3

10

15

20

25

ia .

|| i

6190§7EUP()

\ |
2—mu‘n.oz\ﬁxu»-s-AMINOALKYLMIHO BUBETITUTED-
L50QUINOINDAZOLE-6 (2H) ~ONES

———————

Has Been Replaced '

Fleld of the Invention

. This “inventlon is directed to
azaanthrapyrazoles, namely to 2-aminoalkyl~6-amino-
alkylamino -substituted isogquino ({8,7,6-cd] indazole-
6~(2H)Lones and to ~am1noalkyl~5-amlnoalkylamino
substituted-isogquino {56,6,7—cd)] indazole~6 (2H) ~ones.
These compounds have been shown to have antitumor
activity. R

Backgyound

Certain 1,4~bis((aminoalkyl)aminc}anthracene-
9,10~diones have been reported which show antitumor
activity in c¢linical trials. Of particular interest has
been = anmetantrone, 1,4~bis{[2~(z~hydroxyethyiamino)
ethyllamine}anthracene-9,10-dione, and mitoxantrone,
6,8-dihydroxy~1,4~bis{[2-(2-hydroxyethylamino)ethyl]
amino}anthracene-9,10-dione. [Zee~Cheng et al., J. Med.
Chem. 231, 291-4 (1978); Cheng eé‘ al., '“Proqress in
Medicinal Chemistry", Ellle, G.P. and West, G.B., €ds.;
Elsevier: Amsterdam, 1983, Vol. 20, pp. 83 and references
cited thérein]. Mitoxantrone is a broad spectrum
oncolytic agent, whose activity is similar to that of the
anthracycline antibiotic doxorubicin. clinical trials
have demonstrated that mitoxantrone . has partiouquly
promiging activity in the treatment of advanced breast
cancer, acute leukemia and lymphoma (Legha, Drugs of
Today, 20, 629 (1984)}. Although animal studies have
demonstrated a diminished oardiotokicity.in comparison to
doxorubicin, some clinical cardiotoxicity has been
observed also with mltoxani:rone, _mostly 4in patients
previously treated with doxérubicin (R. Stuart Harris et
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al., Lancet, 213, (1984) and references gited therein).
Ametantrone has been reported to be, in animals, about
10-fold less potent and less cardiotogic than
mitoxantrone. Because a delayed toxicity is observed only
with mitoxantxone after administration of the two drugs by
the i.p. route to non-tumor bearing rats at equieffective
antitumor dosages, it is suggested that the presence of
the 5, 8~dihydroxy_substitution in mitoxantrone might be
jmplicated in the delayed deaths {Corbett et al., Cancer
Chemother. Pharmacol., &, 161, (1981)].

In addition, both mitoxantrone and ametantrone
have a remarkable myelodepressive toxicity and both
compounds show cross-resistance to cell histotypes
developing resistance against doxorubicin mediated by

. overexpression of glycoprotein P. such a resistance,

which is named multidrug resistance, involves a number of
antitumor antibiotics, among which are amacrine and
podophyllotoxinic derivatives, and this resistance is one
of the main reasons for therapeutical failures in the
treatment of solid tumors with such antibiotics,

In an attempt to overcome the above mentioned
drawbacks, some chromophore modified anthracenediones have
been prepared. - For example, E.P. Patent Application
103,381 discloses 2=aminoalkyl~S-aminoalkylamino
subsgtituted anthra {1,9-cd] - pyrazol-ﬁ(zﬂ)-onés
(anthrapyrazoles) which are claimed to have antitumor
activity. The antitumor activity of said compounds in a
number of preclinical models has been reported by H.D.
Hollis Showalter et al. ([J. Med. Chem., 230, 121-131,
(1987)]. However, anthrapyragzoles are not devoid of toxic
géide effects, with severe leukopenia (W.H.0. grade 3 and
4) and neutropenia (W.H.0. grade 4) being dose limiting in
phase I and phase II clinical trials with the anthra-
pyrazole CI-941 [I.E. Smith et al., J. Clin. Oncel. 39,

. 2141-2147, (1991))]. Moreover, a marked nephrotoxivity is

associated with CI-941 treatment in the rat {D. Campling
and M.#.C. Robbins, Nephrotoxicity, Peter H. Dekker Bach
editor, pp. 345~352, (1991), New York; see Chenical
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Abstrack 116:294n, (1992)], and these authors suggest that
renal injury may be a clinical problem'with anthrapyrazole
therapy.

Tharefore, the search for newer active analogues
g still highly desirable. .

We have now discovered that the introduction of
one nitrogen atom-in the pozition 9 or in the position 8
of the above mentioned anthra [1,9-cd] pyrazol-6(2H)~ones
provides 2- ,aminoa1ky1-5—aminoalky1amino gubstituted
igogquino (8,7, 6-cd) indazole—6~(2H)-oneg and 2=-amino-
alkyl-5-aminoalkylamino substituted-isoquino [6,6,7~cd]
indazole—~6 (2H) -ones respectively, which are endowed with
marked antitumor activity.

BRIEF SUMMARY OF THE INVENTION

The compounds of the invention have the formula

(I):

¥ | (1)

wherein R is hydrﬁgen or hydroxy;

one of X and Y is a carbon atom and the other is a
nitrogen atom, with the proviso that when Y iz nitrogen,
R is hydrogen; '

A and B are the same or different and are selected from
the group of €-C, alkyl or ([phenylalkyll; C,-C; alkyl
having one or two substituents selected- from the group
consigsting of OR, and NR;R;; C;~C;, alkyl interrupted by one
or two oxygen atoms or by one ~NR~ group, and said C,-C),
ﬁlkyl is optionally substlituted by one or two hydroxy (OH)
or NR;R; groups;

R, is selected from the group consisting of hydrogen, C~C¢
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alkyl, phenyl, (phenylalkyl], =-8(0,)Rs, GrCs¢ alkyl
optionally substituted by NR,R,;

R, and R, may be the same or different and are selected
from the group consisting of hydrogen, C,-C,, alkyl,
{phenylélkyl], phenyl, C,~C, alkyl substituted with one or
two hydroxy (Ol) groups, or R, and R, taken together with
the nitrogen atom to which they are bound form an
ethyleneimine ring or a 5- or 6-member aromatic or
non-aromatic heterocyclic ring which optionally contains
another heteroatom such as sulfur, oxygen or nitrogen;
R, is selected from the group consisting of hydrogen, C,~C,
alkyl, C,—C, hydrexyalkyl, €,-C,; alkyl substituted with
NR;R;, [phenylalkyl), phenyl; '

R; is selected from the group consisting of Ci=Cio alkyl,
[phenylalkyl), as free bases and their salts with
pharmaceutically acceptable acids.

The present invention also concerns the
tautomeric forms, the aingle enantiomers and
diastereocisomers of the compounds of formula (I), as well
as mixtures thereof,

The present invention also concerns the
non-~toxic salts of the compounds of formula (I) with acids
acceptable for pharmaceutical and veterinary use such as
those obtained by addition of inorganic acids such as
hydrochloric, . hydrobromic, sulfuric, phosphoric;
pPyrophosphoric acid, and/or of organic acids such as
acetic, propionic, ecitrio, bhenzoiec, lactie, maleic,
fumarie, succinic, tartaric, glutamic, aspartic, gluconic,
ascorbic acids and the like.

DETATLED DESCRIPTION OF THE TNVENTION

In compounds (I) the term "phenyl" means phenyl

_rings wvhich can optionally contain one or two substituents

such as C,-C, alkyl groups, CF,, halogen atoms, nitro,
amino, acetylamino, formylamino, dimethylamino,
diethylamino, hydroxy, methoxy and ethoxy groups.
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Preferred examples of C-Cq, alkyl groups are
methyl, ethyl, n-propyl, sec-propyl, n-butyl, sec-bptyl,
tert~butyl, n-pentyl, n-hexyl.

Preferred examples of [phenylalkyl] are henzyl
and 4-methoxy benzyl. When in compounds of formula (I) A
or B are a C,—C, alkyl interrupted by one or two oxygen
atoms or by one ~NR,~ group and opticnally substituted by
one or two hydroxy or —NRJQ groups, at least twao carbon
atoms are preferably interposed, between msaid oxygen atoms
and/or the -NR,~ and ~NR,R; groups. )

When in compounds of formula (I), the -NRR,
substituent is a B or 6-member aromatic or non-aromatic
heterocyclic ring which may contain another heéteroatom
such as sulfur, oxygen and nitrogen, preferred examples of
said heterocyclic rings are 1-imidazolyl, 1-pyrrolyl,
l1~tetrahydropyrrolyl, l-pyrazolyl, 4-morpholinyl, 1~
piperidinyl, i-piperazinyl, 1-(4-methyl)-piperazinyl,. and
1-(4-benzyl)pipexazinyl.

Preferred compounds of the invention are those
of formula (I) where R 1s H and X and Y are as above
defined. _ |

Most preferred compounds are thosée of formula
(I) where R is H, X and Y are as above defined, and A and

B are independently selected from the group consisting
of

- vresidue of formula -(CH,) ~NH, wherein p is the integer
2 or 3; .

~ residue of formula ~(CH,) ,~NR;R; wherein p is as above
defined and.R; and R, are methyl; ‘

- residue of formula -(CHﬂ,—NRﬂh‘ﬁherein p is as above

defined and R, i8 hydrogen and R; is methyl;

-~ residue of formula -(CH,),~OH wherein p iz as above
defined; _

- residue of formula ~-(CH,),~NH=(CH,) ~OH wherein p and g
are independently an integer selected from'the group
congisting of 2 or 3;
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Specifid examples of the preferred compounds of this
invention are reported in table 1 and have the following

chemi¢al names:

(1)

(2}
(3)

(4)

(5)

(6)

(7)
(8)

(2)

(10)

(11)

(12)

(13)

2-[2—[(z-hydroxyethyl)amino]ethyl]—s—[[zv[(z-hydrox
yethyl)amino]ethyl]amino]isoquino[B,?,G—Gd]indazole

© =6 (2H)~one;

3-[2-[ (2-hydroxyethyl)amino]lethyl]-5-[(3~amino-
propyl)amino]isoguino(8,7,6-cd]indazole—6(2H) -one;
3-[2-[ (2-hydroxyethyl) aminojethyl]-5-{ (2-amino-
ethyl)aminolisoquino(8,7,6-cd]indazole-6(2H)-onej;
2-[2-[ (2~hydroxyethyl)aminolethyl)=-5-[{2-(methyl-
amino)ethyljamino]isoguino({8,7,6-cd}indazole~6(2H) -
one; '
2-[2-{(z-nydroxyethyi)amino]ethyl]-S—[[2—(dimethy1-
amino)ethyljamino}isoquino(8,7,6~cd}indazole~6(2H) -
one; '
2-[2-[ (2-hydroxyethyl) aminojethyl]~5~[[2~[ (2-hydro~
xyethyl)aminolethyljamino]isoquino(5,6,7-cd)
indazoie-ﬁ(zﬂ)-nne;
2-[2~{(2~-hydroxyethyl)aminojethyl]-5-[(3-amino-~
propyl) aminolisoquino{5,6,7-cd)indazole-6(2H)-one;
2-f{2~((2~hydroxyethyl)amino]ethyl]-5~{ (2~amincethyl)
amine]isoquino[5,6,7-cd}indazole—6 (21i) ~one;
2~[2-t(znhydroxyethyl)amino]ethyl]-5-[[2—(methy1-
amino)ethyl]amino]isoquinots,6,7—cd]indazole—6(2H)-
one;
2=[2~[(2~hydroxyethyl)amino]ethyl]~B~[[2~(dimethyl-
amino)ethyljamino}isoquino([5,6,7-cd]indazole-6(2H) -~
ohe; :

5-((2~[ (2-hydroxyethyl)aminojethyl)aminc]~2~[2~
(dimethylamino)ethyljisoquino [8,7,6~cd]indazole-6
(2H) -one;
5-[(B-aminopropyl)amino}wz-[2-(dimethylamino)ethyl]
isogquino ([8,7,6-cd]indazole~56(2H)~one;
5-[(2-aminoethyl)amino]-[2-[2~(dimethylamino)
ethyllisoquino [8,7,6-cd]indazole~6(2H)-one;
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(16)

(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)

(31)

7

5-[[2-(methy1amino)ethyl]amino]—z'[3‘(dimethylami“°)
ethyl]isoguino[8,7,6~cd)indazole-6 (2H) ~one;

5~ [2- (dimethylamino)ethyllamino]-2~(2~ (dimethyl-
amino)ethyl]isoquino[a,7,G-Cd]i“dazole-G(ZH)—one;
5~[[2-[(2~hydroxyethyl)amino]ethyl]ﬁminﬂl“z'[z”(di'
methylamino)ethyl]isoquin°[5a5:7”cd]inaaz°1e'5(23)'
one} .
5—[(S—aminopropyl)amino]-2-[2»(dimethylaminot
ethyl]isoquino[S,ﬁ,?-cd]indazole—s(zn)-one:
5—[(z—aminoethyl)amiho]—(z—(dimethylamino)ethyl]
igoguino [6,6,7-cd]indazole~6(2H) ~one;
5—[[2-(methy1amino)ethyl]amino]wz—[z—(dimethylamino)
ethyl)isoquino (5,6, 7-¢d}indazole-6 (21l) ~one;
5-[[2—(dimethylamino)ethyl]amino]—z—[z—(dimethyl-
amino)ethyl]isoquine {8,6,7-cd)indazole~G(2H)-one;
3-[2-aninoethyl]-6-[[2~[ (2-hydroxyethyl)aminojethyl]
amino]isoquino [8,7,6-cd]indazole—6(2H)-one;
2-[2-aminoethyl]-5~[ (3-aminopropyl)amino]isoguino
[8,7,6-cd]indazole-6(2H) -one;

2~[2-aminoathyl)~5-[ (2-aminoethyl)amino]isoquino
[8,7,6=cd]indazole-6(2H)~one;
2-[2~aminoethyl}-S-[[2~-(methylamino}ethyl)amino]
isoquino[B,7,6~cd)indazole-6(2H)~one;
2-[2-aminocethyl}-5-[[2-(dimethylamino)ethyl]
aminolisoquino[8,7,6-cdlindazole—6(2H) ~one;
2={3-aminopropyl)=-5=-({[2-[ (2-hydroxyethyl)amino]ethy
1] amino}isoguino (8,7,6-cd)lindazole-6 (2ll)~one;
2-[3-aminopropyl]}~E~[ {3-aminopropyl)amino]isoquino
[8,7,6~cd]lindazole~6 (2H)-one;
2~[3~aminopropyl]-5~{ (2-amino)ethyl)aminolisoquino
(8,7,6~cd]indazole—6 (2H) -one; |
2~{3-aminopropyl]~5-f[2~(methylamino)ethyl]
aminojisogquino (8,7,6=cd}indazole~6(2H)~one;
2~{3~aminopropyl]l-s-[[{2-(dimethylamino)ethyl]
amino)isoquino [B,7,6-cd)indazole-6(2H)-one;
5-[(2-[ (2~hydroxyethyl)amino]ethyl}lamino]-2-[3~
aminopropyllisogquino [5,6,7~cd]lindazole~6(2H)-one;
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(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

5-[[2—[(2—hydroxyethy1)amino]EEhyllami"O]"z‘(z“
aminoethyl]isogquino [5,6,7-cd) indazole—6(21) -one;
2~[(z—methylamino)ethyl]—5—[[Zu[(z-hydroxyethyl)
amino]ethyl]amino]isoquino[&,?,Gwcd]indazole—s(zu)-
one; ' .
2-[(2~methy1amino)ethyl]—S-[(B—aminopropyl)amino]
isoquino[B,7,6-cd]indazole~6(21)~0one;
2-[(2~methy1amino)ethyl]—sk[(z—aminoethyl)amino]
isoquino[&,?,G—cq]indazole—6(2u)—one;
2—[(z—methylamino)ethyl]-5-{[2~(methy1amino)ethyl]
amino}isoguino (8,7,6~cd]indazole-6 (2Ii) -one;
2~[(2—methy1amino)]ethyl]-5~[[2~(dimethy1amino}
ethyljamino)isoquino[8,7,6-cdlindazole—-6 (2il) ~one;
2-[(2-methylamino)ethyl]}-5«[[2-[ (2-hydroxyethyl)
amino)ethyllamino]isoquino[5,6,7-cd)indazole~6(2H) -
one;

2-[({2-methylamino)ethyl]=-5~( (3-aminopropyl)amino)
isogquino[5,6,7-cd]indazole=6 (2il) ~one;
2-[(2-methylamino)ethyl]-5-[ (2-amincethyl)amino)
isoquino(5,6,7-cd)indazole~6(21) ~one;
2-{(2~methylamino)ethyl]-5~{[2-(methylamino)ethyl]
amino]isogquino(5,6,7-cd]indazole~6(2H) ~one;

2-({ (2-methylamino)ethyl)~5-{[2-(dimethylamino)etlyl]
amino]isoquino([5,6,7-od]indazole~6 (2H) ~one;
2-methyl-5-{[2~(dimethylamino)ethyljaminojisoquino
[5,6,7=-cd])indazole~G(21i) ~one;
2-methyl-5-{[2-(dimethylamino)ethyl]amino]isoquino
[5,6,7~cd]indazole~6(2H) -one.

TABLE 1
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BLE 1 (Continued
No. Y X R A P
. ¢ N H  CHCHNHCH,CHOH CHzCHzN“ﬁHzC“zOH
2 Fol N H CH,CH;CH,NH, "
3 c N H CH,CH,NH, .
4 C N H CH,CH,NHCH, .
5 c N H CH,CH;N (CHy) , '
6 N c H CH,CH,NHCH,CH,0H CH,CH,NHCH,CH,0H
7 N ¢ H CH,CH,CH,NH, ::
3 N c H CH,CH,;NH,
g N c H . CH,CH,NHCH, "
10 N c H CH,CH,N {CHy) 5 "
11 c N H  CH,CH;NHCH,CH,OH CH,CH,N (CH;) ,
12 c N H CH,CH,CH,NH, w
13 c N H CH,CH,NH, "
14 c N H CH,CH,NHCH, "
15 C N H CH,CH,N (CH;) 5 u
16 N c H CH,CH,NHCH,CH,0H CH,CH,N (CH,) 5
17 N c H CH,CH,CH,NH, "
18 N C H CH,CH,NH, "
19 N C H CH,CH,NHCH, "
20 N c H CH,CH,N ( CH,y ) 5 v
21 c N H CH,CH,NHCH,CH,0H CH,CH,NH,
22 C N H CH,CH,CH;NH, "
23 c N H CH,CH,NH, "
24 c N H CH,CH,NHCH; "
25 c N H CH,CH,N (CH;) , -
26 C N H CH,CH,NHCH,CH,0H CH,CH,CH,NH,
27 C N H CH,CH,;NH, "
29 c N H CH,CH,NHCH, "
30 c N H CH,CH,N (CH,) , "
31 N C H CH,CH,;NHCH,CH,0H CH,CH,CH,NH,
32 N c H CH,CH,NHCH,CH,0H CH,CH,NH,
33 c N H CH,CH,NHCH,CH,0H CH,CHNHCH,
34 ¢ N H CH,CH,CH,NH, "
35 c N H CH,CH,NH, "
36 ¢ N H CH,CH,NHCH, " .
37 cC N H CH,CHN (CH,), "
38 N c H CH,CH,NHCH,CH,0H CH,CH,NHCH,
a9 N c H CH,CH,CH,NH, "
40 N Cc H CHQCl‘i;NHz , "
41 N c H CH,CH,NHCH, "
42 N C H CH,CH,N (CH,) 5 "
43 C N. H CH,CH;N (CH;) 5 CH,
44 N c H CH,CH,N (CH3) , CH,
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The compounds of this invention can be prepared
by the process depicted in scheme 1 and involving the

reaction (reaction a) of a compound of formula (TI1):

R 0o  Z

0 w

(XIla) X=N, ¥Y=2¢C
C(I1Ib) X=¢, ¥=N
wherein 7z is 0Ts (OTs being the p-toluenelsulfonyloxy
group) or Cl and W is F or €1, with the provisc that 2 and
W can not simultanecusly be Cl, with a hydrazine of
formula (IV): '

HyN~NII=B’ ' (IV)

where B’ has the same meanings as B is defined in formula
(X), or B’ is a group that can be converted into B by
removal of protective groups for the primary or secondary

amines optionally present in Bf, to give a compound of
formula (II):

R O %
YN
L
X
, |
N'—'_'N"-.Bv
(IIa) X=N, ¥Y=0¢

(IIb) Xx=c, ¥

3
=
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which then is reacted (reaction b) with a compound of

_formula (V)¢

H,N-A' (V)

where A’ has the sawe meanings as A is defined in formula
(1), or A’ is a group that can be converted into A by
removal of protective groups for the primary or secondary
amines optionally present in A’, to give the compounds of

formula (I'):*

R O  NHA

RN (1)

N-'—N"'--.BI

When A’ and/or B’ are different from A and/or B,
compounds of formula (I’/) are converted to compounds of
formula (I} by removal of the protective groups for the
primary'and/or secondary amines optionally presant in A
and/or B’., |
' When, if desired, the procesgs depicted in scheme’
1 iz performed by reacting compounds of formula (IXXa),
then the compounds of the invention of formula (Ia) can be
obtained where X represents an atom of nitrogen and Y
represents a carbon atom. Alternatively, if desired, by
reacting compounds of formula (IXIb), the compounds of
formula (Ib) can be obtained.

Protective groups for the primaxry andfor
secondary amines optionally present in A’ and/or B' which
can advantageously be used for tha preparation of
compounds of formula (I) are represented by (C,~C;)acyl~
derivatives (preferably acetyl-derivatives), (C,~Cy)
alkoxycarbonyl~-derivativea (preferably. tert-butoxy-
carbonyl-derivatives) and by (C;~Cj)aralkyloxycarbonyl-
derivatives {preferably benzyloxycarbonyl-derivatives).
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In a preferred embodiment of this invention,

compounds of formula (I) are prepared by reaction of a

compound of formula (ITI’):

R 0 OTs

-
¥ (X1IX’)
b s . x\
Q W
5 with a hydrazina of formula (1v) to give a compound of
. formula (IL’):
V'
l | (I1')
X

N"—“N--.B-

Compounds of formula (II’) are then reacted with

a compound of formula (V) to give a compound of formula

10 (1), which step is followed by removal of the protective
groups for the primary and secondary amines optionally
present in A’/ and/or B’, to give a compound of formula

(1). .

' In another preferred embodiment of this
15 ‘invention compounds of formula (I) wherein X is ¢ and Y is

N are preferably prepared by reaction of a compound of
formula (IIXI’'’):

R 8] F

(I1177)

’ 0 a
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with a hydrazine of formula (IV) to give a compound of

foxmula (ITI?7):

R N—NP
/
= |
“ (I1°7)
Na
o O

Compounds of. formula (II’f) are thgn reacted
with a compound of formula (V) to give a compound of
formula (I'), which step is followed by removal of the
protective groups for the primary and secondary amines
optionally present in A’ and/or B’, to give a compound of
formula (I) wherein X is C and Y is N,

The reaction of compounds (IXI) with the
hydrazines (IV) can be performed by heating compounds
(I1I) with a stoichiometric amount of hydrazines (IV) or
an excess of hydrazinea (IV). The reaction is usually
performed in an inert solvent such as methyleéne chloride,
chlorvform, 1,1,1=-trichlorosthane, dimethoxyethane,
tetrahydrofuran, dimethylsulfoxide, dimethylformamide,.
pyfidina,'piccline, and mixtures thereof, or if it is
desired, using compound (IV) itself as the golvent,
cptionally 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
golvent,

Preferahly the reaction is carried out in a
solvent such as pyridine, tetrahydrofuran, dimethyl-
sulfoxide, or N,N,N’,N’-tetramethylethylenediamine, using
from 2 to 10'equiVa1ents of compound (IV) for 1 equivalent
‘of compound (III), and working at a temperature ranging
from 5°C to 50°C.
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Wwhen, Iin a particular embodiment of this
invention, a compound of formula (IIL17) is reacted with a
hydrazine of formula (IV), the reaction is preferably
performed with a molar ratio between compounds (III) and
(IV) of %:1.05 to 1:1.25 and by using tetrahydrofuran as
solvent at a temperature ranging from room tempera#ure to
50°C,

The reaction of. the compounds of formula (II)
with the compounds of formula (V) can pbe performed by
heating compounds (II) with a stoichiometric amount of
amine (V) or an excess of amine (V). The reaction is
usually performed in an inert solvent such as methylene
chloride,  chloxoform, 1,1,1-trichloroethane,
dimethoxyethane, tetrahydrofuran, dimethylsulfoxide,
dimethylformamide, pyridine, picoline, and mixtures
thereof, or, if it is desired, using compound (V) itself
as the solvent, optionally in the presence of an inorganid
base such a& 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. '

Praeferably the reaction is carried out in a
solvent such as pyridine, ohloroform, or dimethyl-
sulfoxide, using from 2 to 10 equivalents of compound (V)

for 1 equivalent of ocompound (II), and working at a

temperature ranging from room temperature to 100°C.

When, in the compounds of formula (I’), A¢
and/or B’ are different from A and/or B, the removal of
the protective group for tﬂe primary and/or secondary
amino functions is carried out following the procedures
well known to those skilled in the art. Useful teachings
can be found in Green, T.W., Wuts, P.G.M., "“Protective
Groups in Organic Synthesig", second Edition, John Wiley .
& Sons, 1991.

For example, the removal of +the N-(tert-
butoxycarbonyl) protective group can be performed by
treatment of a compound of formula (I’) with an excess of
anhydrous hydrochloric acid in a solvent such as a (C-C4)
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alkanol,dichloromethane,ahloroform,cnrmixturesthereof,
at a temperature of 0°C to the reflux temperature of the
solvent and for a time ranging from several minutes to a
few houre. Preferably the reaction is performed in
ethanol or in chloroform dsing frem 10 to 20 molar
eguivalents of anhydrous _hydrochloric acid at a
temperature of from 20°C to 50°¢, and is generally’
complete in four hours. _

The compounds of formula (IV) are known or they
can be prepared according to Kknown procedures, gee for
7, 493, (1964) and J. Het. Chen.,

example, J. Med. Chem.,
26, 85, (1989).
| - The conpounds of formula (V) are known and
commercially available, or they can be prepared according
to known procedures. For example, the preparation of sone
N-(tert~butoxycarbonyl) ‘alkanediamines useful for the
preparation of some compounds of the present invention is
described in Synth. Comm., 20, 2559, (19%0) or in J. Med.
Chem., 33, 97, (1990). .
The compounds of formula (III) wherein Z = OTs
{compounds III’)] an be prepared by a multistep procedure,
depicted in scheme 2, involving the following reactions:

(c) the Friedel and CcCraft acylation of
1,4-difluorobenzene with pyridine-3,4~dicarboxylic
anhydrides (VI) where Ry is hydrogen or a suitable
protecting group of the hydroxy function such as methoxy
or benzyloxy, in presence of Alcl, (110°C, 22 h) which
leads to the regioisomeric keto-acids (VITa) and (VIIb);

(d) reaction of the ketocacids (ViIa) and (VIIb)
with sodium methoxide in methanol (8.5 h, reflux) leading
to the regioisomeric methoxy-substituted ketoacids (VIIla)
and (VIIIb); compounds (VIIIa) and (VIiIb) where R, is

_hydrogen can be reacted as such in the following step;

when R, is different from hydrogen,'compound (VIIIa) is

Rurified by crystallization and reacted as pure'
regioisomer;
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(e) reduction of compounds (VIIIa) (R different
froﬁ hydrogen) with #n/Cu couple in 75% agqueous formic
acid (15’ room temperature, then go°c, 2h) leading to
(IX); when Ry is hydrogen, the acids (IXa) and (IXb) can
bhe separated by chromatography yielding the pure isoclated
regioigomers (IXa) and (IXb) ;

(f) cyclization of the appropriate acid (IX) by
heating a suspension of the compound in polyphosphoric
acid at 110-120°C for 2 h leading to the
benzo[g]isoquinoline (X); _ |

(g) oxidation of the compound (X) to the
corresponding dione (XT) by cerium ammonium nitrate in a
mixture of acetonitrile and water (60°C, 2 h);

(h) removal of the methoxy group of the dione
(XI) by aluminum chloride in methylene chloride (room
temperature 2 h, then reflux temperature 1.5 h) leading to
compounds (XII) which correspond to a mixture of 9-fluoro-
6-hydroxy and 9-chloto-6-hydroxy=-5,10-dicnes (XII) due to

partial substitution of the leaving fluoride by means of

AlCl,;; and

(i) the final functionalization of the free
hydroxy group of (XIf) by means of -toluenesulfonyl
chlorxide in pyridine at room temperature, leads to the
desired compounds (III) wherein Z = OTs [compounds (III)];
when R¢ is a protective group of the hydroxy function, it
can be removed according to methods well known to the

' expert in the art, thus leading to compound (III) where R.
'is OH.

In a preferred embodiment of this invention, the
preparation of intermediates (XI) is carried out by a

multistep procedure depicted in scheme 3 and involving the
following reactions:

- cyclization of the mixture of the regioisomeric keto-
acids (VIIa) and (VIIb) with 20% oleum at 130~140°C to
give the 6,9-difluorobenzo[g]lisoguinolines (XIII};
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- reaction of (XIII} with one equivalent of sodium
methylate in a solvent such as methanol to give a
mixture of intermediates (XI) which ig separated into
the single pure compounds (xIa) and (XiIb) by
recrystallization from a golvent and/or column
chromatography. The pure intermediates (XIa) and
(XIb) are then processed according to equation (h) and
(1) of scheme 2 and then according to scheme 1 to give

compounds (Ia) and (Ib), respectively.

In the preferred process of this invention which
provides the compounds of formula (I) wherein X = C and
¥ = N, the g-chloro-6-fluorobenzo(g)isoquinoline~5,10~
diones of formula (JXIL’’) are prepared by the multistep
process depicted in scheme ¢ and involving the following
reactions:

- 1lithiation of 1-chloro-4-fluorohenzene with an
alkyllithium reagent such as sec-butyllithium in THF

at -75°C to give 1-lithio-5-~chloro-2-fluorobenzene
(XIV); '

~ acylation of 1-lithio-§-chloro-2-fluorobenzene (¥IV),
'generated in situ according to the above step, with
pyridine-3,4-dicarboxylic anhydrides (VI) to give the
mixture of keto-acids (XvVa) and (XVb) which can be
separated inte the saingle pure compounds by
recrystallization from a solvent or by sublimation;

- reduction of the pure keto-acid (Xva) with Zn/Cu
couple or Zn powder in 75% aqueoug formic acid (157 at
room temperature, then 80°C, 2 hrs) leading to (XVI);

- oxidative cyclization of (XVI) with fuming sulfuric
acid (20-30% S0;, 10/, 130°C) to give the 9~chloro-6-

fluorobenzo(y)] isoquincline-5,10-diones of formula
(II1’7).



10

15

20

25

\"-';..‘5 #

i8

Intermediates (III’’) are then processed according to
scheme 1 to give the compounds of formula (I) wherein
¥=Cand Y = N,

BIOLOGICAL ACTIVITY OF COMPOUNDS OF THE INVENTION

The evaluation of the biological activity for
the compounds of this invention was performed in vitrg and
in vivo following the protocols developed by the U.S.
National Cancer Institute. .

The evaluation of tha in  vitro oytotoxic
activity of the compounds of the invention was performed
using .a human ocolon adenocarcinoma cell 1line (Lovo)
isolated from a metastatic nodule, and a subline.
expressing multidrug resistance. The subline is resistant
to a number of antitumor agents, among which are
doxorubicin, VP-16, and vincristine. This subline (named
Lovo/DX) shows reduced accumilation of doxorubicin and
overexpression of a protein (Grandi, M., deroni, ¢.,
Giuliani, F.C., British J, Cancer, (1986), 54, 515). The
compounds were tested according to the MTT assay (Mosman,
T. "“Rapid Colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity
assay", J. Immunol. Methods, (1983), 65, 65~63; Green,
L.M., "Rapid colorimetric assay for cell viability;
application to the quantitation of cytotoxic and growth
inhibitory lymphokinesg", J. Immunol. Methods, (1984}, 70,
257-268) in comparison with mitoxantrone, and doxorubilcin.
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TABLE 2 '
_ ICs (ug/ml)
compaund LOVO LOVO/DX (Rl
o NN 0.3 5.01 16.7
l =
N 2
Nl_—'N\../\NHa : .
o N 0.5 224 44.8
I =
No
|
N== N ey, | .
o NHN\ANEHY, 0.5 . 0.9 1.8
I Y l \
N =
} .
NN ik, |
MITOXANTRONE 004 09 22' 5
DOXORUBICIN 09 666 741

In general, representative compounds of this
invention were more cytotoxic than doxorubicin and as
cytotoxic as mitoxantrone in the Lovo cell 1line. When
mitoxantrone was tested in the Lovo/DX cell line, a
resistance index RI (defined a the ratio of the IC, for
the resgistant line cell to the ICy, for the sensitive cell
line) as high as 22.5 was found, showing that this subline
does have an acguired resistance to mitoxantrone and
ametantrona. oOn the other hand, some compounds of this
invention, when tested in the same resistant subline, show
no crogg resistance with mitoxantrone and ametantrone as
reported in Table 2. The Jp.__vitre evaluation of

. representative compounds of this invention suggests that
representative compounds of thie invention may be useful

in order to overcome the multidrug redistance-mediated
mechanism of tumor resistance.
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studies of the biological activity in vivo of
representative compounds of the invention were performed
using the P388 and L1210 murine leukemia models. P388
murine leukemia cells were intraperitoneally (ip) or
intravenously (iv) injected in CD2F1l mice. Treatment was
initiated approximately 24 hours after tunmor
transplantation and dosages of the drug were administered
ip (p388 ip/ip) or iv (P388 1iv/iv) according to
preestablished protocols, usually at 3-day (P388 iv/iv) or
4~day (P388 ip/ip) intervals. The studies were done over
a 60-day period and the date of death for each animal was
recorded. The % .1/C was determined using the mean
survival time (MST) for .each group according to the
formula

¥ T/C = [(MST treated) / (MST control)] X 100

Representative compounds of this invention were
able to increagse the survival time of treated animals
significantly more than mitoxantrone, leading to higher
T/C % values at well tolerated dosages. Moreover, the
above representative compounds ¢f the invention showed
antileukemic activity over a wide range of well tolerated
dosages, and, in particular, were active at dosages which
were lower than the maximum tolerated dose, providing
indication’ for more favorable therapeutic index in
comparison to mitoxantrone.

The antitumor activity of representative
compounds of this invention was evaluated also in the
L1210 murine leukemia model. '

L1210 leukemia cells were intraperitoneally
(ip) or intravenously (iv) injected in CDF1 mice and
treatment was initiated approximately 24 hours after tumor

" transplantation. Dosages of the drugs were administered

ip. (L1210 ip/ip) or iv (L1210 iv/iv) according to
preestablished protocols, usually at 3-day (L1210 iv/iv)
or 4-day (L1210 ip/ip) intervals. The studies were done
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over a 60-day period and the date of death for each animal
was recorded. The % T/C was determined using the mean
survival timed (MST) for each group according to the

formula:
% T/C [ (MST treated) / (MST control)] X 100

Also in this further leukemia nodel,
representative compounds of this invention showed activity
superior to the olinically wused antitumor drug
mitoxantrona. Since representative compounds of this
invention show good resultg against in_vivo models of
murine P388 and L1210 leukemias, which are considered to
be predictive of antitumor activity in humans, the
compounds disclosed herein are expacted to be operative
against human leukemias and solid tumors sensitive to
treatment with antitumor antibiotics.

The compounds of the present invention may
therefore be used as active ingredients of therapeutic
compositiong to induce regression and/or palliation of
cancera in mammals when administered in amounts ranging
from about 1 mg to about 0.4 ¢ per kilogram of body"
weight. A preferred dosage regimen would be from about 1
mg to about 50 mg per kilogram of body weight per day.
Unit dosage may be employed so that from about 70 ng to
about 3.5 g of the active compound for a subject of about
70 kg of body weight are administered in a 24~houy pariod.
The dosage may be adjusted to be compatible to other
treatment regimens, such as radiation therapy.

The pharmaceutical composition may be in the
form of tablets, capsules, gel capsules, suppositories,
lyophilized powders and solutions for intravenous
administration. The invention is illustrated by the
following non-limiting examples, and variations which are

. readily apparent to those skilled in the art.
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" SYNTHESIS OF COMPOUNDS OF THE INVENTION

Preparative Example 1
Pyridine~3,4-dicarboxylic acid anhydride

A mixture of pyridine 3,4-dicarboxylic acid
(15.0 g) and acetic anhydride (30 mL) is refluxed for two
hours. The excess acetic anhydrida is removed by
distillation and the anhydride is collected and purified
by sublimation (123°C at 3 mm IHg) to yield pyridine
3,4-dicarboxylic acid anhydride as a white solid (10.1 g).
m.p.: 74-76°C,
H-NMR (CDC1,): 7.94 (d, 1H); 9.24 (d, 1H); 9.39 (s, 1H).

Preparative Example 2
4-(2,5-difluorobenzoyl}nicotinic acid and 3-(2,5—
difluorobenzoyl) isonicotinic acid

A mixture of pyridine 3,4-dicarboxylic acid
anhydride (5.0 g) and aluminum chloride (17.5 g) in 1,4-
difluorobenzene (65 mL) is heated in an eil bath at 110°C
for 22 hours. The excess 1,4~-difluorobenzene is recovered
by distillation. The residue is cooled in an ice-bath and
quenched with ice-water (75 mL) and concentrated
hydrochloric acid (6.3 mL). The precipitated solid is
filtered and dried to yield an approximately 4/1 mixture
of 4-(2,5~difluorcbenzoyl)nicotinic acid and
3-(2,5-diflucrobenzoyl) izonicotinic acid respectively, as
a white powder (7.7 g) which can be recrystallized from
acetonitrile and water.
m.p.: 214-217°C,
IH-NMR (DMSO-dg): 7.4 (m); 7.5 (m); 7.90 (m); 8.80 (d);
8.90 (d); 9.15 {s)-
Recrystallization of this material (15.97 g) from absolute

- gthanol (360 ml) vyields almost pure 3-(2,5~-difluoro-

benzoyl) isonicotinic acid (1.146 g).



10

18

20

25

30

as

23

Preparative Example 3
4~(2-methoxy-5~-fluorobenzoyl)nicotinic acid and 23-(2-
methoxy-5~fluoxobenzoyl) isonicotinic acid

The mixture of 4-(2,5-difluorobenzoyl) nicotinic
acid and 3-(2,5-difluorobenzoyl)isgonicotinic acid of
Preparative Example 2 (14.1 g) is added to a solution of
gsodium methylate, prepared by portionwise addition of
sodium (6.8 g) to dry methancl- (140 mL). The reaction
mixture is allowed to react at the reflux temperature for
8.5 hours and at room temperature overnight, The reaction
mixture is concentrated to about one third of its volume,
water (100 mL) ig added and the remaining wmethanol is
removed by distillation. Concentrated HCl (25 nL) is
slowly added to the residue while cooling at 10°C and the
obtained precipitate is recovered by suction and washed
with 0.1 N HCl, to give an approximately 4:1 mixture of
4-(2-methoxy-56-fluorobenzoyl) nicotinic acid and 3-(2-
methoxy-5-fluorobenzoyl)isonicotinic acid (11.31 g).
m.p.: > 230°C,

'H~NMR (DMBO-d4): 3.40 (s); 3.45 (s); 7.15 (m); 7.37 (d);
7.42-7.63 (m); 7.26 (d);-8.60 (s); B.83 (d); 9.07 (s),
13.55 (br.s). '

Preparative Example 4
4-(2-methoxy-5-fluorobenzyl)nicotini¢ acid (and 3-(2-
methoxy-5-fluorcbenzyl) isonicotinic acid)

Zinc-copper couple (L.F, Fleser and M. Pieser,
Reagents for Organic Synthesis, Vol. 1, page 1292) (1.5 g)
is added to a stirred suspension of the mixture of 4-(2~
methoxy-5-£fluocrobenzoyl)nicetinicacidand 3~ (2-methoxy-5-

fluorobenzoyl) isonicotinic acid of Preparative Example 3

(1.222 g) in formic acid (15 mL) and water (5 mL). After
15 minutes at room temperature the reaction mixture is
heated for two hours in a oil bath held at 80°¢C. After
cooling to room temperature the reaction mnmixture is
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filtered through a sintered glass filter and the solids
are thoroughly washed with 75% agueous formic acid (10 mL)
and then with ethyl acetate (10 mL),. The combined
filtrates are concentrated to about 5 mL, treated with
©.5N HCl (15 mnL) and extracted with ethyl acetate
(3 x 20 mL); finally they are sgaturated with sodium
chloride and further extracted with ethyl acetate/1,2-
dimethoxyethane 3/1 (2 X 20 mL). The combined organic .
phases are dried over anhydrous sodium sulphate and the
solvent removed under reduced pressure to give a yellowish
residue. Subjecting this material to silica-gel column
chromatography (eluant: ethyl acetate/methanol/acetic acid
from 96/4/0 to 30/10/1 v/v/v) 4~ (2-methoxy-5-fluorobenzyl)
nicotinic acid (0.805 g} ie obtained as a yellowish white
solid. _

m.p.:{ > 220°C,

'H-NMR (DMSO-dg): 3.70 (s, 3H); 4.33 (s, 2H); 6.91-7.12
(m, 3H); 7.21 (d, 1H); 8.61 {d, 1H); 8.97 (s, .1H). From
the above column-chromatography some 3~(2-methoxy-5~fluoro—
benzyl) isonicotinic acid may also be recovered.

Pxeparativé Example 5
9~-fluoro-10-hydroxy-6-methoxybenzo{g]isoquinoline

A mixture of 4-(2-methoxy-5-fluorobenzyl)
nicotinic acid (0.63 g) and polyphosphoric acid (15 g) is
heated at 110-120°C for two hours under stirring. The
heating is removed and water (50 mL} is added to the
reaction mixture while it is still warm (60°C). The
mixture is cooled to 0°C, neutralized with 20% -sodium
hydroxide and allowed to stir at room temperature for 1.5
hours; finally it is extracted with 4% methanol in
chloroform (4 X 75 mL) . The.combined organic¢ phases are

_washed with brine, dried over anhydrous sodium sulphate

and the solvents removed under reduced pressure to give
g-fluoro~ 10-hydroxy-6-methoxybenzo[g] isoquinoline (0.40
g) as a purple~red solid.

m.p.: > 210°C (from ethanol).
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IH~NMR (DMSO=-d;) :3.87 (s, 3H), 6.70-6.83 (m, 2H), 6.92-7.00
(m, 1H); 7.30 (4, 1H); 7.50 (4, 1H); 8.75 (s, 1H); 12.30
(br.s, 1H).

UV (ethanol): lambda max. (nm) (B 4) (cm): B39 (204);
398 (513); 378 (452); 266 (1232), ,

IR (KBr): 729, 1245, 1499, 1528, 1620, 1644, and 2838 cm’,

Preparative Example 6
g-fluoro-6-methoxybenzo{g]}isoquinoline~5,10-dione -

A solution of cerjum ammonium nitrate (CAN;
13.70 g) in water (50 mL) is added during twenty minutes
to a stirred suspension of 9-fluoro~10~hydroxy=-6-methoxy-
benzo[g)isoguinoline (1.22. g) in acetonitrile {15G mL).
At the end of the addition the obtained suspension lis
heated at 60°C for two hours to give a clear, dark
solution which ie cooled to room temperature and diluted
with water (100 mL). Following removal of acetonitrile by
distillation at reduced pressure the agueous phase is
saturated with sodium chloride and extracted with
methylene chloride (3 X 150 mL)., The combined organic
solutions are dried over anhydrous sodium gulphate and the
solvent is vemoved at reduced pressure. The obtained
residue is purlfied by silica-gel column chrOmatography
{eluant: methylene chloride/ethyl acetate from 85/15 to
75725 v/v) to glive a-fluoro-6-methoxybenzo[qg)
isoguinolines,10-dione as a brown-yellow solid (0.48 g).
m.p.: > 220°C. .
H-NMR (CDCl;): 4.05 (s, 3H); 7.38 (dd, J=3.38, 5.39 'Hz,
1H); 7.56 (dd, d=10.37, 9.39 Hgz, 1H), 8.00 (dd, J=5.09,
0.78 Hz, 1H); 9.07 (d, J=5.09 Hz, 1H); 9.45 (d, J=0, 78
Hz, 1 H).
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Pregagat;vé Example 7
6,9-difluorobenzo(g)isoquinoline-5,10-dione

A solution of the nixture of 4-(2,5-difluoro-
benzoyl)nicotini¢ acid and 3-(2,5-difluorcbenzoyl)iso-
nicotinic acid of Preparative Example 2 (61.07 g) in 20%
oleum (100 mL) is heated at 140°C while 20% oleum is added
in four portions (13.2 mL each) at 20 min-interwvals.
After the fourth addition the mixture is heated for 20
min, then it is cvooled to room temperature and guenched
with a mixture of ice (1,500 g), water (1,500 mL) and 35%
NaoOH {350 mL). The mixture is extracted four times with
methylene chloride (1 X 1,000 mL followed by 3 X 500 mL).
Tha combined organic solutions are washed with water
(2 x 1,000 mL), dried (Na,50,) and the solvent removed by
roto-evaporation. The dark-red golid obtained (56.0 ¢) ia
digsolved in boiling THF (840 mL) and decolorizing
charcoal (8.40 d) is added. After 30 min the mixture iws
filtered while hot and . the filtrate concentrated to
200 mL. The precipitate obtained iz collected by suction
filltration to give 6,9~difluorobenzofg]}isoguinoline~5,10~
daione (43.00 g). '

m.p.: 201-203°C.
Concentration of the mother liquor to 70 nL yields a
second crop of product (3.35 g), m.p. 200-202°C.

Preparative Exanmple 8
g9-fluoro~6-methoxybenzo(g)isoquinoline~5,10-dione and &-

fluoro-9-methoxybenza[g]isoguinoline-5,10-dione -

A solution of sodium methylate is prepared under
a nitrogen atwosphere in a dropping addition funnel from
dry methanol (97.6 mL) and sodium (2.024 g) portionwise

" added. ‘When all the sodium disappears the solution is

dropped during 2 h, 35 nin to a stirred solution of 6,9~
difluorcbenzo[g]isoquinoline-5,10-dione of Preparativa_
Example 7 (19.615 g) in dry THF (883 mL) at 20°C. At the
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end of the addition the solution is concentrated to half
its volume by roto-evaporation, then it is cooled to 18°C
for 30 min. The solid which separates is recovered by
guction filtration and washed with THF (100 mL); then it
is suspended in water (80 mL) under stirring overnight and
filtered again to give the solid A (7.4 q).

The nother THF solution is c¢oncentrated to
dryness. The obtained zolid is suspended in water (78 mL)
under stirring for 1 hour and filtered to give the solid
B (12.9 g).

The solid A (9.30 g) in methylene chloride (45
mL} is heated to reflux for 30 min. After cooling to room
temperature the solid is recovered by suction filtration,
washed with methylene chloride (5 x 3 wL) and dried under
vacuum at 40°C to give 6-me£hoxy*9-f1uor0benzo[g]iSOh
gquinoline-§,10-dione (8.65 g) as a pure compound,
m.p.: 248-260°C, .
IH-NMR (CDCl,): 4.05 (s, 3H); 7.40 (dd (J=2.39, 3,91 Hz)
iH); 7.55 (4d, J=10.37, 9.39 Hz, 1M); 8.00 (4d, J=5.09,
0.78 Hz, 1H); 9.05 (d, J=5.09 Hz, 1H); 9.48 (d, J=0.78 Hz,
1H) . | |

The solid B (14.0 ¢) i3 dissolved in methylene
chloride (140 mL) and the insoluble portionh isg removed by
filtration. The methylene chloride solution is applied on
a silica gel (630 g) column chromatography, which is
eluted at ambient pressure with methylene chloride. When
the yellow chromatographic bands appear well separated the
colunn is eluted with mixtures of methylene chloride/ethyl

_acetate from 10/1 to 8/2, to 1/1. to give a 94/6 mixture

(HPLC evaluation) of 9-methoxy-é~fluorobenzol[g] iso-
guinoline~5,10-dione and &-methoxy-9-fluorobenzo[g] iso-
guinoline~5,10~dione respectively (6.50 g).

m.p.: 16B8-170°C.
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Preparative Example 9

"a) 9~-fluoro-6~hydroxybenzo[g)isoguinoline-5,10-dioneand

g9-chloro-6-hydroxybenzo[g]isoquinoline~5,10-dione (1/1
mixture: small scale reaction)

A mixture of‘9-fluoro-6—meth6xybenzo[g] iso-
quinoline-5,10- dione (0.072 g) and aluminum trichloride
(0.112 g) in dry methylene chloride (40 mL} is stirred at
room temperature for 4 hours under a nitrogen atmosphere.
An additional portion of aluminum chloride (0.190 g) is
added and the mixture is allowed to react at reflux for
1.5 hrs and at room temperature overnight- Following
addition of brine (16 mL) the aqueous phase is separated
and extracted with methylene chloride (3 X 5 mL). The
combined organic solutions are dried over anhydrous sodium
sulphate and the solvent is removed by distillation at
reduced pregsure to give an approximately 1:1 nixture
(06,070 g) of 9-fluoro~-6-hydroxybenzo[g] isoguinoline-
5,10-dione (slower moving yellow epot on silica gel TLC
plate, eluant methylene chloride/ethyl acetate 70/30) and
g8-chloro-6-hydroxybenzo (glisoquinoline-5,10-dione (faster
moving yellow spot on the above chromatographic system)
which is used without further purification for the next
step. ' .

g~-fluoro~6-hydroxybenzof{glisoguinoline-
%,10-dione has the following 'H-NMR gpectrum (CDCly): 7.38
(dd, 1H); 7.53 (4@, iAH); 8.09 (dd, 1H}; 9.15 (4, 1H); 9.57
(4, 1H); 12.56 (=, 1H).

é—chloro-e-hydroxybenzo[g]isoquindline-
5,10-dione has the following 'H-NMR spectrum (CDClg): 7.91
(d, 1H); 7.75 (d, 1H); 8.07 (4d, 1H); 9.13 (d, 1H); 9.58
(4, -1H); 12.95 (s, 1H).
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b) g~fluoro-6-hydroxybenzo[g]isoguinoline=-§, 10-dioneand
9-chloro-&~hydroxybenzo[g]isoquinoline-5,10-dione(8/1
mixture: multigram preparation):

Aluminum chloride (19.05 g) is added in one
portion to a stirred refluxing sclution of &-methoxy-9-
fluorokenzo{g)isoquinoline-~5,10~dione (7.20 g) in
methylene chloride (432 mL). After refluxing for 4 hours
the reaction mixture is cooled and poured in water (1,300
mL) . Methylene chloride (200 mL) is added and after
stirring for 10 min the organic phase is separated. The
agueous solution is saturated with Nacl and further
extracted with methylene chloride (3 x.400 mL). The
combined organic solutions- are washed with brine (1,000
mL), dried and the solvent removed by roto-evaporation.
The brown solid obtained (6.5 g) is recrystallized from
ethyl acetate/n-hexane 1/1 (65 mL) to yield a 9/1 mixture
("H-NMR evaluation) of 9-fluoro-6-hydroxybenzo[g] iso~-
guinoline-5,10-dione and 9-chloro-6~hydroxybenzo[{g] iso-
gquinoline-5,10-dione respectively (6.00 g).

m.p.: partial melting at 179-181°C; complete melting at
193-195°¢C. '

Preparative Example 10

a) 9—f1uoro—6-(p—toluenesulfonyloxy)benzo{g]isoquinoline~
5,10-dione and 9-chloro-6-(p-toluenesulfonyloxy)
benzo[glisoquinocline-5,10-dione (1/1 mixture; small
scale preparation)

The 1:1 mixture of 9-fluoro-6-hydroxybenzo[g]
isoguinoline- 5,10-dione and 9~chloro-6-hydroxybenzo{qg] .
isoquinoline-5,10~dione, of Preparative Example %a, (0.060
g) is dissclved in dry pyridine (2 wL) and p-toluene-

sulfonyl chloride (0.09% ¢) is added. After stirring at

room temperature for one hour, triethylamine (0.25 nL) ias
added and stirring is continued for one additiocnal hour.
The reaction mixture is cencentrated almost to dryness and
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partitioned between 1 N HCl (4 mL)-20% ammonium sulfate (&
mL) and ethyl acetate (10 nL}. The agueous phase is
separated, extracted with ethyl acetate (3 X 5 mL) and
discarded. The combined organic solutions are dried over
anhydrous sodium sulphate and concentrated to dryness to
give an approximately 1:1 mixture (0.095 q) of 9-fluoro-6-
(p-toluenesulfonyloxy) benzolg] isogquincoline-5,10-dione
and 9-~chloro~6-{p-toluehesulfonyloxy) benzo{g}iso~
gquinoline~5,10-dione which 1s wused without further
purification for the next step.

The pure single compounds can be obtained by
silica=gel column chromatography of this mixture
{eluant:methylene chloride/n-hexane/ethyl acetate from

'50/45/5 to 50/40/10 v/v/v) and they have the following

analytical data:
g9-fluoro~-6-(p-toluenesulfonyloxy)benzo[g)iso-guinoline-
5,10-dione: m,p. 173-174°C,

'H-NMR (CDCl,): 2.45 (=, 3H), 7.35 (4, 2H); 7.50-7.57 (m,
2H); 7.82-7.94 (m, 3H); 9.08 (d, 1H); 9.48 (s, 1H).
g-chloro-6-(p~toluenesulfonyloxy)benzo[g]isoquinoline~5,
10~dione:

m.p.: 180-181°C,

IH-NMR (CDCl,): 2.45 (s, 3H); 7.35 (d, 2H); 7.47 (4, 1H)y

7.78-7.91 (m, 4H), 9.07 (4, 1H); 9.48 (s, 1H).

b) 9-fluoro-6-(p-teluenasulfonyloxy)benzo[g]isoguinoline-
5,10-dione and 9-chloro-~6~-(p-toluenesulfonyloxy)benzo
[g]isoquinoline =~5,10-dione (9/1 wixture; multigram
preparation) :

. friéthylamine (8.20 mL) is added to a stirred
suspension of the 9/1 mixture of g—fluoro-6-hydroxy—
benzo{g]isoguinoline-5,10-dione and 9-chloro~-6-
hydroxybenzo[g]isoquinoiine-S,10—dione respectively of

" preparative Example %b (5.53 'g) and p-toluenesul fonyl-

chloride (8.47 mL) ih methylene chloride (166 mL). The
reddish-violet solution obtained is left at room
temperature under a nitrogen atmosphere for 1 hour and
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then it is poured into water. (600 mL). The organic phase
is separated and the agueoug solution is further extracted
with methylene chloride (100 wmL). The combined organic
solutions are dried (Na,80,) and concentrated to dryness.
The obtained solid is suspended in n-hexane (100 mL) for
1 hour and filtered to give a 9:1 mixture ('H-NMR
evaluation) of 9-fluoro-6-(p-toluenesulfonyloxy)benzo
[g)igoquinoline=~5,10-dione and 9-chloro-6é-(p-toluene-
sulfonyloxy)benzo [glisoquinoline-&,10-dione respectively
(8.85 g}. '

m.p.: 156~158°C.

Preparative Example 11

3-{5~-chloro-2-fluorobenzoyl) isonicotinic acid and 4-(5-

chloro-2-fluorobenzoyl)nicotinic acid

Sec¢~butyllithium (1.3 M in cyclohexéne; 6.0 mL)
is added dropwise via a syringe to a stirred solution of
1-chloro-4-fluorobenzene (0,97 g) in THF (70 mL) at -75°C
which is kept under a nitrogen atmosphefe. After stirring
for additional 30 min, the yellow mixture is transferred
dropwise via a jacketed canula into a gtirred mixture of
pyridine-1,4~dicarboxylic acid anhydride (1.00 g} in 'THF
(100 mL) at -78°C under a nitrogen blanket. The pale
yellow solution is allowed to warm to -20°C for 4 hours.
The THF is removed at reduced pressure. The yellow solid
obtained is dissolved in water (10 mL), cooled to 0°C, and
acidified with dilute HC1l in an ice-bath and the resulting
precipitate is collected by filtration. Upon heating tha
white solid with acetone (30 mL), an insoluble material
remains (0.095 g), which by 'H~-NMR analysis is a 94/4
mixture of 3-(5-chloro-2-fluorobenzoyl)iseonicotinic acid
and 4= (5-chloro-2~fluorobenzoyl)nicotinic acid,
respectively.

m.p.: 289-291°C,

After centrifugation, the supernate is removed

and roto~evaporated to give crystals of a 94/6 mixture (by
[I-NMR analysis) of 4w(5—chloro-z—fluorobenzoyl)nicutinic
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acid and 3-(5-chloro~-2-fluorobenzoyl)isonicotinic acid
regpectively (0,947 g).
m.p.: 236-237°¢C.

SBublimation of this wmixture (0.025 g) at 180~

2¢52¢/0.5 mm Hg glves a white solid with a 98/2 ratio of

4= (5=-chloro-2-fluorobenzoyl)niceotinic acid and 3-(6-

' chloro-2-fluorobenzoyl) igonicotinic acid respectively

(20 mg) .
4-{5-chloro-2-fluorobenzoyl)nicotinic acid; 'H-
NMR (CDC1,/CD0D 9/1)t 6,96 (m, 1H); 7.21 (d, 1H); 7.45 (m,
1H); 7.86 (m, 1H); B.76 (d, 1H); 9.18 (s, 1H).
3-(8~-chloro-2-fluorohenzoyl) isonicotinic acid:

-'H=-NMR (DMSO-d;): 7.37 (wm, 1M); 7.75 (m, 2H); 7.83 (d, 1H);

8.77 (s, 1H); 8.90 (4, 1H).

Preparative Example 12

4-(5-chloro-2-fluorobenzyl)nicotinic acid

Zinc-copper couple (0.75 ¢g) is added to a
stirred mixture of 4-(5-chloro-2-fluorobenzoyl)nicotinic
acid and 3-(5~chlore-2~fluorobenzoyl) isonicotinic 'acid of
Preparative Example 11 (94/6 on a'mqlar base; 0.60 g) in

. 75% formic acid. The exothermic and effervescent reaction

mixture is stirred for 15 min before heating to 80°C for
2 hours., After cooling to 40°C, the mixture is filtered
through a sintered glass funnel. The solid is washed with
75% formic acid (i X 8 mL) and ethyl acetate (2 x 5 nmlL).
The mixture is concentrated by roto-evaporation to about
2 mL. The orange oil obtained is dissolved in 0,6 N HCl
(3 mL) and extracted with ethyl acetate (3 X 10 wmLj, then
saturated with NaCl and extracted with ethyl acetate/l,2-
diﬁethoxyethane (2 x 5§ mL)y. The combined extracts are
dried with Na,80, and the solvents removed by roto-
eGaporation to yield a yellow foam. The foam (0.541 g) is
recrystallized in hot acetonitrile (1 mL) to yield 4-(%5-~
chloro~2~fluorobenzyl)nicotinic acid (0.142 g}. '
m.p.t 174-176°C.
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}4~-NMR (CDC1,/CDOD 9/1): 4.43 (&, 2H); 6.79 (m, 1H); 6.86
(m, 1H); 6.95 (m, 1H); 7.11 (d, 1H); 8.55 (d, 1H); 9.12
(s, 1H). -

Preparative Example 13
9~chlora-6~fluorobenzo[glisoquinoline-5,10-dione

Fuming sulfuric acid (30% 8§0;; 0.31 mL) is added
to 4-{5-chloro-2-fluorobenzyl)nicotinic acid of
Preparative Example 12. The dark mixture is heated
gquickly to 130°C for 10 min in a flask fitted with a
cotton filled drying tube. After ocooling to room
temperature, the reaction mixture is quenched with ice
(3 g) and extracted with methylene chloride (4 x 7 mL).
The combined extracts are dried with Na,80, and the solvent
"is removed by roto-evaporation to yield 9~chloro-6-fluoro-
benzo{g}isoguinoline~5,10~-diocne ‘as a yellow solid
(0.045 g; 82% yield).

m.p.t 204=-206°C, .
'H-NMR (CDCl,): 7.45 (m, 1H); 7.83 (m, 1H); 7.98 (4, 1H);
9.08 (d, 1H); 9.49 (a8, 1H).

Example 1
§-(p~toluenesulfonyloxy)~2-methylisogquino(8,7,6~
c¢d)indazole~6 (2H) ~one '

The 1:1 mixture of 9-fluoro-6é-(p-toluene-
sulfonyloxy). benzol[q] isoquinoline-5,10-dione and
9~chloro-6~(p-toluenesulfonyloxy) benzo[g)isoquinoline~
5,10-dione, of Preparative Example 10a, (0.041 ) is
dissolved in dry pyridine (2 mL) and a freshly prepared 1M
solution of N-methyhydrazine in pyridine (0.183 mL) is
added. After stirring for three hours at room temperature
the reaction mixture is concentrated to dryness and added
'w1th water (5 mL), with NaH,PO, saturated solution (5 mL)
and extracted several times with methylene chloride
(50 wL). Tha combined organic solutions are dried ever
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anhydrous sodium sulfate and the solvent is 'removed at
reduced pressure. The obtained residue is purified by
silica-gel column chromatography (eluant: methylene
chloride/ethyl acetate 90710 v/v (50 wmL), then 75/25
(50 mL), then 60/40 (50 mL) and finally 40/60 (50 mL) to
give2—methy1—5—(p-toluenesulfonyloky)isoquino[8,7,6—cd]
indazole-6 (2H) ~one. |

'M-NMR (CDC1;): 2.42 (s, 3H); 4.25 (s, 3H); 7.33 (4, 2H);
7.53 (d, 1H)}; 7.63 (d, 1H); 7.95 (d, 2H); 8.07 (4, 1H)
8.80 (4, 1f); 9.50 (s, 1H).

Example 2
2-[2-(dimethylamino)ethyl))-5~-(p~-toluenasul fonyloxy)
isoguino[®&,7,6-~cd]}indazole~6(2H) -one

Under a nitrogen atmosphere a solution of 2-
(dimethylaminoethyl)hydrazine (J. Med. Chem. 7, 493, 1964)
(1.86 g) in anhydrous THF (6.0 mL) is added during 30’ to
the stirred 9:1 mixture of 9-fluoro-6-(p-toluene~
gulfonyloxy)benzo[glisoquinaline-5,10-dione and 9-chloro-
6~ (p~toluenesulfonyloxy) benzo [glisoquinoline~5, 10-dione
of Preparative Example 10b (2.4 g) in THF (24 mL)
containing N,N-diisopropylethylamine (1.10 nL). A
slightly exothermic reaction ensues, and the reaction
temperature increaseg from 20°C to 25°C. After one hour
at room temperature the reaction mixture is poured in
water (240 mL) and the suspension obtained is atirred for
30’. The zolid is separated by suction, washed with water
and dried at 40°C to glve 2-(2-(dimethylamino)ethyl) ]-5-
(p-toluenesulfonyloxy) isoquino[8,7,6-cd]indazole~6(2H) ~one
(.44 q). '

m.p.: 139-141°cC. .

{-NMR (CDCl,): 2.35 (s, 6H); 2.45 (s, 3H); 2.95 (t, 2H);
4.65 (t, 2H); 7.35 (4, 2H); 7.52 (4, 1H); 7.80 (4, 1H);
7.95 (4, 2H); 8.10 (4, 1H); 8.80 (d, 1H); 9.55 (s, 1H).
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Example 3 .
2-[2-(N~tert-butoxycarbonylamino)ethyl]-5~(p-toluene~
sulfonyloxy) isoguino([8,7,6-cd]indazole-6(2H)-one

(2-N-tert-butoxycarbonylamincethyl)hydrazineis
prepared by reaction of N-t-butoxycarkonyl-2-chloro-
ethylamine with hydrazina following a procedure adapted

‘from J. Med. Chem. 7, 493, (1964). ©Under a nitrogen

atmosphere a solution of (2;N-tert-butoxycarbony1~
aminoethyl)hydrézine (2.2 g) in anhydrous THF (10 nlL) is
added during 30’ to the stirred 9:1 mixture of 9-fluoro-6-
(p-toluenesulfonyloxy)benzo{glisoquincline=-56, 10~dioneand
9-chloro~6—(b-toluenesulfonyloxy)benzo {glisoguinoline-
5,10-dione of Preparative Example 10b (3.0 g) in THF (25
mL) containing N,N-diisopropylethylamine (1.38 nmL). A
slightly exothermic reaction ensues, and the reaction
temperature increases from 21°C to 24°C. After stirring

for one hour at room temperature the obtained precipitate

is recovered by suction, washed with THF/n-hexane 1/1 (15
mL) and dried at 40°C under vacuum, to give 2-[2-(N-tert-
butoxycarbonylamino)ethyl]-%-(p~toluenesulfonyloxy)iso-
guinof8,?7,6~cd}indazole-6(2H)-one (1.33 g).

m.p.: 206-208°C. '

'H-NMR (CDCl,): 1.4 (8, 9H); 2.45 (&, 3H); 3.75 (g, 2H);

4,70 (t, 2H); 4.92 (br, 1H); 7.35 (d, 2H); 7.50 (d, 1H);

7.75 (d, 1H); 7.95 (d, 2H); 8.09 (d, 1H); 8.78 (4, 1H);
9,50 (s, 1H).

Example 4 _
2-(2~[{(2~hydroxyethyl)aminclethyl}~5~-(p~toluene-

sulfonyloxy) isoquino[8,7,6~c)indazole-6&(2H)~one

A solution of 2-{(2-hydroxyethylaminc)ethyl]=-

" hydrazine (J. Het. Chem., 26, 85, (1989); 0.179 g) in

absolute ethanol (0.5 mbL) is dropped into a stirred
solution of the 9:1 mixture of 9-fluoro-é~(p-toluene-
sulfonyloxy)benzo[g]isoquinolina-s,lo-diomeanqg-ahloro—
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6~ (p-toluenesulfonyloxy)benzo [g]}isoguinoline~5,10-~dione
of Preparative Example 10b (0.200 g) in THF (2.0 mnlL)
containing triethylamine (0.073 mL). After stirring for
2 hours at room temperature an additional amount of 2-((2-
hydroxyethylamino)ethyllhydrazine (0.179 g) in absolute
ethanol (0.5 mL) is added and after two addltlonal hours
the reaction mixture is concentrated to the volume of
about 1 mL. Water (20 mL) is added and the mixture is
allowed to gtir at room tenperature overnight. The
precipitate is collected by suction filtration, dried
under vacuum at 40°C and finally sluddged in bailing ethyl
acetate Eo give 2-[2~{(2-hydroxyethyl)amino)ethyl)~5~(p-
toluenesulfonyloxy)isoquine(8,7,6~clindazole-6 (2H) ~one
(0.060 ¢g). '

m.p.? 131-133°C..

'H-NMR (DMSO~d,/D,0): 2.45 (s, 3H); 2.62 (t, 2H); 3.13
(t, 2H); 3.40 (t, 2H); 4.65 (t, 2H); 7.25 (d, 1H); 7.40
(4, 2H); 7.75 (4, 2H); 7.96 (d, 1H); B.15 (d, 1H); 8.80
(¢, 1H); 9.40 (s, 1H).

Example 5
Preparation of 2-(aminocalkyl)-5-(p-toluenesulfonyloxy)
isogquino(8,7,6-cd}indazole-6 (2H) ~ones

Using the procedure of Exanples 1-4, tﬁe
following compounds are obtained by reaction of the
mixtures of 9-fluoro-6~(p-toluenesulfonyloxy) benzo{g]
isoquinoline~5,10~-dione and g-chloro-6~(p~toluene-
sulfonyloxy)benzo{g)isoquinoline~5,10-dione of Preparative
Example 10, with a substituted hydrazine selected from the
group of 2-(diethylaminoathyl)hydrazine {J. Med. Chem., 7,
493, (1964)], 3-dimethylaminopropylhydrazine [J. Het.
Chem., 23, 1491, (1986}], 2-aminoethylhydrazina (J. Het,
Chem., 23, 1491, (1986)), 2-(methylaminoethyl)hydrazine,

2-hydroxyethylhydrazine, 3—aminqpropylhydrazine [J. Het,
Chem., 23, 1491, (1986));

2-[2-(diethylanino)ethyl}-5- (putoluenesulfonyloxy)150-
quino(8,7,6~-cd)indazole~-6(2H) ~one;
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2-[3~(dimethylamino)propyl]-5~(p-tolueneaulfonyloxy)iso~
quino[(8,7,6~-¢cd)lindazole~6&6(2H)~0one;
2-[2-(amino)ethyl]-5-(p-toluenesulfonyloxy)isoquino
(8,7 ,6~cd)lindazole-6(2H)-one ;
2-(2-(methylamino)ethyl]=56-(p~toluenesulfonyloxy) Lsequino
(8,7, 6-cd]indazole-6(2H)~one ;
2-({3-(amino)propyl]-5-(p-toluenesulfonyloxy) isoquino
[8,7,6-cd)indazole~6 {2H) ~ohe.

Example &
5~chloro~2-methylisoquino(5,6,7-cd)indazocle-6 (2H) -one

A solution of methyl hydrazine (0.76 M; 0.021 g)
in pyridine (0.6 wL) is added dropwise over two min to a
stirred solutionof 9-~¢hloro-é~fiuorobenzo{yg]isoquineline-
5,10~dione of Preparative Example 13 in pyridine (0.5 mI)
cooled with an ice-bath. A yellow precipitate appears in
the dark solution after 6 wmin. Aftex 1.3 h the reaction

‘mixture is reduced to half its volume by a gentle stream

of nitrogen and quenched with ice (5 g). The pale yellow
precipitate is collected by suction filtration and washed
with ice-water (2 x 1 mL) and dried under vacuum. The
Yellow selid is purified by - silica gel column
chromatégraphy {eluant: chloroform/methancl 96/4 v/v) teo
yield 5-chloro-2-methylisoguine{5,6,7-cd]lindazole-6(2H) -
one (0,033 g; 71% yield) as a yellow solid.

m.p.: 244-245°%C. .

'H-NMR (CDCl,): 4.25 (s, 3H); 7.59 (dd, 2H); 7.92 (d, 1H);
8.84 (d, 1H); 9.55 (s, 1H).

Exanple 7
Preparation of 2-(aminoalkyl)=-S5~chloroisoquino([5,6,7-

cd}indazole~6(2H)ones

Using the procedure of Example 6 the fdllowing
compounds are obtained by reaction of 9~chloro—-6-
fluorobenzo[gjisoquinoline-5,10~dione of Preparativa
Example 13 with a substituted hydrazine selected fxrom the
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group of (z—N—tert—bdtoxycarbonylamiﬁoethyl)-hydrazine,
2=~ (dimethylaminoethyl}hydrazine [J. Med. Chem,, 7, 4393,
(1964) ], 2-(diethylaminoethyl)hydrazine {J. Med. Chem., 7,
493, (1964)1, 2-[ (2-hydroxyethylamino)ethyllhydrazine (J.
Het. Chem., 26, 85, {(1%89)], 3-dimethylaminopropyl-
hydrazine [J. Het. Chem., 23, 1491, (1986)]), 2-amino-
ethylhydrazine ({J. Het. Chem., 23, 1491, (1986)],
2-(methylaminoethyl)hydrazine, 2-hydroxyethylhydrazine,
3-aminopropylhydrazine [J. llet. Chem., 23, 1491, (1986)];
2~[2-(N-tert-butoxycarbonylamino)ethyl) }]-s~-chloroisoguino
[5,6,7-cd)indazole-6(2 H)-one;

m.p.: 226-228°C, |

'H~-NMR (CDCl; + CD,OD): 1.30 (s, 9H); 3.58 (t, 2H); 4.63
(t, 2H); 7.54 (4, 1H); 7.70 (@, 1H); 7.90 (ad, 1H); 8.70
(d, 1H); 9.40 (s, 1H).
2-[2-(dimethylamino)ethyl]-56~-chloroisoquino(5,6,7-cd]
indazole-ﬁ(zﬂ)-one; '

m.p.: 160-161°C.

'H-NMR (€DCl,y): 2.32 (s, 6H); 2.95 (t, 2H); 4.65 (t, 2H};
7.60 (d, 1H4); 7.69 (4, 1H); 8.00 (ad, 1I1); 8.88 (d, 1H);
9.60 (s, 1H);
2-{2-(diethylamino)ethyl]-5~chloroisoquino(5,6,7-cd]
indazole~6(2H) —one; :
2-{2-(diethylamino)ethylj-S-chloreisoquino(5,6,7-cd]
indazole-6(2H)-one '

2=[2-] (2~hydroxyethyl)amino)ethyl]-5~chloroisoquino(5,6,7~
cd]indazole~6(2H)-one;

m.p.: 148-152.5°¢.

IH-NMR (CDCl, + CD,0D): 2.75 (t, 2H); 3.43 (t, 2H); 3.60
(t, 2H); 4.63 (t, 2H) 7.55 (d, 1H); 7.75 (4, 1H}; 7.98
(dd, 1H); 8.73 (4, 1H); 9.40 (s, 1H);
2-[3-(dimethylamino)propyl]-56-chloreisoquine([5,6,7~cd]
indazole=6 (2H) —one;
2-[2-(amino)ethyl]—s-chloroisoquino[5,6,7-cd]indazole-ﬁ
(2H) -oné; '
2-[2—(methy1amino)ethyl]-s-chloroisoquino[5,6,7—cd]
indazole-6(2H)~one;
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2—[2-(hydroxy)ethyl]—s—chioroisoquino[s,6,7—cd]indazole—6
(2H) ~one;
2-[3-(amino)propyl)-5-chloroisoquino[5,6,7-cd]indazole~6
(2H)fone;

Example 8
5-{[(2-(dimethylamino)ethyljamino)-2-methylisoquine{s,?,6-
cdlindazole~6 (2H)~-one

A 1M splution of N,N-dimethylethylenediamine in
pyridine (0.10 mL) is added to a stirred suspension of 2-
methyl-5- (p-toluenesulfonyloxy) isoguino {8,7,6-cd)
indazole~6(2H)~one (0.02 g) in dry pyridine (2 mL). After
stirring at room temperature for one- hour the reaction
mixture is heated at 70°C for 13 hours while additional
amounts of N,N-dimethylethylenediamine solution (0.1;
0.05; 0.05 mL) are added after 2, 4 and 11 hours
respectively. Pyridine and exXcesg N,N-dimethylethyl-
enediamine are removed by distillation at reduced pressure
and the obtained residue is partitioned between CH,Cl, (50
mL) and brine (10 mL) to which NaHCO, saturated solution

~is added (1 mL). The organic solution is dried over

anhydrous Na,S0, and the solvent removed by distillation.

‘The orange residue oktained is purified by silica-gel

column chromatography (eluant: CHC1;/MeOH 95/5 (30 wmL)
followed by CHCl,/MeOH/NH,0H 90/15/0.5 (50 ml) to give
zumethyl-s—[[2—(dimethy1amino)ethyl]amino]isoquino
(8,7,6-cd] indazole—~6(2H)=-one (0.011 g) as a reddish
orange solid., !

m.p.: 208-215°C (dec.).

'H-NMR (CDC13): 2.40 (s, 3H); 2.75 (t, 2H); 3.87 (g, 2H);
4.25 (8, 3H); 6.97 (d, 1H); 7.63 (4, 1H); B8.30 (dd, 1H)
8.79 (d, 1H); 9.30 (br.t, 1H); 9.62 (d, 1H).
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Example 9 -
2-[2~(dimethylamino)ethyl]~-5={(2-(dimethylamino)ethyl]
amina}iscquino(8,7,6-cd}indazole-6(2H)-one

A solution of 2-[2—(dimethylamino)ethyl]-s—(p—
toluenesulfonyloxy)isoquino{8,7,6-cd]indazole~6 (2H)-one
of Example 2 (0.463 g) and 2-(dimethylamino)ethylamine
(0.80 mL) in dry pyridine (4.63 mL) is heated at B0°C for
1 h, 30’ under a nitrogen blanket. The solution is then
concentrated to dryness and the dark reszidue obtained is
partitioned between brine (30 nl) and athyl acetate
{4 X 25 nmL). The combined organic solutions are dried
over Na,80, and concentrated to about 3 mL. After addition
of n-hexane (12 wmL) and stirring for one hour the
precipitate is collected by suction and dried at 40°cC
under vacuum to give 2-{2~(dimethylamino)ethyl)]s~([2~-
{dimethylamino) ethyljamino] isoquino[8,7,6~cd]}indazole~
6 (2H)~one (0.23 g).

m.p.: 150-152°C., )

'H~-NMR (CDCly): 2.32 (5, 6 H); 2.40 (=, 6H); 2.70 (t, 2H);
2.95 (t, 2H); 3.60 (g, 2H}; 4.65 (t, 2H); 6.98 (d, '1H);
7.70 (d, 1H); 8.30 (d, 1H); 8.80 (d, 1H); 9.30 (br, 1H);
9.65 (s, 1H). R

Example 10 _
2-[2-(N~tert-butoxycarbonylamino)ethyl]-5~-([2~(N-tert-
butoxycarbonylamino)ethyljamino]isoquino(8,7,6-cd]
indazole-6 (2H) -one '

_ A suspension of 2-{2-(N-tert-butoxycarbonyl-
amino)ethyl]-5-(p-toluenesulfonyloxy) isoquine([8,7,6-cd]
indazole-6{2H)-one of Example 3 (0,535 g) and N~(tert~
hutoxycarbonyl)eﬁhylenediamine (prepared according to
Synt. Comm., 20, 2559, (1820); 1.12 g) in dry pyridine
(5.35 mL) is heated at 80°C. The dark solution obtained
is held at this temperature for 5 hours, then it is
concentrated to dryness and partitioned between brina (30
ml) and ethyl acetate (2 x 25 mL). The orange-red solid
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insoluble in the biphasic mixture is separated by suction
filtration and dried at 40°C under vacuum (0.43 g).¢
This material (0,60 g} is purified by column
chromatography (8i0,; eluant methylene chloride/methanol
from 90/10 to 70/30 wv/v). The fractions containing the
product are pooled and concentrated to about 20 mL and 2-
[2-(N-tert-butoxy carbonylamino)ethyl}-5-[ [2=(N-tert-
butoxycarbonylamino)  ethyl)aminolisogquino([8,7,6~cd]
indazole-6 (2H)-one separates as red-orange crystals
(0.45 g) .
m.p.: 211-213°C.
'H~NMR (CDC1,/DMSO-~d; 9/1): 1.3 (%, 9H); 1.4 (=, 9H); 3.32
(aq, 2H); 23.58 (m, 4H); 4.58 (t, 2H); 6.20 (br, 1H); 6.40.
(br, 1H); 7.05% (d, 1M); 7.70 (4, 1H); 8.15 (4, 1H); 8.65
(4, 1H); 9.20 (bx, 1H); 9.49 (&, 1H).

Example 11
2-[2-(N-tert-butoxycarbonylamino)ethyl]=5~[{ (2—{dimethyl-
amino)ethyljlamino)isoquino[8,7,6-cd]indazole-6(2H}-one

A suspension of 2-[2—(N-tert—butoxycarbonyl—ﬁ“
amino)ethyl)~58~{p-toluenesulfonyloxy) isoquino(8,7,6~ ad]
indazole~6(2H)~one (0,056 q) and 2~{dimethylamino)
ethylamine (0.680 mL) in dry pyridine (0.50 mL} is heated
at 8o0°C, The dark solution obtained 1is held at this
temperature for 1 hour, then it is 1left at room
temperature overnight. The dark precipitate obtained is.
separated by suction and purified by column chromatography
(§40,; eluant ethyl acetate and then methylene
chloride/methanol 9/0.5 v/v) to giVe z—fa—(N“tert—butoxy-
carbonylamino)ethyl]—S-[[2—(dimethy1amino) ethyl] amino]
isoquino[B,?,e—cd]indazole—s(ZH)-one (0.024 g) as a red-
orange solid.

m.p,! 225-227°C (from methylene chloride).

IH-NMR (CDCls): 1.43 (&, 9H); 2.40 (s, 6H); 2.7 (t, 2H);
3.55 (g, 2H); 3.78 (m, 2H); 4.65 (t, 2H); 5.23 (br.m, 1H);
6.87 (4, 1H); 7.62 (d, 1H); 8.28 (dd, 1H); 8.76 (d, 1H);
9.6 (s, 1H).
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Exanple 12
isoquino(8,7,6-cd]lindazole-6(2H)~ones

Followinyg the procedures of Examples B-11, the following
compounads are prepared by  reaction of 2=[2~
(dimethylamino)ethyl]-s-(p—toluenesulfonyloky)iSOquino
[8,7,6~cd]indazole~6 (2H)-one of Example 2, 2-[2-(N-tert-
butoxycarbonylamine)ethyll-56-(p-toluenesulfonyloxy)isa-
quino(8,7,6 ~cd]lindazole-6(2H)-one of Example'a, or 2-[2~
[(z-hydroxyethyl)amino]ethyl]-5—(p~toluenesu1fonyloxy)
isoguinofs,7,6-c) indazole~6(2H}~one of Example 4 with the
properly selected amine:

2={2~{ (2-hydroxyethyljaminolethyl}-5-{{2-{ (2=-hydroxy-
ethyl)amino)ethyljaminojisoquino(8,7,6~cd)indazole-6(2H)~
one; '

'M-NMR (CDCl,): 3.25 (m, 6H); 3.62 (t, 4H); 3.71 (m, 4H);
31.98 (q, 2H); 4.65 (t, 2H); 5.31 (br, 2H); 7.08 (d, 1H),
7.70 (4, 1H); 8.30 (d, 1H); 8.83 (4, 1H); 9.30 (br, 1H);
9.69 (s, 1M). | |

2=~[2={ (2-hydroxyethyl)aminojethyl]-8~[ [3~{(amino)propylla
mino}l isoguino(8,7,6~cd]indazole-6(2H)~one;

'"H-NMR (CDCl;): 2.05 (m, 2H); 3.18 (m, 4H); 3.58 (t, 2H);
3.65 (t, 2H); 3.78 (q, 2H); 4.62 (t, 2H); 5.20 (br, 3H),
7.10 (d, AH); 7.69 (d, 1H); 8,30 (d, 1H}; 8.85 (d, 1H);
9.15 (bxr, 1H); 9.30 (t, 1H); 9.71 (=, 1H}.
2-[2—{(2-hydroxyethyl)amino]ethylj—5-[[2¥(amino)ethy1]
amino]isoquino(8,7,6-cd]indazole~6(2H) -one;

I4-NMR (CDCly) ¢ 3.20 (m, 4H), 3.58 (t, 2H); 3.66 (t, 2H);
3.86 (q, 2H); 4.61 (t, 2HM); 5.15 (bx, 3H); 7.12 (&, 1H);
7.69 (d, 1H); 8.30 (d, 1H); 8.85 (d, 1H); 9.15 (br, 1H);
9.30 (t, 1H); 9.71 (&, 1H).

2~-[2~{(2- hydroxyethyl)amlno]ethyl] 5§—-[[2~(methylamino)
ethyljamino}isoquino([8,7,6~cd]indazole~6(2H) -one;

" IH-NMR (CDC1,): 2.61 (s, 3H); 3.06 (t, 2H); 3.20 (t, 2H);

3.58 (t, 2H); 3.67 (t, 2H); 3.88 (q, 2H); 4.65 (t, 2H);
5.10 (t, 1H); 7.05 (4, 1H); 7.70 (4, 1H); 8.33 (d, 1H);
.81 (d, 1H); 8.99 (br, 2H); 9.35 (t, 1H); 9.66 (s, 1H).
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2-[2-[ (2-hydroxyethylaminojethyl}-5-[{2-(dimethylamino)
ethyl] amino]isoquiho[8,7,s—cd)indazole~6(2H)—one;

I4-NMR (CDCl,) ¢ 2.42 (s, 6H); 2.75 (t, 2H); 3.18 (t, 2H);
3.58 (g, 2H); 3.63 (t, 2H); 3.68 (t, 2H); 4.61 (t, 2H);
5.15 (t, 1H); 6.99 (4, 1H); 7.66 (d, 1H); 8.31 (d, 1H);
8.80 (d, 1H); 9.11 (br, 1H){ 9.35 (t, 1H), 9.65 (s, 1H).

'2-f2-[ (2~hydroxyethyl)aminojethyl]}-5~{[ [2~(N-tert~butoxy~-

carbonylamino)ethyljamino}isoquinof8,7,6-cd) indazole-6
{2H)-one;
IH-NMR (CDCl; + CDOD): 1.40 (s, 9H); 3:31 (m, 4H); 3.52
(g, 2H); 3.63 (t, 2H); 3.85 (t, 2H); 4.71 (t, 2H); 7,03
(4, 1H); 7.70 (4, 1H); 8.21 (44, 1H); B.76 (4, 1H); 9.61
(2, 1H).

2—[2-(thert-butoxycarhony1amino)ethy)]—5~[[2~[(2—'
hydroxyethyl)aninojethyllamino]isoquino(8,?,6-cd)indazole~
6 (2H) -one.

'NI-NMR (CDCi, + CD,0D}: 1.45 (s, 9H); 3.18 (m, 4H); 3.73
(q, 2H); 3.80 (m, 4H); 4.67 (t, 2H); 7.00 (4, 1H); 7.68
(&, 1H); B.26 (ad, 1H); 8.75 (4, 1H); 9.60 (s, 1H).

2-{2~(dimethylamino)ethyl]=-5=[{2~[ (2-hydroxyethyl)amino]
ethyljamino]isoquino(#,7,6~cd]indazole~6(2H) ~one;

n.p.: 156-157°C.

'H-NMR (CbCl,): 2.30 (s, 6H); 2.91 (m, 4H); 3.08 (t, 2HY 7
3.60 (t, 2M); 3.75 (m, 2H); 4.60 (t, 2H); 6.90 (4, 1RH);
7.60 (d, 1H); 8.25 (ad, iH); 8.75 (d, 1H); 9.45 (br, 1H);
9.60 (s, 1H).

2—[2—(dimethylamino)ethyl]-s—[[2—(amino)ethyl]amino]
iéoquino[a,7,6—cd]indazole-6(2H)—one;

'H-NMR (CDCl, + CD,OD): 2.30 (s, 6H); 2.85 (t, 2H); 3.13
(¢, 2H); 3.65 (t, 2H); 4.58 (t, 2H); 7.04 (d, 1H); 7.70
(d, 1H); 8.18 (dd, 1H); B8.66 (d, 1H); 9.51 (s, 1H).
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Example 13
5-[[2=(dimethylamino)ethyl)amino)-2-methylisoguino{5,6,7-
cdlindazole~6(2H) -one

§~chloro~2-methylisoquino(5,6,7-cd]indazocle~6
(2H) -one of Example 6 (0.013 g} is added to 2~{dimethyl~
amino) ethylamine (0.34 mL). The yellow mixture is heated
guickly to reflux for 1 hour. The excess diamine is
removed from the orange solution by a gentle stream of
nitrogen. The orange mixture obtained is purified by
silica gel column chromatography with a gradient elution
{1% methanol/chloroform (25 nL), 2% methanol/chloreform
(25 mL.) , 4% methanol/chloroeform {25 ml) , 8%
methanol/chlorofoxrm ({25 hL), 12% mathanol/chléroform
{25 nL), 16% methancl/chloroform (25 mL) , 24%
methanol/chloraform (50 mL)) to yield 5-{[2-(dimethyl-
amino)ethyl]laminol-2-methylisoguino([5,6,7~cd)lindazole-
6 (2H) -one (0.010 g)‘as a reddish orange solid.
M.p.: 212~216°C,
IH-NMR (CDCl,): 2.36 (s, 6H); 2.63 (t, 2H); 3.54 (g, 2H);
4.21(s, 3H); 6.91 (d, 1H); 7.54 (&, 1H); 8.00 (d, 1H);
8.79 (4, 1H); 9.19 (br, 1H); 9.67 (s, 1H).

Example 14 :
2-(2~-{dimethylamino)ethyl)]-5-[[(2-(dimethylamino)ethyl}
amino]isoquino[ﬁ,6,7—gd]indazole—a(zn)-one

Under a nitrogen atmosphere N;N—dimethylethylenediamine
(1.79 mL) is added to a stirred solution of, 2-[2-
(dimathylamino)ethyl]—s-chloroisoquinofs,6,7—cd]indazale-
G(EH)—one {(0.539 g) in pyridine (6.80 mhL) and the

' resulting solution is heated at 80°C for 12 hours. The

pyridine and excess N,N-dimethylethylenediamine are

' removed by roto-evaporation and the obtained residue is

purified by silica gel column chromatography eluting first
with  methylene chloride, then with  methylene
chloride/wethanol 85/5 and finhally with methylene
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chloride/methanol/conced., ammonia from 95/5/0.5 to 95/5/1
v/v/v. The fractions containing the yellow desired
product are pooled and the solvents roto-evaporated. The
obtained residue (0.529 ¢g) is orystallized from
diisopropylether to gilve 2-{2-(dimethylamino)ethyl)]-5-
[[2-~(dimethylamino)ethyl)anino]isoqguino[5,6,7~cd)indazole~
6(2H)-one as a yellow powder (0.291 d).

m.p.: 110~111°C.

IH-NMR (CDCly): 2.31 (8, 6 H); 2.38 (&, 6H); 2.71 (t, 2H);
2,92 (t, 2H); 3.55 (g, 2H); 4.65 (t, 2H); 7.01 (4, 1H);
7.69 (d, 1H); 8.10 (dd, 1H}; 8.83 (d, 1H}); 9.30 (br.t.,
1H); 9.71 (s, 1H).

Example 15 .
isoguino(5,6,7-cdjindazole-6(2H) -ones

Using the procedures of Example 13 or 14, the
following compounds are prepared by reaction of 2-[2~(N-
tert-butoxycarbonylamino)ethyl)}-6~-chloroisoquine{s,6,7=-
cdlindazole~6 (2H) -~one, 2-[{2~(dimethylaminoc)ethyl)-6~
chloroisoguino(5,6,7-cd]lindazole-6(2R)-one, or 2-{2-[(2-
hydroxyethyl)amino}ethyl]~5~chloroisoguino(5,6,7-0d]
indazole~6(2H) -one of Example 7:

2-[2~-(N-tert~butoxycarbonylamino)ethyl}~-5-[(2-(N~tert-
butoxycarbonylamino)ethyllamino] isogquino{5,6,7-
cd]indazole-6 {2H) -one; '

m.p.: 211l-213¢C,

“JH-NMR (CDCl;): 1.40 (s, 9H); 1.46 (s, 9H); 3.55 (g, 2H);

1.65 (q, 2H); 3.77 (4, 2H); 4.69 (t, 2H); 5.85 (bx, 2H);
7.00 (d, 1H); 7.60 (d, 1H}; 7.93 (4&d, 1H); 8.70 (4, 1H);
9,10 (br.t., 1H); 9.38 (s, 1H).
2—[2-(N-tert-bﬁtoxycarbonylamino)gthYl]-S-[[2-
(amino)ethyl]amino]isoquino[s,6,7—cd]indazole—6(zn)-one;
(reaction performed at 50°C in DMSO as the solvent)
m.p.: 221-222°C. ' .

Ig-NMR (CDCL,): 1.43 (s, 9H); 3.13 (t, 2H); 3.58 (q, 2H);
3.75 (q, 2H); 3.67 (t, 2H); 5.08 (br, iH); 7.00 (4, 1H};
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7.65 (d, 1H); 8.05 (dd, 1H); 8.60 (d, 1H); 9.30 (br., 1H);
9,75 (=, 1H).

2-{2-(N-tert~butoxycarbonylamino)ethyl) ]-5~[({2~-[ (2~
hydroxyethyl)aminolethyljami no}isoguino($,6,7-
cdlindazole-~6(2H) -one;

'H-NMR (CDCl, + CD,OD): 1.48 (s, QH); 13.26 (m, 4H); 3.74

(g, 2H); 3.80 (m, 4H); 4.68 (t, 2H); 7.01 (d, 1H); 7.72
(d, 1H); 8.09 (dd, 1H); 8.80 (&, 1H); 9.75 (s, 1H).

2-[2-(N~tert-butoxycarbonylamino)ethyl) }-5~[ [2~(dimethyl~-
amino)ethyl)amino}isoquino[$,6,7~cdjindazole-6(2H) ~one;
'H-NMR (CDCl,;): 1.44 (s, SH); 2.31 (s, 6H); 2.75 (t, 2H);
3.68 (g, 2H); 3.75 (g, 2H); 4.68 (t, 2H); 5.10 (br.m., H);
7.03 (d, 1H); 7.70 (4, 1H); 8.15 (44, 1H); 8.85 (4, 1H);
9.33 (br.t., 1H); 9.71 (s, 1H).

2={2-{(dimethylamino)ethyl]-5-{[2=~[ (2~hydroxyethyl)amino]
ethyljamino}isoquino[5,6,7~cd]indazole-6(2[{) ~one;

'H-NMR (CDCl, + CD,OD)}: 2.40 (s, 6H); 2.95 (t, 2H); 3.23
(m, 4H); 3.82 (m, 4H); 4.70 (t, 2H); 7.05 (d, 1H}; 7.70
(d, 1H); 8.13 (ad, 1H); 8.85 (4, 1H); 9.70 (s, 1H).

2~{2-(dimethylamino}ethyl]-5-({2-(amino)ethyllamino)iso-

- quino[5,6,7-cd}indazole~6(2H)-one;

'H-NMR (CDCl,): 2.39 (s, 6H); 2.95 (t, 2H); 3.15 (t, 2H);
3.68 (q, 2H); 4.68 (t, 2H); 7.00 (4, 1H); 7.65 (d, 1H);
8.12 (ad, 1H); 8.85 (d, 1H); 9.33 (br.t., 1H); 9.72
(s, 1H). | |

2~[2~-[ (2~hydroxyethyl)aminojethyll=56-[ {2~( (2-hydroxyethyl)
amino} ethyl]amino)isoguino[5,6,7-cd]indazole-6(21)~one;
(reaction performed at 52°C in DMSO as solvent)

 m.p.:  148-151°C.

‘H~-NMR (D,0): 2.75 (m, 6H); 2.98 (m, 2H); 3.12 (m, 2H);
3.70 (m, 4H); 4.05 (wm, 2H); 6.10 (&, 1lH); 6.65 (d, 1H)j
6.90 (d, 1M); 7.83 (s, 1H); 7.95 (4, 1H).
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2—[2-[(z—hydnoxyethyl)amino]ethyl]~5-{[2—(amino)ethyl]
amino]isoquino[s,6,7—cd]ihdazolev6(BH)—one;

IH-NMR (CDCl, + CD;OD): 2.97 (t, 2H); 3.30 (m, 4H); 3.68
(t, 2H); 3.85 (t, 2H); 4.66 (t, 2H}; 7.00 (d, 1H); 7.69
(d, 1H); 8.10 (dd, 1H); B.83 (d, 11); 8.76 (s, 1H).

2-[2-[(z—hydroxyethyl)amino]ethyl]-s—[[3-
(amino) propyllamino} isoquino(5,6,7-cd]indazole-6(2H)-one;
lH-NMR (CDC1, + CD,0D): 2.09 (m, 2H); 2,57 (t, 2H); 3.30
(m, 4H); 3.53 (t, 2H); 3.82 (t, 2H); 4.66 (t, 2H); 7.01
(8, 1H); 7.68 (d, 1H); 8.05 (dd, 1H); 8.80 (d, 1H); 9.68
(8, 1H).

2-[2-[(z-hydroxyethyl)ahino}ethyl]-s—[[2-(methy1aminn)
ethyl] amine]isoquino(5,6,7-cd]jindazole—6(2H)-one;
'H-NMR (CDC1; + CDyOD): 2.48 (8, 3H); 2.83 (t, 2H); 3.28
(m, 4H); 3.58 (t, 2H); 3.83 (t, 2H); 4.67 (t, 21H); 7.01
(d, 1H); 7.68 (d, 1H); 8.03 (dd, 1H); 8.80 (d, 1H}; 9.867
(s, 1H).

2-[2-{ (2~hydroxyethyl)amino]ethylj-56-[ (2= (dimethyamino)
ethyl] amino]lisoquino(5,6,7-cd]indazole~6(2H)~one;
'H-NMR (CDCl, + CD,OD): 2.3%(s, 6H); 2.72 (t, 2H); 3.33
(m, 4H); 3.57 (t, 211); 3.87 (t, 2H); 4.71 (t, 2H); 7.00
(d, 1H); 7.71 (4, 1H); 8.09 (dd, 1H); 8.81 (d, 1H); 9.70
(s, iH). )

2=-[2~[ (2-hydroxyethyl)amino]ethylj-5-{ [2~ (N~tert-butoxy-
carbonylamineo)ethyljamine]isoquino({5,6,7-¢d}indazole-6
(2H) -one;

'H-NMR (CDCl; + CD,OD): 1.41 (s, 9H); 3.29 (m, 4H); 3.56 .
(¢, 2H); 3.79 (t, 2H); 3.83 (t, 2H); 4.68 (t, 2H); 7.05
(4, 1H); 7.68 (4, 1H); 8,08 (ad, 1H); 8.80 (], 1H); 9.68
(s, 1H). . :
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Example 16
Removal of the t-~butoxycarbonyl protective group

_ Under a nitrogen atmosphere an ethanolic
solution of anhydrous HCl (5N; 0.40 mL) is dropped into a
stirred suspenaion of 2-[2-(N-tert-butoxycarbenylamino)
ethyl]-5-[ [2-(N-tert~butoxycarbonylamine) ethyljamino]
isoquino[8,7,6~cd]indazole~6(2H) ~one of Exanple io0
(0.104 g) in absolute ethanel (2.1 mh). Initial
dissolution of the starting material “followed by
precipitation of a dark-red solid is cobserved during the
addition of ethanolic HCl. Thie =olid ls redissolved with
absolute ethanol and the solution is heated to 40°C for 2
h, 30’. The gradual formation of a red-amaranth
precipitate is observed during the heating. After cooling
to room temperature diethyl ether (10 mL) i1g added and the
precipitate is collected by suction filtration under a
nitrogen blanket, to give 2=-{2~(amino)ethylj-B-[[2~-
(amino)ethyljamino}isogquino(8,7,6-cdlindazole~6(2H) -one
trihydrochloride (0.070 g).

m.p.: 247-250%°C,

JH-NMR (D,0): 3.40 (t, 2H); 3.70 (t, 2H); 3.95 (t, 2H);
4.87 (t, 2H); 7.05 (d, 1H); 7.78 (d, 1H); 8,04 (dd, 1H):
8.62 (d, 1H); 9.10 (s, 2H).

UV (H;0) 3 Aux (Eix) = 230 nm (650 cm); 240 nm (555 cm); 370
nm (244 cm); 591 nm (342 ¢m). '

Example 17 .
Follpwing the procedure of Example 16, the

- following compounds are prepared as the trihydrochloride

salt starting from the appropriate N-tert-butoxycarbonyl
derivatives of Examples 11, 12, 14, or 15:

2-{2-[ (2-hydroxyethyl)aminolethyl]~5-[[2~(amino)ethyl)
amino]isoquino[s,7,6-cd]indazole-6(2H)-one;

'H-NMR (D;0): 3.07 (t, 2H); 3.39 (m, 4M); 3.69 (t, 2H);
388 (t, 2H); 4.83 (t, 2H); 7.05 (d, 1H); 7.70 (d, 1H); -
8.33 (dd, 1H); 8.78 (d, 1H); 9.15 (s, 1H).
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2~[2—(amino)ethyl)]—5-[[2—[(z—hydroxyethyl)amino]ethyl)
amino]isoguino(8,7,6-cd]indazole~6 (2H)-one;

Ig-NMR (D,0): 3.28 (t, 2H); 3.31 (m, 4H); 3.83 (m, 4H);
4.90 (t, 2H); 7.03 (4, 1H); 7.70 (4, 1H); 8.35 (dd, 1H);
8.72 (d, 1H); 8.77 (s, 1H). :

2-[2~(amino)ethy1)]—5~[{(2-(dimethylamino)ethyl]amino]

. isoquino(8,7,6—cd]indazole~6(2H) ~cne

m.p.: 224°C (dec.).

I§~-NMR (D,0): 3.00 (s, 6H); 3.60 (t, 2H); 3.70 (t, 2H);
4.07 (t, 2HY; 4.93 (t, 2H); 7.20 (&, 1H); 7.96 (4, 1H) ;
8.43 (dad, 1H); 8.77 (4, 1H); 9.43 (s, 1H).

UV (ICL 0.IN): Num (Ejg) = 236 nm (485 cm); 382 mm (205
cm); 507 nm (232 cm). '

2~[2- (amino)ethyl]-s-[[2[(amino)ethyl]amino]iscquino
[5,86, 7—cd]1ndazole—5(2H)—one

m.p. > 260°C.

'H-NMR (D,0): 3.42 (t, 2H); 3.75 (t, 2H); 4.00 (¢, 2H) ;
5.05 (t, 2H); 7.32 (4, 1H); 8.09 (4, 1H); 8.62 (4, 1H);
8.87 (4, 1M); 92.55 (s, 1H)

UV (HC1 0.1N): A (Big) = 245 nm (622 com); 275 nm
(181 om); 351 nm (258 cm); 472 nm (327 cm), 494 nm
{353 cm). - :

2~[2-(amino)ethyl) ]=5-[[~[ (2~hydroxyethyl)amino]ethyl]
amino] isoquino[5,6 7—cd]indazclé-6(2H)-one;
2=-{2=-(amino)ethyl) ]-5-{(2~- (dlmethylamxno)ethyl}amino]
isoguino(5,6,7-cd]lindazole ~6(2H)-one;

Example 18
2~[2-(dimethylamino)ethyl}~-6-[[2-(amino)ethyl)amino)
isoquino{8,7,6~cd]indazole-6(2H) ~one dimaleate

A solution of maleic aaid (0.030 g) in absolute
ethanol (0.4 nmL) 1is added drop-wise into a stirred
solution of 2-[2~(dimethylamino) ethyl)-5-[[2-(amino)
ethyl)amino}isoquino(8,7,6~cd]indazole~6(2H)-one of
Example 12 (0.030 g) in absolute ethancl (1.5 ml) held at
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50°C., After the addition is complete the reaction mixture
is maintained at 50°C for 3 minutes and then allowed to
cool to room temperature. After one hour the red-amaranth
orystalline material which separated is filtered, washed
with ethanol and dried under vacuum at 40°C to give 2~[2-
(dimethylamino)ethyl]-56~([2~(amino)ethyl]amino]isogquino
[8,7,6~cd)lindazole ~6(2H)-one dimaleate (0.029 g).

m.p.: 175-175.5*C,

'H-NMR (D,0): 3.00 (s, 6 H); 3.40 (t, 2H); 3.80 (t, 2H);
3.93 (t, 2H); 4.90 (t, 2H); 6.00 (=, 4H)}; 7.00 (d, 1H);
7.70 (4, 1H); 7.80 (d, 1H); 8.55 (d, 1H); 9,00 (8, 1H).
UV (HCL O.IN): Ay (Ejg) = 236 nm (436 cm); 382 nm
(169 cm); 507 nm (190 cm).

Exanmple 19
Foliowing the procedure of Example 18, the following

maleate salts are prepared by salification of the
appropriate isoquinoindazole-6(2H)-ones with maleic acid:

'2—[2~(dimethylamino)ethyl)]—5-([2—(dimethylamino)ethy11

amino] isoguino{8&,7,6~cd}indazole-6(2H) ~one dimaleate
mtqu: 189—19100- .

'H-NMR  (DMSO-d;): 2.88 (s, 12H); 3.37 (t, 2H); 3.70
(t, 2H); 3.95 (g, 2H); 5.01 (t, 2H); 6.00 (s, 4H); 7.38
(d, 1H); 8.20 (dd, 1H); B.85 (d, 1H); 9.20 (br.t., 1H);
9.55 (s, 1H).

Uv (H,0): AN (Ejg) = 368 nm (154 om); 469 nm (206 cm);
490 nm (211 onm).

2-{2-(dimethylamino)ethyl) }~5-[[2~(dimethylamino) ethyl)
aminoj isoquino(5,6,7~cd]indazole~6(2H) ~one dimaleate
m-p.:- 142-146°C-

'H-NMR (D,0): 3.00 (s, 6H); 3.05 (s, 6H); 3.60 (t, 2H);
3.92 (&, 2H); 4.08 (t, 2H); 5.07 (t, 2H); 6.15 (s, 4H);
7.20 (d, 1H); 7.95 (d, iH); 8.20 (d, 1H); 8.75 (d, 1H);
8.30 (s, 1H).

UV (H0): Ay (Big) = 292 nm (108 om); 352 nm (133 om);
476 nm (215 om). )
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2-[2~(dimethylamino)ethyl]-5-[(2-[ (2-hydroxyethyl}amino]
ethyljamino]isoquino[8,7,6-cd]indazole~6 (2H)-one dimaleate
m.p.: 156-157°C. ' '

IH-NMR (D,0): 3.05 (s, 6H); 3.30 (m, 2H); 3.54 (t, 2H);

' 3.88 (m, 4H); 4.03 (t, 2H); 4.96 (t, 2H); 6.00 (s, 4H);

7.00 (d, 1H); 7.70 (4, 1H); 7.83 (dd, 1H); 8.57 (d, 1H);
9.05 (8, 1H} :
UV (H;0) ¢ Anu (Eyjg) = 368 nm (1057 om); 491 nm (210 om) .
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1. A compound according to the formula (1):
' R o . NH-A

[3:3
5]

|
X,

Y~ ] (1)

N' —Nwp
wherein R is hydrogen or hydroxy;
one of X and Y is a carbon atom and the other is a
nitrogen atom, with the proviso that when ¥ is nitrogen,
R is hydrogen;
A and B are the same or different and are selected from
the group of C,~C,, alkyl or phenylalkyl;j C,-Cy alkyl having
ohe or two substituents selected from the group consisting
of OR, and NRR,; C,~Cq alkyl interrupted by one or two
oxygen atoms or by one -NR~ group, and being said C,~Cy
alkyl optioﬁally.substituted by one or two hydroxy (OH) or
NR,;Ry groups;
R, is selected from the group congisting of hydrogen, C,-C,
aikyl, phenyl, phenylalkyl, -5(0;}R;, C,-Cs alkyl optionally
substituted by NR)R,;

R; and R; may be the same or different and are selected

from the group consisting of hydrogen, C,-C, alkyl,
phenylalkyl, phenyl, C;-C;, alkyl substituted with one or
two hydroxy (OH) groups, or R, and R, taken together with
the nitrogen atom to which they are attached form an
ethyleneimine ring or a 5- or 6-member aromatic or
non-aromatic heterocyclic ring which optionally contains
another heteroatom such as sulfur, oxygen or nitrogen;
Ry is selected from the group consisting of hydrogen, C,-C,
alkyl, ¢,-¢,, hydroxyalkyl, C,~Cy, alkyl substituted by NR;R,,
phenylalkyl, phenyl;

R; is selected from the group consisting of ¢~y alkyl,

_phenylalkyl,

ag free bases and 'their salts w1th pharmaceutically
acceptable acids,
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2, A.compound according to claim 1 wherein said -
heterocyclic ring ig selected from the group consisting of
1~imidazolyl, i1=-pyrrolyl, i~tetrahydropyrrolyl,
1-pyrazolyl, 4=-morpholinyl, l-piperidinyl, l-piperazinyl,
1~(4-methyl) -piperazinyl, and 1-(4-benzyl)-piperazinyl.

3. A compound according to claim 1 wherein ¥ is
carbon and X is nitrogen.

4, A conpound according to ¢laim 1 wherein Y is
nitrogen and X is carbon.

5. A compound according to claim 1 wherein R is
hydrogen.

6. A compound according to ¢laim 1 wherein R is
hydrogen and A and B are independently are selected from
the group consisting of: -(CH;},-NH, wherein p is the
integer 2 or 3; -(CH,),-NR,R, wherein p is as above defined
and R, and R, are methyl; -(CH,),-NR;Ry wherein p iz as above

- defined and R, is hydrogen and R, is methyl; = (CH,) ,~OH

wherein p is as above defined; ~(CH,) ,~NH~(CH,) ,~OH wherein

P and g are independently an integer selected from group
consisting of 2 or 3.

7. A compound of claim 1 selected from the
group consistlng of 2-(2~[ (2-hydroxyethyl)amino]
ethylj-s~[[2~ [(2-hydroxyethy1)amino]ethyl]amino}
isoquino[8,7,6-cd]indazole~6 (2H) ~one;
2—(2-{(z-hydroxyethyl)amino]ethyl]-s-{(a-amincpropyl)
amino]isoquino(®,7,6~cd]indazole~6(2H) -one;
2-[2-[(2—hydroxyetﬁyl)amino}ethy1]~5-[(z—aminoethyl)
amino]isoquino(a,7,6—cd]indazole—6(2ﬂ)-one;
2~[2«[ (2~hydroxyethyl)aminojethyl]~5={ [ 2~ (methylamino)
ethyl]amlno]isoqulnota 7,6-cd]indazole-6(2H)~-one;
2-[2~ { (2-hydroxyethyl)aminojethyl]-5-[ {2~ (dlmethylamlno)
athyl]amlno]lsoquinofs 7, G*Cdjlndazolebﬁ(ZH)-one,
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2~[2—[(2~hydroxyethy1)aminq]ethyl]-s—[[2—[(z—hydroxyethyI)
aminolethyljamino}isoquino(5,6,7- ¢d) indazole~6 (2H) ~one;
2-[2~[ (2-hydroxyethyl)aminojethyl]-5- [(B-amanpropyl)
amlno]lsoqulnots 6,7~cd) indazole~6 (2H) ~one;

2=[2~ [(z-hydroxyethyl)amlno]ethylj ~-5=[ (2-aminoethyl)
aminojisogquino(§,6, 7—cd]1ndazole-6(2H)uone,

2-[2~[ (2~ hydroxyethyl)amxno]ethyl] -5—{ (2= (methylamino)
ethyl]lamino}isoguino (5,6,7~ ~cd]indazole~6 (2H) ~one;

2=({2=-[{ (2~ hydroxyethyl)amino]ethyl]-s-[[2—(dimethy1amino)
ethyl]amino]lsoqulno [5,6,7=cd]indazole-6 (21l) ~one;

5~[[2-[ (2~hydroxyethyl)amino)ethyllamino)~2~[2~ (dimethyl-
amino)ethyl]isoguinoe [8,7,6-cd]indazole~6(211) ~one;

B—{ (3-aminopropyl)amine}~2~[2=-(dimethylaminoc)ethyl]
isogquino{8,7,6-cd}lindazole-6 (2H) -one;
5-{(2-aminoethyl)amino]-{2-[2-(dimethylamino}ethyl]
isoguino [B,7,6-c¢d]indazole~6(2H)~one;
Gu[[2-(methylamino)ethyllamino}—~2-(2~(dimethylamino)
ethyl)isoquino [8,7,6-cd)indazole~6{2H)-one;
S—[[2—(dimethylamino)ethyl]amino]-2*[2—(dimethylamino)
ethyljisoguino (8,7,6~¢d]indazole~6(2H)~one;

5-{{2-[ {(2-hydroxyethyl)anino]ethyl] aminoj}-2-{2~-(di-
methylamino)ethyl)isoquino(5,6,7-cd]indazole-6(2H)-one;
5-[(B-aminopropyl)amino]-2~[2—(dimethylamino)ethyl]iéq—
gquino [5,6,7~cd]indazole-6(zﬁ)~one;' '
5—[(2~aminoethy1)amino]-[2~(dimethylamino)ethyl]isoquino
[6,6,7-cd]indazole-6(2H) -one;
5—[[2—(methylamino)ethyi]amino]w2~[2—(dimethylamino)
ethyl)isoguino [5,6,7-cdlindazole-6(2H)-one; )
$-{[2-(dimethylamino)ethyljamino]~2~f{2~-(dimethylamino)
ethyllisoqguino [5,6,7~cd}indazole~6(2H)~one;
2~[2-aminoethyl]-~5-[[2-{(2~hydroxyethyl)aminojethyl]
amino]isoguino [8,7,6~-cd]indazole-6 (2H)~-one;
2~{2-~amingethyl]=-5=-{(3-aminopropyl)amino}isoguino
{8,7,6~cd] indazole-&(2H)-one;
2-[2-aminoethyl)~5~{(2-amincethyl)amino]isoquino
(8,7,6-vd) indazole-6(2H)-one;
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2~f2-aminoethyl])~5-[[2-(methylamino)ethyl]amino]}isoguino

(8,7,6~cd]indazole~6 (2H) ~one;
gw(z-aminéethyl]«s-[[2-(dimethy1amino)ethyl]amino]iso-
quino[8,7,6~cd]lindazole~6 (2H) ~ane;
2-[3-aminopropyl) ~5=( (2~ (2-hydroxyethyl}aminojethyl]
aminolisoquino [8,7,6~cdlindazole-6(2H)~one;
2-[3—aminopfopy1]—5~[(S—aminopropyl)amiﬁo]isoquino
[8,7,6-cd])indazole~6 (2H)-one;

2=-{3-aminopropyl]-6-{ (2~amino)ethyltaminolisogquino
[8,7,6-cd]indazole~6(2H) -one; .
2-[3~aminopropyl]~6-~[([2~- (methylamlno)ethyl]amlno]1soqu1no
{8,7,6-cd])indazole-6({2H)~one;

2-(3~-aminopropyl]~ 5—[[2-(d1methy1amino)ethyl]amino]iso—
guino [8,7,6~cd]}indazole~6(2H) ~one;
5-{(2~((2-hydroxyethyl)amino]ethyljaminoj-2~[3-amino-~
propyl)] isoguino {5,6,7-c¢d]indazole~6(2H)-one;

5-({({2~{ (2~hydroxyethyl)aminojethyl)amino]=-2=[2-amino~
ethyllisogquino [5,6,7-cd)indazole-6(2H)-one;
2-[(2~methylamino)ethyl}-5-[(2~] (2-hydroxyethyl)amino)
ethyljamino]lisogquino tB,?,G-cd]indazole*G(ZH)-Ohe;

2~{ (2-methylamino)ethyl)-5-[ (3~aminopropyl)amino]isoguino
{8,7,6-cd]lindazole~6 (2H) -one;

2-[ (2-methylamino)ethyl}-5-[ (2~aminoethyl)amino}isogquino
(8,7,6-cd]indazole~6 (2H) ~one; ,
4={(2-methylamino)ethyl]-5-{[2-(methylamino)ethyl)
amino}]isoquino (8,7,6-cd}indazole~6(2H)-one;
2—[(2—methy1amino)]ethyl}—s—[[2-(dimethylamino)ethy1]
amino]isoguine (8,7,6-cd]indazole~6 (2H)-one;

2~[ (2-methylamino)ethyl)~5-[[2~[ {2-hydroxyethyl)amino]et
hyl]amino]isoguino [5,6,7-cd)indazole~6(2H)~one;

2-[ (2-methylamino)ethyl]-5~{ {3~ aminopropyl)amino]lsoquino
[5,6,7~cd]indazole~6(2H) -one;

2~{ (2-methylamino)ethyl]-5- [(2-am1noethy1)amlno]lsoqulno
[5,6,7-cd)indazole-&(2H) -one;
2-{(2-methylamino)ethyl])-5-([2~-(nethylamino)ethyl]
amino)isoquino [5,6,7~cd)indazole~6(2H)~one;
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2—((Z-methylamino)ethyl]-s—[{2~(dimethylamino)ethyl]
amino] isoguine [5,6,7~cd]indazole-6(2H)~one;
2~methyl-5—[[2—(dimathylamino)ethyllamino]isoquino
(8,7,6-cd]indazole~-6 (2H)-one; and
z—methyl—s-[[zw(dimethylamino)ethyl]amino]isoquino[s,s,?—
cd]indazoleFE(ZH)—one, as their free bases and their salts
with pharmaceutically acceptable =alts., '

8. A pharmaceutical composition suitable for
the treatment of tumors in a patient comprising a compound
according to claim 1 and a pharmaceutically acceptable
diluent or excipient,

9. A method of treatment of tumors susceptible
to azaanthrapyrazole treatment in a mammal requiring such
treatment comprising administering to the mawmal an
effective anti-tumor amount of a compound according to
claim 1. ' '

10. A process for the synthesis of a compound
according to claim 1 wherein R is hydrogen or hydroxy;
one of X and Y is a carbon atom and the other is a
nitrogen atom, with the proviso that when ¥ is nitrogen,
R is hydrogen;

A and B are the same or different and are selected from
the group of C,-C, alkyl or phenylalkyl;

C,—Cy alkyl having one or two substituents selected from
the group consisting of QR, and NRR,; C;-C, alkyl
interrupted by one or two oxygen atoms or by one —~NR,~
group, and being said ¢,-C, alkyl optionally substituted
by one or two hydroxy (OH) or NR,R; groups;

R, is selected from the group conaisting of hydrogen,
C;=Cs, alkyl, phenyl, phenylalkyl, -5(0,)R;, C;~C, alkyl
optionally substituted by NR,R;;

R, and Ry may be the same or different and are selected
from the group consisting of hydrogen, ¢-~C,, alkyl,
phénylalkyl, phenyl, C,-C;,, alkyl substituted with one or

THIS SHEET HAS BEEN
' REPLACED
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two hydroxy (OH) groups, or R; and Ry taken together with
the nitrogen atom to which they are attached form an
ethyleneimine' ring or a 5~ or 6-member arcmatic or
non-aromatic hetercoyclic ring which optionally contains
another hetercatom such ag sulfur, oxygen

or hitrodgen;

.. Ry is selected from the group consisting of hydrogen, C,~Cjy

alkyl, C,~C, hydroxyalkyl, C,~C, alkyl substituted by
NR;R;, phenylalkyl, phenyl;-

R; is selected from the group consisting of C,-C, alkyl,
C;—Cyp aralkyl; |

said method comprising the steps of:

a) reacting compounds -of formula (III) with an alkyl
hydragzine of formula (IV):

NH,~NH-B' (IV)

where B’ has the meanings as B is defined in
formula (I), or B’ is a group that can be converted into
B by removal of protective groups for the primary or
secondary amines optionally present in B/, to give a

-compound of formula (II);

b) which is then reacted with a compound of formula (V):

NH,-A’ (V)

where A’ has the same meanlngs as A 1s defined
in formula (X), or A’ is a group that can be converted
into A by removal of protective groups for the primary or
secondary amines optionally present in A’, to give the
compounds of formula (I‘); |

~and wherein A’ and/or B’ are different from A and/or B,

compounds of formula (I’) are converted to compounds of
formula (I) by removal of the protective groups for the
primary and/or secondary amines optionally present in A’
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11. A method for the synthegis of compounds of
formula (IIX‘) wherein Z = OTs depicted in schenme 2, said
method comprising the following steps:

(c¢) the Friedel and Craft acylation of
1,4~difluorobenzene with pyridine-a,4—dicarboxyli¢
anhydrides (VI) where R; is hydrogen or a guitable
protecting group of the hydroxy function such as methoxy
or benzyloxy, in presence of AlCl; which leads to the
regioisomeric keto-acids (VIIa) and (VIIb);

(d) reactlion of the ketoacids (VIIa) and (VIIb)
with  sodium methoxide in methanol leading to the
regibisomaric methoxy-substituted ketoacids (vIIIa) and
(VIIIb); compounds (VIIIa) and (VIIIb) where Ry is
hydrogen can be reacted as such in the following step;
when R, is different from hydrogen compound .(VIIIa) is
purified by ecrystallization and reacted as pure

regioisomer;

(e} reduction of compounds (VIIIa) (R different
from hydrogen) with 2Zn/Cu couple in formic acid leading to
(IX); when Ry is hydrogen, the acids (Ika) and (IXb) can
be separated by chromatography yielding the pure isolated
regioisomers (IXa) and (IXb);

(f) eyclization of the appropriate acid (YIX) by
heating a suspension of the compound in polyphosphoric
acid leading to the benzo[glisoquinoline (X);

(g) oxidation of the compoun& (X) to the
corresponding dione (XI) by cerium ammonium nitrate in a
mixture of acetonitrile and water;

(h) removal of the methoxy group of the dione
(XI) by aluminum chloride in methylene chloride leading to
compounds (XII) which correspond to a mixture of 9-fluoro-
6~hydroxy and 9-chloro-6~-hydraxy-5,10=-diones (XII) due to
partial substitution of the leaving fluoride by means of
AlCl,; and
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(i) the final functionalization of the free
hydroxy group of (XII) by means of toluenesulfonyl
chloride in pyridine leads to the desired compounds (III’)
wherein 2 = OTs; when R; is a protective group of the
hydroxy function, it can be removed according to the
methods well known to the expert in the art, thus leading
to compound {(III) where R is OH.

12. A method for the preparation of compounds of
formula (III’) depicted in scheme 4, said wmethod
comprising the follawing stepa:

a) lithiation of i-chloro~4-fluorobenzene with
an alkyllithium reagent such ag sec-butyllithium in THF at
~75°C to give 1-lithia-5-chloro-2-fluorobenzene (XIV);

b) agylation of . 1-lithio-&-~chloro-2-
fluoroberizene (XIV), generated in situ according to the
above step, with pyridine-3,4-dicarboxylic anhydrides (VI)
to give the mixture of keto~-acids (XVa) and (XVh) which
can be aeparated into the single pure compounds by
recrystallization from a solvent or by sublimation;

) reduction of the pure keto-~acid (XVa) with
Zn/Cu couple or Zn powder in 75% aquecus formic acid (157

at room temperature, then 80°C, 2 bhrs) leading to (XVI);
and

d) oxidative cyclization of (XVI) with fuming
gulfuric acid (20-30% s0;, 107/, 130°C) to give the 9-

chloro-6-fluorobenzo(g] isogquinoline-5,10-diones of
formula (IIX‘’).



