutyl aluminium hydricie, lithium
aluminium hydride, which, moreover, are hazardous, requiring special handling
~ care, thereby increasing the cost andrrisk of manufacture;
i) utilization of multiple protection and deprotection steps not only increasing the
20 - length and cost of manufacture; !
iiiy  utilization of high boiling solvents and elevated reaction te.mpératures
necessitating high energy consumption; |
iv)  utilization of very low temperatures of about —120° C, which is not practical on
arcommercial gcale; -
25 v utilization of large excess of the nucleoside base, which while adding to the cost

also necessitates elaborate methods for removal of the excess reagent;

16



synt hesi s of gentitabine hydrochloride of forrmula (11b) it would be
further evident 5 that: a) The renoval of the benzoyl protective
group of the di-O benzoyl protected gentitabine obtained as per the
nmet hod described in Exanples 7 and 11 is achieved through bubbling
ammoni a gas through a solution of the said di-O benzoyl protected
gentitabine in nethanol, followed by evaporation of 10 nmet hanol and
extraction of the oily residue in ethyl acetate to give gentitabine

as a 1:1 mvgt ur §i@fatiBn oBBlscods AMAIMRIESandUsicf aalboisacapdsioneqlirmegoval
speci al handling and safety precautions, thereby ini:rga%imqg taH étty
and risk of mn@fa@ﬁﬁ%.?fﬁ%c HEOHRS t BECHEUH AIRTER £ POM st ep %a%&
above is invari ?gl%utg)gg.ai ned as an oil 15 and is converted to the
hyrochl ori de saft by

I'ssol ving the oil in hot isopropano 60, C
fol Lowed byiadditcionfof fRengehtreeiten ihfermsanp o Reagrman &’“gﬂ“fﬁiﬁvxﬁlfnighe
the solytion to der .rigerated conditions overnight, wherein
solid gem:i tabll:’%tga)e(g 3&5‘?%%2%%’% as a 1:1 mxture of a- and

( 3- anoner sviigpandbasionuds expedsive 20d ediatsedraoptegrapie MYHYES| i patiple
salt obtained in st b) . requires furthe L] LB d8dieP%e B%nriched
ment i oned herei ﬁ?@fﬁgﬁé,o%}rfg&‘lqgﬁse%{é)ﬁ{cryéflgwl%ég%% rom A

acet one-wat er  Bioshdts @08 bn§Qfcreasifithe Gngtlepelabedbiongsifadtirczand on from
water at a pHof 7.0 to 15 9.9 etc. to obtai, mat er k.al _of ; £
phar maceut i¥al gfoéiel@t}OHa‘Pfl‘tbﬂf@J"é’Bg\réﬁ‘i’%ﬁ’f?l@n' r‘BBﬁ’Fi‘mﬁﬁe 1§Plogor1]1§1 cleosides o
résultigig in th Qgﬁ%do SETBide Al dasehiiy e 0sth Ferfrtutie (ITh) o rythed door
o\‘“);bmij 0. 14% fﬁ)gglgzag 6 onl yé.e Furt he(ralf%l it mght be noted that a

manuf act uri ng ppetiess for the (3-anoner of 5 gentitabine or its

salts is invariablo 38SRelAl esiidhil BifRIdIQReAbd R BEQHNELS of 2 -deoxy-

specially the Correspondi ng a-anoner and cytosine of formyla I

NH2 N (V) 2',2"-DHribaiferaiisgt nliduposicktositise if fforaelpodb), We AR Shdr géx%%ﬁabme

R L

L5  of the prior art and provides the object compounds in higher yields and conforming to
pharmacopoeial speciﬁcations. _
OBJECTS OF THE INVENTION
An object of the present invention is to provide a process for preparation of 2k
deoxy—zi,zl-D-ﬁbofuranosyl difluoronuelecsides of formula (I, in particlflar
20  gemcitabine hydrochloride of formula (ITb), which is free of the limitations of the prior
- art methods. ' _ )

D Another object of the present invention is to provide a novel intermediate for

preparation of 2'-deoxy-2',2'- b-ﬁboﬁaranosyl difluoronucleosides of formula (II), in
- particular gemcitabine hydrochloride of formula (IIb).

25 . _ Yet another object of the present invention is to provide a process for
preparation of the novel intermediate for 2'.deoxy-2!,2'- D-ribofuranosyl
difluoronucleosides c;f formula (II), in particular gemcitabine hydrbchloride of formula
(o). | |

' A further object of the present invention is to provide a process for preparation

30 of the B-enriched anomer of zl-deoxy~21, 21 D-ﬁbofuxanosyl difluoronucleosides of

_formula (II), in particular gemcitabine hydrochloride of formula (fIb), which is simple,

cost-effeotive and avoids use of hazardous and expensive reagents and solvents and

17 .



10 nore than 0. 1% each. Fromthe foregoing it would be noticed that

the prior art methods for synthesis of

21: deoxy- 21, 21- D-ri bof uranosyl difl uoronucl eosides of formula (I11),

~and gentitabine hydrochloride of fornmula (I[b)y suffer from anyone or
nore of the following Ilimtations, viz., 15 i) utilization of

expensi ve hydroxy protective group like- tert-butyidi nmethylsilyl

group and reduci ng agents |ike gi i sobutyl al um nium hydride, |ithium

al um ni um hydrdode, 0B 6By réREBONEEY ahlydiakadddaiins lBGUigechy mpditigknd
handling care, thereby increasing the cost and risk of manufacture;

utilizati onsa$ty PERCEWIME prot ection and deprotection steps not only

| nereasing the 20 4800INENGe EOSkcs0l: iIRRMEAGIRviAL 4 hrasbid fo7 Bidpention

of high boiling solvents and el ateJ reaction - tenperatures, . :
necessi t at | iy 2hilegxyengr gy ribofisanepyli diftuoroppclaesidaszef fesmuds (Her Pajculer

t enper ature f: - ORRYY o1 i : heal on a commerci al

scal e; \/‘?engqtﬂlaﬁilﬁgg%?rg %%gPS:? 8?“%5&‘2%?52 B%I%Iglgeagiérgﬁsgl eosi de base,

whi ch whi | e addi Agother dbiret ofthe prasesiinyatios & toareddel abwest B peatseion of

for-renoval,i0f the:expess & eagent .16 vi), utilizat} f S&QUS . ticul
ammoni a and” 5({81;’?%'? I’g 'ér’fﬂ%{’%ﬁgsyé offidfep f%‘Héle?%‘?esr ér%rogog%u%of@@’eﬁ? ai%%mc‘u =
prot ecti ve gpnmitpbine hedesklotidt ofi Goreméec (1H)), Whivlutiigesan dinaplé @ng less laborious
precautions; M i) nor ften than not, resulting in formation of

Buifitiferl o

pr edom nant ‘he 5 undesired a-anoners; viii) utilization
of “expemtsi ve andyédtedioiisr aibfeotmaifotheapitsent pinocethr &s tandovidkt & girecess for

ciystal lization technigues fgr;aobtaining the_therageutical .
desirabl e (R§§@ﬁ‘f‘t}°@h‘é‘ﬂ£ "%?Wiizr 2 &ﬂﬁg"’g‘ﬁ?‘:gsﬁ’lnﬁﬂ‘é%fé’f% CHHES %fln%c{rﬁméangl)’-m
cost of mayifeid Rincaiing ydRIcARbE | Foffulk NEbPRpAGEming to pharmacopoeial
2' -deoxy-2",21-D-r1 bofuranoSyl difluoronucl eosides of 10 formnul a

(11), and ¢eeEElieadsphe hydrochl oride of formula (11b) in rather poor

yields. A 4 ! an i nproved net hod for
SUARY S oPAY IRVENTION

manuf acture o eoxy- uranosyl difl uoronucl eosi des of
fornul &5(11), i fAnpeeitdndedeur tpeprovidglsinimproved process for manufacture of 2" -deoxy-

2',2'-D-ribofuranosyl difluoronucleosides of formula (I), in particular gemcitabine
hydrochloride of formula (ITb), the present inventors found that most, if not all of the
Iimitations of the prior art could be addressed through utilization of :

a) a novel intermediate for synthesis of the object compounds;
20 b) less expensive, less hazardous reagents and solvents; and
c) a novel and simple crystallization method, ‘
D ' These aspects which forin the basis of the present invention and are discussed ir

detail hereinbelow: ! _
_ ' In the first place, the present inventors have found the hydroxy function of the
25  lactol compound of formula (IV) couid be reacted with trichloroacetonitrile in the

presence of a base to give the corresponding trichloroacetimidate of formula (D),

O. O NH
PG
Nahd ®
P CCls

F

which is novel and not reported hitherto before,
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hydrochl oride of formula (fib), which is free of and not associ ated
with the limtations 15 of the prior art and provi des the object
conpounds in higher yields and conform ng to pharmacopoei al

speci fications. OBJECTS OF THE | NVENTI ON An object of the present
invention is to provide a process for preparation of 2'-

deoxy-2', 21-D-ri bofuranosyl difluoronucl eosides of formula ' (]1), in
particul ar 20 Fenpiepaigiipe ofybe mlma@r@mdate ofrformnle | (Dhyhe wie Heqegve
free of thg. |i.mial#08sin0he E)HSI 2t éx?c[ dis@she %ﬂsheréiﬂ%fﬁ%' is QRhSetin fat
the present invention is to provide a nove nternmed ate for

prepar at i cihdogs @it reipoR P Sp@ial oDeIabdn@tﬂmamgyms dédnopasad i tak sgioge swey
forrrula(l art cul ar. nci t.abi ne h chl I
(fib). %1% ugI[]}% t o%]Pen v feagﬁxgs a“}r:%sné%r OYe?fvtEl‘nt | %%%t g; tog)%n{rggv?ldn a
process foquanmaepayxaidmn of the novel i ntermedi ate for 2- deoxy 2',2" -
D-ri bof uranosyl ronycl e s of fornul.a.

genci t abi ne hydi% 88‘?141&'1?3@3 cﬁﬁ%ﬁjﬁ t‘("fql%rfa%t%ﬁgattﬁgf f%ﬁ“‘@%t( n‘;{ef%oes
present i nuedlycosysiatod @eaﬁﬁ@vwdﬁ fheRiORE5&ef Riin B @RMAkeadscldivel miter
n-enri ched anoner,  of %h deoxy-21, 2'- Dri bof ur a posyl

di f1 uor onUBl edPYEs ofbe fd?ﬁﬁ’{l%{lﬁfh | 2RO paPiF i c@rl Q?O’Q’e%ﬁ ‘tRrilpduranosy!
hydr ochl org;giesrefud kil 8f fodkho(rihi ch is sinple, cost-effective and
avoi ds use of hazardous and expe isi ve reagents and solvents.and 17
nor eover, does not requi re stpi ctly anhydrous conditions and speci al
handling and safety n i on t further object of the present.
| ention is to provide a ph oét s for preparation o

-deoxy- 21, 21-D-ri bof uraggsyT |di f| uoronucl eosi des of fornmula (11),
i n particular 5 gentitabine hyfdrochloride of forrmula (11b) in higher
yi el d$0 Anot her object of the present invention is to provide a
process for t|o deog 2',2' -D-ribo ur ano I . '
di f1 uor onucl eo?fqﬁg cpYyis t&ﬂnrﬁﬁﬁ%‘imﬂlqux e ?‘FPI?%’FFQP ﬁ‘Ir‘ Wgh%ﬁeﬁgndate of
hydr ochl om&mao@ fsofimplyaachidved 1by%hﬁ% el thioZBSetRerSh 'ﬁmuﬁa@@(&oh%ﬁﬁ which

|

| aborious purification_ nethod Yet, anot her_object of the

present i AUSkToT of Sherrsiosegvneiaods dacs aakieaviay cleyiiadel @iy kv Gmperatures.
2' -deoxy- 2", 2" plxhd-RRS HEARANIEs Hoby YRAKARMGLEISLERSy Hred BIOBH dcbdslofithe

in

15  nuclecbase and in fact a quantitative conversion could be achieved using less than or
equal to 2 molar equivalents of the said micleobase, R. This results in formation of &
produet in higher purity, containing less amounts of the unreacted nucelobase, which
makes it more amenable to further purification in giving a product of not onl.j;,r very high

/:) chemical and anomeric purity, thereby rendering the method vastly sup érior over the

20  prior art methods. . A

Further, -it was found the removal of the protective grouias of the product
obtained after the aforesaid glycosylation reaction, unlike the prior art methods does not
require strict anhydrous conditions and could be simply achieved by contacting the
protected diﬂuoronuoleoside with aqueous ammonia in an alcoholic solvent, from

25  which the deprotected product (II) could be isolated as predominantly the B-anomer,
Alternatively, the deprotection can also be achieved' by contacting the protected -
compound with hydroxy ion exchanged anion exchange resins. ]

Furthermore, it was found the pharmaceutically acceptable salis of the
difluoronucleoside (II) céuld be prepared from the same alcoholic solvent in the which
3) the removal of protective groups is camried by mixing the deprotected

19



parti-cul ar gentitabi ne hydrochloride of formula (lib) conform ng to
phar macopoei al specifications. SUMWARY OF THE I NVENTION 15 In their
endeavour to provide an i nproved process for manufacture of 2'-deoxy-
21, 21-D-ri bof uranosyl difl uoronucl eosides of formula (I1), in
particul ar gentitabine hydrochloride of fornula (fib), the present
inventors found that nost, if not all of the limtations of the

prior art could be addressed through utilization of : a) a novel

i nt er medi at:ﬁﬂﬁ:ﬁbnﬁg&ﬁdsﬁt&S ivdtho fthd heth;eeqihaunmouwdﬂs ac@ptdble lastls and a

expensi ve, s haz ous reagents.and Ive

o hole orySUSTTP IR D0 HEEHOR CPHEL oD SerSoIoRs eh ik, iy AL MRt Eraile
t he presentpuripy &fitd O8YAREH aloge Biss UsSLdol B oMe] apshplpdipewithellownadapoeial
the first plaqg t he present inventors have found the hydroxy

function ofSPEH ca%sl%@?b?ﬁe&&‘%hmoﬁﬁ ®Pornula (:'V) could be reacted

wi th trischi or oaggt Miiidnl 1t8ydsFohie thaP bBSLIME @h6Hhica] Babendriery p‘tﬁxtﬁfhﬁ:uld be
corresponding trichloroaceti mdate of fornula (1)

P
CC13  whi cHuitherrabienced i mpnalewefw@pwﬁﬂhé@%J%%l@@sidiglﬁﬁ@m a mixture
pr epar atio f% dl?ﬁatfcrdcm Mllphq@ HS)EO‘tB(? %Hd’b ?Leg't%)nott E%O%Ber

reactive erlva Ives utl |ze I'n the prior an and di scu
detai |l herei nbeﬂimse tu 1ok i Eastnit tohet also tfoutgethandie letphicospanyd could be

speci al or rate precautio economni cal
ath ot b1 PR BB hR iR JEARES ThiBhul L Oy iehubBEang s ith
obtyai ned i Bodigay bls(ﬁnﬁﬂhaﬂﬁdtﬁcaiybal@mﬁl@hdlydﬁﬁéOcmiﬂnjlonly knows afsd‘ﬂuuddd, tveltich
t trichlorgaceti forrrula oes, t cos Iati n
reacti on wPEF<% Og%‘aé’%é{g% dnging peen ah%t& rpé'(5’§é'1t}é%% g ?fé? des
to provi dephheedudeens qq@@%@@@ﬁw té&fpe?atu&@%ﬂ iR £ akd chdd Geugarios vt at
di f1 uor onucl eosi des fornul a \3/--02\/Y/R 13G [/ (71 ~)
E temperatures in the range of between 20" Cto -

Thus in accordance with the foregoing,

15 Inone aspect the present invention provides a novel intermediate of formula (I),

‘ M
(:cn3

B wherein P is hydrogen or a hyiroxy protective group, useful for preparation of 2%
) deoxy-ZI,ZI—D~riboﬁ.1ranosyi difluoronucleosides of formula (II), wherein R is a

0 R .
HO/K‘FJ/ -
- _
F
nucleobase selected from a purine or pyrimidine

20 In another aspect the present invention provides a novel intermediate of formula

@
O, ] )
o I
P CCla

¥

20



10 The gl ycosyl ation reaction of the nucl eobase, Rwth the
trichloroacetimdate of forrmula (1) is sinply achieved by heating
the two together in a suitable solvent, which unlike nost of the
prior art methods does not require elevated or very |ow tenperatures.
Further the nethod does away with utilization of very |arge nolar
excess of the 15 nucl eobase and in fact a quantitative conversion
coul d be achieved using less than or equal to 2 nolar equival ents of
t he sai d nuycl| eobase, R is results.in farmtion of product in

hi ghor pHRELor BERRRLARS BRL B INTooHPSRET PRI eE hucel obase,
which nmakes it nore anenable to further purification in giving a
product of not only very high chem cal and anoneric purity, thereby
rendering the nmethod vastly superildifz ous®l the 20 prior art nethods.
Further, -it was found the renpval{ of the protective groups of the
product obtained after the afq& td gl ycosyl ation reaction, unlike
the prior art nethods does not requfre strict anhydrous conditions
and coul d be sinply achieved py contacting the protected

di fl uoronucl eoside with aqueoaglanmﬁnia in an al coholic solvent, from
25 which the deprotected product (jI1) could be isolated as

predom nantly the 0O-anoner. Alterinatively, the deprot ion can al so
be achi eved by contacting the protlected conpound with hydroxy ion
exchanged ani on exchange resins,. Hurthernore, it was found the

phiay maceutical |y accept ?S\of the difl uoronucl eoside (H)
cotl d be prepared from coholic solvent in the which 3)
the renoval of protective i carried by m xing the deprotected
19 difluoronucl eoside with ui site pharmaceutically acceptable
acid and a predominantly O-anoner of the salt could be isolated in
hi gh chem cal and anoneric purity of Z 95% and nore often than not ?
99% conpl yi rig sk bhotler aspeeeiipgetseht inspeiinfjroviles aprogess fos prepacation of
crystalljzatiagn step...5 In_additign, it.was found t.hat h
chontealbaavansiregia et oo O ot sraptah R AL 125 ltCung, of
puri fi cabimila@ivy, Rehddbinl RIBrBRIdaheDRérdixb by withamichlombackionériledh saninert
al i phatic ag¢id _and wat.er mhich.i? Egain novel and hitherto not
reported’.rg@é%ﬁqh’%‘%}ttanﬂd{lt@weff‘é‘%f" #P3%as al so found that the |actol

conpound coul d be obtained fromthe correspondi ng | actone conpound
(I'11) by reducing the latter wt

PO

\ﬁ) .
In a further aspect the present invention provides a simple, convenient and cost

10 effective process for preparation of the novel intermedijate of formula (I) comprising

reduction of the lactone compound of formula (XIT),

}U//\\E:;;74;Oi -
PO - ' | o

wherein P is as defined hereinbefore with sodium bis(2-methoxyethoxy)aluminium
15 hydride, commonly known as vitride in an inert organic solvent at a temperature of

21



10 sodi um bi s(2- et hoxyet hoxy) al um ni um hydri de, comonly known as
Vitride, which unlike the other hydride reducing agents utilized in
the prior art is |ess pyrophoric, does not require very |ow

cryogeni c tenperatures and in fact and can be carried out at
tenperatures in the range of between -20 Cto -30 C. Thus in
accordance with the,foregojng, | n. one aspec res ventlo
‘provi des a F5VRE t ErtRee Pg O(ﬂvq%ﬂfﬁﬂﬁc‘?‘iﬂ?wndl:’éhfﬁvg nhe
CC13 F  wheffipbulll bf rIuaNogen) @ibs dbiiitel Rsh ﬂ{dhl&ﬁaée‘!@uﬁﬂ@lxhﬁ’anliﬁﬁ{ ukgamc
for preparation of 2'- deoxy-21,2' -D-ribofuranosy| -

di | | uor onucPlEss asddn ghe prepence &F (’«Ibﬁ-‘)e togineerthe ﬁif%ﬂr'eéhaée offorpty ()~ (7~

HF  nucl eobasexﬁgle@ﬁ}@lgr him ﬁlegﬂggeaﬁm%mmﬂremws Aok 1212 Bktion of

aspect the present, i nventi es-a novel i nternedi ate of formu

m ON Cd5m —Dsé:qﬁnmgwlﬁrfbwwiegﬁd@ﬁ ofjerpiledbine

hydr ochl orlde of formula (I1b). NH2 HC i (11b) O Fx Ho F In yet
anot her aspect, the present i I pvides a process for
preparation of 5 the noveHO 'ntenediate of fornula (1) codﬂ)rlm ng
reaction of the lactol conpound of F

P wherein R is a nucleobase selected from a purine or pyrimidine comprising

- glycosylation of the novel intermediate of formula (I),
O 0O NH
PO . \( | o
P CCl;
F

10 wherein P is as defined hereinbefore with a purine or pyrimidine base R, wherein R is
selected from

15  and wherein R' is hydragen, alkyl, or halogen; R? is hydroxy; R® is hydrogen or

halogen; and R* is hydrogen or a nitrogen protective group in the presence of an inert

22



formula (1V), wherein-P is as defined hereinbefore with
trichloroacetonitrile in an inert organic solvent and in the
presence of a base. POOHF (IV) P F 1In a further aspect the
present invention provides a sinple, convenient and cost 10
effective process for preparation of the novel i nternedi ate of

formul a IS N, Qf 3
(1), G Rps o oy, e prkctiee B P REwEAIRT BRI, PO
bi s( 2- nelrmWévﬁtiw;p)“@Iemergmnps wiveyehnipand ebfarowia (Mhown as vitride

in an inert ok ani Ive t
130°C o gi vert ARt PRt bttt FRRE R  Thodh B B &
conpoundgahmhﬁmmmmmMQMNOnd&m&&ﬂhtmmﬁbh with trlchloroacetonltrlle in
an inert organic solvent and in the presence of a base to give the
internediate of formula (I). In yet further aspect the present
i nvention provides a process for preparation of 5
2' -dcoxy-2',21-D-ribobranosyl diflu 0d%osi des of fornula (11), O
R WE HF wherein Ris a nucl eobasd sel ected from a purine or
pyrimdine conprising glycosylaty t he novel internediate of
formula (1), ONH P CQ3 F 192:gifeq P is as defined hereinbeibre
with a puri-ne or pyrimdine bas rein Ris

O

(1)

9

comprising glycosylation of the novel intermediate of formula (I)

_ o
cc13

i) with cytosine of formula (Va) or (V1),

NHRA

N)\ _ (Va)
(Vb)

23



selected fromNHp4 P'" N) R OHZN ONHR4 92 N CH= CHR3 or O CN

15 and wherein R is hydrogen, alkyl, or halogen; R2 is hydroxy; RR

I s hydrogen or halogen; and R4 is hydrogen or a nitrogen protective
group in the presence of an inert 22 organic solvent and optionally
in the presence of a Lewis acid catalyst, followed by renoval of the
protective groups .to give conpound of fornula (11). In another as ecth
t he presentwierpieRt i g mirogemipotertiye GraPsafigh’ israeldirary Bptefiive group mn the

germei t a_bi nﬁrégé,(r%geogfh&rﬁ 'ir%egie ofg) {co{]ori%n@ agl ié&ionebltilz in i pre%?ac@ &2 a hLewif acid
5 conprisi Ag glycosyl atlon % e nove I'nternediate of formula (1) .

0 NH pow ciiglystp folbdvdsd by vértdval pf olsd protestivé gravpk ang gayptaghing g, gemet abine
NHR4 5 free base thus obtained with hydrogen chloride to give gemcitabine hydrochloride of
formula (IIb). - '

In yet another ‘aspect the present invention provides a stereoselective
glycosylation process for preparation of the B-enriched anomer of 2'-deoxy-2',2-D-
ribofuranosy! difluoronucleosides of formula (IF),

10

— A R _
9 HO/\‘LE?/ a
HO'

—

X

. wherein R is a nucleobase selected from a purine or pyrimidine comprising the steps of

a) glycosylation of the novel intermediate of formula (I),
. . . -
F : M
Pﬁ CCls :
F .
15 wherein P is as defined hereinbefore with a purine or pyrimidine base R,
3 wherein R is selected from

NHR#

0
NHR# Re
e 3
N CH=CHR’
\ ; or
P ,
\N 0

24



(Va) NUR4 (Vb) R50 23 wherein R4 is a nitrogen protective group and
RS is a hydroxy protective group in the presence of an inert organic
sol vent and optionally in the presence of a Lewis acid catalyst,
foll owed by renoval of the protective groups and contacting the
gentitabine 5 free base thus obtained with hydrogen chloride to give
genti t abi ne hydrochloride of formula (fib). In yet another aspect
the present invention provides a stereosel ectzl ve yC Lation
process for pweaarnal{} Gmhpclrogb:e {ligyle nr halaeen; YO%‘P RV gy‘?mgen or
21- deoxy- 21, i bof MRk bﬁe@%éﬂ pﬁnﬁwpmb@cebf)m
10 R 1-10 aloﬂfer“ ’F—é) id?%éﬁﬁdt:’rfséa n%églﬂgobase sel ect ed f% ?ﬁ "
purine or pyringiidirgei mmasntmrig)puhaallytieﬁbe piesece 9y LEYIITO - HY T

novel internediate of f Bnélidasside drﬂ‘ormula
wheréin P is %eéﬂ?iﬁ@ﬂgrégu%qoﬁ&g‘%r éjof/l\ntt\]ﬁ n@ t}r('illﬂgaeororr‘ pyrllmbdl ne base

It, gl\lher ein @[A)s selected fromNHR4 It R H14i O NHR4 R2
NCl-1=C MO
O R
POW (@A)
P L i

wherein P is as defined as hereinbefore;
b) removal of the protec’ave groups by treatment of compound of formula (1IA)

10 with aqueous ammonia in the presence of a Cis alcohol or with hydroxy ion

exchanged anion exchange resius to give the B-enriched anomer of the free base

of compound of formula (ID);

0
Ho/\w/a o
HC ' _ :

F

‘D c) contacting the free base of compound of formula (II) thus obtained with a
15 pharmaceutically acceptable acidina Cys alcohol to give the corresponding the
B-enriched anomer ofits pharmaceutically acceptable acid ‘addition thereof] and
d) | optionally, enriching the B-anomer content of compound of formula () through
crystallization from a mixture of a Cz3 aliphatic organic acid and water.



or 24 wherein Rl is hydrogen, alkyl, or halogen; RZ is hydroxy; R3 is
hydrogen or hal ogen; and It is hydrogen or a nitrogen protective
group in the presence of an inert organic solvent and optionally in
the presence of a Lewis acid catalyst to give a protected

21- deoxy- 21, 21-D--ri bof branosyl difl uoronucl eosides of fornula 5
(I1A), ORPO (II'A) PXF wherein P is as defined as hereinbefore; b)
renmoval of the protective groups by treatnent of conpound of fornula
(11A) 10 wi t hAgHEES 1 HEBRikdrédent eemivegraddescf staregrelectiec Sy GHon
with hydroxy ion exchanged ani on excha r.esi.n [ itabine
p- enr i ChegrogessnEir DICPRIREOR oo S5EAE LRAR ggﬁ‘p@aﬁ?ﬂ“‘%‘?& ?aélrg’%ﬁ?ag?%e?l OR
c) contacti the. fx of conpound of forrmula (11) thus obtained
with a iéy%ﬁg#ﬁg%%ﬁfﬁ%gﬁigoacceptabIe acid in a C -3 al cohol to give
the corresponding the |3-enriched anonmer of its pharmaceutically
acceptabl e acid addition thereof,; amg d}g@ptionally, enriching the

j 3-anoner content of conpound of fdrmula (11) through

crystallization froma m xture of C23 al i phatic organic acid and
water. 25 In a further aspect iff pregent invention provides a

stereosel ective -glycosyfati(n p for preparation of greater
t han' 99% p-enri ched anoner ofzge abi ne hydrochl oride formul a
(I'b) Nx2 TIHCl AOb) x FF S conpriising the steps of a

gl ycosyl ation of the novel internediate of forrmula (1), )

HO/@
. H
H F
5  comprising the steps of
a) glycosylation of the novel intermediate of formula (1),

O O NH -
PO
fi) E \\Tfé @

F

10  wherein P is as defined hereinbefore with cytosine of formula (Va) or (Vb),
15
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PO- OONHC- m P COqg 10 wherein P is as defined hereinbefore with
cytosine of forrmula (Vva) or (Vb), 15 26 NBR4 (Va) OH NHR4 (Vb) O
RSO L wherein R4 is a nitrogen protective group and RS is a hydroxy
protective group in the presence of an inert organic solvent and
optionally. in the presence of a Lews acid 5 catalyst to protected
gentitabine free base of formula (Ila), wherein P and R4 are as

defi ned herei nbefore; b) renoval of the protective groups by
treatment of conpound of fornula (I1la) NHR4 O (lla) OPOPF 10

w th agueous ammonia in the ,oresence of a Cl.3 alcohol a or with
hydroxy ion exchanged a exchange resins to give the j3-enriched
anoner of gentitabine fr base of forrmula (flc); 27 NH 2

(Va)

(Vo)

oup in the
wherein R? is a nitrogen protective group and R’ is a hydroxy protective group

presence of an inert organic solvent and op’uonally in the presence of a Lewis a.c1d
5 catalyst to protected gemcitabine free base of formula (1a),
wherein P and R* are as defined hex einbefore;

b) removal of the protective groups by treatroent of compound of forraula (]Ia)

NHRA

(I1a)

10 _ | |
with aqueous ammonia in the présence of a C[..g alcohol a or with hydroxy ion

exchanged anion exchange resing to give the B-enriched anorner of gemcitabme free

base of formula (IIc);

27



Ol. (Ilo) FI F <c) contacting the geneitabine free base of formula
(I'lc) thus obtained with hydrogen chloride in a C.3 alcohol to give
the (3-enriched anoner of gentitabine hydrochloride of fornula (Fib)

in z 95% preferably ? 99% purity ; 5 and d) optionally further
enriching the p-anoner content of gentitabine hydrochloride of
formula (lib) to greater than 99%through crystallization froma

m xture of a C2.3 aliphatic orgaftc acid and water. 10 DETAI LED
DESCRI PTI ON OF THE MENTI ON Prepdration of the Novel Internediate

of fornuda (V The tricbl oroacet igFdat econpound of fornmula (1) can be
prepared by reacting the |act ound of formula (IV) with
trichloroacetonitrile in an i -ganic solvent and in the
presence of abase. 15 The hyt protecting group, P in both
conmpounds of formula (1V) and (1) are ones that are(hga;inely
utilized in organic synthesis anqg may represent, but ver, not
limted to fornmyl, 2-chloroacetyl{, benzyl, diphenylnethyl, triphenyl
met hyl , 4- nitrobenzyl, phen04ﬁo rbonyl, tertiary butyl,
nethoxynethyl,.tetyrag%ﬂgﬁpy , allyl, tetrahydrothienyl,

2- met hoxet hoxy net hyl ; th cetyl, phenoxy acetyl, isobutyryl,
20 et hoxy carbonyl, benzyl 0 toonyl, mesyl, trinethylsilyl,

i sopropyl dinmethylsilyl, 3t hykdi | sopropyl silyl, triisopropyl
silyl, tertiary butyldinmethyl silyl etc. Suitable inert organic .
izjvents that can be enployed are those which are water- inmm scib|e,

¥,

whi ch aparg§ frQunighd o gpRttilbig afrdeo hasenof Hermpys eifia) atbup cdben with

are able to 28 forma twp-phase systemw.th water uch.: ol MERr  of
of fers advant adedragenothlesds, 1n 3 figic | ﬁ‘g%’é?l E’fﬁ?‘& & %g%%\l/%reél%}r/l but

al so hel ps in iso %ti)igghg%ﬁ%g@ﬁggggf&fnuwm WPk ©59E \Referably 2rooet puity ;

sol vent or thr Ui WO addition of water. Suitable inert
wat er - 5 mm sci blaador gani ¢ sol vents that can be enployed include 5

fialz?genat %? e gdptiggeilgfr I'h%tere gﬂr?c}f]%go GarPoNs  er%oftent bf PLALPATEAD B odRBride
-of fornmla (IIb) to greater than 99% through crystallization from a mixture of 2

C,.3 aliphatic organic acid and water.

10 DETAILED DESCRIPTION OF THE INVENTION

Preparation of the Novel Intermediate of formula () '
The trichloroacetimidate -compound of formula (I) can be prepared by reacting

j the lactol compound of formula (IV) with trichloroacetonitri%e in an inert organic
solvent and in the presence of a base. _ _ ‘ .

5 . The hydroxy protecting group, P in both compounds of formula (IV) and (I} ate
ones that are routinely utilized in organic synthesis and may represent, but however, not
limited to formyl, 2-chloroacetyl, benzyl, diphenylmethyl, triphenyl methyl, 4-
nitrobenzyl, phenoxycarbonyl, tertiary butyl, methoxymethyl, tetyrahydropyranyl, allyl,
tetrahydrothien;r}, 2-methoxethoxy methyl, methoxy acetyl, phenoxy acetyl, isobutyryl,

20  -ethoxy carbonyl, beﬁzyloxy carbonyl, mesyl, trimethylsilyl, isopropyl dimethylsilyl,
methyldiisopropyl silyl, triisopropyl silyl, tertiary butyldimethy! sityl etc.’

Suitable inert organic solvents that can be employed are those which are water
immiscible, which apart from their non-participation in the essential reaction are able fo
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di chl oroet hane; esters e.g. acetic acid (Cl4) alkyl esters e.g. ethyl
acetate; ethers e.g. diisopropylether; aromatic hydrocarbons eg.
tol uene, xylenes etc. Chlorinated hydrocarbons are preferred and
anongst these dichl oronmethane and 1, 2-di chi oroet hane are the nost
preferred. 10 Wiile both organic and i norganic bases can be utilized,
however organic bases are preferred. Suitable organi cﬁgases t hat can,
be enpl oyedoimel wdeplnst systermwith| yater. eduely 2 epbeeh AT gevantage 1o nol 0Ly
triethyla diisa | e C O\rhdlich®y simple
S et ﬁgfgm%n SBidey Cé)glb%l._*;wﬁt ) Giso yﬁ@?ﬁﬁgiaggg WP YrbdlcOby simp
and dii S ORI deEthe beicanise ﬂnﬁugmwmk Wby abbtionpEwgeef erred. 15
The base cah be e oyed I n catal, C Or r S clude
| actol. conmpoundt ‘F&F‘?FEIV%?t?fTL%m\é?ﬂ’Se ox%g(%{ggé’iﬁ? g?’@%féah% ﬁelglggéwm

i s enpl gyedaioBesbl Wid. C: chiGityat Shydiotabbmy oaacgt ocﬁmhlﬂrdr@etbﬂw béﬁ 1:-7"

enpl oyed in e nmol ar proport onsto 0
(1) or in wﬁ%'ggth%regwpe@s'a%ﬁwcﬁ 42 S Shisg PP ENPE RhygfrEmub . .

propor ti ong;fyh §1&h310 AR R icP afydfoYashoak @Qmemﬂe,ofxyimesrulew ( Chigyinated
Preferably, ﬁ l'I7

base is enpl oyed in nol ons,qf,_
nol es per W@G@ﬁo%#ﬁdﬁﬁﬁﬁﬁ aP‘b@ﬁ*ﬁP%“ thesg ﬁéChF BWF%‘P%&%%? i'zméfi:(fa °§°ethane
formation carried out by addition of the Iactol
conmpound (f%%)%@ gﬁérdg of trichl oroacet onifri g\ t he base ases
‘the inkrt 25 or g’élnlecb@blwmc and morganirchases F&n P%mﬁaf%% 8?’&%%%‘3‘3%‘6“8

tmgr ;:t 3?% It Ee £2 £ Hagﬁeg?rg% %B&eg Bg% E%?ﬁé é:ﬁﬂlogwlﬂé!@e%t ardh Nlimited to

t for a period of 3
to 10 hour giethyldmiae) nﬂtahylamnmt dlueanbpyiathymmner icyplobpeAsmineninRe( By

- It?uiaﬁlo[)geg can he i sol ate ﬁ’%}éﬁe ﬂn%n £f U hgieaghiveile Ora.nd

reactl on m xt'ure,
separ at | Ondx?éo%;}cﬁﬁdaﬁﬁﬁ@nbééamhém@méd’wa@cwebnsdphase fol I owed by

evaporation of the organic solvent and the prod t hus obt ai ne 1
be useld for theTh@%:tasgtC@a o empigped st g@t@@ﬁ &$§n95330ﬁ1 REREE e Hbtol

nucl eobase,, nﬁ% L ENQVY oRRY ek kigadfl Breferabiytie inatployky in thialytic
reaction mxture after conpletion of reaction can be washed with .

wat er, theamepds.ated organi c phase can be dried over suitable

dehydraticzg ag gﬂ,f,f N&rSHL B aSinS BmM dr ofitidak ab ithe lactol

can be used for%ﬂ&ﬁp &\%el% Fa;fioésyft’dﬁ(%n | cact i onh?\nﬂ%h t he,

nucl eobasegorkpound of formula (V) or in excess thereof. Usually it is employed in molar
20  proportions of 1 to 20 moles per mole of compound of formula (IV). Preferably, the

base is employed in molar proportions of 1-1.5 moles per mole of compound of formula

D W

The trichloroacetimidate: formation can be genefélly carried out by addition of
thie lactol compound (IV) to a mixiure of trichloroacetonitrile and the base in the inert
25 organic solvent at a femperature ranging between ~20° C to 20° C and thereaﬂ;er
agitating the reaction mixture at ambient temperature in the range of between 20° C to
30° C for a period of 3 to 10 hours till completion of reaction.
The trichloroacetimidate (I) thus formed can be isolated by simple evaporation
of the solvent or it van be isolated by addition of water to the reaction mixture,
30  separation of the organic phase from the aqueous'phase, followed by evaporatiop of the |
organic solvont and the product thus obtained can be used for the next step of
glycosylation reaction with the nucleobase, R as such without any. purification,
Alternatively, the reaction mixture after compleiion of reaction can be washed
with water, the separated organi¢ phuse can be dried over suileble dehydraling ageats
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The conpound of fornula (1) normally obtained as an oil can be either
the a- anoner or the (3-anoner or m xtures thereof. 5 A typical
conpound of fornula (1), wherein the protective group, P is benzoyl
and represented by conpound of fornula (la) obtained by the
abovenenti oned nethod was found to possesses the follow ng spectral

and physical characteristics, viz. "H NVR 13 3 la-hujh
L11), ZndBfe-soBtibn(48 sukh, wﬂlﬂﬂﬂ)ﬁ isobxiipn W@QSQSE%%C T eyt %& 13% gZycfo§%

5.66 (dd, H 3 1B, 4 - 483 (m H52H H4 i) 10 13CN|\/R(CD013
5): 16ueagiion Wik e 1@?@? 7.9 - 130 (Ar), 121.3 (C2 . 111?%&9-
L. 90 (CCl3ke odfipBukdotiornlls @) b&uslly davined 65 5 NEELFRET 155 5 o,
522.3 Specific r tat|on +15 to +60_.The lactol conmpound (I1V) in turn

can beumxmn@r@@bﬁmnmﬁh@fmﬁ@‘ﬂf@ﬁ@e&e@ﬁpound 15 (111) through reductl on
Wit SOd:j um, b § P &Wﬁ@:@wmmrmmmydm*@éwc £E ani;i;

as Vitride i'n"an 1 ner organlcsov L a eted -
20 C thcB&pﬁSeMetirhydgﬂ(L@ﬂsl RE&PT f&?ﬁ%‘i‘%@gﬁ?ﬁgﬁ%| {! %blj e i
conmerci a 0 £l physivalicoara ed as suc
f or re@’@%h’édttﬂé’osﬁe ot gﬁr)léeféﬁlbﬁﬁhg @FJ%I i ke gt her]fﬂlg%}d{6 g %Og/gg_ﬂ_chﬂg’
agent ssﬁ@@}mg@ﬂ@g he)uga74k, m@{nlﬁi}n’fﬁﬁdra HED, £t P& o ar ybut oXxy

al um ni um hydride, dii 02 yl hIH,I hydrlde etc. vitride
|s cor‘rﬁéﬁatﬂﬁ%ﬁdﬁ H?é #& 4%@% I?mi erate stren

@ph@dw 26194467 10S10REBNED)] i2{UP d, 13@&‘“)#‘@8 (G h)g%\sllergy(q ow
) enic eratur s and co at'g.@ th nmost of the ubiquitous
ap' oti ¢), 90l(Zett)s 78 8HE-EhY 1 5f rﬁy advantages-in its utilization

in the pr eSS ly, the reduction can be carried out by
reactlhjg)a %% m@f%ﬁ avai l abl e 70% solution of vitride in
tol Uengpwﬂi@raaﬁ@itﬂi 0:n+6ﬂ the | actone conmpound (II1) in a suitab)e

aprotic soly er_a aLAres gedfrom therlpeirad GPEPE™
bet ween Tgetlﬁ%og und i Ed

eriod of | th 2 kﬂgﬁpl d
CORPO @ﬁl)( |tM)ou(gﬁU|rédudmm smiltlat el r%?r%@hﬁﬁﬁﬁwipr ocedur e%ydn 5

Sui tabl'e aprotic sol vent.sg that SR IONR Gt iaeinpemture of between —
t et rahydlmm“@ha OWﬁlaéi’étHB mr\?nl\i-%gﬂrméraﬁlyl for mam de,

NN-di g Etabnl de etc. 30 Typically, the product can be isolated
> qUEr{TCler;g(éASe Rreega(lz\%ol ?:EZ‘T@Z%EP 1]? i8 a{[r'aQIable commercially as a 70% solution 1n
. i
toluene, which can be used as such for reducing the. lactone (1D, Unilike other hydride
hium aluminium hydride, lithium tertiarybutoxy aluminium

ducing

20 reducing agents such as lit

hydride, diisobutyl Iithium aluminium hydride etc. vitride is comparatwely are

\) agent of moderate strength, less pyrophoric, oxXygen stable - pumpable liquid, not

requiring very low cryogenic temperaturcs and compatible with most of the ub1qu1tous
aprotic solvents, thereby offering many advantages in its utilization in the process.

25 Typically, the reduction can be carried out by reacting the commercially

h available 70% solution of vitride in toluene with a solution of the lactone compound

(fID in 2 suitable aprotic solvent under an inert ‘gas stmosphere at a terperature of
{ compound (1V) coutd

betwesn —20° Cto —30° C for a period of 1 10 2 hrs The facto

be 1solated by routine work-up procedures.
30 Suitable aprotic solvents that can be

N,N-dimethylformamide, N, N-dimethylacetamide ctc.

employed include tetrahydrofuras, dioxane,

an



6N hydrochloric acid, followed by extraction with a water-inmm scible
organi c solvent. Evaporation of the organic solvent afford the

| actol (I-V). The vitride can be enpl oyed in equinolar proportions to
the |l actone conmpound of 5 fornula (I111) or in excess thereof.
Usually .it is enployed in nolar proportions of 1 to 3 noles per nole
of conpound of fornula (rrry. Preferably it is enployed in nolar

proportions of 1- Ies of € ound o .
Fr eparasi on of 2 31&8 y i p d“??caf" o‘F?ﬂF% ﬁu?c%ngorgﬁﬁ% tl'é)rolsrfrL fre it
f ]gr ][rul a’ I( T%N Eb&ro%&bﬁe%i]% ol Avedlby Bhafuoamagyd mdtetrJ,mefamh;]lelcEgmd eslvent.
of fornula can pr epar ed by s ion of the

i nt er medi at Va@SFPES‘SBr?g ﬁforgﬁﬁ“f"rﬁ?lé(e‘(tla)&tg’r‘i‘z\ﬂ]éﬁ ﬂy(ltlﬁi' protective group,

P lls a; defrueedhes @dnni@@%ﬁbg)}*féﬁtlﬁ t &fiimeRd f;ﬁb;scﬁumsci_oemhd ds@onfRcdmpound of
nucl eobase selected fro rinidine or u
conpoun etR %@@ﬁﬁ@o"fw expfss ther tﬁn@ys‘ﬁﬁvﬁﬁnﬁ’lﬁ%&%qm pfor?ogtb(%ﬁoun 3

repr esent ednséles Goamiold oflzﬁon@;ﬂjihnb&)mwﬂmﬁgle(m)aPi@fdarabI@r it hial @agsloyed 115 molar
while is R2 is hydrox and whereas R3 is f%en or_hal ogen; R4 can

be hydr oge®TRROrEOnS R tlrbéé}ﬁ‘)lsﬁ" B%féE‘?lﬁx?@C@‘FlBQfﬂld ypically a

| over al ky|ﬁ$ar&ﬁ$£aﬁzaﬁé rb@? OSipofHak:Bsyl H’?‘ft&ﬂ@ﬁu&@&" £ Srnula (1D
chl ori ne, brom ne, |o i ne uori ne; whéreas the nit

:
protective groufhre aieéﬂﬁogeﬁ nfaQﬁlmﬂ@SSﬁMﬂ@féﬂ‘}clmﬂicﬂqsz@gfopﬁu’@r@Qrﬁ?@ be

i1 pR BT el Yty B Bl 6, Ghetie e
)fgeﬁngfgrﬁctﬁb%mﬁg,Pﬁgﬁfél nv dterazﬁa 3 !I'he ﬁaseidglsg |.at ba?aR 1,0 .

irg carried out E)r%‘ ?ﬁ? Be el?ﬁ)ﬁ%ﬁ?ﬁe% ra%ﬁ%! ? %ﬁlﬁu%fn%n o]
t he nucl eob@ﬁpourﬂpﬁp&eﬁteuﬂbyfhe@ﬁ&bﬁﬂésshﬁwhh&(}hlaﬂs’(ence of an inert '

g;? :Imygt ts gl E?Cip gggpgﬁg%?%gxl'%gntGQ in %%zn% nc%g l%c hydrlégg}'il 5 y(i,l gr halogen;

15  while is R? is hydroxy; and whereas R® is hydrogen or halogen; R” can be hydrogen or a
nitrogen protective group. Alkyl is typically a lower alkyl of 1 to 4 carbon atoms, while

halogen represents chlorine, bromine, iodine or fluorine; whereas the nitrogen
protective group R* are those that are routinely utilized in organic synthesis, in

particular acetyl and trialkylsilyl protective groups being preferred.
20 ’

Chari-I: Represeutative Nucleobase Compounds, R referred fo in
the Present Invention
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deoxy-2',21-D-ri bof hraaosyl difl uoronucl eosi des of fornula (HA
wherein P and R are 5 as defined hereinbefore. Suitable inert
organi ¢ solvents that can be enployed include but are not limted to
acetonitrile, toluene, xylene and its isoners, chlorobenzene,

ort ho-di chl orobenzene, dichl oronet han i_- di..chl @reehheieef formula (1)
1, 2-di chl or oet“nm\glycqsyla,tﬂﬁtfﬁﬂrcélﬁPb"'r?ﬁ‘é‘t“ﬁgﬂ'g,}b?arﬁ%g%go cThg ef.erred

nert sol yent i Lidsdhalphosipaneted i Chirt-Bil thelhsevesceh @ RS A GRS

that can B g%qnoeye are selected as_tin .tri: iyl otected 2'-
t et r achl ogdiebmt ahd optedniySn e presees F BhnS’F"r‘n% %@ﬁ‘%%%%%&t )egkve e

. S : i d R are

nonaf | uor gbut wlphon ABbavhabbsdesRe famds §L4), wherein P an

borontri f‘&i?&ﬁyjéé ﬁ"&%ﬁg’ﬁéﬁggt e, trimethylsilyl tetrafiuoroborate

etc., 9refedghky hereidbefdrgl silyl trifluoronethane sul ghonat e. 15, Bd to

Typically, the glycosylati act ,and smeRved doclode b areehet Wit
SeBAbls dﬁ%‘% (‘ﬁ%ﬂm it GBG g

t oget her ¥ R AUCl eobase, Rand optional |y t | ,
aci d cat alygbnifleARI0AR, Gyldneeand ite liftomﬂf@a‘l"hl‘émgﬁ‘i’%‘?&?!t Oﬁétali%gir?g%%@mﬂe

hereinbefore, till conpleLion of reacii tHinee 111 trichtcrdetbaes anisol.
21- deoxy- Zi‘iqhiq_mmeﬁh%mi?‘ﬁ@ggﬂ?fe %%ﬁ%?%%%l&eosi des of fornula (I1A).

The nuci e %%%feﬁé@%r%lﬁﬁbl@ﬂdiahbte@fhwﬁm ar proportions to the
0

conmpound formula (1) .qr i XC ereofmniByutd hewessdected alsodin
2 nol Bs per nDS‘eitQiﬂBcIe?Wéuﬁ?}g ﬁ%%?nﬁ‘?‘g é(a% Fsuésrﬁ%I?

y it is el ét%)i?l?yl
in nol ar {)r% r }iélé)ns of Jtrﬂﬁbtgylglymﬂmmcpmthmﬁphwﬂ%onpoundﬁ :
@rrul a (e}. Peférably, the base is fg%)ﬁl g%e%iwmgoga@mmﬁeﬂmwé,
476 nol esoméinonsbutylnflplaypfis FHERCE stigt ReRe {4, " The pr ot ect ed h
2' - deoxy- 2|, 2 - Dn 1 bof ukanasyl.di tiaor geiesittesitdesthylsiybr fHfaoroaean
(1A canBaethglsidh B FFEM the T eaction nixture by conventional
met hods egylph@ie.tion of water to the reaction mxture and |
extraction of thei[cg_{[od ct i Nt Q @08 YRkifenS e \ealed bht beheefluxing together
organix sol vent YBRHY>z igrlycioh% gl'ycol syl ati gn r,e%?(;bi o\g\} iﬁmanydneofthe
wat er - i misehake djlehe Riddettate, Getmsl aptionally &8 LEFEHARE CRRPSY I o t he

said solvent. If however, the inert.organi gn sphpleiin of irddcden thrgivhéhe
gl ycol syl ierioprgesigcialyiptraenit @gl?%en@se%% e one,plt hen 4 he pr@?jct 30

is ext rac%poqeétﬁé ?1_ '%zétairmﬁﬁﬁﬁdsybdi@ugmugleggfi%qﬁ oglg al kyl ]

esters eg.-, et acétate; chlorinated,h th oun

. dichlor o?ret han&'ie'ﬁm@lepb@qee&%ad‘%‘?%@ﬂﬂ%fi ﬁ’%}?ﬁé&%ﬁﬁ%ﬁn&mt ee B(l;mp nd

evapogat i 09&%&,1,552@) %E%g}&s%iei’&ﬂtbut’ﬁbezesmepelow Y epsien REE RYF O 1°°¥W8“
PS,; an

rotettivé R4, if any.is carried P )
’ of formula (I). Usually it is-emplgy%d in molar propox%gﬁs of 1 to 2.0 moles per mMoie

of compound of formula (I). Preferably, the base is employed in molar pro

portions of

) ' 1.1.6 moles per mole of compound of formula (1).
The protected 2!.deoxy-2",2"-D-ribofuranosyl o
25 (fIA) can be isolated from the reaction mixture by conventional methods eg., addition
of water to the reaction mixture and extraction of the pro pnic 508
the inert organic solvent utilized in the glycolsylation reaction is Water-lm'mmmble tkte |
-product gets extracted automatically into the said solvent, If howevc?r, the inert organic
solvent utilized in the glycolsylation reaction is 3 water-miscible one, then the product

. 1s eg., ethyl
30 is extracted into any water-immiscible organic. solvent such as alkyl esters eg., ey

acetate; chlorinated hydrocarbons eg., dichtoromethane. The protected compound WA

can be isolated by evaporation of the arganic solvent,

4 . "
The step of deprotection of the protective groups, P and R, if any is cau.ue
Lpy-ribofuranosyl diftuoronucleosides of

diftaoroniicleosides of formula

duct into a organic solvent, If

d out”

by contacting the proteofed 2'.deoxy-2",2
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by contacting the protected 2'-deoxy-2', 2r-D-ri bofuranosyl

di fl uoronucl eosides of 32 fornula (17A) with aqueous amonia in a
sol vent selected froma Cl.s alcohol or hydroxy ion exchanged anion
exchange resins to give the (3-enriched anoner of the free base:of
conpound of forrmula (I1). The deprotection is typically carried out
by agitating a solution of the protected 5 2'-deoxy-2',2'-D-ribof

I ranosyl difluoronucl eosides of fornmula (I1A) in a C -3 alcohol wth

aqueous anmmpaea g HATRSKEhY BdlonbPliRENIRIDLABI A Sam tiehgr aloohal or

of about time sufficient to effect ,conp g\rré')val of ¢ th
t he pr ot ectliydeowyr mapscchanggdvanion keckapee f@a@etoo@"%é% Lﬁﬂﬁ“’ P BGPHGE &* e

(rry. Ml €5 (]}Ja%egi%:lambpoql%d 0%%1%9’}&@ rom net hanol, ethanol,

1- pr opanol r opanol c¢an used, homever met hanol* i s rost
preferred SI nce Thedepratbetivines tymoatiyoundest quakly agtetingehsqlatipsy offie protected

sol ubl e in jt, tha IO noI Ir WMohol
whi ch t Re f‘-‘égt’ 'ﬁ"frﬁ?f)qﬁatnﬁgﬂ q? R lgcggdégd're? P’gg % gIIM Iﬂlﬁeﬁ£J3e oo
t enper at ur e&méqdbetzmemo&wa@ teﬂnp'iﬁltfﬁ;e foﬂehk@ntwlmtﬁe ra tepperatuisy@f about
often than rg etln qux I

advant age ié:q ?#ﬂr 2 g?%ﬁflf?‘grfog*p ?Q%éenl(g”rlagéh tt&?c@)g &%ﬂS%ng
carried Outthéﬂe‘;%e%g @[hﬂtp@ﬂfoggumqnb as can be crystalli zed from
the sanme to afford the?

3-enriched anotmar A terna I vV L
depr otection carWVhie, carGisealcebel pgloctethERm i e 6&1@1“8 H’m%%lﬁ{)oun
f-?A) bt h PEh YO e AR ENARAE nRM-AB! %‘H&?@ﬂgﬁefeﬁﬁdn sindgi e protected

hange r SI ns consisting of chloride as an anion are onvertedltod 5.
the 20. cermpepsisdiky hsedg@;wﬂtﬂsemarﬁgb@ oifed n‘?@%ﬁ“ﬁ’g’ drprppgnol an

former with Br QRSO ngé#‘@é i) YO gfgﬁq%em ﬁnﬁ)&ﬁdﬂ?’gcmb@céﬁxea ok 8t arfbient

suspensi oni resi n- successi vel y V\ntg
dem neral i msnaums of bbtwepti 261 Crth@0f O unhi:eethmﬁler e, -HBo%e, fn requiring

bet ween to 7.0. The hed resi Pordha@¥s of th
al cohol toh‘éq‘q“@cqn %%&:\/\%é}ef fmtﬁ OTgxcﬁggglerR%S T%Qqﬁe\céiérdg 48 of the
exchanged fies bise @ultd bechritbd buitio Thosuntt :(dl\’lfeﬁ) as welh aCpaigbe m@@ﬁmedaft%the

tenperature of from30 Ctq 50 C, preferably at a tenperature of from.
40 C to 455 topfiogd pes f-garighed 296“0{1%?1'40 hours to effect the

depr ot ecti on. m&ﬂﬁﬁgﬁg p{a de,rpgétb&lo Scdd bd @e[rﬁéd @ﬂﬂbjr eenfaiiag @ieprotected

concentrated to give t ase of conpound (H). Suitable anion
exchange resipsundiRA)oeith e hpdroky jedemhengst Laivg HERAMERAEHR |

Anion exchange resins consisting of chloride as an anion are converted to the

20. comresponding hydroxyl exchanged ones by mixing of the former with aqueous sodium

_, hydroxide for a peﬁod of 2 10 3 hrs. The suspension is filtered, the resin'bed washed
Q successively with deminerafised water till pH of the filtrate was in the range of between
6.0 10 7.0. The washed resin Is further washed with a Cy.3 alcohol' to effect the hydrox:/]

ion exchange,

25 The hydroxy ion exchanged resin is mixed with compound (TA) in a Ci3
alcohol at a temperature of from 30° C to 50° C, preferably at a temperature of from 40°
C to 45° C for a period of 20 to 40 hours to effect the deprotection. At the end the resin
is filtered and the filtrate concentrated to give the free base of compound ().

_ Suitable anion éxchange rebins that can be employed are strong base amion .

30  exchangers, wherein the ionic form isgenerally a chloride ion. Typical of such anion
exchaﬁge resins are the commerbia'lly available Amberlite resins like' FPA40 Cl,
FPA90 Ci, FPA91 CI, FPAST C}, I?'PA.'98 Cl, IRA 400, IRA402 Cl, IRA410 Cl ete.
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30 exchangers, wherein the ionic formisgenerally a chloride ion.

Typi cal of such anion exchange resins are the comercially avail able
Anberlite resins |ike PPAA0 G, FPA90 C, FPA91 O, FPA97 C, FPA98
Cl, 1RA 400, 1RA402 C I1RA410 C etc. 33 Thus, in a typical

enbodi nent, to a solution of the protected conmpound (I11A) in

met hanol is added a 25% aqueous sol-ution of amonia in water and

m xture agitated at roomtenperature for a period of 4 to 8 firs

till conpletionqggfy THEIE tﬂﬁé&t(&hﬁ%ﬁizﬁ&t Bem@uiion df‘ftheﬁﬁfolﬂﬂ%ﬂ cth;&pound (I1A) in

evaporation gives the free base of corrpound (Il

typi cal enbsdianehis addd B30 RqBRRUSANEIONSS] |aﬁ1m®é?rmﬂﬁ§t3%w&fgm”¢ﬂ;ﬁ%%€fﬂiatetd ot
| RA 400 s, e"ﬁio%datiy\dgtfﬁr e?;{%rﬁ%t"?tﬁ 8 8 QL ML Si8haldepRAEBrion. Removal
or rs"® an e

tenperature resin filtered off. e filtered
resin is Waﬁimethamsltbgrmslswmed:g/gwes bheizor treee of Gosentwd (). till pH of the

filt rat isin @f‘nh n Y'i’iﬁglt SO e TR dhe i%anoal-gh Oﬁs h{%{ %%é | 2l yfo\ﬁa@g@gce

vmtha 1.3 alc ance e y 1on
exchanged Aﬁﬂdeﬂﬂéhﬂ@k@%al néd agmtsadl withd 596 tdhiuetOhe %ﬂdﬁt@cbﬁﬁoﬁﬁiﬁp@uﬁ@m

(HA) in et hanol e ra of .be r
hours. At t%e’éafwealg’ﬁg {0 gqﬂ rgflgdﬁ 1\%%" and thtﬁoﬁéégd?ae&g ISSéaShed
concentr at ﬁiﬂ:césﬁw@ly\/\ﬁltﬁ banﬂﬁﬁambee\tm tiir i oﬁﬁseﬂltr@m;s) undle(mnge ofi,@ to 7.0.

deprot ect ed conpaou t aj ne b f i ‘

met hods i st 5%%%&&&#59 BorhRac i S SO o i@ UL BB dt fon

vghoqto anycRideliirtlad HRB oblidnddois stitel®diihabe plotddtal qampmnﬁe(atm)ualma,thanoi'
eptable salt. The salt formgfion can be effect d_ by O@} act.i n.sgﬁl?ered

sol uti on oft athmperrbiee pRledween 710 Cro45CK for 3% S g%%‘?@@ﬁ P
methanol . &k BANGle cidaRl:0RAAR:AN oPedihoBANBlectHl kbt cdiBeslin (TH. aci d

f or suff|C|e t hu orne can be isol ate
crystal | i zed fThmdstmetestadrecomllmmdl @@ dvtivehby Gyveh Hwa#gﬁmﬁ"élﬂ‘afmned two

met hanol , Lgano.l e &% noI % a% %ang rc%?ﬁ@ﬁ edtag sgéﬁl @nt‘hﬂﬁt any purifidation

'correspondn sal enera 'y as e (i-enriched
anomens T;tbrﬁ:ainaacmdfmmat-mauemmlaﬂs agdeptabquﬁahnd of forrrul a (1) that

can be prepare I n de .t hose sal 0

Cartaric, ot riEee GEAPTRalq R BEHIR RNt LIS o MIARE Bt ke dBase (0

ptdtgsphorl Gnl%.t(C13 al&ahb‘tleelmemh ddn@ nmﬂahnmmeemml lppnromgolcﬁﬂdtmﬂmﬁlﬂéh i with the

addi tion salt, .can che €Cess

crystal | | ZEQHsie %ﬂ“gg HEEnE g \t/t;{]“fe a’&ﬁb‘ﬁn@%ﬁ %%%ﬁég%?&g ?ro&ﬁstmgd

1- propanolggf s ﬁ&&&ﬂﬂfﬂoh@ lsoRiRhi 8PJithYanbiicoshebbysl) afhbhalatimopimobor 2~
20  propanol to gn(e the corresponding acid addition salt (IT), generally as the p-énriched

O anomer.

Typical acid addition salis of compound of formula (II) that can be prepared
include those salts obtained using acids such as tartaric, citric, acetic, hydrochloric,

hydrobromic, sulpburic, phosphoric etc.

25 | The anomeric and chemical purity of the acid addition salt can ‘be enriched
. further, if necessary throngh one more crystallization of the same from vvtth anyone of
| methanol, ethanol, 1-propanol or 2-propanol or optionally through crystallization from

a mixiure of water and a Ca3 alipltatic'organic acid, selcctéd from acetic acid and
propionic acid,

30 Prep'aration of Gemcitabine hydrochloride of forniula (11n)

' Gemcitabine hydrochloride of formula (Ifa) can be prepared by glycosylation of
the intermediate compAound of formula (f), wherein the protective group, P is as defined
hereinbefore with the cytosine compounds of formula (Va) or (Vb), wherein R' is a
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a mxture of water and a C2.3 aliphatic organic acid, selected from
acetic acid and propionic acid. 30 Preparation of Gentitabine
hydrochl oride of formula (21a) Gentitabine hydrochloride of fornula
(I'1Ta) can be prepared by glycosylation of the internediate conpound
of formula (1), wherein the protective group, P is as defined

her ei nbefore with the cytosine conpounds of forrmula (Va) or (Vb),

wherein R4 is a 34 nitrogen protective group and RS is h ,

prot ect i verifPERRPIHCHIRSINESECE & aéﬁgrqgtﬁ@rr&egqvgagﬁogps%%l\}%ﬁg ésgfr%a of an

opti onal | yinkf ot DgidNeBRENGR QfticRalif M teatésdnadfal Iwsiis koidprantlpsttie grotected

genci tabine free base of fornula (I|la). Suitable inert organic

sol vent s tgemcitebine fiee oagsl ey e but are not limted 5 to

acetoni trile !QligAGncKIERR &l fak SRS SmplohbdiiiebpieZanas aot limited

| zu- di ehl or obezi zeae, di chl oronet hane, 1, 1-dichl oroet Ahgne P

|, 2- di 6hl apoetivaitele, biung, xyleht endatsHswaos. il ggbarengiai-Gehlopglpuzene,

inert solvent is -4 ¢l -1 S hde@WM 3 BEiRIGTERRYS labisole.

that can cﬁ@ﬂg %%i”é&dfa?gﬁ c%gcf}g%{hgg&alé“ 'td ?ér?%p%bgt drﬂg’c hi ori de,

tri net hyl sTHegrefeil ireroobiehaiselstHddidometiang. r i net hyl silyl { 10

nonaf | uor obutyl sul phopate, trinethylsilyl r.ebl d i

borontrifl uori “&F t G EL ﬁgﬁdatcg%a?%%ﬁf r%%thﬁg‘glq%y Ie&lrpg(%yr%gf Iafjeorsglbeg;eat & _ .

etc., prefigraionder i met hylrkhétityistiylififuoronrtitahemiphosailephonat e trimethyisilyl

Typically, the glycosyl ation reacti.on.is rrjed out . f '

;g? et ABr D@éﬁ%@fﬁ%ﬂtﬂm@ﬁ?%@eﬁﬂiﬁéflﬂé&%‘o%‘gﬁ?fd%: gf’&? %LFM{‘%&"‘*?X?J&’I“M

opti onal | yheAewi S t@fiiflorobaraat alyst preferablyonginafhyibityli netfiucsomathie

sol vent nent| or%ed her ei nbefore, till conpletion of reaction to give

t he prot estpliogateni t abi ne conpound of formula (11a). The cytosine

conpounds (Va) ﬂ@%ﬁ%&ég g&&gyﬁﬁ%oﬁéﬁdm € Qi Bht BY @ERkihgNHgbther
a or

t he conmpound of™“for I n excess thereof, but, however, bel oyé

2 ol es pempomic (Df the arypusimdcompoendai(HaY @) (Vidsansl pptionaliysthenatwss &t
i | t flto20 .-l foo
Formitd ( Fyiafer BBt ot Ssolaenio s T BEbior Tl ErdndB I S Ehuleion

20
f or muta (I‘zﬁt.‘elia
of . 1-1. 6 oPlastipefo gind thegioteoty @enditabiné oompdund(cf)formith€llp}.ot ect ed

HiXture by convER PURIRS FREREHESLA ) JaH, (0 Bt Dhet BpOFaT (o  eqvimoles
reaction _'@ﬁoﬁﬁsqgﬂm R¥iporst ioFFehulh () v eess thetafabudy bawever, below 2
solvent, 1f the inert arganic solvent utiljzed i . s .
moles per mole of compound of formula (IB 83113'113{ it is employed in molar
20 proportions of 1 to 2.0 moles per mole of compound of formula (I). Preferably, the base -
is employed in molar proportions of 1-1.6 moles per mole of compound of formula (I).
:) - The protected gemoitabine of formula (lla) can be isolated from the reaction
mixture by conventional methods eg.,.adc.iition of water to the reaction mixture and -
.extraction of the product into a organic solvent, If the inert organic solvent util‘ized in
25  the glycolsylation reaction is water-immiscible the product gets extracted automatically
into the s';aid solvent, If howc:ver, the inert arganic solvent utilized in the .glycolsy'lation
reaction is a water-miscible onc, then the product is extracted into any water- l
immiscible organic solvent such as alikyl - esters eg., ecthyl acetate; chlorinated
hydrocarbons eg,, dichloromethane, The protected compound (Ila) can be isolated by
30  evaporation of the organic solvent. ‘
The step of deprotection of the protective groups, P and R4, is carried out by
contacting the protected 2!-deoxy-2",2'-D-ribofuranosyl difluoronucleosides of formula

([a) with aqueous ammonia in a solvent selected from a Ci3 alcohol or hydroxy ion
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25 the glycolsylation reaction.is water-imm scible the product gets
extracted automatically into the said solvent. If however, the inert
organic solvent utilized in the glycolsylation reaction is a

wat er - m seabl ¢ one, then the product is extracted into any water-

i mm sci bl e organi c sol vent such as alkyl - esters eg., ethyl acetate;
chl orinated hydrocarbons eg., dichloronethane. The protected

conpound (| kaghaegel BEoch SatiBingd rBilns B0 aR¥ AR PAddRAe®indher Bf 8N Eancilabine
sol vent . Thg s%ep of deprotection of the protective groups, P and R4,

i s carried B¢ Oy ofcempaend alformaladfist.ect ed _ :

21- deoxy- 21, 21- Dtk Befdi2R9S W tvdick] L in@f

Wi th aqueous, anmmoni.a LS é%asol v g#ﬁg%%:g%ggh? ?%ﬁ& ?18%33' gaoﬁ“c%%oﬁfth%%}@aecmd

in a
hydr oxy ion? eﬁ%ﬁiﬁr@@-%ﬁibéﬁﬂmhhﬁi@@w@mbmsid@ off feemtrhie(lfa3-iarw Cehealcohol
anoner of tHahGRRBHIsaAACHIa faF 89RRSRMRE of QAR SmBicnf &Y Mxﬁf&éﬁzf& of gbout

The deprotectjon is typically carried out by agitating a solution of |
the protect®y C Jor gyEseynfficignt ip offepiogamplatospmonaliat the praiectivesiraups o give

formul a (11 a) e pasddechulofGl forfiytd o, adueous ammonia at a
t 1 t

tenperature of between arbient 1o a erature of about 60 C for a
time sufficient Wailef4 éts clonbbleselestedivah wkihahal, mtivtnelt L ypeogpnotpsd 2-

to give t S oppound of formula (I1). MWiJe.a Cl.3 :
al cohol se{bggg)éeng’?fér%%mg%q{sﬁ%ng%’e‘é?h% a:nol__rﬁ.rxgégné{ef%ﬁil f{ncﬁr%’ﬁaﬂfﬂtect?’d
(;:an be 10s egbpmp?lvxa&ﬁmméw@e@ér?mﬁ .mcrresdoiwie)}‘i@rif ighnseigsolf h rlﬁp@:]icﬂCérﬁd}
0 conpounds ar. enera re sol-uple jn it than ethano ]

ig%r opanol Péwgm?f)bé' Vp‘%bf‘g%ﬁa&,chﬁge g%jnf?‘i&@u% inRethangl iGan B GpiEied Ouf ghambient
net hanol  caanpaatedsdiddriish 23° CABIHR T, unlitdiRe il 19§, RbrdlidNaERa ?e"zlu?ing -

~to 30 C, uglike the _other_two, nore often than requiring heating

0]
ref | uxi ng. PPHAERATeIwEpE AisThen mpethanch gffsr wlyanteae iahst theealt frmation of the
formation gkethge cdul@®eRaafdCitlif the s%é[s St whiDad P?% ?%@?jﬁg’ﬁﬁ%&ﬁﬁom

as well as can be cr stalllzegfrom e sane to a
a- enr i thedtherfemsrto affavd thg Poenrichyd 28596r, Abtieg patity&i595. t he

dopr ot ert o0 oM RSN i, Bk USSR S RS BB

exchange reshpeundqBN)stitgh Bfdreky Wnl SRhMssed AnRi RBhE8 réPmverted to
the correspondi ngmhé/dr oxyl exchanged ones by m xing of the former
with aqueous sofBRh CsbagpfcsiRs gensigingoheiride aF ap apignzrp convertad to the

e moral e e B Oy B g AT P PilchlBogs sodium
bet wedly Dydroxide for a pe:iodp of 2 to 3 hrs. The suspension is filtered, the resin bed washed
successively with demineralised water i1t pH of the filtrate was in the range of between
") 6.0 0 7.0. The washed resin is further washed with a Cy.s alcohol to effect the hydroxyl
ion exchange. ' }
The hydroxy ion exchanged resin is mixed with compound (Tla) in a  Cys
25 alcohol at a temperature of from 30° C to 50° C, preferably at a temperature of from 40°
C to 45° C for a period of 20 to <10 hours to effect the deprotection. At the end the resin
is filtercd and the filirate concentrated to give the free baso of compound '(f[c).
Suitable anion exchange resins that can be employed are strong base amion
_ exchangers, wherein the ionic form is generally a chloride ion.. Typical of such anion
30 exchange resins are the commercially available lAmbeﬂite resing like FPA40 CY,
FPA90 €L, FPA91 Cl, FPA97 CJ, HPAYS Cl, IRA 400, IRA402 Cl, ]RA4i0 Cl etc.
Thus, in a typical embodiment, to a solution of the protected compbund (Ua) in
methanol is added a 25% aqueous solution of ammonia in water and mixture agitated at
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"Nl 6.0 to 7.0. The washed resin is further washed with a C -3

al cohol to effect the hydroxyl ion exchange. The hydroxy ion
exchanged resin is mxed with conpound (Ha) in a CI-3 25 al cohol at
a tenperature of from30 Cto 50 C, preferably at a tenperature of
from4Q Cto 45 Cfor a period of 20 to 40 hours to effect the
deprotection. At the end the resin is filtered and the filtrate

concent r at egod (@hpentuhefok bgrRibase4 o 3 baibesmpletibe pf tHBulepadié@ioanRemoval
exchange reS|ns th l.oyed base

can be enmp re str
exchangers, A& ia’lr'tif‘h%VﬁPBFﬁt’(?ﬂf%Y ﬂi‘% ?F RO :)de i on.

Typl cal of such ma@dtheﬁg} Eépélﬁlﬁtgﬂméﬁshﬁ\&uaﬁ exdthe 6%@13?&‘@11 mbtlaiﬂce Amberlite
avail able Anberlite resins |ike FPA4D Cl , FPA90 Og P' PA91 Cl1, FP ZtoB

C, FPA98 CIRA/RA i3 pgitateindih s Yerarqorpgadiveg bydrexide Fjpom ﬁeﬁli)&faﬁlgf-& 85

embodi meqt , hf'soaﬁd S@k UfdsON mferdd@A0T Oi‘ﬁ'é:tﬁiférécp HEARURM wiablidd isBccessively ‘with
met hanol is added a 25% aqueous sol ution of ammonia in water an

mi xt ure agi Sepingralised IEtercBnnER 9b dhafilivate ioin the yaps ¢d ot 1o % %W‘n 15

till conpl eghag, %sﬂelaewﬂﬁar@ eeﬁEéH?ﬂ' foBﬁiM@é me@han@B I NRANB)dr&Y ion exchanged
evaporation gives the free base of ‘conpound (l1c). In _ardother t%/%ncal

embodi ment , Tesin Hisopbtaiveddn géimedswith the protesied nesnponagd lla) tia mpfianoloat 2
Is agitated

9, 2011 2L etk S AUEIUR AP NS PYSIRRL AOBLAETRE ARG o
washed Buccasisthe dliyateichhceitnatedeo ghviesbeldymoterted ifice bpse mmmmdf(ﬂlc) rate

smtherange 6.0 ta.7. The resin is .finall

/3 al cohol , ?L‘? ﬁgpﬁﬁg@‘“ﬁ&eﬁa%? %Bbtﬁjgpﬁfl&?'yaﬁ%ﬁf\é\@ %ve\%oe nﬁ? gesd foo
thus obt ai n@emb&s St i gemefhiMd bbiaidea 8y ahesi edid comTU Rded Iahasuchnmthout any
nmet hanol at a terrperature of between 40 Cto 45 C for 36 hours. At

the end, tH&ification foy tprmationef ifhydrochlogidg sefe filtrate concentrated
to give the depr@ﬁ@&ﬁ@ﬂ,&ﬁﬁ@n bask: &?éﬁ]%%ﬂ}ﬂcc(u'té&hg a 0@ RNGTItheted Base ()

free base (Ilc) obtained by abovenentioned two nethods is

Genor ally JbtaihacHopschrelsbicdahancasiinack stimnab. bysapanph hiE-pipanol with
purificati q%dh%éen c?{o?ﬁiteefgp cieﬁfuﬁgdﬁ&‘ﬁrhqsﬂ&?t%eanﬁﬁéag?o Iﬁgdﬁ@eﬁ chloride can-

formation cdn ycon acting a utro fee base
(Lie) 15 ibe em}ﬂbyed a’llhe)hpdiroshlloade ealt thue fometcheavobe iselabethot ¢rystallized from --

£ e Paorh B deBn HERRI b ot oRROus s kSl bbb Shapt or >
The hydroc fpk@fahapms %ﬂv gem&tamer@armda@ (DY) gé:@ﬁhl@rascﬂhw-edﬂdhaeduomer
from the same al coholic solvent or with anyone of methanal, et hanol ,
1- pr opdflol hayingan anomeric purity >95%, most ofien having an anomeric purity >99%.
The anomeric and chemical purity of gemcitabine hydrochloride’ (lIb) thus
’”) obtained can be enriched to >99%, if necessary through one more crystallization of the
same from with anyone of methanol, ethanol, 1-propanocl or 2-propanol or optionally
through crystalhzauon from a mixture of water and a Cps aliphatic ‘organic acid,
25  selected from acetic acid and propionic acid.

‘While all the abovementioned Cp aliphatic organic acids do normally provide
gemcitabine hydrochloride of formula (fIb) in high anomeric purity, acetic acid is the
most preferred since it provides a compound of high chemical purity as well. ‘

Typically, to a solution of the hydrochloride salt (IIb) in water is added acetic

30 acid and the mixture agitated at room tempefature for 10 to 12 hrs to effect
crystallization, The crystallized salt (IIB) can be isolated by filtration, centrifugation ar’

deqantation and dried to give pure (IIb).
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propanol to give gentitabine hydrochloride (Jib), generally as the
p-enriched anonmer 20 having an anoneric purity >95% nost often
havi ng an anoneric purity >99% The anoneric and chemcal purity of
gencti t abi ne hydrochloride * (I1lb) thus obtained can be enriched to
>99% if necessary through one nore crystallization of the sane from
wi th anyone of nethanol, ethanol, 1 propanol or 2-propanol or
optionally through crystallization froma m xture of water and a
C2.3 aliphatic 'organic .acid, 25 selected fromacetic acid' and

propionic acid. V%lle al | the bovenent at,i r

aci ds do nornal |y B\FF‘d’é““‘ﬁe PEAi "‘?@Eﬁ%‘%ﬁ% gﬁ% ;hf glée%u g‘%l I b)
in hi gh anomer apmptic puriy, as gerdkd ngetiad iofith pretepidnventingtis %?F’@faé?eldé‘ﬂ “é‘f”ﬁ‘b
provi des a conmpound of high chemcal purity as well. Typically, to a
solution of the hydrochloride salt (fib) in water is added acetic 30

acid and the mxture agitated at roomtenperature for 10 to 12 his to
effect - pzation. The c 3 gd salt (11b) can be is

by filtratyom cenhmmfuggtlaﬂ or gCant agdyiy and drj edofo ¢ ve
(11). 37 prepdwa@#@mmbf genc: H-abi ne T0C c@@@} (11b) J igh COl,
cheni cal and Fanon%??%“ﬁhrlty as’ perr t he S5 he pre
invention @g® summari zed in Sche vﬂ- OOOHViirid- PO//\ (7@
CC13CN fj ~~~~~ Aprotic Solvent 1+ -F-\~/ F -20to -30 CP Ipnert
Organic Solvent P CC.13 F Base F (1V) (1) NIIR4A NHL NHR4 te O 4
Methane ol, ag. NH3O | F Inert Solvent O widkfa) Lewis add cjatal yst R
&-"NHR4 O -
== .
u g S e
o g Methanal, ag. N5 G < Inert Solvent A 8] b
o~ Lewis acid catalyst . or
NHR*
H .
B (Vb)
H F o L | ®»0
(Tc)
i) Methanal, HCl NHz * ¥Cl
if) Isolation from, Methanol
- iif) Optional crystallization from
: ) Water-Acetic acid mixture

Bcheme-Y : Preparation of Gemcitabine Hydrochloxide (IIb) AsTer The
Preferred Exbodiment Of The Prescat Invention
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HPOFH (VW) FPFRSO(lIlc) (Ha) i) Methanol, HO NHz HCl ir)

| sol at-ion from Methanol iii) Optional crystallization from J

Wat er-Acetic add ne HC H F (11b) Schent-1 : Preparation of
Genei t abi ne Hydrochl oride (Hb) As Per The Preferred Enbodi ment O
The Present Invention 38 The invention can be further understood by
the follow ng exanples, which in no way should be const rhg;ld_ as E;‘%y
limting,the scope of t ' WoXr RN mpllewing dRmenpdasati g o

21- Deox ﬁ?i‘%‘ﬁ“&ﬁﬂ&? fg-e Cﬁ] ’gh%-lr“éggfﬁ%i%gl oﬁf%-g[}_ri bose 5

triclsl geaseb cohgnaid a§ Golipiingdhe s¢ope @l e 1P¥H8ep- 1: Preparation of
| actol, vi Zﬁ{plg% Deoxy- 2, 2' -di fl uoro-D-ri bofuranose- 3, 5- di benzoate

( Conpourég2siP*etormul a 1 V) Sodi um bi s( 2- hoxyet hox | umi ni um ..
hydri de miigiH6s 70% i nof ol uene;z’%eoxm-?z%*dﬂ'@‘?" ?rﬁl%\b/%fgﬁnz%%@%ﬁsrlqgo ey

to a solution of 2'-de -2' 2" o difl -3,5- 10
di beﬁzoé?tf@mPﬂ’é'ﬁ@?’f’WG%%@m‘%ﬂé% ”ﬁ{‘}%"g% mgl ) in dry t%tor ahydof.ug an
cool ed t@.-300 G undalonanfatiagsiphere ﬁfnmwf%gérﬁlﬂuqxpt%ﬁl FREarose-3,
addi tion, Phe reaction. mixture as Iated at the same tenperature
for | hr and quedﬂ)ﬁé@%(@%‘ﬁ@éio\ﬁéﬁ?}ﬁ“‘gg hydrochl oric acid, The

reaction mxt rdﬁﬁmﬁs(ggggtg%%% i JatlusBinhyh hgdsta(¥itritueTBPdariPuess: Krer

was separated and washed wi t'h 5% sodi um bi.car bonai_ At 4100 &olnwed
by 15 - it e.28Tonclnweatadded dlowlieto2gSRiPEo} Krer uﬁ%pé& jr:’téduced

nblyei d to -30°
PT e8U" €1:2Y 52 0Bt 08 (129100 Gn; 286t b ircauypretraby dodiran cape
:) gen . After the addition, the reaction midure was
'Ihr and quenched by the addition of 6N
The organic

C under an atmosphere of nitro

agitated at the same temperature for

hydrochloric acid. The reaction roixture was extracted with ethyl acetate.

layer was separated and washed with 5% sodium bicarbonate solution followed by

15 water. Concentration of the organic layer
of the title compound as an oil. -
'$f NMR (CDCl, 8): 5.6 (m, H-1; 1H), 5.45 - 5.32 (br, H-3, 1H), 4.7 (i, H-4, 1H),
4.65 (br, H-5, 2H), 3.6 (s, IELOH).
Step-2: - Preparation of
20 trichloroacetimidate (Ia)
To a mixture of trichloroaceton

/D ethylamine (3.73 gm; 0.028 mol), cooled to at -10 fo 0° C under an atmosphere of
—Deoxy—?.l,zludiﬂuoro-D-riboﬁ1ranose-3,5~

1; 25 gin; 0.066 mol) in 1,2~

under reduced pressure gave 100gm. { 9.5%)}

21 Deoxy-2",2'-difluoro-3,5-bisb enzoyloxy-D-ribose

itrile (179.5 gm; 1.246 mol), diisopropyl

nitrogen was added slowly a solution of 2!
dibenzoate (Compound of formula IV obtained in Step-
25 éichlomethane (50 mi) .The reaction mixture was allowed to ¢ |
and sticred for further 5 hr till completion of reaction. The organic solvent was
. to lg‘we 35 gm (100%) of the title compound as an

ome to room femperature

- evaporated under reduced pressure

oil, N

A purified sample had the following sp ectroscopic _charactenstws.

30 'H NMR (CDCL, 8): 8.7 (s, NH, 1H), 7.36 - 8.1 (m, Af, 10H),

15), 5.59 - 5.66 (dd, H-3 1H), 4.64 - 4.83 (m, H-S 2H, -4 1H) _

| BENMR (CDCls, 8): 164.7 - 165.9 (C=NH), 127.9 - 130 (Ar), 121.3 (C-2), 97.58 (C-
1), 90 (CCI3), 78.8 (C-4), 71.9 (C-3), 63.8 (C-5).

6.51 - 6.59 (dd,H-1,
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"H NMR (CDC13, 5): 5.6 (m H1;, 1H), 5.45 - 5.32 (br, H3, 1H), 4.7
(m H4, 1H), 4.65 (br, H5, 211), 3.6 (s, 1f OH). Step-2:
Preparation of 2'-Deoxy-21,2'-difluoro-3, 5-bisbenzoyl oxy-D-ri bose 20

trichl oro%%tsﬁggr&gwfg)sgf a mxture of trichloroacetonitrile

(179.5 gm i i'sS6propyl ethylamne (3.73 gm 0.028 nol),

cool ed t o Satcifit fottidoD®1 Ctarhé@®r an at nosphere of nitrogen was added

slowy a solution of 21-Deoxy-21,21-difluoro-D-ribofuranose-3, 5-

di benzoate (Conpound of formula IV obtained in Step-1; 25 gin; 0.066
mot) in 1EZagiplglpobl oroethane (50 m) The reaction m xture was

?: : |OWE‘ rr:g éé:ﬁ%gt?ﬁ%? q’eg%}e%gp Slr qé&‘]ng%gﬁ‘gpg tl rréﬁ% gezgig\rftg%lgngf ofecied

under redgReRiRbReSEAE -t0 give 35 gm (100% of the title corrpound as

an oil. A purlfled sarrple had the, fol | ow ng pectr
characteristicé 30 ' HuNGRe( CDC132 -Bpoxsg2 72 ¢d %“RFP"3 I'—B‘S ei?z%oxy- "fﬁbose

(m Ar, 1%0]3)01’09%%16&@ ls_ﬁ? @Q@g"b h mN%W CI%:@@N—&&:: F0csbidne WV HE gm;

4.64 - 4.83 64.7 . 165 9

(C=NH), 10P1 mohs@reAMAeqtmmsg@ 2pd ’9‘1711%3’16@1 Tuggpmethess)su PF@“%‘G
C 4)4p 71 -3

Spect 17 ¢ (GE5FrOB LI Sgpbe iR lfas (RE AR bighe 2 reacton

Deoxy- 2' ﬁuxtdwhkmmcmnl@j o didne mmmume.s}nbd owith twe S0 (oply prrtionseepch of

Genti t abi ne
2 HDDeoxy wa f o5 fi %%‘}W?jg}l’é{ g/a@u% ik, zgé’l 8%}1115 Il;xc%rbonate solution and with a
dchl or oageirkdesenéT f Bodid@; cRlofide. Rbdiova bf;llchﬂ;édrd‘d‘e}anetqdder reduced

cytosine (Vh; 2.45 gm__0.016 W r,t Acet yt osin and
tri met hyl RESSpre t §avel éo}?or@phé%gpgu‘?fpﬁfé%a@ié 1‘%53’3(1 ofn P%‘)“GE 761 §
1, 2- dl'scmﬁﬁ‘?ﬁaﬁbg&?héégu@ﬁca‘@ﬁ refluxed overni ght The reaction

mxture was coo0 to room tenperature and washed with two 50 ni

porti ons MasrSpsetruga®dr) £ 813.3%ed by washing with 5% sodi um

bi car bonag. ngj u% ion and with a saturated solution of sodium
chlorlde enbval of dichloroethane under reduced, pressure gave 5.12
gm (37% Repahasoni of &' desppdl@’-difuoce-Siedibenzonte-Maacetyl cytidine (Pr Ofe“ed

Gemcitabine, Ila)

.20 To a mixture of tichloroacetonitrile (47.6 gm; 0'.__33 mol), diisopropyl
ethylamine (3.73 gm; 0.028 mol), cooled to -10 to 0° C under an atmosphere of
nitrogen was added slowly a solution of 2*-Deoxy-2',2'-difluoro-D-ribofuranose-3,5-
dibenzoate (IV; 25 gm; 0,066 mol) in 1,2-dichloroethane (50 mt) .The reaction mixture

i) was -allowed to come to room temperature and stirred for furthers hr till completion of
25  rcaction.

To the above reaction mixture containing 2'-Deoxy-2’,2'-difluoro-3,5- -
bisbenzoyloxy-D-ribose trichloroacetimidate (Ta; 34.5g; 0.066 mol) i situ, was added
Silylated N-acetyl cytosine (152 gm; 0.1 mol w.rt N-Acetylcytosine) and
trimethylsilyl triffuoromethane sulphonate (22 gm; 0.1 mol) in 1,2-dichloromethane

30 (300 ml) and the mixture refluxed overnight, The reaction mixture was cooled to room
ternperature and washed with two 100 ml ﬁortions each of water followed by washing
with 5% sodium bicarbonate solution and with a saturated solution of sodium
chloride. Removal of dichloroethane under reduced pressure gave 30gm (88,7.%) of the

title compound.
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15 chromat ographed on silica gel. Mass Spectrum (M : 512.35
Exampl e-3 y-21, 2" -difluoro-3, 5-di benzoate N4-acetyl cytidine
(Protected Preparation of 2'-D,-ox Gentitabine, Ila) 20 To a m xture
of trichloroacetonitrile (47.6 gm 0.33 nol), diisopropyl ethylam ne
(3.73 gm 0.028 nol)., cooled to -10 to 00 C under an atnosphere of
nitrogen was added sl OV\A y a solution of
21- Deoxy-2',2' -di fl uoro-D-ri bofuranose-3,5- dibenzoate (1V; 25 gm
0. 066 m)I)E'erTé Zadi chl oroethane (50 m) The reaction mxture D was
al | oned t to roomterrperature and stirred for further 5 hr till

conpl et i onPUfPaf@Bwace’gé{Dw 2@ dhifrondwyridine ¢Genicierbing fee basecBeh ai ni ng
e G Uy AL G R O o gy e

trichl oroacetim
Silyl ated M{hﬁ&hpﬁeﬁh@ﬂbb@ Send)(vkhs aidgdn sOufionof ammiontum hydroxide (20%, 14 mi)

e Lep T LR ST e G

gm O. T no

refl uxed a\eéuwdqhessuféhe giﬁaﬁlteltﬁl&cﬁmpbuﬁ&ammool ed to room

t enper at ur and v&shed with two 100 ml portions each of water

f ol | owed g wth 5% sodi um bi carbonate solution and-with a

saturated &epmm opGeprifabiie ForodhlsIede (mpmval of dichl oroet hane
under reduced essur.e-gayve .30gm (88..7.%. of the  title_conpound
Exanpl e-4  Pr epHieatP¥iPo o P Exagnplm‘!f ({Femsitghing; fee Dase, Hc) was

Cﬁ'tllbabldmdﬁfeﬁﬁngﬁ‘&ﬁaﬂol 1oy ri[lg aésdsc&kbibhﬁékd%tﬁ *&%u%ea %ﬁf-b%% 0.7 The
I tabi ne (Ha: gnt obtain le-2 3) In neth gme
n) was a&a@@nawoﬁltﬂmd)ﬁﬂzﬁndamﬁbﬁ ﬁl;mtchys@s @&aqaieCsz@daydmhIﬂr§c ac1c5 (hh%lﬂﬂ)

the mxtu aﬁd sitd ole@g'cP o tflreg a{ %&ﬂﬁ:%trz?ﬁr C%ﬁ}; g?]lﬂ‘gk;s gr 1 br pod

renmoved un re uceé pressure to
Exanpl e- 5 thePprepipitatei csnhdfﬁlt’éeﬂbanchdhuedetol-grds 00151 g (H27%6) idfthel tile cosipdued

obt ai ned tag PRy E%'s%h{‘ne( %{&C IE%@]P&‘, Quelal];fglgeshg%gg ’thfle Ip?cgdu\g? to be comprising of
15 95% of the B-anomer.

Example-6 ’
Purification gf Gemcitabine Hydrochloride (11h)
The Gemcitabine hydrochloride (0.56 gm; obtained from Example-5 was
. dissolved in D.M water (4.5 ml) at 55 — 60° C. The solution was decolourised with
20 activated carbon (56 mg) and the carbon filtered off. The filtrate was mixed with acetic
Q acid (45 ml) and the mixture was stirred at room température for-2h, The precipitated
solid was filtered and dried at 60-70° C under vacuum for 5-6 hr to give 0.45gm (80%)
of Gemcitabine hydrochloride (IIb) having an anomeric purity of 99.94 % of the B-
anomer. | '
25  Example-7
Preparation of 2'-Deoxy-~2', 2'-diftuorocylidine (Gemcitabine free base ITc)
Amberlite IRA 400 (100 gm; 20-25 mesh; chloride as the ionic form) was
surred with aqueous sodium hydroxide (5%; 500 ml) at room temperature for 2 to 3 hrs,
. The resin was filtered off and the bed washed successively with demineralised water till
30 pH of the filirate was in the range of 6.0 to 7.0, 'f‘he resin bed was then washed -with
methanol and dried at room temperature. |
To a solution of the protected Gemitabine (Ta: 5.5 gm; obi;ainea m Example-2
and 3) in methanol (50 ml) was added the hydroxy ion exchanged resin as obtained
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10 di ssolved in nethanol (28 nml) and decol ourised with activated
carbon (0.7 gm. The carbon was filtered off and to the filtrate was
added Cone. hydrochloric acid (1.12 m) and the m xture cooled to 00
C and. agitated at a tenperature of 0 Cto 5 Cfor 1 hr and the
precipitated solid filtered and dried to give 0.56 gm (12.7% of the
title conpound as a white crystalline solid. HPLC anal ysi s showed
the product to be conprising of 15 95%of the (3-anqmer. nPI e-6
Puri cat i ombofe @e&ﬁcgm}abmdléld-iymmtﬁ'ﬂtmeﬁd@ a(tﬁmmﬁfawrﬁeof%‘?m‘?ttabﬁn@ or 36 hrs.

hydr ochl or. 0.5 b d gp! Rnd
D. M wat er TL géuﬁd “a {%%P%fa %‘Edﬁﬁg@soﬁml Or’{%\%gﬁg eco oééllgsegﬁgt\?\nbt o
20 acti vatraﬂzcecapfwmé &62.09m @rids) bthe dtlboompontiesad odf f . The

fiItr.ate,[Eyvas '?ed with acetic acid (45 m) and the m xture was
stirred a 83’:1‘1? enperature for 2h.-The precipitated solid was

filtered dnepatviietofpGehtlialindHydbehlovide @ih) for 5-6 hr to g| ve 0. 459m

(80% of GCenti abl ne, _hyd ochl or.ide Llib a g n u
of 99.94 % of t %“5n8 cd) g0 a’#ﬁ%ﬂ P&éﬁna‘r“cﬁrp’fﬂae fﬁseo fic§ Yvas

PERXXZ 5 31( %%séiivéd ﬂgféﬁgighbﬁ(zr?enﬂ)ﬁiﬁimﬂ%@buﬁ&df Wik abﬁsﬁ?dl y:at)baﬁrﬂ@éﬂ gtk The
nes chlorlde as t tLr

wi th aque& U’g g’]@F meﬁﬁ?%cﬁnééo(tﬂ%ﬁl%@“f%)ag%d &BB?nliYgﬁ‘g@ P‘é‘af(g Or’?ﬂ

to.3 hrs. ,ndfig nﬁl%éir@ c¥Rsd d bq éraﬁé %&Jte&&tda fehpehiade waohetkos3PaC assi Mednd

W|th dem neralised water til |Itrate/\£§3|nthe ran

6. 10 t ot Decipased selidilieredvand dinddo eHRA £ G ORpoR HFHIGFPOIR
d d |
(a6 shE R AETREAME ol b il Ry ol bRIGEEE (b6 GBSy 57

added thegf%djfw&iaﬁ@mepgchanged resin as obtained 41 above (2.25

gin) and the m xture.stirred at a tenperature of 40 Cto 45C for 36
hrs. - TheExamplke-%as filtered of f, washed with nmethanol. The filtrate

was conce lw@ #o 2.0 gin (71% of the
title corrg{gfjﬂ;%&%g an (;)’Tcln%% % B!‘!ﬁléﬁdaggre aration of Gentjtabine

Hydr oéhl ori de TH¢ Kyermtitabines hutdeochisride ndd- ‘Iﬁrgﬁl} mbsatped o cErapplert yeas
free bases il WS M water (3.5 ml) &t 55 — 60° C. The solution was decolourised with

activated carbon (50 mg) and the carbon filtered off, The filtrate was mixed with acetic
~ acid (34 ml) and the mixture was slirred 4t room temperature for 2hrs. The precipitated
solid was filtered and dried at 60-70° C under vacuum for 5-6 br to give 0.35gm (81%)
20  of Gemcitabine hydrochloride (IIb) having an anomeric’ puﬁty of 99.94 % of the B-
p anomer. ' '
:\D Example-10
Preparation of 2-Deoxy-2, 2-diffuoro-3, 5-dibenzoate-5- ﬂuoro undme hydrochloride

L

h

. salt.

25 5-Fluorouracil (5 gm; 0.038 mol was heated with hexamethyldisilazane
- (13.77gm; 0.085mol) and catalytic amount (0.50- mf) of methanesulfonic acid in
acetonitrile (15ml) at 110-120° C for 5-6 hrs to get a clear solution. The reaction
mixture was concentrated under reduced preésure to give a gummy mass which was
heated to' 60° C and mixed with a solution of 2‘;Deow-zl,zl'-diﬂubro-S,S-
30 bisbenzoyloxy-D-ribose trichloroacetimidate (Ta; 6.70 gm; 0.013mol) in acefonitrile.
(5 ml), followed by addition of trimethylsilyl trifluoromethane sulphonate (7.12 g

-0.03 mol). The reaction mixture was heated under agitation at 90°C for 10hrs,
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di ssolved in nethanol (20 m ) and decol ourised with activated carbon
(0.35 gm. The <carbon was filtered off and to the filtrate was added
Cone. hydr-ochloric acid (1.0 mM) and the m xture cooled to 0O C and
agitated at a tenperature of 0 Cto 5 Cfor 1 hr and 10 the

precipitated solid filtered and dried to give 0.43 gm (18.9% of the
title conpound as a white crystalline solid. HPLC anal ysis showed

the product to be conprising of 95%of the O-anoner, Exanple-9
Purification of Comeirtcadtiohenblysicofhlt pbidd @tb@mbﬁuf&hdic&:meﬁdanmend water

hydrochl ori de_(0. 43 m obt ai ned from Exanpl e- 8 dis ved, i
water (3.5 m} 6%@55 D). 6Ber crae 2bishr Vot HRRAED Qﬂdoﬁ%sg“é‘%i W‘?hg% Psblium

activated caphafhdna@ sﬁﬁshoﬁ,nﬁa%ebsa& )ﬂi&%&%érhﬁeﬁ i®givelsiag 4 P0d%) bf @isite solid.

was mxed with acetic acid he m xture vvas stirred at
r oom t enper atGiremstography ef thws@hé oaer siliengd @sing ¢ migtura oF il greiateng hexane

dried at £0- ¢0CMRdess g&ﬁqyy é)%ftﬁeﬁe@ﬁas%@ﬂgj ve 0.35gm (81% 20 of

CGenti t abi ne hydrochl oride havi ng an anoneric purit

of the 13- andrdvR MI@- 1&959;@@@&4“68 4.91 (dd dd, 21YI, H-S) 579 (dd 1H,

Sul 1085 R L B D BRI e heaed with o o 9
hexanet hyl di Siths mmm 0. 085npl") and catal yti c anount (0 50.

m ) of .met hanesul nlca din_acetonitrile (15ml) at 110-1
5 6 hrs to get a Thessmael G isrbenrayl P‘QE&FY%W%‘%&R GPRVSRES™ F S utgtbteoted

ent rgf ediHadRk. HRAUGRSNEE 8DSHE %y‘afbrﬁlo‘fﬁeasaﬂuﬁﬂé’ effeSed\Wid gler Was methods
he ed to 60 C and m xed with a solution of

21, 21- di f | uofescEbs! BoExinapien 4y g@s@Z@qumo%%dtﬂmmrﬁér@é%%qﬂttﬁ-éé@m uridine.
(la; 6.70 gm n Nl D% oyed by addition

of trinmethyl sjfuﬂ- %]t%r@ef%aﬁéroﬁ%%ﬁgk k“*g’honac‘/m ’}he@% -0.03 nol).

The reactlonEmmprH was heated under agitation at 90C for 10hrs. 42

The reaction xture our e to a ure dIC i orq tha

wnter (100" nPrergrn Gy e D S e AR fHoride
W th. 5%ssodi um bicarbonate sol ution, wager and then evaporat ed to

give 6.28 g (100% of a white solid. Chrommatography of t
over silica gel gﬁh’gﬁ%ﬁﬁ@%ﬁur@ 15 &038 medear deaivd Wé%ﬂgxamethdldlsﬂazane

{6.308 gm; 0.039mol) and catalytw amount (0.50) of methanesulfonic at 110- 120° C for
5 to 6hrs to get a clear solution. The temperature was brought down to 50° C and the
sﬂylated mass mixed with a solution of zi-Deoxy-él,zl—diﬂuoro-3,5~bisbenzoy10xy—D--
20 ribose ftrichloroacetimidate (Ta; 6.70 gm; 0.013mol) in acetonitrile (7 mi), followed
\D by addition of trimethylsilyl triftuoromethane sulphonate (7.12 gm; 0.03 mol). The
reaction mixture was heated under agitation at 90° C for 10hrs. '
The reaction mixture was poured in to a mixture dichloromethane and watey
(300 ml; 1;:1). The organic phase was separated and washed with 5% sodium
25  bicarbonate solution, water and then evaporated to give 6.0" g of a white solid.
Chromatography of the solid over silica gel using a mixture of ethyl acetate and hexane
(1:1) gave 2,0 gm (31.8%) of the free base.
'H NMR (CDCL, 8) : 4.56 (a, 1H, H-4"), 4.73, 4.78 (dd, dd, 2H, H-5"), 5.79 (dd, 1,
H-3"), 6.63 (q, 1H, H-1%), 8.09 (d, 15, H-6)
30  Mass: Spectrum : 488 '
The removal of the benzayl protective group and conversion of the uuprotected
* fiee base thus obtained to its hydrochloride salt was effected as per the methods
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5 (1:1) gave 3.25 gm (51.7% of the free base (hha) 'H NWVR (CDCl3, 6)
: 4.59 (g, iH H4), 4.68, 4.91 (dd, dd, 2H, H5"), 5.79 (dd, 19
H3), 6.52 (q, 1H, H1"'), 8.06 (d, 1H, H6) Mass Spectrum (M): 489
The renoval bf the benzoyl protective group and conversion of the
unprotected 10 free base thus obtained to its hydrochloride salt was
effected as per the nethods described in Exanples 4-9 gave

2- Deoxy- 2, 2-difl. -3..5-di ben 5 OF D 44T lodd-B & -di b @uod® uridi
salt in an a(ralggﬁ%??%%b%%lé?gﬂeg? n%%?/ﬁkg? ﬁ?idgs} %?gﬁ%ﬂr?g? ?’ E?(Jg&ngdea?éill HoRE HHAe
Prepar ati on afdroBelonie &l2indWanomescpudibeitifdaotths fF4ngora. cyti di ne

hydrochl ori e 15 S?H 5- Fl uorocytosine (5 gm 0.038 nol) was heated
w t h hexanet %‘}FW&" 4zane (6.308 gm 0.039npl) and catal ytic anmount
(0.50) of nerhapesitd §Y-Dedly-3 2074603, 5-benbodie5ahyaidine lyeoahlatidasall
sol ution._ The en&era_ure was brought) down tq 5%910 andhtpde i (15.2 g
silylated mass ni XEERHe HS 258090 18R g¥as heated with héxamethyldisilazane (15.2 gm;
2' - Deoxy-2', g'gof ini&ly&icpca%algﬁ@hﬁlbaﬁ@gﬁ oPn2fethiitlechloride in acetonitrile (20
trichloroaceti m date 9@? . 70 gm .013nol) in aqetoil%triletm({g n i-

fol lowed bymidas 18267 G femdtthyrsite yget t& FIepy sPI8HA- nLhe *58F H&’E‘i}e was
(7.12 gm 0. : i ' : AR wagirédisobied in
at 90 C for gé:&g%%teq_ﬁg&rreré%%grﬁ Eqss%%{ro;gl ge/ag%gouregﬁigsnw%&gﬂg mxture ., ,
di chl or onet hiesh aetbniteieefi0 n0).000 B solution wasthenrdgtediacsobpigreofg sDeoxy-2,2 -
separ at ed, and. washed ,wi.t h 5% sodj um 25 -bi,car ho U . i
afidy t hen"eva Bfoég’g‘fdebﬁf’W {%".:YG ﬁr’g?f’seaﬁﬂgff@% aé’%ﬁ?ig&eg% g} rrg%c?)%’r ‘?{%ﬁ‘{%@ "
the solid ovadershirils @1 00Rl), Bsllovgedbyritiinethylsily] eiffupkometbsmt sulphonateGAE gy

1:1 2.0 31,8% of the f ' H NVR,. .. 4.56
(o 1171 2005y $he toption bseervon R updpr laygn (g0 C for She

_|I'_’;]3' ), 6. 6|3 T%ﬂa re%il?ki%d'h 'i}}tufe8w939fvb1§bed|ihlb al'dnﬁiurégid}mﬁameﬁ@ﬁ_ etalntlm.izﬁeﬂm(l mf;
e renmoval of the benzoyl protective group,and, conversjon of the’

unpr ot ect ed 1:f}eEhg Dsganity phagshFeisnaaparaseqd pad WB‘SHY’BEH%% §‘¥J“Pm\/\g’§mh°mw
eff ectedsas Poludd BRgSherd BvalSsiafeub@dgive G| FSa dwBit@dvEd, which was
2- Deoxy- 2, Z%f&u%f%ﬁgﬁ o-di b%_nzgaa%tge-_S-l I u.%lro uriago%)ne hydrochl ori de .
salt in.an ashoemaiographed oyersilicaasy vsing henixBuraabyhyl acetate and hexane.

Mass Spectrum : 485
The removal of the benzoyl! protective group and conversion of the unprotected
free base thus obtained' to its hydrochloride salt was effected as per, the methods
20 described in Examples 4-9 gave 2-Deoxy-2,2-difluoro-3,5-dibenzoate-5-fluoro uridine
hydrocﬁloride salt in an anomeric purity of 70% of the B-anomer. )
O Example-13
Preparation of 2-Deoxy-2, 2—dg’ﬂuoro—3,-5-dibenzoatef-uridine hydrochloride salt
_ Uracil (5 gm; 0.044 mol) was heated with hexamethyldisilazane (76.8. gm; 0.47
25 .niol) and of trimethylsilyl chloride (40 ml) at 135-140° C for 5-6 hrs to. get a clear
solution. The reaction mixture was concentrated under reduced pressure to givé ‘a
gummy mass, which was redissolved in fresh acetonitrile (20 mi), To the'solution was
then added a Tsolution of 2'-Deoxy-2',2"-difluoro-3,5-bisbenzoyloxy-D-ribose
trichloroacetimidate (fa; 7.5 gm; 0.0143 mol) in acetonitrile (50 ml), followed by
30  trimethylsily! triffluoromethane sulphonate (10.43 ém; 0.047 mol). The reaction mixture
was heated under agitation at 90°C for 10hrs, |
, The reaction mixture was poured in to a mixiure dichloromethane and water
(100 ml; 1:1). The organic phase was separated and washed w}gith 5% sodium
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Exanpl e- 12 Preparati on of 2 .
Deoxy- 2, 2-d(uor o- 3, 5- dirbenzoat e- 5- thynldlne hydrochl oride salt 5
Thymne (5 gm 0.04 nol) was heated w th hexanet hyl disilazane (15.2
gm 0.094 nol) and catalytic amount (0.5 nl) of trinethylsilyl
chlori.de in acetonitrile (20 m) at 110-120 C for 5-6 hrs to get a
cl ear solution. The reaction m xture was concentrated under reduced
pressure to %lve a mass which was redi ssolved in. fresh

acetonitrile {C@.@Oﬁﬂy solpgonnwatsskd fhsh SHAESTERE fo aafeéﬁ gosef ywhite sglid, which
21- Deoxy- 21, 24,
tri chIO)c())r/oacetl mcggjtjllégt%%t% Qeﬁ%%rghﬁg%gﬁ%}%ﬁ %éul n acet cl)r?ﬁtﬁel and(L‘Eie(j)mne

n), foll owelasySpacimret T sﬂﬁ?ﬁ trifluoronethane sul phonate (7.37 gm
0.033 nmol). The r ctlo d un t

Por Shrs. The reachs Iyl bl P GrndBhanp bt P08 Pl BiOR of tne’dhgroteotec
di chl or orfet hee basedﬂmat@‘tmﬁé@&orﬁb; hydrothloridb ealorganieffepthd e pas the methods
separated an ed 5% sodi u car hgn 1 utio

and t hen evalBrAR R RIS ¢ 0B G BEERI Bk g R0 uridine
chr omat ogr apieslo @ idehitiif 8n 88bmbiSE ﬁ&n?dfmwéﬁh@ts-@iomék acetate and
hexane. Mass Spectrum: 485 The renpval of the benzoyl protective

group and conversion of the unprotected free base thus obtained to

its hydrochloride salt was effected as per, the methods 20 descri bed

|n Exampl es 4-9 gave 2-Deoxy- 2, 2-difl uoro- 3, 5-di benzoate-5-fluoro

ufidi ne 10hydrochl oride salt in an anomeric purity of 70% of the
J3<anomer. J Exanpl e-13 Preparation of 2 Deoxy-2, 2-d

j 7uor o- 3, 5-di benzoat e-uri di ne hydrochloride salt Uracil (5 gm 0.044
nmol ) was heated wi th hexaniethyl disilazane (76.8. gm 0.47 25 nol)

and of trinethylsilyl chloride (40 m) at 135-140 C for 5-6 hrs to.

get a clear solution. The reaction m xture was concentrated under
reduced pressure to give '"a gunmy nass, which was redissolved in

fresh acetonitrile (20 mM). To the' solution was then added a

sol uti of® of 21- Deoxy- 21, 21-di f | uor o- 3, 5- bi sbenzoyl oxy- D-ri bose
trichloroacetimdate (la; 7.5 gm 0.0143 nol) in acetonitrile (50

nil), followed by :30 trinmethylsilyl trifluoronethane sul phonate

(10.43 gm 0.047 nol). The reaction mxture was heated under

agitation at 90C for 10hrs. The reaction m xture was poured in to a

m xture di chl oronet hane and water (100 m; 1:1). The organi c phase

was separated and washed with 5% sodi um

20

25

30
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44 bi carbonate solution, water and then evaporated to give 6.5 gm of
a white solid, which was cbromatographed over silica gel using a

m xture of ethyl
of the benzoyl protective group and conversion of the

free base thus obtained to its hydrochl oride salt was
8 met hods  described in Exanpl es 4-9 gave

r enoval
unpr ot ect ed
effected as

acetate and hexane. Mass Spectrum M3 : 472.5 The

2- Deoxy- 2, 2-di f | U gordpoemelidreha@at eno-fl uoro uridiae hydrochloride

sal t

in an anonerie purity of 65% of the (3-anomer. 10 Is 20 25

30 45 W Caim1l. A conpound of formula (1), ONH PO'r (1) PCCL F
wherein P is hydrogen or a hygjoxy’é)rot e%tg: ve group 5 2. A conpound
s ) .

of formula (1) accordp t

n the protective group, P

is selected fromanyone of fomyy/l, 2-dhioroacetyl, benzyl, &

di phenyl net hyl ,
tertiary butyl,

tri pheny} |, 4- @y obenzyl, phenoxycarbonyl ,
-met hoxynet hylg tetyrahydropyranyl, allyl,

t et rahydrot hi enyl, 2-nmethhoxethoxy nethyl, nethoxy acetyl, phenoxy

acetyl,

trinmethylsilyl,

trii I silyla, | o]l
riisoprepylssilyl. p&sa%wgéﬁhﬁgt%;agéﬁ@gﬁ& c

preparation of conpound of f

i sobutyryl

et hoxy carbonyl, benzyl oxy 10 carbonyl, nesyl,
| BEEEIR/IS Tidreganydre iydroxymeeleylivi grovpr opyl silyi
A, e B! 55D Bloup,

conprises. reac

| act ol conpound oJf if edlegiech fonypny@de of formyl, 2-chloroacetyl, benzyl, diphenylmethyl,

T,

D

10

i5

25

triphenyl  methyl, 4-nitrobenzyl, phencxycarbonyl, - tertiary  butyl,
-methoxymethyl, tetyrahydropyranyl, allyl, tetrahydrothienyl, 2-methoxethoxy
methyl, methoxy acetyl, phenoxy acetyl, isobutyryl, ethoxy ca{bonyl, benzyloxy
carbonyl, mesyl, trimethylsilyl, isopropy! dimethylsilyl, methyldiisopropy! silyl,
triisopropyl silyl, or tertiary butyldimethy! silyl,

A process for preparation of compound of formula (I) which comprises réacting a

lactol compound of formula (IV),

0 OH
PO
W -' (IV)
P -
R ' :
wherein P is as defined hereinbefore with trichloroacetonitrile in an inert
organic solvent and in the presence of a base,” )

A process as.claimed in claim 3, whereln the organic solvent is selected from
halogenated hydrocarbons, acetic acid (C1.4) alkyl esters, ethers.and aromatic
hydrocarbons. |

A process as claimed in claim 3 or 4, wherein the inert organic organic solvent
is selected from dichloromethane 1,2-dicbloroethane, ethyl acefate,

diisopropylether or toluene;

A process as claimed in any one of claims 3 to 5, wherein the base is selected

from diethylamine, tristhylamine, diisopropylethylamine, cyclohexylamine,
pyridine, 2,4-dimethylamino pyridine, and N~methyl morpholine
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POP W ~ P 15 wherel n Pis as. defl ned herei nbefore with

tr| chl oroacetonitrile in an inert organl c solvent and in the
presence of a base, C: A process as claimed in claim3, wherein the
organi c solvent is selected from hal ogenated hydrocarbons, acetic

acid (CG.4) al kyI esters, ethers.and aromatic h drocarbons 20 5. A
process as clai médprpesstisaiaimed i pnysone ph elaidisi te favhieprit the 5785 4 eplgydani ¢

solvent is sel e%‘eaiaawco Lﬁl.h@zaﬂeriarm&aa@ep&m%s@afqhb@rﬂeremﬂemo&tml

acet at e, dllsopropylet er or tolu rocess_as clainmed in any

one of clains 3 P@“@"“U\ﬁ%@@?“ﬁa@%mﬁgﬁ"’e’%?%@B’EE?‘E‘E}“%rom

di et hyl ani neg tr meﬁrhaébﬁd:flcmﬁneddﬂ&@pfnepyblﬁmylaﬁm nﬁu;ereﬁymbmuezgdtmhe

25 pyridi 2, 4- d| am.no phel

7.-" A pr cess as cef"?ﬁ %‘WGHHI%VP§°%°$?“SC ar :jri%{\l\isccfmc?o dorV\%Ih%(gerel n&O

base is enpl oyedin mnlacampdrydmscafle@]m xmlealpemole nf mnipannqotrfcfpmulam of
to 3 nol es per

cat al yti c anount gpe?eggbhpm rocgggbu;gmgl ai neghllg ?imaéﬁye{)ﬁgfeo fecroﬁlg’loxnd J%lfqand

7, wherein tri chtf@'nmh({t\f)onl trile 5 is enployed in equinolar

proportions 4o t h?\ L%gés 88%9%%1&0&13 #leBthds G v@{erexd ﬂxe@i@'ﬁﬁn is

proportions of | | 'e of conpound of orqua( V), .

preferabldy in mpwlee@%pmtﬁmmﬁ@uremtheraegqeﬂbpwmﬂé’ &2t e of

conpound  of of or %h@weﬁsk&/&tﬁe % céyﬁﬁ&?ﬁ%@es@ﬁar Clephrams df%réﬂf&y 11RAS99] -

clainms 3 an erein t ryeactlo i's carried out at a

stepper at ur e |n ' t lgerichethepemer ofigameitabine hndr@h!qwdzfv@aﬂ@, A

st'ereosel ective glycosylation process for preparation of greater than
99% (3- enriched anoner of geneitabine hydrochloride fornula (11b),

NH2 HC1 p (I1b)

Hz * HCI

(1Ib)
ST, .
e comprising the steps of .
J5 a) glycosylating a compound of formula (1),
o 0 NH '
PO
F Y (L
- P CC|3
F
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O HH d-7" conprising the steps of 15 a) glycosylating a conpound of
formula (1), PO//\ o NH(Y a Y (T) F CC1l3 F 47 wherein P-is as
defi ned herei nbefore with cytosine of fornula (VvVa) or (Vb), N M
(va) OH NBR4 (Vb) RSO N wherein R4 is a nitrogen protective group
and R5 is a hydroxy protective group in the presence of an inert
organi ¢ sol vent &aidrap® ©aakiénddhetdich e YEACEyt6dinaof forinei 3/apor (Vh),
catalyst to protected gentitabine free base of fornula (Ha), NHR4
(Ha) PO~ P F wherein P and R4 arerm$ defined hereinbefore; 48 b)
removing said protective groups by treating said conpound of fornula

(Ha) with aqueous amonia in the-presence of a Cl-3 alcohol a or with
r@ resins to give the (8enriched

hydr oxy i on exchanged ani on ex
anoner of gentitabiae free basg

(Vb)

wherein R* is a nitrogen protective group and R’ is a hydroxy protective group

in the presence of an inert organic solvent and optienally in the presence of a

3 Lewis acid catalyst to protected gemcitabine free base of formula (fla),
NHRA .
N
7
(Tla)

A
P 0/3 \
B
LV
P F

wherein P and R* are as defined hereinbefore;
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NH2 O (1lc) OJ x F \ 13 5 c) contacting the gentitabine free base

of fornmula (ito) thus obtained with hydrogen chloride in a Cl-3

al cohol to give the n-enriched anoner of gentitabine hydrochloride

of formula (lib) in - 95% preferably > 95% purity ; and d)

optionally furth%§ enri chi ng Q 3- anoner cggtent of emzltabln%f
hydrochl ori de of °f or TP VS BAC 8 ﬁ?%"&t%‘Puff% u58Ypg [P phapound of formula
crystallization frontma)mhuﬁﬁedﬁs Anifdeid iRkhPPakdeeUrOAT; § Aebltbl anek with *
water. 11. A process. as clained cl.ai'm 10, mhereln t he nltggg‘f
protective group R4. 35%&10’{1’%’1@‘&}1%%? f G SFREORR TETRD Saneiee -enriched
formila (Va) and (Vbinh& FeebitaBhe abe haklrksiyh ard® 12. A process

as claimed in claim10 or 1f, wherein-the inert organic solvent is

sel ected fromacetonitrile:, toluene,ngtyl ene and its isoners,

chl or obenzene, or t ho- di chi or obenzen di chl or onet hane,

1,1 -dichl oroethane, 1,2- dichloroet 1,1,2-trich..oroet hane, and

ani sole. 13. A process as clai ned one of clains 10 to 12,

wherein the Lewis acid 20 catalys el ected fromtin

tetrachloride, trimethylsilyltp onet hanesul phonat e,

trinmethylsilyl nonafluorobutyl sul pbyuate, tritethylsilyl

perchloratc, borontrifluoride diethyletherate, and trinig@khyl silyl
tetrafl uoroborate. 49 14. A process as clained in any one of clains

10 to 13, wherein the cytosine conmpgunds (Va) and (Vb) are enpl oyed
i;finymol ar proportions of | to 20 A®les per nole of conpound of

formula (1). 15. A proces3i(h i
wherein the Cl.3 al cohol is

5 ' c) coniacting the gemcitabine free base of formula (Ilc) thus obtained with

hydrogen chloride in a Cy.3 alcohol to give the B-enriched anomer of

gemeitabine hydrochloride of formula (IIb) in = 95%, preferably = 95%

purity ; and
o) optionally further enriching the [B-anomer content of gemcitabine
10 hydrochloride of formuwla (IIb) to greater than 99% through

crystallization from a mixture of a Co5 aliphatic organic acid and water.

1. A process as claimed in claim 10, wherein the nitrogen protective group R* and

) , the hydroxyl group R’ in compounds of formula (Va) and (Vb) are acetyl or
trialkylsilyl, .

15 12, A pr'ocess as claimed in claim 10 or 11, wherein the inert organic solvent is

selected from acetonitrile, toluene, xylene and its isomers, chlorobenzene,

ortho-dichlorobenzene, dichloromethane, 1,1-dichloroethane, 1,2-
dichloroethaune, 1,1,2-trich oroethane, and anisole.' ,
13, A. process as claimed in any one of claims 10 to 12, wherein the Lewis acid
26 catalyst is selected from tin tetrachloride,
timethylsilyftriftuoromethanesulphonate, : trimethylsilyl

nonafluorobutylsulphonate,  trimethylsilyl  perchlorate,  borontrifluoride
diethyletherate, and trimethylsily! tetrafluoroborate. '
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5 sel ected from net hanol, ethanol, 1-propanol or 2-propanol.-16. A-- -
process as clainmed in any one of clainms 10 to 15, wherein the

deprotection of protective groups, P, R4, and R5 conprises treatnent
of conpound of formula (I11a) with aqueous ammonia in the presence of

a C1_3 al cohod, }SAg@*obé@da@HIahﬁéd @ abPreRRr ot biraﬁnpﬁlob@t !\%eﬁrhaﬁhi € citesine
a tenperature of about 60 C. 10 17. A process, as aimed jn any o

of claims 10 to 1¥ERFBAE ahaﬂdoﬁ’béﬁ%%m@eyec}f@sw%ﬁfsmapg@PBﬁag {4240 motes
ani on exchange 1 esRucid 8f cAmpPb@eE&Soasugl@l med in any one of clains

10 to 17, wherein the strong base anion exchange resin is selecte .
from Anber | it reSiPRRcestghelagnebasygue of iy 1%1‘»9 IepRGErees ?“-\e#gwg?gohoi 18

G, FPA98 O, |RAARR 4RA40%nG0L d@Rghol RALBanctr Elproddhol A process as

clainmed in any one of clains 10 to 13, wherein C2.3 aljphatic . ‘
organi ¢ aci did-s ad@reeEsney daisedingy sye ot sieimas 19 i 15, ghergyy thggeprotection of

protective groups, P, RY, and R’ comprises treatment of compound of formula
(IIz) with aqueous ammonia in the presence of a Cia alcohol is carried out at a
temaperature of bétween ambient to a temperature of about 60°C.
10 17. A process as claimed in any one of claims 10 to 16, wherein anion exchang:
resin is a strong base anion exchange resin. ' )
18. A process as claimed in any one of claims 10 to 17, wherein the strong base
anion exchange resin is selected from Amberlite resins such as FPA40 Cl,
FPA90 Cl, FPA91 Ci, FPA97 Cl, FPA98 Cl, IRA 400, IRA402 CI, and JRA410

15 Cl.
19. A process as claimed in any one of claims 10 to 13, wherein C;5 aliphatic

organic acid is acetic acid or propionic acid.
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