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}fi-whxch -O-H is a primary or 'secondary hydroxyl group; a is an integer of from 1 to 30; W is a group of general formula (2)
.| 'wherein b is an integer of from 1 to 4, B represents a C 1-C alkylene group and R, and R; each independently represent hy-
Sl _;ff;jdrogen, halogen. alkyl phenyl or substntuted phenyl Z is a spacer group and T is a carrier moiety.

PR BN, CH AP PRI ’y e . . o
S e . .o . .
et . Aeer il S .
' L. Fa . ' . '
.‘-"'v 5 S . N . )
st e, . . . ..,. . . L . . . . . . . . . . .
b= . . < = . : . . . L.
.,',4_ . . : .- . . . % Lt - . .
. . m, e e . . i " - . -~ : . .
;' e, '.' * N o . " * -
' .F, ° . . - -~ M . * - *
.o 44 .., T : ' . : to- . . .
s . . . e . .
L r".r T A : v . ' . . i . . : :
de ° 4o o pY o L L . . ', e . L St L. v - .
s 7 . . . h - .. . - . .
’ N .‘ . - - - - . . r -
. . A .. = .. . . . . .
4 . b ’ . . .
S ) - . = - . v f . . ' v
; .. , . .
: y : , ) . B . . : = . . .
. ‘ : . . . .
r ! . . B -q A B : * . . . « . *



WO 92/02255 PCT/EP91/01449
2067184

NEW LINKER BIOACTIVE AGENTS

The present invention relates to conjugates of
therapeutically useful anthracyclines with carriers such as
polyclonal and monoclonal antibodies or proteins or

5 peptides of natural or synthetic eorigin; metheds for their
preparation, pharmaceutical compositions containing thenm
and use thereof in treating certain mammalian tumors. The
invention also relates to nevw anthracycline derivatives and
their preparation. '

10 In recent years, many highly evtotoxic
anthracyclines have been synthesized. For example, those
bearing a morpholino or substituted morpholino ring linked
at C-3' position of the sugar moiety have shown promising
antitumor activity on experimental murine tumors [see:

15 Bioactive molecules, 55-101, vol 6, Edited by J. Willianm
Lown, Elveiser 1988).

The present invention is concerned with new linkers
for releasing therapeutically useful drugs from bicactive
agents in order to improve the therapeutic efficacy of the

20 drugs and to reduce their toxic effects upon administration
in humans. More particularly, the biocactive agents
comprise drugs bearing free primary or secondary hydroxyl
groups and belonging to therapeutic classes such as
antibiotiecs, antitumorals or antiviral compounds,

25 conjugated to carriers such as antibodies reactive with a
selected cell popusaticn or to proteins, peptides or
polymers of natural or synthetic origin reactive with
receptor tissues.

Each drug containing at least a primary or

30 secondary hydroxyl group is covalently bound to the carrier
via a 1inker arm and is bound to that linker arm via an
acid-sensitive acetalic bond at its primary or secondary
hydroxyl'position. The acid sensitive acetalic bond of the

bicactive agent of this invention allows the release of
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active drug in the acidic external or internal environment
cf the target tissue.

Accordingly the present invention provides
conjugates of general formula 3}

(A=O=W-2],~T A
wherein the moiety A-O- is the residue of drug of formula
A-O-H in which =-0-H is a primary or secondary hydroxyl
group; a is an integer of from 1 to 30; W is a group of

general formula 2:

K O-(CH;)n-C(0O)-

2 X L
B | |
wherein b is an integer of from 1 to 4, B represents a
Ci-C3 alkylene group and R; and R; each independently
represent hydrogen, halogen, alkyl, phenyl or substituted
phenyl; Z is a spacer group and T is a carrier moiety.-

Preferably a is from 1 to 5. B suitably represents
- (CHy)z2 =. In the definition of R; and R, halogen is

~typically chlorine, bromine or iodine and alkyl may be C;-

20

25

30

Cs such as methy17or ethyl. Substituted phenyl may be

| halogen or alkyl-substituted phenyl in which case the

halogen and alkyl may be as above. Preferred Z groups are:
(1) -NH=-;

(ii) -NE=-(CH5) ~=S-S- wherein c is an integer of from 1
to 4; '
(iii) “NH=-[{C)4~-N=CH~- wherein:

a) d is 0,

-,
—

P} d is 1 and [C] represents —NHQCO(CHz)e—CO—NH— 1n
which e is an integer of from 2 to 4, |
c) d is an integer of from 1 to 4 and {C) represents
-(CHy) ¢=0-(CHz)¢=- in which £ is 1 or 2, or
d) d is an integer of from 2 to € and [C] is CHj,:
(iv) =NH-[C)g=-NH-CO- wherein [C] and 4 are as defined
above; -
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(V) —[D]=NH~- wherein [D] represents nNHm[CHz]gncow in
which g is an integer of from 2 to 6:
(vi) -[E]}=CO- wherein [E] represents -NHn(CHQ)g-NH- in

S
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which g is an integer of from 2 to 6 or
(vii) the piperazinylcarbonyl moiety of formula:

CH;"'CH;
- “SN-CO-
CH;"CH;

In the above formula 1 the drug A-0-H preferably
represents an antitumor agent belonging to the class of
anthracyclines such as doxorubicin, its 3'-deamino=3'!-
morpholinyl derivatives in which the morpholine ring
optionally is substituted at position 2" with'alkoxy residues
SUCh as a Ci1=C4 alkoxy group:; pyrimidine analdgs such as 5-

fluoredeoxyuridine or arabinofuranosylcytosine (cytarabine);
derivatives of wvinca alkaloids such as 4~desacetyl-

vinylblastine; or other antitumor agents such as
podophylletoxin or illudines. Alternatively, the drug A-O-H
may be an antiviral agent such as 3'-azido-3'~deoxy-
thymidine (AZT), bromovinyldeoxy-uridine (BVDU), 9=[(2-
hydroxyethoxy)methyl]guanine (acyclovir) or 9~[ (1,3~
dihydroxy~2~propoxy)meth§1]guanine (gancyclovir) or an
antibiotic such as thienamycin or our new penem derivatives
such as (SR 65) - 2-carbamoyloxymethy1~6 [(1R)-hydroxyethyl]~
2-penen-3 —carboxylzc acid and acetoxymethyl (5R,6S8)-2-

carbamoyloxymethyl 6~[(1R)-hydroxyethyl] -2-penem-3-

carboxylate.,

When the moiety A-O- is derived from an anthracycline
A=0-H typically the moiety A-O- represents
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in which R,, is a hydrogen atom or a hydroxy or methoxy

rou on ‘ |
: ° z;o .e of Rll and Rlz ;s a.hydrogen atom and the other is
ydroxy group or R,, is a hydrogen or iodine atom and
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R,, is a hydrogen atom, and R,, is an amino group or
represents a nitrogen atom enclosed in a morphelino ring.
The morpholino ring may be for example a morpholino (MO),
J=cyano-4-morpholino (M) or 2-methoxy=-4-morpholino (MM)
ring in which the nitrogen atom is linked at C-3' as

follows:
P e . :
C Bl
' oj on Clocu, .
(MO) (CM) (¥

The carrier moiety T is typically selected from a
polyclonal antibody, or fragment thereof comprising an
antigen binding site, capable of binding to a tumor
assocliated antigen; a monoclonal antibody, or fragment
thereof comprising an antigen binding site, capable of
binding to an antigen preferentially or selectivaly
expressed on tumor cell populations; a peptide or protein
capable of preferentially or selectively binding to a tumor
cell; and a polymeric carrier.

The carrier noiety, preferably a carrier moiety
derived from a substance which may be represented as T-
[Nszx-where X represents the number of amino groups

- available for condensation, can be selected from polyclonal

antibodies raised against tumor'associated antigens; or
from monoclonal antibodies binding to antigens
preferentially or selectively expressed on tumor cell
populations; or from natural or recombinant peptides or
proteins or growth factors preferentially or selectively
binding to tumor cells; or from natural or synthetic
polymeric carriers such as polylysins. The carrier portion
may be also derived from portions of the above mentioned

SUBSTITUTE SHEET -
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carriers, such as the Fab or the F(ab')s fragments of the
antibodies, or from portions of the above mentioned
peptides or proteins obtained through recombinant DNA
techniques.

5 Representative exarples of the above mentioned
antibodies and of respective possible therapeutic
applications are:

- anti-T=cell antibody such as antibody T101 [Royston, I.
et al., J.Immunol. 19680, A28, 728)

10 - anti-CDS antibody such as antibody OXT1 (Ortho).Ach CRL
8000 (chronic lympheeytic leukaeniasg)

- anti-trasferrin receptor antibody such as antibody OKT9
(Ortho) ATCC CRL 8021 (ovaric and other tumors)

- anti-melanona antibedy such as antibody MAb 9.2.27

15 (Bumol, 7T.F. 8% al., Proc.Natl.Acad.Sci.usa 1982, 28, 1245)
(melanomas)

- anti~-carcinoma marker antibodies such as:
-anti-CEA 1116 NS=-34 ATCC CRL 8019

-antli alpha-fetoprotein OM 3-1.1 ATCC HB 134 (also
20 hepatomas) |

=791T/36 [Embleton, M. J. et al., Br. J. Cancer
1581, 43, 582] (also osteogenic sarcoma)

=B 72.3 [US-A-4,522,918 (1985)] (colorectal
carcinomas and other tumors) |

€> = anti-ovarian carcinoma antibody such as antibody OVB 3
ATCC HB 8147 |

- anti-breast carcinoma antibody such as antibody (RMGF

antigen) [Aboud-Pirak, E. ¢t al., cancer Res. 1988, 48,
3188)

30 =~ anti~blader carcinoma antibody such as antibody 163.10
[Yu,D.S. et al., Eur.J.Urol. 1987, 13, 198)
Representative examples of the above mentioned
growth factors and proteins of natural OT recombinant
origin are FGF, EGF, PDGF, TGP-q, X -MS, interleukines,

'SUBSTITUTE SHEET .
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interferons, TNF melanotropin (MSH), etc.

A carrier molety derived from a substance which may
be represented as T-—[SH]xl wherein x1 denotes the number of
thicl groups available for condensation, is preferably
derived from thiolated polyclonal or monoclonal antibodies
obtained using e.g. N-succinimidyl=S~acetylthicacetate
(SATA) , N-succinimidyl-3-(2-pyridylthioc)propionate (SPDP),
D,L-homocysteine thiolactone, Néacetylmb,thomocysteine
thiclactone or 2-iminothiolactone. o

A carrier moiety derived from a substance which may
be represented as T-[CHO]xz,wherein X2 denotes the total
number of formyl groups available for condensation, is
preferably derived from polyclonal or monoclonal antibodies
having the carbohydrate moiety, preferentially located in the
Fc region, selectively oxidized to aldehyde groups by means
of chemical or enzymatic methods, as described in US=A-
4,671,958. A carrier T-[CHOJxz may be also derived from the
formylation or from the oxidation of suitable polymeric
carriers, or from the oxidation to aldehyde groups of the
carbohydrate residues of suitable glycoproteins.,

A carrier moiety derived from a substance which may
be represented as T-[COOH], ., wherein x3 denotes the total
number of carboxyl groups available for condensation, is
preferably derived from polyaspartic or polyglutamic acid or
from soluble and biodegradable synthetic copolymers such as
those'derived from N-(2-hydroxypreopyl)methacrylamide (HMPA)
having the following‘strucfure: '

CH ' CH
3 ' 3
CHz-i CHz**?““CHZ
O CO
| |
[¥]
Hy [P]
CHOH |

i
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[X] =Gly=-Phe-Leu-Gly; ~HN=(CH5)pn=CO; n from 1 to 5.
[P] : OH, O-CgH4pNO,
X/Y (90/10 + 95/5 mol/mol %); MW 10000-40000, pPreferably
12000-20000 [see : J.Kopecek, "Biodegradation of polymers for
biomedical use" in TUPAC Macromolecules. H. Benoit &

P.Rempp, Ed.: 505-520 (1982) Pergamon Press. OxXford, England)
©or from poly (amino acid) copolymers such as poly

(GluNa,Ala,Tyr) or My 25000-50000 daltons that are useful as

- B =

by treatment of the antibody with bifunctional anhydrides

(€.9. maleic anhydride).
structure of polv(GluNa Ala,Tyr) copolvme

T T T
Tt
H CH-, H CHq H CH,
éHz X y I‘h‘ 2
éoo*ua+ OH

Xiy:z = 1:1:1

The invention further provides a process for

preparing'a conjugate of formula 4, which process comprises:
condensing a derivative of formula 3,

A=O-W=0H 3
wherein A~0- and W are as above defined, with a substance or
substances which is or are able to provide the said spacer
group Z and carrier moiety T in the said conjugate of formula
4, thereby forming the said conjugate of formula }].

The condensation may be carried out via an activrted
derivative such as a mixed anhydride, an azide or an
activated ester of the derivative of the formula 3 or by

SUBSTITUTE SHEET ‘.
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direct reaction in the presence of a condensing agent such as
dicyclohexylcarbodiimide. A suitable process comprises

converting the derivative of formula 3 into an activated
derivative of formula 4

A~D=W-1L _ 4
wherein A-O- and W have the same meanings as above and L
represents an activating group for making an amidic linkage,
such as N-oXxysuccinimido, its water soluble derivative N~
oxysulfosuccinimido or a 2,4-dinitrophenoxy, 2,3,4,5,6-
pentafluorophenoxy or t-butoxy carbonyloxylgroup:'and
(1') condensing the resultant compound of formula 4 with a
substance of formula T-[{NH; ]y as previously defined to afford

‘a’ bicactive agent of the formula 1 havihé'émidic linkage(s),

or
(11') condensing the compound of formula 4 with a thiol
derivative of formula NH5-(CH»).-SH, such as 2-amino-
ethanethiol in which C=2, and condensing the resultant
compound of formula S: |

' A-O-W-NH~ (CH, ) o=SH 5
wvherein A-O~, W and C are as above defined, with a substance
of formula Tw[SH]xl as previously defined to give a conjugate
©f formula ] having disulfide linkage(s); or
(iii') reacting the compound of formula 4 with hydrazine, a
succinic or adipic dihydrazide derivative or a diamino
compound and condensing the resultant compound of formula 6:

' ~ A=-O~W-NH-[C]g-NH> 6
wherein A-O~, W, [C] and d are as above defined, with a
substance of formula T-[CH03xz as previously defined to give
a bioactive agent of formula ] having oxime linkage(s).

~ SUBSTITUTE SHEET
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A useful process comprises {(iv') condensing a
compound of general formula. §, as above described, with a
substance of formula 7,

T”ICO“L'JY 7

- 10 -

5 which is derived from a reaction involving a carrier of

10

15

20

25

formula I-[CO0H], ., as above defined and in which y is an
integer of from 1 to 30 and represents the total number of
activated carboxyl groups, T is the carrier moiety in the
resulting conjugate of formula ] and L', represents a hydroxy
or an activating group for making an amide linkage,
optionally in the presence of a condensing agent to give a
conjugate of formula ], in which the unreacted optionally

Present activated carboxyl groups may be cuenched with:a

pharmaceutically acceptable amine'such as l-amino-2-propancl.
Other useful processes comprise (v') condensing a

compound of formula 4 with an amino derivative of formula
H2N-[CH2]g~COOH in which g is as above defined, thereby to
form a derivative of formula 8: ‘

A-O-W-[D)-OH 8
wherein A-0-, W and [D) are as above defined; optionally
converting the compound of formula 8 into an activated
derivative of formulag:' ' ' ,

A=O=W~[D]=L - 9
wherein A-0-, W, [D] and L are as above defined, and

'condensing‘the resultant compound of formula 9 or a compound

of formula 8 in the presence of a condensing agent with a
substance of formula T-[NHs], as previously defined to afford
a biocactive agent of the formula J.

' SUBSTITUTE SHEET -
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Other processes comprise (vi') reacting a compound of
formula 4 with an amino derivative of formula HaN=(CHy) g~NH>
in which g is as above defined, thereby to form a derivative
of formula 10:

A=-O-W~[E}-H . 40
wvherein [E] is as above defined or

(vii') reacting a compound of formula 4 with piperazine to
form a derivative of formula 11:

~ A=-O=-W-[piperazine])-H | 11

and condensing a compound of formula 10 or 11, as above
described, with a substance of formula 7 as previously
described to give a conjugate of formula 1. |

For example, an activation method for the conversion

~-of -a compound of formula 3 or 8 into a derivative 4 or 9 is

the reacting of the compound of formula 3 or 8 with N-
hydroxysuccinimide or its water soluble 3-substituted sodium
sulfonate salt in the presence of N,N'-dicyclohexyl-
carbodiimide in a solvent such as ethyl acetate or N,N-
dimethylformamide. In such a case in formula 4 and.g,-L
represents the residue: ' '

 SUBSTITUTE SHEET
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wherein R, represents hydrogen atom or sodium sulphate
group. . '
An activation method for converting carriers of
type T-[COOCH)y 4 into compounds of general formula Z is the
3 reaction of such a carrier with pwnitrophehal in the
presence ©of N, N'wdlcyclohexylcarbodlimide in a solvent such
as dimethylformamide, in which case L represents PNOsCeHy~
O- or with N-ethoxycarbonyl-2~ethexy-1,2~dihydroquinene
(EEDQ) ([see: B.Belleau et al., JACS, 90 1651 (1968)] in a
10 solvent such as tetrahydrofuran or dimethylformamide, in
which case in fbrmula .l L'represents the residue:

o‘Loc,H.
Another. procedure comprises reacting an alkaline
 salt of the carrier T=[COOH]y3, such as the sodiun salt,
. 5_,a1th an alkyl~halo-carbonate such as a (cl~c4)a1kylnhalo-
._f15 'carbonate, preferably ethyl chlora carbonata (C2Hg0-COC1),
~ in a solvent such as water or dimethylformamide. In that
case in tormulalz residue r represents mcooczns. o
The condensation methods for preparing conjugates
' uf formula ), starting from a derivativo of formula 3 or 8§
20 and a carrier of formula T-[NHaly, &re carried out in
' conditions capable of creating covalent linkages of amidic

type and compatible with the structure of the carrier.
"Accordlng to the chemical stability of the carrier in

| SUBSTITUTE SHEET
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agqueous or organic solvents, different procedures may be
enployed for the coupling reactien with intermediates of
general formulae 4, 5, 6, 9, 10 and ll. For carriers
sensitive to organic solvents, preferred conditions encompass
use of buffered agueous solutions at pH 7-9.5, temperatures
of 4-37°C, for times from some hours to several days.

Methods for preparing conjugates of formula 1 by
condensing a derivative 5 with a carrier of formula T-[SH]xl
are carried out in conditions which encompass the use of
buffered agueous solutions at pH 6-7, temperature of 4°'C, for
times from some hours to several days.

Methods for preparing conjugates of formula 1 by
condensing a derivative § with 2 carrier of formula T-[CHO]xz
are carried out in conditions capable of creating covalent
linkages of the oxime or hydrazone type and compatible with
the structure of the carrier. Preferred conditions encompass
use of buffered agqueous solutions at pH 4-7:5, temperature of
4-37°C, for times from some hours to several days. -

Methods for preparing conjugates of formula ) by
condensing a derivative 6, 10 or 1l with a carrier of formula
T-tCO-L']y are carried out in conditions capable ©of creating
covalent linkages of the amidic type and compatible with the
structure of the carrier. Preferred conditions encompass use
of buffered agueous solutions at pH 7-5.5, temperature of 4-
37-C, for times from some hours to several days.

' Other ceonditions encompass the use Of-dry
dimethylsulfoxide or dimethylformamide at room temperature
for 1 to 3 hours.

Herein, the period "from some hours to several days"
may be from 4 hours to 5 days.

For example, suitable conditions for the condensation
between the compounds of formulae 4 and 9 and antibodies T-
[NH,]y are: aqueous 0.1M sodium phosphate and agqueous 0.1M
sodium chloride at pH 8 containing a monoclonal antibody at 1
mg/ml, treated with a 30 fold molar excess of 10% w/v
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solution of 4 or 9 in N,N-dimethylformamide, for 24 hours at
20°C. The conjugate is purified by gel filtration on a

Sephadex’ G-25 column (Pharmacia Fine Chemical, Piscataway,

N.H.), eluting with PBS (Phosphate-buffered saline).

Suitable conditions for the coupling between the
compounds of formula 5 and functionalized antibodies bearing
thiol groups are: aqueous 0.1M sodium acetate and aqueous
0.1M sodium chloride at pH 6 containing a monoclonal antibody
at 1 mg/ml, treated with a 30 fold molar excess of a 5% w/V
solution of 5 in the sanme buffer, for 24 hours at 4°C. The

compounds of formula £ and carriers of type 'I'-[CHO]x2 are:

agueous 0.1M sodium acetate and agqueous 0.1M sodium chloride
at pH 6-7 containing a monoclonal antibody at 1 mg/ml,
treated with a 30 fold molar excess of a 5% w/v solution of 6
in the sane buffer, for 24 hours at 20°C. The conjugate is
purified by gel filtration as above described.

Suitable conditions for the condensatipn between the

compounds of formulae 6, 10 and 11 and an activated carrier

to 24 hours at 20°cC.
| The compounds of general formula'g as well as the
activated compounds of formula 4, 5, 6, 9, 10 and 1] are
novel and therefore are within the sCcope of the present
invention. '

The compounds 3, 5, £, 10 and 11 are both useful
intermediates and/or therapeutically active agents. More
particularly, intermediates of general formula 3 are useful
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prodrugs of compounds of general formula A-O-H, previously
described. The derivatives of formula 2 ecan be prepared by
the process illustrated in Chart 1. This process comprises
condensing a drug of formula A-O-H with a suitable enol

> ether derivative bearing a masked carboxy group, such as

one of formula 32:

O~ ( CHQ )waRg

B 2
12

wherein B, b, Ry and R, are as previously defined and R;
represents a protecting group, such as methyl or ethyl; and
repoving the protecting group from the resultant compound.
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Chart 3

Without limiting the invention, the antitumor anthracyclines

Tepresent suitable hydroxylated drugs (A-OH) for making

bicactive derivatives of general formula 1.

Amnong the class of anthracycllne, 3'~-deamino=3'= morpheliny)

dnrlvatzves of general formula (13) such as 3'-deamino-3'-(4-

morphollnyl)doxorubLCLn (13a) or 3'-deamlno-B’-(2-methoxy-4-

morpholinyl)doxorubicin (13b) [see: E.M.Acton et al; Morpho-

1inyl Anthracyclines, in Bioactive Molecules, Vol €, Bdt. by

Jd.W.lown, Elsevier, 1988) represent the compounds of choice.

A“OH : 13&: 'RdchJZ Rs= o A=D=

- 133.‘ 9 RQ%", Rsa
 A=OH = 13b: R,=OH, R.=OCH, A-O- = 13b': R,=0-, R.=OCH,
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Ihe conversion of anthracyclines of formula 13a,b into new

cld-sensitive derivatives of general formula 3 as above

defined, may be carried out by treatment with a compound
formula 12, previously illustrated, in which Rx it a residue
such as ethyl group, prepared ‘as described by J.A. '
Landgrebe et al in J.Org.Chem 43, 1244 (1975) by reacting
a sultable compound bearing a ketone group with ethyl
diazoacetate. Preferred conditions for carrying out the
reaction of anthracyélines, as well as other compounds
having primary or secondary hydroxyl groups with compound 12 - -
éncompass the use of a sulfonic acid catalyst such as
p-tdluensulfonic acid or camphorsulfonic acid, in polar
solvent such as dimethylformamide, at room temperature for
times from some hours to one day. The masked carboxfl group
©¢f the acid-sensitive moiety linked to the anthracyclines in
compounds of formula 3 is c'onvert,ed into activated carbonyl
group of compounds of formula 4 from which the new bioactive
agents are prepared via coupling with suitable carriers

Optionally, anthracycline derivatives of general formula 4

6,

mignt be converted into derivatives of geheral formula 5,
B, 2, 10 and 11 and reacted .with suitable carriers for
making new biocactive agents of general formula 1.

Also therapeutically useful. drugs, such as those previocusly
described, can be ‘ reacted with compounds of formula 12,
in the same fashion as described for anthracyclines and

converted inte biocactive agents for the cure of certain

manmnalian diseases.
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The bioactive agents of formula 1 of the present invention
are useful therapeutic agents since they contain an acetalic
bond which releases the parent drug A-OH upon hydroniums-
ion-catalyzed hydrolysis er "in vivo" enzymatic cleaveage.
For dinstance, it is well known that in malignant tumors
there is a high rate of glycolysis compared to normal
tissue. This causes an increase in the producticn of lactate
and thus a detrease of the pH in the tumor {[see: H.M.Rauen
et al., Z2.Naturforsch, Teil B, 23 (1968) 1461].

are charactéfized following different chemico-physical methods.
For instance, the retention of the original molecular weight
and the lack of aggregate formation is assessed by
chromatographic gel filtration procedures (Yu,D.S. et al.,
J.Urol. 140, 415, 1988) with simultaneous and independent
detection of anthracycline and antibody at different
wavelengtns and by gel electrophoretic methods. The overall
charge distribution of the compounds obtained 1s assessed by
. chromatographiec ion exbhange methods. The anthracycline
concentration 1s assessed by spectrmphotometric titration
against & standard calibration curve obtained £rom the
parent anthracycline. The protein concentration is assessed
by colorimetric assays such as the bicinconic acid assay
(smith,P.K. et al., Anal.Biochem. 150, 76, 1985) or the
Bradford -dy’e .aSsay (Bradford,¥M.M., Anal.Biochen. 12, 248,

1976). The antigen binding activity retehtion of the
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antibodies, after the conjugation procedures, is assessed by
an ELISA method (Yu,D.S. et al., J.Urol. 140, 415, 1988) and
by cytofluorimetric methods (Gallego,J. et al., Int.J.Cancer
23, 737, 1984). The evaluation of the retention of
cytotoxicity of coﬁjugates in combarison with the parent drug
is assessed by a test of inhibition of uptake of “H-Thymidine

by the target cells, after an incubation time long enough to

explicate the maximum cytotoxic effect (Dillmann,R.0. et al.,

Cancer Res. 48, 6097, 1988).

The evaluation of selective cytotoxicity of the
conjugates.£$§a£é an antiéen positive inmcomparison with an
antigen negative cell line is assessed by a test.of
inhibition of uptake of JH-Thymidine by antigen positive vs.
antigen negative cell lines, after a short incubation time
(Dillmann,R.0O. et al., Cancer Res. 4B, 6086, 1988).

The acid sensitivity of the conjugate is evaluated by
the above mentioned chromatographic methods after incubation
of the compounds in suitable buffered solutions.

Alternatively, radiolabelling of the conjugates in

225

the antibody moiety ( I) and/or in the anthracycline moiety

(1

evaluation of stability in plasma.

4C) and HPLC analytical methods are employed for the
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Compound 3' (prepared in example 1) was tested in
vitro' against LoVo (human colon adenocarcinoma) and LoVo-

Doxo-resistant (LoVo/DX) cells in comparison with Doxorubicin
5 and 3'-deamino=-3'~[2(S)-methoxy=-4=morphelinyl jdoxorubicin
(12b), using a single cell plating technique after 4 hours
treatment (Colony assay). The 50% inhibition concentration
(Icso) wWas calculated on concentration-response curves. Data
reported in Table 1 show that compound 3' is more cytotoxic
10 than doxorubicin, both on sensitive and resistant cell lines,
but 15-20 times less cytotoxic than its parent compound 13b.

Compound 3 was tested jin vive in CDF-1 mice bearing P388-
doxorubicin-resistant leukemia (P388/DX Johnson) in

comparison with doxorubicin and compound 13b. Data reported
15 1in Table 2 show that compound 2', administered ip on day 1
' after the tumor inoculation, at 0.22 ng/kKg is very active
(T/C & 184). _ | .
Conjugates of formula 14, 1”,.1v, ;Yl, and 1vml
(prepared respectively in examples 5, 6, 9, 11 and 12) in
20 which the residue of the eytotoxic drug 3'-deamino-3'[2(S)~
methoxy-4~morpholinyl]doxdrubicin is linked through an acidic
sensitive linker, were tested iAn vivo on P388/DX Johnson
leukemia in comparison with doxorubicin and the free drug
i3b. Data reported in Table 3 show that all the new
2> compounds, administered iv on day 1 after the tumor
inoculation maintain activity equal to that of the free drug
13b. The therapeutic index,'exPressed as the ratio between
the LD50~100 and the optimal dose, is higher in all the
conjugates vs. the free drug 13b. |
.30 In Table 4 are reported tSO% of release of a'deamino-
3'[2(S)-methoxy-4~morpholinyl jdoxorubicin (13k) from the
conjugates at pH 3 (acetate buffer) at 37°cC.
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Table 1: Cytotoxicity after 4 hr treatment. IC.o=ng/mlf®’ .

Compound LoVo Lovo/DX = R.I.¢®

IDao(ng/ml) 'Ibso(ng/ml)

Doxorubicin 60 2180 36.3
13b 16 _ 33 2
3" 240 745 3

fl)‘Icso
2) R.I.

concentration inhibiting by 50%'colbny growth.
Resistance Index = (ICso LOVO/DX)/(ICsoLoVo)

4

Table 2: Antitumor activity against P388/DX Johnson leukemia,

. _treatment ip on day 1 e

Compound , Dose' T/C? ' Toxic“’j
(mg/kg) % ' deaths

.Doxorubicin ' 10 ‘100 - 0/10
B 15 100 ©/10
| f 22W."" '100 . . 10/10

13 0.1 138 0/10
T 0.125 155 1710

'3 0.22 184 0/10

‘3) Median survival time; % over untreated controls.
¢4’ Evaluated on the basis of autopsy findings on dead mice.
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fable 3: Antitumor activity against P388/DX Johnson leukenia,
treatment iv on day 1

5 Compound Dose (> | T/c(3) Toxic (4)
(ng/kg) 3 deaths
Doxorubicin 16.9 105 0/10
22 100 3/10
23D 0.076 177 0/28
10 0,09% 192 0/39
2! 0.16 144 0/10
0.25% 175 0/20
.0.5 167 0/10
4! 0.16 156 0/10
15 0.25% 200 0/10
0.5 133 0/10
hd 0.25 111 0/10
0.5 144 0/10
1w 205 0/20
20 1.25 200 0/10
1V 0.66 172 0/10
1 194 0/10
1V 0.66% 233 0/10
1 177 0/10
25

* Optimal Dose

(3) pose : (ng/Xg) : expressed as content of 13b in the

conjugate.
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Table 4: Release of 13b from conjugates at pH 5 and

temperature 37°C in acetate buffer'”’. .
- Compound Loy ¢ S '
(hours)

1 R

1 3.5

1v 24

1ve - 22

Jvaa ' 20
o gvaas 3.5 4 _

‘"’ Time requests for the release of 50% of free drug
13b. Determined by HPLC using a calibration curve
©f compound 13b ' '
Ionic strenght 0. OSM.

| ~The therapeutlc effect of the compounds and the ;mprovement
o o‘ thelr therapeutlc eifacacy in comparison with the parent

are assessed in anlmal models of human trasplanted tumors.

Nude-mzce bearing xenografts of human tumors are treated
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with suitable doses of conjugates, of free drug, of antibody,
and of a physical mixture of drug and antibody, at equivalent
doses, and the tumor gréwth is recorded and compared in the
different treatment groups.

5 The conjugates are formulated as pharmaceutical
compositions with a pharmaceutically acceptable carrier or
diluent. Any appropriate carrier or diluent may be used.
Suitable carriers and diluents include physiclogical saline
solution and Ringers dextrose solution.

i0 The following Examples illustrate the invention
without limiting it.

Example 1

Preparation of ;4~O-_1-caf56f¢;éfh;iévr-c;clohe rl '3’*'

dearpino=3'=12(S)=methoxy~4-morpholinylldoxo ibicin [3'; A-O-
15 =313b', b=1, B==(CHy) 2=,R1=R»>=H)

3'-deamino-3'-[2(S)-methoxy-4~morpholinyl]doxorubicin (13b)

(0.68 g, 1 mmole), prepared as described. in UK Application

NOo. 89528654.6, was dissolved in anhydrous dimethylformamide

(20 mi) and treated with ethyl 2=-(cyclohexen-l-yl)=-oxy
c0 acetate [12': b=1, Ra=CoHg, B==(CHsy) 2=, R1=R»=H] (6g,
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¢ mmole) in presence of melted p~toluenesulfornic acid (50

ng). The mixture was stirred for two hrs at room
temperature, after that, was poured into agueous sodium
hydrogen carbonate and extracted with methylene chloride.

> The organic phase was washed with water, dried over anhydrous
sodium sulphate and filtered. The solvent was removed under
reduced pressure and the residue was chromatographed on flash
silicic acid column using as eluting system a mixture of
methylene chloride/methanol'(gs/z by volume) to give the

10 ester derivative (R3=C,Hg) ©f the title compound 3'.
This was treated with aqueous 0.1N sodium hydroxide.

(200 ml) at 0°'C under stirring and in presence of nitrogen

for 1 hr. After that, the mixture was brought to pH 8.2 with

acetic acid and extracted with n-butanol. The organic phase
15 was washed with water, concentrated to small volume under

reduced pressure and chromatographed on.silicic acid column

using as eluting system a mixture of methylene chloride/

methanol (80/20 by volume) to give the title compound 3!

(.35 g, yield 43%) as free acid derivative which was treated
20 wath an equlvalent amount of aqueous hydrochloric acid angd

lyophilized.

TLC on Kieselgel Plate (Merck) P254, eluting systen
methylene chloride/methanol (95/5 by volume), Re=0.,13 MS-FD:
m/e 783 (M+),

25 INMR (200 MHz, DMso d5) 8

1.12 (d, J=6.4Hz, 3H, CH3-5'); 1.3-1.9 (m, 12H,
2'); ’ o
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€.0-2.7 (m, 7H, cH,-8, O-CH2CH2-N, O-CH-CH.-N, H-3'); 2.94

(sr 2H: Eﬁ:'lo)E 3.24 (S, BH, CH”QEE;); 3.40,

3.73 {two m,
ZH, NCH3£§;O); 3.57 (m, lH; §“4')3

3.81 (s, 2H, OCH.,COOH ) ;

.97 (s, 3, OCH,=4); 4.04 (dq, J=6.4, 1.0Hz, 1H, H-5');

4.35 (d4d, 0=2.2, 5.23;, 1H, OCH-OCH,); 4.61 (s, 2B, CH.-14);

492 (m, 1H, H-7); 5.24 (m, 1H, B-1'); 7.6-7.9 (m, 3H,

H-2, H-3); 13.20 (bs, 1H, OH-11); 14.02 (s, 1R, OH=-6).

B-1,

Example 2

Preparation of s-o succinimidyl derivative of

ld-Ow(l-éarbogx-

methyloxy-cyclohexyl -i’“?é!'no-?"- 2(S)-methos

Y~4-morpholinyl’
doxorubicinnii'; A-O-=13b"',b=1, B=-(CH;)a-, Ri=R,=H, L=-%:]]

Compound 3° (b.'z 9, 0.25 mmole), prepared as described in
Example 1,

SUBSTITUTE SHEET



WO 92/02255 PCY/EP91/01449

- 27 - 2057184
wWas kept at 0°C for two hrs and then was left at room
temperature overnight. After <that, the mixture was
Concentrated to small volume under gzeduced pressure and
chromatographed on flash silicic acid column using as
eluting system a mixture eof methylene chloride/methancl
(97/3 by volume). The eluate containing the title compound
was concentrated to dryness under reduced pressure, then the
résidue was taken up 4in ethyl acetate, filtered and
concentrated to small volume under reduced pressure.
Finally, ethyl ether was added and the title compound 4
(0.130 g) was collected on éiﬁtered gl-ass funnel, washed
with ethyl ether and stored under nitrogeh.

TLC on Kieselgel ©Plate (Merck) Fage, eluting system
methylene chloride/methanol {(95/5 by volume) R.=0.37 '
MS-FD: m/e 864 (M+),

Exanple 3

Preparation of 14-O-(i-hvdrazinocarbonylmethyloxy-cyclohexyl)=-
3'-deamino-[2(S)-methoxy-4-morpholinyl}dexorubicin

[::;‘ ’ A*O"“:Bb’, =1, 33""({:33}3“, R;=Ra=H' C‘O]

CeConte
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Compound 4 (20 mg), prepared as describec 1n Example ¢, was
dissolved in tetrahydrofuran (5 ml) and added with 1N
solution of hydrazine hydrate in isopropanol. The mixture
was kept at 0°C for 70 minutes. After that, methylene
chloride was added and the mixture was washed three times
with cold water. The organic laver was separated, dried over
anhydrous sodium sulphate, filtered and the solvent removed
under vacuurn. The residue was chromatographed on silicic
acid column using as eluting system a mixture of methylene
chloride/methanol (9%/1 by volume). Compound &', 20 mg3, was
pr.ecipitated with ethyl ether.

TLC on Kieselgel Plate (Merck) Fase, €luting system
methylen chloride/methanol (85/5 by volume) Rg=0.25

MS-FD: m/e 787 (M+). '

INMR (200 MHz, DNMSO d4) 6:

1.36 (&, J=6.6Hz, 3H, CH,-5');i1.4-1.7 (m, '101-1, )i 1.76
(m, 2H, CE.=-2'); 2.30 (m, 2R, gg_,-a); 2.50 (m, H, H-3');
2.55' (rm, 4K, N-CH,~CH(OCH,), N-CH,-CH,-0); 2.98 (d, J=18.8Hz,
18, E-10ax); 3.22 (dd, .:1:1.0, 18.'832., 1R, H-10e); 3.39% (s,
3H, CH(OCH,)): 3.55, 3.95 (two m, 2H, NCH.CH,O); 3.70 (m,
2%, H-4'); 3.95 (m, 1H, B-5'); 4.09 (s, 3H, CH,=0-4); 4.10
(m,2H, O-CH,CONH); 4.50 (m, 1H, NCH;-CH(OCH,)); 4.87 (s, 2H,
CH2-14); 5.28 (m, 1R, B-7); 5.54 (m, 1H, B-1'); 7.84 (bs,
\H, COMINHa); 7.78 (t, J=7.9Hz, 1H, H-2); 8.04 (&, J=7.9Hz,
1H, 8-1); 13.32 (s, 1R, OH-11); 13.98 (s,. 11-1,. Q_I-}_-G).‘ .
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Exarnple 4
Preparation of 14-0-[1-(d-carboxy-l-n-butyl carbamoyimethyl-
OXyY=l=cCvclohe yl)j=3'-deamino-3'-[2(S)=metho ~4-morphelinyl

dDXOI'U.biCin [g', A"°‘=l3b',b=1, Bz"(c}ia)a", Ry=Ry=H, g=4)

AON A0\ A O RH{CH, ) OOH

8!

X*aminobutync acid (15 mg, 6.15 mnole) was dissolved in
0.05M phosphate buffer pH 7.6 (2.5 ml) and added with
~compound 4' (30 mg, 0.033 mmole), prepared as descrided in
Example 2, dissolved in acetonitrile (3 ml). The mixture was
~kept overnight at room tempetature, than brought to pH €
with acetic acid and extncted with n-butanol. The organic
layer was separated and evéporated under vacuum. The residue
was chromatographed on silicie acid eolumn using as eluting
system a mixture of 'methylene chloride ./methmol {53/5 by
volume) to afford 40 mg of the title corrpound 8'. TLC on
' Rie-seigel Plate (Merck) Figa, eluting system methylene'chloride/
‘methanol (5/1 by volume) R,x0.55. MS-FD: m/e 884 (M+).
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Preparation of polyglutamic acic=coniugate of formula 1*' [1':
A=O-=13b', b=1, B=-(CHp)y~, Ry=Rp=H, Z=-NH-NH-CO-, a=2.
I=poly-L~Glutamic acid)

5 Poly~l~Glutamic acid, molecular weight 2000=-15000
(Sigma) (85 mg) and compound €' (20 mg) prepared as described
in Example 3, were dissolved in diﬁethylformamide-(z ml) and
stirred for three hours. After,that N-ethoxycarbony1~2r
ethoxy=~1,2-dihydroquinoline (25 mg) was added. The.mzxture

10 was kept under stirring overnight, then was poured into a ‘
mlxture.of ethyl ether and petroleum ether. The precipitate
was collected on a sintered glass filter, washed with ethyl
'ether and dissolved with a 2. 5% agueous solution of sodium
hydrogen carbonate (8 nl). The solution was passed through a

15 reverse phase column RP=8, 40-63 um (Merck) (30x1.8 cm) and
eluted with a mixture of water and acetonitrile from 0 to 20%
of acetonitrile. The elute containing the conjugate was
lyophzlzzed then collected on a sintered glass filter, washed
with methanol ‘and ethyl ether to give the title compound 1!

20 (45 ng). By spectroscoplc evaluatlon, the conjugate contains

13% of methoxy morphollno of formula‘lgp
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Example 6

Preparation of pclv(GluNa. rla

rj-conjugate of formula 1'*
[_1.”3 A'o":&'g "'"1, B-:"'(CHa);", R;zR:g:H; Zz-h'I-i-h"i-i-CO-, 3321
=poly(GluNa,Ala,Tyr))

Following the same procedure described in Example 5,
Poly(GluNa,Ala,Tyr) (1:1:1), M, 25000-50000 (Sigma) (60 mg)
and compound 6' (20 mg) prepared as described in Example 3,
were dissolved in dimethylformamide (2 ml), stirred for three
~ hours angd treated with Ne ethoxycarbonyl E-ethoxy'l 2=Gihydr-

oguinoline (25 mg), to give, after reverse phase column

purification, 35 mg cf the title compound 1''.

Exangle 7

Preparaticn ol anti-melanoma conjugate of formula 1''?
(1''': A-0-=13b', b=1, B=-(CHa)a=, R,=R,=H, 2=-NH-, T=Epl)

A 10"? solutzon of coﬁpound 4, described in Example 2, in
N,N- d*methylform» ;de (37 5 m*l)'was slowly added to 1 ml of
a 2 mg/ml solutwn cf punf;ed mouse monoclonal anti-~human
melanoma antibody Epl-[cgacomini,P. et ml., Int.J.Cancer 39
728 (1978) in 0.1 ¥ Na H,PO,, 0.1 M NaCl, pH B8 at r.t. with
stirring. The reaction mixture*was stirred ove.uight-at r.t.
in the dark and centrifugated ‘The conjugate was isclated by
gel letratxon chrou.atography over a Sephadex-G25 ecolumn

(PD~10, Pharmaczia) eluting with P=ES (Glbco, 1ox, Cat.H.042~
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04200M) pH 7.3. The excluded peak was collected (1.5 ml) and
assayed for anthracyc-line'c.ontent spectrcphotometr;;ally at
480 nm. The protein conté‘ht Was assayed with a colorimetric
protelin analysis (BCA, Pierce). The conjugate econtaimed 1.27
mg/ml of antidedy with an anthracycline/protein ratio eof
11.4/1.0. The chemico-physical proflile of the product was
determined by HPLC-gel filtration analysis (BioSil spC-25%0
column, 0.1 M NaH_PO,, 0.1M NaCl, pH ‘70) with dual
waveleng‘:}{ detection (280 and 480 fuﬁ) and by SDS-PAGE. By
HPLC, & 50% protein aggregate formation was detected, eluting
at the column void volume.

By st-PAGE, both the anthracycline absorption and the
Coomassie-dye prétein reaction were located at 160 XD
molecular weight, confirming covalent bonds formation and

indicating aggregate formation due to non-covalent interaction.

Example 8 _
Preparation of anti-colon carcinoma condugate of formula 3_‘"

[iN: A?O?‘:;}_g', b-":l' Bz“(cga)a“p Ratnaggo z:"M"NB‘g %87203)

A solution of B72.3 antidedy (US-A- 4,522,918) at
2.6 mg/ml in o.1M¥ NaM,PO,, DH €& buffer .(1 nl) was treated
with 0.1 ml of a o.1 M solution of KalO, in water at 4°C in
the dark. ' Afte: 1 h the product was purified by gel
fil{tration chromatography ove'r a Sephadex 2% colurn (¥D-10
Pharmacia) eluting with 0.1M NaH,PO, buffer, pH 6.
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The protein containing fraction (1.7 mg, 2ml) was
treated with 30 molar equivalents of a 10% w/v solution of
compound €', described in Example 3, in the sanme buffer.

After 24h at 37°C in the dark, the reaction mixture was
5 purified as described in Exanple 7

The conjugate contained 0.48 ng/xl of antibedy with

an anthracycline/protein ratio of 2.4/1, and was 85%
nonomeric.
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Preparation of copolymer of 3-methacryloylamino-2-hydroxy-
Rropane and 14-0-{1~-[4~(N-methacryloylglyc lphenylalanyl-
deucylglycyl)hydrazino ~carbonylmethyloxy-cyclohexyl}-
3'-deamino-3'[2(S)-metho y-4-morpholinyl Jdoxorubicin (1Vv)
I.-lv: A-O"’-'-‘,L?;_g’, ,b:l' B"'(ma)a'o Ra.gRa"""Hr &= ~NHNH-CO-,

T=HPMA X=Gly-Phe-Leu=-Gly].

?33 3
CR, - CR,~C =

t@;@(ﬂah :
{

SO LN LR

0.58 g of copolymer HPMA [x=Gly-Phe-Lﬁe~Gly, 4.2% (mol/moly)
Of P=0C4H.pNO; content], prepared as described by J.Kopecek
et al., Makromol.Chem, 177, 2833-2848 (1576)] by radicsl
polymerization of 3-mthacryloylmino-znhydmxy-propa.ne and
4-nitrophenyl ester of N-methacryloylglycylphenylalanyle- |

leucylglycine, was dissolved in dry dimethylsulfoxide (15
ml) with derivative €' (0.1 ¢g), prepared as described in
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Example 3. After two days at room temperature, l-amino-2-
propanol (0.4 ml) was added and the reaction mixture wWas
poured in 1/1 (v/v) mixture of acetone and ethyl ether (300
ml). The precipitate was collected and resolved in 65%
ethanol (10 ml) from which the title compound 1¥ was
precipitated from acetone (80 ml), collected and washed with
ether.

Yield: 0.31 gq.

Content of anthracycline (w/wl) calculated as 3'-deamino-
3'{2(8)-me thoxy-4-morpholinyl}doxorubicin hydrochloride
(l3a): 3.3%

¥ molar ratio in formula 1Y (r:s:t) = (95.7 : 0.79 : 3.52),

Example 10
Preparation of 14-0O-(l-piperazinocarbonylmethyloxy-cyclohex~

vyl -3'-deamino- <(S)-methoxy~-4-morpholinyl Jdoxorubicin
[11', A=0-= 13b', b=1, B=-(CHa)a-,_R;=R,zB] '

'® 54 . )
CH,C .

1
: .
s .
o '
o .
'
.

) /\
Q OCH,LCO-N NK

.
|
‘
B ]
.t

@
\ r
er

o~ “OCH, - i1’

Compound & (100 mg), prepared as descfibed in Example 2, was
dissolved in anhydrous tetrahydrofurane (20 .l), cooled at
0°C and added with a solution of piperazine (50 mg) 4in
anhydrous tetrahydrofurana (2 ml). The reaction mixture wasg
stirred at 0°C for 15 minutes, then was dliluted with
methylene chloride (100 ml),'washed'with.water (3x50ml).

‘The organic phase was separated, dryied over anhydrous
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sodium sulphate and the solvent was removed under reduced
Pressure. The crude product was chromatographed on silicic
acid column using as eluting system a mixture of methylene
chloride/methanol (80/20 by volume). Compound 11', 80 mg,
was precipitated with ethyl ether.

TLC on Kieselgel ©Plate (Merck) Fass, eluting system
methylene chloride/methanol (70/30 by volume) Re=0,60.
FD-MS: m/z 868 (100, [M+H)*)

*HNMR (200 MHz, CDCl,) &:

1.35 (d, J=6.86Hz, 3H, 5'-CH,); 1.3-1.9% (m, 12H, 2'=CHa,
cyclohexane); 2.11 (dd, J=4.2, 14.6Hz, 1H, Bax~-H); 2.3-2.5
(m, 5H, 8eg-H, 3'-H. 3''ax-H, 5''-=CH.); 2.60 (dd, J=3.8,
11.2Hz, 1H, 3''eq-H); 2.86 (m, 4H, CH.-NH-CH.); 3.00 (d,
J=18.9Hz, 1lH, 10ax-H); 3.23 (d4d, J=1.2, 18.9Hz, 1K, 10eqg-H);
2.37 (s, 3H, 2''-0CH,;); 3.4-3.6 (m, 5H, CON(CH.)a, 6''ax~H);
3.90 (m, 1H, 6''eq-H); 3.98 (g, J=6.6Hz, 1H, S'=-H); 4.07 (s,
3H, 4-OCH,); 4.18 (s, 2H, OCH,CON); 4.48 (dd, J=2.5, 3.9Hz,
iH, 2''eq-H); 4.79 (m, 2H, 14-CH.); 5.24 (m, 1H, 7-H); 5.53
(m, 1R, 1'-H); 7.37 (4, J9=7.7Hz, 1H, 3-H); 7.76 (44, J=7.7,
6.8Hz, 1lH, 2-H); 8.02 (4, J=6.8Hz, 1H, l1-H); 13.30 (bs, 1H,
11-OH); 13.98 (s, 1H, 6-0DH).
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Example 11

Preparation of copolymer of 3-methacrylovlamino-2-hydroxy-
propane and 14-0-{l-[4~-(N-methacrvlovlglycyl)piperazin-1yl]-
carbonylmethyloxy-cyclohexyl}-3'-deamino=-3'[{2(S)-methoxy=-4~
morpholinyl Jdoxorubicin (1Vv*)

[1¥*: A-D-=13b', b=1, B=-(CHz)a~, Ri=R3=H, |
2=[1,4-piperazinyl]-C0-, T=HPMA and X=HN-~CH,-«CO-].

oEg-ip
f
'

T A BRRB TR

O
{1

‘&xi
v

0.42 g of copolymer HPMA [X=HN-CH;-CO-, 7.6% (mol/moly) of
P=0CH.,pNO, content], prepared as described by J.Ropecek ¢t
al., Makromol.Chem. 177, 2833-2848 (1976€)] by radical
polymerization of 3-methacryloylamino;2~hydroxy-pxopane and
4-nitrophenyl ester of N-methacryloylglycine, was dissolved
in dry dimethylsﬁlfoxide (2.2 ml) and reacted with
derivative 11' (0.07 g), prepared as described in Example 10.
After two hours &t room temperature, l-amino-Z2-propancl
(0.05 ml) was added and the reaction mixture was poured dn
1/1 (v/v) mixture of acetone and ethyl ether (200 ml). The
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precipitated was collected and resolved in 95% ethanol (10 ml)

from which the title compound 1¥* was precipitated from

acetone (80 ml), collected and washed with ether.
Yield: 0.39 g.

Content of anthracycline (w/w$) calculated as 3'~deamino-

3'[2(8) -methoxXy-4-moepholinyl Jdoxorubicin hydrochloride
(13a): 5.74%

¥ molar.ratio in formula 1¥* (r:s:t) = (52.4 : 2.15 : 5.45).
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Example 12 -
Preparation of copolymer of d-methacryloylamino=-2-hydroxy-

propane and 14-0-{1-{4-(6-methacryloylaminocaproyl)piperazin-
iyll-carbonylmethyloxy-cyclohexyl}=3'-deamino-3"'[2 S)-methoxy-
4-morpholinyl Jdoxorubicin (1v*+) |

[1V+*: A-O-=13Db', b=1, B=~(CH;)a~, R.=R,=H,
=[1,4-piperazinyl)=C0-, T=HPMA and X=HN-(CH,).=-CO-].

0.6 g of copolymer HPMA [X=FN-(CH,)s-CO-, 5.3% (mol/molt) of
P=0OC4H.PNO; content], prepared as described by J.Ropecek et
al., Makromol.Chem., 177, 2833-2848 (1976)] by radical
polymerization of 3-methacryloylaminc;-2-hyd.roxy-propa.ne and
4-nitrophenyl Nwmethacryloylaminocapronate, ~a8 dissolved in
dry dimethylsulfoxide (3 ml) and reacted with derivative 11°'
(0.1 g), prepared as described in Exam»sle 10.

After two hours at room temperature, i-amino-2-propancl
(0.1 ml) was added and the reaction mixture was poured in
1/1 (v/v) mixture of acetone and ethyl ether (200 ml).
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Following the same procedure described in Example 11, 0.58 g
©f the title compound 1V** was recoverd.

Content of anthracycline (w/wi) calculated as 3'-deamino-

3'[2(S)-methoxy-4-morpholinyl jdoxorubicin hydrochloride
(13a): 9.2% '

% molar ratio in formula 1v** (r:s:t) = (84.7 : 2.05 : 3.31)

Example 13
Preparation of conjugate of Polv(Gl

14-0-{l-piperazinocarbonylimethyioxy=-cs clohe Y1l)=3'=deamino-

[1v322; A"O" 13b' ' b“lo B—-*(CEa)a v .. Ry=Ra=H,
- 2=[1,4wpiperaziny1]-co-, T=poly(Glu=-Ka,Ala,Tyr)].

-:j.g_cﬂ N'E-g-co !G-F—CQ KB-?-‘CO
(ma)a ‘?l)a Cly | ?'
> o) o X PpON
' t

1v3.3.3.

Poly(Glu-Na,Ala,Tyr) (1:1:1) M, 25000-40000 (Sigma), (0.2 g)
was dissolved in water (5 ml) under stirring at room
temperature. The corresponding free acid was precipitated
from the aqueous solution by acidifying at PH 3 with 0.1R HC.
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Poly(Glu-0OH,Ala,Tyr) (0.17 g), recovered and dryied under
vacuum, was dissolved in dry dimethylformamide (10 ml) and
added with 14-0-(l-piperazinocazbonylmethyloxy-cyclohexyl)"
3'=deamino-[2(S)-methoxy-4-morpholinyl Jdoxorubicin (11')
(0.035 g), prepared as described in Example 10, and N-ethoxy-
carbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) (0.08 g).
Another aliquot of EEDQ (0.08 g) was added after three hours.
The reaction mixture was stirred overnight at Toom
temperature, than was poured in ethyl ether (300 rnl). The
precipitated was suspended in water (10 ml) and treated with
0.1N NaOE (14 ml); the solution was brought to PH 8.5 with
0.1N HCl and passed on a column of sephadex G10. The agqueous

~ solution was 1liophilized to give 0.16 g of the title

compound 1v*+%,
Content of anthracycline (w/wi) calculated as 3'=deamino-

3'(2(S)-methoxy-4-morpholinyl ]doxorubicin hydrochloride
(13a): 10% ' '

% molar ratio in compound of formula 1v**< (r:s:t:u)

(31.33 : 2.01 ¢ 33.33 : 33.33).
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l. A conjugate of general formula 1:
[A=O=W=2]) =T b
wherein the moiety A-0- is the residue of drug of formula
> A=0-H in which ~0-H is a primary or secondary hydroxyl group:
a is an integer of from 1 to 30; W is a group of general
formula 2: .

O“(CHa)b“C(O)_“
R .
g , 2

wherein b is an integer of from 1 to 4, B represents a Cj-Cj;

10 alkylene -group and R,y and R» each independently represent
hydrogen, halogen, alkyl, phenyl or substituted phenyl; Z is
a spacer group and T is a carrier moiety. |

2. A conjugate according to claim 1, wherein the

moiety A-0~ is derived from an anthracycline of formula
15 A-~0O-H.

3. A conjugate according to claim 2, wherein the
molety A-O- represents

in which'Rlb is a hydrogen atom or a hydroxy or methoxy
group, one of Rll and R12 is a hydrogen atom and the other is

.20 a hydroxy group or Rll is a ‘hydrogen or iodine atom and R12
- is a hydrogen atom, and le is an amino group or represents a
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nitrogen atom enclosed in a morpholino ring.

4. A conjugate according to claim 1, wherein a is
an integer from 1 to 5. '

5. A conjugate according to claim 1, wherein B
5 represent -(CHp)»-.

6. A conjugate according to claim 1, wherein Z is:

(1) =NH-;
(11) -NH- (CH5) .~-S-S- wherein c is an integer of from 1 to
4;

10 (1ii) -NH-[C]3-N=CH~ wherein:
~ (a) d is o, .
(b) d is 1 and [C] represents =-NH-CO(CH,)o-CO-NH- in
which e is an integer of from 2 to 4,
(c) d is an integer of from 1 to 4 and [C]

15 represents - (CH,) ¢-0-(CH5) ¢~ in which f 1s 1 or
2, Or

(d) d is an integer of from 2 to 6 and [C] 1s CH,;

(1v) -NH-[C]3-NH-CO- wherein [C] and d are as defined
above;
20 (v) -[D]-NH- wherein [D] repreSents -NH—[CHz]g-Cow in
which g is an integer of from 2 to 6;
(vi) -[E]-CO- wherein [E] represents -NH-(CHj)g-NH- in
which g is an integer of from 2 to 6 or
(vil) the piperazinylcarbonyl moiety of the formula:
_CH;—CHy
—N , N—CO—
\ /
CHy—CH;
25 7. A conjugate according to claim 1, wherein the

carrier moiety T is selected from a polyclonal antibody, or
fragment thereof comprising an antigen binding site, capable
of binding to a tumor associated antigen; a monoclonal

antibody, or fragment thereof comprising an antigen binding
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site, capable of binding to an antigen preferentially or
selectively expressed on tumor cell populations; a peptide or
protein capable of preferentially or selectively binding to a
tumor cell; and a polymeric carrier.

8. A conjugate according to claim 7, wherein the
carrier moiety T is selected from an anti-T-cell antibedy, an
anti-cD5 antibody, an anti-transferrin receptor antibody, an
anti-melanoma antibody, an anti-carcinoma marker antibody, an
anti-ovarian carcinoma antibody, an anti-breast carcinoma
antibody and an anti-bladder carcinoma antibody.

9. A conjugate according to claim 7, wherein the
carrier moiety T is a growth factor.

10. A process for the preparation of a conjugate of
formula 1 as defined in claim 1, which process comprises
condensing a derivative of formula 3:

A-0O-W-OH 3

wherein A-O- and W are as defined in claim 1, with a

substance or substances which is or are able to provide the
said spacer group Z and carrier moiety T, thereby forming the
said conjugate.

11. A process according to claim 10 in which the
condensation is carried out through an activated derivative
of the derivative of formula 3 or by direct reaction 1in the
presence of a condensing agent.
| 12. A process according to claim 10, comprising
converting a said derivative of formula 3 into an activated
derivative of formula 4:

A-Q-W-L 4
wherein A-0O- and W are as defined in claim 1 and L
represents an activating group for making an amide linkage,
and
(i') condensing the resultant compound of formula 4 with a
substance of formula T-[NH,]y wherein T is a carrier moiety
and x represents the number of amino groups available for

condensation, or
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(11') condensing the compound of formula 4 with a thiol
derivative of formula NH5-(CH5).-SH in which ¢ is an integer
of from 1 to 4 and condensing the resultant compound of
formula 5: '
A-0-W-NH- (CH,) o.~SH 5
wherein A-O-, W and c are as above defined, with a substance
of formula T-[SH]_, 1n which T is as defined above and x1
represents the number of thiol groups available for
condensation, or
(11i1') reacting the ¢ompound of formula 4 with hydrazine, a
succinic or adipic dihydrazide derivative or a diamino
compound and condensing the resultant compound of formula 6:
A-O-W-NH-[C]4-NH> 6
wherein A~O- and W are as defined in claim 1 and [C] and d
are defined in claim 6, with a substance of formula '1‘--[CHO]X2
wherein T 1s a carrier moiety and x2 represents the number of
formyl groups available for condensation.
13. A process according to claim 10, comprising
(1v') condensing a compound of general formula 6§, prepared
as described in claim 12, with a substance of formula 7:
T-[CO-L']y ' 7
wherein T- is a carrier moiety, y is an integer from 1 to 30
and represents the total number of carboxyl groups on the
carrier molety and L' represents hydroxy or an activating
group for making an amide linkage, Optiohally in the presence
of a condensing agent. =
| 14. A process according to claim 12, comprising
(v") condensing a compound of formula 4, with an amino |
derivative of formula HoN-[CH,]4~COCH in which g 1s an
integer from 2 to 6, thereby to form a derivative of formula
8:
A-O-W-[D]-OH 8
wherelin A-O- and W are as defined in claim 1 and [D] is as
defined in claim 6; optionally converting the compound of

formula 8 into an activated derivative of formula 9:
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A-O-W-[D]-L 9

wherein A-O-, W and [D] are as defined above and L is an

activating group for making an amide linkage; and condensing
the resultant compound of formula 9 or the compound of
formula 8 in the presence of a condensing agent with a
substance of formula T-[NH;]y as defined in claim 12.

15. A process according to claim 10, comprising
(vi') reacting a compound of formula 4,
with an amino derivative of formula HzN-(CHz)g~NH2 defined in
claim 6 thereby to form a derivative of formula 10:

A-O-W-[E]-H | 10
wherein A-O- and W are as defined in claim 1 and [E] is as
defined in claim 6 or ~
(vii') reacting a compound of formula 4 with piperazine to
form a derivative of formula 11l:

A-O-W-[piperazine]-H 11
and condensing a compound of formula 10 or l1l, as above
described, with a substance of formula 7 as described in
claim 13.

16. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier or diluent and, as active
ingredient, a conjugate as claimed in claim 1 or which has
been prepared by a process as claimed in any one of claims 10
to 15.

17. A derivative of formula 3 as defined in claim
10.

18. A derivative according to claim 17, which is 14-
0-(1-carboxymethy1oxy-cyCIOhexyl)-3'-deamino-3'-[2(8)- '
methoxy-4-morpholinyl]doxorubicin.

19. A process for the preparation of a derivative of
formula 3 as claimed in claim 17, which process comprises
condensing a drug of formula A-O-H wherein A-O- 1s as defined

in claim 1 with a compound of formula 12:
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O"’ ( CH 2 ) .cwp*u

A R, 12

wherein B, b, R; and R, are as defined in claim 1 and R,
represents a protecting group; and removing the said
protecting group from the compound thus formed.

20. A derivative of formula 4 as defined in claim
12.

21. A derivative according to claim 20, which is N-
oxysuccinimidyl 14-0-(l-carboxymethyloxy-cyclohexyl)=-3'-
deamino-3'-[2(S)-methoxy-4-morpholinyl Jdoxorubicin.

22. A process for the preparation of a derivative of
formula 4 as claimed in claim 20, which process comprises
converting a derivative of formula 3 as claimed in claim 19
into a said derivative of formula 4.

23. A derivative of formula 5 as defined in claim
12.

24. A process for the preparation of a derivative of
formula 5 as claimed 1n claim 23, which process comprises
preparing the said derivative from a derivative of formula 3
by the process specified in claim 12.

25. A derivative of formula 6 as defined in claim
12.

26. A derivative according to claim 25, which is 14-
O-(l-hydrazinocarbonylmethyloxy-cyclohexyl)-3'-deamino-3"'-
[2(S)-methoxy-4-morpholinyljdoxocrubicin.

27. A process for the preparation of a derivative of
formula § as claimed in claim 25, which process comprises
preparing the said derivative from a derivative of formula 3
by the process specified in claim 12.

28. A derivative of formula 9 as defined in claim
14.

29. A process for the preparation of a derivative of
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formula 9 as claimed in claim 28, which process conmprises
preparing the said derivative from a derivative of formula 3
by the process specified in claim 14.

30. A derivative of formula 10 or 11 as defined in
5 claim 15,

31. A process for the preparation of a derivative of
formula 10 or 11 as claimed in claim 30, which process
comprises preparing the said derivative from a derivative of
formula 4 by the process specified in claim 15.

SUBSTITUTE SHEET



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims

