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xy-1,2,3 -tri-0-acetyl-D-ribo furano se) fromnother |iquors and process
waste streans remaining froman initial synthesis of ACF. ACF can be
prepared according to well known nethods, as for exanple described in 5

Hel vetica Chim ca Acta, Vol. 65(Nr.149), Fasc. 5, 1982, 1531. The synthesis
of ACF leads to a racem c mxture of a- and |3-ACF which can be separated
by selective crystallization and thus precipitation fromthe reaction
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to the followi ng reaction schene 1: QAcQAc (nother |iquor)

al R- Acet yl fTie passhtdeventidR ACdirected. to-a-novel process for the recovery of further -

Acetylfuranoside (B-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
racemic 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, as it is a
valuable starting material used in the manufacture of inter 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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QAcOAc R- Acetyl furanoside Schene 1 WD 2010/ 086247PCT/ EP2010/ 050523 - 2-
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t he renaining resi dual reaction mxture (nmother |iquor) 5 contains about
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the production of 5’ -deoxy-5-fluoro-N-(pentyloxycarbonyl) cytidine (capecitabine). The
advantages of the method according to the present invention are the increase of the overall yield

15 of B-ACF, and consequently also of capecitabine per production cycle, thereby reducing the

overall production costs. In addition, the present method renders the entire manufacturing more
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 of the invention

In one embodiment, the present invention provides a method for recovery of initially not
separated B-ACF from mother liquor remaining from the synthesis of ACF, wherein the -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 to the present invention comprises the

following sequential reaction 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
30 from about & 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

suitable solvent;



Summary of the invention I n one enbodi ment, the present invention
provides a nethod for recovery of initially not separated |3-ACF from

not her | iwoaniwesemni ng fromthe synthesis of ACF, wher @Ci/EPR@O0IOSOSACF | S
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t houh Avefyfikdnoside bﬁ%né\ﬁcﬁcﬂdébﬁlpbwsw‘ﬂi begins to deconpose at 150C. In yet
anot her preferred enbodi nent there is provided the nethod as descri bed

above, In yet another preferred embodiment there is provided the method as described above,
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, a suitable catalyst and a suitable acetylating agent.

15 In a particularly preferred embodiment according to the present invention, the process step
a) as described above is carried out according to 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 invention 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 o/f-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



wherein step b) conprises the de-acetylation of a/13-ACF in the presence of
a suitable base, followed by neutralization with a suitable acid and
further fwDIl2owadelay t he re-acetylation reaction in the pcegPnaae/06ds23uitabl e
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thin-fil m evaporator. The term "suitable solvent” in connection with
the cr ﬁlée[q?é‘?’ilﬁ?@ati on of 13-ACF preferably neans aliphatic al cohols, nost
preferably propan-2-ol. 5The term "chem cal reaction step” or "chem cal
conver si on'Thag¢cruséditilde e¢id” mecomecdtipm with step b) as described herein means any

conventional acid, preferably hydrochloric acid.

The term “suitable base” in connection with the re-acetylation in step b) as described
15 herein means a base, preferably aliphatic or aromatic amines, most preferably triethylamine, n-

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 a new solvent selected from chlorinated
hydrocarbons, preferably methylenchloride or aromatic hydrocarbons, preferably toluene.
Subsequently re-acetylation is carried out by the addition of a suitable amine, preferably
tricthylamine, 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

examples. The sequential use of steps a) and b), optionally followed by c), according to the



conversion of the m xture of a- and B-Acetyl furanoside (a/13-ACF), which
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201§ 08624 PHGT HRA0theY BRDDAdistetream 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 liquor

The conversion of o/B-Acetylfuranoside to 3-Acetylfuranoside can be carried out

according to the process of scheme 2 below:



specific paraneters, tenperature ranges, substances, solvents and
conditions used in the disclosed working exanples 1 and 2, respectively
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distillation is especially preferre residue is than distilled under
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preferably methanol and a suitable base such as alkali hydroxides or alkali alcoholates,

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 hydrochloric 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  Dbatch temperatures of below 30°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 aqueous 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 after 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 3-Acetylfuranoside crystals with a
25 content of < 2 weight-% of the a-anomer. The method described herein is also referred to as

“Chemical Reprocessing” in figure 1 which further summarizes the present process.



5In a first step, solvent fromthe initial ACF synthesis (scheme 1) is
distilled off. The foll ow ng deacetylation is carried out wiwth a suitable
sol vent swolrosssed47phati c al cohol s, preferably nethanol pam@Epraresisabl e base
such as al kali hydroxi des or al kali al cohol ates, preferably sodi um

met hoxi de, at reaction tenperatures of-BC to -20C, preferably at -5Cto -
10C. 10The reaction mxture is neutralized with an acid, preferably

hydrochl oric acid, up to pH 44 ir lﬁ p .ﬁ!cohol is distilled off
and the residue treated \/\/ithAf‘B%Ef:B s ]t%g e ID%I 2as chl ori nat ed

hydr ocar bons, preferably nethyl enchloride or aronmatic hydrocarbons,

pr ef er dhg-yi: Peragemiow pharbsuramaliizing Hicdrocess aaepriing forth¢ preadiit ynveniiet hy| ani ne,
acetic anhydride is added slowy at 15 batch tenperatures of bel ow 30C,
preferably 15C to 20C 4-di met hyl am nopyri di ne and additionally acetic
anhydri de are added. The batch is quenched with water and a suitable

sol vent such as chlorinated hydrocaaﬁonsu Preferably nmet hyl enchl ori de or
aromati ¢ hydrocarbons, preferably t £y s added. The organic |ayer is
separated and the aqueous |ayer several times extracted with the 20

sui tabl e sol vent menti oned above. The conbi ned organic |ayers are washed
with an al kali solution, preferably sodi um bi carbonate, | eading to pH 8

aft er vagshhRgignd dow flfer HRSRAL: By tH WA $hes WORGSOEWEIHIcd, SihttnSié B#r] g of f

and B-ACF crystallized 1n suitabl e solvents such as aliphatic al conhols,

pr ef er 2A2Ps pitiah il thersrope plithe PEesspfuBethpd recrystallized in a suitable
sol vent such as aliphatic alcohols, preferably propan-2-ol, resulting in
white B-Acetyl furanoside crystals with a 25 content of< 2 weight-% of the
a-anoner. The met hod described herein is also referred to as "Chemi cal

Reprocessing",.in. figure, 1 whi further mrari zes the present process. WO
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Process flow chart summarizing the process according to the present

i nvEht iRystillation

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 1 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.

Crystallization

1247 kg distillate (ratio o/ 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-Acetylfuranoside.

Example 2: Chemical Conversion of o/f5-Acetylfuranoside

25 811 kg Acetylfuranoside mother liquor (about 250 kg o/B-Acetylfuranoside) was concentrated by
distillation to obtain an oily residue (ratio o/f 60:40). Then 1060 L of methanol was added and
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WO 201611086 ot ARG ERNE0L 4506 28xtugs weogleadhadovitiBZ] 2 L. 27T watayfand 36 Lirnf
nmet hoxi F r; T i g was
neut raltlglgee vv? I%%ﬁ?ezdggﬁ%&&s ‘H]é&dc?é{‘?%gﬁ‘{a?g?%éﬁﬁ%r Q%:Shelqgrra thégét%ng&t\%ﬁ %ﬁg t he
pH t o ®ftoluane3Bhe coypbiger Quganis laysrseweriestashedelavies with 539 Liofspturased sodam 322 |
of 10 efidavbonaicnenaidd, Badihe &F pli @l ARG aVIBAE 38480 ABmutdr. DoludEEKhSLthamhydr i de
were a ?s%ﬁ]leg lo?tygnﬁ ’42% iecpfl prllrgpa}n- -0 v%gr%gdaeewn%rtﬁg ?ers?due 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.
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5 between 15-17C. The m xture was stirred at 16-17C for 1.5 hours. 6.06 kg
of 4- dinethyl am nopyridine and additionally 367 L of acetic anhydride were
added. Thwokatonisesas stirred for 1.5 hours. The reacti ORCEFEPRUNA5052S
guenched with 212 L of water and 265 L of toluene were added. After the
aqueous | ayer was separated, it was ext*acted 3 tines with 265 L of

tol uene. The conbi ned organic | ayers were washed twice wth 550 L of
saturated sodi um 10 bi carbonat e sol utdlaeims | eading to pH 8 after washing,
and 530 L of water. Tol uene was then distilled off and 424 L of propan-2-ol

wer e added and t he S| The. s 9C for 6
ours e laryst o meBRHas e b Elli G SR R a SRR Bon |
205. 2 kgmahingtfrare tl}rr&ydth@ms wéA@Fob/ﬁlalteneﬂte (B2AGF 9 reesvaderhby modmbmae)n ofiditnal | Y,

the cr rygt ropan-2-ol. Yield:
187.8 E%‘% %{%&e{? %tpﬁ%%@g%lg_aﬂléak@% W%I%lgf g‘%%zmp / EP2010/ 050523 - 9-

Clains 1. A nethod for recovery of initially not separated 13-ACF from

not her | i qguor remai ning fromthe synthesis of ACF, wherein the 13-ACF is
recovered by a conbination of at |east one distillation nethod and at | east
one chem cal reactheanctbddqrcotling; (bl futprastgothd ifeilh viing sdqicnbidl sepspri si ng
the foll owi ng sequential steps: a) Evaporation to less than 1 %

resi dual sol ventél of tIEQ, 5%1% (241%0' ligélsu[%n [er Sﬁhﬁ%gi‘%@?‘ﬂe 'n{&'t er%l u(grynt hesi s

of ACF, to |ncrease t he ¢c 5t resi dual’ a roma to 15
wei ght - % t ecradioing B apindth | withers 0 A€ D) toangsehsh yhadostdng Déltes@naltqﬁﬁa’%t 1060

to 80 wei glgiy /QB%BQS %%%&%ﬂ% fbr%éhtaﬁ ﬂo&@twaght% B116%Ed 8y Wistlafiéifto about
distillate by adding a sujtable solvent
10 60to 80 weight-% and subsequent crystallization of B-ACF out of the distillate by adding a

suitable solvent;

b) Chemical conversion of o/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 3-ACF by addition of a suitable solvent;

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

Proccess.

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.



b) Chem cal conversion of a/13-ACF m xture remaining in the nother |iquor
of step a), to B-ACF by de-acetyl ati on and subsequent re-acetyl ation,

fol | oned WO 20tys6A7| | zat i on of B- ACF by addition of a secrairke@ossiseent ;

15c) Optional repetition of step a) and b) in a sequential (clockw se)
cyclic process. 3.The process accordin$0to claim2, wherein the
distillation to about 60 to 80 wei ght-% of step a) is carried out at 1
to 3 nbar and 20 tinuous thin-film
evaporator% 4, Thgw%?ggégng%%%%%h@9&3%ﬁﬂ§%§ﬁﬁ&% h&wgb&ﬁ%gggln step b)
conprises the de- acetylation of a/f3-ACF in the presence of a suitable
base, followed by neutralization with a suitable acid and further foll owed
by the re-acetylation reaction in the presence of suitable base, 25 a
suitabl e catal yst and a suitable acetyl atitng agent. -10- 6. The novel
processes and uses substantially as described herein. ***



