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:CSOQU:tNOJ'.NDAZOLE-6 _(211) -ONE.S 
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BACKGROUND QE THE INVENTION 

This Sheet Has Been R.ePlaced 

I IUllll IUI~ 111 IUI 
Field of the Invention 

. This invention is directed to 
azaanthrapyrazoles, namely to 2-aminoalkyl-5-anlino­
alkylamino ·au~stitutad isoquino {9,7,6-od] indazole-
6-(2H)~ones and to 2-aminoalkyl-5-arninoalkylamino 
substituted-isoquino [5,6,7-cd] indazole-6(2H)-ones. 

10 These compounds have been shown to have antitumor 

activity. 

Background 

certain 1 1 4-bis[(aminoalkyl)amino~anthracena-
9, 10-diones have been reported which . show antituro.or 

15 activity in clinical: trials. Of particular intereat has 
been am.etantrone, 1,4-bis{ [2-(2-hydroxyet,hylamino) 
ethyl)amino}anthraoene-9,10-dione, and mitoxantrone, 
5, s-dihydroxy-1, 4-bis {_[2-{2-hydroxyethylatnino) ethyl) 
amino}anthracene-9,lO-dione. [Zee~chenq et al., J. Med • 

. · 
20 Chem. ll, 291-4 (1978) 1 Chenq et· al~, "Progress in 

Medicinal Chem.i.stry11 , Ellis, G.P .. and West, G:B. 1 eds.; 
Elsevier: Amsterdam, 19~3, Vol. 20, pp .. 83 and references 
cited therein]. Mitoxantrone is a broad spectrum 
oncolytic agent, whose adtivity is similar to that of the 

25 a.nthracyoline antibiotic dC?xorubioin. Clinlcal trials 
have demonstrated that mitoxantrone . has partioula~rly 

promising aoti.v:ity in the treatment of advanced -breast 
cancer, ac~te leukemia ~nd lymphoma [Legha, Drugs of 
Today, .iQ, 629 .(1984)].. Although anilnal studiea have 

30 · · delltonstr;ated a diminished oardiotoxic1:ty in comparison to 
doxorubioin, some clinical cardiotoxic:-iity_ · has been 
obsex-ved also with nlltoxantron"e, mostly. in patients . 
previously treated with doxorubioln (R. Stuart llarJ:"is et·· 

.. .. . 
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t 210 (1984) and references cited therein). 
ala, Lance , ~' t 
Ametantrone has been reported to be, in animals, abou 
io-f old less potent and leas cardiotoxio than 

mi toxantrone. Because a. delayed toxicity ia observed only 
with mitoxantrone after ~drninistration of the two druga by 

the i.p. route to non-tumor bea~ing rats at equieffective 
antitumor dos:ages, it is suggested that the presence of 

the 5, s-dihydroxy substitution in mitoxantrone might be 
implicated in the delayed deaths fcorbett et al., Cancer 

Chemother. Pharma~ol., ~, 161, (1981)]. 
. In addition, both mitoxantrone and ametantrone 

have a remarkable myelodepressive toxicity and both 

compounds sbow cross.:....resistance to cell histotypes 

developing resistance against doxorubicin me~iated by 

15 ove.rexpression of glycoprotein P. such a resistance, 
which is named multidru9 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 

20 treatment of solid tumors with such antibiotics. 
In an attempt to overcome the above mentioned 

drawbacks, some chro:mophore modified anthracenediones have 
been prepared. · For example, E.P. Patent Application 
103,381 discloses 2-aminoalkyl-5-aminoalkylamino 

25 sub~tituted anthra [l,9-cd] · pyra~ol-6(2H)-ones 

(anthrapyrazoles) which are claimed to have antitumor 
activity. The antit~mor activity of 'said compounds in a 

number o! preclinical models has been reported by H.D. 

Hollis Showalter et al. (J. Med. Chem., .lQ., 121-131, 

30 (1987)]. However, anthrapyrazoles are not devoid o! to>dc 

s~de effects, with severe ~eukopenia (W.H.O. grade 3 and 
4) and neutropenia (W.H.O. grade 4) being dose litnitin9 in 
phase I and phase II clinical trials with the anthra­
pyrazole CI-941 [I.E. smith et al., J. Clin. onool. £, 

35 2141-2147, (1991)]. Moreover, a marked nephrotoxioity is 

associated with CI-941 treatment in the rat [D. campling 
•' 

and M.E.c. Robbins, Nephrotoxicity, Peter H. Dekker Bach 
editor, pp. 345-352, (199l)t New York; see Chemical 
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Abstract ll.§.: 294n, ( 1992)], and theae authors suggest that 

renal injury may be a clinical problem with anthrapyrazole 

therapy. 
Therefore, the search for n_ewer active· analogues 

is Rtill highly desirable. 
we have now d.lscovered that the introduction of 

one nitrogen atom in the position 9 or in the position ~ 
o:t the. above mentioned anthra [ 1, 9-cd] pyrazol-6 ( 2Jf) -ones 
provides 2- .aminoalkyl-5-aminoalkylamino substituted 
isoquino [B,7,6-cd] indazole-6-(2U)-ones and 2-amino­

alkyl-5-aminoalkylamino substitute~-isoquino [5,G,7~cd] 
indazole-6(2H)-ones respectively, which are endowed with 

marked antitumor activity. 

lUUEF SUMMARY OF TH~ ,INVENTION 

The compounds of the invention have the formula 

(I) : 

(I) 

I 
N----N .._B 

.. 

wherein R is hydrogen or hydroxy; 

one of X and Y is a carbon atom and the other is a 

20 nitrogen atom, with the proviso that when 'l is nitrogen, 
R is hydrogen; 

A and B are the same or different and are selected from 
the group of C1-C10 alkyl or [phenylalkyl]; c2-c10 alkyl 

having one or two substituents selected· from the group 

25 consisting of OR1 and N.R2R3 ; C:~-C10 alkyl interrupted by one 

or two oxygen atoms or by or1e -N~ ... group, and said c2-c10 

~lkyl is optionally substituted by one or·two hydroxy (OH) 

or NR2R3 groups; 
R1 is selected from the group consisting of hydrogen, c1-c6 



alkyl, phenyl, 

4 

(phenylalkyl], -S(02)R.s, 

optionally substituted by N~iR'.i; 

~ and Ra may be the salne or different and are selected 
from the group consisting of hydrogen, c1 ~c 10 alkyl, 

5 [phenylalkyl], phenyl, C2-C10 alkyl substituted with one or 
two hydroxy (OH) groups, or R2 and R3 taken together with 
the nitrogen ·atom to "1h.lch they are bound form an 
ethyleneimine ring or a 5- or Ei-member aromatic or 
non-aromatic heterocyclic ring whic~ optionally contains 

10 another heteroatom such as sulfur, oxygen or nitrogen; 
.R.i is selected from the group consisting of hydrogen, c,-c,0 

alkyl. C;i-C11.1 hydroxyalkyl, c.2..:c,0 alkyl substitut~d with 
NR2Rll [phenylalkyl) / phenyl; 

Rs is selected from the 9roup consisting of c,-cto alkyl, 
15 (phenylalkyl), as free bases and their salts with 

pharmaceutically acceptable acids. 
The present invention also concerns the 

tautomeric forms, the single enantiomers and 
diastereoisomers of the compounds of formula (I), as well 

20 as mixtures thereof. 

The present invention also concerns the 
non-toxic salts of the compounds of formula (I) with acids 
acceptable for phar:maceutical and vete.rina:ry use such as 
those obtained by addition of inorganic aci<1s such as 

25 hydrochloric, hydrobromio, sulfuric, phosphoric, 
pyrophosphoric acid, and/or of organic acid.$ such as 
acetic, propionic, citric, benzoio, lactic, maleic, 
fumaric, succlnic, tartaric, 9lutamic, aspa:rtic, 9luconic, 
ascorbic acids and the like. 

3 0 D.!i'l'AIIJ:&D PfJSCRlPTION OF TtlE INVENTIOl:l 

In compounds (I) the term ttphenyP• means phenyl 
rings 'Which can optionally contain one or two substituents 
such as· c 1-c4 alkY.l groups, CF3 , halogen atoms, nitre, 
amino, acetylamino, formylamino, dimethylamino, 

35 diethylamino, hydro~y, metboxy and ethoxy groups. 
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Preferred examples of C1-C10 alkyl groups are 

methyl, ethyl, n-propyl, sec-propyl, n-butyl, sec-butyl, 

tert-butyl, n-pentyl, n-hexyl. 
Preferred examples of [phe.nylalkyl] are. benzyl 

5 and 4-methoxy banzyl. When in compounds of formula (I) A 

or B are a Cz-C10 alkyl interrupted by one or two oxygen 
atoms or by one -NR.t- group and optionally substituted by 
one or two hydroxy or -NR2R3 groups, at least two carbon 
atoms are preferably interpo~ed, between sa.id oxygen atoms 

10 and/or the -NR4- and -NR~R3 groups. 
When in compounds of formula (I) , the -NR,_R3 

substituent is a 5- or 6-member aromatic or non-aromatic 
heterocyclic rinq which may contain another hete.roatom 
such as sulfur, o~ygen and nitrogen, preferred examples of 

15 said heterocyolio rings are 1-imidazolyl, 1-pyrrolyl, 
1-tetrahydropyrrolyl, 1-pyrazolyl, 4-morpholinyl, 1-

piperidinyl, 1-piperazinyl, i~(4-methyl)-piperazinyl,-and 
1-(4-be~zyl)pip~razinyl. 

Pref erred compounds of the invention are tQose 
20 of formula (I) where R is H and x and Y are as above 

defined. 

Most preferred compounds are those of formula 

(I) where R is H, X and Y are as above defined, and A and 
B are independently selected from the group consistin9 

25 of: 

residue of formula - (CH2) P-NH2 wherein p is the integer 
2 or J; 
residue of formula - ( CH2) ,-NR1R3 wherein p is as above 

defined and. R:i and R3 are methyl; 

30 -: residue of formula -(CHi)p-NR;i.Ri. wherein p is as above 

35 

defined and R2 -is hydrogen and R3 is methyl; 

residue of formula -(clt2),-0H wherein p is as above 

defined; 

residue of formula - (CH2) r-NH-(CH2),1-0H wherein p and q 
are independently an integer seleoted rrom'the group 
consisting of 2 or 3; 
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"' d unds of this Specific examples of the pre ... erre coropo 
invention are reported in table l and have the following 

chemical names: 

(l) 2-[2-[(2-hydroxyethyl)amino]ethyl]-5-([~-[(2-hydrox 
5 yethyl)amino}ethyl)amino]isoquino{B,7,6-cd]indazole 

-6(2H)-one; 
(2) 2-[2-[(2-hydroxyethyl)amino]ethylJ-5-[(3-amino-

propyl)amino)isoquino[B,7,6-cd]indazole-6(2H)-one; 
(3) 2-(2-((2-hydroxyethyl)amino]ethyl)-5-[(2-amino-

lO ethyl)amino]isoquino[8,7,6-cd]indazole-6(2H)-one; 
( 4) 2- [ 2- [ (,2-hydroxyethyl) amino] ethyl] -5- [ [ 2- (methyl­

amino) ethyl] amino] isoquino( B 17, 6-cd] indazole-6 { 2H) -
one; 

(5) 2-[2-[(2-hydroxyethyl)arnino)ethyl]-5-([2-(dimethyl-
15 amino)ethyl]amino}isoquino[B,7,6-cd]indaiole-6(2~)-

one; 
(6) 2-[2-[ (2-hydro>cyethyl) amino]ethyl]-5-[ [2-[ (2-l1yc1ro-

xyethyl) amino) ethyl] amino] isoquino[ 5, 6, 7-cd) 
indazole-6(2H)-one; 

20 (7) 2-[2-[(2-hydroxyethyl)amino]ethyl]-5-[ (J-amino-
propyl) amino]isoquino{5,6,7-cd)inda~ole-6(2H)-one; 

(8) 2-[2-((2-hydroxyethyl)amino]ethyl]-5-((2-aminoethyl) 
amino]isoquino[5,6,7-cd}indazole-6(211)-one; 

(9) 2-(2-[(2-hydroxyethyl)amino]ethyl]-5-[[2-(methyl-
25 amino)ethyl)amino]isoquino[5,6,7-cd)indazole-6(2Jf)-

one; 
(10) 2-[2-[(~-hydroxyethyl)amino]ethyl]-5-[[2-(dimethyl­

amino)ethyl]amino}isoquino[5,~,7-cd]indazole-6(2H)­
one; 

30 (11} 5-[[2-[(2-hydroxyethyl)amino]ethyl}amino]-2-[2-
(dimethylamino}ethyl}isoquino [B,7,6-cd]indazole-6 
(2.H)-one; 

(12) 5-[(3-aminopropyl)aminoJ-3-[2-(dimethylamino)ethyl] 
isoquino [8,7,6-od]indazole-6(2H)-one; 

35 (13) 5-[(2-aminoethyl)amino]-[2-[2-(dimethylamino) 
ethyl}isoquino [8,7 1 6-odjindazole-6(2H)-one; 
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{l4) 5-[[2-(methylamino)ethyl]amino]-2-[2-(dimethylamino) 

ethyl]isoquino[B,7,6-cd)indazole-6(2H)-one; 

(15) 5-[(2-(dimethylamino)ethyl]amino]~2~c2-(dimethyl­
amino)eth.yl]isoquino[8,7,6-cd]indazole-6(2n)-one; 

s (16) 5-((2-[(2-hydroxyethyl)amino)ethyl]amino]-2-[2-(di­
methylamino)ethyl]i~oquino(5,6,7-cd]indasole-6(2H)-. . 
one; 

(17) 5-((3-aminopropyl)amino]-2-[2w(dimethylamino). 

ethyl]isoquino[5,6,7-cd]indazole-6(2H)-one; 
10 (lB) 5-[(2-aminoethyl)amino)-(2-(dimethylamino)ethyl] 

isoquino [5,6,7-cd)inda~ole-6(2H)-one; 

(l.9) 5-[ [ 2- (rnethylamino) ethyl] amino]-2-[ 2-(dimetl1ylamino) 

ethyl]isoquino [5,6,7-cdJindazole-6(2H)-one; 

(20) 5-[(2-(dimethylamino)ethyl]amino]-2-[2-(dimethyl-

15 amino)ethyl]isoquino [5,6,1-cd)indazole-6(2H)-one; 

(21) 2-(2-aminoethyl]-5-{[4-[(2-hydrol<yethyl)amino]ethyl] 

amino]isoquino [0,7,6-cd]indazole-6(2H)~one; 

(22) 2-[2-aminoethyl]-5-[(3-aminopropyl)amino]is~quino 

[B,7,6-cd]indazole-6(2H)-one; 
20 (23) 2-[2-aminoethyl)~S-[(2-aminoethyl)amino]isoquino 

(24) 

(25) 

25 
(26) 

JO (28) 

(29) 

(30) 

35 

-(31) 

[8 1 7,6-cd]inda~ole-6(2H)-one; 
2-[2-aminoethyl]-5-[[2-(methylamino)ethyl]amino] 

isoquino[B,7,6-cd]indazole-6(2H)-one; 

2-(2-aminoethyl]-5-[[2-(dimethylamino)ethyl] 

amino]isoquino[B,7,6-cd]indazole-6(2H)-one; 
2-(3-aminopropyl)-5-[[2-[(2-hydroxyethyl)amino]ethy 

1] aniino]isoquino (8,7,6-cd]inctazole-Ei(2U)-one; 
2-[J~aminopropyl]-5-[(J-aminopropyl)amino)isoquino 

[8,7,6-cd]indazole-6 (2H)-one; 
2-[J~atnlnopropyl]-5-[(2-amino)ethyl)amino]isoquino 

(S,7,6-cd]indazole-6(2H)-one; 

2-[3-aminopropyl]-5-[[2-(methylamino)ethyl) 

amino]isoquino (B,7,G-cd]indazole-6(2H)-one; 

2-(J-aminopropyl]-5-[(2-(dimethylamino)ethyl] 

amino)isoquino [B,7,6-cd)inda~ole-6(2H)-one; 
S-[(2-[(2-hydroxyethyl)amino]ethyl]amino]-2-[3-

aminopropyl]isoquino [5,6,7-cd]indazole-6(211)-one; 
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.(32) 

(33) 

(34) 

(35) 

( 3 6) 

(37) 

( 3 8) 

B 

5-[[2-((2-hydroxyetbyl)arnino)ethyl]amino)-2-(2-

aminoethyl]isoquino [5,6,7-cd)indazole-6(211)-one; 

2~[(2-methylamino)ethyl]-5-[[2-[(2-hydroxyethyl) 

amino]ethyl)amino)isoquino[8,7,6-cd)indazole-6(211)-

one; 
2-[(2-methylamino)ethyl]-5-[(3-aminopropyl)amino) 

isoquino[B,7,6-cd]indazole-6(2H)-one; 

2-[(2-methylaroino)ethyl)-5~[(2-aminoethyl)amino] 

isoquino[B,7,6-cd]indazole-6(2H)-one; 

2-[(2-methylamino)ethyl]-5-((2-(methylamino)ethyl] 

amino}isoquino £8 1 1,6-cd]indazole-6(211)-one; 

2-((2-methylamino)]ethyl]-5-([2-(dimethylamino) 

ethyl]amino)isoquino[8,7,6-cd]indazole-6(2ll)-one1 

2-[ (2-mathylanlino) ethyl]-5-[ (2-[ (2-hydroxyethyl) 

amino)ethyl)arnino)i$oquino[5 1 6,7-cd)~ndazole-6(2H)-

one; 

(J9) 2-[(2-methylamino)ethyl)-5-((3-arninopropyl)amino) 

isoquinof5,6,7-cd]indazole-6(2H)-one; 

(40) 2-[(2-methylamino)ethyl]~5-[(2-aminoethyl)amino] 

isoquino[S,o,7-cd)indazole-6(211)-one; 

(41) 2-[(2-methylamino)ethyl)-5-[[2-(methylamino)ethylJ 

amino]isoquino[5,6,7-cd]indaeole.-G(2H)-one.; 

·(42) 2-( (2-methylamino) ethyl)-5-[ [2-(dimethylamino) ethyl] 

amino)isoquino[5,6,7-od]indazole-6(2H)-one; 

(43) 2-methyl-5-[[2-(dimethylamino)ethyl)amino]isoquino 

{5,6,7-cd]indazole-6(211)-one; 

(44) 2-methyl-5-[(2-(dimethylamino)ethyl]arnino)isoquino 

[5,6,7-cd]indazole-6(2H)-one. 

TABLE 1 

o NI-I-A 

•'. 
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'l'A'flI .. E .J., (Contin~ed} 

No. v: x R A B 

1 c N H CH2CH1NHCli2CR20H CfllC:ii2Nlf C:fl1C!lI2()fl 
II 

2 c N Ii CH2CHiCH2Nll2 

" 3 c N H CH1CH21'1H2 
II 

4 c N H CH2CH2NHCH3 
" 5 c N li CH1CH.2N (CH3) i 

.. 
6 N c H CH2CH2Nl-ICH2CH;iOH CH2CH2NHCH2Cl{10H 

u 
10 7 N c Ii CH2CH2CH2NH2 

•• a N c H CH1Cfi2NH1 

CH2CH,_NHCH, 
11 

9 N c H 

10 N c H CH2CH2N (CHi) 2 " 
11 c N H Clt1C!iliNllC:lt2C:l:i20l1: Cl!:aCH:iN (CH3) 2 

15 12 c N H CH2Cff 2Cl·l:i!NH2 •• 
13 c N H CH2CH2NH2 

.. 
14 c N H C:Ii2Cll21'iliC!lt3 II 

15 c N H CH2CH2N ( CH3) 2 
.. 

16 N c H CH2CH2NHCH1CH20H CH2CH2N (CH,) 2 

20 17 N c H CH2CH2CH,1NH2 ti 

18 N c Ji CH2CH2NH2 ti 

19 N c H CH2CH2NHCH3 " 
20 N c H CH2CHaN ( CH1) 2 u 

21 c N a Cli2C:li2l'JllCll2C:lf2C>H Clt2CH2NJt2 

25 22 c N H CH2CH2CH2NH2 II 

23 c N n CH2CH;iNH2 " 
24 c N H Cll2 C:li2Nlf~ll3 ,, 
25 c N I! CH2CH2N (CH3 ) 2 

II 

26 c N H CH2CH'2NJ·ICH2CH20H CH1Cll2CU2NH2 
30 27 c N H CH2CHillf H2 II 

29 c N H Clf2C:::il2NliC!l{1 u 

30 c N H CH2CH2N (CHJ) 2 
II 

31 N c H C!l{1C:ll1NllC:ll2C!liiC>ll CH2Cll2CH2NH2 
32 N c H Ctt2CH2NHCl{2CH20H CH1CH1NH2 

35 33 c N H CH2CH2NHGH2CH20H CH2CH2NHCH~ 
34 c N H CH1Cff.lCH2Ni~ It 

35 c N H CHzCff2NH2 
II 

36 c N H Cfi2C::lf21'1lf C:li3 " 
37 c N H Cl:I2CH2N ( CH3) 2 . II 

40 38 N c H CH2CH:2NHCH2CH20H CHzCH2N'HCH3 

39 N c ff CH2CHzCH3NH2 
II 

40 N c H CH2CHaNH2, It· 

41 N c H CH2CH2NHCH3 II 

~a N c H CH2CH'2N ( CH1) 2 " 
45 43 ·C N. H C.H,_CH:zN ( CH3 ) 2 CH3 

44 N c H CH1CH2N (Cli3) 2 CH3 
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•rhe compounda of thia invention can be prepared 
in sch~me 1 and involvj.ng the by the process depicted 

reaction (reaction a) of 

R 

(IIIa) 
(IIIb) 

a compound of formula (III): 

0 z 

0 w 

X = N, Y c C 

x ID c, y ::er N 

wherein z is OTs (oTs being the p-toluenelsulfonyloxy 

group) or Cl and w is F or Cl, with the proviso that 2i and 

w can not . simultaneously be cl, with a hydrazine of 

tormula (IV): 

H:iN-Nll-B' (IV) 

where B' has the same 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 yive a compound ot 

15 formula (II): 

(IIa) 

(IIb) 

0 z 

I 
N-7--N- 8, 

X 11'1" N, Y ""' C 

x • c, V ~ N 
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.... ea ... ted (reaction b) with a compound of which then is ..... ... 

tormula (V) : 

· A id defined in formula where A' has the sa.me meanings as ;;;:> 

(I), or A' is• group that can be converted into A by 
removal of protective qroups for the primary or secondary 
amines optionally present in A',. to give the compounds of 

formula (I')~ 

0 NH-A' 

( 1') 

I 
N-N-B' 

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 

I 

primary and/or secondary amines optionally present in A' 
and/or B'. 

15 When, if desired, the process depicted in scheme· 
1 is performed by reacting compounds of formula (!Ila), 
th~n the compounds of the invention of :rorrnula (Ia) can be 
obtained where X i:epresents an atom of nitrogen and Y . 
represents a carbon atom. Alternatively, if desired, by 

20 reacting compounds of formula (IIlb), the compounds of 
formula (Ib) can be obtained. 

Protective groups for the primary and/or 
secondary amines optionally present in A' and/or B' which 
can advantageously be used for the preparation of 

25 compounds of formula (I) ar.e represented by (C1-CJ) a~yl­
derivatives (preferably acetyl-derivatives), (C1 ~c4 ) 

alkoxycarbonyl-derivatives (p~eferably. tert-butoxy­
ciarbonyl-derivatives) and by (Ci-C10) aralkyloxycarbonyl­
derivatives (preferably benzyloxycarbonyl-derivatives) . 

. • 
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embodiment of tbis invent.ion, 
are prepared by reaction of a 

In a preferre~ 

compounds of formula (I) 
compound of formula (III'); 

O · OTs 

(lII') 

0 w 
with a hydrazine ·of for1\\ula (IV) to give a compound of 

formula (II'): 

(II I) 

compounds of formula (II') are then reacted with 
a compound of f'ormula (V) to give a compound of formul.a 

IO (I'), which step ia followed by r4'lmoval of the protective 
groups for the primary and secondary amines optiohally 
present in A' and/a~ B', to give a compound of formula 
( i:) • 

In another preferred embodintent of thia 
15 invention compounds of formula (I) wherein X is C and Y is 

N are preferably prepared by reaction of a compound of 
formula (III'') s 

R 0 F 

(III'') 
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with a hydrazine of formula (IV) to give a cornP.OUnd of 

formula (ll''): 

R 

(II") 

O CI 

compounds of. formula (II'') are th~n reacted 

5 with a compound of form.Ula (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. 
10 The reaction of compounds (III) with the 

hydrazines (IV) can be performed by heating compounds 
(III) with a stoich!ometric amount of hydrazines (lV) or 
an excess of hydrazine$ (IV)~ The reaction is usually 
performed in an inert solvent such as methylene chloride, 

15 chloroform, 1,1,l-trichloroethane, dimethoxyethane, 
tetrahydrofuran, dimethylsulfoxide, dimethylformamide, 
pyridine, picoline, and mixtures thereof, or if it is 
desired, using compound (IV) itself as the solvent, 
optionally 'in the presenoe of an inorganic base such as an 

2 O alkaline or alkaline-earth carbonate or hydrogen carbonate 
or an organic base such as a trialkylamine, at a 
temperature from 0°C to the reflux temperature of the 
solvent. 

Preferably the reaction is carried out in a 

25 solvent such as pyridine, tet.rahydrofuran, dimethyl­
sulfo>cide, or ~,N,N' ,N'-tetramethylethylenediandne, using 

from 2 to 10 equivalents of compound (IV)·for 1 equivalent 
~f compound (lII), and working at a temperature ranging 
rrom 5°C to 50°C. 



5 

14 

When, in a particular embodiment of thia 

invention, a compound of formula (III') is reacted with a 
hydra~ine of formula (IV), the reaction is preferably 
performed with a molar ratio betwe~n_compounds (III) and 
(IV) of 1 : 1 .os t.o l!l.25 and by using tetrahydrofuran as 
solvent at a temperature ran9in9 from room temperature to 

501i1C, 
'' The reaction of.the compounds of formula (II) 

with the compounds of formula (V) can be performed by 

10 heating compounds (II) with a atoichiometric amount of 
amine (V) or an excess of amine (V) • The reaction is 
usually performed in an inert solvent such as ~ethylene 
chloride, chloroform, 1,1,1-trichloroethane, 
dimethoxyethane, tetrahydrofuran, dimethylsulfoxide, 

15 dimethylformamide, pyridine, picoline, and mi~tures 
thereoi, or, if it is desired, using compound (V) itself 
as the solvent, optionally in the presence of an inorganic 
base such as an alkaline or alkaline-earth carbonate or 
hydrogen carbonate or an organic base such as a 

20 trialkylamine, at a temperature fro1n o °C to the reflmc 

temperature of the solvent. 
Preferably the reaction · is carried out in a 

solvent such as pyridi~e, ohl~rofo~m, or dimethyl­
sulfoxide, using from 2 to lO equivalents or ~ompound (V) 

25 for l equivalent o~ . compound (II), and working at a 
temperature ra11gin9 from room temperature to l00°C. 

When, in the compounds of formula (I'), A' 

and/or B' are different from A and/or B, the removal of 
the proteoti ve group for the pr ilnary and/ or secondary 

Jo 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., 11 Proteotive 
Groups in organic Synthesis", second Edition, John ·Wiley .. 
& Sons, 1991. 

35 For example, the removal of tha N~(tert-

butoxycarbonyl) protective yroup can be performed by 

treatment of a compound of formula (I') with an excess of 
anhydrous hydrochloric acid in a solvent such as a. (C1-c4) 

.· 
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alJ<.anol, dicnloromethane, chloroform, or mixture$ thereof, 

at a temperature of o0 c to the reflux temperature of the 
solvent and for' a time ranging from ?everal minutes to a 
few hours. Preferably the reaction is performed in 

ethanol or in chlorof;orm usin9 from 10 to 20 molar 

equivalents of anhydrous hydrocbloric acid at a 

temperature of from 20r.>C to 5oac, and is gene.rally· 

complete in four hours. 
The compounds of formula (IV) are known or they 

can be prepared according to known pr~cedures, see for 

example, J. Med. Chem., 2, 493, (1964) and J. Het. Chem., 

2Ei, 85, (1989). 
The compounds of formula (V) . are known and 

commercially available, or they can be prepared according 
15 to known procedures. For example, the preparation of some 

N-(tert-buto1'ycarbonyl) alkanediami11es useful for the 
preparation of some co~pounds of the present inv~ntion is 
described in Synth. comm.,~, 2559, (1990) or in J. Med. 

20 

Chem • , J 3 , 9 7 , ( 19 9 o) • 
1rhe compounds of form_ula (III) wherein Z = O'l's 

[compounds III')] an be prepared by a roultistep procedure, 
depicted in scheme 2, involving the following reactions: 

( c) the Friedel and craft acylation of. 
1, 4-difluoroben21en.e with pyridi.ne-3, 4-dicarboxylic 

25 anhydrides (VI) where ~ is hydrogen or a suitable 
protecting group of the hydroxy function such as metho~y 
or benzyloxy, in presence of AlC~ (110°c, 22 h) which 
leads to the regioisomeric keto-acids (VIIa) and (VIlb); 

(d) reaction of the ketoacids (VIIa) and (VIlb) 

30 with sodium methoxide in methanol (B.5 h, reflux) leading 
to the regioisomerio xnethoxy-substitutea ketoacids (VItra) 

and (VIIIb); compounds (VI!Xa) and (VIlib) where ~ is 

.hydrogen can be reacted as such in.the followin9 step; 
when ~ is different from hydrogen, compound (VIIIa) is 

35 ~urified by crystallization and reacted as pure 

regioisomer; 

.. 
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(e) :reduction of compounds (Vllia) (~different 
from hydrogen) with Zn/Cu couple in 75% aqueous formic 
acid (15' room temperature, then ao 0 c, 2h) leading to 
(IX); when~ is hydrogen, the acids (IXa) and (IXb) can 
be $eparated by chromatography yielding the pure iso·lated 
regioisomers (IXa) and (lXb); 

(f) cyclization of the appropriate acid (IX) by 

heating a suspension of ~he compound in polyphosphoric 
acid at 110-120°c for 2 h leading to the 

10 ben~o[g]isoquinoline (X); 
(9) oxidation of the compound (X) to the 

corresponding dione (XI) by cerium ammonium nitrate in a 
mixture of acetonitrile and water (60°C, 2 h); 

(h) removal <?f the methoxy group of the. dione 
15 (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-chloro-6-hydroxy-5,10-diones (XII) due to 
partial sub$titution of the leaving fluoride by means of 

( i) the final funotionalii:ation of the free 
hydroxy group of (XII) by means of toluenesulf onyl 
chloride in pyridine at room temperature, leads to the 
desired ao111pounds (III) wherein Z = OTs [compounds (III} J; 

25 when !\! 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 
30 preparation of intermediates (XI) is carried out by a 

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

35 

cyclization of the mixture of the regioisomeri~ keto­
acids (VIIa) and (VIIb) with 20% oleum at 130-140°C to 
give the 6,9-difluorobenzo[g]isoquinolines (XIII); 

'• 
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reaction of (XIlI} with one equivalent of sodium 

methylate in a solvent such as methanol to give a 
mixture of intermediates (XI) which is separated into 

the single pure compounds (XIa) and (XIb) by 

recrystallization from a solvent and/or coluron 

chromatography. The pure intermediates (Xla) and 

(XIb) are then processed according to equation (h) and 

(i) of scheme 2 and then according to scheme 1 to give 

compounds (la) and (lb), respectively. 

In the preferred process of this invention which 

provides the compounds of _formula (I) wherein X = c and 

y ~ N, the 9~ohloro-6-fluorobenzo[9]isoquinoline-s,10~ 

diones of formula (Ill'') are prepared by the multistep 
process depicted in scheme 4 and involving the following 

15 reactions: 

20 

25 

30 

lithiation of 1-chloro-4-fluorobenzene w-ith an 

alkyllithium reagent such as seo-butyllithium in THP 
at -75°C to give 1-lithio-5-chloro-2-fluorobenzene 

(XIV); 

acylation of 1-lithio-5-chloro-2-fluorobenzene (XIV), 
generated in situ according to the above step, with 

pyridine-3,4-dicarboxylic anhydrides (VI) to give the 
mixture of ke~o-acids (XVa) and (XVb) which can be 
separated into the single pure oompounds by 

recrystallization from a solvent or by sublimation; 

reduction of the pure keto-acid (XVa) with Zn/cu 
couple or Zn powder in 15% aqueous formic acid ( 15' at 
room temperature, then 80°C, 2 hrs) leading to (XVI); 

oxidative cyclization of (XVl) with fuming sµlfuric 

acid {20-30% S03 , 10 1 , 130°C) to give the 9-chloro-6-

fluorobenzo[g] isoquinoline-5,10-diones of formula 

(III'')• 
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Intermediates (III' ') are then processed according to 

scheme l to give the compounds of formula (I) wherein 

x .... c and Y - NT 

BIOLOGICAL _ACTlVITY OF COM~UNDS OF THE INVEN'l'ION 

The evaluation of the biolo9ical activity for 
the compounds of this invention was performed in vitro and 

in vivo following the protocols developed by the U.S. 

National Cancer Institute. 
The evaluation of the in vitro cytoto~io 

10 activity of the compounds of the invention was performed 
using . a human colon adenocarcinoma cell line (Lovo) 
isolated from a metastatic nodule, and a supline 

expressing multidru9 resistance. The subline is resistant 

to a number of antitumor agents, among which are 

15 doxorubicin, VP-16, and vincristine. Thia subline {named 

Lovo/DX) shows reduced accumulation of doxorubioin and 
overexpression of a protein (Grandi, M., Geroni / C. 1 

Giuliani, F.C., British J. Cancer, (1986), .§.!, 515). The 

compounds were tested according to the MTT assay (Mosman, 

20 T. "Rapid Colorimetric assay for cellular growth and 

survival: application to proliferation and cytotoxicity 
assay••, J, Immunol. Methods, (1983) 1 65, 65-63; Green, 
L.M., "Rapid colorimetric assay for cell viability; 
appl~ication to the quantitation of cytotoxic and growth 

25 inhibitory lymphokines", J. Immunol. Methods:, (1984), '70, 

257~268) in comparison with mitoxantrone, and doxorubioin. 
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TABLJ!! ~ 

IC50 Utg /ml) 

com ound LOVO LOVO/DX RI 

o:»~~ 0.3 5.0 16.7 

N-N'../'Nfia 
t~------.......... ------~1-----1-----1----

NH ............... NHa 0.5 22.4 44.8 0 

0.5 . 0.9 1.8 

MITOXANTRONE 0.04 0.9 22.5 
DOXORUBICIN 0.9 66.6 74 

In general, representative compounds of this 
invention were more cytotoxic than doxorubicin and as 

5 cytotoxic as mitoxantrone in the Lovo cell line. When 

mitoKantrone .was tested in the Lovo/DX cell line, a 

resistance index Rl (defined a t11e ratio of the IC50 for 

the resistant line cell _to the IC50 for the sensitive cell 

line) as high as 22.5 was found, showing that this subline 

10 does have an acquired resistance to mitoxantrone and 

ametantrone. on the other hand, some compounds uf this 
i.nventio:n, when tested in the same resistant subline, show 

no cross resistance with mitoxantrone and ametantrone as 

reported in Table 2. The Jn vitro evaluation of 
15 .representative compounds of this invention suggests that 

representative compounds of this invention may be useful 

in order to overcome the multidrug resistance-mediated 

mechanism of tumor resistance. 
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studies of the biological activity 1..!L.V!vg of 

representative compounds of the invention were performed 

using the P388 and L1210 murine leukemia models. P3BB 

murine lellkemia cells were intraperitoneally ( ip) or 

5 intravenously (iv) injected in CD2Fl mice. Treatment was 

initiated approximately 24 hours after tumor 

transplantation and dosages of the drug were administered 

ip (PJ88 ip/ip) or iv (P388 iv/iv) according to 

preestabli$htad protocols, usually at 3-day (PJBB iv/ iv) c;ir 

10 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 % ,T/c was determined using the mean 

survival time (MST) for . each group according to the 

formula 

15 % T/C ~ [(MST treated) / (MST control)] x 100 

Representative compoµnds of this invention were 

able to inc:rea$e the survival time of treated animals 

si9nif icantly more than mitoxantrone, leading to hiqher 

T/C % values at well tolerated dosages. Moreover, the 

20 above representative compounds of 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 maximultl tolerated dose, providing 

indication for more favorable therapeutic index in 

25 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 

30 (ip) or intravenously (iv) injected in CDFl mice and 

treatment was initiated approximately 24 hours after tumor 

transplsntation. Oosa9es of the drugs were administered 

ip (L1210 ip/ip) or iv (Ll210 iv/iv) according to 

preestablished protocols, usually at 3-day (L1210 iv/iv) 

35 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 model, 
representative compounds of· this invention .showed activity 
superior to the clinically used antitumor drug 
tnitoxant:rone. Since representative compounds of this 

10 invention show good reaults against in _yiyo models of 
murine P388 and L1210 leukemias, whioh are considered to 
be predictive of antitu~or activity in humans, the 
compounds disclosed herein are expected to be operative 
against human leukemias and solid tumors · sensitive to 

15 treatment with antitumor antibiotics. 
The compounds of the present invention may 

therefore be used as active ingredients of therapeutic 
compositions to induce regression and/or palliation of 
cancers in mammals when administered in amounts ranging 

20 from about 1 mg to about o. 4 g 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 mg to 
about 3.5 q of the active compound for a subject of about 

25 70 kg of body weight are administered in a 24-hou:r period. 
The dosage may be adjusted to be compatible to other 
treatment regimens, such as radiation therapy. 

The pharmaceutic2'l compos'ition may be ~n the 
form of tablets, capsules, qel capsules, suppositories, 

I 

30 lyophilized powders and solutions for intravenous 
administration. 'I'he 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 ·CQMEQ'!JNDS OF THE INVENTION 

Preparative Examole 1 
Pyridine-3,4-dioarboxylic acid anhydride 

A mixture of pyridine 3, 4-aicarboxylio acid 

(l5.0 g) and acetic anhydride (30 mL) is ref1uxed for two 

hours. 'l'he excess acetic anhydride is re.moved by 

distillation and the anhydride is collected and purified 

by sublimation ( 123 °C at 3 rnrn Ilg) to yield pyridine 

3, 4-dicarboxylic acid anhydride as a white solid (10 .1 g). 

10 m.p.: 74-76°C. 
1H-NMR (CDC13 ): 7.94 (d, lH) i 9.24 (d, HI); 9.39 (s, lH), 

preparative Exa~~le 2 

4-(2,5-difluorobenzoyl)nicotinic 

difluorobenzoyl) isoniootinic acid 
acid and 3-(2,5-

l!S 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 oil bath at 110°c 

for 22 hours. 'l'he excess 1, 4-di:fluorobenzene is recovered 

by distillation. The residue is cooled in an ice-bath and 

20 quenchecl 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-difluorobenzoyl)nicotinic acid and 

3- {2·, 5-di!luorobenzoyl) isonicotinic acid respectively, as 

25 a whi ta powder r> ~ 7 9) which can ba :recirystallize•d from 

ac~tonitrile and water. 

m.p.: 214-217°C. 
1H-NMR (DMSO-d6): 7.4 (m); 7.5 (m); 7.90 (m); 8.80 (d) 1 

8. 90 (d) ; 9 .15 (s). 

30 Recrystallization of this material (15.97 g) from absolute 

ethanol (360 mL) yields almost pure 3-(2,5-difluoro­

benzoyl) isonicotinic aoid (1.146 g). 
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Preparative EKample__] 
4-(2-methoxy-5-fluorobenzoyl)nicotinio acid and 3-(2-
metho.xy-5-fluorobenzoyl) isonicotinic acid 

The mixture of 4-(2, 5-difluorobenzoyl) nicotinic 
5 acid and 3-(2,5-difluorobenzoyl)isonicotinic acid of 

Preparative Example 2 (14.l g) is added to a solution of 
sodium methylate, prepared by portionwise addition of 
sodium (6.8 g) to dry methanol• (140 mL). The reaction 
mixture is allowed to react at the reflux temperature for 

10 s. 5 hours and at room temperature overnight •. The reaction 
mixture is concentrated to.about one third of its volume, 
water (100 mL) is added and the remaining methanol is 
removed by distillation. Concentrated HCl (25 n1L) is 
slowly added to the residue while cooling at 10 6 C and the 

15 obtained precipitate is recovered by suction and washed 
with 0.1 N HCl, to give an approximately 4:1 mixture of 
4- (2-methoxy-5-f luoroben.zoyl) nicotinic acid and J~ (2-
methoxy-5-f luorobenzoyl) isonicotinio acid (ll.31 g). 
m.p.: > 230°C. 

20 1H-NMR (DMSO-d6): 3.40 (s); 3.45 (a); 7.15 (m)1 7.37 (d); 

7.42-7.6~ (m); 7.26 (d)j·8.60 (s); B.83 (d); 9.07 (s),_ 
13 • 5 5 ( br. s) • 

Prepar~tive Example ~ 
4-(2-methoxy-5-fluorobenzyl)nicotinic acid (and 3-(2-

25 methoxy-5-fluorobenzyl)isonicotinic acid) 

Zinc-c·opper couple (L.F. Fieser and M. Fie$er, 
Re~gents for organic Synthesis, Vol. 1, page 1292) (1.5 9) 
is added to a stirred suspension of the mixture of 4-(2-

30 methoxy-5-fluorobenzoyl)nicotinicac!dand3-(2-methoxy-5-

35 

.fluorobenzoyl) isonicotinio acid of Preparative Example 3 
(1.222 gj 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 so~c. After 
cooling to room temperature the reaction mixture is 

. 
!" 
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filtered through a sintered glass filter and ~he solids 
are thorou9hly washed with 75% aqueous formic acid (10 mL) 
and then with ethyl acetate (10 mL). The combined 
filtrates are concentrated to about 5 mL, treated with 

5 o.5N Hcl (15 mL) and extracted with ethyl acetate 
(3 x 20 mL); fin~lly they are satu.rated with sodhim 
chloride and further. extracted with ethyl acetate/1, 2-

dimethoKyethane 3/1 (2 x 20 mL). The combined organic 
phases are dried over anhydrous sodium sulphate and the 

10 solvent removed under reduced pressure to give a yellowish 

residue. Subjecting this mate.rial to silica-gel column 
chromatography (eluant: ethyl acetate/methanol/acetic acid 
from 96/4/0 to 90/10/l v/v/v) 4-(2-methoxy-5-fluorobent.yl) 
nicotinic acid (0.805 g) is obtained as a yellowish white 

15 solid. 
m.p.: > 220°c. 

JH-NMR (DMSO-d6)~ J.70 (s, 3H); 4.33 (s, 2H); 6.91-7.12 

(m, 3H); 7. 21 (d, lH); 8. 61 (d, lH); B. 97 (s, .llf). From 

the above column-chromatography some 3-(2-methoxy-5-fluoro-
20 benzyl)isonicotinic acid may also be recovered. 

Preparative ~xample 5 
9-fluoro-10-hydroxy-6-methoxybenzo[g]isoquinoline 

A mixture of 4-(2-tnethoxy-5-fluorobenzyl) 

nicotinic acid (0.63 g) and polyphosphoric acid (15 9) is 
25 heated at i10-1201;1c for two hours under stirring. 'l'he 

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 

hy.droxide and allowed to stir at room temperature for 1.s 
30 hours; finally it is e>etraoted with 4 % methanol in 

chloroform (4 x 75 mL). The combined organic phases are 
.washed with brine, dried over anhydrous sodium sulphate 
and the

1

solvents removed u~der reduced pressure to give 
9-fluoro- lO-hydroxy-6-methoxyben2o[g] isoquinoline (0.40 

35 g) as a purple-red solid. 
m.p.: > 210°c (from ethanol). 
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1H-NMR (DMSO-d6)s3.87 (s, 3H); 6.?0-6.83 (m, 2H); 6.92-7.00 

(m, 111); 7.30 (d, lH); 7. !50 (d, lH); 8.75 (s, lH) i 12 .. 30 

(br.s, lH). 
UV (ethanol): lambda max. (nm) (E ud (cm)~ 539 (204); 

5 398 (513); 378 (452); 266 (1.232). 

IR (KBr): 729, 1245, 1499, 1528, 1620, 1644, and 28'.lB cm·1 • 

preoarative Exampl~· 6 

9•fluoro-6-methoxybenzo[g)isoquinoline-5,10-dione-

1\ solution of cerium ammonium nitrate (CAN i 

10 13. 70 g) in water. (50 mL) is added during twenty minutes 

to a stirred suspension of 9-f luoro-10-hydroxy-6-methoxy­

ben zo [ g] isoquinoline (1.22. 9) in acetonitrile (150 mL), 

At the end of the addition the obtained suspension is 

heated at 60°C for two hours to give a clear, dark 

15 solution which is cooled to room temperature and diluted 

with water (100 mL). Following removal of acetonitrile by 

distillation at reduced pressure the aqueous phase is 

saturated with sodium chloride and ·extracted· with 

methylene chloride (3 x 150 mL). The combined organic 

20 solutions are dried over anhydrous sodium sulphate and the 

solvent is removed at reduced pressure. The obtained 

residue is purified by silica-gel column chromatography 

(eluant: methylene chloride/ethyl acetate from 85/15 to 

75/25 v/v) to give 9-f luoro-6-methaxybenzo[g) 

25 isoquinolines,10-dione as a brown-yellow solid (0.48 g). 

:m.p.: > 220°c. 
111-NMR (CDCl3): 4.05 (s, 3H) 1 7.38 (dd, J!!d3.39, 9.39 Hz, 

lH); 1.55 (dd, J=l0.37, 9.39 Ha:, lH), a.oo (dd, J=5.o9, 
0.78 Hz, lH); 9.07 (d, Jee!S .. 09 Hz, lH) 1 9.45 (d, JmO, 78 

30 Hz, 1 H). 
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P~~parative E~ample 1 
6,9-dirluorobenzo[g]isoquinoline-5,10-dione 

A solution of the mixture of 4-(2,5-difluoro-
5 benzoyl) nicotinio acid and 3- (2, 5-difluorobenzoyl) ie:o­

nicotinic acid of Preparative Example 2 (61.07 g) in 20% 
oleum (100 mL) is he.&ted at 140°C while 20% oleum is added 

in four portions (13.2 mL each) at 20 min-intervals. 
Afte~ the fourth addition the mixture is heated tor 20 

10 min, then it is cooled to :room temperature and quenched 
with a mixture of ice (l,500 g), water (1,500 mL) and 35% 
NaOH (350 mL). The mixture is extracted four times with 
methylene chloride (1 x 1,000 mL followed by J x soo mL). 
The combined orqanic solutions are washed with water 

15 (2 x 1,000 mL), dried (Na1S04 ) and the solvent re1noved by 

rota-evaporation. The dark-red solid obtained (56. O g) is 
dissolved in boiling THF (840 mL) and decolorizing 

charcoal (S.40 9) i~ added. After 30 min the mixture is 
filtered while hot and - the filtrate concentrated to 

··20 200 rnL. The precipitate obtained is collected by suction 

filtration to give 6,9-difluorobenzo[g)isoquinoline-5,10-

dione (43.00 g). 
m.p.: 201-203ac. 

Concentration of the mother liquor to 70 mL yields a 

25 second crop of product (3.35 9) 1 m.p. 200-202°c. 

Pxeparative Example 8 
9-fluoro-6-roethoxybenzo[g]isoquinoline-5,lO-dione and 6-

fluoro-9-methoxybenzo[g)isoquinoline-5,10-dione 

A solution of sodium methylate is prepared under 

JO a nitrogen atmosphere 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 

35 

dropped during 2 h, 35 min to a stirred 

ditluoroben2o(g]isoquinoline-s,10-dione 
Example 7 (19.615 g) in dry THF (883 mL) 

solution of 6,9-
of Preparative 

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 l8°C 

for JO min. The solid which separates is recovered by 

suction filtration and w~shed with THF (100 mL)i then it 

5 is suspended in water (80 mL) under stirring overnight and 

filtered again to give the solid A (7.4 9). 

The mother THF solution is concentrated to 

dryness. The obtained solid is suspended in water (78 mt,) 

under stirring for 1 hour and filtered to give the solid 

10 B (12.9 g). 

The sol'id A (9.30 9) in methylene chloride (45 

mL} is heated to reflux for 30 min. After cooling to room 

temperature the solid is re·oovered by suction filtration, 

washed with methylene chloride (5 x 3. mL) and dried under 

15 vacuum at 40°C to give 6-methoxy-9-fluorobenzo(g] iso­

quinoline-5, lO-dione (8.65 9) as a pure compound. 

m.p.: 248-25o 0 c. 
1H-NMR (CDC13 ); 4. 05 (s, JH); 7. 40 (dd (J=9. 39, 3. 91 Hz) 

Hl}; 7.55 (dd, J.;;:::l0.37, 9.39 Hz, Ht); a.oo (dd, J=5.o9, 

20 0.78 Hz, lH) ~ 9.05 (d, J=5.09 Hz, lH); ~.48 (d, J=0.79 Hz, 

lU). 

The solid B (14.0 9) is dissolved in methylene 

chloride (140 mL) and the insoluble portion ie removed by 

filtration. The methylene chloride solution is applied on 

25 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 

oolumn is eluted with mixtures of methylene chloride/ethyl 

.acetate from 10/l to B/2, to _1/1.to give a 94/6 mixture 

JO (HPLC evaluation) of 9-methoxy-6-fluorobenzo[g} iso­

quinoline-5, lO-dione and 6-methoxy-9-fluorobenzo(g) iso­

quinoline-5, lO-dione respectively (6.50 9). 

m.p.: 168-170°C. 
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Prepar~tive Exampl~ 9 

·a) 9-fluoro-6-hydroxybenzo[9Jiaoquinoline-5,10-dioneand 

9-chloro-6-hydroxybenzo[g]isoquinoline-5,10-dione {1/1 

mixture: small scale reactiori) 

5 A mixture of · 9-fluoro-6-mathoxybenzo[g) iso-

quinoline-s, 10~ dione (0.072 9) and aiuminum trichloride 

(0.112 9) 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 

10 added and the mixture is allowed to react at reflux for 

1. 5 hrs and at room temperature overnight.· Following 

addition of brine (15 mL) the aqueous pha~e is separated 

and extracted with methylene chloride (3 x 5 mL). IJ.1he 

combined organic solutions are dried over anhydrous sodium 

15 sulphate and the solvent is removed by distillation at 

1·educed pressure to give. a·n approximately 1: 1 mix~ure 

(0.010 g) of 9-fluoro-6-hydroxybenzo[g) isoquinoline-

5, lO-dione (slower moving yellow spot on silica gel TLC 

plate, eluant methylene chloride/ethyl acetate 70/JO) and 

20 9-chloro-6-hydroxybenzo [9Jisoquinoline-5,10-dione (faster 

moving yellow_ spot on the above chromata9raphic system) 

which is used without further purification for the next 

step. 
9-fluoro-6-hydroxyben~o(g]isoquinoline-

25 5, 10-dione has the following 1H-NMR ppectrum (CDC13) : 7. JB 

(dd, 111); 7.53 (dd, lH) i B.09 (dd, lH); 9.15 (d, lH); 9.57 

(d, lH); 12.56 (s, lH). 

9-chloro-6-hydroxybenzo[g]isoquinoline-

5 1 io-dione has the following 1H-NMR spectrum (CDCl3) : 7. 91 

JO (d, lH); 7.75 (d, lH); a.07 (dd, lH); 9.13. (d, lH); 9.58 

(d,·lll); 12.95 (s, lH). 
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b) 9-fluoro-6-hydroxybenzo[g]isoquinoline-5,10-dioneand 
9-chloro-6-hydroxyh~nzo~9]isoquinoline-5,10-dione(9/l 

mixture: multigram preparation): 

Aluminum chloride (19. 05 9) is added in one 
5 portion to a stirred rerluxinq solution of 6-methoxy-9-

f luorobenzo [ g] isoquinoline-5, 10-dione (7. 20 g) :i.n 
methylene chloride (432 tnl..). After refluxing for 4 hours 
the reaction mixture is cooled and poured in water (l,300 
mL). Methylene chloride (200 mL) is added and after 

10 stirring for 10 min the orqanic phase is separated. The 

aqueous solution is satu:rated with NaCl and further 

extracted with methylene ·chloride (3 x . 400 mL). •rhe 

combined organic solutions: are washed with brine (1,000 
mL), dried and the solvent removed by roto-evaporation. 

15 The brown solid obtained (6.5 9) is recrystallized from 

ethyl acetate/n-hexane 1/1 (65 mL} to yield a 9/1 mixture 
( 1H-NMR evaluation) of 9-fluoro-6-hydroxybenzo[g] iso­

quinoline-5, 10-dione and 9-chloro-6-l1ydroxyben.zo(g] iso­
quinoline-5, lO-dione respectively (6.00 g). 

20 m.p.: partial melting at 179-181°C; complete melting at 

193-195°C. 

25 

Preparative Example !O 

a) 9-fluoro-6-(p-toluenesulfonyloxy)benzo(g]isoquinoline­
s,10-dione and 9-chloro-6-(p-toluenesulfonyloxy) 
benzo[g]isoquinoline-5,lO-dione (1/1 mixture; small 
scale preparation) 

The 1:1 mixture of 9-fluoro-6-hydroxybenzo[g] 

isoquinoline- 5, 10-dione and 9-chloro-6-hydroxybenzo(g] . 

isoquinoline..:..5,,10-dione, of Preparative Example 9a, (0.060 

30 9) is dissolved in dry pyridine. (2 mL) and p-toluene­

sulfonyl' chloride (0.095 9) is added. After stirring at 

room temperature for one hour, triethylamine (0.25 mL) is 
added and sti.rring is continued for one additional hour. 
The reaction mixture is concentrated almost to dryness and 
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partitioned between 1 N HCl ( 4 mL} -20% ammonium· sulfate ( 6 

mL) and ethyl acetate ( 10 mL) • The aqueous phase is 

separated, extracted with ethyl acetate (3 x 5 mL) and 

discarded. The combined organic solutions are dried over 

5 anhydrous sodium sulphate and concentrated to dryness to 

r;five an. approximately l: l mix:ture ( o. 095 g) of 9-f luoro-6-

(p-tolueResulfonyloxy) benzo[g] isoquinoline-5,10-dione 

and 9-chloro-6-(p-toluenesulfonyloxy) benzo(g]iao­

qu~noline-5110-dione which is used without further 

10 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 

50/45/6 to 50/40/10 v/v/v) and they have the following 

15 analytical dat~: 
9-fluoro-6-(p-toluenesulfonyloxy)benzo[g]iso~quinoline-

5,10-dione: m.p. l73-l74°C, 
1H-NMR (CDC13): 2.45 (s, JH), ?·35 (d, 2H)1 7.50-7.57 (m, 

2H); 7.82-7,94 (m, 3H); 9.08 (!i, lB); 9.48 (s, lH), 

20 9-chloro-6-(p-toluenesulfonyloxy)benzo[g]isoquinoline-5, 

10-dione: 

rn.p.: 1ao-1a1°c. 
111-NMR (CDCl3): 2.45 (s, 3H); 7.35 (d, 2H); ?.47 (d, lH); 

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

25 b) 9~fluoro-6-(p-toluenesulfonylo~y)ben2o(g]isoquinoline-

51 lO-dione and 9-ch loro-6-(p-toluenesulfonyloxy) benzo 

[g]isoquinoline -5,10-dione (9/1 mixture; multigram 

preparation): 

Trie·thylamine (a, 2 o mL) is added to a stirred 

JO suspension of the 9/1 mixture of 9-fluoro-6-hydroxy­

benzo{g) isoquinoline-s, 10-dione and 9-chloro-6-

hydroxybengo[g)isoquinoline-5,10-dione respectively of 

· Preparat'ive Example 9b (5. 53 ·9) and p-toluenesulfonyl­

chloride (B.47 mL) iti methylene chloride (166 mL). The 

35 reddiah-violet solution obtained is left at room 

temperature under a nitrogen· atmosphere !or 1 hour and 
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then it is poured into water. (500 mL). The organic phase 

is separated and the aqueous solution is further extracted 
with methylene chloride (100 mL). The combined organic 

solutions are dried (Na~S~) and concentrated to dryness. 

5 The obtained solid is suspended in n-hexane (100 mL) tor 
1 hour and filtered to give a 9: 1 mixture (1H-NMR 

evaluation) of 9-fluoro-6-(p-toluenesulfonyloxy)benzo 
(g]isoquinoline~s.,10-dione and 9-chloro-6-(p-toluene­
sulronyloxy) benzo (g] isoquinoline-5, 10-dione respectively 

10 (8.85 9} 6 

15 

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 oyclohexane; 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 atmosphere. After stirring 
for additional 30 min, the yellow mixture is transferred 

20 dropwise via a jacketed canula into a stirred mixture of 
pyrictlne-3,4-dicarboxylio acid anhydride (1.00 g) in 'rHF 
(100 mL) at -78°C under a nitrogen blanket. 'rhe pale 
yellow solution is allowed to warm to -20°c for 4 hours •. 
The THF is removed at reduced pressure. The yellow solid 

25 obtained is dissolved in water (lO ruL), cooled to oac, and 
acidified with dilute HCl in an ice-bath and the resultinq 
precipitate is oollected by filtration. Upon heating the 
white solid with acetone (30 mL), an insoluble material 

re~ains (0.095 9), which by 1H-NMR analysis is a 94/4 

JO mixture of 3-(5-chloro-2-fluorobenzoyl)isoniootinic acid 
and 4- ( 5-chloro-.2-fluorobenzoyl) nicotinic acid, 

respectively. 

m.p.: 289-291°C. 
After centrifugation, ·the supernate is removed 

35 and rota-evaporated to give crystals of a 94/6 mixture (by 
'n-NMR analysis) of 4-( 5-ch.loro-2-fluorobenzoyl) nicotinic 
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acid and 3-{5-chloro-2-fluoroben~oyl)isonicotinic acid 
respectively (0.947 g), 

m.p.: 236-237°c. 

Sublimation of this mixture (0.025 9) at 190-

5 205t>C/O. 5 mm H.9 gives a white solid with a 9B/2 ratio of 

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

· ohloro-2-:fluorobenzoyl) isonicotinic acid respectively 

(20 .mg). 

4-(5-ohloro-2-fluorob,nzoyl)niootinic aoidi 1H-
10 NMR (CDCl3/C0300 9/1): 6,96 (m, lH) j 7.21 (d, lH); 7.45 (m, 

lH); 7.96 (m, lH); 8.76 (d, lH); 9.18 (s, lli). 

3-(5-chloro-i-fluoroben2oyl)isonicotinic acid: 
-

1H-NMR (OMso-d6): 1. 37 (m,- HI); 7. '75 (m, 2H); 1. 83 (d, HI); 

8.77 {s, lH); 8.90 (d, lH), 

15 preparative Example 12 

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

zinc-copper couple ( O. 7 5 g) is added to a· 
stirred mixture of 4-(5-chloro-2-fluorobenzoyl)nicotinic 
acid and 3-(5-chloro-2-fluorobenzoyl)isonicotinic·acid of 

20 Preparative Example 11 (94/6 on a molar base; 0.60 9) in 

7 5% formic acid. The exothermic and. effervescent reaction 
mixture is stirred for 15 min before heating to so 0 c for 
2 hours. After cooling to 40DC, the mixture is filtered 

through a sintered glass funnel. The solid is washed witl;l 
25 75% formic acid (i x 5 mL) and ethyl acetate (2 x 5 mL) , 

The mixture is concentrated by roto-evaporation to about 

2 mL. The orange oil obtained is dissolved in 0.5 N HCl 

(3 mL) and extracted with ethyl acetate (3 >< 10 mL), th.en 

saturated with NaCl and extracted.~ith ethyl acetate/l,2-. 
30 dimethoxyethane (2 x 5 mL). ~ha combined extracts are 

dried ·with Na1so4 and the solvents removed by roto­

evaporation to yield a yellow foam. The foam (0, 541 g) is 

recrysta•llized in hot acetonitrile (1 mL) to yield 4-(5-

chloro-2-fluorobenzyl) nicotinic acid (0.142 g). 

35 m~p.: 174-176°C. 
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1H-NMR (CDClJ/CD30D 
0

9/l): 4.43 (s, 2H); 6.79 {m, lH); 6.86 

(m, lH) ; 6. 95 (m, lH) ; 7 .11 (d, lH) ; 8. !55 (d, lH) ; 9. 12 

(s, lH). 

Preparative Example 13 

5 9-chloro-6-fluorobenzo(g]isoquinoline-5,lO-dione 

Fuming sulfuric acid (30% so3 ; 0.31 mL) is added 

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

Preparative Example 12. The dark mixture is heated 

quickly to 130"'C for 10 min in a flaak :t;itted with a 

10 cotton filled drying tube. After cooling to room 

temperature, the reaction mixture is quenched with ice 

(3 g) and extracted with methylene chloride (4 x 7 mIJ). 

The combined extracts are dried with Na2so4 and· the solvent 

· ia removed by roto-evaporation to yield 9-chloro-6-fluoro-

15 benzo(g)isoquinoline-5,10-dione as a yellow solid 

(0,045 g; 82% yield) I 

m.p.: 204-206°C. 
1H-NMR {COCl3):: 7.45 (m, lH); 7.83 (m, lH); 7.98 (d, lH); 

9.08 (dt lH) i 9.4.9 (s, lH). 

20 Examp,l§ l 

5-(p-toluenesulfonyloxy)-2-methylisoquino[8,7,6-

cd)indazole-6{2H)-one 

The 1:1 mixture of 9-fluoro-6-(p-toluene-

sulfonyloxy) benzo[g] isoquinoline-5,10-dione and 

25 9-chloro-6-(p-toluenesulfonyloxy) benzo[g)isoquinoline-

5110-dione, of Preparative Example lOa, (0.041 g) is 

dissolved in dry pyridine (2 mL) and a freshly prepared lM 

solution of N-methyhydrazine in pyridine (0.183 mL) is 

added. After stirring for three hours at room temperature 

30 the reaction mixture is concentrated to dryness and added 

with water (5 mL), with NaH2P04 saturated solution (5 mL) 

and extracted several times with methylene chloride 

(50 mL). The 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 90/10 v/v (50 :mL), "then 75/25 

5 (50 mL), then 60/40 (50 mL) and finally 40/60 (50 mL} to 

9ive2-methyl-5- (p-toluenesul!onyloxy)isoquino[S,7,6-cd] 

indazole-6(2H)-one. 
1H-NMR {CDC13); 2.42 (s, 3H); 4.25 (s, 3H); 7.33 (d, 2H); 

7,53 "(d, lH); 7.63 (d, llf); 7.95 (d, 2H); 8.07 (d, lH) 

10 a.so (d, 111); 9.50 (s, UI). 

EKs.IDale 2, 

2-(2-(dimethylamino)ethyl)J-5-(p-toluenesulfonyloxy) 
isoquino[8,7,6-cd]indazole-6(2H)-one 

15 Under a nitrogen atmosphere a solution of 2-

(dimethylaminoethyl) hydrazine (J. Med. Chem. 2, 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
sulfonyloxy) benzo(gJ isoquinol ine-5, 10-dione and 9-chloro-

20 6-(p-toluenesulfonyloxy) benzo [g]isoquinoline-5,lO-dione 

of Preparati Vfa Example :J.Ob ( 2. 4 g) .i.n THF ( 24 mL) 

containing N, N-diisopropylethylalUine ( 1, 10 inL) • A 

slightly exothermic reaction ensues, and the reaction 

temperature increases from 20°c to 2s~c. After one hour 
25 at room temperature the reaction mixture is poured in 

water (240 mu) and the suspension obtained is stirred ~or 
JO'. The solid is separated by suction, washed with water 

and dried at 40°C to give 2-[2-(dimethylamino)ethyl)]-5-
(p-toluenesulfonyloxy)isoquino[B,7,6-cd)indazole-6(2H)-one 

30 (1 .. 44 9). 

m.p.: 139-141°C. 
111-NMR (CDC13): 2.35 (s, 6H) I 2.45 (s, 3H) i 2.95 (t, 2H) I 

4.65 (t, 2H); 7.35 (d, 2H); 7.52 (d, lH); 7.80 (d, lll); 

7.95 (d, · 2H); a.10 (d, lH); a.so (d., 111); 9.55 (s, 1H). 
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Example 3 

2-[2-(N-tert-butoxycarbonylamino)ethyl]-5-(p-toluene­
sulfonyloxy) isoquino[B,7,6-cd]indazo1e-6(2H)-one 

(2-N-tert-butoxycarbonylaminoethyl)hydra~ineis 

5 prepared by reaction of N-t-butoxyoarbonyl-2-chloro­
ethylamine with hydrazine followinq a procedure adapted 

from J. Med. Chem .. 2, 49J, (1964). Under a nitrogen 

atmosphere a solution of (2-N-tert-butoxycarbonyl .. 
aminoethyl)hydra

0

zine. (9.2 g) in anhydrous THF {10 mL) is 
10 added during 30 1 to the sti.rred 9: 1 mixture of 9-fluoro-6-

(p-toluenesulfonyloxy) benzo{g] isoquinoline-5, 10-dioneand 
9-chloro-6-(p-toluenesulfonyloxy)benzo [g)isoquinoline-

5, lO-dione of Preparative Example lOb (3.0 g) in 'l'HF (25 

mL) containing N, N-diisopropylethylamine ( 1. 38 mL) • A 
15 slightly exothermic re&ction ensues, · and the reaction 

temperature increases from 21°c to 24QC. After stirring 
tor one hour at room temperature the obtained precipitate 
is recovered by suction, ~ashed with THF/n-hexane l/l (15 
mL) and dried at 40°C under vacuum, to qive 2-[2-(N-tert-

20 butoxycarbonylamino)ethyl]-5-(p-toluenesulfonyloxy)iso-

25 

30. 

quino[B,7,6-cd]indazole-6(2H)-one (l.33 g). 
m.p.: 206-20B°C. 
1H-NMR (CDC13 ) : 1.4 (s, 9H); 2.45 (.s, 3H); J.75 (q, 2H); 

,4 ~ 70 (t, 2H); 4.92 (br, lH) 1 7. 3 !5 (d, 2H); 7.50 (d, lH); 

7.75 (d, 111); 7.95 (d, 2H); 8.09 (d, lH) ; a.7s (d, lH); 

9,50 (S' lH). 

EKample 4 
2~[2-[(2-hydro~yethyl)amino]ethyl]-5-(p-toluene­

sulfonyloxy) isoquino[B,7,6-o]indazole-6(2H)-one 

A solution of 2-[(2-hydroxyethylamino)ethyl]­
hydrazine (J. Het. Cl\em.., a.§., 85, (1989); o.179 g) in 

absolute ethanol (O. 5 mL) is dropped into a stirred 
solution of the 9: 1 mixture of 9-fluoro-6- (p-toluena­

sulfonyloxy) benzo [ g] isoquinoline-5, lO-dione and. 9-ohloro-
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6-(p-toluenesulfonyloxy)benzo [g]isoquinoline-5,lO-dione 
of Preparative Example lOb (0.200 g) in THF (2.0 mL) 

containing triethylamine (0.073 mL). After stirrinq for 
2 hours at room temperature an additional amount of 2-( (2-

5 hydroxyethylamino)ethyl]hydrazine (Oal79 g) in absolute 

ethanol (0.5 mL} is added and after two additional hours 
the. reaction ·mixture is concentrated to the volume of 
about 1 mL. Water {20 mL) is added and the mixture is 
allowed to stir at room temperature overnight. The 

10 precipi.tate is collected by suction filtration, dried 

under vacuum at 40°C and finally sludged in boiling ethyl 

acetate to give 2-[2-[{2-hydroxyethyl)amino]ethyl)-5-(p-
• 

15 

20 

toluenesulfonyloxy)isoquino[B,7,6-c]indazole-6(2H)-one 
(0.060 g). 

m. p. ~ l3l-133°C .. 
1H-NMR ( DMSO-d6 / 020) : 2.45 (s, 3H); 2.62 (t, 2H); 3.13 

(t, 2H)i 3.40 (t, 2H); 4.65 (t, 2H); 7.25 (d, 111}; 7 I 40 

(d, 2H); 7.75 (d, 2H); 7.95 (d I lH); B.15 (cl I lfl); e.ao 
(d, lH); 9.40 (s, 11-1). 

't!Xal!lple !i 
Preparation of 2-(aminoalkyl)-5-(p-to1uenesultonyloxy) 

isoquino(B,7,6-cd]indazole-6(2U)-ories 

using the procedure of Examples 1-4, the 
following compounds are obtained by reaction of the 

25 mixtures of 9-fluoro-6-(p-toluenesulfonyloxy) benzo[q] 

isoquinoline-5 1 10-dione and 9~chloro-6-(p-toluene­

sulfonyloxy) benzo( 9) isoqui.noli.ne-5, 10-dione of Preparative 

Example 10, with a substituted hydrazine selected from the 

9J;'OUP of 2-(diethylaminoethyl)hydrazine (J. Med. Chem., 1.,, 

30 493, (1964)], 3-dimethylaminopropylhydrazine [J. net. 
Chem., .2.J.·, 1491, (1986)], 2-aminoethylhydrazina (J. Het. 

Chem., 23, 1491, (1986)), 2-(methylaminoethyl)hydra~ine, 
2-hydro'Ryethylhydrazine, 3-aminopropylhydrazine (J. Het. 

Chem. I n, 1491, (1986)) 1 
35 2-[2-(diethylamino)ethyl)-5-(p-toluenesulfonyloxy)iso-

quino[B,7,6~cd]indazole-6(~H)-one; 
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2-[3-(dimethylamino)propylJ-5-(p-toluenesulfonyloxy)iso­
q u i n o [ a , 7 , 6 - c d ) i n d a z o 1 e - 6 ( 2 H ) - o n e ; 
2-(2-(amino)ethyl]-5-(p-toluenesulfonyloxy)isoguino 
[ 8 , 7 , 6 - c d ] i n d a 2 o l e - 6 ( 2 H ) - o n e ; 

5 2-[2-(methylamino)ethyl]-5-(p-toluenesulfonyloxy)isoquino 
[ 8 , 7 I 6 - 0 d l i n d a z 0 l e - 6 ( 2 H ) - 0 n e ; 
2-(J-(aminofpropyl]-5-(p-toluenesulfonylox.y)isoquina 
[B,7,6-od]indazole-6(28)-one. 

IDUu!Jule 6 

10 5-chloro-2-methylisoquino[5,6,7~cd]indazole-6(2H)-one 

A solution of methyl hydrazine (o.76 M; 0.021 g) 

in pyridine (0.6 mL) is added dropwise over two min to a 
stirredsolutionof 9-chloro-6-fluorobenzo[9]isoquinoline-
5, 10-dione of Preparative Example 13 in pyridine ( o. 5 mia) 

15 cooled with an ice-bath. A yellow precipitate appears in 
the dark solution after 6 min. After 1. 3 h the r .. eaction 

· 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 suotipn filtration and washed 

20 w-ith ice-water (2 x 1 mL) and dried under vacuum. The 
yellow solid is purified by silica gel column 
ohromato9raphy (eluant: chloroform/methanol 96/4 v/v} to 
yield 5-chloro-2-methylisoquino[5,6 1 7-cd]indazole-6(2H)­

one (O.OJJ 9; 71% yield) as a yellow solid. 
2s ro.p.! 244-245~c. 

lH-NMR {CDcl,): ~.25 (s, JH); 7.59 (dd, 2ll); 7.92 (d, lH), 
8.B4 (d, lH); 9,55 (s, lH). 

E~Ample 7 
Preparation of 2-(aminoalkyl)-5-ohloroisoquino[5,6,7-

JO cd]indazole-6(2H)ones 

Using the procedure of Example 6 the fdllowing 
compounds are obtained by reaction of 9-ohloro-6-
fluorobenzo (9] isoquinoline-5, 10-dione of Preparative 
Example 13 with a substituted hydrazine selected from the 
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group of ( 2-N-tert-butoxycarbonylaminoe_thyl) ·hydrazine, 

2-(dimethylaminoethyl)hydrazine [J. Med. Chem., 2, 493, 

(1964)], 2-{diethylaminoethyl) hydra~ine [J. Med. Chem., 1, 

493, (1964)], 2-((2-hydroxyethylamino)ethyl)hydrazine (J. 

5 Het. Chem., ll, 85, (1989)], 3-dimethylaminopropyl­

hydrazine [J. Het. Chem., ll, 1491, (1986)], 2-amino­

ethylhydrazine [J. Het. Chem., ll, 1491, (1986)], 

2-(methylaminoethyl)hydrazine, 2-hydroxyethylhydrazine, 

3-aminopropylhydrazine (J. IJet. Chem., 11, 1491, (1986) ); 

10 2-[2-(N-tert-butoxycarbonylamino)ethyl))-5-chloroisoquino 

[5,6,7-cd]indazole-6(2 .H)-one; 
m.p.: 226-22e 0 c. 
1H-NMR (CDCl3 ... C030D): 1.30 (s, 9H); J.58 (t, 2H); 4.63 

(t, 2ff); 1.54 (d, lH)1 7.70 (d, 1H); 7,90 (dd, lH); 8.70 

15 (d, 1H) i 9. 40 (s, 111). 

2-[2-(dimethylamino)ethyl]-5-chloroisoquino(5,6,7-cd] 

indazole-6(2H)-one; · 

m.p.: 160-161°C. 
1H-NMR (CDC13): 2.32 (s, 6H); 2.95 (t, 2H); 4.65 (t, 2H) 1 

20 1.60 (d, llf); 7.69 (d, 111); a.oo (dd, 1n}; s.sa (d, lH); 

9 • 6 o ( s , lH) ; 

2-[2-(diathylamino)ethy~]-5-chloroisoquino[S,6,7-cd] 

indazole-6(2H)-one; 
2-(2-(diethylamino)ethyl]-5-chloroisoquino[S,6,7-cd] 

25 indazole-6(2H)-one 
2-[2-[(2-hydroxyethyl)amino]ethyl]-5-chloroisoquino[5,6,7-

cd]indazole-6(2H)-one; 
m.p.: 14B-152.5°C. 
1H-NMR (CPC13 ·+ CD10D): 2. '15 (t, 2H); 3. 43 (t, 2H) I 3. 60 

30 (t, 2H); 4.63 (t, 2H) 7.55 (d, HI); 7.75 (d, lH}; 7.98 

(dd, 1H); 8.73 (d, lH)7 9.40·(s, lH); 
I 

2-[J-(dimethylamino)propyl]-5-chloroisoquino[S,6,7-cdJ 

indazole-ti(2ff)-one; 

2-[2-(amino)ethyl)-5-chloro!soquino[5,6,7-cd]indazole-6 

35 (2H)-one; 
2-[2-(methylamino)ethyl]-5-chloroisoquino[5,6,7-cdJ 

indazole.-6(211)-one; 
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2-[2-(hydroxy)ethyl]~5-chloroisoquino[5,6,7-cd]indazole-6 

( 21-l) -one; 
2-[3-(amino)propylJ-5-chloroisoquino[S,6,7-cd]indazole-6 

(2H)-one; 

5 Example a 
5-[[l-(dimethylamino)ethyl]amino]-2-methylisoquino[B,7,6-
cd]indazole-6(211)-one 

A lM solution of N,N-dimethylethylenediamine in 
pyridine (0.10 mL) is added to a stirred suspension of 2-

10 methyl-5~ (p-toluenesultonyloxy)isoquino [B,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 1_3 hours while additional 
amounts of N,N-dimethylethylenediamine solution (0.1; 

15 o.os; o.os mL) are added after 2, 4 and 11 hours 

respe.cti vely. Pyridine and exoess N, N:....dimethylethyl­
enediamine are removed by distillation at reduced pressure 
and the obtained residue is partitioned between CH2Cl2 (50 
mL) and brine. (10 mL) to which NaHC03 saturated solution 

' 
20 is added (l mL). The or9ani_c so.lution is dried over 

anhydrous Na2S04 and the solvent removed by distillation. 
·The orange residue obtained is · purified by silica-gel 

column chromatography (eluant: CHC13 /MeOH 95/5 (30 mL) 

followed by CHC13/MeOH/NH40H 90/l5/0. 5 (50 mL) to qive 

25 2-methyl-5-[[2-(dimethylamino)ethyl]amino]isoquino 
[B,7 1 6-cd] indazole-6(2H)-one (0.011 g) as a reddish 

orange solid. 
m.p.: 2oe-21s 0 c (dee.). 
1H-NMR (COC13): 2.40 (s, 3H); 2.75 (t, 2H) i 3.57 (q, 2H); 

30 4.25 (s, 3H) i 6.97 (d, lH) i 7.63 (d, 1H) i 8.30 (dd, 1H) 
8.79 (d, lH); 9.30 (br.t, lH); 9.62 (d, 1H). 
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Example 9 

2-[2-(dimethylamino)ethyl]-5-[[2-(dimethylamino)ethyl) 

amino]isoquino[B,7 1 6-cd)indazole-6(2H)-one 

A solution of 2-[2~(dimethylamino)ethyl]-5~(p-

5 toluenesulfonyloxy)isoquino[S,7;6-cd)indazole-6 (2H)-one 

of Example 2 (0.463 g) and 2-(dimethylami~o)ethylamine 
(0.80 mL) in dry pyridine (4.63 mL) la heated at B0°C for 

1 h, 30' under a nitrogen blanket. The solution is then 

concentrated to dryness and the dark residue obtained is 
10 partitioned between brine (30 mt.) and ethyl acetate 

(4 x 25 mL). The combined organic solutions are dried 

over Na2S04 and concentrated. to about 3 mL. Afte·r addition 

of n-hexane ·c12 mL) . and stirring for one hour th~ 

precipitate is collected by sucti.on and dried at 40°C 

15 under vacuum to give 2-(2-(dimethylamino)ethyl) )5-[[2-

(dimethylamino) ethyl]amino] isoquino[8;7,6-cd]indazole-
6(2H)-one (0.23 g). 

20 

m. p.: 150-152°C. 
1H-NMR (CDCl3) : 2.32 ( 6 I 6 H); 2. 40 (s, 6H)i ~.70 (t, 2H) ; 

2.95 (t, 2H); 3.60 (q, 2H}; 4.65 (t, 2H); 6.98 (d, 'lH); 

7.70 (d, lH); 8.30 (d, lH); a.so (d, lH); 9.30 (br, lH); 

9.65 (s, lH). 

Example 10 

2-[2-(N-tert-butoxycarbonylamino)ethyl]-5-[[2-(N-tert-

25 butoxyoarbonylamino)ethyl]amino]isoquino[B,7,6-cd} 

indazole-6(2H)-one 

A suspension of 2-[ 2- (N-tert-butoxyoarbonyl­

amino) ethyl]-5- (p-toluenesulfoqyloxy) isoquino [ B, 7, 6-cd] 

indazole-6(2H)-one of Example 3 (0,535 g) and N-(tert-
30 butoxycarbonyl)ethylenediamine (prepared. according to 

Synt. Comm., 2.Q., 2559, (1990); 1.12 g) in dry pyridine 
(5.35 mt) is heated at aoQc. The dark solution obtained 
is held at this temperature tor 5 hours, then it is 

concentrated to dryness and partitioned between brine (30 
35 mL) and ethyl acetate (2 x 25 mL). The orange-red solid 
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insoluble in the biphasio 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 (Si02 ; eluant methylene chloride/methanol 

5 from 90/10 to 70/30 v/v). The fractions containing the 

product are pooled and concentrated to about 20 mt. and 2-

[2-(N-tert-butoxy oarbonylamino)ethyl]~5-((~-(N-tert~ 

butoxycarbonylamino) ethyl)amino]isoquino(B,7,6-cd] 

indazole-6(2H)-one separates as red-orange crystals 

10 (0.45 g). 

m.p,: 211~213°C. 

1H-NMR (CDCl3/0MSO-d6.9/1): l.J (S, 9H); l.4 (s, 9U); :),32 

(q,_ 2H); 3.58 (m, 4H); 4 ,·58 (t, 2H); 6.20 (br, lH) j 6.40. 

(br, lH}; 7.05 (d, lH); 7.70 (d, HI); 8,15 (d, lH); 8.65 

15 ( d , 1 H) i 9 • 2 O ( br , 1 H) ; 9 • 4 9 ( s ; l H) • 

EX$\ntpl~ 11 

2-[2-(N.:..tert-butoxycarbonylamino)ethyl]-5-[((2-(dimethyl­

amino)ethyl]arnino}isoquino[S,7,6-cd]indazole-6(2H)-one 

A suspension of 2-[ 2- (N-tert-butoxycarbonyl-' 

20 amino)ethyl]-5-(p-toluenesulfonyloxy) isoquino[S,7,6-cd] 

indaz9le-6{2U)-one (0,056 g) and 2-(dimethylamino) 

ethylamine (0.080 mL) in dry pyridine (0.50 mL) is heated 

at 80°C. The dark solution obtained is held at this 

temperature for l hour, then it is left at room 

25 temperature ov~rnight. The dark precipitate obtained is. 

separated by suction and purified by column chromatography 

(Si02 ; eluant ethyl acetate and then methylene 

chloride/methanol 9/0.5 v/v) to give 2-[2-(N-tert-butoxy­

c~rbonylamino)ethyl]-5-[(2-{dimethylamino) ethyl] amino) 

JO isoquino[B,7,6-cd]indazole-6(2H)-one (0.024 9) as a red­

orange solid. 

m.p.: 22s-221ac (from methylene chloride). 
1H-NMR (CDCl3): 1.43 (s, 9H); 2.40 (s, 6H); 2.7 (t, 2H); 

3.55 (q, 2ft) I 3.78 (m, 2H); 4.65 (t, 2H); 5.23 (br.m, lH); 

35 6.87 (d, llt); ?.62 (d, 111); 8.28 (dd, lH); 8.76 (d, lH); 

9.6 (s, lH). 
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EKarople l2 
isoquino{B,7,6-cd]inda2ole-6(2H)-ones 

Followin9 the procedures of Examples 8-11, the following 

5 con:ipou.nds are prepared by reaction of 2-[ 2-

(dimethylamino) ethyl]-5- (p-~oluenesulfonyloxy) isoquino 

[8,7,6-cd]indazole-6 (2H)-one of Example 2, ·2-[2-(N-tert­

butoxycarbonylamino}ethyl]-5-(p-toluenesulfonyloxy) iso­

quino[8,"1,6 -cd]indazole-6(2H)-one of Example '3, or 2-[2-

10 [(2-hydroxyethyl}amino)ethyl]-5-(p-toluenesulfonyloxy) 

isoguinof a, 7, 6-cJ J.ndazole-6 (2HJ-one of Example 4 with the 

properly selected amine: 
2-(2~((2-hydroxyethyl)a~ino)ethyl)-5-t(2-t(2-hydroxy­

ethyl) amino] ethyl) amino l isoquino( 8, 7, 6-cd] indazol.e-6 ( 2H) -

15 one; 
>tt-NMR (CDC13): J. 25 (m, 6H); 3. 61 (t, 4H); 3. 71 (m, 4U); 

3,98 (q, 2H); 4.65 (t, 2H); 5.31 (br, 2H); 1.08 (d, lH), 

7.70 (d, 111); 8.30 (d, lH); 8.83 (d, lH); 9.30 (br, lH); 

9.69 (s, lH). 

20 2-(2-[(2-hydroxyethyl)aminoJethyl]-5-[[3-(amino)propyl]a 

mino) isoquino[8,7,6-cd]indazole-6(2H)-one; 
'H-NMR (CDC13) ~ 2. 05 (m, 2H); 3 .10 (rn, 4H); l. sa (t, 2H); 

3.6!5 (t, 2H); 3.78 (q, 2H); 4.62 (t, 2H); 5.20 (br, 3H), 

7.10 (d, lH); 7.69 (d, lH); 8;30 (d, lff); 8.85 (d, lH); 

25 9.15 (br, lH) I 9.30 (t, lH); 9.71 (s, lH}. 

2-(2-((2-hydro~yethyl}amino]ethyl]-5-((2~(amino)ethyl] 

arnino]isoquino(8,7,6-cdjindazole-6(2H)-one; 
JH-NMR (CDC13): 3.20 (Ill, 4H), 3,58 (t, 2ff); J·.66 (t, CJH); 

J • s 6 ( q ; 2 H) ; 4 • 61 ( t , 2 H) ; 5 • 15 ( br, J H) ; 7 • 12 (a , HI> ; 

30 7.69 (d, 11:1); 8.30 (d_, 1H); 8.85 (d, lH); 9.15 (br, lH); 

9&30 (t, lH); 9.71 (s, lH). 

2-[2-[(2-hydroxyethyl)amino]ethyl]-5-([2-(methylamino) 

ethyl]amino)isoquino[B,7,6-od]indazole-6(211)-one; 
1H-NMR ('cOCl3) : 2.61 (s, 3f!); 3.06 (t, 2H); 3,20 (t, 2H); 

35 J.58 (t, 2H); 3. 67 (t, 2H); 3.BB (q, 211)1 4.65 (t, 2H); 

s.10 (t, lH); 7.05 (d, 1H); 7.70 (d' lH); 8.33 (d, lH); 

8.81 (d, lH) ; 8&99 (br, 211); 9.35 (t, 111); 9.66 (s, lH). 
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2-[2-[(2-hydroxyethylamino]ethyl]-5-[[2-(dimethylamino) 

ethyl) amino]isoquino[a,7,6-cd)i~dazole-6(2H)-one; 
1H-NMR (CDCl:i): 2.42 (s, 6H); 2.75 (t, 2H); 3.18 (t, 2H)i 

3.58 (q, 2H); 3.63 (t, 2-H) i 3.68 (t, 2H); 4.61 (t, 2H) ; 

5.15 (t' lH); 6.99 (d, lH}; 7.66 (d, lH); 8.Jl {d, HI); 

8.BO (d, lH); 9.11 (hr, lH); 9.35 (t, lH) '· 9.65 (s, lH) • 

2-[2-[(2-hydroxyethyl)amino]ethyl}-5-[(2-(N-tert-butoxy­

carbonylamino)ethyl)amino]iaoquino[B,7,6-od) indazoie-6 

(2H)-one; 
1 H~NMR (CDCl3 + CD10D) : 1.40 (s, 9H}; J;31 (m, 4H); 3.52 

(q, 2H) ; 3,63 (t, 2H); 3~85 (t, 2H); 4.71 (t, 2H) ; 7.03 

(d, lH); 7.70 (d, lH); a.21 (dd, lH); 8.76 (d, HJ); 9.61 

(s, lH) • 

2- ( 2- ( N.-tert-butoxycarbonylamino) ethy) J -5- [ ( 2- [ ( 2-

15 hydroxyethyl)amino]ethyl]arnino]isoquino(a,7,6-cd]indazole-

6(2H)-one 
111-NMR (CDCl3 + CD30D); 1.45 (s, 9H); 3.18 (m, 4H); 3,73 

(q, 2H); 3.80 (m, 4H); 4.67 (t, 2H); 7.00 (d, 111); 7.68 

(d, lH); B.25 (dd, 1H); B.75 (d, l~); 9.60 (s, HI). 

20 2-[2-(dimethylamino)ethyl]-5-((2-[(2-hydroxyethyl)amino] 

ethyl]amino]isoquino[S,7,6-od]indazole-6{2H)-one; 

m.p.: 156-157ac. 
1H-NMR (CDCl3): 2. 30 (s, 6H); 2. 91 (m, 4H); 3. OB (t, 2H) T 

3.60 (t, 2H); 3.75 (m, 2H)"; 4.60 ~t, 2U); 6.90 (d, lH).; 

25 7.60 (d, 1H); 8.25 (dd, 1H); 8.75 (d, lH); 9.45 (br, lH) i 

9.60 (s, lH). 

2-[2-(dimethylamino)ethyl)-5-[[2-(amino)ethyl]amino] 
I 

isoquino[B,7,6-cd]indazole-6(2H)-one; 
1H-NMR ccncl3 + co,oo) : 2.30 (s, 611)1 2.95 (t, 2H); 3.13 

30 (t, 2H); 3.65 (t, 2H); 4.58 (t, 2H); 7.04 (d, lH)I 1.10 

(d, 1H) ;· 8. lB (dd, lH); 8.66 (d, 1H); 9.51 (s, lH). 
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E>rample ll 
5-[{2-(dimethylamino)ethyl]amino]-2-methylisoquino[5,6,7-
cd]indazole-6(2H)-one 

5-chloro-2-methylisoquino[5,6,7-cd]inda2ole-6 
5 (2H)-one of Example 6 (0.013 g) is added to 2-(dimethy1-

amino)ethylamine (0.34 mL). The yellow mixture is heated 
quickly 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 

10 silica gel column chromatography with a gradient elution 
(1% methanol/chloroform (25 JUL), 2% methanol/chlorot'orm 
(25 mL), 4% methanol/chloroform (25 mL), B% 

methanol/chloroform (25 mL), 12% methanol/chloroform 
(25 mL), 16% methanol/chloroform (25 mL), 24% 

15 methanol/chloroform (50 mL)) to yield 5-{ (2-(dimethyl­
amino) ethyl]amino]-2-methylisoquino[5, 6, 7-od] indazole-
6(2H)-one (0.010 g) as a reddis~ orange solid. 

m.p._; 212-216°C. 
1H-NMR (CDC13): 2. 36 {s, 611); 2. 69 (t, 2H); 3. 54 (q, 2H); 

20 4.21(s, JH); 6,91 (d, lH); 7,54 (d, lH); a.oo {d, lH); 

a • 7 9 ( d , l H) ; 9 • 19 (hr , 1 H) ; 9 • 6 7 ( s , 1 H) • 

Example 1~ 
2-[2-(dimethylamino)ethyl)')-5-[[2-(dimethylamino)ethyl] 
amino]isoquino[5,6,7-cd]indazole-6(2H)-one . 

25 Under a nitrogen atmosphere N,N-dimethylethylenediamine 

(1.79 mL) is added to a stirred solution of. 2-[2-

( dimethyl amino) ethyl] -5-chloroisoqttino ( 5, 6, 7-cd l .indazole-
6 ( 2H) -one (0.539 g) in pyridine (6.BO mL) and the 
resulting solution is heated at 80°C for 12 hours. The 

30 pyridine and excess N,N-dimethylethylenediamine are 

removed ·by rota-evaporation and the obtained residue is 
purif led by silica gel column chromatography eluting first 
with methylene chloride, then with methylene 
chloride/methanol 95/5 and finally with methylene 
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chloride/methanol/coned. ammonia from 95/5/o.ey to 95/5/l 

v/v/v. The fractions containing the yellow desired 
product are pooled and the solvents roto-evaporated. The 
obtained residue (O. 529 g) is crystallized. from 

5 diisopropylether to give 2-(2-(dimethylamino)ethyl)J-5-
[(2-(dimethylamino)ethyl)amino]isoquino[5,6,7-cd-)indazole-
6(2H)-one as a yellow powder (0,291 g). 

m. P•: 110-111°C. 
1H-:NMR (CDC13): 2 .. 31 

10 2.92 (t, 2H); 3.55 

7.69 (d, lff) ; 8.10 

lH); 9,71 (s, lH) . 

EKample 15 

(s, Ei H); 2.JB (s, 6H); 2.71 {t, 2H); 

(q, 2H); 4.65 (t, 2H); 7.01 (d, 1H); 

(dd, lH); a.SJ (dt lH); 9.30 (br.t., 

15 isoquino[5,6 1 7-od]inda2ole-6(2H)-ones 

Using the procedures of Example 13 or 14, the 

following compounds are prepared by reaction of 2-[2-(N­
tert-butoxycarbonylamino) &thyl)-5-chloroisoquino[S, 6, 7-
cd)i~dazole-6(2H)-one, 2-[2-(dimethylamino)ethyl]-5-

20 chloroisoquino[S,6,7-cd]indazole-6(2H)-one, or 2-[2-((2-
hydroxyethyl)amino]ethyl]-5-chloroisoquino[S,6,7-cd) 

indazole-6(2H)-one of gxample 7: 

2-[2-(N-tert-bu~oxycarbonylamino)ethyl]-5-[(2-(N-tert-

butoxycarbonylamino)ethyl]amino] isoquino[5,6,7-

25 cd}indazole-6(2H)-one; 
m.p.: 211-213QC. 

' 1H-NMR (CDCl3):·1,40 (s, 9H); 1.46 (s, 9H); 3.55 (q, '2H); 

'.3.65 (q, 2H); 3,77 (q, 2H); 4.69 (t, 2H): 5,55 {bt;, ·2H); 

7.00 {d, lH); 7.60 (d, lH); 7.93 (dd, lH); 8,70 (d, lH); 

30 9.10 (br.t., lH); 9:.38 (s, lH), 

2-[2-(N-tert-b~toKyoarbonylamino)~thyl]-5-[(2-

(amino)ethyl]amino]isoquino[5,6,7-cd]indazole-6(2H)-one; 
(reaction performed at 50°C in DMSO as the solvent) 

m.p.: 221-222°C. 

35 111-NMR (CDC13 ) : 1. 43 (s, 9H) ; 3 .13 (t, 211) ; 3. 58 (q, 2H); 

3,75 (q, 2H); 3.67 (t, 2H) i 5.05 (br, Hf); 7.00 (d, lH) 1 
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7.65 (d, lH); 8.05 (dd, l.H); 8,60 (d, lH); !L30, (br., lH); 

9,75 (s, lH). 

2-[2-(N-tert-butoxyc~rbonylamino)ethyl)]-5-[[2-[(2-

hydroxyethyl)amino)ethyl]ami no]isoquino[5,6,7-

cd]indazole-6(2H)-one; 
_ 1H-NMR (CDCl, + CD300): 1.48 (s, 9H); 3.25 (rn, 41!); 3.74 

(q, 2H); 3.SO·(m, 4H); 4.68 (t, 2H); 1.01 (d, lH); 1.12 

(d, lH); 8.09 (dd, lH); 8.80 (d, lH); 9.75 (s, 111) • 

2-[2-(N-tert-butoxycarbonylamino)ethyl)]-5-[[2-(dimethyl-

lO amino)ethyl)amino]isoquino[5,6,7-cd]indazole-6(2H)-one; 
1H-NMR (CDCl;J): 1.44 (s, 9H); 2.31 (s, 6li); 2.75 (t, 2U); 

.3.68 (q, 2H); J.75 (q, 2H); 4.68 (t, 2H); 5,10 (br.m.,H); 

7.0J (d, lH); 7.70 (d, 1H); B.15 (dd, lH); 8,85 (d, lH); 

!:1.33 (br.t., lH); 9.71 (s, lH). 

15 2-(2-(dimethylamino)ethyl)-5-((2-[(2-hydroxyethyl)amino] 

~thyl)amino]isoquino[5,6,7-cd}indazole-6(2H)-one; 
1H-NMR (COCl3 + C0300): 2.40. (s, 6H); 2.95 (t, 2H) I 3.23 

(m, 4H); 3.82 (m, 411); 4 .. 70 (t, 2H); 7.05 {d, HJ); 7.70 

(d, lH); 8.13 (dd, lH); 8,85 (d, .lfl); 9,70 (s, lM). 

20 2-(2-(dimethylamino)ethyl]-5-[[2-(amino)ethyl]amino)iso-

quino[5,6,7-od]indazole-6(2ft)-one; 
1H-NMR (CDC13): 2.39 (s, 6H); 2.95 (t, 2H); 3.15· (t, 2H); 

3.68 (q, 2H); 4.69 (t, 2H); 7.00 (d, lH); 7.65 (d, lH); 

s.12 (dd, lH); a.as (d, lH); 9.33 (br.t., lH); 9&72 

25 (s, lH). 

2-[2-[(2-hydroxyethyl)amino)ethyl]-5-[(2-((2-hydroxyethyl) 
' amino} ethyl]amina]isoquino[5,6,7-cd]indazole-6(2ll)-one; 

(reaction performed at 52°C in DMSO as solvent) 
m.p.: 14B-151°C. 

30 1H-NMR (D10): 2.75 (m, 6tr")1 2 .. 95 (m, 2H); 3.12 (m, 2H); 

3.70 (m, 4H); 4.05 (m, 2H); 6.10 (d, lH); 6.65 (d, lH); 

6.90 (d, 111); 7.83 (s, l,.H); 7.95 (d, lH). 
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2-[2-[(2-hydroKyethyl)amino)ethyl)-5-{[2-(arnino)ethyl] 
amino]isoquino[5,6,7-cd]indazole-6(2H)-one; 
1H-NMR (COC13 + CD300) : 2. 97 (t, 2H); 3. 30 (m, 4H) ; J. 68 

(t, 2H); 3.85 (t, 2H); 4.66 (t, 2H); 7.00 (d, lli); 7.69 

5 (d, lH); 8.10 (dd, lH); B.83 (d, 111); 9.76 (s, lH). 

.. 

10 

15 

2-{2-[ (2-hydroxyethyl)amino]ethyl]-5-[[J­
(amino)propyl]amino] isoquino(5,6,7-cd]indazole-6(2H)-one; 
111-NMR (CDC13 + CD300): 2. 09 (m, 2H); 2. 57 (t, 2H); 3 • 30 

( m, 4 H) ;. 3 • 5 3 ( t, 2 H) ; 3 • 8 2 ( t, 2 H) ; 4 • 6 6 ( t, 2 H) ; 7 • O 1 

(d, lH); 7.68· (d, lH); S.05 (dd, lH); 8.BO (d, lH); 9.68 

(s, lH) • 

2-(2-[(2-hydroxyethyl)a~ino]ethyl]-5-[[2-(methylamino) 

ethyl] amino]isoquino(5,6,7-od]indazole~6(2H)-011e.; 
1H-NMR ( COC13 + CD30D) ~ 2.48 (a·, JH); 2. 83 (t, 2H) ; 3.28 

(m, 4H); 3.58 (t, 2H); J.83 (t, 2H); 4.67 (t, 2H); 7.01 

(d, lH); 7.68 (d, lH); a.03 (dd, Hi) ; 8.BO (d, lH); 9.67 

(s, lH) ~ 

2-[2-[(2-hydroxyethyl)amino]ethyl]-5-[[2-(dimethyamino) 
ethyl] amino]isoquino[5,6,7-c4]indazole-6(2H)-one; 

20 1H-NMR (CDC13 + coJoo): 2.Jl(s, 611); 2.12 (t, 2H); J.JJ 

(m, 4H); 3.57 (t, 211); J.67 (t, 2H); 4.71 (t, 2H) ;- 7.00 

(d, lH); 7.71 (d, lH); 8.09 (dd, HI); 8&81 (d, lH); 9.70 

(s,.lH). 

2-[2-[(2-hydroxyethyl)amino]ethyl]-5-[[2 ... (N-tert-butoxy-
25 carbonylamino)ethyl]amino]isoquino[5,6,7-cd]indazole-6 

(2H) -one; 
1H-NMR (CPCl3 + C0300) : 1. 41 (s, 9H); 3.29 (ln, 4H); 3.56 

(t, 2H); J.79 (t, 2H); 3.83 (t, 2H); 4.68 (t, 2H); 1.05 

(d, lH); 7.68 (d, lH); B.OB (dd, lH); a.so (d, lH); 9.68 

30 {s, lH) I 
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Examale 16. 
Removal of the t-butoxycarbonyl protective group 

Under a nitrogen atmospher~ an ethanolic 
solution of anhydrous HCl (5N; o.40 mL) is dropped into a 

5 stirred suspension of 2-[2-(N-tert-butoxycarbonylamino) 
ethyl]-5-[(2-(N-tert-butoxyoarbonylamino) ethyl)amino] 

isoquino[8,7,6-cd]indazole-6(2H)-one of Example 10 

(0.104 g) in absolute ethanol (2.1 mL). Initial 

dissolution of the starting material "followed by 

10 precipitation of a dark-red solid is observed during the 

addition of ethanolic HCl. This solid is redissolved with 

absolute ethanol and the solution is heated to 40°C for 2 
h, JO'. The gradual· formation of a red-amaranth 
precipitate is observed during the heating. After cooling 

15 to room temperature diethyl ether ( 10 mL) is added and th_e 
precipitate is collected by suction filtration under a 

nitrogen blanket, to give 2-[4-(amino)ethyl)-5-[(2-

{amino)ethyl]amino}isoquino(B,7,6-cd]indazole~6(2H)-one 

trihydroohloride (0.070 g). 
20 

25 

m. p.: 247-250°C. 

.
1U-NMR (DJO) : 3.40 (t, 2H); 3.70 (t, 2H); 3-.95 (t, 2H); 
4.87 (t, 2H); 7.05 (d I lH); 7.78 (d, UI) i 8.04 (dd, lH); 
B.62 (d, lH); 9.10 (s, 2H). 
UV (H30) : A11111 (Enc) !; 230 nm (650 cm); 240 nm (555 cm); 370 
nm (244 cm) ; 591 nm ( 3 4. 2 cm) • 

Example 17 

Following the· procedure of Example 16, the 

following compountls are prepared as the trihydr~chloride 
salt starting from the appropriate N-tert-butoxyoarbonyl 

JO derivatives of Examples 11, 12, 14, or 15: 

2-[2-[(2-hydroxyethyl)amino]ethyl]-5-[[2-(amino)ethyl] 

amino]isoquino[8,7,6-cd]indazole-6(2H)-one; 
'H-NMR {DzO): 3. 01 (t, 2H); 3. 39 (m, 4H); J. 69 (t, 2H); 

J.'.'es (t, 2H); 4.83 (t, 2H); 1.05 (d, lH);,7.70 {d, lH); 

35 8.33 (dd, lH); 8.78 (d, lH); 9.15 (s, lH) • 

. , 
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2-(2-(amino)ethyl))-5-[[2-[(2-hydroxyethyl)amino]ethyl) 

amino]isoquino[B,7,6-cd]indazole-6(2H)-one; 

1H-NMR (DiO): 3. 28 (t, 2H); 3. 31 (m, 4H) I 3. 85 (m, 4H); 

4.90 (t, 2H); 7.03 (d, lH); 7.70 (d, lH); 8.35 (dd, HI); 

8.72 (d, lH); t;.77 (s, lH). 

2-[2-(amino)ethyl)]-5-[[(2-(dimethylamino)ethyl]amino] 

isoquino(e;1,6-cd]indazole-6(2H)-one 

m.p.: 224°C (dee.). 
1H-NMR (D1o) ~ 3.0o (s, 6H); 3.60 (t, 211); 3.70 (t, 2H); 

10 4.01 (t, 2H); 4.93 (t, 2H); 7.20 (d, lH); 7.95 (d, lH); 

a • 4 J c dd , 1 H) ; a • 7 1 ( d , 1 H) ; 9 • 4 J ( s , 1 H) • 

15 

20 

UV (llCl 0. lN) : >-mnir. (E116 ) ... 236 nm ( 485 cm) ; 382 mn (205 

c~); 507 nm (232 cm). 
2-[2-(amino)ethyl]-5-[[2[(amino)ethyl)amino]isoquino 

[5,6,7-cd]indazole-6(2H)-one 

m. P.: > 260°C. 
1-H-NMR (020).:. 3.42 (t, 2H); 3.75 (t, 2H); 4.00 (t, 2H); 

5.05 (t, 2H); 7.32 (d, lH); 8.09 (d, HI); B.62 (d, 1H); 

8.87 (d, lH): 9.55 (s, lH) 

UV (HCl O.lN): A.m.~ (E111&) = 245 11m (622 om); 275 nm 

(181 cm) ; 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 1 7-cd)inda~ole-6(2H)-one; 

25 2-[2-(amino)ethyl)]-5-([2-(dimethylamino)ethyl]amino] 

isoquino[5,6,7-cd]indazole -6(2H)-one; 

Example 18 
2-[2-(dimethylamino)ethyl]-5-[[2-(amino)ethyl]amino) 

isoquino(B,7,6-cd)indazole-6{2H)-one dimaleate 

30 A solution of maleic acid (O.Q30 g) in absolute 

ethanol (0.4 mL) is added- drop-wise into a stirred 

solution of 2-[2-(dimethylaroino) ethyl]-5-[[2-(amino) 
I 

eihyl)amino]isoquino[B,~,6-cd]indazole-6(2H)-one of 

Example 12 (0.030 g) in absolute ethanol (1.5 ml) held at 

·. 
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5o 0 c. After the addition is complete the reaction mixture 
is maintained at 5o 0 c for 3 minutes and then allowed to 

cool to room temperature. After ons hour the red-amaranth 

crystalline material which separated is filtered, washed 

5 with ethanol and dried under vacuum at 40GC to give 2-(2-

(dimethylamino) ethyl)-5-( [2-(amino) ethyl] amino) isoquino 

[8,7,6-cd]indazole -6(2H)-one dimaleate (0.029 g), 
. . 

10 

m.p.: 175-175.5°C • 

'H-NMR (020): 3.00 (s, 6 H); 3.40 (t, 2H); 3.80 (t, 2H); 

3 • 9 3 ( t , 2 ff) ; 4 • 9 0 ( t , 2 H) ; 6 • O O ( s , 4 H) ; 7 • O 0 ( d , lH) ; 

7 • 7 0 ( d , lH) ; 7 • 8 0 ( d ' 1 H) ; 8 • 5 5 ( d , UI) ; 9 I 0 0 ( s , 1H) • 

UV (HCl O. lN); X111u (Ei:id ~ 236 nm (436 cm); 382 nm 

(169 cm); 507 nm (190 cm). 

E_xample 19 

15 Following the procedure· of Example 18, the following 
maleate salts are prepared by salif ication of the 
approp~iate isoguinoindazole-6(2H)-ones with maleic acid: 

2-[2-(dimethylamino)ethyl)]-5-([2-(dimethylamino)ethyl] 
amino] isoquino[8,7,6-cd)indazole-6(2H)-one dimaleate 

20 m.p.: l89-191°C. 
1
H-NMR (DMSO-d6): 2.se (s, 12H); 3.37 (t, 2H); 3.70 

(t, 2H); 3.95 (q, 2H); 5.01 (t, 2H); 6,00 (s, 4H); 7.38 

(d, lH); e.20 (dd, lH); a.BS (d, lH); 9.20 (br.t., lH); 
9. 55 ( s, lH} , 

25 UV (H20): Xn\U (E,,i;) = 368 nm (154. om); 469 nm (206 cm); 
490 mn (211 cm). 

2-[2-:(dimethylamino)ethyl)J-5-([2-(dimethylamino)ethyl) 
amino] isoquino(5,6,7-cd]indazole-6(2H)-one dimaleate 
m • P. :. 14 2 -14 6 ° c . 

30 
1
H-NMR (020): 3. 00 (s, 6H); 3. 05 (s, 6H); 3. 60 (t, 2H); 

3.92 (t, 2H); 4.08 (t, 2H); 5.07 (t, 2H); 6.15 (s, 4H) f 
'7.20 (d, HI); 7.95 (d, 1H); 8 .. 20 (d, lH); 8.75 (d, lH); 
9.30 (s, lH). 

UV (Hi.0):. X.,,u (E1 ~) = 292 nm (108 om); 352 nm (133 cm) 1 

35 476 nm (215 cm). 
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2-[2-(diroethylamino)ethyl]-5-[(2-[(2-hydroxyethyl)amino} 

ethyl]amino]isoquino[8,7,6-cd]indazole-6(2H)-one dimaleate 

m.p.: 156-l57°C. 
1H-NMR (020) : 3. 05 (s, 6H); 3.30 {m, 2H); 3.54 (t, 2H); 

\ 

3.Ba (m, 4H); 4.03 (t, 2H); 4.96 (t, 2H); 6.00 (s, 4H); 

7.00 (d, lH); i.10 (d, lH); 7.SJ _ (dd, lH); a-.57 (d, lH); 

9a05 (s, lH) 

UV (H.20): A1,1u (E1,.) = 368 nm (1057 om); 491 nm (210 cm). 

,_ 
I 
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We claim: 
1. A c<?n1pound according to the formula (I) : 

O NH>A 

I 
N-N-a 

wherein R is hydrogen or hydroxyf 

(I) 

5 one of x and Y. is a carbon atom and the other is a 
nitro9en atom, with the proviso that when Y is nitrogen, 

R is hydrogen; 
A and a are the same or different and are selected f~orn 

the gt·oup of C1-CIU alkyl or phenylalkyl; C2-CH1 alkyl having 

10 one or two substituents selected from the group cons.isting 

of OR1 and NR2R3 i c 2-Cw alkyl interrupteµ by one or two 

oxygen atoms or by one -NR.t- group, and being said . CcC10 

alkyl optionally. substituted by one or two hydroxy (OH) or 

NR2R3 groups; 
15 R1 is selected from the group consisting of hydrogen, C1-C6 

alky·1,, phenyl, phenylalkyl, -S(02)Rs, C2•C6 alkyl optionally 
substituted by NR2R3 i 

R2 and R_, may be the same or different and are selected 

from the group consisting of hydrogen, c 1-c10 alkyl, 

20 phenylalkyl, phenyl, C2-C10 alkyl substituted with one or 

two hydroxy (OH) groups, or R1 and R3 taken together with 

the nitrogen atom to which they are attached form an 

ethyleneimine rin9 or a s- or 6-men1ber ·aromatic or 

non-aromatic heterocyclic ring which optionally contains 

25 another heteroatom such as sulfur, oKygen or nitrogen; 

R.t is selected from the group consisting of hydrogen, c1-C10 

alkyl, c 2-c10 hydroxyalkyl, CcCw alkyl substituted by NR.iRl, 

phenylalkyl, phenyl; 
Rs is selected from the group consi.stin9 of c 1-c1t1 alkyl, 

JO phenylalkyl; 

a~. free bases and ·their salts with pl1armaceutically 

acceptable acids • 

.. 
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2. A compound ac_oording to claim 1 whe.rein said 
heterocyclio ring is selected fro~ the group consisting of 
1-imidazolyl, 1-pyrrolyl, 1-tetrahydropyrrolyl, 
1-pyra2olyl, 4-morpholinyl, 1-piperidinyl, 1-piperazinyl, 

5 1-(4-methyl) -piperazinyl, and 1-(4-benzyl)-piperazinyl. 

10 

3. A compound according to claim 1 wherein Y is 

carbon and X ia nitrogen. 

4. A compound according to claim 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 claim 1 wherein R is 

hydrogen and A and B are independently are selected from 
the group consisting of: - (CH1) P-NHz wherein p is the 

15 integer 2 or 3; - (CH2 ) .,-NR2~ wiierein p is as. above defined 

and Ri and R:i a.re methyl; - (CH2 ) P-NR2R3 wherein p is as above 

defined and R2 is hydrogen and R3 is methyl; -(CH2)r-OH 

wherein p is as above defined; -(CH2 ),-NH-{CH:i>i
1
-0H wherein 

p and q are independently an integer selected from group 
20 eonsistin9 of 2 or J. 

25 

7. A compound of claim 1 selected from the 

group consisting of 2-[2-[(2-hydroxyethyl)amino] 
ethyl]-5-[[2-[{2-hydroxyethyl)amino]ethyl]amino] 
isoquino(8,7,6-cd]indazole-6(2H)~one; 

2-(2-[(2-hydroxyethyl)amino]ethyl)-5-[(3-aminopropyl) 
amino]isoquino(a,7,6-cd]indazole~6(2H)-one; 

2~[2-{(2-hydroxyethyl)amino)e~hylJ-5-[(2-aminoethyl) 

amino]isoquino(8,7,6-cd]indazole-6(2H)-one; 
30 2-[2-[(2-hydroxyethyl)amino]ethyl)-5-[[2-(methylamino) 

ethyl]amino] isoquino[S, 7, 6-cd] inda~iole-6 ( 2H}-one; 

2~[2-[(2-hydroxyethyl)amino)ethyl]-6-[[Z-(dimethylamino) 
ethyl]amino]isoquinof8,1,6-cd]indazole-6(2H)-one; 
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2 .. [2-[{2-hydroxyethyl)amino)ethyl}-5-[[2-[(2-hydroxyethyl) 
amino]ethyl]amino]isoquino[S,6,7-od)indazole-6(2H)-one; 
2-[2-[(2-hydroxyethyl)amino]ethyl]-5-[(3-aminopropyl) 
amino]isoquino(5,6,7-cd)indazole-6(2H)-one; 

5 2-[2~((2-hydroxyethyl)amino]ethyl}~S-[(2-aminoethyl) 

amino}isoquino(5,6,7-cd]indazole-6(2H)-one; 
2-[2-[(2-hydroxyethyl)amino]ethyl]-5-((2-(methylamino) 
ethyl]amino]isoquino [5,6,7-cd]indazole-6(2H)-one1 
2--[2-[ (2-hydrox.yethyl) amino}ethyl]-5-[ [ 2- (dimethylantino) 

10 ethyl]amino)isoquino [5,6,7-cd]indazole-6(2H)-one; 
s-[[2-[(2-hydroxyethyl)amino]ethyl]amino)-2-[2-(dimethyl­
amino)ethyl]isoquino [8,7,6-cd]indazole-6(211)-one; 
5-[(3-aminopropyl)amino)-2-[2-(dimethylamino)ethyl} 

isoquino[8,7,6-cd]indazole-6(2H)-one; 
15 5-((2-aminoethyl)amino}-(2-[2-(dimethylamino}ethyl] 

isoquino [B,7,6-cd]indazole-6(2ll)-one; 
5-[[2-(methylamino)ethyl]amino}-2-[2-(dimethylamino) 
ethyl]isaquino [8,7,6-cd]indazole-6(2H)-one; 
5-[[2-(dimethylamino)etbyl)amino]-2-[2-(dimethylamino) 

20 ethyl]isoquino (8,1,6-cd]indazole-6(2H)-one; 
5-([2-[(2-hydroxyethyl)amino]ethyl] amino]-2-[2-(di-
methylamino)ethyl]isoquino[5,6,7-cd]indazole-6(2H)-one; 
5-((3-aminopropyl)amino]-2-[2-(dimethylamino)ethyl]i~o-

. . 

quin.o [ 5, 6, 7-cd] indazole-6 (2H) -one; 
25 5-[(2~aminoethyl)amino)-[2~(dimethylamino)ethyl]isoquino 

(5,6,7-cdJindazole-6(2H)-one; 
5-[[2-(methylamino)ethyl)amino)-2-[2-(dimethylamino) 
ethyl]isoquino [5,6 1 7-cd]indazole-6(211)-one; 
5-{[2-(dimethylamino)ethyl]amino]-2~[2-(dimethylamino) 

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

amino]isoquino [8,7,6-cd]indazole-6(2H)-one; 
2-[2-aminoethyl]-5-[(3-aminopropyl)amino)isoquino 
[B,7,6-cd] indazole-6(2H)-ane; 

35 2-[2-aminoethyl)-5-[(2-aminoethyl)amino]isoquino 

[B,7,6-cd] indazole-6(2H)-one; 

.. 
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2-[2-aminoethyl]-5-[[2-(methylamino)ethyl)amino]isoquino 
[8,7,6-cd]indazole-6(2H)-ona; 
2-c2-aminoethyl]-5-([2-(dimethylamino)ethy1Jamino]iso­
quino[a,7.6-cd]indazole-6(2H)~one; 

5 2-[3-aminopropyl}-5-[[2-[(2-hydroxyethyl)amino]ethyl] 
, amino]isoquino [B,7,6-cd]indazole-6(2H)-one; 
' 2-[J-aminopropyl]-5-[(3-aminopropyl)amino]isoquino 

[8,7,6-cd]in~azole-6 (2H)-one; 
2-[J-aminopropyl]-5-[(2-amino)ethyl)amino]isoquino 

10 ca,7,6-cd]indazole-6(2H)-one; 
2-(3-aminopropyl]-5-[[2•(methylamino)ethyl]amino]isoquino 
[8,7,6-cd)indazole-6(2H)-one; 
2-(3-aminopropylJ-5-{[2-(dimethylamino)ethyl]amino]iso­
quino [B,7,6-cd]inda2ole-6{2H)-one; 

15 5-((2-((2-hydroxyethyl)amino]ethyl]amino]-2-[l-amino-
propyl] isoquino (5,6,7-cd)indazole-6(2H)-one; 
5-[(2-[(2-hydroxyethyl)amino]ethyl]amino]-2-[2-amino­
ethyl)isoquino (5,6,7-cd)indazole-6(2H)-one; 
2-((2-rnethylamino)ethyl)-5-((2-{(2-hydroxyethyl)amino) 

20 ethyl]arnino]isoquino [B,7,6-cd)indazole-6(211)-ohe; 
2-[(2-methylarnino)ethyl]-5-[(J-aminopropyl)arnino)isoquino 
(8,7,6-cd]indazole-6(2H)-one; 
2-((2-methylamino)ethyl}-5-{(2-aminoethyl)amino]isoquino 
(8,7,G-cd]indazole-6(2H)-one; 

25 2-((2-methylamino)ethyl]-5-([2-(rnethylamino)ethyl] 
amino]] isoquino [.8, 7, 6-cd] indc:'Zole-6 (2H) .... one; 

2-[(2-methylamino))ethyl]-5-([2-(dimethylamino)etbyl] 
amino) isoquino. [B, 7, 6-cd) indazole-6 (2H)-one; 
2-[ (2-metbylamino) ethyl)-5-([2-[ (2-hydroxyethyl) amino] et 

30 hyl]amino]isoquino [5,6 1 7-cd)indazole-6(2H)-one; 
2-c (2-methylamino) ethyl]-5-[ (3-aminopropyl) andno] isoquino 
[5,6,7-od]indazole-6(2H)-one; 

2-[(2-methylamino)ethyl]-5-[(i-aminoethyl)amino)isoquino 
[5,6,7-ed)indazole-6(2H)-one; 

35 2~((2-methylamino)ethyl]-5-([2-(methylamino)ethyl] 

amino)isoquino [5 1 6,7-cdJindazole-6(2H)-one; 

• 
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2-((2-methylamino)ethyl]-5-[{2-(dimethylamino)ethyl] 

amino) isoquino [5,6,7~cd]indazole-6(2H)-one; 

2-methyl-5-[[2-(dimathylamino)ethyl]amino]isoquino 

(B,7,6-cd]indazole-6(2H)-one; and 
5 2-methyl-5-((2-(dimethylamino)ethyl]amino]isoquino[5,6,7-

. . 

cd] indazole-6 (2H) -one, as their free bases and their salts 

with pharmaceutically acceptable salts •. 

a. A pharmaceutical composition suitable for 
the treatment of tumors in a patient comprising a compound 

10 according to claim 1 and a pharmaceutically acceptable 

diluent or excipient. 

9. A n1ethod of .treatment of tumors susceptible 

to azaanthra.pyrazole treatment in a mammal requirin9 such 

treatment comprising administering to the mammal an 
15 effective anti-tumor amount of a compound according to 

o.laim 1. 

lo. A process for the synthesis of a compound 

aocording to claim 1 wherein R is hydrogen or hydroxy; 

one of X a.nd Y is a carbon atom and the other is a 
20 nitrogen atom, with the proviso th_at when Y is nitrogen, 

R is hydrogen; 
A and B are the same or different and are selected from 
the' group of C1-C10 alkyl or phenylalkyl; 

CrC10 alkyl having one or two substituents selected :Crom. 

25 the group _consisting of OR1 and NR2R3 ; C2-C10 alkyl 

interrupted. by one or two oxygen atoms or by one -NR.i­

group, and beirig said C2-C~ alkyl optionally substituted 

by one or. two hydroxy (OH) or NR2~3 groups; 

R1 is selected fron\ the group consisting of hydrogen, 

30 C1-C6 , alkyl, phenyl, phenylalkyl, -S(02)ll5 , Cz~C6 alkyl 

optionally substituted by NR2R3 ; 

R2 and Rl may be the same or different and are ·selected 

f~om the group consisting of hydrogen, c 1-C1u alkyl, 

phenylalkyl, phenyl, C1-C10 alkyl substituted with one or 

THlS SHEET HAS BEEN 
REPLACED 
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two hydroxy {OH) groups, or Ri and R3 taken togethel'.'.' with 
the nitrogen atom to which they are attached form an 

ethyleneimine ring or a 5- or 6-mernber aromatic or 

non-aromatic heter~oyclic ring which optionally contains 
5 another heteroatam such as sulfur, oxygen 

\ or nitrogen; 
•• R.t is sele.cted from the. group consistinq of hydrogen, C1-C10 

alkyl, c 2-C10 hydroxyalkyl, c2-c10 alkyl substituted by 

NR2R3 , phenylalkyl, phenyl; · 

10 R, is selected from the group consisting of c 1-c10 alkyl, 

c,-clO aralkyl; 

15 

said method oomprisin9 the steps of: 

a) reacting compounds ·Of formula (III) with an alkyl 

hydrazine of formula (IV): 

(~V) 

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 preser1t in B', to give a 

20 compound of formula (II); 

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

(V) 

where A' has the same meanings as A is defined 
in formula (I), or A' is a group that can be converted 

25 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·ar are different from A and/or a, 
compounds of formula (I') are converted to compounds of 

30 fo:,;mula (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 synthesis of compounds of 

formula (III') wherein z = OTs depicted in scheme 2, said 

method comprising the following steps: 
(c) the Friedel and Craft acylation of 

5 1,4-difluorobenzene with pyridine-J,4-dicarboxylic 
'· anhydride.s (VI) where Re; is hydrogen or a suitable 

protecting group of the hydroxy function such as methoxy 
or benzyloxy, in presence of A1Cl3 which leads to the 

regioisomeric keto-acids (V!Ia) and (VIIb) ; 
10 (d) reaction of the ketoacids (VIIa) and (VIIb) 

with sodium methoxide in methanol leading to the 
regioisomeric methoxy-substituted ketoacids (VIlia) and 
(VI!Ib}; compounds (VIIIa) and (VlIIb) where Ro is 
hydrogen can be reacted as such in the following step; 

15 when R6 is different from hydrogen compound . (VlIIa) is 
purified by crystallization and reacted as pure 

re9ioisomer; 
(e) reduction of compounds (VIIIa) (R11 different 

from hydrogen) with Zn/cu couple in· formi_c acid leading to 
20 (IX); when~ is hydrogen, the acids (IXa} and (IXb) can 

be separated by chromatography yielding the pure isolated 
regioisomers (IXa) and (!Xb); 

(t) cyclizatian of the appropriate acid (IX) by 

heating a suspension of the compound in polyphosphoric 
25 acid leading to the benzo[g]isoqu!noline (X); 

(g) oxidation of the. compound (X) to the 
correspondinq dione (XI) by cerium ammonium nitrate in a 
mixture of acetonitrile and water; 

(h) removal of the methoxy group of the dione 
JO (XI) by aluminum chloride in methylen@ chloride leading to 

compounds (XII) which correspond to a nlixture 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 

AlC13 ; and . 
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( i) the final functionalization of the :free 
hydroxy qroup of (XII) by means of toluenesul!onyl 
chloride in pyridine leads to the desired compounds (III') 

wherein z = OTs; when Rt; is a protective group of the 

5 hydroxy function, it can be removed according to the 

methods well known to the expert in the art, thus leading 

to compound (lII) where R is OH • . . 
12. A method tor the preparation of compounds of 

formula (III') depicted in scheme 4, said method 
10 comprising the following ~teps: 

a) lithiation of l-chloro-4-fluorobenzene with 
an alkyllithium reagent such as sec-butyllithium in THF at 
-75°C to 9ive 1-lithi~-5~chloro-2-fluorobenzene (XIV); 

b) acylation of l-lithio-5-chloro-2-

15 fluorobenzene (XIV), generated in situ accordin9 to the 

above step, with pyridine-3, 4-dicarboxylic anhydrides (VI) 

to give the ~ixture of keto-acids (XVa) and (XVb) which 
can be separated into the single pure compounds by 

recrystalli~ation from a solvent or by sublimation; 
20 c) reduction of the pure keto.-acid (XVa) with 

Zn/Cu couple or Zn powder in 75% aqueous formic acid (15' 

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

d) oxidative cyolization ot (XVI) with fuming 
25 sulfuric acid {20-30% so3 , 10', 130"'C) to give the 9-

chloro-6-fluorobenzo[g] isoquinoline-5,10-diones of 
formula (III'') . 

. . 


