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19 BIS!SUBSTITUTED»AHINO!BERZO[9IISOQU “OLIHE-S 10~-DI~

ONES

BACKGROUND OF THE INVENTION

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

amino)benzo{glisoquinoline-5,10~dicnes, and more parti-
,culakly, to 6,9-substituents which are (aminocal-
kyl)amino substituents. These compounds have been shown
to have antitumor aciivity in vitro and in vivo.
10 Background
Certain 1,4-bia[(aminoalkyl)aminolanthracene-9,197

diones have been reported which show antitumor activity
in clinigal trials. Of particular interest has been
‘ametantrone, 1,4—bié{[2—{Z-hydroxyethylamino)ethyl]ami~
15 nojanthracene-9,10-dione aﬁd mitoxantrone, 5,8-dihy-
droxy-1,4-bis{{2-(2-hydroxyethylamino)ethyl}amino}an-
thracene-8,10-~-dicne. (Zea-Cheng et al., J. Med. Chen.,
{1978), 21, 291-4; Cheng et al., "Progress in Medicinal
Chemistry", Ellis, G.P. and West, G.B., eds.; Elsevier:
.20 Amsterdam, 1983; pp. Zb,'BB and referances cited the-

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

to doxorubicin, some clinical cardidtoxicity has been

30 obgerved also with mitoxantrone, mostly in patients
pre'viously_treated with doxorubicin (R. Stuart Harris
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 This Sheet Has Reen

[



o .
Backg'r" ound Certain 1, 4-bi s[(a_r'n' hoal kyl ) am no] ant hr acene- 9, 10- di ones
have peen reported which show antitunor activity in clinical trials. O

particul ar interest has been anetantrone, .
1, 4-bi s[ [ 2- (2- hydr oxyet hyl ani no) et hyl ]lam no} ant hr awﬁeSH%ﬁEﬁ?lB&% and

m t oxantrone, -
5, 8-di hydroxy-1, 4- bi s([2 (2- hydroxyet hyl am no) et hyl | am no] ant hracene-9, 10-d

Zee- Ch 1 d 7 2 9 e eled-,
Brogrces 1 n NG Btidl 1ametEl (15REN},; 2033 End et ghindee ARG e

El sevi er: Amst:eeﬁnm. 1983 pp. 20, 83 and references cited therei n).

M toxantrone is a broad spec- trum opcolytic age whqse agti vi IS .
simlar to that of DMMELARCKCRE ‘i‘%egﬁﬁﬁ Bﬁ%’toxq;%‘%x'é?u e nl‘naﬁ'}#&%(fs'
trials have deghoQpstpalredd hafsdligsbeant raie dasdDatdksy! ehhh [ 06 BTG
activity in the treatnent of advanced breast cancer, acute |eukenia and

| ynphona 5Legh|aro®euggemau§@day qellzynd Amx Bohy et rbaghved wallystiidites
have denonstrated a dimn- | car.di, o ari,son

doxor ubi ci n, <BhEC¥XRPEILLL c”a&ﬁ’bt 8531“&?%‘9 ﬁ%gléﬁer?fgbgg?vetd“’al éﬁ“ﬁft 194

m tOX- antroneyy, avﬁt bY iYbdad | eAt foRl mneuslbxéatﬂw %%tatd@%ﬂﬂé@f&@- (R

Stuart Harris et Lancet (1987)," 219 and references cited thereln)
Amet ant r one halsxbeeranta;tmmwd tosBgesi ni&niiml spgabebedlmhaﬂdthess:w ent

and cardi otoxic than t a cause e t 0Xi Ci t ser ved

only with m tﬁ%‘h‘f?oﬁ? er a@*ﬁ%h%%’r%ﬁ’? o%“q’o?dkiﬁ‘ggf% gPuﬁ‘si .

route top might be implicated in the delayed deaths (Corbel:t et
‘al., Cancexr chemother. Pharmaqol., (1981), 6, 161).

In addition, both mitoxantrone and ametanktrone
have a remarkable myelodepressive toxicity and both
compounds show crosg-resistance to cell histotypes de-

15 veloping resistance against doxorubicin mediated by

overexpression of glycoprotein P. Buch a resistance,

| which is named multidrug resistance, involves a number

of antitumor antlbxotics, among which amsacrine and po-

dophyllotoxinic derivativegs, and it ic one of the main

20 reasons for therapeutical failures in the treatment of
solid tumors with said antibiotics,

Therefore, search is required for novel anthrace-
riedione antitumor agents, having a higher thérapeuticél
index than mitoxantrone and being e,E'fective both in

| 25 inhibiting or delaying the growth of those solid tumors
which are more refractory to chemotherapeutic treatment
(such as lung, breast and colon tumorsg) and against tu-
mor histotypes developing multidrvg resistance.
. In the search for egafer, active analogues of
30 anthracenedioner, c¢ompounds bearing hydroxy substikuents

and/oxr (aminocalkyl)amino side chains at various posi-
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non-tupof bearing rats at equieffective antitunor dosages, it is suggested
t hat tlhe. presence of the 5, 8-dihydroxy sub- stitution jih—mtoxan Mnght
be implicated in the del ayed deaths (Corbett et al., a%&rS@E@nM%grﬁE

Phar macol . (1981), 6, 161).. In addition, -both nitadxant r RECLAGHD
anet antrone have a remarkabl e nyel'8depr essi ve toxi cit y=armd=t0oTNh conpounds
show cross-resistance to cell histotypes devel opi ng resi stance agai nst
doxorubi ci n megiched &y @ner eXPEREAtene oY , Dbydioner aiwr hats Jumve abeen
resi stance, which is nanmed nultidrug resistance. involves nunber of
antitumor antivhefied anong ﬁﬁb&ﬂganﬁﬁcr?%e'anﬁrbgaopﬂ§lI Exi Rvkure,

derivatives, aﬁfbé?) i s 0”5295 %Bﬁh%hnnB@éiﬁPQSl&BEobBﬁEﬂF&eUt ' cal failures
in the treatnment o Id tunors with said antibiotics. Ther ef or e,

search is required Am—nanél ddatzlar mmw@ns—amm-mm@em@h Havﬁng—a

hi gher thera tical inde to tron nd, be tiye both in

i Ingl bitimny p T 'Ea%lh'axi’ﬁéréi’swﬁ“‘b?é?ﬂ%%C’E%f?‘d%ﬁ%ﬁ& &Mﬁ@ Idér""é'em)reI
refrac- tory t 0y phemog heLgpepl i fiokyEat wﬁmb;@énkaraubeaa%oaaﬂeaol on

tunors) and agarnst tuhor hi stotypes devel oping nultidrig resistance.
In the search 5ptosdiene adi@lve aﬁa!-dgi&(setﬁomhrlaonnkdm@neébenamﬁqdﬁds

beari ng hydr ox ubst tuen [ or noal e.chajn
vari oug pgsi ti h'ée %t?ﬁa é?l%e(?%-’dl &‘Yy %t ggsﬁ v@¥heRR fu8| ed
(Cheng et al. aPr UQ@yQEhéBEsFUt 1083,(39383) TR sa2VomiidiliPad Hetabkepor-

|rrproverrent " Aza- and di aza ant fracene-9, 10- di ones such as
6, 9- bi s(¥2 hox yheat bonyloam g benxefgtadi nolhcne 5the- di anet {Mymor 1,4~
bis{ (aminoalkyl)aminojanthracene-9,10-diones; however,

no antitumor activity data was reported for any of the
above compounds. l1-{(aminoalkyl)amino} derivatives (4)
of 6,9~dihydroxybenzolg)isoquinoline-5,10-dione related
15 to mitoxantrone have been disclosed as DNA intercala-
toxrg but they were cvompletely devoid of any "in vitro"
or "in vivo" antitumor activity (Croisgy-Delcey et.al.
Eur. J. Med. Chem., (1988), 23, 101-106).
The 6,9- bls[{amlnoalkyl)amino]benzo[g)quinoline—
20 5,10-diones of formulas 5a~-d (see Table 1) were disclo-
sed in J. Med. Chem. (1985), 28, 1124-26, where they
were referred to as 5,8-bis{(amlinocalkyl)amino]-l-aza~-
anthracenediones,
As reported in table 1Y herein belovw reported the
25 priox art compounds 5 are clearly less active than the
corresponding carbocyclic analogues (6). '
In fact, as reported in table II, the compounds 5a
- »and 5b are less cytotoxic than the analogues fa and 6b.
Moreover the compound 5a, which is poorlj cytotoxic in
30 vitro, is inactive in'vivo, and it is both less active

and less potent than the carbocyclic analogue 6a.
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6, 9-_pi3$‘-( et hoxycar bonyl am no) benzo[ g]'i soqui nol i ne-5, 10-di one (2),
6, 9- bi s( et hoxycar bonyl am no) benzo[ g] qui nazol i ne- B+38—et+ore—t3—mer e
di s&l osed by Potts et al. (Synthesis, 1983, 31). TH&@HEBWné%ENN e
reported to be related to the antitungyr REPLACED
1, 4- bi s[ (am noal kyl ) am nol ant hr acene- 9, 10- di ones;~TTOWEVEr, no antl1t unor
activity data was reported for any of the above conpounds.

1-[ (am noal kyl ) am nol derivatives (4) of .

6, 9- di hydr oxybenzo[ Byesodhiowsh ,-‘)Itﬁ’%ﬂ%ir‘ﬁf 2EqAR o MAELELRNPMLAS Hhve
been di scl osed _as DNA j | 31,00, P Uhed NEYnNET &1 Y Gl Yidev@fEwit any
"in vitro" or cf"ﬁmef‘v&'ﬁaﬁéﬁ u%r t.'?i’ct i v?ty (Croisy-Delcey et al., Eur. J.
Med. - Chem ,; (1R88%, be3evaQibated) case b¥hgase, -

6, 9- bi ' | kyl ' b i pol i ne-5,.10- dj d

Cvoe bt o 1) Caer o Brocigue s pagt SRt (8aRe Dotk P83 hnalpilER® W C

t hey vve'reg(rjef eéf‘ﬁgfsefﬁ%é&k@ S{K@nbg@ah;kyg,}amtmalc{ﬂm- abéhrdgernsddiwones.
intable.

As report herein bel ow reported the prior art coppounds 5 are
clearly | ess achate than fhérodncbépondefi ng oakbeegeni cabeml ok (e

In fact, as reported in tgble Il,° onpou Sbegse dfisk
cytotoxi ¢ than f‘ﬁbréﬁglng gg%asﬁﬁ%gggg %r e(@ggrri?‘ﬁg%%énpgﬁ{r‘]d dSa, W oh i s
poorly cytot OXBEtEM\é' [ Oyn | §abRaGiHeYeast - Fhlyot iBntetit dtHotden atiomet i ve
and | ess potent than fhe carbocyclic anal ogue 6a. Even t hoygh the

i ntroducti on ofxen ¥mter catekoirdca Hhmohgr cresEeFRORHANRe ANt iEACeRe-

chem st réP its ,effect argést.nba%tg@uzﬁegi%s,e by case. In this

parti cul caséi"gf'egza- qnal ogues of “ant hracenedi ones the prior art
t eachi ngs clearly showst hat pehsohniskddded in the art, would have not

considered the introduction of heterovatoms into the

anthracenedione skeleton as a possible way to obtain_-
more effective antitumor agenté.
15 It 3is well known that the screening for the disco-
very of the antitumoxr agent mitoxantrone (J. Hed.
Chem., (1978), 21}, 291-4) among a number of analogues
has been carried out by using the expefiﬁental'mcdel of
" murine leukemia P388: this model is then_predicéive of
- 20 antitumor activity in humans a2t least for this class of.
ankitumor antibiotics. Many other elinically active
- antitumor antibiotices are active on .mt-:rima leukemias
p388 and L1210 such as m-amsacrine and doxorubicin,
. Moreover mitoxantrone has shown good activity in
25 other significative experimental tumore such as murine
Lewis lung carcinoma ahd MX)l human mammary carcinoma.
Wwe have how discovered that the compounds of the
invention 6,9~bis[(amiﬁoélkyl)amino}benzc[g]isoquinoli#
~ ne-5,10-diones are active as antitumor agents: they are
30 | highly éffectjve against murine Jleukemias leio and
P388 and against Lewis lung carcinoma and HMX1 human

-_—
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tion of a nitrogen atominto the ant hr acenedi one skel eton is détriment al

for antltum)r act|V|ty

| ess cytotoxic than the correspondlng ant hracened

bAg 1]

Vi VD
person skilled in the art,
het eroatons i nto the ant hracenedi
nore effective antitunor agents.

for the discovery of the antitunor agent mitoxantrone (J..
21, 291-4) anong a nunber of anal ogues has been carried out by

(1978),

In fact the aza- substltutjd”ﬁgqﬁ;
[

%@'B@Eﬁc are
oneS ‘a2 Adﬁ')c ive TlhEs ]

woul d have not cansidered the introduction of
-. onegskel eton as a possible way to obtain

is well known that the screening
Med. Chem,

using the experﬁamm&ﬁy eagdeinomawurine | eukemi a

Table f
Prior art compounds

5
Q NHCO,EL
“
>N
10
0 NHCOzgt
}
O  NHCO;Et
- -~
sk, _
o  NHCOE
.3_. .
0] NHR
20 [© l
—~
N
- o NHR
53 Re CH,CH,N(CH3Y .

25 3b Re CH;CH;N(E!);

—

8 R=CHoCH,CHaN(CHy)y

5d R= CHyCHaNHCOCH

30

O NHCO,E!

Aa R= C"zC“;N(C" 3)2
4_b Re C“zﬁ“zt“zN(Elh
.4£ R= CHZCHzNHCH;CHZOH

68 R=CH CHN(CH;),

6h R CHCHN(EY,

‘“‘f*f——-__;______\
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P388: this nodel
| east. for this cl
acti.ve anti tunor
such” as m.ansacri
good activity in

Lewi s l-ung carci noma and MX1 human manmary car ci noma.
di scovered that the conpounds of- the invention
6, 9- bis[(aninoalKyabgaimm]benzo[g]isoquinoIine

antitunor agents:
and P388 and agai
Tabl e | Pri

10

15

20

25

 ~NR,R

390

IS then predictive of antitunor activity in humans at
ass of ‘antitunmor antibiotics. Many other cllnlcally
antibiotics are active on nurine | eukp S e—i4
ne and doxor ubi ci n. zpreover nltoxaﬁﬂﬁbﬁBEEb§A§H§$N
other significative experinmental tunofs sucREPLACERIri ne
V& Nave Nnow

5,10-di ones are active as

mobitunpe | BABLEAEE! ok Sr AR o e T
25afhbtCORRPYRES 1 - 1210 leukemia (from J. Med. Chem.
(1985), 28, 1124-1126)
in vitro in vive

IDg, (pg/m1) Dose (mg/kg) TiC
5a 0.16 50 130
;; 2.4 100 toxia
5c 1.7
;; 0.08 30 150
&b 0.30

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

(1)

O NHR '

(X

O

NH-R

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

C3-Cyp alky)l having one or two substituents selec-

ted from the grouwp consisting of OR, and -NR, R,

“Clo alkyl interrupted by one ox two oRygen
atoms or by one member selected from the group con-
gisting of hNR4—, cis ~CH=CH, trans -CH=CH-, -C=C-, and

optionally substituted by one or two hydroxy (OH) or

,Ry groups;
Ry
Ca

5'

is selected from the group consisting of hydro-
-Cg alkyl,
—S(OZ)RS;'CZ—CG_alkyl optiocnally substituted by

gen,

-COOR

phenyl, €;-Cyo aralkyl, -CHO, -COR,
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R, and Ry may be the same or different and are sa-

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

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

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

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

85 free bases and their salts with pharmaceutically

acceptahkle acids.

The present invention also concerns the tautomeric

formg, the single epantiomers and diastereocisomers of

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

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

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

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

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

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

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

atoms or by one mémber gelected from the grouP consi-

sting of —NE; cis-CH=CH-, trans-CH=CH-, -CE2C~ and
optionally substituted by one or two hydroxy or -NR,R,
groups, at least two carbon atons are preferably inter-
posed beiwegn sald oxygen atoms and/or the -NR, - and
-NR R, groups. _

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

terocyclic ring which may contain another hexroatom

.such as sulfur, oxygen and nitrogen, preferred examples

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

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

group consisting of:

This Sheet Has ‘Been Replaced
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- residue.of formula Atcnz)p-NHz wherein p.Ls 2, 3 or
4-
~ xesidue of formula —(CH ) -NR2R3 whereln p is as.
above defined and R, and R, are a C,-C, alkyl or taken
5 together with the nitrogen atom, they fo;m an heterocy-

clic ring selected from the.group congisting 0F l-ethy-
leneimine, l—pyrroiidine, 4-moxrpholine, l—piberazine,
‘4-methyl-l-piperazine, 4-benzyl-l-piperazine, 1-piperi-
dine, ' - .‘

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

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

15 - above defined
- residue of formula ~(CH,, ) —NH-(CHZ} ~OH wherein p and
q are 1ndependenbly an 1nheger selected from the group
congisting of 2, 3, 4,
"= residue of formula —(CHZIP~0H wherein p is as above
20 defined
- - residue of formula_—(cnz)pwo—(CHEEfOH whezein p and gq
are as above‘defined.
Bpecific examples of the preferred compounds of
this invention are as follows:
25 6,9-bis ([ (2~ (am;no)ethyllamxnolbenzo[gjisoquinoline—
- 5,10-dione;}
6, 9—b15{[2-(4'-morpholino)ethyl]aminolbenzc[gllsoquiho~
line-5,10-dione;
6,9-bis(l2- (dlmethylamxno)ethyl]aminolbenzo[gllsoquino~
30 'line ~5,10-8iéne;} -
G;QTbisl[2~(diethy1amino)ebhy1]amino)benzolg]isoquino—-

This Sheet Has Been Replaced
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3 R _ : .
Antitunor activity of prior art conmpounds 5 and 6 agai nst

Tabl e 11

murisne L 1210 | eukema (fromJ. Med. Chem (1985), 28, -

1124-1126) " TTHIS SHEGTOHAS BEEN

in vivo 10 I Dl ef r] ([ cREPLOCHD) e
(my/kg) T/C . : o165 50
130 _ : ’ 2.4 100

toxic ' _ 1.7

line-5,10-diones

6,9-bis{l2- [di(sec~propy1}amino}ethyl]amino!benzo[g}—

isoqu1n011ne—5,10—dlone;

5 nolina~5,10~dione;

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

6,9-bis{f{2- t1'—aziridino)ethyl]aminolbenzo[g]isoquinOe

line~5,10-dione;

6,9—bis[[2-(methanesulfonyloxy)ethylJaminolbenzo[g]iso-

guinoline-5,10-dione;

10 6,9-bis {[4-(amino)butyl)aminolbenzolglisogquinoline-

5,10-dione;

6,9-bis [[3-(amino)propyl) Jamino}benzolg)isoquinoline~

§,9-bis [[2-[ (2-hydroxyethyl)amino]ethyljaminolbenzoly]-

15 isoquinoline-5,10-dione;

6,9-bis{[3- (dimethylam;no)propyl]amino]benZOIgllsoqui-

holine-5,10-dione;}

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

5,10~dione;

20 6,9-bis{|{2~(2-hydroxyethoxy)ethyl)laminolbenzolag]iso~

quincline-5,10-dionge;

6,9-bis{l2-{methylamino)ethyl}aminclbenzolglisoguineo-

line-~ 5,10-dione;

6,9-bis{{2- (ethylamino)ethyl]amlno}benzo(g]lsoquinull-

25 ne-%,10-dione;

6,9-bis{l2-(h-propylamino)ethyllamino]benzo{ygl}isoqgqui~

noline-5,10-dionej;

6,9-bis{[2-~ (sec-propylamxno)ethyl]amino]benza[g]isoqul-

noline-5,10-dione;

30 -6 9-bislli2- (QU?nidlno)ethyl}aminolbenzo(qlisoquinoline—

5,10-dione;
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6a . 0. 08 30 150

6b . 0.30 BRI EF SUMVARY OF THE | NVENTI ON  p——Fhe—corpouhds—of

the.invention have the formla (1) 11 THIS SHEET HAS BEEN
; ' - REPLACED

6,9-bis{[(2-amino~2, Z—dimethyl)ethyl]amino)benzo[g]iso~

quinoline-5,10-dicone,
The compounds of this invention can be prepared by

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

< ' {(11)
Na

5 of formula (I1)

;0
with a compound of formula (XIXIX) )
R'~NH2 (111)
wharein R' has the game meanings as defined irr formula
15 {1} for R or it is a group which may be converted to R,
to give a compound of formula {(Ia}:
O NH-R'
"]
20 Nao ' (Ia)
0 NHI-R®
and then optionally performing one or more of the fol-
lowing steps:
25 a) when R' is other than R, converting R' into R
to obhtain a compcdnd of formula (1)}
b) when R! is one of the groups defined above for
R in compounds of formela (1), and in which case the
compounds of formula {Ia) are the same as the compounds
30 of formula (1), R' can be optionally conVExted into
another R group to give another compound of formula
This Sheet Has Been
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wherein Ris

(a) -(CH2)[err]-NH2~and pis 2, 3or 4, or .(b)

-(CH2)[err]-NR2R3"and p is 2, 3 or 4 and wherein Rerr] and R3 are a
Clerr]-C[err] alkyl or taken together mﬁ;?éthe ni t rogen atom forma
het erocyclic ring selected fromthe grou onsi sting of TE
-pyrrolidine, 4-norpholine, 1- pi perazi ne, 4-nethyl - IBEbSﬁgﬁjqégHﬁ%N
4- benzyl - 1- pi perazine and -1 -pi peridine, or (c) -(CH )[errﬁﬂﬁm@EQewr]

and pis 2,3 or 4

al kyl, or

10

is

20

25

30

(ﬁyq wherein Rerr] is hydrogen and R3 I's (Jerr|-(err]
c) optional salification and/or solvation of the
obtﬁined compoundg of formula (1) or separation of the

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

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

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

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

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

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

-re ranging from room temperature to 50°C.

If 3t is desired the compounds of formula (1) in
which R is an hydroxyalkylamino alkyl group of formula
—(cnzipmuu-(cuz)q—ou, wherein p and q ate as defined
above, can be obtained by reaction of a compound of

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

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

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

wherein E is a hydroxy protective group such as a

 trialkylsilane, (dialkyl)arylsilane, formyl, acetyl,

M_
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[err] - and pis 2, 3 or 4, or J (e) -(CH2)[err]-NH-(CH err])g-OH and
(f

p and ¢ are-independently 2 3 or 4 or ) -(CH2)[err]-OHand pis 2,3"
or 4 or CH2 err -0 (CH2)g-OH and p and g are i ndependently 2,3
or 4" as fr e ° salts with pharmaceuti - cally acceptable
aci ds. entlon al so concerns the tautoner

singl e enant tereoi soners of the corrpoundsr SHEETHAS BE as
wel | as m xtures thereof The present invention al 40 congeppsCEDhe
non-toxi c salts of the compounds of fornula (1) with ac| or

phar maceutical and veterinary use such agXxhose obtained by addition of
I norgani c acids |i ke hydrochloric, hydrobrom c. :

which reaction may be bphionally followed by removal of

the protective group E.
1£ it is desired the' compounds ‘of formula (1) in which

R is a group of formula —(CH ) -NR, R4 wherein one of R,
5 or R, is hydrogen and the other is hydrogen or a Cl--t:!‘5
alkyl may be obtained by reaction of compound {(II) with

a monoprotected diamine of formula {V):

wherein Ry is hydregen or a Cy~C. a;kyl and p and R
1o are as defined in formula (1), to give a compound of

formula (Ia) in which R' is a group of formula
-(CHz)p—N(COORS)RB, which reaction may be followed by
removal of the protective group COORS.
Usefu;'teachings for‘the removal of the above men-
15 tioned protective groups can be found in Green, &.w.,
Wots, P.G.M,, "Protective GrouPs'in Organic Synhesis“,
second Edition, John Wiley and sons, (19%91).
_The compounds of formula (I) in which R is a group
‘of formula u(cnzlp—Nnuc(=NH)NH2 can be prepared by re-
20 action of a compound of formula (IXI) in which R is a
grovp of formula »(CBz)p—NHZ with the réagant.of formu-
la (vI):
' B, N-C(=NH)50 H | (V1)
_ for example following the procedure described in
25 retra. Lett. (1988), 29, 3183-3186.
The 6,9-difluorcbenzolglisogquinoline-5,10-~ d;one of
formula (11) may be prepared by a multistep procedure
v involving the Friede)l-~Crafts acylation of 1,4-difluoro-
benzene with pyrldine-3,4-dicarboxylic acid anhydride,
_ 30 which results in compounds having the strbcture accox-

ding to formuolas {VIXIa) and (VIIb):
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organi ¢
fumari c,

and st he I|
i nvention are as

6, 9- bi s{[(2- (an1no)ethy|]an1no]benzo[g]lsqu|nollne 5, iﬂadhone————————- -
4' - nor phol i no) et hyl ] am no} benzofg] i soqui nol i ne-5. 1 0-di one;
I met hyl am no) et hyl ] am no} benzo[ g] i soqui nol i ne-5, 10- di one;

6, 9- bi s{|
6, 9- bi s{

epbaetd c, propip ic, citric, benzoic, lactic, maleic,

|c glutam c. aspartic. gluconlc ascorbi ¢ _acids
f|c exanpl es of the preferre WWSHKS‘ BEFW $ -
REPLACED

2-(

[2-(d
6,9-bis{[2-(diethy|anino)ethyl)aninohpenzo[g]lsqu|nollne 5, 10- di ong;

[2-(d

6, 9- bi s{

0

15

20

25

30

i(sec-propyl)aninekﬁhhy

-
N

0 F
(V1la) | (V1ib)

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

The ecompounds of formula (III),;(IV) and (V) are
known, commercially aVailable or they can be prepared
acvordingly to known procedures. '

For example, the compounds of Eormula (v) may be
prepared according .to the procedures described in
Synth. Comm., (1880), 20, 2559 and in 3. Med. chem.,
(1990), 33, 97.

The evaluation of the biological activity for the
compounds of this~ invention 'was performed "in vitro®
and "in vivo" following the protocols developed by the

U.5. National Cancer Institute. |

The evalvation of the "in vitro® cytotoxic acti-
vity of the compounds of the invention was pexformed
using a human colon adenocarcinoma cell 1ine (Lovo)
isclated from a metastatic nodule and a subline with
.aquired resistance to a number of antitumor agents,
among which doxorubicin, VP-16 and vincristine. This
subline {named Lovo/DX) shows reduced accumvulation of
doxorubicin and overexpression of -a protein (Grandi,
M., Geroni, C.,.Giuliani, F.C., Bri'tis,h, J. Cancer,
(1886), 54, 515). The compounds were tested according
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guantitation of cytotoxie ‘and growth inhibitory lym-
phokines", J. Immunol. Methods, (1984), 70, 257-268) in
comparigson with mitoxantrone, ametantrone and doxorubi-
cin. The data are reported in table VI,

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

15  benzolglisoquinoline-5,10-dione  (1Da) described in
example 4 of the experimental section. When ametantrone

or mitoxantrone were tested in the Lovo/DX cell line, a
resistapce index R.I. (defined as the ratio of the IC50
for the resistant cell line to the 1Cq, for the sensi-

20 ble vell line) as high as 101.2 and 29.0 respectivelly
was found, showing that this subline did have an aqui-
red resistance to mitoxantrdne and ametantrone. On the
othey hand, when representative compounds of this in-
vention were tested in the same resistant subline no

25 vross resistance with mitoxantrona and ametantrone oc-
cured, as can be observed for compounds 10a, 1l2e¢, 10b,
l0e and 10d described in the examples 4, 22, 5, 8 and 7
of the experimentallsection, respectively., ‘these com-
pounds, in genevral), showed on this resistant subline the

3o same ICg, shown by ametantrone on the sensible Lovo

‘celd line. Compound 10a, in particular, was more active



The conpounds—e%—fhfs—fnvention can be prepared by reaction of
6, 9-di fl uor

with ac

-\

10
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3o

b

éﬁ% ]héggglnollne 5, 10-di one of for- nmula (I1) [err]

Ia (1) |
“ \ ' * | THIS SHEET HAS BEEN
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than mitoxantrone in the Lovo/DX cell line.

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

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

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

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

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

ted/cell number DMSO alone] x 100. |

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

studies of the biological activity "in vivo"

of representativa compounds ‘of the invention were per-~
formed using the P 388 and L 1210 murine leukemia mo-
dels. _
 p 388 murine leukemia cells were intraperitoneally
(ip) or intravenoual& t{iv) injected in CD2Fl mice. Tre~
atment was inikjated approximately 24 hours after tumor

trapnsplantation and dosages of the drug were admi~



[err] .wherein R has the sane meani ngs as defined in fornula (1) for Ror it
Is a group which may be converted to Rlerr] to give a conpound of fornula
(la): [err]

THIS SHEET HAS BEEN
REPLACED

1?7

nistered ip (P388 ip/ip) or iv (P388 iv/iv) according
to preestablished' prxotocols, usual%y' at .3-day (P3BB
iv/iv) or 4-day (P388 ip/ip) dintervals. 'The studies
‘- were done over a 6Q—déy period and the date of death
5 for each animal was recorded. The % T/C was determined
using the mean survival time (MST) for each group ac-
cording to the formula
% T/C = [(MST treated)/(MST control)} x 100
For esxample two representative compounds of this
1o invention, nhamely 6,9-bis{{2-(aminoc)ethyl]amino}benzo-
{glisoquinoline-5,10-dione 10i as the dimaleate salt
(10i maleate) described in example 12 and 6,9-bis({l(2-
. dimethylamino)ethyl lamino)benzolglizogquinoline~5,10-~
dione L0a described in example 4 showed an activity su-
15 perjor to that of mihoxantroﬁe in the P 388 iv/iv mo-
del. Compound 104 of the present finvention, both as the
hydrochloride (10i.HCl) and the dimaleatd’ salt
(10i.maleate) desaribed in example 12, was superior to
mitoxantrone also ,'ln' the P 388 {p/ip model. Moreover
20 the above representative c¢ompounds of the Jinvention
showed antilevkemic activity over é widé range of wall
tgleréted dosages and in particular they were active at
dosages which were lower than the ﬁaximum tolerated
dose, providing indication for a more favourable thera-
28 peutic index in'OOmparisoﬁ to mitoxantrone. The results.
are shown in table VIII and table IX.
he antitumor activity of representative compounds

of this invention wag evalvated alse in the Ir 1210 mu-

rine leukemia model. .
30 L 1210 leukemisa cells were intraperitoneally (ip)

injected in CDFl mice and treatment was initiated ap-
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and then optionally performng one or nore of the follow ng steps: -a)
when R- is.other than R err] converting R into Rto obtain a conpound of
formula (1); b) when R is one of the groups defined above for Rin
conpounds of formula (1), and in whi ch case the conpounds. g
an

5. of formula (la) are the same as the conpounds of grgHEﬁT(H\AS BEEN

be optionally convert into another R grqyp to give ano@&PLngnpoun
1

of formula (I);

proximately 24 hours.afﬁer tumor transplantation. Dosa-
ges of the drugs were adminigtere§ ip according to
preestablished protocols, usually at 4-day intervals,
The studies were done over a 60-day periocd and the date
'5 of death for each animal was recordeé. The % T/C was
determined using the mean gurvival time (MST) for each
group according to the formula
¥ 7/C = [(MST treated)/(MST control)] x 100
The resulte are shown in table X and XI
1o .Froﬁ table X the surprisingly superior antileuke-
mic activity of representative compounds of the inven-
tion (namely compound 10a of example 4, compound 10i.
HCl of example 12.ahd 6,9-bis{{2~(2-hydroxyethylamino)-
,ethyl]amino]benzo[g}isoQuinoline-S,lo*dione 01 prepa—"
15 red in example 17 (dimaleate salt}) in comparison to
the prior art compound S5a is evident. '

From table XI & clearly favourable comparison
again e.mérges between the exaéllent antileuvkemic acti-
vity'of compound 104 . HCl of the invention and mi-

20 ‘toxantrone. _

Activity'againsh solid tumors of the compounds of
the invention was demonstrated using the murine Lewis
Lung carcinoma and the human mammary carcanoma MX-1 mo-~
de;s. These tumor models are enclosed in the panel of

25 eight transplanted tumPrs used by the U.8.-NCl as
screaeh panel for selection of clinically ugeful antitu-
mor agents (R.K.Y. Zee Cheng and C.C. Cheng, "Sc.ree_n.ing
and evaluation of anticancer agents", Meth. and Find.

_ Expl. Clin. Pharmacol., (1988), 10(2), 67-101). As an
30 ‘ example, table XII shows activity data against these

two solid tumors of one representative compound of this
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c) optional salification and/or sol vaion of the obtained conpounds of
formula (1) or separation of the isoners t hereof . . The reaction
of the compound of formula (I1) with a conpound of for pta—d+3—-s—
general ly carried out in the pres- ence of a stoichiofethly SHERD HAS BEEM
slight nolar excess of a conmpound of formula (I11) in g sol vRBRLADEDh as
nmet hyl ene chloride, chloroform 1,1,1-trichloroethane, grmetoxyettrare;
t et rahydrof uran, di met hyl sul foxi de, dinmet A& fornmani de, pyridine, picoline,
and m xtures thereof, or if it is desired, using conpound (IIl) itself as
the solvent, optionally in the presence of an inorganic base such as an

al kal i ne or al kal i Re-.earts ar bonat, k r [ Y -
base such as a tri g‘ﬁﬁ%ﬁ’a%%r?g' at %?f_gteg(ingé:lg?urggg Pgﬁtg'gi?tg%}iﬁl?,%ﬁx feo
tenperature of thegudnedine-5,10- e aldinaleatecaddildn me legrte jlod eample
a sol vent such as pyridine, chloroformor dinethylsulfoxide, using from2
to 10 equivalentsléﬂ-conpound (rr1) for 1 equivalent of conpound (I11) and
wor ki ng at a tenperatur s [ e r gft kerfvention
If it.is desfred the co%ﬁ%sggPE%gghnE?gm(’% r}'?c}r'lﬂE;v\z:/ﬁjir chéJRgi So%ﬁﬂ de

hydr oxyal kyl asi no ahioW grelipresulbs nagaingCH! énr Miy-oiHmgdeby [ ofr pugdne P

o o 398 Sk e AFIR Fouk SR o8, BhELER0 Pl € EbS" il Lnona
conpound of fornul “l ) [ - b :
- (CH2) p- OS(O2) R er ghaMHuhah CrRERARPY ehr&OhdMAaMXLY), which as noted above

are predictive of good results in humans, the compounds

disclosed herein are expected to be operative against
10 human leukemias and soliﬁ tumors. '

The compounds of the presant invention may there-~
fore be used as acktive ingredients of therapeutic
compositions to induce regression and/or palliation of
cancers in mammals when administered.in émounté ranging

15 from about 1 mg to about 0.4 g per kilogram of body -
- weight, A preferred dosage regimen would be from about
1l mg to about 50 my per kilogram of body_weighh pef
day. Unit dosages may be employed so that from about 70
mg to about 3.5 g of the active compouﬁd for a subject
20 -of about 70 kg of body weight are administered in a 24-
hour period. The dbsage may be adjusted to be compati-
ble to other ﬁreatment regifmens, such arg radiation ihe-
rapy. |
' The pharmaceutical composition may be in the form
25 af. tablets, «capsules, gel capsules, suppositories,
lyophilized péwders and solutions for jintravenous admi-
nistration. '
The invention is illustrated by the following non-
< limiting examples, and variations which are readily ap-
30 parent to thote sgkilled in the art. The pertinent for-
mulae are 11lustrated in the tables I, IIXI, IV and V.
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[err] . (1'V) wherein E is a hydroxy protective
group such as a trialkylsilane, (dialkyl)arylsilane, fornyl, acetyl, which
reaction nmay be optionally foll owed by renoval of the protective group E.
If it is desired the conpounds of fornmula (1) in which Ris a group of
formula -(CH err])[err]-NR2R3 wherein one of R2 or R3 is hydrogen and the
other i.s hydrogen or a (Jerr]-Clerr] alkyl nmay be obtai nddri}g SHEET!#AS BEEN
conmpound (Il) with a nonopro- tected diamne of formula (jV): REPlr@gED
H2N-(CH2)[err]-N(COOR[ err] ) R3 VA
wherein R3 is hydrogen or a Jerr]-Clerr] spkyl, Rerr] is selected from
the group consisting of (JQerr]-Cerr] alkyl, C7-Cferr] aralkyl [err],
[err]- or [err]-naphtyl, phenyl, o-, m or p-tolyl and p is as defined in
formula (1), to give a ¢ r%of forrrula (la) inwhich R is a group of
formul a -(CJ-lZ)p-N(COOQ[é’?'ﬁ})%[ whi ch reaction may be fol |l owed by
renoval of the protective group CCIR[err]. Useful teachings for the
renoval of the above menti oned protective groups can be found in G een,

T W, Wits. P.G M "Protective Goups in Oganic SynteS|s second Edition,
John Wley and sons. (1991). The conpounds of formla (I) in which Ris
a group of formula -(CH2)[err]-NH C(=NH)NH2 can be prepared by reac-

F
Coon
0 F
8a 8hb
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tion of. a conpound of formula (I)

-(CH2)p-NH2 with the reagent of formula (VI):

H2N-C(=NH) S err] H

exanple follow ng the procedure described in Tetra. Left.
The 6, 9-di fluorobenzo[ g]isoqui noline-5,10-di one of formula

3183-3186.

(I'l') may be prepared by a nmultistep procedure involving the
acyl ation of 1,4-difluorobenzene wi th pyridine-3, 4-di carbox
anhydride, which results in com pounds having the structur:é

formulas (Vila) and (M Ib):

TABLE IV

—_—

This Sheet Has Been

T

[err]
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O NH-CH,CH;-NRR,

O  NH-CH,CH,-NRR,

103, R = R, = CH,

b, R =R, = CH,CH,

¢, R =R, = CH(CH,),

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

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

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

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

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

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

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

in which Ris a group of formul a

(Vi) for

(1988), 29,

nlnl

THES SHEE FWAS | BEEN
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Conmpounds according to formulas (Vi I'a) and (VIIb) may be then subjected to
a cyclization reaction in 30% fumng sulfuric acid at approxi mately
140[err]C to give the conpound of formJIa (II)

REPLACEMENT SHEET

TABLE V

22

O  NH-CH,CH,OR

O . NH-CH,CH,-OR

~lia,R=H

b, R=S80,CH,
C, R= C!’zC“leH

O NH- (CHz) n -NR 1Ra

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

128,n=3,R=R,=H

b, n=4,R=R;=H
¢, n=3,R=R;=CH;

THIS SHEET HAS BEEN |
REPLACED
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6 . The compounds of fornula (11, (IV) and (V) are known, commercially
avai l abl e or they can be prepared accordingly to known procedures. :
For exanpl e, the conmpounds of fornula (V) may be prepared according to the
procedures described in Synth. - Conm (2990). 20. 2559 and THIS JSHEF dHASCIBEEN
(1990). 33, 97. The eval uation of the biological actipi ty fﬁgpLAm

conmpounds of this invention was perfornmed "in vitro" and "tm—vt+ve
foll owing the prg&oco s geveloped by the U S. National Cancer Institute.
The eval uation vitro" cytotoxic activity of the conpounds of the

i nvention was pafyoidbtleds| 19dicheBRy1Le! a0 ddgangarsaaong)cel | |ine
(Lovo) isolated Troma netastatic_nodul e and a subline wth aquired

resistance to -a nunber maXtyNe| tQﬁmPYﬁ@éﬁB%“3aﬁnﬂgcﬁ/ﬁbéﬁyaéﬁor%ﬂﬁ%l AL5vP- 16

st 1. 18505 BeiTe oA Reb LA ARG 4P LGS (3o T edf CHEE A"
Guliani. BC, Eﬂﬂtzshou&s. G%ecgmne@b9&@htﬂ&%adﬁyania&ews@naemadsdwaye

tested accordlng to the MIT assay (Mosnan, "Rapid Colorinetric assay
for cellular grotkatihtepkieni aas: IﬁnhﬁﬁkﬁﬁﬁoWEﬁoFPﬁ%%ﬁqQ#l%@@ puri-

cytotoxicity as%%@ﬁ gy LHEYQRLtlkﬁtWQQS*C(E%KS 'mm Hg) to yield 7 as a
white solid (10.1 g, 76%), m.p. 74-76°c. m wMr (cpely)

9.39 (s, IH), 9.24 (4, 1H), 7.94 (4, 1H).

10 Example 2 _

4-(2',5'-Difluorobenzoyl)nicotinic acid (8a) and 3-(2'-

5¢~difluorobenzoyl)isonicotinic acid (8b)
A mixture of 7 (5.0 g, 0.033 mol) and.aluminum
chloride (17.5 g, 0.13) mol) in 1,4-difluorobenzene was

.15 heated in an oil bath at 110°C for 22 hours. The excess
of 1,4-difluorobenzene was recovered by distillation.

The re=zidue was cooled in-én ice Eath and guenched with

ice water {75 ml) and conc. hydxoéhloric acid (6.3 ml).

The precipitated solid was filtered and dried to yield

20 a white powder (7.7 g, 87%). This material could be
crystallized from acetonitrile and water; m.p. 214-

217°c; n WMR (DMs0-d;), 9.15 (s), 8.90 (&), B.80 (d),

7.80 ¢(d), 7.5 (m), 7.4 (m). Anal. Caled for C13H7F2N0 !

¢, 59.32; ¥, 2.69; N, 5,32, Found: C, 59.03; H, 2.55

25 H' 5.18‘

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

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

mol) in fuming sulfuric acid (7.5 ml, 30% 80,) was hea-

ted in an oil “ath at 135-140°C for 3 hours. After coo-~
poured into

30
" ling to room temperature, the mixtutre was

\
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65, 55;$§Lﬂ§{§gﬂL,LMLF~lRapid colorinetric assay for cell viability;
application to the quantitation of cytotoxic and growh inhibitory

| ynphoki negs sheet Had Barn B! acedy o hods, (1984), 70, 257-268) in conparison with
m t oxantro and doxorubicin. The data are_reported. in

VI, I sentative conpounds of this inVemps SHEREHASCBERN |y
cytotoxic a antrone and nitoxantrctgiirlthe Lovo cql |l |i gepLACED

hi ghest cytotoxicity (superior to that nitoxantrone) '

conmpound 6, 9- bi s{[ 2-

(di net hyl am no) et hyl ) am no} benzo[ g] i soqui nol i ne-5, 10- di one (10a) descri bed
in exanple 4 of fhe A0 i mddt adnd;enéubnal!l%ed a.rmﬂansodhamorbjmetm)m‘dﬁmne

were tested in the Lovg/DX cg{ Ilng i reS| ndex R 1. (defined as
the ratio of theEREEBEE,RORG Vi, mehylene 8 gﬂv?h@- I‘t‘[eFr Yo% he
t

sensible cell |igg)sas (bi,gh ga\ 258 2 2&&.16@@@ HehMr F@Dchoyndy 54

showi ng that this subl ine di’d have ‘an aquired resistance to Mt Oxant rone
and anet antrone. (é)n tliél ot WerlZhakd, kit répﬂésehdat iME) codpdindémpf 2Hii.s

W th m tox. Sant rBRBTand ShETan e Caglaballoads Ean BY-BRécried i B,

conpounds 10a, 1gc7llopougge @ndsgogsdegcribgg.l t lse sgxanples 4, 22, 5, 8
and 7 of the experlnental sectlon respectlve y These conmpounds. in

general , showed Bx gle Resi st ant subl ine the same |(err] shown by

was nore active +h s ; 2 z =
vitro" data sugg__[@%;%?%e_r%@ve corrpounds of this invention may be
useful in order oV dr ug resi stance nedi at ed nechani sm of
tunor resit@ance. A migture of 6,9-difluorcbenzolglisogquinoline-
5,10-dione, 9 (20 mg, 0.08 mmol) and N, ,N-dimethylethy-
lenediamine (0.8 mmol, 0.8 m)l of a 1 M solution in py-
ridine) was stirred at room temperature for 48 hours.
Most o©of the pyridine wa's allowed to evaporahe; ether
15 was added, and the product 10a removed by filtration
(24 mg, 79%), m.p. 167-168°C; "M NMR (CDCl,) 11.06 (br
£, 1H), 10.97 (br t, 1H), 9.63 (s, 1M), 8.92 (d, W),
8.13 (d, 1H), 7.32- (m, 2H), 3.54 (q, 4H), 2.7 (t, 4H),
2.38 (s, 12H); mass spectrum_mlz {(relative intensity)
20 381 (2.0, M%), 59 (5.4), 5% (100); Uv.v. A max (2-
methoxyethanol) 680 (sh, 6200), 614 (10,600}, 661
(12,700). Anal. Calcd. for C,,I 27N502 ¢, 66.12; H,
7.13a'N. 18.36. Foundt C, 66,22; H, 7.1e, N, 18,20,
ample 5
25 6,9-Bis{[2- (diethylmn.mo)ethyl}amlno]benzo[qusoquino-

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

5.9 mmol) in pyridine (2 ml) was added to 9 (202 mg,
-,0.82 mmol) in pyridine {2 ml). The purple mixture was
30 stirred at room temperature for 48 hours (TLC analysis

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



The "jn vitro" cytotoxic evaluation was al so performed on L 1210 nuri ne
| eukemia cells using the above nmentioned cells naintained_in_suspension .
cultures (MCoy's 5A nedi um suppl enented with 10% horse SeneSHEEDLAKE BEEN |
penicil- lin and streptonycin) grown in %1 hum di fied environmgap; fgpl0% |
carbon di oxide and 90% air at 37[err]C. e conmpounds werie—gh '
di met hyl sul f oxi de (DVMBO) and added to the suspended cells in appropriate
concentrations. After 72 hours of continuous exposure,: the cell
concentration mzaﬂewmmi303i Mhea Cookser h@sentaard guplr jadneh venld b digired
cal cu- | ated usi Bg t he forr’QJ.I a %tgroxvth I nhibition =1
- [cell nunber tP¥at¥RRAtIRThoEtBAPEnStEeatPE nitregen gas. This
cal cul ated from phader Gyddes T4 birhé OBhEAt plardd haYae¥ € vheRQn ediréfhit{’l{%.e
ure

VI1 in conparison to the prior art conpound 5a (see table | for struc
of 5a). . St udVeenofddid isirolafyiing-wadewity the vegdduef theprsesldnt arawe

conpounds of the_igyentiqn wer formed usin he P,.388 and 10 nuri ne
| eukem a nodel s. coﬂegﬁ:g@e tfﬁurﬁ‘lga%gi%% 5"?el‘?§'{?/\£r 435 t r'&?)ér bf’%ﬁéal'ﬁp'
(ip) or intravengyslLy4@iey), i“m quired dot1CR2Rly Nigery Tr meRy . Wi Lyt ed
approxi matel y 249hgurxggaft% er turmrqt rang‘gl gﬂnt 3‘?0# 5n§ﬁzésgge\§@§f“t'heﬂ9£’ug
wer e ?dm pi'ﬁt gr_e-lip (B388.H)p/ :&|3)920r(d3:vd1(5938883.|élé0 i, ag:ﬂé)udanSt d(n_t, 838!!) '
preest abl i shed protqco} s, a - day 88, iy/iv) or _4-day
ip/ip)_intervalss‘%ﬁe S YRy 8 tn 1553 2.3@ om " 31791 (1558 m,
12B). Anal. Calcd, for C,.H..N_.O.: C, 6B.62; H, 16.00;

g 2573552
10 N, 7.3). Found: C, 67.95; H, 16.08;: N, 7.28.
Example 6

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

isoquinoline-5,10-dione (1l0¢)

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

15 was added to compound 9 (100 mg, 0.41 mmol) in methanol

(1 ml) and water (1 ml). The mixture was allowed ko

sktir at room temperature for 88 h and then poured into

ice water, The blue'precipiﬁate was recovered by fil-

tration. ‘The solid was .purified. by column c¢hromato-

20 graphy over gilica gel, The initie{l eluant was chloro-

form followed by 2% and 20% methanol in c¢hloroform.

| Concentration of the latter eluants led to 163 mg (81%)

of product 10c. mp 134-136°C; lH WMR (CDCl,): 10,95-

11.20 (m, 2H}, 9.63 (=, 1H), B8.92 (4, 1lH), B8.13 (4,

25  1H), 7.33 (m, 2R), 3.45 (2q, 4H), 3.10 (h, 4H), 2.B2

{v, 4H), 1.08 (4&, 24B), Anal. calcd. for ‘:29"43“502’ c,

90.55; M, 8.78; N, 14.19. Found: C, 69.23; H, B.71; W,
13.43.

, Example 7 _ o
30 6,9-Bis({2-(1"* pyrrolidinolethyl lamino]benzolglisogqui-

noline-5,10-diona (104)

_ -—
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studi es were done over a 60-day period and the date of death for each
ani mal  was recorded. The % T/ C was -deter- mined using the nean survi val
time (MST) for each group according to the formula

% T/ C = [(MST treated)/ (MST control)] x 100 For exanple two

representative conmpounds of this invention, nanely -E‘T‘@n%H%%i H@é I%Eﬁg‘
REPLAG

H

6, 9- bi s{[ 2- (ami no) et hyl ] anm no] benzo[ g] i SO-ggui nol i ne-5, 10
di mal eate salt (10i mal eate) described in exanple 12 and:
6, 9- bi s([ (2-di net hyl - am no) et hyl ] am no} benzo[ g] i soqui nol Ime-5, 10- di one 10a
described in exanple 4 showed an activity superior to that of ‘m toxantrone
in the P 388 iv/iv mode® SHM$d@Rd ofdi Lof2 tameinpethnl ) pyweal ddhpebd®i90asng ,

t he hydrochl oride 1@i . a he.di:mml eaf e I 10j L,eate), d i bed
in exanple 12, vvas@sgpenlrﬁlgo]%’ tggnkpgf(g#?on@ a'f‘gz :-"’r?(st h%d 5833 pa-i giﬁédé‘f‘?_'
Moreover the aboveOr8Rr emenlt)atin e yadrinende2 ol e Thay ek Oir & N9W8d st irread

antil eukem c "acti vi gy over a wde range_of well. tol erated dosages and in
particul ar they wefe ZEPM PRl for cH AnditirsneFhenhaxaess nhasaumnd

tol erated dose. provifisife Beiealy ' e, f r eLapeyti
I ndex in conpari soﬁ_yt om ?oga%t rtgr?g'.gw%%; t!raseis t% g\f"‘gwsﬁ%\/\!/ﬁe%'pn %gbﬁgkﬁ;’ﬁ“'
and table | X The uesitueowaacpilaced wihdeepnesenimtoverabgheundsiaf wa.-

this invention was, eval uat e lsQ in.,the L 10 mur.i ne | euke.
: ter was a%d%d Q:o r1:he res}r%ue. and a tacky solid separa-

ted. The product was extracted with chloroform {3 x 35
ml), the extracts dried over sodium sulfate and the
10 chloroform removed by rotary evaporation to yield the
title compound (260 my, 73%); TLC, silica gel, 5%
MeOH/CﬁClS, one blue gspok; m.p. 141-142°C, lﬂ NMR
{cbcil,) 21,18 (t, 1H), 11.00 (t, 1H), 9.65 (s, 1H),
.90 (4, 1H), B,05 (4, 1H), 7.35 (m, 2H), 3.65 (m, 4H),
15, 2,90 (m, 40), 2,70 (m, BH), 1.8% (m, BH). Anal.ICalcd.
for C,cHy NcO,: C, 69.26; H, 7.21; N, 16.15. Found: C,
69,02; _H. 7.25; B, 16.00. -
| Maleate salt. Under a nitrogen atmosphere a.solu-

_ tion of maleic acid (271 mg; 2.34 mmol) in etha!_ml €5

20 ml} was added to a stirred suspension of compound }10d
{450 mg; 1.04 mmol) in ethanol (20 ml). After stirring"
for two hours diethyl ether (25 ml) was Eelowly added
and the preclpitate' was filtered and dried under vacuum
at 40°C to give the hygroscopic dimaleate salt of 104

25° (580 mg); m.p., 164-166°C..

Anal. Calcd;_foric33H39H501° . H20= q, 57.96; H,
6£.04; R, 10.24. Found: C, 57.85, H, 5.99; N 10.14.

 Example 8
6.9~Bisl{2-(4'—morghoiino)ethyl]amino]benzo[glisoquino—

k¥ line~5%,10-dione {(1l0e)
A solution of 4~(2-aminoethy1)morpholine (220 mg,

This Sheet Has Been Replace:
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REPLACEMENT SHEET ) 7

m a nodel . L 1210 | eukenia cells were |ntraper|toneally (ip) injected

in CDOFI mice and treatment was initated approxi mately 24 hours after t unor
transpl antati on. Dosages of the drugs were admnistered ip

preestabl i shed protocols, usually at 4- d?ﬁ intervals. The ﬁtﬁﬁ E\hzrfét\ﬁjﬁﬁﬁ‘a i
over a 60-day period and the date of dea for each ani mal jwas r BERIAGED.

The % T/ C was determ ned using the nmean survival time (MST) for each group
according to the formula ' % T/C = [ (MST
treated)/ (MST conls @l Jmod )10tn Pyridi“e (2 ml) was added to 9 (102 mg,

0.42 mmol) in pyridine (1 ml). The purple mixture was

(7}

stirred at room tempetaturé for lzo'hOUrq. The  excess
amine and pyridine were evaporated using a slow nitro-

5 gen stream and the residve placed under vacuum overni-
ght, The mixture was taken up into'chiorqform and then
filtered. Removal of the chloroform left a blue solid
which on TLC (silica gel, 25% MeOH/75% CHCL,/few drops

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

10 mg, 72%); ‘B NMR (CDC1,) 11.015 (m, 1N), 10.30 (m, 1H),
9.62 (d, 1H), B.90 {&, 1mM), B8.10 (4, W), 7.25 {(m, 2H),

3.80 (m, B8H), 3.55 (m, 4H), 2.75 {t, 4H), 2.50 (m, BnH),

Anal., Caled. for C,.RH 1N5Q,¢t - C, 64.22; ¥H, 6.68; N,

2573
11.98, Found: C, 63.95; H, 6.78; N, 11,89,

15 Example 9 .
6L9—Bisl[2—(l'-aziridino)ehhyl]amino!benZng]isoquino—
line-5,10~dione (10£)

The procedure of example 4 was repeated reacting

compound 9 with N-(2-aminoethyl)aziridine and the resi-
20 due obtéined after evaporation of pyridine was purifiad
by silica gel column chromatography.

A major blue: band elﬁted with 10%,CH30H in cm::l3
was collected. Crystallization from a mixture of methy-
lene chloride and ligroine yielded a dark blua solid,

25 m.p. 100-103°C; lg NMR (CPCl,) 11.23 fbr, 1H), 11.15
{br, 1), 9.73 (s, 1H), 8.91 (d, 1H), B8.12 (4, 1H),

7.40 (¢d, 1), 7.38 (d, 1H), 3.69 {g, 4H), 2.60 (t, 41},

| 1.85 {m, 4H), 1.24 (m, 41); mass spectrum m/z {relative

. intensity) 377 (loo, M'), 278 (72.7), 56 (12.6). Anal.

30 Calcd. for C, M, NgO,: C, 66.82; H, 6.14; y,' 18.s55,
Found: ¢, 66.50; H, 6.00; N, 1B.20.

This Sheet Has Been Replaced




The results are shown in table X and X Fromtable X the surprisingly
superior antileukenmc activity of representative conpounds of the invention
(namely compound 10a of exanple 4, conpound 10i HCl of e
6, 9- bi s([ 2- (2- hydr oxyet hyl - 28 SHEET H AS BEEN |
ami no) et hyl ] anmi no] benzo[ g] i soqui nol i ne- 5, 10- di one 101 prepa ed |nRH%$@EDe

17 (dinaleate salt)) 'in conparison to the prior art conpound 5a 1S evident.

Fromtable Xl a 3&@@&%%%Lg§ourable conpari son agai n energes between the
excel lent antile vity of com pound 10i. HClI of the invention and

nitoxantrone. - 6 ACtpidalp2apel lb@&&* AEREN 1P§miﬁ§]£9 24343 ngf

I nventi on was dem)nstra ea =
human mnmary cak EE? MK .

panel of eight tranéb] n r d, by ‘he'U : Cl ag.screen panel for
sel ection of clinical Ixil1 %‘gg?g?jggn?ﬁ;’ﬁo D 252nfe ('ﬁ 83’ <§ ¥ndtcbe-
Cheng, "Scrébnlngummwaﬂhﬂngn)anhyﬁeﬁﬁajamﬁnéw(s@@aﬁs"cgmﬁLh ppg f)ndzo'
Expl. din. Pharnacal (1988), 1062) 67-101). an exanple, tab

shows activity d4R%gdl vt Fhedel®bmad)i antnwnéima drla&eplbsentastlrve

conmpound of this
6, 9- bi s[[ ( 2- an1no)et%ﬁ{]an1no?%%% TtTlsoaﬁFnol|H@“gsIoaﬂqﬁﬁ§?ﬁr@$e§?Eer
(10i mal eate; exdapl miR)led toSiluge wHARHES6AE af L Yee OAPOUMEN S d1kIS wa—
I nvention shom1good results, against_"in vivo" nodels of nurine P 388 and
ter and dried (0.17 g, 80%), m.p. 213-216°C. Crystalli-
.10 zation from a CHC13= CCl4 mixture gave a dark blue so-
1id m.p. 215-216°c; A NMR (cDCLy) 11.07 (br, 1H),
10.96 (br, 1H), 9.49 (s, 1H), 8.90 (4, 1¥), 7.99 (4,
1#), 7.32 (s, 2H), 5.30 (br, 2#), 3.58 (m, 4H), 3.47
{m, 4H), 1.56 (s, 18BH)}; mass spectrum m/z (relative in-
15 temsity) 525 (100, M"') 339 (51.9), S7 (B7.7). Anal.
caled. for C H,.N<O t C, 61.70; H, 6.73; N, 13.32.

2773575 5
Found: C, 61.18; H, 6.29; N, 12.88,

Example 11
GLQ-BiS((2-(N—tnbptoxycarbonylwu—methy;amino)ethyl]ami—

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

g, 1.18 mmol) was added to a stirred soclution of N-{t-
butoxycarbonyl)-N-methylethylenediamine (0.824 g, 4.73.
mmol) (J. Med. Chem. 1990, 33, 97) in dry pyridine (5
25 | ml). The reaction mixture was stirred in a nitrogen at-
mosphere for 24 hours at xoom temperature and then for
fuxther a-hours at 50°C. The suivent was removed under
reduced pressure and the blue residue obtained w&s
takeh up with CH2012 (50 ‘ml), washad with‘ a ’5% Na\HCo:)3
a0 " solution {2 x 30 ml) and with water (30 ml). The combi-

ned organic phases were dried nvar,'NaZSO" and the sol-

This Sheet Has Been Rep
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L 1210 | eukem as, murine Lewi s Lung carcinoma and human manmary carci noma
MX- 1, which as noted above are predictive of good results in humans, the
conpounds di scl osed herein are expected to. be operative agai nst human

| eukem as and solid tunors. The .conpounds of the present inventioh may
therefore be used as active ingredients of therapeutiCHﬁgqgﬁﬁﬁtmkﬂnﬁEEM

i nduce regression and/or palliation of ddhcers in mar S w@pDA@myﬁwﬂ-sdered

in amounts rangi.ng fromabout 1 ng to about 0.4 g pertkilogram-et—body
wei ght. A preferred dosage regi nen woul'd be from-about. 1 ng to about 50 ny

per. kil ogram of Qg ' r Ve UR| a ' be enpl oyed so that
from about 70 nggtgxaggh?ggfggg g?ﬁfﬁegggyggg gg%ﬁ%&%g'for a subject of
about 70 kg of body wehghtrlaree melwidrse ewes purdfiéeddy elamd. chfendessge
may be adjusted to bg co tible t ler, treatnent _regi nens, such_ as

radi ation ther ap?.rap'e‘y f%ﬁpﬁﬁﬁ nﬁﬁgugﬁgé{ﬂ 0@0 f i Bh %ﬂy vent f8Cdmh of

tablets, capsul egeofifl: mRBHUIEH:s SHPRPHL IPIASLS40bYREI(lsE9d d_PVGEfyé %Qgr-
solutions for intravenous adm ni strat’ on. The invention is illustrated

by the fol | ®wi ngshahs}i mitpng B&hapl es, 162d 508" i aftems nhcepshad licadilon
apparent to thosg skilled.in &he art. The pertinent formul ae are
1l

illustrated in t hEOPaEHaCp | PPRANG. g v/, ,
H NMR (CDCl,) 1.49 (s, 18H); 2.94 (s, 6H); 3,45-3,75

(m, BH); 7.25-7.55 (m, 2H); B.12 (d, 1H); 8.95 (d, 1H);

9.62 (s, 1HM); 10.95-11,23 (m, 28, exchangeable with
10 D,0), -

Example 12

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

15  minoethane (8.72 ml; 130.5 mmol) was added to a stirred
solutfon of compound 9 (4.00 g, 1l6.3 mmol). in pyridine
(B0 ml). A slightly exotermic reaction ensued that was
moderated by cooling in a water bath at 20°C. The reac.
~ tion mixture was stirred ‘at room temperature for 34
20 hours, then it was cooled to -5°C for 30'minutes, the
solid was separated by suction under a nitrogen flow
and dried overnight under vacuum at 30°C. The crude ma-
terial obtained (6.07 g) wae recrgstallized by dissolu-
tion in methanol {20 ml) at 40°C and reprecipitation
25 _ with methylene chloride {100 ml) and n-hexane (300 ml)
to give 5.12 g of 10i as a blue solid.
1y wMr (epcil,): 11.10-11.30 (2m, 2H), 9.53 (s, 1H),
8.931 (d, 1H)), 8.13 (4, 1H), 7.35 (m, 2H), .3.55 (g,
©4H), 3.10 (t, 4H), |
16 - HPLC Lichrospher 100 RPLS, 5 ym; eluent: sodium hepta-

nesulfonate 2 g/l in H,01 CH3CN= dioxane 75:20:5, pH 3

This Sheet Has Been Replaced
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= 8.80 minu-

with Hyp0,;A = 245 nmj flow 1 mi/min; R,

tes,

Maleate salt: tUnder a niﬁrogen éthSphere the free

bage 10f (3.50 g; 10.8 mmol) was dissolved in a mixﬁure
5 of ethanol (170 ml) and methanol (30 ml) by heating ﬁt
50°C for 10 minutes, then a solution of maleic aciad
(2.87 g, 24.7 mmol) in ethanol {30 ml) was added. After
heating for five more minutes at 50°C the mixture was
- allowed to c¢ool to room témperatufe and then left at
10 4°C for 2 hours. The precipitate was separated by suc-
" tion under a nitrogen flow and dried &t i0*c under va-
cuum to give 5.75 g of tha erude dimaleate.
To a stirred suspension of this orude material
- {5.71 g)_in water gBO'ml) at 50°C ethanol was added
15 dropwise until a complete solution was obtained {about
300 ml), then more ethanol was added (400 ml) and the
mixture was allowed to cool to room temperature. After
12 hours the precipitate was separated by suction, wa~
shed with ethanol (15 ml) and diethyl ether {10 ml) and
20 then dried under vacuum at 30°C for S5 hours to give
4.22 g of the dimaleate salt of 10i; m.p. 176-178°C
shrinking, it doe= not melt up t6'245'c; Anal. Calcd;
for €;4H,gNg0,.2C,H,0,. .1.5 “20‘ C, 51.37; H( 5.17; W,
11.98. Found: C, 51.31; ® 4.99; N 1ll. 93,
25  ln wmr (DMs0O-d.) 10, 92 (br, 1H), 10.87 (br, lH), 9.45
| (s, 1H#), 9.0} (m, 1H), B.08 (m, 1H)}, 7.59 ts, 2H), 6.03
(s, 4H), 3.76 (br, 4H), 3.08 (m, 4H). U.V,, 1.528 my in
“water (50 ml), nm (E 1%): 641 (271), 587 (245), 313
{98), 273 (257), 246 (479). ’

30 Hydrochloride valt: |
- a) From amine 10i: Hydrogen chloride gas was bubbled

This Sheet Has Been R eplaced
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THIS SHEET HAS BEEN |

through a solution of the crude amine in chloroform un-

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

‘tered and dried to yield a dark blue hygroscopic solid

(0.174 g, 26%), m.p. 200-212°C; 'H NMR (DMSO-d,) 10.91

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

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

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

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

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

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

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

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

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

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

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

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

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

_zn), 8.03 (d, lﬂ), 7.62 (E;, 2“)’ 3.57 (m' B“): 1-83.(9'

\'\ "
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6H); mass spectrum m/=z (relatiVe 1nhensity) 109 (2.5,

M*), 337 (6.4), 86 (100). Anal. Caled. for C,,H,,N;0,:
c, 61.60; B, 5.67; N, 17,10, Found: C, 61,37; H, 5.42;
N, 16.89.

Example 14

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

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

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

mixture was stirred at room temperature in a nitrogen

| atmosphere for 24 hours, then the dark grean crystals

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

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

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

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

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

_(m, 4H), 7.38 {(a, 2H); B.17 (4, 11y, 8.85 (4, 1H), 9.27

(s, 1H). | | o '

- Example 15

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

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

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

quinoline>5410ﬁdioné (llb)

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

" Example 17

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

- igoquinaline-5,10-dione (101)

a) From mesylate (11b) '
A solution of (lib) (0.40 g, 0.83 mmol) and 2-
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{trimethylsilyloxy)ethylamine (2.2) g, 16.5 mmol) in
pyridine (5.0 ml)} was stirred at room temperatdre under
a nitrogen atmospheré for 48 hours. 'The pyridine was
removed under a nitrogen f£low and the residue was taken
up in methylene chloride. This solution was washed with
saturated sodium bicarbonate and dried over sodium sul-
fate. Removal of the solvent left a blue oil which was
dried under vacuum overnight. Chromatography on a Bi-
lica gel column resulted in a cleavage of the 5i-0 bond
to yield 10l1. This product was eluted with a 1:5:5
Et,N:CH,OHtCHCL, mixture. Canentrgtion gave 101 a= an
oi1: 'm mMR (cpely) 11.19 (br, M), 11.06 {br, 1),
9.46 {5, 1H), B.83 (d, 1H), 7.98 (4, 1H), 6.98 (s, 2H),
3.82 (m, 4H), 3.52 (m,; 4H), 3.07 (m, 4H}, 2.96 {(m, 48);
U.V. ({(2-methoxyethanol): 570 .(sh, 6 = 7200), 612 (E =
13,200), 658 (&= 14,000). | |
b) From difluoride (39)
| Under a ﬁitrogen atmosphere 2-[{2-hydroxyethyl}-

amino}ethylamine,-(6.19 ml; 61.2 mmol) was added to =
stirred suspension of compound 3 (1.00 g; 4,08 mmol) in
pyridine (30 ml) at 0°C. ‘

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

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

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

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

were removed and the residue was subjected to’ a second

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

graphy, eluting with CHClascnaoﬂzNHQOH' concf from



10

15

20

25

30

COCH3 ok,
CH2CH2OH m, R
o,

Rerr]-

err -
R[err] = CH2CH20CH3
Rlerr] s=CH err ] CHRCH3

II;I?

i
R=H,

CH( CH3) 2 | THIS SHEET HAS Bren |

35 10 REPLACED

95:5:0 to B80:20:2, A f£final purification over grade I
basic alunina (25 g) eluting with CH,Cl,: BtOH 96:4
gave a residue of 300 mg that was crystallized from a
mixture of ethanol:- (0.5 ml) and methylene chloride (10
ml) to give 101 (142 mg).

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

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

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

(br, 28), B8.09 {4, 1H), 7.83 (s, 2H), 6.01 (s, 41),
5.32 (br, 2H), 3.89 (m, 4H), 3.7% (m, 4H), 3.26 (m,
4y, 3,12 (m, 4M). U.V. 1.355 mg in H,0 (25 mi): nm (E
1%) : 641 (220), 598 (208), 312 (85), 272 (221), 246
(406). '

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

Example 18
6,9-Bis{{2- (Z-methoxyethylamxno)ethylIam;nolbenzo[g]—

isoquinoline-5,10- dlone {lom)
A solution of )}b (0.15 g, 0.21 nmmol) and 2-

mekhoxyethylamine (0,47 g, 6.20 mmol) in pyridine (2.0

ml) was stirred at room temperature tunder a nitrogen

_ blanket for 48 hours. The piridine and excess amine

ware removed under vacuum. The residue was dissolved in

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

Example 19

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

noline-5,10-dione {llc)

A solution of 2-(2-amincethoxylethanol (446 mg,
1.25 mmol) in pyridine (1 ml) was added to compound 9
{100 mg, 0.41 mmol) in pyridine (1 ml). The mixtufe vas
stirred at room temperature for 45 h. The excess amine
and pyridine were removed via a slow stream of nitrogen
gas and the residual solid was plac;ad under vacuum
overnight. A cold saﬁurated NaCl solution was added to
the solid and the product was gxtracted with chloroform
{6 x 25 ml). The extracts were dried over magnesium
syl fate and concentrated on the rotary evaporator to
yield 140 mg (B2%) of product 1llg; mp 97-99°C, Ya wmr
(CbCiy): 11.15-11.35 (2m, 2HY, 9.60 (s, 1H), 8.85 (4,
1), 8.08 (4, 1H), 7.30 (m, 21), 3.85 (m, 8H), 3.57-
3.75 (2m, SH), 2.75-3.25 (br &, 1H). '

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

mg, 11.76 mmol) in chloreform (3 ml) was added to 9

. (300 mg, 1.22 mmol)} in chloroform (6 ml). The purple

5 mixture was allowed to stir for 166 hours at room tem-

perature. The mixture was filte:ed'and the salts washed

with chloroform. The solvent was removed by rotary eva-

poration and the residue was placed under vacuum

overnight to yield 290 mg (93%) of l2a; TLC (sillca

10 gel, 25% MeOH/75% chloroform/few drops of ag. ammonium

| hydroxide) 4indicated one ‘blue spot; m.p. .los*C

(softens) 112-115°C. I NMR (DMSO-d.) 11.15 (m, -1H),

11.05 (m, 1H), 9.45 {s, 1H), 8.90 (4, 1M}, 8.0 (4, 1H),

7.55 (br s, 2H), 3,55 (br m, 4H), 4.65 (t, 4H), 3.75

15 (t, 4H), 1.75 (t, 4H). Anal. Caled. for C€,4H,,N.0,¢ C,

64.57; 1, 6.56; N, 19.81l. Found: C, 65.00; H, 6.50; N,
19,78. '

2) Malgéte Salt: A solution of maleiec acid (1}l mg, O0.B6

mmol) in methanol was added to 12a (100 mg, 0.28 mmol)

20 dissolved in methahol {2 ml) and ethyl acetate (2 ml).

The addition of more ethyl acetate gave a blue precipi-
tate which was filtered and dried undér vacuum (120 mg,
79%), 'R BMR (DMSO-dg) 1l.10 (&, .1H), 11.00 (t, 1H),
9,45 (s, 1H), 8.95 td, 1u), 8.05 (&, 1H), 7.75 (br,

25 4H), 7.60 (s, 2H), 6.0 (s, -41), 3.60 (m, 4H), 2.95 (¢,
M), 1.95 (m, 4n). Anal. Calod. for C,,H, N Ocr C,
se.84; N, 5.80; N, 14.92. Found: C, 58.75; H, 5.70; N,
14.85.

Example 21
30 - 6,9-Bisi[4-{am’ no)butyl]amlnoLbenzo[glisoquinolxna—

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

1.3 mmol) in chloroform (6 ml). The purple reaction
mixture was stirred at room temperature for 217 hours
{9 days). The precipitate salts were removed by filtra-
tion amd the filtfate concentrated under a slow nitro-
gen stream to yield the free amine 12b (400 mg, B80%);
TLC (Silica gel, 25% MeOH/75% CHCl,/few drops of ag.
ammonium hydroxide); m.p. BO°C, (softens) 90-92°c. '
NMR (DMSO-GG) 11.35 (m, 1H), 11.95 {m, 1H), 9.42 (s,
iH), 8.%0 (4, 1H), 8.0 (&, 1lH), 7.5 (br s, 2#H), 3.45
{m, 4H), 2.60 (m, 4H), 1.70 {(m, 4H), 1.45 {m, 4H).
Anal. Calcd. for C,yH,,N,0,: C, 66.,12; H, 7.13; N,
18.36. Found: C, 64.26; M, 6.95; N, 17.42.

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

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

Example 22

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

noline-5,10-dicne (1l2ec)

A solution of 3-dimethylaminopropylamine (700 mg,



The excess acetic anhydride was renoved by distillation and the anhydride

was collected and purified by sublimation (123[err]C at3 nmHg) to yleld 7

asawhite solid (10.1g. 76%, mp. 74- 76[err]C [err]H NVR ( GEX

(s, "1H), 9.24 (d, 1H YA His aeen
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6.9 mmol) in pyridine (2 ml) was added to compound 9
{100 mg, 0.4) mmol) in pyridine (2 ml). The mixture was
stirred at room tem?erature for 120 h. The excesgs dia-
mine and pyridine were removed under a slow Stream of
5 nitrogen gas and the :esidue placed under vacuum over-
night..The residue was.added to cold water and extrac-
ted with chloroform (4 x 20 ml); The extract was dxried
over Na,80, and concentrated by rotary evaporation. The
blue solid was purified by column chromatography over
Lo gilica gel. The initial eluant was 10% methanol/90%
chloraform followed by 25% methanol/75% chloroform. The
product was eluted by addition of small amounts of am-
monium hydroxide to 25% methanol/75% chloroform. Con-
centration of these eluants led to 92 mg (55%) of the
15 desired product l2¢ mp 107-109°C. An o aMr (CDC13):
11.00-11,20 (2m, 2H), 9.63 (=, 1lH), 8.93 (4, 1H), 8.12
(4, 1w), 7.37 (s, 28), 3.53 (q, 4H), 2.5% (m, 4H), 2.35
(s, 12H), 2,00 (m, 4H).
Exampla 23
20 6,9-bis{l2-(ethylamino)ethyl Jaminolbenzola]isoguinoli-
ne-5,10-dione (10n) .
A solution of N-sthylethylenediamine (400 mg, 4.5

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

rotary evaporation. The resultant blue- solid was
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4-(2'. 5L-fTTTU6T65€ﬁEB§TYﬁTCOtinic acid (8a) and
3-(2'-5" - dh& MﬁﬂﬁbBamGym e&oni cotinic acid (8b) - A mxture of 7 (5.0

g, 0.033 no| mchloride (17.5g. 0.131 nol) in
1, 4-difl uor eated in an oil bath at 110[err]C for_22 hours
u

The excess orobenzene was recovered by disti Tﬂgg aR tfl'rpﬁs BEEN
resi due was cooled in an ice bath and quenched with icetwater 5§£€b and
conc. hydrochloric acid (6.3 m). The pyegcipitated solid

dried to yield. a white powder (7.7 g, 87%. This material could be
crystallized fromacetonitrile and mater mp. 214- 217[err]C [err]H NVR

(DVMsO-d[err]), 9 15, (s d 4 (m.
Anal . Calod for P %#*%?{QYrFP gétggraﬁhyzgggrr@i LoD QFBUHEIWS
59.03; H 2.55 g% RetBanol I@hﬁ,f the

6.9-Difl uorobenzﬂc\;b[ a] ?sog]tl}lon?)??g 10r%l%rnné ?5). © Mtla[}et%lua%rf% mT;(‘ture
of 8a and 8b (3.elupn®. @us muadmaﬂtﬂnchgngaﬂnﬁwcsam(ﬂqw &ndi |, LiB0% 50%

f%?frné)t_ﬁafogﬁﬂeéﬂw%fﬂfﬁ' PR e PEaIEaa RIS (St Ayadd
neu- *5 using methanol/48% chloroformlz% ammon um
hydroxide. Removal of the solvent led to 32 myg (21%) of
product (10n). mp 101-102°C.
1y wMr (cpcilz) 11.10 (m, 1H), 11.00 (m, 1H), 9.6 (s,
iH), B.9 (4, 1#), 8.05 (d, 1H), 7.3 {(m, 2H), 3.55 (m,
lo 48), 3.0 (t, 4u), 2.B (g, 4M), 1.15 (t, G6H). '
Example 24

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

15 - mmol) in pyridine (1 ml) was added ko compound 9 (98

| mg, 0.40 mmol) in pyridine (1 ml). The reaction mixture

was stirred at room temperature for 24 h and concentra-

ted under a slow stream of nitrogen. The xesidval mate-

raial.was placed under vascuum overnight, Ice water was

20 added to the residual and the aqueous layer was extrac-

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

dried ovar magnesium sulfate and the chloroform removed

by rotary evaporation.'The blue solid was purified by

column chromatography over silica gel. ‘'The initial

25 elvant was 5% methanol/95% chloroform followed by in-

creasing the methanol amounts gradually to 104, 20%,

30%, 40% and 50%. The dasired compound coluld be eluted

using 60% methanol/co% chloroform containing some ammo-

, nium hydroxide. Removal of the eluant 1ed' to 50 mg
30 {30%) oF the product (10o). mp 105-106°C.

1y nmr (cbci,) 11.15 (m, 1H), 11.05 (m, iH), 9.6 (s,



trallzed W th sodi um bi carbonate. Extraction with nethylene chloride gave 9
as a yellowsolid (2.0 g. 72%; mp. 199- 200[err]C, [err]H NWR (CDCI[err])
9..54 (s, 1H), 9.12 (d, 1H), 8.03 (d, 1H), 7.57 (m 2H .[AFal
CerrlHerr]F2N2: C, 63.67: H 2.04; N, 5.71. Found: G SgSHEEY ﬁgSGE%f,%NI\.
5.39. Exanple 4 41 EPLACED
6. 9-Bi s[ [ 2- (di et hyl am no) et hyl ] am no] benzo[ g] i soqui-noline-5.10-di one (10a)
A m xture of 6, 9- dlfluorobenzo[g]lsoqw noI i ne-5, 10-di.one. 9 (20 ng, 0.08

mol ) and- N, N-di yl et hyl epedj am ne (0.8 mpl ., 0.8 m a 1 Msolution
in pyridine) wasns-tﬂr]rfr@d%t( oot hedbdt (Fe 1}, 43- Ho&P‘s 2fdgt Jof6 tlm m,

pyridine was allo t a rat et p uegt 1
renoved by fi Itra}t&?gn (()322){ ve) ! jwefswg 1gﬂferr [(E'irar] Nw&@fﬁo%a'ﬁ"
11.06 (br t, 1H), sﬂOeglm@bmmﬂ)lHﬁ 9§, 63.(§H)1FD 8.92 (d 1H). 8.13 (d,
1H), 7.32 (m 2I—|)I 3. 5§§q,g AH), 2.7 (t, 4H), 2.38 (s, 12H); 'mass spectrum
mz (relative int 1l (2.0, I\/[err]) 59(5 4) 59 (100); U. V. [err]-
max (2- met hox- Q 1 )

Cal cd. for s e 6t
66.22; H, 7.10, Nnol&@n265, 10~dione (J.Op)

3 solution of N-isbpropylethylenediamine (450 mg,

4.5 mmol) in pyridine (2 ml) was added to compound 9
(110 mg, 0.45 mmol) in pyridine (1 ml). An instantane-
10 ous permanganate-like coloration resulted. The mixture
was stirred at room temperature for 40 h. The pyridine
and.EXCESS diamine were removed under a gslow nitrogen
stream and the residue was placed under vacuum overni-
ght. Chloroform (20 ml) was added followed by ice wa-~
15 ._ ter. 8ince the biue aolofabion appeared int he agqueous
layer, this was extracted with chloxeoform (4 x 25 ml}.,
The combined extracts were dried over Mgs0, and the
chloroform removed by rotary evaporation. The resultant
blue solid was purified by column chromatography over
20 silica gel using chloroform as the initial eluant fol-~
lowed by gradual changes to 2%, 5%, 10%, 20%, 40% and
50% methanol in chloroform. The deired. product was
eluted from the column with 50% methanol/49% chloro-
form/1% ammonium hydroxide. Removal of the eluante led
25 to 56 mg {30%) of the desired product (10p)., mp 136-
137°C. '
'y NMr (cpCL,) 11.1 (¢, M), 11.0 (&, 1H), 9.6 (s, 1H),
8.9 (d, 1), 8.1 (4, I#), 7.30 {(m, 2H}, 3.6 (m, 41,
3.0 (&, 4H), 2.9 (m, 2H), 1.05 (4, 6H).

30 Bxample 26 _
in vitro biological evaluation: MTFT assay on human co-
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Exanple 5

6. 9- Bi-s[[ 2- (dlethylan1no)ethyl]an1no}benzo[g]lsqu|nollne 5, 10- di one (10b) -
A solution of NN-diethylethylenediamne (684 ng, 5.9 mml) in pyridine (2

m ) "was added to

9 (202 ny, 0.82 nmol) in pyridine (2 m). The purple

m xture was stirred at roomtenperature for 48 hours (TLC anal ysis at thls

poi nt showed one
base and pyridi ne
nitrogen gas. The
Upon addition of

filtration and dr
(ChC[err]) 11.10
(d, 1H), 7.25 (m
12H). Anal . Cal od.
Found: C, 67.95;

bl ue .conponent: silica gel, 5% MeOH CHCl 3). The ex
were renoved by evaporation with a slo
crude material- was then, pl aced under v
I ce-water to the residue‘ghe solid was
led (330 ng, 84%; mp. 142-144[err]C [@rr]H NWR

(t, 1H. 11.00 (t, 1H), 9.60 (s. 1H), 8.92 (d, 1H), 8.10
B, adeRbchitidbha Bovd ¢e11dH), 2.35 (m 3H), 1.10 (m

for C25errr]N[err]C2 C, 68.62; H 16.00: N. 7.31.-
H 16.Dse NIT; aspay E%!ﬁrpl’grgormea according to Mosmann,

6. 9-Bi s[ [ 2-[ di (secpprogy! ) A £l "é L Road 0] Re9EAhY] 'ﬁﬂ”h@o's'snemﬁs 1gzdifne

(10c)

1D

15

L. M,, J, Immunol. Methods, (1984), 70, 257-268,
Iﬁmediately before use, compounds and referance
standards are dissolved in proper solvent and subse-
guently further diluted in complete culture medium. Hu-
man colon adenocarcinoma tells Lovo and the subline re-
sistant to doxorubicin (Lovo/DX) (2.5, 10‘ "cells/ml)
are plated in 96-wel) plates and preincubafed for 24
hours in culture medium. After this time, the cells are
‘exposed to drugs for 144 hours, then the. l:hia.zolyl blua
tetrazolium bromide sgolution (MTT-Solution) is added
and the cells are reincubated for 4 hours. The superna-
tant is removed and 150 pl of dimethyisulfoxide are ad-
ded to -solubilize formazaﬁ crystals. The plate is read

at 570 nm with microplate reader and the irhibiting

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

20

calculated, .
The results are reported in Table VI

x
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N, N-dii sop ¥1I1e en di a ne (588 rrg, 4.1 nmol ) was added to conmpound 9
(100 ng, O. noI (1 M) and water (1 m ). The m xture was
allowed to nperature for 88 h and then poured into ice -
wat er. The IMle was recovered byflltratlon Th v)

purified by col_urm chromat ography over sibica gel. The ini tﬂﬂﬁ Q%WEEN
chl orof orm foll owed by 2% and 20% net hanol in chl oroform ConceMEPRAGEDh of

t heTABMEtYr eluants led to 163 'mg (81% of product 10c. np I34-136[err|C,

[err]H NMR (CDCl [err]): 10. 95 11 20 (m 2H), 9.63 (s, 1H), 892(d 1H)
8.13 (d, 1Hy virﬁ?c@%r OPrv 88 REpRESENTAR f{homﬁd)ms?oﬁz t, 1.08
(d. 24H); Aned'a ﬁ?ﬂr‘i u %Nﬁ l!db@}'liﬂ Uﬁﬁ.ﬂh lﬁfTrISSAQ .95, H. 8 78 N,

14. 19. Found: C 69
REPL ACENMENT SHEET

Nnk

] 1050 pg/mliB.D, &)
COMPOUND | EXAMPLE R = -
toVo LoVo/Dx R.1.b)
o™, )
108 4 Sty 0.045 0.085 1.9
: o
12¢ 22 _gﬂ,mﬂmc& 0.1540.07 0.3650.04 2.4
?'ﬂ‘n
M 5 #\-ﬂ'.km 0-29_}_0-05 0169‘:}.0-1 3-4
. 8 _
1d | 7 | s~ Joeaow0.0n 0s20as 2.8
10 12 | Ao | o.2130.08 6.7041.8 31.8
{nalente . :
128 20 1 g | 1:6420.02  20.920.72 127
Mitoxantrone 0.0110.009 0.2910.1 29.0
Anetantrone 0.3310. 1 33.4313.9 101.2
Doxorubiein 0.0340.009 4,28:1,8 . 142.%

a) MIT Assav. 144 hr= drug exposure,

b} R.1.

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



12 Exanple 7

6.9-Bi's |no)ethyl]an1nolbenzo[g]lsqu|nollne 5, 10-di one
(10d)Thmsmmt t|on of 1-(2-am noethyl)pyrrolidine (690 ng, 6.0 mol) in
pyrid ded to 9 (202 ny, -0.82 nmmol) in pyridine (2 m). The
n1xtur M, roomtenperature for 49 hours. The excess base and
pyri di d using a slow stream of nitrogen. h¢H5e§HQNEHm&§EEN

pl aced under vacuum overnight. Cold water was added to the re§“g¥gcgy
tacky solid separated. The product was extracted w th chl roform{t3—35
m), the extracts dried over sodiumsulfate and the chloroforn1reaned by
rotary evaporatlon toyield the title conpound (260 ng, 73%: TLC, silica
gel, 5% MeOH/ CHCl [err], one blue spot; mp. 141-142[err]C. [err]H NWR
(CDCI[err]) 11. 15 (t,_lkb, 11.00 (t, 1H), 9.65 (s, 1H), 8.90 (d. 1 H).
8.05 (d,, 1 H, 7.35 (m 2H), 3.65 (m 4H), "2.90 (m 4H). 2.70 (m 8H), 1.85
(m 8H). Anal. Calcd. for C25H err]N502: C. 69.26; H 7.21; N 16.15.
Found: C. 69.02; H 7.25; N 16.00. - Mileate salt. Under a nitrogen

at mosphere a solution of maleic acid (271449; 2.34 nmol) in ethanol (5 nl)
was added to a stirred suspension of conmpound 10d (450 ng; 1.04 mmol) in
ethanol (20 nl). After stirring for two hours die- thyl ether (25 nl) was
slow y added and the precipitate was filtered and dried under vacuum at
40[err]C to give ﬂiﬁégﬂéﬁiéi | - -

In'vitro biological evaluation: L1210 murine leukemia.

L1210 Murine leukemia cells were routinely main-
tained in suspension cultures in McCoy's éA medium sup-
"5  plemented with 10% horse serum glutamine, penicillin
and streptomyecin and grown in a humidified environment
of 10‘2 carbon dioxide and 90% ajir at 37°C.
_ To assess the in vitro toxicity, each'compound was
dissolved in dimethylsulfoxide and added te 1 ml of
1o L1210 cells (105 cells/tube) to atf:ain final concentra-
tions of 0,01, 0.1 and 1 yg of drug/ml of culture. Af-
ter 72 hours of coﬁtinues exposure to the drug, the
cell concentration was determined with a Coulter Coun-
ter. Growth inhibition was calculated for each drug
15 using the following formula:
% growth .inhibition = l-[cell number treated/cell
numnbay DMSO alone)] x 100. '
The growth inhibition data was then used to calcu-
late the icsu value (the calculated drug concentration
20 required to inhibit cell growth by 50% of control.
The rasults are reported in Table VII:



scdpie di mal eate sal't- of  10d (580 hb) m p. 164- 166[err] C. Anal .
Cal cd.” for—G33H3SNferriOerr] . HO C 57.96; H 6.04; N, 10.24. Found: C,

57.85, H 51119&&1%;&%&1&“1“@ anple 8
6.9:Bi s[[ 2- HI Hﬂ! ethyl]an1no]benzo[g]lsqu|nollne 5, 10- di one (10e)

A sol ution hyl ) nor phol ine (220 ng, 1.7 5) .Tﬁ»(z
m) was add , 0.42 mml) in pyridine(lnn;? Sg%
m xture was stirred at roon1tenperature for 120 hours.t.Ihe Dan1ne and

pyri- dine were evaporated using a slow nid%ogen stream and the resraue
pl aced under vacuum overnight. The m xture was taken up into chl oroform and
then filtered. Renoval of the chloroformleft a blue solid which on TLC

Showed one. bl ue. sparep it ¢ z%ﬂ"'{ﬁmﬁﬂ? TR, Bl i S

10.90 (m 1H), 9. 621&3 cﬂﬂgoﬂn@@ , THH , ISVASTtON hdhxnérZEMQDoiiﬁuxéhﬁﬂ

(m--8H), 3.55 (m 4 4 . Anal,. Calcd. for
Clerr]Herr]Nerr] 1(561?'??; WEG"B‘%)RI@R CHHPOPR Sa C, 63. 95, H
6.78; N, 11.89. Exanple 9
5 Compound Example ‘;gsu.gﬂg/ml)
loa B | ' 0.006
10£ 9 0.002
104®) 12 | 0.05
101 (®) | BY 0.0
10 al®) / 0.155

(a) Hydrochloride Salt: 10i.HC1

{b) Dimaleate Salt: lgé,haleahe .

{(c) ~ Prioxr art _compound; 6§,9~bis{f{2-(dimethylamino)-

ethyl]amino)benzqig}quinoline—s,10~dioﬁe: A.P, Krapcho
15 et al., J. Med. Chem. (1985), 28, 1124-1126.

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

P388 Murine Leukemia cells were maintained in vivo
6

20 by serial intraperitoneal (i.p.) injections of 10
cells in DBhZ mice. For tesgt purposes, CDFl mice were
inoculated intravenously (i.v.) with 10 PBEB cells and

.treatmenh was initiated 24 hr later, The i,v. dose of
drug was administered on days 1, 4 and 7, Mice were ob-

25 served daily for éigns of toxicity and survival. ‘The
date of death Qas recorded for each anlimal that died or
was sacrificed during the 60 day study. The median sur-
vival time (MST) for each treatment group was calcula~
ted and the % T/C waé determined using the following

30 formula:
% T/C = {(MST treated)/(MST control)) x 100



6.9-Bi s[[2-(1' -aziridino)ethyl]am no] benzo[ g]isoquinoline-5,-10-di one (10f)
The procedure of exanple 4 was repeated reacting conmpound 9 with

N-(2-am noet hyl )aziridi ne and the resi due obtained after evaporation of

pyri dine was purified by silica gel colum chromatography. A maj or bl ue
band eluted with 10% CH3OH i n CHC [err] was collected. Crystallization from -
a mxture of nmethylene chloride and ligroine yielded a dark bl ue solid,

m p.- 100-103C, [err]H NVR (CDC13) 11.23 (br.. 1H). 11.15 (br, 1 H) 9.73 (S.

1H), 8.91 (d. 1H). 8.12 (d. 1H), 7.40 (d. 1H), 7.38 (d. 1H —4H)
2.60 (t, 4H), 1.85 (m 4H)..1.24 (m 4H); mass spectrumni. 7THiSeSHEETvBA5 BEEN
intensity) 377 (100, Merr]), 278 (72.7), 56 (12.6). Anal.|Cal cdREPLAGED

Clerr]H23N[err]Jerr]: C. 66.82; H 6.14; N, 18.55. Found: -6—86"5(; H.
6.00; N. 18.20. Exanple 10 ' .
6.9-Bi s[[2-[ N-(t-butoxycarbonyl)am no] et g ] am no] benzo[ g] i soqui nol i ne-5. 10
-di one (10g9) A solution of 9 (0.10 g, 0.41 mml) and

N- (t-but oxycar bonyl ) et hyl enedi-am ne (Synth. Conm, (1990), 20, 2559;

The results of the'antileukem.{c activity of 6,9~
bist[2-(dimet.hy1amino)ethy1Iaminolbenzo[g]isoquinoline-
5,10-dione (10a) of example 4 an_;l é,waisltz-(aminoj_
ethyl]amino]benzo[glisoquinolihe-s,lo—di‘oné dimaleate

5 (10i maleate) of examp_le 12 in comparison to mitoxan-

trone are reported in table VIIX

-
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0.65 g. 4.10 mmol) in pyridine (4.0 mM) was stirred at roomtenperature for
24 hours. Addition of water (20 mi) led to 10a which was filtered. washed
w t-h water and dried (0.17 g, 80%, mp. 213-216[err]C. Crystallization
froma CHCl[err]: CCl4 mix- ture gave a darkblue solid mp. 215-216[err]C
[err]H NVR (CDCl [err]) 11.07 (br, 1H). 10.96 (br, 1 H, 9.49 (s. 1H), 8.90.
(d. 1H. 7.99 (d, 1H, 7.32 (s, 2'H), 5.30 (br, 2H), 3.58 BHK&BEEN
4H). 1.56 (S. 18H); mass spectrumniz (relative intensity) gﬁg

Merr]) 339 (51.9), 57 (87.7). Anal. Calcd. for C[err]H[err]N[ Drr}'
C. 61.70; H 6.73; N, 13.32. Found: C 61.18: H 6.29; N 12.88. Exanple
11 -6

9-Bis[[2-(N-t- butoxycarbonyl N- met hyl aim noJét hyl | am nol benzo[ g] i soqui nol i ne
-5,10-di one (10h) 6, 9-di f | uor obenzo[ g] i soqui nol i ne-5, 10-di one (0.29 g,
1.18 mmol ) was added to a stirred solution of - N-(t-butoxycar

Table V111 ANTITUHOR ACTIVITY OF COMPOURDS lOa. 101.8aleate AND MITOXANTRONE
1)
(MITOX) AGAINST P388 MURINE LEUKEMIA tiv/iv 1,4,7)

%) _ ) 3 ) 5)
COMPOUND DOSE - T/CX TOX LTS
' {ng/kg/day) (range)

Controls - 100 0/713 0/13
105 wAleate 18 200,188  o/18 0/16
- 27 203{181-227} = 2/32 0/32
 10a 1B 172,166 . 0/%4 /14
— 27 188,167 3717 0/17
30 183,156 17186 0/16
HITOX 2 162¢154-167) 0742 0742
a3 185(167-217) 4778 0/18
¥ 118{88-133) 20/24 0/24

, s

1) CDF) male mice were transplanted iv with 10 cells/mouse, Tredtsent was given
iv on deys 1,4,7 after tumor transplantation (day 0).

2) 1Di.wnlente and MITOX were dissolved in mterile water; 10a in cltric &cid 1X,

3) Hedian survival time of treated mice/median survival t{me of controls x 100:

1) Number of toxic deaths/tota) number ol mice,

5) Long term survivorst animals tumor free &t the end of the experiment (50 days).
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13 bonyl)- N net hyl et hyl enedi anine (0.824 g, 4.73 mmol) (J. Med. Chem

1990, 33, 97) in dry pyridine (5 m). The reaction mxture was stirred in
a nitrogen atnosphere for 24 hours at roomtenperature and then for further
8 hours at 50[err]C. The solvent was renoved under reduced pressure and

t he bl ue residue obtained wias taken up with CH2A 2 (50 m), washed wth a
5% NaHCO3 solution (2 x 30 mM) and with water (30 nl). The'conbined organi c
phases were dried over Na2SO4 and the sol vent evaporat ed IUCI %UBEEN
pressure. The bl ue residue was purified by col um chid §§F§E

(silica gel 230-400 nesh, 50 g, eluent CH2Cl 2: AcOEt: Me(H 93:

yielding 400 ng (619% of blue crystals, mp. 161.5 - 162.5Terr]C after
recrystallization fromCH2C [err]: hexane [err]H NVR (CDCl [err]) 1.49 (s,
18H); 2.94 (s, 6H); 3.45-3.75 (m 8H); %5 7.55 (m 2H); 8.12 (d, 1H);
8.95 (d, 1H); 9.62 (s. 1 H): 10.95-11. 25 (m 2H, exchangeable with D20 .

Example 29

’ In vivo biological studies: P388 Murine Leukemia .

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

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

P388 cells and treatment was ini-

nistered on days 1, 5 and 9. Mice were cobserved daily
10 for signs of toxicity and surviﬁal. The date of death
wag recofded for each animal that died or was sacrifi-
ced during the 60-day study. The median survival time
(MST) for each treatment group was caleculated and the %
- T/C was determined using the following formula:
15 % orfc = [(MST treated)/(MST control)] x 100
The results of the antileukemic activity of 6,9~
bis{[2-(amino)ethyllaminolbenzol{glisogquinoline-5,310- "
dione (10i) as the dihydrochloride (10i.HC1) and dima-
leate (10i.maleate) salts {example 12) in comparison to

20 mitorantrone are reported in table IX

is Sheet Has Been Replaced

HII\I\\ MR




Exanpl e 12 6.9-Bi s[[2-(am no) et'hyi ] am no} benzo[ g] i soqui nol i ne-5,10-di one
(10i)." Fromdifluoride 9: Under a nitrogen atnosphere 1, 2-di am noet hane
(8.72'm; 130.5 nmol ) was added to a stirred solu- tion of corrpound 9

(4.00 g, 16.3 mml)- in pyridine (80 m). A slightly exoter
)Fﬁ‘rsr F@ﬁTﬁgs GEEN

ensued that was noderated by cooling in a water bath at 2
reaction mxture was stirred at roomtenperature for 34 ho Dyas
cooled to -5[err]C for 30 mnutes, the soljd was separate' oy suction

under a nitrogen flow and dried overni ght 3Rder vacuum at 30[err]C. The
crude material obtained (6.07 g) was recrystallized by dissolution in

met hanol (20 m) at 40C and reprecip-  itation with methylene chloride (100

m ) and n-hexane (300 m) to give 5.12 g of 10i as a blue solid. [err]H

NVR (CDG [err]): 11.10-11.30 (2m 2H), 9.53 (s- 1 H), 8.93 (d, 1 H) 8.13

(d. ﬁble?l%kb’l‘aﬂﬂbk ACTISEY OF M) HCL3. 104 .@a)estd) AND WRTOXANTRORD S(MNPUX 11 AOATRST
RP18, pm el uent: sodlunlheptanesulfoﬁafk 2 g/l in H20: CH3CN: dloxane

75: 20: 55C1[3I-C3’3\R/Bt’ﬂ!mﬂ§drm](9q»\e(h}/ip pAR%hm flow 1 m/min; Rerr] = 8.80

m nut esT==-== ﬂvaf'ea-t-e sel-t--~tnder- -er-n-r-t—r-oge-n-at—-rmph'ef-ePrhe--‘r-r-e-e--base--}@r- ------
(3.50 8¢ 8 ®Mhol) was dissolved in a m¥ure of eth- &hol (170 m§) and
met han "PPQUPS‘M by hd¥¥SEng at 50C f & 740 mi nutes, ¥Men a sol uth®&n of
mal eic acid (2. 87 g, (es/kp/8ew) ) in cbmdaBBl (30 m) was added. WaFePOheating
for fiVeE MOTE A WU &5~ ar - SUC - T e T Xt Ure~ Mas ~al 1" 6wed T0 " toor "t room Tans™~—==
. 104.HC) 3.1 144 . /8. 0/8
6.25 196 1/8 0/8
12.5 : 239 0/8 0/8
25 | 387 0/8 2/8
A0i.maleate - 25 185 o/ © o/
3.5 260 1/8 1/8
" MITOX 1,5 186(160-225) 6/26 1726
- ’ 3 173(142~-205) 21/42 1/42
.s y

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

on days 1,5,8 after tumor transplantation {day 0) '
2) 104.KC) and 10i.valente vere dissolved in Bterile wvater and ¥I1TOX in sallne.
1) Wedian survivel time of treated nice/wadidn xurvival time of controls x 100
4) Ko, of toxlc deaths/ total No. of kice .
5) Long tere murvivors At the and of the éxperiment (60 daysr).

—_—
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perature and then left at 4C for 2 hours. The precipitate was separated by
suction under a nitrogen flow and dried at 40C under vacuumto give 5.75 ¢
of, t he crude di mal eat e. To a stirred suspension of this crude nmateri al
(5.-71 g) in water (90 m) at 50C et hanol was added dropw se until a

conplete solution was obtained (about 300 m), then nore ethanol was added
(400 mM) and the mxture was allowed to cool to roomtenperature. After 12
hours the precipitate was separated by suction, washed mrggfeggﬁﬁnﬂ—gﬁﬁiyf
and diethyl ether (10 m) and then dri.ed under vacuum at @ 5 i FEEN
give 4.22 g of the dimaleate salt of 10i5%mp. 176-178[efr] C SHRALAGERg, it

does not nelt up to 245[err]C, Anal. Calcd. for

(@]

CerrJHerr]Nerr]derr].2C4H404. 1.5 Herr]O C, 51.37; H 5.17; N, 11.98.

" Found: C, 51.31;

10.87 (br. 1H),

Erdndfe I 11.93. [err}H NVR (DMBO-d6) 10.92 (br, 1H).
9745 %%?‘Iq!, 9.01 (m 1H. 8.08 (m 1H), 7.59 (s, 2H)
6.03 (s, 4H), 3. Zn (wwivapbiglegical 4ptudied: 1 Jglhy Murénecr Lebkeniy
nm (E 1% : 641 (

%!7&?/1 597E (f4§, 9%)13_(98). 273 (257), -246 _4) ' .
Hydr ochl ori de sal+= I ne. 10i : Hydrogen chl ori de gas was

= (N m

bubbl ed through ajsol ut L2109 #ieiké Ud@uRkiEis | Bethgorwdvs Muaiiitdained t A&
sol ution was no |onger blue. The solid was filtered and dried to yield ag

dark bl ue hyyr osadiic byl weeklyl 7ingraperitoneal (ip) injections of 10

10

15

20

25

inoculated 1i.p. w;thllo

cells in BDF1 mice. For test purposes, mice were inocu-
lated i.p. with 10° L1210 cells and treatment was inil-
tiated 24 hours later. The desired dose of drug was ad-
minictered on dayg 1, 5 and 9. Mice were observed daily
for signs of toxlcity and survival. The date of death
was recorded for each animal that died or was sacrifi-
ced during the 60-day study. The mean survival time
(M8T) for each treatment group was calculated and the %
T/C was determined using the followinq formula:
% T/C = [(MST treated)/(MST conhrbl)] R 100
' The results are reported in table X
b} L1210 murine leukemia cells were malntained in
vivo by weekly intraperitoneél {ip) injections of 103
cells in DBA2 mice. For test purposes; CDFl micae were
5 11210 cells and treﬁtment wés
initiated 24 hours later. The desired dose of drug was
administered on days 1, 5 and 9. Mice werxre observed
daily for signs of toxicity and survival. The date of
death was recorded for each animal that died or was sa-
crificed during the 60-day study. The median survival
time {MST) for each treatment group was calculatea and
the % T/C was deiermlned using the following formula:
% T/C = [(MST treated)/{MST control)] x'100

The results sre reported in bkable XI
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26% ,: mp. 209-212[err]C. [err]H NVR (DVSO- d6) 10.91 (br. 2H), 9,44 (s. 1

H, 9.01 (d. 1H), 8.23 (br, 4H), 8.09 (d, 1H). 7.74 (s, 2H. 3.84 (m
4H), 3.02 (m 4H). Anal. Calcd. for Cferr]Herr]Nerr](err].2HC . 4H20; C.
44.94; H. 6.43; N, 15.41. Found: C. 44.52; H 5.29; N 14.%3__The free

am ne could be regenerated by adding solid potassium carbonat ¢ THI§ SHEET g BEH@d
NVR sanple. A Jerr]H NVR anal ysis indicated the presence of the freﬁﬂﬂﬂb?ﬁ' —J
b) From deprotection of t-Boc Anal ogue 10g: Hydrogen chl ori de~gas—was

bubbl ed t hrough a solution of 10g (0.160 g, 0.300mmol) in dry
chloroform (10 m) for 30 mnutes. A dark blue solid was filtered and dried
(0.115 g, 959 ; mp. 213-215[err] C wh structure was confirned as the

hydrochl oride salt of 10i by [err]H NWR analysis. Exanple 13

6. 9-Bi s[[ 2- (acetyl am no) et hy] | am no] benzo[ g] i soqui nol i ne-5, 10- di one (10i)
The procedure of Exanple 12 using conpound 9 and 1, 2-di.am noethane, was
repeated and the cTASLE ééciﬂoﬂlgtpxtﬂgrﬂWRaMTW?W% QF| COMPOIMDS,) | 10, .

Acet | hydri d m ) dai | e
Srand tor 35 m it abt s HB3 L AAL Aekoker (N30 nlomiBp L H98RLCa 2,
CH[ er r] OH: CHCL [ er 1]5 ,Wisi)c TMVAOMEARISON e el MRIDECHAET drodpatser8a OH

mxture to yield a blue solid (0.240 g, 35% mp. 155-156[err]C, [err]H NWR
(DVBSO d6) 11.12 (t, 1H), .11.02 (t. . _ '

5
. Compound Example . Dose® %T/C gggf
10 10a®) ' 50 151 -
103.u1c1f®) 12 25 265 5/6
| | 12.5 265 A/6
101.maleate!d) 17 25 415 1/6
- | 12.5 313 2/6
15 safe)(d) /] - 59 129 -
{a) mg/kg, days 1, 5 and 9 ' -
(b) Compound . l0a and 5a were dissolved in DMSO (<35%)
and water
{e) Rydrochloride salf dissolved in water
20 (d) Dimaleate salt dissolved in water

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

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

25 of the experiment (60 days)
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1H). 9.42 (s. 1H), 8.95 (d, 1H), 8 15 (br. 2H), 8.03 (d. 1H), 7.62 (s. 2H),
3.57 (‘m 8H), 1.83 (s. 6H); mass spectrum ni 2.

14 (relative intensity) 409 (2.5 Merr]), 337 (6.4), 86 (100). Anal.
Cal.cd. for Jerr]Herr]NsQerr]: C, 61.60; H5.67; C 613 (e s A

16. 89. Exanpl e 14 _ Tﬁ{s gggg&(ﬁf B&N

52

Table X1. ANTITUNOR ACTIVITY OF COMPOUND 10i. ugl AND WITOXANTRORE (HIT0X) AGAINST
ASCITIC WURINE LEUKEMIA 01210 (ip/ip d.1,5,9)

: 7) 3) n 5
COMPOUNDS DOSE X 1/C TOX LTS
{ng/kg/day) _ :
101 HC) - 5,23 188 . o/m 0/8
T ' 12.5 175 0/8 1/8
25 2504 177 177
“HrTON 1.8 188 os8 1/8
a 184 1/8 , 176

3

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

ip on daye 1,5,9 after tumor transplanlition (day 0).
2) 10} .HC) was diesolved in sterile water and MITOX in saline.
3) Hedien survival time of treated mice/wedian Burvival tiwe of controls x 100
4} No. of toxie deathe/ tota) Ko, of pice at the end of the éxperiment {60 days).
5) Long terw survivors: aninals tumor free at the #nd of the prerhent ( B0 days).
2 This value was celculated on dead ulce. .
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6 9- BIS([2 (nethylan1no)ethy|]an1no]benzo[g]lsqu|nollne 5. 10-di one
tri hydrochl oride (16— Et hanolic HO (6.7 N. 2.0 mMl) was added to a

sol ution of 6. 9-bi Nt - butoxycarbonyl N- net hyl -

am- no)e : m g] i soqui nol i ne-5, 10-di one (10h) (440 ng, 0.795 -
mol ) - The reaction mixture was stirff

terrperat men at nosphere for 24 hours, then t}h ﬁﬂgaé FEY WAS BEEN
crystals forned were col- lected by filtration, washed wilth ab PRa

et hanol and dried at 40[err]C in vacuo to §idve 945 ng (94% yi el d) of pure
product. mp. 188[err]C dec. (DSC eval uation). El enental Anal ysis
Calcd. for (Jerr]JHerr]d[err]Nerr]®.2Herr]O C, *46.51; H 6.03; N
14.14; d 23.60. Foggg g= ?i 75; H 6.06; N 14.04, d 21.32. HPLC
(Uchrosper 100 RP18 El uent K2ZHPO4 25 mM n- C7H[ er rASOBNa 2 /m
in Herr]O CH3CN: ghoxdrne 38idio grudiesh Hotditomor nst
flowl m/mn. Rerr] 20. 11 n1nutes :

(E 1% : 641 (290); HugiheghpwisidungyHar Sokus = ;
(Dlerr]O 2.75 (s, i% m . 30- 3 45 (m 4FD 3. 80- 3. 95 (n1 4FD 7. 38 (a. ZFD
8.17 (d.1H);- 8.85 ( , 9.27 (s.1H. Exanple 15

6. 9- Bi s[ (2- hydsoxvehmthn&haoLhwﬁsopghgsuqubﬁobmne-5.10-dione (11 a)

C57b1/6 female mjce were trasplantated im (intra-

limbg) with 10° ocells. Treatment was given iv (intra-
venously) on days 1, 7, 15, after tumor transplantation
" (day 0). The mean tumor weight for each treatment group
10 wazs calculated according to Geran, R.I. et al., Canger
Chemother. Rep., (1972), 3, 51-61 and the TWI% was cal-
" culated 7 days after the last drug treatment using the
formula: ,
TWI% » 100-[(Mean tumor weight of treated mice)/(mean
15 tumor weight of controls)] x 100. |
The results are reported in table XII for the re-
preseﬁtative’ compound of tbe invention G,D—b.is[{z-(ami-.
no)ethyl)amino)benzo[g)isoquinoline-5,10.diona (1pi) as
the dimaleate salt (10i maleate) of the example 12.
20 L) Human MX-1 mammary carcinoma
CD1 nu/nu female mice were transplantated sc (sub-
'cutanéously) with tumor ftagments {about L mm x 1 mm %
1 mm). Tkeatment was given iv once a week for three
weeks, when tumor weight reached an average of 150 mg.
25 For all individual tumors the weight change (relative
tumor.weight) for the start of treatment (VD) was ex-
pressed as V, /V  at each day of measurement (V. ). TWI%
was calculated 7 days after the last drug treatment
. using the formulas ] .
30 TW1I% = 100-{(mean relative tumor weight of treated

mice)/(mean relative tumor weight of controls})) x 100.



Di fl uoride. 9 (1.0 g, 4.1 mmol) and 2- ani noet hanol (2.5 g, 40.8 mol) in
pyri di ne (7 m) were stirred at room.tem perature for 18 hours. The

m xture was poured into water (50 m) and the product lla was filtered and
dried (1.26 g, 9499 . mp. 236-239C. Recrystallization from nethanol ‘yielded
dark blue needles mp. 237-239C; [err]H NVR (DVMSO- d[err]) 11 28 LH)—
11.19 (t. 1H), 9.43 (s, 1H), 8.94(d. 1H), 8.03 (d, 1H),
(t, 2H), 3.69 (m 4H), 3.54 (m 4H). Anal. Calcd. for Cl
H 5.25; N 12.83. Found: C, 62.21; H, 5.12; N 12.50. :
6. 9- Bi s[ (2- net hanesul f onyl oxyet hyl ) am no] benzo[ g] i soui nol 1 ne-5, 10-di one
(11b) A solution of 1l1a (0.30 g, 0.92 mol) in dry pyridine (4 m) was
stirrgd at roomtenperature under nitrogen for 10 m nutes. Methanesul fonyl
chloride (0.24 g. 2.07 mmol) was added and the m xture stirred for 20

m nutes. The m xture was quenched into ice- wafer (20 mM) and the solid was
filtered. Crystallization froma chloroformligroine nmxture gave a bl ue
solid (0.294 g. 66%; mp. 116-118C, [err]H NVR (CDCl[err]) 10.98 (br, 2H).
999 (5 10, 8. 97 (d 101 8ulltalihe Lobrlidd Wil rak1dixtd. chrtdune re-
4.50 (t. 4H), 3.83 (q, 4H), . Calcd. for (Jerr]H

N3 err]S2: C, 47.20; pﬂasmggtiwe compound of the invention 6, 9-b:l.sl[2 {ami-

no)ethyl]amino]benzo[glisoqumoline-s 10.dione (l0i) as
the dimaieate_ salt (101 maleate) of the example 12.

Tlus Sheet Has Been Replaced

T I



8 69.- Found: C, 46.80; H 4.31;. N. 8. 48 Exampl e 17

6.9-Bi's[[2-(2- hydr oxyet hyl ) am nol et hyl ] am no} benzo[ g] i soqui nol i ne- 5, 10- di on
e-(101) a) Fromnesylate (11b) A solution of (11b) (0O~ q}ﬂg

mmol ) and 2-(trinmethylsilyloxy)ethylamne (2.21 g, 16.5 mol.)} i iHﬁ§ BEEN
(5.0 M) was stirred at roomtenperature under a nitrogen atmnnsphe EPLAGED 48
hours. The pyridine was renpoved under a nitrogen flow and the residue was
taken up.in nethylene chloride. This solution was washed with saturated

sodi um bi carbonate and dried over sodiumsul f8 e. Renoval of the sol vent

left a blue oil which was dried under vacuum overni ght. Chroma- tography on

a silica gel colum resulted in a cleavage of the Si-0O bond to yield 10I.

This product was eluted with a 1:5:5 Et3NCH err]OH CHCl [err] m xture.

Concentration gaveprEst—asramorff—TerTTH NVR (CDC [err]) 11.19 (br, 1H)
11.06 (br, 1 H). 9l46_(S |1 H),18.83 (d.J1 H, 7.98 (d, 1 H, 6.98 (s, 2H),
3.82 (m 4H), 3.52{(m¥4H, &1 (m 4H} 2.96 (m. 4H); U. V. (2-nethoxyet h-
anol): 570 (sh. [e r]‘g 7p00% 5412 gge%’.r = 13,200), 658 ([err] = 14, 000).
)
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b) Fron1 ~ Under a hitrogen at mosphere :
2-[(2- hy m I, lﬂMthyl amne, (6.19 m; 61.2 nmmpol) was added to a

stitred suspg ound 9 (1.00 g; 4.08 mml) in pyridinge(30 m) at
oC. After one hour the reaction mxture was al |l oned to react THISTBHEET HAS BE|
tenperature and |l eft at thls tenperaturgqéor t hree ' REPLAGED

[

15 | " —_—

N THE C MS:
1. A compound according to formulam (¥)t:

O NHR

(x)

O  NHR

whereln R is |

Cy~Cyg 8lkyl: phenyl or c,-Cyq aralkyl}

Cy~Cyg ak1lyl substituted with one or two subatitueﬁts Belacted from
the groub conéisting of Dnl.and ~NRyRy?

Cy-Cyq 2lkyl interrupted by.nnq or kwo oxygen atomz or by a member
gelected from the group consleting of ~NRy-, @lg ~cit=Clt, Lransg
~Ch=CH~- and FCEC~. and optionally substituted with ocne or two
hydroxy (011} or‘-ann3 groupst and wherein

Ry 12 selected from the group consisting 6! hydrogen, C,-Cg alkyl;
phenyl, €;-Cyo aralkyl, -Cio, -CORg~, =~COORy, ~S(02)R5 and C,-C,
alky} optionally substituted with ~NRyR4 ¢ | : ‘
Ry and R, are the same or different and are gselacted from the yromp
consisting of hydrogsn, Cy~Cyp BIRYL, Cy-C;q nralkyl, phenyl,
"Cy-Cyq 2lkyl subgtituted_wiﬁh tne or two hydroxy (Oﬁ)'groups,.~cﬂ0,
-CORg, =-COORy; and —é(cz)ns. R, and Ry taken togethar with tﬁe
hitrogen atom to which they are bound form aﬁ ethyleneimine rlhg ox
8 5- oxr 6-membered aromatlc or.non—arométic hetexocycllc xing
optlonally containing &nothér-heteroatom gelected from the grouwp
consisting of sulfur, oxygen and nitrogen, R, ig H and R, isg

-C(=NH) Wi, or R, ls ~C{=NH)NH, and R, is MNi
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hour s. The—eeaet—em%ms appli ‘ed to a silica gel (100 g) colum

chrpmatogdmml irst wwth CHC [err] CH3OH 90:10,_then with ,
CHC 3: CH3 ’m('ﬂ y M[I y with CHCO 3: CH3OH: NHACH 85: 15: 1f THIReS EEqCHAS)rB%Ei\;

contai ning * t fe prosuc e pool ed. the solvents were renpvied an D

resi due was subjected to a second purification by silica g {95 ) uom
chromat ography. eluting with.CHC [err]: CHOH. NFMOH conc. from 95:5:0 to
80:20:2. A final puri f ication over grade I basic alumna (25 g) eluting

wi th CHO 2; E ave a residue of 50? rTE t-hat was crystallized from
a mxture ot dBnER Pctﬁ sERew they grotpyrengiehing ok hydraden, £1gCqe abkyl,

. | f
é?l‘s‘io{r?)ed .%“‘ai%éﬁw%amn %&%Z%Tn{‘%gé &éﬁﬁaiighspg:%%nﬁ"‘éné.pm.sm—sfm
Lenper at ur STARYEF ERsfo I "Robrs’ ZEBBRS ahd, ThkopTh, bFueaEr;S?LRS
obt ai ned w%eﬁewﬁt&.@day:mtem Sorill {4 & O £Sh§ﬂk

~C
et hanol and diethyl ether (2 ml) and drie under Zym at 20t o0

gi ve the daurallkgtﬂ.e aalt pef 4ply{dAfthtiyl, rplmnyJJSZﬂl«'iBﬁ—-,[eH bHtolYR as free
(DVBO-d6) 10494 (br. 1H), -10.88 (br. 1H). 9.47 (s, 1H), 9.02 (d. 1H), 8.60
(br, 2H), bassswndm)uir 831t8. wﬁbbl pBaptacgat dﬂly&&&epbsbl&l—&cl&s% -
(m 4H), 3.71 (m 4H) 3.26 (m 4H), 3.12 (m 4H). U V. 1.355 ng in Herr]O
(25 m); nm(E 1% :641 (220), 598 (208), 312 (85), 272 (221). 246 (406).
Anal . Cal cd. for C21H27N[err A, 2C4H4A04. H20: C, 52.52; H 5.57; N 10.64.
Found: C, 52. 492+ H Aseompoynd axeprdingtensiaimy, wherein R s -wﬂg)p-ﬂﬂz

Endpis 2, 3 or 4,

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

4, A compound accﬁordinq to claim 1, .vherein R s
_(cl!zlp-llR2R3 and p 18 2, 2 or 4 and whereln R, is hydrogen and Rq
15 CI"CG alkyl- )

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

"
—(cn:ﬁ,)pﬂm—e-tm‘.2 and p 18 2, 3 or 4.

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

-(Cllz)p-.}mw(cnz)qoﬂ and p and g are independently 2, 3 or 4.
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6. 9-Bi.s[ [ 2- (2- met hoxvet hyl ami no) et'hyl ] ami no} benzo[ g] i soqui nol i ne-5, 10- di one
(10m A solution-of 11b g. 0.21 mmol) and 2-nethoxyet hyl am ne _
(0.47 g, 6.20. nne%%*rﬁ’”’“‘~LQ“l?5 0 m) was stirred at rg atur.e. -
- under a nitroge m““mﬁﬁmm ours. The piridine and S SSHEBT ntASVEBEEN
renoved under v! s4 duge was dissolved in nethyl ene HEEPLA{',‘E[ﬂe
washed with a saturated sodi um bi carbonat e sol ution and et—over—sochum
sul fate. Upon renoval of the solvent the residue was purified by col um
chromat ography on silica gel by eluting with 1:1 CH30H CHO 3.
Crystallization froma ethanol and pentane _m xture | ed to 10m (0. 091 g.
T 66%; mp. 174- 175C, [err]H NMR (CDC [erﬁf) 11.08 (br, "1H), 10.97 (br, 1
H, 9.56 (s. 1 H, 890 (d.-1 H, 8.05 (d, 1H), 7.31 (s. 2H, 3.62 (m 8H),
3.43 (s. 6H), 3408 @t ) to2chaimby Swh&lﬂ)aimmsassp ¢l ont
mz (relative mteng\lty;}@l’una géc?Edieya , 254 (55 266 (50. 5)q !hygh
Cal cd. for axbepr Bl @,r bNper a.O4: C, 62. 57 H 7.09; N 15. 86. Found C . '

62.51; H 6.92; N 15.47. .Exanple 19
6. 9-Bi s[[2-(2- hydroxyethoxy)ethyl]an1no|benzo[g]lsoaU|nollne 5. 10- dlone(llc

B. A compound according to c¢lalm 1, wherein R I

-(cnz)p—o—(cnz)q-ou and p and g are $ndependently 2, 3 or 4,

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

consisting of:!
s,g—bls([2~(amino)ethyl]amlno)benzo[g]Lsoquinollne—s,10—dionet
6,9*bisl(2—(4'-morpholino)ethyl]amlno)bénzo[g]isoqulnoliha~5,10*
dione? . _
G,B—blé[[2—(dimethylaﬁlno)athyl]amlnu)benzo[gjlsaqulnollné~5,10-
" dione; | _ ' © .
6,9—bis{(2—(dlgthylaminb)ehhyl]amlno}bahzo[g]1scqu1hollna~5,10~
- dione: | o | '
6,9-bis([2-[d)(seo- prapyl)amino]ekhyl)aminulbehzo[g]1soquinolln--
5,10-dione!
s,9-bis{[2—{1'—pyrrolidino)ehhyl)aminnjbénzo[g]leoquinollnefs,10-
dione;
6,9-bis([2~(1'-aziridlno)ethyl]aminojﬁenzb[g]1Soqu1nollne—8,low
'dlonef |
6,9—bis{[2~(methnnesulfonyloxy)ethyl]amlno)benzo[q]lsoqulnolina-
5,10-dione} _ -
6,9-bls{[4-(anlno)butyl)amino)benzolg)izsoquinoline-5,10-dione}
6,9-bis{ {3~ (amino)propyl Jamino)benzoig)isoquinoline-5,10-dione;
B.9~bis([2~[(2~hydroxyethy1)amino]ethyl]amlﬁo]bgnzo[g]—

isoquinpline-5,10-dione; - This Sheet Has Been Replaced

|l




A solution of 2-(2- ani noet hoxy) et hanol- (446 ng, 4.25 nmmol) in pyridine (1
m) was added to conpound 9 ng. 0.41 .nmol) in pyridine (1 m). The
m.xture was Stirr erature for 45 h. The excess am ne and S
pyridi ne were B““E w st ream of. nitrogen gas ano-@g—ree‘ AL ) S—
solid was plac cuum~over ni ght. A cold sat- urated | SHERTUHAS BEEN
was added to:the solid and the product was extracted with ghl or oRGPLAGED x
25 nl). ThHe extracts were dried over ‘magnesi um sul fate and concentrared—on
the rotary evaporator to yield 140 ng (82%9of product tic; np 97- 99[err]C
[err]H NWR (CDCI[err]) 11.15-11.35 (2m 2H), 9.60 1H), 8.85 (d,. 1

8 08 (d 13(,;”& (fi@att%lsa%i(nnc})pr'dl;ylejamZno)Z»gn%rpqﬁ@omahﬁﬁez"% (,_l?,r_

6 9- Bls[[3‘£aqkﬂp)propyl]an1no]benzo[g]lsqu|nollne 5. 10- di one (12a)

1) Free AWIAE A solution of 1.3-diam nopropane (870 ng, 11.76 mml) in

chl orof ormg 3 1H1)s 4&@%&9 tHy3G@mino )Eﬁnzé{%gimhlnbllﬁﬂuw,qfwfﬂoﬁﬁs
m). The purple nlxture was |l owed to stir for 6 hours at room

t enper at ur &, oFd s { (2mmt—uydrmeﬂtdmm&yarjdmlhe)heﬁts[g@tﬁmﬁximqﬂnews y10-
chloroform The solvent was renoved by rotary evaporation and the

resi due waﬁiﬁﬂuved under vacuum overnight to yield 290 ng (93% of 12a; TLC

| I 25W MeOH 75% chl o
(silica ge ~b fa((z (méyiylamlno)athyl]amino]benzo[g]lsoquinolina~5,10—

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

5,10-djone,

10, A compo&ﬁd sccording to claim 1 selected from the group
consisting oft - '
5,9—bis{(2—(am1no)ethy1jamlno)benzu[g}lsoqulnallneus,lo—dlone,
6,9-bis{f2~- (1'«pyrrolld1no)ethyljamlnu}benzo[gjlsoqulholine—s 10~

) dione, ‘ _
6,9~bis{ [4-(amino)butylJaminoc)benzo{g)isogquinoline-5,10-dione,
6,2-bis({3-(amino)propyljamino)benzofg}isogquinoline-5, 10-dione,
6,9-bis{[2~[{2~-hydroxyethyl)amino}ethyljaminc)benzofg})~

isogiinoline-5,10-dlonhe, and a salt of any one of sald compounds.
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rof orm few drops of aq. anmmoni um hydr oxi de) i ndi cated one bl ue spot; mp.
105[err] C (softens) 112-115[err]C. [err]H NWVR (DMSO-d[err]) 11.15 (m
1H), 11.05 (m—3H-—9.45 (s. 1H). 8.90 (d, 1H), 8.0 (d. 1H), 7.55 (br S,

2H), 3.55 (b 5 (t, 4H), "3.75 (t. 4H). 1.75
lejl)cd. .for(cﬂmmlmem MM:}! O[¢(arr] H)c 64. 57( H, H)56 N. Ef’é@ é’I*E}Jnlii»‘\sCBEEN

65. 00; . *6.50:t N 2) Maleate Salt: A solutidn of MEPEAGED

acid (11 ng, 0.86 mmol) in nethanol was added to 12a (100 rg, 0.28 nmol)
di ssolved in nethanol (2 m) and ethyl acetate (2 m). The addition of nore

ethyl acetate gave a blue precipitate which was filtered and dried
under vacuum (120 ng, 79%, [err]H NWR (DVMSO-d6) 11.10 (t. 1H), 11.00 (t.
1H). 9.45 (s. 1 H, 895 (d. 1 H. 8. 0556d 1 H, 7.75 (br, 4FD,_7.60
(s, 2H), 6.0 (s. 4H, 3.60 (m 4H), 2.95 (t~ 1.95 (m 4H). Ana

Cal cd. for C23H27I\1[errch ;Joun% 5@0:?1::!1% EGSQ:'IaI}.Im ¥ Michoyrde o- bisl{z—

58.75; H 5.70:
REPLACENE““-é%#%ﬁgjehhyl]amino)bahzo[g]isoquinplina—s,10-dlona or a @galt

thaereof.

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

a maleate salt.

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

a hydrochloride malt,

14, A pharmaceﬁtical composition comprising a compound

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

a—

excipient,

15, A pharmaceutical composition comprising a compound
according to clalm 2 and a bharmaceu&ically accaptable diluent or

exciplent,

16. . A pharmaceuticsl composition comprising a compound

according te claim 3 and a pharmaceutically acceptable diluant or

exciplent.

17. A pharmaceutipal composiktion cowprising a compound

according to clalm 4 and a pharmaceutically acceptable diluent ox

excipient.
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Exampl e 21 6. 9- Bi s{[ 4- (ani no) but yl'] am no) benzo[ g] i soqui nol-i ne-5, - 10- di one
(12b) wﬁ ution of 1,4-diam nobutane (960 ng, 10.9

mol ) in chl deed to 9 (319 ny, ' mmg@ WAS BEEN
chloroform (6 reactlon m xture was stirrgd at H%E CE
tenperature for 217 hodt s $(9*days), The precipitate

by filtration and the filtrate concentrated under a slow nitrogen streamto
yi el d the free amne 12b (400 ny, 80% g 4 TLC (Silica gel. 25% MeOH 75%
CHCl [err]/few drops of ag. anmoni um hydr ox- ide); mp. 80C, (softens)
90-92C. [err]H NWVR (DVMSO-d[err]) 11.15 (m 1H). 11.05 (m-1H), 9.42 (s.

1H), 8.90 (d, 1ih. A Pphérgdcedtical. fvcirtproesd b Qo) | cami(ahanp empo\@m
4H . 1.70 (m 4H). 1.45 (m 4H). Anal. Calcd. for C21H27N erré

66.12: H. &caSrdioy 19 3stafisuhoand a mhomageutlosl 1y aggepbable di&yenh or
Mal eate Salt: A solution of maleic acid (116 ng, 1 nmmol) in ethyl acetate
(4 m) vvase’&'ai-:bba % 12b (124 ng. 0. 40

1

19. A pharmaceutlcal compogition comprising = compound

according to claim 6 and a pharmaceutically acceptable diluenb oy

excipient.

20. A pharmaceutical composition comprising a compound

according to elaim 7 and a pharmaceutically accepltable diluent or

excipient.

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

exciplent

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

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

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

5,10-dioney
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mol) in a mﬂ“mmmuznd ethyl acetate (8 m) solution. A blue oil
separ at ed H s placed in the refrigerator overnight.

The solvents werée r dhoved * by ‘decantati on and-the renai ni ng se--d-washed ...

t hor oughl y vii t h ethyl acetate to yield a blue, very hygydHtSSHEES BIASIBEEN
125 ng (63% .[err]H NWR (DVM5O-d6) 11.20 (m 1H). 11.10 (m 1 REPLABEHS

(s, 1 H, 8.95 (d, 1H, 805 (d.1H), 7.70 (br sg#AH K6 6.00 (s,~zAHT—S—55~{m
4H), 2.85 (m 4H) 1.70 (m 8H), Anal . Cal cd. for CZQH[err]NSqerr]

C, 56.76; H. N 11, 41. Fou 0; N

22 6.9-B s[ﬁé’ e AnA L En ﬁ%ﬁiﬂﬂ%&ﬂdﬁﬂh%&dﬁ& Sinigor e, 10-
0-di one (12c¢) A sol ution of 3-dimethylam nopropyl anine (700 ng, 6.9

mol ) in pyr|Qﬁ?{ (2 m ) was ‘added to conmpound 9 (100 ng, 0.41 mol) in
pyridine (2 nd)o-piey (QxiH‘Bawﬁia‘lhbljﬁ‘ihirtl]@Qﬂ%éﬁf@%@f&{&é&ﬁiﬁ&@lheJﬁth—

_excess di am ne and pyri di ne were renoved under a sl ow stream of . nitrogen
gas and the rdsirdgate pl aced under vacuun1overn|ght The resi due was added
to cold water and extracted with chloroform (4 x .. The extract was

dried over Néngbiﬂti%nhmehhanssa#éaﬂu}ewwﬂaﬂ#!édawdmaﬂb@# zofi9d igaauinn) ine-
was purified by col,um chromatography over silica gel. The initial eluant -
was 10% et h&ndiorsdanad or of orm foll owed by 25% net hanol / 75% chl or of orm

The product @93 @l (?q Q% ddb%ﬁ% Qamlno)benzolg]lsoquinoline-s 10-dione;
6.9—bis{[3-{amlno]propyl]amlno}bgnzo[g]19oqu1nollne-5,10~dlune!
s.g-bis([2~[(2—hydroxyethy1)amino]ethyl]amino)bansotgj-
isoquinoline-5,10~dionet |
6,9-bls({3-(dimethylamino)propyl jamino)benzo{g}isoguinolina-5,10~
dione; | )
6,9—b1§{[(Z-hydro*y}ethyl]amlhu)behib[g]isuqulnnline—B 10~diocnhes
6,9-bis{f(2~ (2~hydrnxyethoxy)athyl]amlno)benzntg]1soqulnol£ne—5 10-
dlohe: .

' 6,9~b19{[z-(methylamlnojethyl)amino)benzo[g]isoqulnolinaus,10~
dlone: | - ' _ |
G,Q-blsg[2-{ethylaminu)ethyl]amino;benzo[g]1soqulnollne¥5,lhwdione;
s,g-bls{[2»(nupropylahina)ethyl]amlno}benio[g]lsoqulnuline—s,10- '
dlone} ' :

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

a pharmaceutlcally acceptable diluent or execlplent.

N —
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SnﬁL|—aHBHHP&ﬂﬂLﬁﬁﬁﬁﬁﬁtm1hydrOXidé to 25% et hanol / 75% chl or of or m

Concen I eluants led to 92 ng (55% of the
12c ”D'lmmmm?"ﬂ“tfﬂ“ NVR (CDCl [err]): 11.00-11.20 (2m Uﬁﬂé %g é%J%EEN
1M), 8.93 £d,“ 1M, ° 812 (d, 1H), 7.37 (s, 2kh, 3.55 (g, 4H), 2 REBLA

2.35 (s, 12FD 2.00 (m 4H). = Exanple 23 '

6, 9- bi s{[ 2- (ethylan1no)ethyl]an1nolbenzo[g]lsqu|noI|ne 5, 10-di one (10n)

A solution of N-gghyl etmylgmwa@au&uéioocaapoéxmmlaommwingn e Ebmpopnd
was added to conpound 9 (98 ng, 0.40 mmol) in pyridine (1 m). The m xture
was stirredgall ectem rewpetheugeoipr c6fsbstThg p¥ri di ne and excess di am ne
were renoved under a slow nitrogen stream and the residual material was

pl aced undeﬁrVabQSWﬁévdﬂmﬂghﬂBthﬂﬂ&!@ib?hbﬂasﬂiﬂéﬂﬁaﬂﬂéﬂUAﬁaerﬁe1@hﬁéﬁ@ﬁorm

washed twi ce with cold water i ed qver S

and the sol FeftP Eéﬁﬁﬁed YPW5F53§58 g8€é¥$bﬁ” F§§8i9345°ﬂp €°§&ﬁ QZ%g'
purified by go umm chr omat ogr aphy over silica gel usi ng 5% net'hanol / 95%
chloroforn1g fé initial eluant. The eluant was gradual |y changed to 5%

78 AT P TR SRS Scoatags o - e

usi ng 50% net hano nlun1 I oX- Renoval o

sol vent |edgt9.B8s P2l 4aiAn0) pPopFYfam{AORensB4Pisdq8thol ine-5, 10~dlona,
G;Q—bis([2-[(z—hydroxyethyllamino]ethyl]amino]benzo(g]~

1soquinaline—5,10~dioné, and a salt of any one of sald compounds;

and a pharmaceutlically acceptable diluent or exciplent.

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

thereof and a pharmaveutically acceptable diluent or esciplent,

25. The pharmaceutical composgition according to claim 24,

wherolin sald salt is,a maleate salt,

26. The pharmaceutical composition according to clalm 24,

whereln said salt is a hydrochloride salt.

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

amount of a compound according to clalm 1.

U
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[err]H NVR (CDCl [err]) 11.10 (m 1H), 1.1.00 (m-1H), 9.6 (s. 1I—|), 8.9 (d. 1
805(d 1H. 7.3 (m 2H), 3.55 (m ‘4H), 3.0 (t, 4H. 2.8 (q. 4H. 1.15

( “ﬁm _ . S TH§ EET -
6. bi hyl b | i et ,JS]H-.% HAS BEEN,
[ S{H oﬁ pllam t hyl ] am no] benzo[ g] i-soqui nol i fie-< ! ﬂme%(l iy

A sol utiown mop yI enedi am ne (403 ng. 4.0 mMmD NGk
was added to conpound. 9 (98 ng, 0.40 nmmol) in pyridine (1 m ). The reaction
mxture was stirred at roomtenperature for é%4 h and concentrated under a
sl ow stream of ni trogen The reS| dual nmateraial was placed under vacuum

overnight. lce ?«%g-_ %‘id&i}ﬁe@o bl 497! h%l%%ﬁ?#%alﬁy tompdting

extracted with c oro extracts ried over

magnesi um sykf aamméumac la!aqm@f T Ta’ AGRYGE Brngal BFY aRVAONAWOo BhRut 5O
blue solid was purified by colum chromat ography over silica gel. The
initial eluagt pagskiYoweaiard Mol eeilghdform fol | owed by ingreasing the

nmet hanol anmounts gradually to 10% 20% 3Q% 40% and 50% The .desired
conmpound col ul d be el uted using 60% net hanol / 40% chl or of or m cont.ai ni ng some

ammoni um hydr oxi de. Renoval of the el ue |l ed tqQ 50 rrgf 0% of the procl
(10[err]). np 1089106 mabhod of treatment of tumors in a’ mammal reguir

such treatment cumprising administration of anh effective anti-tumor

amount of a compound according to claim 2.

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

amount of a compound according to claim 3,

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

 amount of a compound according ko claim 4.

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

amouht of a compound according to claim 8.

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

amotint of a compound according to clalm 6,

34, A mekhod of treatment of tumors in a mammal tequiring
such treatment comprising administration of an effective gnti-tumor

amount of 8 compound according to claim 7.
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17 [err

HA-ANMR(CDC Lerr]) 1. :
o9 1 | AT besic super i mmosech "o 55 o ‘él
(0]

|s[[2 (Fsopropyl%nvno)ethyl]an1noIbenzo[g]lsqu|n

(10D)

1.15 (m 1H), 11.05 (m 1H)
3.

65
35, A method of treatment of tumors in a mammal requiring

such treatment comprising adminigstration of an ‘efFactive antl-tumor

amounk of a compound according to olaim B,

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

su;h treatment comprising adminiétratioﬂ,uf an éffachiﬁe anti-tumor
amount of & compound selected from the group conslsting of: |
6,9-b19((2—(amlno)gﬁhyl]amino)benzo(g]1soqu1noline~5,1o—dione:
6,9-bla{(2-(4'-morpholino)ethyljaminc)benzoly]isoquittoline-5, 10~
dione: ' '

6,9—bls{[2-(dlméthylamino)ethyl]amlnu!benzo[g]lsoquinollnawﬁ,10—

dione;
6,94b15][2-(diethylamlno)ehhyl]amiﬁ&)benzn[g)isOQulnolinejs,10-

: dlohe?

6,9~blef{f2- [dl(aecnpropyl)amino]athylJaminu]bensotg]isoquiholihe-

5,10- dionel

"6,9-bisff2- (1'-pyrrulid1no)ethyl]amina)banzo[g]iaoquinollne-s 10~

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

dlone;

6,9-ble{f2-(methanesu) Fonyloxy)aethyl)amino)benzo[g}isogquinolina-
5,10-dlone;} | ' |
6,9-bls([4~(am1nc)buty1]amlno)benzo[g]isoquihollhe—5.10~dionel

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

1soqu1noline 5,10- dione: ' S
- e
- This Sheet Has Been Rep
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A sol ut thylenedlan1ne (450 ng, 4.5 mol ). in pyrdine (2
) \Afasmnlﬁﬂmm 9 (110 ngy, 0.45 mmwl) in pyriding~(lo) _An

i st ant aRe e-like coloration resulted. The miXTHI8 &SHEEF HAS BEEN
stirred at roon1tenperature for 40 h. .The pyrldlne and excqss dlggpgqupre

renoved under a slow nitrogen stream and t resi due was placet—thder
vacuum overnight. Chloroform (20 mM) was added foll owed by ice water. Since

citorof or bt 3-R1sLUARFBiReERy R ENPESOTE rn ENEinend ful BoarAETLRERY)

chlorofornhrgnpyed by rotary evaporation. The resultant. blue solid was
purified by col'um chromatog, raphy over silica gel using chloroformas the

initial el gagt_bigy*Qgeﬂ¥gyogwduay1gbﬁpgepbéﬁzaf/ ;Ea/equeam&’e-s‘}Q%-aadniO%
met hanol in chloroform The desired product was eluted fromthe colum wth

50% et hane/, 49%d 8 p{ o2 of 2+hydSoxyatmixy)ehlgl) pamiies ) iRawmjal ) fefoquimodlimeniss 10~
led to 56 ng (30% . of the desired product (10p). np 136-137C..

[err] HNVR(@DGhgerr]) 11.1 (t, 1H), 11.0(t, 1H), 9.6 (s. 1H), 8.9 (d,
1H),8.1 (d, 1iH), 7.30 .9 (m 2H). 1.05
(d, 6H). Exanpis(da- fmebhvﬂe@m)@'@iwwﬁiwmmwisgﬁ'agn himeninlo-
col on adeno arci noma Lovo cells. The MIT assay was perfornmed accordi ng
to Mosmann9iqm@? 3 | mmunol . Met hods, (1983). 65 55-63 and Geen, L.

6,9-bis[[2-(ethylamino)ethyljamino}benzo[g)isoguinoline-5,10~dione;
6,9-bis{{2~(n-propylamino)ethyl)amiho)benzolg)izsoquinolina-5,10~
dione} .

6,9-bls (|2~ (sec-propylamino)ethyl jamino}benzolg}isoquinoline~5, 10~
dione: ' _
6,9-bls([2-(guanid1no)ehhyl]amlno)ﬁeﬁio[g]1suquiﬂoline~5,lo—dlonas
s,s—bis{[{2—am1no—2,z—dlmethyllethyl]amlno)beﬁzotQIisoquinolina;

5,10-dlone.

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

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

isoguinoline-5,10-dione, and a salkt of any one of sald ?ompcunds.

[
heet Has Been Replaced

\\|I\|\\ A \Il\



M J.. Immunol . Methods. (1984), 70. 257-268. | medi atel y before use,

conpounds and r S jare dissolved in proper solvent and
subsequent |'y fumﬁmﬂmgmﬂmﬁwn .conpl ete cul ture medit Human_col on
adenocar ci nona e subline resistant to JOobHIS SHERT HAY BEEN
(Lovo/DX) (2.5 10[err] cells/m) are plated in 96-well Hlatesﬁ (%C

prei ncubated for 24 hours in culture nmedium,,After this ++ﬁeT—Eﬂé_£BLLs ayre
exposed to drugs for 144 hours, then the théZzonI bl ue tetrazolium brom de
solution (MIT solu- tion) is added and the cells are reincubated for 4
hours. The supeenat antmethodnof ctiremkind® pér tjumaafs dimes hpiswaloxequixdeg
added to solubilize formazan crystals. The plate is read at 570 nmwith

ni cropl at surhakeratmnt ormiisding adminhebratdion p§ranie Hentdde gnkd -tumor

owt h( | ; fod) i | cuj at ed, Th | t ted i
-?-;& e §/| C[agtrnert o[felrir gbis)( [l’!-s- (ggitcl'g) gt}?_yl jamino}%e;lgg%g]isgrggé;é& : ﬁ$5$hlréﬂ

dione or a &alt thereof.

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

maleate salk.

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

‘hydrochloride salt,

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

—

formula It

0 NH-R

(1)

wherein R is

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

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

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

hydroxy (OH) or -HR,R,4 grdupst and wherein

- This Sheet Has Been Replaced
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IN vrIRo REPRESENTATI VE COVPOUNDS OF . THE
| NVENTI ON Wﬂ'm DX CELLS B' MIT ASSAY - .

. THIS SHEET HAS BEEN
68 . REPLACED

Ry is celected from the group conslsting of hydrogen, C,-Cg alkyl,
phenyl, C4-C,, axalkyl, ~cho, -CORS—.‘~COOR5,.-S(02)R5 and Cy~Cg
slkyl optionally substituted with -HR,R,y
R, and R, are the same or different and are selected from the group
' consistlng. oF hydfogeh, Cy4-C1p glkyl, €y-Cyg aralkyl, phenyl,
Cziclo alkyl substituted with ong or two hiydroxy (OH) groups, -ClO,
-CoNg, ~COORg, and ~5(0,)Rg, Ry and R, taken togather with the
nitrogen atom to which they are bound form an ethyleneimlne ring or
a 5- or 6-membared aromatle or non-aromatic heterocycllq ring
optionally cqntaining another heteroatom selected £rom the group
c:.onsishing of sulfur, oxygen and nitrogen, R, is ft and R, 1is
~C{=HH) M1, or Ry ls ~C(=NH)N, and Ry is M) |
R, 1s selected from the group consisting of hydrogen, Cy-Cy, Blkyl,
Cy-Cyqo hydroxyalkyl, €,-Cyq Blkyl substituted with -NR,R,, Cy~Cyq,
aralkyl, phenyl, -CORg, :cooks and ~8(0,)Rg!?
R; is selected from the group conslsting of ¢,~C,, alkjl! Cy-Cy 9
'atalkyl,.a-, B~, or y-naphthyl, phenyl, o~; m~-, or p-tolyl as free
basez and thelr salts with pharmaceutically acceptable acids,
comprising the steps 6f: ' -
a) reacting pyridine ~3,4—dicérboxylic ahhydglde with
1,4~dlEluvorobenzene!
b) cyclizing tha product of step a) in fumlng sulfurle acld
st elevated témpexatﬁte: and |
c) displacement of flucride by addition of amine of formula

| R*-an, whereln R' 1g the same ug that defined by R.

- This Sheet Has Been Replaced
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'42. ‘'The process agcording to claim 41, wherein a compound
obtalned in step (¢) has the formula {(Ia):
0 R

(za)
0 NH-R

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

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

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

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

ahother tompound deflhed by R.

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

salification and/or solvatlon or separating isomers thereof.

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

formula I

{1y

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

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

'hydroxy (Olt) or -NR,R, giuups: and wherein
Ry 1% selected from the'group uohsistlng of hydrogen, cl—cs'alkyl.
phenyl,  C9-Cy, aralky;, ~CHO, ~CORg—, ~COORg, -B(0,)Rgz and C,~Cg
alkyl optlonafly gubstituted ﬁith ~HRyR4 ¢
Ry and Ry .axe the same or dlfferent and éra selected from tha group
consisting of hydrogen, C;-Cyg ®1Kyl, ©,-Cy, aralkyl, phen&l,
C,~Cyp 2lkyl substituted with one or two hydroxy (ON) groups, -CHO,
~CORg, =COORg, Band -8(0;}Ry, R, and Ry taken togethey with tha
nitrogen atom to which they are Eound form an ethyleneimine ring or
a 5- or 6&-mambered aromatlc or non~aromatle heterocyclic ring
‘optionally containing'another hetercatom csalected from the group
consisting of sulfur, oxygen and nitrogen, R, is H amd R, is
-C{=HH}NIt, oxr R, Is -C(=HH)HH, and R, is H}

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

Ry ls selected:from the group consisting pf Cy-Cyq BlkYl, Cy-C44
aralkyl, a-, B-, or y-naphthyl, phenyl, o-, m-, or p-tolyl as free

bases and their salts with pharmaceutically amcceptable aclids,
_’//
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[err] | a) MIT assay. 144 hrs drug exposure. _ b) RI1. (1CsO
LoVb/DxI/ ' :

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

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

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

step oE removing tha B group.

47. A process for the synthasis of a compound accordihg-to

formula I

Ly

wvherein R is

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

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

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

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

-Cl=CHH~ and -CxC-, and optlonally =ubstituted with one or two
S
This Sheet Has Been R,
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REPL-ACEMENT SHEET Exanple 27 In vitro biological evaluation: L1210

rruri\_n""e | eukemi a L1210 Murine | eukem a cells were routinely naintained
i n suspension cultures in McCoy's 5A nmedi um suppl €- mented with 10% hor se
serum-glutam ne, penicillin and streptonycin and grown in 3 eI

envi ronment of 10% carbon di oxi de and 90% air at 37[err]C THIS'BﬁE'ﬁEs}g:ssBEE
the in vitro toxicity, each conpound was di ssol ved in dinefhyl suﬂfpmicgg ancjv
added to 1 m of L1210 cells (10[err] cells/tube) to attain Tima
concentrations of 0.01. 0.1 and 1 pg of drug/ of culture. After 72 hours
of continues exposure to the drug, the cell c ﬁ%entration was det erm ned

with a Coulter Counter. G owh inhibition was cal cul ated
R, is selected from the group conslating of hydrogen, C,-C, alkyl,

phenyl, €,-Cy, aralkyl, -cClo, -CORz—~, -COORg; -5{0,)Ryg 4nd C,-Cq
alkyl optlonally substituted with ~NR,R4¢ |

R, and Ry are thg sama oy dlfferant and are selected from the group
cons}sting of hydrogen, ©€;=Cyq glkyl, Cy-Cyo arélkyl, phenyl,
czz-cm alkyl substitutad with one or two hydroxy (OH) groups, -CHo,
~COR;, -COORg, And -8(0,)R;, R, and Ry taken together with the
nitrogen atom to which they are bound form an athyleneimine ring or
2 5- or 6-membered aromatic or non-aromatic heteroeyollo ring
dptlonguy containing another hetervatom meledted from the group .
'conslstlpg of gulfur, .oxygen and nltrogen, Ry, e N and Ry is
~C(=NH) NI, or Ry 1g -C(=NH)NH, and R4 l& M}

Ry {s selevted from tha group con_sisﬁing of hydrogen,. cl—c-w alkyl,
Cy4-Cyog hydroxyalkyl, Cs~Cyq alkyl substituted with ;anns, Cy3-Cy4gq
aralkyl, phenyl, ~CORg, —Coonsi'and ~8(0,) Ry

Rg ls selected from the group consisting of Cy~Cyp alkyl, C;-Cy,
aralkyl, a-, B-, or y-naphthyl, phenyl, o~y m-, oxr p-tolyl as fras
bases and their .E.!Blts. with pharmaceutically acceptable aclds,
comprising the mteps of:

a) | reacting 6,9-dif100r_bbenzo[g)isoqulnol.lha-s, 10-dione with

- a compound having the Eorml_.\la |I2N~(Cllz)b-}l(coons)ns,'

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

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

0 MR

(xa} -
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for *each drug using t he fdllomﬁng-fornula: . % growt h
|nhk5|t|on = -[cell nunber treated/cell nunber DVSO al one] x 100.
TFhe*growt h |nh|b|t|on data was then used to cal cul ate the -Gfer+t—value

(t’he cal cul até ﬁ m#m'concentrat on required to nhibif .cekH. @l’hS)\ﬁm'zBWP@O%id‘i

control . “H"Hmzl”mported in Table VIl = - REPLACED
TABLE VI | "IN VIL.TRO CYTOTOXI C ACTI VI TTES—CF
REPRESENTATIVE CIA4 %F NDS OF THE | NVENTI ON AGAI NST
L1210 LEUKEM A I N COv . PARI SON TO THE

PRI OR ART COVPOUND 5a Compound .
Exanpl e  wherelin RPCﬂerPkcvbebrﬁgcnb$5)ﬂgf . 10a

4 ' 0. 006 10f

9 b) remoging the group COORg . '

48, A process for the synthesiz of a compound sccording to

formula ¥?

F

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

" alkyl optlonally substituted with -NR,Ry:¢

R, and'Rslara the same or different and are gelected from the group
eonslstlné of hydrogen, Cy~Cyq alkyl, C;-Cyq ‘aralkyl, phenyl,
C5-Cyp alkyl substituted with one or two hydroxy (oH) groups, -CHO,
-CORg, ~—COORg, and -8(0,)Rg; R, and R4 teken together with the

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

a4 B5- pr 6-membered aromatic or non-aromatlo heterocyclice ring

ThlS Sheet Has Been Replaced
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0. 05

10|(a) S S _ 0 o6 _

5a€c) | 0.155 N

(|a) Hydr ochl’M‘uu,mJe"l" "m JW-ICI ~(b) Dinaleale
Salt: 10!l.nal eate- (c) Prior-art TRRPEE Hias BEEN
6. 9- bi s{[ 2- (di met hyl - -

am no) et hyl ] ami-no) benzo[ g] qui-nol i ne-5, 10-di one: A.P. Krapcho SHEPAACEDy
Med. Chem (1985). 28, 1124-1126. Exanple 28 In vivo biol ogical

studi es: P388 Mirine Leukenia (iv/iv. d 1. 4. 7)

. T4

optionally conta#nlng.anobher heteroatom selected from the yroup
consisting of sulfur, oxygen and nitrogen,. Ry is W and Ry is
~C{=NIt)NIl, ox Ry is -C(=NM)MII, and “5 i= 0y |
R, 1e selected from the group consistling of hydrogen,'cl-clo ulkyl,
C3-Cyp hydroxyalkyl, C,-Cy, alkyl substitutad with';ﬂhzns, Cy-Cy0
afalkyl, phenyl, -CORg, -COORy ané —5(02)n51
_n5-15 selected Brom the group conslsting of Cy~Cyg alkyl, Cy-Cy,
aralkyl, a~-, 8-, or y-naphthyl, phenyl, o~, m-, or p-tolyl as free
bases and thelr salts with pharmaceutlcélly acceptable aclds,
comprizing the step of:! | |

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

(cllzyp-mlz and p $=2 2, 3 or 4 with a compound having the

ot

formula ﬂzn—c(=uu)soaui

This Sheet Has Been Rep.
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P388 Miriré Leukenia cells were maint ained in vivo- by seri al
|nt[éper|toneal (i.p.) fnjections of 10[err] cells in DBA2 mice. For test
ﬁur‘poses CDF1 mice were inocul ated intravenously (1 Medoith 10[err] P388
c€iTs and treatnent was initiated 24 hr later. The i . THIS OSHEE TORASI ISEEN
adm ni stered on days 1, 4 and 7: M ce wetyg observed [dai | nyEP[AL%DgnS of
toxicity and survival. The date of deafh was recorde t hat
died or was sacrificed during the 60 Mﬁx The: medi an survival tine
(MST) for atﬂ] cal qul and the %T/C was det ermi ned
usi ng the'f J%é‘ﬁgi ;%Qérﬁﬁ% 6) t8 rormula a(tﬁq %T/C =
[ (MST treated)/(NMST control)]-x 100 Dhe rHRts of the antileukemc
activity of. . _
6, 9-'bi s{[ 2- (di net hyl am no) et hyl ] ay . bui nol i ne-5, 10- di one (10a)
of exanple 4 and ' oty
6. 9- bi s{[ 2- (am no) et hyl ] am no} benﬂ HQlaehe-5, 10- di one di mal eat e
(10i nual eat,e) of exanple 12 in conparisorfftd toxantrone are reported’in
table VIII | o ' -
| wherein R i= 0 }mn
cl-clo alkyl: phenyl or c.,--cl0 aralkyl:
Cy-Cyq aklyl substituted with one or two substituents weleoted trom
the group consisting of’'oR, and ~NRaR4 !
0y-Cyq alkyl Anterrupted by one or two oxygen atoms or by a member
selected from the group consisting of -NRy~, ols -cl=cH, trans
~CH=Cil- and -C=C~, and optlonally substitubed with one or tvo
hydroxy (OH) or -NRyR, groups: and wherelin
R, ls selected from the group conslsting of h'ydrogen, cl-ce alkyl, ’
alkyl optlonally substituted with -Nnanas |
Ry and R; are the same or differaent and are selected from the group
conslsting of hydrogen, Cy~C3p alkyl, ¢,-C;, aralkyl, phenyl,
C3~Cyo alkyl substitubed with one or two hydroxy (on) groups, -CilO,
~CORg, -COORg, and -stoz)ns, R, and Ry tuken together with the
nitrogen atom to whlch they are bound form an ethyleneimine ring or
8 5~ or 6-membered sromatic or non-sromatic heterceyelilo ring
optiohally containing another heterovatom selected from the group
consisting of sulfur, -oxygen and nitrogeh, R, §= H and R, is
. =C(=Hl)MN, or R, 1s —C{=MI)NII, and Ry iz i
Ry is selected from the group conslsting of hydrogen, Cy~Cyq 8lkyl,
Cy-Cy g hydroxyalkyl, Cy=Cyp 21kyl substituted with “NR,Ry, CU4-Cyq
aralkyl, phenyl, -CORg, -COOR; and —B(OZ)RS} .
Ry 1=z selected from the group consisting of Cy-Cyq 8lkyl, ©,-Cyy
aralkyl, a-, B-, or y-paphthyl, phenyl, o-, m-, or p-tolyl as frees
bagses and thelr salts with pharmaceutically acceptable acids, hava
been found to have cytostatic and anti-tumor activity,

—_—
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"~ Table- V11 ANTI TUIVO? ACTI VITY OF COVPQJNDS 10a. 10i.nml eate
. AND M TOXANTRONE (M TOX) AGAI NST P388 MJRI NE
LEUKEM A (iv/iv 1,4,7)1) covPOUR HERT ¢/ day)
T/ Cherr]) (range) TOX4) LTS[err]- %PLAGE éﬁﬁ.‘k Control s
100 73 0/ 73 | 0. 18
200, 188 0/ 16 0/ 16 75 . 2 9 JAM 1997 27
203(181- 227) 2/ 32 0/32 . 103
18 ABSTRACT 172, 156 0/ 14 0/ 14
2-Aminoalkyl-5-Aminoalkylamino
Substltuted—Isoqu:.no:.ndazole— (2H) -Ones
A compound according to formula (I)¢ |
0  NiR .
{x)
: wherein R is
"
Cl-clo alky’.: pheny1 or C7~C10 aralky1,
(:2--c10 aklyl substituted with one or two subst:i\:uenl:s selected from
the group consisting of’OR,:and -NR,R,: :
Cy~Cyp alkyl interrupted by one or two oxygen atoms or by a member -
selected from the group consisl:_ihg of -NR;-, cls -cH=CcH, krans
-Cl=Cl- and -C=C-, and éptionally substituted with one or two
hydroxy (on) or —NR2R3 groups; and whereln
R; 1s selected from t:he group consisting of. hydrogen, c1 Cg alkyl,
alkyl optionally substltuted with —NR2R32 . o
R, and Ry are the same or diff.eren!: and are selected from the group
conslsting of hydrogen, Cy~Cyp alkyl, c,-Cyp aralkyl, phenyl,
- C,-Cyo 3lkyl substltuted with one or two hydroxy (oM) groups, -cHO,

~CORg, -COORg, and -S(0,)Rg, R, and R, taken together with the
nitrogen atom to which they are bound form an ethyleneimine ring or
a 5- or's-membefed aromatic or nhon-aromatic heterocyclic ring
optionaily containing another heteroatom selected from the group
consisElng of sulfur, oxygen and nitrogeh, R, is M and Ry ls

_ -C(=NM)H, or R, ls -C(=HH)NH, and R,y is i

Rd 1s selected from the group consisting of hydrogen, C,-Cy4 alkyl,
C45-Cyp hydroxyalkyl, cz--cl0 alkyl ‘substituted with -NR,R5, C;-Cyq

aralkyl, phenyl —CORS, ,COQRS and ~S(02)R5,

Ry 1s selected from the. group consisting of C;-Cyq alkyl, 07-010

aralkyl a-,- B-, or y-naphthyl, phenyl, o-, m-, or p-tolyl as free

bases and thelr galts wlth pharmaceutically acceptable aclds, have

been Found to have cytosl:atic and, anti- tumor activity, .



27 188, 167 3/ 17 0/ 17 ' :
40.#% 183. 156 1/ 16 o/16 T M TOX
2 162(154-167) 0/ 42 0/ 42

3 185(167- 217) 4/ 78 , 0178 REPLACEMENT SHEET

4 " Descriptid® ( 89- 133) 20/ 24 0/ 24 !

mal e mice were transplanted iv with 10[er]r cells/ mouse} Tr P

given iv OI’BBCKQRQUNDgFTHElNVEN'nQ_@yS 1,4,7 after tunor trfng pI anta ﬁgﬁ

0). 10i mal eal e and M TOX wer e di sspl ved T ster+e!
wat er; 10a Fiem@harm@ @Cl d 1% 3) |\/Ed|j n survival tine of

treated mce/ medi an survival time of controls x 100: _
Nunber of t oxThis inyeetioinis dirested fo ﬁcﬁhtﬁ(mbst@fedﬁwwbenzo{gltsoqumolme-s 10-diones, alfﬂ)md_epnytlctxlerlyrm.-
survi vors: SSrubgiivents whikhrare (amisosliyaniine supatituests. These esnppovndarbaye bE@Fhelmytg have antitumor

Exanpl e 29 activity in vitro and in vivo.

Background

Certain 1,4-bis[{aminoalkyl)amino]anthraceéne-9,10-diones. have been reported which show antitumor activity in
clinical trials. Of parficular interest has been ametantrone, 1,4-bis{[2-(2-hydroxyethylamino)ethyllamino}anthracene-:

9,10-dione and mitoxantrone, 5,8-dihydroxy-1,4-bis{[2-(2-hydroxyethylamino)ethylJaminojanthracene-9,10-dione.

(Zee-Cheng et al., J. Med. Chem., (1978), 21, 291-4; Cheng et al., "Progress in Medicinal Chemistry”, Ellis, G.P. and .

West, G.B., eds.; Elsevier: Amsterdam, 1983; pp. 20, 83 and references cited therein). Mitoxantrone is a broad spec-
trum oncolytic agent, whose activity is similar to that of the anthracycline antibiotic doxorubicin. Clinical trials have dem-
onstrated that mitoxantrone has particularly promising activity in the treatment of advanced breast cancer, acute
leukermia and iymphoma {Legha, Drugs of Today, (1984), 20, 629). Although animal studies have demonstrated a dimin-
ished cardiotoxicity in comparison to doxorubicin, some clinical cardiotoxicity has been cbserved also with mitox-
antrone, mostly in patients previously treated with doxorubicin (R. Stuart Harris et al., Lancet, (1984), 219, and
references cited therein).

Ametantrone has been reported to be, in animals, about 10-fold less potent and cardiotoxic than mitoxantrone.
Because a delayed toxicity is observed only with mitoxantrane after administration of the two drugs by the i.p. route to
non-tumor bearing rats at equieffactive antitumor dosages, it is suggested that the presence of the 5,8-dihydroxy sub-
stitution in mitoxantrone might be implicated in the delayed deaths (Corbett et al., Cancer Chemother. Pharmacol,,
(1981), 8, 161).

In addition, both mitoxantrone and ametantrone have a remarkable myelodepressive toxicity and both compounds

show cross-resistance to cell histotypes developing resistance against doxorubicin mediated by overexpression of glyc- -

oprotein P. Such a resistance, which is named muitidrug resistance, invoives a number of antitumor antibiotics, among
which amsacrine and podophyllotoxinic -derivatives, and it is one of the main reasons for therapeutical failures in the
treatment of solid tumors with said antibiotics.

Therefore, search is required for novel anthracenedione antitumor agents, having a higher therapeutical index than
mitoxantrone and being effective both in inhibiting or delaying the growth of those solid tumors which are more refrac-
tory to chemoatherapeutic treatment (such as lung, breast and colon tumors) and against tumor histotypes developing
multidrug resistance.

In the search for safer, active analogues of anthracenediones, compounds bearing hydroxy substituents and/or
{aminoatkyl)amino side chains at various positions on the anthracene-9, 10-dione nucleus have been studied {Cheng et
al., Drugs of the Future, (1983), 8, 229) without notable improvement.

Aza- and diaza anthracene-9,10-diones such as 6,9-bis(ethoxycarbonylamino)benzo[glquinoline-5,10-dione (1),
6.9-bis(ethoxycarbonylamino)benzo{gjisoquinoline-5, 10-dione (2), 6,9-bis(ethoxycarbonylamino)benzo{g]quinazoline-
5,10-dione (3), were disclosed by Potts et al. (Synthesis, 1983, 31). These compounds were reported to be related to
the antitumor 1,4-bis{(aminoalkyl)aminolanthracene-9,10-diones; however, no antitumor activity data was reported for
any of the above compounds. 1-{{aminoalkyl)amino] derivatives (4) of 6,9-dihydroxybenzo[gjisoquinoline-5,10-dione
related to mitoxantrone have been disclosed as DNA intercalators but they were completely devoid of any “in vitro™ or
"in vivo” antitumor activity (Croisy-Delcey et al., Eur. J. Med. Chem., (1988}, 23, 101-106).

The 6,9-bis[(aminoalkyl)aminojbenzo[gjquincline-5,10-diones of formulas 5a-d (see Table 1) were disclosed in J.
Med. Chem. (1985), 28, 1124-26, where they were referred to as 5,8-bis{(aminoalkyl)amino}-1-aza-anthracenediones.

As reported in table Il herein below reported the prior art compounds 5 are clearly less active than the correspond-
ing carbocyclic analogues (6).

Infact, as reported in table I, the compounds Sa and 5b are less cytotoxic than the analogues 6a and 6b. Moreover
the compound Sa, which is poorly cytotoxic in vitro, is inactive in vivo, and it is both less active and less potent than the
carbocyclic analogue 6a.

Even though the introduction of an heteroatom is a common process in the medicinal chemistry, its effect must be

" evaluated case by case.

In this particular case of aza-analogues of anthracenediones the prior art teachings clearly show that the introduc-
tion of a nitrogen atom into the anthracenedione skeleton is detrimental for antitumor activity. In fact the aza-substituted
anthracenediones are less cytotoxic than the corresponding anthracenediones and inactive "in vivo™.

41+



I n viyoe biological studies: P388 Murine Leukemia (ip/ip. d 1. |b.REFLAGEMENT.SHEET
P38 Miurine Leukem a cells were naintained in vivo by serial
intraperitoneal (ip) injections of 10[err] cells in DBA2 m ce. For t £SAng 1899
pur poses, CDF1l mice were inoculated i.p. with 10[err] P388 cells IQ a N
treatment was initiated 24 hours later. ®he i.p dose of drug whs
adm ni st er ed Tovs Zmysen dkilledin thedrtovoulihave noKspRsicetes the ingetiucligh Pfy'etﬁreatorpﬂ g the erlithracenedl
toxi city anuksseletyi asalpossibleavayigtobtaig fmoggefiectivegatiumasagenled f or eachamTat—Tthar—
di ed or was duswelfingedhad theisergening r He digeoyery tfititkantitiine agestimitoxantone(J. iied: Lhert.i (1978), -
(MST) for .ghes ﬂuaemmmbg'mm'% hascheen fagried qutdm dsing tee apeTimental modedieftrewring lewkgimia.

(exanple 1 gviﬁhaegna@&.;cma et <8 S arof B3Ik fhidoBoh ke Statsoinoine-

5,10-dionés are active as antitumor agents: they are highly effective against murine leukemias L1210 and P388 and.
against Lewis fung carcinoma and MX1 human mammary carcinoma.

usi ng t he PR8I iamade ﬁme@ctwe of antitumor activity in humans at least for this class of antitugcr /aptibietics. Many
[ (MBT tr ea%.i ¥ fuBYoy gntibjotiggse active on-ppying lgukermipsP3gP andih 4218 sech pe paBTRGEne and.
activity o | S am no no} enZO 1 soguin

(10) a8 1 bﬁ ;fy R % e RS oP B 5 o Lo

- Table I
Prior art compounds

o) NHCO;_E!

O O  NHR  4iReCHCHNCH3n

4s R= CH2CH1NHC32C320H
0 NHR 8 NHR
- I
N
N _
o) NHR _ ') NHR
S5aR= CH:CHzN(CH3)2 ég R= CH2CH2N(CH3)2
3b R= CHCHoN(E1)) 6b R= CH,C HoN(Eth

5¢ R= CH3CH,CHaN(CHa )y

58 R= CHzCHoNHCOCH;
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ANHL.TUMOR ACTIVITY OF 10i.HCI, 10i.rmal eate AND M TOXANTRONE (

ASCI TI C P388 MURINE LEUKEM A (ip/ip 1,5.9)[err])

f
Tabl ejges

COMPOUNDS[ err] DOSE (nmg/ kg/day) % T/ err]) (range) TOX4)
60) : 0i . HO 3:1 144
0/ 8 0/8 3 6. 25
196 1/8 0/ 8
Table Il ,
Antitumor activity of prior art compounds § and § against
murine L 1210 leukemia (from J. Med. Chem. (1985), 28,
- 1124-1126)
in vitro in vivo
IDs (ng/mi) | Dose (mg/kg) T/C
5a 0.16 50 130
sh 24 100 toxic
5¢ 1.7
_§a 0.08 30 150
6b 030
BRIEF SUMMARY OF THE INVENTION

The compounds of the invention have the formula (1)

wherei

nRis

O NH-R

(a) -(CHa)p-NHy and pis 2, 3 or 4, or
(b) (CHz)p-NRoR3 and p is 2, 3 or 4 and wherein R, and Rg are a C4-Cg alky! or taken together with the nitrogen
atom form a heteracyclic ring selected from the group consisting of 1-ethyleneimine, 1-pyrrolidine, 4-morphoaline, 1-
piperazine, 4-methyl-1-piperazine, 4-benzyl-1-piperazine and 1-piperidine, or

(c) -{(CHg),-NRaRg and piis 2, 3 or 4 and wherein R, is hydrogen and R; is C4-C; alkyl, or
(@

NH

!
(CHa),-NH-C-NH,

andpis2,30r4,or
(e) -(CHa)p-NH-(CH,)q-OH and p and q are independently 2, 3 or 4 or
() (CHp)p-OHandpis2,3 or 4 or
{9) -(CHz)p-O-(CHz)'q-OH and p and q are independently 2, 3 or 4 as free bases and their salts with pharmaceuti-
cally acceptable acids. .

TREDLASEMENT SHEE]
“1°% Abf%eg

(1)

The present invention also concerns the tautomeric forms, the single enantiomers and diasterecisomers of the
compounds of farmula (I), as well as mixtures thereof.
The present invention also concerns the non-toxic salts of the compounds of formula (l) with acids acceptable for
pharmaceutical and veterinary use such as those obtained by addition of inorganic acids like hydrochloric, hydrobromic, -
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255 367 0/ 8 2/ 8 .

10i . mal eat e 25 185 0/ 8
37.5 260 1/ ? 1/8 '
1.5 sulfuric, ;;%5% horic %é;?o of organic ?j)%ét?ch as acetic, propi
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LR AHG 1999
: TOX
o o bR e

given ip on

and M TOX in

2) 10i.HCA aé‘g-bnl{ﬁh (diiHo ,ﬁnﬁrbenzd@m.asﬁ@d W0-gdher i | € wat er
sal i ne. 6.9-bis{[2-(4"mor ViRMinGBénebYIRbquinbive-5Qb-dibeeat ed ni
survival ti rre9a.‘s{[zqeimemérﬁna;etm-no}benzo[g]-soqumorne-s‘afﬁod’&ae of tox
No. of -m ce 6,9-bis{[2-(diethylamino)dit)yl)dntdibeha{gliscquindine/s)Tosdioné; t he end
experi nent (&bis{i2ydisec-propyl)aminc]ethyilaminojbenzolglisoquinoline-5,10-dione;
6,9-bis{[2-(1"-pyrrolidino)ethyllamino}benzo[glisoquinoline-5, 10-dione;
6,9-bis{[2-(1"-aziridino) ethyljJamino}benzo[glisoquinocline-5, 10-dione; :
6,9-bis{[2-(methanesulfonyloxy)ethyl]amino}benzo([glisoquinoline-5, 10-dione;
6,9-bis{{4-(amino)butyilamino}benzo{glisoquinocline-5, 10-dione;
6,9-bis{[3-(amino)propyl)Jamino}benzofglisoquinoline-5, 10-dione;
6,9-bis{[2-[{2-hydroxyethyl)amino] ethyllamino}benzo[g]isoquinoline-5, 10-dione;
6.9-bis{[3-(dimethylamino)propyl]amino}benzo[glisoquinoline-5, 10-dione;
6,9-bis{{(2-hydroxy)ethyljamino}benzo[glisoquinoline-5, 10-dione;
6.9-bis{[(2-(2-hydroxyethoxy)ethyllamino}benzo[glisoquinoline-5, 10-dione;
6,9-bis{[2-(methylamino)ethylJamino}benzo[glisoquinoline-5, 10-dione;
6,9-bis{[2-(ethylamino)ethyl]lamino}benzolglisoquincline-5, 10-dione;
6,9-bis{[2-(n-propylamino)ethyljamino}benzo[glisoquinoline-S, 10-dione;
6,9-bis{[2-(sec-propylamino)ethyllamino}benzoglisoquinoline-5, 10-dione;
6,9-bis{[2-(guanidino)ethyilamino}benzo[gjisoquinoline-5, 10-dione;
6.9-bis{{(2-amino-2,2-dimethyl)ethylJamino}benzo[gjisoquinoline-5, 10-dione.

ce/ medi an
i c deaths/ total .
of the

The compounds of this invention can be prepared by reaction of 6,9-diflucrobenzo{glisoquinoline-5,10-dione of for-

mula (ll)

“
N~

with a compound of formula (1)

R-NH,

(11)

)

wherein R’ has the same meanings as defmed in formuta (1) for R or it is a group which may be converted to R, to give

a compound of formula (la):

0 NH-R'

NH-R'

O

and then optionally performing one or more of the following steps:

a) when R’ is other than R, converting R’ into R to obtain a compound of formula (1);

{Ia)

b) when R’ is one of the groups detined above for R in compounds of formula (1), and in which case the compounds,



£Exa B "ogl cal studi.es: L1210 Muri ne Leukem a (’.

PRERLACEMENT SHEE

1.5. 97 ' JL1210 muri ne | eukemi a cells were nmaintained in v vV g—by

Weekly |ntraper|toneal (ip) injections of 10[err] cells in BDF[’

rql
m ce. For test purposes, mice were inoculated i.p..with 106 L12J0 C(gf‘ ﬁgﬁoﬁggg

treatnment was initiated 24 hours later3 - The desired dose o
admi ni st er ed dbferreidafia) dre the samrisahe qpoundget farmyla £k i e berptignaily ey @Wsﬂ"@f‘efﬁgroup

toxicity and togveaghejegmpoundigioreia® of death was recorded for eSTH—amrred

that di ed or Shaeiosshsaifiqationcandigysaivatign ohige ohtainpg\orpayers of fprraia () or separation of the isainers

time (MBT) fdPe’%"&ch treat ment group was cal cul ated and the % T/ C was
mul a:

determ ned us n ]

%/ C = ( wsgg 5%:,, W%ﬂ@?ﬁvi.ia, e N g

reported ' rm 1 14 ;:é. aﬁ? s g‘%& ﬂj‘: ime mamlde

vivo by V\Eg Me.l &Qgﬁé‘%ﬂﬂﬁe@ Par, if ifik B&sired) DSlngwnx oe(ills ésoiv@nt optionally in the
presence of an inorganic base such as an alkaline or alkaline-earth carbonate or hydrogen carbonate or an organic

base such as a trialkylamine, at a temperature from 0°C to the reflux temperature of the solvent.
Preferably the reaction is carried out in a solvent such as pyridine, chloroform or dimethylsulfoxide, using from 2 to

10 equivalents of compound (lil} for 1 equivalent of compound (if) and working at a temperature ranging from room tem-*

perature to 50°C.
If itis desired the compounds of formula (1) in which R is an hydroxyalkylamino alkyl group of formula - -(CHg)p-NH-
(CHz)q-OH wherein p and q are as defined above, can be obtained by reaction of a compound of formula (I) in whnch

R is a group of formula -(CHy),-0S(O3)Rs with a compound of formula (IV)
HgN-(CHg)q-O-E ' {iv)

wherein E is a hydroxy protective group such as a trialkylsilane, (dialkyl)arylsilane, formyl, acetyl, which reaction may
be optionally followed by removal of the protective group E.

if it is desired the compounds of formula (1) in which R is a group of formula -(CHz),-NR3R3 wherein one of Rpor Rz is
hydrogen and the ather is hydrogen or a C-Cg alkyl may be aobtained by reactuon of compound (ll) with a monopro-
tected diamine of formula (V):

" HaN-(CH,),-N(COORs)R, Y

“wherein R; is hydrogen or a C,-Cg alkyl, Rs is selected from the group consisting of Cy-C1q alkyl, C7-C1q aralkyl, a-, B-
or y-naphtyl, phenyl, o-, m- or p-tolyl and p is as defined in formula (1), to give a compound of formula (la) in which R’ is
a group of formula -(CH;)o-N(COORs)R3, which reaction may be followed by removal of the protective group COORs,

Useful teachings for the removal of the above mentioned protective groups can be found in Green, T.W., Wuts,
£.G.M., "Protective Groups in Organic Syntesis”, second Edition, John Wiley and sons, (1991).

The compounds of formula (1) in which R is & group of formula -{CHa),,-NH-C{=NH)NH, can be prepared by reac-
tion of a compound of formula (1) in which R is a group of formula -(CH,),-NH, with the reagent of formula (VI):

HoN-C{=NH)SO,H (V1)

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

The 6,9-difluorobenzo[glisoquincline-5,10-dione of formula (If) may be prepared by a multistep procedure involving
the Friedel-Crafts acylation of 1,4-difluorobenzene with pyridine-3,4-dicarboxylic acid anhydride, which results in com-
pounds having the structure according to formulas (Vila) and (Viib):

. F | 0 F
COOH
= | = l l S
N N
X X CooH
0] F F
(VIla) | | (VIIb)

Compounds according to formutas (Viia) and (Vliib) may be then subjected to a cyclization reaction in 30% fummg
sulfuric acid at approxumately 140°C to give the compound of formula (I).

4
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The evaluation of the biological 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” cytotoxic activity of the compounds of the invention was performed using a human
colon adenocarcinoma cell line (Lovo) isolated from a metastatic nodule and a subline with aquired resistance to a
number of antitumor agents, among which doxorubicin, VP-16 and vincristine. This subline (named Lovo/DX) shows
reduced accumulation of doxorubicin and overexpression of a protein (Grandi, M., Geroni, C., Giuliani, F.C., British, J.
Cancer, (1986), 54, 515). The compounds were tested according to the MTT assay (Mosman, T, "Rapid Colorimetric .
assay for cellular growth and survival: application to proliferation and cytotoxicity assay”, J. Immunol. Methods, (1983),

65, 55-63; Green, L.M., "Rapid colorimetric assay for cell viability; application to the quantitation of cytotoxic and growth.
inhibitory lymphokines”, J. immunol. Methods, {1984), 70, 257-268) in comparison with mitoxantrone, ametanirone and
doxorubicin. The data are reported in table Vi,

In general representative compounds of this invention were equally cytotoxic as ametantrone and mitoxantrone in
the Lovo cell line, the highest cytotoxicity (superior to that of mitoxantrone) being shown by the compound 6,9-bis{[2-
(dimethylamino)ethyl)aminojbenzo[gjisoquinoline-5, 10-dione (103) described in example 4 of the experimental section.

. When ametantrone or mitoxantrone were tested in-the Lovo/DX cell line, a resistance index R.1. (defined as the ratio of

" the IC5, for the resistant cell line to the ICg, for the sensible cell line) as high as 101.2 and 29.0 respectivelly was found,
showing that this subline did have an aquired resistance to mifoxantrone and ametantrone. On the other hand, when
representative compounds of this invention were tested in the same resistant subline no cross resistance with mitox-
antrone and ametantrone occured, as can be observed for compounds 10a, 12¢, 10b, 10e and 10d described in the
examples 4, 22, 5, 8 and 7 of the experimental section, respectively. These compounds, in general, showed on this
resistant subline the same IC5o shown by ametantrone on the sensible Lovo cell line. Compound 10a, in particular, was
more active than mitoxantrone in the Lovo/DX cell fine. ’

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

The "in vitro" cytotoxic evaluation was also performed on L 1210 murine leukemia cells using the above mentioned
cells maintained in suspension cultures (McCoy's SA medium supplemented with 10% horse serum, glutamine, penicil-
lin and streptomycin} grown in an humidified environment of 10% carbon dioxide and 90% air at 37°C. The compounds
were dissolved in dimethylsulfoxide (DMSO) and added to the suspended celis in appropriate concentrations. After 72
hours of continuous exposure, the cell concentration was counted using a Coulter Counter and growth inhibition calcu-

lated using the formula:

% growth inhibition = 1 - [cell number treated/cell number DMSO alone] x 100.

The ICgq was calculated from the growth inhibition data and they are reported in table VIl in comparison to the prior
art compound S3 (see table | for structure of 5a).

Studies of the biological activity "in vivo” of representative compounds of the invention were performed using the P
388 and L 1210 murine leukemia models. '

P 388 murine leukemia cells were intraperitoneally (ip) or intravenously (iv) injected in CP2F 1 mice. Treatment was
initiated approximately 24 hours after tumor transpliantation and dosages of the drug were administered ip (P388 ip/ip}
or iv (P388 iv/iv) according to preestablished protocols, usually at 3-day (P388 iv/iv) or 4-day (P388 ip/ip) intervals. The
studies were done over a 60-day period and the date of death for each animal was recorded. The % T/C was deter-
mined using the mean survival time (MST) for each group according to the formula

% T/C = [(MST treated)/(MST controf}] x 100

For example two representative compounds of this invention, namely 6,9-bis{{2-(amino)ethyllamina}benzolgliso-
quinoline-5,10-dione 10i as the dimaleate sait (10i maleate) described in example 12 and 6,9-bis{[(2-dimethyl-
amino)ethyllamino}benzo[glisoquinoline-5,10-dione 10a described in example 4 showed an activity superior to that of
mitoxantrone in the P 388 iv/iv model. Compound 10i of the present invention, both as the hydrochloride (10i.HCI) and
the dimaleate salt {10i.maleate) described in-example 12, was superior fo mitoxantrone also in the P 388 ip/ip model.

- Moreover the abaove representative compounds of the invention showed antileukemic activity over a wide range of well
tolerated dosages and in particular they were active at dosages which were lower than the maximum toferated dose,
_providing indication for a more favourable therapeutic index in companson to mitoxantrone. The results are shown in

tabile VIl and table IX.
The antitumor activity of representatlve compounds of this invention was evaluated also in the L 1210 murine leuke-,
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recorded. The % T/C was determined using the mean survival ime (MST) for each group according to the formula

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

The results are shown in table X and XI
From table X the surprisingly superior antileukemic activity of representative compounds of the invention (namely
‘compound 10a of example 4, compound 10i. HCI of example 12 and 6,9-bis{[2-(2-hydroxyethyl-
- amino)ethyflamino}benzo{glisoquinoline-5,10-dione 10l prepared in example 17 (dimaleate salt)) in comparison to the
prior art compound 53 is evident. .

From table X! a clearly favourable comparison again emerges between the excellent antifeukemic activity of com-
pound 10i . HCI of the invention and mitoxantrone.

Activity against solid tumors of the compounds of the invention was demonstrated using the murine Lewis Lung car-
cinoma and the human mammary carcinoma MX-1 models. These tumor models are enclosed in the panel of eight
transplanted tumors used by the U.S.-NCl as screen panel for selection of clinically useful antitumor agents (R.K.Y. Zee
Cheng and C.C. Cheng, "Screening and evaluation of anticancer agents”, Meth. and Find. Expl. Clin. Pharmacol.,
(1988), 10(2), 67-101). As an example, table Xll shows activity data against these two solid tumors of one representa-
tive compound of this invention, 6,9-bis{{(2-amino)ethyl]lamino}benzo[glisoquinoline-5,10-dione dimaleate {10i maleate;
example 12). - .

Since representative compounds of this invention show good results against "in vivo” models of murine P 388 and
L 1210 leukemias, murine Lewis Lung carcinoma and human mammary carcinoma MX-1, which as noted above are
predictive of good results in humans, the compounds disclosed herein are expected to be operative against human
leukemias and solid tumors.

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 from about 1 mg
fo about 0.4 g per kilogram of body weight. A preferred dosage regimen would be from about 1 mg to about S0 mg per
kilogram of body weight per day. Unit dosages may be employed so that from about 70 mg to about 3.5 g of the active
compound for a subject of about 70 kg of body weight are adminstered in a 24-hour period. The dosage may be
adjusted to be compatible to other treatment regimens, such as radiation therapy.

The pharmaceutical composition may be in the form of tablets, capsules, gel capsules, suppositories, lyophilized
powders and solutions for intravenous administration. :

The invention is #ilustrated by the following non-limiting examples, and variations which are readily apparent to
those skilled in the art. The pertinent formulae are iliusirated in the tables I, til, IV and V.
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O  NH-CH,CH,NRR,

102, R =R, = CH;
b, R =R, = CH,CH,

¢,R =R, = CH(CH;),

d., R= Rl = 'CH;Cf‘IzCHzCHz;
¢, R =R = -CH,CH,0CH,CH,-
f,R =R, = -CH,CH,-

g R=H,R, = 00,tBu

h,R = CHy , R, = CO,tBu
i,R=R,=H

j,R=H,R, = COCH,
k,R=H,R,=CH,
LR=H,R, = CH,CH,0H

m, R=H » Rl = CH;CHzoCI'ﬁ
n,R=H,R, = CH,CH,
0.R=H, R, = CH,CH,CH,
P.R=H;R, = CH(CH,),
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TABLEY

O  NH-CH,CH,-OR

O  NH-CH,CH,-OR

11a,R=H
b. R= SO:CH3
¢, R=CH,CH,OH

NH- (CHZ) n 'NRle

' 0
Z | :
N
O NH- (CH,) ,-NR;R;

Qa.n=3.R4=Rz=H
b. n=4,R=Ry=H
C. ﬂ.=-"3_.R4= R1=Cl'{3

Example 1
Pyridine-3.4-dicarboxylic acid anhydride (7)
A mixture of pyridine-3,4-dicarboxylic acid (15.0 g, 0.09 mol) and acetic anhydride (30 mi) was refluxed for 2 hours.

The excess acetic anhydride was removed by distillation and the anhydride was collected and purified by sublimatior
(123°C at 3 mm Hg) to yield 7 as a white solid (10.1 g, 76%). m.p. 74-76°C. 'H NMR (CDCl3) 9.39 (s, 1H), 9.24 (d, 1H).
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C,3H7F2N03 C. 59.32; H 2.69; N, 5.32. Found: C, 59.03; H, 2.55; N, 5.18.
Example 3

.-' . i 3 "

7.90 (d), 7.5 (m). 7.4 (m). Anal. Caled for

The keto acid mixture of 83 and 8b (3.0 g, 0.011 mol) in fuming sulfuric acid (7.5 ml, 30% SO;) was heated in an
oil bath at 135-140°C for 3 hours. After cooling to room temperature, the mixture was poured into ice (200 mi) and neu-
tralized with sodium bicarbonate: Extraction with methylene chloride gave 9 as a yellow solid (2.0 g, 72%); m.p. 199-
200°C; 'H NMR (€DCl,) 9.54 (s, 1H), 9.12 (d, 1H), 8.03 (d, 1H), 7.57 (m, 2H). Anal. Calcd. for C, 3HsFaNO,: C, 63.67;
H, 2.04; N, 5.71. Found: C, 63.86; H, 1.66; N, 5.39.

A mixture of 6,9-difluorobenzofgjisoquincline-5, 10-dione, 9 (20 mg, 0.08 mmol) and N,N-dimethylethylenediamine
(0.8 mmol, 0.8 ml of a 1 M solution in pyridine) was stirred at room temperature for 48 hours. Most of the pyridine was
allowed to evaporate, ether was added, and the product 10a removed by filtration (24 mg, 79%), m.p. 167-168°C; 'H
NMR (CDCl3) 11.06 (br t, 1H), 10.97 (br t, 1H), 9.63 (s, 1H), 8.92 (d, 1H), 8.13 (d, 1H), 7.32 (m, 2H), 3.54 (q, 4H), 2.7
(t, 4H), 2.38 (s, 12H); mass spectrum m/z (relative intensity) 381 (2.0, M*), 59 (5.4), 59 (100); U.V. A max (2-methox-
yethanol) 580 (sh, 6200), 614 (10,600), 661 {12,700). Anal. Calcd. for Co;Hs7NsO5: C, 66.12; H, 7 13; N, 18.36. Found:
C, 66.22; H, 7.10, N, 18.20.

Example 5

-Bis{[2-(diethylamino)eth inojben i inoline-S. 10-dione (10b

A solution of N,N-diethylethylenediamine (684 mg, 5.9 mmol) in pyridine (2 ml) was added to 8 (202 mg, 0.82 mmol)
in pyridine (2 ml). The purple mixture was stirred at room temperature for 48 hours (TLC analysis at this point showed
one biue component: sifica gel, 5% MeOH/CHCI3). The excess base and pyridine were removed by evaporation with a
slow stream of nitrogen gas. The crude material was then placed under vacuum overnight. Upon addition of ice-water
to the residue the solid was collected by filtration and dried (330 mg, 84%); m.p. 142-144°C. 'H NMR (CDCl,) 11.10 t,
1H), 11.00 {t, 1H), 8.60 (s, 1H), 8.92 (d, 1H), 8.10 (d, 1H), 7.25 (m, 3H), 3.50 (m, 1H}, 2.862 {m, 1H), 2.35 (m, 3H}, 1.10
(m, 12H). Anal. Calcd. for Ca5HgasNsOs: G, 68.62; H, 16.00; N, 7.31. Found: C, 67.95; H, 16.05; N, 7.28.

Examglg‘ ]

N.N-diisopropylethylenediamine (588 mg, 4.1 mmiol) was added to compound 9 (100 mg, 0.41 mmol) in methanol

(1 ml) and water (1 ml). The mixture was allowed to stir at room temperature for 88 h and then poured into ice water.

The blue precipitate was recovered by filtration. The solid was purified by column chromatography over silica gel. The

" initial eluant was chloroform followed by 2% and 20% methanol in chloroform. Concentration of the latter eluants led to

163 mg (81%) of product 10c. mp 134-136°C; 'H NMR (CDCl,): 10.95-11.20 (m, 2H), 9.63 (s, 1H), 8.92 (d, 1H), 8.13

(d, 1H), 7.33 (m, 2H), 3.45 (2q, 4H), 3.10 (h, 4H), 2.82 (t, 4H), 1.08 (d, 24H), Anal. Calcd. for CagH43NsO5: C. 70.55; H,
8.78; N, 14.19. Found: C, 69.23; H, 8.71; N, 13.43.
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17 sodium sulfate and the chloro removi ?evaporatlon to yield the title compound (260 mg, 73%); TLC, silica
gel, 5% MeOH/CHClg one blue spot; m.p. 141-142°C. TH NMR (CDCly) 11.15 (t, 1H), 11.00 (t. 1H), 9.65 (s, 1H), 8.90
(d. 1H), 8.05 (d, 1H), 7.35 (m, 2H), 3.65 (m, 4H), 2.90 (m, 4H), 2.70 (m, 8H), 1.85 (m, 8H). Anal. Calcd. for CysHz;N5Os:
C, 69.26; H, 7.21; N, 16.15. Found: C, 69.02; H, 7.25; N, 16.00.

Maleate salt. Under a nitrogen atmosphere a solution of maleic acid (271 mg; 2.34 mmol) in ethanol (5 mi) was "
added to a stirred suspension of compound 10d (450 mg; 1.04 mmol) in ethanol (20 ml). After stirring for two hours die-
thyl ether (25 ml) was slowly added and the precipitate was filtered and dried under vacuum at 40°C 1o give the hygro-
scopic dimaleate sait of 10d (580 mg); m.p. 164-166°C.

Anal. Caled. for CagH3agNsO4g - HaO: G, 57.96; H, 6.04; N, 10.24. Found: C, 57.85, H, 5.99; N 10. 14.

Example 8

A solution of 4-(2-amingethyl)morphaline (220 mg, 1.7 mmol) in pyridine (2 ml) was added to 2 (102 mg, 0.42
mmol) in pyridine (1 mi). The purple mixture was stirred at room temperature for 120 hours. The excess amine and pyri-
dine were evaporated using a slow nitrogen stream and the residue placed under vacuum overnight. The mixture was
taken up into chloraform and then filtered. Removal of the chloroform left a blue solid which on TLC (silica gel, 25%
MeOH/75% CHClyffew draps of ag. ammonium hydroxide) showed one blue spot (140 mg, 72%); 'H NMR (CDCls)
11.015 (m, 1H), 10.90 (m, 1H), 9.62 (d, 1H), 8.90 (d, 1H), 8.10 {d, 1H), 7.25 (m, 2H), 3.80 (m, 8H), 3.55 (m, 4H), 2.75
(1.-4H), 2.50 (m, 8H). Anal. Calcd. for CosH3iNsO4: C, 64.22; H, 6.68; N, 11.98. Found: C, 63.95; H, 6.78; N, 11.89.

Example 9

The procedure of example 4 was repeated reacting compound 9 with N-(2-aminoethyl)aziridine and the residue
“obtained after evaporation of pyridine was purified by silica gel column chromatography.

A major blue band eluted with 10% CH;OH in CHCl3 was collected. Crystallization from a mixture of methylene
chloride and ligroine yielded a dark blue solid, m.p. 100-103°C; 'H NMR (CDClg) 11.23 (br, 1H), 11.15 (or, 1H), 9.73 (s,
1H), 8.91 (d, 1H), 8.12 (d, 1H), 7.40 (d, 1H), 7.38 (d, 1H), 3.69 (q, 4H), 2.60 (t, 4H), 1.85 (m, 4H), 1.24 (m, 4H); mass
spectrum m/z (relative intensity) 377 (100, M*), 278 (72.7), 56 (12.6). Anal. Calcd. for Cp1HaaNsO4: C, 66.82; H, 6.14;
N, 18.55. Found: C, 66.50; H, 6.00; N, 18.20.

Example 10

A solution of 9 (0.10 g, 0.41 mmal) and N-(t-butoxycarbonyl)ethylenediamine (Synth. Comm., {1990), 20, 2559;
0.65 g, 4.10 mmot) in pyridine (4.0 ml) was stirred at room temperature for 24 hours. Addition of water (20 ml) led to 10g
which was filtered, washed with water and dried (0.17 g, 80%). m.p. 213-216°C. Crystalfization from a CHClz: CCl, mix-
ture gave a dark blue solid m.p. 215-216°C; 'H NMR (CDCl,) 11.07 (br, 1H), 10.96 (br, 1H), 9.49 (s, 1H), 8.90 (d, 1H).
7.99(d, 1H), 7.32 (s, 2H), 5.30 (br, 2H), 3.58 (m, 4H), 3.47 (m, 4H), 1.56 (s, 18H); mass spectrum m/z (relative intensity)
525 (100, M*) 339 (51.9), 57 (87.7). Anal. Calcd. for Co7H35NsOg: C, 61.70; H, 6.73; N, 13.32. Found: C, 61.18: H, 6.29;
N, 12.88.

" Example 11

6.9-difluorobenzo[gJisoquinoline-5,10-dione (0.29 g, 1.18 mmol) was added to a stirred solution of N-(t-butoxyca_b'
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bonyl)-N-methylethylenediamine (0.824 g, 4.73 mmol) (J. Med. Chem. 1990, 33, 97) in dry pyridine (5 ml) The reaction
mixture was stirred in a nitrogen atmosphere for 24 hours at room temperature and then for fur " The
solvent was removed under reduced pressure and the blue residue obtained was taken up with CH,Cl, (50 mi), washed

with a 5% NaHCQj3 solution (2 x 30 ml) and with water (30 ml). The combmed organic phases were dried over Na,SO,
and the solvent evaporated under reduced pressure.

The blue residue was purified by column chromatography (silica gel 230-400 mesh, S0 g, eluent CH,Cl,: AcOEL:
MeOH 93:5:2) yielding 400 mg (61%) of blue crystals, m.p. 161.5 - 162.5°C after recrystallization from CH,Cl,: hexane.
'H NMR (CDCly) 1.49 (s, 18H); 2.94 (s, 6H); 3.45-3.75 (m, 8H); 7.25-7.55 (m, 2H); 8.12 (d, 1H); 8.95 (d, 1H); 9.62 (s,
1H); 10.95-11.23 (m, 2H, exchangeable with D,O).

From difluoride 8: Under a nitrogen atmosphere 1,2-diaminoethane (8.72 ml; 130.5 mmol} was added to a stirred solu-
tion of compound g (4.00 g, 16.3 mmol) in pyridine (80 mi). A slightly exotermic reaction ensued that was moderated by
cooling in a water bath at 20°C. The reaction mixture was stirred at room temperature for 34 hours, then it was cooled
to -5°C for 30 minutes, the solid was separated by suction under & nitrogen flow and dried overnight under vacuum at
30°C. The crude material obtained (6.07 g) was recrystallized by dissolution in methanol (20 ml) at 40°C and reprecip-
itation with methylene chloride (100 mi).and n-hexane (300 ml) to give 5.12 g of 10i as a blue solid.

'H NMR (CDCl,): 11.10-11.30 (2m, 2H), 9.53 (s, 1H), 8.93 (d, 1H)), 8.13 (d, 1H), 7.35 (m, 2H), 3.55 (q, 4H). 3.10 (t, 4H).
HPLG Lichrospher 100 RP18, 5 um; eluent: sodium heptanesulfonate 2 g/l in HyO: CH;CN: dioxane 75:20:5, pH 3 with
H3PO4A = 245 nm; flow 1 m/min; Ry = 8.80 minutes.

Maleate salt: Under a nitrogen atmosphere the free base 10i (3.50 g; 10.8 mmol) was dissolved in a mixture of eth-
anol (170 ml) and methanol (30 mi) by heating at S0°C for 10 minutes, then a solution of maleic acid (2.87 g, 24.7 mmol)
in ethanol (30 mi) was added. After heating for five more minutes at 50°C the mixture was aliowed to cool to room tem-
perature and then left at 4°C for 2 hours. The precipitate was separated by suction under a nitrogen flow and dried at
40°C under vacuum to give 5.75 g of the crude dimaleate,

To a stirred suspension of this crude material (5.71 g) in water (90 mi) at 50°C ethanol was added dropwise until a
complete solution was obtained (about 300 mi), then more ethanol was added (400 mi) and the mixture was allowed to
cool to room temperature. After 12 hours the precipitate was separated by suction, washed with ethanol (15 ml) and
diethyl ether (10 ml) and then dried under vacuum at 30°C for 5 hours to give 4.22 g of the dimaleate salt of 10i; m.p.
176-178°C shrinking, it does not melt up to 245°C; Anal. Caled. for C17H gN505.2C4H,04.1.5 Hy0O: C, 51.37; H, 5.17;
N, 11.98. Found: C, 51.31; H4.99; N 11,93.

'H NMR (DMSO-dg) 10.92 (br, 1H), 10.87 (br, 1H), 9.45 (s, 1H), 9.01 (m, 1H), 8.08 (m, 1H), 7.59 (s, 2H), 6.03 (s, 4H),
3.76 (br, 4H), 3.08 (m, 4H). U.V,, 1.528 mg in water (50 mi), nm (E 1%): 641 (271), 597 (245), 313 (98), 273 (257}, 246
(479).

Hydrachioride salt:

a) From amine 10i: Hydrogen chioride gas was bubbled through a solution of the crude amine in chloroform until
the solution was no longer blue. The solid was filtered and dried to yield a dark blue hygroscopic solid {0.174 g,
26%), m.p. 209-212°C; 'H NMR (DMSO-dg) 10.91 (br, 2H), 9,44 (s, 1H), 9.01 (d, 1H), 8.23 (br, 4H), 8.09 (d. 1H),
. 7.74 (s, 2H), 3.84 (m, 4H), 3.02 (m, 4H). Anal. Caled. for Cy7HgN505.2HCL.AH0; C, 44.94; H, 6.43; N, 15.41.
Found: C, 44.52; H, 5.29; N 14.53. The free amine could be regenerated by adding solid potassium carbonate to
the NMR sample. A *H NMR analysis indicated the presence of the free amine.
b) From deprotection of t-Boc Analogue 10g: Hydrogen chloride gas was bubbled through a solution of 10g (0.160
g, 0.30 mmo!) in dry chioroform (10 ml) for 30 minutes. A dark blue solid was filtered and dried (0.115 g, 95%); m.p.
213-215°C whose structure was confirmed as the hydrochloride salt of 10i by 'H NMR analysis.

Example 13

9-Bis{[2-(acetylamino)ethyllaminolbenzofglisoquinoline-5,10-dione {10j

The procedure of Example 12 using compound 9 and 1,2-diaminoethane, was repeated and the crude reaction
mixture was applied to a silica gel column. Acetic anhydride (30 mi) was added to the column and it was aflowed tc
stand for 15 minutes. A major blue fraction 10j eluted with 1:4 CHzOH:CHCl; which was crystallized from a
CHCl;:CH;OH mixture to yield a blue solid (0.240 g, 35%) m.p. 155-156°C; 'H NMR (DMSO-dg) 11.12 (1, 1H), 11.02(t.
1H). 9.42 (s, 1H), 8.95 (d, 1H), 8.15 (br, 2H), 8.03 (d. 1H), 7.62 (s, 2H), 3.57 (m, 8H), 1.83 (s, 6H); mass spectrum m/z.
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*(relative intensity) 409 (2.5, M*), 337 (6.4), 86 (100). Anal. Calcd. for CyoHpgNsOy: C, 61.60; H 5.[7; Q 7. AR89
C. 61.37; H, 5.42; N, 16.89.

Ethanolic HCl (6.7 N, 2.0 ml) was added to a solution of 6,9-bis{[2-(N-t-butoxycarbonyl-N-methyl-
amino)ethyllamino}benzo(glisoquinoline-S, 10-dione (10h) (440 mg, 0.795 mmol) in CHCl3 (40 ml). The reaction mixture
was stirred at room temperature in a nitrogen atmosphere for 24 hours, then the dark green crystals formed were col-
lected by filtration, washed with absolute ethanol and dried at 40°C in vacuo to give 945 mg (94% yield) of pure product, *
m.p. 188°C dec. (DSC evaluation). ' '

Elemental Analysis Calcd. for CygHagClaNs02.2H,0: C, 46.51; H, 6.03; N, 14.14; Cl 23.60. Found: C, 45.75; H
6.06; N, 14.04, Cl 21.32. HPLC (Lichrosper 100 RP18, 5§ um; Eluent K;HPO,4 25 mM, n-C;H;5S0;Na 2 mg/ml in H,0:
CH;CN: dioxane 80:15:5, pH 2.7 with HCIOg4; A 275 nm, flow 1 m/min., Ry 20.11 minutes.

U.V., 1.07 mg in 20.0 mi of water: nm (E 1%): 641 (290); 597 (267); 313 (106); 273 (278); 247 (486).
'H NMR (D,0) 2.75 (s, 6H), 3.30-3.45 (m, 4H) 3.80-3.95 (m, 4H), 7.38 (a, 2H); 8.17 (d, 1H), 8.85 (d, 1H), 9.27 (s, 1H).

Example 1

Difluoride g (1.0 g, 4.1 mmol) and 2-aminoethanol (2.5 g, 40.8 mmol) in pyridine (7 ml) were stirred at room tem-
perature for 18 hours. The mixture was poured into water (50 mil) and the product 113 was filtered and dried (1.26 g,
94%), m.p. 236-239°C. Recrystallization from methanol yielded dark blue needles m.p. 237-239°C; 'H NMR (DMSO-
dg) 11.28 (1, 1H), 11.19 (t, 1H), 943 (s, 1H), 8.94 (d, 1H}, 8.03 (d, 1H), 7.56 (s, 2H), 5.01 {t, 2H), 3.69 (m, 4H), 3.54 (m,
4H). Anal. Calcd. for Cy7H:7N304: C, 62.38; H, 5.25; N, 12.83. Found: C, 62.21; H, 5.12; N, 12.50.

Example 16

6,9-Bis{{2-methanesulfonyloxyethyl)amin zo[glisoquinoline~-5,10-dione (11b

A solution of 113 (0.30 g, 0.92 mmol) in dry pyridine (4 ml) was stirred at room temperature under nitrogen for 10
minutes. Methanesulfony! chioride (0.24 g, 2.07 mmol) was added and the mixture stirred for 20 minutes. The mixture
was quenched into ice-water (20 mi) and the solid was filtered. Crystallization from a chloroform-ligroine mixture gave
a blue solid {0.294 g, 66%); m.p. 116-118°C; TH NMR (CDClg) 10.98 (br, 2H), 9.59 (s, 1H), 8.97 (d, 1H), 8.09 (d, 1H).
7.38 (d, 1H), 7.34 (d, 1H), 4.50 (t. 4H), 3.83 (q. 4H), 3.09 (s, 6H). Anal. Calcd. for C1gHp1 N3OS C, 47.20; H, 4.39; N,
8.69. Found: C, 46.80; H, 4.31; N, 8.48.

Example 17

6.9-Bis{[2-{(2-hydrox lJaminolethyllaminolbenzo{gli inoline-5,10-dione (10l

a) From mesylate (11b)

A solution of (11b) {0.40 g, 0.83 mmol) and 2-(trimethylsilyloxy)ethylamine (2.21 g, 16.5 mmol) in pyridine (5.0 mi)
was stirred at room temperature under a nitrogen atmosphere for 48 hours. The pyridine was removed under a nitrogen
flow and the residue was taken up in methylene chloride. This solution was washed with saturated sodium bicarbonate
and dried over sodium sulfate, Removal of the solvent Jeft a biue oil which was dried under vacuum overnight. Chroma-
tography on a silica gel column resulted in a cleavage of the Si-O bond to yield 10l This product was eluted with a 1:5:§
EtaN:CH4OH:CHCI, mixture. Concentration gave 101 as an oil: 'H NMR (CDClg) 11.19 (br, 1H), 11.06 (br, 1H), 9.46 (s,
1H), 8.83 (d, 1H), 7.98 (d, 1H), 6.98 (s, 2H), 3.82 {m, 4H), 3.52 (m, 4H), 3.07 (m, 4H), 2.96 {m, 4H); U.V. (2-methoxyeth-
anol): 570 (sh, ¢ = 7200), 612 (¢ = 13,200), 658 (¢ = 14,000).

. b) From difluoride (9)

Under a nitrogen atmosphere 2-[(2-hydroxyethyl)aminojethylamine, (6.19 mi; 61.2 mmol) was added to a stirred
suspension of compound 2 (1.00 g; 4.08 mmol) in pyridine (30 ml) at 0°C.
After one hour the reaction mixture was allowed to reach room temperature and left at this temperature for three
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and diethyl ether (2 mi) and dried under vacuum at 40°C to give the dimaleate salt of 101 (160 mg), m.p. 132-133°C; 'H
NMR (DMSO-dg) 10.94 (br, TH), 10.88 (br, 1H), 9.47 (s, 1H), 9.02 (d, 1H), 8.60 (br, 2H), 8.09 (d, 1H), 7.63 (s, 2H), 6.01 .
(s, 4H), 5.32 (br, 2H), 3.89 (m, 4H), 3.71 (m, 4H), 3.26 (m, 4H), 3.12 (m, 4H). U.V. 1.355 mg in H,0 (25 mi); nm (E 1%)

: 641 (220), 598 (208), 312 (85), 272 (221), 246 (406). .
Anal. Calcd. for 021H27N504 2C4H404. H20: C, 52.52; H, 5.57; N, 10.64. Found: C, 52.49; H, 5.56; N, 10. 61

Example 18
6.9-Bis{[2-(2-methoxyethylamino)ethyllaminolbenzo[glisoquinoline-5, 10-dione {10m

A solution of 11b (0.15 g. 0.21 mmol) and 2-methoxyethylamine (0.47 g, 6.20 mmol) in pyridine (2.0 ml) was stirred
at room temperature under a nitrogen blanket for 48 hours. The piridine and excess amine were removed under vac-
uum. The residue was dissolved in methylene chioride, washed with a saturated sodium bicarbonate solution and dried
over sodium sulfate. Upon removal of the solvent the residue was purified by column chromatography on silica gel by
eluting with 1:1 CHaOH:CHCI;. Crystallization from a ethanol and pentane mixture led to 10m (0.091 g, 66%); m.p. 174-
175°C; 'H NMR (CDCl) 11.08 (br, 1H), 10.97 (br, 1H), 9.56 (s, 1H), 8.90 (d, 1H), 8.05 (d, 1H), 7.31 (s, 2H), 3.62 (m,
8H), 3.43 (s, 6H), 3.08 (t, 4H), 2.94 (t, 4H), 2.66 (br s, 2H); mass spectrum m/z (relative intensity) 441 (100, M*), 354
(57.4), 266 (50.5). Anal. Calcd. for CoqH31NsQy: C, 62.57; H, 7.09; N, 15.86. Found: C, 62.51; H, 6.92; N, 15.47.

Example 19

A solution of 2-(2-aminoethoxy)ethanol (446 mg, 4.25 mmol) in pyridine (1 mt) was added to compound 8 (100 mg,
0.41 mmol) in pyridine (1 ml). The mixture was stirred at room temiperature for 45 h. The excess amine and pyridine
were removed via a slow stream of nitrogen gas and the residual solid was placed under vacuum overnight. A cold sat-
urated NaCl solution was added to the solid and the product was extracted with chforoform (6 x 25 mi). The extracts
were dried over magnesium sulfate and concentrated on the rotary evaporator to yield 140 mg (82%) of product 11c;
mp 97-99°C. "H NMR (CDCly): 11.15-11.35 (2m, 2H), 9.60 (s, 1H), 8.85 (d, 1H), 8.08 (d, 1H), 7.30 (m, 2H), 3.85 (m,
8H), 3.57-3.75 (2m, 9H), 2.75-3.25 (br s, 1H).

Example 20

1) Free Amine: A solution of 1,3-diaminopropane (870 mg, 11.76 mmol) in chloroform (3 ml) was added to 9 {300
mg, 1.22 mmol) in chloroform {6 ml). The purple mixture was allowed to stir for 166 hours at room temperature. The
mixture was filtered and the salts washed with chioroform. The solvent was removed by rotary evaporation and the
residue was placed under vacuum overnight to yield 290 mg (93%) of 12a; TLC (silica gel, 25% MeQH/75% chlo-
roform/few drops of aq. ammonium hydroxide) indicated one blue spot; m.p. 105°C (softens) 112-115°C. 'H NMR
{DMSO-dg) 11.15 (m, 1H), 11.05 (m, 1H), 9.45 (s, 1H), 8.90 (d, 1H), 8.0 (d, 1H), 7.55 {br s, 2H), 3.55 (br m, 4H),
4.65 (1, 4H), 3.75 (t, 4H), 1.75 (1, 4H). Anal. Calcd. for CygHaaNsOj: C, 64.57; H, 6.56; N, 19.81. Found: C, 65.00;
B, 6.50; N, 19.78.

2) Maleate Salt: A solution of maleic acid (11 mg, 0.86 mmol) in methanol was added to 12a (100 mg, 0.28 mmol)
dissolved in methanol (2 mi) and ethyl acetate (2 ml). The addition of more ethyl acetate gave a blue precipitate
which was filtered and dried under vacuum (120 mg, 79%), 'H NMR (DMSO-dg) 11.10 (t. 1H), 11.00 (t, TH). 9.45°
(s. 1H), 8.95 (d, TH), 8.05 (d, 1H), 7.75 (br, 4H), 7.60 (s, 2H), 6.0 (s, 4H), 3.60 (m, 4H), 2.95 (t, 4H), 1.95 (m, 4H).
Anal. Caled. for Co3Ha7NsOg: C, 58.84; H, 5.80; N, 14.92. Found: C, 58.75; H, 5.70; N, 14.85.
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Example 22
6,9-Bis{[3-(dimethylamino min i inoline-S,10-dione (12

A solution of 3-dimethylaminopropylamine (700 mg, 6.9 mmol) in pyridine (2 ml} was added to compound 9 (100
mg, 0.41 mmol) in pyridine (2 ml). The mixture was stirred at room temperature for 120 h. The excess diamine and pyri-
dine were removed under a slow stream of nitrogen gas and the residue placed under vacuum overnight. The residue
was added to cold water and extracted with chloroform (4 x 20 mi). The extract was dried over NaaSO,4 and concen-
trated by rotary evaporation. The blue solid was purified by column chromatography over silica gel. The initial eluant
was 10% methanol/90% chiloroform followed by 25% methanol/75% chioroform. The product was eluted by addition of
smali amounts of ammonium hydroxide to 25% methanol/75% chloroform. Concentration of these eluants led to 92 mg
{55%) of the desired product 12¢ mp 107-108°C. 'H NMR (CDCl3): 11.00-11.20 (2m, 2H), 9.63 (s, 1H), 8.93 (d, 1H),
8.12 (d, 1H), 7.37 (s, 2H), 3.55 (q, 4H), 2.55 (m, 4H), 2.35 (s, 12H), 2.00 (m, 4H).

Example 23

A solution of N-ethylethylenediamine (400 mg, 4.5 mmol) in pyridine (1 ml) was added to compound 8 (98 mg, 0.40
mmoal) in pyridine (1 ml). The mixture was stirred at room temperature for 66 h. The pyridine and excess diamine were
removed under a slow nitrogen stream and the residual material was placed under vacuum overnight. Chloroform was
then added and the chloroform washed twice with cold water. The chloroform extract was dried over MgSQ,4 and the
solvent removed by rotary evaporation. The resultant blue solid was purified by column chromatography over silica gel
using 5% methanol/95% chloroform as the initial eluant. The eluant was gradually changed to 5%, 10% and then 50%
methanol in chioroform. The desired product was eluted using 50% methanol/48% chloroform/2% ammonium hydrox-
ide. Removal of the solvent led to 32 mg (219%) of product (10n). mp 101-102°C. '
TH NMR (CDClz) 11.10 (m, 1H), 11.00 (m, 1H), 9.6 (s, 1H), 8.9 (d, 1H), 8.05 (d, 1H), 7.3 (m, 2H), 3.55 (m, 4H), 3.0 (t,
4H), 2.8 (q, 4H), 1.15 (t, 6H).

Example 24

6.9-bis{[2-(propylamino)ethyllaminolbenzo{glisoquinoline-5, 10-dione (100

A solution of N-propylethylenediamine (403 mg, 4.0 mmol) in pyridine (1 ml) was added to compound g (98 mg,

0.40 mmol) in pyridine (1 ml). The reaction mixture was stirred at room temperature for 24 h and concentrated under &
slow stream of nitrogen. The residuat materaial was placed under vacuum overnight. lce water was added to the resid-

- ual and the aqueous layer was extracted with chioroform (5 x 40 ml). The extracts were dried over magnesium sulfate
and the chloroform removed by rotary evaporation. The blue solid was purified by column chromatography over silica
gel. The initial eluant was 5% methanol/95% chloroform followed by increasing the methanol amounts gradually to 10%,
20%, 30%, 40% and 50%. The desired compound coluld be eluted using 60% methanol/40% chloroform containing
some ammonium hydroxide. Removal of the eluant led to 50 mg (30%) of the product {100). mp 105-106°C. :
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A solution of N-isopropylethylenediamine (450 mg, 4.5 mmol) in pyridine (2 ml) was added to compound 8 (110 mg,
0.45 mmol) in pyridine (1 ml). An instantaneous permanganate-like coloration resulted. The mixture was stirred at room
temperature for 40 h. The pyridine and excess diamine were removed under a siow nitrogen stream and the residue
was placed under vacuum overnight. Chloroform (20 mi) was added followed by ice water. Since the blue coloration
appeared int he aqueous layer, this was extracted with chloroform (4 x 25 mi). The combined extracts were dried over
MgSQO, and the chloroform removed by rotary evaporation. The resultant blue solid was purified by column chromatog-.
raphy over silica gel using chloroform as the initial eluant followed by gradual changes to 2%, 5%, 10%, 20%, 40% and
50% methanol in chloroform. The desired product was eluted from the column with 50% methanol/48% chlorofornv1%
ammonium hydroxide. Removal of the eluants led to 56 mg (30%) of the desired product (10g). mp 136-137°C.
THNMR (CDClg) 11.1(t, 1H), 11.0 (t, 1H), 9.6 (s, 1H), 8.9(d, 1H), 8.1 (d, 1H), 7.30 (m, 2H), 3.6 {m, 4H), 3.0 (t, 4H), 2.3
(m, 2H), 1.05 (d, 6H).

Example 26

1n vitro biclogical evaluation: MTT assay on human colon adenocarcinoma Lovo cells.

The MTT assay was performed according to Mosmann, T., J. Immunol. Methods, (1983), 65, 55-63 and Green, L.
M., J. Immunol. Methods, (1984), 70, 257-268.

immediately before use, compounds and reference standards are dissolved in proper solvent and subsequently fur-
ther difuted in complete culture medium. Human colon adenocarcinoma cells Lovo and the subline resistant to doxoru-
bicin (Lovo/DX) (2.5. 10# cells/ml) are plated in 96-well plates and preincubated for 24 hours in culture medium. After
this time, the cells are exposed to drugs for 144 hours, then the thiazolyl blue tetrazolium bromide solutiont (MTT solu-
tion) is added and the cells are reincubated for 4 hours. The supernatant is removed and 150 ul of dimethylsulfoxide are
added to solubilize formazan crystals. The plate is read at 570 nm with microplate reader and the inhibiting concentra-
tion of 50% cellular growth (ICsq; ng/mi) is calculated.

The results are reported in Table Vi




25 4., A conpound according to claim1 which is '

6,.9- bi s([ 2- (am no) et hyl ] am no) benzo[ g] i soqui nol i ne-5, 10- di o.meR%eLACEMaENI:a?'#EET
thereof. 5. The conpound according to claim1l, wherein said dal

dirmal eate salt. 6. A pharmaceutical conposition conprisingla cdirﬂoaﬁg 1399
according to tlaim1. 5 and a pharnmaceut-ically acceptable idi '
excipient. 7. A pharmaceutical conposi}8 on conprising

(7s)

6, 9- bi s([ 2- (am noTALREYI] am no] am no) benzo[ g] i soqui nol i ne- 5, 10-di-one ok
a salt thereof and a pharnaceutically acceptabl e diluent or EXCIPI ent.
IN VITRO CYTOTOXJC ACTIVITY OF REPRESENTA1VE COMPCUNDS

THE INVENTION OX LOVO AND LOVO/DX CELLS B< MTT ASSAY

[ NH-R
7
o
N
(] NH-R ) -‘
1C50 pg/m1t8.D. a)
COMPOUND|BXAXPLE| & =
LoVo LoVo/Dx R.I.Y)
9& “
10a 4 St 0.045 0.085 1.9
12¢ | 22 il 0.15:0.07  0.36+0.04 2.4
10b 5 [ A 0.29+0.05 0.6910.1 2.4
.r"o
. 10¢ 8 s~ | 5326135 2.29:0.67 0.4
14 | 7 | s~A) |o.20:0.03  o0.52:0015 2.6
COts . N .
10§ 12 | Sl | 0.21:0.08 6.70:1.8 31.8
(msleate -
12a 20 NP 1.64+0.02 20,910.72  12.7
Mitoxantrone 0.01+0.00% 0.2920.1 23.0
Asetantrone 0.33+0.1 33.4213.9 101.2
Doxorubizin : 0.03£0.009  4.28+1.B 142.7|

a2) MTT assay. 144 hrs drug exposure.
b) R.J. = {1C50 LoVo/Dx}/{1C50 LoVo).



8. The, pharmaceutical conposition according to claim7, whergi B S-ac—a-

is a dimaleate salt. 9. Use of a conmpound according to clai TEREPLAGENIENT tSHEET
production of a nedicanment for the treatnent of tunors in a R
requiring such treatnent 10. A process for the synthesis ofjatc o]
according to fornula | : 19 : R EQ@ 1399

Example 27

In vitro biological evaluation: L1210 murine leukemia

L1210 Murine leukemia cells were routinely maintained in suspension cultures in McCoy's SA medium supple-
mented with 10% horse serum glutamine, penicillin and streptomycin and grown in a humidified environment of 10% -

carbon dioxide and 80% air at 37°C.

To assess the in vitro toxicity, each compound was dissolved in dimethylsulfoxide and added to 1 ml of L1210 cells
(10° cells/tube) to attain final concentrations of 0.01, 0.1 and 1 ug of drug/ml of culture. After 72 hours of continues
exposure to the drug, the cell concentration was determined with a Coulter Counter. Growth inhibition was calculated

for each drug using the following formula:

% growth inhibition = 1-[cell number treated/cell number DMSO alone] x 100.

The growth inhibition data was then used to calculate the ICs, value (the calculated drug concentration required to

‘nhibit cell growth by 50% of control.
The results are reported in Table VIl

TABLE Vil
IN VITRO CYTOTOXIC ACTIVITIES OF REPRESENTATIVE COM-
POUNDS OF THE INVENTION AGAINST L1210 LEUKEMIA IN COM-
PARISON TO THE PRIOR ART COMPOUND 5a
Compound Example ICsq (pg/mi)
. 10a 4 0.006
' 10f 9 0.002
10i@ 12 | oos
101® 17 0.06
5a(? / : 0.155

(a) Hydrochloride Salt: 10i. HCI

(b) Dimaleate Salt: 10l.maleate

(c) Prior art compound, 6,9-bis{[2-(dimethyl-
amino)ethyllamino}benzo[g]quincline-5,10-dione: A.P. Krapcho et al., J.
Med. Chem. (1985), 28, 1124-1126.

Example 28

In vivo biological ies: P388 Murine Leukemia (iviv.d1,4. 7

P388 Murine Leukemia cells were maintained in vivo by serial intraperitoneal (i.p.) injections of 10° cells in DBA2
mice. For test purposes, CDF1 mice were inoculated intravenously (i.v.) with 10° P388 cells and treatment was initiated
24 hr later. The i.v. dose of drug was administered on days 1, 4 and 7. Mice were observed daily for signs of toxicity and
survival. The date of death was recorded for each animal that died or was sacrificed during the 60 day study. The
median survival time (MST) for each treatment group was calculated and the % T/C was determined using the following

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

The results of the antileukemic activity of 6,9-bis{[2-(dimethylamino)ethyl]amino}benzo[g]isoquinoline—5,10-dione
(10a) of example 4 and 6.9-bis{[2-(aminc)ethylJamino}benzo[glisoquinoline-5,10-dione dimaleate (10i maleate) of
example 12 in comparison to mitoxantrone are reported in table Vili



[err] *, wherein Ris (a) -(CH)[efr]-NH2 and p is 2, 3 or 4 or
(b), -(CHerr])[err]-NRRR3 and p is 2,3 or 4 and wherein R2 a
Clerr]-C6 alkyl or taken together with the nitro- gen

-pyrrolidine. 4-nor- phol i ne. 1-pi-perazine, 4-nethyl-
4-benzyl - 1- pi perazine and 1-pi peri di ne, a0 (O -(CHer)r]
and pis 2, 3 or 4 and wherein R2 is hydr@ge\r,]"and Rierr] is .

%:-lky g [ eﬂ ] ( ‘ANTITUMOR ACTIVITY OF COMPOUNDS 10a, 10i maleate AND MITt
(MITOX) AGAINST P388 MURINE LEUKEMIA (iviiv 1,4.7)")
COMPOUND? | DOSE (mg/kg/day) | T/C% (range) | TOXY rs® |

Controls - 100 0/73 0/73

0imaleate | 18 : 200,188 | on6 0/16
27 203(181-227) 2/32 0/32 t.

i0g 18 172,156 0114 0/14

27 188,167 | 3n7 017

40 . 183,156 1116 0/16

MITOX 2 162(154-167) | o142 0/42

3 185(167-217) | 4/78 /78

4 | 118(89-133) | 2024 0r24

1) COF1 male mice were transplanted iv with 10° celis/mouse. Treatment was given iv on
days 1,4,7 after tumaor transplantation (day 0).

2) 10i.maleate and MITOX were dissolved in sterile water; 10g in citric acid 1%.

3) Median survival time of treated mice/median survival time of controls x 100:

4) Number of toxic deaths/total number of mice.

5) Long term survivors: animals tumor free at the end of the experiment (60 days).

Example 29

P388 Murine Leukemia cells were maintained in vivo by serial intraperitoneal (ip) injections of 108 cells in DBA2
mice, For test purposes, CDF 1 mice were inoculated i.p. with 10° P388 cells and treatment was initiated 24 hours later.
The i.p dose of drug was administered on days 1, 5 and 9. Mice were observed daily for signs of toxicity and survival.

.The date of death was recorded for each animal that died or was sacrificed during the 60-day study. The median sur-
vival time (MST) for each treatment group was calculated and the % T/C was determined using the following formula:

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

The results of the antileukemic activity of 6, 9-5is([2 -(amino)ethyllamino}benzo(glisoquincline-5, 10-dione (10i) as
the dihydrochloride (10i.HC!) and dimaleate (10i.maleate) saits (example 12) in oompanson to mitoxantrone are
reported in table IX



and p i,s 2,3 or 4, or (e) -(CH2)[err]-NH(CH2)g-OH and p and g are

| ndependently 2,3 or 4 or (f) -(CHerr])[err]-OH and p |3-

or (9) -(CHerr])[err]-OCHerr])g-OH and p and g are i ngj ZhEPgAe%MgNT SHE
2, 3 or 4 as free bases and their salts with pharna- ceutj ch

accept abl e aci ds, conprising the steps of - a) reactir Jyﬂi’ﬂiA{H} 1999
-3, 4-di carboxylic anhydride with 1, 4-dif2lorobenzene; il b -

cyclizing the product of step a) |n fum rrg;;eanlfurlc aC|d at el eyjat ed

temperature: and rN%onAc]TNﬁéﬁgb TRk ﬁohh‘d ﬁiﬁﬁf‘ m -
o of formula @ baba RURINE LEDREVRA (5o 35 €
S COMPOUNDS? | DOSE (mgkg/iday) | % T/CY (range) | TOX® | LTS (day 60)
103 HCI 3.1 144 0/8 )
625 196 w | om
125 239 o8 o8 .
25 367 o/ 2/8 ‘
10i.maleate 25 185 ' 0/8 0/8
375 260 1/8 - 1/8
MITOX 15 186(160-225) 6/26 1126
3 173(142-2085) 21/42 1/42

1) CDF1 mice were injected ip with 10° cells/mouse; Ireatment was given ip on days 1,59 after
tumor transplantation (day 0) _

2) 10i.HCI and 10i.maleale were dissolved in sterile water and MITOX in saline.

3) Median survival time of ireated mice/median survival time of controls x 100

4) No. of toxic deaths/ total No. of mice

5) Long term survivors at the end of the experiment (60 days).

a) L1210 murine leukemia cells were maintained in vivo by weekly intraperitoneal (ip) injections of 108 cells in BDF;
mice. For test purposes, mice were inoculated i.p. with 10° L1210 cells and treatment was initiated 24 hours later.
The desired dose of drug was administered on days 1, 5§ and 9. Mice were observed daily for signs of toxicity and
survival. The date of death was recorded for each animal that died or was sacrificed during the 60-day study. The
mean survival time (MST) for each treatment group was calculated and the % T/C was determined using the fol-
lowing formula:

% TIC = [(MST treated)/(MST control)] x 100

The results are reported in table X
b) L1210 murine leukemia cells were maintained in vivo by weekly intraperitoneal (ip) injections of 10° cells in
DBA2 mice. For test purposes, CDF1 mice were inoculated i.p. with 105 L1210 cells and treatment was initiated 24
hours later. The desired dose of drug was administered on days 1, 5 and 9. Mice were observed daily for signs of
toxicity and survival. The date of death was recorded for each animal that died or was sacrificed during the 60-day
study. The median survival time (MST) for each treatment group was calculated and the % T/C was determined
using the following formula:

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

The results are reported in table XI



26 11. The process ‘accor di ng to cl ai.m'lo,' wherein a corrpoqrr-rd'

step (c) has the fornula (la): 1 REPLACEMENT SHEET

22
TABLE X
TN VIVO ANTITUMOR ACTIVITIES OF COMPOUNDS 10a, 101 . HCl AND-t0t
AGAINST L1210 LEUKEMIA (ip/ip, d 1, 5, 9) IN COMPARISON TO THE
PRIOR ART COMPOUND 5a.

Compound Example Dose® %T/C LTs!
10a® 4 50 151 -
10i.HCI®) 12 25 265 5/6

12,5 265 4/6 ‘
10l.maleate® 17 25 415 1/6

125 313 2/6
5a(e)®) / . 50 129 -

(a) mgkg,days 1,5and 9

{b) Compound 10a and 53 were dissolved in DMSO (<35%) and water

(c) Hydrochloride salt dissolved in water

{d) Dimaleate salt dissolved in water

{e) Prior art compound, 6,9-bis{[2-(dimethylamino)ethylJamino}benzo[glquinoline-
5,10-dione: A.P. Krapcho et al., J. Med. Chem., (1985), 28, 1124-1126.

{ Long Term Survivors: animals tumor-free at the end of the experiment (60 days)

Tabte XI
ANTITUMOR ACTIVITY OF COMPOUND 10i.HCI AND MITOXANTRONE
(MITOX) AGAINST ASCITIC MURINE LEUKEMIA L1210 (ip/ip d.1,5,9)"
COMPOUNDS? | DOSE (mg/kgiday) | % T/C9 | TOXY os9 |
0iHe | 6.25 156 0/8 0’8
125 175 0/ 118
_ 25 250" 17 a7
MITOX 1.5 188 0/8 8
3 194 1/8 1/8

1) CDF1 mice were injected ip with 10° cells/mouse; treatment was given ip on days
1.5.9 after tumor transplantation (day 0).

2) 10i.HCI was dissolved in sterile water and MITOX in saline.

3) Median survival lime of treated mice/median survival time of controls x 100

4) No. of toxic deaths/ lotal No. of mice at the end of the experiment (60 days).

5) Long term survivors: animals tumor free at the end of the experiment ( 60 days).
* This value was calculated on dead mice.



[err] . and wherein R has a neani ng other than that defin d Bey

further conprising the step of converting R to R 12. The pr c&@q EMENT SHEET
according to claim 10, further conprising the step of convertijngf R, in the
conpound obtained in step (c) to anothgy conpound defined Hy 0 hﬁiﬁﬁrms
process according to claim10, further conprising the step of Jsublecting

t he corrpou&@mn.b.téal ned in step (c) to

ainst murine L

. &) Murine Lewis Lung carcinoma

C57b1/6 female mice were trasplantated im (intralimbs) with 10° cells. Treatment was given iv (intravenously) on
days 1, 7, 15, after tumor transplantation (day 0). The mean tumor weight for each treatment group was calculated
according to Geran, R.l. et al., Cancer Chemother. Rep., (1972), 3, 51-61 and the TWI% was calculated 7 days after
the fast drug treatment using the formula: .

TW1% = 100-[{Mean tumor weight of treated mice)/(mean tumor weight of controls)] x 100.

The results are reported in table Xil for the representative compound of the invention 6,9-bis{[2-
(amino)ethylJamino}benzo[gjisoquinoline-5,10-dione (10i) as the dimaleate salt (10i maleate) of the example 12.

b) Human MX-1 mammary carcinoma

CD1 nu/nu female mice were transplantated sc (subcutaneously) with tumor fragments (about 1 mm x 1 mm x 1
mm). Treatment was given iv once a week for three weeks, when tumor weight reached an average of 150 mg. For all
individual tumors the weight change (relative tumor weight) for the start of treatment (V,) was expressed as VyV, at
each day of measurement (V,). TW!% was calculated 7 days after the last drug treatment using the formula:

TWI% = 100-[(mean relative tumor weight of freated mice)/(mean relative tumor weight of controls)] x 100

The results are reported in table Xll for the representative compound of the invention 6,9-bis{[2-
{amino)ethyl)amina}benzo[glisoquinaline-5, 10-dione (10i) as the dimaleate salt (10i maleate) of the example 12.

. TABLE XIl
ACTIVITY ON SOLID TUMORS OF 10i MALEATE
-TUMOR MODEL AND TREAT- | COMPOUND OPTIMAL DOSE T/IC%a) | TWi%b) | TOXc)
MENT SCHEDULE (mg/Kg/day) _

LEWIS LUNG imfiv 1,8,15 murine | 10i maleate 40 158 80 0/10
lung carcinoma 60 182 95 1710
MX-1 scfiv q 7d x 3 human mam- 10i maleate 17 - 65 077
mary carinoma ' 26.6 . . 58 o7

40 - 64 1/5

a) Median survival time of treated mice/median survival time of controls x 100.
b) Percent of tumor Weight Inhibition.
¢) Number of toxic deathstotal number of mice.



sallfle-atlon and/or i :"ﬂ rating isoners thereof. 1ATA process _
for- the synthesis of ﬂ ﬁ ﬂilngtoformjlal of cl ai

Ris [err] Eﬁc L2 l&i y reacting a conpound of n‘%&rﬁd@ﬁ“ﬁl §HEET
vvherelans-(CH[err]) err]-NHerr]-and pis 2,3 or 4 with a dqonpound

having the forma Herr]N-C(=NHySJerr]H 28 A process for thq synfHedit§ 899
t he compound Q¥™&| aim 3 by reacting

6, 9- bi s((2- (afmA @ymyoliyd h&cwidmng| b eaaafag] i SOqUI - nol i ne- 5, 10- di one obt ai ned
according to the process of claim 10 with acetic anhydri de. :
O NH-R
—
\ N\ l (I)'
O  NHR
wherein Ris

(a) —(CHz) -NH, andpis 2,3 or 4, or

®) '(CHz)P'anﬂg and pis 2, 3 or 4 and whereln Ry and Rg are a c,-cs alkyl or takan together.with the nitro-
gen atom form a heterocyclic ring selected from the group consisting of 1-ethyleneimine, 1-pyrrolidine, 4-mor-
pholine, 1-piperazine, 4-methyl-1-piperazine, 4-benzyl-1-piperazine and 1-piperidine, or

(c) {CH2),-NRoR;3 and p is 2, 3 or 4 and wherein R Is hydrogen and Ry is c,-cs aliyl, or

()

I
-(CHz),-NH-C-NH;

andpis2,3 or4,or

(8) -(CH,)p-NH{(CH_),-OH and p and q are independently 2, 3 or 4 or

(f)-(CHz),,-OHandp:sz Sordor

(9) {CH3),-0-(CHZ)q-OH and p and q are independently 2, 3 or 4 as free bases and their salts with pharma-

ceutically acceptabla acids.
2. A compound according to claim 1 selected from the group consisting of:

6,9-bis(f2-(amino)ethyljamino)banzo[glisoquincline-5, 10-dione;
6.9-bis([2-(4-morpholinc)ethyllamino)banzofgjisoquinoline-S, 10-dione;
6.9-bis([2-(dimethylamino)ethyl]amino)benzofglisoquinaline-5,10-dione;
6.9-bis({2-{diethylamino)ethyllamino)benzolg]isoquinoline-5,10-dione;
6.9-bis(f2-[di(sec-propyl)amino]ethyljamino)benzo{glisoquinoline-5, 10-dione;
6,9-bis{[2-(1°-pyrrolidino]ethyflamino)benzofg]isoquinoline-S, 10-dione;
6,9-bis([2-(1*-aziridino)ethyl]amino)benzo[glisoquincline-5, 10-dione;
6.,9-bis([2-methanesulfonyloxy)ethyflamino)banzo(glisoquincline-5, 10-dione;
6.9-bis{[4-{amino)butyljamino)benzofglisoquincline-5, 10-dione;
6.9-bis([3-(amino)propyllamino)benzo{g]isoquinoline-5,10-dione;
6.,9-bis([2-{(2-hydroxyethyl)aminolethyljamino)benzo{g]-isoquinoline-5, 10-dione;
6,9-bis([3-(dimethylamino)propyllamino)benzo(glisoquinoline-5,10-cione;
6.9-bis([(2-hydroxy)ethyflamino)benzo{glisoquinoline-5,10-dione;
6,9-bis([(2-(2-hydroxyethaxy)ethyflamino)benzo[glisoquinoline-5,10-dione;
6,9-bis([2-{methylamino)ethyl]lamino)benzo{glisoquinoline-5,10-dione;
6.9-bis{[2-(ethylamino)ethyl]Jamino)benzo[glisoquincline-5,10-dione;
6.9-bis{{2-{n-propylamino)ethyflamino)benzolglisoquinaline-5,10-dione;
6.9-bis{[2-{sec-propylamino)ethyilamino)benzofg]isoquinaline-5,10-dione;
6.9-bis([2-{guanidino)ethyllamino)benzolglisoquirialine-5, 10-dione;
6.9-bis([(2-amino-2,2-dimethyl)ethyljamino)benzo{glisoquinaline-5, 10-dione.

3. 6.9-bis({[2-(acetylamino)eathyllamino)benzolg)isoquinoline-5, 10-dione as a free base and its salts with pharmaceu-
tically acceptable acids.
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4. Acompound according to claim 1 which is 6,9-bis([2-(amino)ethyl]amino)benzo[glfm
a salt thereof. :

5. The compound according to claim 1, wherein said salt is # dimaleate salt.

6. Apharmaceutical composition comprising a compound according to claim 1 - § and a pharmaceutically acceptable
diluent or excipient.

7. A pharmaceutical composition comprising 6,9-bis([2-{amino)ethyljamino]amino)benzo[gjisoquinoline-5,10-dione
or a salt thereof and a pharmaceutically acceptable diluent or excipient.

8. The pharmaceutical composition according to claim 7, wherein said salt is a dimaleate salt.

9. Useofaoormound according to claims 1 - Sforthe pfoduchon of a medicament for the treatment of tumors in a
mammal requiring such treatment.

10. A process for the synthesis of a compound gocordingtofomwlal

0O NH-R
1
ST

0O NHR

wherein Ris

(a) {CHz)p-NH; and pis 2,3 or 4, or

(b) {CHy)p -NR2R3 and pis 2, 3 or 4 and wherein Ry and Ry are a C4-C; alkyl or taken together with the nitro-
gen atom form a heterocyclic ring selected from the group consisting of 1-ethyleneimine, 1-pyrrolidine, 4-mor-
pholine, 1-piperazine, 4-methyl-1-piperazine, 4-benzyl-1-piperazine and 1-piperidine, or

(c) -{CHy),-NR2R3 and pis 2, 3 or 4 and wharein R, is hydrogen and Ry is C4-Cg alkyt, or

(@
-(CH;),-NH-C-NH;

andpis2,30r4, or

(e) -(CHg)p~NH-(CHz)q-OH andpandqare mdependenﬂy 2,30td0r

(1) (CHy),-OH andpis 2,3 or4 or

(9) {CH,),-0-(CH,)q-OH and p and q are independently 2, 3 or 4 as free bases and their salts with pharma-

cautically acceptable acids. compnsing the steps of

a) reacting pyridine -3,4-dicarboxylic anhydride with 1,4-difluorobenzene;
b) cyclizing the product of step a) in fuming sulfuric acid at elevated temperature; and
¢) displacement of fluoride by addition of amine of formula R'-NH,, wherein R'is the same as that defined

by R.
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14. The process according to claim 10, whereln a compound obtained in step (c) has the

formula (la):

(1a),

]

and wherein R’ has a meaning other than that defined by R and further wnpdélng the step of converting A’ to R.

12. The process according to claim 10, further comprising the step of converting R’ in the compound obtained in step

(c) to another compound defined by R.

13. The process according to claim 10, further con\prisihq the step of subjecting the compound cbtained in step (c) to

salification and/or solvation or separating isomers thereof.

* 14, A process for the synthesis of a compound according to formula { of claim 10, wherein Ris .

-(CHa)p-NH-C-NH;

andpis 2, 3 or 4 by reacting a compound of formuia | wherein Ris —(CHz)p-NHZ-andpisz.sor-twithaéompound

having the formula HN-C{=NH)SO3H.

15. A process for the synthesis of the compound of claim 3 by reacting 6,9-bis ([2-(amino)athyllaminolbenzolglisoqui-

noline-5, 10-dione obtained according 1o the process of claim 10 with acetic anhydride.




