WO 2011/ 029576PCT/ EP2010/ 005498 Crystal lizati on of 4"-epidaunorubicin x HC
The present invention relates to crystalline 4"-epi daunorubicin

hydr ochl awpae11izmes7a process for the production thereof. PARIERREHOPOI4PNES
conprise a large group of naturally occurring bioactive conpounds. Sever al
ant hracyclines are used in clinics as anticancer chenotherapeutic drugs.
Exanpl es of clinically inportant substances are daunorubicin, doxorubicin,
i darubi cin, epirubicin, pirarubicin, aclarubicin, carm nomycin and
zorubicin. Anthracyclines can be either produced by chem cal synthesis or
by fernmenting m croorgani sns. They are used as such (for exanple,

acl arubi ci n, daunorubicin and carm nonmycin) or are sem -synthetic
derivatives of other anthracyclines (such as epirubicin, idarubicin,
doxor ubi cin, pirarubicin and zorubicin). Anthracyclines are effective

agai nst | eukem a and various solid cancerous tunors. Wrl dw de nost used
ant hracycl i nes are doxorubicin and epirubicin. Epidaurorubicin 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 di scl ose the
preparation of epirubicin hydrochloride and its use as an anticancer agent.
Currently, the major method for purifying 4"-epidaunorubicin hydrochloride
i s anor phous preci pi t at Coystaiization of doapidayppribiein XHChddi ti on of an
antisolvent. Usually, in this nmethod, a basic solution of epidaunorubicin
is treated with nethanolic hydrochloric acid to adjust CONFI RVATI ON CORPY
WO 2011/ 029576PCT/ EP2010/ 005498 2 the pH value in a range between 2 and 5,
and subsequentechy 4nve®PidouRanubscid dwdrachkpei deds plaskpblateth oy

addi tion of an ether. US 4, 345, 068 di scl oses preC|p|tat|on of
4'-eplﬁﬁﬁﬁﬂ%QHdﬂélﬁnﬁyﬂrRﬁﬂﬂ%§F|éérfFQﬁnE¥Qﬂ¥F6FBFo?Wﬁ§§ftract using net hanol i c
hydrochl oric acid. Al though referred to as crystalllzatlon this process
does not produce crystalline, but anorphous 4'- aunor ubi ¢cin

hydr och ot afe/ c1BBRYi FoeRT Lge a(iga%%ﬁlmﬁ eﬁsnaFugc‘rw iOC LT &P - PIRASTAT St i on
of 3- eshpWglascabsvans tditinraagtdi s6d alnr @degl Yo oSl iddldsoas biseiddanddie
partial_ synthesis of gI c05|des OL the a thrac¥ I|ne rouE ghgboh drate
Resear ¢ Qﬁﬁﬁfap?étt%)d - 26ATPUF S Fose 1prER th%HR Fo8f 3uLs amieet

epi dauaes uiuiorubydi ©chlordraeitiom addhandlciat hepirubhicinpr ptessuthiasirgl so
been fou Q produce anorphous, not rysta e 4 pldaunor bi ci
hydrocﬁ?i%ﬁ%ﬁ%ClﬂhnF?ﬁﬁﬁﬂf 9%8|6P9af?%ﬁ?(ﬁin kngh%ﬁf|1oru Pcih ﬁ?%r%i: °5ri de,
howeveprohad bg dhnawback syhahethe @reéni fetratedidd reipirdaugenisnei hey
hydrochlorlde |s onl irely salubl e and of ten S S rily.
Ther ef 3t %, e proB an o I5é ggh%éda% h ec%§é5§% |%ﬁ§gn Eo%ﬁéséégﬁfﬁ
prOV|smynunﬁ oa smapbemxﬁsynamgtﬁordetiyqnyweblgatothﬁnuathKysyalimQ§n|&mﬁhof
4' - epi daunorubi.ci.p h id Il o i4d in
hydroc%%orpll&%f% %égégé%%aﬁﬁe °¥€£§§%§}fﬁnﬁﬁr5§ ln %ﬁg ggpéﬁtgéﬁé
readiI&nsmﬂaﬂﬁaéln¢h|@r@rqﬂﬁa§¢uws s@¢xmﬂtli@uﬁept®o@@%'W&NiOsts@kﬂd|qanng 4. -
zp' daupor 4 QJUE%OQXdrﬁ{}jﬁO(R{] iidem EChisd %%%aEQE’P{Ae%eSax%f lﬁ%‘xél» b #7419 and

- epi daunor ubi ci n” hydr eina o vent “system i ncl udi ng
epirubicin. Epidaurorubicin is the key-intermediate 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.

Currently, the major method for purifying 4 -epidaunorubicin 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
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a) solvent A which is selected fromthe group consisting of C and C2

hal ogenat ed sol vents and m xtures thereof, b) solvent B which is sel ected
from t he §ocop/eesisi sting of G - C5 straight and brancREU/ERRe10/003498 and

m xtures thereof, and c) solvent C which is selected fromthe group
consisting of d - C5 straight and branched al cohols and m xtures thereof,
wherein sol- WD 2011/ 029576PCT/ EP2010/005498 3 vent Cis selected to
provide | ower solubility to 4'- egid gﬁgt bicig h drochlorid?,than sol vent
B, By EPF PThrigd88s inct yRAIA PREVECE i HUrfor GBRCT TP HYRGERYol | de | s

pr o- duggtdauviheusethacdh irddma opiasens prudntitafegakesadtieioh of an ether.

4' - epi daunor ubi ci n hydrochloride as a starting nmaterial. The origin and the

formof 4'- epidaunorubicin hydrochloride are not further restricted. For
exanpl es 4, 34ypiodaunds ¢ o prgdi pehbordrde fcdn -bpi dset niiichni By recuced

f [ di hem cal hesis. Al so, . ial l
aval | A1 80 A4 pP ARG LT al YA bORT D19 e CeaRC b Sl SREER Fet s b

furt hethpugh fiegfdrred ts & Serysssiibizationise tiisepraassodebschot produce
hydr ochl or, whi ch Js_produced, by use of sui.table m crqorgani sns and
conver‘f]é%’s’?agjtei&nteheg%rarrgosr glr?dlisné %f/%}%%un od:ruf% S ATES h@%ﬁggﬁf step. In
particular, it is possible to use as a starting nmaterial 4'-

epi daugor.ubi ci.n _hydr o i ~Whi.ch.cont ai-ns _i jti QL  exahpl e,
o | o RS oA Thr & PRSP Be P L PREE L e Bl of

4' - epi daimzgisiadisnahg drtocihl erdidechtsaty 3yt alllviceeddimien sdlseean tystran-
conpri si I - : I i ffer er . - Lhe
sol ven?lfggssﬁ}e?ﬁ%rgg gréfedétﬁg&%elrgg%bggtn%iafsn:télr%'%%leg%rq[ﬁ%e'dicg eékg%ctg'ra%iends
of sol ResgarchGoll98ht M i R)sell@st@Bdt irsiesehereapabidtiiop 6 dissol ve 4' -
epi daupQf 4l MR ER OF I AR r 188 EPEm I dthatbiYELHEE, 'ﬁﬁlsv?m)césé shaelact ed
fromthe group consisting of A and C2 hal ogenated solvents and m xtures

t her eof® Buirveoung tarpprducesigpgkeheet vefit GrYatat xinf ¢ oPP3BRVRMEWP1IBRt i s
preferabhyo@igiigke solvent. Generally, as solvent A every kind of solvent
can be used as long as it has one or two carbon atons, conprises at |east
one hal ogen atomand is suitable to dissolve 4'-epidaunorubicin

hydr ochhOfpidsss Brebep abdtiors QlfVeant e fi GAMAUBS cin - hyd @Hh 1604 Be Pr s,y 2
or 3 hal ogen atons. As hal ogens, chlorine and bromne are preferred. The
hal ogeRa#it s dranPpekt Heats Bregipir et 4 FEPigxMmPIR sl 1EAtOA N be a
corrpoua@ldmmmh@spakei;ﬁasﬂlmg ghbios e huenrand/ @isaalislfaasbrong. broni ne
atom It is preferred that the WD 2011/ 029576PCT/ EP2010/ 005498 4 hal ogen
aton(s) present in solvent Ais a (are) chlorine aton(s). The conpound or
conpounker 4@ ,ashs op v&siterA teabeCo8L Béd yuchBepréswed iigvahtgoaups the

addition to the hal ogen aton(s). the other, _hand, it may be ferr.ed
that sBFYEHI R Qbed Bf‘p]ceorﬂr%’lc)ﬁs§%ﬂrf§}et REF bﬁ?:ﬁ%rhaﬁndg)é&gﬁf‘%fl%ctclgrndi ng
to a poeferyadcanhodiupesin SeirventcAids whisat ai aded tonm@ound and t hus does

not contain a double bond. 1.t can furthernore .be preferred that sol vent A
has onfyrEHE< ﬁﬁShna?%%oﬁlgféagb;?,besoﬁr éqﬁfalgllz‘gd sel eacft%gémf rom %1 group
consi st ngtafle dindhkesdimet raxiepldi br ononmet hane, chl orof orm bronof orm

di chl oroet hanes (such as 1, 1-dichl oroet hane or 1, 2-dichl oroet hane),

di br onoet hanes (such as 1, 2-di bronoet hane), trichloroethanes (such as

1,1, 1- rhishdmridemhanesotveld by2-at prebé o5 oetthamgptat bt ziachl4oroet hanes (such
as 1,1 - 1 1] 0 .and. i e . Mar e{ apl v

sol vent g%\g?%nosge‘llrbgg édﬁf(f?%gr]ﬁ%gﬁ)l)%rggf ‘gfrﬂmé(Yii tﬁ%%le%? o%‘ﬁ%ﬁlﬂ%@%ée%%t ures -

t her eof | -SoideamorBbii sim e westosdh lonife simbi Isoflyend pygtidny ipclggiddaunor ubi cin
hydr ochl ori COMERA | IPUTddRS £hbmi $herREHedohE LR £e o3 8¥Pana
consi stQ} ng g§l‘g£{nACg’ﬂg?fr}aliégrE%g aetnd& branc e? aﬁcoh%l soand rrlir%fl?r es t?lréreof .
Sol vent B c&d Welewegiatghesebyemim aod Bintwaes dhsiresdl vents, but is

prefer BP' y Qofx'/'é}g% % SRL¥RNE s @leé’éﬁe@! @99{9' tﬁ@‘@r@g{pacgisis@lgc%rfb@m Sk_@g& eton
can be used as solvent B as long as it is able to allow for "purification of
4' - epi daunop bt it lepdr Bepnorsder lqohopar e Utiartures| vetteH cafdbe a

monoal E?h()' sOTvéntP @ YAl eahol . s S ddaer #oEs, cisolMent Boh&cd tidrs oal eehol s
having turther functional groups in addition to the hydroxyl group(s).._ It

may be pref éFFetEhthGnreyBFang dGopent BhdL e rear FheretiunctiesRal §rbups.
Furthernore, it may be preferred that solvent B is a saturated conmpound and
t heref ore does not contain double or triple bonds. According to a preferred
enbodi nent, solvent B is selected fromthe group consisting of d - C3
strai ght and branched al cohols and m xtures thereof. According to a further
preferred enbodi nent, solvent B is selected fromthe group consisting of C
strai ght and branched al cohols, C2 straight and branched al cohols, C3
straight alcohols and m xtures thereof. Mst preferably, solvent Bis
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WO 2011/ 029576PCT/ EP2010/ 005498 5 Solvent Cis selected to be an
antisolvent to 4'-epidaunorubicin hydrochloride. It is selected fromthe
group comnspaimgssk C - C5 straight and branched al coh®Cs/ERaaomiavtir es
t hereof. Solvent C can be a single solvent or a m xture of solvents, but is
preferably a single solvent. Solvent C_js also selected to provide Iower
solubility to 4.- epidaunorubicin hydrc}chl oride than solvent B. In this
context, it is submtted that it is within the expert know edge of a person
skilled in Yért & tis selpdesd ity Progide hbowd t GIdMEideserided herein as
sol vent C té(}& LH’JOQ‘%BQEJS.HV\A%&JBO%rlQ\f'lgg L OYers AQlerRi ity to 4'-epidaunorubin
hydrochlorl e than sol vent For exanple, the skilled person may dissol ve
4' - epi daunor ubi n hydrochloride in a solvent selected fromthe group
consi sgj, NGy i&f pfbcessS Styalahtnang- béﬁ@u%@r@h?@b@'@&%hﬁb%i&é ess tdwey-eof
and determ ne the di ssol‘ution capacity of this solvent for 4--epidaunor ubr n
hydroc%‘ll%ﬁq de. In a next step, the skilled person may di ssol ve
4' - epi daunorubi n hydrochloride in a different solvent selected fromthe

group consisting of d - C5 straight and branched al cohol s and m xtures
t her eofhe i h@et ef nthe RIRSAits4BVER TN CRK&ST 5 0P thi$rddpvRptuligrin

4'-epig Rira By s os N ldedag mhearihe ttwe KiDgsn cafnosctmembsruemm ned,
the skilled person desi gnat es as sol vent B the al cohol ( i n_which tl1
sol ubi FPIIACTALIEHR A1 A§ o BT M Br |f&étP§rh¥%terrlCtﬁ8coF‘dr Nyt 3P e

desr gnat espiatupekuBNti L ke odhtohodi¢ Sjard mewhisel wiects alsubirbitiye®ffrom

4' - epi daunor ubi n hydrochl oride {s |ower. Eyery alcohol havin a - &
car borPERBIOFR ¢8nd HRr Ngs © bSﬁ%‘%’f e gﬁg 559+ Gogmﬁﬁgeg]t]oy act as an
ant i sohveitadie 4" épidiaufmfubblcﬁzhnhwtbcﬂﬂmmﬁbdeanﬁﬁrr meaﬂmhechsm ventoeC can

be a cohaol o Fur.t-her nore venf C ingcludes al cohol s
havi ngP alrerferpufrﬁg&??b %‘ r8358 PR 2effi S itSn UEB ?h_eelzhl ru(r)lfﬁlggrousrt S). It
may bedpdscﬁf:rermelé whowevies prickdatedoby eude thaelnebiejmlrcerooﬁ:ganismaincgroups
Furt her nore preferred t hat sl vent C.Ls.a s 0 und and
t her ef 7" edfc;cees?1 ng?Xcon A ESERPE T kfrr p 185%1%6 lr}l\ccgsﬁlé ?%tcas preferred
enbodi rentarisiainent & ik gelsedbéd fo omd e gr etpreornsimsttiengadf4 C3 - C5
straig nd br an ohal d r rd furt her
ot of er PEH RSB Reng . MLy i Tl g e 18] Bl AR B8 el
br anchedpatiddles| shicd aste dibghtreandt by anvteegdahgobhvitthesds stensght and
branched al cohols, and m xtures thereof. WD 2011/029576PCT/ EP2010/ 005498 6
Most preferably, solvent Cis selected fromthe group consisting of

i sopr oparrtidabnbutbholn rdnecahoridndisl-qrentandlzeRcdordisagvent & yitéfer r ed
enbodi ridifG §8W§1’1‘Es %Ys%e%gfctm&{ %qe@terl w&mtéa% %@rrprl SAfe, X1 - 20
% by vol unme of “sol vent A, Yo by vol unme of solvent B and 45 - 92 % by
vol unef@)#escﬂh?eﬁplcenﬁcfcﬁtﬁt(ﬁ“ngeﬁéré el egren e PIRE RS0 ditne AR St tHEeSol vent
syst emy o deRidas & %N evnekune of solvent A 10 - 40 % by vol une of
solvent B and 54 - 89 % by volune of solvent C. It can furthernore be
preferred that the solvent systemis devoid of solvents other than solvents

A B ogofxerfic@ondi BE1EOdDItD %ﬁb@di:tﬁ@rﬁapa%hﬁlﬁﬁ)'%icﬁrbs(MQé Aot contain
solvents apart fromsolvents A, B and C. However, the solvent systemis

al | oveP PGB AL Yo omide: A% tRuAGPuBFERRE Hhdr SCRVBRT o, 1 Hotirer

i ngredieptsa fSdahtas §SuExmBLerisgql ds.ciAeaar db Ngatyadnrtkheso prafty aad
enbodi ment, the solvent systemconsists of 4'-epi daunorubicin

hydr ochiBTYsS, thRFeLd! v%‘Ht"?nﬁr ABCARPT.2 ISHPPAPSSTREE T 75 Fu?‘%ﬁ‘é‘rre of
i ngr edsententy, e bak! oveskd @ 1pr esefgld sheeaol veste syslyenas Thel ywmacess of
the present invention is prefe abl% [gerfq\?med by. di ssol vi ng .

4" - epi BEEMOAIBICCPA RAQHYEEhISGN 88 TREA FDINETt 2R Xt 1% PP8nbE SUHsEF et 1y,
cont achtdgs t rt@mpesséélmrg Isalstit bas bildderepitdauand ubd Guithpde ot | dirdsdd vei t h
a solvent m xture nt_  m xt re i ract rrzdrnc rising
sol ven? ® RV hbcﬂ"u %ﬁ%ﬁlf’ﬁ’ ﬂr fzéerP?% £ FalinsP U ".%snsl 3
hydr ochh@rmaiea pS@lfﬂemleZ(tdrr 8 haiLsgat s oaisl. opedha ogEorssi shlonlye agindsol vent
A. hi s. case, ve t xtur.e Il S C I and
C NevhPoRufSake PRERISIear dnkchi st ditisneThihs (P aRE F) dE kR
addi ti E@rt@cesapﬂreensoAvexatl 0 csol pend <B>rm01@@ll venth Qaprata lmaxt upre gfhlo-

sol vent snB A Crol/D Il s Gaseonl ol ATETRERed AL malatentantiding.

conpri ses on t’he one



WO 2011/ 029576PCT/ EP2010/ 005498 7 vent B or C or a m xture thereof, on the
other hand, in a volune ratio between 1 : 2 and 4 : 1. Preferably, the
vol ume r avoeoheyeen (i) solvent A and (ii) solvent B, ECOEP2010I0BI498 €
thereof, is between 0,75 : 1 and 3 : 1, and nost preferably between 1 : 1
and 2 : 1. Solvent mxture Il conprises, solvent C. Solvent systemll is
generally allowed to consist only of sdlvent C. In this case, however,
solvent m xture | has to conprise solvent A and solvent B. According to a
pr ef er pelPE&GdOREAL , PEVIadNtinrisglYieRt 1A iGoAplpses GYiardmesaBomfy) C.The
Sol ventofind ! cbﬁpamc?s QW 9805YEyéh APIAAUBGH LD £ RKAEOER O il Rl
Accordl ngly, in a first step of the process of the present invention,

_epi GEQMIDT Ut GRAL hiRR dehitdiel delpgeniaiesl (Ped EBNPretRINEY Ra8Bt vENMAY xt ur e

I . |'f pecess@itedOBRa€ b BEHSh 1Besli s0ldbnRgid. su@pidaunerubigéfional
hydrochl oride in solvent mxture | by increasi ng the tenperature of sol vent
u

m xt ur 8TPUP Egr BKSABFENT &%%Pﬁ??%ﬁr?ﬁ MboddBEARUNRFTE A AYd? o¥HWTi de in
sol ventafdxtddmpolin8agndec Y LeeBedoat céht-ampar abus B ivbrdle 1kange het-ween 40
- 80C, preferably between 50 - 70C, and nost preferably between 55 and 65C.
Pref er ’é‘bW“OIl’?eé’Fl RgeBF Ul VAL APkYeRe A has ae&zsn%%.@dfbw 8tPPrifter-
Subsequlem) YsoltRatsel ud i N fced' febh dtamcgrr@lapcwn@y@lﬁmaﬂo@r [ d@clillbfcﬁde\/-ent
mxture is contacted with sqlvent mxture |Il. Therefore, solvent Xt u

Il can lﬁ%neadd’é&rf’iﬂo?ﬁ"eh%rbq'uﬁ 3ﬁr8f°ﬁm °6‘8586’F‘ub‘?3c‘fhr11°rﬁ?81t88ﬂ?6rf?jéc r‘?s
sol vent, maddnerbetR¥né her at,zedibanerodthang)al aobp@scsedmﬂaaetso adech tdwe
solution_.o e aunor ybi.cin hydrochlorjide in s nt. _mxture |

sol ven? %ng&qfroé‘otgFga%e stoﬁl\?élﬁf’rﬁf{z?iﬁeess (E35Ppas bfo]u rlﬁﬁ)oﬁ%%‘f%a&e 5y
every mpnmnmalcheoﬁeamand:)or texaaphBorddthanepogsudi East(l ,dr,ap2- | nj ect or
pour t pi.d or ubi ci rochl ori de- cop tainin yent r

sol ven ?ﬁ%(‘ihﬁlr “&°F ru.ﬂane i cedq\l}lé%garels-’r I eerrezflofl Y, of‘ﬁep o) evreark])t Y x?ur engc 2? els

br oughseletteed dmbacth byrsficaw, y dd cbhper o tthire e4aneé phiatun@sultheraof .

hydr ochl ori de-cont ai ni ng solvent mxture | in solvent mxture Il or vice
versa. Dropping can be perforned, for exanple, for a period of 1 second to
1 hoursokuwit & it sehedteed @A tai abt Bty dio Bumi hut £'s-4rd dB0nprwot @isnt hwAD
2011/ 0 PCT/ EP / 8 ng .t i an
cont act: B e Eof A i g N ESESRLELT s rn Ry ar Eh o S T oS aI ShE

m xt ur eistigia lpfsE6lvents mbﬂauugétl andtmlearrcé@dl el aghalt ek mdysuees cfdmpﬂ ses
0.1 - Eg B/Ot%l\f,%enﬁ camea‘ rakll y g9 %olde%t/%kayavmme TR SoRfeh ey 2l 0.1
- 12 9 vol une, and nost pre era% - 10 % by vol une, of sol'vent A
By redu%umlgeﬁerx@bécsneemrrq;hq @l@l@?n‘SoIENQ% aAcpo hrelaist ref ac 6t acS vFapon

sol veng i &t @ah! b@oﬁs&f’r]atsa's%'logn§oév§é1tloﬁ 89! P@' id tap1Qf 4" a11ow for
epi daunor ubi ci n hydrochloride is reduced V\ﬁen the concentration of sol vent

A in tRersHiGAsAPNsEt £meRicleanessbbet b vIgoshbyr it urkd PRFELEREDT y 1980w 15

% by veliTe; Jmr ge Pk eh&iahlasnbel gw ;%o@ﬁxcgﬁbywepumrm% ps&f esrablry
bel ow 10 % by vol une, crystallization of - epi daunorubi ci n hydrochl ori de

i s ini thatwifsurdephals t}}aﬂﬂlélgcéﬁéi:??’én@mqtﬁoﬁﬁﬂng%Liﬂse%‘tn agheveR 9 tthRas

been fgyaeh:thalyrdagepsiNg rafe e OPELFd Fadd, OHoQévéﬂJ V&ﬂatt Achebaw @ Iﬁe&rtn@l n
level is not sufficient to cause cﬁ%/stalllzatlon is essential that the

sol venftEynafs d4rrbt ot 5N SsoF VERT S AU thuBaY ober SJFEETTRE Toticéftrati on
of sol vemt BAilshat BetsedMa@Ntcofipytiib eand thairefosdi &8 ectolvank{s)dodlle
partlcul ar,. it has been found that contacti ng t he sol n_of .

L ot Ba b CORCRy ARSHIRSAE0! A S e AN My e AP SRAT 1§ {fs8a™
anti solyetdss ,frauchhasgidierconsket ongso £ et er 83 amla:n;rttr iahesbeansiesi sudden
precipitatjon of 4'-epid or uhi c rochlorl In th| cas no phous
4 - epfaRUro AT Elllﬁt‘ﬁg%ﬁ gttcf"rﬁr(?f)? A?%O%ﬁn& 6lt3t I?rﬁ rf‘ﬁg d%\ﬂ)acks
nment i onedt abmieenther &4 aved,edtiedi Sresser |gabuphad>n$haetnsm;| wifi Oh sfrafight
epi daunor ubi ci n _hyd hI or i solvent A nt act e th 0, t
Sol vent™ ?L‘Ltf:on Eg.]le%s % sw]tsa(b%% 3 coh%tft ﬁ %ngﬁ) %erC]l oun §rée%daqﬂl/lg
i nt er agtcatidls tahe }nokamréajrtrhtemenal mmmsred{erdblxeplsmlmwrtubl ténselected
hydroc Ther e I r za st f d .
pr eci p?fa‘?ltglr? |g§0§ uég Srtzis%l tog Mé{ﬁg'{% %ltﬂ rl}I!()'J:PI olﬁ%%foggpégtgf?inﬁlé( 4' -
epi daunwmmmhenehjidrochl oride. For further opt| m 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/l|, preferably between 7.5
g/1 and 25 ga, and nost preferably between 8 g/1 and 20 g/lI. WO
2011/ 029576PCT/ EP2010/ 005498 9



It is furthernore preferred that the pH value of the 4"- epidaunorubicin
hydr ochl ori de-cont ai ni ng sol vent systemis in a range between pH 2 - 5.
Furt her nowe,20a02037di ng t o anot her preferred enbodi ment, PaTiEPR01000349Lt | NQ
the solution of 4"-epidaunorubicin hydrochloride with solvent mxture I
the resulting mxture is cooled to a te gperature in the range between 5 -
35C, preferably 15 - 30C, and nost preferably 20 - 30C. According to

anot her preferred enbodinment, the resulting mxture is cooled to a

t enper &PUYRNY I tiffe SPARGECHIONEEN a5 anBETLYsndt &pahi yeRislaunggebaRHn ikt

preferabb&hﬁ&ldéoﬁt Wt e & RelEr8fl Ofle Zroud cBheisral) vBc1 Z and nore
preferably 4 - hours, starting fromthe tine of contact of solvent

nlxturétFa%qu1%ﬂﬂ PéﬁPC%??tihQQhPPS ARE Or i i S0 thRBE Mer SorleesfEr Egcan be
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group consisting of Cl — C5 straight and branched alcohols and mix-
tures thereof, and determine the dissolution capacity of this solvent
for 4" -epidaunorubin hydrochloride. In a next step, the skilled person
may dissolve 4 -epidaunorubin hydrochloride in a different solvent se-
lected from the group consisting of Cl - C5 straight and branched al-
cohols 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°-epidaunorubin hydrochloride is
higher. Accordingly, he designates as solvent C the alcohol(s) in
which the solubility of 4 -epidaunorubin hydrochloride is lower. Every
alcohol 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-
drochloride. For example, solvent C can be a monoalcohol or a polyal-
cohol. Furthermore, solvent C includes alcohols having further func-
tional groups in addition to the hydroxyl group(s). It may be pre-
ferred, however, that solvent B has no further functional groups. Fur-
thermore, it may be preferred that solvent C is a saturated compound
and therefore does not contain double or triple bonds. According to a
preferred embodiment, solvent C is selected from the group consisting
of C3 - C5 straight and branched alcohols and mixtures thereof. Ac-
cording to a further preferred embodiment, solvent C is selected from
the group consisting of C3 branched alcohols, C4 straight and branched

alcohols, C5 straight and branched alcohols, and mixtures thereof.
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Most preferably, solvent C is selected from the group consisting of

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

According to a preferred embodiment, the solvent system of the present

invention comprises 0.1 - 20 % by volume of solvent A, 7 - 50 % by vo-

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

According to another preferred embodiment, 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.

It can furthermore be preferred that the solvent system is devoid of
solvents other than solvents A, B or C. According to this embodiment,
the solution does not contain solvents apart from solvents A, B and C.
However, the solvent system is allowed to contain, apart from 4 -
epidaunorubicin hydrochloride, other ingredients, such as for example,

salts.

According to another preferred embodiment, the solvent 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 solvent mixture II.

Solvent mixture I is characterized in comprising solvent A and having
the capability to dissolve 4 -epidaunorubicin hydrochloride. Solvent
mixture I is also 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-



30.598.65 - 9.45 32.369.70 - 10.70 34.826.60 - 7.40 Table 1: Powder X-ray
diffraction pattern of 4'-epidaunorubicin hydrochloride crystals according
to a prefwoned/emyedi nrent of the present invention. WOPCT/EP2010/005498

2011/ 029576PCT/ EP2010/ 005498 11 Crystalline 4'-epidanorubicin hydrochl oride
of the present invention nore preferabl7y has the powder X-ray diffraction
pattern as defined in table 2. The data of table 2 are preferably obtained
with the STCE STADI P PONDER D| FFRACTI ON SYSTEM)g t oe. ClLE anl—gt Dar nst.adt,
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I Nt enshétywdrX 4. 98add. A0 3..13réBebbbin,23he 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
solvent A and solvent B. According to a preferred embodiment, solvent

mixture II comprises solvents 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 4°-
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 -epidaunorubicin 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 I 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, or 5 minutes to 30 minutes.
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According to a preferred embodiment, upon contact of the solution of
4’ -epidaunorubicin 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, solubility of 4°-
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 4 -
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 solvent(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 of 4 -epidaunorubicin hy-
drochloride in solvent A with conventionally used antisolvents, such
as ethers, ketones, esters, and nitriles causes sudden precipitation
of 4 -epidaunorubicin hydrochloride. In this case, amorphous 4" -
epidaunorubicin hydrochloride is precipitated which has the drawbacks
mentioned above. Therefore, it is essential that the solution of 4°-
epidaunorubicin hydrochloride 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/l1 and 30 g/l, preferably between 7.5 g/l and 25 g/1, and
most preferably between 8 g/l and 20 g/l1.
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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 II, 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
cooled 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 period 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 Koy radiation; the STOE STADI
P POWDER DIFFRACTION SYSTEM (Stoe CIE GmbH, Darmstadt, Germany) 1is

preferably used as the measuring device.



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

WO 2011/029576 PCT/EP2010/005498
10
Diffraction Angle Relative intensity P (%)
2 (theta)
4.98 15.00 - 17.00
5.13 40.00 - 46.00
7.23 ' 15.90 - 17.20
7.64 29.00 - 33.50
11.37 7.00 - 8.00
12.01 10.90 - 11.50
12.18 23.50 - 26.00
16.18 8.50 - 9.80
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
19.86 54.00 - 62.00
20.22 16.70 - 18.10
21.21 6.90 - 7.50
21.82 25.80 - 28.25
22.58 100
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
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 embodiment of the

present invention.



WO 2011/ 029576PCT/ EP2010/ 005498 12 Table 2: Mire preferred powder X-ray
diffraction pattern of 4"- epidaunorubicin hydrochloride crystals as
obt ai ned wo 2atiomeifance with the present invention. AccoPdirmp2410/06539&ven
nore preferred enbodi nent, crystalline 4"- epidaunorubicin hydrochl oride of
t he present invention has one, nore or, |1 of the powder X-ray diffraction
val ues (particular range of relative intensity at a particular diffraction
angle 2(theta)) outlined in table 3 as preferably measured with the STCE
STADI P ¥FOABERDDI EFRRETH 9 r8PSTEM ?%?Efbchéloéléﬁb?g B PEESEPT YR usi ng
Kal ragdbad igrerebabl i aedd aheApghvae 2(k-helya)diRekatt ven ipdtersnt ¥s R{&HifedlIn
40.00 -46.00Q 7.64 29.00 - 33.50_12.18 23.50 - 26.00 .

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 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
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
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Table 2: More preferred powder X-ray diffraction pattern of 4 -
epidaunorubicin hydrochloride crystals as obtained in accordance with

the present invention.

According to an even more preferred embodiment, crystalline 4°-
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 Koy 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 of 4 -epidaunorubicin hy-
drochloride crystals according to an even more 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 obtained in single X-ray analysis using an
instrument from Xcalibur Oxford Diffraction and MoKa (0,7107 mm™') as

radiation source



30.00 - 32.00 Table 3: Powder X-ray diffraction pattern of

4" - epi daunor ubi ci n hydrochl oride crystals according to an even nore

pr ef err edwertbndizoeat of the present invention. Crystall iPO®/EP2010/005498

4" - epi daunor ubi ci n hydrochl ori de produced according to the process

descri bed herein can have the physical paraneters as shown in table 4.
These data were obtained in single X-r 5 anal ysis using an instrunment from
Xcal ibur Oxford Diffraction and MoKa (0.7107 nm 1) as radiation source

WO 2010428586 PCT/ EP2010/ 005498 13 ConpddridpgidamaalmoinbH€in] HC1 Cryst al

col orrrw%%eibic_tolfgg Prk g, ;@ ystal size mg{gﬁ’ﬁso' 2 x 0.1 Crystal

syste I N C Space groupP2l Lattice con a (A)16.5070(11) Lattice
const apty$ralAs5z429801) Lattice constant0.@ gAY 15.9107.8(9)
Crystal system Monoclinic
Space group P21
Lattice constant a (A) 16.5070(11)
Lattice constant b (&) 5.4290 (4)
Lattice constant c (&) 16.9178 (9)
Lattice angle o (°) 90
Lattice angle § (°) 93.164(5)
Lattice angle y (°) 90
Volume V (A% 1513.80(17)
Density Peaic (g X 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 of the present invention allows for the production of
crystalline 4 -epidaunorubicin hydrochloride having high purity, im-
proved solubility in methanol and high thermal stability. In a single
X-Ray analysis, the crystalline 4 -epidaunorubicin hydrochloride pro-
duced according to the process of the present invention preferably has
monoclinic 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 a 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%
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inventgﬁﬂﬁaunorubicin hydrochloride as produced according to the present in-

n

vention:

Fig. 1 shows the stereochemistry of 4 -epidaunorubicin hydrochloride

according to 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,03).

The present invention is hereinafter described by way of Examples.



Fig. 1 shows the stereochem stry of 4'-epidaunorubicin hydrochloride
according to single X-Ray data. Fig. 2 shows the thernogravinetric anal ysis
(TG of wWO-20mpi2ekranor ubi ci n hydrochl ori de. The data wePeT@EPre@OMNEIIRUSI NG
the instrunent NETZSCH TG 209 (sanple mass: 12.917 g, range: 24.0/10.0
(K/'mn)/250.0, crucible: AI203). W 2 5’L1/ 029576PCT/ EP2010/ 005498 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

mi xt ur&a™3-e ditnes the vol une of a mixture of 1-propanol and 1-butanol
(ratio =3 : 7 by volunme) was added at 60C. The end concentration of 4--
epi daunor ubi ci n_hydrochloride in the resulting sol vent si\éstem was 8

. , | .
The mi X{ ¥ ¢ WEB1EBBIXIRIE I BHAF BAPEI AT &Pt A+ U V5 F8d2 o B HoUPS, and
subseqaerddofosti Er@bdtncl? (Radlioromm i anper abluime) .The rassl hinguwer,yaoal s

were separated fromthe solvent mxture by neans of filtration, washed wth
50 m tEES 5??19yf'9£\¥f‘?1ﬁfetah5‘rlxﬁﬂaed#:al]d'paﬁo)é\?%gu?ﬁ‘ J'Maﬁﬁgir%étﬁhoe _c‘r%yStaIs
were anabyzeduasy wonfdddwed aase6d®c eprttawmar ebheémt tardroachlfosi de. The yiel d
was 9.2 g, the purity ) .2.% The product deconposed at 191C _the mass

was 528 DlaWvd F’Cé“?:m\%%oﬁ%ip-réﬁ?djarﬁnto&ulfiecq'lu ERYArSeneEri a8S et &4 rsgxsol ved
in a mxture of chloroformand butanol (ratio =2 : 1 by volune). This

m xture was slowy added to 10-tines the volunme of a m xture of 1-propanol

and 1- butanol (ratio =3 : 7 by volune) at 60C. The end concentration of
4' - epi Taaimortloirei wahycdrade dri deomnnt ¢ripee naggwkt Whghigolav @etriggseend wesir20

g/l. The,mxture cqol t o] e u in.a period of 5 hours,
and su%%%qsuu)eﬁr?!télq?e)sq?lﬁ( rs%dlr?rofj %gihi)%}tﬁ r%%%rot%gn%grp%%%#ﬁeﬁe resul ting
crystals were separated fromthe solvent m xture by neans of filtration,

washedpyd t S T gt &F fs Uty e TRt DY, 8L D&Y aRdndEhE Al HRCHYR {5 400 mbar).

means of filtration, washed with 50 ml tert-butyl-methylether and

dried at vacuum (< 400 mbar).

The crystals were analyzed and confirmed as 4 -epidaunorubicin hy-
drochloride. The yield was 9.2 g, the purity was 98.2 %. The product
decomposed at 191°C, the mass was 528 D.

Example 2:

10 g 4 -epidaunorubicin hydrochloride were dissolved in a mixture of
chloroform and butanol (ratio = 2 : 1 by volume). This mixture was
slowly added to 10-times the volume of a mixture of l-propanol and 1-
butanol (ratio = 3 : 7 by volume) at 60°C. The end concentration of
4’ -epidaunorubicin hydrochloride in the resulting solvent system was

20 g/1.

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

and subsequently stirred for 12 h at room temperature.

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

dried at vacuum (< 400 mbar).
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as 4"-epi daunorubi cin hydrochloride. The yield was 9.2 g, the purity was
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4' - epi daunor ubi ci n hydrochl ori de were dissolved in a m xture of

di chl oronet hane and 1-propanol (ratio £ 1 : 1 by volune). To this m xture,
10-times the volune of a m xture of 1- b?opanol and i sopropanol (ratio = 2,5
. 8 by volunme) was slowy added at 60C. The end concentration of

4" - epi BaRIrfonshire FnWesRIradEHIYEeRdan? nieHe tMeSup e i hg F01AeRPTENEEEinies 8 g.
The M X{4f MaseCOoBhed, 10 4 Qam bepper atHy @uwh t hi va geeni @d he pivice, and
subsequently stirred for 12 h at roomtenperature. The resulting crystals
wer e sepETHSEdf bt Phe sdhgeRESH wdUr¥ %Y means of filtration, washed with
50 M tert-butyl-nmethylether and dried at vacuum (< 400 nbar). The crystals
were anal yzed and confirned as 4'-epidaunorubicin hydrochloride. The yield
was 9. BxyWPlhehd:purity was 98.0 % The product deconposed at 190C, the mass
was 528 D. Exanple 4: 10 g 4"-epi daunorubi cin hydrochl ori de were di ssol ved
in a mxture of dichloronethane and 1-_pr0[3’ano| (ratio =.1: 1 bQ’ vol L%ITE).
To thi §0rff »& T8 I93BRRT HISC h 8 YFEP GC 0% YT Rt Gt U1V pPopalibf “Hifu ©

i sopr ogadlorom@thene &hd L-pFob¥nudl wre)ionas 1St owlyy addesdeat BOGhikhenigrd
concentratiaqn of 4'-epidaunorubicin hydrochloride in the resulti % sql vent
syst entWe% 20 §imeWd P10 686598 PETT f0PO05 I P8 e s BrR Ty Sy st al s
wer e sepatiad ed2f, 60m 8 hey sellves) waxtilerlyy addadsaofedid.t Tati emd ovasteed with

50 m tert-butyl-nmethylether and dried at, vacuum (.s. 400 t), The crystals
were ahb?y22u ogné c J\f/ﬁliafl}?é)(fugslcﬁn-%%ﬁ??fgl&gfﬁé?cf% 1-filyedrr&?ﬁ g%% e THE i el d

was 9. dygtert haspargty was 98.0 % The product deconposed at 190C, the nass
was 528 D. Conparative Exanple 1:

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

and subsequently stirred for 12 h at room temperature.

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

dried at vacuum (< 400 mbar).

The crystals were analyzed and confirmed as 4 -epidaunorubicin hy-
drochloride. The yield was 9.1 g, the purity was 98.0 %. The product
decomposed at 190°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 of l-propanol and isopropanol
(ratio = 2,5 : 8 by volume) was slowly added at 60°C. The end concen-
tration of 4 -epidaunorubicin hydrochloride in the resulting solvent

system was 20 g.

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

and subsequently stirred for 12 h at room temperature.



4' - epi daunor ubi ci n hydrochl ori de was produced and purified (by adding

nmet hanol i ¢ hydrogen chloride to a chloroformextract of 4'- epidaunorubicin
hydr ochl avpaedl/eexier di ng to Exanple 2 of US 4, 345, 068. RSTHEPRESODI4I8

4' - epi daunor ubi ci n hydrochl ori de was obtai ned and precipitated as an

anor phous powder. Conparative Exanplené' 4' - epi daunor ubi ci n hydrochl ori de
was produced and purified (by adding ?hanolic hydr ogen chloride to a

chl orof orm extract of 4'- epidaunorubicin hydrochloride) according to
Exanpl Bh& xsulsing3anygesls Aerg perurated'frepi Haeint?isnd ALKYEFSAN ori de

was obfadfed, fand 1 PELE] Pi | 3l2feBSwRPh HPHANQUS t POVEET -nLPRRRERL L VAndXanpl e
3: 4' -epi daunorubi cin hydrochl ori de was produced and purified (by using

et hanofF Bther) vaseBRdi vt ™B8Ivin et al . ("Substitutions of allylic
esters: preparation of 3-am noglycals and their acid-catal yzed
gl ycosidation. Use in the partial synthesis of glycosides of the

ant hr aB§R 1 §5¥s tghsupere Ghdorydr apd FRRIFHMeH 289807 PAFauPPrubssingy” As a
resul tgrdenepidaunonsby o hydr ochl @f ide wasiebt disness and . presi pidaied as
an anor phous powder. WD 2011/029576PCT/ EP2010/ 005498 18 C ai ns 1. Process
for proeeRTRRFeer ¢5t 479 1 fre @e- BFaamDrAR &'n hydrochl o- ride conprising
crystallizing 4'-epidaunorubicin hydrochloride in a solvent system

i ncluding a) sol vent which is selected fromthe group consisting of C
and CQCW%? d€el*8BPYent’s and ni xtures thereof, b) solvent B which is
selected fromthe group consisting of C C5 straight and branched al cohol s

and m xtures thereof,. and solvent C which is selected.fro he up

Cons! sk 1 T BB BRELT Y RE ARG 87 i &g AP oM aTes At Shuree T Ror

wher ei mesitdndritc Eytisogel edtleditie poovice drofermsextcidt tof #6-

4 'eD'QS%ﬁEHA§¥u hgigyﬁgé¥ggﬂi%&qgegh§£E5¥)fQ%nEoBExample 2 of US 4,345,068.
As a result, 4 -epidaunorubicin hydrochloride was obtained and preci-

pitated as an amorphous powder.
Comparative Example 2:

4’ -epidaunorubicin hydrochloride was produced and purified (by adding
methanolic hydrogen chloride to a chloroform extract of 4°-

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
ethanol/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 glycosides of the anthracyc-
line group”, Carbohydrate Research, 1980, 79 (2), 193-204). As a re-
sult, 4 -epidaunorubicin hydrochloride was obtained and precipitated

as an amorphous powder.



2. Process according to claim1, wherein the solvent systemconpris- es 0.1
- 20 % by volune of solvent A, 7 - 50 % by volune of solvent B and 45 - 92
% by vol W 20f1/®887¢ent C. 3. Process accordi ng to cl ai m RCTikR2e18i0p540he

sol vent systemconpris- es 1 - 6 % by volunme of solvent A 10 - 40 % by
vol une of solvent B and 54 - 89 % by vgéurre of solvent C. 4. Process
according to claim1, conprising a) disSolving 4'-epidaunorubicin
hydrochloride in a solvent mxture I conprising (i) solvent A and (ii)
solvent B or C, and b) contacting th&l@iBution obtained in a) with a
solvent m xture Il conprising solvents B and C. 5. Process according to
claim4, wherein solvent mxture | conprises (i) solvent A and (ii)
solvent Bor Cin a volune ratio between 1 : 2 and 4 : 1, preferabl

bet weeh. 0, 7Brocessadgdr3producimsstcrysefel bid i bepiwdannarubicigngydrochlo- wo

2011/ 029576PCJ ER }Qé995’4&9&,51&1@-1%5?%‘3@5—&91%{19%99b19ir?|@d@o@hl%§cﬁ@iirh

upon contacting sofvent mxture | solvent mxture Il,” the solvent
syst em conp? i SEVe@tl syspenopisiuddngne, preferably 0.1 - 15 % by vol une,

nore preferaply Qoflyentld %nbynVel Wme2Rd FPsh fHLigoab! ¥olsilstink0o¥ BY
vol une, of solvent A 7.Process according to claiml, wherein the

concentration ofamd CZ%piadadanr b ciH epdeoehd dridfeies fheredfvent systemis

between 7 gl ang, B Iz wRk 6h el abl Rebweenon . thddlgkoapdcd®s Hingavd oDSt

preferably between 8 gcllland 20 gt/>I. ,
- C5 straight and branched alcohols and mixtures thereof,

and

c) solvent C which is selected from the group consisting of Cl
— C5 straight and branched alcohols and mixtures thereof,
wherein solvent C is selected to provide lower soluplllty 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 solvent 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 obtained in a) with a solvent mix-

ture II comprising 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.



8. Process according to claim4, wherein dissolution of 4'- epidaunorubicin
hydrochl oride in solvent mxture | is perfornmed at a tenperature in the
range betwioen1142937680C, preferably between 50 - 70C, an@CwEPRO10/0T408 abl y
bet ween 55 and 65C. 9. Process according to claim8, wherein after
contacting the solu- tion of 4.-epidaug§rubicin hydr ochl ori de wi th sol vent
m xture Il the resulting mxture is coofed to a tenperature in the range of
5 - 35C, preferably 15 - 30C, nopst preferably 20 - 30C. 10. Process

accor df ng t%r%ﬁﬁFSOﬁCf:ﬁédbrwectémCH@lm 4i ngheRGidr SPARSEPVEATIRY SOSEPREL ed

fromthe greupGensi &t tRGsfveait QﬁQE@fén and tQiﬂeCEber@lﬁT’Bté'\ﬁﬁ%m tdmpProsess
according to any of the preceding cl ains, wher ein sol vent is selected

fromthe grdup C@QS|sPVn@PHthEPHSESFab%¥H%Hor and® 1b%rdﬁéﬁﬁv M$%¢ BProcess

accordi ng tge@mryh.the pmegeﬁﬂmglaha;nsndWM£ﬁepme5@£amwy oCli s sel eched
fromthe gro ﬁlconsistin - but anol, isopropanol, isobutanol and

1- pent anol . VaEmep, gfeggl %%%#Hlng to any of the precedlng cl ai ms, wherein
the solvent systemis devoid of solvents other than solvents A, B and C.
WO 2011/029576PCT/EP201$[005498 20 _14. ﬁa stal ne 4 - unoru |gin
hydr ocht or i QePCeES 3EFE éT?lWﬂaq&algp}da ﬁ ﬁ?ﬁ?%g 8e®t * 7
characteri zegi dduridrabitis peivbenhlXriay ﬂhfﬁheasbuoanpa$ysﬂam(yanpetsesnthe
fol I ow ng CQ?f%ﬁ&F%bSEVE,F§¥ﬂ¥%rab1y between 7.5 g/1 and 25 g/l1, and most

preferably between 8 g/l and 20 g/1.

8. Process according to claim 4, wherein dissolution of 4°-
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.

9. Process according to claim 8, wherein after contacting the solu-
tion of 4 -epidaunorubicin hydrochloride with solvent mixture II
the resulting mixture is cooled to 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 chloroform and dichlo-

romethane.

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

l-propanol.

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

nol, isobutanol and l-pentanol.

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

cC.



Diffraction AngleRelative intensity P(% 2(theta) 5.1340.00 - 46.00
7.6429.00 - 33.50 12.1823.50 - 26.00 16.7718.90 - 20.70 17.0024.50 - 26.90
19. 8654. OWO-208202087621. 8225. 80 - 28.25 22.58100 23. 0330. BOTAEPIRO0S49S.
Crystal line 4'-epidaunorubi cin hydrochl oride according to claim 14 or 15,
characterized in that it is obtainablezﬁy the process of one of clains 1 -
13. 17. Crystalline 4'-epidaunorubici n“hydrochl ori de according to one of
claims 14 - 16, characterized in having a nonoclinic phase content of at
| east 10 % 18. Use of crystalline 4'-epidaunorubicin hydrochloride
according terpn@iafinel at & lthumoktb@si@mjdihegdiate in the production of
ant hracyclines. 19. Use according to claim 18, wherein the anthracycline is
epi rubi -

15. Crystalline 4 -epidaunorubicin hydrochloride characterized in

that its powder X-ray diffraction pattern comprises the following

characteristic peaks:

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
16. Crystalline 4 -epidaunorubicin hydrochloride according to claim

14 or 15, characterized in that it is obtainable by the process

of one of claims 1 - 13.
17. Crystalline 4 -epidaunorubicin hydrochloride according to one of
claims 14 - 16, characterized in having a monoclinic phase con-

tent of at least 10 %.

18. Use of crystalline 4 -epidaunorubicin hydrochloride according to
one of claims 14 — 17 as an intermediate in the production of
anthracyclines.

19. Use according to claim 18, wherein the anthracycline is epirubi-

cin.



