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10 II acts by causing double-strand breaks. Topoisomerase poisoning has recently
been recognized as an attractive pharmacological target for the development of
novel cancer chemotherapeutic agents. Alkaloids and their derivatives have been

- investigated as potential antitumor agents, including camptothecin and berberine
(Hahn et al., Antibiotics, Vol. 3, Gottlieb et al. (eds.), Springer: New York, pp

15  577-584 (1975); Shideman, Bull. Natl. Formulary Committee, 18:3 (1950);
Bhakkuni et al., The Alkaloids; Vol. 28, Brossi, A. (ed.), Academic Press: New
York, pp 95-181 (1986); Suffness et al., The Alkaloids; Vol. XXV, Brossi, A
(ed.); Academic Press: New York, pp 178-197 (1985)).

Extensive studies of camptothecin and its derivatives have established

20 that cellular topoisomerase I is the molecular target for the antitumor alkaloid
camptothecin (Hsiang et al., Cancer Res. 48:1722-1726 (1988)). However, some
lines of tumor cells have demonstrated resistance to camptothecin.

The demonstration that topoisomerase I is the molecular target for
camptothecin has stimulated further identification and development of other

25 topoisomerase I-targeting antit_umor compounds (topoisomerase I poisons).
Among these are actinomycin D, morpholinodoxorubicin, DNA minor groove
binding bis- and tris-benzimidazoles, indolocarbazole derivatives, bulgarein,
intoplicine, saintopin, indoloquinolinediones, nitidine derivatives and berberine
derivatives. Many of these compounds are also dual poisons of both

30 topoisomerase I and II. Althougfx the number of new topoisomerase I poisons is
increasing rapidly, except for camptothecin, topoisomerase I-poisoning has not

been demonstrated to be responsible for cell killing for any of the new poisons.
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DNA bi ndi ng, which is known to be essentjal far to(i)oi sqnerase || poi soning,
i s responsi bl e forcompounds, the benzophenanthridine, nitidine, and the related alkaloid

fagaronine have a high potency in inducing topoisomerase I-mediated DNA
cleavage in vitro (Wang et al., Chem. Res. Toxicol. 6:813-818 (1993)). Several
compounds belonging to the family of protoberberines, which are known for

10 their. antitumor activities in animals, have also been shown to be topoisomerase I _
poisons. Berberine represents one of the most intensively studied of the
naturally-occurring protoberberine alkaloids and is reported to exhibit weak
antitumor activity against P-388 leukemia in mice (Suffness et al., The Alkaloids,
Vol. XXV, Brossi, A. (ed.), Academic Press: New York, pp 178-197 (1985)).

15 Coralyne, an alkaloid analog of prdtoberberine, has more pronounced
antitumor activity relative to berberine, exhibiting significant activity in vivo in
mice against L1210 and P388 leukemias (Zee-Cheng et al., J. Med, Chem.
17:347 (1974); Zee-Cheng et al., J. Med. Chem. 19:882 (1976)). While the
molecular basis for its antitumor activity has not been identified, it has been

20 speculated that the ability to bind to duplex and tripiex DNA may contribute to

| the observed antileukemic activity (Wilson et al., /. Med Chem. 19:1261 (1976);
Lee et al., Biochemistry 32:5591-5597 (1993)). The antitumor activity of
coralyne, coupled with its relatively low toxicity, prompted studies on the
synthesis of a number of derivatives (Zee-Cheng et al., J. Med. Chem. 17:347

25 (1974)), and have suggested that the presence of the methyl substituent at the 8-
position and unsaturation at the 5,6-position of coralyne are strongly associated
with their antitumor activity against L1210 and P388 leukemias in mice
(Messmer et al., J. Pharm. Sci. 61:1858-1859 (1972); Cushman et al., J. Med.
Chem. 28:1031-1036 (1985); Stermitz et al., J. Med. Chem. 18:708-713 (1975);

30 Janin et al., J. Med. Chem. 36:3686-3692 (1993)).
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15 wherein R,, R,, R,, R; and R, are independently selected from H, OH, and (C;-
C,) alkoxy preferably -OCH,; R, is H or (C,-C,)alkyl, preferably -OCH,; R; is H,
(C,-C;) alkyl, preferably -CH;, or is absent; and Rq and R, are -CH=CH-, -(CH,),
or absent.

Altemnatively, R, and R, together are -OCH,0-; R, and R, together are
20 -OCH,0-; R¢ and R, together are -OCH,0-.
In one embodiment, R, and R, together are -OCH,0-. According to a
further embodiment, R, is -CH=CH-, R, is absent and R, is H. In another .
embodiment, R, is -CH=.CH- or -(CH,),, R, or R, is H, and R; and R; are absent.
) In yet a further embodiment, R, and R, are both absent.

25 The compounds of formula () show improved inhibitory activity against
topoisomerase 1, relative to the parent compounds, and are also effective
inhibitors of topoisbm_erase II. The present compounds are also effective
cytotoxic agents against cancer cells, and have cytotoxic aétivity against
camptothecin-resistant human tumor cell lines.

30 Further provided are methods of inhibiting cancer cell growth comprising

~ administering to a mammal afflicted with cancer an amount of the compound of
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t herapeutics, the need exists for antl'laﬁmﬁmlts with inproved
cytotoxicity and which are effective agalnst drug-resistant cancer cells.
Summar y- of t he 8l nvent i DNAstopoisomerases arenuelsatgnzymessasponsible formodifyingtiipounds
of the fornul a:

topological state of DNA. Analogs of coralyne were synthesized and evaluated,
for their activity as topoisomerase 1 and topoisomerase Il poisons. These

analogs were also evaluated for cytotoxicity against the human lymphoblast cell
line, RPMI 8402, and its camptothecin-resistant variant, CPTK-5; the epidermal

10 carcinoma cell line, KB 3-1; and gliobastomas (a CNS tumor), SF-268.

The pharmacological activity of these analogs exhibited a strong
dependence on the substitution pattern and the nature of substituents. Several 1-
benzylisoquinolines and 3-phenylisoquinolines were also synthesized. These
compounds, which incorporate only a portion of the ring structure of coralyne,

15 were evaluated as topoisomerase poisons and for cytotoxicity. These structure-
activity studies indicate that the structural rigidity associated with the coralyne
ring system may be critical for pharmacological activity. The presence of a 3,4-
methylenedioxy substituent on these coralyne analogs was generally associated
with enhanced activity as a topoisomerase poison. 5,6-Dihydro-3,4-

20 methylenedioxy-10,11-dimethoxydibenzo[a,g]quinelizinium chloride was the -
most potent topoisomerase I poison among the coralyne analogs evaluated,
having similar activity to camptothecin. This analog also possessed exceptional
po'tericy as a topoisomerase II poison.

- According to the invention, cancer cells are inhibited by administration to

25 amammal afflicted with camﬁer of an effective amount of the compounds of
Formula (I). As used herein, an "effective amount" is that amount which results
in an inhibition of growth of the target cancer cells. As described herein, a
suitable dose will be in the range of about 0.5 to about 100 mg/kg of body
weight per day. |

30 The compositibns described herein are believed to be effective in the

treatment of solid mammalian tumors or hematologic malignancies. These solid
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cells, and have cytotoxic activity agal nst canpltothecin-resistan uman
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associated with AIDS. The preferred mammalian species for treatment are

10 humans and domesticated animals. B

Methods similar to those reported in the literature were used in the

preparation of the dibenzo[a, g]quigolizinium derivatives (Zee-Cheng et al., J.
Pharm. Sci. 61:969-971 (1972)). The general synthetic approach employed is
outlined in Scheme 1. Reaction of the appropriately substituted

15 dimet}mxyphénethylamine with 3,4-dimethoxyphenylacetyl chloride provided
the phenylacetamides, 5a-c, which were cyclized in the presence of phosphorous
oxychloride to the 3,4-dihydro-1-benzylisoquinoline intermediates, 6a-c. These
dihydroisoquinoline intermediates could be directly converted to the 5,6-
dihydrodibenzo[a,g]quinolizinium derivatives, 7a-c, using acetic anhydride in

20 the presence fuming H,SO,. Altenatively, 6a-c could be converted to 8a-c,
under Vilsmeier-Haack conditions (Le Quang et al., Acad. Sc., ser. C 1340
(1968)). The dihydroisoquinoline intermediates, 6§-c, could also be oxidized to
their 1-benzylisoquinoline derivatives, 9a-¢, using palladium-on-carbon.

- Treatment of 9a-c with acetic anhydride in the presence of H,SO, provided the

25 8-methyldibenzo[a,g]quinolizinium derivatives, 2a-c. Under Vilsmeier-Haack

‘ conditions, 9a-¢ were converted to the dibenzo[a, g]quinolizinium chloride

derivatives, 10a-c.
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SCHEME 2

- The synthetic methods employed for the preparation of the 1-methyl-3-
10 phenylisoquinoline derivatives are outlined in Schemé 2. Friedel-Crafts
acylation of 1,2-dimethoxybenzene and 1,2-(methylenedioxy)benzene with 3,4-
dimethoxyphenyl-acetyl chloride using a slight modification of the literature
procedure provided the ketone interxhediates, 11a and 11b, respectively. These
ketones were converted to 6,7-dimethoxy-1-methyl-3-(3,4- |
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tunors include cancers of the head and neck, |ung, nesotheliong,

medi asti num weeRkwes!S, stomach, pancreas, hepatobiliary sysi@Emusosonhs
i ntestine, colon, rectum anus, kidney, ureter, bladder, prostate, urethra,

penis, testis, gynecological organs, ovari ag, breast, endocrine system
skin and central 5 nervous system sarcoma of the soft tissue and bone;

d I f I
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is outlined in Scheme 1. Reaction of the appropriately substituted 15
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phosphor ous
The relative activity of coralyne and related compounds as inhibitors of

_mammalian topoisomerase is listed in Table 1, in the Examples. As shown in

10 this table, coralyne and several of its analogs had pronounced activity, in some
instances comparable to camptothecin, as mammalian topoisomerase I poisbns.
Previous studies on the influence of structure of a series of coralyne derivatives
against L1210 and P388 leukemias in mice revealed that the presence of 8-alkyl
substitution, planarity, and structural rigidity are critical factors for antitumor

15 activity. In this study analogs were evaluated which had methoxy substituents at
sites which were equivalent to either the 2,3-positions (2a, 7a, 8a, 9a, 10a) or
3,4-positions (2b, 7b, 8b, 9b, 10b) of coralyne. In addition, 3,4-
methylenedioxy-substituted analogs (2¢, 7¢, 8¢, 9¢, 10c) were also synthesized
and their pharmacological activities evaluated. The methylenedioxy group at the

20 3,4-position of these coralyne analogs appears to be a commeon factor associated
with their potency as topoisomerase poisons. The methylenedioxy derivatives,
2¢, 7¢, 8¢, and 10c¢, not only retained topoisomerase I poisoning activity
cérﬁparable to that of coralyne, but also possessed notable activity as

_ - topoisomerase II poisons. As there is no evidence to suggest that the molecular

25 mechanism of topoisomerase I poisoning is related to that reSponsible for
topoisemerase II poisoning, the observation that, for these analogs, enhanced
activity is observed for both of these topoisomerases was unanticipated. These
results are consistent, however, in view of the fact that this modification in
substitution pattern and substituents allows these molecules to more closely

30 resemble the alkoxy substitution pattern on the potent topoisomerase I and 11

poison, nitidine.
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These di hydroi soqui noline internmedi ates could be directly converted to the
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anhydride in 20 the presence fum ng H2SO4. Alternatively, 6a-c could be -
converted to 8a-c, under Vilsneier-Haack cond®tions (Le Quang et al., Acad
Sc., ser. C 1340 (1968)). The di hydroi soqui noline internedi ates, 6a-c,

coul d al so be oxidized tévaRiafinglthdfldtive psefidyl dTalskiie ofbralyab hdsgs a2~ C,
usi ng pal | adi umon-carbon. Treatnment of 9a-c with acetic anhydride in the
presence of H err] StypeispmersseRaisnag) sgygaal differences were also noted in those structural

8- net hyl di benzo[ a, g inali.z1 0 sl .\, - Vi L eJ - Haack
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derivatives, 10a-cC. relationéhifs’vepéteddor the in vivo antitumor activity of varied coralyne
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' 5[ deAvaﬁves. IYFis of particular interest that the best topoisomerase I poison in this

series of compounds (8¢c) lacks an 8-alkyl substituent, which is not consistent.

with the structure-activity studies on antitumor activity in mice. The potent

activity of 8¢ is evident by the total cleavage of DNA observed in the presence of

topoisomerase I which occurred at almost equivalent concentration for 8¢ (0.27
10 | uM, 0.1 ug/mL) and camptothecin (0.29 uM, 0.1 xug/mL).

In addition, 8¢ possesses a kink in an otherwise planar molecule because
of its 5,6-position being saturated. In previous studies on the antitumor activity
of coralyne derivatives in mice, thé presence of unsaturation at this position was
associated with diminished activity. All other similarly substituted molecules

15 2e, 7¢, and 10c¢, which are either planar and/or have an 8-methyl substitueht, are
IO;fold less active compared to 8c, as topoisomerase I poisons. Berberine, which
is a positional isomer of 8¢, is inactive when assayed under identical conditions -
as a topoisomerase I poison. Compounds 2b, 7b, 8b, and 10b did not exhibit
significant activity as topoisomerase I poisons. Thus, relative to a 3,4-

20 methylenedioxy substituent, dimethoxy substitution at 3,4-position of these

coralyne analogs dramatically altered their potency as topoisomerase I poisons.

While 8c did exhibit modest activity as a topoisomerase Il poison, several of

these analogs, including 2c and 10¢, did exhibit potent activity as topoisomerase

II poisons (Table 1). | |

25 All of the 2,3-dimethoxy coralyne derivatives, with the exception of 10a,
are selective topoisomerase I poisons with no significant activity as
topoisomerase Il poisons. In contrast to the results observed with 2a, 7a, and 8a,
compound 10a was inactive as a topoisomerase I poison and did exhibit
significant activity against topoisomerase II. The basis for this exceptional

30 difference in activity associated with the ability of 10a as a topoisomerase poison

and the other 2,3-dimethoxy coralyne derivatives is unclear at this time.
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PCT/ US97/ 01676 8 a5 topoisomerase poisons within this series of compounds. Compounds 9a, 9b,
| and 9¢ may be regarded as ring-opened analogs of coralyne which lack the
carbon at the 8-position as well as the cationic charge associated with the
5 quaternary ammonium group. All three of these analogs exhibited very weak
activity as topoisomerase I or II poisons.

The 1-methyl-3-phenyl isoquinoline derivatives 12a and 12b and their N-
methylated quaternized analogs 14a and 14b may be regarded as ring-opened
analogs lacking C; -C, moiety of coralyne did not exhibit significant

10 topoisomerase poisoning activity. Also, compounds 13 and 15 which are
polyphenolic analogs of compounds 12a/12b and 14a/14b, respectively, were
relatively ineffective as topoisomerase I or II poisons.

~ The cytotoxicity of coralyne and these analogs against the human
lymphoblast cell line, RPMI 8402, is Summarized in Table 1. No clear

15 correlation was observed between cytotoxicity, as determined using MTA assay,
and potency as either a topoisomerase I or Il poison. In contrast to
camptothecin, these derivatives exists as cationic quaternary ammonium
compounds. On the basis of the intrinsic activity of several of these derivatives -
to inhibit topoisomerase I, it is possible that the quaternary ammonium

20 functionality associated with the structure of the structurally-rigid analogs of
coralyne could be a major factor in limiting cellular absorption and attenuating
their cytotoxic activity. i?used planar cationic aromatic ring system of coralyne
and berberine have been shown to intercalate with DNA. Furthermore, coralyne
has been shown to bind to DNA triplexes. The extent to which these processes

25 are related to poisoning of topoisomerases and the role of the cationic moiety in
these molecular interactions has not been fully established.

Several of the analogs synthesiied and evaluated for cytotoxicity in this
study which were inactive as topoisomerase poisons did exhibit significant
cytotoxicity. Specifically, compounds 9¢, 13, 14b, and 15 had appreciable

30 cytotoxicity against RPMI 8402 cells. In these instances, the specific

pharmacological target associated with their cytotoxicity is unknown.



di met hoxyphenyl )i soqui noli ne, 12a, and 6, 7- net hyl enedi oxy- 1-net hyl - 3- (3, 4-
di met hoxyphenyl ) -i soqui noline, 12b, by reaction wth acetonitrile in the
presence of P[@igdiebmer]. C eavage of the nethoxy groups of 1RQTAIEII01676 .
acconpl i shed using 5 borontribrom de in chloroformto provide the -
tetrahydroxy derivative, 13. Conpounds 12a, }gb, and 13 were converted to
their 2-nmethylisoquinolinium.derivatives, 14a, 14b, and 15, respectively,

by treatnment with dinet hﬁ%c?gblrtéﬁ%%u% Sf{hlgéaen b?gurﬁﬁwiafsge\%uﬁ%ﬁlty§e. and

rel ated conpounds as i nhiDbi ol sonerase 1s [isted in
Table 1, in the ExatamprsthechsresistatcelllingCPT-KiSswhieh centainoa mutaneforndfsever al
of its anal ogs had pronounce gl;:t,i vity, in saonge instances conparable to

p

canpt ot heci n, as neioReIsPMFrated, i disprnedae.cyotgyriy,pldhe BPERLE tapolsgmeRsel, ¢ he

influence of struct;gnQin fisShldySa, 2k, 7078 !84Se, 164)] HEE WeRSAAIBREES betwker O
and P388 leukenias in mce revealed that the preséence of 8-al kyl

y
-substitution, pl anatheil§,, valnes ahtainedtfor EPT+K Sodells ascomparednto thoseafor REMIB462 f or
antitunmor 15 activity,.,Iln this udy anal ogs .were eval uat ed i ch, had
met hoxy substit uent $list TQ?SF&@“W‘@?M%W&Q% Wg’lc_tf‘f’t“"%%& ‘%’ﬂ@?a‘i\g%@“’al
2,3-positions (2a, thfyet SRocited withthe cototckidtyUTshesé &itslyfe’derivatives $relatiid to 10b)

of coralyne. In addition, 3,4- nethylenedioxy-substituted anal ogs (2c, 7c,
8c, 9c, 10c) were atheis aeliMityiee Kppisomerase k prisons.plagrevaelrimiardiffersncesyi t i es

evaluated. The met WA&&@H \ofoh 8 BERotd for Iaﬁ'alogs which were inactive as topoisomerase I
10 poison, one cannot ascribe this difference in effect specifically to the mutant
form of topoisomerase I in CPT-K5. It also is evident that any difference in
cytotoxicity between these cell lines for the compounds evaluated is minor
relative to camptothecin.
This study demonstrates that minor structural variatioh among analogs of
15 coralyne can have a profound impact on their activity as either topoisomerase I
or topoisomerase II poisons. Coralyne analogs exhibited enhanced activity as
both a topoisomerase I and II poison in those instances where there was a
methylenedioxy substituent at the 3,4-position. These results are consistent with
the potent activity of nitidine as a topoisomerase II and the spatial relationships
20 of nitidine to these coralyne derivatives. In this study the analogs of coralyne
which have potent activity as topoisomerase I poisons with little activity as
topoisomerase II poisons had methoxy substituents at the 2,3-position. These
data suggest that similarly substituted analogs of nitidine, i.e., 1,2-dimethoxy
- derivatives as opposed to its 2,3-methylenedioxy substituent, could exhibit
25 similar selectivity with regard to its potential to inhibit either mammalian
topoisomerase I or II.
Compound 7¢ was also tested against the glioblastoma cell line SF-268.
The results are presented in Table 2. The analog’s effectiveness and selectivity
against such tumor cells suggests that active transport may be occurring.
30 Administration of analogs of the present invention by intrathecal injection could
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merase poi sons, several differences were also noted in

bases, such as NaOH, "Na(CO,),, NaHCO,, KOH and the like; as well as acids
such as hydrochloric and sulfoacetic acids and the like.

Although the compounds described herein and/or their its salts may be
administered as the pure chemicals, it is preferable to present the active
ingredient as a pharmaceutical composition. The invention thus further provides
the use of a pharmaceutical composition comprising one or more compounds
and/or a pharmaceutically acceptable salt thereof, together with one or more
pharmaceutically acceptable carriers therefor and, optionally, other therapeutic
and/or prophylactic ingredients. The carrier(s) must be "acceptable’ in the sense
of being compatible with the other ingredients of the composition and not
deleterious to the recipient thereof.

Pharmaceutical compositions include those suitable for oral or parenteral
(including intramuscular, subcutaneous and intravenous) administration. The
compositions may, where appropriate, be conveniently presented in discrete unit
dosage forms and may be prepared by any of the methods well known in the art
of pharmacy. Such methods include the step of bringing into association the
active compound with liquid carriers, solid matrices, semi-solid carriers, finely

divided solid carriers or combination thereof, and then, if necessary, shaping the

. product into the desired delivery system.

Pharmaceutical compositions suitable for oral administration may be

presented as discrete unit dosage forms such as hard or soft gelatin capsules,

30

cachets or tablets each containing a predetermined amount of the active
ingredient; as a powder or as granules; as a solution, a suspension or as an
emulsion. The active ingredient may also be presented as a bolus, electuary or
paste. Tablets and capsules for oral administration may contain conventional

excipients such as bindirig agents, fillers, lubricants, disintegrants, or wetting



requi renents which favored activity when conpared to the structure-activity
rel ati onships reported for the in vivo antitunor activity of varied
coralyne 5  dwpiwme0&es. It is of particular interest that tPE/B¥IPI6T6

t opoi sonerase | poison in this series of conpounds (8c) |acks an 8-al kyl -
substituent, which is not consistent with the3structure-activity studies on
antitunor activity in mce. The potent activity of 8c is evident by the

total cleavage of Dien@bTRE vdlbts mayl teccopted acdvedingfo rhéthss liEno®A it thefartg h
occurred at al nost equival ent: concentration for 8c (0.27 10 [err]M 0.1
[err]g/mL) and canpe-+ Wwithieptefipocoatingser r 1M 0.1 [err]g/nL).  In addition, 8c

possesses a kink in an of -\ : : '

5, 6-position being sat urg{sgw‘ﬁ?ﬁmgﬁ‘?{&?swsﬁﬁ#@%@ﬁg°a%"[‘ﬂ"%’3‘ﬁ%?°“§8{i vity
of coral yne deri vat biesuspdhsiohsolutiohs; emuBionseyrups otieliirs, or aidyde prdsentld s a
position was associated with dimnished activity. Al other simlarl
substituted nol edul &Y proguct fog constit “%H‘ﬂl%‘f‘“\%?‘gﬂ syptable.yshugls befors yse. / or

have an 8- nmet hyl supsi:i s ridh - : ki r c, as
t opoi sonerase | poi s‘g}r'lg Bﬁg%%%éilﬁag w’&%@aﬁ“ﬁ’?ﬁ"ﬁ%@?’?&éﬁﬁ%ﬁ g%ee?&gg 8c, is

i nactive when assa_y@énuhdaulsifying\ag'cuw napeaqgucaus yaliclas (vehichopay include edible|
poi son. Conpounds 2b, .7b, 8b, and 10b did not exhibit significant activity
as topoi sonerase | PEBRESHARE: el ative to a 3,4- 20 et hyl enedi oxy

substituent, dinethoxy spRsdoripdluiddinatalsd vt-foRsilittdRr pireitBraPainsiaisthivie
anal ogs dramatically altered their potency as topoi sonerase | poisons.
10 (e.g., by injection, for example, bolus injection or continuous infusion) and may
be presented in unit dose form in ampules, pre-filled syringes, small bolus
infusion containers or in mulﬁ-doqs containers with an added preservative. The
compositions may take such forms as suspensions, solutions, or emulsions in
_ oily or aqueous vehicles, and may contain formulatory agents such as
15  suspending, stabilizing and/or dispersing agents. Alternatively, the active
ingredient may be in powder form, obtained by aseptic isolation of sterile solid
or by lyophilization from solution, for constitution with a suitable vehicle, e.g.,
sterile, pyrogen-free water, before use.
For topical administration to the epidermis, the compounds may be
- 20 formulated as ointments, creams or lotions, or as the active ingredient of a
transdermal patch. Suitable transdermal delivery systems are disclosed, for
. example, in Fisher et al. (U.S. Patent No. 4,788,603) or Bawas et al. (U.S. Patent
No. 4,931,279, 4,668,504 and 4,713,224). Ointments and creafns may, for
example, be formulated with an aqueous or oily bése with the addition of
25 suitable thickening and/or gelling agents. Lotions may be formulated with an
aqueous or oily base and will in general also contain one or more emulsifying
agents, stabilizing agents, dispersing agents, suspending agents, thickening
agents, or coloring agents. The active ingredient can also be delivered via

iontophoresis, e.g., as disclosed in U.S. Patent Nos. 4,140,122, 4383,529, or
30 4,051,842.



While 8c did exhibit nodest activity as a topoi sonerase |l poison, several
of these anal ogs, including 2c and 10c, did exhibit potent activity as

t opoi somer asqyd é7@eSoONs (Table 1). 25 Al'l of the 2peraissmdibmsxy
coralyne derivatives, with the exception of 10a, are selective :

t opoi sonerase | poisons with no significant 4Act Ivity as topoi sonerase |1
poi sons. In contrast to the results observed with 2a, 7a, and 8a, conpound

Botivity against topoi SORBPROR ity o Rirkaladhffiihion i Hegud rtfbas "
difference in act iu)iit%sags$&ﬁis%ﬁ@ﬁas%ieh'géshﬁmﬁﬁ§ihg hdtive ingtéditentin #flavored

t opoi somer ase poi son and the other 2, 3-di nethoxy coral yne derivatives is
unclear at this tibase, usuallygnoggseand aggcia or tragacanth; pastilles comprising the active

PCT/ US97/ 01676 10, - Llaidi Lii cal ' for
retention of acti \’%‘%ﬁigﬁsﬁ{‘ %%)gﬂeg%hn%rsgéshe&%}aggrﬁd g{y %ﬁnﬁ&tsﬁ%rg&?g??g%%f
conpounds. Conppumiiscofdherédbgelsadd Moutmashes compyisinirttle active inpgedigeivesl anal ogs

of coralyne which | ack the carbon at the 8-position as well as the cationic
char ge associ at ed stitable higid carrier.

When desired, the above-described compositions can be adapted to
provide sustained release of the active ingredient employed, e.g., by combination
thereof with certain hydrophilic polymer matrices, e.g., comprising natural gels,

10 synthetic polymer gels or mixtures thereof.

The pharmaceutical compositions according to the invention may also
contain other adjuvants such as flavorings, coloring, antimicrobial agents, or
preservatives.

It will be further appreciated thét the amount of the compound, or an

15 active salt or derivative thereof, required for use in treatment will vary not only
with the particular salt selected but also with the route of administration, the
nature of the condition being treated and the age and condition of the patient and
will be ultimately at the discretion of the attendant physician or clinician.

In general, however, a suitable dose will be in the range of from about 0.5

20  to about 100 mg/ke, e.g., from about 10 to about 75 mg/kg of body weight per
day, suéh as 3 to about 50 mg per kilogram body weight of the recipient per day,
preferably in the range of 6 to 90 mg/kg/day, most preferably in the range of 15
to 60 mg/kg/day.

- The co:ﬁpound is conveniently administered in unit dosage form, for

25 example, containing 5 to 1000 mg, conveniently 10 to 750 mg, most
conveniently, 50 to 500 mg of active ingredient per unit dosage form.

Ideally, the active ingredient should be administered to achieve peak
plasma concentrations of the active compound of from about 0.5 to about 75 pM,
preferably, about 1 to 50 M, most preferably, about 2 to about 30 uM. This

30 may be achieved, for example, by the intravenous injection of a 0.05 to 5%

solution of the active ingredient, optionally in saline, or orally administered as a



5 quaternary amoni um group. Al three of these anal ogs exhibited very
weak activity as topoisonerase | or |l poisons. The 1 -nethyl-3-phenyl

I soqui nol i ne dgpesabioyes 12a and 12b and their N methyl at ed pEEUSS70L67€d
anal ogs 14a and 14b may be regarded as ring-opened anal ogs |acking C[err]-
-Cferr] noiety of coralyne did not exhibit significant 10 topoisonerase
poi soning activity. Also, conpounds 13 and 1El> whi.ch are -pol yphenolic

anal ogs of conpoundg ,12 ¥ r | : |

i neffective as topoﬁ%lgsn%nﬁéng%u}?ﬁbgégsogﬁ?&ﬁéeﬁ%%? %?tb\)%lﬁ @@%@B%gegg yne
and these anal ogs agay Bé nairi4indd byrsontiyusos infilsicti to peividel abowt, 0. (BRI nipkZbr ors
summari zed in Table 1. No_clear 15 correl a%io:a S g&ser ed between
cytotoxicity, as debeingrmittentinfypipngpontaningabout d‘\i\%o‘ﬂ‘ gofthe aghivener g

t opoi sonerase | or I réﬁ?gnﬁgf" In contrast to canptothecin, these
derivatives exists ag catlonic guat er nary anmoni um conpounds. On the basis
of the intrinsicsactivitYhodesseddosaimaptonvenisntiyles presenfed ésa single dbseirtas

t opoi sonerase |, it s possible, that,the gquaternar nmoni 20
functionality assocfl‘é.’idég dgpes dmipistereq 3 APPIORAYYE ‘%‘%%*%?f?'m?@ 5, fwp; threg:

anal ogs of coral y”efda?uiﬁoﬁesua-dms?&_ CTIRY subobd ifSelfiny be Fhrkhsr afviddASQE Pt i On
and attenuating their cytotoxic activify. Fused planar cationic aromatic
ring system of cor ainyme membertsf disereterieosnky\spadsd admunistrationspsucheemgltiple e wi t h

- Furthernore, ¢ Pnrhgfaxgr?s from an insufflator or by application of a plurality of drops into the

10 eye.

The invention has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that
many variations and modifications may be made while remaining within the
spirit and scope of the invention.

15 The following examples are intended to illustrate but not limit the
. invention.
EXAMPLES
Example I - General.
Melting points were determined with a Thomas-Hoover Unimelt
3 20  capillary melting point apparatus. Infrared spectral data (IR) were obtained on a
Perkin-Eimer 1600 Fourier transform spectrophotometer and are reported in
cm. Proton (‘H NMR) and carbon (“C NMR) nuclear magnetic resonance were
recorded on a Varian Gemini-200 Fourier Transform spectrometer at 200 MHz
- and 50 MHz, respectively. NMR spectra were recorded in CDCl; (unless
25 otherwise noted) with chemical shifts reported in & units downfield from
tetramethylsilane (TMS). Coupling constants are reported in hertz. Mass
spectra were obtained from Washington University Resource for Biomedical and
Bio-Organic Mass- Spectrometry. Column chromatography refers to flash
chromatography conducted on SifiTech 32-63 um, (ICN Biomedicals,
30 Eschwegge, Ger.) using the solvent systems indicated. Combustion analyses
were performed by Atlantic Microlabs, Inc., Norcross, GA.



has been shown to bind to DNA triplexes. The extent to which these
processes 25 are related to poi soning of topoi sonerases and the rol e of
the cationi c w@bfdoted N t hese nol ecul ar interactions has not sorrrssfolsrey
est abl i shed. Several of the anal ogs synthesized and eval uated for

cytotoxicity in this study which were i nact* ve as topoi sonerase poisons did
exhi bit significant cytotoxicity. Specifi caq y, conpounds 9c, 13, 14b, and

15 had appreci abl ¢, 30 .c 0X1 Gi t ' .84 cells. 1n these

i nstances, the sp?ﬁ‘ﬂ"ée %%‘gée#ﬁ'éa f 6%?%%?}’ ‘{}zéeg‘gFM%‘g'ﬁ?f@d%eW't hei r
cytotoxicity is urglsp@ywinolizinidha&kidstaieso(2a-c). .

PCT/ US97/ 01676 11 The %yt ot oxié: activity of these_ caonpounds was al so

eval uated in the canpt Slpang (30763 sylfiwrigapid (b mL) Wap addegpor4 gl offigskly cont ai ns a

nmut ant form of topgd . 120 . ' ol . nor e
pot ent topoi soner ggé éﬁlﬁgg‘%@ggﬁ{g @h@ﬁ#]@ﬂ%?ﬁa&%ﬁé’é@%@@gr&%ﬂ @?‘ﬁ %c, 10c),
t here were diff®r anixtse becbmirgwine-rédia cblof.cThiy mixtine axas hbdted #te83-F00C foPT- K5

cells as conpared to those for R 8402 cells, Th dat.a coul d_be vi ewed
as an indi CgPi on t194ming %somépﬁgixpwihé%ﬂu?mhme (9a-c, 8%? mmole}n 1 mL of freshly

distilled acetic anhydride), was then added under nitrogen to the wine red
sulfuric acid solution and the resulting mixture was heated at 85-90 °C for 30-60
min. The reaction mixture was then cooled to room temperature and 5 mL

10 methanol was added dropwise and allowed to stir for 30 min. The mixture was

: then chilled in an ice bath and stirred for an additional 30 min. The solid product
obtained was filtered and washed successively twice with 2 mL distilled water,

“twice with 2 mL methanol and twice with 10 mL ether. The crude product was
then recrystallized from hot methanol to provide 90-95% yield of the desired

15 products as a yellow crystalline material. '

8-Methyl-2,3,10,1]-Tetramethoxydibenzo[a,g]quinolizinium
acetosulfate (2a): prepared from 9a; mp 280 °C; IR 1735; 'H NMR (DMSO-d;)
5 3.28 (s, 3H), 3.94 (s, 3H), 4.03 (s, 3H), 4.09 (s, 6H), 7.42 (s, 1H), 7.53 (s, 1H),
7.80 (d, 1H, J = 8.0), 7.98 (s, 1H), 8.70 (d, 1H, /= 8.0), 9.28 (s, 1H); >C NMR

20 (DMSO-d,)817.5,56.2,56.6, 57.2,104.1, 105.0, 107.3, 108.1, 116.0, 119.9,

' 120.8, 121.9, 123.7, 124.7, 133.5, 134.5, 1454, 151.6, 152.7, 152.9, 156.3; Anal.
caled for C,,H,,NO,S: C, 57.25, H, 5.00, N, 2.78; Found: C, 57.07. H, 5.17, N,
2.72.

8-Methyl-3,4,10,1 1-tetramethoxydibenzo[a,g Jquinolizinium

25  acetosulfate (2b): prepared from 9b; mp 267-269 °C dec (lit."* mp 267-269 °C
dec); IR (Nujol) 2762, 1702, 1642, 1595, 1546; "H NMR (DMSO-4;) 6 3.40 (s,
3H), 3.43 (s, 3H), 4.00 (s, 3H), 4.09 (s, 3H), 4.13 (s, 6H), 7.77 (s, 1H), 7.85 (d,
2H, J=38.1), 8.01 (4, 1H,J=8.1), 8.75 (d, 1H, /= 8.0), 8.88 (d, 1H, J = 8.0),
9.67 (s, 1H); °C NMR'(D'MSO-dG) 6 17.7,56.8, 56.9, 57.3, 61.6, 104.9, 105.5,

30 115.1, 1163, 117.1, 119.5, 121.3, 122.3, 122.9, 126.9, 134.5, 135.5, 147.2,



target associated with the cytotoxicity of these coralyne derivatives is
related to their activity as topoi sonerase | poisons. In view of simlar

di fferences, hewesmaoewhi ch can be noted for anal ogs whi ch wePETUSEM$Te as
t opoi sonerase | 10 poison, one cannot ascribe this difference in.effect -
specifically to the mutant form of topoisonenase | in CPT-K5. It also is
evident that any difference in cytotoxicity between these cell lines for

the compounds eval ugs®g 1i53.7/7 56%; Anal. aalcd For @, 1AV} C)ST.24). H, B0s NS biysy
denonstrates that minor structural variation among anal ogs of 15 coralyne
can have a prof oundFeundaci SHe8; #Hadi35; Med- Vi ty as either topoisonmerase | or

t opoi sonerase || poisons. Corégmihgl_%g%eg en@ézﬂbp}dfﬂ enhanced activity as |
poirsort in 0S

both a topoisonerase | and |1 € rrnstances where there was a

met hyl enedi oxy subsinethRjdibdnzo [ag]quirolphtuin heetosulfdre () pespdtdd Troni Sc;

consistent with the gotgnt act |[5?t]?‘ of _nitidine as_a top,oi soner ase nIlIT and

: Eg sp?t ijal t Lel aPi Fh 0 p%d?@m fﬂ"“ﬁ )%4&741]5;{’0‘@%%365?& yhEME (DM@ véd. I n
i s study e ana r ACH 4V

t opoi somerase | poi gg?\éézwﬂﬁﬁlﬁl @ﬁh g’ a'gﬂk\’/l ?g/iqg?q?’ag{dijggéﬁ@l’ Z’Zé (ﬁ?I&iH&’oz@slons

had net hoxy subst it (lghHsJ t8.0)/%8D(s3tHe 8iSB (G H, THésH, 8184 @, $HgheSt0) Nhéd (s,

s opposed 1o i 15 2TEuh REn B BRI BRHL: S5t Tk o 656G 1 | ar
selectivity with regasshf g b3, RO3.68) HRUS cRlcd RHIC)H, N, DA 1738 Fgahd an

10 348.1237.
Example III -General procedure for the synthesis of the phenylaceramides. (Sa-
). ' _

A solution of 3,4-dimethoxyphenylacetyl chloride (4 mmol) in

chloroform (6 inL) was added dropwise_under nitrogen to a mixture of the

15 appropriately substituted phenethylamine (4 mmol), chloroform (6 mL), and 2 M
sodium carbonate (3 mL)-at 0 °C with vigorous stirring. Stirring was continued
at 0 °C until the reaction was complete (1-3 h). The reaction mixture was
transferred to a separatory funnel using an additional 2 mL chloroform and 2 mL
water. The organic phase was separated and the aqueous phase extracted with 5

20 mL chloroform. The combined chloroform extract was washed successively - -
with 5 mL 0.1 N NaOH, 5 mL 0.1 N HCl and 5 mL saturated NaCl solution.
The chloroform extract was dried (Na,SO,) and evaporated. The crude product
was crystallized from methanol to give 95-100% yields of the pure amide as
white needles. |

25 N-(3,4-dimethoxyphenylethyl)-2-(3, 4—dimethbxyphergzl)acetamide (5a):
prepared from 3,4-dimethoxyphenethylamine and 3,4-dimethoxy§henylacctyl
chloride; mp 125 °C (lit."” 123-125 °C); IR (KBr) 3327, 3064, 3007, 2916, 2840,
1642, 1608, 1591; '"H NMR & 2.67 (t, 2H), 3.40-3.47 (m, 4H), 3.83 (s, 6H), 3.86
(s, 3H), 3.88 (s, 3H), 5.30 (brs, 1H), 6.52-6.86 (m, 6H); ’C NMR & 35.6, 41.2,

30 43.5,56.3,56.4,70.5,111.7, 112.2,115.8, 121.1, 127.5, 127.9, 128.5, 129.1,
131.1, 131.6, 137.3, 148.1, 149.5, 158.5, 171.8.



t opoi sonerase | or I1. Conmpound 7c was al so tested agai nst the glioblastoma
cell line SF-268. The results are presented in Table 2. The anal og's

ef fecti venesgvg §d ectivity against such tunor cells suggastusetiaisracti ve
transport may bé occurring. 30° Administration of analogs of the present

i nvention by intrathecal injection could WO 97/ 29106
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t CONS t th Littl t h uti cal
S ntabl o sal e of "t haH bilmsrehphemirinlo s C 4l as eIk 1 oy
be used as well i %Hregyraﬁs‘atﬂ'd?ﬂ ﬁ‘lcﬁrﬂ&h&lﬁhéﬁﬂxyﬂ’@hﬂ@dﬁndeﬁmﬁﬂ%é@%'z@éb| y

acceptable salts formed using organic or inorganic bases, such as

NaOH, Na(Cd err]) [1849.]32, 6%Ff)Cinsk 3.4-dimkthoxyphenylacety] benda,smnéo PCAELRCI%s such
Gescribed herei n SATHIR Fpr 2 RRrs 198 I tioa MR S288 N AR ERTE S
chemcals, it is pr3fedabh)es.s8(sBBsR64 (4, BH) 3067 (¢ SH), 6.22 (brs, 1H), 6.44-6.79
| (m, 6H); "C NMR & 30.0,41.0, 43.7, 55.9, 56.2, 56.3, 60.9, 111.2, 111.9, 112.9,
122.0, 122.6, 124.4, 127.9, 133.1, 147.5, 148.5, 149.5, 153.1, 171.9.
N-(2,3-methylenedioxyphenylethyl)-2-(3,4-dimethoxyphenyl)acetamide
_ (5¢): prepared from 2,3-methylenedioxyphenethylamine?® and 3,4-
10 dimethoxyphenylacetyl chloride; mp 124 °C ; IR (KBr) 3297, 3084, 2935, 1643,
1458; 'TH NMR & 2.66 {t, 2H), 3.36-3.42 (m, 4H), 3.75 ( s, 3H), 3.79 (s, 3H),
5.73 (s, 2H), 5.81 (brs, 1H), 6.61-6.76 (m, 6H); >C NMR & 29.8, 39.7,43.8,
56.4, 101.0, 107.5, 111.9, 112.9, 120.7, 122.0, 122.1, 1233, 127.7, 146.0, 147.5,
148.7, 149.6, 171.8; Anal. calcd for C,;H,NO;: C, 66.46, H, 6.16, N, 4.08;
15 Found: C, 66.31,H, 6.16,N, 4.07. '
Example IV - General procedurefor the synthesis of dihydroisoquinolines (6a-
c).
The acetamide (Sa-c, 2.47 mmol) was refluxed with phosphorus
~ oxychloride (5.69 mmol) and dry toluene (10 mL), under nitrogen, for 20-60
20 min. The solvent was then carefully evaporated and the residue dissolved in = 5
mL methanol. This solution was poured into = 10-15 mL of cold water. After
| washing twice with 10 mL ether, 10 g of ice was added to the aqueous layer.
.While nitrogen was bubbled through the ice-chilled aqueous layer, the pH was
- adjusted to pH 10 with concentrated ammonium hydroxide. The aqueous layer
25 was then saturated with sodium chloride and then extracted 5 times with 20 mL
ether. -The combined ether extract was dried over anhydrous potassium
carbonate, filtered, and evaporated to give the dihydroisoquinolines, 6a-c. As
these compounds readily oxidize, exposure to air was avoided. The
dihydroisoquinolines were used without further purification for the preparation

30 of 7a-c, 8a-c, and 9a-c.



10 ingredient as a pharmaceutical conposition. The invention thus further
provi des the use of a pharmaceutical conposition conprising one or nore
conpounds and/wo saneear naceuti cal |y acceptable salt thereof, PCHUSNOIETR t h
one or nore pharnmaceutically acceptable carriers therefor and, optionally,
ot her therapeutic and/or prophylactic ingrediygnts. The carrier(s) nust be
"acceptable' in the sense 15 of being conpatible with the other

ingredients of the g it | QbheRd ,Jbggu,g?j,q;,@bjnwﬁs ;,Jo_glgm[yaﬁ,cg_pi ent

t her edof . Pharmaceuti cal™ conpositi dons include those suitable for oral or
parent eral (i ncl udimehyldibersofsglguinoliziniuipagetasidfotes (Fae). i nt r avenous)

adm ni stration. The compQsjtions,. . _Where approprj.ate,.be canveniently
presented in discrete urﬁqchgé&e%goﬂw?}gwaﬁ - ‘SB%mBﬁ)@ﬁée_r‘gffFoﬁ"fdéfh&fbof
the nethods wel | kngynrigRsHifBislidd dobtidHhBydiiey A Sdcdtureididato tHaChied forl the
step of bringing into association the active compound with liquid carriers,

solid matrices, $§eniynthesisof 8-methyldibenze[p,glquinalizipium acetospifates@arc) avas or
nbi nat i h f d if . . i i h
conbi nati on thereo ygg-{)@ﬁq/edtzgﬁx@ ’resbéctloggﬁg?@gségﬂﬁaﬂ@l&gnﬁﬁégﬁtegr&%@ed 'u?{ﬂ%ﬁ ee

desired delivery s I cal conpositions sul

for oral adnini st ragfitRelcorRpdidingrlebennyioquisolitieintemiediatesicmpliyed giethé or s such
as hard or soft gelatin capsules, cachets or tablets each containing a
predet er mi ned anpunirewpus precesyte; e praguets pitained &’?eérﬁ&%b’éﬁ frgm boiling 4y es:

as a solution, as uﬁ%ﬂ&&l ©8'yi8ld 8350094 of bright yellow crystalline product.

10 5,6-Dihydro-8-methyl-2,3,10, 1 1-tetramethoxydibenzo[a,g]quinolizinium
acetosulfate (7a): Prepared from 6a; mp 278-279 °C (lit"” 277-279 °C); IR
(KBr) 3450, 2946, 1725, 1611, 1567; 'H NMR (DMSO0-4,) 5 3.18 (t, 2H), 3.23
(s, 3H), 3.40 (s, 3H), 3.89 (s, 3H), 3.94 (s, 3H), 4.08 (s, 6H), 4.75 (t, 2H), 7.13 (s,
1H), 7.63 (s, 2H), 7.80 (s, 1H), 8.74 (s, 1H); "C NMR (DMSO0-d;) & 17.8, 26.2,

15 49.8, 56.1, 56.3, 56.8, 57.3, 106.2, 106.4, 109;1, 110.9, 117.5, 120.0, 122.2,
128.6, 135.6, 139.0, 148.9, 151.6, 152.2, 155.4, 156.9, 167.5. _

5,6-Dihydro-8-methyl-3, 4, 10,11 -tetrarﬁethoxydibenzo[ a,g]quinolizinium
acetosulfate (7b): prepared from 6b; mp 255-256 °C; IR (KBr) 3432, 2946,
1723, 1609, 1567, 1502, 1429; 'H NMR (DMSO-dy) & 3.20 (t, 2H), 3.22 (s, 3H),

20 3.82 (s, 3H), 3.94 (s, 3H), 4.07 (s, 6H), 4.74 (t, 2H), 7.26 (d, 1H, J = 8.9), 7.67
(s, 1H), 7.78 (s, 1H), 7.87 (d, 1H, J=8.9), 8.67 (s, 1H); "C NMR (DMSO-de) 5
17.7,21.0, 49.4, 56.3, 56.8, 57.3, 60.7, 106.3, 112.7, 117.6, 121.3, 122.3, 122.9, -
1289, 135.5, 138.9, 144.7, 152.3, 154.6, 155.3, 156.9, 167.6; Anal. calcd for

- | C,H,;;NO,S°1.25H,0: C, 54.59, H, 5.63, N, 2.65; Found: C, 54.59, H, 5.60, N,

25 2.67; HRMS calcd for C,H,,NO,: 366.1705; found 366.1706.

5, 6-Dihydro-8-methyl-3,4-methylenedioxy-10,11-
dimethoxydibenzofa,g]quinolizinium acetosulfate (7c). prepared from 6c; mp
>270 °C; IR (KBr) 3434, 2920, 1724, 1617; '"H NMR (DMSO-d;) & 3.16 (t, 2H),
3.23 (s, 3H), 3.40 (s, 3H), 4.08 (s, 6H), 4.76 (t, 2H), 6.23 (s, 2H), 7.17 (d, 1H, J

30 =8.0), 7.67 (s, 1H), 7.70 (4, 1H, J=8.0), 7.81 (s, 1H), 8.69 (s, 1H) ; *C NMR
(DMSO0-d,) 17.9,20.8,49.2, 56.8, 57.3, 102.7, 106.3, 106.5, 108.5, 116.2, 118.1,



emul sion. The active ingredient may al so be presented as a bolus, electuary
or 30 paste. Tablets and capsules for oral adm nistration may contain
conventi onal \ﬁ’f?‘hﬁi&nt s such as binding agents, fillers, | ulpgramseteis7s

di sintegrants, or wetting WD 97/ 29106 :
PCT/ US97/ 01676 13 agents. The tablets may bg coated according to nethods
well known in the. art e.g., with enteric %'atings O al quuid

reparations na b e
I[s)us:gen& on, sol ﬁtl l%ﬂé@%%)}?%h’sﬁgr@ﬂf%lggﬂ ggq’rjsgﬂ ﬁ’e %r 2sent ed as
a 5 dry product f/Q{al Q:QIEE%EGI,SH,?‘JOXS Htothsemscm )N, 2376} FaRldeCyIML kR
before use. Such liquid preparations contai n conventional additives

such as suspendi ng.%gy¥a254; BRM Sealad fﬁgcaﬁeﬂps 358dA9%idonnsl 3503Bd.cl es (whi ch
TRy 0l e, €61 1 & b il viZlc kB ltghiy By uagaRpIs TRy ol so be
exanpl e, bol us 5 N @Rk SUbédzo zhﬁmmﬁum Bhlugii@T3a-ad May be presented in
unit dose formin afpu lP?lisphgiui oxychlonde (¥ E$|2 ?n?neosl) w:sna%ldled dr%lpwxse to chilled (0
°C) dimethylformamide under nitrogen. The mixture was stirred for 15 min at 0
°C. A solution of the respective dihydroisoquinolines (2.7 mmol) in 5.5 mL
dimethylformamide was then added and allowed to stir at 0 °C for 1-2 h. The
10 reaction mixture was then heated at 100 °C for 1-2 h. The reaction mixture was
cooled to room temperature and poured into a mixture containing 20 g of ice and
10 mL 6 N HCl. The resulting precipitate was filtered and washed successively
twice with 5 mL cold water and twice with 10 mL ether. The final product in
each instance was recrystallized from methanol.
15 5,6-Dihydro-2,3,10, 1 1-tetramethoxydibenzo[a,g]quinolizinium chloride
(8a): prepared from 6a; mp 261-262 °C; IR (Nujol) 1664, 1660, 1564; 'H NMR
(CD,0D) 6 3.35 (t, 3H), 3.91 (s, 3H), 4.02 (s,3H), 4.10 (s, 3H), 4.17 (s, 3H),
5.04 (t, 2H), 7.10 (s, 1H), 7.78 (s, 1H), 8.60 (s, 1H}), 9.64 (s, 1H), 10.12 (s, 1H);
3C NMR (CD,0D) & 28.1, 56.4, 56.7, 56.9, 57.3, 57.8, 104.4, 106.6, 107.5,
20 108.1,108.2, 109.0,110.2, 1124, 112.5, 112.8, 115.4, 117.7, 119.6, 1304,
146.5; Anal. calcd for C,,H,,NO,CI-0.75H,0: C, 62.84, H, 5.90, N, 3.49; Found:
C, 62.79, H, 5.84, N, 3.46; HRMS calcd for C,,H,,NO,: 352.1549; found
352.1549.
- 5,6-Dihydro-3,4,10,11-tetramethoxydibenzo(a,g]quinolizinium chloride
25 (8b): prepared from 6b; mp 252 °C; IR (Nujol) 3383, 1632, 1600, 1571; 'H
NMR (DMSO-d;) & 3.27 (t, 2H), 3.81 (s, 3.H), 3.95 (s, 3H), 4.01 (s, 3H), 4.08 (s,
3H), 4.80 (t, 2H), 7.29 (d, 1H, J= 8.9), 7.68 (s, 1H), 7.73 (s, 1H), 7.96 (d, 1H, J
= 8.9), 8.82 (s, 1H), 9.60 (s, 1H); "C NMR (DMSO-d;) 6 20.9, 54.4, 56.3, 56.6,
'56.9, 60.6, 105.7, 106.7, 112.7, 118.4, 120.4, 122.4, 122.6, 129.1, 136.8, 138.5,
30 145.2, 145.7, 152.5, 154.9, 157.6; Anal. caled for C,H,NO,Cl1.5H,0: C,



I nfusion containers or in nulti-does containers with an added preservative.
The conpositions may take such forns as suspensions, solutions, or

emul si ons i n owoywesvaqueous vehicles, and may contain fornul%ﬁW%"”&{f@ﬁts
such as .15 suspending, stabilizing and/ or di spersing agents.

Alternatively, the active ingredient may be pn powder form obtained by
aseptic isolation of sterile solid or by Iyophilization from'solution, for

constitution with 960519 tpbl7, NN IFBunc (Y 60. 7§t;erslileN Py8.q0Rsi GRS (At er,
before use. For topical admhistration to the epiderms, the conpounds nay

be 20 fornul ated a@onisNOnreﬁﬁé236:Ife'md§3érl2443tlons or as the active
I ngredi ent of a transder table t dermal del i very systens
are disclosed, for exa D'ﬁ'#‘ff?gﬂ%ey éﬁ"ed'f’xy'{%PS Pat ent No. 4,788,603) or
- Bawas et al. (U S. ﬂﬁbﬂﬂiy&&nzofa,@ﬁﬁm%ﬁ&nﬂmﬁﬁ%rm48@11ﬁreﬁar@&?rom mpG28b NENt S
and creanms may, for or nmul at an_aqgueous or_ oi I_g( base
S,

with the additioh ofC 23&!19&28?8%16@2“ @ﬂ%ﬂ%@%@%jéﬁ@"ﬁbw 3 i ons
my e Torml 0 W st e m S A TBITEY A

contain one or nore e rSI nts |ng agen

agents, suspendi ng (SgkH), 3. 751(d1ilel§e!ﬁ=|m 86@G! HH), 8134¢QI1H9,| ‘?th&gE(EB,Om
i scl osed i n U S, Paeab a0 57 n b dabs 6 g 3088, 0735600, Tz, 1B,
124.6, 139.2, 146.5, 146.6, 152.0, 155.0, 160.3 Anal. calcd for
10 C,H,NO,CI-2H,0: C, 58.89, H, 5.43, N, 3.43; Found: C, 58.74, H, 5.39, N,
3.45; HRMS calcd for C,(H,{NO,: 336.1236; found 336.1244.
Example VII - General procedure for the synthesis of 1-benzylisoquinolines
(9a-c).
The appropriate dihydroisoquinoline (3.4 mmol) was refluxed at 220-230

15 °C with 0.3 g of 10% palladium on carbon in 5 mL tetralin (purged with

nitrogen for 20 min prior to use) for 3-4 h. The reaction mixture was then
allowed to cool to 180 °C and filtered under nitrogen using a Schlenk-type
filtration unit (Aldrich Chemical Co.). After cooling to room temperature, the
filtrate was chilled to 0 °C and hydrogen chloride (1.0 M in anhydrous ether)

20 was added to adjust the pH of the mixture to pH 1.0. The hydrochloride salt of
the 1-benzylisoquinoline precipitated. This precipitate was filtered, washed three
times with 10 mL of anhydrous ether, and dried to give the respective 1-
benzylisoquinoline hydrochloride salts in 90-100% yields. The dried
hydrochloride salts were then dissolved in a minimum quantity of methanol (2-5
25 mL)to which was added 10 g of ice. Concentrated ammonium hydroxide was

added to the ice-cooled aqueous solution to adjust the pH to 10. The aqueous
layer was saturated with sodium chloride and then extracted with three 10 mL
portions of chloroform. The combined chloroform extract was dried (Na,SO,)
and evaporated to give 9a-c. |

30 5,6-Dimethoxy-1-(3,4-dimethoxybenzyl)isoquinoline hydrochloride (9b):
prepared from 6b; mp 206-208 °C (lit." 206-208 °C); IR (Nujol) 2676, 1630,



WD 97/ 29106 | ~ PCT/ US97/ 01676
14 Conpositions suitable for topical adntnistration in the nouth include

unit dosage forne such as | ozenges conprising active ingredipgh
fl avored bas&© ﬁ@ﬁggly sucrose and acacia or tragacanth; pagtllfhmném
conprising the active ingredient in an inert base such as gelatin and
glycerin or sucrose and acacia; 5 nucoadh@?ent gels and nnuthmashes
conprising the active ingredient in a suitable carrier,

et "The Sbas 462ed SHE L NNB (HLID) 8176 Caibiba Sl B A.0b (o BEHS (5

sustal ned, 1ol easeygl 40As2AH KRS (CHEIAT, BIP) A S Oy, g AOABLAZC] on
gel s, 10 synthet 5@),BAy@ETHIRE* $); C NMR (QDOD) Iﬁéﬂoss 9'I3’7e1 pba;ﬁms,eut i cal

conpositions accordlng to the inventio |so.contain ofher Juvants
such as flavoringd13-%ot14r% h 592a1|?'918m‘%2r€85§¥' éﬂéﬂfigxﬂc}sl r&? \}é?gves
wi Il be furthers agpggcis3iscqsg Sagobhe anount of the conpound, or an

5.6-Methylenedioxy-1-(3,4-dimethoxybenzyl)isoquinoline (9¢c): prepared
from 6¢c; mp 111 ‘;C ; IR (KBr) 3429, 3064, 3003, 2930; '"H NMR (CD,0D) &
2.93 (s, 3H), 4.03 (s, 3H), 4.04 (s, 3H), 6.01 (s, 2H), 6.91 (d, 1H, J=8.8) 7.07 (s,
1H), 7.25 (s,1H), 7.60 (m, 2H), 7.68 (s, 1H); *C NMR & (CD,0D) 23.2, 56.5,

10 769, 77.4,78.2, 101.6, 104.4, 106.0, 107.8, 109.9, 114.1, 121.0, 122.5, 134.0,
135.2, 148.1, 149.2, 150.1, 153.1, 156.2; Anal. calcd for C,¢H,,0,: C, 70.58, H,
5.30, N, 4.33; Found: C, 70.85. H, 5.51, N, 4.31.

Example VIII - General procedure for the synthesis of
dibenzo[a,gJquinolizinium chiorides (10a-c).

1 5 The procedure employed was similar to that used in the synthesis of 5,6~
dihydrodibenzo[a,g]quinolizinium chlorides, 8a-c. The 1-benzylisoquinoline
intermediates were substituted for corresponding dihydroisoquincline
intermediates in the previous procedure. The products obtained were crystallized
fmﬁ a 1:1 mixture of glacial acetic acid and 6 N HCl to give yields ranging from

20 92-98% of 10a-c as yellow crystalliné products. |

2,3,10,11-Tetramethoxydibenzo[a,g]quinolizinium chloride (10a):
prepared from 9a; mp, IR, '"H NMR, »C NMR were as previously reported."?
3,4, 10,1 1-Tetramethoxydibenzo[a,g]quinolizinium chloride (108):
- prepared from 9b; mp 223-225 °C dec; IR (KBr) 3394, 2947, 2843, 1626, 1598,

25 1561, 1503, 1433; '"H NMR (using a coaxial tube with 9b dissolved in
trifluoroacetic acid in the outer tube and deuterium oxide in the inner tube) 6
4.51 (s, 3H), 4.55 (s, 6H), 4.61 (s, 3H), 7.94 (s, 1H), 7.96 (s, 1H), 8.06 (d, 1H,J
=9.2), 846 (d, 1H,J=7.3),8.78 (d, 1H,J =7.3), 9.01 (4, 1H,J =9.2),9.56 (s,
1H), 9.83 (s, 1H); >C NMR (using a coaxial tube with the 9b dissolved in

30 trifluoroacetic acid in the outer tube and deuterium oxide in the inner tube) &
58.4, 58.8, 59.1, 64.7, 107.0, 107.2, 118.9, 119.2, 119.7, 121.6, 125.0, 126.8,



15 active salt or derivative thereof, required for use in treatnment wll
vary not only with the particular salt selected but also with the route of
adm ni strat i ongoltyeiseat ure of the condition being treated and®QIREIHBEnd
condition of the patient and will be ultimately at the discretion of the-
attendant physician or clinician. In generalyz however, a suitable dose wll
be in the range of fromabout 0.5 20 to about 100 ng/kg, e.g., from about

10 to about 75 my/ kg7 9f130q0Y39i 1885, PRY0,daY.1, 56%)15%9,3 61 2; ARAWaldaForD per
ki | ogram body wei ght of the recipient per preferably in the range of 6

ay, y
to 90 ny/ kg/ day, mEsHN@CERABH;O0t 6, 6 s, HhA§s, Ni3.435 Founds €, AQ.6%.gA.Ped7, NThe
conpound is convenignt L ni st ared, . it sosa for 25 exanpl e,
containing 5 to 10@(‘9%%%%@%%‘%9& @'lgg%qﬁ‘ﬂg%r%g?g%onveni ently, 50
to 500 ng of active ingsadyemplemiox) 101 1 nalsydibénzo[d £fganblzinimehibeide v e
I ngredi ent should be adm nistered to achi eve peaé(&l_é%ﬁﬁﬂsconcentratlons of
F

the active conpdundl@s): preparedfsomdcomp >2#0 b des; IR Oph.2P28.d62%, about
el aehlehon T M MOSsahnahEIANNR @R cdlaP B0 Uih tiob il bigsbied i 0 Y

be achieved, for e I"e, ’by avenous 1 njec to 5%
sol ution of the actfifivrédegticaticintthe @pér totkednd deiterivn bkide in the immertuby) 5

admnistered as a 4.55 (s, 3H), 4.60 (s, 3H), 6.67 (s, 2H), 7.81 (d, 1H, J=8.5), 7.92 (s, 2H), 8.18
(4, 1H, J="17.7), 8.68 (1, 2H), 9.47 (s, 1H), 9.77 (s, 1H); *C NMR (using a
10 coaxial tube with the compound dissolved in trifluoroacetic acid in the outer tube
and deuterium oxide in the inner tube) 5 58.8, 59.1, 106.7, 107.0, 107.1, 115.2,
115.7, 118.4, 119.8, 121.7, 121.8, 126.6, 131.1, 139.5, 139.9, 140.3, 147.1,
153.6, 156.4, 161.1; Anal. caled for C,0H;;NO,CI-1.75H,0: C, 59.86, H, 4.90, N,
3.49; Found: C, 59.72, H, 4.93; N, 3.48; HRMS calcd for C,0H(NO,: 334.1079;
15 found 334.1075.

Example IX - 3,4, 3" 4 -Tetramethoxydesoxybenzoin (11a).

Powdered anhydrous aluminum chioride (0.78 g) was slowly added to a
stitred mixture of 1,2-dimethoxybenzene (0.64 g, 4.66 mmol) and 3,4-
dimethoxyphenylacetyi chloride (1.0 g, 4.66 mmol) in 10 mL freshly distilled
20 dry dichloromethane. An exothermic reaction occurred. The orange solution
became brown as thelmixture refluxed. The reaction mixture was heated to
reflux for an additional 2 h and then allowed to cool to room temperature. The
cooled solution was poured into a mixture containing of 5 g crushed ice and 5.5
-mL 7.5 N HCl. The organic phase was separated ahd the aqueous phase was
25 extracted three times with 10 mL dichloromethane. The combined
dichloromethane extract was dried (Na,SO,), filtered, and evaporated to give a
white solid, which was crystallized from ethanol to give pure white needles of
11a in 98% yield; mp 105-107 °C (lit.* mp 104-106 °C); 'HNMR & 3.85 (s,
6H), 3.91 (s, 3H), 3.94 (s, 3H), 4.18 (5, 2H), 6.8 (m, 2H), 6.91 (m, 2H), 7.56 (d,
30 1H,J=2.0), 7.66 (dd, 1H, J =8.4,2.0); ®’C NMR & 45.2, 56.3, 56.4, 56.5,
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15 bol us contai ning about 1-100 ng of the active ingredient. Desirable

bl ood | evel s @@y agesmai Nt ai ned by continuous infusion to precrsyatens 0.0
1-5.0 ng/kg/ hr or by intermttent infusions containing about 0.4-15 ng/kg

of the active ingredient(s). 5 The gsi red dose may conveniently be
presented in a single dose or as divided déses adm ni stered at appropriate-

ubs dose | tsel { P ha i 11508 Bl 12k o R R B R i o

| oosel y spaced adgg3ig Sigrati ons; such as nultiple inhalations froman
insufflator or by application of a pl }Jr,al ity of drops into the 10 eye.
The i nventi on hasEssmpled®s .+ Dimgthery-3' 4-aretpienedionydesoriberagin dbki i ¢ and

ot T s ot Tent s B85 U S4fon R ek RIS, RGR0, L
spirit and scoge @% nfih®eshNdstille@try diChloromethandWwes ddded dropwite fxashtels are
intended to illustrate but not limt the ipventjon., .
mixture of 1,3-benzodioxole (1.83 g, 15 mmol) and tin(I'V) chloride (4.6 g, 17.6
mmol) in 15 mL dichloromethane at -10 °C. The mixture was then allowed to
rise to room temperature and was stirred for an additional 2 h. The reaction
mixture was then poured into 25 mL 6 N HCl and stirred for 16 h. The organic
10 phase was then separated and the aqueous phase was extracted three times with
20 mL aliquots of dichloromethane. The combined dichloromethane extract was
washed successively with 20 mL of 0.1 N NaOH and 20 mL distilled water. The
dichloromethane extract was then dried (Na,S0,), filtered, and evaporated to
give a cream colored solid. The crude product was crystallized from ethanol to
15 give 3.0 g of white needles of 11b in 66% yield; mp 110-111 °C; IR (Nujol)
2725, 1675, 1589, 1519; '"H NMR & 3.80 (s, 3H), 3.81 (s, 3H), 4.09 (s, 2H), 5.96
(s, 2H), 6.76 (m, 4H), 7.42 (d, 1H, J = 1.5), 7.58 (dd, 1H, J = 6.4, 1.5); “"CNMR
5453, 56.3,102.3, 108.3,108.7, 111.8, 112.7, 112.9, 121.9, 1254, 127.7,
131.8, 148.4, 148.6, 149.4, 152.2, 196.4; Anal. calcd for C,,H,(Os: C, 67.99, H,
20 5.37;Found: C, 67.98. H, 5.32. S “
Example XI - General procedure for the synthesis of 1 -methyl-3-
phenylisoquinolines (12a, 125). ' '
Anhydrous phosphorus pentoxide (4 mmol) was added in three portions
- to a 10 mL of a solution (100 mM) of the respective desoxybenzoins in
25 acetonitrile. The reaction mixture was stirred under nitrogen for 18-20 h. The
reaction mixture was quenched by addition of 10 mL water. The resulting
suspension was neutralized with 10% NaOH and extracted with three 10 mL
portions of dichloromethane. The combined organic phase was dried (Na,S0,),
filtered, and evaporated to give a cream colored residue. This residue was '

30 chromatographed on silica gel using a 95:5 mixture of dichloromethane and



EXAMPLES Exanple | - CGeneral. Melting points were determined with a

Thomas- Hoover Uninelt 20 capillary nelting point apparatus. |
spectral data WPPY2%R% e obt ai ned on a Perkin-El ner 1600 FouriP&%‘Esszlﬁlgzﬁorm

spectrophot oneter and are reported in cnferr]. Proton ([err]H NVR) and
carbon ([err]C NVMR) nucl ear magneti c resonare were recorded on a Vari an
Gem ni - 200 Fourier Transform spectronmeter at 200-MHz and 50 MHz,

respectively. NVR shgldcete spectivlprad ehientrio gVEtHeavoitksponding 3 smethyl-31t her wi se
noted) with chem cal shifts reported.in [er_;s] nits downfield from
tetramet hyl sil ane Phevghsoqumglines,lfazpAdebn in/58%% ¥igkhrted in hertz. Mass:

spectra were obtained fB,(?[Ei%%b‘]ﬂ-rnfc}:ghlypm(itha%étllm%ﬁeﬂgl'%&@qufhﬂflingi(%di cal

and Bi o-Organi c Mass Spectronetry. um chromat ogr aphy refers to flash
chr omat ogr aphy congrepsred from Hiat mpd 68-162 °€ Llif*t 4 6§-470 {C)CER Bl @72311621,30

Eschueade,  Cor ) VSH0IE RMERAS/E HI0: V1L 0 e BB a3 SE"
PCT/ US97/ 01676 8.4), 7.08 (s, 1H), 7.25 (s, 1H), 7.60 (dd, 1H, J = 8.4, 2.0), 7.71 (s, 2H); *C
NMR & 23.2, 56.4, 104.3,105.9, 110.4, 111.7, 113.9, 119.5, 122.4, 133.6, 133.9,
149.2, 149.6, 149.7, 150.0, 153.1, 156.2.
6 7-Dimethoxy—1—methyl—3—(3,4-.methylenedioxyphenyl)isoquinoline

10 (12b): prepared from 11b; mp 174 °C; IR (Nujol) 2727, 1622, 1573, 1504; 'H
NMR & 2.93 (s, 3H), 4.03 (s, 3H), 4.04 (s, 3H), 6.00 (s, 2H), 6.91 (1H, d, J =
8.8), 7.07 (s, 1H), 7.25 (s, 1H), 7.60 (m, 2H), 7.67 (s, 1H); *C NMR & 23.2,
56.5, 101.6, 104.4, 106.0, 107.8, 10.-8.9, 114.1, 121.0, 122.5, 133.9, 135.2, 148.1,
148.6, 149.2, 150.1, 153.1, 156.2; Anal. caled for C;,H;;NO,: C, 70.58, H, 5.30,

15 N, 4.33; Found: C, 70.55. H, 5.28, N, 4.30.

Example XI1 - 6, 7-Dihydroxy-1-methyl-3-(3,4-dihydroxyphenyl)isoquinoline
(13).

Compound 12a (250 mg, 0.74 mmol) was dissolved in 5 mL dry
chloroform and chilled to -50 5C using a mixture of dry ice and acetone. To this

20 mixture was added dropwise 7.4 mL of a 1.0 M solution of boron tribromide in
dichloromethane. The reaction mixture was allowed to come to room
temperature over a period of 4 h. The precipitate was filtered and washed twice
with 2 mL portions of ether. This crude product was recrystallized from ethanol

_ to give 13 in 98% yicld as white needles; mp >280 °C dec; IR (Nujol) 3326,

25 1602, 1531; 'THNMR (CD,OD) 8 3.08 (s, 3H), 698 (d, 1H, J=8.1), 7.19 (dd,
1H, J=-8.1, 1.9), 7.24 (s; 1H), 7.37 (s, 1H), 7.61 (s, 1H), 7.94 (s, 1H); *C NMR
(CD,0D) 3 17.8, 109.6, 110.6, 116.1, 117.3, 119.6, 121.2, 122.8; 125.6, 1384,
142.5, 147.7, 149.5, 152.0, 154.3, 158.3; HRMS calcd for C,¢H,;NO,: 283.0844;
found 283.0839.

30



16 Exanple Il - General procedurefor the synthesis of 8-nethyldi benzo-
[ &, gl quinolizinium acetosul fates (2a-c). Fumng (20% sulfuric acid (1 nlL)

was added to‘ﬁoﬁﬂgm“ freshly distilled acetic anhydri de reswkirhmggroierea

vi gorous exothermc reaction and the 5 mxture becom ng wine-red in color.
This m xture was heated at 85-90 [err]C for2 10 mn. A solution of

1- benzylisoquinoline (9a-c, 2.35 nmmol in 1 ﬁL of freshly distilled acetic

anhydride), was then a upder nitrogen to the wne.ced sulfuric acid

sol ution and the é%'ﬂ?ﬁ"%ﬁﬂlﬁgﬁ'feﬁ?@' V\ﬁggrﬁgﬁ'flgﬁsy eé'é-"gbz[‘{éj’??’?)&# or 30-60
mn. The reactionpﬁgnyygb@_ginmﬁuﬁ,h@ﬁv@g@}gda,tnb,_rm)_m t enperature and_ 5 n 10
net hanol was added dropw se and allowed to stir for 30 mn. The m xture was

then chilled in an ice df therraspsetiverlamethpl-3-phenylispqningling degigatines (0.6he sol i d

product obtai ned s.fLlt LV J WG | 2
distilled water, o0 s ST L SRR M0 Tl Rk sbi it sbell o™ 1,
crude product Washéabsiato0 rg Forcdo-60zmih dnd dienfatibwediolvaolb rodin Pnspeétatiire 90- 95%
yield of the desired 15 products_as %el Iq?‘w crystal|line material .

8- Met hyl - 2, 3, 10, 1Anhysdreussthen (Bl Wanaddied 1Qyihg Goeled seaqtion miieeanddis f ate (2a):
o310 1120 B BRI RSN 17
IH), recrystallized from methanol to give 95-100% of the corresponding N-
methylisoquinolinium salts.
10  6,7-Dimethoxy-1,2-dimethyl-3-(3,4-dimethoxyphenyl)isoquinolinium
methosulfate (I14a): prepared from 12a; mp 224-226 °C; IR (Nujol) 3508, 1640,
1613, 1548, 1506; 'H NMR (CD;0D) & 3.21 (s, 3H), 3.67 (s, 3H), 3.94 (s, 3H),
3.98 (s, 3H), 4.11 (s, 3H), 4.12 (s, 1H), 7.20 (d, 1H, J = 8.6), 7.48 (m, 2H), 7.62
(s, 1H), 7.66 (s, 1H), 8.24 (s, 1H); *C NMR (CD,0OD) & 18.0; 56.9, 57.1, 57.3,
15 57.6,106.0,107.5,112.8, 113.5, 120.7, 122.7, 123.2, 126.4, 139.1, 151.5, 1704,
170.9, 171.3; Anal. calcd for C,,H,,NO,S-1.5H,0: C, 53.65, H, 5.83, N, 2.84;
Found: C, 53.35. H, 5.52, N, 2.91.
6, 7-Dimethoxy-1, 2-dimethy!-3-(3,4-methylenedioxyphenyl)isoquinolinium
methosulfate (145b): prepared from 12b; mp 235-237 °C; IR (Nujol) 3479, 1612,
20 -1568; 'HNMR (DMSO-4;) & 3.22 (s, 3H), 3.38 (s, 3H), 4.06 (s, 6H), 6.20 (s,
2H), 7.14 (m, 2H), 7.23 (m, 1H), 7.70 (s, 1H), 7.86 (s, 1H), 8.09 (s, 1H); *C
NMR (DMSO-d6) 5 18.2,43.5, 56.8, 56.9, 102.2, 106.2, 106.3, 109.1, 110.0,
122.9, 123.2, 124.1, 127.7, 134.7, 144.9, 147.9, 149.0, 152.5, ]56.9; 157.1;
- Anal. caled for C;H,,NQ,S: C, 53.11, H, 5.15, N, 3.11; Found: C, 53.03. H,
25 5.19,N,2.95. _
-6, 7-Dihydroxy-1,2-dimethyl-3-(3,4-dihydroxyphenyl)isoquinolinium
methosulfate (15): prepared from 13; mp 118-120 °C; IR (KBr) 3249, 1614,
1528, 1454; '"H NMR (CD,0D) & 3.08 (s, 3H), 3.68 (s, 3H), 6.98 (d, 1H,J=
8.2), 7.21 (m, 2H), 7.37 (s, 1H), 7.61 (s, 1H), 7.94 (s, 1H); ’C NMR (CD,OD)
30 17.8,109.6,110.6,116.1,117.3,119.6, 121.2, 122.8, 125.6, 138.4, 142.6, 147.7,



7.80 (d, 1H, J=8.0), 7.98 (s, 1H, 8.70 (d, 1H J=8.0), 9.28 (s, 1H);
[err]C NVMR 20 (DVsO-d[err]) [err] 17.5, 56.2, 56.6, 57.2,104.1, 105.0,

107. 3, 108.1, #Hi®sfhe10619.9, 120.8, 121.9, 123.7, 124.7, 133.5pcitdéy701676
145. 4, 151.6, 152.7, 152.9, 156.3; Anal. caI cd for CerrJHerr]NJerr]S: C,
57.25, H 5.00, N, 2.78; Found: C, 57.07. 7'25 N, 2.72. 8- Mathyl 3,4

10, 11-tetranethoxydi benzo[.a, g] qui noli zi ni un% 5 acet osul fate (2b):

TR S 17 A Mol M S ST 0T

3H), 3.43 (s, 3H), ¥DFoenad: GR.79H 0065 B, 338), 4.13 (s, 6H), 7.77 (s, 1 ,
7.85 (d,2H J=8.1) 8.0L(d IH J=8 1), 875 (d, IH J—80)888(d,_
1H, J= 8.0), 9.67 (Example XINsMaterialsr DVEO d[err]) [err]

17.7,56.8,56.9,57. 3, 61. 119. 5

121.3, 122.3, 122.9, 12 h§3p9°%§‘gd %Epﬁ§§“%ﬁ’gf}1%é§g"a"‘lé€@%8§%%‘éfé?’ ehzyone
PCT/ US97/ 01676 1¥ ]diﬁreﬁsnoﬂﬁrﬁtehurchﬁ@d%onﬁiﬂagem PTG vasrpurchased from Sigma.

d er2r ]7? [err]NCLerr ]ﬁx E%L system used for theoalestem b%ottmg anagrslscclwf bgzten5al71y(s)a%es wHas > 3%

from Amersham (UK). All the restriction enzymes and Vent polymerase were
from New England Biolabs. Mammalian topoisomerase 11 was isolated from calf
thymus glands according to the published procedure (Halligan et al., J. Biol.

10 Chem. 260:2475-24_82 (1985)). The single copy yeast plasmids YCpGAL1
expressing various topoisomerase I genes in JN2-134 yeast strain were a kind
gift of Dr. M-A. Bjornsti (Thomas Jefferson University, Philadelphia, PA). All
bacterial and yeast media were from Difco (Detroit, MI), while cell culture
media were purchased from Gibco-BRL (Gaithersburg, MD).

15 Example XV - Topoisomerase I expression in E. coli.

To obtain large quantity of human topoisomerase I, the human
topoisomerase I cDNA was cloned into the pET-11a vector, i.n which
transcription of the cDNA is under the control of the inducible T7 promoter
(Studier et al., Methods in Enzymol., Vol. 185:60-89, San Diego: Academic

20 Press (1990)). Briefly, a 3.4 kb DNA fragment containing the entire coding
sequence of human topoiSomerase 1 and approximately 1 kb of untranslated
region downstream of the stop codon was isolated from the plasmid
YCpGALI1-hTOP1 (Bjornsti et al., Cancer Res. 49:6318-6323 ( 1989)) by cutting

- at the BamHI and EcoRlI sites. The vector pET-11a was cut with the same

25 restriction enzymes, dephosphorylétcd and ligated to the insert in the proper

- reading-frame downstream of the vector cloning site. The ligation mixture was
used to transform E. coli, the correct clone pET1B was isolated (see figure 2A
for the map) and its identity confinned by restriction mapping. Since the
translational start in pET is positioned at an upstream Ndel site, the expressed

30 topoisomerase I has a 15 amino acid fusion at its N-terminus. pET1B was then

- transformed into E. coli BL21(DE3), and, upon induction with 0.4 mM IPTG for



8- Met hyl -3, 4-nmet hyl enedi oxy- 10, 11- di nmet hoxydi benzo[ a, g] qui nol i zi ni um
acetosulfate (2c): prepared from9c; np 5 >270 Cdec; IR (Nujol) 3417,

1727, 1648, 1613 ;?g,]lﬁ[err]H NVR (DMSO-d[err]) 3.41 (s, 3H), ¥orhisetmie7éH) ,
6.46 (s, 2H) "I, 1H 1 =87), 7.76 (s, 1H, 7.81 (d. 1H J = 8.0).
7.89 (s, 1H, 8.58 (d, IH .J=28.7), 8.84 (2& | H, J— 8. 0), 9.64 (s, 1H;
Anal . calcd for (err]JHerr]NJerr]S: 2. 25 0: C 52.32, H 4.44, N, 2.65;

e oS, Touey bbbl Rt M S4B L) ¥ P i et

synthesis of the phGAKLAGEWRIEADIotinPusiky rabbht &RIbd8iePihattist hum
3, 4- di net hoxyphenyl acetyl” chloride 5@ mﬁréo i n chloroform (6anrrL) was added

dr opwi se under ni topeigenerass Ia Iselation o thsfexpma,scql.srot@pmwnmaw@ls;mslgbst i tuted

henet hyl 4 hl te (3
yat 0 Cow th vi o et £ ok Bl wiiklyss B Redli Blie HiE BRERR, (e
reaction was Csrrpé)@ta@tvoahﬁade)inﬂmacmewaolgt ym@gxym(m@mfraﬁmd to a

separatory funnel using an additional 2 |l oroformand 2 nL water. The

organi ¢ phase wasnuslgimacidse Tha REG superaeianioves chrematogeaphedidirestlyaheh 5 20 nL
oo T ol s B ik ok Dy i it v (1

the 0.6 M potassium phosphate step. The eluted enzyme was dialyzed against
50% glycerol, 30 mM potassium phosphate (pH 7.0), 1 mM dithiothreitol (DTT)

10 and 0.1 mM EDTA and stored at -20°C. The relaxation activity of the purified
enzyme had a specific activity about 2 orders of magnitude lower than the calf
thymus topoisomerase 1. |
Example XVI - Expression of camptothecin-resistant (CPT-KS5)
topoisomerase 1 in E. coli.

15 Two complementary oligonucleoﬁdes containing the point mutation
CAG (Asp533)->CGG (Gly) responsible for the resistance phenotype in CPT-KS
(19), were synthesized and engineered in the topo 1 coding sequence using the
sequential PCR method (Current Protocols in Molecular Biology, In: Ausubel
et al. (eds.), Vol. 1, pp. 8.5.7. Boston:Wiley Interscience (1991)). The two

20 oligonucleotides are 5'-CTTCCTCGGGAAGGGCTCCATCAGATAC-3'
(primer X1), and 5-GTATCTGATGGAGCCCTTCCCGAGGAAG-3' (primer
X2), where the underlined sequence represents the mutated codon. Each
oligonucleotide was used in separate PCR reactions to amplify two DNA

- segments adjacent to the mutation site, using the oligonucleotides
25 5-ACTGTGATCCTAGGG-3'("A") and
" CTTCATCGACAAGCTTGCTCTGAG-3' ("H") as the relative primer pairs

for X1 and X2, respectively. "A" and "H" are complementary to the human topo
1 sequence around the unique restriction sites Avrll and HindIII. After the first
round of PCR, the two amplified products X1-H and X2-A were denatured and

30 annealed by their 15 base-pa-xir complementary sequence, due to the overlap of
the oligonucleotides X1 and X2. This short stretch of double-stranded DNA



The chloroformextract was dried (Na[err]S(err]) and evaporated. The crude
product was crystallized fromnethanol to give 95-100% yi el ds of the pure
am de as whi t ewpogedles. 25 N- (3, PCT/US97/01676

4- di met hoxyphenyl et hyl ) - 2- (3, 4- di et hoxyphenyl ) acet am de (5a): prepared
from 3, 4-di met hoxyphenet hyl am ne and 3, 4- di get hoxyphenyl acetyl chloride; np
125 C (lit.[err] 123-125 C; IR (KBr) 3327, 3064, 3007, 2916, 2840, 1642,

1608, 1591; [err] %e%lw&t[ﬂsrtﬂen%x{éxdédtby\?dﬂ) 1§mé:€ase?at4i°d f8r241|iﬁmte§to8t§e (s, 6H),
3.86 (s, 3H), 3.88 3H) 6 (m 6H); [err]CNI\/R
[err] 35.6, 41.2, sepposedly 748 basg paisciull, lmtt@roquﬂi Iheztv@ exietfial primess] . 1,

127.5, 127.9, 128., 1 ahd " wert Hhenused tb aniiplify thé ol lefigtk DNA 488 cbRGintig

171. 8. WO 97/ 29

PCT/ US97/ 01676 18 the mutated topo I fragment. The amplified mutant topoisomerase I cDNA was
N- (2, 3- di met hoxg/phenyl et hyl)-2- (3, 4-di_.nmet hoxyphenyl )acet am de (5b):

prepared from 25 H%\?ﬂ??ﬂzﬂﬂﬁg Glenedime pE 'Flbﬁ’b}’f@ﬁcmg%t a.

ey ke

[err] 2.61 (t, 2HThepladthid pET1B-CPTKS, which contained the mutant CPT-K5
topoisomerase I cDNA instead of the wildtype human topoisomerase I cDNA,
was transformed into E. coli BL21(DE3) for expression. Upon induction with

10 IPTG, the prc;tein in the lysates was confirmed by Western blotting. The
CPT-KS topoisomerase I was then purified from the bacterial lysate as described
for the wildtype enzyme.

Example XVII - Topo I and topo Ii cleavage assay.
Cleavage assays for the recombinant topoisomerases I and calf thymus

15 topoisomerases I and Il were done as described (Liu et al., J. Biol. Chem.
258:15365-15370 (1983)). The plasmid YEpG DNA used for the cleavage
aésays was prepared and labeled at its 3'-end using the published procedures.
Example XVIII - Yeast cytotoxicity assay.

It has been established that yeast can survive when topoisomerase I

20 function is obliterated, and that the topoisomerase I poisons. only kill cells having
a functional topoisomerase I (Bjomsti et al. Cancer Res. 49:6318-6323 ( 1989)).
Thus, comparison of the relative extent of growth of each of the test strains in the
presence of various drugs with. control plates minus drug shows 1) whether the

_ drug has any cytotoxic effects on yeast, 2) whether the cytotoxicity is topo 1

25 specific and 3) whether there is any differential specificity of the drug for yeast
compared with human topo 1.

The topoisomerase 1-specific in vivo cytotoxicity assay was adapted from
Knab et al. (Knab et al., J. Biol. Chem. 268:22322-22330 (1993)). In this
system, various topo I genes cloned into the single copy yeast plasmid vector,

30 YCpGAL1 (Knab etal., J Biol. Chem. 268:22322-22330 (1993)), are expressed
under the control of the GAL1 promoter in the IN2-134 strain of S. cerevisiae



5 3.30 (m 4H), 3.58 (s, 3H), 3.64 (s, 6H), 3.67 (s, 3H), 6.22 (brs, .1H),
6.44-6.79 (m 6H); [err]C NMR [err] 30.0;41.0, 43.7, 55.9, 56.2, 56.3,

60.9, 111.2. 112.9, 122.0, 122.6, 124.4, 127.9, 133.dcrddshuobers 148. 5,
149.5, 153 1”,"3’11"171’35‘. |

N- (2, 3- net hyl enedi oxyphenyl et hyl ) - 2- (3, 4- di met hoxyphenyl ) acet am de (5c):
prepared from 2, 3- net hyl enedi oxyphenet hyl 2 ne[err]- and 3,4- 10

di met hoxyphenyl acetyl chl ori de; r’rP 124 ,ej}r] C IR iKBrHSZQ?, 3084, 2935,
1643, 1458: [err (MANRRagE}LEUZ, tpl. ede2-hpjs/, uaiz§2, dse} poplir]. lay3) (Bomatiet o
3H), 3.79 (s, 3H), , 3 S; = ' . [err]C
NMVR [err] 29. 8, Hé‘s;é’,"z%aé%;4%?13,&:3%%?dg,bj)'lg%é?%"%%‘i’%}‘éﬂ“g‘.hé%l@‘o&.°7, 122.0,
122.1,123. 3, 127regpeciid€lyNthe wild-t¥pe yedS taho I(XCpSALFSCTEP I\ rerion-fondtingal or
CerrJ]Herr]NdJerr]: C .66.46, H. 6..16, N 8, 15 ound: 66. 31, H,
6.16, N, 4.07. EXeAshioro] Wgﬁw&?ﬁﬁﬁ? si r‘B’&é‘Bﬁ'ﬁ@‘?fsdP‘;‘?‘ﬁ‘éE’s@ﬂl"H apingy

di hydr oi sequi ol WA Rl BRA-Chem? 268" L s refl uxed
W th phosphorgs gx%cﬁég?-isg@%gj%?)mml) a_ngj dry tgﬁgﬁagz% %!@ under
nitrogen, for 20(EGSDOandrﬂmMﬁh@emmPOmem{leuhTQPB\Kgmmai ed and

Lorr] 1015 i off Horanieier S HEFSEUIRY T g sl dn P BrEY 10 o of
ice was added t Ogfidihe MPLAAPETHEHRIT thelitingss yeist dellg Bshaifng kielabbaific plasmidgh t he
i ce-chilled aqueous | ayer, the pH was . _ ] '
were serially diluted (5-fold) and were grown in dropout medium supplemented
10 with uracil and 2% galactose In addition, the plates contained: A: Control, no
drug in the plate; B: Camptothecin (CPT), 0.5 uM; C: Coralyne, 1 uM ; D:
Methylenedioky-dihydro-demcthyl-coralyne (MDD-Coralyne), 1 uM, and E:
Nitidiné, 1 puM. The plates were groWn for 3 days at 30°C to assess the lethal
effect of the different compounds on the various topoisomerase | enzymes
15 expressed in S, cerevisige.and the drug being tested.
Example XIX - Cytotoxicity assay. _
The IC, of the drugs tested were determined by the MTT-microtiter
plate tetrazolinium cytotoxicity assay (MTA) (Mosmann, T., J. Immunol.
Methods 65:55-63 (1983); Denizot et al., J. Immunol. Met_hods 89:271-277
20  (1986)). Human lymphoblast RPMI 8402 cells and their camptothecin-resistant” "~
CPT-KS cells (Andoh et al., Proc. Natl. Acad. Sci., US4 84:5565-5569 (1987))
were kindly provided by Dr. Toshiwo Andoh (Aichi Cancer Center Research
Institute, Nagoya, Japan). The cell lines A2780 and its camptothecin-resistant
- derivative CPT-2000 were a generous gift of Dr. Jaulang Hwang (Institute of
25 Molecular Biology, Academia sinica, TaiWan). Cells (2000 cells/well, seeded in
200 ml growth medium) were grown in suspension at 37°C in 5% CO, and
maintained by regular passage in RPMI medium supplemented with 10% heat
inactivated fetal bovine serum, L-glutamine (2 mM), penicillin (100 U/ml), and
streptomycin (0.1 mg/ml). The cells were exposed continuously for 4 days to
30 different drug concentrations, and assayed at the end of the fourth day. Each

concentration and the no drug control were repeated at least twice in 6 replica



adjusted to pH 10 with con-éentrat ed amoni um hydr oxi de. The aqueous | ayer
25 was then saturated with sodiumchloride and then extracted 5 tines with
20 nL ether. wdoenmaebi ned ether extract was dried over anhy GBI si um
carbonate, filtered, and evaporated to give the dihydroisoquinolines, 6a-c.
As these conpounds readily oxidize, exposurgjto air was avoi ded. The

di hydr oi soqui nolines .were used w thout further purification for the
preparation 30 of {ang, TiRAesults ek plstted and the\{EO5O dler hkQfired. The drug sensitive

PCT/ US97/ 01676 19 Exanple V - General procedure for the synthesis of 5,

6- di hydr o- 8- net hyhahiseenidgrmoig]cqreinesiai kB Atlunell dive peskits vinblagting-Beletyd Each of

t he di hydr oi soqui nol i nes (6a-c, 2. I e dissolved i.n 1. of
freshly distilled %@l@'&ﬁﬁ%ﬁ“&é‘%ﬁo@%@% LGl 11 7Eg o
the 5 synthesis of1985)yRie/kifdlp proaadea by IDtUMRAbl Totesanm(NaesHal Caicep (2a- C)
was enpl oyed. The respective dihydroisoquinoline inter roreqll ates were used in
pl ace of the cobrelstimndhay wems gyownsesqeanelsyerraltuses at 12gimd%L@iendbyed in
the maintained by regular passage in Dulbecco's minimal essential medium
supplemented with 10% heat inactivated fetal bovine serum. KB-V1 cells were

maintained in the presence of 1 mg/ml vinblastine.



previ ous procedure. The products obtai ned were crystallized from boiling
nmet hanol to yield 85-90% of bright yellow crystalline product. 10

5, 6- Di hydr o- §ed®idsyds- 2. 3, 10, 11-t et ramet hoxydi benzo[ a, g] qui n@iciraiswie1e76
acetosul fate (7a): Prepared from6a; np 278-279 [err]C (lit[err] 277-279
[err]C); IR (KBr) 3450, 2946, 1725, 1611, 1§27; [err]H NVR (DMSO-d[err])
[err] 3.18 (t, 2H), 3.23 (s, 3.40 (s, , 3.89 (s, 3H), 394(5, 3H),

4.08 (s, 6H), 4.75 (t, 63 2 8.74
(5. 1191 [o111C R mgée*%eefrmm{nm%io oyt et EPNA o5 3
56.8, 57.3, 106. 2Cled e%fC%Eh@ynE,Deiq%h&saﬂdLﬁelﬁtedtB&pQund&ZZ 2, 128.6,
135.6,139.0, 148.9, 151.6, 152.2, 155.4, 156.9, 167. 5,

6- Di'hydr o- 8- met hyl -3, 4,10, 11-tetranet hoxydi benzo[ a, g] q@N‘ﬁ'@KiC'EY s
acetosul fate (7b): prepared from 6b; np 255-256 C, | R (KBr)(ud32, 2946,
1723, 1609, 1567, 1502, 142%oppdmddidtedVR TdpoBlnutfliated] ) [ er CEll Riri2® (t, 2H),

3.22 (s, 3H), 80 @orﬁﬁodn& Dih cledvigth (5, D cledvie (5, BPMI 4. QTS 2H).

7.26 (d, 1H, J= 879 S , 8T, —7" 8. 67
(S 1H§ [err]C NNR% O' \cllbIHO?)CIIJ 17(_'>19‘w +9 57 3
60.7, 106.3, 112.7, .6_1.2.1._§_;,;z-. : 144. 7,
152.3, 154.6, 155.3, 2656. 9167 A% anal calcdl®or - :
Cerr]Herr]NOerr] S.7 25H err] O 5C._ 54 .59, 006 63 | N 965 Fadel: | C
54.59, H, 5.600 N, 25b 2. §47; HRUWDal cdi for @ r]H err]®@) erf]:14866] 1705;
found 366.1706. 5, 6- Bichydr[o-8-metioyl - 3] 4- net hybenedi pxy-0.60, 1fl -6.1
8a 20 >1000 10 18
8b >1000 1060 9.0 6.4
8c 1 50 8.1 27
15 9a >1000 1000 24 29
9b >1000 1000 15 15
9 >1000 >1000 93 15
10a 1000 10 13 >324
10b >1000 100 2.6 5.2
20 10c 10 2 0.8 6.8
12a >1000 ~ >1000 13 24
12b 1000 >1000 22 3]
13 >1000 >1000 7.1 99
14a >1000 >1000 43 39
25 14b ~ 1000 1000 6.7 11
15 |- 1000 >1000 73 | 122
CPT 1 >1000 0.004 >10¢
VM-26 >1000 1 03 0.5

30 a)-IC,, has been calculated after 4 days of continuous drug exposure.

- b) Topoisomerase I cleavage values are reported as REC, Relative Effective
Concentration, i.e., concentrations relative to camptothecin (CPT), whose value
is arbitrarily assumed as 1, that are able to produce the same cleavage on the

35 plasmid DNA in the presence of human topoisomerase 1.

c) Topoisomerase II cleavage values are reported as REC, Relative Effective

Concentration, i.e., concentrations relative to VM-26, whose value is arbitrarily

assumed as 1, that are able to.produce the same cleavage on the plasmid DNA in
40 the presence of calf thymus topoisomerase I

d) No indication of cytotoxicity were considered indicative of IC,, values
_ substantially greater than the highest doses assayed.



di met hoxydi benzo[ a, g] qui nol i zi ni um acetosul fate (7c):

>270 [err]C. IR (KBr) 3434,2920, 1724, 1617;

[err]H NMR ( DVBO-

prepared from 6¢;

dp[rerH/J
3.16 (t, 2H), 3yQgmee6 3H), 3.40 (s, 3H), 4.08 (s, 6H); 4.76 ECYUS )16

(s,
(s,

102.7, 106.3, 106.5, 108.5, 116.2, 118.1,

2H),. 7. 17 (d,
1H), 8.69 (s,

1H,J 30
1H);

= 8.0),

7.67 (s, 1H

, 7.70 (d, 1H,

J= 8.0),

[err]C NMR (DVBO-d6) 3¥.9,20.8,49.2, 56.8, 57.3,
WO 97/ 29106

np
err]

. 23
7.81

PCT/ US97/ 01676 20 121. 2, TheZdrelyne hrdog 7c Wabtested fod fs Bffectidéneds aghttSt 6, 152. 4,

155. 6, 157.0, 167.6; Anal .

calcd for (Jerr]lHerr]

err]S.Herr]Q C

54.43, H 4.96, N glioplastoms eells. The assay yaed was symidds to fhat desqribed g forthed f or

Cerr]Herr] NCIerr]mt,,ﬁlg_(g

Gener al procedur ef or

syntnesit s

462’3?%1; linfe.o ‘fg? reéé%_al‘é&%wn% %PJ fchAw which compares

di hydr odi benzo[ a, g] theeffedt of Compoennd!Tc against the(18ukemja celline [JRPMI840R)y chl or i de
Llled, (0 di | f or mam de under
(ﬁg?-l%ﬂ#wbﬁ“@a{@?%@ A sol ution of the

(7.42 mmol ) was
nitrogen.
respective di hydroi soqui nolines (2.7 nmmol)

3

The m

10

dded, dropwi se to

t JfPidepmal

Cmcioey

in 5.5 nL dinmethyl formam de was

t hen added and allowed to stir at O [err]C for 1-2 h. The
Table 2
Cytotoxicity (ug/ml)

Compound RPMI 8402 KB3-1 SF-268

coralyne 3.0 0.9 0.1
Compound 7c 03 0.06 0.008
doxorubicine 0.8 0.1 0.8
camptothecin 0.003 0.004 0.005

15

20

25

30

Example XX - Results _

In order to establish whether human DNA topoisomerase I is the
cytotoxic target of coralyne and its derivatives, human topoisomerase 1 cDNA
were expressed in a T7 expression system. The expressed human DNA
topoisomerase I was purified by a single chromatographic step. The
recombinant human DNA topoisomerase I was used to evaluate the activity of
coralyne and its derivatives. The recombinant human DNA topoisomerase I and
topoisomerase | purified from calf thymus glands have comparable cleavage
activity and produce similar cleavage patterns in the presence of camptothecin
and coralyne.

The recombinant human DNA topoisomerase I induced extensive DNA
breaks on YEpG DNA in the presence of either coralyne or camptothecin. These
DNA breaks were shown to reflect the formation of topoisomerase I cleavable

complexes by the following criteria: (1) They represent singie-strand breaks

~ since no breaks were observable if the reactions were not denatured prior to

loading onto the neutral agarose gel; (2) the breaks were shown to be

protein-linked and reversible upon heating to 65°C, a hallmark of topoisomerase




10 reaction m xture was then heated at 100 [err]C for 1-2 h. The reaction
m xture was cooled to roomtenperature and poured into a m xture containing
20 g of ice ¥ylorhdrdsl 6 N HC . The resul ting precipitate wagcihisypoes and
washed successively twice with 5 nL cold water and twice with 10 nL ether.
The final product in each instance was recyystallized from nmethanol. 15

5, 6-Di.hydro-2,3, 10, 11-tetranet hoxydi benzo{ ,glquinoliziniumchloride (8a):

o, T R L S s
4.17 (s, 3H), 5. Qs {denticaiio cht-o%Qal\r/é\ftoth%,,su%geZ&lg(stﬁgt 8théi9w05%u§&n?ésh7 , 9.64

(s, 1H), 10.12 (s, 1H); [err]C NMR (CO err [ QD) 56. 9,
57.3, 57.8, 104. similognale of aqtiop agzipst tarpgsomeraseB. 2, 109. 0, 110.2, 112. 4,

GorriHor N ers]a T ko caigut s cueh Boisp, cORfmerg BB s cat.
62.79, H 5.845 NhymudiBNAHDpEscairase I wis evhiaated. Hi vas fdleintined thatdial49;
found 352.1549. 5, 6- Dm%dro-s,.

4, 10, 11- t et r amet thes yeseatially op actyigaemastipzrified salithymrs i Azgpoisapgrased-epar ed
(VB0 it er 115 er b hfgineidph Wk 26 bt g ad iepls By Wmppatdot, Nititighi e 5,
4.08 (s, 3H), 4. 80M(26 b kiplikeTcoRyrieglis aﬁghl;bpaemft@pisomeﬁgé Uspoisbhl) , 7.73 (s,
(150\/507 d[ggr § ]d ) [12 r rj] Eﬁggfgo\gga%hgozrggg@s %E%th@'gspgc?ﬁc( t%boi%o@xéra;e rprolsg:n ';mes

10 evaluation of the role of topoisomerase I as the cytotoxic target of coralyne in

cells. Yeast fop! deletion strains expressing human DNA topoisomérase I have
been successfully applied to demonstrate the role of human DNA topoisomerase
I as the sole cytotoxic target of camptothecin in yeast cells. Although, coralyne
exhibited no cytotoxicity against yeast strains expressing human topoisomerase |
15  or non-functional yeast topoisomerase I, some of the coralyne derivatives were
highly cytotoxic .against yeast cells expressing human topoisomerase 1.
MDD-coralyne is highly cytotoxic against yeast cells expressing human DNA
topoisomerase I but not cytotoxic against yeast cells expressing either functional
or non-functional yeast topoisomerase 1. This result suggests that the cytotoxic
20 target of MDD-coralyne is human topoisomerase I in the yeast system. It was
surprising that yeast cells expressing functional yeast topoisomerase I are
resistant to coralyne, as they are quite sensitive to camptothecin. Since nitidine
is structurally similar to MDD-coralyne, its activity in the yeast system was also
- evaluated. Nitidine, like MDD-coralyne, is highly cytotoxic against yeast cells -
25 expressing human topoisomerase I but not cytotoxic against yeast cells
expressing either functional or non-functional yeast topoisomerase I. This result
again supports the notion that human topoisomerase [ is the cytotoxic target of
nitidine and that yeast topoisomerase I is resistant to nitidine.
To evaluate the possible role of topoisomerase I as the cytotoxic target in
30 human cells, coralyne derivatives were tested against two pairs of
camptothecin-resistant cell lines (RPMI8402/CPT-K5 and A2780/CPT2000). In



56.9, 60.6, 105.7, 106.7, 112.7, 118.4,120.4,122.4, 122.6, 129.1, 136.8,
138.5, 30 145.2, 145.7, 152.5, 154.9, 157.6; Anal. calcd for

derr] H err] NGvenrpghe 1. SH err] O C, WO 97/ 29106 | PCT/US97/01676
PCT/ US97/ 01676 21 60.79, H, 5.71, N, 3.38; Found: C, 60.79, H, 5.71, N,
3.38; HRVS calcd for (Jerr]Herr]NdJerr]: 336.1236; found 336.1244. 5,
6- Di hydr o- 3, 4- net hyl enedi oxy-10, 11- -di met hoxydi benzo[ a, g] qui noli zi ni um

chloride (8c): preﬁ&{lg%riéf%llﬁﬁés,Mrﬁ?ﬁ&céd@ﬁpl&ieciﬂaﬁbb&ﬂtﬂibﬁ%&% 1622,
1574; "H NWR (CD[ err ) [err] 3.27 (t, 2 4.07 (s, 3H), 4.13 (s, 3H),

4.62 (t, 2H), 6. 16m@miomi,mmmueeipraieeneg)eflwmap,tomiwew?I!gasli,ngw 63 (s,

(CDiefi]cmy ferr] Pamploiisin frsiol HumabBppishpiiastt (Tabiboedaf Mt AE R
117.3, 120.1, 122-39:69273-?9911)244&hoﬂv39nIablM,&wﬁareaM&.r&isté:ﬁ%ﬁﬁexf&S.o, 160. 3

Anal ." calcd for 10 err|H err err]Cl .2Herr]G C 58.89, H 5.43, N,
3.43; Found: C 558.cam%t0q11$ci5.£83'9 }dq%ga.%lé? 800 resistance nden for corayné

Clerr]H err] N er rlié,ivgﬁ%slﬁgiﬁdg@%ge@?gwgg,% gExanpl e VI1 - General |

procedure for the Synthesis.o benzyl'1 soqui nol i nes
In view of the similar cleavage pattern produced by camptothecin and

cofaljme derivatives (also nitidine), the lack of significant cross-resistance of the
camptothecin-resistant cell lines to coralyne derivatives and nitidine was

10 surprising. It may indicate that these drugs have additional cytotoxic target(s).
Alternatively, camptothecin-resistant tbpoisomerase 1 in the resistant cells
simply does not confer resistance to coralyne derivatives and nitidine due to
non-overlapping receptor sites. In order to distinguish between these two
possibilities, camptothecin-resistant topoisomerase I was isolated from CPT-K5

15 cells and tested for resistance/sensitivity to coralyne derivatives and nitidine.
Unfortunately, the CPT-K5S topoisomerase I purified from CPT-KS5 cells was not
active enough to give conclusive results. To overcome this problem, in vitro -
site~-directed mutagenesis was performed to create an A to G transitional
mutation at nucleotide position 1809 of the human topoisomerase I cDNA. The

20 mutation which causes a Asp to Gly (a.a. # 533) change in the amino acid

sequeﬁce of the protein has been shown to be responsible for camptothecin

resistance (Tamura et al., Nucl. Acids Res. 19: 69-75 (1991)). The mutation was

engineered into human topoisomerase [ cDNA on pET1B. The resulting

plasmid, pET1B/CPT-KS, was used for overexpression of CPT-K5

25 topoisomerase I. The overexpressed recombinant CPT-KS topoisomerase 1 was
partially purified and shown to have about the same specific activity as the
wildtype human topoisomerase I expressed and purified in a similar manner.
The recombinant CPT-K5 topoisomerase I was shown to be highly resistant
(over 1000 fold) to camptothecin. However, the recombinant CPT-K5

30 topoisomerase I was only marginally resistant to nitidine (less than 10 fold) and

moderately resistant to D-coralyne (about 30-fold). Surprisingly, the



(9a-c). The appropriate di hydroi soquinoline (3.4 mmol) was refluxed at
220- 230 15 [err]Cwith 0.3 g of 10% pal | adium on carbon in 5 nL tetralin
(purged W th witoreege for 20 nmin prior to use) for 3-4 h.- Thg-+ 689/l
m xture was then allowed to cool to 180 [err]C and filtered under nitrogen
using a Schl enk-type filtration unit (Al dri3 h Chemical Co.). After cooling
to roomtenperature, the filtrate was chill"éd to O [err] C and hydrogen
chlorlde(loMln an er ed to adjust the pH of the
mxture to pH.1.0™° E%ﬁf}tcﬁﬁsg?ﬂ%s@ \?N?th‘g&?éfeil%w?ma%am nol i ne
precipitated. Thi ewaé,ﬁgdgy{}@tcﬁa aggaytered washed three tines with 10 nL
r

of anhydrous ether, and ied to give the respective 1- benzylisoquinoline
hydrochloride salts i nAgshovouinTable2qthe compound; Tedanexteptidnalaytatexisiat t s wer e

then dissolved in n of neth 5 o whi ch was
a1 e o i condtidlh BidRIGRIEIL o B mOe cOBHC ARins il calttumis? el

i ce-cool ed aquéouthaf thelleul@kid o epiierifidl chitinoRtd cel liéh. 1ERTeANERRY SodiRYe! Was
saturated with sodiumchl ori de and then extracted with three 10 nm_ portions

of chloroform TheF28&ss! Hé&g&qﬁﬁé%ﬁﬁ?%vm’ﬁa&wf this sompound ngaydfecceirSag.err ] )
and evaporated to giv

6- Di net hoxy- 1- (3, 4-di ?e]? oxy e%gey S%Stsr%talt}?ﬁ%qmlxm?‘fmcﬂg I%F?’H‘gn‘(egb)
prepared from 6b; actiyit§ @6top6iorhemse| IGndior tapbisompraftIf pdieéhs| Thése@hia shifgdsNuj ol )
2676, 1630,

that similarly substituted analogs of nitidine could exhibit similar selectivity with

10 regard to inhibition of mammalian topoisomerase [ or II. -



VO 97/ 29106

PCT/ USO7/ 01676 22 1625, “lll '“H‘lMH“‘CD[ err]OD) [err] 3.76 (s, 3H),
3.81 (s, 3H), Wwo®32%196 3 87 (s,2H), 6.86 (RCTWEITNEIOT (s,
1H), 7.92 (d, 1HJ= 1), 8.31 (d, 2HI= 5.7), 8.55 (d, 1H,.J= 1): [err]C NVR
(CO{err]OD) [err] 38.1, 56.9, 57.1, 58. 1 6375, 113.7, 114.2,119.2, 120.8,
122.5, 122.8, 127.7, 129.1, 131.2, 135.9, 143.5, 5 150.5, 151.3, 158.5,

160. 2. 5, 6- Met hyl emk sithed &: 4- di met hoxybenzy i SQ 90)
prepared from 6¢; 111 % 'R (KBr) 3429, Bq %@ET r] H NVR
(CDlerr]OD) [err] 2 93 Assorfpeid of thsfofrsylagH) | PLAVED. 6 o} (s, 2H),
6.91 (d, 1H J =8.8) 7.07 (s, 1H), 7.25-(3,1I— 68 (s,

1H); [err]C NWR [err] (CDerr]OD) 23.2, 56.5, 10 76.9, 77.4, 78.2, 101.6,
104. 4, 106.0,107.8, 109.9,114..1, 121.0,122.5, 184.0, 135. 2, 148.1, 149. 2,
150. 1, 153.1,156.2; Anal. calcd.for Clerr]Herr]J egr C, 70.58, H, 5. 30,
‘N, 4.33; Found: 5C, 70.85. H, 5.51, N, 4.31kExamie 2\/I II - CGeneral

procedure for the synthesis of dib¥gz zi nium chl orides (10a-c).
Ry

10

wherein _ :
R,. R;, R;, R¢ and R, are independently H, OH, or (C,-C,)alkoxy; R, and
R, together are -OCH,0-; R, and R, together are -OCH,O-; or R, and R, together
15 are
-OCH,0-; or
R, is H or (C,-Cylalkyl;
R, is H, (C,-Cy)alkyl or is absent; and |
R, and R, are independently -CH=CH-, -(CH,), or are absent;
20 provided that
when R, is -CH=CH- or -(CH),— R, is absent and R, is H and
when R, is -CH=CH- or (CH,),, R, or R, is H, and R, and R; are absent;
or a pharmaceutically acceptable salt thereof where R ; and R, is present.

25 2. A compound of claim 1 wherein R, is -CH=CH-.
3. A compound of claim 2 wherein R, and R, are -OCH,.
4. A compound of claim 3 wherein R, is -OCH,

30
5. A compound of claim 3 wherein R, is -OCH,
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15 -+ The procedure i | _ ¥n the synthesis
of 5,6- dihydrodibenzol a, ng mﬁmﬁﬂm cHIOSHEEISHAB BEEN \The
1- benzyl i soquwoebines i nt er I ates wer e~ subst iREPLAGER or coy recTissantsge

di hydr oi soqui noline internedi ates in the—prevroos—procedure. The products
obtained were crystallized froma 1:1 m xtgge of glacial acetic acid and 6
N HCl to give yields ranging from 20 92-98% of 10a-c as yellow crystalline
products. 2, 3,10, 11- Tet r anet hoxydi benzo[ a, g] qui nol i zi ni um chl ori de (10a):
prepared from9a; np, IR J[err]HNVR [err]C NVR were as previously
reported.[err] 3,4, 10,Atemhpoundroftlain y ovtiemire B i -GHgCGHR of {(€Hpi-um chl ori de
(10b): prepared from9b; np 223-225 C dec; IR (KBr) 3394, 2947, 2843, 1626,
1598, 25 1561, 1503, 1433; [err]H NMR (using a coaxial tube with 9b

di ssol ved in triffuorogeshpsund®i elaind 6 WiRreit R andiRIEe ek deut eri um oxi de in
the inner tube) [err] 4.51 (s, 3H), 4.55 (s, 6H), 4.61 (s, 3H), 7.94 (s,
1H), 7.96 (s, iH), 8.06 (d, 1H,J = 9.2), 8.46 (d, 1H, J=7.3), 8.78 (d, 1H,
J=7.3), 9.01 (dy IH ,J =9 2) ) .1 83 (s, 1H); [err]C NWR
(using a coaxi al %‘ube %c?ﬂp?q{éogﬁgﬂ?gs%q%%'ﬁﬁ?iﬁ%' trifluoroacetic acid in
the outer tube and deuteriumoxide in the inner tube) [err] 58.4, 58.8,

59.1, 64.7, 107.0, 107.2,118.9,119.2, 119.7, 121.6, 125.0, 126.8,
A compound of claim 8 wherein R, is H, R, and R, are -OCH,.

10 10. A compound of claim 8 wherein R, is H, and R, and R, are -OCH,0-.
11. A compound of claim 7 wherein R, is H.
12. A compound of claim 11 wherein R, is H, R, and R, are -OCH,;.

I5 . _
13. A compound of claim 11 wherein R, is H, and R, and R, are -OCH,0-.
14. A compound of claim 1 wherein R, and R, are absent.

20 15. A compound of claim 14 wherein R and R, are OH.
16. A compound of claim 15 wherein R, is CH,.

- 17. A compound of claim 16 wherein R, is CH,.

25

18. A compound of claim 17 wherein R, is H, R, and R, are OH.

19. A compound of claim 14 wherein Rg and R, are -OCH,.

30 20. A compound of claim 19 wherein R, is CH,.
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PCT/ US97/ 01676

VO 97/ 29106
%%@EET HASBBEN 157. 9, 161. 1; Anal .

23 127.2, 132.0, 139.4, 139.5, 140.
calcd for CJer™opEgNg err]Cl . 1. A5 eRE gcgg 61. 46, H, 5. PET/UKINBEZ3;
Found: C; 60.67, H 5.37, N, 3.43; '

err ] HrerriNger++———
350.1392; found 350.1392.

3, 4- Met hyI enedi oxy- 10, 11- di net hoxydi benzo[ a; g] qui nol i zi ni umﬁmmllluﬂ lﬂll" IIII
(10c): prepared from 9cA cBRpaRbFcRinbEwiktkin RRs OB ) 3414

1620, 1564, 1488; [err]H Nl\/lg (using a coaxial tube Wth the conmpound
dissolved in trifluoroacetic acid in the outer tube and deuteriumoxide in

the inner.tube) 8 55 O 1 (d 1H J
- 8.5), 7.92 (s, 2?—3', 8‘2‘%8"‘?53“‘%‘14?%@“#@%&6% 32”55%&“9‘19&
9.77 (s, 1H); [err]C NMR (using a 10 coaxial tube with the corrpound
di ssolved in trlfl uoroacetic acid jn the outer tube and deuteriumoxide in
the inner tube)3[ett] 58cgmpeundof clagg 23 whergin i, andds ane -OCHR 0. 115. 7, 118. 4,
119.8, 121.7, 121.8, 126.6, 131.1,139.5, 139.9, 140.3, 147.1, 153.6, 156.4,
161.1;. Anal. calcd for CJerr]Herr]NJerr]d.1.75Herr] G C, 59.86, H,
4.90, N, 3.49; Foupdl: QA tixPapédtic dethdd %thcaxcé&emgm«a&h Jnf,ﬂsxﬁg)r
C[err]H[err]NQerrw334 1079; 15 f?t?ld 334. 1075. Exanp

4,3 Tet r amet $5RpHIEEDg A mapma! §

claim 1.

féﬁ with cancer an amount of a compound of
10
25. The method of claim 24 wherein the cancer cell is located in the central

nervous system (CNS).

26. A method of using a compound of claim 1 to prepare a medicament

15 effective to inhibit tumor cell growth in a mammal with cancer,
27.  The method of claim 26 wherein the mammal is a human.

28. The method of claim 26 wherein the cancer is a leukemia or melanoma.

.20
29. The method of claim 26 wherein the cancer is a solid tumor.
30.  The method of claim 29 wherein the tumor is a breast, lung, colon, or
. ovarian tumor.
25

31.  The method of claim 26 wherein the cancer cell is located in the central

nervous system (CNS).

32.  The method of claim 26 wherein the compound is administered in

30 combination with a pharmaceutically acceptable carrier.
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Powder ed anhydrous al umi num chloride (0.78 g) was s| y added to a stirred

m xture of 1, 2-di met hoxybenzene (0. 64 glj! BEET'HRS BEEN] 3, 4-
di net hoxypheryd agphiod chloride (1.0 g . 6pepRepp i N 1] L froxsssby01676
distilled 20 dry dichl oronet hane. An : on occurred. The -
orange sol ution becanme brown as the m'xturgorefl uxed. The reaction m xture
was heated to reflux for an additional 2 h'and then allowed to cool to room

tenperature. The gool sol Ut was.-paured.inta a mxture containing of 5
g crushed ice and’s.5 e'f‘%“:ﬁ%nﬁb‘mﬁ%t@’%ff%%’ﬁfylﬁﬂﬁg 1 sve@&%ar ated and the
aqueous phase was 25 extracted three times wwth 10 nL di chl oronet hane. The
conmbi ned di chl oronet hane extract was dried (Na[err]SOerr]), filtered, and
evaporated to gi 34 a \Whetreethos| af glaim32 wherginsthe cyreienis pdaptad for parenteralanol t o
gi ve pure V\hitengﬂ}]. 1lla in 98%yield; np 105-107 C (lit.[err] np
104-106 [err]O); err'Fié-f‘ [err] 3.85 (s, 6H), 3.91 (s, 3H), 3.94 (s, 3H,
4.18 (s, 2H), $.81 (m 2H), 6.91 (m 2H), 7.56 (d, 30 1H, J =2.0), 7.66

dd, 1H, J = 8.4, 2.0).; 13C 45.2,36. 3, 56.4, 56. WO 97/ 29106
I(DCT/ US97/ 01676 285 )The metholgl\ﬁc?mm 3% wﬁ'xere?n the catrier xsatailet or capsule.

D
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110. 4, 111 . 121.3, 121.9, 123.9, 127.9,130.2, 148.4, 149.5,

153. 8, 197J"ﬂlﬁﬁﬂ}ﬂllﬁgmﬁm§ 4- Di met hoxy-3', 4' - net hyl enedi oxydesoxybenzoi n

(11b). A's n Ss4- 4l met hoxyphenyl acetyl chloride (3.25 g—1& mmol)

in5 15 nL freshly distilled dry dichloromgjhane Fggﬁﬂﬂscﬂﬁﬁﬂse‘ to a
(i

stirred mixture of 1,3-benzodioxole (1.83 g,>’15 m ‘NEE()IV) chl ori de
(4.6 g, 17.6 mml%p 11-{;.rrL di.chl oronethane at -1 [err] Hre—mrxtur e was
then allowed to ri B& 2718"(§f:}11§'enperature and was stirred for an additi-onal
2 h. The reaction m xture was then poured into 25 nL 6 N HC -and stirred
for 16 h. The organic 10 phase was then separated and the agueous phase
was extracted thrke ti AR®nyouhd 30thelfomtitlguot s of di chl oronet hane. The

conbi ned di chl oronet hane extract was washed successively with 20 nL of 0.1
N NaCH and 20 nlL distilled water. The dichl oronet hane extract was then
dried (Na[err]SOerr]), filtered, and evaporated to give a cream col ored
solid. The cru%ie.p-roduct was crystallized fromethanol to 15 give 3.0 g of
white needles of 11b in 66%vyield; np 110-111 [erkl C, IR (Nujol) 2725,
1675, 1589, 1519; [err]H NWMR [err] 3.80 (s, 3H), 3.81 (s, 3H), 4.09 (s,
2H), 5.96 (s, 2H), 6.76 (m 4H), 7.42 (d, 151, J 5), K. 58 (dd, 1H, J = .
6.4, 1.5); [err]C NVMR [err] 45.3, 56.3,102.3%71 08.7, 111.8, 112.7,
112.9, 121.9, 125.4, 127.7, 131.B7_148, 4, 148. 6, 152.2, 196.4; Anal.
calcd for CJerr]Herr]err]: C 6799, %

wherein
_ R,, Rz, R;, R¢ and R, are independently H, OH, or (C,-Cs)alkoxy; R, and
R, together are -OCH,0-; R, and R, together are -OCH,0-; or R, and R, together
10 are -OCH,0-; N .
R, is H or (C,-Cyalky!; |
R, is H, (C,-C,)alkyl or is absent; and
R; and R, are independently -CH=CH-, -(CH,), or are ébsent;
provided that
15 whenRyis -CH=CH- or (CH),-, R, is absent and R; is H; and
when Ry is -CH=CH- or (CH,),, R, or R, is H, and R, and R, are absent; .
or a pharmaceutically acceptable salt thereof; for use in inhibiting cancer cell

growth. |

20 2. | Claimn 1 wherein the cancer cell is located in the central nervous system.
3. Claim 1 Wherein the cancer is a leukemia or melanoma.
.4' Claim 1 wherein the cancer is a solid tumor.
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20 5.37; Found: C, 67.98. H._.5.32. Exanple XI - General t he
synt hesi s - of 1- yl ETLH@BEEI% qui nol i nes (12a, 1 ﬁ“&ig gguﬁ‘
phosphor us pent%? Sg& ‘was jadded in-three por of a .
solution (100 n f“:va1.ve desoxyb 20|ns in. 25 acetonitridle. The
reaction mxture was stirred under nitrogen 18-20 h. The reaction

m xture was quenched by addition \/\ﬁter The resul ti ng suspensi on
was neutralized W th eé‘ﬂ’élc}@)&a%ﬁ?t‘se%i TRASLHIUPE, GOO™ 6T RYATRSI SRS of

di chl or onet hane. The conbl ned organi c phase was dried (Na[err]SJerr]),
filtered, and evaporated to give a creamcolored residue. This residue was
30 chromat ographed on Skémpeurdedf theforgium: 95: 5 m xture of di chl or onet hane .
and WD 97/ 29106

PCT/ US97/ 01676 25 ethyl acetate, respectively, as eluent to give the
correspondi ng 1 -nethyl-3- phenylisoquinolines, 12a and 12b, in 75-85%
yield. 6, 7-D methoxy-1-nethyl-3-(3, 4-di met hoxyphgnyl)i soqui noline (12a):

'&3-_

W

wherein . _
R;, R, Rgand R; are independently H, OH, or (C,-Cy)alkoxy; R, and R,
together are -OCH,O-; or R, and R, together are -OCH,0-;
R; is H;
10% R, is H or (C,-Cg)alkyl;
RsisH, (C,-Cg)alkyl or is absent;
R; -CH=CH-; and

R, is absent; or a pharmaceutically accepfable salt thereof.
15 7. The compound of claim 6 wherein Ry and R, are -OCHs.
8. The compound of claim 7 wherein R, is -OCHj,

9. ‘The compound of claim 7 wherein R, is -OCH;
20
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pr epar ed -169 C (lit} Tmr r$HEFSHAS BEEN;{ | R (Nuj ol ). 2725,
1621, 5 mmmm&mmm WH NVR [err Q@E@EAcEﬁ-I) 3. 93 (s, 3H), 4.02 (s,
9H) , 69 , 7.08 (s, A2t 7.60 (dd, 1H, J=
8.4, 2.0), 7.71 (s, 2H); [err]C NI\/R[err] 2312, 564 104. 3, 105. 9, . 110. 4,
111.7, 113.9, 119.5, 122.4, 133.6, 133.9, 149 2, 149.6, 149.7, 150.0,

153.1, 156.2. 6,

7- Di met hoxy- 1- net yI 3A(c\,)pnhpoun§1ﬁ>f; gnfggnoxyphenyl )i soqui nol i ne 10 (12b):
prepared from 11lb;np 174 C, I R(Nujol)2727, 1622,1573, 1504; [err]H NMR
[err] 2.93 (s, 3H), 4.03 (s, 3H), 4.04 (s, 3H), 6.00 (s, 2H), 6.91 (1H, d,
J=8.8), 7.07 (s, 1H), 7.25 (s, 1H), 7.60 (m 2H) Ri7.67 (s, 1H); [err]C NWR
[err] 23.2, 56.5, 101.6, 104.4, 106.0, 107.8, 108.9,[ 114.1, 121.0, 122.5,
133.9, 135.2, 148.1, 148.6, 149.2, 150.1, 1%3.1 A 2Anal . cal cd for

Clerr]Herr]NJerr]: C 70.58, H75 30, 15 “Found: C, 70.55. H,
i soqUi nolRzne (13). Corrpound

5.28, N, 4.30. Exanple XI'l -

6, 7- Di hydr oxy-1- net hyl - 3- (3, 4-di hydrp

12a (250 ng, 0.74 mmol) was di ssol veQ gLNd_ry chloroformand chilled to
-50 [err]C using a mxture of drysfce and 3y etone.? To this 20 mixture was
added dropwise 7.4 nL of a 1.0 M§0I ution of bBson tribronmde in

di chl or onet hane. The reaction m xture was aly owed to conme to room
tenperature over a period of 4 h. The precipitate was filtered and washed

tw ce

wherein _
R,, R,, R;, R, and R, are_lindependently H, OH, or (C,-Cy)alkoxy; R, and
* R; together are -OCH,0-; R, and R, together are -OCH,0-; or R; and R, together
are -OCH,O-; -
R, is H or (C,-Cy)alkyl;
R, is absent;
10 R, is absent; and
R, is -CH=CH- or -(CH,),;
' provided that R, or R, is H;

or a pharmaceutically acceptable salt thereof.

w

15 11.  The compound of claim 10 wherein R4 and R, are -OCH,.
12.  The compound of claim 11 wherein R, is CH;. -

13.  The compound of claim 12 wherein R, is H, R, and R, are -OCH,.
20 |

| 14.  The compound of claim 12 wherein R, is H, and R, and R; are -OCH,0-.

15.  The compound of claim 11 wherein R, is H.
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W|th 2 nL portions of ether. This crude. product was recr stalllzed from
ethanol to give 13 in Q-S'%-y@e-l-d—as—wlm needl es; "Ilu NUJ ol).
3326, 25 1602, 1531; |[HE#HP] EEW&Q:QF ]CD) [err] 3

1H, J = 8.1), 7.19 (dd, 1H , 4 (s, H 7 61 '
(s, 1H), 7.94 (s, 1H)‘|err|CNlVRZCD| [err] 178109611061161

1117. 3, 119. 6, 121. 2,12 125.6, 1 3, 158 3;
'HRVS cal cd for C?%r ﬁsF?Tm&cﬁl%lézﬂ%ﬁmﬁ'oﬁﬁégﬁdég é@ﬁ :
:97/ 29106 ) PCT/U897/01676 26
‘Exanpl e ‘XI'I'l - General procedure for ‘the synt hesi's of 1, 2-dinethyl - 3-
‘phenyl i soqui nol i h7.um The compowmisof{claim, blvﬁh)ereliﬂi‘ is Baahd Rf, ahdB; aresQBH, O e
‘1- nmet hyl - 3- phenyl i soqui nol i ne derivatives (0.67 mml) was added to 1 nL of
.dinmethyl sulfate. This reactlon mxture was then 5 heated at 100 [err]C

for. 20-60 mi n.an the to room tenperature. Anhydrous ether
(8 nmL) was ad&edij% u@% m%??o '

Yy xture and the

whereiﬁ _ _
Ry, Ry, and R; are independently H, OH, or (C,-Cy)alkoxy; R, and R;
10 . t'c)gether. are -OCH,0-; 61‘ R, and R, together are -OCH,0-;
R, is H or (C,-Cy)alkyl; _
R, is H, (C,-Cyalkyl or is absent;
R4 and R, are each OH; and
R; and R, are each absent;

15 or a pharmaceutically acceptable salt thereof.
19.  The compound of claim 18 wherein R, is CH;.
20. The compouﬁd of claim 19 wherein R, is CH,.

120
21.  The compound of claim 20 wherein R, is H, and R, and R, are each OH.
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resultlng suspension stirred for 5 mn. The precipitate was filtered and

recrystalli zed “’“’Mjmﬂl“ujlﬂ gi ve 95 100% of t he correspondl ng N-
met hyl i soqui nolli

7- Di met hoxy- 1, 2- di met hyI 3 3 “4- di et hoxyph yl )i soqui noI i ni um rret hOSUI fate
(14a): prepar ed from 12a; 224-226 C; IR?{IUj ol ) 3508, 1640, 1613, 1548,

105 {1 N o )i o i el B i

2 7.62 : 5
(0 29 7% (s phpedy s g o o AN B 1) O)

122.7, 123.2, 126he4formBBl 151.5, 170.4, 170.9, 171.3; Anal. calcd for
C[err]H[err]NCIerr]Sl5H[err]O C, 53.65, H 5.83, N 2.84; Found: C,
53.35. H, 5.52, ‘N, 2.91.

6, 7- D met hoxy- 1, 2- di net hyl - 3- ( 3, 4- net hyl enedi oxyg@enyl)l soqui nol i ni um

nmet hosul f at e (14b) prepared from 12b; np 235-237 IR (Nujol) 3479, 1612,
20 1568; [err]H NWR (DVvsO-d[err]) [err] 3.22 (s, L3H) R3.38 (s, 3H) 4. 06
(s, 6H), 6.20 (s, 2H), 7.14 (m 2H), 7.23 (& -1, 3770 (s, 1H) . 86 (s
1H), 8.09 (s, 1H); [err]C NWMR (RDIVSOd[err
102.2, 106.2, 106.3, 109.1, 110.0, 7R3~ y R
144.9, 147.9, 149.0, 152.5, 156.9, 1 naI ' cal ¢ for '
Cerr]Herr]NdJerr]S: C, 53.11, H 5 /§\11R9Found C, 53.03. H 25
5.19, N, 2.95. Rg '

wherein _
R, R,, R;, R, and R, are independently H, OH, or (C,-Cyalkoxy; R, and -
R; together are -OCH,0-; R, and R, together are -OCH,0-; or R, and R, together
are -OCH,O-; S |
10 R, is H or (C,-Cg)alkyl;
R, is H, (C,-Cs)alkyl or is absent; and
R, and R, are independently -CH=CH-, -(CH,), or are absent;
prov1ded that ‘ '
when Ry is -CH=CH- or -(CH),-, R, is absent and R; is H; and
15 when R, is -CH=CH- or -(CH,),, _Rl or R, is H, and R and R, are absent;
- or a pharmaceutically acceptable salt thereof. |
, 23.- The method of claim 22 wherein the cancer cell is located in the central

nervous system.

20
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6,.7- Di hydroxy ml"um,mwmml 4- di hydr oxyphenyl )i soqui nol i ni um

met hosul fate { 13; nmp 118-120 C IR (KBr) 3249, 1614,
1528, 1454; [errTH'NMR (ED[®rrj QD) [err] 3.08 (s, 3H), 3.68 (s, 3H),.6.98
(d, 1H, J=8.2), 7.21 (m 2H), 7.37 (s, 1H) 447.61 (s, 1H) 7.94 (5, "1H);
f[err]C NVR (CDO{err]CD) [err] 30 17.8; 1009. 6 110.6, 116.1,117.3, 119.6,

121.2,122. 8, 125. 6,,138.

PCT/ US97/ 01676 27149, émﬁ@gfuﬂgt g"“‘%ﬁ‘ﬁ\gf?‘% BRI 4 for
CerrJ]Herr]NdJerr]S: C 52.81, H 4.68, N, 3.42; Found: C, 52.79, H, 4.65,
N, 3.40. Exanple XIV - Materials. The plasmd pETlla and the E. coli strain
BL21(DE3) used for enzynme 5 expression were purcRased from Novagen. | PTG

was purchased from Sigma. The ECL system used for |the stern blotting
[ the restriction

ol abs. Mamal i an -
ds_accordi ng to t he

t opoi somerase |1 was isolated frofs
publ i shed procedure (Halligan et al.

wherein
5 . R,, Ry, R;, Ry and R, are independently H, OH, or (C,-Cy)alkoxy; R, and
R, together are -OCH,0-; R, and R, together are -OCH,0-; or R, and R, together
are -OCH,0-;
R, is H or (C,-Cy)alkyl;
R, is H, (C,-C,)alkyl or is absent; and
10 R, and R, are independently -CH=CH-, -(CH,), or are absent;
provided that _
when R, is -CH=CH- or (CH),-, R, is absent and R, is H; and
~ -when R, is -CH=CH- or (CH,),, R, or R, is H, and Ry .a.nd R, are absent;
or a pharmaceutically acceptable salt thereof, to prepare a medicament effective |

15 to inhibit tumor cell growth in a mammal with cancer

25. The method of claim 24 wherein the maminal is a human.

26.  The method of claim 24 wherein the cancer is a Icﬁkemia or melanoma. .
20 -
27.  The method of claim 24 wherein the cancer is a solid tumor.

28.  The method of claim 27 wherein the tumor is a breast, lung, colon, or

ovarian tumor.
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10 Chem 260:2475-2482 (1985)). The single copy y ds Y GALI
expressing various topoi sonerase | genes in JN2-13 g'"ﬁ
kind gift of Dr. MA. Bjornsti (Thonas Jefferson U Iphla
PA). Al bacterial and yeast nedia vverefromeco(Detrmt M), while
cell culture nmedia were purchased from G bco-BRL (Gaithersburg, MD). 15

Exanpl e XV - Topgg somghasithod il &SI ORhérBinfthe E@lckr cellds Ma&'d'ln iRy &ﬁu'al

quant i ty of hunan topoi sonerase |, the human topoi somerase cDNA wa _
cloned into the pérveddlsysteact-or, in which transcription of. t’he cDNA |s under
the control of the inducible T7 pronoter (Studier et al., Methods in -

Enzynol ., Vol. 185:60-89, San Diego Academc 20 Press (1990)) Briefly, a

3.4 kb DNAfragmatc tal tire .c n e

t opoi somerase | and agﬁ Clal 16?‘“&?%5 %‘ﬂg Lﬁ‘édg?@'ﬁ}néﬁeragﬁ%stream of
the stop COdOE Vesimbinlich fr[ﬂxﬁhﬁ&@ 1 aflg Ee LB RN TOPL (Bj ornsti et

al ., Cancer Res. 49: 6318 6323 (1989)) by cuttl ng at the BanH and EcoRI

sites. The vector pET-1la was cut with the sane 25 restrl ctl on enzymes,

dephosphoryl at ed_ and ligated to the insert in the i ng-frane
downst r eam of thel.vectBf “EM%&E%-’@ Wl"ﬁﬁ%‘“l”i‘eg‘ﬁtmﬁfr)f BGP \ge % used to
transformE. coli, the correct clone pET1B was isolated (see figure 2A for

the map) and its id.enti ty confirmed by restriction mapping. Since the
32.  The method of claim 30 wherein the carrier is adapted for parenteral

10  administration.

(U8
(V3]

The method of claim 30 wherein the carrier is a tablet or capsule.

34. A pharmaceutical composition comprising an effective amount of a

15  compound of the formula:

- wherein
R, R;, R;, R and R; are independently H, OH, or (C,-C;)alkoxy; R; and
20 R, together are -OCH,0-; R, and R, together are -OCH,0-; orRsand R, together
are -OCH,0-; '
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cy)alkyl or is absent; and
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transl ational start in pET is Eositio.ned at an upstream Ndel site, the

expressed 30 rﬁnmum ﬂ“lrlll as a 15 amno acid fusion at its N-term nus.
pET1B was the [ E. coli BL21(DE3), and,” upon'indueti-on with
0.4 nM I PTG for* © W) 97/29106 = S e T

.PCT/ US97/ 01676 28 1 hour, the bacteri al Iysﬁ?e was anal yzed by 10 %

SDS- PAGE. Expressi on s confirped b stern_hlotting using rabbit’

anti bodi es agai nst hu\r:\gha'“t EEW%P%%]EX% 'C%Tj@ﬁr:i'(ﬁ:ﬁﬁi Of #& 28585essed

protei n was donecﬁﬁvﬁe&h{gpl e procedure. Briefly, E. coli cells were |ysed
by repeated soni ursts. The sonic 5 extract was made in 1 M Nad and 6%

pol yet hyl ene gl ycol ( Rikgn Rpis-EHeCH-bd CCR)G-, RE itibsentaad REG Bpgd nat ant was
chromat ographed directly 6n a hydroxyapatife colum. Expressed hunan DNA
t opoi sonerase | was el whaoRais -CHeChl-6r MGTb)aBs buRs istib sl R ;end (Rypre absent;
o e enaye pes. 8 Surced S90St S lyeerol v S0l pot aspLum phospha e
el o) oo S AG e P o ey a2 speci ¢
35. | The combound 3-methyl-3,4,10,11-
tetramethoxydibenzo(a.g]quinolizinium acetosulfate; 8-methyl-3,4-
10  methylenedioxy-10,1 1-dimethoxydibenzo[a,g]~quinoli'zinium acetosulfate; 3,6-
dihydro-8-methyl-3,4,10,1 1 -tetramethoxy-dibenzo [a,g]quinolizinium
acetosulfate; 5,6-dihydro-8-methyl-3,4-methylenedioxy-10,11-
dimethoxydibenzo[a,g]quinolizinium acetosulfafe; 5,6-dihydro-3,4,10,11-
* tetramethoxydibenzo([a,g]quinolizinium chloride; 5,6-dihydro-3,4-
15 methylenedioxy-10,11-dimethoxydibenzo[a,g]quinolizinium chioride; 3,4,10,11-
tetramethoxy-dibenzo [a,g]ciuinolizinium chloride; or 3,4-methylenedioxy-10,11-
dimethoxy-dibenzo{a,g]quinolizinium chloride; or a pharmaceutically acceptable

salt thereof.

20 36. The compound 6,7-dimethoxy-1-methyl-3-(3,4-methylenedioxy-
phenybDisoquinoline; 6,7-dihydroxy-1-methyl-3-(3,4- | _
dihydroxyphenyl)isoquinoline; 6,7-dimethoxy-1,2-dimethyl-3-(3,4-

" methylenedioxyphenyl)isoquinolinium methosulfate; or 6,7-dihydroxy-1,2-
di:pethyl—B-(3,4-dif1ydroxyphenyl)—isoquinolinium methosulfate; ora

25 pharmaceutically acceptable salt thereof.
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ol i-gonucl eot i e point mJt ation CAG (Asp533)->CGG (G y) .
responsi bl e for e resistance phenotype inLPT-K5 (19), were syrmthesized
and engineéred in the topo |I coding sequence using the sequential PCR

met hod (Current RKOtOC i a i ol ogy, In: Ausubel et al. (eds.),
Vol . 1, pp. 8.5. 37 Bosﬁ)kg‘?‘b@f%{g‘lﬁ"tu%@@‘é\%ence (1991)). The two 20

ol i gonucl eot i des are 5' - CTTCCTCGGGAAGGGTCCATCAGATAC- 3" (primer X1), and

5' - GTATCTGATGGAGCCCTTCCCGAGGAAG 3' (primer X2), where the underlined
sequence represents the nutated codon. Each oligdhucl eotide was used in
separate PCR reactions to anplify two DNA segnentfs adjacent to the rrutatlon
site, using the oligonucleotides 25 5'-A AGFT3 3 ("A") and

5' - CTTCATCGACAAGCTGCTCTGAG 3' ("I-R{) as the r primer pairs for X1 and
X2, respectively. "A" and "H' aré<conplengrtar khe human topo |
sequence around the unique restrict ] R;Hi ndl 11, After the
first round of PCR, the two anplifig &, -H and X2-A were
denatured and 30 anneal ed by thg' r =" pai r tonpl ementary sequence,
due to the overlap of

t hymus t opoi sonerase - pr ession of canptothecin-resistant
( CPT- K5) topo @wlﬂ;ul "l@ CO|I Two conpl enmentary . .
t

wherein
5 . Ry, Ry, Ry and R, are independently H, OH, or (C,-Cg)alkoxy; R, and R,
together are -OCH,O-; or Rq and R, together are -OCH,O-; R, is H;
R, is H or (C,-Cy)alkyl;
R, is H, (C,-C,)alkyl or is absent; |
Rq is -(CHy)p-; _and .Rg is absent; or a pharmaceutically acceptable salt
10 . thereof.

38. . A compound of the formula:

15 wherein _
R,, Ry, Ry, R and R, are independently H, OH, or (C,-Cg)alkoxy; R, and
R, together are ~-OCH,0-; orR6 and R, together are -OCH,0-;" |
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t he ol i gonucl eot i his short stretch of doubl e-stranded DNA
WO 97/ 29106 L ﬁiu lL I | PCT/ US97/ 01676
29 segnment was t soy«vent polynerase at 72[err]C for 2:.minutes

to the supposedly 748 base pairs full 1engt4g product” A-H. Thé two exter nal
primers "A" and "H' were then used to anplify the full Iength DNA fragnent
containing the nutateg t et t. The anplified nutant topoi sonerase
| cDNA was 5 then di gétéfgg)r\xnct WFI and Hindlll, and cloned into pET1B
by replacing the corr@sppitdestg Avril/Hndl Il fragnent in the topoi sonerase
| cDNA sequence. The plasm d pET1B- CPTK5, which contai ned the nutant CPT-K5
t opoi sonerase | cDNA Rgstahsentpénd he wi | dt ype human topoi sonerase | cDNA,
was transformed into E‘JC%H[T 21(DE3) for expression. Upon induction with
10 IPTG the protei i t'he-fysates was confirnmed by Western blotting.
The CPT-K5 tapoi soner : ified fromthe bacterial |ysate as
descri bed forpt he: wi | g@b%dgﬁ%yéﬁ%%ggﬁbl e XVII - Topo |- and topo I

cl eavage assay. or a pharmaceutically acceptable salt thereof. '

39. A compound of the formula:

10
wherein . .
. R, Ry, Ry, Rgand R; are indépendenﬂy H, OH, or (C,-Cy)alkoxy; R, and
R, together are -OCH,0-; or R¢ and R, together are -OCH,0-; or | |
_ R4 is H or (C,-Cg)alkyl; '
15 R, is absent;
| R, is absent; and
Ry is -(CH,)s-;
provided that R, or R, is H;
or a pharmaceutically acceptable salt thereof.
20
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Cl eavage assays f nt t opoi sonerases | and calf thymus 15

t opoi soner ases | ﬂb! m“@ ﬂgﬂ as described (Liu et al., J. Biol. Chem
258: 15365- 15370 m d YEpG DNA used for the cl eavage. assays
was prepared and | abeled at its 3'-end usinggthe published pr “ocedur €s.
Exanple XVIII1 - Yeast cytotoxicity assay. It has been established that
yeast can survi vegomhena 3 RHoBRATBE Be $ &nu@? function is obliterated, and that
t he topoi sonmerase | poisons only Ki I? | s having a functional

t opoi sonerase | (Bjornsti et al. Cancer.Res. 49:6318-6323 (1989)). Thus,
conparison of the relative extent of growth of each of the test strains in
the presence of various drugs with control plates®minus drug shows 1)

whet her the drug has any cytotoxic effects on yeagt, 2)R whet her the
cytotoxicity is topo | 25 specific and 3) whetbel et @ i s any
differential specificity of the grug for yeast fired with human topo |.
The topoi sonerase-l-specific in VI 0L4d was adapted from
Knab et al. (Knab et al., J. Biol. 268: 2232 -223%9 (1993)). In this
system various topo | genes cl oned he »singl,e copy yeast plasnid
vector, 30 YCpGAL1 (Knab et al., g Oém\ 268 22322- 22330 (1993)), are
expressed under the control of the GALl prm)t%.‘( in the JN2-134 strain of
S. cerevisiae R4

wherein
5 . R,isOH; _ ' _
- Ry, R; Rs and R, are independently H, OH, or (C;-Cy)alkoxy; R, and R;
together are -OCH,O-; or R, and R, together are ~OCH,O-;
R, is H or (C,-Cy)alkyl;
| R, is H, (C,-C,)alkyl or is absent; and
10 R; and R, are each absent;
or a pharmaceutically acceptable salt thereof.

41. A compound of the formula:

15
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97/ 29 PCT/ uso7/ 01676
30 (MATamﬂmm’ Hﬂn!"tlllpl ade2 1 h| s7, ura3-52, isel, topl-1, Ieu2)
(Bjornsti «e Res. 49: 6318- 6323 (1989)) The topo I cons-tr.ucts
in the vector are respectively, the wild-tgpe yeast topo I~
(YCpGAL- ScTOP1), a non-functional yeast topo | where the active site
tyrosine-727 is nyhatgd to a phenylalanine 5 (YCpGALL- Sct oplY727F) (Knab et
al., J. Biol. Chem 268:22322-22330 (1993)), and the wild type hunan
t opoi soner ase | (YOpGAR,,mcmlahd(lBjaminﬂépendéntBﬁH,OHaBtIﬁI -Caikod) B R 8nd323
(1989)). To qualitatively test the cytotoxicity and the topo | speC|f|C|ty
of the drugs, ye%ﬂtoﬁﬁh?fsﬂécwﬂr@' the specific plasmd were serially
diluted (5-fold) and \égre own in dropout nmedium supplenmented 10 wth
uracil and 2% gal acto i dditi on, the plates contained: A Control, no
drug in the plqte; B: I(:aqg}p; ?P_u(}q:PT) 0.5 [err]M C. Coralyne, 1 [err]M
; D. Met hyl enedi oxy-di hydro derret coral yne (MDD-Coralyne), 1 [err]M and
E: Nitidine, 1 [err] MR,ibé&, ijaCe)allmEmasgbsmn ahdr 3 days at 30[err]Cto
assess the lethal effect of the different conmpounds on the various
t opoi soner ase |1 enzymfss %@ﬁ%@esqnﬁ S. cerevisiae and the drug being

tested. or a pharmaceutically acceptable salt thereof.

10
42. A compound of the formula:
wherein o _ :
15 R;, Ry and R, are independently H, OH, or (C,-Cy)alkoxy; or Rg and R,

. together are -OCH,0-;
| R, and R, together are -OCH,O-;
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cyalkyl or is absent; and
20 Ry and R, are each absent;
~ or a pharmaceutically acceptable salt thereof.

THIS SHEET HAS-BEEN | This Sheet Has Been Re
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Exanmpl e XI X - Cyt ot y assay. The . err] of the drugs tested were

det er i wwlwn\iﬁ ﬂ' rotiter plate tetrazolinium cytotoxicity assay
(MTA) ( nol . Methods 65:55-63 (1983); Denizot et al., J.
| munol . Met ocis 89: 271-277 20 (1986)). Hugpn | ynphobl ast RPM 8402 cel S
and their. canptothecin-resistant CPT-K5 cells (Andoh et al., Proc. Natl.
Acad. Sci, USA 8 49565 L, ki ndly provided by Dr. Toshiwo
Andoh (A chi Cané:her Cen'?'grgﬁese‘gfrt%:1 fc*ﬁ@t&itute Nagoya, Japan). The cell
lines A2780 and its canptothecin-resistant derivative CPT-2000 were.a

gener ous gift of Dr. Jaulang Hwang (I nstitute of 25 Mol ecul ar Bi ol ogy,
Acadeni a 'sinica, Taiwan). Cells (2000 cells/well,Rseeded in 200 ml growt h
medi um) were grown in suspension at 37[err]Cin 50_Cq§1;r] and mai nt ai ned
by regul ar passage in RPM nedi um suppl enenkged. v 0% heat inactivated
fetal bovine serum L-glutamnine [I(Z mV) , pen,i cil 100 Um), and
streptonycin (0.1-ng/m). The cel s ye , (v tynuously for 4 days to
30 different drug concentrations, d at,”the Bnd of the fourth
day. - Each concentration and the no g I--\&gre repeat ed at | east
twice in 6 replica : R¢ :

wherein
5 Rl, Rs, and R, are 1ndependent1y H, OH, or (C,-Cy)alkoxy; or Rg and R,

together are -OCH,0-;
R;and R, together are -OCH,0-;
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cg)alkyl or is absent; and

10 R, and R, are each absent; |

or a pharmaceutically acceptable salt thereof.

44, A compound of the formula:

This Sheet Has Been R

I

AMENDED SHEET



4

—_——

WD 97/ 29106 PCT/ US97/ 01676
31. wel I s. mm pI otted and the | C50 then neasured. The drug :
sensitive mmn@ mnlcarm noma KB 3-1 cel | i ne and its

vi nbl asti ne’sef ect ed mil t *dr ug- r esi‘st ant vargpant KB-V1 cells (Aki yama et
al., Genetics 11:1 17-126 (1985)) were kindly provided by Dr. M chael

Cottesmann (Nati opgéreff@ncer 5 Institute). They were .grown as nonol ayer
cultures at 37C in 5% C02 and nmi ntai ned by regul ar passage in Dul becco's

mni.mal essential medi BnRyyapd Rpeetisdépendent!s GROHalr (Cp@g)‘alkoaypﬂ, irﬁilal
bovine serum KB-VL cells were maintained in the presence of 1 ng/ni
vi nbl asti ne. \M#FQ@'EO@ H‘JO" or R' and R-) togethef are ‘OCH’)O

PCT/ US97/ 01676 32 Tablﬁ } @_ésn@r se | and Topoi sonerase ||l nedi at ed
DNA Cl eavage of Coral yht [% Fvarryds¥and Rel at ed Corrpounds Cytotoxicity

Ierr] (AM 5 R, is H, (C,-Cyalkyl or is absent;
' Rg and R, toge;her are -OCH,0-; and
R; and R, are each absent;

or a pharmaceutically acceptable salt thereof.

This Sheet Has Been Rei aced
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" Topo |+ nedi at ed To o |1-mediat e]d Cel :ka/; nes 5 Conpound DNA
cleavage[err] I‘[Hﬂﬂ err ]
Sy |||ll| L 1000 REPLACEMENT SHEET,
0.4 ‘ C
- T7a . ' ' >1000 43 5.9 >20d 10 - 7b
1000 1000 6.9 14 7c c10 .
. . A6ndth@hof using a ¢ : . >100( 3
33 8b ° 31%26'0 ° usmfoaobgmpoundz& e fo&n (L)da 6. 4 BEPLACEMENT SHEgT
1 50 8.1 27 15 9a - >1000
1000 24 29 9b >1000 : - 190p 23 DEC 1998°
15 9c >1000 >1000 ' 5\.'3 15} 1pa
1000 10 13 >32[ err ] 10b R, >
1100 - 2.6 5.2 20 10c 53--«?k\\rfb 2 ‘
0.8 6.8 12a >1000 Ry '>10C£CL | - 13 L —
12b 1000 >1006\7‘5\5V/)§>r/fsz/l\\as 31
: A/lk/'\‘\"'é';
: ' Rs R | S ,

wherein

W

R, Ry, R;, R and R, are independently H. OH, or (C,-Cy)alkoxy; R, and
R; together are -OCH,0-; R, and R, together are -OCH,0-; or R, and R, together
are -OCH,O-; '

R, is H or (C,-Cg)alky!; _

Ry is H, (C,-Cy)alkyl or is absent; and
10 Rg and Ry are mdependently -CH=CH-, -(CH,), or are absent;
provided that

when R, is -CH=CH- or -(CH),-, R, is absent and R, is H; and

when Ry is -CH=CH- or -(CH,),, R, or R; is H, and R, and R, are absent;

ora phérmaceutically acceptable salt thereof, to prepare a medicament effective

15  to inhibit tumor cell growth in a mammal with cancer

23.  The method of claim22_wherein the mammal is a human.

24. The method of claim22 wherein the cancer is a leukemia or melanoma.
20

25. The method of claim22 wherein the cancer is a solid tumor.

26. The method of claim 25 wherein the tumor is a breast, lung, colon, or

ovarian tumor. —

This Sheet Has Been Replaced
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_ . >1000 >1000 7.1 99 1l4a >1000
>1000 25 14b 00 o 2= o 0
o | O AN 1 RS o5 +1000 REMRCEMENT SHEET
>122[err] CPT ¢ t " 7 44 >1000 ~0.00 1Q[err]

VM 26 >1000 1 0.3 0. § THIS SHEET Qs agey
has been cal cul ated after 4 days of continuous drug exposurp. - RBEPLACED
Topoi sonerase | aigavage nahddest ciif 228¢RFdie the@ind3Etzl] iRédAted VR THeIcERRArHY-e
Concentration, i.e., concentrations relative to canptothecin (CPT), whose

val ue is arbitrarefypuassidmed as 1, that are able to produce the sane ,
cl eavage on the 35 plasmd DNA in the presence of human topoi sonerase |I.

c) Topoisonerase |1

cl eavage val ues are reported as REC, Relative Effecti ve

Concentration, i28., CRRGEGESBSHDHS I28)REiN helcompbhrbis MR Red@idie 1S
arbitrarily assumed as 1, that are able to produce the sane cl eavage on the

pl asmi d DNA i nd 40-ombieation e¥drcphaphacentidally hsaspsblespaicsomerase 11. d) No
i ndication of cytotoxicity were considered indicative of IC[err] values
substantially greater than the highest doses assayed.

29.  The method of claim 28 wherein the carrier is a liquid vehicle.

30. _ The method of claim 28 swherein the carrier is adapted for parenteral

10 administration.
31.  The method of claim 28 wherein the carrier is a tablet or capsule.

32. A pharmaceutical composition comprising an effective amount of a

P

15 compound of the formula:

wherein
Ry, Ry, R;, Rg and R, are independently H, OH, or (C,-Cy)alkoxy; R, and
20 R, together are -OCH,0-; R, and R, together are -OCH,0-; or R¢ and R, together |
are -OCH,0-; '
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cy)alky! or is absent; and

REPLACEMENT SHEET

23 DEC 1998

L
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WO 97/ 29106 PCT/ US97/ 01676

ali lﬁfaé?é?}ﬂlﬂﬁdlflﬂlllﬂﬂiﬂiﬂm LEZEeS,aL"L. nitar to (I RAGEMENT SHEET

the RPM -8402 €ell IPnes The results are shown in tabl-e 2 bel ow WhICh

corrpares the effect of Conpound 7c against the |eukem a ce hy

8402), epi dermal car nci noma ( KB3- ¥p and gI i obI astoma ( SF E‘S?ﬁ AS, BEEN
Cyt ot OXI city (ug/m) Conpound FEP

SE- 268 10 cor al yReand R.,are mdependgxtlg CH—CH- -(CH,), or g’egbsent

0.1 Conpound 7c 0.3 0. 06 0. 008

doxor ubt ci ne pm“deg.dg“ 0.1 0. 8 canpt ot heci n
0. 003 0. 00&hen R, is -CH=CH- ob-(Q8}.- 1K il andR is HRasdil t s | n or der

to establish whether human_ DNA t opoi sonerase | is.the cytfotoxic t et of
coralyne and its deri vihevRsis -RHTRA-CopEHoferafe ‘ftp[ ﬁ&év@ﬂé‘*é{‘p‘%@g§ed in

a T7 expressiog sysf oINS AR S358HI TR0 combination with a

pharmaceutically acceptable carrer.

_33. The compound §-methyi-3.4.10.11-
tetramethoxvdibenzo[a.g]quinolizinium acstosulfate; 8-methyl-3,4-

10 methylenedioxy-10,! 1-dimethoxvdibenzo[a,g]-quinolizinium acetosulfate; 3.6-
dihydro-8-methyl-3,4.10,1 1 -tetramethoxy-dibenzo[a.g]quinolizinium
acetosulfate; 3,6-dihydro-8-methyl-3,4-methylenedioxy-10,11-
dimethoxydibenzo [a.g]quinoliziriium acetosulfate; 5,6-dihydro-3,4,10,11-
tetramethoxydibenzo[a.g]quinolizinium chloride; 3,6-dihydro-3,4-

15 methylenedioxy-10,1!-dimethoxydibenzo{a,g]quinolizinium chloride; 3,4.10.11-
tetramethoxy-dibenzo[a,g]quinolizinium chloride; or 3,4-methylenedioxy-10,11-
dimethoxy-dibenzo[a,g]quinolizinium chloride; or a pharmaceuticaily acceptable
salt thgreof.

20 .34.  The compound 6,7-dimethoxy-1-methyi-3-(3,4-methylenedioxy-
phenyl)isoquinoline; 6,7-dihydroxy-1-methyl-3-(3,4-
dihydroxyphenyl)isoquinoline; 6,7-dimethoxy-1,2-dimethyi-3-(3,4-
me;hylenedioxyphenyl)isoquinolinium methosulfate; or 6,7-dihydroxy-1,2-
dimethyl-3-(3,4-dihydroxyphenyl)-isoquinolinium methosulfate; or a

[(8)
(V3

pharmaceutically acceptable salt thereof.

REPLACEMENT SHEET
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t opoi sonerase | was pur|f| ed by a si ngl e chromatographic s
reconbi nant hu ase | was used.to eval uat el THIS SHEETVHAY B&EN
coral yne and |Hmu m;‘mnm‘Fe reconbi nant human DNA t opoi SOIREPRACED and

t opoi somerase | *puri ftedrfromscal f thynus glands have conp
activity and produce siml ar cI eavage ﬁgtterns in the pres n%%n
canpt ot heci n and cor al yne. T reconbi nant human

t opoi soner ase | |ndBcedAeﬁh98md/&tlﬂ%nbﬁl@akS on YEpG DNA i
either coral yne or canptothecin. These DNA breaks were sho
formati on of topoi sonerase | cleavable conpl exes by the foll
(1) They represent single-strand breaks since no

the reactions were not denatured prior to 30 |oaging onto
agarose gel; (2) the breaks were shown to be protgi 5
upon heating to 65C, a hallmark of topoi sonBf asg” 97/ 29106

PCT/ US97/ 01676 34 | cl eavabl e conflexes. The cl avage pattern I nduced by
coralyne is simlar if

e neutral

wherein
5 R;, Ry R; and R, are independently H, OH, or (C,-Cg)alkoxy; R, and R,
together are -OCH,0-; or R, and R, together are -OCH,O-; R, is H;
R, is H or (C,-Cy)alkyl; .
R; is H, (C,-Cy)alkyl or is absent;
R; is -(CH,),-; and Ry is absent; or a pharmaceutically acceptable salt
10  thereof. '

-«

28. A compound of the formula:

15 wherein : :
R,, Ry, Ry, R¢ and R, are independently H, OH, or (C,-Cyalkoxy; R, and
R; together are -OCH,0-; or R, and R, together are -OCH,0-;

This Sheet Has Been: Reilaced
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not identical to that of canpt ot heC| n, suggesting that the two drugs may
~share a si ﬂ“ﬂ”ﬂﬂlﬂu?’mﬂm on agai nst t opoi somerase |. To test whether
coral yne i oralyne's activity against calf émmgﬁr
t opoi soner ase 'l Was"evhl dated.- 1t was deterni ned t

essentially no activity against purified calf thyrrus DNA t opoi somer ase 1.
Both nitidine and VM 26 were used as controls for conpari son.
li ke VM 26 but unlike eQialwaec -CJalgylhi ghly potent topoi
The fact that coralyne is a ratlher speci fic topoi sonerage
10 eval uation of the Rslivabséntt opoi sonerase | as the cytiot oxi :
coralyne in cells. Yeaz\té :%) rHdel etion strains expr essi ng \:I_PEACEMHNT

t opoi somerase | have b

t I
yeast cells. Although, coralyne exh| bited no cytotoxicity}a g&rip?‘yeg?
strains expres§| ng hunﬁWVG@dhﬁ&mr&seH 15 or non-functohgal
t opoi somerase |, sone gf Ee coral e deriyati v S were hi(
agai nst yeast cells expt &8 mW&‘:W %CBTP(‘ﬂb el ;
hi ghl y cytotoxic agai nst yeast cells expressi ng human DNA top0| soner ase |
but not cytotoxic_against yeast cells expressing either functional or
non-functional yedét topwimpeted abbe fommiis resuit suggests that the
cytotoxic 20 target of MDD-coral yne is human topoi sonerase | in the yeast
system It was

10
whereih
Ry, Ry R;, Ryand R, are independently H, OH, or (C,-C;)alkoxy; R, and
R; together are -OCH,0-; or R; and R, together are -OCH,O-; or
R, is H or (C,-Cyalkyl; '
15 R; is absent;
R; is absent; and
Ry is (CH,).-;
provided that R, or R, is H;
or a pharmaceutically acceptable salt thereof.
20

This Sheet Has Been Reﬂlaced
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surprising that yeast cells expréssi ng functional yeast topoisonerase | are

I 7 e
cyto OXIC

system was al sb evaluat*ed. Nitidine, |ike MDD cora
tﬁ'ﬁ%“éﬁﬁ* BEEN
u CED

agai nst yeast cells 25 expressing human topoi sonerase | b
agai nst yeast cells expressing either 4unctional or non-f
DEPERCEMENT, SHEET
or a '

t opoi sonerase 1. esult againh supports the notion th
t opoi soner ase | Fﬁrhé&%‘lﬂ?‘ﬂ%%“ﬁ%@@%‘%‘%f nitidine and t
o 220Ec e

topoi sonerase | is resistant to nitidine. To evaluate the |pg
t opoi sonerase | as“the cytotoxic target in 30 human cells,
derivatives were tested against two pairs of canft ot hecin-
| i nes (RPML8402/ CPT-K5 and A2780/ CPT2000). In WO 9%/ 29106

Qo

PCT/ US97/ 01676 35 both pairs of cell linesggth tance to canpt ot hecin
has been attributed to mutationsg within the st fuct genes_of _hunan
t opoi sonerase | |eading to canptdthg LeNsS n t opoi sonerase |
(Tamura et al., Nucl. Acids Res. 1| [ R;
NS /N""Rg
Rg l \R-
b)
Ry

wherein
5 R, is OH;

R, R;, R, and R; are independently H, OH, or (C;-Cg)alkoxy: R, and R;

together are -OCH,0-; or R, and R, together are -OCH,O-;
R, is H or (C,-Cyalkyl; '
R, is H, (C,-Cy)alky! or is absent; and

10 Ry and R, are each ébsent;

ora pharmaceutically acceptable salt thereof.

39. A compound of the formula:

This Sheet Has Been Repl
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19: 69-75 in Tabl e 1, whereas the resistance index for 5
canpt ot het ﬁﬂ;e of 1000 to 10,000, the resistance index for
coral yne i i tidine varied between 1t|§ IA{C ( :
simlar cleavage pattern produced by canptothecin an Eg:(’)ra ymgmxﬁfﬁg
(also nitidine), the lack of significapy cross-resistance of -the. ..’

canpt ot heci n-resistant cell lines to coralyne derivatives and nitidine was
10 surprising. It my.indicate that these drugs have additional cytotoxic
target(s). Alternati ve?y, canpt ot heci n-resi stant topoi sonerase | in the

resistant cells simply RipRs Roaid RODE Miefaleab HOTH! & @OISINBRy RIH gl ves
and nitidine due to non-overl a&gl ng receptor ‘sites. In or‘der. to di'stInguish

bet ween these two Brdeestsiriare r@sH:@aamt ot heci n-resi stant t g ®erase | was
isolated from CPT-K5 1% ;cgly.s and tested for resistance/ pé HEE Eh{g
coral yne derivatives and nitidine. Unfortunately, the CPTLK D) .._3_4-.
| purified from CPT- K5 Rids HorW@sCyakylacti ve enough to gi T(r. ’
results. To overcone this problem in vitro site-directed| npt-agehs
performed to create anBait Q’@rthmlprﬁﬁmenmﬂéti on at nufl

1809 of the human topoi a . The 20 nutation
to Ay (a.a. # 533) chgéggslkﬁﬁx?ﬁéc%%& aci d sequence of

been shown to be responsalphanfaotuticaltydcodgisié salttRerest ance J
Nucl . Acids Res. 19: 69-75 (1991)). The nutati on was ‘

£ _protein has
Tanura et al..,—

10
40. A compound of the formula:
wherein
15 R;, R; and R, are independently H, OH, or (C,-Cy)alkoxy; or Rg and R,

together are -OCH,0-;
R, and R, together are -OCH,O-;
R, is H or (C,-Cy)alkyl;
R, is H, (C,-Cy)alkyl or is absent; and
20 R; and R, are each absent;
or a pharmaceutically acceprable salt thereof.
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engi neered i nto human t opoi somerase | cDNA on pPpET1B. The resulting plasmd,

The overex ﬂ Yeggéergstsi)ggl g]:)necfls§5§5 tO&EMfﬁ.‘EEEd
S

and shown t o hdve "ab8ut ® the same specific activity t he mnldtype human

t opoi sonerase | expressed and purified in a simlar manner. The.reconbi nant
CPT- K5 topoi sonerase | was shown to bé%hi ghly resistant (over 1000 fold) to
canpt ot heci n. However, the reconbinant CPT-K5 30 topoiso
marginal |y resi st ddt t & Sopmpoundef the fosmulahan 10 fol d) and

resistant to D-coral yne (about 30-fold). Surpr|5|ngly, t

PCT/ US97/ 01676 36 reconbi nant CPT-K5 topoi sonerase |-

coral yne as evidenced by the cleavage assay. As ahomm |n

conpound 7c has exceptional cytotoxicity against gllobla t

nore cytotoxic against this CNS tunor cell R§ th Redkeni a or epl der rral
carcinoma cell lines. Its effectkveness agai nsf
R;
THIS SHEET HAS BEEN
Re REPLACED
Ry
wherein
3 R, R¢, and R, are independently H, OH, or (C,-Cy)alkoxy; or R and R,

together are -OCH,O-;
R; and R, together are -OCH.O-;
R, is H or (C,-Cylalkyl;
R, is H, (C-C,)alkyl or is absent; and
10 R; and R, are each ébsent;
ora pharmaceutically acceptable salt thereof.

42. A compound of the formula:

i



SF- 268 cvk#vsrugge&s——t—ha%—sel ective upt ake of this conpound may be

occurri n st udi es denonstrate that coral yne an

activity ﬂ :"ﬂ mL and/ or. t opoi sonerase |1 p& Sons. mgﬂn%@r
suggest t stituted anal ogs of nitidine could exhibit.

simlar sel ect|V|ty W|th 10 regard to_inhibition of mammalian topoi'sonerase
| or 11I. 39 What is clained is: REPLACEMENT SHEET 1. A conpound of

t he formul a: [errgq\é\ﬂex{eln Rlerr], Rerr], Rerr], Rerr] and Rerr] are
I ndependently H : (derr]- C[err])al koxy, Rlerr] and R err] together

are -OCH err] O-; RlerrR,adakd Rl &k iddeg@ideealy B/ OH; 6, & Jdlkdxy; RyaddRy r] and

Rlerr] together 10" are - err]O err] is Hor err] - C[err])al kyl ;
Rlerr] is H, (C[eltqﬂeﬂ'@féﬁer'})fﬁ'l @yIOf&: RawgeﬁhsraranQC(H%

R,is Hor (C, -Cs)alkvl.

5 R, is H. (C,-Cy)alkyl or 1s absent:
R, and R, together are -OCH O-; and
R, and R, are each absent;

or a pharmaceutically acceptable salt thereof.

THIS SHEET HAS BEEN
REPLACED
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| R[/éfr"] and .R[errr] are independent!|y*-CH=CH, -(CJ-l[err]')[err] or arqugé%f;'é

prowvi ded that 15 _ rr] is -CH=CH oOr - [err]- err] is
_absent and R[err“"l“lmlnmm‘lmﬂﬂ'err] i S CI—I:CI—I-RS%EMENHR'LSHEET
~ Rlerr] or Rerr] i's H ‘and Rferr] and R errjy are absent; or a
pharmaceutically acceptable salt thereof; for use in inhibiting cancer cell
gromh. 20 2. Wiafisatmiigr ei n the cancer cell is located in the central
nervous system 3. Claim 1 wherein the cancer is a | eukem a or nel anona.
4, Claim|l wherein the cancer is a solid tunor. 40 5. c;gml'
wherein the cancer i's a breast Wj{fgn& col on, or ovarian tun IREPgs' MENL SHEET
conpound of the formul :co[“@P\”}d slmukterr], Rlerr], Rerr][ and Rerr]
are independently H OH or ((err]-Cerr])alkoxy; Rerr] gnd RIBrJAN 1999
together are -OCH err]O; or Rerr] and R err] together ar¢ 4OCH err] O ;
) .

wherein :
R,, R., R;, Rs and R; are independently H, OH, or (C,-Cg)alkoxy; R, and
R; together are -OCH,0-; R, and R, together are -OCH,0-; or R and R, together
10 are -OCH,0-;
R, is H or (C,-Cyalkyl;
R; is H, (C,-Cylalkyl or is absent; and _
R, and R, are independently -CH=CH-, -(CH,), or are absent;
provided that ' .
15 when R, is -CH=CH- or -(CH),-, R, is absent and R; is H; and
when R, is -CH=CH- or -(CH,),, R, or R, is H, and R; and R; are absent;
or a pharmaceutically acceptable salt thereof;, for use in inhibiting cancer cell
growth. |

20 2. Claim 1 wherein the cancer cell is located in the central nervous system. -

Claim | wherein the cancer is a leukemia or melanoma.

LI

4. Claim 1 wherein the cancer is a solid tumor.



ﬁ[:er.r] Is H 10 | Rlerr] is Hor (CJerr]-Ce I Rlerr] is H,
RTHECRINT T 1)1 S R e o e

6-wherein Rl err] *and Rier't] *aré -ocH3. 8. 40 The conpound of claim?7
wherein Rerr] is -OCHerr]. 9. ‘The corrpound of cl aim? wher ein R[err]

Rorr], Rierr]. fter iy bonfeRa et i Bead il cBlo S gl
(err]-Cerr])al koxv; Rerr] and R err] together are -OCH[err]O’ R[err]

and err] together are -QOCH O :
OCH'[QEEH]]O ? 6. Acompou[ngEJHhefénnulaR[err] and Rlerr] together are
REPLACEMENT SHEET

Ym JAN 1999J

wherein . _
R,, Ry, R, and R; are independently H, OH, or (C,-Cgalkoxy; R, and R,
together are -OCH;O-; or R, and R, together are -OCH,0-;
. R, is H;
10 R, is Hor (C, -Cg)alkyl
R, is H, (C,-Cyalkyl or is absent;
R; -CH=CH-; and

R, is absent; or a pharmaceutically acceptable salt thereof.
15 7. The compound of claim 6 wherein Rq and R, are -OCH;.
8. The compound of claim 7 wherein R, is -OCH;,

9. The compound of claim 7 wherein R, is -OCH;,
20 -



Rlerr] is H or

Rlerr] is H or (C[err alkynl-;__R[err] I's absent; 10 Rlerr] is

absent; and R[err] I ﬂll"jl [err])[err]; provided that Rlerr] or
I cceptabl e salt t T

conmpound of clai m 10 wher €i n R[err and R[e.{lr] are mquMENT kaEE

conpound of claim 11 \/\herel n R[err] is CHerr]. 13. - The conpound of claim
12 ‘wherei n Rlerr] s H [‘_%% &T{g‘] are -OCCH err]. 20 14. The
erern erri

conmpound of claim 12
-CCH err]O. 15.
The conpound of claim 15 wherein Rerr] is H Rerr] and R efr

-OCH err]. 17.

and Rferr] are -OCHerr]O. 5 18. A conpound df ther\{qfornu a

wn

10

15

20

and Rlerr] and Rfer are

The conpound of claim11 wherein Rerr] i WPLACE%”*%HEEf
=Y o - S
The conpound of claim 15 wherei #tRlerr] is H, arbd7 E[A%;J”

Rg-~-

wherein
| Ry, Ry, Ry, Rg and R, are independently H, OH, or (C,-Cg)alkoxy; R, and

R; together are -OCH,0-; R, and R, together are -OCH,O-; or R¢ and R; together
are -OCH,0-; .

R, is H or (C,-Cy)alkyl;

R, is absent;

- R; is absent; and

R, is -CH=CH- or -(CH,),;

provided that R, or R, is H;

ora pharmaceutically acceptable salt thereof.

1. _T_he .compound of claim 10 wherein R, and R; are -OCH,;.

12.. The compound of claim | l.whérein R4 is CH,.

13.  The compound of claim 12 wherein R, is H, R, and R, are -OCH,,

14. The éompound of claim iZ w.herein R, is H, and R; and R, are -OCH,0-.

15.  The compound of claim 11 wherein R, is H.



\(Mgtarei]n g[[err}) mm mﬁﬁ!ﬂﬁﬂé] R[are intilgpendentlﬁ H, OH, CC)JrCH
-err]-Cerr err t oget her are -

(errt der} 000G Rerr] | RERUACEMENT SHEET
(derr]-derr])al kyl; R[err] is H, (C[err] C[err])al kyl or is absent;
Rlerr] and Rlerr] are each OH and Rlerr] 4nd R[err] are each absent; 15

or-a pharnmaceut i cgl I y_aei{cept abl e_salt thereof. The conpound of claim
S

18 wherein Rerr} eqrpgound gf claim %éh@@mﬁ)l}ﬁé{ B¢ and B #19CHherein
Rlerr] is CHerr]. 20 21. The conpound of claim 20 wherein Rerr] is H,
and Rlerr] and Rlerr] are each OH 43 22. A nmet hod of using a conpound
of the fornmula: [&rr] Thdernspaund of claim 13 wherein R, is H. and R, and R; are -OCH.O-.

5 18. A compound of the formula:

wherein
R, Ry, and R, are mdependentlv H, OH, or (C,-Cg)alkoxy; R, and R;
10 together are -OCH,0-; or R, and R, together are -OCH,0-;
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cy)alkyl or is absent;
R, and R; are eacﬁ OH; and

R; and R, are each absent;

15 or a pharmaceutically acceptable salt thereof.
19.  The compound of claim 18 wherein R, is CH,.
20.  The compound of claim 19 wherein R, is CH;.
20

.21.  The compound of claim 20 wherein R, is H, and R, and R; are each OH.
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5.
OH, or
R err]

are G:H[err]
(derr]- C[err])al kyl or is absent; ang310 R[err] and Rlerr] are
| ndependent|ly - CH=CH, -(CH[err])[err] or are absent; provided that when

Rl err]
when R

is -CH=CH

err] is -

in a manmmal

human.

mel anoma. 20 25. The nethod of claim 22 V\A‘IEBI’SE'PS/\Q/{anCE is a solid
26. The nethod of clai-m 25zmherein the t 10 ls a breast, rumy; _.‘

t unor .
col on,

err e:rr I, Rerr L and R[err] are independently H.
OCH o
q dl[llf@rlll P L.
i's

R[err i's H or (derr]-Cerr])alkyl; Rerr]

- d S |=, ald
S ‘55{*%{“5"?)“[“°F“]Pf“‘§d@%eei%r"3§ﬁm o re]r J%é PLACEMENT SHEFT ]

Rlerr]. and Rlerr] are absent; or a pharnmaceutically accept gblje salt
thereof, to prepare a nedi carrent effective 15 to_inhibit turnrgqej,A q?@(vt
[ wi th cancer 23. The met hod of claim 2Z!wherein tze nmamma a

24. The nmethod of claim 22 wherein the cancer ig ajl

or ovarian tunor. z AN R
| ; ’
x> ZN==-Rg

R \
6 | ®s
_ R,

W

10

.20

wherein _

R,, R., R;, R, and R, are independently H. OH, or (C,-C)alkoxy; R, and
R, together are -OCH,0-; R, and R, together are -OCH,0-; or Rg and R, together
are -OCH.O-; |

R, is H or (C,-Cy)alkyl;

R, is H, (C,-C,)alkyl or is absent; and

~ Ryand Ryare mdependently <CH=CH-, -(CH,), or are absent

provided that

when R, is -CH=CH- or -(CH)-, R, is absent and R, is H; and

when Ry is -CH=CH- or -(CH,),, R, or R, is H, and R, and R, are absent;
or a pharmaceutically acceptable salt thereof, to prepare a medicament effective

to inhibit tumor cell growth in 2 mammal with cancer

23. The method of claim22_wherein the mammal is a human.

e ———

24 The method of claim22 wherein the cancer is a leukemia or melanoma. -

. 25. - The method of claim22 wherein the cancer is a solid tumor.

26. The method of claim25 wherein the tumor is a breast, luh’g, colon, or

ovarian tumor.




44 27.. The method of claim22 wherein the cancer cell |s Iocat e}gg&t he

fgn;(rj?nl nlngt gmﬂll m;nmmimmat trgﬁ vn\;let Eog B];ta(r:lmiI am'y accept abl e une

carrier. * Thetmethod of claim 28 wherein the carrler is aliquid
vehi cl e. 30. The nethod of claim 28 wherein the carrier is adapted for
parenteral 10 adm nistration. 32. The nmet hod of claim 28 wherein the

carrier is a tablgt ory H@H&H&@of%ﬁm%ﬁt&é}ﬁ‘mﬁgﬂ%'&lﬁls l?&ﬂ&p tltté %gtra

conpri sing an ef f&ttive anount o conpoun or mu

wherein - . drenwslsysiherr], Rerr], Rerr] and Rerr] are

| ndependently H, OH, or (C[err]-C[err])aI koxy; R err] and 20 R err]
together are -OCH err]O; R err] and R[err] together are -OCH err]O; or

Rlerr] and Rl err]agt oge-t- £ &k = '?ldﬁf di :
(derr]-Cerr])arkyl; [?&?g H, m IS orlmlﬂgreatl)%e t; and
3 t.ombmzmon wuh a pharrnaceuncallv ace pt:lble camer

29.  The method of claim 28 wherein the carrier is a liquid vehicle.

.30, The method of claxm, ‘herein the carrier is adapted for pa.renteral

10 administration.
31. ‘The method of claim 28 wherein the carrier is a tablet or capsule.

32. A pharmaceutical composition comprising an effective amount of a

15 compound of the formula:

wherein
R,, R, R;, R¢ and R, are independently H, OH, or (C,-Cy)alkoxy; R, and
20 R, together are -OCH,0-; R, and R, together are -OCH,0-; or R;and R, together
are -OCH,0-; |
R, is H or (C,-Cy)alkyl; _
R, is H, (C,-Cyalkyl or is absent; and 'REPLACEMENT SHEET
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45 R err] m pendently -CH=CH, -(CHlerr])[err] or are
absent; provﬂlmuuyn én] err]Rl[s -]CI—|:CI—I-C|(3|r:CI_£CI—|)[err] Rerr] is
absent and Rl érrf is H &nd*when err] is - EN‘E H
Rlerr] or Rerr] is H and Rerr] and Rlerr] are ﬁm&ﬁﬂ =BT
phar maceutical ly acceptable salt thereof, in conbination with a N
pharmaceutically acceptable carrier. 38. The conpound 8- net hyl - 3. 4.710. 11-
‘t et ramet hoxydi benzo[ a, g] qui nol i zi ni um acet osul f ate; 8- net hyl -3, 4- 10

met hyl enedi oxy 10 11- d&,rmd Rorsedndepemishdy g]H4THH o{QH.).Nirre aedpsul f at e:

5, 6- di hydro-8-neth 4 10, 11-t et ranet hoxy-di benzo[ a, g] qui nol i zi ni um
acetosul f at e; 5@1 [8 nmet hyl - 3, 4- net hyI enedi oxy- 10, 11-

| 4, 10 11-
di met hoxydi benZO[a g] qwa&am 7§ g RGRL Of-l.ﬁde; ag?eél?é.?%p\ 21-93&5

t et r amet hoxydi benzol[ a, g] qui ol i zi ni um c 9, |

met hyl enedi oxy- 10, 11- dl\mrllﬁexytﬁl-tré:r{-i-a{ragcg-] JuRnoed R Zis 4, amd 8 bad Rder= absent:
3,4, 10, 11- tetrameth% dlpenz ";lqoti .zinpumc Iorlde or

3 4 met hyI enedl OX)? (8 C unca aCTIPLA e;att ereot tncom manon Wlthl

pharmaceutically acceprable carrier.

33. The compound $-methvl-3.4.10.11-

te:ramethoxydibenzo[a.g]quinolizinium acetosulfate; 8-methyl-3,4- —

10 methylenedioxy-10,1 1-dimethoxydibenzo[a,g]~quinolizini§um acetosulfarte: 3.6-
dihydro-8-methyl-3,4.10,1 I-tetramethoxy-dibenzo[a.g]quinolizinium -

- acetosulfate; 5,6-dihydro-8-methyl-3.4-methylenedioxy-10,11-
dimethoxydibenzo(a.g]quinolizinium acetosulfate; 5,6-dihydro-3,4,10,11-
tetramethoxydibenzo[a.g]quinolizinium chloride; 5 ,6-dihydro-3,4-
methylenedioxy-10,1 1-dimethoxydibenzo[a.g]quinolizinium chloride; 3,4.10.11-
tetramethoxy-dibenzo(a.g]quinolizinium chioride; or 3,4-methylenedfoxy-10_,l l-
dimethoxy-dibenzo{a,g]quinolizinium chloride; ora pharmaceﬁtically acceptable |
salt thereof.

20 _34. The compound 6,7-dimethoxy-!-methyl-3-(3,4-methylenedioxy-
phenyl)isoquinoline; 6,7-dihydroxy-1-methyl-3-(3,4-
dihydroxyphenyl)isoquinoline; 6,7-dimethoxy-1,2-dimethyl-3-(3,4-
rxie_thylenedioxyphenyl)isoquinolinium methosulfate; or 6,7-dihydroxy-1,2-
dimethyl-3-(3 ,4-dihydroxyphehyl)-isoquinolinium methosuifate; ora

[ 28]
(V7

pharmaceutically acceptable salt thereof.

REPLACEMENT SHEET

07 JAN 999




di met hoxy- di m:uwi a, giquinoltziniumchloride; or a pharmaceutically

accept abl e sal . The conpound
6,.7- di net hoxy- I;l m(] g “ t hyl enedi oxy- phenleEﬁ)qw nol i ne;
-6, 7- di hydr oxy- di hydr oxyphenyl )i soq

6, 7- di met hoxy- 1, 2- di rret hyl - 3- (3 4- et hyl enedi oxyphenyl )i soqui no,\ nl‘Um““—T
met hosul fate; or 6, 7-di hydroxy-1, 2- 46

-di net hyl - 3- (3, 4- difaydr hen olinium nethosul fate; aor a 25

phar maceut i cal | y -a-eeep?‘a "P°§§+% 4’?1@093’5 46 35. A conpound of the

f I Ri wh 5 : ,
i g(r:lglpj)eﬁdent I £/erH’r] OH, e(r)(ral'?C[ err]-Cler rR][ )e;”(oxi[ erRHarriQ[::urj] RPQﬁLAﬁEﬂrEMtﬂi&T

- OCH o; d t oget her aRe - OCH o r
are [ err] or Rerr] and R err] together a [ enjr] 07%&?

H Rerr] is Hor (Cerr]-Cerr])alkyl: l Ra
- Rg - ~ s
ST
X x>
] S
ARNFN TR
Rg | Ry
R,
wherein _
5 Ry, Ry, Ry and R, are independently H, OH, or (C,-C,)alkoxy; R,andR,

together are -OCH,O-; or Ry and R, together are -OCH,0O-; R, is H;
R, is Hor (C,-Cyalkyl; . .
R;is H, (C,-Cyalkyl or is a'bsent;. _
Rgis -«(CH,).-; and Ry is nb;en:; or a pharmaceutically acceptable sait
10 thereof.

“

36. A compound of the formula:

15 wherein _
Ry, Ry, Ry, R and R, are independently H, OH, or (C,-Cyalkoxy; R, and
R, together are -OCH,0-; or R, and R, together are -OCH,0-;



R[err] is H, IkyI or is absent; Rerr] is -(CH[err])[err]
and Rerr} "mﬁmlﬂ Imﬂi ﬁar maceuti cal Iy acce e salt 10 thereof.

36.. A corrpound of tt ernmla: [err] 15 wherel ME;err] Rerr],
Rlerr] and Rlerr] are independently H OH or ((err]-Cler hbl@xy, _:(?Eerr]
and Rlerr] together are -OCH err] O ; ?R[err] and Rierr] together &
-OCH err] G 47 R[err] Is Hor ((err] C[err])al kyl; Rlerr] is absent;
‘R err] is absent; and provi ded that R err] or
Rlerr] is H or a phar thrégl F])Cig:[eept able sal t thereof. 37. A

_corrpound of the for rruI &, is absent;

R; is absent; and

R, is -CH=CH-:

provided that R, or R, is H;

L

or a pharmaceutically acceptable salt thereof.

A compound of the formula:

W
~J
o

|

10
wherein
Ry, Ry, Ry, B¢ and R, are independently H, OH, or (C,-Cg)alkoxy; R, and
R, together are -OCH,0-; or R, and R; together are -OCH,0-; or
R, is H or (C,-C,)alkyt;
15 R, is absent;
Rg is absent; and
Ry is (CHy),-;
provided that R, or R, is H;

or a pharmaceutically acceptable salt thereof.
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[err] 10 wherein Rerr], Rerr], Rerr], Rerr] and Rerr] are
I ndependently H, OH or ((Jerr]-Cerr])alkoxy; Rerr] and R err] togetlﬂé’ﬁs
are -OCH[err]O' or Rlerr] and Rlerr] together are -OCH err] O ; /¥R err,bpy,
is Hor (CJerr]- Ci) )al kyl; 15 R%. I s absent; Rer 3 :
absent; and Rl err dsi ( CH er r Y§iLR PIFLLECTUAL 2RO Eéﬁ%%ﬁ‘?“ﬁ"err] or Y] is
H or a phapeReaHGRL xpﬁﬁe%ﬁ%ﬁ% bl e AP CARRUEBN TRty ec
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