WD 02/ 077255 PCT/ US02/ 08819 TOPO SOVERASE | SELECTI VE CYTOTOXI C SUGAR

DERI VATI VES OF | NDOLOPYRROLOCARBAZOLES Rel at ed Applications This

appl i catiwooclozi2zas priority benefit under Title 35 119( epcafusorpgsed

St ates provisional Application No. 60/278,043 filed March 22, 2001. Field

of the Invention Thqﬁéﬁmmgptp% E@lgﬁgg%pﬁdﬁ@gfgsi}@&g and ot her

sugar derivatives o hydrates,

whi ch exhi bit sel ect DERIVASEDIISS O ENIBOLORY RROIVO CARBAZOTIES i n i nhi biting

the proliferation of tunor cells and 5 exhibit an antitunor effect, as well

as processes for their.preparation. Background Topoisonerases are vital

nucl ear enzynes which function topeesed X?pii@aﬁ&{ém ogi cal dilemmas in DNA,
catenation

such as overw ndi ng, underw ndi ng an . , Which nornally arise
during r epl i cat i ohyis ap@lvatien plaingmprémdy penctfia psdestThe 3®§1A19(t¢b otEpsel. These

enzynes al DNA t 0 fo nd breaks that
act as trans%jyétﬁf Pﬁ)é(fsé%“ah)%PBF nyé'togq\lfgpgg/ﬁ‘? g%}%ig?ﬂetwa%g @lof ot her DNA
strands. Topoi sonerase-targeting drugs appear to i nterfere with this
breakage-reuni on 15 reaction of DNA topoi sonerases. In the presence of

t opoi sonerase active agents an aEEliégfl'&éaﬁﬂlmﬂ internedi ate, terned a

' cl eavabl e conpl ex', accunulates and results in replication/transcription

arrest, which ultimately leads to cell death. The devel opnent of
t opoi soner ase | (Tlmope§e)1t imteht\im 1agamttsﬂubmrw§mramdaftlﬁ@rsagaderiea{vixappf oach to

t he rrultl-rggpr&ental en era curr g@]}sed in the clinic 20
for the tre APYIEIL OE%‘[ es ! elllé @rﬁ“ a&qs Wﬁéhﬁ IERIESHY her . Phar macol
1994, 34 (SLEBBM@m%Qe ﬁfkﬁku?'é&ﬂ&%ﬁ%n hﬁﬁ)&ﬁ@m%r;ﬁ‘él@fefan%ﬁTo!f‘t‘mﬁn&%ﬁ?h‘r&ﬂs t hat
are in clinical studies and these have beenh found to be effective clinical
ant i t umord agrhitt ammmsiemondffact, eawel angiagasses fartkeisprepantioml |y rel ated to
the al kal oid canptothecin (1). Oher reports dealing with canptothecin
anal ogs (Cancer Conl niun. 1990, 2, 395; Farm -1 WD 02/077255

PCT/ US02/ 08819 Background

Topoisomerases are vital nuclear enzymes which function to resolve
10 topological dilemmas in DNA, such as overwinding, underwinding and catenafion,
which normally arise during replication, transcription and perhaps other DNA
processes. These enzymes allow DNA to relax by forming enzyme-bridged strand
breaks that act as transient gates or pivotal points for the passage of other DNA
strands. Topoisomerase-targeting drugs appear to interfere with this breakage-reunion
15 reaction of DNA topoisomerases. In the presence of topoisomerase active agents an
aborted reaction intermediate, termed a ‘cleavable complex’, accumulates and results
in replication/transcription arrest, which ultimately leads to cell death.
The development of topoisomerase I (topo I) active agents therefore ofters a
new approach to the multi-regimental arsenal of therapies currently used in the clinic
20  for the treatment of cancer. A recent article [Cancer Chemother. Pharmacol 1994, 34
(suppl), S41-S45] discusses topoisomerase I active compounds that are in clinical
studies and these have been found to be effective clinical antitumor agents. These
clinical candidates are structurally related to the alkaloid camptothecin (1). Other

reports dealing with camptothecin analogs (Cancer Commun. 1990, 2, 395; Farm.

-1-



Cin.. 1997, 14, 250, 253, 256-258) have suggested a correl ati on between

sel ective topoisonerase | inhibiting properties and potent antineoplastic
activity wpoyvovasi ety of human tunors. I n addition, cert&cm/uset/bssid nes
whi ch overexpress hunman topoisonerase |, including hunan col on carci nona

Il's, h t t
(Gancer  ResearensPaon, 250785 85823y USRS bR oGBS SRR
hi ghli ghts sEpBiseetabel mmblﬁﬁmg&géﬁr@%ﬁu &&Q‘aﬁﬁﬂ&fp@eﬁﬁc bcmaﬁytn[me«gﬁa@rufs

(Expert Opin. Ther. Pat 666, 2000). Further, indol
a] car bazol e kyanan amove sinragi icadcartsin ¢rll lme*dncdhw%pmsabgmas uch as NB-506,

1003, 53, - aobrongnetartF ihpudas Auhtfofh Ly e R pec SRR o

anti tunors ackd Mypeysendiveraiamptotiédik eCaHrREPROINATI 19BN L5285t s as a sel ective
topo | poison, these derivatives have been reported to be non-selective,
exhi biting additional biological effects, such as DNA intercal ation
(Cancer Research 1995, 55, 1310) tyr05|ne kinase activity 15 (Ml ecul ar
Pharrnacol . 1999, 56, 185-195) 3
1997, 38, 75). Indolo[2, 3-aJca dl e aIkaIN g6 such as rebeccany0|n (U S.
4,487,925 and 4,552, 842) and i ts#
6- (2- di et hyl am noet hyl ) rebeccanmycin (U. 85, 085), are useful anti t unor
agents which target DNA Rel ated |ndol%ﬁ§ ba oIesChre al so di sclosed (WO
9530682) and clainmed 20 to exhibit anti et vi ty. Furthernore,

fl uor oi ndol ocar bazol es such as those descrlbedcﬁp 98/ 07433 are

anti neopl astic agents with topoi soneraseql inhibitory activity. U S.
5,468,849 discloses certain fluororebeccamycin anal ogs as useful antitunor

I h h I h
gents. along Wil 2 prosess Loty NS PLOTSLLOn AL Il dgrgLrypLaphar

active agents (Expert Opin. Ther. Pat. 10: 635-666, 2000). Further, indolo[2,3-

aJcarbazole derivatives related to the Rebeccamycin class, such as NB-506, are

10 disclosed (EP Appl. 0 545 195 B1 and 0,602,597 A2; Cancer Research 1993, 53, 490-
494; ibid 1995, 55, 1310-1315) and claimed to exhibit antitumor activity. However,
unlike camptothecin which acts as a selective topo I poison, these derivatives have
been reported to be non-selective, exhibiting additional biological effects, such as
DNA intercalation (Cancer Research 1995, 55, 1310), tyrosine kinase activity

15 (Molecular Pharmacol. 1999, 56, 185-195) and topoisomerase II activity (Proc.
AACR 1997, 38, 75). Indolo[2,3-a]carbazole alkaloids such as rebeccamycin (U.S.
4,487,925 and 4,552,842) and its water-soluble, clinically-active analog, 6-(2-
diethylaminoethyl)rebeccamycin (U.S. 4,785,085), are useful antitumor agents which
target DNA. Related indolocarbazoles are also disclosed (WO 9530682) and claimed

20  to exhibit antitumor activity.

Furthermore, fluoroindolocarbazoles such as those described in WO 98/07433
are antineoplastic agents with topoisomerase I inhibitory activity. U.S. 5,468,849
discloses certain fluororebeccamycin analogs as useful antitumor agents, along with a

process for their production by fluorotryptophan analog feeding of a rebeccamycin-



WO 02/ 077255 PCT/ US02/ 08819 producing strain of Saccharothrix

aerocol oni genes, preferably Saccharothrix aerocol oni genes C38, 3S3- RK2
(ATCC 392vB)2/0mas®e recently Prudhomre, et al. report a sePC&#4S0£/08819

i ndol ocar bazol es derived fromrebeccanycin which all display a so-called

resi stance index .bel ow 2 rrent. 5 Medicinal Chem stry,2000,. 7, 1159).
The resi st an@@gflﬂ%itr Qgéé‘f%ﬁﬁ’@%é’sa‘f' OBEEEEHHS ell%b&f%gg’,m]\?ﬂ‘r‘ere t hese

| C50" s are neaskdiesicolesid BLRAL ATLEr Aouye activities against nurine
P388CPT5 | eukemi a cells resistant to canptothecin and parental P388 cells,

respectively. Despite these exanples, there remains a need for novel and
pot ent cyt ot oxi c Mpee xesebulfiddhais@ed? of depybs sies wéindojospaibzalpndprived

t opoi soner as aCLL Vi h - el ng. ful. [~ 8h :

Coonsy"or s Rahy Bk e ST ARNGRE 1S sl Rt amp e cOBRlE.

ot her sudar Medicial Chemisoly 2000, 5 UbS)l tTkiceesistnttelingekrval detacdaziades, their

salts and hydrates, which exhi bi t.opoi sonerase | (topo I), activity, are
1

useful in i nPBAHIRGCenE3Eh Siheredhatei o bremiragires ebihp anupraliSea i t an
antltumor ef diiGlies A28 hurd PIBEPTI kb Hia LIRS RARBEALb BRI fid

specifically, the iRAstant invention provides compoun formulal HRaN
Ra' X1 Rb bpaxdntal R388 cells; réspect¥ZIN X2, R 20 having a topoi sonerase |
selectivity index of greater than about 100; its enantioners,

di astereoners, pharmaceutically acceptabl.e salts, hydrates rodrugs and
cotvat eo ther eor DUk SRS TEFE LIRSS Rt e Y MEPueRsitdR, the
group cartsi s¢dniibudlls befd for selectively inhibiting topoisomerase I activity, thereby being

useful as anti-cancer agents.

Summary of the Invention

The present invention relates to fluoro sugar and other sugar derivatives of
15  substituted indolopyrrolocarbazoles, their salts and hydrates, which exhibit
topoisomerase I (topo I) activity, are useful in inhibiting the proliferation of tumor

cells and exhibit an antitumor effect, as well as processes for their preparation

More specifically, the instant invention provides compounds of formula I

having a topoisomerase I selectivity index of greater than about 100; its enantiomers,
diastereomers, pharmaceutically acceptable salts, hydrates, prodrugs and solvates

thereof; wherein R, and Ry, are independently selected from the group consisting of H
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WO 02/ 077255 PCT/ US02/ 08819 and 0O, provided that when 0 is selected Ra and
Ro are taken together to form0O; Ra" and Rb' are independently sel ected
from t he woeep7eshsi sting of H and 0, provided that whenPQTiGsSozessert ed Ra'
and Rb' are taken together to formO0; X1, X1', X2 and X2' are each

i ndependent | | ect. r t he .grqu nsi n H i, 5
sel ected fr %dt(ﬁé)rﬁwgﬁcb h@g}% ﬁi %aeﬂgcﬁ m" a@% ﬂgé&eaﬁ%ﬂ%ﬁlg gmg‘u%s ituted
hexose  gr ound Riherd ildgihiéyakRoteRfRYh BRSréu ®inkREnd 6f Hiah@ ™, iphdyided
condition via nodul ation of topoisonerase | conprisin adnlnlsterlng to a

mamal i an sp@el eken Q inedertesk RS gat Ro'1@e takenteasther imfoemf@cXi. e .armudtXof at
| east one co f 55
PCT/ US02/ 088%8%%3{1 qekgén@ssglrel&e ?%rr]ﬁj i (ﬁﬁ'g) cio?]@‘eg% Ofﬁ#\gng%écgzsz i nvention
i ncl udes 5 | urtctedugan tlengoas Jsmrrmssmgaf NUE IS andtO; @8 Rofs a substituted hexose

i ndol opyrrol ocarbazoles of fornmula (1), as defined above. These conpounds
and their 5S8'BMArmaceutically acceptable salts and hydrates exhibit

sel ective topoisonerase | (topo 1) activity, are useful in inhibiting the
proliferation of tunmor cells and exhibit a significant antitunor effect.
Mbst inmportantly, TmhbvmntmamwIhQWdﬂiﬁnmﬂmdibwmaﬁmcm@pmﬁﬁona&mhv@ﬂmmnpounds

| ated t ds di d. WD 98/.07433
hopl 1 cat | on. LSRR SHIKERe 158 A0 G BR KRG Fof RO S A 854 B WPnce)

10 whi chiodi sipdadvierdt aheFREd & HBoARSS wﬂﬁémﬁk@en@&nﬂp@ﬂ feithilalIndedefifaan

eval uated for cytotoxicity in certain cell lines which express nornal

| evel s of to®Ve required for cell proliferation, conpared with cell lines
that are deficient in or underexpress topo |I. Said "selectivity index"
(R'S) was generated by dividing the cytotoxic IC50 of a particular
conpound agai nst a canptothecin-resistant nmurine | eukema cell line, 15
P388/ CPT45, by the |1 C50 generated when using the parent P388 cell |ine.
Conmpounds that are structurally closely related to the

i ndol opyrrol ocarbazol es previously identified as having topo 1 activity,
as well as reference agents known to exhibit cytotoxic effects as a result
of other nechani sns of action, have been shown to exhibit



a w de and unpredictable range of selectivity indices (R'S) (Prot. AACR
1997, 38, 20 75). A level of selectivity was judged to be advantageous and
benefi ci awoim/07265 exanpl e, nodul ati ng potenti al undesir blrase2/os1ef f ect s
and/or toxicity. The conpounds of the present invention were selected from
conpounds generically disclosed in WD 98/07433 and co-pending U.S. Patent
Application, Serial No. 08/ 914566, on the basis of an unexpected and
unpredi ctabl e sel ectivity i nggxilédPRsctiptiohdfahé IRGhtioh) - As can be seen
fromTable | and Il , structuralTy closely related anal ogs which may

exhi bit topoisonerase |I activity and inhibition of cell proliferation, as
neasured by the nEbhpgsenginventipeinglydestingp sygaryng gther sigar depvityenel ase |
selectivity.. S [ i ' r rii .0or the
i ndol opyrr ollggglrgg 1?(())1 gﬁg%%?‘?sod% f%ﬁ{ligy%% gég}#létdo%ﬁr?\g}één?ﬁ%ﬁ%\%}ﬁ)ﬁu@ﬁfﬁggﬁ% e

sel ecti vidt y. pl3dmddeusicaheavgepthble Salsemtlihydiayesieshibittseferici wpabbmefaye biiepo

skilled in the art. The anpt ot heci n cl ass .of conpounds, which al so
exhi bi t's tOpﬁa?tlva% PRFi HsgiU fri H&ﬁ@?ﬂvwl&er&%&osﬁt&%& Topind ety a

unpr edi ct abl g- 618 bh¥inibor eﬁﬁctdﬁi@ﬁihgﬁh‘ﬂaﬁtlﬁ RRNESEn ORE et dnHebdibes Bopd@
02/ 077255 PCITUS02/ 08819 treatnent popul ation, identifying selective

agents for tasiivecenpolrsisaplated folcobgoandsalisclésad imW @ OR/0Fd dY hrtl ergpending
acceptable t peutic ipde n n increased saf et nd . tolerability.
i not H o APRTEon, 55 RHY5 ETARG PR RESR i STGhde B Fetelelidl T ¢ he
sel ect edi0 ndwhies Alsparal @@ﬁ)tﬂsﬁné HR1 HeRPRd deliéa ity RideXnGBA ebguaypPREt ed to

n_

exhibit a 5 canptothecin-1ike topoi sonerase | selectivity and antitunor
activity. | rEYdpschy in ¢aiain epdk lites Whikhediprass nenal de vséssofdepp bisaasedior eglt nul a
I, H Ra N e T 1S : - . ' a

t opol somer adtof HE B r RS P BT ie phu e B et pPhaorg SV

enant i omer s, Said “selectivity index” (R/S) was generated by dividing the cytotoxic ICso of a

particular compound against a camptothecin-resistant murine leukemia cell line,

15 P388/CPTA45, by the ICsy generated when using the parent P388 cell line. Compounds
that are structurally closely related to the indolopyirolocarbazoles previously
identified as having topo 1 activity, as well as reference agents known to exhibit
cytotoxic effects as a result of other mechanisms of action, have been shown to exhibit
a wide and unpredictable range of selectivity indices (R/S) (Proc. AACR 1997, 38,

20 75). Alevel of selectivity was judged to be advantageous and beneficial in, for
example, modulating potential undesirable side effects and/or toxicity. The
compounds of the present invention were selected from compounds generically
disclosed in WO 98/07433 and co-pending U.S. Patent Application, Serial No.
08/914566, on the basis of an unexpected and unpredictable selectivity index (see

25 TableIand II). As can be seen from Table I and II , structurally closely related
analogs which may exhibit topoisomerase I activity and inhibition of cell proliferation,
as measured by the methods given below, still vary in their topoisomerase I
selectivity. Simple changes in the substitution of the sugar portion or the
indolopyrrolocarbazole portion of the present invention will change the selectivity.

30  This change in selectivity is not predictable by one skilled in the art. The
camptothecin class of compounds, which also exhibits topo I activity and selectvity,

does not exhibit such unpredictable selectivity. As demographic changes occur in the
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di astereonmers, pharmaceutically acceptable salts, hydrates, prodrugs and
solvates thereof. Ra and Ro may either be H or taken together as O.
Simlarl ywoRa/o7astl Rb' nay are either be H or taken togeth@rusazosdio X1,
X1', X2 and X2' are each independently selected fromthe group consisting

of F, Br and H is selected fromthe. group 15 consisting of NH, S and 0.
Finai 1y, R S e PR TS OE PG R I drE g B X 1 s
F, X1' is sefseekest froatinehe Leqble MRaipshtid@ide0hndhad iBiéasanshfetdn@nd X2'
are selected fromthe group consisting of F and H |n another preferred
enbodi ment , iRierghlatyxin samenqgthingan ghegepartedditeratyre sionldguiggest NHeagpthpithy et

anot her pr ef : [ [ 5 F. . n areH Qis  NH
Ra and Rb ar%ﬁf{cge%elﬁwggéé%ﬁesg%ﬁﬁq%%}gﬁgﬁ% mlaéﬁ gb%;e)gpae?légedégfgmgﬁgsti tuted
hexose dr ougnigothecidMike 261bist2adeCEEISGMA OB LD tit@ibrQictivity: H OH In stil |
yet another preferred epbodinent, X1 and XI' are F; X2 and X2' are H Qis
NH. Ra' and Ro' alescpgiabrihg pephayeniiongompsisespmapuadeoitorgng Isai d
substituted hexose group is  ,,0H O HOH 5 In yet another preferred
enbodi nent, the invention is compound H NOFF N

H
Ry~ N<_ Ry

X4 Xy
X5 N Q X2
R
1

10 having a topoisomerase I selectivity index of greater than about 100; its enantiomers,
diastereomers, pharmaceutically acceptable salts, hydrates, prodrugs and solvates
thereof. R, and Ry may either be H or taken together as O. Similarly, R,” and Ry’ may
are either be H or taken together as O. X, X, X, and X, are each independently
selected from the group consisting of F, Br and H. Q is selected from the group

15  consisting of NH, S and O. Finally, R is a substituted hexose group.

In a preferred embodiment, X, is F; X;’ is selected from the group consisting

of F and Br; and, X, and Xy are selected from the group consisting of F and H.

In another preferred embodiment, X; and X’ are F; X> and X5 are H; and Q is
NH.

20 In yet another preferred embodiment, X; and X’ are F; X, and X,/ are H; Q is
NH; R, and R, are taken together as O; R,” and Ry are H; and said substituted hexose

group is



HSOH HO OH F 10 In another preferred enbodi nent, the invention is the
compound H ONFF N HOH HOOH F -7 WO 02/077255 PCT/US02/08819 In
still yetweamewnhess preferred enbodi nent, the invention is trhe/usompssund H O
NOFF N HO,,,OH HOOH5 The invention also provides a method for
treating a condition via nodul ation of topoisonerase | conprising

adm nistering to a mammal i an speci es i eed of such treatnent an
effective anount of at |east one co " formula |, as defined above.

In a preferred enbodi nent, the conditjon associated with topoi sonerase | is
H

2

In still yet another preferred embodiment, X; and X’ are F; X and X, are H;

Q is NH; R, and Ry are taken together as O; R, and Ry, are H; and said substituted

hexose group is

Lh
Tt

In yet another preferred embodiment, the invention is compound

2T
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cancer. In another preferred enbodi nent, the nethod further conprises

adm nistering 10 to said mammal i an species at | east one other anti-cancer
agent i n workiomasi on (sequentially or sinultaneously) w POTAIS0Y/e8RsY one
conmpound of formula I. It is to be understood that the present invention

i ncludes any and al |l. possible 5 stereoj.soners, geonetrjic isoners,

di ast er eoi sgrrers,]%egﬁ‘g&e ?ﬂ?gl?eé PEHEShORRS r,neﬁtnfhgslgge:n%oaésrtthlecgalingpu scription
speci fies otherw se. The conpounds of this invention can exist in the form
of pharmaceutically acceptable salts. Such salts include addition salts

wi th inorganic acids such as, for exanple, fthydrochloric acid and sulfuric
acid, and with organic acids such as, $¢” éxafipl e, acetic acid, citric
aci d, nethanesul fonic 20 acid, toluenesul c acid, tartaric acid and
mal ei ¢ acid. Further, in case thef\cenp of +higtinvention contain an
acidic group, the acidic group can @ rm of an al kali netal
salt such as, for exanple, a potassiwgn asSodium salt; an al kaline
earth metal salts such as, for exanple, meghesi um salt and a cal ci um
salt; and salts with organic bases, su as" a triethylanunoniumsalt and an
arginine 25 salt. The conpounds of HéheQr nt invention may be hydrated or
non- hydrated. -8 WD 02/ 077255 PCT/ USD2/ §8819' The conpounds of this

i nvention can be admi nistered in such ordl dosage forns as tablets,
capsul es (each of which includes sustained rel ease or tined rel ease

formul ations), pills, powders, granules, elixirs, tinctures, suspensions,
syrups ard enul sTimigventipa adssriseviderssa sethodifer frepjiag@icondifiay vig medeation

adni ni st er edofitglg&gquﬁa@g«asﬂ ompmilHARALEHRDRA hfmrt G baRRIN AL ouch y

i ntranuscul arl usi ng dosage nown
skill in therqhaenmaoetferiad anains of dilleasc ompoanmetaind aifi fdrenulat s defatedr ed al one
but generally wl

be adm nistered wth a pharnmaceutical carrier el ect ed
upon the basi?oVef w_ére?%ééﬁﬁwgmeém& e&amlﬁpg@f»sgﬂ_a&?ﬂ ytcppisimetage i
phar maceut i c@hcdd 3¢ bhdiRer rOEROYBHBoAmchN iR hANSNTAHRr €&HpAdes AdPthistering
adm nistered in 10 intranasal form by topical use of SU|?abIe i ntranasa

vehi cl eslO ortolsgidimamsdbamsrecied at least ongigibayanti-emseirgent inglonpingéicshes. Wen
conmpounds of, this.i,nventi re.adm.nistered transder, he dosage wi ||
sl Pt R R BRI AL R AR P £

be conti nuou

It is to be understood that the present invention includes any and all possible
15  stereoisomers, geometric isomers, diastereoisomers, enantiomers and anomers, unless
a particular description specifies otherwise. The compounds of this invention can
exist in the form of pharmaceutically acceptable salts. Such salts include addition
salts with inorganic acids such as, for example, hydrochloric acid and sulfuric acid,
and with organic acids such as, for example, acetic acid, citric acid, methanesulfonic
20  acid, toluenesulfonic acid, tartaric acid and maleic acid. Further, in case the
compounds of this invention contain an acidic group, the acidic group can exist in the
form of an alkali metal salt such as, for example, a potassium salt and a sodium salt;
an alkaline earth metal salts such as, for example, a magnesium salt and a calcium
salt; and salts with organic bases, such as a triethylammonium salt and an arginine

25  salt. The compounds of the present invention may be hydrated or non-hydrated.



WO 02/ 077255 PCT/ US02/ 08819 DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS
Representati ve procedures for the preparation of Formula (lI) conpounds are
i 1l ustratwooen7B@6henes 1-9. 5 SCHEME 1: Preparation of Exaepluso2essand 28
BnBut BnBut O NO O NO F/ \/ | F NaHVDS, THE F/ | IFFN F/0Bn F\

NN/ F HHDno B Bn BnO OH EtOH
2. conc. HC ]HWEﬂ“sC gb&bhlﬁ%nﬁ%‘% “6“% ﬁd’é‘“}i‘“ﬁroﬁ in i‘éch Ogé‘fga SN E \ f
\/ I f F R fo‘n/ns hd tabletdNc s%lesl‘(*@dﬂ:ﬁ]df wWEGEHE ubb N uktathed e #oe-or GBRdBBIRa OBn 5
4 FonF OBn 1. DAST, CH2CI2 H2, Pd(CH)2/C 2. H2, Pd(CH)2/ C CHC13- MeCH

CHCI 3- MeCH pfopmubtmpso ol };@)wdels granules, elixirs, tinctures, suspensions, syrups and

emulsions. The compounds of this invention may also be administered mtravenously,
5 intraperitoneally, subcutaneously, or intramuscularly, all using dosage forms well

known to those of ordinary skill in the pharmaceutical arts. The compounds can be
administered alone but generally will be administered with a pharmaceutical carrier
selected upon the basis of the chosen route of administration and standard
pharmaceutical practice. Compounds of this invention can also be administered in

10 intranasal form by topical use of suitable intranasal vehicles, or by transdermal routes,
using transdermal skin patches. When compounds of this invention are administered

transdermally the dosage will be continuous throughout the dosage regimen.



FFFF FM NFFN\NIfF HHFOOHHOO OH6 (Ex. 22) 7 (Ex. 28)
F OH F OH -10 WD 02/ 077255 PCT/ US02/ 08819 SCHEME 2: Preparation of Exanple
17 BnBut BOBaw7728 N O O NO F/ | \/ | F NaHVDS, THF F | \ PCiusF2/o881F OBn F
\' N N/ FHH1H BnO-BfOCI.BnOO OBn 1 89 BnO 1. ag. NaCH, EtOH 2.
conc. HCl 3. HVMDS-MeOH, DVF HHONO ONO FF 1. 12, Ac20 FF F\ | N

N F 2. NHAOH MeOH F B0 Bn 10 RO 12,
R H Bno Re B 1. DadtESEIIETION O Tl SR BE LN

Representative procedures for the preparation of Formula (I) compounds are

illustrated in Schemes 1-9.

5 SCHEME 1: Preparation of Example 22 and 28

BnBut
N

[t

g OBn
1. aq. NaOH, EtOH
2. conc. HCI
3. HMDS-MeOH, DMF

H
N

F 1. |2, AC2O

. oW F 2. NH,OH, MeOH
H
wo 07/ oen
]
F OBn
1. DAST, CH,Cl, Hy, PA(OH),/C
2. gﬁgiﬁggfﬁcl J CHCl3-MeOH
N

6 (Ex. 22) 7 (Ex. 28)
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CHCI3-MOH HH ONOONOFFFF F\ NNFFNNF HHO F OHF OH

13 F 14 (Ex. 17)

HO -11 WO 02/ 077255 PCT/US02/ 08819 SCHEME 3: Preparation

of Exanplwoblozmna Exanple 31 HH O NO O NO F F 1.12, AGZ@/USOF088N N 2.
NHAOH, MBOH NNHH HOq OBn BnO O OBn 15 16 BnO 1. MsCl,

)%_{nple 1

Nal

NaHM

, acetone H2, Pd(C]-l)Z/C HE CHCI3
NOONOFFEFEF S@W%&H@“W“@PO“"

DS, THF

Y

OBn

(o]
BnO
BnO cl

8

1. |2, ACZO

1. DAST, CH,Cl,
2. Hy, Pd(OH),/C
CHCl;-MeOH
H
oN_o

2. NH,OH, MeOH

-11-

\ioé
F
F

Et 3N BnO 2.
42, Pd(OH2/CHH O

H
no 0 OBn
]
BnO

2. conc. HCI

1. aq. NaOH, EtOH
3. HMDS-MeOH, DMF

14 (Ex. 17)



Me 18 (Ex. 11) 17 (Ex. 31) HO HO SCHEME 4: Preparation of Example 5 HH O
NOONO 1. Z-Leu-OH, DCC, FII - FDVAP, THEFF F\ r NA NI f F 2.

H2, Pd(OHyp/o@or2ss N\ NF HHC, THEHF O OH F 0 0 NH2. HBCT/Uge2/0881%5 HO 13
HO 19 (Ex. 5) Me -12 WD 02/077255 PCT/ US02/ 08819 SCHEME 5: Preparation of

Exanmple 18 and 29 H FDWFF \
2. Dess-Martin F F ﬁcﬁ%fi@ éperl d’g’l né%%ggﬁgﬁiﬁgh H(ﬁmcﬁ%%%?é 0 OBh 12 20
HO 0 1. McMyBr, THE2 ﬁtSNSHF MECN O N OO NOFF Hy PU(CH2ICFF
O 11y Ac0
O O 2 NH,OH, MeOH

HO 0 OBn
15

B0 1. MsCl, Et,N BnO
2. Nal, acetone H,, Pd(OH),/C
3. DBU, THF CHCI3-MeOH

|

4. Hy, PA(OH),/C

Me 18 (Ex. 11)
HO

1. Z-Leu-OH, DCC,
DMAP, THF

Y

2. Hy, PA(OH),/C
HCI, THF

HO HO
5 13 19 (Ex. 5) Me



F\ NNFCHC3-MeOH\ \// HHFN F HOg OHHOg OBn R R2 Rl 23, Ril=
OH R2= Me (Ex. 18) Rl 21, Rl= OH, R2= Me 24, Rl= Me, R2= OH (Ex. 29) 22,
R1= Me, RR®O 0@MI77255 SCHEME 6: Preparation of Exanple 8 H H POTNS@/@BSN O 1.
ZnCl 2, AcOH Ac2OF F 2. NH4OH, MeOHF\ / I \ , F 3. DAST, CHCl2 F N F 4.

H2, Pd(OH)2/CF NS F 0 nMgOBn HOOH - 13 VD
02/ 077255 PCT/ US02/ 088198%%§%£B%§a@#i§?leé§§r?gl"e 23 HH 0O NO O
"NO 1. BOC-(M)Gy-CPNP, F, 1 \/ | F HWA, DIEA, THFF, | \/ | F N

8

HCl, dioxane-THF N s HZN O OHo\ N O OH HCLMeHN HO OH 27 HO OH 2
23) 5 SCHEME 8: Preparﬂti on of Exanple 12

o=-N_o0 o=N_o0
1. TBDPS-CI, imidazole
Y o beaYand
FF 2. Dess-Martin E O NN F
H
OBn

s 2.
( Ex.

periodinane H
(o) o)
HO TBDPSO OBn
12 20
. (o)

HO

1. MeMgBr, THF
2. Et3N.3HF, MeCN

H
N

H,, Pd(OH),/C F O F
CHCI;-MeOH . e e
H
HO 0 OBn
R2
R! 23, R'= OH, R®= Me (Ex. 18) r! 21, R'= OH, R?= Me
24, R'= Me, R?= OH (Ex. 29) 22, R'= Me, R%= OH

SCHEME 6: Preparation of Example 8

1. ZnCl,, AcOH-Ac,0
2. NH,0H, MeOH

3. DAST, CH,Cl,
4. H,, Pd(OH),/C

BnO OBn e 970n
25 26 (Ex. 8)
Bno OBn HOOH

-
:
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HH ONOONOFF1 MCd, Et3N, CH2CA2 F/ F ~/ 2. NaN3, DMV 1 F NS F
4. Ph3P, THF-H20 F NS F HO O OH H2ZN O OH 29 (Ex. 33) 30 (Ex. 12) F OHF
OH SCHENVEWO:.02BrRparati on of Exanple 32 and 34 HH O N O XCWUs02/68814 \/ | F
1. NaBH4, EtCHF/ 1 \/ I F NN2. PhSeH p-TSA, THF NN HH HO O CH HO O

OHF OHF OH 31 (Ex. 24) 3 = =0 : 1 , X=0, Y= H (Ex.
34) -14 WD 02/ 077255 PCT/ é&?ﬁ%@ﬁl&rm&%@agﬁ?a@a&ﬁt uted derivatives
of fluoroi ndol ocarbazol es were conveniently prepared as shown in a
representative procedure in Schenme 1. A fluoroindol ocarbazole core (1) was
gl ycosyl ated by deprotopation with a suitable base, such,as sodium
hexanet hyl di si | azanegp.amd_sgibsequent treatnent with a ohl drgsaigar, 5 such
as the 4-fluorogl ucopy osi de to give-idjeyrpabycosyl i ndol otar bazol e 3.
Deprot ection of F{he\im moietyf of Hpenmew yHat ed Fglycosi/des_sush-fas 3 was
done by base-ind S’_$?@£§MEU_5§_HCTdi :

i nter nedi at e anhyd® attef X &V Ehi ent 1 y
(e.g., 4) using a sybable amne, such as that praqyid
m xture of hexahethyl@dP8il azane and 10 net hanol ITP i
P.D Davis, R A Bit/fetrahedron Lett. 1990,.31..

OH OH
HO 27 HO 28 (Ex. 23)

by reaction with a
i f or mami de (cf.

5 SCHEME 8: Preparation of Example 12

1. MSC', Et3N, CH20|2

2. NaN,, DMF
4. PhyP, THF-H,0

29 (Ex. 33) 30 (Ex. 12)
F OH F OH

SCHEME 9: Preparation of Example 32 and 34

1. NaBH,, EtOH
2. PhSeH, p-TSA, THF

F OH F OH
31 (Ex. 24) 32, X=H,, Y= 0 (Ex. 32)

10 §§, X= O, Y= H2 (EX 34)
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5201). Renoval of the benzyl protecting groups could then be done using a
conventional procedure involving hydrogenol ysis over Pearlnman's catal yst
(20% Pd(vB)02/0om58harcoal) to give a fully deprotected gl ycodisdzogs19 .
Alternatively, a partially depr otected gl ycosi de (5) could be prepared by

treatnment of the corres n enz te 4) with iodine
in acetic anhydrllﬁlg OresYe alli eg%ﬂf‘f é{es‘gfi‘ r('alng?lé E?Ztog‘?? Bn 1997, 53,
11753), fol |@ﬁ©§hl@ﬁfclyhp‘1€pé}hd/§$ shoaa ih e e SHn@dt V8 HrSteBuRG L Sehd@ne Suhsequent
treatment of this selectively deprot ec}t) ed glycoside wth the well-known

f I uori nat i ngflégyeindolop@bazleirae k) was slpjosulatedbytdeprotenstipa lith a suirblowask. by
debenzyl at | srthcﬁlﬁ? p&Jl&ﬁlﬁexnggtﬁylgisﬁlgzan e];nldus%ééequgrﬁql r?fen?%m&lasé] %1881%%% s hown

series of deox cosl des cou repared imn anal ogous

in Schems 2. subhl at tmst ﬂa@egluaopwﬂiosid@mstd:meq%Nfowc@@qinuemcmaihlé gons was
used to convert a perbenzyl|ated glycoside (10) t readlsll_i/ separabl e

m xture of dlpmﬂtfﬂlor( afithe igidg MRipIYI9E Respengylatyd glyy%@wé@ha was Aerbof 11

wi th DAST a f

fl uor odeoxy(i:}?{1 Ucosl g&lﬁﬁfg'?ﬁsgﬁﬁ?‘%%ﬁ % érlgfaﬁtcgﬁm{){%o‘%l'8 {/ee?%fen%gl o e i ?récrl'eded a
di f1 uor odeoxyiad laai wies ohdgnicrRBl wheeltedieoxy ginyde0@igd el uwag @ suinaitﬂ@amﬁfé as shown
in Schene 3. enoI of 16, as describ before, gave a

nonodeoxyg| ysé‘gz Eﬁl V}ldseﬁi’ﬁ’é?a\*rgf’? Vi mH“‘]“GdE gf”éﬁﬁ’%ﬂ{‘)ﬂéﬁsg@%? aR¢act i on
condi ti ofs ﬁlé’t‘hﬁ‘l‘xo‘ihﬁglrﬁetﬁﬁf&hﬁhﬁ% gﬁmgtwseﬂ &'y&%h%@ Len, Li%bﬂgj’zt he
previously described 30 approach e resulting primary a coul’d then

be acti vat ed520fleremamiI0é tfmsbemzysl pr vtesthagreumukUtﬂlsmq@émd weinghe
correspondin d to under Ienent of

H using a Sorvel Oé’a%?hoﬁ%dub%@égﬁwdé%geTO Sis pEe D3l F ol b o) 06516

di azabi cycl opd&O)DdvBEEEcaly trteve DR, dep@t@keaeal?co\sideﬁv) eA lR@hativRlyf, anal
hydrogenol ysis step then afforded a di deoxy LTyc05| e 18. Unprotected

gl ycosi des ﬁ?%kywplﬁectt%glﬂwsé@d&go%% Pfﬁ‘@alled by|tegtnprant 5 8| ect i vel y
functi Onl%l ' c%?r %§ n?ﬂh aCI éﬁ%@ﬁ@éﬁdﬁ?@%fﬂp d?ne iff %éti‘é nﬂgcli (CIf %gP %13)

wWith a protec enzy oxycar coul d
be done selRatlay RI.A{. FinkleFersthadrdarndoesisen 17330 dbilmectbpﬁydrbky@ﬁ ofigieng, for

| e, : . :
exanpl e intermediate acetate. Subsequent treatment of this selectively deprotected glycoside
with the well-known fluorinating agent DAST [(diethylamino)sulfur trifluoride],

followed by debenzylation as before, then gives a fluorinated glycoside (6).

A series of deoxyglycosides could be prepared in analogous fashion as shown
in Scheme 2. In this case, a judicious choice of reaction conditions was used to
convert a perbenzylated glycoside (10) to a readily separable mixture of dibenzy!l (11)
and monobenzyl (12) glycosides. Treatment of 11 with DAST and subsequent

25  deprotection, as before, then gave a fluorodeoxyglucoside (13). Identical treatment of
the diol 12 afforded a difluorodeoxyalloside (14). Related deoxyglycosides were
prepared as shown in Scheme 3. Hydrogenolysis of 16, as described before, gave a
monodeoxyglycoside (17). Alternatively, a judicious choice of reaction conditions
furnished a partially deprotected glycoside (15), using the previously described

30  approach. The resulting primary alcohol could then be activated, for example as its
mesylate and subsequently the corresponding iodide, and induced to undergo

elimination of the element of HI using a suitable amine base, such as [,8-

-15-



di cycl ohexyl carbodiim de (DCC) and 4-dinethyl am nopyridine (DVAP) to effect
the reaction. Subsequent deprotection under standard hydrogenol ysis

condi ti orwOtoben723D gave an amino acid ester (19). Siml arlpgT/usn/essiaci d

am des coul d be prepared as shown in Schenme 7. Reaction of an

am nogl ycosi de (27 Lth-th -nit 833556 |. ester f a, protected anino

20 0. Oshon suteitistS ke B PR R asns 1 i ey SRR By
standard pepitsighes afibldead dewtweddi@mgondi tions afforded the am de 28. 15
Al kyl ated gl ycosi des could al so be prepared as shown in Schene 5. A

previously prepared diol (12) was selectively protected as its nonosilyl

ether using St andandaldyhall N, RRRIEY' 0% oRUSaRP L LSRLIR el {1

ter-t-butyl di pheny I'orostfane i resence of 1 azol'e, using a

sui t abl e ol sedsrtively Ghnamndiizeatad xhdon ESdhdee 4. SUhFLGUSN L flastadicoside 0f3)t he
remai ni ng unprotected hydroxy substituent was then 20 conveniently done

usi ng Dess- MEHDRPprofested ammnameic sugikasdN engy exgeatbopd-Telapsingncould be fersdi at e
ket one (20). i f i A O : pt
nethylnagnes%%%@ggg%?8%ig%@agh%gggﬁgﬁ®ggg§@vg§q%@“t%%Egﬁveﬁ’protecting
group, usi ndicydoletxichdmdiimider (DRYdy afdl 41dmialle;l amganvpyiadine HAMAP) se pHea bhe

m xture of the two _tertiary alcohols, 21 and 22. The |latter. .two conpounds
were then i ndAHWuaY 9?%”5%@?95‘?‘@’(9?«%@”8%5_%@2&léthr%’eé‘PVélstCHBélHB‘P%Q?F@I ucosi de
23 and the nehlwhahlieshde eddr (19VOSREiIl QT hnaloedi HANMEeStERS bObrepanank ety of
aromatic cores related to j, could also be prepared as shown in Schene 6,
usi ng an anashogaus Sapgnedc Reastibnrdaotamonoglyeaidiet 2Orgitathegroijrogesyt ¢ded i n

Schene 1. 30_Sel ect f l.uor agl ycpsi de ch _as could al.so be.fur.ther
Fanet omal + o2 BERCEH ditP RAG R3S P ONG RS Rd Rk ANS Sy
al cohol as i tilefBraydad pe@itié coupbndRHPSEETHRRdIChS MEOeBR1hids @BSequent

di spl acenent using sodi um azide in dinethylfornmam de gave the
correspondi ng azi de. Reduction of the azide under Staudinger reaction

conditi then ﬂ%%r?até&‘ﬂg@éﬁd%@ 3% da?s'o;ﬂ%fpé QUL oGRS sPherse e4L €d

f | uor oi ndol ocar bazol’es wa SO rea ced as shown in Schene 9. The
i m de noi et yprarisusly psdpareeicdliclgd2byad sebatinelytpravedtd as its monosilyl ether using

standard silylating conditions, such as treatment with zerz-butyldiphenylchlorosilane in
the presence of imidazole, using a suitable solvent such as dimethylformamide.
Subsequent oxidation of the remaining unprotected hydroxy substituent was then

20  conveniently done using Dess-Martin periodinane as oxidizing agent to give an
intermediate ketone (20). Reaction of 20 with a Grignard reagent such as
methylmagnesium bromide and subsequent removal of the silyl protecting group,
using triethylamine trihydrofluoride, gave a readily separable mixture of the two
tertiary alcohols, 21 and 22. The latter two compounds were then individually

25  deprotected as before to give the methylglucoside 23 and the methylalloside 24.

Monofluorinated glycosides of a variety of aromatic cores related to 1 could
also be prepared as shown in Scheme 6, using an analogous approach and reaction
conditions already described in Scheme 1.

30
Selected fluoroglycosides such as 29 could also be further functionalized as

shown in Scheme 8. Selective activation of the primary alcohol as its mesylate and

~16-



reduci ng hydride, such as sodi um borohydride, with further reduction using
benzenesel enol to give essentially equal anmobunts of the correspondi ng

| act ams ARO0ani772838, as a separabl e m xture. 10 The phar na®cramsnzreds19
properties of the conpounds of this invention may be confirnmed by a nunber
of pharnmacol ogi cal assays. The .exenplified. phar | ogi cal assays which
Foi Pow have SosHoEa RS A foifh Shan s dhH A DR e TS Sor di ng

to the inventdrRBpor C?TM&E. SREBEASEof thOGEILY uhder StdhdMideF Rhacd@PQInamRE ase |
activity was neasured as described bel ow. The procedﬁre for assaying
conpound- i ndieegaveitbpainsitendd ase | - medi ated single strand breaks in DNA was
essentially that described by Hsiang, et al., (J. Biol. Chein. 1985, 260,
14873- 14878). Sanpl es dissolved in 100% DVSO as either 10 Mor 10 ng/ m

sol utionsg, 20 unlEssaohlagt vhisefstladted fluveiklotichtbagsled Wasalss rdalilVrdduédder .
Mari ne bacteriophage PM2 DNA (Boehringer Mannheinm) was also diluted in

Tri s- EDTA buasfsBpwidn achesamn@ e hbe dpide maigty ovag firgigegiced by freatmeat WHh But i ons of

t he conpound..Rei: aj.u ). WLt 0 adl his mxture
wns added T o 1500 ni el BkEs SHRUE BRI Dk PRI oS The
anmount capabbeazafese¢leha@xo goyekenriglipéqualipaoaas biidhe 26rrEddanding dqupemaos32raidel y 30
m nutes at 37C) aliquqts of purified human topoi sonerase | (Topogen) in 2X
reaction buf lasfléelg‘f%}l?mtlﬁérereacti on. The conpound- DNA-enzyme m xture was
i ncubateg) for 30 mnutes at 37 C before stopping the reaction with warm
stop buffer containing sodi um dodecyl sulfate and proteinase K (Sigma).
These mi xtures wERephimacdgita propsuibestad thet c@Ouhds ofathistihesntidd mmeyrhgt es, at

which tinme the,.30 mxtures we renoved fromt wat er bat h_and extracted
Wth a2 SEReEbs b BuERer AR SE) s ofhs SR bRt ERE
centri f ugat i @RaysaVliieMRiI®wOavk HeeBeiBOUSUBNAS &S combiuie R ZA7saR-5 according

PCT/ US02/ 08819 were placed in wells of a 0.9% agarose (SeaKem) gel in

Tri s- bor at e g Bvetit ai ning 0.5 pg/m of ethidi um bromi de and subj ect ed
to el ectrophoresis for 15 hours to separate the different topol ogical

I somers @nd Phsdidméade PARKSHRY BN Pindil t er

Topoisomerase I activity was measured as described below. The procedure for

assaying compound-induced, topoisomerase I-mediated single strand breaks in DNA
was essentially that described by Hsiang, ef al., (J. Biol. Chem. 1985, 260, 14873-
14878). Samples dissolved in 100% DMSO as either 10 uM or 10 mg/ml solutions,

20  unless otherwise stated, were diluted in Tris-EDTA buffer. Marine bacteriophage
PM?2 DNA (Boehringer Mannheim) was also diluted in Tris-EDTA buffer to a
concentration of 0.02 pg/ul. Different dilutions of the compound being evaluated
were mixed with diluted DNA and this mixture was added to 1000 unit (one unit of
enzyme activity is defined as the amount capable of relaxing 100 ng of supercoiled

25  DNA in approximately 30 minutes at 37°C) aliquots of purified human topoisomerase
I (Topogen) in 2X reaction buffer to start the reaction. The compound-DNA-enzyme
mixture was incubated for 30 minutes at 37° C before stopping the reaction with
warm stop buffer containing sodium dodecyl suifate and proteinase K (Sigma). These
mixtures were allowed to incubate at 37°C for another 10 minutes, at which time the

30  mixtures were removed from the waterbath and extracted with a 24:1 mixture of

chloroform/isoamyl alcohol. Following centrifugation, aliquots of the aqueous phases

-17-



destaining the gel in water, the ethidium brom de stained DNA reaction
products were 5 visualized by exposing the gel to UV irradiation. Negatives
of the phwowmgnaphs of the irradiated gels were scanned wPCh/Us0ziesss? t onet er
and areas under the peaks were calculated in order to obtain percent

single stran [ I - i tive
concentrati oﬁel%cg?%%jseﬁggﬁp'r?g%a?agéseggg%ec %Lﬁlﬁgﬁ%t@%ﬁéﬁ%%wé
bet ween poi nd.§ pefmt dfeetitidauh biongde asesubfdeedit to elacuwephdreihfaddbiboes to he 10

potency of the conpo for its effect in jnducjng topoi rase | -medi ated
B hgl e’ ot r oGk S Foio B0 BN SO S BRSS! DA DNAS. A cer tai n
conpounds  of ddshnin PERSRN N WAKE L QRIJANR bRIGVE sRRIAWNA rdRBbE plodubd wird I 0

Cel | -Based Cytotoxicity Activity The proliferation inhibition activity

agai nst thhe viswdlized PRegpasild the gelgo WA irradbatipna Negetdivesf thel phovegraphs af tet i on
of a soluble. tetrazoliumformzan.,assay. for cell growth.and.dru
sensitivity ﬁlﬁgkaﬁq%f%?hse‘?eﬁssfﬂjd]eﬁﬁy aiﬂ%nwﬁt& an Lgl\g%ll thFipﬁ%?,W%%s done
accor di ng t ocdlfigated Brader © WHesE péloest sitlanae DNRE HreakF88natthd, forkeil - 4833.
Cells were plated at 4000 cells/well in 96 well microtiter plates and 24 h

| at er drugs YWEM¥e. Adeshamyeffecsiae ranqepuriqnEedo) Wireoiained fopench qomnowad by at

37C for 72 h, at which tine a 20 . tetrazoliumd XTT, contal.ni phenazi ne
rethosul f at R ARITER G dnGar SEeRat e iTy et e uh Rl RN df Ced | e
XTT to ad orpatétgtof asamisount ghititdffecdindibing WhbisbmeRsd Dnkeiatpdanidd at ed

spectrophotonetrically. The %r eater the absorbance the greater the nunber
of live cel|¥rangheeake sy PNA. aFle Oppisemease bactixkies dopertaipfioatpopads Hdbeir ug

concentrati ?@.e%%wg%ﬁt?ﬂ{ 8~eisﬁ&wibélo%hlc’ira8fe(1! iferation (i.e., absorbance 25

at 450 nm at of untreated control cells. Simlarly, P338
murine | eukema cells were nmaintained in RPM 1640 supplenented with 20%

fetal bovi nelis¥itrenCahiBaséd Cvtdtoxieity Aptiviy hanol . A canpt ot heci n resi stant

subl i ne, P388/ CPT45, was sel ected for resistance to 30 canptothecin and is
cuer 000, o EStpkaBlcl 8yl S BRHD LMER R Bls Mo B MO
resistance hasasneensFoluws.t BydigatiohedueelibleaveiDliah/ lopna:HOoRE dsecell

growth and drug sensitivity in culture, using human and other tumor cell lines, was

done according to the procedure described in Cancer Res. 1988, 48, 4827-4833. Cells

were plated at 4000 cells/well in 96 well microtiter plates and 24 h later drugs were

added and serially diluted. The cells were incubated at 37°C for 72 h, at which time a

20  tetrazolium dye, XTT, containing phenazine methosulfate was added. A

dehydrogenase enzyme in live cells reduced the XTT to a form that absorbs light at

450 nm, which could be quantitated spectrophotometrically. The greater the

absorbance the greater the number of live cells. The results are expressed as an ICso,

which is the drug concentration required to inhibit cell proliferation (i.e., absorbance

25  at450 nm) to 50% of that of untreated control cells.

Similarly, P338 murine leukemia cells were maintained in RPMI 1640
supplemented with 20% fetal bovine serum and 10 uM 2-mercaptoethanol. A
camptothecin resistant subline, P388/CPT45, was selected for resistance to

30  camptothecin and is over1000-fold resistant to this compound (Woessner, et al.
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In vitro cytotoxicity was assessed in tissue culture cells by MIS (3-(4,5-
di nmet hyl t hi azol - 2-yl ) -5-(3-car boxynet hoxyphenyl ) - 2- (4-sul phenyl)-2Htetrazo
lium 5 womewn7aeadt) assay (Riss and Moravec, Ml . Biol. @erIusi9esdo 3
(Suppl.), 184a). Cells were plated at 8,000 cell/well in 96 well mcrotiter
pl ates and . 1ou [ r I i . re made
and added tcz)é ’tl%g ’?:QZSI l\?ze e cbé )S%bg%h%ﬁ%ﬁgg{%g&gt&ggéfﬁ ? g?l?(%{grg%‘o%s, at
whi ch-time theéudedtieaiodfitopoisyreraddllS at 333 g/ml (final concentration), in

conbination with the el ectron coupling agent phenazipe 1 t hosul fate at
25 pM (fi nal concfén‘i“i"%PYtBW)?‘m\h%(é”aécT‘a%‘és.edAg&%W&Pﬁbﬁﬁﬁgéb%g%ﬁ@‘%na live
cells redUCecﬁnieﬁ%rltME%olt-él%g-51‘-8%&!%63@%;%3&8?12&94}@@-3@ %&gQ-Me%kﬁmxﬁfin be

guantitated spectrophotofrétri cal ater the sorbance the greater
t he nunbér ioferdsaitpassat (Riss aluéVipesed, Molabio!. oabr 92 ed (Sigphh 18650, Callhi ch is

the drug concentratio equired to inhibit.cell proliferation (i.e.,

absor bance a\f’érﬁ@at?dﬁt%t%{oégkjé%ép ’t“h(%tw‘gr miggoliigt plates apd %ﬁf?réllatﬁrgﬁ(ef@f ~The
cyt ot oxi ¢ acdjiuviohy of @k t&:EESBpSUNEO KRALAES Ad ddaed By BE e8lls. ITheaRls @re | N bot h
parental P388 and the canptothecin-resistant P388/ CPT45 cell lines are

shown bel ow infybafraat 871C f@(2dwiuess i which timedbs tepredjunrdie, MT2 et 334 #g/mindex

(R'S) is defji: | i ned. hvi di.n e 0 .ue obt ai ned
usi ng Pases doieErtdRghR i SRR e e Al dRelfit® il RS
rati os uded mehdailfrgaid N €fifialcahienaatiapavds adédd cA idehidtoghasadnegine dn
compounds of this invention are 25 By way of

hown bel ow i n Tagl e l.
conpar i son, H¥feetlpriupesdhe M/TSt pa %ﬁ'ﬂld{“l‘b@ibﬁ‘?lﬁ/h%md‘t %? BRWRIFR 621 Bidex of
closely rel a&t%ﬁtiﬁ%‘%@&t%ﬁlb%%etﬁ&ﬂ . ITh@ldale? itld 46R6:BhALGhOEALRAAR] RSnIRE €
shown below in "Table H “-19 WO 02/077255 PCT/ US02/ 08819 “Tabl e I "Tn Vitro
Topoi soner as¥ liveAets. vThereants aByexjuressed as an Iiso, Fopch sdhedamgeonceggheat i ve
Anal ogs agali rgcsl&ire roIirﬂﬁbi'?%e%?pllb?ilfle%gt%na(i.ecf la{)sso'rbance at 492 nm) to 50% of that of
15  untreated control cells.
The cytotoxic activity for certain compounds of the present invention, in both
parental P388 and the camptothecin-resistant P388/CPT45 cell lines are shown below

in Table I

20  Selectivity Index (R/S)

" The selectivity index (R/S) is defined as the ratio obtained by dividing the ICsg
value obtained using P388/CPT45 cells by that obtained using parental P388 cells.
The R/S ratios used to determine the relative topo I selectivity of selected compounds
of this invention are shown below in Table I.
25
By way of comparison, the topo I activity, cytotoxicity and selectivity index of
closely related non-selective, topo I-active fluoroindolocarbazoles are shown below in

Table II.

-19-



5H RaNRa RobXX2, NQX2, H(Note: The structure inmmedi ately above
Is to be used to define the exanples below. For all exanples, except 32
and 34, Rvoan@7RB5 are taken together as 0; and Ra' and RbPCTArSe2/08sken
together as 0. For exanple 32, both Ra and Rb are H and Ra" and Rb' are 10
taken together as 0. For exanple 34, "%E Rb are taken together as 0; and
both Ra' and Rb' are H') Topo |I' P388t ctivity Ex. X1 X1 X2 X2. QR
ECS0 1 G50 | f'!ﬁﬁVmo(Ml_?dlbdera?é ﬁ*ﬁ\ctl%dﬂanﬁ %ﬁoﬁ%&]@%oﬁoﬂﬁ?aéﬁj&ﬁedtw@" HS

OH 2 off FF 0.06 0.018 108.0 016
110.4 OH OH\nalogs against Murine P388 Leukemla Cells.

(Note: The structure immediately above is to be used to define the examples below.
For all examples, except 32 and 34, R, and R}, are taken together as O; and R,” and Ry,”
are taken together as O. For example 32, both R, and R, are H and R,” and Ry are

10 taken together as O. For example 34, R, and Ry, are taken together as O; and both R,”

and Ry are H.)
N I A : Topo I’ | P388" | Selectivity
Ex | X | X | X | X2 | Q R ECs, | ICq Index
GM) | (M) R/S*
1
F| F |H| H | NH 0.05 0.057 101.7

2
F| F |H| H|NH e 0.06 0.018 108.0
F OH
F
3 \ WOH
F| F|lulH]| s 0.06 0.016 110.4
v~ oH

OH
4 { WOH
F|F |H|H|NH Y 022 {0012 110.9
OH




FFHHNHO. .22 0.012 110.9 OH off off -20 WO 02/077255 PCT/ US02/ 08819
Ex. XI X1' X, X2' QR Topo I~ P388t Selectivity EC50 1C50 Index (M (M
R'S* 5 Lwa.02B785% F NH ND 0.032 112.5 F OH Sd 6 ~ F F BCHUS0Z/8d19, 07
0.068 >116.3 HpN CH bH 7 PHF FHHNHI aa MomOH 0.01 0.076 >116.4 bH

N8 4H F F FFS6-12 :L;fu. H-9-—66HFFFFS—0,230-035
AN §
120.2 OH 1q o |§(1H & HQ\HQ )2Qo. 068 1213 TE%OI I;z,css* SelIectmty
50 50 ndex
QM) | M) R/S*

5 oL
F| F|r| F | NH ij\ jgj\ ND 0.032 1125
F OH
6 1 WOH
F|F|H|H] s oY 0.07 0.068 >116.3
HaN g -
F| F |H| H|NH i \)03:“ 0.01 0.076 >116.4
w” " on

8 o
F F F F S 0.12 0.052 119.1
v You

9 i WOH
F| F|F|F S 0.23 0.035 120.2
OH
10 T o
F| F |H| H | NH \/5\ 0.02 0.068 121.3
" Y QX
R
11 o
F| F |H| H | NH /é\ ND 0.016 125.3
4 OH
12 T o
F| F |F| F S N 0.02 0.002 131.5
HaN. !_ oH
[
13 o
F| F |H| H S O Jé\ 0.16 0.10 140.0
N 'OH

OH
14 i AOH
F| F |F| F | NH 0.03 0.006 140.3
H F/ ' OH
15 1 JOH
F| F |H| H | NH ﬁ\ 0.03 0.005 >149.7
OH




OH N3 11~ FFHHNHaHND 0.016 125.3 OH12 " PH F F F F S 0.02 0.002
131.5 ZNOH 13 FFHHSO0.16 0.16 0.10 1400 NOH OH 14" FF F F NH
vy, OH 0.WB 000265 140.3 HOH F F 15 OHF F HH NH 0. 02Cou305088149. 7 OH
-21 WD 02/ 077255 PCT/ US02/ 08819 Ex. Xl X1" X2 X2 Q R Topo | P388'

Sel ecti vi ty EESO+HECSOAnrdex—(—tM—(M—R-S—16—FF—FB—H1+-606-0570. 047
177. 4 n . . Topo I’ | P388" | Selectivity
Ex. Xl Xl X2 X2 Q R ECs() IC50 Index
WM) | (M) R/S*
16 ’ i OH
F|Br|H| H 0 @\/& 0.05 0.047 177.4
H 7" YoM
EW
17 T o
F|F |F| F | NH 0.45 0.041 179.2
F. g
18 T o
F| F |F| F | NH K/{:k ) ND 0.008 184.8
" OH
19 7

0.06 <0.003 >195.2

e
T
o
i
&

N3

20 1 (OH
F F H H NH @\/é 0.02 0.002 201.2

H iom

21 i OH
F F F F NH \)6\\ 0.07 0.005 207.7

H 'oH
NH 0.08 0.014 287.7

3
Tl
s}
s}
1l
Ty

23 ) on
F|F || H S My’ ND 0.025 306.8
Y1
24 o
F| F |H| H | NH 0.02 0.002 379.0
E
25 T o
F| F |H| H | NH 0.01 0.003 381.5
“\/Q\OH
F
26 T o
F|F |F| F S 0.13 0.011 387.8
Fvé\w
27 ©on
F| F |H| H | NH oy 0.15 0.004 448 4

pal
[=)
T

I
[\e]
B

[



HOH OH 17 aoOHF FF F NH 0.45 0.041 179.2 /F 18 ,OH FFF F NHND
0.008 184.8 OH 19 OH FF HHNHO0.06 <0.003 >1.95.2 OH 20 F F HHNH
,OH 0.02 woeRA7283.2 H 'OH 21 FFFFNHOO.07 0.005 20CT/US02/@1H 22 *
H FFFFNHO0.08 0.014 287.7 OH 23 F F HH S HN,SOH ND 0.025 306.8 OH
bH 24

, o L Topo I’ | P388" | Selectivity
Ex. | X | X (XX | Q R ECs ICso Index

(M) | (uM) R/S*

28 ¥
F| F|F| F|NH ﬂ°” 0.05 0.004 4992
H -~ VoH
29 { OH
F|F | F| F | NH @\)a ) ND 0.005 539.6
H ptile}

30 GH
F| F |F| F S oY 0.01 0.000 575.5
H OH
-
31 i (OH
F| F |H| H | NH oY 0.08 0.004 720.7
“K)\jj\oa
32 T o
F| F |H| H|NH ND 0.005 1051.8
“\/sz\w
E
33 i OH
F|F |F| F S 0.05 <0.003 >1657.6
£
34 | OH
F| F |H| H|NH ND 0.002 2859.5
H\/ij\on
%F

5 The topoisomerase-I assay mentioned above was used as the screening assay. Median effect

concentration of analog for inducing single-strand breaks in the DNA substrate.

" Median cytotoxic concentration (IC,,) following 3days of continuous exposure of analog to P388

murine leukemia cells or P3§8/CPT45 cells that have acquired high levels of camptothecin resistance.
5 * Ratio resulting from the ICsq value obtained for P388/CPT45 cells divided by that obtained for

parental P388 cells.

Table I1
In Vitro Topoisomerase I Activity and Cytotoxicity of Topoisomerase I Non-

10  Selective Analogs against Murine P388 Leukemia Cells.
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FFHHNHY "
381.5 HOH F-~

26

.,,0OH 0.02 0.002 379.0 HOH 25 F F HHNH O0~~CH 0.01 0.003
FFFFS"oHO0.13 0.011 387.8 F OH27 OHF F HHNH
0. 15 0. OOwO0H4@7725F OH -22 WD 02/ 077255 PCT/ US02/ 08819 ExPCXWSKE/08€29 XZ Q R
Topo |~ P388t Selectivity EC50 |1 C50 | ndex
0.05 0.004 499.2 HOH29 FF F F NH O

S "GH 0.01 0.000 575.5 H OH 31 off

(M (M RS 28 FF F F NH aCH
0.005 539.6 H,.,nOH 30 FF F F
F F H NH 0.08 0.004 720.7 H OH 32

O O
X1 O O O X1’
Xy |}1 Q X2
R

(Note: The structure immediately above is to be used to define the examples below.)

, ’ Topo I' | P388' Selectivity
Ex. X1 Xl X2 X2 Q R ECs() IC50 Index
(UM) (LM) R/S*
35| F| F {H| H| S N/ SN R 004 >7.68 <1.0
HC)‘U W
36 |F|H|H| H| S N\){ji‘c’” 0.18 8.99 <11
M (a3}
Bn
37 |H| H|F| F | NH D\/{jﬁ@” 0.24 0.26 8.7
H 7 OH
B
33| F|F |H|H]| S "\ en | ND 1.115 25
a OH
NHz
% |F| F |H| H|NH &/O\"” 0.10 | 0235 5.0
I 'OH
L
o |r|l FlH|lH]| O \/gj:“c’” 0.03 1.78 55
Ha (o];]
G
41| F| F|H| H|NH ﬁ”’ 0.02 0.072 27.3
Hz OH
42 N
H| H|F| F | NH . 0.28 0.127 293
H OH
HE

|
8]
inN
I




aH FFHHNHNDO.005 1051.8 HOH F 33 FF F F S oCH 0.05 <0.003
>1657.6 HOH 34 OHF F HHNH ND 0.002 2859.5 H OH The t opoi sonerase- |
assay nerwpDepez2above was used as the screening assay. Meacanset/ossce
concentration of anal og for inducing single-strand breaks in the DNA
Ssubstrate. iLan.cvto ic concentration (1Cs9 | 1 ow

conti nuous exp(%s0 ?lse%o?aseof(asﬁa}omg uone%@ Warsnljsrelgi e S)érﬁf(nq "3 ri\?ﬁd%ggf}@t%%/ CPT45
cells that h@v@“t@éﬂmfﬂ@@cﬁ@fgwuql@\ﬁé@s stepid pragkp tndteHBeA Wbﬁﬂé@l Netginoro L actlyily Rat i o
resul ting fr\omuﬁﬂﬂ@mka%o val ue obt ai ned for P388/ CPT45 cell s divided by that
2\2: Iai/:’]'?s ;gg {ag?yrt]otoxw ctoncentfa%c]n (k d(i} fo-li wmceZd eys o% kl%ot\l{l-ugt{:sl-gxp-rsgl eoolf??\[}g[o%%% 0gs

agai nst lﬁjrlfﬂ‘élnpi?v%nlaeﬁlkséwi’ﬁs@ﬂ%ens ﬂZ‘ShamC@QI}e@)leB‘ElSPCPP}’DP}S@)?ATU%P!)C@H O N
O XL " X1 tibreQitingXedm thetiCl, Nate@btaihbtEroSH3BICEL I Relis AIVRIEH Wik YoraboRe is to be
used to define tltlgggé%ﬁsrrpl es below.) Topo I, P388t Selectivity

parenta
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Ex. X1 XI' X2 X2' QR EC50 1C50 Index (EtM (AM R'S$ OH35 FFHHS ~~ S
OH0.24 >7.68 <1.0 H1 OH N 36 FHHHS SOH 0.18 8.99 <1.1 H2 OH OH A
37 HH F WONRIO7THS9. 24 0.26 8.7 H"  OH OH” OH 38 F F H BCSUSR/ISS145 2.5
" OH H2N ,NH2 39 FFHHNHP 0.10 0.235 5.0 "-// OH OH ~ 40FFHHO
'~.H0.03 1.78 5.5 H OH OH .

In Vivo Antitumor Activity

Materials and Methods
Compounds: Examples of this invention were administered in an appropriate
5 vehicle such as cremophor/ethanol/water (10%/10%/80%), in normal saline,

water/carboxymethylcellulose vehicle.

All compounds were tested at several dose levels, with attempts each time to
achieve their maximum tolerated dose (MTD). A MTD was defined as the highest
10 dose tested which did not cause more than one death per set of 8 mice. The
optimal dose (OD) was the dose producing the best therapeutic effect, and was

usually, but not always, synonymous with the MTD.

Tumors: Human tumors (HCT-116 and HT-29 colon carcinomas) were grown
15 as xenografts in Balb/c athymic (nude) female mice.
Antitumor assays. All tumors were implanted subcutaneously (sc) as 3-4mm
fragments using a 13 gauge trochar. There were generally eight mice per treatment
and control group. When treatment was delayed until tumors had obtained a
certain size (weight), referred to as a staged tumor experiment (expt.), tumor-
20 bearing mice Wwere selected so that their tumors fell within a limited range of sizes

for the particular expt.

Tumors were measured by calipers, and tumor weight calculated by the
formula
25 length (mm) times (x) width (mm)*/ 2 = tumor weight (mg). The median time (in
days) to reach a predetermined tumor target size (for example, 500 mg) for
untreated, control (C) mice relative to the time to reach the same target size for
treated (T) mice, was calculated as a T-C value. T-C values were divided by the
tumor volume doubling time (TVDT), and multiplied by 3.32, to yield a gross log
30 cell kill (LCK) value, [i.e., (T-C)/ TVDT x 3.32 = LCK].



OH41 FFHHNHO0.020.072 27,3 > aOH ~ " /O42 HHF F NH 0.28 0.127
29.3 HOH Ha -24 WO 02/077255 PCT/ US02/ 08819 The topoi sonerase-| assay
ment i onedwalewe2dms used as the screening assay. Medi an efPC&atS02/08819
concentration of analog for inducing single-strand breaks in the DNA
substrate. Note: act | VI redi ctab di an 't 0t 0X

concent rati on (1 caoosbris i e e BGR NS B e apBathPE- B “FhaPaT o

P388 5 nuri ne |t1<ﬂt8<&1lﬂihlatocl©|)l $Vm@’§88éé£ﬁ'gﬂﬁ(ml | s that have acquired high
| evel s of canptothecin resistance. $ Ratio resulting fromthe |C50 val ue

obt ai ned for P388/ CPT45 cells divided by that obtained for parental P388
cells. -25 WD 02/ i i i
Mat eri al s and %tﬁgbégﬁgofg?)ydngg:%@%%n%f%@&g}/’%f@%%lbg{rlggltgﬁ%\t/s\% \M&Xh
adm ni st ér ed | weaeaytapini this@aradignehi cl e such as crenophor/ et hanol [ wat er
(10% 10% 80% , in normal saline, water/carboxynethylcellulose vehicle. Al
conpounds were tested at several dose levels, with attenpts each tine to
achieve their maxi mumtol erated dose (Nip A MID was defined as the
hi ghest 10 dose tested which did not cause nore than one death per set of
8 mce. The BpVivee ctidigof (IdphisvaRrised Stdaeive AGMsHsA@ainde best t herapeutic
effect, and was usually, but not always, synonynous with the MID.

Human Colon Carcinoma Cells.

Example HT29 HT116
LCKT MTDJ; LCKT MTDi
(mpkpi) (mpkpi)
Analog | CPT-11 Analog | CPT-11
9 >1.4 1.4 >22 >3.4 >3.4 >22
24 2.1 1.1 15 1.3 1.4 10
26 1.4 2.1 >0 >34 >3.4 >9
27 1.9° 0.8 11 >1.4° 1.4 S
30 >1.4 14 16 -- - --
33 >23% 0.8 11 2.3 2.0 10

10 =1 out of 8 are cures
b=2 out of 8 are cures
°=possible cures

TLog Cell Kill (LCK) is equivalent to (T-C)/ (TVDT x 3.32).
15 ¢ Optimal or maximum tolerated dose level tested in milligrams per kilogram.
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Tunors: Human tunors (HCT-116 and HT-29 col on carci nomas) were grown 15 as
xenografts in Balb/c athym c (nude) fenale mce. Antitunor assays. All

t unors wewe ouopi2éht ed subcut aneously (sc) as 3-4nm fragnmPeraSoz0sse a 13
gauge trochar. There were generally eight mce per treatnent and control
group. Wen treatnent was delayed until tunors had obtained a certain size
(weight), referred to as a staged tunor experinent (expt.), tunor 20

bearing m ce wer eTRetGRPRMAS Whidh@onbitBic thisURhBoh &hd (i thdRods dfi m ted range
of sizes for the particular expt. Tunors were neasured by calipers, and

tunor wei ght pleaaletmrawelblammt iere fuly rﬁn@ltraa Q@Sid@mjt@n of ittre) foﬂlpwerg e(Xﬂ)nphSdt h

et or i neitE e S ot Mhurnd g TR ANod biTF bt B iRYSDe thtFaERR

control (5C) dfyceay i@hainotBe §@pk BEHeiifientionr €ach the sane target size for
treated (T) mce, was calculated as a T-C value. T-C values were divided by

the tunor volunme doubling time (TVDT), and nultiplied by 3.32, to yield a
gross | og 305viHhesisof Inteymediates| ye, [i.e., (T-C) / TVDT x 3.32 = LCK]. -26

WO 02/ 077255 PCT/ &&ﬁé%%éﬁl?e@tgfg&ﬁgomm aE%ﬁ'agngégc&’rUeﬁﬁodafl stafififg® Was no

pal pabl e tunor after a perio I me equa x TVDT post - reat ment
(Rx). Table mﬁtesh]csmsedemtlms;emaaatmne)fémhpioésqts bﬁFommlmhtwdre gmtemjly[ o t hose,
which 5 were evalu

t hi di Tabl Vi t f
Topoi soner acg o GaItBe FIep A1 GEC O ALy VN COPtHovH o RlRs el 1 <.

Exanpl e JiT29HRAG cbfffbundl) %hlkmaymg%mhéméﬁ By) mb¥iKations of‘ﬂﬁlfgﬂzogyg 11
Anal og CPT-11 9 >1.4 1.4 >22 >3.4 >3

synthetic procedures mentioned in WO 98/07433 and co-pending U.S. Application,
Serial No. 08/914566 (both herein incorporated by reference), are set forth here
wherein the substituents are as depicted in formula I, unless otherwise mentioned.
Representative syntheses of some of these compounds are nevertheless provided

15  herein below.

All anhydrous reactions were performed under an atmosphere of nitrogen or
argon using either commercially available dry solvents or freshly distilled solvents.
Melting points were determined in an open capillary tube with a Thomas-Hoover
melting point apparatus and are uncorrected. Column chromatography was performed

20  using EM Science silica gel 60 (230-400 mesh) with the designated solvent system as
eluant. Thin-layer chromatography was done on E. Merck silica gel 60 Fas4 plates (0.5
mm). HPLC purity determinations were done using either a Shimadzu LC-10AS with
a SPD-10AV UV-Vis detector and one of the following columns; YMC Combiscreen
ODS-A (4.6 x 50 mm), or HP Zorbax SB-C18 (4.6 x 750 mm); or, an HP 1090 DRS

25  with a diode array detector and a Waters Nova-Pak C18 column (3.9 x 150 mm).
Infrared spectra were recorded on a Nicolet Protégé 460 FTIR as thin films or KBr
pellets. 1HNMR spectra were recorded on either a Bruker AMX-400 or a Bruker
ARX-500 NMR spectrometer and chemical shifts are expressed in parts per million
(ppm or 8) with the solvent in use as internal standard. Coupling constants are given

30  in hertz (Hz) and multiplets are designated as follows; singlet (s), doublet (d), triplet

(t), quartet (q), muliplet (m), and broad (br). Low resolution mass spectra were

~-28-



24 2.1 1.1 151.31.410 26 1.4 2.1 >9 >3.4 >3.4>9 27 1.9a 0.8 11 > 1.4
1.48 30>1.41.416 -- -- -- 33 >2.3b 0.8 11 2.3 2.0 10 10 a=1 out of 8
are cureswb=s2/opuss5 of 8 are cures =possible cures T Log CeCir/usnt/ssfLCK) i s
equivalent to (T-C/ (TVDT x 3.32). 15 Optinmal or maxi numtol erated dose

| evel tested,in ml]igrans. per Kki r -27 WO 02/ 077255 PCT/ US02/ 08819
The conpoundle AT CEnEISOT IS0 DTG 1R doRTARe RechoBE Dy
preparati on obikivaRBERN e TN Loretdibd inf the M e M H8AAT HRR r&ohktf hak! owl ng
exanpl es which are given for the purpose of illustration only and are not
to be const ripgdraweiedetedmamnd using 4 Kratos MG S0 8 Fsmessespoftraheset usugrtiglon.

Synt hesi s onﬁlqﬁennqg;atqsiSeve %I thetnedigte conpounds as well as ot her
conventi onal ?aP?}%éi‘ﬂ%?%ng} © NgeEH SR 1Y e'preparation of final products
of Formulsa | Allwerpogediesxaltitd s&mml'grm,tm,llmtaﬁd SOINBIR eloMdneal GAAIEE Ci al | y
avail abl e. Additional Exanples of 1.0 forrmula |I conpounds, which may be
synt hesi zed H/erdugh fesalutionsass spepea pdpEgorkPle.synt heti ¢ procedur es
mentioned in WO 98/ 07433 and co-pending U S. Application, Serial No.

08/ 914566 (both herein incorporated by reference), are set forth here
wherein the substituents are as depicted in fornmula I, unless otherw se
mentioned. Representative syntheses of sone of these conpounds are
nevert hel ess provided 15 herein below. All anhydrous reactions were
perfornmed under an atnosphere of nitrogen or argon using either
commercially available dry sol vents og freiyky distilled solvents. Melting
points were determned in an open cap ube with a Thomas- Hoover

nel ting mpi nt appgr-pé-Peodn@-fRictolPIPOEAILAbEFranbH 118D -EiNn6FR 1 DYB-AMYAreAS

per f or med
SH-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione.
H
TN
1Y
ge=e®
H
9 WOH
F WO o
LRMS (neg. ESI, M-H") for CogH18F3N30¢ m/z 524.
15



20 using EM Science silica gel 60 (230-400 nesh) with the designated

sol vent systemas eluant. Thin-|layer chromatography was done on E. Merck
silica gewodRQoF253 plates (0.5 nmm). HPLC purity determnm n&Cirarse2/ossie done
using either a Shinmadzu LC-10AS with a SPD-1QAV UV-Vis detector and one of
the foll ow ng colums; YMC Conbi screeﬁ ODS-A (4.6 x 50 nm, or HP Zorbax
SB-C18 (4.6 x 750 mm); or, an HP 1090 with a diode array det ect or
and a Waters Nov ) G tra were
recorded on a Ni gIo E'fﬁg}g‘ﬂg 51'281( FT?%Q&;S%?? r]y ucoﬁgm'{o ﬁgg l ets. | HNWR
spect ra wer eetrafiooctei2,d8-dihydrerSH-imlalsg3 @Mﬁrﬁﬂﬁ[xﬁr ghaﬂrazlokzrs 7@ERN- 500 NVR
spectroneter, ,and chem cal shifts are expressed in parts per mllion (ppm
or 8 wth t4187%0l vent in use as internal standard. Coupling constants are
given 3045 n hertz (Hz) and nultiplets are designated as follows; singlet
(s), doublet (d), triplet (t), quartet (q), muliplet (m, and broad (bra).
Low resol ution mass spectra were -28 W0;02/077255 PCT/ US02/ 08819

determ ned on a Finnigan Matt TSQ 7008 Piplte stage quadrapol e spectroneter
(positivel/negative ESI) operated in the\ nggative ion node. Hi gh resolution
mass spectra were determ ned ySing 50 EBE nmass spectroneter
using high resolution peak natch ive ion node. 5 All
conmpounds exhi bited sati sfactor , C NVR, el enental anal ysis
and/ or high resolution mass sp re aivar [rabl e. Exanpl e 4 10

12-[ 6- Deoxy- 6-fl uor o- p- D- gal act opyr agd ]O < di /1 uoro-12, 13- di hydr o-
5H i ndol o[ 2,3-a] pyrrolo [3,4- c]q:arbzole S\ﬁ;(g\ﬂ)'(w one. H ONOFF NH
O,,, H F O

To a solution of 12-[4,6-dideoxy-6-fluoro-B-D-glucopyranosyl]-2,3,9,10-
tetrafluoro-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione
(0.100 g, 0.18 mmol) in 5 mL of THF was added a solution of Z-Leu-OH (0.057 g,

10 0.216 mmol) in 1 mL of THF, followed by DMAP (0.026 g, 0.216 mmol) and DCC
(0.045 g, 0.216 mmol). The resulting mixture was stirred at room temperature for 18
h and then it was diluted with ethyl acetate, washed (cold 1IN HCI, H,O, brine), dried
(MgSOy) and evaporated. Flash chromatography (SiO,/ 2-30% ethyl acetate-hexane)
of the residue afforded the protected leucyl ester (0.112 g, 70%) as a yellow solid

15 which was used directly in the next step.

To the protected leucyl ester (0.300 g, 0.38 mmol) and 20% Pd(OH),/C (0.3 g)
in 30 mL of dry THF was added 4M HCl in dioxane (0.45 mL, 1.8 mmol) and the
resulting mixture was hydrogenated (1 atm) for 16 h. The mixture was then filtered
(Millipore, 0.22 pm) and the filtrate was evaporated to give the essentially pure title

20 compound (0.243 g, 92%) as its hydrochloride;
LRMS (neg. ESI, M-H") for C32H»7F5N4O¢ m/z 657.
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HO LRMS (neg. ESI, MH) for C26HL8F3N306 niz 524. 15 -29 WD 02/ 077255
PCT/ US02/ 08819 Exanple 5

12-[ 4, 6- DVO@exyR265 f | uor o- 2- O- | eucyl - (3- D- gl ucopyr anosyl ] - 2C3/1BoXB819

tetrafl uoro-12, 13-di hydro- SHi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] carbazol e-5, 7( 6H) -
dione. 5H ONOFF I - | FHF 1TgNHR |QF OH To a sol ution of

12-[ 4, 6- di deoxy-6-fl uoro-(3-Dgl ucopymnv?y%-z 3,9, 10-

tetrafl uoro-12, 13131[6110@!(1@7&&6 flﬂdﬂi @{mgﬁmai;mmb@ylp[z;&%mlaaﬁhﬁi@lﬂ{ P3¢ 6H) - d
ione (0.100 g, % n of THE was added a sol ution of Z-Teu-OH
(0.057 g, 10‘)@@[&#%]@[% Lﬂ]pxrrﬂb[éﬂ CEtHFrbaMHSo?AéH)ﬁl;orm\/AP (0.026 g, 0.216
nmmol ) and DCC (0.045 g, 0.216 mmol). The resulting m xture was stirred at
roomtenperature for 18 h and then it was diluted with ethyl acetate,
washed (cold IN HO, H2O, brine), driedf (M3SO4) and evaporated. Flash
chromat ography (Si Q2/ 2-30% et hyl aceta flexane) of the residue afforded
the protected | eucyl ester (0.112 g, 7 s a yelFow solid 15 which was
used directly in the next stepg_Tg eucyl ester (0.300 g,
0.38 mml) and 20% Pd(OH) 2/ C (0.7§ dry THE was added 4M HC
in dioxane (0.45 nL, 1.8 rrrml)F ‘

LRMS (neg. ESI, M-H") for CogH 5F5N>OgS m/z 577; HRMS (pos. ESI, M+HT)
calcd for CpgH15F5N20gS m/z 579.064780; found 579.06476.

Example 9
10 12-[4,6-Dideoxy-6-fluoro-3-D-glucopyranosyl]-2,3,9,10-tetrafluoro-
SH,13H-benzo[blthienyl[2,3-a] pyrrolo[3,4-c]carbazole-5,7(6H)-dione.

LRMS (neg. ESI, M-H") for CogH15F5N20O5S m/z 561.
15
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resulting m xture was hydrogenated (1 atnm) for 16 h. The m xture was then
filtered (MIlipore, 0.22 }.Lm and the filtrate was evaporated to give

t he esserwpDakiy2puire title 20 conpound (0.243 g, 92% as iPCI/Usyzessehl ori de;
LRVMS (neg. ESI, MH) for C32H27F5N406 nn/z 657. -30 WD 02/077255

PCT/ USO02/ 08819 Exanple 8
13-[ 6- D deoxy-6-fl uoro-(3-Dgl ucopyra'rE'lxc?%, 3,9, 10-tetrafl uoro-5H, 13H

benzo[ b] t hi enyl [aﬁfﬁﬁ-maéd@L@ﬂﬁglﬁcsﬁﬁanbgapBe-cﬁﬂﬁbﬁﬂl JAB-@fleydro-sSHN O O F
FIIl F S FO,SH F OH off LRV (neg. ESI, MH) for C26HL5F5N206S "/ z
577; HRVS (piadolot%ﬁ-a]mmmyo[Mzﬁlwbawe-éé’gﬁﬂb#mo65 in/z 579.064780; found
579. 06476. Exanple 9 10

12-[ 4, 6- Di deoxy- 6-fl uor o- p- D- gl ucopyranosyl]-2, 3,9, 10-tetrafl uoro-

SH, 13H benzo[ b] t hi enyl [ 2, 3-a] pyrrol o[ 3, 4-c] carbazol e-5, 7(6H)-dione. H N O
OF N

A mixture of 3,9-difluoro-12-(2,3-di-O-benzyl-4-deoxy-B-D-glucopyranosyl)-
6,7,12,13-tetrahydro-(5H)indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7-dione (0.312 g,
0.45 mmol) and freshly activated, pulverized 4A molecular sieves (0.5 g) in 15 mL of
dichloromethane was cooled at 5°C under Ar and then triethylamine (0.095 mL, 0.68
10 mmol) and methanesulfonyl chloride (0.039 mL, 0.50 mmol) were added sequentially.
The mixture was stirred at the same temperature for 3 h and then the mixture was
quenched with 10% saturated aqueous NaHCO3, diluted with ethyl acetate and then
filtered. The filtrate was washed (H»O, brine), dried (Na,;SOx) and evaporated to give
a yellow glass. This material was taken up in 15 mL of acetone, Nal (0.675 g, 4.50
15 mmol) was added and the mixture was heated to reflux under Ar for 17 h. The cooled
mixture was then evaporated to dryness and the residue was taken up in ethyl acetate,
washed (H,0, brine) dried (Na,SO4) and evaporated. The resulting solid was
chromatographed (SiO,/ethyl acetate-hexane, 1:1) to give 3,9-difluoro-12-(2,3-di-O-
benzyl-4,6-dideoxy-6-iodo-f-D-glucopyranosyl)-6,7,12,13-tetrahydro(SH)indolo[2,3-
20  alpyrrolo[3,4-c]carbazole-5,7-dione (0.276 g, 77% overall) as a yellow glass. To an
ice-cold solution of this iodide in 10 mL of dry THF was added DBU (0.157 mL, 1.05
mmol) and the solution was then kept at room temperature for 5 days. The resulting
mixture was quenched with saturated aqueous NH4Cl, diluted with ethyl acetate and
then washed (H,O, brine), dried (Na,SO,) and evaporated to give the product (0.232
25  g,99%) as a yellow glass. To a solution of this material in dry THF was added 20%

Pd(OH),/C and the mixture was hydrogenated (balloon pressure) until the reaction
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FI ~F FS O,,,OHF OH LRV (neg. ESI, MH) for C26H 15F5N205S "n/z
561. 15 -31 WD 02/077255 PCT/ US02/ 08819 Exanple 11

12-[ 4, 6- DVO@eXyR233- D- gl ucopyr anosyl ] -3, 9-di fl uor o- 12, 13- diPlayirsoz/et819

i ndol of 2, 3-a] pyrrol o] 3, 4-c] carbazol e-5, 7(6H) -dione. HONOFF N HOCH

5 OH A mxt
3. 9-difl uor O&Jé%go?]%lgtpé)iy_tg l'JTehﬁ Zrmf(tuhe as ;(hep (f%teB_d (FS%:IE)B and the fl1 gte evaporated
6,7,12, 13- tetbr@:#wzdycﬂ}c(\x'agl)asmcﬁﬁlmﬁﬁ cBro@iap@fghpﬂy(}([SBprd&}tﬂMﬂﬁﬂﬁﬁL)? di one

(0.312 g, rHI% and freshly acti v?t ed,  pul verized 4A nol ecul ar sieves
(0.5 9) in 1 cHde.L eire W EATgoYRE Aha NelWa olibol ed at 5C under Al and t hen

triethylam et hanesul fonyl chloride (0.039
nL, 0.50 nmo a%%“elgpgg ﬁ@%ﬂ%ﬁ“ﬁ%’é’% ture was stirred at the

sane teng)erature for 3 h and then the m xture was quenched with 10%
saturated aqueous NaHCOB3, diluted with ethyl acetate and then filtered.
The filtrate was washed (H20, brine), Eximpld 1@Na2804) and evaporated to give
a yellow glass. This material was taken up of acetone, Nal (0.675

g, 4.50 15 mmol) Iezto-Ammiag-dstrdidepsy- fhﬂa{q;fleﬁ wa&luﬁwreﬂosw 248102 under Ar
for 17 h. Thl%tr%‘ﬁ?lt)ﬁg-S_H_,Bﬂ-benzo[b]thlenyl[u,3-g]pyrrolo[3,4-g]carbazole-S,7(6H)-dlone.

H
N

10

12-(4-Deoxy-4-fluoro-B-D-glucopyranosyl)-2,3,9,10-tetrafluoro-5H, 13H-
benzo[b]thienyl[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione (0.20 g, 0.35 mmol) was
dissolved in dry pyridine (10 mL) under nitrogen at room temperature and treated to
flame-dried, powdered 4A molecular sieves (3.0 g). After the mixture was cooled to -
15 30°C for 15 min, methanesulfonyl chloride (0.030 mL, 0.38 mmol.) was added neat.
The mixture was stirred at -30°C for 15 min and then it was allowed to warm to 0°C
over 15 min, and finally it was quenched with ethyl acetate and ethanol. The resulting
mixture was filtered (Celite) and and the filtrate concentrated in vacuo. The residue
was taken up in ethyl acetate and tetrahydrofuran, washed (0.1N HCI, saturated
20 sodium bicarbonate, brine), dried and evaporated. This afforded 12-[4-deoxy-4-
fluoro-6-QO-(methanesulfonyl)-B-D-glucopyranosyl]-5SH,13H-benzo[b]thienyl[2,3-
~ a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione as a yellow solid which was sufficiently pure

to be used directly in the next step;
1H NMR (500 MHz, DMSO-dg) 6 11.61 (br s, 1H), 9.76-9.66 (2m, 1H), 9.01-8.94
25 (2m, 1H), 8.22-8.19 (m, 1H), 8.12-8.00 (2m, 1H), 7.58-7.48 (2m, 2H), 6.33 and 6.6.23
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m xture was then evaporated to dryness and the residue was taken up in
washed (H20, brine) dried (Na2SO4) and evaporated. The

et hyl

acet at e,

resul ti ngweaekiodr2égms chr omat ogr aphed (Si 02/ ethyl acet at e- Rexarse2/08819) to
gi ve 3, 9 di fl uoro-12-(2, 3-di -

'a12.3 20 al v rarsLd %ﬁ@i??ﬁ&%@ SRV, b AL SRR 2

benzyl -

yel | ow gl a

was added

tenperature for 5y @Qlfﬁmed-mﬁut[cﬁlsd*fl lt’7|-['3fgdeomf)&tﬂ{'[&0\83© (Hiéﬁﬁﬁ@s‘%ﬂjfo

oetit 0.2 EF. 55 15 a8 M B AR HAe 68 kopt "2t 1 oom

paturated

|
aqueous NH4C , diluted with ethyl acetate and then washed I@égb brine),
dried (Na2S@iylccmmnevsdbﬁﬂdﬁﬁﬂbamoﬂn]&heentyl[é Bpar]pmmit)[S(@cmawe@ﬂ(QH% as a

yel | ow g

Pd( OH) 2/

reacti

gl ass.

title conpo

on

in/z 490.

tetraf l uar KI %H@%tgl&l- Fyt}&n qtl?}l%]cq:tate

one.

15

30

& antion 0% o BuBus i emiato Bt CLBRATHRNAR e

- ZddM¥e B240 10725850, A M2 H33AImivas wamRheH o ll?élfo"fd for 4fh@ sy xture

was then filtered (Celite) and the flitrate evaporated give a yell
Col uraPoling mlbgntdpmyel@@e@w@mtmwgﬂmﬁ andl tytlafa@mfm@cptlme

I

- D- gl ucopyr asicapbiat2sadutthnl Brine), dried and evapo1ated The aqueous phase was back-

G\ ppq\plgaplc £Hirget was treated as before. Flash
chromatography of the residue (SiOy/ 10% methanol in chloroform) yielded 12-[(6-

azido-4,6-dideoxy-4-fluoro-B-D-glucopyranosyl)-2,3,9,10-tetrafluoro-5H,13H-
benzo[b]thienyl[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione as a yellow solid,;
1H NMR (500 MHz, DMSO-dg) d 11.60 (br s, 1H), 9.76-9.60 (2m, 1H), 9.09-8.98

(2m, 1H), 8.18-8.15 (3m, 1H), 8.01-7.91 (m, 1H), 6.28 and 6.20 (2d, /=8.9 and 9.4
Hz, 1H), 5.64-5.14 (m, 1H), 5.06-4.76 (series of m, 1H), 4.35-3.95 (series of m, 3H),

3.86-3.31 (m, 3H); MS (-ESI, M-H") m/z 602.

A mixture of 12-[(6-azido-4,6-dideoxy-4-fluoro-f3-D-glucopyranosyl)-
2,3,9,10-tetrafluoro-5SH,13H-benzo[b]thienyl[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-
dione (0.100 g, 0.166 mmol) and triphenylphosphine (0.130 g, 0.497 mmol) in a
mixture of tetrahydrofuran (15 mL) and water (2 mL) was heated to 50°C under N, for
16h. The cooled mixture was then treated with concentrated ammonium hydroxide
solution (10 mL) for 1h at 50°C. Upon cooling to room temperature, the mixture was
diluted with tetrahydrofuran and preadsorbed onto silica gel. Purification of the
residue by flash chromatography (SiO,/ dichloromethane-tetrahydrofuran-methanol,
7:2.5:0.5 then 6:2:2) gave the title compound as a yellow solid. This material was
taken up in THF, methanolic HCI was added and the mixture was evaporated to give

the hydrochloride (0.015g, 16%) as a granular, yellow solid;
1H NMR (500 MHz, DMSO-dg) 6 11.66 (br s, 1H), 9.86-9.82 (2m, 1H), 9.11-9.06
(2m, 1H), 8.49-8.46 (m, 1H), 8.29-8.25 (m, 1H), 8.19 (br s, 3H), 6.32 and 6.1277 (2d,

-34-
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12- (4- Deoxy-4-fl uoro-(3-D glucopyranosyl)-2, 3,9, 10-tetrafl uoro-5H, 13H
benzo[ b] t hi enyl [ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-5, 7(6H) -di one (0.20 g, 0.35
nmol ) waswodessubved in dry pyridine (10 nL) under nitrog@®aTAIS02/GR3M?
tenperature and treated to flane-dried, powdered 4A nol ecul ar sieves (3.0

g). After the jn x{ (o] 0 5 1 in, hanesul f onyl

chl ori de (O.W ryﬁ_ﬂ']% w&%&é?&(réﬂ la@dééggﬁe;@bmw %49%(§]e(%9\5éess AHrred at
-30C for 15 ' Ny over 15 nun, and
finally it m@ﬂ&ﬁgkg%nvﬁ’hmﬁﬁw%ﬁ IRERAE “Yhe Tosult ng

m xture was filtered (Celite) and and the filtrate concentrated in vacuo.
The residue was taken up in ethyl acetate and tetrahydrofuran, washed

(0. 1IN HCl, saturated 20 sodi um bi car hiéxebple Iri ne), dried and evapor at ed.
This afforded 12-

4- -4- . .
f1 uor o- 6-0 (et hai%&’g?%ﬁypsq-éﬂzé-mireaﬁgﬁrgn@myrawwﬁ»éaBéH-ztsiraj”IUt)m-eny|
[2,3- a] pyrred ebdikvdehs Ima&g -H ~adi 0 Ve | @iy, | d which was
sufficientl yﬁdli};? gll&dgl)?gi use J)[gl’:{)%]?é’ F}ﬁ?g’fﬂgaﬂgfﬁ les%%#(ggylcﬁ&lll\léw (500 MHz,
DMSO-d6) b 11.61 (br s, 1H), 9.76-9.66 (2m 1H), 9.01-8.94 25 (2m 1H),
8.22-8.19 (m 1H), 8.12-8.00 (2m 1H), 7.58-7.48 (2m 2H), 6.33 and 6.6.23
-33 WD 02/077255 PCT/ US02/08819 (2d,,J=8.8, ,9.1 Hz, 1H), 5.72-5.15 (series
of m 3H), 4.66-4.53 (m 2H), 4.07-3.9 2H), 3.62-3.56 (m 2H), 3.13
and 3.10 (2s, 3H); M5 (-ESI, M i To a sgirred solution of

gl ucopyr anosyl ] - 5H, 13H- benzo[ b] t b ‘ al.o[ 3, 4- c] car bazol e-5, 7( 6H
)- 5 dione (0.230 g, 0.351 mmIS i m anflydr oliis di met hyl f or mami de (90 nlL) was
added sodi um azide (0.228 g, 3.51 nmmp are the m xture was heated to 140C
for 4h. After <cooling to anbient tefiperfature the m xture was diluted with
tetrahydrof uran-ethyl acetate ah w.The organi c phase was separ ated,
washed (saturated sodium bicarbonate solution, brine), dried and

evapor at ed. The aqueous phase was back 10 extracted with ethyl acetate (x3)
and the or gahRMSs(oeg de¥l. g@ﬁ"l@é@éﬂlﬁ%%&@@ﬂéz 540.ash chromat ography of the
residue (Si 02/ 10% nethanol in chloroforn vyielded 12-[(6-

azi do- 4, 6- di deoxy- 4-f | uoro- (3-D gl ucopyranosyl )-2, 3,9, 10-tetrafl uoro-5H, 13H
- benzo[ b] t hi enyl [ 2, 3-a] pyrrol o] 3, fixGhiphd PRZRd 895, 7(6H) -di one as a yel | ow
sol i d;

12-[4-Deoxy-3-methyl--D-glucopyranosyl]-2,3,9,10-tetrafluoro-12,13-
dihydro-5H-indolo[2,3-alpyrrolo[3.4-c]carbazole-5,7(6 H)-dione (Ib: X1=X71’=
X2=X72’=F; R¢=H; R2=R5=0H; R3=0OH, CH3, Rq=H>; Q=NH) and 12-[4-
15  Deoxy-3-methyl-3-D-allopyranosyl]-2,3,9,10-tetrafluoro-12,13-dihydro-SH-
indelo[2,3-a]pyrrolo[3.4-c]carbazole-5,7(6H)-dione.
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1H NVR (500

15 (2m 1H),

Mz, DMBO-d6) d 11.60 (br s, 1H), 9.76-9.60 (2m 1H), 9.09-8.98

8.18-8.15 (3m 1H), 8.01-7.91 (m 1H), 6.28 and 6.20 (2d,

J--S.9 arm09247725fz, 1H), 5.64-5.14 (m 1H), 5.06-4.76 (serceaisot/ossy9 1H),
4.35-3.95 (series of m 3H, 3. 86 31 (m 3H); M5 (-EST, MH mz 602. A

m xt ure of

2,3,9,10-tetrafl %ngwl%ﬁihe%z BY-3hbdy-benzy
ol 9%304&%]5&%%@%,%%@5;6 8H) n)d&%p,% %@r&?o[%qo T]Qal-b&ogeﬁg,awg' ) and

uran

[2 3-a] pyrr
tri phenyl ph

12-[ (6- azi 4-1| uoro- ( 3- PB%)U opyranOSﬁI)

glucopyranosy

Osp I ne ture of tetr

(15 m -) andhmt(éw(wm)mms) iheaeldof awe6O Gnhydiee waR afded solibf, (016 & ool ed

e S P S
hmtxﬁ,ﬁé ahy dﬂﬁkfe& At e’mﬁ a@ét@@d%ghlaégfsmtaq RhJSLOR saBlatedAd. | f cati on

m xture was
m.) for Ih
diluted wit
of the 25 r
di chl or onet
title conpo
met hanol i ¢
hydr ochl ori
DMSO-d6) b

esidue b chr omat ogr aphy

M@B#%ydr@fdjr&ér{l\/l&%ﬁam evapmaB:dS TheGesditienv @ k@) ugave t he

e ARl 23 REeont il P NELOR SR BN BeRob e FRE

derré@adbbm teﬁl@%atlﬁe fér1g haﬁlﬂlbalﬁlxtu)‘@{wla@tﬂeﬁ @bamatédﬁtd\m%e(s%ﬁ)d MHz,

11.66, (br s, 1H), 9.86-9.82 (2m 9.11-9.06 30 (2m

|_|)
8.49-8.46 (e lfﬂ)iue 8/'(12ghwnﬁog(lmheiH?lozélemle(%hﬂ@cetsﬁ) 95ét<32 1éF~Rjg18€ 1277 (2d,

57505 10 (Seopy sy Gk abiodi T g e d o i - o,

C26H16F5N305H - a1 BT 6-a] Ftas10]3¢4-djeaibazole-5,7(6H)- d1one (2 35 g, 41%) and then 12-[4-

12-[3,6-Di f
12, 13- dlhyd
OFF F

15

20

30

Iuor0346tr|deox- -Dallogranos -2,3,9,10-tetrafl uoro-

deos2iGrenz]-B; - g&t}q@ywraomy[llsz Bd]octamtétzcnpelzﬂiiﬂlbmo@tbne
mdc!_'o[gﬂ—_a]p%}'oloﬁ,4-9]carbazole—5,7(6ﬂ)—d10ne (2.40 g, 48%), both as yellow
solids.

To a solution of 12-[4-deoxy-2-O-benzyl-f-D-glucopyranosyl]-2,3,9,10-
tetrafluoro-12,13-dihydro-5H-indolo-[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione
(0.500 g, 0.79 mmol) in 6 mL of dry DMF, at 5°C under Ar, was added tert- -
butyldiphenylsilyl chloride (0.205 mlL., 0.79 mmol) and imidazole (0.161 g, 2.37
mmol). After stirring this mixture at room temperature for 20 h it was re-cooled at
5°C and more tert-butyldiphenylsilyl chloride (0.205 mL, 0.79 mmol) and imidazole
(0.161 g, 2.37 mmol) were added. The resulting mixture was stirred at room
temperature for 2.5 h and then it was diluted with ethyl acetate, washed (1M NaHCOs5,
brine), dried (MgSO,) and evaporated. Chromatography (SiO,/ 20-35% ethyl acetate-
hexane) of the residue afforded 12-[4-deoxy-6-O-(tert-butyldiphenylsilyl)-2-O-benzyl-
B-D-glucopyranosyl]-2,3,9,10-tetrafluoro-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-
c]carbazole-5,7(6H)-dione (0.474 g, 69%); MS (ESI") m/e 870 (M-H)~.

To a solution of a portion (0.050 g, 0.057 mmol) of this material in 2 mL of

dichloromethane was added a suspension of Dess-Martin periodinane (0.048 g, 0.114

mmol) in 3 mL of dichloromethane and the mixture was stirred for 30 min. The

mixture was then diluted with ethyl acetate, washed (cold 30% aq. Na,;S,03, IM

NaHCOs3, H,O, brine), dried (MgSO,) and evaporated. Prep tlc (SiO/ ethyl acetate-

hexane, 2:3) of the residue afforded 12-[4-deoxy-6-O-(tert-butyldiphenylsilyl)-2-O-
-36-

HON



F,, FLRVS (neg. ESI, MH) for C26HL5F6N304 nlz 546. 10 Exanple 18 and
29 12-[ 4- Deoxy- 3-net hyl - (3-D gl ucopyranosyl]-2,3,9,10-tetrafl uoro-12, 13-
di hydr o- SWoionazi2ef 2, 3- a] pyrrol o 3, 4- c] car bazol e- 5, 7( 6H) - dipemassp2/gs1Kl =X1' =
X2=X2' =F; R6=H, R2=R5=0H; R3=0H, CH3, R4=H2; Q=NH) and 12-[4 15

Dol b2 5. e P B R R BROL ,9?1@%%% a1 e o ST RS
FNFFNF;,Z % 1%, g]?gﬂbgz@leé%%i&tlo dg@s M1, 43Q Sdih G hs3Raifed on

02/ 077255 P To a so

12-[ 4- deoxy- szanaﬁﬁ,-Msg PENZY6S 1 ucopyr anosyl |
2,3,9,10-tetrafl uoro-12, 13-di hydro-5Hi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-

5,7(6H)- dione (6l m@s@ptﬂn inthmmmtlel)mli(hirgi)nﬂd of duy ThlFe i €78§Ghyldcﬂlﬁle\ws added

lid h (0.4 t room
f grr;)er at &r e afdg QM’?I\LQTWQQ@ IP’FHb Xl)‘(‘tlélraﬁe’g\ﬁ@a?fd(# ?% mPEOHWé%enJ he
acetate, M%’eﬁdtlﬁé’:&%taﬁ wiNetiBe @Rt — Bt £ aliethd@fen it N@H@@éwedﬁ&ﬂva&{ tedri ed
(MgS™) and evagorate The resi due was taken up met hanol (150 ni), 15

nL of concertveat éd Trhﬁmtuxasvaad@edluamed hethp mlmfel Md%aHQGB,rané@heatlt wabm
oo due was hraet il AR DA B REMIRE EHEROCR Tt ToR SRARE #RSs (o°
give 12 was separated, washed (H,O, brine), dried (MgSO,) and evaporated. Flash
10 chromatography (SiO,/ 2-28% ethyl acetate-hexane) of the residue afforded 12-[4-
deoxy-6-O-(tert-butyldiphenylsilyl)-2-O-benzyl-3-methyl-p-D-allopyranosyl]-
2,3,9,10-tetrafluoro-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6 H)-
dione (0.052 g, 43%) and then 12-[4-deoxy-6-O-(tert-butyldiphenylsilyl)-2-O-benzyl-
3-methyl-B-D-glucopyranosyl]-2,3,9,10-tetrafluoro-12,13-dihydro-5H-indolo[2,3-
15 éjpyll‘olo[S,4—g]carbazole-5,7(6H)—di@ne (0.028 g, 23%); MS (EST) m/e 884 (M-H)".
To a cold (5°C) solution of 12-[4-deoxy-6-O-(tert-butyldiphenylsilyl)-2-O-benzy!l-3-
methyl-f-D-allopyranosyl]-2,3,9,10-tetrafluoro-12,13-dihydro-5H-indolo[2,3-
alpyrrolo[3,4-clcarbazole-5,7(6H)-dione (0.050 g, 0.056 mmol) in 5 mL of MeCN
under Ar was added Et;N.3HF (0.091 mL, 0.56 mmol) and the mixture was stirred at
20 room temperature for 2 days. The resulting mixture was diluted with ethyl acetate,
washed (1M NaHCOs3, H»0O, brine) dried (MgSO,) and evaporated. The residue was
purified by prep tlc (SiO,/ ethyl acetate-hexane, 3:2) to give 12-[4-deoxy-2-O-benzyl-
3-methyl-B-D-allopyranosyl]-2,3,9,10-tetrafluoro-12,13-dihydro-5H-indolo[2,3-
aJpyrrolo[3,4-c]carbazole-5,7(6H)-dione (0.026 g, 72%) as a yellow solid; MS (ESI")
25  m/e 646 M-H) .
A mixture of this material (0.025 g, 0.039 mmol) and 20% Pd(OH),/C (0.025
g) in 6 mL of chloroform-methanol (1:1) was hydrogenated (1 atm) for 18 h and then
it was filterwed and the filter-cake was washed with THF. Evaporation of the filtrate
and purification of the residue by prep tlc (SiO,/ THF-hexane, 1:1) afforded 12-[4-
30  deoxy-3-methyl-B-D-allopyranosyl}-2,3,9,10-tetrafluoro-12,13-dihydro-5H-
indolo([2,3-a]pyrrolo[3,4-cJcarbazole-5,7(6H)-dione (0.010 g, 45%) as a yellow solid,;
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10 [ 4-deoxy-2, 3,

-di - O benzyl - (3- D- gl ucopyranosyl ]-2,3,9, 10-tetrafl uoro-12, 13-di hydro-

5H i ndol oWwd,030apyrrol o] 3, 4-c] car bazol e-5, 7( 6H) - di one (2. 2ETFIS024a8BY9 and
then 12-[ 4-

deoxy- 2- O be -D-D-glu yran O-tetrafluoro-12, 13-di hydro-5H
i ndol of 2, 3- Wﬁ@#&[ghﬁﬁ]@l HPPS25 9@% /<d$5ce%e (2.40 g, 48%, both as
yel | ow solids. 1 Toasol )

o 1 deoxy- 2- 0 BRI B H-BEaw i 0syn puviighepylsity-2-O-benzyi-3
tetrafluoro- ﬂa&h%ﬁg%laﬁ%qsy%omggs@,[@te%—aal@abt 101 Rbdwireigandasele- 5, 7(6H) -
dione (0.50 nmL of dry DVMF, at 5C under Ar, was added
tert- butyl cﬂ]ph@@iy[334tidarhahblofﬁ HéHQ{dicm@En sim;lilam fasbianredfordesni?- [sztﬂ e

0.161 g,_ 2.37 Af
1£or 20 ﬁ 3t ’%ﬁ@y% éQCQHylg{lc?srg ! ;}hg LLQI(E rﬁgB{i?Xﬂaﬂ'S%ﬁgﬁb Eﬂgerature
chioride (0 ABvndbis AfAiok)s A8 a'dmn@%‘a'y%llox(lgoﬂ@ﬁ‘l m%%véﬁun{@&) wer e

added. The reSulting m xture was irred room tenperature f 2.5 h and
then it was ORMS @dg VESTNVEHRYor 86 SHASEYNIBS s I61M NaHCOB8,  bri ne), dried
(MS™) and evaporat ed. Chronatography ('Si O2/ 20-35% et hyl acetate- hexane)
of the residue afforded

12-[ 4- deoxy-6- O (tent - butyl di phenyl si : g % 2- 0O benzyl 25

(3-D-gl ucopyranosyl]-2,3,9,10-tetrafl =13-di hydr o- 5H- i ndol o[ 2, 3-a] pyr
rol o[ 3, c] car bagp V4 : » gMe 870
(MH)-. 4J:IQo a sol ufl Lﬁﬂ?x%ﬁ%ﬂg?gﬂ%(ng%ggﬁ &ﬂggg@“’%yn%éf of Thl s materi al
in 2 nm of idol[2B8aipyivalvd3 dadcarbderde-8,746Hpdivmeon of Dess-Martin
peri odi nane (0.048 g, 0.114 nmmol) in 3 nL of dichloronethane and the

m xture was stirred for 30 mn. The 30 m xture was then diluted with ethyl
acetate, washed (cold 30% agq. Na2S2QC3, 1M NaHCO3, H2O, brine), dried
(MyS™) and evaporated. Prep tlc (Si @/ @ , acetate- hexane, 2:3) of the
resi due afforded 12-[4-deoxy-6-0O(tent= di phenylsilyl)-2-0- -36 WO

02/ 077255 PCT/ US02/ 08819 benzyf - 3- 0X0- (3 gI ucop,yr anosyl ]
-2,3,9,10-tetrafl uoro-12, 13-di hyd 3 8-

a] pyrrol o[ 3, 4-c] carbazol e-5, 7( 6H) ! .
solidified on standing; M5 (ESI-) nfel868 \ M . To a solution of this
material Oin 5 nL of diy THF, at -78C und t°" was 5 added MeMgBr (1.4M

solution in THF-tol uene, 0.49 nL, 0.69 ) ropwn se. The
HO ""OH

709 as a gum which

15 LRMS (neg. ESI, M-H") for CogH19F2N30¢ m/z 506.

-38~-



resulting mxture was stirred at -78C for 2 h and then it was allowed to

warmto -20C over 2 h. The m xture was then quenched with 1 nL of 1 M
NaHCO3, awo oklensit was patitioned with ethyl acetate (20CEIDSozs$19 M
NaHCO3 (5 nL). The organi c phase was separated, washed (H20O brine), dried
(MgS™) and evaporated. Flash 10 chrgggéﬁgkﬁgwy (S @2/ 2-28% et hyl

acet at e- hexane) of the residue affor =

deoxy 6- O (t ent - b1d-y4,6imiNaoyd-8j6Lditdo Rty l?mmy‘zl 3.9, 80-Rtedfhryr anosyl |

2,3,9,10- tetraflugro 12, 13- d?h drg%%%?P%dolgy P J ToIo

[3 4- ¢] car babelEdiiyrreijH-indodeia, @]mswl@{&‘hgl%rl@mletﬁa )dlone

12-[ 4- deoxy-6- O (tent-butyl di phenyl silyl)-2-0 benzyl -

3- et hyl - (3- D gl ucopyranosyl ]-2, 3,9, 10-tetrafl uoro-12, 13-di hydr o- 5H i ndol o
2,3 15 a] pyrrol o[ 3, 4-c] carbazol e-5, 7(6H) - di one (0.028 g, 23%; M5 (ESI-)
me 884 (MH)-. To a cold (5C) sol utéQ f

12-[ 4- deoxy-6- O (tent-butyl di phenylsily
nmet hyl - p- D-al | opyranosyl]-2, 3, 9¢ ;
a] pyrrol o[ 3, 4-c] carbazol e-5, 7( 6H)
MeCN under Ar was added Et3N.
stirred at 20 roomtenperature for
diluted with ethyl acetate, washed §
and evaporated. The residue was . igd by prep tic (Si02/ ethyl

acet at e- hexane, 3:2) to give 12-| 3r O benzyl -

3- net hyl 5(3 D-al | opyranosyl]-2,3,9, 10t et rafl uoro- 12, 13- di hydr o- 5H i ndol o[ 2
, 3- 4] pyrrol o] 3, 4-c] carbazol e-5, 7(6H) -di one (0.026 g, 72% as a yellow
SO|Id M5 (ESI-) 25 me 646 (MH-. A mxture of this material (0.025 g,
0.039 mml ) and 20% Pd(OH) 2/ C (0. 025 g) in 6 nL of chloroform nethanol
(1:1) was hydrogenated (1 at);%q for and then it was filterwed and the

filter-cake M& s&deP MR F%EH&@E&%%W&@ HERNIS |(Rgga ST, Md) caled

Eg”[z' Cat o RS SFERLBY SR Y PO, b SRh By 5. TH hexane, 1:1) afforded

deoxy- 3-net hyl - (3-D-al | opyranosyl ]-2, 3,9, 10-tetrafl uoro-12, 13-di hydr o- 5H
i ndol o[ 2, 3-a] pyrrol of 3, 4-c] car bazol e-5, 7(6H) - di one (0.010 g, 45% as a
yellow si@ id; -37 WO 02/077255 PCT/ UspahpREBO LRVS (neg. ESI, MH) for
C27H 19F4N306 mf z_ 556. Deprotection of

12- [ 4- deoxy- 6- O (}Ht- D@ewﬁd(lﬁmwlgmcw»l)azmmbﬁrﬂ;glucspyranosyl] 3,9-

difluoro-5H,13H-benzo[b]thienyl[2,3-a] pyrrolo[3,4-c]carbazole-5,7(6H)-dione.

(0]

- O benzyl -

2,A43-di hydr o- 5H i ndol of 2, 3-
0.056 nunol) in 5 nL of

Q. Z6~ ol ) and the m xture was
. ﬁ'he resulting m xture was
NeHCO3, H2O, brine) dried (MySOH)

15 A solution of N-fert-butyloxycarbonyl-N-methylglycine (4-nitrophenyl)
ester (0.150 g, 0.390 mmol) in dry THF (3 mL) was cannulated into a cold (-70°C)
suspension of 12-(6-amino-6-deoxy-p-D-glucopyranosyl)-3,9-difluoro-5H,13H-
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met hyl -

J3-D- gl uco-pyranosyl]-2,3,9,10-tetrafl uoro-12, 13- di hydr o- 5Hi ndol o[ 2, 3-
a] pyr r ol oWw®,040th26mr bazol e-5, 7(6H) -di one in simlar fashi orCaftisor/eksd9
12-[4-deoxy-3 5

met hyl - (3-D-gl uc ran | ],-2, , L0z tetraf| uoro-12, 13-dj hydro-3H i ndol of 2,
3- alpyrrol O‘?le,zgf@@%{lbegp’ ﬁZ%'o%]BY%‘%?% 108%%6 Eeag’c}&éq%)éﬁzlf)%wg%% O%r?% 57% over al |
yi el d;  LRVBmpi@g HOES (0.0501)0. 869 medIEVHAID6 i gal56. Exanple 20 10

12-[ 4- Deoxy- (3 -D-al |l opyranosyl)-3, 9-di fluoro-12, 13-di hydr o-5H

i ndol of 2, 3- aéwpmm[dy}mé%@aﬂm 105 mmoHp-2ahydieus THEG{md) updey N H SOH
O HO "OH 15 ( (Y 0 -

02/ 077255 Pc#m?fg%s&gﬁg%% —’fé)(ZHC ﬁ%%%'&]?f %N?&Qn g?[%olr:h t@mpelaﬁﬁe ng

12-[ 4, 6- 3 f | U6MO-Phebedilieonyxti3-idsglicapyitiaamslydcktats, Ja9hetiOsitetataaf | uor o-
i G AR R IR B N i R

of the residue by flash chromatography (SiO,/ 8% methanol-chloroform) afforded
12-[6-[[N-tert-butyloxycarbonyl-N-methylglycinylJamino]-6-deoxy-f-D-
glucopyranosyl]-3,9-difluoro-5H,13H-benzo[b]-thienyl[2,3-a]pyrrolo[3,4-
10 c]carbazole-5,7(6H)-dione (0.231 g, 80%) as a yellow foam;
'"H NMR (500 MHz, DMSO-d6, rotomeric) & 11.61 and 11.59 (2s, 1H), 9.79-9.71
(2m, 1H), 9.04-8.95 (2m, 1H), 8.32-8.28 (m, 1H), 8.09-8.03 (m, 1H), 7.96-7.92
(m, 1H), 7.58-7.51 (m, 2H), 6.31 and 6.12 (d and m, J=8.9 Hz, 1H), 5.60-5.20 (br
m, 3H), 4.22-3.36 (series of m, 8H), 2.72 and 2.67 (2s, 3H), 1.33, 1.11 and 1.10
15 (3s, 9H).
IR (KBr, cm~1) 3424, 3102, 2977, 2932, 1763, 1709, 1678, 1603, 1566, 1482,
1463, 1426, 1394, 1370, 1322, 1257, 1198, 1155, 1079, 915, 887, 807, 765, 742.

MS (+ESI, M+H*, M+NH,") m/z 711 and 728.
A cold (0°C) solution of hydrochloric acid in dioxane (4M, SmL) was added to
20 asuspension of 12-[6-[[N-fert-butyloxycarbonyl-N-methylglycinyl]amino]-6-deoxy-
B-D-glucopyranosyl]-3,9-difluoro-5H,13H-benzo[b]-thienyl{2,3-a]pyrrolo[3,4-
c]carbazole-5,7(6H)-dione (0.095 g, 0.133 mmol) in THF (0.1mL). The mixture was
allowed to warm to room temperature over 1.5h before it was concentrated in vacuo
and diluted with diethyl ether. Filtration of the resulting suspension afforded the title
25 compound (0.087 g, 100%) as a yellow solid,;
'"H NMR (500 MHz, DMSO-d6, rotomeric) 6 11.61 and 11.59 (2s, 1H), 9.76 and 9.71
(2dd, J=11.5,2.5 Hz and 11.3, 2.5 Hz, 1H), 9.02 and 8.96 (2dd, J=9.7, 2.6 and 9.6, 2.7
Hz, 1H), 8.71 (br s, 1H), 8.55-8.53 (m, 1H), 8.34 and 8.28 (2dd, /=8.8, 5.2 and 8.8,
5.2 Hz, 1H), 8.09 and 8.06 (2dd, J/=9.4, 4.3 and 10.4, 4.5 Hz, 1H), 7.58-7.55 (m, 1H),
30  7.53-7.50 (m, 1H), 6.30 and 6.13 (2d, J=8.9 and 9.4 Hz, 1H), 5.55-5.20 (series of m,
3H), 4.11-3.53 (series of m, 8H), 2.44 and 2.38 (2s, 3H).
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LRVMS (neg. ESI, MH) for C26HL5F6N305 m z 562; HRMS (neg. ESI, MH) calcd
for C26HL5F6N305 m z 562.0837; found 562.0815. 10 Exanple 23

12- [ 6- Deowp-08/0f71288 met hyl gl yci nyl ) am no] - p- D- gl ucopyr anosy PLT/t30968819

di fl uoro-5H, 13H benzo[b]thi enyl [2 3 a]

pyrrol of 3, 4S]§carbazole 7( 6H) OH O NH OH
N H 15 A mBl@wnobwaewobhm é&%éﬁ%d@%’ NGHR Wgn%h 4. 426,

(4- nltrophenynlgh ?fstt%e d§§ 1%9 5. 9263984%” indry THE (3 niL) was

cannul at ed i nto’ suspension’ of

o1 oo rans P us;oiz?{ ﬁgﬁggfg@m%p EHGRIMINC, il ddouat :xavs A5t ESEIVIPH)

benzo[ b] t hi eﬂ@y%ﬂg %;]N’ 4;3)},@2[6%“4 c] carb-azol e-5, 7(6H) -di one (0.200 g,
0.369 mmol), % Og, 0.369 mml), HWA (1.0 nL) and

di i sopropyl ethylam ne (0.10 nL, 1.04 mmol) in anhydrous THE (20 nlL) under
N,. The m xture was stirred at -70 C £or JISE}'n and then at roomtenperature
for 5 2.5 h. The resulting mxture d with ethyl acetate, washed

(saturated aqueops ng%ml-?lu%ﬁ I%OB lgcogggj;l&ﬁ,]alg,@rdlﬁﬂoﬁd\'?é%% -SSI%I/ 8%

evapor at ed. Purlflc tron ere sh ¢ ograp
met hanol - chliado¥of2,B3a]pyifrolof®d-c]carbazole-5,7(6H)-dione.
12-[6-[[ N-tert-butyl oxycarbonyl - N-net hyl gl yci nyl ] am no] - 6- deoxy- (3-D
gl ucopyranosyl ]-3, 9-di fl uoro-5H, 13 H benzo [b]-thienyl [2,3-a] pyr rolo
[3,4- 10 c]carbazol e-5, 7(6H)-di one (0. 23% g, 80% as a yellow foam
0 o}

F C’ O ‘O F
N
H

WOH

o .

HO
OH

10 F

LRMS (neg. ESI, M-H") for CogH18F3N30g m/z 524.
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"H NMR (500 MHz, DWVSO-d6, rotoneric) 8 11.61 and 11.59 (2s, 1H), 9.79-9.71
(2m 1H), 9.04-8.95 (2m 1H), 8.32-8.28 (m 1H), 8.09-8.03 (m 1H),

7.96- 7. 92wO(ox0772Fy, 7.58-7.51 (m 2H), 6.31 and 6.12 (d amdTrgSoFeB19 Hz,
1H), 5.60-5.20 (br m 3H), 4.22-3.36 (series of m 8H), 2.72 and 2.67 (2s,
3H), 1.33, 1.11 and 1.10 15 (3s, 9H lRl% , cm 1) 3424, 3102, 2977,
2932, 1763, 1709, 1678, 1603, 1566, T 63, 1426, 1394, 1370, 1322,
1257, 1198, 1155, 10/ 9.Diflidro- @ﬁ%oxﬁgm-ﬂlﬁ% EkRosy 111490 Qirfelro- it M-NHGH)
mz 711 and 728. A cdld (0C) solut'ion of rochrorlc acid in dioxane (4M
5m.) was addéﬂhyﬂm-SHGmdomu%,ﬁeaipymlaﬁ 4- c]carbazole-S 7(6H)-dione.

12-[6-[[ N-tef-t-butyl oxycarbonyl - N-net hyl gl yci nyl] am no] - 6- deoxy-

P- D- gl ucopyranosyl ] -3, 9-di fl uor o- 5H, 13H benzo [b]-thienyl [ 2, 3-a] pyrrol o
[3,4- c] car bazol e-5, 7(6H)-di one (0.095 g, 0.133 mmol) in THE (0. 1nL). The
m xture was allowed to warmto roomtenperature over 1.5h before it was
concentrated in vacuo and diluted with diethyl ether. Filtration of the
resul ting suspension afforded the title 25 conpound (0.087 g, 100% as a
yel l ow solid; 1H NVR (500 MHz, DMSO- d6, rotorrerlc) 8 11.61 and 11.59 (2s,
1H), 9.76 and 9.71 (2dd, J=11.5, 2.5 HzAN and,11.3, 2.5 Hz, 1 H), 9.02 and
8.96 (2dd, J=9.7, 2.6 and 9.6, 2.7 I—E ;- 8.71 (br s, 1H) 8.55-8.53 (m
1H), 834and828(2dd J=8. 8, 52and .2 Hz, 1H), 8.09 and 8.06
(2dd, J=9.4, 4.3 and 10.4, 4.5 H 85 (m 1H), 30 7.53-7.50
(m 1H), 6.30 and 6.13 (2d, J=8.9 , 5.55-5.20 (series of m
3H), 4.11-3.53 (series of m 8H), 2 N (2s, 3H). -40 WO 02/ 077255
PCT/ US02/ 08819 IR (KBr, cm1l) 3412 3070, 1745 1702, 1686, 1623, 1602,
1567, 1481, 1464, 1426, 1324, 1258, 119 797* 915, 826, 764, 742. LRMVB
(neg. ESI, MH) for C29H24F2N407S nz/ 9 land LRMS (pos. ESI, MrH+) for
C29H24F2NA07S Tai/z 611. 5 Exanpl e 24 } OH

12-[ 4- Deoxy-4-fl uoro-(3-D gl ucopyranosy] 8,9-di f | uor o- 12, 13- di hydr o- 5H

LRMS (neg. ESI, M-H") for CogH17F4N30¢ m/z 542.
10

Example 26
12-[4,6-Difluoro-4,6-dideoxy-3-D-glucopyranosyl]- 2,3,9,10-tetrafluoro-
S5H,13H-benzo[b]thienyl[2,3-a] pyrrolo[3,4-cjcarbazole-5,7(6H)-dione.

OH

Ttan

15

LRMS (neg. ESI, M-H") for CogH14FgN2O5S m/z 579.
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i ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] carbazol e-5, 7(6H -dione. H ONO FN H O
,,OHHO OH 10 LRMS (neg. ESI, MH) for C26HL8F3N306 m/z 524. -41 WD
02/ 077255wB@THUS8RZ/ 08819 Exanpl e 25 PCT/US02/08819

12-[4, 4-Di fl uoro- 4-deoxy-f 3-D gl ucopyranosyl ]-3, 9-di fl uoro-12, 13-

di hydr o-5Hi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] carbazol e-5,7(6H)-dione. 5 H ONO
FF NHO,,%WH OHF F OHLRVS (neg. ESI, MH) for C26HL7F4N306 ni z
542. 10 Exanple 26 12-[4,6-Difl uoroEﬁalﬁpléizseoxy (3-D gl ucopyranosyl ] -
2,3,9,10-tetrafl upro- 5H, 13H—benzo thlenyl[2 aj

pyrrol o[ 3, 4-c] car b%r%p@ogy- ucepyranosyl]-2,3,9,10-tetrafluoro-12,13-

dlhydro-Sﬂ-mdolo[..,3-@]pyrrolo[3,4-g]carbazole-5,7 (6H)-dione.
H
N

o

HO OH

HRMS (neg. ESI, M-H") calcd for CogH16F5N30¢ m/z 560.08807; found 560.08660

10 Example 30
12-[4,4-Difluoro-4-deoxy-B-D-glucopyranosyl]- 2,3,9,10-tetrafluoro-
5H,13H-benzo[b]thienyl[2,3-a] pyrrolo[3,4-c]carbazole-5,7(6H)-dione.

HO

15 F F

LRMS (neg. ESI, M-H-) for CogH14FgN,OgS m/z 595.
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N OO FF FNSF OHF OH 15 F LRV (neg. ESI, MH) for C26HL4F6N205S
rn/z 579. -42 WD 02/077255 PCT/ US02/ 08819 Exanple 28

12-[ 4- Deowp-040f128r o- ( 3- D- gl ucopyranosyl ] -2, 3, 9, 10-t et r af PODrus0LE3818-

di hydr o-5Hi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] carbazol e-5, 7(6H) -dione. 5 H N 0 O
FF FNF HOH HOOH F HRVS (neg H) calcd for C26HL6F5N306 m z
560. 08807; found 560.08660 10 ExarrpIEe‘EaM

12-[ 4, 4-Di f | uor o- m-penwxxpﬁfbxglut@ppwm%ﬂq diff1080-9218-dikydtsHor 0

5H, 13H benzo[b]th| enyl [ 2, 3-a] pyrrolo[3,4- c]car bazol e- 5, 7( 6H) - di one.
indolo[2,3- ﬁ/pyrrolo[34 -c|carbazole-5,7(6H)-dione.

5
H
Oy N0
Y
I
H
o ,WOH
OH O
LRMS (neg. ESI, M-H") for CogH19FaN30¢ m/z 506.
10

Example 32 and 34
12-[4-Deoxy-4-fluoro-3-D-glucopyranosyl]-3,9-difluoro-12,13-dihydro-
5H-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5(6H)-one and 12-[4-Deoxy-4-fluoro-3-
D-glucopyranosyl)-3,9-difluoro-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-
15  c]carbazole-7(6H)-one.

T
2T

boo”ooo

e
nn
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H ONOFF FsF 0" ,0HHOOH 15 F LRVS (neg. ESI, MH) for
C26H14F6N206S fez/z 595. -43 WO 02/077255 PCT/ US02/ 08819 Exanple 31

12-[ 4- Deowp-0287D25%| ucopyr anosyl ] -3, 9-di fl uoro- 12, 13- di hydiPeT&1402/08819

i ndol of 2, 3-a] pyrrol o] 3, 4-c] carbazol e-5, 7(6H) -dione. 5 H ONOFF NHO

CL % L .. ESI| H) f 19F2 .. 10 EX |
32 a?; 3?_' CH Rl\lFogggl%tion gf IZ-M-degxy—éghug%? -Dg—glugggy?ariors]gllﬁ-3,59o—giﬂuoroq anpt e

12-[ 4- Deoxy- = 4} - = Ohitl [
L2 L peony- LU gl gae Y L b Wbt
12-[ 4- Deoxy-wnfola)am &1 (8- of ethanol-THEF (10:1) was added NaBH4 (0.065 g, 1.7 mmol) all at

D- 0l 00Dy A0Sy )8 TSkl o2 A%yl gs St LAMOLOLZ PaghPaico! of 3. 4

5 resulting mixture was diluted with EtOAc, washed (saturated aqueous NH4Cl, brine),

dried (Na,SOy) and evaporated. The resulting pale yellow solid was taken up in 10
mL of dry THF and then p-toluenesulfonic acid monohydrate (0.007 g) and
phenylselenol (0.253 mL, 2.38 mmol) were added. The reaction mixture was stirred
at room temperature until the reaction was complete by tlc and then the mixture was

10 evaporated to dryness. The residue was triturated with ether and the ether-insoluble
fraction was purified by column chromatography (Sephadex LH-20/ methanol) to give
two major fractions. Fraction 1 was identified as 12-[4-deoxy-4-fluoro-B-D-
glucopyranosyl]-3,9-difluoro-12,13-dihydro-5SH-indolo[2,3-a]pyrrolo[3,4-c]carbazole-
7(6H)-one;

15 LRMS (neg. ESI, M-H") for CogHoF3N305 m/z 510.

Fraction 2 was identified as 12-[4-deoxy-4-fluoro-f-D-glucopyranosyl]-3,9-
difluoro-12,13-dihydro-5SH-indolo[2,3-a]pyirolo[3,4-c]carbazole-5(6H)-one;
LRMS (neg. ESI, M-H") for CogHoF3N305 m/z 510.

20
Example 33
12-[4-Deoxy-4-fluoro-f3-D-glucopyranosyl}-2,3,9,10-tetrafluoro-SH,13H-
benzo[b]thienyl[2,3-a] pyrrolo[3,4-c]carbazole-5,7(6H)-dione.
25
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NOONF I \/ INFF I\, IVF NN HHOHOH Op HOHOOH OH F -44
WO 02/ 077255 PCT/ US02/ 08819 To a sol ution of

12-[ 4- deowp-0di0f128%r o- ( 3- D- gl ucopyranosyl ] -3, 9-difluoro PCT/US02/08819

12, 13- di hydr o-5Hi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-5, 7(6H) - di one (0. 180
g, 0.3 mole) in 11 nL of ethanol-THF (10:1) was added NaBH4 (0. 065 g,
1.7 mol) all at once and the m xture was stirred at roomtenperature
under Al - for 4 days. The 5 resulting m xture was diluted with EtOAc,
washed (sat UrBMSAnagESIUBT-NFGL Co gHil 5i&N2 O gl inéxs TTNGRSOR Y pesn BSEWApHT afoed.

The resulting pale yellow solid was taken up in 10 nL of dry THE and then
p-t ol uenesul Mﬁml:&élz@eﬁjn@ﬁiﬁﬁéﬂ&f(;(ﬁm@@ﬁ@)%éﬁ& phenyl sel enol (0.253 i,
2.38 nmol) were added. The reaction m xture was stirred at room
tenperature until the reaction was conplete by tlc and then the m xture was
10 evaporated to dryness. The residue was triturated with ether and the
ether-insoluble fraction was purified by colum chronmat ography (Sephadex
LH 20/ nethanol) to give two major fractions. Fraction 1 was identified as
12-[ 4- deoxy-4-fl uoro-3-D

gl ucopyranosyl -3, 9-di fl uoro-12, 13-di hydro-5Hi ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] ca
rbazole- 7(6H)-one; 15 LRVMS (neg. EST, MH) for C26H20F3N305 n?/z 510.
Fraction 2 was identified as 12-[4-deoxy-4-fl uoro-p-D glucopyranosyl]-3,9-
di fl uoro-12, 13-di hydro-5H-i ndol o[ 2, 3-a] pyrrol o[ 3, 4-c] car bazol e-5(6H) - one;
LRVMS (neg. ESI, MH) for C26HZOF3N305 mz 510. 20
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Exampl e 33

12-[ 4- Deoxy- 4-fl uoro- (3-D gl ucopyranosyl]-2, 3,9, 10-tetrafl uoro-5H, 134
benzo[ b] tWwoeph225 3- a] pyrrol o[ 3, 4-c] carbazol e- 5, 7( 6H) - di ec&/UShR/0d819 O O F
F FSF OHHOOH 25 F -45 WD 02/077255 PCT/ US02/ 08819 LRMS (neg. ESI,
MH) for C26H15F5N206S nmlz 577; HRVMS (pos. ESI, MtH+) for C26H 15F5N206S
m z 579.064226; found 579.06420. -46 WO 02/ 077255 PCT/ US02/ 08819 CLAIMS 5
What is clainmed is: 1. A compound of formulal H Ra NRa' X1 Ro b X1, |
~~~1\V X2 NQX2 R CLAIMS

5  Whatis claimed is:

1. A compound of formula I

10 having a topoisomerase I selectivity index of greater than about 100; its enantiomers,
diastereomers, pharmaceutically acceptable salts, hydrates, prodrugs and solvates
thereof; wherein R, and Ry, are independently selected from the group consisting of H
and O, provided that when O is selected R, and Ry, are taken together to form O; R,”
and R,” are independently selected from the group consisting of H and O, provided

15 that when O is selected R,” and R,” are taken together to form O; X;, X", X, and X"

are each independently selected from the group consisting of F, Br and H; Q is

selected from the group consisting of NH, S and O; and R is a substituted hexose

group.

2. The compound according to claim 1 wherein X is F; X is selected from the
20  group consisting of F and Br; and, X, and X, are selected from the group consisting

of Fand H.

~47 -~



| 10 having a topoi sonerase | selectivity index of greater than about 100;
its enantioners, diastereoners, pharnmaceutically acceptable salts,

hydr at es,wprear1z§s and sol vates thereof; wherein R and ROTArSe2/08819

i ndependently sel ected fromthe group consisting of H and O, provided that
when 0 is sej}ect 8 ; her <t m 0. Ra' nd ' are
i ndependent I%/' se?g%%odﬂﬁglg%%fﬁ%gﬁ%gﬁgﬂ%:ng(r?]gﬂsetliah&%‘Tﬂh(l?{lg]ﬁ% Fosgﬁpg\%zde 15
that when 0 HsQseNELtRednRR, apndkébiogather baken O; ageRYemdiRy,” hertakdd, X1, Xr ',
X2 and X2' are each independently selected fromthe group consisting of F,
Br and H, Q {ogetheidpdeine®-from the group consisting of NH, S and 0; and Ris
a substituted hexose group. 2. The conpound according to claim1l wherein
Xl is F, X1 ' is selected fromthe 20 group consisting of F and Br; and,
X2 and X2, are selected fromthe group consisting of F and H -47 WO

02/ 077255 PCT/ US02/ 08819 3. The conpound according to claim1l wherein X1
and X1" are F; X2 and X2= are H Qis NH Ra and Rb are taken together to
formO0; and Ra' ahitk Rnpand acedding te olgin hevherein fozum X, 8red; Xphed danpsund

accordi ng to,chai | er,ej n_X1. and ' are ki, X2 and X, ' .ar H:. i s NH
R and o ar e Ok S 0B R el Oagiher RISt o8 KO B and Siiswfiot™d o1 o6
hexose gr ouphéxs,sé‘groaplﬂ; OH 5. The conpound according to claim1 wherein X1
and X1' are F; X2 and X2' are 10 H Qis NH Ra' and Rb' are taken
together as 0; Ra and Rb are H, and said substituted hexose group is

.00 OH H OH 6. The conpound according tosclaim1l wherein X1, X1', X2 and
X2' are F;, Qis S WOH

g

5. The compound according to claim 1 wherein X; and X;" are F; X, and X, are
10 H; Qis NH; R,” and Ry," are taken together as O; R, and R, are H; and said substituted

hexose group is

5

6. The compound according to claim 1 wherein X, X;”, X, and X,  are F; Q is S;

R, and Ry, are taken together to form O; R,” and R;,” are taken together to form O; and

15  said substituted hexose group is

:
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Ra and Rb are taken together to formO0; Ra' and Rb' are taken together to
formO0; and 15 said substituted hexose group is # 0 HaOH -48 WO

02/ 077255wB@1hU382/ 08819 7. The conpound accordi ng to cl aiPerTSehessed n X1
and X1' are F; X2 and X2' are H Qis NH Ra and Rb are taken together to
form0; Ra’ 731nd Rbpe @Jrﬁpétﬁ\li%@c&@ﬂ%%"@l%nﬁ@ wile@&iAmE; an@gd ﬁ@'fd SSURE Lt Hieed
hexose group is ,,,,,H . The conpound according to claim1
wherein X1, HGLQ is M2, elhdmﬂﬂb aafr@kﬁl togﬁtlhsl tg;formRe); adaroR g reee takigeiogetbgetoner t o
formO; Ra' an (gb an tgktq d%gether to formO; and said substituted
hexose group g aa:-ll Ut X(I‘—Se 'GP he conpound according to claim1l
wherein X1, X1', X2 and X2' are F Qis 10 NH Ra and Rb are taken
together to formO; Ra' and Rb' are taken together to formO; and said
substituted hexose group is » OHO™" it M 10. The conpound according
to claim1 wherein X1, X1', X2 and X2' *"Qis NH Ra and Rb are taken
together to formO; Ra and Rb' are, taken tpbgether to formO0; 15 and said
substituted hexose group is

5 8. The compound according to claim 1 wherein X, X;”, X, and X,  are F; Q is S;
- R, and Ry, are taken together to form O; R,” and R,” are taken together to form O; and

said substituted hexose group is

9. The compound according to claim 1 wherein X;, X", X, and X, are F; Q is
10  NH; R, and Ry, are taken together to form O; R, and Ry,” are taken together to form O;

and said substituted hexose group is

.“\\\\\OH

..ull\\OH

Me

10. The compound according to claim 1 wherein X, X", X; and X, are F; Q is
NH; R, and Ry, are taken together to form O; R,” and R,,” are taken together to form O;

15 and said substituted hexose group is

2
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0 aOHHOH-49 WO 02/077255 PCT/US02/08819 11. The conpound according to
claiml1l wherein X1 and X1' are F; X2 and X2' are H Qis NH Ra and Rb are
t aken togwohen7265 form 0; Ra' and Rb' are taken together tPeT/US02/08809 and
said substituted hexose group is OH F 5 12. The conpound according to
claim1 wherg ; ; t en

t oget her to ormxi(l)h cé}npou?% %g)gdlg‘%éo tag en V%h(()gléélt?ﬁié angl?af %]ra% %?ag{i]g\ Ql]é
substi t ut ed HeQaesHHgRQupd Rg afk taken(@blgdtBer tEBIﬁmm@rrﬁQLmrdl thdkmogmhm tal m 1
wherein X1 %nc_i ﬁ gre, F, X2 an ﬂ X2' are, 10 H Qis NH, Ra and Rb are
taken t oget HEF{Q apd saif gibsptuied Rer % STPdS t aken toget her to form 0; and
sai d substituted hexose group is HOH F F 14. The conpound according to
claiml1l wherein X1 and X1' are F; X2 and X) are H Qis S Ra and Rb are
taken together to form0O; R,' and Ro' t aken together to 15 form O;
and said substituted hexose group is " M 0 ,~~~~ OH O OH-50 WO

02/ 077255 PCT/ US02/ 08819 ‘

E

5 12 The compound according to claim 1 wherein X, X", X, and X, are F; Q is S;

R, and Ry, are taken together to form O; R,” and R;,” are taken together to form O; and

said substituted hexose group 18

E

13. The compound according to claim | wherein X, and X, are F; X, and X, " are
10  H; Qis NH; R, and R, are taken together to form O; R, and R,,” are taken together to

form O; and said substituted hexose group is

14. The compound according to claim 1 wherein X; and X;” are F; X, and X" are
H; Qis S; R, and Ry, are taken together to form O; R,” and Ry are taken together to

15  form O; and said substituted hexose group is




15. The compound according to claim1l wherein X1, X1', X2 and X2' are F;, Q
is NH Ra and Rb are taken together to form0O; Ra' and Rb' are taken

t oget her wo okor71259; and sai d substituted hexose group isPOI/USOINEST® 16. The
conpound according to claim1 wherein X1, X1', X2 and X2' are F; Qis NH
Ra and Rb argestak r r : ; Rby, a n her to
form O; andpss'ai dﬂghu%st tuE‘taea&Eﬁgg? égb%}néﬁgv?ez&gﬁlf?LC(IJHBS(%B%%&E??QL?M
conpound acciHdRagnd By, eteanlmnltogdtberad ol OaRd Xd'Ryane thenX@geind tX20rnade 10
H Qis NH an .are taken together to form0; Ra' and Rb' are taken
together to %ﬂ}ﬂd%‘,ﬁg%qﬁ%gﬁ?‘ﬂsesﬂ%&st uted hexose group is ""OH F OH N3
18. The conpound according to claiml1l wherein X1, X1', X2 and X2' are F;, Q
is NH Ra and Rb are taken together to formO; Ra' and Rb' are taken
together to form0; 15 and said substit d hexose group is O HMO OH
-51 WO 02/077255 PCT/US02/08819 19. T npbund according to claim1
wherein X1, X1', X2 and X2' are F; Qis + Ra and Rb are taken together
to form0O; Ra' and Rb' are taken to dorm O; and said substituted
hexose group is

7

5 16,  The compound according to claim 1 wherein X, X;", X, and X, are F; Q is

NH; R, and Ry, are taken together to form O; R,” and R,” are taken together to form O;

and said substituted hexose group is

17. The compound according to claim 1 wherein X, and X" are F; X, and X,” are
10 H; Qis NH; R, and Ry, are taken together to form O; R,” and Ry ” are taken together to

form O; and said substituted hexose group is

18. The compound according to claim 1 wherein X, X", X; and X," are F; Q is
NH; R, and Ry, are taken together to form O; R,” and R,” are taken together to form O;

15  and said substituted hexose group is

-51-



ANtD,,0H O5 20. The conpound according to claiml wherein X1 is F, X1' is
Br; X2 and X2' are H Qis O; Ra and Rb are taken together to formO0; Ra'
and Rb' awe oakesstogether to form0; and said substitut @dThSrpess1gr oup i s
A0 HOH OH 21. The conpound according to cl ai m 1l wherein X1 and X1' are
F;, X2 and X2jq ar i . rm oO;
Ra and Rb' 1agre fT lketjatgmt ooutsa%tj r?g?d\l{ﬂg ﬁ?%lr%{%gl?hle ?% f}%g‘?‘?%ﬁéﬁkﬁ gse
group i s "' ONH; RiandR, a1'6hd\em1ctnmhmdo ﬁnmn@angmd(Rbchlanmeﬁ togeehree it fogi, OX1'

X2 and X2' ar Rb are taken together to formO0O; Ra' and
Rb' are takedt {‘j’esgh%titl‘Eegth?sr‘?‘ngéouPli’ES and said substituted hexose group is
0O HOH F F -52 WD 02/077255 PCT/ US02/ 08819 23. The conpound according to
claim1 wherein X1 and X1' are F;, X2 and X2' are H Qis S, Ra and Rb are
taken together to form0O; Ra' and Rb' ar aken together to formO; and
said substituted hexose group is ~ OH O

F. oy,
G

5 20. The compound according to claim 1 wherein X; is F; X" is Br; X, and X, are
H; Q is O; R, and Ry, are taken together to form O; R,” and Ry,” are taken together to

form O; and said substituted hexose group is

21. The compound according to claim 1 wherein X; and X;” are F; X, and X," are
10 H; Qis NH; R, and Ry, are taken together to form O; R,” and R, are taken together to

form O; and said substituted hexose group is

22. The compound according to claim 1 wherein X, X;", X, and X, are F; Q is
NH; R, and R}, are taken together to form O; R,” and Ry " are taken together to form O;

15  and said substituted hexose group is




a.0 H OH 5 24. The compound according to claim1 wherein X1, X1', X2 and
X2' are F; Qis S; Ra and Rb are taken together to formO; Ra' and Rb' are
t aken t ogwOhen7265 form O; and said substituted hexose gr ®@ap/use2/088190 H2N
ar,OH F 25. The conpound according to claiml wherein X1 and X1' are F; XZ
and X2 are 5310 Hndddnipdiia R0rdd (F0lah € vhkaR ¥, 08 hicli® S0nMA of2  and
Rb' are taken together to form O] and said substituted hexose group is OH
Me ; aCH 26. Hh@ icdnoamiRaae taketin ogetter o form Q; Riiené Rp” @ taked togttheate F;, X2
and X-)' are,_ H. . Ois NH. Ra and Rb are t.aken together to formO; Ra' and
Rb' are takefﬂrTé)ggpﬂé?lytSBbSUi%teﬁdg?’fﬂsﬁ,gm&'ﬁdssai d substituted hexose group is
-53 WD 02/ 077255 PCT/US02/08819 ~ O HO OH N3 27. The compound accordi ng
to claim1l wherein X1, X1', X2 and X2' are F;, Qis S, Ra and Rb are taken
together to formO0; Ra' and Rb' are taken ge\&her to formO0O; and said
substituted hexose group is ” ~\\\% o

N

5 24, The compound according to claim 1 wherein X, X", X, and X, are F; Q is S;
R, and Ry, are taken together to form O; R,” and Ry,” are taken together to form O; and

said substituted hexose group is

H

25.  The compound according to claim 1 wherein X; and X" are F; X, and X, " are

10 H; Qis NH; R, and R, are taken together to form O; R,” and Ry " are taken together to

form O; and said substituted hexose group is

\\\\\\O H

e OH

26.  The compound according to claim 1 wherein X; and X;” are F; X, and X, are
H; Q is NH; R, and Ry, are taken together to form O; R,” and Ry,” are taken together to

15 form O; and said substituted hexose group is

-53-



OH 28. The conpound according to claim1 wherein X1, X1', X2 and X2' are F;
Qis S, Ra and Rb are taken together to formO0; Ra' and Rb' are taken

t oget her wo okor71259; and said substituted hexose group i sPOHUSCHSBD 29. The
conpound according to claim1 wherein X1 and X1' are F; X2 and X2' are H,
Qis NH Ra and Rb are taken together to formO; Ra' and Rb' are taken
together to formO; and said substitute exgse group is ~\\,OH 11 O Mew
S OH OH-54 WD 02/077255 PCT/ US02/ 0881 he conmpound according to
claim1l wherein X1 and X1' are F; X2 an are H Qis S, Ra and Rb are
t aken together to formO; Ra' and ) together to formO; and
sai d substituted hexose group is * H2K 0 a: "OH oH5 31 The conpound
according to claim1 wherein X1, X1', X2 agd X2' are F; Qis NH Ra and Rb
are taken together to formO; Ra' and Rb' are taken together to formO;

and said substituted hexose group is NH2 ~ O
27 The compound according to claim 1 wherein X, X", X, and X," are F; Q is S;

R, and Ry, are taken together to form O; R,” and Ry ” are taken together to form O; and

said substituted hexose group is

28. The compound according to claim 1 wherein X, X", X5 and X, are F; Q is S;
R, and Ry, are taken together to form O; R,” and Ry,” are taken together to form O; and

said substituted hexose group is

10 29. The compound according to claim 1 wherein X; and X;" are F; X, and X" are
H; Q is NH; R, and Ry, are taken together to form O; R,” and Ry are taken together to

form O; and said substituted hexose group is

_54-



F OH O 10 32. The conpound according to claim1 wherein X1 and Xi' are F;
X2 and X2' are H Qis NH Ra and Rb are taken together to formO0; Ra" and
Rb' are twbep/otngether to formO; and said substituted hexeasozoessup is »
,\AM\V\W\VOH F OH OH 33. The conpound according to claim1l wherein X1 and X1
are F; X2 angh X, .hdlich okid Hocoleiih 1cPelafi 1 eI X30Ra BaKR FL agehlisr ke for m
0; R,, and Rb' are tal?en togethef to formoO; c? sai'd substituted hexose
group is -59{@1@31@;@@5& @@'ﬁﬂx’bﬁ@ﬂeﬂ&&%nggfmﬁq@-l{ GhﬂR4 ar beken togethen
according to 0, Z_Lm& \é\’{aerﬁin X%la X1l' are F; X2 and X2' are H Qis NH
Ra and Rb ar é’”fl R SHGSPRUIEL PERASEBERUPAS and Rh' are taken together to
formO0; and said substituted hexose group is » oH OF ,,,0H 5 F 35. The
conmpound according to claiml1 wherein X1 and X1' are F; X2 and X2' are H,
Qis NH Ra and Rb are taken together to rmO0; Ra'" and Rb' are taken
together to form0; and said substitute x88e group is A pCH

HzN OH

Ol""--
I

5 31 The compound according to claim 1 wherein X, X1", X; and X, are F; Q is
NH; R, and R, are taken together to form O; R,” and R, are taken together to form O;

and said substituted hexose group is

10  32. The compound according to claim 1 wherein X; and X,” are F; X, and X" are
H; Q is NH; R, and R}, are taken together to form O; R,” and Ry,” are taken together to

form O; and said substituted hexose group is

33. The compound according to claim 1 wherein X; and X" are F; X, and X" are
15 H; Qis S; R, and R, are taken together to form O; R, and Ry, are taken together to

form O; and said substituted hexose group is

~55-



/p OH HOH S 10 36. The conpound according to claim1l wherein said

t opoi sonerase | selectivity index is greater than about 1000. -56 WD

02/ 077255wB@Thuse2/ 08819 37. The compound H N OF F N PHT@SQ@ASSHO OH F
38. The compound H ONFF N HSOH HOOH F 5 39. The conpound

34, The compound according to claim 1 wherein X; and X, " are F; X, and X, are
H; Qis NH; R, and Ry, are taken together to form O; R,” and R,” are taken together to

form O; and said substituted hexose group is

5
35. The compound according to claim 1 wherein X; and X,” are F; X, and X" are
H; Qis NH; R, and Ry, are taken together to form O; R,” and R, are taken together to
form O; and said substituted hexose group is
10

36.  The compound according to claim 1 wherein said topoisomerase I selectivity

index is greater than about 1000.
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H ONOFF N HO,,, OH HOOH F -57 WO 02/077255 PCT/US02/ 08819 40. A
nmet hod for treating a condition via nodul ati on of topoi sonerase |

conpri si yoadninsstering to a manmal i an speci es in need offCTUsSh2/088eat nent
an effective anmount of at |east one conpound of forrmula | as clainmed in
claiml1. 5 41. The nethod according to claim8 wherein the condition is
cancer. 42. The nethod of claim9 further conprising admnistering to said
manmal i an  sPleci eEhegonproadd one ot her anti-cancer agent in conbination. -58

38.  The compound

39.  The compound

0= N0
F W, F
O q O
H
o wOH
HO
OH

Ty



WO 02/077255 PCT/US02/08819

40. A method for treating a condition via modulation of topoisomerase I
comprising administering to a mammalian species in need of such treatment an
effective amount of at least one compound of formula I as claimed in claim 1.

5 41.  The method according to claim 8 wherein the condition is cancer.

42.  The method of claim 9 further comprising administering to said mammalian

species at least one other anti-cancer agent in combination.
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