- 1 - Purjfdcation of Anthracycline d vcosi des DESCRI PTI ON The invention
relates 'to a process for the purification of anthracycline glycosides b
sel ective adsorption on resins. Raw anthracycline gl ycosi<Rg 2y Qgﬂﬁrify
‘prepared by 5 fermentation or by synthetic processe$; conrarn _

particul arly high anpbunts of :organic and inorganic dnpurities, averaging

from yto 25% inpurities. Conventional purification nmethods, conprising .6«
extra n of the raw product with chloripated sol vents and subsequent "
washi n with buffers lead to a final 10 product in which the inpurity

percent age, al though considerably lowered, is in the range of from4.5 to
5.0% Bearing in mnd the clinical use of the anthracycline glycosides as
antitumour agents, and the side problens of dosage and toxicity, the
opti mum 15 el i mhatifbicafiompof i Antbrageobingl §ljncgklidesoxic, is
clearly desirable. The invention provides a process for the purification of
a raw ant hracycl i ne RESERERHEON obt ai ned by fernmentation or synthetically,
t he process conprising 20 (i) adsorbing an aqueous sol ution having a pH
of from3 to 5 of the raw HHf HRYSRIieR @?8%6§$d5°0ﬁ Brp6P§ARefPE &hei on
exchange adsor bi ng rgatif idatnio asbawythraeydyinel yuyeeeiaad byl selective
de- adsor bi ng the pwggééa éggxwgcycléne gl ycoside by elution wth water or
with 25 slightly aciaic Water oreWiTh a nmixture of water and

Raw anthracycline glycosides, whether prepared by

5 fermentation  or by synthetic processes, contain

qﬁ : particularly high ;mounts of organic and inorganic éﬁ
impurities, averaging from 12% to 25% impurities. _
Conventional purification methods, comprising {
extraction of the raw product with chlorinated solvents
"and subsequent washings with buffers lead to a final
10 product in which the impurity percentage, although
considerably-lowered, is in the range of from 4.5 to
5.0%. Bearing in mind the clinical use of the
anthracycline glycosides as antitumour agents, and
the side problems of dosage and toxicity, the optimum
15 elimination of impurities, generally highly toxic, is
clearly desirable.
The invention provides a process for the
e purification of a raw anthracycline glycoside, obtained ( 
by fermentation or synthetically, the process comprising:
20 (i) adsorbing an aqueous solution having a pH of from =
3 to 5 of the raw anthracycline glycoside on a polymeric
or ion exchange adsorbing resin or on cérboxy—
-methylcellulose and (ii) de-adsorbing the purified
anthracycline glycoside by elution with water or with
25 slightly acidic water or with a mixture of water and
a polar solvent or with a mixture of slightly acidic
water and a polar solvent.
| The adsorbing resin may be contained in a
'suitable Qessel. Generally, a tower or column filled



& polar salvent or with a mxture of slightly acidic water and a pol ar
sol veént. The adsopblng resin may be contained in a suitable vessel.
CGenerally, a taqwer:.or cotumm filled -2- with the resin in particulate

form e.g. .grarules or beads, is used. Depending on the type of fnpuriZ[ﬁ%)
contained-in the raw product, the eluate provided by step (ii).my be <,
subqglted to the further 5 st eps of .(ihi i) adsorbing the eluate on a-

pol yneri ¢ or ion exchange resin or on carboxynethylcellulose t he adsor bant
being different fromthat used in step (i), and (iv) de-adsorbing the
further purified anthracycline glycoside. 10 - By correct

sel ection of the various types of -resin accordlng to the raw product to be
purified, and the sequence in which they are to be used, a high degree of
purity (97 to 98% in t flnal r.odyct can .be .oht ained, with excellent

yiel ds and without 15% FEBIG 10 PATEASIIR S ST Soidre SEERUHR
foll owi ng Exanpl es il Ihﬁdsa,t d st msedny e MependiBgAMPLEhe Rype iofat i on of

4- demet hoxy- daunor ubi Giyrities contained in the raw product, the eluate
| provided by step (ii) may be submitted to the further
5 steps of (iii)'adsorbing the eluate on a polymeric
or ion exchange resin or on carboxymethylcellulose,
_ - the adsorbant being different from that used in step '
¢ | (i), and (iv) de-adsorbing the further purified
anthracycllne glycoside.

_ 10 By correct selection of the various types of
resin according to the raw product to be purlfled,
and the sequence in which they are to be used, a high
degree of purity (97 to 98%) in the final product
can be obtained, with excellent yields and without

15 the use of chlorinated organic solvents.
The following Examples lllustrate the lnventlon.
EXAMPLE 1 '

Purlflcatlon of 4—demethoxy-daunorub1c1n




°

15.0 g of raw 4-denet hoxy-daunorubicin, having a titre of 70.2% and an -
i.mpurity. content of 18% were dlssolved in 3600 M of a 0.5% sodi um acet at e

sol ution. The solution, brought to pH 4.7 by addition of acetic 5 - acid,s
was sorbed on 400 mM of Rohm and Haas Anberlite XAD2 resin in a‘colum

ha a diameter of 2,5 am "Anberlite" is a Trade Mark. The product was
wa f with 1000 ml of water and then e+3+ed with a water: nethanol ni xefr e

(5: T by volunme). As a first eluate, 10 2000 m of solution containing
agl ycones and vari-ous other inpurities was collected. Elution was conti nued
with a water:nethanol mxture (1:1 by volune) and a 4500 ml fraction was
‘coll ected. Thi35{@agtdbnravntademethasy1daunernbiginauhavingcantisre |n
solution along with 10% of inpurities. The eluate was brought to

addi ti on . of h9ﬂr6@h3§rﬂ%daé$dﬁ®WGr%FEn°9%Eﬁﬂﬁ1Eénééﬁtrﬁ?ﬁﬁ Fbs§°5899ne of

1500 mi B addition of _so m acetate,to the concen ted solution, the pH
was brough¥ tolé %89@ ml aghgtﬂe §I?ﬁ§%¥? QE?H?Eesﬁ?%Pgbﬂnmas&gﬁ;orbed onp'

havi ng o f anebBrubHSh) SERARERECESTpRls) 1ouP pARLERRAT e bR IR 00 T
Trade MLk Uga gorpke!LaRosheddsnr b bBCs5oh!Ha"A%al hiberdtbad 2

wi th 4507 ni ed W
XAD2 res;n in a column having a diameter of 2.5 om.

"Amberlite" is a Trade Mark. The’produc£ was washed

© with 1000 ml of water and then eluted with a water: \UJ
methancl.mixture (5:1 by volume). As a first éluate, \
10 2000 ml of.solution_contéining aglycones and various .

other impurities was collected.

Elution-was continﬁed with a water:methanoi.mixture
{(l1:1 by volume) and a 4500.ml.fraCt£dn was collected.
This fraction contained the 4-demethoxy-daunorubicin

15 in solution along with 10% of impurities;
The eluate was brought to pH 2.8 by addition of -
hydrochloric acid and then vacuum concentrated to.a ~
volume of 1500 ml. By addition of sodium acetate to
the COncentrated solution, the pH was brought to 4,0

20 and the slightly acidic solution was adsorbed on 150 ml
of Pharmacia CM Sepharose Cl 6B resin, céntained within
a column having a diameter of 2.5 cm and a flow rate
of 150 ml/h. "Sepharose" is a Trade Mark. Upon
campletion of adsorption, the column was first washed

25 with 450 ml of water and then eluted with 0.03%



hydrochloric acid. The first 800 m of eluate, containing 18% of inpurities
was brought to pH-4.7 by addition of sodium acetate and coll ected for
recycling to the first purification stage. 5 . The successive eluate (3500
M), contai,ning purified 4-denet hoxydaunorubi'cin, was vacuum concentr at

to a volume of 50 m. 250 nl of acetone was.@.dded and the resultant
preQJpltate was filtered off, washed with acetone and dri ed.

4- Demnret hoxy- daunor ubi ci n havi ng a 10 titre of 97% and an inpurity content
of less than 3% was obtained in 52%yield, calculated on the raw startlng
mat eri al . EXANPLE@atadﬁldﬁtd atid. daunornb| cin 15 15.0 ¢ of

daunor ubi cin hydrochloride having a titre of 74.2% and an inpurity content
of 8.5% were dissolved in 4500 Ml of water. The solution was brought to pH
5.0 by ‘addition of sodium acetate and adsorbed on 400 m of Kastell S112
resin or on Rohm &tk Hiast2B00 miberf ieluatR scontaining al&d| ofmimpurigigs

diameter of 2.5 cmand a flowrate of 600 m/h. Kastell is a Trade Mark.
The product was waedngughtiosd pH 4of7 é’ﬂ%@%ﬂeﬁiﬁﬁ&ﬁoﬁ?@l@%oﬁ%?éﬁeaﬁﬂd
then eluted with a water:ethanol - mxture (1:1 by vol une The first

fraction (400 ub ‘i‘b’rﬁ%‘?‘?ﬁqtgf’i‘hé‘%ﬁ:}f%stq Fh&) ?%\"1 E\%E ficationfbage.-

5 The_ successive eluate (3500 ml), containing purified

4-demethoxydaunorubicin, was vacuum concentrated to a

C.

volume of 50 ml. 250 ml of acetone was added, and the
| resultant precipitate was filtered off, washed with
acetone and dried. 4-Demethaxy-daunorubicin having a
10 titre .of 97% and an impurity content of less than 3%
| was obtained in 52% yield, calculated on the raw.

starting materlal .

EXAMPLE 2

Purification of daunorubicin

O 15 '15._0 g of daunorubicin hydrochlo_ridé having a titre of
\_ "_ ~ 74.2% and én- intpurity content‘of 8.5%, were dj_.ssolx}ed
in 4500 ml of water. The solution was brought to pH
5.0 by addition of sodium acetate and adsorbed on’
400 ml of Kastell S112 resin or on Rohm and Haas
20 Atnberlite ER180 resin in a qalnmn having a diameter
of 2.5 cm and a flow rate of 600 ml/h. ‘Kastell' is a
Trade Mark.
The product was washed with 1000 ml of a 1% sodium

chloride solution and then_ eluted with a water:ethanol



elution was continued to collect 260 ml of eluate containing puriftred .
daunorubicin. The pH was adjusted 5 to 2.5 by addition*of dilute
hydrochl oric acid, acetone wds added and the product was allowed to
crystgTihze at a tenperature of +5 C for 6 hours. The product was

filtef washed wi th acetone and vacuumdried for 12 hours. 10 ~
Dauno ) _ '
material. As determned by HPLC, its titre was 97% and its inpurity
content was 2.6% EXAMPLE 3 Purification of 4-denethoxy-doxorubicin 15
2000 m of aqueous sol ution containing 10.4 g of 4-denethoxy-doxorubicin -
Wi th an i nmpurigi«Gand el 10yl 4614kes .adadid ed rvt Fradtidin R0 ail) Haas
ER180 resin contained within a colum having a dianeter of 2.5 cmand a
flow rate of Zrhtdidingthe ablecdined en adlprildmiwas mendvesil dnd sel ective
adsorption of the inpurities, was then adsorbed on 200 m- of Pharmaci a. CM
Sepharose 0 6GRutdsim wasThoniriodest was asdlitest W& ml of eluate '
met hanol : wat er : concentrated hydrochloric acid m xture-(50:50:0.015 by

Vol ume), - Gontiatorng REmiE e ARTMQRAIGH AR O0AR jA&BHERD] ng

agl ycones and other_inparjties. - 2000 nm of eluate was then coll ected,

cont ai ni iy t h&Pwi¥ iRy A& ian & dnpte hydrochloric acid, acetone

was édded and the product was alldwed_to crystallize at

a temperature of +5°C for 6 hours. The product was
filtered, washed with acetone and vacuum dried for _ \‘2
| o/

12 hours.
10 Daunorubicin Wasrbbtaiﬁed in 80% yield, calculated on
the raw starting material. As determined by HPLC,-its

titre was 97% and its impurity content was 2.6%.

EXAMPLE 3

Purification of 4-demethoxy-doxorubicin - |
15 2000 ml of agueous solution containing:io{4 g of a
4-demethaoxy-doxorubicin with an impurity content of 14%
‘were adsorbed on 50 ml'df Rohm and Haas ﬁRle.fesin
contained within a column having_a diéméﬁef.of 2.5 em

and a flow rate of 250 ml/h.

20 The eluate, as partially purified by selective
adsorption of the impurities, was then_adsorbed on
Zooﬂml.of Pharmacia CM Sepharose Cl 6B résih. The
product was eluted with a méthaﬁol:watericonéentfated

hydrochloric acid mixture (50:50:0.015 by volume),

cin was obtained in 80%yield._ calculated on the raw starting i

.",



vacuum concentrated to 60 m . Under sti
va rring over 3
mﬂf%oggergag :ﬁgeg ghe resul t ant preC|p|tgte was fFIterggug?f o
il d ss. 29of thr|e 6.5 g of 4-denethpxy-doxorubicin were obt
sLyleld 58.2% 08 4Iegretlcal) with an inpurity content of 3% 10
MG TLRL, eoxy-doxorubicin 15.0 g of 4'-deoxy-doxor ubi " havi

9 an organic inpurity content of 12%and a nlnerg:nsaP?VIng

i mpurity content of 129% I
Opfl taipt
adsor bed on 300 stéﬁ@%&%ﬁ&r%ﬁﬁiﬁnzl Pla(n;evﬂ?at&g 8? \é/gtc&“ =

' Sephadex' is a Trf&jfg‘?%%%kanypgghgpnnhpﬁrmleé.ad?@pﬁt mdn o%; ﬁguﬁﬁeut | on was

-eluted with 0. 03@8 | Or 1
( c acid and a fract
ol ut e i on (6500
cont ai ni ng 4 - deguy dgxp(ubt e&). cafitaifiting  hac BNgA T8 .fgﬁﬁ it i
¢) on o sodlun1hydrate was adsor bed %89 Q$v€?
e

Ka
Kastel IS112 resi paghyf Bbiendiatel £0050 . THE5od d i th
uted with nethanol
hydrochl ori g 25 popgisq. 3000mll acktomes WEKEaAd dide nedﬁl:agnlégvgzu
um

-7-
c
the concentr at ed pyelcifpitateayas SHAESTES oncg %%d %ng%e?ﬁgeﬁﬁgnd“ ng,

precipitate formed was filtered off
dried. 6.5 g of 4-demet ox%“éé&éf@ﬁ?@fn were

obtained (yield 58.2% of theoretical) with an impurity
s - cohtent of 3%.
N
)
10 EXAMPLE 4

purification of 4'—aeoxy-dcxorubicin

15.0 g of 4'-deaxy-doxorubicin, having a titre of

69.2%, an organic impurity content of 12% and a

.mineral salt impurity content of 12%, were dissolved

15 in 2000 nl of water and adsorbed on 300 ml CM Sephadex

C25 resin at a flow rate of 600 ml/h. 'Sephadex' is a Trade

Mark. Upon completion of adsorption, the solution was

eluted with 0.03% hydrochloric acid and a fraction (6500 ml)

C ¢

was obtained contaihing 4'-deoxy—doxorubicin.

20 This fraction, brought to pH 3.8 by addition of a

solution of sodium hydrate, was adsorbed on 200 ml of

Kastell S112 resin at a flow rate of 400 ml/h. The
product was washed with 600 ml of water and then
_cluted with.methanol acidified to pH 2.0 by hydrochloric

25 acid. 600 ml of core eluate were obtained, and vacuum



-
1.

and dried. 4'-deoxy-doxorubicin was obtained (yield 5 61% of ~ -
theoretical) with a titre of 95.8% and an inpurity content™ of 4.:2% EXAVPLE
5 ) g _ ~ 4 Purification of 5
4' - epi -doxorubicin 15.0 g of raw 4'-epi-doxorubicin, having a titre of 10

75..9%@ay an inpurity content of 15% _wer e dissol ved in 4000 m . of waterx
The go\dti on was brought to pH 4.8 by addition of sodiumformate and
adsonped” on 400- m of Anberlite IRC 724 resin contained within a colum _
having a diameter of 2.5 cmand a flow rate of 1600 15 m /h. The col um

was washed “‘£8négﬂt£5t&@tSBHQQQmEDe”UﬁBBEEQt&&&EnQ, the concentrated

met hanol : wat er: concentrate ydrochloric acid m xtdre (95:5:0.015 by

vol ume). 400058} ueiofi OWEsC W \@bﬁxea! ineoedoccaill Addtithe. The

4' -epi -doxorubicin.still with 10%inpurities, and 1500 20 m of tail

el uate mainl ypeeeipitate ropuett vas Faleexedo ofd, saistibd Wittlc areetdinmt e
was concentrated to 1500 m, brought to pH 4.8 by addition of sodium
formate and admar@ededn 280-decMfratioxorniilcdny meshydbtaindd sy iedad n 25
contained within a columm having a dianmeter of 2.5 cm and a flow rate of
500 m/&. 'Walkaof theargticellamithUsokiddepliodt 9 &% ardb@mption, the
product was washed with an ethanol: water: concentrated hydrochloric acid
m xture (99.3impardtyisopyens @Fef-a8%d then eluted with an

EXAMPLE 5

"

Purification of 4'-epi-doxorubicin | \;)-
15.0 g of raw 4‘-épi-aoxornbicin, having a titre of

10 75.9% and an impurity content of 15%, were dissolved in
4000 ml of water. The sblution was brought to pH 4.8
by addition éf sodium formate and adsorbed on 400 ml
of Amberlite IRC 724 resin contained within a column
having a diaméter of 2.5 cm and a flow rate of 1600

15 ml/h. The column was washed with 800 ml water and

' then- eluted with a.methanol:waterﬁconCéntratéd-

hydrochloric acid mixture (95:5:0.015 by vbluméj_. |
4000 ml of core eluate were collected, containing
4'-epi—doxorubiciﬂ.still with 10% impuriﬁies, énd 1500

20 = ml of tail eluate mainly containing impurities we:é |

also collected.

The core eluate was concentrated to 1500 ml; brought
to pH 4.8 by addition of sodium formate and adsorbed
on 250 ml Whatman carbaxymethylcellulose resin |

25 contained within a column having a diameter of 2.5 em



5 et hanol : wat er: concentrated hydrochloric aci,d mxture (90:10:0.05 by __
vol urre) t.o cgllect 3200 nl of core eluate8 The gl uate was vacuum iy
concentrated to 6Q ml and the product was® precipitated by addition of qﬂggég
W of acetone. 6.9 g of 4'-epi-doxorubicin were obtained, 10 havi ng ‘a
titre of 91.2% and an I mpurity content of 3% Yield = 55. 3% EXAMPLE 6

- Purffication of doxorubicin (a) 70 g Of orum mere di ssql ve 8
lithés of, 15 waR@ra flge ‘Eﬂ% %? (j‘ﬂlt moa"by Jaﬁjcﬂ ?\L'Baréj% DJP%:Z]?T er

and the solutlon was adsoy bed on tres of K teI

within a col um HB?Pn?%PH‘Pme‘?gcﬁé?% °ﬂ1’e%§} OCRJC was e ut eoi (?h

m xture of 35 I|tres ter nd 15 i§¥gg 'ggaeﬁigﬂﬁk

(40 litres) was a&gﬁ(feﬁ' Stéd ?Aﬁ%sérr# JTS& produ c‘% aWas ©

crystal lized by a@@uel.con 7070 .QVE BPyuvolaimel) land e dn ethared wiwh 4ab |itres

of acetone under stirring at +[err] for 3 hours. The product was filtered

of f, washedsw t hehahcdcetadres :awhceatrahedl iirzghl etic[ackd mbxtéraours.
56. 0 g of purified doxorubicin were obtained fromthis first step. -9-

(b) 80.0 g of doX@0uBilsion 05playt Modames des GI&FH B3R Y HE Foxa sluate.

Exanpl e, were dissolved in 24 litres
The eluate was vacuum concentrated to 60 ml and the

-product was preclpltated by addltlon of 300 ml of

acetone. 6.9 gxof 4i—epi-doxofubicin were obtained,

w
)

U 100 having a titre of 91.2% and an impurity content of

L | : 3%.. Yield_= 55.3%.

EXAMPLE 6

Purification of doxorubicin

(a) 70 g of doxorubicin_were-dissolvéd in 28 1it£es of ,
15 water. The éH wés brought to 3.7-4.5 by addition of

buffer and the solufion was adsorbed on 2 litres of

Kastell S112 resin contained within a column having a

diameter of 6 ¢cm. The product was eluted with a

¢ C

mixture of 35 litres of water ahd 15 litres of'methanoi.
20 The elﬁate. (40 IitreS) was vacuum concentrated to.

500 ml and the product was crystallized by addition of a

mixture of 1 litre of ethanol and 4.5 1itfes of acetone

under stirring at +5°C for 3 hours. The product was

filtered off, washed with 0.0l acetone and vacuum dried
25 at +40°C for 5 hours.

56.0 g of purified doxorubicin were obtained from this

first step.



of water and brought to pH 4.0 by addition of buffer. The sol ution”was -
adsdrbed on a colum.having ‘a di ameter 5 of 12 cmand containing 1.6
‘litres~of What man carboxy- néthyl cellul ose resin. The colum;effluent was
remp )\ After washing with 3.2 litres,of water, the product was el uted
litres of water brought to pH 3 5 by addltlon of hydrochl oric achd.
it¥es of eluate 10 were col | ected and vacuum concentrated to a voh!ne
of 600 m . The product was allowed to crystallize by cautious addition of

t % filtered
oft . “vashod vt b f0 T0e b5 dbortbiclt,  RutTies }FSP‘%S"#“ folrs. 15
65 a of dOXOI’%Q*{:I (‘aY"eéf’ Eﬂicﬁ Fﬁgm?"ﬁeh @e&let 'Ei‘is‘é.f«::l%%d5 4Pty

content of 1 A process for t e pur |cat|on of a

raw ant hracycyf rkeaeéycaﬁadsroeahel gedphy 4f @r wntaataﬂﬁdﬂ ot/ Bdetdeal |y, the
process conprising (i) adsorbing an aqueous solution having a pH of from3

to 5 of the reneSsolutidhI A&y CaaB6rBeiCOR @€ cl umnP Aatitig G WidMer&xchange
adsorbing resin or on carboxynethylcellulose and (ii) de-adsorbing the

puri fieds ant hoficyz| cmeand ycostdénbngelubi dd twiesh ofatdha tmamiddrisdxght | y
acidic water or with a m xture of water and a polar solvent or with a 10

m xture of simethylceklulesearesinnd Thpoked ugwl ediftluent was removed.

After washing with 3.2 litres of-water, the productlwaS'
eluted with 55 litres of water brought to”ﬁH'z.S by

addition of hydrochloric acid. 46 litres of eluate

CC

10 were collected and vacuum concentrated to a volume of
600 ml. The product was allowed to cryséallize by
cautious addition of an isopropanol:acetone'mixﬁure
{(l1:3 by volume). The_product'was filtered off} washed
with 1 litre of acetone and dried at +40°C for 4 hours.

15 65 g of doxorubiéin were obtained with a titre of 98.5%

and an impurity content of 1.5%.

CC



2. . A process according to claim1 further conprising (iii) adsorbing the
eluate on" a polyneric or ion exchange xymet hyl cel | ul os.
the 15 adsor bant- bei ng. di fferent froﬂmmmmnmm”mep (1), and (i
de- adsorbi ng the further purified anthracytline"gl ycodi de. 3. A pr
accgrding to claim2 in which the eluate 20 fron1step (i1) is brough
a ptLof from3 to 5 before carrying out StG&%ﬂll) - A process
according to claim2 or claim3 in which the elution of step (iv) is
carried out using 25 slightly acidic water or a mxture of water and a
pol ar solvent or a rEkAI¥® of slightly acidic water and a pol ar sol vent. 5.
A process for the purlflcatlon of a raw 30 ant hracycl i ne gl ycosi de,
obt ai ned by fernentation or nthetically, the process belng substantial Iy
as described herei najwith r"‘ef%’ﬁ}'l P PO PYd isahiareof a raw

anthracycline glycoside, obtained by fermentation or

.synthetically, the process camprising (i) adsorbing an

agqueous solution having a pH of from 3 to 5 of the raw
5 anthracycline glycoside on a polymeric or ion exchange

adsorbing resin or on carboxymethylcellulose and (ii)
de-adsorbing the purified anthracycline glycoside by
elution with water or with slightly acidic water or

-8
7

- '- with a mixture of water and a polar solvent or with a
10 mixture of slightly acidic water and a polar solvent .

C

2. A process according to claim 1 further comprising
(iii) adsorbing the eluate on a polymeric or ion
exchange resin or on carboxymethylcellulose, the

15 adsorbant being different from that used in step (i), and
(iv) de~adsorbing t@e.further purified anthracycline
‘glycoside. '

3. A process according to claim 2 in which the eluate
20 from step (ii) is brought to a pH of from 3 to 5
before carrying out step (iii).

4. A process according to claim 2 or claim 3 in
which the elution of step (iv) is carried out using
25 slightly acidic water or a mixture of water and a
polar solvent or a mixture of slightly acidic water
and a polar solvent. '

5. A process for the purification of a raw

.30 anthracycline glycoside, obtained by fermentation or
synthetically, the process being substantially as
described herein with reference to any of the Examples.




