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(57) Abstract

The present invention provides 2 compound having structure (I), wherein R is -H, -CHa, or -C;Hs; R1 and R2 are independently
-H, -OH, -NHz, ~OCH3, -C(CHs)3, or a halogen atom; nis 2 to 6; X and X’ are independently -N or -NOz; Y and Y’ are independently
-N, -CH, or -H; and the double-slash represents a double bond or no bond; such that when X or X’ is -N, Y or Y’ is -CH or -N, and the
double-slash is a double bond, and when X or X' is -NOz, Y or Y’ is -H, and the double-slash is no bond. The present invention also
provides a pharmaceutical composition comprising the compound above and a pharmaceutically acceptable carrier. The present invention
further provides a method for treating 2 neoplastic cell growth in a subject in need of such treatment which comprises administering to
the subject an amount of the pharmaceutical composition above effective to treat the neoplastic cell growth. Lastly, the present invention
provides nucleic acid labeled with the compound above, as well as a method for detecting nucleic acid in a sample.
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ACRIDONE-DERIVED BISINTERCALATORS
: HEMOTHERAPET

Bagkground of the Invention

A number of acridine-based compounds which

exhibit high antitumor activity recently have been
reported. Cholody W.M., et al. (1990) described

5- [ (Aminoalkyl)amino] imidazof4,5,1-de]acridin-6-ones as a
novel class of antineoplastic agents (J. Med. Chem,
33:49-52 (1990)). Choledy, W.M., et al. (1990) also
described 8-gsubstituted 5- [ (aminoalkyl)amino] -6H-v-
triazolo([4,5,1l-delacridin-6-ones as potential
antineoplastic agents (J. Med, Chem., 33:2852-2856 (1990)).
Cholody, W.M., et al. (1992) described the éynthesis of
chromophore modified antineoplastic imidazocacridinones and
their activity against murine leukemias (J, Med. Chem,
35:378-382 (18%82)). Capps, D.B., et al. described

2- (aminoalkyl) -5-nitropyrazolo(3,4,5-kllacridines as a new
clags of anticancer agents (J. Med. Chem, 35:4770-4778
(1992)).

The compounds above have a tetracyclic planar
chromophore bearing one side chain containing an
(aminoalkyl)amino residue as a common structural feature.
It is believed that DNA is the primary target for these
compounds and they bind to DNA by intercalation.

Bifunctional compounds also have been studied as
potential antitumor agents based upon the ability of
acridines and other planar aromatic compounds to interact
with DNA by intercalation. Chen, T.K., et al. {(1978)
studied diacridines as bifunctional intercalators (J, Med.
chem, 21:868-874 (1978)). Gaugain, B., et al. (1978)
described the synthesis and confotmational properties of

an ethidium homodimer and an acridine ethidium heterodimer
(Biochemigtry 17:5071-5078 (1978)). Sinha, B.X., et al.
(1977) described the synthesis and antitumor properties of
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bis(quinaldine) derivatives (J, Med, Chem, 20:1528-1531
(1977)). Roques, B.P., et al. (1979) described the

antileukemic activity of pyridocarbazole dimers (Bliochem.,
Pharmacol, 28:1811-1815 (1979)). Pelaprat, D., et al.
(1580) described 7H-pyridocarbazole dimers as potential
antitumor agents (J, Med, Chem, 23:1336-12343 (1980)).
Brana, M.F., et al. (1993) described bis-naphthalimides as
a class of antitumor agents (Anti-Cancer Drug Desgian
8:257-268 (199%93)).

The rationale for the strong binding of _.
bifunctional intercalators containing two aromatic rings
systems joined by suitable linker to nucleic acids has
been presented (Canellakis, E.S., et al. Blochim. Biophvs,
AcCta 418:277-283 (1876)). It was found that although such
compounds exhibit high affinity for DNA, this strong
binding with DNA by intercalation is generally not related
to antitumor activity.

Many factors, such as physicochemical
characteristics of the planar chromophores, nature of the
linking chain (its length, rigidity and ionization state),
position of attachment, and other factors, strongly
influence the binding with DNA and the biological action
of these compounds. Additionally, it was found that there
is no direct correlation between DNA-binding affinity and
cytotoxicity.

Since structure-activity relatiomnships in the
group of bifunctional intercalators in relation to their:
in vivo antitumor action remain.unclear, it is not
possible to predict structures that will show such
activity. Small structural modifications can drastically
change blological properties of the agent. Accordingly, a
goal exisgts to find other compounds with high
antineoplastic activity, especially selectively directed
towards specific tumors.

This invention relates to a novel class of
acridine-based DNA bifunctional intercalators, and their
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use as antineoplastic agents. Since the compounds also
emit a fluorescence when bound to DNA, they also may be
used in assays for the detection of DNA.

- ~ -
a .

Summary of the Invention

The present invention provides a compound having
the structure:

wherein R ig -H, -CH;, or -CJHs; R1 and R2 are
independently ~H, -0OH, -NH,, -OCH,;, -C(CH;);, or a halogen
atom; n is 2 to 6; X and X’ are independently -N or -NO,;

Y and Y’ are independently -N, -CH, or -H; and the double-
glash represents a double bond or no bond; such that when
X or X! is -N, Y or ¥’ is -CH or -N, and the double-slash
is a double bond, and when X or X’ is -NO,, Y or ¥’ 1is -H,
and the double-sgslash is no bond.

The present invention also provides a
pharmaceutical composition comprising the compound above
and a pharmaceutically acceptable carrier.

The present invention further provides a method
for treating a neoplastic cell growth in a subject in need
of such treatment which comprises administering to the
subject an amount of the pharmaceutical composition above
effective to treat the neoplastic cell growth.

Lagtly, the present invention provides nucleic
acid labeled with the compound above, and a method for
detecting nucleic acid in a sample which comprises
contacting the sample with the compound above under
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conditions permitting the compound to bind to the nucleic
acid, detecting a fluorescent emission, thereby detecting
the nucleic acid in the samglgg |

¢

Brief Degcription of thgqfiggrgg | S
Figure 1. Schematic diagram for the synthesis of

symmetrical chromophore compounds.

Figure 2. Schematic diagram for the synthesis of
unsymmetrical chromophore compounds.

Figqureg 3A, 3B, 3C and 3D. A comparison of the

cytotoxicity (GIs;) of compounds WMC-26 and WMC-8. Fig. 3A
shows the structure of WMC-26. Fig. 3B shows cytotoxicity

of WMC-26 in various cell lines. Fig. 3C shows the
structure of WMC-8. Fig. 3D shows the cytotoxicity of

WMC~-8 1in various cell lines.

Figqure 4. A comparison of the cytotoxicity of compounds

WMC-8 (L)), WMC-12 (e}, WMC-18 (O), WMC-25 (4), and WMC-26
(x) against colon adenocarcinoma HCT-116.

lgqure 5. A comparison of the cytotoxicity of compounds
WMC-35 (C]), WMC-36 (a), WMC-37 (a), WMC-39 (M), WMC-41
(+), and WMC-42 (B) against colon adenocarcinoma HCT-116.

Detailed Description of the Invention

The present invention provides a compound having

' SUBSTITUTE SHEET (RULE 26)
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the structure;
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atom; n is 2 to 6; X and X’ are independently -N or -NO,;
Y and Y' are independently -N, -CH, or -H; and the double-
slash represents a double bond or no bond: such that when
X or X’ ig -N, Y or Y’ is -CH or -N, and the double-slash
is a double bond, and when X or X’ isg -NO,, Y or ¥’ is -H,
and the double-slash is no bond. -

The compounds of the present invention may be
present in the form of free bases Or pharmaceutically
acceptable acid addition salts thereof. Examples of
sultable acids for salt formation are: methanesulfonic,
sulfuric, hydrochloric, phosphoric, acetic, citric,
lactic, ascorbic, maleic, and the like. In the preferred
embodiment, the compounds of the present invention are
present in the form of methansulfonates, such as .
trimethanesulfonate which can be hydrated to variable
extents.

The present invention also provides a
pharmaceutical compdsition comprising the compound above
and a pharmaceutically acceptable carrier. The carrier
must be "acceptable" in the sense of being compatible with
the other ingredients of the formulation and not
deleterious to the recipient thereof. The compound may be
formulated with one or more pharmaceutically acceptable
diluents or carriers, and optionally, any other
ingredients which may be therapeutic per ge, which are
synergisgtic with the compound of the present invention.
The concentration of the compound present in the
formulation will depend upon the choice of carrier as well
as the results desired.

Examples of suitable pharmaceutical carriers
include lactose, sucrose, starch, talc, magnesium
Stearate, crystalline cellulose, methyl cellulose,
carboxXymethyl cellulose, glycerin, sodium alginate, gum
arabic, powders, saline, water, among others. The choice
Of carrier will depend upon the route of administration.
The formulations may conveniently be presented in unit



. WO 95/25093

10

15

20

25

30

35

218535*{} L i g

PCT/US95/03079

- 6 -

dosage and may be prepared by methods well-known in the
pharmaceutical art, by bringing the active compound into
agsociation with a carrier or diluent, as a suspension oOr
gsolutlion, and optionally one or more accessory
ingredients, e.g. buffers, flavoring agents, surface
active agents, and the like.

For intravenous, intramuscular, subcutaneous, or
intraperitoneal administration, the compound is combined
with a sterile agueocus solution which is preferably
igsoctonic with the blood of the recipient. Such
formulations may be prepared by dissolving solid active
ingredient in water containing physioclogically compatible
subgtances such as sodium chloride, glycine, and the like,
and.having a buffered pH compatible with physiological
conditions to produce an agueocus solution, and rendering
gaid solution sterile. The formulations may be present in
unit or multi-dose containers such as sealed ampoules or
vials.

For oral administration, the formulation may be
presented as capsulesg, tablets, powders, granuleg or a
suspension, with conventional additiwves such as lactose,
mannitol, corxn starch. or potato starch; with binders such
as crystalline cellulose, cellulose derivatives, acacia,
corn starxch or gelatins; with disintegrators such as corn
starch, potato starch or.sodium carboxymethyl-cellulose;
and with lubricants such as talc or magnesium stearate.

Formulations suitable for parenteral
administration conveniently comprise a sterile agueous
preparation of the active compound which is preferably
made isotonic. Preparations for injections may also be
formulated by suspending or emulsifying the compounds in
non-aqueousg solvent, such as vegetable oil, synthetic
aliphatic acid glycerides, esters of higher aliphatic
acids or propylene glycol.

The present invention further provides a method
for treating a neoplastic cell growth in a subject in need
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Of such treatment which comprises administering to the
subject an amount of the pharmaceutical composition above
effective to treat the neoplastic cell growth.

The term "treatment" includes the partial or
total inhibition of neoplastic cell growth, as well as the
partial or total destruction of the neoplastic cells. The
Cerm "sgsubject" includes a human or animal subject
diagnosed as having cancer.

The administration may be affected by means
known to those skilled in the art such as oral, rectal,
topical intravenous, subcutaneous, intramuscular, or -
intraperitoneal routes of administration. R—

The dosage form and amount can be readily
established by reference to known antineoplastic treatment
or prophylactic regiments. In general, however, the
dosage of the compound will be within the range of about
0.1 pg/kg to about 100 mg/kg. The actual .dose will depend
upon the route of administration, the pharmacokinetic
properties of the individual Created, as well as the
results desired.

Lastly, the present invention provides nucleic
acid labeled with the compound above, and a method for
detecting nucleic acid in a sample which comprises
contacting the sample with the compound above under
conditions permitting the compound to bind to the nucleic
acid, detecting a fluorescent emission, thereby detecting
the nucleic acid in the sample.

The nucleic acid may be either DNA or RNA, and
is preferably DNA. The sample may be any sample which may
contain nucleic acid. . The fluorescent emission may be
detected by means known to those skilled in the art, such
ag the use of a confocal microscope operating in the
inverted mode.

The present invention is described in the
following Experimental Details section, which.sets forth
specific examples to aid in an understanding of the
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invention, and should not be construed to limit in any way
rthe invention as defined in the claims which follow
thereafter.

Experimental Details Section
Materials and Methods. All solvents used were reagent

grade. All reagents were obtained either from Aldrich
Chemicals or from Fluka and were used as received.
Melting points were taken on an Electrothermal capillary
melting points apparatus and are uncorrected. 'H NMR
10 spectra were recorded on a Varian VXR-S spectrometer
operating at 500 MHz. Chemical shifts are reported as 4
units in ppm downfield from internal tetramethylsilane.
NMR abbreviations used are as follows: br (broad), s
(singlet), 4 (doublet), t (triplet), qu (quartet), gt
15 (quintet), and m (multiplet). Coupling constants are
given in Hz. Microanalytical results, indicated by atomic

symbols, are within ¢+ 0.4% of the theoretical values.

Chemical Synthesis. The compounds of present invention in

20 which both chromophores are identical were prepared by the
route presented in Figure 1. The intermediate
chloronitroacridones 2a-d were prepared as described
previously (Capps, D.B., et al. J. Med. Chem. 35:4770-4778
(1992); Lehmstedt, K., et al. Chem. Berichte 70:1526-1538

25 (1937)), or by procedures analogous thereto. The
acridones were reacted with an equivalent amount of a
suitable triamine to afford the bisnitroacridones 3, which
were then reacted with formic acid and Rane;ualloy to give
the final bisimidazocacridones 4.

30 | Unsymmetrical drugs were prepared according to
Figure 2. Chloronitroacridones 2 of Figure 1 were reacted
with an excess of triamine in such a way that the
monosubstituted product 5 was formed. This material was
trarisformed into the imidazoacridone derivative 6 or

35 reacted with another chloronitroacridone to generate the
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unsymmetrical bisacridone 7. Compounds 6 were reacted
with chlorotriazoloacridones, which were prepared

according to the known methods (Cholody, W.M., et al. J.
Med. Chem. 33:2852-2856 (19590)), to generate compounds 8
(where "intercalator" is B) or reacted with
chloronitroacridone to generate derivative 8 (where
"intercalator" is C). Treatment of 7 with formic acid and

Ranef”alloy generated the unsymmetrical bisimidazo-
acridones 8 (where "intercalator" is A). The target

compounds 4 and 8 were obtained as free bases which can be

easily transformed into the addition salts described above
by known procedures.

A detailed discussion of the synthesis of the
compounds ¢of the present invention is as follows.

Prepaxation of 2-[(4-tert-Butvlphenvl)aminol]l-6-chloxro-
3-nitrobenzoic acid (14). A mixture of 2,6-dichloro-
3-nitrobenzoic acid (4.72 g, 0.02 mol), 4-tertbutylaniline
(4.47 g, 0.03 mol), lithium carbonate (1.48 g, 0.02 mol),
and l-propanol (10 mL) was refluxed with stirring for 20
h. The solvent was evaporated and to the residue, water
(30 mLl) and benzene (50 mL) were added. The mixture was
made strongly basic with sodium hydroxide and stirred for

1h. Orange precipitate was collected by filtration and
washed with benzene and ether. Dry precipitate was

dissolved in water and acidified with diluted hydrochloric
acid. Resulting precipitate was collected and
crystallized from acetone-water to give 4.55 (65%) of the
desired product, mp 201-204°C. Anal. (C;H-N,O,) C, H, N.

Preparation of 7-texrt-Butvl-l-chloro-4-nitro-9 (10H) -
acridinone (2d). To a solution of 3a (3.485 g, 0.01 mol)
in 1,2-dichloroethane (40 mL) POCl; (15 mL, 0.16 mol) was
added and refluxed for 4.5 h. Solvents were removed under

reduced pressure. To the residue, 40 mL of 1,4-dioxane -
water mixture (8:1) was added, acidified with conc.
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hydrochloric acid and refluxed while stirring for 2 h.
Water. (100 mL) was added, the precipitate was collected by
filtration and crystallized from N,N-dimethylformamide -

water to give 3.106 g (94%) of the desired product, mp
above 300°C. BAnal. (C;H,N,Q,) C, H, N.

Preparation of 2.2’ -Bisl[4-Nitro-9(10H) -acridinon-1-

laminol - -diethvimethvlamine a). To a suspension of
1-chloro-4-nitro-9 (10H) -acridone {(1.098 g, 0.004 mol) in
dimethyl sulfoxide (20 mL), triethylamine {imL) and
N*-methyldiethylenetriamine (0.235 g, 0.002 mol) were
added and stirred at 80° C for 2 h. Water (200 ml) was
added, made basic with sodium hydroxide water solution and
stirred for 20 minutes. Precipitate was collected, washed
with water and crystallized from N,N-dimethylformamide -
water to afford 1.021g (86%) of yellow 3a, mp 265-267°C.
Anal. (CyH,N.O4) C, H, N.

Preparation of 3 ' -Big(7-Methoxy-4-nitro-9 (10H) -

acridinon-l-viaminol -N-methvidipropviamine (3d). To a
suspension of 1-chloro-7-methoxy-4-nitro-9 (10H) -acridone
(1.218 g, 0.004 mol) in dimethyl sulfoxide (20 mL),
triethylamine (imL) and 3,3’ -diamino-N-methyldipropylamine
(0.305 g, 0.0021 mol) were added and stirred at 80°C for 2
h. Water (200 mlL) was added, made basic with sodium
hydroxide water solution and stirred for 20 min.
Precipitate was collected, washed with water and
Crystallized from N,N-dimethylformamide-water to give 1.20
g (93%) of yellow 3d, mp 256-259°C. Anal. (CysHisN,Og) C, H,
N. Compounds 3b,3c¢,3e and 3f were obtained in an
analogous manner.

3b: yileld - 82%, mp 254-256°C. Anal. (C,H,;N,0,) C, H, N.
3c: yield - 88%, mp 268-270°C. Anal. (C,H,N,0,) C, H, N.
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3e: yield - 79%, mp 275-278°C. Anal. (GC;H;N,05) C, H, N.
3f: yield - 74%, mp 199-202°C. Anal- (CuHisN.O6) C, H, N.

General Procedure for the Preparation of
Bis (imidazoacridinone 4

A mixture of the bis(nitroacridinone) derivative
(3a-£f) (0.002 mol), 3.0 g of Ranefmalloy and 88% formic
acid (30 mL) was refluxed with energetic stirring for 36
h. To the reaction mixture MeOH (100 mL) was added and
the catalyst and inorganic salts were removed by
filtration and washed with MeOH. Solvents were removed
from the filtrate under reduced pressure. The residue was
decolorized by heating with charcoal in 1% mixture of
methanesulfonic acid in MeOH. The charcoal was removed by
filtration. The filtrate was condensed and the product
was precipitated by addition of acetone or ether. The
precipitate was collected by filtration and recrystallized
from MeOH-ether. Dry salt was dissolved in water and
alkalized with sodium hydroxide (in the case of 4e with
NH, ag.) to give precipitate of free base which was
collected by filtration. The product was crystallized
from suitable solvents mixture. Physical data for these
compounds are presented in Table 1. Anal.:
4b: 'H NMR (Me,SO-d,) 8.98 (s, 2H, Ci1-H), 8.74 (t, 2H,
Ar-NH-CH2-), 8.17 (d4, 2H, C7-H), 8.16 (4, 2H, C1l0-H),
7.71 (m, 2H, C9-H), 7.62 (d, 2H, J=8.9, C3-H), 7.36 (m,
2H, C8-H), 6.50 (4, 2H, J=8.9, C4-H), 3.36 (dt, 4H, |
-NH-CH,-CH,-), 2.55 (t, 4H, -CH,-CH,-NCH;-), 2.28 (s, 3H,
-NCH;-), 1.90 (gt, 4H, -CH,-CH,-CH,-).
4b - 3 CH,SO,H: 'H NMR (Me,SO-d¢) 9.36 (m, 1H, -NTHCLH,-),
9.32 (s, 2H, Ci1-H), 8.89 (br s, 2H, N2*-H), 8.37 (d, 2H,
c7-H), 8.32 (dd, 2H, C10-H), 7.99 (4, 2H, J=8.9, C3-H),
7.89 (m, 2H C9-H), 7.54 (m, 2H, C8-H), 6.88 (d, 2H, J=8.9
C4-H), 3.52 (t, 4H, -NH-CH,-CH,-), 3.33 (m, 2H, -NH-CH,-
N*HCH;-), 3.23 (m, 2H, -NH-CH,-N*HCH,-), 2.86 (d, 3H, -
N*HCH,-), 2.36 (s, 9H, CH;SO;), 2.10 (m, 4H, -CH,-CH,-CH,-).
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4d: 'H NMR (Me,SO-ds) 8.85 (s, 2H, C1l-H), 8.69 (t, 2H,
Ar-NE-CH2-), 8.00 (d, 2H, J=8.9, C10-H), 7.53 (d, 2H,
J=3.0, C7-H), 7.53 (4, 2H, J=8.7, C3-H), 7.20 (dd, 2H,
Jp=3.0, J,=8.9, C9-H), 6.36 (4, 2H, J=8.7, C4-H), 3.79 (s,
6H, CH;O-Ar), 3.38 (dt, 4H, -NH-CH,CH,-), 2.56 (t, 4H,
-CH,-CH,-NCH;-), 2.28 (s, 3H, -NCH;-), 1.91 (gt, 4H,
-CH,-CHE2-CH,-) .

4d - 3 CHSO;H: 'H NMR (Me,S0-d,) 9.35 (m, 1H, -N*HCH,- ),
9.26 (s, 2H, C1-H), 8.85 (br s, 2H, N2*-H), 8.26 (d, 2H,
J=3.0, C10-E), 7.94 (4, 2H, J=8.9, C3-H), 7.66 (d, 2H,
J=3.0, C7-H), 7.44 (dd, 2H, J,=3.0, J,=8.9, C9-H), 6.82
(d, 2H, J=8.9, C9-H), 3.85 (s, 6H, CH,O-Ar), 3.48 (t, 4H,
-NH-CH,-CH,-), 3.34 (m, 2H, -NH-CH,-N¥HCH,-), 3.20 (m, 2H,
-NHCH,-N"HCH,;-), 2.87 (d, 3H, -N'HCH;-), 2.35 (s, 9H,
CH;S03-), 2.10 (m, 4H, -CH,-CH2CH,-).

10

15

4f: 'H NMR (Me,SO-d,) 8.99 (s, 2H, Ci-H), 8.76 (t, 2H,
Ar-NH-CH2-), 8.20 (d, 2H, J=2.4, C7-H), 8.12 (d, 2H,
J=8.5, C10-EH), 7.82 (dd, 2H, J,=2.4, J,=8-5, C9-H), 7.62
(d, 2H, J=8.7, C3-H), 6.50 (4, 2H, J=8.7, C4-H), 3.36 (dt,
4H, -NH-CH,-CH,-), 2.54 (t, 4H, -CH,CH,-NCH,-), 2.27 (s, 3H,
-NCH;-), 1.89 (gt, 4H, CH,-CH,-CH,-), 1.29 (s, 18H, (CH;) 5C-
Ar) .

20

Rropyllamino-4-nitro-9 (10M acridinone (5a). To a

suspension of l-chloro-4-nitro-9 (10H) -acridone (2.747 g,
0.01 mol) in dimethyl sulfoxide (50 mbh), 3,3’-diamino-N-
methyldipropylamine (5.81g, 0.04mol) was added and stirred
30 at room temperature for 2 h. Water (200 mL) was added and
stirred for 10 min. The precipitate was collected by
filtration and washed with water. Next, it was
transferred into water {100 mL), acidified with
hydrochloric acid and stirred for 15 min. Undissolved
material was separated by filtration. The solution was

35
made basic with sodium hydroxide and the product was
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extracted with chloroform. The extract was dried, solvent
was evaporated and crude product was crystallized from
benzene-hexane to give 3.1 g (81 %) of yellow 5a, mp
109-111°C. Anal. (C,jH,5N0,) C, H, N. 'H NMR (Me,SO-d)
11.86 (br s, 1H, N10-H), 8.36 (4, 1H, J=8.8, C3-H), 8.20
(dd, 1H, C8-KH), 7.94 (4, 1H, C5-H), 7.77 (m, 1lH, Cé-H),
7.40 (m, 1H, C7-H), 6.58 (d, 1H, J=8.8, C2-H), 3.48 (t,
2H, -NH-CH,-CH,-), 2.55 (m, 2H, -CH,-CH,-NH,), 2.42 (t, 2H,
-CH,-CH,-NCH,;-), 2.34 (t, 2H, -NCH;-CH,-CH,-), 2.16 (s,

3H, -NCH;-), 1.82 (gt, 2H, -CH,-CH,-CH,-), 1.50 (gt, 2H,
-CH,-CH,CH,-) .

Compound 5b was obtained in an analogous manner. Yield
82%, mp 140-142°C. Anal. (C,Hy-N;O,) C, H, N.

Preparation of 5-[3-[N-(3-Aminopropyl)methylamino] -
oropyllamino-6H-imidazof{4,5,1-delacridin-6-one (fa). A
mixture of 5a ( 1.534 g, 0.004 mol), 3.0 g of Ranefmalloy
and 96% formic acid (40 mL) was refluxed with energetic
stirring for 24 h. To the reaction mixture MeOH (100 mL)
was added and the catalyst and inorganic salts were
removed by filtration and washed with MeOH. Solvents were
removed from the filtrate under reduced pressure. To the
residue 100 mL of MeOH - water (1:1) mixture and 3 mL of
conc. hydrochloric acid were added and the solution was
refluxed for 6 h. Solvents were evaporated under reduced
pressure. The residue was dissolved in MeOH and acidified
with hydrogen chloride. The product was precipitated by
addition of acetone, collected by filtration and
crystallized from MeOH - ether. Dry salt was dissolved in
water and alkalized with sodium hydroxide to give oily
precipitate of free base which was extracted with
chloroform. The extract was dried, solvent was evaporated
and product was crystallized from benzene - hexane to give
0.988 g (68%) of yellow 6a, mp 97-99°C. Anal. (C,H,N,0)

C, H, N. 'H NMR (Me,SO-d¢) 9.21 (s, 1H, Cl-H), 8.91 (t, 1H,
-NH-CH,-), 8.42 (m, 1H, C7-H), 8.39 (m, 1H, Cl10-H), 8.00
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(d, 1H, J=8.8, C3-H), 7.93 (m, 1H, C9-H), 7.59 (m, 1H,
C8-H), 6.85 (d, 1H, J=8.8, C4-H), 3.45 (t, 2H,
-NH-CH,-CH,-), 2.61 (t, 2H, -CH,-CH,-NH,), 2.43 (t, 2H,
-CH,-CH,-NCH;-), 2.34 (t, 2H, -NCH,;-CH,-CH,-), 2.17 (s,
3H, -NCH,;-), 1.83 (gt, 2H, -CH,-CH,-CH2-), 1.51 (gt, 2H,
-CH,-CH,-CH,-) .

2reparation of 3-[7-Methoxy-4-pnitro-9 (10H) -acridinon-1-
laminel -37-[4-pitro-9 (10M acridinon-1-vliaminol -
- lpxr ' 7a) . A mixture of 5a (0.768 g,

0.002 mol), l1l-chloro-7-methoxy-4-nitro-9 (10H)acridinone
(0.610 g, 0.002 mol), dimethyl sulfoxide (20 mL) and
triethylamine (1 mL) was stirred at 70°C for 4 h. To the
reaction mixture water (200 mL) was added, alkalized with
potassium hydroxide and stirred for 10 min. Precipitate
was collected by filtration and washed with water. The
crude product was crystallized from DMF-water to give 1.20
g (86%) of orange 7a, mp 192-195°C. Anal. (C,H,N,0,) C, H,
N. 'H NMR (Me,SO-d¢) 12.15 (s, 1H, N10-EH), 12.08 (s, 1H,
N10-H), 11.73 (8, 1H, -NH-CH,-), 11.61 (s, 1H, -NH-CH,-),
8.11 (d, 1H), 8.01 (4, 1H), 7.55 (m, 3H), 7.24 (m, 1H),
7.19 (m, 1H), 7.09 (m, 1H), 6.27 (d,1H), 6.19 (4, 1H),
3.72 (s, 3H, -OCH;), 3.37 (m, 4H), 2.55 (m, 4H), 2.25 (s,

3H, -NCH;-), 1.88 (gt, 4H, CH,-CH,-CH,-).

'.-.“.’-.1':.,_-0 ® = Ith- uo,_.,-__o 4 | ~gdelacridin-6-on-
b-ylaminol -3’ - [8-methoxy-6H-imidazol4.5,.1-delacridin-6-
on-5-ylaminol -N-methydipropyvlamine (8a). This compound

was prepared according to the general procedure for the
preparation of the bisimidazoacridinones 4. RAnal.: H
NMR (Me,SO-ds) : Unsubstituted chromophore 8.96 (s, 1H,
Cl-H), 8.75 (t, 1H, -NH-CH,-), 8.17 (44, 1H, C7-H)}), 8.16
(d, 1H, Cl0-H), 7.72 (m, 1H, C9-H), 7.67 {(d, 1H, J=8.8,
C3-H), 7.38 (m, 1H, C8-H), 6.51 (4, 1H, J=8.8, C4-H);
8-Methoxy chromophore 8.87 (s, 1H, Cl-H), 8.66 (t, 1H,
-NH-CH,-), 8.00 (4, 1H, J=9.0, Cl0-H), 7.51 (d&, 1H, J=3.0,
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C7-H), 7.46 (d, 1H, J=8.9, C3-H), 7.17 (dd, 1H, J.=3.0,
J=9-0, CS-H), 6.32 (d, 1H, J=8.9, C4-H), 3.75 (s, 3H,
-OCH3); Aliphatic protons 3.35 {(m, 2H, -NH-CH,-CH,-), 3.28
(m, 2H, -NH-CH,-CH,-), 2.55 (m, 4H, -CH,-CH,-NCH,-), 2.28
(s, 3H, -NCH;-), 1.90 (m, 4H, -CH,-CH,CH,-).

-on-S-yvlaminol -N-methvdipropvlamine (8d). A mixture of 6a
(0.364 g, 0.001 mol), 5-chloro-8-hydroxy-6-

H-v-triazolo[4,5,1-dejacridin-6-one (0.272 g, 0.001 mol),
dimethyl sulfoxide (8 mL) and triethylamine (1 mL) was
stirred at 70°C for 12 h. To the reaction mixture water
(100 mL) was added, precipitate was collected by
filtration and washed with water. The crude product was
crystalliized from DMF-water to give yellow 8d4. Anal.: H

10

15

NMR (Me,S0-ds) : Imidazoacridone chromophore 8.93 (s, 1H,
Ci-H), 8.73 (t,.1H, -NH-CH,-), 8.13 (dd, 1H, C7-H), 8.09
(d, 1H, Cl1l0-H), 7.66 (m, 1H, CS-H), 7.65 (d, 1H, J=8.8,
C3-H), 7.31 (m, 1H, C8-H), 6.53 (4, 1H, J=8.8, C4-H):;
Triazoloacridone chromophore 10.17 (br s, 1H, C8-H), 9.18
(€, 1H, -NH-CH,-), 8.07 (4, 1H, C10-H), 7.82 (4, 1H,
J=9.2, C3-H), 7.55 (d, 1H, C7-H), 7.23 (dd, 1H, CS-H),
6.71 (d, 1H, J=9.2, C4-H); Aliphatic protons 3.45 (dt, 2H,
-NH-CH,-CH,-), 3.36 (dt, 2H, -NH-CH,-CH,-), 2.55 (m, 4H,

~-CH,-CE,-NCH;-), 2.29 (s, 3H, -NCH,-), 1.90 (gt, 4H,
‘CHz‘an‘CHz‘“) >

20

“ 3Imine . o} nitre-9 (10H) -acridinon-
30 :

This compound was
prepared in the same manner .as described for the

preparation of 7a but 6a was used in place of 5a.

Colony Survival Assay. The human colon carcinoma cell

33 line HCT-116 (Skehan, P., et al. J. Nat. Cancer Inst.
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82:1107-1112 (1990)) was obtained from the American Type
Culture Collection (Rockville, MD). Cells were routinely
cultured in Dulbecco’s Minimum Essential Medium containing
10% Fetal Bovine Serum 1n a 5% CO, atmosphere, at 37°C and
in complete humidity.

Assays consgisted of seeding single-cell
suspensions at low density in 6-well culture ‘dishes, and
allowing them to attach and grow for 24 h. Compounds were
then added at varying concentrations from stock solutions
in DMSO, saline or water, and allowed to react in
incubator for 1lh. Cells were then rinsed and fresh medium
added; colonies were allowed to grow for 1 week with
medium changes every 4 days. Wells were rinsed, cells
fixed 1in methanol and stained with 1% Crystal Violet
according to standard. procedures.

Colonies containing greater than 30 cells were
scored as survivors. Survivors were agsessed as
percentage of control.colonies, which were those receiving

only stock diluents but no compounds.

Regults. All the compounds of the present invention which

have been tested (structures designated by the WMC
numbers) showed strong antitumor activity both jin wvitxo
and in vivo. The standard NCI in vitro assay for
cytotoxlicity against 60 human tumor cell lines (Skehan,

P., et al. J. Nat. Cancer Inst. 82:1107-1112 (1950); Bovd,
M.R., et al. Principles Practice Oncol. 3: 1-12 (1989))

revealed that the compounds that contain at least one
unsubstituted (R1.= H) imidazoacridone ring system and
linker that contains 6 methylene units exhibit significant
selectivity towards colon tumor lines. Figures 3A-3D
present a comparison of the GIy, data for compounds WMC-26
in which both chromophores are unsubstituted (R, = H) and
its close dimethoxy (R, = OCH,;}) analog WMC-8. The selective
toxicity against colon tumor, which is attributed to the
unsubstituted chromophore, was confirmed in the in wvitro

SUBSTITUTE SHEET (RULE 26)
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colony survival assay on colon adenocarcinoma HCT-116 (see
Figure 4 and 5). Attention should be drawn to the
extraordinary activity of compound WMC-26, whose T/C value
for this tumor is in the nanomolar range. In spite of the
high cytotoxicity of some of these compounds, the acute
toxicity in nude mice was moderate. For example, compound
WMC-26 was tolerated at a dose of 200 mg/kg per day,
administered on three consecutive days, for a total dose
of 600 mg/kg. | |

Almost all compounds of the present invention
are highly fluorescent. When these compounds are added to
live cells in culture there is a very rapid transfer of
the fluorescence through the cytoplasm into the cell
nucleus. This is best visualized using a confocal
microscope operating in the inverted mode. The intense
fluorescent staining of the nucleus of live cells suggest
that the compounds could be used as vital stains for
studying chromatin organization and behavior of DNA during
cell cycle progression. Higher doses and longer exposure
to compounds such as WMC-26 produced apoptotic morphology
in the cellular nuclei. Thus these compounds could also
be used in the study of chromatin organization during
apoptosis.

While the foregoing invention has been described
in some detail for purposes of clarity and understanding,
it will be appreciated by one skilled in the art from a
reading of the disclosure that various changes in form and
detail can be made without departing from the true scope
cf the invention in the appended claims.
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Table 1. Physical Properties of Final Compounds

4a, 58 >300 DMF - H,0 Cs3H7N,0,
5 4b 70 253-254 DMF-H,0 CasH5 NSO,
4¢ 67 275-277 DMF-H,0 CasH; N0,
4d 71 252-254 DMF-H,0 Cy7H,sN,0,
de 58 297-300 DMF-H,0 CysH; N0,
4f 61 - 150-152 CHCl;-hexane  C,H,N,0,
10 8a 60 216-219%9 DMF-H,0 DMF - H,0C3H;3N,0,4
8b 51 153-156 CH,CL,-hexane C;H, N0,
8c 58 205-208 Dbenzene- Ca4H3oN,O,
hexane
8d 57 233-235 DMF-H,0 CayHioN:O,
15 8e 73 237-239 DMF-H,0 Cy5H33N;04
20
25
30

35
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What is Claimed 1is: | L
1. A compound having the structure:

H o (CHQ);—-“_ '?W(CHz)n\ /H
R N o

wherein R is -H, -CH,;, or -C,H;; Rl and R2 are
independently -H, -OH, -NH,, -OCH,, -C(CH,;),, or a
halogen atom; n 1is 2 to 6; X and X' are independently
-N or -NO,; Y and Y’ are independently -N, -CH, or -
H; and the double-slash represents a double bond or
no bond; such that when X or X’ is -N, Y or Y' is -CH
or -N, and the double-slash is a double bond, and
when X or X' 1is -NO,, Y or Y’ is -H, and the double-
slash i1s no bond.

2. The compound of claim 1, wherein X and X' are -N, Y
and Y’ are -CH, and R is -CH,.

3. The compound of claim 2, wherein Rl and R2 are -H,

and n is 3.

4. The compound of claim 2, wherein R1 and R2 are -H,
and n 1s 2.

5. The compound of claim 2, wherein R1 and R2 are -0CHs;,
and n is 3.

6. The compound of claim 2, wherein R1 and R2 are - OCH,,

and n is 2.

' L] N-l.'M-“-:'u;tﬂnqﬂd.t!t!d‘a;:Qa_muymmmm:llu|nﬁiu|m:l.tqa;:.'-u LAEEERE 7B MY PP . D “ta
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7. The compound of claim 2, wherein R1 and RZ2 are
-OH, and n 1s 3.
3 . The compound of claim 2, wherein R1 and RZ are
- (CH3)3, and n 1s 3.
9. The compound of claim 2, wherein R1 1s -H, R2Z 1is
-OCHz, and n 1is 3.
10. The compound of claim 2, wherein Rl 1s -H, RZ 1is
‘4:«Htﬂ3, and n 1s 3.
11. The compound of claim 1, wherein X 1s -N, Y 1s

-CH, X’ is -N, Y’ is -N, R 1s -CH;, and n 1s 3.

12. The compound of claim 11, wherein R1 1s -H, and
RZ2 1s -—-H.

13. The compound of claim 11, wherein R1 1s -H, and
RZ 1s -OH.

14. The compound of claim 1, wherein X is -N, Y 18

~-CH, X' 1s =NOy, Y’ 1s -H, R 18 -CHs, RI1 1s =-H, RZ2 1s -0OCHs5,

and n 1s 3.

15. A pharmaceutical composition comprising the

compound of any one of claims 1 to 14, and a

pharmaceutically acceptable carrier.

16. The pharmaceutical composition of claim 15, for

treatment of a neoplastic cell growth 1n a subject 1n need
of such treatment, wherein the compound defined 1in any one
of claims 1 to 14 1is present 1in an amount effective to treat

the neoplastic cell growth.

17. The pharmaceutical composition of claim 16,
wherein the amount is between about 1 ug/kg and

about 100 mg/kg.
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18. A use of a compound according to any one of

claims 1 to 14 for treatment of a neoplastic cell growth in

a subject 1in need of such treatment in an amount of said

F
—

compound effective to treat the neoplastic cell growth.

19. The use according to claim 18, wherein the amount

is between about 1 ug/kg and about 100 mg/kg.

20. A use of a compound according to any one of

claims 1 to 14, 1n manufacture of a medicament for treatment
of a neoplastic cell growth 1in a subject in need of such

treatment 1n an amount of said compound effective to treat

the neoplastic cell growth.

21. The use according to claim 20, wherein the amount

is between about 1 ug/kg and about 100 mg/kg.

22 . Nucleic acid labelled with a compound according to

any one of claims 1 to 14.

23. A method for detecting nucleic acid in a sample
which comprises contacting the sample with the compound of
any one of claims 1 to 14, under conditions permitting the
compound to bind to the nucleic acid, detecting a
fluorescent emission, thereby detecting the nucleic acid in

the sample.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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FIG. 3D PanelceliLine
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