WO 2010/086247PCT/EP2010/050523 PROCESS FOR THE RECOVERY OF
BETA-ACETYWBURABIDSIDE  The present invention is directed to amavespiosssssfor the recovery
of further f3- Acetylfuranoside (P-ACF, 3-5-deoxy-1,2,346-0-acetyl-D-ribofuranose) from mother liquors
and process waste streams remaining from an initial synthesis of ACF. ACF can be prepared
according to well known methods, as for example described in 5 Helvetica Chimica Ac/a, Vol.
65(Nr.149), Fasc. 5, 1982, 1531. The synthesis of ACF leads to a racemic mixture of a- and f3-ACF
which can be separated by selective crystallization and thus precipitation from the reaction mixture.
Usually the p-ACF is the desired product, as it is a valuable starting material used in the manufacture
of inter alia cytifiROOCESEINOR JHE RECHEERYIOF BEIEHROETYL FieRANESIDEdient of the
medicament XelodaTM. The ACF 10 synthesis can be summarized according to the following reaction
scheme 1: OAc.0> Ac (mother liquor) a/R-Acetylfuranoside OAcCOAc R-Acetylfuranoside Scheme |

The present invention is directed to a novel process for the recovery of further -
Acetylfuranoside (3-ACF, B-5-deoxy-1,2,3-tri-O-acetyl-D-ribofuranose) from mother liquors and
process waste streams remaining from an initial synthesis of ACF.

ACF can be prepared according to well known methods, as for example described in
5 Helvetica Chimica Acta, Vol. 65(Nr.149), Fasc. 5,1982, 1531. The synthesis of ACF leads to a
racentic mixture of a- and B-ACF which can be separated by selective crystallization and thus
precipitation from the reaction mixture. Usually the B-ACF is the desired product, asitis a
valuable starting material used in the manufacture of infer alia cytidine derivatives, such as
capecitabine. Capecitabine is the active ingredient of the medicament Xeloda™, The ACF
10 synthesis can be summarized according to the following reaction scheme 1:
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-2- EP 0021 231 as well as WO 2005/040184 disclose the further reaction of the unseparated ACE
racemic mixture, containing both a- and B-ACF, to a final product. The separation is thus only carried
out subsequent to the reaction of the [3-anomer to the desired end product. In any of the known
methods the remaining, residual reaction mixture (mother liquor) 5 contains about 8-15 weight-% of
not precipitated a/B-Acetylfurangside rgatio : B.is about 35 : 65), which s not separated from the
reaction mixtur? CARLeqban iy AT pulbeltal SHEH Gl P RRA PR e bl
amounts cfVEEapIEBIACFaseniasted fugeaambidit. of whsw nesiatchaverwsabenidtked-up and the
costs for thaierdittdanuidsiyiing proeessctigntorthe finabpeoduaia BrisigetficantyctlOlt is therefore the
objective of the present invention to provide an improved method for the recovery of residual,
unseparated BiAGly bipm: naaciiomstixidngs remainingdsompraaial stRegisn okAGTotyhich is in

particular Usabie. o larpe dndustial sralsmate RATicHlasy RS RIOAMSSIAN §fs apout
5'-deoxy-5-gL_Jgésn-NAf.pen%lo?cart%o(?g%ﬁ%{ idine &cape.cnabn}ée . The agdvantages of tfile r(r}gethod
according% 1 ’p‘l”@é%hltg'_?} REOR are" YIRS e SRR SV ARCTHSTY Y 5787 T3P AR U™
consequeHtii aBarondavedisspine psidsrabla ciemEy cevalva ol Adel aTn g tnE b EsIRBREtction costs.
In additiomftivespreséhicrhethod-renddrsi tyeaedtihe enap tifadte infrenoraréouironmpentalyfriendly due to
avoiding of,urReCsSIaLy Nk ARRERts of chemical waste. The method according to the present
invention can also optionally be repeated in several serially connected cycles, thereby further
improying the efficacy gf e PEBREBLMGIIRG P HITIRRASY {0 R0GASRERHHERFESE0E Wethesure

provides a method for recqvery of 'n%j | separated B.-ACEfrom.mothTer Iigﬁjor.trelmaining from
the synthaSe B AL A AR L rao e parts e S B M A RS  lacion

method arfirdiaeiast ofd crBdaipBeractabrs Gl @ lpRes BruRHY selnBeimmeRt Tk éthod
according tte thedprésenf distlosye bomphsestttybofottahing 1 epfudint tapactbmestdis: a)Evaporation to
less than hd@residuslheiembaliiermmtherliouetde mainine kamamiiitiad symbesis.af AWEGE, to

incre thecantent af resi : ight- ; 45 weight-%,
e e LT

distillate b§*SHARECEHRABRS SR A On

environmentally friendly due to avoiding of unnecessary high amounts of chemical waste. The
method according to the present invention can also optionally be repeated in several serially

connected cycles, thereby further improving the efficacy of the present method.

20

Summary

In one aspect, the present disclosure provides a method for recovery of
initially not separated B-ACF from mother liquor remaining from the synthesis of ACF, wherein the
B-ACF is recovered by a combination of at least one distillation method and at least one chemical

25  reaction step.

In a preferred embodiment the method according 1o the present disclosure comprises the

following sequential reaction steps:

a) Evaporation to less than 1 % residual solvent of the mother liquor
remaining from an inittal synthesis of ACF, to increase the content of residual o/B-ACF
30 from about 8 to 15 weight-% to about 25 to 45 weight-%, followed by distillation to about
60 to 80 weight-% and subsequent crystallization of B-ACF out of the distillate by adding a
suttable solvent;



-3- b) Chemical conversion of a/B-ACF mixture remaining in the mother liquor of step a), to B-ACF
by de-acetylation and subsequent re-acetylation, followed by crystallization of B-ACF by addition of a
suitable solvent; c) Optional repetition of step aé]and b) in a sequential (clockwise) cyclic 5process.
In still another preferred embodiment according to the present disclosure, the distillation to about 60 to
80 weight-% in process step a) as described above is carried out at 1 to 3 mbar and 200 to 210 C
heating temperature iFa confitiBYRbSRTARIAY ahH e F PSRRI Rk s8R Bied does
surprisingly notodesprmptisé 4l dn thesectdaiditiond shersgbenaicredlyla@on GoReatydferanoside begins to
decompose at h@liinyat enpiher piefeteshembeodimnanidhere is provided the method as described
above, wherein step b) comprises the de-acetylation of a/B-ACF in the presence of a suitable base,
followed by neutralizagion witthasHitpRie@cied anddpEher folipwedddayrihe rareetylatigaieaction in the
presenge of suitable base, a suitable catalyst and a suitable acetylating agent. 15In a particularly
preferred embodiment according to the present disclosure, the process step a) as described above is
carried out accordig (o, ne, speclfic sondiions as deseiioed i e actompanying fxgmple 1. and the
process step b) Is carrledﬁ, dut according to the specific conditions as descri ed i the accompanying

Example 200U 694 otssn R BMATHIER A EFBOaMERYtHEFETE HRV Rl IR E s for
recovery 0204 HACE lnvtoedingproathics presentigisclo Sureilisagagaries thbermanufactbre s
capecitabine:edailetdbesarpionedf tbedsfaniten kaadindian scbdaiternthamotAemlisiiiop- means any
remaipying m@%ﬁ%ﬁfoﬁﬁﬁ@H@h§&%@&%ﬁb’%§%@'§s@5@5 by-products left over after a main reaction

product is isolated from that mixture in any step according to the present method. In particular, as used

herein the termymather liguor MEARSIRG JEBAIRIRE @Wﬁ&}‘éﬂé‘?ﬂé{ﬁgﬁ 10 dbe syaihesiz of ACF
according tcﬁscheme above, wl&li%t%c“ontal%s_ re%ﬁi%%_ % ounis of a/f3-ACF to, tlh r with a variety of
impurities SAETBY BB AUELEPTeS G derasRy AfiHb R S - DhAATS T e tha ™ R sd8F herein
preferablyfrlloses fainsgtabaAtanevab o ravsohetsbund faiaan &gy ebbdhggatansorbéivmFaRsiitation,

continuousisimplesence of suitable base, a suitable catalyst and a suitable acetylating agent.

15 In a particularty preferred embodiment according to the present disclosure, the process step
a) as described above is carried out according fo the specific conditions as described in the
accompanying Example 1; and the process step b) is carried out according to the specific

conditions as described in the accompanying Example 2.

In another particularly preferred embodiment there is provided the process for recovery of
20 B-ACF according to the present disclosure used during the manufacture of capecitabine.

Detailed Description of the Invention

Definitions

The term “mother liquor” means any remaining mixture of residual starting materials or
25  by-products left over after a main reaction product is isolated from that mixture in any step
according to the present method. In particular, as used herein the term mother liquor means the
remaining mixture subsequent to the synthesis of ACF according to scheme 1 above, which

contains residual amounts of a/B-ACF together with a variety of impurities and by-products.

The term “distillation” or “distillation method” as used herein preferably means falling-
30  film evaporator, molecular distillation, centrifugal molecular distillation, continuous simple



WO 20101086247PCT/EP20101050523 -4- distillation or related apparatus. A particularly preferred
distillation methodoaeeanding to the present invention is the use of a thirsfilmevapaoaier. The term
"suitable solvent" in connection with the crystallization of B-ACF preferably means aliphatic alcohols,
most preferably propan-2-ol. 5The term "chemical-feaction step” or "chemical conversion" as used
herein means the conversion of the mixture of a- and B-Acetylfuranoside (a/B-ACF), which are both
present in aigtitietiam® slaatsburaratusodardiuarinerelsyed dstibemoh8hadetydidramnsiate by a series of
chemical rqaectianistepinis garticudds idéhacetylation and subsequent re-acetylation” The term
"suitable base" in connection with the de-acetylation in step b) as described 10 herein means alkali
hydroxides or alkatitateoRalates sqrefet ablysedilsmwit thaoodaléfspdivn-methaxiahly The term

"suitable agiglz iR gRRRGCieMVIthRieRBkas IesstiReddierein means any conventional acid, preferably
hydrochloric acid. The term "suitable base" in connection with the re-acetylation in step b) as

d?SCfib%d_15 hﬁﬁ@léﬂﬁ%&xﬁi%?@mﬁéﬁfﬁ%bb’r aliphatia @t{@&gﬁaﬁgsmﬁaem%{?{%{@rably _
wiethylaming, pmehiniperiding o pyridines .. -HISISIM (SHISEIS asalialon agent,in,connection
with re-ace}y ation me%g}‘ep ) as eécrl ed herein means acetic anhydride or ace ﬁ ﬁahlaes, e. g. acetyl
chloride. "M PHECR it ABTE ES AN AT LSS h it HE FEL ) ItiST R Step b) as described
20 herein nibapisdatsstiaiearaniimstpGenhesepretaiaiion addinhettytanirispyifiiore.  The
de-acetylation mentioned under step b) above is preferably carried out in aliphatic alcohols, in

particular methahi! {8 siabltsbard araumpEratitstisctivawtybtiondn sonrd) prarseabig -5 and -10 C.
Subsedbertbysitheamactiah hyktniddsanelirhlizedakitts, anfinarhl @didmprefbradiyer(ysifaeohloric acid, up
to pH 4-6, prefierabdy. 5. The initial solvent, thus the aliphatic 25 alcohol, is removed by distillation and
replaced by a new solvent selected from chlorinated hydrocarbons, preferably methylenchloride or
aromatic hydrocarbess, ‘Riaterablydtoesnee.SasaaLeaily) re-aseiyating s eaigdmut by the addition

of a suitable gmingpRrefarably.tris IpR,A-digethylaminopyridine and acetic anhydride at
temperatures of below 30C, preferably 15C to 20C. 30Further details of the conditions for both steps

a) and b) as desgyihgd herqiny dQQEr MR ARRNORIAEWRIlHDIN A SHIS S AES iGN below and in
particufar by the aceompany g ardng SXamPIes: .35 e Ol 516Ra Sland b optionally
followed by CS, acgoﬁﬁmg {5 t%e ]

methylpiperidine or pyridine.

The term “suitable acetylation agent” in connection with re-acetylation in step b) as

described herein means acetic anhydride or acetyl halides, e. g. acetyl chloride.

The term “suitable catalyst” in connection with the re-acetylation in step b) as described
20  herein means substituted amino-pyridines, preferably 4-dimethylaminopyridine.

The de-acetylation mentioned under step b) above is preferably carried out in aliphatic
alcohols, in particular methanol, as solvents and at temperatures between 0 and -20 °C,
preferably -5 and -10 °C. Subsequently, the reaction mixture is neutralized with a mineral acid,
preferably hydrochloric acid, up to pH 4-6, preferably 5. The initial solvent, thus the aliphatic

25  alcohol, is removed by distillation and replaced by & new solvent selected from chiorinated
hydrocarbons, preferably methylenchloride or aromatic hydrocarbons, preferably totuene,
Subsequently re-acetylation is carried out by the addition of a suitable amine, preferably
triethylamine, 4-dimethylaminopyridine and acetic anhydride at temperatures of below 30°C,
preferably 15°C to 20°C.

30 Further details of the conditions for both steps a) and b) as described herein, together with
appropriate work-up procedures, are given below and in particular by the accompanying working
exampies. The sequential use of steps a) and b), optionally followed by c¢), according to the



WO 2010/086247PCT/EP2010/050523 -5- specific parameters, temperature ranges, substances,
solvents and cgoditionsseised in the disclosed working examples 1 and 2cespediively.form a further
particularly preferred embodiment according to the present invention. The optional repetition of the
sequential recovery cycle according to the presentinvention 5 as mentioned under step c) above, can
be carried out as many times as necessary. Possible limitations in the number of recovery cycles may
arise from teshificabumticheivivgl Coissioerativhs 2ioreselnsple anhernditkas BeAGRgan be recovered or
if the amougdkeibsetoveted pdiplbecamesde-sinall torjustify e wostslalipe:fusthier continuation of

the recovery, o¥dBnent accaif: @B@L@ﬁqgeéﬁ@geps according to the present invention can be
generally carried out 10 as follows: Distillative Recovery of13-Acetylfuranoside ~ Mother liquors and

waste streams r@madgi{&aaﬁr%m@nqmﬁe ical.standardRroceduie o aRaNR-fekRGrRAFINY to scheme
L above, copiain sonydeiable amakn of GOAceYIrar %a@%&%%%cgsggﬂe%%f fyppurities and

0[18
?UOI‘ Wwaste stream s Fn%nt IS remoyve Desolventlzmg ) under

by- products *15A ter the mother
reduced pré’é%iﬁiéof’@ B IROBTRBAF BRI O TG0 BRR S St 845 BEE! preferably 30 to 80C,

the obtainegcavidpstativrivezitnelqdt feiabadaédrimususersetiidont ATOHS! QiSERAYRCas thin-film
evaporator,fFallifg:itormevaporalicn, insofe cul ac distiltat durtice ntnfugation oleibu lacdistillegidn, continuous
simple distillation or related apparatus. The use of a thin-film evaporator or 20 molecular distillation is
especially preferféd :Fheiréprdemsisithea aistitie ¢ tinderved dced: pressure @t &4y k@rmiddanitpreferably 0
to 5 mbar, arehE9Rs210C heating temperature (preferably 180-210 C). The distillate can be used and
processed as crude oil or is dissolved and crystallized from organic solvent (preferably propan-2- ol).

25Chemical congessiamef Rtomer o liapairanodiie conversion of a/B-Acetylfuranoside to
B-Acetylfuranoside can be carried out according to the process of scheme 2 below:

Mother liquors and waste streams remaining from the chemical standard procedure to
obtain B-ACF according to scheme 1 above, contain considerable amounts of o/B-
Acetylfuranoside besides a variety of impurtties and by-products.

15 After the mother liquor/waste stream solvent is removed (“Desolventizing”) under reduced
pressure (0 to 1000 mbar, preferably 0 to 200 mbar) and at 10 to 100°C, preferably 30 to 80°C,
the obtained evaporation residue is feeded to a continuous or semi-continuous distillation as thin-
film evaporator, falling-film evaporator, molecular distillation, centrifugal molecular distillation,
continuous simple distillation or related apparatus, The use of a thin-film evaporator or

20 molecular distillation is especially preferred.

The residue is than distilled under reduced pressure at 0 to 10 mbar, preferably 0 to 5 mbar,
and 100-210°C heating temperature (preferably 180-210 °C). The distillate can be used and
processed as crude oil or is dissolved and crystallized from organic solvent (preferably propan-2-
ol).

25 Chemical conversion of ACF mother liguor

The conversion of o/fi-Acetylfurancside to -Acetylfuranoside cen be carried out
according to the process of scheme 2 below:



WO 2010/086247PCDEP2010/050523 -6- Amtylfuranoside MW= 260,249 Triol MW= 134,35
Acetylfuranosive MWimaa60,249 Scheme 2 5in a first step, solvent from ghesiridiahAodzsynthesis
(scheme 1) is distilled off. The following deacetylation is carried out with a suitable solvent such as
aliphatic alcohols, preferably methanol and a suitaile base such as alkali hydroxides or alkali
alcoholates, preferably sodium methoxide, at reaction temperatures of OC to -20C, preferably at -5C to
- 10C. 10The reactipn mixtwe4ds neutralized with an a}c{:i i, preferably hydrochloric aci l, up to pH 4-6,
preferably 5. The al§oholfs distilled off and thé regidttie {rebted Withra suit Such as
chlorinated hydrocarlfom, piétREatMsethylenchioride ¢r ardntatie hygdrocarbons, preferably toluene.
After addition of an_ preferably triethylamine, acefic anffgfiride is addpd glowly at 15 batch
temperatures of below 30C, preferably 1%G#o 20G 4-dimethylaminopyridiee andsadditionally acetic
anhydride are added. The batch is quenghed with wateri and a suitable solvent such as chlorinated
hydrocarbons, preferably methylenchlori r aromatic hydrocarbons, preferably toluene is added. The
organic layer is separated and the aqueous Iayfr feveral times extracted with the 20 suitable solvent
mentioned above. Adgltemibited organic layers™re washed with an alkalj ion, preferably sodium
bicarbonate, leadif§ts pd-8%fter washing aMo furtherwashed with ﬁ“ﬁ%@%ﬁ‘ﬁ?s

Scheme 2

5 In a first step, solvent from the initial ACF synthesis (scheme 1) is distilled off. The
following deacetylation is carried out with a suitable solvent such as aliphatic alcohols,
preferably methanol and a suitable base such as alkali hydroxides or alkali aicoholates,
preferably sodium methoxide, at reaction temperatures of 0°C to -20°C, preferably at -5°C to -
10°C.

10 The reaction mixture is neutralized with an acid, preferably hydrochioric acid, up to
pH 4-6, preferably 5. The alcohol is distilled off and the residue treated with a suitable solvent
such as chlorinated hydrocarbons, preferably methylenchloride or aromatic hydrocarbons,
preferably toluene.

After addition of an amine, preferably triethylamine, acetic anhydride is added slowly at
15 batch temperatures of below 3G°C, preferably 15°C to 20°C 4-dimethylaminopyridine and
additionally acetic anhydride are added. The batch is quenched with water and a suitable solvent
such as chlorinated hydrocarbons, preferably methylenchloride or aromatic hydrocarbons,
preferably toluene is added.

The organic layer is separated and the agueous layer several times extracted with the
20 suitable solvent mentioned above. The combined organic layers are washed with an alkali
solution, preferably sodium bicarbonate, leading to pH 8 afier washing and further washed with
water. The solvent is distilled off and B-ACF crystallized in suitable solvents such as aliphatic
alcohols, preferably propan-2-ol. The crude product is recrystallized in a suitable solvent such as
aliphatic alcohols, preferably propan-2-ol, resulting in white B-Acetylfuranoside crystals with a
25  content of < 2 weight-% of the v~anomer. The method described herein is also referred o as
“Chemical Reprocessing” in figure 1 which further summarizes the present process.



water. The solvent is distilled off and B-ACF crystallized in suitable solvents such as aliphatic alcohols,

preferably propayw@wlsebite crude product is recrystallized in a suitable selyepisyghas aliphatic
alcohols, preferably propan-2-ol, resulting in white B-Acetylfuranoside crystals with a 25 content of < 2

weight-% of the a-anomer. The method described fierein is also referred to as "Chemical
Reprocessing" in figure 1 which further summarizes the present process. WO
2010/086247PCT/EP2U10/050523 -7- Brieff IDsedppoonfghtidBrawinus Fig. 1. Process flow chart
summarizing the process according to the present invention Examples 5 The invention is now further
illustrated byighk Fatlomdrigs wiorkingrexammiabe prhicks acechgimomtigspssimtendedido limit the scope of
the present method. = Example I: Distillative Recovery of fl-Acetylfuranoside 10 Distillation 3000 kg
Acetylfuranoside mother liquor (ratio a/13 35:65) was evaporated to an oil (residual solvent < 1 %) at
30 to 80C and 5 to 100 mbar (about 1000 kg residual oil). The residual oil was distilled under vacuum
at 1 to 3 mbar and 200 to 210C steam heating fexam@legure in a continuous thin-film evaporator
resulting in 609 kg distillate (containing a/13-Acetyllura os de) 15 and about 400 kg residue.
Crystallization 1247 kg distillate (ratio aJf3 35:65) was dissolved in 541 L propan-2-ol at 20 to 25C and
cooled to -12 to -8C. The resulting suspension was agitated for 6 hours to complete crystallization. The
erystallizatd wagvigolenceranciwdhshebiwithdCatdhoropanitzely @B S-agrdésviteboredey product was
obtained (2r3dm¢eaigiied radisine) sotph kel eesde peaddct was recrystallized from propan-2-ol (ratio
1:1) under the same conditions. Yield: 748 kg P-Acetylfuranoside. Example 2: Chemical Conversion of
a/.13-Acetylfuranoside

Example 1: Distillative Recovery of f-Acetylfuranoside
10 Distillation

3000 kg Acetylfuranoside mother liquor (ratio o/} 35:65) was evaporated to an oil (residual

solvent <1 %) at 30 to 80°C and 5 to 100 mbar {about 1000 kg residual oil). The residual oil was

distilled under vacuum at | to 3 mbar and 200 to 210°C steam heating temperature in a

continuous thin-film evaporator resulting in 609 kg distillate (containing o/B-Acetylfuranoside)
15  and about 400 kg residue.

Crystailization

1247 kg distillate (ratio o/B 35:65) was dissolved in 541 L propan-2-ol at 20 to 25°C and cooled
to -12 to -8°C. The resulting suspension was agitated for 6 hours to complete crystallization. The
crystallizate was isolated and washed with cold propan-2-ol.

20 425 kg of white crude product was obtained (2-3% residual moisture).

755 kg of crude product was recrystallized from propan-2-ol (ratio 1:1) under the same
conditions. Yield: 748 kg B-Acetyifuranoside.

Example 2: Chemical Conversion of a/f-Acetylfuranoside

25 811 kg Acetylfuranoside mother liquor (about 250 kg o/B-Acetylfuranoside) was concentrated by
distitlation to obtain an oily residue {ratio o/P 60:40). Then 1060 L of methano! was added and



25 811 kg Acetylfuranoside mother liquor (about 250 kg a/B-Acetylfuranoside) was concentrated by
distillation to obtain an oily residue (ratio a/f3 60:40). Then 1060 L of methanol was added and WO
2010/086247PCHEYIH16/050523 -8- cooled to -8C. 127 L of sodium rfétHEXide" W8 hen added and
stirred for 3 hours. The reaction mixture was neutralized with 126 L of semi concentrated hydrochloric
acid to bring the pH to 5.1. 1235 L of solvents were distilled off. 212 L of toluene; 322 L of triethylamine

and 42 L of jgjuepe yerg ﬁ@sﬁqo%%kn%mﬁg%mmg@emg adad,slondvykenping.the batch

temperature 5 between 15- 17 e was stirre or 1. h urs. % 4-
dlmethylarﬁmﬁﬁfr?ﬁaﬁgegﬁ‘a a ‘%ni??gé{# FacE Er%% é‘%\)/%?ea Cédt ed tget? ﬁ%/)vas stirred

for 1.5 hour, ction mixtyr ed with 2 of water and 265 tojuene were
added. Afte?a%-elﬂa uevemﬁ Ver Hl&ﬂ\{\lg &%‘}33{1 tg\}\?veyfls? ngtjjrgzl_tr' fw Lt% 11%?13518I21€£0? toluene. The

combined 6?6’&H?cvﬂ°ar§éf’§199e¥é%%fr?é8%\%@’%ﬂ? 5ty EW@&W&EE‘EF%’&@JPH Y BitHFRIARE solution,
leading o [eh8earfteF-WiShirly, ranthB30et sofwhte L6Ti0fGelve Wakoter? diskiiedff and 424 L of
propan-2-olivereyaddes antnhendesisitiendisstivade flheaisalutidridy aseadbzd, tordG: farvGhours. The

crystallizatgyag fsolajed.and yashedavih cRId %&Bﬁga%%%ﬁkgf%whﬁm@dys? were obtained
(2-3 % reS| aI m0|stur ? CF /%fl:lly hte:h§ cgg% grro%}%é W%Sé tr ry‘s){;(%lllzggc}g é%?s % EQRan- -2-0l.
u 1

Yield: 187.8 cet ran05| PET/EP2010 aims 1.A method
for recovery 6?]i‘|1ﬁ?|‘éll ﬁB?QBﬂﬁfléf@&W REES P61 W?ﬁ%?vfﬁﬁgf‘%?ﬁgh ?Pﬂfﬁji%%’ fthesis of ACF,

whereilPthéBeorisspbiive by & ebrisfiatosiotaemdastidnel siatdatoicnsstiddizhd at least one
chemical refgtied sfBgd 424 L of propan-2-ol were added and the residue dissolved. The solution was

cooled to -9°C for 6 hours. The crystallizate was isolated and washed with cold propan-2-ol.
205.2 kg of white product were obtained (2-3 % residual moisture). Finally, the crude product
was recrystallized with 205 L of propan-2-ol. Yield: 187.8 kg B-Acetylfuranoside.

15



5 2.The method according to claim 1 comprising the followin.g sequential steps: a) Evaporation to
less than 1 % vasidualsspdvent of the mother liquor remaining from an inigadsynthesisaf ACF, to
increase the content of residual a/B-ACE from about 8 to 15 weight-Ye to about 25 to 45 weight-%,
followed by distillation to about 1060 to 80 Weight-‘\?e and subsequent crystallization of B-ACE out of
the distillate by adding a suitable solvent; b) Chemical conversion of a/B-ACF mixture remaining in
the mother liquor of step a), to B-ACF by de-ace n and subsequent re-acetylation, followed by

crystallization of B-ACE b djtion of a suitable solvent; 15¢c)Optional repetition of step a) and b) in a
sequential (clockwise) &%%at%ldoggégg?ﬂﬂg?&%% §§K§C§88?Eﬁﬁé)86%qgiﬁi°§{ BTl distillation to
about 60 to'80RF NI ERRETSEREEsE o A EarierBiial 13 3 AtsarcandrecsPIdi@ hktting
temperaturécast an2Qisalirinpuousitdrufint Eusiporaiomatal hepiocgss. according to claim 2 or 3, wherein
step b) comprises the de- acetylation of a/B-ACF in the presence of a suitable base, followed by
neutralization with a suitable acid and further followed by the re-acetylation reaction in the presence of
suitable base, 25 a suitable catalyst and a suitable acetylating agent. 5.The process according to any
one of claims 1 fb 4 for Tiserckihirtatirer drgriofdeturecobpapagithbiiodowing sequential steps:

a) Evaporation to less than 1 % residual solvent of the mother liquor
remaining from an initial synthesis of ACF, to increase the content of residual o/B-ACF
from about 8 to 15 weight-% to about 25 to 45 weight-%, followed by distillation to about

10 60 to 80 weight-% and subsequent crystallization of B~ACF out of the distillate by adding a
suitable solvent;

b) Chemical conversion of o/B-ACF nuxture remaining in the mother liquor
of step a), to B-ACF by de-acetylation and subsequent re-acetylation, followed by
crystallization of B8-ACF by addition of a suitable solvent;

15 c) Optional repetition of step a} and b) in a sequential (clockwise) cyclic
process.

3. The process according to claim 2, wherein the distillation to about 60 to 80
weight-% of step a) is carried out at 1 to 3 mbar and 200 to 210 °C heating temperature in a
20  continuous thin-film evaporator.

4, The process according to claim 2 or 3, wherein step b) comprises the de-
acetylation of o/B-ACF in the presence of a suitable base, followed by neutralization with a
suitable acid and further followed by the re-acetylation reaction in the presence of suitable base,

25 asuitable catalyst and a suitable acetylating agent.

5. The process according to any one of claims 1 to 4 for use during the manufacture
of capecitabine.



