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The present invention provides polymer-bound anthracyclines of formula A which consists essentially of three units represented

by formulae 1, 2 and 3: (see formula 1) (see formula 2) (see

formula 3) wherein: Gly represents glycine; nis 0 or 1: x Is from 70

to 98 mol %, y Is from 1 to 29 mol %, z Is from 1 to 29 mol %, R, Is a C,-C, alkyl group substituted by one or more hydroxy

groups; Y Is an amino acid residue or a peptide spacer; [NH-

D] Is the residue of an anthracycline aminoglycoside [NH.-D]; and Z

Is a hydroxy group or a residue of formula -NHR., wherein R, Is as defined above. Methods for their preparation and
pharmaceutical compositions containing them are also provided.
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BSTRACT

BIOIOGICALLY ACTIVE COMPOUNDS

5 The present invention provides polymer-bound
anthracyclines of formula A which consists essentially of

three units represented by formulae 1, 2 and 3:

CH

10 l )
i —(C'.Hz—c-) -
l
CO-[Gly]n- “1
15
f"a
£ -(CH2—<|:_)Y_
CO-Gly-Y—[NH-D]
20 '
IC“:«
2 —(CH,~C-) -
25 |

wherein:

Gly represents glycine;
30 n 1s 0 or 1; '

X 1s from 70 to 98 mol %,

y 1s from 1 to 29 mol %,

z 1s from 1 to 29 mol %,

R, 1s a C,-C, alkyl group substituted by one or more hydroxy
35 groups;

Y is an amino acid residue or a peptide spacer;

[NH-D] is the residue of an anthracycline aminoglycoside
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[NH,-D}:; and
Z is a hydroxy group or a residue of formula -NHR, wherein
R, is as defined above. Methods for their preparation and
pharmaceutical compositions cohtaining them are also

5 provided.
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ANTHRACYCLINE CONJUGATES, THEIR PREPARATION AND THEIR USE
AS ANTITUMOR AGENTS

The present invention relates to soluble synthetic

polymer-bound anthracyclines, to their preparation and to

pharmaceutical compositions containing them.

Doxorubicin, 4’/-epidoxorubicin and 4-
demethoxydaunorubicin are examples of anthracyclines which
are known from the prior art and which are currently used
in the clinical treatment of neoplastic malignancies; see
for example, F.Arcamone: "Doxorubicin" Medicinal Chemistry
monograph, vol 17, Academic Press 1981.

Many polymeric derivatives of doxorubicin, endowed
with antitumour activity, have been prepared. Amongst
these, a particularly promising candidate for clinical
development is soluble polymer-bound doxorubicin, which
consists of hydrophilic moieties and peptide chains to
which doxorubicin and 2-hydroxypropylamine are linked.
This polymer-bound-doxorubicin derivative 1is prepared by
condensing doxorubicin hydrochloride with a methacrylic
polymeric precursor containing peptidyl chains, activated
as the p-nitrophenyl ester, in dimethylsulfoxide in the
presence of triethylamine followed by aminolysis of the
remaining ester groups with l-amino-2-hydroxypropane.
Incubation of this material with rat lysosomal enzymes
(tritoéomes) cleaves the amidic bond between the terminal
amino acid and doxorubicin [J.Kopecek et al., Biomaterials
10, 335 (1989); R.Duncan et al., Biochem. Pharmacol., 39
1125 (1990); R.Duncan et al., J.Controlled Release 10, 51
(1989); 18 123 (1992) and 19 331 (1992)].

- A problem with conventional processes, for exanple as
described above, is that it can be difficult to remove the
doxorubicin from the doxorubicin polymer conjugate. This
is due to the formation of wm-complexes between bound and
free doxorubicin; the material has been shown to behave as

one entity in dialysis, molecular filtration and gel

chromatography [J.Feijen et al., J.Controlled Release J,
301 (1985)].
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The polymer-bound-anthracycline systems of the
present invention are based on methacrylic polymers bearing
hydrophilic moieties, peptidyl pendant chains linked only
to the amino group of anthracycline and residues of .
glycine, either in the form of free acid or in the form of
amide derivative. These systems have the advantage over
the prior art that the~anthracycline may be easily released
from the polymer to which it is bound. In addition, the
polymer-bound anthracyclines of the invention have broader
antitumour activity and lower general toxicity than the

corresponding free anthracyclines.
Accordingly, the present invention provides a
polymer-bound anthracycline of formula A which consists

essentially of three units represented by formulae 1, 2 and
3.

CH
R
1 -(cnz—f-.-)x

COo-(Gly] - NHR

™
CO-Gly-Y—[NH-D)

Ifﬁ3
CO-Gly-2 '

35 wherein:

-t

Gly represents glycine;
n is 0 or 1:;

v
-
“



9136438

WO 94/26311 PCT/EP94/01100

- 3 o

X is from 70 to 98 mol %,

y is from 1 to 29 mol &,

Z 1s from 1 to 29 mol %,

R, 1s a C,~-C, alkyl group substituted by one or mnore

5 hydroxy groups;
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Y is an amino acid residue or a peptide spacer;

[NH-D] is the residue of an aminoglycoside
anthracycline ([NH,-D]; and

Z 1s hydroxy or a residue of formula -NHR, as defined
above.

The aminoglycoside anthracycline of which [NH-D] is a
residue is represented herein as [NH,-D] wherein D denotes
the structure of an anthracycline aminoglycoside minus the
amino group of the sugar moiety.

The polymer-bound anthracycline preferably contains
the units ]l in a range of from 90 to 98 mol %, the units of
formula 2 from 1 to 10 mol % and the units of formula 3
from 1 to 10 mol %.

The enzymatic in vivo hydrolysis of the peptidyl
chains gives rise to the release of only the active drug D-
NH,, whilst unit 3 remains intact.

Suitable alkyl groups which R, may represent are C,~C,
alkyl groups substituted by one or more hydroxy groups;
examples include hydroxyethyl, 2-hydroxypropyl and 3-
hydroxypropyl.groups.

The peptide spacer Y should be susceptible to
intracellular hydrolysis. The spacer may be resistant to
extracelluar hydrolysis. The peptide spacer may be from 1
to 10, for example 2 to 4, amino acid residues long.
Tvr‘-ally the peptide spacer is a tripeptide or a
ctetrapeptide.

Each of the constituent amino acid residues of the
peptide spacer Y which is chiral may be present as either
the D or the L optical isomer, or as a D/L mixture. The
conventional three letter system of denoting amino acids 1is
employed herein, wherein the symbols denote the L
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configuration of the chiral amino acid unless otherwise
stated. The peptide spacer Y may be present as a racemic
mixture or as an Optically pUte isomer.

Preferably Y is selected from Gly-Phe-Gly, Gly-Leu-
Gly, Phe-leu-Gly, Gly-Phe-Leu-Gly, or Leu-~Leu-~Gly with the
glycyl residue in each case being bound to the
aminoglycoside anthracycline.

The amincglycoside anthracycline residue [NH-D] is

sultably the residue of an anthracycline aminoglycoside
[NH,-D] of the following formula Q:

wherein one of R' and R!" is hydrogen and the other is a
hydroxy group or iodine; R'"!' is hydrogen or OCH, and R! is
hydrogen or a hydroxy group.

Preferred examples of the anthracycline
aminoglycoside [NH,-D] are: doxorubicin, 4’-epidoxorubicin,
4-demethoxydaunorubicin, idarubicin and 4’~iodo, 4’-desoxy
doxorubicin.

The invention also provides a process for the

preparation of a polymer-bound anthracycline A which

consists essentially of the units 1, 2 and 3 as defined
above. The process comprises:

i) reacting a polymeric intermediate B, wherein B
consists essentially of units of the following formulae 1



Lland s

WO 94/26311 PCT/EP94/01100 |

and 4:
| | 3
- (cgz..f..) " - (cuz_cig_) v

Co—[Gly] - HRI co-cly-»nz -

by 4
wherein x, n and R, in formula ] are as defined above, w is
from 30 to 2 mol % and R, is a hydroxy group or a leaving
group, with an anthracycline derivative of general formula
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2

wherein [NH-D) and Y are as defined above: and

1i) when 1t is desired to prepare a polymer-bound
anthracycline wherein Z is the unit of formula 3 1s NHR,,
reacting the product of step (i) wherein R, is a leaving
group with a compound of formula NH,R, in which R, is as
defined above. '

The léavin’g group which R, may represent is suitably
a phenyloxy group which is substituted on the phenyl ring
by one or more electron-withdrawing groups. Examples of
sulitable electron-withdrawing groups include nitro (=NO,)
and halogen. R, is preferably the leaving group

(L),
'-{}_<E§Eis ~ wherein L is an electron withdrawing

group, for example ~-NO, or a halogen such as fluorine or
chlorine, and m is an integer of 1 to 5, typically 1 to 3,
preferably 1 or 2. Preferably R, is a p-nitrophenoxy group
or a 2,4-dichlorophenoxy group.

Compounds of formula 5 are easily separated from the
polymeric conjugate of formula A owing to their high
lipophilicity. Thus, as discussed above the present

approach to the preparation of polymer-bound-a=“khracyclines
overcbmes a major drawback of the conventiwvnhal condensation
©f anthracyclines with polymers, namely the difficulty in
separating free anthracycline from the polymer-conjugate.
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The polymeric intermedigpe§;§ consisting essentially
of uhits.; and 4, as defiﬁeéxéﬁove, are prepared by the
radical copolymerization of methacryloyl compounds of the
following formulae 6 and 7:

o, o,
CH,=C-CO-[Gly)  -RHR, CH,=C-CO-Gly-R,
$ Zz

wherein n, R; and R, are as defined above.

Some polymers consisting essentially of units 1 and 4
are known from the literature; for example a polymer,gl
consisting of units 1 in which R, represents -CH,CH(OH) CH,,
n=0 and units 4 in which R, represents a p-nitrophenol
residue 1is prepared by radical precipitation
copolymerization of N-(2-hydroxypropyl)methacrylamide [6a:
R,=CH,CH(OH)CH,, n=0] with N-methacryloylglycyl p-
nitrophenylester {7a: R, = 0-C,H,pNO,], as described in

' J.Kopecek, Makromol.Chem 178, 2159 (1977)). Polymeric

intermediatés consisting of units 1 and 4 in which R,

‘represents hydroxy may be prepared by radical homogeneous

polymerization. ‘

Some monomers of formulae 6 and 7 are known.
Compounds of formula 6 in which n=0 and R, 1s an alkyl-
bearing secondary hydroxy group are generally prepared by
reacting methacryloyl chloride with aliphatic amine bearing
secondary hydroxy groups. On the other hand, compounds of

- formula 6 in which n=0 and R, is the residue of an alkyl-

bearing primary hydroxy group, may be prepared from
methacrylic acid and amino compounds in the presence of a
condensing agent such as l-ethoxycarbonyl-2-ethoxy=-1,2-
dihydroquinoline.

The peptidyl-anthracycline derivatives of formula 5
are a further aspect of the present invention. Methods for
their preparation are known. For example, since it is
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important to react a suitable N-protected peptide with
anthracycline, the N-protecting peptidyl group must be
selected from those that are removed in conditions capable
conferring stability on the anthracycline. An example is
the triphenylmethyl group.

The peptidyl anthracycline derivatives of formula 5
may be prepared by a process which comprises

(1) reacting an N-protected peptide of formula 8 or'
9:

R,~Y~OH R,~Y~P
8 2

wherein R, is an acid sensitive protecting amino group, P
is a leaving group, and Y is an amino acid residue or a
peptide spacer as defined above, with an anthracycline

aminoglycoside [NH,-D] as defined above to produce an

‘intermediate of general formula 10:

Ry~Y=[NH=D]
10
wherein [NH-D), Y and R; are as defined above; and
(ii) removing the protecting group R, to yield the

peptidyl-anthracycline 5 in the form of a free base.

P may be a leaving group as defined and exemplified.
above for R,. In addition P may be a penta:f‘lmmphenyloxy or
N-hydroxy-succinimido group. Examples of the acid
sensitive protect«;hg group R, include trityl and
diphenylamino groups.

Peptidy1'derivatives of formula 8 and 9 are prepared
following standard synthetic procedures that are known from
peptide literature. Protection of the amino function with
an acid sensitive group such as triphenylmethyl is |
typically performed according to Theodoropoulos g;‘gl.,'
(J.0rg.Chem. 47, 1324 (1982)). The reaction conditions
followed for the preparation of compounds 8, 9 and 10 are
designed in order to avoid racemization; the resultant
peptidyl derivatives are therefore in the same
configuration of the starting amino acids.
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In order to prepare anthracycline derivatives of
formula 5, compound 9 may be reacted with an anthracycline
hydrochloride salt in an anhydrous polar solvent such as:
dimethylformamide in the presence of equivalent amounts of
an organic base such as triethyiiﬁine, for example at room
temperature for 15 hours, to give an intermediate of
formula 10 that is purified by chromatography and then
deblocked to derivative of formula 5, for example in
agqueous 75% acetic acid at room temperature.

It should be noted that the reaction of
anthracyclines bearing a hydroxy group at position C-14,
such as doxorubicin and 4’-epidoxorubicin in the form of
hydrochloride salt, with activated peptidyl derivatives of
formula 9, in the presence of the organic based needed to
deblock the 3’~amino group of the anthracyclines, in a
polar solvent, affords a mixture of derivative 10 and
anthracyclines substituted both at the amino group of the
sugar moiety and at the C-14 position. The bis(3’-N,14-0-
peptidyl)derivatives are removed from the mixture by
chromatography.

Compounds of formula 10 may be also prepared by
condensing an N-protected peptide of formula 8 with an

anthracycline in the form of the hydrochloride salt, in a

dry polar solvent such as dimethylsulfoxide in the presence
of an equivalent amount of condensing agent such as 1-
ethoxy~carbonyl-2-ethoxy-1, 2-dihydroquincline. This
procedure does not afford bis-peptidyl derivatives of
anthracyclines bearing a C-14 hydroxy groups.

The condensation of intermediate B with peptidyl
anthracycline derivatives of formula 5, optionally followed
by displacement of the remaining leaving groups, affords
polymer~bound anthracyclines consisting essentially of
units 1, 2 and 3. It should be stressed that this
procedure avoids formation of ester bonds between primary
hydroxy groups and pendant glycyl activated esters.

Polymer-bound drugs of formula A in which residue 2
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of unit 3 represents a group of formula NHR,, as previously
defined, are preferably prepared by reacting intermediate B
in which R, is a leaving group as defined above, with an
anthracycline derivative of formula 5 in an anhydrous polar
organic solvent such as dimethylformamide or
dimethylsulfoxide. The réaction can typically be effected
for from 8 to 24 hours. The reaction is typically carried
out at a temperature from 15°C to 30°C, preferably at room
temperature for 15 hours, then the remaining leaving groups
are displaCed by reacting the conjugate with a compound of
formula NH,R,, as above defined, for a time of 0.5 to 3
hours at room temperature.

Polymer-bound drugs of formula A in which residue 2
of unit 2 represents a hydroxy group, are preferably
prepared by reacting intermediate B in which R, is hydroxy
with an anthracycline derivative of formula 5 in an
anhydrous polar organic solvent such as dimethylformamide
or dimethylsulfoxide. The reaction can typically be
effected for from 8 to 24 hours. The reaction is typically
carried out at a temperature from 15 to 30°C, preferably at
room temperature for 15 hours.

For example, in order to prepare a polymer-bound
anthracycline in which 2 is a residue NHR,, as defined
above, an intermediate B in which R, is a leaving group
such as p-nitrophenoxy is treated with a peptidyl
anthracyciine 5 at room temperature for 15 hours. B is
suitably employed at 14% w/v and 5 at 2.3% w/v. A compound
of formula NH,R,, as defined above, is then added,
typically at 0.1% w/v, and the reaction mixture 1is kept at
room temperature for 3 hours. The conjugate 1is
precipitated with acetone, dissolved with absolute ethanol,
typically at a concentration of 8% (w/w), and precipitated
again with acetone to give the desired polymexr-bound
anthracycline.

In the process described above the formation of ester
linkages between the C-l4-hydroxylated anthracycline and
pendant glycyl activated ester is avoided because of the
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absence of any organic base ‘in the condensing process.
In another example,ito prepare a polymer-bound

anthracycline A in which 2 is hydroxy, intermediate B as
defined above in which R, is hydroxy in anhydrous .
dimethylsulfoxide, is treated with a peptidyl anthracycline
5 at roonm temperature for 15 hours. B is suitably employed
at 14% w/v and 5 at 2.3% w/v. The conjugate is then
precipltated with acetone, dissolved in absolute ethanol,
typically at a concentration of 8% (w/w) and precipitated
again with acetone to give a polymer-bound anthracycline of

formula A as defined above.

The anthracycline content of the conjugates A is
determined by analysis of the aglycone released from bound
anthracycline by means of acid hydrolysis; thus,
adriamycinone is the aglycone moiety of doxorubicin and 4’-
epirubicin and 4-demethoxydaunomycinone is that of 4-
demethoxydaunorubicin.

Polymer-bound-anthracyclines of the present invention
exhibit good water solubility, biocompatibility, stability
at physiological pH and release of the free active drug, D-
NH,, after incubation with lysosomal enzymes.

COmpounds of formula A exhibit enhanced antitumour
activity in experimental models and reduced general
toxicity when compared with free anthracycline.

The polymer-bound anthracyclines of formula A have
anti-tumour activity. A human or animal can therefore be
treated by a method comprising administering thereto a
therapeutically effective amount of a polymer-bound
anthracycline of formula A. The condition of the human or
animal patient can thus be improved.

The dosage range adopted will depend on the route of
administration and on the age, weight and condition of the

“patient being treated. The polymer-bound anthracyclines of

formula A are typically administered by the parenteral
route, for example intramuscularly, intravenously or by
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bolus infusion. A suitable dose range is from 5 to 800 mg/m’
of anthracycline equivalent, for instance from 20 to

500 mg/m’. A suitable regime entails administering a
solution of 25 mg anthracycline equivalent /m2 intravenously
at a volume of 10 ml/kg body weight over a 2 week period on
days 5, 9 and 15.

The polymer-bound anthracyclines of formula A may
be formulated into a pharmaceutical composition together

with a pharmaceutically acceptable carrier or diluent.

Typically the polymer-bound anthracyclines are formulated
for parenteral administration, for example by dissolution in

sterile water or water for injection.

The polymer-bound anthracyclines of formula A may

be in a unit dosage form, together with a pharmaceutically

acceptable diluent or carrier, which may be contained in a
commercial package, together with a written matter

describlng 1instructions for the use thereof as an anti-tumor

agent.

The following Examples further illustrate the

invention.
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Examples 1-6 relate to synthetic procedures for the

Preparation of monomers of formula 6 and 7 and polymeric
intermediates of formula B.

(k)

"”*3
cuzzT
CO-Gly-NH~CH,~CH(OH)CH,  6b

Methacryloylglycyl p-nitrophenyl ester (Za: 5.28 g, 20
mmol), preparéd as described in Makromol.Chem. 178, 2159
(1977), was dissolved in anhydrous tetrahydrofurane (20 =ml)
and treated with l-amino-2~-hydroxypropane (3.2 ml, 40 mmol).
After 20 minutes at room temperature, the solvent was

- removed under reduced pressure and the title compound 6Db
(3.3 g, Yyield B2.5%) was recovered after crystallization
with acetone/ethyl ether. TLC on Kieselgel plate F254
(Merck), eluting system methylene chloride/acetone (90:10 by

volume) Rf=0.47.
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srylovylec (&c) -
f*’s
CH2==C'Z
CO-NH-CHZ-CHZ-OH &c

To a stirred mixture of l-ethoxycarbonyl-2-ethoxy-1,2-
dihydroquinoline (37 g, 0.15 mol) and aminoethanol (9.75 gq,
0.15 mol) 1in anhydrous toluene (150 ml), methacrylic acid
(14 ml, 0.165 mol) dissolved in anhydrous toluene (300 ml)
was added dropwise in 15 minutes. The reaction mixture was
stirred at room temperature for 24 hours. The title compound
8¢ was recovered after precipitation with n-hexane.

TLC on Kieselgel ~ plate Fogq (Merck), eluting system

methylene chloride/acetone (90: 10 by volume) tho 35.

Example ;‘

H methacrvliovlialy

The title compound 7b was prepared from methacryloyl-
glycine (2.66 g, 20 mmol), ‘prepared as described in Makromol.
Chem. 178, 2159 (1977), and 2,4-dichlorophenol (3.26 g, 20
mmol) in anhydrous tetrahydrofurane (50 ml) and in presence

of DCC (4.2 g, 21 mmol). Compound 7b (4.7 g, yield 82%) was
crystallized from ethyl acetate and n-hexane.

TLC on Kieselgel plate F,54 (Merck), eluting system ethyl

ether Rf=0.47.
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[ i
“Cﬂz‘f“’x (—CHZ-T-),, _
CONHCH,, CH (OH) CH,, CO-Gly-OH B2

N-methacryloylamide-2~hydroxypropane (25.2 g, 0.18 mol),
methacryloylglycine (2.86 g, 20 mmol) and a,a'-azoisobutirro-
nitrile (5.9 g) were dissolved in anhydrous methanol (164 ml)
The mixture was kept at 60°C under nitrogen for 20 hours,
then the reaction mixture was added to acetone (2000 ml)
under stirring. The precipitate was collected, washed with
acetone and dried to constant weight to give the title

‘polymer B2 (26 g). Content of carboxy groups (w): 10 molt

MEIAW A QIR L E
g (B3)
o, X
(=), (-cuz-cl:—), :
CO~G1y~NHCH,, CH (OH) CH,, CO-Gly -0~ 1 B3

Compound 6éb (14.4 g, 72 mmol) and compound 7b (5.19 g,
18 mmol) were polymerized in anhydrous acetone (300 ml) and
in presence of a,a'-azoisobutirronitrile (1 g, 6 mmol) as
describea 1in Makromol.Chem. 178 2159 (1977) to the title
compound B3. The polymeric material was recovered by
filtration from the reaction mixture, dissolved in absolute

ethanol and reprecipitated with acetone. Chlorine content:
calculated 6.89 moly, found 2.84 mol% (w)
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|
CH.—C— . -
(CH, | ) (CHz-le )
CO-NH-CH,, -CH., ~OH CO~Gly~-OH B4

The title polymeric intermediate B4 was prepared from
N-methacryloylamide-2~hydroxyethane (6c: 23.2 g, 0.18 mol),
methacryloylglycine (2.86 g, 20 mmol) and a,a'~-azoisobutirro-
nitrile (5.9 g) in anhydrous methanol (164 ml) as descrxbed
in Example 2. Content of carboxy groups (w): 10 %

Examples 7-12 relate to methods for the preparation of
peptidyl-anthracyclines of formula 5

*a
.."'
.

(CGHS)3C-L-Phe-L-Leu-Gly-OCGH4pNO2 (3a)

N-trityl- L-Phenylalanlne (20.3 g, 50 mmol), prepared as
described in J. Org.Chem. 47, 1324 (1982) was dissolved in
anhydrous terahydrofurane (150 ml) and added with anhydrous

-hydroxybgnzotrvaQle;(8,gr) The mixture was cooled at 0°C
and treated with 1,3-dicyclohexylcarbodiimide (1.7 gr, 50
mmol) and, after 10 minutes, added dropwise with a solution
of L-Leucylglycine ethylester p-toluensulphonate salt (20 g,
50 mmol) in in a mixture of anhydrous tetrahydrofurane (100

- ml) and N-methylmorpholine (7 ml). The reaction mixture was
kept at 0°C for one hour and overnight at room temperaturc,

-« e -
'
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then was filtered and the solvent was removed under reduced
pressure. The crude material, dissolved with ethyl acetate,
was washed in sequence with coolad 5% agqueous citric acid
(3x100 ml), cooled 5% agueous sodium bicarbonate and water,
then concentrated and chromatographed on silica gel eluting
with a mixture of methylene chloride and methanol (99:1 by
volume) to give N-tr:;tyl-L-Phenylalanyl-L-leucylglycxne
ethyl ester (18 g, 30 =mmol) that was converted into the

correspondlng acid 8a (17 g) by treatment in ethyl alchool

953% (400 ml) with 1N sodium hydroxide (30 ml) for two hours

at room temperature.

TLC on Kieselgel plate F254 (Merck), eluting system methylene

chloride/methanol (80:20 by volume) wao .53
lH-NMR (200 Mz, cpel,)

0.88 (d, J=5.9Hz, 6H, é+§'Leu); 1.2-1.6 (m, 3H, B+ _Leu);
2.00 (dd,J=5.7Hz, J=13.4Hz, 1H, BPhe); 2.83 (dd, J=5,2Hz,
J=13.4Hz, 1H,B'Phe); 3.51 (t, J=5.4, 1H, aPhe); 3.99 (a,

=4.4Hz, 2H, a+a'Gly); 4.55 (m, 1H, aleu); 6.8-7.4 (m, 22H,
NHgly, NHLeu, 4-C Hs)

Compound 8a was dissolved in anhydrous tetrahydrofurane
(450 ml) and added with p-nitrophenol (5.5 g, 40 RROl) . 'The
mixture was cooled at 0°C, added dropwise with a solutidn of
1,3-dicyclohexylcarbodiimide (8.24 g, 40 mmol) and kept
overnight at 4°C. After ‘that, the reaction mixture was
filtered and the solvent removed under reduced pressure.
The residue was dissolved with ethyl acetate and cooled at
0°C. After one hour the mixture was filtered and the solvent
removed to afford, after crystallization from ethyl ether,
the title cdmpound 2a (20 g, yield 97%). TLC on Kieselgel

plate F254 (Merck) , elutlng system ethyl ether, ano.ao.

FD-MS: m/z 699 (M+i) 7
H-NMR (200MHz, €DC1,)

0.86 (d, J=6.2Hz, 3H éLeu),; 0.88 (4, J=6.4Hz, 3H, §'Leu) ;
1.2-1.8 (m, 3H, B+ Leu); 1.90 (dd, J=5.9Hz, J=13.5Hz, 1H,
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BPhe); 2.89 (dd, J=4.6Hz, J=13.5Hz, 1H, B'Phe); 3.52 (dd,
J=4.6Hz, J=5.9Hz, 1H, aPhe); 4.0-4.4 (m, 3H, aleu, a+a'Gly) ;
6.78 (t, J=5.7Hz, 1H, NHGly); 7.04 (d, J=7.7Hz, 1H, NHLeu);

(CGHS)3C-Gly-L-PheéL-Leu-Gly~OC6H4pNOZ (9b)

' Intérmediate N~ trltyl~L-Pheny1alanyl-L-Leucqulycyl
ethyl ester (6 g, 10 mmol), prepared as described in Example
7, was treated with agqueous 75% acetic acid at room
temperature for one hour to give L-Phenylalany1-L-1eucylgly~
Cyl ethyl ester wvhich was condensed with N-trityl-Glycine (3
g, 10 mmol) in presence of N-hydroxybenzotriazole and
i, 3-dicyclohexcharbodiimide to afford, after hydrolysis of
ethyl ester and activation with p-nitrophenol as descr.lbed
in Example 7, the title compound 2b (3.8 g, yield 50%).

TLC on Kieselgel plate Fzs 4 (Herck) » €eluting system ethyl
ether, Rfao .63. FD-MS: m/z 755 [H+H]
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o NH-Gly-L-Leu-L-Phe Y-

Doxorubicin hydrochloride (2.9 g, 5 mmol) dissolved in
anhydrous dimethylformamide (350 ml) and triethylamine (0.5
ml), was reacted with N-tr1ty1-—Pheny1a1anylleucylglycy1
pmnltrophenylester (3a: 3.5 g, 5 mmol) prepared as described
in Example 7. The reaction mixture was kept overnight at
room témperature, then precipitated with a mixture 1:1 of
ethyl ether and n-hexane. The solid was purifyied through
silica gel column eluting with a mixture of nethylene

Chloride and methanol (98:2 by volume) to give N-protected
| peptldyl doxorubicin 10a (4.6 g), TLC on Kieselgel plate
F25 4' (Herck) , eluting system methylene chloride/methanol
(95:5 by volume) fao .35.

FD-MS: m/z 1103 [M+H)"
Compound l10a was dissolved with aqueous 75% acetic acid

(250 ml) at room temperature for one hour, then diluted with
a mixture 1:1 of water and nethylene chloride (2500 ml) and
brought to pH 7 with solid sodium bicarbonate. The organic
Phase was separated and the solvent removed under reduced
pressure to give the title compound 5a (3.45 g, yieid 80%).
TLC on Kieselgel"plate F,s, (Merck), eluting system methylene
chloride/methanol/acetic acid/water (80:20:7:3 by volume)

~ 7,
s: r P “
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R.=0.5. FD-MS: m/z 861 [M+H) "
H-NMR (400 MHz, DMSO)

0.80 (d, J=6.4Hz, 3H, 6Leu); 0.83 (d, J=6.4Hz, 3H, &'Leu);

1.10 (4, J=6.8Hz, 3H, 6'CH,); 1.3-1.6 (m, 4H, B+ Leu and

2'eql); 1.83 (ddd, J=2.8Hz, J=13.2Hz, J=13.2Hz, 1H, 2'axH);
2.09 (dd, J=6.0Hz, J=14.5Hz, 1H, 8axH); 2.18 (d, J=14.SHz,
1H, 8-eq); 2.8-3.2 (m, 4H, 1ogu'2 and BPhe); 3.36 (m, 1H,
4'); 3.64 (m, 2H, aGly); 3.95 (s, 3H, 0953 ; 3.9-4.1 (m, 2H,
3' and aPhe); 4.15 (q, J=6.4Hz, 1H, 5'H); 4.29 ( g, J=7.7Hz,
l1H, aleu); 4.55 (s, 2H, 14;‘:32); 4.7-5.0 (m, 3H, 7H and 4'0QH
and 14QH); 5.20 (d, J=3.4Hz, 1H, 1'H); 5.46 (s, 1H, SQH) ;
7.1-7.3 (m, SH, Ar-Phe); 7.54 (d, J=8.SHz, 1H, 3'NH); 7.63

~(m, 1H, 3H); 7.88 (m, 2H, 1H and 2H); 8.17 (m, 4H, NH,+ and
NHGly); 8.70 (d, J=8.1Hz, 1H, NHLeu); 13.23 (s, 1H, 110H);
14.00 (s, 1H, 60H).

e Y. --' BUCY l=L-Dher -PR-100V' 888 Lldoxorubici (2R)

wo NH-Gly-L-Leu-L-Phe-Gly  S5b

Doxorubicin hydrochloride (2.9 g,_s mmol) was reacted
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with N-trityl~Glycyl-L-phenylalany-Le;eucyllglycyl p-nitro-
phenyl ester (9b: 3.8 g, 5 mmol), ;,pfepared &8 described in
Example 8, and then treated with ﬁdueous 75% acetic acid as
described in Example 9, to give the title compound Sb (4 g,
Yield 90%).

TLC on Kieselgel plate F,g54 (Merck), eluting system methylene
Chloride/methanol/acetic acid/water (80:20:7:3 by volume)
R.=0.44. FD-MS: m/z 938 [M+H]"

EXample 11

2ilY L I1ICGAVNCTUL .'

(2¢)

HO NH-Gly-L-Leu-L-Phe Sc

The title compound 5S¢ (3 g, yield 75%) was prepared
from 4-demethoxydaunorubicin hydrochloride (2.9 g, s Aamol)
and N-trityl-Phenylalanylleucylglycyl pP-nitrophenylester
(22a: 3.5 g, 5 mmol) following the same procedure described
in Example 9. TLC on Kieselgel plate Foe s (Merck), eluting
system methylene chloride/methanol/acetic acid/water
(80:20:7:3 by volune) Rme.SI.

+
{D-MS: m/z 815 [M+H)
H-NMR (200 MHz, CDC13)

0.84 (d, J=6.0Hz, 3H, éLeu); 0.88 (4, J=6.0Hz, 3H, §'Leu) ;
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1.27 (d, J=6.4Hz, 3H, 6'CH,); 1.4-1.7 (m, 3H, B+Leu);
1.7-2.0 (m, 2H, 2'CH,); 2.06 (dd, J=4.2H, J=14.9Hz, 1H,
8ax}l), 2.32 (d, J=14.9Hz, 1H, 8eqH); 2.40 (s, 3H, ma):
2.70 (dd, J=8.6Hz, J=13Hz, 1H, B8Phe); 3.12 (dd, J=4.2Hz,
J=13.7Hz, 1H, B'Phe); 2.94, 3.23 (two d, J=19.2Hz, 2H,
10Q52); 3.5-3.8 (m, 3H, 4'H, aoPhe and aGly); 3.9-4.3 (m, 4H,
a'Gly, aleu, 5'H, 3'H); 5.19 (m, 1H, 7H); 5.45 (d, J=2.7Hz,
l1H, 1'H), 6.9-8.4 (m, 12H, 1H, 2H, 3H, 4H, ArPhe, 3'NH,
NHGly, NHLeu).

dalanylldoxorubicin (54d)

NH-Gly-L-Leu-~L-Phe 5d

The title compound 3d (3.25 g, yield 86%) was prepared
from 4'-epidoxorubicin hydrochloride (2.9 g, 5 mmol) and
N-trityl-Phenylalanylleucylglycyl p-nitrophenyl ester (9a:
3.5 g, 5 mmol) following the same procedure described in
Example 9. TLC on Kieselgel plate F25 4 (Merck), eluting
system methylene chloride/methanol/acetic acid/water

{80:20:7:3 by volume) R,=0.46. FD-MS: m/z 861 [M+H)"
H~NMR (400 MHz, DMSO)

0.79 (4, J=6.3Hz, 3H, éLeu); 0.81 (d, J=6.3Hz, 3H, &§'Leu);

e e Y il gy o Pl fiu v o A - v A P “ st o ar
' o ’ . . - -
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1.19 (d, J=5.9Hz, 3H, 6.-'§33); 1.3-1.6 (m, 4H, 2'Hax,
B,B'Leu, Leu); 1.82 (dd, J=4.7Hz, J=12.5Hz, 1H, 2'Heq):
2.1-2.3 (m, 2H, 8-CH,); 2.59 (dd, J=8.2Hz, J=13.7Hz, 1H,
BPhe); 2.9-3.1 (m, 4H, A'Phe, 10-CH,, h'H); 3.41 (dd, 4.7Hz,
J=8.2Hz, aPhe); 3.54 (dd, J=5.5Hz, J=16.4Hz, 1H, aGly); 3.67
(dd, J=6.2Hz, J=16.4Hz, 1H, a'Gly); 3.80 (m, 1H, 3'H); 3.90
(m, 1H, 5'H); 3.95 (s, 3H, OCH,); 4.18 (m, 1H, aleu); 4.55
(m, 2H, 14-252); 4.3-5.0 (m, 3H, 14-QH, 7H, 4'-QH); 5.17 (4,
J=3.1Hz, 1H, 1'H); 5.46 (s, 1H, 9-QH); 7.1-7.3 (m, 5H,
Ar-Phe); 7.53 (d, J=8.2Hz, 1H, NH-Gly); 7.60 (m, 1H, 3H) ;
7.86 (m, 2H, 1H, 2H); 8.05 (d, J=6.4Hz, 1H, NH-Leu); 8.11
-~ (t, J=5.9Hz, 1H, NH-Gly).
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[ [
CONHCH,, CH (OH) CH, CO-Gly—Phe-Leu-Gly
| on
o
(—CH_,—C-) ,

)

CO-G1y—NHCH, CH (OH) CH,

A2

Polymeric precursor Bl (10 g, 2..'7:(].0"3 eq of p-nitro-
- bhenyl ester), prepared as described in Makromal.Chen. 178,

2159 (1977), was dissolved in dry dimethylformamide (60 ml)
and added‘with'3'éN-(Glycyl-leucyl-Léphenylalanyl)doxorubicin
(22: 1.53g 1.72 mmol). The mixture was kept under stirring
at room temperature for 24 hours, then added with 1-amino-

Propanol (0.13 ml). After one hour, the reaction mixture was
added to a stirred mixture of acetone/ethyl ether (1.2 1,

3/1 by volume) and filtrated. The precipitate was disolved

with ethanol (150 ml) and precipitated with acetone/ethyl
ether (1.2 1, 4/1 by volume) to give polymeric compound of
formula A2 (10 qg).

Doxorubicin.HCl content: 9% (w/w).
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Examples 13-18 illustrate the procedures for the preparation
of polymerwbound-anthracycllnes of formu1a¢3

JLYCY .
o o
(—cnz—cf—) y (-—CHZ—T-—) v
CONHCH 2CH (OH) CH3 CO-Gly—-Phe—-Leu-Gly
%
(-CHz—C—)
|
CO—Gly—OH

Polymeric precursor B2 (7,15 g, 5 mmoi of -COOH),
prepared as described in Example 4, and 3'-N-(Glycyl-leucyl-

L-phenylalanyl)doxorubicin (%a: 2,36g, 2,5 mmol) were

dissolved in anhydrous dimethylformamide (100 =ml), then

added with N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline
(0.7 g, 2,5 mmol) The mlxture was
room temne*ature for 24 hours,

kept under stirring at

then poured in ethyl ether
(800 ml). The precipitate was dissolved with ethanol (100

ml), precipitated with acetone (800 ml) and dried to

constant weight to give the title compound Al (7 g).
Doxorubicin.HCl content: 9% (w/w).
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2 o
~ CONHCH,, CH (OH) CH, C0-Gly-Phe—Leu—cl;1y
o

(—CH,—C—)

A3

4-demethoxy-3'-N-(Glydyl-L-leucyl-L-phenylalanyl)dauno-
rubicin (3d: 1.48 g, 1.72 mmol) was reacted with polymeric
' precursor B2 (10 g) in presence of N-ethoxycarbonyl-z-ethoxy-
1, 2-d1hydroqu1nolxne (0.48 g) in anhydrous dimethylformanmide,

as described in Example 13, to afford the title compound A3l.
4-demethoxydaunorubicin.HCl content: 9% (Ww/w) .

. o — - _w--#a-r-"\u ﬁ'w‘"ﬁ. "‘ * A
- 4 ‘ - > a2 * e r
4 a 4 . -~ -
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[ [
(—CHZ-—?—-) v (—CH,—C~) v
CONHCH,, CH (OH) CH,, CO-Gly-Phe—Leu—Cl;lY
.
CO—G1y—NHCH,, CH (OH) CH,

A4

4'-epi-z'-N-(Glycy1¥L~leucyl-L-phenylalanyl)doxorubicin
(2€¢: 1.48 g, 1.72 mmol) was reacted with polymeric precursor
Bl followed by 1l-aminopropanol (0.13 ml) as describe:d in
Example 14 to give 4'-epi-doxorubicin polymef conjugate of
formula A4 (10 q). '
4'-epidoxorubicin.HCl content: 9% (w/w).
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[ [ 3
c—cnz—cl:-») X (—cxz—?-)y
CONHCHZCH(OH)CH3 . Concly—Phe—Leu—Gly
|
(l:H3 - (64
(—CH ~C~)z

2
|
CO-Gly-OH

The title compound was prepared aé described in Example
13, from polymeric intermediate B2, 4‘-epi-a'-N-(Glycyllpucyl-
L-phenylalanyl)doxorubicin (5e) and N-ethoxyCQrbonyl-z-éthoxy_
1,2-dihydroquinoline, in anhydrous dimethylformanmide.

.- . - | & - - ¥ s.w ] ‘i Ppn . - 2’.' . -y
: - -— ra o« -r. A P P"“‘,“‘ .ﬁfm L . v "A - . L. ‘.:.. '._;'. ";‘ H'a a'd ¢t a 4
| '} o " - . 4 & ¢ 2 oeTWX LU C o s

4 W T e p Al el e . St g = - -t sw s -
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| 3 | 3
(—cnz—clz—) g (~CH,—C-)
CONHCH 5 CH 5 OH CO-Gly—Phe—-Lau-Gly
' e
.
(—caz-—clz-) , o

OH O oeon
HOII : - .
0 OH O

A6

The title doxorubicin polymeric prodrug A§ was prepared
by condensing polymeric intermediate B4 and 3'-N-(Glycyl-
leucyl-L~-phenylalanyl)doxorubicin (53,) and N-ethoxycarbonyl-
2-ethoxy-1,2-dihydroquinoline, in anhydrous dimethylformanide

as described in Example 13.
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Example 19:

Antitumour activity of compound Al _on M5076 .
The antitumour activity of Al, described in Example
13, was tested as follows:

[l

Materials and Methods

1. Drug Administration.

All drug solutions wvere prepared immediately before use.
Treatment was administered i.v. 1in a volume of 10 ml/Kg

body weight at days 5,9 and 15.

Lyophylized polymers were dissolved in water to give a

startlng solution of 25 mnmg anthracycline equivalent/ml
according to the reported concentration, further dilutions

were performed in water.

2. Solid Tumor.

M5076 murine reticulosarcoma Wwas obtained by serial 1i.m.

passage and transplanted (t‘ml.o!5 cells/mouse) s.c. in C75

31/6 mice to evaluate the activity on primary tumor.

3. Evaluation of Antitumor Activity and Toxicity.

Tumor growth was assessed by caliper measurement, and the
tumor welght estxnated according to Geran et al., see Cancer

Chemother.Rep. 3, 1 (1972) .

The antitumor activity was determined in time (days) to
reach one gramm tumor weight and 1s reported as tumor growth

delay (TGD).

e S — - . -
.
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The median increase in survival time (T/C3) was calculated

using the following formula:

median survival time tréated grbup

T/CY =

median survival time controls

Toxicity was evaluated on the basis of body weight reduction

and gross finding main of spleen and liver reduction.
Neurotoxicity is determined as number of mice with lack of

-motor function.

The results are set out in Table 1:

TABLE 1
compound Dose1 T062 A.U.C. T.C.3 Tox4 LTS5
' Bg/Xkg (1 g9) £ inhib $
control - 15 0/10 /10
doxq-. 7.5 35 90 148 0/26 /26 0/26
rubicin 10.0 39 100 153 3/26 0/26 0/26
Al 30.0 80 100 378 0/10 4/10 3/10
40.0 nd 100 >389 0/10 /10 5/10
50.0 nd 100 >369 2/10* 7/10 7/10
r

nd

W N - »

Sx10 'celis/mdﬁsé wefe injected.bb
= not determined

Neurotoxicity

Treatment was given on day S5, 9, 15
TDG = Tumor Growth Delay

Median survival time of treated mice/median survival

time of control group x 100
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4 Number of toxic‘deaths/total number of mice
5 Long Terms Survivors

6 Mice with tumor free at the end of the experiments

5 xample 20 ' |
Antitumour activity of compound A3 of M5076.

The antitumour activity of A3, described in Example

15, was tested using the method and materials of Example
19. The results are shown in Table 2:

10
' "TABLE 2
compound Dose1 T062 A.U.C. T.C.3 Tox‘ L‘rs5
mg/kg (1 g) 2 inhib $ free
15
control - 15 0/10 0/10
20 4-de- 1.0 19 47 142 0/9 0/9 0/9
‘methoxy- | '
- dauno- 1.5 28 80 160 0/9 0/9 0/9
rubicin
25 A3 4.0 49 100 198 0/10 0/10 0/10
5.0 50 100 205 0/10 0710 0/10
6.0 55 100 212 0/9 0/9 0/9
5x105 cells/mouse were injected sc
30 . Neurotoxicity -
1 Treatment was inén on day 5, 9, 15
2 T™DG - Tumor Growth Delay |
3  Median survival time of treated mice/median survival
time of control group x 100
35 4 Number of toxic deaths/total number of mice
Long Terms Survivors
6

Mice with tumor free at the end of the experiments
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Antitumor activity of compound A4 (copOiymer of 3-methacryloyl-

aminoﬂz-hydroxypropaneq4‘-epi~3‘;N(methacryloylglycyl*L*phenyl~

alanyl-L-leucylglycyl)doxorubicin and 1-N- (methacryloylglfcyl ) -

2-hydroxypropane) in comparison with 4’ -epidoxorubicin.HC]1.

The antitumor activity was tested with the same treatment

schedule for 4'-epidoxorubicin.HCl and compound A4.

Against early M5076 murine reticulosarcoma, compound A4 was more

active than free drug at all tested doses (Table 3).

compound Dose? TDG= A.U.C. T.C.>2 TOX

4'-Epidoxorubicin.HC1l 5 22 o1 105 0/9
7.5 34 S0 124 0/9
10 40 99 125 0/9

B

A4 . 10 62 100 190 0/9
20 62 100 219 0/9
30 71 100 229 0/9

5x10° cells/mouse were injected sc.

1 Treatment was given on day 5, 9, 15
2 TDG = Tumor Growth Delay
3 Median survival time of treatment mice/median survival

time of control group x 100

4 Number of toxic deaths/total number of mice
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Toxicity of compound A4 (copolymer of 3-methacryloylamino-2-

hydroxypropane, 4'-epi-3' ~-N{methacryloylglycyl-L-phenyl-alanyl-

L-leucylglycyl)doxorubicin and 1-N- (,methacryloylglyc}l) -2-

hydroxypropane) in comparison with 4'-epidoxorubicin.HCl.

Toxicity was evaluated in healthy C57B1F mice, treatment 1i.v.,
with single doses of 4'-epidoxorubicin.HCl (13.2 - 16.15 - 19 -

20.6 - 25.2 and 33.2 mg/kg) and compound A4 (50 - 63 - 79 - 100 ~

120 - 140 mg/kg)

For the determination of LD,o, and LDso in healthy C57 BlF mice
the Probit.AnaIYSis‘ after 3-week recovery was used.

The therapeut-ic index was calculated using the following formula:

DEso (Dose effective 50)

Therapeutic Index: ---====-

LDso (Lethal dose 50)

Dose effective 50 1is the dose causing 50% of tumor growth

reduction. Animal safety was observed for 90 days.
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The LD,, and LD., values in C57 Bl/F mice are as follows:

Compound LD;o LDxo i
(mg/kg) (mg/kg)
4'-epidoxorubicin.HC1 16.4 21.4
Ad 128.0 389 (extrapolated value)

The low toxicity of compound A4 allows to administer higher doses
of product and to reach equivalent or better results than with
4'-epidoxorubicin.HCl and to obtain a better therapeutic index.

The terapeutic index for 4'-epidoxorublcin.HCl and compound A4

are respectively 3 and 40.
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CLAIMS
1. A polymer-bound anthracycline of formula A

which consists essentially of three units represented by
formulae 1, 2 and 3:

5
i
b | -(cnz—f-) -
10 CO-[Gly]n- Hl
15 £
20 CH
3
3 CH I
( 2'?":“
CO-Gly-2 ,
25

wherein:

Gly represents glycine;

n is 0 or 1;

X is from 70 to 98 mol %,

30 y is from 1 to 29 mol %,
z is from 1 to 29 mol %,

R, is a C,-C, alkyl group substituted by one or more hydroxy
groups:;

Y is an amino acid residue or a peptide spacer;

35 [NH-D] is the residue of an anthracycline aminoglycoside
[NH,-D]; and

Z is a hydroxy group or a residue of formula -NHR, wherein

ERTIET .!.'I;:I..'1.!'1'.0,_1](]u}mw“;,.niww“‘alm:“pw,;‘“ﬂum;«mg‘.rl.-u.».-.l B ALl Dol rhual e SRR B TN MR TR I EH
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R, 1s as defined above;
2. A polymer-bound anthracycline according to
claim 1 wherein [NH-D] is the residue of an anthracycline

aminoglycoside of the following formula Q:

wherein one of R' and R is hydrogen and the other is a
hydroxy group or iodine, R'' is hydrogen or OCH, and R' is
hydrogen or a hydroxy group.

3. A polymer-bound anthracycline according to

claim 1 or 2 1n which x is from 90 to 98 mol %, y is from 1

to 10 mol ¥ and 2z 1s from 1 to 10 mol %.

4. A polymer-bound anthracycline according to
claim 1, 2 or 3 1in which R, i1s a hydroxyethyl, 2-
hydroxypropyl or 3-hydroxypropyl group.

5. A polymer-bound anthracycline according to any
one of claims 1 to 4 in which Y is Gly-Phe-Gly, Gly—Leu—Gly,
Phe-Leu-Gly, Gly-Phe-Leu-Gly or Leu-Leu-Gly.

6. A polymer-bound anthracycline according to any

of claims 1 to 5 1in which [NH-D] is the residue of

doxorubicin, 4’epidoxorubicin, 4-demethoxy-daunorubicin,
idarubicin or 4’-1odo,4’-desoxy doxorubicin.

7. A process for preparing a polymer-bound
anthracycline of formula A as defined in claim 1, which

process comprises

1) reacting a polymeric intermediate B, wherein B
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consists essentially of units of the following formulae }

and 4:

f’*a
2“?”:'
5 CO-[Gly]n- NHR

- (CH

1

Py |

wherein x, n and R, in formula ] are as defined in claim 1,
W is from 30 to 2 mol % and R, 1s a hydroxy group or a

10 leaving group; with an anthracycline derivative of general
formula 5

HY-[NH-D]
2
wherein [NH-D] and Y are as defined in claim 1; and
15 ii) when it is desired to prepare a polymer-bound
anthracycline wherein Z in the unit of formula 3 is -NHR, ,
reacting the product of step (i) wherein R, is a leaving
group with a compound of formula NH,R, in which R, is as
defined above.
20 8. An anthracycline derivative of the formula 5
HY=-[NH-D]
2
wherein [NH-D] and Y are as defined in claim 1 or 2.
9. A process for preparing an anthracycline
25 derivative of formula 5, as defined in claim 8, which
process comprises
(1) reacting an N-protected peptide of formula 8 or
2
R,;~Y-OH R,~Y-P
30 8 2
wherein R, is an acid sensitive amino protecting group, P
1s a leaving group and Y is as defined in claim 7, with an
anthracycline aminoglycoside [NH,-D] to produce an
intermediate of general formula 10
35 R,~Y~-[NH-D]
10
wherein [NH-D] 1s as defined in claim 1 or 2 and Y and R,
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are as defined above, and

11) removing the protecting group R; to yield the

peptidyl-anthracycline 5 in the form of a free base.

10. A pharmaceutical composition comprising a
pharmaceutically acceptable diluent or carrier and, as
active 1ngredient, a polymer-bound anthracycline as claimed

1n any one of claims 1 to 6.

F

11. A copolymer of 3-methacryloylamino-2-

hydroxypropane, 3'-N- (methacryvloylglycyl-L-phenylalaryl-L-
leucylglycyl)doxorubicin and N-methacryloylglycine.

12. A copolymer of 3-methacryloylamino-2-
hydroxypropane, 3’'-N- (methacrvyloylglycyl-L-phenylalaryl-
leucylglycyl)doxorubicin and (N-methacryloylglycyl) 2-

hydroxypropanolamide.

13. A copolymer of 3-methacryloylamino-2-
hydroxypropane, 4-demethoxy-3’-N-(methacryloylglycyl-L-
phenylalaryl—-L-leucylglycyl)daunorubicin and N-
methacryloylglycine.

14 . A copolymer of 3-methacryloylamino-2-
hydroxypropane, 4'-epi-3’'-N-(methacryloylglycyl-L-
phenylalaryl—-L-leucylglycyl)doxorubicin and 1-N-
(methacryloylglycyl) -2-hydroxypropane.

15. A copolymer of 3-methacryloylamino-2-
hydroxypropane, 4’'-epli-3’-N-(methacryloylglycyl-L-
phenylalaryl—-L-leucylglycyl)doxorubicin and N-
methacryloylglycine.

16. A copolymer of [N- (methacrylovlglycyl)]-
hydroxyethylamide, 3’'-N- (methacryloylglycyl-L-phenylalaryl—
L-leucylglycyl)doxorubicin and N-methacryvloylglycine.

17. A pharmaceutical composition comprising the
copolymer as claimed in any one of claims 11 to 16 and a

pharmaceutically acceptable carrier or diluent.
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18. The pharmaceutical composition as claimed 1in

claim 10 or 17 for treating a tumor.

19. Use of the polymer-bound anthracycline as claimed

1in any one of claims 1 to 6 as an anti-tumor agent.

A

20. Use of the copolymer as claimed 1n any one of

claims 11 to 16 as an anti-tumor agent.

21. Use of the polymer-bound anthracycline as claimed

in any one of claims 1 to 6 1n the manufacture of an anti-

tumor medicament.

22 . Use of the copolymer as claimed 1n any one of

claims 11 to 16 in the manufacture of an anti-tumor

medicament.
23. A commercilial package comprising:

a) the polymer-bound anthracycline as claimed 1n
any one of claims 1 to 6 and a pharmaceutically acceptable

diluent or carrier 1n a unit dosage form; and

b) a written matter describing instructions for

the use thereof as an anti-tumor agent.

24 . A commercilal package comprising:

a) the copolymer as clalmed 1n any one of

claims 11 to 16 and a pharmaceutically acceptable diluent or

carrler 1n a unit dosage form; and

b) a written matter describing i1nstructions for

the use thereof as an anti-tumor agent.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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