1 Crystallization of 4"-epidaunorubicin x HCI The present invention rel ates
to crystalline 4"-epidaunorubicin hydrochloride and a process for the
production thereof. Anthracyclines conprise a |large group of naturally
occurring bioactive conmpounds. Several anthracyclines are used in clinics
as anticancer chenotherapeutic drugs. Exanples of clinically inportant
subst ances are daunorubi cin, doxorubicin, idarubicin, epirubicin,

pi rarubicin, aclarubicin, carm nonycin and zorubicin. Anthracyclines can be
ei ther produced by chemi cal synthesis or by fernenting mcroorgani sns. They
are used as such (for exanple, aclarubicin, daunorubicin and carm nonycin)
or are sem -synthetic derivatives of other anthracyclines (such as

epi rubi cin, idarubicin, doxorubicin, pirarubicin and zorubicin).

Ant hracyclines are effective against | eukem a and various solid cancerous
tunors. Worl dw de nost used ant hracyclines are doxorubicin and epirubicin.
Epi daurorubicin is the key-internediate in the synthesis of epirubicin. US
patents US 4,112,076, US 4, 345,068, US 4,861,870, US 5,945,518 and US
5,874,550 disclose the preparation of epirubicin hydrochloride and its use

as an anticancer agent. t hod purifying
4" - epi daunor ubi ci n_ hydr oc?#l”fﬁg‘[}@)"i"g iﬁo?l’a’ﬁ%u‘g %Elxpdctqatl on thereof from a

solution by addition of an antisolvent. Usually, in this nmethod, a basic
sol ution of epidaunorubicin is treated with nethanolic hydrochloric acid to
adj ust 2 the]% val ue in a range between 2 and 5, an subseqyently 4" -
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4, 345, 068 dadpsiclcades qudeei gpickcats oiwrothed 'breguadaonorhgeef n hydrochl ori de from
a chloroforn1extract usi ng net hanolic hydrochloric acid. Although referred
to as "crystallization", this process does not produce cr¥stalllne but
anor phous eV gatifor GBFRILTChY dAGERI BoPBeot BEFVIT Lét O r T {AShAeT TR ons
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ant hracycline _group”, .Carbohydrate Research, . 193-204)
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4" - epi daunor ubi ci n_hydrochl ofi de, howeveér, has the drawback that the
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crystallizing 4"-epidaunorubicin hydrochloride in a solvent system

i ncl udi ng °&) cBHWPeRt™ A which is selected fromthe group consisting of C
and C2 hal ogenated sol vents and m xtures thereof, b) solvent B which is
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al cohol s and™ m xtures er'eof 'solvent C is sel[ected fromthe
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t hereof , whergid aSOhr andiveer Gdemtsel ected to provide lower solubility to
4" - epi daunor ubi ci n hydrochl ori de than sol vent B.
Currently, the major method for purifying 4 -epidauncrubicin hydroch-
loride is amorphous precipitation thereof from a solution by addition
of an antisolvent. Usually, in this method, a basic solution of epi-

daunorubicin is treated with methanolic hydrochloric acid to adjust



By this process, crystalline 4"-epidaunorubicin hydrochloride is produced.
The nmet hod of the present invention makes use of 4'-epidaunorubicin
hydrochl oride as a starting material. The origin and the formof 4'-
epi daunor ubi ci n hydrochl oride are not further restricted. For exanple,
4" - epi daunor ubi ci n hydrochl ori de can be,used which is produced from
precursors in a preceding chem cal synthesis. Also, commercially avail abl e
4' - epi daungru Vi rochlorl can sed e, further
purified. Q$1 ? g%:g555| 1 %6 ?o‘ﬁ%e % P%p?dgﬁﬁo&ﬂfegu&ilgdrochlorlde whi ch
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correspondi ng hydrochlorlde in a subsequent step. In particular, it is
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three dif fErERT Rt USF “BUIRERE s ~8BAMAD T B8 SBIFERTEP *E8° have t he
capability to dissolve 4'- epidaunorubicin hydrochloride. As for its

structure,g3Qkyent A ISseesltqeheponr 8/ 411§ 1 OF QYR £ON k@;taxaglet o€l 3and 02
hal ogenat ed ,sol venﬁs and xture(f t here Sol vent can be a.sin Ie
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one or twoxGakha) @§M790@gprh§£520@¥ cll%%%sé)@@e&l@&g@{brﬁ%@m and is
suitabl e to .di ssol ve _ aunor ubi ci n hxdrochl ori de. . Preferabl %%g%()l vent
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chl ori ne ardbbeorfioned agrepprafer sredphdive hat cgentaltlons tarpbéaneeuisianie or
different., Rorcxaapl e, solvent A can be a conpound which has at |east one
chl orine atom and/or at |east one bromne atom It is preferred that the 4
hal ogen aton(s) present in solvent Ais a (are) chlorine aton(s). The
conpound cwmocphpounds:ipdeatias s0l4/enpidvuparnidont divirbarltdréde f uretvaonal
groups in additd e@a&@aékhehmltﬂg%}ee&mé)ed Qlebbeaﬁwe&&enﬁydﬂokhf@y be

preferred that solvent A does not contain such further functlonal group(s).
Accor di ng t'6%al Hréf ere g ensdtbneitd SdietriAIPS WeghtUrsted 'Yonpound and
t hus does not contain a double bond. It can furthernore be preferred that
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t et rachl oroet hanes (such 1,1,2,2- tetrachl oroethane) and m xtures
t her eof . NOr &-Mh'et é?‘émeﬁdl%ﬁbls\?eml% is selected from chl orof orm
di chl oronet hane and m xtures thereof. Solvent B is selected onits ability

to purify 4sepisauporabel sy hyds gshlord de; foomeanmon iqmurities. Lt is

sel ected from roup consis trai gh and branched
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particul ar, soICQe?ﬁloBe%%ﬁ?dbeojd’er‘?ﬁﬁo%dctﬁhﬁurSF He56P{ral cohol . Furthernore,
sol vent B #ncl ydeseml sohalcs ﬂa\élemgctfeldil’ Eh@ﬂ[ thuru;ddupnednsgeeup@s ofnciaddection to
t he hydroxyl gr.ou ef.e e ver S ent B has no
further functlosﬁa%)(gz%oups ﬁr %ef%%)orhejl'CL afnd hoy ue:esbrtehfe}egrggr)fed%%] at solvent B
is a saturdt edsebrpiBufditErd iheréteis éé@s tﬁetg@@ﬁt%e%laeum efdfl trple
bonds. Accordi Rgrigna piebersiatseabationendnd sotieas Bersosehasteich Eeom t he
group consisting of O - C3 straight and branched al cohols and m xtures
thereof. According to a further preferred enbodi nent, solvent B is selected
fromthe group consisting of O straight and branched al cohols, C2 straight
and branched al cohols, C3 straight alcohols and m xtures thereof. Most
preferably, solvent Bis selected fromthe group consisting of nethanol,

et hanol, 1-propanol and m xtures thereof. 5 Solvent Cis selected to be an
antisol vent to 4"-epi daunorubicin hydrochloride. It is selected fromthe
group consisting of d - C5 straight and branched al cohols and m xtures
thereof. Solvent C can be a single solvent or a mxture of solvents, but is
preferably a single solvent. Solvent Cis also selected to provide |ower
solubility to 4"- epidaunorubicin hydrochloride than solvent B. In this
context, it is submtted that it is within the expert know edge of a person



solvent A In this case, however, solvent mxture Il mnmust conprise solvents
B and C. Nevertheless, it is preferred that solvent mxture |I conprises, in
addition to solvent A, also solvent B or solvent C, or a m xture of
solvents B and C. In this case, it is preferred that solvent m xture |
conprises (i) solvent A on the one hang, and (ii) sol- 7 vent Bor Cor a
m xture thereof, on the other hand, in volune ratio between 1 : 2 and 4 :
1. Preferably, the vol une ratio between gf%t‘n % ttA anq (ii) solvent B, C
or a nmixture t¥&ebils P& udetn RFOVES ¢ d° isil 1Y did *nost  preferably
between 1 : 1 awmdaZnorubicSolhydndéchioxtida ehdt sodmpri $es sol vent C. Sol vent
systemlI| is generally allowed to consist only of solvent C. In this case,
however, solvent mxture | has to conprise solvent A and sol venpt B.
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hydrochl ori de. Accordingly, in a first step of the process of the present
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hydr ochl or.i de- cant al n| en];tesnF% r rece! n_solye t m Xt %ge Il or vice
versa. Preférabl’y’ ven Ures PAr e br %ud’ ntact by slowy
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% by vol urfelvedft dolverteftedByoridgctng ceRabidéfE et Cassoiveot ol ution A by
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sol vent A and thus to reduce the concentration of vent ? i.n the sol vent
m xture i sSCafeye §6Ffe<fﬁf°éys%|°\7eﬁtr(a§fgerl i BAT ¢ |A8uT%€r°geP? (F85°HEEnFbund t hat
cont act i ngorohéns clrat proteofedl’ Thpitdduper wWibts rrahyek dcbhl mieder idifdefarant A
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In this casé&e &t 6ﬁ%{}§ at. leé‘ﬁFd‘élanF?fb]l“& ASGRy df b BFS TRETES Pe&cHB t at ed
whi ch has the drawbacks nentioned above. Therefore, it is essential that

t he solution of 4'- epidaunorubicin hydrochloride in solvent Ais contacted
with solvent C. Solvent C contains a suitable alcohol which has been found
toreadily interact with the polar functional groups of 4"-epidaunorubicin
hydrochl ori de. Therefore, slow crystallization instead of sudden
precipitation is caused, resulting in the production of crystalline 4'-

epi daunor ubi ci n hydrochl oride. For further optim zation of this process,
the concentration of 4'- epidaunorubicin hydrochloride in the sol vent
systemis adjusted to be between 7 g/1 and 30 g/1, preferably between 7.5
g/1 and 25 g/l, and nost preferably between 8 g/1 and 20 g/l. 9 It is
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halogen atom(s) present in solvent A is a {are) chlorine atom(s). The
compound or compounds used as solvent A can contain further functional
groups in addition to the halogen atom({s}. On the other hand, it may
be preferred that scolvent A does not contain such further functional
group{s). According to a preferred embodiment, solvent A is a satu-
rated compound and thus does not contain a double bond. It can fur-
thermore be preferred that solvent A has only one carbon atom. Prefer-
ably, solvent A is selected from the group consisting of, dichlorome-
thane, dibromomethane, chlioroform, bromoform, dichloroethanes {such as
1,1-dichloroethane or 1,2-dichloroethane), dibromoethanes (such as

1, 2-dibromoethane), trichloroethanes (such as 1,1,l-trichloroethane or
1,1,2-trichloroethane), tetrachlorcethanes (such as 1,1,2,2-
tetrachloroethane) and mixtures thereof. More preferably, solvent A is

selected from chloroform, dichloromethane and mixtures thereof.

Solvent B is selected on its ability to purify 4 -epidaunorubicin hy-
drochloride from common impurities. It is selected from the group con-
sisting of Cl1 - C5 straight and branched alcohols and mixtures the-
reof. Solvent B can be a single solvent cor a mixture of solvents, but
is preferably a single solvent. Every alcohol having a Cl - C5 carbkon
skeleton can be used as solvent B as long as it is able to allow for
purification of 4 -epidaunorubicin hydrochleride. In particular, sol-
vent B can be a monoalcohol or a pelyalcohol. Furthermore, solvent B
includes alcohols having further functicnal groups in addition to the
hydroxyl group(s). It may be preferred, however, that solvent B has no
further functional groups. Furthermore, it may be preferred that sol-
vent B is a saturated compound and therefore does not contain double
or triple bonds. According to a preferred embodiment, solvent B is se-
lected from the group consisting of Cl - C3 straight and branched al-
cohols and mixtures thereof. According to a further preferred embodi-
ment, solvent B is selected from the group consisting of Cl straight
and branched alcohols, C2 straight and branched alccohols, C3 straight
alcohols and mixtures thereof. Most preferably, sclvent B is selected
from the group consisting of methancl, ethanol, l-propancl and mix-

tures thereof.
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Solvent C is selected to be an antisolvent to 4 -epidaunorubicin hy-
dreochloride. It is selected from the group consisting of Cl1 - C5
straight and branched alcohols and mixtures thereof. Solvent C can be
a single solvent or a mixture of solvents, but is preferably a single
solvent. Solvent C is also selected to provide lower solubility to 47~
epidaunorubicin hydrochloride than solvent B. In this context, it is
submitted that it is within the expert knowledge of a person skilled
in the art, to identify from the alcohols described herein as solvent
C those alcohols which provide lower solubility to 4 -epidauncrubin
hydrochloride than solvent B. For example, the skilled person may dis-
solve 4 -epidaunorubin hydrochloride in a solvent selected from the
group consisting of Cl - C5 straight and branched alcohols and mix-
tures thereof, and determine the dissoclution capacity of this solvent
for 4 -epidaunorubin hydrochloride. In a next step, the skilled person
may dissolve 4 -gpidaunorubin hydrochleoride in a different solvent se-
lected from the group consisting of Cl1 - C5 straight and branched al-
cochols and mixtures thereof, and determine the dissolution capacity of
this solvent for 4 -epidaunorubin hydrochloride. From the two kinds of
solvents examined, the skilled person designates as solvent B the al-
cohol{s) in which the solubility of 4 -epidauncrubin hydrochloride is
higher. Accordingly, he designates as solvent C the alcohol({s) in
which the solubility of 4 -epidaunorubin hydrochloride is lower. Every
alconol having a Cl ~ C5 carbon skeleton can be used as solvent C as
long as it is able to act as an antisolvent to 4 -epidaunorubicin hy-
drcchloride. For example, solvent C can be a monoalcohol cor a pelyal-
cohol. Furthermore, solvent € includes alcchols having further func-
tional groups in addition to the hydroxyl group(s). It may be pre-
ferred, however, that sclvent B has nc further functional groups. Fur-
thermore, it may be preferred that solvent C 1s a saturated compound
and therefore does not contain double or triple bonds. According to a
preferred embodiment, solvent € i1s selected from the group consisting
of C3 - C5 straight and branched alcochols and mixtures thereof. Ac-
cording te a further preferred embodiment, sclvent C is selected from
the greoup consisting of C3 branched alcohols, C4 straight and branched

alcohols, C5 straight and branched alcohols, and mixtures thereof.



16.77 18.90 - 20.70 17.00 24.50- 26.90 18.46 9.00 -10.00 18.75
6.80-7.30 19.24 10.80 - 12.00

6

Most preferably, solvent C is selected from the group consisting of

isopropanol, l-butanol, 2-butanol and Il-pentanol.

According to a preferred embodiment, the sclvent system of the present
invention comprises 0.1 - 20 % by volume of solwent A, 7 - 50 % by vo-

lume of solvent B and 45 - 92 % by volume of solvent C.

According to ancther preferred embodiment, the sclvent system compris-
es 1 - 6 % by volume of solvent A, 10 - 40 % by volume of solvent B

and 54 - 8% % by volume of solvent C.

it can furthermore be preferred that the solvent system is devoid of
solvents other than solvents A, B or €. According to this embodiment,
the solution does not contain solvents apart from solvents &, B and C.
However, the solvent system is allowed to contain, apart from 47 -
epidaunorubicin hydrochloride, other ingredients, such as for example,

salts.

According to another preferred embodiment, the soclvent system consists
of 4 -epidaunorubicin hydrochloride, and solvents A, B and C. In this
case, no further ingredients are allowed to be present in the solvent

system.

The process of the present invention is preferably performed by dis-
solving 4 —epidaunorubicin hydrochloride in a solvent mixture I and,
subsequently, contacting the resulting solution of 4°-epidaunorubicin

hydrochloride with a sclvent mixture II.

Solvent mixture I is characterized in comprising solvent A and having
the capability to dissolve 4 -epidaunorubicin hydrochloride. Solvent
mixture I is alsc allowed to consist only of

solvent A. In this case, however, solvent mixture II must comprise
solvents B and C. Nevertheless, it is preferred that solvent mixture I
comprises, in addition to solvent A, also solvent B or solvent C, or a
mixture of solvents B and C. In this case, it is preferred that sol-~

vent mixture I comprises (i) solvent A, on the one hand, and {ii) sol-
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vent B or C or & mixture therecf, on the other hand, in a volume ratic
between 1 : 2 and 4 : 1. Preferably, the volume ratio between (i) sol-
vent A and (ii) solvent B, C or a mixture thereof, is between 0,75 : 1

and 3 : 1, and most preferably between 1 : 1 and 2 : 1.

Solvent mixture II comprises solvent C. Solvent system II is generally
allowed to consist only of

solvent C. In this case, however, solvent mixture I has to comprise
sclvent A and solvent B. According to a preferred embodiment, sclvent

mixture II comprises sclvents B and C.

Solvent mixture I is able to dissolve 4 -epidaunorubicin hydrochlo-
ride. Accordingly, in a first step of the process of the present in-
vention, 4 -epidaunorubicin hydrochloride is dissolved completely in
solvent mixture I. If necessary, one can assist in dissolving 47-
epidaunorubicin hydrochloride in solvent mixture I by increasing the
temperature of solvent mixture I. For example, dissolution of 4°-
epidaunorubicin hydrochloride in solvent mixture I can be performed at
a temperature in the range between 40 - 80°C, preferably between 50 -
70°C, and most preferably between 55 and 65°C. Preferably, heating of

solvent mixture I is accompanied by stirring.

Subsequently, the solution of 4 -epidaunorubicin hydrochloride in sol-
vent mixture I is contacted with solvent mixture II. Therefore, sol-
vent mixture II can be added to the solution of 4" -epidaunorublicin hy-
drochloride in solvent mixture I. On the other hand, it is also possi-
ble to add the solution of 4 -epidaunorubicin hydrochloride in solvent
mixture I to solvent mixture II. The solvent mixtures can be brought
into contact by every conceivable means. For example, it is possible
to drop, inject or pour the 4 -epidaunorubicin hydrochloride-
containing solvent mixture T in solvent mixture II or vice versa. Pre-
ferably, the solvent mixtures are brought into contact by slowly drop-
ping the 4 -epidaunorubicin hydrochloride-containing solvent mixture I
in solvent mixture II or vice versa. Dropping can be performed, for
example, for a period of 1 second to 1 hour, such as 1 minute to 40

minutes, cr 5 minutes to 30 minutes.



23.03 30.00- 32.00 23.44 14.00 - 15.00 24.53 9.3 -10.60 26.55
8.00-9.50 26.86 13.40-14.60

According to a preferred embodiment, upon contact of the solution of
4 " -epidauncrubicin hydrochloride in solvent mixture I with solvent

mixture II, the resulting solvent system comprises 0.1 - 20 % by vo-
lume, preferably 0.1 - 15 % by volume, more preferably 0.1 - 12 % by

volume, and most preferably 0.1 - 10 % by volume, of solvent A.

By reducing the concentration of solution A by means of contact with
solvent mixture II not containing solvent A, sclubility of 47-
epidaunorubicin hydrochloride is reduced. When the concentration of
solvent A in the solvent system decreases below 20 % by volume, pre-
ferably below 15 % by volume, more preferably below 12 $ by volume,
and most preferably below 10 % by volume, crystallization of 47 -
epidaunorubicin hydrochloride is initiated under suitable conditions.
In this context, however, it has been found that decreasing the con-
centration of solvent A below a certain level is not sufficient to
cause crystallization. It is essential that the solwvent (s} used for
diluting solvent A and thus to reduce the concentration of solvent A
in the solvent mixture is {are)} suitable solvent{s). In particular, it
has been found that contacting the solution cf 4 -epidaunorubicin hy-
drochloride in solvent A with conventionally used antisclvents, such
as ethers, ketones, esters, and nitriles causes sudden precipitaticn
of 4 -epidaunorubicin hydrochloride. In this case, amorphous 47—
epidaunorubicin hydrochloride is precipitated which has the drawbacks
mentioned above. Therefore, it is essential that the solution of 4°-
epidaunorubicin hydreochloride in solvent A is contacted with solvent
C. Solvent C contains a suitable alcohol which has been found to rea-
dily interact with the polar functional groups of 4 -epidaunorubicin
hydrochloride. Therefore, slow crystallization instead of sudden pre-
cipitation is caused, resulting in the production of crystalline 4°'-

epidaunorubicin hydrochloride.

For further optimization of this process, the concentration of 4'-
epidaunorubicin hydrochloride in the solvent system is adjusted to be
between 7 g/l and 30 g/l, pretferably between 7.5 g/1 and 25 g/1, and
most preferably between 8 g/l and 20 g/l.



30.59 8.65 - 9.45 32.36 9.70-10.70 34.82 6.60-7.40 Table 1: Powder
X-ray diffraction pattern of 4'-epidaunorubicin hy- drochloride crystals
according to a preferred enbodi nrent of the present invention.

it is furthermore preferred that the pH value of the 4°-
epidaunorubicin hydrochloride-containing solvent system is in a range

between pH 2 - 5.

Furthermore, according to another preferred embodiment, after contact-
ing the solution of 4 -epidaunorubicin hydrochloride with solvent mix-
ture 1I, the resulting mixture is cooled to a temperature in the range

between 5 — 35°C, preferably 15 - 30°C, and most preferably 20 - 30°C.

According to another preferred embodiment, the resulting mixture is
cocled to a temperature in the range between 5 - 35°C, preferably 15 -
30°C and most preferably 20 - 30°C, within a period of 2 - 8, prefera-
bly 3 - 7 and more preferably 4 - 6 hours, starting from the time of

contact of solvent mixture I with solvent mixture II.

According to another preferred embodiment, the resulting mixture is
stirred at a temperature in the range between 5 - 35°C, preferably 15
- 30°C and most preferably 20 - 30°C, for a peried of 2 - 24 hours,
preferably 4 - 20 h, more preferably 8 - 16 hours, even more prefera-
bly 10 - 14 hours.

Crystalline 4 -epidanunorubicin hydrochloride obtained by carrying out
the process of the present invention preferably has the powder X-ray
diffraction pattern as defined in table 1. The powder X-ray diffrac-
tion pattern is preferably measured using Ka; radiation; the STOE STADI
P POWDER DIFFRACTION SYSTEM {(Stoe CIE GmbH, Darmstadt, Germany) is

preferably used as the measuring device.



11 Crystalline 4'-epidanorubicin hydrochloride of the present invention
nore preferably has the powder X-ray diffraction pattern as defined in
table 2. The data of table 2 are preferably obtained with the STCE STADI
PONDER DI FFRACTI ON SYSTEM (St oe CI E GrbH, Darnstadt, Germany) using Kai

radi ati on:

9.17

Diffraction Angle 2(theta)
5.13 43.50 7.23 16.61 7.64 31.66 11.37

1

lative intensity P(% 4.98 15.90
.57 12.01 11.23 12.18 24.62 16.18

Diffraction Angle
2 {theta}

Relative intensity P(%)

4.98

5.13

7.23

7.64

11.37
12.01
12.18
16.18
16.77
17.00
18.46
18.75
19.24
19.86
20.22
21.21
21.82
22,58
23.03
23.44
24.53
26.55
26.86
30.59
32.36
34.82

15.00 -~ 17.C0O
40.00 - 46.00
15.90 - 17.20
29.00 - 33.50
7.00 - 8.00
10.90 - 11.50
23.50 - 26.00
8.50 ~ 9.80
18.90 - 20.70
24.50 - 26.820
.00 - 10.00
6.80 - 7.30
10.80 - 12.00
54,00 - 62.00
16.70 - 18.10
6.90 - 7.5C
25.80 - 28.25
100

30.00 - 32.00
14.00 - 15.00

9.3 - 10.60
8.00 - 9.50
13.490 - 14.860
8.65 - 9.45
9.70 - 10.70
6.60 — 7.40

Table 1: Powder X-ray diffraction pattern of 4’ —-epidaunorubicin hy-

drochloride crystals according to a preferred embodiment of the

present invention.

P



16.77 19.74 17.00 25.61 18.46 9.60 18.75 7.08 19.24 11.46 19.86 58.23 20. 22
17.36 21.21 7.21 21.82 26.94 22.58 100
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Crystalline 4 -epidancorubicin hydrochloride of the present invention
more preferably has the powder X-ray diffraction pattern as defined in
table 2. The data of table 2 are preferably obtained with the STOE
STADI P POWDER DIFFRACTION SYSTEM (Stoe CIE GmbH, Darmstadt, Germany)

using Koy radiation:

Diffraction Angle Relative intensity P (%)
2 (theta)

4.98 15.90
5.13 43.50
7.23 16.61
7.64 31.66
11.37 7.57
12.01 11.23
12.18 24.62
16.18 9.17
16.77 12.74
17.00 25.61
18.46 9.60
18.75 7.08
19.24 11.46
19.886 58.23
20.22 17.36
21.21 7.21
21.82 26.94
22.58 100
23.03 31.12
23.44 14.55
24.53 9.94
26.55 8.75
26.86 14.19
30.59 9.09
32.36 10.30

34.82 7.03




23.03 31.12 23.44 14.55 24.53 9.94 26.55 8.75 26.86 14.19 30.59 9.09 32. 36
10.30 34.82 7.03 12 Table 2: Mre preferred powder X-ray diffraction
pattern of 4"- epidaunorubicin hydrochloride crystals as obtained in

accordance with the present invention. According to an even nore preferred

enbodi ment, crystalline 4"- epidaunorubicin hydrochloride of the present

I nvention has one, nore or all of the d&mder X-ray diffraction val ues

(particul ar range of relative intensity artlcular di f actlon angl e
2(t het a)) T8bte ifnetPienPrati éc3 9B ef éf‘ébﬁlv%ﬁg SUPeRF Wt $thé STOE STAD
POVWDER epidaunorubicin hydrochloride crystals as obtained in accordance with

the present invention.

According to an even more preferred embodiment, crystalline 47—
epidaunorubicin hydrochloride of the present invention has one, more
or all of the powder X-ray diffraction values (particular range of
relative intensity at a particular diffraction angle 2(theta}] out-
lined in table 3 as preferably measured with the STOE STADI P POWDER
DIFFRACTION SYSTEM (Stoe CIE GmbH, Darmstadt, Germany) using Ke; radia-

tion:

Diffraction Angle Relative intensity P (%)
2 (theta)

5.13 40.00 - 46.00
7.64 29.00 - 33.50
12.18 23.50 - 26.00
16.77 18.90 - 20.70
17.00 24.50 - 26.90
19.86 54.00 - 62.00
21.82 25.80 - 28.25
22.58 100

23.03 30.00 ~ 32.00

Table 3: Powder X-ray diffraction pattern cof 4 -epidauncrubicin hy-
drochloride crystals according to an even mecre preferred embodiment of

the present invention.

Crystalline 4 -epidaunorubicin hydrochloride produced according to the
process described herein can have the physical parameters as shown in
table 4. These data were cbtained in single X-ray analysis using an
instrument from Xcalibur Oxford Diffraction and MoKa (0,7107 mm™} as

radiation source

P



DI FFRACTI ON SYSTEM (St oe ClE GrbH, Darnstadt, Germany) using Kul radiation:
Diffraction Angle 2(theta) Relative intensity P(% 5.13 40.00 46.00 7.64
29.00 33.50 12.18 23.50 26.00 16.77 18.90 20.70 17.00 24.50 26.90 19. 86

13
Compound [4"-epidaunorubicin] HC1
Crystal color and habit Red prisms
Crystal size {(mm)} 0.2 x 0.2 x 0.1
Crystal system Monoclinic
Space group P21
Lattice constant a (A) 16.5070(11)
Lattice constant b (A) 5.4290(4)
Lattice constant c (&) 16.9178(9)
Lattice angle o (%) - a0
Lattice angle B (°) 93.164 (5)
Lattice angle y (°) Q0
Volume V (A% 1513.80(17)
Density Peaic {g % cm>) 1.336
® range (*) 2.41 - 29.05

Table 4: Data of single X-ray analysis of 4 -epidaunorubicin hydroch-

loride as obtained in accordance with the present invention.

The process cof the present invention allows for the preoduction of
crystalline 4 -epidaunorubicin hydrochloride having high purity, im-
proved solupility in methanol and high thermal stability. In a single
¥-Ray analysis, the crystalline 4 -epidaunorubicin hydrochloride pro-
duced according to the preocess of the present invention preferably has
moneclinic crystal structure. In the monoclinic system, the crystal is
described by vectors of unequal length, as in the orthorhombic system.
They form a rectangular prism with & parallelogram at its base. Hence
two pairs of vectors are perpendicular, while the third pair makes an

angle other than 90°.

Therefore, the present invention provides crystalline 4 -
epidaunorubicin hydrochloride which preferably has a monoclinic phase
content of at least 10 %. According to further preferred embodiments,
the monoclinic phase content of the crystalline 4 -epidaunorubicin hy-
drochloride is at least 20%, at least 30%, at least 40%, at least 50%,
at least 60%, at least 70%, at least 80%, at least 90%, at least 95%



54.00 62.00 21.82 25.80 28.25 22.58 100 23.03 30.00 -32.00 Table 3:
Powder X-ray diffraction pattern of 4"-epi daunorubicin hydrochl oride
crystals according to an even nore preferred enbodi nent of the present
i nvention. Crystalline 4"-epidaunorubicin hydrochl oride produced accordi ng
to the process described herein can have the physical paranmeters as shown
in table 4. These data were obtained in%i ngl e X-ray anal ysis using an
instrunment from Xcalibur Oxford Diffraction and MbKa (0, 7107 mm 1) as
radi ati on °Sodt ¢&€23° *P3 - G &O-%ﬁaaéhﬂﬁraﬁb?rﬁfﬁﬁ—i@(le SPt¢cd8r and
habi t Red piriystesl1Cny st akpsdaneo fulni)cOn 2hydrOcilori@e To@r istsabnly sifteniddmocel i ni
nocliinic form. It is further preferred that the crystalline 4°-
epidaunorubicin hydrochloride of the present invention does not form
part of a complex with other molecules, for example, such as DNA, RNA

or proteins.

The crystalline 4 -~epidaunorubicin hydrochloride of the present inven-
tion excels in purity and shows improved solubility, in particular, in
methancl. Therefore, it can be beneficially used in dowastream
processes for the production of anthracyclines. For example, crystal-
line 4 -epidaunorubicin hydrochloride can be used to produce epirubi-
cin, The process for producing epirubicin from 4’ -epidaunorubicin hy-
drochloride as a starting material is well-known in the art. Because
of its high purity and good solubility in methanol, the use of crys-
talline 4 -epidaunorubicin hydrochloride as a starting material for
the synthesis of epirubicin is beneficial over the use of amorphous

4" -epidaunorubicin hydrochloride.

The following figures provide supplementary information on the 47'-
epidaunorubicin hydrochloride as produced according to the present in-

vention:

Fig. 1 shows the stereochemistry of 4 -epidaunorubicin hydrochloride

according toc single X-Ray data.

Fig. 2 shows the thermogravimetric analysis (TGA) of 47-
epidaunorubicin hydrochloride. The data were obtained using the in-
strument NETZSCH TG 209 {sample mass: 12.917 g, range: 24.0/10.0
(K/min) /250.0, crucible: Al,0;).

The present invention is hereinafter described by way of Examples.



Space groupP2l1l Lattice constant a (A)16.5070(11) Lattice constant b
(A)5.4290(4) Lattice constant ¢ (A)16.9178(9) Lattice angle a ()90 Lattice
angl e p93.164(5) Lattice angle y ()90 Volume V (A3)1513.80(17) Density
pccac (g x cm3)1.336 0 range ()2.41 - 29.05 Table 4: Data of single X-ray
anal ysis of 4'-epidaunorubicin hydrochlqride as obtained in accordance with
the present invention. The process of the present invention allows for the
producti on of cr¥§talline 4' - epi daunor ubi ci n hydrochl ori de havi ng hi gh
purity, iﬁﬁ? d-solubility in methanol and high thermal stability. In a
single X-Ray analysis, the crystalline 4'-epidaunorubicin hydrochloride
produced agcordi g d-@nb A iREQGEZS 001 dBe NIRS s soIVaNthOA kel es alel y has
monocl inic crystal structure. I'n.the npngcllnlf sxst ”kht9e5§EX§éa- is
descr i bed By RICEBrVLPUIEquaATd F8ngth, ady APtHE orthSrhonbic sysi em They
form a rectiaaguharvqiuins nofMat hiztupar af llebograanl adnd fsbljasel WHehce 1t vwo' pairs
of vectors 8re nerpendscilRn oioke. the Lhi rdnpaidrafBkesean angl e ot her

than 90. Therefore, the present invention provides crystalline 4 -

epi daunor B HORYRF G gI5eaBIRHiIdEh  Pridfef l§19ﬁé§ogy no&T i ¥ HRase
content ofgsat |east 10 % According to further preferred enbodi nents, the
nonocl i ni ¢ phase content of the crystalline 4'-epidaunorubicin
hydrochloride is at |east 20% at |east 30% at_ |east 40% at_ Least 50% at
| east 60%That™1*aEE POUFOUEY BASCOBOYTPEL 2T EEST G0, @ RFF-BAst: 95987 Pt or at
| east 99%anAceysdihghthe aripaetifi ar ipref esaredemydyedirent, the crystalline
4" - epi daunor ubi ci n hydrochl ori de consists only of the nonoclinic form It
is further preferred that the crystalline 4"- epidaunorubicin hydrochl oride
of the pr&&entesRyErt iC6HS tdSsVHist SEBFFATSEr trBF “5° SOMPEX ™ t'H ot her

mol ecul es,mehas EX @D @ 158 ra8BedDNALh RMANDrtgateb@iisnetHydetharstadi| i ne
4"-epidauq8£g9i§jnaquggghhﬁrkggﬂof the present invention excels in purity
and shows |nprove§ sé1ubillty, I'n ‘particular, in nmethanol. Therefore, it
can be beneficially used in downstream processes for the production of

ant hr acyclinaesryStal s 6%aaphes] ve&y Sinal binma rdéd epi daumadabicsinidiypdheehl ori de
can be used L0, BIaducs.ehlLuPLEL 1 oThE RLOGESS, M0l BEOAUC! ik GRLEM Cl N
fron14"-ep|§aunoru5|0|n yd?oc oride as a starting material is well-known
in the artdecBeeeasseabfloi{ s Hinghv s Fey #8dPgood sol ubility in nmethanol, the
use of crystalline 4"-epidaunorubicin hydrochloride as a starting materi al
for the sy}%geﬁ£§_of epirubicin is beneficial over the use of anorphous
4"-epidaunoru8|cih hydrochl ori de. The follow ng figures provide

suppl ementary informati on on the 4"- epidaunorubicin hydrochloride as
produced agcqr di ng;hfirddres prigsepdrdchventdeone rdidgssdivehows at hiexture of
stereochem stry_of 4'-epidaungrubi ci_n,hydr i de r.di ingle

X Ray dat &P SRR ERE. CReroar avi neeti ¢ anal yar o (A of 13 -

epi daunor ubiceill d8fefoEhiLlErides iR VRArEE weér & BEtarhed tFHWE2tNe P AstT unent
NETZSCH TG, 2Q8c( sarpl® -m8ss:7 12. difling) 4w@amgec. 24e0dntD cOnddbbmanion260. 0,

erucibl e: éujég§géunorubicin hydrochloride in the resulting solvent system was

20 g/1.

The mixture was cooled to room temperature within a peried of 5 hours,

and subseguently stirred for 12 h at room temperature.

The resulting crystals were separated from the sclvent mixture by
means of filtration, washed with 50 ml tert-butyl-methylether and

dried at vacuum (< 400 mbarx).



The present invention is hereinafter described by way of Exanples. 15
Exanple 1: 10 g 4'-epi daunorubicin hydrochloride were dissolved in a

m xture of chloroformand butanol (ratio =2 : 1 by volune). To this

m xture, 10- times the volume of a m xture of 1-propanol and 1-butanol
(ratio =3 : 7 by volunme) was added at QpC The end concentration of 4'-
epi daunor ubi cin hydrochlorlde in the resultlng sol vent systen1mas 8 g/l.
The m xturg, M@%S%oPled fo ro enperatyre ath&nea¥ﬁq&59u S ours, and
subsequently stirred T roon1tenper ture™ tlnd'crystals
wer e separapelarigm tThe xsxﬂlvle‘ms i Xt U ehpyPuréngiagf 2§ i3 fr atticonrodvgshed with
50 nl tertwbuipdseieithybethernand sdriad sag yvacuum (< 400 nbar). The crystals
were anal yzed and confirned as 4'-epi daunO Ubi ci n hydrochl oride. The yield
was 9.2 g, the purity was 98.2 % The product deconposed at 191C, the nass
was 528 DExBxarpBe 2: 10 g 4' - epi daunorubi ci n hydrochl ori de were di ssol ved
in a mxture of chlorofornland but anol (ratio = 2 : 1 by volune) Thi s

m xture sl ow to, 10-tinmes the vol Xture of ropano
oha 1. burBni 4 CPH RSN 7 iGN e s OB PRE=Drid & HEBHES &Y on of
4' - epi daumorbbtopatimpgr achlloprdench teiresdl tih@ysvblent - SSestehs was- 20

g/ 1. The mi.X{ Ur@ Yas CoRL &1 hRe roqomle{rm% aJeUf 8, MphRL N 284 PRIJGL 0025 hours,
and subsequ ently tirred for _ 12 at roon1t ratggrﬁs HEe resul ting
‘a

crystal s wefbi%eparated F¥ It §8fV%ﬁWlﬁl 6WdfF?FF§t|on
washed w ttrablomiboft €r-fepbidulorweidiyl etdrechbnd ddr iredhat resatuinm 1400 nbar) )
16 The crystals »aere @analyzed and confirmed as 4'-epi daunorubicin

hydrochl oride. The yield was 9.2 g, the purity was 98.2 % The product
deconposed at 191C, the nmass was 528 D. Exanple 3: 10 g 4'-epidaunorubicin
hydr ochl ormfihdeningnee diassobaled Lo @mom dnpgreapfredviilior ametrhame fahchdbrpr opanol

(ratio = Ly guhg}équgltligegtlr-ggdtgylzs1§nk?(ta'ﬂrx_eoorlee zﬂe@%&ﬁé‘e volure of a
m xture of 1-propanol and isopropanol (ratio = 2, by vol une) was

slow y added at 60C. The end concentratlon of 4"-epi daunorubicin
hydr ochl orthderdsult hvey ﬁ:egsjdatlisngelsaolsvmatsysf@m was s8lgentThexturet iy € was

cool ed to mreQ%ncIfe@PPJz%Tt%r? W bKU D 2 P! Y Qe S NH L Re DL RUDSLGUENt | Y

stirred for 12 h at room t'enperature. The resultlng crystals were separated
fromthe SERGRMT HFWr & BYOnBRHE -of filtration, washed with 50 m
tert-butyl-nmethylether and dried at vacuum (< 400 nbar).

The crystals were analyzed and confirmed as 4 -epidaunorubicin hy-
drochloride. The vyield was 2.1 g, the purity was 98.0 %. The product
decomposed at 1%0°C, the mass was 528 D.

Example 4:

10 g 4 -epidaunorubicin hydrochloride were dissolved in a mixture of
dichloromethane and l-propanol (ratio = 1 : 1 by volume). To this mix-~
ture, 10-times the volume of a mixture c¢f l-propanol and isopropanocl
{ratic = 2,5 : 8 by volume) was slowly added at 60°C. The end concen-
traticen of 4 ' -epidaunorubicin hydrcchloride in the resulting solvent

system was 20 g.

The mixture was ceoled to room temperature within a period of 5 hours,

and subsequently stirred for 12 h at room temperature.



The crystals were anal yzed and confirned as 4--epi daunorubicin
hydrochl oride. The yield was 9.1 g, the purity was 98.0 % The product
deconposed at 190C, the mass was 528 D. Exanple 4: 10 g 4"-epi daunorubicin
hydr ochl ori de were di ssolved in a m xture of dichloronethane and 1-propanol
(ratio=1: 1 by volunme). To this m xture, 10-tines the volune of a
m xture of 1-propanol and i sopropanol @ﬁatio = 2,5 : 8 by volune) was
slow y added at 60C. The end concentration of 4'-epidaunorubicin
hydr ochl ofREer§SHLEHY FEEHIALE N S0 PRI “8Y SteM Wits S8 Yt FHE Yt xtlur e was
cool ed t o meapmMdrerpeirat ke wkikddnvatipeni od teft Bouvhglrssthahettsubsetjuent | y
stirred for.12 h at roomt ture. 17 The resulting crystals were
separateddﬁ%%%f?hégg%ﬁVg%ﬁ%ﬁfﬁ%ﬁ?é by neans of filtration, washed with 50
m tert-butyl-nmethylether and dried at vacuum (< 400 nbar). The crystals
wer e anal yizedeandacHORki-& Rt 1a5:d anepiddunssdihi ci nebydrmehligrdideny-The yi el d
was 9.1 g,, the purity was. 98.0 %, The 0 : d 1 he nass
was 528 Déregﬁ%g?g?iége %%%13&33'1;gb%%% EﬁgFﬂgﬁgrﬁgﬁidfg%ﬁﬁg??%gkmas
produced awdoprasiefii ®d 1PB\C adle Mg sget¥aréPit hydrogen chloride to a
chl orof orm extract of 4"- epidaunorubicin hydrochloride) according to
Exanpl e 2(pf US) 4b34£506$é]As a result, 4"-epidaunorubicin hydrochloride
was obt ai F8FPAIBF €¢i*pPtat'éd as an anor phous powder. Conparative Exanpl e
2: 4"-epi daunorubi cin hydrochl ori de was produced and purified (by adding
hrreg hanﬁ: i q_fgxgi&gﬁangaﬂc@ﬁ ik%rb@lliblr@a% afQf %fsdazegi r;&gt pOfifded @Rl dnimm@r ubi cin
ydr ochl ori ccordjng to, Exa 0 aresult,
4"-epidauﬂﬁf§ T@fﬁ %Vk?gﬁhfﬁﬁéaggvgg %5:é?ﬁgﬁrgﬁaﬁﬁgg%f€f€ated as an
anor phous gpavigleroruSiripahadiordl Exialep| ec@rding épi Braamrde ubiodi v Hydfotifori de
was produggd,and.hi; 19--bh et uhbByudish Ao Rir-BaiQlrias hers) opeGaedifig peedioi vin et
al. ("Substitutions of allylic esters: preparation of 3-am noglycals and
their aci CatE yedl GrYEUE " dal 7617 "Use in the partial synthesis of
gl ycosi des of the anthracycline group”, Carbohydrate Research, 1980, 79
(2), 193-204)barASve f:88¥ht 2:4" - epi daunorubi cin hydrochl oride was obt ai ned
and precipitated as an anor phous powder. 18 Cains 1.Process for producing
crystal | i ne 4"-epi daunornbicin hydrochlo- ride conprising crystallizing
4" - epi daunor-ebiddunc hymicoo hihorodel dmida wol vertucsy strenPiiidliadi Ry ajdiddl vent A
which is sgliagtedf Fomdbs G:0UPLRBSh ShilBlo @frnChxaads Gk hal ogenat ed
sol vents and m xtures, thereof

epidaunorubicin hydrochloride} according to Example 5 of US 4,345,068.
As a result, 4 -epidaunorubicin hydrochloride was obtained and preci-

pitated as an amorphous powder.
Comparative Example 3:

4’ -epidaunorubicin hydrochloride was produced and purified (by using
ethancl/ether) according to Boivin et al. (“Substitutions of allylic
esters: preparation of 3-aminoglycals and their acid-catalyzed glyco-
sidation. Use in the partial synthesis of glyccesides of the anthracyc-
line group”, Carbohydrate Research, 1980, 79 (2), 193-204). As a re-
sult, 4 -epidauncrubicin hydrochloride was obtained and precipitated

as an amorphous powder.



b) solvent B which is selected fromthe group consisting of d C5 straight
and branched al cohols and m xtures thereof, and c)solvent C which is
selected fromthe group consisting of G C5 straight and branched al cohol s
and m xtures thereof, wherein solvent Cis selected to provide |ower
soluoility to 4"-epidaunorubicin hydrochl oride than solvent B. 2.Process
according to claiml1, wherein the sol vent systemconpris- es 0.1 - 20 % by
vol une of solvent A 7 - 50 % by volupge.of solvent B and 45 - 92 % by

vol ume of solvent C. 3.Process accord fo clain12, wherein the sol vent
system conpris- es 1 - 6 % by volune of solvent A 10 - 40 % by vol une of
solvent B and 54 - 89 % by volune of solvent C. 4.Process according to

claim 1, qonprfgrsgcrggsaﬁordwéom }(h 4" tgﬂllqguwegbaﬁfnerml%gc d?:rol:ﬁlﬁaJ ha

sol vent m xture |-conpriSing vent (11) .sol vent or and b)
contacting t hesz@Eﬂ GOTRHAT 6B ﬁrﬁé %lﬁzal)g i r?Pléiagﬁ?Rﬂé’hF“ian‘ﬁ?%‘l|°Fl%ﬁﬁr| si ng
sol vents B anda Gelbelt @ges&n aaeDiddingg to claim 4, wherein solvent mxture |

conprises (i) solve d, ) ;S0 o ™ Ng S u%0 s bet ween 1
O and 4 1, Shr erRranyy At AE ey Elted) dbm Sk %“;’%ip?ﬁ%?éb%

between 1 : 1 and 2rd @ haigg%’apﬁ‘éc%slé’e‘&%%é‘lnﬂlWt%escltaia?ﬁ wher ei n upon
contacti-ng sol y)ent JEL¥EAM @ Whadht s Selivetdd Mirxh Whe §igupt benssekventofsyst em

conprises 0.1 - %.by, Mol une.. pr r . %i QY. Ml URE, DT e
preferably 0.1 - %b?/tr\%o anB g{f%ﬁggé ar}rgg er a%?d )01 - 10 %elgy vol une,

of solvent A T7Pr ocﬂé@s accor d| ng to claim1, wherein the concentration of
4" - epi daunor ubj ci nschygkehl@idndesi :nelteaeecsczlrmenﬂlesysd@rmmsmetm@m Jrgll

and 30 g/1, preferably hetugen .5, 0/1.80%128,0d n@fdl BBl REfReabl y

between 8 g/1 and 207Q ocess according to clai'm 4, wherein
di ssol uti on of 4"- whereln solvent C is selected to provide lower SOLUD1L1TY TO

4’ —epidaunorubicin hydrochloride than solvent B.

2. Process according to claim 1, wherein the solvent system compris-
es 0.1 - 20 % by volume of solvent A, 7 - 50 % by volume of sol-

vent B and 45 - 92 % by volume of sclvent C.

3. Process according to claim 2, wherein the solvent system compris-
es 1 -~ 6 % by volume of solvent A, 10 - 40 % by volume of solvent

B and 54 - 89 % by volume of solvent C.

4. Process according to claim 1, comprising
a) dissolving 4 -epidaunorubicin hydrochloride in a solvent
mixture I -comprising (i) solvent A and (ii) solvent B or C,
and
b} contacting the solution cbtained in a) with a solvent mix-

ture II ccemprising solvents B and C.

5. Process according to claim 4, wherein solvent mixture I comprises
(i) solvent A and (ii) solvent B or C in a volume ratio between 1
: 2 and 4 : 1, preferably between 0,75 : 1 and 3 : 1, most pre-
ferably between 1 : 1 and 2 : 1.



epi daunor ubi ci n hydrochloride in solvent mxture | is perforned at a
tenperature in the range between 40 - 80C, preferably between 50 - 70C, and
nost preferably between 55 and 65C. 9. Process according to claim8, wherein
after contacting the solu- tion of 4"-epidaunorubicin hydrochloride with
solvent mxture Il the resulting m'xtur1 is cooled to a tenperature in the
rangedpf - 35C, prﬁfeLably 15 - 30C, nost preferably 20 - 30C. 10. Process
according to any of the preceding clainms, wherein solvent. A ] ected
fromthe §roup” tUNEFTIREGH &R oraéf“o%'mwélﬁﬁﬂd'i CRT orome ntéﬁl .é%f.%gtr ocess
according to amixtefetheipheapédemy mdkairms IInhdreepal woltvarateB ¢gwserect ed
fromthe groupgconsistd Bg @f1uAEt NARGLrawthanol- and LypsOR@EBPI mork2prd? oCess

according to any of the precedjn | ai ms, wherein solyvent i s selected
fromthe gr oupf%ﬁ?%?s(E‘ilné ot %113158‘{0;?%8?’, aingo%?sécpgﬁ%ﬁsera}f’g bou't(l:aﬁé]l0 Ant

1- pent anol . 13voRmecess satecortdhkng to any of the preceding clains, wherein
the solvent systemis devoid of solvents other than solvents A, B and C.

7. Process according to claim 1, wherein the concentration of 4'-
epidaunorubicin hydrochloride in the solvent system is between 7
g/l and 30 g/l1, preferably between 7.5 g/l and 25 g/1, and most
preferably between 8 g/l and 20 g/l1.

8. Process according to claim 4, wherein dissolution of 47—
epidaunorubicin hydrochloride in solvent mixture I is performed
at a temperature in the range between 40 - 80°C, preferably be-

tween 50 — 70°C, and most preferably between 55 and 65°C.

G. Process according to claim 8, wherein after contacting the sclu-
tion of 4 -epidaunorubicin hydrochloride with solvent mixture II
the resulting mixture is cooled tc a temperature in the range of

5 - 35°C, preferably 15 - 30°C, most preferably 20 - 30°C.

10. Process according to any of the preceding claims, wherein solvent
A is selected from the group consisting of chleroform and dichlo-

romethane.

1l. Process according to any of the preceding claims, wherein solvent
B is selected from the group consisting of methanol, ethanol and

i-propanol.

12. Process according to any of the preceding claims, wherein solvent
C is selected from the group consisting of l-butancl, iscpropa-

nel, isobutanol and l-pentanol.

13. Process according to any of the preceding claims, wherein the
solvent system is devoid of solvents cthexr tharn solvents A, B and

cC.



