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5 Background of the Invention DNA topoi sonerases represent a uni que cl ass
of nucl ear enzynes that alter the topological state of DNA by breaking and
rejoining the gpos hodi ester backbone of DNA. Manmalian t pepusovRiease | is
capable of alt 5 e topol ogy of DNA by transiently breaking one DNA
strand, whil e topoisonerase 10 Il acts by causing double-stra?gtpg€@K$,é
Topoi soner ase poi soning has recently been recognized as an attractive.
phar macol ogi cal target for the devel opnent of ‘novel cancer

chenot herapeutic agents. Al kal oi ds_an ave been

I nvesti gated as potenti aF RARYNE (IALPG,: 8%35@159’%%(1%3%3@%% ot heci n and
berberine (Hahn et al., Antibiotics, Vol. 3, Gottlieb et al. (eds.), :
Springer: New York, pp 15 577-584 E 1975)' Shidenman, Bull. Natl. Fornulary
Conmittee, 18:3 61950) Bhakkuni ds; Vol. 28, Brossi,
A. (ed.), Academc Pr es?)NA[\'S}Q&so}ﬂHaKurﬂﬁu%a%ﬁﬁu&c@@@m&‘fm&a@t aL, The

Al kal oi ds; Vol . XXV, Brossi, . Academ c Press: New York, pp
178-197 (1985)). Bdmcmolsmwmow A o breakingasid meigining the pherphodiester ves have

established 20 thaf,, @kcarrpt A L O nw&&ngﬂeqlgaﬁbmf% thet arget for

the anti tunor al kal 0l Cancer
48:1722-1726 (1988)t)>polmwém%bysmmentlvmebnmnet%ma@lwweWMnstrat ed

resistance to cqutﬁ) ct;seg %%&uﬂ? gg%l q teg&# d is the

nol ecul ar target "for ecin as stlrrua ent| |cat|on
and devel opnent of mmslcogn%du@p@mmvepmwplomﬂg@zmﬁgwamtdonpounds

(topoi soner ase | p0|s |
nmor phol i nodoxor ubi N ':B'l)ﬁi& m nor r oovﬂg%t 51}1619.9 dl;)ﬁmvw have been
tris-benzi m dazol esmvesﬁghmédcns potizlcinttugher agms,lmpbslmglsemgatheqmmd bpnlvmxpl i ci ne,
sai nt opi n, indol oqujhol i nedi t | |
derivatives. Many owagﬂgtsﬁg’)gg‘ﬁigﬁﬁhg@ 4 graé) al bq:%l ')' %‘?‘@nﬁ"‘p%@‘o 30
t opoi sonmerase | 13nds77t584 4 '175\);)S@Mﬂ\eBuﬂuWéFom?ulmwompme,slﬁﬂ'di%ﬁgh | poi sons
| s increasing rapi gy eXCFPine MlalotAVH S8 Bk, A (ODASATRIBAGs NGRP! SONi N
- as nO td v 1 t] ?
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 [ 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 antitumor compounds (topoisomerase 1 poisons).

. Among these are actinomycin i), 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 | and II. Although 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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Simlarly, it is unclear whether the intercal ati ve node of o] I’I,%I ng,
which is™ knowWOPH2MY essential for topoisomerase |1 poi soing 18

responsi ble for poisoning topoisomerase | for the dual poisons. Many

studi es have focused their attention on a W del y distributed class of 5

al kal oi ds, whose structures are related to the'isoquinoline ring. Two of

these conpounds, tSi@ilasyni imelsiatbrerdhs atercalative made of DIN4 binding, whichis

al kal oi d  fagar oni NgohRkehessehtil o E&xyerasanlpemmr&gmmr ase

| -medi at ed DNA cl eavage in wtroﬁ t es. Toxi col .

6: 813-818 (1993)). POBYRIARIOPOIZASE @sﬂtsé%nfgm@ to the fanily of
protoberberines, which g, kiAW halOfocusl hbiLitentiRlon b Wilkly dstibitéd dRSof N |
ani mal s, have also been shown to be topoi sonerase | poisons. Berberine
represents one of taﬂielqmbswhqsmtmqsxre@eweyelstﬂmIﬂa?dsoswntﬂwenne}éfwwéme% occurring
protoberberine alk g.ﬁ;d?'ﬁﬂ:ﬁcﬁzo Q{tﬁrﬁﬁa tﬂuﬁwhﬁtﬁeﬁéﬁéhmkﬁlﬂh' t unor '
activity agai nst P- ukema In mce (Suffness et al he Al kal oi ds,
Vol . XXV, Brossi, /faga(@mc)havmwﬂt@c Yyindrducing foppisamegase Ip'aedﬁsd BY4A (1985)).

15 Coral yne, an al kal,g %gg Wﬁbma@fetﬂr ChoR ReD TbHiAR 6:913.31STb93)Pr evgunced
antitunor activity relative to berberine, exhibiting si nlflcant activity
invivoin mice agmms@dthﬂormmgaméemgﬁé‘m@bme%l@é msdpepmedor al ., J.
Med. Chem  17: 347 tﬁ&% o%?&lv@?iﬁgnﬁ{alsaﬁave alsb be%gowmpto&%oﬁ%c(llg76))
Wil e the nolecul ar basis Its antitumor activity has not been
identified, it has fesens. mm@pmo@m@qm@uamqw{ ndisdiof e t o dupl ex
and triplex DNA may %fh& HERd: h&dis e Ivity
(Wlson et al. %hdé:%% 2613?&8111876) &%ﬁ%%@ﬁo al . ,%éﬁct)?ﬁ%(m stry

32: 5591- 5597 (1993)a)nmuﬁ¢ea<alm%ﬂ§mirp- teukprmip ingpice (Syftagsy pteal.. Thoudholoidswi th it s

relatively |ow toxigyt¥xvPhRMR UL teaS! AdthGic Pliss NEw York, pp 178-197 (1985)).

15 Coralyne, an alkaloid analog of protoberberine, has more pronounced

been—demoTTS esponsi
I ARy
I RN

antitumor activity relative to berberine, exhibiting significant activity in vivo in
mice against L1210 and P388 leukemias (Zee—Cheng etal., 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 triplex DNA may contribute to
the observed antileukemic activity (Wilson et al., J. 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 ct 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 Janinetal., J Med Chem. 36:3686-3692 (1993)).



symttrests—of—a Tnunber of deri vatives (Zee-Cheng et al., J. Med. Chem
17:347 25 (1974)), and have suggested that the presence of the nethyl
substituent at the 8- position and unsaturation at the 5,6-position of
coral yne are stiqogd ¥ associated with their antitunor actpgigs7egsi nst
L1210 and P388 leukemas in mce (Messner et al., J. Pharm Sci. :
61: 1858- 1859 (1972); Cushman et al., J. Med,  Chem 28:1031-1036 (1985);
Stermtz et al., J. Med Chem 18:708-713 (1975); 30 Janin et al., J Med.
Chem 36: 3686-3692 (199 }A%% afbld (,Ipsg?e? despite
efforts to devel op saf e%ﬁ'ﬁvé %%I ve ﬁiér apeuti%g%ﬁ%ﬁ‘éeﬁﬁee éé%hests for
anti-cancer agents need éxistsfior anticanceragents Witk impyovash eytoipxieity and shichffeect i ve

agai nst drug-resi st - _|.=i§i§m¥ %H:EUJF& of the Invention 5 The present .
i nvention provides eﬁsﬁgggﬁg%@gt e torrru ays'Rl 2 RT1 /1 \ 3 10 R6 RS
R4 (1). 15 wherein Rl, R2r R3, R6 Swmmirysftheilnventiondent|y sel ected from H,
OH, and (Cl- GCs) .allcox refer - OCH3- ' Ce) al kyl , :
preferably -OCH3; Rs is@?p%fﬁ%g%’l%&gqoﬁdggf%fé&%{& or is absent;
and R& and RO are -CH=CH, . (CH2h or absent. Alternatively, Rz and R3
together are -OCH20-; R, and R2 together are 20 % OCH2O; R6 and R7
together are -OCH2O-. I n one enbodi nent, nd dget her are - OCH2O-.
According to a feather enbodinment, Rs is -CF RO is absent and R3 is
H. In another enbodinent, RO is -CH=C R or RRis H and Its
and Re are absent. _

10 Re

)

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,-Cy)alkyl, preferably -OCH,; Ry is H,
(C,-C,) alkyl, preferably -CH,, or is absent; and R, and R, are -CH=CH-, -(CH,),
or absent.

Alternatively, R; and R, together are -OCH,0-; R, and R; together are

20 -OCH,O-; R, and R, together are -OCH,0-.

In one embodiment, R, and R, together are -OCH,0-. According to a
further embodiment, Ry is -CH=CH-, Ry is absent and R, is H. In another
embodiment, R, is -CH=CH- or (CHy),, 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 (T) show improved inhibitory activity against
topoisomerase 1, relative to the parent compounds, and are also effective
inhibitors of topoisomerase II. The present compounds are also effective
cytotoxic agents against cancer cells, and have cytotoxic ar;tivity 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



H—yet—a—fur-ttrer—enbodiment, R3S and RO are both absent. 25 The conpounds of
formula (1) show inproved inhibitory activity against topoisonerase 1,
relative to the parent conpounds, and are also effective inhibitors of

t opoi sonerase U. The present conpounds are also effective chxjtspygogggjsc agents
agai nst cancewe¥¥PWé and have cytotoxic. activity against .
canpt ot heci n-resi stant human tunor cell lines. 30 Further provided are
met hods of inhibiting cancer cell growth cBnprising administering to a

manmal afflicted with cancer an ampunt of t.he ¢ ound. of WO 97/ 29106
PCT/ US97/ 01676 4 formAia(l %Ps“,“@r* M@’GPWB‘R?ENS%“E%QS-JPBW‘HP%‘P such

cancer cells. The gomnanmdy béddniidiftersdinicofbiyiatde witt Biphirmhuedlly N conbi nat i on
with a pharmaceutically acceptable carrier. Detailed Description 5 DNA
t opoi soner ases ar e2G§ERPRIGFATERZyes r esponsi bl e for nodi fying the

topol ogi cal state of DNA. Anal ogs of peqijal Dadaripiphe synt hesi zed and
evaluated. for their activity as topoi sgnerase 1 and, iﬁotgoi S geratﬁé U

poi sons. ‘These Sanal ogsPNAtepoispmeases AF Hu{ALrEYres [P 'i‘?‘?fg J&iMst the
human | ynphobl ast gehiogichlista@.of BRI Adidgs ofdbdlyhd Seré syiiiecibddand BrahRifedst ant
variant, CPTK-5; the epidermal 1Q carcipho cell line, KB ith' and

gl i obast omas (a CN@TQEFF&F‘)Y‘tyS?:@E‘BQmWﬁbng%ﬂ”ﬁﬂBWS Reens, ABESSi ty of t hese

anal ogs exhi bi ted gnaidgk Ykt alsd SPARIE FrRy@RidxiciiPagitIhd Husiah Binghabiasttdll and t he
nature of substituents. Several 1- benzylisoquinolin

s_and )
3- phenyl i soqui nol i Hess RRMI84GR, and is\campietlpcinstgsis §§?“"§:81ﬁgi§ﬁﬂ'd§?‘dm“{:h

i ncorporate onl yy a.DOLEhPLIMhe KIE3-1] A8 oBbadehad(ECRE nvrbynes. 15 were
eval uated as topoi sonmerase poisons and for cytotoxicjty. These structure-

activity studies indicalhe pharmacalegicakactivity qf thepe nplgesfxpibitedasyopgit ed with the

coralyne ring syshgihi@ye 4fhSiubitingidh phtRin H0deFBhR! P aibsibenaC Bévétal y- The
presence of a 3,4- nethylenedi oxy _substituent on these coralyne anal ogs was
general |y associ at benzylijoatinalinprasd drphenylifogpipglings were plso,gym adBshoi son.

5, 6-Di hydro- 3, 4 20 et lixheaRth RXdpddte bity dipBRIbNEPEHiRAREAES ofdomlyrep! | Zi ni um
chioride was t hIeS 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-10,1 1-dimethoxydibenzo(a,g)quinolizinium chloride was the
most potent topoisomerase I poison among the coralyne analogs evaluated,
having similar activity to camptothecin. This analog also possessed exceptional
pdtericy as a topoisomerase I poison.

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

25 amammal afflicted with cancer 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



—NUSTPOTENT TOpoi Sonerase | pol son anong the coral yne anal ogs eval uated,
having simlar activity to canptothecin. This anal og al so possessed
exceptional potency as a topoi sonerase Il poison. According to the
i nvention, canggr aelds are inhibited by adm nistration topcésssaoemnal
afflicted with cancer of an effective anount of the conpounds of Formula
(1). As used herein, an "effective anmount” ds that amount which results in
an inhibition of grovvth of the target cancer cells. As described herein, a

suitabl e dose will cah &RAR 1R hefMH hed® lﬁné thesURRHbma: Ri2diaG{nka, Of body

wei ght per day. 30 e conp05|t|ons described herein are believed to be
effective in the tesephognesstomsth, pesicreas, hensiohiling) sy siemnsmall ipfestinensolon ogi ¢

mal i gnanci es. Thes %%a%%s\é@dg%  FdORaRier, 1 &g@&m&ﬁz’wémrs i ncl ude

cancers of the hea ung, "mesot ellorra nmedi asti num  esophagus,

st omach, pancr eas, gyﬁ@abghdlomnyowmmwm¢thﬂdwﬂdn rectum
anus, ki dney, AR B SR sarcBo e e Sop HEsEd dHaBoned BN cetach 38 bf

gynecol ogi cal or h reast ocrine system skin and central 5
nervous systen sarcuffams afd ittrecdobtigini Hsmatolagica! pulignancigsdnaiuse ghildoody f

cut aneous and i ntrgocul ar I gin. l.qql cal ' ' e de
chil dhood | eukeni ﬁ?%hﬁ?%%ﬁisggéﬁgi“s‘@a%ﬁ&e, Hig}ﬁ*ﬁ“ﬁ%}’gg%
| ynphocytic and cuuRéms Srigh, iaghamdammlmmmgeulmmaﬂemcasna cel |
neopl asm and cancers as I S. The pref.er, nal i an speci es
for treatment are 1’65°ﬁ13‘f?a &‘}iﬁgdﬂf@ﬁfﬁm cmfﬂféfgﬁo SSimlar to
those reported i tﬂiﬁmhﬂinama;heweate&ahﬂndlssed in the preparation of the
di benzo[ a, g] qui nol i zi ni ri.vativ Ze el arm Sci.
61: 969- 971 (1972)). The%ﬁ?ﬁﬁ“ﬁ @ﬂ%ﬁ‘ﬂ’é’ﬁs"dﬁﬁb‘%& errp"‘fm":y“g'ﬁéj | sla{l outlined in
Scheme 1. Reaction mépatdi6n WﬁWg}mﬁhﬂhﬂﬂmﬂMe&&wChengetal,J.
di met hoxyphenet hyl am ne wi th ori.de .provi ded
the phenyl acet am deharm S 61 %ﬂ%ﬁ?ﬁ wPﬁﬁ%Mrese lggedd{
phosphor ous oxy Chl il irt Sehére1, Redotibn o the Bpproprissely whbstimedi nol i ne
Internediates, Qa-C TS methylamine with 3,4-dimethoxyphenylacetyl chloride provided
the phenylacetamides, Sa-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,S0,. Alternatively, 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, Gi-c, could also be oxidized to

their 1-benzylisoquinoline derivatives, 9a-c, 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-c were converted to the dibenzo[d, gJquinolizinium chloride

derivatives, 10a-c.



diffiydr or Soqui nol i1 ne 1 nternediates could be directly converted to the 5, 6-

di hydr odi benzo[ a, g] qui nol i zi nium deri vatives, 7a-c, using acetic anhydride
in 20 the presence fum ng H2SO4. Alternatively, 6a-c could be converted to
8a-c, under Vilsneier-Haack conditions (Le Quang et al., Acad. Sc., ser. C
1340 (1968)).WPRE24éhydr oi soqui nol i ne internedi ates, 6a- CPCRAITRA6TS] so be
oxidi zed to their 1-benzylisoquinoline derivatives, 9a-c, using

pal | adi um on-carbon. Treatnment of 9a-c w tth acetic anhydrlde in the
presence of H2SO4 provided the 25 8-net hyldi benzo[ ag] qui nol i zi ni um
derivatives, 2a-c. Under Vilsneier-Haack conditions, 9a-c were converted
to the di benzo[ gg] qui noli zi nium chl ori de derlvatlves 10&- e WO B7/ 29106

PCT/US97/01676 6 Rt CH-O I \ H=1 \ R CH-O TA ¢, t CHO RaC R
R2 CH, O CHO so-C R*® R3 L0 P§ R+ X~ lr/
7.-c;R4-CH3 R cr ¢ c :
CHy0 R, H0
Ry

R;
f Ry
N
fa-c
-
QCHh | H H
OCH, | OCH
H OCHﬂUCHzo
2s-c ,R4=CH3
108¢, R4 = H
SCHEME 1



Bre—Rtr—+t R CH O R3S NN CBO R+ X RZ OCH OCH R3 H JOC OGO
2s-c,R4-CF13 1 Os-C, R&4 - HSC ME | 5 WD 97/29106 PC /US97/01676 7 CHIO-S
Rj RL CH3OCHso Rz ~ CHIO\ | 0 11.R—~RzOCFb 11le, Rl, R2. OCHzO OH
CH30 Rt HOOW—QH,I)N )YN 12; R R2 OMb HO IN CHS 12b, R, . pCfitksDe1sGH3 H R7
HO OH CH3O \ HO OCHL 8 CHLO CH2 e CH CH30801 CHI CH30803
' 7

CHy!

om Ry

11a R, = R 3 OCH,
11b, Ry, R; = -OCH,0-

128 Ry = R; = OCHy
12b, R,, R = -OCHO-

CH, CH,080, CH, CH3080,
S ' 148 Ry 5 Ry = OCHy
14b, Ry, R, 2 -OCH0-
5 -
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-dimethoxybenzenc and 1,2-(methylenedioxy)benzene with 3,4-
dimethoxyphenyl-acetyl chloride using a slight modification of the literature
procedure provided the ketone intermediates, 11a and 11b, respectively. These
ketones were converted to 6,7-dimethoxy-1-methyl-3-(3 4- |



54Tkt R2a0019% 140 R, Rz -OCHIO- 5 SCHEME2 The synthetic nethods
enpl oyed for the preparation of the 1-nethyl-3- 10 phenyli soqui noline
derivatives are outlined in Schene 2. Friedel-Crafts acylation of
1, 2- di met hoxybeazene and 1, 2- (et hyl enedi oxy) benzene with 3, 4-
di met hoxyphenyWoa##98 chl ori de using a slight modificati ofCH¥STHES
literature procedure provided the ketone internediates, Ila and |ib,
respectively. These ketones were converted®to
6, 7-di net hoxy-1-nethyl -3- (3,4 WD 97129106 PCC/ US97/ 01676 8
di met hoxyphenyl )i sctmethenyphrayDisominoliges 133, d oermethdenedipvscl-methired-B4-- 3- (3, 4-
di met hoxyphenyl ) - i é(ﬁgah&% ea?}).ls%euindm 9B Ty rBrioith &6 h'iel € 1 n the

e 0

h e,
presence of P205. avage t he net hoxy groups of 12a was acconpli shed
usi ng 5 borontri br qméseeeeioAP£h] orof ormto provide the tetrahydroxy

derivative,. 13. Conpo ;v?}ﬁln Efising their

2- et hyl i soqui nol i ni um %ﬁ%éﬁheégiho a, p%éélfb%ﬁgﬁf:l&%?‘ﬁ{%spec ively, by
treat nent with dbnetoronkribserhife inechlomifernyte provide the setrahydraxy derfvative; 33.yne and

rel ated conpounds I nhi bitor | LS is.listed in
Table 1, in the Exgérfp'?pé)gcg&ggslzg’%d }%\r&%&{vﬁﬁdt‘?‘ggk Z%@gﬁg ?ﬁémédr% sever al
of its anal ogs had dsrivativesd4si 14l end /35 respectivelypbiptraatmenpwighedimeisalfatd e t o

camptot heci n, - as mamal g AROLEAIAILSRlvhe ARIrAEPcompblRY LRI €S _On

the influence of structure of a series of coralyne derivatives against
L1210 and P388 | eukresmmsliantopaisemerasevsdisteddn Tablet 1, intthe Exagwiencés showgim| ky|

substitution, plignagd t WAool ' ﬁgt{ ors for
antitunmor 15 actllﬁvi ?%feh&pﬂ?’%%‘?u %/%gdr{é(%g%lso(l\%\géréﬁ@ggﬁ%%égg R |%ﬁntehad

met hoxy subst it uentisstaices ®iripersblojv cainpipthesin, asjmameplianttopoisomerased poisors.
2,3-positions (2a, 83 !gg = FL deBRSorcaivne BriviaRes 90, 10Db)
of coralyne. In ad irg‘fl%‘%% , 9“%’8@3? é:ﬁg{gsltlé&tgt-gs%ﬁ#se?itut edygn%%gs QZC, 7c,
8c, 9c, 10c) were a_ggiostg_ymmn’gé&jleukemiasinmicercvcaledthaiﬂleprescnceofS-alky

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¢, 10¢c) 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 common factor associated
with their potency as topoisomerase poisons. The methylenedioxy derivatives,
2¢, 7¢, 8¢, and 10¢, not onfy retained topoisomerase [ poisoning activity
céﬁxparable 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 pattem and substituents allows these molecules to more closely

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

poison, nitidine.



—amd—ttrerT—pharmacotr ogi cal acti vitil es eval uated. The net hyl enedi oxy group'“ét
the 20 3,4-position of these coral yne anal ogs appears to be a common factor
associated wth their potency as topoi sonerase poisons. The net hyl enedi oxy
derivatives, %5‘19"591 8c, and 10c, not only retained topoi peMesRARK76
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eval uating the rélative potency of a series of coralyne analogs as
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concentration for 8e6fifs3,62position safiirafedi revligus atndiescanthd antifu@mir actifyily
0.1 sghnL). In addi tij on Sﬁgpossesses ki nk inf an ot herwi se planar
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pl anar and/ or have #t0fold lewstabtive conjssddito 86 Be topaisoenerase 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 II poison, several of

these analogs, including 2¢ and 10c, 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 II 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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which 1is a positional isomer of Sc, is inactive when assayed under
identical conditions as a topoisonmerase | poison. Conpounds 2b 7b, 8b,
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Thus, rel ativevownag, 4 20 net hyl enedi oxy substituent, di FEF 53?9’1 76
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i ncl udi ng 2c and 10c, dsmcemﬂiribiditymrwacmwkmpmﬂsﬁtmtim@ I
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t opoi sonerase 115 'ﬁbﬂerhﬁslasmfomumtdmw élaizpe ¢fdtread anglogkixhibisedovenewéa activity
associated with the abl | i w of Imsﬂa topm sonerase poison and the other-
2, 3-di net hoxy coral ‘ﬁ‘ s Bfclear at this time. WD 97f 29106
PCr/ US97101676 10 Str uﬂmr-mlemyll-?gphtn!lysomyolbedqwetnfe% L2acand rléh}%ndrtMrt for

retention of activit S hORQkS alled Elegs of
conpounds. Oorrpound% éa?ed9°t6‘,9 an‘ggﬁlcﬁ?rg‘g/ gﬂryé%a t!{yas l'r;gln pened anal ogs
of coral yne which Iaaﬂkgstlku&ing@aﬁcbsamiwOfd@mpdw‘thb!hﬂalsmﬂem as the

cationi c charge ociated with .t u TR . Al three
of these anal ogéél j?ﬁobsopéﬁse\/po'som\x}\ggﬁg%gc'?%lt as‘gto ol sonkgratg"g | or 11

poi sons. The 1-net twlypﬁcnphemlogsdaqmpmﬂs ﬂsllaleandvld@/ﬂ%sesn@avmdve&eZb and
their N nethylated quaternized a may be regarded as
ring-opened anal od®® VéLyk‘f‘ a-s%@og&%er%e%ﬁpg%sgoa yne did not exhibit
significant 10 topoi somaqmm&@@cm@y%deﬂﬁsmmMMs 13 and 15

L R e narl)
poi sons. 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. fused 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 synthcsiied 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 unknowm.
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a mutant form of topoisonerase |. In viewing the cytotoxicity of the nore

potent topoi somer asform of topgismeese Iin CRT KI5 At plsp iy igenttpat apydiffereneein, - g,
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cells as conpared to t for RPM 8402 " cells. These data could be viewed
as an indication tmbuvmwthm! ogi cal target associated with the

cytotoxicity of these coglshafddfinkiatdsthaeinoPstiubturl Rfiafich anlofg brialagsbf Vity as
t opoi sonerase | poisons. In view of simlar differences, however, which '
can be noted forl5anceradype cambave a prefound impastiop thel activisy a1 thipripppisomerase 1

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 qoralyne
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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15 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
20 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.
25 Pharmaceutical compositions suitable for oral administration may be
pmenéd as discrete unit dosage forms such as hard or soft gelatin capsules,
| 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
30 paste. Tablets and capsules for oral administration may contain conventional

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



-Attroogtrtte—compounds descri bed herein and/or their its salts may be

adm ni stered as the pure chemcals, it is preferable to present the active
10 ingredient as a phar maceut i cal conposition. The invention thus fu ther
provi des the ‘y@?’ “ﬁ phar maceuti cal conposition conpri Si p@rnes®e1616 NOr e
conpounds and pharmaceutically acceptable salt thereof, together with
one or nore pharmaceutical |y acceptable c 5r| ers therefor and optionally,
ot her therapeut ic and/or prophylactic-ingredients. The carri er(s) must be
‘acceptable' in the Sﬂ:ejtar%l Qﬁfm‘{} QW%hHo%e‘Mo@w&lh&o%hﬁhchﬂﬂgr edients
of the corrp05|t|ona§ not erious to the recipient thereof

Phar maceut i cal conpxogi wikloemteric peptingse t hose suitable for oral or parenteral

(i ncluding intranuscul ar . il; g?ﬁﬂ e .Séxaﬁﬁi ion. The
conpositions may, V\hereoéTolglg(%g Iat e, H%ﬁ%ﬁbg‘tﬁlfenﬁ?upr eseE]t e{é&%@’él screte
unit 20 dosage f or railyauspension, obitipescoaulsionsbsyngpn yr elikirs, hemaycheiposenteddsia known

in the art of pharpacy. C pﬁ! ftygw nt o
associ ation the Qac‘{;?gé’dggk:% %ﬁqﬁ% | qurbgg%%:}ﬁmg%?gmat % ;gla(c:ﬂes
sem -solid carri er sliquid ﬁwtxoﬁlemawnvmmmmwsthMOs on t her eof :

and then, if necess%% sr&%% t he ons i t@&E?@hﬁﬁﬂ?ﬂc&@QeﬁﬁL' very

system 25 pharnmace ora mnistrati on may
be presented as di&iB),ef preseniativedosage forns such as hard or soft gelatin

capsul es, cachets or tablets each co i n redete ned unt of the
active ingredient; as d°"pEYRRIPIGMA y&%ﬁﬂ?@?"d tggpaae E’Sﬂj tﬁﬂlggsuspenm on
or as an enul sijgn. (eEh%y%ﬁécthﬁfdrw Bols mjeguoalosmnhmopsmﬁemxnﬂdmya bol us,

el ectuary or 30 paste. Tablets. and_.capsul e for adm ni atlon may
contain convent i ona\’epré‘f’&' ﬁ“é'ﬂ'f 5’??‘%%'“’8‘1?? s?’flﬂx’

| ubri cants, disint eﬂm&hunmemummgmaﬂﬁa&amaﬁadusﬁﬁm&% Thé 3
agents. The tabl ets may be coal‘i%g&lc ord| ng to. rreth s well known in the

art, e.g., wth enfemAositiensmay °&“‘fﬂ""é58 1 BFEUHEY Be in the

formof, for exanpl myawmemmu,wmamﬁm&mmrﬁqmsmu enul si ons,

syrups or elixi r]SS Os|rs|p=rmm'] Y ’beb resent eﬂm,ngagents 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 creams may, for
example, be formulated with an aqueous or oily base 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 aiso 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, ¢.g., as disclosed in U.S. Patent Nos. 4,140,122, 4383,529, or
30 4,051,842.



S—ery—product—for—constrtutTom W tTh wat er or ot her suitable vehicle before
use. Such liquid preparations nmay contain conventional additives such as
suspendi ng agents, enul sifying agents, non-aqueous vehicles (which may
include edible oils), or preservative. The conpounds nmay also be

formul ated forwQeaWseral adninistration 10 (e.g., by inj ECRUSHPIENH,
exanpl e, bolus injection or continuous infusion) and may be presented in
unit dose formin anpules, pre-filled syrikges, small bolus infusion
containers or in nmulti-does containers with an added preservative. The

conposi tions may take sGemposidenasuisblefontpriesl pimigistaion inthomeuth elvden| si ons in

oi ly or aqueous Vveljelfgoe A s0BYas 2R Brdp gglﬁr%iicamh%/maaﬁmasﬂ@u&h as 15
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vehicle, e.g. st erl pyrogen-f= water, before use. For topical
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oi ntments, creans U EH’Q? ? as the active ingredient of a transderm
pat ch. SU|tabIe tr angder ia gn Ivery systens are disclosed, for exanple,
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exanpl e, be forml an aqueous or oily base with the addltlon of 25
sui t abl e thi ckeni ngxemodmhcg@mhyﬁxgplammﬂmrm@mcmsgn@ylpb@nz@ﬁﬂ#eﬂmsed with

an aqueous or pdl 891?“1"'4115“ IndegeNgL&r al so contain one or nore
enul si fying agents sta I zihg agents, dispersing agents, suspending

agents, thickening ageﬁh@hammmewS@g@mP@rmﬂ!fe’é‘{ev‘@mmﬂy i ent can

al so be delivered vyj FavSHines. a8 RS &ohikReddtsSor Pat ent
Nos. 4,140,122, 438% 3&@%@39%8?%5%1 §42gs’v\o°‘q'§g729t106 PCT u597/01676 14

Conposi tions suit alpregerkatives.opi cal administration in the nouth include unit
dosage forms such as | 07 GRUESARRIR R (3 b Wobrt OF BELRoudd) ofanf | 2VOT ed

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/kg, e.g., from about 10 to about 75 mg/kg of body weight per
day, such 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 corﬁpound 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 uM,
preferably, about 1 to 50 WM, most preferably, about 2 to about 30 pM. 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



-base;—usual Ty sucrose and acacla or tragacanth; pastilles conprising the
active ingredient in an inert base such as gelatin and glycerin or sucrose
and acaci a; 5 nucoadherent gels, and nout hwashes conprising the active
ingredient in a_ suitable liquid carrier. Wen desired, thgcppgvestiescri bed
conpositions cﬁﬂ?%ﬁ?EMapted to provide sustained release of the active

I ngredi ent enpl oyed, e.g., by conbination ) hereof with certain hydrophilic
pol ymer matrices, e.qg. conprising nat ur al gels 10 synthetic polyner gel s
or mxtures thereof. .The phar a
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This 30 nay be achi mmmnsmmﬂl@aﬂww F‘ﬁfer‘évjé &'ﬁn of a

0.05 to 5% soluti ogplg{mhrggopgggmyﬁvénagr edi ent, opt ionally in saI ine, or
oral Iy adm ni stered "as WD 97129106 PCr/u897/01
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
’ 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 3 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 SiliTech 32-63 pm, (ICN Biomedicals,
30 Eschwegge, Ger.) using the solvent systems indicated. Combustion analyses
were performed by Atlantic Microlabs, Inc., Norcross, GA.



o—betus—eontarnng—about— =100 g o The active 1ngredi ent. Desirable

bl ood I evel s may be mai ntai ned by continuous infusion to provide about
0.01-5.0 ng/kg/ hr or by intermttent infusions containing about 0.4-15
ng/ kg of the active ingredient(s). 5 The desired dose nmay conveniently be
presented in @WePmMING dose or as divided doses adni ni st er®dUE"4HBr opri at e
intervals, for exanple, as two, three, four or nore sub-doses per day. The
sub-dose itself nmay be further divided, e.$, into a nunber of discrete

| oosely spaced admi nistrations; such as nmultiple inhalations froman

insufliator or by &spmpledl: Generst procediaasan the ymibesisnf pethyidibsnaone 10 eye. The
i nvention has been Qgﬁ]g,,wﬁ,gu%&rbs&ﬁlgr(ﬁqg_e to various specific and
a

preferred enbodi nent nd techni ques. However, it shoul d be understood that

many variations and nodFymiag(20%msulfyrg adid(l meldavagpdded tordapb ipffreshiywi t hi n t he
spirit and scope of 's{iﬂ:ﬁi A SRhy resi : VM rﬁﬁ@égm- re. 1 Nt ended
to illustrate but r%t I'm t%ﬁ};’gﬂﬂﬁ nvenn';Eih%?]. BJI)ETE’QA%VI\Q;KPE%S ar%pg‘?gﬁltﬁe- Cener al
Mel ting points wer eidetederimagiving-red imcofdroihis mixiwe was hoatedet §5-WFPCcfapi | | ary
mel ting point appangtus. ,|lnfrared. : ( t ad on a

Per ki n- El mer 1600 I'lgt'i“rull ‘e‘?‘ S{Hrltgﬁis?? grb ?nﬁg%tgé‘?}rmcl)lgﬁégtqgh% e'rn}‘xgill lglsl“egér%g%?'ted I n
cm'. Proton ('H NdRjilledndetisanhydridg), @siRpdded ehdepnitragegiethe wineggbnance wer e

recorded on a Vari qh@%&%@aﬁmk&ﬁ]ﬁJgaﬂﬁw&ghgaﬁag%gge?m%maoo MHz

and 50 MHz, respectively. NVR spectra were recorde unl ess 25
ot herwi se not ed) wintilv Elhegrdction mixhird was theasooledtd rom tamperaturs apbdmli el d from

tetramethyl sl ane. (ENEho! o il BRpERESHANESeaH GirbRRO i Crle il s VESS
pectra were obtaine rom ashi nﬁt on University Resource for Bi Gnedi cal
and Bi 0- Organi ¢ Mses cBledinan fnebath andimadifer eshaddivianad 30 aniriayThe edlisipsoduet f | ash
chromat ography condyct edl 0 bl al & GindPsultss Rty thlcEWits MRS Srarer,
‘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-4d;)
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 (4, 1H, /= 8.0), 9.28 (s, 1H); "C NMR
20 (DMSO0-dy) d17.5,56.2,56.6,57.2,104.1, 105.0, 107.3, 108.1, 116.0, 119.9,
120.8, 121.9, 123.7, 124.7, 133.5, 134.5, 145.4, 151.6, 152.7, 152.9, 156.3; Anal.
calcd for C,,H,NO,S: C, 5725, H, 5.00, N, 2.78; Found: C, 57.07. H, 5.17, N,

2.72.

8-Methyl-3,4,10,11-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=8.1), 8.01 (d, 1H,J=8.1),8.75 (d, 1H, /= 8.0), 8.88 (d, 1H, /= 8.0),
9.67 (s, 1H); C NMR DMSM) 617.7,56.8, 56.9, 57.3, 61.6, 104.9, 105.5,
30 115.1,1163,117.1, 1195, 121.3, 1223, 122.9, 126.9, 134.5, 135.5, 147.2,



~30—Esctwegge, Ger. ) Using the solvent systens indicated. Conbusti_'d“n-
anal yses were perfornmed by Atlantic Mcrolabs, Inc., Norcross, GA WO
97/ 29106 PCTIUS9701676 16 Exanple |1- General procedure for the synthesis

of 8- net hyl di benz,(r;H3 Jo? gj qui nol i zi nl um acet osul f at es (2a- cpcr/bosyoies (209
sulfuric acid ? Wwas added to 4 nL of freshly distilled acetic -

anhydri dé resultl ng in a vigorous exothernig reaction and the 5 mi xture
becom ng wi ne-red in col or. This_ m'xture was heated at 85-90 C for -10 min.

A sol uti-on of |-bengyli 21 30,818 57128; 11, 9ide; &f 25§ eshly -
distilled acetic anﬁ%c}r?%qm wés then a ded under nitrogen to'the w ne red
sul furic acid sol uthmnda(hd?OhéLﬁé&lH.tZLMg m xture was heated at 85-90 C for

30-60 mn. The reaction mXx to roomtenperature and 5
m. 10 met hanol was added dr o‘%%&% )ﬂfi%%%] It?)g”stl r for 30 mn. The

m xture was then c&unkﬂheddibm_z@[n.g]@mobamhmammyam ﬂédprbmedafmna!hﬂ ntpl onal 30
Wt 2w i sti | Ped ihesien B PRl 27 (R B LSRR RRRCRBRRT 1 Yo'
ether. The cr (l),lde plr NALE 3H)RG13 (8,381, G.460(5,)288),. 7|0|t(d,el&ll , ¥ 78,176 (sraHh 180 | I t (r)1e
prov e 90,555 111§ 5L J oS oS e kL A A g B ntnen
acetosul fate (2a): poepaddadicl (@0, H3NOP2.28H,EC, ST32Z A3EHM, 'N—IZNER‘@ENSO dé) b
?'s .281I(-|)S : 350 803( 34 'SE+$2 2352‘»8‘% ’9‘327‘&%5‘“@ %3%8%06%4 1%?64%‘}“2 0) 9 2853
(s, 1H); "C NWR 0 $49\B6¥d6) 6 17.5, 56.2, 56.6, 57.2, 104.1, 105 0 107. 3,
1516, 152 7, 152, obsemsel: c;se%én%'mseé%r ﬁf@%@éﬁ#&@%ﬂ”%ﬁ@%ﬁ i, 00,
N, 2.78; Found C &/.07. H 5.17, N, 2.72. 8-Mthyl-
¢ 10, Lt etranet noxy o Do g A LS El‘éeﬁeéi“' W8 (o)
2762,1702, 1642, 1595¢kiaréform (8 m&mddﬁ)vxsbuﬂeﬂﬂu’é@n to a mixture of the
15  appropriately substituted phencthylamine (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-dimethoxyphenyl)acetamide (5a):
prepared from 3 d-dimethoxyphenethylamine and 3,4~dimethoxyphenylacctyl
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); BC NMR 8 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.



IM—SAS (s —3H), 400 (S, 3H, 4.09 (s, 3H), 4.13 (s, 6H), 7.77 (s, 1H),
7.85 (d, 2H, J =28.1), 801 (d, I KJ- 81), 875 (d, 1H, J = 8.0), 8.88
(d, 1H, J =8.0), 9.67 (s, 1H; "C NWR (DVvsO-d6) 6 17.7, 56.8, 56.9, 57.3,

61.6, 104.9, 105.5, 30 115.1, 116.3, 117.1, 119.5, 121.3, 122.3, 122.9,
126.9, 134.5, W@3UBI6147.2, WO 97/ 29106 PCT/ US97/01676 1FCIEEY016%53 7,
156.9; Anal. calcd for C2,jH7/3N09S: C, 57.24; H,.5.00; N, 2.78. Found: C
57.08; H 5.3.5; N, 2.75. 8 Methyl-3, 4-nmethyl enedi oxy-10, 11- :
dl met hoxydi benzo[ ag] qui nol i zi ni um acetosul fate (2c): prepared from9c; np 5
>270 C dec; IR (Nujol) N443-dimpeppxpbepglethp)i-3-(385gimethoxypheniiaceonede (Sb)db) 3. 41
(s, 3H), 4.13 (s, 235y pieadify abhne (& iddemabr=Ev. Qi kP (S, 1 M),
7.81 (d, | H J :%g?’ﬁrf‘?ﬁéﬁsgs‘?"s', 1), Bigd ?édh,‘ F“J'HTD’J it 8.'"7;&66 8.84 (d, |
H J = 8:0), 9.64 (949,32 6py75) tadcd.4-dimgthexyphenylacryliabiongomp 80 5Cifng? 78, 52. 32,
H 4.44, N, 2.65; Egupfin 36is S 2has eieh1 9, 19k BaGiiR SR, SRl ot OF -
C21H111NO4: 384.12 g;agéﬁagsl%%%’élf%zw.’ Exanpl e I D - General %rocedure for
t he synthesis of5 t A80 et hbtisadH) oot (6.3dD), 167 (s, AHLH A2t(bonl HDf 6.44-6.79

3, 4- di met hoxyphenyl acgtvh~ 05 | s o 0 s added
dr opwi se under nitr(%g%i’t% a msth@f'iel{]%fm?h%'dlg6'2dgg'lr3b%ﬂ’g[lér?'éﬁégbé%\ié?ut ed
phenet hyl ami ne (4 2d0,)122.6012440%23:901336, M7)5, 14831 149.M15k bdi?Ubh car bonate (3

m,)-at 0 Cwith vigoro AR LB g W ' a unti |

the)react i on was co?rpl e}tJ'Zzi%-eg& iﬁéﬂioﬁgk&%}@? iz\(l)}ﬁ'%.n@%t?ﬁdf%»\%ggag% r"gﬁés:f erred to

a separatory funnellSqrsirergred fromdcli-metbylededi2xyphenstiylsmisiclravddded 2 nl.  water.

Th i h kih 5 20
€ organi ¢ p aﬁe‘ﬁ@% S%ﬂé(ﬁx%?g%ﬁfmm%f%&@ﬁk 929%%68@,0}9‘39, 1843,

nmL chl orof orm orm extract s washed successively
with 5 nmL 0.1 N Na®#h8; SH NMRS .66 (t12H), 336-392 i, 41Dad. T Gt 3D, BALA(s. $1d). ut i on.

wes orystal |1 zed fPommeehansord e o GRSy PA e o2 s He 4 e e as.
whi t e needl es. 56.4,101.0, 107.5, 111.9, 112.9, 120.7, 122.0, 122.1, 123.3, 127.7, 146.0, 147.5,
' 148.7, 149.6, 171.8; Anal. calcd for C,gH,,NO;: C, 66.46, H, 6.16, N, 4.08;
15 Found: C, 66.31, H, 6.16,N, 4.07. '
Example IV - General procedure for the synthesis of dihydroisoquinolines (6a-
c).
The acetamide (5a-¢, 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.



253 4-dbnet hoxyphenyTl et hyl) - 2- ( 3, 4- di net hoxyphenyl ) acet wni de (5a):
prepared from 3, 4-di net hoxyphenet hyl am ne and 3, 4-di net hoxyphenyl acet yl
chloride; nmp 125 C (lit 17 123-125 C); IR (KBr) 3327, 3064, 3007, 2916,
2840, 1642, 1608 1591: 'H NVR 8 2.67 (t, 2H), 3.40-3.47 p&irushidse 3. 83
(s, 6H, 3. 86 W %) 3.88 (s, 3H), 530 (brs, lH) 6.52-6.86 (m 6H); "C
NVR 8 35.6, 41. 2 30 43. 5, 56.3, 56.4, 70. ? 111.7,1122, 115.8,121.1,
127.5, 127.9, 128.5, 129.1, 131.1, 131.6, i37. 3, 148 1, 149.5,158.5,

171.8. WO 97/ 29106 CTFUSP 7016 7 nth 5 6-dih
N- (2, 3-di net hoxyph #J'hyl' 'fm(gmﬁgz%" et X5 yf)ﬁsésn% acé’idgtrﬁade (5b):

prepared from 2, 3- di ﬂm@hghmwyimmtOQWNGMn Hel y. Chim Acta.

1949, 32, 69-75) and 3, X it 29

79- 80 O IR 3%15 296%”%@‘3%ié§ %ﬁ%kﬁﬁg%&ﬁ'}ﬁws‘g%&(ld

IP:|)22654?1 207gm (4I-|)mL3fﬁ&h16rﬂ;snled)apeﬁBaﬁ4'd(idr A6pipced@e Gimnilasto tgkHysed g!éﬂg (lé(r)s9 I
: m

111. 2, 111.9, 112-& ?2‘2’?6"““@%’ Tiggé Q‘f‘é‘é‘?’bz“’fﬁg“%f&?g%’ 148. 5,

149.5,- 153.1, 171. %ﬂ}by@a T]&-re@échy& dihﬁhblm)qyupbimayﬂtemhgdht)sﬂe& Wed in place

4- di met hax hen | ) acet am de Sc .epared f.rom

2, 3- et hyl glr[])édi gxglpﬂfé‘ﬁ@ % n&ﬁfﬁ?“aﬁfdﬂ”&?‘}?%‘?ﬁ%%%%ﬂw %oty

?Pl orle;ie 3@613445 ) ¥dekdure3 A8¢ pr om%bmﬂﬁaﬁmml:ﬁﬂﬁllmcﬂfﬁg&;o?ihrtgstzRWG 25621

(brs, 1H), 6.61-6. 78 OIF% °1d35é°mb§|§%§°‘§’w‘§§@‘“£§)d§‘ 56. 4, 101.0,

148 7. 149 6, 139 8. iﬁ%"z"'é‘%‘?%é‘*%“’m o1 LedaansiiTualidfpbolihinS,

4.08: 15 Found: C, ®stosdfatea)yPrrpe "l ﬁ@ﬁ%%aq 24‘?8%#ecpeﬁklprocedure

for the synthesis ofigl) Susgr i a5, mlu 1569; 'HWRCD)MS(ISIQE) it @2H)s.435a- c,
2.47 mmol) was refl uxed W th hos hor us

nd d
toluene (10 m.), un@etDndf6 3.8%5. 3 é&%ﬁ%ﬁé%n%msq%ﬁé?ég%&m \)Kldg sfhe:ly
careful ly evaporat eg_[)aﬁg:;gshg{)rﬁogum)dg 750, NDI’C NMR BMSO-d)etingzd2, This

solution was poured s o0\ Tse 5as, 593, 6. 2C?Jsd4 V£ 1085195, 1200, 1222,
. 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 -terrmﬁethoxydibemo[a,g]quimlizinium

acetosulfate (7b): prepared from 6b; mp 25 5-256 °C; IR (KBr) 3432, 2946,
1723, 1609, 1567, 1502, 1429; '"H NMR (DMSO-dy) 6 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 (4, 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-d,) L3
17.7,21.0, 49.4, 56.3, 56.8, 57.3, 60.7, 106.3, 112.7, 117.6, 121.3, 122.3, 1229, -
128.9, 135.5, 138.9, 144.7, 152.3, 154.6, 155.3, 156.9, 167.6; Anal. caled 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 CH,NO,: 366.1705; found 366.1706.

- 5,6-Dihydro-8-methyi-3,4-methylenedioxy-10,11-
dimethoxydibenzo[a,g]quinolizinium acetosuifate (7c): prepared from 6c; mp
>270 °C; IR (KBr) 3434, 2920, 1724, 1617; '"H NMR (DMSO-d,) 8 3.16 (¢, 2H),
3.23 (s, 3H), 3.40 (s, 3H), 4.08 (s, 6H), 4.76 (¢, 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
(DMSO-d) 17.9, 20.8, 49.2, 56.8, 57.3,102.7, 106.3, 106.5,108.5, 116.2, 118.1,



washtrg—t-wce—wtih—10—mtether, "I0 g of I ce was added to the aqueous | ayer.
Wil e nitrogen was bubbl ed through the ice-chilled agueous | ayer, the pH
was - adjusted to pH 10 with concentrated amoni um hydr oxi de. The aqueous

| ayer 25 was then saturated with sodium chloride and then extragégd 5
times with 20 wasmesher. -The combined ether extract was dFFEF8¥EE
anhydr ous potassium carbonate, filtered, and evaporated to give the

di hydr oi soqui nol i nes, 6a-c. As these conp¥unds readily oxidize, exposure
to air was avoi ded. The dihydroi soqui nolines were used wi thout further
purification for thel.-hridgparidei7olds-53D9%¢% 198 49 B 43%A. 188 19R0.d6760 97/ 29106

Per/ U897/ 01676 19 \ExaimmliGort, ;10 F0NSH80: Ors2asduudel 102, 1¢) fodt 836 31,0f 5,
6- dl hydr o- 8- net hyf‘g%(lbenzorr;@bﬁui nol’i zi ni um acet osul fat%s a-c). Each of

t he di hydroi soqui nd9s. 62 196HRMS caled for GabhNOdp @ 1 325 oypd 359 18%¢-1. 0° L of
freshly distilled ?ig‘&'hféﬁm?%%’j"%‘mé"p PeRYMkesS s sar to that used for
nple VI 0 { feUprhesis o)

the 5 synthesis o enzol a, g] qui nol i zi ni um acetosul fates (2a-c)
was enpl oyed. The digdredibenze/agjdumiiciniymghioriddsi(@eec)i nt er medi ates were used in
pl ace of the correspongling 1- . i j j ﬁgﬁg | oyed in
the previous procedur gﬁmfﬂ]é’mﬁgg ubé%'gégg?%éjdﬁﬁm&?%hggystgﬁ@@g@r om
boiling methanol t6)dimsthylfgmagdinupder pitogan: Themixgie wasstired for hemgradBuct . 10
5, 6-Di hydro- 8- et hyl - = RaVARL. k! G B19kdrzi ni um
acetosulfate (7a): é’r 'eb‘ggglruéa&?i;%%nr%gatrﬁp%g%é%@gagﬁg?‘ftmg’% 7-27L9dLC); IR
(KBr) 3450, 2946, 1aettybfofmandidswas then aigiet apaliomedite)stigat § "Cdor k-2 h.2The 3. 23

, 3H), 3.40 3 3. 8 ) Sn wis 75 (t,
(2i|) D (s, (f(h) F%‘E‘s“‘?‘g'fé‘%ﬁ)‘?&‘;“é%a?@d?ﬁﬂﬁgi %Q%as_é;sl %;_C"%NM(R
(DVBO- d6) 8 17.8, 26ded thToot9teBperdBreland p@ired intg g mixiurg pontainings2Qg offigrand,  109. 1,

110.9, 117.5, 120. qg n&é&ﬂﬁ(})}d%ﬁg@%ﬂ%ﬁa%&%&tg% flterch4fd &ash%c&ssiaegz- 2,

155. 4, 156-9, 167. 5. . ) .
4,10, 11-t et r anet hoxwidé vith 2 aflacalwatensod twice withuhmlaethar o She fingl eroduebip:  prepar ed

from 6b; rap 255-256 @%ﬁgdgﬁﬁgmm&ns, 1609, 1567, 1502, 1429; ' H

C.JR
NVR (DVBO- d6) 8 32 0sff , , _
15 5,6-Dihydro-2,3,10,1 1-tetramethoxydibenzo[a,gquinolizinium chloride

(8a): prepared from 6a; mp 261-262 °C; IR (Nujol) 1664, 1660, 1564; 'H NMR
(CD,0D) & 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, LH), 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, 112.4, 112.5, 112.8, 115.4, 117.7, 119.6, 130.4,
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;) 8 3.27 (t, 2H), 3.81 (s, 3H), 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 (DMSO0-4,) 6 20.9, 54.4, 56.3, 56.6,
"56.9, 60.6, 105.7, 106.7, 112.7, 118.4, 1204, 122.4, 122.6, 129.1, 136.8, 138.5,
30 1452, 145.7, 152.5, 154.9, 157.6; Anal. calcd for C,Hp,NOLCI1.5H,0: C,



26882 (s 3H~3 94 (S, 3F), 4.07 (s, 61), 4. 74 (t, 2H), 7.26 (d, 1H J=
8.9), 7.67 (s, IH), 7.78 (s, | H, 7.87 (d, | H J =8.9), 8.67 (s, IH;
"C NMR (DMBO-d6) 6 17.7,21.0, 49.4, 563, 56.8, 57.3, 60.7, 106.3, 112.7,

117.6, 121.3, é%é,.,é, 22. 9, : PCT/US97/01676
| 28. 9, 135. 5, 138.9, lf .7,152. 3, 154. 6, 155. 3, 156.9, 167.6; Anal. calcd for

C24H77NOOS- 1. 25H20: C, 54.59, H, 5.63, N, 365; Found: C, 54.59, H 5.60,
N, 25 2.67; HRMS cal cd .for C HLI6NOX4: 366.1 65; found 366.1706. 5,

6- Di hydr o- 8- met hyl - 3 o 24Ny i Oxy~10 . HRM
di met hoxydi benzo] a,%\]—](gﬁxl{‘l‘r%ﬁ’)zqf %’?ﬁ%ol%@é?’é@i}%fl%tsén(I§'c3'3:8’prepsacraleca f(frrom 6c; np

>270 C iR (KBr) 34G¢H.29003%67236;T64d33¢IMWR (DVSO-4,) 8 3.16 (t, 2H), 3.23

(s, 3H), 3.40 (s, 3H), 4}369%%?_39%&%5@1,@%%H), 6.23 (s, 2H), 7.17 (d,

IH, J 30 = 8.0), 7.67 (& 8.0), 7.81 (s, 114), 8.69
(s, | H ; 13C NVR dikBhBHid6Roag]dxinolitnign clierie (8- Srepsed fiyd 62 mp >2806. 3,

1063, 108.5, 116. 2, | X / - 1 4,
122.7, 135.5, 135.o‘?&i’ﬁi’?‘i“%i%t,@%&Eﬁ%"ﬁ(@&%@%?&l@t46‘;’)7(,s']ﬁﬁhal.
cal cd for 023H23N0945}3-(3,|GH)Q;.6£(42H§1,6.1I6I,(s,4H}36/,.03I\(1d, 121,.76];:8.45,@&0((5, 18), 763. 39, H, I
4.96, N, 2.74; FI (o) 2. 4. 21392: . 4. Exanple
VI - General proceRg/(g’rlngf)?s éﬁ@?y'#tl_‘ﬁ’gdﬁéséﬁ‘?%}é%’im ‘%%ég’&%%
((ji7hZ(21r odi Ib)enzo[ gg]dél}w'c.izlgb.b,zs'7_t3i, mn.qm.nnbsle,sot.s,aoe.;s,umpltszphﬁms, )% dhI or idde
: mmol ) was adde [.OpW [ or manmi de under
ni trogen. The m xt u%%ﬁ%ﬁ?ﬁ%é&‘ggﬁﬁ’ggﬁéﬂ%gwg %ﬁ’d/@/’sol ution of the
[ﬁSpeCEj ijvg di gydpfi@gg.u':wmlitmﬁ c% &@ﬁjﬂulg, %43.”?‘%!{&&% xgi;mnr?w,mc mam't de was
en added and allowed to stir a o[, 1- : e reaction m xture
was then heated at tHv FRMSalof for GoH, ::{38 &Y ‘fr%?tl was cooled to
room tenperat ure anghaMplé O -IGehabprodedire fop tHeGpitites i of WberDligogainoiitee and 10
mL 6 N HCI. The resulting precipitate was filtered and washed successively

twice with 5 nmL col@®fhter and twice with 10 nL ether. The final product in
each instance was recryghahpdroptithe dih9droRR{ulbali! (3.4 himdd) was refluxed at 220-230

D2 515 S BT P RS s R R, U, (5
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 agueous
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,



63 t—S38H—3 91T (537 4. 02 (S, 3H), 4.10 (s, 311), 4.17 (s,
'3H) 5.04 (t, 2H), 7.10 (s, 1 H, 7.78 (s, | H, 8.60 (s, 111), 9.64 (s,
111), 10.12 (s, 1 H; 13C NWR (CD30OD) 8 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, 14bPpdid@. 4, 112.5,112. 8, 115. 4, 117. 7, 119. 6, 130 PATUSHABTS: Anal .
calcd for C11HNNO Cl.0.75H2O0 C, 62.84, H, 5.90, N, 3.49; Found: C, 62.79,
H 5.84, N, 3.46; FIRMS calcd for C21H22N@2: 352.1549; found 352.1549. -
5, 6-Di hydro-3, 4,10, 11-tetranet hoxydi benzo[ a, gl qui noli zi nium chloride 25
(8b): prepared fropa26p588PHABR (CDJOR)ENLA6S, BHB3BB (s, 3BBA.0I GOBKN BTI(s, 1H NWR

() 450 (t o5 5900 g bl Dy & BB @ Iy b Mg il 008
;?), 97 gg gd x g 97 gss(cem .B=8)2”CS*IM%(L¢D;OQ)60845%915’M SB.T, 6IMR (%040'6) S
122.4, 122.6, 129. i]371§54gq1§%'§9g8 '?6% %# 1237%;313.} ?3]12227:? 91%\%34%9 157. 6:

Anal . calcd for 502156252MQ4£151555Q® C, WD 97/ 29106 PCT/ U897t01676 21
60.79, H 5.7 1, N338 F HRI\/Scachfor

5.
C20H 18NO4: 3 3 6. 1236: 56-Wath? "f"é’@‘i ﬁd'”%’haﬁbﬂﬂﬂéﬁﬁ'gh%‘"e%9
4- met hyl enedi 0zy- 1forh be; i MEtIARAKDHBA2S, 3064] 2903,12630; 2 NMR(QIROD) Bde (8c) :

St EL.?”‘ 4 0750 58 433G o s SV ) o SEE 745, 0 1% P SO0, 8
(d. 11 J= 8. 4), 780705 (51D 760008 (L HN; "TNGR 6¢CDOM) 232, &), 8. 00
(55, 1130 2210l srdd s h So0E 5D, B3 2nSi 3 PG as 1 ifp T, 104:%
152.0, 155.0, 160. 335aks.1,aabedisbay 153(1 (3612; SNMGAAHRT ,H;,0,56, BSS, B, 5. 43,
?3631336 F?gﬂﬁd ??36562‘;#?1? 33%&3@ 79/?? Hsééﬁ% 4§$N§r g?laggr 1;0][ OSZ?EQBSN%t hesi s
of 1-benrylisoqui n@khﬂgﬁ VIIQ&Gehdral prbeedine fur tiersyrkesis df hydr oi soqui nol i ne (3.4
ol ) was refluxed xa Enzo[Za,Og]g:%nohzzmum chlorides (10a-c).
15 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 dihydroisoquinoline

intermediates in the previous procedure. The products obtained were crystallized

from 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 (10b):

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 tqbc) 4]

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), 8.46 (d, 1H,J=7.3),8.78 (d, IH,J =17.3), 9.01 (d, 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, 1072, 118.9, 119.2, 119.7, 121.6, 125.0, 126.8,



—3b—-c-wtH—0-—3—g of—10% pal radi um on carbon in 5 nL tetralin (purged with
nitrogen for 20 mn prior to use) for 3-4 h. The reaction mxture was then
allowed to cool to 180 C and filtered under nitrogen using a Schl enk-type
filtration unit (Al drich Chemcal Co.). After cooling to rRefsyRdper ature
the filtrate WBS"¥M% 1 ed to 0 C and hydrogen chloride (1.0 Min anhydrous
ether) 20 was added to adjust the pH of t m xture to pH 1.0. The
hydrochl ori de salt of the 1-benzylisoquindline precipitated. This

precipitate was fi {55734,3229%519%3 (489, 1451TER M 4710, 101 Mlandl callafpydl ous

ether, and dried t 'he”'respect i ve benzyl T soqui nol I ne
hydrochl ori de sal t €, HRNOCIAAIH,Pt €] A6, H,I*ﬁeSSdNJb‘Hi Foundr 640163, H.Ppa37sMl t s wer e

hdded 10 g of i co. SeRAY FUELAN GOt R LIRSS o> () 11 The "

i ce-cool ed aqueous sol w3, #-aferiylenaithy 6, lt—H«mM@@d@ﬂMD&qmuélOﬂdayer was
saturated with sodi um chl ori nd t r

portions of chi osroﬂ?r‘)mp“ﬂ”r?dg‘B e~ el ordte? @Q%a 1\?\’612;9?%21?%%”-( Na2SO4) .
and evaporated to gsﬁqelm U{Nmmsmgacoaxxaltubemmthecompounddxssolvedm

5, 6- D net hoxy-1 - (3, 4- di met hox ber ol i neh | or (9b):
prepared from 6b:; “2619"“2‘68“%‘“(% utgf&'sbﬁg%d%'gmﬁpm %ﬁdf’befﬁgé 6, 1630,
WO 97129106 PCT/ USWS’SQ&@}ZI?%@% 385 6.67 1$28), 7.81 NVRL,(/GCR.DD). 923(8.’32}7)68 (83 3H)

?s8lll(-|)s g%z ?dog)i&l%i )7)-86582‘1&5131942@ 10y, 9*%7(3 ‘%)' QM H J— 1)7 PZ:

195 B 100 g 10 B e e e e b 150 e a"‘é’m’éﬁ 5,

T60 5. 5.6 Mot hyi aReHMSBNORAS N EREINES SERSIY T O I0RL 115y

?Eerar;dG fr205n36? 1fTP|7_b1111§4Q19 8l R1(7KBI)8, 32626 13130649.5,3098, 142.9,3@7.1; H |\|t|§)/R91 (d
S

1H, J = 8.8) 7.07 (1§3.6, 15fyf, 163, 126"%@“%#6&@?@%5#& &%98@{*@%1

NVR 6 (CD OD) 23. 2,3 f6F&und 1€ 5852,94, 453, M, 3.46BHRMS LiEd for CLAGNG,: 330607, 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. céFC(f"%r33tlé'45|l704 C, 70. 58 H,

Example IX - 3, 4 3.4 Tetramelhoxydesoxybemém (11a).
Powdered anhydrous aluminum chloride (0.78 g) was slowly added to a

stirred mixture of 1,2-dimethoxybenzene (0.64 g, 4.66 mmol) and 3,4-
dimethoxyphenylacetyl chloride (1.0 g, 4.66 mmol) in 10 mL freshly distilled

20 dry dichloromethane. An exothermic reaction occurred. The orange soluton - - - -
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

. .mL7.5NHCL. The organic phase was separated and the aquoous 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); 'H NMR & 3.85 (s,
6H), 3.91 (s, 3H), 3.94 (s, 3H), 4.18 (s, 2H), 6.81 (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 b 45.2, 56.3, 56.4, 56.5,



5.30—N-—4-33—Founrtd—€C—70-85—H—5. 51, N, 4.31. Exanple VIII - General
procedure for the synthesis of dibenzo[a, gJquinoliziniumchlorides

(10a-e). 15 The procedure enployed was simlar to that used in the
synthesis of 5,6- dihydrodibenzo[a, g] quinoliziniumchlorides, 8a-c. The

1- benzyl i soquiwm$#am®s i nt er nedi ates were substituted for ESFUEEHSHEI ng

di hydroi soquinoline internediates in the previous procedure. The products
obtained were crystallized froma 1:1 nmix#ure 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, llllMTétlrlalitlt-&;dk%x%iilﬁbhzlél-&,@?Qu’ﬁﬁ@l]3@i2nl4§rﬁ, ¢f-ride (10a):
prepared from 9a; L 0. HNMR "C NWR were as previously reported.12 3,
4,10, 11- Tet r anet hoxy(?f enzo[ a, gl quinolizinlumchloride (10b): prepared from
9b; np 223-225 C dBxampl&kX(- KBFQW@@@!PJ Z’QMhyleZM@fydqm@mqwggb) 25 1561,

1503, 1433; 'H NWR (u5| n d

trifluoroacetic acid i @ogg 'alfnuglld%g’hyycfe @erl u?ﬁ@%?gelélrﬁm?ﬂe i nner
tube) 8 4.51 (s, Srhﬂ,,frcshl)’éﬁst(lbd diy Hichlorotne@ihng was a@ddd dropwisé tq sstinkdH) , 7. 96

(s, | H, 8.06 (d, 1 H, = 9. 2). (do L H 3= 3) s (de 1H J =
7.3), 9.01 (d, |H,m3““_‘°9‘.]‘z3‘f’°"§‘?‘§%‘°‘(°§}‘é36% ‘gii“m, °é’.“§§‘l‘?%‘,7)°%)°ﬂf§"""’8 WR (using a
coaxial tube with mhﬁl)%lijmhzdinh}ammeﬂnnm-ltor°lcf Imemb@éemthmllawd}tot he outer

t ube and deuterium.oxide in the in t . . .

64. 7. 107. 0. 107. 2, 158 1@ TOPFem: ?ﬁﬁ?f%@fi‘%@%‘gu‘%}é@,%%9%91%

PCT/ U897/ 01676 23mibr21}2wa§l.tﬁéh]ﬁmreil3ﬁolﬁmﬂ.39{BCl and stirred for 16 h. The organic
140014511566 57.9,161.1; Anal cal cd f

61.76. H, 5. 55,10\ P %ﬁ”‘g%‘&ﬁ&"’ And, e dgnedys phise 3’%&{%’%&&%&% %ﬁ? cal cd f or
CL11H3ONO4: 350. 1392 mLQHMtsﬁEchﬂlBﬁﬂmthane The combined dichloromethane extract was

3, 4- Met hyl enedi oxy

(10c): prepared fr Yfﬁﬁ% 51“"%35"9"&7 g‘gggq)kﬂ(‘%@#‘lﬂggﬁ’y%}@ &% ré[lhgltszo
1564, 1488; ' H NMVR &Uﬂbm@e&mmmcammm Ne. SO fisordh euchebapiratsdioved in
ibe) '8 P3!S, R AR LYl iy 1)
7.92 (s, 211), 8. 18ive 3.0 g ofwhne needles of 11b in 66% yield; mp 110-111 °C; IR (Nujol)

2725, 1675, 1589, 1519; '"H NMR 5 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

545.3, 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. caled for.C,,HmO,: C,6799, H,

20 5.37; Found: C, 67.98. H, 5.32. ' '
Example XI - General procedure for the synthesis of 1 -methyl-3-

phenylisoquinolines (12a, 12b).

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,50,),
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



—ftt—t—H—3—=7-7)7 8638 (t, 2H), 9.47 (s, 1H), 9.77 (s, 1H); ' 3C NWR
(using a 10 coaxial tube with the conpound dissolved in trifluoroacetic
acid in the outer tube and deuteriumoxide in the inner tube) 8 58.8,
59.1, 106.7, 108othe10k07.1, 115.2, 115.7, 118.4, 119.8, 1268CTASINLEGT63,
126.6, 131.1. 139.5, 139.9, 140.3, 147.1, 153.6, 156.4, 161.1; Anal. calcd
for C20HL6NO4CL. 1. 75H10: C, 59.86, H, 4.9Gs N, 3.49; Found: C, 59.72, H,
4.939 N, 3.48; HRMS calcd for CIDHLI6NO4: 334.1079; 15 found 334.1075.

Exanple 1X - 3, 4, tﬁ,ﬁ,acélme caveny, B@Mﬁﬁmwmﬁbﬂor@nﬂ&hﬂhﬁmer ed

anhydr ous al um num chl ori de (0. 78 ¢ % ? g) giéddedtoa stirred m xture
of 1, 2- di met hoxybepheaHisoquingiinesy12apng }2 Hheies: 4- di et hoxyphenyl acet yl
chloride (1.0 g, 4.66 Wb)melm&r,lﬂmelhytff.gsmﬁewdxsﬁhek,lmq%om@ yi2a):

di chl or onet hane. An exotherm c reaction ocqurre ?I uti on
r 1’\7@5

becanme brown as t hereparsd figme 1lagmp 168469 *FHlit] é&%ﬂ?%@ fdat ed to
reflux for an add ‘iﬁﬁnf’doszﬂmﬁﬁ%ﬂ%% 38,3094 3HR 4009, 9Hper99 Heyper at ur e.

1
The cool ed sol ution Was poured into a m xture containin ?m g crushed

ice and 5.5 nlL 7. B4N7188(s, 1Hh &2 fsg b Z-6p (sl TS -4 80hr 1 zﬁ?zd’ct he aqueous
phase was 25 ex”aﬁsﬁi‘ A idx'%smw Iillow:mdwbll@wn@ﬁhams e, conbi ned

di chl oronet hane extract “was dried (Na I'tered, and evaporat ed to
give a white soli #49-21#%6 1423, léPQslt5&41H5§8d from et hanol to give pure white

gegg' e: of 6 "33' g 198%&’&%,}1;: ogpz-mgryzlﬁgz&,éz?zémé&ymzn%z%}ﬁqmﬁmQ 1H N'VR 8
6.91 §m’ 2H)H) mseazg) m@azsmﬁvmlibmm}“ ssmnbzgzn 1622, 457@ 115042$'b) 13C
NVR 6 45.2, 56. 3, G 769 4, 111.1,
111.8, 112.8, 121. @‘?5%58“51‘3%@3% 53@1864{;30 (,g&i%s : 3141 ‘,i;jﬂ'153 8

197.0. Exanple X - 83),4—®(mﬂhd>a§(sslﬂ).Jmtmﬂweﬂ (a%yldses(bNWefh%?vn (11b). A

| ut f 3, 4-di | 5 15
oL o 7 ) RSB e e i e, °

m xture of 1, 3-bcnaéslé dn&IZ,elS() 1, 83.1g15625 mb@cdéw&tﬂnﬂé)vv\g}s@kﬁtsgﬁ?%@t I( Lr g g,
17.6 15 N, 4.33, Found: C, 70.55. H, 5.28, N, 4.30.
Example XXI - 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 °C using a mixture of dry ice and acetone. To this
20 mixture was added dropwise 7.4 mL ofa 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
_ togive 13 in 98% yicld as white needles; mp >280 °C dec; IR (Nujol) 3326,
25 1602, 1531; 'HNMR (-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); 3C NMR
(CD,0D) & 17.8, 109.6, 110.6, 116.1, 1173, 119.6, 121.2, 122.8, 125.6, 138 4,
142.5, 147.7, 149.5, 152.0, 154.3, 158.3; HRMS calcd for C,(H,;NO,: 283.0844;
found 283.0839.
30



AR —+r—-15—ft—di-chtoromethaneat——=1T0"C—The m xture was then allowed to
rise to roomtenperature and was stirred for an additional 2 h. The
reaction mxture was then poured into 25 nL 6 N HC1 and stirred for 16 h.
The organic 10 phase was then separated and the agueous phase was extracted
three times wwde?2006 nL al i quots of dichl oromet hane. The EEHHPTEHS

di chl orenet hane extract was washed successively with 20 nL of 0.1 N NaOH
and 20 nmL distilled water. The dichlorom@thane extract. was then dried
(Na2SO™4), filtered, and evaporated to give a creamcolored solid. The
crude product was ExapgieXIl 7 Eehefal procetureafote pothtSs ofi\lediBetylg- of white

needles of lib i n 6%,V el dgﬁg’?d;’;‘%ﬁ&}}lgggdﬁé Nuj ol ) 2725,

1675, 1589, 1519; 1¥ gy 4.09 (s, 2H), 5.96
(s, 214), 6.76 (m 4H) Eagh ofshe(respectivé]-mithyl- &pl&)lyhsaq@@ﬁ(xddh;iv&ivbb 0F¥7= 6. 4.

1.5); "C NVR 6 45. 3, .56,
121,90, 125.4, 127, "?mb'iﬁg’d%%é‘%‘l’}f@‘g%‘ﬁ’ﬁéﬁg‘ T@E%&ngl’g{&’%%%&&cal cd for
C1l7H16CS: C, 6759%eatet at 120 °6 fG20-6Fmimahd thdn aBdw&i80 cdd] to&o@ﬂtenﬁxmmpd e Xl -
General procedure r,the hesi s th ui nol i nes
(12a, 12b). Anhydr%'ﬁ?dﬁﬁﬁﬁ%géﬁgf‘b’%s ‘fé)")?.j‘%ge zfx"d"’ﬂ“‘g)“ ° g “in three
portions to a 10 nedulting saspsmicmtstimﬂl f(nlmmane mecxplme msfq!tasdande
desoxybenzoins in 25 et Qni tri i stirred under
Oretl;{ysta(i yepine meanon t%gwg §2500508F il &5 H.J%RS dﬁ@?q rre

nitrogen for 18-2 Peact ure was quenc addition of 10
m. water. The res%émﬁgoqmwpmmsmn was neutralized with 10% NaCH and

extracted with three 10 %&O”}?'P"ﬂe Ir__ggc‘pl Lor 9 rret ha ﬁ{ﬂg’g"? in?u?nnbi ned

organi ¢ phase Wis dried’ 0 give a cream
col ored residue. Tph&z}sosnﬁm (da): mmam&mhnmd@mmmmmmm BSOR, k@D, usi ng a

o5 mxture of ool gpSeng G B ASHERE BE LS TIDISIS o ot
phenyl i soqui nol i nexngslEBHNM 1 LE@[BH) N1Z7(5, BB,%m(d,lldi J 6= 8.9); Ditdest, BH), y7-62
ety -5 (e o eyl R g by PSR a1
15 57.6,106.0,107.5,112.8,113.5, 1206.7, 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-dimethyl-3-(3,4-methylenedioxyphenyl) isoquinolinium
methosulfate (14b): prepared from 12b; mp 235-237 °C; IR (Nujol) 3479, 1612,
20 -1568; 'H-NMR (DMSO-d;) 6 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—d,,) 5182, 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, 156.9, 157.1;
Anal. caled for C,H,,NOQ,S: C, 53.11, H, 5.15, N, 3.11; Found: C, 53.03. H,
25 S5.19,N,2.95.
-6, 7-Dihydroxy-1,2-dimethyl-3-(3, 4—dzhydroxyphenyl)xsoqumolxmum
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,0D) &
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,

-




515731508 H NWWR 8 2.95 (S, 3H), 3.93 (s, 3H), 4.02 (s, 9H), 6.96 (d, |
H J =28.4), 7.08 (s, | H, 7.25 (s, 1 H, 7.60 (dd, i H J = 8.4, 2.0),
7.71 (s, 2H); PC NWR b 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, I%F(é éi56?€ 6,
7-Di net hoxy- | - RRHPPL&_ (3 4- et hyl enedi oxyphenyl )i soqui noFCRESY: 2b) :
prepared from 11lb; np 174 C, IR (Nujol) 2727,1622,1573,1504;'H NWR 8 2. 93
(s, 3H), 4.03 (s, 3H), 4.04 (s, 3H), 6.00 &, 2H), 6.91 (1H, d, J= 8.8),
7.07 (s, 1 H, 7.25 (s, 1 7.60 (m .2H),.7,.67 (s, L H: 13C NVR 6 23.2,
56.5, 101.6, 104. 4,14§661.5é-,°ﬂ%73.»335,3-31091.‘%-,%5?.' ?}8“9&935095282'35;4-%3‘.-9, 135. 2,
148.1, 148.6, 149. 3.4b5Povhd 163279 k5G%ks, Wysdo, cal cd for CIOH'NO4: C, 70.58,
H 5.30, 15 N, 4.33; Found: C. 70.55. H, 5.28, N, 4.30. Exanple XII - 6,
7-Di hydraory-| - metbxpmpie XBY -Materigldr oxypheny! )i soqui nol ine (13). Compound
12a (250 ng, 0.74 mol )Tﬁ‘@?aﬁdi@ﬁﬁ’h‘l@%dtﬁbécHﬁ-stﬁﬁNBLqu@jgieﬁ'fépeﬁi}quh' I'led
e o

to -50 C using a m xture dry ice and acetone. To this 20 mXture was
added dr opwi se 734 expressionavere pirqhpsed fromiNoxagsn. BEEIres pyrchasest frameSigma.

di chl or onet hane. Thﬂemﬁg%fgﬂﬁgghﬁr%{e@wm@bw\ﬁﬂlﬁi?ow

tenperature over a perio . The precipitate was fi telg'g% and washed
twice with 2 nL pdrom dmersham &ie All therestrictipy, eraymesaad Yentpalymemserwest al | i zed

(N o ) 3326, 25 gdiiNexRuaRbbE NafaalilrSisbgaee B lnagignial®; | °)_
8.1), 7.19 (dd, 1 HhynjusgleBdslaccordiy to tive pullished prodedyre (Halligan ¢tsal., J. BidY., 7. 61 (s,
(a0 817, 5, 10876 P KDL {17850, Toosinls pony s slgsmign YERgaLy
142.5,147.7, 149- 5, E3preSing5audis ipgisgmertsmi/Bncsin JN2-1 34 yeat SdBMed a king3. 0844;
ound 2630055, 30 8, ) EAEEH B REAA 4 M o0
derivatives (14a, Iéleridl Byd yeast media were from Difco (Detroit, MI), while cell cutture
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, in 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 topoisbmerasc 1 and approximately 1 kb of untransiated
region downstream of the stop codon was isolated from the plasmid
YCpGAL1-hTOP1 (Bjornsti et al., Cancer Res. 49:6318-6323 (1989)) by cutting
at the BamHI and EcoRl sites. The vector pET-11a was cut with the same
25 restriction enzymes, dephosphorylated 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 pET]B was isolated (see figure 2A
for the map) and its identity confirmed 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



£

Each—ef—the—respective t=methyt=3-phenyl 1 soqui nol i ne derivatives (0.67
mmol ) was added to 1 nL of di met hyl sulfate. This reaction mxture was then
5 heated at 100 C for 20-60 mn and then allowed to cool to room
tenperature. Anhydrous ether (8 nL) was added to the cooled reaction

m xture and theosmesdl ting suspension stirred for 5 nin. THEYSPEBitate
was filtered and recrystallized from rrethanol to gi ve 95- 100%of t he
correspondi ng N- net hyli soqui nol i ni um sal 28.

6, 7- Di met hoxy- 1, 2- di net hyl - 3- (3, 4-di rrethox heny i sogui nal i ni um

met hosul f at e (14a)l homépém@ctiaﬂym‘!@amlmfd hﬂ% SPAGR Exvngssipy wa508, 1640,

ég)l?’ 3o’ (i?ogwwﬂ'ﬁ%b%%%B))oloﬁm%ug&%%bn%dlé gi?sgﬁur?%l_b‘] 3. 29346§S 48

(m 2H), 7.62 (s,tofoifpmerpsedc Isotation ¢fjthe @xprased proteiniyyas dg@@ymwml(lcmo D) 8 18.0,
56.9, 57.1, 57.3, 6 7, 123. 2,
126.4, 139.1, 151. %&%6%“‘%9158"%&%%@”'9’%n .é’%gls‘gﬁcqms e L6
C22H17NOBS1. 5H2®: eRtrach FatiBadetin | B 18&C1 andd 6% pelyethylene glydol (BEGB8r@fve H, 5. 52, N,
2.91. 6, 7-D mnet hox nyl) isoqui nol"
i ni um net hosul f at® lf'fﬁ%‘% dh{rggg')réu E%hw%fgﬁh%b%%gggﬁﬁgn?R (Nuj ol )
3479, 1612, 20 1568toxydpatip/FoluDiVE3pesied GUIBBHZQN @POMCESSI%S ¢leted8H) , 4. 06
(s, 6H), 620(5 786(5
| B, 8,00 (s, H% LY %ﬂ%‘é‘eﬁz"g%ﬁ%“& 4@'5n Z’S‘%%ﬁg%é"é’m 102

106. 2, 106. 3, 109 5D% ghiderd), 30 mM potassium phosphate (pH 7.0), 1 mM dithiothreitol (DTT)
122.9,123. 2, 12 4 - Anal
cal cd for CoLraInGEGt I @MEbTRa kb 20% i dadag s bedebidndy |,

5.19, N, 2.95. -6, anynB H‘aﬁdrspnc;ﬁclag:tﬁatd abes Ayiders of Bagnitude lower than the calf

4- di hydr oxyphenyl ) j ‘%jl nol i ni ump et hosui fate (15): prepared from13; np
118-120 C, | R (KBrYYBDAPOISPRTA®" 1528, 1454; 111 NWR (CD30D) 8 3.08 (s,

3H), 3.68 (s 3H) , Efanfple xm Exiriessidn of cagnytythecin-pasisanh(CPTEKS) . 7.37 (s, 1 H),
7.61 (s, | H, 7.94 (s H)lé._BgNI\/R(CDBOD)630178 109. 6, 110.6,
116.1, 117.3, 119.%P “_‘L"‘ﬂ"‘}‘ % 125.6, 13 8.4, 142.6, 147.7, WD 97/29106
PCT/ US9 7/ 01676 1527 Two complementary oligonucleotides containing the point mutation

CAG (Asp533)->CGG (Gly) responsible for the resistance phenotype in CPT-K5
(19), were synthesized and engineered in the topo 1 coding sequence using the
sequential PCR method (Current Protocols in Molecular Biology, /n: Ausubel
etal. (eds.), Vol. 1, pp. 8.5.7. Boston:Wiley Interscience (1991)). The two

20 oligonucleotides are S'-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
5'-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 ampl_iﬁcd products X1-H and X2-A were denatured and

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



—495-4520-154-3715837 Anal . calcd for C)&HIONO, S: C, 52.81, H, 4.68, N,
3.42; Found: C, 52.79, H 4.65, N, 3.40. Exanple XIV - Materials. The
plastid pETI la and the E. coil strain BL21(DE3) used for enzyne 5
expressi on were gﬁﬁ ased from Novagen. | PTG was pur chasededyitiaorsgna. The
ECL system usetl® he Western blotting analysis of bacterial |ysates was
fromAmersham (UK). All the restriction eg&ymes and Vent pol ynerase were
from New Engl and Bi ol abs. Manmal i an t opoi Sonerase || was isolated fromcalf

t hynus gl and ding tq, the publi ' )
B ol 10 Chem - 2e0rtethey elivh VeRRePRBREIM TGP Bt

YCpGAL| y egpr e.sfsit Q%MdeﬁXmgﬁSﬁmpazwwA%smgmdmmst strain
were a kind gi o wernVEA A ” i Sity,

Phi | adel phi a, PA). Q\Al’"f[g P{)é”(:eﬁetp?&alii a?né‘lngefg?&r@feﬁ#gﬁ wgf\e @r (E){%cg éc#gk( Detroit,
M), while cell cuhdmiteted wpel fragmente Theampiified twutantdopoSomermsedRDNAGaast her sbur g,
MD). 15 Exanpl e XV, - Togoi SQ rﬁsedk_[ﬁgﬁﬁredsa(imoniniwn l=Erl q,l | . .ToO tain | arge
quantity of hunmén "(5‘;5]& ) -g._ I"_,n _ndman opop!' Sol Y agae was
ﬁlnggredt Ihgt gotnPrGOFEE?&tp&r’\?.i i d[=\mT7 rormﬂ:e gmk!lmnﬁﬁ%mwhﬁs in
Enzynol ., Vol . 185thg@lagmid Pﬂ%ﬁ%ﬁ%%@%@ﬁ'ﬂg%ﬁ&%wﬁ 90)). Briefly, a
3.4 kb DNA fr agnengpdisdmierabdTicDNA ifitead of the eildppt livghan Spoiseniesse DEDNATAN

t opoi sonerase | and appr.oxi te#y | {fﬁéB%} gntrans] atggﬂ_.r ,on downstream
of the stop codon ‘VP&M‘BP&‘{’QH’ FURB VAU gepessiop, Bpgringiction Wity ongt i et
al ., Cancer Regp 4P763h6pB323in(HIPie} whyconfiintell Y Westarh bldangBIEEl and EcoR
sites. The vector pET | ? a was cut with the sape, 25 restriction . enzynes,

dephosphoryl at ed -K? tprpigemerase { yes cq fpmy the basegipldysateas degeribed | o e
downstream of the 4Okt flagpeenbyng. Site. The ligation mxture was used to -
transformE coil, the connect clone tBETl eFgpwas I sol ated (see figure 2A for

the map) and its i%nemple¥VHqFope hand gpo Hslepyase 2858y, napping. Since the

translational start in @Ebageasapsof thoREshbikantwpdipiiecrass laddialf tyinte, t he

expressed 30 topoi sonerase | has a 15 anmi.no_ag¢id fusi t its N-term nus.
pE‘F|J'| B was t henl topoisomerases [ and Il were done as describe (ﬂu etai,.? %io?. 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 1 poisons' only kill cells having
a functional topoisomerase I (Bjomnsti 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 L. _

The topoisomerase I-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 | genes cloned into the single copy yeast plasmid vector,

30 YCpGALI1 (Knab etal., J Biol. Chem. 268:22322-22330 (1993)), arc expressed
under the control of the GAL1 promoter in the IN2-134 strain of S. cerevisiae



transtorred—ntoE——cort—BLZI(DE3), and, upon induction wth 0.4 mM I PTG
for WO 97/ 29106 PCT1U897101676 28 | hour, the bacterial |ysate was

anal yzed by 10 % SDS- PAGE. Expression was confirned by Western blotting
usi ng rabbit antibodi es agai nst human topoi sonerase |. Isolation of the
expressed proweistnomws done by a sinple procedure. Bri efIEFmF_S"”?;‘ST cells
were |ysed by repeated sonic bursts. The sonic 5 extract was made in | M
NaCl and 6% pol yet hyl ene glycol (PEG to 3enove nucleic acids. The PEG
super nat ant was chromat ographed directly on a  hydroxyapatite col um.
Expressed human Mfamﬁztd.rﬁﬂam pdeded isd| wra®e P, isel, tapthd. leuD (Riopwsti s si um

phosphate step. The el ut I 9 erol, 30 mM
pot assi um phosphat® t”’ﬁ{ 0?&5@}%%?%)&1%%%??3%%@% %8&0%&% 1 nM EDTA
and stored at - 20 spedtnely; the avildityroeastiope/] (EPGALLISEOPLY 4 ianefinctiopalyme had a

S ot Yy o Sfe T i R P AU o Dl i | (YIS

t opoi soner ase |. resi st ant
(CPT-KS) t'opoissoffTpie. 1+-Satapl ¥7276) (Knana aTmbBwbrﬁblerer%ﬁfZ&?fB} 2383¢onucl eot i des

o0 Tnd e T o SRR G O RS, L
the topo 1 codi ngetaemﬂmodeusﬂ9régl&-6@3 (3880t qualitativeR twelbhmdot@ﬁum ent
gr gt (7)?0:323{ (r;n!\/\% F%!i;‘ ‘ﬁ%‘f’ %ﬁ% %@%?)’J%thMﬁ wﬁ%&qﬁéﬁgnuc eot | der)par e
5: CTTCCT CGGGAAGGGEI@EA]IW@(@ -fald) an verergrownXih ropawt shedium supplemented
r5e p ?;',SAZE;I'SGA ;rh CTT%;@%% % o g:'Ilzaac fn@ﬁ&moxﬁu C Ipla 2 gmé\clgg Agggrg&:l n gggpztragtj Z nee
PCR reactions to ampld thy plawp BDmeptstbg:m(ﬂPs) adjm&ncoml)'nf.ﬁetm@at ion site,
ESI ?J%]' T&?C&&Q{Qf@ﬁg@%@'ﬁfq ‘é(mf‘%ﬂ- %raf?y% -rmpg ‘?%g;mf l?’r"i'al\{il pal r s for X1
and X2, respecti vBitidine, ApMamhk platks wegmwmﬁréﬁmtanO?Ctt@sseh%thhmh t opo
effect of the different compounds on the various topoisomerase | enzymes
15 expressed in S. cerevisiae.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. Methods 89:271-277
20 (1986)). Human lymphoblast RPMI 8402 cells and their camptothecin-resistant
CPT-K5 cells (Andoh et al., Proc. Natl. Acad. Sci., USA 84:5565-5569 (1987))
were kindly provided by Dr. Toshiwo Andoh (Aichi Cancer Center Rescarch
Institute, Nagoya, Japan). The cell lines A2780 and its camptothecin-resistant
- derivative CPT-2000 were a gencrous gift of Dr. Jaulang Hwang (Institute of
25 Molecular Biology, Academia sinica, Taiwan). Celis (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



—+—sequence—around the uni que restriction sites Avrll and Hindlll. After the
first round of PCR, the two anplified products X1-H and X2-A were '
denatured and 30 anneal ed by their 15 base-pair conpl enentary sequence, due
to the overl ap of {QRe ol i gonucl eotides X1 and X2. Thi s sheruseimesch of
doubl e- st r ande¥° B 97129106 PC r/US97101676 29 segnent was then-
ext ended by Vent polynerase at 72C for 2 rgilnut es to the supposedly 748
base pairs full length product A-H. The two external priners "A" and "H'
were then used to | i %ﬂg I PR \LEL RedvRRE ] Qb t he
nmut at ed topo | fraﬁ%hﬁ‘y e éjr?glpllofﬂlhggﬁt#utbtlant t%%oi sorfe?gse se% Was 5
t hen di gested wi t hhufnanlepidenmgididarcibboiaa KBridl eelldine and; itytvinbleptineselgetied, r epl aci ng

the correspondin AWy . : F Qe Pe  1he CDNA
sequence. The pl g@@iy"c’imﬁé%g&g%ﬁ& %l%ﬂsgoﬁiaglﬁr?{e M %%rrﬁ{lgﬁtel T- K5

t opoi sonerase | c{198s)etre kinldly pravided by Dl Mighael (Giotteamanm(NstigwhEargere | ¢ DNA,
was transformed_info.E. | i BL21( DE3 EXRL I . j hduction with
10 I PTG the prat gfnﬁmﬁﬁ)-fﬁ'gwagﬁ“&g“még&%[ R rngiﬁgmg?g??#%gotti ng. The
CPT- K5 t opoi soner amgintairiéd By fepulsr passagefin Bolbéacgsmninlingal lossedtial mediuth ysat e as
described for the w|dt en .. .EX I 1. - To nd, topo a

cl eavage assay. G%Mﬁ?ﬁb@ﬁ?%@%ﬁfg °nan c"f'%g%%'gg%q*‘sas s | and
cal f thynus 15 t opgintaiked nAbepresencedfll mg/mimvinblagtinee as described (Liu at al .,

J. Blot. Chem 258:15365-15370 (1983)). The plasm d YEpG DNA used for the
cl eavage assays was prepared and | abeled at its 3'-end using the published

procedures. Exanple XVIII - Yeast cytotoxicity assay. It has been
established that yeast can survive when topoi sonerase | 20 function is
obliterated, and that the topoisonerase | poisons only kill cells having a

functional topoisonerase | (Bjornsti et al. Cancer Res. 49:6318-6323
(1989)). Thus, conparison of the relative extent of growh of each of the
test strains in the presence of various drugs with control plates mnus
drug shows 1) whether the drug has, any cytotoxic effects on yeast, 2) .
whet her the cytotoxicity is topo | '



drug for yeast . conpared with human topo |I. The topoi sonerase |-specific in
vVivo cytotoxicity assay was adapted from Knab et al. (Knab et al., J. BioL
Chem 268: 22322- 22330 (1993)). In this system various topo | genes cloned
into the singMowepPsyeast plasmid vector, 30 YCpGALI (KnZETEET'A167¢ 5 Bl oL
Chem 268: 22322- 22330 (1993)), are expressed under the control of the GALL
pronoter in the JN2-134 strain of S. cerewisiae WO 97/ 29106 PCT/-US97/ 01676
30 (MATa, rad52::LEU2, trPI , ade2-1,his7, ura3-52, isel, topl-1, |eu2)
(Bjornsti et al., CandableftedopoimmansglamdIapaispogmyell opjated B | construct s
in the vector are,clfRsPatdmifleeritdiGestink Helbtd®ConiRnds t0po | |
(YCpGAL- ScTOP1), a non-functional yeast topo | ere the active site
tyrosine-727 is nmutated to a phenylal anine 5 ( YCpGALI Cﬁe@mﬁ@éﬁ) (Knab
et al., J. Biol. Chem 268:22322-22330 (1993)), and the WM)d type hunan

t opoi sonerase | ( YCpGAL- hTCRupp l{nBiigtedst [Topadf-mgdliated CanceCelkbines 49: 6318- 6323
(1989)). To quabi t &ompetnd t BNA cleaeage’yt ot BNAcleaxage’and RRMIt op@PT-Képecificity
of the drugs, yeast cehls fontainong tlhe spdeddfic pl asavd er2d sdrially '
diluted (5-fold) and were prowsioon dr dpout meah um sjuppbenmenfed 2l with
uracil and 2% gal act oge | nf additnon, tjhe platms contal ped: A: 4ont|rol, no
drug in the plate; B:qjganpfotnecis (CHI), GibooVI C.| Cosal ynE, >2¢¥ ;| D:

Met hyl enedi oxy-gi hydr ggden ] ne ( Vpppgcor al yNegoe 1 p1 mg ard E:
Nitidine, 1 M The pl a}§es e g foT 3" dqygs at B0CE0 apSgpp the | et hal
effect of the differe s gon—te—vapeFs—t rYgTETESeE gnzynes. 15

‘—d-H:ng D€t Ilm €St Xath VAR

r\'l? e d_tllﬂ(‘ tact ad \nnv:-\ 2'&1— o aadl y the

D

. 85 .
expressed in S. cerevhél
AR S SR | S neR AP ON S 5 P D Vi AL
MIT, morol er bl at gLl poeksppgmortotomsyiasepey gy _dbetnn, T
89: 271-277 20 (1986)) I Hurhn Lyahi alst RPNOIRA02 kel ild and their
canpt ot heci n-r esi st anf¢ CP[[- K5>4000| 5 ¢ ndnt?@?% al__|pr 5}(33 nt 115 Adad Scl,
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USA 84: 5565- 5569 ( 198108) 1000 | >32°
10b >1000 100 2.6 52

20 10c 10 2 0.8 6.8
12a >1000 1000 I3 24

12b 1000 >1000 22 31

13 >1000 >1000 7.1 99

148 >1000 >1000 43 39

25 14b 1000 1000 6.7 .11
15 - [ 1000 >1000 73 127

CPT 1 >1000 0.004 | >I0°

VM-26 >1000 : 1 0.3 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.c., 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 I.

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

Concentration, i.c., 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 I1L.

d) No indication of cytotoxicity were considered indicative of IC,, values
substantially greater than the highest doses assayed.
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Example XX - Results
In order to establish whether human DNA topoisomerase | is the

cytotoxic target of coralyne and its derivatives, human topoisomerase I 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 1 was used to evaluate the activity of

coralyne and its derivatives. The recombinant human DNA topoisomerase [ and

topoisomerase 1 purified from calf thymus glands have comparable cleavage

activity and produce similar cleavage pattemns 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 single-strand breaks

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

30

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



2616102041 —7a 5 >1000 5.9 >200 10 /b 1000 1000 6.9 14 7c 10 30 0.6
6.1 8a 20 >1000 10 18 813 >1000 1000 9.0 6.4 Sc 1 50 8.1 27 15 9a >1000
1000 24 29 9b >1000 1000 15 15 9c >1000 >1000 9.3 15 too 1000 10 13 >32d
10b >1000 100 2.6 5.2 20 I1Cc 10 2 0.8 6.8 12a >1000 >1000 13 24 12b 1000
>1000 22 31 MP¥RVS >1000 7.1 99 14a >1000 >1000 43 39 PSEUEHITH00 1000
6.7 11 15 1000 >1000 7.3 >122d CPT 1 >1000 0.004 >10d VM 26 >1000 1 0.3
0.5 30 a) IC_, has been calcul ated after34 days of continuous drug
exposure. - b) Topoisonerase | cleavage values:-are reported as REC

Rel ative Effecti v clegghisenmplaxesofhe dleagage paisrdadicedhyi corabyne i similapéf t o

canpt ot heci n ( CPT)o: 4550 1 Bhitfcar BBl Wil A SRURB gomby ot ar e abl e

i
to produce the sane vage on the 35 _b asm presence of hunman
t opoi sormerase 1. cimikopoisefireticasgainst toppisememgel. val ues are reported as REC,

Rel ative Effective CO?S&@M@I&PM e 6 2 oRIAREEH bbvh leﬁgig)agsﬂaﬁwo VM 26,

whose value is arbitrari assuned as 1, that are’a roduce the sane
cl eavage on t hes pltiasmisdNAMNapoispmedRe {was prabwgtedcle was degeghined thyptmogalyne
topoi sorerase 1. has essentially no activity against purified calf thymus DNA topoisomerase 11.
Both nitidine and VM-26 were used as controls for comparison. Nitidine, like
VM-26 but unlike coralyne, is a highly potent topoisomerase I poison.
The fact that coralyne is a rather specific topoisomerase I poison allows
10 evaluation of the role of topoisomerase I as the cytotoxic target of coralyne in
cells. Yeast top/ deletion strains expressing human DNA topoisomérase I have
been successfully applied to demonstrate the role of human DNA topoisomerase
1 as the sole cytotoxic target of camptothecin in yeast cells. Although, coralyne
exhibited no cytotoxicity against yeast strains expressing human topoisomerasc
15 or non-functional yeast topoisomerase I, some of the coralyne derivatives were
highly cytotoxic .against yeast cells expressing human topoisomerase .
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 I. This result suggests that the cytotoxic
20 target of MDD-coralyne is humnan 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 1 is the cytotoxic target of
nitidine and that yeast topoisomerase 1 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
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—eh—No—tdrTtation of cytotoxicity were considered indicative of IC50 val ues
substantially greater than the hi ghest doses assayed. WO 97/29106
PCryuS97/ 01676 33 The coral yne analog 7c was tested for its effectiveness
agai nst gli Ob‘!‘@%ﬁﬁw& cells. The assay used was simlar topdinse7aiescri bed
above for the -8402 cell line. The results are shown in table 2 -bel ow
whi ch conpares the effect of Conpound 7c j3gainst the |leukema cell line

" (RPM 8402), 5 epidermal cantinoma (KB3-1) and.gliobl astoma (SF-268):

Tabl e 2. Cytotoxi ci CRROWIGRRM cBfptheliBRad besFaRfbRted &0 _cor al yne
3.00.90.1 @mo%&n}ﬂéag‘glag%%ll ~06 0. 008 . doxor ubi cine 0.8 0.1 0.8

canpt ot heci n 0. 003mGtatihs withdli stra@urehegngs|of humen toprisemeress Lilggdigg ter t o
establ i sh whether hu Yol drask T (Taftffra £, RhAXit Qo 5.0et  of
coralyne and its d&f vof?ltfll\?ess, 8’I‘ﬁ“tjﬂrran tgg%‘lﬁxslorrerase | cDNA were expressed in
a 77 expression sys 675 (1981)pxsy showr ih Tebled nwibmeas the spsistanesriedesder | was
purified by a single chronmat.ographi 8. théreli PRIaBaRE cdisipRn. DNA

t opoi soner ase | “wa @ {nds%\% u% gfmpoalcoﬁav’l ty d$ coral yne a% its
derivatives. The rggivathiesainithlineomariddbetweepbiooner ase | and t opoi soner ase |

purified fromcalf thynus. gl ands. have conpar abl | pav Lvity and
produce simlar cl eavaggvﬁgt"?g’l’ﬁ'?’ cﬁgeﬁe%ﬁg%&ﬁc%%g%ogﬁ%gﬁn and
coral yne. 25 The r gsap deandtivés(aisonitilie)} theplacksafsignifisant ¢rossrrelistande efitheensi ve
DNA breaks on YEpG in the presence of, either. coral canpt ot heci n.
These DNA breaks %%W‘T%RFZ@V‘?C?W#@“? St Vraéltvfsoar?gg%ﬂﬁlgg%ls soner ase |

cl eavabl e conpjeX Qping! Memdyahdicmi thy thesd dregsihave afdi}ionkheyyotoxiplacgstést

single-strand br eai./(k?tematively, camptothecin-resistant topoisomerase 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-KS topoisomerase I purified from CPT-KS 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 1 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 I cDNA on pET1B. The resulting
plasmid, pET1B/CPT-KS5, was used for overexpression of CPT-K5

25 topoisomerase I. The overexpressed recombinant CPT -K5 topoisomerase I was
partially purified and shown to have about the same specific activity as the
wildtype human topoisomerase I expressed and purified ina similar manner.
The recombinant CPT-KS 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



simce no” v i T a on prior
to 30 loading onto the neutral agarose X ks were shown to be
protein-linked and reversibl e upon heat] ©-16R8 sathal| | mark of

t opoi sontrase WO 9789106 PCT/ US97/01 76 %gR;pILAc.Iceavabl } conpl exes. The

cl eavage patteWR%M¥ced by coral yne ‘i s_simtar=FF—T10t | dREWYLVHPL6T60 t hat
of canptothecin, suggesting that the two drugs may share a sinmilar node of

action agai nst topoi sonerase |I. To test wit her coral yne.is a dual poison,
coralyne's activity r%;u nst calf 5 thynus DNA-topoi sonerase || was
eval uated. It was 'earehisanheRT-KAdpoisemerrspi is highlsredisans it doraliiny ano acti vity

against purified ca,llgengga){,m ddfhet aRg) somerase 11.  Both nitidine and VM 26
were used as controls for rrparl son.” Nitidine, like VM26 but unlike

coralyne, is a highly m?tsbmmﬁp@r‘- %dhmoameundﬂcybm excaptionBheytdtadidityt hat

coralyne is a rat h%%mﬁ I 10..eval uation
of the role of topdlso rgltsﬂé &Hsot e cyto 8)‘(‘1x§%?arge é%ﬁ eg)ne in
cells. Yeast top] Wan the jevkemin prepidermak earcinoniarcgll huasahs Efddtivengoagabzer ase |
have been success derm he roI of _human DNA

t opoi soner ase §ﬁ5¢1€w§gﬂ§ke§§tﬂ%€ oxi ¢ {@%égéﬁm% ME fod o'f"ﬁ'e%ﬁﬁc%“%/east
cells. At hough, cor al yifese sedies Wyw@ng%aaMceyeast strains
expressi ng human t t a oner ase
1, some of the corézﬁgwsgg@‘) %ﬁ#&ggn%r%&ﬂﬁ&%y 680351%161 ﬁf%dgmél%? yeast
cel | s expressing hbmmtadpmmmdm@gs Ofmﬂi@&qoolﬂaklyblesméarhelgimlvyy @ith ot oxi C
agai nst yeast |1 r: ﬂbk%m%\@l; ase | but not cytotoxic
agai nst yeast ggl Itg %é%r@ggilhﬂgo el t her ct1ona m{ non-functi onal yeast

t opoi sonerase 1. This result suggests that the cyt ot oxi c 20 target of

MDD- cor al yne is human topoi sonerase | in the yeast system It was
surprising that yeast cells expressing functional yeast topoisonerase | are
resistant to coralyne, as they are quite sensitive to canptothecin. Since
nitidine is structurally simlar to MDD-coralyne, its activity in the
yeast systemwas also evaluated. Nitidine, |like MDD-coralyne, is highly
cytot oxi ¢ agai nst yeast cells 25 expressing hunman topoi sonerase | but not
cytotoxi c agai nst yeast cells



EXPTessing € ther runctional or non-functional yeast topoi somerase |. This
result again supports the notion that human topoi sonerase | is the

cytotoxic target of ni tl\dl ne and that yeast topoi sonerase | is resistant
to nitidine. Tgog¥aheate Iithe possible role of topoisoneraseciusazeisise
cytotoxic target in 30 human cell s, coral yne derivatives were tested-
against two pairs of canptothecin-resistapt cell |ines (RPM 8402/ CPT-K5
and A27801CPT2000). In V\O 9789106 PGTI US97/01676 35 both pairs of cell

|l i nes, the resistaq&% aid R ot heci n has been at- mut ati ons

W thin'the structur genes of human topois to

canpt ot heci n resi stant Acompeundpfdhefomilase | NucL Acids
Res. 19:.69-75 (1991)). As shown in Table 1 & resi stance i ndex

for 5 canptothecin is in the range of 1000 to 10,000, the resistance index
for coralyne derivatives and nitidine varied“betmeen | to 9. In V|em10f
the simlar cleavage pattern produced by ' 2cin and coralyne
derivatives (also nitidine), the Jack of cant cross-resistance of
the canptothecin-resistant cell "IN Re derivatives and nitidine
was 10 surprising. It may indicate
cytotoxic target(s). Alternativeky,
in the resistant cells sinply does not pnfer resistance to coral yne
derivatives and nitidine due to non-overlapping receptor sites. In order
to di stinguish between these two possibilities, canptothecin-resistant

t opoi sonerase lionvas isolated from CPT-K5 15 cells and tested for

resi staace/ sensitivity to coral yne derivatives and nitidine.

Unfortunately, the CPT-K5 topoisonerase | purified from CPT K5 cells was
not active enoughwheéreiggi ve concl usive results. To overcone this problem in

vitro site-directed agenesj s r [ 1 A Lo
transitional nutation ‘at h%&’lﬁié(%? eeggé' dgiﬁ@&g)gfgf@%ﬁ.ﬁ%h,mﬁ

t opoi sonerase | cDRjtogdther arGOCHEQS Rpmdi tapktherawesOCHONerR fa0d B togdthera. #
533) change in { e amno acid sequence of the protein has been shown to be

responsi bl e for‘taffftothecin resistance (Tanura et al., NucL Acids Res.
19: 69-75 (1991)). -OEM,0xbmti on was

R, is H or (C,-Cyalkyl;
R, is H, (C,-C,)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 5 and R, is present.

25 2. A compound of claim 1 wherein Ry 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,




etrgrreered—ntohunamtopol SOMETase I _CONA on pEIT B. The resulting
pl asm d, pETI B/ CPT-K5, was used for overexpression of CPT-K5 25

t opoi sonerase |. The overexpressed recombi. X = hpi"oi sonerase | was
partially purified and shown to have ab utile RHE F)ec f;,c I}é;\éj;sty as
the wildtype W@ opoi sonerase | expresseddEbfUlici £ibd®f ’F{&é i'm | ar

manner. °~ The reconbi nant CPT-K5 topoi sonerase | was shown to be highly
resistant (over 1000 fold) to canptotheci¥. However, the reconbi nant
CPT-K5 30 topoi sonerase | was only marginally resistant to nitidine (less
than 10 fold) and noderately resistant to D-coral yne (about 30-fold).
Surprisingly, the gH S ASidaipbuldA$cBirENwikEh RCEDCMECQ74r2@H)f-. PCT1US97/ 01676
36 reconbi nant CPT-K5 topoisonerase | is highly resistant to coral yne as
evi denced by the cleavage assay. As shown in Table 2, the conpound 7c has
exceptional cytotoxici wcon@gaidrbﬁ]aﬁ{@;Q:héraskgmmafel-gc}@nd IS nore cytotoxic
against this CNS tunor cell 5 than the | eukem a or epidermal carcinoma
cell lines. Its3effectiveness agai nst SF-268 cells suggests that selective

uptake of this conpoundy fholiRl JFelaiM ¥ WRGein RJR€3E. St udi es denpnstrate that
coral yne anal ogs exhi bit enhanced activity as topoisonerase | and/or

t opoi sonerase Il poisons. These data suggest that simlarly substituted
anal ogs of nitiding coy ghnfpstiidtftlaim §ivhatin REiEEH, whd R, 24 I0rH,0 regard to
i nhi bition of manmalian topoisonerase | or I1I. WO 97129106 PCT1U597/ 01676

37 What is clained is:Ey HAS BEEN 1. A conpound of the fornula: REP-ACED
R 5 Rg- - / Rip Rb. A compound of claim 8 wherein R, is H, and R, and R, are -OCH,O-.

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,.

15
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.

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

30 20. A compound of claim 19 wherein R, is CH,.




T V3 Ro~RRS RE 10 whereitn R R2, R3, .R6 and R7 are independently H,
OH, or (C -C8)alkoxy; R and R3 together are -OCH2O-; R and R2 together
are -OCH2O-; or R6 and R, together e ; or RAis Hor

(C, -C8)al kyl; | (C -C, )al kT nt; and R8 a Reoh

I ndependent | y w -(CH2)2 or jare aﬂﬂ’éﬁ 2 rodeﬁM_RB_Ls
-CH=CH or -(CHh-, RO is absent ant R3 is-ﬁ; and when RO is -CH=CH or
-(CH2)2, R, or RRis H and Rs and R8 are ‘dbsent; or alBharmaceuticaIIy

nt. 251p.

acceptabl e salt thgreof I L:S r P4 A compound of
claiml wherein Rgﬁl's %@n&ch&?%’%ﬁ%&% 18??12.' aim2 wherein Rb and R7
are -OCH3. 4. A conpound of claim3 wherein R, is -OCH3. 30 5. A conpound
of clai.m 3 wherein IS, - . . T, BEE 97t 29186
PEPLAGED, POT Uso TP 6 feomspgii of c c%ﬂn%%%%%ﬁgF ARk e odh. o
-CH=CH or -(CH 1} -. 7. A conpound of claim6 wherein R6 and R, are - OCH3.

° 5 23. A compound of claim 22 wherein R, and R, are -OCH,0-.

24. A therapeutic method to inhibit cancer cell growth comprising
administering to a mammal afflicted with cancer an amount of a compound of
claim 1. '

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.

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.




&—A—eerpount—of—ctarm 7 whererm R4 1S CH3. 9. A conpound of clai mg
wherein R, is H R2 and R3 are -OCH3. 10 10. A conpound of claim 8 wherein
R is H and R2 and R, are -OCH2O-. | [ [
is H 12. A conpound of claim 11 whe{ @HIS SHEETSHAS, BERN and R3 are - 15
13. A conpoun®af2eteeim 1 | wherein R is REPLACED R2 ahd R@%’P@”’“&fﬂzo

14. A conpound of claiml| wherein R are apsent. 20 15. A conpound
of claim 14 wherein R6 and It, are OR 1640 A conpound of claim 15 wherein
R4 is CH3. 17. A conpound of clai m 16 wherein R is CH. 25 18. A conpound
of claim17 wherei3d R, TheméthodRf claimi32 wherein te cymrier s hqmdc}@hlpbund of claim 14
wherein R6 and It, are -OCH3. 30 20. A conpound of claim 19 wherein R4 is
CH3. 11 TH' S SHEET HAS BEEN PGT/ | 1397101676 WD 9789196 REpl. ACEI D 39 |

21. A conpound of 34l ai TheGethwdeof claim J¥wheseinOhg cargey is adapteshfoopaneitestl cl ai m 21
wherein R is Fl, R2. and. are -OCH,. 5 23. A conpound of claim 22
wherein R2 and R3*are O . 24. A therapeutic nethod to inhibit cancer
cell growth conpri sing adm' nistering to a mammal afflicted with cancer an
anount of a g:orrpmégd 01‘rn odmfc S]%Qr?m;ﬂ?;@cﬂﬁérhéj&ﬁ& a@f‘mm wherein the
cancer cell is |oc3ted Ih" e central nervous syst em(° 26. A net hod
of using a conpound of'claim| to prepare a nedi canent




15 effective to inhibit tunor cell growh In a nmammal wth cancer. 2Z7. The
nmet hod of claim 26 wherein the manmal is a human. 28. The nethod of claim
26 '‘wherein the cancer is a | eukemia or nelanoma. 20 29. The net hod of
claim 26 wherein the cancer 'is a solid tunmor. 30. The net hod. of claim 29
wherein the tunor is a breast, lung, colon, or EEN42 - 31. "The
net hod of claim 26 wherein the cancer cel I39| s | bEbS! % e cerntral
nervous system (CNS). 32. The nethod of claim 2 whe REPHYEHe ound is
adnini stered in BBagoslsimedtision with a phar maceltTcal |y accept able.carrier.
THI' S SHEET HAS BEEN WO 97/ 29106 REPLACED PGT/ US97101676 40 33. The net hod
of claim32 wherein the carrier is a liquid vehicle. 34. The nethod of
claim 32 wherein the cReshmpsundsf ddgrnard: for parenteral admnistration. 5
35. The nethod of claim 32 wherein the carrier is a tablet or capsule. CI
ns TW3d | - 39 THHS SHEET HAS BEEN REPIJACED Wiat is clainmed is: 1. A

conpound of the formula: R R R7

wherein
R,, Rz, 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
10 are -OCH,0-; h |
R, is H or (C,-Cy)alkyl;
R, is H (C,-Cylalkyl or is absent, and
R; and R, are independently -CH=CH-, (CH,), or are absent;
provided that
15 ~ when Ry 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; for use in inhibiting cancer cell

growth. |

20 2. | Clairn 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.

AFNOED SHEET



(C -C8)al koxy; R and R3 together are -OCH2O ; R—and R_together are

-OCH1O-; or R6 an are -OCH1O-; R4 is Hor (C,-C83alky|; R,
is H, (C -C8)al k{ITHir SHEETAAEBEEN hnd RS and RO are independent!ly JCH=CH ,
-(CH,,)i or are dbsentREPLAGEYI ded|that 15 when Re is -CH=CH or -(CH2-, Rq

is absent and R3 H—and when R9 is -CH=@H or -(CH, R or R2Zis H and
R, and R are absent; or a pharmaceutically acceptable salt thereof; for
use in inhibitingscancerlairélwherejn thetdncerd®a Breadt] langrrcdiombve pedrfan tliigorcancer

cell is located in the central nervous system 3. Caim1 wherein the
cancer is a leukema or nelanoma. 4. Claiml wherein the cancer is a solid
tumor. --- - ft Ep fVﬁTAE'aﬂnpoun%'dEE% HIARBEEN Il REPLACED 40 5. daiml

wherein the cancer is a breast, lung, colon, or ovarian tumor. 6. A
conpound of the formula: RI RZ R7 R\

W

wherein _
R,, R,, R, and R, are independently H, OH,_or (C,-Cy)atkoxy; R, and R,
together are -OCH,O-; or R4 and R, together are -OCH,0-;
R, is H;
10% R, is H or (C,-Cy)alkyl;
R, is H, (C,-Cy)alkyl or is absent;
R, -CH=CH-; and

R, is absent; or a pharmaceutically acceptable salt thereof.
15 7. The compound of claim 6 wherein Ry and R, are -OCHi.
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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6 R R 5 wherein_R, Rl, R6 and R7 are independently H OH or

(C,-C8)a'l_k_o'>mnd R, together ! and R, together are
-OCH2O-; R3is H 10 R4 is Hor (C,-&)%Wig (C-C)alkyl or is
u

absent; R -CH=CH; and R9 is abs t| cally acceptable

salt thereof. 15 7. The conpound of cI a| 6 wherein R6 and R7: are - OCH3.
8. The conpound of claim7 wherein R - - . 9. The conpound of claim?
wherein R2 is - : 0 46ENCE] SHEET THI S SHEET HAS BEEN REPLACED 41

10. A conpound of *the 4 EPRPAUES © IgQFSmﬂaR, 3 RE R R4 wherein 5R, R,
R3, R6 and R7 are independently H OH or (C -C3)al koxv; R and R3
together are -OCH20O-; R, and R together are -OCH2O-; or R6 and R, together
are -QOCH, O ; R .

wherein
5 R,, R., Ry, 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
are -OCH,0-; -
R, is H or (C,-Cyalkyl;
R, is absent;
10 R, is absent; and
Ry is -CH=CH- or -(CH,),;
provided that R, or R, is H;
or a pharmaceutically acceptable salt thereof.

15 11 The compound of claim 10 wherein R, 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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R4 i,s Hor (C -C)alkyl; R 1s absent; T0 Ra is absent;and—RS+s - CH=CH -
-(CH2)2; provided that R or R is H or a pharmaceutically acceptable
salt thereof. 15 11. The conpound of claim 10 wherqin Rb and R7 are - OCH3.
12. The conpound of cl arrmslgHEgipem@ WEER4 i s CH3. 13.] The conpound of claim
12 wherein R is H Rz Iﬁ@p@(@o-oa{%. 20 14. The conpound of claim 12
wherein R is H and R_m..d R3—a+e—H2042 15. The conpound of claim 11
wherein R4 is H T AMENDED SHEET THI S SHEET HAS BEEN REPLACED 42 16. The
conpound of clai @5 whercempoynd qfglajmp | Ryvheraia RR3s By B2 anddtygre OCH:The conpound
of claimiS wherein R, is H and R2 and R3 are -OCCH,O. 5 18: A conpound
of the formula: R RT R R 6 RS R4 wherein Rl, R, and R3 are
i ndependently H, IH, CFhe(cGmp&indaifkiaity 13 RherainR, & H, 4d R,ageéRhere -@Ce,0-0CH, O ;
or R and R together are -OCHZO R4 is Hor (C--C8)alkyl; RSis H,
(C -C8)al kyl or is absent;

5 18. A compound of the formula:

whereiﬂ
R,, Ry, and R, are independently H, OH, or (C,-C,)alkoxy; R, and R;
10 t'ogether-are -OCH,0-; -or R, and R, together are -OCH,0O-;
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cyalkyl! or is absent;
R¢ and R, are each OH; and
Rq and R, are each absent;

15 or a pharmaceutically acceptable salt thereof.
19.  The compound of claim 18 wherein R, is CH;.
20. The compouhd 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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R6 .and R7 are each OH and Ra and RO are each absent; 15 or a . '
phar maceuti cal 'y acceptabte salt thereof. . 19. The conpound of claim 18
wherein R4 is CH3. 20. The conpound of claim 19 wherein Rs is CH3. 20 21.
The conpound of claim?20 wherein R, is H and R2 and R3 are each- CH.
AMVENDED SHEET 43 22. A therapeutic method to inhibit cancer ceéll-'growh
conprising admnistering to a nmamal af f ¥ ct ed mnth cancer an anount of a
conpound of the formula: R N- --~ R6ER3 R wherein
R, R, R3, R6 aré R7Adh@amawe%eémm§abmcarm cergrc(vehcmmmeoxy, R and R3

toget her are - %gﬁ

together are %ﬂﬁx{lgqﬂg I'S ﬁpgﬁ&%‘%w‘@%‘f %%gh%&%@%) al kyl
or is absent; antheHormwaet RO are i ndependently - CH:CH- -(CH2)2 or are
absent; provided that when R 8 is -CH=CH or -(CH)2-, RO is absent and R3
is H and '

5
wherein
R, R,, RJ,' R, 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-; '
10 R, is H or (C,-Cgalkyl;
R, is H, (C,-Cy)alkyl or is absent; and
R; and R, are independently -CH=CH-, -(CH,), or are absent;
prowded that ‘
when Ry is -CH=CH- or - -(CH),-, R, is absent and R, is H; and
15 when R, is -CH=CH- or -(CH,),, _R‘_ or R, is H, and R, and R, are absent;
- or a pharmaceutically acceptal?le salt thereof.
_ 23.‘ The method of claim 22 wherein the cancer cell is located in the central
nervous system. |
20
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15 when RO 1s ~-CH-CH—or -{[CHZ)Z" R, Of R 15 H, and RsandRs—are—absent;
or a pharmaceutically acceptable salt thereof. 23. The nmethod of claim 22
wherein the cancer cell is located in the central nervous system 20 7
SHEEN NAS BEEN TH S REPL, p, CEO AMENDED SHEET 44 24. A nethod of
using a corrpound of “the formul a: R~ Egg-- / - RT R r N---RO"R6 R5

R wherein 5 R, R, R3, R6 and R7 are mdépendently H OR or

(C, -C8)al koxy; R, and R3 together are -OCH2O-; R, and R, together are
-OCH, O; or R6 and*R t%@é%hﬁgpfuwsécompmofmfomulﬁ or (C-C8)alkyl; R is
H, (C,-C8) al kyl or is absent; and 10 R and RO are independently - CH:CH-,
-(CH2) 2 or are absent; provi ded that when R8 is -CH=CH "or -(CHz-, RO is
absent and R3 is H, and when RO is -CH=CH or -(€H)2, R or R2 is H and
R5 and R8 are absent;

Bg - -

Ry
R;
Rg
Ry
wherein
S 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,0O-; or Ry and R, together
are -OCH,0-;
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cy)alkyl or is absent; and
10 R; and Ry are independently -CH=CH-, -(CH,), or are absent;
provided that _
when R; is -CH=CH- or -(CPDI-, R, is absent and R, is H; and
‘when Ry is -CH=CH- or (CH,),, R, or R; is H, and Ry .and Ry 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 mammal is a human.

26.  The method of claim 24 wherein the cancer is a 1ci1kemia 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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or :a pharmaceutically acceptable salt thereof, to_prepare a nedi canent
effective 15 to inhibit tunor cell gromh in a mammal wth cancer 25. The
nmet hod of claim 24 wherein the manmal is a human} 26. The nethod of claim

24 wherein the cancer is a | eukem a or nelanonma..l 20 27. The nethod of
claim 24 wherein the cancer is a solid tu r.'28 “The nethod of claim 27
wherein the tunor is a breast | ung, col on, ovarian tunmor. SEEN' ~H1S

SREPI ACED'S TV AVENDED SHEET. A%uc 40 .Thr, APLod 91 16h4i0 2GS 0 (e

cancer cell is | A Al Cher Vours Sys met hod of
claim 24 mherelnmﬁhﬁmgpﬂaﬁund |s adnlnlstered in 5 conmbination with a
pharnaceutlcally acceptable carrier. 31. The nethod of claim30 wherein the
carrier is a I|qU|d vehicle. 32. The nethod of claim 30 wherein the carrier
| 5 adapted Tor Py entfdhemddo &%au%&af&a&o@m&r heapBkiads f claim 30
wherein the carrler is a tablet or capsule har maceut | ca
conposition c6Wp¢dnﬁumxoammfa‘gﬂmma¢mmdmmtem°ol&xanﬁ conmpound of the
formula: R R R7T R3 R6 \RS R4. wherein R, R2, R3, .R6 and R7 are

i ndependently H, OH, or (C, -C8)al koxy; R2 and '

31,  The method of claim 30 wherein the carrier is a liquid vehicle.

32.  The method of claim 30 wherein the carrier is adapted for parenteral

10  administration.
33.  The method of c.laim 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,, Ry, Ry, R and R, are independently H, OH, or (C,-Cgalkoxy; 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,-C,)alkyl;
R, is H, (C,-Cy)alkyl or is absent; and

— e cETL oW D bmand
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20 R3 together are -OCHZO-; R and RZ together are -OCHZO-;, or R6and R7 —
t oget her are—-Wor (C -C8)alkyl; RSis H (C-C8)alkyl or is
absent; and J_" n_1-.. .%.-.FH S SHEET HAS BEEN REpl ACED AMENDED SHEET C M
s 46 R8 and R9 are independenjly -CH=CH, -(CH2)2 or. are absent;  -provided
that when R8 is #Ch=CH ror s-(€H 2-, R is absent and R3.is H, and when R9
is -CHCH or -(CH),, R or R is H and R6 and R8 are absent: 5 or a
pharmaceutical |y acceptable salt thereof; in conbination with a

phar maceuti cal | y acceptRalshéRgare iidependShly -THeCHenr{itiychr 8rerabseny| - 3, 4, 10, 11-

t et ramet hoxydi benzo& @ﬂfﬁt{i nol i zi ni um acetosul fate; 8-nmethyl-3,4 10

net hyl enedi oxy- 10,Pf1% ?hoxydi benzo[ a, g] - qui nol i zi ni um acetosul fate; 5, 6-
di hydr o- 8- net hyl - 3, 4, 1thL;LRggt cmﬁhexxcpb bwm&&ma&m;lm bgd Ni . um
acetosul fate; 5,6-di hydro-8-nmeth 4- et hyl enedi oxy- 10, 11-

di met hoxydi benzo[ a, g] thmlsz& ﬁl’%ﬁ’ﬁaé%ﬁ@gﬂia peR. i§ Hoagl RyandRo3rembsanc1 10, 11

- tetranet hoxydi benz%a ?%]u%él c&e@a@{%@t@gr&' de dmbu,1a§i0d| h cgrp 3_4 15

met hyl enedi oxy- 0 41 oxy UL ROt TZ1 nram ChTor i de;
3,4,10,11- tet rarrqiha@@ycﬂicblgn&eé;ﬂab@]@meaol i ziniuni chloride; or

3, 4- net hyl enedi oxy-10, 1 1- di met hoxy-di benzo[ a, g] qui noli zi ni um chl ori de;
or a pharnmaceutically acceptable salt thereof. 20 36. The conmpound

6, 7- di nmet hoxy- | - metshyl ‘[{ﬁe(;&nﬁbuﬂgghﬁ@lﬂ@m.@dj @)= phenyl)isoquinoline;
6, 7-di hydroxy-1|-nmethyl-3-(3,4 d|hydroxyphenyl)lsqu|nollne
6, 7- di met hoxy- 1, ziﬁrammmdlger(zg[mg]qumohzmmm acetosulfate; 8-methyi-3,4-

10 methylenedioxy-10,11-dimethoxydibenzo(a,g]-quinolizinium acetosulfate; 3,6-

dihydro-8-methyl-3,4,10,1 | -tetramethoxy-dibenzo[a,g]quinolizinium
acetosulfate; 3,6-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-
15 methylenedioxy-10,11-dimethoxydibenzo[a,g]quinolizinium chloride; 3,4,10,11-
tetramethoxy-dibenzo(a,g]quinolizinium chloride; or 3,4-methylenedioxy-10,11-
dimethoxy-dibenzo(a,glquinolizinium chloride; or a pharmaceutically acceptable

salt thereof.

20 | 34. The compound 6,7-dimethoxy- 1-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-

" methylenedioxyphenyl)isoquinolinium methosulfate; or 6,7-dihydroxy-1,2-
dirpethyl-S-G,4—diﬁydroxyphenyl)—isoquinolinium methosulfate; ora

25 pharmaceutically acceptable salt thereof.

ed
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- et hyl enedi oxyphenyl )i soqui nol i ni um et hosul fate;. or 6, 7-dihydroxy- 1,2 °
di et hyl - 3- (3,4-di hydr oxyphenyl ) -i soqui nol i ni um net hosul fate; or a 25

phar maceutically acceptable galt thereof. ed HAS BEEN TNt~ SREPLACED
AVENDED SHEET{47 37. A conpdund of the fornula: R R2 R7 R3.!R&"R S R4
wherein 5 R, *R'¢ R6 &nds R7? are independently H, OH, or -(C, -£3)atkoxy; R
and R, together are -OCH O ;'or R6 and R¥together are -OCH2O-: R3 is H;
R4 is Hor (C,-Csl)7al kyl; R5js H_(C -C3)alkyl or is absent; R8 is

-(CH2) 2-; and R93/s aBswmpounshofshefpmmuldiceutical |y acceptable salt 10
thereof. 38. A conpound of the formula: RIL R7i 3 R6 RS

wherein
5 . R, Ry, Ry and R, are independently H, OH, or (C,-Cy)alkoxy; R, and Ry
together_ are -OCH,0-; or Rq and R, together are -OCH,0-; R, is H;
' R, is H or (C,-Cy)alkyl;
-Rd is H, (C,-Cs)alkyl or is absent; _
R; is -(CHyq-; gnd .R‘, is absent; or a pharmaceutically acceptable salt
10 . thereof.

38. A compound of the formula:

15 wherein _
R,, Ry, R;, Rg and R, are independently H, OH, or (C,-Cy)alkoxy; R; and
R, together are ~-OCH,0-; or R, and R, together are -OCH,0-;"

- AMENDED Szt



R4 15 wherein R, R2, R3, R6 and R/ are 1 ndependentty H —OH—ot -

(C, -C8)al koxy; RZand "R together are -OCH2O-; or R6 and R7 together are
-OCH20 BEEN -------- TH ~ SHEES HAS ed REpl~'CEO . AMENDED SHE7 .- CL NS
48 R4 is Hor (C-C3)alkyl; Rs is absent; R is absent; and RO is
-CH=CH; .5 provided that R sor*R is H or a pharnaceutically.acceptable
salt thereof. 39. A conpound of the formd: R2. R7 R6 R5 R4 10 wherein
. R, R, R3, R6 and R7 are independently H OH, or (C -Cs)al koxy; R and
R3 toget her are - OCHzZQR«is&rorGi-Gnak¥®: together are -OCHZO-; or R is H or
(C -C8)alkyl; 15 R iﬁ,i?%s@ﬁ'tt,; R8 is absent; and RO is -(CHI - ;

R, is absent; and
R, is -CH=CH-;
5 , provided that R, or R, is H;

or a pharmaceutically acceptable salt thereof.

39. A compound of the formula:

10
wherein :
. R, Ry, R;, Ry and R, are independently H, OH, or (C,-C;)alkoxy; R, and
R, together are -OCH,0-; or R and R, together are -OCH,0-; or
R, is H or (C,-Cyalkyl; |
15 R, is absent;
R, is absent; and
Ry is -(CHy)r- 5
provided that R, or R, is H;
or a pharmaceutically acceptable salt thereof.
20

Th !
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pravided that R, or RR is H or a pharnmaceuticalTy accéeptable salt thereaf:
20 Th. TH S SHEET HAS BEEN REPLACED AMENDED SHEET C L !'1 s ~ .. . , , ' 49
40. A conpound of the formula:---RL R2 R7 R3 R6 RS R4 wherein 5 R is OH
R, R3, R6 and R7 are independently H OH, or (C, -C3)al koxy;- R . and R3

t oget her are -OCH20Of; br "R6*and R7 together are. -OCH. 20 ;--R4-i's-H or

(C -C8)alkyl; , Rsis H (C -Cg)alkyl or Vs absent; and 10 Re and R9 are
each absent; or pharmaceuti ca acceptabl e salt thereof. - 41. A conpound
of the fornula: %ORZ AR@Qmpol‘m&??}‘lbgf“mulap

wherein
5 R, is OH; _ . .
Ry, Ry Ry and R, are independently H, OH, or (C,-Cgalkoxy; R, and R,
together are -OCH,0-; or Rs and R, to.gether are -OCH,0-;
R, is H or (C,-Cyalkyl;
R, is H, (C,-Cyalkyl or is absent; and
10 R; and R, are each absent;
or a pharmaceutically acceptable salt thereof.

4Al. A compound of the formula:

15
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R6 RS R4 15 T C NEED HAS BEEN . SN~ SN-P~~Ep AVENDEDSHEET50—wheret-n-— --
R, R3. Riand R —are independently H OH or (C -Cg)al koxy; or R6 and R
together are -OCH-©-=0r«=R, is OH 5 R4 is Hor (C -C3)alkyl; R is H,

(C -C/)alkyl or is absent; and Ra and RO are each absent; or ‘a.

phar maceuti*cakl yr accept abl e salt thereof. - 10 42. A conpaund of.*the
formulax: RR 3 \ - - RRRER5 R4 wheréfn 15 R3, R6 and R7 are

i ndependently H, OH, or (C -C )alkoxy, or R4 and R7 together are -OCH20O ;
R, and R2 toget hewhgrein - OCCH2O-; R4 is Hor (C -C )alkyl;

R,, R; Ry and R, are independently H, OH, or (C,-Cs)alkoxy; or R, and
R, together are -OCH,0-; or '
R, is OH;
S ' R, is H or (C,-C,)alkyl;
R, is H, (C,-Cyalkyl or is absent; and
R, and R, are each absent;

or a pharmaceutically acceptable salt thereof.

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

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

THIS SHEET HAS-BEEN | -
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R5TS H (C-C8)alkyl or 1s absent; and 20 R, and RO are each absent; or a
phar maceuticalty acceptabl e salt thereof. TH' S SHEET HAS- BEEN REPLACED
AVENDED SHEET L M C S 51 43. A conpound of the formula: R R R7 R3 \
-- "9 R6 Ro_ R4 wherein 5 R, R6, and R7 are independently H, ~OH,  or

(C - C3)a| l|(oxy lor "R6S artd R7 toget her are 1OCHZO R and R3 toget her are
-OCH2G- ;- R4 is Hor (C -C3)al kyl; R |§| (C -C8)al kyl or is absent; and

10 Rs and 'R9 are each absent har rraceutl cally acceptable salt
thereof. 44. A é‘érrpot?’n‘&?‘?ﬂou?qﬁf‘ﬁ%ﬁoﬁma E#tg-- /| R7 R6 R5

wherein
5 Rl, R, and R, are mdcpendently H, OH, or (C,-Cy)alkoxy; or R; and R,

together are -OCH,0-;
R, and R, together are -OCH,0-;
R, is H or (C,-Cpalkyl;
R, is H, (C,-Coalky! or is absent; and

10 R; and R, are each absent; |

or a pharmaceutically acceptable salt thereof.

44, A compound of the formula:
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RA— I5BEEN THIO. SHE= HAS REPLP, ~EO AVENDED SHEET T = 5Z Wherein R, R/,
and R3 are-i-ndependently H _OH or (C -C8)al koxy; R and R, together are
-OCH O; or R and R together are -OCH O; R4 is Hor (C -C8)alkyl; 5 R5
is H (C-C8)alkyl or is absent; R6 and R7 together-are -OCH, O; and R8
and R9 are eachgahsept; or, a pharmaceutical]y acceptable salt thereof. 7 1
~~~ . H 1S gEEN TH~~ R P1A~ AMENDED SHEET REBLACEMENT SHEET 43 22. A net hod
of using a conpound of the formula: REPLACEMENT SHEET R | 23 DEC 9998 R
R3 R6 Rs rH S SHEEF'#AS BEEN R REPLACED wherein R, R, R3, R and R

are independently H OR, RJ ahdR; &Sibieasehily B, OM€r (C,-Coalkoxy; R, and R,
together are -OCH,0-; or R,: and R, together are -OCH,0-;
R, is H or (C,-Cyalkyl;
5 R, is H, (C,-Cyalkyl or is absent;
| R¢and R, togé;her are -OCH,0-; and

Ry and R, are each absent;

or a pharmaceutically acceptable salt thereof.
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REYOQeTer_are >OCH O, R, and R, together are - OCHIO; or R, R,
togetfer ar Wom is Hor (C-C)alkyl: R is H (C-C )eﬂ Pt 6
i s absent; and 10. RS-.&D.Q..RQ..gre i ndependent |y - _CH=CH-, -(CH 3 or are

absent; provided that when R is -CH=CH or -(¢ i nd R3
is H and when R9 is -,CHzCH or -(CH, R or R %WWH@@E@EW
absent; or a pharmaceutically accep} abI e salt thereof, to prepare a
.medi canent effective 15 to inhibit tumor cell growmh in a marmal W th
cancer 223 The od erein.t | is a
of clai m"wherei rrihe gkﬁ@@?b@%oawmwuﬁi 3P[§? orrrrtgrml:aatnomat
of clainm2 wherein the cancer is a solid tunor. 26. The ny
cl ai nRwherein the tunor is a breast, 'lung, colqgn, or evafi in2JpE %
4 g
r

Ti 4 11 REPLACEMENT SHEET, c.L ns 44 TH S §HEET HAS BEE REPI -
22... The nmethod of clain®.2ivherein the cance
centr nervous system 28. The net hod of cl T
adm nistered in 5 conbination Wth a pharm

~24. The nethod of claim 28 herein eycarnier M's arliquid vehicle. -
.19-.--The nmethod of claim Zl-mm atrger is adapted for parenteral
Ry

10 adm nistration. 31. The nmethgd o €1 anfh 28 wh

tabl et or capsule. Rs.

wherein

L

R,, R;, Ry, R, and R, are independently H. OH, or (C,-Cy)alkoxy; R, and
R; together are -OCH,0-; R, and R, together are -OCH,O-; or R, and R, together
are -OCH.O-; '
R, is H or (C,-Cy)alkyl; _
Ry is H, (C,-Cyalky! or is absent; and
10 R; and R, 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 R, is -CH=CH- or {(CH,),, R, or R, is H, and R, and R; are absent;
ora phﬁrmaceutically 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 claim25 wherein the tumor is a breast, lung, colon, or

ovarian tumor. ————————

T i



3I2—Aptrarmaceuti cal—conposi tion conprising an effective amobunt of a 15
conpound of theforna:—R—NR R3 R6 RS R4 wherein R, R2, R3, R and R7
are independently H OH, or FC C8) al koxy; R and 20 R3 together are
-OCH20; R, and R together Jpre -OCHZO or r

-OCH2O0-; Ra is Heor (G, -€3)al kyl; R H (C - C&Eﬂzpﬁ Mi?ngagzlE;\tET nd
REPLACEMENT SHEET 23 DEC 1998 T REPLA MENT SHEET C L WMiRs
SITEE HAS BEEN REPLACED R3 and R are independently -

are absent, provigdged t R 1S5 }
R3 is H and wheri ?@}@%ﬁd&ul%{#iﬁv%ﬁﬁ cgccr&g?lofaéedﬁ Tand
are absent: 5 or na_nphwaysmmeuti cally acceptable salt thereof; in .
conbination with a pharmaceutically acceptable carrier. 33. The conpound
3-net hyl -3.4.10. 11- tetranet hoxydi benzo[ a. g] qui nol i zi ni um acecosul f at e;
3-nethyl -3, 4 10 rmBh I E‘ﬁeﬁl'bl@é(d’otCthﬂhmtubmmbmﬁ@ae@@ toqui nol i zi ni um
acet osul fat e; h dro-, thyl -3, 4. 10, 11-t et ramet hoxy- di benzo
[a gl qui no i zi ?‘n dﬁf“ %%qrb% aceutically acceptable carrier. _

, 6-di hydr o- 3- net hyl - 3, 4- nethylenedloxy 10, 11-

29, The method of claim 28 whersin the cammier is a liquid vehicle.

ASBEEN,
and R3

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

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

32. A pharmaceutical composition comprising an ¢ffective amount of a

15 compound of the formula:

wherein
R,, 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,0O-; or Ry and R, together
are -OCH,0-;
R, is H or (C,-Cy)alkytl;

REP,
R, is H, (C,-Cy)alky! or is absent; and LACEMENT SHEET

[t

T i




—dmettroxydibenzof{a. g qui nol 1 zi ni um.acet osul fate; 5, 6-di hydro-3, 4, 10, 11-

te% Lalmet hgxy&birgzi;[l_aag}qwﬁnol I zinium chl oride; 5,6-di hydro-3,4 15

met hyl enedi oxy- i_met hoxydi benzo( a, g] qui nol i

3,4,10. 11- tetranet hoxy- dl‘laenzo[a g] qui nol i zi ni unﬂ#ERéEMéNT SHEET

3, 4- net hyl enediioxy- 30, 1 |:" di net hoxy-di benzo(a, g] qui nol i zi ni um chI oride; or
zg ghgr maCﬁutlcial | y accept abI e salt thereof. 20 34. The;, a_u »'é}ﬂ )

i met hoxy- | - net hyl - 3- (3, 4- met hyjenedi oxy- phenyl)is fn EEHEHAS BEE

6, 7- di hydroxy-1-met hyl -3- (3,4 di hydr oxyphenyl )i soqui noli_f e; REPLAGED N
6, 7- di met hoxy- | , 2- di Mt hyd R,2ir¢ Beebendvad hiTHeEd -0 s nase absesb quT RO TTTH T
nmet hosul f at e; or 6, 7- Ccli'B droxy-1, 2-
di et hyl.- 3- ( 3, 4- cﬁ'ﬂvi’ﬁ %}/phenyl )-isoqui noliniumnethosul fate; or a 25

pharmaceuti cal | y accepimabReissatECHN@I-@H).-. IREPAACERENT, SHEEW - . 1 Tl 2
DEC 1998 THI S SHEET HA BEEN : :

SHEET 46 35. A compoUHt™ &t St ﬁgg%r«m%y Py FRETS, PﬁnaﬁﬁR, ang RCF% aﬁgRFP'-AGEf T

gﬂgreRi n 5 Rl, 5R o fphadidedréalBlateehiibie RENEREGH] iyt cbinbiktionasith(:C, - Cs) al koxy; R,

pharmaceutically acceprable cartier.

33.  The compound $-methvl-3.4.10.11-
tetramethoxydibenzo[a.g]quinolizinium acetosulfate; 3-methyl-3,4-

10 methylenedioxy-10,11-dimethoxvdibenzo[a.g]-quinolizinium acetosulfate; 3.6-
dihydro-8-methyl-3,4.10,1 1-teramethoxy-dibenzo [a.g]quinolizinium
acetosulfate; 3.6-dihydro-8-methyl-3,4-methylenedioxy-10,11-
diméthoxydibenzo[a.g]quinolizixiium acetosulfate; 3,6-dihydro-3,+4,10,11-
tetramethoxydibenzo[a.g]quinolizinium chloride; 5,6-dihydro-3,4-

15 methylenedioxy-10,1 1-dimethoxydibenzo{a,g]quinolizinium chloride; 3,4,10.11-
tetramethoxy~dibenzo[a,g]quinolizinium chioride; or 3,4-methylenedioxy-10,11-
dimethoxy-dibenzo[a,g]quinclizinium chloride; or a pharmaceutically acceptable
salt th;&eof.

20 .34, The compound 6,7-dimethoxy-1-methyl-3-(3,4-methylenedioxy-
phenyl)isoquinoline; 6,7-dihydroxy—l-meﬂ1}'1-3-(3,4-
dihydroxyphenyl)isoquinoline; 6,7-dimethoxy-1,2-dimethyl-3-(3,4-
mgthyleuedioxyphenyl)isoquinolinium methosulfate; or 6,7-dihydroxy-1,2-
dimethyl-3-(3,4-dihydroxypheny!)-isoquinolinium methosulfate; or a

[38)
(V)

pharmaceutically acceptable salt thereof.

REPLACEMENT SHEET

23 DEC 1998




together are -OCH O or R and R_together are -OCHO,;, R31s H R, 1s H
or (C, +C3)al kyl; R:-is H (C-C)alkyl or is absent; Rs is -(CHJ.-; and
RO is absent; or a pharmaceutically acceptable salt 10
of the formula: Rt R3 R6 R3 Ry - 15 wherein R R, R3,
i ndependently H, Cl—lE or. ..&.CF_CSL) al koxy; R, and R3 togethgr ar EEE
It, and R7 toget her“ar'e "OCH2G-; .d S REPLACEMENT SHEET
(C C )alk yl; SHEET HAS BEEN R i s afssent; REPLACED R, ahsent-—afid
REPLACENVENT HEE? 1998 23 5 providedjt S
H, or a pharmaceuti AC&E&?&E{ %Pr@?%rﬁﬁ “thereof. 37. A}ch n%%%gtc}?j&th

formula: RI Rg- / - R? R3

U

wherein
b R, Ry, Ry 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 Hor (C,-Cy)alkyl; .
R, is H, (C,-C,)alkyl or is absent;
R, is -(CHy,-; and Ry is absent; or a pharmaceutically acceptable salt
10 thereof. '

-«

236« A compound of the formula:

15 wherein .
R,, Rs, Ry, Rs and R; are independently H, OH, or (C,-C,)alkoxy; R, and
R, together are -OCH,0-; or R, and R, together are -OCH,0-;




6 R3 R4 10 where& R, Rb R3, R6 and R are iIndependently H OH or

(C, - C )al koxy—R2—ahd—R3—tegether are -OCH20O-; or R6 and R together are

-OCH O; or R4is Hor (C -C))alkyl; 15 Its is absent; Ra is absent; and

RO is -(CH2),-; provided that R, or R, is H, or a pharmaceutlcally

accept abl e saltc t hereofs. +20 ~.~ .1 Joel CL REPLmCEEg EJTS

SHEET HAS BEEN REPLACED 3B- A corrp&und of the f ACEIVEI\FI‘ SHEET

R 23DEC9998 I R / I \' I R3 R6 RS R wherein

and R7 are independent xs'ﬁorg? ,%ﬁk C -C )aI koxv; R,
hé

are-OCH, O ; or R6 and re -OCH O:; R is
R,nsabsent

CEPLACEMENT SHEET

R, is absent; and
R, is -CH=CH-; 23 DEC 1998
provided that R, or R. is H;

[0

or a pharmaceutically acceptable salt thereot.

7. A compound of the formula: _

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




R—TsH~—(C—=CJalkyt—or TS absent, and 10 R, and R9 are each absent; or a

pharmaceuti cal ly acceptable salt.thereof. 39. A conpound of the formnul a:

R R2 RFRB REBRSR4 T _. .. IU i *--~ Ms REPLACEMENT SHEET 49

wherein R, R, R6"and™R7 are independently H OH or (C CSZ | ..0r R6
and R- together are -OCHO-; or THI S SHEET HAS BEREPIRA E %éﬁgEJOH or
(C-Callyl; Rsis H (C -Cs)alkyl or is absent; and nger.m'nI RA_are_ each
absent; 2 3 DEC 1998 or a pharnaceutigal |y acceptabl e shTHIStSHEEE ¢fAS BEBEN

40. _ A conpound of the formula; RR, R7 3 Y-- REPLACED
38.. A compouiid of the formula: '

REPLACEMENT SHEET
q, 23 DEC 998

R4

Bg-~- -
R, ;

e R

N s N"'é9

Ry

wherein
5 R, is OH;

R, Ry, R, and R, are independently H, OH, or (C,-C4)alkoxy; R; and R;

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

10 . R and R, are each ébscnt;

‘or a pharmaceutically acceptable salt thereof.

39. A compound of the formula:




R6\ RS R wherein 15 R3, R6 and R7 are independently H OH or
(C,-Ca)alkoxy; or R6 and R7 together are -OCH2O'; R and R together are
-QCH2O-; R is Horf€==Cs)alkyl; R is H (C -C3)alkyl or is absent; and

20 R and,R9_are each absent; or a pharmaceuti cal | t

t her eof . REPLACEMENT SHEET 1 50 Wﬁ?ﬁiﬁﬁ%&ﬁﬁlﬁsﬁe
formul a: REPLACEMENT SHEET L1231 DEC 9998 Rf R7 \ - - ~iy THI'S,SHEET HAS
BEEN R6 R REPLACED Rl wherein 5 B R6, and R are i ndependently H, OH,

or (C1-C,)al koxy; ngr Rs and R, together are -OCH, O; R and R3 together
are -OCHO; R+ "f%r (c -C)alkyl; R is H (C-C)alkyl or is absent;

?Eg r ef) ]9 R and R9 are RAR) RQBSERare ideperdBftB LIRS W (Gt DAk AGCERE al e sal't
_ . R- together are -OCH.O-; or

R, is OH:

R,is Hor (C,-Cyalkyl;

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

Rg and Ry are each absent;

THIS HET HAS BEEN

’

[#2Y

23 DEC 1998

or a pharmaceutically acceprable salt thereot.

10
40, A compound of the formula:

wherein
15 Ry, Ry and R, are independently H, OH, or (C,-Cy)alkoxy; or R; and R,
together are -OCH,0-; |
R, and R, together are -OCH,O-;
R, is H or (C,-C,)alkyl;
R, is H, (C,-C,)alkyl or is absent; and
20 R; and R, are each absent;
or a pharmaceutically acceptable salt thereof.




2= ; : ET C
L Ns =51 -wherein Rl, R ,-and R3 are independently H OH or
(C-C)alko:ty; R and R ogether are -OCH2O-; or R and R, together are
-OCH2O-; R lis Hor (C-C)alkyl: 5 Rs is H (C F@

and R7 toget‘her are -OCHO; and R and RO are egéﬁs\bégﬁmmq

phar maceutically acceptable salt thereof. 1TH S SHEET HAS BEEN . REPLACED
REPLACEMENT SHEET 23 DEC 1998 REPLACEH§ENT SHEET CL S 9 Wiat is clained

I s: REPLACEMENT SHEET 1. A conpound of the fornula: 07p3-AN+M
41. A compourd of the formula: REPLACEMENT SHEET

: - 23 DEC 1998 }

=

THIS SHEET HAS BEE
REPLACED

wherein
5 R,, R¢, and R; are independently H, OH, or (C,-C,)alkoxy; or R, and R,

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

10 R, and R, are each absent;

:)r a pharmaceutically acceptable salt thereof.

_42. A compound of the formula:




S RR—R—TR3 R6R RI wherein R, R, R, R6 and R are
i ndependently H OH, or (C -C3)allcoxy; R and R, together are -OCH2O; R

and R together are -OCH20-; or Rs and R together s H
or (C, -Coalkyl " R~—is H- (C C )alkyl or is absent Réﬁ’éﬁﬂﬁgﬁg&ﬁgﬂ
~independently - CH:CH- CH2) 2 or are absent; provided that 15 when R is
-CH=CH or" - (“CHf, -" R9 i's absent and R is H and when R9 is.-CHECH or
-(CH2),, R or RRis H and Rs and Rl are absent; or a pharnaceutically
acceptabl e salt thereof; for use in inhibiting cancer cell growh. 20 2.
Caim1 wherein tH erE‘é‘ncer cell is located in the central nervous system
3. Claim1 wherein therGCRNGRA R &e hdéfRbdeatly H, OH, o Catgalkoxy4 R, dd®;m | wherein
the cancer is a sofid tumr. C REPLACEMENT SHE ET CL NS 40 5.
Caim1 wherein tFREHEERIOGE:Oy 95ReadkR: 95T 2EPEHC%r ovarian tunmor. 6.

A conpound of the forngl@Hor (C,- c,)alkyl.
5 Ry is H. (C,-Cy)alkyl or is absent:
R, and R, together are -OCH,O-; and

R and R, are each absent;

or a pharmaceutically acceprable salt thereof.

THIS SHEET HAS BEEN
REPLACED

REPLACEMENT SHEET

23 DEC 1998




REPCACEVENT SHEET R 07 JANR7 RS- R6 RS'Ry 5 wherein R, R, R and R7
are_ i ndependenthy- H_OH or (C -C)alko.ty; R and R_ together zqrw\;“},‘
-OCH~O; or R4 and R together are -OCH O; R3is H 10 R4 is Hor
(C-C)alkyl; R is H (C-C3)al kyl or is absent; S : RO is
absent; or a pharnpcgutically agt¢eptable salt thgémcwgm}@q%ﬁ%ound
of claim6 wherein R6 and R7 are -OCH3. 89 The conpound of claim7 wherein
R is, -OCH3. 9. The conpound of claim7 wherein R2 is -OCH3. 201 CL NS
REPLACEMENT SHEET What if gaimad isonrpound of the fornul a: REPLACEMENT SHEET
TtAls COFIEET HAS B EN Rj REPLACED 07 .~ A~ R, /I \ R3 ﬁ@J R3 R4

: ' REPLACEMENT SHEET

L. A compound of the formula:

07 JAN 1999

(V1)

wherein
R,, R, R,, R, 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,O-;
R, is H or (C,-Cyalkyl;
R,is I_-I, (C,-Cypalkyl 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. -
3. Claim 1 wherein the cancer is a leukemia or melanoma.

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



wherein 5 R, R, R3, Ro and R/ are independently H OH or (C -C )alkoxv;
R-and R3 togeﬁt—he%aﬁa-—ﬁeH—O—'”R and R, toget her are -OCH20O-; or R6 and

R7together are -OCH, O; R is Hor (C - C, ) al ky. EP t 10 RI |s
- | BACEMERT s

absent; and R9 |s _CHECH or -(CH2)2; provided that

phas-maceuti cal | y-aCC'érit‘ab'l"e's salt thereof. 15 11. The corrpound of m 10
wherein R6 and R7 are - . 12. The coﬁ‘bound of claiml V\/nerel n R4 IS
CH3., 13. The conpound \ e - .20
14. The conpound 2of cpgf%fi‘%eﬁﬂﬁeﬁaﬁceﬂ“b?q—! lu%gklggor g aré -

15. The conpound of claim!] wherein R4 is H -- - .u uou Il lul C~..

- REPLACEMENT SHEET 42 16. The corrpound of claim 15 V\/nerel n R
and R3 are - OCH3.6. 17. ATREPRBAR6UAPEHRAC| ai m 15 wherein R A
R, are -OCH. O. 5 18. A conpound of the fornula: R, R7RB 3
R, R2, and R3 are independently H OH or (C -CS)al koxy,
t oget her are -OCH2O-; or R, and R, together arg

(C1- Coalkyl;

IS

Rg--

wherein . .
R,, R., R, and R, are independently H, OH, or (C,-Cypalkoxy; R, and R,
together are -ocHzo-; or R, and R, together are -OCH,0-;
_ R;is H;
10 R, is Hor (C, -C,)alkyl
R, is H, (C,-Cyalky! or is absent;
R, -CH=CH-; and
R, is absent; or a pharmaceutically acceptable sait thereof.

15 7. The compound of claim 6 wherein R; 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 -



R is H (C-Cl)alkyl or 1s absent; and R, are each OH and R andRS—are
each absent; 15 or a—phartraceuttcal |y acceptable salt thereof. 19. The
conmpound of claim 18 wherein R4 is CH3. 20. The conpound of claim 19
wher-ein R, is CH,. [20 21. The conpound of claim20 wherein R_is H and R2
and-R, are each OH. ' RERPLACEMENT SHEET 07 JAN 1999 REBLAGEMENT Si#FET
SHED ~- 43 22. A nethod of using a conpoundlt of the forrriula: REPLACEMENT
SHEET 07 JANIMR R R6 R3 R4 wherein 5 R, R, R3, Ry and R7 are

i ndependent |y H. O orAfampoend efithefieynul® and R, together are -OCH20-: R
and R, together are -OCH O; or R5 and R7 together are O(WE'BAEQJ IS—H-oF
(C Eé-‘:;—\—al.kv!: R _is H (C-C)alkyl or is absent; and 10 R ENTe SHEET

ingupeqﬁtdgni;tyHAgﬁgﬁ,f -(CH) 2 or are absent; pRovided thaf en R is

- CHECH eiepL@GED?-. RY is absent and R is H and whgn R9 {s|- E=CAN 1999,

= Re=grR—d ! and R, and R, are ahse '
acceptabl e salt thereof, to prepare a nedi g
tumor cell growh in a mamal w t izgghter

a phafnbceutically
ffectivef 15 to inhibi

wherein

W

Ry, Ry, Ry, 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 Ry and R, together
are -OCH,0-;

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

R, is absent;
10 ' R, is absent; and
Ry is -CH=CH- or -(CH,),;
provided that R, or R, is H;
ora pharmaceutically acceptable salt thereof.

15 11.  The compound of claim 10 wherein R, 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,0O-.

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



23. The nethod of clain22 wherein the manmal is a human. 24. The nethod of
claimwherein the cancer is a |l eukem a or nelanoma. 20 25. The net hod of
cl ai nRvherei n t hé cancer-i"s*awyo| id tunor. 26. The nethod of claim as
wherein the tunor is a breast, llung, colon, or RN EEN-

| .p;CEME~i T C L M S 44 11 TH S SHEET HAS BEEN %@%MWF%@E@hed of
claim 22 wherein the cancer cell is |ocat#xd in the central nervous system
. 28" The nethod of claim?22 wherein the conpound is admnistered in 5
combi nati on withl& phEterrampeuni ob¢lain ldodersindbl is He By #idd}; are2QCHEhe net hod of
claim 28 wherein the carrier is a liquid vehicle. 30. The nethod of
claim2l.wherein the carrier is adapted for parenteral 10 adm nistration.
.31. The net hod ¢7. cl Hierr@pwindobelaim Hevteaio R a5 Hi :dR, rabRetre €3CH.Qpsul e. 32.
A pharmaceutical conposition conprising an effective amount of a 15
conpound of the formula: F-2 3 R6 PIS R4 wherein R,, it,, R3, R4 and
R7 are indepersdens|y Acofpdundbf théforruld:al koxy; R2 and 20 R3 together are
-OCH20; R, and R together are -OCH2O-; or R6 and R7 together are
-OCH2O0; R4 is Hor (C -C)alkyl; R is H (C-CS)alkyl or is absent; and
REPLACEMENT SHEET

wherein

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

10 together are -OCH;O-','or R, and R, together are -OCH,0-;

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

R, is H, (C,-Cyalky! or is absent;
R, 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 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.

REPLACEMENT SHEET

07 JAN 1999




FoF—3AN-1999—SREPCACEVENT SHEET 45 R, and R are independently -CH=CH.
-(C-C,))z or—areabsent; provi ded that when R, is -CH=CH or (CH) R,
is absent and R, is H--ané:when R, is -CH=CH or EFH ):. R or R is H

and. R, and |R, are absent: 5 or a pharnaceutlcall t thereof;
i n* conbi nationew th k. s phar maceutical |y acceptabl e carnEwENB.gﬁH k&Y
conpound 3-net hyl-3.4.10. 11- tetranetgoxvdlbenzo(a g] qui nol i zi ni um
acetosul fate; 3-nethyl-3,4- 10

met hyl enedi oxy- 10, 11- di net hox benz in um

di hydr o- 3- met hyl - 3,2 10?@3‘3‘%‘1?%5%‘{&}’ 8 do‘g ‘é T qui no| iREPHAGEMENT SHEET
acetosul fate; 6, 6-di hvdro-3-nethyl-3. 4- nethylenedloxy 10, [1%-
di met hoxydi benzo[ a. g] qui nol i zi ni um acet osul face; 6, 6- di hyldro-G7 4AN1$4d -
t et r amet hoxvdi benzo[ a. g] qui nol i zi ni um chl ori de; LG-dihy re-3.4 15

met hyl enedi oxy- 10, 11- di net hoxydi benzo[ a. g] uiszL;%gL&ﬂ1 hl orTde;—3:%- I
hi

10. 11 t et r amet hoxy- di benzo[ a, g] qui nol i zi NSUATCEhI pT i de; e
3, 4- et hyl enedi oxy-10, | 1- dinethq.. - dicbe
chloride; or a pharmaceutically acc they eof . 20 34; The
conmpound 6, 7-di net hoxy- 1- met hyl - 3- (3 |oxy phenyl )i soqui nol i ne;
6, 7- di hydroxy-1-nethyl -3-(3,4- . grdl hydrox pHﬁnyI)lsqu|noI|ne

6, 7- di met hoxy- 1, 2-di net hyl - 3- (3, 4- net hyl emedi éxyphenyl )i soqui nol i ni um

net hosul fate; or 6, 7-di hydroxy-1, 2- Ry

di et hyl - 3- (3, 4- d|hydroxyphenvl)-lsqu|noI|n|un1nethosulfate,~or a 25
pharmaceutical ly acceptable salt thereof. REPLACEMENT SHEET

] qui nol i zi ni um

wherein
3 R,, R, Ry, R, and R, are independently H. OH, or (C,-Cy)alkoxy; R, and
R, together are -OCH,O-; R, and R, together are -OCH,0-; or & and R, together
are -OCH.,O-; _
R, is H or (C,-C,)alkyl;
R, is H, (C,-Cy)alkyl or is absent; and
10 "~ Ryand 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;
or a pharmaceutically 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 claing 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, luh‘g, colon, ar

ovarian tumor.
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.+ . ~~L L MS ERLACEME 46 35. A conpound of the forrrula REPLACEI\/EI\FI'

SHEET ‘Rl LO7JAN 999 R, 4g /| - N RRRER R4 Meémm&%E'P and R

are’independently H, OH or! (C C )aI koxy; R, IBEP

or~-F. and R '‘together, age : OCH: ) is H is H on ‘[(,%‘DQ,F):alHﬂ\)‘BlatE 1
iIs H (C-C )alkyt or is absent R 1S -(CH2):-; and R, li's abs@-ﬂIACEU a
phar maceutical |y acceptabl e sal t 10 thereof. 36. A co } He——"7"

formia: Rt R 5_'_7_ R6 'lﬁg m'géléd SP clmm%hgrein the cancer gell is located in the central

nervous system.

28.  The method of claim 22 wherein the compound is administered in

5 combination with a pharmaceutically acceprable carrier.
29.  The method of claim 28 wherein the carrier is a liquid vehicle.

30. The method of claim 28 wherein 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

15 compound of the formula:

wherein
R, Ry, 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-; or R and R, together
are -OCH;0-; |
R, is H or (C,-Cy)alkyl;
Ry is H, (C,-Cy)alkyl or is abseat; and 'REPLACEMENT SHEET
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R, R, R3, Rb and R _are independentTy H, OH or (C -C Jalkoxy; R _and R3
together are -OCH?2O-; or R and R together are -OCH2O-; K S REPLACEMEh 47
R is Hor (CTUIJAIKVT "R ™is absent; R is absent: and Pl, is - CH=CH- -
5 provided thlat R or B ds,H or a phar maceutlcally accept abI e salt

t hereof. 37. A corrpound of the formula: R Bﬁ%@gwsrgqnerei n
R, R, R3, Rd and R7 are independently H, O—| o] nd R3
toget her are -OCH2O-; or RS and R together are -OCHO-;  or'R. is-H or

(G -C)alkyl; 1s R is absent; Ra i & absent; and RO is -(CHZ)l- ;
provided that R or R Rn h'lRNereu@eﬂi\@&ﬂ@-‘-@lﬁdf@al(t)‘t_)@-@&ﬁ?&@g‘lte salt thereof.

20 REPLACEMENT SHEET 07 .JA
provided that

when R, is -CH=CH- or -(CH).-. R, is abseat and R; is H: and
when R, is -CH=CH- or {CH,).. R, or R is H, and R, and R, are acsent:

U

or a pharmaceutically acceptable salt thereot’ in combination with a.

pharmmaceutically acceprable carrer.

33. The compound 3-methyl-3.4.10.11-

tetramethoxydibenzo{a.glquinolizinium acstosulfate; 8-methyi-3,4- —
10  methyvlenedioxy-10,11-dimethoxvdibenzo [mg]quinolizinfum acetosulfate: 3.6-
dihydro-8-methyi-3,4.10,1 I -tetramethoxv-dibenzo{a.g]quinolizinium
acetosulfate; 5,6-dihydro-3-methyl-3.4-methylenedioxy-10,11-
dimethoxydibenzo(a.g]quinolizinium acetosulfate; 5,6-dihydro-3,4,10,11-
tetramethoxydibenzo[a.gjquinolizinium chloride; 5 .6-dihyvdro-3,4-
methylenedioxy-10,1 | -dimethoxydibenzo(a.g]quinolizinium chloride; 3,4.10.11-
tetramethoxy-dibenzo(a,g]quinolizinium chloride; or 3,4-mcthylcncdioxy-10, l1-
dimethoxy-dibenzo[a,g]quinolizinium chloride; ora pha:maceﬁticauy 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-
nic_thylenedioxyphenyl)isoquinolinium methosulfate; or 6,7-dihydroxy-1,2-
dimethyl-3-(3,4-dihydroxypheny!)-isoquinolinium methosulfate; or a

8]
(v

pharmaceutically acceptable salt theceof,
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REPLACEMENT SHEET 36 reconbi nant CPT- K5 t opol SOner ase

resistant to coralyne as evidenced by the cleayv in
Tabl_e 2, the conpound 7c has exceptional cytoto bl ast oma
cells, andls nore cytotoxic against this CNS tu an the

| eiifkem a or epndei.rml. waf=6-nohe cell lines. Its € agal nst.

SF- 268 cells suggésts t'hat sel ective upt ake of this c% yvbe‘...

occurring. These studies denonstratggthat coral yne anal ogs exhi bit
enhanced activity_as topoisonerase | and/or topoisonerase |l poisons.
These data suggesé_ t afomBRoNfd afrthe fosmuit i t ut ed anal ogs of nitidi ne coul d

exhibit simlar selectivity with 10 regard to inhibiti
" topoisonmerase | or-ll. Dislcainer: The conpounds discl f’y@&ﬂﬁf S-ﬁEET

specification of - European patent applicati O’?l 0108147 gre.specificallly
excluded fromclains 10 to 12, 15, 36 and 37. [FurtRer fle,0 uti ¢al
conposi tions conprising conpounds di scl ostd-i f opedn lpatent applig¢afion

0108147 are specifically excluded from clsai m32. !|REP , VB~ 1" Si'.
0 3 Ar~ i | 71 REPLACEMENT SHEET g aOf - R2
RT. RB3 \'1 / ; --it9 R RS R4 s bjét t0_thé foregoing dlsclalrrer
wherein 5 R, R RL, R and R7 q@nﬂ@p{i' F OH, or (C,- Cs)al koxy:
R2 and Rs
. R,
wherein .
5 R,, R;, Ry and R, are independently H, OH. or (C.-C,)alkoxy; R,and R,

together are -OCH,0-; or R, and R, together are -OCH,0-; R, is H;
R, is H or (C\-Cyalkyl; .-
R, is H, (C,-C,)atkyl or is absent;.
R, is {(CH,).-; and R, is absent; or a pharmaceutically acceptable sait
10 thereof. |

36. A compound of the formula:

15 wherein. _
R,, Ry, Ry, Rq and R; are independently H, OH, or (C,-Cy)alkoxy; R, and
R; together are -OCH,0-; or R, and R, together are -OCH,0-;



R3 together are -OCHZO; R and R, together are -OCH O; or R and R,
together are -OCH: O; R is Hor (C-C)alkyl; Rs is absent; 10 Rs is
absent; and R§ is -CH CH ~or—- (CH2) 2; prOV| ded that R, or R2 is H or a
phar faceut i ca Ly-_accep.tabl e salt thereof. 15 1 EPLA ound of claim 10
wherein R and R7  are *OCH).* 12. The conpound of ywherein R is
CH3. 13. The conpound of claim 12 wherein R, is H R and a-re-—di'}L. 20
14. The conpound of claim 12 wherein & is H and R2 and R “are -OCH, O .

15. The conpound of claim1 | wherein R is H fp' EPjj SHEET r; ;:i C 3 AB
i J _ REPLACEMENT SHEETR, dﬂm(cl-ﬁg)ﬂkﬂ7 The nethod of claim 22 wherein the
cancer cell is located Ln. the central nervous system 28.- The nethod of

claim?22 wherein the co 56 "d"ts administered in 5 conbination with a

phar maceuti cal | y. accept Rpis@absesxt frider . 29. The net hod of ¢l ai m 28. wherein the
carrier is a liquid vehjcle HSQ The nethod of -claim 28 wherein the
carrier is adapt ed for %‘a‘rse(ﬁ ﬁ"{a 10 adm nistration. .31., The nethod of
claim 28 wherei s the capmiidéd thax Rgot Rbket or capsule. 32. A pharmaceuti cal
conposition subj ect to the for egO| ng di sc] aimer conprising 15 an effective
amount of a conpound of °% YLv aggepiRbly salt thereot.

37. A compound of the formula:

10
whereth
R,, Ry, R;, R, and R; are independently H, OH, or (C,-C,)alkoxy; R, and
R, together are -OCH,0-; or R¢ and R, together are -OCH,0O-; or
R, is H or (C,-C,)alkyt;
15 R, is absent;
R, is absent; and
Ry is (CHys-;
provided that R, or R, is H;
or a pharmaceutically acceptable salt thereof.
20

REPLACEMENT SHEET
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R R6 RS R wherein R, R, R, Rd and R7 are independent!ly H,

(C -Cl)al koxy; R2 and 20 R3 together are -OCH2O-; R, and Rﬁﬂ%%@f\&%ﬁ%
-OCH:'O;: or Ro and R7 together are -OCH.O; B.4is Hor (C-C)alkyl; RS
is§ H. (C-C)alkyl or is absent: and REPB® CEi | T VEET 3 APE 2L01 . ~ -

REPLACEMENT SHEET C L 46 __.35. A conpound of the formula: RR2 | R7 I/ |
-l R R | 3 Rgcompipang CRTA  topoisomeraselighighly sesistantigspmlyaenss |y H OH. or

( &:HCSO) <_51I I;gxiy; &w&gged%y thetgg,e%gqgsa?r e -OCH O; or R and R _together are
- , O is H P is HorrFéﬁ,-ﬁ,Csalkyl, . Rs is H (C,_-C,.)'alkyl or is
absent; Rs is -(CHz) 2As shayweindnbles, the sempound 7c kas preeptionakaytatoddityy accept abl e
salt 10 thereof , .36 p1{obESREMEURE, Ak i Mte EREML Boainst this CNS tumor cell
5  than the leukemia or epidermal carcinoma cell lines. Its effectiveness against
SF-268 cells suggesis that selective uptake of this compound may be occurring.
These studies demonstrate that coralyne analogs exhibit enhanced
activity as topoisomerase 1 and/or topoisomerase I poisoxis. These data suggest
that similarly substituted analogs of nitidine could exhibit similar selectivity with

10 regard to inhibition of mammalian topoisomerase I or II.

Dislcaimer. The compounds disclosed in the specification of- European patent
application 0108147 are specifically excluded from claims 10 to 12, 15, 36 and 37.
Furthermore, pharmaceutical compositions comprising compounds disclosed in
Buropean patent application 0108147 are specifically excluded from claim 32.
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R R -" I RB RERBR \ R4 15 subject to the foregoing disclai Il
R, R, R, R and R, are independently H OCH or (C, -GCs)al kmngéﬁ@ﬂinngmR,
t oget her.are -OCH20-; or Rb and R together are -OCH20-; REPLACEVENT SHEET
03 REPLACEMENT SHEET 47 R is Hor (C-C)alkyl; R, is absent; R-is -
absent: and P-) is -CH=CH-.. provided tshat R, or R, is H™yt"u-===ummimm_
pharmaceutically acceptable salt thereof. 37. A conpound_of the :crnula:,

Rl Rg -- P12 RD R 3 cofPoid® dfhe fdBiuubj ect to the foregoi ng di‘sclaitrer
wherein R, Rli R3, R and R, are independently H OH, or (C -C,)alkoxy; R_
and R . '

subject fb the foregoing disclaimer wherein
3 R, Ry Ry, Ry and R, are independently H, OH, or (C,-Cy)alkoxy: R, and
R, together are -OCH,0-; R, and R; together are -OCH,O-; or Rq and R, together
are -OCH,O-;
R4 is H or (C,-C,)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.

— 15 11. The compound of claim 10 wherein R, 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,.

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

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

\EPLACENENT SHEET|
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R3 together are -OCH O; or R and R together are - OCHLO ; a@';"‘_ QEMENTSSHEEPV
(C-C)lalkyl; "is R is absent; R 1is absent; and RO is -( 9

provided that R, or R is H or a phar maceut i cal |y, ‘acceptabl e salt

thereof. 20 REPLACEMENT SHEET 0 3 APR 200t | WWTWPLD 1IN E1
LECFL1AL PROPERTY ORGANI ZATI ON | nt es#arti anal Buriau 1J' 1T RNATI ONAL
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(011, ternational Publication Date. 14 August 1997 (1408.97) (21)
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TD. 71 licant (for all designated &ates_ exc RS, TO
(71) App 30. (Thc method of claim 28 wherein the carrier is adgptedu %r pzuente(f‘E )

10 administration.

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

32, A pharmaceutical composition subject to the foregoing disclaimer comprising

15 ' an effective amount of a compound of the formula:

wherein
R,, Rs, Ry, Rg and R, are independently H, OH, or (C,-C,)alkoxy; R, and
20 R, togetherare -OCH;0-; R, and R, together are -OCH,0-; or R, and R, together
are -OCH,O-;
R, is H or (C,-C)alkyl;
o
R, is H, (C,-Cyalkyl or is absent: and REPLAGE ENT S EH
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TOPO SOVERASE | NHI BI TORS (57) Abstract The piesent invention provides
proWer berine al kal oi d derivatives useful as anticancer agents, and nethods
of Inc thereof The invention also provides pi-otobe:bcfne derivatives uaoM
as topoisont aso inhibitors. The invention futther provi des coral yne and
nitidinc derivatives which are topoi somgtagg\l\-)/:fﬂget ed therapeutics

ef fecti ve agai nst canpt ot bex3rh7r esi st ant; capner”cel | s. and ate especially

effective against CNS tunors. X
: 9 2N Ry
|
e 2
R \
(- . | Ry
Re
— wherein
- 5 R,, Ry, R, and R, are independently H, OH. or (C,-C,)alkoxy; R, and R,

together are -OCH,O-; or R, and R, together are -OCH,O-; R, is H;
R, is H or (C,-Calkyl: .
R, is H, (C,-C,alkyl or is absent;
Ry is -(CHyp),-; and Ry is absent; or a pharmaceutically acceptable salt
10 thereof.

36. A compound of the formula:

15 subject to the foregoing disclaimer wherein

R, Ry, R;, R, and R, are independently H, OH, or (C,-C,)alkoxy; R, and
R, together are -OCH,0-; or R, and R, together are -OCH,0-;
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R, is Hor (C,-Cyalkyl;
R, is absent;

R, 1s absent: and

R, is -CH=CH-:

(¥

crovided that R, or R; is H;

or a pharmaceutically acceptatle sait thereof.

37. A compound of the fermula:

10
subject to the foregoing disclaimer wherein
Ry, Ry, R;, R and R; are independently H, OH, or (C,-C,)alkoxy; R, and
R, together are -OCH,0-; or R, and R, together are -OCH,0-; or
R, is H or (C,-Cpalkyl;
15 R, is absent;
R, is absent; and
Ry is (CHyy-;
provided that R, or R; is H;
or a pharmacsutically acceptable salt thereof.
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(S4) Tife: CORALYNE ANALOGS AS TOPOISOMERASE INHIBITORS f '

(57) Absiract

The present invention provides protoberberine afkaloid derivatives usaful as snticancer agents, and methods of use thercof. The
inventlon also provides protoberberine derivatives usoful as topoisomerase inbibitors. The invention further provides coralyno and nitidine
desivatives which are topoisomerase I-tergeted therapeutics effective against camptothecin resistant cancer cells, and arc especially effective

against CNS tumors.




