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1 New :Bi s- napbsbzZiigié@es for the Treat mend,of Cancies &@aﬁ; ORtI a'hi S ed e
i nvention relates to new bi s-naphthalimdes and --.a oS8 (;[ i dé;s'%é%g%ed 33
their preparation, pharnmaceutical conpositions cony : ‘ da """"
et hods of using themto treat!*malignancies in a ngdit r’““’ﬁ&?t iPaEf arry“’s%‘ige§| """""
tunor carcinomas such as col on .carci - nomm, breast|#dHras pr<?§’eeéjte t ShRAEf

and non-snal!| lung carci- nona, Harnish et al., U. @A"Ffét(éfhtRﬁme DB R J
i ssued June ¥ew Bigggaghghalimides {foz. hhe Hireatment PH TH®Es usef ul as
charge-regul ati ng substances in el ectrophotographic toners. Bran et al.,

U S. Patent Be$odpgtidn ssued October 17, 1989 dis- closes anticancer

conpounds gf the fornmula: [err] wherein X, X', X' and X are identical or

di 't erent angy sy Q;f&fl([gﬁrf:%lﬂé@’ (lgg”hiﬁ iyﬁg%hg‘éﬂ uréei;g;ﬁ liﬁ:i
r
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i nt errupt ed 'a?“b’rﬂ'-,g &hemyand gpsfiheds, of hasing IBANELeT jin ¢

am no group, magresle Paﬁltlclﬂl%)gkm selddstwagr m;ictingma$|§n®e agofgien t GRRMHe
anot her bg0anomd k Hreastgtamgrs Olprassaté edrdderaaptysomtsmgildallhpgt cdwriat ed
acid. Ardeckyomd.al., U S. Patent No. 5,086,059, issued February 4, 1992
di scl oses napht hal i m des cont ai ni ng an. et hano bridge across the 4 and 5

posi tions of th apht h Ilmderln Qunds re i d
ef fi caci ous jn"rs}"t e&aﬁier Uit r?&f’ Fil@e]é%%ﬁpéﬁﬁ'é%%\;ﬁ??dig'thgﬁg fff"l or art
conmpounds. SE-hOSGG bisppaphthalic Bcé%ims usefiny 3praharge-regoAtingscl oses

bi snapht habi stisstsanaietsh inaghe dtatopinotiegrapiyic domeasni ng at | east one nitro
substituent, joined by branched bridging noieties as anticancer drugs. Sun

Et( al, PCT/ UsP24 Q233 .puh! § shiadeat 4V8P4, 883 issued October 17, 1989 dis-

closes anticancer compounds of the formula:

20

25

wherein X, X’, X’’ and X’’’ are identical or different and are
30 each H, NO;, NHz, C;-Cg alkylamino, di-C;-C¢ alkylamino, OH, C;-Cg
alkoxy, halogen, trihélomethyl, Ci1-C¢ alkyl, formyl, C1-Cg alkyl-
_ carbonyl, ureyl, C;-Cg alkylureyl and R is a straight chain or
f branched C4-Cip alkylene which is interrupted at one or two points
in the chain by a secondary or tertiary amino group, where 2 ni-
35 trogen atoms may additionally be bonded to one another by an
alkylene group, or a salt with a physiologically tolerated acid.

Ardecky et al., U.S. Patent No. 5,086,059, issued February 4,
1992 discloses naphthalimides containing an ethano bridge across

40 the 4 and 5 positions of the naphthalimide ring. Those compounds
were said to be efficacious against cancer and more soluble in
aqueous media than prior art compounds.

Sun, U.S. Patent No. 5,206,249, issued April 27, 1993, discloses
45 bisnaphthalimides with naphthalimide rings containing at least

one nitro substituent, joined by branched bridging moieties as

anticancer drugs. Sun et al, PCT/U392/10525, published 24 June
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essnapht hal i m de conmpounds of For- mula | (including the
nantioneric or diasteroneric forns thereof, m xture of such
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tions involved in DNA intercalation of the nitrobisnaphthalimide
or otherwise. We have surprisingly found, however, that such
nitro substitution is not required for anti~tumor activity after
all, and in fact, that certain bisnaphthalimides which lack nitro
substituion and/or which have new combinations of ring substitu-
ents and bridge geometry, as described in detail below, provide
anti-tumor compositions with improved toxicity profiles, anti-tu-
mor selectivity and/or solubility.

This invention relates to bis—-naphthalimide compounds of For-
mula I (including the individual enantiomeric or diasteromeric
forms thereof, mixture of such enantiomeric or diasteromeric
forms and the pharmaceutically acceptable acid addition salts
thereof), pharmaceutical compositions containing these compounds

and methods of using them for treating cancer in a mammal:
X xre
0 0
(0 0
WL "
B SY,
o R R K
X xree

wherein X, X', X7 and X'’* are identical or different and are
selected from the group consisting of H, NO, NH;, NH-lower acyl,
Ci-¢ alkylamino, di- Cj;.¢ alkylamino, OH, Ci-¢ alkoxy, halogen,
trihalomethyl, C)-¢ alkyl, formyl, Ci-¢ alkylcarbonyl, ureyl, and
Ci;-¢ alkylureyl; or X and X' or X'’ and X’’’ may form an ethylen
bridge between C-4, and C-5 of the ring systeme; R and R’ are H,
Ci-4 alkyl, aryl or benzyl; A and D are identical or different and
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selected froﬂpﬁﬂé‘dﬁﬁp consisting of [err] [err] alkylam no, di- [err]
al kyl ami no, OH, [err] al koxy, halogen, trihalonmethyl, [err] alkyl, fornyl,
[err] al kyl carbonyl, ureyl, and [err] alkylureyl; or X and [err] or [err]
and Terr] may forman ethylen bridge bet3wen G4, and G5 of the ring
systenme; R apde R—cwzr-@nlz-#, [wriidh ahiVbe cpvilonanlpesuvdtithtaadwitrri£ d,dgnti cal
or different FHE 1L subbtitGehel 'dna ﬁ;;gh ()RS, ORRLAT Y 18U8S03 Wllagth Wi th &,
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this invention are bis-naphthalimdes of Formula | in which at | east one of
X, X, X' SafmeXxlasmiof gorpennds of thherimvention arg bigmpgpkthajimides

i denti cal orofiFérmead Iadd ehiclseatedeadt fomendh&, gKOp X COrRNdS K Y afe [rentr |
acyl, [err] glkyla Aherdin keras, arkyhadix0,r Qe [8éAY1icH1KQKY dibféfentgen,
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Is currently |n varl Qus, e t Ias t hat oeof
X, X, X g f(‘ a?e nPped a%?lﬁriﬁ%n?br oi ﬁg‘%ﬁ OXY,

bi s- napht FrQI gﬂﬁ‘de'%rjé’lalpb‘?ﬁm’]a' Icl\nﬁle"’rléﬁyﬁvaf@%%'t @Bne BERYKCAFRPRY L HFe¥drr |
is [err], NehdvRi-¢atIMylyreyd] It kis mwirmenbly [mqerarlenyianvmoushegbedhss
I ncl udes anomenios e Thisoopass thatf nbaened XK, X'n ¥hf cdndX ¥1rfd peeryioare H,
[err] and [err] are [err] Anot her class of such conpounds are

?:N?) P?ﬁgt hal? QssFBE ¢ lfaoﬂ eéf;e tﬂ&‘:sg\t}l Eﬁlgjx dl%e%t £l %ﬂﬁﬁ% yhe
conpounds ¥ Eﬁ‘ﬁﬁ‘é{‘lﬁﬁ‘[?l&ﬁgﬁm‘? %EHXX' 7 ‘"a 2ar alrcfweFI agyl,

conpound whi €h-6i 3lkylamino or di~Cj-¢ alkylam:.no This class includes among
others, compounds of Formula I in which X and X'’ are H; X' and
( X’’’ are NHCOCHj.
20 Another class of such compounds are bis—naphthalimides of For-
mula I wherein the bridging moiety joining the two ring systems
is:

~CHy—CH2—NR-CH>—CH;—CHo—NR—~CHo—CHo~

25 '
wherein R is as previously defined. These compounds include that
in which X, X’, X’’ and X’’’ and R are all H, a compound which is
prefered.

30 Symmetric compounds of this invention can be synthesized by
reacting a.naphthalic anhydride of Formula II with a half equiva-
lent of a polyamine of Formula III, in an organic solwvent such

(’ as, dioxane, ethanol, DMF, etc. at a temperature ranging from
~20°C to the solvent boiling temperature (Scheme 1). The solid is

35 filtered from the reaction mixture, or the reaction mixture is
evaporated to dryness under reduced pressure and the residue pu-
rified by conventional means such as crystallization or chromato-

graphy.
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prefered Sy 00&0/444h2pounds of this i nvent i on canmgs@m;abg&hg

reacting a naphthalic anhydride of Formula Il with a ent of a
pol yanmine of Formula |11, in an organic sol vent such thano
DVF, etc. at a terrperature ranging fromgerr] to the

The solld|sf|Iteredfromthereactlon mxt e, or
s evaporated to drynessjunder reduced pressurg
2 by conventional neans/s R crystaIIV\
chromato- gra [err] Asynmmetric conpo
conventi onal —s¥{ect ioon EQN—AGB—NN—{U@NH@M ' mN_qf_n;Jme. pl yam pe=((111)
un- til comde \ ]
densation of t eswl ting prRdud’ with anot \g
then conducted f,el | o ng renoval of the protegfing @roup bl oclkd n
am ne. Conpounds contai ni ng branched bridgi ng hoi eties, i.e., wheré
and/ or B bears Hn al kyl substimuent, may be produced u5|ng net hods adapt ed
from Sun, US Patent No. 5,206,249, the full con- tents of which are hereby
i ncor por atldd Behemen by reference). The bis-naphthalimde so obtained is
used as is or it can be aci- dified wwth the appropriate mneral or organic
acid to produce a pharnaceutically acceptable salt, e.g. the
nmet hanesul fonate or the acetate salt, which can be recovered by filtration.

Salts of free base can al so be pre e acjdifying a suspen ion of free
base in et hyPSYmEgkec ‘iﬂ“‘?ﬁPijﬁn‘é"’lrﬁiﬁasyﬁhﬁue& \éy aﬁ’ ropriate

m neral olSopgahectien eastecof| the ﬁ*!é-nPh‘éeW‘TJoP#eEh%cﬂ’quYWnﬁl NEEERY iwnT
QO her acids tdl eahderdsatimni thereaf Wwidhnannequivalent of anhydride. Con-

- densation of the resulting product with another equivalent of
L anhydride is then conducted following removal of the protecting
' group blocking the amine.

~tenperature (Schene 1).

eq¥yi valgent Rof
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20 :
Compounds containing branched bridging moieties, i.e., where A
and/or B bears an alkyl substituent, may be produced using
methods adapted from Sun, US Patent No. 5,206,249, the full con-
tents of which are hereby incorporated herein by reference).
25
The bis-naphthalimide so obtained is used as is or it can be aci- .
dified with the appropriate mineral or organic acid to produce a
pharmaceutically acceptable salt, e.g. the methanesulfonate or
the acetate salt, which can be recovered by filtration. Salts of
30 free base can also be prepared by acidifying a suspension of free
base in ethyl alcohol, dichloromethane, ether, etc. with the ap-
propriate mineral or organic acid and collecting the so formed
( solid by filtration. Other acids for salt formation are known in
; the art, see e.g., Brafia et al., U.S. Patent 4,874,883.
35 _
The 1,8-naphthalic anhydrides II and the corresponding polyamines
of Formula III are commercially available or can be prepared by
methods known in the literature. Branched polyamines may be syn-
thesized and incorporated into bis-naphthalimides of this inven-
40 tion using desired anhydride moieties by the methods of US Patent
No. 5,206,249 (Sun).

This invention further encompasses pharmaceutical compositions
" containing a tumor-inhibiting compound of this invention together
45 with a pharmaceutically acceptable carrier. This invention also
relates to methods for treating a tumor in a mammal comprising
administration of a tumor-inhibiting amount of a compound of this



the art, sec9059/44862na et al., U S. Patent 4,874,883. The 1,8-naphthalic
anhydrides Il and the correspondi ng pol yam nes of Fornmula Il are
commercially avail able or can be prepared by nmethods known in the
literature. Branched pol yam nes may be $F/n- thesized and incorporated into
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of this Shérelsy tinorporated iedeinebyi Pefsxtetited .t Se®respedaagagpounds of

this inventigy §py0d)@4i0nBUEST Gfh 1221 01PhE! TRAAIFLLER! t ROTRRE b LBSuRN B3,
adm ni stered to patients using conventional materials and nethods such as
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treat ment of sechidtarumopacarcitamdsy. solid tunor carci nonas.

A. In vitro methodology

20
Cytotocitiy may be measured using a standard methodology for ad-
herent cell lines such as the microculture tetrazolium assay
(MTT) . Details of this assay have been published (Alley, MC et
al., Cancer Research 48:589-601, 1988). Exponentially growing

25 cultures of tumor cells such as the HT-29 colon carcinoma or LX-1
lung tumor are used to make microtiter plate cultures. Cells are
seeded at 5000-20,000 cells per well in 96-well plates (in 150 pl
of media}, and grown overnight at 37°9C. Test compounds are added,
in 10-fold dilutions varying from 10-¢ M to 10-10 M, Cells are

30 then incubated for 48-72 hours. To determine the number of viable
cells in each well, the MTIT dye is added (50 pl of 3 mg/ml solu-
tion of 3-(4,5-dimethylthiazol-2-yl)~-2,5~-diphenyltetrazolium

(’ bromide in saline). This mixture is incubated at 37°C for 5 hours,

and then 50 ul of 25% SDS, pH 2 is added to each well. After an

35 overnight incubation, the absorbance of each well at 550 nm is
read using an ELISA reader. The values for the mean +/— SD of
data from quadruplicate wells are calculated, using the formula %
T/C (% viable cells treated/control).

40 QD of treated cells x 100 = % T/C
OD of control cells

The concentration of test compound which gives a T/C of 50%
growth inhibition is designated as the ICsgp.

45 .
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A’ In vitro ORSMAA6Zy Cytotocitiy may’ be neasured using a standard

nmet hodol ogy for ad- herent cell lines such as the mcroculture tetrazolium
assay (MIT). Details of this assay have been published (Alley, MCet al.,
Cancer Research 48:589-601, 1988). Expogentially growing cultures of tunor
cells such tfae vilo 2Qe5d rcinoma or LX-1 lung tunor are used to nake
mcrotiter plate cultur%s O@"Ioag are seeded at 5000-20, 000 cells per well

in 96-well plates (|n 150 [err] of nedia), and %éﬁm over ni ght atf[err]

Test conpourfeRmPouadgqet this, inyepbien d?qvubsoﬁgr . ite§tef ol [an¥ PEVEhe
[err] M Celvarigus preeliniaaiaresaysfars inovivaract injtaevbich mre Haddaaber
of viable Sdlivwe ioffi eatihical utiflhey MiSualy asisayaduxyl Heb@ohductediwithnphade

sol u- tion Qlick (Ate- WhidH Riroli 8ZO4ue) xir)efarébrgy T hyinb &t & 2Zilr,UkalRr O de
in saline). bﬂgns t%ﬁégi& ed '(”&HE@&P% efEL Ié)rwesllhﬂﬂgﬁn Al 1}1@6” 50 Al

f 25% SDS, th
gbsorbance 0? é‘ Ch nﬁf?sevra&é’&tﬁ ernlgg #‘é ncu hggsgl ugs

for the nearfellowipgordpinistragiern feriths F‘Eé?‘é“\‘/@'l@aén‘-égc%#?ﬁﬂ ated, using
the formid#® % T/C (% viable cells treated/control). QD of treated cel s X
100 = % T/ CMd2eolspecificd1lng| hamdhetwwmree whieah i avedbekasyreanpiouadhydaich

gives a T/ Crﬁidé%%erm f’cﬂaﬁsp@ahtw irﬁ:odﬁékgﬁé’é.@ie%% bhemd B, lusing €uB. IN
v AR it B 8 gt Sty 9P el 3
tive of cli rﬂtiféll gi‘??l’f %?@H ggga 4‘?3 }S rfcﬂJ\éFé‘ddW? hfFe BEER into
whi ch t unbt %’-’les§t§€at$‘?e‘f’é?’al5lhf 5?8%&%%#9@%“%?8 an intravenous or
intraperitoneal injection, in groups of 5-10 mice at each dose.
_ Compounds are given daily for 5 days, 10 days or 15 days, at
( doses from 10-100 mg/kg body weight. Tumor diameters and body
weights are measured twice weekly. Tumor valumes are calculated
20 using the diameters measured with Vernier calipers, and the for-
mula:

(length x width2) 2 = mm?® (tumor volume)

25 Mean tumor volumes are calculated for each treatment group, and
T/C values determined for each group relative to the untreated
control tumors. The data may be evaluated as follows. A T/C value
of 1.0 or greater indicates that the compound had no effect on
tumor growth, while values < 1.0 indicate some reduction in tumor

30 mass. Values of 0.15-0.49 may be considered to reflect moderate
activity, < 0.01-0.14 good to excellent activity. Outstanding ac-
tivity indicates a compound which gives complete regressions of

( tumor material regressions of tumor material (no visible tumor
mass following therapy). Compounds yielding T/C values > 0.50 are

35 considered inactive.

The invention can be further understood by referring to the fol-
lowing examples wherein parts and percentages are by weight un-
less otherwise specified.
40
[

heet Has Been Replaced

T



been transpl AN/ 444620grafted’), as is well known in this field. Test
conpounds are evaluated for their antitunor efficacy foll ow ng

adm nistration to the xenograft-bearing mce. Mre specifically, hunman
tunors whi ch have been grown in athymi c gude nmice are transplanted i nto new
reci pi ent a”iﬂ%’le sing tu- nor fragnents which are about 50 ng in size.
The day of trans= plantation is designated as day 0. Six to ten days |ater,
mce are treated with the test conpounds given as an intravenous or

i ntraperitonda@@®Pdeeltion, in groups of 5-10 nice at each dose. Conmpounds
are given daiN,N'f-Bisb2dblSB~-naphihaiinido)etiyyi-1 a3-diesdoopropan®- 100 ny/ kg
body wei ghts Tunor dianeters and body wei ghts are neasured tw ce weekly.
Tunor' val um%'sa %fi%tﬁi\écélf of ed (28I ﬁﬂoi)h%fd |1aeehslszstmaseu affyddide @i I1es

cal i pers, fg:qv-i,ggu ?]eid’,O%-Qﬁ%ﬁuﬁ r&&éx?é"»% L{?éd

h |
the uﬁifgﬁ& c§% %Pea{] MY 3 FEE #ﬁvwer BEatyes Lfgfeg T A
val ue of 1.0 <P P'éa?e?“rirﬂj Wasgt E%“E?\%ﬁ rt WESB® cﬂﬁhf a8 n’c';e"e’ﬁfsé@tl éﬁeﬁum)r

growt h, w#0 é‘fmall tietuene. B gndb8HY cofs ¥’ rbdia b2t Gn Srmarbbbalirass. Val ues of
0. 15- 0. 49 maynilde ) eehgl pex S3-diamisdprspamserat ebtaimed.t M, p< I60®C- @TdYu-good
to excell ent gehi,vigynMEOYcey @é‘@b,ng acz, %4 Vid, o) Rds CH$ eqe aacarrposlndgmhl ch

gi ves conpl ete srsquesglg |§I r@gge %l)on -8t g rial
(no visible t r 6 né jﬂ a nm [ﬁ;; I'ues >
0.50 are con er ‘i‘t‘{/ Wls }ﬁ\/ %(?I’én%a be f’ﬂ ﬁé’r SFBS
referring % lakeds SPI ¢nﬁk&?§°@ka¢rﬂle§°€\h€r§14?'pa'r 9. Zlﬁd Equndenfadbs? Qa’re by
wei ght un- | é&$5.48hel\ilGS9pdcetatel m.p. 134°C. Methanesulfonate m.p. 215°C,

(1 Example 2

N,N’-Bis[2—-(4~chloxro—-1,8-naphthalimido)ethyl]-1, 3-diaminopropane

20
A mixture of 4 g (17 mmol) of 4-chloro-1,8-naphthalic anhydride
and 1.3 g (8.5 mmol) of N,N’-bis(2-aminocethyl)-1, 3~diaminopropane
was heated in dioxane (40 ml) at reflux temperature for five
hours. The precipited solid was filtered, washed, dried and re-

25 crystallized from toluene. 2.9 g (59%) of N,N'-
bis[2-(4-chloro-1, 8-naphthalimido)ethyl]-1,3-diaminopropane were
obtained. M.p. 151°C (Toluene). H-NMR (CF3COOD) 8 = 2.54 (s,2H):
3.57 (¢, J = 7.4, 4H); 3.86 (s,4H); 4.81 (s,4B); 8.00 (d, J =
7.9, 2H); 8.04 (d, J = 8.6; 2H); 8.62 (d, J = 8.0; 2H); 8.78 (d,

30 J= 7.3 2H); 8.90 (4, J = 8.2, 2H)..
Anal. Calculated for C3; Hzg Ng O Clp: C 63.16; H 4.44; N 9.50.
Found: C 62.89; H 4.49; N 9.20.

Example 3
35 N,N’-~-Bis[2-(3-nitro~1,8-naphthalimido)ethyl]-1,3-diaminopropane

As example 1. Yield 64%. M.p. 215°C (DMF).
Example 4 _
40 N,N’-Bisg[2-(4,5-dimethylene-1, 8-naphthalimido)ethyl]=-1,3-diamino~

propane.

As example 1. Yield 51%. M.p. 209°C (Toluene).

45
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7 ‘Exanpl e 1 19080/%4462 (1, 8- napht hal i mi do) et hyl ] -1, 3- di ami nopr opane A

m xture of 4 g (20 mol) of 1, 8-naphthalic anhydride and 1.6 g (10 mmol) of
N, N - bi s(2-am noet hyl ) -1, 3-di am nopropane was heated in dioxane (40 m) at
reflux tenperature for five hours. The pge- cipitated solid was filtered,

washed, drle%ggﬁﬁ rystallized fromtoluene. 3 g (58% of

N, N' - bi s[ 2-( aI do)e m, NO yere obt ai ned.
Mp. [err] ( ggﬁ e!}r%t (‘&Fg&iﬁ}’]}{t&# ﬁd%)éé}:(l}%ngg AR [err]
7.5, 4H); 3. ¥FOopehNe3 = 4.9, 4H); 4.83 (t, J = 4.8, 4H); 7.93 (t, J - 7.4,
4H); 8.48 (d, J =8.3, 4H); 8.73 (d, J - 7.4, 4H) . Anal . Calcu- | ated for
[err]; C 715 3 ekampld;1 NYi@14629%oumns. T034C 2(EtoH)5. 48; N 10.59. Acetate

.
p. [err]. thhanesulfonate mp. [err] Exanple 2
, N' - Bi s[ 2- (45, 0g 1, 8-napht hal i m do) et hyl ] -1, 3-di am nopr opane A m xture

f4g(17 ro-1, 8- ht h 8.5 mmol )
of N, N - bi s( ﬁ&%i%‘{%q‘f% SHYaN e 3‘&3‘&&%‘!0\%&9’&3 rd‘nga‘?’o (40 )
at reflux teﬁﬁ@P&Pﬁre for five hours. The precipited solid was filtered,
washed, drild and re- crystallized fromtoluene. 2.9 g (59% of NN -

bi s[ 2-(4- chl ;isoekafiphai lvdleld @63 etdyg.] 20208 @M. nopr opane wer e obt ai ned.
Mp. [err] (Toluene). [err] (CF3COOD) [err] 2.54 [er]; 3.57 (t, J - 7.4,
4%{);386(3&@1)“91%?1(54%0 800(d J=7.9 2H; 804(dJ 8.6;
ZH); 8.62 (d d , 2H).
Anal . Cal cul d&-P&? %3&413?2'6"R2E 051 téagéml{%‘”ﬁ#hlql L7 N“b‘-%‘&“q:ound C
62.89; H 4A¥MPproranep0. Exanple 3

N, N -Bi s[2-(3-nitro-1, 8-napht hal i m do) et hyl]-1, 3-di am nopropane As exanpl e

1. Yield 64%asVepampeé r]. (A2WEH. 38¥aMe 4960C (EtomH).

(.

m
N

Example 8
20 N,N’-Bis{2-(2-methyl-1,8-naphthalimidoc)ethyl]-1, 3-diaminopropane.

As example 1- Yield 45%. M.p. 220°C (EtOH).

Example 9
25 N,N’-Bis[2-(3-amino—1, 8—naphthalimido)ethyl]-1,3~diaminopropane.

As example 1. Yield 72%. M.p. 200°C (DMF-H0).
Example 10

30 N,N’-Bis[2-(3-acetylamino-1,8-naphthalimido)ethyl]-1,3-diamino-
propane.

('- As example 1. Yield 63%. M.p. 240°C (DMF-H30).

35 Example 11
N,N’~Bis[2-(4-nitro-1, 8-naphthalimido)ethyl]~1,3-diaminopropane.

As example 1, Yield 32%. M.p. 162°C (Toluene).
40 Example 12
N,N’~-Bis[2~(4,5-dimethyl-1, 8-naphthalim1do)ethy1]-1 3-diamino-

propane.

As example 1. Yield 74%. M.p. 205°C (Toluene).
45
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N-N - Bi s[ 2- (do50fsa86RY! ene- 1, 8- napht hal i mi do) et hyl | - 1, 3- di am no- propane.

As exanmple 1. Yield 51% Mp. [err] (Tol uene). Exanple 5 N N

s Bi s[ 2- (2- hydroxy- 1, 8-napht hal i mi do) et hyl]-1, 3-diam no- propane. As

exanple 1. Yield 29% Mp. [err] Exanpleg 6

N, N - Bi s[ 2- (3- hydroxy-1, 8-naphthal i m do%et hyl ] -1, 3-di am no- propane. As

exanpl e 1. YEE®IEd3 Mp. [err] (DVW). Exanple 7

N, N - Bi s[2- (®-¥W{-Bie{g-13sbreqphtihS-naphthal inyido) et By ] ahi hreliapipppnepans.

exanple 1. Yield 38% Mp. [err] (EtOH). Exanple 8 .

N, N - Bi s[ 2- [ Rs "®tdigiel 18- veeid VZ%'%J.”M% efduoc] (Ro fudH At/ 0BhERAE) . AS

exanple 1 gYield 45% Mp. [err] (Et . Exanple 9

N, N - Bi s[ 2- (3-an an_lé’ 8- napht hal i m do) et hyl ] -1, 3-di am nopropane. As exanpl e

1. Yield 72% [ rr}H Exampl e 10 . ..

N, N - Bi s[ 2- (BeMciAl2mi(h o8 aphthedinite hetdwyidr My M -dimetdy ind nd=dipmimene. As

exanple 1. YPeORRIBB% Mp. [err] Exanple 11 N, N -Bis [2- [4-nitro-1,

8- naphthalim do) ethyl] -1, 3-diam nopropane. As exanple 1. Yield 32% M p.

[err] (Tohpepeg.(FsafRbe) 1¢e N,N’-bis[2-(1,8-naphthalimido)ethyl]-1,3-
diaminopropane were dissolved in 10 ml of formic acid and 4 ml of
formaldehyde were added to the solution. The reaction mixture was
heated at reflux temperature for four hours, the formic acid was
removed in vacuum to give a residue which was neutralized with

15 sodium bicarbonate. The obtained solid was filtered and recrys-
tallized from ethanol to give 1 g (47%) of N,N’-
bis-[2(1,8-naphthalimido)ethyl]-N,N’-dimethyl-1, 3-diaminopropane.

's "—'\\.

M.p. 133°C. (Ethanol). lH-NMR (CF3-COOD) & = 2.70 (m,2H); 3.32

20 (s,6H); 3.63 (m,2H); 3.89 (m,6H); 4.85 (m,4H); 7.90 (m,4H); 8.43
(d, J = 8.2 Hz, 2H); 8.47 (4, J = 8.2 Hz, 2H); 8.71 (t, J = 8 Hz,
4H). Anal. Calc. for C33H32NyO4 : C, 72.24; H, 587; N, 10.21.
Found: C, 72.07; H, 5.72; N, 10.25.

25 Example 15
N,N’-Bis-[2-(1,8-naphthalimido)ethyl]-N,N’'-diethyl-1, 3-diamino-
propane '

2 g (3.8 mmol) N,N’-bis[2-(1,8-naphthalimido)ethyl~1,3-diamino-
30 propane were dissolved in 50 ml of acetic acid and 3.6 g
(96 mmol) of sodium borohydride were added slowly. The solution
was heated to 50-55°C for 10 h. The reaction was cooled and
{ quenched with 25 ml of water and the solution was extracted with
methylene chloride. The extracts were dried and the solvent was
35 removed to vacuum. The residual oil was chromatographed in column
yielding 1 g (45%) of N,N’~bis(2-~(1,8-naphthalimido)-ethyl]-N,N’~-
diethyl-1,3-diaminopropane. M.p. 106°C (EtOH). lH NMR (CF3COOD)
d=1.54 (t, T =7.1 HZ, 6H); 2.70 (m, 2H); 3.75 (m, 8H); 3.86 (m,
4H); 4.82 (m, 4H); 7.86 (t, J = 7.8 Hz, 8H); 8.38 (4, J = 2.9 Hz,
40 2H); 8.42 (4, J = 3.0 Hz, 2H); 8.66 (4, J = 7.4Hz, 4H).
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c :
NN - Bi s[ 2- ( §050¢adRle®/! - 1, 8- napht hal i m do) et hyl ] -1, 3-di am no- propane. As
exanple 1. Yield 74% Mp. [err] (Toluene). 9 Exanple 13

N, N - Bi s[ 2- (3-bronop- 1, 8-napht hal i m do) et hyl ] -1, 3-di am nopropane. As exanple
1. Yield 20% Mp. [err] (Tol uene-Cycl o?sxane) Exanpl e 14 [err] propane. 2
g (3.8 mmol) _of N N -bis[2-(1,8-naphthalm do)ethyll-1,3- di am nopropane
wer e di ssol vgﬂaﬁ“ﬂi 08 of formic acid and 4 i of formal dehyde were added
to the solution. The reaction m xture was heated at reflux tenperature for
four hours, NHN’#Bisr2-dqi,8-nashtlxidwddod athel}HNIN edibuey - Ir,8sddamind+ ch
was neutrali pedadét h sodi um bi carbonate. The obtained solid was filtered
and recrysg tallized fromethanol to give 1 (47% of NN -

bis-[2(1,8-n | d s e
[err][ ((Et haﬁg% gt ot (1 Cégy%)mﬁw?”?i %ﬁﬁ%‘)’pﬁ QT %N %“%3
(m2H); 3. 89MLRP ey5 Oy % §oH §3l?dﬂgﬁﬁ

8.47 (d, J _meniz omq)e wsrelmpsed Jin:asflzs Aﬁﬂ}i pnhaintml@raﬁgmc bath
C33H32N404 : £6r I2.Rifjutiés.5%Hen N, 8000 m@1 (5 F®umbl)Cof 72~ Bty Irohide; wéte
10. 25. Exqruphadéé £ Ehe Bhs:tufa drld &neapeided drivivde) Rbdyed -td\Ns0de efdyy Ishl.

3-di am no-
N, N - bi s[ 2- (1 gaﬁ ‘%mﬂ:al |] o) et%cgfd Iu%h CH2C12 concentraé:e\t;lve?réddcl: ssg}aved I n

50 m of acePF8p§%$ b dr| de were added
slomy. The & ,8-naphtha 1m1do)ethy ]-N N'-d:.butyl -1, -d:l.am:.nopropane.

M. p 245°c (EtOH). !H NMR (CFsCOOD) & = 1.08 (t, J = 7.0 Hz, 6H);

15 1.57 (m, 4H); 1.95 (m, 4H); 2.87 (m, 2H); 3.60 (m, 4H); 3.92 (m,
8H); 4.88 (m, 4H); 7.90 (m, 4H); 8.47 (t, J = 7.4 Hz, 4H); 8.74
(m, 4H).

Example 17
20 N,N’-Bis[2-(1, 8—naphtha11m1do) ethyl]-1,4-diaminobutane

The title compound is produced as described in Example 1, but us-
ing N,N’-bis(2-aminoethyl)-1,4-diaminobutane in place of N,N‘-~
bis(2-aminoethyl)-1,3-diaminopropane.

a5
Yield 30%. M.P. 186°C (Toluene-n-Heptane).
Example 18

30 N,N’'-Bis[2-(4-bromo-1, 8-naphthalimido)ethyl]-1,3-diamincpropane.

As example 1. Yield 58%. M.p. 182°C (EtOH).

o

35

40
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was heated §@sbphilekor 10 h. The r eaction was cool ed and quenched with 25
m of -water and the solution was extracted with nethyl ene chloride. The
.extracts were dried and the solvent was renoved to vacuum The residual oil

was chromat ogr aphed in ﬂmmu i g (45% of
N, N - bi s[ 2- (1, 8-napht haﬂi* ’ Iﬂlnuﬁlgﬂm ' - diethyl-1, 3-di am nopr opane.

Mp. J[err] (EtOH). [err] \ [erLr]": .54 (t, J =7.1 HZ 6H; 2.70 (m 2H);
3.75 (m 8Hrlafms86 (m 4H); 4.82 (m 4H); 7.86 (t, J= 7.8 Hz, 8H); 8.38 {d,
J= 2.9 Hz, 2H); 8.42 (d, J= 3.0 Hz, 2H); 8.66 (d, J= 7.4Hz, 4H). 10
Exanpl e 16 N, Ny' s&hgtude? o1t Be ddiaial i m do)ethyl] -N,

N -di butyk-1, 3-diamno- proane 1 g (1.9 mmol) of _

NN - bi s-[2-(1, 8-naphthal i m do)ethyl]-1,3-dia- mno-propane, 0.2 g (3.8
mmol ) of KOH and 15 Ay of tetrabutylam noni unbro®’fie were m xed in a flask
and put into ultrasgHt
n- but yl brom de wer
[err] for 8h. The p
chromato,_ggraphed [

NN -
bi s[ 2- (1, 8- napht hal do)Nt hyl ]-N, N - dk put yl -/ m nopropane. Mp [err]
(EtOd). 1H NMR [err] lf err]O= 1. (t, =7.¢® Hz, ToH); 1.57 (m 4H); 1.95
(m 4H); 2.87 (m 2H#% 3.60 (m 4H); 3.92 (m 8H) X488 (m 4H); 7.90 (m
4H); 8.47 (t, J = 7.4 Hz, 4H); 8.74 (m 4H). Exanple 17
NN - Bi s[ 2- (1, 8-napht hal i m do)ethyl]-1, 4-di am nobutane The title conmpound is
producedigs desghéhegk ighaknaseh®icallgubcuéptdble acid addition salts
N, N - bi s(2-am nggg;%é; Indzdigm nobutane in place of N N -
< X, X', X'’ and X’’’ are identical or different and are se-
lected from the group consisting of H, NOz, NH;, NH-lower
20 acyl, Ci-¢ alkylamino, di- Cj.¢ alkylamino, OH, Cj-¢ alkoxy,
halogen, trihalomethyl, C;.¢ alkyl, formyl, Ci-g¢ alkyl-
carbonyl, ureyl, and Ci-g alkylureyl; or X and X’ or X'’ and
X’’’ may form an ethylen bridge between C-4 and C-5 of the
ring systeme; R and R’ are H, C1-4 alkyl, aryl or benzyl; A
25 and D are identical or different and are -CHz-CHz~, which may
be optionally substituted with a C;.4 alkyl substituent; B is
—{CH3) n—~, wherein n is 3 or 4, and may be optionally substi-
tuted with a C;-4 alkyl substituent.

N i 3 eli|dii nﬁlg 0§48bg o

30 2. A compound of claim 1 wherein X, X’, X'’ and X’’’ are identi-
cal or different and are selected from the group consisting
of NOz, NH,, NH-lower acyl, halogen.

3. A compound of claim 1 wherein at least one of X, X’, X'’ and
35 X’'* is NH;, NH-lower acyl.

4. A compound of claim 3 wherein X and X'’ are H;
X’ and X’’’ are NHCOCH3; and —-A-NR-B-NR-D- is
—CH (CH3) ~CH~NH-CH;—-CH2-NH~-CH,—-CH (CH3) —.
40 '
5. A compound of claim 1 wherein X, X/, X'’ and X’’’ are H; and
-A-NR-B-NR’-D- is =CHy-CHy~-NH-CHy-CH2-CH>-NH-CH2~CHz-.

6. A pharmaceutical composition comprising a compound of claim 1
45 and a pharmaceutically acceptable carrier.

—_—
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f_.. : R — [

bis(2-am noe - s &bt 201 . Yield 30% MP. [err]

(Tol ueme- n- m%%&ét%%g'Q%% | err| a a’ ﬁ PN of the
Rormula [err] and the pharmaceutically accep Ilﬁl mmﬂﬂ) rnon salts

t hereof, wherein X, X, X' and X '' are_idenfical 'or "di fferent and are se-
| ected fromthe group consisting of [errf acyl, [err] alkylamno, di- Cl.6
al kyl ami no, GH, [Peme]thaﬂk@f(y;rq@%iageﬁ,tmmémoﬁemmél [corpPriging |adindsy|
[err] al kyl - carlexing tiocyhe mamthalebedr ik sughepimomyr aXtamdrXinlibiXingand
X "' may form an sjchnikess bs i stgpoanveentke 41a8f €5 of the ring systene; R
and R are H, [err] alkyl, aryl or benzyl; A and D are identical or

di fferent ar rr ' e i.onal Ly, subst] |t rr]
al kyl subsﬁ] 'Eéu‘en?\; k@“‘?é“’f%?érf Tkl\%}eﬁr gi vrllr?%elvg}?»u(sﬁ%dflgraﬁggn%gggé\& op sl%grLi%I_sl'y
substi- tuted with a [err] al kyl substituent. 2. A conpound of claim!]l
wherein X, [é&-r] TedmPEhed of pxepaning the corpgnprderafcladm irehigh comed
fromthe group cexdisesi ngacfirfee@r hapbtimliac vnhytialdgaf tBe férmolgp@Ind of
claiml1l wherein at least one of X, X, X' and [err] is [err], NHIower
acyl. 4. 4 conpound of claim3 wherein X and [err] are H [err] and [err]
are [err]; and -A-NR-BfNR-D,is 6. A pharmaceutical conposition conprising

a conpound of claim ophar maceutical ly acceptable carrier.

o II,
15 0
xl
wherein X and X’ are defined as above, with a polyamine of
20 the formula III
HoN-A-NR-B-NR’ -D~-NH; III,
wherein A and B are defined as above and a naphthalic
25 anhydride of the formula IV
xl [4
30 v,
35

wherein X’’ and X’’’ are defined as above.
10. The method according to claim 9 wherein the polyamine of the

formula III is protected at a terminal amino group during the
40 first condensation step.
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12" 7 The #gﬁlgfy‘gzt unor-inhi biting anmount of a conpound in claim1 for

t he pr.lépara? medi canment for t ment- of a tunor in a mamal .
8. A-conmpound of claim1 when used for ting diseases. 9. The

met hod of preparing the conpoun \i\i h com prises reacting a
napht hal i c anhydri de of the forma‘ wherein X and X' are defined
as above, with a pol yam ne of the*fo‘rmha [11 [err] wherein A and B are
defined as v ARdphcAaphhiddd Eoanbud! teéattlerdcnes eameda |V [err] wherein
X' and X''' are defined as above. 18. -The nethod according to claim9

wherein the_po of .the fornmula III |s rotected at a t.erm nal am no
gr oup dur| n%f %#E‘FrEbﬂﬁ%MH“ﬁgﬁrp cdukgest compositions con-

5 taining same of the formula

1. A compound of the Formula

X
10 (O
g N—A—-I"I—-B—II\I—D-—N
?
o R R
15 X' XI 2
s
(; .
wherein X, X’, X'’ and X''', A, D, R, and R’ are as identi-
fied in the specification and their preparation. Pharmaceuti-
20 cal compositions containing same can be used in the treatment
of cancer.
25
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