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first disclosed by Hertel ef 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 an useful antiviral
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al kyl - 3-di oxol anyl -2, 2-di f | uor o- 3- hydr oxypr opi onat e
(1) to give a lactone (El), which after suitable
w@e@beeasion of the hydroxyl groups is reduced POI/DN2065/000322
the protected 21- deoxy””-difluororibose of fornula

(1'V). The free hydroxy group of conpound (I1V) thus
obtained is converted to a suitable derivative (2), in
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remove?l on%lsby 9onn%crt Wi ﬁx hﬁ&ﬁéﬁ@%&ﬂf ®he reduction of the keto function of
lactone (IIT) to the hydroxy compound (IV) is achieved using reducing agents such as
diisobutyl aiuminium hydride, lithium aluminium hydride, etc.

The suitable leaving groups of compound (IV) for reaction with the base are
those normally employed in organic synthesis such as methanesulfonyl, acetate, halo
etc.

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
ahd reducing agents like diisobutyl aluminium hydride, lithium aluminium hydride,
which, moreover, are hazardous, requiring special handling care, thereby increasing the
cost and risk of manufacture.

Further, the lactone of formula (III), by virtue of having a chiral center is
obtained as a mixture of erythro and threo enantiomers, of which the former one is
preferred since it is the biologically more active one and provides a carbohydrate
having the stereochemistry of naturally occurring ribose. More often than not, recourse

to tedious and expensive chromatography procedures are taken to separate the said

enantiomers.
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F P i) Reaction with base, R F
H ° ii) Deprotection -~ P
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L =Leaving Group

Synthesis of 21-deoxy-21,21-D-ribofuranosyl difluoronucleosides (IT) as-described in US 4,526,988; US 4,692,434;

and US 4,808,614
10

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

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

i) Chou et al. in US Patent No. 4,965,374 disclose a method for prepafation of the

erythro enatiomer of a lactone compound of formula (III), wherein the hydroxy
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1) Chou et al. in US Patent No. 4,965,374 disclose a
nmet hod for preparation of the erythro enationer of a

wo awbovsogonpound of formula (111), wherei n t hBCT/IN2005/000322

hydr oxyprotective group, P is benzoyl in greater than
95% purity conprising dissolution of a m xture of
erythro and threo enantioners in nethylene chloride,
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100 C, followed by addition”of” acetone to the sol ution
and collecting the said precipitated b-anomer of 80%

ypurity afCleu eeablii U§ Radsent Nox5228,608 téRdimetAdY forloPtadilng the

C. HS Pat ent, No.. 5,223,608 also recites a nmethod for )
enr PcaiomsT of gemgiabine bydrpchierideel fermaule §Bbher the corresponding

hyd I . . 0 | a I R)onpf _the. correspondi .
nyciogiesRiide st in Ty D bauE R0l ceiGishik e SRgS ehdtsolving o
mat ari alixtofe S0 pud BlanoaRrsoRt whteLdt BYerhfRature of about 50° C to
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ut i 1P9} qgfallewed Myerddisionfaf agetonn tarthesolitiowsndgobentingothe said
5, 2%§ecﬁ9&tgdaﬁ-tagc§£erd3f¥d%) %ﬁﬁtya aﬁ‘esrt Qo% mg e r%?}gtgriencio na%o&t_ -10° C
to 50° C. _

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
obtained by the abovementioned method to repeated purification utilizing the
same purification method.

US Patent No. 5,223,608 further discloses a method for obtaining P-
anomer enriched gemcitabine hydrochloride of formula (IIb) or the
corresponding hydrobromide salt in a purity of 99% comprising the steps of
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-qnomer of the free of 99% purity after
cooling the mixture to about -10° C to 30° C. The free base thus obtained is
subjected to the same crystallization method in the presence of hydrogen
chloride or hydrogen bromide to afford the desired gemcitabine hydrochloride
of formula (IIb) or the corresponding hydrobromide salt in an anomeric purity
of about 99% of the B-anomer,
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described in US 5,223,608

5 The methods disclosed in US Patent No. 5,223,608, however, suffer from a
disadvantage in that repeated crystallization sfeps 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-enriched anomer of compound of formula (2), wherein the
leaving group L is selected from an arylsulfonate or substituted arylsulfonate
comprising contacting the lactol of formula (IV) with a sulfonating reagent in an

inert solvent in the presence of an acid scavenger.

’ o)
OH O L
PO - Sulfonating reagent; Inert organic solvent  pQy
F.
>
P ’ . Acid Scavenger P
F F

aw ) @

P = Hydroxy Protective L = (substituted) Aryl sulfonate
Group

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

15 iv)  Chouefal in US Patent No. 5,256,797 further describe a method for separation
of a mixture of - and B-anomers of compound of formula (2), wherein the

leaving group L is selected from an alkylsulfonate or substituted alkylsulfonate



10

15

20

25

described in US 5,223,608 The net hods disclosed in US
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only increasing the | ength but also the cost of
manufacture. iii) Chou et al. hi US Patent No.
5,252, 756 di sclose a stereosel ecti.ve process f.or .
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f of i hdHikZ k. colRRERbRehth Soll R D 1R the itemPeraRié @6l effect
froman aryl sul fonate or substituted aryl sulfonate
c osgparation gf thertvacmantiomere. | actol of fornula (1V) with
a sulfonating reagent hi an inert solvent in the
presence of an acid scavenger. Sul fonating reagent;
I nert organic solvent Acid Scavenger (JV) (2) P =
PQt ecive L = (substituted) Aryl sulfonate
I S iyobissBiefion in RHQITRIlveR BiidetBAibg | Nt el;lg%gi at.ehed
' . . Al .
S o SRR Bl 8, 202, 1O Y e
nmet hod for Fsepar“é?tq(’%‘i’?gof a mxture of a- and b-anoners
of conmpo@®d of fornula (2), wherein the |eaving group
L =isbsaele® QigButfoiam an al kyl sul fonate or substituted
Akt Vit 60aie &@Bati Si ng contacting the anoneric
m Xt uneonwist h a sol vent, heating the m xture and addi ng

a c Q@Qhﬁ&ﬁ &Ohglﬁ{ui\d B&Q lulogl@ﬁ Qf Imémlxe@iﬁﬁrdoﬂgmﬁ\m @) as described
tenpérature to eff

.€ ation of the two
enanti oners. Al phd“ﬁ%%?sggg{]ri ched

V) Chou et al. in US Patent No. 5,256,798 disclose a method for preparation of a

o-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

temperatures in an inert solvent.

0 L
PO i) Source of conjugate anion of sulfonic-acid .
F i) Elovated 4 . Alpha enriched
P 11) evated temperature L Anomer
F iii) Inert solvent .
@

L = (substituted) Alkyl/Arylsulfonate
Beta-enriched anomer

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

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

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

6
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Anoner (2) L = (substituted) Al kylsulfonate Anoneric
M xture of Al pha and Beta Anoners Separation of Al pha

wapaeBeases anoners of | nternedi ate Conpound (2)PEEIN2005/000322

vii)

described in US 5, 256, 797 Chou et al. in US Patent No.
5,256, 798 di scl ose a nethod for preparation of a
a- anoner enriched anomsr of conpound (2), wherein the

b aitb Bndie g atia abP BRH R HEn O ERRT A lehst 3
W' ho1# Qi%ﬁﬁtsQi‘f aB RN/ HERbRy AR &edHasd I@LHtfth‘&dQ@rh rafures

| evat e eratures In an inert solvent. \
So of bemen d@(rh | G4l 60’36 ivrthe pbseore ofia éatabris@fqﬂowed' by removal

B, ST Mo SRS TR VBB 7oy

Al ks bY B sTiah o2 dEhBed iRk 6 effoAREAEIT). Pr epar at i on
of Al pha enriched anonersof |ntermnedi ate Conpound (2)
as described in US 5,256, 798

PO F,

PO i) Base R, >3.0 molar equivalents

ii) Elevated Temperature
iii) Deprotection PO L
F
()
@ )
B iched
L= Sulfonyloxy group A;ts nf::;lc e
Mixture of Alpha and Beta
Anomers

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

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
temperatures for carrying out the reaction. "

Chou et al in US Patent No. 5,401,861 describes a method for producing an o-
enriched anomer of tﬁe intermediate compound (2), wherein the leaving group
is a sulfonoyloxy group comprising treating a solution of a mixture of ai-and -
anomers of the the lactol compound (IV) with an amine base at very low
temperature and adding 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

sepatation of the a- and - anomers.



) Chou et al. in US Patent No. 5,371,210 and US
5,401, 838 descri be a stereosel ective fusion
w@bkopengsh@t i on process for preparation of b-anp@EIN2065/000322
21- deoxy””-D-ri bof uranosyl difl uoronucl eosi des of
formula (I11), wherein Rand P are as defined
her ei nbefore conprising reacting a
di fl uorocarbohydrate of fornula (2), wherein L is an
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t he @bsence
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MiRiaRQE AlpEL MBetaPr Ot ecti ve groups to gilve SelfesoioxpQGoner
of 2i5aedy- 21, 21-D-ri bof uranosyl difl U%Flaléﬁﬁ&l@cﬁi des
of formula (I1). Beta enriched L= Sul f onylAnomegr oup

An r Xt ur, f _Al.pha and a Anoners Prepration of
Be?gggﬁg%aﬁﬁéﬁgﬁgﬁ%?§95?ma% hﬁﬂéﬁvg?mggmgg cribed in
US 5, 371, 2iviespthe¢ja U5 S4%301 838 The met hod, however,
is lengthy since it involves protection and
deprotection of functional groups; requires |arge
excess of the base R and, noreover, is not highly

viii) suBtittbh ez &bin USIRuesnt Nal. 520,266 disuloge 8ippecess forra@emefigiag an

el evated t eratures faor carrying out the reaction )
vi PyRNeRsT ng%?%\maai (D @Ethﬂdi-éwﬁmqn%y tepaiyoent ggth abwdrexide base in

negﬂ] 'Qrsoﬂrreﬁfj&c\ji&gvg%glz)' enri ched anomer of the

i nter I'at e conpoun wherein the | eaving group
is a sul fonoyl oxy group conprising treating a solution

—*

of a mxt 0a- b- 0 R
H F, i) Organic solvent ~ H E
5 ii) Hydroxide Base\ H
F < F
an a
Alpha enriched Beta enriched -
Anomer Anomer

Preparation of Beta enriched anomersof Compound (1) 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,
would require further crystallization(s) to obtain the B-anomer of at least 99%
purity.

ix)  Jones in US Patent No. 5,424,416 discloses a process for preparation of a f-
enriched anomer of compound (IT) comprising the steps of contacting a solution
of the lactol of formula (IV) with a base at a temperature in the raﬁge of ‘—-400 C
to -120° C, followed by addition of a sulfonating reagent to produce an o-
enriched anomer of formula (2), wherein L is a ﬂuoroalkylsulfonoyloxf or
fluoroarylsulfonoyloxy group. The compound (2) thus obtained is reacted with a

conjugate anion of a sulfonic acid to give the corresponding B-enriched anomer
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Hofermmeia (IH)he product obt al ned cont ains an anoneric
ratio of the a- and b- anoners in a ratio ranging

bet ween 62:38 to 97:3, which needless to nention,
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b- anoner of at |east 99% purity i Xx) Jones in US

PO .OHS 424, 416 discl Locess for
i o G° §"°Bt enr |P8hed aRo oT1)
co di n oD Res e temperatysg, con; ng a%ﬁq"‘lff’tai‘“bn of the

| act oII of f‘ﬁ)rsﬁfﬁtl“a“g(et‘gt’/)‘ Wi th a, base at a terrperatur ]
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Mixtare S Mbtb @id8étd Ng r eagent to pro enri ched Gmup
obfnomgs mul a (2), wherein L i slplaenbthmroal kyl sul fonoylmaynnched
or omer Anomer

fo to 120°C
o} 0 L
H R PO
F, P i) Nucleobase, R F
H Y §)23101700C P b

(1D ¥ iit) Deprotection 2)

L = alkyl/arylSulfonyloxy

Beta enriched Group
Anomer ' Alpha enriched
Anomer

Preparation of Beta enriched anomer of Compound (I) as described
in US 5,424,416

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

X) Kjell in US Patent No.5,426,183 describes a catalytic stereoselective process for
preparation of o- and B- enriched anomers of 2'-deoxy-2',2'-D-ribofuranosyl
difluoronucleosides of formula (II), wherein R and P are as defined hereinbefore
comprising reacting a difluorocarbohydrate of formula (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 temperatures of between 50° C to 100° C, in the
presence of a catalyst selected from potassium/barium/cesium trialkyl

9



10

fl uoroaryl sul fonoyl oxy group. The conmpound (2) thus
obtained is reacted with a conjugate anion of a

W@ 00bo9ses aci d to give the correspondi ng b-enrPChB005/000322

anoner (2), wherein L is an al kyl/aryl sul fonyl oxy
group. The b-enriched anoner (2) thus obtained is
heated to a tenperature of between 50 Cto 120 Cto
give the cq

(' {Gmofonf 505 2R oo alsiasin MRE ManpRorablihehonic
Wi hdid asulfufit acidaperchibiioacidRnitricacid) triffecrpasatic\asivt etat fellowed
terrperature of bewgle]en 23 Cto0.170 C

b- BnFereaval of s smine hpdroxy prptestive gr?upsgp %\éetét(’ ian?l?oé%eé &fz )
o Bty 2 1S cibE e fndmy PRl AL R At pyoet 2

Prepar ation of Beta enri ched anoner of Conpound (I1)
as described in US 5,424,416 However, the length of

synthesis, the very low and very el evat ed tenperatures
are major dimtations of the nethod.

Pa , 183 describes a ca
B er eosd| edt ifve phsee®s for preparation of\a-
enri ched rs m)Elemeddmlyrm@ 1,21-D-ribo
diflu osi d (II) whegei n Rland P
t
are as defined he}elgll)r% e%gilrraerwtlﬂﬁS F
@) (i)
L= Sulfonyloxy group , Beta/ Alpha enriched
Mixture of Alpha and Beta Anomers
Anomers

Prepration of Alpha/Beta enriched anomers of Compound (ji) as described in
US 5,426,183

‘Hertel ef al. in US Patent No.5,480,992 and its divisional US Patent
No.5,541,345 describe another process for preparation of 2'-deoxy-2',2'-D-
ribofuranosyl difluoronucleosides of formula (II), 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

followed by cyclization and deprotection to give compound (II).

0 NH, Y 0o
PO i i) Cyclization H
E + Alkyl-O-C —(«II'C'N=C‘Q1) Deprotection” F
P 0 H

F F
3) @ an
Y= H, Alkyl, Halo :

Preparation of Compound (II) as described in US 5,480,992 and US 5,541,345

10
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conprising reacting a difluorocarbohydrate of fornula
(2), wherein L is a sul fonyl oxy, cyano, hal o,

W@ 2006020880 XYy groups etc. as a mxture of a- anPCIN2005/000322
anonmers in a ratio equal to or greater than 1:1 with
the requisite am no/ hydroxy protected base, R at
el evated tenperatures of between 50 Cto 100 C, in the

’EB ;es e @ﬁ ‘(Ee}h?{)ﬁf if ilj satée%ﬁs !5?%:, Q@P c#%]bleu% stercoselective process

triflaerpamiianesid S ainterasi dhalo compound of formula (2), wherein
nanof | udr obut anesul foni ¢ acid, sulfuric acid,

per chthargrouladu i, a halogéncframi the cortespondingat-enomerig j gpmpounds

et c. I | o nova he am no/h
pr ot eE’ Fv@mg%%}yﬁgp 154 9‘&9WL 0%y &RBAEP™ gs@%}@eatmg the latter
deoxywidh- epsédrgé) bH h&i&sﬁblns Ghh Bh li@érﬂ RolOE®O Thedmlotompounds are
formula (11). (2) () L= Sulfon oxy group Beta/ Al pha
enr i cMMW@rf@f@?mm ush #f fergugetl: Anomer s Anoner s
Prepration of Al pha/Beta enri ched anonmers of Conpound
(ii) as described in US 5, 426,183 Hertel et aI.Oin us
Pat ent and its divisional US
No. 5, 81, 34 gegcri be ipHdidhiens; preosdost f JiP prepar at jon
of 21-deoxy-}21N21- Drl‘b‘GTuTaTo‘sT)TI_d"T‘IT@\’oronucl e es
of formJIB(II) wherein R and P are as defi F
her ei nbef ore corrpr|S| ng reacting a am ne of forpula
(3) with an a@yclic conpound of formula (4), whérein
t he groupL ¥ Suldnjigtr ogen, al kyl or hal o fol I‘é"a or
cycli zat i Beta Apdneglepr ot ection to gi ve conpoun (‘ﬂ .
(3) (4) (1) YerdjarafthdOfBetaledliGhed mtermediate Compound (2)

as described in US 5,453,499

xii) Wildfeur in US Patent No.5,521,294 describes a method for gemcitabine of

formula (IIb) comprising reacting the requisite cytosine with an intermediate of

formula (5).
0 L NH; * HCI
PO F Cytosine
— N7 I
. )\\,
O—NY ©
®)

L = Sulfonyloxy
Y = H, Halogen, Alkyl,
Phenyl . 0

(1Ib)
Preparation of gemcitabine hydrochloride (IIb) as
described in US 5,521,294

11



Preparation of Conpound (H) as described in US
5,480,992 and US 5,541, 345xii) Chou et al. in US
wo2106/09280%. 5, 453, 499 descri be a stereosel ecti VRCPIN20EH®0322
for preparation of a- anomer of a halo conpound of
.. formula (2), wherein the group L is a halogen fromthe
Xiv) c WHEL 66 HAi BgUS- BaterteNpc 51%@&#3@@6 igh @dihasional h &Sy Patept No.

: f po .. |
S SR SR SRR S DS o
fh dbomde r(ﬁ?y nidisici iseesis@ié‘ﬁﬂyrad i imp{aszeﬁ?m afﬂm?w(ﬂdze;aérzbf)d uLz US

0] o | | ONS,; ner sol ven
= %%l Q§y4,§52_~,5%| aé‘geﬂg BA 08 Adthn the HPPAeNeARTEPMprising
S ) . .
5 [@RMrhE Qhe Qéct@ﬁ%(ﬁ%[’ﬁi}rlglg Cé‘feﬂadnﬁfa?;m@vdﬂoafh% %Iﬂﬂ%gﬁyzﬁl%lhyl

as described in ;499 xiii I df eur in
PleEiftiveo(6) sfodipwed b rgaction; withs methasehdfdnybehloride to give the

. e of i b o ; h
OB ABBRI B LS EL bR ERAR & Mt
( Pyrindiepabads, ofvllofvedebyi teatdivae diy%fxﬁé&tiv@f igfups! td) givs a
described in US 5,521, 294xiy) Wrt (03

et al. In
p£CBiitaige derivestye ss o mixiyre phangmpers veigh on tyeatment withycbase

10 S,gq\g@,tgﬁg_a%ﬁggp%??g?ﬁ%gess for preparation of

gencti t abl ne hydro of formula (lib), which is
essentially an inprovement of the one described in US

4,826, 988; US 4,692,434 argl US 4, 808, 614, the
H mpr 9V enenPhCONprg 119 §ONVepthy Mive Bact o] CoMou 0SO,Me
or mul apfhiMy to the ri phenygmernyl ~deri vat
HO( 6) 3 foll owed by react{® th met haredul fony{\d_SO ,
F . (<]

chl oride to give the
aw) \

3 F
©® ™
NH, Hcl i) Silylated cytosine, anisole
ii) HCI, H,0, CH3CN

NZ iii) NaOCH 5, CH;OH
‘ iv) HCI
o |
o
HO/:;J
F
H
H
F
)

Preparation of gemcitabine hydrochloride (IIb) 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

compound (IV), which renders it not at all attractive on a commercial scale.

15 xv)Chou in US Patent No. 5,594,124 discloses a stereoselective process for
preparation of a $-enriched anomer of compound (II) comprising glycosylation
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

12
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mesyl derivative (7). The mesyl derivative (J) is then
reacted with a silylated pyrimdine base, foll owed by

WO 2006020800f protective groups to give a genti t BUI/M2005/000322

derivative as a m xture of anoners, which on treatnent
with a base gives the b-anomer of 98% purity. (lib)
Preparation of gentitabine hydrochloride (Db) as

de ' ' d.. 08,0

CoRERP S, YRS R0R o0 BB Fmtane
1. 3%xdriep matadhiep utdsald, Vichivhobehzdrender snikfurd othesdofal However,
attractive on a commercial ,scale. xv) Chou in US
PaPilifation of serydaw tomperpliizssds a imitation PEBUEPIOCETy

process for preparation of a b-epriched anomer of
compound (I1) conprising glycosylation of conpound

(2), wherein the group L is sulfonyloxy with the

nucl eobase, R at a tenperature ranging from-120 Cto

25 Cin alg ng-Lnert sol ventsel ec i R
di chl oro ane, 2fdi chlipherttaane, H

di chl or of i uor one e, acgl 9hf 250qk uene,
chl or obenzene tur ver,
of very | ow tenpenatures iifLawfgeningation of tpjsT
process. L_= Sul fbnyl oxy Prig@¥eHon of Beta enriched
anomer sof ESTHEMES( Q as described in TJBBemEhed] o
xvi) In a variation, of the above process, @#88%et al.
in US Pat enpreplgation i080tD ¢fiches hﬁ(ﬁle_?soﬂédﬁﬁﬁﬁﬁ(d?) |29 Qescribed -
process wherein it is cargiyRd @uiad 1 @ high boiling

i nert solvent- selected fromtoluene, xylenes,

1, 2-di chl oroet hane, -1, 1, 2- trichl oroethane, glyne,

xvi)di Gh Wreariafio hbb thelbdbok® gidvass Chdu by aifo@hUSr rur@iteses5,606,048

recite a glycosylation process wherein it is carried out in a high boiling inert
solvent: selected from toluene, <xylenes, 1,2-dichloroethane, 1,1,2~
trichloroethane, glyme, diglyme, dichlorobromoethane, dibromochloromethane,
tribromomethane, 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 temperatures for carrying

out the reaction.
PO R i) Base R, > 3.0 molar equivalents . R
P ii) High boiling organic solvent F
- g
F H
F
@ an
L = Sulfonyloxy group . Beta enriched
Mixture of Alpha and Beta Anomer

Anomers

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

13



tri bronmonet hane, di br ononet hane, ani sole and m xtures
thereof. The nethod, however, is lengthy since it

WO pwel92888 pr ot ecti on and deprotection of functPCIEN2005/000322
groups; requires |arge excess of the base R and
noreover, is not highly suitable for comerci al
rmnuf acture since it requires el evated tenperatures

Jfor c]i IY]I %out the reaction. L = Sul fonyl oxy group

XVn)aethe SHizdenyNe. 78336407 Apgited 2 decese for preranetion/of mempsund
n
R e e e TR g e R O

5 mhﬂsﬁhmmmm eslfiar mﬂumechs(DAST)pnehap&kém offcatalytic amount

conpound. of formil a I conprlsm eact i

2- @P&H@’@f%i‘?@fgﬁwﬂﬁs npurIghotiet Qﬁes%tﬁéf I Rudrneabam

sulfur trifluoride (DAST) in the presence of catalytic

amount of pyridinium hydrofl uoride and a non-reactive

hal ogenat ed hydrocarbon. Preparation of Conpound (B)

as described in US 5,633,367 xviii) Berglund in US

Pat ent No. 5 637,688 and its continuati on US Pat ent No.
5, 808, 04 Pese Ra nmethod for preparation of

genci t¥bi ne Yydr gchl poiade pofiaifigth Hakduddds b) - f R
renmoval of t nZQ)j'Nox?fchFué? | ol fw
anoner of PO oxy—?ﬁmm

1, 51-di - O- benzoyl D ri bof ur anosyl ) - 4- H

am nopyrimdi®2-one (9) with a catal ytic anmount (mf Fan
al kyl am ne hi the presence of nethanol or ethanol in

an envi r onment Prieparationf of vgompyndf(8) hodvsatibled int Fohe3aps6n of
t he debl ocked nucl eosi de with hydrochloric acid and an

.antisol vent sel ected from acetone, acetonitrile,
XV11§l etBeéglya ofthr H8, Bstegpalle; 63gtﬁ8§n@pd its continuation US Patent

No.5,808,048 discloses a method for preparation of gemcitabine hydrochloride

of formula (IIb) comprising removal of the benzoyl protective group of the B-
anomer of 1-(21-deoxy-21,21-diﬂuoro—31,51-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 deblocked nucleoside with hydrochloric acid and an antisolvent
selected from acetone, acetonitrile, tetrahydrofuran, propanol, butanol,
isobutanol, sec-butanol and isopropanol and recovering gemcitabine
hydrochloride (IIb) from thereof. The method has a severe limitation in that the
deblocking reaction requires strictly anhydrous conditions with all reagents and

solvents used free of water.

14



I sobut anol , sec-butanol and isopropanol and recovering

genti t abi ne hydrochloride (lib) fromthereof. The
woredohoekshas a severe limtation in that the debtDDROTH00322

reaction requires strictly anhydrous conditions with

all reagen and sol vents used free of

wat er . Preprjati on of gentitabine hydrochl ori de ¥25) as

descri beg i[n US 5, 637, 688 In addition, asEpe' t he

di scl os US 4, 965, 374; US 5223,608; US 54;
and US 9945, 544 and as descrl bed i n Exanpl 29
10, 11, 112, and 1}§ % R fQ" synt hesi s of
gencisani ydr; @,ﬁ oftv a&mula (i d be
further evijdent ih)‘racn,amablve]{he renoval of $he be zoyl
PO protective Jgroup of the di-O benk®yl protected

[ [ obt ai ned as per_tn& met hpd descri bed in

( apd 11 is achieved throy ' Ammoni a

a solution of the said di
genti tabine in nethanol, fgl} H
evdporati bn of nethanol and extractionoef the oily
residue i'n ethyl acetate to give gentitabinefas a 1:1
m XPure of a- and b-anoners. Use of ammofiPa gas
requires special handling and safety precautions,
thereby increasing the cost and risk of manufacture.

b) The @%@mg@ﬁ%@%@ :gssaggﬁ, megc%e&bove i s

invaria taine iﬁSUS 632,| S converted to the
hyrochlorlde salt by dis$olVing the oil in hot

i shaddigiong las peoﬂE)dlsoﬁQO@US b&%ﬁoﬁﬁ‘k Ush 5233, 6080 §6n 134,254,

and G5, 588 B AeisEioRf wmRR: ofedovedl; Tt e for
syntlseisi &f g@ﬁ@tabaiel mRirbHsrfenbOfrffl IR # wWould WeUfuRthff evident

and b-anoners separates out
5  that;

a) The removal of the benzoyl protective group 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
10 methanol and extraction of the oily residue in ethyl acetate to give gemcitabine’
as a 1:1 mixture of a- and 3-anomers.
Use of ammonia gas requires special handling and safety precautions, thereby
increasing the cost and risk of manufacture. |
b) The gemcitabine obtained from step (a) above is invariably obtained as an oil
15 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 reﬁigeratéd conditions overnight, wherein solid
gemcitabine hydrochloride as a 1:1 mixture of o~ and B-anomers separates out
and is collected
20 o) The hydrochloride salt obtah;ed in step (b) requires further purification steps as
mentioned hereinbefore, viz. repeated crystallization from acetone-water

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

15
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and is collected c¢) The hydrochloride salt obtained in
step (b) requires further purification steps as

woresvbiogesesl her ei nbefore, viz. repeated crystal PCE{206H000322

from acetone-water m xture at 50 C 100 C, repeated
crystallization fromwater at a pHof 7.0 t09.9 etc.
to obtain a material of pharmaceutical grade, all the

SO VI PSS LR L08 47 i
abouit Chetatibnk Fe QR RO MeY p-aRHMENBE hgeir%itﬁ’&iﬂ@ thlyagofcﬁ%tri%g in a

- that a manufacturing process for the b-anone

geryisld ababomt 6r1404  G33%onlys i nvari ably associated with

B e Ry o e o

gemPRAShE bEARS LB9 % MOEAMIPYRbCiAkE Wl BrRbtid SR pRButl Specially

| evel of the abovenentioned inpurities present in

the eparespordinge-angohenand eytosies, ofthinskla {¥pul d not be nore

than 0.1% each. Fromthe foregoing it would be noticed
that the prior art ods for synthesis of

21- deoxy- 21, 21- D-ri bgt @r anosyl di f| uor onucl eosi des of
formula (11), and gencitabine hydrochl oride of formnula
(lib) suffer from 0 or nore of the follgw ng
limtations, viz.,|i) ilization of expensive hydroxy
protective group e rt-butyl di methylsilyl group

and reduci ng agénts N ke diisobutyl alum nium hydride, .
Iithiun1a|un1niun1hyHride, whi ch, noreover, are
hazardous, requiring special handling care, thereby

ot AP s B orhf o8 ARV SRRy pibys tpyet of e

abosémgioned ipritids peeseasinnggniditabine hgtitochlodide,oshichfshould not be

manuf act ur e;

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.,

i)

utilization of expensive hydroxy protective group like-tert-butyldimethylsilyl
group and reducing agents like diisobutyl aluminium hydride, lithium
aluminium hydride, which, moreover, are hazardous, requiring special handling
care, thereby increasing the cost and risk of manufacture;

utilization of multiple protection and deprotection steps not only increasing the
length and cost of manufacture; '

utilization of high boiling solvents and elevated reaction - températures
necessitating high energy consumption;

utilization of very low temperatures of about —120° C, which is not practical on
a commercial scale; .

utilization of large excess of the nucleoside base, which while adding to the cost

also necessitates elaborate methods for removal of the excess reagent;
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30

1) utilization of high boiling solvents and el evat ed
reacti on tenperatures necessitating high energy

W@ oovsims08 on; iv) utilization of very | ow t enpRCEINMOER000322
of about -120 C, which is not practical on a

commercial scale; v) utilization of |arge excess of
t he nucl eosi de base, which while adding to the cost

: | i tat | ab t hod
V) oxauiapB A% EHtecys R 534 s g ropu R OB, B sefva
St bk ClddaiPNERoEcavS £R0pd,t nedssifading r epevil haddlingr taad n safety

protective groups, necessitating special handling and
sapsgcputpmerauti ons; vii) nore often than not,

. resulting in formf] f. oredonin Wts founheof the

Vi) | JR8LE rog%nat?lg’ﬁdjt%r}se;s glllgl'?%ﬁ?%mznataf]gﬁ of “expensi ve
angdnli@shed dSasomdeat ogr aphi ¢ procedures and nultiple
crystallization techni gue_s for obtaining the

viii)t hetiipasioni eflerpenstvsi andppdions epmaingirPRifoRwrdures,gnd mpliiple
i ncreasi.ng. t I : t : ; -brfi
:Or ggp@?aﬁﬂl%ﬁ%ogﬁ%l}%g@%%?%ﬁ%ﬁﬁ? thé’ihe?@ﬂéuﬁémytae%mtﬂa% énfiched
f2 1 -aqsfﬂgf,g- ll&lgg dly agfdabjgg u[ealg@gh landiichst lﬂtﬁ lmanufab@o? ia]gés olf

ormul a , . and genti t abi r or i of fo

ix) (| ipsyduction frbe obig %@ngﬂgkﬁyﬁ%d‘é%?rapﬂ%vﬂ g’?%@é?“‘é“x‘?%@?"" of
for ' 0 , ;A6 LT 1 - rathi
2 e e B el Pormi & T
(I Iyields.n particul ar gentitabi ne hydrochl oride of :

forpula, (Jib), which.is fr ' 1 -

i th b hrire R s AR oy Sed R RRENALEE 2 deos
2! Pl SHbAKMTRYL Afucreiieakides Wf dbssulan@)c anfpertivuby gemcitabine

phar macopoei al specificati ons. OBJECTS OF THE e
hydrodifaiclecy formula (IIb), which is free of and not associated with the limitations

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 2!-
deoxy-2',2!-D-ribofuranosyl difluoronucleosides of formula “(II), in particular
gemcitabine hydrochloride of formula (IIb), which is free of the limitations of the prior
art methods.

Another object of the present invention is to provide a novel intermediate for
preparation of 2'-deoxy-2',2'- b-ﬂboﬁlranosyl difluoronucleosides of formula (II), in
particular gemcitabine hydrochloride of formula (Iib).

Yet another object of the present invention is to provide a process for
preparation of the mnovel intermediate for 2'.deoxy-2',2!- D-ribofuranosyl
difluoronucleosides of formula (II), in particular gemcitabine hydrochloride of formula
(IIb).

A further object of the present invention is to provide a process for preparation
of the P-enriched anomer of 2! deoxy-2', 2'- D—ﬁboﬁlranosyl difluoronucleosides of
formula (II), in particular gemcitabine hydrochloride of formula (1Ib), which is simple,

cost-effective and avoids use of hazardous and expensive reagents and solvents and
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An obj ect of the present invention is to provide a
process for preparation of 21- deoxy””-D-ri bofuranosyl
walrdobresesucl eosi des of forrmula (11), in partiPCi/Ey2005/000322
gencti t abi ne hydrochl oride of fornula (Hb), which is

free of the limtations of the prior art nethods.
Anot her object of the present invention is to provide

a novel internedia r ' f : :
oyl ot 3o SRR RGRSY PR, poil, poding and
safét?bf’@éhﬁidnh] ), in particular gentitabine hydrochloride

of forpula (li

l.i b). Yet another, object of the present .
| VR e Qbiees of FSRTERTETHSTIoBSS FrRIPVide & Lodket B Pugparation
of %flﬂe%@\-’fl 2UHIRLARMAVE difflordibeResYs 2%, f8dmula (II), in particular
ribofufanosyl difltoronucl eosides of forrmula™(I1),
gemcitapethydudchloriglerof iferabilndIt) i highen Weldde of fornul a

liR). A further, obj . 1 ' ' '
br oo Pt Hesesl indbad s B BROT, o SHOEH Kt rbBarhifn of
Zl-éé&?EZI,ZéfD-ﬁboﬂ@myE Miftwokonileasides ustirfosyila (II), in particular
di f [ uor onucl eosj des_of faornul .i('l I?,, in arii quc r .
gemeitpbinedichecigrcRinogmwadli), Whishifilizes s Sple,fidfesy laborious
uﬁﬁ&ﬁlogmeqﬁ)g&-effective and avoi ds use of hazardous and
P expensi ve reagents and sol vents andnoreover, does not

r eqi¥iet, earsithérc bbjgctaofythie quresesb rinventionsisatfd pspdds 4 process for
handl | 7 ot ons oy t : .
prepR@tinn G ot Gt -Dtirg s R cuuEbalaldsies Sfibia Y, in

palicGiRAoeinkRabiAd hydrodriile JF famil (IIbptoufannisgto pharmacopoeial
di fl uoronucl eosides of fornmula (I1), in particular

spegafiaationsi ne hydrochl oride of formula (lib) in higher
[ rnﬁp¢' f the present inventionis to
SWEX éﬁglﬁ%gess Ig?i%ﬁepar ation of '

21- 48 ehej dlleioubtd pioeidsraarimpsdvedipfdoesy fon nznefstuie of 2'Fdeoxy-

formyla (11), in particular i tabi hydrachl ori de.. ..
o ST b, BBk, ST, Y AR S
hytBRBIoHAE B formula (TIb), the present inventors found that most, if not all of the

limitations of the prior art could be addressed through utilizatiqn of

a) a novel intermediate for synthesis of the object compounds;
b) less expensive, less hazardous reagents and solvents; and
c) a novel and simple crystallization method,

These aspects which form the basis of the present invention and are discussed in
detail hereinbelow:

, Tn the first place, the present inventors have found the hydroxy function of the
lactol compound of formula (IV) could be reacted with trichloroacetonitrile in the

presence of a base to give the corresponding trichloroacetimidate of formula @,

o) O NH
Fo F \( @
P CCl3 )

F

which is novel and not reported hitherto before.
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purification nmethod. Yet, another object of the
present invention is to provide a process for
wEe@payxnvs on of 21-deoxy-21, 21- D-ri bof ur anosyl PCT/IN2005/000322
di fl uoronucl eosi des of forrmula (I1), in particular
gencti t abi ne hydrochl oride of fornmula (lib) conform ng

to poej S i £ ] Y :

| NORREERFARATHE e BEGIokba R of MNRY (BTund Bber reactive
deriyativeesiilifedrin thenpricrcarivan difcuded aDdytail hereinbefore is simple in that
. . 21,21-D-ri bofuranpsyl. difl uoronucl eosi des of fo | a
it o o, Foly, 3t SREEALPT SJERRTHIe DETARGRBRATERY itk 1 doss away
withf Q¥iI%dtién Q)k"egi%ensl\féereﬁéﬁﬁ@ Bhd nfbr&sverr the fppoifdt idabtaliRatin near

iIf not all of the limtations of the prior art could
quaggatiiedrieldsed through utilization of : a) a novel

I nt ' I Sy Teolo) ;

| SRR e Py 3, BriHlorb N BRRE o RARRAY D) hngBigoes
the glpcosy3ladomreaetiomiwith Stheplueleobasst Rilin  z dighby sterobelegtive manner

These aspects whi¢ch formthe basis t he prasent ‘
o | PyRds onthend Rrearichedcysoemer n gt a%}i'dﬁ@fyég‘m%ésm"ﬁfrﬁmsyl

. [ present inventors have found the

dxﬂ%@%%%{%%@ggé@gﬁugaﬂﬁ%e | act ol conpound of fornmnula

(I1'V) could be reagfed with trichloroacetonitrile in

t he prese Ro give the corresponding

trichl oroaceti m\d of fornmula (1), whid@B is novel

and not repor Y herto before. The preparati on of

the trichloro tingdate of fornmula (1) the other

reactive derivatives utilized in the prior art and

di scussed in detail hereinbefore is sinple in that it

doeEhergljcosgigtion ecaativn speeinatleobasel Rindthathe tycidematdtinridate of

econQm cal .in that it does away with utilization.of .
forrgsklﬁgﬁslﬁ FeE agiRYd b et 467 B0 thektop b BUFbl otvent, which
unl2B 5RIsDEE L BriBPA% methods does not require elevated or very low temperatures.

Further the method does away with utilization of very large molar excess of the
nucleobase and in fact a quantitative conversion could be achieved using less than or
equal to 2 molar equivalents of the said nucleobase, R. This resuits in formation of a
product in higher purity, containing less amounts of the unreacted nucelobase, which
makes it more amenable to further purification in giving a product of not qnlsr very high
chemical and anomeric purity, thereby rendering the method vastly superior over the
prior art methods. '

Further, it was found the removal of the protective groups 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 difluoronucleoside with aqueous ammonia in an alcoholic solvent, from
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 salts of the
difluoronucleoside (IT) could be prepared from the same alcoholic solvent in the which

the removal of protective groups is carried by mixing the deprotected

19



10

15

20

quantitative yield. Secondly, it was found that the

trichloroacetimdate of formula (I) undergoes the
w@bkope0%2888 at i on reaction with the nucl eobase, RT/IN2805/000322

hi ghly stereosel ective manner to provide the

b-enriched anoner of 21-deoxy-21, 21-D-ri bof uranosyl

di fl uoronucl eosi des of formula (l11), The glycosyl ation

o eaction. t ucl eobase, . R with. the .

cithSREAPROEE it (T EBPRB PRt iE asempipbinapideyapd 2

preBymbRatly NBrahbiBer Ohe QULLHAE beisdlabed indgle cBahi¢8Ndnd anomeric
whi ch unli ke nost of the prior art nethods does not

puritg oefi 9586 endtreereopiierethan| mw % SRYercomplyisg with phammachpoeial
hed does_away W fh utilization of very |arge nol ar
Speggccé@%nsolgﬁ%8%%%’%%&153@%9 Y in fact a quantitative
ConYeaddifion, dpwhsl faimdathy otk dhe chonticdlemd dnbaieriepuely abuld be
to 2 nolar equival ents of the said nucl eobase, R This
furthes gphagced by gptienel prification f dog diffupronyelgpside Ji frem a mixture
i Ni | . G e,
of SRl By o WAL e o i o B e BREE
i n Gastj bgt aotpthedeay ibfwas allscofdupd vibatythiei lgétok hempowid amdd be

ob@BTTasR 1B birtsnendiFE dpotaf corakerBts T AT rgng Tinister with
sodi@H "His(D fifieth SRk y PlurhiAfurk M8, Ibmotn® Riowh ab VAtride, which

product obtai'ned after the aforesaid gl ycgsl)/I ation
unlikeqthe pther hydrideireduding pgentsrutiized incthh pdior aid éslesopyrophoric, does

o 8, 0 BB S Y o¥arica o
tenthebdtues anthe ragei ofdewideh -aglieqws3ahapni a in an

al cohol jc solvent,, fromwhich the deprotected product
(1 | Thes i agcordancegvigh B faeegpingdoni nant |y the b- anoner .

In G4 SRR Y Fetons HenAGPERMERS L A0 AR IR AT,

exchanged ani on exchange resins.
N 0 0 NH -
0
F \I/ €y
P CCl;
F

wherein P is hydrogen or a hydroxy protective group, usefil for preparation of 2'-

deoxy-2',2'-D-ribofuranosyl difluoronucleosides of formula (II), wherein R is a

u R .
H
F
nucleobase selected from a purine or pyrimidine

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

0 0 NH
PO L
hNahd
P CCl3
F
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Furthernore, it was found the pharnmaceutically

acceptable salts of the difluoronucleoside (I1) could
wheoopneases ed from t he sanme al coholic sol vent i PCT/IN2005/000322

whi ch the renoval of protective groups is carried by

m xi ng the deprotecteddifluoronucl eoside wth the

requi site pharmaceutically acceptable acid and a

predom nantly b-anomer of the salt could be isolated

usefull forhpréparahiend gémeirubirertydesdhtoriderof fyrmofa (189% and nor e

often than not 99% conplying wth pharnmacopoei al
specifications hi just one crystallization step. In
addition, it was found.that Eoth t he chemi cal and
anomeric purity could ¢ 2f uFther enhanced by opti onal
purification of the difil uoronucleoside (Il) froma

m xture of an alipha{+t id and water, which is again
novel and hitherto nlot orted. Last, but not the

| east it was al so at the lactol conpound could
be obtai ned from®he c®rresponding | act one conpound
(I'11) by reducing the latter with sodium ...

bi s(2- met hoxyet hoxy) al 4m ni um hydri de, conﬁn%ly known
as Vitride, which unliKe the other hydride reducing
agents utilized in tQhelprior art is |ess pyrophoric,
does not requi g\{OM/cryogenic t enper at ures and
in fact and n be\caryied out at tenperatures in the
range of between - Ho -30 C. Thus in accordance
with the foregoifg, one aspect the present

i nvention provides a novel internediate of fornul a
(1), wherein P is hydrogen or a hydroxy protective

9" GHRet dRBildt lasheRt, thY SeSenirveRtidH prddides a process for preparation of
deoxy*™-D-ri bof uranosyl difl uoronucl eosides, of formnmula

e

the @bve] inteheedinte ¢f fosmular(l) FemprAties seaction oF the ksiol commonad of

i m,din l. ] ant:i .
forela S SRS el of LR R lre it BICRRENcoloRHERI U, inert
orgﬂi_@fgl{féﬁtiaﬁ& ivfhegReRhcadfiataastiydr ochl oride of formula

i b).

0 oH
PO
P

F

r

In a further aspect the present invention provides a simple, convenient and cost
effective process for preparation of the novel intermediate of formula (I) comprising

reduction of the lactone compound of formula (IIL),

0 o

PO
P

F

wherein P is as defined hereinbefore with sodium bis(2-methoxyethoxy)aluminium

hydride, commonly known as vitride in an inert organic solvent at a temperature of
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In yet another aspect, the present invention provides

a process for preparation of the novel internediate of
WO 20092808 | ) conpri sing reaction of the | act ol PCDIR00®0322

of formula (I1V), wherein P is as defined hereinbefore

Wi th tr| chl oroacetonltrl e hi an inert organic sol vent
betveaed —20° € he—30°cS tmgize dife lactphenmponnd af quwwe@VA%i&ac tipgp the
conBGRF Bt RV B GU S0 s EBb e OB 8 BB orgnic

solveftt i Nk diegireseate bP4 baseao Eive ticoinmerinediat ofdomnila Gh). of
the | actone conpound of f.ormul a Il.cllg, V\,hereifnPlsa ¢
defln ﬂé'dfuﬁ‘@fﬂ"ei‘sd?ﬁ%tf PQI%FIEtHng%PaﬁOH VIdes a Process 10r preparation o
21 dabRf-2* Mebliborehhesy hiluefdtuicleptibadififogmig pmyonl y known
as vitride hi an i'nert organic solvent at a
tenperature ofbetvveenOZO Cto -30 Cto give the
| act ol conpou r R1V) and reacting the
conpound of f t hus obtained with n
trichloroacetonitril an inert organic solvent and
in the presence off® bage to give the internedi ate of
formula (1). In yet further aspect the present
i nvention provides a process for preparation of
whetdind®oXy - 2 lmitledbasd efestedndionl aifuriner onupyrisvidinge somprising
erein Ris cl.gobase sel ected from
le‘é’SﬁlﬁFlPﬁe%H‘P B‘}/‘}gﬂf‘ﬁtﬁrpﬁé{wﬁ% f‘g'ilﬁﬁéﬁgl ycosyl ation of the
novel internediate of formula (1), wherein Pis as
defined hereinbefore with a purine or pyrinidine base
R, wherein and wherein Rl is
hydr ogen, FQ kyl, R2 is hydroxy; R3 s
hydrogen or hal g i s hydrogen or a nitrogen
protective gréd® inLthe presence of an inertorganic
sol vent and opti onaFIy in the presence of a Lews acid
catal yst, foll owed by renoval of the protective groups
whh%ugl’ € aé:@émﬁﬂ']ﬂré?ﬁbécﬁe%lt@a phtide of pyriflidehas8 Ry &Mtierein R is
the present invention provides a process for
selpetepfromt | on of gentitabi ne hydrochl ori de of formula
(lib),

NHR*
Rl ﬁN\> g
2 \ » . .
0 HoN T o

and wherein R! is hydrogen, 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



conprising glycosylation of the novel internediate of
formula (I) with cytosine of fornmula (Va) or

W@ Mpp/ogdses ein R is a nitrogen protective groupPEHIN2B5/000322
is a hydroxy protective group in the presence of an

i.nert organic, sol.vent. and optianally.in.the pres
oxgnt et T i Em PR BB olyd P il R by
ren:uiezaloéﬁ&f1 Mofediive YRsups B! ﬁ@ebﬁp&uﬂaq)ftfmmgsgmt abi ne free
base t hus obtalneg mn%h hydr ogen chl oride to_ give

gehrancgherraspent dhe présent myersfonf profides a(propgss TP pyeparation of
anpot her .aspect, t sgnty i nvention provides a
gﬂn§F§F§§QQF>5@?@8°Sﬁv§%§@ﬁgpion process for preparation

of the b-enriched anoner of

21- deoxy- 21, 21- Dri bof uranosy!l di fl uoronucl eosi des of
formula (11), wherein R igj,a. gpcl eobase sel ected from
a purine or pyrimdine conprising the steps of a)

gl ycosyl ati on of the nov intermedi ate of formula
(1), wherein Pis as herei nbefore with a
purine or pyrimdine base wherein Ris selected
fromwherein RL is hé al kyl, or halogen; R2 is
hydroxy; R3 is hydregen gr hal ogen; and R4 is hydrogen

or a nitrogen protectivejgroup in the presen@ﬁ»of an
i nert organic solvent and optionally in the présence
of a Lewis acid catalyst [to give a protected 2

b

1-deoxy-2 1,2 1-D-ri bo
formul a (PA), i
b) renoval of

urlanosyl di fl uoronucl eosi des of
s as defined as hereinbefore;
ive groups by treatnent of
compound of formul a Hv t h agueous ammonia in the
presence of a Cl1-3 | or with hydroxy ion
exchanged ani on exchange resins to give the b-enriched
anoner of the free base of conpound of formula Q);
comprising glycosylation of the novel intermediate of formula (I)

0) 0O NH
P CCl3
F

with cytosine of formula (Va) or (Vb),

NHR#
N7 | (Va)
o
H
NHR*
(Vb)
N7
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c) contacting the fre e base of conpound of fornula

(I'l) thus obtained with a pharnaceutically acceptable
w@eood/o92308n C1 al cohol to give the correspondi nBCT/MN2005/000322

b-enriched anoner of its pharmaceutically acceptable

acid addition thereof; and d) optionally, eanchinql.
wherdie RS- Bronierogeroprosective Erayprasd R dis ¢ hyidse i protqefiyg group in the

t hrough crystallization from,. i Xt UL . d
pressnr A vt pebavie S ) kel bt U8, Beadhef o1 Loy ac
catdif3€ BIEREN by r8MEVili cTRhPpRVEIES geoupt aned cortheliiy the gemcitabine

ycosyl ati on_process for

i reparation of.greater t .
5 freedigire humebtained withohxdrogm ¢hloide to,giye gﬁﬁ}‘&F%t?:‘H? 3‘?’9‘8’8%?‘“ of
for (l'ib) conmprising the steps of a) glycosylation
ibng&agﬁéﬁnovel intermediate of fornmula (1), wherein Pis .
as Iefyeneshoiereiasyvef cthe preséntcynvestione ROVIdES nd iepegaglective
or (Vb),wherein R4 is.a ni.trogen .orotective 0410 51l
elyeesylelon MgGEo,Gr BreBvatcn oL Ui BrFId o efohaiyf 2
2 1der RN Rt ofdgmERtagNal Iy in the presence
nb%ﬁﬁgbiQMAs ég? g%éta%gst to éggtected genti tabine free
10 base of fornmula (Ha), wherein P and R4 are as defi ned
her ei nbefore; b) renoval of the protective groups by
treatment of conpagund forgula (Ha) w th aqueous
amonia in the a C al cohol a or mﬁﬁp
hydr oxy i on exchange i/on exchange resins té gi ve
the b-enriched ano genti t abi ne free base of
formula (Hc);c) contacti Ag the gentitabine free base
of fornmula (lie) thus obtained with hydrogen chloride

in a Cl al cohol to gi the b:enriched..anoner .of
ngmktiaginnglenlg,@p @@ﬁ%@fx ?regl q)purpgrqwgmﬁhp%foqa prising g%: steps of

o) O Sl ki S P irormBiho O ctBbIO |y { ur L her

enri anonmer content of gentitabine
hydrochl ori de of forrmula (lib) to greater than 99%
t hrough crystallization froma mxture of a

O 0 NH
PO F \‘I/ . )
F .

15 wherein P is as defined hereinbefore with a purine or pyrimidine base R,

NHR4
Rl
N NZ
y: LT
T o

NHR* Ry

wherein R is selected from
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b)

d)}

C2-3 aliphatic organic acid and water. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Preparati on of the Novel

wo nicenysos at e of forrmula (1) The trichl or oacet Pa@i/mees/000322

conmpound of formula (1) can be prepared by reacting

the lactol compound of formula (1V) with

trichloroacetonitrile in an inert organic solvent and

in the presence of a base. The hydroxy. protegting

gmsﬁm i 1§ hydregeaopbpy ﬁaéla@sea,gﬁ EY 4Py Bntp QX#O%%OI

4 eé of

SRR % R AL B A R

Zmdnﬂ angamc ablvent amimpﬂopalm iprbe ptenetchwlf a Lewpsrasid) | catalyst to

nmet hyl { ben xycarb rti
0B i DB ARy 12 2 PR AP St grpmb gyttt formuta
t gtiaghydr ot hi enyl, 2-net hoxet hoxy nethyl, nethoxy
acetyl, phenoxy acetyl i sobutyryl, ethoxy carbonyl,
benzyloxy car bonyl , nesyl trimethylsilyl, isopropyl
di met hyl si |l yl, nethyld propyl silyl, triisopropyl
silyl, tertiar& silyl etc. Suitable
i nert organic & vent\s B’ at can be enpl oyed an®A}l hose
whi ch are wateri nmm sc¢ , Which apart fromtheir
non-partici pation i thegessential reaction are able
tof orm a two-phase systemwi th water. Such a sol vent
of fers advantage in not only effecting an efficient
conversion but also helps in isolation of the product
by sinple evaporation of the solvent or through wor k
uphoseimBlds a9 dafined anbereinbefSs; abI e | nert

G RS Rt P bbbk
e v@th &ueblio aaiminia iethenstestnée ofla ﬂahoakaehdsiauirethh diydraxy ion

e.g. acetic acid (C1 ), alkyl esters e.
ac&ehanged anipg ﬁ§ct@nge regins $Bive A rendeh e%aﬁne%‘{ pgthe free base

h%gCS’ gg &i%gmuta?i ene, xylenes etc. Chlorinated

roc ons ‘are pref’erred and anongst these
d|chloronethane and 1, 2-di chl or oet hane

H R
H 4 :

contacting the free base of compound of formula (II) thus obtained with a

pharmaceutically acceptable acid ina Cy3 alcohol to give the corresponding the
B-enriched anomer of its pharmaceutically acceptable acid addition thereof, and
optionally, enriching the B-anomer content of compound of formula (II) through

crystallization from a mixture of a C;3 aliphatic organic acid and water.
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- 20 Cto 30 CHOOr a

are the nost preferred. Wile both organic and
i norgani ¢ bases can be utilized, however organi c bases

wa@e@opessherred. Suitabl e organi c bases that caPChEN2005/000322

enpl oyed include but are not Iimted to diethyl am ne,

triethylamne, diisopropylethyllam ne,

cycl ohexyl am ne, pyridine, 2,4- dinethylanmio

pyti di.ne, N-net hyl r ' g 1Va&1 fati
T

dii cause 0

prods£TeF Rharatitn BASGeman the 00% @yadiched caioaeyt oS gemcitabine

nol ar proportions to the lactol conpound of fornula

hydgochipride formuéa@8Ds t hereof . Preferably it is enpl oyed

in catalytic anounts. Trichloroacetonitrile can be
enpl oyed i n equi nol ar proportions to the |actol
conpound of formula (I D" HBl excess thereof. Usually
it is enployed in nolar| proportions of 1 to 20 nol es
per mol e of conpound romula (I1V). Preferably, the
base is enpl oyed in proportions of 1-1.5 noles
per nole of conpoun romula (I1V). The

trichl oroacetimd mati on can be generally
carried out by additionjof the lactol compound (IV) to
a mxture of trichloroagetonitrile and the ®®se in the
inert organic solvent al a tenperature rangi ng between
-20 Cto 20 C and therepfter agitating the reaction

m xture at anbi ent tdhperature in the range of between
Pd of 3 to 10 hours til
conpl eti on of react /yThe trichloroacetimdate (1)
thus fornmed can hgy'i solated by sinple evaporation of
the solvent or it can Be isolated by addition of water
to the reaction mxture, separation of the organic

hase QﬁggkégE% aqueous phase, followed by evaporation

glycosylation of the novel intermediate of formula (D),

o O NH -
PO . \‘[/ @
b CCls

wherein P is as defined hereinbefore with cytosine of formula (V a) or (Vb),
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organi ¢ solvent and the product thus obtained can be
used for the next step of glycosylation reaction with
W b@onmsheobase, R as such without any purifi cBCT/ONR005/000322
Alternatively, the reaction mxture after conpletion
of reaction can be washed with water, the separated
organi ¢ phase can be dried over suitable dehydrating
agentsand the solution as such without isolation can
be used for neyxt,step of glycosylation reaction with
t he nucl eobase The conpound of forrmula (1) normally
obtai ned as anjoil can be either the a- anoner or the
b- anoner ory#Axtyres thereof. A typic@fa)conpound of
formula (1),)] whetlein the protective group, Pis
benzoyl a gpresented by conpound of fornula (1a)
obt ai ned ®y t abovenenti oned net hod was found to
possesses the foll ow ng spectral and physica
characteristiﬁ%R4viz. IHNVR(CDO 3, 5): 8.7 (s, NH,
IH), 7.36 - 8 (m Ar, 10H), 6.51 - 6.59 (dd, H1I,
IH), 5.59 - 5|66 (dd, H3 IH), 4.64 - 83 (m H5 2H
H4 IH 13g (CDA'3, d) : 164.7 - 165.9 (C=NH),
127.9 - 13Q (Ar)} 121.3 (G2), 97.58 (C 1), 90
(CC13), 788&(C4), 71.9 (C3), 63.8 (C5). Mass
Spect rBM(M+)N: 522.3 Specific rotation +15 to +60 The
| actol conpound (1V) in turn can be prepared fromthe
| act one conpound (I11) through reduction with sodi um
bi s(2- met hoxyet hoxy) al um ni um hydri de, commonly known

2- et hoxyet hos um hy: . ‘
whefdp R il BBl sRBRBIR DR AIRoR pischiye rag o e

tride i
pres8ag of\en ific2P BAAnRSsclyent iand optivhallyl i therpresesicaldfys hewis acid

70% sol utiqgn in,taluene, whi.ch can used as such for
catalysf tR-PrRtFCted emstityng %FFIWS.G ‘lﬁﬁ?wia g?‘ﬁ’er hydri de
wherein P and R* are as defined hereinbefore;

b) removal of the protective groups by treatment of compound of formula (11a)

NHR*
N

A |

0]
(11a)

0]

PO
F,
H
P

F

with aqueous ammonia in the présence of a Cis alcohol a or with hydroxy ion
exchanged anion exchange resins to give the B-enriched anomer of gemcitabine free

base of formula (IIc);
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reduci ng agents such as lithium al um nium hydride,
[ithiumtertiarybutoxy alum nium hydride, diisobutyl
WO paokiogasv&al um ni um hydride etc. vitride is PCT/IN2005/000322
conparatively a reduci ng agent of noderate strength,
| ess pyrophoric, oxygen stable - punpable Iiquid, not
requiring very |OM/CﬁﬁogenIC t enper at ures and
conpatible with nostjof the ubiquitous aprotic
solvents, thereby offering many advantages in its
utilization in thgArogess. Typically, the reduction
can be carried outf by fleacting the commercially
avai |l abl e 70@659&3&%9 of vitride in toluene with a
sol ution of thé&’ act®ne conpound (I11) in a suitable
aprotic solvent undef an inert gas atnns&pere at a
tenperature of betwepn -20 Cto -30 Cfo °h peri od of
1to 2 hrs. The lactpl conpound (1V) could be isol ated
by routine work-up, pfocedures. Suitable aprotic
solvents th Q%e\enployed i ncl ude tetrahydrof uran,
di oxane, N, formam de, N, N-di net hyl acet am de
etc. Typical ly, Hoduct can be isol ated by
guenchi ng the actfon m xture with 6N hydrochloric
acid, followed by extraction with a water-inmm scible
organi ¢ sol vent. Evaporation of the organic sol vent ‘
c) af fc,%ﬂﬁ chifie th@Cli@nchitie fldaebatet 6f dstnfedn (HE) eI @Hﬁﬁ:eti Nwith
equl nol ar” propdrtions to the | actone conpound o
f ortpdragef| thlpride inna di(laesslcohcérf@oglvewlﬁngfe}lmhed gnomer  of

enpl oyed_ i n nDIa prop rtio

o EISLIA HABIondS & TR (B it 203 prtpaply S 0% by
enp, ed in nolar proportions of 1-1.5 noles per nole

of onmpound of formula (I11). Preparation of

' 21 ostmuly Rirthe? enriéhifid el f-ammasar| codieht ubgmmtabmslmle@hlonde

ff I The 21-d bof
BTy T R R .
gl y@ga}éh AR brdnid S84 LA fafedi ate conpound of formula
(ry, erern

tRe protective group, P is as defined
her ei nbef ore vvlth t he requisite nucl eobase, R

DETAILED DESCRIPTION OF THE INVENTION
Preparation of the Novel Intermediate of formula ()

The trichloroacetimidate -compound of formula (I) can be prepared by reacting

the lactol compound of formula (IV) with tnchloroacetonltrqe in an inert organic
solvent and in the presence of a base. .

The hydroxy protecting group, P in both compounds of formula (IV) and (I) are
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, phgnoxycarbonyl, tertiary butyl, methoxymethyl, tetyrahydropyranyl, allyl,
tetrahydrothienyl, 2-methoxethoxy methyl, methoxy acetyl, phenoxy acetyl, isobutyryl,
ethoxy carbonyl, benzyloxy carbonyl, mesyl, trimethylsilyl, isopropyl dimethylsilyl,
methyldiisopropyl silyl, triisopropyl silyl, tertiary butyldimethyl silyl 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 to
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The nucl eobase R can be sel ected from anyone of a
pyrimdine or a purine conpound represented by the

W@ R006092802s shown in Chart-1. In conpounds repPEFBNER00322
in Chart-1, Rl can be hydrogen, al kyl, or hal ogen;
while is R2 is hydroxy; and whereas R3 is hydrogen or

hal ogen; R4 can be hydrogen or a nitrogen protective
forrgrg @po-phmywsr%n ity water.y %chmelvmtkgi%eréfadmt@gmm not only
hal.o C
e ER6R38 A6ETh Uy BLORT BB S SN DpH A S oy sl
evapmratlen of the sgh&nporlimroagb wohlose by bdditien ef watet.i nel y

uti in organj c synthesis, i cul acet .

R v e il Sy, <ol RR b e, ABploY include
hal@h%ﬁied' ‘e, epbﬁ%ﬁﬂét@d' \I@dMéﬁxlbﬁﬁpaS@ ConRpupsisethihe and 1,2-

referred fo in the Present |nveénti onThe gl ycosyl ati on

dichlerasthang; esters £8.iaseticoaaid KG1-s)ealetli astero £-gc Sibasriates ethers eé
J b
o)yl BBl 18, LSRRl 62 P

hychﬁ@hrl@cmsl D6 pfdfbmdnﬂd@nmrgetstﬁesa@mﬁlomnmm mdl Ig2-dichloroethane
cat al give a protected 21- difluoronucl eosi des
aredhe mg trﬁiF e A), wherein P and R are as defined

her ilkRedoh %r%]a&é' 4rAlh&rgh e s @ 'He%tﬁx%d’ q{Hv@evEP 8igafiRbases

be enpl oyed | ude but” are not limted
aregrefered.tSuithble argdnicebeses thet emdeamployes m@udeeb\s are not limited to

d1e§1yaa%r&1?1gﬁf}bq%%yg ! ﬁio%lﬁgpgzll%ﬁga?%é? Efg%céo exy a?nru?ene Igythadme’ 2,4~

dindetHylZminol Cfﬂy@fd@ﬁ haNemeﬁ@l somorp]ilaﬁn@r el I eTritthflainine  and
solvent is 2-di chl oroet hane. Suitable Lewi s acid

duwrcmyg@:e@e{bﬁgﬂua%ﬁ thear lawnosiase PEgferreskbl ected as tin
tet [
(ri %? hrBy QL ! t{er IeF)Iplogrec(l) nl;é atalgtsul:J Iorh%lr?}a eproportlons to the lactol

cothpourelt dsﬁ/fosmbw (IVpoaid exesbtiteydos. u]Pqefunahiy at, is employed in catalytic
trimethylsilyl perchlorate, borontrifluoride
amBP’échyl etherate, trinmethylsilyl tetrafluoroborate

et C TricRlofdRerRltMiel 4nBd Ritpfdyled | int dquihdaF PRBYIAFNR to the lactol
compound of formula (IV) or in excess thereof. Usually it is employed in molar
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
aw.

The trichloroacetimidate formation can be generally carried out by addition of

the lactol compound (IV) to a mixture of trichloroacetonitrile and the base in the inert

organic solvent at a temperature ranging between —20° C to 20° C and thereafter
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 can be isolated by addition of water 10 the reaction mixture,
separation of the'organic phase from the aqueous phase, followed by evaporation of the
organic solvent 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 afier completion of reaction can be washed
with water, the separated organic phase can be dried over suitable dehydrating agents
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sul phonate. Typically, the glycosylation reaction is

carried out be refluxing together conmpound (I), the
woembesase, R and optionally the Lewi s aci d cBCEHIN2S05/000322

in anyone of the inert organic solvent nentioned

herei nbefore, till conpletion of reaction to give the

prot ected 21-deoxy-21, 21-D-ri bof uranosyl

di{lupronucleo ides of farmul a IIA%. The nucl egbase,
andghg S8 “6‘811&%“8@88 Ot sgltiap caR bEuspd fer Bed sigp phalycosylation
reaGiiiPRMNtheHuclesbigdl R (1) or-in excess thereof, but

however, below 2 nol es per nmole of compound of fornul a

(1) Theuserapound; of fosmelapgDoyarohally obtilised gsrapeil chwbs eitherlthe o-

to 2. |l es per nole of cogpound of formula (I).
anoﬁ}eéP’é&%?[ﬁzﬁ?m{‘%eorB%‘wr?SstL%‘ﬁﬁfgyed in nolar proportions

of A-t¥piBal f 9 ;
T g o0 1) OO M ROl s beaos

andieptesenteshb: bempputskofforituln ila) ablained)bycthe abevénsantiahetmethod

wed 0 4 o PSR i B, SN s ES 520
“H BIMR ECDIO) 58,7 (ie NBT, Q8D C? 36 DR Q (8, %gmmg g.%ql MESY ¢ddlHi-1, 1H),

e inert organic solvent utilized 1nt

th
5.59 1y &61(dg Bi3i B, reett #.8A (sHviw2Br Hidviilsci bl e t he

13 u ts. a It hoal |y, 4 nt [
CRUPR DR 5y Jthar S S 128 35 A3, U 88, o753
1), 00 (CCByd78.8 (T8, Ty @@B%BA (Cs). reaction is a _
wa er-rrisci,SI e one, then the product is extracted into
Magg Spegipgy 1i>¢¢8bl e organi c sol vent such as al kyl

Spéesh h hyho acetate; chlorinated hydrocarbons
peg.c,elrogflltfg’ﬁl c}rsghe%éhane. The protected conmpound (I1A) can

be Th@%aa:;j@ atohlpoem_‘étﬂéif)éifl itm'ﬁ cah beheemirghfivm ﬂ@l&@gﬁe cij%ﬁound

tep of, deprotection of the protective groups, P and
(1t ot (FEREIGE B o St S @rimsbex iR wg ddride,
condhofilg npwalasAdtrider iPa WeARStic SUHdri QF 9&%3%@}@% t‘SP between —

offormjla (I'1'A) with aqueous ammonia in a

- 20°date®08€-from a Cl1. 3 al cohol or hydroxy ion exchanged

Vit@ﬁée ?@Ag)ﬁ@%ﬂg [ﬁfﬁ%-iﬁ i ia,\\f/aella‘)[éecokr)ﬁlggrrcilailgea% 5 98%Esr011?tfon in
toluene, which can be used as such for reducing the lactone (IIT). Unlike other hydride
reducing agents such as lithium aluminium hydride, lithium tertiarybutoxy aluminium
hydride, diisobutyl lithium aluminium hydride etc. vitride is comparatively' a reducing
agent of moderate strength, less pyrophoric, oxygen stable - pumpable liquid, not

requiring very low cryogenic temperatures and compatible with most of the ubiquitous

aprotic solvents, thereby offering many advantages in its utilization in the process.

Typically, the reduction can be carried out by reacting the commercially
available 70% solution of vitride in toluene with a solution of the lactone compound
(IIT) in a suitable aprotic solvent under an inert 'gas atmosphere at a temperature of
between -20° Cto —30°C fora period of 1 to 2 hrs. The lactol compound (IV) could
be isolated by routine work-up procedures. .

Suitable aprotic solvents that can be employed include tetrahydrofuran, dioxane,
N,N-dimethylformamide, N,N-dimethylacetamide etc.
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free base of conpound of forrmula (I11). The
deprotection is typically carried out by agitating a
W@ et0an9sms of the protected 21-deoxy-2 1,2 PCT/IN2005/000322
1-D-ri bofuranosyl difluoronucl eosides of formula (11A)
in a Cl.3 alcohol with agqueous ammoni a at a
tenperature of between anbient to a terrperature of

baut. fo t ffi t ot ffect
" onRiafilSy s Rodfealiche s dipucighiGin B Fenchipk cuxise with
6N hgtroehlveie o, %Htfvﬁﬁdnw axtfdction withi d ﬁateﬁ-&é&lﬁé QPQREC solvent.

sel ect ed from net hariol , et hanol , 1- propanol and

Evapgrasieams theerganie solent affosdhedactolfVhanol is nost
The 9&83@ E{xfge %hl?f Htlﬁ‘ p&ﬁﬁﬁgfaf %{(fp%?ﬁi’or%‘é“@ tg‘g c’%?)rbe? %?ejrg%%qnd of

solubl e*ini
5 formahc(m} OIPNEEELTES rtherbxyf Usudllyeit mfemyﬂo}adzﬂ mhﬁoldepfo@bﬁRins ofll to 3

molefioe SpqRn et oty i Piogably s ipRloredh f molar

prop6itiof§of M”j 1&161%' e I'ﬁGIerlﬁ‘%BintuIRf off t%fmt'ﬂé'(ﬁ@) Fur t her
met hanol ers 65 vantage in that the sal’t formation

PrepefattoweOfer -eiéwaag &2 cBmkpfwwsrl dszwremclemddx @ffammla an
| li.zed,f
N T R DR St

10 prepaie@ rbgt giyctdsglatxcﬂmf hike ¢1ﬁéﬂmddiiit@ h:tbmbb‘ulﬁﬁﬂf asriduld (H) " Rherein the
r.otecte f\é wi th, an hydroxy ion exchanged

Drotegliye grouR méle plore with mmg@mslé%,wcéeqb@ﬁe Rsting
of TRl lnﬁélb&@asé‘SR 2bh 3R ﬁ%&cﬁ:ﬁeﬁ% he Bty op#ﬁ?udme oF 2, purine

correspondi ng hydroxyl  exchanged’ones by
Compmdecpmmteddlyahaalsums almvi'rynhr@hamlle for a period of 2 -

hr The i on, i jtered, the re n be
b et Bhn SeRORRE i CharkT R F B by ik, alkyl oF ppfogen;
15  whilefs R¥ig hijdiokyadid Wigeds R tib g ydﬁﬁ&ﬁoﬂ{al@h\’\ﬁe&n%@haﬁcﬁogen ora
7.0. The washed resin is further wash

nitrogen BIOHCHYS ZEupe Ayl Hetypigallh & JaWer ikl v i 40 gecarbon atoms, while

halogen represents chlorine, bromine, iodine or fluorine; whereas the nitrogen

protective group R* are those that are routinely uvtilized in organic synthesis, in

particular acetyl and trialkylsilyl protective groups being preferred.
20 '

Chart-I: Representative Nucleobase Compounds, R referred to in
the Present Invention
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The hydroxy ion exchanged resin is mxed with conpound
(I'TA) in a Cl alcohol at a tenperature of from30 Cto
wGXoeomsed er ably at a tenperature of from 40 CPCDINGGOID00322

for a period of 20 to 40 hours to effect the
deprotection. At the end the resinis filtered and the

fi e 3hRoGANEINeh@oRds ERriBl Y6t Bﬁ%ﬁé‘cfo%eof%ﬁﬁoﬁﬁd of formula (I)

_.conpound (I1). Suitable anion éxchange resins that can
withipayengpoioifie dueleebase representsd én Bhisd ieshsimesgoeesof athiesionganic

solvfl G biBadiy) Fieh BEREICR o hilpll’ Eplile gy, BRtectla 2
deoxgv2t 2'ablribofirhesslyl diflubrmubisodilldscofToiivifla QIA), FAAREIN® and R are

FPA91 C.5 EPA97 O, FPA98 O, |RA 400, | RA402 d,
as defrged ereipbefere. Thus, in a typical enbodinment, to a

Suiﬁﬁi(fuﬁlieﬂrbrg&ﬁ& REIVRARQ RS G G&Eﬁ?l&ggd (hédd Buﬁ&r‘eh@di%gitéd to
added a 25% aqueous solution o nmonia I n water an
acetonidtile; dolugng, atybeheaandr oo risanesrpechdonobenzine, ertipedicbldraifenzene,

. 0o 8 h tiLl,. | et i f,. ' R [ .

ettt R ik EuctERle 3 S B R il

ThepeRpreddndrt dolvent B BDidhidroétyimiecal embodi ment, an anion
exchange resjn, for instance, Anberlite IRA 400 is .
agiﬁ%@s hewrs soislagpialysis et o by frenloyrd fre rsslsgfed as tin

ature f L filter :
tetrd fIRRRER, U g FincinfiByReltirARAnSIDRSRL | GHnltisly
nonafbiro@rtglsulpbohate ttemethylsilyb perchlordte, Yarbatriflherides diethyldtberate,
. ran f,.6.Q1to.7.0. The resin.is finally.washed w th
wimaglR 0, rclialpbropisds ; fliar @B et S Gilufoiagibane
sulp@¥gdtanged resin thus obtained is stirred with the

protected conpound (HA) in nethanol at a tenperature
of Thwicallzn theo alycosylatior reentiogsisheuried st bperefuying: tagether

resin i ' f L Lhtrate. t.r d t
confhP0hEAERGL: o o5, KR i PARGR Ehohd
inertl @pgapice sl echt anentioued! hedelnbefdrt afill @Bmpietian Yofofeatthtdr to give the

abovepentioned two nethods is generally qhbtaine

proigpipd gindeewin? re- R HRcs kAP IORBRIEosides o tTIIE ALY
forreORobaR, Rl cahlte RbPRCAWLER LY pRPERRHER) fheS@ntpound

of formula (I) or in excess thereof, but however, below 2 moles per mole of compound
of formula (I). Usually it is employed in moiar 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 2!-deoxy-2',2!-D-ribofuranosyl difluoroniicleosides of formula
(IiA) can be isolated from the reaction mixture by conventional methods eg., addition
of water to the reaction mixture and extraction of the product into a organic solvent, If
the inert organic solvent utilized in the glycolsylation reaction is water-immiscible the
product gets extracted automatically into the said solvent. If however, the inert organic -
solvent utilized in the glycolsylation reaction is a water-miscible one, then the product
is extracted into any water-immiscible organic solvent such as alkyl esters eg., ethyl
acetate; chlorinated hydrocarbons eg., dichloromethane. The protected compound (11A)
can be isolated by evaporation of the organic solvent.

The step of deprotection of the protective groups, P and R?, if any is carried out
by contacting the protected 2'-deoxy-2',2'-D-ribofuranosyl difluoronucleosides of

32



10

15

20.

25

30

The salt formation can be effected by contacting a
solution of the free base (I1) in a C alcohol selected
wo e@aysdhanol , et hanol, 1-propanol and 2- prope@DIN200F/(00322
the requisite acid for sufficient tinme. The salt thus
formed can be isolated or crystallized fromthe sane
aI coholic solvent or with anyone of methanol, ethanol,

anal or 2- propanol to give the correspondln

formgkfs QIR aviih smecous pIgnia iy 8tygnt \selgste HEom- s cAkghol or
ad
by BRPTH) excRLEF oS oL, B4 L COTRAUT oGl o

free bixteaifcethpusndof focimdls (H)ich as tartaric, citric, aceti c
hydrochloric, h drob om ¢, ,sul phuri g, phos hori.c etc.
Tha b8 feprglecton iy eatiea it i, AEpiioe, B Salubien S her Pfected

2L a@@xlytz1c:ﬂmbﬁoﬁ&aﬁ&pﬁatﬂhefdnnaemaés JreeaaNa (YA Nk Quehy %!L%hol

more crystallization of the sane fromw th anyone of
withrasiupeiscmmenia uh ¢l temperpiusp efbitwesn ambienptendtemperature of about

o €3bL S b RLABIALY bSOl ARl e
the fageciase oRcompaund of fepiudan(IT). aci d. Preparation of -

Genzi .t bi ne hydrochl ori de fornul a nci t abi ne
oy VLo abA R cResied. (o prsbBFiobepRaskan croBtol and 2-

C lyat | di.a f
progf¥C B 1R hER, Moweer (S ELR IsTn BRONGL fcel Mo Brdfected
compeursisn@bXonre gineraliyhmorsy selsblreinciv rpauctimnol, ¥-propeial and 2-

Vi or . .S ant rotective oup.
proggi, b Visto e P HiPEIE Bpfectipn JE P GRT o B Gt BBiens
temrataresiofbetweeh 28hCao 30! @emilikenke obkd W'nidte bfteit {ian requiring

presence of a Lew s aci d cat al yst taq prot ect ed

heatingrirefipring Further, puethanet offers ﬁﬁvaatta(aqayt thathe gl fermationtof the
free ‘BﬁgeatfHu‘fd §é)laaf§g& glétte}.?om i l%ﬁze UEL é Ye'e Y Eedtafsrgm the

uene, y ene” and
same soafford, the Blenriobeiwmensr. ort ho- di chl or obenzene,

ot

Alternatively, the deprotection can be carried out by contacting the protectéd
compound (ITA) with an hydroxy ion exchanged anion exchange resin.

Anion exchange resins consisting of chloride as an anion are converted to the
corresponding hydroxyl exchanged ones by mixing of the former with aqueous sodium
hydroxide for a period of 2 to 3 hrs. The suspension is filtered, the resin bed washed
successively with demineralised water till pH of the filtrate was in the range of between
6.0 to 7.0. The washed resin is further washed with a C,.3 alcohol to effect the hydroxyl
ion exchange. '

The hydroxy ion exchanged resin is mixed with compound (IIA) 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 (II).

Suitable anion exchange resins that can be employed are strong base anion
exchangers, wherein the ionic form isgenerally a.chloride ion, Typical of such anion
exchange resins are the commerciaﬂy available Amberlite resins like FPA40 Cl,
FPA9S0 Cl, FPA91 Cl, FPA97 Cl, FPASS8 Cl, IRA 400, IRA402 Cl, IRA410 Cl etc.
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di chl or onet hane, 1, 1-di chl or oet hane,

1, 2-di chl oroet hane, 1,1, 2-trichl oroethane, anisole.
wab@epessderred i nert solvent is 1, 2-di chl or oet PEIFEN2005/000322
Suitable Lewis acid catal ysts that can be enpl oyed are

selected as tin tetrachloride,
trimethylsilyltrifluoronethanesul phonat e,

tri ] il r l.sul phonat e, .
B S RARBP BB B PRI g somponnd 1)

mettainel ib ylddde? Soenqueduselubiph f hiyimohy ihatdtercanadlaix@ire agitated at
et c. pr ef erabl y met hﬁr' silyl trjfiuoromethane

, ' |
roord fipiseedor pphadod 1o § b il penplssionat she ensetepian. Removal

i gt d (1), the
O o B M e e R O el 1§ < e
Lel sangthied typical yestbodimemyorse efiion hexcharge resigadorc instance,

sal.ve i oned. hereinhefgre, till c | et ion.of
AmEHEPTA "R P08 a5, BB teceaisions AR it at gom
tempfepdtiRel for (3469 3 HiReandlyihesiesia FieuFad GRS Thyafltarbdl réW)is G@hed

be. enpl oyed iin equi nol ar _propaortigns to the conpound
succggsivieby Vifh epinerglised aer HULRH ohtheddiratergin th sergeeat 6.0 to 7.0,
The lfdé;%kxpl‘lé’ f&aﬂ? l\&%h&ﬂvftﬂw & .3.():{100‘58 , Rgafle %E{hgﬂ&?‘;rﬁ% }1¥droxy ion

ual I'y i |sen'poyed'|nrmar proportrons o 0

exchangedmehia shymeobtamed isoftined mithuthel podftedted comhpoupt (ITA) in methanol

ot o g oiebisep D’ o s Rn A5 Ba ST (e ol iba Fpa B Bered
off ahhl Qlllé)ﬁl@ltaﬁac&ﬁl@e&?ﬁﬁ foahivd @i Abprofictid! e (aed G%fﬁl%blﬁ@ (ID).

-1solated fromthe reaction m xture by conv I onal

melhe digpegjectedhgeinpoundd G1) oktaiaed tby anyeof thec ahawmentionedetwo

: r [ . h oduct ,into organkc sol vent. . .

e FEEA Bl 6, 31 85 ph B R B i
for fotmyatidnsofligtpharmaceattdligrcteptabdd @it | nmi sci bl e the

product, gets ,extrai)te auqtlgmati cally into the said

sollhe splt Tormagigncor pe effpeied Ry conigstingd solyter ghthe free base (IT)
_ L . . At . . . '
n o 0180 LGB ehGORBIL AR SRR U 2prpmpl i e
requagite acid €ori sufficieititime. The salt thus formed can be isolated or crystallized

from the same alcoholic solvent or with anyone of methanol, ethanol, 1-propanol or 2-

propanol to give the corresponding acid addition salt (II), generally as the B-enriched
anomer,

Typical acid addition salts of compound of formula (II) that can be prepared
include those salts obtained using acids such as tartaric, citric, acetic, .hydrochloric,
hydrobromic, sulphuric, phosphoric etc. '

The anomeric and chemical purity of the acid addition salt can be enriched

-further, if necessary through one more crystallization of the same from with anyone of

methanol, ethanol, 1-propanol or 2-propanol or optionally through crystallization from
a mixture of water and a Cy3 aliphatic organic acid, selected from acetic acid and
propionic acid.
Preparation of Gemcitabine hydrochloride of for;hula (Ila)

Gemcitabine hydrochloride of formula (Ila) can be prepared by glycosylation of
the intermediate compound of formula (I), 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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organi c solvent such as al kyl esters eg., ethyl

acetate; chlorinated hydrocarbons eg.,
walr@hmsesret hane. The protected conpound (Ha) PENIN2E05/000322

i sol ated by evaporation of the organic solvent. The

step of deprotection of the protective groups, P and

R4, is carried out by contacting the protected

21-deoxy:2 1, 21-D-risbof uranosyl difluoronucl eosi des of
nitrqgen RIPIECHYSTOWP eRA BqUs GUly dEPRTOPHORECHNE Srayp! ingthe presence of an
inerE GeB8L S pA A pllmallyih TR sl BV £T.OKK L ALGHANANY Bhotpoted
genmitdalg@ﬁ'eebzsbloﬁﬁorimﬂw(lﬁase of conpound of fornula

I The de rot ec typi cal arr,i ed t b
i o st Gl soly0 thifret o eplabad BiciEEng o Bt timited
to a&etaﬂm@e rﬂoﬁl@ﬁé‘ r)@'ﬂ&ﬁayénddﬂtsf 1suﬁmn delofsbehitas, Oifthd-aichldrébenzene,

hﬁ ina Cl. 3 alcohol wth aquequs ammoni a at a
dichleremethaneirlel -gichinsecibans, Aapiiellerogthane, tlehRdriehlorogthgne, anisole.
The}?&%ﬁenf%eﬁ sh en?lstl'i‘E chilkddifdngnt to effect conplete
enobva prof’ective groups to give the free base
of Smm’pieuhdwmf aéldr oatakysfsl tt)at Ahi-be emfitby&d adre ombécted as tin

el 1oL ek L g gl o £
non@ﬂ&fr@ﬁv.ft?ﬂul%h@&ﬁe t R ey iRE tp@f&hﬁ)@é’f@ OpiestrifubAle dikhyletherate,

ener a more solubl e in i't than ethanol, 1- pr opanol
trumthjllﬁ_l—yl p rtetp@uotobowe viete. uepxsferaiily c nntnlcrdlyé&;bi ottdfuromethane
sulhBa. thanol can be carried out at anbient tenperatures
p&lp 8tvveen 25 Cto 30 C, unlike the other two, nore

of tBypidallg) the qly¢dstitibe atebdiibnOis lcafrledX big be Freflulk@ig, together
nmet hangl of fers advantage in thagﬂéhe sal t formatl on
comgoupgh éI)f theecytasine ee@pauw €% PV and; eptiomally dhe Lewis acid

cateﬁ%t %hé et @‘%@%}p %O%thﬁlé%ttdn%& %Ieﬁ&d@f&% eB‘@ Q:Hﬁlpfenon

anoner aving purit %
of réahdnen mcagnve ehqprotdmd@mmtabne compaad dj‘é‘onmla (Iém) out by

| on %i%hfg)g@égg ol (eig@%g a‘p %dﬁa&ﬁﬁ% empllgyeadn 1hydequ1¥101ar

proportions to the compound of formula (I) or in excess thereof, but, however, below 2

moles per mole of compound of formula (I). Usually it is employed in molar
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 ().

The protected gemcitabine of formula (Ila) can be isolated from the reaction
mixture by conventional methods eg,, addition of water to the reaction mixture and
extraction of the product into a organic solvent, If the inert organic solvent utilized in
the glycolsylation reaction is water-immiscible the product gets extracted autométically
into the éaid solvent. If however, the inert organic solvent utilized in the glycolsylation
reaction is a water-miscible one, then the product is extracted inté any water-
immiscible organic solvent such as alkyl esters eg., ethyl acetate; chlorinated
hydrocarbons eg., dichloromethane. The protected compound (Ila) can be isolated by
evaporation of the organic solvent. '

The step of deprotection of the protective groups, P and R* is carried out by
contacting the protected 2'-deoxy-2",2!-D-ribofuranosyl difluoronucleosides of formula

(ITa) with aqueous ammonia in a solvent selected from a Cy3 alcohol or hydroxy ion
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Ani on exchange resins consisting of chloride as an

anion are converted to the correspondi ng hydroxyl
we@harngerl ones by m xing of the former wth aRCEDR05/000322

sodi um hydroxi de for a period of 2 to 3 hrs. The

suspension is filtered, the resin bed washed

successively with dem neralised water till pH of the

filtrate was in the range of hetween 6.0 to 7.0. The
exchaggekanipR SKphange repinsior Sia dhe B-anriehedaanomes ofj the hgemeigabine

ﬁeeﬁggee&tcoh@%uﬂé’gfﬁﬁ%la(ﬁ@) exchange. The hydroxy ion

changed resin 1s mxed with compound (Ha) in a Cl1-3
al dbhdepmtection énfypically cariefl ofit byra@ﬁzti@g tacsobdio@, of the protected

2GS D Bt o Bleantertt BRI Ry icdhol

withAlqueh& Afiflohidtit hQemperaturd bf b&iveeh amBichi'® £ tenipeddt@re of about
,concentrated to give the free base of conpound (lie).

60° €ufor atine aﬁﬁ@ﬁmetm%ﬁg@om@lsﬁerrgmpﬁ@h of the\ Prtectivp|gsgens to give
the ee"a%%%&nnﬁ‘ﬁ%%"?%‘%ﬁﬁ? angers, wherein the ionic

rm S I'de ion.. Typical of such
an Wmleemﬁa@@écohemsahcmdefrbime nmdrmek céthdroy, ambpmbl end 2-
Amberlite resins |ike FPAA0 O, FPA90 a , . FPA91
propapalo parybe pgsdy giopyever, paethiaeel SRESY PEeferedAMeS 8 pratected
comEBt!ﬁfds gﬂl\dﬁafey Eédé?dllyeﬂf@%j k&Bhle; int 8 tﬁa@ QitdbboN - Btfogiuﬁﬁ and 2-
pr ot ec ound (Ha) in methanol is addéd
promqgle by yirtus] cvftwlunh thte d@mﬂmtlanum methane! candberdaxiag ent at amblent

e RS LR A5 E B RO Goiisb s PR sShpted flof s ring
heati@ dilﬂreﬂhmhg Rirther) madthaol 6ffee adidiade'if chad @5esalfformation of the

npound ( Hc) . I'n anot her typical enbodi nent, an ani on
freodspeh sord beesarried qusin thes pame eolventss ralk 8 garsbeqerystaliized from

the G3hd B 1itk - BAAM SRS RN NGB8 e at T oom

enpera résin filtered of f.
TheAltdrhativeyd the deproicstiomshe e Sumizdsait Wgl gontadting the protected

8 Ilstg gaer till Hof theflltratelsmthe
COIHPQH’@‘S With ap §ydroy o exchanger] anionexsRa g6 ISk hed Wit h
a Cllnigh %%l%!nge F&Qiins SBERARE o BRIBAAOLs ad RRICAYHE RHvdrRA to the

exchanged
corresponding hydroxyl exchanged ones by mixing of the former with aqueous sodium

hydroxide for a period of 2 to 3 hrs. The suspension is filtered, the resin bed washed
successively with demineralised water till pH of the filtrate was in the range of between
6.0 to 7.0. The washed resin is further washed with a Cy.5 alcohol to effect the hydroxyl
ion exchange.

The hydroxy ion exchanged fesin is mixed with compound (Tfa) in a Ci;
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 filirate concentrated to give the free base of compound (IIc).

Suitable anion exchange resins that can be employed are strong base anion
exchangers, wherein the ionic form is generally a chloride ion.. Typical of such anion
exchange resins are the commercially availablé Amberlite resins like FPA40 Cl,
FPA90 Cl, FPA91 Cl, FPA97 Cl, FPA9B Cl, IRA 400, IRA402 Cl, IRA410 Cl etc.

Thus, in a typical embodiment, to a solution of the protected compound (Ifa) in

methanol is added a 25% aqueous solution of ammonia in water and mixture agitated at
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resin thus obtained is stirred with the protected
conpound (Ha) in nethanol at a tenperature of between

W@ 00009230815 C for 36 hours. At the end, the reBCTIN2905/000322
filtered off and the filtrate concentrated to give the
deprotected free base conmpound (lie). The gentitabine
free base (lie) obtained by any of the abovenentioned

net.hods i s gene ly. 0 i ned as oi,l| and.can be
roor KnP RO Rr e R Pl no i robled o cemPliss Regroval
of ndetiBnblisl eapbaitiod giveskte frébiss 8f dorhgfuBiiIe)) can be
effected by contacting a solution of the free base
(| Iepngtheriypicalgrabndimen edreaniemiexchangeresinafes instance ahvoberlite

IRA LRI Bgi'ﬂzﬁéd %ﬂeS?/B g@ﬁ%ﬁg g&d&%g&gﬁ%{%‘)ﬂq‘goﬁq -13 é%rgtglégh?orr 2t03

suffrcrent tun u aseous
hrs @hdl othedeesimafilieecde il oyBlk fillerednyebindh| washdd smkcéssivielts ‘with

eyl Feroity SR oD RS BB gpidroh Aot 1 Alharsin s

finally F/adRN@ith Q'C 2% alBSHIP 0P Instafcd éehaglSTTain: 3R ERKy i
h{/draochl ori de 1(23I i b), genenrsal fy as at he bfagﬁglirb?%elgn exchanged

resity iife pbRiRgH Ny sirednwitkrthe poetested cogPopndn(Ble) @f teethanol at a

' oi ol 299% T nonger.i c_and
tem@%% m&g%fﬁ%ﬁ‘g?. {y o(fct"gjégrm(? %‘Ogbl ﬁaé’uﬁ%‘/ g‘ﬁ 3@%?‘6& thporepin, 1p filtered off
and thefitrafet @noadracaitolptveans deprewcicd fre8 846e ddmpuate gHE) Y
t hrough one, nore cgyst allizatign of the same fromwth
anyioR eBcrcitaing fren basgi(Hghsbtained fiyomashef thy abovsmsptiersd two
Ot (HATNo) y | [
melRIOSTR SORTLY cRIROR, o S Padd 68 O ubdO T Sl Sl any
purificasiongdorfarmation df anblydvodhboridei saltaci d. Wil e all the

abqvenent. oned C2-3 aldphatic organic acjids d

nor Isfl@ tf%‘f‘&f\?ﬁ"&@aﬁ gﬁfk?%ﬁ‘?ﬁ% c‘l’ﬂ’?frg"élgr?l Yiipa fotg? Brsrass ()
in o CiphildoRohsdléctad SR intetiAbl, t éthan'éﬁel-ip?od@ﬁbld ahd 2L RBpaIRE twith

preferred since_ it provides a conpound of high ™~
hydragenrhlaridp fon sofficientuiard. Bottypusans gnd gaseeusdyringenehiofide can
be e&ﬂ]ﬁoﬁ@ﬂq r’ﬂfehlkﬂrb&%éfel stalt(thﬁgjkorfngd &L BL is'o%att‘:f‘cfj ((j)F grys %ﬁltzleg from -

the same alcoholic solvent or with anyone of methanol, ethanol, 1-propanol or 2-

propanol to give gemcitabine hydrochloride (IIb), generally as the B-enriched anomer
having an anomeric purity >95%, most often having an anomeric purity >99%.

The anomeric and chemical purity of gemcitabine hydrochloride (IIb) thus
obtained can be enriched to >99%, if necessary through one more crystallization of the
same from with anyone of methanol, ethanol, 1-propanol or 2-propanol or optionally
through crystallization from a mixture of water and a C,5 aliphatic 'oréanic acid,
selected from acetic acid and propionic acid.

While all the abovementioned Cs.3 aliphatic organic acids do normally provide
gemcitabine hydrochloride of formula (IIb) 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
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 or
decantation and dried to give pure (Ib).
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acid and the mxture agitated at roomtenperature for
10 to 12 hrs to effect crystallization. The
w@eosogdshs zed salt (lib) can be isolated by fiPCTE{206¥000322
centrifugation or decantation and dried t o give pure
(l'ib). The preparation of gentitabine hydrochloride
(l'ib) in high chem cal and anoneric purity as per the
nmet hod of the present invention is summarized in
Schenme-!. (pc) (Ha) (lib) Schene-| Preparation of
Genti t abi ne Hydrochl ori de b The .Pr efer
Enbodi Fignprerafatio of lﬁF‘é%‘@h‘Peﬁl %‘%‘PA%nﬁlﬁ’él £5¢ cacﬁ‘h
b Ganbtdric Pty b PLIS hneael diyhetplesent iavention ingrmenesizneg lireSchenpdal ch
in no way should be construed as to limting the scope
of the invention. Exanple-| Preparation of
2J- Deoxy- 21, 21-di fl uoro-3, 5- bi sbenzoyl oxy-D-ri bose
d.richloroacetim date (g:orrpound of formula Ia) Stepsl:

e

P pa&qjgl on of } OHp 1. Deoxy 2
21—gHuargD 1 bo uF hose-2£%BN i henasat e (Co

0 for%@ow Sodi ( 2- metnaoSegeaic Badveny ) al uni B m | CCl3
hydri de (Vitride; 70%|ﬁ tol ué®e; 80 m; 0.287 rol
Myas added sl owly to &vsol ution of 21-deoxy- 2
1, 21-di fluoro-3,5- dibenzoate-1-oxoribose (111;|100
gm 0.265 nol) in dry tetrahydofyran cooled to {30 C  nmrt

. After the addition,

ction mxture was agitated at the sane N
by the additi’o:r of | (Va)
I Xture was extifact

| ay drertigienisepar at ed g

Concentratijon of the organip I+ayer

(I[ C) (IIa)

NH; * HCl
i) Methanol, HC1 C
ii) Isolation from Methanol
iii) Optional crystallization from
Water-Acetic acid mixture
. R G
o)
H
F
H
H
F

(1Ib)

Scheme-I ; Preparation of Gemcitabine Hydrochloride (IIb) As Per The
Preferred Embodiment Of The Present Invention
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of the title conmpound as an oil. 1H NWVR (CDC 3, d) :
5.6 (m HI, IH, 5.45 - 5.32 (br, H3, IH, 4.7 (m

wWoRwe/092HS 4.65 (br, H5, 2H), 3.6 (s, |H50H) .PS/BRIEY000322
Preparati on of 21-Deoxy-2

1, 21-di fl uoro- 3, 5- bi shenzoyl oxy-D-ri bose
trichloroacetimdate (la) To a m xture of

he Ft SR EE LA ddeu' Sy bedflogng el vhish inpq yoy
shoultbe-cbastiiedGis §o Umithig the sedpenslieineemmionni t r ogen was
added slowy a solution of 21-Deoxy-2

Exampleql dj f | uor o- D-ri bof ur anose- 3, 5- di benzoate (Conpound

rmul a | Yeobt ai negh_j e L _D-fi

Prep %“ﬁlfogdi Chi or Fot hane (%obﬁ?’? 2 41iepo 3B-bROROIEYY.D-tibose

trichbordapeginvidase §dmepaunpdoffmmubndedr at ure and stirred for
further 5 hr tidl pl et i f.r t g On. [

stepch]  JFepatin 8 SR nv i R o difbre P BoB A3 -
35 griich@Of® (Cdmpdimddidfifbemtomypund as an oil. A

purified sanple had the fo]l ow ng . spectroscopic
chipdiemers(drpetoxyethoguplymamiym ,hygyd@ Yitrzdg; I tqlpgne; 80

. -y , . ' 59 giddl. H 1 ol

ml; §289 fmoff al (AaBl i) o & Sopgor of? £0eeRe2' 2 Ptuoro 1>
dibenAdpte BGxotiiRs¢ (I 180 @m;: 0. 2684 mal)- inldF. tetr{@ddidran d@tedto —30°
C b e 158 il ok e
agita%?d2 ab tiRP8&hé it@tngﬁi{a%&éé 9Br +|15h1t And QRefRITE e addition of 6N

reparation of 21-Deoxy-2 _ _
hydroghiori¢ atidoThe Bastiell pxiursawas priragtadt with ethyl deqiete. The organic

laye Wagtsgﬁz{rgt%d %H%&é?{eﬁ ewi’cl’i| IS% sodium bicarbonate solution followed by

water. Concentration of the organic layer under reduced pressure gave 100gm ( 99.5%)
of the title compound as an oil. ‘
'H NMR (CDCh, 8): 5.6 (m, H-1, 1H), 5.45 - 5.32 (br, H-3, 1H), 4.7 (m, H-4, 1H),
4.65 (br, H-5, 2H), 3.6 (s, 1H,0H).
Step-2: Preparation  of  2'-Deoxy-2',2'-difluoro-3,5-bisbenzoyloxy-D-ribose
trichloroacetimidate (Ia) N

To a mixture of trichloroacetonitrile (179.5 gm; 1.246 mol), diisopropyl
ethylamine (3.73 gm; 0.028 mol), cooled to at -10 to 0° C under an atmosphere of
nitrogen was added slowly a solution of 2*-Deoxy-2',2-difluoro-D-ribofiranose-3,5-
dibenzoate (Compound of formula IV obtained in Step-1; 25 gm; 0.066 mol) in 1,2-
&ichloroethane (50 ml) .The reaction mixture was allowed to come to room temperature
and stirred for further 5 hr till completion of reaction. The organic solvent was
evaporated under reduced pressure to give 35 gm (100%) of the title compound as an
oil.
A purified sample had the following spectroscopic characteristics.
'H NMR (CDCl, 8): 8.7 (s, NH, 1H), 7.36 - 8.1 (m, Ar, 10H), 6.51 - 6.59 (dd,H-1,
1H), 5.59 - 5.66 (dd, H-3 1H), 4.64 - 4.83 (m, H-5 2H, H-4 1H)
3C NMR (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).
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A m xture
21- Deoxy-21, 21-di fl uoro- 3, 5- bi sbenzoyl oxy-D-ri bose
wa pioshdspoaceti mdate (la; 5.22g; 0.01 nol), SeCyMENEdo0322
N-acetyl cytosine (Vb; 2.45 gm 0.016 nmol w.r.t.
N- Acetyl cytosine) and trinmethylsilyl trifluoronethane
sul phonate (6.41 gm 0.01 nol) in 1,2-dichl oroet hane
dﬁu)n? Iebhluxed overnight. The reaction m xture
Mas§§§ mo roomtenperature and washed with two 50
Speaific puationohks a9’ of water fol | owed by washing with 5%
sodi um bi carbonate solution and with a saturated
solution of sodiumchloride. Renoval of dichloroethane
Exa ﬁ,@i@g reduced pressure gave 5.12 gm (37% of the title
ound, a portion of it was chromatographed on
Prem QIR A ed -Demys? spda?ww(wzéynzoa@ﬂp -@@tExatishne. gProtected
on of :
Geﬁ?g%gg;?y{l)m 21-di fl uoro- 3, 5-di benzoat e- Nd- acet yl .
cytAL di ne (ﬂﬁxturect ed @nmeamﬁa -di)ord3, SrbisbesizeyRx9D-ribose

S AARETLTIA A ol 0 e e 98
0. OanHl%I VAR, am&&ﬂ?‘l‘%ﬁ%siﬁ@) Rhd M PRRAhMaE ] AdPReroth@Mné Sulphonate

sol ution of
(6.4p ng@&lmeli i1, 2¢eichlonpethate (300ol) wasreBexed, rerniglive Faoedaction

ik B o T b OSH L B Gt o

watdre pRowbdIng washisd iwitke d 590 koditht ﬁ@érb@neﬂé sbhttlon and with a
| etion of reaction. To the above reaction m xture
satu@ér%{) apluting q‘lsqgémyctggn@q Rempvadr of dichloroethane under reduced

e ORROA PLYRR (05 ot 16 A0 ARSI b of it s
chrohhaﬁmg&pﬂedcxﬁmmml(w 2 gm 0.1 nmol w.r.t.
Mash SpSSihim (M9 S5 1845 and

Example-3

—

Preparation of 21-Deoxy-21,Zl-diﬂuoro-.?,5-dibenzoate-N4-acezyl cytidine (Protected
Gemcitabine, Ila)

To a mixture of trichloroacetonitrile (47.6 gm; 0.33 mol), diisopropy!
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!-diflucro-D-ribofuranose-3,5-
dibenzoate (IV; 25 gm; 0.066 mol) in 1,2-dichloroethane (50 ml) .The reaction mixture
was allowed to come to room temperature and stirred for further 5 hr till completion of
reaction.

To the above reaction mixture containing 2'-Deoxy-2',2!-difluoro-3,5-
bisbenzoyloxy-D-ribose trichloroacetimidate (Ia; 34.5g; 0.066 mol) in situ, was added
Silylated N-acetyl cytosine (152 gm; 0.1 mol w.rt N-Acetylcytosing) and
trimethylsilyl trifluoromethane sulphonate (22 gm; 0.1 mol) in 1,2-dichloromethane
(300 ml) and the mixture refluxed overnight. The reaction mixture was cooled to room
temperature and washed with two 100 ml portions 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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trimethylsilyl trifluoronethane sul phonate (22 gm 0.1
mol) in 1,2-dichloronmethane (300 m) and the m xture

WO 2dob0%808 over ni ght. The reacti on m xture was PCDDNMG0Y@®0322
roomtenperature and washed with two 100 ml portions
each of water followed by washing with 5% sodi um
bi car bonate solution and with a saturated sol ution of

£ sog:jtlm chloride. Renoval of dichl oroet hane under
XaINRKifted pressure gave 30gm (88.7.% of the title

PrepaRitiRAUFg! @Mzezﬂdﬁa&@g@m@ dhcidtbirlogroeYbode Ilc)

1, 2*-di fluorocytidine ndt abi ne _ free base lie) To a

solataj sphutism ofiae projeced wmciating ang g(nlmbta?n@mp Example-2
e e e T e A S

and thednixhee ntixted rag redh rtemmperatire’ foard4t mnpdethinol avdsaremdded under
Met hanol was r ved under, reduced pressure to give
reduged pr

FISPTo YR ¢ gomppung 3s an@l, 65 Preparation of

Exaifpl4 t abi ne Hydrochloride Q b) The residue obtained
from Exanpl e-4 (CGenctitabine free base, lie) was
Preparativn of StemaitabiedBisbochiaslenilp) and decol ourised with
acti v a 0. 7..0 Th r |l tered f
angh ?e? xﬁ‘égf(l‘r‘tﬁf%?%ci eﬁ%s%%gaﬁcgﬁgggﬁﬁlﬁ?%c% % rbgée’ a%:l was
dissdldedlh nlejhanold(28hal)randt deceloarisddedith activafedisakbagi(0 At gd). The

at at erature of Q. Cto 5 for. 1 hr .and the .
carbop w@s 'tg%@é%% anf fotheiiiEae oS adediCray qwéroggk?éw%(lgm ml)
_ o . ) .
ot B 1 SRR a0/ oS el
the procipitited sofidbfilt@sdmod dribd tdgine Ofér gmEXAAH) e@fGhe title compound

as aF;vulgi{J icr%rgtta. e s%ﬁid%iid gl?ailys?s ) o%ge G leoﬂrggt?ct (tc|> ib%) comprising of
95% of the B-anomer.

Example-6

Purification of Gemcitabine Hydrochloride (1Ib)

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
activated carbon (56 mg) and the carbon filtered off. The filtrate was mixed with acetic
acid (45 ml) and the mixture was stirred at room temperature 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. '

Example-7
Preparation of 2'-Deoxy-2’, 2'-difluorocytidine (Gemcitabine free base Ilc)

Amberlite IRA 400 (100 gm; 20-25 mesh; chloride as the ionic form) was
stirred 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
pH of the filtrate was in the range of 6.0 to 7.0. ’i‘he resin bed was then washed with
methanol and dried at room temperature. ) ’

To a solution of the protected Gemcitabine (Ila: 5.5 gm; obtained in Example-2

and 3) in methanol (50 ml) was added the hydroxy ion exchanged resin as obtained
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The Genti tabi ne hydrochloride (0.56 gm obtained from

Exanpl e-5 was dissolved in D Mwater (4.5 nl) at 55 -
W@008092Be sol uti on was decol ouri sed wi th act i REI/BR005/000322

carbon (56 ng) and the carbon filtered off. The

filtrate was m xed with acetic acid (45 m) and the

m xture was stirred at roomtenperature for 2h. The

recipitated solid was, filtered and drjed at 0. C
ab%‘é?eééo 3 dlitthomigur sired gt @it%p%@tgsegﬁlﬁ g0 2?“ Etor'36 s,
TheGRER WA RGB! QM WHIE nletibhol Atk TR A0 Hckfirated under

purity of 99.94 % of the b- anoner. Exanple-7
reduried prassitre om 2 6F g (7 Dépefthe title gordpdund s @owili di ne
j tabi nefree base lie) Anberlite IRA 400 (100 gm
Exdypfiag

mesh; chloride as-the ionic form was stirred
Prepiidiionqf)Gewsitskine Bydroctiopde @b 5% 500 nm) at room

tenperature for .2 tq 3 s. The resin s filtered off
andlin e AR %P&Mﬁ (Gemeitbien dra bagq o) was
disstwgkg fi% tn!lédrl]ad&lrl(ﬂj nﬂjgg%d aécfolo%hﬁedﬂ%h'a@gmed Y8 h(@fsslfign%. The

The reéesin was then washed wi th met hano

cartzomowalr fikkered toff ashiot thepdirate was.added ool hydreshleric adié (1.0 ml)

s RBRAES RIS AR £l BB 02E o G o b e
the pyebipipared solid e edied @RIl dri@isiongite 0.aB toad (ENISHPBE tHeZitRPcaiound

and the m xture stirred at a tenperature of 40 Cto 45

as Twhge copstalline sqlid HRBEEC moplysisishpwed dhe graduchins he gompriping of

0 ol The filtrate was concentrated under reduced
95}5?’2@%3?@?%&2. O gm(71% of the title conpound as an

Ex@hme.gixarrpl e-8 Preparation of Gendt bine Hydrochloride

(Ltb) The residue obtained from Exanple-7 (Genctitabine
Purijicadion g remcitabinglydenchlosidgddb) n et hanol (20 m) and

deceh oSGt ﬂy&ﬁ&ﬂlgﬁ&ee d(@.ﬁﬁ tk%l, 6BtaitRd 9Fbm EQQmple—S was
dissolved in D.M water (3.5 ml) at 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 m!) and the mixture was stirred at room temperature for 2hrs. The precipitated
solid was filtered and dried at 60-70° C under vacuum for 5-6 hr to give 0.35gm (81%)
of Gemcitabine hydrochloride (IIb) having an anomeric purity of 99.94 % of the B-
anomer. ‘
Example-10
Preparation of 2-Deoxy-2, 2-difluoro-3, 5-dibenzoate-5-fluoro uridine hydrochloride
salt. ’

5-Fluorouracil (5 gm; 0.038 mol was heated with hexamethyldisilazane

(13.77gm; 0.085mol) and catalytic amount (0.50 ml) 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 pressure to give a gummy mass which was
heated to 60° C and mixed with a solution of 2!-Deoxy-2',2'-difluoro-3,5-
bisbenzoyloxy-D-ribose trichloroacetimidate (Ia; 6.70 gm; 0.013mol) in acetonitrile
(5 ml), followed by addition of trimethylsilyl trifluoromethane sulphonate (7.12 gm;

:0.03 mol). The reaction mixture was heated under agitation at 90°C for 10hrs.
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carbon was filtered off and to the filtrate was added
Cone, hydrochloric acid (1.0 mM) and the m xture

W@ owbemst 0 C and agitated at a tenperature oPCDIN20050000322
5 Cfor 1 hr and 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

t to Db f 95% of the
D A e Ra e pORed . 18 A Sisrire iSO iAne fad water
(106 o) L THCTRB W s N OBkl Sk O T i0D59% @i

f rom Exanpl e-8 was di ssolved in D.Mwater (3.5 ni)
bicag®nategolugion;Twates and;thies 9 veposatgd trogive Fi28exi(1YVH of a Whlte solid.

o4 P 1800 50 I A0 SE00e Ll S oo
(1:1) paved. 23 gma50@%0)dfithe fek busel(ﬁ@m tenperature for 2hr s
1 M BBCRBL P o BIGHHD, oty @easg At oy S oy o (o) 1e,
H'3§§?‘3?§@b%*ﬂ%“??§% SIS ber Brampl o100
MaBy Symatrati (M) 0480 Deoxy- 2, 2- di f | uor o- 3, 5-d

T T AT X R e —
freehBase "L Wbehikdd &7 ap Ghyﬁﬂ&hYo}ﬁlm sat- (B9 'E'Pﬁe):teén& pat #ley blethods

anmount (0.50 m ) of nethanesul fonic acid

deserihed dniExemiptes(4-8rgaye drDgay-22diflnores, %dlbewtq-érﬂg@to gridine

sol The. r ea was concentrat ed
hyfqchBiod S bl A snolig R b6 Tolk il BealBRel O o s
Ex ad to 60 C and nixed with a solution of 21-Deoxy-2

1-di fl uoro- 3, 5-
Preparatzon of 2-Deoxy-2, 2-difluoro-3,5-dibenzoate-5-fluoro cytzdzne hydrochloride

salt

5-Fluorocytosine (5 gm; 0.038 mol) was heated with hexamethyldisilazar}e
(6.308 gm; 0.039mol) and catalytic 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
silylated mass mixed with a solution of 2'-Deoxy-2',2"-difluoro-3,5-bisbenzoyloxy-D-
ribose trichloroacetimidate (Ia; 6.70 gm; 0.013mol) in acetonitrile (7 ml), followed
by addition of trimethylsilyl trifftuoromethane 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 water

(100 ml; 1:1). The organic phase was separated and washed with 5% sodium

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 (CDCls, 8) : 4.56 (q, 1H, H-4%), 4.73, 4.78 (dd, dd, 2H, H-5"), 5.79 (dd, 1H,
H-3"), 6.63 (g, 1H, H-1"), 8.09 (d, 1H, H-6)
Mass: Spectrum : 488

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

43



L5

20

25

30

bi sbenzoyl oxy-D-ri bose trichloroacetimdate (la; 6.70
gm 0.013nol) in acetonitrile (5 m), followed by
wW@ao092808 of trinmethylsilyl trifluoromnmethane seCPIN0GY@0322
(7.12 gm 0.03 nol). The reaction m xture was heat ed
under agitation at 900C for | Ohrs. The reaction m xture
was poured in to a mxture dichl oronet hane and wat er
; 1:1). The o ni ¢ _phase was separated an
descmb%@ammales%%sm%ﬁ%ﬂow%ﬁlﬂper%ﬁnﬁlbwoatﬁérfévoraﬁaldme
0 9 a white
hydﬁgg@pg.ﬁé(%?fg%?%g%ngﬁ ?Mﬁ}y%fﬁg/goﬁ(élg@o@\?ggfegl lica gel
Exanfp'lagza mxture of et hyI acetate and hexane (1:1) gave

Pregﬂ'atzo 3?5%?)(2 ,2rc§ ﬂyolo) fg g’%ggz%%?fz é—}_ﬁ)%rﬂ ine %\/ﬁrog%dg salt
h?ymn?e 7(% éxﬁdo OthOIMS)heaﬁzd%nﬁ %exdﬁbthﬁ'dlsﬂhzan% (Q§ 2 gm;

SS SpecCtrum he rem)va

0. O%rmolb end sgma Yyp amepni (A5 glog) tran@thle@ﬂﬂeqhiqrm ot a@qﬁ@mtrﬂe (20
ml) vy g‘r@f:ﬁ‘@gr : dff Bﬁig% t%r f egl?:ﬁra 's@lﬁﬂoﬁ oTit'n%] %eactmﬁ lalxture was

eéd as

con@&&afedb.&ﬂeﬂ fedﬁwallm‘egs&redrto%glg@u gummy mass which was redissolved in

2- Deoxy-2, 2-di di benzoa 5-fl uoro uridine
fresmﬁrt%@ﬁrleﬂ%@)sz tﬁq ?P?f‘éﬂfma‘ﬁ%%@?’il E'S%Gr% §Qutn o5 13¢0R e 2 -
dift Ry OTBLbordz b PR Y -fibold’ IEHIBHdaBlimidate (fa; 7.0 gm; 0.0134mol) in
acetoyitiilgi (1@ ﬂniydfoﬁowlecb by demstiylsilsl ﬁiﬂmmngmam splichatpn(7.37 gm;

00351258, BReArartonmatisa s Denes Wt AR Ongop0 B ForShEs

Therfémﬁmeiﬁmfe Rbds Rlurebili-td 20mfxudre rd1§hl<§x@m@ﬂfaﬁe ta8d Sffterd(100 ml;

cl ear solution. The tenperature was ought down to 50
1:1)C Bhed orgasics phase avas seipasaedr and dwashed %utb fat $askiumof bicarbonate

solut% ’([:)%f%r oace?ﬁle déJa%)UI%Equ ?0 g\goé B ngli éﬁg% s?ﬁﬁ,ew_hlcl% was

chr@ﬁzﬁbgﬂﬁphéd bveer Gilicgl using d mingake of ethyl acetate and hexane.
Mass Spectrum : 4835 '

The removal of the benzoy! protective group and conversion of the unprotected
free base thus obtained to its hydrochloride salt was effected as per. the methods
described in Examples 4-9 gave 2-Deoxy-2,2-difluoro-3,5-dibenzoate-5-fluoro uridine
hydrochloride salt in an anomeric purity of 70% of the f-anomer.

Example-13
Preparation of 2-Deoxy-2, 2-difluoro-3, 5-dibenzoate-uridine hydrochloride salt
Uracil (5 gm; 0.044 mol) was heated with hexamethyldisilazane (76.8. gm; 0.47

mol) 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 give a
gummy mass, which was redissolved in fresh acetonitrile (20 ml). To the solution was
then added a ‘solution of 2!-Deoxy-2'2'-difluoro-3,5-bisbenzoyloxy-D-ribose
trichloroacetimidate (fa; 7.5 gm; 0.0143 mol) m acetonitrile (50 ml) followed by
trimethylsilyl triffuoromethane sulphonate (10.43 gm; 0.047 mol). The reactlon mixture
was heated under agitation at 90°C for 10hrs,

The reaction mixture was poured in to a mixture dichloromethane and water

(100 ml; 1:1). The organic phase was separated and washed with 5% sodium
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by addition of trinethylsilyl trifluoromethane
sul phonate (7.12 gm 0.03 nol). The reaction m xture
wor®echexmted under agitation at 90 C for | Chrs.PANEN2005/000322
reaction mxture was poured in to a mxture
di chl oronet hane and water (100 m; 1:1). The organic
phase was separated and washed with 5% sodi um
wat er and then evaporated to

bi |ca{bo ate sol uti

lcaa? Hpng vatpr \Bﬁg tﬂéenseélﬁli’faateé:ﬁ? givettoy a2 white selid, which
setrbsl g olat e

Wasand hgﬁ%ﬁ%h%%b&?ﬁggée 2. gn?%ﬁ%%ggﬁﬁggggﬁkg%hd%&Oage

Mass |Sprpprinaicy 3172 :456 q, |H H4), 4.73, 4.78

( ddﬂh)qu%\ %@ cif}_h? P%&Z'glf Igjz’t%ﬁg grolgg geﬁc&'xge’rsig% g? %)%ginplroljc"ected

freertmsethhs obtaided heiz Qyﬂrdthrbhﬂétdaltewgi @ﬁac@g ChsCHEV Bl SinBihods
toits

df b b
descRpai GR FaplRs “C Eveadronyea-etlinss B ibsizoate--Haoro uridine
hyd@%egggig§§g{ di l%e?g%gﬁgpﬁgﬁg%g?@ %‘Oﬁ uoro uridine

‘hydrochl oride salt in an anoneric purity of 68% of the
b- anonmer. Exanpl e-12 Preparation

of 2- Deoxy- 2, 2-dt f | uor o- 3, 5- di benzoat e- 5-t hym di ne
hydrochl oride salt Thymne (5 gm 0.04 nol) was heated
wi t h hexanet hyl di sil azane (15.2 gm 0.094 nol) and
catalytic amount (0.5 m) of trinethylsilyl chloride
in acetonitrile (20 m) at 110-120 C for 5-6 hrs to
get a clear solution. The reaction m xture was
concentrated under reduced pressure to give a gumy
mass whi ch was redi ssolved in fresh acetonitrile (10
m). To the solution was then added a sol ution of

21- Deoxy-2 1,21- difiuoro-3,5-bisbenzoyl oxy-D-ri bose
trichloroacetimdate (la; 7.0 gm 0.0134nol) in
acetonitrile (10 m), followed by trinmethylsilyl
trifluoromethane sul phonate (7.37 gm
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0.033 nol). The reaction m xture was heated under
agitation at 90 C for 5hrs. The reaction m xture was

wWEouweesdsh to a m xture di chl oronet hane and waP@r/IN20@000322

m; 1:1). The organi c phase was separated and washed
wi th 5% sodi um bi carbonate sol ution, water and then
evaporated to give 6.0 gmof a white solid, which was
Weé rglmat ographed over silica gel using a m xture of
acetate and hexane Mass Spectrum : 485 The
1. rer’&mo&ipoﬂﬁdbﬂﬁarbﬁ[bl@ protective group and conversion
of the unprotected free base thus obtained to its
hydrochl ori de salt was effected as per. the nethods
described in anpl es 4-9 _gave
'EP 6 IE“gbenzoate 5-fluoro uridine
hydr ochl ori d& &ajt in @an anoneric purity of @dy0% of the
. e- 13 Pgeparation
of 2- Deoxy~2, 2- di | uor o- 3, 5- di benzoat e- uri di ne
hydrochl oride salt Uracil (5 gm 0.044 nol) was heated
w t h hexanet hyl di silazane (76.8. gm 0.47 nol) and of
trWheltehyPﬁh};drogﬂmlmraihydrc(ngz@mdeénwtgrd% 140 C for 5-6

ear The, reacti on Xt ure was

2 D R bsteiiog b Thiaie P iasdiis 10 CGirh . piheiin, BeprolaaE Broup.
mapsas sWlRbieh Y61 ek §Pi”d{-ﬁxgl 'ﬂcﬁlﬁf"%’&e@ e({e%lt Eiiﬂhgn;(l&l%thyl

m To the sol ution was en add
5wyl 2 methykyi f Hepdirebedzel, bi phenoxpearbsayyl D- rteb@sﬁ butyl,

taz:glt%{gin? @ﬁlgi (gbq%y%rééy?aﬂyr v\g cﬁ t?a]hy&@glﬂwyé,l pwethoxethoxy

tr mfethy&; rmethmamqs Whehexedcetyl, h@ob‘lﬁy@fﬂet&x? fézrum&n be&%xy

reacf) S);ﬁére ated under agitation at
ehygme sikyh 15APEORA élmﬁbyl;géﬂr wthy&dltsep@pyl silyl,
mi %hwp%o%u%ﬁ&l%%ﬁia?gﬂﬁgm, o9l Sy fp1 (100 mi 1:1). The

organi c phase’ was se Washed with 5% .
3. sédiroesss Gariveprastivnsaf] cotipound vidoenular(l) whieh cenmprigdsabasding a

tolag{oY compoul%nc])to t{)rmulw?f\})e solid, which

0 OH
PO ;
E, awvy
P
F

wherein P is as defined hereinbefore with trichloroacetonitrile in an inert

organic solvent and in the presence of a base,

4 A process as claimed in claim 3, wherein the organic solvent is selected from

halogenated hydrocarbons, acetic acid (Cy.4) alkyl esters, ethers.and aromatic

hydrocarbons.
5. ,A process as claimed in claim 3 or 4, wherein the inert organic organic solvent
is selected from dichloromethane 1,2-dichloroethane, ethyl acetate,

diisopropylether or toluene:

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

from diethylamine, triethylamine, diisopropylethylamine, cyclohexylamine,

pyridine, 2,4-dimethylamino pyridine, and N-methyl morpholine
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was chromat ogr aphed over silica gel using a m xture of
ethyl acetate and hexane . Mass Spectrum M 1 : 472.5

wab@engasos/al of the benzoyl protective group apdI/IN2005/000322

10.; ¢

conversion of the unprotected free base thus obtained
to its hydrochloride salt was effected as per the
nethods descri bed in Exanples 4-9 gave

3, 5- d | d
i St 5l B e o BRBFTE W horeirbe bigech Shmioved
b- anoggdlyVg ﬁh@lhxl or fn Wﬁoﬁiﬁm?‘. QF MUtA3 (hdRs per mole of

wherein P.is en or hydroxy protective group 2

A cCORRouAd OSforfwll Va rrefp rabb{; & entalytic amepnts.m 1,

whe | "
Ay ARLSh B BE S 7 plk 883 e SR ionconivi
di phemplayet hy bquimolqm Ipemolrtmmtth yile, ladohtdmpdumd z)f iformula (IV) or

Perd %%5%‘?%%%%‘? P A mBEL et s BEHESHARE ot formule 1),
. Sg%ut i 3! h@&ﬂolﬁebﬂ%}bbﬂloﬁ‘@to?qw t@l@eﬁ])éles ﬂ&‘ %&éxbf%%wund of

et hoxy carbonyl, benzyl oxy “carbonyl,
nesfprmu leI¥bt hyI SI lyl, isopropyl dinethylsilyl,

met hy | [ ropyl skl or e
terti aéjrb b%sg I%I/I%% ?15 olfsé%&mg‘%p?nodig’s%’h?rgfn the reaction is
pr eqammi dutrat aftempnmumd tl&fraﬁgé aﬂbe’awéén)—wq ot 208apr i ses
rea tin%qa | act o] conpound of formula ( wherein P

Stegegselestiv slyesyliog maoggss Fprmrpwmmrb@’ééqe@w than| 9% B-
' n %c&é@ﬁlkm%r% LRy eﬁdr&gﬂoﬂc{% ffoﬁ%%%éﬁgmce of a

base roc ss a5 Cl erein the
or gani c solvent is selected from hal ogenat ed

hydr ocar bons, acetic acid (Cl ) alkyl esters, ethers
and-aromati ¢ hydrocarbons.

NH; * HCl

NZ~

(ITb)

H
F,
H
H

. F
comprising the steps of

a) glycosylating a compound of formula (J),

)
CC].3 : ’
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5. A process as clained in claim3 or 4, wherein the
inert organic organic solvent is selected from
waele@hiogesesret hane 1, 2-di chl or oet hane, et hyl acePEI/B2005/000322
di i sopropyl ether or toluene. 6. A process as clained
in any one of clains 3 to 5, wherein the base is
sel ected fromdi et hylam ne, triethylam ne,
di i sopr opyl et ami ne, .cycl ohexy] am n ridine
> whelrbis fnet bpeinrits SRR s .
A process as claimed in any one of claims 3 to 6,
wherein the base is | oyed in catal ytic, equinolar
or in nmolar proportjons of 1 to 3 nole$s per nole of
conpound of fornyk&a ™ V), preferably, in cah§lytic
amounts. 8. A pr¢cessiias clainmed in any one of clains
3 and 7, wherei i cHl oroacetonitrile is enployed in
equi nol ar profgbrti gds to the |actol conpound of
formula (1V) or intholar proportions of 1 to 20 noles
per nmol e of compound of formula (1V), preferably in
nol ar proportions 1.0 tol5 noles per nole of
compound of formulg (1V). 9. A process as g?@ined in
any one of clai nd 9, wherein the rea on is

carried out at t erature in the range of between

-20 Cto 20 ;;/iﬂb st ereosel ective gl ycosyl ati on
process forR@epariiti on of greater than 99% b-

enri ched anomer of gentitabine hydrochloride fornula
(lib), conprising the steps of a) glycosylating a
conplesseid RSf isfeonitrogen piojectihe priup aRd RS ing hytdfoxy gdotective group
“her.ei pbefore with cytosine of formyla.(Va) .or.(Vb

whdh dh DreReRce O 4 1F SRR SRIEIA0E BFORAD AR R gnse of o
hy dr &%y 2BitQhaG)st ¥EpBTeetdd geMckBndf8SB6 Of Blrndila (INH! t
organi c sol vernt and opticnally in the presence of a

Lewis acid catal yst- to protected gentitabine free base

of formula (Ha),
NHR? -

N7

(1)

wherein P and R* are as defined hereinbefore;
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wherein P and R4 are as defined hereinbefore;Db)
renovi ng said protective groups by treating said

W@ oovpowsms of fornula (Ha) with aqueous anmmoni aPCTIN2E5/000322

11.

12.

13.

presence of a Cl1-3 alcohol a or with hydroxy ion
exchanged ani on exchange resins to give the b-enriched
anoner of gentitabine free base of fornmula (Hc); c)
cqntacti ng.t he gentjtabine frﬁe~base of, fornul a 8kie) {
t s oBTTOYHRE SR OGO GOHPE AY drepdRs Faid Logipognd of Jprmula
to gi (Ha} Mehba@esusCARRMOARANRRe BfesE@RBTI AL Realcohol a or with
hydrochl oride of fornmula (lib) in > 95% preferably >
95% pyitoRy; iosnexalipngsdt sriem|exphange t1gsins dar giypithe A-periched
b- anoner _cont ent .of. i,t abi hvdraqchl ori de of
For murgomet B &t Ghind MR RN e (e g
crystallization fromayg xture of a C2-3 aliphatic
organic acid and waterj 1l1. A process as clained in
clai m 10, wherein the fnitrogen protective group R4 and
t he hydroxyl group conpounds of fornula (Va) and
(Vb) are acetyl or tjrialKkylsilyl. 12. A process as
claimed in claim1l , Wherein the inert organic
solvent is select@d frimacetonitrile, toluene, xylene
and its isonmers, chlorgbenzene, ortho-dichlorobenzene,
di chl or onet hane, 1, 1-dichl oroet hane, 1,2- @0
di chl oroet hane, 1,1, 2-trichl oroethane, and ani sol e.
13. A process as clqé d in any one of clains 10 to
12, whereint ' cid catalyst is selected from
tin tetrachl*ofi de,
trimethylsilyltrif
trinmethylsilyl
trigreth
c)

@ret hanesul phonat e,
or obut yl sul phonat e,

| silyl hi i fl '
t\./onsf;lct%lg tﬁg rg%mcﬁat?l}lee ﬁ'eg 8£s%ré>tf rfcl)rmuLfg ngethus obtained with

af |

hydrogen chloride in a C;3 alcohol to give the B-enriched anomer of
gemcitabine hydrochloride of formula (IIb) in > 95%, preferably > 95%
purity ; and |
d) optionally further enriching the f-anomer content of gemcitabine
hydrochloride of formula (IIb) to greater than 99% through
crystallization from a mixture of a C,3 aliphatic 6rganic acid and water,
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.
A pfocess as claimed in claim 10 or 11, wherein the inert organic solvent is
selected from acetonitrile, toluene, xylene and its isomers, chloroi)enzene,
ortho-dichlorobenzene, dichloromethane, 1,1-dichloroethane, 1,2~
dichloroethane, 1,1,2-trichloroethane, and anisole.’
A process as claimed in any one of claims 10 to 12, wherein the Lewis acid
catalyst is selected from tin tetrachloride,
trimethylsilyltrifluoromethanesulphonate, trimethylsilyl
nonafluorobutylsulphonate,  trimethylsilyl  perchlorate,  borontrifluoride
diethyletherate, and trimethylsilyl tetrafluoroborate. ‘
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di et hyl etherate, and trinethylsilyl
tetrafl uoroborate. 14. A process as clained in any one

wo@booshgisns 10 to 13, wherein the cytosi ne conpPCmTe005/000322

14.

15.

16.

17.

18.

19.

(va) and (Vb) are enployed in nolar proportions of 1
to 2.0 noles per nole of compound of fornmula (1). 15.
A process as clained in any one of clains 10 to 14,

I IS se ted
E)E&Fbegg?i% r%%aﬁ%n(g llH :anyzozbe - o0& 1§6to )né ngﬁrggls t}};scytosme
cI &Dn@dumds (&MY andh&Viofare bmpl@ed.ﬁl txﬁbléa%ro}ﬁb@[oﬁs Bf 1 B€2.0 moles
depr ot e&so n of pr o ct ive gr oups, P, R4, and R5

c oRft eleotcompopad o BrPound of formula (11a) with
aqueptseRRMiAel 5. otEér @isd?zﬂgl? 1‘8%0%4%11@4%19{}1%' 3S algohol is

carried out at a tenperature et weén anbl ent
t enplestad fiom mithabely ethamol(l-piopanal qnﬂanepmodts cl ai msd in

fgéﬁ ?Sﬁgisgika?ﬂg " u%gnsy 81}; ‘%% @ﬁ dg Eggrpﬁxt%i ge}g’r’&tecuon of

pr peatsctivesgrobps, PRRY] andRY comprieth tdaBhém oFQohoddd of formula
ﬁgé@gﬁhe strong base ani on exchange resin is
se

AAUAAUARBRRINE &1 the g ssnes @iFe s Hpol i igparriedaghat a
an ge IEA at %Beqé" be%\%@ég;\ n%wft'%@%%el%eratbﬁ%ﬁ%gut sdR402 4,

rocess in any one of

cl di pocess asoclmuedv\imeatm oneG daialsi Phad 116, wherein aniég ieflchange

is_acetic aci or TOQ %nIC aci d.
resin 18 a strong base anion exc. ange resm

A process as claimed in any one of claims 10 to 17, wherem the strong base
anion exchange resin is selected from Amberlite resins such as FPA40 C,
FPA90 Ci, FPA91 CI, FPA97 Cl, FPA98 Cl, TRA 400, IRA402 Cl, and IRA410
al. |

A process as claimed in any one of claims 10 to 13, wherein .C2.3 aliphatic

organic acid is acetic acid or propionic acid.
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