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6,9 BIS(SUBSTITUTED-AMING)BENZO[g]ISOQUINOLINE~5,10-DI~

BACKGROUND OF THE INVENTION

Field of the invention
This invention is directed to 6,9 bis(substituted-

amino)benzo{glisoquinoline-5,10~dicnes, and more parti-

‘eularly, +to 6,9-substituents which are (aminoal-~

kyl)amino substituents. These compounds have been shown
to have antitumor activity in vitro and in vivo.

Background
Certain 1,4-bia[(aminoalkyl)aminolanthracene-9,197

diones have been reported which show antitumor activity
in clinigal trials. Of particular interest has been

‘ametantrone, 1,4—bié{[2—{2-hydroxyethylamino)ethyl]ami~

nojanthracene-9,10~-dione = and mitoxantrone, 5,8-dihy-
droxy-1,4-bis{{2-(2-hydroxyethylamino)ethyl}amino}an-

thracene-8,10-~-dicne. (Zea-Cheng et al., J. Med. Chen.,
{1978), 21, 291-4; Cheng et al., "Progress in Medicinal
Chemistry", Ellis, G.P. and West, G.B., eds.; Elsevier:
Amsterdam, 1983; pp. Zb,'BB and referances cited the-

rein). Mitoxantrone is a broad spectrum oncolytic
agent, whose activity is similar to that cf the
anthracycline antibjotic doxorubicin., Clinical trials
have demonstrated that mitoxantrona has particularly
promising activity in the treatment of advanced breﬁst
cancer, acute leukemia and lymphoma .(Legha, Drugs of
Today, (1984), 20, 629). Although animal studies have
demonstrated a diminished cardiotoxicity in comparison
to doxorubicin, some clinical cardi&toxicity has been

obgerved also with mitoxantrone, mostly in patients

pre'viously_treated with doxorubicin (R. Stuart Harris
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et al., Lancet, (1984), 213, and references cited the-
rein), | _ )

Ametantrone has been reported to be, in animals,
about 10-fold less potent and cardiotoxic than mitoxan-
trone. Because a delayed toxicity is observed only with
mitoxantrone after administration of the two drugs by
the i.p. route to non-tumox bearing rats at eguieffec-
tive antitumor dosages, it is suvygested that the pre-~
sence of the 5,8-dihydroxy substitution in mitoxantrone
might be implicated in the delayed deaths (Corbett et

‘al., Cancexr chemother. Pharmaqol., (1981), 6, 161).

In éddition, both mitoxantrone and ametantrone
have a remarkable myelodepressive toxicity and both

compounds show crosg-resistance to cell histotypes de-

veloping resistance against doxorubicin mediated by

overexpression of glycoprotein P. Buch a resistance,

| which is named multidrug resistance, involves a number

6f antitumor antibiotics, among which amsacrine and po-
dophylloetoxinic der..ivatives, and it is Dlne of the main
reasons for therapeutical failures in the treatment of
solid tumors with said antibiotics,

Therefore, search is required fgr novel) anthrace~
riedione antitumor agents, having a higher thérapeuticél
index than mitoxantrone and being e,E'fective both in
inhibiting or delaying the growth of those solid tumors
which are more refractory to chemotherapeutic treatment
(such as lung, breast and colon tumorsg) and against tu-

mor histotypes developing multidrvg resistance.

In the search for egafer, active analogues of
anthracenedioner, c¢ompounds bearing hydroxy substikuents

and/oxr (aminocalkyl)amino side chains at various posi-
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tjons on the anthracene-9,l0-dione nucleug have been
studiéd fcheng et =al., Drugs of the. Future,
(1983), 8, 229) without notable improvement. '

Aza- and diaza anthracene-3%,l0-diones such as 6,9-
bis(ehhoxyca;bOnyiamino)benzo[g)quinoline—s,londione
{1, 6,9~bis(ethqucarbonyiamino)benzo[glisoquinoling—
5,10-dione (2), 6,9-bis{ethoxycarbonylamino)benzolg]-
quinazoline-5,10-dione (3), were disclosed by Potts et
al. (Synthesis, 1983, 31). These compounds were Yepor-
téd to be related to the ~ antitumor 1,4~
bis{ (aminoalkyl)aminojanthracene-9,10-diones; however,
no antitumor activity data was reported for any of the
above compounds. l1-{(aminoalkyl)amino} derivatives (4)
of 6,9~dihydroxybenzolg)isoquinoline-5,10-dione related
to mitoxantrone have been disclosed as DNA intercala-
toxrg but they were cvompletely devoid of any "in vitro"
or "in vivo" antitumor activity (Croisgy-Delcey et.al.
Eur. J. Med. Chem., (1988), 23, 101-106).

The 6,9- bls[{amlnoalkyl)amino]benzo[g)quinoline—
5,10-diones of formulas 5a~-d (see Table 1) were disclo-
sed in J. Med. Chem. (1985), 28, 1124-26, where they
were referred to as 5,8-bis{(amlinocalkyl)amino]-l-aza~-
anthracenediones,

As reported in table 1Y herein belovw reported the
priox art compounds 5 are clearly less active than the
corresponding carbocyclic analogues (6). '

In fact, as reported in table II, the compounds 5a

-, and 5b are less cytotoxie than the analogues 6a and 6b.

Moreover the compound 5a, which is poorly cytotoxic in
vitxo, is inactive in'vivo, and it is both less active

and less potent than the carbocyclic analogue 6a.
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Eveﬁ thongh“the introduction of an heteroatom is a
common process in the medicinal chemistry, its effect
must be evaluated case by case.

In this particular case of aza—analogugs of
anthracenediones the prior art teachings clearly show
that the introduction of a nitrogen atom into the
anthfacenedione Skéleton is detrimental for antitumox
activity: In Ffack the aza-substituted anthracenediones

axre less cytotoxic than the corresponding anthracene-

diones and ipactive "in vivo".

Thus a person skilled in the art, would have not
congidered the Iintroduction of hetercatoms into the
anthracenedione skeleton as a possible way to obtain_-
more effective antitumor agents}

It 3is well known that the screening for the disco-
very of the antitumoxr agent mitoxantrone (J. Hed.
Chem., (1978), 21}, 291-4) among a number of analogues

has been carried out by using the experimental model of

" murine leukemia P388: this model is then_predicéive of

antitumor activity in humans at least for this class of
ankitumor antibiotics. Many other elinically active
antitumor antibiotices are active on .mﬁrine leukemias
p388 and L1210 such as m-amsacrine and doxorubicin,

. Moreover mitoxantrone has shown good activity in
other significative experimental tumore such as murine
Lewis lung carcinoma ahd MX)l human mammary carcinoma.

Wwe have how discovered that the compounds of the
invention 6,9~bis[(amiﬁoélkyl)amino}benzc[g]isoquinoli#
ne-5,10-diones are active as antitumor agents: they are
highly éffectjve against murine Jleukemias leio and

p388 and against Lewis lung carcinema and MX1 human

_K

- Tiis Sheet Has Been R

llllllll Wi



10

15

20

25

30

mammary carcinoma.

Table f
Prior art compounds

Q NHCO,EL
” ]
—
N
O NHCOzgt
1
0  NHCOEt
N S
ks |
N .
o  NHCOEt
) .
0 NHR
a
—~
N
o NHR
54 Re CH,CH,N(CHsY, .
$h Re CH,CH N,
5¢R=C uzcu,cn,mcn,h
5d R= CHyCHaNHCOCH
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O NIICO;Et
% ; |
Na, o~
0 NHCO,E!
2 |
OH O
‘ =
N
OH ©  NHR  4ReCIlCHNCHY
4b R= CH:C“ZCHZN(EI)Q
.4£ R= CHZCHzNHCH;CHZOH
O NHR .
0 NHR
63 R= CH,CHyN(CH3),
6h R CHCHN(EY,
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Table XII | |
Antitumor activity of prior art compounds 5 and §
against murine 1 1210 leukemia (from J. Med. Chem,

(1985), 28, 1124-1126)

in vitro in vive
IDg, (pg/m1) Dose (mg/kg) TiC
5a 0.16 50 130
5b 2.4 - / 100 toxia
5c 1.7 .
6a 0.08 30 150
§b 0.30

BRIEF SUMBARY OF THE INVERTION
The compounds of the invéntion have the formula

(1) '
O  NHR

(X

0 NH-R

wherein R is CyC30 alkyl, phenyl or Cqa-Cyyq aralkyl:

C3-Cyp alky)l having one or two substituents selec-
ted from the grouwp consisting of OR, and -NR, R,

CZ—C-l0 alkyl interrppted by one ox two oxygen
atoms or by one member selected from the group con-
gisting of ~NR,~, cis ~CH=CH, trans -CH=CH-, -C=C-, and
optionally substituted by one or two hydroxy (OH) or

_ —NR2R3 groups;

Ry is selected from the group consisting of hydro-
gen, C,-C¢ alkyl, phenyl, C,-C,, arslkyl, -CHO, ~CORg,

~CODR —S(OZ)Rsy'CZ—CG_alkyl optiocnally substituted by

5'
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R, and Ry may be the same or different and are sa-

lecked from the group cnnsisting of hydrogen, C;~C,

. alkyl, Cy-Cyp aralkyl, phenyl, CZ-C10 alkyl substituted

with one or twoe hydroxy (OH) groups, -CHO, —CORS,
~COORg , -stoz)ns, ohe of_n2 or R, is H and the other is
—¢(=NH)NH2, or R, and Ry taken together with the nif
trogen atom to which they are bound form an ethyle-
neimine rihg or a 5- or 6-membered aromatic or non-aro-
matic heterocyclic ring which might contain another he-
tercatom such as sulfur, oxygen or nitrogen;

R, is selected from the group consisting of hydro-~
gen, Cl“clo alkyl, Cz‘clo' hydroxya;kyl, cz"clo alkyl
substituted by -NRZRB, C7-clo aralkyl, phenyl, «CORS,
'-COOR5 or ~S(0 )R
Rg ie selected from the group consisting of C 1-C1p
alkyl, C7—C10 aralkyl,_c¢- 8-, or J¥-naphthyl, phenyl
o-, m-, or p~tolyl; '

85 free bases and their salts with pharmaceutically

acceptahkle acids.

The present invention also concerns the tautomeric

formg, the single epantiomers and diastereocisomers of

the compounds of formula (I}, as well as mixtures the-
reof.

The present invention also concerns the non-toxic
salts of the compounds of formula (I) with acids accep-
table for pharmaceutical and veterinary use sueh as
those obtained by addition: of inorganic acids like
hydrochloric, hydrobromic, sulfuric, phosphoric,
pyrophosphoric acid and/or of organic acids sGuch as

acatic, propionie, citric, benzaic,_ 1aqtic, maleic,

Th"g Qheet H

i i Illl i

—



10

15

20

25

io

| THIS SHEET HAS BEEN
8 | . REPLACED

fumarie, succinic, tartarie, glutamic, aspartic, gluco-
nic, ascorbic acids and the like.
DETAILED DESCRIPTION OF THE INVENTION

in compounds (I) the texrm "phenyl"™ means phenyl
rings which can optionally contain substituents such as
(clncdlalkyl groups, CF4) halogen atoms, nitro, amino,
acetylamino, formylamino, dimethylamino, diethylamino,
hydroxy, methoxy and ethoxy groups. '

‘Preferred examples of Cl--c10 alkyl groups are
methyl, ethyl, n-propyl, sec-propyl, n-butyl, sec-
butyl, tert-butyl, n-pentyl, n-hexyl.

Prefaerred examples of C7"Clo aralkyl are benzyl
and 4~methoxybenzyl. When in compounds of formula (1) R
is a Cz-c10 alkyl dinterrupted by one or two oxygen

atoms or by one mémber gelected from the grouP consi-

sting of —NE; ¢is~CH=-CH~, trans-CH=CH~-, -CEC~ and
optionally substituted by one or two hydroxy or -NR,R,
groups, at least two carbon atons are preferably inter-
posed beiwegn sald oxygen atoms and/or the -NR, - and
-NR R, groups. _

When in compounds pf formula (1) the -NR,R, sub-
ptituent is a 5-6 member aromatic or not aromatic he-

terocyclic ring which may contain another hexroatom

.such as sulfur, oxygen and nitrogen, preferred examples

of said heterocyclic rings are 1l-imidazolyl, 1l-pyr-
rolyl, l-tetrahydropyrrolyl, l-pyrazolyl, 4-morpho-~
liny}, l-piperidinyl, l-piperazinyi, 1-(4-methyl)-pipe-
razinyl, 1-(4-benzyl)-piperazinyl.

Particularly preferred are compounds of formula
{x) in which R is a Cz-cw alkyl selected from the

group consisting of:

This Sheet Has ‘Been Replaced
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~ residve of formula Atcnsz-ﬂﬂz wherein p is 2, 3 or

4-

~ xesidue of formula —(CH ) -NR2R3 whereln p is as.

above defined and R, and R, are a C,-C, alkyl or taken
together with the nitrogen atom, they fo;m an heterocy-
clic ring selected from the.group congisting 0F l-ethy-

leneimine, l—pyrroiidine, 4-morpholine, l-piperazine,

‘4-methyl-1-piperazine, 4-benzyl-l-piperazine, 1l-piperi-

dine, .
~ rasidue of formula —(Cusz—nnzﬂs wherein p is as
above defined and R, is hydrogen and R, is a Cy~Cg

-alkyl,

NH
- regidue of formula —{CRZ)p-NH—%—NHZ wvherein p is as

above defined
- residue of formula ~(CH,, ) —NH (CHZ) ~OH wherein p and
q are 1ndependenbly an 1nheger selected from the group

congisting of 2, 3, 4,

"= residue of formula —(CHZIP~0H wherein p is as above

defined .
-~ residve of formula_—(cnz)pwo—(cnz%fOH wherein p and q
are as above defined.

Bpecific examples of the preferred compounds of
this invention are a¢ follows:

6,9-bis[[ (2~ (am;no)ethyllamxnolbenzo[gjisoquinoline—

- 5,10-dione;}

6, 9—b15{[2-(4'-morpholino)ethyl]aminolbenzc[gllsoquiho~
line-5,10-dione; _
6,9-bis(l2- (dlmethylamxno)ethyl]aminolbenzo[gllsoquino~

'1ine ~5,10-8ione} -

6,9-bis([2-(diethylamino)ethyllamino}benzolglisoquino~-

This Sheet Has Been Replaced
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line-5,10-diones
6,9-bis{l2- [di(sec~propy1}amino}ethyl]amino!benzo[g}—

isoqu1n011ne—5,10—dlone;

'6,9-bis{[2~(1'~pyrrolidino)ethyllaminojbenzolglisoqui-

nolina~5,10~dione;

6,9-bis{f2- t1'—aziridino)ethyl]aminolbenzo[g]isoquinOe
line~5,10-dione;
6,9—bis[[2-(methanesulfonyloxy)ethylJaminolbenzo[g]iso-
guinoline-5,10-dione;

6,9-bis {[4-(amino)butyl)aminolbenzolglisogquinoline-
5,10-4ione; ’ '

6,9-bis [[3-(amino)propyl) Jamino}benzolg)isoquinoline~
5,10-dione; . '
§,9-bis [[2-[ (2-hydroxyethyl)amino]ethyljaminolbenzoly]-
isoquinoline-5,10-dione; ’
6,9-bis{[3- (dimethylam;no)prOpyl]amino]benzo[gllsoqui-
holine-5,10-dione;}

6,9-bis{[{2- hydroxy)ethyl]amxno}benzo{g]isoquinoline-
5,10--dione;

6,9-bis{{{2-(2-hydroxyethoxy)ethyl lamino}benzolg]liso-~
quincline-5,10-dione;’
6,9-bis{l2-{methylamino)ethyl}aminclbenzolglisoguineo-
line-~35, 10-dione;

6,9-bis{{2- (ethylamino)ethyl]amlno}benzo(g]lsoquinull-
ne-5%,10-dione;
6,9-bis{l2-(h-propylamino)ethyllamino]benzo{ygl}isoqgqui~
noline-5,10-dione; '
6,9-bis{[2~ (sec-propylamxno)ethyl]amino]benza[g]isoqul-
noline-5,10-dione;

-6 9-bislli2- (QU?nidlno)ethyl}aminolbenzo(qlisoquinoline—

5,10-dione;

Sheet Has Been Replaced

N IIllli Al



5 of formula (I1)
~ ' {11)
Nag
1_0
with a compound of formula (XIXIX) )
R'nNHz (111)
wharein R' has the game meanings as defined irr formula
15 {1} for R or it is a group which may be converted to R,
to give a compound of formula {(Ia}:
0  NHR
"]
20 Na | {In)
0O NHI-R®
and then optionally performing one or more of the fol-
lowing steps:
25 a) when R' is other than R, converting R' into R
to obhtain a compcdnd of formula (1)}
b) when R! is one of the groups defined above for
R in compounds of formela (1), and in which case the
compounds of formula {Ia) are the same as the compounds
30 of formula (1), R' can be optionally conVExted into
another R group to give another compound of formula
This Sheet Has Been
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6,9-bis{[({2-amino-2, z’diNEthyllethYI]amino)benzo[g]15°~
quinocline-5,10-dione, : :
The compounds of this invention can be prepared by

reaction of 6,g—difluorobenzo[g];soqu;noline ~5,10-dione

R
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(1) _
" ¢) optional salifigation and/or sqlvahion of the
obtained compounds of formula (1) or sgparation of the -

isomers thereof.
The reaction of the compound of formula (IX) with

a compoeund of formula (II1) is generally carried out in
the presence of a stolchiometriec amount or a slight mo-
lar excess of a compound of formula (1II) ih 8 solvenk
such as methylene chloride, chloroform, 1,1,1-trichlo-~
roethane, dimethoxyethane, tetrahydrofuran, dimethyl-
sul foxide, dimethylforﬁamide.' pyridine, picoline, and

- mixtuxes thereof, or, if it is desired, using compound

(111) itself as the solvent, optionally in the presence
of an inorganic base such as an alkaline or alkaline-
earth carbonate or hydrogen carbonate or an organic
base such as a trialkylamine, at a temperature from 0°C
to the reflux temperature of the solvent,

Preferably the reaction is carrxied out in a sol-
vent such as pyridine, chloroform or dimethylsulfoxide,
using from 2 to 10 eguivalents of compound (1I1) for 1

equivalent of compound (1I) and working at a temperatu- -

-re ranging from room temperature to 50°C.

If 4t is desired the compounds of formula {1) in
which R is an hydroxyalkylamino alkyl group of formula
—(cnzipmuu-(cuz)q—ou, wherein p and q ate as defined
above, can be obtained by reaction of a compound of

formula (I) in which R is a group of formula

_-(cnz)p-OS(oz)Rs with a compound of formula (1V)

H N-(CH ) -0~ (1IVv)

wherein E is a hydroxy protective group such as a

30
 trialkylsilane, (dialkyl)arylsilane, formyl, acetyl,
Th]s Sheet Has Been Rep
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which reaction may be bphionally followed by removal of
the protective group E. '
£ it is desired the' compounds ‘of formula (I} in which
R is a group of formula —(CH ) -NR2R3 wherein one of R,
or R, is hydrogen ‘and the other is hydrogen or a Cl-c6
alkyl may be obtained by reaction of compound {(II) with
a monoprotected diamine of formula {V):

| H,N-(CH)) -N(COORg )Ry " W
wherein Ry is hydregen or a Cy~C. a;kyl and p and R
are as defined in formula (1), to give a compound of
formula (Ia) in which R' is a group of formula
-(CHz)p—N(COORS)RB, which reaction may be followed by
removal of the protective group COORS.

Useful teachings for the removal of the above men-
tioned protective groups can be found in Green, &.w.,
Wots, P.G.M,, "Protective GrouPs'in Organic Synhesis“,
second Edition, John wiley and sons, (1991).

_The compounds of formula (I) in which R is a group

‘of formula u(cnsz—nnuc(=wn)nuz can be prepared by re-

action of a compound of formula (IXI) in which R is a
grovp of formula »(CBz)p—NHZ with the réagant.of formu-
la (vI): '

' B, N-C(=NH)50 H | (Vi)

for example following the procedure described in
Tetra. Lett. (1988), 29, 3183- 3186.

The 6,9-difluorcbenzolglisogquinoline-5,10-~ d;one of
formula (11) may be prepared by a multistep procedure
involving the Friedel-Crafts acylation of 1,4-difluoro-
benzene with pyrldine-3,4-dicarboxylic acid anhydride,
which results in compounds having the strbcture accox-

ding to formuolas {VIXIa) and (VIIb):
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T
0 F
(Vila) (V1ib)

Compounds according to formulas (VIfa) and {(ViIb}
may be then éubjected to a pyclization reaction in 30%
fuming sulfuric asid at approximately 140°C to give the
compound of formula (II). ' '

The compounds of formula (III),‘I (zv) and (V) are
known, commercially aVailable or they can be prepared
acrordingly to known procedures. '

For example, the compounds of Eormula (v) may be
prepared according .to the procedures described in
Synth. Comm., (1880), 20, 2559 and in J. Med. Chem.,
(1990), 33, 97.

The evaluation of the biological activity for the
compounds of thii invention 'was performed "in vitro®

and "in vivo" following the protocols developed by the

- U.8., National Cancer Institute.

25

30

The evalvation of the "in vitro* ecytotoxic acki-
vity of the compounds of the invention was pexformed
using a human colon adenocarcinoma cell 1ine (Lovo)
isclated from a metastatic nodule and a subline with
.aquired reasistance to a number of antitumor agents,
among which doxorubicin, VP-16 and vincristi.ne. This
subline {named Lovo/DX) shows reduced accumvulation of
doxorubicin and overexpression of -a protein (Grandi,
M., Geroni, C.,.Giuliani, F.C., Bri'tis,h, J. Cancer,
(1886), 54, 515). The compounds were tested according
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to tha MTT assay {(Mosman, T., "Rapid Colorimetric assay
fof cellular growth and survival: applicétion to
proliferation and cytotoxicity asgsay", J. Immunol.
Methods, (1983), 65, 55-63; Green, L.M,, "Rapid colori-
metric assay for cell viability; application to the
guantitation of cytotoxie ‘and growth inhibitory lym-
phokines", J. Immunol. Methods, (1984), 70, 257-268) in
comparigson with mitoxantrone, ametantrone and doxorubi-
cin. The data are reported in table VI,

In general representativé compounds of this inven-
tion were equally cytotoxic as ametantrone and mi-
toxantrone in the Lovo cell line, the highest ecytotoxi-
city (superior to that of mitoxantrone} being shown by
the compound 6,9-bis{{2-{dimethylamino)ethyl]amino)-
benzo[glisoquinoline-5,10-dione  (1lDa) described in

example 4 of the experimental section. When ametantrone

or mitoxantrone were tested in the Lovo/DX cell line, a

resistapce index R.I. (defined as the ratio of the IC50
for the resistant cell line to the 1Cq, for the sensi-
ble vell line) as high as 101.2 and 29.0 respectivelly
was found, showing that this subline did have an aqui-
red resistance to mitoxantrdne and ametantrone. On the
othey hand, when representative compounds of this in-
vention were tested in the same resistant subline no

vross resistance with mitoxantrona and ametantrone oc-

cured, as can be observed for compounds 10a, l2¢, 10b,

10e and 10d described in the examples 4, 22, S5, 8 and 7
of the experimental section, respectively. ‘These com-
pounds, in genevral), showed on this resistant subline the

same ICg, shown by ametantrone on the sensible Lovo

‘celd line. Compound 10a, in particular, was more active
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than mitoxantrone in the Lovo/DX cell line.

-These "in vitro" data suggest that representative
compounds of this invention may be useful in order to
overcome the multidrug resistance mediated mechanism of
tumor resistance. '

. The "in vitro" cytotoxic evaluation was alsolper—
formed on 1L 1210 murine leukemia cells using the above
mentioned cells maintained in suspension cultures

(McCoy's 5A medium suppiemented with 10% horse serum,

. glutamine, penicillin and streptomycin) grown in an hu-

midified environment of 10% carbon dioxide and 90% air
at 37°C. The compounds were dissolved in dimethylsulfo-
xide (DMSO) and added to the suspended cells in appro-
priate concentrations. After 72 hours of conhinuous X~
posure, the cell concentration was ‘counted using a
Coulter Counter and growth inhibition calculated using
the formula: ' h
% growth inhibition = 1 = [cell number trea-

ted/cell number DMSO alone] x 100. |

~The I1C¢, was calculated from the.gtowth. inhibition
data and they are reported in table VII in ctomparison
to the priox art compound 5a {see table I for gtructure
of 5a)- | o )

studies of the biological activity "in vivo"

of representativa compounds ‘of the invention were per-~
formed using the P 388 and L 1210 murine leukemia mo-
dels.

 p 388 murine leukemia cells were intraperitoneally
(ip) or intravenoual& t{iv) injected in CD2Fl mice. Tre~
atment was inikjated approximately 24 hours after tumor

trapnsplantation and dosages of the drug were admi~
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nistered ip (P388 ip/ip) or iv (P388 iv/iv) according
to preestablished' prxotocols, usual%y' at .3-day (P3BB
iv/iv) or 4-day (P388 ip/ip) dintervals. 'The studies
were done over a 6Q—déy period and the date of death
for each animal was recorded. The % T/C was Qetermined
using the mean survival time (MST) for each group ac-
cording to the formula
% T/C = [(MST treated)/(MST control)} x 100

For esxample two representative compounds of this
invention, nhamely 6,9-bis{{2-(aminoc)ethyl]amino}benzo-
{glisoquinoline-5,10-dione 10i as the dimaleate salt
(10i maleate) described in example 12 and 6,9-bis({l(2-

. dimethylamino)ethyl]lamino)benzolglisoquinoline-5,10-~

dione L0a described in example 4 showed an activity su-
perjor to that of mihoxantroﬁe in the P 388 iv/iv mo-
del. Compound 104 of the present finvention, both as the
hydrochloride (10i.HCl) and the dimaleatd’ salt
(10i.maleate) desaribed in example 12, was superior to
mitoxantrone also ,'ln' the P 388 {p/ip model. Moreover
the above representative compounds of the invention
showed antilevkemic activity over é widé range of wall
tgleréted dosages and in particular they were active at
dosages which were lower than the ﬁaximum tolerated
dose, providing indication for a more favourable thera-
peutic index in'eo:nparison' to mitoxantrone. The results.
are shown in table VIII and table IX.

he antitumor activity of representative compounds
of this invention was evaluated also in the L' 1210 mu-
rine leukemia model. . -

L 1210 leukemisa cells were intraperitoneally (ip)

injected in CDFl mice and treatment was initiated ap-
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proximately 24 hours.afﬁer tumor transplantation. Dosa-
ges of the drugs were adminigtere§ ip according to
preestablished protocols, usually at 4-day intervals,
The studies were done over a 60-day periocd and the date
of death for each animal was recordeé. The % T/C was
determined using the mean gurvival time (MST) for each
group according to the formula
¥ 7/C = [(MST treated)/(MST control)] x 100
The resulte are shown in table X and XI

.Froﬁ table X the surprisingly superior antileuke-
mic activity of representative compounds of the inven-
tion (namely compound 10a of example 4, compound 10i.
HC1l of example 12.ahd 6,9-bis{{2~(2-hydroxyethylamino)-

‘ethyllamino)benzolg)isoguinoline-5,10-dione 101 prepa-

red in example 17 (dimaleate salt}) in comparison to
the prior art compound S5a is evident.

From table XI & clearly favourable comparison
again e.mérges between the exaéllent antileuvkemic acti-

vity of compound l0i . HCL of the invention and mi-

"toxantrona.

Activity'againsh solid tumors of the compounds of
the invention was demonstrated using the murine Lewis
Lﬁng carcinoma and the human_mammary carcinoma MX-1 mo-
de;s; These'tumor models are enclosed in the panel of
eight transplanted tumors used by the U.8.-NCl as
screaeh panel for selection of clinically ugeful antitu-
mor agents (R.K.Y. Zee Cheng and C.C. Cheng, "Sdregning
and evaluation of anticancer agents", Meth. and Find.
Expl. Clin. Pharmacol., (1988), 10(2), 67-101}). As an
example, table XII shows activity data against these

two solid tumors of one representative compound of this
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invention, G,Q—bis{[(z-amino)ethyl]amino)benzotg]iso-
quinoliné-s,lo-ﬂione dimaleate (;Qi_ maleate; example
12).

Bince representative compounds of this invention
show good results against "in vivo" models of murxrine P
388 and L 1210 leukemias, murine Lewis Lung carcinoma
ané human mammary carcinoma MX-)l, which as noted above
are predictive of good results in humans, the compounds
disclosed herein are expected to be operative against
human leukemias and soliﬁ tumors. '

The compounds of the presant invention may there-~
fore be used as acktive ingredients of therapeutic
compositions to induce regression and/or palliation of
cancers in mammals when administered in émounté ranging
from about 1 mg to about 0.4 g per kilogfam of body -
weight. A preferred dosage regimen would be from about
1l mg to about 50 my per kilogram of body_weighh pef
day. Unit dosages may be employed so that from about 70

mg to about 3.5 g of the active compound for a subject

of about 70 kg of body weight are adminigtered in a 24-
hour period. The dosage may be adjusted to be compati-
ble to other ﬁreatment regifmens, such arg radiation ihe-
rapy. |
' The pharmaceutical composition may be in the form
af. tablets, «capsules, gel capsules, suppositories,
lyophilized péwders and soclutions for intravenous admi-
nistration. '

The invention is illustrated by the following non-

< limiting examples, and variations which are readily ap-

parent to thote sgkilled in the art. The pertinent for-
mulae are 11lustrated in the tables I, IIXI, IV and V.
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TABLE IV
O NH-CH,CH,-NRR,

O  NH-CH,CH,-NRR,

103, R = R, = CH,

b, R =R, = CH,CH,

¢, R =R, = CH(CH,),

d, R = Ry = -CH,CH,CH,CH,-
¢, R = R = -CH,CH,OCH,CH,-
f,R=R;=-CH,CH,-

g, R=H, R, = CO,{Bu

h, R = Cliy, Ry = CO,tBu
i,R=R;=H

j,R=TI1, R, = COCH;
k,R=H,R,=CH,

L, R=H, R, = Ci},CH,0H

m, R =H, Ry = C1;;CH,0CH;
nRe 1§ y Ry = CH,CH;

o, R=1, Ry=CH,CH,CH,
p. R =1 Ry = CH(CHy),
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TABLE V

O  NH-CH,CH,OR

O . NH-CH,CH, OR

' _l_lal R= l‘!
bo R= SOzCH;
¢, R=CH,CH,0H

O  NH-(CHp,-NRR,

0 NH- (CH,) . -NRyR; -

128,n=3,R=R,=H
b, n=4,R=R,=H
¢, n=3,R=Ry=CH;
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Example 1 |
Pyridine~3,4-dicarboxylic acid anhydride (7)

A mixture of pyridine-3,4-dicarboxylic acid (15.0
g, 0.09 mol) and acétic‘anhydride'(30 ml) was refluxed
for 2 hours. The excess acetic anhydride was removed by
distillation and the anhydride was collected and puri-
fied by sublimation (123°C at 3 mm Hg) to yield 7 as a
white solid (10.1 g, 76%), m.p. 74-76°c. m wMr (cpely)
9.39 (s, IH), 9.24 (4, 1H), 7.94 (4, 1H).
Example 2 _
4-(2',5'-Difluorobenzoyl)nicotinic acid (8a) ~and 3-(2°'-
5¢~difluorobenzoyl)isonicotinic acid (8b)

" ling to room temperature, the mixtutre was

\

A mixture of 7 (5.0 g, 0.033 mol) and.aluminum
chloride (17.5 g, 0.13) mol) in 1,4-difluorobenzene was
heated in an oil bath at 110°C for 22 hours. The excess
of 1,4-difluorobenzene was recovered by distillation.
The re=zidue was cooled in-én ice Eath and guenched with
ice water {75 ml) and conc., hydroéhloric acid (6.3 ml).
The precipitated solid was filtered and dried to yield
a white powder (7.7 g, 87%). This material could be
crystallized from acetonitrile and water; m.p. 214-
217°c; n WMR (DMs0-d;), 9.15 (s), 8.90 (&), B.80 (d),
7.80 ¢(d), 7.5 (m), 7.4 (m). Anal. Caled for C13H7F2N0 !
¢, 59.32; ¥, 2.69; N, 5,32, Found: C, 59.03; H, 2.55

N, 5.18B.

Example 3
6, 9- Difluorobenzo(glxsoquinoline-S 10~-dione (9)

The keto acid mixture OF 8a and Bb (3.0 g, 0.011

mol) in fuming sulfuric acid (7. 5 ml, 30% 80,) wvas hea-

ted in an oil “ath at 135-140°C for 3 hours. After coo-~
poured into
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ice (200 ml) and neukralized with sédium bicarbonate.
Extraction with methylene chloride gave 9 as a yellow
solid (2.0 g, 72%)§ m.p. 199-200°C; ‘W NMR (epcl,) 9.54
(s, 1H}, 9.12 (4, 1H}, 8.03 (d, 1H), 7.‘57 (m, 2H).

" Anal. Calcd. for Claﬂ F.NO C, 63,67; R, 2.04; W,

-k R B
5.71. ¥ound: C, 63.B6; H, 1.663 N, 5.39,
Example 4

6,9-Big{l2-(dimethylamino)ethyljaminolbenzofgl}isoquino-
line-5,10-~-dione (10a) _

A mixture of 6,9-difluorcbenzolglisogquinoline-
5,10-dione, 9 (20 mg, 0.08 mmol) and N, ,N-dimethylethy-
lenediamine (0.5 mmol, 0.8 ml of a 1 M solution in py-

ridine) was stirred at room temperature for 48 hours.
Most o©of the pyridine wa's allowed to evaporahe; ether
was added, and the product 10a removed by filtration
(24 mg, 79%), m.p. 167-168°C; "M NMR (CDCl,) 11.06 (br
£, 1H), 10.97 (br t, 1H), 9.63 (s, 1M), 8.92 (d, W),
8.11 (4, 1H), 7.32- (m, 2H), 3.54 (g, 4H), 2.7 (t, 4H),
2.38 (s, 12H); mass spectrum m/z (relative intensity)
381 (2.0, M%), 59 (5.4), 59 (100); U.V. A max (2-
methoxyethanol) 680 (sh, 6200), 614 (10,600}, 661

(12,700)., Anal, Calcd. for C21 27N502 ¢, 66.12; H,
7.13a'N. 18.36. Found: C, 66.22; H, 7.1¢, N, 18,20,
ample 5

6,9-Bis{[2- (diethylam;no)ethyl}amlno]benZQIQIisoquino-

line-5,10-dione (10b}
A solution of N,N-diethylethylenediamine (684 mg,

5.9 mmol) in pyridine (2 ml) was added to 3 j202 mg,

10.82 mmol) in pyridine {2 ml). The purple mixturse was

stirred at room temperature for 48 hours (TLC analysis

at this point showed one blue tomponent: gilica gel, 5%

v m—. e n
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HeOH/CH6137. The excess base and pyridine were removed
by evaporation with a slow stream of nitrogen gas. The
orxude material was then élaced under vacuum overnight.
Upon addition of lce-water to the residue éhe solid was
collected by filtration and dried (330 mg, 84%); m.p.
142-244°c. W wMR (coc1y) 11.10 ¢k, 1y, 11.00 (&, 1H),
9.60 (s, 1H), 8.92 (d, 1H), 8.10 (d, 1H), 7.25 (m, 3m),
"3,50 (m, 1H), 2.82 {m, 1H), 2.35 (m, 3H}, 1.10 (m,
12H). Anal, Calcd, for C,.H.-.N.O.: €, 6B.62; H, 16.00;

> 25735759 °
N, 7.31. Found:s C, 67.95; H, 16.08; N, 7.28.

Example 6
6,9-Big{[2-[di({sec~propyl)aminolethyl Jamino}benzolg]-

isoquinoline-5,10-dione (1l0¢)

| N,N-diisopropylethylenediamine (588 mg, 4.1 mmol)

was added to compound 9 ({100 mg, 0.41 mmol) in methanol
(1 ml) and water (1 ml). The mixture was allowed ko
sktir at room temperature for 88 h and then poured into
ice water, The blue'precipiﬁate was recovered by fil-
tration. ‘The solid was .purified. by column c¢hromato-
graphy over gilica gel, The initiél eluant was chloro-
form followed by 2% and 20% methanol in c¢hloroform.
| Concentration of the latter eluants led to 163 mg (81%)
of product 10c. mp 134-136°C; 'H NMR (CDC1;): 10.95-
11.20 (m, 2H}, 9.63 (=, 1H), B8.92 (4, 1lH), B8.13 (4,
1#), 7.33 (m, 2H), 3.45 (2q, 4H), 3.10 (h, 4H), 2.82
{v, 4H), 1.08 (4&, 24B), Anal. calcd. for C29!43N502. c,
70.55; H, 6.78; N, 14.19, Found: C, 69.23; H, 8.71; W,
13.43.

, Example 7
6,9-Bis(f{2-(1*. pyrrolidino)ethyl]aminolbenzo[glisoqui«

noline-5,10-diona (104)

/
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A solutjon of 1l-(2-aminoethyl)pyrrolidine (690 mg,
6.0 mmol) in pyridine (2 ml) was added to § (202 mg,
0.82 mmol) in pyridine (2 m1). The mixture was stirred

at room temperature for 49 hours. The excess base and

pyridine were removed using a slow stream of nitrogen,
The residue was placed under vacvum overnlght; Cold wa-
ter was added to the residue and a tacky solid separa-
ted. The product wags extracted with chloroform {3 x 35
ml), the extracts dried over sodium sulfate and the
chloroform removed by rotary evaporation to yield the
title compound (260 my, 73%); TLC, silica gel, 5%
MeOH/CﬁClS, one blue gspok; m.p. 141-142°C, lﬂ NMR
(cocly) 21,15 (&, 1H), 11.00 (t, 1), 9.65 (s, 1H),
8.90 (4, 1H), 8,05 {4, 1H), 7.35 (m, 2H), 3.65 (m, 4H),
2.50 (m, 41), 2.70 (m, BH), 1.8% (m, BH). Anal. cCalcd.
for C,cHy NcO,: C, 69.26; H, 7.21; N, 16.15. Found: C,

69.02; H, 7.25; N, 16.00. -

Maleate salt., Under a nitrogen atmosphere a solu-

_ tion of maleic acid (271 mg; 2.34 mmol) in ethapol €5

ml} was added to a stirred suspension of cowmpound _;_g__c_l_
{450 mg; 1.04 mmol) in ethanol (20 ml). After stirring
for two hours diethyl ether (25 ml) was Eelowly added
and the preclpitate'was filtered and dried under vacuum
at 40°C to give the hygroscopic dimaleate salt of 104
(580 mg); m.p., 164-166°C..

Anal. cCaled. for- C33H39N5010 . H20= q, 57.96; H,
6.04; N, 10.24. Founds c, 57.85, H, 5.993.N 10.14.

_Examgle 8

6.9~Bisl{2-(4'—morghoiino)ethyl]amino]benzo[glisoquino—

line~5%,10-dione {(1l0e)

A solution of 4-{2-amincethyl)morpholine (220 mg,
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1.7 mmol) in pyridine (2 ml) was added to g (102 mg,
0.42 mmol) in pyridine (1 ml). The purple mixture was
stirred at room tempetaturé for 120'houré. The  excess
amine and pyridine were evaporated using a slow nitro-

gen stream and the residve placed under vacuum overni-

ght. The mixture was taken up into chloroform and then

filtered. Removal of the chloroform laft a blue golid
which on TLC (silica gel, 25% HMeOH/75% CHClalfew drops

_of aq. ammonium hydroxide) showed one blue spot (140

mg, 72%); ‘B NMR (CDCl,) 11.015 (m, 1H), 10.90 (m, 1H),

9.62 (d, 1#), B.90 {d&, 1H), B8.10 (4, 1R), 7.25 {m, 2H),
3.80 (m, B8H), 3.55 (m, 4H), 2.75 {t, 4M), 2.50 (m, BH).
Anal. Caled. for C Hy Ng0,t - C, 64.22; ¥H, 6.68; N,

2573
11.98, Found: C, 63.95; H, 6.78; N, 11,89,
Example 9 . '

6L9—Bisl[2—(l'-aziridino)ehhyl]amino!benZng]isoquino—
line-5,10~dione (10£)

Found: ¢, 66.50; H, 6.00; N, 1B.20.

The procedure of example 4 was repeated reacting
compound 9 with N-(2-aminoethyl)aziridine and the resi-
due obtéined after evaporation of pyridine was purifiad
by silica gel column chromatography.

A major blue: band elﬁted with 10%,CH30H in cm::l3
was collected. Crystallization from a mixture of methy-~
lene chloride and ligroine yielded a dark blua solid,
m.p. 100-103°C; lg NMR (CDCly) 11.23 (br, 1H}, 31.15
{br, 1), 9.73 (s, 1H), 8.91 (d, 1H), B8.12 (4, 1H),
7.40 (¢d, 1), 7.38 (d, 1H), 3.69 {g, 4H), 2.60 (t, 41},

| 1.85 {m, 4H), 1.24 (m, 41); mass spectrum m/z {relative
. intensity) 377 (loo, M'), 278 (72.7), 56 (12.6). Anal.

Calcd. for C21H23N502: c, 66.823y H, 6.14; ﬂ, 18.55.
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Example 10 | '
G,B-Bis([2-[N7Lt-butoxycafbony1)amino]ethyl]aminolben-
zolglisoquinoline-5,10-dione (10g)

A solution of 9 (0.10 g, 0.41 mmol)' and N-(ﬁ-bu—

toxycarbonyl)ethylenediamine (Synth. Comm., (1990}, 20,
2559; O.GS-g, 4.10 mmol) in pyridine (1.0 ml) wag stir-
red at room temperature for 24 hours. Addition of water
(20 ml) led to 10q which was filtered, washed with wa-
ter and dried (0.17 g, 80%), m.p. 213-216°C. Crystalli-
zation from a CHC13= CCl4 mixture gave a dark blue so-
1id m.p. 215-216°c; A NMR (cDCLy) 11.07 (br, 1H),
10.96 (br, 1H), 9.49 (s, 1H), 8.90 (4, 1n), 7.99 (4,
18}, 7.32 (s, 2H), 5.30 (br, 2H), 3.58 (m, 4H), 3.47
{m, 4H), 1.56 (s, 1BH); mass spectrum m/z (relétive in-
~tensity) 525 (100, M%) 339 (51.9), 57 (B7.7), Anal.
Caled. for €, H, N.O.t C, 61.70; H, 6.73; N, 13.32.
Found: C, 61.18; H, 6.29; N, 12.88,

Example 11 . '
GLQ-Bis((2-(N—t—bptoxycarbonylwu-methylamino)ethgl]amir

no}benzo[g]isoquinoline-s,lﬂ—dione {(10h) _
6,9-difluorobenzolglisoquinoline-5,10-dicne - (0.29

g, 1.18 mmol) was added to a stirred soclution of N-{t-
butoxycarbonyl)-N-methylethylenediamine (0.824 g, 4.73.
mmol) (J. Med. Chem. 1990, 33, 97) in dry pyridine (5
ml). The reaction mixture was stirred in a nitrogen at-
mosphere for 24 hours at xoom temperature and then for
fuxther a-hours at 50°C. The suivent was removed under
reduced pressure and the blue residue obtained w&s
taken up with CH2012 (50 ‘ml), washad with a 5"£ Na\HCo:)3
" solution (2 x 30 ml) and with watexr (30,m1). The combi.-

ned organic phases were dried nvar,'NaZSO" and the sol-
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vent evaporated under reduced pressure.

The blue tesidue.was purified by column chromato-

graphy (silica gel 230-400 mesh, 50 g, eluent CH,CL,:
AcOEt: MeOH 93:5:2) yielding 400 mg (61%) of blue cry-
stals, m.p. 161.5 - 162.5°C after recrystallization

from CH,Cl,: hexane.

e wMr (cDC1,) 1.48 (s, 18H); 2.94 (s, 6H); 3.45-3.75
(m, BH); 7.25-7.55 (m, 2H); B8.12 (4, 1H); B8.95 {d, 1H);
9.62 (s, 1HM); 10.95-11,23 (m, 28, exchangeable with
D,0). |

Example 12

6,9-Big|l2-(amino)ethyllamino}benzolglisoquinoline-
5,10-dione (l04i)
From difluoride 9: Under a nitrogen atmosphere 1,2-dia-

minoethane (8.72 ml; 130.5 mmol) was added to a skirred
solutfon of compound 9 (4.00 g, 1l6.3 mmol). in pyridine

{80 ml)., A slightly exotermic reaction ensued that was

moderated by cooling in a water bath at 20°C. The reac.

tion mixture was stirred ‘at room temperature for 34
hours, then it was cooled to -5°C for 30'minutes, the
solid was separated by suction under a nitrogen flow
and dried overnight under vacuum at 30°C. The crude ma-
terial obtained (6.07 g) wae recrgstallized by dissolu-
tion in methanol {20 ml) at 40°C and reprecipitation
with methylene chloride (100 ml) and n-hexane (300 ml}
to give 5.12 g of 10i as a blue solid.

H NMR (c9613)= 11,10-11.30 (2m, 2H), 8.53 (s, 1H),
8.93 (d, 1H)), 8,13 (4, 1), 7.35 (m, 2H), .3.55 (4q,

4H), 3.10 (&, 4H).

HpLC Lichrospher 100 RP18, 5 ymj eluent: sodium hepta-
nesulfonate 2 g/l in H,01 CH4CN¢ dioxane 75:20:5, pH 3
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with #,90,;A = 245 nmj f£low 1 mifminj R, = 8.80 minu-

B
tes,

Maleate salt: tUnder a niﬁrogen éthSphere the free

bage 10f (3.50 g; 10.8 mmol) was dissolved in a mixﬁure
of ethanol (170 ml) and methanol (30 ml) by heating ﬁt
50°C for 10 minutes, then a solution of maleic aciad
(2.87 g, 24.7 mmol) in ethanol {30 ml) was added. After

heating for five more minutes at 50°C the mixture was

- allowed to cool to room temperature and then left at

4°C for 2 hours. The precipitate was separated by suc-
tion under a nitrogen flow and dried &t i0*c under va-
cuum to give 5.75 g of tha erude dimaleate.

To a stirred suspension of this orude material

- {5.71 g)_in water gBO'ml) at 50°C ethanol was added

dropwise until a complete solution was obtained {(about
300 ml), then more ethanol was added (400 ml) and the
mixture was allowed to cool to room temperature. After
12 hours the precipitate was separated by suction,lwau
shed with ethanol (15 mi) and diethyl ether {10 ml) and
then dried under vacuum at 30°C for S5 hours to give
4.22 g of the dimaleate salt of 10i; m.p. 176-178°C
shrinking, it doe= not melt up t6'245'c; Anal. Calcd;
for C17“19 .2c4n4 4 1.5 “20‘ C, 51.37; H( 5.17;: W,
11.98. Found: C, 51.31; ® 4.99; N 1ll. 93,

'n NMR (DMSO-4,) 10.52 (br, 1H), 10.87 (br, 1H), 9.45
(s, 1), 9.0} (m, 1HW), B.08 (m, 1H)}, 7.59 (s, 2H), 6.03
(s, 4H), 3.76 (br, 4H), 3.08 (m, 4H). U.V,, 1.528 my in

Cwater (50 ml}, nm (B 1%): 641 (271), 587 (245), 313

{98), 273 (257), 246 (479).
Hydrochloride saltb:

- a) From amine l0j: Hydrogen chloride gas was bubbled
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through a solution of the crude amine in chloroform un-

bil the sclution was no longer blue. The solid Was'filé

‘tered and dried to yield a dark blue hygroscopic solid

(0.174 g, 26%), m.p. 209-212°C; ‘H NMR (DMSO-d,) 10.91

(br, 2H), 9.44 {s, 18}, 9.0 (4, 1M), 8.23 (br, 4H),
8.09 (d, 1), 7.74 (s, 2H), 23.84 (m, 4H), 3.02 (m, 4H).
Anal. -calcd. for C17H19N502.2HC1 4H20, C, 44.94; H,
6.43; N, 15.41. Found: C, 44.%2; H, 5.29; ¥ 14.53. The
free amine could be regenerated by adding solid potas-
sium carbonate to the NMR samble. A 1H NMR analysis in-
dicated the presence of the free amine.:

b) fFrom deprotection of t-Boc Analogue 10g: Hydrogen

chloride gas was bubbled through a solution of 10g
{0.160 g, 0.30 mmol) in dry chloroform (10 ml) for 30
minutes. A dark blue solid was filtered and dried

(0,115 g, 95%); m.p. 213-215°C whose structure was cton-

firmed as the hydrochloride salt of 101 by IH NMR
analysis.
Egample 13

6,9~Bist[2«(acetyiamino)ethyl]amino]benzo[g[iscgulnoli-

ne-5%,10-dione (104) ,
The procedure of Example 12 using compound 98 and

1,2-diaminoethane, was repeated and the erude reaaction
mixture was applied to a silica gel column. Acetic

anhydride (30 ml) was added to the colvmn and it was

‘allowed to stand for 15 minutes. A major blue fraction

10j eluted with 1:4'CH30H=CHCI3 which was c¢rystallized
from a CHC1,:CH,OH mixture to yield a blus solid (0.240

‘g, 35%) m.p. 155-156°C; '# NMR (DMSO-a4.) 11.12 (t, 1H),

11,02 (¢, 1K), 9.42 {s, 1R), 8.95 (d, 1H), 8.15 (br,

_21), 8.03 (d, lﬂ), 7-62 (E;, 2“)’ 3.57 (m, B“); 1-83.(9'

\'\ "
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6H); mass spectrum m/=z (relatiVe 1nhensity) 109 (2.5,
M*), 337 (6.4), 86 (100). Anal. Caled. for C,,H,,N;0,:
c, 61.60; B, 5.67; N, 17,10, Found: C, 61,37; H, 5.42;
N, 16.89.

Example 14

6,9-Bis{{2~ (methylamino)ethyl]amino)benzo[g]xsoquxnolx-
ne-5,10-dione trihydrochloride (10k)

Ethanolic BCl (6.7 N, 2,0 ml) was added to a solu-
tion of 6,94bis[[2—(N—t—butoxycarbonylnu—methylami-

no)ethyllamino]lbenzolg}isoquinoline-5,10-dione {10h)
{440 mg, 0.795 mnol) in (.'3!'1(313 {40 ml). The reaction

mixture was stirred at room temperature in a nitrogen

| atmosphere for 24 hours, then the dark grean crystals

formed were collected by fiitration, washed with ‘abso-
lute ethanol and dried at 40°C in vacuo to give 945 my
(942 yield) of pure product, m.p. 188°C dec. (DSC eva-
luation}). . _ )
Elemental Analysis Caled. for CyoH,gCL M50, . 2H,01
c, 46.51; H, 6.033 N, 14.14; cl 23.60., Found: C, 45.75;
H 6.06; N, 14.04, €1 21.32, HPLC (Lichrosper 100 RP1B,

'S5 pmy Eluent K2ﬂ904 25 mM, —c7H15803Na 2 mg/ml in H,01

CH,CN: dioxane 80:15:5, pH 2.7 with HC10,j A 275 nm,
flow 1 ml/min., R 20.11 minutes,

v.v., 1.07 mg in.ZO 0 ml of water: nm- (E 1%): 641
(290); 597 (267); 313 (106); 273 (278); 247 (486),

1y nMr (0,0) 2.75 (s, 6H), 3.30-3.45 (m, 4H), 3.80-3.95

(m, 4H), 7.38 (a, 2H); B.17 (4, 1H), 8.85 (4, 1H), 9.27

(s, 1H). | | o ’

- Example 15

6, 9~Bls[(2~hydroxyethy1)amino]benzo[g]isoqu;noline~

2,10~dlone {lla)
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Difluorida 9 (1.0 g, 4.1 mmol) and 2-aminoethanol
{2.5 g, 40.8 mmol) in pyridine (7 ml}) were stirred at
room temperature for 18 hours. The'mixture was poured
into water (50 ml) and the product )la was filtered and
dried (1.26 g, 94%), m.p. 236-233°C. Recrystallization
from methanol yielded dark blue needles m.p. 237-239°C;
'u MR (DMSO-d,) 11.28 (b, 1), 11.19 (t, 1H), 9.43 (s,
1H}, B.%4 (4, 1H), B.03 (4, 1R), 7.56 (s, 2H), 5.01 (t,
2H), 3.69 (m, 4RH), 3.54 (m, 4H). Anal; caled. for
CI7H17N304= c, 62,38; H, 5.25; N, 12.83. Found: C,
62.21; H, 5.12; N, 12,50, ' :
Example 16

6,9~Bisl (2-methanesulfonyloxyethyl)aminolbenzolgliso-

quinoline>5410ﬁdioné (llb)

A solution of lla (0.30 gy, 0.92 mmol) in dry pyri-
dine (4 ml) was stirred at room temperature under ni-
trogen for 10 minutes. Methanesulfonyl chloride (0.24
g, 2.07'mmol) wag added and the mixture stirred for 20
minutes. The mixture -was quenched into ice-water (20
ml} and the solid was filtered. Crystallization from a
chloroform-ligroine mixture gave a blue solid (0.294 g,
66%); m.p. 116-118°C; H NMR (CDCl,) 10.98 (br, 2H),
9.59 (s, 1H), 8.87 (d, 1H), 8.09 (4, 1H), 7.38 (d, 1H),
7.34 (4, ), 4.50 (t, 4H), 3.83 (g, 4H), 3.09 (s, GH).
Anal. Calcd. for C19“21N30852 - C, 47.20; H, 4.39; N,
B.69. Found: C, 46.80; H, 4,31; N, B.48.

" Example 17

G,B-BistZ—[(Z-hydroxyethyl}amino]ethgl]amino)benzoLgl;

- igoquinaline-5,10-dione (101)

a) From mesylate (11b) '
A solution of (lib) (0.40 g, 0.83 mmol) and 2-
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{trimethylsilyloxy)ethylamine (2.2) g, 16.5 mmol) in
pyridine (5.0 ml)} was stirred at room temperatdre under
a nitrogen atmospheré for 48 hours. 'The pyridine was
removed under a nitrogen f£low and the residue was taken
up in methylene chloride. This solution was washed with
saturated sodium bicarbonate and dried over sodium sul-
fate. Removal of the solvent left a blue oil which was
dried under vacuum overnight. Chromatography on a Bi-
lica gel column resulted in a cleavage of the 5i-0 bond
to yield 10l1. This product was eluted with a 1:5:5
Et,N:CH,OHtCHCL, mixture. Canentration gave 101 a= an
oilr 1m NMR (cDCl,) 11.19 (br, iu;, 11.06 {br, 1H),
9.46 {s, 1H), 8.83 (d, 1m), 7.98 (4, 1H}, 6.96 (s, 2H),
3.82 (m, 4H), 3.52 (m,; 4H), 3.07 (m, 4H}, 2.96 {(m, 48);
U.V. ({(2-methoxyethanol): 570 .(sh, 6 = 7200), 612 (E =
13,200), 658 (&= 14,000). | |
'b) From difluoride (3)
Under a ﬁitrogen atmosphere 2-[{2-hydroxyethyl}-

aminoJethylamine, (6.19 ml; 61.2 mmol) was added to =
stirred suspension of compound 9 (1.00 g; 4.08 mmol) in
pyridine (30 ml) at 0°C. ‘

After one hour the reaction mixture was allowed to
reach room temperature and left at this temperature for

three hours. The reaction mixture was applied to a gi-~

1ica gel (100 g) column chxomahography and eluted first

with CHCl,: CBOH 90:10, then with CHC1,:1CHOH 85115
and finally with CITCIJ:CHB(}i!:NH‘OH 85:1%:1. The frac-
tions containing the product were pooled, the solvents

were removed and the residue was subjected to’ a second

'purification ty silica gel (85 g) column chromato-~

graphy, eluting with CHClascnaoﬂzNHQOH' cohc. from
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95:5:0 to B0:20:2, A final purification over grade I
basic alumina {25 g) eluting with cuzclé: ELOR 06:4
gave a residue of 300 mg that was crystallized from a
mixtura of ethanol- (0.5 ml) and methylen; chloride (10
ml) to give 101 (142 mg).

Maleate salt: The free amine 101 (138 mg; 0.334 mmol}

was dissolved in ethanol (6 ml) under a nitrogen atmo-
sphere and a solution of maleic acid (87 mg; 0.7% mmol)
in ethanol (3 ml) was added at room temperature. After
cooling for 3 hours at 4°C the blue crystals obtained
were separated by sguckion qnder a nibrogen flow, washed
with ethanol (1 ml) and diethyl ethar (2 ml) and dried
under vacuum at 40°C to give the dimaleate salt of 101
(160 mg), m.p. 132-133°c; 'H BMR (DMSO-d,) 10.94 (br,

“1H), 10.88 (br, lH), 9.47 (s, 1R}, 8.02 (d, 1H), B.60

(br, 2H), B.09 (d, 1H), 7.63 (s, 21), 6.01 (s, 4n),
5.32 (br, 2H), 3.89 (m, 4H), 3.7% (m, 4H), 3.26 (m,
4y, 3,12 (m, 4M). U.V. 1.355 mg in H,0 (25 mi): nm (E
1%) : 641 (220), 598 (208), 312 (85), 272 (221), 246
(406),

Anal. Calcd. for C,,M,-N.0,. 2C,H,0,. H,0: C, 52.52; H,
5.57; N, 10,64, Found: C, 52.49; H, 5.56; N, 10.61.

Example 18

6,9-Bis{{2- (Z-methoxyethylamxno)ethylIam;nolbenzo[g]—

isoquinoline-5,10- dlone {lom)

A solution of )}b (0.15 g, 0.21 nmmol) and 2-
mekhoxyethylamine (0,47 g, 6.20 mmol) in pyridine (2.0

ml) was stirred at room temperature tunder a nitrogen

_ blanket for 48 hours. The piridine and excess amine

ware removed under vacuum. The residue was dissolved in

methylene chloride, washed with a saturated sodium bi-
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carbonate solution and dried over sodium sulfate., Upon
removal of the solvent the residue was purified by vo-
iumn chromatography on gilica gel b} eluting with 1l:1
CH3OH:CH013. Crystallization from a ethanol and pentane
mixture led to 10m (0.091 g, 66%); m.p. 174-173°c; 'n
NMR (CDC1,) 11.08 (br, 1H), 10.97 (br, 1lH), 9.56 (=,
iH), 8.90 (d, 1K}, B.05-(d, 1H), 7.3L (s, 2H), 3.82 (m,
8H), 3.43 (s, 6H), 3.08 (t, 4H), 2.94 (t, 4H), 2.66 (br
s, 2H); mass spectrum m/z (relative intensity) 441
(100, M*), 334 (57.4), 266 (50.5). BAnal, calad. for
C,qH3 N0, €, 62.57;5 H, 7.09; N, 15.86. Found: C,
62.51; M, 6.92; N, 15.47.

Example 19

6,9-Bis[{2-(2-hydroxyethoxy)ethyl]aminolbenzol{glisoqui-

noline-5,10-dione {llc)

A solution of 2-(2-amincethoxylethanol (446 mg,
1.25 mmol) in pyridine (1 ml) was added to compound 9
{100 mg, 0.41 mmol) in pyridine (1 ml). The mixtufe vas
stirred at room temperature for 45 h. The excess amine
and pyridine were removed via a slow stream of nitrogen
gas and the residual solid was placéd under vacuum
overnight. A cold saﬁurated NaCl solution was added to
the solid and the product was gxtracted with chloroform
{6 x 25 ml). The extracts were dried over magnesium
syl fate and concentrated on the rotary evaporator to
yield 140 mg (B2%) of product 1llg; mp 97-99°C, Ya wmr
(CbCiy): 11.15-11.35 (2m, 2HY, 9.60 (s, 1H), 8.85 (4,
1), 8.08 (4, 1H), 7.30 (m, 21), 3.85 (m, 8H), 3.57-
3.75 (2m, 9H), 2.75-3,25 (br =, 1H). '

Examgle 20
6,9~ 8151[3 (amino[peryl]aminolbenzo(g[isogu;nollne-
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5,10-dione {(l2a) _
1} Free Amine: A solution of 1,3-diaminopropane (870

mg, 11.76 mmol) in chloreform (3 ml) was added to 9
(300 mg, 1.22 mmol)} in chloroform (6 ml). The purple
mixture was allowed to stir for 166 hours at room tem-
perature. The mixture was filte:ed'and the salts washed
with chloroform. The solvent was removed by rotary eva-
poration and the residue was placed under vacuum
overnight to yield 290 mg (93%) of l2a; TLC (sillca
gel, 25% MeDH/75% chloroform/few drops of aq. ammonium
hydroxide) 4indicated one ‘blue spot; m.p. .los°C
(softens) 112-115°C. I NMR (DMSO-d.) 11.15 (m, -1H),
11.05 (m, 1H), 9.45 {s, 1H), 8.90 (4, 1M}, 8.0 (4, 1H),
7.55 (br s, 2H), 3,55 (br m, 4H), 4.65 (t, 4H), 3.75
(t, 4H), 1.75 (t, 4H). Anal. Caled. for C€,4H,,N.0,¢ C,
64.57; 1, 6.56; N, 19.81l. Found: C, 65.00; H, 6.50; N,
19,78. '

2) Malgéte Salt: A solution of maleiec acid (1}l mg, O0.B6
mmol) in methanol was added to 12a (100 mg, 0.28 mmol)
diszolved in methahol {2 ml) and ethyl acetate (2 ml).

The addition of more ethyl acetate gave a blue precipi-
tate which was filtered and dried undér vacuum (120 mg,
79%), 'R BMR (DMSO-dg) 1l.10 (&, .1H), 11.00 (t, 1H),
9,45 (s, 1H), 8.95 td, 1u), 8.05 (&, 1H), 7.75 (br,
4H), 7.60 (s, 2H), 6.0 (s, -41), 3.60 (m, 4H), 2.95 (¢,
M), 1.95 (m, 4n). Anal. Calod. for C,,H, N Ocr C,
se.84; N, 5.80; N, 14.92. Found: C, 58.75; H, 5.70; N,

14.85.

+ Example 21
- 6,9-Bisi[4-{am’ no)butyl]amlnoLbenzo[glisoquinolxna—

5,10-dione ()2b}
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1) Free Amine: A solution of 1,4—di§minobutane {960 mg,
10.9 mmol) in chloroform (3 ml) was added to 9 (319 mg,

1.3 mmol) in chloroform (6 ml). The purple reaction
mixture was stirred at room temperature for 217 hours
{9 days). The precipitate salts were removed by filtra-
tion amd the filtfate concentrated under a slow nitro-
gen stream to yield the free amine 12b (400 mg, B80%);
TLC (Silica gel, 25% MeOH/75% CHCl,/few drops of ag.
ammonium hydroxide); m.p. BO°C, (softens) 90-92°c. '
NMR (DMSO—-GG) 11.3% (m, 1®), 11.05 {(m, 1H), 9.42 (s,
1H), 8.50 (d, 1H), 8.0 (&, 1), 7.5 {br s, 2H), 3.45
(m, 4H), 2.60 (m, 48), 1.70 (m, 4H), 1.45 {(m, 4H).
Anal. Calcd. for C,,;H, N0,z C, 66.12; H, 7.13; W,
18.36. Pound: C, 64.26; H, 6.95; N, 17.42.

2) Maleate Salt: A solution of maleic acid (116 mg, 1

mmol} in ethyl acetate {4 ml) was added to 12b (124 mg,
0.40 muol) in -2 methanol {6 ml) and éthyl acetate {8
ml) solution. A blue oll separated and the mixture was
placed in the refrigerator overnight. The solvents were
removed by decantation and the remaining g5olid washed
thoroughly with ethyl acetate to yield a blue, very hy-
groscopic solid, 125 mg (63%). 1!! NMR (DMSO-—dG) 11.20
(m, 1H), 11.10 (m, 1H), 9.45 (s, 1W), 8.95 (4, 1m),
8.0% (4, 1M}, 7.70 (br s, 4H), 6.00 (s, 4H}, 3.55 (wm,
44), 2.85 (m, 4H), 1.70 (m, 8#). Anal. Caled. for
C,gH35N5019¢ C» 56.763 H, 5.75; N, 11.41. Found: C,
53.65; H, 6.10:'N, 10.05.

Example 22

6,9-Bis{{3- (dimethylamino]propyl]amino]benzo[g}lsoquir

noline-5,10-dicne (1l2ec)

A solution of 3-dimethylaminopropylamine (700 mg,
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6.9 mmol) in pyridine (2 ml) was added to compound 9
{100 mg, 0.4) mmol) in pyridine (2 ml). The mixture was
stirred at room tem?erature for 120 h. The excesgs dia-
mine and pyridine were removed under a slow Stream of
nitrogen gas and the :esidue placed under vacuum over-
night..The residue was.added to cold water and extrac-
ted with chloroform (4 x 20 ml); The extract was dxried
over Na,80, and concentrated by rotary evaporation. The
blue solid was purified by column chromatography over
gilica gel. The initial eluant was 10% methanol/90%
chloraform followed by 25% methanol/75% chloroform. The
product was eluted by addition of small amounts of am-
monium hydroxide to 25% methanol/75% chloroform. Con-
centration of these eluants led to 92 mg (55%) of the
desired product l2¢ mp 107-109°C. An o aMr (CDC13):
11.00-11,20 (2m, 2H), 9.63 (=, 1lH), 8.93 (4, 1H), 8.12
(4, 1w), 7.37 (s, 28), 3.53 (q, 4H), 2.5% (m, 4H), 2.35
(s, 12H), 2,00 (m, 4H).
Exampla 23
6,9-bis{l2-(ethylamino)ethyl Jaminolbenzola]isoguinoli-
ne-5,10-dione (10n) .

A solution of N-sthylethylenediamine (400 mg, 4.5

mmol) in pyridine {1 ml} was added to compound 9 (98
mg, 0.40 mmol) in pyridine (1 ml).'_The mixture was
gtirred at yoom temperature for 66 h., The pyridine and
pxcess diamine were removed under a slow nitrogen
stream and the residual material was placed under
vacuum overnight. Chloroform was then added and the
chloroform washed twice with cold water. The.bhloroform
extract was dried over Mgso4 and the solvénh removed by

rotary evaporation. The resultant blue- solid was
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pnrifiEd-by column. chromatography over silica gel uéing
5% methanol/95% chloroform as. the initial eluant. The
eluant was gradually changed to 5%, 10% and then 50%

- methanol "in chloroform. The desired product was eluted

using 50% methanol/dﬂ% chloroform/2% ammon i um
hydroxide. Removal of the solvent led to 32 mg (21%) of
product (10n). mp 101-102°C.

1y wMr (cpcilz) 11.10 (m, 1H), 11.00 (m, 1H), 9.6 (s,
1H), 8.8 (4, 1#), 8.05 (d, 1H), 7.3 (m, 2H), 3.55 (m,
44), 3.0 (v, 48), 2.8 (g, 4M), 1.15 (t, 6H). '
Example 24

6,9—bisl[2—(propylamino)ethyljaminolbenzo[glisuguinﬁli—
ne-5,10-dione (10o0)
A solution of N—propylethylenediamine (403 mg, 4.0

mmol) in pyridine (1 ml) was added ta compound 9 (98
mg, 0.40 mmol) in pyridine {1 ml). The reaction mixture
was stirred at room temperature for 24 h and concentra-
ted under a slow stream of nitrogen. The xesidval mate-
raial.was placed under vascuum overnight, Ice water was

added to the residual and the aqueous layer was extrac-

‘ted  with chlorofoxrm (5 x 40 ml). The extracts ware

dried ovar magnesium sulfate and the chloroform removed
by rotary evaporation.'The blue solid was purified by
column chromatography over silica gel. ‘'The initial
elvant was 5% methanol/95% chloroform followed by in-
creasing the methanol amounts gradually to 104, 20%,
30%, 40% and 50%. The desired compound coluld be eluteh
ﬁsing 60% meihanbl/co% chloroform containing some ammo-
nium hydroxide. Removal of the eluant 1edj to 50 mg
{30%) of the product (10o)., mp 105-106°C.

H ONMR (CDC1,) 11.15 (m, 1H), 11.05 (m, iH), 9.6 (=,
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1H), 8.9 {d, 1H), 8.10 (d, 1H), 7.3 (m, 2H), 3.6 (m, m,
4H), 3.0 (t, -4#), 2.75 {(t, 4H), 1.6 (m, 4H, H,0 peak
superimposed), 0.95 (t, 6H). ’

Example 25

6,9-bis [[2-(isopropylamino)ethyl Jamino)benzofqglisoqui-
noline-5,10-dione (l0p) _
A scolution of N-isopropylethylenediamine (450 mg,

4.5 mmol) in pyridine (2 ml) was added to compound 9
(110 mg, 0.45 mmol) in pyridine (1 ml). An instantane-
ous permanganate-like coloration resulted. The mixture
was stirred at room temperature for 40 h. The pyridine
and.EXCESS diamine were removed under a gslow nitrogen
stream and the residue was placed under vacuum overni-
ght. Chloroform (20 ml) was added followed by ice wa-

~ter. 8ince the blue c¢oloration appeared int he agueous

layer, this was extracted with chloxeoform (4 x 25 ml}.,

The combined extracts were dried over Mgs0, and the

chloroform removed by rotary evaporation. The resultant

blue solid was purified by column chromatography over

" gilica gel using chloroform as the initial eluant fol-

lowed by gradual changes to 2%, 5%, 10%, 20%, 40% and
50% methanol in chloroform. The desired product was
eluted from the column with 50% methanol/49% chloro-
form/1% ammo'nium hydroxide. Removal of the eluants led
to 56 my {(30%) of the desired product (!.gg). mp 136~
137°C. '

'y NMr (cpCL,) 11.1 (¢, M), 11.0 (&, 1H), 9.6 (s, 1H),
8.9 (d, 1), 8.1 (4, I#), 7.30 {(m, 2H}, 3.6 (m, 41,

3.0 (&, 4H), 2.9 (m, 2H), 1.05 (4, 6H).

Bxample 26
in vitro biological evaluation: MTFT assay on human co-

This Sheet Has Been Rep

Hllll" llllll i



1D

15

20

42

lon adenocarcinoma Lovo tells,

The MTT asgay was performed according to Hosm.ann,
T., J. Iﬁmunol.,Methodé, {1953), §§; 55-63 and Green,
L. M., 3. Immunol. Methods, (1984), 70, 257-268.

Iﬁmediately before use, compounds and referance
standards are dissolved in proper solvent and subse-
guently further diluted in complete culture medium. Hu-
man colon adenocarcinoma tells Lovo and the subline re-
sistant to doxorubicin (Lovo/DX) (2.5, 10‘ "cells/ml)
are plated in 96-wel) plates and preincubafed for 24

hours in culture medium. Aftex this time, the cells are

‘exposed to drugs for 144 hours, then the thiazolyl blue

tetrazolium bromide solution (MTT solution) is added
and the cells are reincubated for 4 hours. The superna-
tant is removed and 150 pl of dimethylsulfoxide are ad-
ded to -solubilize formazaﬁ crystals. The plate is read
at 570 nm with microplate reader and the irhibiting

. concentration of 50% cellular growth (ICSD; pg/ml) is

calculated, .
The results are reported in Table VI

x
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TABLE Vl
IN YITRO CYTOTOXIC ACTIVITY OF REPRESENTATIVE COMPOUNDS OF
THE INVENTION ON LDVO AND LOVO/DX CELLS BY MTF ASSAY, '
' 0 NHh
] 1050 pg/mliB.D, &)
COMPOUND | EXAMPLE R = -
toVo LoVo/Dx R.1.b)
o™, )
108 4 Sty 0.045 0.085 1.9
: o
12¢ 22 _gﬂ,mﬂmc& 0.1540.07 0.3650.04 2.4
?'ﬂ‘n
M 5 #\-ﬂ'.km 0-29_}_0-05 OI 69‘:}.0-1 3-4
. 8 _
1d | 7 | s~ Joeaow0.0n 0s20as 2.8
10 12 | Ao | o.2130.08 6.7041.8 31.8
{nalente . :
128 20 1 g | 1:6420.02  20.920.72 127
Mitoxantrone 0.0110.009 0.2910.1 29.0
Anetantrone 0.3310. 1 33.4313.9 101.2
Doxorubiein 0.0340.009 4,28:1,8 . 142.%

a) MIT Assav. 144 hr= drug exposure,

b} R.1.

= {1C50 LoVo/Dx)/{1C50 LoVe).
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Example 27

In'v:i.t:ro biological evaluation: L1210 murine leukemia.

L1210 Murine leukemia cells were routinely main-
tained in suspension cultures in McCoy's éA medium sup-
plemented with 10% horse serum glutamine, penicillin
and streptomyecin and grown in a humidified environment
of 10‘2 carbon dioxide and 90% ajir at 37°C.

To assess the in vitro toxicity, each'compound was

dissolved in dimethylsulfoxide and added te 1 ml of

L1210 cells (105 cells/tube) to attain final concentra-
tions of 0,01, 0.1 and 1 yg of drug/ml of culture. Af-
ter 72 hours of coﬁtinues exposure to the drug, the
cell concentration was determined with a Coulter Coun-
ter. Growth inhibition was calculated for each drug
using the following formula:

% growth .inhibition = l-[cell number treated/cell
number DMSO alone)] x 100. '

The growth inhibition data was then used to calcu-
late the .ICSU value (the calculated drug concentration
required to inhibit cell growth by 50% of control.

The rasults are reported in Table VII:
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TABLE VII IN VITRO CYTOTOXIC ACTIVITIES OF REPRESENTA-
TIVE COMPOUNDS OF THE INVENTION AGAINST L1210 LEUREMIA
IN COMPARISON TO ''HE PRIOR ART COMPOUND Sa

Compound Example ‘;gsu.gﬂg/ml)

10a IR | 0.00%
20f 9 0.002
104®) 12 | 0.05
101 %) | EY 0.06
sal®) / 0.155

(a) Hydrochloride Salt: 10i.HC1

{b) Dimaleate Salt: lgé,haleahe .

{(c) ~ Prioxr art _compound; 6§,9~bis{f{2-(dimethylamino)-
ethyl]amino)benzqig}quinoline—s,10~dioﬁe: A.P, Krapcho
et al., J. Med. Chem. (1985), 28, 1124-1126.

Example 28
In vivo biological studies: P388 Murine - Leukemia
(iv/iv, 4 ), 4, 7)

P388 Murine Leukemia cells were maintained in vivo
by serial intraperitoneal (i.p.) injections of 105
cells in DBhZ mice. For tesgt purposes, CDFl mice were

inoculated intravenously (i.v.) with 10 PBEB cells and

treatment was initiated 24 hr later, The i,v. dose of

drug was administered on days 1, 4 and 7, Mice were ob-
served daily for éigns of toxicity and survival. The
date of death Qas recorded for each anlimal that died or
was sacrificed during the 60 day study. The median sur-
vival time (MST) for each treatment group was calcula~
ted and the % T/C waé determined using the following

formula: _
% 1/C = {(MST treated)l(MST control) ) x 100
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The reéults of the'antileukemic activity of 6,9~
bist[2-(dime£hy1amino)ethy1Iaminolbenzo[g]isoquinoline-
5,10-dione (10a) of example 4 ang é,waisltz-(aminoj_
ethyl]amino]benzo[glisoquinolihe-s,lo—dioné dimaleate

" 5 (10i maleate) of exampie'lz_in comparison to mitoxan-

trone are reported in table VIIX

-
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Table V111 AHTITUHOR ACTIVITY OF COMPOURDS lOa. 101.8aleate AND MITOXANTRONE

(MITOX) AGAINST P388 MURINE LEUKEMIA tiv/iv 1,4,7)

20/24

2} _ 3) 1) 5)

COMPOUND DOSE T/CX TOX LTS
{ng/kg/day) (range}

Controls - 109 B/13 _0/73
105, wAleate 18 200,188 0/16 0/16
: 27 203({181-227) 2/32 0/32
© 10a 1B 172,156 0/14 0/14
T 27 186,167 /17 0/17
i0 183,156 1/18 0/16
MITOX 2 162(154-167) 0/42 0742
3 185{167-217) 4/78 0/18
1 118{B8-133) 0/24

1) CDF) male mice were transplanted iv with 10 cells/mouse, Tredtsent was given

iv on dsys 1,4,7 after tumor transplantation (day 0).
2) 1Di.wnlente and MITOX were dissolved in mterile water; 10a in cltric &cid 1X,
3) Hadian survival time of treated mice/median survival t{we of controls x 100:
4} Kumber of toxic deaths/total number ol mice.
5) Long term survivorst animals tumor free &t the end of the experiment (50 days).
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Example 29

’ In vivo biological studies: P388 Murine Leukemia .

tip/ip, 4 1, 5, 8)
P388 Murine Leukemia cells were maintained in vivo

© 5 by serial intraperitoneal (ip) injections of 10% cells
in. DBAZ mice. Por test purposes, CDFl mice were inocu-
lated i.p. with 106
tiated 24 hours later., The i.p. dose of drug was admi-

P388 cells and treatment was ini-

nistered on days 1, 5 and 9. Mice were cobserved daily
10 for signs of toxlcity and surviﬁal. the date of death
wag recofded for each animal that died or was sﬁcrifi—
ced during the 60-day study. The median survival time
(MST) for each treatment group was caleculated and the %
- T/C was determined using the following formula:
1s , % TIC = I(MST treated)/ (MST control)] x 100
The'results of the antileukemic activity of 6,9~
bis{[2-(amino)ethyllaminolbenzol{glisogquinoline-5,310- "
dione (10i) as the dihydrochloride (10i.HC1) and dima-
leate (10i.maleate) salts {example 12) in comparison to

20 mitorantrone are reported in table IX
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Table 1X., ARTITUMOR ACTIVITY OF 104.HCl, xo:.saleate AND ¥ TOXANTROKE tn!rox: AGAIRST
ASCITIC P3BB WURINE LEUKEMIA (ip/ip 1 5.9) ' :

AL G S SR e W S e T S S Y W S S o s O S8 B vy TN S R e W e

2) 3) | 1) o B)
COMPOUNDS  pOSE T 1/C TOX 178
{og/kg/day) (rtnge) , ' (dny 60)
..10i.4c) 3.1 1 . 0/8 . v/8
6.25 196 1/8 0/8
12,5 - 239 0/8 0/8
95 387 0/8 2/8
A0i.maleate - 25 183 o8 Y |
37,5 280 1/8 1/8
" MITOX 1.5 o 186{180-225) 6/26 1726
: : 3 173(142-208) 21/12 1742
.s N

1) CDF) mice were injucted 3p with 10 cells/souse; treatwent was glven ip

on days 1,5,8 after tumor transplantation {day 0) '
2) 104.KC) and 10i.valente vere dissolved in Bterile wvater and ¥I1TOX in sallne.
1) Wedian survivel time of treated nice/wadidn xurvival time of controls x 100
4) Ko, of toxle deaths/ total Neo. of Rkice .
5) Long tere murvivors At the and of the éxperiment (60 daysr).

—_—
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Example 30
In vivo biological - studiest 151210 Murine Leukemia

,(_j_-P/iPL a1, 5,9

a) L1210 murine 1eukemia ¢ells were ' wmaintained in

vivo by weekly intraperitoneal (ip) injections of 105
cells in BDF, mice. For test purposes, mice were inocu-

lated i.p. with 108
tiated 24 hours later. The desired dose of drug was ad-

L1210 cells and treatment was ini-

minictered on dayg 1, 5 and 9. Mice were observed daily
for signs of toxlcity and survival. The date of death
was recorded for each animal that died or was sacrifi-
ced during the 60-day study. The mean survival time
(M8T) for each treatment group was calculated and the %
T/C was determined using the followinq formula:
% T/C = [(MST treated)/(MST control)] x 100
' The results are reported in table X

b} L1210 murine leukemia cells were malntained in
vivo by weekly intraperitoneél {ip) injections of 103
cells in DBA2 mice. For test purposes; Cbrl pice were

inoculated 1i.p. with'105 1,1210 cells and treatment was

initiated 24 hours later. The desired dose of drug was
administered on days 1, 5 and 9. Mice werxre observed
daily for signs of toxicity and survival. The date of
death was recorded for each animal that died or was sa-
crificed during the 60-day study. The median survival
time {MST) for each treatment group was calculatea and
the % T/C was deiermlned using the following formula:
% T/C = [(MST treated)/{MST control)] x'100

The results sre reported in bkable XI

This Sheet Has Been Replaced
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TABLE X IN VIVO ANTITUHOR ACTIVITIES OF COMPOURDS 10a, .
- 104 . HCL AND 101 AGAINST L1210 LEUKEMIA (ip/ip, 4 1,
‘5, 9) IN COMPARISON TO THE PRIOR ART COMPOUND 5a.

5
. Compound Example . pose? $TiC gggf
10 10a®) ' 50 151 -
103.u1c1f®) 12 25 265 5/6
| | 12.5 265 A/6
101.maleate!d) 17 25 415 1/6
- . 12.5 313 2/6
15 safe)(d) /] - 59 129 -
{a) mg/kg, days 1, 5 and 9 ' '
(b) Compound . l0a and 5a were dissolved in DMSO (<35%)
and water
{e) Hydrochloride salt dissolved in water
20 (d) Dimaleate salt dissolved in water

(e) Prior art compound, 6,9-bis{[2-{dimethylamino)-
ethyllamino)benzolgiquinoline-5,10-dione: A,P.' Krapcho
et al., J. Med. Chem., (1985}, 28, 1124-1124,

{f) Long Term Survivors: animals tumor-free at the end

25 of the experiment (60 days)

This Sheet Has Been Replaced
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Tabie X1. ANTITUMOR ACTIVITY OF CDHFOUND A01. Hgl AND H!TDXANTRONE (M1TOX) AGAINSI
ASC]TIC MURINE LEUKEMIA L1210 (Ip/ip d.1,5,9)

,‘ ) X 1) B
CONPOUNDS DOSE X 1/c TOX LTS
(ng/kg/day) _ :
101 HC) - 5,23 188 . o/m 0/8
'"' ' 12.5 175 0/8 1/8
25 2504 17 77
“HITOX 1.5 188 0/8 1/B
a 184 1/8 , 178

B

1) C€DF1 mice were injected ip with 10 celle/pouse: tredthent was given

ip on daye 1,5,9 after tumor transplanlition (day 0).
2) 10).HC) was diesolved in sterlle water and MITOX in saline.
3) Hedjen survivel time of treated 2ice/wedian Burvival tiwe of controls x 100
4} No. of toxie deathe/ tota) Ko, of pice at the end of the éxperiment {60 days).
5) Long terw survivors: aninals tumor free at the #nd of the prerilent ( B0 days).
2 This value was celculated on dead ulce. )
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Example 31 , _
In vivo biological studies: antitumor actjvity against

 murine Lewis Lung varcinoma and human MX-1 mammary car-

cinoma

'a) Murine Lewis Lung carcinoma

C57b1/6 female mjce were trasplantated im (intra-

limbs) with 105'ce115. Treatment was given iv (intra-

venously) on days 1, 7, 15, after tumor transplantation

" (day 0). The mean tumor weight for each treatment group

was calculated according to Geran, R.I. et al.,, Cancer

Chemother. Rep., (1972), 3, 51-61 and the TWI% was cal-

" culated 7 days after the last drug treatment using the

formula: ,
TWI% = 100-[(Mean tumor weight of treated mice)/(mean
tumor weight of controls)] x 100,

The results are reported in table XII for the re-
preseﬁtative’ compound of tbe invention G,D—b.is[{z-(ami-.
no)ethyl)amino)benzo[g)isoquinoline-5,10.diona (1pi) as
the dimaleate salt (10i maleate) of the example 12.
=‘b) Human MX-1 mammary carcinoma

CD1 nu/nu female mice were transplantated sc (sub-

‘cutaneously) with tumor fi:,agme.nts {about 1 mm x 1 mm x

1l mm). Treatment was given iv once a week for three
weeks, when tumor weight reached an average of 150 mg.
For all individual tumors the weight change (relative
tumor.weight) for the start of treatment (VD) was ex-
pressed as V, /V  at each day of measurement (V. ). TWI%
was calculated 7 days after the last drug treatment
using the formula: ] “

TW1I% = 100-{(mean relative tumor weight of treated

mice)/(mean relative tumor weight of controls})) x 100.
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The results are reported in table XII for the re-
presentative compound of the invantion 6,9-bis{{2~({ami~
no)ethyl]amino]benéo[glisoquinoline-s;loudione (10i) as
the dimaieate_sait (101 maleate) of the example 12,

Tlus Sheet Has Been Replaced
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TABLE XII

ACTIVITY ON SOLID ‘TUMORS OF [0i MALEATE

THI X b) TOX e}

human sammary carcinoma

TUMQR MODEL AND _ OPTIMAL TOSE
TREATMENT SCHEDULE COMPOUND T/C % a)
{ng/Kg/day}

LEWIS LUNG im/iv 1,83,15 10i maleate 40 158 80 0/10
surine lung carcinoma _ §0 182 9% 1/10
MX-1 sc/iv Tdx3 0i maleats - 17 - -§3 /7
y n 2.6 - - 58 0/7
4 - . ow 1/5

B} Median survival time of treated mice/median survival time of comtrola x 100.

b} Percent of tumor Weight Inhibition.
¢} Rumber of toxic demths/total number of mice.
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N THE C MS:
1. A compound according to formulam (¥)t:

O NHR

(x)

0  NHR

whereln R is |
Cy~Cyg 8lkyl: phenyl or c,-Cyq aralkyl}
Cy~Cyg ak1lyl substituted with one or two subatitueﬁts Belacted from
the groub conéisting of Dnl.and ~NRyRy?
Cy-Cyq 2lkyl interrupted by.nnq or kwo oxygen atomz or by a member
gelected from the group consleting of ~NRy-, @lg ~cit=Clt, Lransg
~Ch=CH~- and FCEC~. and optionally substituted with ocne or two
hydroxy (011} or‘-ann3 groupst and wherein
Ry, 1z selected from the yroup consisting of hydrogen, C,~C, alkyl,
‘ phenyl, €;-Cyo aralkyl, -Cio, -CORg~, =~COORy, ~S(02)R5 and C,-C,
alky} optionally substituted with ~NRyR4 ¢ | : ‘
Ry and R, are the same or different and are gselacted from the yromp
consisting of hydrogen, Cy~Cyp BIRYL, Cy-C;q nralkyl, phenyl,
"Cy-Cyq 2lkyl substituted_wiﬁh tne or two hydroxy (Oﬁ)'graups, ~cflo,
-CORg, =-COORy; and —é(oz)ns. R, and Ry taken togethar with tﬁe
hitrogen atom to which they are bound form an ethyleneimine rlhg ox
8 5- oxr 6-membered aromatlc or.non—arométic hetexocycllc xing
optlonally containing &nothér-heteroatom gelected from the grouwp
consisting of sulfur, oxygen and nitrogen, R, ig H and R, isg

-C(=NH) Wi, or R, ls ~C{=NH)NH, and R, is MNi

This Sheet Has Been 2. --
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Ry {e selected from the gruup'cunsisting'pf hydrogen, €,-Cyq alkyl,
Cy~Cyp hydroxyalkyl, €,~Cy, alkyl subsbituted‘with ~NR2RJ,'c7—clo
aralkyl, phenyl, -CORg, -¢oon5 and -S(oé)nsi

Ry 1s selected ;rom tha group consletlﬁg of cl'clu alkyl, Cy~Cyp
aralkyl, a-, a—, or y-naphthyl, phenyl}, o-, m-, or p- holyl as free
bases and their aalts with pharmaeeutically acceptable aclids,

2. A compound according bto claim 3, wherein nls -(cﬂ,)F—nnz

Endpis 2' 3 or 4.

3. A compound according te elalm 1, whereiln R s
-(C“z)p—NRzRJ and p s 2, 3 or 4 and whereln Ry and Ry are a ¢4-Cg
alkyl or taken togethar with the ﬁit;ogen étom form = heteroayclic
ring selacted from the group conesisting of 1-ethylenaimine,
1-pyrrolldine, 4-morpholine, 1-plperazine, d—methylnl-piperazine,
A—benzy1-1~piperaiine,and l-piperidine.

4, A compound accordinq to claim 1, .vherein R s
_(cnzlp-MR2R3 and p 18 2, 2 or 4 and whereln R, is hydrogen and RQ

15 CI"CG alkyl »

5. A compound acdording to claim 1, wherein R is
Mt

"
—(cnz)p~nn—c-nn2 and p 18 2, 3 or 4.

6. A compound according to eclaim 1, wherein R 1w

-(Cuz)pmﬂnw(cnz)qoﬂ and p and g are independently 2, 3 or 4.

This Sheet Has Been Replaced
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7. A compound according to claim 3, wherein R s -(cnzyp—on

and p s 2, 3 or 4.

B. 'A compound ' according to claim 1, whereln R 1is

-(cnz)p—o—(cnz)q-ou and p and g Bre $nhdependently 2} 3 or 4,

9, A compound acoording to claim 1 zelected from the group

consisting of:!
s,g—bls([2~(amino)ethyl]amlno)benzo[g]Lsoquinollne—s,10—dionet
6,9*bisl(2—(4'-morpholino)ethyl]amlno)bénzo[g]isoqulnoliha~5,10*
dione? . _
G,B—blé[[2—(dimethylaﬁlno)athyl]amlnu)benzo[gjlsaqulnollné~5,10-
" dione; | _ ' ~ o
6,9—bis{(2—(dlgthylaminb)ehhyl]amlno}bahzo[g]1scqu1hollna~5,10~
- dione | o | . '
6,9-bls([z—ldl(sec—prapyl)amino]ekhyl)apinu)behzo[g]1soquinollna-
5,10-dione; |
6,9-bies{[2-(1'-pyrrolidino)ethyljamino)benzoly)lsoguinciine-5,10-
dione:
5,9-bis([2~(1'-aziridlno)ethyl]aminojﬁenzb[g]1Soqu1nollne—8,low
- dione} |
6,9—bis{[2~(methnnesulfonyloxy)ethyl]amlno)benzo[q]lsoqulnolina-
5,10-dione} _ |
6,9-bls{[4-(anlno)butyl)amino)benzolg)izsoquinoline-5,10-dione}

6,9-bis{ {3~ (amino)propyl Jamino)benzoig)isoquinoline-5,10-dione;

6.9~bis([2~[(2~hydroxyethy1)amino]ethyl]amlﬁo]bgnzo[g]—

isoquinpline-5,10-dione; - This Sheet Has Been Replaced
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6;9-bis([3—(dimathylamlho)propyl)amino)benzo[g)19oqu1noline-5,1d-

dione; : ,
'G,Q—bis([(a-hydroxy)etﬁyl]amlnb)benzo[g]isoquinollneus,lo—dionaf

6.9~bis(t(2—(2—hydrnxyetho$y)ethyl]ﬁmiho)benzo[gj1soqu1nulihew5,10-
dio"e'

6,9-bla(12- (methylamlno)athyl]amina]benzo[g]lsoquinolina~5,10—

dlone;. .
6,9—bis([2~(ethy1am1no)ethyl]amino)benz;[g]isoqulnoline—s,lo—dlone:
8,9-blef(2-(n-propylamino)ethyljamino)benzo(gjigoquinoline-5,10-
dione; | R |
s,g—bis{(2—(sac«propylamino)ethyl]amino)benzo{g]isoquinoline—h,10~
dione; - _ | |
G,P—bis{[z~(guanidino)ethyljamiho}baﬁiu[g]1soqu1nolih§—5,lomdlonat
s,9—b15|[(2~am1n?—2,2-d1methy1)ethyl]amino}benzo[g]19¢q&inolina-

5,10-djone,

10, A compo&nd sccording to claim 1 selected from the group
consisting oft - '
5,9—bis{(2—(am1no)ethyl}amlno)benzu[g}lsoqulnallneus 10-dlone,
6,9-bis{f2~- (1'«pyrrolld1no)ethyljamlnu}benzo[gjlsoqulholine—s 10~
) dione, ‘ _
6,9~bis{ [4-(amino)butylJaminoc)benzo{g)isogquinoline-5,10-dione,
6,2-bis({3-(amino)propyljamino)benzofg}isogquinoline-5, 10-dione,
6,9-bis{[2~[{2~-hydroxyethyl)amino}ethyljaminc)benzofg})~

isogiinoline-5,10-dlonhe, and a salt of any one of sald compounds.
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~ 13. A compound according to claim 1 which is 6,9-bis({2-
(amino)ethyllamino)behzoly]isoquinolina-5,30+dione or a walt

thaereof.

12. The compound according to claim 12, vhereln said salt i

a maleate salt.

13. ‘The tompound according to elain 11, wherein sald salt ie

a hydrochloride malt,

14, A pharmaceﬁtical composition comprising a compound

aocording to claim 1 and a pharmaceutically accepﬁab!e diluent or

a—

excipient,

15, A pharmaceutical composition comprising a compound

according to clalm 2 and a bharmaceu&ically accaptable diluent or

exciplent,

16. . A pharmaceuticsl composition comprising a compound

according te claim 3 and a pharmaceutically acceptable diluant or

exciplent.

17. A pharmaceutipal composiktion cowprising a compound

according to clalm 4 and a pharmaceutically acceptable diluent ox

excipient.
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18. A pharméceutical conposition comprising a compound

agcording to claim 5 and a pharmaceutlcally mcceptable diluent or

exciplent,

1

19. A pharmaceutlcal compogition comprising = compound

according to claim 6 and a pharmaceutically acceptable diluenb oy

excipient.

20. A pharmaceutical composition comprising a compound

according to elaim 7 and a pharmaceutically accepltable diluent or

excipient.

21. A pharmaceutical compoéitlbn ﬂomprislnq a compound
accordlng to claim 8 and a pharmaceuklcally acceptable diluent or

exciplent

22, A pharﬁaceutical composition comprising a compound
selected from the group consisting of:
6,9ebis{[2—(amino)ethyl]amino}benzo[g]isoquinoline—s,lo—dlone!
6,9-bis([2-(4'—morphulino]ehhyljamino)benio[gjIsoquinollhe-sglo-
) dlone.: .
S,B—bial(z—(dimethylahlno]gthyl]amino)benzo[g)lsoqplnuiinens,10~
dione: | |

6.9—bis{[2-(dlethylamihu)ebhyl]aﬁino)benzq[g]lsoquinolins~5,10-

dione}

B,B—bisl[2—{dl(sec-propyl)amino]ethyl]amlno)benzo[g)156qﬂ1hollne—

5,10-dioney
_ This Sheet Has Been Replaced
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6.9~bi$([2~(1'~pyrrol1d1no)ethyl]amiho]benzo[g]1soquin011ne-5.1u-
dione: ' |
6,9~bisl{2~(1'—azlriainu)gthyl]aminv)benzp[g]isoqulnollne;5;1b~
dlonat | |
6,9—bls([2—(methanesu1£unyloxy)ehhyl]amino}benzu[@}190quinolihew
§,10-dione; | .
8,9-bis{{1-(amlno)butyljamino}benzo{yg)}isoquinoline-5,10-dione;
6.9—bis{[3¥{amlno]propyl]amlno}bgnzo[g]19oqu1nollne-5,10~dlune!
s.g-bis([2~[(2—hydroxyethy1)amino]ethyl]amino)bansotgj-
isoquinoline-5,10~dionet | '
6,9-bls({3-(dimethylamino)propyl jamino)benzo{g}isoguinolina-5,10~
dione; )
G,Q—bis{[(Z-hydroky}ethyl]amlho)behib[g]isuquinnline—s 10~diocnhes
6,9-bis{f(2~ (2~hydrnxyethoxy)athyl]amlno)benzntg]1soqulnol£n9—5 10-
dlone:

' 6,9~b19{[z-‘methylgmlno)ethyl)amino)benzo[g]isoqulnolinaus,10~
dione:
G,Q-blsg[2-{ethylaminu)ethyl]amino;benzo[g]1soqulnollne¥5,lhwdione;
s,g-bis{[2»(nupropylahina)ethyl]amlno}benio[g]lsoqulnuline—s,10- '
dicone; ' '

- 6,9-bis{(2- (sec-propylamino)ethyljaminojbenzof{g}isoguinol ine-5,10-
dione; )
G,B»bigt{2-(guanidlno)ethyl)amlno)benza[g]isoQuinolina—B,1o-dlone:
G,Q-bis([(2~amlho~2,2~dlﬁethy1)athyl]amlno)benzo{g]lsoqulnollnaf
5,10-dlone; and ' '

a pharmaceutlcally acceptable diluent or execlplent.
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23. A pharmaceutical composition comprising a compound
selected from the group conslisting oF:
6,9—bis('[2-(am1ho)ethyl]amlno_}benzn[g]:leoquinoli_ne-ﬁ,10-—d10he,
E,wals([2—(1'-pyrrolidino)ethyl]ﬁmiha)bgﬁso[g]1soqu1nn11ne—5,10—
dione, _ .. ‘ |
ﬁ;9~bis([4—(amlno)butyl]amlnnlbenzo[g]isoqulnoline-s,10wdlone,
lﬁ,gmbis(fs—(amlno)propyl]amlno)béhzo[g]isoquinollna—s,lo—dlone.
G;Q—bis([2-[(z—hydroxyethyllamino]ethyl]amino]benzo(g]~
1soquinaline—5,10~dioné, and a sa]..h of any one of sald compounds}

and a pharmaceutlically acceptable diluent or exciplent.

24, A pharmaceutical compcsitlon. comprising &,9-bis((2-
(amino)ethyljamino)benzolg)isoquinoline-5,10-dlone or a salt

thereof and a pharmaveutically acceptable diluent or esciplent,

25. The pharmaceutical composgition according to claim 24,

wherolin sald salt is,a maleate salt,

26. The pharmaceutical composition according to clalm 24,

whereln said salt is a hydrochloride salt.

27, A method of treatment of tumors in a mammal regulrlhg
such treatment comprising admlnlstration of an effective anti-tumor

amount of a compound according to clalm 1.
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28. The method according to claim 27, wherein said.gpmpgund

is adminlsteréd dally in a dosage range of abuuthl my to about 5O

“ mg per kilogram of body welght.

29." A method. of treatment of tumors in a mammal reguiring
such treatment comprising administration of an effective anti-tumor

amount of a compound according to claim 2.

30, A mathod of treatment of tumoxrs in a mammal requlring
‘such treatment comprising adminlstration of an effective anti-tumor

amount of a compound according to claim 3,

31. A method of treatment of "tumors in = mammal requiflnq
such treatment comprlsing administration of an effective antl-tumoy

 amount of a compound according ko claim 4.

32, A method of treatment oF tumors in a mammal requiring
such treatment comprising adninistration of sn offective anti-tumor

amouht of a compound according to claim 8.

33. A method of treatwent of tumors in a mammal requlring
sych treatment comprising adminlstration of an effective anti-~tumor

amotint of a compound according to clalm 6,

54.' A method of treatment of tumors Iin a mammal tequiring
such treatment comprising administration of an effective gnti-tumor

amount of 8 compound according to claim 7.
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35, A method of treatment of tumors in B mammal requiring

such treatment comprising adminigstration of an ‘efFactive antl-tumor

amounk of a compound according to olaim B,

36. A method of treatment of tumors in a mammal requiring

L3

such treatment comprising adminiétratioﬂ,uf an éffachiﬁe anti-tumor
amount of & compound selected from the group conslsting of: |
6,9-b19((2—(amlno)eﬁhyl]amino}benzo(g]1soqu1nollne~5 10-dione;
6,9-bla(f2- (6’“morphollno)ethyl]amlno)benzo[g]isuquihollne 5,10—
dione:
6,9—bls{[2-(dlméthylamino)ethyl]amlnu!benzo[g]lsoquinollnawﬁ,10—
dione:-
6,94b15][2-(diethylamlno)ehhyl]amiﬁ&)benzn[g)isOQulnolinejs,10-

: dione:
6,9~blef{f2- [dl(aecnpropyl)amino]athylJaminu]bensotg]isoquiholihe-
5,10-dione} '

"6,9-bis(2- (1'-pyrrulid1no)ethyl]amina)banzo[g]iaoquinollne-s 10~

dione;
6,9-blsf{{2- (1'-azlridino)ethyl]amlno)benzo[q]lsoqulnollna -5,10~

dione; _ _
-G,Q*blst[2—(methahesulfnhyloxy)Ethyl]amino)benzn[g)lsoqulnoline-
5,10-dlone;} | ' |
6,9-bls([4~(am1nc)buty1]amlno)benzo[g]isoquihollhe—5.10~dionel

6, 9~bls¢[3~(am!no)propyl}amino}ﬁenzo[g]Asoqulnoline—s 10-dione;
6,9-bimgg[2~ [(2 hydroxyethyl)amlno]ethyl]amlno)benzo(g]m

1soqu1noline 5,10- dione: ' S
- e
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6,9~bis([pu(dimethylamino)ptupyl)amiNU)benzn(g]1anuinoline—5,10-
dléhe:
6,9—bls¢[(z—hydroxy)ethylJaminu}bénzo(q]isoquinoline-s,10;dionek
6,9~bisl[(2—(2—hydroxyehhoxf)ethyl)aminbybenzgig]1soqu1n§11ne~5,10~
dione: | ‘ '
G,é-bis((2—(mehhylamlno)ethyl]aminu}be&zo[g]isoquino{lne-s,10-
diona: i
6,9;b15|[2—(ethy1am1no)ethyl]amlno}benzo[g]iso§u1noline—5,10~dlone;
s.g-bis({2-(n#propylamino)ehhyl]amlho)benzo[g)isoqpinoline—s,10-

dione; .
6,9-bls (|2~ (sec-propylamino)ethyl jamino}benzolg}isoquinoline~5, 10~
dione: ' _

6,9-bls([2-(guanid1no)ehhyl]amlno)ﬁeﬁio[g]1suquiﬂoline~5,lo—dlonas
s,s—bis{[{2—am1no—2,z—dlmethyllethyl]amlno)beﬁzotQIisoquinolina;

5,10-dlone.

37. A method of trsatment of tumors 1n~a mammal reguiring
such treatment comprising administration of an effective anti-tumor
amount.of 8 cowpound selected from the yroup consisting of:
G,Q—blsl[2~(amlno)ethyl]amino)benzo[g]lsoquinollne—s,lu—dlone,.

'6,9~bls([z—(1'—pyrrolid1no)etﬁyl]amiho)benzo(g]lsdqulnollne-s.10*'
dlone, | -
G,9~bis{[4~(amino)butjl]amlnojbenzo[g]lsoqﬂlnolinarsi10~d16ne,
.6,9—bls([3~{amlno)propyl]amlno]benzo[g]1soquih011ne~5,londione.
6,9-bis([2~[ (2-hydroxyethyl)aminojethyljamino}benzolg]-

isogulnoline~5,10-dione, and a salk of any one of sald compounds.
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38. A method of treaktment of tumors in a mammal requiring
such treatment womprising administration of an effaective antj-tumor
amount:ﬂf6,9—b15([2~(aminu)ethyljamina}benzo[g]1soquinollne-5,10-

dione or a &alt thereof.

1%, fThe method accotding to olaim 38, whorein pald salt is a

maleate salk.

49. ‘The method sccording to claim 38, wherein sald salk is a

‘hydrochloride salt,

41. A process for the synthesis of a vompound accordlng to

—

formula It

0 NH-R

(1)

wherein R is

Cy3-Cyg alkyl: phenyl or c?~¢16 afalkyl;

"Cy-Cyp 2klyl substitutad with one or Ewo substituents selected from
the group consisting of onlland ~NR, Ry 5

C4-Cyq alkyl Interrupted by one or two oxygen atoms or by a member
gelected from thea group vonsistlng of -HR,-, gls -Cil=CH, Lrang
_bu=cu— and —c;ce} and optionally'substlhutad with one or two

hydroxy (OH) or -HR,R,4 grdupst and wherein
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Ry is celected from the group conslsting of hydrogen, C,-Cg alkyl,
phenyl, C4-C,, axalkyl, ~cho, -CORS—.‘~COOR5,.-S(02)R5 and Cy~Cg
slkyl optionally substituted with -HR,R,y
R, and R, are the same or different and are selected from the group
' consistlng. oF hydfogeh, Cy-Cyg alkyly, ©Cy-Cyq aralkyl, phenyl,
Cziclo alkyl substituted with ong or two hiydroxy (OH) groups, -ClO,
-CoNg, ~COORg, and ~5(0,)Rg, Ry and R, taken togather with the
nitrogen atom to which they are bound form an ethyleneimlne ring or
a 5- or 6-membared aromatle or non-aromatic heterocycllq ring
optionally cqntaining another heteroatom selected £rom the group
c:.onsishing of sulfur, oxygen and nitrogen, R, is ft and R, 1is
~C{=HH) M1, or Ry ls ~C(=NH)N, and Ry is M) |
R, 1s selected from the group consisting of hydrogen, Cy-Cy, Blkyl,
Cy-Cyqo hydroxyalkyl, €,-Cyq Blkyl substituted with -NR,R,, Cy~Cyq,
aralkyl, phenyl, -CORg y :cooks and ~8(0,)Rg!?
Ry is selected from the group conslsting of ¢,~C,, alkjl! Cy-Cy 9
'atalkyl,.a-, B~, or y-naphthyl, phenyl, o~; m~-, or p-tolyl as free
basez and thelr salts with pharmaceutically acceptable acids,
comprising the steps 6f: | -

a) reacting pyridine ~3,4—dicérboxylic ahhydglde with

~ 1,4~dlfluvorobenzene!
b) cyclizing tha product of step a) in fumlng sulfurle acld
st elevated témpexatﬁte: and |
c) displacement of flucride by addition of amine of formula

| R*-an, whereln R' 1g the same ug that defined by R.
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'42. ‘'The process agcording to claim 41, wherein a compound
obtalned in step (¢) has the formula {(Ia):
0 R

(za)
0 NH-R

and wherein R' has a meaning other than that defined by R and

further comprising the step of converting R!' to R,

"43, 'The process according to clalm 41,'£urthex comprising the

step of_UUnvertiﬁg R' In the compound obtalned in step (v) to

ahother tompound deflhed by R.

| 44. The process according to claim 41, further comprising the
step of subjecting the cowpound obtained in step (c) to

salification and/or solvatlon or separating isomers thereof.

A5. A process for ths synthesis of a compound accoxding to

formula I

{1y
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wherein R is ‘
Cy~Cyq aikyl; phenyl or €,~C;q aralkyls
Cy-Cy9 akiy1 subskituted with ona or two substltuents selected from
Ehe.group consisting of OR; and —Nﬁznsl

- 0y-Cy, Alkyl interrupted by one or‘two oxygen atonms ;r by a member
sefeated from the group consisting of ~NRy-, glg -ciiscll, trang
~-CH=Cii- and —c=d—, and optionally substituted with one or two

'hydroxy (Olt) or -NR,R, giuups: and wherein

Ry 1% selected from the'group uohsistlng of hydrogen, cl—cs'alkyl.
phenyl,  C9-Cy, aralky;, ~CHO, ~CORg—, ~COORg, -B(0,)Rgz and C,~Cg
alkyl optlonafly gubstituted ﬁith ~HRyR4 ¢

Ry and Ry .axe the same or dlfferent and éra selected from tha group
consisting of hydrogen, C;-Cyg ®1Kyl, ©,-Cy, aralkyl, phen&l,
C,~Cyp 2lkyl substituted with one or two hydroxy (ON) groups, -CHO,
~CORg, =COORg, Band -8(0;}Ry, R, and Ry taken togethey with tha
nitrogen atom to which they are Eound form an ethyleneimine ring or
a 5- or 6&-mambered aromatlc or non~aromatle heterocyclic ring
‘optionally containing'another hetercatom csalected from the group
consisting of sulfur, oxygen and nitrogen, R, is H amd R, is
-C{=HH}NIt, oxr R, Is -C(=HH)HH, and R, is H}

.'“4 ig selected From the ngUp congisting of hydrogen, °1"¢1o alkyl,
C,-Cyg hydroxyalkyl, €;-C;, alkyi substituted with -NRyR,, €;-C4q
aralkyl,' phenyl, -COR;, -COORg and -8{0,)Rg!?

Ry Is selected from the group consisting pf Cy-Cyq BlkYl, Cy-C44
aralkyl, a-, B-, or y-naphthyl, phenyl, o-, m-, or p-tolyl as free
bases and thelr salts with pharmaceutically acceptable aclids,

//
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reacting a compound.of forﬁuia {I).-whérein R is —(Cﬂé)p—oS(Oz)RB
and wherein Ry is as proviously #erlned aﬁd p s 2, 3 or 4, with a
compound having the formula uzn—(cuzyq—o—n, vhereln E {s selected
from the group consigting ot trlalkylsilane, (dialkgl)hrylsllane,

~ formyl and acetyl, and g ie 2, 3 or &,

458, The process according to clalm 45, further comprising the

step oE removing tha B group.

47. A process for the synthasis of a compound acc:ordlhg to

formula I

Ly

wvherein R is

€y=Cyp #lkyl: phenyl or c,—clo'ara;kylf

Cy-Cyp aklyl substituted wlth one or two substituents selected from
the group consisting of oni and ~NR,R41

C,-Cyo 8lkyl interrupted by one or two oxygen atoms or by a membaer

selected from the group consisting of —HRA—.'cis -Cit=CH, Ltrans

-Cl=CHH~ and -CxC-, and optlonally =ubstituted with one or two
S
This Sheet Has Been

[y i

hydrosy (OHNl) oxr -MR,R; groups; snd wherein



THIS SHEET HAS BEey
REPLACED

72

R, is selected from the group consisting of hydrogen, €,-Cq alkyl,
phényl, €,-Cyq aralkyl, -chio, -CORgz-, ~COORg; =8(05)Ry tnd C,-Cg
alkyl optlonally substituted with ~NR,R4¢ |
R, and Ry are thg sama oy dlfferant and are selected from the group
cons}sting of hydrogen, ©€;=Cyq glkyl, Cy-Cyo arélkyl, phenyl,
czz-cm alkyl substitutad with one or two hydroxy (OH) groups, -CHo,
~COR;, -COORg, And -8(0,)R;, R, and Ry taken together with the
nitrogen atom to which they are bound form an athyleneimine ring or
2 5- or 6-membered aromatic or non-aromatic heteroeyollo ring
dptlonguy containing another hetervatom meledted from the group .
'conslstlpg of gulfur, .oxygen and nltrogen, Ry, e N and Ry is
~C(=NH) NI, or Ry 1g -C(=NH)NH, and R4 l& M}
Ry {z selected from the group con_sisﬁing of hydrogen,. cl—c-w alkyl,
Cy4-Cyog hydroxyalkyl, Cs~Cyq alkyl substituted with ;anns, Cy3-Cy4gq
aralkyl, phenyl, ~CORg, —Coonsi'and ~8(0,) Ry
Rg ls selected from the group consisting of Cy~Cyp alkyl, C;-Cy,
aralkyl, a-, B-, or y-naphthyl, phenyl, o-, m-, or p-tolyl as fraa
bases and their .E.!Blts. with pharmaceutically acceptable aclds,
comprising the mteps of:

a) | reacting 6,9-dif100r_bbenzo[g)isoqulnol.lha-s, 10-dione with
- a compound having the Eorml_.\la |I2N~(Cllzib-}l(coons)ns,'

wherein Ry Js hydrogen or a €3-Cg alkyl, Ry is as previously

defined and p i=s 2, 3 or 4 to obtain a compound having the formulu

0 MR

(xa} -
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whereln R' s -(cuz)p—mcoqns)ﬁ,e

b) removing the gtoup COORg . :

48. A process for the synthesls of a compound sccording to

formula ¥?

F

0 NHR
7 o
oo
Na, _
| 0 MR
wherein R is
Cy-Cyq 8lkyl: phenyl or €,-C;, aralkyly
Uy-Cyy aklyl substituted with one or two substituents seléutéd From
the group coﬂslstlng of ORy and ~NR4R,}
cz-clo'alkyl lngerrupted'by ohe or two oxygen atoms or by m member
selected From the.gr6Up conalisting of -HR,~, ©lg ~CH=CN, Ltrana
-CH=Cll~ and - ~C=C-, and optionally substituted wlith one.or two
hydroxy (Ofl) ox -NR,R, groups? ané wharein _
Ry ls selected from the group conslsting_oi hydrogen, Cy-C, alkyl,

" alkyl optionally substituted with -NR,Ry;

R, and R, ‘are the same or dirfereht and are gpelected from the group
eonslstlng of hydrogen, Cy~Cyq alkyl, C3-Cy9 ‘aralkyl, phenyl,
C5-Cyp alkyl substituted with one or two hydroxy (oH) groups, -CHO,
-CORg, ~—COORg, and -8(0,)Rg; R, and R4 teken together with the

nitrogen atom to which they are bound form an ethyleneimine ring ox

a4 B5- pr 6-membered aromatic or non-aromatlo heterocyclice ring
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optionally conta#nlng.anobher heteroatom selected from the yroup
consisting of sulfur, oxygen and nitrogen,. Ry is W and Ry is
~C{=NH)NIly or Ry is -C(=NM)MIl, and n;, i= 0y |
R, 1e selected from the group consistling of hydrogen,'cl-clo ulkyl,
C3-Cyp hydroxyalkyl, C,-Cy, alkyl subst{tutad with';ﬂhzns, Cy-Cy0
afalkyl, phenyl, -CORg, -COORy ané —5(02)n51
_n5-15 selected Brom the group conslsting of Cy~Cyg alkyl, Cy-Cy,
aralkyl, a~-, 8-, or y-naphthyl, phenyl, o~, m-, or p-tolyl as free
bases and thelr salts with pharmaceutlcélly acceptable aclds,
comprizing the step of:! | |

reacting =a vompouﬁd of formula (1), wherein R 1=

(cuzyp—nnz and p $=2 2, 3 or 4 with a compound haﬁlng the

ot

formula ﬂzn—c(=uu)soaui
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