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CYI OTOXI C AM NOSUGAR AND RELATED SUGAR DERI VATI VES OF '
| NDOL OPWIRRIBIITIRRBAZ OLES |. Field of the InventBQHUS?784738 The

present invention relates to am no gugar and ot her sugar derivatives
of indol opyrrol ocarbazol es, their salts and hydrates, sone of whi ch
conpounds exhi bit topoi sonerase-| activity, are useful in I nhi biting
proliferation of tunor cells, are useful bﬁﬁthibitin ant it unor

effect, and t CYXTOHEOME AMINGSUGABAND BELAEERSFUGAR |1, Description
of the Prior A’UERIVAtTIVES orggz@j@%@)mgyd@mmmsoi ds such as
a )

rebeccanycin (U S. Pat. s. 4,487,925 and 4,552,842) and its

wat er -sol ubl e, clinically-active anal og,

6- ( 2- Di et hylIaRieddaiffthle)Ineatieoanycin (1) (U. S. Pat.No. 4,785, 085) are
useful antitunmor agents which target DNA. 15 [err]

Top®i soner adée present imventior edatesnoyaminoisiighr Andovthen sugar esol ve

t opol ogi cal dilemmas in DNA, such as overw ndi ng, underw nding and

cat enatevivatinks off indolagiyiryolacarbazdles tHpir eplts aatgii lyrdratesassovd pf i on and 20

perhaps other DNA processes. These enzynes allow DNA to relax by

f or mi ngvhichyeempeunde exbibittep visemiesasehhactivity aaret useiyl émt gates or _

pi votal points for_ .the pasfsage of ot her DNA séran s.. Topoi somner ase-

t ar get iplyibilng Prajfeationof Rireer eells \qrerisefik breég\kla@@gr BURFBROF eacti on of

DNA top?‘j sonerases. In the B\resence Qf topoi ?orrerase active agents, an
effect, and to a process 10r the preparation thereof.

10  II. Description of the Prior Art.
Indolo[2,3-ajcarbazole alkaloids such as rebeccamycin (U.S. Pat.
Nos. 4,487,925 and 4,552,842) and its water-soluble, clinically-active
analog, 6-(2-Diethylaminoethyl)rebeccamycin (1) (U.S. Pat.No. 4,785,085)
are useful antitumor agents which target DNA.
15

(GH2)NEL,
o 0

l O (1)
c6 HO on ci

HO
CH;0 OH

Topoisomerases are vital nuclear enzymes which function to resolve
topological dilemmas in DNA, such as overwinding, underwinding and
catenation, which normally arise during replication, transcription and
20 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 reaction of

DNA topoisomerases. In the presence of topoisomerase active agents, an
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2 aborted reaction internediate terned 'cl eavabl e conpl ex' accunul ates
and resul W egm7aspl i cation/transcription arrest which ulti radwUse7iiends to
cell death. The devel opment of topoisgnerase | active agents, therefore,
offers a new approach to the nulti-reginental arsenal of therapies 5
currentl ' 1N -1.he C ' ticle in
Cancer Cﬁgﬁgtt%ﬁe#&cgﬁ?gr rlrrwqa%(g{n%rg i%%@t%lrngﬁa ?gl l%‘é?%le ggﬁli{l%x 4gccuﬂ;m?jt%écusses
the Topois@NR:a%HE-in ?%ﬁlﬁéé@i&%%&?@tfdﬂ@hn%&?sﬂﬁcﬁ'ﬁHixﬁﬁ‘iely lead$ 4gi €S and
these agents are found to be effective in clinical anti-tunor st udi es.
Structur gkl idafies THe! HeVERprt@dotabssisem@raftl abelvé agbhss, 1RefedsRd, ot hecin
al kal oid (2) [err] Eur opean Patent Application publications O
545 195 Bifepsd irsdvedapprdiehendethe? Znuliddbghnental 6Qrséral 62 thebapizbed June
22, 1994 and in Cancer Research 1993, 53 490-494 and 1995, 55,

1310- 331 sudiestlyonset imdbhifsXp8-the treadireat bAzraheerderi vatives (3) related to
t he Rebeccanycin class and cl ai ned anti-tunor activity; however the

maj or nedhensivioin fancenChrematber.ftharmacoCaR%ht Hesippl): 15e41-Ba4Ppt ot heci ns
act by Topoi sonerse | nechanism_ 20 The world. patent application WO

95/ 30682 dasasses the dopeisomerasedrastivel eompounds thataredntdindestpound (3) and
clainmed anti-tunor activity. WD 98/ 07433 . . :

PCT/ US97Siutigg and these agen{s are found to be effective in clinica} anti-tumor

NHCHO
studies. Structurally these clinical candidates are related to the

10 Camptothecin alkaloid (2)

(o} (2

N

E 0
Camptothecin

Européan Patent Application publications 0 545 195 B1 published

15 November 22, 1995 and 0,602,597 A2 published june 22, 1994 and in Cancer
Research 1993, 53, 490-494 and 1995, 55, 1310-1315 disclosed indolof2,3-
ajcarbazole derivatives (3) related to the Rebeccamycin class and claimed
anti-tumor activity; however the major mechanism of action may not be
Camptothecin like. Camptothecins act by Topoisomerse I mechanism.

20 The world patent application WO 95/30682 also disclosed indolocarbazoles

related to compound (3) and claimed anti-tumor activity.
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Hudkins et. al. in W96/11933 published on April 25, 1996 and
corresponding U. S. Pat. No. 5,475,110 disclosed a series of
WOdBBFH8ar bazol es and showed in vitro biol ogi cal F&TPEYLH38s

i nhibition of neuronal choline adtyltransferase (ChAT), Protein
Ki nase C (PKC) i nhi bition for some compounds. U.S. Pat. No 5, 468, 849
di scl oses certain fl uororebegigi9ci n anal ogs as useful antitunor
agents,

anal og feeding of a 10 rebecca

along with a procgssN grotheir production by fluorotryptophan

-produci ng strain of Saccharothri x

aer ocol oni genes, preferably g8 gt hri x aer ocol oni genes C38, 383- RK2
(ATCC 39243). S an. in U S. Patent No, 5,468,872
di scl oses i ndol ocar bazq 0j di_wHich ar&different in structure

fromthose of 15 fornula | pf the pleseht invention. Kojiri
et. al. in WO96/04293 publishas oH rua®y 15, 1996 di scl oses

I'ndol opyrrol ocar bazol es havi ng a/dj S&¥hari de substituent which S
different than our anino-substiidfe sugar conpounds. 20 There
is nothing in any of the foregoifOHef erences, or in the general prior
art, to suggest the novel cytotoxic am no-sugar and ot her WO
98/ 07433 PCT/ US97/ 14738
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20

Hudkins et. al. in W096/11933 published on April 25, 1996 and its
corresponding U. S. Pat. No. 5,475,110 disclosed a series of fused
pyrrolocarbazoles and showed in vitro biological data such as inhibition of
neuronal choline acetyltransferase (ChAT), Protein Kinase C (PKC)
inhibition for some compounds. U.S. Pat. No 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-producing strain of Saccharothrix aerocolonigenes,

preferably Saccharothrix aerocolonigenes C38,383-RK2 (ATCC 39243).

Glicksman et. al. in U.S. Patent No, 5,468,872 discloses
indolocarbazole alkaloids which are different in structure from those of

formula I of the present invention.

Kojiri et. al. in W0O96/04293 published on February 15, 1996
discloses indolopyrrolocarbazoles having a dissacharide substituent which

is different than our amino-substituted sugar compounds.

There is nothing in any of the foregoing references, or in the

general prior art, to suggest the novel cytotoxic amino-sugar and other



sugar derivatives of indol opyrrol ocarbazol es, sone of which are

topoi sonerase | active agents, of the present invention.

SUMVARY GROPBB743BVENTION 5 An obj ect of the presenPCTSeHI4T# is to
provi de novel sugar derivati ves 4of indol opyrrol ocarbazol es which
inhibit proliferation of antitunor cells and sone of the derivatives
exhibit ¢ r%&@ﬁht@&bbe@ﬂﬁ\dolop?l%ldtﬁkﬁdﬂes EepR spvRiigsard activity. 10
This invention relates to novel antitunor conpounds represent ed by
fornul a fopotsornerisarinacring E?@ltbyofamept@bhe ivedritidrher eof [err]

wher ei n: Rlerr] and err]a are independently hydrogen, a pentose
group (A) or a hexose 15 group (B) of the formul as [err]

provi ded that one of SN R dWn and the other is not
hydr ogen; WO 98/07433
PCT/ US97/ 14738

5 An object of the present invention is to provide novel sugar
derivatives of indolopyrrolocarbazoles which inhibit proliferation of
antitumor cells and -some of the derivatives exhibit increased aqueous -

solubility, Topoisomerase-I activity.

10 This invention relates to novel antitumor compounds represented

by formula I, or a pharmaceutically acceptable salt thereof

M

wherein:

Ry and Rja are independently hydrogen, a pentose group (A) or a hexose

15 group (B) of the formulas

Rs
R5 \
- Rg' —~W
RRSSH 4 w O Rs. d O .
A Re
R4' RZ' R4 HZ
Rs Ry Rd g R

provided that one of Ry and Rj, is hydrogen and the other is not

hydrogen;



5 R[err] Rlerr], Rerr], Rerr] and Rerr], Rerr], Rerr], Rerr]”
. and Rlerr]' are independent!|y hydrogen, C[err] al kyI Cerr]

cycl oal kyl ,w@98/824380, hal ogen, NR[err]Rlerr], NHC(O NR err] RF@FMS97’14733
NHC(O OR, OR -C(ORa, SR -0sJerr]Rc,5 or together form=NOH,, =0,

=NR, provi ded R[err] Rlerr], Rlerr], Rerr] and Rlerr], Rerr], Rerr],
Rlerr] an I anlORy’, R mntwﬂon | 3tedinlde Eﬂd@@ﬂ hydiogahkoxy or
al kyl, angRgl%{ ‘her R%r ovi deé B tﬁr’at R3 gr R[err? i s not -’%ﬁ[erﬁ except
when R[er]q salkyl, C, ; cyclddlleyly D), bibdo; Ml dgdre NMRoR g iNH(@)NRoR sy |
optionally substltuted with one to six of the sanme or different

hal ogen, ONHC(D¥DPR] ORarG(O)R,, HER eQFDR, os dbgethey form =N-OHdy, 46} er oar y|
substituted with one or two groups independently selected 10 from

NR[ er r ] R[ e*INR, gﬂdvimZeRB]ﬁqSiI@M Ry, Ry, éEZGRE@IRrS] are not Ra is H,
OH, Cerr] alkoxy or NRerr]Rerr]]| Rc is (Jerr] alkyl or aryl;

R and H ermixudtmeauﬂgpeﬂdeyrdrbgeny@ﬁ)gﬁhpxﬁperall]tylalangilfprﬂieerpxpchm oal kyI
het er oaryl , non aromatic cyclic 5-8 nmenbered ring containing either one 15
or two hetibabdoesR3ciscre fr(ﬁ*FQP’bWhﬂnMerr])nNR[ err]R[err]

CH | ky
(()pt .[ 3&2??905&& Llfkf@&cl\fwmﬁbﬁé 4 élléf.)aqkﬁ E[%Ally s&stgta &’rlﬂfgpﬂﬁé?ent

hal ogen, err ryl rhete sald teroaryl
subst i t ut eﬂxﬂ?\lheéﬁé‘eoﬁ?r rsn @%ﬁd@&irﬁ@iﬁ aryl osthek r@aryl said w@

Rlerr] ar 67 REESOMIRARPSHHAA R orl o P0 #RYPS Ced e eldenyhi SHPRFR.  benzyl
aryl, 1Ia)et {r8ﬁ'{)dR(#9]_ByO?~f C’@Oﬁ? %&\fég ?@Qﬁ hydrogen can be substituted

W th one to sl X hé sane 0 bgen, OH, NH2, CN, N2,
-C(=NH) NH2, -CH(=NH), CH(R[err]) (CHerr])n COOH or CHRo) (CHerr])[err]

NH2 or . err], .or Re and Rierr] together wth the nitrogen
atom t o whRe s Fh&Fiafca-7 alkoxyapy 0f orma cyclic 5-8 nenbered
non-aromatic ring containing either WD 98/ 07433
PCT/ US97/ 14738

R is Cy.7 alkyl or aryl;

R and R,, are independently hydrogen, C1.7 alkyl, C1.7 cycloalky],
heteroaryl, non-aromatic cyclic 5-8 membered ring containing either one

15  or two heteroatoms selected from O or N, (CH2)nNRgR10, (CH2)nORg or
(CH2)nCOORy, said Cj.7 alkyl optionally substituted with one to six of the
same or different halogen, OH, CN, NO,, aryl or heteroaryl, said aryl or
heteroaryl substituted with one or two groups independently selected
from NRgR;9, OH, COORg, SO3Rg or OCORGg;

20 Ro and Rjp are independently hydrogeﬁ, Ci-7 alkyl, C1.7 cycloalkyl, benzyl,
aryl, heteroaryl, any of which groups except hydrogen can be substituted
with one to six of the same or different halogen, OH, NH,, CN, NO,,
-C(=NH)NH2, -CH(=NH), CH(Rp) (CH2)n, COOH or CH(Rp) (CHz)n NH; or
COOR,,, or Ry and Ryg together with the nitrogen atom to which they are

25 attached form a cyclic 5-8 membered non-aromatic ring containing either



4

6 | one or two heteroatons selected fromO N, or Sor Rerr] and -
‘Rl err] together form=CHRR[ err ] Ro is Hor COOH;

is hydrogen9es@afeasr] al kyl, aryl, arylalkyl, OR err], NR epPCTREgvrIserr],
or 5 OCOCHerr])nNRlerr]Rerr], gaid Cl1-7 al kyl optionally substituted
with one to six of the sane or different halogen, NR err]Rerr], CN,

NC2, arylne f“t@oaﬁé&laro(?t?ms s d rl]fdlg'{%@ N bhsaserg 5113\'%3%5?%’

i ndependently selecte rom N ,

SO err ] Riged Ly Rrer]; R7 and R8 are independently OH or H, or
taken together is O 10 Xerr], Xerr],, Xerr] and Xerr] are

i ndependently H, halogen, OH -CN, -NC, CF[err], -COR, NJerr], OR

O CH err r r], O CHerr])[err]ORlerr] or OCHerr]), COOR[err];
provi ded@(sgirir B X[ err], X, and X[ err], are not 1, 11-dichl oro;
provi ded further when X, and X , are each H X, and X, are each
independen&g H or hal ogen, R, |s hexose, Rl err] and R[err] t oget her

is O ari&s ydusiger] €7 alkil, @ryl, arglatkyd ORqp, WReR@porR err]., Rl err]
R[erlbj err 15 and Rerr] are each H Q is NH, and t hen each of
Rl er ojlmpqalqhﬁhex aﬂ]kyéﬁgtmnally supgtiuted weth enertesiorf when

R err] is O, NR.err S or CHerr];
and é‘e sameg @r élr’lffF’fﬁ“é ogﬁ‘f’brﬁ‘r&’ﬁlﬂ CI\QOIQOZ, aryl, ?ﬂ%étaﬁ'ﬁl aspect of the

resent nti rovi des a net hod rowth in a
oot bR e R e oF i Btolips independgpsly sAippis foi NRGR; o]
PCT/ USA765 1 E880Rs, 503Rs or OCORG;

Ry and Rg are independently OH or H, or taken together is O;

10 X, X, X;and X, are independently H, halogen, OH, -CN, -NC, CF,,
-COR,, NO,, OR, O(CH,),NR,R,,, O(CHZ),,OK, or O(CH,),COOR;; provided X,
X',, X, and X, are not 1, 11-dichloro; provided further when X, and X', are
each H, X, and X, are each independently H or halogen, R, is hexose, R,
and R, together is O, and each of R, R;, and R, are OH, R, R,, R, and R,.
15 and R,. are each H, Q is NH, and then each of R, and R, are not NH, and

R, is not methoxy when R, is H;
WisCorN;

Qis O, NRyg, S or CHy; and

n is an integer from 0-4.

20 Another aspect of the present invention provides a method for

inhibiting tumor growth in a mammalian host which comprises



r
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7 . adm nistering to said host a tunor-growth inhibiting anobunt of a

- compound of formula I. Yet another aspect of the
i nvention pW&/?W?‘” pharmaceutical fornulation which co‘ﬁ%ﬁ?seg’m
antitunor effective 5 anount of a cdnpound of fornmula | in conbination
Wi th one or nore pharmaceutically acceptable carriers, excipients,
di | uent s crdmitjistesings to said host a tumor—growth‘nm}QEmngmrmafm OF THE
| NVENTI ON 10 The present invention provides novel am no sugar
and rel at epmpounddef farmilads of indol opyrrol ocarbazol es and their salts
t her eof sone of whi ch are topoi sonerase- | active agents. These
conpounds are useful in inhibiting proliferation of antitunor cells
and exhi bi t an_tY_émi%tb@frT@Péct dfthe present ifvédritorappbvidatiaon, unl ess
ot herwi se specified expliclitly or in context, the follow ng
def i ni ti onshadpdceutitad formiiton whikh cihpeisepan antituné# effetHeesymbol " C’
define the nunber of carbon atons a particul ar group can contain. For

exanpl € " Gméuat by’ composnd of fanghin bin bombifeion with et or atee car bon
chain having fromone to six carbon atons; exanples 20 include nethyl,

ethyl, n- mmmymacawmpllgmdcepnbhjcgrmerse@cd@pteytlts, dibednis pir adjuvants. but yl |
n- pentyl sec- pentyl, |sopentyl and n- hexyl. Dependi ng on the
context, "Clerr] al kyI can also refer to (Jerr] al kyl ene which bridges two

groups; exanpl es IanEdmnEm'Escm@ﬂoﬁommwmw 2-met hyl -

but ane-1, 4-diyl, etc. "C2-6 al kenyl"™ means a strai ght or branched carbon
25 chai n having at | east one carbon-carbon doubl e bond, and having from
two to six carbon atons; exanpl es include ethenyl, propenyl, i sopropenyl ,
but enyl , i sobut'éheyIpremrttiawhtioarpkdvedwnbvemmwisugaﬂnaﬂdﬁeeﬁteﬁext,
"Clerr] alkenyl" can also refer to CJerr] al kenediyl which bridges two
groups;  derivatieaspdindolopytelaabaznies and-tieid salts theresfejome of
2- met hyl - 2- but ene- 1, 4-di yl ,
which are topoisomerase- I active agents. These compounds are useful in
inhibiting proliferation of antitumor cells and exhibit antitumor effect.

15 In the application, unless otherwise specified explicitly or in
context, the following definitions apply. The numbers in the subscript
after the symbol "C" define the number of carbon atoms a particular group
can contain. For example "Cj.g alkyl” means a straight or branched
saturated carbon chain having from one to six carbon atoms; examples

20 include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-
butyl, n-pentyl, sec-pentyl, isopentyl, and n-hexyl. Depending on the
context, "Cq.¢ alkyl" can also refer to Cj.¢ alkylene which bridges two
groups; examples include propane-1,3-diyl, butane-1,4-diyl, 2-methyl-
butane-1,4-diyl, etc. "Cp.¢ alkenyl" means a straight or branched carbon

25 chain having at least one carbon-carbon double bond, and having from
two to six carbon atoms; examples include ethenyl, propenyl, isopropenyl,
butenyl, isobutenyl, pentenyl, and hexenyl. Depending on the context,

"C2-6 alkenyl” can also refer to Cp.g alkenediy! which bridges two groups;

examples include ethylene-1,2-diyl (vinylene), 2-methyl-2-butene-1,4-diyl,



+
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8 2- hexene-1,6-diyl, etc. "(Jerr] alkynyl" neans a straight or

branched & #8:07433 chai n having at | east one carbon-car badCWY$YI147380Nd,
and fromtwo to six carbon atongg exanpl es include ethynyl, propynyl,
butynyl, and hexynyl . 5 "Aryl"™ means aromati c hydrocarbon havi ng

LEOMm S1XalxbRE- 10RO etc. "Cﬁg;h;@?rn)ﬂx r@éaisﬁaggfgﬁ%:pia%&hegr%@ hthyl.

"Substituted ary | ndependent | stitute one to

oy BB s R A SRR g
o K01 Bt G191 kBB Ay BARNy eyl, H vBAR, Creno

means fluorine, chlorine, bromne, and iodine; fluorine is preferred.
"Heteroaryl" neans a five- or six-nenbered aromatic ring 15 containing at

| easts one and" ARyl Ome@HS ROHmERI RAdrcth&5Bn Hakacd FEbrh! SRto tenRE¥BEA. sul fur
and nitrogen. Exanples of heteroaryl include thienyl, furyl, pyrrolyl,

i m dazol ytom$yeamaples, inkhidez phhyl andtipteRyl| 'Sebarated aryl" mekfgxazol yl,
triazolyl, thiadiazolyl, oxadiazolyl, tetrazolyl, thiatriazolyl,

oxat ri azaty! independehtlyppubstitdyéd withashayto fiver (lolaz preferably i ngl , 20
tetrazi ngﬂ, and like rj ng?i. The[\ (of0) ognds of the prc?sent
i nvent i oHREY BHMPSyeRlerRd fiompufa-6 alkanqylexy, hydroxy. hgloges, Ci-6
alkyl, trifluoromethyl, Cq.¢ alkoxy, aryl, Cy.¢ alkenyl, C1_g alkanoyl, nitro,
10 amino, cyano, azido, Cj.¢ alkylamino, di-Ci.g alkylamino, and amido.
"Halogen" means fluorine, chlorine, bromine, and iodine; fluorine is

preferred.

"Heteroaryl” means a five- or six-membered aromatic ring

15 containing at least one and up to four non-carbon atoms selected from
oxygen, sulfur and nitrogen. Examples of heteroaryl include thienyl,
furyl, pyrrolyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl, tetrazolyl, thiatriazolyl],
oxatriazolyl, pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl,

20 tetrazinyl, and like rings.

The compounds of the present invention have the general formula

o

ty

25
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Rlerr] repr®E®43 pent ose group (A) or a hexose group (B) o‘fCW%”’W”
formul as [err] 5 Preferred conpounds of fornula | are
those wherein in Rerr] or Rerr] all substituents are H except
Rlerr], R #héreim®y Rpresdntareparose Croumil) BF er héxdse guRpgr (B)Rifghe] .

Q her preferred conpounds of forrmula | are those wherein in Rerr] or

Rl err] all foeubslast uents are H except Rlerr], Rerr] and Rerr] are each OH;
and R4 is 10 NR[err]Rerr], halogen or N3 (i.e. azido).

O her preferred conmpounds of forrmula | are those wherein in R err] or
Rlerr] all substituents arasH except Rlerr] RsRlerr] and Rlerr] are each OH;

and Rerr] is hal ogeny h preferred conmpounds of
formula | are those V\,her%?sr_'\', noRierr] or 1«

. r] all substituents are H
except Rerr], Rerr] and R & r]/ areaeach R2 hS hal ogen.

Q her preferred conpounds AR Ja | arePs reinin Rerr] or
Rlerr] all substituents are I-da,,ep(zcept R2, R3 aﬁénegch OH, and Rlerr] is
hal ogen and R4 is azido or NR err] Rl err]or WO
98/ 074 '

PCT/ US97/ 14738

Preferred compounds of formula I are those wherein in Rj or R,, all

substituents are H except Ry, R3, and R4 are each OH; and Rs is NRgR1p.

Other preferred compounds of formula I are those wherein in R; or
R,, all substituents are H except Ry, Rz and Rs are each OH; and Ry is
10 NRng, halogen or N3 (i.e. azido).

Other preferred compounds of formula I are those wherein in Rj or
R,, all substituents are H except Ry, R3 and R4 are each OH; and Rs is

halogen.

Other preferred compounds of formula I are those wherein in Rj or
15 R,, all substituents are H except Rs, R3 and R4 are each OH; and Ry is

halogen.

Other preferred compounds of formula I are those wherein in R; or
R,, all substituents are H except Ry, R3 are each OH; and Rs is halogen and
R4 is azido or NRgRjp or OR.
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10 O her preferred conpounds of formula | are those wherein in
‘Rlerr] or Rlerr] all substituents are H except R2, R3 are each OH ‘
and R5 i swxgsagé3s and R4 is hal ogen or Hor alkyl. PCT/US37/14738

Gt her preferred conmpounds of fornulaip are those wherein in Rerr] or 5
Rlerr] all substituents are H except R2 and R3 are each hydrogen or

hydr oxy; S tﬁ@r'p@ﬁf&fg&ggﬁvpdﬁcﬁgﬁnﬁorgﬁé Tlarglth¥se Whe@f!nd R?'&‘i' Rierr]

i s hydroxy, , halogen or NRerr|Rerr

QO her pr ¢f efl ebsoRaME% Bf eXc@pfRLaR1 afd 82d1088 awaek ifhhlbgBheddd or
R err] al " substituents are H except err] and R err] are e€ach hydrogen or

hydr oxy; R4l6 halBgérs oh¥lbeatkyl. hal ogen, C[err] al kyI or azido; and Rerr] is
hydr oxy, azi do, %:[ err] al kyl, hal ogen or NR[err]Rerr].
O her preferred corrpounds of forrrula 1 are those wherein in Rerr] or

yaroxy. - el Rt Soblei e of Bl S ol i KL 0 re
t hor pr vt FEHERISHERT Be HiSrsPh Y n?”?'%%e%sﬁé‘m?éﬁ SV o
Reerr] alg 1§H9§§b$&“r‘rﬁagogéﬁ@ %gglp& ﬂx@fﬁlnf‘ %f[wf&ﬁlx)gm G, hydrogen or

hydr oxy; én,’ha err afd R5 is

hydr oxy, 4 ﬂ?ldﬂal eﬂ,\{g)} NR,R al kyl , hal ogen or NR[ err]R[err] .20
Ot her preférred conpounds of forrrula | are those wherein Rerr] and

R8 taken together is O O her preferred corrpounds of formula

| ndependent | y e GaRTEHb FeFSRds ofcfoauts T ade EB5e Wikkreln T, or

R,, all substituents are H except R, and R, are each hydrogen or hydroxy;
10 R, is hydrogen, halogen, C,, alkyl or azido; and R; is hydroxy, azido, C,,
alkyl, halogen or NRyR,,.

Other preferred compounds of formula 1 are those wherein in R, or
R,, all substituents are H except R, and R, are each hydrogen or hydroxy;
R, is hydrogen, halogen, C,, alkyl or azido; and R, is hydroxy, azido, C,,
15 alkyl, halogen or NRGR,,.

Other preferred compounds of formula 1 are those wherein in R, or
R,, all substituents are H except R, and R, are each hydrogen or hydroxy;
R, is hydrogen, halogen, C,, alkyl or azido; and R; is ﬁydroxy, azido, C,,
alkyl, halogen or NRSR,,.
20
Other preferred compounds of formula I are those wherein Ry and

Rg taken together is O.

Other preferred compounds of formula I are those wherein X1, X',

25 Xz and X'; are independently halogen (preferably fluoro).
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Phar maceut i W2 9874Bcept abl e salts and/or sol vates of fornul a JCT/US7/14738
conpounds al so conprise the present int&ntion which further includes
stereoi soners such as enantioners which can arise as'a consequence of
structural asynPhhfmateutielllgciedpeabipeahsandf/ of somates of fordnaladier s 5

which arise fromthe Rlerr] substitution stereochem stry. _ The
conpounds ofmpbusdisralentdonmprise the psesent invenfionmvbich furthepheglndesut i cal |y
acceptabl e salts. Such salts include addition salts with I norgani c

aci ds suchstgieoisomes sugh as enpotioniarswhichqan agise aspfapnsequenee of 10  and
wi th organic acids such as, for exanpple, acetic acid, citrjic acid,
met hanesul $tewetairak aslymimgtng i selecteshrempouandst ofr fozpiia daan aRgMAIFei ¢ aci d.

Further, in,case the conpounds of .this invention, contain an acidic group,
the acii cw&"ghﬂnésm%%n&euﬁhsl‘ SR 8fer§‘l"l?&ﬁmlsg’§{'al salts such as, for
exanple, a potassiumsalt and a sodiumsalt; alkaline earth netal salts 15
such as, for exanple, a magnesiumsalt and a calciumsalt; and salts with

organt  bases Syl BB RN ITRVISR (SR PR OISR L
;""ht h anti - hg%ﬁ&g&%ﬁ@‘ f&FpéQ'btlé's lQQOSEQ}q%EEE%éluﬁ%ta'd\ﬁ?tiog%alts RbgRerti es,
€ conpou S can e usertu as anti1 -tunor agents. n recent years,

numer ous r ﬁ@?g?ﬁichz?éfﬁs suek gg,ei%r teglﬁn{ﬂlé,eﬁg%ﬁcﬁl&li@ g&at drpg rs]%xﬁ%Nn'r&?Jc‘?d of

Topoi sonerase”| targeting drugs is to st | ze a cova

t opoi ST 2%¢ itk YFphRK dcfiy/diRintas P8y BRambld) kst ONAGS EREL acid,r and
breaks. From a pharfacol ogi ¢ standpoint there are advantages to target 25

Topoi soner agthdnesulfatic aelditbMeing Nilfdhit avil, adhrictatid aagdemadeit achbt h
proliferating and qui escent cells suggests that its function nay be
i ndependenFurthet,ein cdser thgr st pounde odribissiroentiont apdasoar raxsdic| gracpi, ve
agents may be effective in slowgrowng as well as rapidly proliferating
the acidic group can exist in the form of alkali metal salts such as, for
example, a potassium salt and a sodium salt; alkaline earth metal salts
15 such as, for example, a magnesium salt and a calcium salt; and salts with

organic bases such as an ethylammonium salt and an arginine salt.

The compounds of the present invention are useful pharmacologic

agents with anti-tumor properties. With Topoisomerase-1 active

20 properties, the compounds can be useful as anti-tumor agents. In recent
years, numerous reports have surfaced the literature suggesting the role of
Topoisomerase-] targeting drugs is to stabilize a covalent DNA-
topoisomerase I complex to yield enzyme -linked DNA single-strand
breaks. From a pharmacologic standpoint there are advantages to target

25 Topoisomerase I; first relatively high levels of its presence in both
proliferating and quiescent cells suggests that its function may be
independent of cellular growth rate and second, topoisomerase I active

agents may be effective in slow growing as well as rapidly proliferating
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12 tunors. Cells fromcolon tunors have been shown to contain higher -
i ntracel | W&P814783%| s of topoi sonerase | than normal nucosal PEEVUES/14738
suggesting the possibility for sel ectigve cytotoxi c advantage. Thus,

i nhibition of proliferation of tunor cells by conmpounds of fornula | was 5

initiall yuARIENtEN adm Yot BehbYs hh8ibeehi Mbwh tb BatSAMmEASE | . Sel ected
conmpounds of formula I, usually having EClerr] values |less than 10 [err] M

in ihfacdidplak JevEls asfetopolsiterased thanl iérnhi Aisineidokal @isi nhi bi tion of
human/ mouse tunor cell proliferation assay. Conpounds of this

i nvent i osuggestirsg tloe poasibiliy fooselettive cylotodpaidviaatafd eThus,n vi vo agai nst
10 nmouse tunor (P388) and the results are shown in the follow ng

phar macolinhibitidn tof prodiferationsof Tahbe cdlls by compoumds/of fortmula- Twasr  Ef fi cacy
In-vivo antitunor experinents were initiated by inplanti ng mce 15 (BDF1
or CDF1) inisiallyt Aemnonsiratesbby| affactine dnbihitien ofrtopoisomerasele Selected ni ti at ed
one day after inplapt and, ipnvol ved one ip. iLnjectiopn per dose . | evel ;
sever al (SFBE‘EPQ‘E% QP&\%?E“@\/QI%E? ¥ having Yrluessisss thap 1Rgi in

typically used per dose |level in treatnment groups, 6 and eight to ten mce
were usedhed opersqmerasgdissay.crereaiRetesteddpiam iblen 0hti on of activity

20 was de on,the basis of ,co i t he medi an surviyval, tinme - (MST) of
treat edn?‘ﬁn?ﬁ"/c’é‘%s??f“f’h%r %ﬁpg@%%%lasia@) né%’é‘POR&dP\th'%“%vas(defi)ned as
a %/ C of_> qr = % . - VBT(T)./ NST 100. = %/ .C 25
Tabl e | mver%%rrv%%gn%bﬁ/%%g}“l%gq%gﬁgég%é@)pﬁbl\gc(&}efﬁn’(ﬂ’ v1vq38§%%/ kg/ dose)
MBT 10T/ GhBse tumor (P388) and the results are shown in the following

pharmacological test examples (Table 1 ).

In-Vivo Anti-Tumor Efficacy
In-vivo antitumor experiments were initiated by implanting mice
15 (BDF1 or CDF1) ip with 10(6) P388 leukemia cells. Treatments were
initiated one day after implant and involved one ip injection per dose
level; several dose levels were evaluated per compound. Six mice were
typically used per dose level in treatment groups, and eight to ten mice
were used as parallel untreated leukemic controls. Evaluation of activity
20 was made on the basis of comparing the median survival time (MST) of
treated (T) mice with the MST of control (C) mice. Aétivity was defined as
a %T/C of > or = 125%, calculated as: MST(T)/ MST(C) x 100 = %T/C

25 Table ]
Compound Made '
By Example No. = Tumor  Dose(mg/kg/dose) MST _T/C (%)
19 P388 200 9.0 82

100 20.0 182



»

19 . .- P388 200 9.0 82

100 20.0 182 WD 98/ 07433
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Tabl e | Compound Made By EXanpl e No. Tunor Dose( g/ kg/ dose)
MST T/C (% 50 18.5
168 5 Table 1 25 17.0 155

29 P388 200 10 91

100 Compdfind Matiz0 50
12.0 108y Hhmple No. Tumor Dose(mg/kg/d MSRPS T/C (%) 14.0
127 Topoi sonerase | Activity (In-Vitro) Topoi soner ase |
activity was neasured as descri bed bel ovi0 The 1850cedBe for assaying

conpound i nduced, topoisonerase | nediated 15 single strand break
formatbon in DNA was essentially that de¥cribed by 170  HSbang, et al.,
appearing in J. Biol. Chem 260: 14873-14878.(1985). Sanples di ssol ved
in 100% DVSO as either 10 [err]Mor 10 ng/m sol utions, unless

otherwi se stated, were diluted in Tris-EDTA buffer. Mrine bacteriophage
PM2 DNA (BoehriZger MannheP#8 was al so d00uted in TAPs-EDPA buffer 20 to
a concentration of 0.02 [err]g/[err]l. Dfferent dil Ei ons _qQf conpound

bei ng eval uated were nixed with dil % DNA andlg' S rﬁsﬁturfe_ was added
to 1000 unit (one unit of enzyne acté vity is deﬁ'%laed a® t he amount
capabl e of rel axing 100 ng of super@oi | ed DNA irfiappr R mately 30

m nut at 37[err] O aliquots of puwdfied huma opoi.sgner ase |
(Topogin) in 2X reaction 25 buffer tolisét art the rgg@tionl.§9The conmpound -

DNA - enzynme m xture was i ncubated for 30 mnutes at 37 C before
stopping the reaction with warm stop buffer containing sodi um dodecyl

sul fate and BEQHRLAASY Kctivitd -Vitro

Topoisomerase [ activity was measured as described below: The

procedure for assaying compound induced, topoisomerase I mediated

15 single strand break formation in DNA was essentially that described by
Hsiang, et al., appearing in J. Biol. Chem. 260: 14873-14878 (1985). Samples
dissolved in 100% DMSO as either 10 uM or 10 mg/ml solutions, unless
otherwise stated, were diluted in Tris-EDTA buffer. Marine bacteriophage
PM2 DNA (Boehringer Mannheim) was also diluted in Tris-EDTA buffer

20 to a concentration of 0.02 pg/pl. Different dilutions of 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 DNA in approximately 30 minutes at 37°C)
aliquots of purified human topoisomerase I (Topogen) in 2X reaction

25 Dbuffer 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 sulfate and proteinase K (Sigma).
These mixtures were allowed to incubate at 37° C for another 10 minutes,

at which time the mixtures were removed from the waterbath and



These m xtures were allowed to incubate at 37[err] C for another 10

m nut es, at which tinme the m xtures were renoved fromthe waterbath
and WO 98/074%¥D 98/ 07433 PCT/US97/14738
PCT/ US97/ 14738 14 14 extracted

with a 24:1 m xture of chloroformisoanyl alcohol. Follow ng

centrifu Xlife BALRRYSS e s of a
0. 9% aga%gsdé&(@egeg\kgﬁ)%%ﬁll Qlfun Tris- %’l(@;l‘réa§e09 gﬁ’?%’“ﬁﬁ‘fﬁ?‘ ﬁ?ngogaﬁ rrlg/m of

et hi di um i tRIM] adidRio€s be the @cll@é(ﬁiist pleeenesieplhesd P WlFGf 40 5

separate the di ferent topol ogi cal isoners and ni‘cked and broken DNAs.

After des, Wor‘agiﬁoéél@fgﬂ(emhgwaixﬁfnsibb@at@tﬁufﬁéﬁkfﬁrhﬁmgl@$ Lﬁyﬁﬂd’fDNA
reaction products were visualized by exposing the gel i rradiation.

Negat i vesethidiphobogirdgd andf subjected ntediledtasblgeresis for GSShmrrB&d wth a
densitonmeter and areas under the peaks were calculated in order to obtain
10 pér ceepasitaghe diffecerd topaldgiezlkisomennandmitked endtbrokepIBNAA. nedi an
ef fective concentratl on(ECerr]) was obtained for each conpound by

i nt er pol abften dgsiairiag q&mgﬁlsmowathetheagmxdmg hromide stainedt DA ve” whi ch
defines the potency of the conp q(kj for its effect for_inducing.

t 0poi sondieasaon mépaﬁewegq wgpé 1§% Rycemosims thengedne, UVigradiationThe

ene BRSBTS el AR

Table 11 20

0. 03 dénsitometep and arsAS TR Ve peaks were calculated §n ordel to obtain 15

10 percent single strand DNA break formation for each sample. A median
effective concentration(ECsg) was obtained for each compound by
interpolation between points of the resulting dose - effect curve which
defines the potency of the compound for its effect for inducing .

topoisomerase I mediated single strand breaks in DNA.

15
The topoisomerase I activity for selected compounds of the present
invention is shown below in Table II.
TablelI
20
Example No ECs0 (uM)
15 0.03
18 >100
19 0.04
25 29 0.01
30 <0.01

31 <0.01



19 0.04 25 29

2. 01 WO 9845 08/ 07433 =00t reTrUSYTHtaTas
PCT/ US97/ 14738 15 15
Table I1 Exanpl e No EC[err]([err]M
33 0.23 Talgell 34
0.23 35 0.75 45
0.28 47 0.10 48
0.40 10 68 0.03 69
0.03 The EXameledounds of the prégéﬁﬂﬂﬂavention, as exenplified by
am no and oﬁger sugar derivatives inoggble 1, show remarkabl e
t opoi soner ase- | 5 activity even in the b-m cro nol ar range of
concent rati on. Aﬁéiory, this activiby;23 however, is unexpected and not
predi ctable by o in the skilled art™since a small change in
substitution patierns seenms to result in 375 hi ghl y unexpected change in
activity. This iS exenplified by the t Opoi sonmerase | activity
difference for tje conpounds prepared by g: Exanpl es 18 and 19. Exanple
19 is an effective anti-tunor agent with su m cro nolar Topo- |
activity whereasgfExanpl e 18 did not show Fgpo- | activity even at
greater than 100 micro nolar concentration. The only di fference
bet ween the conpgginds of Exanples 18 and p3pis that in Exanpl e 18
X[err] and Xerr] is 2, 10-difluoro and R6 is am no, whereas in

10 68 0.03

69 0.03

The novel compounds of the present invention, as exemplified by amino
and other sugar derivatives in Table II, show remarkable topoisomerase-I

15 activity even in the sub-micro molar range of concentration. Apriory, this
activity, however, is unexpected and not predictable by one in the skilled
art since a small change in substitution patterns seems to result in a
highly unexpected change in activity. This is exemplified by the
topoisomerase I activity difference for the compounds prepared by

20 Examples 18 and 19. Example 19 is an effective anti-tumor agent with sub
micro molar Topo-I activity whereas Example 18 did not show Topo-I
activity even at greater than 100 micro molar concentration. The only
difference between the compounds of Examples 18 and 19 is that in
Example 18 Xj and X'j is 2, 10-difluoro and Ry is amino, whereas in

25 Example 19 X3 and X is.3,9-diﬂuoro and Rg is hydrogen. Moreover,
rebeccamycin, where Xj and X'y is 1, 11-dichloro, R4 is methoxy and Rs is

hydroxy, is also not Topo-I active.



25 Exanple 19 X[err] and X [err] is 3,9-difluoro and R6 is hydrogen.

Mor eover, rebeccanycin, where Xerr] and X [err] is 1, 11-dichloro,
R4 is metWOSPOHT Rlerr] is hydroxy, is also not Top&CIABy/i47a8
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Cel | - Bas iBai tosiidi jvit The proliferation inhibition
activity agal nst human colon cell line was neasured as foll ows. 5
Cytotoxi city Whe meddeseibn mhiifibhbathiniy agaimst lmamannorien celll Bne by

XTT (2, 3-bi s(2-nmet hoxy-4-nitro- 5-sul fophenyl)-5-

[ (pheny| was mogassarbdrasl folleMest et r azol i um hydr oxi de assay as described in
the literatur-e by Scudi ero, DA, Shoenmaker, RH Paull, KD, Mnks, A,
Tierney, S. Nofziger, TH, Currens, M), Seniff, D, and Boyd, MR 10
Eval Uati on of Cytctoidityewastassessed wnHOT bl hnneess aglohorarcipomaycelist h and

drug sensitivi ti/ in culture using human and ot her tunor cell |ines, was
done acchby ¥y (2.3-hip@-pethegutaides drsublophenylabrcer Res. 48: 4827-4833,
1988. Cells were plated at 4000 cells/well -in 96 well mcrotiter plates and

24 hrs | {psenylaminolearborplizdl-dpigazaliyma hydnoxidaiasseasc@esceibr@r® i ncubat ed
_(1: gnt _2} ni3 e{i{e]rat%r%ﬁ:g/nééiz&ir@%é{)ﬁovghgg : mgg‘g‘&i w%%ggge h"()eg-er’ enzyrﬁe
ani ch camieggey. S, NOfiER 1 CHepba Y osRuo i B9, Whe or cater the
S oAPES UGS 5oL Sl TR g BB R NSRS
1L S BShLG B R g RORMRSRRE Bl romof S, MBSt
of the pagReAEcdrdYRytd dMe Prétedure deShI¥ IMCAABELER S, 48: 4827-4833,
1988. Cells were plated at 4000 cells/well in 96 well microtiter plates and
24 hrs later drugs were added and serial diluted. The cells were incubated
15 at 37° C for 72 hrs at which time the tetrazolium dye, XTT, containing
phenazine methosulfate was added. A dehydrogenase enzyme in live
cells reduces the XTT to a form that absorbs light at 450 nm which can be
quantitated spectrophotometrically. The greater the absorbance the greater
the number of live cells. The results are expressed as an IC50 which is the
20  drug concentration required to inhibit cell proliferation (i.e. absorbance at
450 nm) to 50% of that of untreated control cells.

The results for selected compounds of the present invention are

shown in Table III.

25 Table III
Example No ICso (M)
15 0.26

18 >1.45



25 Table 111 Exanpl e No

IC[err]([err]M 15 . 26
‘WO 98/07433 >1. 45 WD 98/ 07433FCT/USITI4TI8

PCT/ US97/ 14738 17 17
Table 111 Exanpl e No ICerr]([err]M
19 0.11 Tablell 29
0.09 5 33 o N .17 35
0. 50 Exginple No ICs 114__)0 37 58
0. 07 60 0.17 10 62
0. 56 193 0.11 0.77 67
0.74 One aspect of the present i nvention involves
administration &2 15 conpound of Formul@0? or a pharmaceutically
accepta | e salt _and or sol vate the:}&g% to a manmumal inplanted with
t unor susceptq le to cancer for on. In general the conpound
woul d be_ given ipp a dose range of fr@ghabout 0.01ng/ kg to about the
MID (maxi num t ol*€r at ed dose). Altho the dosage and dosage regi men
and scheduling g a 20 Fornula | corrpouq)':g nmust in each case be carefully
adj usted, utili sound professio 7 j udgnent and considering the
age, weight and 58 0.07

60 0.17

10 62 ' 0.56
63 0.77
67 0.74

One aspect of the present invention involves administration of

15 compound of Formula I or a pharmaceutically acceptable salt and or
solvate thereof, to a mammal implanted with tumor or susceptible to
cancer formation. In general the compound would be given in a dose
range of from about 0.01lmg/kg to about the MTD (maximum tolerated
dose). Although the dosage and dosage regimen and scheduling of a

20 Formula I compound must in each case be carefully adjusted, utilizing
sound professional judgment and considering the ége, weight and
condition of the recipient, the route of administration and the nature or
extent of the cancer disease condition. The term "systemic
administration™ as used herein refers to oral sublingual, buccal,

25 transnasal, transdermal, rectal, intramascular, intravenous,
intraventricular, intrathecal, and subcutaneous routes. In accordance

with good clinical practice, it is preferred to administer the instant



condition of the recipient,
extent of the cancer
adm ni st r WOoR07433 used herein refers to oral
t ransder nmal ,
intraventricul ar,

t ransnasal ,

the route of admnistration and the nature or
di sease condition. The term"systemc

subl i ngual , bRCTMISI7/142%B

i ntragascul ar, intravenous,

and subcut aneous routes. | n accordance

rectal,
i ntrat hecal ,

wi th 9°°d§<§hb?:hﬁﬂ's A 2ebhatrdtion T SHRRSAi BrodulabBLEgyL e | nstant
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18 RSB e Bt v@x@lﬁ'&ﬂ“&i@iﬂg) Hn Eﬁéﬁh\m@ b? Rintbivar@spibiege@tf ective
benefi ci aI effects W t hout causing any harnful or untoward side effects.

DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS The procedure for the

preparation of for IRAQN OETHESPECIHICI EMB $chene |, and the
preparation of the key i nternmedi ates/starting materials is illustrated
in Scheme |l. The proc&dtmnforlithe prepafitidrnes fermilaf I éempouadsrisducts [err]
wher ei n:

5 illustrated in Scheme I, and the preparation of the key

intermediates/starting materials is illustrated in Scheme II.

Scheme §
Be
Sunthesis of o | Produsts . OseNv0 o Ry o
= N 7y and/or v R
y R )(g NnR N ’\X ﬂl\ 3 y
i m Rp 2 XoZoN Y
Rg Rs : R ,Fq%
o N_o o
; = . = . X P
X \31_________ Lo ‘,?1(, [.\ WY
iy . i N o N
2N 07X XN Q7YX e
v GFPO
&) Mitsunobu Vi QPO p
sactio G
;) Hon:w-l of / oPEOPG oprd
protecting groups
Rg R Rg
o Q 0 o o] e)
X N\ Xy =\ X X TN X
DRGSO TSN, g W §4) PRTad)
Xy ok mememe LA, AN ey
g g6 el
Ay R HO
R s * R, Rs OH Rs
la b le
wherein:

10 y=BrorClL
R'= H;
R™ = H or a monosaccharide derivative;

R" = H or aryl or heteroaryl



10 .y =Br or d; Rlerr] = H or a nonosaccharide derivative;

- R err]=H or aryl or heteroaryl WO 98/ 07433
PCT/ US97/ 14WQ®8/07433 19  PCT/USSfidAe ||
Key I nternedi ates [en9] In schemes | and 11,

Rlerr] to Rlerr] Xerr], Xerr], Xerr], Xerr] and Q are as defi ned
supra. PG i scemsynthetic organic "protecting group” of the type generally

5 used to "protect” an hydroxyl functionality e.g. an acyl type group
Kﬁg“‘ﬁ’l‘é@?l

such as , trifluoroacetyl or an arylal kyl group |ike benzyl
group or the likeg. Sui table "protectifg" or "bl ocking" groups used in
organi ¢ synt hesd £,/H,0 © d WKixgiwien t 00 ®r gete tF Gt e °are

adequat el y descrd Cr‘T‘TT‘rhe —appropri ;%I i teyagr@. SEE) e.g.

Theodora Greene, Protectivé GBoups in 107 gani ¢ Synt hedi s John Wl ey

and Sons, New Yor k. GHa ,‘\ Fischer Indole e
NO; NO R R'=H X R'=HiR"=Ar o X

PG PG PG PG '
o o 0. OH 0_¢l
{ o —_—
G GP GPO oPG GPO OPG
OPG OPG orG oPG
X X
PG Re
0. SPh OTOH
GPO OPG GPO oPG
OPG oPG

In schemes I and II, Ry to Rg X1, X2, X1, X2' and Q are as defined
-supra. PG is a synthetic organic "protecting group” of the type generally
5 used to "protect” an hydroxyl functionality e.g. an acyl type group such as
a acetyl, trifluoroacetyl or an arylalkyl group like benzyl group or the like.
Suitable “protecting” or "blocking” groups used in organic synthesis are
well known to the practitioner and are adequately described in the
appropriate literature. See, e.g. Theodora Greene, Protective Groups in
10  Organic Synthesis, John Wiley and Sons, New York.
The starting materials in Scheme I are di-halo maleimide derivatives (II),
such as 3, 4-dibromomaleimide; and the substituted indole derivatives of
formula III. Addition of indole derivatives III (R" = H or Ar) to
maleimide II in the presence of a base like ethylmagnesium bromide or
15  the like in organic solvents like THF (i.e. tetrahydrofuran), benzene or
toluene or combinations thereof at -20°C to reflux temperature would
result in mono and bis derivatives V and 1V respectively. The amount of

reactants can be controlled to vary the product ratio of V vs IV to one's



The starting materials in Schenme | are di-halo mal eimde derivatives (I1v),
such as 3, 4-di bronomal ei m de; and the substituted indole derivatives of
formul a | IWOEH38i on of indole derivatives Il (R' = H or RCY/USE/14738
maleimde Il in the presence of a basggli ke ethyl magnesi um brom de or 15
the like in organic solvents like THF (i.e. tetrahydrofuran), benzene or

tol uene ofaveRNMIhbaihedmtd MerafbaturtRY ghhbforhRd fthux tenperature woul d
result in nmono and bis derivatives V and IV respectively. The anmount of

{Me)agtB 718t7 Zggﬂjlolb?rz@%&afrbﬁicﬁé cofe WAy LbiagPsaddive catlifatddn YoNgitiowist 0 one’ s

PCT/ US97/ suck38s Dicyanodichloroquinone (DDQ)/acid /heat or palladiuz® favor.
Internmediate IV can be further transforned into

i ndol opyracstated nbisizot Eodinelight dyd tise tigeoxXlyaosylatioy of VAawithieeactivk t i ons
such as Di cyanodi chl oroqui none (DDQ)/ aci d/ heat or palladium

acet atde/ asgaralerivatives, I?IK& e 1,2repoxinde Hesaribed icpshlications JoOrgl with
reactive 5 ar_derivatives_like the 1, 2-epoxide described in

oubl | cat | GhEmy 108858, 343-349 anbn Amesigan Shieraissl SagentPa, 1Ahesb6dan

T eobnae Shea: LpIeind pliosada tae preseace Of an ARTOPBBBITRENAN S no,
o ooy B PR GivL ag, Tkl disiRlic v form the nano- o DU (i o
r oatess ThaRfiaion dh REIRARIARAEERE AVl £or% VI in opgarde RENRIIRE oy &

D oy o YHE DR iR 38, AENBE  Betdene, DME fiRST "9 1N |
el Fyns; sy ciihelTirod (A ThdHily BOte UL EHVARYE VINEL | 05 Lt ed

sol vent | Akerrdtiwsly] Ghere %refé@bn@pglyaéﬁylm&ngﬁﬂswe! Hudwdd bhe
gl ycosyl ati on may be obtained by selecti've nodification” of the

di f f er entreaytingxht lghpdnscy form of enpippyropgatdly pratedteel smidroderivdtore exanpl e,
the article_appearing in.
with the core VI under the well known Mitsunobu procedure [PPhs/

15 dialkyazidodicarboxyla{fe] in ethereal solvent like THF or chlorinated
solvent like CHCl;. Appropriate sugar derivative for the glycosylation
may be obtained by selective modification of the different hydroxyl groups
employing literature methods. For example, the article appearing in].
Carbohydrate Chemistry (1995), 14 (9), p1279-94 discloses the 6-halo-6-

20 deoxy glucose derivative. Another method to obtain compound VIII
involves glycosylation of the mono adduct first undér the conditions
described above to give the intermediate VII followed by
dehydrohalogenation and cyclization using a number of well known
method published in the art for such a transformation including heat or

25 shining UV irradiation to a solution VII in solvents like Dioxane, Ethanol
or an appropriate mixture of solvents. The compound VIII is a protected

form of Formula I. Judicious choice of the protecting group in the sugar

would allow selective manipulation of the primary hydroxyl group. For
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DAST resulted 1n the 6-difl uoronethyl derivative.

hydroxygl  dDAGTS rekildalrs therBcifiugdombedylederivateve. WBaRilabe, Gthydr oxyl
group of the gal actose sugar derivative (hexose sugar in pyranose formin

whi ch t he Hydwokydpybups waire @do f@dified aFoalexpagple, ovhertdie dhydsegyl o modi fy
the 4-position. Oxidation of the 4-hydroxyl group of the appropriately 15
prot ect ed groggr oflithe galactosefsupar sleeivative (kekoseeswgurdh pyraindsééofmrihher
which the 4-hydroxyl is orienting the axial position) can be used to modify
the 4-position. Oxidation of the 4-hydroxy! group of the appropriately
15 protected sugar derivative furnished the ketone which could be further
functionalized to different derivatives including the 4-difluro derivative
employing the known procedures. If the 4-hydroxyl group is activated, for
example in the case of 4-mesylate, it is succeptable for nucleophilic
displacement by agents such as an azide (e.g. sodium azide) to provide 4-
. 20 azido derivative. On the other hand, when the sugar derivative with the
unprotected 4-hydroxyl group is treated with the ﬂﬁorinating agent,
DAST, one obtains the 4-fluoro derivative.  Similarly, other hydroxyl
groups are also selectively modified. For example modification of the
published literature procedure allows for introduction of a fluorine atom
25 at the 2-position of the sugar (Bioorg. Med. Chem., Vol. 5, No. 3, pp. 497-
500 (1997). This is illustrated in example 90. Simple protecting group

manipulation such as hydrogenation or transfer hydrogenation with

Pearlman's catalyst to remove the benzyl protecting groups of the sugar
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published literature p re allows fof introduction of a fluorine atom

25 at t Fslloved byt hedtiof whltteafi UgdropBagosmind/bebul@Bducyehe desirk@. 3, pp.
497- 500 (1997). This is illustrated in exanple 90. Sinple protecting

group  Formuden{pwhithithe commet sabsyditvgepattenn Selettiaafeeivatizdtiogenat i on
W th Pearl man's catalyst to renove the benzyl protecting groups of
t he shugaof each hydroxyl gibupdnhthéIdgar moiety of compound Ja may be
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i f necesschipvedhyhyr ubing thenprdte¢tOrg gronja Ohanipuldidomandi rendeval of thei t r ogen

protecting group to give the anhydride after an acid workup fol | oned
by heat i BEMIYhERAraxyp Paplactng giehpeimtha presener ob thsecpasdiargd .

For mul a lsa vvitfl t he correct Suﬁéct)i tution patte(rigé Sel ectiye derivatization
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t-butyl - ¢iiflagtiByihel prékence of 4 bhéd B & sbivehl GikRIECEBOCLoOTHF Ressididt a sol vent
like CHerr]C[err] or THF at cold or roomtenperature one obtains
the deri ygémvempaathre bhe oBtAnd the derivative wherein the 3 and 6
positions are protected as silylethers. Selective deprotection of the 6
15  position silylether may be achieved under controlled aqueous mineral or
organic acid conditions such as trifluoroacetic acid and water mixture as a
solvent at cold temperature such as -25°C to 0°C over a period of 30
minutes to 3hrs or until the reaction is over as followed by thin layer
d{romatography. This intermediate is now set for further derivatization
20  at the 6-position to activate the 6-hydroxyl to a good leaving group like
mesylate or halide. Thus, methanesulfonyl or toluenesulfonyl or
trifluoromethanesulfonyl chloride in the presence of a base like
triethylamine or pyridine would produce the corresponding mesylate or
tosylate. Alternatively, selective mesylation of the primary 6-hydroxyl
25 group may also be achieved directly from compound of Formula Ia
wherein all sugar hydroxyl groups are unprotected under pyridine and
mesyl chloride in pyridine at 0°C. Nucleophilic displacement with an

appropriate amine or other nucleophiles like azide followed by reduction



positions are protected as silylethers. Selective deprotection of the 6 15
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mnutes to 3hrs or until the reaction is over as followed by thin |ayer
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tosyl ate. Alternativel sel ective nesylation of the primary 6-hydroxyl 25
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sul fide derivative was prepared e sodium salt of the

t hi ol dﬁ{aigglggiiu}{ﬁ salt (IR(ITY & ﬂﬂz@ﬁﬁ%f@ﬁiﬂ%s'ah‘&emﬁ[f&ﬁé LQBQEFrcbhtﬂdmeQ'VF or an

organi c am ne base |liKe triet am ne or Hunig's base at varying

t imfi a8l i kyl sulfide,
enper aédHdidions. Sxmﬂa?&f{,%?ﬁfdﬂ&g@tg%@?i ﬁaéﬁ@l[s@ﬂfe] derivitezdy ab kyl sul fide

for exanple 6- sul fidé, 71s r oxi di zed by known oxidi zi ng

agent s dédifed X ¥ee another Mbdifiedtiod Op e fitaMhIE Iawbdldrestlt & @g-abl y,

nonoper oxypht hal i ¢ aci d magnesi um salt (MWP) to their sul foxides and
sul f onemateleride sntbstibwited (i.20Rek ondtilopyrnolo@irhazaielderivatives oy dfasxyl gr oups
may al so be derivatized as desired. Yet another nodification of the

f or nul aexample, ¢he esbydride optained from the base hydrolysis of the

appropriately protected form of Formula I may be reacted with a number

15 of amine derivatives to produce the desired N-substituted maleimides.

As depicted in Scheme II, the N-substituted maleimide derivative
may be obtained either directly from the dihalomaleic anhydride upon
treatment with an appropriate amine derivative or halogenation of

20 maleimide followed by alkylation. The starting indole derivatives which
have no substitution at the 2-position may be obtained By following
published procedures and 2-aryl indoles may be prepared from the aryl
methyl ketones following the well known Fischer Indole synthetic

procedures.

The compounds which constitute this invention and their

methods of preparation will appear more fully from a consideration of the




mal ei m de substituted (i.e. R6) indol opyrrol ocarbazole derivatives Ic. For
exanpl e, the anhydride obtained fromthe base hydrol ysis of the

appropri aMQ88/438Bt ect ed form of Formula | may be reacted wRGT/ESHa#38r 15
of am ne derivatives to produce the dgsired N-substituted mal ei m des.

As depicted in Schene |1, the N-substituted mal ei m de derivative may
be obt ai pAfHWirgekarflbl&Civhich aﬂsggw& fdﬂr!}ﬁlecg@ﬂg@se oqrmﬁgfrhﬁentmg

treatment with an appropriate antne derivative or hal ogenation of

mal ei m dend cirk qwdolbe edbiethald 89 linfitigigsStharinveatioRdal HHées ioralcbpes Whi ch
have no substitution at the 2-position may be obtainéd by follow ng

publ i shed procedures and 2-aryl indoles nay be prepared fromthe aryl

nmet hyl ketones followi ng the well known Fi scher Indole synthetic
procedures. 8&veral intermediatéheompopndsas whellcds citestdonvieatiomat i nvent i on

and their met hods of preparation will appear nore fully froma
consider stardng snaterials, e.g. II, Il and W es/doirutie: preparation of final

PCT/ US97/ 14738 . ) 24 fol |l owi ng
exanpl esPiRfugts drwers generplly comamgteiplly available uRepresentativel y and are

not to be construed as |jmtjng the invention in_sphere or scope.
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materi al s and | X;. used in the pr arcgtion of final

we.g. |1, 1]l )
product ss?bﬁexgﬂénﬁf‘eﬁ"é?r iéY dipgepnRiess therwise im'gqu? eeaeREided ve
th f; f.qt he fiknal f. .a 1 (wh in i
a1 e Reftin S TA i SERRRIAT 208 pidtB e Ak Red) aro.
DI i8S provideiSieh BeliR! implBes Mt B35, Us-RMIgRLpk Yol N O MR Bt €S are

al so 10" provi such as I*n ‘exanpl &s 8-102, 104 and
105.

All anhydrous reactions were performed under an atmosphere of
nitrogen or argon using dry solvents from Aldrich Sure Seal bottles or
freshly distilled solvents. Column chromatography was performed with

15 silica gel 60 (E M Science, 230-400 mesh) using the mentioned solvent
system as eluant. Thin-layer chromatography was conducted on Anatech
GFLH or Whatman MKG6F silica gel plates . Melting points were
determined in an open capillary tube with a Thomas-Hoover melting
point apparatus unless otherwise stated and are not corrected. Infared

20  spectra were recorded on a Perkin-Elmer 1800 Fourier transform
spectrophotometer as thin films or KBr pellets. 1H NMR spectra and 13C
NMR spectra were recorded on either Bruker AM-300 or JEOL 300 or
Bruker AC-300 or 500 MH, NMR instruments and are expressed as parts
per million (ppm or 3) from the mentioned solvent as the internal

25 standard. Coupling constants are in hertz and signals are quoted as
apparent singlet (s), triplet (t), quartet (g), muliplet (m), and broad (br).
Low resolution mass spectra were determined either on a Finnigan Model

4500 Quadrapole mass spectrometer by direct chemical ionization (DCI)



All 'anhydro-us reactions were performed under an at nosphere of ni t rogen

-or argon using dry solvents fromAl drich Sure Seal bottles or freshly
distilled WO%B&T43. Col uim chronat ogr aphy was perfornmed w t FCT{ES97d#T38cq

gel 60 (E M Science, 230-400 mesh) usppg the nentioned sol vent system
as eluant. Thin-layer chromatography was conducted on Anatech GFLH or
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open capillary tube with a" Thomas- Hoover i ng poi nt appar at us
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recorded on a Perkin-El nmer 1800 Fourier transform spect r ophot onet er
as thin fidsgrirnenKEFABR! [High. restludidn apss tspactaadHRMS) were NVR spectra were
recorded on either Bruker AM 300 or JECL 300 or Br uker AC-300 or 500

MHz NMVR i deteronined ®ithed cav 2 KraprsebSe 80 asassaspestrometer pisinghfast iabem( ppm or
[err]) fromthe nmentioned solvent as the internal 25 standard, Coupling
const dnt sbambardment twith {esldngipcerohre the seferenge agent orggparkinnigaiong| et

(s), triplet g&? quartet (q), nuliplet (m, and broad (br). Low
resol ut i oM AkPI0sinstniraeni nangetlesapsria yeioniatiosh witlrpely prap e |

4500 Quadr ole r’(ﬁlSS' Pectrorreter by direct chenical ionization (DC)
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| sobutane as the positive Cl gas, a Finnigan Mdel SSQ 7000

I nstrument (neg. or pos. ESI) or on I s, M5-25 or Finnigan TSQ 70

I nstrunent (FAB). High resolution ma a (HRVB) were det er m ned

eit hef(g)son&@-ﬁfﬁb%%k?&iﬁ%ﬁl SRECIHOPEREY using fast atom 5 bonbardnent

with I 1n glycerol as 't reference’agent or on a Finnigan MVAT- 900
i nstrunent usi g LhREHRRRNA%LHIY SALtiBR I WHaiPRhRY @BY £16.258 mol)9! Yol  as

the reference agent. Exanple 1
in deionized water ( 250 mL) was rapidly added bromine (100 g, 0.626 mol)
followed by benzoyl peroxide (300 mg). The reaction mixture was heated
to 500 C for 6.5 h, and then stirred at room temperature for 11.5 h. The

15 reaction mixture was cooled in an ice/water bath for 45 min, and the solid
precipitate was filtered off, washed with water, and air dried to give 36.35 g
(55.4%) of the title compound as a white solid, 75 MHz 13C NMR (d6-
acetone): 8 165.08, 130.73; FAB mass spectrum, m/e 253 (M*); Anal. Calcd
for C4HBraNO»: C, 38.30; H, 2.05; N, 4.06; Br 46.32. Found: C, 38.28; H, 2.06;

20 N, 4.07; Br, 46.24.

Example 2
1-(tert-Butylbenzyl)-3,4-dibromomaleimide (II; Rg=tert-butylbenzyl, y=Br).
To a magnetically stirred solution of 3,4-dibromomaleimide (20.0 g,
25 78.5 mmol) in acetone (1200 mL) was added potassium carbonate (132 g,
0.954 mol). 4-(t-Butyl)benzyl bromide (24.98 g, 20.2 mL, 110 mmol) was
slowly added over 15 min and the reaction mixture was then stirred for 6

h in the dark. The reaction mixture was filtered over a béd of Celite and



10 3,4-Di bronmormaleimde ( Il; R6 = H, .y=Br) . To a magnetically

stirred solution of maleimde (25.0 g, 0.258 nol) I n dei oni zed wat er
( 250 nl) wWe88/67ap3 dl y added brom ne (100 g, 0.626 nol) PCT/HSYO0MER by
benzoyl peroxide (300 ng). The reactign m xture was heated to 50[err]

Cfor 6.5 h, and then stirred at roomtenperature for 11.5 h. The 15 _
r eact i on i gHeHr &iHREERALTS0 TER EG@é\A&ﬁ ¥ HADALubOFolibRwed 'szﬂé‘s%the sol i d

precipitate was filtered off, washed water, and air dried to give
36. 35 9 chroma@é%ra&:%y Bh dili@ EbE WeHE SURONOGRSIrAdRIGoniehisle, gavez 13C
NVR ( etone): 8 165.08, 130.73; FAB mass spectrum me 253 (M);
énal " C«'ci:lzzos g(71 5f’/£)ron¥1H3it¥é\@n Suna&s?deHrke éblﬂﬁ 300 MHE28H BIM&S. 32.

oun Br,

Exanpl e ZCDC13) ] 7'(4537@5331,3% fdbﬂz@ﬁ §5, % H), &138r(&rﬂ)ﬁﬁ1 BCkassspestrum,

of 3. 3 Y SRS ATBL G8lcd fir C1absBraNmzs) H2abbdreny 290 nt) was

added pot assi um carbonate (132 g%o 0.954 nol). 4-(t-Butyl)benzyl
broni de (Foaurgl G, Wﬁr&glm 1) was slow y added over 15 nin and

the reaction m xture was then stirred for 6 h in the dark. The
reaction mxture was filtered over a bed of Celite and ' _ W
98/ 07433 PCT/ US97/ 14738
26 washed with acetone (250 nmi)EXamplgah ation in vacuo, followed by

flash h [ by | W th 5%

di 2?“ or orfit %gﬁé gg)al Eﬁ‘%k-ﬁ%%d&%ﬁ%ﬁi’%@ :c*l ?%f ?gi(_l ee n'pzound as a white
| ’ CDC1 7.45-7. 25 4 4,75 2

b I%O %“%]w N%EIR;;Hs)s(speCE ?LH)S[GHL 399 (M+); (,Tnal H)Cal cd foES

2[56621 Hl[_|er ;,] grr{ @J@%ﬂwgl&t] in Kexatits RN 255n(F; 01 molfWas added FRYNY: E>c<:arrpl o

% - 2-hE-ReiaisOlot 4181 [4°C) bl P ok EhiaRdBhehdrel 47.8% 836l molpln X2 = H
dry tetrahydrofuran/diethyl ether (1:1, 400 mL) under an atmosphere of
nitrogen. The alkyllithium was added at a such a rate that the internal

15 reaction temperature never exceeded 8°C. After the addition was
complete, the reaction mixture was allowed to warm up to ambient
temperature where it stirred for 1h before it was cooled back to 4°C and
treated cautiously with a solution of acetaldehyde (50 mL) in dry
tetrahydrofuran (50 mL). The mixture was allowed to warm up to room

20 temperature for 0.5h before it was quenched with water and diluted with
ethyl acetate. The organic phase was separated, wasﬁed with brine, dried
and concentrated. The aqueous phase was extracted twice more with ethyl
acetate and combined with the original organic extract prior to further
workup. Purification of the resultant residue by flash chromatography on

25  silica gel (gradient elution with 7% ethyl acetate in hexanes followed by
15% ethyl acetate in hexanes) afforded 29.25g (46%) of the intermediate

alcohol as a pale yellow solid which was carried on directly. The alcohol



10 benzo[ b] t hi enyl, R =H) n-Butyllithiumin hexanes (1.6M
. 255mL, 0.41 nol) was added in 5 nm. portions to a cold (4 err]l
sol uti on ofweolasamdpht hene (47.8g, 0.36 nol) in dry US97/14738
tetrahydrofuran/di ethyl ether (1:1, 4097nL) under an at rmsphere of
nitrogen. The al kyllithiumwas added at a such a rate that the internal 15
reaction t TOUI@nftﬁ)/Wased@ﬁﬁd@d iR[#HjldPouédigilok tipedttehd (8D0 MAS
conpl ete, the reactlon m xture was allowed to warmup to anbient
t enper at ur gnahe aehdtich inixedref was 1h before it was cool ed back to 4] err]C
and treated cautiously with a solution of acetal dehyde (50 nmL) in dry
t et r ahydr ofrented (6th Qelite [36g) mindt py Bdirdsmathlwrechromatar(@bgh Aber open 20
tenperature for 0.5h before it was quenched with water and diluted with
et hyl acethoer aTlreony temperathrs additopebdididerhmerhaned 40 tthLr Celite dri ed
and concentrated. The aqueous phase was extracted twice nore with ethyl
acet at & an®6égd ncndrIéGCvGng) weee added.nBhe priyarecvesstized fgrther fenamur t her
wor kup. Purlflcat| of the resultant sidue by flash ¢ rorrat aphy on
25 silicaag@ 43'1 antoom fempsrature b ?géfét‘hwasa‘é’é‘t‘@fiew?&‘ %@B@é ) f ol | owed

b 15%eth ate in anes) afforded 29. 25 of the
|%termed| afwrtion- i t&F"c‘ih&‘T ough g Séqg fa 59\]/ cangint eaa(j}{%’éﬁmaéd on

g'c-rl-/eﬁtslg¥ ) 1T$%ed(iﬁgox~lrlethyl ketone (27.6g, 9%6/ as a pure, white soligl, Anhydm(aﬁg_ 15g
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m xture wagngithé TREkH: gﬂ'ﬂ(feﬁ%e zryrsgarm 156 mo?Pf hbslale Amaﬂbl (OSOTHI§Meat ur e
before it was diluted with ether suction-filtered through a bed

of silica gakhaadyad pefBikddfd®h Héte&@nvms cooled, idslited egithhe met hyl ket one
(27.6g9, 969% as a pure, white solid. Anhydrous sodi um acetate (16. 6g,

0.20 nol ) dRbhladedrethanepard poashednwiith satsiratetlesbdihith bitaspenateon of

4-f | uor ophenyl hydr azi ne hydrochl ori de (32.98g, 0.20 nol) and the
met hyl ket solatipny 155 hydrdddoriolapid anddsihestEolknvimgodryingoand solvene

m xture was refluxed for 2h before it was cooled, diluted with

di chl oFBoneetannratigng the seedugiwas mearstallizeds Gony hobiethanflrie fumnish

sol ution, thNe lggr }ggiaozroln% (28.0gg,a%qﬁa)barlsl 2 %rellgevl é&"‘é nﬂled{\;;dra oned(lg?il vent

64.4 mmol) was placed into a 500 mL single neck round bottom flask

(equipped with a reflux condenser) which contained freshly-fused zinc
chloride held under a nitrogen atmosphere. The flask was then placed in a
20 preheated oil bath (180°C) for 1h. After 1h, the oil bath temperature was
allowed to cool to 140°C before the flask was chargéd cautiously with
absolute ethanol. The mixture was refluxed for 6h before it was cooled,
diluted with ethyl acetate and washed with 1N hydrochloric acid and
brine prior to drying and solvent concentration to 1/3 volume. Suction-
25 filtration afforded the title compound (22.4g, 65%) as a white solid, m.p.
263-264°C ; 1H NMR (300 MHz, DMSO-dg) 8 11.91 (s, 1H), 7.99-7.96 (m, 1H),

7.89-7.86 (m, 2H), 7.83 (s, 1H), 7.43-7.29 (series of m, 4H), 7.03-6.96 (m, 1H),
6.81 (d, J=1.5 Hz, 1H); 13C NMR (75 MHz, DMSO-dg) ppm 158.79, 155.72,



15 evaporation, the residue was recrystallized fromhot ethanol to furnish
the pure hydrazone (40.08g, 90% as a yellow solid. The hydrazone (18. 3g, ’
64. 4 mmol WaBB0Mdaced into a 500 nL single neck round bott draTUSKIKH4738
(equipped with a reflux condenser) whgch contai ned freshly-fused zinc

chl oride held under a nitrogen atnosphere. The flask was then placed in a

20 prehgag e 138'3?%@.9?11%%[ 'ib§)79f 86’4“}3@{.“ 2 4}3@b1 15y ‘i‘zh 7gath

t enper at ure was to co0 oré ihe flask was

charged g¢apiuioLsl 736, W25, 112.22, atpgvbuatl@ A hanob, 1040, mocveeowas Iref | uxed
for 6h before it was cool ed, luted wi th et hyl acetate and washed

wi th 1IN (KBr,anhlpB421, 3628 1&86 1567, 15031r 448,142/ 1286, 201, DI8S11d28,0! vent
concentration to 1/3 vol ume. Suction- 25 filtration afforded the title
corrpound862,282159783,57’/94,535,855&;15&5 S Gnég BESh M-H)m/263£6864{rﬁﬂ r@lc'dH NWVR
(300 MHz lﬁLF r]é ;err 11.91 (s, % 1—I|)-?

7.89-7. s@r(%sfi NS €371.89; H. 77,7N4§~24 upgleCu ELBaanﬁ 761N, 51303-6. 96 (m
1H), .81 (d, J=1.5 Hz, 1H); 13C NWR (75 MHz, DMSO d6) ppm 158. 79,
155. 72, WO 98/ 07433

PCT/ US97/ 14738 28 140. 01,
138. 35, 134.92, 133.92, 133. 79 128. Exampis450, 124.93, 124.79, 123.70,

122. 44, 9471:1?{‘1 11_% % %10 76, 110.41, 104.90, 104.59, 100. 90,

100. 84: OrQRet “&i?[ }‘Y ABINOStEIeNe. 1586 1567, 1501, 1448,

1412, 1286, 120 8 112 72 15; M (neg.

ESI, MH mz g‘%fﬁa?ﬁ & &1"6"&‘“2“'?@? %5@?%3@9 . 3 3‘1 1‘39 H 3.77:
S51%4. . .

1(?2 gﬁﬁ!ﬂﬂ;l q%m%%\}_c? ?%Eg‘%ﬂi ﬁq%al}l (’85‘?‘]“?@?@%\9 Do A85t yr ene.
Amxturglﬁgt 1f r d NN 10
di met hyl or h?k dd Mlﬂl&’hwgsa%té@)ﬁéa?@é&héng%?ﬁr%%@kkéﬁg
di met hyl _fi@édf?(ﬂ%féediéﬁﬂah%fn' X REEthARo2oHN#eE rBAROIRIXRIrkOA R her
azeotropic distillation of nethanol fromthe reaction m xture. Another
react i onrdab6idn2(d 6012gdof UifRicto22-AifrbR1QENENRLs WasfopRiekoin B den t andem

There was isolated a combined weight of 450g (95%) of the title compound

15  as a red solid (solidifies on cooling) which was sufficiently pure to be

carried forward. Kugelrohr distillation afforded the title compound
(analytically pure for characterization purposes) as a reddish-black
crystalline solid, m.p. 54-55°C; TH NMR (300 MHz, DMSO-d¢) § 7.72-7.62
(m, 2H), 7.37-7.32 (m, 1H), 7.33 (d, ]=13.4 Hz, 1H), 5.58 (d, J=13.4 Hz, 1H),

. 20 2.58(s, 6H); 13C NMR (75 MHz, DMSO-dg) ppm 158.19, 154.99, 146.16,
143.13, 143.02, 132.57, 132.54, 126.14, 126.04, 120.98, 120:69, 11141, 111.07,
88.23; IR (KBr, cm1) 3446, 1622, 1570, 1508, 1386, 1270, 1092, 940, 822, 798;
MS (MH*) m/z 211. Anal. Calc'd for C;gH1;FN;O5: C, 57.14; H, 5.27; N,

13.33. Found: C, 57.09; H, 5.16; N, 13.46.



There was isolated a conbi ned wei ght of 4509 (95% of the title conpound

- 15 as a red solid (solidifies on cooling) which was suffici to
be caPi%&474%3r war d. Kugel rohr distillation afforded thé’w&%ﬁw‘?’g
conpound (analytically pure for @far acterizati on purposes) as a
reddi sh- bl ack crystalline soli d mp. 54-55[err]C 1H NWVR (300 MHz,
DIVBOd[err]) [err] 772762 Eﬁﬂlp_ﬂﬁ37732(m 1H), 7.33 (d,
J=13. 4 Hz, 58 (d =13, 4 Hg’t 20258(s 6H); [err]C NWR (75
MHz, Drvso"zrfélmqmés}ﬂ (1138)(19: Ff1>ézr db 48.H

143. 13, 143. 02, 132 57,132. 54,126, 14, 126. 04, 120 98,120.69,111.41,111. 07,
88.23; IR (KBr, (Dnd-Flugrprd-nity-dimethylamipostyrene (1%03563 T00b Was0, 822,

55 Gl T AP AR RS L ©
WO 98/ Q743

PCT/ US97/ 1&5}3%2' room temperature, 24h) using 10% palladium on carbgn 30g) The

(B b ooPges vrs PR hfotan, Celitt sk ke 138 methang] ang 2
S50l ved ek rENAEART i %};‘%eﬁﬂgteﬁ“?g@ﬁt B Thibleg asa(%son (50

5 S era usi n um on car g
%?Lﬁrinﬁ’a‘%ﬂﬁ‘or.?‘fg sliafel BritE i Eonh) e MR 0 s

done t hr eend@iohie@Nabodd. WieahdiRFiH8tioh B ARRSWIRI U SErSiAd v ikt er i al
menti oned above. Steamdistillation of the residue afforded the title 10

conpourd (a&a p6ond6@%. $62\%|)h§vﬂ$1@é|h@§dlemlﬁx 725}7§’[C@”IHQ\JMJH(MLR (300

VHz DIVSO err 2| rrc}x 1 14 (br s, 51 (dd, J=8.6, 5.5 Hz, 1H), 7.32
(t, J= 2. 9 M, 11714 r(SdélH)JZ b(dd J28%, b5, HaH), 6. 327(—t6f=82)9(m 1H),
643641(m 1 [err]C NWR (75 WMHz, DVsO-d[err]) ppm 160. 26,

157. 16, 13Hz79H),123566®d JE16.192.3 Hz, 1H), 587-880 (124H)26.43- 204 10(m, 1. 83,
107. 43, 10z 01.17..9 7.13; IR 5 ) 3072,
1626, 1508 Ci&l\éf{ ééi\éﬁﬁbbﬁg% Pméﬁo Esg7’7%@ 35(7%”{15/% ) 12%3?9%) m 2
136. Anal._ Calc'd fo
125.89, 124 42 120 97 120 83 10743 107 10 101 17 9747 97 13 IR (KBr,
15 cm1) 3392, 3072, 1626, 1508, 1448, 1342, 1144, 954, 846, 802, 728, 508; MS
(MH*) m/z 136. Anal. Calc'd for CgHgFN: C, 71.10; H, 4.47; N, 10.36.

Found: C, 71.28; H, 4.69; N, 10.24.

Example 6
20 3,4-bis(5-Fluoro-1H-indol-3-yl)-N-[4-(t-butyl)benzyl]-pyrrole-2,5-dione (IV:
X1=F; Xp=R’=R”= H; R =4-(t-butyl)benzyl). ‘ |
To a magnetically stirred solution of 5-fluoroindole (7.0 g, 51.8
mmol) in anhydrous benzene (125 mL) was added under argon with
stirring, methy! magnesium iodide (3.0 M in ether; 18.0 mL, 54.0 mmol).
25 The mixture was stirred at room temperature for 30 min and then this
solution was added via cannula over 10 min to a rapidly stirred solution
of N—[4—(t-butyl)benzyl]-3,4-dibromomgleimide (6.50 g, 16.2 mmol) in

anhydrous benzene (60 mL). The resulting dark purple solution was



Found: C, 71.28; H 4.69; N, 10.24.

- Exanple 6 20 :

3, 4- bi s( 5 874331 H- i ndol - 3-yl ) -N-[4-(t-butyl)benzyl | - pyrr #CFABEFI4BBDNe
(rv: Xerr]=F Xerr]=R =R'= H afferr] =4-(t-butyl)benzyl).

To a magnetically stirred sol ution o? 5-fluoroindole (7.0 g, 51.8

), s RSP IR o RN UL o

stirring, Rgnesrum rodi d her

The i XU 88 Sigof Lededhs EOAFL 'ga;rhngl sna%hg aBifteq3g phon L s

solution was a cannula over aprdly stlrred sol ution

of N-[4-fhe fwgaﬁ;):hsgéwﬂa)s%ésmdbw&ma@l(m@ﬁm)%r@bﬁnel(@o@xmol) in

25

anhydr ous benzZene The resulting dark e solution was

WO 98/ 07484 dried (NazSO4) Evaporation in vacuo, followed gy flash

PCT/ US97/ 14738 30 stirred
at rdom tlenpesteigvaphy rdesiliaz geb with 108%hdichivtoptathere, followed by mi xture of
20% aqueous citric acid (350 nL) and ethyl acetate (500 ni). The

or gani c ﬂ&‘g’beeth acetatehird didhi drona¢ thané 2660/enB 58 gn (4434 ofethe2ffle i) | and

chr omat oV ERREAAE %%a@%%@ﬁ\#ﬁaﬁ@éﬁ&@é&é@%?@(%ﬁ*i%@ by

10% et hyl acetate |n di_chl or onet hane ave 3.68 (44% of .the-title
conpound(caezra Trea9ddr), 4463601 wﬂﬁm F{ddvatl G pet £ H2)g6 89 63dgbr s, 21
7.87

8 9, 4 4 ?Ei) é’ég? 1“127—):55&2214# %mﬁ %glélz)gz§3ﬁz)2§{)6(1jg§(f(2§b{f2; J =
e SOt B B e,
(S) + SRl lShard el ot (41938 %27$‘f@?f11?f(1%?o<d ey 0\ 1

%36335(925%255)%%5%% IR 8P EI0 6 L gl 10505 &) 803 8, 5455 (2),

| e7 f |
o )r?[aetr%r ]10664%:3 (% JBE 081 HzF.é @1.6‘8%9)} 84 3&(&)”@9.3351‘?\/ EWB KaBY Ep&teurg; ri/d one

3, 4- bls(SBQKMGr)o 1H i ndol - 3-yl) - 1H-pyrro|e 2, 5-di one (Iv: Xerr]=F,
Xerr]=R=R'=Rerr]=H. 20 To a sol ution of 6-f | uor oi ndol e (50. 0g,
0. 371%0l ) in anhydrous

Example 7
3-Bromo-4-(6-fluoro-1H-indol-3-yl)-1H-pyrrole-2,5-dione (V:X1=6F; R’=
R"=Rg=H; y=Br) and 3 4-bis(6-fluoro-1H-indol-3-y1)-1H-pyrrole-2,5-dione
(IV: X1=F; Xp=R'= R”=R¢=H).

20 To a solution of 6-fluoroindole (50.0g, 0.37 mol) in anhydrous
benzene (1L) under nitrogen was added via syringe ethylmagnesium
bromide (3M, 130 mL, 0.43 mol) at a rate which kept the internal
temperature between 45-50°C. The mixture was then heated to 50-55°C for
0.5h before a suspension of 2,3-dibromomaleimide (24.9g, 0.093 mol) in

25 anhydrous benzene was poured into the reaction mixture. The mixture
was refluxed for 22h, cooled, diluted with ethyl acetate, and acidified to
pH=1 with 1IN HCl. The organic phase was then separated, washed with

brine, dried and concentrated. The aqueus phase was diluted once more



benzéne (1L) under ni trogen was added via syringe ethyl magnesi um

brom de (3M 130 0.43 nol) at a rate which kept the inte
tenperaturé”%ﬁ’%é‘é% 45-50[err] C. The mi xture was then heat edE??)Ugﬁwggferr]C

for 0.5h before a suspension of 3% 3-di brononal ei m de (24.9g, 0.093
nmol) in 25 anhydrous benzene was poured into the reaction mxture. The
m xture with\edlyk adetatecand separated. diwl waulting organioiphaseWad treatedat e, and
acidified to H=1 with 1IN HC ., The organi c_ phase was, t hen separ at ed,
washed wi tif identicakyigshion af agntipred: aheka@ns eembmes withethe grigiBalias

di luted ongce 98/ Q743 _
PICT;J Us97/ er eEnOg reaction was pg\?ormeg dg combined prior to  3q with

') dent | CHFSTAUPBRILS DSBS VNSO Glt O ERRne o g1 nal
Anot h 0] .
chr orm oSrcaﬁé&%%r%?’P&aa Rl Séeﬁéaaqﬁgﬂﬁ?ﬂﬁ Rl % 4iiv) pestate ing

hexanes ol bl bydaeoidh ngﬁaﬁhﬁ?&% A abbble %@mﬁ%ﬁzﬁ%ﬁ or ded
two nMej or {RIOAUESS prdBEES, YR F ééi ttk €8 & of fc§x?;§mékﬁv

(12.31g, 21.5% asabrlckre e conpound o ornula IV .
(31.59, 4In. 3%?15%2‘35%%9&1@-@8@ sBHéand illge comopound 5pforhglat Tyl e conpound
of formula V: 75[err]C, [err]HN Mz, DVSO-d[err])
[err] 11 %31 SQME%) akih, read%h 6f31‘i||_1|:zge3f68nf5 5 5 Hz, 1H), 7.32 (t,-J= 2.9

16 (dd, J=10.1, 2.3 1H), 6.87-6.80 (m 1H), 6.43-6.41 (m
1H) 10 [err]HbrNib(E t@ﬂécMﬂpouH&Baﬂﬁ}mnaw,lMpzas -755%C; ﬂ@il\ﬂeﬁzmo 135. 63,

125. 94, 1244 120. 83, 107.43, 107.10, 101.17,
97. 47, 97 MKz, W@Qsﬁis)f) 18, 14&%&)1%235@ (97 =8.6.608 Hz1 858, 7.3348 = 22, 1144,
054, 846, 802, 728, MH+) nmz 136. Anal. Calc'd for

derr] H efiz, ﬂlhi),éléﬂﬁdlww 243st 1H) 6876630 (m, lH),réeﬁ%-@‘HOn iH)zs; H,
4.69; N,

207 208] er r‘f@?’ﬁ%éﬁ)MH@r?mg o) PR 5%%%1%% s, O@H%?g’ > 10 (s,
HZ, s 352@39(@471&3{;8%7( gz%gyﬁogi% 10@%@@0%527 of S Y IR R >4 23

15 em1) 3392, 3072, 1626, 1508, 1448, 1342, 1144, 954, 846, 802, 728, 508; MS
(MH*) m/z 136. Anal. Calc'd for CgHgFN: C, 71.10; H, 4.47; N, 10.36.
Found: C, 71.28; H, 4.69; N, 10.24.

For the title compound of formula IV: M.p. 207-208°C (dec.); 1H
NMR (300 MHz, DMSO-dg) & 12.10 (s, 1H), 11.37 (s, 1H), 8.03 (d, ]=2.9 Hz,

20 1H),7.86(dd, J=8.9,54,2.3 Hz, 1H), 7.28 (dd, J=9.6, 2.3 Hz, 1H), 7.00 (dt,
J=9.3, 2.3 Hz, 1H); 13C NMR (75 MHz, DMSO-dg) ppm 170.12, 167.35,
160.70, 157.56, 137.65, 136.62, 136.45, 131.58, 131.56, 123.51, 123.38, 121.27,
115.40, 109.03, 108.70, 103.89, 98.47, 98.14; IR (KBr, cm1) 3328, 3222, 1726,
1604, 1450, 1338, 1240, 1192, 1148, 840, 794; MS (MH*) m/z 309, 311. Anal.

25 Caic'd for C1;HgBrFN,Oy: C, 46.63; H, 1.96; N, 9.06. Found: C, 46.70; H,
2.00; N, 8.94.



J=9.3, 2.3 Hz, 1H); [err]C NWR (75 MHz, DWVSO d6) ppm 170.12, 167. 35,

-160. 70, 157.56, 137.65, 136.62, 136.45, 131.58, 131.56, 123.51, 123. 38,
121.27, WO9/074B. 40, 109: 03, 108.70, 103.89, 98.47, 98. 14;PATRUIRAATIS
cnferr]) 3328, 3222, 1726, 160437 1450, 1338, 1240, 1192, 1148, 840,
794, M5 (M+) mlz 309, 311. Anal. 25 Calc'd for

Cerr]Herr]BrFN[err](Jerr]: C A4 g 1.96; N, 9.06. Found: C, 46.70;
H, 2.00; N, 8.94. EXGRES 07 a2

PCT/ US97/31gL7ﬁﬁuoro-12 13- dlhydro-SH-mdolo[%B-a] rolo 3 4-c]carbazoﬁ25 7(6-N-
Exanpl e 8 3,9-Di fluoro-12, 13-di h 002

pyrrol of 344t-bhﬁ3dbﬂmmﬂb)-a1&'(e6(\m- X1=Xy1' —E4X§=t:Xi3uRS& Ha@az:yl ]t—) -dione (VI:
Xerr]=Xerr]=F, Xerr]=X[erre] =R =H, Rerr] =4-(t- butyl ) benzyl ;
Q=NH) .  Dutyl)benzylpQe-Nidynetical |y stirred solution of the product from
Exampl e 6 (11.6 g, 22.8 mmol) in anhydrous benzene (1700 nmL) was
added5under To aanggnetiﬁal}y siﬁnredlsnb,;tlcpn Db the pesdiiftdmom Examipbobohydr at e
(170 ngy) and DDQS , 48.0 mmol ). The m xture was refluxed under
argon wi t(hl.6 g, 22.&mmel)riy zmhydrohs bangerst (1708dnk) was@ddeshpedet ure for 16
h. The resul ti n% 10 . dark preC| pitate was col | ected b; filtration, washed
wi th col @rgenywyithetirging, p-to ufwn?@mwmdaﬁwwwa%& @-mghand vacuo to

Sthyl i?fa&e (0 Bt tt%me mixturgaps PR St e e "
reduce et

Recryst al® .Hglfgﬁqtﬁo?ﬁ’ l§| f %%roog’glét meﬁ%g%?%ig\?‘ tﬂ‘%ﬁ?ﬁ?t”ﬂ&:al ly pure
Ry 10500 PreF TRt s SRR ety FRAGHSh Waatie Wity cold et RS, Y 510t 3"
0. ? 78 ng%"ﬁ)’ﬂ%f %gg&? %’? 1(%1}‘ ’ﬁ’ﬁﬁ”%”ﬁ '8331%)122%7—%5%4%2% t&ﬁ?ﬁ% FAB rmass

spect I umcoidgon it ab Mt euo%ame;ab&ls’d (ﬂ{onG[ @chyl H:éiéfe] fdrﬁf;[é%)‘ﬁ‘ E&b@rﬁr r]
Cerr]Herr]Jerr]: C 0.58; H, '5.25; K ound: C,

g() 52I Hé\lﬁﬂﬁlfurﬁxerﬁdﬂﬁngl\ﬂn vﬁcﬁ@ can reduce ethyl acetate content by one-half
anpl e

2, 10- Di f Itodwe #drds3). RéuyrsistallRationdfron] I}Hl/ee]thylrasaﬂtn[eiigwes}:hmr bazol e-

5 7(6H) -dione (VI: Xerr]= Xerr]=F[err]; Xerr]=Xerr] =R =R err]=H
Q:NH)15 :_ats\alytxcally Py prashiaras-bBghit ygléma sbhd—(lmwmqthyimeta(t&S 81g, 0.70
nol ) was added i n _one portlon o_a_stirred suspensi on

3, 4-bi s( &OMRIsx by praten FMR). 300 MHz 1H NMR (d6-DMSO)p8 11.83 (brs, 2H),

8.46 (dd,2H,]=9.7,2.6 Hz), 7.69 (dd, 2H, ] = 8.9, 4.6 Hz), 7.36 (ddd, 2H, ] =

9.1, 8.9, 2.6 Hz), 7.34-7.22 (m, 4H), 4.63 (s, 2H), 1.22 (s, 9H); FAB mass

spectrum, m/e 507 (M*); Anal. Caled for C33H23FoN305 - C4HgO7: C,
20 70.58; H, 5.25; F, 6.38; N, 7.06. Found: C, 70.52; H, 5.31; F, 6.14; N, 7.00.

Example 9
2,10-Difluoro-12,13-dihydro-5H-indolo[2,3-a]pyrrolo[3,4-c]Jcarbazole-
5,7(6H)-dione (VI: X1= X1=F; Xo=X2=R'=R¢=H; Q=NH).

25 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (15.81g, 0.70 mol) was
added in one portion to a stirred suspension of 3,4-bis(6-fluoro-1H-indol-
3-yl)-1H-pyrrole-2,5-dione (11.5g, 0.032 mol) and toluenesulfonic acid

monohydrate (0.44g) in benzene (1L) under nitrogen and the mixture was



3-y|_)'- 1H pyrrol e-2,5-dione (11.5g, 0.032 nol) and tol uenesul fonic acid
. honohydr at e (0.44923 I n benzene (1L) under nitrogen and the m xture was

WD 98/ 07433WO0 98/07 PCT/US97/14738
PCT/ US97/ 14738 33 33 refl uxed
for 2h before it was cooled, stored at roomtenperature for 16h, and

suct i on- f i | fe@lisedt for @igbefars itnives edolpdassorédrmeboniThenpersdups fart Bhyas
washed successively with benzene, ethyl acetate and ether until a colorless
filtrate wesndbueriordiltexadttheougld aGinrered glans fwasepedherpredipitateamakem 5
using proportionally the same amount of reagents used in the first
reaction. Tweskedvauctessivelewvittabenrenm ethyl aketaterand mtheriuntdl & salsslase
(15.51g9, 40% as a yellow sh-green solid, mp. >305[err]C, 1H NVWR (300 MHz,
DVBO- d6) [ efiltfate wasyobsgrved. Arpthar2®0g rpaction was perfaunedidn tandem 5.8 Hz,
2H), 7.55 . (dd, 1=10.0, 2.3 Hz, 2H), 7.11 (dt, J=9.2, 2,3 Hz, 2H),
4.00 (q° 1-=ysingpropprfionaliyshe gamesamgpnt of reagents uped in the firgty - " 13¢ NWR
(75 MHz, DVBO-d6 m171.Q9, 170. 32.. .163. 27, 0.08, 141.00, 140. 83,
125, 55 1782861 0% o BREs Wripgselated, pftej onsolidations figy Hip pTBROUTHg 1o

98. 64, 98.2 . 20.74., 14 07: IR a 748, 1690,
1572, 1404, 1@?@,%1\%@’) fgézk’élmlﬁfq'gfﬁ% ,sgggg%n.% ﬁﬁ;l:) IPERIYR (300 __Mlllﬁhal o
Calc'd f BRdd ; X 3. 84;
N, “15 o 3T Fo’fﬁgzhﬁcﬁ%wl%?HQ(,C{%‘T’%Q’;‘]SN?RS%%‘.‘7‘@“"%%' 58 H2?217,7.53
Exanpl e 10 _ _ _

3 0-Di 1 uor Q% F100 %3 He, 2H).7.11 (dr, [=9.2,2.3 Hz, 204,00 (q, 17,1 Hz, 241), 1.96

gl ucopyroanosy3,akts (i 223 3a)pRBCAIMB (75 MK DRED-eSpprb 100t - 2

butyl)benzyll-)-dione (VIII: Xerr]=Xerr] =F, Xerr]=Xerr] =R =R =H, R6
=4-(1- 170t83, 163.0211760.08, R4NOD, 118.83,1229.28) 125.69, 125.55, 119.54, 108.23,
magnetically stirred suspension of core fromExanple 8 (9.50 g, 17.7

mrol ) i n anthipdi% 168 FHF1GU ) 98164, (82825024 26VAd; 18.070 IRi(KBanctarl) 3320, ar gon
with stirring, sodiumbis(trinmethylsilyl)amde (1.0 Min THF;, 50.0 25
m., 2.82 edii4d) 169045721404 bR 6dddp2,1832sblad, 1dh6\48; MS (viddirde B6bm

Anal. Calc'd for CogHgF,N30,01.0EtOAc #0.1H,0: C, 63.89; H, 3.84; N,
15 9.31. Found: C, 64.12; H, 3.76; N, 9.55.

Example 10
3,9-Difluoro-12,13-dihydro-13-[3,4,6-tris-O-(phenylmethyl)-B-D-
glucopyranosyl}-SH-indolo{2,3-a]pyrrolo|3,4-cjcarbazole-5,7(6N-[4-(t-

20  butyl)benzyl}-)-dione (VIII: X;=Xq=F; Xz=Xp=R'=R"’= H; Rg =4-(t-
butyl)benzyl; Q=NH; PG = benzyl). |
To a magnetically stirred suspension of core from Example 8 (9.50
g, 17.7 mmol) in anhydrous THF (450 mL) was added over 5-10 min under
argon with stirring, sodium bis(trimethylsilyl)amide (1.0 M in THF; 50.0
25 ml, 2.82 equiv). The resulting deep red solution was stirred at room
temperature for 45 min, treated neat via syringe with
chlorotrimethylsilane (5.06 mL, 40.0 mmol), and stirred at room

temperature for a further 1 h. The reaction mixture was then heated to



tenperature for 45 mn, treated neat via syringe with
chlorotrinmethylsilane (5.06 nL, 40.0 nmol ), and stirred at room

t enper at urwodsp74a3further 1 h. The reaction m xture was theRCNESPBLI7S80
WD 98/ 07433

PC;’/ US97/ 14738 34 refl ux,

i ' : | X
(13.5g B s H%@%W@ @&%8%8%%@%&3%‘%Qéﬁﬁﬁﬁé&%ﬁr THE
(200 i) BREFBIHCY1 OURincl; e 13593582883 31911 A ter
the addition was conpl et ed, gaction was refluxed for 0 h under 5

argon, tr OWﬁlhz)QvﬁsOédﬁé&Bv@xf 33ddivid Q%hséhr@a@@hﬁl&ﬁ F8HASN After( 800 nm)
i n anhydrous THF (40 nL) and refluxed further for 2.5 h. The m xture was

cool ed t othecndditionp@iasiconepleteel, thd réddtion! wagirefluxéd _hoer h( r@elN. 280
m.), and stirred for 75 mn. The m xture was partitioned between et hyl

acet atse (2@, tteptedavith 2 d8liidn cbadditignal ThB-aeh nfamamgamm(smam shed 10
wi th saturated aqueous sodi um bi carbonate (300 wat er (350 ), and
brine (40 abhydfihes THRy40ahL)endi reflaged dusthen\for Z\Eah ‘Ehe maichee wash fresh
et hyl acet ate (600 nL) which was then washed with water (100 nlL), and

bri ne (150migd tFhrecon tynperrture averde mina treated withi HE(KNA, @8] SO err]).

and tar% evaporated to a volunme of about 300 ni, whereupon the
resul ti ngmi-g istisveh feic 7 min: dhaanixiure wasaprbijionedthetwesn ethigkhed wi t h

gggg{/e?g% t@ (2000 @%ﬁh& @?gfjfﬁlﬁéﬂw %ggﬁtﬁ% E{“Y\(g’-gé'g?g}%&fl ( |1n6$//()ac8](c),

chr ot ogPifgpturatea adusdls o a%%'mgarﬁexapﬁw?’ ;abes s, Bdanes. The
|1 f d

Vol une o DRSOt TR el af B sD0LR R BRI %ﬁﬁ%%e( 5. 8%

of beauti ét‘ﬂbrl X@éﬂa‘?é/" 00 m1} rvblzx'ZE Wis ?‘r{%]aﬁl\%i it uﬁﬂqyp@m d at ed

product (structure et erm ne crystal ography n additi onal
380 ny (2bsBoe (LFOmhe 'Ehmeombmed organid exiraed vf/emnaitxhé (Nagﬁ@q) landuor .
Further elution with 10-15% ethyl 25 acetate in hexanes gave 9.23 ¢

(55.5% Gidfabaeedportedao\eveliingd af bbodt 300 mL cwhereworatied ydsubidhgy pure
title conpound of forrmula VIII as a yellow solid. 500 MHz [err]H NWR

(d6- DBO) ydldho . [Recifitate wias) collced ylfiltratibn Jwased with #thyd acetate 8.75
(dd, 1H, J = 9.6, 2.5 Hz 7.54 (ddd, 1H, J =9.1, 9.1, 2.7 Hz), 7.42-7.18
(m (300 mL), and dried 1 vacuo to give 3.00 g (31.6%) of recovered pure
starting core. The filtrate was concentrated in vacuo, dissolved in
methylene chloride/hexane, and purified by flash chromatography on
silica gel using 5-10% ethyl acetate in hexanes. The yellow fractions
20  containing the least polar spot were evaporated to a volume of about 300
mL and let stand overnight to yield 625mg (3.8%) of beautiful yellow
prisms of Njz, Ni3-doubly glycosylated product (structure determined by
X-RAY crystalography). An additional 380 mg (2.3%) of the same was
obtained from the mother liquor. Further elution with 10-15% ethyl
25 acetate in hexanes gave 9.23 g (55.5%, 81% based on recovered starting
core) of analytically pure title compound of formula VIII as a yellow solid.

500 MHz 1H NMR (d6-DMSO) § 10.85 (brs, 1H), 8.84 (dd, 1H, ] = 9.6, 2.7 Hz),
8.75(dd, 1H, ] = 9.6, 2.5 Hz), 7.54 (ddd, 1H, ] = 9.1, 9.1, 2.7 Hz), 7.42-7.18 (m,
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6.43 (d, 1HWVOP8®7#33 Hz, [err]H), 5.38 (d, 1H, J = 6.3 Hz I@JYUS%“MM 56
(m 8H), 4.30-4.15 (m 2H), 3.9838.72 (m 4H) 1.24 (s, 9H); FAB nass
spectrum me 939 (M+); Anal. Calcd for

|C:I[ er (r]I ] H[Cer%isﬁﬁ S?HHM ng,]Jq SJSFI]-IZ m) 7313&@:1 1H=H 15= 63 HE, 2OHY2.94-4.56 (m, 4. 47.
oun , .
Exanpl e 118H), 4 30-4.15 (m, 2H), 3. 98 3 72 (m, 4H) 1 24 (s, 9H), FAB mass spectrum,

o1 ucopyr anBp 1M bl Sakiop rsabiataNiater & E%Lﬂ%%e% s

(A=VII1: X[err] X err ; Xerr]=X[err] =Rerr]=R""=H, =NH, PG=benzyl)
and 2,10- 4.40. Found C]7389H 51,l=, 97N426

d|fluoro 12, 13-di hydro-13-[2-0O[3,4,6-tris- O(phenyl methyl)-[err]-D
gl ucopyir anosy] -3,4,6-tris- O(phenyl nmet hyl )-[err]-D- gl ucopyranosyl]-5H

i ndol of 2, 3-a] pyrrol of 3, 4- c]carbazole 5: 7(6H)-gi one (B =VIIl: Xl1= X' =F;
X2=X2' =R6= H, Q=NH, PG-benzyI R' O (phenyl nethyl)-[err]-D

?HFX:’SYT‘@S?@ 1210 iy Sl I%ﬁ%”v%?@f@%%"ﬁ%ﬁﬁé&@%—“i'yﬂ AR
ol uti on o 2ob YA AOEEinaotola 5-alpxrrolols &<lepibazglecS Z6ENERIong one
géﬁbézgiurgA—WI:fzx%ifwgg a@ﬂgfﬁfq—tmﬁ? epoxéﬁggn(aggpo%%) 52t 1r10g1TDI
1.7 et | BiRbroR S50 1) o1, CRENLA Biletiappise [ nto e

reaction m Xt ure e m Xt ure was re ore It was

quenched V\gid&opyranosﬁﬂ_rhg 1426 66k - @(p}{yntymn@mﬂwd@ gﬂgkgpy%oapg -3fjl uted with

ethyl acetate e organi c phase was separate washed wth brine,

dried and indolo[2¢3+ajmyradlefB,4 Ritarbailé-SIGK)-didee r(BsVIIE M= Ki ash
chromat ography on silica 25 gel (gradient elution with 15%
t et r ahydr oXKReXR'=4R6-nbk 4reNH; G evadybhyR'"' = 3,4,62086 @ phdAyimethydhfdd-of uran in
hexanes) furnished the title conpound A of formula VIl (6.1g, 30%
as a yel | ogltcoppraneaydact ed agl cone (4 009) and the bis-sugar
conpound B (10.9g, 34% MS(M+) calc’
15 A’ solution of sodium b1s(trunethylsxlyl)am1de (1M, 9.1 mL, 3.3 eq.)
in tetrahydrofuran was added via syringe to a solution of 2,10-difluoro-
12,13-dihydro-5H-indolo{2,3-a]pyrrolo[3,4-cJcarbazole-5,7(6H)-dione (11.17g,
32.38 mmol) in anhydrous tetrahydrofuran (600 mL) at room temperature.
After 25 min, a solution of epoxide (24.27g, 56.11 mmol, 1.7 eq.) in
20 anhydrous THF (50 mL) was canulated dropwise into the reaction
mixture. The mixture was refluxed for 6h before it was quenched with
saturated ammonium chloride solution and diluted with ethyl acetate.
The organic phase was separated, washed with brine, dried and
evaporated. Purification of the residue by flash chromatography on silica
25 gel (gradient elution with 15% tetrahydrofuran in hexanes followed by
20% and 40% tetrahydrofuran in hexanes) furnished the title compound
A of formula VIII (6.1g, 30%) as a yellow foam, unreacted aglcone (4.00g)

and the bis-sugar compound B (10.9g, 34%; MS(M™) calc'd for
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Clerr] H erWPBBRT83N err] Jerr] 1226.4615, obsd 1226. 4566) aRCHUS®I14E38 f oam
whi ch was converted directly tq the title conpound A of fornula VIII
as descri bed bel ow. For title compound of formula A=VIII: M p.

5705, 18 P T8 2 o paperaa b Bl iielledy rly
Jeo ! g Tlritdigireciytth fredul Clindng, A, BP iRy gbesggbed, 3,504

125. 3 He el Pl Q8P pform g SVl W,s Pl ef G o, 1°10. 0

3. 76- 3. 723Q01MI'1H)CDC13)5 [lﬁﬁﬂ](i;llﬂl)RSWEB Tatid, CEEB] 2B1H2, 1pPn8.269485, 169. 10,
164. 43, 164.25, 161.18, 161.00, 10 143.00, 142.83, 141.68, 141.50, 137.69,

137. 59, [3683%.6 H30H5 7.52B39 Im, 128),7428-7.12 (2m, 149), 6&16 2868 (R0, 1}?28 43,
128. 06, 127.02, 126.89, 126.15, 126.01, 120.00, 119.

118.17, $B1.(ddl, J29.0, BZHﬂ,MH)Q&ﬁlJS(&(%B,JHI)SSBQ@;B:%I-&HH),S9?(34 85 89,
85.62, 76.35, 75.36, 75.05, 74.09, 73.74, 66.75, IR (KBr, cnferr]) 3430,

3334, 291=4$SHZ 1H), 3880d, 1552 Hz1 18D, 5.05408 (4 52]), 354d, 408 H2140, 1062,
698; I\/B(1 calc'd for 15 Cerr]Herr]F[err]Nferr]Jerr]. 794. 2678, obsd
794. 2687 1HAn473-484 tmd1Haw4.55-4 35 i i é7r3. 93 &mi BN) &3.76-0[72r (i, THPH] err ] O

5 10, ﬂ?erﬁff\&éﬂﬁf?é M) CBCLS Ppim 5 B 164 481 25646135 ihiblana A by

%;'16 P83 P8, 1 80 181 68.0143.50, 1369, 157,58, 4363243045109 AZBAG ) - [er 1] - D

gl ucopyr %%%@1 ]]28§6 1%8‘#131 1528&6[3%%912 nl@(’rﬁ?l )12? 29? 1]26|919HH:%0 H}W:%osyl | - 5H

ary’ L UIREOHEL, B80S, IR TG0 0Pt MO G BE 2 Pk S5y dr ous
et hano BS. 6by% 95,°75.34) 78105094, ?6 3.7086.75) IRQK%rS&gh?@@é 3847214000 2l

room tenperature. The "sol vent wer e en renove n vacuo an the 25
resul ti ng8Y®sli7eRel 7g2s 1580, utsz 1808 Bbhyl4raet2ices a0 (VY @ltydref uran and

neut raI ized to pH:8 w th saturated sodi um bi carbonate sol ution. The
or gahb c FhablashB¥:; Qe 74R620, chredl TRs268T. windl. Kklcé fori or to drying and
Cy7H37FoN307¢1.0H,0: C, 69.54; H, 4.84; N, 5.17; H,0, 2.2. Found: C, 69.57;
‘H,4.70; N, 5.10; Hy,O, 0.4.
Compound B is converted to compound A by stirring a solution of
2,10-difluoro-12,13-dihydro-13-[2-O-{3,4,6-tris-O-(phenylmethyl)-B-D-

20 glucopyranosyl]-3,4,6-tris-0—(pheny1methyl)-B—D-glucq-pyranosyl]-s_li—
indolo[2,3-a]pyrrolo[3,4-cjcarbazole-5,7(6H)-dione (10.9g, 8.89 mmol) in dry
ethyl acetate (25 mL) and treating with a solution of anhydrous
methanolic hydrogen chloride (8M, 500 mL) in a sealed flask for 96h at
room temperature. The solvent(s) were then removed in vacue and the

25 resulting residue was diluted with ethyl acetate and tetrahydrofuran and
neutralized to pH=8 with saturated sodium bicarbonate solution. The

organic phase was separated and washed with brine prior to drying and

solvent concentration. Purification of the residue by flash
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chromat ography on silica gel (as descr37bed above) yielded title conpound
A of formula VIIl (5.7g, 81% as a yellow foam as well as the aglycone

E’; art : nglghicﬁhhﬁigréph?(b)n silica gel (as described above) yielded title compound

anpl e

3,9-D fl uox of fokmddtadVily (8.9g,1831% | & & lyeDowl fmmyarsamﬁ)dsm\sléglmtn{eo[ 2, 3-
al]pyrrolo [3,4-c] carbazole-5, 7(6N-[4-(t-butyl)benzyl]-)-dione (la: Xerr]
=X[ er r | =Fgstarting mXfegial |(€Xgerr] =H, R6 =4-(t-butyl)benzyl; Q=NH

Rlerr]-R err]=0H). To a magnetically stirred solution of
conpound fromexanple 10 10 (2.10 g, 2.23 muol) in 95% et hanol (450 i)
and cycl ohexene (175 mL) was added 20% pal | adi um hydr oxi de on car bon
(0.49%) and the nixture was reﬁﬂéﬂﬁéﬂﬁder nitrogen with vigorous

vashed vi SH-RERwRiSo1S AR i | Doglucopyraniosl SRk inelal A vacuo and
et hyl ene BB RIa AT GRoAFoLe 3 G g ey 1 diong i 53 TR Bompound as

|l | da ¢y . Gal |, Vv ed f
ot hyl acelaeRdeEE e SRR GNP, crone compl ox

et hyl ace conpl ex per

15 202 1 NG R sy eyl e,
3: 36?17(7133@(@}3 %%237%1.;%1“ ?g,gmwtharfﬂ], &JS%’:A%?SHQZ?:C?O&%SK? 3?? E?‘LWE 43 (d,

1H, J = 4addél 0% palladim fh?dréxiﬁe%@cﬁ%bn (0.49 g) dnd?hd thixblte was 5 -4 Hz),
400 (s, B8 A 13h 0n (maparexize v caison (0495 g ek 3780 (m
1H), 3. 63rdludted ondathitrdgéerd wWith foulsAfir fo¥ZECh! THe mih@ubbWas (M)

Anal . Calcd for C37H33F2N307 1/2 err]Herr]2: C 65.63; H 5.22; F, 25
5.32; N, £lteged Rotithirough GBlitandiwash2d with meBRandl, Bhé filtrate was
concentrated in vacuo and purified by flash chromatography on silica gel
15  using 3-5% methanol in methylene chloride to give 1.35 g (90%) of the
pure title compound as a yellow-orange solid. The analytical sample was
evaporated from ethyl acetate, dried in vacuo, and obtained as 1/2 EtOAc
complex per molecule. 300 MHz 1H NMR (d6-DMSO) § 11.81 (brs, 1H), 8.84
(dd, 1H,J = 9.7,2.7 Hz), 8.76 (dd, 1H, ] = 9.7, 2.6 Hz), 8.04 (dd, 1H,] = 9.3, 4.4
20 Hz),7.70(dd, 1H, ] = 8.9, 4.6 Hz), 7.55-7.46 (m, 2H), 7.40-7.33 (m, 4H), 6.31 (d,
1H, ] = 8.9 Hz), 6.12 (brs, 1H), 5.43 (d, 1H, ] = 4.4 Hz), 5.17 (d, 1H, ] = 5.5 Hz),
4.93 (d, 1H, ] = 5.4 Hz), 4.90 (s, 2H), 4.13-4.07 (m, 1H), 4.00-3.96 (m, 2H), 3.87-
3.80 (m, 1H), 3.63-3.46 (m, 2H), 1.24 (s, 9H); FAB mass spectrum, m/e 669
(M*); Anal. Caled for C37H33F2N307 - 1/2 C4HgOy: C, 65.63; H, 5.22; F,

25 532 N, 5.89. Found: C, 65.04; H, 5.20; F, 5.32; N, 5.91.



WO 98/ 07433

PCT/ US97/ 14738 38

Exanpl e 13¥O 98/07433 PCT/US97/14738
2,10-Di fluoro-12, 13-di hydro-13-[[ err ggD- gl ucopyranosyl ] - 5Hi ndol of 2, 3-
al pyrrolo [3,4-c]carbazol e-5,7(6H)-dione (la: Xerr]= Xerr]=F;

X[err]=Xerr] = R err]=H Q=Nh, - R erre] =CH) . 5 A
solution of 2,10-difluoro-12, 13-di hy’ﬁrgg%%- =13,4,6-tris-0O (phenyl -

‘met hyl ) - I@Diflﬁ;@ld.l}:plmgfcﬁw- Lotvip 5 L; 4:c] carbazol e.

5, 7( 6H) - diﬂone (4.36g, 5.49 rrrmli% ang%ﬁgﬁéﬁgﬁtlﬁgﬁgﬁzgnd et hyl acetate
(1:1, lo@fpyrroks3gtjcartiazdlets7 @) dibye (TagdhatieF,; 2 X,60RpsH) for 6h at

anbi ent tenperature with 20% Pd(OH)2 on carbon (4.4g) as catal yst. After

10 suct ¥NH;IR>Bs+O8I) hr ough Celite, the filtrate was concentrated down

to dryness to yield an orange-yellow residue which was purified by
col un® &hsolutiarg of g11Y-difluoro124 3gdihydebdBH B, et tisr C5Qhdraty ahydr of ur an
in hexanes) to furnish the title conpound (2.33g, 77% as a yellow

T e )t 1o iy,
7.41 ( dd%%jﬂi(@?*é‘}‘n;g $4.868, 3§ mmol)) in 2 mixipre of ecthannlpndeethyl acetate=8. 9 Hz,
119 4 oblifit00rhE) s subfectets 6 partydragenasion (g, hpaTadr st &t {1 Dy
ﬁpﬁqgi‘;’o?é&mi’%%%’i?é’é@? 4%'%1%@ﬁ&ﬂg@%ﬂﬁgé%%%%%@%y 126. 02,
33 820t gl (4 fod Syl i 7,70 T
K/g{ ?R/H ) % %53%7%%};'1 %K%glareég%éggw residdé avich 9% pdified b lcbfumt074, 828;

- err] H ehfdmbeigrhpher éod gl&rar%elQeﬁéﬁmé{)sé@oﬂe@&%@mﬁraﬁ%%; H 3.98; N,
7.60; H20, 1.30. Found: ., 58.55; H 4.18; N, °7.38; H20, 1.20. 25

5?( 107 IDief flﬁg?%e?zto 5 ahydr Sfti%?([)?y i r(izftsﬁy (et yi)- %?llfvé-sto e
( pheny! mpPngeP°C:dH N (aﬁed\ﬁﬁmméﬁé)fdé-& Al @7 Kyl 161), 1 18Hs; Bddl of 2, 3-
15  9.14-9.03 (m, 2H), 7.89 (dd, J=11.0, 2.0 Hz, 1H), 7.41 (dd, J=9.8, 2.3 Hz, 1H),
7.27-7.19 (m, 2H), 6.26 (d, J=8.9 Hz, 1H), 6.14-6.12 (m, 1H), 5.43 (d, J=2.0 Hz,
1H), 5.17 (4, J=5.5 Hz, 1H), 4.98 (d, J=5.5 Hz, 1H), 4.24-3.94 (m, 3H), 3.83-3.81
(m, 1H), 3.59-3.57 (m, 1H), 3.50-3.42 (m, 1H); 13C NMR (75 MHz, DMSO-d)
ppm 170.99, 170.91, 163.43, 160.24, 143.12, 141.63, 130.09, 128.74, 126.02,
20 12090, 119.35, 118.22, 118.14, 117.74, 116.54, 108.78, 108.57, 98.77, 98.55, 98.20,
84.64, 78.56, 76.44, 73.06, 67.51, 58.29; IR (KBr, cml) 3326, 1744, 1700, 1578,

1452, 1328, 1232, 1114, 1074, 828; MS (M*‘S m/z 523. Anal. Calc'd for
Ca6H19F2N307#0.25Et0OAc*0.40H,0: C, 58.68; H, 3.98; N, 7.60; H,0O, 1.30.
Found: C, 58._55; H, 4.18; N, 7.38; H,0, 1.20.

Example 14
2,10-Difluoro-12,13-dihydro-13-[2-O-(triethylsilyl)-3,4,6-tris-O-
(phenylmethyl)-B-D-glucopyranosyl}-6-triethylsilyl-5H-indolo[2,3-



WO 98/ 07433

. PCT/ US97/ 14738 39
al pyrr ol o[ 32 %8%4Ppazol e-5, 7-di one (A= VII1: Xerr]= X[ err] CcTUSIT4738
X err]=Xerr]=H, Rlerr]=R" =triet3ylsilyl; Q=N PG=benzyl ) and

2,10-di fluoro-12, 13-di hydro-

13 [2 O (t al;?iﬂwlcﬁBMydltm%aéoﬁ-S Jidiofk (AR =Y FF X=X ><£Hgl ucopyr anosyl ]
ol o[ 2, 3-al pyrrol o[ 3, 4-c] carbazol e-5, 7(6H)-dione (B= VIIl: Xi=

X[ er r e] =F; Re=R"’rimthjisiydr QFNER RG+behkylR ard Ejl@%dﬁﬂtmh‘bﬁl?.;l Niydro-

PG-benzyI) Triethylsilyl triflate (9.0 nL, 40.0 mmvol, 20 eq.)

was added ilB-[@r@-(triethylgibyl)-Brb-tms-&- (;pii\ertyln'retbyl) -B- D-glucopyranosyl] -5H-

2,10-di fluoro-12,13-di hydro-13-[ 3, 4,

(phenyl met mdq@%%qlpm@h[éémk%rhasﬂeyS Bﬁéﬂ)r@@nm@z Yk s Xordi 3, 4-

c] car ba oI S 7(6H) ne 0. mo pyridine (100 nlL). The
10 mx ‘S’i ﬁ}g»elg gﬂYédQFﬂ\ﬁki)ét‘%Fﬁé terrperature for 48h
bef ore absol ut e etE g é m.). was addeg After 10 t he sol vent
was r enovedig ytﬁala' 6n ate; Qhiile 00 mmpk 2018a) Wasiadided insorten

Py ooh! or PEFHERdoghEd It o &0 RRIINE g Lo PE BRI A P Gr Lesrg“;ar‘c"t s
B oat um sul (BRI -@ﬁ?gﬁvﬁrﬂgﬁ?wﬂ%ﬁ ) L EE A

?gt ]; laﬁ;gr g? @%ﬁéﬁw}g%%% ﬁt ﬁéeé I?@s |1)§r§\| %llt dsgf}g&ﬁ{h;dre’/ﬂhrphexanes t he
S gcggg#‘m "%Ixﬁa@ Had sftilﬁéaeupg@tpgrégdﬂ%k( Q&A&%né 3§m?g§éeu9£'tf&y4smg&eye' | ow

e inmpurity prove nver si on to B could

be acconpl Iaﬁba@c@xéﬂmﬁoaqS\&hnWés(aidd% 4&&7%&1 the 3Bl Wast hanol

(20nL) and treating the solution with amoi um acetate (0.11g, 1.40

nol ) at amémenedt ANMpenat atr Bodmrteiperdfifre Nk UesidiRswiabethedli dilitited Wi t h

et hyl acetate and washed successivély with saturated sodi um bi carbonate 25
sol uti on amdtlbethyd guetate dral thtsahygirafdrancarak atidified witl Odklyness. There

was isolated title conpound B (1.19g9, 96% as a yellow foam

For A: M phydrogtdoric[asid juatilivriqdigoBolewingtie beparationeefr thelorgamiq s, 1H),

9. 29 dd, J=8.8, 5.8 Hz, 1H),923920(m1,733720(m15|—|)
7. 13-7194 se, the organic phase was washed with brine, dried over anhydrous

sodium sulfate, and concentrated. Attempted purification of the residue
by flash chromatography (2x) on silica gel (elution with 10%
tetrahydrofuran in hexanes for the first time and 40% ether in hexanes the
second time) yielded title compound A (1.4g) as a slightly impure yellow

20 foam . The impurity proved to be B. Complete conversion of A to B could
be accomplished by dissolving A (1.4g, 1.37mmol)‘in absolute ethanol
(20mL) and treating the solution with ammonium acetate (0.11g, 1.40
mmol) at ambient temperature for 2h. The mixture was then diluted with
ethyl acetate and washed successively with saturated sodium bicarbonate

25 solution and brine prior to drying and concentration to dryness. There
was isolated title compound B (1.19g, 96%) as a yellow foam.

For A: M.p. 77-79°C; 1H NMR (300 MHz, CDCls) § 10.64 (s, 1H), 9.29
(dd, J=8.8, 5.8 Hz, 1H), 9.23-9.20 (m, 1H), 7.33-7.20 (m, 15H), 7.13-7.04 (m,
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5.77 (d, Jw8s8os3 1H), 5.05 (d, J=11.6 Hz, 1H), 4.89-4.79 Eauw/bli4738
4.67-4.63 (m 2H), 4.54 (d, J=)3.4 Hz, 1H), 4.28 (m 1H), 4.16 (m
1H), 3.97 (m 2H), 3.79-3.76 (m 2H) 1.23-1.16 (m 6H), 1.11-1.06

M, o ST ol 98 i s0Rg et g T QaR R B At s ke O
56 7 150 A0 PRI ARt ST S IS P o o,

77. 44, 773%—37'66(11?22H762'331 165:1153 g7§125 067&n2ﬁ—1) 02464, 48.9Hz, 6H)2, 4. 03,
3.95; IR err]) 3458, 3334, 2954, 2876, 1692, 1454, 1328,

1300, 1116 291(9059) qm’zeﬂe CNMR (mmmgmﬁ Jp Rt 151534, 142.70, 141.88,
Cerr]Herr]Flerr]NOJerr]Si[err] 1022.4407, obsd 1022.4377. 10

For B5 stso&;ﬂsaem,etsﬁz&dzsvmz&ase\lmez,omsmzm:umIzé’razllzzew] 10. 65 (s,
1H), 9.25-9.22 (m , 9.14 (dd, |=8.8,5.6 Hz, 1H), 7.72 (s, 1H),
(7d33J71§112(7n17 126.73, mm) 118. 11&09&310%3/11@)9 21528’%3.(‘.2’56% 88, n]? mz71,12|) 59{34021
(m 1H), Z4% 77t01 Z@@'zs?w 75»@3,75,2557452 66@2<691J&1;284¢e& 96 IR 4 02-3. 01

2 79- 3 73 0. 23 - 0. 28-
o 21hc G 517’51 oS8, o el 57 iR oo 538 o 136 te 742, 556 16T 16,
142 80, 30. 65, 130. 65-
126. 71 (T {4 1%91‘% ﬁfgg%‘“glgj?ﬂﬁ?% ?%7-1‘2@73 '_’L?f}i@zg%? ‘93, 118. 68.
55 o e o
| R (KB 2 7 71 0 4, 1326,
11153, r108 ?%ﬂ?é%ﬁigl) ﬁlm(d& ]%%l%c % %%4772?5 1477337 2 tm,
C[ er ] H[ emlfb%t:} D% e, i) 95.75' &, 128% 13243, %*?G‘sd(d9?1§113.§141 1H), 4.87-
3 9 Dfl @7@(&22_&12 4'59—34%%%?4%&% qpi)fmsg %L@Brﬂz Emj mpyranosyl}

- 25 5Hindofl 3-al pyrrol o[ , 4-c] car bazol'e-5 I one

X[ err]=X[(& r]F=B=€H~{z 1H), 4. omer(hfm@r s]mh&% &hr IHﬁi[caz's {t; R@@Hz 9H)
R[er =Mesyl ate% magnetically stirred sol ution of
| 9- | u8r28-(19-52p(mi ﬁwrlacll‘gMR (75 MHz, CDCI3) ppm 169.70, 169.66, 164.39,
161.18, 142.80, 142.64, 142.16, 141.99, 138.05, 137.37, 136.26, 130.65, 130.65-
126.71 (11 lines, olefinic), 121.11, 119.48, 119.11, 118.93, 118.68, 118.44, 110.04,
109.74, 109.44, 98.39, 98.04, 97.63, 97.26, 86.11, 86.06, 77.76,77.21, 76.74, 75.52,
75.25, 74.30, 66.86, 6.10, 4.03; IR (KBr, cm1) 3434, 2876, 1754, 1718, 1624,
20 1582, 1454, 1326, 1116, 1086, 738; MS (FAB, MH*) m/z calc'd for

C53H52F2N3O75i 908.3543, obsd 908.3547.

Example 15
3,9-Difluoro-12,13-dihydro-13-[6-O-(methylsulfonyl)-B-D-glucopyranosyl}-
25 5H-indolo[2,3-a]pyrrolof3,4-cjcarbazole-5,7(6H)-dione (Ib: X;=X;=F;
X2=X2=H=R¢; R2-R¢=0OH; Rs=Mesylate)
To a magnetically stirred solution of 3,9-Difluoro-12,13-dihydro-13-
[B-D-glucopyranosyl]-5H-indolo[2,3-a] pyrrolo[3,4—c]carbaiole-5,7(6m—dione



[[er r'] D- gl ucopyranosyl | - 5Hi ndol o[ 2, 3-a]
- pyrrol o[ 3, 4-¢ zol e-5, 7(6) - di one WO 98/ 07433
PCT/ US97/ 14‘7912?8%743% 41 FCTUSITRATY 1y
0.630 mml ) in anhydrous pyridine (8 mdl at O [err]C under N2 was
added neat via syringe, methanesul fonyl chloride (80 [err]L, 1.03 mmol).
The {330Ghi00.680hiH o) RSk did id Hee(BrhC) f a0 8C2&nderiNg wasi t or ed
by TLC on gl lica gel (Et OAcyeI ulﬁj%% to show t he new hi gher Rf product
spot in rlehP¥id QyRhgg! HMnaReiRly) cAMliad paIRLLIRIORAReSYD PRy

chl ori de (20 err]L, mol ) wa$ added and the reaction was
stirred at ré&[:ﬁbh]rﬁxitﬁie 1va%5.stﬁ'redi390 OC for 3.08h MR keshitdredSHPTLE GAC (350
m.) and saturated aqueous copper(I1) sulfate (100 nL).” The et hyl

acet at e | agitica web (BeDAeGhutioh) Rashowtttd new higltpreRiipradpiespolt lip sul fate (3
x 150 nL), 0.1 N HC (200 nL), water (200 10 nl), and brine (200 niL), and
dri ed (ONa|additied & sia)rtmgvmammh daddinionakt ucethanesulfdrqﬂlc(hleﬂdbﬂﬂ lidsh
chromat ography on silica gel with 4-6% nmethanol in di chl or onet hane,
gave 146 n@2638tdolowvas sl deidt ared d:lwpenmdnaaaasginledcano OC fopdi26ch, as@0 MHz
COSY 1H NIVR(CD[err cocferr]) 10.40 (s, 1H), 10.00 (brs, lH)
8.97-8. 86 \mayke ucpzuszmg t Q(  mt) apdmagarated agﬂyouscquqnﬂl ) 1H,
92Hz %a (I}ilHJ_MOHZ 6'H), 4.76 (d, 1H, J = 11.
4. 485‘{1 tEﬂPO ml). e-ethp] acetpte lgypy wag washed with saiuaatgd7 He, 4

gH;) 0 I(:fAB ﬁggéecgﬁ o I)rﬁngl‘_%e i§ ,\J‘%}) mL), 0 ({ N HE_LI (%OO mgL), water (3200

Exgamlee 18130and b 20 d dried (N E t
2 10-Difl uorg 35 P3ing (200, 5L} and, dried N29SQ), Eyaporation i vacuo. 5.

oL no- | ehlzd B %a%]gﬁ%xﬂ%fg?ggﬁg oy si[‘gé %F%Rhﬂ%"ﬁ]r%{ha?\'o?[xr% 4-
X[ err] =X e&{]chﬁcglb?ﬂr#thaﬁ%eéﬂ%e ﬁ%ﬁ&ér(jd% £E4d ﬁqg ouz@l 1A r%ggﬁ&@al i m de).

Pot assi um pht was a PR oné portion to a
stirred sodalid: 500 MH2 QOSY| HMMR (PD3C O Dy mw(s{ aH); 10.00 (brs, 1H),
(met hyl sul fonyl)-[err]-D gl ucopyranosyl]-5Hindol o 2, 3-a] pyrrol o[ 3, 4-

c] car bazol &93-8/&65(rh - PHN802-2981h,2 31)3 2. 427083 (xhnzlam,mzm ausiH, J = 9.2 Hz,

di met hyl f ormam de (10 nmL) before the mi xture was heated to 130C for
15 1H),498(d, 1H,J=11.0Hz, 6'H), 4.76 (d, 1H, ] = 11.0 Hz, 6"H), 4.48 (d, 1H,
J=10.0 Hz, 5'H), 4.22 (t, 1H, ] = 9.7 Hz, 4'H), 4.00 (t, 1H, ] = 9.3 Hz, 2'H), 3.89

(t, 1H, J = 9.0 Hz, 3'H), 3.23 (s, 3H); FAB mass spectrum, m/e 601 (M™).

J =
0 Hz,
H),
23 (s

Example 16

20  2,10-Difluoro-12,13-dihydro-13-[6-deoxy-6-(1,3-dihydro-1,3-dioxo-2-
isoquino-linyl)-B-D-glucopyranosyl]-5H-indolo[2,3-a]pyrrolo[3,4-
gJcarbazole-5,7(6H)-dione (A=Ib: X1=X1'=F; X2=X2=Ry=Rg=H; R3-R4=0OH;
Rs=phthalimide).

Potassium phthalimide (0.45g, 2.43 mmol) was added in one

25 portion to a stirred solution of 2,10-difluoro-12,13-dihydro-13-{6-O-
(methylsulfonyl)-B-D-glucopyranosyl]-5H-indolo[2,3-a]pyrrolo[3,4-
¢cJcarbazole-5,7(6H)-dione (200mg, 0.33 mmol) in anhydrous

dimethylformamide (10 mL) before the mixture was heated to 130°C fo'r



WD 98/ 07433

-PCT/ US97/ 14738 42 3h,
cool ed t VaMBI0EIB tenperature, and concentrated down in va&GaUSIT/14738
overnight. The residue was then takegoup in ethyl acetate (sone
tetrahydrof uran was added) and washed with 0. 1N hydrochloric acid and
brine. Fof|Quied t@r ¥nbterandnSRiry8itk, SRACVNCERErARY dbe: Freghelise wWas 5
purified by flash chronmat ography on silica gel (elution with 7% nethanol

in chlorey ht. The pdsidiie W thenmaked uptth BthylZ2t¥Matagsemyel | ow sol i d.
mp. >300[err[C, [err]H NWVR (500 Mz, DIVBOd[er]r) [err] 11.21 (m, 10.80

(s), tetrahybrofurh® wap ,adﬂeﬂYaﬁdO/Qas(tre)i witho0. 1 Ndhy dreg@hBoritz aciditgnd 7. 86 (d,
J=11.1 Hz, 1F), 7.74-7.69 (m), 7.40 (d, J103Hz 1H), 7.31-7.23
(m, 7. 2b:me11701(1aw,mg d}gu(giandcsolm Conlelentratﬂ)m, snems(dne WaS64 (rr) 5. 30

and 5.26 (2n), g 4.36-4.27 (m, 1(m, 4.14-4.10 (m,

4. 01-B. oputified lsyétas ctromafggraphy 7o siira( gal: (ehmc(n@rxth 7% metbaral) 3426,
1752, 1706, 1624, 1579, 1452, 1397, 1328, 1113, 1035; M5 (ne ESI,

M H—) ni in gislproformy to yield title compound (46 mg, 21%) as a yelm ?1@

1515 (S B eonto e OO g > 4 r o
é%g” E%gri, 9}33 b, 9.07-9. 08 rs%aﬁf‘fnrf-b@ﬁﬁ (ﬁ‘g%‘%ﬁ‘g zdnl %;ﬁ%s added in
O ot [0d 78 i 4TI G E0 0 NP a07.33 o AR T A (e .09 (@,

aglzwoF)%:.r@nglh)s 3@\/\3& e(é.k)ag\gbr ecu?éfzﬁ} g%i)a%\§|4e3§4§§e‘(m ) di one
anhydr ous, z@u(ﬁ@%hmhfmggmg deo1-3 98 ()0 8fe3t 574 REmY ySﬂBgsm MRaked, t 0

60[err]C fo cool o anbient fenperature, dilute h et hyI acetate

25 (sonemt¥t342ByInsaf uyee) 1628, 1E0deris2ambAashs d 198} 1035aM8 giegd ESDdi um
bi carbonate solution and brine. Follow ng drying and sol vent

concent r M4 mtzhes3lesi due was purified by flash chromat ography on silica
gel (elution with 10% nethanol in chloroforn) to yield the title

WD 98/ 07433

PCT/ US97/ 14738 43

corrplﬁmd (40 mg, 33% as a yel | oleaanple 17deconp. pt. 265C, [err]H NVR (500
' 10 82 ( s% ?g 1%0 ]6 cg'e%x%? &?-rghfc’op%rl;gﬁoslyjl)'-ijl0-(cPihu§>i'o-JIIZ_|,)1B-Cili}\ygléz}o— S
indolo[2,3-a]pyrrolo[3,4-cJcarbazole-5,7(6H)-dione (Ib: X1=X;=F;
X2=X2=H=Rg; R2-R4=0OH; Rs=N3).
Sodium azide (0.29mg, 0.44 mmol) was added in one portion to a
. 20  stirred solution of 2,10-difluoro-12,13-dihydro-13-[6-Q-(methylsulfonyl)-f-
D—glucopyranosyl]-S_I-_I_-indolo[2,3-g_]pyrrolo[3,4-g]carbaiole-5,7(6H)-dione
(132mg, 0.22 mmol) and powdered 4A molecular sieves (50 mg) in
anhydrous dimethylformamide (3 mL) before the mixture was heated to
60°C for 6h, cooled to ambient temperature, diluted wth ethyl acetate
25 (some tetrahydrofuran was added) and washed with saturated sodium
bicarbonate solution and brine. Following drying and solvent
concentration, the residue was purified by flash chromatography on silica

gel (elution with 10% methanol in chloroform) to yield the title



lH) 919(dd J=8.8 Hz, 1H), 9.13-9.06 (m 3H), 7.90 (dd, J108 2.1 Hz,
1H), 7.71 (dd, J=10.5, 2.1 Hz, 1H), 7.49 (dd, J=9.6, 2. H%%

7.35 (dd, JMP®MAB 5 {1y 1H), 7.30-7.22 (m 4H), 6.33 (clPCTif'-‘éS”’?1

1H), 6.27 (d, J=8.6 Hz, 1H), 5.72 43 (d, J=5.2 Hz, 1H), 5.61 (d, J=4.9
Hz, 1H), 533(brs 1H), 5.23-5.21 (m 2H), 5.11 (d, J=5.0 Hz, 1H),

4.20- 4. 10 3 3. 69
(m 3H). 5 Epih ?hd)x%g‘)’ig‘}‘o)(a@(aéﬂowﬁfe” )&gﬁégbt ;Ziﬁ)f?oc llfgngRl 2 1622,

1580, 1450MH2ZSDMIO29,) 817389 (bt L/ 0H), 1H1B, (b1Q/1H),8A94 (K3, 1HRMD.&eg. ESI,

M 10 H) calc d for C[err]H[err]F[err]N[err]qerr] 547. 1256, obsd
547.1199. g 9.19 (dd, J=8.8 Hz, 1H), 9.13-9.06 (m, 3H), 7.90 (dd, J=10.8-2aHz£1H$

6- Am no- 13- ( 6- am no- 6- deoxy-[err]-DgI ucopyranosyl) 2,10-di fluoro-12, 13-

di hydr o- SH7i7addde=21035,8. p¥iz, 0H)[ B49dd, §as. BaZQIHzHH)(EB)S (ddpfre9.4,123
Xerr]=Xerr] =F, 15 X2=X[err]=H, Rerr]-Rerr]=04

Rl err] :‘NH[Hzr]lH:)[ 83017.22 (m, 4H), 6.33 (d, [+§.d itz ilkE), Bydr(dt =8 Hue, 1 H)a872dded to
2, 10-di fluoro-12, 13-di hyd

13- [ 6- deox{d,g=p2, szlﬁ))(ﬁ 61 (Ld 3= élﬁc}ib, 1H), §33ubns) 1My 1523 @21 (25w dpyr anosy

] - S5H-1 ndol of 2 E pyrrol o[ 3, 4-cl carbazol e-5, 7 -di one (19nmy,
0.029 muol §d, J=5 OHanaH)Hb Pridd0 i 4&2&%%@&)@&& gL 8.%%r 1h
and at 50C_for 1h__20 before it was concentrated down in vacuo for 24h.

Purificati %1@96?1;45‘%) 3.63-3.58 4w, @b By (Kbr.cmah) 4443, 2119, Wré%b%f},q( 1685 col urm
30% 19
MR TS B S
>300 0) 8.94-8. 89
i e iy

J=10.2 Hz, 1H), 7.39 (d, J=9.5 Hz, 7.12-7.11 (M, 693(m) 6. 20
(d, J=8.9 Hz, 1H), 6.07 (d, J77Hz 1H), 4.22 (m), 4.16-4.12 (n), 4.14

(t. J=8.9 Hz, 1H), 3.79 (t, J:S#AH%&?@B, 3.75-3.73 (m), 3.61-3.52
(m, 3.40-3.34 (m, 3.31-3.27 ( r, cmferr]) 3415, 1757,
1706, 16766-A@dRe-185@lamidAeb-deoxy-B-D-glucoppiend -724ﬁ3d1ﬂuoro 12,13-

PCT/ US97/ 14738 y-B-D-g P 399

dihydro-5H-indolo{2,3-a]pyrrolo[3,4-cjcarbazole-5,7(6H)-dione (Ic Xi=X1=F;
15 Xp=X2=H; R2-R4=0H; Rs=NH>=Rg).

- Hydrazine hydrate (2 mL) was added to 2,10-difluoro-12,13-dihydro-
13-[6-deoxy-6-(1,3-dihydro-1,3-dioxo-2-isoquinolinyl)-B-D-glucopyranosyl]-
5H-indolo|2,3-a] pyrrolo[3,4-cjcarbazole-5,7(6H)-dione (19mg, 0.029 mmol)
and the mixture was stirred at room temperature for 1h and at 50°C for 1h

20  before it was concentrated down in vacuo for 24h. Purification of the
residue by HPLC on a C,; YMC Pack ODS column (éO% isocratic flow using
methanol/water/ 0.1% trifluoroacetic acid) furnished the title compound
(10 mg, 27"%) as an orange-yellow solid, m.p. >300°C; 'H NMR (500 MHz,
DMSO-dg/D,O) 6 8.94-8.89 (2m), 8.81 (m), 8.68 (m), 7.93 (m), 7.82 (d, J=10.0

25 Hz, 1H), 7.73 (d, ]=10.2 Hz, 1H), 7.39 (d, ]=9.5 Hz, 1H), 7.12-7.11 (m), 6.93 (m),
6.20 (d, J=8.9 Hz, 1H), 6.07 (d, [=7.7 Hz, 1H), 4.22 (m), 4.16-4.12 (m), 4.14 (¢,

=8.9 Hz, 1H), 3.79 (t, ]=8.9 Hz, 1H), 3.75-3.73 (m), 3.61-3.52 (m), 3.40-3.34
(m), 3.31-3.27 (m); IR (KBr, cm1) 3415, 1757, 1706, 1676, .1623, 1581, 1451,



1404, 1330, 1203, 1112, 839; HRV5 (neg. ESI, MH) calc'd for

Cerr]Herr]F2Nerr]err] 536. 1460, obsd 536. 1349.
Exanpl e 19V09§8/07433 PCT/US97/14738

13-[ 6- (Am no- 6- deoxy-[err]-D-gl ucopyrgnosyl)-3, 9-di fl uoro-12, 13-di hydr o- 5H
I ndol of 2, 3-, apyrrol o] 3, 4-c] carbazol e-5, 7( 6H) - di one (I'b: Xerr]=Xerr]'=

X err]=X r 191 1To
BT U HE Rt e ST St RV s LA

| uco r 0-12, 13-di hydr o- 5H—|ndoI023a rrolo[3,4- 10
g] car E)altzo 85%%7( ég)%d$3c§n1§2 98. 9 ny, 0.)1/80 mml ) in aLsoI ut]ep)r/ret hanE)I (125

m.) under N2 in a Parr was added palladiunm(ll) chloride (90 ng, 0.51
mol ). The m xture was sonnicated for 10 mn and then placed on a Parr

shaker at 70 psi hydrogen pressur h. The m xture was filtered

through a small pad of Celite, washed w met hanol , and concentrated in
15  vacuq3-[BUArhike6-@sbxgRBD nlrargflé’—@ &gl Mgt ot 4 mmﬁyafmspﬁ' ution
(0.4-0.5 nb/mn flow raté), gave 6% of the title’ conpound as a

yel | ow onndgb[%,@l-a]pyrﬂﬂﬁ[BMﬂ]cﬁ@SYolbkﬁ NB&)édiiﬁm@l‘(/ﬂﬁ)Xl&)be:Eo (brs, 1H),
8.92 (dd, 1H, J = 9.7,2.6 Hz), 8.81 (dd, 1H, J = 9.7 6Hz)805(dd 1H,

J = 9.0, Xo=Xo'=H=BeHRy-RZQ; ReeNHAH), 7.88 (dd, 1H J = 8.9, 4.6 Hz),
7.48 (ddd, 1H_J = 2.5, 8.9, 20 9.1 Hz), 7.41 (ddd, 1HJ225 8.9, 9.1
Hz) 6 41 (d, T sohution of the comigourssl, 16-[6- (Amd()-lﬁrdeoxy-ﬁ ;D5.36 (brd, 2H,
2" O, 4.23-4.19 (m 1H 5'F), 4.06-4.02 (m 1H 'H),389I384
(m 1H glngopyzangsyd-3,9-diflyore-82,431dihydroS H-tndsslof2, 2algyrrolof 4- 6'H),
3 13 e gb:(anf:azojle-S ﬁ6ﬁ%-dl&$€8 (géi 5Sm§,p 8 %t8(5 l#tnmorlr)j 1en absolgzlt\c/aHr %nethanol (125
of ?of o 3B} GhERE PR { e AR B P Srloraf [ i 7™ 26 )
%?3@8;?’%&%’8 The mixture was sonnicated for 10 min and then placed,gn a Parr
shaker at 70 psi hydrogen pressure for 45 h. The mixture was filtered
through a small pad of Celite, washed with methanol, and concentrated in
15  vacuo. Purification on a Sephadex LH 20 column with methanol elution
(0.4-0.5 mL/min flow rate) , gave 69.6 mg (70%) of the title compound as a
yellow orange solid: 500 MHz COSY 1H NMR (d6-DMSO) § 11.20 (brs, 1H),
8.92 (dd, 1H, ] = 9.7, 2.6 Hz), 8.81 (dd, 1H, ] =9.7, 2.6 Hz), 8.05 (dd, 1H, ] = 9.0,
4.6 Hz), 7.95 (brs, 3H), 7.88 (dd, 1H, ] = 8.9, 4.6 Hz), 7.48 (ddd, 1H, ] = 2.5, 8.9,
20 9.1 Hz),741(ddd, 1H,]=25,89,9.1 Hz), 6.41(d, 1H,] =88 Hz, 1'H), 5.70
(brs, 1H), 5.36 (brd, 2H, 2', 3' OH), 4.23-4.19 (m, 1H, 5'H), 4.06-4.02 (m, 1H,
2'H), 3.89-3.84 (m, 1H, 3'H), 3.56 (t, 1H, J = 8.9 Hz, 4H), 3.32-3.25 (m, 1H,

6'H), 3.13-3.08 (m, 1H, 6"H); FAB mass spectrum, m/e 522 (M*).

25 Example 20
4-[2-(Benzo[b}thien-2-yl)-5-fluoro-1H-indol-3-yl]-3-chloro-1-methyl-1H-
pyrrole-2,5-dione (V: X1=5F; Xo=H=R’:Rg=Me; R”:benzo[b]thienyl; y=Cl).



To a solution of 2-(2-benzo[b]thienyl)-5-fluoroindole (10. Og 0 37 _mol)
in anhydrous tetrahydrofuran (250 ni) under nitrogen was add I a
syringe et WA ¥EIABsi um bronmide (3M 13.1 ni, 0.39 nol) at a‘?%’f/@s”’“”s

whi ch kept the internal tenperature betsween 45-50[err]C. The m xture was

S then heated to 50-55[err]C for 0.5h and cool ed back to room tenperature
before a sol ut imna @bhaidh & chBeazbibighienly es-Shusreigidole 41@0g, 0.2 mol ) in
anhydrous tetrahydrofuran was canulated into the reaction mxture. The -
m xt ure wasol) éhlamhgdirbos tétrahpdmifaran @30utrdd wnddr eititngenawas adeedwashed

w th saturated amoni um chl oride solution and brine prior to drying 10
and sol venta springatethylmagnesidmabroghidee(3Mut3. ﬂcmLf D.BPmaol)at aofate he
suspension furnished the title conpound (12.65 82% as a red-violet

solid, m pvhxgbdcezmh@rm}ma[ éemperaﬂm betmem He)mjxdurg wes. 50 (s,
1H), 8.03- &BB 93-7.89 (m 1H), 7.83 (s, 1H), 7.52 (dd,
J=8.9,54, Ahmhemﬁ t075 C forOSh el emleémackﬁozl@om&empfgatgrez 5 Hz, 1H),

16771, 155R8 3 heising of Sis-dishlorsol amethyGanigamide (4Tgadt7anonds’ 1,

127 55, 183039rods Siaghydinfuisl wasawilategonig th%%‘s‘aé%on s
1010, sp mafie 5 Haitel tgodl sk ALG G Wit o0 o,
F(r)]ﬁln 4 C 9"6‘%‘ gg{uxég’ecgg&gﬁhﬁhﬁé c]ggyﬁge%roﬂt%n ghd6%rlgg pr"—!)r f5 %ﬁx}jm 6.82.

Exanpi® 2ind solvent trat 4 Suction filtration of th
3- Fl uor o- 6nrret h§|nS‘I:—IOIiC?ﬁPI-Ilﬁoaelnoznotob]l{hlveor%/1 % uc p)}rnr-ao 0 § 4- ec] carbazol e-5, 7

- di gngpdndion Xﬁﬁ’(x&ﬂ\e:f,thé([tﬁrer& Sﬁﬁh=(>l(f2%5g¥ 8ZH) abta f&cbvidterMe). 25

A suspension containing 4-[2-(benzo[Db]thien-2 -5-fluoro-IH
i ndol - 3- yspLid, mip. 0'1%—2511‘?61: | NMR 6300 bitdz, ZDMS@-@@;B(I[ZS@@ 181), 8.08m0l ) in
dry absol ute ethanol/di oxane (60% 1L) was placed in a 2L pyrex flask
equi pped Wi%Hms 13E), V198-78% (rmn$H), 7.8F (e 1M)x7.62 éddpps-84, idr4 Elat, BHY, 7.46-adi at ed
7.36 (m, 2H), 7.29 (dd, J]=9.9, 2.5 Hz, 1H), 7.16-7.09 (m, 1H), 3.37 (s, 3H); 13C
15 NMR (75 MHz, DMS50-dg) ppm 167.71, 165.34, 159.10, 156.00, 139.48, 134.18,
133.76, 133.19, 133.06, 132.66, 127.41, 127.27, 125.20, 125.02, 124.22, 123.64,
122.55, 113.23, 113.10, 111.89, 111.54, 105.40, 105.07, 100.56, 24.61; IR (KBr,
cm-1) 3336, 1778, 1706, 1636, 1490, 1441, 1383, 1297, 1170, 1010, 982, 881, 822,

800, 750, 736; MS (neg. ESI, M-H-) m/z 409. Anal. Calc'd for
20 CyH3FNYO,S: C, 61.39; H, 2.94; N, 6.82. Found: C, 61.08; H, 2.88; N, 6.62.

Example 21
3-Fluoro-6-methyl-5H,13H-benzo[b]thienyl|2 3-a]pyrrolo[3 4-cjcarbazole-5,7-
dione (VI: X1=F; X2=X1=X2=R’=H; Q=5; Rg=Me).

25 A suspension containing 4-[2-(benzo[b]thien-2-yl)-5-fluoro-1H-
indol-3-yl]-3-chloro-1-methyl-1H-pyrrole-2,5-dione (12.6g, 30.7 mmol) in
dry absolute ethanol/dioxane (60%, 1L) was placed in a 2L pyrex flask

equipped with a reflux condenser . The mixture was stirred and irradiated



WO 98/ 07433 :
‘PCT/ US97/ 14738 46 (Hanovi a
medi um pr esews/e7ddy | anp, 450-W for 14h before it was cool eBCT/USI7/14738

anbi ent tenperature and refrigerated ggor an additional 24h at -5C

Suction filtration of the suspension afforded the title conpound (12.7g,

ggg/%[gfr?g thgar?&q{lgr%ﬁ%s?’%%%%gg{)grrW% errfégj%rg fgb =7.8 Hz,

118 2t ng g et gl stay A .65 71 (

[err]C NEBcﬁéREﬁMﬂ?aorDMS@méi@u eréﬂﬁ;) affbfded the tileSed¥podRE (137 158 05
138.98, 138.093, 137.97, 134.13, 129 01, 127.73, 127,07, 1%.5

125. 40, 98%)2a3.a ﬂlﬁar&en&?élldﬁxshlér&eﬁmbel: Fass? ﬁkejsbﬁdS’fn 13308C ; 1.11-12 85, 10

112. 78, 109.87, 109.67, 66.45 édl oxane) ; &KBr c err ) 3263,
1756, 5 1709MR (500 Mk DMBEPd,) 3 AHD (d1k5758 H@ﬂﬂ) &@9 d If?% , 1168,
1156, 1110, 982, 869, 806, 755, 745, 704, 613; M5 (neg. ESI, MH) nz

373. Anal8 05Cfdl l:*Zithh 1H) 7@%47 Irhl[ éHb]HJ{—'é’rZB](G{,éH)] 3653@!&43(anel. 5H err] O:

5-Fluoro; gégﬁ 4 ﬁé}i@ﬁg%ﬁ 35858, &%7(9?7253 PG e Xor s et e
I(D\C/BI-:R’I _b&ﬁéﬁ[%%ﬁ”%eiﬂg%[ﬁié&w 2\5%&?5&#%?%??&“@28@ M., 24.0
ol 4 4. ﬁéﬁ%}}d@é@%ﬁﬁ 66.45 (1oL 63568, IRIREL, E29) 3363 A¥seStpensi on of

3-fldoro

benzo[ b] t1@94”1>6%bz1£94a1r1 r1?52[1§9i‘ b 1% giﬁr 1346, 31909802888 508, 3F Ol)

2,3,4,6-tetra ’benzy ucdopyranose €9.) and
tri phenylghozghizng, éﬁs%ggrx%g BsIMlE-) 45 %(73) Afhlathydaqys 25

tetrahydrofuran (200 mL m xt ure was stirred at O[lerr]C for | h before

it GyaBl; gFiNpDed W&Mo&hﬂwﬂ BldeOat® 65M3; Wb Stk Npi6t33; 81,00 08&dr ochl ori ¢
aci d and brine. Follow ng drying and sol vent evaporation, the residue
was Fopuod; € 65.86y 1, BAShING 6r6@nEh,64 088y on silica gel (elution with 10%
et hyl WD 98/ 07433

PCT/ 1897/ 14738 47

acetate in hexanes followed by 15% ethyl acetate in hexanes) to yield the
title conpound (4.60g, 96% as a yellxampleadd mp. 64-70[err]C, 1H NWVR (500

3-Fluoro-6-methyl-13-[2,3 4,6-tetra-O-(phenylmethyl)-B-D-glucopyranosyl-
5H,13H-benzo[blthienyl{2,3-a]pyrrolo(3,4-c]carbazole-5,7(6H)-dione (VIII:
X1=F,; Xo=X1'=Xz=H; Q=5; Rg=Me; PG=R’"=benzyl).

20 Diisopropyl azodicarboxylate (4.6 mL, 24.0 mmol, 4.5 eq.) was added
dropwise to a cold (0°C) slight suspension of 3-ﬂuoro;6-methyl-5I_-I_,13ﬂ—
benzo[b]thienyl[2,3-a]pyrrolo[3,4-cJcarbazole-5,7-dione (2.0g, 5.34 mmol),
2,34 ,6-tetra-O-benzyl-D-glucopyranose (8.67g, 16.03 mmol, 3.0 eq.) and
triphenylphosphine (6.31g, 24.0 mmol, 4.5 eq.) in anhydrous

25 tetrahydrofuran (200 mL). The mixture was stirred at 0°C for 1h before it
was diluted with ethyl acetate and washed with 0.1N hydrochloric acid
and brine. Following drying and solvent evaporation, the residue was

purified by flash chromatography on silica gel (elution with 10% ethyl

S



VHz, ‘DIVBOd6 1:1 mxture of rotational isoners) [err] 9.87 and 9.78 (2m

. 1H), 9 00- é’éfﬁ%"’q?’%s 85-8.83 (2m 1H), 8.11-8.02 (2m 1. 5H) gﬁ’é&”ég’fsj =7.2

Hz, 8-7.54 (m 2.5H), 7.38-7.23 (m 15H),
0.5H), 6 84 (t, J=7.4 Hz, 0.5H@7 6.78-6.75 (m 0.5H) 6.67 (t, J= 7 6
1H), 655(t J=7.5 Hz, 1H), 6.51 (d, J=8.8 Hz, 0.5H), 6.43 (d,
J=9.2 Hz, aOetEt@m Bexana. follogwad ByHL5%letdyl acetate ir( Hexahek(i)r@yit&ld tﬁeSH)
488-479gm3,474465m1H) 4758-4.48 (m HLH 4.364. 29
(m 1. 5H) titlg componnd (4608, $p) asia yellowr f@mm\aH)M '4'D°L‘1 OIMR(58H), 10
3.

cn“? [e”])ﬂ/gézsﬁﬁéoﬁ %F%EB"“‘Z%% miai%%“alf%‘é@‘e’%é; 873%%?191@5@""1380 1283,

Eoonnl o 23900895804 8.85-8.83 (2in, 1h), 511683 (o) Dbl Vrs U 82, 7 B9

ot o1 ] 305ED] APk e S 5ED T e BN TR i 1R P D%, e%fe"y' 12,32l
Sord {of R S BT SImb S 667 (g GO naty P52 475 Heo. |
hopy iy of o T USTRJUsls ki) G 5H), Ay faDLD2 zyééﬂ??a*;%mr& %p“é?ﬁéhéfh?g. %0
(30nl) wapd,gdded 198) 615H9 Q. 882170 nd, 9L g?wfé%gx}ng?ﬁét@s 25

mrol ). The m xture was Stirred at 0Cf re’itowas a to stir

at anbi ent.36enpe(ral USRI a4 200t 0.9H) A8 igt I t | uori de
etherate (3.2 rrLg was zgdded aft(gli11 12h)and &}?ﬂéﬂ 'ngﬁgél\t}gg?%\rvagﬁl)emved 25

in valluo 388 (dhe=-101BizN0.BY)f B8 duies, Was), BARYB, 31); IR (RBRYém-1) 3423,
acetate/tetrahydrofuran and washed w t h 1N hydr ochloric acid and brine
prior to 230, Ag6and5801698nt 6220 hkIN1453,i 1360, T288) 115531218) 1080, &0y esi due by
flash chromato ra h on silica gel (gradient elution with 10% net hanol

VO 98/ 0741089, ; MS (FAB, MY m/z 896.

PCT/ US97/ 14738 48

Example 23
15  3-Fluoro-6-methyl-13-[B-D-glucopyranosyl]-SH,13H-benzo[b}thienyi[2,3-a}
pyrrolo[3,4-cjcarbazole-5,7(6H)-dione (Ia: X1=F; Xo=Xz=X1=H; Q=S; Rg=Me;
R2-R5=0OH).
To a cold (0°C), stirred solution of 3-fluoro-6-methyl-13-[2,3 ,4,6-
tetra—O—(phenylmethyl)-B—D—glucopyranosyl]-S_}i,l3_Ii—benzo[b]thienyl[Z,S-
20  a]pyrrolo [3 4-c]carbazole-5,7(6H)-dione (4.5g, 5.02 mmol) in ethanethiol
(30mL) was added cold (0°C) boron trifluoride etherate (6.36 mL, 50.2
mmol). The mixture was stirred at 0°C for 1h before it was allowed to stir
at ambient temperature for a total of 48h. Additional boron trifluoride
etherate (3.2 mL) was added after 12h and 24h. The solvent was removed
25 in vacuo and the remaining residue was taken up in ethyl
acetate/tetrahydrofuran and washed with IN hydrochloric acid and brine
prior to drying and solvent concentration. Purification of the residue by

flash chromatography on silica gel (gradient elution with 10% methanol



in chloroformfoll owed by 15% net hanol in chloroforn) yielded the title-

- compound (2.53g,- 94% as a yellow solid, mp. >305[err]C, [err]H NVR (500
MHz, DvVS®vdpmorapd [err] 9.85 and 9.71 (2d, J=7.4 and 7.5 HecT/UB)7/1483896 and
8.89 (2d, J=9.6 and 9.6 Hz, 1 8 8.13-8.05 (m 1.25H), 7.99 (dd,
=9.0, 4.5 Hz, 0.75H), 5 7.61-7.4 (3m 3H), 6.29 and 6.09 (2d, 8.8 and

J=9
g SZHCZ,) Q%‘F%}HP?%F 6%}35031?%\&;’%‘)@ @%t; rme;lﬁlbol ig’ %@ox(o%rm) gl_%geént?{lfétz%;)g( m3 ilg) ’
(16559 04, B %38 2% BGYDI\@& hgar%ﬁpg@é@s@ﬁ\’%ﬁs% 131. 49,

130. 85, Iilﬁ-%z ﬁMst?-% $60,85%h 1971 %25 11264 akeP7 534z 139), 896 areb8.89.(2d,25- 39,
122.80, 10 122.66, 122.35, 119.81, '116.33, 116.08, %55 94, 115. 74 110. 70,

110. 50, /19% £%4 9.6 Hz, ﬁ%%,78713~§335%ﬁ1 172?3@ 795%8 ~9Q94855Hz6é 788y, 24.33; IR
( KBr, cn{err]) 3428 1756, 1694 1460, 1448, 7’1384, 1084,

745; 5MV5 % 989.4168m, I} 6 29End §@§(2d 88and93Hz IH) 536—5 33 (3H), 4.84-
Exanpl e 24 15 3-Fluoro-13-([err -Dg ucopyranosyl)

, 13H bengpg thl; isEy 4 021,-3‘39&11 g' DP23%86 (m, 1.75H), @67633169@ ,2H)( 81gB- di one

(Ia Rerr]- err}_} X err] X[errlﬁH[err =

3- FI uor 384 (et AyBH)13.16 (s DMSO-dg) ppm 16934
benzo[ b] t hi enyl [ 2, 3- a] pyrrol 0[3 4- c] car bazol e-5, 7(6H-di one. (0. 209, 0.37
mol ) walsﬁ%ﬁéﬁﬂédlﬁaﬂla156195114@r0&)ﬂ3&@%1.§ﬁtﬂ50m33 Put133 S0 h¥%r oxi de 20
(30 mL) under nitrogen. The mi xture was gently .refluxed for 3h before it
was titrE08h, dee- 550&1303@&2&146&23@0 42652, 125780325t d@b3% 32280.0r ned. The

preci pitate ken up_in acet at e/tetraw/drofuran and vvashed

W { HON T R7-951 LOAT 21678 MACE 150 Pbrlog it A 1ane0n b2
Col 0 arlief BPbadzr 045 i chBothiih ﬁﬂ@%"c’sﬁ’h}@%?ﬁég&é&? 15oc
washod iozh 10 AP0 PR FoRA, dDsd Pl Mo et sy, LRl Pl e o

Purification of this residue by flash chromatography on sili ca gel
(gradi ent WO 98/ 07433
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elution with 30% tetrahydrofuran i nE%%ng'rl%%%rm foll owed by 50%

t et righy B3-phusrent 3-(B- Méﬂpgzrraio BEE1BHL veheob]tHign Emal}%-zrb ;

36% as ayellowg%ll , f{er&%ﬂ-[errﬁw I\/ng ﬁ%MSOdG)
[err] 1i)@@rbazole-5,7(6H)- dxcﬁﬁal—{)la RE-R530d T REX X (26 =HHR=3). 95- 9. 93 and
991989(2m1H) 9.02 and 5 8.97 (2dd, J=9.8, 2.7 Hz and 9.7, 2.8 Hz,
1H), 8.24-8 Z%Fmoeé—met&yl-a?)((ﬁﬁlp glacow*!)anosyl)-SH,18I:E8 and 8.01 (2dd

J=9. 4, 44Hzan 1H, 7.69-7.63 (m 2H), 54-
enzo[b]tl'uenyl[z 3—a]pyrrolo[3 4-c]carbazole-5,7(6H)-dione (0. ZOg, 0.37

mmol) was suspended in a solution of 10% aqueous potassium hydroxide
20 (30 mL) under nitrogen. The mixture was gently refluxed for 3h before it
was titrated with concentrated HCI until a dense precipitate formed. The
precipitate was taken up in ethyl acetate/tetrahydrofuran and washed
with 1N hydrochloric acid and brine prior to drying and solvent
concentration. The residue was dissolved in absolute ethanol (1 mL) and
25 solid ammonium acetate (3.0g) was added. The mixture was fused at 150°C
for 3h before it was cooled, diluted with ethyl acetate/tetrahydrofuran,
washed with 1N sodium hydroxide, brine, dried and concentrated.

Purification of this residue by flash chromatography on silica gel (gradient



7.48 (m 1H), 6.34 and 6.09 (2d, J=8.9, 9.4 Hz, 1H), 5.37-5.35 (m 1H),
5. 28 and 5.22 (2br m 2H), 4.75 (br m 0. 75H), 4.o4aw- 5
(2m 3H), 3VR88™E 2H), 3.55-3.52 (m2H); [err]C% %&%‘a’k’){u
DVBO-d[err]) ppm 170.39, 170.16, 10 4%8.76, 156.89, 140.05, 138.34,
136. 87, 133.00, 131.76, 128.32, 127.28, 126.62, T 125.64, 122.64,
120. 60, 1kbufién With 3% tehah§drofitAn 16, chlafbfbfm flibves] b§750Ph,

81.13, 77.45, 70.74, 69.79, 67.01, 61.23; IR (KBr, cm[err]) 3392, 1747,
1705, 1623¢trahydrofmm&1m dhleeoforndfurnished thesutle mﬁmoqmsdw Sosz, 804,

Eg? Ogg; %%Q Bgtyzsohc&gnp >%§!’-C) ?ﬁl I&NPR 8(50 ﬁﬁéfﬂ)ﬂs‘% rcij%l[ f{ 6;’q errls

R 1 ads 25160121 O R AP Ry LD 32508

DUty 1) Benddt HAS58 S7HE rpd i f éﬂaﬂiﬁﬁ%ﬁﬁn&é@ﬁﬁ T (o 11,
S%_E?H:é[ LI 3@&@5\%%&% thef1s w6z 11 969%34%59e?ﬁéauy
R s T = A
Cr1 T Uor onerh Bt 7002478 1 L0708 412 and 37598 Yaf B0} ?5%1%% (Bacti on

was stirr eHRB.5508.62 (/R)ALAT BINIRM (125 MBRIDMSO- dg(';tf;ﬂﬁﬂ%% tho.agsol ute
ethanol (5 nlL). The m xture was dil uted Wi th th acetate(150 m)
and waghed 58i7601196189140005¢ 138.94,M3k.872033 b9 i 132 761 998,32, 127'12‘8) 12688 dried
(Na[err]SQOlerr]). This material was used direct(y in the next step

WO 98/ 074325.64, 122.64, 120.60, 116.16, 115.95, 115.84, 110.76, 110.56, 107.35, 87.71,

PCT/ US97/ 14738 50 wi t hout
further p@iiYd Zadubon0.72h60. za;@v;m; 61235 BiKBrvexs-1p 8897, 11747 H706) H62D,

chr omat ogr aEhy on silica wi t h hexane/ net hyl ene chl ori de: 300 MHz

lH NVR ( Ch¢B1) 14621 435 108 leSfL)rb%ZQll&O 1087, 804, 738,748; ERMS Tneg.)ESI7. 88- 7. 81

2 5 Hz) | ?}f%‘)(fabcgf‘gdgzeﬁm’ﬂiz%%ﬁk%g H@Sd7g%b&%6-’ggd(mlH4k6] 6.892 (Sdgd,

1H J.= 8.7, 8.7, 2.4 Hz), 5.97 1H J = 8.9 Hz), 4.58-3.90 (m
8H), 1218 (s, 9H), 0.91 (s, 9H), 083(5 oH) ,
Example 25

3,9-Difluoro-12,13-dihydro-13-{3,6-O-(t-butyldimethylsilyl)-p-D-
glucopyranosyl]-5H-indolo[2,3-a]pyrrolo [3,4-c] carbazole-5,7(6N-[4-(t-
butyl)benzyl]-)-dione (Ib: X1=X1'= F; X2=X2 = H; Rg=4-(t-butyl)benzyl;

20 Q=NH; Rz =R4=0H; R3=Rs=t-butyldimethylsilyloxy).

To a magnetically stirred solution of product from example 12 (750

mg, 1.12 mmol) and imidazole (1.9 g, 28 mmol) in anhydrous DMF (14
mL) under Ny with stirring was added, neat via syringe, t-
butyldimethylsilyl trifluoromethanesulfonate (2.96 g, 2.57 mL, 11.2

25 mmol). The reaction was stirred at room temperature for 1 h and
quenched with absolute ethanol (5 mL). The mixture was diluted with

ethyl acetate (150 mL) and washed with water (6 x 100 mL), and brine (100
mL), and dried (NapSO4). This material was used directly in the next step



0.27 (s, 3H), 0.10 (s, 3H), 0.05 (s, 3H), -0.02 (s, 3H; FAB nmass spectrum
m e 897 (M+). 10 Exanpl e 26
3,9-D fl uY@98@4338- di hydro-13-[3 -O (t-butyl di nethyl silyl)-P@GrD897/14738

gl ucopyr anosyl ] 5H-indol o[ 2, 3-al pyrrapo [3,4-c] carbazole-5,7(6N-[4-(t-
butyl)benzyl] -dione (Ib: Xerr]=Xerr]=F X2=Xerr] = H R6

=4- (t-buty, ﬁ?ﬁnﬁ}ijthpr ugxflcgﬁwﬁ Tﬂﬁﬁ&ﬂy_}xcg[ §arh Téjd(as?r ifibd D

t - butyl d| rret I'yl'o netic y stlryre%ssol ution of
t he crud@hpdrﬁawnghg}ran silica X 36Rh %e%%@ime'é@l@ﬁé chffiede: 2300 Nipze of 9 o1

trifluorqacetic ac . water precool ed to -5C. The reaction was
stirred afH NMR (CRClS 5006 Girs, 1#Bd9.12 (ddmiHh] et 12. A e),4.88-7 B0GmyL) , and
washed with saturated agueous sodi um bi carbonate (6 x 150 m.), water
(1 x 1501H))7.72:0dd bIH k= 02, 8.9198), T4, (dddd1H2D= 8.9118.% ¢.4 N2} 32 (ddvapor at i on
I n vacuo, followed by flash chromat ography on silica gel with 1-10%
met hamol IH)]maﬁyfl e iz)c R120+6.90(n, 3AHE), 59?2r(dd@6%—1 ]=87,87, 240812313971 ng

mat eri al éi. ) npound of exanple 25), ng (10% of fully

desi | yl af ,CMWJO‘EIB&H@D 4e58-3 8 BH) ot l&ksaﬁﬁ)eﬂ 92Ys, %) 0885 s,AHY, 74%

of the pure title conmpound as a yellow solid: 500 Mz COSY 1H NVR 25

( d6- DVBOP-37dpr3HL 0. ybn?sg BtH, 0.651s, 331)82) 02165, 3H); FAB-messspextrumzin/e8. 76 (dd,

1H, J = 37 2.7 H), 8.03 (dd, 1H, J = 9.2,4.4 Hz), 7.68 (dd, 1H, J
= 8.9, 4887(M7) 7 51- 7.45 (m 2H), 7.38-.7.31 (m 4H), 6.28 (d, 1H,
J=09.1H, 1'H, 6.08 (t, 1H, J = 3.9. Hz, 6' OH), 5.35 (d, 1H J =
6.8 Hz, 40H), 4.88 (s, 2H) 4.81 (d, 1H, J = 6.8 Hz, WO
98/ 07433

PCT/ U597/ 14738 Example 26 51 2" OH)

s ss- 3 o (Mo iy d bty U b AR B o 00l ) -
?-01’03 (5! 8gluc H)pyran@symabﬂ-u@idfg [2 31ap]§?n(cﬁo [I?lﬂ)cé chb%@gfé? 780-(4-07 (s, 3H),
butyl)benzyl] )-dione (Ib: X3=X1= F, Xa=X2 = H; Rg =4-(t-butyl)benzyl;
Q=NH; R =R4=0H; R3 = t-butyldimethylsilyloxy)
15 To a magnetically stirred solution of the crude product from
example 25 at -50 C was added a mixture of 9 :1 trifluoroacetic acid : water
precooled to -5 CC. The reaction was stirred at -5© C for 45 min, diluted
with ethyl acetate (200 mL), and washed with saturated aqueous sodium
bicarbonate (6 x 150 mL), water (1 x 150 mL), and brine (1 x 150 mL), and
20 dried (Na25S04). Evaporation in vacuo, followed by flash chromatography
on silica gel with 1-10% methanol in methylene chloride gave 59 mg (6%)
of the starting material (i.e. compound of éxample 25), 78 mg (10%) of
fully desilylated product (i.e. compound of example 12), and 585 mg (74%})
of the pure title compound as a yellow solid: 500 MHz COSY 1H NMR
25 (d6-DMSO) & 11.80 (brs, 1H), 8.82(dd, 1H,J =9.6,2.7 Hz),8.76 (dd, 1H, ] =
9.7,2.7 Hz), 8.03 (dd, 1H,] = 9.2, 4.4 Hz), 7.68 (dd, 1H, ] = 8.9, 4.5 Hz), 7.51-
745 (m, 2H), 7.38-7.31 (m, 4H), 6.28 (d, 1H, = 9.1 Hz, 1'H), 6.08 (t, 1H, ] = 3.9,
Hz, 6'OH), 5.35 (d, 1H, ] = 6.8 Hz, 4OH), 4.88 (s, 2H), 4.81(d, 1H, ] = 6.8 Hz,



S5 Exanpl e 27

3,9-Difluoro-12, 13-di hydro-13-[3-0-(t-butyl di nethylsilyl)-6-0

(et hanesul'Worgy43Ber r ] - D- gl ucopyr anosyl ] - 5Hi ndol of 2, 3- a] py C3VUSI3428 ]
car bazol e-5, 7(6N-[ 4- (t-butyl ) benzyl ] -)sdione (Ib: Xe[err]=Xerr]=F, X2=X2
= H R6 10 =4-(t-butyl)benzyl; Q=NH, R err]=R err] =04

R err] =t - Bubyd)dis oLAYS $inl YHOBE), 3.98-;,.93%@1'}1,%@),@93-3.890 fRANYHOXH),

To a magnetical [y stirred soluti’on of the ‘pur’e product from exanpl e

26 (403 np. 843324 med )6 HY, RV 1 BU$ =(8/8 IHH, 3], 8.39{ddd, 1110& 9.1, 8.8, under
argon was added neat via syringe over 1 mn, nethanesulfonyl 15 chloride
(46 , [err]68 Hx,294), mad (s, 9K tE&T6 &) 9M)N0.aY (s, 2D, -&103 ¢, BH)oFABmass

renoved, added to a m xture of ethyl acetate and saturated aqueous

copper (I | )speatriat,an/arf83adMit)yzed by TLC on silica gel using 1-2% methanol
in methyl ene chloride. There was indicated nostly starting material with

a smal b anount of the higher Rf product spot. Additional 20

met hanesul fonyl chloride (32 [err]L) was added, and the reaction maintained
at -10C for 1h. Over 30 min interval sExample24cti on was treated

e U S S S U L1 O,

starting C@‘%ﬂ?ﬁ?@%}ﬁ%—@%Q-E%PP%%”S%@J-? Sl dmeviicte Bardtne " ©
[ ' - m - 10C T | '

S A R U o SO

R e A L S R S S T e A

WO 98/ 07438 =methane sulfonyloxy)

PCT/ US97/ 14738 52 washed

wi th sat ur at ed Ty eRMEn QRIS tirrdd SBl{R4E of 200 pird pr@LEr £63P0 ML),
and brine (200 nmL), and driéd (Na[err]SO err]). Evaporation in vacuo,

Lg |t |h g}mgge exampl®26f(103 ng, 05186 B RA \ardiy debhis pgridiche 7 AL )14 JTetd@N0l in

under argon was added neat via syringe over 1 min, methanesulfonyl

15  chloride (46 puL, 0.594 mmol). After 70 min at -10 ©C, an aliquot was
removed, added to a mixture of ethyl acetate and saturated aqueous
copper(Il) sulfate, and analyzed by TLC on silica gel using 1-2% methanol
in methylene chloride. There was indicated mostly starting material with
a small amount of the higher Rf product spot. Additional

.20 methanesulfonyl chloride (32 pL) was added, and the reaction maintained

at -10 ©C for 1 h. Over 30 min intervals, the reaction \was treated
successively with additional mefhanesulfonyl chloride (33 uL, 31 pL, 31
HL, and 24 puL). After a total of about 5 h at -10 °C, TLC showed the major
product spot and a little of the lower Rf starting material. Over the last 1.5

25  h, the temperature of the reaction was allowed to rise to -1°C from -100C.
The reaction mixture was quenched by the addition of 200 pL of absolute
ethanol, stirred for 5 min, and partitioned with ethyl acetate (600 mL) and

saturated aqueous copper(Il) sulfate (250 mL). The organic layer was



chl oride gave 404 nmg (91% of the pure title conpound and 40 ng of 5
‘recovered starting nmaterial: 300 MHz 1H NWR (CDCl[err]) [err] 9.83 (brs,

1H), waesdBag3dd, 1H), 7.80-7.71 (m 1H), 7.68 (dd, 1H) PCT/GR274ds 1H),
7.40 (ddd, 1H), 7.21-7.13 (m , 7.03-6.86 (m 3H), 5.94 (d, 1H),
5.15-3.92 (m 10H), 3.02 (s, 38, 1.19 (s, 9H), 0.84 (s, 9H), O0.23

(Eiéng:_be ygshgé With satilratde Bq@@osuss ¢ pepcérflﬁrgulfate (ZOdﬂ mei,)861téN§bO m&)0

3, 9-Di f | 4R Wrire f&mmwdm& aéreHS(m,{so|§UE% OFRIdN 115 vhithd,-fo11oANkd

nor phol i no)-[err | ucopyr anosyl | I ndol of 2, 3-a] pyrrolo [ 3, 4-c]

SCer ) oxPL AgshchiroRrdpity, o Giked BEMRM 19 SHeBiind B prffglehg Lo ] 4
Rlerr]=t c%&bd%m hod ﬁ{%gﬁ%)y@f the hpureqxﬁé kbir Lﬂﬂpﬁhﬂ'% mg of To a

magnetically stirred sol e pure product from exanple 27 (193
nmy, (& 227econeted starting ydaterisl: W&m HNE (CDélig) 6 9.83 (brsxd$T)added

nor phol ine (210 [err]L, 2.41 nmol). The resulting red reaction 20

m xture 948 (dd) IHyY.8®7. 763xrb 181), 768 (&d/ 11D, A(52 (dely LHY) Da@ddd tIHpt hyl

acetate (350 nlL) and saturated aqueous sodi um bi carbonate (75 ).
The or gafii-7. 13 (m, P.Hy,ék 03v6 B6Wars (3d), BidHdnaHgr5. 13+3:927h 0 )aBd2Msi ne (75-
m.), and dried (Na[ err SCIerrJ). Evaporation in vacuo, followed by
fllash ch3dmt-b9(a ki), 6:84 (s, 9H), §i23 Ga3k}él-0xﬁ)|lt(5» 310); 2BABenhsd specttuane i n

met hyl ene chl ori de gave 9 mg (5% 25 of recovered starting material, and

t hen102 ™y e &AMEB% based on recovered starting material) of the
pure title conmpound as a yell ow solid: 300 MHz 1H NWR (CDCl[err]) [er]
10. 09 (brs, 1H), 9.09 (dd, 1H), 8.02-7.96 (m 1H), 7.69 (dd, 1H),

7.39 (ddd, 1H), 7.30-7.23 (m 1H), 21- 7. (m 2H), 7.07-6.98
WO 98/ 07433 zj—@mﬁ’—ﬂﬁ

5 96 (d, >4rp sl yalinydrosly-13-D-4buidimets )4 GN-20g (m b1y
2, 82- 2. ThBhofib)-RORgnRopfrd Byt Bpi-robo(b-aBtrold (8 tarttible-0- 27 (s,
5,7(6N-[4-(t-butyl)benzyl]-)-dione (Ib: X1=X1= F; X=X = H; R¢ =4-(t-
15 butyl)benzyl; Q=NH; Rz =R4=0H; R3=t-butyldimethylsilyloxy;
Rs=morpholino)
To a magnetically stirred solution of the pure product from
example 27 (193 mg, 0.224 mmol) in anhydrous DMSO (5mL) under N
was added morpholine (210 pL, 2.41 mmol). The resulting red reaction
20  mixture was stirred for 69 h at 47 °C and partitioned with ethyl acetate
(350 mL}) and saturated aqueous sodium bicarbonate (75 mL). The organic
layer was washed with water (4 x 70 mL) and brine (75 mL), and dried
(NaS0y). Evaporation in vacuo, followed by flash chromatography on
silica gel with 20-25% ethyl acetate in methylene chloride gave 9 mg (5%)
25 of recovered starting material, and then102 mg (53%; 56% based on
recovered starting material) of the pure title compound as a yellow solid:

300 MHz 1H NMR (CDCl3) & 10.03 (brs, 1H), 9.09 (dd, 1H), 8.02-7.96 (m, 1H),
7.69 (dd, 1H), 7.39 (ddd, 1H), 7.30-7.23 (m, 1H), 7.21-7.17 (m, 2H), 7.07-6.98



_(s,,?;H); ESI (NEG mass spectrum me 851 (MH)-. 5
. Exanpl e 29 '
3, 9- Di f | uorWOPs/0T433di hydr o- 13- [ 6- (4N- nor phol i no) - [ err] - D- gl udSpy¥S2Ra¢p8] -
5H i ndol o[ 2, 3-al pyrrolo [3,4-c] carbazghBe-5, 7(6H)-dione (la: Xerr]=Xerr]
= F Xerr]=Xerr] = Rerr] = H Rerr]= 4N-norpholino;, Q=NH
R2-Rlerr] = ,5.96 (d, 1H), 4.53-29386 161 37385 (d, 129, 3alou b@mOPEYhe pure
pr oduct frgﬁzsﬁi Sexémp}e)28 (205 ny, 09240 mml() i‘%g)absol utel&gt hIe_lir)loI (160
n) was  2.82a07E(maQHY ORI682E8 %S, 2H), hygr @x9HdE 088 GHIM), 327 d, 3H)BF.0810! ) .

The resulting deep red solution was heated in an open flask until all
t he &, Bal)p ESWINE@®Y apss apectramd m/ € 861 @Mgh)s out (about 1.5 h). The

m xture was cool ed under a stream of nitrogen and concentrated HC
(12 N, 17 nm, 15 204 mvol) was added. The mi xture was stirred 5 mn and
absol ute et hanol (90 nlL) was added, followed by solid amoni um acet ate
(85 g).5 The mixture was heated Examplei2%ing in an open flask j ust

bel ow boiling_. ~for 2.5-3 h, then to 180 [err]C (internal tenperature
of the nel sﬁga%morabé&tlSzixhydro-lﬁrlsﬂmél-m nrd-Prglugepyrnasydl-t o 200

L SRR N AR TS B oo 1
i i 00 s 800 T
T e R
i L
LT el R AEND a0 6 B e g ol o 1
Vo SO 5 SRR a6 BUABRGRS SR Vol (HEERR G 11 2
pot assi um £a3897@teold fotasifRthPHAIE F]lglzé NgOLD B, dshydhahe The: 03 9), and

stirred at roomterrperftQ)ure for 15 h. The solvent was evaporated in

WO 98/ 0743fesulting deep red solution was heated in an open flask until all the
PCT/ US97/ 14738 : 54 vacuo, the

resi due r eeihanol veab evapmutahahd (a2§ﬂid‘r‘§i1mst oe{abdunilthh)l The mixtdel (15
m.), and evaporated in vacuo. The residue was dissolved in absol ute
et hanol (56@smbpleccuader atstrbaim of attwogeraaddtdongeprateesHClg32 N; 17 adai n
repeated. Recrystallization from 95% et hanol gave 79.6 (53% 2
15 204 mmol) was added. The mixture was stirred 5 min and absolute
ethanol (90 mL) was added, followed by solid ammonium acetate (85 g).
The mixture was heated with stirring in an open flask just below boiling
for 2.5-3 h, then to 180 OC (internal temperature of the melt) over about 2
h. The mixture was further heated to 200 °C over 10-15 min, rapidly
20  cooled under a stream of nitrogen to about 50-60 ©C, and digested with
water (200 mL), saturated aqueous sodium bicarbonate (200 mL), and ethyl
acetate (800 ml). The organic layer was washed with brine (200 mL), the
combined aqueous layers extracted with fresh ethyl acetate (300 mL), and
the latter extract was washed with brine (100 mL). The combined organic
25 extracts were dried (Na3504) and evaporated in vacuo. The crude material
was dissolved in methanol (400 mL) and treated with anhydrous

potassium carbonate (2.0 g) and potassium fluoride dihydrate (1.03 g), and

stirred at room temperature for 15 h. The solvent was evaporated in



5 <crops) of the pure title conpound as its HO salt: 500 MHz COSY IH NIVR
" (d6-DVSO) 8 12.67 (brs, 1H), 11.19 (s,1H), 8.92 (dd, 1H, J = 9.7,2.6 Hz),

8. 79 WO8®743BH, J = 9.8,2.3 Hz), 8.05 (dd, 1H J = 9.0PETASRN473E. 94
(dd, IH, J =8.7, 4.5 He), 7.46g4ddd, 1H J = 2.5 8.9, 9.0 Hz), 7.41
(ddd, IH J = 2.6, 9.0, 9.1 Hz), 6.61 (d, I1H J =8.6H, 1'H, 3.97

(t 1H i&cug ShdFesidi® redisddvad 38 fhBhahdl k50 mi0, treated with 1 N

3 o- D' f PP mi3; Qhayéira?néﬁehﬁn%c% TRe Pesiiueapys afissotled Bkt i ndol of 2, 3-
a] pyrrol o 13 4-c] ‘carbazofe-5,7 hydr oxy) di one (1¢c) To a

magnet i cabkyluté Ieﬂﬁeﬁﬁ’ols(@botrhpﬁ e@ﬁ bRfed ik &adul; hd lthdrprotessl@as 15

di hydro-13-[6-azido-[err]-D-gl ucopyranosyl] 5H i ndol o[ 2,3-a]pyrrolo [3,4-c]
car bazol eghir/fétebted bRegtlybeablizdtidn froo88%( &hanyg] gove29.6nmgl (53 2absol ut e

et hanol (5 nmL) was added aqueous potassium hydroxide (4.45 M 1.1 nml,

4.9 nfol xrogd)efrtheurertiflelcmppparndsslits HEA saits 300avidtz COIHRIMRI ask
until all the ethanol was evaporated and a solid guns out (about 1.5 h).

20 The rdsAMEQ)S1260 by, Hﬂgdﬁla(s,ﬂl'ﬁa&%(dduﬂi ef.7aRé Hps 8178t e et hanol
(5 nm) was added, followed%%%B sol i d hydroxyl am ne h drochl oride 685

my). The (dxtidy B=%8 2:2Hz)&LP (@c ATE T Fr30.46 Ha), 494 (dd H&h Jived

t enperature of the t aféer sol nt vvas boi | ed

S0 o o) Frmonsstad TR 28 UM 7G0T Bh) oD 0 Sl e 61 i ey ocan

taﬁe{ ate (Gobn] 7ot He i 3%, G T s b Ead B R (% « so

p/ater (2x50 m.), and brine (100 nL), and dried

(Na[é r]Sqerr]). Evaporation in vacuo, followed by purification on a
Sephadex LH 20 colum w th nethanol | 0. 4- WO 98/ 07433
PCTI U897114738 Mb&ﬁd 55 0.5
m/mn fls } 248-ditryd 791644 1H&Ih weslidgo[2,3-  vellow
red soli %’%3?'? 5714 ml éé@zrvﬁ;zﬁco% bﬂ‘l’ o) el

8.53 (dd, b 13 2cbearbaolddd, 7(65 AEICY _95 1.9 Hz), 7.68 (dd,
1H, J(— a]%ﬁm 13, gca A !éz%(saﬁgg@%ﬁo J(fss 4.2 Hz), )724(dd((21,

1H J = 8.7, EJa ih:{gdé?ti)cally stidred Solufiddchf, thbhpusk 3=983191,u080&,2,12—3 Hz), 5.98

(d, 1H, J = 9.0 Hz, 17H), 4,47 (d, 1H, J = 12.1 Hz, 6'H), 4.28 (d,
1H, J15= xﬁhydtez-l3{{6+apz;d@Bm-glucomfﬂands;d]-sl:hm@loa :H;:Ipysrcgm (3.4:c] 1H, J
= 9.4 Hz, 4'H, 1 (t "H), 6 (dd, 1H, J = 9.4, 9.0
Hz, carbazole-S 7[6(4- -butylbenzyl)} —dxone (20 mg, 0. 029 mmol) in absolute

ethanol (5 mL) was added aqueous potassium hydroxide (445 M, 1.1 ml,
4.9 mmol). The resulting deep red solution was heated in an open flask
until all the ethanol was evaporated and a solid gums out (about 1.5 h).

20 The mixture was cooled under a stream of nitrogen gnd absolute ethanol
(5 mL) was added, followed by solid hydroxylamine hydrochloride(685
mg). The mixture was refluxed with stirring for 4 h, then heated to 110 0C
(internal temperature of the melt after solvent was boiled off) for about 3
h. The mixture was cooled under a stream of nitrogen to room

25 temperature, and digested with 1 N HCl (80 mL) and ethyl acetate (400 ml).
The organic layer was washed with 1 N HC] (3 x 50 mL), water (2 x 50 mL},
and br'me (100 mL), and dried (NapSOy). Evaporation in vacuo, followed-

by purification on a Sephadex LH 20 column with methanol elution (0.4-



3TH),; FAB nmass spectrum nie 564 (M+). 10

. Exanpl e 31

3, 9- Di f | uor ¥AB43}i hydr o- 13- [ 6- ani no- 13- D- gl ucopyr anosyl | - SFET/USI7/14738
i ndol o[ 2, 3-a pyrrolo [3,4-cl carbazol e-3 7(6- hydroxy) di one (Ic)

To a solution of product fromexanple 30 (3.0 ng, 0.0053 mmol) in

absol ut e m&thanio/mi2 fivy ratejiegave?4.Bing (EZY) ofvalse sidead hradliagng( 11) 15
chloride (15,mg, O, 09 emxt re was sonnic for 10 m.n_and
Chen bl aced UAthrashrolidt kB IAS cput RN R OO ENMRACTBOR) SThe
m xture was filtered through a snall pad of Oellte washed wi th

net hanol , &8 (dehdEhi =2 éoﬂlh{z)a&aé(dab M= 2501 826848 (3, 1He] £ig8,e

conpound as a_ yellow orange solid. FAB mass spectru nfe 538 % 20

Qddl t:j_onal 381 736 (sd r11ﬁ%8448cﬁ@oﬁﬁé|§dddhlléhé 7687, 2.0 Hzyhihesi fzed i
ol | aRedHh ) RS h Bt s tias Bl o Boe S i B ki e 21 1
unl ess ot W} ok éﬁ’l‘i?ﬁ:eﬁ.ﬁ Hz, 6"H), 4.1} (dlH, ] = 9.4 Hz, 5H), 3.91 ¢, Tab' fo

32 ' buty,

Sonzyl  Hpg=04 14, 361 BT = 9.0 Hz, 2346 (0 1EDYLN S, 9qﬂ§

NH - 7 +

PCT/ USO7/ 12_}3%%%5&5 trum, m/e 564 (M7). 56

Table IV Exanpl e No Rlerr] Rlerr]
Q 34 CH I m dazol e H

35 10 OH 4-Me- E mple 31 H NH 5

pi per azi ne 36 oH * AN H

S 3,9-Difluoro-12,13-dihydro-13-[6-amif;- gl pyranosyl}-5H-

indolo[2,3-a]pyrrolo [3,4-c] carbazole-5,7(6-hydroxy)dione (Ic)
To a solution of product from example 30 (3.0 mg, 0.0053 mmol) in
absolute methanol (2 mL) under N3 in a Parr was added palladium(II)

15  chloride (15 mg, 0.09 mmol). The mixture was sonnicated for 10 min and
then placed on a Parr shaker at 65 psi hydrogeh pressure for 24 h. The
mixture was filtered through a small pad of Celite, washed with
methanol, and concentrated in vacuo to give 2.0 mg (66%) of the title
compound as a yellow orange solid: FAB mass spectrum, m/e 538 (M*).

20 Additional Examples of formula I compounds, which may be
synthesized by modifications of the foregoing syntﬁetic procedures, are set
forth in Table IV wherin the substituents are the same as in Example 29

unless otherwise mentioned.

25 ble IV

xam R> Rs Rg Q

32 OH N3 4-t-butyl- NH
benzyl

33 OH N3 H NH



37 OH NH2 H S 38

CH 4AN- H 0 10

nmor phol i n®0 38/0743339 H NH2 PCT/US97/147T38

O 40 OH 56 N3 H @)
41 CH N(CH2CH20H) 2 H S 42
oH CN HTable v S 15 43 OH
COOH H NH M——AA CH Nwo
Or ni t hi n&xampletNo Ry NH R545 Rg O 0 OH

H NH 46 NOH  OH H
NH 347 OH CH imidazole H NH NH
20 48 OH F OH NH

The anal ybi cal data for G@Hnme of theMsecanpl es showd i n Tabl eNIF i s
gi ven5 bel ow 25 Exanple 32! IR (fiBeraziné0 cm1; 500 MHz COSY 1H NMR

(CD[err]OD) [err] 8.81- 8.8.79 (m 2H), 7.68 (dd, 1H J = 9.1,4.0
Hz), 7.586(dd, 1H, J = ©OH, 4.2 HAN- 7. 38- H .25 (m 6%), 6.05 (d, 1H,
J=8.5H, 1'H, 4.75 (s, 2H), 4.RA%rpHolitd J = 12.8 Hz, 6'H),
4.17-4.06 (m 2H, 5 ,6"H), 4.00 (t, 1H J = 8.9 Hz, 4'H), 3.70-3.65 (m 2H,
2' ,3'H), 3Z.27 (s, 9H); FMH nmass s@e¥Ef2um me 694H( M+). S ) WO
98/ 07433 : -
PCT/ US97B84738 OH 4N- H 52 Exanpl e
33: ¥ellowsolid: IR (KBr) 2112, Imb@phdli®@® cm 1; 500 MHz COSY [err]H
NVR (CD[err]OD) [err] 8.78-8.72 (m 2H), 7.77 (dd, 1H, J = 9.1,4.1 H),
7.55 (dd39 1H, J =@HS, 4.2 WH27.33-7.26 (b 2H), 6.@2 (d, 1H J =
8.5 Hz, 1'H), 4.27 (d, 1H J=11.5 Hz, 6'H), 4.15-4.07 (m 2H 5',
6"H), 4.68 (t, 1H J = H Hz, 4 A3 3.74- 5 Fe7 (m 2 2, 3'H: FAB
n e 548 )
mass spegirum me & N(CH2CH20H)2 H 5
42 OH CN H S
15 43 OH COOH H NH
44 OH N® Ornithine H NH
5 o OH H NH
46 N-OH OH H NH
47 OH F H NH
20 48 OH F OH NH
The analytical data for some of the Examples shown in Table IV is
given below:
25 Example 32: IR (KBr) 2110 em-1; 500 MHz COSY 1H NMR (CD30D) & 8.81-

8.8.79 (m, 2H), 7.68 (dd, 1H, ] = 9.1, 4.0 Hz), 7.56 (dd, 1H, ] = 8.8, 4.2 Hz), 7.38-
7.25 (m, 6H), 6.05 (d, 1H, ] = 8.5 Hz, 1'H), 4.75 (s, 2H), 429 (d, 1H, ] = 12.8 Hz,
6'H), 4.17-4.06 (m, 2H, 5,6"H), 4.00 (t, 1H, ] = 8.9 Hz, 4'H), 3.70-3.65 (m, 2H,
2 3'H), 1.27 (s, 9H); FAB mass spectrum, m/e 694 (M*). |



Exanpl e 34: Yell oworange solid: 500 MHz 1H NVR (CD[err]OD) [err].8.81-8.61
~(m 2H), 7.88-7.04 (m 7H), 6.32 (d, 1H, J =8.9 Hz, 1'H), 4.20-3.30 (m

6H) ; WRESHISY spectrum nme 574 (MH). 10 ExaanPé:Tgf‘)S.”’Wﬁ? ow
solid: FAB mass spectrum me 605 (Mt)57 Exanpl e 36: Yellow solid,
mp. 257-273[err]C, [err]H NVR (500 MHz, DWVSO d6) d 11.73 (br s, 1H),
9.53-9. 40 . z . : Y . CAPL. MHECOBY52- 7. 25
(3m 2H), %%P‘F%%Q'eﬁilg%?' %8?331:@%?%%13}&&%01&09?0 5. 47-%?%9 (seriog)s of m -
3H), 4. lo-HrINMBfEDQEDD) 38.38-8F25(3n (2h]), 7HF7, (d2, 481, 3 571 (6 HBs 756 (dd, 4H); IR
(KBr, cm[err]) 3412, 2924, 2800, 1706, 1653, 1602, 1567, 1481, 1463, 1425,
1321, 1H3P1 8.8 31918}-12%,171@3-7.329@131, 29966.18Q4, 1HR6P= 831 &z, VBIY, 4B3I(d, M err])
mz 610. 20 Exanple 37

12-[ 6- ( Ami jne165ddaxeH)edipb-487%(mc2Hy 6260HY, 4.6 B 1H) ] o= SAHB3H'H), 3.74-

benzo[ b]thienyl [ 2, 3-aj pyrrol o[ 3,4-c[err] carbazol e-5, 7(6H) - di one

Tri phedy| ph6FE fim, 28,(21,03 HygFAB. massrapedtruvas matlB48 (M*one portion to a
stirred solution of 12-[6-(azido-6-deoxy-[err]qg-Dglucopyranosyl)-3-fluoro-
25 b5H, 13H benzo[ b]thienyl [2,3-a]pyrrolo[3, 4-c]carbazol e-5, 7(6H)-di one

the " EramplCadtelionr ol S il M ST MRS s B sREC, ot ure”

Cemper at ur@velh 7S AREAT, S6Det BF (AUHBN E1 Fitg 110 Aot SBrBe 6k e, the

WD 98/ 074
PCT/ SOy #YBgnass spectrum, m/e 574 (MH®). 58 mi xture
was cgpcentrat ed down in vacuo and the residue was taken up in

met hanol , acidified with 1IN HC /Et 20 and evaporated to dryness.

Purificati £.S | PYpEBLG P x100) col um
operating mi glggéhﬂ%tﬁled?tf e ggﬁ%@%% 5%}%@&%@35 a yellow 5
solid, deconp. pt. 290[err]C (sealed tube); [err]H NVR (500 MHz,

DVBO-dl er g hld 36: Yellow solid, m.p. 257-273°C; H NMR (500 MHz, DMSO-dg) d

11.73 (br s, 1H), 9.53-9.40 (2m, 1H), 8.65-8.63 (m, 1H), 8.25-7.91 (4m, 2H),

15 7.52-7.25 (C;am, 2H), 6.21 and 6.10 (2d, J=8.8, 9.3 Hz, 1H), 5.47-4.99 (series of m,
3H), 4.10-3.86 (3m, 3H), 3.56-3.53 (m, 7H), 2.99-2.57 (series of m, 4H); IR
(KBr, cm-1) 3412, 2924, 2800, 1706, 1653, 1602, 1567, 1481, 1463, 1425, 1321,
1301, 1198, 1110, 1067, 916, 804, 764, 742; MS (+ESI, M+H") m/z 610.

20 Example 37
12-[6-(Amino-6-deoxy-B-D-glucopyranosyl)-3-fluoro-5H,13H-
benzo[b]thienyl[2,3-a]pyrrolo[3,4-c]carbazole-5,7(6H)-dione

Triphenylphosphine (107 mg, 0.41 mmol) was added in one portion

to a stirred solution of 12-[6-(azido-6-deoxy-B-D-glucopyranosyl)-3-fluoro-

25 5H,13H-benzo]b]thienyl [2,3—a]pyrrolo[3,4—c]carbazoléS,7(6_H)—dione (75mg,
0.14 mmol) in wet tetrahydrofuran (3 mL) under nitrogen before the
mixture was heated to 50°C for 28h, cooled to ambient temperature and
treated with aqueous ammonium hydroxide solution for 1h at ambient

temperature and for 1h at 50°. Upon cooling to room temperature, the



11.55 (br s, 1H), 9.94-9.90 (m 1H), 9.03-8.96 (2m 1H), 8.30-8.26 (m 4H),
8. 12- 8.08 (m 1H), 7.71-7.29 (series of m 6H), 6.36 and 6. 15 (2d,
J=8.9, 9.3WAS8NT4FB 5.81 and 5.55 (2m 2H), 4.23-3. 70PCEHSIVI4738
3.60-3.57 and 2.94 (2m 2H), 1.68- 58 1.41 (3m 2H); IR (KBr, cmf[err])
3401, 1702, 1624, 1482, 1460, 1328, 1284, 1209, 10 1182,1087, 757, 746;
M5 (FAB, M{(ﬁfré]\)faﬁ/céngé&rated downEX2fRLE 28d the residue was taken u

3, 9-Di fl uoro-12-(6-am no-6-deoxy-[err]-D gl ucopyranosyl )benzofur%no[Z,S- aj -
pyr r ol o[ 3idmetharzslbacidified wWithlildhEIQIZ Et,O and éhaporateghet doaldsy. stirred
solution of 3,9-Difluoro-12-([err]-D

gl ucopyr aPuomficatien o fthisaresidiie3brHBIC ohal IME TlackdDD8Z20x10B) ¢olimne (50

ng, 0.09 nmol) and powdered nol ecul ar sieves 4 angstrom (100 ng) in

anhydr ousopsmatitigre S(Z%HMelalted tBO[tizter ¢d@npodnd (84 nmg,sﬂaﬁblas angellowi a syri nge,

h 1T 0 hl ori de
%0 ot ?‘r’wl;[iecémf é'rtr ;zé Coseakt i 1 R 00 p@éﬁf‘)‘i&éé&e%xf oved by an -

addltlonal met hanesul f onyl chl oride (10p] , 0.12
ol ) T 5% B, R 94590 0 Ui S61 @, STy 5304426 GpeA] 6 17 1

21 one THS S FnadEica 7L (hsriet 3?m,.sw 636 a%éﬁié%zﬁ)zﬁf?&%%%of&;d The
or oduct WP LRP RIS NI ROy b2k s, HEDY 6Pt gng'zvﬁé A 4% ¢ hout
St rred SHELOER2ER G081 A SA0T, 0. Bt TR, b poperBpo™coe 10 @

\?\bglggy@g%g@o%g} %Z%B”I@fﬁodﬁ%é; ﬁ}_p};%f/gl %‘53 4-c] - carbazol e-5, 7-di one (54

PCT/ US97/ 14738 59 nmg, 0.09
nmol ) in Enhﬁd[o% DVF (3 nmL) before the m xture was heated . at 70C
for 1h. on m xture was cooled to anbi ent tenperature,

3,9-Difluoro-12-(6-amino-6-deoxy-B-D-glucopyranosyl)benzofurano|2,3-a}-
pyrrolo{3,4-c] carbazole-5,7-dione

15 To a magnetically stirred solution of 3,9-Difluoro-12-(B-D
glucopyranosyl)benzofurano[2,3-a}pyrrolo[3,4-c]-carbazole—S,?-dione (50
mg, 0.09 mmol) and powdered molecular sieves 4 angstrom (100 mg) in
anhydrous pyridine (3 mL) at -30 °C under Ar was added neat via syringe,
methanesulfonyl! chloride (10ul, 0.12 mmol). The reaction mixture was

20  stirred at -30 °C for 1h, then at -10 °C for 0.5h followed by an additional
portion of methanesulfonyl chloride (10pl, 0.12 mmol). This resulting
mixture was then stirred at 0 °C for 1h, suction-filtered and concentrated.
The residue was taken up in EtOAc/THF and washed with water, dried
(Na,SO,) and evaporated. The resulting residue was washed with toluene

25 to give a crude yellow product which was directly used for the following
reaction without further purification. Sodium azide (62 mg, 0.95 mmol)
was added to a stirred solution of 3,9-Difluoro-12-(6-O-(methylsulfonyl)--
D-glucopyranosyl)benzofurano(2,3-a}pyrrolo[3,4-c]-carbazole-5,7-dione (54'



diluted with water, dried (Na[err]SO err]) and concentrated in vacuo. The

crude yel | ow product was directly used for the follow n reacti on

wi thout  BVO9BAT3Ber purification. A mxture of US97/14738
3,9-Difluoro-12-(6-azi do- 6-deoxy-[err]sd- o] ucopyranosyl) benzof urano
[ 2,3-a] pyrrol o[ 3, 4-c] - car bazol e-5, 7-di one (Exampl e 40) (49 ng, 0.09

nol ) and g %»J@alxhﬁ%wmx%r@mbﬁ@@mg@ :ﬂﬂ) before thieMmaxtiirX ixdsch&@fte@t hanol
(3 nm) and F (1 mL) was hydrogenate atm for 21h. The :

resul ting axzotoa rvEts. et RaeHon WRAS®EE:E Wak f&oﬁlﬁ&&flﬁh}ﬁ@ldt tebiperbtive, and
concentrated in vacuo. The crude product was chr omat ogr aphed (60%

CH err] O [dhitkd wtho WhlteraaidiedOINa5CG)) ant WoneentrhtédDih vacuo. Mkl cande 10%

NH err]OH) to afford the title conpound (20 ng, 42% as a yel | ow
solid: yelloR pi@djictl %3, ditetdlly, dserh famthe: follavhing reBMBD: aditha®0 MHz) [err]
8.87-8.82 15 (m 1H), 8.56-8.49 (m 1% 8.10-7.99 (m 2H), 7.67-7.50 (m
2H), 6553 fagthep p?umflcatlon Alﬂgxmxﬁzqf 3,8-Diflupgo-12-te-pzidesh-depry- B-H44- 5. 30

2 4.28-2.86 90..4% ( 247 Ex | e 45:
gg]o M:Dz [aufcppmoe‘% b&é’é@&#@}‘o[ &%ﬁpﬂ@q %%ﬁ];car%a;olegS §1dlp§e gimH)p © 20
7.92 1H), 7.89 (dd, 47-7.23 (m

9.12 (dd, 1
oH) ( (E;qu?égb 491@85? ® ;zmsol)svgil &%1p dmm a1 C(haa%palﬂip mgk 2.5,

55" yel I ohdh %@@rgcﬂsf-E&ha%%m}fﬁbﬂﬁ?@ﬂg%é%ﬁ%ﬂaeem aa
ﬁ?) ! o5 10 218 (T it i ubed fresdd, el b miihaa ‘“‘7“‘24 (n
a5 > @915Ji’£‘ﬁ4a’(qf‘6°§%5”“’2 15 Pach. (e Erude Brdagetghs 05 (40 1 HE

ZQCT{S Uazg 71 ]c‘f\;éﬁﬂat%gra ed (60%0 ?EZI-?I’ZCSI2 Z(Or%o T%-H; ang 20% of a %ut(x%n 20If|) gbkt, JHF =
MeOH and 10% NH LOH) to afford the title compound (20 mg, 42%) as a
yellow solid:

IR (KBr) 1753, 1701, 1479 cm™1: 1TH NMR (DMSO-dg, 400 MHz) & 8.87-8.82
15 (m, 1H), 8.56-8.49 (m, 1H), 8.10-7.99 (m, 2H), 7.67-7.50 (m, 2H), 6.53 (d, 0.7 H,
J=9.0 Hz), 6.14 (d, 0.3H, J=9.0 Hz), 5.44-5.30 (m, 2H), 4.28-2.86 (m, 7H):

HPLC: 90.4% (247 nm).

Example 45: 300 MHz 1H NMR (d6-acetone) & 11.97 (brs, 1H), 9.91 (s, 1H),

20 9.12(dd, 1H), 8.88 (dd, 1H), 7.92 (dd, 1H), 7.69 (dd, 1H), 7.47-7.23 (m, 2H),
7.48 (ddd, 1H, ] = 2.5, 8.9, 9.1 Hz), 7.41 (ddd, 1H, ] = 2.5, 8.9, 9.1 Hz), 6.73 (s,
1H, 1'H), 4.60-3.95 (m, 6H).

Example 47:
25 yellow-orange solid: 500 MHz 1H NMR (CDCI3 with drop d6-DMSO) d

10.36 (d, 1H, JH-F = 4.2 Hz), 9.98 (brs, 1H), 8.81 (dd, 1H, }= 9.5, 2.6 Hz), 8.68
(dd, 1H, J= 9.5, 2.5 Hz), 7.47 (dd, 1H), 7.30 - 7.24 (m, 1H), 7.15-7.04 (m, 2H),
5.84 (d,1H, J = 8.5 Hz), 5.02 (dd, 1H, JH-F = 45.2 Hz, IH-H =10.1 Hz), 4.72 (dd,



Neg ESI mass spectrum me 524 (MH)-. Exanpl e 48: 500 MHz 1H NWR
(d6-DVMBO) [err] 8.80-7.20 (m 6H), 6.38 (d, 1H), 5 5.15-3.45 (m 6H).

ESI (NEG mR8s/8attrum nle 540 (MH)-. Addi t i RETEUSTRATHE es of
formula | conpounds, which may be 60 Ssynthesized by nodifications of the
foregoi ng synthetic procedures, are set forth in Table V wherein the
substitu fe _AS- l3-2 I HWE§ menti oned.
Tabi e v IS ANE FRETA-AS RORETHS 382 [l 24 FRE- SBDTARE, Mo L
Q 4¥eg ESI mass gﬁectruxg,"m/ e 524 (M-8)-. H NH 15

50 d H S 51

OH c H O 52 OH

F H S 53 OH F

H Exarfple 48: 560 MHz 1H NMR (d6-DMEO) 6 8.80-7.28G36H), 6 38 (d, 1H), H

NH 20 55 SCH3 S

56[ er5] 5.15-3.45 (m, GH). ESI(N'EG)I‘;Bass spectrum, m/e 548 (M-H)". S 57

OH S(O CH3 S 58 OH

S(O) CH3 H NH 59 O—I

SCH[ err ] COCH NH 25 60[err]

1- pi peri di ne Additjonal Examples gf formuky] gpppounds, which may be

t hi hol :
- SI_ &n})&gs;?n{}'mneesggg by modlﬁcatlons ofthe foregoing synthetic, pirgqe,qléyes, are set S

\é\? -98/ 07%01%h in Table V wherein the substituents ar?aﬁ}p Sape as in Eéﬁg}pdpgy US97/14738
Rl erié unlesg ?Q‘erwﬂf’%f’ﬁ&t%’g% S Q 63
-N—O(lde) 5 oH S (2-(4-OH) H
S pyrimdinyl) 65
OH SCH2CF3 H Table V S 66 - CH
S( O) CH2CF3 H g Jabled OH
S-(2-i m Examplk NoH R4 S ® 68 Rs oD NEt 2
H NH
49 OH Cl H NH
15 50 ‘ OH Cl H o)
51 OH Cl H O
52 OH F H S
53 OH F H )
54 OH SCH3 H NH
20 55 OH SCH3 H S
56% OH N3 N S
57 OH S(O)CH3 H S
58 OH S(O)YCH3 H NH
59 OH SCH2COOH H NH
25 60 OH 1-piperidine H S
614 OH thiomorpholine H S
-5-Oxide

y
w

62 OH S-(2-pyridine)



69 . oH F oH S 70

N3 = H NH 71"
R4=R4' =F \m 98/07433 H NH 72 PCT/'US97/I473¢
F H NH 15 613 NH2 F
H NH 74 CH3 F H
NH 75 N3 Tabld V H NH
76[ err] R4-R4' =0 OH H NH 77
R4=R4' =H Egample No R4 H Rs NH 20 Rg8 Q OH
F - CH2 CH2NH- NH
(- C( NH) NH2$3 79 OH SH2-pyridine H S H
NH 80 F H H NH
81 R4=R4' =F H -N-Oxide) H O 25 82
R4=R4' = H 3 F
o Yy L OH & S{(244-OH) B gp S .
H S 85 OCHsd. I F H
S WD 98/ 07433 pyrimidinyl)
PCT/ US97/ 14738 62
Tabl e V ég Exanpl e No OH Rl er ﬁFHZCFB H -5 ]
Q 86 OCH3 ' _ -
Q 6 OHO®  so)cHECES H AT
NH & M S-(2-imid e) H

S
H
NH 10 4¢&rr]Note that gHexanpl ey, 60 and 61,0pf is hydgpgen.
Note that in exanple 89, Xerr] and X [err] are, respectively 2- and 10-
fluoro, al& 10 Rlerr] an@HR err].. Ftaken togethergig = 0. g [err] Note
that that in exanples 71 and 76, X[ err] and X err], are respectively 2- and

10- fl uor o0 Anal yt NGl data For sonme of thekexanples pim in Tabl e
V are gi ve7n1*15 bel ow. R4SR&'<F  OH . NH
72 F H NH
15 73 NH2 F H NH
74 CH3 F H NH
75 N3 H H NH
76" R4-R4'=0 OH H NH
77 R4=R4'=H F H NH
20 78 OH F -CH2CH2NH- NH

(-C(NH)NH2)

79 NH2 H H NH
80 F H H NH
81 R4=R4'=F H H Ke)
25 82 R4=R4'=F H H S
83 F H H S
84 CH3 F H S
85 OCH3 F H S



Exanpl e 50: yellow solid, mp. 242-248C dec.; 1H NWR (500 MHz, DMSO

"d6) [err] 11.55 (br m 1H), 9.75-9.57 (2m 1H), 9.01-8.87 (2m 1H),

8. 23- 7. 98 WQA3/07433 2H), 7.57-7.34 (2m 2H), 6.33 and 6. 21PCRESIYHILZ, 9.4
Hz, 1H), 5.69-5.61 (2m 20 1H), 5.445.17 (2m 2H), 4.12-3.96 (m 4H),

3. 66- 3. 55 (2m 2H); IR (KBr, cm1l) 3392, 2926, 1703, 1622, 1602,

1567, 1481, 1463, 1426, 1324, 11981.488% 915, 806, 763, 742; M5
(-ESI, MH) mz 557. Exanple yel l ow solid, mp. 248-250C,
[err] H Nanole Nz, ¥y d6) [er rk% 25 11. 73, 11R@S and 1162 (3s, 1H),
9.81-9.68 (2m 1H), 9.07-8.99 (2m 8.27- 8.00 (m 2H), 7.61-7.50

(m 1H), 8. 38 and 6.26 (@FH3)=8.8,F9. 3 Hz, 1H), 5H69-5.21 NH (series of
m 3H), 5.05 4.82 (m 2H), 4.25-3.82 (m 2H), 3.72-3.61 (m 1H): IR
(KBr, cmerr]) 3384, 17N8, 1622, @BD2, 1568, 148H 1463, 1BPH, 1198, 1086,

916, 806, 763, 742, MS (-ESI, MH mz 541, WO 98/ 07433
PCT/ US97/884738 NH2 OH H 6BIH Exanpl e
54: 300 M4z 1H NMR (CD[err]OD) d 8,80 (dd, 1 H, 9.6, 2.3 Hz),

8.72 (dd891 H J = 9.9, OH8 Hz), 708H37. 73 (m 2# 7.37-7. D¥(m 2 H),
6.15(d,1 HJ:95Hz)434427(m1H),414(t 1H, J = 9.5
Hz), 3.97 (t, 1H, J:9 , 374(t, 1H, J = 9.0 I—|2),_3.45(dd,

ég ‘Era;sjdﬁ%‘&th{gﬁ}HZ) 3 é&%aﬂlal 611 14'0%83'69 Hz), 2.19 (s, 3 H):; Neg
penzol b] ¢ NOBR I SRR BRI O ?éié‘&ésécg?\se%% Rt itro,giso

Sodi 4 azR dgné%Gt&“ t’%)g%(t'}‘gr’ggl_,)Ovvas added in one portion to a

stirred sol ut

3-fl uoro~ . _ 5H
13H genzo[ b] t hi (%13%? %é’é#pélrggg g] I% %Pé( ?@e?é%ryd?o?\%d(o 20 ¢

0. 33 mmlm-lﬂhogehydrous di et hylforrram de (3 m.) before the m xture
was heated to 120[err]C for 3h, cooled to anbient tenperature and

Analytical data for some of the examples shown in Table V are given

15 below.

Example 50: yellow solid, m.p. 242-248°C dec.; 1H NMR (500 MHz, DMSO-
dg) 8 11.55 (br m, 1H), 9.75-9.57 (2m, 1H), 9.01-8.87 (2m, 1H), 8.23-7.98 (3m,
2H), 7.57-7.34 (2m, 2H), 6.33 and 6.21 (2d, [=8.8, 9.4 Hz, 1H), 5.69-5.61 (2m,

20 1H), 5.44-5.17 (2m, 2H), 4.12-3.96 (m, 4H), 3.66-3.55 (2m, 2H); IR (KBr, cm1)
3392, 2926, 1703, 1622, 1602, 1567, 1481, 1463, 1426, 1324, 1198, 1085, 915, 806,
763, 742; MS (-ESI, M-H') m/z 557.

Example 52: yellow solid, m.p. 248-250°C; 1H NMR (500 MHz, DMSO-dg) 3

25 11.73,11.65 and 11.62 (3s, 1H), 9.81-9.68 (2m, 1H), 9.07-8.99 (2m, 1H), 8.27-
8.00 (m, 2H), 7.61-7.50 (m, 1H), 6.38 and 6.26 (2d, J=8.8, 9.3 Hz, 1H), 5.69-5.21
{series of m, 3H), 5.05-4.82 (m, 2H), 4.25-3.82 (m, 2H]), 3.72-3.61 (m, 1H); IR
(KBr, cm-1) 3384, 1706, 1622, 1602, 1568, 1481, 1463, 1325, 1198, 1086, 916, 806,
763, 742; MS (-ESI, M-H) m/z 541.



15 .concentrated down in vacuo. The residue was purified by flash

. chromat ography on silica gel (elution with 40%tetrahydrofuranp_j
hexanes) to‘?/'gé?’ﬁnt”:he title conpound (141 ng, 78% as a yell O&Ft‘&S?'&M’BB
deconp. pt. 265C, [err]H NVR (500 MHz, &880 d6) [err] 11.51 (br s, 1H),
9. 94- 9.87 (2m 1H), 903895(2m 1H), 8.20-7.99 (3m 2H),

7.67-7.63 (Bx Mz 1H KR BD) #3830 (aad16420= 62402.3348),9 and 9.4
Hz, 1H), 5_'@5@%&?‘52??% of m TICU:, ), 4, 10( 3q76 '(qum 2)gl-l) 3> 67-3. 26

(m 3H); | R.{KRid, TH, }#QQSZSP&T}QZMWm,ZH ), 7.37826 (54 Q1H), B4Bld, 1372,
1324, 1283, 1230, 1211 1178, 1079, 746; M5 (-ESI M H) m z 546.

25 Exanpl H, p£9.5 Hz)XQB&GvSZ%(m,i oH) 4. p4 (t268i,2}7=7935(lde); 3)97 (t,er Hl H=M\MR (500
MHz, DMSO-d6) [err] 11.52 (br s, 1H), 9.75-9.51 (3m 1H), 9.00-8.88
(2m 1H), 8H%D3T/'49(1‘XBhﬂ—ﬂ-@Hﬂ),MEYdQZIH,PIQ&mSEH),,B-BSQBi,G.HDJézm 1H),
5. 86-5. 56 I-g -5.35 Sm 2H), 4.28-3.89 WO 98/ 07433
PCT/ US9 %/ 14173&,3 Hz),219 (s, 3 H); Neg ESI mass spectrum, m/e 552 (M) (m
2H), 3.72-3.56 (m 2H), 3.50-3.32 (m 1H), 3.27-3.14 (m 1H), 2.61-2.53
(4s, 3H); IR (KBr, cnferr]) 3412, 2950, 1707, 1625, 1605, 1481,
1464, 1385,_1324 98, 1086, 916, 764, 742; LCMS (-ESI, MH) mz
685. 5 8: yellow orange solid (m xture of diasterioners at

o oy ) a2 t6-(azig BN 8 RN B 2 g Tyt ST LOTEr S ne
2 N;74624282 %"%&%@]ﬁ%‘eﬁ& P32l Pé/rgﬁlg%‘?d%?‘ 81%1'?)(%29‘%%%3 (r)ugnm o eH)SSE;Z le,
100 S0 RS R A,

~(]d8 ?H 4\]49511%:}('2;?2 Zoﬁﬁxc%rg@ﬁ 31%1.101% ?%:Eﬁ Qgﬁsﬁ@(lsul?méfngﬁ bz%fdﬂo)pyranc%ssyap) 6.14

5H,13H-benzo[b]thienyl(2,3-a]pyrrolo[3,4-clcarbazole-5,7(6H)-dione (0.20 g,
0.33 mmol) in anhydrous dimethylformamide (3 mL) before the mixture
was heated to 120°C for 3h, cooled to ambient temperature and

15 concentrated down in vacuo. The residue was purified by flash
chromatography on silica gel (elution with 40% tetrahydrofuran in
hexanes) to yield the title compound (141 mg, 78%) as a yellow solid,
decomp. pt. 265°C; TH NMR (500 MHz, DMSO-d¢) 8 11.51 (br s, 1H), 9.94-
9.87 (2m, 1H), 9.03-8.95 (2m, 1H), 8.20-7.99 (3m, 2H), 7.67-7.63 (m, 2H), 7.53-

20 7.49 (m, 1H), 6.37 and 6.20 (2d, J=8.9 and 9.4 Hz, 1H), 5.54-5.14 (series of m,
3H), 4.10-3.76 (4m, 3H), 3.67-3.26 (m, 3H); IR (KBr, cm-1) 3332, 2103, 1702,
1481, 1461, 1431, 1372, 1324, 1283, 1230, 1211, 1178, 1079, 746; MS (-ESI, M-H))
m/z 546.

25 Example 57
Yellow solid, m.p. 268-277°C (dec.); TH NMR (500 MHz, DMSO-dg) 8 11.52

(br s, 1H), 9.75-9.51 (3m, 1H), 9.00-8.88 (2m, 1H), 8.30-7.97 (3m, 2H), 7.66-7.22
(3m, 2H), 6.35-6.20 (2m, 1H), 5.86-5.56 (m, 1H), 5.42-5.35 (m, 2H), 4.28-3.89



15 1H, J=8.9 Hz), 3.51-3.22 (m 4H). Neg ESI nmass spectrum nfe 596

(M H) - Exanpl e 60: yellow solid, np 228-232C, 1H NWR (500 Hz,
DVBO- d6) MEPP§O7433 11 88 and 11.76 (2br m 1H), 9.75-9. 6OPCHRSINIMY3S
8.73-8.62 (2m 1H), 8.18 and 8.9 (2d, J=4.8, 4.7 Hz, 1H), 7.99-7.92
(2m 1H), 7.65-7.35 (m 3H), 6.28 and 20 6.07 (2d, J=8.9, 9.2 Hz, 1H)

5. 29- 4. 97(rfy 381), 354)2-3‘553(% D18P 3(533. 32'(% 1?{)6926-34181 (m, 1H),(zna1 -25p.4L- 97-

(3m 2H), 258 (m 1.56-1. 44 (m (KBr,
cm[err] )3BAAR (msém 1,752, mmmmagzs 116@5,,1484311464133@5 13@211198284 1179,
1081, 1038, 758, 747; N5 (+ESI, MrH[err]) mz 59 Exarrple 61: yel | ow
solid, nplOBB39268276G4, VQZrﬂ.EMSVRESSQQ Nz /D688 d6) [err] 11. 88 and

11.76 (2br m 1H), 9.75-9.69 (2m 1H), 8.73-8.62 (2m 1H), 8.18 and

8.09 (2d, J=4.8, 4.7 Hz, 1H), 7.99-7.92 (2m 1H), 7.65-7.35 (m 3H), 6.28
and 5 Eﬁxﬁgm yelkﬂv%raﬁ & sblid (Hiikture. ofUidsRfioneers attdulfid):18D03. 85 (3m
oH), 3.60-3.4 (m 2H), 2.97-2.70 (3m 2H), 2.58 (m 3H), 1.56-1.44
(m 5H), M4 lENMR (dG-BMSO mixture of 2\@iLB38rioMans and rotomers) d

PCT/ US97/ 14738 65 (KBr,
cm [ err])8.-828¢74 (34 H)1845-7. 75010, 2 IHZT.5574F8 (m,121 BT), 6.437%410 01ﬁ21H)1284 1179,
1081, 1038, 758, 747; MsS (+ESI, M+H err%() nl z 590. nmpl e 62: .
yel | ow sa1-B0r5.2h (3, 2. 46 1016mm/14)(36 Me& 2.58vB0ddb}6 Gl 8,53 H),ll 64 (br s,

1 9.08-8.97 8.45-7.10 (series of m
H) %58%856@355(%596% %\/esﬁéﬁﬁ(béfpﬂi-rr), 5.74-5.68 ((2m 1H), 5.50-5.21

(2m 10 4.20-4.04 (2m 4H), 3.71-3.60 (m 2H): IR (KBr, cm1)
3369,*%2918, 1752 1712, 1601, 1580, 1558, 1482, 1456, 1413, 1319,
1256, 11dxampli591020, 914, 805, 762; MS (-ESI, MH mz 632. 10

Exanpl e 63: yellow solid, deconp. pt 248C, [err] H NMR (500 VHz, DMSO- d6)
OOMHz‘HNMR(CDOD)d887(dd 1H, }=9.6, 2.6 Hz), 8.78 (dd, 1H, J 9.8,

2.6 Hz), 7.94 (dd, 1H, J=8.9, 4.4 Hz), 7.83 (dd, 1H, ]=9.0, 4.1 Hz), 7.38-7.27 (m,
2H), 6.14 (d, 1H, J=9.3 Hz), 4.34-4.18 (m, 2H), 3.94 (t, 1H, J]=9.2 Hz), 3.73 (t,
15 1H, J=8.9 Hz), 3.51-3.22 (m, 4H). Neg ESI mass spectrum, m/e 596 (M-H)".

Example 60: yellow solid, mp 228-232°C; 1H NMR (500 MHz, DMSO-dg) §
11.88 and 11.76 (2br m, 1H), 9.75-9.69 (2m, 1H), 8.73-8.62 (2m, 1H), 8.18 and
8.09 (2d, J=4.8, 4.7 Hz, 1H), 7.99-7.92 (2m, 1H), 7.65-7.35 (m, 3H), 6.28 and

20 6.07(2d, ]=8.9, 9.2 Hz, 1H), 5.29-4.97 (3m, 3H), 4.10-3.85 (3m, 2H), 3.60-3.48
(m, 2H), 2.97-2.70 (3m, 2H), 2.58 (m, 3H), 1.56-1.44 (m, 5H), 1.34 (m, 2H); IR
(KBr, cm1) 3406, 2934, 1705, 1622, 1481, 1461, 1430, 1374, 1321, 1284, 1179,
1081, 1038, 758, 747; MS (+ESL, M+H*) m/z 590.

25 Example 61: yellow solid, mp 228-232°C; 1H NMR (500 MHz, DMSO-dg¢) &
11.88 and 11.76 (2br m, 1H), 9.75-9.69 (2m, 1H), 8.73-8.62 (2m, 1H), 8.18 and
8.09 (2d, |=4.8, 4.7 Hz, 1H), 7.99-7.92 (2m, 1H), 7.65-7.35 (m, 3H), 6.28 and
6.07 (2d, /=8.9, 9.2 Hz, 1H), 5.29-4.97 (3m, 3H), 4.10-3.85 (3m, 2H), 3.60-3.48
(m, 2H), 2.97-2.70 (3m, 2H), 2.58 (m, 3H), 1.56-1.44 (m, SHS, 1.34 (m, 2H); IR



[err] 11.65 (br s, lH) 9.78-9.73 (2m 1H), 9.07-8.97 (2m 1H), 8.30-7.95

- (series of 3H), 7.61-7.42 (2m 3H), 7.15-7.06 (m 2 6. 37 _and
6.25 (2d, M%!“”“é’s Hz, 1H), 5.81-5.22 (series of m 5?36”5974“&'%84 12
(3m 3H), 3.77-3.63 (m 3H); IR 15 (88r, cm[err]) 3401, 2963, 1752,

1707, 1475, 1465, 1424, 1261, 1198,1092, 1021, 801; LCMVs (+ESI,

MrH[ err]) (RBz, &€y 3406, 2934 EXA3p L6264 481, 1461 (b13d, 1574, 1921,42%4, 1y, | ow sol i d,
m p. 254-265C (dec.); 1H NMR (500 MHz, 20 DMBO-d6) [err] 11.61 (br s, 1H),

9. 76-9. 6610811;1038)759,W;M92+EsmMﬂ=5*)nﬂzsﬁso.. 96 (3m 2H), 7.78 (br
s, 1H), 7. 58 7 45 (m 2H), 6.30 and 6.19 (2d, J=8.9, 9.4 Hz, 1H),
5.99 (brs, 5.50-5.16 (series of m 3H, 4.12-3.92 (3m 3H), 3.61-3.39

3 o -d1p§2, 1480,
463, ﬁ%ﬁ?ﬂé@“&%‘%ﬁ%ﬂ PR Sor, eh, 743, MBS PP err])

mz 64 500
e DI%IS O12.554 ([br s, 1By 201850, @E(ZHYQH)OW.(B%ﬂ?I (218, m&%ﬁ?;&%@sﬁé 6%4%0(() 200a

(2m 1H), 881)2838&@16251(24&):88 91H281H$,577495 681mn iH), 53032172, (m 2H),
6.30 and 6.16 (2d, 1=8.8 .3 Hz, 1H), 63-5.19 (series of m 3H),
4. 05- 4. 02 2f), 4D9)4.08 (Bt 8H®73 Ym&@ﬂ)m 2HR); (IRE(KBr cm-ly 3369, 291%019@ 07433
PCT/ US97/ 14738 .
cnierr]) 3712,16016P5801 1658, 14822456 ABU1 3, 13064 1236,2397 11098, 10205914 BDF9, 1082,
916, 807, 763, 742; M5 (-ESI, MHerr]) mz 637. Exanpl e 66:
otd. 4.7 HQZ(E@/&ES%MEM@& i632. m p. 252-254C (dec.); [err]H 5 NWR (500
Mz, ByBO-d[err]) [err] 11.60 (br s, 1H), 9.83-9.71 (2m 1H), 9.07-9.01
(2m 1H), 8.30-8.07 (3m 2H), 7.65-7.56 (2m 2H), 6.43-6.30 (2m 1H),

5. 73- 5. 71 Example(@% yeHdw solih dec@fp( pn2481);, 1 H NNIRA(500 MHiz, ZMSCBI@L- 3. 52
(2m 4H); IR (KBr, cm 1) 3384, 2926, 1706, 1622, 1602, 1568, 1482,
1464, 1420,11168Br s1 30D, 9.789%3 (2m, 1H)] 237-8.9983m, 915115 8.803.9516Eries’é2; LCVS

(-ESI, MH nfz 653.
m, 3H), 7.61-7.42 (2m, 3H), 7.15-7.06 (m, 2H), 6.37 and 6.25 (2d, [=8.8, 9.3 Hz,
1H), 5.81-5.22 (series of m, 3H), 4.32-4.12 (3m, 3H), 3.77-3.63 (m, 3H); IR
15  (KBr, cm) 3401, 2963, 1752, 1707, 1475, 1465, 1424, 1261, 1198, 1092, 1021,

801; LCMS (+ESI, M+H") m/z 650.

Example 64

Obtd 15.1mg (49%), yellow solid, m.p. 254-265°C (dec.); 1H NMR (500 MHz,
20  DMSO-dg) 6 11.61 (brs, 1H), 9.76-9.66 (2m, 1H), 9.01-8.92 (2m, 1H), 8.31-7.96

(3m, 2H), 7.78 (br s, 1H), 7.58-7.45 (m, 2H), 6.30 and 6.19 (2d, /=8.9, 9.4 Hz,

1H), 5.99 (br s, 1H), 5.50-5.16 (series of m, 3H), 4.12—3.‘92 (3m, 3H), 3.61-3.39

{m, 3H); IR (KBr, cm-1) 3392, 2927, 1706, 1661, 1604, 1567, 1532, 1480, 1463,

1384, 1324, 1085, 916, 826, 807, 764, 742; MS (-ESI, M-H") m/z 649.

Example 65: yellow solid, m.p. 244-246°C; 1H NMR (500 MHz, DMSO-dg) §
1163 (br s, 1H), 9.75-9.67 (2m, 1H), 9.00-8.94 (2m, 1H), 8.28-8.20 (2m, 1H),
8.11-7.97 (2m, 1H), 7.57-7.50 (m, 2H), 6.30 and 6.16 (2d, J=8.8, 9.3 Hz, 1H),
5.63-5.19 (series of m, 3H), 4.05-4.02 (m, 1H), 3.61-3.07 (m, 6H); IR (KBr,



10 Exanpl e 67 otd 10.5 ng (26%, yellow solid, deconp. pt 290C;
‘[err]H NVR (500 MHz, DVSO-d6) [err] 12.34 and 12.23 (2s, 1H), 11.58
(s, 1H), wY098407463 (2m 1H), 9.01- 8.92 (2m 1H), 8. 2BeBUsH/dms 1H),
8.17-7.96 (m 1H), 7.53-7.46 (m 2H),¢q.11- 15 6.85 (series of m 2H),
6.32 and 6.15 (2d, J=8.9, 9.3 Hz, 1H), 5.85-5.14 (series of m 3H),

1705, ~ 1602 DAEE 1T8Ral 0B, 02 %%”49&&525%& 54, T 02 X6 80 kg

M H)
2, 3, 9 10- ZIGefra’Iuors:)Eﬁ’zl?hﬁéggyxyy 2 ‘4-di fl uor o- b- D

glucopyranosyl)lndolo[z 3- a]pyrrolo [ 3, 4-c] carbazol e-5, 7- di one

To a solution of Dess- l\/artln&%f/rlodl nane (0. 4703 1.11 mmli in 30
mL of di cExasnpleseeiddktd ke meeTvolvebamswobd, sopu2diRdtiC ecd; thrt - 25

SFL¥L yrﬁ&%@@%@%@ﬁﬁzgﬁﬁ (bﬁ’§ ﬁﬂg]gt@i?&?g%)i?)?g@)? & (0.540 g,

oo t onpidrkEDe SolaEP7 Rirhy o 7 RS VakeRe §1§h§ﬁ§‘f%§(%vfﬁbs§5#ef%ess-
Vartin ¢ Sage), ¥ss-89099n0 38 Sh D14 BR8] 3430200 e (KR

WD 98/ 07

PCT/ US97/ 144

ot t1 g L 2026 106103 1603 196 AP AN LARS, a8k AR00 00,

NaHCO! ot s gt 96 409, 9! 7da; 1890s (BHCRLEFT by, %sgne) dried (Naferr]SO4)
and evyapor at ed The resi due was chr onat ogr aphe

(Si q19rr]/hexane ethyl acetate, 2:1) to give t he ketone (0.360 g,
67% as Exhanfleyes | ow solid. 5 To a portion of the ketone (0.067 g, 0.07
mmol) in 2 nL of di chl or onet hane was added DAST (0.036 niL, 0.28

mol ) andDbttablmﬁxngr(%%), yellowmmhds,td&fcbﬁtp gt 2900, tremmelrlawwoa\w{mler Ar for

18 h. The mxture_was th q i oned with dichl oronet hane-sat.
NaHCO[ er rPMgiterdgh 18@&%1@%%!;@. H), 11 58/\;&»5 1K A7 a0S, (2andibd 908r i ne) ,
dried (Na2SO4) and evaé)or ated to give a um Fl ash chromat ogr aphy
(51 O of 1 T99 0t iR 15 85t (A LT 517556 6ma1Ed, 7.53-7.46 (m, 210, 7 11
15  6.85 (series of m, 2H), 6.32 and 6.15 (2d, ]=8.9, 9.3 Hz, 1H), 5.85-5.14 (series of
m, 3H), 4.11-3.98 (m, 2H), 3.71-3.49 (m, 4H); IR (KBr, cm1) 3242, 2926, 1751,
1705, 1602, 1481, 1463, 1426, 1325, 1198, 1086, 915, 763, 742; MS (-ESI, M-H)

m/z 621.

20 Example 71
2,3,9,10-Tetrafluoro-12-(4-deoxy-4,4-difluoro-b-D-
glucopyranosyl)indolo[2,3—a]pyrrolo-[3,4-c]carbazole—5,7—diéne

To a solution of Dess-Martin periodinane (0.470 g, 1.11 mmol) in 30

mL of dichloromethane was added dropwise a solution of 6-(4-tert-

25 butylbenzyl)-2,3,9,10-tetrafluoro-12-(2,3,6-tri-O-benzyl-b-D-
glucopyranosyl)indolof2,3-a}{pyrrolo {3,4-c]-carbazole-5,7-dione (0.540 g,
0.55 mmol) in 20 mL of dichloromethane and the mixture was stirred at
room temperature under Ar for 1 h. Another 0.470g (1.11 mmol) of Dess-

Martin reagent was added and stirring was continued for 2 h. The



tert-butyl benzyl)-2,3,9,10-tetrafl uoro-12-(4-deoxy-4,4-difluoro-2,3,6-tri-0O

| benzyl - b- D-YPEEBAR anosy! ) - i ndol of 2, 3- al pyrrol o[ 3, 4- ¢l car baz S HIHP{ne
(0.054 g, 549% as a yellow solid: 67[err]H NVR (CDCl [err], 400 MHz) d
10.21 (s. 1H), 9.14 (dd, J=10.6, 8.4 Hz, 1H), 9.02 15 (dd, J=10.7, 8.2

Hz, 1H), 7reBgltirty mdixbure Was ditlited i &ﬂhldre&xelhkﬂe, whashed (sit. (m
5H), 7.20-7.12 (m 6H), 6.97 (dd, J=10.0, 6.6 Hz, 1H), 6.80 (t, J=7.4 Hz,

1H), 6.72 NaHCfOB -Na;5308, bit, N@IHCOG hﬂne)ddrmdw\iaﬁ@:;)aﬂ)i eﬁp@?a‘@d J=8.6
Hz, 1H), 4.97 (m 3H), 80 (d, J=11.1 Hz, , 4.65 and 4.61 (ab q,
J=12.0 Hz, Thyesiduesvas ghrqmsxtogmphed (Sszzhsxaweth}éme@tHzZ 1)1t give. 28 (s,
9H). 20 This material was deprotected in the usual manner (i. aq. NaCH,
THF- tﬂeaeton@(%%mgt 67%) as Nqa;kmediqw solidi ii. H2, Pd(COH)2-C,
CHCI[err] MeOH) to he titl e conmpound (24 %overall yi el d) as a
yel | owdsol Taja P01't10n 4’@@@@“@4@@62@13 Ormanalides 2 mdref 1323 cnierr]’

H NWVR od 400 1. 39 8.93
AR ca(cb ik wra00a e RaSr 38 8, o Wity Sad Begmitkrgi S ("
6 54 d, J= J=h. 4. 43
(m 1|(_|) E? st‘Fﬁedlﬁ) roo&né‘é&rmﬁrature (undgblﬂx‘ ? 6%§bmdni€f—ﬁmxg"e Waﬁ\/ERG(TESI ) me

578 (M H) }
PCT/ Uo7/ 1 ﬁélémned with mlﬁgf&%éﬁéne sat. NaHCO3 and the organic 8§ase HPLC

91. 1% (32

(d6- DIV(ISO) err SParRtes, ‘?’?KH%H r); dﬁ@%f‘%‘?%’ g,l%éggg}ygg ‘?36 rgl%@‘ 8. 81
dd, | 6 7 6.28 (d,

(1H 1|_1|U) ; %ﬂ% I—iﬁzl)ggh gﬁg%magog}gﬂﬁﬁg&g{»heﬂné%ﬂgyl acetate, 33?g§% 62(@ RO (

3.89 (M 3kk-Rithilbehidyl)-2,3H9 1O—Bet%ﬂﬁéro-itid(4-ﬁeb&y4l4-ﬂ2ﬂ&@lro §I3J 6- é‘h-@
Negati ve ESI maSs spectrum me 531 (MH). IR(KBr) 2112 cn{err]'.
Exanpl e 7®%enzyl-b-D-glucopyranosyl)- mdolo[z 3—a]pyrrolo[3 4-c]carbazole-5,7-dione
(0.054 g, 54%} as a yellow solid: '
"H NMR (CDCls, 400 MHz ) d 10.21 (s, 1H), 9.14 (dd, J=10.6, 8.4 Hz, 1H), 9.02

15 (dd,J=10.7,8.2 Hz, 1H), 7.53 (d, J=8.7 Hz, 2H), 7.40 (d, ]=8.7 Hz, 2H), 7.34 (m,
5H), 7.20-7.12 (m, 6H), 6.97 (dd, J=10.0, 6.6 Hz, 1H), 6.80 (t, ]=7.4 Hz, 1H), 6.72
(t, J=7.6 Hz, 2H), 6.13 (d, ]=7.2 Hz, 2H), 5.82 (d, J]=8.6 Hz, 1H), 4.97 (m, 3H),
4.80 (d,J=11.1 Hz, 1H), 4.65 and 4.61 (ab q, J=12.0 Hz, 2H), 4.24-4.01 (m, 6H),
3.37 (d, J=10.6 Hz, 1H), 1.28 (s, 9H).

20 This material was deprotected in the usual manner (i. aq. NaOH, THF-
EtOH; conc. HC; ii. NH4OAc, D ; iii. Hp, Pd(OH)2-C, CHCI3-MeOH) to give
the title compound (24 % overall yield) as a yellow solid:

IR (KBr) 3410, 1747, 1704, 1596, 1478, 1323 cm™;
"H NMR (DMSO-dg, 400 MHz ) d 11.39 (s, 1H), 11.34 (s, 1H), 8.93 (m, 2H),

25 8.03(dd,J=11.8, 6.8 Hz, 1H), 7.62 (dd, J=10.7, 6.9 Hz, 1H), 6.54 (d, J]=9.2 Hz,
1H), 6.08 (m, 2H), 5.48 (d, J=5.9 Hz, 1H), 4.43 (m, 1H), 4.22 (m, 1H), 4.06 (m,
2H), 3.66 (m, 1H).

MS (ESI) m/e 578 (M-H).



10 yellow solid: 500 Mz 1H NVR (d6-DMSO) [err] 12.72 (s, 1H), 11.18

(brs, 1H), 8.92 (dd, 1H), 8.80 (dd, 1H), 8.21 (brs, 2H), 8.07 (dd,
1H), 7.94WXQ@B80748y, 7.48 - 7.39 (m 2H), 6.60 (d, 1H BCHUS?TB4HS8,
1'H), 5.98 (brs, 1H, 3'OH), 5.48 (brsgg 1H, 2'CH), 4.55 - 4.50 (m H,
5H, 407 - 402 (m 2H 2'H 3 H, 3.19 (t, 1H 4'H, 1.43 (d, 3H,
6' CH3); HPLC: @Qg@@(mﬁﬂ) mass spectrum 505 (M H). Exampl e 87:
yell ow solid: 300 MHz [err]H NVR (CD[err] QD) [err] 8.84 (dd, 1 H) 8.74
(dd, 1 H, 7.77 (dd, 1 H), 735724(m2H) 6.14 (d, 1 H J 92Hz)
4.23-3.95 (m 4 H), 390(t, 1H J 9.2 Hz), 3.74 (t, 1H J 9.0
Hz); IIR( yellow selid:’ SOONFLERH NMR (46BMETNS 1,85 () TH)M H)

anple 88: yellow solid 500 VvHz 1H NMR (CD[err]OD) 8 8.89 (dd, 1 H), 8.77
(dd 1 I—|)11178811H()l,c8 91(dd;,,11-7) 831((dd 1H);l)8,067(d3131H)237$(nld,21HD,,749-15 (d, 1 H,
J Blé {I—_?z (t, 1H J = 8.9 Hz), 3.59 (dd,
1H 5 A3%(m &&28 (d,215-1 IH,BZSQ )115-350d:1f§,$01=&))54ﬁlé§ HSl nass

t m 521 | lid: IR (KB
3435, 3342048, 251%1&5?:44% 2&@&&#&3]&8( 1 R bR, G gL er 1]

ﬁg? i ’% é@é‘(%éS?gna(l% spec ’H‘:FE P(?«i(l\%gi)l ﬁﬁ%B&%ﬂzgflélaomB (13H), 7.63

(dd, WD 98/ 07433
PCT/ US97/ 14738 69 J=10. 3,
6.7 Hz, BRamplel?o (d, J89Hz 1H), 5.30 (d, J45Hz 1H, 5.01 (d, J=4.1

Hz, 1H), 4.62 (d, J=5. Q456d397Hz 4.00 (s, 3H)
718. 91yellow soh@moolwﬂz éH7 Mkad(:@msma 12.72 65, &}(ﬁni)l 28 diors, 1H),

g g D fluoro--12 di hydro -fl uoro-b- D gl ucopyr anos
S | nclolEAD(d. AH0p A0GHe; S B! (up DB QT4a. W84 (3, 110 7.48 -
7.39 (m, 2H), 6.60 (d, 1H ] = 7.8 Hz, 1’'H), 5.98 {(brs, 1H, 3'OH), 5.48 (brs, 1H,
2’0OH), 4.55 - 4.50 (m, 1H, 5'H), 4.07 - 4.02 (m, 2H, 2'H, 3'H), 3.19 (t, 1H, 4'H),
1.43 (d, 3H, 6'CH,);
15 Negative ESI mass spectrum 505 (M-H)".

Example 87: yellow solid: 300 MHz 1H NMR (CD,OD) 5 8.84 (dd, 1 H), 8.74
(dd, 1 H), 7.77 (dd, 1 H), 7.35-7.24 (m, 2 H), 6.14 (d, 1 H, ] = 9.2 Hz), 4.23-3.95
(m,4H), 390 (t,1H,J=92Hz),3.74 (t, 1 H, ] = 9.0 Hz); IR (KBr) 2114

20 cm ' ; Neg ESI mass spectrum, m/e 547 (M-HY).

Example 88: yellow solid 500 MHz 1H NMR (CD,OD) & 8.89 (dd, 1 H), 8.77

(dd, 1 H),7.81 (dd, 1 H), 7.63 (dd, 1 H), 7.33-7.26 (m, 2 H), 6.15(d, 1 H,] = 8.9

Hz), 4.24-3.88 (m, 3H), 3.73 (t, 1 H,] = 8.9 Hz), 3.59 (dd, 1 H, ] = 9.6, 8.9 Hz),
25 3.54(t,1H,] =9.6 Hz); Neg ESI mass spectrum, m/e 521 (M-H}.

Example 89: yellow solid: IR (KBr) 3435, 3345, 1740, 1713, 1477, 1320 cmL;
1H NMR (THF-dg, 400 MHz) 5 11.50 (s, 1H), 10.12 (s, 1H), 9.08 (dd, J=11.0, 8.6

Hz, 1H), 8.99 (dd, J=11.0, 8.4 Hz, 1H), 7.71 (dd, J=11.5, 6.6 Hz, 1H), 7.63 (dd,



Enpl-oyi ng thé M tsunobu procedure described earlier in Exarrpl e 10 22, 250

nmg (0. 465 f.the product fromexanple 6 and 210 ng (0.4 nmol )
of 2-Fl uoro[@] %?/ogmlsrl O benzyl - D- gl ucopyr anose (prepar ed by PCT/USW‘éHsl ng
commercially available Tri-O benzyl-D-§bucal (1.5 g, 3.6 mol) with

xenon difluoride (1.0 g, 5.91 nmmol) in acetonitrile (50 nL) and water

(5 i) forj=30I3, 6t7 Hapttlh erbiefda§+8.0 HAVH); 8130wk Jeupd Hel, IBRESIODY fl=dagh 15
chromat ography on silica gel with 5% ethyl acetate in nethylene chloride
gave 380 nidz(PH).4062 6, JFEé HurigiR 486dr p=B7 H%1H)i 4.00 ke3H), 387-3.91

gl ucopyranose._ _Thi s rocedure was a nodification of a published nethod:

See T. Hay#s th)§7fiAg5rMm, R Wang, and C.-H Wng Bi oorganic and

Medi ci nal Chenistry, 1997, 5, ' 497- 500, ). Following purification by flash 20
chr omat ogr aphy using 20-60 % nmet hyl ene chl ori de in hexane, 120 ngy

(28% af réasongbw pure gl cosyl ated product was obtai ned: Renoval of
t he beﬁzyl ng groups by using transfer hydogenation conditions

Fempval o THd ﬁ%é?ﬁﬁ‘éﬁhﬁz 54ty e Praticanderossde. ﬁ?ﬁ?ofﬁsi s 25
gozgm ;;m;s(f_@ 3@’(}%@3; Eé’url ?K“‘oaﬁg ﬁFTﬁﬁi(?ﬂl\%‘Hg%fggﬁ %Ceg; S|Olr| ca gel

with acetone : nethylene chlori de et hyl acetate, followed by further

Gebl ac ng ot orEr PR e s VAR hBp T AR R et P 3 1R T a0

VO 98/4@74
PCT] USg7 / %%738 0 mg (0.465 mmol) of the product from example 6 and 210ng (04644, 14

NMVR (d6- s

Ny 78( ( dd”&%@)olﬂolé Iflﬁo('@—rﬁl 64‘1‘*) O- B&xe%a,D%i%x?o . p#&@x%(p(a%%w 5 77

(dd, 1H, J treatlr? coﬁuﬁerc?alﬁy Wéllakﬁe 2%i- ﬁlbﬁ_nzyll-ﬁ)%l;%al? @8 gr 8.6 thojdl) °- 62
2 50.7, 9.0 ), 4.1

(brs, 1 H (dt, 1 H, = 3.80 (m 5 H); Neg
ESI nass spithtxemon difkidritde (1NB i) 5.91 mPnol) in acetonitrile (50 mL) and water
(5 mL) for 3 h at room temperature. Typical workup followed by flash
15  chromatography on silica gel with 5% ethyl acetate in methylene chloride
gave 380 mg (23.4%) of the pure 2-Fluoro-3,4,6-Tri-O-benzyl-D-
glucobyranose. This procedure was a modification of a published method:
See T. Hayashi, B. W. Murray, R. Wang, and C.-H. Wong Bioorganic and
Medicinal Chemistry, 1997, 5, 497-500.). Following purification by flash
20  chromatography using 20-60 % methylene chloride in hexane, 120 mg
(28%) of reasonably pure glcosylated product was obtained: Removal of
the benzyl protecting groups by using transfer hydogenation conditions
(95%EtOH/ Cyclohexene/20%Pd(OH)2/C, reflux for 6-48hrs) followed by
removal of the 4-t-bytylbenzyl protecting group under base hydrolusis
25 conditions (4.45M KOH, EtOH /reflux; conc. Hcl; NH4OAc/EtOH /heat for
8-48hrs) provided after purification by flash chromatography on silica gel
with acetone : methylene chloride : ethy! acetate, followed by further
purification on Sephadex LH-20 in methanol gave 15 mg (39% for the 2

deblocking steps) of the pure title compound as a yellow-orange solid: 300



Exanpl e 91 3,9-Difluoro-1
2- (P-D- gl ucopyr anosyl ) benzof urano[ 2, 3-a] pyrrol o[ 3, 4-c] -

car bazol eV 98/@4dhe Yellow solid 10 IR (KBr) 1757, 170BCT/USBBI4EW: 1.
1H NMR (DVMSO-d6, 400 MHz) [err] 11.45;{brs, 1H), 8.84-8.79 (m 1H),
8.53- 8. 46 (m 1H), 808781(m 1H), 7.64-7.50 (m 2H), 6.49 (d, 0.7

(m "1ty . MEE R fas-ysof a1 16g B 1%%%8?@%% Py sb8lad Y g L Oy
1O SR R B TR Y S BRI D R, SR Tl Y 170 ¢
8%?25 &, 55 /625 W5, {77 ors PR S8R s $ 204 30800 Aty %S<m |

o 07 (d, B af10 5y §T430 B3 1) Npa sl ksl sptfhmuelt Mg e ety 170 ™)

3.92-§.54 (m 6H). 25 HPLC. 92.5% (260 runm. WD 98/ 07433
PCT/ US97/ 14738 ' 71

Exanpl e $ample 91
3-Cyano-9-1luoro-12-([err]-D gl ucopyranosyl ) benzof uranof 2, 3-aj pyrrol o[ 3,4-c

]- 3,%2-Diflased-2 2B Ddilabepyranosyl)benzofurano(2,3-a] rr010[3 4-cl-
3- Bronp- 9-fl uoro-12- (2, 3%4 tgs@fgetra }é})benzyl [er[r]- P ;

gl ucopyr aadsadolesiizdieneano [ 2, 3-a] pyrrol o 3, 4-c] - car bazol e-5,7- d| one (189
ng, 0.2 mml) was conbined with zinc cyanide (14 ng, 0.6 nmmol) and
t et r aki s-Yellowseld phosphi ne) pal | adi un{0) (12 ng, 0.01 mmol) in
deox%geneﬁ{ KBD9F7§72n11_06a£128§£1§_1yel | ow slurry was heated to 80 [err] C under
1H NMR (DMSO-dg, 400 MHz) § 11.45 (brs, 1H), 8.84-8.79 (m, 1H), 8.53-8.46
(m, 1H), 8.08-7.81 (m, 1H), 7.64-7.50 (m, 2H), 6.49 (d, 0.7 H, }=8.9 Hz), 6.07 (d,
0.3 H, ]=8.9 Hz), 5.38-5.16 (m, 3H), 4.75-4.21 (m, 1H), 3.93-3.49 (m, 6H).

HPLC: 97.5% (305 nm).
15

Example 92
3-Bromo-9-fluoro-12-(B-D-glucopyranosyl)benzofurano[2,3-a]pyrrolo[3,4-c}-
carbazole-5,7-dione
Yellow solid

20 IR (KBr) 1775, 1708 cm-1.
1H NMR (DMSO-dg, 400 MHz) & 11.69 and 11.49 (2 brsl, 1H), 8.97 (d, 0.3H,
J=2.0 Hz), 8.91 (d, 0.7H, ]=2.0 Hz), 8.85-8.79 (m, 1H), 8.08-7.77 (m, 3H), 7.59-
7.49 (m, 1H), 6.47 (d, 0.7H, }=9.0 Hz), 6.07 (d, 0.3H, J=9.0 Hz), 5.37-5.21 (m,
3H), 4.79-4.20 (m, 1H), 3.92-3.54 (m, 6H).

25 HPLC: 92.5% (260 nm).



nitrogen for 16h. The m xture was cooled to roomtenperature, diluted 10
with Et QAc, washed with water and brine, dried (Na[err]SO err and
evapor at ed. WO98/074331he resul ting resi due was chromat ogr aphed % SEIGRS,
7:3) to give 3- Cyano-9-fluoro-121(2, 3, 4, 6-tetra- O benzyl -, B-D

gl ucopyr anosyl ) benzof urano[ 2, 3-a] pyrrol o[ 3, 4-c] -car bazol e-5, 7-di one (160
g, 90% aBExaémpde 8w solid: IR (KBr) 2235 cm[err]. To a solution of
3-Cyano-9- 15 .
f 1 uor 0- 12- 3 yand-8-fhuetroat 2 fBaghticopetaroshlbenzofuyano2sd-h)panail 3 aidol 2, 3-
al pyrrol o[ 3,4-c] -carbazole-5,7-dione (58 ng, 0.06 mml)in 5 nL of dry
CH[ er r] O [ eartbhzokesS deidiotedr opwi se boron trichloride (0.39 nm., 1.0 Msol. in
CH err]C[err]) at -78[err]C. The resulting solution was warned up to
O[err] C and 3-Brozmo-POrfddorani 2-47, 3 406t tetvai@bebaykB+d- - 78[ err] C before the

addi ti on of_ net hanol 35 20 mL). This resulting mxture was warnmed up to
anbi ent® t eBAEPRYTANOSY])benzofurpao &%Bvﬁdpymné@,[Sﬂngmbamexﬁiz-mOmwwhe

remai ni ng residue wasg taken . up in EtOAc/ THF and washed with 10% ag.
MG " and | bringe 0t FERODGVS gompined with gigg eyanider(sh s, GAanEI) and

??FEZEZQ?t ¥ RGBS rhine) BalBaumIOE2 e 695 TaBoD38 "2 el | ow
id: IR 57,1708 35,1478 : 0 NVR '
o P A T R A VW
) . b, 11 aroasmyfer 1l gne Brindlbe pias’Sofed Fo St drmpfratiee Suited" 1y
HPLC: 191. 434th2B@D AB) washed with watexV\Q\t?%rQ'Zef'%ﬂ:f‘ied (Na,S0,} an(} 2evaporate%(arrpl o

PCT/ US97/ 14738

94 The resulting residue was chromator%ra hed (Hex:EtOAc, 7:3) to give 3-
3-1odo-9-fl uoro- 12-%[ err]-D gl ucopyra osgl ) benzof urano[ 2,"3-a] pyrrol o[ 3, 4-cl

- c & parpPeflboro-12-¢2,0,4,6-tetra-O-benzyl-B-D-
3-Bronp-9-fluoro-12-(2, 3,4, 6-tetra- O benzyl -j-D 5
gl ucopyr arglegdpyremosyl)benzofiizaiie|2|3palpyetalbB,4-cprartbarzbhzsedioné(tmne (189
nmg, 0.2 mmol) was conbined with bis(tributyltin) (0.2 nL, 0.4 mmvol) and
mg, 90%) as a yellow solid: IR (KBr) 2235 cm™1. To a solution of 3-Cyano-9-
15  fluoro-12-(2,34,6-tetra-O-benzyl-B-D-glucopyranosyl)benzofurano[2,3-
aJpyrrolo[3,4-c] -carbazole-5,7-dione (58 mg, 0.06 mmol)in 5 mL of dry
CH,Cl, was added dropwise boron trichloride (0.39 mL, 1.0 M sol. in
CH,C],) at -78 °C. The resulting solution was warmed up to 0 °C and
stirred for 2h and cooled back to -78 °C before the addition of methanol (5
20 mL). This resulting mixture was warmed up to ambient temperature.
The solvent was removed in vacuo and the remaining residue was taken
up in EtOAc/THF and washed with 10% aq. HCl and brine prior to drying
(Na,SO,) and solvent concentration. Purification of the residue by
preparative TLC (THF:Hex, 9:1) yielded the title compound (18 mg, 53%) as
25 ayellow solid: IR (KBr) 3417, 2220, 1757, 1708, 1635, 1478 cm™1: TH NMR
(DMSO-dg, 400 MHz) § 9.05 (s, 0.3H), 8.90 (s, 0.7H), 8.70-8.67 (m, 1H), 8.16-
7.95 (m, 3H), 7.48-7.45 (m, 1H), 6.42 (d, 0.7H, J=8.3 Hz), 6.11 (d, 0.3H, J=8.3

Hz), 5.45-5.37 (m, 3H), 4.17-3.50 (7H): HPLC: 91.4% (260 nm).



tetrakis-(triphenyl phosphine) palladium0) (23 nmg, 0.02 mmol) in
‘deoxygenated NWP (2nml) and the yellow slurry was heated to 90[err]C under
nitrogen Wer98M3#33 The m xture was cool ed to room tenperat uET/@Rasm88 10
with Et OAc, washed with water and bri-sge, dried (Na2SO4) and evapor at ed.
The resulting residue was chromat ographed (Hex: Et CAc, 4:1) to give 3-

Tributylg%fluoro-lz-(z,&& 6-tetra-O benzyl-[err]-D

gl ucopyr anos enzof urano[ 2, 3-al pyrrol o[ 3, 4-c] - car bazol e-5. 7-di one (150
my, 90% 3Epdd-9Fldre-Hi-| -DT 1RopPHaHdsNbhzdkan 8 ny-g.-m of

CHCl [err] 15 was adde gl 33% Sgg Z({ kan 'bhag}%ﬁﬂjollﬂb s stirred
at room carbazdlgﬁppamme for 0.5h. The resultl ng m xture was treated with
sat ur at ed NaHS( err], washed with water, brine, dried and evaporat ed.

This crude  3- Brmml-ﬁidhzo(r&-lla (@18 4,84 %ra @ beniz hped- Wi th boron trichloride
(0.71 m, 1.OM sol. in CHerr]CJ[err]) as previously described to

gi ve %he glimdpq'ranapyimmm;nnoza 3-ghlylrroloBed-c PearbRz 6 I6ES, T-d3dré (189

3040, 1753, 1703 1405 cnjerr]: [err]H NVR ( DMBO d6 and D20 exchange,
400 M) n[lg,r ]ngnmzl) (voas mrabmegi_mth lﬂxotnbat}fiﬁno 40.26nZH) 4AJmindl) and  Hz),
8.67 (dd, g.e (dd 7H, J=9.5, 2.7 Hz), 7.98-7.64
(m etsﬂfls (?rla liyhlhqswulq)l)palladmn((a\ (233 mg, WeDnompd) in 6 00 (d, O.3H,

J=9.0 Hz 6 PLC.. 94. 9% 20 Ex |
)deoxygenated NMI§ (ZBmLf and t{-_\g_- yel_| low slurry waos Sweated t@ 90 °C under anpt e

95
oL ol eI P Ao oLl e A2t e St goensyl e

PCT/ &8;#}% §§OAC, washed with water and brine, dried (Na,50,) and ev7a§)orated

T
tgt ?afs :Jzor%ﬁﬁg@m{%%ﬁé‘fég{/&ﬁraﬁbwﬁgﬁ-car ’?}Ii't%%c 1 to %w(e 17131 g, 2.08
Mol ) andraifty ety M2REo (12- @, 34, 618tra 20 Bery1 Gl TH was added

glucopyranosyl)benzofurano[2,3-a]pyrrolo!3,4-c}-carbazole-5.7-dione (150
mg, 90%) as a yellow oil. To a solution of this yellow oil in 5 ml of CHCI,
15 was added I, (33mg, 0.13 mmol) and the mixture was stirred at room

temperature for 0.5h. The resulting mixture was treated with saturated
NaHSO,, washed with water, brine, dried and evaporated. This crude
residue (118 mg, 91%) was treated with boron trichloride (0.71 mL, 1.0 M
sol. in CH,Cl,) as previously described to give the title compound as a

. 20 yellow solid: IR {KBr) 3140, 3040, 1753, 1703, 1405 cm™1: 1H NMR (DMSO-
dg¢ and D70 exchange, 400 MHz) 8 9.05 (d, 0.3H, j=1.7 Hz), 8.89(d, 0.7H, J=1.7
Hz), 8.67 (dd, 0.3H, J=9.5, 2.7 Hz), 8.62 (dd, 0.7H, J=9.5, 2.7 Hz), 7.98-7.64 (m,
3H), 7.47-7 41 (m, 1H), 6.42 (d, 0.7H, J=9.0 Hz), 6.00 (d, 0.3H, J=9.0 Hz), 4.26-
3.50 (m, 6H): HPLC: 94.9% (320 nm).

Example 95
6~(4-tert-Butylbenzyl)-2,3,9,10-tetrafluoro-12-(2,3,4,6-tetra-O-benzyl-B-D-
gluco-pyranosyl)indolo[2,3-a]pyrrolo[3,4-c]-carbazole-5,7-dione



finely pulverized KOH (0.932 g, 16.6 mmol ). The resulting m xture was 5

- vigorously stirred at roomtenperature under Ar for 1.5 h. T

resul ting d&'ﬂ(gsbq]?ﬁ e m xture was added a solution of 2, 3,4, gg(%'fe}ﬁ%'{pgss
benzyl -[err]-D-gl ucopyranosyl chloride 731.450 g, 2.60 nmol) in 10 nL of dry
THF and stirring was continued for 24 h. An additional 0.200 g (0.36

mol ) of the chiTar asugpensias oAdelderenrbuiytbeniyiy2i86®18onti nued for 10
another 24 h. The m xture was then diluted with _ethyl acetate and

gtrjle 2 g heﬂla \é\dggﬁaﬂ\;ﬁzqi?jolﬁgggagr}@?ﬁ@lﬂ[%ﬁﬁ@ﬁé@@?@?ir%@@,(Tﬁ’é@@-‘l&n i ne),

chr oma'g ogr 5@“\3&31)( W‘éﬁﬂg‘g&f%‘éﬂg@%gga(é% é %‘t&“&; ?ggﬁé;g#gwétsﬁﬂdeécet ate,
251 Fen Srebmane i KOR 0Hb. e Sastal rad e gy wes | P "
vacuo SavanRush pinit dlsnm Mmprte e Bioer ATrS dhe T9dhFon sol i d:
i 10 g 2T 1y
7.28 (m sﬁ)ggzﬁ'ﬁ‘iﬁ'gel“gpf’nﬁ%ﬂb @1895125(? (f‘ga%izi@ ‘?‘“k%l) é‘z Ezb:miﬁdf?d’gnss (H% .

J=7.3 Hz, ; —~ ; 2H), 5.75
(d, J=8.4 @F fa)d?s]“g.é s ‘(]’ﬁ,zcﬁg{li%‘.lgdlffz’f Zﬁﬂﬂ?*"*ﬂ%‘é‘ﬁ tbfll @'?ﬁ?%zﬁf“,é AR (m
2H), 4.78 gimolFdftHe &'Rlorédﬁ)ﬁoar%@aﬂaed‘h?ﬁzst?rr whl)cordirefed( fbr

J=12.2 Hz, 1H). 4.29 (t, J=10.4 Hz, 1H), 4.07 (& J=10.1 Hz, 1H), 4.00-3.85

(m 2% abptha&. 26h( d’he afixfirblavad then dildted svittPbbhyl acetatéadld Cal cd for
Cerr]Herr]Flerr]Nerr]Jerr]: C 73.22; H 5.20; N, 3:94. Found: C
72.92; quehiché&d 5@ith N, NAH(2. The organic phad® W84 8apkddted, washed (brine),

PCT/ US97/ 14738
Exanpl e 96dried (NazSO4) and evaporated to give a yellow foam. Flash

25,5, 10 To ot ior oA (Lol o® 9 ey anopi Lt o, Sl s, ¢l -
S Lerr] H Ny (DVBQL0, 400 M) a6 (9, 1M A 31 (5 g, 8 99 (ad
15 dichloromethane and the solution was diluted with methanol.
Concentration of this solution on the rotovap, followed by drying in
vacuo, gave the title compound (1.240 g, 54%) as a bright yellow solid:
IR (KBr) 3307, 1748, 1694, 1593, 1473, 1072 cm™1;
1H NMR (CDCl3, 400 MHz) § 10.58 (s, 1H), 9.18 (dd, J=10.7, 8.2 Hz, 1H), 9.07
20 (dd,J=10.8, 8.2 Hz, 1H), 7.53 (d, J=8.3 Hz, 2H), 7.41 (m, 6H), 7.28 (m, 8H), 7.22
(m, 4H), 6.94 (dd, J=10.1, 6.5 Hz, 1H), 6.88 (t, ]=7.3 Hz, 1H), 6.81 (t, }=7.3 Hz,
2H), 6.16 (d, J=7.2 Hz, 2H), 5.75 (4, ]=8.4 Hz, 1H), 5.03 (d, ]=10.8 Hz, 1H), 4.96
(m, 2H), 4.90 (m, 2H), 4.78 (d, ]=10.8 Hz, 1H), 4.64 (d, ]=12.2 Hz, 1H), 4.58 (d,
J=12.2 Hz, 1H), 4.29 (t, ]=10.4 Hz, 1H), 4.07 (d, J=10.1 Hz, 1H), 4.00-3.85 (m,
25 5H), 3.15(d, ]=9.2 Hz, 1H), 1.28 (s, 9H).
Anal. Caled for CgsHssF4N307: C, 73.22; H, 5.20; N, 3.94. Found: C, 72.92;
H, 5.58; N, 4.02.



8.5 Hz, 1H), 8.92 (dd, J=11.2, 8.3 Hz, 1H), 8.18 (dd, J=11.7, 6.9 Hz, 1H),
7.62 (dd, J=11.0, 7.0 Hz, 1H), 6.26 (d, J=9.0 Hz, 1H), 6.19 (t, J=4.2
Hz, 1H), B3YVQ3/@7433 J=4.8 Hz, 1H), 5.17 (d, J=5.7 Hz, 1H)PCWUSH/4®8 )=5 6
Hz, 1H), 4.10 (dd, J=10.7, 4.2 Hzzg 1H), 3.92 (m 2H), 3.82 (m 1H),
3.57 (m 1H), 3.41 (m 1H). 10 HPLC. 97.1% (320 run). Exampl e 97
2,3,9, 10- 0-12-(6-fl uoro-6-deoxy-[err]-D glucopyranosyl)indol o] 2, 3
- al W4 c] carbazol e-5,7-dione 15 IR (KBr) 3440, 3365, 1750,

1705, 147 0.5
1131 (o, 82&9‘*13)@6&aﬂuor0 -128- m@&@@%%{éﬂxg&éolmis aﬂgfrblo'][? 40§ (S H .

J=11.3, 8.crbizol8-57-diond. 95 (dd, J= 19 4, 9.2 Hz 1H) 8. 87 (dd
J=10.9, 8.9 Hz, 0.5 H), 8.17 (dd, J=11.9, 6.9 Hz, 0.5 H), 7.91 (dd,

J=11. 5, 71R(|l<zBr)e452,|a)310717AB (7, 147-‘5,01331 cfn‘@ Hz o 5 H), 7. 50 (dd, J=9.6,
6.9 Hz, 34 (d, J=8.8 Hl) 9 Hz, 0.5 H)
5. 98- 4573 %NMR)( MSO-da,@QM}ﬁzeﬁ(lﬁsmna) 1H), 13H@LtH),@99z®dct J2014un) .

Exanpl e 98

6- (Tot ertﬂBixl‘Vb &bﬁz@«f??@dd'élZOBBéﬂzde)aérlmddrl(-zllé’ 69tHe, BibeR/| -[err] - D

A sl ut g S ACH By 2l yrdodis 56 B4t Sak ir AR 5B, 6111
0 by B R YL A S Y Ll

PCT/ US97/

al pyrr ol oﬁqugﬁcllwrﬁgaz(m &1h, 383, (Bhd He3 P34y 11D, %élrmbll)HX n 10 nL of 10%
TFA- Cliiber ﬁﬂ@rg}lu)a?z@t%?ed at roomtenperature under Ar for 20 min. The

resul trng 'mxture wa "'ut'ed with dichl oromet haneand then it was

washed (sat. NaHCO err]), dried (MgSO err]) and evaporated. The resulting
5 residue was chromatographed (Sierr]/ethyl acetate-hexane, 1:2) to

af ford Exa 4tfe conpound (0.107 g, 90% as a yellow solid:

[err]H NWR ( O d6, 400 MHz) [err] 12.21 (s, 1H), 9.00 (dd, J=11.1, 8.4

Hz, 1H), 2,3,.9,108T&Pafldero-I218-fRor8-64dEtxy-BHD-gl8cdpyrattdsy Jimkidl]2,3. 9 Hz,
1H), 7.61-7.18 (m 15H), 6. 71 (t, J:?.sz, 1H), 6.61 (t, J=7.7 He,

6. 39 aapyrrokqsz ﬂzarbhbble—ﬁ?lﬁox(xd 10 J=7.2 Hz, 2H), 4.89 (s, 2H),
487 d, J=13.9 Hz, 1H ﬁ =12.1 Hz, 1H), 4.58 (s, 1H), 4.49
( 21(34;5 ARB(KE(rm@ﬂ)SBe&, MO( OmH)Wquob 3.66 (m 4H), 3.58 (d,

= 2 RVIR T sER g 0b MHz) 5 12TEEPDE 1) 11.31 (5, 05 H), 11.27 (s, 0.5

H), 10.68 (s, 0.5 H), 9.07 (dd, J=11.3, 8.8 Hz, 0.5 H), 8.95 (dd, J=19.4, 9.2 Hz,
1H), 8.87 (dd, J=10.9, 8.9 Hz, 0.5 H), 8.17 (dd, J=11.9, 6.9 Hz, 0.5 H), 7.91 (dd,
J=115,7.1 Hz, 0.5 H), 7.71 (dd, ]=10.7, 6.9 Hz, 0.5 H), 7.50 (dd, J=9.6, 6.9 Hz,

20 0.5 H), 6.34 (d, ]=8.8 Hz, 0.5 H), 6.32 (d, ]=7.9 Hz, 0.5 H), 5.98-4.73 (m, 5H),
4.22-3.46 (m, 4H). |
HPLC: 98.2% (320 nm).

Example 98
25  6-(4-tert-Butylbenzyl)-2,3,9,10-tetrafluoro-12-(2,3,6-tri-O-benzyl-B-D-
galactopyranosyl)indolo[2,3-a}-pyrrolo[3,4-c]carbazole-5,7-dione
A solution of 6-(4-tert-butylbenzyl)-2,3,9,10-tetrafluoro-12-(2,3,6-tri-
O-benzyl-4-O-(4-methoxybenzyl)-B-D-galactopyranosyl)indolo|2,3-



15 .6-(4-tert-Butyl benzyl)-2,3,9,1

O-tetrafl uoro-12- éz 3,6-tri- Obenzyl 4- deoxy [err] -

D- gal act opyY@A¥eI3 i ndol o[ 2, 3- a] - pyrrol o] 3, 4- c] car bazol e- 5, 7FPHTBIFR7/14738

To a solution of 6-(4-tert- butyI benzyl7s- 2, 3,9, 10-tetrafl uoro-12-(2, 3, 6-
tri-O benzyl-[err]-D gal act opyranosyl )i ndoI o[ 2,3-a] -pyrrol o[ 3, 4-c] car bazol e

-5, 7- prﬂld @Hﬁ3 @%6&% Skol8-5HLd1eR! (0.136 gl @. 1l niRhoB GRS éf ®owas added
DVAP (0. 10 .82 mmol ), foll ovved by phenyl chl or ot hi onof or mat e :

(0.085 ¢ 'IIFAMZHZCIZ mmltf,rrmhdt tdoen remiperahune sindiea tZed far2( efihuxlhender  Ar
for 19 h. An additional 0.043 g (0.25 nmol) of phenyl

chl or ot hi cesaflingaméxtzure v@a&)édu@ﬁd w1th dichlgfommethaneahdDiiveR itewas t hen added
and the m xture was _heat eflux for 19 h, The cooI ed m xture was

partiti onsashedrsat M@HMa«é@edrﬁMgﬁﬂ)mmamc&e seR1HERg or gani ¢

phase was hed, dried and evaporated. The resi due was_fl ash
chrona%ogr%ﬁ@aea was @mwgfmeda@%{eﬂw acetat?r exaRe, 1121340 afford ve the
t hi onocar honate (0.320 g 709%, . as sol i d This materi al
was di ssotieht lﬁﬁoifﬁp?ﬁﬂn‘gf(oqg%ﬂeﬂ@/@ fpa )é%lq}‘t’lsehdwas purged with a

st ream of 3 A\ RIROHRIsE%s, 480 Wit75922%8, A4PY IP =01 1, 8.4 1z, 151), VO

98/ 07433 _
PCT/ US97/ 0. 06

ol ). and SOPRE A% 8 Bz AED 1 (L J=12.0,59 i T Z,63- 7, B, 1550
| t l,ut t t t,h 0.126
Lo bulerRiy I%?%rﬂ*%slﬁﬁﬁ-%%f T SR LI AR 3D, sARRHR T vas J

t dyf T }
Cont IyecioRe H D TIBOI0 B 4By (I SRR YRR RF JR081 HEE IRORLRE O
oS, (d1krese G spsapamn . 400 BTG (1)
9. 06 J= IlCDinJfIB:D,Y.?.S&s $9H-)Z 1H) 7 53 7 24 (m 15H) 0. 98 (dd J:10i 1,
6.6 Hz, 1H), 6.83 10 (m 1H), 6.78 (m 2H), 6.18 (d, J=7.0 Hz, 2H), 5.68

(d, J=8.9 Hz, 1H), 4.95-4.68 (m 5H), 4.19-3.75 (m 7H), 3.30 (d,
J=10.5 HzExdidple 9958 (m 1H), 2.35 (m 1H), 1.26 (s, 9H).

15  6-~(4-tert-Butylbenzyl)-2,3,9,10-tetrafluoro-12-(2,3,6-tri-O-benzyl-4-deoxy-B-

D-galactopyranosyl)indolo[2,3-a]-pyrrolo[3,4-c]carbazole-5,7-dione
To a solution of 6-(4-tert-butylbenzyl)-2,3,9,10-tetrafluoro-12-(2,3,6-

tri-O-benzyl-B-D-galactopyranosyl)indolo[2,3-a]-pyrrolo[3,4-c]carbazole-5,7-
dione (0.402 g, 0.41 mmol) in 10 mL of acetonitrile was added DMAP (0.100

20 g, 0.82 mmol), followed by phenyl chlorothionoformate (0.085 g, 0.49
mmol]) and the mixture was heated to reflux under Ar for 19 h. An
additional 0.043 g (0.25 mmol) of phenyl chlorothionoformate and 0.030 g
{(0.25 mmol) of DMAP were then added and the mixture was heated to
reflux for 19 h. The cooled mixture was partitioned with ethyl acetate and

25 saturated NaHCOj3 and the organic phase was washed, dried and
evaporated. The residue was flash chromatographed (SiOz/ethy! acetate-
hexane, 1:3) to give the thionocarbonate (0.320 g, 0.29 mmol, 70%) as a
solid. This material was dissolved in 10 mL of toluene, the solution was

purged with a stream of Ar bubbles for 15 min and then AIBN (0.010 g,



Exanpl e 100 15
2,3,9,10-Tetraf |l uoro-12-(4-deoxy-[err]-D gl ucopyranosyl )i ndol of 2, 3-

a] pyrr ol o[ BOA88743ar bazol e- 5, 7- di one I R (KBr) 3440, 1748CTUR94¥ cm 1
1H NMR (DVBO-d6, 400 MHz) [err] 11.89+ § 11.31 (s, 1H), 8.99 (dd,
J=9. 8, 8.9 Hz, 1H), 8.92 (dd, J=10. 3 9 0 Hz, 1H), 8.14 (dd, J=11.7,

o, 10’ (0, 908 ) oyl By el 013 T S

1H) 28r&%ﬁ_%g jsé%&t%cg/g ?vajsl'ﬂea %9 rgﬂﬁg’ u(r[Her Ar for Hh Andthet®1ds g 2- 01 (m

320 n Exanpl e
2 3 9, 10- detrihtylieh mxd@aﬁd ﬁmm%&hmdvef@aa&ie@aaau@ﬂmmglwl )indol of 2
, 3- a] - pyrrol o[ 3, 4-c] carbazol e-5, 7- di one WO 98/ 07433

PCT/ US97/ dfiBued for 4 h. The cooled mixture was evaporated and the residle
A solution of 2,3,9,10-tetrafl uoro-12-(2,3,4-tri-0O benzyl -6-0-(4-

met hoXy bemylc}xrpmatpgm;d\aubfﬁ»@aéaw Ia):ehatbhe:[@ﬁ&% 1) porgive ¢ha titlec] car bazol e-
5,7-dione (0.410 g, 0.43 nmol) in 10 nL of 10% TFA-CH2Cl 2 was stirred at

r oom t enpeomipouadul®RiS gr78%)rasld yellow stilid:r esul ti ng ni xture was 5
diluted with ethyl acetate (50 nL) and then it was washed (1M NaHCO err],

2 IXcgolm; Herr]O 2 x 50 nL; brine, 50 nL) dried (MySO4) and

cthy acol ANV AGRG. 400 M) oA Gy BT LI a=I R B (Bl T0R o7
e A e e e S (1293
o 14 T, S5 08, 260 1 (a3=0g P ) 5 (O AR 12 B g By Uy
( m 5? 55&{‘6§H§ r%lglé)ﬂzs @ﬁﬁé{% 2 3&’] (d mdi_%fizl H@O‘%Pg%"h 1‘7”6213?(“2]1’(?;) °
SRR IR R R B
Hz, 1H), 2.94 (d, J=10.6 -
Example 100
15  2,3,9,10-Tetrafluoro-12-(4-deoxy-B-D-glucopyranosyl)indolo[2,3-
a]pyrrolo|3,4-c]carbazole-5,7-dione
IR (KBr) 3440, 1745, 1710, 1474 cm-1.
1H NMR (DMSO-dg, 400 MHz) & 11.89 (s, 1H), 11.31 (s, 1H), 8.99 (dd, ]=9.8,
8.9 Hz, 1H), 8.92 (dd, ]=10.3, 9.0 Hz, 1H), 8.14 (dd, J=11.7, 6.5 Hz, 1H), 7.64
20 (dd,]=10.5, 6.9 Hz, 1H), 6.21 (t, ]=4.5 Hz, 1H), 6.18 (d, J=9.2 Hz, 1H), 5.07 (d,
J=5.6 Hz, 1H), 4.96 (d, J=5.4 Hz, 1H), 4.28 (d, J=12.1 Hz, 1H), 3.90-3.75 (m,
3H), 2.27 (m, 1H), 2.01 (m, 1H).

HPLC: 96.7% (320 nm).

25 Example 101
2,3,9,10-Tetrafluoro-12-(2,3 4-tri-O-benzyl-B-D-glucopyranosyl)indolof2,3-
a}-pyrrolo|3,4-c]Jcarbazole-5,7-dione



Hz, .1H); HPLC: 98. 9% (320 nun). Anal . Calcd for
C[err]H[err&/F[err‘]tN[err]CIerr] C, 68.03; H 4.25; N, 5.07. Found: C,
68.00; H, 098007438 72" N 4.79. 20 Exanpl e 102 PCT/USO7/T4738
2,3,9, 10- Tetrafluoro 12((234tr| O pegnzyl -[err]-D

gl ucopyr anosi d) ur onat e) i ndol o-

[ 2, 3- a] pyrrol o A dolkition 68Z8|%tPtefrahit®-12-853,4-tri-O-bdizyd-60-¢t-i on of
2,3,9,10-tetrafl uoro-12-(2, 3. 4-tri - O benzyl -[err]-D

gI ucopyr anﬁﬁe,thc)xybnieryd)I—B B—g&]lmpy‘rahoi}a)ﬂdo}a{ﬂﬁl%]pglrmﬂs?i-d]calnhaz(dle-l25 g,

0.15 ) in 12 nL of dry DVF was added pyridi nium di chromate
( PDO) 5 7—dnpge192119 8 ©: %mm@n) yndAdntd 1% Tiide ClixCla twas stirred atoom
tenperature for 4 WO 98/ 07433

PCT/ US97/ 18xg8 temperature under Ar for 15 min. The resulting mixturegwas

AdZEZEUSeg t%ﬁpt%xaﬁth%"i“aa%@%@fﬁﬁs déq%%?aﬂ?%%%dw%&z?é b bf‘a?eﬁ@avfg 3,?5
PDC. v actiel ThaT KL 2 oS0 lor oo S0l dried Mg s G fodsisr it

i T ut od i IRERETESe, ?satcﬁﬁqré“aéﬁ%&l%%ﬁ?&#%%i [ ReGgd St tat“_Sf‘
Nasof or 120 2674 B RO R BB e H T S A PO e s osui i ng
resi due wam @})gggg {ﬁjoq’l@yg ]}()/Ogg)cg{)% NEO—!— CH[ err]JCl[err]) to give

the 10 tit conpound (0.0 as a yell ow solid: | R (KBr)

3412, {32601 5 7 d6, 400
e 81%% 21}35}@%{)@%&5@) éﬂs g(zo N%H%) 51138‘@5 (J'H)GM.BB (s, 1H), 3*99%(8 %DMSQ 0

719 (5 s o0t adjge %’i‘o’* ﬂ%&%ﬁ‘“ ?‘i"#?"ém Wz%és (.
J=7.2 Hz, (dd)J=10. 7 6.9 ’Hz lH) 7.40 (m, 5H), 7.26 (m, 5H), 6.98 (t, J=7.4 Hz, 1H), 6.83
(t, J=7.6 Hz, 2H), 6.55 (d, ]=8.9 Hz, 1H), 6.44 (m, 1H), 6.10 (d, ]=7.6 Hz, 2H),
4.96 (d, J=11.1 Hz, 1H), 4.92 (d, ]=11.0 Hz, 1H), 4.82 (m, 2H), 4.23 (t, ]=9.4 Hz,
15 1H), 4.20-4.06 (m, 3H), 3.98-3.95 (m, 2H), 3.66 (t, ]=9.0 Hz, 1H), 2.94 (d, ]=10.6
Hz, 1H);
HPLC: 98.9% (320 nm).
Anal. Caled for C47HasF4N3O7: C, 68.03; H, 4.25; N, 5.07. Found: C, 68.00; H,
4.72; N, 4.79.
. 20
xample 102
2,3,9,10-Tetrafluoro-12-{((2,3,4-tri-O-benzyl-p-D-
glucopyranosid)uronate)indolo-
[2,3-a]pyrrolo[3,4-c]carbazole-5,7-dione
25 To a solution of 2,3,9,10-tetrafluoro-12-(2,3,4-tri-O-benzyl-B-D-
glucopyranosyl)-indolo[2,3-a]pyrrolo[3,4-c]carbazole-5,7-dione (0.125 g, 0.15
mmol) in 12 mL of dry DMF was added pyridinium dichromate (PDC)

(0.282 g, 0.75 mmol) and the mixture was stirred at room temperature for 4



15 6.07 (d, J=7.3 Hz, 2H), 4.93 (d, J=10.8 Hz, 1H), 4.77 (d, J=11.2 Hz,-

1H), 4.73 (d, J=10.8 Hz, 1H), 4.64 (d, J=11.2 Hz, 1H), 4.29 (d, J=8.8 ~
Hz, 1H), #v@4s/4mp3 1H), 3.89 (m 2H), 3.35 (m 1H), 2.82r/0s97/13¥p.
Exanple 103 20 2,3,9,10-Tetrafluoroyd2-[([err]-D- gl ucopyranosid)uronic

aci d] i ndol of 2, 3- a] pyrrol o-[ 3, 4-cl carbazol e-5, 7-di one A

0, D AN s BRI 0
0.030 g, . . : 0 2
(07050 SRl o Smmllabamivcrenlioan ews et o 2

hydrogenaj@dediand fid™Wagrepéhtbd afee a8, AQor d¥11.28% 3 naehicldf

hydr oxi de on charcoal was ‘added and the hydrogenati on was conti nued

for anot hEDQ+¥als.adde aed theé rergtivhavis eumdor 4id. t Bhe desultirg fhixtareake washed
WO 98/ 07433
PCT/ USD7/ wag3®oled at 5°C, treated with 10 mL of saturated NaHSO3 andghen Wi th

THF-MeOHH err] O (10:10:1, 4x5 nl) and the filtrate evaporated to give

a solid rddutedewiti asterc@5ombd.oJhipmixfiuse (piextoastad GHtiTiaeh plnatetdten

20% MeOH-THE containing 1-4%ierr]0) afforded the tit]le conpound (0.006

g, 30% asHF (&), don2Beniband tike combimd exdnas wapweshad fx 2510k, sal.600, 1475,

167 56° ( br ReHsy, 25mibBrnbh A& bHESELS Sag Eogpbtethal Tiereitinie 1 5. 246
g}m Car8E?);(ygeg_iqtlx%g@%ﬁa&%&%@%ﬁ&ﬁ&@%%?&%M?())Bléﬁ%?)atﬁo%iy ,e§h§] pyrrol o[ 3,
4 10 &he %%%pacﬁ?rlu‘? (@0do g,' 85%) as a yellow solid:

IR (KBr) 3412, 3260, 1746, 1710, 1597, 1477, 1320 cm™;

1H NMR (DMSO-dg, 400 MHz) §:11.21(s, 1H), 9.02 (dd, J=10.8, 8.8 Hz, 1H),

8.57 (brs, 1H), 8.00 (m, 1H), 7.85 (m, 1H), 7.45 (d, ]=7.0 Hz, 2H), 7.33 (m, 3H),

7.19 (s, SH), 7.00 (t, J=7.4 Hz, 1H), 6.86 (t, J=7.5 Hz, 2H), 6.38 (d, J=7.2 Hz, 1H),

15  6.07(d, J=7.3 Hz, 2H), 4.93 (d, ]=10.8 Hz, 1H), 4.77 (d, J]=11.2 Hz, 1H), 4.73 (d,
J=10.8 Hz, 1H), 4.64 (d, J=11.2 Hz, 1H), 4.29 (d, ]=8.8 Hz, 1H), 4.04 (m, 1H),
3.89 (m, 2H), 3.35 (m, 1H), 2.82 (m, 1H).

Example 103
20 2,3,9,10-Tetrafluoro-12-{(B-D-glucopyranosid)uronic acid]indolo{2,3-
a]pyrrolo-{3,4-cjcarbazole-5,7-dione
A mixture of 2,3,9,10-tetrafluoro-12-[(2,3,4-tri-O-benzyl-B-D-
glucopyranosid)-uronate}indolo(2,3-a]pyrrolo[3,4-cjcarbazole-5,7-dione
(0.030 g, 0.035 mmol) and 20% palladium hydroxide on charcoal (0.030 g)
25 in a mixture of methanol (5 mL) and tetrahydrofuran (5 mL) was
hydrogenated at 1 atm for 20 h. Another 30 mg of 20% palladium
hydroxide on charcoal was added and the hydrogenation was continued

for another 24 h. The resulting mixture was filtered, the filtercake washed



3-Cyano-9-fluoro-12-(2, 3, 4,6-tetra-O benzyl-[err]-D

- gl ucopyr anos Ig) benzofurano [ 2, 3-al pyrrol o[ 3, 4-c] - car bazol e-5, 7-di one (380
ny, O.43 r’rrPB?)) 8{0f4%t o1 THE (10 nml:5 nl) was added a 4.0 M solRFEHVEH78473815

NaOH (10 nmL). The m xture was gently re§l uxed for 24h. This resulting

m xture was cooled to OC and treated with concentrated HO (15 nL).

Thi's sol ut ivpith FESF MO AL (AFN. ENix5LATPaRaltHE §ilite ddpdiatad ® givenas
taken up in Et OAc: THF and washed with water and brine prior to drying

and sol venta stitcesidaé.i FlashlchrbhiatographlUSiOH2-20MadeOH TH B ramdnthiern 20
acetate (5.0g) and the m xture was tused at 150C for I h before it was

cool ed, di ROVeMEDBATHRfontadhg d -49.HaO)aiffordedi theaitldeoragoOivd[ (B100pST err] )
and concentrated. A portion of this crude product (60 ng) was
hydr ogenat ggd30%) as a(ydlo®y selidpr evi ously described to give the title

conmpound (18 , 500/% as a yellow solid: IR (KBr) 3420, 1756, 1710,
1561, 1%9513&&%&]. A1326QVEZ 405 17QHNB0D,dd75,nB202ndx change, 400 MHz) [err]

9.26 (brs, .83-8, 76 1 8.22 (brs, . 7.99-7.96 1H),
7.83- (7 68 8%@,(&8@:%% é‘ﬁi@Ziﬁi)lﬁ-lé.(Br_Ls,(lde)(, 10.36 (gggﬁmm__@gh@ 5. 509
(& 0 ot daostn 1 & Reduzo i) 5. 8506 (o grn, O+ 07 (320 .

PCT/ US97/ 14738 80 " Exanpl e
105 3,9-Di fluoro-6-[(2-guanidino)-ethyl]-12,13-di hydro-13-(b-D

gl ucopyr ang%! ﬁﬂg(@éi ndol o[ 2, 3-a] pyrrol o[ 3,4-c] carbazol e-5, 7-di one.

To a nagne irred solution of the pure product from 5 Exanple 10

(3.35 3 gk 56| Adtg_ € ueous
boi ass oum P aore Thosg 018 Ghettph b b S ey rrolors®E2LE
red sol uti gpcyydazbRras gcdioRean open flask until about one-half of the

et hanol was evaporated (about 3 h). The m xture was cool ed under a

stream of nitrogeDyaméslocRnsrn1Z-td,84d a-etra-O2bddiz 1_];_31)31_) was added. The 10
m xture was stirred 15 mn and then partiti one&lwlth water (300 nL) and
et hyl acet gheop§danadyl)betizefuragaril3-d}pyerolvfds-visdibadzotets)7 dibwe (38800 nl),
mg, 0.43 mmol) in EtOH:THF (10 mL:5 mL) was added a 4.0 M solution of
15 NaOH (10 mL). The mixture was gently refluxed for 24h. This resulting
mixture was cooled to 0 °C and treated with concentrated HC1 (15 mL).
This solution was stirred at ambient temperature for 24h before it was
- taken up in EtOAc:THF and washed with water and brine prior to drying
and solvent concentration. To this residue was added solid ammonium
20  acetate (5.0g) and the mixture was fused at 150 °C for 1h before it was
cooled, diluted EtOAc:THF, washed with water, bfine, dried (Na,SO,) and
concentrated. A portion of this crude pr;)duct (60 mg) was hydrogenated
(Pd/C) as previously described to give the title compound (18 mg, 50%) as
a yellow solid: IR (KBr) 3420, 1756, 1710, 1561, 1395 cm™1: 'H NMR
25 (DMSO-dg and D;0 exchange, 400 MHz) § 9.26 (brs, 1H), 8.83-8.76 (m, 1H),
8.22 (brs, 1H), 7.99-7.96 (m, 1H), 7.83-7.68 (m, 1H), 7.55-7.45 (m, 1H), 6.51 (d,
0.6H, J=8.9 Hz), 5.99 (d, 0.4H, ]=8.9 Hz), 4.31-3.43 (m, 6H): HPLC: 94.0% (320

nm).



sat urated agueous sodi um bi carbonate (300 nL), and brine (300 nL), dried-
(Na[err]SOerr]), and evaporated in vacuo. The resulting solid anhydride
was wWo es7@8B Wi t h et hyl ene diam ne (50 nlL) and heat ed »CX/bs87¥147g f or
about 4-5 15 h h, dissolved in absolggte ethanol (175 ni), refluxed for
about 6 h, and t hen concentrated in vacuo. Purification by flash

chr omat ogr aph silica gel with 2-10% net hanol in nethyl ene
chl orlde%&gb&ﬁj&é g (55% of the pure 6N-(2-am no)-ethyl) derivative

f th d: 300 MHz H NMR
(oo [er Py Dt dgf EERERHaRTifo)- eyl HES ABPRRARIS G 1* (7 17 1 O7 L

dad, 1 1 - , 6.14
E d 2 H i%gogéﬁ?xgogﬁ) ggﬁi)légolgﬁ 3 aé%r(‘élo[?}tija cal@aéale(—S V(d?lone H. H)4 123 g5
(m 8 H, 3.2%093 IRa n%x%tnéllb‘)shr?e@@oﬁﬂionloﬂhe ﬁﬁﬁe ﬁﬁidmsmﬁpect rum nfe 927

(MHH) . 25 To a netically stirred solutton of the pure product from

aboves( 1E4dhple 10 (335%63 DFeimpl)iifi A3bMAE @itandiR60@ tnllyvavagdedded N, N-
di i sopropyl et hyI amne (314 nL), and N, N -bi s(benzyl oxycar bonyl ) - S-

met hyl i sagheous ta(é&ﬂ&nrﬂgydrbx% (Wgd M, K60.Nemba R67 Immicdni ThRaegultitige m

1969, 43, 1953) and the reaction was heated in a 70C oil bath for 24 h. The
WO 98/ 07413813 red solution was heated in an open flask until about one-half of the

PCT/ US97/ 14738 _

sol ut i onethansd avasievapemased (agpydrdahhr €he éﬂﬁ‘;ﬁ@mﬂ\’@d wﬁlaﬁbéuder and

purified by flash chrorran&graphy on silica usi n)g 5% et hyI acet ate in
met hy| enétTeAMopS BidTegey? cyngentgateéé%il o¥2 é%m% wias @ddegk dihect ed

guani di ne derivative, of e sta am ne as, a eI | ow 300, MHZ

[err¥y mixturenyrs (Stm?sﬁ Gpitatsh ht partitigged Wit Wa(ts@)d 0y 20! 18 (brs,

Ty 6. sEAl Aeatat (800 mi). Theoreapte faygE\as e Widydallr GOOZRLL® 1 Yoy
4 36 (t, s&t@rateﬁ %&@s%ﬁgﬂrb&ﬂg (é(ﬁ) IH_D), and brine (300 mL), dried

(Na2504), and evaporated in vacuo. The resulting solid anhydride was
treated with ethylene diamine (50 mL) and heated to boiling for about 4-5

15 hh, dissolved in absolute ethanol (175 mL), refluxed for about 6 h, and
then concentrated in vacuo. Purification by flash chromatography on
silica gel with 2-10% methanol in methylene chloride gave 1.72 g (55%) of
the pure 6N-(2-amino)-ethyl) derivative of the starting compound as a
yellow-orange solid: 300 MHz 1H NMR (CDCl,) d 10.65 (brs, 1 H), 9.05 (dd,

20 1H), 8.94(dd, 1 H), 7.55 (dd, 1 H), 7.45-7.14 (m, 18 H), 7.00 (t, 1 H), 6,87 (t, 2
H), 6.14 (d, 2 H), 5.95 (d, 1 H), 5.05-4.58 (m, 6 H}), 4.40-4.34 (m, 1 H), 4.12-3.85
(m, 8 H), 3.22-3.15 (m, 2 H), 2.96 (d, 1 H): Pos ESI mass spectrum, m/e 927
(M+H)".

25 Toa magnetically stirred solution of the pure product from above (1.72g,
1.86 mmol.) in anhydrous THF (20 mL) was added N,N-
diisopropylethylamine (314 mL), and N,N’-bis(benzyloxycarbonyl)-5-
methylisothiourea (800 mg, 2.23 mmol: K. Nowak, L. Kania _I&Q;z‘_g_h_em,l
1969, 43, 1953) and the reaction was heated in a 70 °C oil bath for 24 h. The



To a-solution of the product fromabove (1.58 g, 1.38 mmol.) in 3:1 10
nmet hanol / et hyl acetate (120 nmL) and 1N HCL (18 nL) under N2 was added
20% pal | adi U 18%7f3%dr oxi de on carbon (722 ng). The mi xture wRCHYSFE4738
on a parr shaker under 65 psi hydrogen @lessure for 3 days and then
filtered through a small pad of celite. The celite was washed with

net hanol ( 3saluiibriis) ceviddconwent tamnperatiry aetupdrated tevaces,arge solid. 15
Purification on Sephadex LH 20 with nmethanol elution gave 754 ngy (91%

of the pureptirifies bprﬂashrrdhramaaogmthgrmgﬂxcacgelahsergJG"/d\ME i acetate MVR
(CD[err]OD) d 8.83 (dd, 1H, J=9. 2.8 Hz), 8.73 (dd, 1H, J=8.9, 2.5 Hz),
7.77 (dd, methyleng chjeridg, tozgl_v_emzsyg%&%) ofithe pure di-€Bz, pnbtdctbkzl)
7.34-7.25 (m 2H), 6.15 (d, 1H, J85Hz)4324176 ;

4 11 3 97 ( Bhanidine 3derivatipe of #he stapting amu@%aygbowmlmﬂ)s @MHZB ‘B3 (m

2% o 108 TeRMR G GHT s o hrs,d 5 Yo darsch BORDB (ors, 1 ), 9.08 (dd, 189)
%'[szfz_fa?°§éé><d9£maz.s%q?hq@é\t&?{ﬁ&?@@ 1185 026013y 55905 HLSRE)

61 ucopyr anolyHPhaaCst 66 B et (o7 Ao b dREDEY 02 ol 0. 166 o,
0. 20 rrm)l) in 5 m of dichloromethane was added to a cold (5C

\s/\;))l gg} 89482'1'0 a solubloR%f e prod%cE fl%?nn%g%e(& 5% > 1538 IanZuS)l )ml;\D!i)l 'n 5t of

i onl oD & Hathanal/ethyl acetate (120 i) and 1N HEL (18 L) unger Nidwas added,

cthyl acet arar (90 ?E?““ﬁ’z*‘?{ﬁg% MR ERPE P BB NERE Pl MR o 510

n; 1M on baPEhaked Undbs 63120; hilrdPen HiesBre 17 Sna-ays A4 ¢fle MUSO4)  and

filtered through a small pad of celite. The celite was washed with
methanol (3 x 50 mL) and concentrated in vacuo to give a orange solid.

1> Purification on Sephadex LH-20 with methanol elution gave 754 mg (91%)
of the.pure title compound as a red-orange solid: 500 MHZ ‘.H NMR
(CD,0OD) d 8.83 (dd, 1H, J=9.7, 2.8 Hz), 8.73 (dd, 1H, J=8.9, 2.5 Hz), 7.77 (dd,
1H,J=9.2, 4.1 Hz), 7.63 (dd, 1H, ]=8.9, 4.4 Hz), 7.34-7.25 (m, 2H), 6.15 (d, 1H,
J=8.5 Hz), 4.32-4.17 (m, 2H), 4.11-3.97 (m, 2H), 3.91-3.84 (m, 2H), 3.78-3.66

20 (m, 2H), 3.60-3.53 (m, 2H). FAB mass spectrum, m/e 609 (M+H)".

Example 106
2,3,9,10-Tetrafluoro-12-((6-deoxy-6,6-difluoro-b-D-
glucopyranosyl)indolo[2,3-a]-pyrrolo[3,4-c]carbazole-5,7-dione (Rs, Rs= F,
25 Rz-Rg= OH, X3, Xy, X2, X2'= F, Q= NH)
A solution of 2,3,9,10-tetrafluoro-12-(2,3 4-tri-O-benzyl-b-D-
glucopyranosyl)indolo [2,3,-a]pyrrolo[3,4-c]carbazole-5,7-dione (0.166 g, 0.20
mmol) in 5 mL of dichloromethane was added to a cold (5°C) solution of

Dess-Martin periodinane (0.106 g, 0.25 mmol) in 5 mL of



5 evaporated. The resulting residue was chromat ographed (S Q2/2-30%
‘et hyl acetate-hexane) to give

2, 3,9, 10- t WOr98P0r438r o- 12- ((2, 3, 4-tri - O benzyl - b- D PCT/US97/14738
gI ucopyr anosi d) ur onal dehyde) i ndol o 2, g>a] pyrrol o[ 3, 4-c] - carbazol e-5, 7-
dione (0.118 g, 71% as a pale yeIIow solid: IR (CH err]C[err]),

3344, 293
Condi [ or s fichidioinethéad, TRefeodAg mbiate tlsiired attookfiehpelltfe | o o/
(m 0. 3H) under %r(fm' 20n.3he &a@ﬁoﬁ'ﬂuxﬂﬂe wEs%%b(s ue?wtl dﬂb‘led wifld (m 1H),

68 (m 0.3H) . 7.53-6.73 (m 14K . 6. (d: 3=7.2 He,

2H) 5. 80eth lacetate (25919, ‘Jvlashéld'lllM?NQHC(Gg 3(2‘}’51)Naé52@ QJE‘IO xl‘FU,JlM Hz, 1H),
4.91 (m 3H), 4.29-3.85 (m 4H), 3.74 (t, J=8.8 Hz, 1H), 2.92 (d,
J=10. 3 HzZNaHgO3, 280 md; Hz(n|10 hbf bring Q0 sdl)udried (Mg3Dg anlddehyde (0. 053 g,
0.085 nmmol) in 5 nL of di chl or onet hane under Ar was added DAST (0.022
m., 0.517 ewaporated. Thdrepuiting residue wasichromatdgraphed (B€05423-80%d at room
tenperature for 18 h. The reaction mxture was then diluted with

et hyl aceethybac¢etaterhpxane) to gme e}, (lﬂmtraaam[ 224((2,3,2-tri-Qebarizyl#2D; 2 x 10
mL; brine, 10 nlL), dried 20 N? and evaporated. The residue was

chr omat ogﬁ@ﬁﬁéﬁfwsq)éﬁpwlﬂeﬂ% indo Oféﬁrﬁlpyawat‘lech@thﬁé? etd7gi ve

2,3,9, 10- etrflu 2-(2,3,4-tri-O ben
deoxy- 6, 6IENE| erl 7%)@%@0591@ 1|*Fi‘ol 0[2 3-a] pyrrol o[ 3, 4- c] car bazol e-

5400, 29?#@%@ Ao, 90 1258 AR Ry AR S omh R (Ood Lert] 400
Yrry 100 03P Rplnky gy, BaPRuely s 6 d3pMastls, af2dss s agrlisyy (7,
Efjj j:ﬁ’ @'ﬂm}*@w @nlé\%gﬂgg.}zgﬂggﬁy, 73(br 3; BN .89 e, Oz 68 5 04
PCT/ US97/( %47@&%7 53-6, 73 ( m 14H)is 27 (m, 1H)H) .05 A{d% =7.2 Hz, 2H), §§o ?

% 5? ’ J4189}&9t@sz;LtH) R681s, gm) s (d37=Q4 1Ak, 18),:4. 91 (m, 3H) 4 29 3 85 (m
4H), 3.74 (t, J=8.8 Hz, 1H), 2.92 (d, J=10.3 Hz, 1H).
15 To a cold (5°C) solution of the aldehyde (0.053 g, 0.085 mmol) in 5 mL of
dichloromethane under Ar was added DAST (0.022 mL, 0.17 mmol)
dropwise. The resulting mixture was stirred at room temperature for 18

h. The reaction mixture was then diluted with ethyl acetate (20 mL),
washed (1M, NaHCO3, 2 x 10 mL; H20, 2 x 10 mL; brine, 10 mL), dried

20 (MgSOy4) and evaporated. The residue was chromatographed (SiOz/2-24%
ethyl acetate-hexane) to give 2,3,9,10-tetrafluoro-12-(2,3,4-tri-O-benzyl-6-
deoxy-6,6-difluoro-b-D-glucopyranosyl)indolo[2,3-a)pyrrolo[3,4-c]carbazole-
3,7-dione (0.046 g, 85%) as a pale yellow solid:

IR (CH2Cly), 3400, 1757, 1728, 1596, 1478, 1320 cm’3;

25 'HNMR (CDCls, 400 MHz ) d 9.98 (s, 1H), 8.89 (m, 2H), 7.71 (m, 1H), 7.51-
7.26 (m, 11H), 7.09 (m, 1H), 7.00 (t, ]=7.4 Hz, 1H), 6.85 (t, J=7.5 Hz, 2H), 6.24
(t,]=53.7 Hz, 1H), 6.13 (d, J=7.2 Hz, 2H), 5.80 (d, J=9.0 Hz, 1H), 5.04 (d,‘ J=11.2



MS ((ESI) me 848 (MH). A mxture of the tri-O benzyl gl ucopyranosi de
“(0.035 g, 0.041 mol) and 5 20% Pd(OH)2-C in a m xutre of nethanol (5

m) and chl WwooBsa7#3( 2 nl) was hydrogenated at 1 atm pr REHP¥T1473816
h. The resulting m xture was f||t8§red and the filtercake was washed
wi t h tetrahydrof uran-net hanol The filtrate was evaporated and

Lit1 o conpbind f0 B1a-ar Tohat J4ﬁ'§%* 2”1*2 B POt B 928 )° S5s,

1748, 17134 15 7 H NVR ( THF-d 400 Mi) d
10,55 (5, Sy 08 e D RET AP A (HJ‘[%HS Ue et 1y, 904 (dd,

J=10.6, 8. J115 6.6 Hz, 1H), 7.44 (dd, J=9.8,
F&xst—?s% fe §4§ gM(Hsl

7.1 Hz, 6.18 (d, J=7.9 Hz, 1H), 5.52 (brs,
15 1H), 5al@ikiese 1of]tl‘iQe 1tr1407r5’en(29lgl&co;3ﬂa:no§1cﬁe7(d('IBS é"b 04B n&ﬁo@)n&ndH) 3.69
(m 2H). HPLC:. 95. 2% (230 num

98/ 074FB 20% Pd(OH)2-C in a mixutre of methanol (5 mL) and ckRﬁ‘ifdeﬁQt?(ZlﬂSS

84 CLAI M5 What is clained is: 5
1. A cowasUindirogehatedidtal atm@ressiphdormi6éut Thalresultingephdhre wesl t
t her eof

filtered and the filtercake was washed with tetrahydrofuran-methanol

(1:1). The filtrate was evaporated and the residue chromatographed

(5107/2-12% MeOH-CHCly) to give the title compound (0.019 g, 80%) as a
10  yellow solid:

IR (KBr), 3385, 1748, 1713, 1595, 1476, 1326 cm};

'H NMR (THF-dg, 400 MHz ) d 10.55 (s, 1H), 10-18 (s-1H), 9.14 (dd, ]=10.6,

8.8 Hz, 1H), 9.04 (dd, J=10.6, 8.6 Hz, 1H), 7.79 (dd, J=11.5, 6.6 Hz, 1H), 7.44

(dd, ]=9.8, 7.1 Hz, 1H), 6.56 (t, ]=53.7 Hz, 1H), 6.18 (d, ]=7.9 Hz, 1H), 5.52 (brs,
15  1H), 5-10 (brs, 1H), 4.71 (br 5, 1H), 4.27 (m, 1H), 3.95 (m, 1H), 3.69 (m, 2H).

HPLC: 95.2% (230 nm).

20



[err] wher ei n: Rlerr] and Rl err]a are independently hydrogen,- a

pent ose group (A) or a hexose 10 group (B) of the fornulas [err]
provi ded t war9sore3nf Rlerr] and Rlerr] is hydrogen and the agtdwosdrasrsst
hydr ogen; Rlerr], Rerr], Rerr]lgsRerr] and Rerr], Rerr], Rerr],

Rlerr] and Rlerr] are independently hydrogen, 15 ({err] alkyl, (err]
cycl oal kyl, O, azido, hal ogen, NR erd] rlj, NHC(CONR err]R err],
NHC(O OR, OR, -C(ORa, SR -osqerr%@ﬁ% or together form=NOH,, =0, °
=NR, provided Rerr], Rerr], Rerr], Rerr] and Rerr]', Rerr], Rerr],

Rlerr]" and Rerr], are not si mul taneously all hydrogen, OH, al koxy or
al kyl, andyhyf tdefainfedvisded WO 98/ 07433
PCT/ US97/ 14738 85 t hat

R3 or R3 is not -NH err], except when R6 is

-(CH err])nNHC(=NH)NH err], said Cerr] alkyl optionally substituted with
one to5 1.  shxosipbdined virfermuldl fdres phhrmatagaallyQécepiable sily! or

het eroaryl, said ary or heteroaryl substitug’ed wth one or two
groups i ndhpmrudent|y sel ected

= X' 0

wherein:

Ry and Rja are independently hydrogen, a pentose group (A) or a hexose

10  group (B) of the formulas

Rs Rf{\
\ Re —W
RS‘ .:W o) RS " (o]
RS 5 R +
A R 2 B
Rs R, 4 R3R3‘

provided that one of Rj and Ry, is hydrogen and the other is not

hydrogen;

Rz, R3, Ry, Rs and Ry, Ra, Ry, Rs» and Ry are independently hydrogen,

15 C,,alkyl, C,, cycloalkyl, O, azido, halogen, NRgR10, NHC(O)NRgR1p,
NHC(O)OR, OR, -C(O)Ra, SR, -OSO2R,, or together form =N-OH, , =0,
=NR, provided Ry, R3, R4, Rs and Ry, R3-, Rg, Rs»_and Ry are not

simultaneously all hydrogen, OH, alkoxy or alkyl, and further provided

AU 000



5 fromNRerr]Rerr], OH COORerr], SQerr]Rerr] or OCOR[err]; Ra
“is H OH dderr] alkoxy or NRerr]Rerr]; Rlerr] is (Jerr] al kyl or
aryl ; WO 9R0Z#MF R err] are independently hydrogen, ([ err PGIVUSHI14BBer r]
cycl oal kyl , het eroaryl, non-aroggtic cyclic 5-8 nenbered ring
containing either one 10 or two heteroatons selected fromO or N,

(CH err]) nelRIFEY 6 RBeid hot NEHL Sxichp NFRRN RY isOT (CHerr]), CORerr],
said CJerr] alKyl optionally Substituted with one to six of the same
or differ eqCHR,NGEO(=1CH)NH,, NGB 7 allgl pptiohallgtstbstitutbd withbrary or

het eroaryl substituted with one or two groups independently sel ected

f rom NR[ ergikifahe]sanfd-or diffkteat hhlogea ON | IRDgy dlyl @r Hot&ddaeyl lsaid afd Rl err]
and Rl err]are independently hydrogen, Cerr] alkyl, C[err] cycloalkyl,
benzyl,  or hetezoaty! stubstitutad yWithamne of twhigroups dugependsntly bsldcteden can be

substituted wWith one to six of the sanme or different hal ogen, OH,

NH err15 divor\YReRap, OH, COORCEORY )iEDCOBsE =NH), CH(Rb) (CH err])n COOH
or CH(Rb) (CH err])n NH err] or COOR[err], or Rerr] and R err]
together with the nitrogen atomto which they are 20 attached forma
cyclic 5- RIwBECH, 09R-ak bt ZNR4RYG. cont ai ni ng ei t her one or two

het er oat ons sel ectedG?rom%,@N, ordR;@br Rlerr] and Rlerr] together
form=CHRR[ err]. Rb is Hor COOH, WD 98/ 07433

PCT/ US97/ 147 ) 86 R6
is hydr ogelg? %%?5\‘7?]&&?&7{5’1’& yl, arylalkyl, ORerr], NRerr]Rerr], or

OCO(CH err])nNR[err]R[err], said (Jerr] alkyl optionally substituted with
one to six_of sar’g (H di f f erent_ hal oge NR[ err err], CN,
ently

th n
NJ err], dfgnd I%aiadeé’l“sﬂ’en Rydeagen, Caer alivh Gzcynioa Agroups
i ndependently selected fromNR err] R err] 5 OH, R err],
s err] R iateoasy ) aoarpapmptic cyclic 5- Rpembpresh sing] eantpining aithrspensient |y OH
o Hod 8N HRPS A mS Sef¥cted from O or N, (CHz)n NRsR10, (CH2)nORg or
(CH2)nCOORg, said C1.7 alkyl optionally substituted with one to six of the
same or different halogen, OH, CN, NO,, aryl or heteroaryl, said aryl or
heteroaryl substituted with one or two groups independently selected

from NRgR1p, OH, COORg, SO3Rg or OCORg;

15 Rog and Rjp are independently hydrogen, C1.7 alkyl, C1.7 cycloalkyl, benzyl,

aryl, heteroaryl, any of which groups except hydrogen can be substituted
with one to six of the same or different halogen, OH, NHz, CN, NO,,

-C(=NH)NH?2, -CH(=NH), CH(Rp) (CH2), COOH or CH(Rb) (CH2)n NH; or
COOR,,, or Ry and Rip together with the nitrogen atom to which they are

20 attached form a cyclic 5-8 membered non-aromatic ring containing either

one or two heteroatoms selected from O, N, or S or Rg and Ryg together

form =CHRR,,.

Ry is H or COOH,;

* [+ L M S *



Xerr], Xerr, Xerr] and X [err] are independently H, halogen, OH -CN, -
-NC, CF[err], - -COR[err], NJerr], OR QCHerr])nNR err]R err],
O(CH err] Wwewsp78R, or Q(CH err])nCOOR err]; provided X, PCT/URPHI4TI§ X,
and X, are not 1, 11-dichloro; providgd further when X, and X, are 10
each H X, and X, are each independently H or halogen, R err] is hexose,

1] B o A L
Fais ot 5@%%‘3‘“&? ATy Qg Spdln Y o e ARG BT, o
S or CH 3\%@‘6’: dlffete hald nang[dgir]‘ra]gGN fNT@g"b flsal agylarez- A conpound

of claim rein in err I't uent H except

R2, R3, anBsfithtedavRAGheb: t@BCkrB[xgﬁﬁﬁhepéncNB{th sdiBttedr from NRgR1g A

corrpound of claiml1, whereinin R Rierr] all substltuents are H 20
exceps RGHICOMREPQRayat GCORg are each OH, and R4 is NRlerr]Rerr].

4, A compound of claim 1, wherein in Rlerr] or Rlerr] all substituents
are H except R2, R3 and R4 are each OH;, and Rlerr] is hal ogen.

WD 98/ 07433 . o~

PCT/ US97 ﬁ}%Rs are independently OH or H, or taken together is O; 87 5

A conpound of claim1, vvherel n R7 and R8 taken toget her is 0. . 6.

A compound of claim]l, whe Cﬁ*{! e and X' 2 are

i ndependéat Xy, Mr@geﬁ are mdependpntly IZL bélﬂ%@ﬂn@ f- aﬁ‘&ﬁ:&C wher ei n said
hal ogen gr s fluoro. canpound of claim 1, wherein Qis O
S or “nhi 2B, Nogoff q%m SR PRI RER provRaes P, and

Rerr] ar)a ,e)?c dai a%g%ot 1, 11 dichloro; provided further when X, and X/, are
10 | each H, X, and X', are each independently H or halogen, R, is hexose, R,

and R; together is O, and each of R, R,, and R, are OH, R,, R;, R, and R..
and Rs. are each H, Q is NH, and then each of R, and R, are not NH, and

R, is nor methoxy when R; is H;
WisCorN;

15 Qis O, NRg, S or CHj; and
n is an integer from 0-4.

2. A compound of claim 1, wherein in R, or R;, all substituents are H

except Rz, R3, and Ry are each OH; and Rs is NRgR1p.

3. A compound of claim 1, wherein in R, or R, all substituents are H

20  except Ry, Rz and Rs are each OH; and R4 is NR9R1¢.

4. A compound of claim 1, wherein in R, or R,, all substituents are H

except R, R3 and Rq are each OH; and Rs is halogen.

N O



is NRerr]Rerr], halogen or Nerr]. 10. A conpound of claim1l

-wherein in Rerr] or Rerr] all substituents are H except Rerr],
Rl err] and RFem®BP74dde each OH and R[err] is hal ogen. 10 1PCT/URYEHBduUNd
of claim1 wherein in Rerr] or Rerr] gyl substituents are H except

R2, R3 are each OH R5 is halogen; and R4 is azido, NRerr]Rerr] or OR

Substi tuents. ar o+ BBanereS MR SEER Ry PR ERarPlodi el B or) i

hal ogen, H or al kyl. 15 13. A conmpound of claim1l wherein in Rerr] or
Rlerr] all substituents are H_ . except R2 and R3 are each hydrogen or
hydroxy; R#-i s higasgerundapfogaim 1, wheretiier r] al kyl or azido; and Rlerr]
i s hydroxy, azido, Cerr] alkyl, halogen or NRR err]. 14. A

conpound of claiml1l wherein in Rerr] or Rerr] all substituents are H
except R3 aXf Xf, Xs endaXh drgdndgpendentby tialogen. R2 i s hydrogen, hal ogen, 20
Cerr] alkyl or azido; and R err| is hydroxy, azido, (Jerr] al kyl, hal ogen
or NRlerr]Rerr] WO 98/ 07433

PCT/ US97/ 14738 . . . . 15. A
compound. of-ol aih PHREHAL PEiskeigh d; phespingaid Halggen GIRNP P AN aro
except R err] and Rerr] are each hydrogen or hydroxy; R2 is-hydrogen,

-hal ogen g\err] al kyl or azido; and Rlerr] is_hydroxy, azido, Cerr]
al kyl, Bal dgen of qeMpeunR&fclgim 1, whereind)'is Q\ &8 nd of claim1 wherein
in Rerr] or Rerr] all substituents are H 5 except Rerr] and Rerr] are

each hydrogen or hydroxy; R3 is hydrogen, hal ogen, Cerr] alkyl or
azi do; and 9 er rA doinpyah@f,cléim dowhetan R, Bl kand Rpakeeach OHNgh@R, | Rl err]
17. A pharmaceutical fornulation which conprises an antitunor

ef fective dsiNR{RQf halogenpmuNy. of fornula | as clained in any one of

10. A compound of claim 1 wherein in R, or R,, all substituents are H

except R,, R, and R, are each OH; and R, is halogen.

10 11. A compound of claim 1 wherein in R, or R, all substituents are H

excepf R,, R, are each OH; R; is halogen; and R, is azido, NR;R,, or OR.

12. A compound of claim 1 wherein wherein in R, or R,, all
substituents are H except R,, R, are each OH; R; is halogen; and R, is

halogen, H or alkyl.

15 13. A compound of claim 1 wherein in R, or R, all substituents are H
ekcept. R,'and R, are each hydrogen or hydroxy; R, is hydrogen, halogen,
C,., alkyl or azido; and Ry is hydroxy, azido, C,, alkyl, halogen or NRyR,,.

14. A compound of claim 1 wherein in R, or R,, all substituents are H
except R, and R, are each hydrogen or hydroxy; R, is hydrogen, halogen,
20 C,,alkyl or azido; and R, is hydroxy, azido, C,, alkyl, halogen or NRSR,,.
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clains 1-16. 10 18. A method for inhibiting tunor growh in a

manmmal i an host whi ch conprises admnistering to said host a
t unor - gr owo 98/0hi3BiI t i ng amount of a conpound of fornulpeThusawiabai nmed
in any one of clains 1-16. 1588 20

10

15

20

15. A compound of claim 1 wherein in R, or R,, all substituents are H
except R, and R; are each hydrogen or hydroxy; R, is hydrogen, halogen,
C,., alkyl or azido; and R, is hydroxy, azido, C,, alkyl, halogen or NRR,,.

16. A compound of claim 1 wherein in R, or R, all substituents are H
except R, and R, are each hydrogen or hydroxy; R, is hydrogen, halogen,
C,., alky! or azido; and R; is hydroxy, azido, C,, alkyl, halogen or NRyR,,.

17. A pharmaceutical formulation which comprises an antitumor
effective amount of a compound of formula I as claimed in any one of

claims 1-16.

18. A method for inhibiting tumor growth in a mammalian host
which comprises administering to said host a tumor-growth inhibiting

amount of a compound of formula I as claimed in any one of claims 1-16.
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